ETS| TS 102 991 V1.3.1 (2016-01)

S —

TECHNICAL SPECIFICATION

Digital Video Broadcasting (DVB);
Implementation Guidelines for a second generation
digital cable transmission system (DVB-C2)



2 ETSI TS 102 991 V1.3.1 (2016-01)

Reference
RTS/JTC-DVB-328

Keywords

audio, broadcasting, cable, data, digital, DVB,
HDTV, MPEG, TV, video

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 493 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

The present document can be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the only prevailing document is the
print of the Portable Document Format (PDF) version kept on a specific network drive within ETSI Secretariat.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
http://portal.etsi.org/tb/status/status.asp

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2016.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are Trade Marks of ETSI registered for the benefit of its Members.
3GPP™and LTE™ are Trade Marks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
GSM® and the GSM logo are Trade Marks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/standards-search
http://portal.etsi.org/tb/status/status.asp
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

3 ETSI TS 102 991 V1.3.1 (2016-01)

Contents
INtellectual Property RIGNES. ..ottt st e e e st e eaeese e tesreeneesresneenresneenes 9
0= Yo (o USRS 9
MOdal VEIDS TEIMINOIOQY .....cvevetetetet ettt b bt s et e e e st e bt e bt nb e b e s e e e e e e e seeseenenrenas 9
1100 o A o o S 9
1 o010 R 11
2 L= £ 10 SRS 11
21 NOIMALIVE FEFEIENCES ... .ottt ettt et et e et e st e et e e beeabesaeesaeesheesbeenseeaseesseebeesbeesteesbeesseensesnneaans 11
22 INfOIMALIVE FEFEIEINCES..... ...ttt et ettt e et et e e e e tesaeesae e sheesbeenbeeabeeaseeaeesbeesteesbeesreensesnreenns 12
3 Definitions, symbols and abbreviations ............ccceiiieeii e 13
31 D= T o T] (0] TSP PP URTURTOSPP 13
3.2 Y 1210 SRS 15
3.3 ADDIEVIBLIONS ...ttt et bbb e e et bt sh e b e e h e e ae e s e e ee e b e sh e eh e e Rt e e e b e e e be Rt eh e e e nne e 18
4 OVENVIEW OF DV BC2 ...ttt sttt et et e s te e st e st e e ae e et e e te e teesteesaeesaeesateenteebeesseesreesnnens 21
4.1 DVB-C2 COMMESCIal FEQUITEIMIENTS. .......eveueetireeieetereeiest sttt sttt se e s b e s bt se e b e s se b e s s bt e e sneseeneenis 21
41.0 INEFOTUCTION. ...ttt ettt et et e et e s te e sbe e s beebeeaaeeaeeeaeeebeaebeenbeeseeebeesbaebeesteensesnnesnnesnns 21
41.1 GENENaAl FEQUITEIMENTS. ... eeitieveeeeeeeeesteesteesteeteeeesseesae e teesteestesseessaesseesseeseansesseeaseenseensenseeasensseessensseesenneeanes 22
4.1.2 Performance and effiCienCy reqUIrEMENTS...........cviiiiierieeese et e e e e reeteeeesnee e 22
4.1.3 Backward compatibDility reQUITEMENTS ..........cocieiicie ettt e e reeae e e e snneenes 23
4.1.4 INtEractive SYStEMS MEQUITEIMENES. .......ccvieeeeeeeteesteeteete e e e e tesae e seesaeesteeaeeseeeseesseente e seenseenseeneesneesnes 23
4.2 KeY FEALUrES OFf DV B-C2......oceeecteeieee ettt ettt et e st et e e e s ste s e e saeesaeeteenteasseaseesseesseesseenseensenneennes 24
4.3 Benefits of DVB-C2 compared t0 DV B-C.........ccooi ottt ste et et sna et e e eteeaeeeesneennes 24
4.4 General remark on the applicability of DV B-C2 for cable systems using 8 MHz or 6 MHz basic channel

5 R 25
5 ANatomy Of the DVB-C2 SIgNA .......cooiiiiiiiieieeeeeee et 26
50 T g0o W 1ol BTSSP PR PR USTOSRPP 26
51 YL T @ = V= USSR 26
5.2 Concept of Physical Layer Pipes (PLP) and Data SIICES ......cvccuveiieieseecee et 27
53 Forward Error Protection and Modulation CONSLEl|atioNs............cceveririreiinineceeeere e 27
54 DVB-C2 Framing and OFDIM GENEILON ........c.eccueeieeiesieesieesiesieesieeseesreesseesseesessassseesseesseessesnssssssssessssssessnes 28
5.4.0 Introduction to DVB-C2 Framing and OFDM GENEratioN...........ccccereerieeireeiieseeseeseeseeseeeneesessneesseesseeses 28
54.1 DVB-C2 SIgNalling CONCEPL ......cveueitiieeieete ettt sttt ettt b et b e et s b e et b et st b e 29
54.1.0 Elements of the DVB-C2 SIgNaIING........ccuiiririiieiiereieneeeste et eb e 29
5411 L1 SIgNalliNg SCREIMIE. ..ottt et et e e bt et b e et b et sbe e b e sbennenea 29
5412 L2 SIgNalliNG SCREIMIE. ...ttt et b e e b e et b e et b e eb e b ne b e b neenea 29
55 Spectral Efficiency and TransSmiSSiON CaPACILY ........coeerereiririeerereeie ettt sttt 29
5.6 DV B-C2 MUItIPIEXING SCREIMIES......c.eiuiitiieiiitire ettt sttt b bbb bt e bt s bt eb e b ens 32
5.6.0 110 o (0o (o] o FEO USROS TPPTURURURPRRIN 32
5.6.1 L VAo = Lo (o (T 32
56.1.1 L@ S YL 1< o PR RPERPR 32
56.1.2 L% =0 1= TSR 32
56.1.3 DAEA SHICES. ...tttk sttt a ettt et b Rt e h e R e e e bRt eR ARt R e Rt h e e e et e beeheebe e e enne e 32
56.14 PhYSICEl LAY PIPES ...ttt b bbb e b b e bt b e bt s b e e eb e b e b e sbennenea 32
5.6.1.5 FECFTAIMES. ......c.eeeiteee ittt et s e et e st e et e st e eate e e teeeseeeaseeeseeeaseeeseeessaeenseeesateanseeenteeannneesseeennnnesns 32
5.6.1.5.0 INtroduction Of FECFTAIMES..........ciieieiereeee ittt sttt see st st eaeese e e e teseesresbesaeeneeneeneees 32
5.6.15.1 FECFIAME HEAOEIS ...ttt ettt ettt ettt et sae e e ae et e et e et e entesae e beenteenresnnesans 32
5.6.1.6 BBFTAIMES ...ttt s e e ettt e e e et e e s b e e e e e s bee e e e ntee e e anbeeeeabeeeeeanreeeeanneeeeanaeeeeanee 32
5.6.1.7 PACKELS ...ttt s bt et e et e et e et e be e be e beebeeteaeeeaeeeheeaaeebeenreeateeaeeaaaesreenraas 33
5.7 (@Y VTSl BT 1= == Y/ 1 o RS 33
5.8 [ YA L0T= o [ o o 1 33
5.9 New concept Of aDSOIULE OFDM ......c..ooiieiee ettt te et e st e sae e beeteesteesteeeeeneesnennnns 34
6 ChoiCe Of BASIC ParamELErS.........ccuecueeiiiciecie sttt sttt ettt st e eae e besaeete s e sneeneesreenes 35
6.0 T (oo (1o 1T o o RO TR PSRRI 35
6.1 Choice of code rate, block length and CONSLEELION .........ccooiiiiine e 35

ETSI



4 ETSI TS 102 991 V1.3.1 (2016-01)

6.2 Choice Of FFT Size and Carrier SPACING......cciiveieereeieeeeeseeseesteeteseeseesseesseessesssssssssessseesseessesssessssssesssenssens 36
6.3 Choice of Guard interval and impact of OFDM symbol DUFration..........ccccevveveeieicee s 37
6.4 ChOIiCE OF PO PELLEIN ...ttt bt s e b e bbb et ehe e e e s e besbeebeene e e e e ennas 38
6.5 Choice of C2 frameand FECFrame l&NGtN..........coui oottt snees 39
6.6 Choice of Time INterl€aving ParaMELErS. .........ceiveieeiieeeeeestees e sie e e e sre e saeesteeae e e ssaesteenaeeseesneesseesrens 40
6.7 (@1 o Lo o) 1Y Lo0 L= 32N 0 =T 11 o] ISR 41
6.7.0 11 0o 0 ') o OSSN 41
6.7.1 Usage of the optional insertion of additional Null packet into TSPSs (Transport Streams Partial
SEFBAMNS) etttk ettt b bt b e bbbt E e bt E e bR e ek eE e £ R e R e e R e R e e Rt eh e e bt e R et bt s b et ebenbennerea 42
6.8 Choice of SIgNalliNG SCREIMES.......c.coiiiie bbb et b et eb e n s 43
6.9 NUumber of Data SlICES VEISUS PLIPS........oi ettt sbe e ene e enee s 43
6.10 (N[0 == PSR U TP UP PSPPSR 44
6.10.0 Discussion of the ‘Narrowband' and '‘Broadband' notch feature of the DVB-C2 system .........ccccceevuenenee. 44
6.10.1 OFDM sub-carrier bandwidth and Receiver Considerations with Broadband notches............cccoceeenenee. 45
6.10.1.0 T 1o (W ooV =117 1 TSR 45
6.10.1.1 MinimMUM Data SIICE WIALN ... e sb e 45
6.10.1.2 Dependent SEatiC Dala SHICES ......cive et see et te et e e e sre e saeenseenteesaesnaesneesreesaees 46
6.11 Choice of Layer 1 Signalling ParameterS.........cocoeeireiireieeee ettt st sb e b 46
6.11.1 Choice of the "Data Slice Tuning POSItioN" PAraMELEr ............coviirieerireeereseere e 46
6.11.2 Usage of 'Early Warning System’ Signalling.........cccoereiereeneneese st 47
7 INPUt ProcessiNg / MUITTPIEXING ......voiviiiieieee et n e 47
7.1 Generation of the FECFrame HEAOEY ..........cc.oiiiiiiiiieee e 47
7.2 USE O COMIMON PLIPS ...ttt bttt b bt e he et e b e eb e bt s bt e be et e s e neeebenbeebeebeeneeneenen 48
7.3 PL P bundling and Statistical MUItIPIEXING .......ciiieiieie ettt 49
74 Use of the Null Packet Deletion MeChaNiSM ..o e 50
74.0 11 0o [0 (o] o FOO TSP S U PRURTURURPRRIN 50
74.1 Use of Null Packet Deletion With COmMMON PLP ... e 50
742 Use of Null Packet Deletion for Efficient Statistical MUItIPIEXING.......cceovieriiiireeeeeee e 50
743 Null Packet Deletion for Reduced POWEr CONSUMPLION.......cciiiieiririeiniesieeeie st 51
7.5 USE Of 1SSy TiME SEAMPING ....evetieeiirteeeiest ettt bbbt b b s e bbbt b et b bbb 51
7.6 SEUFFING IMECNANISITI ...ttt b e et b e st b e e bt b et eb et et b e bt eb e b e 53
7.6.0 gL oo (1T f o o P 53
7.6.1 Transport Stream SEUFFING ....ooeeie et e st et e e e tesreesseesreenreeseennenns 53
7.6.2 Base Band Frame SUFTING .......ueieeiee ettt e e et e e e be e seeneenneenneenes 53
7.6.3 Data Slice Packet Stuffing (Only Data SliCE TYPE 2)...cveeveerierieiie e ieeseesteesieete e ssae e see e e sreenseseeenes 54
7.6.4 D F U= S oI T 1 T S 54
1.7 Multiplexing, Dimensioning of PLPs and Data SIiCES..........cccevieiiriiiie et 55
7.7.0 11 d0e (0o (o] o FOO TSP STUTPRURTURURPRRIN 55
7.7.1 SiNGIE PLP PO DALA SHCE ...cviitiueeteiteeetest ettt ettt b bbbt b e s b et b e e b sb e e b e sbeneenen 55
7.7.1.0 The Single PLP per Data Slice @ppliCation ............coiieiriieriieesieeeseee e 55
7711 DAtA SIICE TYPE L. ettt ettt h bbbt e b e b e bt b e s e e bt e b e neebesb et ebesbe e ebenbenneneas 55
7712 DALA SIICE TYPE 2.ttt ettt et b e ekt b e e b bt e bt b e s e bt e bt s e bt b e ne ekt sb et eb e s b e e bt nbe e eneas 55
7.7.2 IVIUITIPIE PLP ..ttt bbbt b e et b e bbb et b e b et b e et b s 56
7.8 =Y 1= AT o = 1 o 56
7.8.0 11 C0o (0o (o] o FOO ST S U PPTURTURURPRTIN 56
7.8.1 Transport Streams transported iN aSINGIE PLP .......c.vo it 57
7.8.2 Transport Streams transported in bundled PLPs (PLP bundling) .........ccccovveiieiieienie e 59
7.8.3 GEINENIC SEIBAIMS. ...tttk ettt st b et b e bt e it e s e e e b e s bt eh e e b e e Rt e s e e e e b e sbeeh e ebeeheehe et e b e besbeebesaeennennenbas 59
8 1Y oo 1= o OSSR 59
8.1 PreambIe GENEIGLION .......ccui ittt st sttt et s et e e seesbesaeeaeeseeneene e e e eeseeseesaeeneeneeeeneeses 59
8.1.0 11 0o 1 ') o P RRSN 59
811 Preamble Payl0ad Data PrOCESSING. ........ccerterieririeieitsiereeie ettt sie bbbt be e bbb et sbe s 60
8111 Preamble Time INEEITEAVING ........oiieeee ettt e st be e snaesnaesreennees 60
8112 Addition of Preamble HEAEY ...........cuoiiiiiie e e 60
8.1.1.3 (@Yo LT o 2 (= o 11 11 o] o S 61
8.1.14 Preamble Frequency INEErTEaVING.........cvecv et esnaesraesneas 61
8.12 Preamble POt GENEIEHION .........oiu ettt e e et bbbt e e e bbb e e e enneneen 61
8.1.2.0 Intoduction to the Preamble Pilot GENEIation .............cooeiieieieiere e 61
8121 Data SCrambling SEOUENCE ......c.coueiiiiitiiieiete sttt sttt e eb e et e st be e b sae e ebesbennenea 61
8122 Pilot SCrambling SEOUENCE ......c.couiiiiiiei ettt et b e e b b st b e e e b b nnenea 62

ETSI



8.123
8124
8.1.3
8131
8.132
8.2
821
8.2.2
8.2.3
8.24
8.25
8.3
8.3.0
831
832
8.3.3
8.3.3.0
8331
8.4
84.1
8.4.2
8.4.3
8.4.4
845
8450
8451
8452
8453
8454
8.4.55
8.4.5.6
8.4.5.7
8.4.5.8
8.5
851
852
8.5.3
8.6

8.7
8.7.0
8.7.1
8.7.2
8.7.20
8721
8722
8.7.3
8.7.3.0
8731
8.7.32
8.7.3.3
8.7.34
8.7.35
8.8
8.8.0
8.8.1
8.9
8.10

8.11

8.11.0
8111
8.11.2

5 ETSI TS 102 991 V1.3.1 (2016-01)

Impact of long "0" or "1" sequencesin the Preamble onthe PAPR...........cccoe e, 63
Preamble Pilot MOdUIBEION SEQUENCE ........ocvi ettt ste e ste e s e sse et e sneessaesneesseesnens 63
Mapping of the Preamble PIlOtS @aNd Data ...........cccveiierieiieiieseesie e see ettt e e aesae e 64
MaPPING Of thE PHIOLS......ccueeiieiee et esaeesteeneeeneeenaesnaesreesenas 64
Mapping and Scrambling of the Preamble Data...........c.ccoveieieiiie i 64
Pilots (Scattered-, Continual- PIIOLS) ........cccieiiiriiiiesie st e e eestesneesreesreesreesneenseensenns 65
PUFPOSE OF PIHOL INSEITION ... ..ttt ettt b et b et b e bbb 65
] o [ o= o S PRRN 65
NUMDBDES OF PIHOT CEIIS ..t b e et b e et b e e 65
e 0 To o = 1] o FO TSSOSO P TSR UR SR PSR 65
USE Of FEFEIEINCE SEUENCE ...ttt ettt st b e et b et b e et b st b e bbb 65
PAPR and Possible IMplemMeEntalion............ccoiiiriieeeesiese ettt e e eae e steeeeeneesnensnes 66
110 o (0o (o] o FEO TSP S U PRURTURURPRRIN 66
RESEIVEI CAIMTIEIS ...ttt h ettt se bbbt e h e st et e ne e b e sbeeb e s aeeae e e e eb e besbeebe e e enteneea 66
REFEIENCE KEIMEL ...t b ettt e bbbt e e e st e s besbesbe e e enneneea 66
Algorithm of PAPR reduction USiNg reSErVEd CaTIErS........uciveiieeieeieieeseesteesteesteeeeseesreesseessee e e ssesseeseens 66
T 100 8o 1ol DN TSP PP USRS 66
PAPR cancellation @lgorithm...........cooiiiie et eb e 67
Signalling (L 1-part2, iNCIUdiNG FEC) ..ottt bbb 68
OVEBIVIBWW ..ttt et e ettt et e ae et et e e eee et e s Rt eaeeme e e e eeseeeEeeaeeeeemeeneeeeseeebeaaeemeeneensenseseesaesneeneeneensas 68
L1 change-indication MECHANISIM .........coiiiiiee ettt b et b e 69
(O LG 3157 1 1o o PSR 69
Example of L1 Signalling Part 2 Qata.........c.coeeerieieeiieieieseeee ettt 69
FEC for the L1 SIgnalling Part 2........occee ettt te e sttt et nae s e te e e e teeteennesnnennes 71
INEFOOUCTION ...t e b bbb et b e s bt b e st e e et e e e b e b e erenbeeneene e e e e e 71
Shortening of BCH INfOrmation Part ...........cceeueiieiee ittt ste et e e e snaesraennees 72
Example for shortening of BCH iNfOrmMation............cccviiviiiiiesee s 72
=T 0o o 1 oo SR 74
[ O = oo |1 o SRS 74
PuNcturing of LDPC Pty DITS.......ccoiueiiiiiieiiieseete ettt b e bbb ene 75
Example for Puncturing of LDPC parity DItS........cccoiiiiiiniirecereeeeeecreeee e 75
Removal of zero-padding DITS.........coi it 76
Bit Interleaving and constellation mapping after shortening and PUNCLUNNG..........coveereeeeenenenenienens 77
Tp1C= L= Y T ol TSP PE TSRO 77
TN 1= == Y o 77
LI L ST 110 = (Y71 o USSR 77
= o (0= aTo YA g1 (= 1= o 78
=101 0o 79
OFDM SIgNal GENEIALION ......eeceeeiieeiiee i ecteeeesee st e e teete e e s te e te e e etesseesaeesseesseeseeneeaseesseeseanseensenssessensseesses 80
Introduction of OFDM Signal GENEILiON.........cceeiuieieeieie ettt e et e e e ae e e aeeeesneeenes 80
OFDM Modulation Using the Equivalent Lowpass REPreSentation............cocevereeereneeenieesesieeseseeenees 80
Calculation using the Fast FOUrier Transform ... s 83
100 1 o o PR 83
Generation Using the Centre Frequency of the Signal with Predistortion ............ccccoeveoiennieieienene 83
Generation Using the Optimum Carrier FIEQUENCY .......cccvereeririeerierieesiesee st 84
OFDM Generation BIOCK DIGQIram........cccerueriererierieterieesie st sttt see e sbe et b e sbe e s e enesreseenens 85
T 100 8o 1ol DN TSP PP USRS 85
D= (o 1 "o [0 11 0 85
TEFT CaBICUIBLION ...ttt bbbt h e e bbbt aeeb e et e e e b e seenbeeaeebe e e e e e 86
GUAId INEEIVAl TNSEITION ...ttt e b bt e b et et et seese e besaeebe e e ennennens 86
Digital to Analogue Conversion and Low-pass FHtENNg........c.ccvereeierieiiee e ese e se e 87
L= o 101 TS I 1 o SR 87
SPECEIAl SNAPING. ...ttt bbbt bt b e bbb e bbb et b e et b et b e n e 88
Introduction to the principles of the modulator output signal filtering .........occevereinieneineee 88
Optimized modulator output signal filtering with pre-distortion ...........coeovreiieneine s 89
Broadand DV B-C2 SYSLEMS.........cuiiriiirierieietesieeete sttt sttt sb e eb et be b e bt a e s s s e s bt enesneseennens 90
Peak-to-Average Power Ratio of DV B-C2: theoretical considerations on basis of the Central Limit
QLI 11= 0 = 0 ISP PRSP 90
Concept and usage of the DV B-C2 Modulator iINtErfaCe........cvevveriie e 92
1100 [0 1ol o OO TP U O PRTURURURPRRIN 92
Concept of the C2 Modulator INTerface (M) .....oeee e e 93
Usage of the C2 M odUulator INEErfaCe.......cecci e s ee s 93

ETSI



6 ETSI TS 102 991 V1.3.1 (2016-01)

8.11.3 Usage of the fragmentation MECNaNISM.........ccviiiiii et ee e s 94
8.114 TransPOrt Of C2-M T PACKELS......uiie ettt et e e s e s te e te e beentesneesseesreesseeseennenns 94
8.11.5 Reserved tones for PAPR FEAUCLION .........coiiiiiii ettt st b e 94
9 AN AT OSSP 9
9.0 01100 1 1 o | PSS 94
9.1 Components Of @ .CADIE NELWOTK .........ceitirieiiieee e bbb ettt sb e b 95
9.1.0 11 0o 0 o) o ST RRSSN 95
911 The operator part Of the NEIWOTK .........c.oiiiiie et 95
912 The customer part 0f the NEEWOTK ...........iieiiiee bbb 95
9.2 [T (o (0] IS T 7= K 95
921 o 0 SRS 95
9.2.1.0 Introduction of standardized eChOES ProfilES.........ccvviiiiiiieceese e 95
9211 Echoes caused by the Operator NEIWOIK ............oceiieiii i 96
9212 Echoes caused by the in-house network of the CUSIOMES ...........coeviiieriee i 96
9.2.2 L1010 =SS T PSR SURPTR 97
9221 Terrestrial DrOadCast SEIVICES. ... .coi ittt ea e e e e e e e e besreebeeneeneeneeneas 97
9222 Human activity in the NOMe eNVIFONMENT ........cciiiiiiieeeereee bbb 97
9223 Mobile services (Digital DIVIAEN) .......cooiiiiiiiiieee e b e s eb e 97
9.23 Nonlinear behaviour Of COMPONENES..........coiiii bbb 97
9.2.3.0 0100 1 1 o PSR 97
9.231 NarrOWhand ClUSLEr DEALS. .......coueieeeeee ettt sae e e te e ere e e eneeneens 97
9.232 Broadband random NOISE.........oeoiiiiii ettt e e b et b e e 98
9.2.3.3 L oW S S 0 SRS 98
9.3 o = I e [N = 1= 1TSS 99
9.3.0 111 d0o [0 oi o] o TSP STUTPPTURURURPRRIN 99
931 IS0 Y S 99
932 Signal QUAlTLY FEUITEIMENLS ........oiveiitiieeieete ettt sttt b e bbbt b e et b e sn et b e b 100
9.3.20 INEFOTUCIONY FEIMBIKS. ...c.eevitieeieeteste ettt bbb et b bbb bbb 100
9321 ANBIOGUE TV .ttt bbb bbb st bbbt b e e bbb e et e b e bt et b e 100
9322 Y = o (1 TR 100
9.3.23 IR 100
9324 A T 100
94 N[ Y0 4 Qo o111 4114 1 o ] o S 102
9.4.0 [ 0o (0o (o] o FOO TSP U PP 102
94.1 The effect Of the DVB-C2 CATIEr [EVEL .......ooeieieeeee e 102
9.4.2 Impact of the DVB-C2 signal level on DVB-C2 performancCe...........ccveceeceeeseeseeseesee e seeseesse e 103
94.3 Impact of the DVB-C2 signal level on analogue TV SEIVICES.......cccueieereerierieseesieesee e eseeseesseenseesenns 104
944 Non linear behaviour of active componentsin case of digital 10ads...........cccceveveeiievcinice v 104
O T = Y= £ SR 106
10.1 SYNCHIrONIZELION PrOCEAUIE. ..ottt bbbt b bbb 106
10.1.0 11 0o 1 ' o TS 106
10.1.1 g TR oo 1 = 11 oo OSSR 106
10.1.1.0 Initial AcquiSition fIOW diagram ..........ooiieiiee e 106
10.1.1.1 SPECLIUM DELECHION ......eeii ettt e et ste e s e s ae e be e e e e e seessaesaeesreessesnansneesneesneenseesenns 107
10.1.1.2 GUArd INLErVAl COTEIBLION ......cc.eeeitiite ittt b bbbt se b b sr e bt eae e e e e 108
10.1.1.3 Coarse Time and Fractional Frequency SynChroniZatioN............ceecveceeieieesieesieese e e e e esaeeneens 108
10.1.1.4 Preamble Detection and SyNChroNiZation ............coceeieieiee s 108
10.1.1.5 Preamble Data DeCoding PrOCEAUIE...........co.ciiirieiete ettt 109
10.1.1.5.0 11 0o 1 o PR 109
10.1.151 DALA SOMING. ..ttt ettt sttt ettt b et e st b e se ettt sh et b e se et eb e sbeb e s a e e ebesbennebeebeneeneas 111
10.1.1.52 Preamble Header DECOUING ........c ettt sttt sttt se e bbb sreneeneas 111
10.1.2 Channel TUNING PrOCEAUIE ..ottt bt bbb et b e et b e a et b e b 112
10.1.3 Preamble Time DE-INLEITEAVE .........ooi ittt sn bt ne e e 113
10.1.3.1 Phase of time de-iNtErTEAVING .......c.oiie et e et e e e re e reeneenneenes 113
10.1.3.2 Pre-processing to time de-iNtEr@aVING........ccvccuiieiiieciec et ae e 113
10.1.3.3 Memory-efficient implementation of time de-interleaver ..........ccvvv e ere e 114
10.1.34 Disabled tiME INLENTEAVING ......civiiie ettt e sttt e tesre e te e teereeneeneeenes 114
10.2 Time de-interleaving Of Payload AaLa...........c.cccverierieiice e e e e e sreenreeneens 114
10.21 Phase Of time de-iNtEITEAVING........cveuireieirt bbb 114
10.2.2 Memory-efficient implementation of time de-iNtErEAVES ... 114

ETSI



7 ETSI TS 102 991 V1.3.1 (2016-01)

10.2.3 Disabled tiMe INTEMTEAVING ......ccui ittt ettt e e eessaesreesaeeneesneesaeesaeenseensenns 117
10.3 Frequency de-interleaving of payload dataL............cceceiieiieiieieere e 117
104 USE OF PHIOES ...ttt ettt et e bbbt e a e e e et e se ekt e b e eh e e e e e e ebeebeebeeneenee e enbe e 118
10.5 Phase NOISE FEOUITEIMENTS .........eeiieiiesieeieete st ee e e e e seeseesaeesaeeaeesaeesaesteeseenseessesseesseesaeesaeenseenseenseansessansanns 119
10.5.0 1100 (0o (oo FEO TP PRSPPI 119
105.1 COoMMON PhESE ETOI COMTECTION. ... .ctieieeieeieseesee st e steeste et e e e sreeste e te e teetesseesseesseesseesseenseenseessessanssensses 119
10.5.2 Channel EQUAlTZBLTON.......c..oieeueiieieeiesieeie sttt st bbbt b se et b e et sb e et b e bt b b 120
105.2.1 L@ QT R 120
105211 The need for channNel ESEIMBETON. ..o s neens 120
105212 ObtaiNiNG the ESLIMELES .......c.eeviieieetertee et b e e et b et ens 121
10.5.2.2 FUNAAMENEAl TIMITS......eeeeeee ettt st e s ae s et e seeseesaeene e e eneeees 121
10.5.2.3 11001 P11 o o PSS 122
105231 (10 TL = 0] TP PP PR PP 122
10.5.2.3.2 LI 00101l = I N1 (g 7o) = o] I 122
10.5.2.3.3 (= o (0= TV AT 1 = 0 0] = 1 oo USSR 123
10.6 TUNING L0 @DALA SHCE ....eeiieie ettt e e st este e teete e s teesaesteesseesteeseeneesnnesseesseensennnnans 123
10.7 L0 Y= 1= T 0T oS 125
10.8 DVB-C2 FECFrame Header DELECLION ........coveieriieie ettt st e e e sneens 128
10.8.1 Overview of FECFrame Header DEtECHiON .........cc.oiiriiiieeiecee ettt see 128
10.8.2 FECFrame Header DEIECHION ..........ooiie ettt st se et e snesneeneene e e enee s 128
10.8.3 Alternative FECFrame Header DEtECHION .........ccoiiiiieiieeceeeie ettt s 130
10.9 (I O = ol |1y o [OOSR P TSP 131
10.10 (210t D= oTo o [ oo OSSOSO 132
10.11 L@ 11001 o] 010 o S 132
10.11.1 D /REMUITIPIEXING ...eveeieeieeie ettt e e e st e s te et e s e e e e e s se e teenteentesseessaesseensesnsesneesneesseanseensenns 132
10.11.11 CoNStruCtion Of OUEPUL TS.......ecii ettt et e e st et e e e e teentessaesnnesneenneenseensenns 132
10.11.1.2 /Kol [>T F=T o = 1 o o 132
10.11.1.3 Determination Of QULPUE-T S DIt-Tale........cceiiieieieee et 133
10.11.1.4 DTN gl o = OSSO 133
10.11.1.5 Re-insertion of deleted NUIT PACKELS..........c.ooiriiiiiie e 133
10.11.1.6 Re-combining the Common and Data PLPS..........cccoi e 133
10.11.2 OUEPUL INEEITBICE ...ttt b bbbt b e s b e e bt bt et e sb et eb e s b e e ebenbeneenenbeneene s 134
10.12 POWET SAVING. ... etttk ettt b et b et eb e eb e e eh e e e e eh e s e e e eb e e e e e bt R e e e bbb e e e s e e bt et e st eb et e e e n e b e e ens 134
10.13 Basic considerations for an initial NEIWOIK SCAN .........cooieiiiiiii e e 134
11 TheoretiCal PErfOIMENCE ........cooiiiiiie ettt ettt 134
11.0 T gL goTo ¥ 1T oo BT PRSP PTPTO 134
111 ChanNEl IMOOEIS.......cceie ettt b e et b bt bt bt et et e se e b e e st esee s et e s besheebe e e enneneens 134
1110 1100 (0o (oo FEO TP PRSPPI 134
1111 Additive White Gaussian NOISE (AWGN) ..ottt e 134
11.1.2 [ox o To @171 1= TS 135
11.2 Simulated SyStEM PerfOIMEICE. .........civi ittt b bbb bbbt b b 135
11.2.0 Performance of DVB-C2 over adifferent channel models.........ccoveevieeiiiineieeeee e 135
1121 Performance of L1-part2 signalling over an AWGN channel ..o 137
11.2.2 Correction values for Pilot DOOSHING .......ccveiiiiiii e rae e sneas 139
11.3 Receiver Performance REQUITEIMENES ...........ocieiieieeieesie e seesee st e e eessaessaeseesreesseeeeeseesseesseenseensesneessanssnns 139
11.3.0 L1100 (0o (oo FEO TP PRSPPI 139
11.3.1 Receiver Performance Requirementsin an [deal SyStem .......oocev e 139
11.3.2 Backstop NOISE DEfINITION........cceiieiiieieeiesiese e e se e ese st e e e s et e e e e tessaessaesseessesnaesneesaeesaeenseensenns 140
11.33 Performance CalCulation MEINOM ...........oeoiiiii e e e 141
11.34 Performance Requirements for AWGN and ECNOES..........coerueiiiriiiniienee e 142
11.35 Performance Requirements fOr SENSITIVITY .......ccoireiiiieiree e 143
11.36 Reguirements for Adjacent Channel Interference (ACH) ... 143
12 Examples of PoSSible USe Of the SYStEM ........coiiiiiiiieeeieee e 145
12.0 T gL goTo ¥ 1T oo BTSSP PR URRPRPTPO 145
121 NEEWOIK SCONAITOS ...ttt b bbbt b e et b e s bt b e s bt e st et e e e e e sbesbesbeeneen e e e enee e 145
1210 1100 (0o (oo FEO TP PRSPPI 145
12.1.1 Methods of signal conversion in cable head ends............coce e e 145
12110 FNEFOOUCTION ...ttt e bt h et e b bt s b e bt bt e e e e eb e e e e b e b sreebeeneenee e ennas 145
12111 Efficient signal conversion from satellite or terrestrial link to DVB-C2..........cccooeveeinenninenncneenn 145
12112 Transparent signal conversion and MPEG2 Transport Stream ProCeSSIiNg .......coveevereeerereeneeereennens 149

ETSI



8 ETSI TS 102 991 V1.3.1 (2016-01)

12.1.1.3 Example for a configuration with a narrowband notch within aDVB-C2 signal .........ccccccevevevvenennee. 149
12.1.1.4 Example for a configuration with a broadband notch within aDVB-C2 signdl..........cccccccevvevieenenne. 152
12.1.2 Further application for Common PL P's and their efficient transmiSSion .........ccccccveeveevecceccenseeseeciens 154
12.1.3 Video On Demand and other applications of personalized SErVICES. .......ccvevvvieiieevee e 155
12.1.4 Utilization for interactive services (IPTV, INTEIMEL) ........c.ocveiieieie et eae e 155
12140 FNEFOOUCTION...c.e et e b e bt e e et b e bt bt e e e e eb e e e et e b seeebeeneenee s ennas 155
12141 Example fOr [P tranSMiSSION .........cviirieiieee ettt sttt b b 156
12142 Recommendations for arrangement of PLP'sand Data SIiCES .........ccoeveiiinieineneeeec e 159
121420 11 0o 1 o PR 159
121421 L) 10 S B 1 11 [ PSR 159
121422 High EffiCIENCY MOUE.........oieiiiiteieeeite ettt et et b e sttt eb e e b b e ene s 160
12.1.4.3 Adaptive Coding and Modulation (ACM) ......cieieeiieieerie e ee e se e see e e e re e e eesreenrees 161
12.14.4 I oo oo 163
12.15 Handling of INtErfErenCe SCENAIIOS. .......ciieiieieciese et se e ee e te e aessaesaeesreesaesneesaeesneenseesenns 165
12.2 MIQIation SCENAITOS .....ueeivieieeeieetiete st et e e ee e se e st e steeaeeseeeseeste e te e teestesseesaeesseeaseensesaeesseenseenseensenneensansnens 167
12.2.0 L1100 (0o (oo FEO ST TP R VRSP 167
1221 From fixed to flexible Channel Faster ..o e 167
1222 POWEY TEVE] @SPECES. ...ttt bbbt bbbt bbb et b et b b 168
12.2.3 Non-backward compatibility t0 DV B-C..........ooeiiiieiriiieereeesiee bbb 169
1224 Parameter Configurations Optimized for Data TranSmMiSSION ..........cccoeriieerenieieneee e 169
12.25 Dynamic DVB-C2 Signalling Parameter Changes: Boundaries and POlICI€S............cccovereirennicneneenenn 170
Annex A (informative): Examplesfor the calculation of payload capacity of the DVB-C2
SYSEBIM ..t 172

Nt | 11 0o [ o o S 172
A.2 Examplesfor payload capacity using Guard Interval 1/128 using 2,232 kHz OFDM carrier

spacing (for European type Cable NEIWOIKS) ..........coiiiriirierieiee e 172
A.3 Examplesfor payload capacity using Guard Interval 1/64 using 2,232 kHz OFDM carrier spacing

(for European type Cable NEIWOTKS) ........cciuiiieeiiiice ettt sttt sne e ne s ne e 172
A.4 Examplesfor payload capacity using Guard Interval 1/128 using 1,674 kHz OFDM carrier

spacing (for US type Cable NEIWOIKS) .......coouiiiiriiiiiesieee e e 173
A.5 Examplesfor payload capacity using Guard Interval 1/64 using 1,674 kHz OFDM carrier spacing

(for US type Cabl@ NEIWOIKS).........coiviiiecie ettt st et saeeneeresne e 174
Annex B (informative): Examplefor the choice of a DVB-C2 parameter set for broadcasting

210 0] [T o=1{ Lo o IR 175

Annex C (informative): Use of PLP bUNAIING ..ot 177
Annex D (informative): The concept of optimized frequency utilization ............cccccevveceieceeciennee, 179
D 200 A 111 0o (1 o OSSR 179
D.2 RF SPECIrum CONSIOEIGIONS. ......c.eeeeiieieriiitesiesiesie ettt s et b e e b nr s e e e nenn e e s 179
D.3  Optimized FrequenCy ULITIZBHION ...........cooiireeieieesis e 180
D.4 Spectra implications of the Absolute OFDM MEChaNISM..........ccciiiiieiicece e 180
Annex E (informative): DVB-C2 system evaluation and performancetesting........cccceeveeevveenenne. 182
S R 111 0o (1 (o OSSR 182
E.2  INteroperability TESIING ... ..coeoeieeeieieiee sttt b et nr e n e n s 182
E.3 DVB-C2 tuner/demodul ator performanCe tESHING .........covrererereriereeieeeeese s 184
E.4 DVB-C2 adjacent channel protection ratio MEasUremMENt ...........cccueveieereceeie s s et 185
Annex F (informative): Bibliography ... s 186
L 1 0] Y 187

ETSI



9 ETSI TS 102 991 V1.3.1 (2016-01)

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 member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, |PRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

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

Foreword

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

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin 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' activitiesin the technical, legal,
programme-making and programme-exchange domains. The EBU has active members in about
60 countries in the European broadcasting areg; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481

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. DV B 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 standardization, interoperability and future proof
specifications.

Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.

Introduction

DVB-C2 isastandard for the digital transmission of digital signalsin broadband cable and cable television systems
commonly referred to CATV networks. It defines techniques of the physical layer (e.g. error protection, interleaving,
modulation) and lower layer protocols required for data packaging and signalling. Compared to its predecessor DVB-C,
which was originally standardized in 1994, DV B-C2 offers significant benefits with regard to transmission performance
(e.g. spectral efficiency) and operational flexibility (e.g. variable bandwidth, improved ability to adapt to dedicated
channel conditions).
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Further background information on DVB-C2 is given in the subsequent scope of the present document. Clauses 2 and 3
provide the reader with information on references (normative and informative references) and definitions, symbols and
abbreviations respectively, which are used for the description of the technology in the main part of the present
document and thus are helpful for the understanding of the related explanations.

Clauses 4 to 6 give general information about DV B-C2 to enable an understanding of the general concept followed
during the development of the DVB-C2 standard [i.1]. Commercial Requirements are introduced, which were created to
steer the technical development. An overview on the DV B-C2 system summarizes its key features. Clause 5 describes
the anatomy of the signal on the level of the physical and the logical frame structures. Clause 6 justifies why dedicated
parameter sets were chosen for individual elements of the DVB-C2 standard [i.1].

The detailed description of individual DVB-C2 elements starts in clause 7 with the Input Processing and the Multiplex
Structure. Mechanisms for bundling of the so-called Physical Layer Pipes - a concept of transparent delivery of data
streams from the transmitting to the receiving end , the common use of global information by a number of PL Ps
(Common PL P), stuffing algorithms and the second layer (L2) signalling are explained in great detail.

Clause 8 complements the description of the encoding techniques defined in the DV B-C2 standard [i.1] which are:
Preamble Generation, Pilot Structure, Peak to Average Power Ratio (PAPR), two level (L1 and L2) signalling structure,
Interleaving, Framing, OFDM and Spectral Shaping. These techniques are implemented for instance in devices such as
modulators, edgeQAMS, etc.

In clause 9, the reader receives information about the delivery media, e.g. the cable network and its transmission
characteristics. This clauseis not intended to be an all-embracing pool of information about all kinds of CATV network
infrastructures, however it provides a thorough understanding of the major characteristics of the transport media which
are important to understand when developing hardware or software systems compliant with DVB-C2.

While the receiving end is not discussed by the DVB-C2 standard [i.1], clause 10 gives guidelines being tailored to the
particular needs of implementers of CPE and other devices/units designed to receive DVB-C2 signals. The following
techniques are explained in particular: synchronization procedure, Time and Frequency De-interleaving, use of Pilots,
phase-noise requirements, mechanism for tuning to a Data Slice, buffer management, FECFrame header detection,
LDPC and BCH decoding, output processing and power saving.

Having in mind the information on the entire transmission chain provided by the preceding clauses, the transmission
performance supported by the DVB-C2 signal isanalysed in clause 11. Next to theoretical estimations, simulation
results are presented.

Last but not least clause 12 contains information about realistic examples on how DVB-C2 could be operated in CATV
networks. Various network scenarios are described and possible modifications of today's headend architecture are
introduced. Information on possible migration scenarios towards DV B-C2 systems complements the described
scenarios.
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1 Scope

The present document gives guidelines for the implementation of DV B-C2 based cable transmission systems. The
DVB-C2 standard [i.1] contains a detailed and precise description of techniques used at the transmitting end. The target
of the DVB-C2 standard document [i.1] has been to provide an instruction manual allowing a non-ambiguous
implementation of the technology. Explanations on transmission aspects and matters of receiver implementation have
not been subject to standardization. Since the devel opers of the DV B-C2 standard [i.1] felt that such information would
be essentia for an accurate implementation of an end-to-end DV B-C2 system, the present document was prepared
covering the following topics:

. Descriptions of techniques implemented at the transmitting end complementing the explanations given by the
DVB-C2 standard [i.1] and extending the focus area to matters of headend architectures, for instance.

. Explanations on CATV network aspects to an extent important for an implementation of a DVB-C2 device.
e  Guidelinesfor the implementation of equipment installed at the receiving end.

DVB-C2 was developed in coincidence with the DVB philosophy to make use of state-of-the-art technologies if
possible rather than to invented technol ogies with almost no advantages compared to existing ones. However, a number
of elements of DVB-C2 are based on newly invested techniques which have been used neither in the first generation
DVB family of transmission systems nor in the standards of the second generation agreed prior to DVB-C2

(e.g. DVB-S2, DVB-T2), nor have been implemented in a comparable manner in any other transmission technology
known. Techniques of the combined PL P and Data Slice multiplex concept are an example for such a novelty. These
and other techniques had to be invented to ensure that DV B-C2 not only meets its commercial and technical
requirements, but provides an optimized solution with regard to operational flexibility and transmission efficiency to an
extent possible today. These techniques have not been discussed at the time of publication of this paper in the wider
literature but are presented in the present document in adetail which isimportant to know for an implementer.

The present document has the objective to make available to DV B-C2 implementers as much as possible of the
common understanding captured during the work of the experts group developing the DVB-C2 standard [i.1]. The
present document was prepared by these experts with the intention to provide know-how complementary to the
explanations of the DVB-C2 standard [i.1] itself and about the environment in which a DVB-C2 system will be
operated. Network aspects and matters of receiver implementation are mentioned by way of an example.

2 References

2.1 Normative 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) applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
http://docbox.etsi.org/Reference.

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

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

Not applicable.
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Informative 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) applies.

NOTE:

While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

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]

[i.2]

[i.3]

[i.4]

[i.5]

[.6]

[i.7]

[i.8]

[i.9]

[i.10]

[i.11]

[i.12]

[i.13]

NOTE:

[i.14]
[i.15]

[i.16]
[i.17]
[i.18]

ETSI EN 302 769: "Digital Video Broadcasting (DVB); Frame structure channel coding and
modulation for a second generation digital transmission system for cable systems (DVB-C2)".

ETSI EN 300 429: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for cable systems".

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

ETSI TS 102 831: "Digital Video Broadcasting (DV B); Implementation guidelines for a second
generation digital terrestrial television broadcasting system (DVB-T2)".

ETSI EN 302 307 (all parts): "Digital Video Broadcasting (DVB); Second generation framing
structure, channel coding and modulation systems for Broadcasting, Interactive Services, News
Gathering and other broadband satellite applications”.

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

ETSI TS 102 606 (all parts): "Digital Video Broadcasting (DVB);Generic Stream Encapsulation
(GSE)".

ETSI TS 102 771: "Digital Video Broadcasting (DVB); Generic Stream Encapsulation (GSE)
implementation guidelines’.

ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (Sl)
in DVB systems”.

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

ETSI EN 300 744: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for digital terrestrial television”.

J. van de Beek, M. Sandell, and P. O. Borjesson: "ML estimation of time and frequency offset in
OFDM systems," |EEE Transactions on Signal Processing, Vol. 45, No. 7, Jul. 1997, pp. 1800 -
1805.

Stott, J. H., Summer 1998: "The effects of phase noisein COFDM", EBU Technical Review,
(276), pp. 12 -25.

Available from BBC website: http://www.bbc.co.uk/rd/pubs/papers/pdffil es/jsebu276.pdf.

E.R.Berlekamp: "Algebraic Coding Theory", New Y ork:McGraw-Hill, 1968.

D. J MacKay and R. M. Neal: "Near Shannon limit performance of low density parity check
codes’, Electronics Lett. Mar. 1997, vol. 33, no.6, pp. 457-458.

Thomas J. Kolze: "HFC Channel Model Submission”, |EEE 802.14a/98-12, May 1998.
IEEE 802.14: "Broadband Cable Access Method and Physical Layer Specification”.

IEC 60728-1 (May 2008): " Cable networks for television signals, sound signals and interactive
services - Part 1. System performance of forward paths®.
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[1.19] "A new cable frequency plan and power deployment rules’, ReDeSign Deliverable D14, 2009.

NOTE: Available at: www.ict-redesign.eu.

[i.20] "The HFC channel model”, ReDeSign Deliverable D8, 2008.

NOTE: Available at: www.ict-redesign.eu.

[i.21] "Methodology for specifying HFC networks and components’, ReDeSign Deliverable D10, 20009.
[i.22] Thomas Proakis: "Digital Communications', New Y ork Mc Graw-Hill, ISBN 0-07-232111-3.
[i.23] Jaeger, D.; Schaaf, C. (editors): DVB-C2: High Performance Data Transmission on Cable -

Technology, |mplementation, Networks -. Mitteilungen aus dem Institut fur Nachrichtentechnik
der Technischen Universitdt Braunschweig, Band 13, Shaker Verlag, Aachen 2010).

[i.24] NorDig Unified Requirements for Integrated Receiver Decoders v2.3 (2012) .

[i.25] ETSI TS 103 287: "Digital Video Broadcasting (DVB); Modulator Interface (C2-Ml) for a second
generation transmission system for cable systems (DVB-C2").

[i.26] ETSI TS 101 211: "Digital Video Broadcasting (DVB); Guidelines on implementation and usage
of Service Information (SI)".

3 Definitions, symbols and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions given in [i.1] and the following apply:
Oxkk: digits 'kk' should be interpreted as a hexadecimal number
active cell: OFDM Cell carrying a constellation point for L1 signalling or aPLP

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
BBHeader: header in front of a baseband datafield
NOTE: Seeclause5.1.
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 symbols.
C2 Modulator Interface (C2-M1): interface between a centralized and decentralized part of a DV B-C2 modul ator
NOTE: C2-MI isspecifiedin ETSI TS 103 287 [i.25].
C2 system: complete transmitted DVB-C2 signal, as described in the L 1-part 2 block of the related preamble symbols
common PLP: specia PL P, which contains data shared by multiple PL Ps (Transport Stream)
data cell: OFDM Cell which isnot a pilot or tone reservation cell
data PLP: PLP carrying payload data
Data Slice: group of OFDM Ceélls carrying one or multiple PL Psin a certain frequency sub-band

NOTE: Thisset consists of OFDM Cells within afixed range of consecutive cell addresses within each data
symbol and spans over the complete C2 frame, except the preamble symbols.

Data Slice packet: XFECFrame including the related FECFrame Header
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data symbol: OFDM symbol in a C2 frame which is not a preamble symbol

Dependent Static Data Slice (DSDS): Data Slice between broadband notches or C2 system edges with a bandwidth
smaller than 3 408 OFDM cells
. X
xdivy= {—J
y

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

div: integer division operator, defined as:

FECFrame: set of N| ppc (16 200 or 64 800) bits of one LDPC encoding operation

NOTE: Incaseof Data Slice carrying asingle PL P and constant modulation and encoding is applied,
FECFrame Header information may be carried in Layerl part 2 and the Data Slice Packet isidentical
with the XFECFrame.

FFT size: nominal FFT size for aDVB-C2 receiver is4 K
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
many times as there are elements of the loop

NOTE: If there are no elements, the whole loop is omitted.
guard-interval fraction: ratio Tg/Tu of the guard interval duration to the active symbol period
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-part 2 COFDM Ceélls, cyclically repeated in the frequency domain
NOTE: L1 blocks are transmitted in the preamble symbols.

L 1-partl: signalling carried in the header of the Data Slice packets carrying modulation and coding parameters of the
related XFECFrame

NOTE: L1-partl parameters may change per XFECFrame.

L1-part2: Layer 1 Signalling cyclically transmitted in the preamble carrying more detailed L1 information about the
C2 system, Data Slices, Notches and the PL Ps

NOTE: L1-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)

xmody = X— y{EJ
y

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

mod: modulo operator, defined as:

nnp: 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_ID Ox1FFF, 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
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OFDM symbol: waveform Tgin 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 PL P share the same transmission parameters such as robustness, latency.

NOTE 2: A PLP may carry one or multiple services. In case of PL P Bundling a PL P may be carried in severa
Data Slice. Transmission parameters may change each XFECFrame.

PL P bundling: transmission of one PL P viamultiple Data Slice
PLP_ID: this 8-bit field identifies uniquely a PL P within aC2 system

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
reserved for future use: value of any field indicated as "reserved for future use” is set to "0" unless otherwise defined
START_FREQUENCY: index of lowest used OFDM subcarrier of a C2 system

NOTE: Thevalueof START_FREQUENCY isamultiple of Dy.

Transport Stream: multiplex signal as defined in ISO/IEC MPEG Systems specification |SO/IEC 13818-1 [i.10]
x*: Complex conjugate of x
XFECFrame: FECFrame mapped onto QAM constellations:

. |_xj - round towards minus infinity: the most positive integer less than or equal to x.

o (x—| : round towards plusinfinity: the most negative integer greater than or egual to x.

3.2 Symbols

For the purposes of the present document, the symbols given in ETSI EN 302 769 [i.1] and the following apply:

@ exclusive OR / modulo-2 addition operation

A Absolute guard interval duration

A LDPC codeword of size Njgn.

A LDPC codeword bits

ARM 32 output bits of Reed-Muller encoder

ARM Bit number of index i of 32 bit long output bits of Reed-Muller encoder

o, mop (1) Number of transmitted bits per constellation symbol (for PLP i)

T Permutation operator defining parity bit groups to be punctured for L1 signalling

g Permutation operator defining bit-groups to be padded for L1 signalling

Am| Output vector of the frequency interleaver of OFDM symbol | and C2 framem

Acp Amplitude of the continual pilot cells

App Amplitude of the preamble pilots

Agp Amplitude of the scattered pilot cells

aAmiq Frequency-Interleaved cell value, cell index q of symbol | of C2 frame m

B(n) Location of the first data cell of symbol | allocated to Data Slice n in the frequency
interleaver

b 16 bit long FECFrame signalling data vector
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Output from the demultiplexer, depending on the demultiplexed bit sub-stream number e
and the input bit number d; of the bit interleaver demultiplexer

Bit number of index i of 16 bit long FECFrame signalling data vector

Carrier-to-noise power ratio

Carrier-to-(NoisetInterference) ratio

Column of index i of time interleaver

Column of index i of bit interleaver

Equivalent BCH codeword polynomial
Cell value for carrier k of symbol | of C2 framem

Correlation function of the received RM code vector

relative logarithmic signal level with reference to 1uV
Datafield length
Differencein carrier index between adjacent preambl e-pilot-bearing carriers

Differencein carrier index between adjacent scattered-pilot-bearing carriers

Difference in symbol number between successive scattered pilots on a given carrier
Remainder of dividing message polynomial by the generator polynomial g(x) during BCH
encoding

Input bit number d, of the bit interleaver demultiplexer

Bit number of agiven stream at the output of the demultiplexer of the bit interleaver
Demultiplexed bit sub stream number (0 <€ < Ny pgreams): depending on input bit number
d; of the bit interleaver demultiplexer

Constellation point normalized to mean energy of 1

Reed-Muller encoder matrix
BCH generator polynomial
Polynomials to obtain BCH code generator polynomial

Complex cell of index q of a Data Slice packet

Freguency interleaver permutation function, element g
Output codeword of BCH encoder
BCH codeword bits which form the LDPC information bits

J-1

Number of bits of BCH uncoded block

L1 signalling part 2 parameter selected as Ny 14t 2(Kj) <= N_1part 2 callsX IMoD
Number of bits of LDPC uncoded block

3408 (number of OFDM carriers per L1 block)

Length of L1 _PADDING field

Length of L1-part 2 signalling field including the padding field

Number of information bitsin L 1-part 2 signalling excluding the padding field.
Lowest frequency carrier index of afrequency notch

Highest frequency carrier index of afrequency notch

Number of signalling bits per FEC block for L1 signalling part 2

Lowest frequency carrier index of a C2 signal

Highest frequency carrier index of a C2 signal

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

Index of data OFDM symbol within the C2 frame

Index of preamble OFDM symbol in the C2 frame

C2 frame number
M essage polynomial within BCH encoding
Input bit of index i from uncoded bit vector M before BCH encoder
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Uncoded bit vector 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 continual pilotsin 3 408 sub-carriers

Number of Data cellsin a Data Slice in frequency interleaver

Number of complex cells per Data Slice packet

Number of cells between (KDS,max - KDS,min ) minus the number of continual pilots,

scattered pilots, reserved tones and cells that are located in notches within the Data Slice
Sizeif the FFT

Number of bit-groups for BCH shortening

Length of punctured and shortened LDPC codeword for L 1-part 2 signalling

Number of available cellsfor L1 part 2 signalling 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 part 2 signalling

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 L 1-part 2 signalling

Total number of modulated cellsfor the L 1-part 2 signalling

Number of BCH bit-groupsin which al bits will be padded for L 1-part 2 signalling

Number of PLPsin aC2-system
Number of LDPC parity bitsto be punctured

Number of parity groupsin which all parity bits are punctured for L1 signalling
Intermediate value used in L1 puncturing calculation

Number of bitsin Frequency Interleaver sequence

Number of rows of bit or time interleaver

Number of substreams produced by the bit-to-sub-stream demultiplexer
Number of reserved carriers

Number of reserved carriers

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
insertion

Effective code rate of 16K LDPC with nominal rate ¥2

Effective coderate of L 1-part 2 signalling

Row of index i of time interleaver

Vaue 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 i of bit interleaver

DBPSK modulated pilot reference sequence

Recovered modulator sampling rate

Datarate of the received Transport Stream

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
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Time interleaving period
Total OFDM symbol duration
Useful OFDM symbol duration

BCH error correction capability
Column-twist value for column c 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 framem
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 hit 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 k of pilot synchronization sequence
L1 block specific pilot synchronization sequence
Bit of index k of L1 block specific pilot synchronization sequence
The set of bitsin group j of BCH information bits for L1 shortening
Frequency interleaver input data cells of the OFDM symbol | and the C2 framem
Address of the parity bit accumulator according to i5g, in LDPC encoder
Bit i of cell word g from the bit-to-cell-word demultiplexer
Constellation point prior to normalization

The symbolss, t, i, j, k are also used as dummy variables and indices within the context of some clauses or equations.

In general, parameters which have afixed value for a particular PL P 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 |etters with one or more subscripts indicating the relevant indices.

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in ETSI EN 302 769 [i.1] and the following apply:

1 024-QAM
16-QAM
256-QAM
64-QAM
8PSK

ACI

ACM
ADC

AS|

ATM
AWGN
BB
BBFrame
BCH

BER

BOS
BPSK

1 024-ary Quadrature Amplitude Modulation

16-ary Quadrature Amplitude Modulation

256-ary Quadrature Amplitude Modulation

64-ary Quadrature Amplitude Modulation

8-ary Phase Shift Keying

Adjacent Channel Interference

Adaptive Coding and Modulation

Anaogue to Digital Converter

Asynchronous Serial Interface

Asynchronous Transfer Mode

Additive White Gaussian Noise

BaseBand

BaseBand Frame

Bose-Chaudhuri-Hocquenghem multiple error correction binary block code
Bit error rate

National (Germany) variant of TETRA (Terrestrial Trunked Radio) services
Binary Phase Shift Keying
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BUFS Size of the receiver buffer

BUFSTAT Actual status of the receiver buffer

BW Bandwidth

C/IN Carrier to Noise ratio

C/N+I Carrier to noise and intermodulation power ratio
C2dsd C2 delivery system descriptor

C2sF C2_System centre frequency

CATV Community Antenna Television

CCM Constant Coding and Modulation

CINR Carrier to Intermodulation Noise Ratio

CIR Carrier to Intermodulation Ratio

CIRCSO Carrier-to-intermodulation ratio for CSO (Composite Second Order)
CIRCTB Carrier-to-intermodul ation ratio for CTB (Composite Triple Beat)
CNR Carrier to Noise Ratio

COFDM Coded Orthogonal Frequency Division Multiplex
CP Continual Pilot

CPE Customer Premises Equipment

CR Code Rate

CRC Cyclic Redundancy Check

CsO Composite Second Order

CTB Composite Triple Beat

CTO Composite Third Order

Cw Continuous wave

D Decimal notation

dB decibel

DBPSK Differential Binary Phase Shift Keying

DC Direct current

DFL DataField Length

DFT Discrete Fourier Transformation

DJB Desjitter buffer

DNP Deleted Null Packets

DOCSIS? Data over Cable Service Interface Specification
DSDS Dependent Static Data Slice

DSMCC Digital Storage Media Command and Control
DSTF Data Slice Tuning Frequency

DVB Digital Video Broadcasting project

DvB-C DVB System for cable transmission

NOTE: Asdefined in ETSI EN 300 429 [i.2].

DVB-C2 DVB-C2 system

NOTE: Asspecified in ETSI EN 302 769 [i.1].

DVB-S DVB System for digital broadcasting via satellites
NOTE: Asspecified in ETSI EN 300 421 [i.6].

DVB-S2 Second Generation DVB System for satellite broadcasting
NOTE: Asspecifiedin ETSI EN 302 307 [i.5].

DVB-S DVB Service Information
DVB-T DVB System for Terrestrial broadcasting

NOTE: Asspecifiedin ETSI EN 300 744 [i.11].
DVB-T2 Second Generation DVB System for Terrestrial broadcasting
NOTE: Asspecifiedin ETSI EN 302 755 [i.3].

DVB-X First generation DV B transmission systems
DVB-X2 Generic abbreviation for the group of 2™ generation DVB systems: DVB-C2, DVB-S2 and
DVB-T2
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EBU
EC
EIT
EMM
EN
EPG
EU
EWS
FEC
FFT
FIFO
FM
GCS
GFPS
Gl

GS
GSE
HD
HDTV
HEM
HFC
ICl
IDFT
IDTV
IEC
IF
IFFT
IM

IP
IPTV
IPv4
IPv6
IS
ISCR
ISDB-T
ISl
ISSY
Khit
LDPC
LFSR
LSB
LTE
LUT
MAC
MBaud
Mbit
Mbit/s
Mega

NOTE:

MI
MPEG
MPS
MSB

NOTE:

NA
NIT
NL
NM

European Broadcasting Union
European Commission

20

Event Information Table (DVB S| Table)

Entitlement Management M essage
European Norm

Electronic program guide
European Union

Early Warning System

Forward Error Correction

Fast Fourier Transformation

First In First Out

Frequency Modulation

Generic Continuous Stream

Generic Fixed-length Packetized Stream

Guard Interval

Generic Stream

Generic Stream Encapsulation
High Definition

High Definition Television
High Efficiency Mode
Hybrid Fibre Coax

Inter Carrier Interference

Inverse Discrete Fourier Transformation

Integrated Digital TV

International Electrotechnical Commission

Intermediate Frequency

Inverse Fast Fourier Transform
InterModulation

Internet Protocol

Television viathe open Internet (1P)
Internet Protocol version 4

Internet Protocol version 6
Interactive Services

Input Stream Time Reference

Integrated Services Digital Broadcasting Terrestrial

Input Stream I dentifier

Input Stream SY nchronizer

210 = 1 024 bits

Low Density Parity Check (codes)
Linear feedback shift register
Least Significant Bit

Long Term Evolution
LookUp-Table

Media access control

1 000 000 Baud = 1 000 000 Symbols per second

220 = 1 048 576 bits
Mbit per second
1 000 000 (1 Million)

MBaud is used for single carrier systems, such as DVB-S2, only.

Modulator Interface

Moving Pictures Experts Group
Monic Polynomial Sequence
Most Significant Bit

In DVB-C2 the MSB is aways transmitted

Not Applicable

Network Information Table
The Netherlands

Normal Mode

first.
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NPD
OFDM
oSl
PAL
PAPR
PDF
PER
PHY
PLL
PLP
PLP_ID
PN
PRBS
PSD
PSI/SI
PSK
PVR
QAM
QEF
QoS
QPSK
RF
RM
SD
SDTV
Sl
SNR
SP
STB
TDI
TDM
TF

TI
TNO
TS
TSPSS
TV
UupP
UPL
us
VBR
VCM
VHF
VOD
XFECFrame
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Null Packet Deletion

Orthogonal Frequency Division Multiplex
Open Systems Interconnection Reference Model
Phase Alternating Line, name of aanalogue TV system
Peak to Average Power Ratio

Probability Density Function

(MPEG TS) Packet Error Rate

Physical Layer modulation scheme

Phase looked loop

Physical Layer Pipe

PLP Identifier

Pseudo noise

Pseudo Random Binary Sequence

Power Spectral Density

Program Specific Information/Service Information
Phase Shift Keying

Personal Video Recorder

Quadrature Amplitude Modulation

Quasi error free

Quiality of Service

Quaternary Phase Shift Keying

Radio Frequency

Reed Muller

Standard Definition

Standard Definition TV

Service Information

Signal to Noise Ratio

Scattered Pilot

Set Top Box

Time de-interleaver

Time Division Multiplex

Time/Frequency

Time Interleaver

Dutch telecommunication research institute
Transport Stream

Transport Stream Partial Stream Synchronized
Television

User Packet

User Packet Length

United States of America

Variable Bit Rate

Variable Coding and Modulation

Very High Freguency

Video On Demand

XFEC Frame
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4 Overview of DVB-C2

4.1 DVB-C2 commercial requirements

4.1.0 Introduction

In recent years, customer demands for sophisticated multimedia applications have increased significantly. Broadband
Internet peers providing even higher speeds of beyond 100 Mbit/s as well asnew TV services such as High Definition
Television (HDTV), Back-up TV, Video On Demand (VVOD) and other interactive TV services have been included in
the service portfolios of cable operators. The provision of all these services side by side via CATV networks to ahigh
number of customers requires the availability of modern infrastructures supporting the transmission of both broadcast
and broadband services under severe Quality of Service (QoS) requirements. Also, the continuous transmission of
traditional services and of analogue TV in particular has been clearly requested by cable customers mainly for the
purpose of providing a compatible service which can be received by second and third TV sets per household without
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any need for hardware changes. Today, a modern Hybrid Fibre Coax (HFC) network is an infrastructure making
sufficient transmission capacity available. Various technologies are in place which can be used to upgrade traditional
CATV networksto state of the art HFC networks. However, network upgrades require huge financial investments and
can take a significant time, which both urge operators to carefully adopt the optimal upgrade strategy.

The transmission systems currently deployed in HFC networks, namely DVB-C and DOCSIS®, have used physical
layer techniques which were invented in 1994 and earlier. Their current applications cannot be configured to support
digital transmissions with an increased spectral efficiency. Ongoing investigations have shown that technical
advancements of the existing systems, e.g. by introducing a 1 024-QAM, would only result in very limited efficiency
improvements while providing non-backwards compatible solutions requires the introduction of a new equipment
generation. Also, state of the art upgrade technologies do not provide the feature of improving the spectral efficiency to
an extent required for future network upgrades. In contrast, European cable operators have ascertained that under
certain commercial and technical conditions, the introduction of equipment supporting an advanced physical layer with
capabilities going beyond of what is possible with advanced versions of the existing systems would provide the best
means for a successful implementation of new business models. Therefore, the operators approached the DVB Project
with the request to launch the development of a new physical layer and lower layer signalling technology based on
commercia requirements to be specified. The subsequent clauses summarize the requirements compiled for DVB-C2
by the DVB Commercial Module. The requirements are differentiated in 4 categories:

1) Genera requirements,
2) Performance and efficiency requirements;
3) Backwards compatibility requirements; and

4) Interactive systems requirements.

4.1.1 General requirements

e  Thetechnologies shall aim at optimizing the use of cable channelsin state of the art cable networks. This
includes enhanced flexibility and robustness, as well as maximum payload data capacity.

. DVB-C2 should not primarily aim at matching DVB-S2 and/or DVB-T2, but fully exploit its differentiating
features to compete in the market of content delivery. Therefore downstream transmission technologies that
maximally benefit from the availability of the return channel should be evaluated. However, the specification
of DVB-C2 shall not depend on the availability of areturn channel.

. A toolkit of system parameters shall be available to address applications across consumer to business
applications, taking into account different performance level of the CATV network.

e  The specification shall allow service providers on cable networks to have individual quality of service targets,
even for services within the same multiplex.

. Suitable techniques already in existence shall be adopted wherever possible.

. Due account shall be taken of anticipated cable network characteristics (e.g. with fibre to the curb, building
and home, as far as applicable).

o New technical specifications shall address transmit-end functions only, but shall take account of cost
implications for different devices, such as receivers or head-end equipment.

. The DVB-C standard shall not be modified, nor shall it require changes to other specifications (e.g. SI) or
cause any existing feature to become invalid.

. The specifications shall be transmission frequency neutral within typical cable frequency bands.

o DVB family approach: DVB-C2 should reuse existing solutions for interfacing, coding and modulation
wherever appropriate.

4.1.2 Performance and efficiency requirements

. DVB-C2 should be able to efficiently support the migration from a mixed analogue/digital to full digital
network and be able to offer the maximum performance/throughput in both networks.
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DVB-C2 shall give at least 30 % more throughput in existing cable plants and in-house networks compared to
256-QAM (DVB-C).

DVB-C2 shall allow achieving the maximum benefit from statistical multiplex method. E.g. the current fixed
channel raster could be deregulated.

Cable networks should be characterized and modelled on aglobal (e.g. US, Asiaand Europe) level (including
in-house network) and the best modulation/FEC schemes shall be selected taking into account aredlistic cable
channel model including:

- Deployment of analogue PAL/SECAM/NTSC TV channels.

- Deployment of different digital signals (such asDVB, DOCSIS®, Davic) and the associated signal back
off ratios to analogue signals.

- Different noise (white, burst, impulse), non-linearities and other interferences present in current and
future networks.

The error performance of the system shall be suitable for al types of services that may be carried.

The DVB-C2 transmission system should be able to support low power modes to maximally reduce power
consumption in receivers according to the EU Code of Conduct on Energy Consumption.

Seamless retransmission (e.g. from DVB-S2 to DVB-C2, or DVB-T2 to DVB-C2) should be fully supported.

The DVB-C2 standard [i.1] shall provide afully transparent link for Transport Stream, | P-packets and other
relevant protocols between the input of the modulator and the output of the demodulator.

The Zapping time (time to tune a receiver from one service to another) shall not be significantly increased due
to theintroduction of DVB-C2 (in relation to today's user experience of digital TV services with DVB-C). For
any change in RF channel, the DV B-C2 front-end shall deliver aquasi error free signal within 300 ms.

Backward compatibility requirements

DVB-C2 shall not be backwards-compatible with DVB-C (in a sense that a DVB-C receiver is able to process
aDVB-C2 signal). The capahility for a DVB-C2 receiver to include DVB-C functionalities should be
addressed as an optional requirement in the technical specification, so that:

- if thisis areguirement from the industry playersto include DVB-C functionality into DVB-C2
equipment, chipset manufacturers can provide compliant solutions,

- if in the long term networks will have migrated completely to DVB-C2, these chipsets may be produced
aswell.

For DVB-C2 transmissions, there shall be no requirement for any change to existing DVB-C receivers. This
assumes continued use of the same cable network architecture and the same cable channel characteristics.

In order to allow for self install, the DVB-C2 standard [i.1] should be as insensitive as possible to typical
characteristics of in-house networks using coaxial cable systems.

Interactive systems requirements

The specification shall be available for consideration as an alternative downstream coding and modulation
scheme for the DOCSIS® systems currently using DVB-C for the EuroDOCSIS® System.

DVB-C2 shall include techniques for improving the efficiency of carriage of IP data.

DVB-C2 shall allow cost effective integration of DVB-C2 into Edge QAM solutions for modulation
equipment.

The specification shall provide alow latency mode for those interactive services that require such a mode.
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4.2 Key features of DVB-C2

The excellent physical channel characteristics of Hybrid Fibre Coaxial (HFC) networks provide an ideal platform for all
current and future broadband communication services. In the past, the available spectrum has been mainly used for the
transmission of analogue TV signals. For some years, the application of digital transmission standards as DVB-C in
addition with the MPEG-2 video compression has offered the means to provide a huge variety of digital TV programs.
However, in many cable networks the analogue programs still have not been switched off, resulting in a parallel
transmission of analogue and digital broadcast signals. Over the past years, many cable networks have been upgraded to
alow bidirectional communications. As aresult, cable operators are nowadays able to offer bandwidth demanding
"Triple Play" packages, providing telephony and Internet accessin addition to the classical TV broadcast services.
Especially the IP traffic per customer is expected to increase rapidly in the coming years. Furthermore, an increasing
number of services are offered in High Definition (HD) quality, requiring much higher bit-ratesin comparison to
Standard Definition (SD) resolution services. On the other hand, the usable downlink spectrumin typical cable
networks is often limited to frequencies below 800 MHz. Therefore, many cable operators are running out of spectrum
in the near future, as a study of the EU funded "ReDeSign" project (visit: www.ict-redesign.eu) indicates. Solving this
problem is either possible by an extension of the used spectrum or by the reduction of the number of subscribers per
network segment. Both approaches are very costly to the cable network operator, as they require many new active and
passive network components. The third and most promising possibility to face the increasing demand of bandwidthis
the application of atransmission system with a more spectrum efficient physical layer. The latter is the target of the
DVB-C2 standard [i.1].

Although the MPEG Transport Stream (TS) is still the most 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 Frame format. The Forward Error Correction (FEC) schemeis
applied to these Baseband Frames. In line with the other DV B-X2 systems, DVB-C2 uses a combination of LDPC and
BCH codes, which is avery powerful FEC providing about 5 dB improvement of signal-to-noise ratio (SNR) with
reference to DVB-C. Appropriate Bit-Interleaving schemes optimize the overall robustness of the FEC system.
Extended by a header, those frames are called Physical Layer Pipes (PLP). One or severa of such PLPsare
multiplexed into a Data Slice. A two-dimensional interleaving (in time and frequency domain) is applied to each dlice
enabling the receiver to eliminate impacts of burst impairments and frequency selective interference such as single
frequency ingress. One or several Data Slice compose the payload of a C2-frame. The Frame Building process includes
inter aliathe insertion of Continual and Scattered Pilots. The first symbol of a C2 frame, the so-called " Preamble”,
carriesthe signalling data. A DVB-C2 receiver will find al 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 asin the headers of the
PL Ps. In the following step the OFDM symbols are generated by means of an Inverse Fast Fourier Transformation
(IFFT). A 4K-IFFT agorithm is applied generating atotal of 4 096 sub-carriers, 3 409 of which are actively used for the
transmission of data and pilots within a frequency band of 8 MHz. The guard interval used between the OFDM symbols
has arelative length of either 1/128 or 1/64 in reference to the symbol length (448 ps).

In anutshell the key technical features of DVB-C2 are the combination of flexibility and efficiency. It is expected that
the deployment of DV B-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 DV B-C2 will allow network operatorsto utilize the available
frequency resourcesin a more flexible way and allow the introduction of both enhanced services and bigger pipes, for
al kind of service containers, including the support of 1P based transport mechanisms.

4.3 Benefits of DVB-C2 compared to DVB-C

Table 1 liststhe major differences between DVB-C and DVB-C2 in terms of the relevant used technologies. As aresult
of the technol ogiesintroduced in DV B-C2, the potential gain in capacity that could be achieved is about 33 %
compared to the DV B-C mode with the same SNR requirements (see table 2). In addition to the increased efficiency
due to the chosen coding and modulation schemes, DVB-C2 allowed to further optimize the spectrum efficiency by
increasing the bandwidth of the transmitted signal beyond 8 MHz as shown in table 3. It should be noted that DV B-C2
signals with broader bandwidth than 8 MHz generally can be processed by receivers with fixed 8 MHz receiving
windows.
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Table 1: Comparison between the basic building blocks of DVB-C and DVB-C2

DVB-C DVB-C2
- Multiple Transport Stream and Generic
Input Interface Single Transport Stream (TS) Stream Encapsulation (GSE)
- - Variable Coding & Modulation and
Modes Constant Coding & Modulation Adaptive Coding & Modulation
FEC Reed Solomon (RS) LDPC + BCH
Interleaving Bit-Interleaving Bit- Time- and Frequency-Interleaving |
Modulation Single Carrier QAM COFDM
Pilots Not Applicable Scattered and Continual Pilots
Guard Interval Not Applicable 1/64 or 1/128
Modulation Schemes 16- to 256-QAM 16- to 4096-QAM

Table 2: Potential capacity or robustness increase of DVB-C2 in relation to 256-QAM DVB-C

DVB-C DVB-C2 DVB-C2
64-QAM 256-QAM 1 024-QAM 256-QAM
Guard Interval NA 1/128 1/128
FEC RS 9/10 LDPC + BCH 5/6 LDPC + BCH
Symbol rate 6,875 MBaud NA NA
Bandwidth 8 MHz 8 MHz 8 MHz
SNR 29,7 dB 29,5 Db 22 dB (see note 2)
Capacity 50,87 Mbit/s | 66,14 Mbit/s (see note 1) 49,01 Mbit/s
NOTE 1: The relative capacity gain is 30,5 % at a SNR of 29,7 dB (required for

256-QAM DVB-C).
NOTE 2: The relative robustness gain is 25,9 % at 50 Mbit/s payload (as
provided by 256-QAM DVB-C).

Table 3: Further improvements of spectrum efficiency due to increased transmitter bandwidth

DVB-C (256-QAM) DVB-C2 (4 096-QAM)
8 MHz channel 50,9 Mbit/s 79,54 Mbit/s
16 MHz channel 50,9 Mbit/s 81,58 Mbit/s, 2,56 % (see note)
24 MHz channel 50,9 Mbit/s 82,26 Mbit/s, 3,42 % (see note)
32 MHz channel 50,9 Mbit/s 82,60 Mbit/s, 3,85 % (see note)
64 MHz channel 50,9 Mbit/s 83,11 Mbit/s, 4,45 % (see note)

NOTE:

Relative gain with reference to 4 096-QAM in 8 MHz
bandwidth.

4.4

General remark on the applicability of DVB-C2 for cable

systems using 8 MHz or 6 MHz basic channel raster

The features of DVB-C2 are applicable for cable network of a"European type" (using an 8 MHz channel raster) and of
a"US-type" (using a6 MHz channel raster). Thisis possible due to the definition of two different figures for carrier

spacing of the OFDM system.

Whenever in the present document a DV B-C2 feature or characteristic is discussed in relation to the European type
(8 MH2z) scenario with 2,232 kHz carrier spacing, or 7,61 MHz preamble bandwidth, this feature is also available for
the "US-type" (6 MHZz) scenario using 1,674 kHz carrier spacing and 5,71 MHz preamble bandwidth respectively.

The reason for this easy conversion of featuresis the fact that in both scenarios the number of OFDM carriers per
frequency raster block isthe same: 3,408 carriers.
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5 Anatomy of the DVB-C2 signal

5.0 Introduction

DVB-C2 employs state-of-the-art algorithms for higher spectral efficiency and flexibility that allow for optimum usage
of the cable network resources. The technical detailsto reach this goal and the resulting advantages are given in the
following clauses of the present document.

5.1

In accordance with the widely deployed first generation DV B physical layer specifications, the second generation of the
DVB physical layer standards family (DVB-X2) consists of three transmission systems for the three different
transmission media: DVB-S2 (satellite), DVB-T2 (terrestrial) and DVB-C2 (cable). One main idea of DVB-X2 isthe
maximum possible commonality and reasonabl e re-usage of building blocks between the different transmission
systems, which is also called the 'Family of Standards approach. As an example, al standards use a common forward
error correction (FEC) scheme consisting of a concatenation of an outer Bose Chaudhuri Hocquenghem (BCH) code
and an inner Low Density Parity Check (LDPC) code. Furthermore, the system layers of DVB-S2 and DVB-C2 are
very similar, which allows a simple conversion of satellite signalsinto cable networks - an important feature of a cable
broadcasting system. From a first glance, it may be surprising that DV B-C2 applies Orthogonal Frequency Division
Multiplex (OFDM) as modulation scheme since it is a novelty in cable downstream transmission. However, the benefits
of this approach are explained in more detail in the following clauses.

System Overview

Figure 1 shows a high-level block diagram of signal processing defined for the DVB-C2 transmitting end. In
accordance to DVB-T2, the cable system also adopts the Physical Layer Pipe (PL P) approach. A PLP isalogical
channel that may contain one or more regular MPEG-2 Transport Streams but also | P data being processed by the
so-called Generic Stream Encapsulation (GSE) protocol. Each PL P consists of an input processing block followed by a
Forward Error Correction (FEC) and a QAM Mapping stage. One or multiple PL Ps can be combined to so-called Data
Slice (similar to channels) which are interleaved in time and frequency to mitigate the influence of burst errors or
narrow-band interferers. Finally, the frame builder combines the different Data Slice, prepends a preamble with the
Level 1 signalling information, and forwards the resulting C2 frame to the OFDM generation stage.
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Figure 1. High-level block diagram of the signhal processing defined for the DVB-C2 transmitting end
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5.2 Concept of Physical Layer Pipes (PLP) and Data Slices

The Physical Layer Pipe (PLP) concept alows the transmission of several independent logical channels. Each PLP
congtitutes such alogical channel containing data based for instance on the MPEG-2 Transport Stream or on the
Internet protocol by using the Generic Stream Encapsulation (GSE). The PL P Identifier (PLP_ID), which allows a
unique identification of dedicated PL Ps at the receiver side, is part of a so-called FECFRAME header being placed in
front of each user packet. After decoding this header and evaluating the PLP_ID, the receiver is able to decide whether
it has to decode the following data packet. Data packets which do not belong to the desired PL P are ignored and do
have to be processed neither by the QAM demapper nor by the forward error correction decoder. Consequently, the
effective receiver hit rate as well as the related processing power decrease significantly.

Another advantage of the PL P approach is the possibility to assign different robustness levels to different streams. Each
PL P can adjust its modulation and FEC rate independently from the others. As aresult, different 'Quality of Service'
levels can be assigned to differentiate services at the physical layer already. While the robustness settings for broadcast
services have to be adjusted to guarantee a high service quality at all user outlets of a cable network, the advantage for
the provision of interactive datain point-to-point connectionsis even more evident: Depending on physical cable
network characteristics like distance, number of amplifiers, and the quality of in-house installation, the achievable
signal quality can vary significantly. If the cable headend could get knowledge about the signal quality and the
associated characteristics of the cable channel carrying the signal to a dedicated DV B-C2 user terminal, it would be able
to adjust the robustness settings for each individual case thus optimizing the data throughput for each user. An example
of atypical application of this technique certainly is High-speed Internet access via cable. DVB-C2 could be used as
downlink medium, whereas information about the current downlink quality could be sent to the headend by means of
cable modems employing return channels. This application describes how the headend would be enabled to configure
the downstream signals to each individual use providing the maximum spectral efficiency offered by the network.

53 Forward Error Protection and Modulation Constellations

The performance of the forward error correction builds the basis of a powerful transmission system. As part of the
DVB-X2 family approach, DVB-C2 employs exactly the same Low Density Parity Check (LDPC) codes that have been
already used for DVB-T2 and DVB-S2. This code class has already been known since the sixties, but its utilizationin
real implementations only became possible in recent years due to the progress in semiconductor manufacturing. The
impressive benefits of LDPC can be shown by the following numbers: The 9/10 code rate of DVB-C2 is able to correct
bit streams with bit-error rates of several percent measured at the input of the FEC decoder. In contrast, the Reed
Solomon code applied for DVB-C, which has asimilar effective code rate, only tolerates a maximum bit-error rate of
2-10 to reach the goal of quasi error-free reception corresponding to one erroneous event per hour. This high
performance of the LDPC codes is the most significant for large LDPC codeword lengths. In fact DVB-C2 uses a
codeword length of 64 800 bits, for instance, which has a multiple length compared with the 1 632 bits and 204 bytes,
respectively, in DVB-C. Consequently, DVB-C2 is ho longer restricted to the transmission of MPEG-2 Transport
Stream packets but support also other packetized data streams. Besides the LDPC code, a BCH code is employed by
DVB-C2 after LDPC decoding. It adds redundancy to the bit stream which consumes less than 1 percent of the total bit
rate. This code with very little error correction capabilitiesis used to correct the error-floor which typically arises at the
output of the LDPC decoder. This error-floor, which occurs in most iterative coding schemes as LDPC or Turbo codes,
leads to few remaining bit errors after the decoding process, which cannot be corrected by further iterations of the FEC
decoder.

The significantly increased performance of the forward error correction allows for the application of higher
constellation schemes being used for modulation of the OFDM subcarriers. While DVB-C maximally employed
256-QAM, DVB-C2 now adds 1 024-QAM and 4 096-QAM. The possible combinations of modulation and coding
schemes are given in table 4. The table also indicates the required signal-to-noise-ratios for quasi error-free reception.
The range of signal-to-noise ratios varies from approximately 10 dB to 35 dB, while the available modulation and
coding schemes allow for agranularity of approximately 2 dB.

Table 4: Available QAM mappings and code rates (CR) for DVB-C2
and their required signal-to-noise-ratio (SNR) for quasi-error-free reception, "-" means not applicable

CR 16-QAM 64-QAM 256-QAM 1 024-QAM 4 096-QAM
2/3 - 13,5dB - - -

3/4 - - 20,0 dB 24,8 dB -

4/5 10,7 dB 16,1 dB - - 31,4 dB
5/6 - 22,0dB 27,2dB 32,4 dB
9/10 12,8 dB 18,5dB 24,0dB 29,5dB 35,0dB
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54 DVB-C2 Framing and OFDM Generation
5.4.0 Introduction to DVB-C2 Framing and OFDM Generation

Asamagjor differenceto DVB-C, DVB-C2 uses OFDM instead of single-carrier QAM modulation. OFDM is applied in
most state-of-the-art broadcast and bidirectional transmission schemes due to its well-known and proven robustness to
different types of channel impairments (e.g. multipath effects or narrowband interferers). DVB aready deployed OFDM
in the first generation terrestrial DVB-T system. For the second generation terrestrial transmission system DVB-T2 the
parameters were substantially refined and extended. DV B-C2 reuses a parameter set of DVB-T2 that is well-suited for
the cable specific requirements. Asaresult of using the same OFDM parameters and the large number of other common
blocks such as the error correction, it is assumed that combined DVB-T2 and DV B-C2 chips can be realized without

severe overhead.
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Figure 2: Time frequency diagram of a DVB-C2 frame

DVB-C2 reuses the OFDM subcarrier spacing of the 4K FFT mode from DVB-T2, i.e. the useful OFDM symbol
duration is 448 ps. Two options for the Guard Interval lengths are available, namely a fraction of 1/64 and 1/128 of the
total symbol duration. Furthermore, DV B-C2 uses the same scattered pilot patterns which allow the implementation of
the same channel estimation block for both systems.

One key feature of DVB-C2 is the capability of generating signals with avariable bandwidth. Thisis achieved by
alocating a specific number of OFDM sub-carriers while keeping the various filter parameters and the system clock
unchanged. As aresult, the signal bandwidth at the transmitting end can be extended to higher figures for inclusion of a
larger number of services. To avoid complex and expensive consumer electronic receivers, segmented OFDM

reception - as also used in the Japanese terrestrial broadcasting standard 1SDB-T for instance - is applied. The receiver
with itstraditional 6 MHz or 8 MHz TV tuner bandwidth can extract that part of the broad transmission signal which
contains the desired service. This part is congtituted by a Data Slice which never exceeds the traditional bandwidth of a
receiver tuner. The time frequency diagram of the C2 framing enabling such flexible reception behaviour is depicted in
figure 2.

Each C2 frame starts with a preamble consisting of one or more OFDM symbols. The preamble has two main
functions. On the one hand, it allows for reliable time and frequency synchronization to the OFDM signal and the
framing structure itself. Therefore, a unique preamble pilot sequence is modulated onto every 6th OFDM sub-carrier of
the preamble symbols. On the other hand, the preamble carries the Layer 1 signalling required for the decoding of the
Data Slice and their payloads. The preamble consists of afrequency cyclic repetition of the L1 part 2 blocks that are
repeated every 7,61 MHz. The reason for the fixed allocation of the L1 part 2 blocks and their repetition isthe
requirement to access the complete L 1 part 2 signalling in any tuning position of an 8 MHz receiver tuner. As depicted
in figure 3, the receiver is able to restore the complete dataof aL 1 part 2 block by re-ordering the OFDM carriers after
converting them into the frequency domain (i.e. by the FFT at the receiving end). Even the loss of some carriers would
not seriously affect the system performance, as the signalling datais transmitted in a very robust mode.
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Figure 3: DVB-C2 preamble structure, re-ordering of the OFDM sub-carriers
in the L1-part2 blocks to extract the L1 signalling information

In contrast to the L 1-part2 blocks, the Data Slice do not have to comply with any constant frequency pattern, thus can
be allocated in aflexible way. Thisisthe reason for the requirement to access and decode the L 1-part2 signalling data
at any possible tuning position. The only requirement for the Data Sliceis that each Data Slice shall not exceed the
maximum reception bandwidth of 7,61 MHz. Asaresult, the bandwidth of a Data Slice can be adjusted very precisely
to the bit-rate of the source signal. For example, satellite streams with very different bit rates can be inserted into the C2
signal without the need of exhaustive stuffing overhead or re-multiplexing of the MPEG-2 Transport Streams.
Different Data Slice can be accumulated until the overall number of OFDM sub-carriers of the C2 signal is reached.
Both position and bandwidth of the Data Slice may vary between different C2 frames as this does not require any
re-tuning of the receiver. The signalling inside the L 1-part2 blocks does not only contain the start and the end
frequency of the Data Slice, but aso the optimal tuning position. Thus, the transmitter may vary the Data Slice
parameters inside the transmitter defined receiving window.

54.1 DVB-C2 signalling concept
5.4.1.0 Elements of the DVB-C2 signalling

The DVB-C2 signalling scheme consists of two components, the Layer 1 and the Layer 2 signalling.

541.1 L1 signalling scheme

Layer 1 signalling is spread into two parts. The first part (L 1-partl) is transmitted in the FECFrame_headers
(carrying) modulation scheme and code rate of the individual PL Ps and the second part of Layer 1 signalling
(L1-part2) iscarried in the preamble payload. Thereisalso a Layer 2 signalling scheme defined in DVB-C2. The
so-called DVB-C2 delivery system descriptor isintegrated into the DVB-SI system and transmitted in the so called
Network Information Table (NIT). More details about L1 signalling and the choice of relevant parameters are given in
clauses 6.8 and 8.4 respectively.

5.4.1.2 L2 signalling scheme

Layer 2 signalling delivers the mapping of PL Psto the relevant servicesto the receiver. More details are givenin
clause 7.8

5.5 Spectral Efficiency and Transmission Capacity

One main goal of the DVB-C2 specification is an increased spectral efficiency. DVB-C2 achieves this goal through the
utilization of the LDPC codes in combination with higher QAM mappings and the application of OFDM. The gain
caused by OFDM is depicted in figure 4.
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Figure 4. Occupation of frequency spectrum by DVB-C today (upper diagram)
and by DVB-C2 in the future (lower diagram)

Today, DVB-C is based on single-carrier modulation which uses a shaping-filter to form the transmitted signal. The
resulting curve progression at the frequency edges of each signal spectrum shows the roll-off effect caused by the Half
Nyquist filter used in the transmitter. It has aroll-off factor of 0,15 (corresponding 15 %) for DVB-C and reduces the
spectral efficiency of the signal by the same number. Smaller values (e.g. 10 %) are feasible, but require higher
accuracy for anumber of elements in the transmitter and particularly in the receiver. Furthermore, this factor is
independent of the channel bandwidth, i.e. the relative spectral loss of 15 % is the same for 16 MHz channels. In
contrast, thisis not the case for OFDM as applied in DVB-C2.

The spectral loss for OFDM is caused by the Guard Interval, the frequency domain pilots and the Guard Bands at the
edges of the spectrum. In the normal mode with a Guard Interval length of 1/128 and a frequency domain pilot density
of 1/96, the loss caused by these two components is equal to approximately 2 %. Furthermore, a Guard Band at the
frequency edges of the spectrum is required to avoid disturbance to neighbouring channels. There is no need of any
frequency separation between the Data Slice of one OFDM signal, i.e. Data Slice can be seamlessly concatenated in the
frequency direction. The width of the Guard Band is nearly independent of the actual bandwidth of the OFDM signal, as
figure 5 shows. The power spectral density of an ideal DVB-C2 signa for 7,61 MHz and 450 MHz bandwidth nearly
overlaps at the frequency edge of the signal (left hand side). Thus, for 7,61 MHz wide signals as well as for 450 MHz
wide signals a Guard Band of roughly 200 kHz will be sufficient. Consequently, the spectral lossis significantly
reduced for wider OFDM signals. The overall spectral lossfor a32 MHz DVB-C2 signal (e.g. 5 Data Slice of

6,4 MHz) isonly 3,25 %, whileitis 15 % for DVB-C.

10

Power Spectra Dendty [dB]

Relative Frequency [MHZ]

Figure 5: Ideal power spectral density of DVB-C2 signal
with Guard Interval 1/128 for 7,61 MHz and 450 MHz
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The combination of the reduced modulation overhead and the increased robustness of the LDPC codes provides a
system performance that closely reaches the theoretical limit of spectral efficiency, also referred to as Shannon Limit.

Figure 6 shows the Shannon Limit in comparison with the performance figures reached by DVB-C2. Also, the spectral
efficiency of a256-QAM DVB-C signal is shown at the related signal-to-noise ratio that is necessary to receive the
signal without any erroneous bits. It is apparent that the distance in terms of signal-to-noise ratio between the value
achieved by DV B-C and the Shannon Limit is 10 dB, whereas the respective distance between the val ues produced by

DVB-C2 and the Shannon limit isonly 2 dB to 3 dB. This difference in signal-to-noise ratio required by the two
systems to reach a certain spectral efficiency shows the substantial increase which has been achieved through the
development of DVB-C2.
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Figure 6: Overall spectral efficiency of DVB-C and DVB-C2 for different code rates and modulation
schemes (DVB-C2 parameters: 32 MHz signal bandwidth, Guard Interval 1/128, pilot density 1/96)

Table 5: List of available payload bit-rates for DVB-C (partly) and DVB-C2 per 8 MHz channel
(DVB-C2 parameters: 32 MHz signal bandwidth, Guard Interval 1/128, pilot density 1/96)

16-QAM 64-QAM 256-QAM 1 024-QAM 4 096-QAM
DVB-C 25,6 Mbit/s 38,4 Mbit/s 51,2 Mbit/s - -
C2,2/3 - 30,6 Mbit/s - - -
C2,3/4 - - 45,91 Mbit/s 57,3 Mbit/s -
C2,4/5 24,5 Mbit/s 36,7 Mbit/s - - 73,4 Mbit/s-
C2,5/6 - - 51,04 Mbit/s 63,6 Mbit/s 76,1 Mbit/s
C2,9/10 27,3 Mbit/s 41,3 Mbit/s 55,1 Mbit/s 68,8 Mbit/s 82,6 Mbit/s

NOTE: "-" means not applicable.

The available payload bit-rates for DVB-C and DVB-C2 are summarized in table 5. For the comparison of both
systems, the figures shown refer to a transmission within an 8 MHz channel. In case of DV B-C2, an overall signal

bandwidth of 32 MHz has been assumed. The modes of DVB-C2 alow an increase in payload bit-rate of up to 65 %,
while the required signal-to-noise-ratio of 35 dB is achievable in most state-of-the-art cable networks.
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5.6 DVB-C2 multiplexing schemes
5.6.0 Introduction

The DV B-C2 multiplexing schemes consist of two parts. The so called "physical frame structures’ are the schemes used
to multiplex Physical Layer Pipesinto a C2 frame and the so called logical frame structure are the schemes to convert
input signalsinto Physical Layer Pipes (PLPs).

5.6.1 Physical frame structure
5.6.1.1 C2-System

The DVB-C2 specification [i.1] usesthe phrase "C2 System™ in different senses. In some placesit is used in a general
way to refer to the DVB-C2 standard [i.1] and the various elements which make it up.

However, "C2-System” is also used as the name of a transmitted DVB-C2 signal. In this specific sense a certain
multiplexing configuration of PL Ps and Data Slice form together with the preamble C2 framesto form a C2-System
transmitted via a cable channel.

5.6.1.2 C2-frame

The C2 frameisthe highest level of the DVB-C2 multiplexing schemes. A Frame starts always with a preamble (one or
several symbols duration), followed by 448 data symbols. More details about the C2-frame and the choice of relevant
parameters are given in clauses 6.5 and 8.6.

5.6.1.3 Data Slices

A Data Slice contains one or more PL Ps and is transmitted with identical time and frequency interleaving parameters.
More details about Data Slice and the choice of relevant parameters are given in clause 6.9.

56.1.4 Physical Layer Pipes

A Physical Layer Pipe (PLP) is adata container, carrying data with a certain set of modulation parameters
(QAM-modulation scheme and FEC code rate). More details about PL Ps and the choice of relevant parameters are
givenin clause 7.

56.15 FECFrames
5.6.1.5.0 Introduction of FECFrames

The baseband frame, completed with a header, istreated as an information word to which BCH and LDPC coding are
applied. The resulting codeword always contains either 64 800 bits or 16 200 bits and is known as a FECFRAME. The
two different lengths correspond to the choice of long or short FEC blocks respectively. Short FEC blocks allow afiner
granularity of bit-rate but incur a greater overhead and slightly worse performance than long blocks.

5.6.15.1 FECFrame Headers

FECFrame headersinclude the L1 part 1 signalling information. They are applied for Data Slice of Type 2. The
FECFrame header is prepended at each QAM modulated FECFrame and includes information on PLP_ID aswell as
used QAM modulation scheme and LDPC code rate of the following FECFrame packet. Furthermore the FECFrame
header allows for reliable synchronization to the XFECFrames. The structure and functionality of the FECFrame
header isdefined in clause 7.2.2 of ETSI EN 302 769 [i.1].

5.6.1.6 BBFrames

BBFrames are the basic unit in the logical framing structure of DVB-C2: allocation and scheduling are performed in
whole numbers of BBFrames. Where packetized streams are being carried, the packets may be mapped to BB-Frames
either synchronously or asynchronously, i.e. each BBFrame may contain a whole number of packets, or packets may be
fragmented across two BB-Frames. BBFrames contain a header, including the packet length and position of the first
packet, which allows the original packets to be reconstructed at a receiver. BBFrames may contain padding, in case
insufficient datais available for awhole BBframe, or in case it is desired not to avoid packet fragmentation. The total
size of each BBFrame, including any padding is constant for a given PL P and depends on the LDPC code rate and
whether short or long FEC blocks are used.
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56.1.7 Packets

PL Ps may carry packets, including MPEG Transport Stream packets or other types of packets used by generic
streams. They may also carry continuous, non-packetized streams. The BBFrame header (see clause 5.1.6 in ETS

EN 302 769 [i.1]) provides a mechanism for packets to be reconstructed at the receiver, but the framing of the DVB-C2
signal itself is generally independent of any packet structure which the input streams may have.

5.7 Overview of interleaving

There are three different interleaversin the DVB-C2 specification, occurring in the following order in the modulation
chain:

° Bit Interleaver.
) Time Interleaver.
. Frequency Interleaver.

The Bit Interleaver interleaves the code-bits within an LDPC codeword in order to avoid undesirable interactions
between the bits carried by the same cell and the structure present in the LDPC code.

The Time Interleaver (clause 10.2) provides protection of the signal against impulsive interference as well as
time-varying channels. The Frequency Interleaver (clause 10.3) improves the performance in multipath channels as well
asin case of narrowband interference.

5.8 Payload Capacity
This clause lists the important technical parameters influencing the available payload capacity of a C2_System.
. Modulation and code rate used for PL Ps

Obviously the choice of modulation parameters and code rate has the strongest impact on the payload capacity.
In annex A examples for the calculation of the payload capacity for different modulation schemes and code
rates are given.

° Transmission channel bandwidth

European cable networks are currently using an 8 MHz channel raster, in some countries also a 7 MHz raster
for analogue services. In case of the 2,232 kHz carrier spacing, defined for European DV B-C2 applications, a
DVB-C2 signa may have any bandwidth from 8 MHz up to 450 MHz. It should be noted that a DV B-C2
transmitter signal with n x 8 MHz bandwidth provides a higher payload than n DVB-C2 transmitter signals
with 8 MHz bandwidth (see a'so annex A).

e  Carrier spacing

DVB-C2 has defined two different figures for carrier spacing: 1,674 kHz and 2,232 kHz. The 1,674 kHz
spacing is defined for cable networks with basic 6 MHz frequency raster, whereas the 2,232 kHz spacing fits
for cable network with 8 MHz frequency raster.

. Guard interval/Pilot pattern

DVB-C2 has defined two possible lengths for the guard interval: 1/64 and 1/128. The pilot density is different
for those two options and therefore the choice of the guard interval has an impact on the payload capacity of a
given configuration.

o Mode adaptation/PL P/Data Slice parameters

The DVB-C2 system does provide means to further optimize the payload capacity in simple and static
configurations. Details are discussed in clauses 6.7, 6.8 and 6.9.
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. Usage of reserved tones

In case the Peak-to-Average-Power-Ratio of a DVB-C2 signal needs to be reduced, a set of symbols per
C2-frame has been defined (reserved tones) to carry a special modulation for that purpose. Those symbols are
no longer available for payload purposes and the payload capacity is reduced accordingly.

. Number of preamble symbols

For DVB-C2 signals with complex PL P and Data Slice configuration the number of Preamble symbols
required to carry the L 1-part2 signalling may exceed one symbol and therefore the payload capacity is
reduced accordingly.

. notches

In case notches are required in order to cope with certain interference scenarios, the payload symbolsfalling in
the notch bands are switched off and the payload capacity is reduced accordingly.

Annex A gives examples for payload capacity calculations for different scenarios.

5.9 New concept of absolute OFDM

Frequency [MHz]
L1 Block | L1 Block | L1 Block | ... | L1 BI ock | L1 Block

0 MHz 7.61 MHz

L1 Block

Not Transmitted
(virtual) L1 Data

I

Actual DVB-C2 Signal
- Transmitted L1 Data

Figure 7: Absolute OFDM concept in DVB-C2

The concept of 'absolute OFDM’ (see figure 7) isunique to DVB-C2. Thefirst L 1-part2 signalling block begins at the
absolute frequency of 0 MHz and the further blocks are partitioned in steps of 7,61 MHz towards higher frequencies. In
contrast to other DVB standardsiit is not possible to shift a C2 baseband signal to any RF carrier frequency rather than
being defined in a unique way for the whole cable spectrum: Especialy the pilot sequences of the OFDM signal are
different for al different frequencies. The reason for that behaviour isto avoid unwanted repetitions in the frequency
domain which may cause unwanted high peak values of the OFDM signal in time domain. Furthermore, the
unambiguous pilot sequences allow for easy and reliable synchronization and offset compensation.

Although the L 1-part2 block partitioning and the related pilot sequences are defined for the whole cable spectrum - of
course L1 blocks are only transmitted in those frequencies where Data Slice are present.

ETSI



35 ETSI TS 102 991 V1.3.1 (2016-01)

6 Choice of Basic Parameters

6.0 Introduction

There are alarge number of parameters defined in DVB-C2 for configuring a cable transmission system. This clause
will discuss the choice of each of the main parametersin turn.

6.1 Choice of code rate, block length and constellation

A choice of five rectangular QAM constellationsis available in DVB-C2: 16-QAM, 64-QAM, 256-QAM, 1 024-QAM
and 4 096-QAM. Selection of the constellations required can be related back to the commercial requirements of a
minimum 30 % increased throughput over DVB-C and reuse of all existing cable network architectures and related
channel characteristics. These requirements effectively extend the range of channel SNR to be covered by DVB-C2
over DVB-C.

NOTE: During the standardization process non-rectangular QAM constellations were a so considered but the
performance benefits were not considered to be sufficient to justify inclusion in ETSI EN 302 769 [i.1].

Use of the LDPC codec first used in DV B-S2 and more recently DV B-T2 maximizes error correction capabilities with
performance close to the theoretical Shannon limit across the range of channel SNRs required for DVB-C2. The LDPC
codec also brings the flexibility of variable coding rates and the option of short/long codes to cable transmission
systems while maintaining the 'family of standards approach desired for DVB-C2/T2/S2. The performance of the
LDPC short codesis some tenths of a dB worse than normal codes and will typically be used for low-bit-rate
applications requiring shorter latency.

Higher code-rates and higher-order constellations both give greater bit rates but require higher signal-to-noise ratios and
improved phase noise performance from the frequency conversion components in a cable transmission system.

Use of 1 024-QAM or 4 096-QAM modulation schemes are required to meet the minimum requirement of a 30 %
increased maximum throughput over the 50 Mbit/s achievable using 256-QAM in DVB-C. Use of the LDPC codec
enables that same throughput to be achieved at a channel SNR similar to 256-QAM DVB-C when used with a high code
rate (9/10) thus bringing improved performance to existing cable networks. 4 096-QAM was added to the modulation
options to provide extended throughput (> 50 % increase) over the minimum requirement in high quality cable networks
where the available channel SNR at the receiver is 40 dB or greater. The expectation is that over time more networks
will use 4 096-QAM as they become upgraded with increased use of fibre. For channels with low SNR 16-QAM can be
used with the LPDC codec improving reception performance from the 16 dB SNR from DV B-C down to 10 dB SNR.

Knowledge of the current use of cable networks suggested that a2 dB granularity in SNR between the limits of 10 dB
(16-QAM) and 35 dB (4 096-QAM) would provide sufficient options (table 6) for configuration and optimization of a
DVB-C2 -based cable network. The LDPC code rates of 2/3, 3/4, 5/6 and 9/10 combined with the constellations listed
above provide the desired granularity (figure 8). The number of optionsis kept to a minimum to simplify the
implementation and testing requirements for related cable equipment. For example, not al code rates are used with all
QAM constellations as this can result in some overlap between higher order QAM at alow code rate and alower order
QAM at ahigh coderate - e.g. 64-QAM at 9/10 code rate has similar spectral efficiency to 256-QAM at 2/3 code rate.
In these casesit is always preferable to select the lower order QAM.
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Figure 8: DVB-C2 Modulation Levels, Code Rates and Spectral Efficiency
compared with Theoretical Shannon Limit and DVB-C

Table 6: Granularity of Modulation and Code Rates in DVB-C2 (Ny,, = 64 800)

Modulation | FEC Code Spectrum SNR @ bit error rate 106 Difference from
Rate Efficiency (dB) Upper ModCod (dB)
(Bit/s/Hz)

4 096-QAM 9/10 10,8 34,97 -

4 096-QAM 5/6 10,0 32,36 2,6

4 096-QAM 4/5 9,6 31,40 1,0

1 024-QAM 9/10 9,0 29,50 1,9

1 024-QAM 5/6 8,33 27,15 2,3

1 024-QAM 3/4 7,5 24,81 2,3
256-QAM 9/10 7,2 24,02 0,8
256-QAM 5/6 6,67 21,96 2,0
256-QAM 3/4 6,0 19,97 2,0
64-QAM 9/10 5,4 18,40 1,5
64-QAM 4/5 4.8 16,05 2,4
64-QAM 2/3 4,0 13,47 2,6
16-QAM 9/10 3,6 12,80 0,7
16-QAM 4/5 3,2 10,72 2,1

6.2 Choice of FFT size and Carrier Spacing

Table 7 lists some of the tradeoffs to be considered when selecting an appropriate FFT size in OFDM-based
transmission systems.
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Table 7: Tradeoffs in FFT size

Increasing FFT size - Benefits Decreasing FFT size - Benefits
Smaller guard interval fraction for required maximum echo Reduced complexity (although impact on receiver chip is
delay tolerance relatively small)
Reuse of DVB-T2 parameters - well understood and helps Improved performance in time-varying channels (not
maintain desired 'family of standards' approach to C2 relevant to cable as channel is static)
Improved spectral efficiency as pilot density can be reduced
Improved spectrum characteristic (side lobe steepness)
Improved flexibility for notching of subcarriers

The combination of OFDM modulation used with high order QAM constellations per carrier requires that phase noise
effects need to be carefully considered to build a viable system. The effects of phase noise in OFDM are well
documented and can be elaborated down to two essential components: Common phase error and Inter-Carrier
Interference (1Cl). The effects of CPE can be removed in the receiver using e.g. continuous pilots in the transmitted
data. On the other hand the I CI cannot be removed which resultsin an AWGN like SNR degradation. In principle
increasing the distance between carriers by using asmaller FFT sizein an 8 MHz bandwidth would reduce the effects
of I1CI. During development of the DVB-C2 standard [i.1] acomparison in measured performance using 2 K and 8 K
FFT sizes (from DVB-T) with different phase noise profiles has been made. No major dependency on OFDM carrier
spacing in the frequency domain have been found despite no mechanism existing in the measurement setup to remove
the effects of ICI.

In DVB-C2 the OFDM subcarrier spacing is adopted from the 4 k mode used in DVB-T2/H terrestrial and mobile
systems. The useful OFDM symbol duration is the inverse of the subcarrier spacing and hasavalue of 448 ps. Itis
independent from the channel bandwidth since the carrier spacing remains constant.

Different channel bandwidths are therefore realized by the related number of OFDM subcarriers. For example, abasic
8 MHz C2 signal would consist of typically 3 409 subcarriers and could be realized by a4 k IFFT on transmitter side. A
broader C2 signal could cover a bandwidth of e.g. 32 MHz, consisting typically of 3 x 3584 + 3409 = 14 161
subcarriers. In thiscase a 16 k IFFT could be used for signal generation on transmitter side.

The two defined figures for carrier spacing 2,232 kHz and 1,674 kHz (see table 38 in [i.23] are allowing a minimum
transmitter and receiver bandwidth of 8 MHz for 2,232 kHz carrier spacing and 6 MHz for 1,674 kHz carrier spacing.
Depending on the existing basic frequency raster (corresponding with the receiver bandwidth of the deployed CPEs),
the OFDM carrier spacing should be chosen by a cable operator.

A mixed operation utilizing the two defined carrier spacing within one network is not foreseen in the DVB-C2 system
due to the concept of absolute OFDM (see clause 5.9). Taking into account that DV B-C2 receivers may have afixed
tuning window (e.g. 8 MHz for European networks) and that the bandwidth of the preamble is linked to the choice of
the carrier spacing, a mixed operation would not be optimal from areceiver's point of view. However, the DVB-C2
system does allow implementations of broadband services, where the receiver tuning window exceeds the 8 MHz for
2,232 kHz spacing or 6 MHz for 1,674 kHz spacing and where the receiver recovers the service by multiplexing the
payload of different PL Ps of different Data Slice.

There are no alternative carrier spacings used in DVB-C2. Fundamental features of C2 are the provision of Data Slice
with their flexible number of carriers providing sufficient flexibility for configuring networks in practical applications
of ETSI EN 302 769 [i.1]. The continued use of the existing channel raster in cable networks is expected to be the most
commonly used operational mode of C2 in the medium term, i.e. the overall C2 channel bandwidth will be in most
cases to amultiple of the existing cable channel raster (e.g. multiple of 8 MHz). In the long term DV B-C2 provides the
features to overcome any channel raster in the cable network. The maximum theoretical bandwidth of a C2 signal is
approximately 450 MHz, being limited from the parameter bitwidth in the L 1-part2 signalling.

6.3 Choice of Guard interval and impact of OFDM symbol
Duration

DVB-C2 offerstwo options for guard interval fraction 4/ T ;: 1/64 and 1/128, where T, is the useful OFDM symbol

period and A4 isthe duration of the guard interval. Selecting a guard interval longer than the channel impul se response
enables inter-symbol interference to be removed in the DVB-C2 receiver. The normal approach in choosing the guard
interval istherefore to determine the expected maximum echo delay in the cable network and then choose a 4, that
matches or exceeds this.
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In a cable environment, the channel conditions are static and therefore the normal considerations given to Doppler
performance in satellite and terrestrial networks in selecting a guard interval are not relevant here.

Recent work into the study of cable network characteristics in modern cable network architectures has been undertaken
by the European 'ReDeSign' project. This work identified that cable networks in the most common usage scenarios
exhibit echo delays < 2,5 usin length. Therefore, the expectation is the 1/128 option for the guard interval fraction will
be the most commonly used. Professional cable networks with extended fibre reach have the potential to exhibit longer
echo delays and hence the 1/64 option is provided for this purpose.

With a fixed maximum echo length then the guard interval fractionisinversely proportional to the OFDM symbol
period which in turn is dependent on FFT size/carrier spacing. The symbol period used in DVB-C2 enables the guard
interval fraction to be kept very small. This minimizesimpact on spectral efficiency and thereby maximizes the
potential data throughput. Due to the relation between guard interval size and required pilot density the overhead of
scattered pilot patterns also decreases with shorter guard intervals.

Although 8 MHz is considered to be the primary transmission bandwidth, 6 MHz and 7 MHz are other exampl es of
bandwidths that can be used in the application of DV B-C2. Echo tolerance improves in proportion to the reduction in
bandwidth for the same FFT size as shown in table 8.

Table 8: Relationship between Bandwidth, Echo Tolerance and Carrier Spacing

Guard Interval Fraction 8 MHz Bandwidth 6 MHz Bandwidth
Echo Carrier Spacing | Echo Tolerance Carrier
Tolerance (us) (kHz) (us) Spacing (kHz)
1/64 7,0 2,232 9,3 1,674
1/128 3,5 2,232 4,6 1,674

NOTE: The figures for echo tolerances in the above table are the maximum delays to be

tolerated in a cable network for the available guard intervals.

6.4 Choice of Pilot Pattern

DVB-C2 uses three types of pilotsto aid the processes of synchronization and channel estimation in the DVB-C2
receiver. This clause covers the choice of pattern for scattered pilots.

A DVB-C2 receiver typically makes measurements of the channel using scattered pilots (SPs) and then interpol ates
between these measurements to construct estimates of the channel response for every OFDM cell. The measurements
shall be sufficiently dense that they can follow channel variations as a function of both frequency (carrier index) and
time.

The scattered pilot pattern density shall fulfil the sampling theorem in time and frequency direction. This can be
summarized as:

. The maximum channel impulse response length to determine the repetition rate of the SPsin the frequency
direction.

e  Themaximum Doppler frequency of the channel to determine the repetition rate of the SPsin the time
direction.

The delay length can be determined from the guard interval period as described above in clause 5.3.
The cable channel is a static environment and therefore a consideration of the Doppler frequency is not required.

The reuse of many of the OFDM parameters from DVB-T2 in the DVB-C2 system led to some consideration of the
pilot patterns already defined in T2 - could some be reused for C2 or were some new patterns required? The following
aspects were considered:

. Maximum echo length is a small fraction of the OFDM symbol duration. This suggests alow pilot density
would be sufficient for channel equalization in a C2 system.

. Use of frequency interpolation only is possiblein a C2 system. Use of time interpolation should not be
necessary but may improve the quality of channel estimation in cable networks with poor echo characteristics.
No frame closing symbol isrequired as used in DVB-T2.
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e  Timerepetition rate (Dy) should be as low as possible to avoid increasing memory requirements in the
receiver. Dy can be directly related to time interleaver depth.

. Use of adifferent pilot pattern for each guard interval.
. Data Slice granularity.

Patterns PP5 and PP7 were selected from DVB-T2 for DVB-C2 guard intervals of 1/64 and 1/128 respectively. The
characteristics are summarized in table 9.

Table 9: Comparison of scattered-pilot patterns

Gl 1/64 1/128 Interpretation
Dy 12 24 Separation of pilot-
bearing carriers
Dy 4 4 Leng_th of sequence
in symbols
1/DyxDy [2,08% |1,04% SP overhead
1/Dy 1/12 1/24 Tyquist Ty for f-&-t

interpolation
1/DyxDy | 1/48 1/96 Thyquist' Ty for f-only

interpolation
1/(2Dy) 0,125 0,125 fuvouist/fs: for f-&-t
interpolation (+)
0,5 0,5 fnvouist/fs: for f-only
interpolation (+)

The operator should choose a guard interval size and the related pilot pattern considering the expected channel for the
type of usage that it is desired to support, and being aware of the trade-off between capacity and performance.

Capacity is clearly reduced as the density of inserting scattered pilots increases; the SP overhead can be expressed as the
fraction ZI/ (Dx DY) where Dy isthe separation of pilot bearing carriers and Dy isthe number of symbols forming one

scattered pilot sequence. In DVB-T2 many of the SP patterns are optimized for performance in time varying channels
with a correspondingly high overhead and can be disregarded for DVB-C2.

Note that there may be advantages to choosing a pilot pattern that supports a greater Nyquist limit for channel echoes
than appears to be needed to support the chosen guard interval, despite the increase in overhead that such a choice
implies. Circumstances supporting such an approach include:

e  when the maximum channel echo delay is not well defined - while low-level signal components whose delays
lie outside the nominal guard-interval window may not cause excessive |1Sl, they can cause aiasing in the
channel measurement if they exceed the Nyquist limit;

. receiver interpolation performance will degrade as the Nyquist limit is approached,;

. where the design time-width of the receiver's frequency interpolator is substantially less than the Nyquist limit,
the interpolator can be designed to reduce estimation noise;

. in DVB-C2 the SP overhead is only 2 % in the worst case.

6.5 Choice of C2 frame and FECFrame length

Factors affecting choice of the C2 frame length include:

. A longer value for the frame length generally decreases the percentage overhead associated with the preamble
symbols thus increasing the total bit-rate.

e A shorter value for the frame length enables the L1 signalling to occur more frequently, allowing faster
lock-up and service acquisition.

. Longer frames may be used to support longer time-interleaving depths.
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. Shorter frames may be used to achieve faster acquisition time.

The conclusion from considering the above factors was to fix the number of data symbolsto 448 to enable aframe
length of approximately 200 ms with some additional dependency on the guard interval length and the number of
preamble symbols required.

The number of preamble symbolsin a C2 frameis dependent upon the following:

. aminimum of one preamble symbol is required in aC2 frame. This simplifies the process of synchronization
and channel estimation as described in clause 10.5.2;

e the maximum number of L 1-part2 signalling bits permitted in aC2 frameis 32 766, ETSI EN 302 769 [i.1],
clause 8.3;

. the maximum number of L1 signalling bitsin an OFDM symbol is4 759, ETSI EN 302 769 [i.1],
clause 8.4.2;

. the time interleaver mode. If the time interleaver is enabled then the number of OFDM symbols required for
the preambleis predefined. If the time interleaver is off then the number of OFDM symbolsis dependent on
the parameters defined in the signalling subject to the above minimum and maximum constraints;

e  the number of Data Slice;
. the number of PLPs.
The frame lengths in table 10 can be derived from this information.

Table 10: Frame Durations in DVB-C2

Ndata Guard Ndata TI MODE |Npreamble | % preamble | Nsymbols Frame
Symbols Interval Duration symbols overhead in Frame | Duration

(ms) (ms)

448 1/128 202,3 00, 01 1 0,22 449 202,7
(minimum)

448 1/128 202,3 00, 01 7 (max.) 0,54 455 205,4

448 1/128 202,3 10 4 0,88 452 204,1

448 1/128 202,3 11 8 1,75 456 205,9

448 1/64 203,8 00, 01 1 0,22 449 204,3
(minimum)

448 1/64 203,8 00, 01 7 0,54 455 207,0
(maximum)

448 1/64 203,8 10 4 0,88 452 205,7

448 1/64 203,8 11 8 1,75 456 207,5

Table 10 shows the frame duration to vary by 2,3 % over all possible combinations of the C2 parameters selected.

Note various combinations of numbers of Data Slice and PL Ps will cause the number of preamble symbolsto bein
therange of 1 to 7 when the time interleaver is either switched off or in 'best fit' mode (where the number of preamble
symbolsis minimized with the time interleaver enabled).

Two options are available for FECFrame length - 64 800 bits or 16 200 bits. The two different lengths correspond to
the choice of long or short FEC blocks respectively. Originating from DV B-S2, the long FEC block was designated for
broadcast operation and the short FEC block for non-broadcast operation. Short FEC blocks allow a finer granularity of
bit-rate but incur a greater overhead and slightly degraded performance compared to long FEC blocks.

6.6 Choice of Time Interleaving Parameters

The time interleaver provides a variety of different interleaving depths and can also be switched off. Enabling the time
interleaver for L 1-part2 may affect the data throughput, which depends on the selected mode (see table 11). The time
interleaver may be enabled or disabled depending on the following factors:

. Use of some time interleaving modes for L 1-part2 (L1 TI_MODE="10" or '11") may reduce the data
throughput, which is decided by the amount of signalling data.
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. Cable channels with significant impulsive or burst noise will benefit from the time diversity provided by a
time interleaver.
. Services with high QoS (e.g. VOD) can benefit from time interleaving.

. Interactive services requiring low latency (e.g. gaming) are not suited to the additional delaysin processing
incurred by using time interleaving.

TI parameters can vary between different Data Slice.

Timeinterleaving can be applied differently to Data Slice and to L 1-part2 signalling in the preamble. If time
interleaving is applied to Data Slice it should also be applied to the L 1-part2 signalling to ensure the robustness of the
signalling exceeds that of the Data Slice. The time interleaving depths available for the Data Slice are summarized in
table 11.

Table 11: Data Slice/L1-part2 Time Interleaving Parameters

DSLICE TI Depth L1-part2 Tl Depth Overhead
DSLICE_TI_DEPTH | 5eppv symbols) | F1-T-MOPE | 5rpM symbols)  |(OFDM symbols)
00 Off - - 0
01 4 - - 0
10 8 - - 0
11 16 - - 0
- - 00 Off 0
- - 01 1(min) - 7(max) 0
- - 10 4 0(min) - 3(max)
- - 11 8 0(min) - 7(max)

6.7 Choice of Mode Adaptation
6.7.0 Introduction

There are anumber of options for mode adaptation, described in clause 5.1 of ETSI EN 302 769 [i.1]:
. Normal Mode (NM) or High Efficiency Mode (HEM).
. Use of Input Stream Synchronization (1SSY).
e Useof Null Packet Deletion (NPD).

It is recommended that the options are used as follows:

e Where compatibility with DVB-S2 [i.5] is required, NM should be used with the same combination of |SSY
and NPD asin the original DVB-S2 system. Otherwise:

. For single PLP:

- HEM should be used.

- ISSY and NPD need not be used.
. For multiple PLP:

- HEM should be used.

- ISSY should be used, especially for PL Ps with variable bit-rates using null-packet deletion. Without
ISSY, the receiver will have to attempt to manage its own de-jitter buffer and this might result in
under-or overflow or excessive jitter in the output Transport Stream.

- NPD should be used if statistical multiplexing is performed between PL Ps, since null packets will be
used to carry the variable bit-rate services in a constant bit-rate Transport Stream.

. For bundled PLP:
- HEM should be used.
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- ISSY should be used to synchronize packets from different Data Slice and as described above for
multiple PLPs.

- NPD should be used as described above for multiple PL Ps.

Availableinput formats for each PL P includes the new Generic Stream Encapsulation format (GSE) [i.7] + GSE
implementation Guidelines [i.8] amongst other modes, for efficient encapsulation of IP and other network layer packets.
Thisformat was originally introduced to provide network layer packet encapsulation and fragmentation functions over
the Generic Stream (GS) format in DVB-S2 [i.5] and has been recently adopted as an input format in DVB-T2 [i.3].

Some benefits/features of GSE as an alternative to carriage of IP over Transport Streams are as follows:
0 Packets can be fixed or variable length.

. Reduces overhead of IP datagram transport from 10 % using (Multiple Protocol Encapsulation over
MPEG2-TSto 2 % to 3 %.

. Provides more efficient system operation when the C2 physical layer uses Adaptive Coding and
Modulation (ACM) for interactive services. GSE provides a mechanism for fragmenting | P datagrams or other
network layer packets over baseband frames to support ACM/VCM.

e A smart scheduler can be used to take advantage of the flexible fragmentation and encapsulation methods
available in GSE to optimize system performance. This can be by increasing the total throughput or
minimizing average packet end-to-end delay. GSE flexibility allows the scheduler at the transmitter to
dynamically change transmission parameters (e.g. modulation format, coding rate) for a particular network
layer packet under channel fading variations for example.

. Support of multi-protocol encapsulation (e.g. IPv4, IPv6, MPEG, ATM, Ethernet, etc.).
. Transparency to network layer functions, including IP encryption and 1P header compression.
. Support of several addressing modes.

. Low complexity.

6.7.1 Usage of the optional insertion of additional Null packet into TSPSs
(Transport Streams Partial Streams)

Certain signal componentsin Digital TV signals have 'bursty’ characteristics. Thisis especially the case for EMM
messages, where the multiplexer allocates a fixed bit rate, but the CA-System itself tries to send entitlement messages
as soon as possible, which e.g. resultsin a significant variation of EMM packets within certain time dlots.

The option of inserting additional Null packets applies only in case that certain signal components of a Transport
Stream are transmitted in acommon PLP. In this case the DV B-C2 system does not guarantee that the overall
propagation time due to different signal processing of a common PL P and the related data PL Psisidentical. It may
happen that a burst of common PL P packet does not fully match with null packetsin the related data PL Ps. This may
be especially true for EMM-type of data.

The DVB-C2 specification [i.1] statesin clause D.2.3: The number of inserted null packets shall be chosen such that a
receiver with a2 Mbit buffer is able to perform the multiplexing of Data PL P and Common PL P properly.

A DVB-C2 modulator therefore shall allow insertion of null packets and to re-stamp relevant TSPSs. The amount of
inserted null packets shall be chosen with reference to the burst characteristics of the input signal.

The receiver does not know about those additional null packets. It recombines the relevant data PL Ps and the common
PLP toitsoutput Transport Stream. In case of inserted null packets the bit rate of the reconstructed Transport
Stream will be higher than the input Transport Stream of the modulator. The difference is equivalent to the bit rate of
the inserted null packets.
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6.8 Choice of Signalling Schemes
Selection of appropriate signalling schemes for C2 are defined by consideration of the following aspects:
. DVB C2 system architecture.
. The required rate of change of each signalling parameter.
. Overhead on data throughput.
. Compatibility with DVB family of standards.
. Compatibility with the C2 commercia requirements.
. Avoidance of duplication in signalling, e.g. between OSI| Layer 1 and Layer 2.
. Future-proofing.

A key reguirement isto differentiate between the signalling required for the physical layer (L1) and that the signalling
required for the data link layer (L2). L2 signalling in DVB provides the mapping between the PL P of the physical layer
and the Transport Stream so that the desired service can be selected in the receiver. This functionality is encapsulated
in the C2 cable delivery system descriptor, which is defined in the DVB-SI specification ETSI EN 300 468 [i.9],

clause 6.4.4. The L2 signalling is considered to be static as updates only occur viaNIT version number.

L2 signalling is required to include the following:
. TSto PL P mapping data.
. Unique C2 system identifier.
. Tuning Parameters.

The standard tuning window envisaged for C2 is 8 MHz but the C2 standard uses the concept of variable Data Slice and
notch frequencies. This requires the selection of the tuning frequency to cover all frequenciesin the 8 MHz window, not
only the C2 system centre frequency. In addition, tuning parameters can be common to several PL Psin the case where
several PL Ps share the same Data Slice as each Data Slice is associated with one tuning frequency.

The C2 system architecture requires the physical Layer 1 signalling to be split into two parts. The highest level of
signalling (Layer 1 part 2) covers parameters at the C2 frame level and is encapsulated in the Preamble. This needs to
include parameters defining Data Slice, PL Ps, notches, guard intervals, etc. These parameters can change
frame-by-frame. The lowest level of signalling (Layer 1 part 1) is defined at the C2 FECFrame level and includes
parameters associated with QAM modulation order, FEC code rate, FEC block size, Early Warning System (EWS) etc.
These parameters can change per FEC frame and therefore have the most significant impact on overall spectrum
efficiency.

The number of available bits assignable to the signalling parametersis limited by the number of OFDM symbols
assigned to the FECFrame header and the Preamble. Signalling parameters are required to be more robust in
transmission than the data and therefore the FEC Frame header and Preamble use lower order modulation schemes and
code rates to maximize robustness. This defines upper limits on the number of bits available for signalling.

6.9 Number of Data Slices versus PLPs

The cable operator needs to consider how to segment the required downstream services into and across Data Slice and
PL Ps to maximize the efficiency and flexibility offered by the C2 physical layer in the HFC network.

The following characteristics and features of DVB-C2 have been considered especiadly:

e  Themost common use caseis1 PLP and 1 Data Slicein an 8 MHz receiver tuning window. Thisis
considered to be an important basic mode to re-multiplex complete streams into a single Data Slice. In this
case the Data Slice can also be of the most efficient Type 1, i.e. the Data Slice packets only transmit the
FECFrame data and rely on a pointer within the Level 1 Signalling part 2 to signal the first appearance of a
new Data Slice packet within anew C2 frame.

e C2dlowsfor 1 Data Slice carrying 1 to 255 PLPsor 1 PL P spread across 1 to 255 Data Slice.
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. A PLP may carry one or multiple services.

o PL P bundling enables asingle PL P to be carried over several Data Slice - to enable transmission of a
200 Mbit/s service for example.

. Multiple groups of PL Ps (up to 255) can be defined for a C2 system. Each group of PL Ps hasits own
identifier inthe L1 signalling (PLP_GROUP_ID). This enables acommon PL P to be matched with a group
of data PL Psfor example. A group of data PL Ps can exist without a linking common PL P.

. The number of PL Ps and Data Slice for aC2 system have an upper limit determined by maximum number of
bits (32 766) available in L 1-part2 signalling.

e  Timeand frequency interleaving are provided over each Data Slice, providing robustness against channel
impairments. Multiple PL Ps within a Data Slice will share the same time and frequency interleaving
parameters. In general reducing the width of a Data Slice will improve the time diversity and degrade the
frequency diversity and conversely increasing the width will degrade the time diversity but improve the
frequency diversity.

. Frequency width and notch position can be signalled for a Data Slice but not for a PL P.
. Each PL P can have its own modulation, coding and FEC type signalled.

. If more than one PL P are multiplexed in a Data Slice the application of Data Slice Type 2 is mandatory
(i.e. usage of the FECFrame Header).

o In case of using a Common PLP it has to be ensured that the overall bandwidth of the Common PLP and all
other PL Ps of the related PL P group are located within 7,61 MHz (or 3 408 subcarriers).

. The choice of the number of PL Ps and the number of Data Slice may influence the performance of the C2
system , especialy if narrow bandwidth Data Slice are chosen. Hence, for scenarios with more than one PL P
in aData Sliceit should be the goal to maximize frequency diversity within the 7,61 MHz tuner reception
window: Generally it is beneficial to multiplex as many PL Ps within a Data Slice to achieve a Data Slice
bandwidth close below or even equal to 7,61 MHz (or 3 408 subcarriers).

. Furthermore the DVB C2 System allows spreading data of a single PL P connection over different Data Slice
(PLP Bundling, see annex Fin ETSI EN 302 769 [i.1]). In this operation mode the throughput rate for asingle
PL P connection can be increased up to the overall throughput rate of the C2 system . However, thismodeis
not intended for regular broadcasting operation rather than for advanced services that require throughput rates
above the capacity of asingle Data Slice.

Clauses 7.3 and 12 provide further details and examples.

6.10 Notches

6.10.0 Discussion of the 'Narrowband' and 'Broadband' notch feature of
the DVB-C2 system

Spectrum notches can be signalled in DV B-C2 to reduce the effect of emissions from cable systemsinto terrestrial
frequency bands (e.g. aircraft radio or conversely ingress from high power interfering signals into the cable network.
The notching featuresin ETSI EN 302 769 [i.1] are intended to enable C2 to coexist with other transmission systems
whilst maintaining the maximum possible payload for C2 transmissions.

Notching reduces spectrum efficiency for C2 transmissions by removing selected carriers from the OFDM signal. The
notching parameters available in the L1 signalling enable the reduction of spectrum efficiency to be kept at a minimum
by precisely defining the start position and width of the spectrum notch to the nearest 12 or 24 subcarriers, depending
on guard interval depth.

There are two types of notches defined - 'Narrowband' and 'Broadband' notches. Notches are considered to be static in
terms of their position in the frequency spectrum. Notch characteristics are summarized in table 12.
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Table 12: Notching Characteristics in DVB-C2

Narrowband notches Broadband notches
Bandwidth 11, 23, 35 or 47 carriers (1/64Gl) |11 carrier (1/64Gl and 23 carriers
23 or 47 carriers (1/128Gl) (1/128 GI) minimum bandwidth

no maximum, but one preamble
adjacent to a Broadband notch

Notch position within a Data Slice  |Yes No
Signalled in L1 Yes Yes
Receiver handling Notch corrected by L1 FEC Notch not inside tuning bandwidth

NOTE: Receiver performance in the presence of notches will be degraded due to imperfect equalization, and this
should be taken into account in the choice of modulation and coding parameters of Data Slice closeto
notches. The use of particularly robust modulation and coding is recommended for Dependent Static
Data Slice of less than 3 408 carriers.

Narrowband notches are treated differently for preamble and data symbols: To alow initial decoding of the preamble
symbols without any knowledge of the C2 signal, the overall structure and location of the L1 signalling blocks shall not
be changed. Preamble subcarriers within narrowband notches are therefore simply blanked but can be recovered by the
robust FEC on the receiver side. In contrast, notched subcarriersin data symbols are not used for payload transmission.

Up to 15 discrete notches can be signalled in a C2 frame, enabling a mix of non C2-related interfering signals and
sensitive spectrum areas to coexist with C2 transmissions. Note that not more than one narrowband notch is allowed at
any tuning position of 3 408 OFDM subcarrier bandwidth (see clause 9.4.5.1 of ETSI EN 302 769 [i.1]).

Broadband notches (notches with bandwidth above 105 kHz) cannot exist within a Data Slice as they interfere with the
process of the receiver tuning to a Data Slice. Practically the bandwidth of broadband notchesis limited by the bit
width of the related L 1-part2 signalling field

o Gl=164: 511x 12 -1 =6 131 subcarriers
e Gl=1128: 255 x 24 - 1 =6 119 subcarriers
Notches of any type shall not overlap with another notch.

In general the notching features available in C2 should only be used to mitigate the effects of possible interference
scenarios and maximize the C2 payload. However, these features could be used to enable other types of new
transmissions to co-exist in the RF spectrum occupied by C2 in the knowledge that C2 services can still operate either
side of defined notch frequency bands. Additionally where non-C2 interfering signals are known to exist but at a
medium/low level then notching may not be necessary. In this case, the comprehensive error correction provided by the
C2 system architecture can minimize any possible performance degradation without the necessity to switch off carriers
in the transmitter.

Clause 12.1.6 gives some examples of the application of notching in C2 cable systems.

6.10.1 OFDM sub-carrier bandwidth and Receiver Considerations with
Broadband notches

6.10.1.0 Introductory remarks
The following two clauses 6.10.1.1 and 6.10.1.2 relate to clause 9.3.5.2 of ETSI EN 302 769 [i.1].

6.10.1.1 Minimum Data Slice Width

The minimum width of a Data Slice is constrained by the presence of an adjacent broadband notch. The C2 receiver
requires a minimum number of Continual Pilots (CPs) for signal processing (e.g. for Common phase error correction).
Table 13 shows the relationship between numbers of CPs and the Data SlicedlOFDM bandwidth. Columns for numbers
of CPs on non-SP bearing carriers are also shown as additional information.
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Table 13: Number of Continuous Pilots in Different C2 sub-carrier bandwidths

Bandwidth Dy NUM_CARRIERS MAX_CP_COUNT MIN_CP_COUNT MAX MIN
(MHz) CP_non_SP [CP_non_SP
COUNT COUNT
7,61 (full b/w) 12 3408 30 30 14 14
7,61 (full b/w) 24 3408 30 30 22 22
4,00 12 1788 18 13 10 5
4,00 24 1776 18 13 14 9
3,80 (1/2 biw) 12 1704 17 13 9 5
3,80 (1/2b/w) | 24 1704 17 13 13 9
3,00 12 1332 15 9 8 3
3,00 24 1320 15 9 13 6
2,00 12 888 12 5 7 1
2,00 24 888 12 5 9 2
1,90 (1/4 b/w) 12 852 12 5 7 1
1,90 (/4 b/w) | 24 840 11 5 9 2
1,00 12 444 6 1 4 0
1,00 24 432 6 1 5 0
0,95 (1/8 b/w) 12 420 6 1 4 0
0,95 (1/8 b/w) 12 408 6 1 5 0

Table 13 shows how at bandwidths of 1 MHz and lower the minimum number of CPs available for signal processing
can be aslow as 1 - thisisinsufficient. Reducing the number of CPsfor processing increases the susceptibility to noisy
carriers, particularly outside the normal SNR environment (e.g. CW interference). Thisis discussed further in

clause 10.5.1. Five CPs has been defined as the minimum acceptable number of CPs for the receiver to work reliably
and hence the minimum bandwidth of the received OFDM signal is around 1,9 MHz from the above table.

The number of available CPs could be artificially increased by treating the edge carriers for Data Slice neighboured by
notches as CPs. However, in the receiver the edge pilots suffer from the "edge effect” in frequency interpolation. Since
there are no pilots after the edge pilots, the filter coefficients have to be interpolated based on holding the edge pilot
value. Thisintroduces errorsfor all pilots and data carriers until the filter coefficients have been correctly filled.
Additionally the broadband notches can also contain noise/interference which will introduce further errorsinto the
pilots close to the border of the broadband notch and C2 OFDM signal.

6.10.1.2 Dependent Static Data Slices

Decoding of the L 1-part2 signalling data from the preamble cannot be reliable in the case where a Data Slice with less
than 3 408 carriers exists between broadband notches. Thisis aproblem for a Data Slice Type 1 as a pointer, which
pointsto the start of the first FECFrame packet, is normally decoded from the L 1-part2 signalling. In thisinstance L 1-
part2 signalling data cannot be decoded and so the pointer is unknown. Thereforeit is necessary to use Data Slice Type
2 with FECFrame headers as the starting position of the FECFrame packet can be obtained from the FECFrame
header. An additional constraint imposed by the absence of L 1-part2 signalling isthat the structure and parameters of
this Data Slice need to remain fixed by setting DSLICE_CONST_CONF flag to 1.

6.11  Choice of Layer 1 signalling parameters

6.11.1 Choice of the "Data Slice Tuning Position" parameter

To avoid the ingression of spectral artefacts which are not part of the signal spectrum of the DVB-C2 signal itself the
value of the parameter DSLICE_TUNE_POS of each Data Slice of the DVB-C2 system might be selected such that the
amount of out-of-band interference within the spectrum presel ected by the tuner window is minimized.

The most common cases of out-of-band interference are the spectrum to lower and higher frequencies of the DVB-C2
signal, i.e. the spectrum exceeding the range defined by K ., and K ., as well as notches within the signal spectrum

itself.
For the first case the reduction of spectral artefacts might easily be achieved if the following inequations are applied:
START_FREQUENCY + (DSLICE_TUNE_POS - DSLICE_OFFSET_LEFT ) x Dy >= K,

START_FREQUENCY + (DSLICE_TUNE_POS + DSLICE_OFFSET_RIGHT) X Dy <= K/
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The influence of the spectral artefacts within the frequency range of a narrow band notch might be negligible and thus
be ignored for the selection of the DSLICE_TUNE_POS parameter, i.e. referring to clause 9.3.5.1 of the DVB-C2
specification " Only one narrowband notch shall be allowed at any tuning position of 3 408 OFDM subcarriers|...]
bandwidth."

In case of broadband notches equivalent equations are applied as for the reduction of out-of-band influences. Here, the
DSLICE_TUNS _POS parameter shall be selected according to clause 9.3.5.2 of the specification ("For Data Slice
decoding the receiver tuner shall not tune to aregion with a broadband notch [...]") such that the tuner window at the
lower or higher frequency edge, respectively, aligns with the ending or beginning, respectively, of the broadband notch.

If apart of the DVB-C2 signal spectrum which isto be decoded is bounded by either two broadband notches or by a
broadband notch and the signal spectrum itself, the DSLICE_TUNE_POS parameter is for simplicity reasons selected
to be located in the mid of the contiguous DVB-C2 signal spectrum. Alternatively, DSLICE_TUNE_POS might be
chosen such that only the spectrum of the broadband notch is covered excluding any ingression from a neighbouring
channel on the opposite spectrum edge of the DVB-C2 signal.

6.11.2 Usage of 'Early Warning System' signalling

The 'Early Warning System' signalling bit is embedded in the L1 signalling. This allows for low latency detection of an
aarm event asit is available at the beginning of every C2 frame. Furthermore receiversin sleep mode might be able to
detect emergency events by processing the preamble symbol only.

In case the DV B-C2 modulator getsits signal via a satellite or terrestrial feed (transmodul ation application), the 'Early
Warning System' signal of the satellite feed can be automatically transferred to the DV B-C2 modulator.

DVB has not defined physical interfaces, both on the modulator and on the demodulator side for the delivery or the
reception of the 'Early Warning System' signalling.

In order to establish an 'Early Warning System' further standardization of functionalities and interfacesis required. This
isout of scope of the DVB-C2 modulation system specification.

7 Input Processing / Multiplexing

7.1 Generation of the FECFrame Header

Two encoding schemes of the FECFrame Header are shown in the figures 9(a) and 9(b). 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 bit Reed-Muller
codeword is split to form an upper and alower branch. The lower branch applies a cyclic shift within each Reed-Muller
codeword and scrambles the resulting data using a specific PN sequence. The difference of two encoding schemesis
that a QPSK constellation is used for the robust FECFrame header and a 16-QAM constellation is used for the high
efficiency FECFrame header.

32 bit
codeword
1 Yoq
16 signaling —_p| RM(32,16) [\™" QPSK 32
—— 4
2 bit cyclic
> shift Yia

32 bit MPS
sequence

Figure 9(a): Robust FECFrame header
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32 bit
codeword
1 Yo,q.Y1.q
RM 16
16 signaling —p,| RM(32,16) |\ 16QAM
. Encoder — 16QAM
bits mapper symbols
2 bit cyclic
- shift ¥2,4,¥3.4q

32 bit MPS
sequence

Figure 9(b): High efficiency FECFrame header

The 32 Reed-Muller [i.14] encoded data bits A;”M of the lower branch are cyclically delayed by two values within each
Reed-Muller codeword. The output of the cyclic delay block is:

Uiy, = A i=0,1,..,3L
7.2 Use of common PLPs

A common PL P isonly required when multiple TSs are transmitted, and these TSs are called as 'group of PLPs. The
common PL P of agroup of PLPsis transmitted in such a way that a receiver can receive simultaneously any data PL P
of the group as well as the common PLP.

Data Slice 1 builder

1R FEC PLP QAM
i input sync[? Bit-l [P Header [ Mapper [

TS2 FEC PLP QAM (»)
Minputsync [P Bit-l [P| Header [*] Mapper [|S
: S
: Time Frequ.
i >
: : : (=D inter. [ intert. [
§ . - - 8 g
: TSm FEC PLP QAM -
T inputsync[?] Bit-l [P| Header [ Mapper []= =
: N )
i| 3 OFDM
i | comPLP| | FEC PLP QAM I ® Lolaanemiion+
| input sync[® Bit-l [ Header [ Mapper [ (| 8 g piot |
e e e e ——— H - insertion
o
Data Slice n builder |
L1 FEC QAM Time Frequ.
coding [ 81 [~™| Mapper "| inted. | ] Interl. [

Figure 10: DVB-C2 modulation including common PLP concept

A cable playout centre generating DVB T Ss uses statistical multiplexing in order to optimize the overall spectrum
efficiency. The capacity for CA-messages data and S| data has to be fixed in order to calculate the overall payload
capacity available for video and audio streams within the statistical multiplex. The relevant application is also possible
if several TSs have to be transmitted in one cable channel or if packages of services require different levels of
robustness.
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Also, common PL P can be used to decentralize cable head end (e.g. several Astra-type DTH-signals are locally
multiplexed into one cable channel), or to centralize head end where premium tier HDTV services and basistier SDTV
service are required to be transmitted in the same cable channel. This ensures that different levels of robustness are
available for QoS reasons.

So the TS packets that may be transmitted in the Common PL P are:

1) TSpackets carrying any type of data, which does not require an exact time synchronization with other TS
packets carried in other PL Ps 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 the DVB-SI specification ETSI EN 300 468 [i.9].

3) Conditional Access control data, e.g. Entitlement Management Messages (EMMs).

When using common PL P in agroup of PL Ps, the existence of common PL P should be signalled in the L1 signalling.
The PLP_TY PE of the common PL P should be set to '00', and the group of PL Ps should have the same
PLP_GROUP_ID with the common PLP. See clause 8.3 in ETSI EN 302 769 [i.1].

To get the information about splitting of input MPEG-2 Transport Streams into Data PL Ps, generation of a Common
PL P of agroup of PLPs and insertion of Null Packetsinto Transport Streams. See annex D in ETSI EN 302 769 [i.1].

7.3 PLP bundling and Statistical Multiplexing

In case of input signals that exceed the capacity of asingle Data Slice (e.g. 200 Mbit/s), the XFECFrames of the input
signal hasto distributed into different Data Slices with one PL P each. If the input signal consists of HDTV services
encoded in statistical multiplexing, the size of those three Data Slices will vary over time. The modulator can adapt the
size of Data Slices per C2-frame.

Asthetotal input stream in the upper example is 200 Mbit (constant bit rate) the sum of sizes of the three Data Slicesis
constant. According to the characteristics of the statistical multiplexing, the number of cells of payload allocated to the
three Data Slices dlightly varies. If aCommon PLP is used, it has to be transmitted twice in order to allow every
relevant receiving window to access the common PL P data.

———| PLP1, dataslice1

I »| PLP1, dataslice2 —*{builder[ | DAC [ _
220 Mbit/s 22 MHz
0 MHz 8 MHz 16 MHz 22MHz
e.g. 70 Mbit/s e.g. 70 Mbit/s e.g. 70 Mbit/s

o~

e.g. 10 Mbit/s
Figure 11: PLP bundling use case example

PLP bundling issignalled by 'PLP_BUNDLED' field in the layer-1 signalling. If one TS is bundled over multiple
PLPs, al the PLPswill have the same PLP_ID, even if al the PLPs are in different Data Slices. Also al the
PLP_BUNDLED field for bundled PL Ps will be set to '1'. The layer-2 signalling will not reflect the PL P bundling
usage, because layer-2 signalling will only inform the mapping relation between specific transport_stream id to specific
PLP_id - that iswhy all the bundled PL Ps share the same PLP_ID.
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To guarantee the order of each packet spread over multiple PLPs, ISSY timestamp should be used in the mode
adaptation block. This field will be used in the receiver side to re-order packets received from multiple PL Ps bundled.

Seeannex Fin ETSI EN 302 769 [i.1].

PL P bundling within a7,61 MHz Data Sliceis not allowed. It is always more effective to carry a data stream within
one PLP inaData Slice.

Bundling of PL Pstherefore only makes senseif it not possible to carry a data stream within asingle Data Slice. For
receivers with afixed receiving window (e.g. 8 MHz for European networks) the capability to recombine bundled PL Ps
is not mandated. However, those receivers normal operation shall be unaffected by the presence of bundled PL Ps.

Any operator, who wants to use the PL P bundling concept for dedicated services, e.g. for transmitting big pipes of data,
therefore has to ensure that the receivers used either are equipped with multiple fixed bandwidth tuners or with an
appropriate wideband tuner.

The use of PLP bundling is discussed further in annex C.
7.4 Use of the Null Packet Deletion mechanism
7.4.0 Introduction

Null Packet Deletion is an option offered by DVB-C2 that removes the Null Packets (stuffing data) at the transmitter
side from the MPEG-2 Transport Stream. However, the receiver is able to re-insert the deleted Null Packets at their
original positions, as these positions are signalled within the transmitted data (see clause 5.1.4 of ETSI

EN 302 769 [i.1]). Different application for this mechanism may exist. The text below lists three examples for the
application of the Null Packet Deletion mechanism.

7.4.1 Use of Null Packet Deletion with Common PLP

The Common PL P allows for the transmission of Transport Stream packets, which are common for multiple
Transport Streams. At the receiver side the Common PL P and the Data PL P are merged in order to obtain the fully
syntactically correct Transport Stream. Therefore this requires sufficient Null Packets within the individual Data

PL Ps, asthe Common PL P data can only be reinserted at existing Null Packet positions within the Data PL Ps for the
reestablishment of the targeted Transport Stream. The Common PL P would bring no benefit if the transmitter has to
actually transmit these Null Packets required for the insertion of the Common PLP. Therefore, the transmitter can add
sufficient Null Packets, but it does not actually have to transmit these due to the Null Packet Deletion.

7.4.2 Use of Null Packet Deletion for Efficient Statistical Multiplexing

Statistical Multiplexing can improve the source coding gain. Normally, different services that are jointly encoded are
transmitted within asingle MPEG-2 Transport Stream. However, for Video on Demand servicesit is also possible to
transmit these services using multiple PL Ps (Data Slice Type 2 only), which e.g. allows for the application of
independent modulation and coding parameters for each user. Naturally, this hinders the application of Statistical
Multiplexing that is normally used within asingle Transport Stream, only. Though, using Null Packet Deletion,
Statistical Multiplexing can aso be applied on multiple PL Ps. Therefore, the Transport Stream within each PLP is
stuffed to a specific bit-rate using Null Packets while the actual payload bit-rate is varying. Certainly, the bit-rate of the
stuffed Transport Stream has to be higher than the maximal payload bit-rate. The inserted Null Packets are then
deleted using the Null Packet Deletion mechanism, leading to variable bit-rate streams for each PL P, which can be
statistically multiplexed. At the receiver side, the removed Null Packets are inserted again, leading to afixed bit-rate
Transport Stream.
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7.4.3 Null Packet Deletion for Reduced Power Consumption

The Null Packet Deletion mechanism can be applied for reduced power consumption within the receiver (Data Slice
Type 2 only). Instead of using the Null Packets within the Transport Stream to obtain a specific bit-rate, these Null
Packets can be removed using the Null Packet Deletion. Then Stuffing Data Slice Packets are inserted to fill the
remaining Data Slice capacity. Hence, the resulting bit-rate of the PL P is reduced, which also reduces the amount of
data that hasto pass the Forward Error Correction decoder within the receiver. Asthe FEC decoder is one major
contributor to the overall power consumption of the DV B-C2 decoder, the power consumption can be decreased
significantly.

7.5 Use of Issy Time Stamping

The use of the Input Stream Synchronizer subsystem is mandatory for bundled PL Ps (see annex F of ETSI

EN 302 769 [i.1]). For non-bundled PL Ps the use of the Input Stream Synchronizer subsystem is optional for PL Ps
carrying GSE, GCS or GFPS streams, but in the case of PL Ps carrying Transport Streams (TS), it shall always be
used, except when all of the following conditions are met:

1) FECFRAME header isnot used (i.e. DSLICE_TYPE=0); this requiresthat thereisonly one PLP (i.e.
DSLICE_NUM_PL P=1) and modulation and coding parameters are fixed, and Constant Coding and
Modulation (CCM) is signalled).

2) DFL isconstant (DFL=K_bch-80 in every BBFrame, BB padding is not used).
3)  Thenumber of data cells per C2 frameis constant (Data Slice width is constant).
4) The C2 framelength is constant (the number of preamble symbols and Gl length does not change).

5)  Null Packet Deletionis not used (i.e. NPD=0) in order that the TS bit rate can be calculated from the
transmitted L1 signalling.

Inline with annex C of ETSI EN 302 769 [i.1] the usage of the ISSY field shall comply with the following
characteristics:

ISSY shall be coded according to table 14, sending the following variables:

o ISCR (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 R_IN), and specifically the instant
the MSB of the relevant packet arrives at the modulator input stream interface. In case of continuous streams,
the content of the counter isloaded when the MSB of the Data Field is processed. | SCR shall be transmitted in
the ISSY field whenever BUFS and BUFSTAT are not transmitted. In agiven PLP, either ISCR_short or
ISCR_longshall be used, together with the short or long versions of BUFS. A PL P shall not change from short
to long ISSY except at reconfiguration. In HEM, ISCR_long shall always be used.

. BUFS (2+10 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 Mhbit. When a group of Data PL Ps share a Common PL P, the sum of the buffer
size for any Data PL P in the group plus the buffer size for the Common PL P shall not exceed 2 Mbit. BUFS
shall be transmitted in the ISSY field of the Baseband Header of the first non-fragmented BBFrameinaC2
frame. In NM, BUFS shall be transmitted in the ISSY field of the first complete packet of the first
non-fragmented BBFrame. In HEM, BUFS shall aso be transmitted for BBFrames for which no UP begins
in the data field. Thisfield shall not be transmitted in case of PL P bundling as the ISCR field isrequired in
every BBFrame for sorting the input stream.

. BUFSTAT (2+10 bits) (BUFSTAT = actua status to reset the receiver buffer = number of filled bits). In
HEM, BUFSTAT shall be transmitted in the ISSY field following the transmission of BUFS. BUFSTAT can
be used to set the receiver buffer status during reception start-up procedure, and to verify normal functioning
in steady state. Thisfield shall not be transmitted in case of PL P bundling asthe ISCR field isrequired in
every BBFrame for sorting the input stream.

NOTE 1. Thisrequiresthat there are always at least three ISSY fieldsin every C2 frame. It might be necessary to
use short FEC blocks and/or Normal Mode in order to ensure that thisis the case. Furthermore, 1SSY
appliesto atransmitted User Packet and so it might be necessary to transmit a null packet which would
otherwise be deleted to provide a packet for the ISSY field to refer to.
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Figure 12: Input stream synchronizer block diagram
Table 14: ISSY field coding (2 bytes or 3 bytes)
First Byte Second Byte Third Byte
Bit-7 (MSB) bit-6 Bit-5 and bit-4 [ bit-3and bit-2 [ bit-1 and bit-0 Bit-7 to bit-0 bit-7 bit-0
0=ISCRy,,;y |MSB of |next 6 bits of ISCR, ., Next 8 bits of Not present
ISCRy}0r ISCRgport
t
1 = 6 MSBs of ISCR,, Next 8 bits of Next 8 bits of
ISCRng ISCRng ISCRng
1 1 00 = BUFS BUFS unit 2 MSBs of BUFS Next 8 bits of Not present
00 = bits BUFS when
01 = Kbits ISCRyp, o1t IS
10 = Mbits used: else
11 = 8 Kbits reserved for
future use
1 1 10 = BUFSTAT BUFSTAT unit 2 MSBs of Next 8 bits of Not present
00 = bits BUFSTAT BUFSTAT when
01 = Kbits ISCRg,y¢ iS
10 = Mbits used; else
11 =BUFS/1 02 reserved for
4 future use
1 1 Others = reserve |Reserved for Reserved for future  |Reserved for Not present

d for future use

future use

use

future use

when
ISCRgp oy IS
used; else
reserved for
future use

NOTE 2: The BUFSTAT unit "BUFS/1 024" should only be used when the value of BUFS unit is not "00", i.e.
BUFS unit is represented by Kbits, Mbits or 8 Kbits. The most accurate BUFSTAT unit should always be

used.

Inline with clause 10.7 the Transport Stream regeneration and clock recovery using ISCR (annex G of ETS
EN 302 769 [i.1]) is described below.
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When the modulator operatesin a mode that employs Null Packet Deletion, the receiver may regenerate the Transport
Stream by inserting DNP into the useful packets, which are read out from the FIFO buffer. As shown in figure 13, the
Transport Stream clock R’ may be recovered by means of a Phase Locked Loop (PLL). The recovered modulator

sampling rate Ry may be used to clock alocal counter (which by definition runs synchronously with the input stream

synchronization counter of figure 13). The PLL compares the local counter content with the transmitted 1SCR of each
TS packet, and the phase difference may be used to adjust the R’ clock. In thisway R',\ 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 itsinitial state.

As an aternative, 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.

Rs Local
i IO > Counter
PLL s
Z\
Transmitted
ISCR
o R'in
\ _4& i
Useful FIFO Read useful Null Packet OUDULTS
packets BUFFER packets Re-insertion Dokets
4 [
DNP

Figure 13: Example receiver block diagram for Null Packet re-insertion
and Rqg clock recovery

7.6 Stuffing Mechanism
7.6.0 Introduction

The DVB-C2 system offers multiple stuffing means. This stuffing is mainly required to adapt the bit rate of the
incoming signal to the bit rate of the current C2 system settings. The different mechanisms are described in the
following clauses.

7.6.1  Transport Stream Stuffing

The stuffing on Transport Stream level by means of Null Packets is awell-known technique to adapt the bit rate of an
input stream to afixed output bit rate. For details see ISO/IEC 13818-1 [i.10].

7.6.2 Base Band Frame Stuffing

The Base Band Frame Stuffing is the recommended stuffing mode for the lower layer stuffing if Data Slicetype 1is
used. It may be necessary if the Data Slice bit rate is not adjustable to the payload bit rate ideally (e.g. due to the
granularity of Data Slice bandwidth). Hence, the Base Band Frame Stuffing is a means to finally adjust the bit rate to
the input stream bit rate. Such atechnique is of specia interest if the network provider is e.g. not allowed to
re-multiplex the MPEG-2 Transport Stream due to political regulations.
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80 bits >l DFL >l Kbch-DFL-8O>
BBHeader Data Field Padding
< Kbch bits >

Figure 14: Structure of BBFrame with padding field

Figure 14 shows the structure of a Base Band Frame. The BBHeader is followed by the Data Field, which is followed
by optional padding. Hereby, the length of the Data Field is signalled within the BBHeader. Thus, if the amount of data
is not sufficient to fill the Base Band Frame stuffing is added and the actual number of payload bitsin the BBFrameis
reduced to the requirements. It is even possible to transmit BBFrames that consist of stuffing dataonly.

7.6.3 Data Slice Packet Stuffing (only Data Slice Type 2)

Data Slice Packet Stuffing is the recommended stuffing mechanism for lower layer stuffing if Data Slicestype 2 is
used, because it reduces the amount of data the LDPC decoder has to process. If the transmitter does not have any
payload Data Slice Packet to transmit, it simply transmits a Stuffing Data Slice Packet (see clause 7.2.6 of ETSI

EN 302 769 [i.1]). The length of this Stuffing Data Slice Packet is fixed to 900-QAM cells plus the Data Slice Packet
Header (32-QAM or 16-QAM cells).

7.6.4 Data Slice Stuffing

DVB-C2 offersthe possibility to adapt the bandwidth of the Data Slices between consecutive frames without service
interruption, which is a so a stuffing mechanism.

Frequency

C2 Preamble

Time

Data Slice
2

Data Slice
1

Stuffing
Data Slice

C2 Preamble

Data Slice
2

Data Slice
1

Stuffing

o)
L
(2]
gL

®©
(@]

Figure 15: Principle of Data Slice Stuffing

The principle of Data Slice Stuffing is depicted in figure 15. The two (payload) Data Slices do not fill the complete
bandwidth of the C2 system. Hence, a Stuffing Data Slice is included between the two Data Slices. However, this
Stuffing Data Slice isonly signalled implicitly, as all remaining OFDM subcarriers that are not occupied by notches or
Data Slices are Stuffing Data Slices. The bandwidth and the positions of Stuffing Data Slices may vary between C2
frames, as the positions and the bandwidth of Data Slices may vary as well.
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Within Stuffing Data Slices the normal pilot scheme (i.e. scattered, continual and edge pilots) and the tone reservation
are continued. Additionally, also notches may be placed within Stuffing Data Slices. The modulation of the cells not
mapped to pilots or reserved tones can be chosen freely. There are only the limitations that these cells shall carry the
mean power level of 1 and that repetitions of the same sequence shall be avoided in order to prevent high peaks of the
OFDM time domain signal.

7.7 Multiplexing, Dimensioning of PLPs and Data Slices
7.7.0 Introduction

The following clauses list possible scheduling a gorithms. Those are based on the MPEG-2 Transport Stream.
However, extensions to other protocol schemes are possible. For simplicity, it is assumed that the available cell rate
within the Data Slice is aways higher than the required cell rate of the multiplexed payload data.

7.7.1 Single PLP per Data Slice
7.7.1.0 The Single PLP per Data Slice application

When using asingle PLP per Data Slice only, no complex multiplexing is required. However, as the available bit-rate
of the Data Slice will not match the bit-rate of the input stream, stuffing is required. As already explained in clause 7.3,
different possibilities exist. Their application depends on the used Data Slice type.

For ssimplicity, it is assumed that the bandwidth of the Data Slice does not change over time, the input is an MPEG-2
Transport Stream, and a Common PLP is not used.

7.7.1.1 Data Slice Type 1

Figure 16 depicts the scheduler for Data Slice Type 1. It is assumed that the available Data Slice bit-rate is sufficient to
transmit the input data stream. As the output stream (i.e. Data Slice Packets) has to have a fixed output bit-rate, the
application of Null Packet Deletion is not useful for this configuration. The MPEG-2 Transport Stream packets are
stored in aFIFO buffer. The scheduler requests the data output of the FIFO buffer in order to create an output stream
that completely fills the available Data Slice resources. If the data within the FIFO buffer is not sufficient to fill a
BBFrame completely, the transmitter shall use BBFrame Stuffing as described in clause 7.3.2.

Data Slice
MPEG-2 TS Pagkets
>| CRCS8 > FIFO Buffer | —»| BoHeader Lt reciqam o
(if used) insertion
1

Scheduler

Figure 16: Block Diagram for Data Slice Type 1 Scheduler

7.7.1.2 Data Slice Type 2

The transmission within the Data Slice Type 2 can follow the same principle as for Data Slice Type 1. However, the
stuffing does not take place within the BBFrames, but uses Stuffing Data Slice Packets. The application of Null Packet
deletion has not been considered for simplicity reasons.

MPEG-2 TS -
CRC 8 FIFO Buffer BBHeader FEC/QAM FEC-FRAME Data Slice
(if used) insertion Header Insertion
Packets
A

A

Stuffing Data

Ocaupancy Slice Packets

A

Scheduler

Figure 17: Block Diagram for Data Slice Type 2 Scheduler
The scheduler checks the occupancy of the FIFO buffer. If the FIFO buffer contains sufficient datato fill one BBFrame

completely, this datais transmitted. Furthermore, if the FIFO buffer contains sufficient information to fill more than one
BBFrame, it can also use the option to transmit one FECFRAME Header for two BBFrames.
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If the FIFO does not contain enough datato fill one BBFrame, but the transmitter has to transmit data within the Data
Slice, the transmitter sends a Stuffing Data Slice Packet instead.

NOTE: When Null Packet Deletion is used and the input Transport Stream contains high number of Stuffing
Packets, the Scheduler may also be forced to transmit BBFrames not completely filled with datain order
to avoid buffer under runsin the receiver.

7.7.2 Multiple PLP

The transmission of multiple PL Pswithin one Data Sliceis only possible using the Data Slice Type 2, because Data
Slice Type 1 does not allow for the transmission of multiple PL Ps. Figure 18 shows the block diagram of a possible
scheduling algorithm. The associated pseudo code for the scheduling algorithm islisted in figure 19.

TS1 CRC8 BBHeader FEC-FRAME
(if used) FIFO Buffer insertion FEC/QAM Header Insertion

A

: A
TSn CRC8 BBHeader FEC-FRAME
(if used) FIFO Buffer insertion FEC/QAM Header Insertion ©
i
Stuffing Data
Slice Packets

Data Slice
Packets

Output
Buffer

Occupancies

rrrrrrrrrrrrrrrrrrrrrrrr Scheduler

Figure 18: Block Diagram for Multiple PLP per Data Slice Scheduling

while (true) ({ // Loop forever

for (inputFIFO = 1; inputFIFO <= numberOfPLPs; inputFIFO++) {
if (hasBBFrame (inputFIFO0)) { // Transmit one BBFRAME of
// this PLP if avialble in FIFO
transmitBBFrame (inputFIFO) ;

}

if (outputBufferEmpty()) // Transmit Stuffing if buffer empty
transmitStuffing() ;

while (!outputBufferEmpty()) ; // Wait until data transmitted

}
Figure 19: C-Pseudo code for multiple PLP per Data Slice scheduling

Firstly, it is assumed that the execution time of the code is zero. The scheduling a gorithm checks the FIFO buffers of
al input PL Ps each loop. If the corresponding FIFO buffer contains at least one complete BBFrame, one BBFrame of
this PL P istransmitted, i.e. copied to the output buffer that ensures the synchronous transmission at the required cell
rate within the Data Slice. If no BBFrame was available for al PL Ps, a Stuffing Data Slice Packet is transmitted
instead. Finally, the loop waits until the output buffer is empty.

7.8 Layer-2 signalling
7.8.0 Introduction

Layer 2 signalling is provided differently for MPEG-2 Transport Streams and Generic Streams.

DVB-C2 introduces the layer-1 concept of the "C2 System" (see clause 8in ETSI EN 302 769 [i.1]). The mapping of
Transport Streamsto PL Ps and the C2-system is signalled in the C2_delivery system_descriptor transmitted in the
NIT.

Furthermore for the transport of Transport Stream (TS) two different delivery system descriptor have been defined for
the application delivery of the TSin asingle PLP and for the delivery of the TSin multiple PL Ps (so called PLP
bundling).
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7.8.1 Transport Streams transported in a single PLP

For the Transport-Stream case a single new PSI/S| signalling element is used: the C2 delivery system descriptor
(C2dsd). It isamandatory element of the Network Information Table (NIT) that is provided for all Transport Streams
of aC2 system. For each Transport Stream a single instance of the descriptor will be provided.

The C2dsd maps a Transport Stream being signalled with the NIT, and heading the TS descriptor loop, to the
corresponding Data Slice (data_dice_id) and the PLP (PLP_id) that carries this Transport Stream within the C2
system. This mapping is handled by the C2dsd which isillustrated in Table 15. Each TS carried requires a separate
instance of the C2 delivery-system descriptor, i.e. another loop cycle of the NIT's TS loop.

Table 15: C2 delivery system descriptor

Syntax Number of bits Identifier
C2_delivery system descriptor() {
descriptor_ tag 8 uimsbf
descriptor length 8 uimsbf
descriptor tag extension 8 uimsbf
plp id 8 uimsbf
data_slice_id 8 uimsbf
C2_tuning frequency 32 bslbf
C2_tuning frequency type 2 uimsbf
active OFDM_symbol duration 3 bslbf
guard_interval 3 bslbf
)

A parameter 'C2_tuning_frequency_type'isintroduced in the C2dsd to signal the different tuning possibilities of the
C2_tuning_frequency within the C2 specific framing structure and give information about its underlying Data Slices
and broadband notches. The C2_tuning_frequency_type field informs the receiver whether the frequency signalled in
C2_tuning_frequency isthe final Data Slice specific tuning position or whether the receiver needs to retune after initial
evaluation of the preamble with the embedded L1 signalling part 2. This enables the receiver to skip unnecessary re-
tunes and shorten demodulation time. It is particularly helpful for Video on Demand (VoD) systems where the final
Data Slice specific tuning frequency is decided dynamically.

The following three cases exist:
Casel: '8 MHz only' C2 system

In case the C2 system covers the bandwidth of only asingle L1 block (i.e. 3 409 subcarriers, including edge pilot), the
both the C2_System centre Frequency (C2SF) and the Data Slice specific frequency, the Data Slice Tuning Frequency
(DSTF) are equivaent (see figure 20). In this case the C2_tuning_frequency_type should be set to 00, i.e. the
C2_tuning_frequency is already the final Data Slice specific tuning position.

C2 System center Frequency (C2SF)
Data Slice Tuning Frequency (DSTF)

<— 8MHz ——

Figure 20: Tuning position of an '8 MHz only' C2 system
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Case 2: C2 system with more than 8 MHz bandwidth

For C2 systems covering more than 3 409 subcarriers (i.e. greater than the bandwidth of one L1 signalling block and
including multiple Data Slices), the C2 system centre Frequency (C2SF) is usually at the centre of the band and is
different from the Data Slice tuning frequency (DSTF). Figure 21 shows a possible Data Slice allocation example.

DSTF for
Data Slice 1 C2SF

Data Slice 1 Data Slice 2

16MHz

Figure 21: C2 systems above 8MHz with the different tuning position possibilities

For rather static C2 framing structures above 8 MHz it is beneficia if the C2_tuning_frequency isthe DSTF, since this
alows the receiver to avoid a 2-step tuning process and therefore reduces the demodulation time to the desired PL P
inside a Data Slice. In this case the C2_tuning_frequency_type should be set to 00, indicating that the
C2_tuning_frequency isthe final Data Slice specific tuning position.

There are also cases where it is beneficial to signal the C2 system centre frequency in the C2 dsd, even though this can
sometimes require a 2-step tuning approach to tune to the final Data Slice specific position and has an associated
demodulation time penalty. One example isa C2 head end that is not able to update the L1 signalling and the C2 dsd in
a synchronous way. In this case the C2 system centre frequency should be used and the C2_tuning_frequency _type
field should be set accordingly to 01. The same setting should be used for C2 systemsthat have a very dynamic change
in behaviour of the Data Slice and PL P allocation, in order to prevent too many updates of the NIT.

Case 3: Dependent Static Data Slices

Another case occurs if Dependent Static Data Slices (DSDS) are used. Since DSDS are standalone Data Slices below
3408 subcarriersit cannot be guaranteed that the receiver is able to decode the L1 signalling at its final tuning position.
Therefore the receiver shall first tune to the signalled initial C2_tuning_frequency where a complete preambleis
transmitted. This frequency will usually be the C2 system (centre) frequency, but can be any tuning position where the
receiver can reliably decode the L1 signal. The receiver needs to evaluate the L1 signalling in the preamble in order to
determine additional parameters (particularly notch positions) as well as the final tuning frequency of the (dependent)
Static Data Slice. For this case the C2_tuning_frequency_type should be set to 10.

C2SF DSTF for DSDS
Broad-
band
Notch
«— 8MHz — > < 4MHz —
16MHz

Figure 22: Tuning frequency positions for Dependent Static Data Slices

Another new parameter, which was not present in the corresponding DV B-C descriptor, is the active OFDM symbol
duration field (see clause 6.4.4.1in ETSI EN 300 468 [i.9]).

All PLP-related information (modulation/constellation, code rate, start address, etc.) is provided viaand derived from
layer-1 signalling, see clause 8in ETSI EN 302 769 [i.1].
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In case the 'PSI/SI reprocessing' field isset to '1' in layer-1 signalling, it means that the Transport Stream in
corresponding PL P is not reprocessed with valid PSI/SI information and just forwarded from another medium. In this
case, layer-2 signalling is not valid anymore and all the information in the NIT should be ignored by areceiver. Instead,
valid transport_stream_id and original_network_id will be delivered by layer-1 signalling in this case.

7.8.2  Transport Streams transported in bundled PLPs (PLP bundling)

Table 16 gives the definition of the C2 bundle delivery descriptor. The only difference to the mechanisms described in
clause 7.8.1 isthat the relevant Transport Stream is not transported in asingle PLP but in multiple PL Ps as defined in
theloop intable 16.

Table 16: C2 bundle delivery system descriptor

Syntax Number of bits Identifier
C2_bundle delivery system descriptor() ({
descriptor_ tag 8 Uimsbf
descriptor length 8 Uimsbf
descriptor tag extension 8 Uimsbf
for (i=0;i<N;i++)
plp id 8 Uimsbf
data_slice_id 8 Uimsbf
C2_System tuning frequency 32 Bslbf
C2_System tuning frequency type 2 Uimsbf
active OFDM_symbol duration 3 Bslbf
guard_interval 3 Bslbf
master_channel 1 uimsbf
reserved 0_future use 7 bslbf
}
)

The detailed description of the C2 bundle delivery system descriptor in given in " Specification for Service Information
(Sl) inthe DVB-System", ETSI EN 300 468 [i.9].

7.8.3  Generic Streams

Generic Streams might occur in one of the following three variants:
a)  Generic Fixed Packet size Stream (GFPS).
b)  Generic Continuous Stream (GCS), also covering the case of a Generic Variable Packet size Stream.
c) Generic Stream Encapsulated (GSE) according to ETSI EN 300 421 [i.6].

For cases @) and b) thereisno layer 2 signalling definition available, for c) refer to clause 8 in ETSI TS 102 771 [i.8].

8 Modulator

8.1 Preamble Generation
8.1.0 Introduction

Figure 23 depicts the block diagram of the preamble generation. Firstly, the preamble data is encoded by means of the
forward error correction and the QAM mapping. Thisisfollowed by the time interleaving. Then, the preamble header
isinserted. The preamble data and the Preamble Header are cyclically repeated until al available payload OFDM
sub-carriers within the preamble are used. Afterwards, the data is interleaved in the frequency interleaver. Finally, the
preambl e data and the preamble pilots are mapped onto the specific OFDM sub-carriers.
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Figure 23: DVB-C2 preamble generation block diagram

8.1.1 Preamble Payload Data Processing

8.1.1.1 Preamble Time Interleaving

Time interleaving (T1) for the preamble operates at constellation-mapped Layer 1 (L 1) part 2 datalevel (see clause 8.5
of ETSI EN 302 769 [i.1]). A L1 Tl block is the set of OFDM cells within which L1 time interleaving is performed;
thereis no timeinterleaving between L1 T1 blocks within one or multiple preamble(s). No timeinterleaving is allowed
between Data Slice and preamble. The L1 header isnot included in L1 time interleaving.

The total number of cellswithinthe L1 TI block is decided by the number of total L 1-part2 data bits and constellation
size. Each L1 Tl block contains integer number of shortened/punctured FEC blocks of L 1-part2 data. Each L1 Tl block
should contain all cells for encoded and modulated L 1-part2 data; the cells for L 1-part2 data cannot be split into
different T1 blocks.

The L1 TI block may be copied and repeated to fill entire L1 signalling block bandwidth (3 408 carriers). For the last
copy of L1 TI block, the part of L1 T1 block may not be repeated into L1 signalling block if all carriers are used thus no
carrier isleft. In this case, the last part of L1 TI block in order is not transmitted (see figure 28 of ETSI

EN 302 769 [i.1]).

The address generation equation in clause 8.5 of ETSI EN 302 769 [i.1] assumes (C columns x R rows) rectangular
memory size for L1 timeinterleaving. Each cell in the memory maps ‘one-to-one' to the OFDM cell of the L1 TI block
in the preamble. Preamble pilots and reserved dummy carriers for PAPR reduction should not be included in address
generation and interleaving process.

The trade-off between time interleaving gain and preamble overhead is made through four L1 T1 modes (see table 17
of ETSI EN 302 769 [i.1]). The overheads of "no time interleaving” and "best-fit" mode are the same as well as
minimum. If "best-fit" mode is chosen, the L1 T1 depth is automatically set to the number of OFDM symbols required
for "no time interleaving" case. However, if the amount of L 1-part2 datais relatively small and the number of OFDM
symbolsfor preambleisjust one or two for example, the robustness of L 1-part2 data may be greatly damaged by a
time-domai n impulsive noise channel environment. To overcome those cases, the L1 T1 depth can be expanded and
explicitly set to "4 or 8 OFDM symbols® which significantly improves robustness of L 1-part2 datatransmission.

Note that L1 TI mode of "4 or 8 OFDM symbols* depth should be carefully chosen only for the case when the number
of OFDM symbols for preamblein the "no time interleaving” case is equal or lessthan 4 or 8 respectively. Otherwise, it
causes the L1 time interleaver to work incorrectly.

EXAMPLE: If preambleis made up of 5 OFDM symbols with no time interleaving, either "best-fit"
(L1 TI_MODE=01) or "8 OFDM symbols' (L1 TI_MODE=11) can be chosen for L1 TI mode.
But "4 OFDM symbols® (L1_TI_MODE=10) cannot be used.
8.1.1.2 Addition of Preamble Header

In addition to the LDPC encoded preamble data a preamble header is added to the preamble symbol. This preamble
header does not change within a C2 preamble if it consists of multiple OFDM symbols. It carries information thet is
required for the decoding of the L1 signalling data. Details are given in clause 8.2 of ETS|I EN 302 769 [i.1].
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8.1.1.3 Cyclic Repetition

After the addition of the preamble header there may be still some unused OFDM cells within the preamble. Therefore,
the remaining parts are filled with a cyclic repetition of the signalling data (including the preamble header). Details are
givenin clause 8.4.1 of ETSI EN 302 769 [i.1].

8.1.1.4 Preamble 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
Slicesis used Data Slices (see clause 9.4.5), which works on the N| ;=2 840 data cells of each L 1 block.

The interleaved vector A” = (@] o,8 ;,...8. ;) isdefined by:

al:q =X, (g fOF evensymbolsinthe preamble (I, mod2=0) for q=01,...,N, -1

aqu = X, 1,(q TOr 0dd symbolsin the preamble (I, mod2=1) for q=01...,N;; -1

with N, ;=2 840.

In contrast to the frequency interleaver used for the Data Slices, the frequency interleaver for the preamble always uses
afixed number of interleaved cells. Furthermore, the frequency interleaver does not interleave between different OFDM
symbols, but only within OFDM symbols.

The frequency interleaver uses the odd-only approach. The interleaving for odd and even OFDM symbolsis different,
which will give additional robustnessif the preamble time interleaver is used. Thefirst preamble symbol is considered
asthe first symbol of the framei.e. with a symbol number of 0. The functioning of the frequency interleaver starting
from symbol 0 is described in clause 8.5.3.

The frequency interleaver address generation for the following data symbols shall be reset at the end of the preamble
symbols.

8.1.2 Preamble Pilot Generation

8.1.2.0 Intoduction to the Preamble Pilot Generation

The DVB-C2 preamble repeatsitself cyclically in the frequency domain. As repetitions within the frequency domain
lead to high peak-to-average power ratiosit is desirable to avoid this direct repetition. For the DV B-C2 preamble this
aimisreached by means of scrambling the preamble with two scrambling sequences. The data scrambling sequence
scrambles the data and the pilots. Furthermore, an additional pilot scrambling sequence is employed that works on the
pilotsonly. It is required as the data scrambling sequence in addition to the preamble pilot separation would lead to a
repetition of the pilot modulation every 27 MHz (in 8 MHz operation). Using the additional sequence, the modulation
should be unique within the complete cable bandwidth.

8.1.2.1 Data Scrambling Sequence

Figure 24 shows the block diagram for the generation of the data scrambling sequence. The sequence is obtained by
using alinear feedback shift register with the generator polynomial:

XM+ X%+1.

The output of the generator is the value of the most right shift register in figure 24. Before the calculation all shift
registers have to beinitialized with '1' s.
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Initialization
1 1

sequence PRBS
1-bit H 1-bit }_> 1-bit H 1-bit H 1-bit }_> 1-bit H 1-bit }_> 1-bit H 1-bit 1-bit H 1-bit Seque:ce,w
delay delay delay delay delay delay delay delay delay delay delay o
Figure 24: Data Scrambling Sequence
The first 100 output values wy, Wy, ..., Wgg are:
11 11 17 17 11 l! l! 11 Ll L 11 07 01 01 07 07 01 07 07 01 L l! 01 07 01 01 07 07 01 17 Ll il l! 07 01 07 01 01 11 11 01 OI L} 7 07 07 0
11 11 17 17 11 l! l! 01 L L 01 07 01 01 07 07 11 07 l! 11 L 07 01 07 01 11 07 07 11 07 Ll il 07 07 11 07 11 11 01 OI 11 11 L} 7 07 07 1
1,1,10

In order to obtain the output w, of the sequence, k shift operations have to be performed. However, dueto its

polynomial the generator is a maximum-length LFSR and the sequence repeats itself every 21 _1=2047

Wic = W(k mod 2047) -

outputs:

Hence, it is aso possible to pre-calculate the sequence and use look-up tables instead of real-time calculation.

8.1.2.2 Pilot Scrambling Sequence

Figure 25 depicts the block diagram of the pilot scrambling sequence generator. In contrast to the data scrambling

sequence it employs only 10 shift registers. The polynomial of thislinear feedback shift register is:
XM+ X2 +1.
Similar to the data sequence it is also initialized with all '1's at the beginning.

Initialization
sequence 1 1 1 1 1 1 1 1 1 1

PRBS
Sequence,wp;

-

1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit
delay ™ delay ™ delay ™ delay ™ delay ™ delay ™ delay ™ delay ™ delay ™ delay

-

C =

Figure 25: Pilot Scrambling Sequence

In order to obtain the output w'; i shift operations have to be performed. The first 100 output valuesw'g, W'y, ...

1 =y by !11 1! 1! 11 1! 1101 0101 01 Ol 0501 1! 1! 110| 0101 Ol 11 11 11 11 11 1! 0! 11 1! 1101 0101 11 Ol Ol 7 =y
1 S Yy !111!1!11110111011111010!110!1!110101110101110101110!0501010101010101110

PP
oORrE
oopR
coopRr

Due to the chosen polynomial, the sequence repeats itself every 210 _1=1023 outputs:

Wi =W i mod1023) -
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8.1.2.3 Impact of long "0" or "1" sequences in the Preamble on the PAPR

Generally the presence of long "0" or "1" sequences within the Preamble leads to a bias on the OFDM subcarriers. This
causes a high Peak to Average Power Ratio (PAPR) within the resulting time domain signal, i.e. the presence of very
high signal peaks. Therefore, any repetition of sequences is avoided by scrambling of the OFDM subcarriersin
DVB-C2.

In contrast to the payload data, DVB-C2 does not apply any scrambling of the preamble data before the QAM mapping.
Instead, the scrambling is applied on the individual OFDM subcarriers by means of the Data Scrambling Sequence. For
the Preamble Pilots the Pilot Scrambling Sequence is used instead. Due to their special structure of the scrambling
sequences no repetition within the frequency domain will occur for the complete DVB-C2 bandwidth. Hence, the
occurrence of high peaks within the time domain signal is minimized.

8.1.2.4 Preamble Pilot Modulation Sequence
The modulation of the pilotsis obtained by combining the pilot and the data scrambling sequence:
W =w, ®@w' with i =(kmodK_,)/ D,

while k is the absolute OFDM sub-carrier index, K| ;=3 408 is the number of OFDM sub-carriers per L 1 block, and
Dp="6 isthe preamble pilot spacing.

Thevaluei isthe required output index of the pilot scrambling sequence. Due to the modulo operation it isinitialized
every L1 block, and the division ensures that the pilot scrambling sequence gives an output value for each pilot, but not

for each OFDM sub-carrier. The calculation of i without reminder isthus only possibleif k is multiple of 6. However,
thisisensured as al pilot positions are located on values of k, which are dividable by 6.

As an example the values of WkP for L1 block 100 (starts at 760,714 MHz in 8 MHz operation) are calculated. Firstly,
the number of OFDM sub-carrier of thisL 1 block k is calculated:

k = K| 1-100=3408-100= 340800
The following sequence is obtained:
[=]
W340800 = W340800 © W (340800 mod 3408) /6
= Wa40800 @ Wo

Considering the cyclic repetition of the sequences, the following result is obtained:

P
W340800 = W(340800 mod 2047) D@ Wo
= Wggg ® Wo
=0®1=1

Similar calculations can be made for the other pilot positions. Hence:

P
W340806 = W(340 806 mod 2 047) D W1 =Wy gos ®W=0®1=1
P P P
Waa0812 = Wi010 @ W2 =1@1=0, W30 =181=0, Wasggp4 =101=0

Thefinal pilot modulation r is then generated by differentially modulating the sequence WkP . However, in order to

obtain an absolute reference, the modulation of the first pilot within each L1 block is absolute. Thus, the pilot
modulation is obtained by:

. W if kmodK ;=0
“lr_ ®wW  otherwise
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while the modulo term ensures the absolute modulation of the first pilot within each L1 block. Coming back to the
example, the valuesr are:

340800 = W:!3340 800 = 1 (abﬂ)l ute mOdUIation),

P
340806 = 340800 ® Wa40806 =1®1=0,

r340812 = 340806 © Whaog12 =0®0=0, ...
while k isagain only defined if it divisible by 6, as only these positions are preamble pilots.

It has to be mentioned that the same pilot modulation sequence r is used for the pilots within the payload OFDM
symbols, too.

8.1.3 Mapping of the Preamble Pilots and Data
8.1.3.1 Mapping of the Pilots

The pilots are mapped onto the preamble by using the equation:

Re{CnF:mP,k}: Aop '2(1/ 2- rk)
Im{c®,  }=0

m,lp .k

while Cchlp,k is the complex QAM cell of frame m, preamble OFDM symbol | and absolute OFDM sub-carrier K,

App=1 isthe amplitude of the preamble pilots, and r, is the preamble pilot modulation sequence. Please note that this
equation only holds for preamble pilot positions, i.e. where k is multiple of 6.

The modulation of the pilotsis thus BPSK based, with the mapping I, =1= C:Llp,k =—ladr =0= Crl:,lp,k =1.

8.1.3.2 Mapping and Scrambling of the Preamble Data

The preamble data repeats itself cyclically within the frequency domain, i.e. every K, ; OFDM sub-carriers (7,61 MHz
in 8 MHz operation). Additionally, the datais scrambled using the data scrambling sequence w,. Thisis described by:

Refch, )= Refal o} (-1)™
Imich, f= 1My o} (~2)"

while w, is the k-th value of the data scrambling sequence, aﬂE q isthe g-th output of the preamble frequency interleaver

with g = (kmod K ,)—[(kmodK ,)/6]

for the preamble OFDM symbol |, and cglp'k isthe complex QAM cell of frame m, preamble OFDM symbol | and
absolute OFDM sub-carrier k. Please note that this equation is not valid for pilot positions, i.e. kisdivisible by 6.

Theright hand formula calcul ates the value of g out of the absolute OFDM sub-carrier index k. In an example the
number of g for agiven k can be calculated as follows:

k—q:0— Pilot,1-50,2—51,3—-52,4—35—4,6— Pilot,7—5,8—>6, ...

By means of the modulo part of the equation the mapping of the data gets cyclical every L1 block.
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8.2 Pilots (Scattered-, Continual- pilots)

8.2.1 Purpose of pilot insertion

Pilots are inserted for severa reasons; the scattered pilots are inserted mainly for channel estimation and subsequently
equalization. The pilot patterns for DV B-C2 are chosen so that channel estimation potentially can be done without any
time-axis interpolation, however to get maximum performance from the given pilot pattern the receiver should exploit
the fact that there is a strong correlation among pilots over long time interval.

The edge pilots are also inserted mainly to assist the channel estimation. These help to improve the frequency axis
interpolation around the upper and lower extent of the active spectrum. Edge carriers are continual, hence they can be
treated as continual pilots to improve some of parameter estimations that are derived from continual pilots.

The continual pilots can be used for Common-Phase-Error correction, coarse and fine carrier offset and sample rate
offset detection.

8.2.2 Pilot locations
Regarding pilot locations, particular care should be taken to the following points:

. Preamble symbols do not have any of scattered, continual or edge pilots, instead they have preamble pilot. The
preamble pilot locations are a superset of all scattered-, continual- and edge-pilots locations.

. The scattered pilot pattern begins on the first data symbol of a C2 frame.

e  Thecarrier index used to define scattered pilot locations has its origin at the O RF carrier. (Not the left most
carrier as DVB-T/H/T2 standards.)

e  Thecarrier index used to define continual pilot locations also hasits origin at the O RF carrier. The continual
pilot locations are repeated every 3 408 carriers, and the 3 408 carrier block is aligned with L1 signalling
block. This provides receivers a method to detect L1 signalling block location.

8.2.3 Number of pilot cells

Due to the unique definition of the pilot locations across the whole cable medium bandwidth the absolute number of
pilot cells depend on the C2 bandwidth as well as its frequency location. The number of pilot cellsis furthermore
different for the 2 possible guard interval fractions as they result in different scattered pilot densities (scattered pilots
every 48 subcarriers for Gl = 1/64, accordingly 96 subcarrier for Gl = 1/128).

The calculation of the number of pilot cells should also include that there are some scattered pilot positions that
coincide with continual pilot positions. Depending on the chosen guard interval fraction these are:

. Gl = 1/64: 4 coinciding scattered and continuous pilot locations within a L1 block bandwidth
(3 408 subcarriers).

e Gl =1/128: 2 coinciding scattered and continuous pilot locations within a L1 block bandwidth.

For the L1 block bandwidth these numbers are the same for all 4 possible scattered pilot phases.

8.2.4 Pilot boosting

All scattered-, continual- and edge-pilots of data symbols have the same boosting value of 7/3. The amplitude of
preamble pilots (App) isfixed to App:6/5 in case of 1/128 Guard Interval and fixed to App:4/3 in case of 1/64 Guard

Interval. The given boosting values ensure that the average energy of the preamble and the data symbolsis the same.
It isimportant that the receiver signal processing chain allows adequate headroom to cope with such boosted pilots.
8.2.5 Use of reference sequence

All pilots (scattered-, continual- and edge-pilots) are modulated with the same reference sequence as the preambles. The
reference sequenceis defined for all carrier indicesk, and hasits origin at 0 RF. (Not left most carrier as DVB-T/H/T2
system.)
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8.3 PAPR and Possible Implementation
8.3.0 Introduction

When reserved carriers are activated by arelevant L1 signalling part 2, 'RESERVED_TONES, these reserved carriers
defined in clause 9.7 of ETSI EN 302 769 [i.1] can be used for PAPR reduction.

Figure 26 shows the structure of OFDM transmitter with PAPR reduction using reserved carriers. Reserved carriers are
alocated according to predetermined carrier locations which are reserved carrier indices. These reserved carriers do not
carry any datainformation and are instead filled with a peak-reduction signal in order to reduce PAPR. Because data
and reserved carriers are allocated in digjointed subsets of subcarriers, this PAPR reduction algorithm needs no side
information at the receiver. After the IFFT, peak cancellation is operated to reduce PAPR by using a predetermined
signa. The predetermined signal, or kernel, is generated by the reserved carriers.
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Figure 26: The structure of the OFDM transmitter with PAPR reduction using reserved carriers

8.3.1 Reserved carriers

In the Data symbols excluding Preamble Symbols, the set of carriers corresponding to carrier indices defined in
table 36 of ETSI EN 302 769 [i.1] or their circularly shifted set of carriers shall be reserved depending on the OFDM
symbol index of the Data symbol. Positions of reserved carriers within notches shall be excluded from the set of
reserved carriers. Reserved carriers are described in more detail in clause 9.7 of ETSI EN 302 769 [i.1].

8.3.2 Reference kernel

Signal peaksin the time domain are iteratively cancelled out by a set of impulse-like kernels made using the reserved
carriers. A reference kernel signal is defined as:

p :h IFFT(]'TR) = [ Po

TR

P P 1|

where Nzt and Ny indicate the FFT size and the number of reserved carriers, respectively. The (Ngg, 1) vector 14z
has Nt elements of ones at the positions corresponding to the reserved carrier indices and has (Nggt - Npg) elements of
zeros at the others.

The characteristic of the kernel is similar to an impulse. For example, the primary peak (pg) of the kernel is one and the

secondary peaks (p; to pyppt.1) Of the kernel have a value considerably smaller than p,

8.3.3  Algorithm of PAPR reduction using reserved carriers

8.3.3.0 Introduction

Figure 27 shows the detailed block diagram of the peak-cancellation algorithm. The IFFT output (x) is fed into the
peak-cancellation block, and the peak position and value of x are detected. Then the reference kernel, generated by the
reserved carriers corresponding to the current OFDM symbol, is circularly shifted to the peak position, scaled and phase
rotated. The resulting kernel is subtracted from x and the new PAPR is calculated. The principle is shown in figure 28.
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If the PAPR of the resulting signal satisfies the target PAPR level, this signal is transmitted. If not, the cancellation
operation is repeated iteratively, until the number of iterations reaches the predetermined maximum iteration number.

e Adder
IFFT output X /

]
>

< :
/ y Tx signal

X+C

Controller

PAPR Caculation

Peak Detection
Circular Shift
Scaling and Phase
Rotation

Reference Kernel

L

Figure 27: Block diagram of the peak-cancellation algorithm
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Figure 28: Principle of peak-cancellation algorithm

8.3.3.1 PAPR cancellation algorithm

Denote the vector of peak reduction signal by ¢, and the vector of time domain data signal by x, then the procedures of
the PAPR reduction agorithm are as follows:

Initialization:

Theinitial valuesfor peak reduction signal are set to zeros:

c?=[0---0]"
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where c() means the vector of the peak reduction signal computed in i-th iteration.
[teration:
1) idtartsfrom 1.

2)  Find the maximum magnitude of (x+ c(-Y), y; and the corresponding sample index, m in theith iteration.

y; =max|x, +ci |
" , , forn=0,1- N, -1
m = argmax |, + ¢} |

where x,, and c(-) represent the nth element of vector x and c(-Y, respectively. If y; is less than or equal to a
desired clipping magnitude level, V;, then decreasei by 1 and go to step 5.

3) Update the vector of peak reduction signal ¢ as

o +ct
C('):c("l)—a'ip(m) , where ai:Xme(yi—Vc”p)'

where p(m;) denotes the vector circularly shifted by m, of which k-th element is AM) = P

4) Ifiislessthan a maximum alowed number of iterations, increasei by 1 and return to step 2. Otherwise, go to
step 5.

5) Terminatetheiterations. Transmitted signal, x”is obtained by adding the peak reduction signal to the data
signal:

X' =x+c

During each iteration, the peak-cancellation method described above removes only the maximum remaining peak in the
time-domain. This method is simple and efficient in terms of peak re-growth control for the following iterations, at the
expense of requiring arelatively large number of iterations.

Alternatively, multiple peaks can be removed in asingle iteration in order to reduce the computational complexity. The
transmitted signal x” after the jth iteration of the simple method is given as:

. j
X =X+, p(M) +a, P(M,) +++-+ 2y, P(M, 1)+ (M) = X+ > e, p(M,) -

n=1

Any number of peaks can be cancelled in a single iteration because the kernels can be linearly combined. For example,
if two peaks are cancelled per iteration, the total number of iterationsis reduced by half and the equation is as follows:

. jI2
X = X+ag p(My) + 0, p(M,) ++++ &, p(M_) + &, P(M,) = X+ > (g P(My ) + 2y P(MY,)

n=1

1 jlr2

Therefore, the number of iterations can be adjusted according to the number of cancelled peaks per iteration.

8.4 Signalling (L1-part2, including FEC)

8.4.1 Overview

The Layer-1 (L1) part 2 provides all information that receiver needs to access the Layer-2 signalling and the PL Ps
within the current C2 frame. The L 1-part2 signalling structureisillustrated in figure 29. All information is conveyed
in L1 signalling part 2 data part and it can be changed frame by frame. L 1-part2 data has the Data Slice loop and the
notch band loop and each Data Slice loop has the PL P loop.
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Figure 29: The L1-part2 signalling structure

For the Data Slice typel which has only one PL P and its code-rate and modulation are constant, all information to
access the servicesis conveyed in L 1-part2 signalling. But for the Data slice type2, some transmission parameters,
such as FEC type, modulation and code-rate, are conveyed in a FECFrame header which is transmitted through the
Data symboals.

8.4.2 L1 change-indication mechanism

The L1 signalling offers a change-indication mechanism, by means of theL1 _PART 2_CHANGE_COUNTER-field. It
is used to indicate when the configuration (i.e. al fieldsin L1 signalling part 2 data except for PLP_START and

L1 PART 2_ CHANGE_COUNTER itself) will change. The change is indicated as the number of C2 frame after
which the change will occur. If thisfield is set to the value of '0', it means that no change is foreseen during the next 255
C2 frames.

TheLl PART 2_ CHANGE_COUNTER does not take the PLP_START into account because the PLP_START is
predictable. If once receiver knowsthe PLP_START, aPLP_START of next C2 frame can be calculated with its
coding and modulation information.

8.4.3 CRC insertion

The 32-bit CRC is applied only to the L1 signalling part 2 dataif the length of L1 signalling part 2 datais a multiple
of 2. Otherwise 1-bit L1 block padding isinserted following the L1 signalling part 2 data and CRC is applied to the L1
signalling part 2 data and L1 block padding. The length of the L1 signalling part 2 data can be calculated using

L1 INFO_SIZE inthe L1 header.

8.4.4 Example of L1 signalling part 2 data

The details of the use of the L 1-part2 signalling are specified in ETSI EN 302 769 [i.1]. This clause gives a full worked
example of the construction of the fields of the L1 signalling for the simple case of asingle PL P, together with
comments to explain the chosen meaning in each case. Table 17 gives a worked example of the signalling fields of the
L 1-part2 signalling with Data Slice type 1.
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Table 17: An example of the contents of the L1-part2 signalling fields with Data Slice Type 1

Field Bits Contents Explanation
NETWORK _ID 16 |0000000000000000 |The network ID is 0x0000
C2 _SYSTEM_ID 16 |0000000000000000 |The C2 system ID is 0x0000
24 |0352E0h The start frequency of this C2 system is
START_FREQUENCY 486,2 MHz (in case of 7,61 MHz BW)
16 |0000000010001110 |Total number of carriers of this C2 system is
C2_BANDWIDTH 3409 = 142 x 24 +1 (i.e. including edge pilots)
GUARD_INTERVAL 2 |00 Guard interval fraction is 1/128
C2_FRAME_LENGTH 10 [0111000000 There are 448 Data symbols in one C2 frame
L1 PART 2 CHANGE COUNTER 8 00000000 There are no changes foreseen in L1 configurable
- - - parameters
NUM_DSLICE 8 00000001 There is 1 Data Slice
NUM_NOTCH 4 0001 There is 1 notch Band
DSLICE_ID 8 /00000000 The Data Slice ID is 0x00
DSLICE TUNE POS 13 |0000001000111 The_tuning position of _this Data Slice is 1 704t
- - carrier frequency of this C2 system
8 |10111001 The left edge of this Data Slice is start frequency
DSLICE_OFFSET_LEFT (apart from tuning position as much as 1 704
carrier spacing)
DSLICE OFESET RIGHT 8 (01000111 The right edge of this Data Slice_is apart_from start
— - frequency as much as 3 407 carrier spacing
DSLICE_TI_DEPTH 2 |01 Tl depth is 4 OFDM Symbols
DSLICE_TYPE 1 10 This Data Slice is Type 1
1 |0 The configuration of this Data Slice can be
DSLICE_CONST_CONF changed every C2 frame
1 10 There is no left neighboured notch band of this
DSLICE_LEFT_NOTCH Data Slice
DSLICE_NUM_PLP 8 100000001 There is 1 PLP in this Data Slice
PLP_ID 8 00000000 The PLP ID is 0x00
PLP_BUNDLED 1 |0 This PLP is not bundled with other PLP
PLP_TYPE 2 |10 This PLP is normal Data PLP
PLP_PAYLOAD TYPE 5 00011 This PLP carries a TS
PLP START 14 |00000000000010 First complete XFECFrame starts from 2nd data
- cell of this Data Slice
PLP_FEC TYPE 1 1 This PLP uses 64 K LDPC
PLP_MOD 3 |o11 This PLP uses 256-QAM modulation
PLP_COD 3 ]100 This PLP uses code rate 5/6
PSI/SI_REPROCESSING 1 1 PSI/SI of this PLPs TS is reprocessed
RESERVED 1 8 00000000 Reserved for future use
RESERVED_2 8 00000000 Reserved for future use
NOTCH START 13 {0000000000010 The notch band starts from 49'" carrier of this C2
- system
NOTCH WIDTH 8 00000001 The notch band ends at 711 carrier of this C2
- system
RESERVED 3 8 00000000 Reserved for future use
RESERVED TONE 1 |0 There is no reserved tone in this C2 frame
EARLY WARNING SYSTEM(EWS) | 1 |0 There is no emergency event
C2 VERSION 4 |0000 The C2 system ID is 0x0
RESERVED 4 11 00000000000 Reserved for future use

Since all of the bits of the L 1-part2 signalling data are 254-hits, thereisa 1-bit L1 block padding following the
L 1-part2 signalling data.
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Table 18 gives an example of the signalling fields of the L 1-part2 signalling with Data Slice type 2.

Table 18: An example of the contents of the L1-part2 signalling fields with Data Slice Type 2

Field Bits Contents Explanation
NETWORK_ID 16 |0000000000000000 |[The network ID is 0x0000
C2_SYSTEM_ID 16 |0000000000000000 |The C2 system ID is 0x0000
24 |0352E0h The start frequency of this C2 system is
START_FREQUENCY 486,2 MHz (in case of 7,61 MHz BW)
16 |0000000010001110 |Total number of carriers of this C2 system is
C2_BANDWIDTH 3 409= 142 x 24 +1 (i.e. including edge pilots)
GUARD_INTERVAL 2 |00 Guard interval fraction is 1/128
C2 FRAME_LENGTH 10 {0111000000 ;I;I;?T:Z are 448 Data symbols in one C2
L1 PART 2 CHANGE COUNTER 8 |00000000 Ther_e are no changes foreseen in L1
- - - configurable parameters
NUM_DSLICE 8 |00000001 There is 1 Data Slice
NUM_NOTCH 4 0001 There is 1 notch Band
DSLICE_ID 8 00000000 The Data Slice ID is 0x00
13 |{0000001000111 The tuning position of this Data Slice is
DSLICE_TUNE_POS 1704 carrier frequency of this C2 system
8 10111001 The left edge of this Data Slice is start
DSLICE_OFFSET_LEFT frequency (apart from tuning position as much
as 1 704 carrier spacing)
8 01000111 The right edge of this Data Slice is apart from
DSLICE_OFFSET_RIGHT start frequency as much as 3 407 carrier
spacing
DSLICE_TI_DEPTH 2 |01 Tl depth is 4 OFDM Symbols
DSLICE_TYPE 1 1 This Data Slice is Type 2
1 |0 The type of the FECFrame header of this
FEC_HEADER_TYPE Data Slice is normal mode
1 |0 The configuration of this Data Slice can be
DSLICE_CONST_CONF changed every C2 frame
1 |0 There is no left neighboured notch band of
DSLICE_LEFT_NOTCH this Data Slice
DSLICE_NUM_PLP 8 100000001 There is 1 PLP in this Data Slice
PLP_ID 8 |00000000 The PLP ID is 0x00
PLP_BUNDLED 1 |0 This PLP is not bundled with other PLP
PLP_TYPE 2 |10 This PLP is normal Data PLP
PLP_PAYLOAD TYPE 5 00011 This PLP carriesa TS
PSI/SI_REPROCESSING 1 1 PSI/SI of this PLPs TS is reprocessed
RESERVED 1 8 00000000 Reserved for future use
RESERVED 2 8 00000000 Reserved for future use
th i i
NOTCH START 13 |0000000000010 The notch band starts from 49'" carrier of this
- C2 system
th ; i
NOTCH WIDTH 8 |00000001 The notch band ends at 71" carrier of this C2
- system
RESERVED 3 8 /00000000 Reserved for future use
RESERVED_TONE 1 |0 There is no reserved tone in this C2 frame
EARLY WARNING SYSTEM (EWS) 1 |0 There is no emergency event
C2 VERSION 4 0000 The C2 system ID is 0x0
RESERVED 4 11 |00000000000 Reserved for future use

Since all of the bits of the L 1-part2 signalling data are 234-hits, thereisa 1-bit L1 block padding following the L 1-

part2 signalling data.

8.4.5

845.0 Introduction

FEC for the L1 signalling part 2

This clause gives an overview on protection of L1 signalling part 2 based on BCH and LDPC codes. In particular, this
clause briefly introduces the shortening of the BCH information part and puncturing of the LDPC parity part according
to the length of signalling information: these are L 1-specific operations which are not performed on the PL P data.
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Basically, the protection mechanism for L 1-part2 in DVB-C2 is the same as that of DVB-T2, except some parameters
and steps are dightly changed to be more suitable for DVB-C2.

8.45.1 Shortening of BCH Information part

Theinformation bits of L1 signalling part 2 are protected by a concatenation of a BCH outer code and an LDPC inner
code. The L1 signalling part 2 is first BCH-coded and the BCH-coded word is then further protected by a shortened and
punctured 16 K LDPC code. For the protection of the L1 signalling part 2, the BCH code with Ky, =7 032 and a 16 K

LDPC code with Kg,. = 7 200 defined in clause 6.1 in ETSI EN 302 769 [i.1] are used. The BCH-coded word

corresponds to LDPC information bits. That is, the output of the BCH encoder is the input of the LDPC encoder. Note
that K| g isthe same as (Ky,p, + 168) = 7 200 since the number of BCH parity bitsin BCH encoding, Ny, ity IS fixed

as 168 bits.

Thelength of L1 signalling part 2 isvariable, that is, it has different values case by case. Furthermore, the L1 signalling
part 2 can be segmented into multiple blocks as described in clause 8.4.1in ETSI EN 302 769 [i.1]. A segmented L1
signalling part 2 has alength less than or equal t0 N 104t 2 max_per ymbol = 4 799- NL1part 2 max_per_symbol Meansthe

maximum number of L 1-part2 information bits for transmitting the coded L 1-part2 through one OFDM symbol.

For the shortening operation, an input parameter Kdg isfirst obtained from the length of the segmented L1 signalling
part 2 as described in clause 8.4.2 in ETSI EN 302 769 [i.1]. Since Ky is always less than Ky, ,, the BCH information
part is shortened for encoding. More precisely, Ky, BCH information bits are filled with Kgg signalling bits and
(Kpen - Kgig) Zero-padded bits for BCH encoding. Note that the shortening of BCH information may be regarded as the
shortening of LDPC information since the LDPC information consists of BCH information bits plus parity bits.

All the BCH information bits are divided into K|,/360 (= Ny;q,) bit-groups which are (N, - 1) groups of 360 bits
and 1 group of 192 bits asillustrated in figure 30. That is, Ky, = 7 032 BCH information bits are divided into
7 200/360 = 20 hit-groups which are 19 groups of 360 bits and 1 group of 192 bits.

The shortening of the BCH information is performed on bit-group basis, in other words, the positions of the
(Kpeh - Ksig) zero-padded bits for BCH encoding are allocated according to the bit-groups. For easy understanding, a

concrete example of shortening and BCH encoding is given in the next clauses.

Noeh = Kigpe LDPC Information bits

A
\/

Ky, BCH Information bits 168
0" 1 2" (Ngow2)" (Narour1)"| BCH
Bit Group | BitGroup | BitGroup | * * * | Bit Group |Bit Group| FEC LDPCFEC
D T — [ E—
360 bits 360 192

Figure 30: Format of data after LDPC encoding of L1 signalling part 2

8.45.2 Example for shortening of BCH information

Assume that the pure L1 signalling part 2 consists of 11 956 bits, i.e. K 15115 ex pad = 11 956. K 15412 ex pad denotes

the number of information bits of the L1 signalling part 2 excluding the padding field, L1 PADDING, as described in
clause 8.3.3in ETSI EN 302 769 [i.1]. Then, the number of LDPC blocks needed for the protection of L1 signalling
part 2, N 1part 2 FEC Block 1S determined by:

K otz ex_pad w _ {11956—‘

NLlpartZ_FEC_BIock :{ N 4759

L1part2_max_ per _Symbol

where [ x| means the smallest integer larger than or equal to x.
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Next, the length of L1_PADDING field, K| 1 papping IS calculated as:

K
N

= {ggjse-‘x3—ll956 =2

Llpart2_ex_ pad

“X NLlpartZ_FEC_BIock - KLlpartZ_e(_ pad

KLl_PADDING = |7

Lipart2_FEC_Block

Then the final length of the whole L1 signalling part 2 including the padding field, K Lipart 2 is set asfollows:
Kupanz = Kupanz_a(_pad + KLl_F,ADD,,\IG =11956+2=11958

These K 14 Signalling bits are divided into 3 (= N 14t 2 FEC Block) PIOCKs consisting of K bits whichiis
calculated as

K. = KLlpartZ — 11958

= = 3986
N

Lipart2_FEC_Block

Each block, with information size of Kgg, is protected by a concatenation of BCH outer code and LDPC inner code.
Here, 7 032 BCH information bits consist of a segmented block of 3 986 (= Ksig) bits and

3046 (= Ky - Ksg=7 032 - 3 986) zero-padded bits. The positions for zero-padding are determined by the following
procedure described in clause 8.4.3.1in ETSI EN 302 769 [i.1].

First, all 7032 BCH information bits denoted by {my, my, ..., myyq; } aredividedinto 20 (= N
asfollows:

group = Kldpc/ 360) groups

Xo=1 Mo MMy Mo} e ieg
X, :{ Migo, Mgy s Mgz, -y m719} , (360 bits)
Xis :{ Meagor Meagrr Meagzs -+ rn6839} , (360 bits)

Xig :{ Mega0s Megazs Megazs -+ m7031} , (192 bits)

The bitsin each bit-group correspond to the datafield in ascending order asillustrated in figure 31.

Mo, My, ***, M359 M3s0, M361,"*", M719 - Meagn, """, Meg3 Meg4o, """, M7031
oth 1st 2nd 181h lgth BCH
Bit Group Bit Group Bit Group T Bit Group | Bit Group | FEC

LDPCFEC

) [y
-

7 032 BCH Information bits
Figure 31: Allocation of BCH information bits in Data field

Then, the shortening procedureis as follows:

Step 1) Compute the number of groupsin which al the bits will be padded, Npad asfollows:

N | 7032-3986|_| 3046
pad 360 360

X18’ X17’ Xlﬁ’ XlS’ Xl4’ Xl3, X X

Step 2) All information bits of 8 groups, 12 'and “ 1! are padded

with zeros.
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Step 3) For the group X, , 166 (= 7 032 - 3986 - 360 x 8) information bitsin the last part of X, are

additionally padded. In Steps 2) and 3), the choice of bit-groupsis determined by table 28 in
clause 8.4.3.1in ETSI EN 302 769 [i.1].

Step 4) Finally, 3986 (= Kgg) information bits are sequentially mapped to bit positions which are not
zero-padded in 7 032 BCH information bits, {my, my, ..., myg3}, by the above procedure.

If 3 986 information bits which do not correspond to zero-padded position are denoted by {s, Sy, ..., S3gg5} , the result
of above shortening procedure can be presented as follows:

m=s, O£i<1634,

m =0, 1634<i <1800’
M =S ,,, 1800<i <3960’
m =0, 3960<i <6840,
M =S _g, 6840<i <7032

Figure 32 illustrates the shortening of the BCH information part in this case, i.e. filling the BCH information-bit
positions that are not zero-padded with 3 986 information bits.

166 zero-padded bits 2880 zero-padded bits
- < >
oth 1$t 2I"Id 3I’d 4th'/ 5th Gth 7th 8th 9th 10th % %/1//’( % %19Ih ﬁg
> > —_

Mapping of 3986
3986 information bits 3046 zero-padded bits —> information bits
to BCH information part

Figure 32: Example of Shortening of BCH information part

8.4.5.3 BCH encoding

The Ky, information bits (including the Koy, - K zero padding bits) are first BCH encoded according to clause 6.1.1
in ETSI EN 302 769 [i.1] to generate Ny, = Kldpc output bits (ig... Inpeh - 1)-

8.454 LDPC encoding

The Npey = Kjgpe output bits (ig. .. ingen - 1) from the BCH encoder, including the (Ko, - Kgg) zero padding bits and the
(Kigpce - Kpen) BCH parity bits, form the K|, information bits | = (ig, iy, ..., ixjgpc - 1) for the LDPC encoder. Note that
for the protection of L1 signalling part 2, the number of BCH parity bits, Ny,  parity (= Kldpc - Ky isfixed as 168. The
LDPC encoder systematically encodes the K, information bits onto a codeword A of size Njgp:

A= (ig,ig, - kidpc- 10 Por P1s -+ PNidpe - Kidpe - 1) = (g-++ 17199, Por Py -+ Pgogo)

according to clause 6.1.2 in ETSI EN 302 769 [i.1].
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8.455 Puncturing of LDPC parity bits

The 16 K LDPC code with K|, = 7 200 for L1 signalling part 2 has (Njgp - K|gpc) = 9 000 parity bits. Since the code
length of 16 K LDPC code, Nidpc is 16 200, its effective LDPC code rates (Ry) is4/9. All LDPC parity bits, denoted by
{Pg: Py, -+ Pgogg} » are divided into 25 (= Qldpc) parity bit groups where each parity group is formed from a sub-set of
the LDPC parity bits as follows:

R :{ Pos Pgy, » Pagy o+ pssqupc} :{ Pos Pos» Psgs -+ p8975}
R :{ Pur Poyes1r Pagypsareos p359Q|de+l} :{ Pus Pags Psys-os p8976}
R :{ P, pqdpc+2’ pzqdpc+2'---' pssqupc+2} :{ P21 Pazs Pozseos p8977}

P :{ Poge-17 Pgye-17 Paqp-17+ pgeoqdpc—l} :{ P24s Pags Pras--- p8999}

where P; represents the j-th parity group and Qldpc =25isgivenintable 5bin ETSI EN 302 769 [i.1]. Each group has
9 OOOIQldpc =360 hits, asillustrated in figure 33. Note that the number of parity bits of aDVB-C2 LDPC codeis
always amultiple of 360 and Q..

9000 LDPC parity bits
LDPC Information  Qupe =25 Quape =25  QOape = 25 Oigpe = 25
— b — > —>—> >
PopP1 P2 P24P25 P26 Pag Pso P51 _ === Psgrs Psgoo

BCH Information | BCHFEC

1st parity group cee

Figure 33: Parity-bit groups in an FEC block

When the shortening is applied to encoding of the signalling bits, some LDPC parity bits are punctured after the LDPC
encoding. The punctured LDPC parity bits are not transmitted and they should be regarded as erasures in the receiver.

Similarly to the shortening of BCH information, the puncturing of LDPC parity bitsis performed on parity-bit-group
basis. Specifically, according to the number of LDPC parity bitsto be punctured, Npunc, the positions of the parity bits

are alocated by unit of parity-bit groups. The procedure for calculating Npunc isalittle complicated as described in

clause 8.4.2 in ETSI EN 302 769 [i.1] because there is a choice of time interleaving, the length of the L1 signalling
part 2 can vary, and the number of modulated cells for each coded L 1-part2 shall be a multiple of the number of
OFDM symbolsfor transmitting L1 part 2.

For easy understanding, a concrete example of calculating Npunc and puncturing of LDPC parity bitsisgivenin
clause 8.4.5.6.

8.4.5.6 Example for Puncturing of LDPC parity bits

Assume that the pure L1 signalling part 2 consists of 11 956 bits. Then, Ksg is3 986 as calculated in clause 8.4.6.2.
Note that the coded L 1-part2 is aways transmitted using 16-QAM. For agiven Ks-g = 3 986 and modulation order

16-QAM, Ny ¢ is determined by the following steps:
Stepl) N =] 8 (K~ Kyy) | =| 2x (7032 3086) | = 3655
punc_temp — gx( bch — sig) - EX( - ) =
Step2) Ny e =3986+168+16200x (1-4/9) — 3655 = 9499
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Step 3)  For the sake of convenience, assume that the coded L 1-part?2 is transmitted without an extended time
interleaving, that is, thevalue of L1 TI_MODE is 00 or O1.

N 9499

Lipant2_temp X 277M0D X NLlpartZ_FEC_BIock = ’VM—‘X&(?’: 9504 (UMOD =4

277M0D X NLlpartz_FEC_BIock

N Llpart2 =

Step4) N_,.=N N N

punc punc_temp (

Llpart2 Llpart2_ter’rp) =3655— (9504_ 9499) =3650

Step 1 ensures that the effective LDPC code rate of the L1 signalling part 2, Ry | a1 2 iS@wayslessthan
Rett 16k_LDPC_1_2 (5 4/9). Furthermore, Ryt | 1part 2 tends to decrease as the information length Ky decreases.

In general, for afixed code-rate, the code performance is degraded as the information length decreases since the code
length also decreases. On the other hand, for afixed information length, it is clear that the code performanceis
improved as the code rate decreases. From these facts, the performance variation induced by the variable length of L1
signalling information can be reduced by code-rate control. In other words, the receiving coverage for the signalling
information will be approximately invariant and stable, whatever the number of bits to be signalled. Step 1 for
systematically calculating the number of puncturing bitsis a simple code-rate control technigque accomplished by
adjusting the multiplicative coefficient.

Step 3 guarantees that Ny ;¢ » isamultiple of the number of columns of the bit interleaver (described in clause 8.4.3.6
in ETSI EN 302 769 [i.1]) and that NLlpart o/ hvop s amultiple of the number of OFDM symbols for transmitting L1

signalling part 2. Note that the latter condition should be satisfied when time interleaving is applied to L1 signalling
part 2.
N| 1part 2 Means the number of the coded bits for each information block. After the shortening and puncturing, the coded

bits of each block will be mapped to:

NLlpartZ — 9504

MOD

N = 2376

MOD _ per _Block =

modulated cells. The total number of cellsin all NLlpart 2 FEC Block B10¢KS, Nyviop Total 1S Nviop ' per_Block X NLlpart
2 FEC_Block = 2376 x 3=7128.

Finally, for Npunc =3 650 given in Step 4), the positions of bitsto be punctured are determined as follows:

3650
Step 1) Compute Nyne groups Suchthat N, oo = {%J =10.
Step 2) All parity bits of 10 parity bit-groups Py, P,, P, P, Pg, By, Ps, Py, P, P ae
punctured.
Step 3) For the group P, , 50 (= 3650 - 3 600) parity bitsin the first part of the group will be additionally

punctured. That is, the parity bits P,, P,;, Pgy, ---» Piyp7 € punctured. In Steps 2) and 3), the
choice of parity bit-groupsis determined by table 29 in clause 8.4.3.4in ETS| EN 302 769 [i.1].

8.45.7 Removal of zero-padding bits

The (K - Kgg) Zero-padding bits are removed and are not transmitted. Thisleaves aword consisting of the Ky
information bits, followed by the 168 BCH parity bitsand 9 000 - Ny ¢ (= Nigoc - Kigpe - Npune) LDPC parity bits
without Ny, punctured bits, asillustrated in figure 34.
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zero-padded bits zero-padded bits

Oth 1St 2nd 3rd 4”{3“ 5th 6th 7th 8th gth 1Oth %%%% 19th ﬁg

~~~~~
.......
......
.......
.......
~~~~~~~
......

Signalling information for transmission

A
Y.

Oth 1St 2nd 3I’d 4th 5th Gth 7th sth gth 1 oth 191h I'-P'Ig

Figure 34: Example of removal of zero-padding bits

8.4.5.8 Bit Interleaving and constellation mapping after shortening and puncturing

The LDPC codeword of length Ny .5 . consisting of K information bits, 168 BCH parity bits, and (9 000 - Ny )
LDPC parity bits, are bit-interleaved using a block interleaver as described in clause 8.4.3.6 in ETSI EN 302 769 [i.1].

Each bit-interleaved LDPC codeword is mapped onto constellations as described in clause 8.4.4 in ETS|
EN 302 769 [i.1].

8.5 Interleaving
8.5.1 Bit interleaving

Bit Interleaving is described in clause 6.1.3 of ETSI EN 302 769 [i.1].

8.5.2  Time interleaving

Timeinterleaving (T1) for Data Slice operates at Data Slice level as described in clause 9.4.4 of ETSI EN 302 769 [i.1].
A Tl block isthe set of OFDM cells within which time interleaving is performed; there is no time interleaving between
Data Slicesor Tl blocks. No time interleaving is alowed between Data Slice and preamble. The Data Slice contains
integer number of T1 blocks. The T block and Data Slice boundaries are synchronized in the time direction; the first Tl
block starts at the beginning of the Data Slice immediately after the preamble and the last TI block ends at the end of a
C2frame.

Each TI block of a Data Slice within a C2 frame contains exactly same number of OFDM cells (see clause of 9.4.4 of
ETSI EN 302 769 [i.1]). The total number of cells within the TI block is kept constant once relevant parameters -
scattered or continual pilot pattern, notch band and reserved dummy carriers for PAPR reduction - are fixed. Each Tl
block may not contain integer number of FEC blocks. It is not required that each T1 block should contain the cells from
the same PL P. The cells from different PL Ps can be interleaved into one T1 block. However, each T1 block should
contain all data cells carried by TI-depth OFDM symbols within the Data Slice.

The address generation equation in clause 9.4.4 of ETSI EN 302 769 [i.1] assumes (C columns x R rows) rectangular
memory size for time interleaving. Each cell in the memory one-to-one maps to the OFDM cell in the Data Slice
containing the TI block. All pilots and reserved dummy carriers for PAPR reduction should be taken into account in the
address generation process but only the data cells should be read out for the final output. The addresses for these non-
data cells may be temporarily generated but not used for interleaving.

Thetime interleaving is actually done over only data cells so the TI memory may be further reduced to exclude those
non-data cellsin practical implementation. However, the interleaver output should change neither the interleaving
sequence nor the number of data cells alocated to each OFDM symbol within the Data Slice when such kind of
optimal size of memory is used.

In the presence of notch Bands within the bandwidth of a Data Slice, i.e. Narrow Band notches, the carriers occupied
by these notches shall be considered when cal culating the addresses as in the case of pilots or reserved tones.
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8.5.3 Frequency Interleaving

The frequency interleaver in DVB-C2 is applied to the payload cells of a given Data Slice from one OFDM data
symbol to the next. The number of payload cells per Data Slice per OFDM data symbol (Npg) can vary from data

symbol to data symbol. Npg comprises the number of cells between (Kpg yax - Kpgmin ) Minus the number of

continual pilots, scattered pilots, reserved tones and cells that are located in notches within the Data Slice. Most of this
information is carried in the Layer 1 signalling. For this purpose, assume that a function DataCells(slice number, data
symbol number, L1 info) exists in the modulator to provide N5 for agiven Data Slice number, data symbol number

and from the Layer 1 information. The frequency interleaver shall be capable of interleaving payload cells of the largest
possible Data Slice with max(Npg) cells given that (Kpg max - Kpgmin ) < 3 408. This means that the interleaver shall

be capable of dealing with N, payload cells where:

Nmax = (KDS,max - KDS,min) - NSP,Dx:24 - NCP

and Ngp p, =24 IS the number of scattered pilotsin 3 408 sub-carriers for the Dy = 24 scattered pilot pattern and Ncp is
the number of continual pilotsin 3 408 sub-carriers.

The frequency interleaver memory is split into two banks: Bank A for even OFDM data symbols and Bank B for odd
OFDM data symbols. Each memory bank comprises of N, locations. DVB-C2 uses odd-only pseudo-random

interleaving. In this the payload cells from even data symbols (data symbol number of form 2n) of the Data Slice are
written into the interleaver memory Bank A in asequential order and read out in a permuted order defined by Hy(q).

Similarly, payload cells from odd OFDM data symbols (data symbol number of form 2n + 1) of the Data Slice are
written into interleaver memory Bank B in asequential order and read out in a permuted order defined by H,(q). In each

case, the permuted order addresses H[o, 1 () are provided by the pseudo-random address generator from clause 9.4.5 of

ETSI EN 302 769 [i.1]. In order to produce a continuous stream of cells at its output, when Bank A is being written
(incoming even data symbol), Bank B is aso being read (outgoing previous odd data symbol) at the same time.
Indeed, the sequential counter q doubles as both the sequential write address and the ook up table index to each of the
permutation functions Hq 11(0). If all data symbolsin the Data Slice contained Ny, = Cy45 Payload cells, then the

number of write addresses for symbol number 2n + 1 would match the number of read addresses for data symbol
number 2n otherwise some data cells of data symbol 2n will be skipped. Unfortunately N can be different from data

symbol to data symbol. Suppose Npg(2n) is less than Npg(2n + 1) then the pseudo-random address generator Hy(q)

would have to produce more addresses than there are cellsto be read from memory Bank A because the sequential write
address counter ¢ for Bank B would range from 0 to Npg(2n + 1)-1 (>Np(2n)). The case in which Npg(2n) > Np(2n +

1) can al'so occur. In this case the sequential write address counter for Bank B would need to exceed Npg(2n + 1)-1 as
more H(q) read addresses are needed for Bank A Recalling that the function DataCells(slice number, data symbol
number, L1 info) returns the number of payload cellsin the current slice for the given data symbol and noting that

HoldBuffer isasmall amount of storage with write address wptr and read address rptr, the interleaving proceeds as
follows at the start of even data symbol of number 2n:

) a=0;

2)  Cpax = max(DataCells(slice number , 2n-1, L1 info), DataCells(slice number , 2n, L1 info));

3) Generate address H,(0);

4)  rdEnable = (H4(q) < DataCells(slice number , 2n-1, L1 info));

5)  wrEnable = (g < DataCells(dice number , 2n, L1 info));
6) if (rdEnable) Read cell g of output interleaved data symbol 2n - 1 from location H4(q) of memory Bank B;
7)  Store cell g of incoming un-interleaved data symbol 2n into location wptr of HoldBuffer and increment wptr;
8) if (wrEnable):

a)  Writecell rptr of HoldBuffer into location g of memory Bank A and increment rptr.

b)  If(wptr == rptr) reset both rptr = wptr = 0.

9) Increment q;
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10) if (q<C) g0oto 3.
Then with data symbol 2n+1 at the input of the interleaver:
) a=0;
2)  Cpax = max(DataCells(slice number , 2n, L1 info), DataCells(slice number , 2n + 1, L1 info));
3)  Generate address H(q);
4)  rdEnable = (Hy(q) < DataCells(dlice number , 2n, L1 info));

5) wrEnable = (q < DataCells(dice number , 2n + 1, L1 info));

6) if (rdEnable) Read cell g of output interleaved data symbol 2n from location Hy(q) of memory Bank A,

7)  Store cell g of incoming un-interleaved data symbol 2n + 1 into location wptr of HoldBuffer and increment
wptr;

8) if (wrEnable):
a)  Writecdl rptr of HoldBuffer into location g of memory Bank B and increment rptr.
b)  If(wptr == rptr) reset both rptr = wptr = 0.

9) Increment q;

10) if (q<C) g0oto 3.

The required width for each memory location depends on the resolution with which each cell is represented after QAM
mapping.

Care should be taken to implement the interleaving function in the correct sense. As shown in the steps detailed above,
the interleaver should work as follows:

. For each data symbol, the interleaver should write to the memory in normal order and read in permuted order.

8.6 Framing

The OFDM based C2 frame structure is shown in time and frequency direction in figure 35. The C2 frame structure
comprises Lp Preamble Symbols (Lp >=1) followed by L4, Data symbolsin time direction. The beginning of the first
Preamble Symbol marks the beginning of the C2 frame. The number of Preamble Symbols L depends on both the
information length at the beginning of each L1 signalling part 2 block and the chosen L1 time interleaving depth.

The data part of the C2 frame consists of L ;,,,=448 symbols (approximately 203,8 msec for Gl = 1/64 or 202,2 msec
for Gl = 1/128, T, = 448 us). The C2 frame duration is therefore given by:

Te = (Lp*Lgata) X Ts;
where Tgisthe total OFDM symbol duration.

The Preamble Symbols are divided in frequency direction into L1 block symbols of same bandwidth (3 408 subcarriers
or approximately 7,61 MHz). The frequency specific preamble pilot pattern allows for reliable time and frequency
synchronization (e.g. by correlation). The equidistant spacing of the L1 blocks allows to extract the L1 signalling in any
receiver tuning position, even if the tuning position comprises parts of two neighboured L1 blocks. Since al L1 blocks
of aC2 signa comprise the same information the complete L1 signalling information can be retrieved by reordering the
OFDM carriers of the two L1 signalling blocks (see clause 10.1.1.5.1). The L1 signalling in the preamble contains all
OFDM and Data Slice specific information that are needed to decode the desired PL P.

While the L1 signalling blocks have afixed and constant bandwidth, Data Slices have an arbitrary bandwidth asa
multiple of the pilot pattern specific granularity. This granularity depends on the chosen guard interval and has avalue
of 12 subcarriers for GI=1/64 and 24 subcarriers for Gl = 1/128. As an upper limit Data Slices shall not exceed the L1
block symbol bandwidth (i.e. 3 408 subcarriers).
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frequency
—>
Y A

r ES
L1 Block symbol 0,0 | L1 ymbol 0,1 | | L1 Block symbol 0,n-1 | %
Lp Preamble o g
lOFDM Symbols H o0 o
L1 Block symbol Lg-1,0 | L1E mbol Lp-1,1 | | L1 Block symbol Lp-1,n-1
Data Symbol 0,0 Data Symbol 0,1 | ~ | Data Symbol 0,2 Da'aosk‘_’;‘b"' Data Symbol 0,k-1
C2 Frame £ Data Symbol
(LF OFDM Data Symbol 1,0 Data Symbol 1,1 2 Data Symbol 1,2 oo y- Data Symbol 1,k -1
Symbols) = Data ’S
ymbol ~
L oaa OFDM < Data Symbol 2,0 Data Symbol 2,1 8 Data Symbol 2,2 2k-2 Data Symbol 2,k-1
Symbols g
. o H
: E (11 H
w
Data Symbol Data Symbol Data Symbol Data Symbol Data Symbol
g I\ Lpaia=1,0 Lpaa-1,1 Lpaia-1,2 Lpata-1,k-2 Lpara=1,k-1
A A s . A
v v v v ~
Data Slice 0 Data Slice 1 Data Slice 2 Data Slice k-2 Data Slice k-1

NOTE: The C2 frame starts with at least one Preamble Symbol (Lp) followed by L Data symbols.
Figure 35: The C2 frame structure

Within each Data Slice Data Slice Packets of one or multiple PL Ps are embedded. Data Slice Packets are not aligned
to the C2 framing structure itself, i.e. one Data Slice packet may overlap over C2 frames (being 'interrupted' by the
preamble). As described in clause 7 of ETSI EN 302 769 [i.1] there are two formats of Data Slice Packets. Either they
have a FECFRAME header that allow to synchronize to the packet and to extract all information that is needed to
decode this Data Slice Packet (Type 2), or the 1st occurrence of a Data Slice packet issignalled in the preamble with a
pointer mechanism (Type 1, requires constant modulation and coding)).

Freguency notches can be inserted into the C2 signal across a C2 frame. Frequency notches are used for two reasons.
On the one hand notched frequencies reduce radiation of C2 signals from the cable networks on the air. In addition they
are used to improve the C2 signal quality by excluding frequency ranges that are affected from interfering signals

(e.g. CW carriers, etc.). The C2 standard [i.1] differs between narrowband and broadband notches and is described in
more detail in clause 9.3.5 of ETSI EN 302 769 [i.1].

8.7 OFDM Signal Generation
8.7.0 Introduction of OFDM Signal Generation

The DVB-C2 specification introduces the new concept of Absolute OFDM, in which all OFDM subcarriers are seen
relative to the absolute frequency 0 MHz instead of a centre frequency as used in other systems, e.g. DVB-T2. This
leads to the formulas given in clause 10.1 of ETSI EN 302 769 [i.1] that mathematically define the transmitted signal,
but are impractical for real implementations. Real implementations for OFDM signal generation are normally based on
the Fast Fourier Transform and the equivalent lowpass representation of signals. However, the generation of a standard
compliant DVB-C2 signal using the equivalent lowpass representation requires additional considerations. Unwanted
phase jumps may be generated between adjacent OFDM symbols that could disturb the synchronization procedure
within the receiver. The reasons for these phase jumps are described in detail in clause 8.7.1. Clauses 8.7.2 and 8.7.3
present practical solutions for the implementation of a standard compliant DV B-C2 transmitter.

8.7.1 OFDM Modulation Using the Equivalent Lowpass Representation
Generally, the generation of the OFDM signal in the passband isimpractical, as this requires extremely high sampling
rates. Hence, the generation in the equivalent lowpass representation is normally used [i.22]. Afterwards, the signal is
shifted from the equivalent lowpass representation into the desired passband.

The DVB-C2 standard ETSI EN 302 769 [i.1] defines the emitted passband signal by the following expressions:

qt)=Re \/Kt_ Z anl kWi

1=0 k=Ki;in
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where:

27 (t—AT,~mT.)
K ° - mTF +ITS St<mTF +(| +1)TS

l//m,l k (t) =

otherwise

and:
k denotes the carrier number;
I denotes the OFDM symbol number starting from O for the first Preamble Symbol of the frame;
m denotes the C2 frame number;
Kiota 1S the number of transmitted carriers, i.e. Ky = K, — K., +1, assumed to be amultiple of 2;
L total number of OFDM Symbols per frame (including the preamble);
Tg  isthetotal symbol duration for all symbols, and Tg= T, + A,
Ty  istheactive symbol duration;

A isthe duration of the guard interval;

Cmik Isthe complex modulation value for carrier k of the OFDM symbol number | in C2 frame number m;

Tr  istheduration of aframe, Tz = L¢Tg;
isthe carrier index of first (lowest frequency) active carrier;

K isthe carrier index of last (highest frequency) active carrier.

max

In order to generate this signal using the equivalent lowpass representation, the multiplication with a carrier signal,

e el , hasto be included. The term within the sums then describes the equivalent lowpass representation of the
signal. However, the carrier signal hasto be compensated within the equation ¥ to obtain the same output signal:

)= \/KT ‘Re {éz”“ Zij quk mw(t)} L)

m0 1=0 k=K_;,
with
jZIITL(t—A—|TS—mTF) — 2
_Jje Vv -e ¢ mig +ITe<t<mle +(1 +1
Ymik®)= Ftligst<mig ( )Ts @
otherwise

Equation (2) cannot be directly transformed into the equation known from clause 9.5 of the DVB-T2 specification,
ETSI TS 102 831 [i.4]. The reason is the second exponential term, i.e. the carrier signal. While the DVB-T2 equations
are independent from the actual carrier frequency f., thisinitially will lead to phase jumps between adjacent OFDM

symbols of the DVB-C2 signal. However, this effect can be avoided as explained in the following clauses.

The carrier frequency, which is not necessarily the centre frequency of the DVB-C2 signal, shall be defined as:
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where 1/T,, isthe OFDM subcarrier spacing, and k. isthe OFDM subcarrier index at the carrier frequency f.
Furthermore, k shall be substituted by K = K'+k_ . Thisleadsto:

ei ZEKT%JKC(I—A—I T,—miT:) e—J ant l (l )T
' = - T +1Te <t < i 1
l//m,l,k(t)_ mig +ll1g <mle +{I +1Tg (3)
0 otherwise
which can be reformulated as:
j2r X (t-A-IT,—mT:) —jzﬂﬁA(lﬂ +mle )
1 t — U s F -e u mTF +|TS <t< mTF + (I + 1)TS

l// m,l ,k ( ) - @

0 otherwise

Equation (4) looks similar to the signal definition of the DVB-T2 signal as described in clause 9.5 of ETSI

TS 102 831 [i.4]. However, both equations till differ in the last exponential term. This term is independent of the timet
and causes a constant phase rotation for all OFDM subcarriers of agiven OFDM symbol. Naturally, it is possible to
choose k.. freely (and thus f) and to compensate this phase rotation. However, this term can be avoided by choosing k.

properly. For this purpose, equation (4) can be written as:

5 ke A
j 27 (t-A-Tg-mT;) —i2rg5 Ty {_I_Uj(lH +mlg )
; e Ml +1Tg <t <mie + (1 +1)Tg

wlm,l Kk (t) =4€

0 otherwise

©)

A
where {T_j isthe relative Guard Interval duration, i.e. 1/128 of 1/64. Additional simplification of (5) leads to:
U

: A
ot e o7 oo

! u
V ik (t) =€ mMig +1Tg <t <mlp +(I + 1)TS ©
0 otherwise
Hence, this leads to a common phase rotation of:
A
o, =—2r- kc[.r_] (7)
U

for all OFDM subcarriers between two consecutive OFDM symbols, which depends on the choice of the relative Guard
Interval duration (A/ T, ) (i.e. 1/64 or 1/128) and the OFDM subcarrier k; at the carrier frequency.

A
If k. (T_j isinteger, the phase shift can be removed from the equation as it becomes multiplesof 27 . Hence, if k.
U

is multiple of 128 for Guard Interval 1/128, or multiple of 64 for Guard Interval 1/64, equation (6) can be written as:

A t—A—Tg—mT,
W' (t) — eJ ”TU( " F) mTF +|TS <t< mTF +(| +1)TS
ml k 0 ()

otherwise

which is similar to the equation for the generation of aDVB-T2 signal. However, it has to be noted that the carrier
frequency f. is not the centre frequency of the DVB-C2 signal in most cases.
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8.7.2 Calculation using the Fast Fourier Transform
8.7.2.0 Introduction

This clause describes two possible signal generations using the equivalent lowpass representation of the signal in the
transmitter. The first approach uses the centre frequency with pre-distortion, while the second approach uses an
optimized carrier frequency.

It has to be noted that similar considerations are also valid for the receiver. However, the receiver may use the continual
pilots to remove the common phase rotations, which is similar to the compensation of the Common phase error
introduced by phase noise.

8.7.2.1 Generation Using the Centre Frequency of the Signal with Predistortion

The centre frequency of the DVB-C2 signal can be described as:

fe :ﬁ 9
TU
with
K_ +K_.
kc — max 2 min (10)

However, this would lead to unwanted common phase rotations between consecutive OFDM symbols. Hence, these
rotations have to be compensated for generating a standard compliant signal. Therefore, the signal can be generated
using the equations:

1 it e |
qt) = \/7 -Re el c ZZ Z (thk . eJ(/)ml ).\P"ml ,k(t) 11)
Ktotal m0 1=0 k=K,
with
j2r K (t-A-1Tg—mTg)
k)= e U Ml +1Tg <t < mT,: +(+1)Tg (12)
0 otherwise
and
Py = =0, -+ +m-L;) (13)
where:
k denotes the carrier number;

k. denotesthe OFDM subcarrier at the carrier frequency f;
K denotes the carrier number relative to the OFDM subcarrier at the carrier frequency f, i.e. K=k-k

I denotes the OFDM symbol number starting from O for the first Preamble Symbol of the frame;

m denotes the C2 frame number;
Kiota 1S the number of transmitted carriers, i.e. Ky = Ko — K +1;
L,:(m) total number of OFDM Symbols per frame with index m (including the preamble);

Tg  isthetotal symbol duration for all symbols, and Tg= T, + A,
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Ty  istheactive symbol duration;

A isthe duration of the guard interval;

Cmik Isthe complex modulation value for carrier k of the OFDM symbol number | in C2 frame number m;

Tr  istheduration of aframe, Tz = L¢Tg;

Kyin i1Sthecarrier index of first (lowest frequency) active carrier;

Knax isthecarrier index of last (highest frequency) active carrier,

Pr, Phase jump between two consecutive OFDM symbols as cal culated equation (7) of clause 8.7.1.

Practically, this generation is equivalent to the generation of aDVB-T2 signal, ETSI TS 102 831 [i.4]. The only
difference is the additional phase correctionterm ¢, that linearly increases every OFDM symbol and compensates

the unwanted phase rotations in the generated output signal. The data C', that is used for calculating theinverse FFT is
theinner bracket of equation (11), i.e. (Cm,l,k .gl¥mi )

8.7.2.2 Generation Using the Optimum Carrier Frequency

As described in the previous clauses, a common phase rotation may be introduced to the system, depending on the
carrier frequency. This common phase rotation can be compensated in order to obtain an output signal as defined in
ETSI EN 302 769 [i.1]. Alternatively, this common phase rotation can be avoided by carefully choosing the carrier
frequency. Therefore, the OFDM subcarrier at the carrier frequency can be chosen as:

kC{KmaﬁKmm A 1] 1 1

: .TEJ.W

Ty

where A/ T, istherelative Guard Interval duration (i.e. 1/64 or 1/128). Practically, equation (14) obtains the carrier k,
that it is closest to the centre OFDM subcarrier (Kmax + Kmin)/Z, and additionally, generates multiplesof 27 in
equation (7) of the previous clause.

Consequently, the optimum carrier frequency f. is.
f.= ﬁ (15)

where 1/T;; isthe OFDM subcarrier spacing. Here, the resulting carrier frequency f. is not the centre frequency of the

OFDM signal in most cases. The maximum difference between carrier frequency and centre frequency can reach
approximately 140 kHz (8 MHz channel raster).

If the carrier frequency f.. is chosen as described in clause 8.7.2, the transmitted signal according to clause 8.7.1 can be
described as:

e Lol Ky
qt) :\/K[L ‘Re {e‘z’”ﬂ‘ ZZ ch,k Wik (t)} (16)
otal

m0 =0 k=Kin

j2r K (t-A-1Tg—mTg)
i F mMTE +ITg St<mTg + (I + 1)TS (17)

0 otherwise
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where:
k denotes the carrier number;

Ke denotes the OFDM subcarrier at the carrier frequency f;
K denotes the carrier number relative to the OFDM subcarrier at the carrier frequency f, i.e. K'=k-k;

I denotes the OFDM symbol number starting from O for the first Preamble Symbol of the frame;

m denotes the C2 frame number;

Kiota 1S the number of transmitted carriers, i.e. Ky = Ko — Koy +1;
Le total number of OFDM Symbols per frame (including the preamble);
Tg  isthetotal symbol duration for all symbols, and Tg= T, + A,

Ty  istheactive symbol duration;

A isthe duration of the guard interval;

Cmik Isthe complex modulation value for carrier k of the OFDM symbol number | in C2 frame number m;

Te  istheduration of aframe, Tz = LT
isthe carrier index of first (lowest frequency) active carrier;

K isthe carrier index of last (highest frequency) active carrier.

max

Thedata C', that is used for calculating the inverse FFT are the coefficients Cn, x Of equation (16).

8.7.3 OFDM Generation Block Diagram
8.7.3.0 Introduction

Figure 36 depicts the transmitter block diagram for the generation of the OFDM signal, which will be described in
detail in the following clauses. Firstly, the signal is zero padded for preparation of the Inverse Fast Fourier Transform
(IFFT). Then, the Guard Interval is added, the signal is converted from digital to analogue and finally, shifted to the
desired passband frequency.

s(t)

c X X' D/A &
k| Zero Xl g [Tk Guard Rl o Re{}
Padding Interval Pass
ol 27

Figure 36: Possible implementation of OFDM generation

8.7.3.1 Zero Padding

The Zero Padding is required to pre-condition the signal for the transformation of the frequency domain signal into the
time domain using the Fast Fourier Transform. Firstly, the signal has to be stuffed in order to fit the FFT size N.
Secondly, arealignment of the subcarrier positionsis required to be able to use the FFT.
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In order to be able to use the Fast Fourier Transform, e.g. based on the Radix 2 algorithm, it has to hold

N =2P, p=1,2,34,.... Furthermore, the value N shall be significantly higher than the actual number of used OFDM
subcarriersin order to avoid alias effects, i.e.:

Kita = Kpax = Kiin TIS N =K, +X (18)

total

where x shall be at least 512 for practical implementations.

Kmin K Kinax

0

kc Kmax Kmin kc_1

Figure 37: Principle of the Zero Padding

Figure 37 depicts the principle of the Zero Padding. In principle, it realizes a cyclic shift operation on the actually used
OFDM subcarriers and inserts zeros to the x (see equation (18)) remaining positions. Mathematically this operation can
be described as:

c 0<n<K, ., — k.

m,l,k.+n

X(N)yy = 0 otherwise for 0<SN<N 19
C'm,l,kc+(n—N) N_(kc_Kmin)Sn< N

where X(n),,, (or X, inshort) isthe N element input signal of the IFFT block.

8.7.3.2 IFFT Calculation

The signal has been generated within the frequency domain. The task of the inverse Fast Fourier Transformisthe
calculation of the corresponding time signal. Thisis achieved by means of:

@ =S x (@), N 0
X(K),, = N, €
! \ Ktotal k=0 :

for 0<Kk < N, where misthe OFDM symbol, | the C2 frame number, K, the total number of active OFDM
subcarriers, and x(K),,, has the short hand notation X, .
8.7.3.3 Guard Interval Insertion

Figure 38 depicts the insertion of the Guard Interval. Thisis acyclic copy of the last part of the useful OFDM symbol
part, which is copied to the beginning. Mathematically, the OFDM symbol X' (K) including the Guard Interval is
obtained as described in equation (21).
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Useful OFDM Symbol Part

X(O) X(N -1
x(0) ><(N+N%—1)

Figure 38: Generation of the Guard Interval

k+N—N-TﬁJ osk<|\|-TA
X (K) ) = R v A N A (21)
{k—N-—j N.-—<k<N+N-—
TU U TU
8.7.3.4 Digital to Analogue Conversion and Low-pass Filtering

The previous calculations have been made in the digital domain. The task of thisblock is the conversion into an
analogue signal. Therefore, the signal X'(K),; sampled with the sampling rate N /T, hasto be converted from digital to
analogue OFDM symbol by OFDM symbol. This causes alias at multiples of the sampling rate as depicted in figure 39
that have to be removed by means of alow-pass filter. Thisfiltering is simpler for higher distances between the wanted
and the alias signal's, which is the reason why small values of x for the zero padding (see equation (16) of clause 8.7.3.1)
areimpractical.

Ajsiy’
Lowpass filter

K

Alias Alias

Krir k. ~NT, Krak—N/T, Knm_K: Kwax_K Knln_K+WE e NT
Figure 39: Spectrum of the digital signal and its aliases

8.7.3.5 Frequency Shifting

Fina step isthe shifting of the equivalent lowpass signal into the wanted passband. This goal is reached by mixing the

signal with the carrier frequency f_, which is similar to a complex multiplication of the signal by e 2 and the
transmission of itsrea part.
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8.8 Spectral Shaping

8.8.0 Introduction to the principles of the modulator output signal filtering

The effective bandwidth of a DVB-C2 signal is calculated by the difference between the highest and the lowest
sub-carrier frequency. Its minimal and maximal limits are defined by the signalling mechanism chosen. The minimal
effective bandwidth amounts to some 7,61 MHz in a system based on 8 MHz channels and to some 5,71 MHz ina
system using 6 MHz channel spacing. It is defined by the requirement for a receiver that needs to be capable of
receiving a complete Data Slice which may not exceed the maximal number of 3 408 sub-carriers equivalent to

7,61 MHz (see clause 9.4.1.2 in ETSI EN 302 769 [i.1]). The maximal effective bandwidth cannot exceed some

450 MHz in 8 MHz cable systems and some 338 MHz in 6 MHz cable systems. The limiting effect is caused by the
range of values defined for the parameter assigning the position of the Data Slice to the sub-carrier number of the
OFDM signal (seeclause 9.4.3in ETSI EN 302 769 [i.1]). The Power Spectral Density (PSD) of the DVB-C2 RF signal
has a shape which is typical for signals based on OFDM. The example of figure 40 shows a DVB-C2 signal transmitted
in an 8 MHz channel. The corresponding mathematical expression for calculating the PDF is given in the DVB-C2
specification [i.1]. Main characteristics of the PSD are listed as follows:

1) Thein-band portion of the PSD occupying the frequencies between the lowest and the highest sub-carrier
frequency Kyin/Ty = foo min < = fse mex = Kimax/ Ty has arather flat distribution. Due to the introduction of the
Guard Interval in the time domain, small periodic ripples occur in the PSD in this frequency range. The ripples
have a periodicity equal to the sub-carrier spacing of 1/T|; and an elongation of some fractions of 1 dB.
Because of their small elongation, the ripples do not have any implication on the RF transmission
characteristic of a DVB-C2 signal. They are however mentioned at this stage for sake of completeness. For a
good approximation, the PSD is assumed to have a white distribution within the range of the sub-carrier
frequencies.

2)  PSD has steep edges at frequencies below the smallest sub-carrier frequency f <fg; 1, = Kiy/Ty and above
the highest sub-carrier frequency f > fg, o = Kpax/ Ty- The steepness of the edges decreases exponentially
with increasing distance to the sub-carrier frequencies.

3) The out-of-band portion of the PSD is attenuated by some 33 dB at frequencies of some 200 kHz distance to
fse min @ fs max: respectively. These frequencies correspond with the channel boundary of an 8 MHz

channel. Consequently, all DVB-C2 signal power radiated at frequencies beyond these boundariesis
considered to cause interference to signals transmitted in channels adjacent to the DV B-C2 channel.

PSD/ [dB]

-2 0 +2 +4 +6

Figure 40: Power Spectral Density of a DVB-C2 RF signal
transmitted in an 8 MHz channel
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Although the effective bandwidth of a DVB-C2 signal can be flexibly assigned within the boundaries mentioned above,
the introduction of DVB-C2 is considered to take place within the grid provided by the traditional channel raster either
based on 8 MHz or on 6 MHz channels. In such a scenario, aDVB-C2 signal isinjected in atraditional cable channel as
illustrated in figure 41 by way of an example. The DVB-C2 signal is placed centric in an 8 MHz channel adjacent to
both an analogue TV signal and a DVB-C signal. The power level, which is not standardized by DV B, was chosen to be
equivalent to the level of the DVB-C signal. In fact, the adjustment of the DVB-C2 signal level provides a further
degree of flexibility for the optimization of the DVB-C2 bandwidth efficiency in relation to the transmission conditions
provided by the network. Nevertheless, the selection of the final DVB-C2 transmission level requires consideration of
the out-of-band signal power radiated by a DVB-C2 signal exceeding the channel boundaries as described by item 3)
above. This out-of-band signal power generates interference with the signals transmitted in the adjacent channels. The
minimal transmission quality parameters relevant for cable networks such as the adjacent channel protection conditions
are standardized by IEC and CENELEC in their standards series IEC 60728, and are defined in Part 1 [i.18].

F
I I I I I I I I I I I I
| |analog TV (PAL) DVB-C2 DVB-C
&) |
H .
O
AL / \
e S | \
Channel n-1 Channel n Channel n+1 f/

[1 mIHz Div]

Figure 41: Qualitative depiction of an adjacent channel scenario comprising an analogue TV signal
(measured PSD), a DVB-C2 signal (simulated PSD), and a DVB-C signal (measured PSD) in a cable
system supporting 8 MHz channel spacing

In annex D further items concerning an optimized frequency utilization are discussed.

8.8.1 Optimized modulator output signal filtering with pre-distortion

Digital filtering improves the out-of-band emissions of the OFDM spectrum and therefore the isolation of the DVB-C2
channel towards adjacent channels. Filtering of the output signal isimplementation specific; thereforeit is not described
indetail in ETS| EN 302 769 [i.1].

However, filtering of the output signal can have an impact on the signal quality and decoding performance, whichis
especialy relevant for high constellation sizes such as 1 024-QAM or 4 096-QAM. Additionally, the channel impulse
response length of the digital filter reduces the maximum tol erable echo length.

It is recommended to keep the filter length as short as possible while still providing the required out-of-band filtering
effect. Shorter digital filter with high stop band attenuation however suffer from a significant amplitude ripple in the
pass band, i.e. in the frequency range of the active OFDM subcarriers. This ripple can be compensated by an artificial
pre-distortion of the active OFDM carriers, which is essentially inverse to the pass band channel transfer response of the
applied filter.

Inclause 4.2 of ETSI EN 302 769 [i.1] the building blocks of the transmitter side of the DVB-C2 signal processing are
depicted before the signal is processed by the digital-to-anal ogue converter.

-1
H™ | & Filtering

Frame ‘.ég_, OFDM “é_)DA’

Builder

Figure 42: Filtering and pre-distortion of a DVB-C2 signal

Predistortion h (n)
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Typicaly, the filtering of the output signal is applied in the digital signal processing domain by convoluting the signal
with the filter kernel h(n) (or by the impulse response h(t) in the continuous time domain, respectively). In this
approach, the distortions of the active carriers introduced by the filtering are compensated by multiplication of the
active carriers with the inverse channel transfer function of the filter H~=1 at the frequency locations of the active
carriers. Depending on the concrete filter used the calculation of the inverse transfer function can be found analytically
or by transformation of the impulse response into the frequency domain.

NOTE: Itisknown that this OFDM carrier specific pre-distortion does not degrade additionally the available
guard interval length, as the cyclic convolution operation of the OFDM still holds true.

The filtering effect can be improved by an up sampled OFDM signal.

The OFDM generation, i.e. the IDFT and the insertion of the Guard Interval, is alinear time invariant process. Thus, the
pre-distortion of the active carriers by the inverse channel transfer function of the filter resultsin aflat spectrum when
synchronized to the OFDM symbol structure in the time domain, i.e. in case of a synchronized receiver.

When including the pre-distortion with filtering approach into the time domain signal representation of aDVB-C2
signal as provided in clause 10.1 of ETSI EN 302 769 [i.1], the (adapted) representation changes as follows:

s(t) = h(t) * Zz [6(t —A—1-Tg) * <rect (Tis + A) -Zk H™! (YI‘C_U) o elzn%t)]

where the symbols match the expression given in clause 10.1 of ETSI EN 302 769 [i.1].

8.9 Broadband DVB-C2 Systems

When scaling the bandwidth of a C2 system the following system specific requirement needs to be fulfilled: The useful
symbol duration T, and thus the carrier spacing 1/ T, isaconstant of the C2 system which shall not be changed.

Thus, the description of the emitted signal S(t) asprovided in clause 10.1 of ETSI EN 302 769 [i.1] identifies the time

continuous representation of a DVB-C2 signal for any combinations of the parameters K, and K __ derived from
any valid Layer 1 Signalling information (see example).

Considering the discrete signal generation using the a Discrete Fourier Transformation as described in clause 8.7.3 of
the present document the following equation needs to be fulfilled:

Ty =T, N with Ne {N > 4096 128N}

where T, denotes the useful symbol duration, T isthe sample rate of the output converter and N representsthe
DFT size for the OFDM signal generation. For the trivial case of deploying the minimum active bandwidth of

7,61 MHz for aDVB-C2 signal, the sample rate and the DFT size are well definedas T, =T and N = 4096 (see
clause 10.1 of ETSI EN 302 769 [i.1]). Since the elementary period is a constant of the C2 system as well, the
elementary period needs to be decoupled from the sample rate when scaling the bandwidth of the DVB-C2 signdl, i.e.

changing the DFT size. The DFT size N needs to be integer divisible by the least common multiple of the available
guard interval fractions, which is 128, to maintain an integer number of samples when inserting the guard interval
within the discrete time domain (see example).

EXAMPLE: A DVB-C2 system employing exactly one Data Slice of maximum bandwidth resultsin
K K., —K_ +1=3409 active carriers, the minimum of which resultingin 7,61 MHz

totd max min
bandwidth of a DVB-C2 system. However, adding further Data Slices of arbitrary bandwidth
scales the DV B-C2 system to higher bandwidth, approx. 450 MHz of which being the highest
value that can be signalled.

8.10 Peak-to-Average Power Ratio of DVB-C2: theoretical
considerations on basis of the Central Limit Theorem
The Peak-to-Average Power Ratio (PAPR) of adigital signal which is transmitted via cable networksis acritical

parameter. High peak values may either cause severe intermodulation in cable amplifiers or, even worse, may cause
clipping of signal components by lasersin optical transmission systems.
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A DVB-C2 signal with 8 MHz bandwidth (3 408 subcarriers) has a PAPR of about 12,2 dB (see figure 43) due to the
used OFDM modulation scheme. A DVB-C signa with 8 MHz bandwidth has a PAPR of 10,1 dB, about 2 dB lower
than a DVB-C2 signa with 8 MHz bandwidth. Concern was raised that multiple DVB-C2 signals would cause even
higher figures of PAPR as the peak values of the individual signals have to been added.
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Figure 43: PAPR of different OFDM modulation schemes

According to theoretical considerations and simulations made by TNO it is not correct to add the peak valuesin order to
calculate the Peak-to-Average Power Ratio (PAPR) for a set of digital signals. The Central Limit Theorem hasto be
applied, where the PAPR of a set of uncorrelated signals approaches asymptotically the Gaussian Probability Density
Function (PDF) for an increasing number of contributing signals. Simulations have been made with DVB-C signals.
Figure 44 shows the results. The dashed line is the Gaussian PDF. The blue line represents the PDF of asingle DVB-C
signal, which has a significantly lower PAPR than a signal which would have Gaussian PDF. In a scenario where 10
DVB-C signals are transmitted in a cable system, the PDF follows the magenta graph, which is already close to the
Gaussian distribution. Finally the red curve represents 50 DVB-C signals and this curve almost completely follows the
Gaussian distribution.
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Based on those results, the logical extension to the DVB-C2 caseis, that if a significant number of unsynchronized
DVB-C2 channels are transmitted in a cable network, or if aDVB-C2 signal is transmitted with alarge base of DVB-C
channels, the Central Limit Theorem applies as well and the peaks of single DVB-C2 channels are irrelevant for the
combined PDF of the total HFC signal-load, which follows the Gaussian distribution. PAPR reduction techniques are
therefore not required specifically to minimize PAPR where C2 OFDM-based signals are present in a cable network.
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Figure 44: PDF function of 1,10, 50 DVB-C signals in a CATV network

In conclusion PAPR is not arelevant issue in case DVB-C2 signals are introduced in cable networks which are already
carrying 10 and more DVB-C or DOCSIS® signals. Thisis the realistic scenario today in most of the CATV networks.
In those networks the PAPR is today already about 13 dB and would not change with the added DVB-C2 signals. In the
long term it can be assumed that DV B-C will be completely replaced by DVB-C2. In such a scenario it can be assumed
that many (more than 20) uncorrelated DVB-C2 signal will be transmitted in cable networks. Here again the PDF will
follow a Gaussian characteristic and the PAPR will be about 13 dB. In those scenarios the usage of the PAPR reduction
mechanism in DV B-C2 (reserved tones) would not make sense and would only reduce the spectrum efficiency, asthe
reserved tones would not be available for carrying payload data.

However the mechanism for reduction of PAPR in DVB-C2 is not useless, asit may be utilized e.g. in case asingle
DVB-C2 signal istransmitted via a distribution system (e.g. via glass fibre). Simulations have shown that with
appropriate algorithms for the generation of payload signals for the reserved tones a reduction of PAPR of about 3 dB is
possible.

8.11  Concept and usage of the DVB-C2 modulator interface
8.11.0 Introduction

Cable network today usually provide bi-directional connectivity and therefore are capable to offer bi-direction services.
However, traditional broadcasting services are playing an important role in the service offering of cable.

In case atraditional broadcasting serviceistargeted to be delivered to al customers connected to a network, it is self-
evident that a cable operator will try to shift complex signal processing to the single centralized master headend in order
to minimize the complexity of the signal processing in the local headends (see figure 45). Such effort may provide
significant cost savings, especialy in applications where there is a big number of local headends (hub / fibre node) in a
cable network. DVB has therefore developed a modulator interface for DVB-C2, meeting those requirements and
allowing significant cost savings and operational advantages for cable operators, applicable to any broadcasting type
service. The technical specification has been standardized by ETSI TS 103 287 [i.25].
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Figure 45: Example for the topology of a Hybrid Fribre Coax (HFC) cable network

8.11.1 Concept of the C2 Modulator Interface (Ml)

The concept of the C2 Modulator Interface splits the modulator into a centralized part and an edge part (see

figure 46). The block diagram does already give a clear indication, that complex processing blocks are located in the
centralized part of the C2-modulator. As the DVB-C2 specification does provide significant levels of flexibility, it was a
challenge for the design of the C2-MI to cover all technical DVB-C2 solutions the standards allows.
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DVB-C2 Modulator Interface
Figure 46: DVB-C2 modulator block diagram and location of the C2 Modulator Interface
The C2-M1 supports any DV B-C2 compliant modulator configuration which includes the following options:
e Modulator output bandwidth up to 450 MHz
e Change of modulation parameters on aframe by frame basis
e  Service specific modulation and robustness parameters
o Full flexibility of the 2 layer multiplexing structure
e Narrowband and broadband notches

The C2-M1 specification defines a Time Division Multiplexing (TDM) frame, which allows delivering the payload of
all subcarriers of aC2 frameto aC2-M| edge device. This TDM framing structure is optimized in terms of overhead.

8.11.2 Usage of the C2 Modulator Interface

In the starting phase of the DV B-C2 deployment the major application will be the transmission of broadcasting services
encoded and multiplexed in a Transport Stream (single PL P and asingle Data Slice) in atraditional frequency raster
(8 or 6 MHz, depending on the country). In this case the Transport Stream can be encoded and multiplexed in a
central master headend and delivered (e.g. via IP-multicast) to the different local headends via a fibre-based backbone
network. Usually such backbone systems are able to deliver Transport Streams up to several hundred Mbit/s. This
would allow extending the usage of the M1 to C2 systems occupying several traditional cable channels (e.g. 64 MHz
with up to 664,9 Mbit/s payload).

In case of single PL P configurations the C2-M | allowsto use a specia TDM schemes which reduces the overhead to

about 15 %, whereas for multi PL P configuration application the overhead isin the range of 26,3 % to 45,1 %,
depending on the chosen modulation schemes. For details see table 19 and table 20 in ETSI TS 103 287 [i.25].
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The C2-M 1 specification [i.25] gives 4 examples of typical applications of the C2-M 1 interface in Annex B.

8.11.3 Usage of the fragmentation mechanism

In case the payload of a C2 system exceeds the maximum capacity of a channel of the backbone system, the payload
frames shall be fragmented into n fragments, characterized by the carrier number of the lowest subcarrier and the carrier
number of the highest subcarrier associated to that fragment of a C2 system. A C2-M | system, capable to handle
fragmentation will be able to recognize the different fragments and to reassemble to complete payload of that C2-
System in the C2-M | edge device.

NOTE: Itisrecommended that C2-MI systems supporting fragmentation are labelled as class 1I1bN (see Annex C
of ETSI TS 103 287 [i.25].

8.11.4 Transport of C2-MI packets

The C2-M 1 specification offers three options for the transport of M1 packets over cable backbone systemsto the C2-M |
edge devices. Figure 47 shows the related protocol stack. Two solutions are based on the MPEG-2 Transport Stream.
The first can be used in cable systems where the Asynchronous Serial Interface (ASl) is used as the standard interface
to the backbone system for signal distribution. The second option fits for backbone configurations where IP multicast is
used. For backbone systems which do not require aMPEG-2 TS layer asimplified | P transport mechanism is available.
For more details see clauses 4.2 and 8 of ETS| TS 103 287 [i.25].

MPEG-2 TS / GSE
C2 Data 2 Frames)
C2-MI Packets
DVB Data Piping
DVB/MPEG-2 TS

RTP

DVB IPTV Phase 1 UDP
(MPEG TS over IP) ASI IP
Ethernet

Figure 47: The C2-Modulator Interface protocol stack

8.11.5 Reserved tones for PAPR reduction

The DVB C2-System provides the possihility to reduce the Peak-to-Average Power Ratio (PAPR) of the output signal
of aDVB-C2 modulator be means of reserved tones (for details see clause 9.7 in ETSI EN 302 769 [i.1]). Usually the
reduction of PAPR is not necessary in fully digital cable networks (mix of DVB-C and DVB-C2 signals), as discussed
in clause 10.8 in the present document. However, in case PAPR is needed in a configuration where the C2-M 1 is used,
the modulation parameters of the reserved tones shall be defined in the C2-M| edge device, asit only possible to detect
the relevant output level charateristics at the edge side.

9 Network

9.0 Introduction

The network provides the transport and distribution capability to deliver the DVB-C2 and other signals to a number of
customer receivers. Apart from the conveyance of the signal's, the network will add distortion signals like thermal noise
from the amplifiers, echo and intermodulation products associated with the non-linear behaviour of the amplifiers and
optical transmitters. To warrant good services, the network and the composite signal load should be designed for a
sufficiently strong signal level and an appropriate low distortion signal level for all signals and at al homes.
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The network design and the signal load and signal quality concerns a business trade off targeted at a most economical
delivery of the broadcast and narrowcast services. This trade off resultsin a maximization of the network load in terms
of the number of carriers and of the signal level. In practise the network load is limited by the non-linear character of
the active components; the network will be operated close to the level of overloading of the active components.

DVB-C2 will be added as a new digital transmission technology next to DVB-C and analogue TV and FM radio.
DVB-C2 supports different modulation and error protection schemes, each requiring an appropriate signal level and
signal quality. From the viewpoint of costs, operators will be inclined to apply the modulation scheme with the highest
capacity per channel, thus providing a further stimulus for a high composite signal level. The network challenge of
DVB-C2 concerns the appropriate maximum DVB-C2 signal level that yields a satisfactory trade off between the
network capacity in terms of the number of analogue and of digital channels at a specific modulation scheme and the
guality of these signalsin terms of signal level and signal-to-noise ratio and carrier to interference-plus-noise ratio
(SNR and CINR).

9.1 Components of a cable network
9.1.0 Introduction

The network consists of an ensemble of active components, splitters, multitaps and fibre and coaxial cables connecting
the DVB-C2 transmitter in the head end and the DV B-C2 receiver in the customer home. The network can be split into
the operator's network part and the customer in-home network part with the network termination outlet as a demarcation
point of both domains. From the perspective of the operator the wall outlet is considered as the system outlet. The
operator will warrant a minimum signal quality delivered at the system outlet.

Asarule, the operator will deliver signals at the system outlet with a sufficient but limited margin in terms of signal
level, SNR and echo to convey the signalsin the customer's home. This margin is a business choice of the operator.
Operators may deliver ahigh quality signal that allows passive in-home distribution to many receivers like analogue
TV sets, STBs, IDTVsand cable modems.

9.1.1  The operator part of the network

The operator part of the network should be constructed and maintained so that all signals at al homes have an
appropriate signal level. The required signal characteristics for FM radio, analogue TV and DV B-C signals, including
the minimum and maximum values, are specified in IEC 60728-1 [i.18]. Requirements for DV B-C2 have not been
defined so far.

9.1.2 The customer part of the network

Thein-home coaxial network of a customer may range from asingle coaxial lead directly connecting a customer
receiver like an analogue TV set, STB, IDTV or home gateway up to an extended coaxia network with branching point
and coaxial cablesto different rooms with or without a home amplifier. Installations and components may range from
high quality down to poor. Cabling and connectors with inferior shielding and low quality ohmic splitters are commonly
used. Coaxial cables are not always connected to a receiver port or properly terminated with an impedance of 75 Q.
Often, the cumulative attenuation of splitters and coaxial cablesisrather high. In particular the poor in-home networks
may deteriorate the signal level and signal quality.

9.2 Distortion signals
9.2.1 Echo

9.2.1.0 Introduction of standardized echoes profiles

Echo is caused by reflection of the signals at impedance transitions occurring at connectors, components, damaged
cables, incorrectly (or not) terminated cables. For the development of the DV B-C2 standard [i.1], the worst-case echo as
specified by the IEEE 802.14 [i.17] model has been assumed as a reference. This |EEE 802.14 [i.17] worst-case echo
specification is shown figure 48. To validate this echo requirement, the echo in two live networks and the impact of the
customer in-home network have been studied. The results of this study are briefly summarized below; the full study can
be found in [i.20].
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Figure 48: Worst case echo

NOTE 1: Figure 48 shows the worst case echo as specified in the IEEE 802.14 [i.17] channel model (solid red line)
and the echo as measured at several end amplifiersin the networks of Ziggo (NL, cascades of
2 amplifiers) and Telenet (B, cascades of 11 amplifiers).

NOTE 2: The open symbols represent the delay and magnitude of the bins of the measurements. The solid symbols
indicate the composite signal power of all the binsthat fall within adelay interval of the
|EEE 802.14 [i.17] mask.

9.21.1 Echoes caused by the operator network

In the networks of Ziggo (NL, cascades of 2 amplifiers) and Telenet (B, cascades of 11 amplifiers) the echo was
measured at 4 multitaps using a DVB-C anayser [i.17]. The signal delay and magnitude isindicated in the open
symbols of table 19. To compare the echo with the IEEE 802.14 mask [i.17], the signal power of all bins with positive
and negative delay within the delay ranges of the |IEEE 802.14 [i.17] mask were calculated (solid circles and squares).
The result shows that in these networks the echo does not exceed the |EEE 802.14 mask [i.17]. In fact thereisamargin
of about 10 dB.

To create areflexion in the forward direction, a backward and a next forward reflection is needed. In addition, the signal
has to travel backward and forward between the two reflection points. In total the reflection suffers asignal loss equal to
twice areflection loss plus the attenuation of passing the coaxia cable twice. IEC 60728-1 [i.18] provides minimum
requirements for reflection loss of passive components of 18 dB for low frequencies up to 10 dB for high frequencies.
Most modern components have significantly better loss figure for the high frequencies. Table 19 shows some estimates
of the signal loss and delay for cable segments of different length and for high and low frequencies. The estimates
demonstrate that the echo contributed in the HFC network is roughly 10 dB better than required by the

|EEE 802.14 [i.17] echo mask.

Table 19: Loss and delay of echoes

Length segment [m] 250 50 10 2
Frequency MHz} 140 [800 [140 [800 [140 [800 | 140 [800
Reflection loss (2x) [db] 36 20 36 20 36 20 36 20
Attenuation @ 3 dB/100 m (200 MHz) [db] 15 30 3 6 0,6 1,2 - -
Total Loss [dB] 51 50 [ 39 [ 26 |37 [21 [ 36 [ 20
Delay [ns] 2500 500 100 20
9.2.1.2 Echoes caused by the in-house network of the customer

Inferior in-home coaxial networks may severely degrade the echo, in particular when resistive splitters are used and
coaxial cableis not properly terminated. However, echo measurements showed that even in such inferior in-home
networks the echo still does not exceed the IEEE 802.14 [i.17] mask.
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9.2.2 Ingress

9221 Terrestrial broadcast services

Ingress of DVB-T signalsis known to occur in the vicinity of the DVB-T transmitters. The use of high quality leads and
passive components is an effective remedy.

9.22.2 Human activity in the home environment

In home activity such as switching on and off and plugging in- and out of electric equipment may cause severe burst
events. The impact of such burst events on the DVB-C2 performanceis not yet known.

9.2.2.3 Mobile services (Digital Dividend)

The EC intends to allocate the 790 MHz to 862 MHz frequency band for future mobile communication services
(e.0. using the fourth generation mobile technology: LTE). If this allocation is adopted, mobile transmission in the
in-home environment will severely distort the DVB-C2 signals. The impact of this use currently istopic of study.

9.2.3 Nonlinear behaviour of components
9.23.0 Introduction

In cable networks the amplifiers operate at a high output level. Because of this high output signal level, the non-linear
behaviour of the amplifiers becomes apparent. Commonly in the field of HFC engineering, the component is assumed to
behave according to the non-linear response function:

In the current practice only 2"d and 3'd order intermodulation is taken into consideration. Commonly these are referred
to asthe CSO and CTB beats. IEC 60728-1 [i.18] provides a detailed and compl ete description of the measurement of
the second and third order intermodulation clusters (the CSO and CTB beats) at a series of frequencies when applying a
load of un-modulated carriers. Next the carrier-to-intermodulation ratio (CIR) is calculated for all measurement
frequencies, and for both the CSO beats (CIR-g) and the CTB beats (CIR~g). This measurement is used to specify

the maximum output level of active components. The CIR~g5 and CIR-1g values at all carrier frequencies are
measured at different carrier levels. The CIR-g5 and CIR~g levels are frequency dependent, and a minimum or worst-
case value for both the CIR~g5 and CIR-1g can be appointed for a specific carrier level. Next the component maximum
output level is defined as the carrier level in dBuV for which respectively a 60 dB worst-case CIR~g5 and CIR-1g
valueisfound. If it is assumed that only 2"d and 39 order intermodulation contributes to the worst-case CIR g and
CIRctp values.

In the DV B-C2 deployment scenarios the HFC network will carry a mixed load of analogue and digital services. The
non-linear nature of the amplifiers results in the generation of intermodulation products of the analogue and digital
carriers. The intermodulation products can be distinguished in three types:

. Narrow band intermodulation products, the CSO and CTB cluster beats.
. Broadband, random noise-like intermodulation products.
. Impulse noise.

9231 Narrowband cluster beats

From the viewpoint of intermodulation, the analogue signal is dominated by the narrow band carrier; the broadband
video signa and the FM audio signals have alower spectral density and can be neglected. Because of the convolution,
intermodul ation of an analogue signal with another analogue signal produces a narrowband distortion signals (beats) at
anumber of well-defined frequencies. Intermodulation of al analogue carriers thus generates clusters of the beats at
specific frequencies, the well-known cluster beats. Figure 49 shows the spectrum of the cable signals and distortion
products for a cascade of amplifiers with a mixed load of PAL and digital carriers[i.19]. The figure is obtained from
simulation using a 2" and 3" order component model. The narrowband cluster beats are shown in blue.
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9232 Broadband random noise

In contrast to the intermodulation of a (harrowband) analogue carrier with an analogue carrier, intermodulation of an
analogue signal with a (broadband) digital carrier, either DVB-C or DVB-C2, and intermodulation of adigital carrier
with adigital carrier yields a broadband, random noise like distortion signal. The red curve in figure 49 shows the
broadband (random noise) distortion signal. This curve shows a periodic fine structure which reveals the period spectral
density of the raster of 8 MHz DVB-C and DVB-C2 carriers. The simulation was performed for relatively low DVB-C
and DVB-C2 signal levels, and therefore the broadband distortion signal is dominated by the intermodulation of the
digital carriers with the analogue carriers; intermodulation of digital carriers with digital carriersis till negligible at
these signal levels. The fine structure thus can be assigned to the convol ution of period raster of analogue carriers with
the periodic raster of digital carriers. For higher digital carrier levels, this fine structure becomes faint.
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Figure 49: Spectrum of cable signals and intermodulation products

NOTE: Figure 49 shows the spectrum of cable signals and intermodulation products for a cascade of amplifiers
with a mixed load of Pal and digital carriers. The figure obtained from simulation using a 2"d and 3"d
order component model.

9.2.3.3 Impulse noise

At high composite loads, impulse events start occurring [i.20]. The generation of impulse events is demonstrated in
figure 50. Figure 50 shows the probability density function (PDF) of a baseband real time distortion signal sample as
recorded with afast capturing system. The RF distortion signal is from a single amplifier (Ieft window) and a cascade of
8 amplifiers (right window) with a composite load of 96 digital carriers and had a centre frequency of 423 MHz and

5 MHz bandwidth. At alow carrier level P1, the PDF matches a Gaussian distribution. At higher carrier levels P2 and
P3, the PDF reveals atail reflecting the occurrence of impulse events. Statistical analysis showed that these impulse
events have arandom time distribution and a peak duration of about 100 ns associated with the 5 MHz bandwidth
resolution of the RF capturing system.

Single amplifier o Cascade of 8 amplifiers

—P1
—P2
—P3
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Figure 50: Probability density function (PDF) of the distortion signal caused by amplifiers
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NOTE: Figure 50 shows the probability density function (PDF) of the distortion signal caused of asingle
amplifier (Ieft window) and a cascade of 8 amplifiers (right window) with a composite load of 95 digital
carriers. The PDF are recorded for alow carrier level (P1) where the non linear behaviour is not notable,
at ahigh carrier level (P2) and at avery high carrier level (P3). All curves are normalized to the average
distortion signal power. The grey curve shows the PDF for random noise (Gaussian distribution). The
deviations at P2 and P3 are associated with impulse events.

9.3 Signal Requirements

9.3.0 Introducion

The networks will carry a mixed network load of FM radio, analogue TV (PAL or SECAM), DVB-C and DVB-C2
signals. For all servicesthe appropriate signal levels and the signal quality levels shall be warranted.

9.3.1 Signal levels

The minimum signal levels at the system outlet for FM radio, analogue TV and DVB-C are specified in
IEC 60728-1 [i.18], clause 5.4.

Currently, IEC 60728-1 [i.18] provides no requirements for the DVB-C2 signal level at the cable system outlet. A
guideline for the DVB-C2 signal level can be derived from the sensitivity figure of a DVB-C2 receiver and by
alocating a maximum signal loss associated with the in-home coaxia network between the system outlet and the
DVB-C2 receiver. Since the DVB-C2-based digital TV service isintended as an addition to the existing analogue TV
services, an operator may base his service concept on the scenario that digital TV will be watched on one TV set in the
living room while the anal ogue services can be watched elsewhere in the home. In this scenario, the coaxial branch
between the system outlet and the DV B-C2 receiver will consist of a splitter and a short coaxial lead which typically
corresponds with some 7 dB loss.

The receiver sensitivity is composed of the thermal noise floor, the minimum signal-to-noise ratio for quas error-free
reception and the implementation loss and follows from a straightforward power budget calculation asillustrated in
figure 51.

receiver sensitivity

receiver Implementation Loss

signal level theoretical required SNR for QEF

thermal noise floor

0

Figure 51: Budget calculation for receiver sensitivity

The thermal noise floor of broadband cable technologies with an 8 MHz channel width isabout 4 dBuV. The required
signal-to-noise ratio for quasi error free reception depends on the specific DV B-C2 modulation and protection schemes
asgivenin table 22 and figure 78 in clause 11.2 of the present document. Based on the implementation of the
state-of-the-art DVB-C receivers, the implementation margin is estimated 11 dB for the DVB-C2 1 024 and |ower
QAM modulation modes and 12 dB for the 4 096-QAM modulation mode. Table 19 lists the breakdown and the
minimum DVB-C2 signal level.

ETSI



100 ETSI TS 102 991 V1.3.1 (2016-01)

Table 20: Estimated minimum DVB-C2 signal level at the system outlet

. SNR Implementation In-home Minimum signal
Modulation %21?: NO('jg F\I/())or (dB) margin margin level
- (dB) (dB) (dBpv)
4/5 4 10,7 10 7 31,7
16-QAM 9/10 4 12,8 10 7 33,8
2/3 4 13,5 10 7 34,5
64-QAM 4/5 4 16,1 10 7 37,1
9/10 4 18,5 10 7 39,5
3/4 4 20,0 11 7 42,0
256-QAM 5/6 4 22,0 11 7 44,0
9/10 4 24,0 11 7 46,0
3/4 4 24,8 11 7 46,8
1 024-QAM 5/6 4 27,2 11 7 49,2
9/10 4 29,5 11 7 51,5
4/5 4 31,4 12 7 54,4
4 096-QAM 5/6 4 32,4 12 7 55,4
9/10 4 35,0 12 7 58

9.3.2 Signal quality requirements

9.3.2.0 Introductory remarks

The required quality of the signals at the system outlet for FM radio, analogue TV and DVB-C are specified in
IEC 60728-1[i.18].

9.3.21 Analogue TV
The carrier-to-noise ratio (C/N) requirements for analogue TV is specified in IEC 60728-1 [i.18], clause 5.8.

The carrier-to-intermodulation ratio (C/1) is defined as the ratio between the carrier signal and the weighted sum of the
CSO and CTB cluster beats measured as specified in [EC 60728-1 [i.18], clause 4.5.3. The requirement is specified in
IEC 60728-1 [i.18], clause 5.9.3.

9.3.2.2 FM radio
The carrier-to-noise ratio (C/N) is specified in IEC 60728-1 [i.18], clause 5.8.
9.3.2.3 DVB-C

The minimum composite intermodulation noise ration (CINR) is specified in IEC 60728-1 [i.18], clause 5.8.

9.3.24 DVB-C2

For DVB-C2 currently |EC 60728-1 [i.18] does not provide the signal quality requirements. However, DVB-C2 has
been designed and optimized for the existing HFC networks. The simulation scenarios used for the system validations
have been defined with the minimum network requirements as specified in IEC 60728-1 [i.18] in mind. Thisincludes:

. Echo
The echo should not exceed the IEEE 802.14 [i.17] specification, see clause 9.2.1.
. Narrowband interference

An operator should expect 3 narrow-band cluster-beats per 8 MHz channel when analogue services are
transmitted. Each cluster-beat has a bandwidth of 30 kHz with high signal levels, as shown in figure 51.
However, only few OFDM subcarriers will be affected by this noise.
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In aspecia case it may be assumed that the power spectral density of the narrow-band interferer is
significantly higher than the useful signal. Thus, the affected OFDM subcarriers do not carry any useful
information for the decoding process and can be treated as notches. Figure 52 depicts a simulation where

44 subcarriers (44- 2,232kHz=100kHz for 8 MHz channdl raster) have been notched (see figure 48). In case

of the applied modulation parameters 256-QAM and LDPC code rate 3/4 approximately 0,15 dB increased
SNR isrequired for error-free reception. Furthermore, the influence of omitting the use of the frequency
interleaver is also shown in thisfigure 53. Here, approximately 0,1 dB would have to be added additionally to
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the minimum required SNR value for error free reception.
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Figure 52: Impact of a narrowband interferer (100 kHz bandwidth) on the SNR requirements
of a DVB-C2 signal (8 MHz bandwidth), with and without frequency interleaving

SNR

First minimum requirements for the SNR for DV B-C2 are obtained from system calculations as shown in
table 22 of clause 11.2. However, in case of high network loads this minimum SNR may turn out too

optimistic due to the possible occurrence of impulsive noise.

A sope
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Figure 53: DVB-C2 signal with narrow-band interferer (cluster beat),
only few OFDM subcarriers will be affected
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9.4 Network optimization
9.4.0 Introduction

Operators will have to establish the optimum DVB-C2 carrier level for their networks, which allows robust and error
free DVB-C2 transmission at a sufficiently high modulation profile whereas at the same time the other services
(FM radio, analogue TV and DVB-C) are sufficiently protected.

The following subclauses of clause 9.4 summarize and explain the issues relevant in network optimization for DVB-C2
deployment. In particular the optimization of the DVB-C2 signal level is addressed.

9.4.1 The effect of the DVB-C2 carrier level

Figure 54 gives an illustration of the impact of the new DVB-C2 services on the nature and level of the distortion
signals. When deploying DV B-C2, an operator will not raise or lower the signal level of the existing FM radio,
analogue TV services and the DVB-C. Instead these signal levels will be conserved. For DVB-C2 instead, the operators
faces the problem of determining the appropriate signal level. The higher the signal level, the higher the throughput.
Figure 54 shows the level of the intermodulation products for alow DVB-C2 signal level (left panel) and a high
DVB-C2 signal level (right panel).
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Figure 54: Full spectra at the output port of the distribution amplifier of a cascade

NOTE: Figure 54 showsthe full spectra at the output port of the distribution amplifier of a cascade. The random
noise (thermal noise and broadband intermodulation products) and the narrowband composite cluster
beats are respectively shown in red and blue. The left figure shows a simulation for of alow DVB-C2
signal level, theright figure for a16 dB higher DVB-C2 level. The signal levelsin dBuV refer to the
level as measured with a spectrum analyzer with 300 kHz bandwidth resolution. Thusthe real DVB-C,
DVB-C2 and random noise intermodulation signal levels are about 14 dB higher than shown.

Comparison of both the windows of figure 54 shows that raising the DVB-C2 level does not change the cluster beat
spectrum (blue) whereas the random noise spectrum (red) is roughly 20 dB higher. Both observations are consistent
with the earlier mentioned origin of the intermodulation distortion products, see clause 9.2.3. The analogue TV carrier
level is not changed and the number has not changed, and so the number and magnitude of the narrowband cluster beats
is conserved. In contrast, since the DV B-C2 carrier level isincreased, a much higher signal level of broadband
random-noise is found, which is associated with digital-anal ogue and digital-digital intermodulation.

The above analysis shows that when introducing digital services thiswill have no impact on the multiple frequency
intermodulation interference (the CSO and CTB cluster beats) to the analogue TV services. It may contribute to the
reduction of the carrier-to-noise ratio of analogue services.
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Impact of the DVB-C2 signal level on DVB-C2 performance

Figure 54 schematically shows the impact of the DVB-C carrier level on the signal quality and performance of DVB-C
services for a single component or a cascade with a mixed analogue and digital load. For aload with DVB-C2 carriers
thereis no information available yet; however, a qualitatively similar behaviour can be expected. Both the CINR and
the bit error rate before interleaving and forward error coding are shown.

Based on this understanding, three ranges with a different distortion signal environment have to be distinguished in case
of amixed load of analogue and digital carriers, asindicated in figure 55:

a)

b)

©)

alow carrier level:

In this range the distortion signal is composed of the thermal noise of the amplifier(s) and the narrowband
cluster beats generated by the intermodulation of the analogue TV services. As explained in clause 9.4.1, the
number and amplitude of the cluster beats does not depend on the signal of the digital carriers. Raising the
DVB-C signal level yields a proportional improvement of the CINR. The CINR curve in thisrange has a
slope +1.

amoderatecarrier level:

In thistransition region, the generation of broadband noise by the intermodulation of adigital carriers with
analogue carriers (second and third order non-linear behaviour) becomes notable, but with no or small effect
on the CINR. This broadband random noise is additive to the thermal noise of the amplifiers and the
narrowband cluster beats of range A.

ahigh carrier level:

At this carrier level broadband intermodulation products overrule the thermal noise of the amplifiers as
demonstrated by a steep decline of the CINR curvein thisrange. Asarule, the CINR curve approaches an
asymptote with slope -4 which shows that 5t order intermodulation products do dominate the distortion signal.
In clause 9.4.4 afurther explanation is given of the order of the dominant intermodulation products. Although
the CINR for this high carrier level range still is sufficiently high for quasi-error free transmission in case of
noise with arandom noise power density distribution (arbitrary white Gaussian noise, AWGN), the bit error
rate increases dramatically in this range. This high bit error rate level agrees with the occurrence impulse noise
events.
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Figure 55: Schematic diagram explaining the nature of the quality of the signal of a DVB-C signal
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NOTE: Figure 55 shows the schematic diagram explaining the nature of the quality of the signal of aDVB-C
carrier for an amplifier or a cascade with a mixed analogue and digital load when increasing the carrier
signal level. The top panel shows both the CINR and the bit error rate before interleaving and forward
error coding. Additionally the figure indicates the nature of the distortion products present at the different
carrier levels. The lower panel shows schematically shows the signal level of the intermodulation
products and of the thermal noise for 8 MHz and 50 kHz measurement resolution. The carrier levelsrefer
to the output of an amplifier.

Although the above understanding is based on data obtained for components with aload of DVB-C carriers, a
comparable behaviour can be expected for DV B-C2 carriers. When considering the DVB-C2 signal level, operators
shall be aware of the generation of the above intermodulation products.

Irrespective of the DVB-C2 signal level, the spectrum will contain narrow band clusters beats. These narrowband
cluster beats will interfere with specific subcarriers of the DVB-C2 signal.

9.4.3 Impact of the DVB-C2 signal level on analogue TV services

Raising the DVB-C2 signal level above a specific value will increase the random noise distortion level and eventually
result in the generation of impulse events. It does not affect the number and magnitude of the cluster beats. Therefore,
higher DVB-C2 signal level will reduce the C/N of the analogue TV signals whereas the CINR is not affected.

The noise level in the C/N of the video carrier refers to the noise measured in the full TV channel, see

IEC 60728-1 [i.18], clause 4.6. Therefore, this C/N will degrade only when the level of broadband intermodulation
products approaches the thermal noise level; the C/N and CINR are related. Thus, the C/N of an analogue TV signal
will start to degrade when the digital carrier level approaches the level of maximum CINR.

9.4.4 Non linear behaviour of active components in case of digital loads

This clause contains preliminary findings based on first simulations and measurement of higher order intermodulation
interference effects in cable networks caused by digital signals. It will be subject to future revisions of the DVB-C2
implementation guidelines to further elaborate on the impact of non linear distortions in cable networks caused by
digital signals.

In the existing understanding of signal degradation associated with non-linear behaviour of components, generally only
2nd and 3'd order effects are considered. However, analysis of degradation data strongly suggests that not the 2nd and 3rd
order nonlinear behaviour degrades the digital signal, but 4th and 5t order effects. This hypothesis is based on the
following three observations and arguments [i.21]:

1) Mot of the CINR curves of acomponent with adigital load of 96 DVB-C carriers have an asymptote with
slope -4 associated with 5t order intermodulation for high carrier levels. In addition, as arule only alimited
transition range from the low carrier level part with slope +1 is seen, and without indications for intermediate
regions with 2nd or 3 order dominance. Figure 56 gives two samples of such CINR curves obtained from two
different amplifiers with aload of 96 digital carriers. The curves were measured with 8 MHz bandwidth

resolution. Next to the measured curves, the figures show the CINR curves from simulations using a 2"d and
3'd order component model.

2) Incaseof aload of unmodulated carriers, the CINR curves for the CSO and CTB beats can be recorded
separately and with a measurement resolution of 50 kHz. These curves respectively do show the ranges with
dominant 2"d and 3™ order intermodulation. An example of CINRg5 and CINR:1g curves and the

occurrence of dominant 2"d and 3" order degradation can be found in figure 53.
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Figure 56: Measured and simulated CINR curves for 119 MHz (f1), 420 MHz (f2) and 855 MHz (f3)

NOTE 1: Figure 56 shows the measured and simulated CINR curves for 119 MHz (f1), 420 MHz (f2) and 855 MHz

3)

(f3)as obtained for a component with a composite load of 96 digital carriers. The bandwidth resolution
was 8 MHz. The measured curves show a high carrier level asymptote with a slope -4. For the simulation
a2 and 3" order component model is used. The simulated and measured curves clearly are not
congruent, showing that 2nd and 3'd order intermodulation does not dominate the CINR curves.

The absence of visible or measureable 2nd and 3" order degradation in case of digital carriers can be explained
logically and straightforwardly, namely, as long as the 2" and 3 order intermodulation dominates the
intermodul ation distortion signal, these 2nd and 3" order intermodulation products have a smaller signal power
than the thermal noise generated by the component. To understand this point, it is helpful to compare the cases
of acomposite load of digital (broadband) carriers and of unmodulated and uncorrelated (narrowband)
carriers, with the same number of carriers and the same average signal level. Thus both cases have a system
load with a same composite signal power level, albeit composed of broadband signals and narrowband signals
in the respective cases. Evidently, the signal power of the intermodulation products will be the same in both
cases as well. However, the intermodulation products will be different in nature: the broadband load of digital
carriers will generate broadband random noise more or less evenly distributed in the frequency domain. In
contrast, in case of the load of unmodulated carriers, narrowband cluster beats are generated. Stated
differently; in case of the broadband signals the distortion signal power is completely smeared out over the full
frequency range whereas in case of the unmodulated carriers the distortion signal is concentrated in alimited
number of cluster beats with high spectral power density. Taking the thermal noise of the amplifier into
consideration, the broadband intermodulation signal level is below or equal to thisthermal noise level whereas
the cluster beats peak well above the thermal noise level, asillustrated in figure 57.
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Figure 57: Measured and simulated CINR curves
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NOTE 2: Figure 57 shows the measured and simulated CINR curves as obtained for a component with a (sloped)
CENELEC load with 42 unmodulated carriers for 119 MHz (f1), 420 MHz (f2) and 855 MHz (f3).
M easurement resolution was 50 KHz. The left panel shows the CINR for the CSO beats; the right panel
shows the CINR for the CTB beats. For the simulation a2"d and 3" order component model is used. The
measured curves show a high carrier level asymptote with aslope -1 and -2 for the CSO and CTB CINR
curves respectively. The simulated and measured curves have congruent shapes, showing that indeed 2nd
and 3" order intermodul ation dominates the CINR curves.
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Figure 58: Schematic diagram of the signal level of the intermodulation products

NOTE 3: Figure 58 shows the schematic diagram of the signal level of the intermodulation products as a function
of the carrier level. The noise levels are indicated for 50 kHz and with 8 MHz bandwidth resolution.

10 Receivers

10.1  Synchronization Procedure
10.1.0 Introduction

The DVB-C2 signalling scheme, consisting of Layer 1 and Layer 2 signalling, allows the receiver to acquire al relevant

information required to tune to the targeted service. This clause describes procedures of the receiver to detect and
process the relevant information.

10.1.1 Initial Acquisition

10.1.1.0 Initial Acquisition flow diagram

Theinitial acquisition is performed after the first switch-on of the receiver to detect the available DVB-C2 signals. The
procedure works as depicted in figure 59. Details on the different blocks are given in the following clauses.
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Figure 59: Initial acquisition flow chart

Firstly, the DVB-C2 receiver selects one of the possible signal bandwidth, i.e. 8 MHz or 6 MHz. Then, it chooses a
possible DVB-C2 signal frequency and tries to detect whether a possible DVB-C2 spectrum is available within the tuner
window. If a spectrum has been found, the receiver triesto evaluate if the signal isan OFDM signal. Next, the receiver
tries to synchronize onto the OFDM signal and tries to find the DV B-C2 preamble. If the preamble has been found, it is
decoded and the detection of the next DVB-C2 signal starts.

10.1.1.1 Spectrum Detection

The spectrum detection is required to tune correctly to a DVB-C2 signal. In order to be able to decode the complete L 1-
part2 signalling, the receiver shall be ableto receive at least 7,61 MHz (or 5,71 MHz in the 6 MHz mode) of one
DVB-C2 signal. It is especially required that the receiver does not try to decode the L 1-part2 signalling of two separate
DVB-C2 signals. Additionally, the receiver should not try to decode a specific part of aDVB-C2 signal that included
broadband notches.
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Figure 60: Principle of the spectrum detection, false spectrum (left hand side)
and correct spectrum (right hand side)

One means to overcome this problem is the application of spectrum detection. Figure 60 depicts this approach. The left
spectrum has frequency areas in which no energy is transmitted. Hence, this signal contains a broad-band notch at this

position or the receiver istuned onto two separate signals. Consequently, the receiver has not found a correct spectrum
and shall tune to another frequency.

A correct tuning position is the right figure. The spectrum does not contain any broad-band notches. Hence, the signal
may be avalid DVB-C2 signal and the receiver shall continue the synchronization process. However, it hasto be
mentioned that this signal may naturally contain narrow band notches, which may be placed in each valid tuner
window. Therefore, the receiver shall treat narrow-band notches like a DVB-C2 signal.

oA e e Mo e Qe
Time p Detector
domain output
signal

Figure 61: Possible implementation of the spectrum detector

A possible implementation of the spectrum detector is depicted in figure 61. The receiver uses the 4K-FFT block of its
OFDM demodulator to transform the time domain signal into the frequency domain. Next, it calculates the absolute
value of the different frequencies and uses a mean filter between adjacent frequencies. By means of a threshold the
receiver tries to estimate if the frequencies are used or not. Lastly, a gap detector counts the frequency gaps and triesto
estimate whether the tuning position contains a possible DV B-C2 signal without broadband notches or not.

10.1.1.2 Guard Interval Correlation

Most signals within the cable environment are not OFDM signals. Therefore, the detection whether the signal isan
OFDM signal is extremely useful. Asthe Guard Interval is a cyclic copy of the useful part of the OFDM symbol, the
receiver can try to correlate the Guard Interval against the useful part. If apeak (or several peaksin consecutive OFDM
symbols) is found, the receiver can assume that the signal is an OFDM signal with the assumed parameters. Details of
the synchronization algorithm are given in [i.12].

10.1.1.3 Coarse Time and Fractional Frequency Synchronization

The coarse time and the fractional frequency synchronization can also be achieved by means of the Guard Interval. For
details see[i.12].

10.1.1.4 Preamble Detection and Synchronization

Within this clause it is assumed that the temporal synchronization to the OFDM symbols as well as the fractional
frequency offset compensation has already been achieved. Thus, it is possible to demodul ate the data modulated on each
OFDM sub-carrier correctly, but a channel estimation cannot be performed and the actual carrier index k is unknown. If
it is possible to detect the index k of the received OFDM sub-carriers, a complete synchronization with the data stream
is achieved. Also the channel estimation is possible in this case, as the transmitted values of the pilots are known.
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The synchronization to the preamble is shown in figure 62. The demodulation part (red box) aready assumes a correct
demodulation of the OFDM sub-carriers, but without channel estimation and knowledge of the absolute sub-carrier k.
The block performs a DBPSK demodulation between two OFDM sub-carriers that have a distance of Dp=6, i.e. the
distance of the preamble pilots. Assuming the channel conditions are nearly static between to pilotsin the frequency
direction, which istrue due to the very short echoes in cable networks, the DBPSK demodulator outputs the Pilot
Scrambling Sequence w, P, i.e. the modulation of the pilots before the differential encoding. Naturally, this sequence can
only be calculated for the pilot positions, i.e. k is multiple of 6, while the output on the other positions depends on the
signalling data will be random like.

In order to find the sequence, the output of the DBPSK demodulator is used within a correlator. The reference sequence
is exactly the sequence ka for the pilot positionsin the desired frequency range. If k is not a pilot position the val ue of
the sequence is assumed with 0. If the demodulated and the receiver-generated sequence are the same, a significant
correlation peak occurs. By means of this peak, the receiver is able to estimate the offset in multiples of OFDM sub-
carriersand correct it.

1
-1 4 D-BPSK || Find Freq.
-+ OFDM =ity Correlator Peak — Offset
6T
Delay I
Ref.
Seq.

Figure 62: Synchronization to the preamble by means of the preamble pilots

10.1.1.5 Preamble Data Decoding Procedure
10.1.1.5.0 Introduction

The information transmitted within the preamble is cyclically repeated within the L1 Signalling Blocks every 3 408
OFDM sub-carriers, or 7,61 MHz in 8 MHz operation. However, it is not ensured that the tuning window of the receiver
front-end is aligned to an L1 Signalling Block. Additionally, the number of preamble symbols L is not known in

advance. Therefore, the receiver may use the block diagram of figure 63.
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Figure 63: Preamble Decoding Procedure

It is assumed that the receiver knows the position of the first preamble symbol. Thisistrivial if synchronization is
aready achieved, as the receiver knows the position of the previous preamble and the number of payload OFDM
symbols L, which have been signalled in the previous preamble. If the receiver has tuned to the preamble recently, it
will recognize the start of the preamble by means of the correlation as described in the clause above. In the very rare
cases in which the receiver has tuned into the preamble and missed the firs preamble symbol, the decoding procedure
as depicted in figure 63 can be applied. Naturally, the decoding of the L1 - Part 2 signalling data will fail and the
receiver has to wait for the next complete preamble.
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At the beginning the receiver does not know the number of preamble OFDM symbols. Thus, he simply assumed the
maximum number, which is Lp=8. Then, it takes the first OFDM symbol and sorts the sub-carriers and applies the

frequency de-interleaving. Then it tries to decode the Preamble Header. Out of its parameters the receiver isable to
calculate the correct number of preamble OFDM symbols. If the decoder was able to decode the data (see Data Slice
Packet Header decoding), it can set the correct number of preamble symbols. If it was not able to decode it, it tries to
decode it within the next OFDM symbol. When the number of preamble OFDM symbolsis reached, the receiver
decodes the L1 Signalling - Part 2 data.

The assumption of the maximum number of preamble OFDM symbolsis required for increased robustness in case of
preamble time interleaving. If e.g. the first preamble symbol islost due to an impulsive noise event, the receiver does
not know the length of the preamble. Hence, it hasto try to obtain it during the following OFDM symbols. If it finds the
parameters the decoding process may continue and will most probably be successful due to the time interleaving. On the
other hand, if the preamble was built by a single OFDM symbol, the receiver will not be able to decode the preamble
header in the next OFDM symbol, asit is already a data symbol. Hence, it will try to decode the maximum number of
OFDM symbol for the preamble (which is 8). This will naturally fail, especialy as the LDPC decoder will not
converge. However, this should not be any problem, as the decoding process of the payload will fail anyway due to the
missing signalling data, if no other means are used.

10.1.1.5.1 Data Sorting

The tuning bandwidth of the receiver front-end is always wider than one L1 Signalling Block. Therefore, the receiver is
able to receive the information within two blocks, and obtain the complete information by sorting of the data. Figure 64
shows an example. The receiver is optimally tuned to receive Data Slice 2. However, it isnot aligned to the L1

Signalling Blocks. However, it is able to recover the complete information by sorting two blocks as shown in figure 64.

Frequency

Time

Re-ordering

window

Figure 64: Recovery of a L1 Signalling Block

NOTE: Data-Slicesdo not have to be aligned with the L1 Signalling Blocks and therefore the tuning position
does not need to be aligned with the L1 Signalling Blocks as well, information is obtained by sorting of
the data of two partially received L 1-part2 Signalling Blocks.

One additional aspect is the presence of notches within the preamble, which may be required if no power shall be
transmitted on specific frequencies. For this purpose the DV B-C2 specification distinguishes between narrow and
broadband notches. The width of narrow-band notchesislimited to few OFDM sub-carriers only. The loss of these few
sub-carriers can be compensated by means of the FEC of the preamble easily.

10.1.1.5.2 Preamble Header Decoding
See Data Slice Packet Header decoding.

If the L1 block comprises several copiesof L 1-part2 cellsto fill the entire band of the L1 block, accumulation of those
L 1-part2 cellsimproves the resultant SNR therefore decoding performance. In addition, if the preamble is composed of
more than one OFDM symbol, the copy from each preamble symbol can also be used for the accumulation since all L1
headers carry the same information.
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10.1.2 Channel Tuning Procedure

For the tuning to a specific service, the receiver has already the information of the C2_delivery _system_descriptor,
which islocated in the NIT. This descriptor enables the mapping of a Transport Stream to the corresponding Data
Slice (data_dlice id) and the PLP (PLP_id) that carriesthis Transport Stream within the C2 system . For that purpose
it includes the OFDM parameters, the tuning frequency to obtain the Layer 1 - part 2 signalling information.
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Figure 65: Channel tuning block diagram

Figure 65 depicts the complete tuning procedure. Firstly, the system sets the OFDM parameters and the tuning
frequency as described within the C2_delivery _system descriptor and then tries to synchronize onto the DVB-C2
stream. If the DVB-C2 signal (especially the DVB-C2 preamble) is not found, the service is no longer present and the
tuning process is stopped. If the preamble is found the receiver decodes the corresponding Layer 1 - part 2 signalling
(L1-part2). If the desired serviceis not present within the signalling, the service does not exist and the tuning process
stops. If the serviceis present, the receiver recognizes from the C2_tuning_frequency_type field if it has already tuned
toitsfinal Data Slice specific tuning position. If thisistrue it can immediately start to decode the service. Otherwise
the receiver calculates the tuning position out of the Layer 1 - part 2 signalling (L 1-part2) information, re-tunes to this
position and starts to decode the desired service.

ETSI



113 ETSI TS 102 991 V1.3.1 (2016-01)

10.1.3 Preamble Time De-interleaver

10.1.3.1 Phase of time de-interleaving

Asthe L1 TI block is synchronized to preamble boundary in time direction, the receiver can begin preamble time
de-interleaving after C2 frame detection. The receiver first detects the preamble and decodes L1 header to get
information about preamble time interleaving parameters. Then, the receiver can immediately start de-interleaving with

ade-interleaver buffer.
10.1.3.2 Pre-processing to time de-interleaving

The pre-processing from preamble synchronization to preamble time de-interleaving process is depicted in figure 62,
which is a de-interleaving process as a counterpart to the time interleaving shown in figure 28 of ETSI
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Figure 66: Time de-interleaving of L1 part 2 data

After the receiver detects the preamble and synchronizesto the L1 signalling block (occupying 3 408 carriers or

7,61 MHz bandwidth), it detects and decodes the L1 header. Regarding L1 header decoding process, there are two
possible ways. One way isto decode only the first L1 header and get parameters, L1 INFO_SIZEand L1 TI_MODE.
The other way isto combine all L1 headersinside L1 signalling block and decode the combined L1 header to get
advantage of SNR gain. Asthe header signalsinclude synchronization sequence, it is possible to detect and combine all
L1 headers without decoding parameter L1 _SIZE_INFO from the first L1 header signalling.

Next, the receiver may combine all L1 T1 blocksinside the L1 signalling block to get better decoding performance like
asin the case of L1 header decoding described above. The number of combined L1 TI blocks is determined by the
number of copied L1 TI blocksto fill the entire L1 signalling block in the transmitter side. The combining of L1 Tl
blocksin different locations are indicated by dashed lines of different colours (red and blue) in combining stage of
figure 66 Asthe L1 header is not included in preamble time interleaving and the interleaving sequence is same for every
L1 TI block within the preamble, the same pattern is reserved for every L1 TI block so the TI blocks can be combined

without any interference.

Finally, the preamble time de-interleaving processis applied according to the L1_TI_MODE &fter L1 header removal as
shown in figure 66. Note that the interleaving depth may be different for the same amount of L 1-part2 data.
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10.1.3.3 Memory-efficient implementation of time de-interleaver

Memory efficient way of de-interleaving for the preambleis very similar to that of de-interleaving for the Data Slice
(see clause 10.2). The address generation and memory handling are exactly same. The only difference is that for the
preamble de-interleaving, neither preamble pilot nor reserved dummy carrier for PAPR reduction isincluded evenin
address generation. Therefore, the selective reading process like equation (25) of clause 10.2 is not necessary.

10.1.3.4 Disabled time interleaving

The L1 time de-interleaving may be disabled in cases where the L1 time interleaving is not applied to the preamblein
the transmitter side for the fast access to the L 1-part2 data or short latency application. In this case, it may still be
useful to use the de-interleaver memory as a buffer, but the read and write sequences will both be identical.

10.2  Time de-interleaving of payload data

10.2.1 Phase of time de-interleaving

Asthe Tl block is synchronized to Data Slice boundary in the time direction, the receiver can begin time de-
interleaving after C2 frame detection. The receiver first detects the preamble and decodes L 1-part2 data to get
information about time interleaving depth. Then, the receiver can immediately start de-interleaving with a de-interleaver
buffer.

10.2.2 Memory-efficient implementation of time de-interleaver

The permutation function for the time interleaver is the same for each Tl block within the C2 frame and so it might
appear that two blocks of memory are required in the de-interleaver. However, a more efficient method exists using
only one Tl block's worth of memory. The memory-efficient de-interleaver is shown in the block diagram shown in
figure 67.

— > De-interleaver memory —m

Input data symbols Output data symbols
(interleaved - (de-interleaved
sequence) sequence)

Address generator

Figure 67: De-interleaver block diagram
During each TI-block (except the first) data cells are read out one at a time from the de-interleaver memory according

to the addressing sequence produced by the address generator. For each cell read out, a new cell fromtheinput is
written into the memory at the same address, as this memory location has just been cleared by reading the output cell.
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Figure 68: Implementation of de-interleaver memory

NOTE: Figure 68 shows the implementation of the de-interleaver memory, showing (a) the conceptual
implementation with rows and diagonal s which defines the de-interleaving sequence and (b) the actual
implementation as a sequential block of memory.

The time interleaver is defined to write data input into diagonal direction and read out row-wise from (Rrowsx C
columns) buffer memory. The de-interleaver will therefore write datainto R rows and read along the diagonal direction
as shown in figure 68 (a). The line number 1 in diagonal direction isfirst read and the line number 2 is next read and so
on. The total memory of the interleaver is therefore defined by:

M =RxC

The actual block of memory to be used will be implemented as a sequential block of memory, as shown in figure 68 (b),
and the main problem to be solved isto calcul ate the correct address sequence. The addresses of the elements of the
memory will be calculated by index i, where:

0<isM-1

The address generation can be better understood and explained by using 2-dimensiona (2-D) memory shown in

figure 68 (a). The addresses for sequential memory shown in figure 68 (b) can be easily calculated from the addresses of
2-D memory by simple conversion. A general equation for address generation can be obtained from following
implementation perspective.

The address for the cell of 2-D memory can be defined by a coordination (c; i ri,j) of which the element isarow and a

column index for thei-th data of j-th Tl block. To read the datain diagonal direction as shown in figure 68 (a), the
"READ" address for i-th output data of a Tl block can be calculated by adding an increment 5 ; to the row index r; ; of

the"WRITE" address for i-th input data of the same block. The amount of increment changes on a column by column
basis.

For the first Tl block (j=0), after all input data are written row-wise into memory, the READ address of the first data
output (i=0) is same as the WRITE address of the first datainput; thereis no increment inr, 5 and the READ addressis
set to (0, 0). For the next address generation hereafter, the increment s ; is added to ther; , of the WRITE address to get
ther; 5 of the READ address. Theincrement s  increases by 1 asthe dataindex i increases until ther; , becomes (R-1);
the last row is met. Whenever the last row is met, the increment for ther; ; of the next READ addressis reset to 0; the
row index rolls up to the first row index. This process continues until the c; , becomes (C-1); the last column is met. The
firstlinein diagonal direction will be found by addressing the (¢; , ; o) coordinatesin the order:

(0,0), (1, 1), (2, 2), ..., (R-1, R-1), (R 0), (R+1, 1), (R+2, 2), ..., (C-1, (C mod R)-1)
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This completes one cycle of reading the first line in diagonal direction in figure 68(a). Then, the process over second
line begins by setting the READ address to that of the first cell of second row and the same way of reading is repeated.
The address sequence for the second line in diagonal direction will be:

0,2),(1,2,(2,3),...,(R2,R1),(R10), (R 1), (R+1, 2), ..., (C-1, Cmod R)
When the last cycle of reading is finished, the whole process of reading over first Tl block is completed.

The following equation generates (C; , I; o) of the READ address as described above:

Co=imodC
S§0=GC,Mmod R (22)
lo=[So+(divC)] mod R

Theterm (i div C) can be interpreted as the WRITE address for datainput into the (i div C)-th row and the increment s;
is added to get the row index of READ address.

This describes the addresses to be generated to read out the first TI-block of de-interleaved data. However, the same
address will aso be used to write the new data symbols. Therefore, when this second input TI-block has all been
stored, it too will be need to be read out in de-interleaved sequence.

Once again, the row index r; ; of the READ address for the second TI block may be calculated by adding an
increment s o to 1 o (r; o becomes the row index of the "WRITE" address for the second TI block). As another but

simpler way, the increment itself can be accumulated asthe T1 block index j increases. Since the increment step is fixed
to 5 o according to the de-interleaving rule, accumulation is identical to multiplying s ¢ by block index j. By applying

the accumulation of increment for j-th block, the general equation of (22) will be:
G, =imodC
S,j:(jXQ,j)MR (23)
., =[s, +(idivC)mod R

Note that ¢; 5 as well asc; ; areindependent of block index j so ¢;  is replaced by c; ; in generating the increment s; ;.

Returning to the address generation for the sequential memory shown in figure 68(b), the coordinate address (c; jr i ’j) of
2-D memory can be converted into the linear address for the i-th data of j-th TI block by:

L,=C-r,+¢C; (24)

The corresponding linear address for the 2-D memory is shown in figure 68(a).

Consider as an example the case when the de-interleaver has 8 rows and 12 columns. The address sequence generated
for this Tl block would be 0, 13, 26, 39, 52, 65, 78, 91, 8, 21, 34, 47, 12, 25, 38, 51, ..., 92, 9, 22, 35.

Note that the time de-interleaver for the Data Slice should output only data cells even if the addresses for the pilots and
reserved dummy carriers are temporarily generated. For this operation, the time de-interleaver should know in advance
the exact positions of those non-data cells and skip the memory reading process:

for i=0i<M;i=i+1{
Generate Address L, ;;
if (c;,r,;)=DataCell Address (25)
Read /Write Cell at L, ;;

}

The time de-interleaver memory may be further reduced not to include non-data cellsin practical implementation.
However, the de-interleaver output should not change the de-interleaving sequence and the number of data cells
allocated to each OFDM symbol within Data Slice when such kind of optimal size of memory is used.

ETSI



117 ETSI TS 102 991 V1.3.1 (2016-01)

A practical implementation to generate the above address sequence is straightforward. When the receiver startsto
de-interleave the cells of aData Slice after its synchronization, the address generator resets its increment s  for the

row index to 0. Once the address generation isinitiated, the only value to be stored for the use in next de-interleaving
frameisthe TI block index j used for the previous de-interleaving frame. The increment itself can be generated by using
the sample index i so needs not be stored.

10.2.3 Disabled time interleaving

The time de-interleaving may be disabled in cases where the interleaving is disabled in the receiver side for short
latency application. In this case, it may still be useful to use the de-interleaver memory as a buffer, but the read and
write sequences will both beidentical.

10.3  Frequency de-interleaving of payload data

The frequency de-interleaver in DVB-C2 is applied to the equalized payload cells of a given Data Slice from one
OFDM data symbol to the next. The number of payload cells per Data Slice per OFDM data symbol (Npg) can vary

from data symbol to data symbol. Npg comprises the number of cells (Kpg yax - Kpgmin ) minus the number of

continual pilots, scattered pilots, reserved tones and cells that are located in notches within the Data Slice. Most of this
information is either carried in or can be derived from the Layer 1 signalling. For this purpose, assume that a function
DataCells(slice number, data symbol number, L1 info) existsin the demodulator to provide Npg for agiven Data Slice

number, data symbol number and from the Layer 1 information. The frequency de-interleaver shall be capable of de-
interleaving received payload cells of the largest possible Data Slice with max(Npg) cells given that

(Kpsmax - Kpsmin) = 3408. This means that the interleaver shall be capable of dealing with N, payload data cells
where:

Nmax = (KDS,max - KDS,min) - NSP,DX =24" NCP

and Ngp b, = 24 iSthe number of scattered pilotsin 3 408 sub-carriers for the Dy = 24 scattered pilot pattern and N¢p is
the number of continual pilotsin 3 408 sub-carriers.

The frequency de-interleaver memory is split into two banks: Bank A for even OFDM data symbols and Bank B for
odd OFDM data symbols. Each memory bank comprises of N,,,,, locations. Similar to the transmitter, a DVB-C2

receiver should use odd-only pseudo-random de-interleaving. In this the equalized payload cells from even OFDM data
symbols (data symbol number of form 2n) of the Data Slice are written into the de-interleaver memory Bank A ina
permuted order defined by the sequence H(qg) and read out in a sequential order. Similarly, equalized payload cells

from odd OFDM data symbols (data symbol number of form 2n+1) of the Data Slice are written into de-interleaver
memory Bank B in a permuted order defined by the sequence H4(q) and read out in a sequential order. In each case, the

permuted order addresses H[Ql] (q) are provided by the pseudo-random address generator from clause 9.4.5 of ETSI

EN 302 769 [i.1]. In order to produce a continuous stream of cells at the de-interleaver output, when Bank A is being
written (incoming even data symbol), Bank B is aso being read (outgoing previous odd data symbol). Indeed, there is
asequential counter g used as the sequential read addresses and also as the lookup index to each of the permutation
functions Hy 11(q) which provide the write addresses. If all data symbolsin the Data Slice contained Nz, = Cygta

payload cells, then the number of write addresses for data symbol number 2n+1 shall match the number of read
addresses for data symbol number 2n otherwise some data cells of data symbol 2n will be skipped. Unfortunately Npg

can be different from data symbol to data symbol. Suppose Npg(2n) is less than Npg(2n+1) then the pseudo-random
address generator H () would have to produce more addresses than there are cells to be read from memory Bank A

because the sequential LookUp-Table (LUT) indices for generating the permuted write addresses for writing to Bank B
would range from 0 to Npg(2n+1)-1. The case in which Npg(2n) > Npg(2n+1) can also occur. In this case the sequential

read address counter for Bank B would need to exceed Npg(2n+1)-1 as more H(q) write addresses are needed for Bank

A Recadlling that the function DataCells(slice number, data symbol number, L1 info) returns the number of payload cells
in the current dlice for the given data symbol and noting that HoldBuffer is a small amount of storage with write
address wptr and read address rptr, the de-interleaving proceeds as follows at the reception of an even data symbol
number 2n:

1) q=0
2)  Cpax = max(DataCellg(slice number , 2n-1, L1 info), DataCells(slice number , 2n, L1 info));
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3) Generate address H(0);
4) rdEnable = (q < DataCells(dice number , 2n-1, L1 info));
5)  wrEnable = (Hy(q) < DataCells(slice number , 2n, L1 info));
6) if (rdEnable) Read cell g of output de-interleaved data symbol 2n - 1 from location g of memory Bank B;
7)  Store cell g of incoming interleaved data symbol 2n into location wptr of HoldBuffer and increment wptr;
8) if (wrEnable):
a  Writecell rptr of HoldBuffer into location Hy(q) of memory Bank A and increment rptr.
b)  If(wptr == rptr) reset both rptr = wptr = 0.
9) Increment q;
10) if (q<C) goto 3.
Then with data symbol 2n+1 at the input of the de-interleaver:
) aq=0;
2)  Cpax = max(DataCells(slice number , 2n, L1 info), DataCells(slice number , 2n+1, L1 info));
3) Generate address H,(0);

4) rdeEnable = (q < DataCells(slice number , 2n, L1 info));
5)  wrEnable = (H;(q)< DataCells(slice number , 2n+1, L1 info));
6) if (rdEnable) Read cell q of output de-interleaved data symbol 2n from location g of memory Bank A;
7)  Store cell g of incoming interleaved data symbol 2n+ 1 into location wptr of HoldBuffer and increment wptr;
8) if (wrEnable):
a  Writecell rptr of HoldBuffer into location H4(q) of memory Bank B and increment rptr.
b)  If(wptr == rptr) reset both rptr = wptr = 0.
9) Increment q;
10) if (q<C) g0oto 3.

The required width for each memory location depends on the resolution with which each cell is represented after
channel egualization. Each de-interleaver memory cell would hold at least: the complex cell information and the
channel state information for the cell.

10.4 Use of Pilots

Pilots can be used for typically the following four purposes:
. C2-frame synchronization.
. Integer frequency offset estimation.
e  Channel estimation.
. Common phase error estimation.

The C2-frame synchronization is introduced in clause 10.1, the frequency offset and channel estimation details are
discussed in clause 10.5 and the common phase error estimation method is described in clause 10.5.1.
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10.5 Phase noise requirements
10.5.0 Introduction

Phase noise is specified as single sideband phase noise power in a1 Hz bandwidth at a frequency f from the carrier
frequency. The unit of L(f) isdBc/Hz, representing the noise power relative to the carrier power contained inal Hz
bandwidth centred at a certain offsets from the carrier (e.g. at 10 kHz offset).

DVB-C2 uses OFDM and DVB-C single carrier QAM. Therefore the effect of phase noise on the signal will be
different for DVB-C2 compared to DVB-C. Generally the phase-noise considerations are the same as for DVB-T/T2.

Phase noise added to an OFDM signal causes two distinct effects: common phase error and ICl.

L ow-frequency noise gives rise to common phase error. Common phase error is a common rotation of all the
constellations transmitted in one OFDM symbol. Because it is common for al carriers, it is possible to measure it and
cancel it out. The DVB-C2 standard [i.1] includes continual pilots which, amongst other uses, can be used for the
purpose of cancelling common phase error, according to the method described in clause 10.5.1. Taking this and other
possible cancellation measures into account, the impact of common phase error is expected to be negligible.

High-frequency noise causes inter carrier interference (ICl). ICl isaform of crosstalk between carriers and manifests
itself as an additional noise term, degrading the constellation SNR. The ICl part of the phase-noise may be
approximated by integrating L (f) from half the carrier spacing to half of the signal bandwidth on both sides of the
carrier. An accurate calculation requires the use of weighting functions, e.g. as described in [i.13].

In practice, tuners will vary in their phase-noise spectra, and manufacturers should therefore calculate the ICl value
caused by the phase noise values of their tuners. Because ICI behaves like AWGN manufacturers then can estimate the
implementation loss of their tuners.

10.5.1 Common phase error correction

Low-frequency phase noise causes common phase error. Since the random rotation of common phase error are (by
definition) the same for every carrier within the same OFDM symbol they can be measured (and thus corrected if
desired) by using the Continual Pilots (CPs).

CPs are specified carriers which transmit reference information in every symbol. The reference informationisa
function of the carrier index, k.

The random change in common phase error from one symbol to the next can be measured as follows. The received CPs
are differentially demodulated on each CP carrier by multiplying the current symbol by the complex conjugate of the
same carrier in the previous symbol. The values are summed for all the CPsin one symbol. The argument of the
resulting complex number is the common phase error of the current symbol with respect to the previous one. This can
be used to correct the current symbol. In effect the very first symbol received is treated as a reference of zero common
phase error.

The summation of the results for alarge number of CPs reduces the effect of normal additive noise by averaging. This
isimportant since this additive noise will itself contribute a phase-noise component to the measurement - it isimportant
for this to be substantially smaller than the common phase error which is being corrected, otherwise the correction
process will an negative impact. It may also be necessary to exclude from the calculation any CPs on carriers that have
been found to be suffering from CW or any interference.

The common phase error-corrected symbols are then used in all subseguent processing.

All CP locations within data symbols coincide with Continual Pilot locations within preamble symbols. Thereforeitis
possible to apply the same common phase error correction for preamble and data symbolsif the common phase error
calculation is based solely on the CP locations (of data symbols).

ETSI



120 ETSI TS 102 991 V1.3.1 (2016-01)

10.5.2 Channel Equalization
10.5.2.1 Overview

10.5.2.1.1 The need for channel estimation

The received carrier amplitudes output by the receiver FFT are not in general the same as transmitted - they are affected
by the channel through which the signal has passed on its way from the transmitter.

Consider the channel extent, which could be varioudly described as: the duration of the impul se response from the first
significant component to the last; or the shortest duration which can be chosen without excluding any significant

impul se-response components; or, more practically, the shortest duration which can be chosen so that at least X % of the
total signal energy isincluded, where X % is some substantial proportion, e.g. 99,9 %.

Provided this channel extent of the channel's impul se response does not exceed the guard interval TG, and that correct
OFDM synchronization is maintained, the received (complex) carrier amplitudes can be given by:

Yk,l = Hk,l Xk,l + Nk,l
where:

Xk,| represents the complex modulation-'symbol' (constellation) applied on carrier k, symbol |;
Y, represents the corresponding received carrier-amplitude;

H 1 represents the (complex) frequency response of the channel during symbol |, sampled at the carrier frequency,
ie H, =H/(f);ad

N, represents the additive receiver noise.

NOTE: A further explanation of what happensis as follows. The received signal is the transmitted signal
convolved with the channel impulse-response. The addition of a COFDM guard-interval (also known asa
cyclic prefix) has the effect of converting this linear convolution into a cyclic one (provided the channel
extent does not exceed the guard interval). Cyclic convolution in time corresponds to multiplication in
frequency, when the two are related by a DFT operation.

The relationship can also be written as a matrix equation; the effect of the channel isto multiply by a
simple diagonal matrix - unless orthogonality islost (e.g. because the channel extent istoo great),
whereupon more entries in the matrix become non-zero.

The receiver needs knowledge of theH, , if itisto interpret the Y, | in the best way. One simple way for re-scaling the
received constellations is equalization: dividing by our best estimate H,;, of the complex channel response Hk,l
pertaining to each data cell. It will be clear that provided the estimate H ;,l is noise-free, this operation does not change

the signal-to-noise ratio. The SNR will however aready be degraded by the channel response asit is known that:
weakly-received carriers have a poorer SNR than others.

Dividing by the estimated channel response is somewhat similar to a zero-forcing equalizer, and would normally be
deprecated on the grounds of aggravating the effects of noise. However, under the assumption that coded OFDM is
being used, it is possible to simply weight the soft-decision values fed to the error corrector appropriately to take
account of the different SNRs with which the data on the various carriers are received. (These weighted soft decisions
are also known as metrics).

An alternative method simply inputs both Y, | and Hy, into the metric calculation without re-scaling the Y}, to the
standard sizefirst - the result is equivalent but perhaps lessintuitive.
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10.5.2.1.2 Obtaining the estimates

The channel estimate can be derived from the known information inserted in certain OFDM cells - aterm used for the
entity conveyed by a particular combination of carrier (location in frequency) and symbol (location in time). These cells
containing known information are known as pilot cells; they are affected by the channel in exactly the same way as the
data and thus - barring the effect of noise - precisely measure the H k, for the cell they occupy. The measured channel

estimate for this cell is calculated as:

H|:,| ziz Hk,l +&
Xk,l Xk,l

In principle this calculation can be done for any cell where the transmitted information Xk,l is known. In most cases

thiswill be the scattered-pilot cells (SPs). However, continual pilots (CPs) are also available for a smaller proportion of
cells.

To obtain the estimates of the channel response for every data cell, the normal approach is to interpolate between the
values H ;,| (which are only available for those {k, I} corresponding to transmitted pilots) to provide values for every

cell.
10.5.2.2 Fundamental limits

The channel response Hk’I in general varies with both time (symbol index |) and frequency (carrier index k). The

temporal variation corresponds to external causes such as Doppler shift and spread, but also to instantaneous error in the
receiver's frequency tracking. The variation with frequency is a symptom of channel selectivity, itself caused by the
channel comprising paths having different delays.

In effect, the receiver samples the channel response Hk,l by measuring it for the cells{k, I} within which pilot

information has been transmitted. For the most part, the SPs are used for this purpose, but where other types of pilot
information are present, they can also be used if desired. The SPs constitute a form of 2-D sampling grid, and in
conseguence there are limits, according to the Nyquist criterion, on the rates of variation of the channel response with
time and frequency that can be measured using SPs.

Clause 9.6.2 of ETSI EN 302 769 [i.1] defines the SP patterns of DVB-C2, and introducesterms Dy and D, to
characterize them. D, isthe separation between pilot-bearing carriers, so if Dy = 3, say, then every third carrier
contains SPs - but not in general within asingle symbol. Thisis because there is a diagonal pattern, which repeats every
DY symbols. So, on carriersthat are pilot-bearing, an SP occurs, and a measurement can be made, in every DY th
symbol. Symbols occur at therate o =1/To =2/(T, +T5) . It follows that the Nyquist limit for temporal channel

+1

variation that can be measured is ——— Hz.
2D, (TU +TG)

Given suitable temporal interpolation, either a measurement or an interpolated estimate of the channel response for
every cell on the pilot-bearing carriers will be available. Estimates for the remaining cells can then be found by

frequency interpolation between the pilot-bearing carriers. Since these are spaced by DX carriers, or DX fU = DX / 'IIJ
Hz, it follows that the maximum Nyquist channel extent, or spread between the first and last paths in a channel that can
be supported, is T, / D sec.

Note that this approach is a variables-separable one leading to arectangular Nyquist area on adiagram of Doppler
versus delay. This rectangular area corresponds to a (dimensionless) timewidth-bandwidth product having the value:

S VI 1
D,(T, +To) Dy DyD,(1+GIF)

where GIF =T /T, isthe guard-interval fraction.
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It can be shown that the same sampling grid of channel measurements can be interpreted to produce other shapes of
supportable ‘ared, in general non-rectangular, but whose total area remains the same.

Note that the spacing between pilotsin just one particular symbol isin general greater than DX carrier spacings, being
DX DY , the inverse of the scattered-pilot density. It follows that if no temporal interpolation is performed, and channel
estimates are obtained solely by frequency interpolation within one symbol, then the applicable Nyquist limit for

¥

channel extent istighter than described above, being . DVB-C2 pilot patterns have nevertheless been chosen so
X =Y

that frequency-only interpolation is both possible and sensible in certain scenarios.
10.5.2.3 Interpolation
10.5.2.3.1 Limitations

In principle, channel variations within the Nyquist supported area described in the previous clause can be measured.
However, the Nyquist limit can only be very closely approached when using an interpolator having a very large number
of taps. Thisis unattractive on grounds of cost and complexity, but is aso bounded by other practical constraints.

The frequency interpolator can only make use of the finite number of pilot-bearing carriers.

Similarly, the temporal interpolator clearly cannot access measurements from before the time the receiver was switched
on or the current radio-frequency channel was selected. Much more importantly, the length of the temporal interpolator
istightly limited by the fact that the main signal stream awaiting equalization has to be delayed while the measurements
to be input into the temporal interpolator are gathered. This delay has alarge cost in terms of memory needed, but also
in terms of the delay it introduces before the programme material can be delivered to the viewer. The temporal
interpolator is thus usually much more constrained in its size than the frequency interpolator.

It follows that the full Nyquist area cannot in practice be supported.

Anideal interpolator, whose bandwidth (or as appropriate, 'time-width' as defined later) is chosen to be some fraction
X <1 of the Nyquist limit can also reduce the noise on the channel estimate by the same factor X. Note however that
practical interpolators are unlikely to realize this good aresult. Perversely, simple linear interpolation does achieve
noticeable noise reduction, but in this case at the expense of poor interpolation accuracy through most of the wanted
bandwidth.

10.5.2.3.2 Temporal interpolation

The presumption is that most receivers, on grounds of simplicity and minimizing delay, will use at most simple linear
temporal interpolation. To begin the temporal interpolation the simplest case of interpolation between scattered pilots
will be considered.

In DVB-C2 both of two scattered pilot patterns have Dy = 4. It follows that simply to perform simple linear
interpolation requires three (Dy-1) symbols worth of storage for the main data stream.

Although it is unlikely to have any Doppler distortions in cable channel environment, the channel estimation may vary
over time due to aresidual synchronization error. It is depending upon the residual synchronization error, but once good
synchronization is achieved, the linear interpolation should be quite accurate. It is also possible to reduce the
interpolation bandwidth to have better noise reduction, if better synchronization can be achieved.

Temporal interpolation accuracy can be increased somewhat without increasing main data stream memory by using
"one-sided" interpolator designs having more taps than a simple linear interpolator.

NOTE: Dueto the chosen pilot density in DVB-C2, temporal interpolation might not be necessary.
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10.5.2.3.3 Frequency interpolation

Fortunately the frequency interpolator can use rather more taps. Thisisin fact necessary, since the 'time-width' (an
analogous term, for frequency-domain sampling, to the common use of bandwidth in relation to time-domain sampling)
of the interpolator now has to be an appreciable fraction of the Nyquist limit. Depending on an interpolation method, the
necessary time-width (if the full guard-interval range of delay isto be supported) can be 19 % or 75 % Nyquist; the

19 % applies for the temporal and frequency interpolation method case whilst the 75 % is for the frequency only
interpolation case. Considering DV B-C2 has 4 096-QAM and CRY/10, it is required accurate interpolation.

I.e. generaly requires high order interpolation filter. It is, however, possible to dramatically reduce the interpolation
filter order by having large transition region, which is possible in the temporal and frequency interpolation case due to
the small necessary time-width compare to the Nyquist limit. Furthermore, there is a case for making the time-width (if
possible) alittle greater than simply the guard-interval duration, in order to cope better with a degree of timing error, or
with channels whose extent is not strictly contained within the guard-interval duration.

Suppose N taps are used. For most carriers, the interpolator would make use of estimates/measurements from N/ 2

pilot-bearing carriers on one side plus N/ 2 pilot-bearing carriers on the other side. However, as the carrier to be
estimated approaches the upper or lower limit of the OFDM spectrum, thisis no longer possible, as some of the
interpolator taps fall off the edge'. In this caseit is still possible to usean N-tap interpolator, but its taps shall be
chosen so that it becomes progressively more one-sided. The performance is slightly compromised, but remains better
than the alternative of using fewer and fewer interpolator taps as the edge is approached.

10.6  Tuning to a Data Slice

As soon as the receiver performed all initial synchronization tasks (i.e. being synchronized in time, frequency and C2
framing) it can be tuned to the Data Slice where the required PL P is embedded. This clause illustrates the needed steps
and provides two simple examples.

During initial acquisition the C2 receiver tunes to an arbitrary frequency within the C2 signal (i.e. the tuning window
should not include frequencies outside the defined C2 bandwidth). As soon as the receiver is able to recognize the
preamble it can start to compensate offsets and to extract the L 1 part2 signalling within the preamble symbols. TheL 1
part2 signalling list contains all physical layer specific information of the C2 signal and especially the partitioning of
the C2 signal into Data Slices and notches. Note that typically atuning position is not aligned to the L 1-part2
information block repetition rate (3 408 subcarriers). Therefore the L 1-part2 signalling has to be retrieved after the Rx
FFT by simple QAM symbol reordering (see clause 10.1.1.5).

The decoding of the L1 signalling itself is described in clause 10.1.1.5.

The tuning to a Data Slice is defined in an unambiguous way by several L1 part2 parameters. First of all the parameter
DSLICE_TUNE_POS defines the tuning position of the receiver. Thisfield indicates the tuning position of the
associated Data Slice relative to the START_FREQUENCY and has a bit width of 13 bits or 14 bits according to the
GUARD_INTERVAL value. When GUARD_INTERVAL is'00', the bit width of thisfield is 13 bits and indicates the
tuning position in multiples of 24 carriers within the current C2 frame. Otherwise the bit width of thisfield is 14 bits
and indicates the tuning position in multiples of 12 carriers within the current C2 frame relative to the
START_FREQUENCY.

According to the C2 standard [i.1], DSLICE_TUNE_POS shall be avalue at least 1 704 carriers from the edge of a
broadband notch or the start or end of the C2 system. The intention of this requirement isto ensure that the cells of a
complete L1 block are available within the tuner receiving window.
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The only possible exception for this requirement is for Dependent Static Data Slices (see clause 6.10.1.2), as these
standalone Data Slices might have a bandwidth below 3 408 subcarriers, i.e. asuccessful L1 block decoding is not
possible. In that case it might happen that DSLICE_TUNE_POS has avalue below 1 704 carriers from the edge of a
broadband notch. Figure 69 shows arelated example, where the difference between tuning position and the start of the
broadband notch is below 1 704 subcarriers:

Receiver Tuning Window

& »

7.61MHz
A A

Target Data Slice

N\ Broadband

notch

-V

Tuning position {(DSLICE_TUNE_POS)

+—>
ata Slice BW

[y ]

&
<«

A4

C2 system BW

Figure 69: DSLICE_TUNE_POS example with broadband notch

Generally, the tuning position should be configured by the transmitter so that the undesired interference (outside the C2
system BW) is outside the receiver tuning window. Any interference from the broadband notch should be considered
when choosing parameters of the Dependent Static Data Slice, too.

Beside the DSLICE_TUNE_POS the start and stop carriers of a Data Slice are given in the L 1-part2 signalling list.
These two parameters (DSLICE_OFFSET_LEFT and DSLICE_OFFSET_RIGHT) are given as offset valuesin relation
tothe DSLICE_TUNE_POS value. Asfor other Data Slice parameters the granularity (24 subcarriers or 12 subcarriers)
and the bit field width (8 bit or 9 bit) depend on the chosen GUARD_INTERVAL value.

A typical receiver performsthe receive FFT across its reception window (typically 4k FFT within an 8 MHz reception
window) and selects these subcarriers that are assigned to the selected Data Slice. In the following two examples are
given:

EXAMPLE 1: Thissimple scenario is taken from clause 8.4.4:
GUARD_INTERVAL: 00 Guard Interval is 1/128
NUM_BUNDLED_CH: 00001 The C2 signal widthis 7,61 MHz

START_FREQUENCY: 000000000001100000010000
Start Frequency is330 MHz =
subcarrier 330E6 x 448 usec = 147 840 usec
24 carriers granularity -> 6 160 = Ox1 810 = 1100000010000

DSLICE_TUNE_POS: 0000001000111 The tuning position of this Data Sliceis 1 704th carrier
frequency of thisC2 system
24 carriers granularity -> 71 = 0x47 = 0000001000111

DSLICE_OFFSET_LEFT: 10111001 The left edge of this Data Sliceis start frequency
(apart from tuning position as much as 1 704 carrier
spacing)

ETSI



125 ETSI TS 102 991 V1.3.1 (2016-01)

Receiver Tuning Window
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Figure 70: Relation between Data Slice and tuning window positioning

EXAMPLE 2:  Inthis scenario the tuning position is outside a rather narrow Data Slice:
GUARD_INTERVAL: 00 Guard Interval is 1/128
NUM_BUNDLED_CH: 00100 TheC2signa widthis31,61 MHz (4 x 8 MHz - 0,39 MHz)

START_FREQUENCY: 000000000001100000010000
Start Frequency is 330 MHz = subcarrier 330E6 x 448 usec = 147 840

usec
24 carriers granularity -> 6 160 = 0 x1 810 = 1100000010000

DSLICE_TUNE_POS: 0000001000111 The tuning position of this Data Sliceis 1 704t carrier
frequency of this C2 system
24 carriers granularity -> 71 = 0x47 = 0000001000111

DSLICE_OFFSET_LEFT: 00000010 The Datadlice starts 48 carriersright from the
tuning position

DSLICE_OFFSET_RIGHT: 01000111 The Datadlice ends 1 703 carriersright from the
tuning position

10.7  Buffer Management

NOTE: Clause 7.5 of the present document includes refinements of annexes C and G of the DVB-C2
specification [i.1], which will appear as a non-editorial update in the specification in the future. Thus, the
explanations stated in this clause will refer to clause 7.5 instead of the current versions of the DVB-C2
specification [i.1].

In the course of the DVB-C2 Validation and Verification process the testing of the stream synchronization aspects
introduced the necessity to define a more precise handling of the ISSY data calculation and insertion within the DV B-
C2 system processing. The specification defines the details about Input Stream Synchronization in clause annex C,
including the insertion order of ISSY data fields of the baseband header. Although annex G of the specification
describes the Transport Stream regeneration, the exact meaning and use of the ISSY datafields remain unspecified.

The following explanations shall help to understand the meaning and use of the ISSY fields asreferred to in annex C:
e BUFS

The BUFSfield is the quantity of memory the receiver should alocate for the Delitter Buffer (DJB) in order to
prevent an overflow of the buffer and thus to ensure an uninterrupted processing of a single or group of
transported streams based on the ISSY calculations of the transmitter.
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. BUFSTAT

The BUFSTAT field signalsthe level of the reception FIFO buffer at the time the ISSY field isreceived (in the
BaseBand frame (High Efficiency Mode) or Transport Stream packet compound (Normal Mode),
respectively) The value of the BUFSTAT field semantically refers to the quantity of bits of the transported
stream before the reinsertion of Null Packets (in case of the stream being a Transport Stream).

Figure 71 shows the semantic data flow within a C2 system chain with respect to ISSY data calculation and insertion.

TS packet

Constant Bit Rate

l Null Packet Deletion

OO0 0O 000 0Ol OO0 OO0O0000O0O00O0 OO00O0 OO0 ]
Variable Bit Rate

TS packet w DNPO OO OO

BB frame I 17'_'1 il W | gty it g gt I iy I . | Iyl Wyl S gt gt
Other PLP : :
TI Block
<
TI Block
TI Block is assumed to ouptut as soon as all of TI Block is written to TDI memory
BB frame T oI g | gt gl el nplegtegl Tl T il T gl e
TS packet w DNP OTTTTT7 oo EDIL\ OTITTTm O o
RETY Variable Bit Rate
______ ! ~~< BUFSTAT
DJB FIFO signaling
write

Constant Bit Rate
Figure 71. Semantic data flow with respect to ISSY calculations at the transmitter and receiver side

At the transmitter side the input stream to the C2 system, a Transport Stream has a constant bit rate. After the
application of the (optional) Null Packet Deletion to the Transport Stream, the resulting variable bit rate data
(including additional signalling fields such asthe ISSY data or the DNP counter) is merged into BaseBand frames and
then processed by the Time I nterleaver (amongst other modules).

At the receiver side the BaseBand frames are reconstructed as soon as all data to the Time Interleaver iswritten to Tl
memory. The content of the BaseBand frame, i.e. the variable bit rate Transport Stream packets (with deleted Null
Packets), is queued in the Delitter Buffer (DJB), i.e. the reception FIFO buffer. BUFSTAT should be used for
controlling the buffer level at the receiver. BUFSTAT indicates the level of the buffer at the instant it is received.

RF input —> bMD |—— | FDI |—— | TDI |——» | FEC |— | DB [— 15 output

OFDM FI Block FEC Block BB frame

syribal OFDM symbol
DMD Out 1 | 1 | 1 1 I I 1 1 1 1 1 1 1 |
FDI out I I 1 I I 1 I I — . L : J

e, e tetaesenens, o - . - TI BIOCk
TDI out Ex) 1TI block=4symbol I L : 1 . BB frame
FEC out | mmah  sasigleat gem ke '_'_'J.'_'_'I_'_'J:I:L‘_'_'J:I/
TS packet

TS out

BUFSTAT timing

Figure 72: lllustrative example explaining receiver assumptions regarding BUFSTAT calculation
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In the calculation of the value of BUFSTAT, the following assumptions should be made about the receiver:

1)

2)

3

4)
5)

The demodulation stages have no delay, and the cells carried in a particular symbol are written to the
frequency de-interleaver at arate of Ry cells per second starting from the moment symbol starts being

received. Rg = 1/T, where T is as defined in clause 10.1.

The cells carried in a particular symbol are output from the frequency de-interleaver at a uniform rate during
the time T that the symbol is being received.

The Time Delnterleaver (TDI) will read out the de-interleaved cells of that T1-block, starting as soon as al the
cells of aTl-block have been written to the TDI memory. The TDI will read out the cells at a uniform rate and
feed them to the FEC chain in the same time that the symbols of Tl block were received.

The FEC chain has no delay and can process cells of selected PL Ps continuoudly.

The datafield bits of decoded BBFrames belonging to a PL P are then converted to canonical form. The
canonical formis equivalent to Norma Mode with 3-byte ISSY and NPD enabled (see clause 5.1). The
canonical form datais then written to the DJB. Bits are read out from the buffer at a constant rate cal cul ated
from the received I SCR values. Removed SY NC bytes and deleted Null Packets are re-inserted at the output of
the DJB.

Anillustrative example is shown below in figure 73.

Rx Assumptions
Example —{ DMD

A4

FDI | —» DI | — | FEC |—— | DB | —

OFDM FI Block FEC Block BB frame TS packet
symbol

FI BIOCk I I | I I I I I I I 1 I I | I
-Data symbol cells are output from FDI:at a uniform rate
TI Block
-TIBlock outputs as soon as all of TI Block is written to TDI memory
(TI Block reads out cells at a uniform rate)
BB frame N E— g I i T S S R TP Rt R | I | I | A I I
TS packet w DNP -FEC has no delay .Bl_JFSTAT N : S
(DJB input) " isinserted \Wﬁate
TS packet Illll%%lullllllrlrlnll
(DJB output) Constant Bit Rate
1.0utput timing without DJBiunderflow/overflow

—input

A

output

Input/output
sum

2.BUFSTAT

™

Null Packets are re-inserted after DJB FIFO

DJB memory behavior timg

Figure 73: Example of system processing at the receiver: BUFSTAT timing and FIFO buffer level

Following the receiver assumptions outlined above, the Transport Stream packets (with Null Packets deleted as
necessary) are input to the Delitter Buffer (DJB). In order to ensure the DJB does not underflow or overflow, a number
of packets are stored in the buffer, and the Transport Stream is begun to output at a constant rate with the re-insertion
of the deleted Null Packets. BUFSTAT isthe value of the difference between the number of bitsinput and the number
of bits output from the DJB. The exact timing of theinsertion of BUFSTAT and BUFS should follow the directions
givenin clause 7.5 of the present document.
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10.8 DVB-C2 FECFrame Header Detection

10.8.1 Overview of FECFrame Header Detection

The receiver needs to detect the FECFrame Header which isinserted in front of one or two FECFrames to support
Adaptive Coding and Modulation (ACM). The FECFrame Header carries information of the PLP_ID, the Coding and
Modulation parameters of the following FECFrame, and the number of FECFrames following the information carried
by this header.

10.8.2 FECFrame Header Detection

The application of the robust or the high efficiency FECFrame header is signalled within the Layer 1 - Part 2
signalling. The robust FECFrame header istaken here as an example. The FECFrame header detection can be
performed by the following steps:

1)  Assume that the 32-symbol complex sequence (S, Sy,--., Sz1) = (1, Fiz1s---1 Fj+31) IS therobust FECFrame
header and demodulate them into a 64-bit sequence (ay, a,,..., agg) by a QPSK demapper. The complex
symbol, r; is areceived data symbol. Note that the notation of (s, Sy,..., S31) = (I}, fj41,---» Fi+31) iSt0 describe

the search process of FECFrame header over received data symbols. Thus, i = i+1 means that the data
symbol r; is not the beginning symbol of the FECFrame header and the symbol index is advanced to see if

ri+1 1S the beginning symbol of the FECFrame header.

2)  Compute the estimated 32-bit PN sequence W™ = (W™ , W™ ..., WE" ) W™ =(wf™ &M ... W5Y) by

~ RM
W2y, = Qo D Baias),, Wiy, = ok D &), k=0,1,...,31 where (x), is the result of x moduloy.

3)  Compute the binary correlation of W™ ®@*¥ and wRM by C, Z WM -nEe-wM-1c, =
k=0

2L WM -1) (2wEM-1).
3.1 If Cp < T, goto step 1 and advance symbol index by 1, e.g. i =i+1.
3.2) If Cp = T,, perform step 4.

The maximal value of the correlation is 32. The setting of T, = 20 is good enough that most of the
non-FECFrame header vectors will be identified in this step without missing the wanted FECFrame header
vector.

4)  Each bit of the 32-bit RM codeword is decoded for example by combining log-likelihood ratios of upper
branch bit and its correspondl ng | lower branch bit. After some straightforward simplifications, the estimated

32-bit RM codeword A = (/10,/?1, /131) » = (Ao, A1,-.., A31) is decoded by:

RM
Zk _ 0,Re(s) + Im(S(k+2)32) (1~ 2VV(k+2)32) 2 OZ 0, Re(s)+IM(S+2),,) (1-2 (k’lﬂz)sz) >0 k=01 31
1, Re(s ) + Im(s(k+2)32) 12w, (k+2) )<0 L Re(s‘)ﬂnKS(k+2)3z)'(1'2VVI(T<M2)32) <0
5)  The estimated 32-bit RM codeword & = (1o, A1,..., A31) A= (/TO, 11 ;1;1) can be decoded by a 3-stage
majority-logic decoding. The last 10 bits, (bg, by,..., b;s5), are decoded from the received code vector & = (4,
J1s-.ey Ag1) inthe first stage These 10 bitsare removed from X to form a modified code vector

A® =1—-(00.,....0,b,,b,,..b,.)-G 3" =% - (0,0...., 0, b, By....., bys)-G.

ETSI



129 ETSI TS 102 991 V1.3.1 (2016-01)

6) Themodified code vector A? hasa symmetric structure and it can be used to double- check if the 32-symbol
complex sequence (S, Sy,..., S3p) iIsthe FECFrame header. The RM autocorrelation of the received modified

code vector is computed by:

2*_124% 1

R = > (2 2%, -0 (2 A%, o, D Reul®) = 233252 (22551, 1) - (20050, 00,72)

m=0 n=0

The RM symmetry measure is then computed by Cry= Y=ol Rrm (K)|.
6.1) If Cgy < T, gotostep 1 and advance symbol index by 1, e.g. i=i+1.

6.2) If Cgyy = T, which means FECFrame header is detected, perform step 7.

From simulation results, the performance of setting of T, = 500 has a miss-detection rate<10-10 with respect to
afase alarm rate < 1010 for normal mode in a SNR of 10 dB and high efficiency mode in a SNR of 20 dB.

7) Thefirst stage of majority-logic decoding is carried out in step 6. Perform the remaining 2 stages of majority-
logic decoding procedure to obtain the 16 information bit.

Supplementations

1)  If high efficiency mode is assumed, the major difference isin decoding estimated 32-bit RM codeword X =
(Ao A1,..., A31) in step 4. The estimated 32-bit RM codeword & = (Xg, 44,..., A1) is decoded by computing k =

01,...,15
B 27 2
_(RdsK)—y ) {Re(sK)—sJ_j
Xt =exp : V10 X% = ex . 10
o
_ - ~
_(Re(s()ﬂrj (Re(sm
X' =exp p 10 X = exp
- ~
_ lm(sK)—y j (Im(sK)+
+1 ( \/E -1
Y =€X e Yo =€Xp
_(lm(s()+3J_j2 (Im(sK) 3 2
_ 10 . 10
Yk3 =€exp o2 YK3 =X o2
-1 +1
X + X Xk, T Xk
Olog—xk +Xk +(1-2w (2k+2) )-log 3 16 3 6 <0
I’Zk _ k k (k+1)16 (k+1)16
Xk + Xk X(_k1+1)16 + ngl"'l)le
J"|°g+1—+(1 2w (2k+2) )-log 3 13 20
Xt X (k+1)16 (k+1)16
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-1 -3 -1 +1
Y + Yk RM Yok T Yk
0, Iog—+1 e +(1- 2w(2k+3)32)-log S <0
e Yk Yo, T Y,

22k+1 =

= -3 -1 +1
Y Y RM Yok, T Yo
Llog=t——=t0+ (1~ 2Wy,q, ) -log === =20

+3
p M Y, T Yk,

where & isthe estimated variance of noise.

2)  The modified code vector A (0,0.,..., 0, by, by,..., by5)-G has a symmetric structure because for the

transmitted 32-bit RM code vector A , 2929 isalinear combination of the first 6 rows of the generator
matrix and these 6 rows have a symmetric structure.

10.8.3 Alternative FECFrame Header Detection

The DVB-C2 preamble does not signal the start of the Data Slice Packets for the Data Slice Type 2. Hence, the
preamble has to provide the synchronization capabilities on its own. Thisam is reached by means of the transmission
of the signalling data on the I- and Q-axes of the QPSK diagram (similar for 16-QAM) and the scrambling due to the
PRBS sequence. The receiver knows the usage of the QPSK or 16-QAM header due to the Layer 1 -part 2 signalling.
Figure 74 shows the synchronization to the headers for the robust mode. As the equalization of the channel has already
been done in previous stages of the receiver, it is able to de-map the QPSK symbols. In contrast to the encoding of the
header, the delay is now included in the in-phase (I) branch. When the demapped data of both branchesis multiplied by
each other, the output is exactly the Monic Polynomia Sequence (MPS) sequence for the error-free case. Naturally, the
complete sequence is not obtained, as the delay does not completely remove the cyclic shift. However, the length should
be sufficient to correlate the signal against the MPS sequence. The detected peak then allows estimating the beginning
of aData Slice Packet correctly.

1{-1,1 .
QPSK {_}> 2 bit
p-| de-mapper delay
(e.g. hard Correlation >
decision) ~"7 X ™ with MPS |

Figure 74: Synchronization scheme for robust header

After the synchronization to the header is reached, the signalling data has to be decoded. One approach is shown in
figure 75. In order to achieve the highest performance, the cyclic shift and the MPS sequence has to be removed. For
highest performance the complete processing should be done using soft bits (e.g. Log Likelihood Ratio values). This
alows for combining the two branches in an optimal way to get optimum diversity. Afterwards, the Reed-Muller
decoder removes the remaining errors.

! RM
QPSK Decoder »
> de-mapper
(e.g. soft :
decision) Undo 2 bit |
cyclic shift

MPS
Figure 75: Decoding of the signalling data
Whilst the decoding of the decoding of the Data Slice Packet Headersis required for every Data Slice Packet, the
synchronization to the header is only required once. Afterwards, the position of the following header can be obtained by

means of the signalling data within the header in addition to table 16(b) of ETSI EN 302 769 [i.1], asthis alows for the
calculation of the actual XFECFRAME length.
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| Pointer \|

i XFECFRAME - XFECFRAME

Figure 76: Calculation of the position of the following Data Slice Packet Header
by means of the header data

10.9 LDPC Decoding

The most general decoding algorithm of LDPC code is an iterative message passing agorithm called belief
propagation [i.13]. This algorithm is naturally suitable for parallel message computation. The structure of the parity
check matrices of the LDPC codes adopted in DVB-C2 implies a partly-parallel decoder architecture.

The performance of LDPC codes can be improved by increasing the number of decoding iterations. Figure 77 shows the
performance sensitivity, i.e. the variation of performance with the number of iterations for rate 2/3 with 64-QAM and
rate 9/10 with 1 024-QAM, respectively.

0 lterartions (no decoding)
—O— 10 lterations
—8— 20 tterations
—+— 30 Iterations
—O— 40 tterations
—¥— 50 lterations

0 lterations (no decoding)
—6— 10 fterations
—&— 20 fterations
—+— 30 tterations
—O— 40 tterations
—— 50 lterations

Bit Error Rate after LDPC
Bit Error Rate after LDPC

. 15 ) )
Es/NO[dB] Es/NO[dB]

Figure 77: Performance sensitivity for rate 2/3 (Nlde:64 800) at 64-QAM (left) and for rate 9/10
(N|de:64 800) at 1 024-QAM (right) on AWGN channel

The number of decoding iterations per FECFRAME achievable at the receiver for a given hardware complexity can be
estimated from the following equation:

I = (Nldpc ) Fclk ’ Pdec)/(Ccode ) Emat 'adec) )
where:

Nldpc : code length of LDPC code (64 800 or 16 200);

Ernat - Number of '1'sin parity check matrix;

Ciode : Code bit rate (bits/sec);

F i - decoder clock frequency (Hz),

Pgyec : parallel order of decoder (typically 360);

aye - efficiency factor of decoder (aye. = 2 for variable- and check-node cal culation with no overhead).

For example, if Ny o/Eqg = 0,3 on average, Ceoge = 64 Mbps, Pye. = 360, age: = 4, and Fy, = 120 MHz, then | = 50
iterations/frame.

The maximum rate at which cells are delivered by the C2 system depends on the Data Slice bandwidth. The maximum
Data Slice bandwidth of 7,61 MHz will lead to the maximum cell rate of 7,5 Mcell/s per Data Slice.
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10.10 BCH Decoding

For the purpose of removing any possible error floor, the use of bounded-distance decoding [i.14] is sufficient.
10.11 Output processing

10.11.1 De-/Re-multiplexing
10.11.1.1  Construction of output TS

Construction of the output TS will make use of the following pieces of information:

. SYNCD, SYNC and UPL (see clause 5inTJi.1]): Used to regenerate the user packets (where applicable). See
clause 10.11.1.2.

. DNP: used to re-insert the null packets which were deleted in the modulator (see clause 10.11.1.5).

. I SCR: used to calculate the output bit-rate and for fine adjustment of the relative timing of data and common
PL Ps (see clause 10.11.1.6).

10.11.1.2  Mode adaptation

Given the decoded baseband frames from the BCH decoder (see clause 10.10), the receiver should partially reverse the
process of mode adaptation and so recover the payload data of the targeted service.

The receiver should first determine whether Normal or High Efficiency Mode is being used. Thisisindicated by
performing and exclusive-OR of the CRC-8 field with 0 or 1. From a single BB-Frame the receiver cannot tell the
difference between a correctly received BB-Header using HEM and an erroneous BB-Header using NM (and vice
versa). Instead, the receiver should implement a confidence-count mechanism over a number of BB-Frames. If the
received CRC consistently differs from the calculated value only in the LSB, then HEM isin use.

The process should only be partially reversed because some information needs to be retained:
. The ISCR values should be kept until the Transport Stream has been regenerated.

. The DNP fields should be kept until the deleted null packets have been reinserted, which is done at the output
of the de-jitter buffer (see clause 10.11.1.5).

One possible approach is to remove the BB-Headers and reconstitute the stream in a canonical form for processing by
the later stages, i.e. aform which does not depend on the particular mode adaptation optionsin use. An example format
could be:

. Sync bytes reinserted;
. CRC-8 removed (if present);
. DNP fields retained, or inserted with avalue of zero if DNPis not used;

. ISCR values retained. For packets with no associated field, or if ISSY is not used, these could either
"freewheel" (see clause 10.11.1.4) or be set to a"unknown" value.

In principle the mode adaptation in use could change from one BB-Frame to the next, although thisis unlikely to
happen in practice. Reconstituting the stream in a canonical form provides a simple way to deal with such changes,
since each BB-Frame can be processed individually and later processing stages need not be aware of the mode
adaptation options that were used.

The only exception isthe use of HEM, which should be assumed not to change from BB-Frame to BB-Frame, in order
to allow the confidence-count mechanism described above to work correctly.
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10.11.1.3  Determination of output-TS bit-rate
The receiver needs to know the exact bit-rate of the output Transport Stream, in order to be able to output the stream.

If ISSY isused, this can be calculated from the ISCR values. Following null-packet re-insertion, the bit stream will
consist of asequence of TS packets, some of which will have associated |SCR values.

The ISCR vaues are in units of the elementary time period T, which will have one of alimited number of values and
will be known by the receiver based on the frequency band and channel bandwidth in use. The differencein time
between the beginnings of the two packets is therefore known.

The number of packets, and therefore bits, between these two packets will also be known. The TS bit-rate Ryg can
therefore be calculated simply by dividing the number of bits Ny by the time:

Nbits
" (ISCR, - ISCR) T

Rrs

The time between two packets might not be a whole number of cycles of T, and consequently there will be some
rounding error in this calculation. The residual error can be removed using a feedback loop of the kind described in
annex G of [i.2].

If ISSY is not used, the receiver should use a self-balancing buffer as described in annex G of [i.2]. Aninitial estimate
for the TS bit-rate can be made by calculating the maximum useful bit-rate based on the maximum cell rate as described
in clause 10.7. However, if null-packet deletion is used, the TS hit-rate may be significantly higher and the feedback
loop would need to be able to adjust for this.

Where variable bit-rate PL Ps with null-packet deletion are used, the buffer occupancy will be constantly changing,
making it difficult to use the occupancy to drive afeedback loop reliably. Receiver implementers should assume that
ISSY will be used in such cases and need not implement sophisticated strategies to deal with the possibility that it is
not.

10.11.1.4  De-jitter buffer
The de-jitter buffer itself can be implemented using a FIFO more or less as described in annex C of [i.2].

The ISCR values are carried in the BBHeader ; they are therefore prone to bit errors. The CRC allows bit errorsto be
detected, and when this happens the receiver should provide a"flywheel" mechanism to generate the missing values.

10.11.1.5 Re-insertion of deleted null packets

Conceptually, the deleted null packets are re-inserted before the de-jitter buffer asillustrated in annex G of [i.2]. The
de-jitter buffer would then consist of a simple FIFO as shown. In practice, for reduced memory consumption, the
deleted null packets may be re-inserted at the output of the de-jitter buffer. This can be done according to the DNP
fieldsin the BB-Frame. On each TS clock pulse, data should either be read from the de-jitter buffer or regenerated by
the null packet re-insertion process. Thisisthe point in the chain at which the variable bit-rate stream carried in a PLP
becomes a constant bit-rate TS, and the re-insertion of null packets is the mechanism which achievesthis.

Thisimplies that information about the deleted null packets should be stored either in the de-jitter buffer itself or in
separate storage. One possibility isto retain the DNP fields from the Mode Adaptation. If the de-jitter buffer memory is
used, note that this will not be taken into account by the modulator in managing the occupancy of the de-jitter buffer
and so a small amount of extra memory may be needed.

10.11.1.6  Re-combining the Common and Data PLPs

When aparticular input TS has been split and is sent in adata PL P and acommon PLP, the original TS can bein
principle recreated in the receiver by combining the contents of the data PL P and the common PL P, with the
limitations given in annex D of [i.2] and described in this clause.

The operations required to re-combine the common and data PL Ps, together with recommendations for receiver
implementations including modification of the PSI/SI, are described in annex D of [i.2].
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The DVB-C2 system does not guaranty that the receiver is able to reconstruct the identical input TS of the modulator in
case acommon PL P isused. TS packets carried in the common PL P may be time shifted in relation to the Data PL P by
afew TS packets and additional Null Packets may be present, if the modulator has inserted Null Packet for reasons of
reducing the buffering requirements of receivers.

10.11.2 Output interface

For TS input, the output of a demodulator shall be the relevant complete Transport Stream.

For generic streams, the output format will depend on the type of stream.

10.12 Power Saving

The configuration of the C2 system allows for different power-saving options. In general, the power consumption of
digital circuits linearly depends on the bit-rate the receiver has to demodulate for receiving a specific service. This
bit-rate can be reduced by means of the PL P concept and the Data Slice approach.

Transmitting a service offer in multiple PL Psinstead of one big PL P reduces the overall bit-rate for the LDPC decoder,
which is one of the most power-demanding partsin areceiver chip. However, the flexibility in terms of statistical
multiplexing between the services (PL Ps) remains possible, as the different PL Ps can be statistically multiplexed in a
single Data Slice while Null Packet Deletion is applied.

10.13 Basic considerations for an initial network scan

Many cable networks provide a cable related DVB-SI signalling. Any DVB compliant signalling includes a Network
Information Table (NIT) (see ETSI EN 300 468 [i.9]) transmitted in any digital broadcasting Transport Stream. A
receiver connected to such type of network for the first time is able to perform avery easy installation procedure by
looking for aNIT (type cable) and creating the list of available services on basis of the information delivered by that
NIT.

In case the delivered NIT is not consistent or even not of the right type (e.g. a satellite type NIT), the receiver will have
to perform network scan. All details how to use the DVB SI-System for the installation of adigital TV receiver with a
DVB-C2 frontends are discussed in the Guidelines on implementation and usage of servicesinformation (S), ETS|

TS 101 211 [i.26].

11 Theoretical Performance
11.0 Introduction

This clause presents simulation results indicating the performance of DVB-C2 in arange of cable channels[i.16]. The
results are based on the simulation and validation effort carried out during and following the development of the DVB-
C2 standard [i.2].
The following information will be presented:

. description of the channel models used for ssimulations;

. performance simulation results for the whole chain, showing the trade-off between performance and data
capacity.

11.1 Channel Models
11.1.0 Introduction

During the development of the DV B-C2 specification [i.2], different channel models have been used to provide
simulated performance results. The channels have been chosen to verify the performance in a wide range of reception
conditions.

11.1.1 Additive White Gaussian Noise (AWGN)

In this channel model only white Gaussian noise (AWGN) is added to the signal, and there is only one path.

ETSI



135 ETSI TS 102 991 V1.3.1 (2016-01)

11.1.2 Echo Channel

This model includes two cases of an echo distribution based on the HFC Channel Model asin [i.20] with adapted delay
values, the second case being defined as a worst case scenario.

The model is defined by:

N .
y(t)=1+ kz pre x(t-1)
i=1
where;

. X(t) any y(t) are input and output signals, respectively,

. k=——2— au

N
2
W/Z/)i
i=1
e  thevaluesof therelative power Pi , the delay T and the phase 6?i aregivenintable 21.

Table 21: Relative power, delay and phase values
of the two cases of the echo model

Power Delay Phase
[dB] [ns] [rad]
Case 1 -11 38 0,95
-14 181 1,67
-17 427 0,26
-23 809 1,20
-32 1633 1,12
-40 3708 0,81
Case 2 -11 162 0,95
-14 419 1,67
-17 773 0,26
-23 1191 1,20
-32 2 067 1,12
-40 13792 0,81

11.2  Simulated System Performance

11.2.0 Performance of DVB-C2 over a different channel models

Table 22 shows the simulated performance, assuming perfect channel-estimation, perfect synchronization and without
phase noise, of channel coding and modulation combinations, and are subject to confirmation by testing.

Results are given for the Gaussian channel and the echo channel.

To keep simulation times reasonable, most of the results are for abit error rate of 104 after LDPC decoding. Some
results are also given for the Gaussian channel at arate of 107 after LDPC, corresponding to approximately 1011 after
BCH. Simulation times are much longer at the 107 level and results will be added as they become available. Generally
the difference between the two is around 0,2 dB in the Gaussian channel, but this difference would probably be greater
in the other channels.

To ensure reliable results, the simulations at 104 were run until at least 50 erroneous FEC blocks had been simulated at
the target bit error rate. Furthermore, the LDPC decoding has been configured to apply 100 iterations. For the
simulations at 107, the following two conditions had to be fulfilled:

° minimum of 100 erroneous FEC blocks; and
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° minimum of 1 000 erroneous bits detected.

The DVB-C2 OFDM parameters used for these simulations were chosen as follows: a Guard Interval of 1/64 and the
bandwidth 8 MHz. Reserved Tones were not applied. The simulations assumed ideal conditions, i.e. ideal
synchronization and ideal channel estimation.

In the simulations, the transmitted signal includes no pilots at al and only OFDM data symbols have been considered
omitting the Layer 1 Signalling symbols. The values of (C/N), should therefore be corrected for the FFT size and pilot

pattern in use as described in clauses 9.3 and 9.6 in[i.2].

NOTE: Thiscorrection is separate from the penalty for real channel estimation discussed in clause 11.2 and both
should be applied.

The simulations assume ideal demapping. However, iterative or "Genie-Aided" demapping as applied for the
simulations of DVB-T2 [i.4] has hot been used. Thus, deviations of the values for the Gaussian channel with respect to
equivalent DVB-T2 channel coding and modulation combinations arise from this fact.

Table 22: Required raw (C/N), to achieve a given bit error rate of 104
Gl 1/64, bandwidth 8MHz, LDPC block length: 64 800 and 16 200

QAM Code Effect. Spectral |Gaussian Echo Echo
Rate CR Efficiency | Channel Case 1l Case 2

[Bit/s/Hz] [dB] [dB] [dB]

16 4/5 3,19 10,70 11,10 11,60

9/10 3,59 12,80 13,40 14,00

2/3 3,99 13,40 13,70 14,10

64 4/5 4,78 16,00 16,40 16,80

9/10 5,39 18,40 19,00 19,60

LDPC 3/4 5,98 19,90 20,20 20,60
64 800 256 5/6 6,65 21,90 22,30 22,70
(long) 9/10 7,18 23,90 24,50 25,00
3/4 7,47 24,60 25,00 25,30

1024 5/6 8,31 27,10 27,50 27,90

9/10 8,98 29,40 29,90 30,50

4/5 9,56 31,20 31,60 32,00

4096 5/6 9,97 32,20 32,60 33,20

9/10 10,78 34,90 35,40 36,30

16 4/5 719 3,07 10,80 11,30 11,70

9/10 8/9 3,61 12,60 13,30 13,90

2/3 2/3 3,94 13,60 13,90 14,20

64 4/5 7/9 4,60 16,10 16,50 16,90

9/10 8/9 5,27 18,30 18,90 19,40

LDPC 3/4 11/15 5,78 20,10 20,40 20,80
16 200 256 5/6 37/45 6,49 22,10 22,50 22,90
(short) 9/10 8/9 7,03 23,80 24,30 24,80
3/4 11/15 7,23 24,90 25,20 25,50

1024 5/6 37/45 8,12 27,30 27,70 28,10

9/10 8/9 8,79 29,30 29,80 30,40

4/5 719 9,21 31,60 32,00 32,40

4096 5/6 37/45 9,74 32,40 32,70 33,30

9/10 8/9 10,54 34,80 35,30 36,10
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Figure 78 shows the results given in table 22.
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Figure 78: Graphical presentation of the simulation results according to table 21

11.2.1 Performance of L1-part2 signalling over an AWGN channel

Simulation was done to analyze the coded performance of L1 signalling part 2 over an AWGN channel. By using the
shortening and puncturing procedures described in clause 8.4.5, the L1 signalling bits are first BCH-encoded, and then
the BCH encoded hits are LDPC-encoded. Note that the 16K LDPC code with effective code-rate 4/9 is used for
encoding of L1 signalling part 2, furthermore, the coded L1 signalling bits are modulated by 16-QAM.

Figure 79 shows the performance of the coded L 1-part2 signalling for arange of BCH information sizes. As shownin
figure 79 the performance is almost invariant and stable because of the flexible adaptation of LDPC code rates (see
clause 8.4.5.6). Note that the effective LDPC code-rates for L 1-part2 signalling vary as a function of the size of BCH
information, as shown in figure 80.

The simulation parameters are as follows:
. size of BCH information: 272, 440, 816, 1 144, 1 470, 1 906, 2 452, 4 758 (bits);
° modulation order: 16-QAM;
. floating-point LDPC decoding (Iteration = 50);
. BCH emulation (error correction capability = 12 bits);

. no time interleaver.
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Figure 80: Effective LDPC code-rates for L1-part2 signalling
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11.2.2 Correction values for pilot boosting

The values of required (C/N), givenin table 21 are raw and do not taken into account the reduction in data C/N
resulting from the presence of boosted pilots, since this depends on the pilot pattern in use, i.e. the actual Guard Interval

length. Net values of C/N can be derived from the raw values (C/N), by computing a correction factor ABPsuch that:
C C
~ =] tAee
N N J,

This correction factor is calculated by the following formula:

Kda:a"'KCP'AbzP"‘KSP'AsZPJ

Kdala + KCP + KSP

Agp :10'|Oglo(

Kia  Number of data cells per OFDM symbol;

Kep Number of Continual Pilots per OFDM symbol;
Ke Number of Scattered Pilots per OFDM symbol;
A Amplitude of the continual pilot cells,

A Amplitude of the scattered pilot cells.

The exact value of Agp depends on the number of pilots, but will not exceed 0,5 dB.

11.3  Receiver Performance Requirements
11.3.0 Introduction

This clause expands on the discussion of theoretical system performance in clause 11.2 to consider the target receiver
performance requirements for AWGN, echoes and sensitivity

11.3.1 Receiver Performance Requirements in an ldeal System

Table 23 provides a more direct comparison between 'ideal' performance and required receiver performance than shown
earlier in clause 11. This assumes:

CIN = C/N(raw) + A + B [dB]
. C/N(raw) = required C/N for BER = 106 before BCH decoding

e A =0,1dB assumed additional C/N to achieve the BER=10" before BCH decoding (assumed QEF Transport
Stream after BCH decoding)

o B = correction for pilot boosting (see clause 11.2.2)

This allows comparison to be made at the same BER = 10"/ and compensates for pilot boosting so that the theoretical
values for each guard interval can be included for comparison.
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Table 23: SNR Receiver Performance Requirements @ BER = 10"/ assuming an Ideal System

Gaussian Channel EchoCase 1 EchoCase 2
QAM Code Rate | Gl 1/128 Gl 1/64 Gl 1/128 Gl 1/64 Gl 1/128 Gl 1/64
dB dB dB dB dB dB
16 4/5 11,2 11,3 11,6 11,7 12,1 12,2
9/10 13,3 13,4 13,9 14,0 14,5 14,6
2/3 13,9 14,0 14,2 14,3 14,6 14,7
64 4/5 16,5 16,6 16,9 17.0 17,3 17,4
9/10 18,9 19,0 19,5 19,6 20,1 20,2
LDPC 3/4 20,4 20,5 20,7 20,8 21,1 21,2
64 800 256 5/6 22,4 22,5 22,8 22,9 23,2 23,3
(long) 9/10 24,4 24,5 25,0 25,2 25,5 25,6
3/4 25,1 25,2 25,5 25,6
1024 5/6 27,6 27,7 28.0 28,1
9/10 29,9 30,0 30,4 30,5
4/5 31,7 31,8 32,1 32,2
4 096 5/6 32,7 32,8 33,1 33,2
9/10 35,4 35,5 35,9 36,0
16 4/5 11,3 11,4 11,8 11,9 12,2 12,3
8/9 13,1 13,2 13,8 13,9 14,4 14,5
2/3 14,1 14,2 14,4 14,5 14,7 14,8
64 4/5 16,6 16,7 17,0 17,1 17,4 17,5
8/9 18,8 18,9 19,4 19,5 19,9 20,0
LDPC 3/4 20,6 20,7 20,9 21,0 21,3 21,4
16 200 256 5/6 22,6 22,7 23,0 23,1 23,4 23,5
(short) 8/9 24,3 24,4 24,8 24,9 25,3 25,4
3/4 25,4 25,5 25,7 25,8
1024 5/6 27,8 27,9 28,2 29,3
8/9 29,8 29,9 30,3 30,4
4/5 32,1 32,2 32,5 32,6
4 096 5/6 32,9 33,0 33,2 33,3
8/9 35,3 35,4 35,8 35,9

NOTE: The combinations of 1 024-QAM/4 096-QAM with echo case 2 are considered to be mutually exclusive
for minimum performance requirements and therefore no figures are specified for these combinationsin
the above table and other performance tablesin this clause.

11.3.2 Backstop Noise Definition

Backstop noiseis the logarithmic sum of all the noise componentsin a C2 transmission system up to the output of the
A/D converter in the C2 demodulator. The present document proposes two levels of backstop noise to accommodate
current and future networks respectively.

For current networks supporting modulation and coding formats up to 1 024-QAM 9/10 code rate:
BackStop 1: 35,8dB SNR

For future networks / advanced systems optimized for the maximum modulation order in DVB-C2 of 4 096-QAM.
BackStop 2: 38,1 dB SNR

The following tables show the assumptions made for the types of contributing components that make up backstop noise
and their relative level to the wanted OFDM signal. The logarithmic (power) sum of items (1), (2), (3) & (4) isused to
define the total backstop noise levels.
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Item Backstop Component Units |[Value
1 |ADC Quantization Noise dB 50,7
2 Transmitter Thermal Noise dB 45
3 [Transmitter Phase Noise dB 48
4 Receiver phase noise and thermal noise dB 36, 8

prototypes.

NOTE: In (1) - ADC is assumed to be 12-bit resolution with
some headroom allowed for the OFDM input signal
(2), (3) are figures from available test equipment
(4) Example receiver performance known from

Table 25: Backstop 2 Components

ltem Backstop Component Units | Value
1 [ADC Quantization Noise dB 50,7
2 Transmitter Thermal Noise dB 45
3 |Transmitter Phase Noise dB 48
4 Receiver phase noise + thermal noise dB 40,1

changes:

NOTE:  As for Table 24 description above with the following

(4) A possible future receiver performance with
improvements to noise performance from (2).

11.3.3 Performance Calculation Method

The method of calculation for the C2 performance figures is based around the NorDig receiver specification [i.20]
method for T2 with some minor modifications.

C/N =CI/N(raw) + A + B + C+ D + E [dB], where:

C/N(raw) = required C/N for BER = 106 before BCH decoding

A = 0.1dB assumed additional C/N to achieve the BER=10"7 before BCH decoding (assumed QEF Transport

Stream after BCH decoding)

B = correction for pilot boosting

C =1,0dB assumed loss due to real channel estimation, imperfect LDPC decoding and other imperfections not

considered part of the back-stop noise

D = 0,5 dB assumed loss due to non-ideal demodulator performance across range of code rates.

E = additional C/N term corresponding to a back-stop noise level (see clause 11.3.2). Thisterm is derived by
first calculating the sum of all terms except E and then checking how much degradation is caused by the

backstop noise level. The term E isidentical to this degradation

Note for DVB-C2 the required C/N for QEF and for error-free video is expected to be virtually identical due to the
sharp waterfall characteristic of the LDPC+BCH decoding. Note a so there is no separate definition for distortion
components in this cal culation method.
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11.3.4 Performance Requirements for AWGN and Echoes

Table 26: Receiver Performance Requirements for AWGN and Echoes

Code Rate Gaussian Channel EchoCase 1 EchoCase 2
QAM Gl 1/128 Gl 1/64 Gl 1/128 Gl 1/64 Gl 1/128 Gl 1/64
num/denom dB dB dB dB dB dB
16 4/5 12,7 12,9 13,1 13,3 13,6 13,8
9/10 14,8 15,0 15,4 15,6 16,0 16,2
2/3 15,4 15,6 15,7 15,9 16,1 16,3
64 4/5 18,4 18,2 18,4 18,6 18,8 19,0
9/10 20,5 20.7 21,1 21,3 21,7 21,9
LDPC 3/4 22,0 22,2 22,4 22,5 22,8 23,0
64 800 256 5/6 24,1 24,3 24,6 24,8 25,0 25,2
(long) 9/10 26,3 26,5 27,0 27,2 27,6 27,8
3/4 27,1 27,3 27,6 27,8
1024 5/6 30,1 30,3 30,6 30,8
9/10 33,3 33,6 34,1 34,4
4/5 35,4 35,7 36,1 36,4
4 096 5/6 36,4 36,7 37,1 37,4
9/10 42,8 43,6 452 46,5
16 4/5 12,8 13,0 13,3 13,5 13,7 13,9
8/9 14,6 14,8 15,3 15,5 15,9 16,1
2/3 15,6 15,8 15,9 16,1 16,2 16,4
64 4/5 18,1 18,3 18,5 18,7 18,9 19,1
8/9 20,4 20,6 21,0 21,2 21,5 21,7
LDPC 3/4 22,2 22,4 22,6 22,8 23,0 23,2
16 200 256 5/6 24.4 24,6 24,8 25,0 25,2 25,4
(short) 8/9 26,2 26,6 26,8 27,0 27,3 27,6
3/4 27,5 27,7 27,8 28,0
1024 5/6 30.4 30,6 30,9 31,1
8/9 33,2 32,4 34,0 34,3
4/5 35,9 36,2 36,6 36,9
4 096 5/6 36,7 37.0 37,3 37,6
8/9 42,4 43,2 44.4 45,8

NOTE: Table 26 assumesidea demapping and no iterative (‘Genie-Aided’) demapping in an 8 MHz reception
bandwidth as defined in clause 11.2.

The figuresin Table 26 can be used as performance targets for C2 receiver evaluations.
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11.3.5 Performance Requirements for Sensitivity

Table 27: Receiver Performance Requirements for Sensitivity

Code Rate Gaussian Channel

QAM Gl 1/128 | Gl 1/64
num/denom dB dB
" 475 243 245
9/10 26.4 26.8
23 27.0 27.2
64 4/5 29.6 29.8
9/10 32.1 323
3/4 336 33.8
651D8Po% 256 5/6 357 35.9
long) 9/10 37.9 38.1
3/4 38.7 38.9
1024 5/6 217 41.9
9/10 44.9 33.6
475 47.0 47.3
4096 5/6 8.0 483
9/10 54.4 55.2
" 45 244 246
8/9 26.2 26.4
23 27.2 27.4
64 4/5 29.7 29.9
8/9 32.0 32.2
3/4 338 34.0
1L6D2%% 256 5/6 35.9 36.1
(short) 8/9 378 38.0
3/4 39.0 393
1024 5/6 41.9 42.2
8/9 44.7 45.0
4/5 475 478
4096 5/6 183 486
8/9 54.0 54.7

Impedance of 75 ohm and tuner noise figure of 8 dB [i.24] is assumed in table 27. Figures are defined as the RF signal
level at the input to the receiver RF tuner. The receiver shall receive error free video at these input signal levels to meet

the defined requirements.

11.3.6 Requirements for Adjacent Channel Interference (ACI)

Due to the different SNR requirements of the different analogue and digital modulation schemes used in CATV
networks the requirements for adjacent channel interference performance are usually defined as additional protection
ratio with respect to the nominal signal levels used in the network. Figure 81 shows the principle of the different signal
levels and the so-called backoff with respect to areference signal level. A receiver meeting the adjacent performance
requirements shall be able to decode a wanted signal in a configuration where the signal levels of the adjacent channels
are increased by the additional required protection margin with respect to the nominal adjacent signals level settings.
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Figure 81: Example for a nominal setting of signal levels for different types of signals

The adjacent channel performance requirements of digital receivers are usualy defined in CPE specifications by the
cable operators, who are purchasing CPEs compliant with the characteristics of their network. In Annex E of the present
document the methodology for adjacent channel performance measurements performed during a DVB-C2 Plug Fest
with first prototype receiver implementationsis presented.

The nominal levels of DVB-C2 signals for ACI measurement are chosen to both meet the minimum required level
according to the IEC 60728-1 [i.18] specification at the wall outlet and to meet the minimum required SNR for the
specific modulation and coding selected for the wanted channel. The example signal levelsin table 28 below meet these
requirements.

Table 28: Example Signal Levels for Wanted and Adjacent Channels

Standard Modulation Signal Level (dBuv) |Backoff to Analogue
PAL (dB)
DVB-C2 4 096-QAM 66 -2
PAL-B/G Analogue 64 -
DVB-C2 1 024-QAM 60 4
DVB-C 256-QAM 60 4
DVB-C2 256-QAM 54 10
DVB-C 64-QAM 54 10
DVB-C2 64-QAM 48 16
DVB-C2 16-QAM 42 22

Baseline assumptions for signal levels:

. 256-QAM DVB-Cisset to 4 dB below PAL system level.

. 1024-QAM DVB-C2 is set to the same level as 256-QAM DVB-C.

. 6 dB change in backoff is used for each increment/decrement of QAM modulation order
The test procedure assumed for ACI measurementsis as follows:

e  Configure signals with a centre DVB-C2 signal of desired modulation and coding and an upper and lower
adjacent signal of the same type - e.g. DVB-C2, DVB-C or PAL B/G

. Set the levels of the wanted and adjacent signals to the nominal levels defined in the above table

e Adjust thelevel of the adjacent signals together keeping the wanted signal level fixed to find the maximum
possible level of the adjacent signals before video/packet errors occur in the received signal

e  TheACI protection ratio for the given test configuration is calculated as the maximum dB difference between
the wanted and adjacent signal levels before video/packet errors occur. A dB margin value can also be
calculated as the difference between the nominal ACI signal level and the maximum ACI level before
video/packet errors occur.
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M easurements have been performed based on the above signal level assumptions and test procedure for adjacent
channel signals.

12 Examples of Possible Use of the System
12.0  Introduction

The examples described below present practical implementation scenarios which should demonstrate the plurality of
functionalities the DV B-C2 standard [i.2] supports including applications for multiplexing of PL Ps and Data Slices,
PL P bundling, adaptive/variable coding, and modulation etc. Although the DVB-C2 physical layer provides a
transparent mechanism for an end-to-end delivery of all input data stream formats, the examples describe only
applications for a transmission based on MPEG2 Transport Streams and | P streams, which both constitute the data
transmission formats usually used in cable networks.

12.1 Network Scenarios
12.1.0 Introduction

The network scenarios introduced hereafter explain how DV B-C2 can be implemented to support different kind of
signal processing (so-called transmodulation) from satellite and terrestrial networksto cable. Furthermore it is explained
how the new technology could be introduced in cable networks and how the migration from DVB-C to DVB-C2 could
be performed.

12.1.1 Methods of signal conversion in cable head ends
12.1.1.0 Introduction

This clause describes methods of signal processing, which are typically implemented in regional cable head ends
applying the conversion of satellite signalsinto - in this case DVB-C2 based - cable signals. Two scenarios are
subsequently introduced: (see clause 12.1.1.1) the general scenario of an efficient and very flexible signal conversion
and (see clause 12.1.1.2) the scenario of the transparent conversion of a complete Transport Stream.

12.1.1.1 Efficient signal conversion from satellite or terrestrial link to DVB-C2

This clause describes how signals which are received at a head end either via DVB-S or DV B-S2 transponders or via
DVB-T or DVB-T2 channels or via any combination of both can be converted efficiently to aDVB-C2 signal.

Table 29 shows relevant technical parameters of an example for a conversion of six DVB-S2 satellite signals received
viasix individual satellite transpondersto asingle DVB-C2 signal of 32 MHz bandwidth. Four of the six DVB-S2
transponders provide a bit rate of 42,66 Mbit/s each and two of the six transponders provide a bit rate of 49,39 Mbit/s
each. The four DVB-S2 signals are transmitted with 22 MBaud (Mega Symbols per second) and use an 8-PSK
combined with aFEC code rate of 2/ 3 resulting in 42,66 Mbit/s. For the two satellite signals with the slightly higher
bit rate of 49,39 Mbit/s the following technical parameters are applied: 27,5 MBaud, QPSK, FEC code rate of 9/10.

Table 29: Signal parameters exemplarily used for the conversion of signals
received via six DVB-S2 transponders to a single DVB-C2 signal

Satellite transponders DVB-C2 channel

Transponders 6 | Data Slices 6

Transponder bit rate 4 x 42,66 2 x 49,39 Slice bit rate (Mbit/s) 4 x 42,66 | 2 x 49,39
Total C2 channel bitrate | 4 x 42,66+ 2 x 49,39 = 269,42
(Mbit/s)

Transponder 5x27 33 C2 channel bandwidth 32

bandwidth (MHz) (MHz)

Modulation 8PSK QPSK Modulation (CCM) 1 024-QAM 1 024-QAM

3 bit/symbol | 2 bit/symbol 10 bit/symbol | 10 bit/symbol
Code rate 2/3 9/10 Code rate 9/10 9/10
Symbol rate 22 27,5

ETSI



146 ETSI TS 102 991 V1.3.1 (2016-01)

In the following some calculations are explained more detailed. Because in this example the Transport Streams from
satellite transponders are retransmitted by equivalent number of Data Slicesfirst the number of necessary OFDM
carriers N per Data Slice should be calculated by the formula given below:

= Ra (26)
© Af *N*G*C1*C2* SP*CP

*  Rgy =input Transport Stream datarate, in the example above 4 DVB-S2 transponders with 42,66 Mbit/s and
two DV B-S2 transponders with 49,39 Mbit/s. According to [i.6] Rgy is calculated in the formulas shown
below;

Rggt = Symbolrate x M x LDPC-code rate x BCH-code rate x pilot loss (if used) from DV B-S2 transponder
2);

Rgat = 22 MBaud x 3 x 2/3 x (43 040/43 200) x 0,973 = 42,66 Mbit/s in case of the DVB-S2/8PSK
transpondersintable 1in [i.6];

Rgat = 27,5 MS/sx 2 x 9/10 x (58 192/58 320) = 49,39 Mbit/sin case of the DVB-S2/QPSK transpondersin
table1in[i.6];

The values (43 040/43 200) and (58 192/58 320) are the BCH rates due to the code rates of 2/3 and 9/10. The
figure 0,973 assigns the reduction factor due to pilots, which are recommended to be transmitted in the
DVB-S2 transponder, if certain modulation schemes and code rates are applied (also for 8 PSK, code rate 2/3).

. Af: Carrier spacing (1/448 us for 8 MHz raster);

. N: bits/s/Hz, in the example 10 bit/sHz for 1 024-QAM;

. C1: Code rate of LDPC FEC encoder, in the example 9/10;

. C2: Code rate of outer BCH coder, in the example (58 128/58 320), if C1=9/10 for LDPC coder;
. G = (1-Gl) x GI, where G=128/129 for GI=1/128;

e SP=(1-PP) x PP, where PP=1/96 (GI=1/128), which results in SP=95/96;

. CP = 0,99 with 1 % allotment of continual pilots;

. PO = 448/449 for preamble overhead.

Due to formula (26) and the values mentioned above the number of carriers N, is:

N. = 42.7Mbit/s* 448us
© 10* (128/129) * (9/10) * (58128/58320) * (95/96) * 0.99* (448/449)

= 2208 27)

and N, = 2 544 carriers for Rgy = 49,39 Mbit/s.

If the Guard Interval is equal to 1/128 of the symbol length, the total number of OFDM carriers cal culates to:
Ksctota = 4 X 2 208+2 x 2 544 = 13 920.

The spectral efficiency achieved by this signal constellation is equal to 8,4 bit/s'Hz, which corresponds to a bit rate of
269,44 Mbit/s within 32 MHz channel bandwidth. The difference to the maximal possible figure of 8,6 bps/Hz
corresponding to a bit rate of 274,76 Mbit/s within 32 MHz channel bandwidth is very small and due to the reduced
number of used carriers as described above. It should be noted that the example examined does not consider the feature
zero frame deletion which could be applied in the input stream adaption block. A block diagram of a signal conversion
unit is shown in figure 82.
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Figure 82: Block diagram of a headend processing unit applying an efficient signal conversion of
6 DVB-S2 signals to a 32 MHz wide DVB-C2 signal

In table 30 details of Data Slice configuration are shown. The 32 MHz C2 channel is inserted between 302 MHz and
334 MHz and centred to 318 MHz to achieve equal frequency distance to lower and higher adjacent channels.

Table 30: Configuration of start frequency and Data Slices of the 32 MHz C2 channel
for retransmission of satellite transponders

Parameter Value Comment

Centre frequency [MHZ] 318

OFDM carrier spacing 1/448 us Due to 8 MHz channel raster

Dy 24 OFDM carriers Due to GI=1/128

Centre frequency (multiple of Dy) [MHz] |318 Aligned to Dy, raster

Number of OFDM carriers 13920 +1 Within the 32 MHz C2 channel,
including the upper edge pilot

Start frequency [MHZz] 302,46 MHz 318 MHz-(13 920/2) x (1/448 us)

Number of carriers

Data slice 1 to 4 2 208 Width 1 to 4 = 2 208/448 ps = 4,93 MHz

Data slice 5 to 6 2 544 Width 5 to 6 = 2 244/448 ps = 5,68 MHz

Data Slice tuning positions [MHz]

Data Slice 1to 4 306,3 309,9 314,8 319,7 The tuning positions of Data Slices 1

Data Slice 5t0 6 325 329,7 and 6 shall have a distance of at least
1704 OFDM carriers from start and end
of the C2 system, the tuning positions
of Data Slices 2 to5 are in the middle of
Data Slice 2...5

Table 31 shows al L 1-part2 signalling parameters. The coding schemes of the different parameters are according to
clause 8.3 of [i.2].

Table 31: L1 signalling for the DVB-S2/DVB-C2 retransmission example

Parameter Value (transmission format) Comment

NETWORK_ID 0000 0000 0000 0000 Network identifier

C2_SYSTEM_ ID 0000 0000 0000 0000 C2 system identifier

START_FRQUENCY 135 504: value of table 29 multiplied with 448 us

000000100001000101010000 (1/carrier spacing)

C2_BANDWIDTH 0000001001000100 13 920/24 = 580 due to calculated number of carriers.
Total 580 x 24 + 1 = 13 921 carriers due to insertion of
the highest carrier frequency edge pilot
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Parameter

Value (transmission format)

Comment

GUARD_INTERVAL

00

Gl =1/128

C2_FRAME_LENGTH 0111000000 448 data symbols in one C2 frame
L1 _PART 2_CHANGE_COUNTER [0000 0000 No changes between C2 frames, because one
constant data rate multiplex (MPEG2-TS) in each Data
Slice. Bit rate of those MPEG2-TS remain constant
over time
NUM_DSLICE 0000 0110 6 Data Slices within the C2 channel
NUM NOTCH 0000 No notch
DATA_SLICE_ID (Data Slice 1to {0000 0000....... 0000 0101 identifier for Data Slice ("0"...."5")
6)
DSLICE_TUNE_POS 0000001000111 71 (3 408/2/24); tune pos = 1 704" OFDM carrier
(Data Slice 1 to 6)
0000010001010 138 (3 x 2 208/2/24); tune pos. = 3 312t OFDM
0000011100110 carner
0000101000010 230 (5 x 2 208/2/24); tune pos = 5 520t OFDM carrier
0000110100101 322 (7 x 2 208/2/24); tune pos = 7 728" OFDM carrier
0000111111101 421 (4 x 2 208+2 544/2)/24; tune pos = 10 104t
OFDM carrier
509 (13 920-1 704)/24; tune pos (13 920-1 704)th
OFDM carrier
DSLICE_OFFSET_LEFT/RIGHT
Data Slice 1 10111001 /00010101 -71/+21 for the first Data Slice (min 1704 OFDM
carrier distance from the start of the C2 system )
Data Slice 2to 4 11010010/ 00101110 -46/+46 (2 208/2/24); +1 104 carriers left and right
from tune pos
Data Slice 5 11001011/00110101 -53/+53 (+2 544/2/24); 1 272 carriers left and right
from the tuning position
Data Slice 6 11011101 /01000111 -35/+71 for the last Data Slice ; minimum 1 704
OFDM carriers distance from the end of the C2
system
DSLICE_TI_DEPTH(Data Slice 1 |01 4 OFDM symbols
to 6)
DSLICE_TYPE (Data Slice 1to 6) |0 Type 1; single PLP (constant bitrate MPEG2-TS) per
Data Slice
DSLICE_CONST_CONF (Data 1 Data Slice does not change
Slice 1 to 6)
DSLICE_LEFT_NOTCH (Data 0 No notch
Slice 1 to 6)
DSLICE_NUM_PLP 000000001 1 PLP per Data Slice
PLP_ID (Data Slice 1 to 6) 0 PLP identifier ("0")
PLP_BUNDLED (Data Slice 1to |0 Not bundled with PLPs of other Data Slices
6)
PLP_TYPE (Data Slice 1 to 6) 10 Normal data PLP
PLP_PAYLOAD_TYPE 00011 MPEG2-TS
(Data Slice 1 to 6)
PLP_START (Data Slice 1 to 6) 00000000000010 First complete XFECFrame starts from 29 data cell
of this Data Slice
PLP_FEC_TYPE 1 This PLP uses 64 K LDPC
PLP_MOD 100 This PLP uses 1 024-QAM modulation
PLP_COD 101 This PLP uses code rate 9/10
PSI/SI_ REPROCESSING 1 Cable NIT, inserted in every MPEG2-TS, therefore

PSI/SI reprocessing
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12.1.1.2 Transparent signal conversion and MPEG2 Transport Stream processing

A very typical scenario which is currently implemented with DV B-C systems arranges for a compl ete and transparent
signal conversion without any MPEG2 Transport Stream processing applied between receiver and transmitter unit.
The transparent conversion can easily be achieved by replacing the DVB-C transmitter unit by a corresponding
DVB-C2 unit. This simple and straightforward approach however does not exploit the full potential of DVB-C2 since
the same constraints applicabl e to the traditional DVB-C signal conversion unit are al'so applied to the modern DVB-C2
based unit. For example, it is expected that the time for channel search required by the receiver cannot be shortened,
although the tuning procedure itself has been optimized in the C2 system.

However, more feasible in practice is the scenario of an efficient signal conversion as referred to above. The block
diagram of a conversion unit is shown in figure 78. As aready for DVB-C, also for DVB-C2 aPSI/S| processing is
primarily necessary to generate the cable NIT which contains the DVB-C2 delivery system descriptor. The complete
cable NIT should be transmitted in each PLP in order to avoid, for instance, along-lasting channel search of the
receivers, an effect already known from the DVB-C system.

In a scenario considering a mixed channel occupation of DV B-C and DVB-C2 signalsin the single cable network , it
may be advantageous to incorporate the complete cable NIT in aso called "home channel” or "Barker channel” to
which the cable STB aways tunes first. If the signal transmitted through this channel complies with DVB-C, the
utilization of such a method can prevent a DVB-C CPE from tuning to a DVB-C2 channel which may cause
malfunctions.

Bit-rate stuffing at MPEG2 Transport Stream level is not necessary in the application described above, if the original
MPEG2 Transport Stream received via a satellite transponder or aterrestrial channel will be converted to aDVB-C2
signal asawhole. The reason for this phenomenon is that the Data Slice bandwidth can be flexibly adapted to the input
bit rate as shown in clause 12.1.1.1. However, if some program filtering is applied in the receiver unit to suppress
programs which should not be transmitted in the cable network, stuffing is foreseen to get a constant bit rate for the
MPEG2 Transport Stream at the DVB-C2 modulator input as required by the DVB-C2 standard [i.2]. Therefore, in
this case zero frame deletion within the DV B-C2 modulator may be useful in terms of the highest efficiency of the
utilization of available capacity. Of course, zero frame deletion can also be applied for Transport Streams coming
unchanged from a satellite or terrestrial channel. But the number of zero frames is expected to be rather low for those
streams. Therefore, the possible gain in transmission capacity may be neglected.

12.1.1.3 Example for a configuration with a narrowband notch within a DVB-C2 signal

This example gives the signalling parameters of DV B-C2 signal with a narrowband notch, where those subcarriers
which transmit the preamble symbols and which are located in the range of the narrowband notch are switched off. In
such a configuration the notch weakens the error protection of the preamble as the information carried by the switched
off subcarriersis not available for the receiver.

In table 32 details of Data Slice configuration are shown. The 32 MHz C2 channel is inserted between 302 and
334 MHz and centred to 318 MHz to achieve equal frequency distance to lower and higher adjacent channels. One
narrowband notch isinserted at the high frequency end of data Slice 5 at 327,86 MHz, with a notch width of

23 subcarriers. Apart from this, the satellite retransmission example of clause 12.1.1 is reused.
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Table 32: Configuration of start frequency and Data Slices of the 32 MHz C2 channel
including one narrowband notch

Parameter Value Comment
Centre frequency [MHZz] 318
OFDM carrier spacing 1/448 us Due to 8 MHz channel raster
Dy 24 OFDM carriers Due to GI=1/128
Centre frequency (multiple of Dy) (318 Aligned to Dy, raster
[MHZ]
Number of OFDM carriers 13 944+1 Within the 32 MHz C2 channel
Number without notch
Start frequency [MHZ] 302,44 MHz 318 MHz - (13 944/2) x (1/448 us)
Number of carriers
Data Slice 1 to 4 2208 Width 1 to 4 = 2 208/448 us = 4,93 MHz
Data Slice 5,6 2544 Width 5 = 2 554/448 us = 5,70 MHz
Data Slice tuning positions [MHz]
Data Slice 1to 4 306,2 MHz The tuning positions of Data Slices 1
309,8 MHz and 6 shall have a distance of at least
314,8 MHz 1704 OFDM carriers from the start or the
319,7 MHz end of the C2 system , the tuning
positions 2 to 5 are in the middle of Data
Data Slice 5to 6 325,0 MHz Slice2to 5
329,7 MHz
Narrowband notch
Start Frequency 327,83 MHz Notch starts at high frequency end of
Data Slice 5
Width (carriers) 23

Table 33 shows al L 1-part2 signalling parameters of the narrowband notch example.

Table 33: L1 part 2 signalling for the narrowband notch example

Parameter

Value (transmission format)

Comment

NETWORK_ID

0000 0000 0000 0000

Network identifier

C2_SYSTEM_ ID

0000 0000 0000 0000

C2 system identifier

START_FRQUENCY

000000100001000101000100

135 492: value of table 31 multiplied with 448 us
(1/carrier spacing)

C2_BANDWIDTH 0000001001000100 13 944/24 = 581 due to calculated number of
carriers.
Total 581 x 24 + 1 = 13 945 carriers due to insertion
of the highest carrier frequency edge pilot

GUARD_INTERVAL 00 Gl =1/128

C2_FRAME_LENGTH 0111000000 448 data symbols in one C2 frame

L1 PART 0000 0000 No changes between C2 frames, because one

2_CHANGE_COUNTER constant data rate multiplex (MPEG2-TS) in each
Data Slice. Bit rate of those MPEG2-TS remain
constant over time

NUM_DSLICE 0000 0110 6 Data Slices within the C2 channel

NUM_NOTCH 0001 1 narrowband notch within the C2 system

DATA_SLICE_ID (Data Slice 1
to 6)

0000 0000....... 0000 0101

identifier for Data Slice ("0"...."5")
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Parameter Value (transmission format) Comment
DSLICE_TUNE_POS 0000001000111 71 (3 408/2/24); tune pos = 1 704" OFDM carrier
(Data Slice 1 to 6)
0000010001010 138 (3 x 2 208/2/24); tune pos = 3 312t OFDM
carrier
0000011100110
230 (5 x 2 208/2/24); tune pos = 5 520" OFDM
0000101000010 carrier
0000110100101 322 (7 x 2 208/2/24); tune pos = 7 728! OFDM
0000111111110 carmer
421 (4 x 2 208 + 2 544/2)/24; tune pos = 10 104t
OFDM carrier
510 (13 944 - 1 704)/24; tune pos (13 944 - 1 704)th
OFDM carrier
DSLICE_OFFSET_LEFT/RIGHT
Data Slice 1 10111001 /00010101 -71/+21 for the first Data Slice (min 1 704 OFDM
carrier distance from the start of the C2 system )
Data Slice 2to 4 11010010 /00101110 -46/+46 (x2 208/2/24); +1 104 carriers left and right
from tune pos (Data Slice 1-4)
Data Slice 5 11001100 /00110101 -53/+53 (x2 544/2/24); 1 272 carriers left and right
from tune pos (Data Slice 5)
Data Slice 6 11011101/01000111 -35/+71 for the last Data Slice (min 1 704 OFDM
carriers distance from the end of the C2 system +
(13 920 - 13 632) carriers)
DSLICE_TI_DEPTH(Data Slice 1 |01 4 OFDM symbols
to 6)
DSLICE_TYPE (Data Slice 1 to 0 Type 1, Single PLP (constant bitrate MPEG2-TS)
6) per Data Slice
DSLICE_CONST_CONF (Data 1 Data Slice does not change
Slice 1 to 6)
DSLICE_LEFT_NOTCH (Data 1 Left notch of Data Slice 6
Slice 1 to 6)
DSLICE_NUM_PLP 000000001 1 PLP per Data Slice
PLP_ID (Data Slice 1-6) 0 PLP identifier ("0")
PLP_BUNDLED (Data Slice 1-6) |0 Not bundled with PLP's of other Data Slices
PLP_TYPE (Data Slice 1-6) 10 Normal data PLP
PLP_PAYLOAD_TYPE 00011 MPEG2-TS
(Data Slice 1 to 6)
PLP_START (Data Slice 1to 6) |00000000000010 First complete XFECFrame starts from 2"d data cell
of this Data Slice
PLP_FEC TYPE 1 This PLP uses 64 K LDPC
PLP_MOD 100 This PLP uses 1 024-QAM modulation
PLP_COD 101 This PLP uses code rate 9/10
PSI/SI_ REPROCESSING 1 Cable NIT, inserted in every MPEG2-TS, therefore
PSI/SI reprocessing
Notch_Start At the low frequency end of Data Slice 6
0000111011010 421 (tune pos) + 53 (offset) = 474
Notch_Width 1 Lowest possible narrowband notch: 23 subcarriers
RESERVED 3 00000000 Reserved for future use
RESERVED_TONE 0 There is no reserved tone in this C2 frame
EARLY WARNING SYSTEM 0 There is no emergency event
(EWS)
C2 VERSION 0000 The C2 system ID is 0x0
RESERVED 4 00000000000 Reserved for future use
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12.1.1.4 Example for a configuration with a broadband notch within a DVB-C2 signal

This example gives the signalling parameters of DVB-C2 signal with two broadband notches, which takes into account
the protection of two wireless BOS services located in the frequency ranges of 443,59375 - 444,96875 MHz and
448,59375 - 449,96875 MHz (example from Germany according to figure 87 in clause 12.1.6). The preamble symbols
located in the range of the narrowband notches are switched off. In such a configuration the notches do not weaken the
error protection of the preamble as adjacent to the broadband notch in the regular case a complete preamble islocated at
least one side (lower or higher frequency part) of the broadband notch. Apart from this, the retransmission example of
clause 12.1.1 isreused.

In table 34 details of Data Slice configuration are shown. A 32 MHz C2 channel isinserted between 430 MHz and

462 MHz and centred to 446 MHz to achieve equal frequency distance to lower and higher adjacent channels. Two
broadband notches are inserted at the high frequency end of Data Slice 3 at 443,59 MHz, with a notch width of

672 carriers and at the high frequency end of Data Slice 4 with a notch width of 720 carriers. The minimum C2 channel
bandwidth for this notch configuration is 24 MHz, if existing 8 MHz channel raster is used (the two broadband notches
arein two different channels) and 16 MHz, if the C2 channel can be positioned out of the regular channel raster.

Table 34: Configuration of start frequency and Data Slices of the 32 MHz C2 channel
including a broadband notch

Parameter Value Comment
Centre frequency [MHZ] 446
OFDM carrier spacing 1/448 us Due to 8 MHz channel raster
Dy 24 OFDM carriers Due to GI=1/128
Centre frequency (multiple of Dy) Aligned to Dy, raster
[MHZz] 445,98
Number of OFDM carriers 13,920 Within the 32 MHz C2 channel
number without notches
Start frequency [MHZ] 430,45 MHz 445,98 MHz-(13 920/2) x (1/448 us)
Number of carriers
Data Slice 1 and 2 2208 Width 1 and 2 = 2 208/448 us = 4,93 MHz
Data Slice 3 1440 Width 3 = 1 440/448 us = 3,21 MHz
Data Slice 4 1584 Width 4 = 1 584/448 us = 3,54 MHz
Data Slice 5 and 6 2544 Width 5 and 6 = 2 544/448 us = 5,68 MHz
Data Slice tuning positions [MHz] The tuning positions of Data Slice 1 and Data
Data Slice 1to 4 434,25 MHz Slice 6 shall have a minimum distance of
437,8 MHz 1704 OFDM carriers from the start or the end
439,77 MHz of the C2 system. Furthermore the tuning
446,8 MHz position of Data Slice 3 shall have a minimum
distance of 1704 OFDM carriers from the
Data Slice 5 and 6 453,0 MHz lower edge of broadband notch 1 and the
457,7 MHz tuning position of Data Slice 5 shall have a
minimum distance of 1704 OFDM carriers
from the upper edge of broadband notch 2.
Broadband notch 1 443,52 MHz Notch starts at upper frequency end of Data
Slice 3
Broadband notch 2 448,55 MHz Notch starts at upper frequency end of Data
Slice 4

According to table 34 the notches are positioned in the 32 MHz C2 channel example as shown in figure 83.
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DVB-C2-channel (B=32MHz)

The 32 MHz DVB-C2 channel is located between 430 and 462 MHz; the both notch positions start at

443,52 MHz (width=1,45 MHz) and 448,55 MHz (width=1,61 MHz) according to table 33.

Figure 83: Example for Broadband Notches in the area of BOS services (Germany)

The bandwidth of the two broadband notches (1,45 MHz and 1,67 MHZz) dlightly differs from the nominal bandwidth of
the two BOS services to be protected. The reason is that notch bandwidth shall be a multiple of the pilot raster

(24 carriersfor GI=1/128). Furthermore notch 2 is dightly wider than notch 1, because the very small frequency gap to
the upper adjacent Data Slice of notch 2 isincluded into notch 2. The Data Slices are chosen according to the example
in table 34. But Data Slices 3 and 4 cannot be used for retransmission of the satellite transponders given in table 33 due
to notch location (possible datarate for Data Slice 3 and 4 reduced). Therefore for these two Data Slices other content
sources shall be used. Additionally Data Slice 4 only can be used for data transmission if L1 signalling remains static
(no changes will happen during transmission), because a receiver, which has been already tuned to Data Slice 4, cannot

anymore detect acomplete L1

signal.

Table 35 shows al L 1-part2 signalling parameters of the broadband notch example.

Table 35: L1-part2 signalling for the DVB-C2 broadband notch example

Parameter Value (transmission format) Comment
NETWORK_ID 0000 0000 0000 0000 Network identifier
C2_SYSTEM_ ID 0000 0000 0000 0000 C2 system identifier

START_FRQUENCY

000000100001100001000000

137 280: value of table 33 multiplied with 448 us
(1/carrier spacing)

C2_BANDWIDTH 0000001001000100 13 920/24 = 580 due to calculated number of carriers.
Total 580 x 24 + 1 = 13 921 carriers due to insertion of
the highest carrier frequency edge pilot
Total 580 x 24 + 1 = 13 921 carriers due to insertion of
the highest carrier frequency edge pilot

GUARD_INTERVAL 00 Gl=1/128

C2_FRAME_LENGTH 0111000000 448 data symbols in one C2 frame

L1 PART 0000 0000 No changes between C2 frames, because one constant

2_CHANGE_COUNTER data rate multiplex (MPEG2-TS) in each Data Slice. Bit
rate of those MPEG2-TS remain constant over time

NUM_DSLICE 0000 0110 6 Data Slices within the C2 channel

NUM_NOTCH 0010 2 broadband notches within the C2_system

DATA_SLICE_ID (Data Slice 1 to {0000 0000....... 0000 0101 identifier for Data Slice ("0"...."5")

6)

DSLICE_TUNE_POS 0000001000111 71 (3 408/2/24); tune pos = 1 704t OFDM carrier

(Data Slice 1 to 6)

0000010001010 138 (3 x 2 208/2/24); tune pos = 3 312" OFDM carrier

0000011010110 2 142 x (2 208+(1 440/2))/24; tune pos = 5 136t OFDM
carrier

0000100110001 305 (2 208+1 440+672+(1 584/2))/24; tune pos = 7 3201
OFDM carrier

0000110100101 421 (4 x 2 208 + 2 544/2)/24; tune pos = 10 104 OFDM

0000111111101 carner

509 (13 920 - 1 704)/24; tune pos (13 920 - 1 704)th
OFDM carrier
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Parameter

Value (transmission format)

Comment

DSLICE_OFFSET_LEFT/RIGHT

Data Slice 1 10111001 /00010101 -71/+21 for the first Data Slice (minimum 1704 OFDM
carrier distance from the start of the C2 system)

Data Slice 2 11010010/00101110 -46/+46 (+2 208/2/24); +1 104 carriers left and right from
tune pos

Data Slice 3 00001010/001000110 -30/+30 (x1 440/2/24); £720 carriers left and right from
tune pos (Data Slice 1-4)

Data Slice 4 10111110/01000010 -33/+33 (x1 584/2/24); £792 carriers left and right from
tune pos (Data Slice 1-4)

Data Slice 5 10111001/ 00100011 -71/+35 (minimum 1 704 carriers distance from upper
edge of broadband notch 2)

Data Slice 6 11011101/01000111 -35/+71 for the last Data Slice; minimum 1 704 OFDM
carriers distance from the end of the C2 system

DSLICE_TI_DEPTH(Data Slice 1 |01 4 OFDM symbols

to 6)

DSLICE_TYPE (Data Slice 1 to 0 Type 1, Single PLP (constant bitrate MPEG2-TS) per

6) Data Slice

DSLICE_CONST_CONF (Data 1 Data Slice does not change

Slice 1 to 6)

DSLICE_LEFT_NOTCH (Data 1 Left notch of Data Slice 4 and Data Slice 5

Slice 1 to 6)

DSLICE_NUM_PLP 000000001 1 PLP per Data Slice

PLP_ID (Data Slice 1 to 6) 0 PLP identifier ("0")

PLP_BUNDLED (Data Slice 1to |0 Not bundled with PLPs of other Data Slices

6)

PLP_TYPE (Data Slice 1 to 6) 10 Normal data PLP

PLP_PAYLOAD_TYPE 00011 MPEG2-TS

(Data Slice 1 to 6)

PLP_START (Data Slice 1 to 6) 00000000000010 First complete XFECFrame starts from 2"d data cell of
this Data Slice

PLP_FEC_TYPE 1 This PLP uses 64 K LDPC

PLP_MOD 100 This PLP uses 1 024-QAM modulation

PLP_COD 101 This PLP uses code rate 9/10

PSI/SI_ REPROCESSING 1 Cable NIT, inserted in every MPEG2-TS, therefore
PSI/SI reprocessing

Notchl_Start 0000011110100 At the high frequency end of Data Slice 3
(starting position 443,42 MHz)

Notch 2_Start 0000101010010 At the high frequency end of Data Slice 448,55
(starting position 443,42 MHz)

Notchl_Width 00011100 672 subcarriers ((672/24) = 28)

Notch2_ Width 00011110 720 subcarriers ((720/24) = 30)

RESERVED 3 00000000 Reserved for future use

RESERVED_TONE 0 There is no reserved tone in this C2 frame

EARLY WARNING SYSTEM 0 There is no emergency event

(EWS)

C2 VERSION 0000 The C2 system ID is 0x0

RESERVED 4 00000000000 Reserved for future use

12.1.2  Further application for Common PLP's and their efficient
transmission

The propagation delay of data carried in common PL Ps may differ from data carried in data PL Ps, as there isno time
synchronization mechanism available in the receiver to re-establish the original sequence of e.g. TS packet. However,
there are many applications for carrying datain common PL Ps, such as:

. EPG data, e.g. encoded in the DVB Sl EIT table format.
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. Entitlement Management Messages (EMMSs) of the Conditional Access system.

o DSMCC data carousels, where no strict time correlation to other components of a service isrequired.

12.1.3 Video On Demand and other applications of personalized services

VOD services are 'unicast-type' of services, as a customer is requesting an individual communication link between the
VOD server and his VOD enabled CPE. Therefore VOD services could be delivered via cable networks by means of
both transmission systems DVB-C and DVB-C2, either using them separately or in parallel. The receiver of an
individual customer could send the information whether it supports DVB-C and/or DV B-C2 reception capabilities
together with the request for viewing of aVOD-event. The VOD backend-system will ensure that the event is
transmitted with the proper format to the individual customer. The penalty a cable operator would have to pay for
implementing the possibilities of a mixed DVB-C/DVB-C2 VOD scenario is the deployment of headroom for peak
usage for both systems since traffic peaks will happen in both the DVB-C and the DVB-C2 system.

12.1.4 Utilization for interactive services (IPTV, Internet)
12.1.4.0 Introduction

The flowing system explanations are based on the simplified block diagram depicted in figure 80 which shows two
basic downstream delivery scenarios for interactive services implemented in the last mile of a cable network. Thefirst
scenario describes an |P delivery viathe DVB-C2 downstream pipe, which is operated in parallel of a DOCSIS®
system, whereas the second scenario shows how DVB-C2 is used as an integral part of DOCSIS®.

1) Hybrid scenario

In this scenario programs are delivered in MPEG2 Transport Stream format via separately operated DV B-C2
cable channels. Examples for services mentioned in this context are TV, VOD etc. DVB-C2 is configured to
work in usual broadcast mode at physical layer. Service request by the user is performed via upstream by a

DOCSIS® cable modem.

- A separate transmission of video content in parallel to the IP based system makes available more
capacity for services which need to be transmitted by means of an IP stream (Internet, Vol P, High Speed
business data). For example a universal Edge QAM device can schedule a higher number of cable
channels for IP during the day (when business applications need more capacity) which then will be
reduced during the evening, when more channels are required for TV and VoD.

Furthermore the hybrid scenario reduces equipment requirement on user side, if only TV and VoD isrequired
(only up to DOCSIS® 2.0 modem needed for upstream).

2) IPover HFC scenario

In this scenario programs are delivered as | P streams via DV B-C2 cable channel s configured to work as an
integral part of the downstream delivery media of the DOCSIS® system. The Encapsulation of |P packetsis
done by Generic Stream Encapsulation (GSE). GSE is an IP encapsulation method especially optimized for the
Baseband Frame format as used in DV B second generation transmission standards as DVB-S2, DVB-T2, and
DVB-C2. IP over HFC is useful for:

- amixed P service delivery including various services such as IPTV, Vol P, High speed business data,
Internet, etc.,

- low latency applications like Network PVR based VOD, gambling, etc.
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Figure 84: Scenarios for interactive service transmission with DVB-C2 in a stand-alone configuration

NOTE: Figure 84 shows the scenarios for interactive service transmission with DVB-C2 in a stand-alone
configuration (in the figure referred to as HFC Downstream) on the one hand and an integral part of
DOCSIS® (in the figure referred to as HFC Downstream (1P)).

12.1.4.1 Example for IP transmission
Below amore detailed I P transmission example is shown.
In a32 MHz channel the maximum transmission capacity for 1 024-QAM and code rate 8/9is:

o 14160, 448 us
14336 10* (128/129)* (8/9)* (14 232/14 400) * (95/96)* 0.99* (448/449)

= 269.3Mbit/ s(28)

Where the maximum number of 14 160 active OFDM carriers (B=31,607 MHZz) within a 32 MHz channel (14 336
nominal OFDM carriers) is used. This data rate value still includes the overhead to be taken into account due to GSE
and IP transmission (valuestypical about 10 % for high data rate videos).

The 32 MHz channel isdivided into 4 video Data Slicesand 1 Data Slice for internet and other general purpose data.

In each video Data Slice 6 HD Video streams (MPEG4 advanced video coding, VBR, 10 Mbit/s max) and 2 SD Video
streams (MPEG4 advanced video coding, VBR, 2 Mbit/s max) are transmitted. Due to VBR video streams the
transmission rate of the video Data Slices are varying, the difference between the maximum possible data rate

(269,3 Mhit/s) and the actual data rate of the 4 video Data Slicesis used for internet and general purpose datain a fifth
Data Slice. The tuning positions of the five Data Slices are ssimply equidistant distributed within the C2 channel,
starting from the 1 704th carrier . The 5t tuning position deviates from equidistant tuning position raster, because a
distance of 1 704 OFDM carriers from the end of the C2 system isrequired. Figure 85 shows how the width and the

offset values of the Data Slices vary between different C2 frames (t1 and t2) due to the variable bit rate of the video
streams.
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Figure 85: C2 channel configuration for variable bit rate input video and data streams
during different C2 frame periods t1 and t2, block diagram of the headend

Figure 85 shows the configuration for variable bit rate input video and data streams and table 36 shows the
characteristics (Data Slices, start frequency, Gl etc.) of the C2 channel shown in figure 85.

Table 36: Configuration of start frequency and Data Slices of the 8 MHz C2 channel
for IPTV and data transmission

Parameter Value Comment
OFDM carrier spacing 1/448 us Due to 8 MHz channel raster
Dy 24 OFDM carriers Due to GI = 1/128
Number of OFDM carriers 14 160 Within the 32 MHz C2 channel
Start frequency [MHz] 302,20 MHz Multiple of OFDM carrier spacing and Dy

raster

Number of carriers, bandwidth [Carr. Number Bandwidth [MHz] |Data rates [Mbit/s]
Data Slice 1 (8 PLPs) 2 424(t1), 3 384(t2) |5,41(t1); 7,55(t2) |Video group 1: 46(t1); 64(t2)
Data Slice 2 (8 PLPs) 3 384(t1), 2 904(t2) |7,55(t1); 6,48(t2) |[Video group 2: 64(t1); 55(t2)
Data Slice 3 (8 PLPs) 2 904(t1), 2 904(t2) |6,48(t1); 6,48(t2) |Video group 3: 55(t1); 55(t2)
Data Slice 4 (8 PLPs) 3 384(tl), 2 424(t2) |7,55(t1); 5,41(t2) |Video group 4: 64(t1); 46(t2)

8 MPEG4 advanced video coding Videos
in each Video Group (6 x HD 10 Mbit/s
and 2 x SD 2 Mbit/s)

Data Slice 5 (2 PLPs) 2 064(t1); 2 544(t2) |4,61(t1); 5,68(t2) |Data group: 40,3(t1); 49,3(t2)
One high speed Internet Service

Data Slice tuning positions

[MHZ] 306,0 MHz The tuning position of Data Slicel and 5

Data Slice 1to 4 312,3 MHz have a distance of minimum 1 704 OFDM
318,6 MHz carriers from end of the C2 system. The
325,0 MHz tuning positions 2-4 have equal OFDM
330,0 MHz carrier distance to each other

The calculation of OFDM carrier numbers for the different Data Slices is done according to equation (26), but with
LDPC code rate 8/9 and the corresponding BCH code rate of 14 232/14 400 (short LDPC frames for | P transmission,
length 14 400 bit).
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Table 37 shows al L 1-part2 signalling parameters.
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Table 37: L1 signalling for the IP transmission

Parameter Value (transmission format) Comment
NETWORK_ID 0000 0000 0000 0000 Network identifier
C2_SYSTEM_ ID 0000 0000 0000 0000 C2 system identifier

START_FRQUENCY

000000100001000011011000

135384: value of Tab 35 multiplied with 448 us
(1/carrier spacing), which shall also be a
multiple integer value of Dy (24)

C2_BANDWIDTH

14 160/24 = 590 due to calculated number of

0000001001001110 carriers
Total 590 x 24 + 1 = 14 161 carriers due to
insertion of the highest carrier frequency edge
pilot
GUARD_INTERVAL 00 Gl =1/128
C2_FRAME_LENGTH 0111000000 448 data symbols in one C2 frame
L1 _PART 2_CHANGE_COUNTER |0000 0001 Changes between C2 frames because of
varying data rate of Data Slices
NUM_DSLICE 0000 0101 5 Data Slices within the C2 channel
NUM_NOTCH 0000 No notch within the C2_system
DATA_SLICE_ID (Data Slice 1 to 6) {0000 0000....... 0000 0100 identifier for Data Slice ("0"...."5")
DSLICE_TUNE_POS 0000001000111, 71; 189; 307; 425; 519
(Data Slice 1 to 5) 0000010111101, The first and the last tuning positions are
0000100110011, located minimum 1 704 carriers from start and
0000110101001, end of the C2 system , the other three tuning
0001000000111 positions have an equal carrier distance to each

other

DSLICE_OFFSET_LEFT/RIGHT
Data Slice 1

Data Slice 2

Data Slice 3

Data Slice 4

Data Slice 5

10111001/00011110(t1);
10111001/01000110(t2)

01011000/00110101(t1);
11010000/01001001(t2)

10111111/00111000(t1);
11010011/01001100(t2)

11000010/01001111(t1);
11010110/00111011(t2)

11110001/01000111 (t1);
11011101/ 01000111 (t2)

-71/30 (t1); -71/70(t2)

-88/53(t1); -48/73(12)

-65/56(t1); -45/76(t2)

-62/79(t1); -42/59(12)

-15/71(t1); -35/71(t2)
Calculation as described in the other examples
above

DSLICE_TI_DEPTH(Data Slice 1 to |01 4 OFDM symbols

5)

DSLICE_TYPE (Data Slice1to5) |1 Type 2

FEC HEADER TYPE 1 High Efficiency Mode

DSLICE_CONST_CONF (Data 0 Data Slice changes between C2 frames

Slice 1to 5)

DSLICE_LEFT_NOTCH (Data Slice |0 No notch

1to4)

DSLICE_NUM_PLP 0000 1000 8 PLPs per Data Slice in Data Slice 1to 4
0000 0010 2 PLPs per Data Slice in Data Slice 5

PLP_ID (Data Slice 1to 4), 8 PLPs |0000 00000....0000 0111 PLP identifier ( "0/"1"/"2"/"3"/"4"["5"["6"["T")

PLP_ID (Data Slice 5), 2 PLPs 0000 00000/0000 0001 PLP identifier ("0"/"1")

PLP_BUNDLED(Data Slice1to4) |0 Not bundled with PLPs of other Data Slices

PLP_TYPE (Data Slice 1 to 6) 10 Normal data PLP

PLP_PAYLOAD_TYPE 00010 GSE

(Data Slice 1 to 5)

PLP_GROUP_ID 00 No association with common PLP

PSI/SI_REPROCESSING 0 IP data, Data Service, signalling on IP level

(DVB-IPI)
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12.1.4.2 Recommendations for arrangement of PLP's and Data Slices

12.1.4.2.0 Introduction

The following description gives a guidance how PL P's and Data Slices may be arranged dependent on the conditions
within a certain cable network.

12.1.4.2.1 Robust mode

In this mode the Data Slice width should be as high as possible (upper limit 7,61 MHZz) to support optimal frequency
deinterleaver performance in the receiver. The reason for that is that frequency interleaving is only performed within a
Data Slice but not within the whole C2 channel. In case of rather discrete disturbances or so called "cluster beats', as
they occur for example within cable networks with mixed occupations of DVB and PAL signals, the "Robust mode"
should be the preferred choice. This obviously depends also from the level and therefore relevance of those interferers.
Within a Data Slice of maximum 7,61 MHz some buffer bandwidth shall be foreseen because of VBR rate of incoming
data streams/PL P's. The amount of buffer overhead depends on the number of services transmitted within a Data Slice
(see also figures 86 and 87). Therefore for HD services (higher VBR rate) a higher buffer bandwidth for a Data Slice
shall be foreseen as for SD services (lower VBR rate). But the necessary buffer overhead usually is minimum 10%.
Because this overhead shall be foreseen in every Data Slice which carries VBR payload within the same C2 channel,
this mode does not achieve optimum transmission capacity ("statmux gain™) for the complete C2 channel. Figure 88
shows the "robust mode™ configuration.

1.8,
1.7}
1.6}

1.5}

1.4] PAR

Par

1.3}

1.2}

0 5 10 15 20 25 30
number of films

Figure 86: Dependency of Peak to Average data rate ratio ("Par") on the number of
transmitted video streams ("films"); effect of "statmux gain"

statmux-
gain (%)

A

30

20

| —
2 5 10 20 number of
services

Figure 87: Gain of statistical multiplexing versus number of services integrated in
the statistical multiplex, schematic representation
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Figure 88: Configuration of PLP's and Data Slices for robust configuration (Data Slice width as close
as possible to the maximum allowed bandwidth of 7,61 MHz)

12.1.4.2.2 High Efficiency mode

Where level of discrete interferences within a Data Slice can be neglected, this mode should chosen. In this mode for
every input stream /PLP asingle Data Sliceis foreseen (see figure 89).

Buffer overhead shall be foreseen only once for the complete C2 channel. This buffer overhead is always in the range of
the necessary minimum of 10 % if the C2 bandwidth is sufficient large.

Stuffing to a constant output transmission rate can be performed by stuffing Data Slices as described in clause 9.5
of [i.2] and clause 7.6 of the present document.
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NOTE: One PLP per Data Slice results in optimum statmux gain, because peak to average data rate ratio is lower
for the complete DVB-C2 channel than for a single Data Slice.

Figure 89: High Efficiency mode for single service transmission
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12.1.4.3 Adaptive Coding and Modulation (ACM)

Cable networks with bi-directional communication capabilities allow the implementation of variable coding and
modulation for the purpose of adapting the parameters for these elements in accordance with the channel conditions
such as the CNR value occurring at a dedicated user outlet. Thisfeature isreferred to as Adaptive Coding and
Modulation. The CNR value and other channel impairments measurable are reported to the headend via the return path.

High robustness, low efficiency
(coding, modulation)

S MHz
Downlink spectrum

madem 2

C2 headend

DOCSIS \
data Cahle netwark
. 4 Vs \
C2 modem /
receiver 1 Broadcast
__ spectrum
"
e - 3
' Low robustness, high efficiency
(coding, modulation)
r—

fiMHz
Downlink spedrum
madam 1

Figure 90: Principle of Adaptive Coding and Modulation (ACM)

Figure 90 visualizes such a scenario. User outlets with high CNR values receive the signal configured for lower
robustness and higher efficiency. In contrary the signal is transmitted to user outlets with low CNRs by means of a
higher robustness and consequently a lower efficiency.

The application of ACM seemsto provide particular benefits in networks with varying channel conditions per service
area. DVB-C2 could optimize the spectral efficiency for each individual unicast stream taking account of, for instance,
the signal-to-noise ratio measured at the corresponding user outlet and adapting the channel coding and modulation
appropriately. In this example it is obvious that the implementation of Variable Coding and Modulation (VCM)
provides great benefits compared to an application of a schema using Constant Channel Coding and Modulation
(CCM).

A concrete example for aunicast IPTV application (e.g. VOD) isgiven in table 33. It is assumed that a CNR lower than
29 dB is measured at a certain percentage of user outlets of a service area. Thisvaueincludes a3 dB implementation
margin leading to the selection of a 1 024-QAM combined with a FEC code rate of 3/4. The remaining outlets support a
higher SNR value of 32 dB including a 2,5 dB margin, allowing an application of 1 024-QAM and FEC code rate

of 8/9.

Figure 91 shows the block diagram of the DV B-C2 downstream part for ACM.
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Figure 91: Block Diagram of the downstream configuration for Adaptive Coding and Modulation

(ACM) using Variable Coding and Modulation (VCM) in the DVB-C2 Modulator

For the IP transmission example given in clause 12.1.5.1 the following results are rel evant:

1)

2)

If al services within the C2 channel are supplied to al users of the network, CCM (Constant Coding and
Modulation) shall be applied. In this case generally the robust modulation and coding scheme

(1 024-QAM, CR = 3/4) shall be chosen to assure QoS for the complete network. Therefore the possible data
rate is reduced according to the equation below:

14160, 448us
14336 10* (128/129) * (3/4) * (11712/11880) * (95/96) * 0.99

= 226.65Mbit /s (29)

If not al services within the C2 channel are required by users with the lower CNR values at their outlet, VCM
(Variable Coding and Modulation) can be applied. If for example only 50 % of the services within the C2
channel are required by users with lower outlet CNR, the resulting overall data rate is calculated as follows:

14160 , 448us

R opus= 0.5* =113.32Mhit/s (30)
14336 10* (128/129) * (3/4)* (11712/11880) * (95/96) * 0.99
for the services with robust coding and modulation, and
Ry = 0,5+ 24100, Ad8us = 134.65Mbit /s (31)

14336 10* (128/129)* (8/9)* (14232/14400) * (95/96)* 0.99

for the services with efficient coding and modulation.

Thetotal bit rate therefore is Ry, =113,32Mbit/ s+134,65Mbit/ s= 248Mbit/ s

In this case the capacity increase compared to CCM is about 21 Mbit/s.

Table 38 summarizes the results above.

Table 38: Data rates of the IP transmission example for different operation modes (CCM, VCM/ACM)

100 % high efficient 100 % robust Mod/Cod VCM/ACM with
Mod/Cod (CCM) (ccwm) 50 % robust Mod/Cod
(1024-QAM, CR = 8/9) | (1024-QAM, CR=3/4) | 50 % high eff Mod/Cod
(32 Mait?:zRiLeannel) 269,3 MBit/s 226,65 Mbit/s 248 MBIit/s
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The requirement for Adaptive Coding and Modulation (ACM) occurs, if for example a certain service, which has been
only transmitted to users with better CNR values before, is then also requested by users with lower CNR. At this
moment the transmission parameters shall be changed from "high efficient” (CR = 8/9) to "robust" (CR = 3/4) for this
service.

12.1.4.4 PLP bundling

PL P bundling allows the transmission of a high bit rate stream. The bit rate per PLP islimited by the maximum Data
Slice bandwidth of 7,61 MHz. By bundling of several PL Ps and Data Slices, respectively, payload capacity can be
significantly increased. The following example is given to elaborate this application in more detail.

The most likely application is the transmission of high speed internet with very high data rate requirement of up to
several 100 Mbit/s. Figure 92 shows the basic principle. Calculation for Data Slice parameters (width, tuning
frequency) basically follows the example givenin clause 12.1.5.1, in L 1-part2 signalling bundled PL P shall be
indicated (BUNDLED_PL P="1") in table 37. The remaining structure of table 37 is also applicable for this bundled
PL P application, except from some of the figures.

DVB-C2 compliant receivers may be fixed bandwidth, and therefore not supporting PL P bundling. However, DVB-C2
supports this functionality.
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Figure 92: Application example for PLP bundling; transmission of a high data rate MPEG2 Transport
Stream via several bundled Data Slices in a DVB-C2 channel

Of course, the application of channel bundling requires special CPEs with higher tuner bandwidth or multiple tuners.
For more details of the receiver implementation see also clause 10.11.1.7.

It is not mandatory to transport bundled PL Ps within one C2 system, Bundled PL Ps may be transported in different C2
systems. Details are discussed in Annex C.
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12.1.5 Handling of Interference scenarios

In several countries different frequency bands used in cable networks are allocated for radio service as well, including
safety related services such as air traffic control. For this reason, interference scenarios, both cable signalsinterfering
radio services and terrestrial servicesinterfering cable signals are discussed in the present document. In some casesitis
necessary to locally switch off (notch) certain frequency bands used e.g. for air traffic control services. Current aircraft
radio services use the 25 kHz channel raster.

The DVB-C2 system allows to reduce power of sets of subcarriers or to switch off sets of OFDM carriers where
interference scenarios cannot be overcome by other means. In many cases those problems are local problems only. Due
to the strong error protection of the DV B-C2 preamble, narrowband notches may have up to

47 x 2,232 kHz = 104,9 kHz within 8 MHz channel bandwidth. Those narrow notches are called 'Narrowband notches
in the DVB-C2 system.

A

Time
C2 Signal (e.g. 8 MHz)

DS1 DS2 DS3

< Freguency

Bandwidth of narrowband notch:
11, 23, 35 or 47 multiple of the carrier spacing

Figure 93: Narrowband Notch with a maximum bandwidth of 104,9 kHz

Figure 93 shows schematically a cable TV channel (8 MHZz). The blue bar is a notched frequency band with a maximum

bandwidth of 104,9 kHz.
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Figure 94: Two options for the implementation of Broadband Notches in a DVB-C2 signal
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NOTE 1. Figure 94 shows two options for the implementation of Broadband notchesin a DVB-C2 signal:
(a) Broadband notch placed between 2 adjacent DVB-C2 signal spectra; and
(b) Broadband notch placed within asingle DVB-C2 signal spectrum.

Figure 94 schematically shows a C2_System with a broadband notch and with two adjacent preambles and totally
5 Data Slices. The broadband notch is shown by the blue bar.

In case a Broadband notch (bandwidth >105 kHz) has to be implemented, there are generally two options possible with
DVB-C2 system. The first option is to extend the frequency bands of the adjacent channels up to the lower and upper
boarder of the broadband notch. This constellation is shown in figure 94 (a). With the second sol ution the broadband
notch is accommodated within a C2_System, which needsto have an overall bandwidth, which provides an overall
bandwidth of the C2-System with at |east a complete preamble in both the lower and the upper adjacent band to the
broadband notch. This configuration is shown in figure 94 (b).

NOTE 2: Only in case of Dependent Static Data Slices, there may be less than a compl ete preambl e bandwidth at
the lower or the upper part of the C2-System adjacent to a broadband notch. For further details see aso
clause9.3.5.2in[i.2).

It is worth mentioning, that besides the options given with narrowband or broadband notch features, the fact, that
DVB-C2 is significantly more robust in relation to DVB-C, can be used to mitigate interference scenarios.

43,300-45,250MIL
46,000-47,000MIL
74,205- 77,485 aircraftradio, AOS
84 005-87,265 A0S

8, UU 137,000 alrcraftradlo

Level reduction with the help of DVB-C2
(-6dB if for example 256QAM DVB-C service is replaced
by 256 QAM DVB-C2 service)

167 550 169 390A0S
169,800-170,300 A0S

Example for broad notches

275 250 285,25 alrcraftradlo

290,250 - 301,25 aircraftradio

306,250 - 318,25 aircraftradio

328,250 - 345,25 aircraftradio

355 250 399,90 AOS aircraftradio
=44 *12,5kHz and 20kHz raster (AOS)

448 59375 449 96875AOS

Channel Spacing of wireless services

+ 25kHz raster aircraft radio

Butoccupied frequencies may vary between different
AOS: Authorities and Organisations with Security Tasks regions (possibly narrowband notching may make
sense, but needs more detailed regulation)

Figure 95: Example of the used opportunities from DVB-C2
to reduce the interference to wireless services

Figure 95 shows a frequency allocation list of a set of different terrestrial services. Several examples of the different
channel spacing of terrestrial wireless services are shown. Some of those potential interference conflicts might require
narrowband or broadband notching, others might be solved by signal level adjustment in the critical bands.

In cable networks there is not only the egress problem (where cable networks are radiating interfering signals), but there
isaningress problem as well, where external radio services are interfering with cable signals. In the latter case DVB-C2
offers generally higher robustness in relation to DV B-C, which generally mitigates the interference problems.

In conclusion, DVB-C2 does provide powerful means to overcome interference conflicts, where other methods like
improving the shielding of cables or receiving devices or adaptation of frequency planning does not provide appropriate
solutions. Whereas with DVB-C the only choice was to switch off acomplete 8 MHz channel, there are more and very
flexible solutions in relation to adjustment of signal levelsin parts of the signal available with DVB-C2. It should be
mentioned that all those means of course result in a penalty of reduced usage or restriction of usage of the scarce
frequency resources of cable networks.
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12.2  Migration Scenarios
12.2.0 Introduction

The introduction of DV B-C2 requires the implementation of a migration strategy which allows continuing the
transmission of traditional signals for a dedicated period of time. The strategies may differ among cable operators since
they are based on many aspects and thus a general all-embracing migration cannot be discussed in the present
document. However, afew specific features of DVB-C2 may be helpful for a cable operator in defining his strategy and
thus are introduced hereafter.

12.2.1 From fixed to flexible channel raster

During transition from traditional transmission systems such as analogue TV and DV B-C to the new technology,
DVB-C2 will have to coexist in a cable network side by side with analogue TV- and DVB-C/DOCSIS® signals. This
requirement has an impact on certain DVB-C2 parameters selected for a DV B-C2 transmission such as power level,
modulation constellation, FEC code rate, and last but not least signal bandwidth. This clause highlights bandwidths
constraints and opportunities for DVB-C2 transmitted in different channel scenarios.

The transmission of analogue TV signalsin cable networks will be reduced in terms of numbers throughout the coming
years. This means that the channel occupancy will change while new channels and frequency bands will become
available for the injection of DVB-C2 signals. As pointed out already, the bandwidth of a DVB-C2 signal can be
flexibly assigned and depends on following considerations:

1) DVB-C2wasdesigned for utilization in cable systems with basic channel spacing of 6 MHz and 8 MHz,
respectively. Depending on the time duration selected for the Elementary period T, all timing and frequency
parameters of the system scale accordingly. For the two channel raster aternatives, the Elementary period is
chosen to 7/48 us (6 MHz) and 7/64 us (8 MHz), respectively (see according to [i.2], table 38). Asitis
assumed that equipment be available for both solutions, cable operators can decide which parameter sets fit
best to hisimplementation strategy. The most important parameters are summarized in [i.2] table 39 which is
aso included in the present document as table 38.

Table 39: OFDM parameters for 8 MHz and 6 MHz systems

Parameter "o | amss | wes | wnos
Number of OFDM carriers per L1 block K ; 3408 3408 3408 3408
Bandwidth of L1 Signalling Block (see note) 5,71 MHz |5,71 MHz |7,61 MHz |7,61 MHz
Duration T, 4 096T 4 096T 4 096T 4 096T
Duration T, us (see note) 597,3 597,3 448 448
Carrier spacing 1/T; (Hz) 1674 1674 2932 2932
(see note)
Guard Interval Duration A/T | 64T 32T 64T 32T
Guard Interval Duration A/T , us (see note) 9,33 4,66 7 3,5
NOTE:  Numerical values in italics are approximate values.

2)  Theminima bandwidth of a DVB-C2 signal is equal to the bandwidth of aL 1 part2 signalling block of some
5,71 MHz and 7,61 MHz for the respective cases of 6 MHz and 8 MHz channel spacing. This means for
instance that an analogue TV signal transmitted in Europe within a7 MHz channel in the VHF band cannot be
replaced by the 8 MHz version but by the 6 MHz version.

3) Theefficiency of aDVB-C2 increases with an increasing signal bandwidth.

4) Itisnecessary toinject in asingle cable system DVB-C2 signals which all are based on one and the same
Elementary period.

Taking these argumentsinto account, the cable operator has finally to decide which features meet their strategic
requirements for the migration to DV B-C2 better. He has to make a trade-off between higher efficiency of the 8 MHz
system and better frequency agility provided by the 6 MHz system. The different symbol durations Tg =T, + AT,

(see table 37) of the two system configurations will probably be taken into account as well.
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Figure 96 depicts how DVB-C2 signals of varying bandwidths could be used to replace single signals as well as group
of signals. More frequency spaces become available due to a smooth switch-off of analogue TV. Finally the entire
frequency spectrum available may be filled with DVB-C2 signals.

Pal DVB-C2 DVB-C

Start

DVB-C2 ;
Pal © DVB-C Step by Step analog

switch off and DVB-
C/C2 transition

DVB-C2

Full DVB-C2 occupied
network

Figure 96: Spectrum occupation during the transition from analogue TV and DVB-C to DVB-C2

12.2.2 Power level aspects

In addition to the flexible bandwidth allocation explained in the last clause, the correct adjustment of power levelsisan
important aspect to be considered for the introduction of DVB-C2. Two contradicting requirements have to be taken
into account to identify the optimal power level for asignal.

1) Theentire network load shall not increase by the introduction of new or different signals. This regquirement
needs to be strictly fulfilled at least as long as analogue TV signals are transmitted as part of the signal
portfolio. Increasing network load would entail a reduction of signal-to-intermodulation ratio such as
composite Triple Beat (CTB) and Composite Second Order (CTO) which will have a major negative impact on
the technical picture quality provided by analogue TV signals.

2) The decrease of the DVB-C2 signal quality caused by an overlay of additive disturbances such as additive
white Gaussian noise (AWGN) could be limited by increasing the level of the wanted signals- DVB-C2 in this
case. This measure would result in high signal-to-noise ratios allowing the selection of higher order
constellations and lower code rates which both have a positive impact on the actual spectral efficiency
achieved.

Cable operators will seek to adjust the individual signal levels complying with both requirements. The first requirement
could be met if DVB-C2 signals are injected in the network using the same level which was assigned to the replaced
signal prior to its replacement. Figure 97 shows a comparison between power levels currently applied for DVB-C and
possible levels applicable to DVB-C2 in the future. The power level of the analogue TV signal is shown as areference.
DVB-C signals using a 64-QAM schema are inserted in a cable network with a power back-off of 10 dB to 12 dB. The
back-off of a DVB-C signa with a256-QAM is 6 dB less and thus 4 dB to 6 dB below the reference level. A DVB-C
256-QAM signal could be replaced by a DVB-C2 signal using modulation constellation of a1 024-QAM. The SNR
requirements are the same for both signals while the DV B-C2 variant provides a higher spectral efficiency as explained
in clause 11. The spectral efficiency can be increased further if the power budget allows an injection of DVB-C2 signals
with a power level equal to the reference level since it would allow the adoption of a4 096-QAM scheme. In case the
power budget of future cable systems provides sufficient reserves, which may be possible for instance in networks with
very deep fibre penetration with the utilization of state-of-the art amplifier stages and after anal ogue switch-off, it could
be conceivable that the power of some DVB-C2 signals would even exceed the reference level. The consequence may
be that it could be possible to use even higher order constellations such as 16K or 64K in combination with the
remaining DVB-C2 signal processing. However, these constellation schemes are not defined yet by the current version
of the DVB-C2 standard [i.3] but may be subject to investigation for future updates.
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Figure 97: Examples for power levels applicable to DVB-C and DVB-C2 signals in cable networks

12.2.3 Non-backward compatibility to DVB-C

The signal processing defined by the DVB-C2 standard [i.4] does not provide any backward compatibility with DVB-C.
A related commercial requirement was not agreed in the DVB Commercial Module. In fact, the lack of backward
compatibility was accepted in order to allow the exploitation of the full potentials provided by the state-of-the-art
transmission techniques adopted. Any backward compatibility requirement would diminish the performance or the
flexibility of a DVB-C2 solution. In practice, however, backward compatibility will be established by equipping
DVB-C2 compliant receivers with a DVB-C front-end in addition to the DVB-C2 front-end. Such devices will be
capable of receiving and decoding both types of signals DVB-C and DVB-C2 while providing the means for a smooth
migration from the traditional to the new technology.

12.2.4 Parameter Configurations Optimized for Data Transmission

Processing of bidirectional data services, e.g. in aDOCSIS® system, require C2 parameters to be optimized for low
latency operation. The example six modes of operation defined in Table 38 meet the dual requirements of low latency
and high bit-rate required of many applications. Time interleaving is provided in three of the modes to provide
improved robustness with some tradeoffs on minimum achievable latency. Other low latency modes are possiblein
addition to those defined in Table 40, e.g. using guard interval = 1/64 for cable networks with along delay spread but
are not detailed further here.

Table 40: DVB-C2 Parameter Configurations for High Speed & Low Latency Data Transmission

Mode ID Modulation FEC Code Time Interleaving Comment
Rate

la 1 024-QAM 8/9 OFF Direct replacement for DVB-C 256-
QAM

1b 4 096-QAM 5/6 OFF Better network SNR, maximum
throughput

1c 4 096-QAM 8/9 OFF Best network SNR, maximum
throughput

2a 1 24-QAM 8/9 4 sym As (1a) with improved robustness

2b 4 096-QAM 5/6 4 sym As (1b) with improved robustness

2c 4 096-QAM 8/9 4 sym As (1c) with improved robustness

Achievable latencies for each mode are dependent on a number of parameters and are to some extent implementation-
dependent. The modes with the highest modulation and code rates provide the lowest latencies. As a general guide the
latencies achievable in modes 1a,1b & 1c are approximately 3- 4 msand in modes 2a, 2b & 2c are 7-8 ms. This
compares favourably with broadcast modes (e.g. annex B) where latencies can be typically 20-30ms.

Common parameters for each of the modesin table 40 are given in the following table 41.
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Parameter Mode
PLP Single
Data Slice Type 1
Guard Interval 1/128
FEC Codeword Length 16K
ISSY Not Used
Channel Bundling Not Used

In Table 40 PLP bundling is not used. Thisisto simplify initial adoption of C2 as a new downstream PHY in cable
networks supporting DOCSIS® by retaining the use of the DOCSIS® MAC layer for channel bonding of DVB-C2
channels.

12.2.5 Dynamic DVB-C2 Signalling Parameter Changes: Boundaries and
Policies
The DVB-C2 system is designed to be flexible with respect to its parameterization. While the specification only

describes the value semantics of the available parameters of the Layer 1 Signalling, this clause focuses on the parameter
change boundaries and policies, i.e. the interaction with the demodulator.

Table 42: Layer 1 Signalling parameters update boundaries and policies.

Parameters Boundary Policy
Seamless?

L1 HEADER
L1l INFO_SIZE CHGCNTR YES
L1 _TI MODE CHGCNTR NO

L1 SIGNALING PART 2 DATA

NETWORK ID STATIC NO
C2_SYSTEM ID STATIC NO
START FREQUENCY STATIC NO
C2_ BANDWIDTH STATIC NO
GUARD INTERVAL STATIC NO
C2_ FRAME LENGTH STATIC NO
L1l PART2_ CHANGE_ COUNTER DYNAMIC YES
NUM_DSLICE CHGCNTR YES
NUM_NOTCH STATIC NO

DATA SLICE
DSLICE_ID STATIC NA
DSLICE_TUNE_ POS CHGCNTR NO
DSLICE OFFSET LEFT CHGCNTR YES
DSLICE _OFFSET RIGHT CHGCNTR YES
DSLICE_TI DEPTH CHGCNTR NO
DSLICE_TYPE CHGCNTR NO
FEC_HEADER TYPE CHGCNTR NO
DSLICE_CONST_ CONF CHGCNTR NO
DSLICE_LEFT_NOTCH CHGCNTR YES
DSLICE NUM PLP CHGCNTR YES

PHYSICAL LAYER PIPE
PLP_ID STATIC NA
PLP_BUNDLED CHGCNTR NO
PLP_TYPE CHGCNTR NO
PLP_PAYLOAD TYPE CHGCNTR NO
PLP_GROUP_ID CHGCNTR NO
PLP_START DYNAMIC YES
PLP_FEC TYPE CHGCNTR NO
PLP_MOD CHGCNTR NO
PLP_COD CHGCNTR NO
PSI/SI_REPROCESSING CHGCNTR NO
TRANSPORT STREAM ID CHGCNTR NO
ORIGINAL NETWORK ID CHGCNTR NO
RESERVED 1 IGNORED NA
FEC FRAME HEADER

PLP_ID STATIC NA
PLP_FEC_TYPE DYNAMIC YES
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PLP_MOD DYNAMIC YES
PLP_COD DYNAMIC YES
HEADER COUNTER DYNAMIC YES
RESERVED 2 IGNORED NA
NOTCH
NOTCH_START STATIC NO
NOTCH_WIDTH STATIC NO
RESERVED_ 3 IGNORED NA
RESERVED_TONE STATIC NO
EARLY WARNING SYSTEM (EWS) DYNAMIC YES
C2_VERSION STATIC NO
RESERVED 4 IGNORED NA

The change boundaries impose the following semantics:

[ STATIC]
The value of the relevant parameter is constant throughout the lifetime of the particular C2 system.

[DYNAMIC]

The value of the relevant parameter is subject to changes on its enclosing boundary, i.e. a parameter of the
Layer 1 Signalling Part 2 Data may be changed dynamically on an OFDM frame boundary while a parameter
of the Layer 1 Signalling Part 1 Data may be changed dynamically on a FECFRAME boundary.

[CHGCNTR]
The value of the relevant parameter is subject to the boundary imposed by the semantics of the parameter
L1 PART2_CHANGE_COUNTER.

[ IGNORED]
The value of the relevant parameter isignored as defined in the specification.

The seamless change policy imposes the following semantics:

[YES]
The value of the relevant parameter shall be processed seamlessly within the imposed update boundary, i.e. no
service interruption shall occur.

[ NO]
The value of the relevant parameter need not to be processed seamlessly.

[ NA]
Not Applicable

Specia notes:

L1l INFO SIZE
Thevalue of L1_INFO_SIZE and thus the decoding of the Layer 1 signalling shall be processed seamlesdy as
long as the number of preamble symbols remain the same between updates.

Nevertheless, L1 INFO_SIZE will change only on the CHGCNTR boundary, since all relevant parameters
that influence the size of the Layer 1 Signalling are also defined to be within the CHGCNTR boundary.

DSLICE ID, PLP_ID
The values of DSLICE_ID and PLP_ID are static within a C2 system, since no mechanisms exist to signal a
change of an ID for the very same Data Slice or PLP. Nevertheless, new Data Slices and/or PL Ps can
dynamically and seamlessly be added to and deleted from the DVB-C2 system , the latter case resulting in
undefined behaviour if the Data Slice or PLP is currently being decoded.

Parameter subgroups for Data Slices and PLPs
Reordering the parameter subgroups for Data Slices and PL Ps within the Layer 1 Signalling is dynamic and
shall be processed seamlessly.
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Annex A (informative):
Examples for the calculation of payload capacity of the
DVB-C2 system

Al

Introduction

Annex A gives four examples for calculated payload capacities of DV B-C2_systems with different parameters.

A.2

Examples for payload capacity using Guard Interval

1/128 using 2,232 kHz OFDM carrier spacing (for
European type cable networks)

The following set of parameters applies for table A.1: one symbol for the preamble, single PLP and single Data Slice
with Data Slice type 1.

Table A.1: DVB-C2 Payload capacity for Guard Interval 1/128

OFDM OFDM OFDM OFDM OFDM
8 MHz channel 16 MHz channel 24 MHz channel | 32 MHz channel | 64 MHz channel
bandwidth bandwidth bandwidth bandwidth bandwidth
Throughput Throughput Throughput Throughput Throughput
(Mbit/s) (Mbit/s) (Mbit/s) (Mbit/s) (Mbit/s)
Mode per 8 MHz per 8 MHz per 8 MHz per 8 MHz per 8 MHz

16-QAM 4/5 23,56 24,16 24,36 24,46 24,61
16-QAM 9/10 26,51 27,19 27,42 27,53 27,70
64-QAM, 2/3 29,45 30,20 30,45 30,58 30,77
64-QAM 4/5 35,33 36,24 36,54 36,70 36,92
64-QAM 9/10 39,77 40,79 41,13 41,30 41,55
256-QAM 3/4 44,16 45,29 45,67 45,86 46,14
256-QAM 5/6 49,11 50,37 50,79 51,00 51,32
256-QAM 9/10 53,02 54,39 54,84 55,07 55,41
1 024-QAM 3/4 55,20 56,61 57,09 57,32 57,68
1 024-QAM 5/6 61,39 62,97 63,49 63,75 64,15
1 024-QAM 9/10 66,28 67,98 68,55 68,83 69,26
4 096-QAM 4/5 70,67 72,48 73,09 73,39 73,84
4 096-QAM 5/6 73,67 75,56 76,19 76,51 76,98
4 096-QAM 9/10 79,54 81,58 82,26 82,60 83,11

A.3

Examples for payload capacity using Guard Interval

1/64 using 2,232 kHz OFDM carrier spacing (for
European type cable networks)

The following set of parameters applies for table A.2: one symbol for the preamble, single PLP and single Data Slice
with Data Slice type 1.
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Table A.2: DVB-C2 Payload capacity for Guard Interval 1/64

OFDM OFDM OFDM OFDM OFDM
8 MHz channel | 16 MHz channel 24 MHz channel |32 MHz channel (64 MHz channel
bandwidth bandwidth bandwidth bandwidth bandwidth
Throughput Throughput Throughput Throughput Throughput
(Mbit/s) (Mbit/s) (Mbit/s) (Mbit/s) (Mbit/s)
Mode per 8 MHz per 8 MHz per 8 MHz per 8 MHz per 8 MHz

16-QAM 4/5 23,14 23,74 23,93 24,03 24,18
16-QAM 9/10 26,04 26,71 26,94 27,05 27,21
64-QAM, 2/3 28,93 29,67 29,92 30,04 30,23
64-QAM 4/5 34,71 35,60 35,90 36,05 36,27
64-QAM 9/10 39,07 40,07 40,40 40,57 40,82
256-QAM 3/4 43,38 44,49 44,86 45,05 45,33
256-QAM 5/6 48,25 49,48 49,90 50,10 50,41
256-QAM 9/10 52,09 53,43 53,87 54,09 54,43
1 024-QAM 3/4 54,22 55,62 56,08 56,31 56,66
1 024-QAM 5/6 60,31 61,86 62,37 62,63 63,02
1 024-QAM 9/10 65,11 66,78 67,34 67,62 68,04
4 096-QAM 4/5 69,42 71,21 71,80 72,10 72,54
4 096-QAM 5/6 72,37 74,23 74,85 75,16 75,62
4 096-QAM 9/10 78,13 80,14 80,81 81,14 81,64

A.4  Examples for payload capacity using Guard Interval
1/128 using 1,674 kHz OFDM carrier spacing (for US
type cable networks)

The following set of parameters applies for table A.3: one symbol for the preamble, single PLP and single Data Slice
with Data Slice type 1.

Table A.3: DVB-C2 Payload capacity for Guard Interval 1/128

OFDM OFDM OFDM OFDM OFDM
6 MHz channel | 12 MHz channel | 18 MHz channel | 24 MHz channel | 48 MHz channel
bandwidth bandwidth bandwidth bandwidth bandwidth
Throughput Throughput Throughput Throughput Throughput
(Mbit/s) (Mbit/s) (Mbit/s) (Mbit/s) (Mbit/s)
Mode per 6 MHz per 6 MHz per 6 MHz per 6 MHz per 6 MHz

16-QAM 4/5 17,67 18,12 18,27 18,35 18,46
16-QAM 9/10 19,89 20,40 20,57 20,65 20,78
64QAM, 2/3 22,09 22,65 22,84 22,94 23,08
64-QAM 4/5 26,50 27,18 27,41 27,52 27,69
64-QAM 9/10 29,83 30,59 30,85 30,98 31,17
256-QAM 3/4 33,12 33,97 34,25 34,40 34,61
256-QAM 5/6 36,84 37,78 38,10 38,25 38,49
256-QAM 9/10 39,77 40,79 41,13 41,30 41,56
1 024-QAM 3/4 41,40 42,46 42,82 42,99 43,26
1 024-QAM 5/6 46,05 47,23 47,62 47,82 48,11
1 024-QAM 9/10 49,71 50,99 51,41 51,63 51,95
4 096-QAM 4/5 53,00 54,36 54,82 55,04 55,38
4 096-QAM 5/6 55,25 56,67 57,15 57,38 57,74
4 096-QAM 9/10 59,66 61,19 61,70 61,95 62,34
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A5

Examples for payload capacity using Guard Interval

1/64 using 1,674 kHz OFDM carrier spacing (for US
type cable networks)

The following set of parameters applies for table A.4: one symbol for the preamble, single PLP and single Data Slice
with Data Slice type 1.

Table A.4: DVB-C2 Payload capacity for Guard Interval 1/64

OFDM OFDM OFDM OFDM OFDM
6 MHz channel | 12 MHz channel | 18 MHz channel | 24 MHz channel | 48 MHz channel
bandwidth bandwidth bandwidth bandwidth bandwidth
Throughput Throughput Throughput Throughput Throughput
(Mbit/s) (Mbit/s) (Mbit/s) (Mbit/s) (Mbit/s)
Mode per 6 MHz per 6 MHz per 6 MHz per 6 MHz per 6 MHz

16-QAM 4/5 17,36 17,80 17,95 18,03 18,14
16-QAM 9/10 19,53 20,04 20,20 20,29 20,41
64QAM, 2/3 21,70 22,25 22,44 22,53 22,67
64-QAM 4/5 26,04 26,70 26,93 27,04 27,20
64-QAM 9/10 29,30 30,05 30,30 30,43 30,62
256-QAM 3/4 32,54 33,37 33,65 33,79 34,00
256-QAM 5/6 36,18 37,12 37,43 37,58 37,81
256-QAM 9/10 39,07 40,07 40,41 40,57 40,82
1 024-QAM 3/4 40,67 41,71 42,06 42,24 42,50
1 024-QAM 5/6 45,23 46,39 46,78 46,98 47,27
1 024-QAM 9/10 48,84 50,09 50,51 50,72 51,03
4 096-QAM 4/5 52,07 53,40 53,85 54,07 54,41
4 096-QAM 5/6 54,28 55,67 56,14 56,37 56,72
4 096-QAM 9/10 58,60 60,11 60,61 60,86 61,24

ETSI




175 ETSI TS 102 991 V1.3.1 (2016-01)

Annex B (informative):
Example for the choice of a DVB-C2 parameter set for
broadcasting application

This annex gives an example for a set of DVB-C2 parameters chosen for the introduction of DVB-C2 modulation
planned in the cable network of Kabel Deutschland for Video on Demand (VOD) and High Definition TV applications.
The VOD servicesand the HDTV services are delivered viaa DVB transport stream and highest spectrum efficiency
for the given guaranteed carrier to noise ratio (CNR) was the key decision criterion for that set of parameters.

. Modulation parameters

Modulator Bandwidth:
Carrier spacing:
Constellation:

Code rates:

Guard Interval:
Reserved Tones:
Narrowband notches

Broadband notches

Constant Coding and Modulation:

Variable Coding and Modulation:

Adaptive Coding and Modulation:

. Framing parameters

Number of PLPs:
Number of Data Slices:
Data Slice Type:

Data Slice stuffing:
Preamble symbols
Data Slice TI mode:

L1 Tl mode:

. Physical Layer Pipe (PLP) parameters

FEC Frame length:

8 MHz
2,232 kHz
1024 QAM
9/10

1/128
None
None
None

Yes

No

No

1

1

1

no

1 symbol (due to the simple multiplexing structure)
8 symbols

0 symbols (no time interleaving, due to the given preamble
symbol length)

64 800 bit
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Pre-processing parameters

- Input mode: Single DVB Transportstream
- Generic Stream Encapsulation: no
- High Efficiency Mode: yes

- Input steam synchronization (ISSY): no

- Additional Null Packet insertion: no

- Null packet deletion: no
- Baseband Frame stuffing: yes
- Common PLP: no
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Annex C (informative):
Use of PLP bundling

As specified in annex F in[i.2], DVB-C2 alows optional bundling of PL Ps carried in different Data Slices. PLP
bundling is possible within asingle C2 system as well as across different C2 systems. PL P bundling across different
C2 systems alows for larger frequency distances of the Data Slices. Within a C2 system, In PL P bundling mode a
single PL P can alocate arbitrary bandwidths up to the whole C2 system bandwidth. Annex Fin [i.2] mentionsthat in
this case all data packets of a bundled PL P connection pass the same input processing block. Inserting the ISSY
timestamp in the mode adaptation block of every BBFrame 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 PL P are spread over the different Data Slices. Figure F.1 and figure F.2 [i.2],
show the block diagram for the PL P Bundling operation mode within asingle C2 system or across different C2
systems.

The basic transmitter side processing is shown in figure C.1:

FEC/
Input: EE

Mode Adaptation
GSE/ TS P
= BBF 2
Input P N!
4321%Stream~:—P-g> 3 1 FIFO P
Sync. L b BBF 1
BBFrame BBF 2 FEC/
3
Header ISSsY | Symbol —> n bso MOD
CNTR Clock

Figure C.1: Transmitter side processing for PLP bundling

Asexplained in[i.1], al data packets of a PL P transmitted in bundling mode pass the same input processing block,
where the addition of the ISSY timestamp in the mode adaptation block takes place. Thisis required to allow the correct
reordering of the packets from different Data Slices on at the receiver side. The High Efficiency Mode stream format is
used for TS aswell asfor GSE. At the output of the input processing block the BBFrames of the bundled PLP are
spread over the different Data Slices.

BBFrames are created for each Data Slice according to the ratio of the bitrate of each Data Slice. The following figure
C.2 shows the load balancing principle for 2 Data Slices:
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TS GeneratioJ_.: : Max. data rat DS'1. B lBuild IF channel
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Figure C.2: Load balancing for bundled PLPs

In thisexample for 2 Data Slices, let A be the maximum data rate of Data Slice 1 and B the maximum data rate of
Data Slice 2. Then A/(A+B) of BBFrames are assigned to Data Slice 1 and B/(A+B) of BBFramesto Data Slice 2.

This alows for a minimum necessary and deterministic buffer size on receiver side. For example if the bitrates of two
bundled Data Slices are equal, BBFrames for each Data Slice occur in alternating fashion.
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Theratio of the highest and lowest payload capacity of Data Slices carrying bundled PL Psis not permitted to exceed
theratio of 5:1. For example, in case of PLP bundling across two Data Slices not more than 5 consecutive BBFrames
has to be assigned to the same Data Slice.

A DVB-C2 demodulator, which supports the PL P bundling mode, therefore applies the inverse signal processing. All
data packets marked to be bundled and the targeted PLP_ID are demodulated and FEC processed. Data packets of the
targeted PL P are multiplexed in the order given by the ISSY timestamp. Asthe BUFSTAT field is not available in case
of PL P bundling, the demodulator recovers the output clock on basis of transmitted I SCR field of the master channel
and has to establish an appropriate output buffer management, which does not require the BUFSTAT information.

NOTE: The master channel issignalled in the C2 bundled delivery system descriptor (see ETS
EN 300 468 [i.9]).

PLP data
Split up / N
[ 71 1 =
ps1 | bsZ2 | ps» | o84 | bDss5 |psse

Alternatively: .-~~~ ——So==* A

«_Tuner1 Tuner2 Tuner3 Tuner4
one broadband tuner L uner 3 Tuner 4

Recombin& 1 //

PLP decoder

Figure C.3: Bundled PLPs - Data Slice split up and recombining process at the receiver

Figure C.3 shows the recombining process of the data of a bundled PL P. Different data packets of a bundled PL P that
are split up into different Data Slices are collected on receiver side. After demodulation and FEC decoding the data of
the BB packets can be resorted according to the increasing value of their ISSY timestamp in the BB header.

The demodulation of the different Data Slices can be realized in different ways and isimplementer dependant: The first
implementation example is that each Data Slice is decoded by a separate 8 MHz tuner. Another option isto apply a
broadband tuner architecture that is capable to cover the required frequency range within its tuning window. In this case
the selection of the appropriate subcarriers of each Data Slice is done after alarger reception FFT (e.g. the example
giveninfigure C.1 would require four times the standard 4k FFT size: 16k FFT).

Note that data packets of a bundled PL P do not need to be located in neighboured Data Slices nor in the same C2
system, as long as the reception architecture can cover the applied split (i.e. sufficient 8 MHz tuners or asingle
broadband tuner covering the complete required frequency range).
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Annex D (informative):
The concept of optimized frequency utilization

D.1 Introduction

The following explanations of annex D are results of investigations carried out by the ReDeSign project. They analyze
the possibilities for the utilization of DV B-C2 in HFC networks and the potentials provided by the new technology. In
the first clause, state of the art RF characteristics of HFC networks are explained to an extent important to understand
the impacts caused by and the limitations for DVB-C2. Three basic methods are explained which show how DVB-C2
signals could be transmitted in compliance with the existing RF spectrum. The physical characteristics of DVB-C2 can
be configured in a very flexible manner, which alows deviating from the traditional cable channel pattern of 6 MHz
and 8 MHz, respectively. Instead of a channel number, a new characteristic frequency value isintroduced which takes
account of the new approach implemented in DV B-C2 called Absolute OFDM. Further to requirementsin the frequency
domain, the evaluation of future usage scenarios for DV B-C2 requires the consideration of the actual network load in
association with the different architecturesimplemented in the last mile of HFC networks. A more detailed investigation
of which network load could be transmitted through which topology is described in the clause 9 of the present
document.

D.2  RF Spectrum Considerations

For the introduction of DVB-C2 signals in scenarios provided by today's existing HFC networks a number of technical
requirements needs to be taken account. The most important requirement certainly is the demand to prevent any
reduction of technical quality of the traditional signals. DV B-C2 signals fulfil thisimportant requirement if the
transition parameters applied comply with the respective parameters defined by the relevant standards published by IEC
and CENELEC, see[i.9]. In particular channel frequencies and power levels are of interest meaning that DVB-C2
signals are to be injected in the existing channel raster at a defined power level. For the following discussioniit is
assumed that a sub-band of the RF frequency spectrum is occupied with signals asindicated in below figure a) by
means of an example. A simple means introducing DVB-C2 is provided by a one-to-one exchange of an individual
signal such as analogue TV or DVB-C with aDVB-C2 signal while keeping the signal power at the dedicated level. The
resulting RF spectrum of such asimple example is depicted in figure b). Two DVB-C signals transmitted in adjacent
channels and one analogue TV signal are replaced each by a DVB-C2 signal. Figure c) shows the possibility to transmit
awide-band DVB-C2 signal of a bandwidth equivalent to two cable channels (e.g. 16 MHz in Europe, 12 MHz in the
U.S.). The benefit arising from the injection of wide-band signalsin two or more adjacent channels consists of an
increase of spectral efficiency caused by an active use for data transmission of the frequency Guard Band traditionally
applied between two adjacent signals. In figure c¢) such frequency band is marked by the coloured ellipse. Compared to
this example of a combination of two channels, the spectral efficiency can be further accelerated by either transmitting
signals of even wider bandwidths and combining a higher number of channels or by injecting individual DVB-C2
signals adjacent to each other and without making use of any frequency Guard Band. Such a close packet signals line-
up can be achieved if the signals comply with the pre-requisites defined for the specia case of an Optimized Frequency
Utilization. The pre-requisites are illustrated further down in this clause. An example of the resulting RF spectrumis
depicted in figure D.1.

a) Example of original RF spectrum prior to DVB-C2 introduction
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Insertion of DV B-C2 according to IEC 60728 (traditional frequency raster and power levels)
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frequency
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¢) Combination of more than one channel of the traditional frequency raster

MlMIMI/—\/—\WWWmWM|mMI/—\

frequency

Principle of optimized frequency utilization
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MMMm | -
DN frequency

Symbols used in this figure

A [

Analog TV DVB-C DVB-C2

Figure D.1: Opportunities for RF spectrum utilization

As described already in various clauses above, DV B-C2 receivers using tuners with atraditional receiving bandwidth
(of 8 and 6 MHz, respectively) are capable of receiving individual Data Slices or bundles of Data Slices transmitted in
related frequency bands. Guided through the DVB-C2 Signalling Information, the CPE will be tuned to the Data Slice
which carries the service of interest, e.g. an HD program.

D.3  Optimized Frequency Utilization

The pre-requisite for the application of an Optimized Frequency Utilization is the establishment of a mode requiring the
full synchronization of al DVB-C2 signals being part of a DVB-C2 ensemble. The synchronization has to be created in
both time and frequency domain. It is necessary to ensure that the physical behaviour of al synchronized DVB-C2
signals of the entire ensemble isidentical with the behaviour of asingle wide-band DVB-C2 signal. In fact the
orthogonality of the OFDM sub-carriers applied in the frequency domain has to be guaranteed not only within an
isolated OFDM symbol but aso among the sub-carriers being part of each adjacent OFDM symbol and thus of each
OFDM symbol contributing to the ensemble of DV B-C2 signals. This synchronization requirement needs to be
fulfilled at least during the active symbol duration (excluding the temporal Guard Interval). Therefore the DVB-C2
signals of the ensemble have to be synchronized in time domain as well.

The spectrum of such an ensembleis shown in figure D.2. While the bandwidth of asingle DVB-C2 signal can be
assigned in a very flexible manner, the bandwidth of such an ensemble of DVB-C2 signals can vary significantly and
has only alower limit which is equal to the minimal bandwidth of asingle DVB-C2 signal.

D.4  Spectral implications of the Absolute OFDM
mechanism

The introduction of the so-called Absolute OFDM concept (see clause 5.9) entails the definition of a new set of RF
parameters corresponding to the traditional RF channel numbering. The OFDM Sub-carrier Index and the L1 Channel
Number. As shown in figure D.2, the entire RF frequency band used for up- and downstream transmission in HFC
networks is subdivided for this purpose in sub-bands of the OFDM sub-carrier bandwidth:

fgc = 1/448 MHz = 2,232 kHz
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And parameterized with a running index k. The Sub-carrier Index k starts with avalue of 0 indicating the frequency
sub-band at DC (0 Hz) and ends at a value of 386,176 which corresponds with a frequency of 862 MHz. The
interrelationship between the index k and the medium frequency of the related frequency sub-band is given by the
formula:

fox =KagMHZ with o =OMHz and fe,, =862MHz

Asexplained already in clause 8.4, L 1 blocks are aligned to a fixed 7,61 MHz frequency grid which corresponds to
3408 OFDM sub-carriers. The theoretical concept arranges for the first L1 block starting at 0 Hz whereas the
subsequent L 1 blocks starting at sub-carrier indexes of a multiple number of 3 408. They can be calculated as follows:

K, gm =Nn-3408 for n=0212,..113

Assuming that the FM radio band will be continuously used for anal ogue audio transmission, the first entire L 1 block
transmitted starts at k| 1.4t min = 15 corresponding to 114,1 MHz. However, parts of the L 1 block could also be

transmitted below this frequency but above 108 MHz which is the upper frequency limit of FM radio. A protection
distance between DVB-C2 and the FM signal needs to be taken into account when introducing DVB-C2 in these
frequency bands. The required protection ratio is currently investigated by ReDeSign and under standardization by
CENELEC and |IEC.

i<= 0 k= 49.000 k =134.400 k=271.488 k= 386.176
I5 65 / Bd Il VHyperban \/ Bd IV \/ Bd V &
108 300 446 448 606 f/[MHz] 862

Figure D.2: Definition of Absolute OFDM sub-carrier grid: number of absolute carrier k
and respective frequency in MHz

NOTE: More details on the concept of optimized spectrum utilization are discussed in [i.24].
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Annex E (informative):
DVB-C2 system evaluation and performance testing

E.1 Introduction

Already during the phase of development of the technical specification of the DVB-C2 system and during the system
evaluation phase as well the DVB-C2 validation & verification experts teams has been very active in simulating the
characteristics and performance of individual system building blocks and the whole DVB-C2 modulation system. Key
findings of this experts group and a summary of the measurement configurations and methodol ogies used during the
first two DVB-C2 Plug Fests are documented in this informative Annex E.

E.2 Interoperability Testing

The basic interoperability tests (functional tests) focus on the test of interoperability between modulators and
demodulators. However, the main goal of the Verification and Validation (V&V) group isto ensure that the
specification is unambiguous and that all companies involved have the same under standing of it.

The process of Validation & Verification may be subdivided into two different approaches that differ in the process of
testing for standard conformity and interoperability, respectively. While the process of validating the standard purely
focuses on the generation of DVB-C2 signals and its conformance to the DVB-C2 standard [i.5], the interoperability
testing does not include the introspection of the signals but tests for an error free decoding of the signal where
influences other than the coding and decoding process can be excluded.

Testing devices for interoperability can basically be interpreted as check for end-to-end link transparency when applied
toaC2 system, i.e. testing the correct and error free transmission of a data stream. This also leads to possible
circumstances in which two devices are interoperabl e since the streams can be decoded error free but are not necessarily
standard conformant.

The DVB-C2 system includes alarge set of features and configuration options that makesit virtually impossible to test
DVB-C2 implementations using all possible/allowed parameter combinations. Therefore, grouping of parameters and
features and thus reducing the number of the configurations of a C2 system by applying multiple PL Ps may be of
advantage when testing devices for interoperability.

Basic parametersof the DVB-C2 system:

In principle, the set of parameters of the DVB-C2 system, i.e. the parameters of the layer 1 signalling part 1 and part 2
data as well asthe preamble header, can be subdivided into enumerations and rational quantities. The parameters
which provide alimited number of options, i.e. that can be enumerated, will be referred to as basic parameters. The
basic parametersincluded are: L1 _TI MODE, GUARD INTERVAL,DSLICE TI DEPTH,DSLICE TYPE,

PLP FEC_TYPE, PLP_MOD, PLP_COD, HEADER COUNTER, RESERVED TONE. Furthermore, the parameters
NUM_DSLICE and NUM_PLP (per Data Slice) are referred to as basic parameters as well. All these parameters have in
common, that no special interpretation or semantics during the generation and decoding process are required, which
would otherwise denote them as parameters used in conjunction with special features of the DVB-C2 system (see
below).

During the first and second Plug-Fest the basic parameters and the (available and valid) combinations have been used to
test the basic features of a DVB-C2 system and were referred to as the baseline Test Cases. The devices were tested
using the minimum available bandwidth of a DVB-C2 signal of 7,61 MHz, i.e. 8 MHz operation. Testing each
parameter, its options and combinations with other parameters in sequence is time-consuming and may be disregarded
in favour of a more sophisticated approach. Thus, during the first and second Plug-Fest performed the approach of
combining the basic parameters in dedicated Test Cases was applied. Here, multiple PL Ps and multiple Data Slices
were configured for asingle DVB-C2 signal where each PL P and Data Slice, respectively, used different settings. To
limit the impact of side effects e.g. due to narrowing the bandwidth of Data Slices below a certain threshold which
might interfere with any stream data rate requirement the number of PL Ps and/or Data Slices might be limited to four
(or less), as done for the Plug-Fests.
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Extended features of the DVB-C2 system:

In addition to the baseline Test Cases further groups of tests were derived covering major features of the DVB-C2
system. The testing of these features or groups, respectively, may be performed orthogonal to the basic parameters, i.e.
only one or a specific subset of the basic parameters need to be tested in conjunction with the extended features of the
DVB-C2 system to provide a certain amount of confidence for interoperability.

The extended features/groups as derived for the second Plug-Fest are as follows:

. Minimum Bandwidth of Data Slices. This group includes Test Cases to test the minimum allowed bandwidth
of Data Slices for both types of Data Slices.

o Broadband Signals: This group includes Test Cases for testing signal configuration exceeding the minimum
bandwidth of a DVB-C2 signal of 7,61 MHz, e.g. 14 MHz, 16 MHz or 32 MHz.

. Narrow Band Notches: This group includes Test Cases for testing notch configuration solely deploying
narrow band notches with DV B-C2 signals of minimum bandwidth. The notches are configured at different
locations within the signal as well as between or overlapping Data Slices.

. Broad Band Notches: This group includes Test Cases for testing notch configurations deploying broadband
notches for DVB-C2 signals exceeding 8 MHz bandwidth. The configurations include testing of broadband
notches at different locations and bandwidth as well as testing Dependent Static Data Slices with minimum
bandwidth.

. Signal Parameter Changes. This group includes Test Cases explicitly testing the change of layer 1 signalling
parameters which should not result in a service interruption during the decoding process. (see clause 12.2.5)

These groups of Test Cases were tested in the course of the second DV B-C2 Plug-Fest resulting in atotal of 35 Test
Cases (per modulator), i.e. 7 baseline Test Cases + 28 Test Cases of extended features.

Error indication and criterion:

Two systems can be referred to as interoperable with respect to the transmission of dataviaa C2 system if the input to
the modulator and output of the demodulator device result in the very same data/stream, i.e. the transmission link is
transparent and error free. To test for an error free decoding (generation, transmission and decoding) of the transmitted
stream several means exist:

. Using the video/audio content of the transmitted stream: The video (and audio) content of a transmitted
stream may be used to check for errors during the generation, transmission or decoding of the stream by
evaluating any block artifact in the picture.

. Using atransport stream analyser: A Transport Stream analyser may be used to check for any errorsin the
transmitted stream.

. Using an error indicator of Forward Error Correction: The most valuable way of checking for errors
during reception is the evaluation of the error indication of the forward error implementation in the decoder, as
this block can also detects errors which might be hidden from the stream, e.g. if the errors occur within
stuffing regions of the baseband frame.

Special notes about interoper ability testswith DVB-C2 systems:

Signal quality and high constellation sizes: DVB-C2 supportsthe 1 024-QAM and 4 096-QAM constellation sizes
which demand high performance figures with respect to transmission conditions. When testing DVB-C2
configuration deploying these QAM modes an error free reception of the signal might be interfered by insufficient
signal quality and thus lead to misinterpretations with respect to interoperability. Thus, it should be assured when
performing interoperability tests with high constellation sizes (or features degrading the performance of the signal
itself, such as narrow band notches located within Data Slice) that the signal quality is sufficiently high.

Stream rate requirements: When configuring a C2 system for interoperability testing care is taken about the input
stream rate requirement, i.e. the data rate of the PL P provided for the embedded stream needs to be always greater
than the required data rate of the stream to prevent loss of data and possible misinterpretations.
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E.3 DVB-C2 tuner/demodulator performance testing

Thistest session focused on the overall system performance, taking into account impairments caused by the modulator,
the cable network and the demodulator. The test configuration should be arealistic model of the usage of the DVB-C2
systemin areal cable environment.

On the transmitter side afully loaded cable system was used with the channel D562 (562 MHz centre frequency) as the
wanted channel and the two adjacent channels (D554 and D570) each carried a DVB-C Signal (DVB-C@256-QAM).
The remaining channel capacity was fully filled with a mix of analogue and digital signals.

The basis parameters of the DVB-C2 wanted signal were chosen as given in Annex B of the present document.
However, al different coding and modulation parameters of the DV B-C2 system have been tested during this session.

Figure E.1 gives the block diagram of the testing configuration

Fully loaded
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Figure E.1: Block diagram of the performance testing configuration

The used HFC cable network model consisted of an optical transmission system and atypical cascade of amplifiers and
realistic coaxial cable segments.

Noise was added at the receiver side at RF level.
CNR was measured with a professional measurement equipment (Spectrum Analyser).

During the DVB-C2 Plug Fest the performance of the different prototype modulators and demodulators were measured
for each of the available modulation and FEC code rate configuration of the DVB-C2 system. In a channel
configuration with nominal signal levels noise was added step by step at the receiver side and the minimum CNR for
error free reception was noted per prototype demodulator. On basis of the theoretical performance characteristics the
overall implementation loss of each of the configurations could be calcul ated.

Such performance figures are not subject to standardization. Any operator of adigital TV platform using the DVB-C2
system has to define his reference chain and allocate a figure for implementation loss to the different components of his
reference chain.
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E.4 DVB-C2 adjacent channel protection ratio
measurement

Thistest session evaluated the performance of the tuners/demodulators under test in presence of adjacent channel
interference. For this test only the two neighbouring channels were transmitted in addition to the measurement channel.

The Adjacent Channel protection ratio isthe ratio of the maximum signal level of the adjacent signals allowing an error
free reception of the wanted channel to the nominal adjacent channel signal level.

All ACI measurements were performed with the same reference modulator.
For the adjacent channels identical modulation schemes were chosen for the lower and the upper adjacent channels.

M easurements started with nominal signal levels. DVB-C2 @1024-QAM was transmitted at the same signal level as
used for DVB-C@256-QAM today.

In order to measure the available protection ratio, the signal levels of the adjacent channels were increased up to the
maximum signal level (alevel whichis still appropriate for the tuner input circuits). In case an error free reception was
still possible at maximum signal level, the signal level of the wanted channel was decreased in order to increase the
amplitude difference between wanted and adjacent channels. Care was taken that the CNR of the wanted channel was
till appropriate for error free reception.

Those measurements were performed for DV B-C2 as the wanted signal with all possible configurations of modulation
and code rates.

For the adjacent channels the following modulation schemes have been tested:
. DVB-C2,@4096-QAM
. DVB-C2,@1024-QAM
e DVB-C @ 256-QAM

. PAL B/G
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