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Intellectual Property Rights

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

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

Foreword

This final draft European Standard (EN) has been produced by Joint Technical Committee (JTC) Broadcast of
the European Broadcasting Union (EBU), Comité Européen de Normalisation ELECtrotechnique (CENELEC)
and the European Telecommunications Standards Institute (ETSI), and is now submitted for the ETSI
standards One-step Approval Procedure.

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

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel:  +4122717 21 11

Fax: +4122717 24 81

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

Proposed national transposition dates

Date of latest announcement of this EN (doa): 3 months after ETSI publication

Date of latest publication of new National Standard
or endorsement of this EN (dop/e): 6 months after doa

Date of withdrawal of any conflicting National Standard (dow): 6 months after doa
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1 Scope

The present document describes the next generation transmission system for digital terrestrial and hybrid
(combination of terrestrial with satellite transmissions) broadcasting to handheld terminals. It specifies the
entire physical layer part from the input streams to the transmitted signal. This transmission system is
intended for carrying Transport Streams or generic data streams feeding linear and non-linear applications
like television, radio and data services.

The scope is as follows:

. it gives a general description of the transmission system for digital terrestrial and hybrid
broadcasting to handheld terminals;

. it specifies the digitally modulated signal in order to allow compatibility between pieces of
equipment developed by different manufacturers. This is achieved by describing in detail the signal
processing at the modulator side, while the processing at the receiver side is left open to different
implementation solutions. However, it is necessary in this text to refer to certain aspects of
reception.

The standard consists of four parts each covering a different structure of the transmitter network:

e Base profile (profile I): Covers sheer terrestrial transmission with single and multi-aerial
structures that require only a single aerial and tuner on the
receiver side

e  MIMO profile (profile Il): Covers sheer terrestrial transmission with multi-aerial structures
on both ends. Terminals suitable for this profile need to employ
two tuners as well.

e Hybrid profile (profile Il): Covers a combination of terrestrial and satellite transmissions that
requires only a single tuner on receiver side.

Hybrid MIMO profile (profile IV): Covers a combination of terrestrial and satellite transmission requiring a
double aerial and tuner set-up on receiver side. Once again, a part of the configurations can be handled by
profile Il receivers, other configurations require a special hybrid MIMO receiver.The present document
describes the base profile in full detail. For the MIMO and hybrid profiles only the differences between
those and the base profile are described, i.e. additional functional blocks and parameter settings and those
that are permitted in the MIMO or hybrid profile. The hybrid MIMO profile is not formulated solely as a list
of differences to the other three profiles. Instead it defines how previously-described elements are to be
combined to provide hybrid MIMO transmission, as well as introducing profile-specific information.
Functional blocks and settings that are the same as in the base profile are not described again, but can be
derived from the base profile.

2 References

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

Referenced documents which are not found to be publicly available in the expected location might be
found at http://docbox.etsi.org/Reference.
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NOTE: While any hyperlinks included in this clause were valid at the time of publication ETSI cannot
guarantee their long term validity.

2.1 Normative references

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

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

[2] ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service
Information (SI) in DVB systems".

[3] ETSI TS 102 606-1 and -2: "Digital Video Broadcasting (DVB); Generic Stream
Encapsulation (GSE) Protocol".

[4] ETSI TS 102 992: "Digital Video Broadcasting (DVB); Structure and modulation

of optional transmitter signatures (T2-TX-SIG) for use with the DVB-T2 second
generation digital terrestrial television broadcasting system".

2.2 Informative references

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

[i.1] ETSI EN 302 755: "Digital Video Broadcasting (DVB); Frame structure channel
coding and modulation for a second generation digital terrestrial television
broadcasting system (DVB-T2)"

[i.2] ETSI EN 102 831: "Digital Video Broadcasting (DVB); Implementation guidelines
for a second generation digital terrestrial television broadcasting system (DVB-
T2)"

[i.3] ETSI EN 102 773: " Digital Video Broadcasting (DVB); Modulator Interface (T2-
MI) for a second generation digital terrestrial television broadcasting system
(DVB-T2)"

[i.4] NGH System Specification

3 Definitions, symbols and abbreviations

3.1 Definitions

In this entire specification, the following terms and definitions apply:
Oxkk: digits 'kk' should be interpreted as a hexadecimal number
active cell: OFDM cell carrying a constellation point for L1 signalling or a PLP

anchor PLP: An anchor PLP is the PLP of a PLP cluster which shall be always decoded in order for the
receiver to play-out the service partially or fully, i.e. with part or all of the service components respectively.
The anchor PLP carries the in-band signalling for all PLPs (anchor and associated PLPs) in the given PLP
cluster.

aP1 symbol: additional P1 symbol that carries S3 and S4 signalling fields and is located right after the P1
symbol
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associated PLP: An associated PLP is a PLP associated with an anchor PLP in a given PLP cluster. The
associated PLP carries a service component of the full service carried by the given PLP cluster. An
associated PLP does not carry in-band signalling, which in turn is carried by the anchor PLP of the given PLP
cluster.

auxiliary stream: sequence of cells carrying data of as yet undefined modulation and coding, which may be
used for future extensions or as required by broadcasters or network operators

baseband frame: set of K, 4, bits which form the input to one FEC encoding process (BCH and LDPC
encoding)

common PLP: PLP having one slice per logical frame, transmitted after the L1-POST signalling, which may
contain data shared by multiple PLPs

data PLP: PLP of type 1, type 2, type 3 or type 4

data cell: OFDM cell which is not a pilot or tone reservation cell (may be an unmodulated cell in the frame
closing symbol)

data symbol: OFDM symbol in an NGH frame which is not a P1 or P2 symbol

div: integer division operator, defined as:

xdivy= LfJ
y

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

elementary block of frames: block of not more than four NGH frames belonging to the same NGH profile
and building an instance of the frame type sequence of the related NGH system (e.g.
SISO/SISO/SISO/MIMO)

elementary period: time period which depends on the system bandwidth and is used to define the other
time periods in the NGH system

FEC block: set of N__,. OFDM cells carrying all the bits of one LDPC FECFRAME

cells

FEC chain: The part of the BICM block reaching from the FEC encoder to the I/Q component interleaver (if
present, otherwise to the cell interleaver) for PLPs and the cell mapper for L1 signalling

FECFRAME: set of Ny, (16 200 or 4 320) bits from one LDPC encoding operation

FEF interval:
FEF part: part of the super-frame between two NGH frames which contains FEFs

NOTE: A FEF part always starts with a P1 symbol. The remaining contents of the FEF part should be
ignored by a DVB-NGH receiver and may contain further P1 symbols.

FFT size: nominal FFT size used for a particular mode, equal to the active symbol period T, expressed in
cycles of the elementary period T

for i=0..xxx-1: the corresponding signalling loop is repeated as many times as there are elements of the
loop

NOTE: If there are no elements, the whole loop is omitted.
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frame closing symbol: OFDM symbol with higher pilot density used at the end of an NGH frame in certain
combinations of FFT size, guard interval and scattered pilot pattern
hybrid combining:
Im(x): imaginary part of x

input stream: A stream of data for an ensemble of services delivered to the end users by the NGH system.
An input stream may be structured into a number of logical channel groups defined in accordance with the
service requirements.

interleaving frame: unit over which dynamic capacity allocation for a particular PLP is carried out, made up
of an integer, dynamically varying number of FEC blocks and having a fixed relationship to the logical
frames

NOTE: The interleaving frame may be mapped directly to one logical frame or may be mapped to
multiple logical frames. It may contain one or more Tl blocks.

L1-POST signalling: signalling carried in the beginning of a logical frame providing more detailed L1
information about the NGH system and the PLPs, L1-POST signalling consists of a configurable and a
dynamic part

L1-POST configurable signalling: L1 signalling consisting of parameters which remain the same for the
duration of one logical super-frame

L1-POST dynamic signalling: L1 signalling consisting of parameters which may change from logical frame to
logical frame within the same logical super-frame

L1-PRE signalling: signalling carried in the P2 symbols having a fixed size, coding and modulation, including
basic information about the NGH system as well as information needed to decode the L1-POST signalling

NOTE: Some fields of the L1-PRE signalling may change from one NGH frame to another within the
same NGH super-frame, for example, L1_POST_DELTA for logical channel types B and C.

logical channel: A flow of logical super-frames for the transport of data over a given repeating pattern of RF
channels in the NGH system.

logical channel group: A group of logical channels such that the NGH frames which carry the logical frames
of one logical channel in the group are separable in time from the NGH frames which carry the logical
frames of another logical channel in the same group.

logical frame: A container with a fixed number of QAM cells and a given structure for the carriage of data
into the NGH frames.

logical super-frame: An entity composed of a number of logical frames. The logical configurable signalling
information may only change at the boundaries of two logical super-frames.

MIXO: either MISO or MIMO

MIXO group: group (1 or 2) to which a particular transmitter in a MIXO network belongs, determining the
type of processing which is performed to the data cells and the pilots

NOTE: Signals from transmitters in different groups will combine in an optimal manner at the
receiver.

mod: modulo operator, defined as:

xmody =x— y{ﬁJ
y
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NGH frame: fixed physical layer TDM frame that is further divided into variable size sub-slices. An NGH
frame starts with one P1 symbol, followed for a part of the frame types by an additional P1 (aP1) symbol
and always one or multiple P2 symbols carrying the L1-PRE information

NGH profile: subset of all configurations allowed by the related part of the present document

NOTE:The present document defines a base profile, a MIMO profile, a hybrid profile and a hybrid MIMO
profile.

NGH system: second generation terrestrial broadcast system whose input is one or more TS, GCS or GSE
streams and whose output is an RF signal

NOTE: The NGH system:

= means an entity where one or more PLPs are carried, in a particular way, within a DVB-T2
signal on one or more frequencies;

. is unique within the NGHnetwork and it is identified with NGH_system_id. Two NGH
systems with the same NGH_system_id and network_id have identical physical layer
structure and configuration, except for the cell_id which may differ;

. is transparent to the data that it carries (including Transport Streams and services).

NGH_SYSTEM_ID: this 16-bit field identifies uniquely the NGH system within the DVB network (identified
by NETWORK_ID)

NGH super-frame: set of NGH frames consisting of a particular number of consecutive NGH frames
NOTE: A super-frame may in addition include FEF parts.

NGH signal: signal belonging to a particular profile of the present document (NGH base profile, NGH MIMO
profile, NGH hybrid profile or NGH hybrid MIMO profile profile) and consisting of the related NGH frame
types, including any FEF parts

NOTE: A composite RF signal may be formed comprising two or more NGH signals, where each NGH
signal has the others in its FEF parts

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

normal symbol: OFDM symbol in an NGH frame which is not a P1, an aP1, a P2 or a frame closing symbol

OFDM cell: modulation value for one OFDM carrier during one OFDM symbol, e.g. a single constellation
point

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

P1/aP1 signalling: signalling carried by the P1/aP1 symbol(s) and used to identify the basic mode of the
NGH frame, the aP1 symbol is present only in a part of the defined frame types

P1 symbol: fixed pilot symbol that carries S1 and S2 signalling fields and is located in the beginning of the
frame within each RF-channel

NOTE: The P1 symbol is mainly used for fast initial band scan to detect the NGH signal, its timing,
frequency offset and FFT-size.

P2 symbol: pilot symbol located right after P1 (aP1 if present) with the same FFT size and guard interval as
the data symbols
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NOTE: The number of P2 symbols depends on the FFT-size. The P2 symbols are used for fine
frequency and timing synchronization as well as for initial channel estimate. P2 symbols carry
L1-PRE signalling information and may also carry data.

PLP_ID: this 8-bit field identifies uniquely a PLP within the NGH system, identified with the NGH_system_id
NOTE: The same PLP_ID may occur in one or more logical frames of the logical super-frame.

PLP cluster: A PLP cluster is the set of up to 4 PLPs that carry a particular TS input stream or a collection of
GS input streams with the same STREAM_GROUP_ID

physical layer pipe: physical layer TDM channel that is carried by the specified sub-slices
NOTE: A PLP may carry one or multiple services.
Re(x): real part of x

reserved for future use: not defined by the present document but may be defined in future revisions of the
present document

NOTE: Further requirements concerning the use of fields indicated as "reserved for future use" are
given in clause Error! Reference source not found..

slice: set of all cells of a PLP which are mapped to a particular NGH frame
NOTE: A slice may be divided into sub-slices.

sub-slice: group of cells from a single PLP, which before frequency interleaving, are allocated to active
OFDM cells with consecutive addresses over a single RF channel

time interleaving block (TI-block): set of cells within which time interleaving is carried out, corresponding
to one use of the time interleaver memory

type 1 PLP: PLP having one slice per logical frame, transmitted before any type 2 PLPs
type 2 PLP: PLP having two or more sub-slices per logical frame, transmitted after any type 1 PLPs
type 3 PLP: PLP carrying O-LSI data and being located at the end of the logical frame

type 4 PLP: PLP carrying H-LSI data and being transmitted via hierarchical modulation over a dedicated type
1PLP

uninterleaved logical frame: Collection of all PLPs whose cells are transmitted in a sequence of interleaved
logical frames

3.2 Symbols

For the purposes of the present document, the following symbols apply:

® Exclusive OR / modulo-2 addition operation

A Guard interval duration

A LDPC codeword bits

vop, wiop(i) number of transmitted bits per constellation symbol (for PLP i)

1. Vector containing ones at positions corresponding to reserved carriers

and zeros elsewhere
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b

e,do

c(x)
C/N
C/N+I
Coatlm)

Cpa1 (m)
Coiaslm)

Coias L1_Ace(m)
Chias (1)

Cdata

Cec

Cim(m )
CLliACEiMAX
CLSI

Cm, Lk
Chz
c_post,, ;

c_pre,,;

Cre(m)
CSSsy ;
CSSsy;
Ctot
DBC

Di

D
D
D,
D(k)

i,aux

i,common

DLl

DLlpost
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Frequency-Interleaved cell value, cell index p of symbol / of NGH frame

m
Amplitude of the continual pilot cells

Amplitude of the P2 pilot cells
Amplitude of the scattered pilot cells
Power imbalance parameter for two antennas transmission

Bit j of the BB scrambling sequence
Output bit of index do from substream e from the bit-to-sub-stream

demultiplexer

BCH codeword polynomial

Carrier-to-noise power ratio
Carrier-to-(Noise+Interference) ratio

Value to which bias balancing cells are set for NGH frame m

Desired value for the bias balancing cells in NGH frame m to

approximately balance the bias
Bias in coded and modulated L1 signalling for NGH frame m before

applying the L1-ACE algorithm
Value of C;,(m) after being reduced by the correction to be applied

by the bias balancing cells

Residual bias in the modulated cells of the L1 signalling for NGH frame
m after correction by the L1-ACE algorithm

Number of active cells in one normal symbol

Number of active cells in one frame closing symbol

Imaginary part of C;,.(m)

Maximum correction applied by L1-ACE algorithm

Number of local service cells
Cell value for carrier k of symbol / of NGH frame m

Number of active cells in one P2 symbol
Correction applied to cell i of coded and modulated L1-post signalling

in NGH frame m by L1-ACE algorithm
Correction applied to cell i of coded and modulated L1-pre signalling in

NGH frame m by L1-ACE algorithm
Real part of C;,.(m)

Bit i of the S1 modulation sequence

Bit i of the S2 modulation sequence

Number of active cells in one NGH frame

Number of cells occupied by the bias balancing cells and the

associated dummy cells
Number of cells mapped to each NGH frame of the Interleaving Frame

for PLP i
Number of cells carrying auxiliary stream i in the NGH frame

Number of cells mapped to each NGH frame for common PLP i
Number of cells mapped to each NGH frame for PLP i of type j

Delay as an integer multiple of logical frames for reading k-th IU in
each Tl-block
Number of OFDM cells in each NGH frame carrying L1 signalling

Number of OFDM cells in each NGH frame carrying L1-post signalling
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Q

n,s,rq

Dpp

fe
f_post,,;
f '_po*gtm,i

fpre,;
f '_pi” em,i

fq
fa.q

fsn
D,
a(x)

gl(x), gz(x)' ey glz(x)

9q

H(p)
Ho(p)

Hy(p)

IJUMP' IJUMP(i)

KLl_PADDING
Kldpc
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Number of OFDM cells in each NGH frame carrying L1-pre signalling
Time Interleaver input / cell interleaver output for cell g of FEC block r

of Tl-block s of Interleaving Frame n
Number of OFDM cells in each NGH frame available to carry PLPs

Cell interleaver output for cell g of FEC block r
Difference in carrier index between adjacent scattered-pilot-bearing

carriers
Difference in symbol number between successive scattered pilots on a

given carrier
Cell value for cell index p of symbol / of NGH frame m following MISO

processing
Centre frequency of the RF signal

Cell j of coded and modulated L1-post signalling for NGH frame m
Cell i of L1-post signalling for NGH frame m after modification by the
L1-ACE algorithm

Cell i of coded and modulated L1-pre signalling for NGH frame m
Cell j of L1-post signalling for NGH frame m after modification by the
L1-ACE algorithm

Constellation point normalized to mean energy of 1

Data cell input to the cell interleaver from the FEC block of
incremental index r within each Tl-block
Frequency shift for parts '‘B' and 'C' applied to the P1 and aP1 symbols

eSFN predistortion term

BCH generator polynomial

polynomials to obtain BCH code generator polynomial

OFDM cell value after constellation rotation and I/Q component

interleaving
Frequency interleaver permutation function, element p
Frequency interleaver permutation function, element p, for even

symbols
Frequency interleaver permutation function, element p, for odd

symbols
Frame interval: difference in frame index between successive NGH

frames to which a particular PLP is mapped (for PLP i)
BCH codeword bits which form the LDPC information bits

J-1

Carrier index relative to the centre frequency
OFDM carrier index

number of bits of BCH uncoded Block

1 024 bits
Number of carriers added on each side of the spectrum in extended

carrier mode
Length of L1_PADDING field

number of bits of LDPC uncoded Block

Carrier index of last (highest frequency) active carrier
Carrier index of first (lowest frequency) active carrier
Modulo value used to calculate continual pilot locations
Carrier index k for active carrier i of the P1 symbol
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post

Kpost_ex_pad

K

pre

Ksig
K, t
/
L

Ldata

otal

LF

L(i)
Lim(m)
L

normal

Lpre(m)

L(q)
Lre_post(m )

Ly
m
MGUX
Mbit
Mbit/s
M

common

Mlarge

max

Msmall
MSS_DIFF,

MSS_SCR,
MSS_SEQ,

My,

n

Nbch

Nbch_parity

Ngiocks_i(n), Ngocks ielin)
NBLOCKS_/F_MAX

Ncells’ Ncells(i)

No

Ndata

Ndummy
Nege

Ne
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Length of L1-post signalling field including the padding field
Number of information bits in L1-post signalling excluding the padding

field
Information length of the L1-pre signalling

Number of signalling bits per FEC block for L1-pre- or L1-post signalling
Number of OFDM carriers

Index of OFDM symbol within the NGH frame
Maximum value of real or imaginary part of the L1-post constellation
Number of data symbols per NGH frame including any frame closing

symbol but excluding P1 and P2
Number of OFDM symbols per NGH frame excluding P1

Number of cells for the common or type 1 PLP i in the logical frame
Correction level for the imaginary part of the L1-post used in the L1-

ACE algorithm
Number of normal symbols in a NGH frame, i.e. not including P1, P2 or

any frame closing symbol
Correction level for the L1-pre used in the L1-ACE algorithm

Cell interleaver permutation function for FEC block r of the TI-block
Correction level for the real part of the L1-post used in the L1-ACE
algorithm

NGH frame number

Number of auxiliary streams in the NGH system
220 bits

Data rate corresponding to 10° bits per second
Number of common PLPs in the NGH system
BCH message bits

Number of incremental redundancy parity bits
Number of PLPs of type j in the NGH system

Sequence length for the frequency interleaver

Bit i of the differentially modulated P1 sequence

Bit i of the scrambled P1 modulation sequence

Bit i of the overall P1 modulation sequence
Maximum number of cells required in the TI memory

Interleaving Frame index within the super-frame
number of bits of BCH coded Block

Number of BCH parity bits

Number of FEC blocks in Interleaving Frame n (for PLP i)
Maximum value of Ng, 5s j£(n)

Number of QAM cells per FEC Block (for PLP i)

Number of rotation dimensions
Number of data cells in an OFDM symbol (including any unmodulated

data cells in the frame closing symbol)
Number of dummy cells in the NGH frame

Number of EBFs in a super-frame
Number of NGH frames in an EBF
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Neee (n,s)

Neec_1_max

Neer

Negr

N group

Nim(m)

NIU

N

NLl

N L1_mult

Nlarge

N Idpc

NIdch

N ldpc_parity_ext_4k
N MOD_per_Block
NMOD_TotaI
NMUS,PLP

N post

Npost_FEC_Block

N post_temp

Norelm)

Npre

N

punc

N

punc_groups

N

punc_temp

Nr

Ng
Nye(rm)

N re_post(m )

N

res

Nge
N
N
N

sub-streams

sub-slices

sub-slices_total

NNGH
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Number of FEC blocks in Tl-block s of Interleaving Frame n

Number of FEF parts in one super-frame

FFT size

Number of bit-groups for BCH shortening

Number of L1-post cells available for correction by the imaginary part

of the L1-ACE algorithm

Number of interleaver units, into which each FEC block is partitioned
Number of TFS cycles, over which a FEC block is time-interleaved
Total number of bits of L1 signalling

Number of bits that is a guaranteed factor of Npost

number of bits of LDPC-coded block

Number of bits of extended 4k LDPC-coded block
Number of parity bits of the extended 4k LDPC code
Number of modulated cells per FEC block for the L1-post signalling

Total number of modulated cells for the L1-post signalling

Required number of memory units in Tl for one PLP
Number of P2 symbols per NGH frame

Number of BCH bit-groups in which all bits will be padded for L1
signalling

Length of the frame-level PN sequence

Length of punctured and shortened LDPC codeword for L1-post
signalling

Number of FEC blocks for the L1-post signalling

Intermediate value used in L1 puncturing calculation

Number of L1-PRE cells available for correction by the L1-ACE

algorithm

Number of L1-PRE sub-blocks, which are carried by consecutive NGH
frames

Number of LDPC parity bits to be punctured

Number of parity groups in which all parity bits are punctured for L1
signalling

Intermediate value used in L1 puncturing calculation

Number of bits in Frequency Interleaver sequence

Number of rows of I/Q component interleaving matrix
Total number of L1 cells available for correction by the real part of the

L1-ACE algorithm
Number of L1-post cells available for correction by the real part of the

L1-ACE algorithm
Total number of reserved bits of L1 signalling to be used for bias

balancing
Number of RF channels used in a TFS system

Number of sub-slices per NGH frame on each RF channel
Number of sub-slices per NGH frame across all RF channels
Number of sub-streams produced by the bit-to-sub-stream

demultiplexer
Number of NGH frames in a super-frame
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pj
pj

P(r)
pl(t)
plA(t)
P, P(i)

Reff ext 4k 1oPc 1 2
R

I

eff_post

I
R’

R'i
Tk
Rrap
s
SCHE
Si

stuning
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Number of Tl-blocks in an Interleaving Frame

Data cell index within the OFDM symbol in the stages prior to insertion
of pilots and dummy tone reservation cells

j-th parity bit group in the first parity part for additional parity
generation of L1-POST

j-th parity bit group in the second parity part for additional parity
generation of L1-POST

Cyclic shift value for cell interleaver in FEC block r of the Tl-block
Time-domain complex baseband waveform for the P1 signal
Time-domain complex baseband waveform for part 'A’ of the P1 signal
Number of NGH frames to which each Interleaving Frame is mapped
(for PLP i)

LDPC parity bits

Frame level PN sequence value for symbol /

Index of cell within coded and modulated LDPC codeword

Code-rate dependent LDPC constant

Number of parity bit groups in the first parity part for additional parity
generation

Number of parity bit groups in the second parity part for additional
parity generation

FEC block index within the TI-block

Effective code rate of 4k LDPC with nominal rate 1/2

Effective code rate of L1-post signalling

BCH remainder bits

QPSK output symbols of L1-PRE

Value of element i of the frequency interleaver sequence following bit
permutations

Value of element i of the frequency interleaver sequence prior to bit
permutations

Pilot reference sequence value for carrier k in symbol /

Complex phasor representing constellation rotation angle

Index of Tl-block within the Interleaving Frame

Number of additional symbols needed for channel estimation when
hopping between RF signals

Element i of cell interleaver PRBS sequence

Number of symbols needed for tuning when hopping between RF
signals

Elementary time period for the bandwidth in use

Column-twist value for column ¢

Duration of one EBF

Duration of one NGH frame

Duration of one FEF part

Time interleaving period

Duration of the P1 symbol

Duration of part 'A’ of the P1 signal

Duration of part 'B' of the P1 signal

Duration of part 'C' of the P1 signal

Total OFDM symbol duration

Duration of one super-frame
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Active OFDM symbol duration
Parity-interleaver output bits
column-twist-interleaver output bits
Bit i of the symbol-level reference PRBS

Round towards minus infinity: the most positive integer less than or
equal to x

Round towards plus infinity: the most negative integer greater than or
equal to x

Complex conjugate of x

The set of bits in group j of BCH information bits for L1 shortening

Complex cell modulation value for cell index p of OFDM symbol / of

NGH frame m
Bit i of cell word g from the bit-to-cell-word demultiplexer

Constellation point prior to normalization

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

Puncturing pattern order of first parity bit grou

Puncturing pattern order of second parity bit group

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

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

equations.

In general, parameters which have a fixed value for a particular PLP for one processing block (e.g. NGH
frame, Interleaving Frame, TI-block as appropriate) are denoted by an upper case letter. Simple lower-case
letters are used for indices and dummy variables. The individual bits, cells or words processed by the
various stages of the system are denoted by lower case letters with one or more subscripts indicating the

relevant indices.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

16-QAM
256-QAM
64-QAM
ACM

BB

BBF

BCH
BICM
BPSK
CBR
CCM

Cl

CRC

D

Uniform 16-ary Quadrature Amplitude Modulation
Uniform 256-ary Quadrature Amplitude Modulation
Uniform 64-ary Quadrature Amplitude Modulation
Adaptive Coding and Modulation

BaseBand
BaseBand Frame

Bose-Chaudhuri-Hocquenghem multiple error correction binary block code
Bit Interleaved Coding and Modulation
Binary Phase Shift Keying

Constant Bit Rate

Constant Coding and Modulation

Cell Interleaver

Cyclic Redundancy Check

Decimal notation
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DAC
DBPSK
DFL

DNP

DVB
DVB-NGH
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Digital to Analogue Conversion
Differential Binary Phase Shift Keying
Data Field Length

Deleted Null Packets

Digital Video Broadcasting project
DVB-NGH System

NOTE: Specified in EN 303 105

EBF
EBU
EIT
eSFN
eSM
FEC
FEF
FFT
FIFO
GCS
GF

LS

LSB

LSI
MFN
MIMO

Elementary Block of NGH Frames
European Broadcasting Union

Event Information Table

Enhanced Single Frequency Network
Enhanced Spatial Multiplexing
Forward Error Correction

Future Extension Frame

Fast Fourier Transform

First In First Out

Generic Continuous Stream

Galois Field

Generic Stream

Generic Stream EncapsulationHEX Hexadecimal notation
Hierarchical modulation Local Service Insertion
Intermediate Frequency

Inverse Fast Fourier Transform
Interactive Services

Input Stream Clock Reference

Input Stream Identifier

Input Stream SYnchronizer

Input Stream SYnchronizer Indicator
Interleaving Unit

Local service PLP

Logical Channel

Low Density Parity Check (codes)
Logical Frame

Local Service

Least Significant Bit

Local Service Insertion
Multi-Frequency Network

Multiple Input Multiple Output

NOTE: Meaning multiple transmitting and multiple receiving antennas.

MIS
MISO

Multiple Input Stream
Multiple Input, Single Output

NOTE: Meaning multiple transmitting antennas but one receiving antenna.

MODCOD
MODCODTID
MPEG

MSB

MODulation and CODing

MODulation, CODing and Time Interleaving Depth
Moving Pictures Experts Group

Most Significant Bit

NOTE: In DVB-NGH the MSB is always transmitted first.
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MSS Modulation Signalling Sequences
MU Memory Unit

NA Not Applicable

NPD Null-Packet Deletion

NU-64-QAM  Non-uniform 64-ary Quadrature Amplitude Modulation
NU-256-QAM Non-uniform 256-ary Quadrature Amplitude Modulation

OFDM Orthogonal Frequency Division Multiplex
O-LSI Orthogonal Local Service Insertion
O-UPL Original User Packet Length

PAPR Peak to Average Power Ratio

PCR Programme Clock Reference

PER (MPEG TS) Packet Error Rate

PH Phase Hopping

PID Packet IDentifier

PLL Phase Locked Loop

PLP Physical Layer Pipe

PRBS Pseudo Random Binary Sequence
QEF Quasi Error Free

QPSK Quaternary Phase Shift Keying

RF Radio Frequency

R-PLP Regional service PLP

SDT Service Description Table

SFN Single Frequency Network

SIS Single Input Stream

SISO Single Input Single Output

NOTE: Meaning one transmitting and one receiving antenna.

SM Spatial Multiplexing

SoAC Sum of AutoCorrelation

TDI Time De-Interleaving

TDM Time Division Multiplex

TF Time/Frequency

TFS Time-Frequency Slicing

TS Transport Stream

TSPS Transport Stream Partial Stream
TSPSC Transport Stream Partial Stream Common
TTO Time To Output

TV TeleVision

up User Packet

UPL User Packet Length

VCM Variable Coding and Modulation
VMIMO Virtual MIMO
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Part I: Base profile
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4

System overview and architecture

The top level NGH system architecture is represented in figure 1. Services or service components are
embedded into Transport Streams (TS) [1] or Generic Streams [3] which are then carried in individual
Physical Layer Pipes (PLPs). The PLPs are mapped onto logical channels (LC), which are then transmitted in
NGH physical frames according to a fixed schedule. The sequence of NGH frames carrying a logical channel

may be transmitted over a singl

e or multiple RF frequencies.

Component 1
Component 2

Component 1}
| Component2  }--

‘m .
Component 3 }-

Stream (TS) /
Stream Group

[
| o )
S
-------------- [oowns

LC1

Schqg,iulé’r?

Muttiplexer

Stream (TS) /

<> Service K
Control

Service Layer

» | COMPLP

Transport Layer

Transmission Layer (Physical layer)

Inc. Video codec
(e.g. H.264 / SVC)

Transport streams
(e.g. TS; IP/GSE)

DVB-NGH Signal
(PHY Frames)

Figure 1: Top level NGH system architecture

This specification is restricted to the physical layer. The overall system specification is described in [i.4].

TS or GSE )

Bit-interleaved
coding and

inputs Input processing

> modulation, MISO

Frame building

precoding

)

Signal on air

—» OFDM generation

Figure 2: High level NGH phy layer block diagram

Figure 2 shows the NGH physical layer block diagram which comprises four main building blocks. The input
to the NGH system shall consist of one or more logical data streams. One logical data stream is carried by
one Physical Layer Pipe (PLP). The PLP specific input processing stage (see also figures 3-5) comprises the
mode adaptation as well as the encapsulation into baseband frames (BBFs). BBFs are then FEC encoded and
interleaved at FEC frame level as well as - after being modulated onto a QAM constellation —interleaved on
component, time and frequency level (figure 6). The frame building block (figure 7) comprises the
generation of the NGH logical and physical frames which are finally OFDM modulated and transmitted on a
single or multiple (in case of TFS usage) RF frequencies (figure 9). In the latter case the system is designed
to allow continuous reception of a service with a single tuner.
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4.1 Input processing

Single  _ _ _ _ _ _ _ _ o _____ e
input : : | : To BICM
|
stream | Input CRC-8 BB Header | ! | Padding BB | module
| interface "1 encoder "1 insertion | : "] insertion "1 Scrambler :
| by
|
L L H
Mode adaptation Stream adaptation
To BICM
________ | L1-PRE i'_______| module
Signalling : ........................... > u S -

Figure 3: System block diagram, input processing module for input mode 'A' (single PLP)

PLPO :
Input > Input Stream Compensating > Null-packet » CRC-8 BB Header
interface Synchroniser delay deletion encoder insertion
PLP1 '
‘ Input - Input Stre.am Compensating - NuII—pa‘cket - CRC-8 B‘B Heéder
interface Synchroniser delay deletion encoder insertion
Multiple . . . . . .
input | | | | | | To stream
streams ! ! ! ! ! ! adaptation
PLPn '
. Input Input Stre_am Compensating NuII—pa.cket .| CRC-8 B‘B Hea!der
interface Synchroniser delay deletion encoder insertion

Figure 4: Mode adaptation for input mode 'B' (multiple PLP)
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Logical Logical
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PLPO s — In-band signaling i
—_— > & » or (if relevant) > NN
| frame delay L . Scrambler
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..................................... I
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PLP1 . : In-band signaling
—» > Logical ~>—>» or (if relevant) BB >
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¢ L1-POST
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| generation : [ >
R — 4 11-POST R ! -

Figure 5: Stream adaptation for input mode 'B' (multiple PLP)

4.1.1 Mapping of input streams onto PLPs

Input data in the form of TS packets or GS data (e.g. GSE packets) enter the NGH system in parallel with one
input stream per PLP branch. For input streams that are Transport Streams TS data that is common to all
TSs and time synchronized are extracted (and replaced by null packets in the original stream) and put into a
dedicated partial transport for common data (TSPSC) stream that is transmitted in a common PLP. Each
input TS may also be split into several partial transport streams (TSPS), which are transmitted in dedicated
data PLPs. This may be used to send e.g. service components in different PLPs, with potentially a different
robustness using e.g. a different MODCODTID per service component.

The sum of the coded bit rates (i.e. bit rates at the output of the LDPC encoder) of a PLP cluster shall not
exceed 12 Mbit/s. A PLP cluster is the set of up to 4 PLPs that carry a particular TS input stream or a
collection of GS input streams with the same stream group id.

4.1.2 Encapsulation into baseband frames

The input data is put into the payload of baseband frames (BBFs), which also have a header with a fixed size
for a given mode. The BBFs may also have some padding in the end. The first BBF in each interleaving frame
(see below) may carry some in-band signaling (IBS) of type A (dynamic info used to find PLPs) and type B
(ISSY and other info to help the receiver with e.g. buffer management).
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4.2 Bit-interleaved coding and modulation, MISO precoding
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(16K LDPC/BCH) interleaver constellations interleaver rotation A . intra-frame block precoding it
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frame builder
Inter-frame
I ) Demux ) I/Q nter
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(16K LDPC/BCH) interleaver constellations interleaver rotation . N intra-frame block precoding -
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L1-PRE .| (Shortened/ Map cells. to MIsO To NGH frame
punctured 4K constellations precoding ——-» builder
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Scrambled [ FEC encoding Demux
L1-POST (Shortened/ Bit ) Map cells to MISO .
> - —» bitsto X . — To logical
punctured 4K interleaver cells constellations precoding [ — _ frame builder
LDPC/BCH)

Figure 6: Bit interleaved coding and modulation (BICM), MISO precoding

4.2.1 FEC encoding and interleaving inside a FEC block

The BBFs are FEC-encoded using a BCH code followed by a 16200 bit (16K) LDPC code (4K for L1-PRE and L1-
POST). Bit interleaving is applied within the FEC block. Bit interleaved FEC block bits are demultiplexed to

cell words and mapped to constellations points (cells). Cell interleaving is then applied within each FEC
block.

4.2.2 Modulation and component interleaving

The constellation is either non-rotated (QPSK, 16-QAM, 64-QAM or 256-QAM), 2D-rotated (QPSK, 16-QAM,
64-QAM) or 4D-rotated (QPSK). For QPSK, 2D- and 4D-rotations are only specified for a subset of the code
rates. In addition there are non-uniform constellations (NU-64-QAM and NU-256-QAM). NU-64-QAM is
either non-rotated or 2D-rotated. NU-256-QAM is never rotated. When constellation rotation is used, an
I/Q component interleaver is applied to the rotated real and imaginary constellation components (two
components with 2D rotation and four components with 4D rotation) whereby the components become
separated over the time interleaving depth, increasing the time diversity. When TFS is used, these
components also appear on different RF channels, in order to increase frequency diversity.

4.2.3 Formation of interleaving frames for each PLP

An integer number of FEC blocks from each PLP are collected into an interleaving frame. This number of
FEC blocks in one interleaving frame can be different from PLP to PLP and over time and so is signaled for
each PLP. An interleaving frame is either transmitted in one logical frame or is spread across more than one
logical frame thereby providing more time diversity for the FEC blocks of the PLP.

4.2.4 Time interleaving (inter-frame convolutional interleaving plus intra-
frame block interleaving)

The time interleaver block spreads the cells of the FEC blocks for each interleaving frame over one or
multiple logical frames (LFs). Interleaving over multiple LFs is achieved by convolutional interleaving
referred to as inter-frame interleaving. With or without inter-frame interleaving, the FEC block cells are
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shuffled within each logical frame by block interleaving, which is referred to as intra-frame

interleaving. Both convolutional and block interleaving together constitute the time interleaving. Its
configuration is PLP-specific. If the time interleaver is configured to carry out exclusively intra-frame
interleaving and no inter-frame interleaving, then the time interleaving becomes a sheer block interleaving.

4.3 Frame building, frequency interleaving

e | i
PLPO : Assembly : :
: of common | :
— L PLP cells _; Logical Frame :
PLPL builder | -I
$ ! (assembles : |
| Assembly o dulated cells of |1 - !
: of data PLP | PLPs and L1-POST |! NGH Frame builder :
. ocells ! R — | (assembles |
o] signalling into 14 > modulated cellsof |!
- - | IOggaL:;:::S' | logical frames and ||
PLPn | Sub-slice 1 acczrding to | Logical L1-PRE signalling : To OFDM
! | : I frames into arrays Ly I generation
| processor | dynamic | correspondingto || Frequency |,
Lo scheduling E— A OFDM symbols. - interleaver | Lt >
information : Operates according : :
produced by | to dynamic | i
fm—————= | scheduler) : scheduling |
| Assembly ! ! information |
—»{ 1 of L1-POST | L1-PRE produced by |
L1-POST| |  cells ! H— scheduler) !
L |
! |

Figure 7: Frame builder

4.3.1 Formation of logical frames

The collection of time interleaving blocks that are simultaneously output are assembled in a logical frame.
The result of the time interleaving process is a sequence of cells for each PLP in each logical frame. The cell
sequences of the different PLPs in the logical frame are then combined in such a way that the cells of one
PLP are followed by the cells of the second PLP etc. With M PLPs we obtain therefore a vector with cells
arranged in M slices (“bursts”), i.e. with one slice per PLP. In addition subslicing may be performed, by
which each slice is divided into L smaller parts or sub-slices which are then distributed in time over the
logical frame duration. A logical channel (see clause 4.1.9) is derived from a sequence of logical frames.
With logical channel type D each slice is divided into the same number (one or more) of sub-slices per RF
channel used by the logical channel. In this case we have a matrix with one column per RF channel containg
the logical frame cells of that RF channel.

A logical frame consists of the following elements (in order):

- L1-POST signalling

- Common PLPs

- Type 1 PLPs (optionally with type 4 H-LSI PLPs hierarchically modulated on top of type 1 PLPs)
- Type 2 PLPs

- Auxiliary streams

- Dummy cells

- Type 3 PLPs (O-LSI)
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The L1-POST is mandatory. All of the other elements of the logical frame are optional, except that at least
one of the PLP types 1, 2 and 3 must appear in each LF. For LC type D the L1-POST is put in the beginning of
all the columns of the above-mentioned matrix. PLP type 4 only occurs in the presence of PLP type 1 which
it hierarchically modulates.

Each LF in a logical super-frame of a given logical channel has a constant number of cells. The number of
logical frames in a logical super-frame of a given logical channel is signalled in L1-POST. Because of bit rate
variations of the incoming streams the resulting number of FEC block cells may vary somewhat across
logical frames. The statistical multiplexing of video streams can (and should) be organized in a way that the
total number of cells remains constant rather than the total bit rate. However, this process is not perfect
and it is in general impossible to guarantee a constant number of FEC block cells per collection window.
After cell interleaving this means that there will also be some variations in the number of cells per LF. In
order to compensate for this a number of auxiliary stream cells and/or dummy cells are added each LF just
before the occurrence of any PLPs of Type 3 (or in the end of the LF when there are no Type 3 PLPs). The
number of auxiliary stream cells and/or dummy cells is signalled in the L1-POST dynamic signalling.

At this point of the chain we have thus a sequence of logical frames, each containing a vector (matrix
instead of a vector in the case of logical channel type D) of cells. There is not yet any organization into
OFDM symbols and carriers applied and the logical frame/logical channel concept does not require this —
each logical frame is just a vector of cells (matrix with logical channel type D). Each logical frame within the
current logical super-frame has the same size and the sequence of such logical frames and logical super-
frames constitutes a logical channel (LC). For LCs of types A, B and C this is fully valid - in this case the
receiver is able to receive and demodulate all cells of a logical channel (in LC type C using TFS/frequency
hopping) since all cells of the LC always appear sequentially. However, for LC type D the LF is composed of
N parallel vectors, when TFS is performed over N RF channels, which means that the logical channel in this
case exists simultaneously on multiple RF channels. The L1-POST signalling also appears for each of the
parallel vectors.

In this case (LC type D) the N vectors of the matrix are processed via a “shift-and-fold procedure”, which
ensures that the sub-slices of each PLP are spread in time in a way which allows a single tuner to receive
the relevant PLP (or PLPs) via frequency hopping.

4.3.2 Mapping of logical frames onto NGH frames

The way the logical channel cells are transmitted is that they use cell capacity in one or more RF channels,
each having an OFDM-modulated NGH signal. The NGH signal is composed of NGH frames, potentially with
FEF gaps between them, divided into OFDM symbols and OFDM cells. See also figure 8.
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Figure 8: Mapping of input stream FEC blocks to interleaving frames, logical frames and
NGH frames

Each physical layer frame begins with a P1 symbol (accompanied in some cases by an additional P1 symbol
(aP1)), followed by a number of P2 symbols, depending on the applied FFT size In certain combinations of
FFT size, guard interval and pilot patterns, the frame shall end with a frame closing symbol. In addition to
this, the physical frame incorporates scattered pilots and continual pilots amongst the data cells, which are
the capacity units or the “payload” of the NGH frames used to carry the logical channel cells. Data cells are
those cells in the NGH frame that are not occupied by any of the other components (P1/aP1, P2 pilots,
frame closing pilots, scattered pilots, continual pilots, reserved tones) and therefore are available for
transport of logical channel cells.

A set of NGH frames constitutes a super-frame. In a super-frame the NGH frames may be allocated to
different logical frames and may also use different frame types (SISO, MISO), as indicated by the L1-PRE
signalling of the NGH frame, which signals the composition of the NGH frame.

The RF bandwidth, FFT size, guard interval (Gl) and pilot pattern (PPx) may be different on different RF
channels. In addition, on a given RF channel the pilot pattern may be unique for all frames carrying a
particular logical channel. For a given PLP the MODCODTID (modulation/constellation, channel coding and
time interleaving depth) is however given by the logical channel and not by the RF channel. Please note
again that the logical frames do not have anything to do with OFDM — they are just fixed-length (potentially
parallel in case of LC type D) sequences of cells with no OFDM symbols or carriers involved!

A given RF channel has a fixed, well-determined cell capacity (cells per second) to carry LC cells. When more
than one logical channel is used, the NGH frames used to carry a particular logical channel also have a fixed,
well-determined capacity. A set of RF channels has a total cell capacity that is the sum of the cell capacities
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of the individual RF channels. This total cell capacity may be used by any number of logical channels and the
cell rate of each logical channel must exactly match the available cell rate capacity of the NGH frames
allocated to carry this logical channel.

A constant cell capacity is allocated to each LC, which may be distributed in any way among the RF
channels, as long as continuous reception is possible with a single tuner. Reception with a single tuner is
enabled through a particular minimum distance in time of the relevant symbols on the different RF
channels. This distance shall be equal or larger than 5 ms (rounded up to the nearest number of OFDM
symbols) plus additional time for channel estimation to finalise and restart (additional 2(Dy-1) symbols)
where D, is a parameter of the scattered pilot pattern in use.

When the bit rates of the input streams are appropriately selected, the corresponding cell rate may
approach the logical channel capacity of the NGH frames, but normally not match it exactly. The logical
frames are defined to always exactly fill the data cell capacity of the corresponding NGH frames, but to
adjust for the mismatch between required cell rate of input streams and available capacity auxiliary stream
cells and/or dummy cells are added in the logical frame so that each logical frame of a particular logical
channel gets the same size in cells during one logical super-frame.

A set of NGH physical layer frames forms a super-frame. Changes of physical layer parameters can only be
done at super-frame boundaries. A super-frame may contain FEFs at regular intervals (e.g. after every N™
frame). A particular frame only carries cells from one logical channel. In a super-frame there may be any
allocation of logical channels to NGH frames, but this allocation may not change across super-frames,
unless there is a reconfiguration, which in general is not seamless.

4.3.3 Logical channel types

As can be seen from the above, the logical frames and the NGH frames can be seen as two different
protocol layers, which are largely independent. The logical frames have their own L1 signaling (L1-POST)
and are carried as the payload of the available capacity in the NGH frames. The NGH frames also have their
own signalling (L1-PRE) and offer a data cell capacity to the logical frames.

Similar to other protocols, the “packet size” of the higher protocol layer does not need to perfectly match
the capacity of the lower layer. With LC type A there is a match in so far as each NGH frame carries exactly
one logical frame. This also applies to LC type D, albeit with multiple RF frequencies.

However, with LC types B and C the logical frames are completely decoupled (unsynchronized) from the
NGH frames. With LC type B this is done using one RF channel and with LC Type C using multiple RF
channels. LC type A can be seen as a special case of LC type B (both use a single RF channel, but with LC
type A the logical frame is synchronized with the NGH frames). Similarly, LC type B can be seen as a special
case of LC type C (both use logical frames that are unsynchronized with the NGH frames, but with LC type C
the NGH frames may use different RF frequencies). In all cases reception is possible using a single tuner.

4.3.4 Single tuner reception for frequency hopping

For LC type C, where there is no frequency hopping internally in an NGH frame, a sufficient requirement is
that the time separation between NGH frames on different RF channels, carrying the same logical channel,
fulfills the minimum tuning time requirement, as explained above.
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For LC type D the subslicing internally within one NGH frame is specified to ensure that this tuning time
condition is fulfilled. However, since a PLP may end on one RF channel in one NGH frame and may continue
early in the following NGH frame on another RF channel, there must be some means to ensure, for every
PLP, that the receiver has enough time to jump between the two RF frequencies also in this case.

One way of achieving this is to use of a FEF part between the NGH frames. In the FEF part there may e.g. a
DVB-T2 signal, during which the NGH receiver may jump to the next frequency without losing the service.

Another way is to ensure that one or more other PLP types are used (for other services) between the
occurrences of the current PLP type. One application is when the desired service is carried on a type 2 PLPs
one may e.g. use a sufficient number of symbols with type 1 PLPs in the beginning of the logical frame/NGH
frame (these two are synchronized for LC type D) to allow time for frequency hopping. When a service is
carried on several PLPs these are co-scheduled in the NGH frame so that it makes no difference for the
receiver from the frequency hopping point of view.

4.4 OFDM generation

Pilotand ! I K K Guard ] PL&APL | To™
! eSFN ! ! ! ! ‘ |
%] reserved tone [+ - ' —™ IFFT H—] PAPB H—» interval [+ symbol [ D/A_ He o
. . r——» predistortion | ——» k- reduction [k-® . [ . k- conversion [l----p-
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To transmitter(s)

Figure 9: OFDM generation

The input to the OFDM generation part is a sequence of QAM cells grouped in OFDM symbols each of
which is comprised of a fixed number of QAM cells. The pilot and reserved tone insertion block inserts
scattered, continuous, and edge pilot cells as well as leaves space amongst the QAM cells for later insertion
of PAPR reduction tones by the PAPR reduction block if necessary. P2 pilots are also inserted for P2 OFDM
symbols. The eSFN block pre-distorts the cells of each OFDM symbol to impose some time diversity at the
receiver. The IFFT transforms the sequence of QAM cells of each OFDM symbol into the time domain via an
inverse Fourier transform. The output of the IFFT is a time domain OFDM symbol whose crest factor may be
reduced by the PAPR reduction. PAPR reduction can use one or both of tone reservation and/or active
constellation extension. The guard interval insertion adds a cyclic prefix of the current time domain OFDM
symbol to the beginning of the OFDM symbol. A number of these cyclically extended symbols form an NGH
frame which is delimited by the insertion of a first preamble (P1) symbol which in the MIMO, the hybrid
and the hybrid MIMO profiles is followed by an additional first preamble (aP1) symbol. The P1 (and aP1)
symbols are special non-OFDM symbols which are modulated with information that describes how the
following second preamble (P2) symbol is composed. The last block in OFDM generation is the conversion
of the stream of time discrete signal samples into an analogue signal ready for up conversion into the RF
transmit frequency and amplification.

NOTE: The term "modulator" is used throughout the present document to refer to equipment
carrying out the complete modulation process starting from input streams and finishing with
the signal ready to be upconverted and transmitted, and including the input interface,
formation of BBFRAMES, etc. (i.e. mode adaptation). However other documents may
sometimes refer to the mode adaptation being carried out within a T2-gateway, and in this
context the term "modulator" refers to equipment accepting BBFRAMES at its input, and
applying processing from the stream adaptation module onwards.

Care should be taken to ensure these two usages are not confused.
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5 Input processing
5.1 Mode adaptation

The input to the NGH system shall consist of one or more logical data streams. One logical data stream is
carried by one Physical Layer Pipe (PLP). The mode adaptation modules, which operate separately on the
contents of each PLP, slice the input data stream into data fields which, after stream adaptation, will form
baseband frames (BBFs). The mode adaptation module comprises the input interface, followed by two
sub-systems (the input stream synchronizer and the null packet deletion (the latter is optional for TSs)) and
then finishes by slicing the incoming data stream into data fields and appending the baseband frame
header (BBF-HDR) in front of each data field. Each of these sub-systems is described in the following
clauses.

Each input PLP may have one of the formats specified in clause 5.1.1. The mode adaptation module can
process input data for a PLP in one of three modes, the ISSY-IBS mode (one ISSY field per Logical Frame (LF)
carried as part of the mandatory in-band signalling type B), the ISSY-BBF mode (one ISSY field per baseband
frame carried in the baseband frame header) or the ISSY-UP mode (one ISSY field attached to each user
packet), which are described in clause 5.1.7. The PLP mode — ISSY-IBS, ISSY-BBF or ISSY-UP - is indicated
with the L1-POST configurable parameter PLP_ISSY_MODE (see clause 8.1.3.1).

Each TS input stream may be carried by a PLP cluster, i.e. a maximum of four PLPs, including any common
PLP. Each GS input stream is carried by only one PLP (data PLP or common PLP) and each PLP may carry
only one input GS. A PLP cluster, that is carrying GS input streams associated with the same stream group
id, see L1 signalling, may carry a maximum of four GS input streams.

The bit rates of any TS or GS input streams shall be such that the sum of the coded bit rates (after BCH and
LDPC encoding) of a PLP cluster, i.e. the PLPs carrying a particular TS, or a particular group of GS input
streams, does not exceed 12 Mbit/s.

5.1.1 Input formats

The input pre-processor/service splitter shall supply to the mode adaptation module(s) a single or multiple
streams (one for each mode adaptation module). In the case of a TS, the packet rate will be a constant
value, although only a proportion of the packets may correspond to service data and the remainder may be
null packets.

Each input stream (PLP) of the NGH system shall be associated with a modulation, a FEC protection mode
and a particular time interleaving depth. All three parameters are statically configurable and are indicated
with the L1-POST configurable parameters PLP_MOD/PLP_ROTATION, PLP_COD and
FRAME_INTERVAL/TIME_IL_LENGTH/TIME_IL_TYPE respectively.

Each input PLP may take one of the following formats:

e  Transport Stream (TS) [1]:

A Transport Stream is characterized by packets of a fixed length of originally 188 bytes. Since the
sync byte in the beginning (47ex) is known a priori and is hence not transmitted (but can be
attached again by the receivers if necessary), the basic length of the transmitted UPs is 187
bytes. When a PLP carries TS packets from different original TSs (e.g. to carry audio service(s)
(components) of several TSs in a dedicated PLP) the ngh_stream_id is placed in the former sync
byte position of each TS packet. So the resulting TS packets are 188 bytes long. The
ngh_stream_id allows the receiver to identify the correct TS for the reassembly operation in
the receiver.
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If Null Packet Deletion is used, a DNP field is attached (1 byte) to each user packet. The application
of Null Packet Deletion is indicated by the L1-POST configurable parameter PLP_NPDI, see
clause 7.2.

When only a single service (sub-)component is transported with a (partial) TS by the related PLP, TS
header compression can be used leading to a 2 bytes shorter user packet length. TS packet
header compression is described in clause 5.1.1.1 below. The different combinations of
attributes are explained in detail in clause 5.1.7, which distinguishes between the ISSY-LF mode,
the ISSY-BBF mode and the ISSY-UP mode.

e  Generic Stream Encapsulation (GSE) [3]:

A GSE is characterised by variable or constant length packets, as signalled by the GSE packet
headers.

e  Generic Continuous Stream (GCS) [?]:

A GCS is characterised by a continuous bit-stream or a variable length packet stream where the
modulator is not aware of the packet boundaries.

The L1-POST configurable parameter PLP_PAYLOAD_TYPE indicates, if the related PLP carries either a GCS,
GSE, TS or a TS with header compression. The L1-PRE parameter TYPE provides an overview over the
stream types carried within the NGH super-frame it belongs to.

51.11 Transport Stream packet header compression

TS packet header compression can optionally be applied to Transport Streams or partial Transport Streams,
if they carry content belonging to one single PID, i.e. for one service component (video, audio, ...) or service
sub-component (SVC base layer, SVC enhancement layer, MVC base view or MVC dependent view). Null
packets (PID 8191;) can still be part of that (partial) TS, i.e. a distinction between the service (sub-
Jcomponent PID and the null packet PID is enabled.

Also under the aforementioned circumstances TS packet header compression is an optional feature and its
use is up to the provider. The compression and decompression process is fully transparent.

The signal flow consists of a direct path where TS packet header compression is applied and a path where it
is not applied. The feature is applicable to an entire Physical Layer Pipe (PLP), i.e. a PLP carrying a (partial)
TS can use one of the two paths sketched below, if the aforementioned conditions are fulfilled. The use of
TS packet header compression is signalled with L1-POST configurable parameter PLP_PAYLOAD_TYPE.

Transport Stream packets

L1-POST configurable

- signalling for TS or TS
\ packet header compression

\

TS packet header

\/ l l
Transport Stream packets Transport Stream packets Full PID and TP flag inserted
with compressed headers in baseband frame header

Figure 10: TS packet header compression on transmitter side
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Transport Stream packets Full PID and TP flag derived
Transport Stream packets with compressed headers from baseband frame header

|

TS packet header

decompressor
Y yi
L BT

packet header compression

Transport Stream packets

Figure 11: TS packet header decompression on receiver side

The packet header compression is defined as outlined below.

Original TS packet header Compressed TS packet header
Transport error indicator 1 bit 1 bit
Payload unit start indicator 1 bit Not 1 itted h 1 bit
. - ot transmitted here, - Lo
Transport priority 1bit — butin BBEEHDR 1 bit :} NULL packet indicator
2 bits
2 bits

bl } sync flag

PID - 13 bits

Scrambling control 2 bits
Adaptation field control 2 bits
Continuity counter 4 bits

Continuity counter

Figure 12: Relationship between original and compressed TS packet headers (without sync byte)

The following parameters of the original TS packet header are compressed for transmission and
decompressed on receiver side (if needed) as follows:

Transport priority (TP): Not transmitted as part of the compressed TS packet header, but as part of the

PID:

baseband frame header

Replaced for compressed TS packet header by a single bit null packet indicator that
distinguishes between useful packets and null packets, the full 13 bit PID is
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transmitted as part of the extended baseband frame header and can be re-inserted
by the TS packet header decompressor on receiver side

Continuity counter: Reduced from 4 to 1 bit (continuity counter sync flag), provides synchronisation of
the receiver side 4-bit counter by the following conversion rule:

Continuity counter sync flag Continuity counter
1 0000
0 0001 to 1111

The original 4-bit count can be reconstructed on the receiver side for the error-free
cases.

5.1.2 Input interface

The input interface subsystem shall map the input into internal logical-bit format. The first received bit will
be indicated as the most significant bit (msb). Input interfacing is applied separately for each single physical
layer pipe (PLP), see figure 4.

The Input Interface shall read a data field, composed of DFL bytes (Data Field Length), where:

e 0<DFL*8 < (K, - 64) for TS packet header compression, ISSY-BBF mode

® 0 <DFL*8 < (K - 48) for TS, GCS, GSE, ISSY-BBF mode
e 0 < DFL*8 < (Ky —40) for TS packet header compression, ISSY-LF or ISSY-UP mode
e 0 <DFL*8 < (Kyc, — 24) for TS, GCS, GSE, ISSY-IBS or ISSY-UP mode

where K 4, is the number of bits protected by the BCH and LDPC codes (see clause 6.1).

The maximum value of DFL depends on the chosen LDPC code, carrying a protected payload of K, bits.

The 3-, 5-, 6- or 8-byte BBF-HDR is appended to the front of the data field, and is also protected by the BCH
and LDPC codes.

The input interface shall either allocate a number of input bits equal to the available data field capacity,
thus breaking UPs in subsequent data fields (this operation being called "fragmentation"), or shall allocate
an integer number of UPs within the data field (no fragmentation). The available data field capacity is equal
to the maximum values being listed with the bullet points above for the different ISSY modes and input
formats, i.e. Kyn-64, Kyen-48, Kpen-40 or Kyh-24, when in-band signalling is not used (see clause 5.2.3), but
less when in-band signalling is used. When the value of DFL*8 is smaller than the aforementioned
maximum values, a padding field shall be inserted by the stream adapter (see clause 5.2) to complete the
LDPC/BCH code block capacity. A padding field shall also be allocated in the first BBF of an interleaving
frame, to transmit in-band signalling (whether fragmentation is used or not), if this is used. See clause 5.2.3
for the different types of in-band signalling.
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5.1.3 Input stream synchronization (optional)

Data processing in the DVB-NGH modulator may produce variable transmission delay on the user
information. The Input Stream Synchronizer subsystem shall provide suitable means to guarantee Constant
Bit Rate (CBR) and constant end-to-end transmission delay for any input data format. The use of the Input
Stream Synchronizer subsystem is optional for PLPs carrying GSE or GCS streams. In the case of PLPs
carrying transport streams (TS), it shall always be used.

Input stream synchronization shall follow the specification given in annex C.1. This process will also allow
synchronization of multiple input streams travelling in independent PLPs, since the reference clock and the
counter of the input stream synchronizers shall be the same.

The ISSY field (Input Stream Synchronization, 3 bytes) carries the value of a counter clocked at the
modulator clock rate 1/T (where T is defined in clause 11.4) and can be used by the receiver to regenerate
the correct timing of the regenerated output stream. The ISSY field carriage shall depend on the input
stream format and on the PLP mode, as defined in clauses 2?22 and figures 18 to 19. In ISSY-UP mode the
ISSY field is appended to UPs for packetized streams. In ISSY-IBS mode a single ISSY field is transmitted per
interleaving frame in the in-band signalling type B, taking advantage of the fact that UPs of an interleaving
frame experience similar delay/jitter.

When the ISSY mechanism is not being used, the corresponding fields of the in-band signalling type B, if
any, shall be setto '0'".

A full description of the format of the ISSY field is given in annex C.1.

5.1.4 Compensating delay

The interleaving parameters P, and Ny, (see clause 6.6), and the frame interval /,;,;, (see clause 6.6) may be

different for the data PLPs in a group and the corresponding common PLP. In order to allow the re-
assembly of a service from the PLPs in its PLP cluster (for Transport Streams, the recombining mechanism
described in annex A is used) without requiring additional memory in the receiver, the input streams (PLPs)
shall be delayed in the modulator following the insertion of Input Stream Synchronization Information. The
delay (and the indicated value of TTO - see annex C.1) shall be such that, for a receiver implementing the
buffer strategy defined in clause C.1.1, the partial transport streams at the output of the de-jitter buffers
for the data and common PLPs would be essentially co-timed, i.e. packets with corresponding ISCR values
on the two streams shall be output within 1 ms of one another.

The compensating delay shall also be used, when the input stream is additionally transmitted from a
second modulator with different PLP parameters (e.g., time interleaver duration), and if it is intended for a
receiver to hand over from one signal to the other or to combine both received signals.

5.1.5 Null Packet Deletion (optional, for TS only, ISSY-IBS, ISSY-BBF and
ISSY-UP modes)

Transport Stream rules require that bit rates at the output of the transmitter's multiplexer and at the input
of the receiver's demultiplexer are constant in time and the end-to-end delay is also constant. For some
Transport Stream input signals, a large percentage of null packets may be present in order to accommodate
variable bit rate services in a constant bit rate TS. In this case, in order to avoid unnecessary transmission
overhead, TS null packets shall be identified (PID = 8191) and removed. The process is carried out in a way
that the removed null packets can be re-inserted in the receiver in the exact place where they were
originally, thus guaranteeing constant bit-rate and avoiding the need for time-stamp (PCR) updating.

When Null Packet Deletion is used, useful packets (i.e. TS packets with PID # 8 191,), including the

optionally appended ISSY field (ISSY-UP mode), shall be transmitted while null packets (i.e. TS packets with
PID = 8 191,), including the optionally appended ISSY field, may be removed, see figure 13.
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After transmission of a UP, a counter called DNP (deleted null packets, 1 byte) shall be first reset and then
incremented at each deleted null packet. When DNP reaches the maximum allowed value DNP = 255, then

if the following packet is again a null packet this null packet is kept as a useful packet and transmitted.

Insertion of the DNP field (1 byte) shall be after each transmitted UP according to clause 5.1.7 and

Reset after
DNP DNP insertion
Null packet deletion counter
A i
) >
»_ ) >
Useful DNP (1 byte) Output
Inout packets insertion after P
P next useful
Null packet
packets
Input Optiznal / -
Bl [ E O |8 P AN
>
DNP=0 . DNA=0 DNP=1 ﬂﬁ/
.............. v
s .'ij ........ L D s | p |
OUtpUt é v -3 L ¥ Z'g o= g F,

Figure 13: Null packet deletion scheme

5.1.6 Baseband frame header (BBFHDR) insertion

A BBFHDR of a fixed length of either 8 (TS packet header compression applied in ISSY-BBF mode), 6 (all
remaining input stream formats in ISSY-BBF mode), 5 (TS packet header compression applied in ISSY-IBS or
ISSY-UP mode) or 3 bytes (all remaining input stream formats in ISSY-IBS or ISSY-UP mode) shall be inserted
in front of the baseband data field in order to describe the format of the data field. The BBFHDR shall take
one of four forms as shown in figures 14 to 17:

e Input stream format TS packet header compression (PLP_PAYLOAD_TYPE # “xxxxx”),
ISSY-BBF mode (figure 14 below)

e Input stream format other than TS packet header compression (PLP_PAYLOAD TYPEs), ISSY-BBF
mode (figure 15 below)

e Input stream format TS packet header compression (PLP_PAYLOAD_TYPE =), ISSY-LF or ISSY-UP
mode (figure 16 below)

e Input stream format other than TS packet header compression (PLP_PAYLOAD_Types ), ISSY-LF or
ISSY-UP mode (figure 17 below)

DFL SYNCD ISSY SYNCD-PID/TP | TP PID Rfu
(11 bits) (8 (TS) or 11 bits GSE)) (24 bits) (6 bits) (1 bit) (13 bits) (1 bit)

Figure 14: BBF-HDR format for TS packet header compression, ISSY-BBF mode
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DFL

SYNCD ISSY Rfu
(11 bits) (8 (TS) or 11 bits (GSE)) (24 bits)

(5 bits (TS) or
2 bits (GSE))

Figure 15: BBF-HDR format for TS, GCS, GSE, ISSY-BBF mode

DFL SYNCD SYNCD-PID/TP | TP PID Rfu
(11 bits) (8 (TS) or 11 bits (GSE)) (6 bits) (1 bit) (13 bits) (1 bit)

Figure 16: BBF-HDR format for TS packet header compression, ISSY-IBS or ISSY-UP mode

DFL SYNCD Rfu
(11 bits) (8 (TS) or 11 bits (GSE))

(5 bits (TS) or
2 bits (GSE))

Figure 17: BBF-HDR format for TS, GCS and GSE, ISSY-IBS or ISSY-UP mode

DFL (11 bits):

SYNCD (8 bits (TS) or 11 bits (GSE)):

SYNCD-PID/TP (6 bits):

TP (1 bit):

PID (13 bits):

Data Field Length in bytes, in the range [0, 1461]

The distance in bytes from the beginning of the data field to the
beginning of the first transmitted UP, which starts in the data field.
SYNCD = 0p means that the first UP is aligned to the beginning of
the Data Field. SYNCD = 255 (TS) or SYNC = 2047, (GSE) means that
no UP starts in the data field; for GCS, SYNCD is reserved for future
use and shall be set to Op.

The four most significant bits indicate the distance in number of TS
packets from the SYNCD position to the first TS packet belonging to
a new PID after PID change and/or to a new transport priority (TP)
setting after change, the two least significant bits indicate if the
distance indication applies to a PID change (“10”), a TP change
(“01”) or a change of both parameters at the same time (“11”), set
to “111100” if no PID or TP change in this BBF

Transport priority as originally indicated in the uncompressed TS
packet headers

The content of this parameter replaces the NPD indicator being part
of the compressed TS Headers. It signals the PID continuously, only
in the case of a PID change within the related baseband frame it
signals the new PID exclusively

Rfu (1 (TS-PHC), 2 (GSE) or 5 bits (TS)): Reserved for future use

5.1.7 Mode adaptation sub-system output stream formats

This clause describes the mode adaptation processing and fragmentation for the various modes and input
stream formats, as well as illustrating the output stream format. Three modes are available, one comes
with a single ISSY field per Logical Frame being located in the in-band signalling type B (ISSY-LF), the second
with a single ISSY field per baseband frame (ISSY-BBF) and the third one with a single ISSY field being

attached to each user packet (ISSY-UP).

DVB BlueBook A160



42

51.71 ISSY-IBS mode, TS, GSE and GCS

Transport Stream packets are carried without the sync-byte (47,,,) that is known a priori. Hence for the
signal on air these packets are 187 bytes long (with appended DNP field 188 bytes). The sync-byte can be
appended again by the receivers in front of the received packet, if needed. Furthermore the TS packet
headers can be compressed, if only a single service (sub-)Jcomponent (SVC base or enhancement layer or
MVC base and dependent view(s)) is transported with the related TS. With this header compression the UP
becomes 2 bytes shorter.

The mode adaptation unit shall perform the following sequence of operations (see figure 18):

e  Optional input stream synchronization (see clause 5.1.3). ISSY field appended after each Logical
NGH Frame.

e  Compensating delay (see clause 5.1.4)

. For TS only, optional null-packet deletion (see clause 5.1.5); DNP computation and storage after the
next transmitted UP. The use of DNP is indicated by the L1-POST configurable signalling parameter
NPDI. The packet length increases with the use of DNP by a single byte.

e  SYNCD computation (pointing at the first bit of the first transmitted UP which starts in the data
field) and storage in BBF-HDR. The bits of the transmitted UP finish with the DNP field, if used.

Figure 18: Stream format at the output of the mode adapter, ISSY-IBS mode, with TS header
compression (bottom) and remaining input stream formats (above)
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51.7.2 ISSY-UP mode, TS and GSE

This mode differs from the ISSY-LF mode only in so far as a 3-byte long ISSY field is attached to each UP, i.e.
the length of the user packets becomes three bytes longer.

The mode adaptation unit performs the same steps as for the ISSY-LF mode — apart from the fact that in the
first step an ISSY field is appended to each user packet (instead of being appended to each logical frame).

Figure 19: Stream format at the output of the mode adapter, ISSY-UP mode
(DNP optionally attached to each UP)

5.2 Stream adaptation
Stream adaptation (see figure 20 and also clause 4.1) provides:
a) Scheduling (for input mode 'B'), see clause 5.2.1;

b) Padding (see clause 5.2.2) to complete a constant length (K, bits) BBF and/or to carry in-band
signalling according to clause 5.2.3;

c) Scrambling (see clause 5.2.4) for energy dispersal.

The input stream to the stream adaptation module shall be a BBF-HDR followed by a data field. The output
stream shall be a baseband frame as shown in figure 20.

b bits DFL Kyen-DFL-b
— e > — >
BBF-HDR DATA FIELD PADDING AND/OR IN-

BAND SIGNALLING

BBFRAME (Kbeh bits)

<
<

»
>

Figure 20: Baseband frame format at the output of the STREAM ADAPTER
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5.2.1 Scheduler

In order to generate the required L1-POST dynamic signalling information, the scheduler must decide
exactly which cells of the final NGH signal will carry data belonging to which PLPs, as shown in figure 5.
Although this operation has no effect on the data stream itself at this stage, the scheduler shall define the
exact composition of the frame structure, as described in clause 9.

The scheduler works by counting the FEC blocks from each of the PLPs. Starting from the beginning of the
interleaving frame (which corresponds to either one or more NGH frames - see clause 9), the scheduler
counts separately the start of each FEC block received from each PLP. The scheduler then calculates the
values of the dynamic parameters for each PLP for each NGH frame. This is described in more detail in
clause 9. The scheduler then forwards the calculated values for insertion as in-band signalling data, and to
the L1 signalling generator.

The scheduler does not change the data in the PLPs whilst it is operating. Instead, the data will be buffered
in preparation for frame building, typically in the time interleaver memories as described in clause 6.6.

5.2.2 Padding

Ky, depends on the FEC rate, as reported in table 4. Padding may be applied in circumstances when the

user data available for transmission is not sufficient to completely fill a BBF or when an integer number of
UPs has to be allocated in a BBF.

(Kycp-DFL-64) or (K, ,-DFL-48) or (K ,-DFL-40) or (K, ,,-DFL-24) (the exact value depends on the BBF

configuration applied) zero bits shall be appended after the DATA FIELD. The resulting BBF shall have a
constant length of K, bits.

5.2.3 Use of the padding field for in-band signalling
In input mode 'B', the PADDING field may also be used to carry in-band signalling.

Two types of in-band signalling are defined: Type A and type B. Future versions of the present document
may define other types of in-band signalling. The PADDING field may contain an in-band signalling block of
type A only or of type B only or a block of type A followed by a block of type B.

Type A signalling shall only be carried in the first BBF of an interleaving frame and its presence shall be
indicated by setting IN-BAND_A_FLAG field in L1-POST signalling, defined in clause 8.1.3, to '1". If
IN-BAND_A_ FLAG is set to '1', the in-band signalling block of type A shall immediately follow the data field
of the relevant BBF.

Type B signaling shal only be caried in the first BBF of an interleaving frame and is presence shal be

indicated by setting IN-BAND_B_FLAG field in L1-POST signalling, defined in clause 8.1.3, to '1".

If a BBF carries type B signalling but not type A, the in-band type B signalling shall immediately follow the
data field of the relevant BBF.

If a BBF carries both, type A and type B signalling, the type A block be followed immediately by the type B
block.

Any remaining bits of the BBF following the last in-band signalling block are reserved.
Figure 21 illustrates the signalling format of the PADDING field when in-band signalling is delivered.

The first two bits of each in-band signalling block shall indicate the PADDING_TYPE as given in table 1.
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Table 1: The mapping of padding types

Value Input stream format Type
00 Any In-band type A
01 TS In-band type B
01 GSE or GCS Reserved for future use
10 Any Reserved for future use
11 Any Reserved for future use

The format of an in-band type A block is given in clause 5.2.3.1. The format of an in-band type B block is
given in clause 5.2.3.2.

80 bits DFL Kpen-DFL-80
-y -
BBFHDR DATA FIELD PADDING
Type A only: IN-BAND type A Reserved

signalling fields

Type B only: IN-BAND type B
signalling fields Reserved
. IN-BAND type A IN-BAND type B
Type Aand type B: signalling fields signalling fields Reserved

Figure 21: Padding format at the output of the stream adapter for in-band type A, B, or both

5.2.3.1 In-band type A

An in-band signalling block carrying L1/L2 update information and co-scheduled information is defined as
in-band type A. When PLP_IN_BAND_A FLAG field in L1-POST configurable signalling, defined in clause
8.1.3.1, is set to '0', the in-band type A is not carried in the PADDING field. The use of in-band type A is
mandatory for anchor PLPs that appear in every logical frame (i.e. the values for P, and /s for the current

PLP are both equal to 1; see clauses 9.2.2 and 9.3).

The in-band type A block carrying dynamic signalling for logical frame n+1 (with the exception of the
parameter PLP_RF_IDX that refers to logical frame n+2 in the case of logical channel type D, see clause 2?7?)
of a PLP or multiple PLPs is inserted in the PADDING field of the first BBF of logical frame n of each PLP. If
NUM_OTHER_PLP_IN_BAND = 0 (see below), the relevant PLP carries only its own in-band dynamic
information. If NUM_OTHER_PLP_IN_BAND > O, it carries dynamic information of other PLPs as well as its
own information, for shorter channel switching time.

Table 2 indicates the detailed use of fields for in-band type A signalling.

Table 2: Padding field mapping for in-band type A
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Field Size

PADDING TYPE ('00') 2 bits
PLP_L1_ CHANGE COUNTER 8 bits
RESERVED 1 8 bits
L1_POST_DELTA 24 bits
LC_NEXT_FRAME_DELTA 24 bits
CURRENT PLP SUB SLICE INTERVAL 22 bits
START RF IDX 3 bits
CURRENT PLP_ START 22 bits
CURRENT PLP_NUM BLOCKS 10 bits
NUM ASSOC_PLP 2 bits
For i1=0..NUM ASSOC_PLP-1 {

PLP_ID 8 bits

PLP_START 22 bits

PLP_NUM_BLOCKS 10 bits

RESERVED 2 8 bits

IF LC_TYPE = “0117{
For j=0..NUM PLP PER LF-1 {

PLP_RF IDX NEXT 3 bits
}
}
NUM OTHER PLP_IN BAND 8 bits
For i=0..NUM OTHER PLP IN BAND-1 {
PLP_SUB SLICE INTERVAL 22 bits
START RF_IDX 3 bits
For j=0..MAX TIME IL LENGTH-1 {
PLP_ID 8 bits
PLP_ START 22 bits
PLP_NUM BLOCKS 10 bits
PLP_ANCHOR FLAG 1 bit
}
RESERVED 3 8 bits

}

For j=0..MAX TIME IL LENGTH-1 {
TYPE 2 START 22 bits

}

PADDING_TYPE: This 2-bit field indicates the type of the in-band signalling block and shall be set to '00' for
type A.

PLP_L1_CHANGE_COUNTER: This 8-bit field indicates the number of logical super-frames (LSFs) ahead
where the configuration (i.e. the contents of the fields in the L1-PRE signalling or the configurable part of
the L1-POST signalling) will change in a way that affects the PLPs referred to by this in-band signalling field.
The next LSF with changes in the configuration is indicated by the value signalled within this field. If this
field is set to the value '0', it means that no scheduled change is foreseen.

E.g. value '1' indicates that there is change in the next LSF. This counter shall always start counting down
from a minimum value of 2.

RESERVED_1: This 8-bit field is reserved for future use.

L1_POST_DELTA: This 24-bit field indicates the gap, in QAM cells, between the last cell carrying L1-PRE
signalling and the first cell of the first logical frame starting in the current NGH frame. The value (HEX)
FFFFFF means that no new logical frame starts in the current NGH frame.

LC_NEXT_FRAME_DELTA: This 24-bit field indicates the relative timing in T periods between the current
NGH frame and the next NGH frame which carries the current logical channel.
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CURRENT_PLP_SUB_SLICE_INTERVAL: This 22-bit field indicates the number of cells from the start of one
sub-slice of one PLP to the start of the next sub-slice of the same PLP on the same RF channel for the
relevant logical frame. If the number of sub-slices per logical frame equals the number of RF channels, then
the value of this field indicates the number of cells on one RF channel for the type 2 data PLPs. If there are
no type 2 PLPs in the relevant logical frame, this field shall be set to '0".

START_RF_IDX: This 3-bit field indicates the ID of the starting frequency of the logical channel typ D frame,
for the relevant NGH frame, as described in clause 9.4.4. The starting frequency within the frame of logical
channel type D may change dynamically. When logical channel type D is not used, the value of this field
shall be set to '0'".

CURRENT_PLP_START: This 22-bit field signals the start position of the current PLP in the relevant logical
frame. The start position is specified using the addressing scheme described in clause 9.9.3.1.

CURRENT_PLP_NUM_BLOCKS: This 10-bit field indicates the number of FEC blocks used for the current PLP
within the Interleaving Frame which is mapped to the next logical frame.

NUM_ASSOC_PLP: This 3-bit field indicates the number of PLPs associated with the current anchor PLP, and
for which dynamic information is provided by the current anchor PLP in-band signalling.

The following fields appear in the NUM_ASSOC_PLP loop:

PLP_ID: This 8-bit field identifies uniquely a PLP. If the PLP_ID corresponds to a PLP whose
PLP_TYPE (see 8.1.3.1) is one of the values reserved for future use, the remaining bits of this other
PLP loop shall still be carried, and they too shall be reserved for future use and shall be ignored.

PLP_START: This 22-bit field signals the start position of PLP_ID in the next logical frame . When
PLP_ID is not mapped to the relevant logical frame, this field shall be set to '0'. The start position is
specified using the addressing scheme described in clause 9.9.3.1.

PLP_NUM_BLOCKS: This 10-bit field indicates the number of FEC blocks for PLP_ID contained in the
interleaving frame which is mapped to the next logical frame. It shall have the same value for every
logical frame to which the interleaving frame is mapped. When PLP_ID is not mapped to the next
logical frame, this field shall be set to '0".

RESERVED_2: This 8-bit field is reserved for future use.

The following field appears in the NUM_PLP_PER_LF loop if LC_TYPE = “011” (i.e. LC Type D):

PLP_RF_IDX_NEXT: For LC type D PLPs this 3-bit field indicates the RF frequency of the current PLP
in the one after the next logical frame (n+2) where the PLP occurs. The value shall be interpreted
according to the LC_CURRENT_FRAME_RF_IDX of L1-PRE. For LC types A, B and C this field shall be
reserved for future use.

NUM_OTHER_PLP_IN_BAND: This 8-bit field indicates the number of other PLPs excluding the current PLP
for which L1-POST dynamic information is delivered via the current in-band signalling. This mechanism shall
only be used when the values for P, and I, for the current PLP are both equal to 1 (otherwise

NUM_OTHER_PLP_IN_BAND shall be set to "0” and the loop will be empty).
The following fields appear in the NUM_OTHER_PLP_IN_BAND loop:

PLP_SUB_SLICE_INTERVAL: This 22-bit field indicates the number of cells from the start of one
sub-slice of one PLP to the start of the next sub-slice of the same PLP on the same RF channel for
the relevant logical frame. If the number of sub-slices per logical frame equals the number of RF
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channels, then the value of this field indicates the number of cells on one RF channel for the type 2
data PLPs. If there are no type 2 PLPs in the relevant logical frame, this field shall be set to '0'.

START_RF_IDX: This 3-bit field indicates the ID of the starting frequency of the logical channel type
D frame, for the relevant NGH frame, as described in clause 9.4.4. The starting frequency within the
frame of logical channel type D may change dynamically. When logical channel type D is not used,
the value of this field shall be set to '0'".

The following fields appear in the MAX_TIME_IL_LENGTH loop:

PLP_ID: This 8-bit field identifies uniquely a PLP. If the PLP_ID corresponds to a PLP whose
PLP_TYPE (see clause 8.1.3.1) is one of the values reserved for future use, the remaining
bits of this other PLP loop shall still be carried, and they too shall be reserved for future use
and shall be ignored.

PLP_START: This 22-bit field signals the start position of PLP_ID in the next logical frame.
When PLP_ID is not mapped to the relevant logical frame, this field shall be set to '0'. The
start position is specified using the addressing scheme described in clause 9.9.3.1.

PLP_NUM_BLOCKS: This 10-bit field indicates the number of FEC blocks for PLP_ID
contained in the interleaving frame which is mapped to the next logical frame. It shall have
the same value for every logical frame to which the Interleaving Frame is mapped. When
PLP_ID is not mapped to the next logical frame, this field shall be set to '0'.

PLP_ANCHOR_FLAG: This 1-bit field indicates if the PLP identified by PLP_ID is an anchor
PLP for all its associated PLPs. The value “1” indicates an anchor PLP.

RESERVED_3: This 8-bit field is reserved for future use.

The following fields appear in the MAX_TIME_IL_LENGTH loop:

If there

NOTE 1:

NOTE 2:

TYPE_2_START: This 22-bit field indicates the start position of the first of the type 2 PLPs using the
cell addressing scheme defined in clause 9.9.3.1. If there are no type 2 PLPs, this field shall be set to
'0'. For LC type D it has the same value on every RF channel, and can be used to calculate when the
sub-slices of a PLP are 'folded' (see clause 9.2.2.2.2). The value of TYPE_2_ START shall be signalled
for each of the P, logical frames.

is no user data for a PLP in a given logical frame, the scheduler shall either:
e allocate no blocks (previously indicated by PLP_NUM_BLOCKS equal to 0); or

o allocate one block (previously indicated by PLP_NUM_BLOCKS equal to 1), with DFL=0, to carry
the in-band type A signalling (and the remainder of the BBFRAME will be filled with padding by
the input processor).

In the case when the value of PLP_NUM_BLOCKS referring to the current Interleaving Frame
equals 0 (as signalled in a previous Interleaving Frame), the dynamic signalling normally carried in
the in-band signalling for the relevant PLP will still be present in the L1-POST signalling (see clause
8.1.3.3), and may also be carried in the in-band signalling of another PLP.

In order to allow in-band signalling to be used together with GSE [3] it is assumed that, for
baseband frames containing in-band signalling, the data field, containing the GSE packets, does
not fill the entire baseband frame capacity, but leaves space for a padding field including in-band
signalling at the end of the BBF.
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5.23.2 In-band type B

For a PLP carrying TS, an in-band type B block shall carry additional information related to the input
processing for the PLP containing the type B block. In particular it shall contain extra ISSY information, to
enable faster initial acquisition, related to the BBF carrying the type B block. The use of in-band type B
signalling is optional.

Table Error! Bookmark not defined. shows the detailed use of fields for in-band type B signalling for TS.

Table 3: Padding field mapping for in-band type B

Field Size
PADDING TYPE ('01") 2 bits
TTO 31 bits
FIRST ISCR 22 bits
BUFS_UNIT 2 bits
BUFS 10 bits
TS RATE 27 bits
RESERVED B 8 bits

PADDING_TYPE: This 2-bit field indicates the type of the in-band signalling block and shall be set to '01' for
type B.

TTO: This 31-bit field shall signal directly the value of TTO (as defined in annex C.1) for the first UP that
begins in the data field of the BBF containing the type B block. If ISSY is not used for the PLP containing this
block, this field shall be set to '0'.

FIRST_ISCR: This 22-bit field shall give the ISCR}gng value (see annex C.1) for the first UP that begins in the
data field. If ISSY is not used for the PLP containing this block, this field shall be set to '0'".

BUFS_UNIT: This 2-bit field shall indicate the unit used for the following BUFS field, as defined for the
BUFS_UNIT field in annex C.1. If ISSY is not used for the PLP containing this block, this field shall be set to
|OI.

BUFS: This 10-bit field shall indicate the size of the receiver buffer assumed by the modulator for the
relevant PLP, as defined for the BUFS field in annex C.1. If ISSY is not used for the PLP containing this block,
this field shall be set to '0'.

TS_RATE: This 27-bit field shall indicate the clock rate of the transport stream being carried by the relevant
PLP, in bits per second. If the actual clock rate is not an integer number of bits/s the value of TS_RATE shall
be rounded to the nearest integer.

NOTE: This value is not necessarily exact and receivers should make use of ISCR (as described in annex
C.1) to maintain the correct output clock rate.

RESERVED_B: This 8-bit field is reserved for future use.

For PLPs carrying GCS or GSE, the PADDING_TYPE '01' is reserved for future use.

5.2.4 Baseband frame scrambling
The complete baseband frame shall be randomized. The randomization seq

uence shall be synchronous with the BBF, starting from the MSB and ending after K, bits.

The scrambling sequence shall be generated by the feed-back shift register of figure 22. The polynomial for
the Pseudo Random Binary Sequence (PRBS) generator shall be:

1 + X14+ X15
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Loading of the sequence (100101010000000) into the PRBS register, as indicated in figure 22, shall be
initiated at the start of every BBF.

Initialization sequence
1 0 0 1 0O 1 O 1 0O 0 0 0 0 o0 o0

112 |3 4 ' 5 6 7 |8 9\1011 12\1314 15

e

00000011 ...

o< L«
EXOR
, 7T >
clear BBFRAME input s>/ -
7

Randomised BBFRAME output
Figure 22: Possible implementation of the PRBS encoder

The L1-PRE and L1-POST signalling blocks are also scrambled using the same scrambling sequence. The
details of this are given in clause 8.2.2.1.

6 Bit-interleaved coding and modulation

6.1 FEC encoding

This sub-system shall perform outer coding (BCH), inner coding (LDPC) and bit interleaving. The input
stream shall be composed of BBFs and the output stream of FECFRAMEs.

Each BBF (K, bits) shall be processed by the FEC coding subsystem, to generate a FECFRAME (N, bits).

The parity check bits (BCHFEC) of the systematic BCH outer code shall be appended after the BBF, and the
parity check bits (LDPCFEC) of the inner LDPC encoder shall be appended after the BCHFEC field, as shown
in figure 23.

Npeh™ Kidpe

A
v

Kbch Nbch'Kbch Nldpc'Klde

» < » <
» N Ll |

A

»

BBFRAME BCHFEC LDPCFEC

(N ldpc bits)

A
v

Figure 23: Format of data before bit interleaving

Table 4 gives the FEC coding parameters.
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Table 4: Coding parameters

LDPC BCH BCH coded BCH NochKoen | LDPC coded block
code uncoded block Ny, t-error Nigpe
block K., | LDPC uncoded |correction
block Kjy,c
3/15 3072 3240 12 168 16 200
4/15 4152 4 320 12 168 16 200
5/15 5232 5400 12 168 16 200
6/15 6312 6 480 12 168 16 200
715 7392 7560 12 168 16 200
8/15 8472 8 640 12 168 16 200
9/15 9552 9720 12 168 16 200
10/15 10 632 10 800 12 168 16 200
11/15 11712 11880 12 168 16 200

6.1.1 Outer encoding (BCH)

A t-error correcting BCH (N, K,) code shall be applied to each BBF to generate an error protected
packet. The BCH code parameters are given in table 4.

The generator polynomial of the t error correcting BCH encoder is obtained by multiplying the first t
polynomials in table 5.

Table 5: BCH polynomials

94(x) 1+x+x3+x5+x14

9,(X) 1+xB+xB+x11+x14

95(X) 1+x+x2+x8+x9+x10+x14

94(x) 1+x4+x7+x8+x10+x12+x 14

95(x) 1+x24+x4+x8+x8+x0+x 1 1+x13+x14
96(x) 1+x3+x7+x8+x9+x13+x14

97(x) 14 X2+ x5+ x84+ T+ x104+x 114 x 134 x 14
gg(X) 1+x5+x8+x9+x10+x11+x14

Jo(X) 14x+x24+x3+x9+x 104 x 14

910(X) 1433+ x8+x9+x 1 14x124x 14

911(x) 1+xHx 1T +x124x14

942(x) 14X 2+ X3+ X0+ X8+ x 7 +x8+x10+x13+x14

The bits of the baseband frame form the message bits M= (mg,  _1.mg, , _»,...sm,mg) for BCH encoding,
where my, _1is the first bit of the BBF-HDR and mg is the last bit of the BBF (or padding field if present).

BCH encoding of information bits M= (mg, . 1,mg, , 2...-/11,mg) onto a codeword is achieved as follows:

—Kpen

. H k. —1 ky, ., —2 N
L] l em = bch bch bch
Multlplyt e essage p0|y||0||||a| I”(X) mech 1X +mec 2X +...+ m1x+m0 byx

h

N, bch

e Divide x"en Koen m(x) by g(x), the generator polynomial. Let

Nb(‘h_Kb(‘h_l

d(x)=dy, g, ,1% +...+dx+d( be the remainder.

° Construct the output codeword /, which forms the information word / for the LDPC coding, as
follows:

I'= (05 050-dN, 1) = (MK, 15K 20 0505 AN, Ky 15N, K25+ A15d0)
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NOTE: The equivalent codeword polynomial is ¢(x) = xNeen =K m(x)+d(x).

6.1.2 Inner encoding (LDPC)

The LDPC encoder treats the output of the outer encoding, /= (io,il,...,iKldpc_l), as an information block of

size K;,. = N gy » and systematically encodes it onto a codeword A of size N, where:

A:(Ao’ll’ﬁz""ﬂNIDPC—l ): (io’il’”'jKldpc_l’po’pl’”‘ledpc_Kldpc_l)'

The LDPC code parameters (N,

pe ,dpc) are given in table 4.

The task of the encoder is to determine N,

- Kld

. Parity bits (po’pl"“’p"zdpc—kmpc—l) for every block of

k. information bits, (io,il,...,iKlde_l). The procedure is as follows:
e Initialize po=p;=py=--=PN, K1 =

e Accumulate the first information bit, io , at parity bit addresses specified in the first row of tables
E.3 through E.9. For example, for rate 10/15 (see table E.8), (all additions are in GF(2)):

Py =P, D Pazor = Pargy Dl
Paoss = Paogs @1 DPragi = Paasi @y
Pio1s= Pre13 Dl Pi360 = Pazso Dy
Prsas = Pisas @y Pagsi = Paus1 D
Piass = Prass Dl Pas20= Pasn @y
Praso = Praso @i Paenn = Prnn @1

P3196 = P3196 Dl

e  For the next 359 information bits, i,,,m=1,2,...,359 accumulate i, at parity bit addresses
x+mmod360xQ,, tmod(N,,. —K,,) where xdenotes the address of the parity bit
accumulator corresponding to the first bit i,, and O, is a code rate dependent constant specified
in table 6. Continuing with the example, depc = ]15for rate 10/15. So for example for information

bit i, the following operations are performed:

Pis=Dis 9O, Pi3in= P,
P2009 = P2090 Dl D496 = Pa406 ®i Y
Pisrs = Pras D Pyssa= P3sa @iy
Pises = Pises Pl Da66= p3466®ll
Pi3o1= P31 D Dag3s = p4635®ll
Piazs= Prazs @i Dag3r= p2637@l1
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P32 = P3an @i

For the 3615t information bit i,,,, the addresses of the parity bit accumulators are given in the

second row of the tables E.3 through E.9. In a similar manner the addresses of the parity bit
accumulators for the following 359 information bits i,,,m =361, 362, ...,719 are obtained using the

formula {x+(mmod360)x 0y, } mod(N;g,. — Kjq,-) Where x denotes the address of the parity bit

accumulator corresponding to the information bit i,,, i.e. the entries in the second row of the

tables E.3 through E.9.

. In a similar manner, for every group of 360 new information bits, a new row from tables E.3
through E.9 are used to find the addresses of the parity bit accumulators.

After all of the information bits are exhausted, the final parity bits are obtained as follows:
e  Sequentially perform the following operations starting with i =1.
Pi=pri®pii, i:1’2"">Nldpc_Kldpc_1

e  Final content of p,, i=01...Nig,. —Kjg,. —1 is equal to the parity bit p,.

Table 6: Q. values

Code Rate Q]dpc
3/15 36
4/15 33
5/15 30
6/15 27
7/15 24
8/15 21
9/15 18
10/15 15
11/15 12

6.1.3 Bit Interleaver

The output A of the LDPC encoder shall be bit interleaved, which consists of parity interleaving followed by
column twist interleaving. The parity interleaver output is denoted by U and the column twist interleaver

output by V.
In the parity interleaving part, parity bits are interleaved by:

u; = 4; for 0<i <Ky, (information bits are not interleaved.)_

’
MKldpc-+360[+5 = lKldpc"'Qldpc's'*'l for 0<5<360,0<r< Qldpc
where Q,, is defined in table 6.
ldpc

NOTE: Only parity interleaving is applied to QPSK modulation.

The configuration of the column twist interleaving for each modulation format is specified in table 7.
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Table 7: Bit interleaver structure

Modulation Rows N, Colll:,mns
16-QAM 2 025 gc

NN 1 350 ”

NU-256-QAM 2025 "

In the column twist interleaving part, the data bits u; from the parity interleaver are serially written into the

column-twist interleaver column-wise, and serially read out row-wise (the MSB of the BBF-HDR is read out
first) as shown in figure 24, where the write start position of each column is twisted by t. according to

table 8. This interleaver is described by the following:

The input bit u; with index i, for 0 </ < Ny, is written to column ¢, row r; of the interleaver, where:

¢ = lleNr

1 =(i+1,,)modN,
The output bit V; with index j, for0<j< Nigper is read from row ry column cp where:

rj:JleNc

¢j=jmodN,
So for 16-QAM and N, = 16 200, the output bit order of column twist interleaving would be:

(Voav1avza---V16199) = (“0’”4049:”4050’---5”121495“141739”16194)-

A longer list of the indices on the right hand side, illustrating all 8 columns, is: 0, 4 049, 4 050, 8 092, 10 123,
10 125,14 174,16 195, ...... ,2024,4048,6074,8091, 10 122,12 149, 14 173, 16 194.

MSB

TR nyBHeader READ
Row1 [4-FY T B \‘(__T_-T_______:_____:,_
RGNS S
! \}\ v T T o=
1N Ie SR e .
V] E write start | | ! TV
: " : i | 1| positionis || B S S
1 HH K O i il L SRR
T | femT
LI 1 1 \ 1 \ _4--1"
Row 2025 .| [ .||l aEl e i e e il ud
vViv oLy Ly /
Column 1 Column 8 LSB

of FECFRAME

Figure 24: Bit interleaving scheme for normal FECFRAME length and 16-QAM
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Table 8: Column twisting parameter ¢,

Col Twisting parameter t
Modulation ° ’l:’mns Nigpc wisthg p c
c Col.O|1 (2|3 |4 |5 6 7 8 9 |10 |11
16-QAM 8 16 200 0 1 |([0]|8(2]0 1 5 - - - -
64-QAM or
NU-64-QAM 12 16 200 0 12 (7 |1 |3 | 1 8 7 1 0 3 9
256-QAM or
NU-256-QAM 8 16 200 0 1 |([0]|8(2]0 1 5 - - - -

Mapping bits onto constellations

Each FECFRAME (which is a sequence of 16 200 bits), shall be mapped to a coded and modulated FEC block
by first de-multiplexing the input bits into parallel cell words and then mapping these cell words into
constellation values. The number of output data cells and the effective number of bits per cell 7,0, is

defined by table 9. De-multiplexing is performed according to clause 6.2.1 and constellation mapping is
performed according to clause 6.2.2.

6.2.1 Bit to cell word de-multiplexer

The bit-stream v, from the bit interleaver is de-multiplexed into N

figure 25. The value of N is defined in table 10.

The de-multiplexing is defined as a mapping of the bit-interleaved input bits, v,; onto the output bits b

where:

do

Vg
di

e,do

Table 9: Parameters for bit-mapping into constellations

LDPC block length . Number of output
(N[dpc) Modulation mode nMOD data cells (Ncells)
256-QAM or NU-256-QAM 8 2025
16 200 64-QAM or NU-64-QAM 6 2700
16-QAM 4 4 050
QPSK 2 8 100

=didivN

is the de-multiplexed bit substream number (0 <e< N

substreams

ubstreams SUb-streams, as shown in

Table 10: Number of sub-streams in de-multiplexer

Modulation

Number of sub-streams,

Nsubstreams
QPSK 2
16-QAM 8
64-QAM or NU-64-QAM 12
256-QAM or NU-256-QAM 8

substreams’

defined in tables 12 to 17;

is the input to the de-multiplexer;

is the input bit number;

e,do’

substreams)» Which depends on di as

is the output from the de-multiplexer;
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do is the bit number of a given stream at the output of the de-multiplexer.

by .0, bo,1> bo,2s -

v

bl,O’ bl,l? bl,Za

v

Vo, V15 V25 ---

> Demux

bNﬁubstreams' 1 50’ szu&treams' 1 5 1 o

Input Outputs

Figure 25: De-multiplexing of bits into sub-streams

Table 11: Parameters for de-multiplexing of bits to sub-streams for code rates 3/15 and 4/15

Modulation format QPSK

Input bit-number, 0 1

dimod Nsubstreams

Output bit-number, 0 1

e

Modulation format 16-QAM

Input bit-number,

; 0 1 2 3 4 5 6 7

dimod Nsubstreams

Qutput blé-number, 4 3 2 y 6 5 7 0

Table 12: Parameters for de-multiplexing of bits to sub-streams for code rates 5/15

Modulation format QPSK
Input bit-number,
dimod N,

substreams
Output bit-number,
e
Modulation format 16-QAM
Input bit-number,
dimod Nsubstreams

Output bit-number,
e
Modulation format 64-QAM or NU-64-QAM

Input bit-number,
dimod N 0 1 2 3 4 5 6 7 8 9 10 11

substreams
O“tp”tb';'””mbe“ 4l 2ol 56| 1| 3] 7] 8] 9] 1] 1

Modulation format 256-QAM or NU-256-QAM

Input bit-number,
dimod N 0 1 2 3 4 5 6 7

substreams
Output blé-number, 4 0 1 2 5 3 6 7
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Table 13: Parameters for de-multiplexing of bits to sub-streams for code rates 6/15

Modulation format QPSK

Input bit-number,
dimod N

substreams
Output bit-number, 0 1

e
Modulation format 16-QAM

Input bit-number,
dimod N,

substreams
Output blé-number, 7 5 4 0 3 y 2 6
Modulation format 64-QAM or NU-64-QAM

Input bit-number,
dimod N 0 1 2 3 4 5 6 7 8 9 10 | 11

substreams

O“tp“tb';'”“mber’ 4l ol 1] 6| 2|35 8] 7]1] 9] 1

Modulation format 256-QAM or NU-256-QAM

Input bit-number,
dimod N 0 1 2 3 4 5 6 7

substreams

Output bi(ta-number, 4 0 5 1 2 3 6 7
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Table 14: Parameters for de-multiplexing of bits to sub-streams for code rate 7/15

Modulation format QPSK

Input bit-number,
dimod Nsubstreams

Output bit-number, 0 1
e
Modulation format 16-QAM
Input bit-number,
di mod Nsubstreams
Output bit-number, 0 2 6 3 4 y 5 7

e
Modulation format 64-QAM or NU-64-QAM

Input bit-number,
: 0 1 2 3 4 5 6 7 8 9 10 11
di mod Nsubstreams

Output bi;—number, 2 0 8 7 1 6 4 3 10 9 5 11
Modulation format 256-QAM or NU-256-QAM

v I T NN N N B
Output blé-number, 2 6 0 1 4 5 3 7

Table 15: Parameters for de-multiplexing of bits to sub-streams for code rate 8/15

Modulation format QPSK
Input bit-number,
di mod Nsubstreams

Output bit-number, 0 1

e

Modulation format 16-QAM

Input bit-number,
; 0 1 2 3 4 5 6 7
di mod Nsubstreams

Output blé-number, 0 4 3 1 2 5 6 7

Modulation format 64-QAM or NU-64-QAM

Input bit-number,
; 0 1 2 3 4 5 6 7 8 9 10 11
di mod Nsubstreams

Output bit-number, 2| 0| 4| 1|6 | 7|85 [10]3]9]n1
Modulati(e)n format 256-QAM or NU-256-QAM

S RN I N R N B O B
Output blé-number, 2 6 1 0 7 5 3 4
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Table 16: Parameters for de-multiplexing of bits to sub-streams for code rate 9/15

Modulation format QPSK

Input bit-number,
dimod N,

substreams

Output bit-number,
e

Modulation format 16-QAM

Input bit-number,
dimod N,

substreams
Output bit-number,
e
Modulation format 64-QAM or NU-64-QAM
Input bit-number,
dimod N,

substreams
O”tp“tb';'””mber' 1| 7| 3|10 6| 2|95 | 1|8 4]0

Modulation format 256-QAM or NU-256-QAM

Input bit-number,
dimod N 0 1 2 3 4 5 6 7

substreams
Output bit-number,
e

0 1 2 3 4 5 6 7 8 9 10 11

7 3 1 5 2 6 4 0

Table 17: Parameters for de-multiplexing of bits to sub-streams for code rates 10/15 and
11/15

Modulation format QPSK

Input bit-number,
dimod N,

substreams

Output bit-number,
e

Modulation format 16-QAM

Input bit-number,
: 0 1 2 3 4 5 6 7
di mod Nsubstreams

Output bltte-number, 7 1 4 2 5 3 6 0

Modulation format 64-QAM or NU-64-QAM

Input bit-number,
dimod N 0 1 2 3 4 5 6 7 8 9 10 11

substreams
O”tp“tb';'”“mber' M| 7| 3|10 6| 2]9|5| 1|8 4]0

Modulation format 256-QAM or NU-256-QAM

Input bit-number,
dimod N 0 1 2 3 4 5 6 7

substreams
Output bit-number,
e

7 3 1 5 2 6 4 0

For 16-QAM, 64-QAM and NU-64-QAM, the words of width N

< ubstreams are split into two cell words of width

IMOD = Neubstreams /2 at the output of the demultiplexer. The first Nmod = Noypstreams /2 bits
[bo,do:-Prsubstreams/-1,d0] fOrm the first of a pair of output cell words [yg 540-+ ¥ pmod-1, 2d0] @Nd the remaining
output bits [bygpstreams/2, do*-Pisubstreams-1,d0] fOrm the second output cell word [y 540.41--Ypmod-1,2do+1] f€d t0
the constellation mapper. In the case of QPSK, 256-QAM and NU-256-QAM, the words of width N, ;reams
from the demultiplexer form the output cell words and are fed directly to the constellation mapper, so:

[yO,do"yr)mod-l,do] = [bO,do"szubstreams-l,do]
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6.2.2 Cell word mapping into I/Q constellations

Each cell word (y 4--Yymog-1,4) from the demultiplexer in clause 6.2.1 shall be modulated using either QPSK,
16-QAM, 64-QAM, NU-64-QAM, 256-QAM or NU-256-QAM constellations to give a constellation point z,
prior to normalization.

BPSK is only used for the L1 signalling (see clause 8.2.3) but the constellation mapping is specified here.

The exact values of the real and imaginary components Re(zq) and Im(zq) for each combination of the
relevant input bits y, , are given in tables 18 to Error! Reference source not found. for the various
constellations.

Observe that non-uniform constellations are specific for each code rate, while uniform constellations apply
to all code rates. The choice between the use of uniform and non-uniform constellations is signalled by the
parameter PLP_MOD, which has one entry each for 64-QAM, 256-QAM, NU-64-QAM and NU-256-QAM
(see clause 8.1.3.1).

Table 18: Constellation mapping for BPSK

Yo,q 1 0
Re(z,) -1 1
Im(z,) 0 0

Table 19: Constellation mapping for real part of QPSK

Yo,q 1 0
Re(zq) -1 1

Table 20: Constellation mapping for imaginary part of QPSK

Yi,q 1 0
Im(z,) -1 1

Table 21: Constellation mapping for real part of 16-QAM

w10 [ 1[0 ¢
Yaq 0 0
Re(z,) 3 1 1

Table 22: Constellation mapping for imaginary part of 16-QAM

Vi 0 1 1 0
Y3,q
Im(z;) 3 1 1
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Table 23: Constellation mapping for real part of 64-QAM and NU-64-QAM

Yo,q 1 1 1 1 0 0 0 0
Yo 0 0 1 1 1 1 0 0
9 0 1 1 0 0 1 1 0
y4,q
Re(z,) 7 5 3 1 1 3 5 7 64-QAM
NU-64-QAM,
-7.2 -5.2 -1.9 -1.4 1.4 1.9 5.2 7.2 code rate 1/3
NU-64-QAM,
-7.4 -4.9 -2.0 -1.3 1.3 2.0 4.9 7.4 code rate 2/5
NU-64-QAM,
-7.5 -4.6 -2.3 -1.0 1.0 2.3 4.6 7.5 code rate 7/15
NU-64-QAM,
-7.5 -4.6 2.4 -0.9 0.9 2.4 4.6 7.5 code rate 8/15
NU-64-QAM,
-7.5 -4.6 -2.5 -0.9 0.9 2.5 4.6 7.5 code rate 3/5
NU-64-QAM,
-7.4 -4.7 -2.6 -0.9 0.9 2.6 4.7 7.4 code rate 2/3
NU-64-QAM,
-7.3 4.7 2.7 -0.9 0.9 2.7 4.7 7.3 |code rate 11/15

Table 24: Constellation mapping for imaginary part of 64-QAM and NU-64-QAM

Y1,q 1 1 1 1 0 0 0 0
Y3,q 0 0 1 1 1 1 0 0
Ys5,q 0 1 1 0 0 1 1 0
Im(z,) 7 5 3 1 1 3 5 7 64-QAM
NU-64-QAM,
-7.2 5.2 -1.9 -1.4 1.4 1.9 5.2 7.2 code rate 1/3
NU-64-QAM,
-7.4 -4.9 -2.0 -1.3 1.3 2.0 4.9 7.4 code rate 2/5
NU-64-QAM,
-7.5 -4.6 -2.3 -1.0 1.0 2.3 4.6 7.5 | code rate 7/15
NU-64-QAM,
-7.5 -4.6 2.4 -0.9 0.9 2.4 4.6 7.5 code rate 8/15
NU-64-QAM,
-7.5 -4.6 -2.5 -0.9 0.9 2.5 4.6 7.5 code rate 3/5
NU-64-QAM,
-7.4 -4.7 -2.6 -0.9 0.9 2.6 4.7 7.4 code rate 2/3
NU-64-QAM,
-7.3 -4.7 2.7 -0.9 0.9 2.7 47 7.3 |code rate 11/15
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Table 25: Constellation mapping for real part of 256-QAM and NU-256-QAM

Yo,q 1 1 1 1 1 1 1 1 0 0o o [0 [0 [oO 0 0
v 0 0 0 0 |1 1 1 1 1 1 1 1 10 | o 0 0
4 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0
Va,q 0 1 1 0 |0 |1 1 0 [0 |1 1 0 |o 1 1 0
ye’q
Re(zp) |15 |13 [-41 [-0 |7 [-6 [ -3 [-1 [ 1 [[3 [65 [ 7 [0 [11 [13 [15 256-QAM
NU-256-QAM,
-17.2 |-12.6 |-9.7 |-93 |38 |41 |-25 |-24 |24 |25 |41 |38 |93 |97 [126 |17.2 | code rate 1/3
NU-256-QAM,
-17.3 |-13.1 | -9.4 |-88 |42 |43 |[-21 |-21 |21 |21 |43 |42 |88 |94 [13.1 |17.3 | code rate 2/5
NU-256-QAM,
-17.5 |-13.1 |-9.2 |-82 |-47 |-46 |-16 |-1.7 |17 |16 |46 |47 |82 |92 [131 |17.5 | code rate 7/15
NU-256-QAM,
-17.5 |-13.0 |-9.3 |-8.1 |-5.0 |46 |-16 |-15 |15 |16 |46 | 5 |81 |93 | 13 |17.5 | code rate 8/15
NU-256-QAM,
-16.7 |-13.1 |-10.3 |-8.0 |-59 |-42 |-23 |-09 |09 [23 |42 |59 | 8 |10.3 |13.1 |16.7 | code rate 3/5
NU-256-QAM,
-16.7 |-13.1 |-10.3 |-8.0 |59 |42 |-23 |-09 |09 |23 |42 |59 | 8 |10.3 [13.1 |16.7 | code rate 2/3
NU-256-QAM,
-16.6 |-13.1 |-10.3 |-8.0 |-6.0 |42 |-24 |-09 |09 |24 |42 | 6 | 8 [10.3 [13.1 |16.6 | code rate 11/15
Table 26: Constellation mapping for imaginary part of 256-QAM and NU-256-QAM
Yo,q 1 1 1 1 1 1 1 1 0 0o o [0 [0 [O 0 0
v 0 0 0 0 | 1 1 1 1 1 1 1 110 | o 0 0
q 0 0 1 1 1 1 o |o |0 [0 |1 1 1 1 0 0
Ya,q 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 0
ys’q
Re(zp) |15 [-13 [-41 [-0 | -7 [-6 [ -3 [ [ 1 [3 [65 [ 7 [0 [11 [13 [15 256-QAM
NU-256-QAM,
-17.2 |-12.6 |-9.7 |-9.3 |-3.8 |41 |-25 |-24 |24 |25 |41 |38 |93 |97 [12.6 |17.2 | code rate 1/3
NU-256-QAM,
-17.3 |-13.1 |-94 |88 |42 |-43 |-21 |-21 |21 [21 |43 |42 |88 |94 |131 |17.3 | code rate 2/5
NU-256-QAM,
-17.5 |-13.1 |-9.2 |-82 |47 |-46 |-16 |-1.7 |17 |16 |46 |47 |82 |92 [131 |17.5 | code rate 7/15
NU-256-QAM,
-17.5 [-13.0 |-9.3 |-8.1 |-50 |-46 |-16 |-1.5 [15 |16 |46 | 5 |81 |93 | 13 |17.5 | code rate 8/15
NU-256-QAM,
-16.7 |-13.1 |-10.3 |-8.0 |59 |-4.2 |-23 |-09 |09 |23 |42 |59 | 8 |10.3 [13.1 |16.7 | code rate 3/5
NU-256-QAM,
-16.7 |-13.1 |-10.3 |-8.0 |-59 |-42 |-23 |-09 |09 [23 [42 |59 | 8 |10.3 |13.1 |16.7 | code rate 2/3
NU-256-QAM,
-16.6 |-13.1 |-10.3 |-8.0 |-6.0 |42 |-24 |-09 |09 |24 |42 | 6 | 8 |10.3 [13.1 |16.6 | code rate 11/15

The constellation points z, for each input cell word (yq ;.Y moq-1,4) @re normalized according to table 27 to
obtain the correct complex cell value f, to be used.
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Table 27: Normalization factors for data cells

Modulation Normalization
BPSK fe=14
QPSK o= ‘g
LN D)
16-QAM f, = “q
7o
Z
64-QAM or NU-64-QAM f,=—L
7 Ja
Z
256-QAM or NU-256-QAM f, =2
7 170

6.3 Cell interleaver

The pseudo random cell interleaver (Cl), which is illustrated in figure 26, shall uniformly spread the cells in
the FEC codeword, to ensure in the receiver an uncorrelated distribution of channel distortions and
interference along the FEC codewords, and shall differently "rotate" the interleaving sequence in each of
the FEC blocks of one time interleaver block (see clause 6.6).

The input of the CI, F(r)=(f, o, f, 1, f; 20+ f; ncens-1) Shall be the data cells (fy, f1, £, fycens-1) Of the FEC block
of index 'r', generated by the QAM mapper that maps cells to constellations (see clause 6.2), 'r' represents
the incremental index of the FEC block within the TI-block and is reset to zero at the beginning of each
Tl-block. When time interleaving is not used, the value of 'r' shall be 0 for every FEC block. The output of
the Cl shall be a vector D(r) = (d, o, d, 1, d, 5.+, d; nceyis-1) defined by:

1,

cells™

d,1 y=F,qforeachq=0,1,.,N

where N__,_is the number of output data cells per FEC block Nceys = Nippe/Nimoq as defined by table 9 and

cells

L(q) is a permutation function applied to FEC block r of the TI-block.

When rotated constellations in 4 dimensions are used, the cell interleaver shall keep pairs of adjacent cells
together.The L, sequence shall have a length of Ncells/2 and the Cl output shall be:

A,.21,(0) = Fr2q, Ar21,0q)+1 = Fr2q01 fOr €ACN 4= 0,1,.., N,/ 2-1,

L,(q) is based on a maximum length sequence, of degree (N41), where N, =[log, (N4 | OF

N, = ﬁogz(N

cells

/2)—‘ plus MSB toggling at each new address generation. When an address is generated

larger than or equal to N, it is discarded and a new address is generated. To have different permutations
for different FEC blocks, a constant shift (modulo N
bit-reversed N -bit sequence, with values greater than or equal to N

cells) is added to the permutation, generated as a

celts discarded.

The permutation function L,(q) is given by:

L{q) = [Lo(q) +P(r)] mod N

cells’

where L(q) is the basic permutation function (used for the first FEC block of a Tl-block) and P(r) is the shift
value to be used in FEC block r of the Tl-block.

The basic permutation function Ly(q) is defined by the following algorithm.
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An N, bit binary word §; is defined as follows:

For all j,
S;[N,1] = (imod 2) // (toggling of top bit)

i=0,1:
S;[Ns2,Ng3,..,1,01 =0,0,...,0,0

i=2:
S,[Ns2,N.3,..,1,01=0,0,...,0,1

2<i<2M:
Si[Ns3,Ns4,..,101 =S, [Ny-2, Ny -3,...,2,1];
for N,=11:5,[9]=S,, [0]® S, [3]
for N,=12:5,[10]=5,,[0] @ 5., [2]
for N;=13:5,[11]=5,,[0] @ S, [1] ® S, [4] @ S, [6]
for N;=14:5,[12] =5, [0] ® S, [1] D@ S.4[4] @ S, [5] ® S, [9] ® S, [11]
for N;=15:5,[13]=5,,[0] @ S, [1]1 ® S ,[2] @ S, [12].

The sequence Ly(q) is then generated by discarding values of S; greater than or equal to N, as defined in

the following algorithm:

cells

q=0;

for(i=0;i<2Nd; j=j+1)

{
N,-1 .
Lo(@)= D Si()-2/;
Jj=0
if (LO(q) < Ncells)
q=q+l;
)

The shift P(r) to be applied in FEC block index r is calculated by the following algorithm. The FEC block index
ris the index of the FEC block within the Tl block and counts up to Ng.¢ 7 (n,s) - 1, where Nig¢ 1 (n,s) is the

number of FEC blocks in Tl-block index 's' of interleaving frame 'n' (see clause 6.6.1). P(r) is the conversion
to decimal of the bit-reversed value of a counter k in binary notation over N bits. The counter is

incremented if the bit-reversed value is too great.
k=0;

for (r=0; r<Nggc 7, (n,s); r++)

{
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P(r)=N

cells”

while (P(r)>=N_.s)

So for N_,;,= 10 8002700, N 4= 14, and the shift P(r) to be added to the permutation for r =0, 1, 2, 3, etc.
would be 0, 8 1922048, 4 0961024, 2 048512, 10 2402560, 6 1441536, 1 024256, 9 2162304, etc.

FEC block r=0 1 r=2 r=3

index [

Modulation
order

Neenr=Moppc/ 1Tmod <

-

FEC block
length:
16200

\

Figure 26: Cell Interleaving scheme

6.4 Constellation rotation

In order to increase the reception robustness under difficult fading conditions, rotated constellations in two
(2D) and four (4D) dimensions are specified. Their use is configurable for each PLP individually through the
PLP_ROTATION parameter (see clause 8.1.3.1). Throughout this clause and the subsequent ones the
number of rotation dimensions is denoted by Np. Table 28 summarizes the number of rotation dimensions
that are allowed for each modulation and code rate. Rotated constellations are not used with 256-QAM
modulation.
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Table 28: The number of rotation dimensions for all code rates and modulations

Modulation Code rate
1/3 | 2/5 | 7/15 | 8/15 | 3/5 | 2/3 | 11/15
QPSK 2D (Np=2) 4D (Np=4)
16-QAM 2D (Np=2)
64-QAM or NU-64-QAM 2D (Np=2)
256-QAM or NU-256-QAM No rotation

The constellation rotation shall be applied to the output of the cell interleaver, which consists of vectors of
complexcells D = (dy, d;, d,,..., dy.eps.1)- The rotated constellations are written to output vectors of the

same size as the input, denoted by £ = (e, e, €,,..., €xceiis-1/-

Note: Constellation rotation is never applied to L1-PRE cells.

The rotation is performed by multiplying vectors x of 2 or 4 real components by an orthogonal rotation
matrix R of size 2x2 or 4x4 respectively:

The values of the parameter b of matrix R are summarized in table 29 below.

Table 29: Values of the parameter b for all rotations and modulations

yo| [+a
| |+b
Y, | +b
;| [*+b

Yo __+a -b | x,
yl___+b +a | x

-b -b -b
+a -b +b
+b +a -b
-b +b +a

Rotation 2D 4D
Modulation QPSK 16- 64- NU-64-QAM QPSK
QAM QAM
Code rate 1/3to |all code|allcode| 1/3 2/5 7/15 8/15 3/5 2/3 11/15 | 8/15to
7/15 rates rates 11/15
Parameter b 0.4848 | 0.2890 | 0.1495 | 0.2045 | 0.1478 | 0.1184 | 0.1097 | 0.0958 | 0.1011 | 0.1080 | 0.3162

The parameter a is derived from the power normalization constraint:

@’ +(N, —Db* =1= a=1-(N, —1)b’

The vectors x consist of the N, components of Ny/2 adjacent cells according to the patterns:

X

[0, X ] =[Re(d;),Im(d,)]

X =[xy, X, Xy, %; ] =[Re(d,,.), Im(d,,, ), Re(d ), Im(d,, )]

This is illustrated in figure 27 for the first four input cells (dy ... d3), the curly braces grouping the elements
of the same vector. The components of the rotated vectors y are packed to output cells e according to the

same rules.
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do d; dy d; do d; dy d;
2D _xo _xo _xo _xo Real 4D _xo _xz _xo _xZ Real
rotation rotation
X7 | X7 | X7 | X7 |mag X7 | X3 | X; | X3 |mag
ﬂ_/

Figure 27: Extracting constellation vectors from the input cells

6.5 1/Q component interleaver

Following the rotation step, the complex cells undergo an interleaving step, whose purpose is to shuffle the
Np components of each constellation so that the fading they experience through the channel is as
uncorrelated as possible. This step is referred to as I/Q component interleaving and is performed on each

FEC block independently: D=[d,,d,,...,dy.;. 1.

In a first step, the real and the imaginary components of the cells belonging to a FEC block are each written
column by column into a matrix having N rows, i.e. there is one such matrix for the real components and

one for the imaginary components. The resulting number of columnsis N = ’_Na,,,s /NR-‘, where [x]

denotes the smallest integer > x. If N,/ N is not an integer, padding is added to the end of the last

column. In a second step, a certain cyclic shift is applied to each column of the matrix for the imaginary
components. If padding is used in the last column, no cyclic shift will be applied to it. In a third step, the two
matrices are read out synchronously row by row and complex cells are formed by each read pair of a real
and an imaginary component. The padding, if it exists, is skipped. The so-generated complex cells

(9o» 91, +» N y.—1) are the output of the component interleaver.

The number of rows Ng and the values of the cyclic shifts depend on whether or not LC type C or D is used.

When LC type C or D is not used, the I/Q component interleaver distributes the N, dimensions of each
constellation evenly over the FEC block, the resulting distance between the Ny components of each
constellation being 1/ N; of the FEC length. In this case, Ny is equal to Np, and the cyclic shifts of all columns
are equal to Np /2. The three steps are illustrated in figure 28 for 4D rotated constellations and a
hypothetical FEC block consisting of 24 cells. The numbers in the squares represent the indices of the cells
in the input FEC block.

Step 1 Step 2 Step 3
12
1591317 |21 1|5 |9 [13[17 |21 » 15|09 [13|17]21
2|6 |10 |14 |18 |22 2|6 |10 |14 |18 |22 2|6 |10 |14 |18 |22

Real
Real
Real

4 | 8 |12 |16 |20 | 24 4 | 8 |12 |16 |20 | 24 4 8 |12 |16 | 20 | 24 p»
v
Cyclic shifts
n 2 2 2 2 2 2
1 5 9 |13 |17 | 21 3 7 |11 |15 |19 |23 - 3 7 |11 15|19 |23

2 | 6|10 (1418 |22 4 |8 |12(16 |20 |24

Imag
Imag

Imag

3|7 |11 [15]19|23 115|913 17|21

4 |8 |12(16 |20 |24 2 | 6|10 (14 18|22 2 |6 |10(14 |18 |22
v

Figure 28: Example illustrating the three steps of the I/Q component interleaving, for the
case of 4D rotated constellations (Np= 4) and no TFS
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The corresponding FEC blocks before and after the 1/Q component interleaving are shown in figure 29,
where the four components of the first constellation are emphasized through a darker background.

Before interleaving

Real 1 2 1 3|4 |5/ |6 7|8 9 |10 |11 |12 |13 |14 |15 |16 |17 |18 |19 |20 | 21 | 22 | 23 | 24

Imag §14 | 2|3 |4 |5 |6 |7 |8)|9 10|11 12|13 |14 |15|16 |17 |18 |19 |20 | 21 | 22|23 | 24

After interleaving

Real 1|59 |13|17 |21/ 2|6 (10|14 |18 22| 3 | 7 (11 |15|19 |23 | 4 | 8 |12|16 |20 | 24

Imag | 3 | 7 |11 |15 (19|23 | 4 | 8 |12 |16 |20 |24 | 1 519 (13|17 (212 |6 |10| 14 |18 | 22

Figure 29: Example illustrating the spreading of the constellation dimensions over the
entire FEC block, for the case of 4D rotated constellations and no TFS

With LC types C and D, the component interleaver ensures that the Ny dimensions of each constellation are
transmitted over all possible combinations of RF channels. The relevant parameters are the number of RF
channels Nir and the number of frequency hopping cycles (LC type C or D) over which a FEC block is time
interleaved, denoted by Ng. In this case N; = NirNg and the cyclic shifts are selected from a set having
Nge-1 elements, denoted by § = (so,sl, ., SNRF_l). For column index ¢ (from O to N — 1), the
corresponding index in the cyclic-shift set is computed as ¢ mod (Ng-1), where mod represents the modulo
operation.

The cyclic-shift set is determined in a two-step process. In a first step, the set contains all (Ngr — 1)Ng
integers from 0 to N — 1 that are not multiples of Ngr. In a second step, which is needed only if Ny, > 1, a
contiguous set of Ny — 1 elements is selected starting with index [(Ngr — 2) Nk /2].

Figure 30 shows the cyclic shift of the first six columns of the imaginary matrix for Nz =4 and N¢ = 1...4.

Cyclic shifts Cyclic shifts Cyclic shifts Cyclic shifts
(1 2 3) 1 2 3 (2 3 5) 2 3 5 (5 6 7) 5 6 7 (6 7 9 6 7 9
RF1 4 | 7 |10 |16 | 19 | 22 ( RF1 7 |14 |20 | 31 |38 |44 ( RF1 8 | 19|30 |44 |55 |66 ( RF1 11 |26 | 40 | 59 | 74 | 88
RF 2 1 8 (11 [13 | 20 | 23 RF 2 8 |15| 2132|3945 RF 2 9 | 20| 31|45 |56 | 67 RF2 12|27 |41 |60 75|89
RF3 2 (5 (1214 |17 | 24 9 RF3 1 |16 | 22 |25 | 40 | 46 3 RF3 10| 21|32 |46 | 57 | 68 3 RF3 13|28 |42 |61 |76 |90
RF 4 3 6|9 |15 |18 [ 21 L RF 4 2 (9 | 2326|833 |47 L RF4 |11 | 22|33 |47 | 58 | 69 L RF4 |14 |29 |43 |62 |77 | 91
RF1 3 |10 |24 | 27 | 34 | 48 RF1 12|23 (34 | 48 | 59 | 70 RF1 15 (30 | 44 | 63 | 78 | 92
RF 2 4 |11 |17 | 28 | 35 | 41 RF 2 1|24 |35 |37 |60 |71 RF2 16 |31 |45 |64 |79 | 93
3 RF3 5 (12|18 | 29 | 36 | 42 3 RF3 2 |13 | 36 | 38 [49 | 72 3 RF3 1 | 32|46 |49 | 80 | 94
RF 4 6 (13|19 |30 |37 |43 RF 4 3 (14|25 |39 |50 |61 RF 4 T 17 | 47 | 50 | 65 ;
RF1 4 | 15|26 | 40 | 51 | 62 RF1 3 |18 |48 |51 | 66 | 96
RF 2 5 (16|27 | 41 |52 | 63 RF 2 4 |19 |83 |52 | 67 | 81
3 RF3 6 |17 |28 |42 | 53 | 64 3 RF3 5|20 |34 |53 |68 |82
RF 4 7 | 18|29 |43 |54 | 65 RF 4 6 |21 |35|54 |69 |83
RF1 7 | 22|36 |55|70 |84
RF 2 8 | 23|37 |56 |71 |85
3 RF3 9 | 24|38 |57 (72|86
RF4 |10 | 25|39 |58 | 73 | 87

Figure 30: Example illustrating the cyclic shift of the columns of the matrix for the
imaginary components

When N5 is not an integer multiple of Ny, padding is used and the last column is not cyclically shifted,
similarly to the LC type A, B and C cases.
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6.6 Time interleaver

The time interleaver (TI) shall operate at PLP level. The parameters of the time interleaving may be
different for different PLPs within an NGH system.

The following parameters being part of the L1-POST configurable signalling (see clause 8.1.3.1) configure
the TI:

e TIME_IL TYPE (allowed values: 0 or 1): Determines the interleaving mode; ‘0’ represents the mode
with multiple Tl blocks per interleaving frame and no inter-frame interleaving, while ‘1’ means that
only one Tl block is present per interleaving frame, and the Tl block may be spread over multiple
logical frames (inter-frame interleaving).

e TIME_IL_LENGTH (allowed values: 0 to 16): If TIME_IL_TYPE = ‘0’, this gives the number Ny, of Tl
blocks per interleaving frame, and for TIME_IL_TYPE = ‘1’, it represents the number P, of logical
frames, over which cells stemming from one Tl-block are carried.

e PLP_NUM_BLOCKS MAX (allowed values: 0 to 1023): Represents the maximum number
Ngiocks ir max Of FEC blocks per interleaving frame.

e PLP_LF_INTERVAL (allowed values: 1 to 16): Represents the distance /,;,,, between any two logical
frames carrying cells from one Tl block (used only for inter-frame interleaving)

Moreover, the parameter PLP_NUM_BLOCKS from the L1-POST dynamic signalling (see clause 8.1.3.3) is
used to represent the number of FEC blocks for the current Interleaving Frame.

When time interleaving is not used for a PLP (i.e. when the L1-POST signalling parameter TIME_IL_LENGTH
is set to 0, see clause 8.1.3.1), the remainder of clause 6.6, and clauses 6.6.1 to 6.6.4 do not apply, but
clause 6.6.5 applies instead.

The FEC blocks from the component interleaver for each PLP shall be grouped into interleaving frames
(which are mapped onto one or more logical frames). Each interleaving frame is the set of FEC blocks that
belong to a PLP in one uninterleaved logical frame and shall contain a dynamically variable integer number
of FEC blocks. The number of FEC blocks in the interleaving frame of index n is denoted by Ny, ;s £(n) and

is signalled as PLP_NUM_BLOCKS in the L1-POST dynamic signalling.

Npiocks ir May vary from a minimum value of 0 to a maximum value Ng;ocxs i max- Naiocks iF max 1S

signalled in the L1-POST configurable signalling as PLP_NUM_BLOCKS_MAX. The largest value this may take
is 1023.

Each interleaving frame is either mapped directly onto one logical frame or spread out over several (P))
logical frames as described in clause 6.6.3.

Instead of spreading an interleaving frame over multiple logical frames, it can be divided into one or more
(Ny,) Tl blocks, where a Tl block corresponds to one self-contained time interleaver operation, as described
in clause 6.6.1. The Tl blocks within an interleaving frame can contain a slightly different number of FEC
blocks. If an interleaving frame is divided into multiple Tl blocks, it shall be mapped to only one logical
frame.

There are therefore two options for time interleaving for each PLP (besides the aforementioned option to
skip the time interleaving):

1) Each interleaving frame contains one Tl block and is mapped to one or more than one logical
frame. Figure 31 shows on the right-hand side an example in which one interleaving frame is
mapped onto two logical frames. This gives greater time diversity for low data-rate services. This
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option is signalled in the L1-signalling by TIME_IL_TYPE='1". For this option, the number of TI-blocks
per Interleaving Frame is set to Ny, = 1, while the length of the time interleaver is P, =

TIME_IL_LENGTH.

2) Each Interleaving Frame is mapped directly to one logical frame and the Interleaving Frame is
divided into one or several Tl-blocks as shown in figure 31 on the left-hand side. Each of the TI
blocks may be de-interleaved and decoded immediately after its complete reception in the
receiver. From the Receiver Buffer Model in annex C.2, we find thus, that the maximum bit-rate for
a PLP is increased. This option is signalled in the L1-POST configurable signalling by
TIME_IL_TYPE='0". For this option, the number of Tl blocks per interleaving frame is set to Ny, =

TIME_IL_LENGTH, while the length of the time interleaver is P, = 1.

Observe that when TIME_IL_LENGTH is set to ‘1’, each interleaving frame contains one Tl block and is
mapped directly to one logical frame, irrespective of the value of TIME_IL_TYPE (both examples in the
middle of figure 31).

FeCblocks [T [TTTITITITTTTTT

Interleaving 0 1
Frames

TIME_IL_TYPE =0
=> Ny = TIME_IL_LENGTH
Pi=1

TIME_IL_TYPE =1

=>Np =
P, = TIME_IL_LENGTH

Tl-blocks 0 1

\
\
\
Interleaving ‘
\
\
\

Figure 31: Time interleaving for TIME_IL_TYPE =0 and 1, and for TIME_IL_LENGTH =1 and
2 (with PLP_LF_INTERVAL =1)

6.6.1 Division of interleaving frames into time interleaving blocks

The time interleaver interleaves cells over one Tl block, which contains a dynamically variable integer
number of FEC blocks.

In one interleaving frame there may be one or more Tl blocks. The number of Tl blocks in an interleaving
frame, denoted by N, shall be an integer and is signalled in the L1 configurable signalling by

TIME_IL_LENGTH in conjunction with TIME_IL_TYPE.

NOTE: If an interleaving frame extends over multiple logical frames (TIME_IL_TYPE = ‘1°), then N, is
always equal to 1, i.e. one interleaving frame contains exactly one Tl block.

The number of FEC blocks in Tl block index 's' of interleaving frame 'n' is denoted by Ng¢ 1, (n,s), where
0<s<Ny.

If N7y =1, then there will be only one TI-block, with index s=0, per Interleaving Frame and Ngg ,(n,s) shall
be equal to the number of FEC blocks in the Interleaving Frame, Ng; ocxs £(N).
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If N7y > 1, then the value of Ng.¢ 7(n,s) for each Tl-block (index s) within the Interleaving Frame (index n)
shall be calculated as follows:

{ Nyrocks i (n)

J s <Ny _[NBLOCKS_IF (n)mod N, |
Ny

NFECfTI (n,s)=

N n
{%—W()J +1 s2> NTI - [NBLOCKSJF (n) mod NT1 ]
TI

This ensures that the values of Ngg. ,(n,s) for the Tl-blocks within an Interleaving Frame differ by at most
one FEC block and that the smaller Tl-blocks come first.

Ngec 7(n,s) may vary in time from a minimum value of 0 to a maximum value Negee 77 pax- Neec 11 max may be
determined from Ny ocxs i max (se€ clause 6.6) by the following formula:

NBrocks IF_MAx
Ny

Nrec 11 max = [

Any Tl configuration and the payload scheduling have to adhere to the Receiver Buffer Model in clause
Cl.1.

The FEC blocks at the input shall be assigned to Tl-blocks in increasing order of s. Each Tl-block shall be
interleaved as described in clauses 6.6.2 and 6.6.3 and then the cells of each interleaved Tl-block shall be
concatenated together to form the Time Interleaver’s output.

6.6.2 Writing of each Tl-block into the time interleaver

The inPUt of the Tl are the cells (gn,s,0,0' gn,s,O,1""'gn,s,O,Nce||s-1' gn,s,l,O' gn,s,l,l""' gn,s,l,NceIIs-l' s
s NFEC_Ti(n,s)-1,00 In,s, NFEC_Ti(n,s)-1,17» Ins, NFEC_Ti(n,5)-1, Neells -1) ©F the Neee 7(n,s) FEC blocks from the output of
the component interleaver, where g, ; ., is the output cell g, from the component interleaver for the r-th

FEC block belonging to the current Tl-block s of the current Interleaving Frame n. Observe that r represents
the index of the FEC block inside the Tl-block and that g represents the cell index inside the FEC block.

Note that for interleaving over multiple logical frames (TIME_IL_TYPE = ‘1’), there is only 1 TI-block per
Interleaving Frame, hence we always have s = 0 in this case.

Each FEC block is partitioned into Ny = P, Interleaver Units (IUs). For this we define the minimum IU length
Lyy,min = floor(Ngeyis/Nyy), where floor(x) is the largest integer < x.

o the first Nigrge = Neensmod Nyy 1Us contain Lyy min + 1 cells, where cells In,sr k- (Ligmin+1) O
Ins,r(k+1)-(Ligmn+1)—1 80 to the k-th 1U (i = 0,.., Niarge — 1). Here mod represents the modulo-
operation.

e the following Niy — Niarge IUs contain Liy min cells, where cells In,srK-Liy min+Niarge O
9n,s,7,(k+1)-Liy min+Niarge—1 80 to the k-th IU (k = Niarge, - Niy — 1)

e Observe that all Ny 1Us contain exactly Lyy n, cells for the case where N5 is an integer multiple
of Niy such that Njzpge = 0.

The cells of each IU are now grouped into memory units (MU). These are the units in which the Tl memory
is written and read. An MU can correspond to one or two cells, depending on the used signal constellation:

For QPSK and 16-QAM modulation, a pair of two consecutive cells of the IU become one MU. This case is
called pairwise interleaving. The first Nj,.q IUs (the ‘large’ 1Us) contain therefore
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Marge = ceil( (Liymin + 1)/2) MUs each, where ceil(x) is the smallest integer > x. The following

Ny — Niarge ‘small’ IUs contain Mgy, = ceil(Liymin/2) cells each. If the number of cells in the IU is odd,
then the last MU contains only one cell (and padding instead of a second cell). Observe that the case
Miarge = Mgman is possible.

For 64- and 256-QAM, pairwise interleaving isnot used, and one cell corresponds directly to one MU, i.e.
the first Nj,rge 1Us contain Miyrge = Liymin + 1 MUs each, while the following Niy — Njarge 1Us contain
Mgman = Liy min MUs each. No padding is required in the last MU of an IU.

There are Ny block interleavers for the IUs of the FEC blocks in the current TI-block of the current
Interleaving Frame. All of them have Nggc 11 max columns. The first Ni,.q. block interleavers have M,p4e
rows, while the remaining Njy — Njarge block interleavers have Mgy, rows. Each element in the block
interleaver corresponds to one MU.

The k-th U of all of these FEC blocks is written column-wise into the k-th block interleaver, where the r-th
column contains the IU from FEC block r. When pairwise interleaving is used, both cells in an MU are
written together. When Nggc 11 < Npgc 11 Max, then there are unused columns in the block interleavers.
The writing process is shown in figure 32.

FEC 2
FEC1 FEC3

U1

U2

U3

alalalalalalalalalalalald=]=]=lalal=]alal=a]=]alajld=]|=|=]=2]=a]=]=]=a]=2]=2]=]|=2|=2
NNNNNMNNNNNM‘_NNNNNNNNNNNN‘—NNNNNNNNNNNNND

4@06’0&)0@0’WO&)w‘_(d(dQQW@QQQQW@‘_QWQQQQQW@HQQQD
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Figure 32: Writing process for a (hypothetical) example with Ny = 3, Ny = 37, , Npge.m1 = 3,
and Nggc 1 max = 4 (non-pairwise case).

If inter-frame interleaving is not used (P; for TIME_IL_TYPE = ‘0’ or ‘1’), the same procedure is used as
described above. Accordingly, there is only Ny = P; = 1 block interleaver with Nggc 11 max columns and
Mgpan rows. For Ny, > 1 Tl-blocks per Interleaver Frame, this block interleaver is sequentially used several

times for each logical frame.

6.6.3 Mapping of interleaving frames onto one or more logical frames

Each Tl-block is either mapped directly onto one logical frame or spread out over several logical frames.
The frame sequence, that one Tl-block is spread over, contains Lt = (P, — 1) - [jymp + 1 logical frames.

Note: L1; accounts for the complete length of the sequence, over which one TI-block is spread, including
the gaps caused by the jumping over Ijyyp logical frames, while P counts only those logical frames, that
actually carry content from the Tl-block.

The Tl uses Ny delay values in order to achieve this temporal spreading. Each delay D (k) is an integer
multiple of logical frames. It is calculated as follows for delay index k = 0,.., Njy — 1:

D(k) =k- I]UMP'

For each Tl-block in each Interleaving Frame, the k-th IU is read D (k) logical frames later than when it was
written.

The reading for the next logical frame to be transmitted (index m) is done row-wise in the following order,
where j = 0,.., Mg — 1 is the row index. We start with row j = 0.

Start with block interleaver k = 0. Read all used MUs of the k-th block interleaver, that was written in
Interleaving Frame m — D (k), rightwards along row j beginning with the left-most column. Unused MUs
are skipped. For pairwise interleaving, both cells contained in an MU are read together. Then continue with
the k + 1* block interleaver in the same way.

When the used MUs in row j have been read in this way from all Ny corresponding block interleavers, then
we continue with row j + 1, until row j = Mg,..; — 1 has been read.

Finally,if Njgrge > 0 and Myyge = Mgpan + 1, then there is one more row j = Mgy, that is read in the same
way as the previous rows (i.e. skipping unused columns), but only the first Njarge block interleavers are read
that contain M, + 1 rows.

In the bottom row (either with j = M., — 1 or j = M,,.;1), any padding present in the MUs is skipped.

The output of the time interleaver is the sequence of cells read in the described way. In the case of pairwise
interleaving, the order within each pair is the same after reading as before writing.

When all rows have been read from a block interleaver, then this block interleaver is not needed any more
in the modulator and can be discarded. Therefore, the delaying of the block interleavers can be considered
as a delay line structure as depicted in figure 33.
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Interieaving Interieaving Interieaving Delay lines NGH-frame n-2 NGH-frame n-1 NGH-frame n
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Figure 33: Delaying process for a (hypothetical) example with Ny = 3, N s = 37, Nggc 11 = 2,
1 and 3, and NFEC_TI_MAX = 4‘ (fOI‘ I]UMP = 1) (non'pairWise Case).

For TIME_IL_TYPE =1, Ny block interleavers are written per Interleaving Frame (as there is only 1 TI-block),
and for P; > 1 the above reading operation accesses block interleavers from different Interleaving Frames.
Figure 34 shows an example of the reading process.

For TIME_IL_TYPE =0, only Ny = 1 block interleaver is written column-wise per Tl-block per Interleaving
Frame, and only this block interleaver is read row-wise to generate the output for the current TI-block (as
we have P; = 1 for this option). The following Tl-block in the same Interleaving Frame is treated in the
same way, and its generated output is appended to the output generated for the previous TI-blocks. An
example for this is displayed in figure 35.

Observe that the number of used columns can vary among the block interleavers, as this number is strictly
linked to the dynamic parameter Ny, ocxs jr = PLP_NUM_BLOCKS of the Interleaving Frame, when the

corresponding block interleaver was written.
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IU 0 from IU 1 from IU 2 from
llv. Fr.n llv. Fr. n-1 llv. Fr. n-2

EEEEEERXNR

v v

\4

Output sequence

— -G E o[ o el -

Figure 34: Reading process and generated output for a (hypothetical) example with N; = 3,
Ncens = 37, NFEC_T[ = 2, 1 and 3, and NFEC_TI_MAX =4 (for I]UMP = 1) (non-pail'wise case)-
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Interleaving Frame n: Tl-block 0 Tl-block 1

FECO0 FEC2 FECO FEC2
FEC 1 FEC1 FEC3 __
of1]2 011
0f1]2 4/// ,ﬁz
o1z )
of vz GaAL!
of1]2 ﬁf/f//
0f1]2 ,g/,f,f ]
oj1]2 [z 4]
0f1]2 )/,?-,3’
0f1]2 %,j’//;,
o]z (SO
0f1]2 ;o/’, // ,j,
0|1]2 ,?/A’
0|1]2 //jz/;,
0|12 /‘@44/
of1]2 4/ // ,C§/
0|12 [ ;/,15;
of1]2 /ﬁcé,-fa’
0|12 a:o»;/j/é,
0of1]2 ,ﬁ/,(/ ‘;/ o
of1]2 [T 24
012 ’//,é,-,g'
0|1(2 //j//;,
0f1]2 o141
012 ,¢; /ﬁ/
oj1]2 CAENESE
0j1)2 (el 1418
0|12 @,p,g’
OnE )
0l1)2 CAiAEe
OnE DL
0|12 (9/,;«4’,
o[z GI5LEN%S
0|12 ,9;/ 17 é/
oj1]2 [ el
0|12 /j/,g,-
0f1]2 /ﬁz/p
0l1]2 [oprizly] |
Output sequence

Figure 35: Time interleaving in a hypothetical example for N:; = 2 Tl-blocks per Interleaving
Frame, N s = 37, Nggc 11 = 3 and 4, and Nggc 11 max = 4 (non-pairwise case). Writing is done
column-wise, reading is done row-wise.

6.6.4 Number of cells available in the time interleaver

A single large Tl memory in the transmitter and a single large Time De-Interleaver (TDI) memory in the
receiver shall be shared by all PLPs in a given PLP cluster (for the definition of a PLP cluster, see clause 3.1).

The admissible Tl configurations in the transmitter is indirectly specified by the acceptable TDI
configurations in the receiver, which is defined as follows:

The total size of the TDI memory for time de-interleaving all PLPs associated with a service is 2*® memory
units (MU). An MU is an abstract entity, which corresponds simply to 2 cells for all PLPs with QPSK and 16-
QAM, and to 1 cell for all PLPs with 64-QAM, NU-64-QAM, 256-QAM and NU-256-QAM modulation.

For any one PLP, its required number of MUs is calculated as follows:

Nlarge_l Np—1
NMUS,PLP = Mlarge ' NFEC_TI_MAX ' [LTI - D(k)] + z Msmall ' NFEC_TI_MAX ' [LTI - D(k)]
k=0 k=Nlarge
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It means that when adding up the number Ny, ppp of required MUs of all PLPs in a given PLP cluster, the
sum shall not exceed 2*%.

Any valid NGH configuration must ensure that the above condition is satisfied. Besides this condition, every
NGH configuration and the employed payload scheduling have to ensure that the Receiver Buffer Model as
described in Annex C.2 is respected.

6.6.5 PLPs for which time interleaving is not used

If time interleaving is not used (i.e. TIME_IL_LENGTH=0), the output of the time interleaver shall consist of
the cells presented at the input in the same order and without modification. In this case, when the term
Interleaving Frame is used elsewhere in the present document, it shall be taken to mean logical frame.

Note: the time interleaver will typically act as a buffer for PLP data and therefore the output may be
delayed by a varying amount with respect to the input even when time interleaving is not used. In this case,
a compensating delay for the dynamic configuration information from the scheduler will still be required, as
shown in figure 4.

7/ Distributed and cross-polar MISO

7.1 System overview

A MISO transmission option is included in the base profile in order to exploit the diversity advantage made
possible by the use of multiple transmission elements either co-sited or distributed. Channel estimation
suitable for MISO is provided by an appropriate pilot structure during MISO frames, which may form part of
a transmission also including SISO frames. Within MISO frames, all data and signalling must have the MISO
format except for the P1 and AP1 which are never MISO encoded.

7.2 Transmit/receive system compatibility
To make use of MISO transmissions, the proposed transmission architecture must include either

1. Distributed SFN application: SFN-based SISO transmitting stations are to be assigned in pairs to
groups 1 and 2, i.e. each carrying a different component of the MISO transmission

or

2. Cross-polar MISO application: Individually-fed co-sited cross-polar antennas (horizontal (HP) and
vertical polarisation (VP)). To receive and decode the MISO signal, a cross-polar receive antenna is
recommended but a single antenna is sufficient.

7.3 MISO precoding

MISO processing is applied at PLP level (all PLPs in a MISO frame must be MISO) and consists of taking sets
of two QAM symbols and producing MISO encoded sets of two data cells at the output to be directed to the
two antennas. MISO processing is never applied to the preamble symbols P1 or AP1 and the pilots are
processed as described in clause 11.1.9. The encoding process is carried out on pairs of normalised QAM
symbols, f;, fs.1 from the output of the time interleaver (clause 6.6). For MISO these must be drawn from
the same constellation. The encoded OFDM payload cells g (7x1), g, (Tx2), g,,,,(Tx1) and g _.,(Tx2) for

transmit antennas 1 and 2 shall be generated from the input symbols according to:
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{gq(m) gq<sz)} fo =t
8D 8, (D || fr S

q=02,46..N,. —2

ata

where * denotes the complex conjugation operation and Ng,, is the number of cells required to transmit
one LDPC block by using MISO encoding which is calculated by Nigee/Nopcy-

Pairs of constellation points generated by MISO encoding for a particular transmitter must be kept together
at the output by use of a pairwise frequency interleaver (clause 9.11).

NOTE 1: The MISO processing for MISO transmitter group 1 copies the input cells unmodified to the
output.

NOTE 2: It is necessary that both parts of a MISO encoded pair of cells are located in the same OFDM
symbol.

7.4 Block diagram

The block diagram of the scheme for MISO frame generation is shown in figure 36.

Signal on air

\r Tx1

-

o
Y
A

gq+1

Tx2

Cells

OFDM F
Payload L

for 2 () » -1 >— g

Figure 36: MISO frame generation in NGH transmssion chain

The encoding process is repeated for each pair of payload cells in turn. MISO processing shall not be
applied to the P1 and AP1 symbols. The contents of the P1 and AP1 symbols will be identical between the
two groups of transmitters.

If MISO is not used, the input cells shall be copied directly to the output, i.e. g, =f,. for p=0,1,2,...,Ny,-1.

7.5 eSFN processing for MISO

eSFN is applied at frame level to modulate the OFDM symbols using the eSFN predistortion term @, as
described in clause 11.4.1.

The principle role of eSFN in this context is application to SISO frames as part of transmission containing
both SISO and MISO frames. This applies to both distributed SFN and cross-polar MISO applications. Each
SISO transmission element is assigned a different Tx ID. It may also be used in conjunction with the MISO
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transmission (i.e. Alamouti coding) if the transmitter ID function is required to be present during both
frame types.

7.6 Power imbalance

MISO transmission is specified for use with one of three fixed power imbalances (e.g. in the cross-polar
case the HP/VP or VP/HP power ratio), in order to facilitate time-sharing with SISO services without
undesired station envelope power fluctuations or excessive SISO link budget loss.

The available power imbalances are 0 dB, 3 dB and 6 dB.

The imbalance may be optionally applied during all PLP and both frame types, i.e. SISO and MISO. Where
Alamouti coding is used in a cross-polar context an imbalancing matrix may be introduced as follows, the
value of #taken from table 30.

{g;(Txl)}{\/ﬁ 0 }{&,(Txl)}

g, (Tx2) 0 J1-p|&,(Tx2)
q=0...N,,.—1

In the case of cross-polar transmission, during SISO frames, the two transmission elements may be
generated as

g | o s,
g T2 | o f1-p]¢,

q=0...N,,.—1
Table 30: Power imbalance parameter 3
Intentional power 0dB 3dB 6 dB
imbalance
between two Tx
antennas
B 1/2 1/3 1/5

Note 1: For the distributed Alamouti application, the 0 dB imbalance is usually appropriate.

Note 2: If the specified options for fixed power imbalance are not used, and envelope power fluctuations
are acceptable, then the MISO frames are transmitted with 0 dB power imbalance and the SISO on a single
polarisation (infinite imbalance).

7.7 SISO/MISO options for P1, aP1 and P2 symbols

Table 31 specifies the SISO/MISO coding options applicable to P1, aP1 and P2 symbols.

Table 31: P1, aP1 and P2 SISO/MISO coding options

mbol type P1/AP1 P2 P2 P2 Data
Symbols
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Frame type
L1-pre L1-post Data
SISO Uncoded SISO | Uncoded SISO | Uncoded SISO | Uncoded SISO Uncoded
or or or or SISO or
eSFN eSFN eSFN eSFN eSFN
MISO Uncoded SISO Alamouti Alamouti Alamouti Alamouti
or
eSFN

NOTE: When Alamouti is used, eSFN may be optionally added with a unique tx code applied per station or
per antenna

8 Generation, coding and modulation of layer 1 signalling

8.1

This clause describes the layer 1 (L1) signalling. The L1 signalling provides the receiver with a means to
access physical layer pipes within the NGH frames. Error! Reference source not found. illustrates the L1
ignalling structure, which is split into three main sections: the P1 signalling, the L1-PRE signalling and the
L1-POST signalling. The purpose of the P1 signalling, which is carried by the P1 symbol in every NGH frame,
is to indicate the transmission type and basic transmission parameters. The L1-PRE signalling, which is
carried in every NGH frame, enables the reception and decoding of the L1-POST signalling, which in turn
conveys the parameters needed by the receiver to access the physical layer pipes. The L1-POST signalling is
carried in every logical frame, and is further split into two main parts: configurable and dynamic, and these
may be followed by an optional extension field. The L1-POST finishes with a CRC and padding (if necessary).
For more details of the frame structure, see clause 9.

Introduction
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Logical Frame (LF) i

L1-POST
X . PLPs
signalling
PLPs L1-Post PLPs PLPs
P1 L1-Pre LF,, LF, LF; P1 L1-Pre LF;
NGH frame NGH frame

L1-config L1-Dyn Extension -

Figure 37: The L1 signalling structure.

8.1 L1 signalling data

All signalling data in L1-PRE, except those associated with the mapping of logical channels to the NGH
frames, shall remain unchanged for the entire duration of one super-frame. Hence any changes
implemented to this data of L1-PRE signalling shall be always done within the border of two super-frames.
Sub-clause 8.1.2 defines the L1-PRE signalling data and describes which fields shall remain unchanged for
the entire duration of one super-frame.

All signalling data in the configurable part (L1-CONF) of the L1-POST signalling shall remain unchanged for
the entire duration of one logical super-frame. Hence any changes implemented to L1-CONF shall be always
done within the border of two logical super-frames.

8.1.1 P1 signalling data

The P1 symbol has the capability to convey 7 bits for signalling. Since the preamble (both P1 and P2
symbols) may have different formats, the main use of the P1 signalling is to identify the preamble itself. The
information it carries is of two types: the first type (associated to the S1 bits of the P1) is needed to
distinguish the preamble format (and, hence, the frame type); the second type (associated to the S2 bits of
the P1) helps the receiver to rapidly characterize the basic TX parameters.

The S1 field: Preamble Format:

e The preamble format is carried in the S1 field of the P1 symbol. It identifies the format of
the P2 symbol(s) that take part of the preamble.
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Table 32: S1 Field

S1 Preamble Format / Description
P2 Type

000 T2_SISO The preamble is a preamble of a T2-base signal
[i.1] and the P2 part is transmitted in its SISO
format.

001 T2_MISO The preamble is a preamble of a T2-base signal
[i.1] and the P2 part is transmitted in its MISO
format.

010 Non-T2 See table 19(b) in [i.1].

011 T2_LITE_SISO The preamble is a preamble of a T2-Lite signal

(annex lin [i.1]) and the P2 part is transmitted
in its SISO format.

100 T2_LITE_MISO The preamble is a preamble of a T2-Lite signal
(annex lin [i.1]) and the P2 part is transmitted
in its MISO format.

101 NGH_SISO The preamble is a preamble of an NGH signal
and the P2 part is transmitted in its SISO
format.

110 NGH_MISO The preamble is a preamble of an NGH signal
and the P2 part is transmitted in its MISO
format.

111 ESC General escape code. The current P1 may be
followed with an additional symbol providing

additional signalling.

The S2 field 1 (the first 3 bits of the S2 field): Complementary information:

When the preamble format is of the type T2_SISO, T2-MISO, T2_LITE_SISO or
T2_LITE_MISO, S2 field 1 indicates the FFT size and gives partial information about the
guard interval for the remaining symbols in the T2-frame, as described in table 19(a) in [i.1].
When the preamble is of the type "Non-T2", S2 field 1 is described by table 19(b) in [i.1].

When the preamble format is of the type NGH_SISO, or NGH_MISO, S2 field 1 indicates the
FFT size and gives partial information about the guard interval for the remaining symbols in
the NGH-frame, as described in table 33 below.

When the preamble is of the type "ESC", the value of the S2 field 1 shall be defined as
described in table 34 below.
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Table 33: S2 Field 1 (for NGH preamble types, S1=101, and 110)

FFT/Gl size

Description

FFT Size: 1K — any allowed
guard interval

FFT Size: 2K — any allowed
guard interval

FFT Size: 4K — any allowed
guard interval

Indicates the FFT size

FFT Size: 8K — guard intervals
1/32;1/16;1/8 or 1/4

and guard interval of

FFT Size: 8K — guard intervals
1/128; 19/256 or 19/128

the symbols in the
NGH-frame

FFT Size: 16K — guard intervals
1/128; 19/256 or 19/128

FFT Size: 16K — guard intervals
1/32;1/16;1/8 or 1/4

S2 S2
field 1 |field 2
000 X
001 X
010 X
011 X
100 X
101 X
110 X
111 X

Reserved for future use

Table 34: S2 Field 1 (for ESC preamble, S1=111).

S2 field 1 S2 field 2

Meaning

Description

000 X

Preamble format of the NGH
MIMO signal

The preamble P1 is a preamble of
an NGH MIMO signal. P1 is
followed by an aP1 symbol with
the signalling format described in
clause 21.1.

001 X

Preamble format of the NGH
hybrid SISO signal

The preamble P1 is a preamble of
an NGH hybrid SISO signal. P1 is
followed by an aP1 symbol with
the signalling format described in
clause 21.1.

010 X

Preamble format of the NGH
hybrid MISO signal

The preamble P1 is a preamble of
an NGH hybrid MISO signal. P1 is
followed by an aP1 symbol with
the signalling format described in
clause 21.1.

011 X

Preamble format of the NGH
hybrid MIMO signal

The preamble P1 is a preamble of
an NGH hybrid MIMO signal. P1 is
followed by an aP1 symbol with
the signalling format described in
clause 21.1.

100-111 X

Reserved for future use

Reserved for future use.

The S2 field 2: 'Mixed' bit:
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e This bit indicates whether the preambles are all of the same type or not. The bit is valid for
all values of S1 and S2 field 1. The meaning of this bit is given intable 35.

Table 35: S2 field 2.

S1 S2 field1 | S2 field 2 Meaning Description
XXX XXX 0 Not mixed All preambles in the current transmission are

of the same type as this preamble.
XXX XXX 1 Mixed Preambles of different types are transmitted.

The modulation and construction of the P1 symbol is described in clause 11.7.2. The modulation and
construction of the aP1 symbol is described in clause 11.7.3.2.

8.1.2 L1-PRE signalling data

Error! Reference source not found. illustrates the signalling fields of the L1-PRE signalling, followed by the
etailed definition of each field.

Table 36: The signalling fields of L1-PRE.

TYPE 8
BWT_EXT 1
S1 3
S2 4
aP1l ¢
For i=0..3{ 4
EBF _PREAMBLE
}
EBF_GAP_1 24
EBF_GAP_2 24
FEF_PREAMBLES 14
FEF_LENGTH 22
FEF_INTERVAL 14
GUARD_INTERVAL 3
PILOT_PATTERN
OLSI_PILOT_PATTERN 3
OLSI_START_SYMBOL 12
OLSI_NUM_SYMBOLS 9
PAPR 4
POWER_IMBALANCE 3
PH_FLAG 1
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L1_POST_MOD 4
L1_POST_COD 2
L1_POST_FEC_TYPE 2
L1_REPETITION_FLAG 1
L1_POST_EXTENSION 1
L1_POST_SIZE 18
L1_POST_CONF_SIZE 12
L1_POST_DYN_CURRENT_SIZE 12
L1_POST_DYN_NEXT_SIZE 12
L1_POST_EXT SIZE
L1_POST_AP_RATIO_CURRENT 2
L1_POST_AP_SIZE_NEXT 18

L1_POST_MIMO
L1_POST_NUM_BITS_PER_CHANNEL_USE | 3

L1_POST_DELTA 24
CELL_ID 16
NETWORK_ID 16
NGH_SYSTEM_ID 16
NUM_EBFS 8
NUM_SYMBOLS 12
FRAME_INTERVAL 24
FRAME_IDX 8
REGEN_FLAG 3
LC_GROUP_ID 2
LC_NUM 3
LC_ID 3
LC_TYPE 3
LC_NUM_RF 3
LC_CURRENT_FRAME_RF_IDX 3
LC_CURRENT_FRAME_RF_POS 3
LC_NEXT_FRAME_RF_IDX 3
LC_NEXT_FRAME_DELTA 24
NGH_VERSION 4
RESERVED 9
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CRC_32 \ 32 \

TYPE: This 8-bit field indicates the types of the Tx input streams carried within the current NGH super-
frame. The mapping of different types is given intable 37.

Table 37: The mapping of Tx input stream types.

Value Type
0x00 Transport Stream (TS) [1] only
Generic Stream (GSE [3] and/or GCS) but
0x01
not TS
Ox02 Both TS and Generic Stream (i.e. TS and at
X
least one of GSE, GCS)
0x03 to OxFF Reserved for future use

NOTE: For Transport Steams (TYPE = 0x00), header compression may be used as described in clause 5.1.1.1.

BWT_EXT: This 1-bit field indicates whether the extended carrier mode is used in the case of 8K and 16K
FFT sizes. When this field is set to '1', the extended carrier mode is used. If this field is set to '0', the normal
carrier mode is used. See clause 11 for more details on the extended carrier mode.

S1: This 3-bit field has the same value as in the P1 signalling.
$2: This 4-bit field has the same value as in the P1 signalling.

aP1: This 7-bit field has the same value as in the aP1 signalling when the aP1 preamble is used (i.e. S1 =
‘111’ and S2 field 1 = ‘000’). If aP1 is not used, this field does not carry any useful information (dummy
field).

The following loop consists of four instances of a single parameter — EBF_PREAMBLE. This enables four
frame types (preamble formats) to be configured in an EBF. The order of signalling is equivalent to the
order of frame types in the current EBF. These frame types can (partly) be identical. The related frames
belong to the same NGH system as the current frame. The described frame sequence is repeated
throughout the same super-frame.

EBF_PREAMBLE: This 4-bit field indicates the preamble format of a frame being part of the same NGH
system. The value “0000” indicates that there is no other preamble/frame in this EBF. The values of this
field are given in table38.
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Table 38: Signalling format for EBF_PREAMBLE

Value Description

0000 No further preamble

0001 The remaining part carries a preamble of a
T2 SISO signal [i.1].

0010 The remaining part carries a preamble of a
T2 MISO signal [i.1].

0011 The remaining part carries a preamble of a
T2 LITE SISO signal [i.1].

0100 The remaining part carries a preamble of a
T2 LITE MISO signal [i.1].

0101 The remaining part carries a preamble of
an NGH SISO base profile signal.
The remaining part carries a preamble of

0110

an NGH MISO base profile signal.

The remaining part carries a preamble of
0111 an NGH MIMO profile signal (see part Il of
the present document).

The remaining part carries a preamble of
1000 an NGH hybrid SISO profile signal (see part
Il of the present document).

The remaining part carries a preamble of

1001 an NGH hybrid MIMO profile signal (see
part IV of the present document).
1010to 1111 Reserved for future use

EBF_GAP_1: This 24 bit field indicates the duration in elementary samples of the first NGH frame following
the current NGH frame and belonging to the same EBF as the current NGH frame whose preamble type is
different from the current preamble type. For configurations in which all the following NGH frames in the
EBF are of the same preamble type as the current NGH frame, this field shall be set to zero.

EBF_GAP_2: This 24 bit field indicates the duration in elementary samples of the second NGH frame
following the current NGH frame that belongs to the same EBF as the current NGH frame but whose
preamble type is different from the current NGH frame preamble type. For configurations in which all the
following NGH frames in the EBF are of the same preamble type as the current NGH frame, this field shall
be set to zero.

FEF_PREAMBLES: This 14-bit field indicates the presence of a given preamble associated with a given signal
in the FEF part of the current NGH signal. The values of this field are given in table 39below.
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Table 39: Signalling format for FEF PREAMBLES

Value Description

The FEF part carries a preamble of a T2
XXXXXXXXXXXXX 1 ) .

SISO signal [i.1].

The FEF part carries a preamble of a T2
XXXXXXXXXXXX1X . .

MISO signal [i.1].

The FEF part carries a preamble of a T2
XXXXXXXXXXX XX . .

LITE SISO signal [i.1].

The FEF part carries a preamble of a T2
XXXXXXXXXX LXXX . .

LITE MISO signal [i.1].

The FEF part carries a preamble of an NGH
XXXXXXXXX LXXXX o

SISO base profile signal.

The FEF part carries a preamble of an NGH
XXXXXXXX LXXXXX L

MISO base profile signal.

The FEF part carries a preamble of an NGH
XXXXXXX IXXXXXX MIMO profile signal (see part Il of the

present document).

The FEF part carries a preamble of an NGH
XXXXXX IXXXXXXX hybrid SISO profile signal (see part Ill of

the present document).

The FEF part carries a preamble of an NGH
XXXXX LXXXXXXXX hybrid MIMO profile signal (see part IV of

the present document).

XXXXIXXXXXXXXX tO Reserved for future use

XIXXXXXXXXXXXX
LIXXXXXXXXXXXXX The FEF part carries a TX-SIG [4]

FEF_LENGTH: This 22-bit field indicates the length of the FEF part of the current NGH signal as the number
of elementary periods T (see clause 9.10), from the start of the P1 symbol of the FEF part to the start of the
P1 symbol of the next NGH frame of the current NGH signal.

FEF_INTERVAL: This 8-bit field indicates the number of NGH frames between two FEF parts (see clause 9.8)
of the current NGH signal. The NGH frame shall always be the first frame in the NGH super-frame which
contains both FEF parts and NGH frames of the current NGH signal.

GUARD_INTERVAL: This 3-bit field indicates the guard interval of the current super-frame, according
totable 40.

Table 40: Signalling format for the guard interval

Value Guard interval fraction
000 1/32
001 1/16
010 1/8
011 1/4
100 1/128
101 19/128
110 19/256
111 Reserved for future use
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PILOT_PATTERN: This 4-bit field indicates the scattered pilot pattern used for the data OFDM symbols. Each
pilot pattern is defined by the D, and D, spacing parameters (see clause 11.1.3.1). The used pilot pattern is
signalled according to table 41.

Table 41: Signalling format for the pilot pattern.

Value Pilot pattern type
0000 PP1
0001 PP2
0010 PP3
0011 PP4
0100 PP5
0101 PP6
0110 PP7
0111 to 1111 Reserved for future use

O_LSI_PILOT_PATTERN: This 3-bit field indicates the scattered pilot pattern used for the data OFDM
symbols when Orthogonal Local Service Insertion is used (see clause 10.1.3). The used pilot pattern is
signalled according to table 42. A value of “000” of this field indicates that there are no symbols using O-LSlI
pilots in any NGH frame carrying logical frames of the current logical channel of the current super-frame.

Table 42: Signalling format for the pilot pattern of O-LSI.

Value Pilot pattern type
000 No O-LSI pilots
001 PP3
010 PP4
011 PP5
100 PP6
101 PP7

110 to 111 Reserved for future use

OLSI_START_SYMBOL: This 12-bit field indicates the symbol number of the first symbol that uses O-LSI
pilots in the NGH frames carrying logical frames of the current logical channel of the current super-frames.
The value “OxFFF” indicates that there are no symbols using O-LSI pilots in any NGH frame carrying logical
frames of the current logical channel of the current super-frame.

OLSI_NUM_SYMBOLS: This 9 bit-field indicates the total number of symbols that use O-LSI pilots in the
NGH frames carrying logical frames of the current logical channel of the current super-frame.

PAPR: This 4-bit field describes what kind of PAPR reduction is used, if any. The values shall be signalled
according to table 43.

Table 43: Signalling format for PAPR reduction

Value PAPR reduction

0000 No PAPR reduction is used

0001 ACE-PAPR only is used

0010 TR-PAPR only is used

0011 Both ACE and TR are used
0100to 1111 Reserved for future use
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POWER_IMBALANCE: This 3-bit field indicates the intentional power imbalance between the two
transmitter antennas, when a second antenna is used. The value of this field shall be defined according to

table 44.

Table 44: Signalling format for POWER_IMBALANCE

Value Power imbalance (dB)
000 Single antenna transmission
001 0
010 3
011 6

100 to 111 Reserved for future use

PH_FLAG: This 1-bit field indicates if the phase hopping (PH) option is used or not.. In the absence of
VMIMO (see annex L) this flag is set to “1”. The PH scheme is described in clause 18.2.

Table 45: Signalling format for the PH indication

Value PH mode
0 PH not applied
1 PH applied

L1_POST_MOD: This 4-bit field indicates the constellation of the L1-POST signalling data block. The
constellation values shall be signalled according to table 46.

Table 46: Signalling format for the L1-post constellations

Value Constellation
0000 BPSK
0001 QPSK
0010 16-QAM
0011 64-QAM
0100 NU-64-QAM
0101 to 1111 Reserved for future use

L1_POST_COD: This 2-bit field describes the coding of the L1-POST signalling data block. The coding values
shall be signalled according to table 47.

Table 47: Signalling format for the L1-post code rates.

Value Code rate
00 1/2
01to 11 Reserved for future use
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L1_POST_FEC_TYPE: This 2-bit field indicates the type of the L1 FEC used for the L1-POST signalling data
block. The L1_POST_FEC_TYPE shall be signalled according totable 48.

Table 48: Signalling format for the L1-post FEC type.

Value L1-POST FEC type
00 LDPC 4K
0l1to11 Reserved for future use

L1_POST_REPETITION_FLAG: This 1-bit flag indicates whether the dynamic L1-POST signalling is provided
also for the next logical frame. If this field is set to value '1', the dynamic signalling shall be also provided for
the next logical frame within this logical frame. When this field is set to value '0', dynamic signalling shall
not be provided for the next logical frame within this logical frame. If dynamic signalling is provided for the
next logical frame within this logical frame, it shall follow immediately after the dynamic signalling of the
current logical frame, see clause 8.1.3.4).

L1_POST_EXTENSION: This 1-bit field indicates the presence of the L1-POST extension field (see clause
8.1.3.6).

L1_POST_SIZE: This 18-bit field indicates the size, in QAM cells, of the coded and modulated L1-post
signalling data block for every logical frame in the current logical super-frame. This value is constant during
the entire duration of one logical super-frame.

L1_POST_CONF_SIZE: This 12-bit field indicates the size, in bits, of the configurable part of L1 signalling
data (L1-CONF) for every logical frame in the current logical super-frame. This value is constant during the
entire duration of the current logical super-frame.

L1_POST_DYN_CURRENT_SIZE: This 12-bit field indicates the size, in bits, of the dynamic part of L1
signalling data (L1-DYN) for the current logical frame in the current logical super-frame. This value is
constant during the entire duration of the current logical super-frame.

L1_POST_DYN_NEXT_SIZE: This 12-bit field indicates the size, in bits, of the dynamic part of L1 signalling
data (L1-DYN) for the next logical frame in the current logical super-frame, when L1-post repetition is used
(i.e. L1_POST_REPETITION_FLAG set to ‘1’). If L1_POST_REPETITION_FLAG is set to ‘0’ (i.e. repetition is not
used), the value of this field shall be equal to 0. This value is constant during the entire duration of the
current logical super-frame.

L1_POST_EXT_SIZE: This 8-bit field indicates the size, in bits, of the extension field for the current logical
frame in the current logical super-frame, when the extension field is present in the L1-POST
(L1_POST_EXTENSION set to “1’). If L1_POST_EXTENSION is set to ‘0’ (i.e. extension field is not present), the
value of this field shall be equal to 0. This value is constant during the entire duration of the current logical
super-frame.
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L1_POST_AP_RATIO_CURRENT: This 2-bit field gives the ratio of the amount of the additional parity bits to
the amount of parity bits for every logical frame in the current logical super-frame. This value is constant
during the entire duration of the current logical super-frame. Table 49 gives the values of this field. When
this field is set to value '00', additional parity shall not be provided for the L1-POST signalling of every
logical frame in the current logical super-frame. The construction of additional parity for L1-POST signalling
is described in clause 8.2.2.6.

Table 49: Signalling format for L1_POST_AP_RATIO_RATIO_CURRENT.

Value L1_POST_AP_RATIO_CURRENT
00 0
01 1
10 2
11 3

L1_POST_AP_SIZE_NEXT: This 18-bit field indicates the size, in QAM cells, of the additional parity blocks of
L1-POST signalling in every logical frame of the next logical super-frame. This value is constant during the
entire duration of the current logical super-frame.

L1_POST_MIMO: This 4-bit field indicates the MIMO scheme of the L1-POST signalling data block. The
MIMO schemes shall be signalled as defined in clause 20.2 for the MIMO profile and in clause 32.2 for the
hybrid MIMO profile.

L1_POST_NUM_BITS_PER_CHANNEL_USE: This 3-bit field indicates the number of bits per channel use for
the MIMO scheme used by L1-POST. The value of this field is defined in clause 20.2 for the MIMO profile
and clause 32.2 for the hybrid MIMO profile.

L1-POST_DELTA: This 24-bit field indicates the gap, in QAM cells, between the last cell carrying L1-PRE
signalling and the first cell of the first logical frame starting in the current NGH frame. The value (HEX)
FFFFFF means that no new logical frame starts in the current NGH frame.

CELL_ID: This is a 16-bit field which uniquely identifies a geographic cell in a DVB-NGH network. A DVB-NGH
cell coverage area may consist of one or more frequencies, depending on the number of frequencies used
per NGH system. If the provision of the CELL_ID is not foreseen, this field shall be set to '0".

NETWORK_ID: This is a 16-bit field which uniquely identifies the current DVB network.

NGH_SYSTEM_ID: This 16-bit field uniquely identifies an NGH system within the DVB network (identified by
NETWORK_ID).

NUM_EBFS: This 8-bit field indicates the number of EBFs per super-frame. The minimum value of
NUM_EBFS shall be 2.

NUM_SYMBOLS: This 12-bit field indicates the length, in OFDM symbols, of the current NGH frame,
excluding P1 and aP1 symbols. In the hybrid and hybrid MIMO profiles (Parts Ill and IV of the present
document, respectively), when SC-OFDM is used, this field indicates the length, in SC-OFDM symbols, of the
current NGH frame, excluding P1 and aP1 symbols. The minimum value of NUM_SYMBOLS is defined in
clause 9.9.1. This value is constant during the entire duration of the current super-frame.

ETSI



93 Draft ETSI EN 303 105 V1.1.1 (2012-11)

FRAME_INTERVAL: This 24-bit field indicates the number of T periods between two consecutive NGH
frames in the current super-frame. The minimum value of FRAME_INTERVAL is defined in clause 9.8. This
value is constant during the entire duration of the current super-frame.

FRAME_IDX: This 8-bit field is the index of the current NGH frame within a super-frame. The index of the
first frame of the super-frame shall be set to ‘0’.

REGEN_FLAG: This 3-bit field indicates how many times the DVB-NGH signal has been re-generated. Value
'000' indicates that no regeneration has been done. Each time the DVB-NGH signal is regenerated this field
is increased by one.

LC_GROUP_ID: This 2-bit field gives the ID of the group of logical channels the current logical channel
(carried in the current NGH frame) belongs to. It shall be possible to receive with a single tuner all the
logical channels member of a logical channel group.

LC_NUM: This 3-bit field indicates the total number of logical channels member(s) of the current LC group
(i.e. which ID is given by LC_GROUP_ID) which may be carried in the current NGH frame. The minimum
value of LC_NUM is equal to 1.

LC_ID: This 3-bit field indicates the ID of the current logical channel carried in the current NGH frame. The
value of LC_ID ranges from 0 to LC_NUM-1.

LC_TYPE: This 3-bit field indicates the type of the current logical channel carried in the current NGH frame.
The values shall be signalled according totable 50. A detailed description of the different LC_TYPEs is
provided in clause 9.4.

Table 50: Signalling format for LC_TYPE.

Value LC Type Description
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A logical channel type A corresponds to the
case when each logical frame of the logical
000 LC type A .
channel is mapped to only one NGH frame

on a single RF channel (see clause 9.4.1).

A logical channel type B corresponds to the
case when each logical frame of the logical
channel is mapped to multiple (N) NGH
frames on a single RF channel. The NGH
001 LC type B .
frames shall be of equal length. Each logical
frame may therefore map in parts onto
multiple NGH frames on the same RF

channel (see clause 9.4.2).

A logical channel type C corresponds to the
case when each logical frame of the logical
channel is mapped to multiple (N) NGH
frames on multiple (M) RF channels.

010 LC type C The NGH frames from different RF channels
may be of different lengths. Each logical
frame may therefore map in parts onto
multiple NGH frames on multiple (M) RF
channels (see clause 9.4.3).

A logical channel type D corresponds to the
case when each logical frame of the logical
channel is mapped one-to-one to multiple
(N) equal-length and time-synchronised
011 LC type D NGH frames on multiple (N) RF frequencies.
Each NGH frame contains cells from only
one logical frame and each logical frame is
available on all simultaneous NGH frames
(see clause 9.4.4).

100to 111 | Reserved for future use |Reserved for future use

LC_NUM_RF: This 3-bit field indicates Ngg, the number of frequencies used by the current logical channel.

The frequencies are listed within the configurable parameters of the L1-POST signalling.

LC_CURRENT_FRAME_RF_IDX: This 3-bit field indicates the index of the RF channel of the current NGH
frame which carries logical frames of the current logical channel.

LC_CURRENT_FRAME_RF_POS: This 3-bit field indicates the position of the RF channel of the current NGH
frame in the cycle of RF channels used to carry the logical frames of the current logical channel. If the
current logical channel uses only one single RF channel, the value of this field shall be always equal to ‘0’.

LC_NEXT_FRAME_RF_IDX: This 3-bit field indicates the index of the RF channel of the next NGH frame
which carries logical frames of the current logical channel.

LC_NEXT_FRAME_DELTA: This 24-bit field indicates the relative timing in T periods between the current
NGH frame and the next NGH frame which carries logical frames of the current logical channel.
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NGH_VERSION: This 4-bit field indicates the latest version of the present document on which the
transmitted signal is based. NGH_VERSION shall be signalled according to table 51.

Table 51: Signalling format for the NGH_VERSION field

Value Specification version
0000 1.1.1
0001to 1111 Reserved for future use

RESERVED: This 9-bit field is reserved for future use.

CRC-32: This 32-bit error detection code is applied to the entire L1-PRE signalling. The CRC-32 code is
defined in annex E.

8.1.2.1 N-periodic spreading of L1-PRE data

To reduce the overhead of the L1-PRE data per NGH frame the bit-interleaved shortened and punctured L1-
PRE LDPC codeword may be spread onto ny = 1, 2 or 4 succeeding NGH frames, as depicted in figure 38.
This furthermore increases the robustness in mobile environments by additional time diversity. To allow
the receiver to synchronize to the spread L1-PRE data, a PRBS sequence is modulated onto the LDPC
codeword before modulation. The modulation of the PRBS sequence and the mapping of the L1-PRE LDPC
codeword to the NGH frame structure are described in details in clause 8.2.3.1.

L1-PRE LDPC codeword

L1-PRE . L1-PRE ,
P11 subblock 1 Logical frames P11 subblock 2 Logical frames
<«4—NGH frame > < NGH frame >

Figure 38: N-periodic transmission of L1-pre (n,. = 2)
8.1.3 L1-POST signalling data

The L1-POST signalling contains parameters which provide sufficient information for the receiver to decode
the desired physical layer pipes. The L1-POST signalling further consists of two types of parameters,
configurable and dynamic, plus an optional extension field. The configurable parameters shall always
remain the same for the duration of one logical super-frame, whilst the dynamic parameters provide
information which is specific for the current logical frame. The values of the dynamic parameters may
change during the duration of one logical super-frame, while the size of each field shall remain the same.
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NGH logical frame

Padding
L1-CONF L1-DYN EXT '

Figure 52: L1-POST signalling
8.1.3.1 L1-POST configurable signalling data

Table 53 illustrates the signalling fields of the configurable L1-POST signalling, followed by the detailed
definition of each field.

Table 53: The signalling fields of configurable L1-POST

OPTIONS_FLAG 8
NUM_STREAMS 8
NUM_PLP_MODES 8
NUM_PLP_PER_LSF 8
NUM_PLP_PER_LF 8
LC_NUM_LF 8
LC_LF_SIZE 22
IF OPTIONS_FLAG="xx1xxxxx"{
PARTITION_CYCLE_LENGTH 4
PARTITION_NUM_ADD_PLP 4
}
IF OPTIONS_FLAG="xxxxxxx1"{
SUB_SLICES 15
}
for i=0..LC_NUM_RF-1{
LC_RF_IDX 3
LC_RF_POS
FREQUENCY 32
}
for i=0..NUM_PLP_PER_LF{
PLP_ID 8
IF PLP_PAYLOAD TYPE = 00xx{ 8
NUM_STREAMS_PER_PLP
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for j=0..NUM_STREAMS_PER_PLP{
STREAM_ID
1
ELSE {
STREAM_ID
}
PLP_MODE_ID
PLP_ANCHOR_FLAG
PLP_IN_BAND_A_FLAG
PLP_GROUP_ID
PLP_FIRST_LF_IDX
PLP_LF_INTERVAL
IF PLP_TYPE="011" {
REUSE_FACTOR
REUSE_ID 4

0 0 0 = = O

D

}
IF PLP_TYPE="100" {

ALPHA
REUSE_FACTOR
REUSE_SNUM
NATIONAL_PLP_ID

o W w w

}
IF OPTIONS_FLAG="xxxxx1xx"{

RESERVED 1 8
}
IF OPTIONS FLAG="xx1xxxxx"{
PLP_PARTITION_CLUSTER_ID 2

}
IF OPTIONS_FLAG="xx1xxxxx"{

for i=0..PARTITION_NUM_ADD_PLP{
RESERVED 2 48

IF OPTIONS_FLAG="xxxxx1xx"{
RESERVED_3 8
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PLP_PARTITION_CLUSTER_ID 2

for i=0..NUM_PLP_MODE-1{

PLP_MODE_ID

PLP_TYPE

PLP_PAYLOAD_TYPE

PLP_NPDI

PLP_ISSY_MODE

PLP_FEC_TYPE

PLP_COD

PLP_ROTATION

PLP_NON_UNIFORM_CONST

IFS1=“111" and S2 = “000x” or “011x” {
PLP_MIMO_TYPE 4
IF PLP_MIMO_TYPE = “0001” or “0010”

{

R R, A NN R OO O O

PLP_NUM_BITS_PER_CHANNEL_USE |3

}
ELSE {
PLP_MOD 3
}
}
ELSE {
PLP_MOD 3
}
PLP_NUM_BLOCKS_MAX 10
TIME_IL_LENGTH
TIME_IL_TYPE 1
IFS1="111" and S2 = “001x” or “Ox0x” {
TIME_IL_LATE_LENGTH 3

NUM_ADD_IUS_PER_LATE_FRAME 4
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IF OPTIONS_FLAG="xxxxxx1x"{
NUM_AUX 4
AUX_CONFIG_RFU 8
for i=0..NUM_AUX-1{
AUX_STREAM_TYPE 4
AUX_PRIVATE_CONF 28
}
}
RESERVED_5 8

OPTIONS_FLAG: This 8-bit field indicates with one bit whether a given option with related signalling in L1-
POST is used or not. If an option is used, then the signalling fields associated with this option shall be
signalled in L1-POST, otherwise they shall be removed. This allows for overhead reduction when some
options are not used by the NGH system. Table 54 gives the different options covered by this field.

Table 54: OPTIONS_FLAG field

Value Option enabled

XXXXXXX 1 Sub-slicing

XXXXXX1X Auxiliary streams
RESERVED_1 field in the NUM_PLP_PER_LF

XXXXX1XX loop and RESERVED_3 field in the
PARTITION_NUM_ADD_PLP

XXXXIXXX RESERVED_4 field in the NUM_PLP_MODE loop

oo RESEBVED_Z field in the NUM_PLP_PER_LSF
loop in L1-DYN

XX LXXXXX Partitioning of the PLP loop

XIXXXXXX Reserved for future use

LXXXXXXX Reserved for future use

NUM_STREAMS: This 8-bit field indicates the total number of NGH streams with PLPs mapped into the
logical frames of the current logical channel.

NUM_PLP_MODES: This 8-bit field indicates the total number of PLP modes used in the current logical
super-frame. The minimum value of this field shall be “1”.

NUM_PLP_PER_LSF: This 8-bit field indicates the total number of PLPs carried within the current logical
super-frame. The minimum value of this field shall be '1'.

NUM_PLP_PER_ LF: This 8-bit field indicates the total number of PLPs carried within the current logical
frame of the current logical super-frame. This field is constant for every logical frame in the current logical
super-frame. If OPTIONS_FLAG is equal to “xx0Oxxxxx“ (i.e. the partitioning of the PLP loop in L1-CONF is not
used), this field has the same value of the field NUM_PLP_PER_LSF. The minimum value of this field shall be
1",

LC_NUML_LF: This 8-bit field indicates the number of logical frames in the current logical super-frame of the
current logical channel. The minimum value of this field shall be '1".
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LC_LF_SIZE: This 22-bit field indicates the size, in QAM cells, of every logical frame in the current logical
super-frame of the current logical channel.

The following fields appear only if the OPTIONS_FLAG field is equal to ‘Xx1xxxxx":

PARTITION_CYCLE_LENGTH: This 4-bit field indicates the length, in number of logical frames, of one
cycle across which the signalling in the PLP loop of L1-CONF for all the PLPs in the current logical
super-frame is complete. From one cycle to another in the current logical super-frame, the
signalling in the PLP loop of all PLPs in the current logical super-frame shall be exactly the same.
The signalling in the PLP loop of L1-CONF for each PLP shall repeat at the same logical frame
position every L logical frames in the current logical super-frame, where L is the value given by
PARTITION_CYCLE_LENGTH. This value shall stay constant in the current logical super-frame. The
partitioning of the signalling in the PLP loop of L1-CONF is detailed in section 8.1.3.2.

PARTITION_NUM_ADD_PLP: This 4-bit field indicates the number of additional signalling blocks
added in the PLP loop of the current logical frame in order for each logical frame in the partition
cycle to carry the signalling of an integer number of PLPs for each cluster of PLPs, as detailed in
section 8.1.3.2.

The following fields appear only if the OPTIONS_FLAG field is equal to ‘xxxxxxx1":

SUB_SLICES: This 15-bit field indicates Ng,h-slices total- the total number of sub-slices for the type

2 data PLPs across all RF channels in one NGH logical frame. When LC type D is used, this is equal to,
Nsub-slices*NRE, i-e. the number of sub-slices in each RF channel multiplied by the number of RF

channels. When LC type D is not used, Ngyp-slices total = Nsub-slices- |f there are no type 2 PLPs,

this field shall be set to '1p'. Allowable values of this field are listed in annex B.

The following fields appear in the frequency loop:

LC_RF_IDX: This 3-bit field indicates the index of each FREQUENCY listed within this loop. The
LC_RF_IDX value is allocated a unique value between 0 and LNC_NUM_RF-1. In the case of LC type
C , this field indicates the index of each frequency within the structure of the current logical
channel.

LC_RF_POS: This 8-bit field indicates the positions of each FREQUENCY listed within this loop in one
cycle of RF channels used to carry the logical frames of the current logical channel. If the current
logical channel uses only one single RF channel (i.e. LC_NUM_RF = 1), the value of this field shall be
equal to ‘11111111’. A value equal to “1” at the i-th bit position in the sequence of 8 bits
representing this field indicates that the RF channel with index given by LC_RF_IDX is used at the i-
th position in the cycle of RF channels to carry the logical frames of the current logical channel. The
maximum length of one cycle of RF channels to carry the logical frames of a given logical is 8.

FREQUENCY: This 32-bit field indicates the centre frequency in Hz of the RF channel whose index is
LC_RF_IDX. The order of the frequencies within the logical channel structure is indicated by the
LC_RF_IDX. The value of FREQUENCY may be set to '0', meaning that the frequency is not known at
the time of constructing the signal. If this field is set to O, it shall not be interpreted as a frequency
by a receiver.

The FREQUENCY fields can be used by a receiver to assist in finding the signals which form a part of
the logical channel structure when multiple RF channels are used (i.e. LC_TYPE = ‘01x’ and
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LC_NUM_RF > 1). Since the value will usually be set at a main transmitter but not modified at a
transposer, the accuracy of this field shall not be relied upon.

The following fields appear in the PLP loop (i.e. the loop over NUM_PLP_PER_LF):

PLP_ID: This 8-bit field identifies uniquely a PLP within the NGH system.

NUM_STREAMS_PLP: This 8-bit field indicates the number of NGH streams, each identified by its
STREAM _ID, packets of which are carried by the PLP of index given by the value PLP_ID.

STREAM_ID: If PLP_PAYLOAD_TYPE equals “TS” or “TS with header compression”, this 8-bit field
identifies the NGH stream within the NGH system which carries the PLP of index given by the
value PLP_ID. In the case PLP_PAYLOAD_TYPE equals “GSE” or “GCS”, this field identifies the
group of GS input streams, one of which is carried by the PLP of index given by the value PLP_ID.

PLP_MODE_ID: This 8-bit field identifies uniquely a PLP mode within the NGH system. In total,
there is a maximum of 256 PLP modes within the NGH system.

PLP_ANCHOR_FLAG: This 1-bit field indicates if the PLP identified by PLP_ID is an anchor PLP for all
its associated PLPs. The value “1” indicates an anchor PLP.

PLP_IN-BAND_A_FLAG: This 1-bit field indicates whether the current PLP carries in-band type A
signalling information. When this field is set to the value '1' the associated PLP carries in-band type
A signalling information. When set to the value '0', in-band type A signalling information is not
carried. If the value of PLP_ANCHOR_FLAG is set to '0' (i.e. not an anchor PLP), the value of

PLP_IN-BAND_A_FLAG shall then be set to '0".

PLP_GROUP_ID: This 8-bit field identifies the PLP group within the NGH system the current PLP is
associated with. This can be used by a receiver to link the data PLP to its corresponding common
PLP, which will have the same PLP_GROUP_ID.

PLP_FIRST_LF_IDX: This 8-bit field indicates the index of the first logical frame of the logical super-
frame which carries the current PLP. The value of PLP_FIRST_LF_IDX shall be less than the value of
PLP_LF_INTERVAL.

PLP_LF_INTERVAL: This 8-bit field indicates the interval (/;ypmp) in @ number of logical frames

between any two logical frames carrying cells from the corresponding PLP within the logical
super-frame. For PLPs which do not appear in every logical frame of the logical super-frame, the
value of this field shall equal the interval between successive logical frames. For example, if a PLP
appears on logical frames 1, 4, 7 etc, this field would be set to '3'. For PLPs which appear in every
logical frame, this field shall be set to '1'. For further details, see clause 6.6.

The following fields appear only if the PLP_TYPE field is equal to ‘011‘ (see clause 10.1):

REUSE_FACTOR: This 4-bit field indicates the number of frequency chunks used in type 3
PLP for orthogonal local service insertion.

REUSE_ID: This 4-bit field identifies the frequency chunk used by the current PLP of type 3
in the current logical super-frame.

The following fields appear only if the PLP_TYPE field is equal to ‘100° (see clause 10.2):
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service insertion.

REUSE_FACTOR: This 3-bit field indicates the number of slots used for the hierarchical local
service insertion time division multiplex (TDM) frame i.e. how many neighbouring
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transmitters insert local services.

REUSE_SNUM: This 3-bit field indicates the TDM slot number of the HLSI burst in the
current NGH-frame.

NATIONAL_PLP_ID: This 8-bit field indicates the ID of the national PLP on top of which the

current H-LSI PLP is hierarchically modulated.

The following field appears only if the OPTIONS_FLAG field is equal to ‘xxxxx1xx":

RESERVED_1: This 8-bit field is reserved for future use.

The following field appears only if the OPTIONS_FLAG field is equal to ‘Xx1xxxxx":

PLP_PARTITION_CLUSTER_ID: This 2-bit field indicates the partition cluster of the signalling
in the PLP loop associated with the PLP identified by the PLP_ID. The partition cluster ID is

defined in table 55.

Table 55: PLP_PARTITION_CLUSTER_ID field.

Value

Description

00

The signalling in the PLP loop associated with
the given PLP tolerates O frame delay. It shall
be carried in every logical frame of the current
logical super-frame.

01

The signalling in the PLP loop associated with
the given PLP tolerates 1 logical frame delay. It
may be carried in every 2" logical frame of the
current logical super-frame.

10

The signalling in the PLP loop associated with
the given PLP tolerates 2 logical frames delay.
It may be carried in every 3" logical frame of
the current logical super-frame.

11

The signalling in the PLP loop associated with
the given PLP tolerates 3 logical frames delay.
It may be carried in every 4" logical frame of
the current logical super-frame.

The following fields appear only if the OPTIONS_FLAG field is equal to ‘Xx1xxxxx":

The following fields appear in the loop over PARTITION_NUM_ADD_PLP:

RESERVED_2: This 48-bit field is reserved for future use. The length of this field (i.e
32) is equal to the sum of the lengths of the first six fields in the PLP loop (namely,
PLP_ID, STREAM_ID, PLP_MODE_ID, PLP_ANCHOR_FLAG, PLP_IN_BAND_A_FLAG,
PLP_GROUP_ID, PLP_FIRST_LF_IDX, PLP_LF_INTERVAL) in order to guarantee the
same amount of signalling in the PLP loop associated with each PLP of

PLP_PARTITION_CLUSTER_ID greater than “000”.
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The following field appears only if the OPTIONS_FLAG field is equal to ‘xxxxx1xx":

RESERVED_3: This 8-bit field is reserved for future use. The length of this
field (i.e. 8) is equal to the lengths of the field RESERVED_1 in the PLP loop
in order to guarantee the same amount of signalling in the PLP loop
associated with each PLP of PLP_PARTITION_CLUSTER ID greater than
“000”.

PLP_PARTITION_CLUSTER_ID: This 2-bit field indicates the partition cluster of the
signalling in the PLP loop associated with the PLP identified by the PLP_ID. The
partition cluster ID is defined in Error! Reference source not found..

The following fields appear in the PLP MODE loop:

PLP_MODE_ID: This 8-bit field identifies uniquely a PLP mode within the NGH system. In total,
there is a maximum of 256 PLP modes within the NGH system.

PLP_TYPE: This 3-bit field indicates the type of the associated PLP_MODE. PLP_TYPE shall be
signalled according totable 56.

Table 56: Signalling format for the PLP_TYPE field.

Value Type
000 Common PLP
001 Data PLP Type 1
010 Data PLP Type 2
011 Data PLP Type 3
100 Data PLP Type 4
101to 111 Reserved for future use

If value of the PLP_TYPE field is one of the values reserved for future use, the total number of bits
in the PLP_MODE loop shall be the same as for the other types, but the meanings of the fields
other than PLP_TYPE shall be reserved for future use and shall be ignored.

PLP_PAYLOAD_TYPE: This 5-bit field indicates the type of the payload data carried by the given
PLP. PLP_PAYLOAD_TYPE shall be signalled according to table 57. See clause 5.1.1 for more
information.

Table 57: Signalling format for the PLP_PAYLOAD_TYPE field.

Value Payload type

00000 GCS

00001 GSE

00010 TS

00011 TS with header compression
00100 to 11111 Reserved for future use

PLP_NPDI: This 1-bit field indicates if null packet deletion is part of the related PLP MODE or not.
“0”: No null packet deletion applied

“1”: Null packet deletion applied
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PLP_ISSY_MODE: This 2-bit field indicates whether an ISSY-BF, ISSY-LF, or ISSY-UP mode is used for
the given PLP (see clause 5.1). The mode is signalled according to table 58.

Table 58: Signalling format for the PLP_ISSY_MODE

Value PLP mode
00 ISSY-BF mode
01 ISSY-LF mode
10 ISSY-UP mode
11 Reserved for future use

PLP_FEC_TYPE: This 2-bit field indicates the FEC type used by the given PLP. The FEC types are
signalled according to table 59.

Table 59: Signalling format for the PLP FEC type.

Value PLP FEC type
00 16K LDPC
01to11 Reserved for future use

PLP_COD: This 4-bit field indicates the code rate used by the given PLP. The code rate shall be
signalled according to table 60 for PLP_FEC_TYPE=00. The two lowest code rates, 3/15 and 4/15,
are only applicable to QPSK and 16-QAM.

Table 60: Signalling format for the code rates for PLP_FEC_TYPE=00.

Value Code rate for
0000 3/15
0001 4/15
0010 5/15
0011 6/15
0100 7/15
0101 8/15
0110 9/15
0111 10/15
1000 11/15
1001 to 1111 Reserved for future use

PLP_ROTATION: This 1-bit flag indicates whether constellation rotation is in use or not by the
associated PLP. When this field is set to the value '1', rotation is used. The value '0' indicates that
the rotation is not used.

PLP_NON_UNIFORM_CONST: This 1-bit flag indicates whether non-uniform constellation is used or
not by the given PLP. When this field is set to the value '1', non-uniform constellation is used. The
value '0' indicates that non-uniform constellation is not used.

The following fields appear only if the S1 = “111” and S2 field 1 = “000” or “011” (see clause 20.3.1
and clause 31.3.1 for the MIMO profile (Part Il) and the hybrid MIMO profile (Part IV), respectively):

PLP_MIMO_TYPE: This 4-bit field indicates the MIMO scheme used by the given PLP..

The following fields appear only if PLP_MIMO_TYPE = “0001” or “0010":
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PLP_NUM_BITS_PER_CHANNEL_USE: This 3-bit field indicates the number of bits
per channel use for the MIMO scheme used by the given PLP.

The following field appears only if PLP_MIMO_TYPE is not equal to “0001” or “0010”:
PLP_MOD: 3-bit field indicates the modulation used by the given PLP.

The following fields appear for all S1 and S2 values except the combinations of the MIMO profile
and hybrid MIMO profile (i.e. S1 =“111" and S2 field 1 = “000”, or “011”):

PLP_MOD: 3-bit field indicates the modulation used by the given PLP. The modulation shall
be signalled according to table 61 for the base profile. For the hybrid profile, the
modulation shall be signalled as defined in clause 24.3.1.

Table 61: Signalling format for the modulation.

Value Modulation
000 QPSK
001 16-QAM
010 64-QAM
011 256-QAM
100 NU-64-QAM
101 NU-256-QAM
110to 111 Reserved for future use

PLP_NUM_BLOCKS_MAX: This 10-bit field indicates the maximum value of the number of FEC
blocks, PLP_NUM_BLOCKS, per interleaving frame.

TIME_IL_LENGTH: The use of this 8-bit field is determined by the values set within the
TIME_IL_TYPE -field as follows:

e If the TIME_IL_TYPE is set to the value '1', this field shall indicate P), the number of logical

frames which carry cells from one TI-block, and there shall be one TlI-block per Interleaving
Frame (N1/=1).

e If the TIME_IL_TYPE is set to the value '0', this field shall indicate N}, the number of

Tl-blocks per Interleaving Frame, and there shall be one Interleaving Frame per logical
frame (P)=1).

If there is one TI-block per Interleaving Frame and one logical frame per Interleaving Frame,
TIME_IL_LENGTH shall be set to the value '1' and TIME_IL_TYPE shall be set to '0'. If time
interleaving is not used for the associated PLP, the TIME_IL _LENGTH-field shall be set to the value
'0' and TIME_IL_TYPE shall be set to '0'.

TIME_IL_TYPE: This 1-bit field indicates the type of time-interleaving. A value of '0' indicates that
one or multiple Tl-blocks are present per Interleaving Frame but without inter-frame interleaving,
while ‘1’ indicates that only one TI-block is present per Interleaving Frame, and the TI-block may be
spread over multiple logical frames (inter-frame interleaving).

The following fields appear only if the S1 = “111” and S2 field 1 = “001” or “01x” (see clause 24.3.1
and clause 31.3.1 for the hybrid profile (Part Ill) and hybrid MIMO profile (Part IV), respectively):
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TIME_IL_LATE_LENGTH: This 3-bit field represents the length P, of the Late part in terms
of logical frames. The Late part is the last part of the full Time Interleaver length, which is
signalled by TIME_IL_LENGTH.

NUM_ADD_IUS_PER_LATE_FRAME: This 4-bit field represents the number Napp 1y per_ra7e OF
additional Interleaver Units (IUs) per logical frame in the Late part (additional to the one IU
always present in every logical frame).

The following field appears only if the OPTIONS_FLAG field is equal to ‘xxxx1xxx":

RESERVED_4: This 8-bit field is reserved for future use.

The following fields appear only if the OPTIONS_FLAG field is equal to ‘xxxxxx1x":

NUM_AUX: This 4-bit field indicates the number of auxiliary streams. Zero means no auxiliary
streams are used, and clause 9.2.3 shall be ignored.

AUX_CONFIG_RFU: This 8-bit field is reserved for future use.
The following fields appear in the auxiliary stream loop:

AUX_STREAM_TYPE: This 4-bit indicates the type of the current auxiliary stream. The
auxiliary stream type is signaled according to table 62.

Table 62: Signalling format for the auxiliary stream type.

Value Auxiliary stream type
0000 TX-SIG (see [4])
All other values Reserved for future use

AUX_PRIVATE_CONFIG: This 28-bit field is for future use for signalling auxiliary streams.

RESERVED_5: This 8-bit field is reserved for future use.
8.1.3.2  Self-decodable partitioning of the PLP loop in L1-POST configurable

In order to reduce the overhead of L1-POST configurable, the signalling in the PLP loop of L1-POST
configurable may be split into equal length partitions, so that each logical frame carries only one partition
of the total signalling in the PLP loop. The L1-POST configurable data is arranged in two parts, a first part
which contains all the signalling data in L1-POST configurable except of the PLP loop signalling, and a
second part which contains the signalling in the PLP loop. Only the second part, i.e. the signalling in the PLP
loop, may be subject to partitioning. The first part will always appear in every logical frame of the logical
super-frame.

A value of the field OPTIONS_FLAG equal to ‘xx1xxxxx‘ indicates that partitioning of the PLP loop in L1-POST
configurable is used.

When partitioning is used, each logical frame carries the signalling in the PLP loop associated with a number
of PLPs equal to the value NUM_PLP_PER_LF, which is less than or equal to the total number of PLPs in the
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current logical super-frame NUM_PLP_PER_LSF. If partitioning is not used (i.e. OPTIONS_FLAG = ‘XXOxxxxx‘),
the two fields NUM_PLP_PER_LF and NUM_PLP_PER_LSF have the same value.

The logical frame may also carry an additional signalling associated with a number of dummy PLPs equal to
PARTITION_NUM_ADD_PLP. The summation NUM_PLP_PER_LF + PARTITION_NUM_ADD_PLP shall be
constant for every logical frame in the super-frame, in order to guarantee the same amount of L1-POST
configurable signalling in every logical frame of the current logical super-frame.

When partitioning is used, every PLP in the logical super-frame is assigned a partition cluster indicated by
the field PLP_PARTITION_CLUSTER_ID. As defined in table 34, if PLP_PARTITION_CLUSTER_ID is equal to
“000“, the signalling in the PLP loop associated with the given PLP shall be transmitted in every logical
frame of the current logical super-frame, and hence does not tolerate any delay for its acquisition. The PLPs
associated with Local Service Insertion (PLP_TYPE = “011“ or “100“) shall be assigned to the first partition
cluster PLP_PARTITION_CLUSTER_ID = “000“, as they require additional signalling fields in the PLP loop
compared to the other (i.e. non Local Service Insertion) PLPs and in order to guarantee the same amount of
signalling in every logical frame of the current logical super-frame.

If the value of PLP_PARTITION_CLUSTER_ID is equal to n strictly greater than 0O, then the signalling in the
PLP loop associated with the given PLP tolerates n logical frame delays, and hence may be transmitted
every (n+1)-th logical frame in the logical super-frame.

In order to ensure that every partition of L1-POST configurable is self-decodable (i.e. the receiver can
decode and use the information as it arrives in every logical frame of the current logical super-frame), an
integer number of PLPs for each partition cluster n (n > 0) is guaranteed in every logical frame of the
current logical super-frame. If the actual number of PLPs which tolerate n logical frame delays for for the
acquisition of their associated signalling in the PLP loop is not equal to or a multiple integer of the partition
cluster value n, then some of these PLPs may be assigned or re-assigned to a lower partition cluster value,
and hence transmitted at a rate higher than the tolerable rate of every (n+1)-th logical frame in the logical
super-frame, e.g. every n-th or (n-1)-th logical frame. Alternatively, all PLPs which tolerate n logical frame
delays are assigned to the same partition cluster n, and an additional signalling associated with a number of
dummy PLPs equal to PARTITION_NUM_ADD_PLP may be added to some partition clusters (n > 0) in some
logical frames in the current logical super-frame. In the latter alternative, in order to maximize overhead
reduction, only the minimum number of dummy PLPs should be considered if required. This minimum
number PARTITION_NUM_ ADD _PLP can be determined from all the numbers of actual PLPs and their
corresponding partition cluster values {n} over a period equal to the least common multiplier of all partition
cluster values {n}. The additional signalling associated with the number PARTITION_NUM_ADD PLP of
dummy PLPs may be used for some purpose in the future.

If we denote by P,.uq(n,?) the number of actual PLPs in the partition cluster n (n = 0 to N-1) in the ¢-th
logical frame of the current logical super-frame, and Py mmy(n,¢) the number of dummy PLPs associated with
the additional signalling in the PLP loop for the partition cluster n (n = 0 to N-1) in the /-th logical frame of
the current logical super-frame, the signalling in the PLP loop of every logical frame ¢ shall be associated
with a constant number of PLPs, given by Q in equation xx.

=

-1

P 0,0)+ 3 (P

actual

(n, €)+ Pdummy(n, ()) =0 (equation xx)

n
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The signalling in the PLP loop of L1-POST configurable for a given PLP repeats at the same logical frame
position every L logical frames in the current logical super-frame, where L is the value of the field
PARTITION_CYCLE_LENGTH. From one cycle to another in the current logical super-frame, the signalling in
the PLP loop of all PLPs in the current logical super-frame is exactly the same. The partition cycle helps the
receiver anticipate the pattern of appearance in the logical frames of the signalling in the PLP loop
associated with the desired PLP. It also helps the receiver know when the full L1-CONF signalling repeats
exactly in the current logical super-frame. The cycle length L is equal to the least common multiplier of all
partition cluster values {n}.

Example: Let’s assume a total number of actual PLPs in the super-frame equal to 5. All these 5 PLPs
tolerate 1 frame delay for the acquisition of their associated signalling in the PLP loop, hence ideally
all the 5 PLPs should be assigned to the partition cluster n = 2. However, the number of PLPs (= 5) is
not a multiple of the partition cluster value (n = 2). In order to guarantee a self-decodable
partitioning with an equal amount of L1-CONF signalling in every logical frame, two equivalent
alternatives may be considered:

e The first alternative assigns 1 PLP to the partition cluster n = 1, and all the remaining 4 PLPs
to the partition cluster n = 2. Thus, the signalling of 1 PLP (PLP#1) will be repeated in every
logical frame, whilst the signalling of 4 PLPs will be split into two partitions of 2 PLPs. The
signalling of the first 2 PLPs (e.g. PLP#2, PLP#3) will then be repeated in odd logical frames
(e.g. 1, 3, 5, 7) whilst the signalling of the other two PLPs (i.e. PLP#4 and PLP#5) will be
repeated in even logical frames (e.g. 2, 4, 6, 8). This is illustrated infigure 39.

Sig in PLP loop Sig in PLP loop Sig in PLP loop Sig in PLP loop
for PLP # 1 for PLP # 1 for PLP # 1 for PLP # 1
Sig in PLP loop Sig in PLP loop Sig in PLP loop Sig in PLP loop
for PLP # 2 for PLP # 4 for PLP # 2 for PLP # 4
Sig in PLP loop Sig in PLP loop Sig in PLP loop Sig in PLP loop
for PLP # 3 for PLP # 5 for PLP # 3 for PLP # 5

Frame#1

Frame#2

Frame#3

Frame#4

Figure 39: Self-decodable partitioning in the first alternative.

This second alternative assigns all 5 PLPs to the partition cluster n = 2, and adds an
additional signalling associated with 1 dummy PLP in the partition cluster n = 2. The
signalling of the first 3 PLPs (e.g. PLP#1, PLP#2, PLPL#3) will then be repeated in odd logical
frames (i.e. 1, 3, 5, 7, etc), whilst the signalling of the remaining two PLPs (i.e. PLP#4 and
PLP#5) and the additional signalling associated with the dummy PLP will be repeated in
even logical frames (e.g. 2, 4, 6, 8). This is illustrated in figure 40.
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Sig in PLP loop Sig in PLP loop Sig in PLP loop Sig in PLP loop
for PLP # 1 for PLP # 4 for PLP # 1 for PLP # 4
Sig in PLP loop Sig in PLP loop Sig in PLP loop Sig in PLP loop
for PLP # 2 for PLP # 5 for PLP # 2 for PLP #5
Sig in PLP loop Add Sig in PLP loop Sig in PLP loop Add Sig in PLP loop
for PLP # 3 for dummy PLP for PLP # 3 for dummy PLP

Frame#1

Frame#2

Frame#3

Frame#4

Figure 40: Self-decodable partitioning in the second alternative.

If partitioning is not used, every logical frame will have a PLP loop with a signalling amount equal to
5 x A, where A denotes the amount of signalling per PLP in the PLP loop. If partitioning is used,
every logical frame will have a PLP loop with a signalling amount equal to 3 x A, in both alternatives.
The overhead reduction of the PLP loop is therefore equal to ((5 — 3) x A)/(5 x A) = 40%. By
accounting for the amount (= C) of signalling in the constant part of L1-CONF (i.e. the part which is
repeated in every logical frame), the overall overhead reduction amounts to (2xA)/(C+5xA).

8.1.3.3 L1-POST dynamic signalling
The dynamic L1-POST signalling is illustrated in table 63, followed by the detailed definition of each field.

Table 63: The signalling fields of L1-POST dynamic.

LF_IDX 8

IF OPTIONS_FLAG="xxxxxxx1"{

SUB_SLICE_INTERVAL 22
}
TYPE_2_START 22
L1CONF_CHANGE_COUNTER 8
RESERVED 1 8

for i=0..NUM_PLP_PER_LSF-1{

RF_IDX 3
for j=0..TIME_IL_LENGTH-1{
PLP_NUM_BLOCKS 8
IF OPTIONS_FLAG="xxx1xxxx"{
RESERVED_ 2 8
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IF OPTIONS_FLAG="xxxxxx1x"{
for i=0..NUM_AUX-1{
AUX_PRIVATE_DYN 48
}
}
RESERVED_3 5

LF_IDX: This 8-bit field is the index of the current logical frame within the current logical super-frame. The
index of the first logical frame of the logical super-frame shall be set to '0'.

The following field appears only if the OPTIONS_FLAG field is equal to ‘xxxxxxx1‘ (see clause 9.2.2.2.2 for
more details on sub-slicing for type 2 PLPs):

SUB_SLICE_INTERVAL: This 22-bit field indicates the number of cells from the start of one sub-slice
of one PLP to the start of the next sub-slice of the same PLP on the same RF channel for the current
logical frame. If the number of sub-slices per logical frame equals the number of RF channels, then
the value of this field indicates the number of cells on one RF channel for the type 2 data PLPs. If
there are no type 2 PLPs in the relevant logical frame, this field shall be set to '0".

TYPE_2_START: This 22-bit field indicates the start position of the first of the type 2 PLPs using the cell
addressing scheme defined in clause 9.2.2.2.2. If there are no type 2 PLPs, this field shall be set to '0'. It has
the same value on every RF channel, and with TFS can be used to calculate when the sub-slices of a PLP are
'folded' (see clause 9.2.2.2.3).

L1LCONF_CHANGE_COUNTER: This 8-bit field indicates the number of logical super-frames ahead where the
configuration (i.e. the contents of the fields in the configurable part of the L1-POST signalling) will change.
The next logical super-frame with changes in the configuration is indicated by the value signalled within this
field. If this field is set to the value '0', it means that no scheduled change is foreseen. E.g. value '1' indicates
that there is change in the next logical super-frame. This counter shall always start counting down from a
minimum value of 2.

RESERVED_1: This 8-bit field is reserved for future use.

RF_IDX: For LC type D PLPs this 3-bit field indicates the RF frequency of the current PLP in the next logical
frame where the PLP occurs. The value shall be interpreted according to the LC_CURRENT_FRAME_RF_IDX
of L1-PRE. For LC types A, B and C this field shall be reserved for future use.

The following fields appear in the loop over NUM_PLP_PER_LSF:

The following fields appear in the loop over TIME_IL_LENGTH:

PLP_NUM_BLOCKS: This 8-bit field indicates the number of FEC blocks for the current PLP
in each logical frame of the N (equal to TIME_IL_LENGTH) logical frames included in the
convolutional interleaving of the current PLP, as described in clause 6.6.
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The following fields appear only if the OPTIONS_FLAG field is equal to ‘xxx1xxxx":

RESERVED_2: This 8-bit field is reserved for future use.

The following fields appear only if the OPTIONS_FLAG field is equal to ‘xxxxxx1x":

The following field appears in the auxiliary stream loop:

AUX_PRIVATE_DYN: This 48-bit field is reserved for future use for signalling auxiliary
streams. The meaning of this field depends on the value of AUX_STREAM_TYPE in the
configurable L1-POST signalling (see clause 8.1.3.1) and shall be as defined by the relevant
specification document as listed in table 62.

The protection of L1 dynamic signalling is further enhanced by transmitting the L1 signalling also in a form
of in-band signalling, see clause 5.2.3.1.

RESERVED_3: This 5-bit field is reserved for future use.

8.1.3.4  Repetition of L1-POST dynamic data

To obtain increased robustness for the dynamic part of L1-POST signalling, the information may be
repeated in the preambles of two successive logical frames. The use of this repetition is signalled in L1-PRE
parameter L1_REPETITION_FLAG. If the flag is set to '1', dynamic L1-POST signalling for the current and next
logical frames are present in the L1-POST signalling as illustrated infigure 41. Thus, if repetition of L1-POST
dynamic data is used, the L1-POST signalling consists of one configurable and two dynamic parts as

depicted.
«————————————Logical frame #fi———» <«———————Logical frame #i+1———»
L1-POST PLPs, auxiliary streams, dummy cells L1-POST PLPs, auxiliary streams, dummy cells
L1-DYN for next . L1-DYN for current L1-DYN for next B
LLCOl logical frame #i+1 24 ORS | [Feeking ELCONY logical frame #i+1 logical frame #i+2 2 CRCyRasding

% 5
Figure 41: Repetition of L1-POST dynamic information.

Repetition

The L1-POST signalling shall not change size between the logical frames of one logical super-frame. If there
is to be a configuration change at the start of logical super-frame j, the loops of both parts of the dynamic
information of the last logical frame of logical super-frame j-1 shall contain only the PLPs and
AUXILIARY_STREAMSs present in logical super-frame j-1. If a PLP or AUXILIARY_STREAM is not present in
logical super-frame j, the fields of the relevant loop shall be set to '0" in logical super-frame j-1.

EXAMPLE: Logical Super-frame 7 contains 4 PLPs, with PLP_IDs O, 1, 2 and 3. A configuration change means
that logical super-frame 8 will contain PLP_IDs 0, 1, 3 and 4 (i.e. PLP_ID 2 is to be dropped and
replaced by PLP_ID 4). The last logical frame of logical super-frame 7 contains 'current logical
frame' and 'next logical frame' dynamic information where the PLP loop signals PLP_IDs O, 1, 2
and 3 in both cases, even though this is not the correct set of PLP_IDs for the next logical frame.
In this case the receiver will need to read all of the new configuration information at the start of
the new logical super-frame.
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8.1.3.5  Additional parity of L1-POST dynamic data

To increase further the robustness of the L1-POST signalling, additional parity bits may be transmitted in a
previous logical frame preceding the current logical frame which carries the current L1-POST signalling. This
is illustrated in figure 42. Additional parity bits are generated by selecting punctured parity bits according to
the puncturing pattern given in clauses 8.2.2.5.2.

< Logical frame #i «———Logical frame #i+1—————p

PLPs, auxiliary streams, dummy cells ‘ Additional Pari(y"’{ L1-POST

L1-POST

PLPs, auxiliary streams, dummy cells ‘

[
Additional Parity for
L1-POST in next
logical frame #i+1

Figure 42: Additional parity for L1-POST information.

‘Additional Parity for
L1-POST in next
logical frame #i+2

Parity for L1-
POST in current
logical frame #i

L7-DYN for
current logical
frame #i

L1-DYN for
next logical
frame #i+1

L1-DYN for
current logical
frame #i+1

L1-DYN for
next logical
frame #i+2

Parity for L1-
POST in current
logical frame #i+1

EXT | CRC

Padding

EXT | CRC

Padding

CONF CONF

The use of additional parity is signaled in L1-PRE parameter L1_POST_AP_RATIO_CURRENT. When this field
is set to value '00', additional parity shall not be provided for the L1-POST signalling of any logical frame in
the current logical super-frame. Otherwise, additional parity shall be provided for the L1-POST signalling in
every logical frame of the current logical frame. The amount of additional parity is indicated by the value of
the field L1-POST_AP_RATIO_CURRENT, which gives the ratio of the amount of the additional parity bits to
the amount of the parity bits for every logical frame in the current logical super-frame.

Another L1-PRE parameter corresponding to the use of additional parity is L1_POST_AP_SIZE_NEXT. This
field indicates the size, in QAM cells, of the additional parity blocks of L1-POST signalling in every logical
frame of the next logical super-frame. This field gives the amount of additional parity transmitted in the last
logical frame of the current logical super-frame for the L1-POST signalling of the first logical frame in the
next logical super-frame. It allows seamless usage of the additional parity at the border of two logical
super-frames, where the amount of additional parity may change.

The values of the parameters L1_POST_AP_RATIO_CURRENT and L1_POST_AP_SIZE_NEXT shall be constant
within the current logical super-frame.

8.1.3.6 L1-POST extension field

The L1-POST extension field allows for the possibility for future expansion of the L1 signalling. Its presence
is indicated by the L1-PRE field L1_POST_EXTENSION.

If it is present, the L1-POST extension shall contain one or more L1-POST extension blocks. The syntax of
each block shall be as shown in table 64.

Table 64: Syntax of an L1-POST extension block.

Field Length (bits) Description
L1_EXT_BLOCK_TYPE 8 Indicates the type of L1-POST extension block. See Error!
Reference source not found.
L1_EXT_DATA_LEN 16 Indicates the length of the L1_EXT_BLOCK_DATA field in bits.
L1_EXT_BLOCK_DATA Variable Contains data specific to the type of L1-POST extension block.

Where more than one block is present, each block shall follow contiguously after the previous block. The
block or blocks shall exactly fill the L1-POST extension field.

The values of L1_EXT_BLOCK_TYPE are defined in table 65.
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Table 65: Values of L1_EXT_BLOCK_TYPE.

L1_EXT_BLOCK_TYPE value Description
00000000 —-11111110 Reserved for future use
11111111 Padding L1-POST extension block

Receivers not aware of the meaning of a particular L1-POST extension block shall ignore its contents but
shall use the L1_EXT_DATA_LEN field to locate the next L1-POST extension block, if any.

8.1.3.7 CRC for the L1-POST signalling

A 32-bit error detection code is applied to the entire L1-post signalling including the configurable, the
dynamic for the current logical frame, the dynamic for the next logical frame, if present, and the L1-POST
extension field, if present. The location of the CRC field can be found from the length of the L1-POST, which
is obtained as the summation of the values of all four fields: L1 _POST _CONF_SIZE,
L1_POST_DYN_CURRENT_SIZE, L1_POST_DYN_NEXT_SIZE, L1_POST_EXT_SIZE. The CRC-32 is defined in
annex E.

8.1.3.8 L1 padding

This variable-length field is inserted following the L1-POST CRC field to ensure that multiple LDPC blocks of
the L1-POST signalling have the same information size when the L1-POST signalling is segmented into
multiple blocks and these blocks are separately encoded. Details of how to determine the length of this
field are described in clause 8.2.1.2. The values of the L1 padding bits, if any, are set to 0.
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8.2 Modulation and error correction coding of the L1 data

8.2.1 Overview
8.2.1.1 Error correction coding and modulation of the L1-PRE signalling

The L1-PRE signalling is protected by a concatenation of BCH outer code and LDPC inner code. The L1-PRE
signalling bits have a fixed length and they shall be first BCH-encoded, where the BCH parity bits of the L1-
PRE signalling shall be appended to the L1-PRE signalling. The concatenated L1-PRE signalling and BCH
parity bits are further protected by a shortened and punctured 4K LDPC code with code rate 1/5
(N)4pc=4320). Details of how to shorten and puncture the 4K LDPC code are described in clauses 8.2.2.2,

8.2.2.5.1and 8.2.2.7. Note that an input parameter used for defining the shortening operation, K;, shall be
424 equivalent to the information length of the L1-PRE signalling, K,,... An input parameter used for defining

the puncturing operation, N, shall be as follows:

N e = (Kbch -K,, )x (% - 1) —4 =1516 where K, , denotes the number of BCH information bits (= 804),

and R denotes the LDPC code rate (=1/5) for L1-PRE signalling. Note that N indicates the number of

punc

LDPC parity bits to be punctured. After shortening and puncturing, the encoded bits of the L1-PRE signalling
shall be mapped to: (Ksig +N,, pamy)+(N N ):2424 QPSK symbols according to clause

ldpc _ parity - punc
8.2.3.1, where Ny parity aNd Nigpe parir, denotes the number of BCH parity bits, 60 and the number of LDPC

parity bits, 3456 for 4K LDPC codes, respectively. Finally, the QPSK symbols are mapped to OFDM cells of 1,
2 or 4 consecutive NGH frames as described in clause 9.9.3.

Note: Constellation rotation is never applied to L1-PRE cells.
8.2.1.2  Error correction coding and modulation of the L1-POST signalling

The number of L1-POST signalling bits is variable, and the bits shall be segmented and transmitted over one
or multiple 4K LDPC coded blocks depending on the length of L1-POST signalling. The 4K LDPC may be
extended with an incremental redundancy (IR) part with the aim for higher error protection. The number of
LDPC blocks for L1-POST signalling, N,os rec siock Shall be determined as follows:

1 if K <K

post _ex_pad — "“bch

post _FEC _Block = lr Kpo.v[ie,\"ipad —l OtherWise
K beh 3

where [x—‘ means the smallest integer larger than or equal to x, K, ., is 2100 for the 4K LDPC code with code

rate 1/2 (the extended code rate of the corresponding incremental redundancy code is 1/4), and K, ey pad

is obtained by adding the value 32 (CRC) to the sum of values of the following four parameters:
L1_POST_CONF_SIZE, L1_POST DYN_CURRENT SIZE, L1_POST DYN_NEXT_SIZE and L1_POST_EXT_SIZE,
which denote respectively the length of the L1-POST configurable signalling, L1-POST dynamic signalling for
the current logical frame, L1-POST dynamic signalling for the next logical frame, and L1-POST extension,
excluding the length of the L1 padding field (see clause 8.1.3.8). The length of the L1 padding field,
K.1 pappive shall be calculated as follows:

K

L1_PADDING

=K

L1_conf _PAD

+K

L1_dyn,c_PAD

+K

L1_dyn,n_PAD

+K

L1_ext_PAD

Where Ki1_conf paps Ki1_dync paps Kiz_aynn pap, @and Kiz ext pap, denote the length of the padding fields for the L1-

POST configurable signalling, L1-POST dynamic signalling for the current logical frame, L1-POST dynamic
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signalling for the next logical frame, and L1-POST extension with CRC, respectively (cf.figure 43). The length

of each of these padding fields shall be calculated as follows:

K

_ L1_conf
KLlfconffPAD - N X NposthECfBlock - KLlfconf
post_FEC _Block
K
_ L1_dyn,c
K - X NposthECfBlock - KLlfdyn,c

L1 _dyn,c_PAD N
post _FEC _Block

K — KLl_dyn,n % N

L1 _dyn,n_PAD N post_FEC _Block - KLlfdyn,n

post _FEC _Block

K +32

L1_ext
KLI ext_PAD — xN ost_FEC _Block KLI ext +32
_ext_ N post _ _ _
post_FEC _Block

where Ki; o Kiz ayne Kiz dynne @Nd Kjg o correspond to the values of L1_POST_CONF_SIZE,

L1_POST_DYN_CURRENT_SIZE, L1_POST_DYN_NEXT_SIZE, and L1_POST_EXT_SIZE, respectively (see clause
8.2.2). Note that the length of the L1-POST dynamic signalling for the next logical frame, K| is equal to

‘0’ when L1_REPETITION_FLAG is set to ‘0’.

1_dyn,n’

The final length of the whole L1-POST signalling including the padding field, K, shall be calculated as

follows:

ost’

K . =K

post post_ex__pad

+K

L1_PADDING

The number of information bits in each of the N, rec gioek PlOCks, Ky, is given by:

sig?

K

_ post

K sig N

post_FEC _Block

Each part of the L1-POST signalling, namely, L1-POST configurable, L1-POST dynamic for the current logical
frame, L1-POST dynamic for the next logical frame, shall be segmented into Nyos: rec_siock S€8Ments spread
uniformly across all the Nyo rec siock FEC blocks, as illustrated in figure 43. This is in order to achieve equal
protection for all FEC blocks.

The first segment is composed of four parts as follows:

e A first part including all the bits of indices 1 to Kii_cont/Npost rec biock from within the L1-POST
configurable signaling;

e A second part including all the bits of indices 1 t0 Ki1_dync/Npost rec block from within the L1-POST
dynamic signaling for the current logical frame;

e A third part including all the bits of indices 1 to Ki1_aynn/Npost Fec_block from within the L1-POST
dynamic signaling for the next logical frame;

e A fourth part including all the bits of indices 1 to Ki1_ext/Npost rec biock from within the L1-POST
extension field and the CRC.

All the other segments except of the last segment, i.e. from the second segment to the {Nyost rec biock -1
segment, follow the same composition of the first segment, hence with each composed of four parts of the
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same amount of bits of the four parts in the first segment, selected sequentially in an increased order of
the segment number. The m-th segment, m=2.. Nyt rec biock -1, is composed of the following four parts:

e A first part including all the bits of indices ((m-1)*Ky1_cont/Npost_rec_block +1) 10 M™* K1 cont/Npost_rec_block
from within the L1-POST configurable signaling;

e A second partincluding all the bits of indices ((m-1)*Kis ayno/Npost Fec biock +1) to
M*Ki1_dyn,o/ Npost rec biock from within the L1-POST dynamic signaling for the current logical frame;

e Athird part including all the bits of indices ((m-1)*Ki1_ayn,o/Npost rec biock +1) 10 M*Ki1_aynn/Npost Fec block
from within the L1-POST dynamic signaling for the next logical frame;

e A fourth part including all the bits of indices ((m-1)*Ki1 ext/Npost rec biock +1) t0 M*Ki1 ext/Npost rec biock
from within the L1-POST extension field and the CRC.

The last segment is composed of the four parts below:

SN

e A first part including all the remaining bits of indices (Ki; cont/Npost rec biock * (Npost rec biock -1) +1) to
Ki1 conp from within the L1-POST configurable signaling, followed by the padding field of the L1-
POSTconfigurable;

e A second part including all the remaining bits of indices (Ki;_ayn/Npost rec biock * (Npost_rec biock -1) +1)
to Kiz gync , from within L1-POST dynamic signaling for the current logical frame, followed by the
padding field of the L1-POST dynamic signaling for the current logical frame;

e A third part including all the remaining bits of indices (Ki1_aynn/Npost rec biock * (Npost rec_piock -1) +1)to
Ki1_dynn, from within the L1-POST dynamic signaling for the next logical frame, followed by the
padding field of the L1-POST dynamic signaling for the next logical frame;

e A fourth part including all the remaining bits of indices (Ki; ext/Npost rec biock * (Npost rec biock -1) +1) to
Ki1_ext, from within the L1-POST extension field and CRC, followed by the padding field of the L1
extension field and CRC.

R _

L1_POST DN, T
L1_POST_CONF_SIZE CURRENT SI2¢ , L1 POST_DYN, NEXT_SIZE |, L1 POST_EXT SIZE | o,
(Ki1_dyn,n) (Ki1_ext) Tl

Ku1_con
(Kis_cnt) (Kv1_dyn,c) b
; f L1
. Dynamic, current Dynamic, next . ;
onfigurable NGH-Frame NGH-Frame Extension CRC Padding

L1 CONF L1DYN,C L1DYN,N L1 EXT

B L PAD w PAD B PAD \ PADW

[ —

0

o~
i

: Ksig Ty e Ksig p K
Confl | DC1 | DN1 | EC1 Conf2 | DC2 | DN2 | EC.2 oo Conf_N ID,C_N D,N_N rE,C_N i

Information bits Information bits Information bits
in first coded block in second coded block in Npost_FEC Block coded block

Figure 43: Segmentation and spreading of L1-POST signalling across the Npos: rec siock
blocks.

All the bits of each L1-POST block with information size K;; are scrambled according to clause 8.2.2.1. Each

L1-POST block is then protected by a concatenation of an outer BCH code and an inner LDPC code. Each
block shall be first BCH-encoded, with Ny, pq.r, (= 60) BCH parity bits appended to the information bits of
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each block. The concatenated information and BCH parity bits of each block are next protected by a
shortened and punctured 4K LDPC code with code rate 1/2. The 4K LDPC code is further extended with an
incremental redundancy (IR) part. The effective code rate of the extended 4K LDPC with code rate 1/2,
Reft ext ax 1opc 1 2 1S 1/4. Details of how to encode, shorten and puncture the extended 4K LDPC code are

described in clauses 8.2.2.4.2,8.2.2.2,8.2.2.5.2,8.2.2.6 and 8.2.2.7.

For a given Ks,-g and modulation order (BPSK, QPSK, 16-QAM, 64-QAM or NU-64-QAM are used for the L1-
POST signalling), N

punc’
by following the steps below:

the number of parity bits to be punctured per LDPC codeword, shall be determined

| 1.3%(K,, —K

sig

)+3357] if K, <1350
° Step 1) Npuncilemp = Ll 35X(K -K
. bch

sig

’

)+ 3320J otherwise

where the operation LxJ means the largest integer less than or equal to x. The constant factors 1.3

and 1.35 indicate the ratio of the number of bits to be shortened to the number of bits to be
punctured. The values 3357 and 3320 are added as correction factors.

This makes sure that the effective LDPC code rate of the L1-POST signalling, Reff post decreases as
the information length Ksig decreases, in order to compensate for the performance penalty of the

shortening and puncturing operation.

e Step2) N K, +N, +N,

post _temp ch_ parity Ipc _parity _ext _4K - Npunc _temp

For the extended 4K LDPC code, the number of parity bits N

ldpc _parity _ext 4K

=6480.

° Step 3) N _ erpustremp —‘X 277MOD,

post
Mrvop

where Mvon denotes the modulation order 1, 2, 4, and 6 for BPSK, QPSK, 16-QAM, and 64-
QAM/NU-64-QAM, respectively. This step guarantees that N, is a multiple of the number of
columns of the bit interleaver (described in clause 8.2.2.8).
° Step 4) Npunc = Npuncitemp - (Npost - Npostitemp) .
Npost denotes the number of encoded bits for each information block. After shortening and puncturing, the
encoded bits of each block shall be mapped to Nyop per siock=Npost/ oo Modulated symbols. The total

number of modulation symbols for all Npyost rec siock blOcks is, Nyiop rota=Nwmon per siock*Npost rec biock- This value
is signalled by the field L1_POST_SIZE in L1-PRE (see clause 8.1.2).

When 16-QAM, 64-QAM or NU-64-QAM is used, bit interleaving shall be applied across each LDPC block.
Details of the bit interleaving of the encoded bits are described in clause 8.2.2.8. When BPSK or QPSK is
used, bit interleaving shall not be applied. Demultiplexing is then performed as described in clause 8.2.3.2.
The demultiplexer output is then mapped to modulation symbols using either BPSK, QPSK, 16-QAM, 64-
QAM or NU-64-QAM constellations, as described in clause 8.2.3.3. Finally, the modulation symbols are then
mapped to logical frames as described in clause 9.2.

8.2.2 Scrambling and FEC encoding
8.2.2.1 Scrambling of L1-PRE and L1-POST information bits

All Ky

scrambling sequence as for BBFRAMES (see clause 5.2.4). The scrambling shall be performed before BCH

signalling bits of L1-PRE and the N, rec giock L1-POST blocks shall be scrambled using the same
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encoding and shortened and punctured LDPC encoding. The scrambling sequence shall be synchronous
with the L1-PRE and each L1-POST block, starting from the MSB and ending after K, bits.

The scrambling sequence shall be generated by the feed-back shift register of figure44. The polynomial for
the Pseudo Random Binary Sequence (PRBS) generator shall be:

1+ X4+ X15

Loading of the sequence (100101010000000) into the PRBS register, as indicated in figure 44, shall be
initiated at the start of every L1-PRE and L1-POST block.

Initialization sequence
1 0 0 1 0 1 01 0O 0 0O 0 0 o0 o0
> 1 2 |3 4 5 |6 7 |8 9 10 11 |12 |13 |14 |15

00000011 ... MJ
NUBZ<

« . EXOR

L1-PRE or -POST block input w Z
Randomised L1-PRE- or POST block

o<

}

Figure 44: Possible implementation of the PRBS encoder.

8.2.2.2  Zero padding of BCH information bits

Ks,-g bits defined in clauses 8.2.1.1 and 8.2.1.2, and scrambled according to clause 8.2.2.1, shall be encoded

into a 4K (N4,.=4320) LDPC codeword for L1-PRE or an extended 4K (N,4,,=8640) LDPC codeword for L1-
POST after BCH encoding, respectively.

If K;q is less than the number of BCH information bits (= K,,) for a given code rate, the BCH/LDPC code will
be shortened. A part of the information bits of the code shall be padded with zeros in order to fill K,
information bits. The padding bits shall not be transmitted.

All Ky, BCH information bits, denoted by {mq, m, ..., my,, 1}, are divided into N, (= K4,/72) bit groups

as follows:
Xj = {mk

where X; represents the j-th bit group. The code parameters (Kpeps K|dpc) are given in table 66 for L1-PRE and
L1-POST.

.|k
J =[EJ,OSk<Kbch}for 0<j <N group

Table 66: Code parameters (K, Kigpc) for L1-PRE and L1-POST

Kbch Kldpc
L1-PRE signalling 804 864
L1-POST signalling 2100 2160

For 0<j<N,,,, —2, each bit group X, has 72 bits, except of the last bit group X, , which has
72 - (K\gpc - Kpen)= 12 bits, as illustrated in figure 45
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Nych = Kigpe LDPC Information bits

Kben BCH Information bits

-
>

o 1 2" (Ngroup = 2)" | (Ngroup — 1) |18 LDPCFEC
Bit Group Bit Group Bit Group T Bit Group Bit Group | &
-~ -
72 72 — (Kigpc — Kocn)

Figure 45: Format of data after LDPC encoding of L1 signalling

For the given K, the number of zero-padding bits is given by (K, - K;). The shortening procedure is as

follows:
e  Step 1) Compute the number of groups in which all the bits shall be zero-padding bits, N4 as given
below:
N _ Kbch - Ksig
)
° Step 2) Determine the list of N4 groups, X”S(O), ers(l) ) e Xng(zv 1y with 7 (]) being the

shortening pattern order of the j-th bit group to be shortened in accordance with the code rate, as
described in tables 67 and68.

o Step
shall

° Step

3) For the group X , the last (KM -K,, —72><Npad) information bits of X
be zero-padding bits.

75 (N paq)

4) Finally, Ksig information bits are sequentially mapped to bit positions in Ky, BCH

information bits, {mg, mq, ..., mgpch-1 } which are not zero-padding bits as determined in the
above steps..

EXAMPLE:

Assume for example the value 360 for Kgjg and 804 for Kpcp. The number of zero

padding bits is 804-360 = 444. From step (1), 6 groups have all 72 bits as zero padding
bits, and from step (2) these groups are those with indices 6, 5, 4, 9, 3, 2. From step (3),
the last 12 bits of the 72 bits are set to zero-padding bits in the group of index 1. Finally
from step (4), the 360 information bits are mapped sequentially to group 0 (72 bits), the
first part of group 1 (60 bits), groups 7 (72 bits), 8 (72 bits), 10 (72 bits) and group 11 (12
bits). Figure 46 illustrates the shortening of the BCH information part in this case, i.e.
filling BCH information bit positions (excluding zero padded bits) with Ksig information

bits.

ofh 1 % / i 2th gth ﬁ/ 100 11t =

. ) . . . Bit | &

Bit Group | Bit G % /% /p’ /% /% Bit Group | Bit Group % Bit Group s m
_— _— —_—

_ . . [ . » Mapping of Ky information bits
|:| Ksig Information bits % Zero Padded bits to BCH information part

Figure 46: Example of shortening of BCH information part
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Table 67: Shortening pattern of bit groups to be padded for L1-PRE signalling

Order of bits group to be shortened
Modulation N T (]) (0=<j< Ngroup)
andcoderate | 9PN 7 0) [ 7,() [ 7,2 | 7,3 | #@) [ 75
75(6) | (7)) | 7 (®) | 75(9) | 7, (10) | 7 (A1)
6 5 4 9 3 2
QPSK 1/5 12 1 8 0 7 ) 11

Table 68: Shortening pattern of bit groups to be padded for L1-POST signalling

Order of bits group to be shortened
75 (J) (0 < j< Nyroyp)
Modulation N

and code rate group | 75 (0) | 7 (D) | 75 (2) | 7 B) | (D) | #s(B) | 7#5(6) | 7 (7) | 7 (B) | 725(9)
7g(10) | 7, (1) | 7o (12) | 7, (13) | 7o (14) | 7, (15) | 7o (16) | 7, (A7) | g (18) | 753 (19)
75(20) | 7, (21) | 75(22) | 25 (23) | 7, (24) | g (25) | 75(26) | g (27) | 75(28) | 74 (29)

BPSK/ 9 8 15 10 0 12 5 27 6 7

QPSK/
16QAM/ 1/2 30 19 22 1 16 26 20 21 18 11 3
64QAM/NU-
64-QAM 17 24 2 23 25 14 28 4 13 29

8.2.2.3 BCH encoding

The K, , information bits (including the K, - K,;, zero padding bits) shall be first BCH encoded according to

sig
clause 6.1.1 to generate Ny, = Kig,. output bits (i , ..., fypen1)-

The generator polynomial of the t (=5) error correcting BCH encoder for L1-PRE and L1-POST is obtained by
multiplying the t polynomials in table 69.

Table 69: BCH polynomials for L1 signalling

g1(x)  [1+x+x 0+

go(X)  [1+xHCHx x Cx P +x P
gs(x) 16 +xC+x
9a(X)
9s(X)

3 5 [§] 10 12
X THXHXT+HX+X X +X
2 4 5 [§] 7 8 9 12
X THX X XX X +X X +X

8.2.24 LDPC encoding

The Np,=K\gpc OUtput bits (ig, ... , iypep.1) from the BCH encoder, including the (K, - K;,) zero padding bits
and the (Kgp - Kycs) BCH parity bits form the Ky, information bits I = (ig, iy, ..., iggpc.1) fOr the LDPC encoder.
The LDPC encoder shall systematically encode the Ky, information bits into a codeword A of size Ny, :

A = (ig iy, -y iidpe-17 Por P1s - P Nidpe- Kidpe-1)

The LDPC encoding parameters for L1-PRE and L1-POST are given in table 70.
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Table 70: Coding parameters for L1-PRE and L1-POST

BCH BCH coded BCH Nych-Kpen  |LDPC Coded Block
Uncoded block N, t-error Nigpe
Block |LDPC Uncoded |correction
Koch Block K4y
L1-PRE 804 864 5 60 4320
L1-POST 2100 2160 5 60 4320
(Extended 1/2) (8640)

8.2.2.4.1 LDPC encoding for L1-PRE

The LDPC encoder for L1-PRE shall encode the K, (=864) output bits of the outer BCH encoder into a
codeword A of size Ny, = 4320. The procedure is as follows:

Initialize 20 =P1=P2 == PN,y ~Kppe—1 =0

Accumulate the first information bit, iy, at parity bit addresses specified in the first row of table F.1
(all additions are in GF(2)):

Disa = P3sa @l Paiso = Paigo Dl

Doss = Dosy Dy Pss = Pares Dy .

For the next 71 information bits, i, (m = 1 to 71), accumulate ;, at parity bit addresses {x +

(m mod72) x Qldpc} mod(Nlde - Kldpc), where xdenotes the address of the parity bit
accumulator corresponding to the first bit ip, and Q. is 48 . For example for information bit i;, the
following operations are performed:

Paz2 = Pz D D7 = Panir @i
Pogz = Pogy D1 Paia = Paaia By -

For the 73rd information bit i7,, the addresses of the parity bit accumulators are given in the second
row of the table F.1. In the same manner the addresses of the parity bit accumulators for the
following 71 information bits i, (m = 73 to 143) are obtained using the formula {x + (mmod72) X
Qldpc} mod(Nlde - Kldpc)r where x denotes the address of the parity bit accumulator
corresponding to the information bit i,,, i.e. the entries in the second row of the table F.1.

In the same manner, for every group of 72 information bits, a new row from table F.1 is used to
find the addresses of the parity bit accumulators.

Once all the information bits are processed, the final parity bits are obtained as follows:

Perform sequentially the following operations starting with i =1:

Pi=pi®pii, i:1’2""7Nla'pc_Kldpc_1

Set the final content of p,, = 0.L...Nijpe =Kjgpe =1 equal to the parity bit ;.
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8.2.2.4.2 LDPC encoding for L1-POST

The extended LDPC encoder takes the output of the outer BCH encoder, I = (ig, iy, -.., iggpc1) @S an input
information block of size Ny,=K4, (=2160), and systematically encodes it into a codeword A of size Ny, =
Nigpet Mg Where Ny, (=4320) is the length of a 4K LDPC codeword and Mg (=4320) is the number of IR
parity bits. The extended LDPC codeword is given by:

A= (AO’/’LI’%’.“’ZNMch—I ) = (io’il""’ithpc‘l’ Po> Prs-- pNIdch_KIdpc_l)

The following encoding procedure ensures that the first bits of the extended codeword /1,<, for

i€{0,+.N,, —K

ldpe —1} are the same as if the non-extended 4K LDPC code would have been used.

The task of the encoder is to determine N, ., — K,,,. parity bits (py, p,..., py ;) for every block of
K

1ape information bits, (zo,zl,....,szprl). The procedure is as follows:

e Initidlize py=p =p,=..=py, g, 1=0

e Accumulate the first information bit, iy, at parity bit addresses specified in the first row of table F.2
(all additions are in GF(2)):

P = Py O Paszs = Pasys @l

Piso = Piso D Prnag = Pouas Dy
Pz = P ® Psors = Paors @
Pz = Doy Dl Peisi = P Dl
andsoon... Peiss = Peiss Dl
Pa106 = Paios Py Pe192 = Pe1on Dy
Pai = Py @

. For the next 71 information bits, i, (m = 1 to 71), accumulate i, at parity bit addresses {x +
(m m0d72) X Qldpcl} mOd(Nldpc - Kldpc) if x< Nldpc - Kldpc or Nldpc - Kldpc + {x -
(Nldpc - Kldpc) + (m mod72) x Qldpcz} modM;g if x = Nygpc — Kiape, Where x denotes the
address of the parity bit accumulator corresponding to the first bit io, Q;apc1=30 and Qy4p2=60. So
for example for information bit iy, the following operations are performed:

Pin=Pn®i Pasos = Pasos @1y
Piso=Piso @ Pxos = Pazos @y
Paus= D23 Dy P3133= P31 D4
P77 = P27 Oy Porn=Poan @iy

andsoon... Peaas = Peaas®ly
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Pai36= Pz @ Pors2= P52 @1
Pa147= P D (all additions are in GF(2))

. For the 73'd information bit i7;, the addresses of the parity bit accumulators are given in the
second row of the table F.2. In the same manner, the addresses of the parity bit accumulators for
the following 71 information bits i, (m = 73 to 143) are obtained using the formula {x +
(m mod72) x Qldpcl} mOd(Nldpc - Kldpc) if x< Nldpc - Kldpc or Nldpc - Kldpc + {x -
(Nldpc - Kldpc) + (m mod72) X Qldpcz} modM,r if x = Njgpe — Kiape, Where x denotes the
address of the parity bit accumulator corresponding to the information bit i;,, i.e. the entries in the
second row of the table F.2.

In the same manner, for every group of 72 new information bits, a new row from table F.2 is used
to find the addresses of the parity bit accumulators. In general, the addresses for the information
bit i, are given by the(|m/72] + 1)*" row of the address table.

After all information bits are processed, the final parity bits are obtained as follows:
e  Sequentially perform the following operations starting with i =1:

pi=p,®p,, izl’z"”’Nldch_K -1

ldpc

. Set the final content of pi. i=0,1,.., N, —

K, —1 equal to the parity bit p;.

8225 PunCturing of LDPC parlty bits

82251 Puncturing of LDPC parity bits for L1-PRE

When shortening is applied to the signalling bits, some LDPC parity bits shall be punctured after the LDPC
encoding. These punctured bits shall not be transmitted.

All Nyyo - Kigpc LDPC parity bits, denoted by {po, Py, -, Pigpe- kidpc -1)» are divided into Q4 parity bit groups
where each parity bit group is formed from a sub-set of the Ny, - Ki4, LDPC parity bits as follows:

P :{ pk‘ kmodQ,, = J, 03k<Nldpc—Kldpc} for  0< /<0y,

where P; represents the j-th parity bit group and Q4 is 48. Each group has (Ng,- Kiypc)/ Qg = 72 bits, as
illustrated in figure 47.

(NJgpe — Kigpc) LDPC parity bits

-

LDPC Information Quipc ~ Qupc ~ Quape Qidpc

\

<P -«
BCH Information | BCHFEC o o @

A

1st parity bit 2nd parity bit  «e.
group group

Figure 47: Parity bit groups in a FEC block

For the number of parity bits to be punctured, Npunc 8iven in clause 8.2.1.1, the following operations shall
be performed:
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) Step 1) Compute the number of groups in which all parity bits shall be punctured, Nyunc groups SUch
that:

N . punc
punc _groups 72 for 0< Npunc < Nldpc - Kldpc .

° Step 2) Determine the list of Npync_groups Parity bit groups P”P(O) , P”P(l), . P,[P(Npmigmm 1), With
Tp (]) being the puncturing pattern order of the parity bits group to be punctured, as described in

table 71.

e  Step 3) For the last group Pﬁp(N,nmc woups) ? the first (Npunc — 72X Npunc_groups) parity bits in the

group shall be punctured.

Table 71: Puncturing pattern of parity bit groups for L1-PRE signalling

Order of parity groups to be punctured, { ﬂp(j) ,08j< Q,dpc =48}

Modulation | 7,0)] 7,0 [ 7@ [ O | @] 7O [ 76 | 7D ] 7,0 [ 7,0) [ 7,00 ] 7,00 | 7,02 | 7,03 | 7,04 | 7,05 ] 7,046)] 7,07)

=

and Coderate " (o1 19)[ 2 20) 7,01 | 7,22 7,23)| 7,29 7,23 7,20 ,2)| 7,08 7,29 7,60] 7,60 | 7,(2) 7,(33)| 7,(34)| 7,(39)

7,00 7,07 7,08 | 7,69 7,40 7,00 | 7,@)| 7,3 | 7,84 7,65)| 7,146 | 7,47)

29 |1 451431271 32|35]40]| 38| 0 | 19| 8 | 16 | 41 4 126 3 | 30 | 2

QPSK | 1/5 | 13 | 42 | 46 | 24 | 37 | 1 33 | 111441281 20| 9 [ 34| 3 | 17| 6 | 21| 14
23 | 7 | 22|47 | 5 | 10] 12| 15| 18 | 25| 31 | 39

8.2.2.5.2 Puncturing of LDPC parity bits for L1-POST

For the L1-POST signalling, some LDPC parity bits shall be punctured after the LDPC encoding. These
punctured bits shall not be transmitted in the same frame with the information part.

All LDPC parity bitS, denoted by {pO' Py - pNIdpc— Kldpc -1/ p Nldpc- Kldpc 7 pNIdpc— Kldpc +17 ***/ pNIdch— Kldpc —1} are
divided into two parity parts, a first parity part {p’y, p'y, .., pl,\”dpc_ kidpe -1} = {Po P1 - Pridpe- Kidpe -1} and a
second parity part {p°y, p°y, -, pz,\”dpc2 - Nidpe -1} = {Pnidpe- Kidper -+ Piidpe2 - Kidpe -1}- Each parity part is then
divided into Qyy,c; and Q 4, parity bit groups, respectively, where each parity bit group is formed from a
sub-set of the Ny, - Kig,c LDPC parity bits as shown below:

[)jl :{ p}(‘ (kmOdQldpcl):j3 OSk<Nldpc_Klde} for O£j<QldPCI’

sz :{ p,f‘ (kmOdQldeZ): J> 0k <Ny _Nldpc} for 0<j <Oy

where P1j and sz represent the j-th parity bit group in the first parity part and second parity part,
respectively. Qigpc1 and Qigpc2 are equal to 30 and 60, respectively. Each group has (Ngpc- Kidpc)/Qidpcl
=(Nidpc2 - Nidpc)/Q Idpc2 =72 bits, as illustrated in figure 48.
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(Nydpez — Kigoc) extended LDPC parity bits

\

-t

LDPC Information Qldpcl Qldpcl Q/dpcl Qldpcz Qldpcz Qldpcz
-, - ;- - P B e
BCH Information | BCHFEC c e PR
F ——— < ———~
1st parity bit'group 1st parity bit group
in first parity in second parity

Figure 48: Parity bit groups in a FEC block for L1-POST

Using the number of parity bits to be punctured, N

bunc 8iven in clauses 8.2.1.2, the following operations

shall be performed:

° Step 1) Compute the number of groups in which all parity bits shall be punctured, Npunc groups SUch
that:

punc

forO<N <N

punc_groups 72 punc ldpc2 ~

K

ldpc *

IfN punc_groups = Qldch ’

o Step 2) All parity bits in the second parity part are punctured since the second parity part
shall be punctured first. In addition, for the next (Npunc groups = Quapc2 ) Parity bit groups

1 1 1
P,,;D(o) , P,,;,(l), . P;r;,(N,,MU,W,,S7Q,dp(.271), all parity bits in each group shall be punctured, with
ﬂ},(j) denoting the puncturing pattern order of first parity bits group to be punctured, as

described in table 72.

o Step 3) Furthermore for the last group P! , the last (Npunc—72><

7p (N punc _ groups ~Qudpe2

Npuncgroups) parity bits in the group shall be punctured.
) Otherwise,

ey

o Step 2) For the following list of Nyunc groups Parity bit groups PITZZ(O)' P>

AU
2

s , all parity bits in each group shall be punctured, with 7[12,(]') denoting the

punc _ groups _1)
puncturing pattern order of second parity bits group to be punctured, as described in
table 73.

o Step 3) Furthermore for the last group P~ the first (Npunc—72><

2 ’
75 (N punc _ groups )

Npuncgroups) parity bits of the group shall be punctured.
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Table 72: Puncturing pattern of parity groups in the first parity part to be punctured

Order of parity group in first parity part to be punctured, { ﬂp(j) ,05j< Q,dpc =30}

Modulation 20 | 20| 20 | 20 | 2@ | 20 | 26 | 20 | 2O | 2O | 200 || 202

and Coderate | 3 "1 205 | md | 0D | 208 | n09) | o) | o) | ) | ) |me] o)

n) | o) | noy) | nw)

BPSK/QPSK| 21 17 0 24 7 10 14 12 23 1 16 3 5
/16-QAM 26 28 19 4 15 8 2 27 20 6 9 25| 13
164- 1/2
QAM/NU-
64-QAM 11 18 22 29

Table 73: Puncturing pattern of parity groups in the second parity part to be punctured

Order of parity group in second parity part to be punctured, { 7Z'P(j) ,0sj< Q,dpc =60}
50 | m0) | 5@ | 5O | n@ | 5O | 56 | 50| 5O | 5O | 500 |ni)] 50
Modulation 203 | 204 | 205 | 206 | 20D | 208 | 209 | 20 | 20 | £Q) | @) |74 1)
and Code rate |™,0™ 200 T 208 | 29) | 200 | 700 | 202 | 203 | 264 | 265 | 766 | 207 7069
(39) | 740) | m() n@) | m@) | @) | m6) | A nAs) | 9 | ;G| mE)
56 | G | mEH) | 56 | 166 | 16D | mEY | 59
BPSK/ 16 41 34 11 19 6 26 44 3 47 22 | 10| 50
QPSK 39 30 14 56 28 55 21 9 40 31 51 | 20| 17
/16-QAM 172 8 25 54 18 5 33 42 12 23 49 57 1 37
164- 52 45 36 2 32 27 48 43 29 24 0 13| 38
QAM/NU-
64-QAM 15 58 7 53 35 4 46 59

8.2.2.6  Generation of additional parity for L1-POST signalling

If the L1_AP_RATIO (see clause 8.1.3.1) is larger than or equal to 1, additional parity bits for the L1-POST
signalling shall be transmitted in previous logical frames preceding the current logical frame carrying the L1-
POST signalling bits. This allows for higher error protection for the L1-POST signalling. Additional parity bits
are generated by selecting punctured parity bits according to the puncturing pattern given in clause
8.2.2.5.2.

For the extended 4K LDPC codeword, all Ny, - Kig,. LDPC parity bits, denoted by {py, Py, -, Pnidpc2 - kidpc -1
are divided into (Qugoc; + Q gpcp) PAritY bit groups, where each parity bit group is formed from the parity
groups described in 8.2.2.5.2 as follows:

f)j :f)jla for OSj<Qldpcl

_ p2 .
P = P}fg,d,,l.] , for Oiper = J < Ouyper + Qiper

In addition, the puncturing pattern for additional parity can be derived from the puncturing pattern
described in 8.2.2.5.2 as follows:

ﬂp(‘]):ﬂ;(‘]) for OS.].<Qldch

7Tp (J ) = 7711) (J —Oiper )for Qldpc2 <Jj< Qldch + Qldpcl

Using the number of parity bits to be punctured, N

bunc 8iven in clause 8.2.1.2, the following operations shall

be performed:

e  Step 1) Compute the number of additional parity such that :
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Nadd_parity_temp = min ((Nparity - Npum‘ ) ) LO'35 xK- (Nparity - Npunc )J),

where K corresponds to the field L1_AP_RATIO in L1-PRE, and derive:

N _ N add _ parity _temp
add _parity 2
Mvop

J X 210p 1

where npop denotes the modulation order taking the values 1, 2, 4, and 6 for BPSK, QPSK, 16-
QAM, and 64-QAM or NU-64-QAM, respectively.

e Step 2) Compute the number of additional parity bits which shall be selected in group

7Tp (Npun('7 groups )

N,

add _ parity )
’

y = min(Npunc - 72 X Npuncigmups’
where min(a, b) = a if a < b, and Npunc groups, Which is given in 8.2.2.5.2, denotes the number of
groups in which all parity bits shall be punctured.

e  Step 3) For the group P, Y parity bits in the first part of the group shall be selected. If

punc _ groups

» (N,
Nadd_parity iS greater than y, the following operations from step 4 to step 6 are performed.
Otherwise, no further operations are performed.

° Step 4) Compute the number of additional parity groups in which all parity bits shall be selected,
Nadd_parity_groups such that:

N _ N add _ parity - y
add _ parity _groups —
_ parity _ group. 72

* Steps)Forthegroups By 00 Fr 2" Fre e o Nosa_ s ) 2 PRFILY Dits OF
the groups shall be selected.
* Step 6) For group Pﬂp(N,W;gmu,mfNaddf,,m,v,,-fg,,,u,,.rl)’ the first (N add _parity —72xN, add _parity_groups — Y ) parity

bits of the group shall be selected.

When 16-QAM, 64-QAM or NU-64-QAM is used, bit interleaving shall be applied across each LDPC block.
Details of the bit interleaving of the encoded bits are described in clause 8.2.2.8. When BPSK or QPSK is
used, bit interleaving shall not be applied. Demultiplexing is then performed as described in clause 8.2.3.2.
The demultiplexer output is then mapped to modulation symbols using either BPSK, QPSK, 16-QAM,
64-QAM, or NU-64-QAM constellation, as described in clause 8.2.3.3. Finally, the modulation symbols are
then mapped to logical frames as described in clause 9.2.

8.2.2.7 Removal of zero padding bits

the K, information bits, followed by the 60 BCH parity bits and (Np-Ky,c -

(Nigpe2~Kidpe = Npunc) LDPC parity bits for L1-PRE and L1-POST, respectively.

punc

) zero padding bits are removed and shall not be transmitted. This leaves a word consisting of

Npunc) LDPC parity bits and

8.2.2.8 Bitinterleaving for L1-POST signalling

When 16-QAM, 64-QAM or NU-64-QAM modulation is used for the L1-POST signalling, the LDPC codeword
of length N, consisting of K;; information bits, 60 BCH parity bits, and (6480 - N,,,,.) LDPC parity bits,

ig punc
shall be bit-interleaved using a block interleaver. In addition, for the L1-POST signalling, Naga pariry additional

ost’
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parity bits, shall be bit-interleaved using a block interleaver. The configuration of the bit interleaver for
each modulation is specified in table 74.

Table 74: Bit Interleaver structure

Modulation and Code rate Rows Nr Columns Nc
16-QAM 1/2 Npost /8 8
64-QAM / NU-64-QAM 1/2 Npost/ 12 12

The LDPC codeword and additional parity bits are serially written into the interleaver column-wise, and
serially read out row-wise (the MSB of the L1-POST signalling is read out first) as shown in figure49.

When BPSK or QPSK is used, bit interleaving shall not be applied.

MSB
WRITE of the"p?ost READ
-== R ok sllgna ing
T by x_ .

Row1 [[1[1]i[]! [ S e
[ ' | ) | 1 1 ) -
e o e S R B g o
| 1 | ] | 1 1 1 _l--="

I I O o L--F-1"

Ve 1|0 P 75 Sy ) B S — >

I HH B :

1 R

[ O I R Y+ o H

P[]t ]! !

| ! | ' | 1 1 [}

1 HHHE ik T T =T

Pl i |- -1

0 T T Al i e e e

[ R N A A (I IR I I (R R B I

HE ] I

L L [ | il il
Row (Npost/ 8) i_j t__: t-J 1 v

Column 1 Column 8

Figure 49: Bit Interleaving scheme for L1-POST (16-QAM, 64-QAM, NU-64-QAM)

8.2.3 Mapping bits onto constellations

Each bit-interleaved shortened and punctured LDPC codeword shall be mapped onto constellations. Each
bit of the L1-PRE signalling is mapped after a rearrangement into a QPSK constellation according to clause
8.2.3.1, whereas the L1-POST signalling and additional parity bits are first demultiplexed into cell words
according to clause 8.2.3.2 and the cell words are then mapped into constellations according to
clause 8.2.3.3.

8.2.3.1 Mapping of L1-PRE signalling

Each bit-interleaved shortened and punctured L1-PRE LDPC codeword, a sequence of Ny. = 2424 bits
b, ...by _1» shall be mapped onto 2424 QPSK symbols as described by the block diagram in figure 48. Each

bit of the LDPC bit stream c; is duplicated to form an upper and a lower branch. The lower branch applies a
cyclic shift within each LDPC codeword and scrambles the resulting data using a PRBS sequence. The data is
then mapped on a QPSK constellation, the upper branch forming the real part and the lower branch
forming the imaginary part of each QPSK symbol. The QPSK symbols are cyclically shifted and mapped to
npre consecutive NGH physical frames, forming n,. L1-PRE subblocks, where the parameter n,. may have
the value 1, 2 or 4.
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2424 bit LDPC

codeword
P Voq
Cyclic shift
QPSK | Gi of Npre/2npe | i I 2424 QPSK
mapper QPSK symbols
b Ci i i S ti symbols
424 i LDPC L 2 bit cyclic i y
L1-PRE bits | encoder shift "
Wi
2424 bit PRBS
sequence

Figure 50: Modulation of L1-PRE

As depicted in figure 50, the 2424 LDPC encoded L1-PRE bits of the lower branch shall be 2 bit cyclically
shifted by two values within each LDPC block. The output s; of the cyclic shift block shall be:

Siomod2ans =6 1=0,1,...,2423

The data of the lower branch shall be scrambled with the PRBS sequence w; defined in clause 9.2.2.1. The
resulting 2424 bit output sequence t; is obtained by applying modulo 2 addition of the cyclically shifted bits
s;and the PRBS sequence w;:

t=s5s.®w 1=0,],..,2423

The 2424 bits of the upper and the 2424 bits of the lower branch shall be modulated using QPSK, according
to clause 6.2.2. The 2424 mapper input cell words shall be defined as:

oo v l=lenn]  i=0.1,...,2423
That is the bits of the upper branch are always mapped onto the real part and the bits of the lower branch

are always mapped onto the imaginary part of the QPSK symbol. The resulting 2424 QPSK output symbols g;
shall be cyclically shifted by Npe/(2n,.e) values if ny. is greater than 1:

TN,y 12n) mod 2424 = i i=0,l,...,2423
If npre is equal to 1, no cyclic shifting of the QPSK symbols shall be performed. The output of the cyclic shift
block r;, forming ny,. equally sized L1-PRE subblocks, is then mapped to n,.. consecutive NGH frames, where
the first L1-PRE subblock, consisting of the QPSK symbols 7, ...r, is mapped to the first NGH frame,

-1
prp/npre 1

the following subblock, consisting of the QPSK symbols r, , ..r,y ,, _, is mapped to the second

pre’ "pre pre’ Mpre

frame, and so on.

The number of NGH frames per NGH super-frame must be a multiple of n,., to assure that the last NGH
frame of an NGH super-frame is modulated with the last L1-PRE subblock. If LC type C or D is present within
the NGH system, the parameter n,, must be set to 1 to ensure the receiver being able to decode the L1-
PRE signalling within one NGH frame and to tune to the next frequency in time.

8.2.3.2 Demultiplexing of L1-POST signalling

bits, V=(vp.vy

")

shall be mapped onto constellations by first de-multiplexing the input

Each bit-interleaved punctured and shortened LDPC codeword, a sequence of N

post
where N, = K;o + 60+ 6480 - N

post punc’
bits into parallel cell words and then mapping these cell words into constellation values. The number of
output data cells and the effective number of bits per cell, r,op are defined by table 52.

post —
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The input bit-stream v,; is demultiplexed into N, reams SUb-streams b, 4, as shown in figure 25 in clause
6.2.1. The value of N cireams i defined in table 10. Details of demultiplexing are described in clause 6.2.1.

For QPSK, 16-QAM, 64-QAM and NU-64-QAM, the parameters for de-multiplexing of bits to cells are the
same as those of - in clause 6.2.1. For BPSK, the input number and the output bit-number are 0, and
in this case the demultiplexing has no effect.

Table 75: Parameters for bit-mapping into constellations

Modulation mode Imop Number of output data cells per Number of sub-streams,
codeword Nsubstreams
BPSK 1 Noost 1
QPSK 2 Noost /2 2
16-QAM 4 Noost /4 8
64-QAM/NU-64-QAM 6 Noost /6 12

For 16-QAM, 64-QAM and NU-64-QAM, the output words from the demultiplexing of width N ,creams

[bO,do"szubstreams-l,do] are Sp“t into two words of width UMOD =Nsubstreams /2 [yO,Zdo" y nmod-1, 2do] and [yO,
2do+1--Ynmod-1,2do+1] @S described in clause 6.2.1. For BPSK and QPSK, the output words are fed directly to the

constellation mapper, so: [yo,do..ynmod_lldo] = [bg go--Pnsubstreams-1,dol-
8.2.3.3  Mapping into 1/Q constellations

The bits of the L1-PRE signalling y, , and the cell words of the L1-POST signalling [y; 4--¥pmod-1,4] are mapped
onto constellations f_pre, and f_post,, respectively, according to clause 6.2.2, where g is the index of the

cells within each bit-interleaved LDPC codeword. For the L1-PRE signalling, 0 < g < 2424/n,,, and for the L1-
POST signalling 0<q<Nyop per piock- The coded and modulated cells of the L1-POST signalling

corresponding to each codeword of NGH frame number m are then concatenated to form a single block of
cells f_post,, ;, where i is the index of the cells within the single block 0 < i < Nyop 744, The coded and

modulated cells of the L1-PRE signalling for NGH frame number m form a single block of cells f_pre,, ;,
where iis the index of the cells within the single block 0 < i < 2424/n,,..

9 Frames

9.1 Frame builder

This clause defines the frame builder functions of a NGH system. Frame building in NGH progresses in two
stages: logical frame building described in clause 9.2 and NGH frame building described in clause 9.5. A
logical frame is a container of cells that comprise modulated L1-POST signalling, common and data PLPs,
auxillary streams and any dummy cells added. Logical frames are carried in NGH frames which represent
the physical containers of the NGH system. An NGH frame provides cell capacity for the carrying of
modulated L1-PRE signalling followed by the contents of the logical frames. The two frame builders are
illustrated in figure 51.
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PLP#0 ——— >

PLP#1 ——»

Logical Frame R
Builder
PLP#n ———» NGH _Frame ——> ToFIL
Builder
L1-POST ————»
| L1-PRE

Figure 51: Two stages of NGH frame building

The function of the logical frame builder is to assemble the cells produced by the time interleavers for each
of the common and data PLPs and the cells of the modulated L1-POST signalling into an array cells. The
function of the NGH frame builder is to assemble the cells of the logical frame and the cells of the
modulated L1-PRE signalling into arrays corresponding to the active cells of the OFDM symbols which make
up the overall frame structure. The frame builder operates according to the dynamic information produced
by the scheduler (see clause 5.2.1) and the configuration of the frame structure.

9.2 Logical frame structure

A logical frame (LF) in DVB-NGH is a data container including L1-POST signalling, PLPs, auxiliary streams and
dummy cells. Each logical frame starts with L1-POST signalling and is followed by the common PLP, data
PLPs (Type 1, 2, 4), auxiliary streams, dummy cells, and data PLPs type 3, whichever of these are applicable
in the particular case. The structure of the logical frame is depicted in figure 52.

Ll Common PLPs el FLos Sl LR Auxiliary streams Dummy | Data PLPs
POST (Type 1 and 4) (Type 2) Y cells (Type 3)

< Complete logical frame >

Figure 52: Structure of the logical frame

The capacity C,; of the logical frame is defined in terms of number of QAM cells. The logical frame starts
with cells of L1-POST signalling. The address of the first cell of L1-POST shall be equal to 0. Then, it follows
with the cells of the common and data PLPs (Type 1, 2, 4). It may then be followed with the cells of one or
more auxiliary streams and some dummy cells. It may then be followed with the cells of data PLPs type 3.
Together, the L1-POST cells, data PLP cells, auxiliary streams and dummy cells exactly fill the capacity of the
logical frame. The total number of cells used for auxiliary streams and dummy cells shall not exceed 50 % of
the total capacity of the logical frame.

9.2.1 Signalling of the logical frame

The configuration of the logical frame structure is signalled by L1-POST signalling (see clause 8.1.3). The
capacity C,; of the logical frame is signalled by the value of the field LC_LF_SIZE in L1 configurable
signalling. The locations of the PLPs themselves within the logical frame can change dynamically from
logical frame to logical frame, and this is signalled both in the dynamic part of the L1-POST signalling (see
clause 8.1.3.3), and in the in-band signalling (see clause 5.2.3). Repetition of the dynamic part of the

ETSI



132 Draft ETSI EN 303 105 V1.1.1 (2012-11)

L1-POST signalling may be used to improve robustness, as described in clause 8.1.3.4. Moreover, additional
parity of the L1-POST signalling may be used to improve further robustness, as described in clause 8.1.3.5.
Self-decodable partitioning of the configurable part of L1-POST signalling may be used to reduce overhead,
as described in clause 8.1.3.2.

The L1-POST dynamic signalling refers to the current logical frame (and the next logical frame when
repetition and/or additional parity is used, see clause 8.1.3.4 and 8.1.3.5) and the in-band signalling refers
to the next logical frame. This is depicted in figure 53.

|j—————————- Repetition / Additional Parity: — — — — — — — — — —

| ! ‘

L1- Common Auxiliary | Dummy L1- Common Auxiliary | Dummy
POST PLPs B Al streams cells POST BIES! B AL streams cells
< Logical frame m-1 > <« Logicaf‘frame m >

In-band signalling

Figure 53: L1 signalling for the logical frame

9.2.2 Mapping the PLPs onto logical frames

A PLP is carried in sub-slices, where the number of sub-slices is between 1 and 6 480. PLPs are classified
into 5 types, signalled in L1-POST signalling field PLP_TYPE: common PLP, data PLP Type 1, data PLP type 2,
data PLP Type 3, and data PLP Type 4. C

Common, data Type 1, 3, and 4 PLPs have exactly one sub-slice per logical frame, whereas data Type 2 PLPs
have between 2 and 6 480 sub-slices per logical frame. The number of cells allocated to data PLPs of type 2
in one logical frame must be a multiple of N ices-

The slices and sub-slices of the PLPs, the auxiliary streams and dummy cells are mapped into the cells of the
logical frame as illustrated in figure 54. The logical frame starts with the L1-POST signalling. The common
PLPs are transmitted at the beginning of the logical frame, right after the L1-POST signalling. Data PLPs of
type 1 and 4 are transmitted after the common PLPs, with the cells of the type 4 PLPs hierarchically
modulating the cells of the type 1 PLPs (see clause xxx). Data PLPs of type 2 are transmitted after the data
PLPs of type 1. The auxiliary stream or streams, if any, follow the type 2 PLPs, and this can be followed by
dummy cells. Data PLPs of type 3 are transmitted after any dummy cells.

<«——Sub-slice interval—»

Cell address—»

Auxiliary /
B — 1 M1 1 M, 1 M 1 M Dummy |- 1 M3
cells

<«——Common——p<«——Type 1and4——p€¢—————————Type 2 » <«—Type 3——>

Figure 54: Mapping the PLPs into the logical frame

9.2.21  Allocating the cells at the output of the time interleaver for a given PLP

In general the cells of one interleaving frame of the time interleaver for a given PLP j will be mapped to P/(i)
logical frames (see clause 6.5), and these cells shall be divided into P\(i) slices, each slice transmitted in one
logical frame. The length, in cells, for the given PLP i mapped onto the m-th logical frame is given by:

Ny (i1
Lm (l) = z Lm,j (l)
J=0

where L, (/) denotes the number of cells coming from the j-th interleaving unit for the PLP i and mapped to
the m-th logical frame. It is obtained as:
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Ny () LIU min +1 for .] < Nlarge
L . )= N _D . :k ’
m, j (l) kZ:(; FEC—TI (m (J ) ){ Ly vin otherwise

Where Ny (j) is the number of Tl blocks in the j-th interleaving unit, Neec.ri(m-D(j),k) is the number of FEC
blocks in the k-th Tl block in the interleaving frame of index m-D(j), with D(j) denoting the delay of the j-th
interleaving unit. Ly mi, is the minimum interleaving unit length, and N is the number of large interleaving
units, as detailed in section 6.5.

For each logical frame m, the time interleaver produces an output of size L, (i) cells for the given PLP i,
which is mapped to this logical frame m. In case the value of the frame interval (/,yvp) is greater than 1, the
time interleaver will not produce any output cells for /jymp-1 out of /,ywe consecutive logical frames, which
do not carry any cells of the given PLP i, and therefore the value L,,(i) is equal to zero for the corresponding
values of m.

9.2.2.2 Allocating the cells of the PLPs

The allocation of slices and sub-slices to the logical frames is done by the scheduler. The scheduler uses the
method described in section 9.2.2 to perform the allocation of the cells of the PLPs to the logical frame, as
described by the L1 signalling.

The allocation of all the sub-slices of the common and data PLPs (type 1, 2, 3, 4) shall be in ascending order
of their respective PLP_IDs independently for each of the different PLP types.

NOTE: If it is required that several modulators produce identical output given the same input, for
example when operating in a single frequency network, it will be necessary to define the
mapping in a single scheduler located in a centralised place, such as an NGH gateway (see the
note in clause xxx). The individual modulators can then all produce an identical mapping.

Since the number of cells needed to carry all of the data may be lower than the number of available cells
(Dpyp), some cells may remain unallocated for data. These unallocated cells are dummy cells, and shall be

set as described by clause 9.2.4.
9.2.2.2.1 Allocating the cells of the common and type 1 PLPs

The cells of the common PLPs, if any, shall be mapped into the first part of the logical frame (i.e. they shall
have lower cell addresses than for the other types of PLP). The cells of any one common PLP for a particular
logical frame shall be mapped sequentially into a single contiguous range of cell addresses of the logical
frame, in order of increasing address.

In the case of logical channel type D, each common PLP shall be sent on all RF frequencies with identical
allocation in a logical frame (see clause xxx).

The cells of a type 1 PLP for a particular logical frame shall also be mapped sequentially into a single
contiguous range of cell addresses of the logical frame, in order of increasing address. The cells of all the
type 1 PLPs shall follow after the common PLPs, if any, and before any type 2 PLPs or auxiliary streams, if
any.

The common or type 1 PLPs are allocated in an increasing order of their PLP IDs in a given logical frame. The
address of the first cell of a given common or type 1 PLP i in a given logical frame, slice_start(i), shall be
calculated as follows:

i—1
slice_start(i)=L1 _POST _SIZE+_ L(k)

k=0
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Where L1_POST_SIZE gives the number of cells of the L1-POST signalling in the given logical frame, and L(k)
gives the number of cells for the k-th common or type 1 PLP present in the given logical frame, with a
PLP_ID strictly lower than the PLP_ID of the given PLP i.

The address of the last cell, 'slice_end', occupied by a given common or type 1 PLP i, shall be calculated as
follows:

slice_end (i) = slice_start(i)+ L(i)

Where L(i) gives the number of cells for the given common or type 1 PLP i in the given logical frame.

9.2.2.2.2 Allocating the cells of type 2 PLPs

For each type 2 PLP the time interleaver outputs cells for one logical frame, which together with any
padding cells (defined in this clause), are mapped to that logical frame by the following two conceptual
steps:

1. Allocation of cells positions in the logical frame for each of the type 2 PLPs, together with any
padding

2. Mapping of the time interleaver output cells for each type 2 PLP, together with any padding, to the
allocated cell postions in the logical frame

For each type 2 PLP the PLP cells in the logical frame, plus any padding cells, are together called a slice. For
type 2 PLPs this slice is divided into equally large sub-slices. The number of sub-slices is a configurable
parameter, but must be the same for all type 2 PLPs. The total number of slice cells for the PLP, including
any padding cells, must be a multiple of the total number of sub-slices, Ngyp-siices_tota iN the logical frame. In
order to achieve this, a minimum number of padding cells, Np.g (0 < Npag < Nub-siices_total - 1), shall be
appended right after the last time interleaved cell of the PLP for the particular logical frame to form the
slice that will be mapped to the logical frame for the particular PLP.

Due to VBR variations of the input streams the number of time interleaved cells per PLP and logical frame
may vary dynamically between logical frames. This means that also the number of padding cells for a PLP
may vary between logical frames.

In general a slice is divided into Nyys-sices_total SUb-slices in the logical frame. Depending on the logical channel
type the logical frame consists of a matrix of cells with only one column (LC type A, B and C) or several
columns (LC type D), with one column of the matrix corresponding to each RF channel.

For LC type A, B and C there are Nyyp-siices = Nsup-siices_total SUb-slices in the logical frame.

For LC type D the Nyb-siices_total SUbSlices are divided into Ngyp.sices Per column of the logical frame matrix (one
RF channel per column) so that we have the relation:

— *
Nsub—slices_total = Nsub-slices NRF

NOTE: This formula only applies to LC type D. The value of Ng; is signalled by LC_NUM_RF in L1-PRE
signalling.

9.2.2.2.3 Allocation of cells positions in the logical frame for each of the type 2 PLPs

A matrix, M, is conceptually assumed, with Nyp.siices_total COlUMNS and a number of rows, N, that enables
all type 2 slices to exactly fill M;.

For the allocation process, described in this paragraph, the slices (one slice per PLP) may be considered to
be dummy and empty but having the same length as the real slices defined in the previous paragraph, since
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this process only defines the cell positions of the logical frame for each PLP. In the following section the
mapping of the real slices to these allocated cell positions is defined.

The empty slices of all type 2 PLPs are introduced into M, according to figure 55, which shows an example
with six PLPs and six subslices each (i.e. six columns). In the figure each column corresponds to one subslice
and the height of each PLP is proportional to the number of rows in M.

Figure 55: The dummy slices of the six type 2 PLPs are introduced into the matrix M,,
having six columns being equal to the total number of sub-slices

Since the length of each (dummy) slice is a multiple of Nyys.siices_total, €ach slice will occupy exactly an integer
number of rows in M. For each PLP the slice cells are introduced in M, row by row, from bottom to top, in
order of PLP_id starting with the PLP with the lowest PLP_id in the bottom of the matrix and starting with
the lowest column index. The value of N, is adapted so that all type 2 slices exactly fill M.

In the following step the content of M; is conceptually moved to a new matrix, M, with p=Ngussiices_total,/
Nsub-siices cOlumns. For LC type A, B and C this means that p=1 and for LC type D p=Ng;.

The move from M; to M, is done in such a way that columns 1+(n-1)*p to n*p of M, constitute a block A,,
with 1<n<N_sub-slices and all such blocks A, are moved to M2 with A, in the bottom of M, and all other A,
blocks appended on top of this with increasing n, as shown in figure 56 with an example of LC type D with
two sub-slices per RF channel and three RF channels. In this case p=3 and M, therefore has three columns —
one for each RF channel.
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PLP6 -

I T I

Figure 56: The matrix M., showing the three rightmost columns having been moved on top
of the three first columns. Each column corresponds to one RF channel (LC type D)

For LC type A, B and C the matrix M, has necessarily a single column (and is therefore a vector) and the cell
allocation process is thereby complete.

For LC type D M, has Ngr columns and an additional step is performed to ensure that all sub-slices appear
with enough space for frequency hopping in the RF signals.

The Nge columns are labelled RF,, ..., RFy ge.1 from right to left, see example in fig. x3 with 3 RF channels, RF,,
RF; and RF,.. The column labeled RF, is then cyclically shifted (k-1)*RF_shift cells, 0 < k < Nge-1, upwards and
folded back so that the cells of the (k-1)*RF_shift highest rows are moved to the bottom of the matrix, see
figure 57.

RF_Shift = SUB_SLICE_INTERVAL/Ngs
SUB_SLICE_INTERVAL is signalled in L1-POST dynamic and in IBS type A.

The modified M, then shows the cell allocation of all type 2 PLPs for LC type D.
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Figure 57: Shifting and folding process to ensure a constant cell distance between
subslices in the logical frame for LC type D

9.2.2.2.4 Mapping of the time interleaver output cells for each type 2 PLP, together with any
padding, to the allocated cell positions in the logical frame

The indexing of the cells of the logical frame is done in the following way:

The cells of the logical frame are conceptually assumed to be contained in a matrix M(i,j) with the following
index ranging:

a) O<i<LC_LF_SIZE-1 and j=1, for LC types A, Band C
b) 0<iSLC_LF_SIZE/Ngs -1 and 0 <j < LC_LF_SIZE, for 1<j<Nge

The iindex can be considered as a time index, which increases with time for a given logical frame. The j
index can be considered as a frequency index, but with the i index increasing only following the RF channel
numbering, this however being independent of the values of the actual RF frequencies used.

For each PLP_id the cells of the slice are mapped to the allocated cell positions in the logical frame in order
of cell index i of the logical frame, irrespective of RF channel index, see figure 58.
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Figure 58: Mapping of slice cells to the allocated cell positions of the logical frame. The
arrows show the mapping for PLP1

For all LC types this means that the first cell of the slice is mapped to the allocated cell position, for the
current PLP, with the lowest cell available i index of the matrix M(i,j), irrespective of RF channel index j.
Following time interleaved cells are then introduced after this first cell with increasing cell index in the
logical frame for the allocated PLP, independent of RF channel index. When padding is used this will appear
with the highest cell indices in the logical frame.

9.2.2.2.5 Allocating the cells of type 3 PLPs

Type 3 PLPs are only used for logical channel types A and D. The cells of type 3 PLPs are allocated at the end
of the logical frame after any dummy cells.

9.2.2.2.6 Allocating the cells of type 4 PLPs

Type 4 PLPs are only used for logical channel types A and D. The cells of each type 4 PLP hierarchically
modulate the cells of the type 1 PLP whose PLP_ID is equal to the NATIONAL_PLP_ID field of the type 4 PLP
concerned (see clause xxx). The allocation of each type 4 PLP therefore coincides with the allocation of the
corresponding type 1 PLP whose PLP_ID is equal to the NATIONAL_PLP_ID field of the type 4 PLP.

9.2.3 Auxiliary stream insertion

Following the data PLPs (type 1, 2, 4), one or more auxiliary streams may be added. Each auxiliary stream

consists of a sequence of D, cell values x;, in each logical frame, where i is the auxiliary stream index and

k is the cell index. The cell values shall have the same mean power as the data cells of the data PLPs, i.e.

ETSI



139 Draft ETSI EN 303 105 V1.1.1 (2012-11)

E(x,,k. X;k *)=1, but apart from this restriction they may be used as required by the broadcaster or network

operator. The auxiliary streams are mapped one after another onto the cells in order of increasing cell
address, starting after the last cell of the last data PLP.

The start position and number of cells D, , ,, for each auxiliary stream may vary from logical frame to logical

frame, and bits are reserved to signal these parameters in the L1 dynamic signalling.

The cell values for auxiliary streams need not be the same for all transmitters in a single frequency network.
If auxiliary streams are used that are different between the transmitters of a single frequency network, it is
recommended that Active Constellation Extension (see clause 11.5.1) should not be used, unless steps are
taken to ensure that the same modifications are applied to each data cell from each transmitter.

The cells of an auxiliary stream with AUX_STREAM_TYPE '0000' (see clause xxx), when MISO and MIMO
frame types are being used, shall be mapped such that none of the relevant auxiliary stream cells occupy
the same symbol as any cells of data PLPs. In this case, the MIXO processing (see clause xxx) shall not be
applied to the symbols occupied by the relevant auxiliary stream cells. However, the modifications of the
pilots for MIXO (see clause 11.1.9) shall still be applied to these symbols.

Specific uses of auxiliary streams, including coding and modulation, will be defined either in future editions
of the present document or elsewhere. The auxiliary streams may be ignored by the receiver. If the number
of auxiliary streams is signalled as zero, this clause is ignored.

9.2.4 Dummy cell insertion

If the L1-POST signalling, PLPs and auxiliary streams do not exactly fill the C,, capacity in one logical frame,
dummy cells shall be inserted in the remaining Ny, cells (see clause xxx), where:

M M My

common 1 MZ
Ndummy :Dplp_ ZDi,common +ZD1',1 +ZD1',2 + ZDi,aux
i=1 i=1 i=1

i=l1

The dummy cell values are generated by taking the first Ny, values of the BBF scrambling sequence

defined in clause 5.2.4. The sequence is reset at the beginning of the dummy cells of each logical frame.
The resulting bits bgg ;, 0 < j < Ny,mm,» are then mapped to cell values x, according to the following rule:

Re{x} = 2 (1/2 -bgg )
Im{x,}=0,

where the bits by ; are mapped to cells x, in order of increasing cell address starting from the first
unallocated address.

9.3 Logical super-frame structure

A logical super-frame can carry logical frames as illustrated in figure 59.

< Logical Super-frame #m >
L1- - Dummy L1- - Dummy
POST PLPs Auxiliary streams cells - POST PLPs Auxiliary streams cells
«—  Logical frame fm———» «—  Logical frame #m+M————— >

Figure 59: Structure of the logical super-frame
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The number of logical frames in a logical super-frame is a configurable parameter that is signalled by the
field LC_NUM_LF in the configurable signalling (L1-POST configurable). The maximum number of logical
frames in a given super-frame is equal to 255.

All parameters defined in L1-PRE to signal the L1-POST signalling format, and the configurable part of L1-
POST signalling (L1-POST configurable), can be changed only at the border of two logical super-frames. If
the receiver receives only the in-band type A, there is a counter that indicates the next logical super-frame
with changes in L1 configurable parameters. Then the receiver can check the new L1 configurable
parameters from the L1-POST in the first logical frame of the announced logical super-frame, where the
change applies.

A data PLP does not have to be mapped into every logical frame. It can jump over multiple logical frames.
This frame interval (/,;,,p) is determined by the LF_INTERVAL parameter. The first logical frame where the

data PLP appears is determined by PLP_FIRST_LF_IDX. PLP_LF_INTERVAL and PLP_FIRST_LF_IDX shall be
signalled in the configurable signalling (L1-CONF) (see clause 8.1.3.1). In order to have unique mapping of
the data PLPs between logical super-frames, the number of logical frames per logical super-frame
LC_NUM_LF shall be divisible by LF_INTERVAL for every data PLP. The PLP shall be mapped to the logical
frames for which:

(LF_IDX — PLP_FIRST_LF_IDX) mod PLP_LF_INTERVAL = 0.

Note that when the in-band signalling is determined and inserted inside the data PLP, this requires receiver
buffering of LF_INTERVAL+1 logical frames. In order to avoid buffering, in-band signalling type A is optional
for PLPs that do not appear in every logical frame and for PLPs that are time interleaved over more than
one logical frame.

The number of logical frames in a logical super-frame LC_NUM_LF must be chosen so that for every data
PLP there is an integer number of interleaving frames per logical super-frame.

9.4 Logical channel structure

A logical channel (LC) is defined as a sequence of logical frames. After mapping to NGH-frames, see xxx, the
logical channel is transmitted over 1 to N RF frequencies available in the NGH network. The NGH network
may have different values of the bandwidth and the frame duration used over the different RF frequencies.
There may be a number M of logical channels in the same NGH network. Four different types of logical
channels are defined, namely, type A, type B, type C and type D. These are detailed in the following sub-
clauses.

9.4.1 Logical channel type A

A logical channel type A corresponds to the case when each logical frame of the logical channel is mapped
to one NGH frame on a single RF channel. Each NGH frame shall contain cells from only one logical frame of
the logical channel. This is illustrated in figure 60. This type is identified with the value “000” of the field
LC_TYPE in L1-PRE signalling. All NGH frames which carry the logical frames of a given logical channel shall
have the same L1-PRE signalling, except the FRAME_IDX.

4— L ogical frame #i——» +— | ogical frame #+1}——»
LC L1- | PLPs /! Auxillary strearrs | Dummy L1- | PLPs { Auxiliary streams { Durmmy
POST cells POST calls
RE P1 L1- LC Other signals P1 L1- Lc Other signals
FRE (LF #i) (FEF) FRE (LF #{+1)) {FEF)
- MNGH frame # - - MNGH frame S(+1) >
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Figure 60: Logical channel type A

9.4.2 Logical channel type B

A logical channel Type B corresponds to the case when each logical frame of the logical channel is mapped
to multiple (N) NGH frames on a single RF channel. The NGH frames shall be of equal length. Each logical
frame may therefore map in parts onto multiple NGH frames on the same RF channel, and hence each
NGH-frame may contain cells from multiple logical frames of the same logical channel. This is illustrated in
Figure 61where one NGH-frame may carry cells from two logical frames of the same logical channel. This
type is identified with the value “001” of the field LC_TYPE in L1-PRE signalling. All NGH frames shall have
the same L1-PRE signalling, except for the fields LF_DELTA, and FRAME_IDX.

= Logical framea # = - Logical frame #(4+1) -
Lc L1- | PLP=s{ Auxlliary streams [ Duminmy L1- | PLPs/ Auxiliary streams ! Dumimy
POST cells POST cells
RE = L1- LC Other signals P L1- L LC Cther signals
PRE (LF 3} (FEF) FRE {LF #) (LF #{i+1}) (FEF)
#—MNGH frame #f—————— #—MNGH frame #ji+ 1 }——p

Figure 61: Logical channel type B

9.4.3 Logical channel type C

A logical channel type C corresponds to the case when each logical frame of the logical channel is mapped
to multiple (N) NGH frames on multiple (M) RF channels. The NGH frames from different RF channels shall
be separated in time to allow for reception with one single tuner. The NGH frames from different RF
channels may be of different lengths. Each logical frame may therefore map in parts onto multiple NGH
frames on multiple (M) RF channels, and hence each NGH-frame may contain cells from multiple logical
frames of the same logical channel. This is illustrated in figure 6062 with 2 logical channels using 3 RF
channels. This type is identified with the value “010” of the field LC_TYPE in L1-PRE signalling. All NGH
frames shall have the same L1-PRE signalling, except for the fields LF_DELTA, LC_CURRENT_FRAME_RF_IDX,
and LC_NEXT_FRAME_IDX, FRAME_IDX.

Figure 62: Logical channel type C

9.4.4 Logical channel type D

A logical channel type D corresponds to the case when each logical frame of the logical channel is mapped
one-to-one to multiple (N) equal-length and time-synchronised NGH frames on multiple (N) RF frequencies.
The time synchronisation means that the P1 symbol of each of the NGH frames, carrying the logical
channel, using the same frame index shall start at the same time. Each column of the logical frame matrix,
see XxX, is thereby mapped to exactly one NGH frame, with L1-POST data being the first logical frame part
of the NGH frame on each RF channel. Each NGH frame contains cells from only one LF and each LF is
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available on all simultaneous NGH frames. This is illustrated in figure 63 using 3 RF channels. This type is
identified with the value “011” of the field LC_TYPE in L1-PRE signalling. All time-synchronised NGH frames
shall have the same L1-PRE signalling, except for the fields LC_ID and LC_CURRENT_FRAME_RF_IDX.

Figure 63: Logical Channel type D

9.4.5 Logical channel group

The logical channels are arranged in groups, where the NGH frames which carry the logical frames of one
logical channel in a given group shall be separable in time from the NGH frames which carry the logical
frames of another logical channel in the same given group. Hence, it shall always be possible to receive all
logical channels members of a group with a single tuner. Each group of logical channels is identified by a
unique identifier LC_GROUP_ID in the L1-PRE signalling. Figure 64 illustrates an example of two logical
channels member of the same group, a first logical channel LC1 of type C and a second logical channel LC2
of type A.

Figure 64: Logical Channel Group

9.5 Mapping of logical channels to NGH frames

Each logical frame consists of a configurable number, LC_LF_SIZE, cells. For LC Type A, B and C these cells
are conceptually arranged in a single logical frame vector, LFV, with LC_LF_SIZE elements. For LC type D the
logical frame is arranged in a single logical frame matrix, LFM, with LC_NUM_RF columns and LC_LF SIZE/
LC_NUM_RF rows. LC_LF_SIZE must be a multiple of LC_NUM_RF.

A logical channel is composed by a continuous sequence of logical frames without gaps and is therefore a
continuous stream of cells (LC types A, B and C) or LC_NUM_RF parallel streams of cells (LC type D). The i*"
logical frame is denoted LF;and the corresponding vector and matrix are denoted LVF;and LFM;
respectively.

Each NGH frame, to which the logical channel is mapped, consists of a reconfigurable number of data cells,
NF_SIZE, which are available to transport logical frame cells without gaps.

NOTE: NF_SIZE is not an L1 parameter, but the indirect effect of the selection of L1 parameters.

The j™ NGH frame in the sequence of such frames is denoted NF;. A continuous stream of NGH frames,
carrying a particular logical channel, constitutes a continuous stream of data cells.
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9.5.1 Mapping for logical channels type A

Each logical frame is synchronized to one NGH frame in such a way that the first logical frame cell is
mapped to the first NGH data cell (lowest cell address in the NGH frame) and the last logical frame cell is
mapped to the last NGH data cell (highest address in the NGH frame). All logical frames are carried on a
single RF frequency. A sequence of LFs are therefore carried on a sequence of NGH frames, with exactly
one LF per NGH frame carrying the particular logical channel.

9.5.2 Mapping for logical channels type B

The stream of logical frame cells is mapped to the stream of NGH data cells in such a way that the first cell
of a logical frame is mapped to any of the data cells in an NGH frame. A cell of the logical frame stream that
appears P cells later than the mentioned first cell shall be mapped to an NGH stream cell that appears P
cells later than the NGH frame cell to which the mentioned first logical frame was mapped. If the logical
frame is not completed in the current NGH frame it continues on the following NGH frame of the same
logical channel from the first data cell of that NGH frame. If the logical frame is completed in the current
NGH frame the following logical frame of the same logical channel starts immediately after without any
gap. All logical frames are carried on a single RF frequency. Logical channel type B is a superset of logical
channel type A, which it includes as a special case.

9.5.3 Mapping for logical channels type C

For logical channel type C the logical frames are mapped in the same way as for logical channels type B,
except that the NGH frames used to carry the logical channel may be transmitted on different RF
frequencies and that successive NGH frames using different RF frequencies need to be time separated
according to requirements in xxx. Logical channel type C is a superset of logical channel type B, which it
includes as a special case.

9.5.4 Mapping for logical channels type D

Each logical frame is synchronized to one NGH frame in such a way that each column of the logical frame is
mapped to the cells of its corresponding RF frequency in such a way that the first cell of the logical frame is
mapped to the first NGH data cell (lowest cell address in the NGH frame) and the last logical frame cell is
mapped to the last NGH data cell (highest address in the NGH frame). A sequence of LFs are therefore
carried on a sequence of sets of NGH frames, with exactly one LF per each set of NGH frames, with one
NGH frame per RF frequency. The set of RF frequencies that are used to carry an LC of type D is
configurable.

9.5.5 Restrictions on frame structure to allow tuner switching time for logical
channels of types C and D

When logical channels of types C and D are used there are additional restrictions for the configuration of
the NGH signal to enable enough time for switching between the RF channels. These restrictions apply
jointly to all the PLPs that are members of the PLP cluster of interest.

When N, > 1 the following restrictions for the NGH frame structure apply:

e A minimum time interval must be guaranteed between the occurrences of two consecutive sub-
slices of any given PLP on different RF channels to be received with a single tuner. This requirement
shall be met jointly for all PLPs that are members of a PLP cluster.
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e  The minimum frequency hopping time between such consecutive sub-slices, on different RF

channels, for a tuner is (2 *Sens + Smmng)*TS, where S is the number of additional symbols

5x107 sec

tuning ~

needed for channel estimation and S —{ —I is the number of symbols needed for

N
tuning rounded up to the nearest integer (figure 65). T; is the symbol duration on the destination
RF frequency.

° When frequency hopping is performed between RF signals using different values of Ts the minimum

frequency hopping time shall be calculated as A*T +(B+Smmng)*T<2, where A is the Scye for

the starting RF frequency for which the symbol duration is Ts;, and B is the Scye for the destination
RF frequency for which the symbol duration is Tj,.

e  The minimum tuning time is 5 ms, so that S are presented in

table 76.

xT¢>5ms. The values for S

tuning tuning

e The value for S, ¢ is dependent on the used pilot pattern, which may be different between the RF
frequencies. S¢e = Dy - 1, where Dy is the number of symbols forming one scattered pilot sequence
defined in table yyy. For the P2 symbol and any frame closing symbol the value S.; = 0 shall be
assumed, since no additional symbols are required for the channel estimation.

RF channel
!

time

Channel S
Minimum estimation CHE
frequency hopping .
time between data AGC and PLL Stuning
slots Channel
estimation t Sche

Figure 65: Minimum required frequency hopping time between two sub-slices
to be received with a single tuner

Table 76: Values for S, . (number of symbols needed for tuning, rounded up,
for 8 MHz bandwidth), when minimum tuning time =5 ms

FFT size |Tu [ms] Guard interval fraction

1/128 1/32 1/16 19/256 1/8 19/128 1/4
16K 1,792 3 3 3 3 3 3 3
8K 0,896 6 6 6 6 5 5 5
4K 0,448 NA 11 11 NA 10 NA 9
2K 0,224 NA 22 22 NA 20 NA 18
1K 0,112 NA NA 43 NA 40 NA 36

NOTE: To achieve the minimum frequency hopping time between NGH frames for Logical Channels of Type
D, a FEF part of appropriate length may be inserted between the NGH frames concerned. Alternatively,
PLPs of Type 1 or 3 may be introduced before or after the Type 2 PLPs, respectively. The insertion of Type 3
PLPs may be combined with the insertion of a FEF part.
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9.6 Physical frames

This clause defines the frame builder functions that always apply to an NGH system.

The function of the frame builder is to assemble the cells produced by the time interleavers for each of the
PLPs and the cells of the modulated L1 signalling data into arrays of active OFDM cells corresponding to
each of the OFDM symbols which make up the overall frame structure. The frame builder operates
according to the dynamic information produced by the scheduler (see clause 5.2.1) and the configuration of
the frame structure.

9.7 Frame structure

The DVB-NGH frame structure is shown in figure 66. At the top level, the frame structure consists of super-
frames, which are divided into Elementary Block of Frames (EBF), each of which is composed of NGH frames
and these are further divided into OFDM symbols. The super-frame may in addition have FEF parts (see
clause 9.10).

- Ter -

o000

‘ Super Frame ‘ Super Frame ‘ Super Frame

— ™~ T

FEF part

NGH-frame
Ne-1

NGH-frame NGH-frame
0 1

-« Ty———T—> - T S
Data sym.
000
Laata-1

Figure 66: The DVB-NGH frame structure, showing the division
into super-frames, EBFs, NGH frames and OFDM symbols

B2
0

P2,
Npp-1

Data
symbol 0

Data

‘ ol ‘ symbol 1

9.8 Super-frame

A super-frame is composed of EBFs and may also have FEF parts, see figure 67.

FEF interval FEF length FEF interval FEF length FEF interval FEF length
e T T T

EBF |..| EBF EBF |.. EBF /F/ EBF |..| EBF //P/%

A B p -
A+B+C=NEBF
A =B =C = FEF interval

Figure 67: The super-frame, including NGH frames and FEF parts
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The number of EBFs in a super-frame is a configurable parameter Ngg. that is signalled in L1-PRE signalling,
i.e. Ngge = NUM_EBFS (see clause 8.1.2). The EBFs are numbered from 0 to Ngg-1. The current frame is
signalled by FRAME_IDX in the dynamic L1-POST signalling.

A FEF part may be inserted between EBFs. There may be several FEF parts in the super-frame, but a FEF
part shall not be adjacent to another FEF part. The location in time of the FEF parts is signalled based on the
super-frame structure. The super-frame duration T, is determined by:

Np—1

Tsp = Ngpr X Z Tp(0) + Npgr X Trgr
i=0
where T(i) is the frame duration of the i frame in the EBF, Ny is the number of FEF parts in a super-frame
and T is the duration of the FEF part and is signalled by FEF_LENGTH. N, can be derived as:

Nege = Nygn / FEF_interval.

If FEFs are used, the super-frame ends with a FEF part.

The maximum value for the super-frame length T is 63.75s if FEFs are not used (equivalent to 255 frames

of 250 ms) and 127,5 s if FEFs are used. Note also that the indexing of NGH frames (see FRAME_IDX in
clause 8.1.3.3) and N,y are independent of Future Extension Frames.

The L1-PRE signalling and the configurable part of the L1-POST signalling can be changed only on the border
of two super-frames. If the receiver receives only the in-band signalling type A, there is a counter that
indicates the next super-frame with changes in L1 parameters. Then the receiver can check the new L1
parameters from the P2 symbol(s) in the first frame of the announced super-frame, where the change
applies.

A data PLP does not have to be mapped into every NGH frame. It can jump over multiple frames. This frame
interval (/,,ysp) is determined by the FRAME_INTERVAL parameter. The first frame where the data PLP

appears is determined by FIRST _FRAME_IDX. FRAME_INTERVAL and FIRST_FRAME_IDX shall be signalled in
the L1-POST signalling (see clause Error! Reference source not found.). In order to have unique mapping of
the data PLPs between super-frames, Ny, shall be divisible by FRAME_INTERVAL for every data PLP. The

PLP shall be mapped to the T2-frames for which:
(FRAME_IDX-FIRST_FRAME_IDX) mod FRAME_INTERVAL = 0.

Note that when the in-band signalling is determined and inserted inside the data PLP, this requires
buffering of FRAME_INTERVAL+1 T2-frames in a T2 system with one RF channel. If using TFS, the buffering
is over FRAME_INTERVAL+2 T2-frames. In order to avoid buffering, in-band type A is optional for PLPs that
do not appear in every frame and for PLPs that are time interleaved over more than one frame.

Nyen Must be chosen so that for every data PLP there is an integer number of interleaving frames per
super-frame.
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9.9 NGH frame

The NHG-frame comprises one P1 preamble symbol that may be followed by one aP1 symbol which is, in
turn followed by one or more P2 preamble symbols, followed by a configurable number of data symbols. In
certain combinations of FFT size, guard interval and pilot pattern (see clause 11.1.7), the last data symbol of
a NGH-frame shall be a frame closing symbol. The details of the NGH-frame structure are described in
clause 9.9.2.

The P1 and aP1 symbols are unlike ordinary OFDM symbols and are inserted later (see clause 11.7). The aP1
symbol follows the P1 symbol when any of the MIMO, hybrid or hybrid MIMO frame types of NGH are
used. These frame types are described in sections xxa, xxb, and xxc respectively.

The P2 symbol(s) follow immediately after the P1 symbol or when present, the aP1 symbol. The main
purpose of the P2 symbol(s) is to carry L1-PRE signalling data. The L1-PRE signalling data to be carried is
described in clause 8.1.2, its modulation and error correction coding are described in clause 8.2 and the
mapping of this data onto the P2 symbol(s) is described in clause 8.2.3.1.

9.9.1 Duration of the NGH frame

The beginning of the first preamble symbol (P1) marks the beginning of the NGH frame. The occurrence of
the aP1 symbol depends on the NGH frame type.

The number of P2 symbols N, is determined by the FFT size as given in table 82, whereas the number of
data symbols L., in a NGH frame is a configurable parameter signalled in the L1-PRE signalling,

i.e. Ly:a = NUM_DATA_SYMBOLS. The total number of symbols in a NGH-frame (excluding P1 and aP1) is
given by L; = Np,+Ly..,. The NGH frame duration is therefore given by:

Tp = LexT+Tp, when the aP1 symbol is not present or

Ty = LixT 275, when the aP1 symbol is present

where T is the total OFDM symbol duration and Ty, is the duration of the P1 and aP1 symbols (see clause
11.4).

The maximum value for the frame duration T, shall be 250 ms. Thus, the maximum number for L is as
defined in table 77 (for 8 MHz bandwidth).

Table 77: Maximum frame length Lg in OFDM symbols for different FFT sizes
and guard intervals (for 8 MHz bandwidth)

. Guard interval
FFTsize | T,Ims] |—70og 1/32 1716 19/256 178 19/128 174
6K 1,792 138 135 131 129 123 121 111
8K 0,896 276 270 262 259 247 242 223
4K 0,448 NA 540 524 NA 495 NA 446
2K 0,204 NA 1081 1049 NA 991 NA 892
1K 0,112 NA NA 2098 NA 1982 NA 1784

The minimum number of OFDM symbols L, shall be Np,+7.

The P1 symbol carries only P1 specific signalling information (see clause 8.1.1). Similarly, the aP1 symbol
when present, carries only aP1 specific signalling information (see clause xxx). P2 symbol(s) carry all the L1-
PRE signalling information (see clause xxx), and, if there is P2 capacity left, cells from logical frames. Data
symbols carry cells from the logical frame that comprise L1-POST signalling information, common PLPs
and/or data PLPs as defined in clauses 9.2.2.2.1,9.2.2.2.2,9.2.2.2.5 and 9.2.2.2.6. The mapping of the
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logical frame into the symbols is done at the OFDM cell level. If there is capacity left in the NGH-frame, it is
filled with dummy cells as defined in clauses 9.2.3 and 9.2.4. The mapping of logical frames into the NGH-
frame is defined in clause 9.5.

9.9.2 Capacity and structure of the NGH frame

The NGH frame builder shall map the logical frame cells and L1-PRE cells from the constellation mapper
onto the data cells x,,, , , of each OFDM symbol in the NGH frame, where:

° m is the NGH frame number;

) l'is the index of the symbol within the frame, starting at O for the first P2 symbol, 0 < /< L;

e pisthe index of the data cell within the symbol prior to frequency interleaving and pilot insertion.
Data cells are the cells of the OFDM symbols which are not used for pilots or tone reservation.

The P1 and aP1 symbols are not ordinary OFDM symbols and do not contain any active OFDM cells (see
clause 11.7).

The number of active carriers, i.e. carriers not used for pilots or tone reservation, in one P2 symbol is
denoted by Cp, and is defined in table 78. Thus, the number of active carriers in all P2 symbol(s) is Np,xCp,.

The number of active carriers, i.e. carriers not used for pilots, in one data symbol is denoted by Cj,,, -
table 79 gives values of C,,, for each FFT mode and scattered pilot pattern for the case where tone
reservation is not used. The values of C,,,, when tone reservation is used (see clause 11.5.2) are calculated
by subtracting the value in the "TR cells" column from the C,,, value without tone reservation. For 8K and

16K two values are given corresponding to normal carrier mode and extended carrier mode (see clause
11.4).

In some combinations of FFT size, guard interval and pilot pattern, as described in clause 11.1.7, the last
symbol of the NGH-frame is a special frame closing symbol. It has a denser pilot pattern than the other data
symbols and some of the cells are not modulated in order to maintain the same total symbol energy (see
clause 9.9.5). When there is a frame closing symbol, the number of data cells it contains is denoted by N

and is defined in table80. The lesser number of active cells, i.e. data cells that are modulated, is denoted by
Crc, and is defined in table81. Both Ny and Ci. are tabulated for the case where tone reservation is not

used and the corresponding values when tone reservation is used (see clause 11.5.2) are calculated by
subtracting the value in the "TR cells" column from the value without tone reservation.

Hence the cell index p takes the following range of values:
e 0<p<Cpfor0</<Npy
o  0=<p<CyyyforNp,<I<Lg-1;
e  0<p<Ngforl=L;-1when thereis a frame closing symbol;

e 0<p<Cyy, forl=Lp-1 when there is no frame closing symbol.
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Table 78: Number of available data cells Cp, in one P2 symbol

FFT Size Cos
SISO MixO

1K 558 546
2K 1118 1098
4K 2236 2198
8K 4472 4398
16K 8944 8814

Table 79: Number of available data cells C,;, in one normal symbol

FFT Size Cdata (no tone reservation) TR cells
PP1 PP2 PP3 PP4 PP5 PP6 PP7
1K 764 768 798 804 818 10
2K 1522 | 1532 | 1596 1602 1632 1646 18
4K 3084 | 3092 | 3228 3234 3298 3328 36
8K Normal 6208 | 6214 | 6494 6 498 6 634 6 698 72
Extended | 6296 | 6298 | 6584 6 588 6728 6 788 72
16K | Normal | 12418 | 12436 | 12988 | 13002 13272 13 288 13 416 144
Extended | 12678 | 12698 | 13262 | 13276 13 552 13 568 13 698 144
NOTE:  An empty entry indicates that the corresponding combination of FFT size and pilot pattern is

never used.

Table 80: Number of data cells N in the frame closing symbol

FFT Size Ngc for frame closing symbol (no tone reservation) TR cells
PP1 PP2 PP3 PP4 PP5 PP6 PP7

1K 568 710 710 780 780 10

2K 1136 1420 1420 1562 1562 1632 18

4K 2272 2 840 2 840 3124 3124 3 266 36

8K Normal 4 544 5680 5680 6 248 6 248 6 532 72
Extended | 4 608 5760 5760 6 336 6 336 6 624 72
16K Normal 9088 | 11360 11 360 12 496 12 496 13 064 13 064 144
Extended | 9280 | 11600 11 600 12 760 12 760 13 340 13 340 144

NOTE:  An empty entry indicates that frame closing symbols are never used for the corresponding
combination of FFT size and pilot pattern.

Table 81: Number of available active cells Cg. in the frame closing symbol

FFT Size Crc (no tone reservation) TR cells
PP1 PP2 PP3 PP4 PP5 PP6 PP7
1K 402 654 490 707 544 10
2K 804 | 1309 | 980 | 1415 | 1088 1396 18
4K 1609 | 2619 | 1961 | 2831 | 2177 2792 36
8K | Normal | 3218 | 5238 | 3922 | 5662 | 4354 5585 72
Extended | 3264 | 5312 | 3978 | 5742 | 4416 5 664 72
16K | Normal | 6437 | 10476 | 7845 | 11324 | 8709 | 11801 | 11170 144
Extended | 6573 | 10697 | 8011 | 11563 | 8893 | 12051 | 11406 144

NOTE: An empty entry indicates that frame closing symbols are never used for the
corresponding combination of FFT size and pilot pattern.

ETSI



150 Draft ETSI EN 303 105 V1.1.1 (2012-11)
Thus, the number of active OFDM cells in one NGH frame (C,,,) depends on the frame structure parameters
including whether or not there is a frame closing symbol (see clause 11.1.7) and is given by:

c - Np> *Cpy +(Lygsa =D *Chusa +Crc  when there is a frame closing symbol
fot Np> *Cpo + Lyuia * Caata when there is no frame closing symbol

The number of P2 symbols N, is dependent on the used FFT size and is defined in table 82.

Table 82: Number of P2 symbols denoted by N, for different FFT modes

FFT size Np,
1k 4

2k 2
1

1

1

4k
8k
16k

The number of OFDM cells needed to carry all L1-PRE signalling is denoted by D, ;. The number of OFDM
cells available for transmission of logical frame content in one NGH-frame is given by:

Dypp = Ctot —-Dy,.

The value of D, ; does not change between NGH frames. The value of D, can change between NGH-frames
because C,,, can change.

All the D,; . cells are mapped into P2 symbol(s) as described in clause 9.9.3. The logical frame is then

mapped onto the remaining active OFDM cells of the P2 symbol(s) (if any) and the data symbols. The
mapping of the logical frame cells is described in clause 9.9.3.1.

I—data

Data Symbols FCS

Complete NGH frame
Figure 68: Structure of the NGH frame

9.9.3 Mapping of L1-PRE signalling information to P2 symboil(s)
Coded and modulated L1-PRE cells for NGH frame m are mapped to the P2 symbol(s) as follows:

1) L1-PRE cells are mapped to the active cells of P2 symbol(s) in row-wise zig-zag manner as illustrated
in figure 69 by the blue blocks and described in the following equation:

D

' Llpre

Xmd,p = J_Prey pxN, +1,for 0<i<Np, and 05p<N—”2,
P

where: f'_prem,,- are the modulated L1-PRE cells Dy1pre is the number of L1-PRE cells

per NGH-frame, D, ,,, =2150;

Np, is the number of P2 symbols as shown in table 82; and
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X, p @re the active cells of each OFDM symbol as defined in clause 9.9.2.

The zig-zag writing may be implemented by the time interleavers presented in figure 69. The
data is written to the interleaver column-wise, while the read operation is performed
row-wise. The number of rows in the interleaver is equal to Np,. The number of columns

depends on the amount of data to be interleaved and is equal to Dy ;,./Ne».

NOTE:

Time—>
Np
o / T\
e
=
3 P2 P2 P2
i NOPz NP:+1 e

1839

L1-pre

LF data

Figure 69: Mapping of L1-PRE data into P2 symbol(s), showing
the index of the cells within the L1-PRE data fields

L1-pre time interleaver

|

:
v
1

<4—Read—

2 4 6 8 10

NOTE:  The number of rows is equal to Npsy.

Figure 70: P2 time interleaver

ETSI



152 Draft ETSI EN 303 105 V1.1.1 (2012-11)

9.9.3.1  Addressing of OFDM cells

A one-dimensional addressing scheme (0..D;,-1) is defined for the active data cells that are not used for

L1-PRE signalling. The addressing scheme defines the order in which the cells from the logical frame are

allocated to the active data cells. The addressing scheme also defines the order of any dummy cells.

Address 0 shall refer to the cell x Dy the cell immediately following the last cell carrying L1-PRE
"N

signalling in the first P2 symbol. The addresses 0, 1, 2, ... shall refer to the cells in the following sequence:

. X Dy Xm,1,Cp, , TOreach [=0...Np,-1, followed by

P2

* X0 YmlC,,-1 foreach/=Np, .. L;-2,followed by

° Xm,Le—1,0 -+ ¥m,L—1,Cpe-1 if there is a frame closing symbol; or

. X, Le—1,0 -+ Xm,Le—1,C a1 if there is no frame closing symbol.

The location addresses are depicted in figure 71.

[——Time——b
(@)
© P2 P2 Data Data Data
g 5102
6103
2 L1-PRE
x
+ LF
0 3051
1 3052
2
This symbol is shown
shorter than the other data
symbols as it is a frame
closing symbol which
3049 6100 contains less data
3050 6101 Dpip-2
Dpip-1

Figure 71: Addressing of the OFDM cells for common PLPs and data PLPs
The numbers (cell addresses) are exemplary
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9.9.4 Dummy cell insertion

If the L1-PRE signalling, and allocated logical frame data D ; do not exactly fill the C,, active cells in one
NGH-frame, dummy cells shall be inserted in the remaining Ny, cells (see clause 9.2.4), where:

N DPLP _DLF

dummy =

The dummy cell values are generated by taking the first Ny, .., values of the BB scrambling sequence

defined in clause 5.2.4. The sequence is reset at the beginning of the dummy cells of each NGH-frame. The
resulting bits by ;, 0 < j < Nyym,my, are then mapped to cell values x| ; according to the following rule:

Re{xm’Lp} =2(1/2 ‘st,j)

Im{ xm,,,p} =0,

where the bits bgg ; are mapped to cells x| , in order of increasing cell address starting from the first
unallocated address.

9.9.5 Insertion of unmodulated cells in the frame closing symbol

When a frame closing symbol is used (see clauses 9.9.2 and 11.1.7), some of its data cells carry no
modulation in order to maintain constant symbol power in the presence of a higher pilot density.

The last Ngc-Ce cells of the Frame Closing Symbol, (x,, 1r_1 cpc-+ Xm, £F-1.8Fc-1), Shall all be set to 0+j0.

9.10  Future Extension Frames (FEF)

Future Extension Frame (FEF) insertion enables carriage of frames either defined in a future extension of
the NGH standard or defined for a previous standard such as T2 in the same multiplex as regular
NGH-frames. The use of future extension frames is optional.

A future extension frame may carry data in ways unknown to a DVB-NGH receiver addressing the current
standard version. A receiver addressing the current standard version is not expected to decode future
extension frames. All receivers are expected to detect FEF parts.

A FEF part shall begin with a P1 symbol that can be detected by all DVB-NGH receivers. The maximum
length of a FEF part is 1s. All other parts of the future extension frames will be defined in future extensions
of the present document or are (or will be) defined elsewhere.

The FEF parts of one profile may contain frames of other profiles and/or non-NGH signals. Since each FEF
part may contain multiple frames of other profiles, each FEF part may also have several P1 symbols, at
varying intervals throughout its length. The minimum interval between two P1 symbols shall be 10 000T,
where T is the elementary period (see clause 11.4).

NOTE 1: This minimum interval between P1 symbols (which is approximately 1,1 ms for 8 MHz
bandwidth) allows a receiver to determine the frame start positions correctly in the presence of long
echoes. In this case, the receiver synchronisation circuitry may 'see' P1 symbols separated by the echo
delay, but this delay could never be expected to exceed about 4 900T. So P1 symbols apparently
separated by less than 5 000T can be assumed to be due to the effect of echoes, whereas a separation
of more than 5 000T can be assumed to be due to independent P1 symbols. The constraints on NGH-
frame lengths mean that their duration will always exceed 10 000T.
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The detection of FEF parts is enabled by the L1-PRE signalling carried in the P2 symbol(s) (see clause 8.1.2).
The configurable L1 fields signal the size and structure of the NGH super-frame. The NUM_ FRAMES
parameter describes the number of NGH-frames carried during one NGH super-frame. The location of the
FEF parts is described by the L1-PRE signalling field FEF_INTERVAL, which is the number of NGH-frames at
the beginning of a NGH super-frame, before the beginning of the first FEF part. The same field also
describes the number of NGH-frames between two FEF parts. The length of the FEF part is given by the
FEF_LENGTH field of the L1-PRE signalling. This field describes the time between two DVB-NGH frames
preceding and following a FEF part as the number of elementary time periods T, i.e. samples in the receiver
(see clause 11.4).

The parameters affecting the configuration of FEFs shall be chosen to ensure that, if a receiver obeys the
TTO signalling (see annex C.1) and implements the model of buffer management defined in clause C.2, the
receiver's de-jitter buffer and time de-interleaver memory shall neither overflow nor underflow.

NOTE 2: In order not to affect the reception of the NGH data signal, it is assumed that the receiver's

automatic gain control will be held constant for the duration of FEF part, so that it is not affected by any
power variations during the FEF part.
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9.11 Frequency interleaver

The purpose of the frequency interleaver, operating on the data cells of one OFDM symbol, is to map
the data cells from the frame builder onto the N, available data carriers in each symbol. Ny, = Cp,

for the P2 symbol(s), Ny,i, = Cyata fOr the normal symbols (see clause 9.9.2), and N, = N, for the
Frame Closing symbol, if present.

For the P2 symbol(s) and all other symbols, the frequency interleaver shall process the data cells
Xon1 = X 100 Xm 1,1+ Xm |, Ndata-1) O the OFDM symbol / of NGH-frame m, from the frame builder.

Thus for example in the 8k mode with scattered pilot pattern PP7 and no tone reservation, blocks of
6 698 data cells from the frame builder during normal symbols form the input vector X, ;= (x,,, ;o

X110 Xm,1.27++Xm 1,6697)-

A parameter M, _, is then defined according to table 83.

Table 83: Values of M,,,, for the frequency interleaver

FFT Size M, .x
1K 1024
2K 2048
4K 4 096
8K 8192
16K 16 384

The interleaved vector A, = (0, 0 O 11 Om 2O m | Ndata-1) 1S d€fined by:

A mip= X miHp) t S(I)] mod Ny, for even symbols of the frame (/ mod 2 = 0) for p = 0,...,Ny,,-1;
and
amip= Xmmp) + S()] mod Ny, for odd symbols of the frame (/mod 2 = 1) for p = 0,...,Ng,-1.

Hy(p) and H,(p) are permutation functions based on sequences R'; defined by the following.

An (N, - 1) bit binary word R'; is defined, with N, = log, M., where R'; takes the following values:

max
i=0,1: R';[N,-2, N,-3,..,1,0]=0,0,...,0,0
i=2: R',[N-2, N,-3,..,1,0] = 0,0,..,0,1
2<i<M_,: {R,IN-3,N-4,.1,0] =R, [N-2,N-3,..,2,1];
in the 0.5k mode: R',[7] = R',, [0] ® R',, [1] ® R',, [5] ® R',, [6]
in the 1k mode: R',[8] = R',, [0] ® R',, [4]
in the 2k mode: R',[9] = R',, [0] ® R, [3]
in the 4k mode: R',[10] = R',, [0] ® R',,[2]
in the 8k mode: R',[11] = R',, [0] ® R',, [1] ® R',,[4] ® R, [6]

in the 16k mode: R',[12] = R',; [0] ® R',, [1] ® R',[4] ® R',, [5] ® R',, [9] ®
R, [11]
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R ; bit positions 716|514 |13[2]1]0
R;bit positions (Hy) | 3 [ 7 | 4 | 6 2101 5
R; bit positions (H,) 257 |13[0]1 6

Table 85: Bit permutations for the 1k mode

R ; bit positions 8|7 ([6]|5 312 (1
R; bit positions (Hy) | 4 | 3 | 2 | 1 5(6 |7
R; bit positions (H,) | 3 510 4 718

Table 86: Bit permutations for the 2k mode

R'; bit positions 918|765 4 ([3]2]1 0
R; bit positions (Hy) | 0 | 7 1181 2 (6]9]|3| 4
R;bit positions (H;) | 3 [ 2|7 |0 | 1 5|18|4]|9| 6

Table 87: Bit permutations for the 4k mode

R'; bit positions 109 (8|7 |6 4 | 3|2
R; bit positions (H,) | 7 [ 10| 5 | 8 | 1 4 1910
R; bit positions (H,) | 6 | 2 | 7 [10]| 8 3 141|1

Table 88: Bit permutations for the 8k mode

A vector R;is derived from the vector R'; by the bit permutations given in tables 84 to 89.

R'; bit positions 11 1019 ]| 8 7 514 (3] 2 0
R; bit positions (H;) 5 11130 10 6192 4 7
R; bit positions (H,) 8 107 (6] 0 21113]9 11

Table 89: Bit permutations for the 16k mode

R bit positions 2|11 ]10]9]8] 7 6]5]4[3]2
R; bit positions (Hy) | 8 | 4 | 3 | 2| 0| 11 51210 6
R bit positions (H,) | 7 | @ | 5 | 3 |11]| 1 | 4 |0 |2 [12] 10

for(i=0;i<M__;i=i+1)

max’
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The permutation function H(p) is defined by the following algorithm:

Note: The 0.5k frequency interleaving mode (see figure 79 above) is only applicable when MISO is
applied with 1k FFT size.
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N, -2
{H(p)=(mod2) 2" ™+ 3 Ri(j)2/;
Jj=0

if (H(p)<Ny,) p = p+1; }

For symbol /, the address offset S(/) is defined by the following algorithm:

for(I=0; /<Ly 1=1+2)

{
N,-1 ' N,-1 _
S =Y.G(j)2; ™ SI+1)= D G,(j)-2;
J=0 Jj=0

}

An (N, - 1) bit binary word G, is defined, with N, = log, 2M,,,, where G, takes the following values:

max’
=0, 1: G/IN1,N-2,.,1,0=1,1,..,1,1
1<i<l;:  {GIN-2,N-3,.,1,01=G., [N-1,N-2,.,2,1];
in the 0.5k mode: G,[8] =G, [0] ® G|, [4]
in the 1k mode: G,;[9] = G, [0] © G|, [3]
in the 2k mode: G,[10] = G, [0] @ G,[2]
in the 4k mode: G,[11] = G, [0] ® G, [1] ® G,[4] ® G, [6]
in the 8k mode: G;[12] =G, [0] ® G, [1]1 D G,[4]1 © G, [5] ® G, [9] © G| [11]
in the 16k mode: G,[13] = G,, [0] ® G, [1] ® G,4[2] ® G/, [12] }

}

G/ is held constant for two symbols and applied to symbol / and symbol /+1.
Pairwise Frequency Interleaving for MIxO

In MIxO mode, data carriers are interleaved in pairs. This means that the frequency interleaver in a
given FFT mode is required to generate only half of the interleaver addresses compared to when
operating with SISO. Therefore, for:

e 1K mode, the 0.5K interleave circuit is used.
e 2K mode, the 1K interleave circuit is used
e 4K mode, the 2K interleave circuit is used
e 8K mode, the 4K interleave circuit is used

e 16K mode, the 8K interleave circuit is used
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Each interleaver memory location is thus twice as wide as in SISO and pairs of carriers are written
and read from each such memory location.

A schematic block diagram of the algorithm used to generate the permutation function is
represented in figures 72to77.
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Figure 72: Frequency interleaver address generation scheme for the 0.5k mode
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Figure 73: Frequency interleaver address generation scheme for the 1k mode
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Figure 74: Frequency interleaver address generation scheme for the 2k mode
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Figure 75: Frequency interleaver address generation scheme for the 4k mode
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Figure 77: Frequency interleaver address generation scheme for the 16k mode
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The output of the frequency interleaver is the interleaved vector of data cells A, ;= (a,, 0, O, 1 1/
O 1 20--Om | Ndata-1) TOF symbol / of NGH frame m.

10 Local service insertion

10.1  Orthogonal local service insertion (O-LSI)

10.1.1  Overview

Orthogonal local service insertion (O-LSl) allows a number of, typically adjacent, transmitters in an
SFN to transmit different - but orthogonal - input data.

10.1.2 O-LSI symbols and data cells
10.1.2.1  Overview

PLP data using O-LSI is transmitted as type 3 PLPs in the last part of the LF, after any preceding type 1
and type 2 PLPs, auxiliary streams and dummy cells. In LCs including O-LSI PLPs each LF must be time
synchronized with a corresponding NGH frame with a 1-to-1 mapping, i.e. only LC type 0 and 3 may
be used with O-LSI.

All type 3 PLP data in a LF has to be transmitted in a number of consecutive OFDM symbols, which
are disjoint from those using other PLP types and auxiliary streams. The first O-LSI symbol and the
number of O-LSI symbols in the NGH frame are signalled by the L1-pre parameters O-
LSI_START_SYMBOL and O-LSI_NUM_SYMBOLS. The first and the last O-LSI symbols are denoted O-
LSI starting symbol and O-LSI closing symbol respectively. These share an identical pilot patterns,
which is denser than the pilot pattern in any of the intermediate O-LSI symbols. The first and last O-
LSI symbol may be the same symbol, in which case there is only a single O-LSI symbol in the NGH
frame.

The orthogonality is obtained by dividing the available number of OFDM sub-carriers N in each O-LSI
symbol into REUSE_FACTOR (2 < REUSE_FACTOR < 7) equally sized parts and only transmitting one of
these from a particular transmitter. When N/REUSE_FACTOR is not an integer a small number p (1 <
p < REUSE_FACTOR) of the last cells are used as padding cells in such a way that N'=(N-p)/
REUSE_FACTOR is an integer. Padding cells are modulated with zero amplitude (empty cells). When
the amount of input PLP data does not fill the allocated O-LSI symbols any remaining data cell
capacity is filled with dummy cells so that after the final dummy cell in the frame there are only O-LSI
cells up to the end of the frame, some of which may be padding cells or empty cells. Any padding
cells or dummy cells are not part of the O-LSI process, but are transmitted on the same cell positions
from all transmitters.

Each of the REUSE_FACTOR parts is referenced by the L1 parameter REUSE_ID (1 < REUSE_ID <
REUSE_FACTOR). The value of this parameter increases with carrier numbering in such a way that the
part with REUSE_ID = k will use the k™ part of carriers in each O-LSI symbol (before frequency
interleaving). From a given transmitter only the part referenced by REUSE_ID is used for transmission
of the LF data and the remaining parts all transmit the value 0 on all their OFDM sub-carriers.

NOTE: When the number of transmitters in the SFN exceeds RESUSE_FACTOR there is in principle
some non-orthogonality between some of the transmitters. This may however be acceptable when
the transmitters with non-orthogonal parts are sufficiently separated geographically. Each
transmitter, even in a large SFN, may therefore potentially transmit unique input data.
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10.1.2.2 Power level of the O-LSI data cells

The O-LSI part referenced by the L1 parameter REUSE_ID, i.e. the part using non-zero cell values, are
transmitted with an amplitude boosting factor equal to VM followed by a normalization factor K. The
value of K is defined in clause 10.1.5.

10.1.2.3 Filling of O-LSI symbols with LF data cells

The Tl cells of the O-LSI part of the LF are introduced into the O-LSI part of the NGH frame symbol by
symbol starting immediately after the last dummy cell (if any). For each symbol the data cells are
introduced in the order of increased carrier index and excluding all positions already filled with pilot
cells. When all O-LSI data cells have been introduced frequency interleaving is performed symbol by
symbol, see clause 9.11. Before frequency interleaving the different parts appear one after the other,
with all cells belonging to a part in a homogenous group, as shown in figure x. After frequency
interleaving, the data cells of a particular part is quasi-randomly distributed over the full bandwidth.

NOTE: Since the frequency interleaving is the same, irrespective of REUSE_ID, for a given symbol
index, the original orthogonality of data cells (and pilot patterns) between different REUSE_ID
transmissions, will remain valid also after frequency interleaving.

10.1.3 O-LSI scattered pilot patterns
10.1.3.1 Location of O-LSI scattered pilot patterns

The scattered pilot patterns for the O-LSI starting and closing symbols are identical and denser than
the patterns of any intermediate O-LSI symbols.

The location of scattered pilot patterns for O-LSI starting/closing symbols, or intermediate symbols,
are based on the corresponding regular scattered pilot patterns for the frame closing symbol and the
normal symbols respectively, as defined in annex H. Table 90 shows the allowed PPs for O-LSI
depending on FFT size.

Table 90: Allowed combinations of FFT sizes and pilot patterns (PP) for O-LSI

FFT size Allowed pilot patterns (PPs)
16K PP6 PP4
8K PP7 PP5
4K PP5 PP3
2K PP3 -
1K NA NA

The PP for the transmitter with REUSE_ID =1 is defined by the following four steps:
1. Start with the corresponding PP taken from table 90 using the same entry (e.g. PP7)
2. Letthe carrier index = 0 be a CP for all O-LSI symbols
3. Let the carrier index K.,,,-M be a CP in all O-LSI symbols

4. Let the carriers with index > K,.,-M be non-pilots in all O-LSI symbols
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The PP of a transmitter using REUSE_ID >1 is given by taking the PP of REUSE_ID =1 and shift this
REUSE_ID -1 cells in the direction of increasing carrier index.

Note: The respective PPs from all M transmitters are now orthogonal and each of them may be used
for channel estimation of the signal received from the respective transmitter, or set of transmitters
using the same REUSE_ID.

10.1.3.2 Power level of scattered pilot cells

The scattered pilot cells of O-LSI PPx shall be transmitted with a total boosting factor, which is the
pilot boosting, relative to the power of the transmitted non-zero data cells, as specified in clause
11.1.3.2, followed by a normalization factor K*V(REUSE_FACTOR). The value of K is defined in clause
10.1.5.

10.1.3.3 Modulation of scattered pilot cells

The phases of the scattered pilot cells are derived from the reference sequence given in
clause 11.1.2.
The corresponding modulation is given by:

Re{Cm,Lk} =2 ASP (1/2 - f/,k)

Im{Cpm,} =0

Where m is the NGH frame index, k is the frequency index of the carriers and / is the time index of
the symbols.

10.1.4 O-LSI continual pilots
10.1.4.1 Overview

In addition to the PPs defined above the O-LSI part of the frame also consists of continual pilots (CPs)
as defined in this paragraph.

In contrast to the data cells and PPs, which need to be orthogonal from the M transmitters, the set of
continual pilots, defined in this paragraph, is the same irrespective of the value of REUSE_ID.

10.1.4.2 Location of O-LSI CPs

In contrast to the rest of the NGH signal (i.e. non-0-LSI), where the carrier index for a continual pilot
may coincide with the carrier index of a scattered pilot, these two pilot types must be separated for
O-LSlI, since the CPs apply to all transmitters, whereas each transmitter (or group of transmitters)
transmits a dedicated scattered pilot pattern.

The set of CP indices for O-LSlI, for a given FFT size and pilot pattern, are the same as in the
corresponding set of CPs for the rest of the NGH signal (see annex H), except when there is a collision
between the CP index and a scattered pilot index. When a CP coincides with a scattered pilot, cell
the closest carrier index that does not coincide with a SP shall be selected for this particular CP.
When two cases are equally close the one with the highest carrier index shall be selected.

10.1.4.3 Power level of CP cells

The CPs of O-LSI shall be transmitted with a boosting factor, which is the same boosting as is used for
the actual scattered pilot pattern multiplied by V(REUSE_FACTOR)..
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10.1.4.4 Modulation of continual pilot cells

The phases of the continual pilots are derived from the reference sequence given in clause 11.1.2.
The corresponding modulation is given by:

Re{Cm/[’k} =2 ASP (1/2 - f/,k)

Im{Cpm,} =0

Where m is the NGH frame index, k is the frequency index of the carriers and / is the time index of
the symbols.

10.1.5 Normalisation factor K

A normalization factor K shall be applied to all O-LSI cells (data, SPs, CPs) in such a way that the
power of the O-LSI starting and closing symbols have the same expected average power level as the
P2 symbol.

10.2  Hierarchical local service insertion (H-LSI)

Hierarchical local service insertion is used to insert new services in an isolated transmitter or group of
transmitters within a single frequency network. In using this method, a local service PLP is
hierarchically modulated over an appropriate regional service PLP, which already exists within the
SFN. Receivers can either continue to receive the regional service PLP or jump to the hierarchically
modulated local service PLP. Hierarchical local services are inserted over Type 1 PLPs carried in
Logical channel Types A and D. The PLP_ID of the regional or national PLP over which local service is
hierarchically modulated is signalled in L1-POST in the NATIONAL_PLP_ID field of the local service
PLP.

10.2.1  Overview

For each NGH frame carrying QAM cells of the regional PLP whose PLP_ID is equal to
NATIONAL_PLP_ID field of the local service PLP, the local service PLP data is hierarchically modulated
using QPSK onto the regional PLP QAM cells. Figure 78 illustrates a typical BICM chain for HLSI in the
lower branch.

Regior)al

PLP bits Ehi’gdcer L, Ma‘i‘:)er > TIL > gfi‘lg‘:r > FL
Hier |
QAM

Local

S Ehlchgar > MaB;:)er > LS > BI?JLiJI:JS;r > A > Pli_lils >

Figure 78: Signalling flow for local insertion BICM and hierarchical modulation

The local service PLP bits are first encoded using one of the LDPC codes as described in clause 6.1 and
are then mapped into bit pairs for later QPSK modulation. The output of the bit mapper goes through
the time interleaver as described in clause 6.6. This time interleaver uses the same configuration as
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the regional PLP whose PLP_ID is equal to NATIONAL_PLP_ID field of this local service PLP. The local
service PLP (L-PLP) is said to be carried on top of a regional PLP (R-PLP). The burst builder collects
enough cells of the L-PLP to cover a given number of cells of the R-PLP within the particular NGH

frame for a particular transmitter. The maximum number of cells (BURST_LEN * N_,,) in one LS burst

is taken from an integer number (BURST_LEN) of FECFRAMES each providing N g5 = Ny, /2 = 8100
(since the L-PLP always uses QPSK). The burst builder also creates a burst header in accordance with
clause 10.2.3 to carry the signalling related to the LS burst. This burst header is then added to the
beginning of the LS burst to form a complete LS frame of total length [64 + (BURST_LEN * N ).

Figure 79 illustrates the structure of the LS-frame.

0 63 63+BURST_LEN*Ncells

FECFrame

Header FECFrame#1 FECFrame#2 FECFrame#3 FECFrame#4 #BURST_LEN

Figure 79: Structure of the LS frame

Cells of the LS-frame are allocated to the logical frame from a start address that is the same as the
starting address of the R-PLP over which the local service will be inserted in the current logical frame.
When frequency interleaving begins, sequences of C g, L-PLP cells are taken in turn from the logical

frame. Each sequence is then frequency interleaved as described in clause 9.11. Local service pilots
are then added to each frequency interleaved sequence as described in clause 10.2.5. Each sequence
now contains the right number of L-PLP cells and pilots needed to hierarchically modulate all the
non-pilot R-PLP QAM cells that fit into a single OFDM symbol. The QAM labels from the R-PLP enter
the high priority port and the QPSK labels from the L-PLP enter the low priority port of a hierarchical
modulator which functions as described in clause 10.2.6.

10.2.2 L1 signalling for hierarchical local service

The L-PLP shall be signalled in L1-POST as a data PLP of Type 4 . Accordingly, the related section of L1-
POST has the field NATIONAL PLP_ID used to indicate R-PLP which this particular L-PLP will
hierarchically modulate. This signalling in L1-POST is made up of 17 bits partitioned between three
parameters as follows:

e ALPHA: This 3 bit field shall signal the hierarchical modulation parameter used for the
modulation of the L-PLP in the current logical frame according to table 91

Table 91: Signalling format for LDPC code rates of HLSI FECFRAMES

Bit Pattern QL value
000 a=1
001 a=2
010 a=3
011 =4
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100-111 RFU

e REUSE_FACTOR: This 3-bit field indicates the number of slots used for the hierarchical local
service insertion time division multiplex (TDM) frame i.e. the number of neighbouring
transmitters that take turns to insert different local services on top of the given R-PLP or
anchor PLP.

e REUSE_SNUM: This 3-bit field is the TDM slot number of the HLSI burst in the current NGH-
frame for the particular L-PLP.

e NATIONAL_PLP_ID: This 8-bit field indicates the PLP_ID of the national or regional PLP on top
of which the current L- PLP is hierarchically modulated.

10.2.3 LS burst header encoding

For a particular L-PLP with PLP-ID = LPLP-ID, one slice of the L-PLP occurs in any logical frame that
carries cells of the L-PLP. The LS burst header at the head of the LS frame carries 16 bits of
information which signal the following:

e LPLP-ID: This 8 bit field carries the PLP-ID of the L-PLP associated to the R-PLP that is being
hierarchically modulated by the L-PLP.

e LPLP_COD: This 4 bit field shall signal the LDPC code rate used for all FECFRAMES in the LS-
frame of according to table 92.

Table 92: Signalling format for LDPC code rates of FECFRAMES in LS-frame

Bit Pattern LDPC Code Rate
0000 3/15
0001 4/15
0010 5/15
0011 6/15
0100 7/15
0101 8/15
0110 9/15
0111 10/15
1000 11/15
1001 to 1111 Reserved for future use
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e BURST_LEN: This 4 bit field shall signal the number of FECFRAMES present in the LS burst to

which this LS burst header relates.

The encoding of the LS burst beader ensures a robust synchronisation and decoding of the LS
signalling data. Therefore, the encoding scheme shown in figure 80 is applied. Initially, the 16

signalling bits are encoded with a Reed-Muller (32,16) encoder. The RM(32, 16) codeword is then
replicated to give a dual-codeword of 64 bits. Subsequently, each bit of the 64 bit dual-codeword
goes through both an upper and a lower branch. The lower branch applies a cyclic shift on each dual-
codeword and scrambles the resulting bit sequence using a specific Walsh-Hadamard sequence. The
data is then mapped onto bit pairs with the upper branch providing the LSB and the lower branch
providing the MSB of each pair. The resulting 64 QPSK labels form the LS Burst Header. This burst

header is then concatenated to the beginning of the LS Burst QAM labels to form the LS frame.

Figure 80 illustrates how the signalling bits are treated to create 64 bits which are then used to
create the 64 QPSK cells of the LS burst header.

Signalling "y A
\ , ‘
bits | RM(32,16) —m Rep(1,2) '

bi

2 bits

Cyclic delay

\

Ui

yqu

QPSK
MAP

Y1iq

WH
Sequence

Figure 80: Encoding of the LS Burst Header

10.2.3.1 LS burst header coding

64 QPSK
symbols

The 16 signalling bits are encoded with a Reed-Muller (32,16) code. The generator matrix for this

Reed-Muller (32,16) code G is as follows:
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Table93: Definition of the Reed-Muller encoder matrix

The 32 Reed-Muller encoded bits vector 4 = [/7,0,...,/131] is obtained by the matrix multiplication of

the 16 bit long signalling data vector b = [bm---abls] with the generator matrix, i.e.
A =b-G

All operations are applied modulo 2. Replication produces A from A as follows:
A=[1]4]

10.2.3.2 Cyclic delay

As depicted in figure 80the replicated codeword bits A,- of the lower branch shall be cyclically

delayed by two values within each replicated codeword. The output of the cyclic delay block shall be:
u(i+2)mod64 = Ai l = O,l,..,63

10.2.3.3 Scrambling of the lower branch

The lower branch data is scrambled with one of the 64 chip Walsh-Hadamard scrambling sequences
taken from the first REUSE_FACTOR entries of table 94. Each sequence is given in hexadecimal
notation with the MSB first. The choice of n (the sequence number for W,, ) for use at a particular
transmitter shall be determined by the operator and signalled as the value REUSE_SNUM in the L1-
post signalling as described in clause 8.1.3.1. The number of sequences from this table 94 that can be
assigned to neighbouring cells or cell clusters in a given network is set by the REUSE_FACTOR
parameter in the L1-POST ???? signalling. This number shall indicate the cell re-use pattern adopted
by the operator for transmitting local services over neighbouring SFN cells.

Table 94: Scrambling sequences for the 7-cell re-use pattern

N Wh
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0 9696696969699800
1 AAAAAAAAAAAAASBO0
2 C3C3C3C€33C3C4000
3 FOFOOFOFOFOFFO0O0
4 5A5A5A5A5A5A5800
5 6969969669699800
6 3333CCCC3333CC00
7 3C3CC3C3C3C33C00

The 64 bit output sequence v, is obtained by XOR-ing the cyclically shifted data u, and the

scrambling sequence W, (i) where n is the number of the chosen sequence:
v, =u, ®W (i) i=0,L..,63

10.2.4 Frequency interleaving of local service cells

The frequency interleaver pertaining to the FFT mode of the NGH-frame is used to interleave the
local service cells of each OFDM symbol. As C ¢, < C,..., the frequency interleaver address generator

described in clause 9.11 only needs to generate C g, instead of the usual C,,, addresses. Otherwise,

the frequency interleaver for the local service cells functions in much the same way as for the normal
OFDM cells. The values of C, for different pilot patterns are can be derived for normal data symbols

from each entry of table 79 by C¢; = 2Cy,;,~ Naata + 1. For frame closing symbols, the value can be

similarly derived from the entries in table 80 and table 81 as:

C|_s| = CFc' (Ngata - Nec -1).

10.2.5 Insertion of local service pilots

The local service frequency interleaver outputs N, cells for use in the hierarchical modulation of
each OFDM symbol. The number of L-PLP payload cells per OFDM symbol N, is less than the
number of R-PLP payload cells per symbol N, because not all of the R-PLP payload cells in the

symbol will be hierarchically modulated with L-PLP payload cells. Some R-PLP payload cells are
instead hierarchically modulated by LS scattered pilots. These pilots are to be used at the receiver to
estimate the channel to the LS insertion transmitter.

10.2.5.1 Location of local service pilot cells

For the symbol of index | ( ranging from 0 to L-Lp,), OFDM sub-carriers for which index k belongs to
the carrier subset

S=1{k=Ky;,+D,(ImodD,) + (D,D,}p| pinteger, p>0,k € [K,;; K
p is an integer that takes all possible values greater than or equal to zero, provided that the resulting
]. Foreachk €S, K_. <k+1 <K

min =

maxl | @re scattered pilots. In this,

value for k does not exceed the valid range [K,,i,;Kax max Marks the
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position of a local service pilot. In the absence of LS insertion, this carrier k+1 would normally be
modulated only by a R-PLP data cell, a continuous pilot or be a reserved tone. Whenever such a
carrier is modulated by a continuous pilot or is a reserved tone, a LS pilot is not inserted. However,
when modulated by a data cell of the R-PLP, a local service pilot can be used to hierarchically
modulate the data cell. Figure 81 illustrates the locations of local service pilot cells in relation to the
normal scattered pilots for the case where the scattered pilots have D, = 3, D, = 4.

Kiin

@,
=)

0

8

900

%, 4
9000 000
10000090000

-
e
o

@)
)

@ Normal scattered pilot cell
(O Regional PLP data cell

@ Regional PLP data cell with LS pilot

Figure 81: Example LS pilot locations for Dx = 3, Dy = 4

10.2.5.2 Amplitude of local service pilot

The local service pilot for carrier k has amplitude:

1+ j@2w, = 1)

d 2

Where {k = K, + Dx (I mod D) + (DD,+ 1)p ! pinteger,p=0andk € [K ;. K, .J} and wyis the k-th

max

bit of the symbol-level reference PRBS.

10.2.6 Hierarchical modulator

Data cells in one OFDM symbol are hierarchically modulated with the R-PLP as the high priority
stream and the L-PLP or local service pilot as the low priority stream. The constellations and the Gray
code mapping used for these are illustrated in figures G.5. to G.8.

The exact shapes of the constellations depend on the parameter o, which can take the values 1, 2, 3
or 4, thereby giving rise to the constellations in figures G.5. to G.8. a is the minimum distance
separating two constellation points carrying different high priority bit values divided by the minimum
distance separating any two constellation points.

Non-hierarchical transmission uses the same uniform constellation as the case when a =1.
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The exact values of the constellation points are z €{ Re(zq) +j Im(zq) } with values of Re(zq) , Im(zq)
for each combination of the relevant input bits Veq given in tables 95 to 100for the various

constellations:

Table 95: Constellation mapping for real part of QPSK

Yo,q 1 0
Re(z,) -1 1

Table 96: Constellation mapping for imaginary part of QPSK

Yiq 1 0
Im(zq) -1 1

Table 97: Constellation mapping for real part of 16-QAM

yo,q 1 1 0 0
Vo 0 1 1 0
Re(z,) [0L = 1] -3 o 1 3
Re(z,) ) [OL = 2] 4 -2 2 4
I 2 4 6

Re(z) ) [0 = 4]

Table 98: Constellation mapping for imaginary part of 16-QAM

Yig 7 7 0
Vo 0 1 1 0
Im(z,) [0 = 1] -3 - 1 3
) 2 2 2

Im(z;) ) [0L =2]
6 ) 2 6

Im(z)) [0 = 4]

Table 99: Constellation mapping for real part of 64-QAM

Yoq 1 1 1 1 0 0 0 0
Y, 0 0 1 1 1 1 0 0
A 0 1 1 0 0 1 1 0

y4,q
Re(z;) [0L = 1] -7 5 ) -1 1 3 5 7
Re(z,) [0. = 3] 13 11 5 -3 3 5 11 13

Table 100: Constellation mapping for imaginary part of 64-QAM

Vig 1 1 1 1 0 0 0 0
Vs 0 0 1 1 1 1 0 0
A 0 1 1 0 0 1 1 0

Y5,9
Im(z) [0L = 1] -7 5 -3 -1 1 3 5 7
Im(z,) [0 = 3] -13 11 -5 -3 3 5 11 13
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The Yuq denote the bits representing a complex modulation symbol z. In each case, the transmitted

complex symbol c is derived by normalising z according to table 101.
For hierarchical 16-QAM:

The high priority bits are the y, ;. and y, . bits from the regional PLP. The low priority bits are y, .
and Y3q bits from the local service PLP. The mappings of figures G.5, G.6 and G.8 are applied as

appropriate.

For example, the top left constellation point, corresponding to 1 000 represents y, . =1,
Yi,q = Ya,q = V3,4 = 0. If this constellation is decoded as if it were QPSK, the high priority bits, yg 4,
Y1, = 1,0 will be deduced. To decode the low priority bits, the full constellation shall be examined

and the appropriate bits (y, o, Y3 /) extracted from vy, o, V1 4 V2. qv V3 gt
For hierarchical 64-QAM:

The high priority bits are yo ; Y1 ¢ Y g ¥3,q from the regional PLP. The low priority bits are y, . and
Ys,q from the local service PLP. The mappings of figures G.5 or G.7 are applied as appropriate. If this
constellation is decoded as if it were 16-QAM, the high priority bits, v, o, V1 o V2 q» V3,4 Will be
deduced.

To decode the low priority bits, the full constellation shall be examined and the appropriate bits

(y4’q., yslq.,) extracted from Yoq Yiq” Y207 Y347 Yaqr Vs,q.

Table 101: Normalisation factors for data symbols

Modulation scheme Normalisation factor
QPSK c=2zh2
16-QAM o =1 c=zN10

a=2 c = zh20
a=4 c =zN52
64-QAM o=1 c=2zN42
o=3 c =z\162
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11 OFDM generation

The function of the OFDM generation module is to take the cells produced by the frame builder, as
frequency domain coefficients, to insert the relevant reference information, known as pilots, which allow
the receiver to compensate for the distortions introduced by the transmission channel, and to produce
from this the basis for the time domain signal for transmission. It then inserts guard intervals and, if
relevant, applies PAPR reduction processing to produce the completed NGH signal.

11.1 Pilot insertion

11.1.1  Introduction

Various cells within the NGH frame are modulated with reference information whose transmitted value is
known to the receiver. Cells containing reference information are transmitted at "boosted" power level.
The information transmitted in these cells are scattered, continual, edge, P2 or frame-closing pilot cells. The
locations and amplitudes of these pilots are defined in clauses 11.1.3 to 11.1.8 for SISO transmissions, and
are modified according to clauses 11.1.9 and 11.1.10 for MISO transmissions. The value of the pilot
information is derived from a reference sequence, which is a series of values, one for each transmitted
carrier on any given symbol (see clause 11.1.2).

The pilots can be used for frame synchronization, frequency synchronization, time synchronization, channel
estimation, transmission mode identification and can also be used to follow the phase noise.

Table 102 gives an overview of the different types of pilot and the symbols in which they appear.

Table 102: Presence of the various types of pilots in each type of symbol (X=present)

Symbol PILOT TYPE
Scattered Continual Edge P2 FRAME-CLOSING
P1
P2 X
Normal X X X
Frame closing X X

The following clauses specify values for Cm ke for certain values of m, / and k, where m and [ are the
NGH-frame and symbol number as previously defined, and k is the OFDM carrier index (see clause 11.4).

11.1.2 Definition of the reference sequence

The pilots are modulated according to a reference sequence, r;,, where / and k are the symbol and carrier
indices as previously defined. The reference sequence is derived from a symbol level PRBS, w, (see clause
11.1.2.1) and a frame level PN-sequence, pn, (see clause 11.1.2.2). This reference sequence is applied to all

the pilots (i.e. Scattered, Continual Edge, P2 and Frame Closing pilots) of each symbol of a NGH frame,
including both P2 and Frame Closing symbols (see clause 9.9).

The output of the symbol level sequence, w,, is inverted or not inverted according to the frame level
sequence, pn,, as shown in figure 82.

The symbol-level PRBS is mapped to the carriers such that the first output bit (w,) from the PRBS coincides
min) IN 1K, 2K'and 4K. In 8K and 16K bit w,, coincides with the first active
in the extended carrier mode. In the normal carrier mode, carrier k=K ;. is modulated by

with the first active carrier (k=K

carrier (k=K,i,)
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the output bit of the sequence whose index is K, (see table 113 for values of K,). This ensures that the
same modulation is applied to the same physical carrier in both normal and extended carrier modes.

A new value is generated by the PRBS on every used carrier (whether or not it is a pilot).

Hence:

ext

I LS @ pn;  normal carrier mode
! w @ pmy extended carrier mode

iCarrier clock

Symbol reset
—p

PRBS sequence

Reference
sequence, Ik

iSymboI clock

Frame reset
——> PN-sequence

Figure 82: Formation of the reference sequence from the PN and PRBS sequences
11.1.2.1 Symbol level
The symbol level PRBS sequence, w;is generated according to figure 83.

The shift register is initialized with all '1's so that the sequence begins wy, w,, w,... =
1,1,1,1,1,1,1,1,1,1,1,0,0...

Initialization

sequence
1 1 1 1 1 1 1 1 1 1 1
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 [~ delay [# delay [™ delay [ delay ™ delay delay [-® delay

(

Figure 83: Generation of PRBS sequence

PRBS sequence starts: 1111111111100...

The polynomial for the PRBS generator shall be:
X11 + X2+ 1 (see figure 83)

NOTE: This sequence is used regardless of the FFT size and provides a unique signature in the time
domain for each FFT size and also for each pilot pattern configuration.
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11.1.2.2 Frame level

Each value of the frame level PN sequence is applied to one OFDM symbol of the NGH frame. The length of
the frame level PN-sequence N, is therefore equal to the NGH frame length L, (see clause 9.9.1) i.e. the

number of symbols in the NGH frame excluding P1. Table 103 shows the maximum length of PN sequence
for different FFT modes in 8 MHz channels. The maximum number of symbols per frame will be different
for channel bandwidths other than 8 MHz (see table 112). The greatest possible value of N, is 2 624 (for

10 MHz bandwidth).

Table 103: Maximum lengths of PN sequences for different FFT modes (8 MHz channel)

FFT mode Maximum sequence length, N,
(chips)
1K 2098
2K 1081
4K 540
8K 276
16K 138

The sequence (pn, pny, ..., Pnypy.;) Of length Np =L, shall be formed by taking the first N, bits from an
overall PN-sequence. The overall PN sequence is defined by table 104, and each four binary digits of the
overall sequence are formed from the hexadecimal digits in table Error! Reference source not found.
taking the MSB first.

NOTE: The overall PN-sequence has been optimized by fragment by using as starting point the fully
optimized short PN-sequence of length 15. Each relevant length of a given PN-sequence
derives from this latter sequence. This unique sequence can be used to achieve frame
synchronization efficiently.

Table 104: PN sequence frame level (up to 2 624 chips) hexadecimal description

4DC2AF7BD8C3C9A1E76C9A090AF1C3114F07FCA2808E9462E9AD7B712D6F4AC8A59BB069CCS50BF1149927E6B
B1C9FC8C18BB949B30CD09DDD749E704F57B41DEC7E7B176E12C5657432B51B0B812DFOE14887E24D80C97F09
374AD76270E58FE1774B2781D8D3821E393F2EAOFFD4D24DE20C05D0BA1703D10E52D61E013D837AA62D007CC
2FD76D23A3E125BDE8ASA7C02A98B70251C556F6341EBDECB801AADSDOFB8CBEA80BB619096527A8C475B3D8
DB28AF8543A00EC3480DFF1E2CDA9F985B523B879007AA5D0CES58D21B18631006617F6F769EB947F924EA5161E
C2C0488B63ED7993BASEF4E552FA32FC3F1BDB19923902BCBBESDDABB824126E08459CA6CFA0267E5294A98C6
32569791E60EF659AEE9518CDF08D87833690C1B79183ED127E53360CD86514859A28B5494F51AA4882419A25A2

D01A5F47AA27301E79A5370CCB3E197F

11.1.3 Scattered pilot insertion

Reference information, taken from the reference sequence, is transmitted in scattered pilot cells in every
symbol except P1, P2 and the frame-closing symbol (if applicable) of the NGH frame. The locations of the
scattered pilots are defined in clause 11.1.3.1, their amplitudes are defined in clause 11.1.3.2 and their
modulation is defined in clause 11.1.3.3.

11.1.3.1 Locations of the scattered pilots

A given carrier k of the OFDM signal on a given symbol / will be a scattered pilot if the appropriate equation
below is satisfied:

kmod(Dy .Dy) =Dy (ImodDy) normal carrier mode
(k—K,;)mod(Dy .Dy) = Dy (ImodDy) extended carrier mode

where: Dy, Dy are defined in table Error! Reference source not found.:
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I € [Np,; Li-2] when there is a frame closing symbol; and

I € [Np,; Li-1] when there is no frame closing symbol.

Np, and L are as defined in clause 9.9.1 and K_,, is defined in table 113.

Table 105: Parameters defining the scattered pilot patterns

. Separation of pilot bearing Number of symbols forming one scattered
Pilot pattern carriers (Dy) pilot sequence (Dy)
PP1 3 4
PP2 6 2
PP3 6 4
PP4 12 2
PP5 12 4
PP6 24 2
PP7 24 4

The combinations of scattered pilot patterns, FFT size and guard interval which are allowed to be used are

defined in table 106 for SISO mode and in table 107 for MISO mode.

NOTE 2: The modifications of the pilots for MISO mode are described in clause 11.1.9.

Table 106: Scattered pilot pattern to be used for each allowed combination
of FFT size and guard interval in SISO mode

Guard interval

FFT size 1128 | 1/32 | 1/16 | 19/256 | 1/8 |19/128 | 1/4
PP2 | PP2 | PP2
16K pp7 | PP7 | PP4 1 ppg | pp3 | pP3 | PP
PP6 | PP5
PP5
PP2 | PP2
PP7 | PP4 | PP4 PP1
8K PP7 | bps | ppe | ppe | PP3 | PP3
PP7 | PP4 PP2
4K, 2K NA | bpa | pps NA PP3 NA PP1
PP4 PP2
1K NA NA | ppe NA PP3 NA PP1

Table 107: Scattered pilot pattern to be used for each allowed combination
of FFT size and guard interval in MIXO mode

Guard interval

FFT size 1128 | 1/32 | 1/16 | 19/256 | 1/8 |19/128 | 1/4
PP4 | PP4 | PP3 | PP3 | PP1 | PP1

16K PP5 e
PP4 | PP4 | PP3 | PP3 | PP1 | PP1

8K PP5 | PP5 A

PP4
4K, 2K NA | ppe | PP3 | NA [ PP1 | NA | NA
K NA | NA | PP3 | NA | PPl | NA | NA

NOTE 1: When the value DD, (with Dy and D, taken from table 105) is less than the reciprocal of the
guard interval fraction, it is assumed that frequency only interpolation will be used in SISO

mode, and hence the frame closing symbol is also not required.

The scattered pilot patterns are illustrated in annex J.
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11.1.3.2 Amplitudes of the scattered pilots

The amplitudes of the scattered pilots, Ap, depend on the scattered pilot pattern as shown in table 108.

Table 108: Amplitudes of the scattered pilots

Scattered pilot pattern Amplitude (Agp) Egg;a(lgg;
PP1, PP2 4/3 2,5
PP3, PP4 7/4 4,9
PP5, PP6, PP7 7/3 7.4

11.1.3.3 Modulation of the scattered pilots
The phases of the scattered pilots are derived from the reference sequence given in clause 11.1.2.
The modulation value of the scattered pilots is given by:
Re{c,, it =2 Agp (1/2 1))
Im{c,, ;=0

where A, is as defined in clause 11.1.3.2, r; , is defined in clause 11.1.2, m is the NGH frame index, k is the
frequency index of the carriers and / is the time index of the symbols.

11.1.4 Continual pilot insertion

In addition to the scattered pilots described above, a number of continual pilots are inserted in every
symbol of the frame except for P1 and P2 and the frame closing symbol (if any). The number and location of
continual pilots depends on both the FFT size and scattered pilot pattern PP1-PP7 in use (see clause 11.1.3).

11.1.41 Locations of the continual pilots

The continual pilot locations are taken from one or more "CP groups" depending on the FFT mode.
Table yyy indicates which CP groups are used in each FFT mode. The pilot locations belonging to each CP
group depend on the scattered pilot pattern in use; table yyy gives the carrier indices k; ;¢ for each pilot
pattern in the 16K FFT mode. In other FFT modes, the carrier index for each CP is given by k = k; ;5 mod

Koqr Where K., for each FFT size is given in table 109.

mod’

Table 109: Continual pilot groups used with each FFT size

FFT size CP Groups used Kinod
1K CP, 816
2K CP,, CP, 1632
4K CP,, CP,, CP, 3264
8K CP,, CP,, CP5, CP, 6 528
16K CP,, CP,, CP,, CP,, CP, 13 056
11.1.4.2 Locations of additional continual pilots in extended carrier mode

In extended carrier mode, extra continual pilots are added to those defined in the previous clause. The
carrier indices k for the additional continual pilots are given in table H.2 (see annex H) for each FFT size and
scattered pilot pattern.
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11.1.4.3 Amplitudes of the continual pilots

The continual pilots are transmitted at boosted power levels, where the boosting depends on the FFT size.
Table 110 gives the modulation amplitude A, for each FFT size.

Table 110: Boosting for the continual pilots

FFT size 1K 2K 4K 8K 16K
Acp 4/3 4/3 (4N2)/3 8/3 8/3

When a carrier's location is such that it would be both a continual and scattered pilot, the boosting value
for the scattered pilot pattern shall be used (Agp).

11.1.4.4 Modulation of the continual pilots
The phases of the continual pilots are derived from the reference sequence given in clause 11.1.2.
The modulation value for the continual pilots is given by:
Refcy it =2 Acp (1/2 -1y,)
Im{c,,,,}=0.

where A, is as defined in clause 11.1.4.3.

11.1.5 Edge pilot insertion

The edge carriers, carriers k=K ;- and k=K

max are edge pilots in every symbol except for the P1 and P2

symbol(s). They are inserted in order to allow frequency interpolation up to the edge of the spectrum. The
modulation of these cells is exactly the same as for the scattered pilots, as defined in clause 11.1.3:

Re{le,,k} =2 ASP (1/2 -r,/k)

Im{ ¢, }=0.

11.1.6 P2 pilot insertion
11.1.6.1 Locations of the P2 pilots
In all modes (including MIXO), cells in the P2 symbol(s) for which k mod 3 = 0 are P2 pilots.

In extended carrier mode, all cells for which K, ;, < k < K., + Ko and for which K. - K. <k <K ., are also
P2 pilots.

11.1.6.2 Amplitudes of the P2 pilots
The pilot cells in the P2 symbol(s) are transmitted at boosted power levels. P2 pilots shall use an amplitude

J31

OfAP2: T .
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11.1.6.3 Modulation of the P2 pilots
The phases of the P2 pilots are derived from the reference sequence given in clause 11.1.2.
The corresponding modulation is given by:
Re{c,, 1} = 2Ap; (1/2-1)))
Im{c,, ;x}=0
where m is the NGH-frame index, k is the frequency index of the carriers and / is the symbol index.

11.1.7 Insertion of frame closing pilots

When any of the combinations of FFT size, guard interval and scattered pilot pattern listed in table 111 (for
SISO mode) is used, the last symbol of the frame is a special frame closing symbol (see also clause 9.9.2).
Frame closing symbols are always used in MIXO mode.

Table 111: Combinations of FFT size, guard interval and pilot pattern for
which frame closing symbols are used in SISO mode

FFT size Guard interval
1/128 1/32 116 19/256 1/8 19/128 1/4
PP7 PP4 PP4 PP2 PP2
16K PP6 PP5 PP5 PP3 PP3 PP1
PP4 PP4 PP2 PP2
8K PP7 1 pps | Pps | PP3 | PPz | PP1
PP4 PP2
4K, 2K NA PP7 PP5 NA PP3 NA PP1
PP4 PP2
1K NA NA PP5 NA PP3 NA PP1
NOTE: The entry 'NA' indicates that the corresponding combination of FFT size
and guard interval is not allowed. An empty entry indicates that the
combination of FFT size and guard interval is allowed, but frame closing
symbols are never used.

11.1.7.1 Locations of the frame closing pilots

The cells in the frame closing symbol for which k mod Dy = 0, except when k=K, and k =K, .., are frame
closing pilots, where D, is the value from table 105 for the scattered pilot pattern in use. With an FFT size of
1K with pilot patterns PP4 and PP5, and with an FFT size of 2K with pilot pattern PP7, carrier K,.-1 shall be
an additional frame closing pilot.

NOTE: Cells in the frame closing symbol for which k = K, or k = K., are edge pilots, see
clause 11.1.5.

11.1.7.2 Amplitudes of the frame closing pilots
The frame closing pilots are boosted by the same factor as the scattered pilots, Agp.
11.1.7.3 Modulation of the frame closing pilots
The phases of the frame closing pilots are derived from the reference sequence given in clause 11.1.2.
The corresponding modulation is given by:
Re{c,, it = 2Asp (1/2-1)

Im{cm’,’k} =0
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Where m is the NGH-frame index, k is the frequency index of the carriers and / is the time index of the
symbols.

11.1.8 Amplitudes of pilots in the presence of intentional power imbalance
(SISO)

SISO frames, where they are transmitted through a physical pair of antennas, and in the presence of
intentional power imbalance (clauses 7.6 and 17) shall have the same imbalance applied to all pilot types in
the frame, such that the ratio of the average power of data and reference signals is preserved on the
output to be fed to each transmit antenna.

The following equation describes this, where ¢, r epresents any type of pilot on the SISO output and

m,l,k

c,..«Ix(1)and c; , Tx(2)the corresponding pilots sent to antennas 1 and 2 after the imbalance has been

applied:
Crur i Tx(1) _ \/E 0 Con ik
C:n,l,ka(2) 0 1— 0 || s

B is given as a function of imbalance in table30.

11.1.9 Modification of the pilots for MIXO

In MIxO modes, the phases of the scattered, continual, edge and frame-closing pilots are modified in the
signal transmitted from any transmitter from transmitters in MIXO group 2.

The scattered pilots from transmitters in MIXO group 2 are inverted compared to MIXO group 1 on
alternate scattered-pilot-bearing carriers:

Re{cm,[,k }: 2D Px Agp1/2- k)
|m{ Cm,/,k } = 0

The continual pilots from transmitters in MIXO group 2 falling on scattered-pilot-bearing carriers are
inverted compared to MIXO group 1 on carriers for which the scattered pilots are inverted, continual pilots
on non-scattered-pilot-bearing carriers are not inverted:

Refe, 11 |- 2(-D)'Px Acp(1/2-1,;) kmodDy =0
" 2Acp(1/2-11) otherwise

Im{ cm’,’k}=0.

NOTE: Those cells which would be both a continual and a scattered pilot are treated as scattered
pilots as described above and therefore have the amplitude Ag;.

The edge pilots from transmitters in MIXO group 2 are inverted compared to MIXO group 1 on
odd-numbered OFDM symbols:

Re{c,, it =2 (-1) Agp (1/2-1))
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|m{ Cm,l,k } =0.

The P2 pilots from transmitters in MIXO group 2 are inverted compared to MIXO group 1 on carriers whose
indices are odd multiples of three:

Reley, 14 | 2-D*3 Apy(1/2-1;) kmod3=0
mlk 2Apy(1/2=11 1) otherwise

Im{ cm',,k}=0.

The frame closing pilots from transmitters in group 2 are inverted compared to group 1 on alternate
scattered-pilot-bearing carriers:

Re{cm,l,k }: 2(-D*'Px Agp(1/2 —7k)
|m{ Cm,l,k } = 0

The locations and amplitudes of the pilots in MIXO are the same as in SISO mode for transmitters from both
MIXO group 1 and MIXO group 2, but additional P2 pilots are also added.

In normal carrier MIXO mode, carriers in the P2 symbol(s) for which k= K,

+1, k= K,int2, k=K, .-2 and
k=K...x-1 are additional P2 pilots, but are the same for transmitters from both MIXO group 1 and MIXO

group 2.

In extended carrier MIXO mode, carriers in the P2 symbol(s) for which k= K, . +K . +1, k= K ;- +K. +2,
k=Kmax'K

oxt-2 and k=K -K_ -1 are additional P2 pilots, but are the same for transmitters from both MIXO

group 1 and MIXO group 2.
Hence for these additional P2 pilots in MIXO mode:
Re{c,, k} =2 Apy (1/2 1))
Im{ ¢, }=0.

Further additional P2 pilots are also added in MIXO mode in the cells adjacent to the tone reservation cells
which are not already defined to be P2 pilots except when these adjacent cells are also defined as tone
reservation cells.

The carrier indices k are therefore given:

k= ki"rl kim0d3=1,kiESP2,ki+1€SP2
ki -1 kim0d3:2,kl’ Esz,kl' _IESPZ

and S, is the set of reserved tones in the P2 symbol given in table I.1 in annex | .

11.1.10  Amplitudes of pilots in the presence of intentional power
imbalance (MIXO)

MISO or MIMO frames in the presence of intentional power imbalance (clauses 7.6 and17) shall have the
same imbalance applied to all pilot types in the frame, such that the ratio of the average power of data and
reference signals is preserved
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on the output to be fed to each transmit antenna.The following equation describes this, where Cm,l,ka(l)
and ¢, Tx(2) and represent any type of pilot on each the MIXO outputs and ¢, ,  Tx(1) and c,,, , Tx(2)
the corresponding pilots sent to antennas 1 and 2 after the imbalance has been applied:

XD [ 0 [ e TxD)
o 1-8 | e Tx2)

C:n,l,ka(z)
B is given as a function of imbalance in table 30.

11.2  Dummy tone reservation

Some OFDM cells can be reserved for the purpose of PAPR reduction and they shall be initially set to
Cm, 1 k=0+0/.

In P2 symbol(s), the set of carriers corresponding to carrier indices defined in table 1.1 shall be always
reserved in normal carrier mode. In extended carrier mode, the reserved carrier indices shall be equal to

the values from the table plus K. The reserved carrier indices shall not change across the P2 symbol(s),

i.e. keep the same positions across the P2 symbol(s).

In the data symbols excluding any frame closing symbol, the set of carriers corresponding to carrier indices
defined in table 1.2 (see annex |) or their circularly shifted set of carriers shall be reserved depending on
OFDM symbol index of the data symbol, when TR is activated by a relevant L1-pre signalling field, 'PAPR'".
The amount of shift between two consecutive OFDM symbols shall be determined by the separation of
pilot bearing carriers, D, and the number of symbols forming one scattered pilot sequence, Dy (see table

105 in clause 11.1.3.1). In the data symbol corresponding to data symbol index / of an NGH frame, the
reserved carrier set, S, shall be determined as:

iy + Dy *(ImodDy) normal carrier mode
= K . < <
K ir +Dx *([1 " DEXIJmOdDYJ extended carrier mod in €S50,0<n<Ngp,Npy <I<Npy+ Lyopmal
X

where S, represents the set of reserved carriers corresponding to carrier indices defined in table .2 and

Lnorma
closing symbol.

| denotes the number of normal symbols in an NGH frame, i.e. not including P1, P2 or any frame

When the frame closing symbol is used (see clause 11.1.7), the set of carriers in the frame closing symbol
corresponding to the same carrier indices as for the P2 symbol(s), defined in table I.1, shall be reserved
when TR is activated.

11.3  Mapping of data cells to OFDM carriers

Any cell ¢, ,, in the P2 or data symbols which has not been designated as a pilot (see clause 11.1) or as a
reserved tone (see clause 11.2) shall carry one of the data cells from the MISO processor, i.e. ¢, =
Thecellse,, |,
to ¢, of the symbol in increasing order of the carrier index k for the values of k in the range
K. ,<k<K

min = max

€m, 1 p°
for symbol / in NGH frame m shall be taken in increasing order of the index p, and assigned

designated as data cells by the definition above.
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11.4  IFFT - OFDM Modulation

This clause specifies the OFDM structure to use for each transmission mode. The transmitted signal is
organized in NGH-frames. Each NGH-frame has a duration of T, and consists of L. OFDM symbols. Each

symbol is constituted by a set of K, carriers transmitted with a duration Ts. It is composed of two parts: a
useful part with duration T, and a guard interval with a duration A. The guard interval consists of a cyclic
continuation of the useful part, T ;, and is inserted before it. The allowed combinations of FFT size and
guard interval are defined in table 114.

The symbols in an OFDM frame (excluding P1 and AP1) are numbered from 0 to L-1. All symbols contain

data and reference information and may also contain local service inserted data and its reference
information.

Since the OFDM signal comprises many separately-modulated carriers, each symbol can in turn be
considered to be divided into cells, each corresponding to the modulation carried on one carrier during one
symbol.

The carriers are indexed by k € [K i Kimax

] and determined by K

min and K. The spacing between adjacent

carriers is 1/T; while the spacing between carriers K., and K., are determined by (K,.,-1)/T.

The emitted signal, when neither FEFs nor PAPR reduction are used, is described by the following
expression:

0 max

s(t)=Re eﬂ”fftz plt mTF

X W1 (0)
m=0 m ; k; m,Lk m,lk

min

(when aP1 is absent)

LF -1 Knnx
_ j2rf.t
s(t)=Re e’” Z pl([ mT )+ap1 z Z mik % ‘//m,l,k(t)
n=0 27x KmmllOkK
(when aP1is
present)
where:
j27szT;(t—A—TP1 ~IT,~mTy) ( )T
— Tr +Tpy +T¢ <t<mTp +Tpy1 +\[ +1
‘//m,l,k(t) = mip ~1p] S mip +1p] S
0 otherwise
and:
k denotes the carrier number;
/ denotes the OFDM symbol number starting from 0 for the first P2 symbol of the frame;

m denotes the NGH-frame number;

is the number of transmitted carriers defined in table Error! Reference source not found.;
Le number of OFDM symbols per frame;

Ts  is the total symbol duration for all symbols except P1, and T = T, + A;
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Ty is the active symbol duration defined in table yyy;

A is the duration of the guard interval, see clause 11.6;

fe is the central frequency of the RF signal;

k' is the carrier index relative to the centre frequency, k' = k - (K, + Kinin) / 2;

Cmk is the complex modulation value for carrier k of the OFDM symbol number /in NGH frame number

m;

Tp; isthe duration of the P1 symbol, given by 7,,=2048T, and T is defined below;

T isthe duration of a frame, Ty = LpT, +Tpy;

p,(t) isthe P1 waveform as defined in clause 11.7.2.4.

ap,(t) is the AP1 waveform as defined in clause 11.7.3.2.

NOTE 1:

NOTE 2:

The power of the P1 symbol (and of the aP1 symbol when present) is defined to be essentially
the same as the rest of the frame, but since the rest of the frame is normalized based on the
number of transmitted carriers, the relative amplitudes of carriers in the P1 compared to the
carriers of the normal symbols will vary depending whether or not extended carrier mode is
used.

The normalization factor 5/,27 in the above equation approximately corrects for the average
increase in power caused by the boosting of the pilots, and so ensures the power of the P1
symbol is virtually the same as the power of the remaining symbols.

The OFDM parameters are summarized in table yyy. The values for the various time-related parameters are
given in multiples of the elementary period T and in microseconds. The elementary period T is specified for
each bandwidth in table 112. For 8K and 16K FFT, an extended carrier mode is also defined.

Table 112: Elementary period as a function of bandwidth

Bandwidth (MHz) Elementary Period T (us)
1.7 71/131
2.5 7/20
5 7/40
6 7/48
7 1/8
8 7/64
10 7/8
15 7/120
20 7/160
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Table 113: OFDM parameters

Parameter 1K 2K 4K 8K 16K
mode mode mode mode mode
Number of carriers K, | normal carrier mode 853 1705 3409 6817 13 633
extended carrier NA NA NA 6913 13 921
mode
Value of carrier number normal carrier mode 0 0 0 0 0
Kinin extended carrier NA NA NA 0 0
mode
Value of carrier number | normal carrier mode 852 1704 3408 6 816 13 632
Kax extended carrier NA NA NA 6912 13 920
mode
Number of carriers added on each side in 0 0 0 48 144
extended carrier mode K (see note 2)
Duration T, 1024T 2048T 4096T 8192T 16 384T
Duration T, us (see note 3) 112 224 448 896 1792
Carrier spacing 1/7, (Hz) 8929 4 464 2232 1116 558
(see notes 1 and 2)
Spacing between normal carrier mode 7,61 7,61 7,61 7,61 7,61
carriers K, and K., MHZz MHZz MHZz MHZz MHZz
(Kiotarr 1)/ Ty extended carrier NA NA NA 7,71 7,77
(see note 3) mode MHz MHz

NOTE 1:
NOTE 2:
mode.

Numerical values in italics are approximate values.
This value is used in the definition of the pilot sequence in both normal and extended carrier

NOTE 3:

Values for 8 MHz channels.

11.4.1 eSFN predistortion

The eSFN (enhanced SFN) processing is applied to decorrelate the transmitted signal between multiple
transmitters in an SFN configuration. The eSFN predistortion term for carrier k is calculated using

Sy N
D, :z{ew(z)),HRc(k_p. FFT ﬂ
p=0 L

where L=N,,. /512, N, =T, /T ,andk

’

=K ;> K, - The term H,.(n) is a Raised Cosine

function, which is shifted by (p . N%j The Raised Cosine function itself is defined as:

1
H o (n)=1{cos’ E—TC(M—
2a
0

4 < 12_Tj
l—aJ if 1—a<|n|gl+a
2T, 2T, 2T,

otherwise

with the time constant 7. = L/ N, and the roll-off-factor «=0.5.

The phase term @(p) recursively defines the phase of each Raised Cosine function and is obtained by:

ETSI



186 Draft ETSI EN 303 105 V1.1.1 (2012-11)

@( )_ TX,-27/3 if p=0
P)= @(p—1)+TXp-7z/4 else

in which the values TXP € {— 1,(),1}, with p =0,..., L, identify each transmitter within the network. An
example for a transmitter identification sequence in case of the 4K OFDM mode (i.e. L=8) s

TX =(TX,,...,TX;) =(0,1,0,-1,0,1,-1,1,0) . If only one transmitter identification sequence in the network is
used, it shall consist of zeros only, i.e. TX = (0,0,...,0,0)

11.5 PAPR reduction

Two modifications of the transmitted OFDM signal are allowed in order to decrease PAPR. One or both
techniques may be used simultaneously. The use (or lack thereof) of the techniques shall be indicated in L1
signalling (see clause 8.1). The active constellation extension technique is described in clause 11.5.1 and the
Tone Reservation Technique is described in clause 11.5.2. Both techniques, when used, are applied to the
active portion of each OFDM symbol (except P1), and following this, guard intervals shall be inserted (see
clause 11.6). The active constellation extension technique shall not be applied to pilot carriers or reserved
tones, nor when rotated constellations are used (see clause 6.4), nor when MISO is used (see clause 7).
When both techniques are used, the active constellation extension technique shall be applied to the signal
first.

11.5.1 Active constellation extension (ACE)

The active constellation extension algorithm produces a time domain signal x 4 that replaces the original
time domain signal x= [xo,xl,---,xNFFT_lj produced by the IFFT from a set of frequency domain values

X=|_X0’X1"”’XNFFT—1J'

Threshold : Vi

! "

X X X
— IFFT T4 LPF n/4 Clip

+ FFT 14 LPF n/4
<
+

C
Gain: G
’ 14
XC XC
+ Saturate

BN

Extendable Reilm X
ACE

. . . T T X
Extension Limit : L & ves ~ | R ACE
Extended —> = IFFT
& no — T Im
| |

Same sign? RTm

Figure 84: Implementation of the active constellation extension algorithm
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X = lxb,x{,---,xﬁ;_NFFT,lj is obtained from x through interpolation by a factor of 4.

The combination of IFFT, oversampling and lowpass filtering is implemented using zero padding and a four
times oversized IFFT operator.

X" = [x{,,xi’,u-,xZ,NFFT,lJ is obtained by applying a clipping operator to x'.

The clipping operator is defined as follows:

.X],( if "X/’( " < Vclip
Xp = kS if I .
Il if x> Velip

The clipping threshold V., is a parameter of the ACE algorithm.

Vclip '

X, = [XCvacl""’chFpT—IJ is obtained from x" through decimation by a factor of 4.

The combination of lowpass filtering, downsampling and FFT is implemented using a four times oversized
FFT operator.

X, is obtained from x_through FFT.

A new signal X is obtained by combining X, and xas follows:
X, =X+G-(X; —X)

The extension gain Gis a parameter of the ACE algorithm.

X is obtained from X using a saturation operator which operates separately with real and imaginary
components, ensuring that individual component magnitude cannot exceed a given value L.

Re{X(, | if [Relx/;|<L
Re{XZ, }=1 L if Refx,|>L
~L if Refxl,

|
X[} if [im{xy, | <
mfxlyf=1 L Im{x(
—Lif Im{X/f<-L

The extension limit L is a parameter of the ACE algorithm.

"

X 4cx IS then constructed by simple selection real and imaginary components from those of x, X.

if Re{X } is extendable
Re{XZ,|  AND[RelX7,|>[Re{x,}

Re{X s 1 |- AND Re{X!; }-Re{X;}>0

Re{X k } else

ETSI



188 Draft ETSI EN 303 105 V1.1.1 (2012-11)

if Im{X .} is extendable
m{X7 | AND|Im{ g,k}‘>|lm{xk}|
Im{X a4 }= AND Im{x ! }- Im{X; } > 0
Im{X, } else

X scg 1S Obtained from X, through IFFT.

A component is defined as extendable if it is an active cell (i.e. an OFDM cell carrying a constellation point
for L1 signalling or a PLP), and if its absolute amplitude is greater than or equal to the maximal component
value associated to the modulation constellation used for that cell; a component is also defined as
extendable if it is a dummy cell, a bias balancing cell or an unmodulated cell in the Frame Closing Symbol.
As an example, a component belonging to a 256 QAM modulated cell is extendable if its absolute amplitude

15
V170

The value for the gain G shall be selectable in the range between 0 and 31 in steps of 1.

is greater than or equal to

The clipping threshold V., shall be selectable in the range between +0 dB and +12,7 dB in 0,1 dB steps

above the standard deviation of the original time-domain signal.
The maximal extension value L shall be selectable in the range between 0,7 and 1,4 in 0,1 steps.

NOTE: If Lis setto 0,7 there will be no modification of the original signal. When Lis set to its
maximum value, the maximal power increase per carrier after extension is obtained for QPSK
and bounded to +6 dB.

11.5.2 PAPR reduction using tone reservation

The reserved carriers described in clause 11.2 shall not carry data nor L1/L2 signalling, but arbitrary
complex values to be used for PAPR reduction.

If the NGH_VERSION field (see clause 8.1.2) is set to a value greater than '0000', and the PAPR field is set to
a value of '0000', then 1 iteration only of the tone reservation algorithm specified in clause 11.5.2.1 shall be
applied to the P2 symbols, but not to the data symbols.

11.5.21 Algorithm of PAPR reduction using tone reservation

Signal peaks in the time domain are iteratively cancelled out by a set of impulse-like kernels made using the
reserved carriers.

The following definitions will be used in the description of the PAPR reduction algorithm:

n The sample index, 0 <n < Npp. The sample for which n=0 shall correspond to the beginning

of the active symbol period, i.e. to time t = mT},. +IT +T,, + Ain the equation of

clause 11.4.
i The iteration index.
X, The n-th sample of the complex baseband time-domain input data signal.
x:l The n-th sample of the complex baseband time-domain output data signal.

ETSI



189 Draft ETSI EN 303 105 V1.1.1 (2012-11)

The n-th sample of the time-domain reduction signal in the i-th iteration
The modulation value in the i-th iteration for the reserved tone whose carrier index is k

The n-th sample of the reference kernel signal, defined by:

2m(k-K.)

1

NTR keS,

J
e Nepr

pn:

where [ is the OFDM symbol index and S, is the set of reserved carrier indices for symbol / (see
clause 11.2), and K = (Kmax +K.;, )/2 is the index k of the centre ("DC") carrier.

NOTE 1: The reference kernel corresponds to the inverse Fourier Transform of a (N, 1) vector 1.,

having N, elements of ones at the positions corresponding to the reserved carrier indices k €
S

The procedures of the PAPR reduction algorithm are as follows:

Initialization:

The initial values for peak reduction signal are set to zeros:

Cn(O) :O, OSn<NFFT

r9=0,kes,

Iteration:
1) istartsfrom 1.
2)  Find the maximum magnitude of x_ +cff—1) , denoted by y(7, and the corresponding sample index,
m() in the ith iteration.
y® :max‘x,l + c'gi_l)‘
. " o for n=0,1,..Nppp -1,
m® = arg max|x,, +c{™ r
If y(i) is less than or equal to a desired clipping magnitude level, V;,, then decrease i by 1 and go to
the step 9.
3) Calculate a unit-magnitude phasor u" in the direction of the peak to be cancelled:
(i-1)
n + .
u® = Tl (-:m(’)
1
y
4)  For each reserved tone, calculate the maximum magnitude of correction a](j) that can be applied

without causing the reserved carrier amplitude to exceed the maximum allowed value

5J10

ax = SVIOXNTR 35 follows:
27I<t01:a1

o) - A%ax—hn{(vlg)) rk(z—l)} +Re{(v,(j)) rk(z—l)}
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. . ; _ @
where v]((l) =u® exp _—]27z(k Kc)m
Nprpr

5) Find a(i), the largest magnitude of correction allowed without causing any reserved carrier
amplitudes to exceed A .y

a® = min(y(i) ~Velips miSn a](ci)J

kesS,;

If o® =0, then decrease i by 1 and go to step 9.

6) Update the peak reduction signal c,() by subtracting the reference kernel signal, scaled and
cyclically shifted by ml(i).

o _ . Y _ 0,0 .
€n " =Cn au P -y modN .oy

7) Update the frequency domain coefficient for each reserved tone k € 5, :
r@ = 0D _g®,0),

NOTE 2: If only one iteration is required, step 7 can be omitted, and steps 4 and 5 reduce to the
following:

A

max) .

a(l) = min(y(l) - Vclip 5

8) Ifiisless than a maximum allowed number of iterations, increase i by 1and return to step 2.
Otherwise, go to step 9.

9) Terminate the iterations. The transmitted signal, x,'l is obtained by adding the peak reduction signal
to the data signal:

P (i)
X, =X, +c,

11.6 Guard interval insertion

Seven different guard interval fractions (A/T,) are defined. Table 114 gives the absolute guard interval

duration A, expressed in multiples of the elementary period T (see clause 11.4) for each combination of FFT
size and guard interval fraction. Some combinations of guard interval fraction and FFT size shall not be used
and are marked 'NA' in table 114.

Table 114: Duration of the guard interval in terms of the elementary period T

. Guard interval fraction (A/T,)
FFT size u
1128 1/32 116 | 19/256 1/8 19/128 1/4
16K 128T | 512T [1024T | 1216T [2048T |2432T |4 096T
8K 64T 256T | 512T 608T |1024T |1216T |2048T
4K NA 128T 256T NA 512T NA 1024T
2K NA 64T 128T NA 256T NA 512T
1K NA NA 64T NA 128T NA 256T
0.5K NA 16T 32T NA NA NA NA

NOTE: 0.5K FFT size is only used for SC-OFDM.
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The emitted signal, as described in clause 11.4, includes the insertion of guard intervals when PAPR
reduction is not used. If PAPR reduction is used, the guard intervals shall be inserted following PAPR
reduction.

11.7  P1 symbol insertion

11.7.1  P1 symbol overview

Preamble symbol P1 has four main purposes. First it is used during the initial signal scan for fast recognition
of the NGH signal, for which just the detection of the P1 is enough. Construction of the symbol is such that
any frequency offsets can be detected directly even if the receiver is tuned to the nominal centre
frequency. This saves scanning time as the receiver does not have to test all the possible offsets separately.

The second purpose for P1 is to identify the preamble itself as a NGH preamble. The P1 symbol is such that
it can be used to distinguish itself from other formats used in the FEF parts coexisting in the same super-
frame. The third task is to signal basic TX parameters that are needed to decode the rest of the preamble
which can help during the initialization process. The fourth purpose of P1 is to enable the receiver to detect
and correct frequency and timing synchronization.

11.7.2 P1 symbol description

P1is a 1K OFDM symbol with two 1/2 "guard interval-like" portions added. The total symbol lasts 224 ps in
8 MHz system, comprising 112 ps, the duration of the useful part 'A’ of the symbol plus two modified
'guard-interval' sections 'C' and 'B' of roughly 59 us (542 samples) and 53 us (482 samples), see figure 85.

BODY P2 BODY
1K Symbol
c A B
E fSH fSH E

i

Toic =59Hs  Tpia=112ps  Tpyg = 53us

Figure 85: P1 symbol structure
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Out of the 853 useful carriers of a 1K symbol, only 384 are used, leaving others set to zero. The used
carriers occupy roughly 6,83 MHz band from the middle of the nominal 7,61 MHz signal bandwidth. Design
of the symbol is such that even if a maximum offset of 500 kHz is used, most of the used carriers in P1
symbol are still within the 7,61 MHz nominal bandwidth and the symbol can be recovered with the receiver
tuned to nominal centre frequency. The first active carrier corresponds to 44, while the last one is 809 (see

figure 86).

P 7.61 MHz |

L 6.83 MHz |
Carrier 01 444 4 444 888 88 8
index 345 7 222 000 01 5
567 567 90 2

T Active T Unused
Carrier Carrier

Figure 86: Active carriers of the P1 symbol

The scheme in figure 87 shows how the P1 symbol is generated. Later clauses describe each functional step
in detail.

CDS
Table ¢
. C-A-B
DBPSK . Padding to IFFT
I
Mapping [ Scrambling - 1K carriers | ) 1K ™ Str(l.;ctl)Jre _P1>
SH

——| Signalling
51 aling | ¢

—> MSS

Figure 87: Block diagram of the P1 symbol generation

11.7.2.1 Carrier distribution in P1 symbol

The active carriers are distributed using the following algorithm: out of the 853 carriers of the 1K symbol,
the 766 carriers from the middle are considered. From these 766 carriers, only 384 carry pilots; the others
are set to zero. In order to identify which of the 766 carriers are active, three complementary sequences
are concatenated: the length of the two sequences at the ends is 128, while the sequence in the middle is
512 chips long. The last two bits of the third concatenated sequence are zero, resulting in 766 carriers
where 384 of them are active carriers.

The resulting carrier distribution is shown in table 115.
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Table 115: Distribution of active carriers in the P1 symbol

Modulation Active Carriers in P1
Sequence kp1(0)..kp4(383)
(see clause Error!
Reference source not

found.)
kp1(0)..kp4(63) 44 45 47 51 54 59 62 64 65 66 70 75 78 80 81 82 84 85 87 88 89 90
css 94 96 97 98 102 107 110 112 113 114 116 117 119 120 121 122 124
S1 125 127 131 132 133 135 136 137 138 142 144 145 146 148 149 151

152 153 154 158 160 161 162 166 171
kp((64)..kp((319) [172 173 175 179 182 187 190 192 193 194 198 203 206 208 209 210
css 212 213 215 216 217 218 222 224 225 226 230 235 238 240 241 242
S2 244 245 247 248 249 250 252 253 255 259 260 261 263 264 265 266
270 272 273 274 276 277 279 280 281 282 286 288 289 290 294 299
300 301 303 307 310 315 318 320 321 322 326 331 334 336 337 338
340 341 343 344 345 346 350 352 353 354 358 363 364 365 367 371
374 379 382 384 385 386 390 395 396 397 399 403 406 411 412 413
415 419 420 421 423 424 425 426 428 429 431 435 438 443 446 448
449 450 454 459 462 464 465 466 468 469 471 472 473 474 478 480
481 482 486 491 494 496 497 498 500 501 503 504 505 506 508 509
511 515 516 517 519 520 521 522 526 528 529 530 532 533 535 536
537 538 542 544 545 546 550 555 558 560 561 562 564 565 567 568
569 570 572 573 575 579 580 581 583 584 585 586 588 589 591 595
598 603 604 605 607 611 612 613 615 616 617 618 622 624 625 626
628 629 631 632 633 634 636 637 639 643 644 645 647 648 649 650
654 656 657 658 660 661 663 664 665 666 670 672 673 674 678 683
kp((320)..kp,(383) (684 689 692 696 698 699 701 702 703 704 706 707 708
712 714 715 717 718 719 720 722 723 725 726 727 729

CSSS1 733 734 735 736 738 739 740 744 746 747 748 753 756
760 762 763 765 766 767 768 770 771 772 776 778 779
780 785 788 792 794 795 796 801 805 806 807 809
11.7.2.2 Modulation of the active carriers in P1

Active carriers are DBPSK modulated with a modulation pattern. The patterns, described later, encode two
signalling fields S1 and S2. Up to 8 values (can encode 3 bits) and 16 values (can encode 4 bits) can be
signalled in each field, respectively. Patterns to encode S1 are based on 8 orthogonal sets of 8
complementary sequences of length 8 (total length of each S1 pattern is 64), while patterns to encode S2
are based of 16 orthogonal sets of 16 complementary sequences of length 16 (total length of each S2
pattern is 256).

The two main properties of these patterns are:

a) The sum of the auto-correlations (SoAC) of all the sequences of the set is equal to a Kronecker
delta, multiplied by KN factor, being K the number of the sequences of each set and N the length of
each sequence. In the case of S1 K=N=8; in the case of 52, K=N=16.

b) Each set of sequences are mutually uncorrelated (also called "mates").

ETSI



194 Draft ETSI EN 303 105 V1.1.1 (2012-11)

The S1 and S2 modulation patterns are shown in table 116.

Table 116: S1 and S2 modulation patterns

Field Val Sequence (hexadecimal notation)
S1 000 124721741D482ETB

001 47127421481D7B2E

010 217412472E7B1D48

011 742147127B2E481D

100 1D482E7B12472174

101 481D7B2E47127421

110 2E7B1D4821741247

111 7B2E481D74214712

S2 0000 121D4748212E747B1D1248472E217B7412E247B721D174841DED48B82EDE7B8B
0001 4748121D747B212E48471D127B742E2147B712E2748421D148B81DED7B8B2EDE
0010 212E747B121D47482E217B741D12484721D1748412E247B72EDE7B8B1DED48B8
0011 747B212E4748121D7B742E2148471D12748421D147B712E27B8B2EDE48B81DED
0100 1D1248472E217B74121D4748212E747B1DED48B82EDE7B8B12E247B721D17484
0101 48471D127B742E214748121D747B212E48B81DED7B8B2EDE47B712E2748421D1
0110 2E217B741D124847212E747B121D47482EDE7B8B1DED48B821D1748412E247B7
0111 7B742E2148471D12747B212E4748121D7B8B2EDE48B81DED748421D147B712E2
1000 12E247B721D174841DED48B82EDE7B8B121D4748212E747B1D1248472E217B74
1001 47B712E2748421D148B81DED7B8B2EDE4748121D747B212E48471D127B742E21
1010 21D1748412E247B72EDE7B8B1DED48B8212E747B121D47482E217B741D124847
1011 748421D147B712E27B8B2EDE48B81DED747B212E4748121D7B742E2148471D12
1100 1DED48B82EDE7B8B12E247B721D174841D1248472E217B74121D4748212E747B
1101 48B81DED7B8B2EDE47B712E2748421D148471D127B742E214748121D747B212E
1110 2EDE7B8B1DED48B821D1748412E247B72E217B741D124847212E747B121D4748
1111 7B8B2EDE48B81DED748421D147B712E27B742E2148471D12747B212E4748121D

The bit sequences CSSg; =(CSSg; g ... CSSs; g3) and CSSs,=(CSSs; ¢ - €SSs; 5s55) for given values of S1 and S2

respectively is obtained by taking the corresponding hexadecimal sequence from left to right and from MSB
to LSB, i.e. CSSs; o is the MSB of the first hexadecimal digit and CSSg; ¢ is the LSB of the last digit of the S1

sequence.
The final modulation signal is obtained as follows:

10) The Modulation sequence is obtained by concatenating the two CSSg; and CSSs, sequences; the
CSSs, sequence is attached at both sides of the CSS,:

{MSS _SEQ,.MSS _SEQsg;} ={CSSg;, CSSgy, CSSq;}
= {CSSSl,O""’CSSSL63’ CSSS2,0’ ""CSSS2,2557CSSS1,0"">CSSSL63}

11) Then, the sequence is modulated using DBPSK:
MSS _ DIFF = DBPSK (MSS _SEQ)
The following rule applies for the differential modulation of element i of the MSS_SEQ:

MSS _ DIFF; =
- {— MSS _DIFF;; MSS_SEQ; =1

The differential encoding is started from "dummy" value of +1, i.e. MSS_DIFF_; = +1 by definition.
This bit is not applied to any carrier.

12) A scrambling is applied on the MSS_DIFF by bit-by-bit multiplying by a 384-bit scrambler sequence:

MSS _SCR=SCRAMBLING{MSS _DIFF}
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The scrambler sequence shall be equal to the 384-length sequence of '+1' or '-1' converted from the first
384 bits (PRBS,...PRBSg5) of the PRBS generator described in clause 5.2.4 with initial state

'100111001000110', where a PRBS generator output bit with a value of '0' is converted into '+1' and a PRBS
generator output bit with a value of '1' is converted into '-1'.

MSS _SCR; = MSS _ DIFF; x 2(% - PRBSiJ

13) The scrambled modulation pattern is applied to the active carriers.
EXAMPLE: If S1=000 and S2=0000, then:
The sequence is:

MSS _SEQ = {1247..2E7B,121D..7B8B , 1247.. 2E7B}
-

CSSg CSSs, CSS g,
={0,0,0,1,...1,0,.1,0,0,0,1,...1,0,L1,0,0,0,1,...1,0,L,1}
CSSg, CSSs, CSS,

Then, DBPSK is applied:

MSS _DIFF ={l,11-1,...1 1,11, LLL-1...LL—11, LLL—1,...1,L-11}
CSSy CSSg» CSS

The DBPSK output is scrambled by the scrambling sequence, SCR_SEQ.

SCR_SEQ = 2(% — PRBS,)

={11-LL...~L-LL1, = L-1,-1—1,...J,-1-L1, L1-1—1,...1,1,- 1,1}
64 256 64

after scrambling:

MSS _SCR = {— L1,-1-L...-1L-1-11,-1-1,-LL,...,-1L11, 1,1,—1,1,...1,1,1,1}
CSS) CSSs, CSS

The scrambled modulation MSS is mapped to the active carriers, MSB first:

C44 :—1, Cys =1, Cq7 :—1, Cs1 :—1,...,6‘171 =1
cip =—Lepz=—Lcpgs =—1...c683 =1
Coga =1,....c805 =1, cgo6 =1, €307 =1, cgp9 =1

where ¢, is the modulation applied to carrier k.
The equation for the modulation of the P1 carriers is given in clause 11.7.2.4.
11.7.2.3 Boosting of the active Carriers

Taking into account that in a 1K OFDM symbol only 853 carriers are used, and in P1 there are only 384
active carriers, the boosting applied to the P1 active carriers is a voltage ratio of ,/(853/384) or 3,47 dB,
relative to the mean value of all K;ptq/ of the used carriers of a 1K normal symbol.
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11.7.2.4 Generation of the time domain P1 signal
11.7.2.4.1 Generation of the main part of the P1 signal

The useful part 'A’ of the P1 signal is generated from the carrier modulation values, according to the
following equation:

383 jor kp) ()-426
ZMSS _SCR;xe 10247
i=0

PlA(t):ﬁ

where kpl(i) fori=0,1,..., 383 are the indices of the 384 active carriers, in increasing order, as defined in
clause 11.7.2.1. MSS_SCR, for i=0,1,..., 383 are the modulation values for the active carriers as defined in
clause 11.7.2.2, and T is the elementary time period and is defined in table 112.

NOTE: This equation, taken together with the equation in clause 11.4, includes the effect of the
boosting described in clause 11.7.2.3, which ensures the power of the P1 symbol is virtually
the same as the power of the remaining symbols.

11.7.2.4.2 Frequency-shifted repetition in guard intervals

In order to improve the robustness of the P1, two guard intervals are defined at both sides of the useful
part of the symbol. Instead of cyclic continuation like normal OFDM symbols, a frequency shift version of
the symbol is used. Thus, denoting P1[C], the first guard interval, P1[A] the main part of the symbol and
P1[B] the last guard interval of the symbol, P1[C] carries the frequency shifted version of the first 542T of
P1[A], while P1[B] conveys the frequency shifted version of the last 482T of P1[A] (see figure 85).

The frequency shift f., applied to P1[C] and P1[B] is:
fsm =1/(1024T)

The time-domain baseband waveform p,(t) of the P1 symbol is therefore defined as follows:

. 27

J——t
pialt)e” 10247 0<1<542T

1 —542T 542T <t <1566T
R L
J t

pialt-1024T)e 12T 1566 <1 <2048
0 otherwise

11.7.3 Additional P1 (aP1) symbol
11.7.3.1 aP1 symbol overview

The signalling capacity of a preamble can be increased by adding an additional P1 (aP1) preamble. aP1
provides 7 bits for additional signalling field. When aP1 is added to P1, the preamble can carry total 14 bits
of signalling field. This capacity increase is the first purpose of aP1.

The second purpose for aP1 is, together with P1, to identify the preamble itself as a preamble defined in
aP1. The aP1 symbol is such that it can be used to distinguish itself from other formats used in the FEF parts
coexisting in the same super-frame. The third task is to signal basic transmission parameters that are
needed to decode the rest of the preamble which can help during the initialization process. The fourth
purpose of aP1 is, in addition to P1, to improve the performance of detecting and correcting frequency and
timing synchronization in the receiver side.
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BODY P2 BODY
1K Symbol
C A B
i foH i ST
Tapic= Tap1a= 112 ps Tapis =
58.95us 53.05us

Figure 88: Concatenated P1 and aP1 transmission
11.7.3.2 aP1 symbol description

When aP1 is used, it directly follows P1 as shown in Figure 88. aP1 has same signal structure as P1 but with
different parameters. aP1 has also C-A-B structure with a 1K OFDM symbol as an effective part A. The
difference of aP1 from P1 arises in three parameters:

1) Scrambling sequence in AP1 symbol generation
2) Frequency shift value of C-A-B structure
3) The length of guard-interval-like C and B part

The three parameters above were carefully chosen to make aP1 have same performance as P1 in both
detection and decoding performance in the receiver side. The legacy T2 or T2-lite receiver will never be
affected by aP1 because there should not be any interference in detecting one preamble casued by the
other one. All the properties and advantages of P1 should be kept because of the same structure.

All the process and parameters required for AP1 generation except above three points are exactly same as
those for P1. For carrier distribution in aP1 symbol, modulation of the active carriers in AP1, boosting of the
active carriers and generation of the main part of the aP1 signal, please see the corresponding parts of P1
in clause 11.7.2.

11.7.3.2.1 aP1 scrambling sequence

For scrambling in figure 89, the PRBS generator same as that used in P1 described in clause 5.2.4 is used
with different initial state ‘111001100110001".

CDS
Table l
DBPSK N Scrambling N Padding to , IFFT ., SC-A-B
Mapping for AP1 1K carriers 1K tructure —

(fu) | AP

——| Signalling
57 aling | f

——» MSS

Figure 89: Block diagram of the aP1 symbol generation
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11.7.3.2.2 Frequency-shifted repetition in guard intervals

aP1 also uses two guard intervals at both sides of the useful part of the symbol as like P1. With the similar
notation in clause 11.7.2.4.2, denoting aP1[C], the first guard interval, aP1[A] the main part of the symbol
and aP1[B] the last guard interval of the symbol, aP1[C] carries the frequency shifted version of the first
539T of aP1[A], while aP1[B] conveys the frequency shifted version of the last 485T of aP1[A] (see Figure
88). Please note that the lengths of aP1[C] and aP1[B] are changed from those of P1. When the length of C
and B part is calculated as 512+K and 512-K samples respectively, K=30 for P1 symbol (C and B consists of
542 and 482 samples respectively) and K=27 for aP1 symbol.

The frequency shift (-f,,) applied to aP1[C] and aP1[B] is:
— fo = —1/(1024T)

The time-domain baseband waveform ap, (t) of the aP1 symbol is therefore defined as follows:

. 27

ap, ,(t)e 127 0<r<539T

ap, ,(t —539T 539T <t <1563T
apl (t) — plA( ) y . ,

ap, (£ =1024T)e ' 1563 <r<2048T

0 otherwise

The only difference from P1 is the opposite sign of frequency shift value: aP1 uses negative signed value
whereas P1 uses positive.

12 Spectrum characteristics

The OFDM symbols constitute a juxtaposition of equally-spaced orthogonal carriers. The amplitudes and
phases of the data cell carriers are varying symbol by symbol according to the mapping process previously
described.

The power spectral density P,. (f) of each carrier at frequency:

k' K -1 K -1
v= b — for | — —foral T | < 1< Ztoral
S =re T [ > )

u

is defined by the following expression:

sinz(f - fu)l, T

Feld ){ 7 — )T,
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The overall power spectral density of the modulated data cell carriers is the sum of the power spectral
densities of all these carriers. A theoretical DVB transmission signal spectrum is illustrated in figure 90 (for 8
MHz channels). Because the OFDM symbol duration is larger than the inverse of the carrier spacing, the
main lobe of the power spectral density of each carrier is narrower than twice the carrier spacing.
Therefore the spectral density is not constant within the nominal bandwidth.

NOTE 1: This theoretical spectrum takes no account of the variations in power from carrier to carrier
caused by the boosting of the pilot carriers.

10 T T T T T T T
1K
2K
ar 4K
m 8K
T 10r 16K |+
=
‘w
o
o 20t i
©
8 -30 |
w
@
2 -40+ -
(o
-50F 3
_60 | | 1 | | 1 1
-8 -6 -4 2 0 2 4 6 8

frequency, MHz (relative to centre frequency)

Figure 90: Theoretical NGH signal spectrum for guard interval fraction 1/8
(for 8 MHz channels and with extended carrier mode for 8K, 16K)
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Figure 91: Detail of theoretical NGH spectrum for guard interval fraction 1/8
(for 8 MHz channels)

No specific requirements are set in terms of the spectrum characteristics after amplification and filtering,
since it is considered to be more appropriately defined by the relevant national or international authority,
depending on both the region and the frequency band in which the NGH system is to be deployed.

NOTE 2: The use of PAPR reduction techniques described here can significantly help to reduce the level
of out-of-band emissions following high power amplification. It is assumed that these
techniques are likely to be needed when the extended carrier modes are being used.
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Annex A (normative):
Splitting of input MPEG-2 TSs into the data PLPs and
common PLP of a group of PLPs

A.1 Overview

This annex defines an extension of the DVB-NGH system in the case of MPEG-2 Transport Streams [1],
which allows the separation of data to be carried in the common PLP for a group of TSs. It also allows the
splitting of an input TS to several TSPSs to be carried in several data PLPs. It includes the processing
(remultiplexing) that shall be applied for transporting N (N>1) MPEG-2 TSs (TS_1 to TS_N) over K data PLPs
(PLP1 to PLPK)) and the common PLP (CPLP) of a group of PLPs, see figure A.1.

If this first processing is not applied to a group of Transport Streams, there shall be no common PLP for this
group, and the data PLPs of the group shall carry the input TSs of the group, either without modification or
with the second processing , as defined in D.4, splitting the TS into several data PLPs. When several groups
of PLPs are used to carry TSs, each such group has its own independent extension functionality.

This annex also describes the processing that can be carried out by the receiver to reconstruct a single input
TS from the received data PLP and its corresponding common PLP.

[ o T T EEEEEEE—_———— |
I
TS1 TSPS1 (PLP1) TSPS1 (PLP1) | TS,
1s.2 | TSPS2 (PLP2) DVB'NGH TSPS2 (PLP2) ' TS 2
: ’ Physical , Normal
I Layer I MPEG
| |Remux Mux [ demux
&
! (including : Decoder
| NULL packet |
| removal
TSN | TSPSK (PLPK), e [ TSPSK (PLPK), TSN,
I TSPSC (CPLP), TSPSC (CPLP) I
I I
N — :
: N YT :
I Network processing Receiver processing |
I

DVB-NGH PL with extension

Figure A.1: Multiple TS input/output to/from the extended DVB-NGH PL

The extension consists on the network side conceptually of a remultiplexer and on the receiver side of a
multiplexer. In-between the remultiplexer and the multiplexer we have the DVB-NGH system, as described
in other parts of the present document. The inputs/outputs to the DVB-NGH system are syntactically
correct TSs, each with unique transport_stream_ids, containing all relevant layer 2 (L2) signalling
information (i.e. PSI/SI - see [1] and [2]). The various input TSs may have PSI/S| tables, or other L2 data, in
common with other input TSs. When the extension is used the generated TSPS (Transport Stream Partial
Stream) and TSPSC (Transport Stream Partial Stream Common) streams are however typically not
syntactically correct MPEG-2 TSs [1]. This is due to the fact that some of the original TS data is carried in the
common PLP and/or in other data PLPs.
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NOTE: The parallel TSs may only exist internally in equipment generating the DVB-NGH signal. The
parallel TSs may e.g. be generated from a single high bit rate TS source, or may alternatively be
generated by centrally-controlled parallel encoders, each producing a constant bit rate TS,
with variable proportion of null packets. The bit rates of the input TSs may be significantly
higher than the capacity of the respective PLPs, because of the existence of a certain
proportion of null packets, which are removed by the DNP procedure.

An input MPEG-2 TS shall be transported either:

e inits entirety within a single PLP, in which case the TS does not belong to any group of PLPs (and
there is no common PLP); or

° split into a TSPS stream, carried in a data PLP, and a TSPSC stream, carried in the common PLP. This
annex specifies the splitting and describes how the recombination of the output streams from a

data PLP and the common PLP can conceptually be achieved by the receiver to form the output TS;
or

) split into 1-4 TSPS streams, carried in the same number of data PLPs. This annex specifies the
splitting and describes how the recombination of the output streams from the data PLPs can
conceptually be achieved by the receiver to form the output TS; or

e  as acombination of the two preceding points.

A.2 Splitting of input TS into a TSPS stream and a TSPSC
stream

A.2.1 General

When a set of N TSs (TS_1, ..., TS_N, N 2 2) are sent through a group of N+1 PLPs, one being the common
PLP of a group, all TSs shall have the same input bit rate, including null packets. All input TS streams shall
also be packet-wise time synchronized. All TSPSs and the TSPSC shall have the same bit rate as the input TSs
and maintain the same time synchronization. For the purpose of describing the split operation this is
assumed to be instantaneous so that TSPSs and the TSPSC are still co-timed with input TSs after the split.

NOTE: The input TSs may contain a certain proportion of null packets. The split operation will
introduce further null packets into the TSPSs and the TSPSC. Null packets will however be
removed in the modulator and reinserted in the demodulator in a transparent way, so that the
DVB-T2 system will be transparent for the TSPSs and the TSPSC, despite null packets not being
transmitted. Furthermore, the DNP and ISSY mechanism of the DVB-T2 system will ensure that
time synchronization of the TSPSs and the TSPSC at the output of the demodulator is
maintained.

When reference is made to TS packets carrying SDT or EIT in the current annex the intended meaning is TS
packets carrying sections carrying SDT or EIT, i.e. the data being carried within the TS packet is not limited
to the SDT or EIT itself but includes the full section (i.e. with CRC).

For the purpose of specifying the split operation the TS packets that shall be transmitted in the common
PLP fall into the following three categories:

14) TS packets that are co-timed and identical on all input TSs of the group before the split.

15) TS packets carrying Service Description Table (SDT) and not having the characteristics of category

(1).

16) TS packets carrying Event Information Table (EIT) and not having the characteristics of category (1).
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For reference to SDT and EIT, see [i.2].

Figures A.2 to A.6 are simplified in so far as they do not show any data packets or null packets in the input
TSs. In real input TSs these are of course to be expected. Similarly, a section is not necessarily wholly
contained in a TS packet, but may be segmented over several TS packets and may also share capacity of a
TS packet with other sections of the same or other types using the same PID value. These simplifications do
not in any way affect the general applicability of the splitting/re-combining process, as described in this
annex.

A.2.2 TS packets that are co-timed and identical on all input TSs of
the group before the split

TS packets that are co-timed and identical on all input TSs of the group before the split shall, after the split,
appear at the same time positions in the TSPSC and, if so, shall be replaced by null packets in the respective
TSPSs at the same time positions.

The receiver can recreate the input TS when any packets other than null packets appear in the TSPSC, by
replacing null packets in the currently received TSPS with the corresponding TS packets in the TSPSC at the
same time positions, see figure A.2.

TSPSC | NIT |Common data 2|Common data 3| |Common data M|
(common PLP)
TSPS_3
— Null packet Null packet Null packet Null packet Null packet
(data PLP) | P | P | P | P | P |
Null Null Null Null Null

packet packet packet packet packet

repl. repl. repl. repl. repl.
Output TS_3 | NIT |Common data 2 | Common data 3| |Common data M|

Figure A.2: Example of recombination of input TS from TSPS and TSPSC for category 1

A.2.3 TS packets carrying Service Description Table (SDT) and not
having the characteristics of category (1)

Sections with table_id=0x42 (HEX) are referred to as SDT actual TS.
Sections with table_id=0x46 (HEX) are referred to as SDT other TS.

TS packets with PID=0x0011 and table_id of all carried sections equal to 0x46 (HEX), shall be carried in the
TSPSC provided the following conditions are fulfilled:

17) At a given time position there is in one input TS a TS packet which is not a null packet.

18) In all the other input TSs of the group there are, at this time position, mutually identical TS packets,
not equal to that in condition (1), with PID=0x0011, with the section header table_id field of all
carried section headers equal to 0x46 and with the value of the transport_stream_id field in all
carried sections equal to the transport_stream_id of the TS in condition (1).
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19) Sections with table_id 0x42 and Ox46 are never partly or fully carried in the same TS packet with
PID=0x0011.

If these conditions are met, the input TS packets carrying the SDT actual shall not be modified, but copied
directly to the corresponding TSPS at the same time position. The input TS packets carrying SDT other shall
be replaced by null packets in the corresponding TSPS, and the TS packets carrying SDT other shall be
carried in the TSPSC, as shown in figure A.3.

NOTE: TS packets carrying SDT sections (partly or fully) may also carry other section types using the
same PID, such as BAT and ST, see reference zzz.

“TS 3 column”

TS_1 — SDT other SDT other | SDT other |
' | ' | |

TS 2 | SDT other SDT other | SDT other |
I : I

TS_3 | SDT other | SDT other | SDT other |

TS_N | SDT other | SDT other |

SOT other —
Transmitted in ¢ * ¢ | ¢

TSPSC | SpTother | SDT other SDT other | spTother |
(Common PLP) i i

Figure A.3: Arrangement of SDT other in input TSs and relationship with TSPSC

As a result of the split all TS packets carrying SDT actual are therefore left unmodified in the respective TSPS
at the same time position as in the input TS, whereas all TS packets carrying SDT other are found in the
TSPSC at the same time position as in the input TS.

The receiver can recreate the input TS when SDT other packets appear in the TSPSC, by replacing null
packets in the currently received TSPS with the corresponding SDT other packets from the TSPSC at the
same time positions. When there is not a co-timed null packet in the TSPS, the receiver shall not modify the
TSPS to achieve full transparency. This is shown in figure A.4.
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TSPSC

(common PLP) |SDT other (TS1)|SDT other (TS2)|SDT other (TS3)| |SDT other (TSN)|

ToPS_3 —
— Null packet Null packet Null packet Null packet
(data PLP) | P | p P | P |

Null Null No Null Null
packet packet Null packet packet
repl. repl. packet repl. repl.

repl.
]
Output TS_3 [SDT other (TS1)[SDT other (TSZ)— [SDT other (TSN)]

Figure A.4: Receiver operation to re-combine of TSPS and TSPSC into output TS for SDT

A.2.4 TS packets carrying Event Information Table (EIT) and not
having the characteristics of category (1)

e  Sections with table_id=0x4E (HEX) are referred to as EIT actual TS, present/following.
e  Sections with table_id=0x4F (HEX) are referred to as EIT other TS, present/following.
e  Sections with table_id=0x50 to Ox5F (HEX) are referred to as EIT actual TS, schedule.
e  Sections with table_id=0x60 to Ox6F (HEX) are referred to as EIT other TS, schedule.

The operations described in clause A.2.4.1 shall be performed when the conditions described in clause
A.2.4.2 are fulfilled.

A.2.4.1 Required operations

At a particular time position a TS packet carrying EIT other (PID=0x0012) shall be copied into the same time
position in the TSPSC and the input TS packets of all TSPSs of the group at the same time position shall be
replaced by null packets.

A.2.4.2 Conditions

In all input TSs of the group except one there shall, at this time position, be identical TS packets carrying EIT
other, with value of the section header transport_stream_id field equal to the transport_stream_id of the
remaining input TS. At the same time position there shall be, in the remaining input TS, a TS packet carrying
EIT actual, with the value of the section header transport_stream_id field equal to the transport_stream_id
of the same input TS. At this time position, the TS packet carrying EIT actual shall be identical to those
carrying EIT other, except for the table_id, last_table_id and CRC of the carried section. The table_ids and
last_table_ids of co-timed TS packets carrying EIT actual and EIT other shall have the 1-to-1 mapping given
in table yyy. The required operations at a particular time position, given in clause xxx, shall only be
performed if the TS packets carrying other parts, if any, of the same section(s) are also subject to the same
required operation, i.e. an EIT section shall either be completely transported in the common PLP orin a
data PLP.
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Table A.1: Correspondence between table_ids of co-timed EIT actual and EIT other in input

TSs
table_id or last_table_id of table_id or last_table_id of
EIT actual in input TS co-timed EIT other in input TS
0x4E 0x4F
0x50 0x60
0x51 0x61
0x52 0x62
0x53 0x63
0x54 0x64
0x55 0x65
0x56 0x66
0x57 0x67
0x58 0x68
0x59 0x69
0x5A 0x6A
0x5B 0x6B
0x5C 0x6C
0x5D 0x6D
0x5E 0x6E
0x5F 0x6F

This means that at a particular time position with TS packets carrying EIT all these TSs carry identical TS
packets with the exception of section table_id in one TS being set to "actual" rather than "other" and the
CRC of the corresponding sections being different for EIT actual and other, see table A.1 and figure A.5.

NOTE 1: TS packets carrying EIT sections (partly or fully) may also carry other section types using the

same PID, such as ST and CIT, see [i.2].

“TS3 column”

TS_1 * EIT other EIT other :| | EIT other |
: I i | |
TS.2 | EIT other EIT other | | ErTother |
| : : [ |
TS_3 | EITother | EIT other | Ermother |
| |
| |
| |
| |
1 1
| |
| |
: 1
TSN | EITother | FETother | EIT other —
Transmitted in ¢ ¢ | ¢ i ¢
TSPSC | EIT other | EIT other i. EIT other .i | EIT other |

Figure A.5: Example of arrangement of EIT actual/other in input TSs and relationship with

TSPSC

As a result of the split all TS packets carrying EIT actual and EIT other are replaced by null packets in the
respective TSPS at the same time position. All TS packets carrying a section or sections with EIT other in the
input TSs are copied to the TSPSC at the same time position as in the input TS.
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The receiver can recreate the input TS when EIT other packets appear in the TSPSC, by replacing null
packets in the currently received TSPS with the corresponding EIT other packets from the TSPSC at the
same time positions. For TS packets carrying EIT other, with the value of the section header
transport_stream_id field equal to the transport_stream_id of the currently decoded TS, the receiver
should also modify the table_id and last_table_id from "other" to "actual" and modify the CRC, so that it is
calculated from the "actual" table_id and last_table_id rather than the "other" table_id and "other"
last_table_id, to achieve full TS transparency, see table A.1 and figure A.6.

TSPSC
(common PLP) | EIT other (TS1) | EIT other (TS2) | EIT other (TS3) | EIT other (TSN) |
TSPS_3 | NULL packet NULL packet | NULL packet | NULL packet NULL packet
(data PLP) [

NULL
packet

NULL NULL repl. NULL NULL

packet packet + packet packet

repl. repl. change of repl. repl.

l l table_id & CRC l l
Output TS_3 | EIT other (TS1) | EIT other (TS2) i | EIT other (TSN) |

Figure A.6: Receiver operation to re-combine of TSPS and TSPSC into output TS for EIT

NOTE 2: For TS packets carrying scrambled EIT schedule it may be difficult to perform the
above-mentioned modification of table_id and last_table_id from "other" to "actual" and
change of CRC. Therefore, in such cases the output TS may contain only EIT other. The
information of the EIT actual of the input TS, referring to the currently decoded TS, is however
available in the EIT other, referring to the same TS.

A.3 Receiver Implementation Considerations

In view of the key role played by the transport stream as a physical interface in many existing and future
receivers it is strongly recommended that at least the core of the merging function as described in this
annex is implemented in a channel decoder silicon. In particular this applies to the generic merging function
between TSPSC and TSPS to form a transport stream:

e  for category-1 (generic data) as defined in clause A.2.2 illustrated in figure A.2;
e for category-2 (SDT) as defined in clause A.2.3 and illustrated in figure A.4; and
e for category-3 (EIT) as defined in clause A.2.4 and illustrated in figure A.6.

It may be possible that the change of table_id and CRC, as defined for category-3 data (to reconstruct
EIT_actual from EIT_other) could be handled by software on an MPEG system processor (which avoids that
channel decoders would have to implement section level processing).

The channel decoder implementations as defined above should ensure correct integration of many existing
DVB system hardware and software solutions for DVB with such channel decoders.
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A.4  Splitting of an input TS into several TSPS streams

Each TS; of the TSs in a set of N input TSs may be split into K; TSPS streams. When there is a common PLP in
the group of PLPs the parameter K; may take values in the range 1<K;<3 and when there is no such common
PLP the corresponding range is 1<K;<4. The case K; =1 is equivalent to no split.

NOTE: K;=1 means that no split is performed and the input TS is mapped directly to a single TSPS.
The value of K; may be chosen idependently for each input TS;.
The splitting process is specified below:

When a set of N TSs (TS_1, ..., TS_N, N 2 1) are sent through the M PLPs of a PLP group, all TSs shall have
the same input bit rate, including null packets. All input TS streams shall also be packet-wise time
synchronized. All TSPSs shall have the same bit rate as the input TSs and maintain the same time
synchronization. For the purpose of describing the split operation this is assumed to be instantaneous so
that all TSPSs are still co-timed with input TSs after the split.

A particular input TS; is split into K; TSPS streams by the following logical steps:

1. K;temporary streams containing null packets are created while keeping packet time
synchronisation with the original TS.

2. Each input TS packet of TS; is copied to the same time position in exactly one of the temporary
streams.

3. Each temporary streams that result from copying all input TS packets according to (2) above
become a TSPS stream.

TSPS streams originating from different TS; streams may in addition be arbitrarily merged as long as there is
no collision of non-null packets at any packet time position.

NOTE: This means that the TS packets that are carried by a particular PLP originate from more than one
input TS.

Merging of two or more TSPS streams is achieved by the following logical steps:

1. Atemporary stream containing null packets is created while keeping packet time synchronisation
with the TSPS streams to be merged.

2. Ineach TSPS packet of each TSPS stream to be merged the sync byte is replaced by the NGH stream
id, representing the identity (transport stream id) of the corresponding original input TS.

3. For each TSPS packet time position, if exactly one TSPS packet at this position is a non-null packet
the null packet of the temporary stream at this packet position is replaced by the non-null packet.
If, at any packet time position, there is more than one non-null packet (i.e. packet collision) no
merging of the TSPS streams shall be performed.

4. Each temporary stream that results from step 1-2 above is considered a merged TSPS stream.

NOTE: The NGH stream id allows the receiver to reconstruct the input TS streams by copying all TSPS
packets with the same NGH stream id to a common TS. This is possible since the NGH system allows the
packet time synchronisation of the respective TSPSs to be kept.

Fig. D.7 illustrates the end result of a splitting of two input TSs with three types of packets: A, V1 and V2
(corresponding to audio, video base layer and video enhancement layer). For each input TS the V1 and V2
packets end up in separate TSPSs (TSPS1 and TPS2 for inpuyt TS1 and TSPS3 and TSPS4 for input TS2). In
addition the A packets of both input TSs end up in a separate TSPS (TSPS5) as a result of a merge.
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The same figure may also be used to illustrate how a receiver recombines the packets of the respective
TSPSs belonging to the same NGH system id to form the original TS. This is done by merging the TSPS
packets, in each TSPS packet time position, so that one single stream is obtained.

(A TVvi[VviJv2]v2] [ A TVLI[Vi]Vv2]Vv2] [ AT VLI[Vi]Vv2]Vv2] |

[ [Vvi [Vi] [ [ [ [Vl TVvi] [ [ [ [vi T vi] [ [ ] ——> TSpPs1
I I I [v2 [ v2 | I I I [v2 [ v2 | I I I [ V2 T Vv2 | | ——> TSPs2
| [ViJvi[Vv2]Vv2] A ] [viJvi[Vv2]vVv2e] A ] [ViJvi[Vv2a]vVv2] A]

I [vi [vi] I I I [vi [vi] I I I [vi[vi] I I | ——> TsSPs3
I I I [ v2 Tv2 | I I I [ v2 T v2 ] I I I [v2 Tv2 ] | —> TsSpPs4
CA T I I I [ AT A I I I [ ATA] I I I [ A ] —> Tspss

Note: Empty boxes denote null packets

Figure A.7: Splitting of original TSs into TSPSs

A.5Splitting of an input TS into several TSPS streams and a
common PLP

The processing specified in appendix A.4 and A.5 may also be combined so that a set of N input TSs are first
subject to the processing specified in D.3, resulting in N TSPS streams and one TSPSC stream. These N TSPS
streams are then subject to a second split operation, as specified in appendix A.4, where the N TSPS
streams take the role of the N TS streams in appendix A.4. The result of these two steps is a set of K TSPS
streams (K=N) and one TSPSC stream.

ETSI



210 Draft ETSI EN 303 105 V1.1.1 (2012-11)

Annex B (informative):
Allowable sub-slicing values

(see
clause 9.2.2.2.2) at the output of each time interleaver block of each type 2 PLP. Since the same value of
Ngubosiices total 1S Used for all type 2 PLPs, the value selected from the table will need to be suitable for all
modulation types currently in use by type 2 PLPs. The safest possible options are those from the table with
a 'Y'in all four columns, since this will always be suitable for all PLPs. These are listed in the table B.2.

Table B.1 shows the allowed value for the total number of sub-slices N = NggxN,

sub-slices_total ~ sub-slices

Table B.1: List of available number of sub-slices for different constellations

Constellation
QPSK | 16-QAM | 64-QAM | 256-QAM
1 Y Y Y Y
2 Y Y Y
3 Y Y Y Y
4 Y Y
5 Y Y Y Y
6 Y Y Y
9 Y Y Y Y
10 Y Y Y
12 Y Y
15 Y Y Y Y
18 Y Y Y
20 Y Y
27 Y Y Y Y
30 Y Y Y
36 Y Y
45 Y Y Y Y
54 Y Y Y
60 Y Y
81 Y Y Y
90 Y Y Y
108 Y Y
135 Y Y Y Y
162 Y Y
180 Y Y
270 Y Y Y
324 Y
405 Y Y Y
540 Y Y
810 Y Y
1620 Y

Table B.2: List of values for number of sub-slices which may be used
with any combination of PLPs

[ 1 13 [ 5 [ 9 [15 27 |45 [135 ]
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Annex C (normative):
Input stream synchronizer and receiver buffer model

C.1 Input stream synchronizer

Delays and packet jitter introduced by DVB-NGH modems may depend on the transmitted bit-rate and may
change in time during bit and/or code rate switching. The "Input Stream Synchronizer" (see figure C.1) shall
provide a mechanism to regenerate, in the receiver, the clock of the Transport Stream (or packetized
Generic Stream) at the modulator Mode Adapter input, in order to guarantee end-to-end constant bit rates
and delays. Table C.1 gives the details of the coding of the ISSY field generated by the input stream
synchronizer.

When ISSYI = 1 in MATYPE field (see clause 5.1.6) a counter shall be activated (22 bits), clocked by the
modulator sampling rate (frequency R,=1/T, where T is defined in clause 11.4). The Input Stream

SYnchronization field (ISSY, 3 bytes) shall be transmitted according to clause 5.1.7.

ISSY shall be coded according to table C.1, sending the following variables:

e ISCR (short: 15 bits; long: 22 bits) (ISCR = Input Stream Clock Reference), loaded with the LSBs of
the counter content at the instant the relevant input packet is processed (at constant rate R ), and
specifically the instant the MSB of the relevant packet arrives at the modulator input stream
interface. In case of continuous streams the content of the counter is loaded when the MSB of the
Data Field is processed.

ISCR shall be transmitted in the third ISSY field of each Interleaving Frame for each PLP. Where
applicable, ISCR shall be transmitted in all subsequent ISSY fields of each Interleaving Frame for
each PLP. In HEM, for BBFrames for which no UP begins in the Data Field, ISCR is not applicable and
BUFS shall be sent instead (see below).

Two successive ISCR values shall not correspond to time instants separated by more than 25T for
ISCRgort OF 222T for ISCR,,- This may be achieved by using Normal Mode and/or transmitting null

packets which would normally be deleted, as necessary.

In a given PLP, either ISCR or ISCR,,, shall be used, together with the short or long versions

respectively of BUFS and TTO. A PLP shall not change from short to long ISSY except at a
reconfiguration.

In HEM, ISCR,,,, shall always be used.

e  BUFS (2+10 bits) (BUFS = maximum size of the requested receiver buffer to compensate delay
variations). This variable indicates the size of the receiver buffer assumed by the modulator for the
relevant PLP. It shall have a maximum value of 2 Mbits. When a group of data PLPs share a
common PLP, the sum of the buffer size for any data PLP in the group plus the buffer size for the
common PLP shall not exceed 2 Mbits. BUFS shall be transmitted in the second ISSY field of each
Interleaving Frame for each PLP. In HEM, BUFS shall also be transmitted for BBFrames for which no
UP begins in the Data Field.

e  TTO (7/15 bits mantissa + 5 bits exponent). This provides a mechanism to manage the de-jitter
buffer in DVB-T2. The value of TTO is transmitted in a mantissa+exponent form and is calculated
from the transmitted fields TTO_M, TTO_L and TTO_E by the formula:
TTO=(TTO_M+TTO_L/256)x2TTO_E, If ISCRy,, is used, TTO_L is not sent and shall equal zero in the

above calculation.
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TTO defines the time, in units of T (see clause 11.4), between the beginning of the P1 symbol of the
first T2-frame to which the Interleaving Frame carrying the relevant User Packet is mapped, and
the time at which the MSB of the User Packet should be output, for a receiver implementing the
model defined in clause C.2. This value may be used to set the receiver buffer status during
reception start-up procedure, and to verify normal functioning in steady state. TTO shall be
transmitted in the first ISSY field of each Interleaving Frame for each PLP in High Efficiency Mode,
and in the first complete packet of the Interleaving Frame in Normal Mode.

e  The ISSY code OXEXXXXX shall not be transmitted in DVB-NGH. This range of codes transmitted
BUFSTAT in DVB-S2 [Error! Reference source not found.], but this parameter is replaced by TTO in
DVB-NGH.

Each Interleaving Frame for each PLP shall carry a TTO, a BUFS and at least one ISCR field.

NOTE 1: This requires that there are always at least three ISSY fields in every Interleaving Frame. It
might be necessary to use short FEC blocks and/or Normal Mode in order to ensure that this is
the case. Furthermore, both TTO and ISCR apply to a transmitted User Packet and so it might
be necessary to transmit a null packet which would otherwise be deleted to provide a packet
for the ISSY field to refer to.

The choice of the parameters of a DVB-NGH system and the use of TTO shall be such that, if a receiver
obeys the TTO signalling and implements the model of buffer management defined in clause C.1.1, the
receiver's de-jitter buffer and time de-interleaver memory and frequency de-interleaver shall neither
overflow nor underflow as defined in clause C.2.3.

NOTE 2: Particular attention should be paid to the frame length, the PLP type, the number of sub-slices
per frame, the number of TI-blocks per interleaving frame and number of NGH frames to which
an interleaving frame is mapped, the scheduling of sub-slices within the frame, the peak
bit-rate, and the frequency and duration of FEFs.

Input Stream Synchroniser

Mod 2% R,
Counter I

UP Packetised
Input Stream

az=<w

| | - BUFSTAT
15 or 22 LSBs- BUFS il
ISCR | | 110 | o
CKn W c v
n_/ >

Input ISSY (2 or 3 bytes)
Packets Insertion after Packet

(optional)

Figure C.1: Input stream synchronizer block diagram
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First Byte Second Byte Third Byte
bit-7 (MSB) bit-6 bit-5 and bit-4 | bit-3 and bit-2 |  bit-1 and bit-0 bit-7 to bit-0 bit-7 bit-0
0=ISCRy,ot |MSB of |next 6 bits of ISCRg, next 8 bits of not present
ISCRor ISCRhort
1 = 6 MSBs of ISCR, next 8 bits of next 8 bits of
ISCR5ng ISCR5ng ISCR5ng
1 1 00 = BUFS BUFS unit 2 MSBs of BUFS next 8 bits of BUFS |not present
00 = bits when ISCR, .«
01 = Kbits is used; else
10 = Mbits reserved for
11 = 8Kbits future use
1 1 01=TTO 4 MSBs of TTO_E Bit 7:LSB of not present
TTO_E when ISCRy,

Bit 6-Bit0: TTO_M

is used; else
TTO L

others = reserved
for future use

reserved for
future use

Reserved for future
use

Reserved for future
use

not present
when ISCR,

is used; else
reserved for
future use

C.2 Receiver buffer model

The purpose of the receiver buffer model presented in this annex is to specify limits on the maximum
decoding rate of the FEC chain (executing the 1Q de-interleaving, de-rotation, cell de-interleaving,
demapping, de-puncturing and de-shortening, bit de-interleaving, LDPC decoding, BCH decoding and BBF
descrambling) and the maximum storage capabilities of the de-jitter buffer. An NGH signal compliant with
the model will therefore be processed correctly by any receiver.

The following points need to be considered for the definition of the receiver buffer model:

e |tis assumed that the most critical requirements on the throughput of the input streams are due to

the FEC chain and the de-jitter buffer, as exposed in this section, while all further modules (like

frame extractor, stream de-adaptation etc.) are able to process all signals that comply to these

critical requirements.

e For the sake of simplicity, the processing delay for all modules is assumed to be zero, i.e. the output

is generated immediately when all necessary data has been input. Of course, reading the input and

outputting the result is carried out at a finite rate, if the input and/or output for one module

execution consists of multiple symbols. For the time de-interleaver, FEC chain and de-jitter buffer,

these rates are stated below, for all other modules, the rates are irrelevant in the context of this

model and can be assumed infinite.

e Some simplifications (e.g. processing/decoding of L1 signalling in zero time, and L1 signalling is not

taken into account in the required decoding rate) and approximations (e.g. ignored padding of sub-

slices, ignored that the size of the Tl blocks in the same Interleaving Frame from a PLP can differ by
1 FEC block) have been used.
o To IGs: Therefore, receiver manufacturers should include an adequate margin in their

implementation above the maximum decoding rate and de-jitter buffer size specified here.
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C2.1 Modelling of the PLP cell streams

The PLPs can be sorted according to their appearance in the Logical Frames. According to their order, they
can be assigned a sorting index > 1 (that remains the same over time and that is in general different from
the PLP_ID), such that the following becomes true for any pair of PLPs A and B with sorting indices i and j,
respectively:

If j < i, then the last cell of PLP B in an LF is transmitted earlier or at the same time (in units of OFDM
symbols) as the last cell of PLP A in the same LF. This relationship is true for all LFs, which carry cells from
both PLPs A and B.

Whenever an index for a PLP is used in the Receiver Buffer Model chapter, this represents the associated
sorting index (not the PLP_ID). Change from sorting index to PLP_ID.

Note: PLPs with Ijymp = PLP_LF_INTERVAL > 1 are not carried in every LF.

Let Ncogebits (1, 1) represent the number of code bits that the LDPC encoder generates for PLP i in the
Ncodebits (1,1)
Ry
number of mapped cells, where the modulation rate Ry, represents the number of mapped bits per

constellation (e.g. Ry, = 4 for 16-QAM).

uninterleaved logical frame n. Moreover, let Neejis map (7, 1) = represent the corresponding

Note: An uninterleaved logical frame n is the collection of all interleaving frames from all PLPs, whose cells
are transmitted in LF n and possibly the following LFs.

The case that a PLP does not use time interleaving, i.e. TIME_IL_LENGTH=0 (see clause 6.6.5), is treated
further below. In the rest of this sub-section, the use of time interleaving is assumed.

The simplified model of the time interleaver used in this receiver buffer model operates as follows:

Let M(i, &) represent the number of interleaver delays of value & for PLP i (cf. clause 6.6.3), i.e. there are
M(i, 8) indices k with D(k) = &. Hence, it follows that Y5, M (i, §) = Nyy.

Then the number of cells transmitted from the modulator and received in the demodulator for PLP i and in
Logical Frame n is:
M(i, 95)

Ny

Neetsrec(n, i) = Z Ncells,map(n —6,0)-
1)

Next, let Neejis recace (T 1) = Xj<i Neelisrec (1, J) represent the accumulated number of cells received in LF
n over all PLPs j of PLP types 1, 2, or 3 with j < i (i.e. last cell is transmitted/received earlier or
simultaneously to PLP i).

When the modulator is currently generating LF n, the values for future LFsn 4+ & (6 > 0) is in general still
unknown. Instead, a lower bound Neejis recace,min (M 8, ) is introduced that has the following meaning: in
LF n the modulator can forecast, that Neejis recacc(t + 6, 1) cannot fall below Neejis rec.ace,min (M 8, ©).

As a worst case, this bound can be calculated by using the minimum possible value of N¢qgepits (M, j) for all
future LFs m withn < m < n + § and all PLPs j < i. However, in general the number of bits per
uninterleaved logical frame goes up for one PLP, when it drops for another PLP, such that a more realistic
lower bound is significantly above this worst case bound.

Let I; and I, be the maximum sorting index of the PLPs of types 1 and of type 2, respectively. If there are no
PLPs of type 1, the value I; = 0 is used in the sequel.
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Then Neelis recace (1 I2) is the number of received cells belonging to PLPs of type 1 and 2 in LF n. Similarly,
the number of cells belonging to type 1 and 2 in LF n + & cannot drop below Neejis recacemin (M 6, 12).

The number of received cells from PLPs of type 2 in LF 1 is Neeyis rec.ace(™ I2) — Neells recace (4 11)-

The basic assumption is that the decoding of a Tl block of PLP i starts immediately after the reception of its
last cell in LF n at time tgec start(1, 0), and then the decoding is carried out at a constant decoding rate

R odebits,rec(1, 1) (LDPC code bits per second). The decoding has to be complete latest when the last cell of
the next Tl block of PLP i is received at time tgec end (11, 1), hence the time available for decoding is

tdecend (n,i) — tdec.start(n; D).

The requirement for decoding the last Tl block of a PLP in an LF is less demanding than that for the other Tl
blocks, therefore we will consider the max. required decoding rate for these other Tl blocks.

Case Nty > 1, PLP i is of type 1 or 3:

If PLP i uses multiple Tl blocks per Interleaving Frame (Nt; > 1), then the next Tl block of PLP i is
transmitted in the same LF as the preceding Tl block. The following time span can be used for decoding:

tdec,end,min(n' i) - tdec,start(n' i) = Ncells,rec(n' i)/NTI : Tcell

where tgecendmin (7 1) is @ lower bound on tgecend(1, 1) (in this case: identical) and Ty is the average
time for the reception of one PLP cell.

Note: For Np; > 1, the time-interleaver uses delay zero for all codebits, i.e. there is no inter-frame
interleaving.

Case Np; > 1, PLP i is of type 2, N; is an integer multiple > 1 of Ngyp_gjices_total:

Ngub-slices_total F€Presents the total number of sub-slices (see clause 9.2.2.2.2). In this case, the following
equation is obtained

tdec,end,min(n' i) - tdec,start(n' i) = Ncells,rec(n' i)/NTI : Tcell

Case Nt; > 1, PLP i is of type 2, else:

The following lower bound for the available decoding time can be used

tdec,end,min (n,0) — tdec,start(n; i)
leub—slices_totalJ . Ncells,rec,acc(n' 12) - Ncells,rec,acc(n' Il) + frac (Nsub—slices_total)
NTI NTI

Nsub—slices_total

: Ncells,rec (Tl, 1)) : Tcell

where frac(x) is the fractional part of x, i.e. frac(x) = x — |x].

Example: There are two PLPs (i and j) of type 2, and there are Ngyp_gjices_total = 8 sub-slices. The
considered PLP i has Np; = 3 Tl blocks, such that each Tl block occupies 8/3 sub-slices of PLP i. As figure C.2
displays, the time for transmitting the cells of a Tl block differs between Tl blocks 0 and 2 and Tl block 1.
The above equation uses the approximation that each Tl block of PLP i stretches over at least over
[Nsub_shces_total/NTIJ = 2 full sub-slices (including cells from all type 2 PLPs — here i and j) plus
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frac (M) = 2/3 of the cells of a Tl block. Observe that Tl blocks 0 and 2 stretch exactly over the
TI

calculated time span, while Tl block 1 is longer than this lower bound.

Tl block 0 Tl block 1 Tl block 2

Figure C.2: Type 2 PLP with 8 sub-slices and 3 Tl blocks

Sub-slice 0

time

Case Nty = 1, PLP i is of type 1 or 3:

In this case, the next Tl block is Tl block 0 in LF n + [jymp, where Ijyyp = PLP_LF_INTERVAL denotes the
time slicing cycle length of PLP i.

Let tpg(n) represent the frame starting time of LF n. Based on this value and on Ncejis rec,acc (1 1) and
taking the time scheduling of the LFs into account, the time t,5:(n, i) of the reception of PLP i’s last cell in
LF n can be calculated using the average time T, for the reception of one PLP cell.

In case that LF start and last cell of PLP i of LF n reside in the same NGH frame (see clause 9.4), this time is
tlast(n: i) = tFS (Tl) + Atpre + Ncells,rec,acc(nr i) : Tcell

where At is the time occupied by the preambles and L1 signalling, i.e. the time between the frame start
and the first cell of a type 1 PLP.

If the last cell of PLP i of LF n is in a different NGH frame than the LF start (only possible for channel types B
and C), then the time gap between these two NGH frames has to be included in the above equation.

Based on Ncens,rec_acc_min(n, Ljump, i), a similar calculation can be done for the earliest time of receiving
the last cell of PLP i in LF n + [jymp:

tlastmin (T fump» 1) = trs (M + Lump) + Atpre + Neells recacemin (T ljumps £) * Teel
Therefore the time difference that can be used for decoding is
tdecendmin(M 1) = tdecstart (M ) = tastmin(M Gumps £) — tast(m, )
In the case of PLP i residing in the same NGH frames as the frame starts, it turns out that:

tdec,end,min (n,i) — tdec,start(n: i)
= tFS (Tl + Ijump) - tFS (Tl) + (Ncells,rec,acc,min(nr Ijumpr i) - Ncells,rec,acc(nr l)) ) Tcell

Note: tFS(n + Iiump) —tps(n) = Ljump - Tr in case that the time distance between frame starts is a
constant Tig.
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Case Nty = 1, PLP i is of type 2:

As sub-slicing mixes all type 2 PLPs, for the case that LF start and last cell of PLP i reside in the same NGH
frame, t,5¢(n, i) is calculated as follows:

tlast(nl i) = tFS (n) + Atpre + ((Nsub—slices_total - 1) : Ncells,rec,acc(n' 12)

Nsub—slices_total
+ Ncells,rec,acc(n; l)) Teen

Again, the time gap has to be taken into account, if the last cell of PLP i of LF n is in a different NGH frame
than the LF start.

Similarly, the following is obtained (if LF start and last cell are in the same NGH frame)
tlast,min (Tl, Ijump: i)
= tFS (n + Ijump) + Atpre + N ((Nsub—slices_total - 1)
subslices_total
' Ncells,rec,acc,min(n' Ijumprlz) + Ncells,rec,acc,min(n' Ijump' l)) ' Tcell

and again

tdecendmin (M 1) — tdecstart (M 1) = tasymin (n’ Ljump, i) — tast(n, 0)

C.2.2 Decoding rate limit

In any of the above cases, the required decoding rate for decoding those FEC blocks of PLP i, whose last cell
is received in LF n, can be upper bounded by

Neodebits(m — L(i) + 1, 1)

Ny - (tdec,end,min(n' i) - tdec,start(n: l))

Rcodebits,rec(n; i) < Rcodebits,rec,max(n; )2

where Lt1(i) is the duration of PLP i’s time interleaver in units of LFs (see clause 6.6.3).

In case (n — PLP_FIRST_LF_IDX) mod Ijymp # O (with the parameter PLP_FIRST_LF_IDX of PLP i defined in
clause 8.1.3.1), i.e. no time slice of PLP i is transmitted in LF n (cf. section 9.3), the applicable max.
decoding rate is Rcodebits,recmax (M, i), Where is the most recent LF with (m — PLP_FIRST_LF_IDX) mod
Ljump = O (previous time slice).

In case that [jymp > 1 for PLP i, and that LF n does not carry any cells of this PLP, then the max. required
decoding rate is equal to that calculated for the most recent LF, which carries cells of PLP i.

Note 1: ljymp and Nrp are a PLP-specific parameter. Use of PLP index parameter i has been omitted for the
sake of readability.

Note 2: The max. required decoding rate given above is calculated based on Tl block 0, but all further Tl
blocks (for Ny; > 1) require only a lower or equal decoding rate.

If time interleaving is not used (i.e. TIME_IL_LENGTH=0), the maximum required decoding rate is

Rcodebits,rec,max (n: i) & RM/Tcell

and decoding starts already, when the last cell of the first FEC block has been received in LF n.
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The FEC chain performs the appropriate subset of the operations of IQ de-interleaving, de-rotation, cell de-
interleaving, soft demapping, de-puncturing and de-shortening, bit-deinterleaving, LDPC decoding, BCH
decoding and BBF descrambling.

It is assumed that the FEC chain of any receiver is able to decode at a rate of 12 million codebits per
second. Therefore, the modulator shall not transmit any signal, where the sum of the decoding rates over
all PLPs in a PLP cluster exceeds 12 Mbit/s:

Z Rcodebits,rec,max(n, i) < 12 Mbit/s
i

where the sum is over all PLPs in a PLP cluster.
Note: the concerned PLPs may differ in their values of parameters Ny (i), fjump(£) and Ly (7).

The operation of the time de-interleaver is independent of the current filling state of the de-jitter buffer.

C.2.3 De-jitter buffer

When ISSY is used (i.e. ISSYI=1), the following model of the de-jitter buffer applies. If ISSY is not used, it is
assumed that the BBF decoded by the FEC chain are input immediately to the BBF decapsulator, such that
the de-jitter buffer cannot overflow.

For the sake of simplicity, it is assumed that LDPC and BCH decoding are carried out with zero processing
delay and that the complete decoding result is written to the de-jitter buffer (DJB) in zero time. Decoding of
PLP i starts, once its last cell has been received in an LF, and subsequent decodings take place at intervals
of 16200/R odebits,recmax (M 1) seconds.

For writing the decoded BBFs into the DJB, their data field bits are converted to a canonical form,
independent of the mode adaptation options in use. The canonical form is equivalent to Normal Mode with
3-byte ISSY and NPD enabled (see clause ??7?). Bits are read out from the DJB according to a read clock;
removed sync bytes and deleted null packets (TS cases) are re-inserted at the output of the de-jitter buffer.

include Decompression

When the receiver is decoding a PLP cluster with multiple PLPs, it shall be assumed that the Time
De-interleaver, the FEC chain and the DJB are present once for each PLP as shown in figure C.3, such that all
PLPs can be processed in parallel.

NOTE: This is only a conceptional assumption. In a real implementation all time de-interleavers will
share a single memory, there is only a single FEC chain and all DJBs will share a single memory.
Processing is done in time-multiplexing.

The following assumptions shall be made about the DJB:

o The de-jitter buffer will initially discard all input bits until it receives a bit for which a value of TTO is
indicated.

e  Subsequent input bits will be written to the de-jitter buffer, except that the de-jitter buffer will
discard the initial 80 bits of each FEC block (corresponding to the BBHDR), and all of the bits
following the DFL payload bits. In order to allow for the canonical form described above, for every
remaining bit that is output from the FEC chain, (O-UPL+24)/UPL bits are stored in the de-jitter
buffer (where O-UPL is the original user packet length defined in clause ??? and UPL is the
transmitted user packet length as defined in clause 2??).

e No bits will be output until the time indicated by the value of TTO for the first bit written.
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e The bits will then be read and output from the de-jitter buffer at a constant rate calculated from
the received ISCR values, using a read clock generated from a recovered clock perfectly
synchronized to the modulator's sampling rate clock.

e  The total size of the de-jitter buffer memory is 2 Mbits. For any PLP cluster, the overall sum of the
buffer sizes for the PLPs in the PLP cluster shall not exceed 2 Mbits.

e  Sync bytes will not be stored in the DJB; they will be reinserted at the DJB output (TS cases).

RF De- Frame | | Timede- | ' FEC . :| Dejitter | Output
input ] modul- —| extractor — Interleaver — chain — buffer — stream
ation | PLP# | 3 : . 1| _(DJB) | (PLP#)
[“Timede- | ! FEC" | Desjter | Output

" Interleaver " chain | |, buffer [ stream

| PLP# ] . (DJB) | (PLP#)

Figure C.3: Receiver buffer model

The modulator shall output only signals that do not lead to an underflow or overflow of the DJB.

The following features of a real receiver need not be taken into account by the modulator and should be
considered by receiver implementers when interpreting the TTO values and choosing the exact size of the
memory to allocate to the de-jitter buffer:

e  Additional delays incurred in the various processing stages for practical reasons.
e  Errorinthe regenerated output read-clock frequency and phase.

e  Adjustments made to the read-clock frequency and phase in order to track successive ISCR and TTO
values. A possible mechanism for doing this is outlined in annex C above.

e  The limited precision of the TTO signalling.

e  The delay of Ny, symbols implicit in the frequency/L1 de-interleaver behaviour

Annex D (normative):
Calculation of the CRC word

The implementation of Cyclic Redundancy Check codes (CRC-codes) allows the detection of transmission
errors at the receiver side. For this purpose CRC words shall be included in the transmitted data. These
CRC words shall be defined by the result of the procedure described in this annex.

A CRC code is defined by a polynomial of degree n:

Gn(x)= X"+ gn_lx’H +...+g2x2 +gpx+1
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with n>1 and: 8 6{0,1}, i=1..n—-1

The CRC calculation may be performed by means of a shift register containing n register stages, equivalent
to the degree of the polynomial (see figure D.1). The stages are denoted by b,,... b,,_;, where b, corresponds

to1, b, to x, b, to x?,..., b, ; to x"1. The shift register is tapped by inserting XORs at the input of those
stages, where the corresponding coefficients g; of the polynomial are '1".

Data Input
o . _l_

91 92 9n- 9n-1

—~

Voo v ooV

LSb b0 b1 bn-2 bp-1 Msb
Figure D.1: General CRC block diagram

At the beginning of the CRC-8 calculation (used for TS, ISSY-UP mode only and BBF-HDR), all register stage
contents are initialized to zeros.

At the beginning of the CRC-32 calculation (used for the L1-PRE and L1-POST signalling), all register stage
contents are initialized to ones.

After applying the first bit of the data block (MSB first) to the input, the shift clock causes the register to
shift its content by one stage towards the MSB stage (b, ;), while loading the tapped stages with the result

of the appropriate XOR operations. The procedure is then repeated for each data bit. Following the shift
after applying the last bit (LSB) of the data block to the input, the shift register contains the CRC word
which is then read out. Data and CRC word are transmitted with MSB first.

The CRC codes used in the DVB-NGH system are based on the following polynomials:

] G32(x)=)c32 xBTS et el

o Gg(x):x8+x7+x6+x4+x2+1

The assignment of the polynomials to the respective applications is given in each clause.

NOTE: The CRC-32 coder defined in this annex is identical to the implicit encoder defined in [Error!
Reference source not found.].

Annex E:
Addresses of parity bit accumulators for Nigoc = 16 200

Example of interpretation of the table E.3.

Pate = Pa1s Dly Pgoso = Psoso Pl Paise = Paise @l P3aie = P321s @l P3112 = P31, Pl
Pase0 = Paseo Ply Pao1a = P2012 @y Desos = Pesos Pl DPysos = Pssos DUy Paogo = Paogo Dl
Pe723= Pe723 Py Peora = Peor1n Dy
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Pass = Pass @l Pgoso = Psoso @l Purge = Patse Ph Pzas = P32as @l P31an = P31 @
Pa500 = Paso0 QU Prosy = Pross @l Desss = Peoass @l Pegrs = Peors U Daogg = Pagoo D
Pe153= Pe153 Pl Poosr = Pooar @

P3ss = P3ss Dlsso Pssro = Psg70Plsso Parne = Paine Plaso Paise = Paise Plzso Piosa = Paosa Plsso
Pas30 = Pas30Plzso Pagsr = Passr Plaso Pesrs = Pesrs Plaso Psses = Psses Plsso Paozo = Paozo Plsso
P93 = Pssos Dlsso Pessa = Pessr Plsso

Psors = Pso7s Plsgo P3o11 = P3011 Plzgo Paszo = Paszo Pligo Posia = PosiaPligy Pezos = Pesos D laeo
P1957= Pa9s1Plsgo Prass = Prass Dlsgo Psags = Psass Dlsgo Poosi = Peost Plzgo Proais = ProaisPiseo
P226 = P2226 Pligy P3s75 = Paszs Plsgg

Table E.1: Rate 3/15 (Njyp. = 16 200)

6295 9626 304 7695 4839 4936 1660 144 11203 5567 6347 12557
10691 4988 3859 3734 3071 3494 7687 10313 5964 8069 8296 11090
10774 3613 5208 11177 7676 3549 8746 6583 7239 12265 2674 4292
11869 3708 5981 8718 4908 10650 6805 3334 2627 10461 9285 11120
7844 3079 10773

3385 10854 5747

1360 12010 12202

6189 4241 2343

9840 12726 4977

Table E.2: Rate 4/15 (Njyp. = 16 200)

1953 2331 2545 2623 4653 5012 5700 6458 6875 7605 7694 7881 8416 8758 9181 9555 9578 9932 10068 11479 11699
514 784 2059 2129 2386 2454 3396 5184 6624 6825 7533 7861 9116 9473 9601 10432 11011 11159 11378 11528 11598
483 1303 1735 2291 3302 3648 4222 4522 5511 6626 6804 7404 7752 7982 8108 8930 9151 9793 9876 10786 11879
1956 7572 9020 9971

13 1578 7445 8373

6805 6857 8615 11179

7983 8022 10017 11748

4939 8861 10444 11661

2278 3733 6265 10009

4494 7974 10649

8909 11030 11696

3131 9964 10480
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Table E.3: Rate 5/15 (Nq, = 16 200)

416 8909 4156 3216 3112 2560 2912 6405 8593 4969 6723 6912
8978 3011 4339 9312 6396 2957 7288 5485 6031 10218 2226 3575
3383 10059 1114 10008 10147 9384 4290 434 5139 3536 1965 2291
2797 3693 7615 7077 743 1941 8716 6215 3840 5140 4582 5420
6110 8551 1515 7404 4879 4946 5383 1831 3441 9569 10472 4306
1505 5682 7778

7172 6830 6623

7281 3941 3505

10270 8669 914

3622 7563 9388

9930 5058 4554

4844 9609 2707

6883 3237 1714

4768 3878 10017

10127 3334 8267

Table E.4: Rate 6/15 (Nq,. = 16 200)

5650 4143 8750 583 6720 8071 635 1767 1344 6922 738 6658
5696 1685 3207 415 7019 5023 5608 2605 857 6915 1770 8016
3992 771 2190 7258 8970 7792 1802 1866 6137 8841 886 1931
4108 3781 7577 6810 9322 8226 5396 5867 4428 8827 7766 2254
4247 888 4367 8821 9660 324 5864 4774 227 7889 6405 8963
9693 500 2520 2227 1811 9330 1928 5140 4030 4824 806 3134
1652 8171 1435

3366 6543 3745

9286 8509 4645

7397 5790 8972

6597 4422 1799

9276 4041 3847

8683 7378 4946

5348 1993 9186

6724 9015 5646

4502 4439 8474

5107 7342 9442

1387 8910 2660

Table E.5: Rate 7/15 (Njyp. = 16 200)

3137 314 327 983 1597 2028 3043 3217 4109 6020 6178 6535 6560 7146 7180 7408 7790 7893 8123 8313 8526 8616 8638

356 1197 1208 1839 1903 2712 3088 3537 4091 4301 4919 5068 6025 6195 6324 6378 6686 6829 7558 7745 8042 8382 8587 8602
18 187 1115 1417 1463 2300 2328 3502 3805 4677 4827 5551 5968 6394 6412 6753 7169 7524 7695 7976 8069 8118 8522 8582
714 2713 2726 2964 3055 3220 3334 3459 5557 5765 5841 6290 6419 6573 6856 7786 7937 8156 8286 8327 8384 8448 8539 8559
3452 7935 8092 8623

56 1955 3000 8242

1809 4094 7991 8489

2220 6455 7849 8548

1006 2576 3247 6976

2177 6048 7795 8295

1413 2595 7446 8594

2101 3714 7541 8531

10 5961 7484

3144 4636 5282

5708 5875 8390

3322 5223 7975

197 4653 8283

598 5393 8624

906 7249 7542

1223 2148 8195

976 2001 5005
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Table E.6: Rate 8/15 (Nq,. = 16 200)

32 384 430 591 1296 1976 1999 2137 2175 3638 4214 4304 4486 4662 4999 5174 5700 6969 7115 7138 7189
1788 1881 1910 2724 4504 4928 4973 5616 5686 5718 5846 6523 6893 6994 7074 7100 7277 7399 7476 7480 7537
2791 2824 2927 4196 4298 4800 4948 5361 5401 5688 5818 5862 5969 6029 6244 6645 6962 7203 7302 7454 7534
574 1461 1826 2056 2069 2387 2794 3349 3366 4951 5826 5834 5903 6640 6762 6786 6859 7043 7418 7431 7554
14 178 675 823 890 930 1209 1311 2898 4339 4600 5203 6485 6549 6970 7208 7218 7298 7454 7457 7462

4075 4188 7313 7553

5145 6018 7148 7507

3198 4858 6983 7033

3170 5126 5625 6901

2839 6093 7071 7450

11 3735 5413

2497 5400 7238

2067 5172 5714

1889 7173 7329

1795 2773 3499

2695 2944 6735

3221 4625 5897

1690 6122 6816

5013 6839 7358

1601 6849 7415

2180 7389 7543

2121 6838 7054

1948 3109 5046

272 1015 7464

Table E.7: Rate 9/15 (Nq, = 16 200)

71 1478 1901 2240 2649 2725 3592 3708 3965 4080 5733 6198 2820 4109 5307
393 1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327 2088 5834 5988
160 1149 1281 1526 1566 2129 2929 3095 3223 4250 4276 4612 3725 3945 4010
289 1446 1602 2421 3559 3796 5590 5750 5763 6168 6271 6340 1081 2780 3389
947 1227 2008 2020 2266 3365 3588 3867 4172 4250 4865 6290 659 2221 4822

3324 3704 4447 3033 6060 6160
1206 2565 3089 756 1489 2350

529 4027 5891
141 1187 3206
1990 2972 5120
752 796 5976
1129 2377 4030
6077 6108 6231
611053 1781

3350 3624 5470
357 1825 5242
585 3372 6062
561 1417 2348
971 3719 5567
1005 1675 2062

Table E.8: Rate 10/15 (Nq, = 16 200)

02084 1613 1548 1286 1460 3196 4297 2481 3369 3451 4620 2622 |1 2583 1180
1122 1516 3448 2880 1407 1847 3799 3529 373 971 4358 3108 2 1542 509
2 259 3399 929 2650 864 3996 3833 107 5287 164 3125 2350 34418 1005
3 342 3529 45212 5117
44198 2147 52155 2922
51880 4836 6 347 2696
6 3864 4910 7 226 4296
7 243 1542 8 1560 487
8 3011 1436 9 3926 1640
92167 2512 10 149 2928
10 4606 1003 11 2364 563
11 2835 705 12 635 688
12 3426 2365 13 231 1684
13 3848 2474 14 1129 3894
14 1360 1743

0 163 2536
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Table E.9: Rate 11/15 (Nq, = 16 200)

33198 478 4207 1481 1009 2616 1924 3437 554 683 1801
42681 2135
53107 4027
6 2637 3373
7 3830 3449
84129 2060
94184 2742
10 3946 1070
112239 984
0 1458 3031
13003 1328
21137 1716
31323725
41817 638
51774 3447
6 3632 1257
7 542 3694

8 1015 1945
91948 412
10 995 2238
11 4141 1907
02480 3079
13021 1088
27131379
3997 3903

4 2323 3361
51110 986

6 2532 142

7 1690 2405
8 1298 1881
9615174

10 1648 3112
11 1415 2808
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Annex F (normative):
Addresses of parity bit accumulators for Nigpc = 4 320

Table F.1: Rate 1/5 (Njgp = 4320)

384 944 1269 2266

407 1907 2268 2594

1047 1176 1742 1779

304 890 1817 2645

102 316 353 2250

488 811 1662 2323

31 2397 2468 3321

102 514 828 1010 1024 1663 1737 1870 2154 2390 2523 2759 3380
216 383 679 938 970 975 1668 2212 2300 2381 2413 2754 2997
536 889 993 1395 1603 1691 2078 2344 2545 2741 3157 3334 3377
694 1115 1167 2548

1266 1993 3229 3415

Table F.2: Rate 1/2 (Njgp, = 4320)

142 150 213 247 507 538 578 828 969 1042 1107 1315 1509 1584 1612 1781 1934 2106 2117 2536 2748 3073 6181 6186 6192

317 20 31 97 466 571 580 842 983 1152 1226 1261 1392 1413 1465 1480 2047 2125 2374 2523 2813 4797 4898 5332

49 169 258 548 582 839 873 881 931 995 1145 1209 1639 1654 1776 1826 1865 1906 1956 2997 4265 4843 6118 6130 6381

148 393 396 486 568 806 909 965 1203 1256 1306 1371 1402 1534 1664 1736 1844 1947 2055 2247 3337 3419 3602 4638 5528

185 191 263 290 384 769 981 1071 1202 1357 1554 1723 1769 1815 1842 1880 1910 1926 1991 2518 2984 4098 4307 4373 4953

424 444 923 1679 2416 2673 3127 3151 3243 3538 3820 3896 4072 4183 4256 4425 4643 4834 4882 5421 5750 5900 5929 6029 6030
91 436 535 978 2573 2789 2847 3356 3868 3922 3943 4085 4228 4357 4712 4777 4852 5140 5313 5381 5744 5931 6101 6250 6384
362 677 821 1695 2375 2622 2631 2782 2815 2827 2897 3031 3034 3314 3351 3369 3560 3857 4784 5283 5295 5471 5552 5995 6280
1117 1392 1454 2030 2667 2826 2877 2898 3504 3611 3765 4079 4100 4159 4362 4385 4442 4651 4779 5395 5446 5450 5472 5730 6311
35 840 1477 2152 3977 6205 6455

1061 1202 1836 1879 2239 5659 5940

242 286 1140 1538 3869 4260 4336

111 240 481 760 2485 4509 5139

59 1268 1899 2144 5044 5228 5475

737 1299 1395 2072 2664 3406 6395

34 288 810 1903 3266 5954 6059

232 1013 1365 1729 2952 4298 4860

410 783 1066 1187 3014 4134 6105

113 885 1423 1560 2761 3587 5468

760 909 1475 2048 4046 4329 4854

68 254 420 1867 2210 2293 2922

283 325 334 970 5308 5953 6201

168 321 479 554 2676 4106 4658

378 836 1913 1928 2587 2626 4239

101 238 964 1393 2346 3516 3923

304 460 1497 1588 2295 5785 6332

151 192 1075 1614 2464 5394 5987

297 313 677 1303 3090 3288 3829

329 447 1348 1832 4236 4741 4848

582 831 984 1900 4129 4230 5783
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Annex G (informative):

Constellation diagrams for uniform, non-uniform and

hierarchical constellatio

ns

The uniform constellations, and the details of the Gray mapping applied to them, are illustrated in figures

G.1and G.2.
Tm{z} Convey vig QPSK
A : -
o T o Bit ordering:
10 00 Vo V1
Jhg Ly Lag
—4]——1i—) Re{z} Convey yu.
e L 1o
11 01
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3 A1 3 s
[ ] [ -+ L L ]
2101 1112 0111 0101
[ ] [ —73 L L ]
2100 1110 0110 01CO
[m{z} COHVGy Via, ¥4, ¥5.a 64—QAR{{
A . .
Bit. ordering:
o [ ] L ] [ ] ——7 ® L * -
100000 120010 10110 101000 001000 COLOZC 00C0D10 000020 Vo.q Yia Y24 Yiq Yia Yo
° . . . 45 e ' . .
100002 120011 101C11 101001 001001 ©O10Z1 03JC011  (QOQOC1
. ® . . 43 e . L) ®
100102 130111 101111 101101 001101 €O01121 036111 000131
L] [ ] a4 [ —+ 1 ® ] L ] [ ]
100100 130110 101110 101100 001109 C01120 02C110 Q00120
+ ! I } ! ‘. ! } >» Re{z} Convey
-7 -5 -3 -1 1 3 5 7 Yoq, Y2u, Yaq
L ] [ ] L [ ] T-1 ® [ ] * L
110100 110110 111110 121160 011109 C111-¢ (01Cl10 010120
® [ ] L [ ] T3 ® L J L ®
110102 110111 111111 121101 - 011101 C11121 010111 010171
° . ° . Ts5 ® . . .
110002 110011 11111 131061 011001 ©11021 01CD11 010021
[ ] [ ] L J [ ] T.7 | L ] L L
110000 110010 111010 121000 011000 011020 O01C010 010020

Figure G.1: The QPSK, 16-QAM and 64-QAM mappings and the corresponding bit patterns
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Figure G.2: The 256-QAM mapping and the corresponding bit pattern

Non-uniform constellations, NU-64-QAM and NU-256-QAM, may be illustrated in an analogous way, the
non-uniform spacings then being apparent. Where there is a non-monotonic increase of constellation
value, see e. g. tables 25 and Error! Reference source not found., the Gray mapping shall depend on the

abulated order not the constellation value.
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Example plots of NU-64-QAM and NU-256-QAM are shown in figures G.3 and G.4 for illustrative purposes.
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Figure G.3: NU-64-QAM for code rate 2/5

Figure G.4: NU-256-QAM for code rate 1/3
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The constellation points z, for each input cell word (yg 4..Ypmog-1,4) are Normalized according to table G.1 to
obtain the correct complex cell value fq to be used.

Table G.1: Normalization factors for data cells

Modulation Normalization
BPSK fe=24
QPSK fo=a
2
16-QAM fo—a
7 o
Z
64-QAM or NU-64-QAM f,=—L
T a2
Z
256-QAM or NU-256-QAM S, =—
7 170
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Im{z} Conveyy,,

PSK
A Q
® +1 0O : -
10 00 Bit ordering:
—+—1—+» Re{z} Conveyy,, Yogq Yig
-1 1
e 110
11 01
Im{z} Conveyy, g, ysq 16-QAM
A
® 2 138 L 4 Bit ordering:
1000 1010 0010 0000 fhordering:
Yoaq Yiq Yoq Ysq
® 2 11 8 L 4
1001 1011 0011 0001
} t } —> Re{z} Convey y,.., Y,
3 K p I 3 { Y Yoq» Yaq
i 1 ® 1 @ @
1101 1111 0111 0101
° L °
1100 1110 0110 0100
Im{z} Conveyy, ;,¥;Ysq
N pee 64-QAM
* o L4 ® 17 [ ] \ J  / Bit ordering:
100000 100010 101010 101000 001000 001010 000010 000000
Yoq Yiq Yoq Yaq Yaq Ysq
o o L4 ® 158 [ @ ®
100001 100011 101011 101001 001001 001011 000011 000001
[ 4 o L4 ® 13 @ [ @ ®
100101 100111 101111 101101 001101 001111 000111 000101
[ 4 o o ® 110 [ @ o
100100 100110 101110 101100 001100 001110 000110 000100
; ; ; ; ; l } f » Re{z} Convey ¥, YaqYaq
-7 -5 -3 -1 1 3 5 7
[ 4 o L ® 1.1 @ [ @ o
110100 110110 111110 111100 011100 011110 010110 010100
o o o ® 130 ® @ ®
110101 110111 111111 111101 011101 011111 010111 010101
[ 4 o L ® 15 @ @ o
110001 110011 111011 111001 011001 011011 010011 010001
[ 4 o o ® 1.0 ® ® ®
110000 110010 111010 111000 011000 011010 010010 010000

Figure G.5: The QPSK, 16-QAM and 64-QAM mappings and the corresponding bit patterns

(hierarchical with o = 1)

They, , denote the bits representing a complex modulation symbol z.
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Im{z} Convey Y14, Y34

° ° —+4 ° °
1000 1010 0010 0000
Bit Ordering:
® ® B ) Py e YoaYiqY2qVYag
1001 1011 0011 0001
| | | | Re{z} Convey Yoq, Y2,

4 2 2 4

° ° —+--2 ° °

1101 1111 0111 0101

° ° —+-4 ) )

1100 1110 0110 0100

Figure G.6: Hierarchical 16-QAM mapping with a = 2

Im{z} Convey y1,q’, ¥3,9, ¥5,9’

° ° ) ) —13 ) ) o )
100000 100010 101010 101000 001000 001010 000010 000000
[ ] [ J [} [ ] —11 o o [ ] [ J
100001 100011 101011 101001 001001 001011 000011 000001
Bit Ordering:
Yoq Y19 Y29 Y39 Y49 Y59
[ [} [ J [ —15 [} o [ [ J
100101 100111 101111 101101 001101 001111 000111 000101
[ ] [ J [} (] -3 o ® [ ] [ J
100100 100110 101110 101100 001100 001110 000110 000100
| | | | | | | |
\ \ \ \ \ \ \ —Re{z} Convey yoq, Y24, Yaq
-13 -1 -5 -3 3 5 11 13
—+-3
110100 110110 111110 111100 011100 011110 010110 010100
o ° ) ° —+-5 ° ) ° o
110101 110111 111111 111101 011101 011111 010111 010101
[ ] [} o [ ] ——11 [ J [} [ J [ J
011001 011011 111011 111001 011001 011011 010011 010001
[ [} [} [ J ——-13 [ ) [ ] [} [ ]
011000 011010 111010 111000 011000 011010 010010 010000

Figure G.7: Hierarchical 64-QAM mapping with o =3
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They, , denote the bits representing a complex modulation symbol z.

Im{z} Convey y14, Y34

° ° —+16 ) )
1000 1010 0010 0000
Bit Ordering:
° ° —1-4 ) ) 9
1011 0011 0001
1001 Yoq Y14 Y24 Y3aq
} } } } Re{z} Convey yoq, Y24
-6 -4 4 6
) ) —~1—-4 ) )
1101 1111 0111 0101
° ° —1--6 ° °
1100 1110 0110 0100

Figure G.8: Hierarchical 16-QAM mapping with o = 4

They, , denote the bits representing a complex modulation symbol z. In each case, the transmitted

complex symbol c is derived by normalising z according to table G.2.
For hierarchical 16-QAM:

The high priority bits are the y, , and y, . bits from the regional PLP. The low priority bits are y, . and y; .
bits from the local service PLP. The mappings of figures G.5, G.6 and G.8 are applied as appropriate.

For example, the top left constellation point, corresponding to 1 000 represents y, .. =1,
Yi,q = Ya,q = V3,4 = 0. [f this constellation is decoded as if it were QPSK, the high priority bits, yo o, y; o = 1,0
will be deduced. To decode the low priority bits, the full constellation shall be examined and the

appropriate bits (y, ., y3 o) extracted fromyg o\, Y1 qv Y2 qv V3,q.
For hierarchical 64-QAM:

The high priority bits are yo 4 Y1 ¢ Y qv ¥3,q from the regional PLP. The low priority bits arey, , and ys .

from the local service PLP. The mappings of figures G.5 and G.7are applied as appropriate. If this
constellation is decoded as if it were 16-QAM, the high priority bits, y, o, V1 o V2 g V3¢ Will be deduced.

To decode the low priority bits, the full constellation shall be examined and the appropriate bits (y4'q., y5,q")

extracted from yg o, V1 g Va,q V3,4 Yaqv Vs.q'
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Table G.2: Normalisation factors for data symbols

Modulation scheme Normalisation factor
QPSK c=zN2
16-QAM =1 c =zN10
a=2 c = z\20
a=4 c = z52
64-QAM =1 c =zN42
a=3 c =z\162
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Annex H (normative):

Locations of the continual pilots

Table H.1 gives the carrier indices for the continual pilots for each of the pilot patterns in 16K. Table H.2
gives the carrier indices for the additional continual pilots in extended carrier mode. For further details of
the use of these, see clause 11.1.4.

Table H.1: Continual pilot groups for each pilot pattern

Group PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8
CP, 116 255 116 318 116 318 108 116 108 116 264 360
[All FFT sizes] |285 430 390 430 342 426 144 264 228 430 1848 2088
518 546 474 518 430 518 288430 518 601 2112 2160
601 646 601 646 582 601 518 564 646 804 2256 2280
744 1662 |708 726 646 816 636 646 1644 1680 3936 3960
1893 1995 (17521758 |1758 1764 |828 2184 1752 1800 3984 5016
2322 3309 (1944 2100 [2400 3450 [3360 3396 [1836 3288 5136 5208
33513567 |2208 2466 (3504 3888 (39124032 (3660 4080 5664
38134032 |3792 5322 |40204932 (49325220 (49324968
5568 5706 |5454 5640 (5154 5250 (5676 5688 (5472
5292 5334
CP, 1022 1224 (1022 1092 (1022 1495 |601 1022 |852 1022 116 430
[2K-16K] 1302 1371 [1369 1416 |2261 2551 |1092 1164 |1495 2508 518 601
1495 2261 [1446 1495 |2802 2820 (1369 1392 |2551 2604 646 1022
2551 2583 (2598 2833 (2833 2922 [1452 1495 |2664 2736 1296 1368
2649 2833 (2928 3144 4422 4752 |2261 2580 [2833 3120 1369 1495
29253192 (44104800 (4884 5710 |2833 3072 |4248 4512 2833 3024
4266 5395 (57105881 (8164 4320 4452 |4836 5710 4416 4608
5710 5881 |6018 6126 (10568 5710 5881 5940 6108 4776 5710
8164 10568 11069 6048 8164 58816168
10568 11515 11560 10568 10568 7013 8164
11069 12946 12631 11515 11069 10568
11560 13954 12946 12946 11560 10709
12631 15559 16745 13954 12946 11515
12946 16681 21494 15559 13954 12946
13954 16681 21494 15559
16745 23239
21494 24934
25879
26308
26674
CPq 22618164 [13954 8164 648 4644 456 480
[4K-16K] 16745 2261 6072
17500
CP, 10709 10709 12631 1008 6120 [116 132
[8K-16K] 19930 19930 13954 180 430
518 601
646 1022
1266 1369
1495 2261
2490 2551
2712 2833
3372 3438
4086 4098
4368 4572
4614 4746
4830 4968
5395 5710
5881 7649
8164
10568
11069
11560
12631
12946
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Group PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8
13954
15760
16612
16745
17500
19078
19930
21494
22867
25879
26308
CP, 1369 7013 |6744 7013 13695395 |6612 6708 |13692261 |116 384 6984 7032 6720 6954
[16K] 72157284 (70207122 |58816564 (70137068 |53955881 |408518  |7056 7080 |7013 7026
76497818 |7308 7649 |6684 7013 (7164 7224 |65526636 |601646  |71527320 (70927512
80258382 |7674 7752 (76498376 (73087464 |67446900 [672960 (73927536 |7536 7596
87338880 |7764 8154 (85448718 (76497656 (70327296 [10221272 |76497704 |7746 7758
92499432 [8190 8856 (8856 9024 (77167752 |7344 7464 (13441369 (77287752 |7818 7986
9771 89229504 (91329498 (78127860 |76447649 [14951800 |80888952 (8160 8628
10107 9702 9882 (97749840 |8568 8808 |7668 7956 |2040 2261 (9240 9288 (9054 9096
10110 9924 10302 88809072 (8124 8244 (28333192 (93129480 [9852 9924
10398 10032 10512 9228 9516 (8904 8940 (3240 3768 (9504 9840 |10146
10659 10092 10566 9696 9996 (8976 9216 3864 3984 (9960 10254
10709 10266 10770 10560 96729780 |4104 4632 [10320 10428
10785 10302 10914 10608 10224 4728 4752 |10368 10704
10872 10494 11340 10728 10332 4944 5184 10728 11418
11115 10530 11418 11148 10709 52325256 |10752 11436
11373 10716 11730 11232 10776 5376 5592 |11448 11496
11515 11016 11742 11244 10944 5616 5710 |11640 11550
11649 11076 12180 11496 11100 5808 5881 |11688 11766
11652 11160 12276 11520 11292 6360 6792 (11808 11862
12594 11286 12474 11664 11364 6960 7013 |12192 12006
12627 11436 12486 11676 11496 72727344 (12240 12132
12822 11586 15760 11724 11532 73927536 |12480 12216
12984 12582 16612 11916 11904 7649 7680 |12816 12486
15760 13002 17500 17500 12228 7800 8064 |16681 12762
16612 17500 18358 18358 12372 81608164 (22124 18358
17500 18358 19078 19078 12816 8184 8400 20261
18358 19078 19930 21284 15760 8808 8832 20422
19078 22124 20261 22124 16612 9144 9648 22124
19930 23239 20422 23239 17500 9696 9912 23239
20261 24073 22124 24073 19078 10008 24934
20422 24934 22867 24934 22867 10200
22124 25879 23239 25879 25879 10488
22867 26308 24934 26308 10568
23239 25879 10656
24934 26308 10709
25879 26674 11088
26308 11160
26674 11515
11592
12048
12264
12288
12312
12552
12672
12946
13954
15559
16681
17500
19078
20422
21284
22124
23239
24934
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Group PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8
25879
26308
26674
Table H.2: Locations of additional continual pilots in extended carrier mode
FFT size PP1 PP2 PP3 PP4 PP5 PP6 PP7 PP8
8K None |6820 6847 |6820 6869 [6820 6869 | None NA 6820 6833 (6820 6833
6869 6898 6869 6887 |6869 6887
6898 6898
16K 13636 13636 13636 13636 13636 13636 13636
13724 13790 13790 13790 13790 13724 13724
13790 13879 13879
13879
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Annex | (normative):
Reserved carrier indices for PAPR reduction

Table 1.1 gives the indices of the reserved carriers for the P2 symbol. Table 1.2 gives the starting indices for
the reserved carriers for pilot patterns PP1 to PP7. For further details of the use of these, see clauses 11.2

and 11.5.2.
Table I.1: Reserved carrier indices for P2 symbol
FFT size
('::::::;:f Reserved Carrier Indices
carriers)
1K (10) 116, 130, 134, 157, 182, 256, 346, 478, 479, 532
2K (18) 113, 124, 262, 467, 479, 727, 803, 862, 910, 946, 980, 1201, 1322, 1342, 1396, 1397, 1562, 1565
104, 116, 119, 163, 170, 173, 664, 886, 1064, 1151, 1196, 1264, 1531, 1736, 1951, 1960, 2069, 2098,
4K (36) 2311, 2366, 2473, 2552, 2584, 2585, 2645, 2774, 2846, 2882, 3004, 3034, 3107, 3127, 3148, 3191, 3283,
3289
106, 109, 110, 112, 115, 118, 133, 142, 163, 184, 206, 247, 445, 461, 503, 565, 602, 656, 766, 800, 922,
8K (72) 1094, 1108, 1199, 1258, 1726, 1793, 1939, 2128, 2714, 3185, 3365, 3541, 3655, 3770, 3863, 4066, 4190,
4282, 4565, 4628, 4727, 4882, 4885, 5143, 5192, 5210, 5257, 5261, 5459, 5651, 5809, 5830, 5986, 6020,
6076, 6253, 6269, 6410, 6436, 6467, 6475, 6509, 6556, 6611, 6674, 6685, 6689, 6691, 6695, 6698, 6701
104, 106, 107, 109, 110, 112, 113, 115, 116, 118, 119, 121, 122, 125, 128, 131, 134, 137, 140, 143, 161,
223, 230, 398, 482, 497, 733, 809, 850, 922, 962, 1196, 1256, 1262, 1559, 1691, 1801, 1819, 1937, 2005
2095, 2308, 2383, 2408, 2425, 2428, 2479, 2579, 2893, 2902, 3086, 3554, 4085, 4127, 4139, 4151, 4163,
4373, 4400, 4576, 4609, 4952, 4961, 5444, 5756, 5800, 6094, 6208, 6658, 6673, 6799, 7208, 7682, 8101,
16K (144) |8135, 8230, 8692, 8788, 8933, 9323, 9449, 9478, 9868, 10192, 10261, 10430, 10630, 10685, 10828
10915, 10930, 10942, 11053, 11185, 11324, 11369, 11468, 11507, 11542, 11561, 11794, 11912, 11974,
11978, 12085, 12179, 12193, 12269, 12311, 12758, 12767, 12866, 12938, 12962, 12971, 13099, 13102,
13105, 13120, 13150, 13280, 13282, 13309, 13312, 13321, 13381, 13402, 13448, 13456, 13462, 13463,
13466, 13478, 13492, 13495, 13498, 13501, 13502, 13504, 13507, 13510, 13513, 13514, 13516
Table 1.2: Reserved carrier indices for PP 1,2, 3,4,5,6 and 7
FFT size
(I\::sn;l::er:f Reserved Carrier Indices
carriers)
1K (10) 109, 117,122, 129, 139, 321, 350, 403, 459, 465
2K (18) 250, 404, 638, 677, 700, 712, 755, 952, 1125, 1145, 1190, 1276, 1325, 1335, 1406, 1431, 1472, 1481
4K (36) 170, 219, 405, 501, 597, 654, 661, 745, 995, 1025, 1319, 1361, 1394, 1623, 1658, 1913, 1961, 1971, 2106,
2117, 2222, 2228, 2246, 2254, 2361, 2468, 2469, 2482, 2637, 2679, 2708, 2825, 2915, 2996, 3033, 3119
111, 115, 123, 215, 229, 392, 613, 658, 831, 842, 997, 1503, 1626, 1916, 1924, 1961, 2233, 2246, 2302,
2331, 2778, 2822, 2913, 2927, 2963, 2994, 3087, 3162, 3226, 3270, 3503, 3585, 3711, 3738, 3874, 3902,
8K (72) 4013, 4017, 4186, 4253, 4292, 4339, 4412, 4453, 4669, 4910, 5015, 5030, 5061, 5170, 5263, 5313, 5360,
5384, 5394, 5493, 5550, 5847, 5901, 5999, 6020, 6165, 6174, 6227, 6245, 6314, 6316, 6327, 6503, 6507,
6545, 6565
109, 122, 139, 171, 213, 214, 251, 585, 763, 1012, 1021, 1077, 1148, 1472, 1792, 1883, 1889, 1895, 1900
2013, 2311, 2582, 2860, 2980, 3011, 3099, 3143, 3171, 3197, 3243, 3257, 3270, 3315, 3436, 3470, 3582,
3681, 3712, 3767, 3802, 3979, 4045, 4112, 4197, 4409, 4462, 4756, 5003, 5007, 5036, 5246, 5483, 5535,
5584, 5787, 5789, 6047, 6349, 6392, 6498, 6526, 6542, 6591, 6680, 6688, 6785, 6860, 7134, 7286, 7387
16K (144) |7415, 7417, 7505, 7526, 7541, 7551, 7556, 7747, 7814, 7861, 7880, 8045, 8179, 8374, 8451, 8514, 8684,

8698, 8804, 8924, 9027, 9113, 9211, 9330, 9479, 9482, 9487, 9619, 9829, 10326, 10394, 10407, 10450,
10528, 10671, 10746, 10774, 10799, 10801, 10912, 11113, 11128, 11205, 11379, 11459, 11468, 11658,
11776, 11791, 11953, 11959, 12021, 12028, 12135, 12233, 12407, 12441, 12448, 12470, 12501, 12548,
12642, 12679, 12770, 12788, 12899, 12923, 12939, 13050, 13103, 13147, 13256, 13339, 13409
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Annex J (informative):
Pilot patterns

This annex illustrates each of the scattered pilot patterns, showing the pattern of pilots at the low
frequency edge of the ensemble and for the last few symbols of a frame. It shows first the patterns in SISO
mode (figures J.1 to J.7) and then the patterns in MISO mode (figures J.8 to J.11). Continual pilots and
reserved carriers are not shown.

The patterns of pilots around the P2 symbol(s) are shown in figures J.12 and J.13.

E— Frequency (carrier number)
1] 12 24 5]

- i e m
I.. I.. I..
I.. I.. I..

(s1oquits a4 ) aw)

I N I N I N
Frame closing symbol fwhen used)
. Scattered pilot . Edge pilot I:' Data cell

Figure J.1: Scattered pilot pattern PP1 (SISO)

—_—> Frequency (carrier number)
1] 12 24 35

(sjoquifs Wado ) ey

Frame closing symbal fwhen used)

. Scatterad pilat . Edge pilat I:' Data cell

Figure J.2: Scattered pilot pattern PP2 (SISO)
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E— Frequency (carrier number)
1] 12 24

36

= mEREEE

(s1oquits a4 ) aw)

Frame closing symbol fwhen used)
. Scattered pilot . Edge pilot I:' Data cell

Figure J.3: Scattered pilot pattern PP3 (SISO)

—_—* Frequency (carrier number)

1] 12 24 35
=
=
o
o
M
)
=
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=
3
=
)
¥
Frame closing symbal fwhen used)
. Scattered pilot . Edge pilat I:' Data cell
Figure J.4: Scattered pilot pattern PP4 (SISO)
E— Frequency (carrier number)
0 12 24 35 45
o .
e ]
- i =
F i
> ||
||
v n
I || ||

Frarme closing symbal fwhen used)

. Seattered pilot . Edge pilat l:‘ Data cell
Figure J.5: Scattered pilot pattern PP5 (SISO)
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E— Frequency (carrier number)

1] 12 24 36 45
=
e
o
=
=
F
¥
Frame closing symbol fwhen used)
. Scattered pilot . Edge pilot l:‘ Data cell
Figure J.6: Scattered pilot pattern PP6 (SISO)
E— Frequency (carrier number)
1] 12 24 36 45
g
e
9 |
=
=
F i
5 |
¥
H a
Frame closing symbol fwhen used)
. Scattered pilot . Edge pilot l:‘ Data cell
Figure J.7: Scattered pilot pattern PP7 (SISO)
E— Freguency (carrier number)
1] 12 24 35

(sjoquits wado ) awn)

Frame closing symbol fwhen used)

Morrmal scattered pilot Irverted scattered pilot for MISO group 2

Figure J.8: Scattered pilot pattern PP1 (MISO)

NOTE: PP2 was defined in DVB-T2 [i.1] but is not used in DVB-NGH.
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E— Frequency (carrier number)
1] 12 24

36

(s1oquits a4 ) aw)

Frame closing symbol fwhen used)

Mormal scattered pilot Irverted scattered pilot for MISO group 2 Data cell
Figure J.9: Scattered pilot pattern PP3 (MISO)
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Frame closing symbal fwhen used)
Mormal scattered pilot Inverted scattered pilat for MISO group 2 Data cell
Figure J.10: Scattered pilot pattern PP4 (MISO)
E— Frequency (carrier number)
0 12 24 35 45
5 H
e ||
E
2 |
F
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Frarme closing symbal fwhen used)
Marmal scattered pilot Irverted scattered pilot for MISO group 2 l:‘ Data cell

Figure J.11: Scattered pilot pattern PP5 (MISO)
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k' (physical carrier)

(a) Extended carrier mode 48(=Kox)
0 | k (logical carrier) R
symbol |
N0000000000000000000000000000000000000000000000000eeoeesesseseeeeeoeepeepsesseeell
IPNO0/0/0/0/0/000000.0000000.000000000000000000000000000000ede0eeseeoeeseseeeweeses0eeeeese
2 loJole 0 0l0 0 0 0 0l0 /o]0 0/0/0]00/0]0/00/0]0/0/0/0]0]0/0/0]00/0/0(0(0/0]0/0/60/0]0/0/60/0/00/0/0100/0/0/0/60/0/0(0/60/0/0/60/6/010/6/0/0/660.010(6.6/0)
3 @00000000000000000000000®0000000000000000000000000000000000000000000000000000000
4COOOOOOOOOOOOOOOOOOOOOOOOOO(DOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
@00Q000000000000000000Q00Q000Q000Q000000Q0000000Q00Q000000000000000000008OQ000Q0
6.OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
7 @O0000000000000000000000000000000000000000000000000000000000000000000000000000000
Wo Symbol-level PRBS value W4$V49

Wi

_3456 (b) Normal carrier mode

k’ (physical carrier)

v

OI k (logical carrier)

Frequency

v

0 00000000000000000000000000000000 po

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
Q0000000000000Q00000000Q0
.OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

@00000000QQQVO000000000000QQQVQ0
Q0000000000000 000O000000000000000

Wis __ Symbol-level PRBS value
W49

O P2 Pilot @ Edge Pilot: always k=0 and k=Kmax

® Scattered Pilot: same k' values in given symbol (data symbols only)

Figure J.12: Example of pilot and TR cells at the edge of the spectrum in extended and normal carrier mode (8K PP7)
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-2811 -2760 k’ (physical carrier)

" (a) Extended carrier mode 696

) | k (logical carrier) R
symbol 658 |
0oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooq}pz

oje]elo]e]e]olele 0lelel0 e elole e ole e 0 e e s e e olel0 0 e e o]0 o o o]0 0 e e 0 e o o e 0 0 e 0 o]0 els 0 e o els 0 e e 0le o o o]0 0 e e o]0 e 0 0]0 0]e)
2N olololololo olelol0]elelels ololele 0lole e e]o e e 0]e oo 0]e ole e e o e el0 o e e o]0 ole 0 0 oo els o elele o o e e e o e e e o e]e 0 e ole 0 s o e 0 0 )
cJilelele ojelelo o elelo e oo ole o olele o elelo e e]elole o e ole o oo e s olele e elelole o o e e e] lolelele]elelelelelele e ele e e]ele e e e]elel0le]elele!
4 9000000000000000000000000000000000O00A00000000000000000000000000000000000080000

0000000000000000000000000000Q000Q00000000A000Q0000000Q000A00000000A000Q00000000
Relelelelolelelolelolelelo o ololo e olelele o olelole] Jololelelelele o e e 0le ololo o ololole olole o o olelole o elo e oo o e o e elo o e e 0 o o e o]0 0 e,
7 000000O0000000OO00OOO00OO000O000O0OOGO0OO000OO0OOOeOOO00O00OOOOOOOO0OOOO000O0000

We45
We46

Symbol-level PRBS value

(b) Normal carrier mode
—2811 _2760 k’ (physical carrier)

v

597 648 658 i (logical carrier)

symbol

(UNolele e 0l0 00 0/00]0/00]0 00]0 /00 00/0 00l0/00l0/00/0/00/0/0/0 000 000/0]0000/0/0l0/0/0l0/0l0/0@0ls 00000 0000000000000
Q00000000000000O000000000Q0000000O00O00000000O0000000 Q00000000000000000000QQ S P2

2 00000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000000000BO000000000000000000000000000

4 Q0000000000000 0000000000000000000O00Q00000000000000000000000000000000000000000

5 . 000@0000000000000000000000000000000000000000000000000000000000000000000000000000

6 00000000000000000000000000080000000000000000000000000000000000000000000000000000

7 000000000 00000000O00000000O00000000O0000CO0000000000000®00O00000000000000000000000000

We45

Symbol-level PRBS value We96
Ws46 We97

Frequency

O P2 Pilot @ Edge Pilot: always k=0 and k=Kmax © Tone Reservation cell
O Continual Pilot @ Scattered Pilot

Figure J.13: Example of pilot and TR cells in extended and normal carrier mode (8K PP7)
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Part II: MIMO profile
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13 DVB-NGH MIMO system definition

13.1  System overview and architecture

MIMO transmission options are included in the optional MIMO profile in order to exploit the diversity and
capacity advantages made possible by the use of multiple transmission elements at the transmitter and
receiver. Channel estimation suitable for MIMO is provided by an appropriate pilot structure, identical to
that provided in the base profile for MISO frames. The term ‘MIXO frames’ encompasses all frames
containing such pilots.. MIMO may hence form part of a transmission including MISO PLPs as well as SISO
frames as defined in the base profile. Within MIXO frames, different schemes may be applied to constituent
PLPs according to the desired transmission characteristics; for instance MISO is specified for L1 signalling
and may also be used for any other low-rate high-robustness transmission. Rate 2 MIMO, which increases
the data multiplexing rate by sending distinct information from each transmit element, can be chosen
where high data throughput efficiency is the primary goal.

In the following clauses, the differences to the base profile are outlined with reference to their base profile
counterparts.

Compared to the base profile, only the BICM and the OFDM generation stage contains functional
differences.

Bit Interleaved ’/ Signal on air
TSinoprufsSE—> Input processing > Coding & » Frame Building —»| OFDM generation —>
Modulation Y
| 4

Figure 92: High level NGH phy layer block diagram of the MIMO profile. Blocks differing from the base
profile are shaded to grey.

13.1.1 Bit interleaved coding and modulation, MISO and MIMO precoding

The block diagram illustrating the functional differences in the BICM stage is shown in figure93:.
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b Inter-frame =
FEC encoding | Bit Map cells to MIMO Cell il convolutional and -
PLPO (16K LDPC/BCH) "1 interleaver constellations Precode [— interleaver |— intra-frame block | —#
interleaving
‘ ‘ To logical
frame builder
= Inter-frame
FEC encoding Bit Map cells to MIMO Cell convolutional and
— - | - - >
PLP1 (16K LDPC/BCH) 4 interleaver constellations Precode [ interleaver | —— intra-frame block | |—
interleaving
T
I Inter-frame =
FEC encoding . Bit Map cells to MIMO Cell il convolutional and .
PLPR (16K LDPC/BCH) interleaver constellations Precode [—] interleaver || —] intra-frame block | |—
interleaving
T
To NGH frame
L1-PRE FEC encoding L1-PRE .
bits Ll_PRI_E » (Shortened/punctured » Map cell% to MISQ I builder
» scrambling 4K LDPC/BCH) constellations Precoding |——-»
L1 signal_ing
generation
L1-POST FEC encoding Bit Map cells to Mixo | L1-POST Tological
™ scrambling >| (Shortened/punctured ™ interleaver " constellations Precoding frame builder
L1-POST 4K LDPC/BCH) =
bits

Figure 93: Bit Interleaved Coding and Modulation (BICM) of the MIMO profile

Inter-frame
FEC encoding Bit Map cells to 5| MIMO Cell convolutional and
(16K LDPC/BCH) interleaver 7| constellations 7| Precode ™| interleaver intra-frame block % To logical
PLPO interleaving frame builder
Demux 1/a Inter-frame
FEC encoding Bit ) Map cells to Cell Constellation convolutional and MISO  [—»
— (- - (- Ea
(16K LDPC/BCH) interleaver bits to constellations interleaver rotation component | 4 » frame block precoding [ >
PLP1 cells interleaving . .
interleaving
o logical
frame builder
I Inter-frame
FEC encoding Bit Map cells to MIMO Cell convolutional and
— - - N —» . - i
(16K LDPC/BCH) interleaver constellations Precode || interleaver | ——] intra-frame block To Ioglc‘al
PLPn interleaving frame builder
I

Figure 94: Bit Interleaved Coding and Modulation (BICM) with mixed MIMO and MISO PLPs
(Layer 1 signalling as in figure 93above)

13.1.2 FEC encoding and interleaving inside a FEC block

MIMO PLPs within the MIMO profile employ a revised bit interleaver intended to simplify iterative MIMO
decoding at the receiver. The base profile bit to cell demultiplexing is no longer explicitly present.

13.1.3 Modulation and component interleaving

The constellation is non-rotated QPSK, 16-QAM and 64-QAM. The constellation may be the same or
different on the output MIMO pair depending on the chosen operational mode.

13.1.4 Time interleaving (inter-frame convolutional interleaving plus intra-
frame block interleaving)

Since the time interleaving is carried out after the generation of two MIMO streams there are two parallel
time interleavers. The time interleaving applied to both MIMO streams is identical. To keep the total
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memory requirement the same, each of these MIMO streams has half the maximum depth as the base
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13.1.5 Frame building, frequency interleaving

MIMO frames are built according to figure 95. This is the same architecture as the base profile except for
the allocation of space for the aP1 symbol.

Draft ETSI EN 303 105 V1.1.1 (2012-11)

The frequency interleaver is a pairwise interleaver defined in clause 9.11

,,,,,,,,,, or' I | i
PLPO : Assembly : :
: of common | |
o | |
77777777777 ) :_ PLPcells | Logical Frame :
PLPL | T Builder 1 -
: A bi : (assembles : |
: fsdsetm PIYP | modulated cells of |1 NGH Frame Builder :
,oraa I‘;‘ ! PLPsand L1-POST || (assembles |
P cells | signalling into 1 modulated cells of :
______________ logical frames. : logical frames and !
,,,,,,,,,,, ) I' : Operates : L1-PRE signalling |
PLPn : Sub-slice | according to , Logical into arrays : | To OFD.M
| processor : dynamic : frames corresponding to I~ ™| Frequency generation
R scheduling S OFDM symbols. |} interleaver |l
information : Operates according |1
produced by : to dynamic | [Epp—
fmmmmmm o scheduler) | scheduling :
! ! informati
| Assembly | | il ||
| of L1-POST | \ L1-PRE hpd o Al v i
: cells | | | scheduler. Allocate :
e ____1 ! space for aP1) |
| |
C______________—_—_————_ | ___________

Figure 95: MIMO Frame Builder

14 Transmit/receive system compatibility

To make use of the MIMO profile, the proposed transmitter hardware must include individually-fed cross-
polar antennas (horizontal (HP) and vertical polarisation (VP)). In addition, to receive and decode the MIMO
signal, a cross-polar pair of antennas is necessary at the receive terminal.

In a given PLP, only one of MISO or MIMO encoding may be used, i.e. they are not cascadable.

The bit interleaver for the MIMO profile described below in clause 15 is a replacement for that described in
part 1 of the specification.

15 Bit interleaver

The bit interleaver used for MIMO PLPs is different from the one used in the base profile. Figure 96 shows
the basic block diagram:
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Bit Interleaver

Parit Quasi- Section To Cell to
—T y. — Cyclic block —» . » Constellation
Interleaving . Interleaving
Interleaving Mapper

Figure 96: Bit Interleaver of the MIMO profile

In order to allow for a more efficient receiver implementation, the new bit interleaver is adapted to the
quasi-cyclic structure of the LDPC code. The new bit interleaver for MIMO consists of two components: a
parity interleaver and a parallel bit interleaver.

The parity interleaver is identical to the one used in the bit interleaver of the base profile (see clause 6.1.3).
Its role is to convert the staircase structure of the parity-part of the LDPC parity-check matrix into a quasi-
cyclic structure similar to the information-part of the matrix. At the output of the parity interleaver the
LDPC codeword consists of 45 adjacent quasi-cyclic blocks (QB), each block consisting of 360 bits (the Q
parameter in clause 6.1.2). The parity-interleaved codeword is interleaved by the parallel bit interleaver
and then mapped to a sequence of spatial-multiplexing (SM) blocks of Ngpcy bits each, as shown in figure 97
for Ngpcy = 8.

Parallel Bit Interleaver

M i

SMblock SMblock  SMbIOCK ---coom oo SM block
1 2 3 4050

Figure 97: Parallel bit interleaver, QB and section interleaver part

The parallel interleaver in turn comprises two stages: a QB interleaver and a section interleaver.

The QB interleaver permutes the order of the 45 quasi-cyclic blocks (QBs) of the LDPC codeword. The
corresponding QB permutation is optimized for each combination of Ngpcy, code rate, and power
imbalance. Tables 117 to 119 show these permutations for Ngpcy = 6, 8 and 10, respectively, each table
containing the permutations for all code rates and power imbalances. The QB indices range from 1 to 45.
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Table 117: QB permutations for 6 bits per channel use

Code | Power QB permutations for 6 bits per channel use
rate jimbalance| Section 1 | Section 2 | Section 3 | Section 4 | Section 5 | Section 6 | Section 7 | Section 8 | Section 9 | Section 10| Section 11| Section 12} Section 13| Section 14| Section 15
111|171 5 134133]2813822]13]32/14144] 7 | 2712311841101 35| 21]15]4542]26]31139]29112] 4 | 1] 2 40136119]20]43] 9 16| 3 |24/11/37]25/30] 8 | 6
13 12 |20123140(15(19121127 (44| 9 {101 1136183832 35391 31(16(3342|30| 1| 7 [341431451728(22| 8 | 4 | 2 [14(24/41{37(25(12/26] 5| 3 | 6 (13129
1:4 | 61{27/36] 3[19] 1,2838(16] 8 32|24 33/13(35(15| 2| 7 |41[4331/42]25(22(11{30{4423{18{21| 4 [2639| 5 [29/4520|34 40,37 14/17{10] 9 {12
111 [20]16/34]41(2836119]35(42/45 43| 2| 1] 8 30 12] 914(10]38]15/22] 6| 5|24]13]31|32[23]27]40]39/18]33] 3 291 25| 7 (211441 17]26/37: 117 4
2/5 1:2 [20116/34/41(28136 19/35(42{45 43| 2| 1 8 30| 12| 9 (1410 38| 15/22| 6| 5| 241 13| 31| 32|23/ 2740 39118133 3 | 29125| 7 |21, 44117 26/37 11} 4
1:4 [20116/34]41/2836 19]35(42/45 43| 2| 1 8130 12] 9 14(10/38]15/22] 6| 5|24, 13| 31|32[ 23| 27,40 39/ 18/33] 3 |20/ 25| 7 [21:44 1726/ 37 11} 4
11 [13111) 441 41| 241121 16| 27[14] 221 32| 5[ 17]29]39] 6|35/ 30(10] 8 37| 3 (38| 1| 7 |42| 26| 15|28 34| 9 |23/ 43] 4 |40 2 | 2025|361 21: 33| 31| 18 191 45
715 | 1:2 3411324/ 16/40119/23/38] 1128/36/21| 9| 6| 2 42| 44| 8 |43|33] 5 22| 41| 32|29 45| 15| 18 261 37| 27| 31/ 10| 17,30 11/ 14| 20| 7| 3135| 4 | 39; 25 12
1:4 [34713724]16[40]19 23] 38[ 1 28 36/ 21| 9| 6 | 2 [42[44] 8 43 33] 5 [22]41/32{ 2045/ 15{ 18] 26] 37[27/31{10[17 {30 11[14{20] 7 "3 {35/ 4 {397 2512
111 [12]27114]35[13138] 7 |39] 9 (19143133[24125110] 6 [45/21] 2 [28] 4 | 3 [17]15]40]42[22] 8 [41]11[32116/18]44]3137130]26/29,34136|23| 5 /201 1
815| 12 |81{25/22/18(28/20] 3 23| 4 (33/38/19/27/31/11| 6 4524 29(39( 7 |26/41| 2 (10{40{32/13]14] 9| 1 34| 5 35(36| 2142|3712/ 16130 17|15 44143
1:4  |34]13]24/16[15]18123(32[ 12813621/ 9| 6 | 2 |42|44] 8 [37(33 5 |2219(14(29{45/40  41]26{4327 31,10(17(30/11,38(20| 7 | 3135, 4 |39 25/ 12
111 32138125/ 18] 28]34] 7 [39]15]201 40 44[19]12]29]14]17]21]33] 5 |24]36]41|31[10] 6 |27|45]42]37(13[43]11]26[16 22/ 2| 1| 3| 8130] 9 |23 435
3/5 1:2 [31/4372620(44139718{28[11/37 12]36]3442]40] 9| 7 |21]22] 6 |16{27{29] 13| 8 {30/ 19|38[45/32] 4 | 2 10| 5| 1 14/17|41[24/35] 3 (23|15 33|25
1:4  [23] 5 22/42[45]20 43/ 18[11] 273934 [41]37] 6 [24]16] 8 [30[40] 12/35(21|31/36]10(33[ 4438/ 14| 4 | 3 13| 9{29/19!32(15(25/28/2617| 1: 21 7
1:1 [ 19133039110 141347 27] 3 (40120 36] 32| 161 17143] 7| 9126/ 11|44]21] 5[ 42[31] 6 141] 8 4 | 24] 13| 25/ 15/ 18] 23] 1 45!30] 2 | 38 12} 29 22| 35 28] 37
23 12 [1024131] 4| 543 22{34[ 21,18 36| 12[11] 9 | 13[35(41] 15/ 20| 29| 8 [ 16| 2 | 40| 27| 25| 39| 6 | 33| 45(30| 283723 1| 14| 7| 3 | 26 42| 44 38{ 19' 17] 32
114 [45/39]28]38[ 16/ 20 10] 8 [14]44] 35] 4 [24]34]12[26[32{15/30 22 11[21/43[17[19713] 6 | 2 [ 5 [37[31[42] 9| 7 [40 18] 25| 1 [27 23] 3 [2933 41!36
11 | 5135139] 325116,44/17] 4 132 1312] 8 126145/ 10] 6 | 15] 2140|4327 |24]33] 2 |2841]29/19138]1420130|36] 7 |23134] 1182214211} 9 37131
1115] 12 [ 5135139 3 [25/16144]17] 4 [32113|12] 8 | 26{45/10] 6 |15]21/4043 27 24(33[ 2 (28 41[29/19/38]14120{30(36| 7 {23 34| 1 [18/22 42[11] 9 13731
1.4 [45] 1 39/13[34]18122] 3 [19/201 37173630 27/16/31] 2 | 8 [42[35] 6 |38/33/28/23| 9 | 21/43] 4 [12/15/29(32[40/24 14| 7 [ 5.10{41 4425 11{26
Table 118: QB permutations for 8 bits per channel use
Code | Power QB permutations for 8 bits per channel use
rate |imbalance| Section 1 Section 2 Section 3 Section 4 Section 5 Section 6 Section 7 Section 8 Section 9 Section 10 Section 11
111 | 9137133]39(38/2814] 3 [43]36 1120] 4| 7 [12] 6 113]35] 8 |23/ 19]32]42[ 2541110144130 243140127 15]26|21/29] 5 |1711/34]22]16]18 2 |45
13 12 | 4116125 1[19/42136| 8 [13/34,41] 6 |37 9 [12(17] 3 [35(32(22| 2 {39 11|21[14133 15|23 4418|2640 43[24 (10| 5 28(20(29,31] 7 | 271303845
1:4 | 4116/25| 119/42 36| 8 (1334 41 6 |37 9 12/17| 3 135(32[22] 2 39 11|21, 14133 15| 23|44 18| 26 4043|2410 5128|20(29/31] 7 | 27|30 38145
11 | 712143]35(27] 4 24] 5 (1620130 10[17142141]44]15[13]31]36|2312]37 18] 1 119]40/22{29] 9 38| 8 | 63414 26/39] 3 |25 32]28]33( 11 2 |45
25 12 [ 712143]35[27] 4 [24] 5 [16/20]30 10[17/42{41/44(15/13(31 36|23 12(37/18] 1 [19]40[22/29] 9 [38] 8 | 6 | 34|14 26/39] 3 | 25,32} 28(33/ 11 2 |45
1:4 [38]3 28] 4[17] 9 16/12[36/29 19 6| 8 35| 7 40(37/10(44]34] 2 [15(14/39[32] 5|42]20] 1 26|18  13]23[33[ 11 22/ 31| 25/43 21} 27[ 24/ 41: 30} 45
1:1 | 8112/38]21/28]19]24] 6 [31/17,27120]32] 5135 2 37| 1] 4| 343] 9]41|33]26]15]39] 18] 29] 11]30] 7 | 44] 23] 25 16| 14| 10} 341 36| 22 42| 131 40} 45
715 | 12 [41114(33]22[27110] 21/ 12[35/ 19/ 34| 837/ 15] 520|281 2429/ 32/ 11/ 4 1| 3130/44] 6| 7 |23/42| 25 17| 26| 2|36, 13! 39| 43| 38! 16! 40| 9 | 31; 18145
114 [35/15] 8] 5/40[20 42] 1| 211 31| 3| 41/37] 6|10]36] 14, 34| 28 44| 22/ 12/ 30 20| 17{ 26| 27/ 23{ 43 9| 4 {3818 24 21{32| 1613 39/33 19,25 7 |45
111 [17139138126(41110133] 6 [28] 5 14| 3 |42/22(31[432540(44(24] 8 1 1 [12] 4 [29115] 7 [20(34] 2 |36123137(16[11, 9 [30(27 3212113513118/ 19145
8151 1:2 |28/2911922(35(43/4416(21/38/41| 5 |27(37{15(42( 7 (18] 9 [20(25/10/40| 4 [34{ 3 (31| 2 [12{14] 6 (1726 8 {30 1 133|39(23/ 13136 | 11{32 24145
1:4  [16]24144] 3(39/34] 8 |11(37 25 26| 7 |2943142 135{22(21(17| 4 | 2 33| 527,10, 13, 14[36/19/23| 9 [41]4032 20| 28| 18/31.15:30(12| 6 38|45
111 [24] 315 2401111291 18[42]12]34]16]31/21]4119] 441 14] 38 25[ 37136/ 32 1728 5/10{33] 9[ 6[17] 4 [13[3923730]26{43] 8 {35]20/ 27 22} 45
3/5 12 [2712032{18[41{33] 6 [12[35{21 14 9 [31]37{23] 16]42]40{43[ 1336 3426/ 22[30/28] 8 [19] 1 [44| 3 [38/11(39[10 24]29(25[17 7] 5[15] 4 2145
14 [27]20732/18[41]337 6 [12[3521714[ o [31]37[23[16[42]40[43[13[ 3634 [26[22[30] 28] 8 [19] 1 [44] 3 [38[11[30[10{ 247 20[ 25177 7 [ 5 [15[ 4 " 2 {45
1:1  |40138(36]35) 1123 18] 924129 4327] 2119] 310]25]20(37] 6| 4| 7 [41]39142]17{14]11] 8 22(32] 12/ 28] 15| 21/ 5134 26 13 301 16| 33 44: 311 45
2/3 12 [ 27237 3116 1[12/19]17[30] 41/ 43[ 2435/ 33] 22{42[34]13] 5 [40[ 15[ 8 | 11| 32| 28] 29[ 36/ 10| 38| 39( 21| 14|44, 18 7 | 26] 4| 31| 9| 6 37|27, 25 2045
1:4 [ 20237 3116 11219/ 173041/ 43|24/ 35/ 33/ 22(42[34]13] 5 [40[15] 8 | 11|32 [28[29/36|10 38392114144 (18| 7 (26| 4 31| 9 | 6 |37 27|25 20145
111|151 5 137/20[18143] 1 [33[12129130 27 |21/24[34 4 | 7 [44]41]36[251640(11[19132]28/23] 8 [22(3813517| 2 [42/13114]26(39] 3131] 6 {10} 9 {45
1115] 12 [15]5 [37]20(18]437 1 [33[12729730 2721724 (34 4 [ 7 (44413625 16 [40[ 11193228 (23 8 (2213835717 2 [42[13714[26 {397 3 [31[ 6 [107 9 [45
14 [37728720{21[22727712] 6 [44725718[13[ 1 (147 3 [42[ 9 {41 2624197113033 /30 2 [23[32{15] 5 [1743{34[16[ 4 (207 7 {3835 10{36 {40/ 8 "31{45
Table 119: QB permutations for 10 bits per channel use
Code | Power QB permutations for 10 bits per channel use
rate jimbalance Section 1 Section 2 Section 3 Section 4 Section 5 Section 6 Section 7 Section 8 Section 9
111 [27]17742] 8 (30138 6 | 15(32]36122] 1840126 1441(45]29[23] 9 [20] 4 |44]37] 2 [43]12]11]10]28[21]16| 5|1331/33] 3| 1 35| 7 | 39|34 |24 19]25
1/3 12 |27117 42] 8 [30/38] 6 | 15|32/ 36,22 1840 2614414529 23] 9 |20] 4 |44(37| 2 [43112/11[10{28]21,16| 5 [13(31,33| 3 | 1 |35, 7 1393424 19125
1:4 |42{3027| 8 [17/3813236] 6 (15,26 14|40/ 18{22| 9 |45/2341(29/20] 4 [44(37| 2 {43{12/11]10{28/21,16| 5 |13(31,33 3 | 1|35, 7124 25(39 34119
111 3013513/ 2638221 14] 1 [10{19] 7 |21]24145]33]41] 3 [43(20[31] 9 |16]11|34] 4 |17]32[42[23]36]28]15/44] 5 2 140/18]12[39/291 27|25/ 8 (371 6
25 12 [30135 13/ 26/38122 14] 1 [10{19] 7 |21(24145{3341] 3 [43[20[31] 9 [16]11/34] 4 (17]32[42[23/36| 28| 15/44| 5 2 |40118(12/39:29: 27|25/ 8 37 6
1:4 |44]23713[45] 1] 2121|114 4 |25 41]20{22] 291930 24| 17|42(33[27] 5 (36| 11| 3 40| 8| 18] 7 | 35| 16| 10| 38| 31|28 43,34| 6 | 12| 9 | 39|26 37 15| 32
11 |91 1/33] 42011629/ 41]38] 6 19]14]35] 301 39]43] 15/ 2744/ 10 1] 3 |24/ 18] 7 |45] 8 37|34 22 31] 2 |40 36] 12| 32| 13| 42| 25, 171 28] 21| 26 5 {23
715 | 1:2 43120 44]31) 7128 19]26(23] 3 | 40| 35| 42| 22| 16]34] 21127 (17| 4 | 33132] 2 38| 1139(10/36/ 11| 8| 6 | 24141/ 15| 5 181 25| 45|13, 291 14| 9 | 30; 371 12
1:4  [39732]44]31[10] 33719/ 36/ 11] 4 28] 7 [18]22] 1 [41]35]14]13[ 29[ 34] 2| 3 24| 9[40]25[30] 6 [23[43/16[4237| 5 [38/21]|26|17/12[45[20/27 15| 8
111|271 3 143/12[17118] 8 |40[22/15:31] 7 |41129]21/30] 6 | 26(28/36]39] 9 [19]16|32] 5 113]24| 1| 4 1101231435 2 4237|4438, 34133 | 11145 25120
815 | 12 |[31{43]28/25(10{36/16|35(38/13 4420213011512 4 {24 1| 5[ 7 |14 34 45,1833 11(42 27| 9 [39]17|26|40,23/32] 3 |22(41; 6| 8 [19]29:37] 2
1:4 28125144378 21038 3| 6 13,42/3935! 1164118 9 [17/34[19127 11| 4 [33/24]30(23] 7 |12/ 14 45(32[15/4021( 36|22 29/43/20 26 31! 5
111 [17128139] 7 14129 16/35(41145 2 | 5 (18] 1 132]42]13]3734]21]33]25]40 12| 6 30|31/ 24| 8120(23] 4| 3| 9|11 27122|38]44. 151 10| 19|43 361 26
3/5 12 [17]28739] 7 [14]41716/35[29/45] 2 | 5 (18] 1 [32]37| 13/ 34 42[21/33/12{40/25] 6 {30 31(24| 8 2023/ 4 9 [11715]27{38{ 44 22 43( 26/ 367 10 19
1:4 | 35/12138] 3224281 11,45 23(331 42{14[40! 6 31| 3| 8117| 2|15/19143/37/20( 22 518 1| 9| 410130/ 41| 21|13} 44| 25| 36, 34: 261 29 39( 16 27! 7
111 [14] 624115 23]39] 28] 36(30] 11/ 13] 8 [22]34]10] 9 [44133(41] 5 12]31] 2| 3 |29140[43]32] 7 18| 16] 20| 38| 45| 4 | 26| 27| 21|19, 25! 37| 35| 117} 42
23 12 [17/23745]21[ 6|42/ 24] 329116 32|27 1| 2538] 26| 7|18 39| 20{ 37|44 4143 12] 510/ 11| 35| 33(28/40/34| 4 | 8 30/ 13/ 19] 222/ 9 | 14,31  15] 36
1:4  [38/30] 11]27[17/ 161 22] 45[ 21744 1 (23] 3| 2135 7| 812/39/13[40] 6 {4236 {14 18[3431/2824(10| 5 15,26 9 (2011937 |32 29/ 25(33| 4 43141
111 |4514311035(16]24129] 1 |41127126] 5|25 23(44] 8 113]30(12] 9 [17]39]22] 4 [38]21]28]19]20|37|14131/34] 6 | 3 132 11|15| 7 |42]33 40|36 2 {18
1115]  1:2 [27{11/10/37(45{25 6 |32[28] 5 18] 4 |23/22] 9 |36/30| 41{34 (433529 1 (31(38] 7 | 3 | 16/44|12| 2 |4033[39(20 17 26| 8 |42/ 15]24 1913 21{14
1:4 [ 113015 7 [35]261 222721 44] 17 (2337 31[39] 9 | 8 (133624 4 [42[34]20/28[16/41| 6 [45] 2 {20/10/19/33[40] 14 1812 /38! 5 {4332/ 3 | 25{ 11
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Following the QB interleaver, the LDPC codeword is divided into parallel sections, each section containing
Ngecu/2 adjacent quasi-cyclic blocks. Each section is interleaved independently by a section interleaver. The
number of sections per LDPC codeword for Ngpcy =6, 8 and 10 is 15, 11 and 9, respectively. For Ngpcy = 8,
since 4 is not a divisor of 45 the last quasi-cycle block does not belong to any section and shall not be
permuted by a section interleaver.

The section interleaving consists in writing the bits of each section row by row into a matrix with 360
columns and Ngpcy/2 rows and reading them out column by column. Such an interleaving strategy ensures
that each spatially multiplexed block contains 2 adjacent bits from each quasi-cyclic block in the
corresponding section, as shown in figure 98 for Ngpcy = 8. The bits from all sections are then merged into
an interleaved LDPC codeword.

by -------mememe e baso by -------emeeee e baso
v
QB » | | | | mmmmmmmmmmmmeeee- » QB |y1|Ys| | | mmmmmmmmmmmmmmee-
QB g """"""""" ») QB Y2|VYe| | | -7
QB q """"""""" > QB Yal|¥V7z| | | -7
aB & | | | |- > QB |ya|ye| | | --momememooooe-
S8 Y
SM SM - SM
block block block
1 2 180

Figure 98: Section interleaver, write and read sequences

16 Complex symbol generation

The Ngpey bits of each SM block modulate two complex symbols (s; and s,), which are spatially multiplexed
over the two antennas. The mapping of the bits to complex symbols is shown in figure 99 for Ngpcy = 6, 8
and 10, the corresponding bit encoding/labelling of the real pulse-amplitude modulation symbols being
illustrated in figure 100. Bit b, is always the least significant.

Nepcu =6 Nepcu =8 Ngpcu =10
Real Y1 O——>bs Real
y1 O—»b; 2-PAM y1 O—»{b, Real 4-PAM
4-PAM Y2 O——»|b:
y2 O——>»b Real y2 O——>b:
4-PAM S Y3 O—»b
y3 O——» b, y3 O——» b Real Real
Imag 4-PAM Sq ys O—>b: 8-PAM S
ys O—>»{b; 2-PAM Sy Yas O—»{b;
y5 O—»]b;
Y5 O—» b, Imag Y5 O—»{b; Imag
4-PAM 4-PAM S5 Yo O—>b: Imag
Ye O——>b, Yo O—> b2 4-PAM S5
y7 O—»lb:
yz O——» b Imag
4-PAM Yg O—>|bs
yg O—» b, Imag
Yo O—>»b. 8-PAM
y10 O——»bs

Figure 99: Mapping of SM blocks to pairs of complex symbols
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Bit ordering: b;
1 0

e e

-1 1
2-PAM encoding

Bit ordering: byb;

10 11 01 00
——¢—¢—¢—
-3 -1 1 3

4-PAM encoding

Bit ordering: bsb,b;

100 101 111 110 010 011 001 000
T S
7 -5 -3 -1 1 3 5 7
8-PAM encoding

Figure 100: Bit encoding/labelling for real PAM symbols

The resulting constellations for the symbols s; and s, are summarized in table 120.

Table 120: Constellations sizes

Ngpcy = 6 Ngpcy = 8 Ngpcy = 10
S1 QPSK 16-QAM 16-QAM
S, 16-QAM 16-QAM 64-QAM

NOTE: 64-QAM is using uniform constellation mapping only (see clause 6.2.2)

17 Power imbalance

The MIMO profile is specified for use with one of three fixed power imbalances (HP/VP or VP/HP), in order
to facilitate time-sharing with SISO services without undesired station envelope power fluctuations or
excessive SISO link budget loss.

The available power imbalances are 0 dB, 3 dB and 6 dB.

The imbalance may be optionally applied during all PLP and frame types, SISO, MISO and MIMO. So where
Alamouti coding is used in a cross-polar context (6.6) an imbalancing matrix may be introduced as follows,

the value of ftaken from table 30.

{g;axl)}_{ﬁ 0 }{&,(Txl)}

g ™| | 0 J1-p|e,@x2)

q=0...N, -1

data
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In the case of cross-polar transmission, during SISO frames, the two transmission elements may be
generated as

g,(Tx) | _ JBoo0 e,
g, (Tx2) 0 J1-p] g,
q=0...N, -1

data

Note : If the specified options for fixed power imbalance are not used, and envelope power fluctuations are
acceptable, then the MIMO frames are transmitted with 0dB power imbalance and the SISO on a single
polarisation (infinite imbalance).

18 MIMO precoding

MIMO processing is intended for a 2x2 MIMO system which means that at least two antenna aerials are
equipped at both transmitter and receiver side. MIMO processing acts on a pair of input constellation
points (not necessarily drawn from the same constellation) and creates a pair of outputs intended for the
two elements of a dual-polar transmitter. MIMO processing is never applied to the preamble symbols P1,
AP1 and P2 and the pilots are processed as described in clause 11.1.

The MIMO precoding shall be applied at PLP level and consists in multiplying cell pairs (f3;, fi.:) by a variable
precoding matrix W(i). Encoded cell pairs (g, g..:) shall be transmitted on the same OFDM symbol and
carrier from Tx-1 and Tx-2 respectively.

( 82 j: W(l.)(]fzi } i=0,1,.., Ncells/2 -1

82in 2i41

where i is the index of the cell pair within the FEC block and Ncells is the number of cells per FEC block as
given in table 9.

The MIMO precoding process consists of a spatial-multiplexing precoding followed by an additional phase-
hopping, as shown in Figure 4. The combined precoding matrix W(i) is the product of the fixed spatial-
multiplexing precoding matrix F and the variable phase-hopping matrix X(i).

For rate 2 MIMO schemes, both MIMO branches, i.e. the signal generation for both transmit antennas, shall
use the same time interleaver configuration. The required time de-interleaver memory size Nyysprp per
MIMO branch can be calculated in the same way as described for the SISO scheme of the base profile in
Clause 6.6.4, when setting 1 MU corresponding always to 1 cell (for any signal constellation — QPSK, 16-, 64-
and 256-QAM). The total required de-interleaver memory for both MIMO branches is twice this size. The
applicable limit for the MIMO profile is still ¥, 2Nyys pLp < 28 MUs, where the sum is taken over all PLPs in
a given PLP clusterand the factor 2 comes from the fact, that the size for both MIMO branches is double
that per single MIMO branch.

If MIMO precoding is not used, only transmit antenna 1 (tx1) path is used and the input QAM symbols shall
be copied directly to the output, i.e. g,= fi. for k=0,1,2,...,Ngu:-1.
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Jofor -oos fncens-2 >l Spatial | X0X2, oo Xicells2 g | 80,82, > ENcells-2 >
aral Phase To cell
ffo Multiplexing Hoppin interleavers
1 o Nl ! precoding [ el pping Gl oo Lol |
F X(i)
[ W() =X()F |

Figure 101: Block diagram of the MIMO precoding

18.1  Spatial-multiplexing encoding

The spatial multiplexing encoding process is carried out on pairs of normalised QAM symbols
(f2(Tx1) ,f21:1(Tx2)) from the output of the constellation mapper. These payload cells, prior to the
application of phase hopping, are x,(Tx1) for transmit antenna 1 and x,;,;(Tx2) for transmit antenna 2 and
shall be generated from the input symbols according to:

X, (Txl) | N JB 0 [cos® sind JJa 0 £, (Tx1)
X, (Tx2) | 0 1-B | sin@ -cos@| 0 ~l-a | fo(Tx2)

i=0,.,(N, /2)-1

cells

Neeiis is the number of cells required to transmit one LDPC block by using MIMO encoding which is
calculated by Nigee/ Nopcu-

MIMO processing may be applied for 6, 8, 10 bits/cell unit(bpcu) and also for intentional power imbalance
of 0, 3, 6dB between two transmit antennas. MIMO encoding process shall use defined parameter values
for each case according to table121:

Table 121: eSM parameters

Intentional power imbalance 0dB 3dB 6dB
between two Tx antennas
Nbpcu Modulation B o a B 6 a B 6 a
fai(tx1) QPSK
6 0.50 45° 0.44 1/3 0° 0.50 0.20 0° 0.50
forna(tx2)| 16-QAM
f(tx1) | 16-QAM t[@]
8 0.50 V2+2) 0,50 1/3 25° 0.50 0.20 0° 0.50
fz,’+1(tX2) 16-QAM
fz,’(txl) 16-QAM
10 0.50 22° 0.50 1/3 15° 0.50 0.20 0° 0.50
fira(tx2) | 64-QAM

The encoding process is repeated for each pair of QAM symbols in turn.

18.2  Phase hopping

Except in the case of the hybrid MIMO profile where VMIMO has been used (see appendix N.1), phase
hopping shall be applied to the output of the spatial-multiplexing precoding and consists of applying an
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incremental phase change to the complex cells transmitted on tx-2. The phase change is performed by
multiplying each cell pair (x,;, x,i.;) by a variable matrix X(i), resulting in a cell pair (g2;,9,i1), i.e. the encoded

OFDM payload cells:
g i . xi
( : Jz X(l)[ ? ], i=0,1, .., Ncells/2 — 1.
82is Xis1

where X(i) has the following expression
. 1 0
X(@)= o) P i=0,1,.., Ncells/2-1

The phase change for cell pair i is OpH(i) = 27i/9, i.e. it is initialized to 0 at the beginning of each FEC block
and is incremented by 271t/9 for every cell pair. The resulting hopping pattern is periodic with a period of 9
cell pairs, i.e. X(i+9) = X(i). Since the number of cell pairs per FEC block is a multiple of 9 for all modulations,
there is always an integer number of phase-hopping periods in each FEC block.

The phase-hopping matrix X(i) is independent of the modulation and the power imbalance.

19 eSFN processing for MIXO

The principle role of eSFN with MIMO (also MISO, see clause 7) is to carry SISO frames as part of
transmission containing both SISO and MIXO frames. The eSFN signal power is split in the same way as the
MIXO power over different transmission components (e.g. the HP/VP parts in case of crosspolar
transmission), to achieve the corresponding power imbalance, such that the average power is the same on
each transmission component during SISO and MIXO transmission. Thus eSFN is applied within the MIMO
profile at frame level to modulate the OFDM symbols using the eSFN predistortion term @, as described in

chapter 11.4.1.

If continuity of the transmitter identification property of eSFN is required during MIMO frames as well as
SISO, then eSFN may optionally be continuously applied over all frame types.

20 SISO/MIXO options for P1, aP1 and P2 symbols

Table 122 specifies the SISO/MIXO coding options applicable to P1, AP1 and P2 symbols.

Table 122: SISO/MIXO coding options for P1, AP1 and P2 symbols.

mbol type P1/AP1 P2 P2 P2 Data
Symbols
PLP type
L1-pre L1-post Data
SISO Uncoded SISO | Uncoded SISO | Uncoded SISO | Uncoded SISO Uncoded
or or or or SISO or
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eSFN eSFN eSFN eSFN eSFN
MISO Uncoded SISO Alamouti Alamouti Alamouti Alamouti
or
eSFN
MIMO Uncoded SISO Alamouti Alamouti or Alamouti or Alamouti or
or eSM/PH eSM/PH eSM/PH
eSFN

NOTE 1: The SISO row is shown for information only

NOTE 2: When Alamouti or eSM/PH is used, eSFN may be optionally added with a unique tx code applied
per station or per-antenna

21 Layer 1 signalling data specific for the MIMO profile

21.1

P1 and additional P1 signalling data

The MIMO profile is signalled in the preamble P1 with the values S1 = 111 (ESC code) and S2 field 1 = 000,
as described in clause 8.1.1.

The preamble P1 is followed by an additional P1 (aP1) symbol. The aP1 symbol has the capability to convey
7 bits for signalling, as illustrated in figure 102 below.

S3 (3b)

S4 (4b)

FFT size/Gl

Reserved

Figure 102: aP1 signalling format for the MIMO profile.

e  The S3field (3 bits) indicates the FFT size and gives partial information about the guard interval for
the remaining symbols in the NGH frame in the MIMO profile, as described intable 123.
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Table 123: S3 (3 bits) for NGH MIMO preambile type.

Description

S3 field FFT/GlI size

FFT Size: 1K — any allowed guard
000 .

interval

FFT Size: 2K — any allowed guard
001 .

interval

FFT Size: 4K — any allowed guard
010 .

interval
011 FFT Size: 8K — guard intervals

1/32;1/16; 1/8 or 1/4

FFT Size: 8K — guard intervals
100

1/128; 19/256 or 19/128
101 FFT Size: 16K — guard intervals

1/128; 19/256 or 19/128

FFT Size: 16K — guard intervals
110

1/32;1/16;1/8 or 1/4
111 Reserved for future use

Indicates the FFT size
and guard interval of
the symbols in the
NGH-frame of the
MIMO profile

e  The S4field (4 bits): Reserved for future use.

The modulation and construction of the aP1 symbol is described in clause 11.7.3 of the base profile.

21.2 L1-PRE signalling data

Error! Reference source not found. highlights the signalling specific to the MIMO profile added to the L1-
RE signalling data defined in clause 8.1.2 of the base profile.

Table 124: L1-PRE signalling fields specific to the MIMO profile.

PH_FLAG

L1_POST_MIMO
L1_POST_NUM_BITS_PER_CHANNEL_USE | 3 Bits

1 Bit

4 Bits

PH_FLAG: This 1-bit flag indicates if the Phase Hopping (PH) option is used or not. A value equal to “0“
indicates that the PH option is not used. The PH scheme is described in clause 18.2.

L1-POST_MIMO: This 4-bit field indicates the MIMO scheme of the L1-POST signalling data block. The
MIMO schemes shall be signalled according totable 125.
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Table 125: Signalling format for the L1-POST MIMO scheme.

Value Constellation

0000 Alamouti

0001 eSM/PH
0010to 1111 Reserved for future use

L1_POST_NUM_BITS_PER_CHANNEL_USE: This 3-bit field indicates the number of bits per channel use for
the MIMO scheme used by L1-POST. The value of this field is defined in table 128.

21.3 L1-POST signalling data
21.3.1 L1-POST-configurable signalling data

Table 126 highlights the signalling fields specific to the MIMO profile added to the L1-POST configurable
signalling defined in clause 8.1.3.1 of the base profile.

Table 126: The signalling fields of configurable L1-POST signalling.

IFS1="111" and S2 = “000x” or “011x” {
PLP_MIMO_TYPE
IF PLP_MIMO_TYPE = “0001” or “0010” | 4 Bits
{
PLP_NUM_BITS PER_CHANNEL_USE | 3 Bits
}
ELSE {
PLP_MOD 3 Bits
}
}
ELSE {
PLP_MOD 3 Bits
}

PLP_MIMO_TYPE: This 4-bit field indicates the MIMO scheme used by the given PLP. The MIMO schemes
shall be signalled according totable 127.

Table 127: Signalling format for the PLP_MIMO_TYPE scheme.

Value Constellation

0000 Alamouti

0001 eSM/PH
0010to 1111 Reserved for future use

The following fields appear only if PLP_MIMO_TYPE = “0001” (i.e. eSM/PH):
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PLP_NUM_BITS_PER_CHANNEL_USE: This 3-bit field indicates the number of bits per channel use
for the MIMO scheme used by the given PLP. The value of this field shall be defined according
totable 124.

Table 128: Signalling format for PLP_NUM_BITS_PER_CHANNEL_USE.

Value Nppeu Modulation
fo(Tx1
; e oM
001 i ) e
fo(Tx1 -
010 10 i) e
011to 111 Reserved for future use Reserved for future use

The following field appears only if PLP_MIMO_TYPE is equal to “0000” (e.g. Alamouti):

PLP_MOD: 3-bit field indicates the modulation used by the given PLP. The modulation shall be
signalled according to table 61of the base profile.

21.3.2 L1-POST-dynamic signalling data

The MIMO profile uses the same L1-Dynamic signalling defined in clause 8.1.3.3 of the base profile.

21.3.3 In-band signalling type A

The MIMO profile uses the same in-band type A signalling defined in clause 5.2.3.1 of the base profile.
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Part III: Hybrid profile
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22 DVB-NGH hybrid system definition

22.1  System overview and architecture

The hybrid profile specifies the hybrid signal format, composed of a component coming from the terrestrial
network, and an additional component, coming from the satellite. Hybrid signals according to this NGH
profile include an additional P1 symbol (aP1, see clause 11.7.3). The satellite component of the hybrid
profile is defined for channel bandwidths 1.7, 2.5 and 5 MHz (these three bandwidths are also covered by
the base profile).

Hybrid NGH signals can also be base profile compliant, in which case they are covered by part | of this
specification.

Besides defining the hybrid signals, the hybrid profile defines moreover the mechanisms to receive two
signals simultaneously (one signal from a terrestrial transmitter and one from the satellite) and to combine
their outputs to a single stream.

Figure xxx represents the high level NGH physical layer block diagram of the hybrid profile. Two chains are
present, one for the terrestrial component and the other for the satellite component. Compared to the
base profile, the terrestrial and satellite chains of the hybrid profile present potential functional differences
in the BICM, frame building and waveform generation. The system architecture of the satellite component
is that of the terrestrial component, with the possibility of replacing the OFDM modulation block by the SC-
OFDM modulation block, characterised additionally by the absence of particular functional blocks as
explained in clauses x.y.z, ....... and illustrated in figure z. The system input(s) to the terrestrial and the
satellite path may differ from each other in the MFN case. Time frequency slicing can be applied to both,
the terrestrial and the satellite components.

Terrestrial
TS or GSE ' Bit Inte:rleaved - . * signal on air
inputs ™ Input processing > Coding & » Frame Building —| OFDM generation —> ¢
Modulation ‘
L — — —J
TS or GSE
inputs
Bit Interleaved Wavetonm *  Signal on air
TS or GSE . _ . _ _ (OFDM or >
> — Input processing » Coding & » Frame Building —» :
inputs X SC-OFDM) |
Modulation . A
generation L___14

Satellite

Figure 103: High level NGH phy layer block diagram of the hybrid profile. Blocks differing from the base
profile are shaded grey

Both SFN and MFN configurations are possible for the hybrid profile. In the SFN case, when the satellite and
terrestrial components share the same frequency, the signal transmitted in the two components shall be
exactly the same. In the MFN case, the system architecture of the hybrid profile of DVB-NGH is composed
of two components: the terrestrial component, as specified in the part |, and the satellite component, as
represented in figure xxx.

Table yyy indicates the allowed parameter settings for the hybrid profile. According to it, the following
hybrid cases can be devised:
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SFN, OFDM: The terrestrial network and the satellite share the same frequency and the same signal
is transmitted on the two components. The signal waveform is OFDM and the preambles of both
components consist of a P1 plus an aP1 symbol. The OFDM parameter set is applicable to both
components, terrestrial and satellite. Alternatively, the base profile could be adopted for both
components. In that case the P1 part of the preamble of both components consists of a P1 symbol
only.

MFN , OFDM: The satellite signal is transmitted on a different frequency, OFDM is used on both
components. The terrestrial component is transmitted according to the base profile, the satellite
component according to the OFDM settings listed in table 125 below. The preamble of the
terrestrial component consists of a P1 symbol and the preamble of the satellite component consists
of a P1 plus an aP1 symbol.

SFN, SC-OFDM: This case consists of the satellite coverage and of terrestrial gap fillers sharing the
same frequency of the satellite signal. The SC-OFDM settings are applicable to both components,
terrestrial and satellite. Preambles consist of P1 plus aP1 symbols for the satellite and the
terrestrial component.

MFN, SC-OFDM on the satellite component, OFDM on the terrestrial component: The terrestrial
component is configured in line with the base profile, the satellite component using the permitted
SC-OFDM settings outlined in table 125 below. The preamble of the terrestrial component consists
of a P1 symbol and the one of the satellite component of a P1 plus an aP1 symbol.

Table 129: Allowed parameter settings for the hybrid profile

Parameters Hybrid waveform
Modulation OFDM SC-OFDM
Bandwidths 1.7 MHz X X
2.5 MHz X X
5.0 MHz X X
6.0 MHz
7.0 MHz
8.0 MHz
10.0 MHz
15.0 MHz
20.0 MHz
Constellations QPSK X X
16-QAM X X
64-QAM
256-QAM
FFT sizes 0.5k X
1k X X
2k X X
4k
8k
16k
Guard intervals 1/128
1/32 X X
1/16 X X
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19/256
1/8 X
19/128
1/4 X
Preambles Single P1
P1 + aP1
Pilot patterns Continuous
pilot
symbols
PP1
PP2
PP3
PP4
PP5
PP6
PP7
PP9
FEC code rates | 1/5 (=3/15)
4/15
1/3 (=5/15)
2/5 (=6/15)
7/15
8/15
3/5 (=9/15)
2/3 (=10/15)
11/15
3/4

X
b

XXX XXX >X|>

XXX DX [ DX XXX XX [ > [ > |

XXX D[ D[ DX XXX | X[ >

MISO
Time de- According to According to clause
interleaver size | See note 2 clause x.y.z X.y.Z

Note 1: Not all parameter settings listed above can be combined with
each other. The exceptions are described in the following clauses.

Note 2: In situations where a receiver needs to time de-interleave both,
the terrestrial and the satellite signal, in parallel, limits for the time de-
interleaver size outlined in clause 26.2 apply to the combination of both
signals, i.e. they cannot simultaneously make use of the full specified
time de-interleaver memory size.

22.1.1 Bit-interleaved coding and modulation, MISO precoding

The block diagram, illustrating the functional differences in the BICM stage, is shown in figure xxx. Further
to the time interleaving configurations of the base profile, the hybrid profile allows a concentration of cells
at the end of the logical frame sequence over which a FEC block is spread (uniform-late interleaving).
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Demux I/a Inter-frame MISO
FEC encoding Bit X Map cells to Cell Constellation convolutional and . -
— . — bitsto [—m . . . — component —» . —» precoding | ___
(16K LDPC/BCH) interleaver constellations interleaver rotation ) N intra-frame block -
PLPO cells interleaving N . (*)
interleaving
Inter-frame
FEC encoding Bit zir::; Map cells to Cell Constellation coml/t?nent convolutional and rzl:i)s(gn [E—
(16K LDPC/BCH) interleaver constellations interleaver rotation . P . intra-frame block P « S
PLP1 cells interleaving N . (*)
interleaving
To logical
frame builder
Inter-frame
FEC encoding Bit [l):?t?:: Map cells to Cell Constellation coml/(?nent convolutional and rzlrlzinsé)in
(16K LDPC/BCH) interleaver constellations interleaver rotation . P N intra-frame block p . 8 -
PLPn cells interleaving N . (*)
interleaving
L1-PRE FEC encoding MISO L1-PRE
. L1-PRE
bits | scramblin —» (Shortened/punctured coMnasF:eCITe:ltsiot:s Precoding 744 To '\t‘)ﬁ;‘d:?me
o 8 4K LDPC/BCH) *)
L1 5|gna!|ng
generation
L1-POST FEC encoding Bit ngux Map cells to MISQ L1-POST )
scramblin — (Shortened/punctured ——m interleaver —m bitsto —m constellations Precoding |——» To logical
U:ftOST & 4K LDPC/BCH) cells *) F~~™  frame builder
its

(*): Applicable to OFDM waveform and terrestrial path only

Figure 104: BICM of the hybrid profile (applicable to the terrestrial and the satellite path)

22.1.2 Frame building, frequency interleaving

The block diagram, illustrating the functional differences in frame building stage, is shown in figure xxx. This
is the same architecture as the base profile except for the allocation of space for the aP1 symbol. As far as
the physical and the logical framing is concerned, the same mechanisms are used for the terrestrial and
satellite components. These mechanisms are described in clause 9. The frequency interleaver is applicable

to OFDM only.
B \
PLPO : Assembly :
| of common |
——» | PLPcells ! Logical Frame NGH Frame Builder
PLPL | TTTTTTT : Builder el
S | (assembles smodulated cells of
| Assembly 1 dulated cells of logical frames and
: of data PLP : PLPs and L1-POST L1-PRE signalling
L__Cf”_s___! signalling into into arra\.ys
T logical frames. corresponding to
— | : Operates Logical R . 00 To OFDM or
PLPn I Sub-slice | according to frames symbols. (?perates i : SC—OFDM
: processor : dynamic according to . : Frequency | generation
L ! scheduling dynamic scheduling | —»! interleaver |
______ information information | (OFDM only)!
produced by produced by :_ _______ :
scheduler) scheduler, allocates
: ““““ | space for P1 and
| Assembly | aP1 symbols, pilots,
™ : of L1-POST : L1-PRE tone reservation
L1-POST 3 cells i ™ (OFDM only) as
required

Figure 105: Frame builder of the hybrid profile (applicable to the terrestrial and the satellite
path)
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22.1.3 OFDM generation

The block diagram, illustrating the functional differences in the OFDM generation stage, is shown in figure
xxx. The only functional difference is the insertion of the additional preamble symbol aP1, following the
preamble symbol P1, as specified in clause 11.7.3.

Pilot and ! ! K K Guard |} P1&AP1 [} TX1
| eSFN | | | | | |
% reserved tone . . ™ IFFT ] PAPB f— interval [ symbol [—™ D/A_ H—-
A : ¥ predistortion | t-—---® reduction |t . . | N t-—--—-® conversion |-
insertion | | | | insertion | Insertion | |
77777777777777777777 C_—————=| C—————=| C—————-| | S ———— CT—_—————! TX2 (optional)

To transmitter(s)

Figure 106: OFDM generation (applicable to the terrestrial and the satellite path)

22.1.4 SC-OFDM generation

The block diagram, illustrating the SC-OFM generation stage, is shown in figure xxx. The functional
differences are the additional spreading stage (see clause 33.x.y below), a different pilot pattern, the
absence of continual pilots, the absence of edge pilots, the absence of a frame closing symbol (see annex K
for the latter three) and the additional preamble symbol aP1 (specified in clause 11.7.3). Furthermore, the
number of sub-carriers per SC-OFDM symbol is even.

. Guard P1 & AP1
Spreadin L .
> p 8 > Pilot insertion > IFET »  interval » [ > D/A'
(FFTwm) . . . conversion
insertion Insertion To transmitter

Figure 107: SC-OFDM generation (applicable to the satellite path only)

Table 130: Allowed parameter settings for the hybrid profile
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23 Input processing

Input processing follows the same mechanism as the base profile. The compensating delay function enables
the end-to-end delay of services transmitted in both the terrestrial and satellite signals to be aligned. An
important use case for this is hybrid combining of a terrestrial and a satellite signal in a hybrid multi-
frequency network (MFN). For instance, the terrestrial signal may use time interleaving of duration 1 s for
the considered input stream, while the satellite signal uses 10 s. Hence, a compensating delay of 9 s shall be
used in the terrestrial modulator for this input stream, while the satellite modulator does not need any
compensating delay.

24 Bit interleaved coding and modulation

The bit interleaved coding and modulation module is almost identical to the one of the base profile. The
differences are described in this clause.

24.1 Constellation mapping

64-QAM and 256-QAM constellations shall not be used for the satellite component, i.e. 64-QAM and 256-
QAM are only allowed in the hybrid profile for the terrestrial component in the MFN configuration.

24.2 Time interleaver

The time interleaving in hybrid signals is almost similar to the procedure described in clause 6.6 of the base
profile. The differences are explained in this clause.

While the base profile spreads the IUs uniformly over the configured time interleaver length P, hybrid
signals allow a concentration of cells at the end of the NGH logical frame sequence, over which a FEC block
is spread (uniform-late interleaving). Hence it is possible to transmit fewer cells of a FEC block in the first
logical frames than in the last logical frames, over which the FEC block is distributed. This group of last
logical frames is referred to as the “late” part of the time interleavering frame.

There are two new hybrid-specific parameters: Py, = TI_LATE_LENGTH represents the length of the late
part of the time interleaving in terms of logical frames inside the full time interleaver length P; (allowed
value range is 0 to 7), and Napp 1y per LaTE = NUM_ADD_IUS_PER_LATE_FRAME is the number of
additional IUs per logical frame in the late part (additional to the 1 IU per logical frame that is present
according to clause 6.6) — its allowed values range from 0 to 15.

If multiple Tl blocks are used per interleaving frame (TIME_IL_TYPE = ‘0’), then P4t =TI_LATE_LENGTH
shall be 0.

In the case of hybrid signals and TIME_IL_TYPE = ‘1’, the parameter P; = TIME_IL_LENGTH takes a value
ranging from 0 to 63 and shall be greater than or equal to Py.

The number Ny of IUs per FEC block (equivalent to the number of block interleavers per Tl-block) is
calculated by using the additional parameters Py, and Napp 1y pER LATE:

Ny = P + Plate * NADD_1U_PER_LATE
The value of Ny shall not exceed 128.
Moreover, the delays are calculated differently from clause 6.6 of the base profile:

For delay index k = 0,.., P, — 1:

ETSI



266 Draft ETSI EN 303 105 V1.1.1 (2012-11)

D(k) = k - ymp-
For delay indexk = P,.., Niy — 1:
D(k) = ([k — Plmod Pyate + P; — Piate) - Liump-
The delay values D (k) shall not exceed 128.

The same delay value may be used for several IUs in the late part, as is illustrated in figure fig_delay_late.
For this example, there are three times as many IUs in the last two logical frames than in the first two
logical frames.

Delay lines
—_
>
D >
D|D >
D|{D|D >
D|D >
D|JDJ]D >
D|D >
D|D|D|}|L— »
l

Figure 108: Delay lines for Py = 4, P\y¢e = 2, Napp 1u pER 1ATE = 2, and Ijyyp = 1. Each delay
element represents a delay of one logical frame.

Hybrid receivers can make use of two levels of time de-interleaving (TDI) memory (for instance one on-chip
memory and one external memory). Therefore for hybrid signals two TDI memory limits are applicable:

e The sum of Nyys prp (as specified in clause 6.6.4) over all PLPs in a given PLP cluster shall not
exceed 2*'- memory units (MU). As in clause 6.6.4, an MU corresponds to 2 cells for QPSK and 16-
QAM, and to 1 cell for 64-QAM and 256-QAM.

e For specifying the second limit, the following definition of the number of MUs of a given PLP that
can be transmitted in one Tl-block applies:

NMUs,PLP,frame = (Nlarge ' Mlarge + (NIU - Nlarge) ' Msmall) ' NFEC_TI_MAX

where the required parameters are defined in clause 6.6.2. The second memory limit is as follows:
The sum of Nyys pLp frame OVer all PLPs associated with the same service shall not exceed 2.,
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When the components (terrestrial and satellite) of a hybrid signal are combined in the receiver, its TDI
memory has to allow for the simultaneous de-interleaving of PLPs from both received signals. Therefore,
the two limits outlined above shall be observed in respect of the sum of the TDI requirements of all PLPs
carrying the desired service components from both these signals. That means that the MU sum has to be
calculated not only over the PLPs from one signal but from both.

Note 1: The two limits allow a first level of de-interleaving to store all relevant PLPs from one or two
received signals into a first memory of size 2'® memory units during the current logical frame. At the end of
the current logical frame, some of these stored |Us are forwarded to the decoder, while the rest can be
transferred to a second memory of size 2** - 2'® memory units that implements the required delay lines
(see clause 6.6.3) representing the second level of de-interleaving.

Note 2: It is explicitly allowed to have, within a PLP cluster, on the one hand PLPs, which use multiple Tl
blocks per interleaving frame (TIME_IL_TYPE = ‘0’) and on the other hand PLPs using multi-frame Tl
(TIME_IL_TYPE = “1’). Similarily, the PLPs within a PLP cluster may have different interleaver depths P,.

Finally, the receiver buffer model (RBM) to consider is the one for the hybrid profile building annex L.

24.3 Distributed and cross-polar MISO

MISO is only available in the hybrid profile for the terrestrial path and follows the same mechanisms as
defined in clause 7.

25 Layer 1 signalling data specific for the hybrid profile
25.1 P1 and additional P1 signalling data

The hybrid profile is signalled in the preamble P1 with the values S1 = 111 (ESC code) and S2 field 1 = 001 or
010 respectively for hybrid SISO and hybrid MISO, as described in clause 8.1.1.

The preamble P1 is followed by an additional P1 (aP1) symbol. The aP1 symbol has the capability to convey
7 bits for signalling and the information it carries is illustrated in figure 91.

| S3(3b) | saFied1(3b) | S4Field2(1b) |

Waveform FFT/Gl size Reserved

Figure 109: aP1 signalling field for NGH hybrid profile.

e  The S3 field (3 bits) indicates the waveform used in the NGH frame in the hybrid SISO and MISO
profiles, as described in table 108Error! Reference source not found..

Table 131: S3 Field.

S3 field Waveform Description
P2 and all data symbols in NGH-
000 OFDM frame are modulated using

OFDM waveform

P2 and all data symbols in NGH-
001 SC-OFDM frame are modulated using SC-
OFDM waveform

010-111 |Reserved for future use

The combination S1 =“111", S2= “001x” or “010x”, and S3 = “001” shall not be used.
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e  The S4field 1 (3 bits): FFT and Gl size:

The first 3 bits of the S4 field are referred to as 5S4 field 1. According to the waveform information
carried by S3 field, S4 field 1 indicates the corresponding FFT size and the guard interval for the
remaining symbols in the NGH frame. The value and meaning of S4 field 1 are given in Error!
eference source not found. and Error! Reference source not found. for OFDM and SC-OFDM

waveform case respectively.

Draft ETSI EN 303 105 V1.1.1 (2012-11)

Table 132: S4 Field 1 (for OFDM waveform, S3 = 000).

S3 $4 field 1 FFT/Gl size Description
000 000 FFT Size: 1K — guard interval 1/32 Indicates the FFT size and
001 FFT Size: 1K — guard interval 1/16 guard interval of the OFDM
010 FFT Size: 2K — guard interval 1/32 symbols in the NGH-frame
011 FFT Size: 2K — guard interval 1/16
1XX Reserved for future use
Table 133: S4 Field 1 (for SC-OFDM waveform, S3 = 001).
S3 S4 field 1 FFT/Gl size Description
001 000 FFT Size: 0.5K — guard interval 1/32 Indicates the FFT size and
001 FFT Size: 0.5K — guard interval 1/16 guard interval of the SC-
010 FFT Size: 1K — guard interval 1/32 OFDM symbols in the NGH-
011 FFT Size: 1K — guard interval 1/16 frame
100 FFT Size: 2K — guard interval 1/32
101 FFT Size: 2K — guard interval 1/16
110- 111 |Reserved for future use

e  The S4field 2 (1 bit): Reserved for future use

The last 1 bit of the S4 field is referred to as S4 field 2 and it is reserved for future use.

The modulation and construction of the aP1 symbol is described in clause 11.7.3.

25.2 L1-PRE signalling data

The hybrid profile uses the same L1-PRE signalling as defined in clause 8.1.2 of the base profile.

25.3 L1-POST signalling data
25.3.1 L1-POST configurable signalling data

Error! Reference source not found. highlights the signalling specific to the hybrid profile added to the L1-

OST configurable signalling defined in clause 8.1.3.1 of the base profile.

Table 134: Signalling fields of L1-POST configurable.
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ELSE {

PLP_MOD 3 Bits

IFS1="111" and S2 = “001x” or “Ox0x” {
TIME_IL_LATE_LENGTH 3 Bits

NUM_ADD_IUS_PER_LATE_FRAME 4 Bits

PLP_MOD: 3-bit field indicates the modulation used by the given PLP. The modulation shall be signalled
according to Error! Reference source not found..

Table 135: Signalling format for the modulation.

Value Modulation
000 QPSK
001 16-QAM
010to 111 Reserved for future use

TIME_IL_LATE_LENGTH: This 3-bit field represents the length P, of the late part in terms of logical frames.
The Late part is the last part of the full Time Interleaver length, which is signalled by TIME_IL_LENGTH.

NUM_ADD_IUS_PER_LATE_FRAME: This 4-bit field indicates the number Napp iy per_1are OF interleaver units
(IUs) in the late part in addition to the one IU present in every logical frame.

25.3.2 L1-POST dynamic signalling data

The hybrid profile uses the same L1-Dynamic signalling defined in clause 8.1.3.3 of the base profile.

25.3.3 In-band signalling type A

The hybrid profile uses the same in-band type A signalling defined in clause 5.2.3.1 of the base profile.
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26 Frame Builder

26.1 SC-OFDM

26.1.1  NGH hybrid SC-OFDM frames
26.1.1.1 Duration of the NGH hybrid SC-OFDM frame

The beginning of the first preamble symbol (P1) marks the beginning of the NGH hybrid SISO frame.

The number of P2 symbols N, is determined by the FFT size as given in table z, whereas the number of
data symbols L., in the NGH hybrid SC-OFDM frame is a configurable parameter signalled in the L1-PRE
signalling, i.e. Ly,,, = NUM_DATA_SYMBOLS. The total number of symbols in a frame (excluding P1 and aP1)
is given by L = Npy+L ... The NGH SISO frame duration is therefore given by:

TF = LFXTS+2><TP1’

where T is the total OFDM symbol duration and Ty, is the duration of the P1 and aP1 symbols (see

clause 11.4). For theSC-OFDM component, Ly.:; must be a multiple of 6, so as to form data sections of 6
symbols each.

Te shall be 250 ms, as for the base profile. Thus, the maximum number for L, is as defined in table Error!

Reference source not found. (for 5 MHz bandwidth).

Table 136: Maximum frame length Lg in number of SC-OFDM symbols for different FFT sizes
and guard intervals (for 5 MHz bandwidth) (satellite component)

. L for Guard interval fractions
FFT size Tu [ms] 1/32 1/16
2K 0,3584 674 (676) 656 (656)
1K 0,1792 1348 (1352) 1312 (1313)
512 0,0896 2702 (2705) 2624 (2626)

The minimum number of OFDM symbols L, shall be Np, + 12. In all cases, the number of OFDM symbols L,

shall be Np, + 6xn, where n is an integer number. The values provided in the table above take this constraint
into account, considering the values of Np, provided in Error! Reference source not found.z.

The P1 and aP1 symbols carry only P1-specific signalling information (see clause 25.1). P2 symbol(s) carry
L1-PRE signalling information (see clause 8.1.2) and, if there is free capacity, they also carry data from the
common PLPs and/or data PLPs. Data symbols carry only common PLPs or data PLPs as defined in clauses xx
and xx. The mapping of PLPs onto the symbols is done at the SC-OFDM cell level, and thus, P2 or data
symbols can be shared between multiple PLPs. If there is free capacity left in the NGH hybrid SISO frame, it
is filled with auxiliary streams (if any) and dummy cells as defined in clauses 9.2.3 and 9.2.4. In the NGH
hybrid SC-OFDM frame, the common PLPs are always located before the data PLPs. The mapping of PLPs
onto the NGH hybrid SC-OFDM frame is defined in clause 26.1.1.2.

26.1.1.2 Capacity and structure of the NGH hybrid SC.-OFDM frame

The frame builder shall map the the logical frame cells and L1-PRE cells from the constellation mapper onto
the data cells x,,, , , of each SC-OFDM symbol in each frame, where:
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e mis the NGH- hybrid SC-OFDM frame number;

e [is the index of the symbol within the frame, starting at O for the first P2 symbol, 0 < /< LF;

e pisthe index of the data cell within the symbol prior to pilot insertion.
Data cells are the cells of the SC-OFDM data symbols which are not used for scattered pilots.

The P1 and aP1 symbols are OFDM symbols, but not ordinary ones, and do not contain any active SC-OFDM
data cells (see clause 11.7).

The number of active carriers, i.e. carriers not used for scattered pilots, in one P2 symbol is denoted by Cp,

and is defined in table y. Thus, the number of active carriers in all P2 symbol(s) is Np,xCp,.

The number of active carriers, i.e. carriers not used for pilots, in one normal symbol is denoted by C,;,
Table z gives values of C,,,, for each FFT mode. These values must be divided by two to compute the

number of active carriers for the data symbols carrying also scattered pilots.

Note: Extended carrier modes are not used for the satellite component when the SC-OFDM waveform is
applied.

Note: Tone reservation is not used together with frames using the waveform SC-OFDM.

In all combinations of FFT sizes and guard interval lengths, the last symbol of the NGH hybrid SC-OFDM
frame is a data symbol carrying also scattered pilots.

Hence the cell index p takes the following range of values:
. 0<p<Cp,for 0 <1< Np,;
o 0 Sp < Cdata fOl‘NPz < 1< LF_ 1 and (I—Npg)%6 i (Dy-]), (Dy= 6)

L] 0 Sp < Cdam/2 for NP2§Z< LF* 1 and (I*sz)%6 = (Dy—]),
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Table 137: Number of available data cells Cp, in one P2 symbol

FFT size Cp2 (SISO)
512 216
1K 432
2K 864

Table 138: Number of available data cells C,,;, in one data symbol not consisting of scattered pilots

FFT size Caata
512 432
1K 864
2K 1728

Table 139: Number-of-data-cells-N-in-the-frame-closing-symbolNumber of available data cells Cya:,
in one data symbol not consisting of scattered pilots

Thus, the number of active SC-OFDM cells in one NGH hybrid SISO frame (C,,,) is given by:

11

Ctot:NPZ*CP2+E*L *C

data data

This formula takes into account the fact that one data symbol over six contains data for one half and pilots
for the other half.

The number of P2 symbols Np, is dependent on the used FFT size and is defined in table Error! Reference

source not found..

Table 140: Number of P2 symbols denoted by Np, for different FFT modes
(temporary values, to be checked)

FFT size Np,
512 32
1k 16
2k 8

26.1.2 Frequency interleaver

For frames of preamble format NGH hybrid SISO and the waveform SC-OFDM there is no frequency
interleaving applied.

27 OFDM Generation

The OFDM generation for the hybrid profile follows the same rules as specified in clause 11 for the base
profile, with a limitation on the number of allowed FFT sizes (see table 118 below) and bandwidths.
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The satellite component of the hybrid profile is defined for the following channel bandwidths: 1.7, 2.5 and
5 MHz (these three bandwidths are also covered by the base profile).

Table 141: Scattered pilot pattern to be used for each allowed combination
of FFT size and guard interval for the hybrid profile waveform OFDM
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. Guard interval

FFT size 1732 [ 176 | 18 | 1/
PP7 | PP4 | PP2

K pp4 | PP5s | PPz | PP
PP4 | PP2

1K Na | PR ERZ | PP

The preamble symbol P1 is followed for the hybrid profile by an additional preamble symbol aP1, as

specified in clause 11.7.3.
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28 SC-OFDM generation

The function of the SC-OFDM generation module is to take the cells produced by the frame builder, as time
domain coefficients, and to spread these cells to obtain frequency domain coefficients. Next, to insert the
pilots, which allow the receiver to compensate for the distortions introduced by the transmission channel,
and to produce from this the basis for the time domain signal for transmission. It then inserts guard
intervals in order to produce the completed NGH hybrid SISO signal of waveform SC-OFDM.

. Guard P1 & AP1
Spreadin, I .
—> P & > Pilot insertion > IFET » interval symbol > D/A.
(FFTm) . . : conversion
insertion Insertion To transmitter

Figure 110: SC-OFDM generation

28.1 Spreading

This clause specifies the spreading applied to cells, prior to pilot insertion and OFDM modulation.

The transmitted signal is organized in frames. Each frame has a duration of T, and consists of L; SC-OFDM

symbols and two OFDM preamble symbols (P1 and aP1). Each SC-OFDM symbol is constituted by a set of
Kiota) Carriers transmitted with a duration Ts.

The symbols in an SC-OFDM frame (excluding P1 and aP1) are numbered from 0 to L.-1. All SC-OFDM

symbols contain data and some of them contain reference information (see clause ??? below)

The input cells are grouped in blocks of size M, where M is variable, and a spreading, i.e. an FFT of size M, is
applied to each such group of cells.

The spreading size M, of SC-OFDM symbol / is equal to:

M,=C,

ata

if symbol / is a data-only symbol,i.e.if [<N,, or (I—N,,)mod(D,)# (D, —1)

M, =C,

wa | 2 if symbol [ carries scattered pilots, i.e. if (! —N,,)mod(D,)=(D,-1) and [=N,,
Cyata depends on the FFT size and is described in clause 9.9.2.

Dy is 6 for the SC-OFDM waveform. x; is the information to be transmitted on the SC-OFDM symbols
(including P2 symbols).

Index i varies from 0 to Lg * Cgaes * (2Dy-1)/(2 Dy) - 1

First, this complex information is mapped onto (L¢-Np,) blocks of size M, according to clause ???.
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- The symbol index / varies from 0 to L¢ -1
- The cell index j varies from 0 to M/-1

Then, an FFT of size M, is applied to each block:

z y 7127zk]/M,
lJ
\/ 1 J=0

28.2 Pilot insertion
28.2.1 Introduction

Cells containing reference information are not transmitted at "boosted" power level in the SC-OFDM
symbols. These cells are scattered pilot cells. The locations and amplitudes of these pilots are defined in
clause 11.1.3 for SISO transmissions. The value of the pilot information is derived from a reference
sequence, which is a series of values, one for each transmitted carrier on any given symbol (see

clause 11.1.2).

Table f gives an overview of the different types of pilots and the symbols in which they appear.

Table 142: Presence of pilots in each type of symbol (X=present)

Symbol Scattered Pilots
P1
P2 X
Data
Data with scattered pilots X
(PP9)

The following clauses specify values for Cm ke for certain values of m, / and k, where m and / are the NGH

frame and symbol number as previously defined, and k is the SC-OFDM carrier index (see clause ???).
Moreover, for the SC-OFDM multiplex, the following applies:

e No continual pilots

e No edge pilots

e The P2 pilots are identical to the scattered pilots in the data symbols.

e Each last symbol in an SC-OFDM frame is a data symbol with scattered pilots. Therefore, no frame
closing symbol is needed.

e No cellis reserved for PAPR reduction

28.2.2 Definition of the reference NGH hybrid sequence

The pilots are modulated according to a reference complex sequence, r » where /and k are the symbol and

carrier indices as previously defined. For the hybrid component, the reference sequence is fixed for each
FFT size, and derived from a modified Zadoff-Chu sequence:
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T =S =e
Where the number of pilots in a related data symbol, n,, is equal to: n, =K., /2=C,,, /2

The symbol-level sequence is mapped to the carriers such that the first output complex value (s,) from the

sequence coincides with the first active carrier (k= K_. ) in symbols of FFT size 0.5K, 1K, and 2K.

28.2.3 Scattered pilot insertion

Reference information, taken from the reference sequence, is transmitted in scattered pilot cells in every
P2 and every sixth data symbol of the NGH hybrid frame. The locations of the scattered pilots are defined in
clause 11.1.3.1, their amplitudes are defined in clause 11.1.3.2 and their modulation is defined in clause
11.1.3.3.

28.2.3.1 Locations of the scattered pilots

A given carrier k of the SC-OFDM signal on a given symbol / will be a scattered pilot if the appropriate
equations below are satisfied:

[<N,, or (I-N,,)mod(D,)=(D,-1)
and [=0mod(D;)

where: Dy and Dy are defined in table w

ke [Kmin; Kmax]

le[0; Lp-1]
Np, is as defined in clause 9.9.2.

; and

Ly, is as defined in clause 9.9.1.

Table 143: Parameters defining the scattered pilot patterns

. Separation of pilot bearing Number of symbols forming one
Pilot pattern . .
carriers (D,) scattered pilot sequence (D,)
PP9 2 6

For the NGH hybrid SISO frames, all combinations of the scattered pilot pattern (PP9), FFT size and guard
intervals are allowed. The scattered pilot pattern is illustrated in annex K.

28.2.3.2 Amplitudes of the scattered pilots

The amplitudes of the scattered pilots, Agp, are shown in table z below.

Table 144: Amplitudes of the scattered pilots

Scattered pilot pattern Amplitude (Agp) Egg':ta(lgg;
PP9 1 0
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Modulation of the scattered pilots

The phases of the scattered pilots are derived from the reference sequence given in clause 11.1.2.

The modulation value of the scattered pilots is given by:

Cok = Agp Tk

where A, is as defined in clause 11.1.3.2, r; , is defined in clause 11.1.2, m is the NGH hybrid SISO frame

index, k is the frequency index of the carriers and / is the time index of the symbols.

28.3

00

m=0

L1
s()=Re {e™™"y pl(t—mTF)Jrapl(t—mTF)nL\/KliZ
total 1=0

IFFT — SC-OFDM modulation

k= min

Kl'llax
Coig X '//m,l,k(t)
X

The IFFT mechanism for the SC-OFDM mode follows the same mechanism as in the base profile. The SC-
OFDM parameters are summarized in table a. The values for the various time-related parameters are given
in multiples of the elementary period T and in microseconds. The elementary period T is specified for each

bandwidth in table b.

Table 145: Elementary period as a function of bandwidth (NGH)

Bandwidth 1.7 MHz 2.5 MHz 5 MHz
Elementary period T 71/131 us 7/20 ps 7140 ps
Table 146: SC-OFDM parameters
Parameter 0.5K mode 1K mode 2K mode
Number of carriers K, 432 864 1728
Value of carrier number K_ .. 0 0 0
Value of carrier number K. 431 863 1727
Duration T, 512T 1024T 2048T
Duration T, us (see notes 1 and 2) 89,6 179,2 358,4
Carrier spacing 1/7, (Hz) 11161 5580 2790
(see notes 1 and 2)
Spacing between carriers K . and K___ equivalent to
bacing i max 4 4.81 MHz 4.82 MHz 4.82 MHz
(Kiota-1)/ Ty (see notes 1 and 2)

NOTE 1:
NOTE 2: Values for 5 MHz channels.

Numerical values in italics are approximate values.
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28.4 Guard interval insertion

Two different guard interval fractions (A/T ) are defined. Table 124 gives the absolute guard interval

duration A, expressed in multiples of the elementary period T (see clause 28.3) for each combination of FFT
size and guard interval fraction.

Table 147: Duration of the guard interval in terms of the elementary period T

Guard interval fraction (A/T|;)
FFT size
1/32 116
2K 64T 128T
1K 32T 64T
0.5K 16T 32T

The emitted signal, as described in clause 28.3, includes the insertion of guard intervals.
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Annex K (informative):
SC-OFDM pilot pattern

This annex illustrates the scattered pilot pattern PP9 for the SC-OFDM waveform, which is used for the
satellite path of the hybrid profile. It shows the pattern in SISO mode (figure K.1). There are no continual
pilots associated with this waveform.

Frequency (carrier number)——»
0 15

First P2 symbol  ___»
Second P2 symbol ---»

© 0O N O 0o~ W N -~ O

-
- O

Last symbol of the
Frame is a hybrid -
symbol

<« (S[0qQWAS WAJO-DS) dwI]

. Scattered pilot D Data cell

Figure K.1: Scattered pilot pattern PP9 (hybrid profile, SC-OFDM, SISO mode)
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Annex L (normative):
Receiver Buffer Model extension

For the MFN case of the hybrid profile, the receiver buffer model described in annex C.2 applies, where the
sum of the decoding rates has to be over all PLPs in a PLP cluster from the terrestrial signal and over those
from the satellite signal:

z Rcodebits,rec,max(n' i) + Z Rcodebits,rec,max(nﬁj) <12 Mbit/S

Terr: i Sat: j

Moreover, the total size of the de-jitter buffer for storing all PLPs in a PLP cluster from the terrestrial and
satellite signals is 2 Mbits.

For the SFN case, the receiver buffer model of the base profile applies.
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Part IV: Hybrid MIMO profile
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29 DVB-NGH hybrid MIMO system definition

29.1  System overview and architecture

The hybrid MIMO profile is an optional profile facilitating the use of MIMO on the terrestrial and/or
satellite elements within a hybrid transmission scenario. Two modes within this profile are available:

29.1.1  Hybrid MIMO SFN

The hybrid MIMO SFN describes the case where the satellite and terrestrial parts of the transmission utilise
the same carrier frequency and radiate synchronised signals intended to create an effective SFN. In the case
of a SISO SFN, covered in the hybrid profile, the signals are nominally identical (except for the possible
application of eSFN) but in the case of a hybrid MIMO SFN MIMO pre-coding may exist in conjunction with
eSFN pre-processing. The cases defined in the hybrid MIMO SFN mode are those where MIXO pre-coding is
applied within or across the satellite and terrestrial transmission elements. In the case of mixed SISO/MIXO
transmission the MIXO pre-coding is applicable solely during MIXO frames; during the hybrid SISO frames
eSFN may be applied.

29.1.2 Hybrid MIMO MFN

The hybrid MIMO MFN describes the case where the satellite and terrestrial parts of the transmission are
on different carrier frequencies, and do not necessarily share any common frame or symbol timing at the
physical layer. They may however share content in terms of data payload. At least one of the transmission
elements (i.e. terrestrial or satellite) must be configured using multiple antennas, otherwise the form of
transmission belongs to the hybrid profile, not the hybrid MIMO profile.

Terrestrial
- ' Bit Inte:rleaved Frame Building : Y Signal on air
inputs ——— Input processing > Coding & > (SISO, MISO, > OFDM generation ——>
Modulation MIMO)
L___*
TS or GSE
inputs
Bit Interleaved Frame Building %?;;:LT Y Signal on air
Tsinor:uf:‘E Input processing B> Coding & > (SISO, MISO, > SCOFDM) |
Modulation MIMO) . 3
generation A
Satellite

Figure 111: High level NGH hybrid MIMO physical layer block diagram
Note 1: This block diagram is common to both hybrid MIMO MFN and hybrid MIMO SFN.

Note 2: One of the two paths must use two transmission antennas.

29.1.3 Time interleaving

For rate 2 schemes of the hybrid MIMO profile, both MIMO branches, i.e. the signal generation for both
transmit antennas, shall use the same time interleaver configuration. The required time de-interleaver
memory sizes Nyysprp and Nyusprpiframe P€F MIMO branch can be calculated in the same way as
described for the SISO scheme of the hybrid profile in clause 25.2 time interleaver, when setting 1 MU

ETSI



283 Draft ETSI EN 303 105 V1.1.1 (2012-11)

corresponding always to 1 cell. The total required de-interleaver memory for both MIMO branches is twice
this size. The applicable limits for the hybrid MIMO profile are still ¥ 2Nyysprp < 2%* and
> 2NMus pLP 1 frame < 218 where the sum is taken over all PLPs in a given PLP cluster and the factor 2 comes
from the fact, that the size for both MIMO branches is double that per single MIMO branch.

When two signals are transmitted that shall be (hybridly) combined in the receiver, the same rules apply as
laid down in clause 25.2 time interleaver, i.e. the sum of the required time de-interleaver sizes (in MUs) for
both signals must not exceed the aforementioned limits.

The receiver buffer model (RBM) to use for the hybrid MIMO profile is the one of the hybrid profile in
annex L.

30 Hybrid MIMO SFN

30.1  Transmit/receive system compatibility

To make use of the hybrid MIMO SFN, the proposed transmission hardware must include individually-fed
terrestrial and satellite transmitters with suitable antennas as outlined below, delivering an OFDM
waveform on both the terrestrial and satellite sides. Cases included are one or two (cross-polar, linear
polarisation) terrestrial antennas in combination with one or two (cross-polar, counter-rotating circular
polarisation) satellite antennas. In the case of rate 2 MIMO transmission (e.g. eSM) from either the satellite
or terrestrial equipments the receiver must be equipped with a dual-polarised (linear polarisation or
counter-rotating circular) pair of antennas. For rate 1 transmission, (e.g. Alamouti, eSFN) a cross-polar
receive antenna is recommended but a single antenna is sufficient.

In all SFN cases the satellite transmission appears as ‘transparent’ to the receiver which sees an equivalent
terrestrial transmission via an enhanced channel partly delivered by the satellite transmission. The pilot
patterns for SISO/MIXO are retained on both the terrestrial and satellite transmission.

SC-OFDM is not an option for the hybrid SFN profile

30.2  Operational SFN modes

In each of the operational mode combinations shown in tables 126 and 127, the technical descriptions of
the signals specified as forming the terrestrial and satellite components can be found in one or more of the
NGH-base, NGH-satellite or NGH-MIMO profiles.

Note 1: Where a modulation is described as A+B, ‘A’ refers to the terrestrial part, ‘B’ to the satellite part.
Note 2: eSFN may optionally be applied to any transmission component not already having it present

Note 3: The TX identifier mentioned in the table below is described in clause 11.4.1.

Table 148: Rate 1 transmission schemes for hybrid SFN

Rate 1 | Terrestrial transmission Satellite MIXO scheme(s)
transmission
Single polarisation Single polarisation eSFN: Terr and Sat with 2
(VP or HP) (RHCP or LHCP) different TX identifiers

(during SISO frames)

Alamouti code (during MIXO
frames)
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Dual polarisation
(VP and HP)

Single polarisation
(RHCP or LHCP)

eSFN : 2 x Terr + Sat with 3
different TX identifiers
(during SISO frames)

Alamouti+ QAM (during
MIXO frames)

Single polarisation
(VP or HP)

Dual polarisation
(RHCP and LHCP)

eSFN: Terr + 2 x Sat with 3
different TX identifiers
(during SISO frames)

Alamouti+ QAM (during
MIXO frames)

Dual polarisation
(VP and HP)

Dual polarisation
(RHCP and LHCP)

eSFN: 2 x Terr + 2 x Sat with
4 different TX identifiers
(during SISO frames)

Dual polarisation
(VP and HP)

Dual polarisation
(RHCP and LHCP)

Alamouti + Alamouti (during
MIXO frames)

Table 149: Rate 2 transmission schemes for hybrid SFN

Rate 2

Terrestrial transmission

Satellite
transmission

MIXO scheme(s)

Dual polarisation
(VP and HP)

Dual polarisation
(RHCP and LHCP)

eSM+PH Terr +
eSM+PH+eSFN Sat
(during MIMO frames)

30.3 Power imbalance cases

In the case of terrestrial power imbalance, the satellite transmission maintains a fixed 0 dB imbalance, but
adopts the same values of parameters 8and « as the terrestrial transmission for the chosen imbalance.
Table XXX shows the corresponding set of parameters.

Table XXX: eSM parameters for satellite, SFN case

Intentional power imbalance
between two terrestrial Tx 0dB 3dB 6dB
antennas
Nbpeu Modulation B o a B a B e a
fi(tx1) QPSK
6 0.50 45° 0.44 0.50 0° 0.50 0.50 0° 0.50
forea(tx2)| 16-QAM
fri(tx1) | 16-QAM mn[ﬁ +4 J
8 0.50 v2+2) 050 | 0.50 25° 0.50 | 0.50 0° 0.50
fz,’+1 (tXZ) 16-QAM
fHi(tx1) | 16-QAM
10 0.50 22° 0.50 0.50 15° 0.50 0.50 0° 0.50
foiea(tx2)| 64-QAM
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31Hybrid MIMO MFN

31.1  Transmit/receive system compatibility

To make use of the hybrid MIMO MFN, the proposed transmission hardware must include individually-fed
terrestrial and satellite transmitters with suitable antennas, delivering an OFDM waveform on the
terrestrial side and OFDM or SC-OFDM on the satellite side. Cases included are one or two (cross-polar,
linear polarisation) terrestrial antennas in combination with one or two (cross-polar, counter-rotating
circular polarisation) satellite antennas. In the case of rate 2 MIMO transmission (e.g. eSM) from either or
both of the satellite or terrestrial equipments the receiver must be equipped with a cross-polar (linear
polarisation or counter-rotating circular) pair of antennas in the corresponding frequency band or bands.
For rate 1 transmission from either the satellite or terrestrial equipments, (e.g. Alamouti, eSFN) a dual-
polarised receive antenna is recommended but a single antenna is sufficient for the corresponding satellite
or terrestrial frequency band.

31.2  Operational MFN modes

Any terrestrial SISO or MIMO mode (from base and MIMO profiles respectively) may be used in conjunction
with any satellite SISO mode (taken from the hybrid profile) or the MIMO modes defined in table B4 or
para. ???, with the following addition/exception:

1. The satellite rate 2 MIMO modes add a 2 x QPSK option but excludes any use of 64-QAM;

The resulting eSM parameters for the satellite component delivering an OFDM waveform are indicated in
table 149.

Table 150:eSM parameters for satellite OFDM, MFN case

Nppcu Modulation ﬂ Ja) a
f2d(Tx1) QPSK
4 f2i+1(TX2) QPSK 0.50 atan(\/EJrl) 0.50
faira(Tx2) QPSK
6 0.50 | 45° | 0.44
f2ir1(Tx2)| 16-QAM
f2(Tx1) | 16-QAM atan(ﬁ“‘J
8 0.50 v2+2) 0.50
f2i:1(Tx2) | 16-QAM

Note 1: In the case that the satellite waveform is SC-OFDM, spatial multiplexing encoding for rate 2 MIMO
is simple SM as described in clause 18.1 instead of eSM.

Note 2: All parameters are for 0 dB intentional power imbalance between satellite transmitting antennas

The only constraint is that at least one transmission should be MIXO in order to qualify as hybrid MIMO;
otherwise the transmission falls within the hybrid profile.
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31.3  Spatial Multiplexing encoding for SC-OFDM waveform for
rate 2 satellite MIMO

The satellite SM encoding for SC-OFDM waveform is similar to the rate 2 terrestrial MIMO scheme, except
that neither MIMO precoding (eSM) nor phase hopping is applied.

As for terrestrial part, MIMO processing is never applied to the preamble symbols P1, aP1 and P2.

The MIMO processing shall be applied at PLP level and consists in transmitting cell pairs (f5, f2i.1) on the
same SC-OFDM symbol and carrier from Tx-1 and Tx-2 respectively.

[ 82 jz( b } i=0,1,.., Ncells/2 -1
82in1 2i+1

where i is the index of the cell pair within the FEC block and Ncells is the number of cells per FEC block.

The pilot patterns for each transmit antenna are derived from the one of the SC-OFDM SISO signal:

e Tx1 transmits the same pilot pattern as the SC-OFDM SISO signal (see section 30.2 of the hybrid
profile)

e Tx2 transmits the same pilot pattern as Tx1, expect that the phase of the reference sequence is
inverted on pilot carrier over two:

Tx2 Tx2 __ Txl .

Te =50 =5 if keven
*

Tx2 Tx2 __ Tx1 .

r? =5t =(s") if kodd

Where I and k are the symbol and carrier indices as defined in SISO hybrid clause.

For the constellations, both the 2 x QPSK and 2 x 16-QAM schemes can be applied.
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32 Layer 1 signalling data for the hybrid MIMO profile
32.1 P1 and additional P1 signalling data

The hybrid profile is signalled in the preamble P1 with the values S1 = 111 (ESC code) and S2 field 1 = 011,
as described in clause 8.1.1 of the base profile.

The preamble P1 is followed by an additional P1 (aP1) symbol. The aP1 symbol has the capability to convey
7 bits for signalling and the information it carries is illustrated in figure 112.

| S3(3b) | s4Field1(3p) | SaField2(1b) |

Waveform FFT/Gl size Reserved

Figure 112: aP1 signalling field

e The S3 field (3 bits) indicates the waveform used in the NGH frame in the hybrid MIMO profile, as
described in Table 151.

Table 151: S3 Field

S3 field Waveform Description
P2 and all data symbols in NGH-
000 OFDM frame are modulated using

OFDM waveform

P2 and all data symbols in NGH-
001 SC-OFDM frame are modulated using SC-
OFDM waveform

010-111 |Reserved for future use

The combination S1 =“111", S2= “011x”, and S3 = “001” shall not be used.
e  The S4field 1 (3 bits): FFT and Gl size:

The first 3 bits of the S4 field are referred to as S4 field 1. According to the waveform information
carried by S3 field, S4 field 1 indicates the corresponding FFT size and the guard interval for the
remaining symbols in the NGH-frame. The value and meaning of S4 field 1 are given in Table 152
and Table 153 for OFDM and SC-OFDM waveform case respectively.

Table 152: S4 Field 1 (for OFDM waveform, S3 = 000)

S3 S4 field 1 FFT/Gl size Description
000 000 FFT Size: 1K — guard interval 1/32 Indicates the FFT size and
001 FFT Size: 1K — guard interval 1/16 guard interval of the OFDM
010 FFT Size: 2K — guard interval 1/32 symbols in the NGH-frame
011 FFT Size: 2K — guard interval 1/16
1XX Reserved for future use

Table 153: S4 Field 1 (for SC-OFDM waveform, S3 = 001)

S3 S4 field 1 FFT/GI size Description
001 000 FFT Size: 0.5K — guard interval 1/32 Indicates the FFT size and
001 FFT Size: 0.5K — guard interval 1/16 guard interval of the SC-
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010 FFT Size: 1K — guard interval 1/32 OFDM symbols in the NGH-
011 FFT Size: 1K — guard interval 1/16 frame

100 FFT Size: 2K — guard interval 1/32

101 FFT Size: 2K — guard interval 1/16

110- 111 |Reserved for future use

o  The S4field 2 (1 bit): Reserved for future use
The last 1 bit of the S4 field is referred to as S4 field 2 and it is reserved for future use.

The modulation and construction of the aP1 symbol is described in clause 11.7.3 of the base profile.

32.2 L1-PRE signalling data

Table 153 highlights the signalling specific to the hybrid MIMO profile added to the L1-PRE signalling data
defined in clause 8.1.2 of the base profile.

Table 154: L1-PRE signalling fields specific to the hybrid MIMO profile

PH_FLAG 1 Bit

L1_POST_MIMO 4 Bits
L1_POST_NUM_BITS_PER_CHANNEL_USE | 3 Bits

PH_FLAG: This 1-bit field indicates if the phase hopping (PH) option is used or not. In the absence of
VMIMO (see annex L) this flag is set to “1”. The PH scheme is described in clause 18.2.

Table 155: Signalling format for the PH indication

Value PH mode
0 PH not applied
1 PH applied

L1-POST_MIMO: This 4-bit field indicates the MIMO scheme of the L1-POST signalling data block. The
MIMO schemes shall be signalled according to table 155.

Table 156: Signalling format for the L1-POST MIMO scheme

Value Constellation
0000 Alamouti
0001 eSM/PH
0010 SM
0010to 1111 Reserved for future use
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L1-POST configurable signalling data

Table 157 highlights the signalling specific to the hybrid MIMO profile added to the L1-POST configurable

signalling defined in clause 8.1.3.1 of the base profile.

Table 157: Signalling fields of L1-POST configurable

IFS1="111" and S2 = “000x” or “011x” {
PLP_MIMO_TYPE 4 Bits
IF PLP_MIMO_TYPE = “0001” or “0010”
{
PLP_NUM_BITS _PER_CHANNEL_USE | 3 Bits
}
ELSE {
PLP_MOD 3 Bits
}
}
ELSE {
PLP_MOD 3 Bits
}
IFS1="111" and S2 = “001x” or “Ox0x” {
TIME_IL_LATE_LENGTH 3 Bits
NUM_ADD_IUS_PER_LATE_FRAME 4 Bits
}

PLP_MIMO_TYPE: This 4-bit field indicates the MIMO scheme used by the given PLP. The MIMO schemes

shall be signalled according to table 157.

Table 158: Signalling format for the PLP_MIMO_TYPE scheme

Value Constellation
0000 Alamouti
0001 eSM/PH
0010 SM
0010to 1111 Reserved for future use

The following fields appear only if PLP_MIMO_TYPE = “0001” or “0010” (i.e. eSM/PH or SM):
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PLP_NUM_BITS_PER_CHANNEL_USE: This 3-bit field indicates the number of bits per channel use
for the MIMO scheme used by the given PLP. The value of this field shall be defined according to
Table 159.

Table 159: Signalling format for PLP_NUM_BITS_PER_CHANNEL_USE.

Value Nppeu Modulation
fo(Tx1
' e aPSK
001 ; iy o
fo(Tx1 -
i T o
011to 111 Reserved for future use Reserved for future use

The following field appears only if PLP_MIMO_TYPE is equal to “0000” (e.g. Alamouti):

PLP_MOD: 3-bit field indicates the modulation used by the given PLP. The modulation shall be
signalled according to Table.

Table 160: Signalling format for the modulation.

Value Modulation
000 QPSK
001 16-QAM
010to 111 Reserved for future use

TIME_IL_LATE_LENGTH: This 3-bit field represents the length P, of the late part in terms of logical frames.
The Late part is the last part of the full Time Interleaver length, which is signalled by TIME_IL_LENGTH.

NUM_ADD_IUS_PER_LATE_FRAME: This 4-bit field represents the number Napp sy per 1a7e Of interleaver
units (IUs) in the late part additional to the one IU present in every logical frame.

32.3.2 L1-POST dynamic signalling data

The hybrid MIMO profile uses the same L1-Dynamic signalling defined in clause 8.1.3.3 of the base profile.

32.3.3 In-band signalling type A

The hybrid MIMO profile uses the same in-band type A signalling defined in clause 5.2.3.1 of the base
profile.
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Annex M (informative):
SC-OFDM pilot pattern

This annex illustrates the scattered pilot pattern PP9 for the hybrid MIMO profile when the satellite
component waveform is SC-OFDM. The pilots are sent at the same locations in SISO and MIMO modes
(figure M.1).

In hybrid MIMO mode, the first antenna (tx1) sends exactly the same pilot pattern as in the SISO hybrid
mode. The second antenna (tx2) sends a pilot pattern at the same locations as tx1, but with different
phases, as detailed in clause 31.3.

There are no continual pilots in this profile.

Frequency (carrier number)———9

0 15
First P2 symbol  ___»
Second P2 symbol ---»
stpzyreo —>| OO O W
=
2
—~ 1
w0
Q2
g s
)
Z 4
¢l H H H NN NN,
g 6
7
8
9
10
Last symbol of the
rameisanoia > V1 L Il BN OB OB OB M

symbol

. Scattered pilot D Data cell

Figure M.1: Scattered pilot pattern PP9 (SC-OFDM)

ETSI



292 Draft ETSI EN 303 105 V1.1.1 (2012-11)

Annex N (informative):
Rate-2 transmission with one transmit antenna

N.1VMIMO

N.1.1 Overview

MIMO transmission options are included in the optional MIMO profile in order to exploit the diversity and
capacity advantages made possible by the use of multiple transmission elements at the transmitter and
receiver. However, in a SFN network, it may happens that some terrestrial transmitters are equipped with
one transmit antenna only, while the other terrestrial transmitters and the satellite transmitter are
normally equiped with two transmlit antennas. In such situations, one possibility would be that the 1-Tx
transmitters simply transmit the signal transmitted by one of the antennas of the 2-Tx transmitters . From a
performance point of view, a better possibility is to set up a virtual MIMO (VMIMO) scheme, i.e. to emulate
at the transmitter side an optimised 2x1 channel. This allows to send an unique signal which is
representative of the two normal rate-2 signals, while optimising performance. Another advantage is that
the receiver is kept unaware of this possibility, i.e. no consequence on the receiver design is foreseen.

N.1.2 Block diagram

The block diagram illustrating the introduction of a VMIMO scheme is provided in figure XX1.

[
|

__p Rate2 VMIMO

MIMO > Tx

[y
|

Figure N.1: VMIMO scheme

N.1.3 VMIMO processing

Basically, the VMIMO scheme consists of inserting an optimised and virtual 2x1 MISO channel prior to
transmission. This virtual channel can be processed on all the input streams. Another possibility is to
restrict it to the MISO and MIMO parts of the multiplex and in particular not applying it to the
synchronisation (P1 and P2) symbols.

The VMIMO 2x1 channel is characterised by two coefficients a; and a,. The process is illustrated in table
tt1, where SHS stands for synchronisation, headers, signalling, etc.

Table N.1: VMIMO processing

2-TX signal, antenna 1 2-Tx signal, antenna 2 l(g&lsﬁgél
Pilot Di P2 apr+ax;p:
Data d; d, a;d; +a,d,
SHS, rate-1 signals Sig sig sig
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N.1.4 Parameter setting

The a; and a, parameters do not need to be known by the receivers. The channel estimation process will
simply estimate the overall chanel, consisting of the juxtaposition of the VMIMO channel and the real
multipath channel. Therefore they do not need to be standardised. However, some optimised values are
provided in table tt2, according to the constellation used and depending on whether or not eSM is
implemented.

The rationale for these values is the following: With and without eSM, the selected values insure that a
regular QAM constellation is transmitted. Without eSM, the selection of the a; values is straighforward.

With eSM, the values are modified in the folowing way: If ¢is the eSM angle and if a%l =tg(¢)), then
tg(@—q)) =2 for QPSK and tg(@—q)) =4 for 16-QAM. In table tt2, the values are provided for the 0 dB

power imbalance case, i.e. o= #=0.5.

Table N.2: VMIMO parameters

No eSM eSM

_ 1
“ / 5 ezatan(ﬁ +1) a, =0.99748

2xQpSK 2 o a, =0.0708
azz//g ~67.5 ,=0.
_ 1
al—/
1 2+4 a,=0.95
2 x 16-QAM 7 0 = atan \F— !
a :y L +2 a, =-0.312
2 ﬁ

N.1.5 Phase Hopping

The use of VMIMO is incompatible with phase hopping (clause 18.2) which shall therefore be disabled
when VMIMO is used.

N.1.6 Miscellaneous

For good performance with one transmit antenna only, it is assumed that the MIMO decoder is optimal
(ML) or quasi-optimal, whatever the values of the a; coefficients.

It must be noted that selecting a; = 1 and a, = 0 corresponds to the case where the transmitter equipped
with one antenna simply transmits one of the signals of the rate-2 MIMO scheme.

ETSI



294 Draft ETSI EN 303 105 V1.1.1 (2012-11)
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