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

Pursuant to the ETSI IPR Palicy, no investigation, including I PR 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 Technical Specification (TS) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation EL ECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became atripartite body
by including in the Memorandum of Understanding also CENELEC, which isresponsible 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 membersin about
60 countries in the European broadcasting area; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481

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

The present document defines the interface to a modulator for a second generation terrestrial television system
(DVB-T2). The present document also describes a mechanism to allow the operation of over the air regenerative
repeatersin SFN or non-SFN networks.

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.

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

2.1 Normative references
The following referenced documents are necessary for the application of the present document.
[1] ETSI EN 302 755: "Digital Video Broadcasting (DVB); Frame structure channel coding and
modulation for a second generation digital terrestrial television broadcasting system (DVB-T2)".
2] ETSI TS 102 606: "Digital Video Broadcasting (DVB); Generic Stream Encapsulation (GSE)
Protocol".
[3] ETSI TS 101 191: "Digital Video Broadcasting (DVB); DVB mega-frame for Single Frequency
Network (SFN) synchronization™.
[4] ETSI EN 301 192: "Digital Video Broadcasting (DVB); DV B specification for data broadcasting".
[5] ETSI TS 102 034: "Digital Video Broadcasting (DVB); Transport of MPEG-2 TS Based DVB
Services over | P Based Networks'.
[6] IETF RFC 3550: "RTP: A Transport Protocol for Real-Time Applications’.
[7] I SO/IEC 13818-1: "Information technology - Generic coding of moving pictures and associated
audio information: Systems”.
[8] ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (Sl)
in DVB systems”.
[9] 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 TS 102 831: "Digital Video Broadcasting (DV B); Implementation guidelines for a second
generation digital terrestrial television broadcasting system (DVB-T2)".

[i.2] CENELEC EN 50083-9: "Cable networks for television signals, sound signals and interactive
services - Part 9: Interfaces for CATV/SMATYV headends and similar professional equipment for
DVB/MPEG-2 transport streams".
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[i.3] DVB BlueBook A115: "DVB Application Layer FEC Evaluations'.
[i.4] ETSI TR 101 290: "Digital Video Broadcasting (DVB); Measurement guidelinesfor DVB
systems'.
3 Definitions, symbols and abbreviations

3.1 Definitions

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

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

common PLP: PLP having one slice per T2 frame, transmitted just after the L1 signalling, which may contain data
shared by multiple PLPs

configurable L 1-signalling: L1 signalling consisting of parameters which remain the same for the duration of one
super-frame

Coordinated Universal Time (literally Universel Temps Coordonné) (UTC): time format counting in standard S|
seconds with periodic adjustments made by the addition (or removal) of leap seconds to keep the difference between
UTC and Astronomical Time lessthan +0,9 s

data PLP: PLP of Type 1 or Type 2
dynamic L 1-signalling: L1 signalling consisting of parameters which may change from one T2-frame to the next

elementary period: time period which depends on the system bandwidth and is used to define the other time periodsin
the T2 system

FEC Block: set of N.g s OFDM cells carrying all the bits of one LDPC FECFRAME
FECFRAME: set of N, (16 200 or 64 800) bits from one LDPC encoding operation

FEF part: part of the super-frame between two T2-frames which may contain (FEFs)

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

Global Position System (GPS): constellation of satellites providing accurate time and position information to receivers

GPS Time: time signal broadcast by the GPS satellites using an epoch of January 6th 1980 with no leap seconds and a
"week number" (actually a modulo-604 800 seconds number) that wraps every 1 024 weeks (approximately 19,7 years)

Im(x): imaginary part of x

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 T2-frames

NOTE: The Interleaving frame may be mapped directly to one T2-frame or may be mapped to multiple
T2-frames. It may contain one or more TI-blocks.

International Atomic Time (literally Temps Atomique International) (TAI): time format counting in standard
Sl seconds

L1 pre-signalling: signalling carried in the P2 symbols having afixed size, coding and modulation, including basic
information about the T2 system as well asinformation needed to decode the L1 post-signalling

NOTE: L1 pre-signalling remains the same for the duration of a super-frame.

L 1-post-signalling: signalling carried in the P2 symbol carrying more detailed L1 information about the T2 system and
the PLPs
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max: maximum of a set of numbers, the operator being defined as:
m({xo)}= max{X (1), X (2)...X (1)}
M1SO group: group (1 or 2) to which a particular transmitter in a MISO network belongs, determining the type of
processing which is performed to the data cells and the pilots
NOTE: Signalsfrom transmittersin different groups will combine in an optimal manner at the receiver.
mod: modulo operator, defined as:

xmody=Xx— y{ﬁJ
y

M odified Julian Date (M JD): date format based on the number of days since midnight GMT on 17th
November 1858 AD

P1 signalling: signalling carried by the P1 symbol and used to identify the basic mode of the DVB-T2 signal
Physical Layer Pipe (PLP): physical layer TDM channel that is carried by the specified sub-slices
NOTE: A PLP may carry one or multiple services.
PLP_ID: this 8-bit field uniquely identifies a PLP within the T2 system, identified with the T2_system id
NOTE: ThesamePLP_ID may occur in one or more frames of the superframe.

relay (transmitter): transmitter in a network that re-transmits a signal received off-air, either by simple frequency
transposition or by regenerating the signal

Re(x): real part of x

Time Interleaving block (T1-block): set of cells within which timeinterleaving is carried out, corresponding to one
use of the time interleaver memory

Type 1 PLP: PLP having one slice per T2 frame, transmitted before any Type 2 PLPs

Type 2 PLP: PLP having two or more sub-slices per T2 frame, transmitted after any Type 1 PLPs

T2 frame: fixed physical layer TDM frame that is further divided into variable size sub-dlices
NOTE: TheT2 frame starts with one P1 and one or multiple P2 symbols.

T2-Gateway: device producing T2-MI at its output, incorporating the functionality of the Basic T2-Gateway and,
optionally, additional processing such as re-multiplexing

T2 Super-frame: set of T2 frames consisting of a particular number of consecutive T2 frames
NOTE: A superframe may in addition include FEF parts.

T2 system: second generation terrestrial broadcast system whose input is one or more TS or GSE streams and whose
output isan RF signal

NOTE: TheT2 system:

" means an entity where one or more PLPs are carried, in a particular way, within aDVB-T2 signal
on one or more frequencies.

] is unigue within the T2 network and it is identified with T2_system id. Two T2 systems with the
same T2_system _id and network_id have identical physical layer structure and configuration,
except for the cell_id which may differ.

L] istransparent to the data that it carries (including transport streams and services).

T2_SYSTEM _ID: this 16-bit field identifies uniquely the T2 system within the T2 network

ETSI
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3.2 Symbols

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

Ny
Nr2
lrer
Lumes Laume(i)

NpLp

P, Pi(i)
T

Te

Trer

X]
[X]

Thevalue N is expressed in radix x. The radix of x shall be decimal, thus 2A 4 isthe

hexadecimal representation of the decimal number 42

Number of T2-framesin a super-frame

Thevalue of FEF_INTERVAL from the L1-signalling

Frame interval: difference in frame index between successive T2 frames to which a particular
PLP is mapped (for PLP )

Number of PLPsinaT2 system

Number of T2-frames to which each Interleaving Frame is mapped (for PLP 1)

Elementary time period for the bandwidth in use

T2 Frame duration

Duration of one FEF part

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

Round towards plusinfinity, i.e. the most negative integer greater than or equal to x

3.3 Abbreviations

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

ACE
AL
ASI
BB
bflbof
bflbfzpb
CBR
CRC
DFL
DVB
FEC
FEF
FFT
GMT
GPS
GSE
ID
IERS
IFFT
1P
ISCR
LDPC
LoCl
LSB
MFN
MISO
MJD
MPEG
MSB
MTU
OFDM
PAPR
PAT
PCR
PID
PLP
PMT

Active Constellation Extension
Application Layer

Asynchronous Serial Interface
BaseBand

bit-field, left bit first

bit-field, left bit first, zero padded after the last bit to a multiple of 8 bits
Constant Bit-rate

Cyclic Redundancy Check
DataField Length

Digital Video Broadcasting
Forward Error Correction

Future Extension Frame

Fast Fourier Transform
Greenwich Mean Time

Global Positioning System
Generic Stream Encapsulation
IDentifier

International Earth Rotation and Reference Systems Service
Inverse Fast Fourier Transform
Internet Protocol

Input Stream Time Reference
Low Density Parity Check (codes)
Local Content Inserter

Least Significant Bit
Multi-Frequency Network
Multiple Input, Single Output
Modified Julian Date

Moving Picture Experts Group
Most Significant Bit

Maximum Transmission Unit
Orthogonal Frequency Division Multiplex
Peak-to-Average Power Ratio
Program Association Table
Program Clock Reference

Packet Identifier

Physical Layer Pipe

Program Map Table
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PRBS Pseudo Random Binary Sequence
RF Radio Frequency
RFU Reserved for Future Use
rms root mean square
rpchof remainder polynomial coefficients, highest order first
RTP Real Time Protocol
SFN Single Frequency Network
Sl Service Information
T2 DVB-T2
T2-MI DVB-T2 Modulator Interface
T2-MIP DVB-T2 Modulator Information Packet
TAI International Atomic Time (literally Temps Atomique International)
TDM Time Division Multiplex
TFS Time Frequency Slicing
TI Time Interleaving
TPH Transport Packet Header
TS Transport Stream
TX-SIG Transmitter Signature
UDP User Datagram Protocol
uimsbf unsigned integer, most significant bit first
uTC Coordinated Universal Time (literally Universel Temps Coordonné)
VBR Variable Bit-rate
XOR eXclusive OR function
4 General description

4.1 System overview

The DVB-T2 specification [1] enables service-specific robustness to be achieved through the use of Physical Layer
Pipes (PLPs). The allocation of datato each PLP is not however prescriptive and the T2 specification merely states that
certain constraints must be met.

To enable Single Frequency Network (SFN) operation, decisions on allocation and scheduling are taken oncein a
T2-Gateway, the results of which are distributed in such a format that each modulator in the network can
unambiguously create an identical on-air signal.

The T2-Gateway takes one or more input streams for the T2 system and forms them into un-coded Baseband frames and
generates the appropriate L1 signalling information to be sent over the T2-MI. The T2-Modulator uses this data from
the T2-M1 and performs the necessary error coding, frame building and modulation to produce the RF signal for the T2
system.

The DVB-T2 Modulator Interface (T2-MI) allows reliable networks of transmitters (in both MFN and SFN
configurations) to be constructed. In addition it supports the use of regenerative, off-air repeatersto feed further MFNs
and SFNs.

More information regarding the generation of T2-MI in a T2-gateway and its use by a modulator can be found in[i.1].

4.2 System architecture

The block diagram of atypical DVB-T2 end-to-end chain for Transport Stream input isshown in figure 1. The T2-Ml is
shown as "Interface B" at the output of the T2-Gateway.
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Figure 1. Block diagram of a typical DVB-T2 chain

4.3 Protocol stack
Figure 2 showsthe T2-MI protocol stack.
MPEG-2 TS/ GSE | L1, SFNinfo,
Aux Data
T2 Data s Frames) Streams

T2-MI Packets
DVB Data Piping
DVB/MPEG-2 TS

RTP
UDP
DVB IPTV Phase 1 AS|
(MPEG TS over IP) P
Ethernet

Figure 2: The T2-MI protocol stack
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TN

Decoded
output
programme
signals

The DVB-T2 Modulator Interface (T2-Ml) carries the DVB-T2 system inputs, MPEG-2 TS and/or Generic Streams,

encapsulated within DVB-T2 Baseband Frames[1].
In addition the T2-M1 also carries other T2 dataincluding, but not limited to:

L1 signalling data to enable the construction of T2 frames by the modulator;

[ ]
1Q vector data for any auxiliary streams;

DVB-T2 timestamp (for synchronization); and

Future Extension Frame (FEF) data.

With the exception of the DV B-T2 timestamp, all thisinformation is transmitted as part of the on-air DVB-T2 signal.
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The synchronization timestamp datais not transmitted over-air but used by a modulator to define the precise time of
emission of the DVB-T2 signal. A special case exists where relay stations forming part of a SFN are fed over air from a
master station on a different frequency, since they also require access to the synchronization data (see annex B).

The T2 datais packetized into T2-MI packets and encapsulated into DVB / MPEG Transport Stream packets using Data
Piping, in accordance with EN 301 192 [4], clause 4.

These standard DVB TS packets are then carried either natively over any standard DVB Transport Stream interface,
such as ASl [i.2], or further encapsulated within I P packets in accordance with TS 102 034 [5] for carriage over IP
based networks.

5 T2-MI packets

Several different types of T2-related data may be sent over the T2-M| through the use of T2-MI packets.

5.1 T2-MI packet definition

The T2-MI packet format is shown in figure 3.

T2-MI header payload pad crc32

¢———48 bits————pi«—— payload_/en bits——— >i&pad _/en bits»i€—32 bits—p:

packet_ packet_ | superframe

type count _idx rfu payload_len

4«—8 bits—»«¢—8 bits—»i€—4 bits—»«¢—12 bits—»i«—16 bits—»

Figure 3: T2-MI packet format

Each T2-MI packet is composed of a6 byte header, followed by a variable-length payload part plus padding, when
required, and a 32-bit CRC tail for error detection.

The T2-MI packet consists of the following fields:

packet_type (8 bits) indicates the type of the payload carried by the T2-M| packet. The currently defined values are
shown in table 1 and their associated formats defined in the following clauses. All other values are Reserved for Future
Use (RFU).

Table 1: T2-MI packet types

T2-Ml packet_type Description
00,4 Baseband Frame
014 Auxiliary stream 1/Q data
0245 Arbitrary cell insertion
1046 L1-current
116 L1-future
1215 P2 bias balancing cells
20,4 DVB-T2 timestamp
2146 Individual addressing
3044 FEF part: Null
3144 FEF part: I/Q data
3246 FEF part: composite
3345 FEF sub-part

all other values Reserved for future use
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packet_count (8 bits) isincremented by one for each T2-MI packet sent, irrespective of payload. There shall be no
requirement for the first packet sent to have a specific count value. The counter shall wrap from FF;g to 00,¢.

superframe_idx (4 bits) shall be constant for all T2-MI packets that carry data pertaining to one T2 superframe. It
should be incremented for each subsequent superframe. No implementation shall require this field to have any particular
value.

rfu (12 bits) bits reserved for future use and shall all be set to 0,.

payload_len (16 bits) indicates the payload length in bits.

payload (payload len bits) carries the T2-MI packet payload which will vary depending on the type of the T2-MI
packet and is defined in clause 5.2.

pad (pad_len bits) shall be filled with between 0 and 7 bits of padding such that the T2-M| packet is always an integer
number of bytesin length, i.e. payload_len+pad_len shall be a multiple of 8. Each padding bit shall have the value O,.

crc32 (32 bits) is calculated across all other bitsin the packet (both header and payload plus any padding), in

accordance with annex A.

5.2 T2-MI payload definitions

521 Baseband Frame

T2-MI packets with a packet_type of 00,4 shall carry Baseband Frames, in accordance with [1], clause 5.1.7.

The T2-MI packet payload is shown in figure 4.

intl_frame

rfu BBFRAME
_start

frame_idx plp_id

i€—8 bits—»i4—8 bits—»i€—1 bit—>i¢7 bitsri<¢ Kpen bits

Y

Figure 4: Baseband Frame payload

The fields are defined as follows:

frame_idx (8 bits) indicates the FRAME_IDX, as defined in [1], of the first T2 frame to which the Interleaving Frame
containing this Baseband Frame is mapped.

plp_id (8 bits) signalsthe PLP_ID, as defined in [1], in which the Baseband Frame isto be carried in the DVB-T2
signal.

intl_frame_start (1 bit) shall be set to 1, for the packet containing the first BBFRAME of an interleaving frame for a
particular PLP, and 0, for packets carrying the remaining BBFRAMEs (if any).

rfu (7 bits) bits reserved for future use and shall all be set to Os.

BBFRAME (K, bits) carriesthe K, bits of the Baseband Frame (before scrambling) pertaining to a particular PLP,

including the PADDING field if used. It shall be encapsulated into exactly one T2-MI packet without additional
stuffing. The temporal order of the Baseband Frame bits shall be preserved. If the Baseband Frame PADDING field is
used for in-band signalling, the relevant bits of the PADDING field shall be set to "0". These shall then be replaced by
the relevant in-band signalling in the modulator.

5.2.2  Auxiliary stream 1/Q data

T2-MI packets with a packet_type of 01,4 shall carry auxiliary stream data, in accordance with [1], clause 8.3.7.

The T2-MI packet payload is shown in figure 5.
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frame_idx | aux_id rfu aux_stream_data

i€—8 bits—»i<€4 bits»i€—12 bits—pi«¢ variable

Y

Figure 5: Auxiliary stream payload

frame_idx (8 bits) indicates the FRAME_IDX, as defined in [1], of the T2 frame which carries the auxiliary stream
data.

aux_id (4 bits) indicates the particular auxiliary stream to which the data belongs. The auxiliary streams shall be sent in
the same order as over the transmitted DVB-T2 signal, starting with aux_id=1,4 indicating the first auxiliary stream and

with the aux_id being incremented by "1" for each new auxiliary stream. The highest possible valueisFq
corresponding to the 15t auxiliary stream. Other values are reserved for future use.

rfu (12 bits) bits reserved for future use.

aux_stream_data (variable bits) carries the data for each auxiliary stream. It shall consist of the complex cell valuesin
order of increasing cell address (as defined in [1]). Each cell value shall be sent as a 12-bit two's complement value | for
the real part immediately followed by a 12-bit two's complement value Q for the imaginary part of the complex number.
The cell value, Xml,p for usein clause 8.3.7 of [1] shall be given by:

I:\)e(xm,l,p) = ?
M0y ) =

where | and Q are the 12-bit two's complement val ues represented as integersin the range -211 to 211-1.

NOTE:  Given that the rmsvalue of X, , isequal to 1 (asrequired by [1]), the signal-to-quantization-noise ratio is
approximately 59 dB, which should be adequate for all applications.

The auxiliary stream data field shall be encapsulated into one or more T2-MI packets in the same order as the filling of
the OFDM cellsin the DVB-T2 signal. No stuffing shall be used.

If more than one T2-MI packet is used for a particular auxiliary stream the payload of T2-MI packets with an unfinished
stream must end with a completed cell. The next cell value of that stream will then start at the beginning of the payload
of the next T2-MI packet with packet_type 01,4 with the same aux_id.

The cell values for auxiliary streams must be the same for all transmitters in a single frequency network when sent over
the T2-MI using T2-MI packet_type 014. If it is required, however, that the cell values are to differ, as allowed by [1],

the auxiliary stream data must be sent to the modulators in an aternative way.

5.2.3 Arbitrary cell insertion

T2-MI packets with a packet_type of 02,4 shall carry arbitrary cell data that the modulator shall insert into the T2

frame starting at the specified cell address and continuing until the end of the complex cell valuesin the
aribitrary_cell_datafield.

The T2-MI packet payload is shown in figure 6.

frame_idx | tx_identifier rfu start_cell_address arbitrary_cell_data

i€—38 bits—»€—16 bits—»i<¢-18 bits»i «——22 bits »ig variabl

Y.

Figure 6: Arbitrary cell insertion payload

frame_idx (8 bits) indicates the FRAME_IDX, asdefined in [1], of the T2 frame which carries the arbitrary cell data.
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tx_identifier (16 bits) isaword used to address individual transmitters or modulators. This field has the same meaning
asin clause 5.2.8. A value of 00004 is used as a broadcast address to address al transmitters or modulatorsin the

network. Data from previous packets can be overwritten by later packets received by a particular modulator.
rfu (18 bits) bits reserved for future use and shall al be set to 0, until defined.

start_cell_address (22 bits) indicates the start address of the arbitrary cell data using the cell addressing scheme
specified in clause 8.3.6.2 of [1].

arbitrary_cell_data (variable bits) carries the arbitrary cell datato be inserted by the modulator. It shall consist of the
complex cell valuesin order of increasing cell address (as defined in [1]). Each cell value shall be sent as a 12-bit two's
complement value | for the real part immediately followed by a 12-bit two's complement value Q for the imaginary part
of the complex number. The cell value, Xml,p for usein clause 8.3.7 of [1] shall be given by:

Re(,1) = 53
M0y ) =

where | and Q are the 12-bit two's complement values represented as integers in the range -211 to 211-1.

NOTE:  Given that the rmsvalue of X, , isequal to 1 (asrequired by [1]), the signal-to-quantization-noise ratio is
approximately 59 dB, which should be adequate for all applications.

If it isrequired to carry more arbitrary cell data than can be conveyed in asingle T2-MI packet then the cell data must
be split across multiple T2-M|I packets of type 02,5 with appropriate values of start_cell_address. Each T2-M|I packet
must end with a completed cell.

5.2.4 L1-current T2-MI packets

T2-MI packets with a packet_type of 10,4 shall contain L1 pre- and post-signalling data to be inserted (as described in
clause 5.3) into the P2 symbols of the T2-frame indicated by frame_idx and describing the same ("current”) T2-frame.

The T2-MI packet payload is shown in figure 7.

frame_idx rfu L1-current_data

i€—8 bits—pi€—8 bits—pi« variable g
Figure 7: L1-current data payload

frame_idx (8 bits) indicates the FRAME_IDX according to [1] of the T2-frame in which the L1 signalling datais
carried. Thisis aso the T2-frame that the L1 signalling data describes.

rfu (8 bits) bits reserved for future use and shall all be set to 0,.
L 1-current_data contains fieldsin the order given in table 2.

NOTE 1: The P1 signaling is generated by the modulator from the S1 and S2 fieldsin the L1 pre-signalling (see
clause 7.2.2 of [1]).
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Table 2: L1-current data fields

Field Field length (bits) Format Description
L1PRE 168 bflbf L1 pre-signalling bits in the order defined in
clause 7.2.2 of [1], excluding the CRC.
L1CONF_LEN 16 uimsbf Length of L1 configurable signalling in bits
L1CONF 8><(L1_CONF _ LEN/B—‘ bflbfzpb  |L1 configurable post-signalling fields, in the
order defined in clause 7.2.3.1 of [1].
L1IDYN_CURR_LEN 16 uimsbf Length of L1-dynamic, current frame.
L1DYN_CURR 8><(L1DYN _CURR_LEN /8—| bflbfzpb  |L1-post "dynamic, current frame" fields in
the order defined in clause 7.2.3.2 of [1].
L1EXT_LEN 16 uimsbf Length of L1 extension field, in bits.
L1EXT 8><|_L1_ EXT _LEN /8-| bflbfzpb  [L1-post extension field as defined in
clause 7.2.3.4 of [1].

The L1PRE, L1CONF and L1DYN_CURR fields are mandatory in all L1-current T2-M| packets and shall be coded in
accordance with clauses 7.2.1, 7.2.3.1 and 7.2.3.2 respectively of [1].

NOTE 2: TheL1DYN_CURR field will not be transmitted in P2 in TFS mode, but is mandatory because the
information will be used by the modulator for Interleaving and Frame-Building.

525 L1-future

T2-MI packets with a packet_type of 11,4 shall contain L1 post-signalling datato be inserted (according to clause 7.2.3

of [1]) into the P2 symbols of the T2-frame indicated by frame_idx, and/or in-band signalling data to be inserted into
the first BB-Frame of the Interleaving Frame beginning in that T2-frame. The signalling contained comprises those
fields that describe future T2-frames, and might therefore not be available at the time the L 1-current T2-MI packet is
sent. The T2-MI packet payload is shown in figure 8.

frame_idx rfu L1-future_data

€—8 bits—»«—8 bits—pi< variable >
Figure 8: L1-future data payload

frame_idx (8 bits) indicates the FRAME_IDX according to [1] of the T2 frame in whose P2 symbols the L1 dynamic
post-signalling datais carried. It aso indicates the first T2-frame carrying the Interleaving Frame whose first BB-Frame
will contain the in-band signalling.

Which T2-frame is described by the dynamic post-signalling and in-band signalling will depend on the use of TFS as
described in clauses 7 and 5.2.3 respectively of [1]. Which T2-frame or frames are described by the in-band signalling
will also depend on the interleaving parameters (P, and Ijump) for the PLP in which they are inserted, as described in

clause 5.2.3 of [1].

rfu (8 bits) bits reserved for future use and shall all be set to 0,.

L 1-future_data containsfieldsin the order givenin table 3.
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Table 3: L1-future data fields

Field Field length (bits) Format Description
LIDYN_NEXT_LEN 16 uimsbf Length of "dynamic, next frame" field.
Set to zero if LIDYN_NEXT block is
absent.
LIDYN_NEXT 8><|—L1DYN _NEXT _LEN /8-| bflofzpb  [L1-post "dynamic, next frame" fields.

Optional in single-RF mode,
mandatory in TFS.
LIDYN_NEXT2_LEN |16 uimsbf Length of "dynamic, next-but-one
frame" in TFS mode. Set to zero if
L1IDYN_NEXT2 block is absent.
L1DYN_NEXT2 8x [LlDYN _ NEXT2_LEN /8} bflbfzpb  |L1-post "dynamic, next-but-one
frame" fields, in the order defined in
clause 7.2.3.2 of [1]. Optional in TFS,
and shall not be present in single-RF

mode.

NUM_INBAND 8 uimsbf Number of PLPs for which in-band
signalling is present in the following
loop.

For In-band signalling loop.

i=1..NUM_INBAND {

PLP_ID 8 uimsbf PLP ID for the PLP containing the
in-band signalling data given by the
following INBAND field.

INBAND_LEN 16 Length of following INBAND field in
bits.

INBAND 8><|—INBAND_ LEN /8-| bflofzpb  [In-band signalling fields for the PLP

indicated by PLP_ID, in the order
defined in clause 5.2.3 of [1].

Only PLPsfor which the T2-frame indicated by frame_idx isthe first T2-frame to which an Interleaving Frameis
mapped shall appear in the in-band signalling loop.

The LIDYN_NEXT and LIDYN_NEXT?2 fields shall be coded in accordance with clause 7.2.3.2 of [1]. The INBAND
fields shall be coded in accordance with clause 5.2.3 of [1].

5.2.6 P2 bias balancing cells

T2-MI packets with a packet_type of 12,4 shall contain information regarding bias balancing cells to be inserted by the

modulator (according to clause 8.3.6.3.1 of [1]) into the P2 symbols of the T2-frame indicated by frame_idx to
approximeately bias the balance of the L1 signalling. This packet instructs a modulator how many bias balancing cellsto
insert in each P2 symbol. The calculation of the actual value of the bias balancing cells, Cyy shall be performed by the
modulator on the coded and modulated L1 cells.

The T2-MI packet payload is shown in figure 9.

frame_idx rfu num_active_bias_cells_per_p2

4«—38 bits—pi€——17 bits—p¢———15 bits—— >

Figure 9: P2 bias balancing cells payload

frame_idx (8 bits) indicates the FRAME_IDX, as defined in[1], of the T2 frame which carry the bias balancing cells.

rfu (17 bits) bits reserved for future use and shall all be set to 0,.

num_active bias cells per_p2 (15 bits) indicates the number of bias balancing cells to be used in every P2 symbol of
the T2 frame as follows:

Nyiascaisacive = NUM_active _bias_ cells_ per _ p2
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5.2.7 DVB-T2 timestamp

T2-MI packets with a packet_type of 20,4 shall carry the DVB-T2 timestamp, used to synchronize the output of
DVB-T2 modulators. Two mechanisms are defined; absolute and relative.

The T2-MI packet payload for this datais shown in figure 10.

T2_timestamp
rfu bw - — utco
seconds_since_2000 subseconds

€4 bits»i€4 bits»ie————40 bits »ie 27 bits——————pi€¢——13 bits—»
Figure 10: DVB-T2 timestamp payload
rfu (4 bits) bits reserved for future use and shall al be set to Os.

bw (4 bits) indicates the system bandwidth, in accordance with clause 9.5 of [1]. This also defines the units of the
subsecond field of the T2 timestamp as shown in table 4.

Table 4. Bandwidths and subsecond field units for the T2 timestamp

Bandwidth bw field T2 Elementary subseconds

period, T unit, Tgp

1,7 MHz 046 71/131 ps 1/131 ps

5 MHz 15 7/40 ps 1/40 ps

6 MHz 245 7148 s 1/48 ps

7 MHz 316 7156 us 1/56 ps

8 MHz 416 7164 us 1/64 us

10 MHz 55 7/80 ps 1/80 ps

seconds _since 2000 (40 hits) is a count of the number of seconds since 2000-01-01 T 00:00:00 UTC as an unsigned
40-bit quantity and is used to define an absolute time of emission. This count shall increase for every Sl second that
elapses. A value of 000000000044 indicates a relative timestamp, defined only by the subseconds field below.

subseconds (27 bits) defines the number of subsecond units since the time expressed in the seconds field. Thevalue is
expressed as an unsigned integer.

T2_timestamp: Taken together, the seconds_since 2000 and subseconds fields define the DVB-T2 timestamp and the
time of emission of aDVB-T2 transmission. Annex F detail s the relationship between the DVB-T2 timestamp and other
time standards.

When the seconds _since 2000 field is non-zero, the emission time shall be given by
seconds_since 2000 + subseconds x Tg .

When the seconds_since_2000 field is all zeros, the emission time shall be subseconds x T, after the SI second
boundary preceding it.

NOTE 1: The Sl second boundary can be given by the relevant edge of a 1 pulse per second signal.

The emission time shall be the time at which 50 % of the energy of the first time sample from the IFFT of the"C" part
of the P1 preamble symbol of the first T2 transmission frame of the relevant superframe shall have been radiated on air.
All T2 frames within a superframe shall have the same timestamp value. The timestamps of subsequent superframes
shall be increased by the duration of the superframe.

NOTE 2: Based on the knowledge of the DVB-T2 Timestamp of a particular superframe, and the L1 signalling
pertaining to a particular T2 frame, a modulator should be able to determine the required emission time
for any such T2 frame even if it misses the beginning of a superframe, e.g. after arestart. To do this, the
modulator will then need to take into account the frame index and the frame length of the T2 frame as
well asthetotal lengths of any FEF parts having occurred in the superframe before the current T2 frame.
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utco (13 bits) isthe offset (in seconds) between UTC and the seconds since 2000 field. The valueis expressed as an
unsigned integer. As of February 2009, the value shall be 2 and shall change as aresult of each new |eap second
proscribed by the International Earth Rotation and Reference Systems Service (IERS).

NOTE 3: The value contained in this field has no effect on the time of emission from the modulator but it may be
useful to a modulator implementation where only a source of UTC timeis available.

5.2.7.1 Null timestamp

When it is not required to synchronize the output of multiple DVB-T2 modulators, the DVB-T2 timestamp shall be
signalled as null by setting all bits of the T2_timestamp and utco fieldsto 1,.

A DVB-T2 timestamp packet must always be sent (whether carrying a Null timestamp or otherwise) to indicate the
bandwidth of the T2 transmission to the T2 modulator.

5.2.8 Individual addressing

T2-MI packets with a packet_type of 21,¢ shall carry individual addressing data that can be used to configure an
individual or group of modulators. The individual addressing mechanism is asynchronous and packets can be sent at
any time. It is used by the modulator to update register values as and when these packets are received. The modulator
shall usethe L1 signalling asits primary source of information on how to construct the overall DVB-T2 frame, making
reference to register values when required.

The T2-MI packet payload is shown in figure 11 and the individual addressing dataisin the same format as that
described in clause 6.1 of [3].

rfu individual addressing individual_addressing_data
_length
48 bitsy«€————-38 bits > variable >

fori=1..1{

tx_identifier (16 bits)
function_loop_length (8 bits)
for f=1..F {

function() (variable)

}

}

Figure 11: Individual addressing payload

individual_addressing_length (8 bits) indicates the length of theindividual_addressing_data field in byes.
individual_addressing_data (variable bits) is composed as follows:

tx_identifier (16 bits) isaword used to addressindividual transmitters or modulators. A value of 0000, is used as a
broadcast address to address all transmitters or modulators in the network.

function_loop_length (8 bits) indicates the length of the following loop of functionsin bytes.

function() isthe addressing function and is dependent on the application. They are defined in clauses 5.2.6.1
and 5.2.6.2.

5.28.1 Existing addressing functions

The format of theindividual addressing functionsisin accordance with clause 6.1 of TS 101 191 [3]. Table 5 indicates
which of the currently defined functions are also applicable to DVB-T2.
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Table 5: Existing individual addressing functions

Function function_tag value | Applicable to DVB-T2?
Transmitter time offset 0044 yes
Transmitter frequency offset 014 yes
Transmitter power 02, yes
Private data 0346 yes
Cell id 0446 yes
Enable 0546 yes
Bandwidth 06,6 no
5.2.8.2 Addressing functions specific to DVB-T2

Some new functions are defined to fully support DVB-T2 as depicted in table 6. Whilst these have the same basic
structure as those defined in clause 6.1 of TS 101 191 [3], the data they carry is specific to their functionin a T2 system.

Table 6: Individual addressing functions specific to DVB-T2

Function function_tag value
ACE-PAPR 1044
Transmitter MISO group 116
TR-PAPR 1244
L1-ACE-PAPR 1346
TX-SIG FEF: Sequence Numbers 1544
TX-SIG Aux stream: Transmitter ID 16,6

Each function() is constructed from three fields as follows:
function_tag (8 bits) isthe value identifying the particular function in use as defined in tables 5 and 6.

function_length (8 bits) defines the total length of the function() in bytes, including the function_tag,
function_length and function_body() fields.

function_body() is specific to the particular individual addressing function as defined in the clauses below.

NOTE: For each of the existing individual addressing functions defined in TS 101 191 [3], function_body()
comprises all the fields that follow the function_length field.

5.28.2.1 ACE-PAPR function

The ACE-PAPR function is used to signal the Active Constellation Extension (ACE) parameters to the DVB-T2
modulator (see clause 9.6.1 of [1]). ACE has 3 parameters, G, L and Vaip that must be conveyed to all the modulators

that are part of an SFN to ensure that they produce identical on-air signals. Table 7 shows the format of the individual
addressing function.

Table 7: ACE-PAPR function

Syntax Number of bits Format
tx_ACE_PAPR_function() {
function_tag 8 uimsbf
function_length 8 uimsbf
function_body() {
ACE_gain 5 uimsbf
ACE_maximal_extension 3 uimsbf
ACE_clipping_threshold 7 uimsbf
reserved_for_future_use 1 bflbf
}
}
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ACE_gain (5 bits) shall be avalue between 0 and 31 that represents the ACE gain, G.
ACE_maximal_extension (3 bits) shall be avalue that represents the ACE maximal extension value, L as follows:
_ ACE_maximal_extension + 7

10

ACE_clipping_threshold (7 bits) shall be avalue that represents the ACE clipping threshold, Vaip as follows:

L

ACE _ clipping _threshol (y
200

V,

clip

=V, .10
A valuefor ACE_clipping_threshold of 1111111, shall indicate that V g, = +o0

reserved_for_future use (1 bit) isreserved for future use and shall be set to O, until defined.

5.2.8.2.2 MISO group function

This function allows the MISO group (see clause 9.6.1 of [1] and Annex D) to be signalled to a DVB-T2 modulator.
Table 8 shows the format of the individual addressing function.

Table 8: MISO group function

Syntax Number of bits Format
txX_MISO_function() {
function_tag 8 uimsbf
function_length 8 uimsbf
function_body() {
MISO_group 1 bflbf
reserved_for_future_use 7 bflbf
}
}

MI1SO_group (1 bit) indicates the MISO group. Vaue 0, indicates MI1SO group 1. Value 1, indicates MISO group 2.

reserved_for_future_use (7 bits) is reserved for future use and shall all be set to O, until defined.

5.2.8.2.3 TR-PAPR function

The TR-PAPR function is used to signal the Tone Reservation (TR) parameters to the DVB-T2 modulator (see
clause 9.6.2 of [1]). TR has asingle parameter Vdip that must be conveyed to all the modulators that are part of an SFN

to ensure that they produce identical on-air signals. Table 9 shows how these parameters are conveyed in the addressing
function.

Table 9: TR-PAPR function

Syntax Number of bits Format
tx_TR_PAPR_function() {
function_tag 8 uimsbf
function_length 8 uimsbf
function_body() {
reserved_for_future_usel 4 bflbf
TR_clipping_threshold 12 uimsbf
reserved for future use2 14
number_of iterarions 10 bflbf
}
}

reserved_for_future usel (4 bits) are reserved for future use and shall all be set to 0, until defined.
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TR_clipping_threshold (7 bits) shall be avalue that represents the TR clipping threshold, VC”p (measured in volts) as
follows:

TR_clipping _threshol(y
2000

V, V,

clip = Vims:
A value for TR_clipping_threshold of FFF;s shall indicate that V g, = +0, i.€. that the TR-PAPR has no effect.

NOTE: Thederivation of Vg, from thisfield differs from that used for the ACE-PAPR function defined in
clause5.2.8.2.1.

reserved_for_future use2 (14 bits) isreserved for future use and shall be al set to 0, until defined.

number of iterations (10 bits) is the number of iterations of the TR algorithm to use. A value of 1111111111, indicates
that the modulator may use as many or as few as deemed necessary.

If the T2_VERSION field inthe L1 signalling is set to a value greater than 0000, and the PAPR field is set to a value of
0000, then this function shall signal the Vy;, value for the single iteration of tone reservation applied to the P2 symbols

only (see clause 9.6.2 of [1]). In this case, the number_of iterations shall be set to 0000000001,. All other values are
reserved for future use.

5.28.24 L1-ACE-PAPR function

The L1-ACE-PAPR function is used to signal the Active Constellation Extension (ACE) parameters that are applied to
the use of ACE on the L1 signalling cells (only) to the DVB-T2 modulator (see clause 9.6.1 of [1]). The L1-ACE has
one parameter C 1 ace max that must be conveyed to all the modulators that are part of an SFN to ensure that they
produce identical on-air signals. Table 10 shows the format of the individual addressing function.

Table 10: L1-ACE-PAPR function

Syntax Number of bits Format
tx_L1 _ACE_PAPR_function() {
function_tag 8 uimsbf
function_length 8 uimsbf
function_body() {
L1 ACE_max_correction 16 uimsbf
reserved_for_future_use 16 bflbf
}
}

L1 ACE_max_correction (16 bits) shall be avalue that represents the maximum L1-ACE correction, C4_ace max 8
follows:

c _ L1 ACE max correction
L1_ACE_MAX — 1000

A valueof L1 ACE_max_correction of 0000, means that no correction will be made by the L 1-ACE agorithm.

reserved_for_future_use (16 bits) isreserved for future use and shall be set to 0000, until defined.

5.2.8.2.5 TX-SIG FEF Sequence Numbers function

Thisfunction is used to signal the sequence numbers used by a DV B-T2 modulator when generating a Transmitter
Signature contained within a FEF part (see clause 6 of [9]). The Transmitter Signature has two values of a parameter h
that are used to select which Generalised Orthogonal Sequence S, is transmitted in each of the first and second signature
periods. Table 11 shows the format of the individual addressing function.
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Table 11: TX-SIG FEF Sequence Numbers function

Syntax Number of bits Format
tx_TX_SIG_SEQ_NUM_function() {
function_tag 8 uimsbf
function_length 8 uimsbf
function_body() {

reserved for future usel 5 bflbf
TX SIG_FEF_SEQ NUM_1 3 uimsbf
reserved_for_future_use2 5 bflbf
TX_SIG_FEF_SEQ NUM 2 3 uimsbf
reserved for future use3 24 bflbf

reserved_for_future_usel (5 bits) isreserved for future use and all bits shall be set to 0, until defined.

TX_SIG_FEF_SEQ_NUM_1 (3 bits) shall be the value h indicating which Generalised Orthogonal (GO) sequence S,
isto be transmitted in the first signature period.

reserved_for_future use2 (5 bits) is reserved for future use and all bits shall be set to 0, until defined.

TX_SIG_FEF_SEQ_NUM 2 (3 bits) shall be the value h indicating which Generalised Orthogonal (GO) sequence S,
isto be transmitted in the second signature period.

reserved_for_future_use3 (24 bits) isreserved for future use and all bits shall be set to 0, until defined.

5.2.8.2.6 TX-SIG aux stream transmitter ID function

Thisfunction is used to signal the transmitter ID used by a DVB-T2 modulator when generating a Transmitter Signature
contained within an auxiliary stream (see clause 5 of [9]). The Transmitter Signature denotes the individual transmitters
to be signalled as having a transmitter ID of tx_id_1, tx_id 2, ... tx_id_M, i.e. tx_id_mwhere m=1..M. The function
signals the value of mfor a given transmitter. Table 12 shows the format of the individual addressing function.

NOTE: Thisvaluetx id M above that denotes atransmitter signature parameter should not be confused with
tx_identifier which is used to address individual modulators or transmitters fed by a T2-MI stream.

Table 12: TX-SIG aux stream transmitter ID function

Syntax Number of bits Format
tX_TX_SIG_AUX TX_ID_function() {
function_tag 8 uimsbf
function_length 8 uimsbf
function_body() {
TX_SIG_AUX TX ID 12 uimsbf
reserved for future use 20 bflbf
}
}

TX_SIG_AUX_TX_ID (12 bits) shall be the value that represents the transmitter identifier m as follows:
TX_SIG_AUX_TX_ID = m. The value of 000, shall be reserved for future use.

reserved_for_future_use (20 bits) isreserved for future use and all bits shall all set to O, until defined.

NOTE: The other relevant transmitter signature parameters are carried in the L1 signalling.

5.2.9 FEF part: Null

T2-MI packets with a packet_type of 30,4 shall carry information related to a FEF part, in accordance with [1],
clause 8.4, during which no signal shall be generated by the modulator apart from the P1 preamble.

The T2-MI packet payload is shown in figure 12.
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fef_idx rfu s1_field | s2_field

i4—38 bits—pi€-9 bits»i€-3 bitsPi€-4 bitsHi

Figure 12: FEF part: Null payload

fef_idx (8 bits) indicates the index of the FEF part within the superframe. The first FEF part in a superframe shall have
afef_idx value of 0 and this shall increment by 1 for each subsequent FEF part.

rfu (9 bits) bits reserved for future use and shall al be set to O, until defined.

sl_field givesthe value of the S1 field in the P1 preamble of the FEF part according to clause 7.2.1 of [1].
s2_field givesthe value of the S2 field in the P1 preamble of the FEF part according to clause 7.2.1 of [1].

Unless the content for the corresponding FEF part is specified by another means, the modulator shall generate a P1
preamble according to the s1_field and s2_field followed by zero modulation values for the remainder of the FEF part.

5.2.10 FEF part: I/Q data

T2-MI packets with a packet_type of 31,4 shall carry information related to a FEF part, in accordance with [1],
clause 8.4, together with 1/Q data to be transmitted during the FEF part.

The T2-MI packet payload is shown in figure 13.

fef_idx rfu s1_field | s2_field fef_part_data

Y

€—8 bits—Pi«9 bits»i«-3 bits»i€-4 bitsPi« variable
Figure 13: FEF part: 1/Q data payload

fef_idx (8 bits) indicates the index of the FEF part within the superframe. The first FEF part in a superframe shall have
afef_idx value of 0 and this shall increment by 1 for each subsequent FEF part.

rfu (9 bits) bits reserved for future use and shall all be set to 0, until defined.

sl field givesthe value of the "S1" field in the P1 preamble of the FEF part according to clause 7.2.1 of [1].
s2_field givesthe value of the "S2" field in the P1 preamble of the FEF part according to clause 7.2.1 of [1].

fef_part_data carriesthe |Q datafor each FEF part. It shall consist of the complex sample valuesin time order, starting
from the first sample after the end of the P1 preamble, at a sampling rate of 1/T as defined in clause 9.5 of [1]. Each
sample value shall be sent as a 12-bit two's complement value | for the real part immediately followed by a 12-bit two's
complement value Q for the imaginary part of the complex number. The sample value, pgg(t), shall be given by:

Re(Pes (0) =
Im(Pres (1) = o

where | and Q are the 12-bit two's complement values represented as integers in the range -211 to 211-1. The transmitted
signal s(t) during the T2 framesis defined in clause 9.5 of [1], and the signal during the FEF parts, using the same
scaling, shall be given by:

) =Rele™™ e ()]

NOTE: Thisalows apeak modulation magnitude, with any phase, of 12dB above the rmslevel of the signal
during the T2-frames. The quantization noise is approximately 59dB below the rms level of the
T2-frames.
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When this T2-MI packet type is used, the mean power of the complex samples E(|p,:E,:|2) shall not exceed unity.

If more than one T2-M1 packet is used for a particular FEF part, the payload of T2-MI packets with an unfinished
stream shall end with a completed sample. The next sample value for that FEF part shall then start at the beginning of
the payload of the next T2-MI packet with packet_type 31,4 with the same fef_idx. All T2-MI packets of type 31,4

with agiven fef_idx shall have the same value of s1_field and s2_field. The total number of complex samples shall
equal FEF_LENGTH-2048 where FEF_LENGTH isthe L1-post configurable signalling field defined in clause 7.2.3.1
of [1].

5.2.11 FEF part: composite

T2-MI packets with a packet_type of 32, shall carry information related to a FEF part, in accordance with [1],
clause 8.4, formed as a composite of sub-parts as depicted in figure 14.

X
Y.

FEF_LENGTH

P1 sub-part sub-part sub-part
index 0 index1 | ™ index P-1
<_subpart_length_>

for sub-part 0

Y
FEF-part

Figure 14: The division of FEF parts into sub-parts

The composite FEF part is signalled to the modulator using the T2-MI packet payload shown in figure 15. The actual
sub-parts are carried in separate packets of packet_type 33,5 defined in clause 5.2.12. A packet of packet_type 324 for
agiven fef_idx must arrive at a modulator before any packets describing sub-parts. A complete set of P sub-parts
describing the entire FEF-part and whose total length adds up to FEF_LENGTH (clause 7.2.3.1 of [1]) must be
signalled to the modul ator.

fef idx rful s1_field | s2_field rfu2 num_subparts

48 bits»i€-1 bit»i€-3 bits»i€-4 bits»i€-32 bits»i€—16 bits—pi
Figure 15: FEF part: composite payload

fef_idx (8 bits) indicates the index of the FEF part within the superframe. The first FEF part in a superframe shall have
afef_idx value of "0" and this shall increment by 1 for each subsequent FEF part.

rful (1 bit) isreserved for future use and shall be set to 0,.

sl_field givesthe value of the S1 field in the P1 preamble of the FEF part according to clause 7.2.1 of [1].
s2_field givesthe value of the S2 field in the P1 preamble of the FEF part according to clause 7.2.1 of [1].
rfu2 (32 bits) reserved for future use and shall all be set to 0,.

num_subparts (16 bits) signals the total number of sub-parts P making up the FEF part.

The overall composition of the sub-parts as defined by this packet type shall be the same for all modulators fed by a
single T2-MlI feed. However, the contents of individual sub-parts may be addressed to modulators or combinations of
modulators individually by means of atx_identifier field in the FEF sub-part (see clause 5.2.12).

5.2.12 FEF sub-part

T2-MI packets with a packet_type of 33,4 shall carry information related to a FEF sub-part as shown in figure 16.
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fef_idx | tx_identifier rful subpart_idx | subpart_variety rfu2 subpart_length subpart()

i4—8 bits—Pi€—16 bits—pi€-32 bits»i€—16 bits—Pi€«——16 bits—pi€ 10 bits »i€«—22 bits—Pi€¢—variable—p;

Figure 16: FEF part: sub-part payload

fef_idx (8 bits) indicates the index of the FEF part within the superframe. The first FEF part in a superframe shall have
afef_idx value of 0 and this shall increment by 1 for each subsequent FEF part. The fef_idx shall be the same for al the
sub-parts that form part of the same FEF part.

tx_identifier (16 bits) isaword used to address a sub-part to individual transmitters or modulators. Thisfield has the
same meaning asin clause 5.2.8. A value of 0000, is used as a broadcast address to address all transmitters or

modulators in the network. If a modulator receives more than one sub-part addressed to it with a given value of fef_idx
and subpart_idx, the modulator shall use the last sub-part received to form the transmitted signal.

rful (32 bits) are reserved for future use and shall all be set to 0,.

subpart_idx (16 bits) indicates the sub-part index p of the sub-part that makes up the FEF part according to clause
5.2.11. Sub-parts shall be assembled in order or increasing sub-part index.

rfu2 (10 bits) are reserved for future use and shall all be set to 0,.

subpart_length (22 bits) signals the length in elementary time periods of this sub-part. The length of all the sub-parts
with agiven fef_idx shall add up to FEF_LENGTH-2048.

subpart_variety (16 bits) indicates the variety of the FEF sub-part. A number of different varieties of FEF sub-part
have been defined as shown in table 13.

Table 13: Signalling of subpart_variety

subpart_variety value FEF sub-part variety
000015 Null
00016 1Q
000215 PRBS
000316 TX-SIG: FEF
000416 to FFFF16 Reserved for future use

subpart() is afield whose format and length varies depending on the signalled value of subpart_variety. The format of
thefield is detailed in the clauses that follow.

5.212.1 FEF sub-part: Null

This sub-part variety instructs a modulator to transmit a null sub-part during which no signal shall be generated by the
modulator. Itsformat is described in table 14.

Table 14: FEF sub-part: Null

Format Number of bits Format

subpart() {
reserved for future use 32 bflbf

}

reserved_for_future use (32 bits) are reserved for future use and shall al be set to 0,.

5.2.12.2 FEF sub-part: 1Q

This sub-part variety instructs a modulator to transmit a set time-domain 1Q samples for the duration of the sub-part. Its
format is described in table 15.
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Table 15: FEF sub-part: 1Q data

Format Number of bits Format
subpart() {
reserved for future use 32 bflbf
ig_data variable (see below)
}

reserved_for_future use (32 bits) are reserved for future use and shall all be set to 0,.

iq_data (variable bits) carriesthe |Q data for the FEF sub-part. It shall consist of the complex sample valuesin time
order, starting from the first sample after the end of the P1 preamble, at a sampling rate of /T as defined in clause 9.5
of [1]. Each sample value shall be sent as a 12-bit two's complement value | for the real part immediately followed by a
12-bit two's complement value Q for the imaginary part of the complex number. The sample value, peee(t), shall be

given by:

Re(Prcs (1) = 55
Im(Prer () =

where | and Q are the 12-bit two's complement val ues represented as integersin the range -211 to 211-1. The transmitted
signal s(t) during the T2 framesis defined in clause 9.5 of [1], and the signal during the FEF parts, using the same
scaling, shall be given by:

) =Ree™ (1)}

This allows a peak modulation magnitude, with any phase, of 12dB above the rmslevel of the signa
during the T2-frames. The quantization noise is approximately 59dB below the rms level of the
T2-frames.

NOTE:

When this T2-MI packet type is used, the mean power of the complex samples E(|p,:E,:|2) shall not exceed unity.

If it isrequired to convey more |Q sample data than can be conveyed in asingle T2-MI packet then the time sample
data must be split across more than one sub-part.

5.2.12.3 FEF sub-part: PRBS

This sub-part variety instructs a modulator to transmit a sub-part containing data generated by a PRBS. Itsformat is
shown in table 16.

Table 16: FEF sub-part: 1Q data

Format Number of bits Format
subpart() {
prbs_type 8 uimsbf
reserved for future use 96 bflbf
}

prbs_type (8 bits) indicates the type of PRBS and technique used to generate the FEF sub-part. The allowed values are
shown in table 17.

Table 17: Signalling of subpart_variety

prbs_type
0016
0116 to FF1s

FEF sub-part variety
User-defined test and measurement
Reserved for future use

reserved_for_future use (96 bits) are reserved for future use and shall all be set to 0,.
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5.212.4 FEF sub-part: TX-SIG FEF

This sub-part variety instructs a modulator to form a sub-part during which time a Transmitter Signature using a
FEF [9] shall be transmitted. Its format is shown in table 18.

Table 18: FEF sub-part: TX-SIG using a FEF

Format Number of bits Format

subpart() {
reserved for future use 32 bflbf

}

reserved_for_future use (32 bits) are reserved for future use and shall all be set to 0,.

NOTE 1: At the time of writing the present document, the Tx Signature FEF is defined as an ‘Undefined FEF part’,
signalled by S1=010, S2=000X in the T2-MI packet with packet_type of 32;¢ (clause 5.2.11) describing
the FEF-part that contains this sub-part.

NOTE 2: The particular sequence numbers used in the formation of the TX-SIG by a given transmitter or
modulator can be signalled using an individual addressing function (clause 5.2.8.2.6).

5.3 Generation of L1 signalling from the T2-MI packets

The behaviour of a DVB-T2 modulator operating with a T2-MI signal as described by the present document is defined
by the DV B-T2 specification [1] of the signal-on-air combined with the definition of the content of the various T2-M|
packets, together with certain configuration parameters for the individual modulator.

Modulators will generate the L 1-pre signalling by assembling:

e  the L1PRE field from L1-current (type 10,¢) T2-MI packet having frame_idx equal to FRAME_IDX of the
T2-frame being generated; and

. the CRC generated by the modulator itself.
Modulators will generate the L1-post signalling for agiven T2-frame by assembling:

e  the LICONF from the relevant L1-current (type 10,¢) T2-MI packet;

e  theappropriate combination of L1_DYN_CURR from the relevant L 1-current (type 10;¢) T2-MI packet, and
L1 DYN_NEXT and L1_DYN_NEXT2 from the relevant L 1-future (type 11,¢) T2-MI packet, asgivenin
table 19;

. the L1_EXT from the relevant L 1-current (type 10,¢) T2-MI packet, if present; and

e  the CRC generated by the modulator itself;

where the relevant packet is the one having frame_idx equal to FRAME_IDX of the T2-frame being generated.

Table 19: The combination of L1-dynamic fields used to generate the L1-post signalling

L1_REPETITION_FLAG=0 L1_REPETITION_FLAG=1
NUM_RF=1 (non-TFS) L1 DYN_CURR L1 DYN_CURR, L1 _DYN_NEXT
NUM_RF>1 (TFS) L1_DYN_NEXT L1 DYN_NEXT, L1 DYN_NEXT2

NOTE 1: InTFS, theL1 DYN_CURR field is never transmitted in the P2 symbols. However, the information in
thisfield is needed by the modulator for interleaving and frame building and so is always sent in the
L1-current T2-MI packet.

A modulator may replace the CELL_ID field in the L1-pre signalling and/or the FREQUENCY field(s) in the

configurable L1-post signalling. Modulators operating in the same Single-Frequency Network (SFN) shall al use the
same val ues of these fields.
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NOTE 2: If these fields are modified within a modulator thisis done prior to calculation of the CRCs.

54 Transmission order of T2-MI packets

The T2-MI packets with packet_type 00,4 (BB-Frames) for agiven PLP shall be sent in the original order of the
Baseband Frames they encapsulate. The transmission of such T2-MI packets is mandatory.

The T2-MI packets with packet_type 01,4 (Auxiliary streams) with a given value of aux_id and packets with
packet_type 02,4 (arbitrary cells) shall be sent in the order of increasing cell address of the first cell that they carry.

The T2-MI packets with types 3056, 3116, 3216 and 33,6 (FEF parts and sub-parts) shall be sent as required.

NOTE 1: Spreading out the transmission of FEF packets over the course of a T2-frame or frames, subject to the
limits of T s @nd Tpinz for a given modulator (clause 5.5), may be used to reduce the peak bit-rate
requirement of the T2-MI.

T2-MI packets of type 0044 for different PLPs and T2-MI packets of type 01,4 for different values of aux_id as well as

T2-MI packets of type 0246 carrying arbitrary cell data may be multiplexed together in any order, provided the above
conditions are met.

NOTE 2: Theframe_idx in T2-MI packets of type 00, may change at different times for different PLPs. For
example, type 00,4 packets for one PLP for frame n+1 may be sent before type 00,4 packets for a
different PLP for frame m. Thisis particularly likely when multi-frame interleaving isin use.

Immediately following the last transmitted T2-MI packet with packet_type 00,¢, 01,4 or 02,5 with a given value of
frame_idx, the following T2-MI packets shall be sent in the order set out below:

. one T2-MI packet with packet_type 20,4 (DVB-T2 timestamp) with the same value of frame_idx. The

transmission of such a T2-MI packet for each T2 frame is mandatory. Where SFN synchronization is not
required the DVB-T2 timestamp shall be null (see clause 5.2.5.1);

e if required, one T2-MI packet with packet_type 12,4 (P2 bias balancing cells) with the same val ue of
frame_idx. Where there is no requirement for P2 bias balancing cells, this packet shall not be sent;

. one T2-MI packet with packet_type 10,4 (L 1-current data) with the same value of frame_idx. The
transmission of one such T2-M|I packet per T2 frame is mandatory.

If in-band signalling, L1-repetition or TFS are used, a T2-MI packet of type 11,4 (L 1-future) with the same frame_idx
shall be sent at alater time.

When the T2-MI packet with packet_type 11,4 (L1-future) is used it shall always be the last T2-MI packet with a given
frame_idx and the T2-MI packet of type 10,4 (L 1-current) shall be the second-to-last packet with agiven frame_idx.
Otherwise the T2-MI packet of type 10,4 (L 1-current) shall be the last T2-MI packet with a given frame_idx.

Individual addressing function packets (packet_type 21;5) may be sent at any time.

In the case where multi-frame interleaving is used, there may be some values of the frame_idx field that are never
signalled in the Baseband frame packets. For those values of T2 frame index that are never signalled, the other packet
types that do signal this value of frame_idx (e.g. timestamp and L1-current) must still be sent.

To maintain an approximately constant packet-rate at the input to the modulator, these packets should be sent at
intervals of approximately:

T+ (Tege /1 eee)

NOTE: Thishasthe effect of minimising the value of T, that is required to be supported by modulators (see
clause 5.5)

EXAMPLE: A case when P;=2, showing the relative timing of the T2-MI packets and the relevant values of
frame_idx (where appropriate) isillustrated in figure 17.
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Figure 17: Recommended timing of T2-MlI packets for a single PLP case with P;=2

END of EXAMPLE

The transmission order and timing of T2-MI packets are summarised in figure 18 (clause 5.5).

5.5 Timing of T2-MI packet transmission

Inthisclause, Trint: Tminz Tming: Tmaxts Tmax2 @ Tmax3 @Nd Taxa represent specification values for a modulator and

should be quoted by modulator manufacturers. Network operators should design the timing of a network carrying
T2-MI taking into account the values for each of the modulators in the network.

The T2-MI packets of type 004¢, 0116, 0256, 101¢, 1216 and 20,4 with a given frame_idx shall be sent so asto arrive at
the modulator no later than T,,;,; before the beginning of the corresponding T2-frame is due for transmission.

The T2-MI packet of type 114, if used, with agiven frame_idx, shall be sent so asto arrive at the modulator no later
than T, before the beginning of the corresponding T2-frame is due for transmission.

T2-MI packets of type 3044, 3146, 3236 and 33,5 with a given fef_idx shall arrive no later than T3 before the
corresponding FEF part is due for transmission.

T2-MI packets of type 00,5 with a given frame_idx shall arrive no earlier than T,+T,,,, 1 before the beginning of the
corresponding T2-frame is due for transmission, where:

Te (@) =R )l jun‘p(i)x[TF +-I|-FEF j

FEF

isthe duration of one Interleaving Frame for the corresponding PLP .

T2-MI packets of type 01,5 and 02,5 with a given frame_idx shall arrive no earlier than T, before the beginning of
the corresponding T2-frame is due for transmission.

T2-MI packets of type 10,4, 11,4, 1236 and 20,4 with agiven frame_idx shall arrive no earlier than T,,,,,3 before the
beginning of the corresponding T2-frame is due for transmission.

T2-MI packets of type 30,4, 31,6, 3216 and 33,5 with agiven fef_idx shall arrive no earlier than T, 4 before the
corresponding FEF part is due for transmission.

For the purposes of this clause, the time of arrival of a T2-MI packet at the modulator shall be defined as the time at
which the packet is delivered by the underlying DV B data piping protocol (see clause 6.1).

The timing and transmission order of T2-MI packetsis summarised in figure 18.
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NOTE 1: All operations on frame_idx are modulo Nr».
NOTE 2: Individual addressing functions (packet_type 2116) may be sent at any time.
NOTE 3: The T2-Timestamp refers to the transmission time of the superframe, although it is sent every frame.

Figure 18: Timing and transmission order of T2-MI packets

6 Transport of T2-MI packets

The structure of the T2-M| protocol stack described in clause 4.3 allows two mechanisms for distribution; one for
traditional ASI interfaces, the other for 1P based networks.

Both mechanismsrely on first inserting the T2-MI packetsinto DVB/MPEG-2 TS packets which can then be interfaced
to adistribution network via such interfaces as described in EN 50083-9 [i.2].

Theresulting TS can then be further encapsulated into an IP stream using the DVB IPTV standard, TS 102 034 [5].

6.1 Encapsulation of T2-MI packets in MPEG-2 TS

Theinsertion of T2-M| packetsinto MPEG-2 TS packets shall be in accordance with EN 301 192 [4], clause 4, "Data
Piping". This mechanism allows for the insertion of data directly into the payload of MPEG-2 TS packets with the
minimum of additional overhead.

6.1.1 Description
The T2-MI packets are inserted, one after another, into the payload of MPEG-2 TS packets. Each new T2-MI packet

shall start immediately following the previous one. A TS packet may contain more than one T2-M| packet. T2-M|I
packets that are too big to fit into the payload of asingle TS packet shall be split across multiple TS packets as required.
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Since the length of each T2-MI packet is variable (indicated by the payload_len field in the T2-MI packet header), the
start of a TS packet's payload does not necessarily coincide with the start of a T2-MI packet. To enable synchronization
within adevice receiving T2-MlI, the "payload_unit_start_indicator" bit in the TS header shall be used to indicate that a
new T2-MI packet starts somewhere within the current TS packet. When thisis the case an 8-bit pointer shall be
positioned as the first payload byte of the TS packet, indicating the offset from the start of the TS payload to the first
byte of the first T2-MI packet. This 8-bit pointer field (uimsbf) shall indicate the number of bytesimmediately
following the pointer field until the first byte of the first T2-MI packet that is present in the payload of the Transport
Stream packet (i.e. avalue of 00,4 in the pointer field indicates that the T2-MI packet startsimmediately after the

pointer field). Thisisillustrated in figure 19.

. T2-MI packet | [T2-Mipkt| | T2-MI packet [...
I
/// /// \\\\\\\I \\‘I', ’l AN \\\\\\ \\\\
H L O | [ |
\A -
8-bit pointer to start of TS packet
payload_unit_start_indicator bit set first new T2-MI packet

Figure 19: Encapsulation of T2-MI Packets in MPEG-2 TS

Using this mechanism the T2-M| packet can begin anywhere in the TS packet. There is no requirement to have T2-M|
packets beginning at the start of a TS packet and no need for unnecessary stuffing.

NOTE 1: Sincethe TS packets containing T2-M| packets are carrying a data type not defined by M PEG,
EN 301 192 [4] allows the use of the "payload _unit_start_indicator" bit in this"service private way".

When a T2-MI packet ends at the last-but-one byte of a TS packet and startsin a previous TS packet, the one remaining
byte does not allow space for both the insertion of the 8-bit pointer field and the first byte of the next T2-MI packet. In
this case the size of the payload of the TS packet shall be reduced by one byte through the use of adaptation field
stuffing [7] such that the current T2-MI packet finishes at the end of the TS packet payload. The next T2-MI packet
shall start in the next TS packet having the same PID.

NOTE 2: Arbitrary amounts of padding may also be added, if required, at thislayer through the use of arbitrary
numbers of stuffing bytes in the adaptation field of the transport stream packet [7].

EXAMPLE: A T2-MI packet is being transmitted. Most of the T2-MI packet has been transmitted and only
50 bytes remain to be sent. The next T2-MI packet is not yet available and there are therefore not
enough bytesto fill up aTS packet. To alow this TS packet to be transmitted immediately, an
adaptation field of total length 134 bytes (adaptation field length = 133) containing stuffing bytes
can be inserted before the payload.

For carriage over managed distribution networks it may be necessary to add a minimum of PS| in order to prevent
erroneous alarms from being set. This would normally comprise aPAT, and PMT for asingle "Program™ as defined in
ISO/IEC 13818-1 [7]. The Stream Type to be used inthe PMT is not defined in EN 301 192 [4]. For the purposes of
interoperability, it should be set to 064,

Similarly, some networks may require the carriage of mandatory DVB Sl tables, and reference should be made to
EN 300 468 [8] for the appropriate values to be used in such tables.

When NUM_RF=1, the maximum rate of the transport stream carrying the T2-M1 shall be 72 Mbps.

6.2 Encapsulation of MPEG-2 TS in IP packets

A DVB-T2 modulator may support the transport of MPEG-2 TS over IP. In case the DVB-T2 modulator supports

| P-based delivery, the transport of MPEG-2 TS over IP shall follow the specification in this clause. The transport of
MPEG-2 TS over IP relies on the methods specified in TS 102 034 [5]. This clause specifies a protocol for FEC
protected multicast delivery of MPEG-2 Transport Streams over RTP and is based on IP version 4 according to [5]. IP
version 6 is not supported.

Unicast delivery of MPEG-2 Transport Streams over |P is outside the scope of the specification. However, the unicast
transport may rely on the same protocol as specified in clause 6.2.2.
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6.2.1 Setup Information

For delivering FEC-protected, multicast MPEG-2 Transport Streams over RTP using the protocolsin TS 102 034 [5],
the following setup information should be provided according to [5], clause 5.2.6.2, table 4:

. IPMulticastAddress:

- IPMulticastAddress@Source: Optionally the IP unicast address of the source of the TS may be provided.

IPMulticastAddress@Address: Provides the multicast address at which the service may be accessed.
- IPMulticastAddress@Port: Provides the port at which the service may be accessed.

- FECBaseL ayer: Contains the multicast address and port of the AL-FEC stream. This element shall be
present if the FECBasel ayer element is present:

. FECBaselL ayer @Address: IP Multicast Address for FEC Base Layer. If the IP multicast addressis
omitted, then the FEC flow is assumed to be on the same multicast address as the original data.

" FECBaseL ayer@Source: |P Multicast Source Address for FEC Base Layer. If the |P multicast
source address is omitted, then the FEC flow is assumed to be on the same multicast source address
asthe original data.

] FECBaseL ayer@Port: UDP port for FEC Base Layer.

- FECEnhancementLayer: Contains the multicast address and port of the AL-FEC enhancement stream(s).
This element shall only be present if the FECBasel ayer element is present. This el ement may be
repeated for multiple layers:

" FECEnhancementLayer@Address: IP Multicast Address for FEC Enhancement Layer. If the IP
multicast address is omitted, then the FEC flow is assumed to be on the same multicast address as
the original data.

" FECEnhancementLayer@Source: |P Multicast Source Address for FEC Enhancement Layer. If the
IP multicast source address is omitted, then the FEC flow is assumed to be on the same multicast
source address as the original data.

. FECEnhancementL ayer@Port: UDP port for FEC Enhancement Layer.

. I PMulticastAddress@FECM axBlockSizePackets: This indicates the maximum number of stream
source packets that will occur between the first packet of a source block (which isincluded) and the
last packet for that source block (source or repair).

" IPMulticastAddress@FECMaxBlockSizeTime: The maximum transmission duration of any FEC
Block (source and repair packets).

" I PMulticastAddress@FECObj ect Transmissionlnformation The FEC Object Transmission
Information for the Raptor code. If a FECEnhancementLayer element isincluded then this element
shall be included.

For details of the semantics of these parametersrefer to [5].

6.2.2 Transport Protocols

Where the MPEG-2 TS s transported over |P, the MPEG-2 TS shall be encapsulated in RTP (Real-time Transport
Protocol) according to RFC 3550 [6] as specified in TS 102 034 [5], clause 7.1.1.

RTCP sender reports and receiver reports shall not be used.

FEC protection of the MPEG-2 Transport Stream may be provided according to TS 102 034 [5], clauses E.3 and E 4.
When aDVB AL-FEC enhancement layer is provided, the FEC Scheme defined in TS 102 034 [5], clause E.4.3.2 shall
be used.

DVB-T2 modulators that support the transport of MPEG-2 TS over |P shall support the minimum decoder requirements
according to [5], clause E.5.1.1, i.e. FEC decoders shall support processing of the DVB AL-FEC base layer packets.
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DVB-T2 modulators that support the transport of MPEG-2 TS over |P may support the enhanced decoder requirements
according to [5], clause E.5.1.2, i.e. FEC decoders may support processing of the DVB AL-FEC base layer and DVB
AL-FEC enhancement layer packets.

6.2.3 Session Initiation and Control

Session initiation is outside the scope of the specification. The session initiation and control for the multicast
distribution according to TS 102 034 [5], clause 7.3.1 may be used.

6.2.4 Network Requirements
The network requirements for the multicast distribution shall be in accordance with TS 102 034 [5], clause 7.2.

In case application layer FEC is applied, the network requirements may be relaxed. For configuration examples of
application layer FEC for different network characteristics, refer to DV B bluebook A115 [i.3].
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Annex A (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 codeis defined by a polynomial of degree n:

L+ gzx2+glx+1

Gn (X)= X"+ gnflxn
with n>1:
and: gefol, 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 A.1). The stages are denoted by by,... b, 4, where by correspondsto 1, by to x, b, to

X2,..., b1 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
' +

L
~

91 92 9n- 9n-1

Voo v v

LSb bo b1 bn-2 bn-1 msb

Figure A.1: General CRC block diagram

At the beginning of the CRC-32 calculation all register stage contents are initialized to ones.

After applying the first bit of the data block (M SB first) to the input, the shift clock causes the register to shift its
content by one stage towards the MSB stage (by,_;), 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 (L SB)
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 code used in the T2-M1 packet is based on the following polynomial:
Gu(X) =X+ X+ X2+ xZ + X+ X2+ X+ X0+ + X X+ X+ X+ x+1

NOTE: The CRC-32 coder defined in this annex isidentical to that specified in annex F of the DVB-T2 system
specification [1].
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Annex B (normative):
T2 Modulator Information Packet (T2-MIP)

B.1  Use of the T2-MIP for over the air synchronization

The T2-MI packets, as described in the main body of the present document, are only used by the modulator and not
broadcast from the transmitter. For use cases where several repeaters are receiving aDVB-T2 signal fromamain
transmitter and retransmitting it on a common second frequency, in an SFN, there is a need to make this retransmission
from the repeaters in atime-synchronized way. This situation is detailed in figure B.1.

There are two types of repeater. They may be:

. regenerative repeaters, i.e. demodulating the DVB-T2 signal and the re-modulating the demodulated transport
streams to form aregenerated DVB-T2 signal which is then retransmitted; or

e  transposers, i.e. they would shift frequency, amplify, delay and transmit the received DVB-T2 signal without a
full reemodulation process taking place.

Main transmitter on
frequency f7;

‘ SFN relay transmitters
(repeaters) on frequency £

@ f‘ ) @ é%» ’5%)

Homes in shadow of

main transmitter .
Receivers on

frequency f;

Figure B.1: SFN Relays taking input over the air from the Main transmitter

In this situation, the relay transmitters do not have access to the T2-MI packets that were used by the modulator at the
main transmitter to generate the on-air, physical layer, T2 signal.

Because the physical layer signal has been defined at the main transmitter, the only synchronization data required by the
relay isthe time of emission. Thisis carried by a special Transport Stream packet (the T2-MIP) which is carried in the
over-air DVB-T2 signal.

This TS packet can be decoded by a demodulator in each repeater to extract the required emission time of a particular
superframe of the DVB-T2 signal. Based on this information, and on the knowledge of the timing of the
currently-received superframe, each repeater can apply the appropriate time delay to ensure emission of the superframe
at the required time.

This version of the T2-MI specification only defines the T2-MIP to be carried over transport streams, which is derived
from the equivalent packet used in DVB-T networks[3]. There is currently no equivalent specification for such a
mechanism to synchronize networks carrying services over other transports, such as GSE [2].
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See figure B.2 for the architecture of such a network.

NOTE: TheT2-MIP inserter residesin the T2 Gateway, asit is this unit that defines the construction of the T2
Frame and Superframe, and hence the timing relationship of TS packets to the physical layer modulation.

(4)

T2-MI

Modulator —— Tx

(4)

T2-
DVBTS | Gateway
g T2-MIP
inserter

Modulator —— Tx

=

Rx

T2-MIP
extraction

Modulator

\4

reconstructed
equivalent T2-MI
(including timing)

T2-MIP
extraction |

timing
information

Figure B.2: Generic architecture of over-air distribution of the T2-MIP to a SFN Sub-network

Under this condition, it is envisaged that the receiver at the relay station would deconstruct the incoming DVB-T2
signal into the constituent parts such that it could effectively pass an equivalent of the T2-MI signal on to the relay's
modulator. Thisis necessary to ensure that every relay's modulator constructs the air interface identically at each station
inthe SFN.

B.2 T2-MIP Definition

B.2.1 Field description

The T2-MIP isan MPEG-2 compliant Transport Stream (TS) packet [ 7], made up of a4 byte header and 184 data bytes.
The organization of the MIP isshown in table B.1.
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Table B.1: DVB-T2 Modulator Information Packet (T2-MIP)

Syntax Number of bits Identifier
t2_modulator_information_packet() {
transport_packet_header 32 bslbf
synchronization_id 8 uimsbf
section length 8 uimsbf
t2_timestamp_mip_length 8 uimsbf
t2_timestamp_mip 88 bslbf
rfu_length 8 uimsbf
fori=1..rfu_length {
rfu_byte 8 uimsbf
}
individual_addressing_length 8 uimsbf
for j = 1..individual_addressing_length {
individual_addressing_byte 8 uimsbf
}
crc_32 32 rpchof
for k = 1..stuffing_length {
stuffing_byte 8 uimsbf
}
}
NOTE 1: Optional parameters are shown in italic.
NOTE 2: The total length of a T2-MIP shall always be 188 bytes.

transport_packet_header (32 bits) shall comply with ISO/IEC 13818-1 [7], clause 2.4.3.2, tables 3 and 4.

e  ThePID valuefor the T2-Modulator Information Packet (T2-MIP) shall be 15,¢.

e  Thepayload unit_start_indicator is not used by the SFN synchronization function and shall be set to 1.
e  Thetransport_priority valueis not used by the SFN synchronization function and shall be set to 1.
e  Thetransport_scrambling_control value shall be set to 00 (not scrambled).
e  Theadaptation_field_control value shall be set to 01 (payload only).
e  All other parameters are according to | SO/IEC 13818-1[7], clause 2.4.3.2.
e  The Transport Packet Header (TPH) is mandatory.
Mandatory T2-MIP fields
synchronization_id (8 bits) is used to identify the synchronization scheme used. For DVB-T2 the value shall be 02,4

NOTE 1: Thevalues of synchronization_id that apply for different transmissions systems are defined in table 2 of
TS101 191 [3].

section_length (8 bits) specifies the number of bytes following immediately after the section_length field until, and
including, the last byte of the crc_32 but not including any stuffing_byte. The section_length shall not exceed
182 bytes.

t2_timestamp_mip_length (8 bits) specifies the length in bytes of thet2_timestamp_mip field that follows. The value
iscurrently fixed at 114,

t2_timestamp_mip (88 bits) isin the identical format to that specified for the complete payload of the T2-MI packet
with packet type 20,4 (see clause 5.2.5). The values expressed by this field refer to the emission time from the repeater

of the T2 superframe in which the last bit of the payload of the TS packet carrying the T2-MIP appears.

NOTE 2: The value of the T2 timestamp carried by the T2-MIP may be different from that contained in packet type
20,¢ of the T2-MI interface being used asinput to the modulator of the main station.

ETSI



39 ETSI TS 102 773 V1.2.1 (2010-12)

rfu_length (8 bits) specifies the number of rfu_bytes that follow. A value of 00,4 indicates that there are no following
rfu_bytes. Thisvalueis currently fixed at 00, i.e. there are no rfu_bytes defined.

rfu_byteis one byte of avariable number of bytesthat are reserved for future use, the number of which is defined by
the rfu_length field. All bytes shall have the value 0044,

individual_addressing_length (8 bits) gives the total length of the individual addressing loop in bytes. If individual
addressing of transmittersis not performed the field value is 00,5 and there shall be no individual_addressing_byte

field.

individual_addressing_byte contains the bytes of the individual _addressing_data field of a T2-MI packet of type
21,4 (seeclause 5.2.6).

crc_32 (32 bits) is calculated across al other hits in the packet, including the transport_packet_header but excluding
the stuffing_byte field, in accordance with annex A.

stuffing_byte shall have the value FF,¢. There shall be a multiple of stuffing_bytes such that the
t2_modulator_information_packet is exactly 188 bytes long.

NOTE 3: Whilst the values for the t2_timestamp field and the individual_addressing_bytes follow the format of
the payloads of T2-MI packet types 20,5 and 21, respectively, the values carried may be different to

those carried in these packets within the T2-Ml.

B.2.2 Transmission of the T2-MIP over DVB-T2

The T2-MIP may be transmitted in one or more of the transport streams being sent over DVB-T2. If the T2-MIPis used
there has to be at least one complete T2-MIP within a T2 superframe. The T2-MIP may be sent at any time within the
superframe and the timing may be different from superframe to superframe (see the definition of the
t2_timestamp_mip field in clause B.2.1).

Where multiple PLPs are used, only one of the PLPs should carry aT2-MIP. If it is carried in multiple PLPs then the T2
timestamp shall be identical within all PLPs for that superframe.

NOTE: Where acommon PLP isavailable, thisisthe preferred location for the T2-MIP.
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Annex C (informative):
Local Content Insertion

When carrying the data for a T2 transmission containing multiple PLPs, local content can be inserted into individual
PLPsinto the T2-MI at a point or points downstream of the T2-gateway. This annex describes one way of achieving
this.

A typical application is shown in figure C.1.

T2-MI
» Modulator = Tx ¢
Transport —>| T2M Modulator —»| Tx |
streams / — | T2-
Generic 3| gateway
streams —»
TS
—_— Local
T2-MI > Content T2-MI: Modulator — Tx
Ts Inserter
—>  (LoCl)
Modulator — Tx

Figure C.1: Local content insertion into a T2-MI stream within a T2-system

A Loca Content Inserter (LoCl) takes asitsinput the T2-MI stream generated in the T2-gateway, inserts any local
content and outputs the resulting T2-M1 stream.

For PLPsthat areto carry locally inserted content, the T2-gateway performs the allocation of al BB frames as normal;
generating type 00, T2-MI packets that are both consistent with the L1 signalling carried in type 10,5 and 11,5 T2-MI

packets and that have the correct timing.

For agiven PLP, the LoCl filters the incoming type 00,5 T2-MI packet (carrying Baseband Frames) based on the plp_id

field (see clause 5.2.1). The BBFRAME datafield of every T2-MI packet with a matching plp_id field, is then replaced
with the local content, using BB frame padding as appropriate and the CRC32 field re-cal cul ated.

Where no content is available at the T2-gateway to fill those BB frames pertaining to PLPs that are to be later replaced
inaLoCl, the BB frames may be of zero DataField Length (DFL = 0), i.e. al padding.

The LoCl can deal with the timing between the incoming T2-MI and the local transport streams at the input to the LoCl
in anumber of ways. There are three possibilities:

e  Thelocal transport stream islocked to the T2-MI and is at arate that exactly matches that needed to fill the BB
frames to be replaced.

e  Thelocal transport stream rate is lower than that needed to exactly fill the BB frames to be replaced and BB
frame padding isinserted by the LoCl.

e  Thelocal transport stream rate is lower than that needed to exactly fill the BB framesto be replaced and Null
TS packets are inserted into the BB frames by the LoCl. In this case the LoCl performs any necessary
restamping.

This method of local content insertion has the advantage that the LoCl can be a simple device that does not require any
knowledge of the SFN timestamp. The disadvantage is that capacity is allocated on the link carrying the original T2-Ml
from the T2-gateway for BB frames that are to be replaced with local content.

ETSI



41 ETSI TS 102 773 V1.2.1 (2010-12)

Annex D (informative):
MISO Management

As described, the T2-MI is designed to ensure that modulators in a network all generate identical signals at identical
times. When the M1SO option of DVB-T2 is used, as described in clause 9.1 of [1], the modulators belonging to
transmitter group 1 are required to generate different signals to those in transmitter group 2. Nevertheless, all
modulators in the network carry identical Baseband Frames and L 1-signalling, with identical timing, so the same T2-M|
stream is therefore sufficient for all modulators. In addition, each modulator needs to be configured as belonging to
either group 1 or group 2. This can be seen as another modul ator-specific parameter, similar to the power, frequency or
individual time offset, and may be configured locally at the modulator, by a central control system, or using the
individual addressing function described in clause in the described in clause 5.2.6.
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Annex E (informative):
T2-MI overhead

This annex gives an indication of the overhead associated with the encapsulation of T2 data within T2-MI packets and
the additional overhead involved in the transport of T2-MI over MPEG-2 Transport Stream or |P both with and without
the use of Forward Error Correction (FEC).

E.1  Encapsulation of T2 data within T2-MI packets
The encapsulation of T2 datawithin T2-MI packets (clause 5.1) requires an overhead due to:
e  theT2-MI header (6 bytes);
e thecrc32field (4 bytes); and
e theadditiona fieldswithin the T2-MI packet payload associated with the carriage of BB frames (3 bytes).

For atypical T2 configuration (as given in clause 4.3 of [i.1]), the payload of the BB-framesis Ky, = 38 688 hits.

Excluding L1-signalling and assuming that there is no timestamp or auxiliary stream information, the overhead
associated solely with carriage of the Baseband Frame data over T2-M1 is; 13/ (38 688/ 8) x 100 = 0,27 %.

E.2  Transport of T2-MI packets

E.2.1 T2-MI packets over MPEG-2 TS

Encapsulation of T2-MI packets within 188-byte MPEG-2 TS packets using "data piping” (clause 6.1) requires an
overhead due to:

e  theTSheader (4 bytes).

Assuming that the overhead due to the pointer to the start of the T2-M|I packet is negligible, the resulting overhead is
therefore 4/ (188 - 4) = 2,2 %.

NOTE: Thisvalue does not take into account any null packets inserted to keep the TS bit rate constant and any
additional PSI/SI information to be compliant with TR 101 290 [i.4]. The contribution of at least one PAT
table and one PMT table with a data broadcast descriptor is assumed to be negligible.

E.2.1.1 FEC overhead for an ASI link

Where FEC isrequired on aphysical ASI link carrying the T2-MI packets over MPEG-2 TS, RS(188,204) can be used.
Thisresultsin an additional 8,5 % overhead.

Thetotal overhead (T2-MI packets over ASI plus FEC) is (16 + 4) / (188 - 4) = 10,9 %.

E.2.2 T2-MI packets over MPEG-2 TS to IP

Encapsulation of TS streamsin RTP/UDP/IP packets according to clause 6.2 results in an overhead due to:
e  the RTP header (12 bytes);
e  the UDP header (8 bytes); and

e thelP header (20 bytes) (without options).
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Typically, amaximum of 7 MPEG-2 TS packets are encapsulated into one | P packet to remain below the Ethernet MTU
and hence avoid fragmentation.
The resulting overhead istherefore: 40/ (188 x 7) = 3 %.
Thetotal overhead for T2-MI packets over MPEG-2 TSto IPis(40+ 4 x 7) / (184 x 7) = 5,3 %.
When the Ethernet header is taken into account, the total overhead for T2-MI packets over MPEG-2 TSto IPis
(40+18+4x7)/ (184 % 7) =6,7 %.
E.2.2.1 FEC overhead

The additional overhead due to the FEC schemes defined in TS 102 034 [5] can vary a great deal depending on the
chosen FEC profile. Asan illustration two cases are considered below.

For a1-D SMPTE 2022-1 code with 20 columns:;
The additional overhead is (40 + 12 + 188 x 7) / (20 x (40 + 188 x 7)) =5 %.

The total overhead for T2-MI packets over MPEG-2 TS to IP with FEC is
20%x (40+4 % 7)+ (40 + 12 +188 x 7) / (20 % (184 x 7)) = 10,6 % (12,1 % including Ethernet header).

For a1-D SMPTE 2022-1 code with 4 columns;
The additional overhead is (40 + 12 + 188 x 7) / (4 x (40 + 188 x 7)) = 25,2 %.

The total overhead for T2-MI packets over MPEG-2 TS to IP with FEC is
(4%(40+4%x7)+(40+12+188 % 7) /(4 x (184 x 7)) = 31,8% (33,7 % including Ethernet header).

E.3  Summary of the overheads associated with T2-MI

The total overhead due to the encapsulation of T2-MI packets over ASI or Ethernet physical layersis shownin
table E.1.

Table E.1: Summary of the T2-MIl overhead when transported over different physical layers

Physical layer | Total overhead FEC scheme Additional overhead Total overhead
due to FEC including FEC
ASI 22% RS(188,204) 8,5% 10,9 %
Ethernet 6,7 % 1-D SMPTE, 20 column 5% 12,1 %
1-D SMPTE, 4 column 252 % 33,7 %
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Annex F (informative):
DVB-T2 Timestamps

F.1  Relationships

The relationships between UTC, TAI, GPS Time and the DVB-T2 Timestamp (as defined in clause 5.2.2) are, as at the
time of writing (February 2009), as follows:

. GPS = TAI - 19 s(constant).

. UTC =TAI - 34 s(variable due to leap seconds).

. UTC = GPS - 15 s (variable due to leap seconds).

. UTC = DVB-T2 - utco (constant due to varying value of utco).
o DVB-T2 = TAI - 32 s(constant).

. DVB-T2 = GPS - 13 s (constant).

. DVB-T2 =UTC + utco (constant due to varying value of utco).

F.2 Rationale

Several other standard time/date encodings are in common use, including MJD, UTC, GPS and TAI. It was agreed that
none of these adequately addressed the needs of a DVB-T2 system and that it was desirable to define atime format
specifically for the DVB-T2 Timestamp. The following reasons were given for rejecting other common timebases:

. MJD is subject to leap seconds making the fractional portion very hard to represent in a fixed-point format.
. UTC is subject to leap seconds making the number of secondsin a day variable (86 399 / 86 400 / 86 401).
e  GPSTimeis subject to "week number wrapping" approximately every 19,7 years.

. UTC, TAI, MJID and GPS Time all have epochs (start dates) partway through the 400-year |eap-year cycle.

The DVB-T2 Timestamp is not subject to leap seconds but contains sufficient extrainformation (in the utco field) to
trivially convert the value to UTC which does include leap-seconds. Conversion to GPS Time and/or TAl isaso trivial,
simply involving the subtraction of a constant value. The epoch for DVB-T2 Time is synchronized with the start of a
400-year leap-year cycle, making leap-year calculations simpler and less error prone.
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Annex G (informative):
Use of T2-Ml in Test and Measurement Setups

G.1 Introduction

T2-MI has been designed to be the real-time interface from a T2-gateway and a T2 modulator between which
synchronisation can be maintained using a GPS signal.

Since the T2-MI provides an unambiguous representation of a T2 transmission, it is also useful as an intermediate
storage format for later use by test generators. Thisis particularly the case where multiple PLPs and dynamic allocation
are used. As an example, T2-MI stored in a TSfile could be read directly by afile-based ASI player connected to a
modulator under test as shown in figure G.1.

T2-MI over ASI
Modulator =—>

File-player

ﬁ T2-MI File

Figure G.1: T2-Ml file player

\ 4
\ 4

To ensure the interoperability between file player and modul ator:
o thefile-player schedules the playout for each of the Transport Packets (TPs) with T2-MI payload; and
e  the modulator synchronizes with the T2-MI stream in the case that no synchronisation source is available.

This annex describes a method to that enables this interoperability to take place.

G.2 Use of Program Clock Reference (PCR) timestamps

This method uses the ISCR [1] as a shared reference clock and uses Program Clock Reference (PCR) [7] timestampsto
convey the ISCR from T2-MI transmitter to T2-MI receiver. In general, this method is similar to and compatible with
the synchronization of decoders with encodersin MPEG-2 Transport Streams, using PCR timestamps. Thisis defined in
ISO/IEC 13818-1[7].

G.2.1 Relation between ISCR and PCR

To keep the method compatible with MPEG-2 Systems, the PCRs in this method are based on a 27-MHz clock.
Conversion between ISCR and PCR clock valuesis possible since the ratio between PCR and | SCR-clock frequency is
exact and can be expressed as an ratio with an integer numerator and denominator as shown in table G.1.

Table G.1: Bandwidths and the ratio between PCR and ISCR-clock frequency

Bandwidth 1,7 MHz 5 MHz 6 MHz 7 MHz 8 MHz 10 MHz
Tiscr /Tpcr 27 x 71/131 27 x 7/40 27 x 7/148 27 x 1/8 27 x 7/64 27 x 7/80

A block diagram of a T2-gateway that is able to insert PCRs into the output T2-M1 is shown in figure G.2.
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Figure G.2: PCR insertion in the T2-gateway

The T2-gateway is responsible for inserting the PCRs at such places that the timing of the T2-MI packet transmission
can be reconstructed through the methods described below. The output T2-M1 can then be recorded to afile.

G.2.2 Insertion of PCRs

The PCR values are inserted into the Transport Stream carrying the T2-M|I packets. The suggested method is to insert
the PCRs on the PID that carries the T2-M| packets. Alternatively a different PCR-only PID could be used if required.

If the Transport Stream comprises a PAT and PMT, the PCR PID should be defined in the PMT [7].

G.2.3 Playout of a Constant Bit-rate (CBR) T2-Ml file

A file player can use the PCRs in the T2-MI file to obtain an accurate estimation of the TS bitrate. This can be
determined by dividing the number of bits between two PCR values by the difference of those two PCR values.

NOTE: The difference between the original T2-M|I stream bitrate and the playout rate (due to rounding in bitrate
estimation and clock deviations) will appear as an | SCR-clock deviation in the modulator.

G.2.4 Playout of a Variable Bit-rate (VBR) T2-Ml file

In the case of aVBR T2-MI file, the PCRs can be used to determine the intended transmit time of individual Transport
Stream packets that carry a PCR value. In between two Transport Stream packets carrying PCR values, the TS rate can
be considered constant and the transmit time of the packets can be interpolated linearly. ThisresultsinaVBR T2-MlI
stream that is piecemeal CBR.
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G.2.5 Synchronization between T2-Gateway and Modulator

Theratio between the PCR- and I SCR clocksis known exactly. If the delay between T2-gateway and modulator is
constant, the modulator can extract the PCR values and use them to synchronize its ISCR clock directly. In practice the
network will introduce some variable delay (jitter) and therefore some form of control loop will be required.

A block diagram of a modulator that is able to synchronize its ISCR-clock based on the PCR valuesin the T2-Ml is
shown in figure G.3.

T2-MI RF
_ PCR N
Extractor
\4
Clock
Control

Modulator

Figure G.3: ISCR synchronization in the modulator based on PCR values
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