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Intellectual Property Rights

IPRs essential or potentially essential to thegmedocument may have been declared to ETSI. Taamation
pertaining to these essential IPRs, if any, isiplibhvailable forETSI membersand non-members, and can be found
in ETSI SR 000 314intellectual Property Rights (IPRs); Essential, motentially Essential, IPRs notified to ETSI in
respect of ETSI standardsivhich is available from the ETSI Secretariat.dsatupdates are available on the ETSI Web
server fittp://webapp.etsi.org/IPR/home.&sp

Pursuant to the ETSI IPR Policy, no investigatioojuding IPR searches, has been carried out byl.BN®Gguarantee
can be given as to the existence of other IPRsafietenced in ETSI SR 000 314 (or the updates @ETSI Web
server) which are, or may be, or may become, datémthe present document.

Foreword

This Technical Specification (TS) has been produnedoint Technical Committee (JTC) Broadcast efEuropean
Broadcasting Union (EBU), Comité Européen de Noisasibn ELECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

NOTE: The EBU/ETSI JTC Broadcast was establishel®®0 to co-ordinate the drafting of standard$ian t
specific field of broadcasting and related fiel@i;ce 1995 the JTC Broadcast became a tripartig bo
by including in the Memorandum of Understandingg@a@ENELEC, which is responsible for the
standardization of radio and television receivétge EBU is a professional association of broadegsti
organizations whose work includes the co-ordinatibits members' activities in the technical, legal
programme-making and programme-exchange domaimsEBJ has active members in about
60 countries in the European broadcasting arehgasiquarters is in Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481

The Digital Video Broadcasting Project (DVB) is iadustry-led consortium of broadcasters, manufactimetwork
operators, software developers, regulatory bod@stent owners and others committed to designiabajlstandards
for the delivery of digital television and data\sees. DVB fosters market driven solutions that titke needs and
economic circumstances of broadcast industry stdllels and consumers. DVB standards cover all éspédigital
television from transmission through interfacingnditional access and interactivity for digital @@ audio and data.
The consortium came together in 1993 to providéaglstandardisation, interoperability and futureqgfr
specifications.

Introduction

DVB-C2 is a standard for the digital transmissidwligital signals in broadband cable and cablevisien systems
commonly referred to CATV networks. It defines teitfues of the physical layer (e.g. error protectiaterleaving,
modulation) and lower layer protocols requireddata packaging and signalling. Compared to itsguessor DVB-C,
which was originally standardized in 1994, DVB-(fecs significant benefits with regard to transriossperformance
(e.g. spectral efficiency) and operational flexthi(e.g. variable bandwidth, improved ability tdagpt to dedicated
channel conditions) compared to DVB-C.

Further background information on DVB-C2 is giverthe subsequent scope of the present documeniséd@ and 3
provide the reader with information on referencesihative and informative references) and defingicsymbols and
abbreviations respectively, which are used fordiscription of the technology in the main partref present
document and thus are helpful for the understandirige related explanations.
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Clauses 4 to 6 give general information about DVBt€enable an understanding of the general corichpived
during the development of the standard. CommeRggjuirements are introduced, which were creatateter the
technical development. An overview on the DVB-C2teyn summarizes its key features. Clause 5 desdtiee
anatomy of the signal on the level of the physaral the logical frame structures. Clause 6 justifidy dedicated
parameter sets were chosen for individual elemfritse standard.

The detailed description of individual DVB-C2 elemt@starts in clause 7 with the Input Processirgjtha Multiplex
Structure. Mechanisms for bundling of the so-cafdaysical Layer Pipes - a concept of transpareitatg of data
streams from the transmitting to the receiving gtite common use of global information by a nundféPLPs
(Common PLP), stuffing algorithms and the secopdiddl 2) signalling are explained in great detail.

Clause 8 complements the description of the engamichniques defined in the DVB-C2 standards {ifiich are:
Preamble Generation, Pilot Structure, Peak to AyeeRower Ratio (PAPR), two level (L1 and L2) sidingl structure,
Interleaving, Framing, OFDM, and Spectral Shapirtese techniques are implemented for instancevitele such as
modulators, edgeQAMs, etc.

In clause 9, the reader receives information abimutlelivery media, e.g. the cable network anttéssmission
characteristics. This clause is not intended tarball-embracing pool of information about all kinoff CATV network
infrastructures, however it provides a thorougharathnding of the major characteristics of thedpant media which
are important to understand when developing harewasoftware systems compliant with DVB-C2.

While the receiving end is not discussed by the B&¥Bstandard i.1], clause 9 gives guidelines beaiigred to the
particular needs of implementers of CPE and otkgrcés/units designed to receive DVB-C2 signale filowing
techniques are explained in particular: synchrdimrgprocedure, Time and Frequency De-interleavirsg, of Pilots,
phase-noise requirements, mechanism for tuningiata Slice, buffer management, FECFrame headectita,
LDPC and BCH decoding, output processing and p@aeing.

Having in mind the information on the entire tramssion chain provided by the preceding clausestrresmission
performance supported by the DVB-C2 signal is asedyin clause 11. Next to theoretical estimatisimsylation
results are presented.

Last but not least clause 12 contains informatlooua realistic examples on how DVB-C2 could be apst in CATV
networks. Various network scenarios are descrilbedp@ssible modifications of today's headend agchite are
introduced. Information on possible migration sec@satowards DVB-C2 systems complements the desdrib
scenarios.
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1 Scope

The present document gives guidelines for the implgtation of DVB-C2 based cable transmission systdihe
DVB-C2 standard [i.1] contains a detailed and mreclescription of techniques used at the transmignd. The target
of the standard document has been to provide &uati®n manual allowing a non-ambiguous implemgoteof the
technology. Explanations on transmission aspeaswatters of receiver implementation have not ksdxect to
standardization. Since the developers of the stdrfédt that such information would be essentialdn accurate
implementation of an end-to-end DVB-C2 system,pgresent document was prepared covering the follgwipics:

. Descriptions of techniques implemented at the tréiting end complementing the explanations givenHzy
standard and extending the focus area to mattdrsazfend architectures, for instance.

. Explanations on CATV network aspects to an extepiortant for an implementation of a DVB-C2 device.
. Guidelines for the implementation of equipmentatied at the receiving end.

DVB-C2 was developed in coincidence with the DVBlq¢ophy to make use of state-of-the-art techn@gdfi
possible rather than to invented technologies alithost no advantages compared to existing onesekkerywa number
of elements of DVB-C2 are based on newly investetiiiques which have been used neither in theginseration
DVB family of transmission systems nor in the st@m$ of the second generation agreed prior to D\2B-C

(e.g. DVB-S2, DVB-T2), nor have been implemented itomparable manner in any other transmissiomtéoby
known. Techniques of the combined PLP and Datae $fialtiplex concept are an example for such a rgpvéhese
and other techniques had to be invented to enkatdv/B-C2 not only meets its commercial and tecahi
requirements, but provides an optimised solutiain weégard to operational flexibility and transmissefficiency to an
extent possible today. These techniques have mut thecussed at the time of publication of thisguap the wider
literature but are presented in the present doctimendetail which is important to know for an ilamenter.

The present document has the objective to makdéaslaito DVB-C2 implementers as much as possibthef
common understanding captured during the work @ftkperts group developing the standard. The preseament
was prepared by these experts with the intentiggrdeide know-how complementary to the explanatioihe
standard itself and about the environment in whiéVB-C2 system will be operated. Network aspentsmatters of
receiver implementation are mentioned by way ofsample.

2 References

References are either specific (identified by dditeublication and/or edition number or version ito@m) or
non-specific. For specific references, only theaitersion applies. For non-specific references|atest version of the
referenced document (including any amendments)egpl

Referenced documents which are not found to begylbalvailable in the expected location might barfd at
http://docbox.etsi.org/Reference

NOTE: While any hyperlinks included in this clawsere valid at the time of publication ETSI cannaantee
their long term validity.

2.1 Normative references

The following referenced documents are necessarh&application of the present document.

Not applicable.

2.2 Informative references

The following referenced documents are not necgdsathe application of the present document hattassist the
user with regard to a particular subject area.

[i.1] ETSI EN 302 769: "Digital Video BroadcastifipVB); Frame structure channel coding and
modulation for a second generation digital transiais system for cable systems (DVB-C2)".
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[i.2]

[.3]

[i.4]

[i.5]

[i.6]

[.7]

[i.8]

[.9]

[1.10]

[i.11]

[i.12]

[.13]

NOTE:
[i.14]
[i.15]

[1.16]
[i.17]
[i.18]

[.19]
NOTE:
[i.20]
NOTE:
[i.21]
[.22]
[.23]
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ETSI EN 300 429: "Digital Video BroadcastifipVB); Framing structure, channel coding and
modulation for cable systems".

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

ETSI TS 102 831"Digital Video Broadcasting\{B); Implementation guidelines for a second
generation digital terrestrial television broadoagssystem (DVB-T2.

ETSI EN 302 307: "Digital Video BroadcastifipVB); Second generation framing structure,
channel coding and modulation systems for Broadwgdinteractive Services, News Gathering
and other broadband satellite applications (DVB-S2)

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

ETSI TS 102 606: " Digital Video Broadcasti(igVB);Generic Stream Encapsulation (GSE)
Protocol”.

ETSI TS 102 771: "Digital Video Broadcasti(i@VB); Generic Stream Encapsulation (GSE)
implementation guidelines".

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

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

ETSI EN 300 744: "Digital Video Broadcastifi@VB); Framing structure, channel coding and
modulation for digital terrestrial television".

J. van de Beek, M. Sandell, and P. O. B'sgfm, "ML estimation of time and frequency offset i
OFDM systems," IEEE Transactions on Signal Proogsa&iol. 45, No. 7, Jul. 1997,
pp. 1800 -1805.

Stott, J. H., Summer 1998. The effects chgdnoise in COFDM. EBU Technical Review,
(276),pp. 12 -25.

Available from BBC websitdittp://www.bbc.co.uk/rd/pubs/papers/pdffiles/jsebéipdf

E.R.Berlekamp: "Algebraic Coding Theory", M& ork:McGraw-Hill, 1968.

D. J. MacKay and R. M. Neal: "Near Shannmnit performance of low density parity check
codes", Electronics Lett. Mar. 1997, vol. 33, n@p, 457-458.

Thomas J. Kolze, "HFC Channel Model Subnugsj IEEE 802.14a/98-12, May 1998.
IEEE 802.14: "Broadband Cable Access Methad Physical Layer Specification".

IEC 60728-1 (May 2008): "Cable networks fetevision signals, sound signals and interactive
services - Part 1: System performance of forwattigia

"A new cable frequency plan and power depleyt rules”, ReDeSign Deliverable D14, 2009.

Available atwww.ict-redesign.eu

"The HFC channel model", ReDeSign Delivembi8, 2008.

Available atwww.ict-redesign.eu

"Methodology for specifying HFC networks andmponents”, ReDeSign Deliverable D10, 2009.
Thomas Proakis, Digital Communications, N¥ark Mc Graw-Hill, ISBN 0-07-232111-3.

Jaeger, D.; Schaaf, C. (editors): DVB-C2gHiPerformance Data Transmission on Cable —
Technology, Implementation, Networks —. Mitteilungeus dem Institut fir Nachrichtentechnik
der Technischen Universitat Braunschweig, BandShaker Verlag, Aachen 2010
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the tanchslefinitions given in [i.1] and the followinggaly:
Oxkk: digits 'kk' should be interpreted as a hexadecimatber
active cell: OFDM Cell carrying a constellation point for Lgealling or a PLP

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

BBFrame: signal format of an input signal after mode amdash adaptation
BBHeader: header in front of a baseband data field
NOTE: See clause 5.1.
C2 frame: fixed physical layer TDM frame that is further died into variable size Data Slices
NOTE: C2 Frame starts with one or more Preamblet®ym
C2 system: complete transmitted DVB-C2 signal, as descrilpetthé L1-part 2 block of the related Preamble
common PLP: specialPLP, which contains data shared by multiple PORsufsport Stream)
data cell: OFDM Cell which is not a pilot or tone reservatiogil
data PLP: PLP carrying payload data
Data Slice: group of OFDM Cells carrying one or multiple PLiRs certain frequency sub-band

NOTE: This set consists of OFDM Cells within a fixeange of consecutive cell addresses within eath D
Symbol and spans over the complete C2 Frame, elttefireamble Symbols.

Data Slice packet: XFECFrame including the related FECFrame Header

data symbol: OFDM Symbol in a C2 Frame which is not a Prean@yimbol

ek
xdivy=|—
y

dummy cell: OFDM Cell carrying a pseudo-random value usedlltthé remaining capacity not used for L1
signalling, PLPs or Auxiliary Data

div: integer division operator, defined as:

elementary period: time period which depends on the channel rast@isansed to define the other time periods in the
C2 System

FECFrame: set ofN, ppc (16 200 or 64 800) bits of one LDPC encoding ofiena

NOTE: In case of Data Slices carrying a single RbB constant modulation and encoding is applie@;Ff&me
Header information may be carried in Layerl paaih@d the Data Slice Packet is identical with the
XFECFrame.

FFT size: nominal FFT size for a DVB-C2 receiver is 4 K

NOTE: Further details are discussed in clause 10.1.
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for i=0..xxx-1: when used with the signalling loops, this meaas the corresponding signalling loop is repeated as
many times as there are elements of the loop

NOTE: If there are no elements, the whole loopniéted.
guard-interval fraction: ratio T/T, of the guard interval duration to the active syieriod
Im(x): imaginary part of x
Layer 1 (L1): name of the first layer of the DVB-C2 signallintheme (signalling of physical layer parameters)
L1 block: set of L1-part 2 COFDM Cells, cyclically repeatadhe frequency domain

NOTE: L1 Blocks are transmitted in the Preamble.

L 1-partl: signalling carried in the header of the Data SReekets carrying modulation and coding parametieitseo
related XFECFrame

NOTE: L1-partl parameters may change per XFECFrame.

L1-part 2: Layer 1 Signalling cyclically transmitted in theepmble carrying more detailed L1 information abiiet
C2 System, Data Slices, Notches and the PLPs

NOTE: L1-part2 parameters may change per C2 Frame.
Layer 2 (L2): name of the second layer of the DVB-C2 signalBobeme (signalling of transport layer parameters)
mod: modulo operator, defined as:

xmody = X - y{lJ
y

mode adapter: input signal processing block, delivering BBFraraegs output

nnp: digits 'nn’ should be interpreted as a decimalliem

notch: set of adjacent OFDM Cells within each OFDM Symbithout transmitted energy
null packet: MPEG Packet with the Packet_ID Ox1FFF, carryingpagload data and intended for padding
OFDM cell: modulation value for one OFDM carrier during onel@M Symbol, e.g. a single constellation point

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

Physical Layer Pipe (PLP): logical channel carried within one or multiple D&tiice(s)
NOTE 1: All signal components within a PLP share shme transmission parameters such as robudatessy.

NOTE 2: A PLP may carry one or multiple servicescdse of PLP Bundling a PLP may be carried inrsé\@ata
Slices. Transmission parameters may change eaclRide.

PL P bundling: transmission of one PLP via multiple Data Slices
PLP_ID: this 8-bit field identifies uniquely a PLP withinG2 transmission signal

preamble header: fixed size signalling transmitted in the first paf the Preamble, carrying the length and
Interleaving parameters of Layer 1 part 2 data

preamble symbol: one or multiple OFDM Symbols, transmitted at thgibeing of each C2 Frame, carrying Layer 1
part 2 signalling data

Re(x): Real part of x

reserved for futureuse: value of any field indicated as "reserved for fatuse" shall be set to "0" unless otherwise
defined
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START_FREQUENCY: Index of lowest used OFDM subcarrier of a C2 Sysf€he value of
START_FREQUENCY shall be a multiple b

x*: Complex conjugate of
Transport Stream: multiplex signal as defined in ISO/IEC MPEG Syst specification [i.10]

XFECFrame: FECFrame mapped onto QAM constellations:

. \_XJ: round towards minus infinity: the most positivedger less than or equal to x.

. fx}: round towards plus infinity: the most negativeeger greater than or equal to x.

3.2 Symbols

For the purposes of the present document, the dgrmabn in [i.1] and the following apply:

O exclusive OR / modulo-2 addition operation

A Absolute guard interval duration

4 LDPC codeword of sizBly,.

A LDPC codeword bits

ARM 32 output bits of Reed-Muller encoder

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

Mvop, Mvop() Number of transmitted bits per constellation syh{far PLPi)

T Permutation operator defining parity bit group®éopunctured for L1 signalling

g Permutation operator defining bit-groups to be pealibr L1 signalling

A Output vector of the frequency interleaver of OFBlmboll and C2 Framen

Acp Amplitude of the continual pilot cells

Agp Amplitude of the scattered pilot cells

aAmiq Frequency-Interleaved cell value, cell indpaf symboll of C2 Framen

B(n) Location of the first Data Cell of symbol | alloedtto Data Slica in the frequency
interleaver

b 16 bit long FECFrame signalling data vector

Pe do Output from the demultiplexer, depending on thendiéiplexed bit sub-stream number
and the input bit numbe; of the bit interleaver demultiplexer

b; Bit number of index of 16 bit long FECFrame signalling data vector

CI/N Carrier-to-noise power ratio

C/N+I Carrier-to-(Noise+Interference) ratio

G Column of index of time interleaver

C Column of inde> of bit interleaver

c(X) Equivalent BCH codeword polynomial

Cm.lk Cell value for carriek of symboll of C2 Framem

dBpv relative logarithmic signal level with refento 1pV

DFL Data field length

Dp Difference in carrier index between adjacent piglarpilot-bearing carriers

D, Difference in carrier index between adjacent scatt-pilot-bearing carriers

Dy Difference in symbol number between successiviesea pilots on a given carrier

d(x) Remainder of dividing message polynomial by theegator polynomiag)(x) during BCH
encoding

g, Input bit numbed; of the bit interleaver demultiplexer

d, Bit number of a given stream at the output of teedltiplexer of the bit interleaver

Demultiplexed bit sub stream numbére < N, ,psireamy depending on input bit number
d; of the bit interleaver demultiplexer

Constellation point normalized to mean energy of 1

Reed-Muller encoder matrix

Mo
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a(x)

91(%), (%), ---s goX)

Y

:4(q)

'

j
Kpch
Ki
KIdpc
KL1_pADDING
KLlpart 2
KLlpart 2_ex_pad
KN,min

KN,max

Ksig

Kmin

K
Ktotal
k
I-data
Le
Lp

I

lp

m
m(x)
my

M
M

Npch
Nbch_parity

Ne

Ndata

Npp

Ngroup

NLlpart 2
NLlpart 2_Cells

max

max

NL1part 2 FEC_Block
N 1part 2_max_per_Symbdiaximum number of L1 information bits for transtimg the encoded L1 signalling part 2

NL1 TI_Depth
NLlpart 2_temp
NIdpc
NMOD_per_BIock
NMoD_Total

punc_groups
punc_temp

r
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BCH generator polynomial
Polynomials to obtain BCH code generator polyndmia

Complex cell of index of a Data Slice Packet

Frequency interleaver permutation function, elengent
Output codeword of BCH encoder
BCH codeword bits which form the LDPC informatioitsb

J-1

Number of bits of BCH uncoded Block

L1 signalling part 2 parameter selected ag N AK;) <=N_1part 2 cend/Imop
Number of bits of LDPC uncoded Block

Length of L1_PADDING field

Length of L1-part 2 signalling field including tipadding field

Number of information bits in L1-part 2 signalliegcluding the padding field.
Lowest frequency carrier index of a frequency Notch

Highest frequency carrier index of a frequency Kotc

Number of signalling bits per FEC block for L1 sidjing 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 (excluirepmble)

Number of OFDM Symbols per C2 Frame including edirlg preamble
Number of preamble OFDM Symbols within the C2 Frame

Index of OFDM Symbol within the C2 Frame (excludipgamble)
Index of preamble OFDM Symbol in C2 Frame

C2 Frame number
Message polynomial within BCH encoding
Input bit of index from uncoded bit vectdvl before BCH encoder

Uncoded bit vector before BCH encoder
Maximum Sequence length for the frequency integeav

Number of bits of BCH coded Block

Number of BCH parity bits

Number of columns of bit or time interleaver

Number of Data Cells in a Data Slice in frequemtgileaver

Number of complex cells per Data Slice Packet

Number of bit-groups for BCH shortening

Length of punctured and shortened LDPC codeward fepart 2 signalling
Number of available cells for L1 signalling parin2Zone OFDM Symbol
Number of LDPC blocks for the L1 signalling part 2

through one OFDM Symbol
Time interleaving depth for L1 signalling part 2

Intermediate value used in L1 puncturing calcutatio

Number of bits of LDPC coded Block

Number of modulated cells per FEC block for thedakt 2 signalling
Total number of modulated cells for the L1-parighalling

Number of BCH bit-groups in which all bits will lgadded for L1-part 2 signalling

Number of PLPs in a C2-system
Number of LDPC parity bits to be punctured

Number of parity groups in which all parity bitegsunctured for L1 signalling
Intermediate value used in L1 puncturing calcutatio
Number of bits in Frequency Interleaver sequence
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NrT
N

substreams
n

P

Pi

Qldpc

q

Reft 16K _LDPC 1 2
Reff_Llpart 2

R

RM
Ui+2)mod32

V

Vi

Vim,l,i

VRM
v,RM
W
WRM

wRM

wP
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Number of rows of bit or time interleaver
Number of reserved carriers
Number of substreams produced by the bit-to-stdmet demultiplexer

Data slice number
Power spectral density

LDPC parity bits
Code-rate dependent LDPC constant

Data Cell index within the OFDM Symbol prior to drgency interleaving and pilot
insertion
Effective code rate of 16K LDPC with nominal rate %

Effective code rate of L1-part 2 signalling

Row of indexi of time interleaver

Value of element of the frequency interleaver sequence followirtgolermutations
Value of elemeni of the frequency interleaver sequence prior tgpermutations
Row of indexi of bit interleaver

DBPSK modulated pilot reference sequence

List of reserved carriers

Elementary period
Column-twist value for columg@ of time interleaver

Component set of carrier indices for reserved eesri
Duration of one C2 Frame

Time interleaving period

Total OFDM Symbol duration

Useful OFDM Symbol duration

BCH error correction capability
Column-twist value for columa of bit interleaver

Parity interleaver output
User Packet Length
Parity-interleaver output bits

32 hit output vector of the cyclic delay block metFECFrame header encoding
Output of the cyclic delay block for input biin the FECFrame header encoding

Column-twist interleaver output
Column-twist interleaver output bits

Output vector of frequency interleaver, startingatrier index (= Data slice start carrier)

of the current OFDM Symbdland C2 Framen
Scrambled output sequence in the lower brancheoFEECFrame header encoder
Bit i of scrambled output sequence in the lower bran¢cheoFECFrame header encoder

Bit i of the data scrambling sequence

32 bit scrambling sequence in the lower branchefRECFrame header encoder
Bit i of scrambling sequence in the lower branch of th€Fame header encoder
Pilot synchronization sequence, build outhandw'

Bit of indexk of pilot synchronization sequence

L1 block specific pilot synchronization sequence

Bit of indexk of L1 block specific pilot synchronization sequenc

The set of bits in groupof BCH information bits for L1 shortening

Frequency interleaver input Data Cells of the OFBnboll and the C2 Framm
Address of the parity bit accumulator accordimggfyin LDPC encoder

Bit i of cell wordq from the bit-to-cell-word demultiplexer

Constellation point prior to normalization

The symbols t, i, j, k are also used as dummy variables and indicesniitiei context of some clauses or equations.

DVB Bluebook A147



16

In general, parameters which have a fixed valuafparticular PLP for one processing block (e.gFGine,
Interleaving Frame, Tl-block) are denoted by anarggase letter. Simple lower-case letters are fgaddices and
dummy variables. The individual bits, cells or woptocessed by the various stages of the systedeawted by lower
case letters with one or more subscripts indicatiegrelevant indices.

3.3 Abbreviations

For the purposes of the present document, the @lbkioms given in [i.1] and the following apply:

1 024-QAM 1 024-ary Quadrature Amplitude Modulation

16-QAM 16-ary Quadrature Amplitude Modulation
256-QAM 256-ary Quadrature Amplitude Modulation
64-QAM 64-ary Quadrature Amplitude Modulation
8PSK 8-ary Phase Shift Keying

ACM Adaptive Coding and Modulation

ATM Asynchronous Transfer Mode

AWGN Additive White Gaussian Noise

BB BaseBand

BBFrame BaseBand Frame

BCH Bose-Chaudhuri-Hocquenghem multiple error adio@ binary block code
BUFSTAT Actual status of the receiver buffer

C/N Carrier to Noise ratio

C/N+I Carrier to noise and intermodulation powediara
CATV Community Antenna Television

CCM Constant Coding and Modulation

CINR Carrier to Intermodulation Noise Ratio
CIR Carrier to Intermodulation Ratio

CNR Carrier to Noise Ratio

COFDM Coded Orthogonal Frequency Division Multiplex
CP Continual Pilot

CPE Common Phase Error

CPE Customer Premises Equipment

CRC Cyclic Redundancy Check

CSO Composite Second Order

CTB Composite Triple Beat

CSsO Composite Second Order

D Decimal notation

dB decibel

DBPSK Differential Binary Phase Shift Keying
DFL Data Field Length

DFT Discrete Fourier Transformation

DNP Deleted Null Packets

DvB Digital Video Broadcasting project

DVB-C DVB System for cable transmission

NOTE: As defined in EN 300 429 [i.2].

DVB-C2 DVB-C2 System

NOTE: As specified in EN 302 769 [i.1] .

DVB-S DVB System for digital broadcasting via shtes

NOTE: As specified in EN 300 421 [i.6].

DVB-S2 Second Generation DVB System for satellialcasting
NOTE: As specified in EN 302 307 [i.5].

DVB-T DVB System for Terrestrial broadcasting

NOTE: As specified in EN 300 744 [i.11].
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DVB-T2 Second Generation DVB System for Terrestoi@ladcasting
NOTE: As specified in EN 302 755 [i.3].

DVB-X2 Generic abbreviation for the group of 2ndhgeation DVB systems: DVB-C2, DVB-S2 and DVB-
T2

EBU European Broadcasting Union

EIT Event Information Table (DVB Sl Table)

EMM Entitlement Management Message

FEC Forward Error Correction

FFT Fast Fourier Transformation

FIFO First In First Out

GCS Generic Continuous Stream

GFPS Generic Fixed-length Packetized Stream

Gl Guard Interval

GS Generic Stream

GSE Generic Stream Encapsulation

HD High Definition

HDTV High Definition Television

HEM High Efficiency Mode

HFC Hybrid Fibre Coax

ICI Inter Carrier Interference

IDTV Integrated Digital TV

IF Intermediate Frequency

IFFT Inverse Fast Fourier Transform

IM InterModulation

IPv4 Internet Protocol version 4

IPv6 Internet Protocol version 6

IS Interactive Services

ISCR Input Stream Time Reference

ISI Input Stream Identifier

ISSY Input Stream SYnchronizer

Kbit 210=1 024 bits

LDPC Low Density Parity Check (codes)

LSB Least Significant Bit

LTE Long Term Evolution

LUT LookUp-Table

Mbit 220 =1 048 576 bits

Mbit/s Mbit per second

Mega 1.000.000 (1 Million)

MBaud 1.000.000 Baud = 1.000.000 Symbols per second

NOTE: MBaud is used for single carrier systemshsag DVB-S2, only

MPE Multi Protocol Encapsulation
MPEG Moving Pictures Experts Group
MPS Monic Polynomial Sequence
MPTS Multi Progranilransport Stream
MSB Most Significant Bit

NOTE: In DVB-C2 the MSB is always transmitted first

NA Not Applicable

NIT Network Information Table

NM Normal Mode

NPD Null Packet Deletion

OFDM Orthogonal Frequency Division Multiplex
osl Open Systems Interconnection Reference Model
PAPR Peak to Average Power Ratio

PER (MPEG TS) Packet Error Rate

PDF Probability Density Function

PLP Physical Layer Pipe

PRBS Pseudo Random Binary Sequence
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PSD Power Spectral Density

PSI/SI Program Specific Information/Service Infotina
PVR Personal Video Recorder

QAM Quadrature Amplitude Modulation
QoS Quality of Service

QPSK Quaternary Phase Shift Keying
RF Radio Frequency

SD Standard Definition

SDTV Standard Definition TV

SNR Signal to Noise Ratio

SP Scattered Pilot

SPTS Single Prograifransport Stream
STB Set Top Box

TDM Time Division Multiplex

TF Time/Frequency

TI Time Interleaver

TS Transport Stream

TSPSS Transport Stream Partial Stream Synchronized
uUP User Packet

UPL User Packet Length

VBR Variable Bit Rate

VCM Variable Coding and Modulation
VOD Video On Demand

XFECFrame XFEC Frame

4 Overview of DVB-C2

4.1 DVB-C2 commercial requirements

In recent years, customer demands for sophisticatdtimedia applications have increased signifigafg@roadband
Internet peers providing even higher speeds of hey®0 Mbit/s as well as new TV services such ahHefinition
Television (HDTV), Back-up TV, Video On Demand (VQBnd other interactive TV services have been aedlin
the service portfolios of cable operators. The fsion of all these services side by side via CATeiworks to a high
number of customers requires the availability ofierm infrastructures supporting the transmissionatfi broadcast
and broadband services under severe Quality ofief@oS) requirements. Also the continuous trassion of
traditional services and of analogue TV in particdlas been clearly requested by cable customendynfiar the
purpose of providing a compatible service which bameceived by second and third TV sets per haldetithout
any need for hardware changes. Today, a modernidiifibre Coax (HFC) network is an infrastructurekmg
sufficient transmission capacity available. Varitéeshnologies are in place which can be used toadeggtraditional
CATV networks to state of the art HFC networks. leer, network upgrades require huge financial itnaests and
can take a significant time, which both urge opmsato carefully adopt the optimal upgrade strategy

The transmission systems currently deployed in KHEtWorks, namely DVB-C and DOCSIS, have used physiyer
techniques which were invented in 1994 and eailieeir current applications cannot be configuredupport digital
transmissions with an increased spectral efficie@rygoing investigations have shown that techradahncements of
the existing systems, e.g. by introducing a 1 02MQwould only result in very limited efficiency iptovements
while providing non-backwards compatible solutioeguires the introduction of a new equipment germraAlso
state of the art upgrade technologies do not peothié feature of improving the spectral efficiet@yan extent required
for future network upgrades. In contrast, Europesile operators have ascertained that under cedaimercial and
technical conditions, the introduction of equipmsmpporting an advanced physical layer with cafissiigoing
beyond of what is possible with advanced versidrith@existing systems would provide the best méana
successful implementation of new business modéieréfore, the operators approached the DVB Prujittthe
request to launch the development of a new phykigar and lower layer signalling technology basaccommercial
requirements to be specified. The subsequent cdaisamarize the requirements compiled for DVB-C2HeyDVB
Commercial Module. The requirements are differeetian 4 categories:

(1) General requirements;

(2) Performance and efficiency requirements;
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Backwards compatibility requirements; and

Interactive systems requirements.

General requirements

The technologies shall aim at optimizing the useadfie channels in state of the art cable netwdrkis
includes enhanced flexibility and robustness, dtagemaximum payload data capacity.

DVB-C2 should not primarily aim at matching DVB-88d/or DVB-T2, but fully exploit its differentiatin
features to compete in the market of content delivEherefore downstream transmission technolotiat
maximally benefit from the availability of the retuchannel should be evaluated. However the spatiidin
of DVB-C2 shall not depend on the availability ofedurn channel.

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

The specification shall allow service providersoable networks to have individual quality of seeviargets,
even for services within the same multiplex.

Suitable techniques already in existence shaldopted wherever possible.

Due account shall be taken of anticipated cableordt characteristics (e.g. with fibre to the cushilding
and home, as far as applicable).

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

The DVB-C standard shall not be modified, nor shattquire changes to other specifications (elgo6
cause any existing feature to become invalid.

The specifications shall be transmission frequaerautral within typical cable frequency bands.
DVB family approach: DVB-C2 should reuse existimusions for interfacing, coding and modulation
wherever appropriate.

Performance and efficiency requirements

DVB-C2 should be able to efficiently support thegnation from a mixed analogue/digital to full dagit
network and be able to offer max performance/thnpug in both networks.

DVB-C2 shall give at least 30 % more throughpugxisting cable plants and in-house networks contptre
256-QAM (DVB-C).

DVB-C2 shall allow achieving the maximum benefirr statistical multiplex method. E.g. the curréxed
channel raster could be deregulated.

Cable networks should be characterized and modefieziglobal (e.g. US, Asia and Europe) level (idoig
in-house network) and the best modulation/FEC selseshall be selected taking into account a realistble
channel model including:

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

- Deployment of different digital signals (such asB\DOCSIS, Davic) and the associated signal backoff

ratios to analogue signals.

- Different noise (white, burst, impulse), non-lindias and other interferences present in curredt an
future networks.

The error performance of the system must be seitialall types of services that may be carried.

The DVB-C2 transmission system should be able ppsrt low power modes to maximally reduce power
consumption in receivers according to the EU Cddeéamduct on Energy Consumption.
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. Seamless retransmission (e.g. from DVB-S2 to DVB-@2DVB-T2 to DVB-C2) should be fully supported.

. The DVB-C2 standard shall provide a fully transpatiank for Transport Stream, IP-packets and other
relevant protocols between the input of the modulahd the output of the demodulator.

. The Zapping time (time to tune a receiver from seevice to another) shall not be significantly eased due
to the introduction of DVB-C2 (in relation to todayiser experience of digital TV services with D'ZB-For
any change in RF channel, the DVB-C2 front-endlgtediver a quasi error free signal within 300 ms.

4.1.3 Backward compatibility requirements

. DVB-C2 shall not be backwards-compatible with DVB{@ a sense that a DVB-C receiver is able to pssce
a DVB-C2 signal). The capability for a DVB-C2 reesi to include DVB-C functionalities should be
addressed as an optional requirement in the teahspecification, so that:

- if this is a requirement from the industry play&rsnclude DVB-C functionality into DVB-C2
equipment, chipset manufacturers can provide c@mpfiolutions;

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

. For DVB-C2 transmissions, there shall be no reeuénet for any change to existing DVB-C receiverssTh
assumes continued use of the same cable netwdriteantcire and the same cable channel charactsristic

. In order to allow for self install, the DVB-C2 stdard should be as insensitive as possible to tiypica
characteristics of in-house networks using coaasle systems.

4.1.4 Interactive systems requirements

. The specification shall be available for considerais an alternative downstream coding and maidulat
scheme for the DOCSIS systems currently using DViBfGhe EuroDOCSIS System.

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

. DVB-C2 shall allow cost effective integration of BWC2 into Edge QAM solutions for modulation
equipment.

. The specification shall provide a low latency mdalethose interactive services that require suntode.

4.2 Key features of DVB-C2

The excellent physical channel characteristics yiiridl Fibre Coaxial (HFC) networks provide an idpkitform for all
current and future broadband communication servicethe past, the available spectrum has beenlynased for the
transmission of analogue TV signals. For some ydlaesapplication of digital transmission standaadVB-C in
addition with the MPEG-2 video compression hasrefighe means to provide a huge variety of diditalprograms.
However, in many cable networks the analogue progrstill have not been switched off, resulting ipaaallel
transmission of analogue and digital broadcastdsgi®©ver the past years, many cable networks bega upgraded to
allow bidirectional communications. As a resulthleaoperators are nowadays able to offer bandvaddthanding
"Triple Play" packages, providing telephony aneinet access in addition to the classical TV braatservices.
Especially the IP traffic per customer is expedtethcrease rapidly in the coming years. Furtheenan increasing
number of services are offered in High Definiti¢ilY) quality, requiring much higher bit-rates in goanison to
Standard Definition (SD) resolution services. Oa ¢ther hand, the usable downlink spectrum in gipiable
networks is often limited to frequencies below 8®8z. Therefore, many cable operators are runnirigpbapectrum
in the near future, as a study of the EU fundedD'&&ign" project (visitwww.ict-redesign.elindicates. Solving this
problem is either possible by an extension of theduspectrum or by the reduction of the numbeub$sribers per
network segment. Both approaches are very costlyg@able network operator, as they require many active and
passive network components. The third and most gingipossibility to face the increasing demantbafidwidth is
the application of a transmission system with aevggrectrum efficient physical layer. The lattethis target of the
present DVB-C2 standard.
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Although the MPEQ ransport Stream (TS) is still the most favourite protocol used igithl broadcasting, DVB-C2
supports TS, any packetized and continuous inputdts as well as the so called Generic Stream Eotapon (GSE).
All input streams are multiplexed into a Basebarahte format. The Forward Error Correction (FEC)esuoh is
applied to these Baseband Frames. In line witlother DVB-X2 systems, DVB-C2 uses a combinatioh@PC and
BCH codes, which is a very powerful FEC providifmpat 5 dB improvement of signal-to-noise ratio (SN\Rh
reference to DVB-C. Appropriate Bit-Interleavinghetnes optimise the overall robustness of the FE&BY.
Extended by a header, those frames are called ¢&hysiyer Pipes (PLP). One or several of such RirBsnultiplexed
into a Data Slice. A two-dimensional interleavimgtfme and frequency domain) is applied to eactesnabling the
receiver to eliminate impacts of burst impairmeamnsd frequency selective interference such as singgiency
ingress. One or several Data Slices compose tHeguhpf a C2-frame. The Frame Building processudes inter alia
the insertion of Continual and Scattered Pilote Titst symbol of a DVB-C2 frame, the so-calledé&mble", carries
the signalling data. A DVB-C2 receiver will findl aélevant configuration data about the structure #he technical
parameters of the DVB-C2 signal in the signallimgadblock in the Preamble as well as in the heaafetse PLPs. In
the following step the OFDM symbols are generatednibans of an Inverse Fast Fourier TransformatieRT). A
4K-IFFT algorithm is applied generating a totalhad®96 sub-carriers, 3 409 of which are activelyduse the
transmission of data and pilots within a frequebapd of 8 MHz. The guard interval used betweerCtR®M symbols
has a relative length of either 1/128 or 1/64 femence to the symbol length (448).

In a nutshell the key technical features of DVB-#& the combination of flexibility and efficiendy.is expected that
the deployment of DVB-C2 on one hand will incretts& downstream capacity of cable networks by 3Mnelfar
optimised networks up to 60 %. On the other handBED2 will allow network operators to utilize theahable
frequency resources in a more flexible way andaatlee introduction of both enhanced services agddai pipes, for
all kind of service containers, including the sugipd IP based transport mechanisms.

4.3 Benefits of DVB-C2 compared to DVB-C

Table 1 lists the mayor differences between DVBA@ BVB-C2 in terms of the relevant used technolsghs a result
of the technologies introduced in DVB-C2, the ptitdrgain in capacity that could be achieved iswt838 %
compared to the DVB-C mode with the same SNR requénts (see table 2). In addition to the increa$idency

due to the chosen coding and modulation schemeB-O¥ allowed to further optimize the spectrum eéficy by
increasing the bandwidth of the transmitted sidpslond 8 MHz as shown in table 3. It should be chéitat DVB-C2
signals with broader bandwidth than 8 MHz generediy be processed by receivers with fixed 8 MHeikaéeg
windows.

Table 1: Comparison between the basic building bloc ks 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
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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 29.7dB 29.5dB 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 efficienc y due to increased transmitter bandwidth

DVB-C (256-QAM) DVB-C2 (4 096-QAM)
8 MHz channel 50.9 Mbit/s 79.39 Mbit/s
16 MHz channel 50.9 Mbit/s 81.40 Mbit/s, 2.46 % (see note)
24 MHz channel 50.9 Mbit/s 82.08 Mbit/s, 3.41 % (see note)
32 MHz channel 50.9 Mbit/s 82.42 Mbit/s, 3.84 % (see note)
64 MHz channel 50.9 Mbit/s 82.93 Mbhit/s, 4.49 % (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 cablemoek of a "European type" (using a 8 MHz channeteg and of a
"US-type" (using a 6 MHz channel raster). Thisasgible due to the definition of two different frgs for carrier
spacing of the OFDM system.

Whenever in the present document a DVB-C2 featuharacteristic is discussed in relation to theopaan type
(8 MHZz) scenario with 2.232 kHz carrier spacing7d@1 MHz preamble bandwidth, this feature is algailable for
the "US-type " (6 MHz) scenario using 1.674 kHzrigarspacing and 5.71 MHz preamble bandwidth retbpedy.

The reason for this easy conversion of featuréseigact that in both scenarios the number of OFE2ktiers per
frequency raster block is the same: 3,408 carriers.

5 Anatomy of the DVB-C2 signal

DVB-C2 employs state-of-the-art algorithms for teglspectral efficiency and flexibility that allowrfoptimum usage
of the cable network resources. The technical etaireach this goal and the resulting advantagegiven in the
following clauses of the present document.
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5.1

In accordance with the widely deployed first getieraDVB physical layer specifications, the secgesheration of the
DVB physical layer standards family (DVB-X2) cortsisf three transmission systems for the threefit
transmission media: DVB-S2 (satellite), DVB-T2 (&strial) and DVB-C2 (cable). One main idea of DXB-is the
maximum possible commonality and reasonable reausfbuilding blocks between the different transius
systems, which is also called the 'Family of Stadslaapproach. As an example, all standards usenanon forward
error correction (FEC) scheme consisting of a ctar@tion of an outer Bose Chaudhuri HocquenghenH)B©de
and an inner Low Density Parity Check (LDPC) cddarthermore, the system layers of DVB-S2 and DVBa@2
very similar, which allows a simple conversion afdlite signals into cable networks - an importfaatture of a cable
broadcasting system. From a first glance it magurerising that DVB-C2 applies Orthogonal FrequeDoyision
Multiplex (OFDM) as modulation scheme since it isavelty in cable downstream transmission. Howetrer benefits
of this approach are explained in more detail enftillowing clauses.

System Overview

Figure 1 shows a high-level block diagram of sigiralcessing defined for the DVB-C2 transmitting .imd
accordance to DVB-T2, the cable system also adbptPhysical Layer Pipe (PLP) approach. A PLPIlageal
channel that may contain one or more regular MPEG&hsport Streams but also IP data being processed by the
so-called Generic Stream Encapsulation (GSE) pobt&@ch PLP consists of an input processing bfoltewed by a
Forward Error Correction (FEC) and a QAM Mappinaggt. One or multiple PLPs can be combined to dedc@ata
Slices (similar to channels) which are interleairetime and frequency to mitigate the influencéofst errors or
narrow-band interferers. Finally, the frame buildembines the different Data Slices, prepends arpiée with the
Level 1 signalling information, and forwards theuking C2 frame to the OFDM generation stage.

Figure 1: High-level block diagram of the signal pr
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Concept of Physical Layer Pipes (PLP) and Data Slices

ocessing defined for the DVB-C2 transmitting end

The Physical Layer Pipe (PLP) concept allows thagmission of several independent logical chanigish PLP
constitutes such a logical channel containing tated for instance on the MPEQ@-2ansport Stream or on the
Internet protocol by using the Generic Stream Esglgtion (GSE). The PLP Identifier (PLP_ID), whialtows a
unique identification of dedicated PLPs at the resreside, is part of a so called FECFRAME headgndp placed in
front of each user packet. After decoding this leeahd evaluating the PLP_ID, the receiver is &bléecide whether

it has to decode the following data packet. Datkets which do not belong to the desired PLP awerigd and do have
to be processed neither by the QAM demapper nohéyorward error correction decoder. Consequettily effective
receiver bit rate as well as the related procegsivger decrease significantly.
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Another advantage of the PLP approach is the ptigsitio assign different robustness levels to eliéint streams: Each
PLP can adjust its modulation and FEC rate indepethyifrom the others. As a result, different 'Qiyabf Service'
levels can be assigned to differentiate servicéiseaphysical layer already. While the robustnestirgys for broadcast
services have to be adjusted to guarantee a higicaseuality at all user outlets of a cable netkydhe advantage for
the provision of interactive data in point-to-podmnnections is even more evident: Depending osiphlcable
network characteristics like distance, number oplars, and the quality of in-house installatidhe achievable
signal quality can vary significantly. If the calliieadend could get knowledge about the signal tywadid the
associated characteristics of the cable channslingrthe signal to a dedicated DVB-C2 user terihiihavould be able
to adjust the robustness settings for each indalidase thus optimizing the data throughput fohager. An example
of a typical application of this technique certgiid High-speed Internet access via cable. DVB-Q#d:be used as
downlink medium, whereas information about the enrdownlink quality could be sent to the headepndieans of
cable modems employing return channels. This agipdic describes how the headend would be enabledntigure
the downstream signals to each individual use pingithe maximum spectral efficiency offered by tiedwork.

5.3 Forward Error Protection and Modulation Constellations

The performance of the forward error correctiondsuthe basis of a powerful transmission systempays of the
DVB-X2 family approach, DVB-C2 employs exactly tb@me Low Density Parity Check (LDPC) codes thatHzsen
already used for DVB-T2 and DVB-S2. This code chlaas already been known since the sixties, buitiiigation in
real implementations only became possible in regeats due to the progress in semiconductor matnufag. The
impressive benefits of LDPC can be shown by thiefohg numbers: The 9/10 code rate of DVB-C2 iseabl correct
bit streams with bit-error rates of several pereeaasured at the input of the FEC decoder. In ashtthe Reed
Solomon code applied for DVB-C, which has a siméfiective code rate, only tolerates a maximunebitr rate of
2-:10 to reach the goal of quasi error-free receptiamesponding to one erroneous event per hour. Tigis h
performance of the LDPC codes is the most signifiéar large LDPC codeword lengths. In fact DVB-Ges a
codeword length of 64 800 bits, for instance, whiels a multiple length compared with the 1 632 ditd 204 bytes,
respectively, in DVB-C. Consequently, DVB-C2 islnager restricted to the transmission of MPEGr2ansport
Stream packets but support also other packetized dataregeBesides the LDPC code, a BCH code is emplbyed
DVB-C2 after LDPC decoding. It adds redundancyhi bit stream which consumes less than 1 percehedbtal bit
rate. This code with very little error correctiompabilities is used to correct the error-floor Whigpically arises at the
output of the LDPC decoder. This error-floor, whadturs in most iterative coding schemes as LDPTQuobbo codes,
leads to few remaining bit errors after the decgdirocess, which cannot be corrected by furtheatitns of the FEC
decoder.

The significantly increased performance of the fmdverror correction allows for the applicatiorhaher
constellation schemes being used for modulatich@fOFDM subcarriers. While DVB-C maximally empldye
256-QAM, DVB-C2 now adds 1 024-QAM and 4 096-QAM€lpossible combinations of modulation and coding
schemes are given in table 1. The table also itedae required signal-to-noise-ratios for quasirefree reception.
The range of signal-to-noise ratios varies fromrapipnately 10 dB to 35 dB, while the available mtadion and
coding schemes allow for a granularity of approsxteha2 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 applicabl e

CR 16-QAM 64-QAM 256-QAM 1 024-QAM 4 096-QAM
2/3 - 13.5dB - - -

3/4 - - 20.0dB 24.8 dB -

4/5 10.7 dB 16.1° dB - - -

5/6 - 22.0dB 27.2dB 32.4dB
9/10 12.8dB 18.5dB 24.0dB 29.5dB 35.0dB
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54 DVB-C2 Framing and OFDM Generation

As a major difference to DVB-C, DVB-C2 uses OFDMtgad of single-carrier QAM modulation. OFDM is kg in
most state-of-the-art broadcast and bidirectior@lgmission schemes due to its well-known and provbustness to
different types of channel impairments (e.g. maltipeffects or narrowband interferers). DVB alreddployed OFDM
in the first generation terrestrial DVB-T systendasfined and extended the parameters substanitialyB-T2.
DVB-C2 reuses a parameter set of DVB-T2 that id-aeiked for the cable specific requirements. Assult of using
the same OFDM parameters and the large numbehef obommon blocks such as the error correctida,assumed
that combined DVB-T2 and DVB-C2 chips can be realizvithout severe overhead.

-« 761MHz | 7.61MHz |
A
Preamble L1 Block L1 Block Y} L1 Block
o
o o o & o 2
448 Data = 2 2 & S N
wn o
OFDM < » » %) eeoe = %] 3
Symbols 3 =3 3 @ 3 @
- N w I =)
v
\ Max.
Max. 450 MHz

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

DVB-C2 reuses the OFDM subcarrier spacing of the=H mode from DVB-T2, i.e. the useful OFDM symbol
duration is 448 ps. Two options for the Guard weéfengths are available, namely a fraction o#1déd 1/128 of the
total symbol duration. Furthermore, DVB-C2 usesgame scattered pilot patterns which allow the émpntation of

the same channel estimation block for both systems.

One key feature of DVB-C2 is the capability of gextimg signals with a variable bandwidth. Thiséhiaved by
allocating a specific number of OFDM sub-carrietslerkeeping the various filter parameters andstystem clock
unchanged. As a result, the signal bandwidth atrresmitting end can be extended to higher figimeaclusion of a
larger number of services. To avoid complex anceasjve consumer electronic receivers, segmentedvOfeDeption
- as also used in the Japanese terrestrial braamigatandard ISDB-T for instance - is applied. Téeeiver with its
traditional 6 MHz or 8 MHz TV tuner bandwidth caxtrct that part of the broad transmission sigrfaictv contains
the desired service. This part is constituted Bata Slice which never exceeds the traditional bédith of a receiver
tuner. The time frequency diagram of the C2 framgngbling such flexible reception behaviour is diga in figure 2.

Each C2 frame starts with a preamble consistirgnefor more OFDM symbols. The preamble has two fiegictions.
On the one hand it allows for reliable time andjérency synchronization to the OFDM signal and thenfng structure
itself. Therefore, a unique preamble pilot sequéseaodulated onto every 6th OFDM sub-carrier &f pineamble
symbols. On the other hand, the preamble carrietdlyer 1 signalling required for the decodinghef Data Slices and
their payloads. The preamble consists of a frequewclic repetition of the L1 part 2 blocks thataepeated every
7.61 MHz. The reason for the fixed allocation daf ttl part 2 Blocks and their repetition is the rliegment to access
the complete L1 part 2 signalling in any tuningipos of an 8 MHz receiver tuner. As depicted iguie 3, the
receiver is able to restore the complete dataldf Block by re-ordering the OFDM carriers after gerting them into
the frequency domain (i.e. by the FFT at the réngiend). Even the loss of some carriers wouldseobusly affect
the system performance, as the signalling datamsmitted 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 Blocks to extract the L1 signalling infor mation

In contrast to the L1 part 2 blocks, the Data Slide not have to comply with any constant frequgratyern, thus can
be allocated in a flexible way. This is the reafmrthe requirement to access and decode the Lt2magnalling data
at any possible tuning position. The only requiratifer the Data Slices is that each Data Slice masexceed the
maximum reception bandwidth of 7.61 MHz. As a redhke bandwidth of a Data Slice can be adjusted peecisely
to the bit-rate of the source signal. For examgééellite streams with very different bit rates taninserted into the C2
signal without the need of exhaustive stuffing éxad or re-multiplexing of the MPEGT2 ansport Streams.
Different Data Slices can be accumulated untilaherall number of OFDM sub-carriers of the C2 sldgaaeached.
Both position and bandwidth of the Data Slices way between different DVB-C2 frames as this daatsraquire any
re-tuning of the receiver. The signalling inside tH part 2 Blocks does not only contain the stad the end
frequency of the Data Slices, but also the optitmaing position. Thus, the transmitter may vary Erada Slice
parameters inside the transmitter defined receiwimgiow.

54.1 DVB-C2 signalling concept

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

541.1 L1 signalling scheme

Layer 1 signalling is spread into two parts. Thstfpart (L1 part 1) is transmitted in the FECFrahmeaders (carrying)
modulation scheme and code rate of the individu&$and the second part of Layer 1 signalling (&aft g) is carried
in the preamble payload. There is also a Layeg@adiing scheme defined in DVB-C2. The so calledBb®2 delivery
system descriptor is integrated into the DVB-Sitesysand transmitted in the so called Network Infation

Table (NIT). More details about L1 signalling aie tchoice of relevant parameters are given in eR6s8 and 8.4
respectively.

5.4.1.2 L2 signalling scheme

Layer 2 signalling delivers the mapping of PLP#hi® relevant services to the receiver. More degaisgiven in
clause 7.5

5.5 Spectral Efficiency and Transmission Capacity

One main goal of the DVB-C2 specification is arr@ased spectral efficiency. DVB-C2 achieves thigl ¢larough the
utilization of the LDPC codes in combination witiglher QAM mappings and the application of OFDM. Taén
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 modulatidrich uses a shaping-filter to form the transmitgghal. The
resulting curve progression at the frequency ed§esch signal spectrum shows the roll-off effenised by the Half
Nyquist filter used in the transmitter. It has #-odf factor of 0.15 (corresponding 15 %) for DVB-and reduces the
spectral efficiency of the signal by the same numBmaller values (e.g. 10 %) are feasible, butiirechigher
accuracy for a number of elements in the transnattel particularly in the receiver. Furthermorés flactor is
independent of the channel bandwidth, i.e. thdivelapectral loss of 15 % is the same for 16 MHarmels. In
contrast, this is not the case for OFDM as apphddVB-C2.

The spectral loss for OFDM is caused by the GuatetVal, the frequency domain pilots and the Gugadds at the
edges of the spectrum. In the normal mode with ar@Ginterval length of 1/128 and a frequency donpélint density
of 1/96, the loss caused by these two componeigual to approximately 2 %. Furthermore, a Guaaddat the
frequency edges of the spectrum is required todadisiturbance to neighbouring channels. There isesal of any
frequency separation between the Data Slices ofdd¥i@M signal, i.e. Data Slices can be seamlesstgainated in
the frequency direction. The width of the Guard @& nearly independent of the actual bandwidtthefOFDM
signal, as figure 5 shows. The power spectral ten$ian ideal DVB-C2 signal for 7.61 MHz and 450k bandwidth
nearly overlaps at the frequency edge of the sifietilhand side). Thus, for 7.61 MHz wide sigradswell as for
450 MHz wide signals a Guard Band of roughly 20 ktill be sufficient. Consequently, the spectraldds
significantly reduced for wider OFDM signals. Theeeall spectral loss for a 32 MHz DVB-C2 signaly(es Data
Slices of 6.4 MHz) is only 3.25 %, while it is 15f& DVB-C.

10

Power Spectral Density [dB]

Relative Frequency [MHZ]

Figure 5: Ideal power spectral density of DVB-C2 si  gnal
with Guard Interval 1/128 for 7.61 MHz and 450 MHz
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The combination of the reduced modulation overtaatithe increased robustness of the LDPC codesdesoa
system performance that closely reaches the thealrémit of spectral efficiency, also referredds Shannon Limit.
Figure 6 shows the Shannon Limit in comparison withperformance figures reached by DVB-C2. Alsogpectral
efficiency of a 256-QAM DVB-C signal is shown atttelated signal-to-noise ratio that is necessargdeive the
signal without any erroneous bits. It is apparbat the distance in terms of signal-to-noise raétween the value
achieved by DVB-C and the Shannon Limit is 10 dBeveas the respective distance between the valadaqed by
DVB-C2 and the Shannon limit is only 2 dB to 3 dmis difference in signal-to-noise ratio requirgdthe two
systems to reach a certain spectral efficiency shibe substantial increase which has been achtevedgh 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 DV~ B-C (partly) and DVB-C2 per 8 MHz channel
(DVB-C2 parameters: 32 MHz signal bandwidth, Guard  Interval 1/128, pilot density 1/96),
"-" means not applicable

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 - - -
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

The available payload bit-rates for DVB-C and DVR-&e summarized in table 5. For the comparisdroti
systems, the figures shown refer to a transmissitinin an 8 MHz channel. In case of DVB-C2, an alksignal
bandwidth of 32 MHz has been assumed. The modB¥BFC2 allow an increase in payload bit-rate ofta®5 %,
while the required signal-to-noise-ratio of 35 dBachievable in most state-of-the-art cable netswork

5.6 DVB-C2 multiplexing schemes

The DVB-C2 multiplexing schemes consist of two pafthe so called "physical frame structures" aeesthemes used
to multiplex Physical Layer Pipes into a C2-Framd the so called logical frame structure are thesees to convert
input signals into Physical Layer Pipes.
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5.6.1 Physical frame structure

5.6.1.1 C2-System

The DVB-C2 specification [i.1] uses the phrase '§&tem" in different senses. In some places isélin a general
way to refer to the DVB-C2 standard and the varielesnents which make it up.

However, "C2-System" is also used as the namearmfhamitted DVB-C2 signal. In this specific sensgegain
multiplexing configuration of PLPs and Data Sli¢esm together with the preamble DVB-C2 frames tovf@a C2-
System transmitted via a cable channel.

5.6.1.2 C2-frame

The C2-Frame is the highest level of the DVB-C2tipldxing schemes. A Frame starts always with amige (one
or several symbols duration), followed by 448 datambols. More details about the C2-frame and tloécehof relevant
parameters are given in clauses 6.5 and 8.6.

5.6.1.3 Data Slices

Data Slices contain one or more PLPs and are titeshwith identical time and frequency interleayiparameters.
More details about Data Slices and the choicelef/amt parameters are given in clause 6.9.

5.6.1.4 Physical Layer Pipes

A Physical Layer Pipe (PLP) is a data containemyoag data with a certain set of modulation partere
(QAM-modulation scheme and FEC code rate). Moraitdeibout PLPs and the choice of relevant paramate
given in clause 7.

5.6.1.5 FECFrames

The baseband frame, completed with a header,atetteas an information word to which BCH and LDP@ing are
applied. The resulting codeword always containtseei64 800 bits or 16 200 bits and is known as @HEAME. The
two different lengths correspond to the choiceool or short FEC blocks respectively. Short FE@kdaallow a finer
granularity of bit-rate but incur a greater overthaad slightly worse performance than long blocks.

5.6.15.1 FECFrame Headers

FECFrame headers include the L1 part 1 signallifigrimation. They are applied for Data Slices of @@ The
FECFrame header is prepended at each QAM moduf&€&drrame and includes information on PLP_ID as agll
used QAM modulation scheme and LDPC code rateeofdtiowing FECFrame packet. Furthermore the FE@Ira
header allows for reliable synchronization to tHeECFrames. The structure and functionality of te€€Frame header
is defined in clause 7.2.2 of [i.1].

5.6.1.6 BB-Frames.

BB-Frames are the basic unit in the logical framstrgcture of DVB-C2: allocation and scheduling peeformed in
whole numbers of BB-Frames. Where packetized sseambeing carried, the packets may be mappe8tvaBnes
either synchronously or asynchronously, i.e. eaBHFBame may contain a whole number of packetsackgts may be
fragmented across two BB-Frames. BB-Frames coathigader, including the packet length and posdafdahe first
packet, which allows the original packets to benstructed at a receiver. BB-Frames may contaidipgdin case
insufficient data is available for a whole BB-franee in case it is desired not to avoid packetrnagtation. The total
size of each BB-Frame, including any padding isstamt for a given PLP and depends on the LDPC catdeand
whether short or long FEC blocks are used.
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56.1.7 Packets

PLPs may carry packets, including MPHE@ansport Stream packets or other types of packets used by generic
streams. They may also carry continuous, non-pagdestreams. The BB-Frame header (see clauseib.fl.B])
provides a mechanism for packets to be reconsttattéhe receiver, but the framing of the DVB-Cgnsil itself is
generally independent of any packet structure wttiehnput streams may have.

5.7 Overview of interleaving

There are three different interleavers in the DVB<pecification, occurring in the following ordarthe modulation
chain:

. Bit Interleaver.
. Time Interleaver.
. Frequency Interleaver.

The Bit Interleaver interleaves the code-bits witan LDPC codeword in order to avoid undesirabieractions
between the bits carried by the same cell andtthetare present in the LDPC code.

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

5.8 Payload Capacity
This clause lists the important technical paransatgftuencing the available payload capacity ofza System.
. Modulation and code rate used for PLPs

Obviously the choice of modulation parameters arikaate has the strongest impact on the paylgzacis.
In Annex A examples for the calculation of the mayg capacity for different modulation schemes artkc
rates are given.

. Transmission channel bandwidth

European cable networks are currently using a 8 témnel raster, in some countries also a 7 MHerésr
analogue services. In case of the 2,232 kHz caspiacing, defined for European DVB-C2 applicatians,
DVB-C2 signal may have any bandwidth from 8 MHztapl50 MHz. It should be noted that a DVB-C2
transmitter signal with n x 8 MHz bandwidth prowsde higher payload than n DVB-C2 transmitter signal
with 8 MHz bandwidth. (see also annex A)

. Carrier spacing

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

. Guard interval/Pilot pattern

DVB-C2 has defined two possible lengths for therduaterval: 1/64 and 1/128. The pilot density i§edtent
for those two options and therefore the choicédiefguard interval has an impact on the payloadaiypaf a
given configuration.

. Mode adaptation/PLP/Data Slice parameters

The DVB-C2 system does provide means to furthenope the payload capacity in simple and static
configurations. Details are discussed in clausés@&8 and 6.9.
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. Usage of reserved tones

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

. Number of preamble symbols

For DVB-C2 signals with complex PLP and Data Stoafiguration the number of Preamble symbols
required to carry the L1 part 2 signalling may edtene symbol and therefore the payload capacigdisced
accordingly.

. Notches

In case notches are required in order to cope eeittain interference scenarios, the payload synfabisg in
the notch bands are switched off and the paylopddaty is reduced accordingly.

Annex A gives examples for payload capacity cakiotes for different scenarios

5.9 New concept of absolute OFDM

Frequency [MHz]

L1 Block | L1 Block | L1 Block | ... | L1 BI ock | L1 Block

7.61 MHZ
0 MHz

L1 Block

Not Transmitted
(virtual) L1 Data

1

Actual DVB-C2 Signal
- Transmitted L1 Data

Figure 7: Absolute OFDM concept in DVB-C2

The concept of 'absolute OFDM' is unique to DVB-TRe first L1 part 2 signalling block begins at #igsolute
frequency of 0 MHz and the further blocks are piaried in steps of 7.61MHz towards higher frequescin contrast
to other DVB standards it is not possible to shi€2 baseband signal to any RF carrier frequertbgraghan being
defined in a unique way for the whole cable speawstrispecially the pilot sequences of the OFDM digna different
for all different frequencies. The reason for thabaviour is to avoid unwanted repetitions in tiegjfiency domain
which may cause unwanted high peak values of tHeNDEignal in time domain. Furthermore the unambiggipilot
sequences allow for easy and reliable synchrooizatnd offset compensation.

Although the L1 part 2 block partitioning and tledated pilot sequences are defined for the whdiecgpectrum - of
course L1 blocks are only transmitted in thosedesgties where Data Slices are present.
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6 Choice of Basic Parameters

There are a large number of parameters defined/iB-B2 for configuring a cable transmission systdimis clause
will discuss the choice of each of the main paransein turn.

6.1 Choice of code rate, block length and constellation

A choice of five rectanguld@AM constellations is available in DVB-C2: 16-QA4-QAM, 256-QAM, 1 024-QAM
and 4 096-QAM. Selection of the constellations meglican be related back to the commercial reqergsof a
minimum 30 % increased throughput over DVB-C andeeof all existing cable network architectures eeidted
channel characteristics. These requirements efdgtextend the range of channel SNR to be coveyedVB-C2
over DVB-C.

NOTE: During the standardisation process non-regtm QAM constellations were also considered bet t
performance benefits were not considered to bécgift to justify inclusion in the standard.

Use of the LDPC codec first used in DVB-S2 and mrecently DVB-T2 maximises error correction capiéibs with
performance close to the theoretical Shannon kiitss the range of channel SNRs required for D\2BT®e LDPC
codec also brings the flexibility of variable codirates and the option of short/long codes to catesmission
systems while maintaining the ‘family of standaeggroach desired for DVB-C2/T2/S2. The performaofahe
LDPC short codes is some tenths of a dB worse thamal codes and will typically be used for low-tate
applications requiring shorter latency.

Higher code-rates and higher-order constellatianib bive greater bit rates but require higher digoanoise ratios and
improved phase noise performance from the frequennyersion components in a cable transmissioeByst

Use of 1 024-QAM or 4096-QAM modulation schemesrarpiired to meet the minimum requirement of a 30 %
increased maximum throughput over the 50 Mbit/Seactble using 256-QAM in DVB-C. Use of the LDPC ead
enables that same throughput to be achieved aramehSNR similar to 256-QAM DVB-C when used withigh code
rate (9/10) thus bringing improved performancexisteng cable networks. 4 096-QAM was added tortteelulation
options to provide extended throughput (> 50 %eaaer) over the minimum requirement in high qualithle networks
where the available channel SNR at the receivé0 idB or greater. The expectation is that over tinege networks
will use 4 096-QAM as they become upgraded witleased use of fibre. For channels with low SNR 28vzan be
used with the LPDC codec improving reception pen@nce from the 16 dB SNR from DVB-C down to 10 dg=S

Knowledge of the current use of cable networks sstggl that a 2dB granularity in SNR between thédiof 10 dB
(16-QAM) and 35 dB (4 096-QAM) would provide suféat options (table 1) for configuration and opsation of a
DVB-C2 -based cable network. The LDPC code rated®f3/4, 5/6 and 9/10 combined with the constielte listed
above provide the desired granularity (figure )e humber of options is kept to a minimum to sifyhe
implementation and testing requirements for relagdale equipment. For example, not all code ratesised with all
QAM constellations as this can result in some @pgeHetween higher order QAM at a low code rateaalmver order
QAM at a high code rate - e.g. 64-QAM at 9/10 coate has similar spectral efficiency to 256-QAMA code rate.
In these cases it is always preferable to seleciotver 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 Ratesi  n DVB-C2 (Ngpc = 64 800)

Modulation |FEC Code Spectrum SNR @ bit error rate 10 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

1 024-QAM 9/10 9.0 29.50 2.8

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 54 18.40 15
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 consili@reen selecting an appropriate FFT size in OFDIgeba

transmission systems

Table 7: Tradeoffs in FFT size

Increasing FFT size — Benefits

Decreasing FFT size  — Benefits

Smaller guard interval fraction for required maximum echo
delay tolerance

Reduced complexity (although impact on receiver chip is
relatively small)

Reuse of DVB-T2 parameters - well understood and helps
maintain desired 'family of standards' approach to C2

Improved performance in time-varying channels (not
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

DVB Bluebook A147




34

The combination of OFDM modulation used with higder QAM constellations per carrier requires thaige noise
effects need to be carefully considered to buidhhle system. The effects of phase noise in OFPéeell
documented and can be elaborated down to two éslseminponents: Common Phase Error (CPE) and Dégrier
Interference (ICI). The effects of CPE can be reetbw the receiver using e.g. continuous pilothetransmitted
data. On the other hand the ICI cannot be removgdhwesults in an AWGN like SNR degradation. Impiple
increasing the distance between carriers by ussmaller FFT size in an 8 MHz bandwidth would resitlee effects of
ICI. During development of the DVB-C2 standard anparison in measured performance using 2 K and=8K sizes
(from DVB-T) with different phase noise profilesshbeen made. No major dependency on OFDM carraaiisg in
the frequency domain have been found despite nbvamesm existing in the measurement setup to rertiwreffects
of ICI.

In DVB-C2 the OFDM subcarrier spacing is adoptexdhfithe 4 k mode used in DVB-T2/H terrestrial ancoiteo
systems. The useful OFDM symbol duration is theisg of the subcarrier spacing and has a valué&yi4l It is
independent from the channel bandwidth since thgecapacing remains constant.

Different channel bandwidths are therefore reallzgthe related number of OFDM subcarriers. Fongde, a basic
8 MHz C2 signal would consist of typically 3 40%sarriers and could be realized by a 4 k IFFT andmitter side. A
broader C2 signal could cover a bandwidth of e2gM31z, consisting typically of 3*3 584 + 3 409 = 181
subcarriers. In this case a 16 k IFFT could be figesignal generation on transmitter side.

The two defined figures for carrier spacing 2.28%land 1.674 kHz (see table 38 in [i.23] are allmy@ minimum
transmitter and receiver bandwidth of 8 MHz for32XHz carrier spacing and 6 MHz for 1.674 kHz igairspacing.
Depending on the existing basic frequency rastrésponding with the receiver bandwidth of theldggd CPES),
the OFDM carrier spacing should be chosen by aecapérator.

A mixed operation utilizing the two defined carrggracing within one network is not foreseen inDh&B-C2 system
due to the concept of absolute OFDM (see clauge ba&ing into account that DVB-C2 receivers mayéa fixed
tuning window (e.g. 8 MHz for European networksjl émat the bandwidth of the preamble is linkechi® ¢hoice of
the carrier spacing, a mixed operation would nobémal from a receiver’s point of view. Howevidre DVB-C2
system does allow implementations of broadbandaesywhere the receiver tuning window exceedsthtiHz for
2.232 kHz spacing or 6 MHz for 1.674 kHz spacind aere the receiver recovers the service by nekipg the
payload of different PLPs of different Data Slices.

There are no alternative carrier spacings usedMB-82. Fundamental features of C2 are the provisibData Slices
with their flexible number of carriers providingf&cient flexibility for configuring networks in mctical applications
of the standard. The continued use of the existinnel raster in cable networks is expected thdenost commonly
used operational mode of C2 in the medium termthe overall C2 channel bandwidth will be in meases to a
multiple of the existing cable channel raster (egltiple of 8 MHz). In the long term DVB-C2 prowsd the features to
overcome any channel raster in the cable netwdrk.maximum theoretical bandwidth of a C2 signalgproximately
450 MHz, being limited from the parameter bitwidltithe L1 part 2 signalling.

6.3 Choice of Guard interval and impact of OFDM Symbol
Duration

DVB-C2 offers two options for guard interval framid/ Ty : 1/64 and 1/128, wherg, is the useful OFDM symbol
period and4 is the duration of the guard interval. Selectirgpard interval longer than the channel impulspaase
enables inter-symbol interference to be removetierDVB-C2 receiver. The normal approach in chogsive guard
interval is therefore to determine the expectedimasn echo delay in the cable network and then aheas; that
matches or exceeds this.

In a cable environment the channel conditions tticsand therefore the normal considerations gteedoppler
performance in satellite and terrestrial networkselecting a guard interval are not relevant here.

Recent work into the study of cable network chanastics in modern cable network architecturesiiesen undertaken
by the European 'ReDeSign' project. This work idiext that cable networks in the most common usagmarios
exhibit echo delays < 2455 in length. Therefore the expectation is the 1/42#8on for the guard interval fraction will
be the most commonly used. Professional cable mksmeith extended fibre reach have the potentiaxiaibit longer
echo delays and hence the 1/64 option is providethfs purpose.
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With a fixed maximum echo length then the guarérivdl fraction is inversely proportional to the QWBymbol
period which in turn is dependent on FFT size/easpacing. The symbol period used in DVB-C2 eratile guard
interval fraction to be kept very small. This minées impact on spectral efficiency and thereby mésés the
potential data throughput. Due to the relation leetvguard interval size and required pilot dertbigyoverhead of
scattered pilot patterns also decreases with shguiterd intervals.

Although 8 MHz is considered to be the primary sraission bandwidth, 6 MHz and 7 MHz are other eXempf
bandwidths that can be used in the application\@BEC2. Echo tolerance improves in proportion to théuction in
bandwidth for the same FFT size as shown in tatel8&w:

Table 8: Relationship between Bandwidth, Echo Toler  ance and Carrier Spacing

Guard Interval Fraction 8 MHz Bandwidth 6 MHz Bandw idth
Echo Carrier Echo Carrier
Tolerance Spacing Tolerance  [Spacing (kHz)
(1s) (kHz) (1s)
1/64 7.0 2.232 9.3 1.674
1/128 35 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 pilots to aid the preesof synchronisation and channel estimationarDiB-C2
receiver. This clause covers the choice of paftarscattered pilots.

A DVB-C2 receiver typically makes measurementshef¢hannel using scattered pilots (SPs) and therpivlates
between these measurements to construct estinfates channel response for every OFDM cell. Thesusaments
must be sufficiently dense that they can followrotel variations as a function of both frequencyrieaindex) and
time.

The scattered pilot pattern density must fulfil Hzempling theorem in time and frequency directiims can be
summarised as:

. The maximum channel impulse response length tam@te the repetition rate of the SPs in the fregyen
direction.

. The maximum Doppler frequency of the channel t@deine the repetition rate of the SPs in the time
direction

The delay length can be determined from the gu#tedval period as described above in clause 5.3.
The cable channel is a static environment and fitvere consideration of the Doppler frequency israquired.

The reuse of many of the OFDM parameters from D\@BiTthe DVB-C2 system led to some consideratiothef
pilot patterns already defined in T2 - could soreedused for C2 or were some new patterns requirbd?ollowing
aspects were considered:

. Maximum echo length is a small fraction of the OFBmbol duration. This suggests a low pilot density
would be sufficient for channel equalisation in ¥E>C2 system.

. Use of frequency interpolation only is possiblai@2 system. Use of time interpolation should ot b
necessary but may improve the quality of chann@&hesion in cable networks with poor echo charasties.
No frame closing symbol is required as used in DNB-

. Time repetition rate (Dy) should be as low as galedo avoid increasing memory requirements in the
receiver. Dy can be directly related to time ireasler depth.

. Use of a different pilot pattern for each guareimal.

. Data Slice granularity.
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Patterns PP5 and PP7 were selected from DVB-TR¥B-C2 guard intervals of 1/64 and 1/128 respetyivEhe
characteristics are summarised 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 Length of sequence
in symbols
1/DyDy 2.08% |1.04% SP overhead
1/Dy 1/12 1/24 Thyquis! Tu, fOr f-&-t
interpolation
1/DxDy 1/48 1/96 Tryquisd Tu, for f-only
interpolation
1/(2Dy) 0.125 0.125 fuvoust/fs, for f-&-t
interpolation (%)
0.5 0.5 fuvoust/fs, for f-only
interpolation (%)

The operator should choose a guard interval siddtarelated pilot pattern considering the expecteannel for the
type of usage that it is desired to support, aridgoaware of the trade-off between capacity andoperance.

Capacity is clearly reduced as the density of imsgiscattered pilots increases; the SP overheade@®xpressed as the
fraction J/(DX DY) where Dx is the separation of pilot bearing casrend Dy is the number of symbols forming one
scattered pilot sequence. In DVB-T2 many of thep&ferns are optimised for performance in time vayghannels
with a correspondingly high overhead and can bed&ded for DVB-C2.

Note that there may be advantages to choosingapgattern that supports a greater Nyquist limitdieannel echoes
than appears to be needed to support the chosed igtexval, despite the increase in overheadsheh a choice
implies. Circumstances supporting such an approeatihde:

6.5

when the maximum channel echo delay is not welheef- while low-level signal components whose gela
lie outside the nominal guard-interval window may cause excessive ISI, they can cause aliasitigein
channel measurement if they exceed the Nyquist;limi

receiver interpolation performance will degradetesNyquist limit is approached;

where the design time-width of the receiver's feamy interpolator is substantially less than thejiNgt limit,
the interpolator can be designed to reduce estmatdise;

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

Choice of C2 frame and FECFrame length

Factors affecting choice of the C2 Frame lengthuihe:

A longer value for the frame length generally dases the percentage overhead associated witheamble
symbols thus increasing the total bit-rate.

A shorter value for the frame length enables theighalling to occur more frequently, allowing st
lock-up and service acquisition.

longer frames may be used to support longer tirterleaving depths.

shorter frames may be used to achieve faster atqaisme.

The conclusion from considering the above factas t fix the number of data symbols to 448 to Enalframe
length of approximately 200 ms with some additiahegbendency on the guard interval length and tihebeu of
preamble symbols required.
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The number of preamble symbols in a C2 frame igdéent upon the following:

. a minimum of one preamble symbol is required iR2a&fi@me. This simplifies the process of synchrotiiza
and channel estimation as described in clauseZ,0.5.

. the maximum number of L1 part 2 signalling bitsrpitted in a C2 frame is 32 766 [i.1], clause 8.3;
. the maximum number of L1 signalling bits in an OFBimbol is 4 759 [i.1], clause 8.4.2;

. the time interleaver mode. If the time interleaigeenabled then the number of OFDM symbols reqfived
the preamble is predefined. If the time interledsenff then the number of OFDM symbols is depemnaden
the parameters defined in the signalling subjethécabove minimum and maximum constraints;

. the number of Data Slices;
. the number of PLPs.

The frame lengths in table 10 can be derived frioisiibformation.

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 (min.) 0.22 449 202.7
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 (min.) 0.22 449 204.3
448 1/64 203.8 00, 01 7 (max.) 0.54 455 207.0
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 2.8\#r all possible combinations of the C2 paramedelscted.

Note various combinations of numbers of Data Slares PLPs will cause the number of preamble syntodbe in the
range of 1 to 7 when the time interleaver is eitwitched off or in 'best fit' mode (where the na@mbf preamble
symbols is minimised with the time interleaver dedip

Two options are available for FECFrame length 868 bits or 16 200 bits. The two different lengthsrespond to the
choice of long or short FEC blocks respectivelyigidating from DVB-S2, the long FEC block was desited for
broadcast operation and the short FEC block forbvoadcast operation. Short FEC blocks allow arfgranularity of
bit-rate but incur a greater overhead and sliglilgraded performance compared to long FEC blocks.

6.6 Choice of Time Interleaving Parameters

The time interleaver provides a variety of diffdranerleaving depths and can also be switchedeafabling the time
interleaver for L1 part 2 may affect the data thyimpout, which depends on the selected mode (se 1apl The time
interleaver may be enabled or disabled dependintyeifollowing factors:

. Use of some time interleaving modes for L1 partt? {TI_MODE="10' or '11") may reduce the data
throughput, which is decided by the amount of digimadata.

. Cable channels with significant impulsive or bursise will benefit from the time diversity provideg a
time interleaver.

. Services with high QoS (e.g. VOD) can benefit friomme interleaving.

. Interactive services requiring low latency (e.gngag) are not suited to the additional delays iocpssing
incurred by using time interleaving.

Tl parameters can vary between different Data Slice
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Time interleaving can be applied differently to ®&lices and to L1 part 2 signalling in the preambitime
interleaving is applied to Data Slices it shoulsbabe applied to the L1 part 2 signalling to ensheerobustness of the
signalling exceeds that of the Data Slices. The timerleaving depths available for the Data Slaessummarized in
table 11.

Table 11: Data Slice/L1 part 2 Time Interleaving Pa rameters

DSLICE TI Depth L1 part 2 Tl Depth Overhead

DSLICE_TI_DEPTH (OFDM symbols) L1_TI_MODE (OFDM 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

There are a number of options for mode adaptatiescribed in clause 5.1 of EN 302 769 [i.1]:
. Normal Mode (NM) or High Efficiency Mode (HEM).
. Use of Input Stream Synchronisation (ISSY).
. Use of Null Packet Deletion (NPD).

It is recommended that the options are used awvsl|

. Where compatibility with DVB-S2 [i.5] is requiretiiM should be used with the same combination of ISSY
and NPD as in 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 PLPs with \deidit-rates using null-packet deletion. Without
ISSY, the receiver will have to attempt to mandgeivn de-jitter buffer and this might result in
under-or overflow or excessive jitter in the outpuansport Stream.

- NPD should be used if statistical multiplexing &formed between PLPs, since null packets will be
used to carry the variable bit-rate services inm@stant bit-ratd ransport Stream.

. For bundled PLP:
- HEM should be used.

- ISSY should be used to synchronise packets frofardifit Data Slices and as described above for
multiple PLPs.

- NPD should be used as described above for muRipkes.

Available input formats for each PLP includes teavrGeneric Stream Encapsulation format (GSE) #.@SE
implementation Guidelines [i.8] amongst other modesefficient encapsulation of IP and other netwayer packets.
This format was originally introduced to providewerk layer packet encapsulation and fragmentdtioctions over
the Generic Stream (GS) format in DVB-S2 [i.5] drad been recently adopted as an input format in 2. 3].
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Some benefits/features of GSE as an alternaticartiage of IP ovefransport Streams are as follows:
. Packets can be fixed or variable length.

. Reduces overhead of IP datagram transport from 18ifrg (Multiple Protocol Encapsulation over
MPEG2-TS to 2 % to 3 %.

. Provides more efficient system operation when tBekysical layer uses Adaptive Coding and
Modulation (ACM) for interactive services. GSE piaes a mechanism for fragmenting IP datagramsharot
network layer packets over baseband frames to sup@m/VCM.

. A smart scheduler can be used to take advantatipe dexible fragmentation and encapsulation meshod
available in GSE to optimise system performancés Tan be by increasing the total throughput or
minimising average packet end-to-end delay. GSEhilty allows the scheduler at the transmitter to
dynamically change transmission parameters (e.dufation format, coding rate) for a particular netiw
layer packet under channel fading variations fameple.

. Support of multi-protocol encapsulation (e.g. IPNRy6, MPEG, ATM, Ethernet, etc.).
. Transparency to network layer functions, includiRgencryption and IP header compression.
. Support of several addressing modes.

. Low complexity.

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

Certain signal components in Digital TV signals éadwrsty' characteristics. This is especially¢ase for EMM
messages, where the multiplexer allocates a fixedhte, but the CA-System itself tries to sendtlmhent messages
as soon as possible, which e.g. results in a signif variation of EMM packets within certain tirskots.

The option of inserting additional Null packets Bggonly in case that certain signal componeni wansport stream
are transmitted in a common PLP. In this case #B122 system does not guarantee that the overafiggation time
due to different signal processing of a common BL& the related data PLPs is identical. It may bagpat a burst of
common PLP packet does not fully match with nutties in the related data PLPs. This may be edpetrize for
EMM-type of data.

The DVB-C2 specification [i.1] states in annex 3:2T'he number of inserted null packets shall besehsuch that a
receiver with a 2 Mbit buffer is able to perfornetinultiplexing of Data PLP and Common PLP properly.

A DVB-C2 modulator therefore shall allow insertiohnull packets and to re-stamp relevant TSPSs.ahtaunt of
inserted null packets must be chosen with referémtiee burst characteristics of the input signal.

The receiver does not know about those additionkipackets. It recombines the relevant data Pldeisthe common
PLP to its output transport stream. In case ofrtasenull packets the bit rate of the reconstruttadsport stream will
be higher than the input transport stream of thdutador. The difference is equivalent to the bieraf the inserted null
packets.

6.8 Choice of Signalling Schemes
Selection of appropriate signalling schemes foia@2defined by consideration of the following aspec
. C2 system architecture.
. The required rate of change of each signallingrpatar.
. Overhead on data throughput.
. Compatibility with DVB family of standards.

. Compatibility with the C2 commercial requirements.
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. Avoidance of duplication in signalling, e.g. betwe@SI Layer 1 and Layer 2.
. Future-proofing.

A key requirement is to differentiate between tigmalling required for the physical layer (L1) atiéht the signalling
required for the data link layer (L2). L2 signatlim DVB provides the mapping between the PLP efghysical layer
and the Transport stream so that the desired secaic be selected in the receiver. This functipnaliencapsulated in
the C2 cable delivery system descriptor, whicheiirg:d in the DVB-SI specification EN 300 468 [i.8Jause 6.4.4.
The L2 signalling is considered to be static asatgslonly occur via NIT version number.

L2 signalling is required to include the following:
. TS to PLP mapping data.
. Unique C2 system identifier.
. Tuning Parameters.

The standard tuning window envisaged for C2 is 82\t the C2 standard uses the concept of variadta Slices
and notch frequencies. This requires the selectidhe tuning frequency to cover all frequenciethiea 8 MHz
window, not only the C2 system centre frequencyaddition, tuning parameters can be common to aéRPs in the
case where several PLPs share the same Data Skaeh Data Slice is associated with one tunirguéecy.

The C2 system architecture requires the physicg¢iLa signalling to be split into two parts. Theglnest level of
signalling (Layer 1 part 2) covers parameters atGR frame level and is encapsulated in the Prearifbis needs to
include parameters defining Data Slices, PLPs,hastcguard intervals, etc. These parameters cangeha
frame-by-frame. The lowest level of signalling (leayl part 1) is defined at the C2 FECframe level iacludes
parameters associated with QAM modulation ordef; EE&de rate, FEC block size, etc. These paramedershange
per FEC frame and therefore have the most sigmifizapact on overall spectrum efficiency.

The number of available bits assignable to theadligiy parameters is limited by the number of OFByinbols
assigned to the FECFrame header and the Preandphalllhg parameters are required to be more roipust
transmission than the data and therefore the FE@&header and Preamble use lower order moduktieemes and
code rates to maximise robustness. This definesrdjppits on the number of bits available for sitljng.

6.9 Number of Data Slices versus PLPs

The cable operator needs to consider how to segitmemequired downstream services into and acrass Slices and
PLPs to maximise the efficiency and flexibility eféd by the C2 physical layer in the HFC network.

The following characteristics and features of DVB{@ave been considered especially:

. The most common use case is 1 PLP and 1 DataiSlaoe8 MHz receiver tuning window. This is consite
to be an important basic mode to re-multiplex catgktreams into a single Data Slice. In this tas®ata
Slice can also be of the most efficient Type 1,the Data Slice Packets only transmit the FECFrdate and
rely on a pointer within the Level 1 Signalling parto signal the first appearance of a new Datze$acket
within a new C2 frame.

. C2 allows for 1 Data Slice carrying 1 to 255 PLIP4 ®LP spread across 1 to 255 Data Slices.
. A PLP may carry one or multiple services.

. PLP bundling enables a single PLP to be carried se¢eral Data Slices - to enable transmission of a
200 Mbit/s service for example.

. Multiple groups of PLPs (up to 255) can be defifmda C2 system. Each group of PLPs has its owntiifiler
in the L1 signallingPLP_GROUP_ID). This enables a common PLP to be matched witloapgof data
PLPs for example. A group of data PLPs can exi#taut a linking common PLP.

. The number of PLPs and Data Slices for a C2 syk@m an upper limit determined by maximum number of
bits (32 766) available in L1-part 2 signalling.
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. Time and frequency interleaving are provided owamheData Slice, providing robustness against cHanne
impairments. Multiple PLPs within a Data Slice valiare the same time and frequency interleaving
parameters. In general reducing the width of a it will improve the time diversity and degratie
frequency diversity and conversely increasing tidtwwill degrade the time diversity but improveth
frequency diversity.

. Frequency width and notch position can be signdtle@ Data Slice but not for a PLP.
. Each PLP can have its own modulation, coding and Bfpe signalled.

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

. In case of using a Common PLP it has to be enghegdhe overall bandwidth of the Common PLP aihd al
other PLPs of the related PLP group are locatekinvit.61 MHz (or 3 408 subcarriers).

. The choice of the number of PLPs and the numb&até Slices may influence the performance of the C2
system, especially if narrow bandwidth Data Sliaeschosen. Hence, for scenarios with more tharPhie
in a Data Slice it should be the goal to maximiagfiency diversity within the 7.61 MHz tuner redept
window: Generally it is beneficial to multiplex asany PLPs within a Data Slice to achieve a DateeSli
bandwidth close below or even equal to 7.61 MHZ3(d08 subcarriers).

. Furthermore the C2 System allows spreading dagasaigle PLP connection over different Data Slices
(PLP Bundling, see annex F in [i.1]). In this ogiEma mode the throughput rate for a single PLP eation
can be increased up to the overall throughputafitiee C2 System. However, this mode is not intelrfde
regular broadcasting operation rather than for aded services that require throughput rates albiwre t
capacity of a single Data Slice.

Clauses 7.3 and 12 provide further details and plesn

6.10 Notches

Spectrum notches can be signalled in DVB-C2 to cedhe effect of emissions from cable systemstimniestrial
frequency bands (e.g. aircraft radio or convergadyess from high power interfering signals inte ttable network.
The notching features in the standard are intetglethable C2 to coexist with other transmissioriesyis whilst
maintaining the maximum possible payload for CRdraissions.

Notching reduces spectrum efficiency for C2 trarssioins by removing selected carriers from the OFdvial. The
notching parameters available in the L1 signaléngble the reduction of spectrum efficiency to eptlat a minimum
by precisely defining the start position and widftthe spectrum notch to the nearest 12 or 24 stibcs, depending
on guard interval depth.

There are two types of notches defined - 'Narrowband 'Broadband' notches. Notches are considereel static in
terms of their position in the frequency spectrivatch characteristics are summarised in table 12.

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 estetill be degraded due to imperfect equalizatéod this should
be taken into account in the choice of modulatioth eoding parameters of data slices close to netdftee use of
particularly robust modulation and coding is recoaniated for static data slices of less than 3408ecarr
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Narrowband notches are treated differently for pitele and data symbols: To allow initial decodingha preamble
symbols without any knowledge of the C2 signal,dkierall structure and location of the L1 signajlilocks must not
be changed. Preamble subcarriers within narrowbatches are therefore simply blanked but can bevered by the
robust FEC on the receiver side. In contrast, retcdubcarriers in data symbols are not used fdoadyransmission.

Up to 15 discrete notches can be signalled in &@ghe, enabling a mix of non C2-related interfesignals and
sensitive spectrum areas to coexist with C2 trassions. Note that not more than one narrowbandristallowed at
any tuning position of 3408 OFDM subcarrier bandtvigsee 9.4.5.1[i.1]).

Broadband notches (notches with bandwidth abovekH) cannot exist within a Data Slice as theyrifeies with the
process of the receiver tuning to a Data Slicectiraly the bandwidth of broadband notches istéaiby the bit width
of the related L1 part 2 signalling field (6 143sarriers).

Notches of any type shall not overlap with anotiatich.

In general the notching features available in Gukhonly be used to mitigate the effects of pdssititerference
scenarios and maximise the C2 payload. Howeveetfezgures could be used to enable other typeswf n
transmissions to co-exist in the RF spectrum o@aliply C2 in the knowledge that C2 services cahogtérate either
side of defined notch frequency bands. Additionalhere non-C2 interfering signals are known totexig at a
medium/low level then notching may not be necesdarthis case the comprehensive error correctiomiged by the
C2 system architecture can minimise any possihipeance degradation without the necessity tocwaff carriers
in the transmitter.

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

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

The following subclauses relate to Section 9.3ib[21]

6.10.1.1 Minimum Data Slice Width

The minimum width of a data slice is constrainedh®/ presence of an adjacent broadband notch. Zhed@iver
requires a minimum number of Continual Pilots (Cies)kignal processing (e.g. for Common Phase EC&E)
correction). The following table shows the relasibip between numbers of CPs and the data slice/Obadwidth.
Columns for numbers of CPs on non-SP bearing caraiee also shown as additional information.

Bandwidt Dx NUM_CARRIE MAX_CP_COUN MIN_CP_COUNT MAX MIN
h (MH2z) RS T CP_non_ SP CP_non_SP

COUNT COUNT

7.61 (full | 12 3408 30 30 14 14
biw)

7.61 (full | 24 3408 30 30 22 22
biw)
200 | 12 1788 18 13 10 5
4.00 | 24 1776 18 13 14 9

3.80 (1/2 | 12 1704 17 13 9 5
biw)

3.80 (1/2 | 24 1704 17 13 13 9
biw)
3.00 | 12 1332 15 9 8 3
3.00 | 24 1320 15 9 13 6
200 | 12 888 12 5 7 1
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200 | 24 888 12 5 9 2
1.90 (1/4 | 12 852 12 5 7 1
biw)
1.90 (1/4 | 24 840 11 5 9 2
biw)
100 | 12 444 6 1 4 0
1.00 | 24 432 6 1 5 0
0.95 (1/8 | 12 420 6 1 4 0
biw)
0.95 (1/8 | 12 408 6 1 5 0
biw)

Table 13: Number of Continuous Pilots in Different C2 sub-carrier bandwidths

The above table 13 shows how at bandwidths of 1Mlitzlower the minimum number of CPs available ignal
processing can be as low as 1 — this is insufficiRaducing the number of CPs for processing irr@géhe
susceptibility to noisy carriers, particularly adesthe normal SNR environment (e.g. CW interfeegnéhis is
discussed further in clause 10.5.1. Five CPs has tefined as the minimum acceptable number off@Rbke
receiver to work reliably and hence the minimumdwidth of the received OFDM signal is around 1.9Mitunm the
above table.

The number of available CPs could be artificiatigreased by treating the edge carriers for datasshieighboured by
notches as CPs. However in the receiver the edges guffer from the “edge effect” in frequencyantolation. Since
there are no pilots after the edge pilots, therfitoefficients have to be interpolated based dditng the edge pilot
value. This introduces errors for all pilots andadearriers until the filter coefficients have beemrectly filled.
Additionally the broadband notches can also contaise/interference which will introduce furtheras into the
pilots close to the border of the broadband notch@2 OFDM signal.

6.10.1.2 Static Data Slices

Decoding of the L1 part 2 signalling data from gneamble cannot be reliable in the case where a Blate with less
than 3408 carriers exists between broadband notEhésis a problem for a Data Slice Type 1 asiatpo, which
points to the start of the first FECFrame paclkehdrmally decoded from the L1 part 2 signallingtHis instance L1
part 2 signalling data cannot be decoded and spdimter is unknown. Therefore it is necessaryse Data Slice Type
2 with FECFrame headers as the starting positidheoFECFrame packet can be obtained from the F&@& header.
An additional constraint imposed by the absendelgbart 2 signalling is that the structure and paeters of this Data
Slice need to remain fixed by setting DSLICE_CONGODNF 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 artifacts whach not part of the signal spectrum of the DVBsijhal itself the
value of the parameter DSLICE_TUNE_POS of each Btz of the DVB-C2 system might be selected shahthe
amount of out-of-band interference within the spattpreselected by the tuner window is minimized.

The most common cases of out-of-band interferere¢h& spectrum to lower and higher frequencigb@DVB-C2
signal, i.e. the spectrum exceeding the range eefiry K., and K., as well as notches within the signal spectrum
itself.

For the first case the reduction of spectral astifamight easily be achieved if the following inatjans are applied:
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START_FREQUENCY + (DSLICE_TUNE_POS - DSLICE_OFFSEEFT ) * Dy >= Ky,
START_FREQUENCY + (DSLICE_TUNE_POS + DSLICE_OFFSIRIGHT) * Dy <= Kmax

The influence of the spectral artifacts within frequency range of a narrow band notch might bdigibte and thus
be ignored for the selection of the DSLICE_TUNE_R@&ameter, i.e. referring to section 9.3.5.1 ef BtVB-C2
specification "Only one narrowband Notch shall beveed at any tuning position of 3408 OFDM subaansil...]
bandwidth."

In case of broadband notches equivalent equatienapplied as for the reduction of out-of-banduafices. Here, the
DSLICE_TUNS_POS parameter shall be selected acuptdisection 9.3.5.2 of the specification ("FotdD&lice
decoding the receiver tuner shall not tune to @regith a broadband Notch [...]") such that theduwindow at the
lower or higher frequency edge, respectively, aigith the ending or beginning, respectively, & Bioadband notch.

If a part of the DVB-C2 signal spectrum which iso® decoded is bounded by either two broadbandestor by a
broadband notch and the signal spectrum itselfDBEICE_TUNE_POS parameter is for simplicity reasealected
to be located in the mid of the contiguous DVB-@fhal spectrum. Alternatively, DSLICE_TUNE_POS ntige
chosen such that only the spectrum of the broadhatuh is covered excluding any ingression froneiglmboring
channel on the opposite spectrum edge of the DVBig2al.

7 Input Processing / Multiplexing

7.1 Generation of the FECFrame Header

Two encoding schemes of the FECFrame Header arvensinathe figures 9(a) and 9(b). Initially the 1iéshof the L1
signalling part 1 are FEC encoded by a Reed-M({B2r16) encoder. Subsequently each bit of the 8R&éd-Muller
codeword is split to form an upper and a lower bnafThe lower branch applies a cyclic shift witbach Reed-Muller
codeword and scrambles the resulting data usipgeifec PN sequence. The difference of two encoditigemes is
that a QPSK constellation is used for the robusEREme header and a 16-QAM constellation is usethéhigh
efficiency FECFrame header.

32 bit
codeword
-1 Yoq
16 signaling —_g| RM(32,16) [™" QPSK 32
— ’
. Encoder —.’ QPSK
bits mapper symbols
2 bit cyclic
P shift Yia

32 bit MPS
sequence

Figure 9(a): Robust FECFrame header
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16 signaling  e—p
hits

32 bit
codeword
RM(32,16) |\"M
Encoder
2 bit cyclic
1 shift

32 bit MPS
sequence

-Yo,q. Y19

16QAM
mapper

Y24, Y34

Figure 9(b): High efficiency FECFrame header

16

—p- 16QAM

symbols

The 32 Reed-Muller [i.14] encoded data Bif¥" of the lower branch are cyclically delayed by tvaues
within each Reed-Muller codeword. The output of ¢tielic delay block is

RM — RM
u(i+2)32 - Ai

7.2

Use of common PLPs

i=0,1,...,31.

A common PLP is only required when multiple TSstaaasmitted, and these TSs are called as 'gro®hB§. The
common PLP of a group of PLPs is transmitted irhsugvay that a receiver can receive simultanecusjydata PLP
of the group as well as the common PLP.

Data Slice 1 builder

TS1 FEC PLP QAM |
inputsync" Bit-l [®| Header [} Mapper
TS2 FEC PLP QAM )
Finput sync [P Bit-1 [”| Header [®] Mapper [ &
: QD . :
o P Time || Frequ. |
: = interl. Interl. | :
: 3 :
TSm FEC PLP QAM =
‘_’ input sync[®  Bit-I [®| Header [ Mapper [ ;h
PLP FEC PLP QAM % OFDM
iy | com — generation +
| inputsync[?] Bit-1 [| Header [ Mapper [ e et [
i o insertion
............................................................................................................................................... SE
Data Slice n builder —>
L1 FEC QAM Time Fre
. —» qu.
coding BI [ Mapper —+ interl. Interl. | ]
Figure 10: DVB-C2 modulation including common PLP ¢ oncept

A cable playout center generating DVB TSs usesstital multiplexing in order to optimize the ovlrspectrum
efficiency. The capacity for CA-messages data drab& have to be fixed in order to calculate therall payload
capacity available for video and audio streamsiwithe statistical multiplex. The relevant applioatis also possible
if several TSs have to be transmitted in one celdmnel or if packages of services require diffelevels of

robustness.
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Also, common PLP can be used to decentralize da@dend (e.g. several Astra-type DTH-signals aralllp
multiplexed into one cable channel), or to certmlieadend where premium tier HDTV services ani ias SDTV
service are required to be transmitted in the szatée channel.This ensures that different level®biistness are
avaialable for QoS reasons.

So the TS packets that may be transmitted in thrarGan PLP are:

1) TS packets carrying any type of data, which dedsequire an exact time synchronization witheothS
packets carried in other PLPs of the related gafupLPs.

2) EPG data, e.g. based on Event Information TAHIE) format, but not using the 'actual’ and 'other
mechanisms as specified in the DVB-SI specificaBdh300 468 [i.9].

3) Conditional Access control data, e.g. Entitletidanagement Messages (EMMS).

When using common PLP in a group of PLPs, the exést of common PLP should be signalled in the ghadling.
The PLP_TYPE of the common PLP should be set tpa@ the group of PLPs should have the same
PLP_GROUP_ID with the common PLP. See clause g[i3lin

To get the information about splitting of input MBE2 Transport Streams into Data PLPs, generation of a Common
PLP of a group of PLPs and insertion of Null PasketoTransport Streams. See annex D in [i.1].

7.3 PLP bundling and Statistical Multiplexing

In case of input signals that exceed the capatitysingle Data Slice (e.g. 200 Mbit/s), the XFE&Res of the input
signal has to distributed into different Data Sliggth one PLP each. If the input signal consi$tdl@TV services
encoded in statistical multiplexing, the size afgb three Data Slices will vary over time. The matiu can adapt the
size of Data Slices per C2-frame.

As the total input stream in the upper exampléi3 Rlbit (constant bit rate) the sum of sizes ofttiree Data Slices is
constant. According to the characteristics of téistical multiplexing, the number of cells of pegd allocated to the
three Data Slices slightly varies. If a Common Rd.Bsed, it has to be transmitted twice in ordealkow every
relevant receiving window to access the common &afa.

——| PLP1.dataslice1 |‘~
frame IFFT |,
Zon ot oVE-C2 Siane
HDTV | PLP1.dataslice3 - Ignha
C MHz 8 MHz 16 MHz 22 MHz
e.9. 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 is signalled by 'PLP_BUNDLED' fieldtime layer-1 signalling. If one TS is bundled owmarltiple PLPs,
all the PLPs will have the same PLP_ID, even itladl PLPs are in different Data Slices. Also aii RBLP_BUNDLED
field for bundled PLPs will be set to '1'. The Iegesignalling will not reflect the PLP bundlingage, because layer-2
signalling will only inform the mapping relation tveeen specific transport_stream_id to specific AP that is why
all the bundled PLPs share the same PLP_ID.
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To guarantee the order of each packet spread owiipla PLPs, ISSY timestamp should be used imtloele
adaptation block. This field will be used in thee®er side to re-order packets received from migtPLPs bundled.

See annex Fin [i.1].

PLP bundling within a 7.61 MHz Data Slice is ndbwaled. It is always more effective to carry a dstt@am within one
PLP in a Data Slice.

Bundling of PLPs therefore only makes sense ibttpossible to carry a data stream within a silbéa Slice. For
receivers with a fixed receiving window (e.g. 8 Mfdz European networks) the capability to recomtinadled PLPs
is not mandated. However, those receivers normaladion must be uneffected by the presence of ledrdLPs in a
C2-system.

Any operator, who wants to use the PLP bundlingcephfor dedicated services, e.g. for transmithiggpipes of data,
therefore has to ensure that the receivers useer&ite equipped with multiple fixed bandwidth tsner with an
appropriate wideband tuner.

The use of PLP bundling is discussed further ineén@

7.4 Use of the Null Packet Deletion mechanism

Null Packet Deletion is an option offered by DVB-@iat removes the Null Packets (stuffing datahatttansmitter
side from the MPEG-Z ransport Stream. However, the receiver is able to re-insert thietéed Null Packets at their
original positions, as these positions are sigdaléhin the transmitted data (see clause 5.1.4.af). Different
application for this mechanism may exist. The tetbow lists three examples for the applicationhef Null Packet
Deletion mechanism.

7.4.1 Use of Null Packet Deletion with Common PLP

The Common PLP allows for the transmissiof onsport Stream packets, which are common for multiple
Transport Streams. At the receiver side the Common PLP and the BaRiare merged in order to obtain the fully
syntactically correctransport Stream. Therefore this requires sufficient Null Packeithim the individual Data
PLPs, as the Common PLP data can only be reinsatrtexsting Null Packet positions within the D&taPs for the
reestablishment of the target&€dansport Stream. The Common PLP would bring no benefit if the smitter has to
actually transmit these Null Packets required lierinsertion of the Common PLP. Therefore, thestrdtier can add
sufficient Null Packets, but it does not actualiwh to transmit these due to the Null Packet Dmleti

7.4.2 Use of Null Packet Deletion for Efficient Statistical Multiplexing

Statistical Multiplexing can improve the source iogdgain. Normally, different services that arenjbi encoded are
transmitted within a single MPEGTx ansport Stream. However, for Video on Demand services it is gsssible to
transmit these services using multiple PLPs (Déte Sype 2 only), which e.g. allows for the applion of
independent modulation and coding parameters fdr aaer. Naturally, this hinders the applicatiorstdtistical
Multiplexing that is normally used within a singleansport Stream, only. Though, using Null Packet Deletion,
Statistical Multiplexing can also be applied on tilé PLPs. Therefore, thEransport Stream within each PLP is
stuffed to a specific bit-rate using Null Packetsle/the actual payload bit-rate is varying. Centgithe bit-rate of the
stuffedTransport Stream has to be higher than the maximal payload bit-rEite. inserted Null Packets are then
deleted using the Null Packet Deletion mechanisaxling to variable bit-rate streams for each PL¢chvcan be
statistically multiplexed. At the receiver sideg ttemoved Null Packets are inserted again, leadirdgfixed bit-rate
Transport Stream.

7.4.3 Null Packet Deletion for Reduced Power Consumption

The Null Packet Deletion mechanism can be appbeddduced power consumption within the receiveatéSlice
Type 2 only). Instead of using the Null PacketsimitheTransport Stream to obtain a specific bit-rate, these Null
Packets can be removed using the Null Packet Delefihen Stuffing Data Slice Packets are insexddl the
remaining Data Slice capacity. Hence, the resubitgate of the PLP is reduced, which also redibesamount of
data that has to pass the Forward Error Correcmoder within the receiver. As the FEC decoden& major

DVB Bluebook A147



48

contributor to the overall power consumption of B¥¢B-C2 decoder, the power consumption can be dsec
significantly.

7.5 Use of Issy Time Stamping

The use of the Input Stream Synchronizer subsystenandatory for bundled PLPs (see Annex F of)i.Epr non-
bundled PLPs the use of the Input Stream Syncheosizbsystem is optional for PLPs carrying GSE, ®CSFPS
streams, but in the case of PLPs carrying trangbaams (TS), it shall always be used, except vallest the
following conditions are met:

1. FECFRAME header is not used (i.e. DSLICE_TYPE=Kis tequires that there is only one PLP (i.e.
DSLICE_NUM_PLP=1) and modulation and coding pararsare fixed, and Constant Coding and Modulation
(CCM) is signalled)

DFL is constant (DFL=K_bch-80 in every BBFrame, B&Iding is not used)

The number of data cells per C2 frame is consfaatg Slice width is constant)

The C2 frame length is constant (the number ofrptB@ symbols and Gl length does not change)

Null Packet Deletion is not used (i.e. NPD=0) idarthat the TS bit rate can be calculated frontrdngsmitted

L1 signalling.

arwN

In line with Annex C of [i.1] the usage of the IS$i¥ld shall comply with the following charactercs:
ISSY shall be coded according to table 14, sendindali@ving variables:

* ISCR (short: 15 bits; long: 22 bits) (ISCR=Inputeaim Time Reference), loaded with the LSBs of thenter
content at the instant the relevant input packptogessed (at constant rate R_IN), and specifitiadl instant
the MSB of the relevant packet arrives at the matulinput stream interface. In case of continugitesams
the content of the counter is loaded when the MBBeData Field is processed. ISCR shall be trétitestnin
the ISSY field whenever BUFS and BUFSTAT are nabhémitted. In a given PLP, either ISCR_short or
ISCR_longshall be used, together with the sholbiog versions of BUFS. A PLP shall not change figimort
to long ISSY except at reconfiguration. In HEM, BCQong shall always be used.

*  BUFS (2+10 bits) (BUFS= maximum size of the reqe@seceiver buffer to compensate delay variations).
This variable indicates the size of the receivdfdrilassumed by the modulator for the relevant Rt_ghall
have a maximum value of 2Mbit. When a group of Rit&#s share a Common PLP, the sum of the buffer siz
for any Data PLP in the group plus the buffer $methe Common PLP shall not exceed 2Mbit. BUFSIdie&a
transmitted in the ISSY field of the Baseband Head¢he first non-fragmented BBFramein a C2 fraine.
NM, BUFS shall be transmitted in the ISSY fieldtbé first complete packet of the first non-fragneeht
BBFrame. In HEM, BUFS shall also be transmittedB&Framesfor which no UP begins in the data field.
This field shall not be transmitted in case of RiLdling as the ISCR field is required in every B&hefor
sorting the input stream.

e BUFSTAT (2+10 bits) (BUFSTAT = actual status toaethe receiver buffer = number of filled bits).HiEM,
BUFSTAT shall be transmitted in the ISSY field @ling the transmission of BUFS. BUFSTAT can be used
to set the receiver buffer status during receptiant-up procedure, and to verify normal functignin steady
state. This field shall not be transmitted in caSELP bundling as the ISCR field is required iy
BBFramefor sorting the input stream.

NOTE: This requires that there are always at ldase ISSY fields in every C2 Frame. It might beassary to use
short FEC blocks and/or Normal Mode in order toueashat this is the case. Furthermore, ISSY apptiea
transmitted User Packet and so it might be necgssdransmit a null packet which would otherwisedeleted to
provide a packet for the ISSY field to refer to.
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Input Stream Synchr oniser
S| up
Mod 222 Rs m
Counter ) RIEEE C Packetise
Input Strear
BUFSTAT
150r 22 LSB+T
ISCR BUFS
4L S| up [
CKin m S
a o C S
4\ > Y
Input ISSY (2 or 3 bytes)
Packets| Insertion after Packet
(optional)
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  it-3 and bit-2 b it-1 and bit-0 Bit-7 to bit-0 bit-7 bit-0
0=1SCRg,oy |MSB of [next 6 bits of ISCRg,,¢ Next 8 bits of Not present
ISCRs:hort ISCRshort
1 = 6 MSBs of ISCR,, Next 8 bits of Next 8 bits of
ISCR;ng ISCR5ng ISCR5ng
1 1 00 = BUFS BUFS unit 2 MSBs of BUFS Next 8 bits of Not present
00 = bits BUFS when ISCRy 4
01 = Kbits is used:; else
10 = Mbits reserved for
11 = 8 Kbits future use
1 1 10 = BUFSTAT BUFSTAT unit 2 MSBs of BUFSTAT |Next 8 bits of Not present
00 = bits BUFSTAT when ISCRg,.
01 = Khits is used; else
10 = Mbits reserved for
1 1 Others = reserved |Reserved for Reserved for future |Reserved for future |Not present
for future use future use use use when ISCRy, .«
is used; else
reserved for
future use

Note: The BUFSTAT unit "BUFS/1024" should only b&ed when the value of BUFS unit is not "00", i.elFES unit
is represented by Kbits, Mbits or 8Kbits. The masturate BUFSTAT unit should always be used.

In line with clause 10.7 thE€ransport Stream regeneration and clock recovery using ISCR (ANNEX( [i.1]) is
described below:

When the modulator operates in a mode that emplojyisPacket Deletion, the receiver may regenefaéd t ansport
Stream by inserting DNP into the useful packets, which wrad out from the FIFO buffer. As shown in figli®s the
Transport Stream clock Ry may be recovered by means of a Phase Locked IRIdp) (The recovered modulator

sampling rate Rmay be used to clock a local counter (which bynikgsn runs synchronously with the input stream

synchronization counter of figure 13). The PLL camgs the local counter content with the transmitB€R of each
TS packet, and the phase difference may be usadjtst the Ry clock. In this way Ry remains constant, and the

reception FIFO buffer automatically compensatescti@n delay variations. Since the reception FIk@edo is not
self-balancing, the BUFSTAT and the BUFS informatinay be used to set its initial state.
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As an alternative, when dynamic variations of thd-to-end delay and bit-rate may be acceptablédpource
decoders, the receiver buffer filling condition mag/used to drive the PLL. In this case the recegiuffer is
self-balancing (in steady state half the cellsfitlexl), and the ISSY field may be omitted at th@nismitting side.

Rs Local
| IO > Counter

JL

PLL |-

Transmitted

4

packets /

ISCR
R'in
N A \ H
Useful Read useful Null Packet 4’\
packets Re-insertion Output TS

packets /1

:

DNP

Figure 13: Example receiver block diagram for Null Packet re-insertion

and Rg clock recovery

7.6 Stuffing Mechanism

The DVB-C2 system offers multiple stuffing meanhisTstuffing is mainly required to adapt the bieraf the
incoming signal to the bit rate of the current @8tem settings. The different mechanisms are desttiin the
following clauses.

7.6.1 Transport Stream Stuffing

The stuffing onTransport Stream level by means of Null Packets is a well-known téghe to adapt the bit rate of an
input stream to a fixed output bit rate. For dsta#e [i.10].

7.6.2 Base Band Frame Stuffing

The Base Band Frame Stuffing is the recommendédfingiunode for the lower layer stuffing if Data &itype 1 is
used. It may be necessary if the Data Slice bétisahot adjustable to the payload bit rate idef@ly. due to the
granularity of Data Slice bandwidth). Hence, the@&Band Frame Stuffing is a means to finally adjustbit rate to
the input stream bit rate. Such a technique ipetial interest if the network provider is e.g. attbwed to
re-multiplex the MPEG-Z ransport Stream due to political regulations.
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80 bits >l DFL >l Kbch-DFL-80>
BBHeader Data Field Padding
< Kbch bits >

Figure 14: Structure of BBFrame with padding field

Figure 14 shows the structure of a Base Band FraimeBBHeader is followed by the Data Field, whigliollowed

by optional padding. Hereby, the length of the [rE&d is signalled within the BBHeader. Thushétamount of data
is not sufficient to fill the Base Band Frame stuffis added and the actual number of payloadibitise BBFrame is
reduced to the requirements. It is even possibteatsmit BBFrames that consist of stuffing datby.on

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

Data Slice Packet Stuffing is the recommendedistyfinechanism for lower layer stuffing if Data ®léctype 2 is
used, because it reduces the amount of data th€ld@Boder has to process. If the transmitter doebave any
payload Data Slice Packet to transmit, it simpiymits a Stuffing Data Slice Packet (see clauaé of [i.1]). The
length of this Stuffing Data Slice Packet is fixedd00-QAM cells plus the Data Slice Packet Heg@2rQAM or

16-QAM cells).
7.6.4 Data Slice Stuffing

DVB-C2 offers the possibility to adapt the bandwidlf the Data Slices between consecutive framelsowitservice
interruption, which is also a stuffing mechanism.

Frequency
o C2 Preamble
£
|_
Data Slice Data Slice
1 2
C2 Preamble
(0]
o O
Data Slice JE=RGEM Data Slice
1 g 2
> 8

Figure 15: Principle of Data Slice Stuffing

The principle of Data Slice Stuffing is depictedigure 15. The two (payload) Data Slices do nibtlie complete
bandwidth of the C2 system completely. Hence, &iStuData Slice is included between the two Daliaes.
However, this Stuffing Data Slice is only signalietplicitly, as all remaining OFDM subcarriers ttzae not occupied
by notches or Data Slices are Stuffing Data Slités bandwidth and the positions of Stuffing DaiaeS may vary
between C2 frames, as the positions and the batluwaidata Slices may vary as well.
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Within Stuffing Data Slices the normal pilot sche(ne. scattered, continual and edge pilots) aeddhe reservation
are continued. Additionally, also notches may lezetl within Stuffing Data Slices. The modulatioritaf cells not
mapped to pilots or reserved tones can be choeelyfiThere are only the limitations that theséscgiall carry the
mean power level of 1 and that repetitions of gmae sequence shall be avoided in order to avolu égks of the
OFDM time domain signal.

1.7 Multiplexing, Dimensioning of PLPs and Data Slices

The following clauses list possible scheduling alpons. These are based on the MPEGransport Stream.
However, extensions to other protocol schemes @ssilple. For simplicity, it is assumed that theilatde cell rate
within the Data Slice is always higher than theureef cell rate of the multiplexed payload data.

7.7.1 Single PLP per Data Slice

When using a single PLP per Data Slice only, noglersnmultiplexing is required. However, as the alale bit-rate of
the Data Slice will not match the bit-rate of theut stream, stuffing is required. As already eixgd in clause 7.3,
different possibilities exist. Their applicationmnds on the used Data Slice type.

For simplicity, it is assumed that the bandwidttitef Data Slice does not change over time, thetiispan 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 Typi¢is assumed that the available Data Slicedi# is sufficient to
transmit the input data stream. As the output sir@a. Data Slice Packets) has to have a fixeguiddit-rate, the
application of Null Packet Deletion is not usefoit this configuration. The MPEG-Pransport Stream packets are
stored in a FIFO buffer. The scheduler requestsl#te output of the FIFO buffer in order to createoutput stream
that completely fills the available Data Slice nes®s. If the data within the FIFO buffer is noffigient to fill a
BBFrame completely, the transmitter shall use BRte&tuffing as described in clause 7.3.2.

Data Slice
MPEG-2 TS Pagkets
725 CRes »| FIFO Buffer [—»| B2HEAMEN L recioam [n
(if used) insertion
i

Scheduler

Figure 16: Block Diagram for Data Slice Type 1 Sche  duler

7.7.1.2 Data Slice Type 2

The transmission within the Data Slice Type 2 adlofv the same principle as for Data Slice Typélawever, the
stuffing does not take place within the BBFRAMESt bses Stuffing Data Slice Packets. The applinagfoNull
Packet deletion has not been considered for siipheasons.

MPEG-2 TS N
7 5| CRCS » FIFO Buffer|—»| BBHEder 1t ceioam |—p| FEC-FRAME Data Slice
(if used) insertion Header Insertion P
1 ackets

Stuffing Data
§OCCUPancy Slice Packets

— »| Scheduler

Figure 17: Block Diagram for Data Slice Type 2 Sche  duler
The scheduler checks the occupancy of the FIFGehuffthe FIFO buffer contains sufficient datditbone

BBFRAME completely, this data is transmitted. Farthore, if the FIFO buffer contains sufficient infmation to fill
more than one BBFrame, it can also use the optisrahsmit one FECFRAME Header for two BBFrames.
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If the FIFO does not contain enough data to fik @BFrame, but the transmitter has to transmit déttsin the Data
Slice, the transmitter sends a Stuffing Data S¥aeket instead.

NOTE: When Null Packet Deletion is used and thelifpransport Stream contains high number of Stuffing
Packets, the Scheduler may also be forced to tiaB8Frames not completely filled with data in orde
to avoid buffer under runs in the receiver.

7.7.2  Multiple PLP

The transmission of multiple PLPs within one DaliaeSis only possible using the Data Slice Typbé&;ause Data
Slice Type 1 does not allow for the transmissiomattiple PLPs. Figure 18 shows the block diagrdra possible
scheduling algorithm. The associated pseudo cadihéoscheduling algorithm is listed 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 ©
Stuffing Data
Slice Packets

Data Slice
Packets

Occupancies

———————————————————————— Scheduler

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

while (true) { /1 Loop forever

for (inputFIFO = 1; inputFl FO <= nunber O PLPs; i nput FIl FO++) {
i f (hasBBFranme(inputFl FO) { /1 Transmt one BBFRAME of
// this PLP if avialble in FIFO
transm t BBFrame(i nput FI FO);

}

i f (outputBufferEnmpty()) [l Transmt Stuffing if buffer enpty
transmt Stuffing();

whil e (!outputBufferEmty()); /1 Wit until data transmitted

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

Firstly, it is assumed that the execution timehef tode is zero. The scheduling algorithm cheok$-tRO buffers of

all input PLPs each loop. If the corresponding Flst@fer contains at least one complete BBFrame ,BBierame of
this PLP is transmitted, i.e. copied to the outpuffer that ensures the synchronous transmissitireatequired cell
rate within the Data Slice. If no BBFrame was aafalé for all PLPs, a Stuffing Data Slice Packetassmitted instead.
Finally, the loop waits until the output bufferampty.

7.8 Layer-2 signalling
Layer 2 signalling is provided differently for MPEZT ransport Streams and Generic Streams.

DVB-C2 introduces the layer-1 concept of the "C2t8gn" (see clause 8 in [i.1]). The mappingroénsport Streams
to PLPs and the C2-system is signalled in the Ci/attg _system_descriptor transmitted in the NIT.

7.8.1 Transport Stream s

For the Transport-Stream case a single new PSY8aking element is used: the C2 delivery-systarsatiptor
(C2dsd): see figure 18. It is a mandatory eleméttie Network Information Table (NIT) that is prod for alll
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Transport Streams of a C2 system. For eathansport Stream a single instance of the descriptor will be prodide
see figure 19.

The C2dsd mapsBransport Stream being signalled with the NIT, and heading the TScdigtor loop, to the
corresponding C2 system (C2_system_id) and the(PLP_id) that carries thiEransport Stream within the C2
system. This mapping is handled by the upper jpaue(part of figure 20) of the C2dsd. Each TS earriequires a
separate instance of the C2 delivery-system ddscyipe. another loop cycle of the NIT's TS loop.

The optional lower part of C2dsd (which appeary émthe C2dsd long version) describes the phygiaehmeters of
the C2 system (orange part). Since these paranggalischange within the same C2 system, the Ipaet i.e. the C2
system parameters, (orange) occurs only once psy§i8m. This means that a receiver needs to ¢hedkstances of
the C2dsd until it finds the long version (if presat all) in order to get the information about tB2 system
parameters, see figure 21. The presence of they€&t@ns parameters (orange) is optional.

C2_delivery_system_descriptor(){ Mapping of TS to PLP and C2 system
descriptor_tag 8 uimsbf
descriptor_length 8 uimsbf
descriptor_tag_extension 8 uimsbf

plp_id 8 uimsbf
C2_system_id 16 uimsbf

C2_system_tuning_frequency 32 bslbf

active_ OFDM_symbol_duration 3 bslbf C2 system parameters (apart from
guard_interval 3 bslbf C2_system_id)
reserved 2 bslbf
}
}

Figure 20: C2 delivery system descriptor

C2dsda C2dsdb C2dsd c C2dsd d
forTS1 forTS2 forTS 3 for TS 4

Figure 21: Instances of C2 delivery system descript  or (within same NIT), example

The physical parameters provided for the C2 sygteange) reflect a full description of the signalair, including its
centre frequency. One new parameter, which wapmsent in the corresponding DVB-C descriptorhésdctive
OFDM symbol duration field (see clause 6.4.4.1i.19]].

All PLP-related information (modulation/consteltati code rate, start address etc.) is providedmibderived from
layer-1 signalling, see clause 8 in [i.1].

In case the 'PSI/SI reprocessing' field is set'tm'layer-1 signalling, it means that the transgtream in
corresponding PLP is not reprocessed with valid®RShformation and just forwarded from another imed In this
case, layer-2 signalling is not valid any more afdhe information in the NIT should be ignoreddyeceiver.
Instead, valid transport_stream_id and originahwoet_id will be delivered by layer-1 signalling fhis case.
7.8.2 Generic Streams.
Generic Streams might occur in one of the followtimgee variants:

a) Generic Fixed Packet size Stream (GFPS).

b) Generic Continuous Stream (GCS), also coveringése of a Generic Variable Packet size Stream.

c) Generic Stream Encapsulated (GSE) according tp [i.9
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For cases a) and b) there is no layer 2 signadlafgnition available, for c) refer to clause 8 iI7].

8 Modulator

8.1 Preamble Generation

Figure 22 depicts the block diagram of the preargklgeration. Firstly, the preamble data is encdmjecheans of the
forward error correction and the QAM mapping. Tikifollowed by the time interleaving. Then, thegmrle header is
inserted. The preamble data and the Preamble Heagleyclically repeated until all available payldaFDM
sub-carriers within the preamble are used. Aftedsathe data is interleaved in the frequency iegarér. Finally, the
preamble data and the preamble pilots are mappediua specific OFDM sub-carriers.

L1 L1 FEC Time Preamble
. Encoding & QAM . Header
Generation ) Interleaving .
Mapping Insertion

Preamble Frequency Cyclic
Framing Interleaving Repetition

}

Pilots
Generation

Preamble «——

Figure 22: DVB-C2 preamble generation block diagram

8.1.1 Preamble Payload Data Processing

8.1.1.1 Preamble Time Interleaving

Time interleaving (TI) for the preamble operatesaistellation-mapped Layer 1 (L1) part 2 datallésee clause 8.5
of [i.1]). A L1 Tl block is the set of OFDM cellsithin which L1 time interleaving is performed; tkas no time
interleaving between L1 Tl blocks within one or tiple preamble(s). No time interleaving is allowsstween Data
Slice and preamble. The L1 header is not includddlitime interleaving.

The total number of cells within the L1 TI blockdscided by the number of total L1 part 2 data &itd constellation
size. Each L1 Tl block contains integer numberhafreened/punctured FEC blocks of L1 part 2 datahBa. Tl block
should contain all cells for encoded and modulategart 2 data; the cells for L1 part 2 data carosplit into
different T1 blocks.

The L1 TI block may be copied and repeated tcefilire L1 signalling block bandwidth (3 408 carsier~or the last
copy of L1 Tl block, the part of L1 Tl block may tnoe repeated into L1 signalling block if all cerns are used thus no
carrier is left. In this case, the last part of Lilblock in order is not transmitted (see figured§i.1]).

The address generation equation in clause 8.51¢fdssumesd columnsx R rows) rectangular memory size for L1
time interleaving. Each cell in the memory map&-tmone' to the OFDM cell of the L1 Tl block iretbreamble.
Preamble pilots and reserved dummy carriers for®RARRluction should not be included in address geioer and
interleaving process.

The trad-off between time interleaving gain andapnble overhead is made through four L1 TI modes {@ele 17 of
[i.1]). The overheads of "no time interleaving" dihest-fit" mode are the same as well as minimdrthest-fit" mode
is chosen, the L1 TI depth is automatically sehtonumber of OFDM symbols required for "no timeeiteaving"
case. However, if the amount of L1 part 2 datalatively small and the number of OFDM symbolsgozamble is
just one or two for example, the robustness of &t f data may be greatly damaged by a time-domginlsive noise
channel environment. To overcome those cases,1ti Hepth can be expanded and explicitly set tor'8 OFDM
symbols" which significantly improves robustnesd. dfpart 2 data transmission.
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Note that L1 Tl mode of "4 or 8 OFDM symbols" depttould be carefully chosen only for the case whemumber
of OFDM symbols for preamble in the "no time inéaing" case is equal or less than 4 or 8 respgti@therwise, it
causes the L1 time interleaver to work incorrectly.

EXAMPLE: If preamble is made up of 5 OFDM symbuwlish no time interleaving, either "best-fit"
(L1_TI_MODE=01) or "8 OFDM symbols" (L1_TI_MODE=1%an be chosen for L1 Tl 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 ambée header is added to the preamble symbol.praamble
header does not change within a C2 preamble drisists of multiple OFDM symbols. It carries infation that is
required for the decoding of the L1 signalling d@atails are given in clause 8.2 of [i.1].

8.1.1.3 Cyclic Repetition

After the addition of the preamble header there begtill some unused OFDM cells within the preaanibherefore,
the remaining parts are filled with a cyclic repeti of the signalling data (including the preambéader). Details are
given in clause 8.4.1 of [i.1].

8.1.1.4 Preamble Frequency Interleaving

The purpose of the preamble frequency interleavtra separation of neighbouring data cells ara/tad error bursts
caused by narrow band interferers or frequencycteiy. Therefore, the same frequency interleaagused for the
Data Slices(see clause 9.4.5), which works on the2\840 data cells of each L1 Block.

The interleaved vectoA': = (aiz Pe afp’ ,1'--31'2,%-1) is defined by:

P
P.q

& =Xy, (q forevensymbols in the preambl,(Mod2 = 0) for g = 01,...,N;, -1

P
P.q

& =Xy (q forodd symbols in the preamblg,(mod2 =1) for q = 01,...,N; -1

with N|_1=2 840.

In contrast to the frequency interleaver used lierData Slices, the frequency interleaver for tteamble always uses
a fixed number of interleaved cells. Furthermohe, frequency interleaver does not interleave betvdiféerent OFDM
symbols, but only within OFDM symbols.

The frequency interleaver uses the odd-only approBlee interleaving for odd and even OFDM symbsldifferent,
which will give additional robustness if the predentime interleaver is used. The first preamble lsghis considered
as the first symbol of the frame i.e. with a symbainber of 0. The functioning of the frequency iitgaver starting
from symbol O is described in clause 8.5.2.

8.1.2 Preamble Pilot Generation

The DVB-C2 preamble repeats itself cyclically ie tihequency domain. As repetitions within the frexey domain
lead to high peak-to-average power ratios it isrdbke to avoid this direct repetition. For the DME preamble this
aim is reached by means of scrambling the preamitthetwo scrambling sequences. The data scramiskogience
scrambles the data and the pilots. Furthermoragdditional pilot scrambling sequence is employed #orks on the
pilots only. It is required as the data scrambbaquence in addition to the preamble pilot separatiould lead to a
repetition of the pilot modulation every 27 MHz 8riMIHz operation). Using the additional sequenice,rhodulation
should be unique within the complete cable bandwidt
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8.1.2.1 Data Scrambling Sequence

Figure 23 shows the block diagram for the genematibthe data scrambling sequence. The sequenaiatased by
using a linear feedback shift register with theegator polynomial:

XM+ X241,

The output of the generator is the value of thetrright shift register in the figure. Before thdadation all shift
registers have to be initialized with '1' s.

Initialization
sequence 1 1 1 1 1 1 1 1 1 1 1 PRBS
Sequence,w
1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit 1-bit -
delay ™ delay ™ delay ™ delay Rl delay B delay Rl delay B delay B delay delay Ba delay =

-

Figure 23: Data Scrambling Sequence

The first 100 output valuegy, ws, ... Weg are:

1,1,1,1,1,1,1,1,1,1,1,0
1,1,1,1,1,1,1,0,1,1,0,0,0,0,0,®™,1,
1,1,1,0

,1,1,10,0,0,1,10,0,1,1,0,0,0, 1,
,1,04,1,1,0,0,1,1,1,1,0,0,1,1,

In order to obtain the output, of the sequencd,shift operations have to be performed. Howevee, toLits
polynomial the generator is a maximum-length LF8R the sequence repeats itself evéjr§7—1= 2047 outputs:

Wi = Wik mod 2047 -

Hence, it is also possible to pre-calculate theisege and use look-up tables instead of real-tafeutation.

8.1.2.2 Pilot Scrambling Sequence

Figure 24 depicts the block diagram of the pilatagtbling sequence generator. In contrast to the datambling
sequence it employs only 10 shift registers. THgrmonial of this linear feedback shift register is:

XM+ X2 +1.

Similar to the data sequence it is also initialinéth 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 Ba delay Ba delay R delay Bg delay R delay Bg delay Ba delay R delay Ba delay -

C =

Figure 24: Pilot Scrambling Sequence
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In order to obtain the output; i shift operations have to be performed. The i) dutput values/'y, W'y, ... W'gg are:

1,
1,
1

,1,1,1,1,1,1,0,0,0,0,0,1,,1,0,0,0,0,1,1,1,1,1,1,0,1,10,10,0,1,0,0,1,1,1,1,1,0,0,0,
1,1,1,110,12,01,10,®1,1001001001000®®O00100000010,0,

Or P
cor
copr

Due to the chosen polynomial, the sequence reﬁeatbeveryzlo —1=1023 outputs:

Wi =W (i mod1023 -

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” sequenagtbin the Preamble leads to a bias on the OFDbtatriers. This
causes a high Peak to Average Power Ratio (PAPR)nvthe resulting time domain signal, i.e. thegarce of very
high signal peaks. Therefore, any repetition olieeges is avoided by scrambling of the OFDM sulearin DVB-
c2.

In contrast to the payload data, DVB-C2 does nptyagny scrambling of the preamble data beforeQAd mapping.
Instead, the scrambling is applied on the individbBDM subcarriers by means of the Data Scramifieguence. For
the Preamble Pilots the Pilot Scrambling Sequesnicséd instead. Due to their special structurb@strambling
seguences no repetition within the frequency domairoccur for the complete DVB-C2 bandwidth. Henthe
occurrence of high peaks within the time domaimaligs minimized.

8.1.2.4 Preamble Pilot Modulation Sequence

The modulation of the pilots is obtained by comhinthe pilot and the data scrambling sequence:

WS =w, 0w with i = (kmodK,)/D,

while k is the absolute OFDM sub-carrier ind&x;=3 408is the number of OFDM sub-carriers per L1 Bloahkd a
Dp=6 is the preamble pilot spacing.

The valud is the required output index of the pilot scramglsequence. Due to the modulo operation it igalised
every L1 Block, and the division ensures that tifet gcrambling sequence gives an output valueémh pilot, but not
for each OFDM sub-carrier. The calculation @fithout reminder is thus only possiblekifs multiple of 6. However,
this is ensured as all pilot positions are locatedalues ok, which are dividable by 6.

As an example we can calculate the vaIueWEﬂ‘or L1 Block 100 (starts at 760,714 MHz in 8 MHzeogtion).
Firstly, we have to calculate the starting OFDM-sabrier of this L1 Block:

k = K, [100=3408100= 340800

Hence, we obtain the following sequence:

P _
W340800 = Wa40800 ! W (340800mod3408) /6
= W340800 H Wo

If we consider the cyclic repetition of the seques)ave obtain:

P _

W340800 = W(340800mod2047) L Wo
= Wggg Ll Wo
=001=1

Similar calculations can be made for the othertgilusitions. Hence:
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P _ _ _ _
W340806 = W(340806mod2047) U W1 =W go4 W1 =001=1

P _ _ _ P _ _ P _ _
W340812 =W 0100 W2 =101=0, W340818=101=0, Wz40g04=111=0

The final pilot modulatiom, is then generated by differentially modulating ﬁwuencwlf. However, in order to

obtain an absolute reference, the modulation ofitkepilot within each L1 Block is absolute. Thuke pilot
modulation is obtained by:

.=

W if kmodK_, =0
Mo OW otherwise

while the modulo term ensures the absolute moduladf the first pilot within each L1 Block. Comitbgck to the
example, the valuey are:

340800 = W3|?40800 =1 (absolute modulation),

- P _ _
340806 = 340800 [} W340806 =1011=0,

_ P _ _
340812 = 340806 L) W340812 =001 0=0, ...

while k is again only defined if it divisible by 6, as grthese positions are preamble pilots.
It has to be mentioned that the same pilot modiatequence, 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 usiegtiuation:

Relch, . }= A 2(1/2-1,)
Im{cP }: 0

m,lp,K

while Cf,lp,k is the complex QAM cell of framm, preamble OFDM symbdb and absolute OFDM sub-carrier

App=1 is the amplitude of the preamble pilots, &gt the preamble pilot modulation sequence. Plaaséhat this
equation only holds for preamble pilot positions, wherek is multiple of 6.

The modulation of the pilots is thus BPSK basedh tie mapping, =1= C;,P’k =-landr, =0= C;lpyk =1.

8.1.3.2 Mapping and Scrambling of the Preamble Data

The preamble data repeats itself cyclically witthia frequency domain, i.e. evely; OFDM sub-carriers (7.61 MHz
in 8 MHz operation). Additionally, the data is sttaled using the data scrambling sequemcd his is described by:

Re{CnF;,IP ,k} = Re{af; ,q} [q_ 1)Wk

with g = (kmodK ,)-[(kmodK ,)/6]

im{ch, o} = Imfa?  pof-1)"

while wy is the k-th value of the data scrambling sequeaﬁgg)? is the g-th output of the preamble frequency ietarer

for the preamble OFDM symbg, and CCFT,P’k is the complex QAM cell of framm, preamble OFDM symbad}b and
absolute OFDM sub-carriér Please note that this equation is not valid flwmt positions, i.ek is divisible by 6.
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The right hand formula calculates the valug ot of the absolute OFDM sub-carrier indexn an example we can
calculate the number of q for a given k:

k -q:0- Pilot,1- 0,2 13- 24 35- 4,6 - Pilot,7 - 58— 6,...

By means of the modulo part of the equation thepimapof the data gets cyclical every L1 Block.

8.2 Pilots (Scattered-, Continual- pilots)

8.2.1 Purpose of pilot insertion

Pilots are inserted for several reasons; the sedt{@lots are inserted mainly for channel estioraind subsequently
equalisation. The pilot patterns for DVB-C2 are s so that channel estimation potentially candme dvithout any
time-axis interpolation, however to get maximumfpanance from the given pilot pattern the recesteould exploit
the fact that there is a strong correlation amdtagpover long time interval.

The edge pilots are also inserted mainly to afisésthannel estimation. These help to improve ribguiency axis
interpolation around the upper and lower exterthefactive spectrum. Edge carriers are contingsdcé we can treat
them as continual pilots to improve some of paramestimations that are derived from continualtpilo

The continual pilots can be used for Common-Phaser-Eorrection, coarse & fine carrier offset aasnple rate offset
detection.

8.2.2  Pilot locations

Regarding pilot locations, particular care showddken to the following points:

. Preamble symbols do not have any of scatteredint@itor edge pilots, instead they have preambde. pihe
preamble pilot locations are a superset of allteced-, continual- and edge-pilots locations.

. The scattered pilot pattern begins on the firsh dgimbol of a C2 frame.

. The carrier index used to define scattered piloations has its origin at the 0 RF carrier. (Net léft most
carrier as DVB-T/H/T2 standards.)

. The carrier index used to define continual piladtions also has its origin at the O RF carriee €bntinual
pilot locations are repeated every 3 408 carrgand, the 3 408 carrier block is aligned with L1 silfing
block. This provides receivers a method to detdcsignalling block location.

8.2.3 Number of pilot cells

Due to the unique definition of the pilot locaticaasross the whole cable medium bandwidth the atesalumber of
pilot cells depend on the C2 bandwidth as weltafréquency location. The number of pilot cellfughermore
different for the 2 possible guard interval fraosoas they result in different scattered pilot dérss(scattered pilots
every 48 subcarriers for Gl = 1/64, accordinglys@Bcarrier for Gl = 1/128).

The calculation of the number of pilot cells shoalso include that there are some scattered pilsitipns that
coincide with continual pilot positions. Dependimg the chosen guard interval fraction these are:

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

. Gl =1/128: 2 coinciding scattered and continuoilet ppcations within a L1 block bandwidth.

For the L1 block bandwidth these numbers are theedar all 4 possible scattered pilot phases.
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8.2.4 Pilot boosting

All scattered-, continual- and edge-pilots of datmbols have the same boosting value of 7/3. Thditude of
preamble pilots (4 is fixed to A,,=6/5 in case of 1/128 Guard Interval and fixed fg=4/3 in case of 1/64 Guard
Interval. The given boosting values ensure thattlerage energy of the preamble and the data sgrithtiie same.

It is important that the receiver signal processihgin allows adequate headroom to cope with sooktbd pilots.

8.2.5 Use of reference sequence

All pilots (scattered-, continual- and edge-pilasg modulated with the same reference sequertbe gseambles. The
reference sequence is defined for all carrier sl and has its origin at 0 RF. (Not left mostieaas DVB-T/H/T2
system.)

8.3 PAPR and Possible Implementation

When reserved carriers are activated by a reldvhsignalling part 2, 'RESERVED_TONES', these resércarriers
defined in clause 9.7 of [i.1] can be used for PAB&uction.

Figure 25 shows the structure of OFDM transmittgh\WAPR reduction using reserved carriers. Reskcagriers are
allocated according to predetermined carrier locetiwhich are reserved carrier indices. Thesevedeararriers don't
carry any data information and are instead filléthwa peak-reduction signal in order to reduce PAB&ause data
and reserved carriers are allocated in disjointddets of subcarriers, this PAPR reduction algaritieeds no side
information at the receiver. After the IFFT, peakcellation is operated to reduce PAPR by usingdgiermined
signal. The predetermined signal, or kernel, issgated by the reserved carriers.
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Figure 25: The structure of the OFDM transmitter wi  th PAPR reduction using reserved carriers

8.3.1 Reserved carriers

In the Data Symbols excluding Preamble Symbolssétef carriers corresponding to carrier indicefingd in

table 36 of [i.1] or their circularly shifted set @arriers shall be reserved depending on the OFybol index of the
Data Symbol. Positions of reserved carriers witliiches shall be excluded from the set of resecaeders. Reserved
carriers are described in more detail in clause®[iZ1].

8.3.2 Reference kernel

Signal peaks in the time domain are iterativelycedled out by a set of impulse-like kernels madagithe reserved
carriers. A reference kernel signal, is defined as:

7\’:;'“ IFFT (1) = [

TR

p= Pos Puyvos Py o1
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whereNger andNqr indicate the FFT size and the number of reseraegdets, respectively. Th&fer , 1) vectorl g
hasNrr elements of ones at the positions corresponditiget@eserved carrier indices and hdsf{ - Nyg) elements of
zeros at the others.

The characteristic of the kernel is similar to mpulse. For example, the primary pep§) ©f the kernel is one and the
secondary peak®{ to pyrer-1) Of the kernel have a value considerably smalianp,.

8.3.3  Algorithm of PAPR reduction using reserved carriers

Figure 26 shows the detailed block diagram of thekpcancellation algorithm. The IFFT outpx} {s fed into the
peak-cancellation block, and the peak position\aide ofx are detected. Then the reference kernel, genebgtdte
reserved carriers corresponding to the current OFpivibol, is circularly shifted to the peak positisnaled and phase
rotated. The resulting kernel is subtracted froemd the new PAPR is calculated. The principldn@as in figure 27.

If the PAPR of the resulting signal satisfies theget PAPR level, this signal is transmitted. If, tbe cancellation
operation is repeated iteratively, until the numblfeiterations reaches the predetermined maximanatibn number.

> Adder

»/ ]
d

/%, Tx signal

X+cC

IFFT output X /

Controller

PAPR Caculation

Peak Detection

Circular Shift
Scaling and Phase
Rotation

Reference Kernel

L.

Figure 26: Block diagram of the peak-cancellation a  Igorithm
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Figure 27: Principle of peak-cancellation algorithm

8.3.3.1 PAPR cancellation algorithm

Denote the vector of peak reduction signatpgnd the vector of time domain data signakbthen the procedures of
the PAPR reduction algorithm are as follows:

Initialization:

The initial values for peak reduction signal areteeeros:
C(O) = [0 .. O]T

wherec() means the vector of the peak reduction signal coeapinith iteration.
Iteration:
1) i starts from 1.

2)  Find the maximum magnitude oft{c(-D)), y; and the corresponding sample indexin theith iteration.

y =+ )

' , forn=0,1;--N_.. -1
m =arg ma>{>§q + q"1)| o

wherex, andc,(-1) represent the nth element of vectandc(-D, respectively. If; is less than or equal to a
desired clipping magnitude levél,, then decreaseby 1 and go to step 5.

3) Update the vector of peak reduction sigitahs

=)
) :c(i‘l)—aip(m) , Where o :WT%( Y- Mp)’

wherep(m) denotes the vector circularly shifted tmy of whichk-th element isIok (m)= Ric-mjmod s
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4) Ifiis less than a maximum allowed number of iterajamcrease by 1and return to step 2. Otherwise, go to
step 5.

5) Terminate the iterations. Transmitted sigmals obtained by adding the peak reduction signéthéodata
signal:

X =x+cl)

During each iteration, the peak-cancellation metthestribed above removes only the maximum remaipéadg in the
time-domain. This method is simple and efficientarms of peak re-growth control for the followiitgrations, at the
expense of requiring a relatively large numbetefations.

Alternatively, multiple peaks can be removed inrgle iteration in order to reduce the computatiamemplexity. The
transmitted signak’ after thegth iteration of the simple method is given as:

X=x+a,pm)+a, g)+0Ba,_, p m)+a, o M= *i_”n (P,

Any number of peaks can be cancelled in a singtatibn because the kernels can be linearly cordbipar example,
if two peaks are cancelled per iteration, the totahber of iterations is reduced by half and thaa¢ign is as follows:

X=x+a,pm)+a, {m)+0Ba,_, p m)+a, o M= XJZ(OQ_l(D m)+a, (p M

1 jl2

Therefore, the number of iterations can be adjuatedrding to the number of cancelled peaks peatita.

8.4 Signalling (L1 part 2, including FEC)

8.4.1 Overview

The Layer-1 (L1) part 2 provides all informatiorathieceiver needs to access the Layer-2 signallinigthe PLPs
within the current C2 Frame. The L1 part 2 signallstructure is illustrated in figure 28. All infaation is conveyed in
L1 signalling part 2 data part and it can be chdrfgeme by frame. L1 part 2 data has the Data #&iop and the Notch
band loop and each Data slice loop has the PLP. loop

C2 frame -
time

Preamble

Symbol(s) Data symbols

L1 signalling part 2 data CRC
> >
\ \

L1 block padding L1 padding

Figure 28: The L1 part 2 signalling structure

For the Data slice typel which has only one PLPiencbde-rate and modulation are constant, abrinfition to
access the services is conveyed in L1 signallimgzaut for the Data slice type2, some transroisgiarameters, such
as FEC type, modulation and code-rate, are convieyad-ECFrame header which is transmitted thrahgtData
Symbols.
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8.4.2 L1 change-indication mechanism

The L1 signalling offers a change-indication medsiam by means of the L1 PART 2_ CHANGE_COUNTER®igt
is used to indicate when the configuration (i.efields in L1 signalling part 2 data except forlPLSTART and

L1 PART 2_CHANGE_COUNTER itself) will change. Thieamge is indicated as the number of C2 Frame wfterh
the change will occur. If this field is set to tedue of '0', it means that no change is foreseeimg the next 255 C2
Frames.

The L1_PART 2_CHANGE_COUNTER doesn't take the PLIPARST into account because the PLP_START is
predictable. If once receiver knows the PLP_STARPLP_START of next C2 Frame can be calculated igth
coding and modulation information.

8.4.3 CRC insertion

The 32-bit CRC is applied only to the L1 signallipgrt 2 data if the length of L1 signalling pad&a is a multiple
of 2. Otherwise 1-bit L1 block padding is inserfetfowing the L1 signalling part 2 data and CRGjplied to the L1
signalling part 2 data and L1 block padding. Thegta of the L1 signalling part 2 data can be caltad using

L1 INFO_SIZE in the L1 header.

8.4.4 Example of L1 signalling part 2 data

The details of the use of the L1 part 2 signalking specified in [i.1]. This clause gives a fullrked example of the
construction of the fields of the L1 signalling the simple case of a single PLP, together withroemts to explain the
chosen meaning in each case. Table 14 gives a diesample of the signalling fields of the L1 pacignalling with
Data Slice type 1.
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Table 14: An example of the contents of the L1 part

2 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 486,2 MHz
START_FREQUENCY (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 8 |00000000 There are no changes foreseen in L1 configurable
2 CHANGE_COUNTER 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 704th
- - 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 i_s 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 |0 This Data Slice is Type 1
DSLICE CONST CONF 1 |0 The configuration of this Data Slice can be
— - changed every C2 Frame
DSLICE LEET NOTCH 1 |0 There is_ no left neighboured Notch band of this
— - Data Slice
DSLICE_NUM PLP 8 /00000001 There is 1 PLP in this Data Slice
PLP_ID 8 100000000 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 2"d data cell
- of this Data Slice
PLP_FEC TYPE 1 1 This PLP uses 64 K LDPC
PLP_MOD 3 |011 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 49t carrier of this C2
- System
NOTCH WIDTH 8 00000001 The Notch band ends at 71t carrier of this C2
- System
RESERVED 3 8 100000000 Reserved for future use
RESERVED TONE 1 |0 There is no reserved tone in this C2 Frame
RESERVED 4 16 |0000000000000000 |[Reserved for future use

Since all of the bits of the L1 signalling part &a are 254-bits, there is a 1-bit L1 block paddailgpwing the L1

signalling part 2 data.

Table 16 gives an example of the signalling fiefithe L1 part 2 signalling with Data Slice type 2.
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Table 15: An example of the contents of the L1 part

2 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 3409= 142 x 24 +1 (i.e. including edge pilots)
GUARD_INTERVAL 2 100 Guard interval fraction is 1/128
C2 FRAME_LENGTH 10 |{0111000000 "I:':];:qeeare 448 Data Symbols in one C2
L1 PART 2 CHANGE COUNTER 8 |00000000 The(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
DSLICE TUNE POS 13 |0000001000111 The tuning position of this Data Slice is 1704th
- - 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 TI depth is 4 OFDM Symbols
DSLICE_TYPE 1 |1 This Data Slice is Type 2
FEC HEADER TYPE 1 10 The typ_e of_ the FECFrame header of this
— - Data Slice is normal mode
DSLICE_CONST_CONF 1 1|0 The configuration of this Data Slice can be
changed every C2 Frame
DSLICE LEET NOTCH 1 10 There is nolleft neighboured Notch band of
- - this Data Slice
DSLICE_NUM PLP 8 00000001 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
PSI/SI_REPROCESSING 1 |1 PSI/SI of this PLPs TS is reprocessed
RESERVED 1 8 100000000 Reserved for future use
RESERVED 2 8 100000000 Reserved for future use
NOTCH START 13 |0000000000010 The Notch band starts from 49t carrier of this
- C2 System
NOTCH WIDTH 8 00000001 The Notch band ends at 71t 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
RESERVED 4 16 |0000000000000000 |Reserved for future use

Since all of the bits of the L1 signalling part &a are 234-bits, there is a 1-bit L1 block paddaiigpwing the L1
signalling part 2 data.

8.4.5

This clause gives an overview on protection of ighalling part 2 based on BCH and LDPC codes. hiqadar, this
clause briefly introduces the shortening of the Bi@ldrmation part and puncturing of the LDPC pap#yt according
to the length of signalling information: these afespecific operations which are not performedtonPLP data.
Basically, the protection mechanism for L1 pamh DVB-C2 is the same as that of DVB-T2, except spai&ameters
and steps are slightly changed to be more suifableVB-C2.

FEC for the L1 signalling part 2
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8.45.1 Shortening of BCH Information part

The information bits of L1 signalling part 2 arefacted by a concatenation of a BCH outer codeaandDPC inner
code. The L1 signalling part 2 is first BCH-codettlahe BCH-coded word is then further protecteaIsportened and
punctured 16 K LDPC code. For the protection oflthesignalling part 2, the BCH code wikh, =7 032 and a 16 K
LDPC code withK g, = 7 200 defined in clause 6.1 in [i.1] are uselse BCH-coded word corresponds to LDPC
information bits. That is, the output of the BCHeder is the input of the LDPC encoder. Note Kigt is the same as
(Kpen + 168) = 7 200 since the number of BCH parity bitBCH encodingNych_parityiS fixed as 168 bits.

The length of L1 signalling part 2 is variable,ttig it has different values case by case. Funtbeg, the L1 signalling
part 2 can be segmented into multiple blocks asribesd in clause 8.4.1 in [i.1]. A segmented LInsijng part 2 has

a length less than or equalNGpart 2 max per symbol= 4 759.NL1part 2 max per symboiMeaNs the maximum number of L1 part 2
information bits for transmitting the coded L1 p2rtthrough one OFDM symbol.

For the shortening operation, an input parameigis first obtained from the length of the segmerit&dignalling

part 2 as described in clause 8.4.2 in [i.1]. Siggis always less thalk,c, the BCH information part is shortened for
encoding. More precisel{,.» BCH information bits are filled witKq signalling bits andK, - Ksig) zero-padded bits
for BCH encoding. Note that the shortening of B@fbrmation may be regarded as the shortening of CDP
information since the LDPC information consist8aH information bits plus parity bits.

All the BCH information bits are divided int4,d360 (=Ngoup) bit-groups which areNgup - 1) groups of 360 bits
and 1 group of 192 bits as illustrated in figure PBat is, Ky, = 7 032 BCH information bits are divided into
7 200/360 = 20 bit-groups which are 19 groups @ Biés and 1 group of 192 bits.

The shortening of the BCH information is perfornzedbit-group basis, in other words, the positiohthe
(Koen - Ksig) zero-padded bits for BCH encoding are allocatambading to the bit-groups. For easy understanding,
concrete example of shortening and BCH encodimgivisn in the next clauses.

Noeh = Kigpe LDPC Information bits

A
\

Kyen BCH Information bits 168
o" he 2" (NQFOUD' Z)th (Ngroup' 1)th BCH
Bit Group | Bit Group | BitGroup | * " * | Bit Group |Bit Group| FEC LDPCFEC
- -
360 bits 360 192

Figure 29: Format of data after LDPC encoding of L1  signalling part 2

8.4.5.2 Example for shortening of BCH information

Assume that the pure L1 signalling part 2 congistsl 956 bits, i.eK (1part 2_ex_pai™ 11 956K L1part 2_ex_padd€notes the
number of information bits of the L1 signalling parexcluding the padding field, L1_PADDING, as ciésed in
clause 8.3.3 in [i.1]. Then, the number of LDPCdiwneeded for the protection of L1 signalling 2a ipar

2 FEC_BlockiS determined by:

KLlpartZ_ex_ pad —‘ - ’711956—‘ —_ 3
|

N\ 1pat2_FeC_Block = { N 2759 | -

Llpart2_max_per _Symbo
where[x} means the smallest integer larger than or equal to

Next, the length of L1_PADDING fiel&; papoingis calculated as:

— |( KLlpartZ_ex_ pad

KLl_PADDING - —‘X NLlpartZ_FEC_BIock_ K L1 part2_ex_ pac

N Llpart2_FEC _Block

= [11956—‘ x3-11956= 2.
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Then the final length of the whole L1 signallingta2including the padding field (1par 2 is set as follows:

K tparz = +K 11_prooe=11956+ 2= 1195,

Llpart2_ex_pad
TheseK | 1par 2 Signalling bits are divided into 3 (¥,1part 2 Fec_Biock DlOCks consisting okgq bits which is calculated as

K, =— sz 11956 ggq4

sig
NLlparthFECfBIock

Each block, with information size &g, is protected by a concatenation of BCH outer anteLDPC inner code.
Here, 7 032 BCH information bits consist of a segtaé block of 3 986 (¥ bits and

3 046 (=Kpen - Ksig = 7 032 - 3 986) zero-padded bits. The positionzéro-padding are determined by the following
procedure described in clause 8.4.3.1 in [i.1]

First, all 7 032 BCH information bits denoted b{ my, ..., Mos:} are divided into 20 (Ngroup = Kigpd/360) groups as
follows:

Xo={ mym m,... ”959, (360 bits)
X, :{ Mygos Mgy Mhgy - rnII} (360 bits)
Xis :{ Mbago Meags Meags--» m68;}9' (360 bits)

X19 :{ rn6840’ r“6841 m6842"" m70}1_ (192 bitS)

The bits in each bit-group correspond to the datd fn ascending order as illustrated in figure 30

Mg, My, ..., M359 M30, M361,..., Mmz1g "= . Me480, ---, Meg39 Megao, ---, M7031
Oth 1St 2nd 1 8“’] 1 gth BCH
LDPCFEC
Bit Group Bit Group Bit Group Tt Bit Group | Bit Group | FEC
-4

7032 BCH Information bits
Figure 30: Allocation of BCH information bits in Da  ta field

Then, the shortening procedure is as follows:
Step 1) Compute the number of groups in whichhalliits will be paddedy,.q as follows:

7032- 3986 304
N pad = = =8
360 360

Step 2) All information bits of 8 groupsX,g, X;;, X5, X5, X4, X5, X,,, and X, are padded with zeros.

Step 3) For the grou),, 166 (= 7 032 - 3 986 - 3608) information bits in the last part ok, are additionally
padded. In Steps 2) and 3), the choice of bit-gsasipletermined by table 28 in clause 8.4.3.1.1.[i

Step 4) Finally, 3 986 (¥ information bits are sequentially mapped to lmsiions which are not zero-padded in
7 032 BCH information bits,r{y, my, ... , Mosy}, by the above procedure.

DVB Bluebook A147



70

If 3 986 information bits which do not correspondzero-padded position are denoted &y §, ..., Soss}, the result of
above shortening procedure can be presented asvoll

m=s, 0<i< 1634,
m =0, 1634<i< 180(,
M = $.16 1800< i< 396(
m =0, 3960<i< 684(

M = S50 0840< i< 703:

Figure 31 illustrates the shortening of the BCHoinfation part in this case, i.e. filling the BCHfdrmation-bit
positions that are not zero-padded with 3 986 mftion bits.

166 zero-padded bits 2880 zero-padded bits
<> < >
? 7 i i
oth | qst | gnd | 3 4th/ gth | gth | 7th | gth | oth [0t / % %( 1ot D
R 00 A
> > —_

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

Figure 31: Example of Shortening of BCH information part

8.4.5.3 BCH encoding

The Kyen information bits (including th&g, - Ksig zero padding bits) are first BCH encoded accordinglause 6.1.1
in [i.1] to generatéNpc, = Kigpe OUtpUL bits (... iNbch' 0.

8.454 LDPC encoding

TheNpen= Kigpe OUtPUL bits ip. .. iNbch' 1) from the BCH encoder, including thiéq(, - Kg) zero padding bits and the
(Kidpe - Koer) BCH parity bits, form thé g, information bitsl = (i, iy, ..., iKIde—l) for the LDPC encoder. Note that for

the protection of L1 signalling part 2, the numb&BCH parity bits Npch_parity(= Kidpe - Koer) iS fixed as 168. The LDPC
encoder systematically encodes g information bits onto a codeworti of sizeN gy

A= (o i1y o Tk~ 2 POy PL ooy PNy Ko~ D) = (03--0 17209 Poy P -, Pagod

Idpc

according to clause 6.1.2 in [i.1].

8.455 Puncturing of LDPC parity bits

The 16 K LDPC code witKqoe = 7 200 for L1 signalling part 2 halsiy,. - Kig,o) = 9 000 parity bits. Since the code

length of 16 K LDPC codéNigyc is 16 200, its effective LDPC code rat& is 4/9. All LDPC parity bits, denoted by
{Po, P, ..., Roeg, are divided into 25 (V) Parity bit groups where each parity group is fedhfrom a sub-set of the
LDPC parity bits as follows:

P0 :{ pO' p}dpc’ pZQmpc""’ F%S@mpc} :{ p)’ pZS’ p50""’ p897L

R :{ Pu By, o+ Pagyperr oo F%ng‘dp;} :{ Pu Pz Py psg}e
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P2 :{ pz’ depc+2’ pZdec+2""’ p3593|dpc+ } :{ pza p27, p521---1 p89}7

I:)24 :{ depc—l’ szdpc— v p@mpc— NERRR] p36@|dpc_ } :{ P2s Pag Prg--os psg}g

whereP, represents thigh parity group an@@q,c = 25 is given in table 5b in [i.1]. Each group has
9 000Qygpc = 360 bits, as illustrated in figure 32. Note ttiet number of parity bits of a DVB-C2 LDPC codalways
a multiple of 360 an@qpc.

9000 LDPC parity bits
LDPC Information  Oup=25 Ougpe=25 Oigp =25
—>—>

>
Pop1 P2 P24 P25 P26 Pag Pso P51

BCH Information | BCHFEC

| 1st parity group | oos

Figure 32: Parity-bit groups in an FEC block

When the shortening is applied to encoding of thaadling bits, some LDPC parity bits are punctuedtkr the LDPC
encoding. The punctured LDPC parity bits are remismitted and they should be regarded as erasuties feceiver.

Similarly to the shortening of BCH information, thancturing of LDPC parity bits is performed onipabit-group
basis. Specifically, according to the number of KDarity bits to be punctured,,n, the positions of the parity bits
are allocated by unit of parity-bit groups. Thegadure for calculatind,yncis a little complicated as described in
clause 8.4.2 in [i.1] because there is a choidévd interleaving, the length of the L1 signallipgrt 2 can vary, and
the number of modulated cells for each coded L1 anust be a multiple of the number of OFDM synstiol
transmitting L1 part 2.

For easy understanding, a concrete example of latilogiNy,nc and puncturing of LDPC parity bits is given in
clause 8.4.5.6.

8.4.5.6 Example for Puncturing of LDPC parity bits

Assume that the pure L1 signalling part 2 congistsl 956 bits. TherKg is 3 986 as calculated in clause 8.4.6.2.
Note that the coded L1 part 2 is always transmitisidg 16-QAM. For a giveKy = 3 986 and modulation order
16-QAM, Npuncis determined by the following steps:

Step 1) NPunc_ temp= {: x (K bch K siaJ = {2X (7032_ 3986j = 365

Step2) Ny o= 3986+ 168 16208 (& /4 9) 3655 94.

Step 3) For the sake of convenience, assume thabited L1 part 2 is transmitted without an extertitae
interleaving, that is, the value of L1_TI_MODE 8 6r 01.

Ni1partz2_tem 9499 _
NLlpartz ={ e —‘x 2’7MOD X NLlpartZ_FEC_BIock = ’7—‘ x8x 3= 9504 (’7MOD - 4)

2,7MOD X NIJ.panZ_FEC_BIock 8X 3

Step4) N_, =N

punc punc_ temp_ ( N 1 pa -

Ny jaz b= 3655— (9504 94995 36E.

Step 1 ensures that the effective LDPC code ratieeof1 signalling part Ret 11part 2 is always less than
Rett 16k_Lopc_1 A= 4/9). FurthermoreRes 1part 2 teNds to decrease as the information lekgidecreases.
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In general, for a fixed code-rate, the code peréoroe is degraded as the information length decsesisee the code
length also decreases. On the other hand, fored fiormation length, it is clear that the codefqenance is
improved as the code rate decreases. From thesetfae performance variation induced by the végiddngth of L1
signalling information can be reduced by code-catetrol. In other words, the receiving coveragetiar signalling
information will be approximately invariant and Istia, whatever the number of bits to be signallédp 3. for
systematically calculating the number of punctutiitg is a simple code-rate control technique aqadisined by
adjusting the multiplicative coefficient.

Step 3 guarantees thdtpar 2 is @ multiple of the number of columns of theibierleaver (described in clause 8.4.3.6
in [i.1]) and thatN, 1par o 7\1op IS @ multiple of the number of OFDM symbols fartsmitting L1 signalling part 2.

Note that the latter condition should be satisfidgen time interleaving is applied to L1 signallipart 2.
NL1part 2 Means the number of the coded bits for each irdtiom block. After the shortening and puncturirigg toded
bits of each block will be mapped to

N :M:%:zgm

MOD_ per_ Block

modulated cells. The total number of cells inNallpart 2 Fec_BIockdlOCKS,Nmop_Total 1S NMop_per Block® NLipart 2 FEC_Block=
2376 x3=7128.

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

Step 1) Comput®lyync groupsSuch thatN = L@J =10.

punc_ groups 360
Step 2) Al parity bits of 10 parity bit-groups,, P,, P5, RB,, Ps, B, P, Py, B, B are punctured.

Step 3)  For the group?,, 50 (= 3 650 - 3 600) parity bits in the first paf the group will be additionally

punctured. That is, the parity bif3,, P,;, Ps,, ---» Pypyare punctured. In Steps 2) and 3), the
choice of parity bit-groups is determined by ta®®ein clause 8.4.3.4 in [i.1].

8.45.7 Removal of zero-padding bits

The Kyen - Ksig) zero-padding bits are removed and are not trettesiniT his leaves a word consisting of K,
information bits, followed by the 168 BCH paritytdband 9 000 Nyunc (= Nigpe = Kidpe - Nound LDPC parity bits without
Npunc punctured bits, as illustrated infigure 33.

zero-padded bits zero-padded bits

th | qst | ond | ard | 48 gtn | ath | th | gth | gth th L / % / | a0
0" (1 (27|37 | 4 //':« 579167 |77 |87 97|10 // / / % A % A /A19 mo

Crys
......
.....
.....
......
~~~~~
_____
......
c~ean

Signalling information for transmission

A
Y.

oth 1St 2I‘Id 3I‘d 4th sth 6“1 7th 8th 9th 10th 19!h I'-“g

oI

Figure 33: Example of removal of zero-padding bits

8.4.5.8 Bit Interleaving and constellation mapping after shortening and puncturing

The LDPC codeword of lengti, ipar 2, CONsisting oK information bits, 168 BCH parity bits, and (9 008,und
LDPC parity bits, are bit-interleaved using a blatierleaver as described in clause 8.4.3.6 in.[i.1

Each bit-interleaved LDPC codeword is mapped ootwstellations as described in clause 8.4.4 in.[i.1]
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8.5 Interleaving

8.5.1 Bit interleaving

Bit Interleaving is described in clause 6.1.3 df][i

8.5.2  Time interleaving

Time interleaving (TI) for Data Slice operates at®Slice level as described in clause 9.4.4 of. [A Tl block is the
set of OFDM cells within which time interleavingpsrformed; there is no time interleaving betweeatalSlices or Tl
blocks. No time interleaving is allowed betweend3tice and preamble. The Data Slice contains émntegmber of T
blocks. The Tl block and Data Slice boundariessgreehronized in the time direction; the first Tobk starts at the
beginning of the Data Slice immediately after thegmble and the last Tl block ends at the end@2 &rame.

Each TI block of a Data Slice within a C2 Frametaars exactly same number of OFDM cells (see clafi®ed.4
[i.1]). The total number of cells within the TI lalk is kept constant once relevant parameters tesedtor continual
pilot pattern, notch band and reserved dummy aarfeg PAPR reduction - are fixed. Each TI blockynm&t contain
integer number of FEC blocks. It is not requireat thach TI block should contain the cells fromsheme PLP. The
cells from different PLPs can be interleaved inte d | block. However, each Tl block should contairdata cells
carried by TI-depth OFDM symbols within the Datéc8l

The address generation equation in clause 9.4idlpAssumes( columnsx R rows) rectangular memory size for
time interleaving. Each cell in the memory one-teonaps to the OFDM cell in the Data Slice contajrthe Tl block.
All pilots and reserved dummy carriers for PAPRuetn should be taken into account in the addgeseration
process but only the data cells should be reafbotiie final output. The addresses for these rata-dells may be
temporarily generated but not used for interleaving

The time interleaving is actually done over onlyadeells so the TI memory may be further reduceektude those
non-data cells in practical implementation. Howetlee interleaver output should change neitheirttezleaving
sequence nor the number of data cells allocateddbh OFDM symbol within the Data Slice when suctdlaf optimal
size of memory is used.

8.5.3 Frequency Interleaving

The frequency interleaver in DVB-C2 is appliedhe payload cells of a given Data Slice from one ®Fymbol to
the next. The number of payload cells per DataeSler OFDM symbolNps) can vary from symbol to symbadilpg
comprises the number of cells betweegdKax- Kpsmin) Minus the number of continual pilots, scatteredtpil
reserved tones and cells that are located in ngtefthin the Data Slice. Most of this informatiandarried in the
Layer 1 signalling. For this purpose, assume thahationDataCells(slice number, symbol number, L1 inéxists in
the modulator to provideps for a given Data Slice number, symbol number aathfthe Layer 1 information. The
frequency interleaver must be capable of interlegyayload cells of the largest possible Data Slite max(Nps)
cells given that (Ks max- Kpsmin) < 3 408. This means that the interleaver must baldemf dealing wittN,.« payload
cells where:

Nmax_ (KDS,max' KDS,min) - NSP,Dx:24' NCP

and Nsp px=24iS the number of scattered pilots in 3 408 subiexa for the [Q = 24 scattered pilot pattern andds the
number of continual pilots in 3 408 sub-carriers.
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The frequency interleaver memory is split into twanks: Bank A for even OFDM symbols and Bank Bddd OFDM
symbols. Each memory bank comprise®gi, locations. DVB-C2 uses odd-only pseudo-randonrlieging. In this
the payload cells from even symbols (symbol nunaféorm 2n) of the Data Slice are written into the interleave
memory Bank A in a sequential order and read oatpermuted order defined bly(q). Similarly, payload cells from
odd OFDM symbols (symbol number of form 2 1) of the Data Slice are written into interleam@mory Bank B in a
sequential order and read out in a permuted orefmest! byH,(q)). In each case, the permuted order addrédgega)
are provided by the pseudo-random address gendratorclause 9.4.5 of [i.1]. In order to produceaantinuous stream
of cells at its output, when Bank A is being writigncoming even symbol), Bank B is also being réadgoing
previous odd symbol) at the same time. Indeedsélagiential countar doubles as both the sequential write address
and the look up table index to each of the perrundtinctionsH ;(q).If all symbols in the Data Slice contained
Nmax = Cyatapayload cells, then the number of write addrefsesymbol number 2+ 1 would match the number of
read addresses for symbol numbertherwise some data cells of symboMill be skipped. Unfortunatelyps can be
different from symbol to symbol. Suppasgg(2n) is less thahlpg(2n + 1) then the pseudo-random address generator
Ho(q) would have to produce more addresses than thereedls to be read from memory Bank A because the
sequential write address counter g for Bank B waatdye from 0 tdNpg(2n + 1)-1 (Npg(2n)). The case in which
Nbs(2n) >Npg(2n + 1) can also occur. In this case the sequemtiee address counter for Bank B would need toeex
Nbs(2n + 1)-1 as morely(q) read addresses are needed for Bank A RecallinghtbdunctionDataCells(slice number,
symbol number, L1 infaeturns the number of payload cells in the curséine for the given symbol and noting that
HoldBuffer is a small amount of storage with wigiddressvptr and read addresptr, the interleaving proceeds as
follows at the start of even symbol of numbar 2

1) q=0;
2) Chax=max(DataCells(slice number, 2n-1, L1 info), DataCells(slice numbet 2n, L1 info));
3) Generate addrest (0);
4) rdEnable =K4(q) < DataCells(slice number 2n-1, L1 infq));
5) wrEnable = < DataCells(slice number, 2n, L1 infg));
6) if (rdEnable) Read cet] of output interleaved symboh2 1 from locatiorH,(q) of memory Bank B;
7)  Store cell of incoming un-interleaved symboh Mto locationwptr of HoldBuffer and incrementptr;
8) if (wrEnable):
a) Write cellrptr of HoldBuffer into locatiorg of memory Bank A and incremerpitr.
b) If(wptr ==rptr) reset bothptr = wptr = 0.
9) Increment;
10) if (9 <Cay 90to 3.
Then with symbol 8+1 at the input of the interleaver:
1) aq=0;
2) Chax=max(DataCells(slice number, 2n, L1 info), DataCells(slice number 2n + 1, L1 info));
3) Generate addrest)(q);
4)  rdEnable =K(q) < DataCells(slice number 2n, L1 info));
5) wrEnable =¢ < DataCdlls(slice number, 2n + 1, L1 infg));

6) if (rdEnable) Read cet] of output interleaved symbohZrom locationHy(g) of memory Bank A;

7)  Store cell of incoming un-interleaved symboh2 1 into locationwptr of HoldBuffer and incrementptr;
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8) if (wrEnable):
a) Write cellrptr of HoldBuffer into locatiorg of memory Bank B and incremeitr.
b) If(wptr ==rptr) reset bothptr = wptr = 0.

9) Increment;

10) if (g <Cay 90to 3.

The required width for each memory location depemdthe resolution with which each cell is représdrafter QAM
mapping.

Care should be taken to implement the interleafungtion in the correct sense. As shown in thesstiggailed above,
the interleaver should work as follows:

. For each symbol, the interleaver should write tortiemory in normal order and read in permuted order

8.6 Framing

The OFDM based C2 Frame structure is shown in &ntefrequency direction in figure x. The C2 Frarmaciure
comprised p Preamble Symbold ¢ >=1) followed byl 4,; Data Symbols in time direction. The beginningta first
Preamble Symbol marks the beginning of the C2 Fraihe number of Preamble Symbalsdepends on both the
information length at the beginning of each L1 siting part 2 block and the chosen L1 time interieg depth.

The data part of the C2 Frame consisté Qf=448 symbols (approximately 203,8 msec ®BF = 1/64 or 202,2 msec
for Gl = 1/128 Ty=448u9. The C2 Frame duration is therefore given by:

TF = (LP+|—data)* TSy
whereTs is the total OFDM Symbol duration.

The Preamble Symbols are divided in frequency doeénto L1 block symbols of same bandwidth (3 4®carriers
or approximately 7.61 MHz). The frequency spegifieamble pilot pattern allows for reliable time drefjuency
synchronization (e.g. by correlation).The equidistpacing of the L1 blocks allows to extract tHedignalling in any
receiver tuning position, even if the tuning pasitcomprises parts of two neighboured L1 blocksc&all L1 blocks
of a C2 signal comprise the same information themete L1 signalling information can be retrievedreordering the
OFDM carriers of the two L1 signalling blocks (ss#ause 10.1.1.5.1). The L1 signalling in the prelendontains all
OFDM and Data Slice specific information that aeeded to decode the desired PLP.

While the L1 signalling blocks have a fixed and stamt bandwidth, Data Slices have an arbitrary Wadtth as a
multiple of the pilot pattern specific granulariyhis granularity depends on the chosen guardviatend has a value
of 12 subcarriers for GI=1/64 and 24 subcarriers¥b= 1/128. As an upper limit Data Slices shalt axceed the L1
block symbol bandwidth (i.e. 3 408 subcarriers).
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Figure 34: The C2 Frame structure.
The C2 Frame starts with at least one Preamble Symb ol (Lp) followed by L Data Symbols

Within each Data Slice Data Slice Packets of onmualtiple PLPs are embedded. Data Slice Packetsatraligned to
the C2 framing structure itself, i.e. one Data &@cket may overlap over C2 frames (being ‘inpeed! by the
preamble). As described in clause 7 of [i.1] thenetwo formats of Data Slice Packets. Either tmeye a FECFRAME
header that allow to synchronize to the packettarektract all information that is needed to decthite Data Slice
Packet (Type 2), or the 1st occurrence of a Data placket is signalled in the preamble with a fmimechanism
(Type 1, requires constant modulation and coding)).

Frequency Notches can be inserted into the C2 Istgmass a C2 Frame. Frequency notches are uségdaeasons.
On the one hand notched frequencies reduce radiati@2 signals from the cable networks on thelaiaddition they
are used to improve the C2 signal quality by exdgdrequency ranges that are affected from intergesignals

(e.g. CW carriers, ...). The C2 standard differs leetvnarrowband and broadband notches and is deddnilmore
detail in clause 9.3.5 of [i.1].

8.7 OFDM Signal Generation

The DVB-C2 specification introduces the new conedpibsolute OFDM, in which all OFDM subcarrierseaeen
relative to the absolute frequency 0 MHz instead oéntre frequency as used in other systemsD¥B-T2. This
leads to the formulas given in clause 10.1 of it mathematically define the transmitted sighat,are impractical
for real implementations. Real implementations@&DM signal generation are normally based on trst Faurier
Transform and the equivalent lowpass representafisignals. However, the generation of a standardpliant
DVB-C2 signal using the equivalent lowpass repregemn requires additional considerations. Unwamtiease jumps
may be generated between adjacent OFDM symbolsthdd disturb the synchronisation procedure withia
receiver. The reasons for these phase jumps aceilolss in detail in clause 8.7.1. Clauses 8.7.2&fi®B present
practical solutions for the implementation of anstard compliant DVB-C2 transmitter.

8.7.1 OFDM Modulation Using the Equivalent Lowpass Representation
Generally, the generation of the OFDM signal inplgsband is impractical, as this requires extrgimgh sampling
rates. Hence, the generation in the equivalent é@spepresentation is normally used [i.22]. Aftedsathe signal is
shifted from the equivalent lowpass representdtitmthe desired passband.
The DVB-C2 standard [i.1] defines the emitted passbsignal by the following expressions:

qt)=Re

d el Kooy
F;% TG
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where:
jZIT%(t—A—ITS—mTF )
m,l ,k
otherwise
and:
k denotes the carrier number;

I denotes the OFDM Symbol number starting from Qlierfirst Preamble Symbol of the frame;

m denotes the C2 Frame number;

Kiotal is the number of transmitted carriers, &,y = K. — Kiin 71, assumed to be a multiple of 2;
L total number of OFDM Symbols per frame (includthg preamble);

Tg  is the total symbol duration for all symbols, aig= T, + A,

Ty  isthe active symbol duration;

A is the duration of the guard interval;

Cmk IS the complex modulation value for carrieof the OFDM Symbol numberin C2 Frame numben

Tr  isthe duration of a framelz = L Tg;

K is the carrier index of first (lowest frequencyjiee carrier;

min

K is the carrier index of last (highest frequencyjvaccarrier.

max

In order to generate this signal using the equitdtewvpass representation, the multiplication veitbarrier signal,

e. @ has to be included. The term within the sums theseribes the equivalent lowpass representatitimeof

signal. However, the carrier signal has to be caormsated within the equatio¥ to obtain the same output signal:

1 1 Kmax ,
) =—=[Re {&* DZZ D Gk P (1)
v Ktota nr0 1=0 k=K,
with
2K (t-A-IT,-mT) — i

1 (t) _ e K i @ JZ#Ct mTF + ITS <t< mTF + (I + 1)TS
m, .k - 2
otherwise @)

Equation (2) cannot be directly transformed in® dlquation known from clause 9.5 of the DVB-T2 djetion [i.4].
The reason is the second exponential term, i.ecahiger signal. While the DVB-T2 equations aregpdndent from the
actual carrier frequendy, this initially will lead to phase jumps betweedjacent OFDM symbols of the DVB-C2
signal. However, this effect can be avoided asampl in the following clauses.

The carrier frequency, which is not necessarilydhetre frequency of the DVB-C2 signal, shall bérdsl as:

ek

T,
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wherel/T, is the OFDM subcarrier spacing, akds the OFDM subcarrier index at the carrier fretpye,.
Furthermorek shall be substituted bl = k'+k_ . This leads to:

2 —j2m=t
j2r e (t-a-IT-mT) I

0 otherwise

@),

which can be reformulated as:

27K (t-A-IT,-mTE) - j2Ee A(1H +m
g sF vl ) M +Tg<t<mf +(I +1)TS

1/ (t)= g (4).

otherwise

Equation (4) looks similar to the signal definitiohthe DVB-T2 signal as described in clause 9.5.4f. However,

both equations still differ in the last exponenteim. This term is independent of the tiend causes a constant phase
rotation for all OFDM subcarriers of a given OFDWhibol. Naturally, it is possible to chookefreely (and thug.)

and to compensate this phase rotation. Howevertehn can be avoided by chooskagroperly. For this purpose,
equation (4) can be written as:

ke A
j 2K (t-p-IT,-mE) ! 2ty [j(1+l +mLe)
W) =1€ v i RN m +ITg <t <mf +(I +1)TS G

0 otherwise

)

where (TAJ is the relative Guard Interval duration, i.e. B1f 1/64. Additional simplification of (5) leads:t
U

. A
27 (t-A-IT,-mF, ‘JZﬂkcféJ(l” +mle)
wlm,l,k (t) - ej ! " g M +ITg<st<mi +(| + 1)TS (6

O otherwise

).
Hence, this leads to a common phase rotation of:

¢ =—2m ch[TAJ )

u

for all OFDM subcarriers between two consecutivéd®Fsymbols, which depends on the choice of thetikdaGuard
Interval duration(A/TU) (i.e. 1/64 or 1/128) and the OFDM subcarkigat the carrier frequency.
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If K, EET—J is integer, the phase shift can be removed fraretfuation as it becomes multiplesast . Hence, ifk. is
U
multiple of 128 for Guard Interval 1/128, or mulépf 64 for Guard Interval 1/64, equation (6) tenwritten as:

j2rK (t-A-IT,-mT)
' (t)_ e v T mTF+ITSst<mTF+(I+1)TS
m, kK -

8),
otherwise ®

which is similar to the equation for the generatafna DVB-T2 signal. However, it has to be notedttthe carrier
frequencyf. is not the centre frequency of the DVB-C2 sigmafniost cases.
8.7.2 Calculation using the Fast Fourier Transform

This clause describes two possible signal generstising the equivalent lowpass representatioheo$ignal in the
transmitter. The first approach uses the centiguiEacy with pre-distortion, while the second apphoases an
optimised carrier frequency.

It has to be noted that similar considerationsadse valid for the receiver. However, the receiviaty use the continual
pilots to remove the common phase rotations, wisicimilar to the compensation of the Common Pliaser (CPE)
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 kecdbed as:

fo=e ©
u
with
kc - Kmax;- Kmin (10)_

However, this would lead to unwanted common phas#ions between consecutive OFDM symbols. Heineset
rotations have to be compensated for generatingraard compliant signal. Therefore, the signallwagenerated
using the equations:

27Tft (o] LF 1 Kmax
mI
e S S o e,
otal 0 1=0 k=K,
with
j2rmr X (t-A-1T,-mTe)
LIJ”m,|,|( (t) —Je u Mg +ITg <t < mT,: + (| + l)TS (12)
0 otherwise
and
P =, EQJ-H + ml:LF) (13),
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where:
k denotes the carrier number;
K. denotes the OFDM subcarrier at the carrier frequén
k' denotes the carrier number relative to the OFDbtatrier at the carrier frequentyyi.e.k'=k-k;
I denotes the OFDM Symbol number starting from GHerfirst Preamble Symbol of the frame;

m denotes the C2 Frame number,

Kiotal is the number of transmitted carriers, &,y = Ko = Kiin T1;
L total number of OFDM Symbols per frame (includthg preamble);
Tg  is the total symbol duration for all symbols, aig= T + A,

Ty isthe active symbol duration;

A is the duration of the guard interval;

Cmk IS the complex modulation value for carrieof the OFDM Symbol numberin C2 Frame numben

Te  isthe duration of a framelz = L:Tg;

K is the carrier index of first (lowest frequencyjiee carrier;

min
Kmnax is the carrier index of last (highest frequencyvaccarrier;

¢kc Phase jump between two consecutive OFDM symbatslasilated equation (7) of clause 8.7.1.

Practically, this generation is equivalent to tle@egration of a DVB-T2 signal [i.4]. The only diféarce is the additional
phase correction terr¢m’, that linearly increases every OFDM symbol and cemnsates the unwanted phase rotations

in the generated output signal. The defathat is used for calculating the inverse FFT ésitiner bracket of

equation (11), i'E(Cm,l,k [&lfm )

8.7.2.2 Generation Using the Optimum Carrier Frequency

As described in the previous clauses, a commonreptmation may be introduced to the system, depenain the
carrier frequency. This common phase rotation @odmpensated in order to obtain an output signdkéined in
[i.1]. Alternatively, this common phase rotatiomdae avoided by carefully choosing the carrier diextpy. Therefore,
the OFDM subcarrier at the carrier frequency cachmsen as:

kc: Kmax'i-Kmin Bé_l_l B! 1 (14),
2 T, 2

5

where A/T, is the relative Guard Interval duration (i.e. 14§41/128). Practically, equation (14) obtains ¢therierk,

that it is closest to the centre OFDM subcal(dﬁgﬁax+ K
equation (7) of the previous clause.

min)/2, and additionally, generates multiples 8f7 in

Consequently, the optimum carrier frequehag:

f.=—C (15),

DVB Bluebook A147



81

wherel/T,, is the OFDM subcarrier spacing. Here, the resgltiarrier frequenci is not the centre frequency of the

OFDM signal in most cases. The maximum differenetsvben carrier frequency and centre frequency eachr
approximately 140 kHz (8 MHz channel raster).

If the carrier frequenci is chosen as described in clause 8.7.2, the tittegisignal according to clause 8.7.1 can be
described as:

1 ... Lo Kinay .
) = Re 1€ @Z anl,k ) (16)
v Ktotal 0 120 k=K,in
j2rE(t-a-1T,-mTe)
' e Vv mi +Test<ml +{l +1
with W= FHlls F ( )Ts (17).
0 otherwise
where:
k denotes the carrier number;
ke denotes the OFDM subcarrier at the carrier frequén
k' denotes the carrier number relative to the OFDMbtatrier at the carrier frequentyi.e.k'=k-k;

I denotes the OFDM Symbol number starting from Qlierfirst Preamble Symbol of the frame;

m denotes the C2 Frame number;

Kiotas 1S the number of transmitted carriers, k&, = Kpax = Kiin +15
L total number of OFDM Symbols per frame (includthg preamble);
Tg  is the total symbol duration for all symbols, dg= Tj; + A;

Ty isthe active symbol duration;

A is the duration of the guard interval;

Cmk Isthe complex modulation value for carrieof the OFDM Symbol numberin C2 Frame numben,

Te  isthe duration of a framelg = L:Tg;
Knin is the carrier index of first (lowest frequencyjiee carrier;
Kmnax is the carrier index of last (highest frequencyvaccarrier.

The datac', that is used for calculating the inverse FFT heedoefficientsc,, |, of equation (16).

8.7.3 OFDM Generation Block Diagram

Figure 35 depicts the transmitter block diagrantiiergeneration of the OFDM signal, which will besdribed in
detail in the following clauses. Firstly, the siisazero padded for preparation of the Inversd Fasrier Transform
(IFFT). Then, the Guard Interval is added, the gigsm converted from digital to analogue, and finadhifted to the
desired passband frequency.
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Figure 35: Possible implementation of OFDM generati  on

8.7.3.1 Zero Padding

The Zero Padding is required to pre-condition igea for the transformation of the frequency domsignal into the
time domain using the Fast Fourier Transform. Kirshe signal has to be stuffed in order to fit #FT sizeN.
Secondly, a realignment of the subcarrier positismequired to be able to use the FFT.

In order to be able to use the Fast Fourier Transfe.g. based on the Radix 2 algorithm, it has to
holdN = 2P, p = 1234,.... Furthermore, the valué shall be significantly higher than the actual nembf used
OFDM subcarriers in order to avoid alias effects,: i

Koot = Ko = K #1S N = Ky + X (18),

total total

wherex shall be at least 512 for practical implementation

Kmin K Kmax

kc Kmax Kmin kc.1

Figure 36: Principle of the Zero Padding

Figure 36 depicts the principle of the Zero Paddingrinciple, it realises a cyclic shift operation the actually used
OFDM subcarriers and inserts zeros toxl{see equation (18)) remaining positions. Matheradti this operation can
be described as:

C 0<n<K,, —k

m,l k. +n

X(M) i = 0 otherwise forO<Sn<N (19),
Clm,I,kC+(n—N) N - (kc - Kmin ) sn<N

where X(n),,, (or X, in short) is the N element input signal of the THHock.
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8.7.3.2 IFFT Calculation

The signal has been generated within the frequdonyain. The task of the inverse Fast Fourier T@ansfs the
calculation of the corresponding time signal. Tikiachieved by means of:

1 L

N-1 jor
> X(n),, @ N (20)

X(K)my =
: V Ktotal k=0

for 0<S Kk <N, wheremis the OFDM symbol, the C2 frame numbekK the total number of active OFDM
subcarriers, ant(k),,,, has the short hand notatiof, .

8.7.3.3 Guard Interval Insertion

Figure 37 depicts the insertion of the Guard Iraérvhis is a cyclic copy of the last part of theeful OFDM symbol
part, which is copied to the beginning. Matheméitycthe OFDM symboK' (K) including the Guard Interval is
obtained as described in equation (21).

Useful OFDM Symbol Part

X (0) X(N -1)
x'(0) X(N+N% )

Figure 37: Generation of the Guard Interval

x{k+N—NE—léj Osk<NE-lé
TU TU
X (K) i =

x(k—NgéJ N ck<N+NEE
Ty Ty Ty

(21)

8.7.3.4 Digital to Analogue Conversion and Low-pass Filtering

The previous calculations have been made in thatldpmain. The task of this block is the convensinto an
analogue signal. Therefore, the sigxiéit), sampled with the sampling rafd /T, has to be converted from digital to

analogue OFDM symbol by OFDM symbol. This caus&salt multiples of the sampling rate as depiatefibure 38
that have to be removed by means of a low-pass.fifthis filtering is simpler for higher distandestween the wanted
and the alias signals, which is the reason whylsrahles ofx for the zero padding (see equation (16) of cld@uge3.1)
are impractical.
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Figure 38: Spectrum of the digital signal and itsa  liases

8.7.3.5 Frequency Shifting

Final step is the shifting of the equivalent lowgpagnal into the wanted passband. This goal ishexhby mixing the

signal with the carrier frequendy which is similar to a complex multiplication dfet signal byej 21 and the

transmission of its real part.

8.8 Spectral Shaping

The effective bandwidth of a DVB-C2 signal is cadétad by the difference between the highest andbtivest
sub-carrier frequency. Its minimal and maximal tsrare defined by the signalling mechanism choEka.minimal
effective bandwidth amounts to some 7.61 MHz igstesm based on 8 MHz channels and to some 5,71iNMBiz
system using 6 MHz channel spacing. It is defingthle requirement for a receiver that needs toapalsle of
receiving a complete Data Slice which may not eddbe maximal number of 3 408 sub-carriers equitaie

7.61 MHz (see clause 9.4.1.2 in [i.1]). The maximféctive bandwidth cannot exceed some 450 MH& liHZz cable
systems and some 338 MHz in 6 MHz cable systems lififfiting effect is caused by the range of valdefned for
the parameter assigning the position of the Date $b the sub-carrier number of the OFDM signak(slause 9.4.3
in [i.1]). The Power Spectral Density (PSD) of ih€B-C2 RF signal has a shape which is typical fgnals based on
OFDM. The example of figure 39 shows a DVB-C2 sigrensmitted in an 8 MHz channel. The correspogdin
mathematical expression for calculating the PDgiven in the DVB-C2 specification [i.1]. Main chataristics of the
PSD are listed as follows:

1) The in-band portion of the PSD occupying the fremires between the lowest and the highest sub-carrie
frequency Kin/Ty = femin< T < fsemex= Kmax{ Tu has a rather flat distribution. Due to the introiilon of the Guard
Interval in the time domain, small periodic ripptascur in the PSD in this frequency range. Thelephave a
periodicity equal to the sub-carrier spacing ofylédhd an elongation of some fractions of 1 dB. Beeanf their
small elongation, the ripples do not have any iogtion on the RF transmission characteristic oi&BEC2
signal. They are however mentioned at this stagedke of completeness. For a good approximatienPSD is
assumed to have a white distribution within thegeaaf the sub-carrier frequencies.

2) PSD has steep edges at frequencies below the stralle-carrier frequency f <.fuin= Knmin/Tu and above the
highest sub-carrier frequency f & fax= Kma/ Tu. The steepness of the edges decreases expornewnttall
increasing distance to the sub-carrier frequencies.

3) The out-of-band portion of the PSD is attenuateddiye 33 dB at frequencies of some 200 kHz distam&gmin
and £ max respectively. These frequencies correspond Wwitrchannel boundary of an 8 MHz channel.
Consequently, all DVB-C2 signal power radiatedratjfiencies beyond these boundaries is consideilite
interference to signals transmitted in channela@edjt to the DVB-C2 channel.

DVB Bluebook A147



85

-10

-20

PSD/ [dB]

-30

-40

-50

-2 0 +2 +4 +6
f-fo/[VMHz]

Figure 39: Power Spectral Density of a DVB-C2 RF si  gnal
transmitted in an 8 MHz channel

Although the effective bandwidth of a DVB-C2 sigieain be flexibly assigned within the boundaries tio@ed above,
the introduction of DVB-C2 is considered to takaqa within the grid provided by the traditional ohel raster either
based on 8 MHz or on 6 MHz channels. In such ass@®ma DVB-C2 signal is injected in a traditiomable channel as
illustrated in figure 40 by way of an example. ThéB-C2 signal is placed centric in an 8 MHz chanmdjlacent to
both an analogue TV signal and a DVB-C signal. poweer level, which is not standardised by DVB, whesen to be
equivalent to the level of the DVB-C signal. Intfathe adjustment of the DVB-C2 signal level prasd further
degree of flexibility for the optimisation of theMB-C2 bandwidth efficiency in relation to the tramission conditions
provided by the network. Nevertheless, the selaatiche final DVB-C2 transmission level requiressideration of
the out-of-band signal power radiated by a DVB-{g®al exceeding the channel boundaries as deschopé@dm 3)
above. This out-of-band signal power generatesference with the signals transmitted in the adjacbannels. The
minimal transmission quality parameters relevantfble networks such as the adjacent channelgtimeconditions
are standardised by IEC and CENELEC in their stadglseries IEC/EN 60728, and are defined in PrL8].

A
I I I I I I I I I I I I
| |Analog Tv (PAL) DWE-C2 DWE-C
&) |
"'\-\_,_\_
]
[T
. [ \
|/ ] 1 \
Channel n-1 Channel n Channel n+1 ts
[1 MHzfDiv]

Figure 40: Qualitative depiction of an adjacent cha  nnel scenario comprising an analogue TV signal
(measured PSD), a DVB-C2 signal (simulated PSD), an d a DVB-C signal (measured PSD) in a cable
system supporting 8 MHz channel spacing

In Annex D (informative) further items concerningptimized frequency utilization are discussed.
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9 Network

The network provides the transport and distributiapability to deliver the DVB-C2 and other sign@s number of
customer receivers. Apart from the conveyance ®fignals, the network will add distortion signi#te thermal noise
from the amplifiers, echo and intermodulation pradassociated with the non-linear behaviour oftimplifiers and
optical transmitters. To warrant good services nfevork and the composite signal load should Iséggded for a
sufficiently strong signal level and an appropriate distortion signal level for all signals andadithomes.

The network design and the signal load and siguality concerns a business trade off targetednabst economical
delivery of the broadcast and narrowcast servithis trade off results in a maximization of thevmatk load in terms
of the number of carriers and of the signal lelrepractise the network load is limited by the nimrear character of

the active components; the network will be operatede to the level of overloading of the activenpmnents.

DVB-C2 will be added as a new digital transmisgiechnology next to DVB-C and analogue TV and FMaad
DVB-C2 supports different modulation and error paiton schemes, each requiring an appropriate Idigwel and
signal quality. From the viewpoint of costs, operatwill be inclined to apply the modulation schewith the highest
capacity per channel, thus providing a further stima for a high composite signal level. The netweinkllenge of
DVB-C2 concerns the appropriate maximum DVB-C2 aldavel that yields a satisfactory trade off begwéehe
network capacity in terms of the number of analogre of digital channels at a specific modulatiohesne and the
quality of these signals in terms of signal levad @ignal-to-noise ratio and carrier to interfeptus-noise ratio
(SNR and CINR).

9.1 Components of a cable network

The network consists of an ensemble of active carapts, splitters, multitaps and fibre and coaxiddles connecting
the DVB-C2 transmitter in the head end and the D¥Breceiver in the customer home. The network easpit into
the operator's network part and the customer inehonetwork part with the network termination oulsta demarcation
point of both domains. From the perspective ofdperator the wall outlet is considered as the systetlet. The
operator will warrant a minimum signal quality delied at the system outlet.

As a rule, the operator will deliver signals at lystem outlet with a sufficient but limited marginterms of signal
level, SNR and echo to convey the signals in tfetacuer's home. This margin is a business choitieeobperator.
Operators may deliver a high quality signal thidwasé passive in-home distribution to many receivikes analogue
TV sets, STBs, IDTVs and cable modems.

9.1.1  The operator part of the network

The operator part of the network should be constrland maintained so that all signals at all honae® an
appropriate signal level. The required signal ctiaristics for FM radio, analogue TV and DVB-C sitg) including
the minimum and maximum values, are specified @-80728-1 [i.18]. Requirements for DVB-C2 have heéen
defined so far.

9.1.2 The customer part of the network

The in-home coaxial network of a customer may rdng® a single coaxial lead directly connectinguiatomer
receiver like an analogue TV set, STB, IDTV or hogageway up to an extended coaxial network witmiéng point
and coaxial cables to different rooms with or witha home amplifier. Installations and componeray nange from
high quality down to poor. Cabling and connectoithwferior shielding and low quality ohmic spéts are commonly
used. Coaxial cables are not always connectedédoeiver port or properly terminated with an impsoaof 75Q.
Often, the cumulative attenuation of splitters andxial cables is rather high. In particular thempia-home networks
may deteriorate the signal level and signal quality
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9.2 Distortion signals

9.2.1 Echo

Echo is caused by reflection of the signals at ilapee transitions occurring at connectors, compsndamaged
cables, incorrectly (or not) terminated cables. therdevelopment of the DVB-C2 standard, the woaste echo as
specified by the IEEE 802.14 [i.16] model has bagsumed as a reference. This IEEE 802.14 [i.16$tw@mse echo
specification is shown figure 41. To validate thiho requirement, the echo in two live networks twedmpact of the
customer in-home network have been studied. Thétsesf this study are briefly summarized belove fhll study can
be found in [i.20].
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Figure 41: Worst case echo

NOTE 1: Figure 39 shows the worst case echo asfigukin the IEEE 802.14 [i.17] channel model (slaled line)
and the echo as measured at several end ampiifidre networks of Ziggo (NL, cascades of
2 amplifiers) and Telenet (B, cascades of 11 ameps.

NOTE 2: The open symbols represent the delay amghituale of the bins of the measurements. The sgliabols
indicate the composite signal power of all the hivat fall within a delay interval of the
IEEE 802.14 [i.17] mask.

9.2.1.1 Echoes caused by the operator network

In the networks of Ziggo (NL, cascades of 2 amgpti) and Telenet (B, cascades of 11 amplifiersgti® was
measured at 4 multitaps using a DVB-C analyser[i.Ihe signal delay and magnitude is indicatethéopen
symbols of table 16. To compare the echo with BEfeH 802.14 mask [i.17], the signal power of alldvith positive
and negative delay within the delay ranges of BieH 802.14 [i.17] mask were calculated (solid eischnd squares).
The result shows that in these networks the ecles dot exceed the IEEE 802.14 mask [i.17]. Intlaete is a margin
of about 10 dB.

To create a reflexion in the forward direction,aakward and a next forward reflection is neededddition, the signal
has to travel backward and forward between thereflection points. In total the reflection suffersignal loss equal to
twice a reflection loss plus the attenuation ofspasgthe coaxial cable twice. IEC 60728-1 [i.18)yides minimum
requirements for reflection loss of passive compisef 18 dB for low frequencies up to 10 dB fagthfrequencies.
Most modern components have significantly bettes fiigure for the high frequencies. Table 16 sheavae estimates
of the signal loss and delay for cable segmentiffefrent length and for high and low frequenci€le estimates
demonstrate that the echo contributed in the HR@ar& is roughly 10 dB better than required by the

IEEE 802.14 [i.17] echo mask.

DVB Bluebook A147



88

Table 16: 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/100m (200 MHz) [db] 15 30 3 6 |06 |12 - -
Total Loss [dB] 51 50 39 26 37 21 36 20
Delay [ns] 2 500 500 100 20
9212 Echoes caused by the in-house network of the customer

Inferior in-home coaxial networks may severely @elgrthe echo, in particular when resistive spéitare used and
coaxial cable is not properly terminated. Howeeeho measurements showed that even in such inferlome
networks the echo still does not exceed the IEEE18D[i.17] mask.

9.2.2 Ingress

9221 Terrestrial broadcast services

Ingress of DVB-T signals is known to occur in theinity of the DVB-T transmitters. The use of highality leads and
passive components is an effective remedy.

9.2.2.2 Human activity in the home environment

In home activity such as switching on and off ahdyging in- and out of electric equipment may casseere burst
events. The impact of such burst events on the @2Berformance is not yet known.

9.2.2.3 Mobile services (Digital Dividend)

The EC intends to allocate the 790 MHz to 862 Midzjfiency band for future mobile communication sEvi
(e.g. using the fourth generation mobile technoldgyE). If this allocation is adopted, mobile tramssion in the
in-home environment will severely distort the DVE-8ignals. The impact of this use currently is ¢agfi study.

9.2.3 Nonlinear behaviour of components

In cable networks the amplifiers operate at a loigtput level. Because of this high output signatlethe non-linear
behaviour of the amplifiers becomes apparent. Contyria the field of HFC engineering, the componsmassumed to
behave according to the non-linear response fumctio

In the current practice only"@and 39 order intermodulation is taken into considerat@ommonly these are referred
to as the CSO and CTB beats. IEC 60728-1 [i.18}iges a detailed and complete description of thasueement of

the second and third order intermodulation cluditrs CSO and CTB beats) at a series of frequemdies applying a
load of un-modulated carriers. Next the carriemtermodulation ratio (CIR) is calculated for aleasurement
frequencies, and for both the CSO beats (GHRand the CTB beats (CHgs). This measurement is used to specify the
maximum output level of active components. The &Hand CIR1s values at all carrier frequencies are measured at
different carrier levels. The CH3pand CIRg levels are frequency dependent, and a minimumoostwcase value for
both the CIRspoand CIRtg can be appointed for a specific carrier level. tNBg component maximum output level is
defined as the carrier level in @B for which respectively a 60 dB worst-case gdRand CIR g value is found. If it

is assumed that only"®and 3d order intermodulation contributes to the worstec@$R-so and CIR g values.

In the DVB-C2 deployment scenarios the HFC netweitkcarry a mixed load of analogue and digitahsees. The
non-linear nature of the amplifiers results in ¢femeration of intermodulation products of the agatand digital
carriers. The intermodulation products can bemtjstished in three types:

. Narrow band intermodulation products, the CSO am8 €luster beats.
. Broadband, random noise-like intermodulation prasluc

. Impulse noise.

DVB Bluebook A147



89

9231 Narrowband cluster beats

From the viewpoint of intermodulation, the analogignal is dominated by the narrow band carries;iitoadband
video signal and the FM audio signals have a Iaspectral density and can be neglected. Because afanvolution,
intermodulation of an analogue signal with anotimeilogue signal produces a narrowband distortgmass (beats) at
a number of well-defined frequencies. Intermodolaf all analogue carriers thus generates clusfdige beats at
specific frequencies, the well-known cluster bebigure 40 shows the spectrum of the cable sigaradsdistortion
products for a cascade of amplifiers with a mixaabll of PAL and digital carriers [i.19]. The figuseobtained from
simulation using a™ and 39 order component model. The narrowband clusterstaatshown in blue.

9232 Broadband random noise

In contrast to the intermodulation of a (narrowbjaauialogue carrier with an analogue carrier, intetatation of an
analogue signal with a (broadband) digital careéher DVB-C or DVB-C2, and intermodulation of @ithl carrier
with a digital carrier yields a broadband, randaise like distortion signal. The red curve in figutl shows the
broadband (random noise) distortion signal. Thiweshows a periodic fine structure which revelaésgeriod spectral
density of the raster of 8 MHz DVB-C and DVB-C2rars. The simulation was performed for relativieiyw DVB-C
and DVB-C2 signal levels, and therefore the broadldistortion signal is dominated by the intermadioh of the
digital carriers with the analogue carriers; intedulation of digital carriers with digital carrieisstill negligible at
these signal levels. The fine structure thus caadsgyned to the convolution of period raster @lague carriers with
the periodic raster of digital carriers. For higlégital carrier levels, this fine structure becanfiaint.
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Figure 42: Spectrum of cable signals and intermodul ation products

NOTE: Figure 42 shows the spectrum of cable sigmadsintermodulation products for a cascade of Hiend
with a mixed load of Pal and digital carriers. Tigaire obtained from simulation using B42nd 3¢
order component model.

9.2.3.3 Impulse noise

At high composite loads, impulse events start aoegfi.20]. The generation of impulse events isndastrated in
figure 42. The figure shows the probability densitgction (PDF) of a baseband real time distors@nal sample as
recorded with a fast capturing system. The RF distosignal is from a single amplifier (left wind and a cascade of
8 amplifiers (right window) with a composite loafi9% digital carriers and had a centre frequency2g MHz and

5 MHz bandwidth. At a low carrier level P1, the PBEtches a Gaussian distribution. At higher cateeels P2 and
P3, the PDF reveals a tail reflecting the occureesfdmpulse events. Statistical analysis showatlttiese impulse
events have a random time distribution and a peadtidn of about 100ns associated with the 5 MHmadth
resolution of the RF capturing system.
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Figure 43: Probability density function (PDF) of th e distortion signal caused by amplifiers

NOTE: Figure 43 shows the probability density fumet(PDF) of the distortion signal caused of a Eng
amplifier (left window) and a cascade of 8 ampisi¢right window) with a composite load of 95 dadit
carriers. The PDF are recorded for a low carrieell¢P1) where the non linear behaviour is not bleta
at a high carrier level (P2) and at a very highieatevel (P3). All curves are normalized to themge
distortion signal power. The grey curve shows tbé For random noise (Gaussian distribution). The
deviations at P2 and P3 are associated with impaveats.

9.3 Signal Requirements

The networks will carry a mixed network load of Fitlio, analogue TV (PAL or SECAM), DVB-C and DVB-C2
signals. For all services the appropriate signadlleand the signal quality levels must be warmnte

9.3.1 Signal levels

The minimum signal levels at the system outletfbt 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 requirertsefor the DVB-C2 signal level at the cable systartiet. A
guideline for the DVB-C2 signal level can be ded\feom the sensitivity figure of a DVB-C2 receivand by
allocating a maximum signal loss associated withithkhome coaxial network between the system oatidtthe
DVB-C2 receiver. Since the DVB-C2-based digital $&fvice is intended as an addition to the exisdimgogue TV
services, an operator may base his service concethie scenario that digital TV will be watchedane TV set in the
living room while the analogue services can be hedcelsewhere in the home. In this scenario, tha&iabbranch
between the system outlet and the DVB-C2 receivitcansist of a splitter and a short coaxial leeltich typically
corresponds with some 7 dB loss.

The receiver sensitivity is composed of the themuase floor, the minimum signal-to-noise ratio éprasi error-free
reception and the implementation loss and followsifa straightforward power budget calculationllastrated in

figure 44.
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Figure 44: Budget calculation for receiver sensitiv ity

The thermal noise floor of broadband cable techgielowith a 8 MHz channel width is about 4dB The required
signal-to-noise ratio for quasi error free recaptiepends on the specific DVB-C2 modulation andgotion schemes
as given in table 18 and figure 63 in clause 11t® present document. Based on the implementafitime
state-of-the-art DVB-C receivers, the implementatioargin is estimated 11 dB for the DVB-C2 1 024 kower

QAM modulation modes and 12 dB for the 4 096-QAMdmiation mode. Table 17 lists the breakdown and the
minimum DVB-C2 signal level.

Table 17: Estimated minimum DVB-C2 signal level at  the system outlet.

. SNR Implementation In-home Minimum signal
Modulation CR ijeB F\I;)or (dB) P margin margin level
(@BuY) (dB) (dB) (dBpV)
16-QAM 4/5 4 10,7 10 7 31,7
9/10 4 12,8 10 7 33,8
64 2/3 4 13,5 10 7 34,5
4/5 4 16,1 10 7 37,1
9/10 4 18,5 10 7 39,5
256 3/4 4 20,0 11 7 42,0
5/6 4 22,0 11 7 44.0
9/10 4 24,0 11 7 46,0
1024 3/4 4 24,8 11 7 46,8
5/6 4 27,2 11 7 49,2
9/10 4 29,5 11 7 51,5
4096 5/6 4 324 12 7 55,4
9/10 4 35,0 12 7 58

9.3.2 Signal quality requirements

The required quality of the signals at the systetthed for FM radio, analogue TV and DVB-C are sfiediin
IEC 60728-1 [i.18]. For all services, the signaality must be compliant to the appropriate speatfans.

9.3.21

Analogue TV

The carrier-to-noise ratio (C/N) requirements foalague TV is specified in IEC 60728-1 [i.18], pguaph 5.8.

The carrier-to-intermodulation ratio (C/l) is defthas the ratio between the carrier signal aneviighted sum of the
CSO and CTB cluster beats measured as specifi&Cirs0728-1 [i.18], paragraph 4.5.3. The requirenespecified
in IEC 60728-1 [i.18], paragraph 5.9.3.
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9.3.2.2 FM radio

The carrier-to-noise ratio (C/N) is specified ifdB0728-1 [i.18], paragraph 5.8.

9.3.2.3 DVB-C

The minimum composite intermodulation noise raiGiNR) is specified in IEC 60728-1 [i.18], paraghap.8.

9324 DVB-C2

For DVB-C2 currently IEC 60728-1 [i.18] does nobpide the signal quality requirements. However, DEB has
been designed and optimized for the existing HR@oks. The simulation scenarios used for the systalidations
have been defined with the minimum network requeets as specified in IEC 60728-1 [i.18] in mindisTimcludes:

. Echo
The echo should not exceed the IEEE 802.14 [i.p&tiication, see clause 9.2.1.

. Narrowband interference

An operator should expect 3 narrow-band clustatdper 8 MHz channel when analogue services are
transmitted. Each cluster-beat has a bandwidti® &8 with high signal levels, as shown in figure 4
However, only few OFDM subcarriers will be affecteglthis noise.

In a special case it may be assumed that the pgpestral density of the narrow-band interferer is
significantly higher than the useful signal. Thig affected OFDM subcarriers do not carry anyulsef
information for the decoding process and can kedrkas notches. Figure 43a depicts a simulatiearavh
44 subcarriers44[2,234kHz=100kHz for 8 MHz channel raster) have been notched (geesf 45). In case
of the applied modulation parameters 256-QAM andPCxode rate 3/4 approximately 0,15 dB increased
SNR is required for error-free reception. Furthemmohe influence of omitting the use of the frenue
interleaver is also shown in this figure 46. Hexgproximately 0,1 dB would have to be added adutitly to
the minimum required SNR value for error free reicep
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Figure 45:; Impact of a narrowband interferer (100 k  Hz bandwidth) on the SNR requirements
of a DVB-C2 signal (8 MHz bandwidth), with and with  out frequency interleaving
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. SNR

First minimum requirements for the SNR for DVB-&2 obtained from system calculations as shown in
table 18 of clause 11.2. However, in case of higifwork loads this minimum SNR may turn out too
optimistic due to the possible occurrence of impelsoise.

4 o
e.g. 30 kHz
| Narrow-band
| Interferer
OFDM Signal
e >

e.g. 8 MHz

Figure 46: DVB-C2 signal with narrow-band interfere  r (cluster beat),
only few OFDM subcarriers will be affected

9.4 Network optimization

Operators will have to establish the optimum DVB-&2rier level for their networks, which allows e and error
free DVB-C2 transmission at a sufficiently high mation profile whereas at the same time the otkevices
(FM radio, analogue TV and DVB-C) are sufficienpisotected.

Here we will summarize and explain the issues eiein network optimization for DVB-C2 deploymeht.particular
we will touch upon the optimization of the DVB-Cigsal level.

9.4.1 The effect of the DVB-C2 carrier level

Figure 44 gives an illustration of the impact of thew DVB-C2 services on the nature and level efdilstortion
signals. When deploying DVB-C2, an operator wilt rmise or lower the signal level of the existing Fadio,
analogue TV services and the DVB-C. Instead thiggeklevels will be conserved. For DVB-C2 instetitg operators
faces the problem of determining the appropriaiaalilevel. The higher the signal level, the higterthroughput.
Figure 44 shows the level of the intermodulatioodurcts for a low DVB-C2 signal level (left panet)daa high
DVB-C2 signal level (right panel).
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Figure 47: Full spectra at the output port of the d istribution amplifier of a cascade

NOTE: Figure 47 shows the full spectra at the oupmut of the distribution amplifier of a cascadée random
noise (thermal noise and broadband intermodulatioducts) and the narrowband composite cluster
beats are respectively shown in red and blue. &tdédure shows a simulation for of a low DVB-C2

signal level, the right figure for a 16 dB highevB-C2 level. The signal levels in g refer to the
level as measured with a spectrum analyzer withkKs@0bandwidth resolution. Thus the real DVB-C,
DVB-C2 and random noise intermodulation signal Iswae about 14 dB higher than shown.

Comparison of both the windows of figure 47 sholat raising the DVB-C2 level does not change thster beat
spectrum (blue) whereas the random noise specteath i roughly 20 dB higher. Both observations@mesistent
with the earlier mentioned origin of the intermaatidn distortion products, see clause 9.2.3. Tladogue TV carrier
level is not changed and the number has not chamgedso the number and magnitude of the narrowbluster beats
is conserved. In contrast, since the DVB-C2 cateeel is increased, a much higher signal levédrobdband
random-noise is found, which is associated witlitaliganalogue and digital-digital intermodulation.

The above analysis shows that when introducingaligervices this will have no impact on the mudtifsequency
intermodulation interference (the CSO and CTB elubkats) to the analogue TV services. It may duutt to the
reduction of the carrier-to-noise ratio of analogeevices.

9.4.2 Impact of the DVB-C2 signal level on DVB-C2 performance

Figure 45 schematically shows the impact of the B&Barrier level on the signal quality and perfonc®of DVB-C
services for a single component or a cascade witixad analogue and digital loaéor a load with DVB-C2 carriers
there is no information available yet; howeverpalgatively similar behaviour can be expected.iBibie CINR and
the bit error rate before interleaving and forwartbr coding are shown.

Based on this understanding, three ranges witffereint distortion signal environment have to b&tidguished in case
of a mixed load of analogue and digital carriessiraicated in figure 45:

a) alowcarrier level:

In this range the distortion signal is composethefthermal noise of the amplifier(s) and the oabrand
cluster beats generated by the intermodulatioh@fhalogue TV services. As explained in clausd 9the
number and amplitude of the cluster beats doedemmtnd on the signal of the digital carriers. Rajshe
DVB-C signal level yields a proportional improvenefithe CINR. The CINR curve in this range has a

slope +1.

b) amoderatecarrier level:

In this transition region, the generation of broadd noise by the intermodulation of a digital igaer with
analogue carriers (second and third order non4lihehaviour) becomes notable, but with no or sefédict
on the CINR. This broadband random noise is adalitivthe thermal noise of the amplifiers and the
narrowband cluster beats of range A.
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c) ahighcarrier level:

At this carrier level broadband intermodulationghucts overrule the thermal noise of the amplifaes's
demonstrated by a steep decline of the CINR curikis range. As a rule, the CINR curve approaéimes
asymptote with slope -4 which shows th&td&der intermodulation products do dominate théodi®n signal.
In clause 9.4.4 a further explanation is givenhef order of the dominant intermodulation produéttiough
the CINR for this high carrier level range stillssfficiently high for quasi-error free transmigsio case of
noise with a random noise power density distribut@rbitrary white Gaussian noise, AWGN), the bibe
rate increases dramatically in this range. This g error rate level agrees with the occurremapuilse noise
events.
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Figure 48: Schematic diagram explaining the nature of the quality of the signal of a DVB-C signal

NOTE: Figure 48 shows the schematic diagram exiplgithe nature of the quality of the signal of al®»C
carrier for an amplifier or a cascade with a mis@dlogue and digital load when increasing the earri
signal level. The top panel shows both the CINR thedit error rate before interleaving and forward
error coding. Additionally the figure indicates thature of the distortion products present at ifferént
carrier levels. The lower panel shows schematicdityws the signal level of the intermodulation
products and of the thermal noise for 8 MHz andBH@ measurement resolution. The carrier levelsrefe
to the output of an amplifier.

Although the above understanding is based on datined for components with a load of DVB-C casjex
comparable behaviour can be expected for DVB-CHlearar When considering the DVB-C2 signal levelegiors
must be aware of the generation of the above irgdutation products.

Irrespective of the DVB-C2 signal level, the spastrwill contain narrow band clusters beats. Theseowband
cluster beats will interfere with specific subcarsi 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 specifitueawill increase the random noise distortion lemedl eventually
result in the generation of impulse events. It dossaffect the number and magnitude of the clus¢eaits. Therefore,
higher DVB-C2 signal level will reduce the C/N bditanalogue TV signals whereas the CINR is notadite

The noise level in the C/N of the video carrieersfto the noise measured in the full TV chanresd, s

IEC 60728 1 [i.18], paragraph 4.6. Therefore, @i will degrade only when the level of broadbant&imodulation
products approaches the thermal noise level; thNea@ CINR are related. Thus, the C/N of an anadfju signal
will start to degrade when the digital carrier leapproaches the level of maximum CINR.
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9.4.4 Non linear behaviour of active components in case of digital loads

This clause contains preliminary findings basedih simulations and measurement of higher ordsrmodulation
interference effects in cable networks caused bigadisignals. It will be subject to future revis®of the DVB-C2
implementation guidelines to further elaboratel@itpact of non linear distortions in cable netgoraused by
digital signals.

In the existing understanding of signal degradatissociated with non-linear behaviour of componeggaerally only
2nd and 3d order effects are considered. However, analysifegfadation data strongly suggests that not tharad 3d
order nonlinear behaviour degrades the digitaladigrut 4" and 3" order effects. This hypothesis is based on the
following three observations and arguments [i.21]:

1) Most of the CINR curves of a component with @itdi load of 96 DVB-C carriers have an asymptoitw
slope -4 associated witth%rder intermodulation for high carrier levels.dddition, as a rule only a limited
transition range from the low carrier level parthwélope +1 is seen, and without indications foeimediate

regions with 2d or 39 order dominance. Figure 49gives two samples di €I8IR curves obtained from two
different amplifiers with a load of 96 digital cars. The curves were measured with 8 MHz bandwidth

resolution. Next to the measured curves, the figahow the CINR curves from simulations usind&ahd
3d order component model.

2) In case of a load of unmodulated carriers, ti¢RCcurves for the CSO and CTB beats can be redorde
separately and with a measurement resolution &80 These curves respectively do show the rangfbs w
dominant 2d and 39 order intermodulation. An example of CIN& and CINRs curves and the occurrence
of dominant 294 and 39 order degradation can be found in figure 50.
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Figure 49: Measured and simulated CINR curves for1 19 MHz (f1), 420 MHz (f2) and 855 MHz (f3)

NOTE 1: Figure 48 shows the measured and simufabsR curves for 119 MHz (f1), 420 MHz (f2) and 8581z
(f3)as obtained for a component with a composidel lof 96 digital carriers. The bandwidth resolution
was 8 MHz. The measured curves show a high cdewel asymptote with a slope -4. For the simulation
a 2 and 39 order component model is used. The simulated arasared curves clearly are not
congruent, showing thaf2and 39 order intermodulation does not dominate the CINR/es.
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The absence of visible or measureaBfeahd 39 order degradation in case of digital carriers lsaexplained
logically and straightforwardly, namely, as longtlas 29 and 39 order intermodulation dominates the
intermodulation distortion signal, thes&?znd 34 order intermodulation products have a smalleraigower
than the thermal noise generated by the compomeninderstand this point, it is helpful to comptre cases
of a composite load of digital (broadband) carramd of unmodulated and uncorrelated (narrowband)
carriers, with the same number of carriers and#me average signal level. Thus both cases haystears
load with a same composite signal power level,iattienposed of broadband signals and narrowbanthkig
in the respective cases. Evidently, the signal paf¢he intermodulation products will be the saméoth
cases as well. However, the intermodulation pradduilf be different in nature: the broadband lo&digital
carriers will generate broadband random noise raptess evenly distributed in the frequency domhin.
contrast, in case of the load of unmodulated aarigarrowband cluster beats are generated. Stated
differently; in case of the broadband signals tis¢odtion signal power is completely smeared owdrdte full
frequency range whereas in case of the unmodutatetbrs the distortion signal is concentrated liméed
number of cluster beats with high spectral powesdsg. Taking the thermal noise of the amplifietoin
consideration, the broadband intermodulation signadl is below or equal to this thermal noise leveereas
the cluster beats peak well above the thermal Heis#, as illustrated in figure 50.

CSO CTB
Hybrid 2 [ Hybrid 2 '
80 80
%, 75} g L] R oy
x @
Z 10 Z 170
(@) (@]
65 65}
— measurement — measurement
"""" simulation =+ simulation
0 10 20 30 0 10 20 30
Output level (dB) Output level (dB)

Figure 50: Measured and simulated CINR curves

NOTE 2: Figure 50 shows the measured and simufabiséR curves as obtained for a component with gpesid

CENELEC load with 42 unmodulated carriers for 11B2Mf1), 420 MHz (f2) and 855 MHz (f3).
Measurement resolution was 50 KHz. The left paheirs the CINR for the CSO beats; the right panel

shows the CINR for the CTB beats. For the simutaéid@d and 39 order component model is used. The
measured curves show a high carrier level asympititkea slope -1 and -2 for the CSO and CTB CINR

curves respectively. The simulated and measuradsurave congruent shapes, showing that indééd 2
and 39 order intermodulation dominates the CINR curves.
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Figure 51: Schematic diagram of the signal level of the intermodulation products

NOTE 3: Figure 51 shows the schematic diagramestibnal level of the intermodulation products disretion

of the carrier level. The noise levels are indiddt 50 kHz and with 8 MHz bandwidth resolution.
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10 Receivers

10.1  Synchronisation Procedure

The DVB-C2 signalling scheme, consisting of Layemtl Layer 2 signalling, allows the receiver touall relevant
information required to tune to the targeted sevichis clause describes procedures of the rectsivdgtect and
process the relevant information.

10.1.1 Initial Acquisition

The initial acquisition is performed after the fissvitch-on of the receiver to detect the availdb\eB-C2 signals. The
procedure works as depicted in figure 52. Detailshe different blocks are given in the followinguses.

Bandwidths
Left?

y

Select Bandwidth
No “““““““;
. Yes
Frequencies Coarse Time
Left? 4 Sync
4
Select Frequency *
Fractional
* Frequency
Sync
Spectrum *
Detection
C2 Preamble
Detection
Spectrum
Found? i
C2 Preamble
Guard Found?
Interval
Correlation A
Decode L1
Signalling
Peak

Found?

Figure 52: Initial acquisition flow chart

Firstly, the DVB-C2 receiver selects one of thegiloie signal bandwidth, i.e. 8 MHz or 6 MHz. Thérchooses a
possible DVB-C2 signal frequency and tries to detdtether a possible DVB-C2 spectrum is availabithiw the tuner
window. If a spectrum has been found, the receives to evaluate if the signal is an OFDM sigiNgxt, the receiver
tries to synchronise onto the OFDM signal and tieefind the DVB-C2 preamble. If the preamble hasibfound, it is
decoded and the detection of the next DVB-C2 sigtats.
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10.1.1.1 Spectrum Detection

The spectrum detection is required to tune coyg¢oth DVB-C2 signal. In order to be able to dectidecomplete L1
part 2 signalling, the receiver must be able teirexat least 7.61 MHz (or 5,71 MHz in the 6 MHzdapof one
DVB-C2 signal. It is especially required that tleeeiver does not try to decode the L1-part 2 slgnpdf two separate
DVB-C2 signals. Additionally, the receiver shouldtry to decode a specific part of a DVB-C2 sigthat included
broadband notches.

ISl IS?I2 A
¥ Frequency [MHz - | Frequency [MHz
Tuner Window q vl ] Tuner Window 9 v ]
(e.g. 7,61 MHz) (e.g. 7,61 MHz)

Figure 53: Principle of the spectrum detection, fal  se spectrum (left hand side)
and correct spectrum (right hand side)

One means to overcome this problem is the appticaif spectrum detection. Figure 53 depicts thjgagch. The left
spectrum has frequency areas in which no energgrismitted. Hence, this signal contains a broadtetch at this
position or the receiver is tuned onto two sepasieals. Consequently, the receiver has not f@uocdrrect spectrum
and shall tune to another frequency.

A correct tuning position is the right figure. Thgectrum does not contain any broad-band notclersce the signal
may be a valid DVB-C2 signal and the receiver statitinue the synchronisation process. Howevémastto be
mentioned that this signal may naturally contairraa band notches, which may be placed in eacld vatier
window. Therefore, the receiver shall treat nartwamd notches like a DVB-C2 signal.

— s b Abs(x) [ | AVEraging R e s e
Time fer aps Detector
domain output
signal

Figure 54: Possible implementation of the spectrum detector

A possible implementation of the spectrum deteistalepicted in figure 54. The receiver uses the=H-block of its
OFDM demodulator to transform the time domain signt@ the frequency domain. Next, it calculates #bsolute
value of the different frequencies and uses a rfitanbetween adjacent frequencies. By meanstbfeshold the
receiver tries to estimate if the frequencies aedwr not. Lastly, a gap detector counts the #eqy gaps and tries to
estimate whether the tuning position contains aiptes DVB-C2 signal without broadband notches ar no

10.1.1.2 Guard Interval Correlation

Most signals within the cable environment are nBD® signals. Therefore, the detection whether thaa is an
OFDM signal is extremely useful. As the Guard In&tiis a cyclic copy of the useful part of the OFBymbol, the
receiver can try to correlate the Guard Intervaiast the useful part. If a peak (or several péak®nsecutive OFDM
symbols) is found, the receiver can assume thaitmal is an OFDM signal with the assumed pararseBetails of
the synchronisation algorithm are given in [i.12].

10.1.1.3 Coarse Time and Fractional Frequency Synchronisation

The coarse time and the fractional frequency syorubation can also be achieved by means of theddunterval. For
details see [i.12]
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10.1.1.4 Preamble Detection and Synchronisation

Within this clause we assume that the temporaltaymization to the OFDM symbols as well as thetfoamal
frequency offset compensation has already beemwaethi Thus, we are able to demodulate the datalatedwn each
OFDM sub-carrier correctly, but we cannot performanel estimation and we do not know the actuaiezandexk.

If we are able to detect the indewf the received OFDM sub-carriers, we are compjletgnchronized to the data
stream. Also the channel estimation is possibthigicase, as we know the transmitted values opilbés.

The synchronization to the preamble is shown inrgh5. The demodulation part (red box) alreadyrass a correct
demodulation of the OFDM sub-carriers, but witholnnel estimation and knowledge of the absolutecaurierk.
The block performs a D-BPSK demodulation betweem ®#DM sub-carriers that have a distanc®gf6, i.e. the
distance of the preamble pilots. If we assumetti@thannel conditions are nearly static betweqaildts in the
frequency direction, which is true due to the velgrt echoes in cable networks, the D-BSPK demaaiutautputs the
Pilot Scrambling SequenegP, i.e. the modulation of the pilots before the eliéntial encoding. Naturally, this
sequence can only be calculated for the pilot wosit i.e k is multiple of 6, while the output on the othesjiimns
depends on the signalling data will be random like.

In order to find the sequence, the output of thBRBK demodulator is used within a correlator. Téfenence
sequence is exactly the sequengfor the pilot positions in the desired frequenagge. Ifk is not a pilot position the
value of the sequence is assumed with 0. If theodeslated and the receiver-generated sequenceeasaihe, a
significant correlation peak occurs. By means & fieak, the receiver is able to estimate the oiifsmultiples of
OFDM sub-carriers and correct it.

1
-1 L D-BPSK || Find Freq.
-+ OFDM Demod. Correlator Peak — Offset
6T
Delay ]
Ref.
Seq.

Figure 55: Synchronization to the preamble by means of the preamble pilots

10.1.1.5 Preamble Data Decoding Procedure

The information transmitted within the preambleyslically repeated within the L1 Signalling Bloc&sery 3 408
OFDM sub-carriers, or 7.61 MHz in 8 MHz operatibtowever, it is not ensured that the tuning winddwhe receiver
front-end is aligned to an L1 Signalling Block. Atighally, the number of preamble symbalsis not known in
advance. Therefore, the receiver may use the l@gcam of figure 56.
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Lp:=8
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Received?
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Figure 56: Preamble Decoding Procedure

Firstly, we assume that the receiver knows thetjposof the first preamble symbol. This is triviilve were already
synchronized, as the receiver knows the positiah®previous preamble and the number of payloadMDEymbols

L, which have been signalled in the previous preaniblve have tuned to the preamble recently, doeiver will
recognize the start of the preamble by means ofahelation as described in the clause abovéhdrvery rare cases in
which we tune into the preamble and miss the fireamble symbol, the decoding procedure as depictigure 43

can be applied. Naturally, the decoding of the Plart 2 signalling data will fail and the receivas to wait for the
next complete preamble.
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At the beginning the receiver does not know the Imemof preamble OFDM symbols. Thus, he simply agslithe
maximum number, which isp=8. Then, it takes the first OFDM symbol and sorts shib-carriers and applies the
frequency de-interleaving. Then it tries to dectidePreamble Header. Out of its parameters thévexds able to
calculate the correct number of preamble OFDM symhibthe decoder was able to decode the datal§ate Slice
Packet Header decoding), it can set the correcbeumf preamble symbols. If it was not able to dfeci, it tries to
decode it within the next OFDM symbol. When the emof preamble OFDM symbols is reached, the receiv
decodes the L1 Signalling - Part 2 data.

The assumption of the maximum number of preambIBX@Bymbols is required for increased robustnessase of
preamble time interleaving. If e.g. the first prddensymbol is lost due to an impulsive noise evidm, receiver does
not know the length of the preamble. Hence, ittbasy to obtain it during the following OFDM symiso If it finds the
parameters the decoding process may continue dhoh@sgt probably be successful due to the timerieéing. On the
other hand, if the preamble was built by a singkb® symbol, the receiver will not be able to dectiie preamble
header in the next OFDM symbol, as it is alreadpta symbol. Hence, it will try to decode the maximnumber of
OFDM symbol for the preamble (which is 8). Thislwihturally fail, especially as the LDPC decodelt not

converge. However, this should not be any probkesithe decoding process of the payload will fayiveay due to the
missing signalling data, if no other means are used

10.1.15.1 Data Sorting

The tuning bandwidth of the receiver front-endligags wider than one L1 Signalling Block. Therefdtee receiver is
able to receive the information within two blocksd obtain the complete information by sortinghef tlata. Figure 57
shows an example. The receiver is optimally tumegteive Data Slice 2. However, it is not aligtethe L1
Signalling Blocks. However, it is able to recoviee tomplete information by sorting two blocks agveh in figure 57.

Frequency

Time

Re-ordering

window

Figure 57: Recovery of a L1 Signalling Block

NOTE: Data-Slices do not have to be aligned withlth Signalling Blocks and therefore the tuningifpos
does not need to be aligned with the L1 SignalBlacks as well, information is obtained by sortify
the data of two partially received L1 part 2 Sidingl Blocks.

One additional aspect is the presence of notchiébénaithe preamble, which may be required if no pomest be
transmitted on specific frequencies. For this pagpthe DVB-C2 specification distinguishes betweamow and
broadband notches. The width of narrow-band notehisited to few OFDM sub-carriers only. The lafghese few
sub-carriers can be compensated by means of theoFt#@ preamble easily.

10.1.1.5.2 Preamble Header Decoding
See Data Slice Packet Header decoding.

If the L1 block comprises several copies of L1 f2acells to fill the entire band of the L1 blockcamulation of those
L1 part 2 cells improves the resultant SNR theeefigcoding performance. In addition, if the preaiblcomposed of
more than one OFDM symbol, the copy from each pt#@symbol can also be used for the accumulatiocesall L1
headers carry the same information.
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10.1.2 Channel Tuning Procedure

For the tuning to a specific service, the recehas already the information of the C2_delivery eystdescriptor. This
descriptor includes the OFDM parameters, the tufrieguency to obtain the Layer 1 - part 2 signgllinformation and

the DVB-C2 System Id.

Start

y

Read DVB-C2
Delivery
System Desc.

v

Set OFDM
parameters

v

Tune to
C2_system_tuning
_frequency

v

Coarse Time
Sync

v

Fractional
Frequency
Sync

v v v

C2 Preamble Decode L1 Tune to
Detection Signalling Data Slice

Start
Decoding

Service
Found?

Preamble
Found?

Figure 58: Channel tuning block diagram

Figure 58 depicts the complete tuning procedumstlffj the system sets the OFDM parameters antlitting
frequency as described within the C2_delivery systtescriptor and then tries to synchronize ontdg-C2
stream. If the DVB-C2 signal (especially the DVB-@2amble) is not found, the service is no longesent and the
tuning process is stopped. If the preamble is fahedeceiver decodes the corresponding Layeratt-2signalling. If
the desired service is not present within the sigmg the service does not exist and the tuningecpss stops. If the
service is present, the receiver is able to catedlee tuning position out of the Layer 1 - pagignalling information,
tunes to this position and starts to decode theeateservice.
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10.1.3 Preamble Time De-interleaver

10.1.3.1 Phase of time de-interleaving

As the L1 TI block is synchronized to preamble baany in time direction, the receiver can begin prbke time
de-interleaving after C2 Frame detection. The remdirst detects the preamble and decodes L1 headget
information about preamble time interleaving parterge Then, the receiver can immediately starintedieaving with

a de-interleaver buffer.

10.1.3.2 Pre-processing to time de-interleaving

The pre-processing from preamble synchronizatigoréamble time de-interleaving process is depittdijure 59,
which is a de-interleaving process as a countetpdlrte time interleaving shown in figure 28 of]i.

1 1 1
Ly 7.61 MHz g L 7.61 MHz g P 7.61 MHz g
I‘ VI I‘ VI I‘ 'I
H H H H H H H
Preamble m m o m o o m
Sync . prat e i P . H H H
| | s | | s
: IR : IR H H H
[ e [P3 [ e (s Prd - -
1 o 1 o ' - V- -
I e PRl I e PRl | PP A
v [P e [l ' - e [l ',_c’—" l’/,i’
H H H
Combining H H H
1 1 1 1 H
! 1 ! 1
’I ’I ,I ,I H
I‘ I‘ :’ ,’ ’l ’/
L / / / / / /
L1 Header
Removal . . . .
1 \\\ 1 \\\
1 ~ ! ~
! ~ ! ~
[ [ Te~ll
: ™ : ™ I
v ! : ' s ! To--
[XFECFRAME 1[XFECFRAME 2| [XFECFRAME 1[XFECFRAME 2

XFECFRAME 1| XFECFRAME 2|

Time
De-interleaving

No Time Interleaving ‘Best-Fit’ mode L1 Tl Depth =4
(L1_TI_MODE = “00") (L1_TI_MODE = “01”) (L1_TI_MODE = “10")

Figure 59 Time de-interleaving of L1 part 2 data

After the receiver detects the preamble and symibes to the L1 signalling block (occupying 3 4@8riers or

7.61 MHz bandwidth), it detects and decodes théédder. Regarding L1 header decoding process, éheftgo
possible ways. One way is to decode only the ffitsheader and get parameters, L1_INFO_SIZE and LIMDDE.
The other way is to combine all L1 headers insidesignalling block and decode the combined L1 hetulget
advantage of SNR gain. As the header signals iectydchronization sequence, it is possible to detet combine all
L1 headers without decoding parameter L1_SIZE_INfe@ the first L1 header signalling.

Next, the receiver may combine all L1 Tl blocksidiesthe L1 signalling block to get better decodiggformance like
as in the case of L1 header decoding describedeafitne number of combined L1 TI blocks is determibg the
number of copied L1 TI blocks to fill the entire klignalling block in the transmitter side. The camig of L1 Tl
blocks in different locations are indicated by daglines of different colours (red and blue) in &dming stage of
figure 59. As the L1 header is not included in pnbke time interleaving and the interleaving seqaeeesame for
every L1 Tl block within the preamble, the samegratis reserved for every L1 Tl block so the TddKs can be

combined without any interference.

Finally, the preamble time de-interleaving prodesspplied according to the L1_TI_MODE after L1 dearemoval as
shown in figure 59. Note that the interleaving thepiay be different for the same amount of L1 patat.
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10.1.3.3 Memory-efficient implementation of time de-interleaver

Memory efficient way of de-interleaving for the prable is very similar to that of de-interleaving foe Data Slice
(see clause 10.2). The address generation and mdraondling are exactly same. The only differencthéd for the
preamble de-interleaving, neither preamble pilatneserved dummy carrier for PAPR reduction isudeld even in
address generation. Therefore, the selective rgauivcess like equation (4) of clause 10.2 is mgessary.

10.1.3.4 Disabled time interleaving

The L1 time de-interleaving may be disabled in sagkere the L1 time interleaving is not appliedi® preamble in
the transmitter side for the fast access to theari 2 data or short latency application. In thise; it may still be
useful to use the de-interleaver memory as a huftgrthe read and write sequences will both batidal.

10.2  Time de-interleaving of payload data

10.2.1 Phase of time de-interleaving

As the TI block is synchronized to Data Slice baanydn the time direction, the receiver can begimetde-interleaving
after C2 Frame detection. The receiver first dstéw preamble and decodes L1 part 2 data to fgetriation about
time interleaving depth. Then, the receiver can @drately start de-interleaving with a de-interlaawveffer.

10.2.2 Memory-efficient implementation of time de-interleaver

The permutation function for the time interleagttie same for each TI block within the C2 Frangk smit might
appear that two blocks of memory are required éndé-interleaver. However, a more efficient metagidts using
only one TI block's worth of memory. The memoryigént de-interleaver is shown in the block diagrstmwn in
figure 60.

— | De-interleaver memory ——»

Input data symbols Output data symbols
(interleaved - (de-interleaved
sequence) sequence)

Address generator

Figure 60: De-interleaver block diagram
During each Tl-block (except the first) data celte read out one at a time from the de-interleenaanory according to

the addressing sequence produced by the addressagmn For each cell read out, a new cell frominpet is written
into the memory at the same address, as this melocagion has just been cleared by reading theubwaipll.
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Figure 61: Implementation of de-interleaver memory

NOTE: Figure 61 shows the implementation of thérderleaver memory, showing (a) the conceptual
implementation with rows and diagonals which defittee de-interleaving sequence and (b) the actual
implementation as a sequential block of memory.

The time interleaver is defined to write data inpiid diagonal direction and read out row-wise frrowsx C
columns) buffer memory. The de-interleaver willréfere write data int& rows and read along the diagonal direction
as shown in figure 61 (a). The line number 1 irgdizal direction is first read and the line numbés Bext read and so
on. The total memory of the interleaver is therefdefined by:

M =RxC

The actual block of memory to be used will be impdmted as a sequential block of memory, as showigure 61 (b),
and the main problem to be solved is to calculaecbrrect address sequence. The addresses ¢énhents of the
memory will be calculated by indexwhere:

0<isM-1

The address generation can be better understooexphained by using 2-dimensional (2-D) memory shamv

figure 61 (a). The addresses for sequential memstaown in figure 61 (b) can be easily calculatednftbe addresses of
2-D memory by simple conversion. A general equatisraddress generation can be obtained from fatigw
implementation perspective.

The address for the cell of 2-D memory can be @effiny a coordinatiorc, r;;) of which the element is a row and a
column index for thé-th data of-th TI block. To read the data in diagonal directésnshown in figure 61 (a), the
"READ" address foi-th output data of a Tl block can be calculated digigg an incremers; to the row index;; of

the "WRITE" address farth input data of the same block. The amount ofédn@nt changes on a column by column
basis.

For the first Tl block jE0), after all input data are written row-wise im@mory, the READ address of the first data
output {(=0) is same as the WRITE address of the first ogoiat; there is no increment g, and the READ address is
set to (0, 0). For the next address generatiorafterethe incremers, is added to the o of the WRITE address to get
ther; o of the READ address. The incremantincreases by 1 as the data indéxcreases until thg o becomesR-1);
the last row is met. Whenever the last row is iet,increment for thg o of the next READ address is reset to O; the
row index rolls up to the first row index. This pess continues until thegy becomes-1); the last column is met. The
first line in diagonal direction will be found byldressing thed(q, i o) coordinates in the order:

©,0), (1, 1), 2,2), ... R1,R1), R 0), R+1, 1), R+2, 2), ..., C-1, C modR)-1)
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This completes one cycle of reading the first iimeiagonal direction in figure 61(a). Then, thegess over second
line begins by setting the READ address to thdheffirst cell of second row and the same way aflieg is repeated.
The address sequence for the second line in dihdoeation will be:

0, 1), (1, 2), (2, 3), ...R2,R1), R-10), R 1), R+1, 2), ..., C-1,CmodR)

When the last cycle of reading is finished, the leharocess of reading over first Tl block is contgte

The following equation generatas, ;o) of the READ address as described above:
Co=imaC
S0=GoMmal R 1)
lo =[S, +(idivC)]mal R

The term {(div C) can be interpreted as the WRITE address foridata into the (div C)-th row and the incremest,
is added to get the row index of READ address.

This describes the addresses to be generatedd@uédhe first Tl-block of de-interleaved data.itwer, the same
address will also be used to write the new databsysn Therefore, when this second input Tl-block &k been stored,
it too will be need to be read out in de-interlehgequence.

Once again, the row indey, of the READ address for the second Tl block magdleulated by adding an

increments o tor; o (r; o becomes the row index of the "WRITE" address liergecond Tl block). As another but
simpler way, the increment itself can be accumdlaiethe Tl block indeixincreases. Since the increment step is fixed
to 5o according to the de-interleaving rule, accumutat®identical to multiplyings o by block indeX. By applying

the accumulation of increment fpth block, the general equation of (1) will be:

G, =imaC
S,jz(jxci,j)mmR )
r;=[s,;+(divC)]mad R

Note thatc o as well asij are independent of block indgxoc; is replaced by;; in generating the incremesy.

Returning to the address generation for the se@ieneémory shown in figure 61(b), we can convee thordinate
addressd;, r;;) of 2-D memory into the linear address for it data of-th TI block by:

L, =C, +c, 3)

The corresponding linear address for the 2-D mersosjown in figure 61(a).

Consider as an example the case when the de-Bxerldas 8 rows and 12 columns. The address seggenerated
for this T1 block would be 0, 13, 26, 39, 52, 68, 81, 8, 21, 34, 47, 12, 25, 38, 51, ..., 92, 9,.3%,

Note that the time de-interleaver for the DataeStibould output only data cells even if the add®$ar the pilots and
reserved dummy carriers are temporarily generd&edthis operation, the time de-interleaver shduldw in advance
the exact positions of those non-data cells ang tsid memory reading process:

for (i=0;i<M;i=i+1){
GenerateAddresd., ;;

if (c;,r,)=DataCell Address @)
Read/WriteCell at L ;;

}

The time de-interleaver memory may be further redurot to include non-data cells in practical impémtation.
However, the de-interleaver output should not ceahg de-interleaving sequence and the numbertafoddls
allocated to each OFDM symbol within Data Slice wisech kind of optimal size of memory is used.
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A practical implementation to generate the abowdress sequence is straightforward. When the recsiags to
de-interleave the cells of a Data Slice afterytschronization, the address generator resetsateriments, o for the row
index to 0. Once the address generation is indjdtee only value to be stored for the use in miexinterleaving frame
is the Tl block index used for the previous de-interleaving frame. THeeament itself can be generated by using the
sample index so needs not be stored.

10.2.3 Disabled time interleaving

The time de-interleaving may be disabled in cadaesravthe interleaving is disabled in the receivee $or short
latency application. In this case, it may stilllmeful to use the de-interleaver memory as a husterthe read and
write sequences will both be identical.

10.3  Frequency de-interleaving of payload data

The frequency de-interleaver in DVB-C2 is appliedie equalised payload cells of a given Data Sitwe one
OFDM symbol to the next. The number of payloadscpér Data Slice per OFDM symbdlys) can vary from symbol
to symbol.Nps comprises the number of cellsg&qax- Kps,min) Minus the number of continual pilots, scatteredtpil
reserved tones and cells that are located in ngteftdin the Data Slice. Most of this informatiendither carried in or
can be derived from the Layer 1 signalling. Fos {mirpose, assume that a functizataCells(slice number, symbol
number, L1 infpexists in the demodulator to provigs for a given Data Slice number, symbol number aathfthe
Layer 1 information. The frequency de-interleaversirbe capable of de-interleaving received paytmdld of the
largest possible Data Slice with mbigg) cells given that (Ks max- Kps,min) < 3 408. This means that the interleaver
must be capable of dealing with,., payload cells where:

Niax = (Kps,max~ Kps,min) = Nsp,px=24- Ncp
and Nsp px=24iS the number of scattered pilots in 3 408 subiear for the [ = 24 scattered pilot pattern andgNs the
number of continual pilots in 3 408 sub-carriers.

The frequency de-interleaver memory is split into banks: Bank A for even OFDM symbols and BanloBddd
OFDM symbols. Each memory bank compriseslgf, locations. Similar to the transmitter, a DVB-C2ewer should
use odd-only pseudo-random de-interleaving. Inttiésequalised payload cells from even OFDM sym{symbol
number of form B) of the Data Slice are written into the de-intavler memory Bank A in a permuted order defined by
the sequencEly(q) and read out in a sequential order. Similarly, éged payload cells from odd OFDM symbols
(symbol number of formr2-1) of the Data Slice are written into de-interleamemory Bank B in a permuted order
defined by the sequenéf(q) and read out in a sequential order. In each chsgdrmuted order addressgs,;(q) are
provided by the pseudo-random address generatordfause 9.4.5 of [i.1]. In order to produce a @¢urdus stream of
cells at the de-interleaver output, when Bank Bémg written (incoming even symbol), Bank B isodteeing read
(outgoing previous odd symbol). Indeed, thereseq@uential countay used as the sequential read addresses and also as
the lookup index to each of the permutation funddidy 1;(q) which provide the write addresses. If all symlinlthe
Data Slice containel,.x = Cyatapayload cells, then the number of write addrefmesymbol number 2+1 must

match the number of read addresses for symbol nugmbetherwise some data cells of symboill be skipped.
UnfortunatelyNps can be different from symbol to symbol. Suppblsg(2n) is less thaipg(2n+1) then the
pseudo-random address generatgq) would have to produce more addresses than thereells to be read from
memory Bank A because the sequential LookUp-TdULET] indices for generating the permuted write addies for
writing to Bank B would range from 0 td,5(2n+1)-1. The case in whidkg(2n) >Npg2n+1) can also occur. In this
case the sequential read address counter for BambuRl need to excedd,s(2n+1)-1 as morely(q) write addresses
are needed for Bank A Recalling that the funcii@taCells(slice number, symbol number, L1 infeturns the number
of payload cells in the current slice for the giwsmmbol and noting that HoldBuffer is a small amboinstorage with
write addressvptr and read addresptr, the de-interleaving proceeds as follows at tleeption of an even symbol
number 2:

1) q=0;
2)  Chax=max(DataCells(slice number 2n-1, L1 info), DataCells(slice number, 2n, L1 infd));
3) Generate addresk(q);

4) rdEnable = < DataCells(slice number 2n-1, L1 info));
5) wrEnable =i(q) < DataCells(slice number 2n, L1 infq));
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6) if (rdEnable) Read ced] of output de-interleaved symbah 2 1 from locationg of memory Bank B;
7)  Store cell of incoming interleaved symboh2nto locationwptr of HoldBuffer and incrementptr;
8) if (wrEnable):
a)  Write cellrptr of HoldBuffer into locatiorHy(g) of memory Bank A and incremerritr.
b)  If(wptr ==rptr) reset bothptr =wptr = 0.
9) Increment;
10) if (9 <Cay 90to 3.
Then with symbol 8+1 at the input of the de-interleaver:
1) q=0;
2) Chax=max(DataCells(slice number 2n, L1 info), DataCells(slice number 2n+1, L1 infg));
3) Generate addrest (0);
4) rdEnable = < DataCells(slice number 2n, L1 infg));
5) wrEnable =1fl;(g)< DataCells(slice number 2n+1, L1 infg));
6) if (rdEnable) Read ced] of output de-interleaved symbah om locationg of memory Bank A,
7)  Store cell of incoming interleaved symboh21 into locationwptr of HoldBuffer and incrementptr;
8) if (wrEnable):
a)  Write cellrptr of HoldBuffer into locatiorH(q) of memory Bank B and incremenpitr.
b)  If(wptr ==rptr) reset bothptr =wptr = 0.
9) Increment;
10) if (9 <Cay 90to 3.
The required width for each memory location dependthe resolution with which each cell is représdrafter

channel equalisation. Each de-interleaver memdiwaild hold at least: the complex cell informatiand the
channel state information for the cell.

10.4 Use of Pilots

Pilots can be used for typically the following fquurposes:
. C2-frame synchronisation.
. Integer frequency offset estimation.
. Channel estimation.
. Common Phase Error (CPE) estimation.

The C2-frame synchronisation is introduced in a¢ai8.1, the frequency offset and channel estimaté&ails are
discussed in clause 10.5 and the common phaseestioration method is described in clause 10.5.1.

10.5 Phase noise requirements
Phase noise is specified as single sideband pluése power in a 1 Hz bandwidth at a frequency fnftbe carrier

frequency. The unit of L(f) is dBc/Hz, representthg noise power relative to the carrier power amed in a 1 Hz
bandwidth centered at a certain offsets from thidera(e.g. at 10 kHz offset).
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DVB-C2 uses OFDM and DVB-C single carrier QAM. Téfare the effect of phase noise on the signallveill
different for DVB-C2 compared to DVB-C. Generalhetphase-noise considerations are the same a8/B+TDT 2.

Phase noise added to an OFDM signal causes twnalistfects: CPE and ICI.

Low-frequency noise gives rise to common phase €8PE). CPE is a common rotation of all the cdietiens
transmitted in one OFDM symbol. Because it is comriow all carriers, it is possible to measure il @ancel it out.
The standard includes continual pilots which, ansbiogher uses, can be used for the purpose of iagcePE,
according to the method described in clause 10T&Ring this and other possible cancellation messsinto account,
the impact of CPE is expected to be negligible.

High-frequency noise causes inter carrier interfeeg(ICl). ICI is a form of crosstalk between carsiand manifests
itself as an additional noise term, degrading thestellation SNR. The ICI part of the phase-noisg iive
approximated by integrating L(f) from half the garrspacing to half of the signal bandwidth on bsittes of the
carrier. An accurate calculation requires the dsgeighting functions, e.g. as described in [i.13].

In practice, tuners will vary in their phase-nasgectra, and manufacturers should therefore cadctia I1CI value
caused by the phase noise values of their tunexsalse ICI behaves like AWGN manufacturers therestimate the
implementation loss of their tuners.

10.5.1 Common Phase Error Correction

Low-frequency phase noise causes common phase(€ar). Since the random rotation of CPE are (iniien) the
same for every carrier within the same OFDM synthey can be measured (and thus corrected if dg@disedsing the
Continual Pilots (CPs).

CPs are specified carriers which transmit referémfgmation in every symbol. The reference infotima is a
function of the carrier index, k.

The random change in CPE from one symbol to theé ceaxbe measured as follows. The received CPs are
differentially demodulated on each CP carrier bytiplying the current symbol by the complex conjteyaf the same
carrier in the previous symbol. The values are sathfor all the CPs in one symbol. The argumenhefresulting
complex number is the CPE of the current symbdhwéspect to the previous one. This can be usedrtect the
current symbol. In effect the very first symbolea®d is treated as a reference of zero CPE.

The summation of the results for a large numbeZR$ reduces the effect of normal additive noisausraging. This
is important since this additive noise will itsetintribute a phase-noise component to the measuterités important
for this to be substantially smaller than the CRiclv is being corrected, otherwise the correctimtess will an
negative impact. It may also be necessary to erdrain the calculation any CPs on carriers thathaaen found to
be suffering from CW or any interference.

The CPE-corrected symbols are then used in allespusnt processing.

All CP locations within data symbols coincide wilontinual Pilot locations within preamble symbdiberefore it is
possible to apply the same CPE correction for pbdamnd data symbols if the CPE calculation is dasdely on the
CP locations (of data symbols).

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 redrFT are not in general the same as transniitiieely are affected
by the channel through which the signal has paseats way from the transmitter.

Consider thehannel extentwhich could be variously described as: the daratif the impulse response from the first
significant component to the last; or the shortiesation which can be chosen without excluding sigyificant
impulse-response components; or, more practidhié/shortest duration which can be chosen so theastX % of the
total signal energy is included, whetés is some substantial proportion, e.g. 99,9 %.
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Provided this channel extent of the channel's ispuésponse does not exceed the guard intdgyeénd that correct
OFDM synchronisation is maintained, the receiveah{glex) carrier amplitudes can be given by:

Y = Hi X + N,
where:

XKI represents the complex modulation-'symbol’ (cdlasiten) applied on carriek, symboll;
Yk’I represents the corresponding received carrieritudpt

Hk’I represents the (complex) frequency response afttaenel during symbad] sampled at the carrier frequency,

ie. H, =H(f);and
N, represents the additive receiver noise.

NOTE: A further explanation of what happens is@mtvs. The received signal is the transmitted aign
convolved with the channel impulse-response. Tlilitiad of a COFDM guard-interval (also known as a
cyclic prefix) has the effect of converting thisdar convolution into a cyclic one (provided tharmhel
extent does not exceed the guard interval). Cydiovolution in time corresponds to multiplication i
frequency, when the two are related by a DFT opmrat

The relationship can also be written as a matjixagion; the effect of the channel is to multiplyd
simple diagonal matrix - unless orthogonality istl@e.g. because the channel extent is too great),
whereupon more entries in the matrix become noa:-zer

The receiver needs knowledge of H‘IgI if it is to interpret theYk’I in the best way. One simple way for re-scaling the
received constellations is equalisation: dividirygooir best estimateH |'<’| of the complex channel responlsﬁ(’I
pertaining to each data cell. It will be clear thedvided the estimatéd {d is noise-free, this operation does not change

the signal-to-noise ratio. The SNR will howeverally be degraded by the channel response as wabte
weakly-received carriers have a poorer SNR thaarsth

Dividing by the estimated channel response is sdmesimilar to a zero-forcing equaliser, and waubdmally be
deprecated on the grounds of aggravating the effe#fatoise. However, under the assumption thata@IeDM is
being used, we simply weight the soft-decision galfed to the error corrector appropriately to @a&eount of the
different SNRs with which the data on the varioasiers are received. (These weighted soft decséoa also known
as metrics).

An alternative method simply inputs bo¥y, and H, | into the metric calculation without re-scaling tMg, to the
standard size first - the result is equivalentgrrhaps less intuitive.

10.5.2.1.2 Obtaining the estimates

The channel estimate can be derived from the kriofenmation inserted in certain OFDB&lls- a term we use for the
entity conveyed by a particular combination of marflocation in frequency) and symbol (locatiortime). These cells
containing known information are known gitot cells they are affected by the channel in exactly tieesway as the
data and thus - barring the effect of noise - pegimeasure théd x, for the cell they occupy. We calculate the

measured channel estimate for this cell as:
Yo _ N

Hi = =H,, + ¢
' Xk,l ' Xk,l
In principle this can be done for any cell wherekmew what informationXk', has been transmitted. In most cases this

will be the scattered-pilot cells (SPs). Howevemntmnual pilots (CPs) are also available for a $engdroportion of
cells.

To obtain the estimates of the channel responsevieny data cell, the normal approach igterpolatebetween the
values H|'<,| (which are only available for thos&,{I} corresponding to transmitted pilots) to providdues for every

cell.
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10.5.2.2 Fundamental limits

The channel respondd k1 in general varies with botime (symbol indeX) andfrequency(carrier index). The

temporal variation corresponds to external causels as Doppler shift and spread, but also to itateous error in the
receiver's frequency tracking. The variation withguency is a symptom of channel selectivity, ftsaelised by the
channel comprising paths having different delays.

In effect, the receiver samples the channel resapbﬁa by measuring it for the cellk{l} within which pilot

information has been transmitted. For the most, pfaetSPs are used for this purpose, but where tthes of pilot
information are present, they can also be usedsired. The SPs constitute a form of 2-D samplind @nd in
consequence there are limits, according to the Mygtiterion, on the rates of variation of the ©heal response with
time and frequency that can be measured using SPs.

Clause 9.6.2 of [i.1] defines the SP patterns oBB®2, and introduces ternd9, and D, to characterise thenD,, is

the separation between pilot-bearing carriersf d9,j = 3, say, then every third carrier contains SPs -lotiin

general within a single symbol. This is becausestiiea diagonal pattern, which repeats eviexy symbols. So, on

carriers that are pilot-bearing, an SP occurs,aamasurement can be made, in eMBth symbol. Symbols occur at

the rate f¢ =1/T, =1/(T, +Ty,) . It follows that the Nyquist limit for temporal ahnel variation that can be measured

: +1

iS ——————~ Hz.
2D, ('I[J + TG)

Given suitable temporal interpolation, then we Wwdlve either a measurement or an interpolated a#tiof the channel
response for every cell on the pilot-bearing castigstimates for the remaining cells can therob@d by frequency
interpolation between the pilot-bearing carrieiscs these are spaced B carriers, orD, f, =D, /T, Hz, it
follows that the maximum Nyquist channel extentspread between the first and last paths in a echahat can be
supported, isT, /D, sec.

Note that this approach is a variables-separatddeatding to a rectangular Nyquist area on a dragrBDoppler
versus delay. This rectangular area correspondgdamensionless) timewidth-bandwidth product hguime value:

1 T 1
D,(T, +T,) D, DD, (1+GIF)

where GIF =T /T, is the guard-interval fraction.

It can be shown that the same sampling grid of stebmeasurements can be interpreted to produce sithpes of
supportable 'area’, in general non-rectangularwhotse total area remains the same.

Note that the spacing between pilots in just oméiqudar symbol is in general greater th&k, carrier spacings, being
D, D, , the inverse of the scattered-pilot density. liofws that if no temporal interpolation is perfortdhend channel
estimates are obtained solely by frequency intatjoi within one symbol, then the applicable Nyglirsit for

T

channel extent is tighter than described abovemgaeiUT. DVB-C2 pilot patterns have nevertheless beenemgs
X =Y

that frequency-only interpolation is both possiétel sensible in certain scenarios.

10.5.2.3 Interpolation

10.5.2.3.1 Limitations

In principle, channel variations within the Nyqussipported area described in the previous clausbeaneasured.
However, the Nyquist limit can only be very closalyproached when using an interpolator having @ kae&ge number
of taps. This is unattractive on grounds of cost e@mplexity, but is also bounded by other prattoastraints.

The frequency interpolator can only make use offitlite number of pilot-bearing carriers.
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Similarly, the temporal interpolator clearly canagtess measurements from before the time thevezogas switched
on or the current radio-frequency channel was sadeduch more importantly, the length of the tenghinterpolator
is tightly limited by the fact that the main sigrsiteam awaiting equalisation has to be delayetewhé measurements
to be input into the temporal interpolator are gatld. This delay has a large cost in terms of mgmeeded, but also
in terms of the delay it introduces before the paogme material can be delivered to the viewer. tf€Ehgoral
interpolator is thus usually much more constraiineits size than the frequency interpolator.

It follows that the full Nyquist area cannot in ptige be supported.

An ideal interpolator, whose bandwidth (or as approprititag-width' as defined later) is chosen to be sénaetion
X <1 of the Nyquist limit can also reduce the noisalmchannel estimate by the same factoiNote however that
practical interpolators are unlikely to realisestbpod a result. Perversely, simple linear intexfiah does achieve
noticeable noise reduction, but in this case aedpense of poor interpolation accuracy throughtrabthe wanted
bandwidth.

10.5.2.3.2 Temporal interpolation

The presumption is that most receivers, on groaidsmplicity and minimising delay, will use at masmple linear
temporal interpolation. To begin with we will codst simplest case of interpolation between scattpilets.

In DVB-C2 both of two scattered pilot patterns h@e=4. It follows that simply to perform simple &ar interpolation
requires three (Dy-1) symbols' worth of storagetfier main data stream.

Although it is unlikely to have any Doppler in caldhannel environment, still we could see some rdlagstimation
variation over time due to a residual synchronaagrror. It is depending upon the residual syneization error, but
once good synchronization is achieved, the linet@rpolation should be quite accurate. It is alsssjble to reduce the
interpolation bandwidth to have better noise reiductf better synchronization can be achieved.

Temporal interpolation accuracy can be increasetksdhat without increasing main data stream memypnysing
"one-sided" interpolator designs having more téjps ta simple linear interpolator.

NOTE: Due to the chosen pilot density in DVB-C2npmral interpolation might not be necessary.

10.5.2.3.3 Frequency interpolation

Fortunately the frequency interpolator can useerathore taps. This is in fact necessary, sincéithe-width' (an
analogous term, for frequency-domain samplinghtodommon use of bandwidth in relation to time-dionsampling)
of the interpolator now has to be an apprecialaetion of the Nyquist limit. Depending on an intalgition method, the
necessary time-width (if the full guard-intervahge of delay is to be supported) can be 19 % &6 T™yquist; the

19 % applies for the temporal and frequency intlatien method case whilst the 75 % is for the fesgy only
interpolation case. Considering DVB-C2 has 4 096M@nd CR9/10, it is required accurate interpolation

i.e. generally requires high order interpolatidtefi It is, however, possible to dramatically reduhe interpolation
filter order by having large transition region, whiis possible in the temporal and frequency irtlaion case due to
the small necessary time-width compare to the Nstdumit. Furthermore, there is a case for makimg time-width (if
possible) a little greater than simply the guarg+ival duration, in order to cope better with aréegof timing error, or
with channels whose extent isn't strictly contaiméithin the guard-interval duration.

SupposeN taps are used. For most carriers, the interpolatarid make use of estimates/measurements iNJ/fﬁ
pilot-bearing carriers on one side pIN§/2 pilot-bearing carriers on the other side. Howewsrthe carrier to be

estimated approaches the upper or lower limit ef@FDM spectrum, this is no longer possible, asesofithe
interpolator taps ‘fall off the edge'. In this citse still possible to use aM -tap interpolator, but its taps must be
chosen so that it becomes progressively more atezisirhe performance is slightly compromised, butains better
than the alternative of using fewer and fewer jpiéator taps as the edge is approached.

10.6  Tuning to a Data Slice.

As soon as the receiver performed all initial sypciization tasks (i.e. being synchronized in tifnrequency and C2
framing) it can be tuned to the Data Slice wheeertquired PLP is embedded. This clause illustthteseeded steps
and provides two simple examples.
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During initial acquisition the C2 receiver tunesato arbitrary frequency within the C2 signal (the tuning window
should not include frequencies outside the defid2dandwidth). As soon as the receiver is abletognize the
preamble it can start to compensate offsets aedttact the L1 part 2 signalling within the preaebymbols. The L1
part 2 signalling list contains all physical laygrecific information of the C2 signal and espegittie partitioning of
the C2 signal into Data Slices and Notches. Naeétypically a tuning position is not aligned tethl part 2
information block repetition rate (3 408 subcasje herefore the L1 part 2 signalling has to ligeeed after the Rx
FFT by simple QAM symbol reordering (see clausd 105).

The decoding of the L1 signalling itself is desedtin clause 10.1.1.5.

The tuning to a Data Slice is defined in an unambig way by several L1 part 2 parameters. Firalladhe parameter
DSLICE_TUNE_POS defines the tuning position of tbeeiver. This field indicates the tuning positafrthe
associated Data Slice relative to the START_FREQUEMNd has a bit width of 13 bits or 14 bits acaagdo the
GUARD_INTERVAL value. When GUARD_INTERVAL is '00the bit width of this field is 13 bits and indicatthe
tuning position in multiples of 24 carriers withime current C2 Frame. Otherwise the bit width of fleld is 14 bits
and indicates the tuning position in multiples @fcarriers within the current C2 Frame relativéht®
START_FREQUENCY.

According to the C2 standard [i.24], DSLICE_TUNE_®@®ust be a value at least 1704 carriers fromdie ef a
broadband notch or the start or end of the C2 syside intention of this requirement is to ensina the cells of a
complete L1 block are available within the tunereiging window.

The only possible exception for this requiremeribisStatic Data Slices (see chapter 6.10.1.2hese standalone
Data Slices might have a bandwidth below 3408 suigrs, i.e. a successful L1 block decoding ispumssible. In that
case it might happen that DSLICE_TUNE_POS has @eviaglow 1704 carriers from the edge of a broadioanch.
Figure 62 shows a related example, where the diffa¥ between tuning position and the start of tbadband notch is
below 1704 subcarriers:

Receiver Tuning Window

» »

7.61MHz
A A

Target Data Slice

N Broadband

notch

—-V

Tuhking position i (DSLICE_TUNE_POS)

< D

ata Slice BW

jw)

<
<

A\ 4

C2 system BW

Figure 62: DSLICE_TUNE_POS example with broadband n  otch

Generally, the tuning position should be configuogdhe transmitter so that the undesired interfeegoutside the C2
system BW) is outside the receiver tuning windowyAnterference from the broadband notch shoulddresidered
when choosing parameters of the static data stce,

Beside the DSLICE_TUNE_POS the start and stoperarof a Data Slice are given in the L1 part 2 a@igrg list.
These two parameters (DSLICE_OFFSET_LEFT and DSLIME-SET_RIGHT) are given as offset values in refati
to the DSLICE_TUNE_POS value. As for other Data&lparameters the granularity (24 subcarriers @ub2arriers)
and the bit field width (8 bit or 9 bit) depend ttve chosen GUARD _INTERVAL value.
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Beside the DSLICE_TUNE_POS the start and stoperarof a Data Slice are given in the L1 part 2 aigrg list.
These two parameters (DSLICE_OFFSET_LEFT and DSLIME-SET_RIGHT) are given as offset values in refati
to the DSLICE_TUNE_POS value. As for other Data&lparameters the granularity (24 subcarriers @ub2arriers)
and the bit field width (8 bit or 9 bit) depend ttve chosen GUARD _INTERVAL value.

A typical receiver performs the receive FFT aclitsgeception window (typically 4k FFT within an\8Hz reception
window) and selects these subcarriers that argrasito the selected Data Slice. In the following examples are
given:

EXAMPLE 1:  This simple scenario is taken from clads4.4:
GUARD_INTERVAL: 00 Guard Interval is 1/128
NUM_BUNDLED_CH: 00001 The C2 signal width is 7.61H¥|

START_FREQUENCY: 000000000001100000010000
Start Frequency is 330 MHz =
subcarrier 330E6*448 usec = 147 840
24 carriers granularity -> 6 160 = Ox1 810 = 10@@010000

DSLICE_TUNE_POS: 0000001000111 The tuning positibthis Data Slice is 1 704th carrier
frequency of this C2 System
24 carriers granularity -> 71 = 0x47 = 000000110D

DSLICE_OFFSET_LEFT: 10111001 The left edge of théda Slice is start frequency
(apart from tuning position as much as 1 704iearr
spacing)

Receiver Tuning Window

Edge pilot carrier which is not included

0 1704 34073408
! p ; in the Data Slice

A A As

—% ya— >

/ Tuning Position \\ £

1 i 330 MH P . )
Left edge of Data Slice - < ( 2) > iRight edge of Data Slice

Data Slice BW

- '
< »

7.61MHz

A
A 4

8MHz (including Guard band)

Figure 63: Relation between Data Slice and tuning w  indow positioning

EXAMPLE 2: In this scenario the tuning positioroistside a rather narrow Data Slice:
GUARD_INTERVAL: 00 Guard Interval is 1/128
NUM_BUNDLED_CH: 00100 The C2 signal width is 31,6Hz (4*8 MHz - 0,39 MHz)

START_FREQUENCY: 000000000001100000010000
Start Frequency is 330 MHz = subcarrier 330E6*d4d4&c = 147 840
24 carriers granularity -> 6 160 = Ox1 810 = 10@0010000

DSLICE_TUNE_POS: 0000001000111 The tuning positibthis Data Slice is 1 704th carrier
frequency of this C2 System
24 carriers granularity -> 71 = 0x47 = 00000011000

DSLICE_OFFSET_LEFT: 00000010 The Data slice stétsarriers right from the
tuning position
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DSLICE_OFFSET_RIGHT: 01000111 The Data slice en@®3 carriers right from the
tuning position

10.7  Buffer Management

Note: In this version of the Implementation Guideb document clause 7.5 includes refinements of BXINC and
ANNEX G of the specification which will appear asian-editorial update in the specification in tiufe. Thus, the
explanations stated in this clause will refer tmusle 7.5 instead of the current versions of theifspagion.

In the course of the DVB-C2 Validation & Verificati process the testing of the stream synchronizadipects
introduced the necessity to define a more precselling of the ISSY data calculation and insertigthin the DVB-
C2 system processing. The specification definesd#tails about Input Stream Synchronization in sdaANNEX C,
including the insertion order of ISSY data fieldstbe baseband header. Although ANNEX G of the Hjgation
describes th@ransport Stream regeneration, the exact meaning and use of thg t&&a fields remain unspecified.

The following explanations shall help to understémemeaning and use of the ISSY fields as refaoéd ANNEX C:

* BUFS
The BUFS field is the quantity of memory the reegishould allocate for the DelJitter Buffer (DJBpidler to

prevent an overflow of the buffer and thus to easan uninterrupted processing of a single or group
transported streams based on the ISSY calculatibtie transmitter.

 BUFSTAT
The BUFSTAT field signals the level of the receptllFO buffer at the time the ISSY field is recal@ the

BaseBand frame (High Efficiency Mode) ofFransport Stream packet compound (Normal Mode),
respectively) The value of the BUFSTAT field senizailty refers to the quantity of bits of the trangied
stream before the reinsertion of Null Packets @secof the stream beingraansport Stream).

Figure 64 shows the semantic data flow within a DUB system chain with respect to ISSY data calmrdaand
insertion.

TSpaCket I T T T T T T TN T T T T T T T T T T T T T T T T T TR T T T T T T T T T T N T T T T T T TR T T T T TTITTTTTTT]
l Null Packer Cieletion Constant Bit Rate
TSpacket wDNPO OO OOD OO0 0D OO0 00 OO0 OOODO0O0DO0O0OO0 OO00DO0 Ooo [m}
Variable Bit Rate
BB frame — 7—:. il e | CIIIIrIIYIIroIr—rT—7 T Sy Tyl IISICIrIC:
Other PLP : : :
TI Block
e
TI Block
{ TI Block is assumed to ouptut as scon as all of TI Block is written to TDI memory
BB frame [ I ik i algh gl gk aglogh nflplogh npglogh e LI s ok I
TS packet w DNP EI:I:EL\ oI [EEEEEEEN] o
el Variable Bit Rate
=~~~ BUFSTAT
DIB FIFO signaling
I BUFSTAT
J, reac

Constant Bit Rate

Figure 64: Semantic data flow with respect to ISSY  calculations at the transmitter and receiver side
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At the transmitter side the input stream to the D@B system, dransport Stream has a constant bit rate. After the
application of the (optional) Null Packet Deletiom the Transport Stream, the resulting variable bit rate data
(including additional signaling fields such as t8&SY data or the DNP counter) is merged into BaseBeames and
then processed by the Time Interleaver (amongst attodules).

At the receiver side the BaseBand frames are réremted as soon as all data to the Time Interle&varitten to Tl
memory. The content of the BaseBand frame, i.evdr@ble bit rateTransport Stream packets (with deleted Null
Packets), is queued in the Delitter Buffer (DJB, the reception FIFO buffer. BUFSTAT should bedudor
controlling the buffer level at the receiver. BUFSIT indicates the level of the buffer at the insténis received.

RF input —* cMb |(——— | FDI ——| TDI |— | FEC |—— | DIB |—— 15 output
C‘FDE" | FI Block FEC Block BB frame
symee OFDM symbol
DMD out I I I I I I I I I I I I I T T |
FDlout = I T I T I I I L I I I — I I I I ]
___________________________________ T e e T1 Block
DT out Ex} 1TI block=4symbol : : : ) BB frame
FEC out S I S S Ty m— N '___'J.'_'_'I_'_'_‘:I:L‘_'_'J:(
TS packet
TS out A\IIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIIIIIIIIIIIIII

BUFSTAT timing

Figure 65: lllustrative example explaining receiver assumptions regarding BUFSTAT calculation

In the calculation of the value of BUFSTAT, theldoVing assumptions should be made about the receive

1) The demodulation stages have no delay, and the caltied in a particular symbol are written to fiteguency
de-interleaver at a rate of Rs cells per secortirgjafrom the moment symbol starts being receiRs:1/T,
where T is as defined in clause 10.1.

2) The cells carried in a particular symbol are oufpuin the frequency de-interleaver at a uniforne rtiring the
time Ts that the symbol is being received.

3) The Time Delnterleaver (TDI) will read out the deerleaved cells of that TI-block, starting as sasrall the
cells of a TI-block have been written to the TDImm@y. The TDI will read out the cells at a uniforate and
feed them to the FEC chain in the same time tlasytmbols of Tl block were received.

4) The FEC chain has no delay and can process cedsledted PLPs continuously.

5) The data field bits of decoded BBFrames belonging PLP are then converted to canonical form. The
canonical form is equivalent to Normal Mode witt&e ISSY and NPD enabled (see clause 5.1). The
canonical form data is then written to the DJBsBite read out from the buffer at a constant ra=utated
from the received ISCR values. Removed SYNC bytelsdeleted Null Packets are re-inserted at theubwatip
the DJB.

An illustrative example is shown below in figure. 66
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Rx Assumptions

Example — DMD |— FDI | —— TDI —* FEC|— |DIB | ——
QOFDM FI Block FEC Block BE frame TS packet
symbol

FI Block T T T T T T T T T T T T T T T
- Data symbol cells are output from FDI:at a uniformm rate

TI Block
=TI Block autputs as soon as all of TI Block is written te TDI memory
(TI Black reads out cells at a uniform rate)

BB frame I il | |y gt Il Ttk syl gt st I iy I rooYr— oo

BUFSTAT

TS packet w DNP -FEChas no delay B N —

. == is insarted § ﬁ ’
(0B input) — : ble Bit Rate

TS packet
(CIB output) Constant Bit Rata
1.0utput timing without DIBiunderflow/overflow
—input
4 cutput

Input/output
sum

2.BUFSTAT

™~

Null Packets are re-inserted after DJB FIFO

L

»

DIB memary behavior

—»
time

Figure 66: Example of system processing at the rece

iver: BUFSTAT timing and FIFO buffer level

Following the receiver assumptions outlined aba¥w Transport Stream packets (with Null Packetetddl as
necessary) are input to the DeJitter Buffer (DJB)rder to ensure the DJB does not underflow arfbaw, a number
of packets are stored in the buffer, and the Trarisptream is begun to output at a constant rafe tive re-insertion of
the deleted Null Packets. BUFSTAT is the valuehef difference between the number of bits input taiednumber of
bits output from the DJB. The exact timing of thedrtion of BUFSTAT and BUFS should follow the diiens given
in clause 7.5 of the Implementation Guidelines.

10.8 DVB-C2 FECFrame Header Detection

10.8.1 Overview of FECFrame Header Detection

The receiver needs to detect the FECFrame Headeh vghinserted in front of one or two FECFramesupport
Adaptive Coding and Modulation (ACM). The FECFrahheader carries information of the PLP_ID, the Cgdind
Modulation parameters of the following FECFrame] #re number of FECFrames following the informatianried
by this header.

10.8.2 FECFrame Header Detection

The application of the robust or the high efficigifEECFrame header is signalled within the LayePar 2 signalling.
Here, we take robust FECFrame header as an exahid=ECFrame header detection can be performeiaeby
following steps:

1) Assume that the 32-symbol complex sequesgs(..., Ss1) = (fi, li+1,---, Fi+31) IS the robust FECFrame header
and demodulate them into a 64-bit sequengea(,..., ag3) by a QPSK demapper. The complex symhag a
received data symbol. Note that the notatiorsQfs(,..., Sz1) = (fi, li+s,-.., li+31) IS to describe the search
process of FECFrame header over received data $ynibws,i = i+1 means that the data symbak not the
beginning symbol of the FECFrame header and thdseymdex is advanced to seeif; is the beginning
symbol of the FECFrame header.

FRM_RM RN R

2) Compute the estimated 32-bit PN sequet®' = (W™, W™ ..., Wi =(#p

~RM — FM
Wik+2),, — ok O Aok +5),, W=D,

. = @2 @ apees,. 013 where K), is the result ok moduloy.
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RM .-_R_‘v.[

3) Compute the binary correlation of andwRM py

C,= z O™ -2 -1) ¢, = T3 eaPlne e,
k=0

3.1) If C, < Ty, go to step 1 and advance symbol index bgdL,i =i+1.
3.2) It C, 2= Ty, perform step 4.

The maximal value of the correlation is 32. Theisgtof T, = 20 is good enough that most of the
non-FECFrame header vectors will be identifiechis step without missing the wanted FECFrame header
vector.

4)  Each bit of the 32-bit RM codeword is decodedeitample by combining log-likelihood ratios of wop
branch bit and its correspondlng lower branchAftier some straightforward simplifications, theipsited

32-bit RM codeword). = (/10,/11, 31) i =(%. %, .75 is decoded by

l

0, Re(S() + Irn(S(k+2)32) Hl_ 2W(T(’\f2)32) >0 0, Rg[sﬂ—fm[ a1 T“R\[ };: 0
? e .i,
11 Re(%) + Im(S(k+2)32) |]1— 2VV(T(T2)32) <0 ’ 1, Rg[:s;}—fm[ P2), :] [1 1“1{\[ }d: 0

h
=~
1
Il

0.1...31.

5) The estimated 32-bit RM codewakd= (75, k. ... 15;) A= (/TO,/Tl,...,/Ll) can be decoded by a 3-stage
majority-logic decoding. The last 10 bii#;, 5,..... 5,;", are decoded from the received code vector
= (7, 5’1 .. +311in the first stage These 10 bits are removed ticdmform a modified code vector

2@ =x-(00,...0b,,b,,..0) G 5" =5 —(0,0,... 0, 5. 5-..... 5:)G.

6) The modified code vectc;(l) has a symmetric structure and it can be usedubldecheck if the 32-symbol
complex sequencey( s,,..., S31) is the FECFrame header. The RM autocorrelatiche@feceived modified
code vector is computed by

2K—124 kg .
- #1Y ALY
RRM (k) - Z z (2 |j‘r(nl[)zs k _1) qz (A A® m25 K +24%+n 1) Renlk) = E’“:ﬂ =0 1(1 e _1) ) (1%3«_ 1oty -1)
m=0 n=0

The RM symmetry measure is then compute@y= ¥y | R (51l

6.1) If Crm < Ty, go to step 1 and advance symbol index bydl, i=i+1.
6.2) If Crwm = T,, which means FECFrame header is detected, pedtam?.

From simulation results, the performance of settin@, = 500 has a miss-detection rate<®@vith respect to
a false alarm rate < 1§ for normal mode in a SNR of 10 dB and high effitig mode in a SNR of 20 dB.

7)  The first stage of majority-logic decoding isr@@d out in step 6. Perform the remaining 2 stagfesajority-
logic decoding procedure to obtain the 16 inforomatbit.

Supplementations

1) If high efficiency mode is assumed, the majdfedénce is in decoding estimated 32-bit RM codelvor
= (5. 7., 7:0in step 4. The estimated 32-bit RM codew#rg (%.;. ;.- ... #31) is decoded by
computingk = 0,1,...,15:
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e _(Re(siz_lmj X =ex _(Re(%:; BN/EJ
] sy
0 o

(] )

Y =ex = Vi =exp =
2_ | 2
_(Im(sK)+7 j _(Im(sx)—y j
_ V10 + 10
v =ex > Y. =ex >
g g

-1 -3
o} |Ogu + (1 2W(R;'\If+2) ) [[bg X(k+1)1e X(k+1)1e <0
Xk 32

ot Koy

l

Ay =
X+ x3
:L |Og I:l K + (1 2W(R;\k/|+2)32) [[bg X(k+l)16 X(k+1)1s >0
+ X Xiertys + Xcrtng
Yo +Y,
0,log ylil yk S+ @-2wi, )log 2 (e <k+1)16 <0
j‘ _ k + k y(k+1)16 y(k+1)16
2k+1 —

y(k+l)16 y(k+l)16 > O

Y y(k+1)16 Yicrne

where o is the estimated variance of noise.

2) The modified code vectét’ =17 — (0,0..... 0. Eﬁ B-.....B;5)G has a symmetric structure because for the

transmitted 32-bit RM code vectar, k(l) 'is a linear combination of the first 6 rows of trenerator
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 efata Slice Packets for the Data Slice Type 2 cHetine
preamble has to provide the synchronisation caipiabibn its own. This aim is reached by mean$efttansmission
of the signalling data on the I- and Q-axes of RSK diagram (similar for 16-QAM) and the scramgldue to the
PRBS sequence. The receiver knows the usage @fRISK or 16-QAM header due to the Layer 1 -pargaiing.
Figure 67 shows the synchronisation to the heddetie robust mode. As the equalisation of thenadehhas already
been done in previous stages of the receiveraibls to de-map the QPSK symbols. In contrasteéceticoding of the
header, the delay is now included in the in-ph8seranch. When the demapped data of both brarishesitiplied by
each other, the output is exactly the Monic Polyi@i@equence (MPS) sequence for the error-free déegerally, the
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complete sequence is not obtained, as the delay/rimiecompletely remove the cyclic shift. Howewbe length should
be sufficient to correlate the signal against tfe9vkequence. The detected peak then allows estgriag beginning
of a Data Slice Packet correctly.

1{-1,1} ,
QPSK | 2 Iblt
p-| de-mapper delay
(e.g. hard Correlation
decision) =" X > with MPS |

Figure 67: Synchronisation scheme for robust header

After the synchronisation to the header is reactiedlsignalling data has to be decoded. One aplpieatiown in
figure 68. In order to achieve the highest perfaroma the cyclic shift and the MPS sequence has tetmoved. For
highest performance the complete processing shmultbne using soft bits (e.g. Log Likelihood Ratues). This
allows for combining the two branches in an optimal to get optimum diversity. Afterwards, the Réédller
decoder removes the remaining errors.

! RM
QPSK Decoder »
> de-mapper
(e.g. soft :
decision) Undo 2 bit |
cyclic shift

MPS

Figure 68: Decoding of the signalling data

Whilst the decoding of the decoding of the Datae&sPacket Headers is required for every Data Slaxket, the
synchronisation to the header is only required oAfterwards, the position of the following headan be obtained by
means of the signalling data within the headeduitéon to table 16(b) of [i.1], as this allows fibve calculation of the
actual XFECFRAME length.

| Pointer |

- XFECFRAME - XFECFRAME

Figure 69: Calculation of the position of the follo wing Data Slice Packet Header
by means of the header data

10.9 LDPC Decoding

The most general decoding algorithm of LDPC codmigterative message passing algorithm calleabeli
propagation [i.13]. This algorithm is naturally tlile for parallel message computation. The straatfithe parity
check matrices of the LDPC codes adopted in DVBrjalies a partly-parallel decoder architecture.

The performance of LDPC codes can be improved treasing the number of decoding iterations. Figi@shows the
performance sensitivity, i.e. the variation of jpenfiance with the number of iterations for rate\&ith 64-QAM and
rate 9/10 with 1 024-QAM, respectively.
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0 fterartions (no decoding)
—6— 10 lterations
—B— 20 tterations
—+— 30 lterations E
—O— 40 tterations
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0 Ilterations (no decoding)
—6— 10 lterations
—8— 20 lterations
—+— 30 lterations
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—— 50 lterations

Rate after LDPC

Bit Error Rate after LDPC

Bit Error
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Figure 70: Performance sensitivity for rate 2/3 ( Nigp =64 800) at 64-QAM (left) and for rate 9/10
(Nigpc =64 800) at 1 024-QAM (right) on AWGN channel

The number of decoding iterations per FECFRAME exhible at the receiver for a given hardware coniylean be
estimated from the following equation:

I = (Nldpc [Fok [Piec) /(Coote Emar [Buec) -
where
Nigpc : code length of LDPC code (64 800 or 16 200);
Enat: number of '1's in parity check matrix;
Ceode: COde bit rate (bits/sec);
F.« : decoder clock frequency (Hz);
Pqec : parallel order of decoder (typically 360);
aqec . efficiency factor of decodeng. = 2 for variable- and check-node calculation withoverhead).

For example, iNg,dEma= 0.3 on average ,ge= 64 Mbps Pyec= 360,84.c= 4, andF¢= 120 MHz, theri = 50
iterations/frame.

The maximum rate at which cells are delivered ley@2 system depends on the Data Slice bandwid#hmiaximum
Data Slice bandwidth of 7.61 MHz will lead to theaximum cell rate of 7,5 Mcell/s per Data Slice.

10.10 BCH Decoding

For the purpose of removing any possible errorrfltite use of bounded-distance decoding [i.14liicsent.

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 tbiowing pieces of information:
. SYNCD, SYNC and UPL: Used to regenerate the usekgia (where applicable). See clause 10.11.1.2.

. DNP: used to re-insert the null packets which wisieted in the modulator (see clause 10.11.1.5).
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. ISCR: used to calculate the output bit-rate andifer adjustment of the relative timing of data aetnmon
PLPs (see clause 10.11.1.6).
10.11.1.2  Mode adaptation

Given the decoded baseband frames from the BCHiée¢see clause 10.10), the receiver should parielerse the
process of mode adaptation and so recover the ghylata of the targeted service.

The receiver should first determine whether NoraraHigh Efficiency Mode is being used. This is icatied by
performing and exclusive-OR of the CRC-8 field witlor 1. From a single BB-Frame the receiver catglbthe
difference between a correctly received BB-HeadargyHEM and an erroneous BB-Header using NM (éoe v
versa). Instead, the receiver should implementdid®nce-count mechanism over a number of BB-Framhése
received CRC consistently differs from the calcedvalue only in the LSB, then HEM is in use.

The process should only be partially reversed k@xaome information needs to be retained:
. The ISCR values should be kept until the transgioeiam has been regenerated.

. The DNP fields should be kept until the deleted patkets have been reinserted, which is donesabulput
of the de-jitter buffer (see clause 10.11.1.5).

One possible approach is to remove the BB-Headwetsexonstitute the stream in a canonical fornpfocessing by
the later stages, i.e. a form which does not depertthe particular mode adaptation options in Aseexample format
could be:

. Sync bytes reinserted;
. CRC-8 removed (if present);
. DNP fields retained, or inserted with a value abzié DNP is not used;

. ISCR values retained. For packets with no assatiaéd, or if ISSY is not used, these could either
"freewheel" (see clause 10.11.1.4) or be set tm&riown" value.

In principle the mode adaptation in use could cleaingm one BB-Frame to the next, although thisnikkely to
happen in practice. Reconstituting the streamdarenical form provides a simple way to deal withtschanges,
since each BB-Frame can be processed individuatlyaer processing stages need not be aware ofidde
adaptation options that were used.

The only exception is the use of HEM, which shcugdassumed not to change from BB-Frame to BB-Franmder
to allow the confidence-count mechanism descritiexe to work correctly.

10.11.1.3  Determination of output-TS bit-rate

The receiver needs to know the exact bit-rate @ftlitput transport stream, in order to be ableutpwd the stream.

If ISSY is used, this can be calculated from th€RSvalues. Following null-packet re-insertion, tiiestream will
consist of a sequence of TS packets, some of whiithave associated ISCR values.

The ISCR values are in units of the elementary {yeeodT, which will have one of a limited number of values
will be known by the receiver based on the freqydrand and channel bandwidth in use. The differém¢ene
between the beginnings of the two packets is tbeseénown.

The number of packets, and therefore bits, betwleese two packets will also be known. The TS hi#-Rgs can
therefore be calculated simply by dividing the nembf bits N by the time:

— Nbits
" (ISCR - ISCR) xT

R

The time between two packets might not be a whoteber of cycles of T, and consequently there vélsbme
rounding error in this calculation. The residuabeican be removed using a feedback loop of thé #ascribed in
annex G of [i.1].
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If ISSY is not used, the receiver should use alsgiincing buffer as described in annex G of [i&].initial estimate
for the TS bit-rate can be made by calculatingntfaimum useful bit-rate based on the maximum e¢#l as described
in clause 10.7. However, if null-packet deletiom$®d, the TS bit-rate may be significantly highed the feedback
loop would need to be able to adjust for this.

Where variable bit-rate PLPs with null-packet deletre used, the buffer occupancy will be constarfianging,
making it difficult to use the occupancy to drivéeadback loop reliably. Receiver implementers &hagsume that
ISSY will be used in such cases and need not imgh¢sophisticated strategies to deal with the pdagithat it is
not.

10.11.1.4  De-jitter buffer
The de-jitter buffer itself can be implemented gsinFIFO more or less as described in annex CHf [i

The ISCR values are carried in the BBHeader; tmeytlserefore prone to bit errors. The CRC allowshiors to be
detected, and when this happens the receiver spooldde a "flywheel" mechanism to generate thesmig values.

10.11.1.5 Re-insertion of deleted null packets

Conceptually, the deleted null packets are re-teddvefore the de-jitter buffer as illustrated imex G of [i.1]. The
de-jitter buffer would then consist of a simple Bl&s shown. In practice, for reduced memory consiompthe
deleted null packets may be re-inserted at theubwtipthe de-jitter buffer. This can be done acaugdo the DNP
fields in the BB-Frame. On each TS clock pulseaddibuld either be read from the de-jitter bufferemenerated by
the null packet re-insertion process. This is thimfin the chain at which the variable bit-rateeam carried in a PLP
becomes a constant bit-rate TS, and the re-insesfioull packets is the mechanism which achielies t

This implies that information about the deleted palckets should be stored either in the de-jlitdfer itself or in
separate storage. One possibility is to retairDN@ fields from the Mode Adaptation. If the degitbuffer memory is
used, note that this will not be taken into accdaynthe modulator in managing the occupancy ofiitter buffer
and so a small amount of extra memory may be needed

10.11.1.6  Re-combining the Common and Data PLPs

When a particular input TS has been split andns isea data PLP and a common PLP, the originat&isbe in
principle recreated in the receiver by combining tbntents of the data PLP and the common PLP thétlimitations
given in annex D of [i.1] and described in thisuda.

The operations required to re-combine the commaindaa PLPs, together with recommendations forivece
implementations including modification of the P3}/&e described in annex D of [i.1].

The DVB-C2 system does not guaranty that the recésvable to reconstruct the identical input T$hef modulator in
case a common PLP is used. TS packets carrie& ioaitnmon PLP may be time shifted in relation toDla¢a PLP by
a few TS packets and additional Null Packets magrbsent, if the modulator has inserted Null Patixeteasons of
reducing the buffering requirements of receivers.

10.11.2 Output interface

For TS input, the output of a demodulator shaltheerelevant complet€ransport Stream.

For generic streams, the output format will dependhe type of stream.

10.12 Power Saving

The configuration of the C2 system allows for diffiet power-saving options. In general, the powasamption of
digital circuits linearly depends on the bit-rdte teceiver has to demodulate for receiving a fipesgrvice. This
bit-rate can be reduced by means of the PLP corcepthe Data Slice approach.

Transmitting a service offer in multiple PLPs iresleof one big PLP reduces the overall bit-ratatierLDPC decoder,
which is one of the most power-demanding partsriecaiver chip. However, the flexibility in term§siatistical
multiplexing between the services (PLPs) remairssiiide, as the different PLPs can be statistiqalljtiplexed in a
single Data Slice while Null Packet Deletion is begxb.
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11 Theoretical Performance

This clause presents simulation results indicatiregperformance of DVB-C2 in a range of cable cledsThe results
are based on the simulation and validation effartied out during and following the developmentted DVB-C2
standard [i.1].

The following information will be presented:

. description of the channel models used for simontes
. performance simulation results for the whole chaihmwing the trade-off between performance and data
capacity.
11.1  Channel Models

During the development of the DVB-C2 specificat[oh], different channel models have been usedrtwigde
simulated performance results. The channels hage tlegosen to verify the performance in a wide rasfgeception
conditions.

11.1.1 Additive White Gaussian Noise (AWGN)

In this channel model only white Gaussian noise A\ is added to the signal, and there is only catb.p

11.1.2 Echo Channel

This model includes two cases of an echo distriloutiased on the HFC Channel Model as in [i.20] a&ithpted delay
values, the second case being defined as a wastscanario.

The model is defined by

N
y{t) =KX p e xlt-7,)
i=1
where

. X(t) any y(t) are input and output signals, respectively,

. k:# and

. the values of the relative powq:ri , the delayri and the phasé’i are given in table 18.
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Table 18: 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

Table 19 shows the simulated performance, assupgrfgct channel-estimation, perfect synchronizasiod without
phase noise, of channel coding and modulation coatioins, and are subject to confirmation by testing

Results are given for the Gaussian channel anddhe channel.

To keep simulation times reasonable, most of thelteare for a bit error rate of #@fter LDPC decoding. Some
results are also given for the Gaussian chanretate of 16/ after LDPC, corresponding to approximatelyliGfter
BCH. Simulation times are much longer at the/ 1ével and results will be added as they becoméadbta. Generally
the difference between the two is around 0.2 diénGaussian channel, but this difference wouldb@bdy be greater
in the other channels.

To ensure reliable results, the simulations at d@re run until at least 50 erroneous FEC blocksdeen simulated at
the target bit error rate. Furthermore, the LDP€odiéng has been configured to apply 100 iteratiéos.the
simulations at 13, the following two conditions had to be fulfilled:

. minimum of 100 erroneous FEC blocks; and
. minimum of 1000 erroneous bits detected.

The DVB-C2 OFDM parameters used for these simulativere chosen as follows: a Guard Interval of hitd the
bandwidth 8 MHz. Reserved Tones were not applibe. Simulations assumed ideal conditions, i.e. ideal
synchronisation and ideal channel estimation.

In the simulations, the transmitted signal includespilots at all and only OFDM data symbols hagerbconsidered
omitting the Layer 1 Signalling symbols. The valoé$C/N), should therefore be corrected for the FFT sizeplod
pattern in use as described in clauses 9.3 anith §.&].

NOTE: This correction is separate from the penfaltyreal channel estimation discussed in claus2 add both
should be applied.

The simulations assume ideal demapping. Howewargtive or "Genie-Aided" demapping as applied fiar t
simulations of DVB-T2 [i.3] has not been used. Thdeviations of the values for the Gaussian chawitblrespect to
equivalent DVB-T2 channel coding and modulation barations arise from this fact.
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Table 19: Required raw (C/N) , to achieve a given bit error rate of 10 -4
LDPC block length: 64 800 and 16 200

QAM Code Effect. Spectral Gaussian Echo Echo
Rate CR Efficiency Channel Case 1 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 |14 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

4096 5 |6 9.97 32.20 32.60 33.20

9 |10 10.78 34.90 35.40 36.30

16 4 |5 |7 9 3.07 10.80 11.30 11.70

9 |10 | 8 9 3,51 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

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

Figure 71 shows the results given in table 19.
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Figure 71: Graphical presentation of the simulation results according to table 19
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11.2.1 Performance of L1 signalling part 2 over an AWGN channel

Simulation was done to analyze the coded performanft.1 signalling part 2 over an AWGN channel. iBng the
shortening and puncturing procedures describethirse 8.4.5, the L1 signalling bits are first BChteded, and then
the BCH encoded bits are LDPC-encoded. Note tieat &K LDPC code with effective code-rate 4/9 isdufse
encoding of L1 signalling part 2, furthermore, tiweled L1 signalling bits are modulated by 16-QAM.

Figure 72 shows the performance of the coded Liadligg part 2 for a range of BCH information siz&s shown in
figure 72 the performance is almost invariant aadle because of the flexible adaptation of LDP@ecates (see
clause 8.4.5.6). Note that the effective LDPC cmates for L1 signalling part 2 vary as a functidrthe size of BCH
information, as shown in figure 73.

The simulation parameters are as follows:
. size of BCH information: 272, 440, 816, 1 144, DAY 906, 2 452, 4 758 (bits);
. modulation order: 16-QAM,;
. floating-point LDPC decoding (lteration = 50);
. BCH emulation (error correction capability = 12sijt

. no time interleaver.

Performance of Coded L1 Signalling Part 2
(AWGN, 16QAM, lteration = 50)
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Figure 72: Performance of coded L1 signalling part 2
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Figure 73: Effective LDPC code-rates for L1 signall  ing part 2

11.2.2 Correction values for pilot boosting

The values of required (C/Nyiven in table 18 are raw and do not taken intoant the reduction in data C/N
resulting from the presence of boosted pilots,esthés depends on the pilot pattern in use, ieattitual Guard Interval

length. Net values of C/N can be derived from te values (C/Nyby computing a correction factdk 5, such that:
C C
~ =l | tler
N N/,

This correction factor is calculated by the follogiiformula

Ko + K S+ Ko A
ABP =1o[[bglo( dat " C:-T:P-'- KSP mSP]
CP SP

data

Where:

K Number of data cells per OFDM symbol;

data
K cp Number of Continual Pilots per OFDM symbol;
Ksp Number of Continual Pilots per OFDM symbol;

A.p Amplitude of the continual pilot cells;

Asr Amplitude of the scattered pilot cells.

The exact value of\g, depends on the number of pilots, but will not ext8.5 dB.
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12 Examples of Possible Use of the System

The examples described below present practicakimehtation scenarios which should demonstrateltielijy of
functionalities the DVB-C2 standard [i.1] suppdrtsluding applications for multiplexing of PLPs abdta Slices,
PLP bundling, adaptive/variable coding, and modaagtc. Although the DVB-C2 physical layer provide
transparent mechanism for an end-to-end delivegllafiput data stream formats, the examples desanly
applications for a transmission based on MPHG&sport Streams and IP streams, which both constitute the data
transmission formats usually used in cable networks

12.1 Network Scenarios

The network scenarios introduced hereafter exglaim DVB-C2 can be implemented to support diffedé@nd of
signal processing (so called transmodulation) featellite and terrestrial networks to cable. Furti@re it is explained
how the new technology could be introduced in calelevorks and how the migration from DVB-C to DVE-Could
be performed.

12.1.1 Methods of signal conversion in cable headends

This clause describes methods of signal processinigh are typically implemented in regional cabéadends
applying the conversion of satellite signals into this case DVB-C2 based - cable signals. Twoages are
subsequently introduced: (see clause 12.1.1.1geheral scenario of an efficient and very flexitilgnal conversion
and (see clause 12.1.1.2) the scenario of thepaaest conversion of a complete transport stream.

12111 Efficient signal conversion from satellite or terrestrial link to DVB-C2

This clause describes how signals which are redeate@ headend either via DVB-S or DVB-S2 transgosiadr via
DVB-T or DVB-T2 channels or via any combinationkafth can be converted efficiently to a DVB-C2 signa

Table 20 shows relevant technical parameters efkample for a conversion of six DVB-S2 satellitgnsils received
via six individual satellite transponders to a #nQVB-C2 signal of 32 MHz bandwidth. Four of thg BVB-S2
transponders provide a bit rate of 42.66 Mbit/shesed two of the six transponders provide a bé tdt49.39 Mbit/s.
The four DVB-S2 signals are transmitted with 22 MBgMega Symbols per second) and use an 8-PSK cahlovith
a FEC code rate of 2 / 3 resulting in 44 Mbit/st e two satellite signals with the slightly highwt rate of 49.39
Mbit/s the following technical parameters are agqhli27.5 MBaud, QPSK, FEC code rate of 9/10.

Table 20: Signal parameters exemplarily used for th e conversion of signals
received via six DVB-S2 transponders to a single D VB-C2 signal

Satellite transponders DVB-C2 channd

Transponders 6 | Data Slices 6 |

Transponder bit rate 4*-42.66 2*49.39 Slice bit rate (Mbit/s) 4*42.66 | 2*49.39
Total C2 channel bit rate |5-42*66 + 149,39 = 269,44
(Mbit/s)

Transponder 5-27 33 C2 channel bandwidth 32

bandwidth (MHz) (MHz)

Modulation 8PSK QPSK Modulation (CCM) 1 024-QAM 1 024-QAM

3bit/symbol | 2bit/symbol 10bit/symbol | 10bit/symbol
Code rate 2/3 9/10 Code rate 9/10 9/10
Symbol rate 22 27.5

In the following some calculations are explainedendetailed. Because in this example the trangb@ams from
satellite transponders are retransmitted by eqeitalumber of Data Slices first the number of neggsOFDM
carriers N per Data Slice should be calculated by the forngiuan below:

N - RSat
© Af *N*G*C1*C2* SP*CP

1)
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. Rsa = input transport stream data rate, in the exampteve 4 DVB-S2 transponders with 42.66 Mbit/s and
two DVB-S2 transponders with 49.39 Mbit/s. Accoglio [i.5] R is calculated in the formulas shown
below;

Rsat = Symbolrate*M*LDPC-code rate*BCH-code rate*piloss (if used) from DVB-S2 transponder (2);

Rsat = 22MBaud*3*2/3*(43 040/43 200)*0.973 = 42.66 Mkiin case of the DVB-S2/8PSK transponders in
table 1in [i.5];

Rsat = 27.5MS/s*2*9/10*(58 192/58 320) = 49.39Mbit/sdase of the DVB-S2/QPSK transponders in table 1
in [i.5];

The values (43 040/43 200) and (58 192/58 320)rer@®&CH rates due to the code rates of 2/3 and 1€
figure 0.973 assigns the reduction factor due lmtqiwhich are recommended to be transmitteden th
DVB-S2 transponder, if certain modulation schenmmes @de rates are applied (also for 8 PSK, codea).

. Af: Carrier spacing (1/448 us for 8 MHz raster);
. N: bits/s/Hz, in the example 10bit/s/Hz for 1 0241QA
. C1: Code rate of LDPC FEC encoder, in the exampl8;9/1
. C2: Code rate of outer BCH coder, in the examplel(38/58 320), if C1=9/10 for LDPC coder;
. G = (1-GI)*Gl, where G=128/129 for GI=1/128;
«  SP=(1-PP)*PP, where PP=1/96 (GI=1/128), which ressinl SP=95/96;
. CP = 0.99 with 1 % allotment of continual pilots;
. PO = 448/449 for preamble overhead.
Due to formula (1) and the values mentioned abbgentimber of carrief. is:

N - 42.7Mbit/s* 448us _,
© T10* (128/129Y (9/10)* (58128/5820)* (95/96)* 0.99* (448/449)

208 )

and N.= 2 544 carriers for &;= 49.39Mbit/s.
If the Guard Interval is equal to 1/128 of the syibngth, the total number of OFDM carriers cadteas to:
Ksc tota= 4*2 208+2*2 544 = 13 920.

The spectral efficiency achieved by this signalateltation is equal to 8.4 bit/s/Hz, which corresgse to a bit rate of
269.44 Mbit/s within 32 MHz channel bandwidth. Tdiference to the maximal possible figure of 8.6/Mb{r
corresponding to a bit rate of 274.76 Mbit/s witB&MHz channel bandwidth is very small and duth&oreduced
number of used carriers as described above. lidleunoted that the example examined does noidemthe feature
zero frame deletion which could be applied in tgut stream adaption block. A block diagram ofgmal conversion
unit is shown in figure 74.
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ovesz ([ Psis 6tream 10240AM| | DataSlicing \
Frontend T  Stuffing > Adapt. [ CR=9/10 T Time+ Freq- =
Interleaving
DVB-S2- PSI/SI Stream | [10240aM| | Data Slicing
Frontend 1 Stuffing Adapt. [ CR=9/10 [ Time+ Freq- =
. . . Interleaving OFDM
Modu- >
: : : lator HFC
pvesz ||| [ psisl Stream |_[1024QAM]| | Data Slicing
Frontend ™ Stuffing Adapt. ] CR=9/10 = Time+ Fr.eq- ]
Interleaving
DVB-S2-Recei- MPEG2-TS- DVB-C2-Modulator 0
ver / \Processmg / \ Configuration < /
[ [ | Data Slice 1.4 :  42,66Mbit/s
Data Slice 5,6 :  49,39Mbit/s
112(3| 4|5 6
Total 269,44Mbit/s

DVB-C2 channel (B=32MHz)

Figure 74: Block diagram of a headend processing un
6 DVB-S2 signals to a 32 MHz wide DVB-C2 signal

In table 21details of Data Slice configuration are shown. BBeMHz C2 channel is inserted between 302 MHz and

it applying an efficient signal conversion of

334 MHz and centered to 318 MHz to achieve eqeajuiency distance to lower and higher adjacent @ann

Table 21: Configuration of start frequency and Data

for retransmission of satellite transponders

Slices of the 32 MHz C2 channel

Parameter Value | Comment

Center frequency [MHZz] 318

OFDM carrier spacing 1/448 us Due to 8 MHz channel raster

Dx 24 OFDM carriers Due to GI=1/128

Center frequency (multiple of Dx) [MHz] |318 Aligned to Dx raster

Number of OFDM carriers 13920 +1 Within the 32 MHz C2 channel,
including the upper edge pilot

Start frequency [MHz] 302.46 MHz 318 MHz-(13 920/2)*(1/448 us)

Number of carriers

Data slice 1to 4 2208 Width 1 to 4 = 2 208/448 us = 4.93 MHz

Data slice 5t0 6 2544 Width 5 to 6 = 2 244/448 us = 5.68 MHz

Data Slice tuning positions [MHz]

Data Slice 1 to 4 304.9 319.9 314.8 319.7 |mid frequency of every Data Slice

Data Slice 5to 6 325 330.7 pos1 = start freq + width1/2
pos?2 = start freq + widthl + width2/2
etc.

Table 22shows all L1 part 2 signalling parameters. The mgdichemes of the different parameters are acaptdin

clause 8.3 of [i.1],

Table 22: L1 signalling for the DVB-S2/DVB-C2 retra

nsmission 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

000000100001000101010000

(1/carrier spacing)

135 504: value of table 20 multiplied with 448 us

C2_BANDWIDTH

0000001001000100

13 920/24 = 580 due to calculated number of carriers.
Total 580*24 + 1 = 13 921 carriers due to insertion of the
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Parameter Value (transmission format) Comment
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 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 0000000101110 46 (2208/2/24); tune pos = 1 1041 OFDM carrier
(Data Slice 1 to 6)
0000010001010 138 (3*2208/2/24); tune pos. = 3 312t carrier
0000011100110 230 (5*2208/2/24); tune pos = 5 520t carrier
0000101000010 322 (7*2208/2/24); tune pos = 7 728" carrier
0000110100101 )
421 (4*2208+2 544/2)/24; tune pos = 10 104" carrier
0001000001111 527 (4*2208+3*2 544/2)/24; tune pos = 12 648™ carrier.
DSLICE_OFFSET_LEFT/RIGHT
Data slice 1 to 4 11010010/ 00101110 -46/+46 (+2208/2/24); + 1 104 carriers left and right from
tune pos (Data Slice 1 to 4)
Data Slice 5 and 6 11001011/00110101 -53/+53 (+ 2544/2/24); +1 272 carriers left and right from
the tuning position (Data Slice 5 and 6)
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 6) |0 Not bundled with PLPs of other Data Slices
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" data cell of
this Data Slice
PLP_FEC TYPE 1 This PLP uses 64 K LDPC
PLP _MOD 100 This PLP uses 1024-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

12.1.1.2

Transparent signal conversion and MPEG2 Transport Stream processing

A very typical scenario which is currently implenteth with DVB-C systems arranges for a completeteamsparent
signal conversion without any MPEQ2ansport Stream processing applied between receiver and transnuittier
The transparent conversion can easily be achieyeddacing the DVB-C transmitter unit by a corresging
DVB-C2 unit. This simple and straight-forward appch however does not exploit the full potentiaDMB-C2 since
the same constraints applicable to the tradition4B-C signal conversion unit are also applied te thodern DVB-C2
based unit. For example, it is expected that the for channel search required by the receiveratamm shortened,
although the tuning procedure itself has been apéichin the DVB-C2 system.

However, more feasible in practice is the scenafrian efficient signal conversion as referred toweh The block
diagram of a conversion unit is shown in figure A8.already for DVB-C, also for DVB-C2 a PSI/SI pessing is
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primarily necessary to generate the cable NIT whimhtains the DVB-C2 delivery system descriptore Thmplete
cable NIT should be transmitted in each PLP in otdevoid, for instance, a long-lasting channalrsk of the
receivers, an effect already known from the DVByStem.

In a scenario considering a mixed channel occupatidVB-C and DVB-C2 signals in the single cab&twork , it
may be advantageous to incorporate the complete 8Hb in a so called "home channel" or "Barker ruhal" to
which the cable STB always tunes first. If the sigimansmitted through this channel complies witiE3C, the
utilization of such a method can prevent a DVB-CEGRM tuning to a DVB-C2 channel which may cause
malfunctions.

Bit-rate stuffing at MPEGZ ransport Stream level is not necessary in the application descritsale, if the original
MPEG2Transport Stream received via a satellite transponder or a terrsttiannel will be converted to a DVB-C2
signal as a whole. The reason for this phenomentmai the Data Slice bandwidth can be flexiblypaed to the input
bit rate as shown in clause 12.1.1.1. Howevenfies program filtering is applied in the receiveit to suppress
programs which should not be transmitted in thdecabtwork, stuffing must be foreseen to get a orisit rate for

the MPEGZTransport Stream at the DVB-C2 modulator input as required by ttendard. Therefore in this case zero
frame deletion within the DVB-C2 modulator may ksful in terms of the highest efficiency of thdisiéition of
available capacity. Of course, zero frame delet@m also be applied for transport streams comirhamged from a
satellite or terrestrial channel. But the numbezearb frames is expected to be rather low for thstigams, therefore
the possible gain in transmission capacity maydigatted.

12.1.1.3 Example for a configuration with a narrowband notch within a DVB-C2 signal

This example gives the signalling parameters of B&Bsignal with a narrowband notch, where thoseatriers
which transmit the preamble symbols and which acated in the range of the narrowband notch artekad off. In
such a configuration the notch weakens the ermateption of the preamble as the information carbigdhe switched
off subcarriers is not available for the receiver.

In table 23 details of Data Slice configuration sihewn. The 32 MHz C2 channel is inserted betwd&2ha®d

334 MHz and centered to 318 MHz to achieve eqegjfency distance to lower and higher adjacent e&dan®ne
narrowband notch is inserted at the low frequemay@& data Slice 6 at 327.85 MHz, with a notch Wwidf

23 subcarriers. Apart from this the satellite nesraission example of chapter 12.1.1 is reused.

Table 23: Configuration of start frequency and Data Slices of the 32 MHz C2 channel
including one narrowband notches

Parameter Value Comment

Center frequency [MHZz] 318

OFDM carrier spacing 1/448 us Due to 8 MHz channel raster

Dx 24 OFDM carriers Due to GI=1/128

Center frequency (multiple of Dx)  |318 Aligned to Dx raster

[MHZ]

Number of OFDM carriers 13 920 Within the 32 MHz C2 channel
Number without notch

Start frequency [MHz] 302.46 MHz 318 MHz-(1 3920/2)*(1/448 us)

Number of carriers

Data slice 1 to 4 2208 Width 1 to 4 = 2208/448 us = 4.93 MHz

Data slice 5 2544 Width 5 = 2554/448 us = 5.70 MHz

Data Slice 6 2521 Width 6 = 2521/448 us = 5.63 MHz

Data Slice tuning positions [MHz]

Data Slice 1 to 4 304.9 309.9 313.7 319.7 mid frequency of every Data Slice

Data Slice 5to 6 325.0 330.7 pos1 = start freq + width1/2
pos?2 = start freq + widthl + width2/2
etc.

Narrowband notch

Start Frequency 327.85 MHz Notch starts atlow frequency end of Data
Slice 6

Width (carriers) 23
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Table 24: L1 part 2 signalling for the narrowband n

135

otch 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

000000100001000101010000

135 504: value of Table22 multiplied with 448 us
(1/carrier spacing)

C2_BANDWIDTH 0000001001000100 13 920/24 = 580 due to calculated number of carriers.
Total 580*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 0001 1 narrowband notch within the C2_system

DATA_SLICE_ID (Data Slice 1 0000 0000....... 0000 0101 identifier for Data Slice ("0"...."5")

to 6)

DSLICE_TUNE_POS 0000000101110 46 (2 208/2/24); tune pos = 1 104" OFDM carrier

(Data Slice 1 to 6) 138 (3*2208/2/24); tune pos.= 3312t carrier

0000010001010

230 (5*2208/2/24); tune pos = 5520 carrier
0000011100110

* . — th i

0000101000010 322 (7*2208/2/24); tune pos = 7728 carrier
0000110100101 421 (4*2208+2 544/2)/24; tune pos = 10 104" carrier

527 (4*2208+3*2544/2)/24 + 1; tune pos = 12 649th
0001000001111 carner

DSLICE_OFFSET_LEFT/RIGHT

Data slice 1to 4 11010010/ 00101110 -46/+46 (2 208/2/24); + 1 104 carriers left and right from
tune pos (Data Slice 1-4)

Data Slice 5 11001100/00110101 -52/+53 (+ 2 544/2/24); +1 272 carriers left and right from
tune pos (Data Slice 5)

Data Slice 6 11001011/00110101 -53/+53 (+ 2 544/2/24); +1 272 carriers left and right from
tune pos (Data Slice 6)

DSLICE_TI_DEPTH(Data Slice 1 |01 4 OFDM symbols

to 6)

DSLICE_TYPE (Data Slice 1to 6) |0 Type 1, Single PLP (constant bitarte MPEG2-TS) per
Data slice

DSLICE_CONST_CONF (Data 1 Data slice does not change

Slice 1to 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 29 data cell of
this Data Slice

PLP_FEC_TYPE 1 This PLP uses 64 K LDPC

PLP_MOD 100 This PLP uses 1024-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 527 (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

RESERVED 4 0000000000000000 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 B&Bsignal with two broadband notches , which takesaccount
the protection of two wireless AOS services locatethe frequency ranges of 443.59375-444.96875 Mtk
448.59375-449.96875MHz (example from Germany adngrtb figure 87 in chapter 12.1.6). The preampimisols
located in the range of the narrowband notcheswitehed off. In such a configuration the notchesdt weaken the
error protection of the preamble as adjacent tdtbadband notch in the regular case a completeniske is located at
at least one side (lower or higher frequency pafrthe broadband notch. Apart from this the retraission example of
chapter 12.1.1 is reused.

In table 25 details of Data Slice configuration sihewn. A 32 MHz C2 channel is inserted betweenM8{2 and
462 MHz and centered to 446 MHz to achieve eqegjuency distance to lower and higher adjacent elanfiwo
broadband notches are inserted at the high freguemd of Data Slice 3 at 443.59 MHz, with a notdbtivof 672
carriers and at the high frequency end of DateeSligvith a notch width of 720 carriers. The minim@2 channel
bandwith for this notch configuration is 24 MHzgifisting 8MHz channel raster is used (the two 8ba&ad notches
are in two different channels) and 16MHz, if the €@&annel can be positioned out of the regular chlaraster.

Table 25: Configuration of start frequency and Data Slices of the 32 MHz C2 channel
including a broadband notch

Parameter Value Comment
Center frequency [MHZz] 446
OFDM carrier spacing 1/448 us Due to 8 MHz channel raster
Dx 24 OFDM carriers Due to GI=1/128
Center frequency (multiple of Dx) Aligned to Dx raster
[MHZz] 445.98
Number of OFDM carriers 13.920 Within the 32 MHz C2 channel
number without notches
Start frequency [MHZz] 430.45MHz 445.98 MHz-(13 920/2)*(1/448 us)
Number of carriers
Data slice 1 and 2 2208 Width 1 and 3 = 2 208/448 us = 4.93 MHz
Data slice 3 1440 Width 3 = 1440/448 us = 3.21 MHz
Width 4 = 1584/448 us = 3. 54 MHz
Data slice 4 1584 Width 5 and6 = 2 544/448 us = 5.68 MHz
Data Slice 5 and 6 2544
Data Slice tuning positions [MHz]
Data Slice 1 to 4 4329 437.8 439.45 446.8 |mid frequency of every Data Slice
Data Slice 5 and 6 453 458.7 pos1 = start freq + width1/2
pos?2 = start freq + widthl + width2/2
etc.
Broadband notch 1 443.52 MHz Notch starts at upper frequency end of Data
Slice 3
Broadband notch 2 448.55MHz Notch starts at upper frequency end of Data
Slice 4

According to table 26 the notches are positionetthén32MHz C2 channel example as shown in Figure 75
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137

Notch 2

2|34 5 |6

DVB-C2 channel (B=32MHz)

Figure 75 Example for Broadband Notches in the area

C2 channel is located between 430 and 462MHz; the b

of AOS services (Germany). The 32MHz DVB-
oth notch positions start at 443.52MHz

(width=1.45MHz) and 448.55MHz (width=1.61MHz) accor ding to Table 25

The bandwidth of the two broadband notches (1.45Mitz 1.67MHZz) slightly differ from the nominal bamdth of
the to AOS services to be protected. The reastiatsnotch bandwidth must be a multiple of thetpihster (24
carriers for GI1=1/128). Furthermore notch 2 islsig wider than notch 1, because the very smat|descy gap to the
upper adjacent data slice of notch 2 is includéa motch 2. The Data Slices are chosen accorditigetexample in
Table 19But Data Slices 3 and 4 cannot be used for retreasson of the satellite transponders given in Tdlflelue
to notch location (possible data rate for DataeSBand 4 reduced). Therefore for these two DatasSbther content

sources must be used.

Table 26shows all L1 part 2 signalling parameters of thealdband notch example.

Table 26: L1 part 2 signalling for the DVB-C2 broad

band 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 24 multiplied with 448 us
(1/carrier spacing)

C2_BANDWIDTH to be added 13 920/24 =580 due to calculated number of carriers.
Total 580*24 + 1 = 13 921 carriers due to insertion of the
highest carrier frequency edge pilot
Total 580*24+1=13921 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 0000000101110 46 (2208/2/24); tune pos = 1 104" OFDM carrier

(Data Slice 1 to 6)

0000010001010 138 (3*2208/2/24); tune pos.= 3 312! carrier

214 2%(2208+(1440/2))/24; tune pos = 5 136! carrier
0000011010110

305 (2208+1440+672+(1584/2))/24; tune pos = 7 320"
0000100110001 carmer
0000110100101 421 (4*2208+2 544/2)/24; tune pos = 10 104" carrier
0001000001112

527 (4*2208+3*2 544/2)/24 + 1;
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Parameter

Value (transmission format)

Comment

tune pos = 12 649t carrier.

DSLICE_OFFSET_LEFT/RIGHT

Data slice 1 to 2 11010010/ 00101110 -46/+46 (£2208/2/24); + 1 104 carriers left and right from
tune pos (Data Slice 1-4)

Data Slice 3 11000100 /00111100 -30/+30 (£1440/2/24); + 720 carriers left and right from
tune pos (Data Slice 1-4)

Data Slice 4 10111110/ 01000010 -33/+33 (£1584/2/24); + 792 carriers left and right from
tune pos (Data Slice 1-4)

11001011/00110101 -53/ + 53 (£ 2 544/2/24); £ 1 272 carriers left and right

Data Slice 5 and 6 from tune pos (Data Slice 5 and 6)

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 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 1to 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 1024-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)

0000101010010

Notch 2_Start 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

RESERVED 4 0000000000000000 Reserved for future use

12.1.3  Further application for Common PLP’s and their efficient
transmission

The propagation delay of data carried in commondPinRy differ from data carried in data PLPs, asgtlieno time
synchronisation mechanism available in the receivee-establish the original sequence of e.g. a&et. However,
there are many applications for carrying data imewmn PLPs, such as:

. EPG data, e.g. encoded in the DVB SI EIT table &irm

. Entittement Management Messages (EMMs) of the Qamdil Access system.

. DSMCC data carousels, where no strict time corigglab other components of a service is required.
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12.1.4 Video On Demand and other applications of personalized services

VOD services are 'unicast-type' of services, asstoener is requesting an individual communicatiok between the
VOD server and his VOD enabled CPE. Therefore V@Dises could be delivered via cable networks bamseof
both transmission systems DVB-C and DVB-C2, eitlgng them separately or in parallel. The recedfem
individual customer could send the information vigetit supports DVB-C and/or DVB-C2 reception cafitids
together with the request for viewing of a VOD-ev@the VOD backend-system will ensure that the eigen
transmitted with the proper format to the indivilmastomer. The penalty a cable operator would ey for
implementing the possibilities of a mixed DVB-C/DMB VOD scenario is the deployment of headroonpmak
usage for both systems since traffic peaks willpespin both the DVB-C and the DVB-C2 system.

12.1.5 Utilization for interactive services (IPTV, Internet)

The flowing system explanations are based on thelgied block diagram depicted in figure 8$hich shows two
basic downstream delivery scenarios for interaciemvices implemented in the last mile of a calelevork. The first
scenario describes an IP delivery via the DVB-C@&mkiream pipe, which is operated in parallel of@T5IS system,
whereas the second scenario shows how DVB-C2 g asan integral part of DOCSIS.

1)

2)

Hybrid scenario

In this scenario programs are delivered in MPE®&nsport Stream format via separately operated DVB-C2
cable channels. Examples for services mentionduisrcontext are TV, VOD etc. DVB-C2 is configured
work in usual broadcast mode at physical layerviBerequest by the user is performed via upstregia
DOCSIS cable modem.

L] A separate transmission of video content in pdradi¢he IP based system makes available more
capacity for services which need to be transmittedheans of an IP stream (Internet, VolP, High
Speed business data). For example a universal @4d& device can schedule a higher number of
cable channels for IP during the day (when busiapgtications need more capacity) which then
will be reduced during the evening, when more ckeénare required for TV and VoD.

Furthermore the hybrid scenario reducespaoent requirement on user side, if only TV andMe
required (only up to Docsis 2.0 modem needed fetrepm).

IP over HFC scenario

In this scenario programs are delivered as IRstsevia DVB-C2 cable channels configured to workmas
integral part of the downstream delivery mediahaf DOCSIS system. The Encapsulation of IP packets i
done by Generic Stream Encapsulation (GSE). G@E I® encapsulation method especially optimisedhfer
Baseband Frame format as used in DVB second g@etednsmission standards as DVB-S2, DVB-T2, and
DVB-C2. IP over HFC is useful for:

L] a mixed IP service delivery including various seeg such as IPTV, VolIP, High speed business
data, Internet etc;

= low latency applications like Network PVR based VQ@ambling etc.
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HFC Downstream

VOD

TV (sDV)| MPEG2-TS || MPEG2TS

IP/GSEI

Docsis Core
CMTS

Docsis
Modem

GigE
Backbone
(IPTV, VolIP,
Internet )

Master
Headend

IPTV, Internet, VolP,
Other IP services...

DOCSIS

HFC Upstream
Modem

Figure 76: Scenarios for interactive service transm ission with DVB-C2 in a stand-alone configuration

NOTE: Figure 76 shows the scenarios for interacice transmission with DVB-C2 in a stand-alone
configuration (in the figure referred to as HFC Dwsiveam) on the one hand and an integral part of
DOCSIS (in the figure referred to as HFC DownstreHm)).

12.1.51 Example for IP transmission
Below a more detailed IP transmission example dasvsh
In a 32 MHz channel the maximum transmission cdpdeoi 1 024-QAM and code rate 8/9 is:

o 14160, 448us

14336 10* (128/129) (8/9)* (14 232/14400)* (95/96)* 0.99* (448/449)
3.
Where the maximum number of 14 160 active OFDMiees(B=31.607 MHz) within a 32 MHz channel (14 336

nominal OFDM carriers) is used. This data rate @alill includes the overhead to be taken into antdue to GSE
and IP transmission (values typical about 10 %hfgh data rate videos).

= 269.3Mbit/s

The 32 MHz channel is divided into 4 video Data&di and 1 Data Slice for internet and other gemengdose data.

In each video Data Slice 6 HD Video streams (MPE@vanced video coding, VBR, 10 Mbit/s max) and 2\8@eo
streams (MPEG4 advanced video coding, VBR, 2 Mbii#x) are transmitted. Due to VBR video streams the
transmission rate of the video Data Slices areingryhe difference between the maximum possibta date

(269.3 Mbit/s) and the actual data rate of thedeéwiData Slices is used for internet and genergigse data in a fifth
Data Slice. The tuning positions of the five Daliae® are simply equidistant distributed within B2 channel.
Figure 60 shows how the width and the offset vabfdhe Data Slices vary between different C2 fraiig and t2)
due to the variable bit rate of the video streams.
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Figure 77: C2 channel configuration for variable bi

during different C2 frame periods t1 and t2, block
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I~
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Internet
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t rate input video and data streams

diagram of the headend

Figure77 shows the configuration for variable bit rate inpisteo and data streams and table 27 shows the
characteristics (Data Slices, start frequency,tG) ef the C2 channel shown in figure 70.

Table 27: Configuration of start frequency and Data
for IPTV and data transmission

Slices of the 8 MHz C2 channel

Parameter Value Comment
OFDM carrier spacing 1/448 us Due to 8 MHz channel raster
Dx 24 OFDM carriers Due to Gl = 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 Dx

raster

Number of carriers, bandwidth
Data slice 1 (8 PLPs)
Data slice 2 (8 PLPs)
Data slice 3 (8 PLPs)
Data slice 4 (8 PLPs)

Data slice 5 (2 PLPs)

Carr. Number

2424(t1), 3384(t2)
3384(t1), 2904(t2)
2904(t1), 2904(t2)
3384(t1), 2424(t2)

2 064(t1); 2 592(12)

Bandwidth [MHz]
5.41(t1); 7.55(t2)
7.55(t1); 6.48(t2)
6.48(t1); 6.48(t2)
7.55(t1); 5.41(t2)

4.61(t1); 5.79(t2)

Data rates [Mbit/s]

Video group 1: 46(t1); 64(t2)

Video group 2: 64(t1); 55(t2)

Video group 3: 55(t1); 55(t2)

Video group 4: 64(t1); 46(t2)

8 MPEG4 advanced video coding Videos
in each Video Group (6 x HD 10Mbit/s and
2 x SD 2 Mbit/s)

Data group: 40.3(t1); 49.3(t2)
One high speed Internet Service

Data Slice tuning positions
[MHZ]
Data Slice 1to 4

305.36 ; 311.68 ; 318; 324.32; 330.64

Equidistant distribution within the C2
channel

The calculation of OFDM carrier numbers for thef@liént Data Slices is done according to equatipnbit with
LDPC code rate 8/9 and the corresponding BCH catieaf 14 232/14 400 (short LDPC frames for IPgraission,

length 14 400 bit).
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Table 28shows all L1 part 2 signalling parameters.

Table 28: 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 27 multiplied with 448 us
(1/carrier spacing), which must also be a
multiple integer value of Dx (24)

C2_BANDWIDTH

14 160/24 = 590 due to calculated number of

0000001001001110 carriers
Total 590*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 0000000111011, 59; 177; 295; 413; 531 see remark in Tab26
(Data Slice 1 to 5) 0000010110001, (Tab-Nr to be crosschecked)
0000100100111, Int (3 408/4/24/2) for the tuning pos 1,
0000110011101, Tuning pos n = Tuning pos 1 +
0001000001001 n*int(3 408/4/24),n=1, 2,3, 4

The five equidistant tune pos frequency values
(of Table 26) divided by 24 and OFDM carrier
spacing

DSLICE_OFFSET_LEFT/RIGHT
Data slice 1

Data slice 2

Data slice 3

Data Slice 4

Data Slice 5

00111011/00101010(t1);
00111011/01010010(t2)

01001100/01000001(t1);
00100100/01010101(t2)

00110101/01000100(t1);
01000100/01011000(t2)

00110010/10110110(t1);
00100001/01000111(t2)

00011011/00111011(t1);
00101111/00111101(t2)

59/42 (t1); 59/82(t2)

76/65(t1); 36/85(12)

53/68(t1); 33/88(12)

50/91(t1); 33/71(t2)

27/59(t1); 47/61(t2)
Calculation as shown in Table 27

DSLICE_TI_DEPTH(Data Slice 1to |01 4 OFDM symbols

5)

DSLICE_TYPE (Data Slice 1to 5) 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

1to 4)

DSLICE_NUM_PLP 0000 1000 8 PLPs per Data Slice in Data Slice 1 to 4
0000 0010 2 PLPs per Data Slice in Data Slice 5

PLP_ID (Data Slice 1 to 4), 8 PLPs
PLP_ID (Data Slice 5), 2 PLPs

0000 00000....0000 0111
0000 00000/0000 0001

PLP identifier ("0/"1"/"2"/"3"["4"["5"["6"["T")
PLP identifier ("0"/"1")

PLP_BUNDLED(Data Slice 1to4) |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)

DVB Bluebook A147




143

12.1.5.2. Recommendations for arrangement of PLP’s and data slices.

The following description gives a guidance how RL&Nd data slices may be arranged dependent @otidéiions
within a certain cable network.

12.15.2.1 Robust mode

In this mode Data Slice width should be as high@ssible (upper limit 7.61MHz) to support optimadueny
deinterleaver performance in the receiver. Thearésr that is that frequency interleaving is opgrformed within a
Data Slice but not within the whole C2 channelcdse of rather discrete disturbances or so catledter beats”, as
they occur for example within cable networks witkx@d occupations of DVB and PAL signals, the “Rdlmede”
should be the preferred choice. This obviously ddpalso from the level and therefore relevandbade
interferers.Within a Data Slice of maximum 7.61Mstime buffer bandwidth must be foreseen becaug®Bfrate of
incoming data streams/PLP’s. The amount of bufferltead depends on the number of services tramshnifthin a
Data Slice (see also figure 78 and figure 79). &fwee for HD services (higher VBR rate) a higheff@ubandwidth
for a Data Slice must be foreseen as for SD ses\{icsver VBR rate). But the necessary buffer ovachesually is
minimum 10%. Because this overhead must be foradsesvery Data Slice which carries VBR payload witthe
same C2 channel, this mode does not achieve optitramemission capacity (“statmux gain”) for the qete C2
channel. Figure 80 shows the “robust mode” confitjan

1.8

1.6}
157

1.4] PAR

Par

1.3}

1.2}

5 10 15 20 25 30
number of films

Figure 78: Dependency of Peak to Average data rate  ratio (“Par”) on the number of transmitted video
streams (“films”); effect of “statmux gain”
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Fig 80: configuration of PLP’s and data slices for

possible to the maximum allowed bandwidth of 7.61MH
interleaver performance for CSO/CTB (for example mi

12.1.5.2.2 High Efficiency mode

HFC

robust configuration (data slice width as close as
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Where level of discrete interferences within a Diliae can be neglected, this mode should chosehid mode for
every input stream /PLP a single Data Slice is§een (see Fig 81).

Buffer overhead must be foreseen only once foctmplete C2 channel. This buffer overhead is alvilayke range of
the necessary minimum of 10% if the C2 bandwisitufficient large.

Stuffing to a constant output transmission cate be performed by stuffing Data Slices as desdrib [1],
chapter 9.5 and chapter 7.4.4 of these guidelines

AStream Adapt. F{ 1024QAM, CR=8/9 | Data Slicing, Interl.

Stream Adapt. ' 1024QAM, CR=8/9  { Data Slicing, Interl.
Stream Adapt. [ 1024QAM, CR=8/9 [ Data Slicing, Interl.

Stream Adapt. P 1024QAM. CR=8/9 >
Stream Adapt. F{ 10240AM, CR=8/9

DE— H : OFDM _
Master Stream Adapt. ' 1024QAM, CR=8/9 Modu-
lator HFC
Headend

Stream Adapt. H{ 1024QAM, CR=8/9
{Stream Adapt. F{ 1024QAM, CR=8/9

IP-Backbone

¥ v v ¥4 v 4 337

>
b
[Stream Adapt. I 1024Q0AM, CR=8/9 1>
>
b
|_.|

-+ 1024QAM, CR=8/9

Y Stream Adapt. Data Slicing, Interl.

|

DVB-C2-Modulator (using GSE) L1 configuration

IPTV streams

Fig 81: High Efficiency mode for single service tr  ansmission. 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

12.1.5.3 Adaptive Coding and Modulation (ACM)

Cable networks with bi-directional communicatiompahilities allow the implementation of variable aagland
modulation for the purpose of adapting the pararadte these elements in accordance with the chaomelitions
such as the CNR value occurring at a dedicatedaugtat. This feature is referred to as Adaptiveli@g and
Modulation. The CNR value and other channel impairta measurable are reported to the headend viatima path.
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Figure 82: Principle of Adaptive Coding and Modulat  ion (ACM)

Figure 82 visualizes such a scenario. User outlgtshigh CNR values receive the signal configui@dliower
robustness and higher efficiency. In contrary igea is transmitted to user outlets with low CNBsmeans of a
higher robustness and consequently a lower effigien

The application of ACM seems to provide particudanefits in networks with varying channel condisqrer service
area. DVB-C2 could optimize the spectral efficiefimyeach individual unicast stream taking accafnfor instance,
the signal-to-noise ratio measured at the corredipgruser outlet and adapting the channel codinignandulation
appropriately. In this example it is obvious tHa tmplementation of Variable Coding and Modulatfo/€M)
provides great benefits compared to an applicatfanschema using Constant Channel Coding and Madual
(CCM).

A concrete example for a unicast IPTV applicatierg(VOD) is given in table 27. It is assumed th&NR lower than
29 dB is measured at a certain percentage of uslet®of a service area. This value includes 8 3wplementation
margin leading to the selection of a 1 024-QAM carell with a FEC code rate of 3/4. The remainindetsisupport a
higher SNR value of 32 dB including a 2.5 dB maygittowing an application of 1 024-QAM and FEC cadte of
8/9.

Figure 83 shows the block diagram of the DVB-C2 dstream part for ACM.
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/ For user outlets with CNR=29dB
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IPTV streams \For user outlets with CNR=32dB

Figure 83: Block Diagram of the downstream configur ation for Adaptive Coding and Modulation
(ACM) using Variable Coding and Modulation (VCM) in  the DVB-C2 Modulator

For the IP transmission example given in clausé.b2l the following results are relevant:

1) If all services within the C2 channel are sugglio all users of the network, CCM (Constant Cgdind
Modulation) must be applied. In this case geneithllyrobust modulation and coding scheme
(1 024-QAM, CR = 3/4) must be chosen to assure f@ohe complete network. Therefore the possibta da
rate is reduced according to the equation below:

_ 14160, 448us
14336 10* (128/129) (3/4)* (11712/1180)* (95/96)* 0.99

=22665Mbit/s (4)

2) If not all services within the C2 channel arguieed by users with the lower CNR values at thetitet, VCM
(Variable Coding and Modulation) can be appliedotfexample only 50 % of the services within th C
channel are required by users with lower outlet Ct¥i8 resulting overall data rate is calculatetbdsws:

_ A 14160, 448s

R pue= 05 =11332Mbit /s (5)
14336 10* (128/129) (3/4)* (11712/1180)* (95/96)* 0.99
for the services with robust coding and modulatiod
= 05+ 14160, 44dis =13465Mbit / 5(6)
14336 10* (128/129) (8/9)* (14232/1480)* (95/96)* 0.99

for the services with efficient coding and moduati
The total bit rate therefore iR, =113.32Mbit /s+13465Mbit /s = 248Mbit/s

In this case the capacity increase compared to @GCGNout 21 Mbit/s.

Table 29summarizes the results above.
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for different operation modes (CCM, VCM/ACM)

100 % high efficient
Mod/Cod (CCM)
(1 024-QAM, CR = 8/9)

100 % robust Mod/Cod
(CCM™)
(1024-QAM, CR = 3/4)

VCM/ACM with
50 % robust Mod/Cod
50 % high eff Mod/Cod

Data Rate

269.3 MBit/s

226.65Mbit/s

248 MBit/s

(32 MHz C2 channel)

The requirement for Adaptive Coding and Modulafi&€M) occurs, if for example a certain service, @fhhas been
only transmitted to users with better CNR value®ieg is then also requested by users with loweRCAL this
moment the transmission parameters must be chdrgad'high efficient” (CR = 8/9) to "robust" (CR 3/4) for this
service.

12.1.54 PLP bundling

PLP bundling allows the transmission of a highraie stream. The bit rate per PLP is limited byrtteximum Data
Slice bandwidth of 7.61 MHz. By bundling of sevelP&lPs and Data Slices, respectively, payload capean be
significantly increased. The following example igem to elaborate this application in more detail.

The most likely application is the transmissiorhiwfh speed internet with very high data rate rezmagnt of up to
several 100 Mbit/s. Figure 84 shows the basic fplacCalculation for Data Slice parameters (widthning frequency)
basically follows the example given in clause 121.,.in L1 part 2 signalling bundled PLP must bai¢ated
(BUNDLED_PLP="1") in table 27. The remaining struiet of table 28 is also applicable for this bundhtdP
application, except from some of the figures.

DVB-C2 compliant receivers may be fixed bandwidthd therefore not supporting PLP bundling. Howel2&fB-C2
supports this functionality.

Buf- 1024 QAM Data Slicing
fer CR=9/10 Tim+Freg-Interl.
Buf- 1024 QAM Data Slicing
Stream fer CR=9/10 Tim+Freg-Interl.
Adap- .
¢ tion. O OFDM
Master 200Mbit/s : Modu- —
HE data stream : lator HFC
(Internet) ] Bur- | 10240AM Data Slicing
fer CR=9/10 Tim+Freg-Interl.
DVB-C2-Phy L1
\ IP-Backbone / (ccwmy Configuration
L1 block
//
1 2| 2 4

DVB-C2 channel

Figure 84: Application example for PLP bundling; tr ansmission 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 mexguspecial CPEs with higher tuner bandwidth oltiple tuners.
For more details of the receiver implementationadse clause 10.11.1.7.
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12.1.6 Handling of Interference scenarios

In several countries different frequency bands usedble networks are allocated for radio serdisevell, including
safety related services such as air traffic conffot this reason, interference scenarios, botlecsignals interfering
radio services and terrestrial services interfedalgle signals are discussed in the present doduiesome cases it is
necessary to locally switch off (notch) certainginency bands used e.g. for air traffic control mes. Current aircraft
radio services use the 25 kHz channel raster.

TheDVB-C2 system allows to reduce power of sets otautiers or to switch off sets of OFDM carriers whe
interference scenarios cannot be overcome by atkans. In many cases those problems are localggnstbnly. Due
to the strong error protection of the DVB-C2 pre&nhbarrowband notches may have up to

47 x 2.232 kHz = 104.9 kHz within 8 MHz channel $ardth. Those narrow notches are called 'Narrowhdotthes'
in the DVB-C2 system.

Time
A

C2 Signal (e.g. 8 MHz)

DS1 DS 2 DS 3

— i l— FreauenC

Bandwidth of narrowband notch:
11, 23, 35 or 47 multiple of the carrier spacing

Figure 85: Narrowband Notch with a maximum bandwidt h of 104.9 kHz

Figure 84 shows schematically a cable TV chann®li&). The blue bar is a notched frequency bant witaximum
bandwidth of 104.9 kHz.

Time Time
A

. C2Signal A C2 SignalB ; . C2 Signal C :
DS DS DS DS DS DS DS DS DS DS
AD | A1 | A2 BO B1 CoO| c1 | c2 c3 c4

| i i Frequenc'y : : : Frequenc

' 8MHz | 8MHz |  8MHz ' 8MHz ! 8MHz ! 8MHz

. Channeln i Channel n+1 i Channel n+2 i ' Channel ' Channel n+1 ! Channel n+2'

(a) (b)

Figure 86: Two options for the implementation of Br oadband Notches in a DVB-C2 signal
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NOTE: Figure 86 shows two options for the implenatioh of Broadband Notches in a DVB-C2 signal:
(a) Broadband Notch placed between 2 adjacent @¥¢Bignal spectra and (b) Broadband Notch placed
within a single DVB-C2 signal spectrum.

Figure 86 schematically shows a C2_System withoadivand notch and with two adjacent preamblesa@atiyt
5 Data Slices. The broadband notch is shown bplte bar.

In case a Broadband Notch (bandwidth >105 kHz)}thide implemented, there are generally two optimssible with
DVB-C2 system. The first option is to extend theginency bands of the adjacent channels up to ter land upper
boarder of the broadband notch. This constelldg@hown in figure 86 (a). With the second solutio& broadband
notch is accommodated within a C2_System, whiclisié@ have an overall bandwidth, which provideseerall
bandwidth of the C2-System with at least a compbedéamble in both the lower and the upper adjaoant to the
broadband notch. This configuration is shown inrfeg86 (b).

NOTE: Only in case of PLP static mode, there maiebe than a complete preamble bandwidth at therlow
the upper part of the C2-System adjacent to a laadi notch. For further details see also claus®.2.3
in [i.1].

It is worth mentioning, that besides the optiongegiwith narrowband or broadband notch featuresfabt, that
DVB-C2 is significantly more robust in relation B/B-C, can be used to mitigate interference scesari

43,300-45.250MIL
46.000-47.000MIL
74.205-77 485 aircraftradio, AQS
84.005-87,265A05

3 UU 137.000 alrcraﬁradlo

Level reduction with the hefp of DVB-C2
{-6dB If for example 256QAM DVB-C service is replaced
by 256 QAM DVB-C2 service)

16?.550 169.390 AOS
169,800-170.300 A0S

>aircraft radio
2?5 250 285.25aircraftradio
290,250- 301,25 aircraftradio
306,250-318.25aircraftradio
328.250- 345,25 aircraftradio
3565, 250 399.90 AOS aircraftradio
4435 i A s A0S
448, 59375 449 968?5 ADS

Example for broad notches

Channelf Spacing of wireless services

+ 12.5kHz and 20kHz raster (A0S}

« 25kHz raster aircraft radio

Butoccuvied frequencies may vary between different
AQS: Authorities and Crganisations with Security Tasks regions (possibly narroaband notching may make
sense. but needs more detailed reguiation}

Figure 87: Example of the used opportunities from D  VB-C2
to reduce the interference to wireless services

Figure 86 shows a frequency allocation list of teodelifferent terrestrial services. Several exaaspif the different
channel spacing of terrestrial wireless servicessapwn. Some of those potential interference misfinight require
narrowband or broadband notching, others mighohbeed by signal level adjustment in the criticahta.

In cable networks there is not only the egresslprolfwhere cable networks are radiating interfesiggals), but there
is an ingress problem as well, where external radigices are interfering with cable signals. kn fdtter case DVB-C2
offers generally higher robustness in relation ¥B=C, which generally mitigates the interferencelgems.

In conclusion, DVB-C2 does provide powerful meamsyercome interference conflicts, where other wasHike
improving the shielding of cables or receiving @eg or adaptation of frequency planning does rmtige appropriate
solutions. Whereas with DVB-C the only choice waswitch off a complete 8 MHz channel, there areavand very
flexible solutions in relation to adjustment ofrsid) levels in parts of the signal available with BXC2. It should be
mentioned that all those means of course resaltdanalty of reduced usage or restriction of usdidlee scarce
frequency resources of cable networks.
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12.2  Migration Scenarios

The introduction of DVB-C2 requires the implemeigatof a migration strategy which allows continuithg
transmission of traditional signals for a dedicgtedod of time. The strategies may differ amonigle@perators since
they are based on many aspects and thus a gelteraltaacing migration cannot be discussed in thesgnt
document. However, a few specific features of DVB+@ay be helpful for a cable operator in definiigdirategy and
thus are introduced hereafter.

12.2.1 From fixed to flexible channel raster

During transition from traditional transmission ®mss such as analogue TV and DVB-C to the new tdolg,
DVB-C2 will have to coexist in a cable network slaleside with analogue TV- and DVB-C/DOCSIS signalsis
requirement has an impact on certain DVB-C2 parameielected for a DVB-C2 transmission such as ptavel,
modulation constellation, FEC code rate, and lasnbt least signal bandwidth. This clause highbdhandwidths
constraints and opportunities for DVB-C2 transnditte different channel scenarios.

The transmission of analogue TV signals in cabtevaeks will be reduced in terms of numbers throughbe coming
years. This means that the channel occupancy halhge while new channels and frequency bands adibine
available for the injection of DVB-C2 signals. Asipted out already, the bandwidth of a DVB-C2 sigram be
flexibly assigned and depends on following consitiens:

1) DVB-C2 was designed for utilization in cable tgyas with basic channel spacing of 6 MHz and 8 MHz,
respectively. Depending on the time duration setkébr the Elementary Period T, all timing and fregcy
parameters of the system scale accordingly. Fotvtbechannel raster alternatives, the ElementarioBés
chosen to 7/4@s (6 MHz) and 7/64ks (8 MHz), respectively (see according to [i.1hléa37). As it is
assumed that equipment be available for both swisticable operators can decide which parametefiset
best to his implementation strategy. The most ingramparameters are summarized in [i.1] table 3&kvis
also included in the present document as table 30.

Table 30: OFDM parameters for 8 MHz and 6 MHz syste ms

Parameter "6 MHz" | "6 MHz" | "8 MHz" | "8 MHZz"
1/64 1/128 1/64 1/128
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, ps (see note) 597.3 597.3 448 448
Carrier spacing 1/T, (Hz)
1674 1674 2232 2232
(see note)
Guard Interval Duration A/T | 64T 32T 64T 32T
Guard Interval Duration A/T , s (see note) 9.33 4.66 7 35
NOTE: Numerical values in italics are approximate values.

2)  The minimal bandwidth of a DVB-C2 signal is ebtgathe bandwidth of a L1 Signalling Block of some
5.71 MHz and 7.61 MHz for the respective cases & and 8 MHz channel spacing. This means for
instance that an analogue TV signal transmittdgiurope within a 7 MHz channel in the VHF band care
replaced by the 8 MHz version but by the 6 MHz imrs

3) The efficiency of a DVB-C2 increases with anr@asing signal bandwidth.

4) Itis necessary to inject in a single cableeysDVB-C2 signals which all are based on one aads#me
Elementary Period.

Taking these arguments into account, the cableat@ehas finally to decide which features meetrtbategic
requirements for the migration to DVB-C2 better. lrées to make a trade-off between higher efficievfane 8 MHz
system and better frequency agility provided by@hédHz system. The different symbol durations=TT, + AT
(see table 29) of the two system configurations pvitbably be taken into account as well.
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Figure 88 depicts how DVB-C2 signals of varying thaidths could be used to replace single signalsedsas group
of signals. More frequency spaces become avaithldeto a smooth switch-off of analogue TV. Finalig entire
frequency spectrum available may be filled with DZR 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 88: Spectrum occupation during the transitio n from analogue TV and DVB-C to DVB-C2

12.2.2 Power level aspects

In addition to the flexible bandwidth allocationpdained in the last clause, the correct adjustroépbwer levels is an
important aspect to be considered for the intradnadf DVB-C2. Two contradicting requirements hdwée taken
into account to identify the optimal power levet osignal.

1) The entire network load must not increase byinttreduction of new or different signals. This vggment
needs to be strictly fulfilled at least as longaaslogue TV signals are transmitted as part o$iteal
portfolio. Increasing network load would entailemluction of signal-to-intermodulation ratio such as
composite Triple Beat (CTB) and Composite Secorke®(CTO) which will have a major negative impant o
the technical picture quality provided by analogidesignals.

2) The decrease of the DVB-C2 signal quality causedn overlay of additive disturbances such astiadd
white Gaussian noise (AWGN) could be limited byr@asing the level of the wanted signals - DVB-Cé#his
case. This measure would result in high signaldizenratios allowing the selection of higher order
constellations and lower code rates which both leapesitive impact on the actual spectral efficienc
achieved.

Cable operators will seek to adjust the individsighal levels complying with both requirements. Tingt requirement
could be met if DVB-C2 signals are injected in tiegwork using the same level which was assigndédeoeplaced
signal prior to its replacement. Figure 89 showsmparison between power levels currently appleed¥VB-C and
possible levels applicable to DVB-C2 in the futufée power level of the analogue TV signal is shawra reference.
DVB-C signals using a 64-QAM schema are insertea @able network with a power back-off of 10 dBL®dB. The
back-off of a DVB-C signal with a 256-QAM is 6 dBds and thus 4 dB to 6 dB below the reference.lévBIlVB-C
256-QAM signal could be replaced by a DVB-C2 sigmsihg modulation constellation of a 1 024-QAM. TSR
requirements are the same for both signals whdeD¥iB-C2 variant provides a higher spectral efficig as explained
in clause 11. The spectral efficiency can be irmeddurther if the power budget allows an injectid®VB-C2 signals
with a power level equal to the reference levetsiih would allow the adoption of a 4 096-QAM scleerm case the
power budget of future cable systems provides @efit reserves, which may be possible for instameetworks with
very deep fibre penetration with the utilizationstéte-of-the art amplifier stages and after anadagvitch-off, it could
be conceivable that the power of some DVB-C2 sigmaluld even exceed the reference level. The coleseg may
be that it could be possible to use even higheerordnstellations such as 16K or 64K in combinatidth the
remaining DVB-C2 signal processing. However, thesestellation schemes are not defined yet by theentiversion
of the standard but may be subject to investigdtorfuture updates.
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Power level of analogtue picture carrier Backoff I
-12dB -6dB -6dB +0dB +6dB +12dB
256- 1024- 4096- 16284- 65536-
64-QAM QAM QAM QAM QAM QAM
DVB-C DVB-C DVB-C2 DVB-C2 C2rev. ? C2rev. ?

Noise and intermodulation floor

Figure 89: 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 stathdimes not provide any backward compatibility vidi¥iB-C. A
related commercial requirement was not agreeddarDiiB Commercial Module. In fact, the lack of backd/
compatibility was accepted in order to allow thgleitation of the full potentials provided by thate-of-the-art
transmission techniques adopted. Any backward cthility requirement would diminish the performanoethe
flexibility of a DVB-C2 solution. In practice, hower, backward compatibility will be establisheddxyuipping
DVB-C2 compliant receivers with a DVB-C front-endaddition to the DVB-C2 front-end. Such deviceH be
capable of receiving and decoding both types ofalgyDVB-C and DVB-C2 while providing the means éosmooth
migration from the traditional to the new technglog
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Annex A (informative):
Examples for the calculation of payload capacity of

the DVD-C2

Annex A gives four examples for calculated payloagacities of DVB-C2_systems with different paraangt

Al

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 tablé:Ane symbol for the preamble, single PLP andlsiBata Slice
with Data Slice type 1.

Table A.1: DVB-C2 Payload capacity for Guard Interv  al 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 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
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A.2

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 tabl2:Ane symbol for the preamble, single PLP andlsibata Slice
with Data Slice type 1.

Table A.2: DVB-C2 Payload capacity for Guard Interv  al 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 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
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A.3  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 tabld:Ane symbol for the preamble, single PLP andlsiBata Slice
with Data Slice type 1.

Table A.3: DVB-C2 Payload capacity for Guard Interv  al 1/64

OFDM OFDM OFDM OFDM OFDM
6MHz channel |12MHz channel | 18MHz channel |24MHz channel |48MHz 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
1024-QAM 3/4 41.40 42.46 42.82 42.99 43.26
1024-QAM 5/6 46.05 47.23 47.62 47.82 48.11
1024-QAM 9/10 49.71 50.99 51.41 51.63 51.95
4096-QAM 5/6 55.25 56.67 57.15 57.38 57.74
4096-QAM 9/10 59.66 61.19 61.70 61.95 62.34
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A.4  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 tablé:Ane symbol for the preamble, single PLP andlsibata Slice
with Data Slice type 1.

Table A.4: DVB-C2 Payload capacity for Guard Interv  al 1/64

OFDM OFDM OFDM OFDM OFDM
6MHz channel |12MHz channel | 18MHz channel | 24MHz channel |48MHz 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
1024-QAM 3/4 40,67 41,71 42,06 42,24 42,50
1024-QAM 5/6 45,23 46,39 46,78 46,98 47,27
1024-QAM 9/10 48,84 50,09 50,51 50,72 51,03
4096-QAM 5/6 54,28 55,67 56,14 56,37 56,72
4096-QAM 9/10 58,60 60,11 60,61 60,86 61,24
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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-Capumaters chosen for the introduction of DVB-C2 matioh
planned in the cable network of Kabel DeutschlardMideo on Demand (VOD) and High Definition TV digations.
The VOD services and the HDTV services are deliveia a DVB transportstream and highest spectrdiieicy for
the given guaranteed carrier to noise ratio (CRB3 the key decision criterion for that set of pastars.

* Modulation parameters

— Carrier spacing:

— Constellation:

Modulator Bandwidth:

8-32 MHz (still allowing resirs with 8 MHz windowing filter to receive the
signals)

2.232 kHz
1024 QAM

— Code rates: all defined values

— Guard Interval: 1/128

— Reserved Tones: None

— Narrowband Notches None

— Broadband Notches None

— Constant Coding & Modulation: Yes
Variable Coding & Modulation: No
Adaptive Coding & Modulation: No

» Framing parameters

— Number of PLPs: 1

— Number of Data Slices: 1

— Data Slice Type: 2

— Data Slice stuffing: no

— Preamble symbols lor2

— Data slice TI mode: 8 symbols

— L1 TI mode: 4 symbols

* Physical Layer Pipe (PLP) parameters

— FEC Frame length:

64800 bit

e Preprocessing parameters

— Input mode:

Single DVB Transportstream
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Generic Stream Encapsulation:  no
High Efficiency Mode: yes

Input steam synchronization (ISSY): yes
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.1], DVB-C2 allows aptal bundling of PLPs carried in different Datéc86. A single
PLP can therefore allocate arbitrary bandwidthsoufhe whole C2 system bandwidth. Annex F in [iridntions that in
this case all data packets of a bundled PLP coimmeshall pass the same input processing blockrting the ISSY
timestamp in the mode adaptation block of every BlBte is mandatory for this operation mode in otdeallow the
correct reordering of the packets from differentdD@lices on the receiver side. At the output efittput processing
block the BBFrames of the bundled PLP are spread tne different Data Slices. Figure F.1 [i.1], alsadhe block
diagram for the PLP Bundling operation mode.

A DVB-C2 demodulator, which supports the PLP bumgllinode, shall therefore apply the inverse signatgssing.
All data packet marked to be bundled and the tathBLP-ID shall be demodulated and FEC processata. [iackets
of the targeted PLP shall be multiplexed in thesomgiven by the ISSY timestamp. As the BUFSTATdi& not
available in case of PLP bundling, the demodulahaidl recover the output clock on basis of trangditSCR field and
has to establish an appropriate output buffer mamagt, which does not require the BUFSTAT inforiomati

PLP data
Split up

|
Ds1 | bsZ | Ds DS4 | DS5 | DS6

: B T N N 70 A
Alternatively: .-~ » ==y A=

=

{_Tuner1l Tuner2 Tuner3 Tuner4 >

one broadband tuner shifly sy e

Recombir&4 I

PLP decoder

Figure C.1: Bundled PLPs — Data Slice splitup and  recombining process at the receiver

Figure C.1 shows the recombining process of the d&a bundled PLP. Different data packets of adlethPLP that
are split up into different Data Slices are colbecon receiver side. After demodulation and FEMdag the data of
the BB packets can be resorted according to theasing value of their ISSY timestamp in the BBdeza

The demodulation of the different Data Slices camdalized in different ways and is implementereseant: The first
implementation example is that each Data Slicetoded by a separate 8MHz tuner. Another optita &pply a
broadband tuner architecture that is capable tercthe required frequency range within its tuningdew. In this case
the selection of the appropriate subcarriers ofiézata Slice is done after a larger reception F&g. (the example
given in Figure C.1 would require four times therstard 4k FFT size: 16k FFT).

Note, data packets of a bundled PLP do not neéé tocated in neighboured Data Slices, as lonbeaseception
architecture can cover the applied split (i.e.isight 8MHz tuners or a single broadband tuner dogehe complete
required frequency range).
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Annex D (informative): The concept of optimized frequency
utilization

The following explanations of this Annex D are gsof investigations carried out by the ReDeSiguigct. They
analyze the possibilities for the utilization of BMC2 in HFC networks and the potentials providedhsynew
technology. In the first clause, state of the dftdRaracteristics of HFC networks are explainedrt@xtent important
to understand the impacts caused by and the lionifor DVB-C2. Three basic methods are explaiwaith show
how DVB-C2 signals could be transmitted in compdianvith the existing RF spectrum. The physical abtaristics of
DVB-C2 can be configured in a very flexible mannehjch allows deviating from the traditional caloleannel pattern
of 6 MHz and 8 MHz, respectively. Instead of a al@dmumber, a new characteristic frequency valustisduced
which takes account of the new approach implemeint&/B-C2 called Absolute OFDM. Further to requirents in
the frequency domain, the evaluation of future essggnarios for DVB-C2 requires the consideraticthe actual
network load in association with the different arettures implemented in the last mile of HFC nakg8oA more
detailed investigation of which network load cobltransmitted through which topology is descrilretthe clause 9
of this document.

D.1 RF Spectrum Considerations

For the introduction of DVB-C2 signals in scenanwevided by today’s existing HFC networks a numtifeiechnical
requirements needs to be taken account. The mestriant requirement certainly is the demand to @néany
reduction of technical quality of the traditionédrsals. DVB-C2 signals fulfil this important reqement if the
transition parameters applied comply with the retipe parameters defined by the relevant standautished by IEC
and CENELEC, see [i.8]. In particular channel freacies and power levels are of interest meaningk®-C2
signals are to be injected in the existing chanastier at a defined power level. For the followttigcussion it is
assumed that a sub-band of the RF frequency speédraccupied with signals as indicated in belayufe a) by
means of an example. A simple means introducing E3ZBis provided by a one-to-one exchange of arviddal
signal such as analogue TV or DVB-C with a DVB-@ghal while keeping the signal power at the dediddével. The
resulting RF spectrum of such a simple example@sated in figure b). Two DVB-C signals transmitiedadjacent
channels and one analogue TV signal are replaaddl®aa DVB-C2 signal. Figure c) shows the posijbib transmit
a wide-band DVB-C2 signal of a bandwidth equivatentwo cable channels (e.g. 16 MHz in Europe, 12zNh the
U.S.). The benefit arising from the injection ofd@tband signals in two or more adjacent channeilsists of an
increase of spectral efficiency caused by an actdeefor data transmission of the frequency GuanddBraditionally
applied between two adjacent signals. In figursuth frequency band is marked by the colouredsallifompared to
this example of a combination of two channels,gbectral efficiency can be further accelerateditheetransmitting
signals of even wider bandwidths and combininggiéi number of channels or by injecting individD&IB-C2
signals adjacent to each other and without makgggaf any frequency Guard Band. Such a close paakels line-
up can be achieved if the signals comply with treengquisites defined for the special case of atin@ped Frequency
Utilization. The pre-requisites are illustratedthar down in this chapter. An example of the résgIRF spectrum is
depicted in Figure D.1.

DVB Bluebook A147



162

a) Example of original RF spectrum prior to DVB-D#oduction

ANIAMIMNI— A AN A

frequency

b) Insertion of DVB-C2 according to IEC/CENELEC &®/(traditional frequency raster & power levels)
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frequencg

¢) Combination of more than one channel of theiti@thl frequency raster
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frequency

d) Principle of optimized frequency utilization

ey
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Figure D.1: Opportunities for RF spectrum utilizati on

As described already in various chapters above, {@2Beceivers using tuners with a traditional reicgj bandwidth
(of 8 and 6 MHz, respectively) are capable of régagiindividual Data Slices or bundles of Data &id¢ransmitted in
related frequency bands. Guided through the DVBS{g@alling Information, the CPE will be tuned te thata Slice
which carries the service of interest, e.g. an H@gpmm.

D.2 Optimized Frequency Utilization

The pre-requisite for the application of an OptietiZrequency Utilization is the establishment ofade requiring the
full synchronization of all DVB-C2 signals beingrpaf a DVB-C2 ensemble. The synchronization hasaareated in
both time and frequency domain. It is necessagnture that the physical behaviour of all synctreaiDVB-C2
signals of the entire ensemble is identical with behaviour of a single wide-band DVB-C2 signalfdct the
orthogonality of the OFDM sub-carriers appliedhie frequency domain has to be guaranteed not atiyrvan
isolated OFDM symbol but also among the sub-cartieing part of each adjacent OFDM symbol and tfiesich
OFDM symbol contributing to the ensemble of DVB-§l@nals. This synchronization requirement needsetéulfilled
at least during the active symbol duration (excigdihe temporal Guard Interval). Therefore the DE&Bsignals of the
ensemble have to be synchronized in time domaimetls

The spectrum of such an ensemble is shown in fiBu2e While the bandwidth of a single DVB-C2 signah be
assigned in a very flexible manner, the bandwidtbuch an ensemble of DVB-C2 signals can vary ficantly and
has only a lower limit which is equal to the minirbandwidth of a single DVB-C2 signal.

D.3 Spectral implications of the Absolute OFDM mechanism

The introduction of the so-called Absolute OFDM cept (see clause 5.9) entails the definition oéw set of RF
parameters corresponding to the traditional RF ebamumbering: The OFDM Sub-carrier Index and thedhannel
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Number. As shown in below Figure D.2, the entirefRi§uency band used for up- and downstream tragssom in
HFC networks is subdivided for this purpose in balnds of the OFDM sub-carrier bandwidth

fsc= 1/448 MHz= 2,232 Hz

and parameterized with a running index k. The Sarier Index k starts with a value of 0 indicatthg frequency sub-
band at DC (0 Hz) and ends at a value of 386,176hndorresponds with a frequency of 862 MHz. The
interrelationship between the index k and the nradnequency of the related frequency sub-bandviergby the
formula:

foe =K 4eMHZ with fo =OMHz and o, =86MHz

As explained already in clause 8.4, L1 Blocks dignad to a fixed 7.61 MHz frequency grid which i@sponds to
3408 OFDM sub-carriers. The theoretical conceprayes for the first L1 Block starting at 0 Hz whees¢he
subsequent L1 Blocks starting at sub-carrier indefea multiple number of 3408. They can be catedlas follows:

k. nli3408 for n=012,...113

L1-Start
Assuming that the FM radio band will be continugussed for analogue audio transmission, the fintitee L1 Block
transmitted starts at Ksiart, min= 15 corresponding to 114.1 MHz. However, partthefL1 Block could also be
transmitted below this frequency but above 108 Mtizch is the upper frequency limit of FM radio. fopection
distance between DVB-C2 and the FM signal neetetaken into account when introducing DVB-C2 iesth
frequency bands. The required protection ratiaursently investigated by ReDeSign and under statidation by
CENELEC and IEC.

k=0 k = 49.000 k =134.400 k=271.488 k=386.176

5, 65 / Bd Il \/Hyperban\/ Bd IV \/ 2o &

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 optimizedcspen utilization are discussed in [i.23].
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