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Foreword

This final draft European Telecommunication Standard (ETS) has been produced by the Joint Technical
Committee (JTC) of the European Broadcasting Union (EBU), Comité Européen de Normalisation
ELECtrotechnique (CENELEC) and the European Telecommunications Standards Institute (ETSI), and is
now submitted for the Voting phase of the ETSI standards approval procedure.

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

* European Broadcasting Union
Case Postale 67
CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111
Fax: +4122 717 24 81

EUREKA Project 147 (DAB*)

EUREKA Project 147 was established in 1987, with funding from the EC, to develop a system for the
broadcasting of audio and data to fixed, portable or mobile receivers. Their work resulted in the publication
of a European Standard, ETS 300 401 [1], for DAB which now has world-wide acceptance. The members
of the Eureka 147 Project are drawn from broadcasting organizations and telecommunication providers
together with companies from the professional and consumer electronics industry.

*x DAB is a registered trademark owned by one of the EUREKA 147 partners.

ETSI Project Team PT 84V

An ETSI Project Team was formed to produce this ETS describing the Digital Audio Broadcasting (DAB)
Ensemble Transport Interface (ETI). The work of the Project Team was based on studies carried out by a
EUREKA 147 Task Force on the definition of the ETI. The Project Team consisted of members of
European broadcasting organizations and the consumer and professional electronics industry who had
also been involved in the work of the EUREKA Task Force.

Proposed transposition dates

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

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

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

This ETS is one of a set associated with ETS 300 401 [1] describes the transmitted signal, the interface
between the broadcaster's transmitters and the listener's receiver. The associated ETSs describe
additional interfaces which can be used by broadcasters or network providers to build DAB networks.

Figure 1 shows a DAB network in outline. For convenience, the Network is split into a number of different
parts, each managed by a different entity. The different entities are: the Programme/Data provider, the
Service Component provider, the Ensemble provider and the Transmission Network provider.

NOTE: A Service Component provider may be generating a full DAB service or a component
of a DAB service. For the purposes of this ETS, the terms Service provider and
Service Component provider are interchangeable.

Programme/Data provider

The Programme/Data provider is the originator of the audio programme or the data being carried within
the DAB Service Component. The format for the output of the Programme/Data provider may take many
different forms and should be agreed between the Programme/Data provider and the Service Component
provider.

Service Component provider

The Service Component provider is producing one or more complete Service Components which can form
the complete DAB Service, but may not. The data from the Service Component provider will be of three
different types:

- Service Component data which is to be inserted into the DAB Main Service Channel (MSC);

- Service Information related to the Service Component data which is to be inserted into the
Fast Information Channel (FIC);

- Other data, not intended for transmission, including status monitoring or control.

The interface between the Service Component provider and the Ensemble provider is known as the
Service Transport Interface (STI) and is defined in EN 300 797 [2].

Ensemble provider

The Ensemble provider receives a set of service components from one or more Service Component
providers. He then formats the FIC, and generates an unambiguous description of the full DAB Ensemble.

The ensemble description is passed to the Transmission Network provider via an interface called the ETI
which is the subject of this ETS.

Transmission Network provider

The Transmission Network provider generates the DAB Ensemble and transmits it to the receiver. The
output of the Transmission provider is defined by ETS 300 401 [1].

In some cases, as an intermediate step, the Transmission provider may find it convenient to generate a
base-band representation of the signal to be transmitted. The base-band representation, known as the
Digital baseband 1/Q Interface, is a set of digital samples defining the In-phase (I) and Quadrature (Q)
components of the final carrier. This interface is defined in EN 300 798 [3] and provides a convenient
interface between digital processing equipment and radio-frequency modulating equipment.
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1 Scope

This European Telecommunication Standard (ETS) establishes a standard method for the distribution of
DAB signals between DAB multiplexing equipment, which may be located at the broadcaster's studio
centres, and DAB modulation equipment located at transmission sites.

ETS 300 401 [1] established a broadcasting standard for a DAB system. Broadcasters who implement
DAB networks require methods for transporting DAB signals, or the component parts of a DAB signal,
between studio centres, where the programme or data service originates, and the transmitter sites from
which the signal will be radiated. The network of circuits connecting the studio centre to the transmitters is
generally known as the Distribution Network.

This ETS is applicable to Distribution Networks used in a DAB System. It describes the characteristics of a
signal suitable for transporting a full DAB Ensemble, comprising a number of sub-channels and a
formatted Fast Information Channel (FIC), between the DAB Ensemble provider and the Transmission
network provider. The interface is suitable for use on a number of different physical media including
standard 2 Mbit/s switched telecommunication networks. Provision is made for the inclusion of appropriate
error detection and correction and for the management of network transit delay. Limited capacity is also
made available for signalling from the studio centre to other equipment in the distribution network.

This ETS is not applicable to the distribution of DAB signals where the Service Information is available in
any form other than as a complete, correctly formatted, FIC. The interface described is intended for use
on unidirectional networks and this ETS does not cover the provision of status nor control information in
the reverse direction (i.e. from transmitters back to the Ensemble provider or any other central monitoring
point).

2 Normative references

This ETS incorporates, by dated and undated references, provisions from other publications. These
normative references are cited at appropriate places in the text and the publications are listed hereafter.
For dated references, subsequent amendments to or revisions to any of these publications apply to this
ETS only when incorporated in it by amendment or revision. For undated references, the latest edition of
the publication referred to applies.

[1] ETS 300 401 (1996): "Radio broadcast systems; Digital Audio Broadcasting
(DAB) to mobile, portable and fixed receivers".

[2] prEN 300 797 (in preparation): "Digital Audio Broadcasting; Distribution
interfaces; Service Transport Interface (STI)".

[3] prEN 300 798 (In preparation): "Digital Audio Broadcasting; Distributioni
interfaces; Digital baseband I/Q interface (DIQ)".

[4] ITU-T Recommendation G.703 (1972): "Physical/Electrical characteristics of
hierarchical digital interfaces: Section 6. Interface at 2 048 kbit/s".

[5] ITU-T Recommendation X.24 (1988): "List of definitions for interchange circuits
between data terminal equipment (DTE) and data circuit-terminating equipment
(DCE) on public data networks".

[6] ITU-T Recommendation V.11 (1988): "Electrical characteristics for balanced
double-current interchange circuits for general use with integrated circuit
equipment in the field of data communications".

[7] ITU-T Recommendation G.704 (1988): "Synchronous frame structures used at
primary and secondary hierarchical levels: Section 2.3 Basic frame structure at
2 048 kbit/s".

[8] ITU-T Recommendation G.706 (1988): "Frame alignment and cyclic redundancy

check (CRC) procedures relating to basic frame structures defined
in Recommendation G.704".
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3 Definitions, abbreviations and symbols
3.1 Definitions
For the purposes of this ETS, the definitions of ETS 300 401 [1] and the following definitions apply:

block: A component part of an ETI(NA, G.704) multiframe consisting of 8 G.704 frames. Each block
comprises 256 hytes.

ClIFcount: The common interleaved Frame (CIF) counter as defined in ETS 300 401 [1].

codeword: A Reed-Solomon codeword, as used by ETI(NA, G.704), comprises 240 bytes. Some of these
bytes are data bytes, others are check bytes.

coding array: An array used in the conceptual description of ETI(NA, G.704).
CRC,,: A part of ETI(LI) containing a Cyclic Redundancy Check for header information.

distribution network:  The network of data circuits linking the Service provider, Ensemble provider and
Transmission Network provider.

ensemble multiplex: A set of data which describes the component parts of the DAB ensemble.
ensemble multiplexer: A multiplexer which generates an Ensemble multiplex.

ensemble provider: The manager of the DAB Ensemble multiplexer.

ensemble transport network:  The network carrying the Ensemble Transport Interface.

EOF: A part of ETI(LI) containing End-Of-Frame information.

EOH: A part of ETI(LI) containing End-Of-Header information.

ERR: A part of ETI(LI) which can be modified by the physical layers to allow the reporting of ERRor status
information.

ETI(LI): The logical definition of the Ensemble Transport Interface.

ETI(NA, G.704): A network adapted Ensemble Transport Interface containing DAB data as well as
additional data to deal with network errors and delay variations.

ETI(NA, X): Any of the specific implementations of ETI(NA) which are described in this ETS.

ETI(NI): A generic reference to a basic physical implementation of the ETI suited to the local connection of
equipment. If there is any ambiguity in the text, then ETI(NI) shall be taken to be equivalent to ETI(NI,
G.703).

ETI(NI, G.703): A specific implementation of an ETI(NI) used on G.703 interfaces.

ETI(NI, V11): A specific implementation of an ETI(NI) used on V.11 interfaces.

ETI(NI, X): Any of the specific implementations of ETI(NI) which are described in this ETS.

FC: A part of ETI(LI) containing Frame Characterization data.

FCT: A part of ETI(LI) containing a Frame CounT.

FICF: A part of ETI(LI) indicating whether FIC information is included, FIC Flag.

FICL: The length, in words, of the FIC data carried by the ETI.
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FL: A part of ETI(LI) giving information about the Frame Length.

FP: A part of ETI(LI) containing Frame Phase information.

frame: An ETI Frame carries data representing a 24 ms period of the DAB ensemble.
FRPD: A part of ETI(LI) containing FRame PaDding.

FSYNC: The synchronizing field of ETI(NI, G.703) or ETI(NI, V11) frames.

G.703: An ITU-T Recommendation giving information about the physical characteristics of
telecommunication interfaces.

G.704 frame: A framing structure of 32 8-bit timeslots as defined in G.704 (for 2 Mbit/s interfaces).
G.704: An ITU-T Recommendation defining telecommunication framing structures.

GF(28): A mathematical entity (a Gallois Field of 256 entries) used in the process of producing Reed-
Solomon error protection bytes.

interleaving array: An array used in the conceptual description of ETI(NA, G.704).
LIDATA field: A part of ETI(LI) which carries the data describing the DAB transmitted signal.

Logical Interface (LI): A definition of the ETI which contains all the elements to be carried by the
interface, but has no physical manifestation.

MID: A part of ETI(LI) giving information about the DAB Mode IDentity.
MNSC: A part of ETI(LI) carrying a Multiplex Network Signalling Channel.

mode: The DAB signal described in ETS 300 401 [1] is able to operate in four different modes (I to 1V) to
suit different applications.

MSC: The Main Service Channel, a part of the DAB signal described in ETS 300 401 [1].

MST: A part of ETI(LI) carrying Main STream information, destined for the MSC and FIC fields of the DAB
ensemble.

multiframe: A composite frame structure used in ETI(NA, G.704) to map the 24 ms time-frame of ETI(LI)
onto the elemental G.704 frames.

NASC: A part of ETI(NA, G.704) carrying a Network Adapted Signalling Channel.

Network Adaptation (NA): The process of adapting ETI(LI) to suit the characteristics of a particular
network.

Network Independent (NI): A physical form of the ETI interface which is not adapted to any particular
network but can be used for a local connection between equipment.

NST: A part of ETI(LI) giving information about the Number of STreams being carried.

OFDM generator: The equipment which is the final recipient of the ETI signal and which applies the DAB
channel encoding.

Plesiochronous Digital Hierarchy (PDH): A telecommunications network structure having a number of
different hierarchical levels.

Reed-Solomon: A form of coding which allows the correction of transmission errors.

SSTC,,: A part of ETI(LI) which defines the Sub-channel STream Characteristics of data stream n.
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Status Field (STAT): A part of the ETI(LI) which carries status information about the LIDATA field. The
STAT field can be modified by physical interfaces to allow status information to be updated as the signal is
carried through the distribution network.

STC: A part of ETI(LI) which carries information about the characteristics of the sub-channel data
streams.

STL: A part of ETI(LI) which gives the STream Length of an uncoded sub-channel stream.

stream: In ETI(LI) a data stream is associated with a DAB sub-channel and carries the data which will
eventually be carried in the associated sub-channel of the DAB ensemble.

superblock: One of the components of an ETI(NA, G.704) multiframe consisting of 8 blocks. Each
superblock comprises 2 048 bytes.

SYNC: A part of ETI(NI, G.703) and ETI(NI, V11). The SYNChronization field carries status information
and signifies the start of the frame.

timeslot: A part of the frame structure defined in G.704 comprising 8 bits.

timestamp: Data which carries timing information intended to define the "delivery time" of the frame
carrying the timestamp.

TIST: A part of ETI(LI) comprising a 24-bit TiImeSTamp.

transmission network provider: The provider of the DAB Transmission Network. The ETI links the
Multiplexer of the Ensemble Provider with the transmitters of the Transmission Network Provider.

Transmitter Identification Information (TII): Tl is a label unique to each transmitter in a DAB network.
Provision is made for each transmitter to radiate its own TII label during the synchronization symbols of
the transmitted signal.

V.11: An ITU-T recommendation defining an electrical interface using balanced lines.

word: A word consists of 4 bytes (32 bits).

3.2 Abbreviations

For the purposes of this ETS, the abbreviations of ETS 300 401 [1] and the following abbreviations apply:

ASS frame ASynchronous Signalling
BER Bit Error Rate

COFDM Coded Orthogonal Frequency Division Multiplex
CRC Cyclic Redundancy Checksum
CRC,, header CRC

DAB Digital Audio Broadcasting
EOF End Of Frame

EOH End Of Header

ERR Error Status

ETI Ensemble Transport Interface
FC Frame Characterization

FCT Frame Count

FIC Fast Information Channel
FICF Fast Information Channel Flag
FL Frame Length

FP Frame Phase

FSS Frame Synchronous Signalling
FSYNC Frame SYNC

GrNb Number of Groups

LI Logical Interface

LIDATA ETI(LI) DATA field

MID Mode IDentity
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MNSC Multiplex Network Signalling Channel
MST Main Stream

NA Network Adaptation

NASC Network Adapted Signalling Channel

NI Network Independent

NST Number of Audio or Data Streams

PDH Plesiochronous Digital Hierarchy

RF Radio Frequency

SAD Sub-channel Start Address

SB Signalling Byte

Sbch Sub-channel ordinal number

SCID Sub-channel Identifier

SFN Single Frequency Network

SSTC, Sub-channel Stream Characterization (For stream n)
STAT ETI(LI) Status Field

STC Stream Characterization

STI Service Transport Interface

STL Stream Length (as a multiple of 64 bits)
SYNC Synchronization field

TIST Timestamp

TPL Type and Protection Level

TSC Transmitter Set-up and Control information
3.3 Symbols

For the purposes of this ETS, the following mathematical symbols apply:

3.3.1 Numerical ranges
[m..n] denotes the numerical range m, m+1, m+2,..., n, where m and n are positive
integers with n > m.
X16 the subscript "16" is used to denote hexadecimal numbers.
3.3.2 Bit and byte numbering
by, denotes bit number n. nis usually in the range [0..7].
Bm.r denotes byte number m in frame number f.
Bm.Abp) denotes bit number n of byte min frame f.
X is used to denote an arbitrary binary value (0 or 1).
NOTE: fmay sometimes be omitted where no ambiguity results.
3.3.3 Arithmetic operators
+ Addition.
x Multiplication.
m DIV p denotes the quotient part of the division of m by p (m and p are positive
integers).
m MOD p denotes the remainder of the division of m by p (m and p are positive integers).
q
z (i) denotes the sum: f(p) + f(p + 1) + fip + 2) ... + Q).
I=p
q
|_| (i) denotes the product: f(p) x fip + 1) x f{p + 2) ... x f{q).
I=p
3.34 Logical operators
AND Logical AND function.
OR Logical OR function.

XOR Exclusive-OR function
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3.4 Ordering of bytes and bits for transmission
The bytes of each ETI frame shall be transmitted sequentially with the lowest numbered byte being
transmitted first e.g. byte B, is transmitted before byte B, ; and so on. The highest numbered byte of

frame fshall be transmitted earlier than the lowest numbered byte of frame f + 1.

The bits of each byte shall be transmitted sequentially with the lowest numbered bit being transmitted first
e.g. By 1(by) is transmitted before byte B, ;(b;), and so on.

Unless otherwise stated in the associated text, data shall be carried with its Most Significant bit (MSb) in
the lowest numbered bit of the lowest numbered byte. The next most significant bit shall be carried in the
next lowest numbered bit of the lowest numbered byte, and so on. This implies that the MSb of any data
byte shall be received earlier than the Least Significant bit (LSb).

35 Reserved bits

In some fields of the ETI, unused bits may be found. These are designated as:

Rfa: Reserved for future addition. The future use of Rfa bits is not expected to modify
the usage of other bits in the same field as the Rfa bits.
Rfu: Reserved for future use. The future use of Rfu bits can modify the usage of

other bits in the same field as the Rfu bits.

Unless otherwise specified, the values of bits designated as either Rfa or Rfu shall be set to zero.
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4 Overview of the Ensemble Transport Interface (ETI) definition
4.1 The Layered approach to the ETI
ETI(LI)

Logical Definition
of the Interface
Map to physical layer

Application of the

ETI(NI, G703) ETI(NI, V11) ETI to simple
physical interfaces

Add network dependent data

\ 2 Application of the
ETIto network
ETI(NA, G704) structures

Figure 2: The layers of the ETI

The Ensemble Transport Interface is an interface signal which allows DAB signals to be routed between
the Ensemble provider and the Transmission Network provider (see figure 1). The physical characteristics
of the various transmission links will differ and a universal interface standard is not appropriate. The
approach adopted in this ETS is to define the ETI in a number of different layers as shown in figure 2.

The Logical Interface (LI) , called ETI(LI), is the basic definition of the interface at its simplest level. It
defines all the data which are needed to implement the functionality required of the ETI but has no
physical manifestation. ETI(LI) contains sufficient information to specify precisely each element of the
DAB signal to be generated, so that two OFDM generators fed with the same ETI inputs shall also have
identical outputs (with the exception of the Tl symbol).

The simplest physical manifestation of the interface is a mapping of ETI(LI) onto basic standard
interfaces. These are called Network Independent (NI) layers. The Network Independent layers are
suitable for use as interconnections between local equipment. However, since they contain only
rudimentary error detection, they should not be used for transporting DAB over data networks unless the
network is known to have an adequate performance. This can occur, for instance, on a satellite circuit
where a satellite modem applies forward error correction appropriate to the characteristics of the satellite
path. The Network Independent layer provides an interface signal to the satellite modem.

The different NI layers are designated as ETI(NI, X) where "X" signifies the appropriate type of local
interface.

A Network Adaptation (NA) of the Logical Interface is also defined. Network Adaptation implies a
mapping of the Logical Interface onto a physical signal suitable for transportation on the type of network
envisaged. The Network Adaptation will include a definition of a physical interface as well as incorporating
additional data in order to mitigate the characteristics of the transport network e.g. forward error correction
bytes to allow correction or detection of network errors.

The different network adapted versions of the ETI are designated as ETI(NA, X) where "X" signifies the
particular type of network to which the NA version is suited. ETI(NA) is sometimes used to make a generic
reference applicable to all NA Layers.
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In some applications it may be convenient to produce the ETI in one physical form at a point in the
Distribution Network and to convert to another physical form elsewhere in the network. Conceptually, at
least, the conversion process between one physical form and another should include the re-generation of
the logical, ETI(LI), level.

Figure 3 is copied from ETS 300 401 [1] and shows the conceptual block diagram of the emission part of
the DAB system. The conceptual location of the ETI is shown on the diagram.

4.2 ETI data capacity

The transmission capacity of the MSC (including channel coding) is 2 304 kbit/s and is independent of the
transmission mode.

The transmission capacity of the FIC (including channel coding) is 96 kbit/s in modes I, Il and IV and
128 kbit/s in mode lII.

In order that the ETI can be transported via networks with a capacity of 2 Mbit/s or less, DAB channel
coding shall not be applied at the ETI source. Instead, DAB channel coding shall be applied at the ETI
destination (by the Transmission Network provider).

Since the amount of channel coding applied in the DAB ensemble is variable, then the data capacity
required of the ETI is also variable. An overview to the channel coding rates which are applied to different
parts of the DAB ensemble (together with their associated uncoded data rates) is given in table 1.

Table 1: Channel coding rates in DAB

"protection code rate data rate per sub-
level" (note 1) channel before coding
FIC fixed 1/3 32 kbit/s (modes I/11/1V)
42,67 kbit/s (mode III)
sub-channels with 1-A 1/4 n x 8 kbit/s
equal error protection 2-A 3/8
profiles 3-A 1/2
("Option" = 000) 4-A 3/4
(note 1)
sub-channels with 1-B 4/9 n x 32 kbit/s
equal error protection 2-B a/7
profiles 3-B 4/6
("Option" = 001) 4-B 4/5
(note 1)
1 0,34 av. |32 kbit/s .. 384 kbit/s
sub-channels with 2 0,43 av. |(note 2)
unequal error 3 0,50 av.
protection profiles 4 0,6 av.
5 0,75 av.
NOTE 1: "Option" and "protection level" refer to parameters used, in
ETS 300 401 [1], to denote the channel coding rate applied to

the data.
NOTE 2: Unequal error protection profiles are only available for
certaindata rates within this range.

4.3 Minimum requirement for ETI equipment

The minimum requirement for any equipment producing or accepting an ETI signal is that it shall generate
or accept a signal with the ETI(NI, G.703) format.

5 Logical definition of ETI(LI)

The ETI(LI) layer is the logical definition of the ETI and shall be composed of logical frames. Each logical
frame shall contain the information needed to generate a 24 ms period of the DAB signal. The LI layer
shall consist of a status and a data field as shown in figure 4.
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The status field shall give information about the quality of the transport network and may be changed by
any physical layer of the ETI.

The data field shall carry information that is transparent to all physical layers of the ETI and its content
shall not be changed by other layers in an error free transmission.

Status field Data field
(STAT) (LIDATA)

Figure 4: The structure of an ETI(LI) frame
5.1 General structure

The ETI(LI) shall be composed of logical frames that consist of a variable number of bytes, (FL x 4 + 13),
where FL is the Frame Length as defined in subclause 5.3.6. The basic frame structure is illustrated in
figure 5 and shall consist of:

- a status field of 1 byte, STAT, which shall consist of an 8-bit error status field ERR; and
- a data field, LIDATA, which comprises:

- a frame characterization field, FC, of 4 bytes;

- a stream characterization field, STC, of variable size (up to 256 bytes);
- an End-Of-Header field, EOH, of 4 bytes;

- a Main STream data field, MST, of variable size;

- an end of frame field, EOF, of 4 bytes;

- a time stamp field, TIST, of 4 bytes.

5.2 Error field (ERR)
The ERR byte may contain information which conveys information about the error status of the following
data of the same ETI(LI) frame p. This field may be filled by error information derived from the ETI(NI) or

ETI(NA) layer. Four levels of errors shall be defined as given in table 2.

Table 2: Definition of error status

bolb;| bs| ba| by be| bs| b5 Error status
1(1(1|(1f(1|1|1]1 Error level 0
1112]1|112]0(0]0{0O Error level 1
ojojojO|1]1]1]1 Error level 2
oO(fo0ojJOoOf0O0]JO|O|O]|O Error level 3

The definition of the Error Levels will depend on the specific implementation but the following general
guidelines should be used.

Error level O: LIDATA contains no detectable errors (which shall be the default state, set at
the origin of LIDATA).

Error level 1: LIDATA contains errors which can be ignored by the processing equipment.

Error level 2: LIDATA contains errors which should not be ignored by the processing

equipment but which may be mitigated by additional processing within that
equipment, for example by using header information from previous frames.
Error level 3: LIDATA is not valid and the processing equipment should mute.
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Bgrar(bp-b7) | [STAT |ERR
1 byte [8 bits
Bo,p(bo--b7) FC FCT Bo,p(bo) is the first bit of frame p
4 bytes 8 bits
B p(bo) FICF
1 bit
B p(bs--b7) NST
7 bits
B, p(bo--b2) FP
3 bits
B, p(b304) MID
2 bits
B, p(b5.-b7) FL
B3 p(bo--b7) 11 bits
Byp--- STC SSTC, SCID
4 bytes 6 bits
NST x4 b SAD
ytes 10 bits
TPL
6 bits
STL
10 bits
LIDATA
SSTCyst |SCID
4 bytes 6 bits
SAD
10 bits
TPL
6 bits
~BnsTryxd-1 STL
P 10 bits
BNsT+1)x4,p-- EOH MNSC
4 bytes 16 bits
BNsT+1)xa+2,p CRCy,
. 16 bits
BnsT+2)x4,p--- MST FIC data
FICL x 4 bytes
Audio or Data Stream
STL, x 8 bytes
~BlrLinyxa-1,p Audio or Data Stream ot
STLygt X 8 bytes
B L +1)xa,p EOF CRC
4 bytes 16 bits
Rfu
16 bits
B(fL+2)x4,p TI§T B (eL+2)xa+3 p(b7) IS the last bit of frame p

The shaded part indicates data which will be radiated as part of the DAB Ensemble

The un-shaded fields are ETI(LI) management data.

Figure 5: The structure of an ETI(LI) 24 ms logical frame
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5.3 Frame Characterization field (FC)

The frame characterization field shall carry common data characteristics that apply to the whole logical
frame.

The FC for frame p shall be carried in bytes, By, 3. It shall contain an 8-bit frame count field, a 1-bit field
indicating whether or not the FIC is present, a /- b|t field giving the number of streams of data being
carried, a 3-bit frame phase field, a 2-bit DAB mode identity field, and an 11-bit field containing the frame
length.

5.3.1 Frame Count (FCT)

The FCT shall be carried in B, (bo b;). FCT shall take values from 0 to 249 and shall be given by the
lower part of CIFcount [0..249], see ETS 300 401 [1].

FCT shall increment once every 24 ms and shall have an overall periodicity of six seconds.

5.3.2 Fast Information Channel Flag (FICF)

The FIC Flag shall be carried in Bl,p(bO)'

When set to 0 it shall indicate that no FIC information is carried in the Main Stream field. This implies that
the FIC information shall be inserted at some later stage, usually before the ETI(LI) is received by a
COFDM generator.

When set to 1 it shall indicate that the Main Stream field carries the uncoded FIC data.

The length of the FIC data field, FICL, shall be determined by the DAB mode and the FIC Flag according
to table 3.

Table 3: Relationship between DAB mode, FICF and FICL

DAB mode | FICF [FICL (words)
LI, [ or IV 0 0
I, Il orlV 1 24
Il 1 32

5.3.3 Number of Streams (NST)

The NST field shall give information about the number of data streams for which information shall be
carried in the stream characterization and Main STream data fields. It shall be carried as a 7-bit number in
B p(b1.-b7). NST shall be calculated as follows:

NST[0..64] = sub-channels,

where sub-channels shall be the number of DAB audio or data sub-channels for which information shall
be carried.

Except for the case given below, the value of NST shall be in the range 1 to 64.

In the 15-frame period immediately preceding a multiplex re-configuration, NST can take the value 0 (see
annex E).
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5.34 Frame Phase (FP)

The FP information shall be carried in B, ;(b,..b,). It shall be a modulo 8 count, incremented once per
frame and shall be used to signal to the COFDM generator when to insert Transmitter Identification
Information (T1I) into the null symbol of the transmitted DAB signal. The two bits lep(bl,bz) shall be used
as a byte-pair counter for the Multiplex Network Signalling Channel (see subclause 5.5.1).

There shall be a fixed relationship between FP and the DAB Common Interleaved Frame Counter,
ClIFcount. FP shall be set to zero when CIFcount = 0.

Table 4 gives the relationship between FP, the mode | frame quarter (or the mode IV frame half) and the
information contained in the associated null symbol. Some CIF count values are given as examples.

Table 4: Relationship between TII symbol generation and FP bits ( b..b,)
DAB by| by | by | Nullsymbol | DAB frame CIF count
mode information part (possible values)
I 0| 0|0 Tlincluded | 1stquarter | 00; 08..248..4 992
I 0| 0| 1] Tlincluded | 2"d quarter | 01;09..249..4 993
[ 0| 1|0/ Tllincluded | 3 quarter |02; 10..250..4 994
I 021 |1] Tlincluded 4t quarter | 03; 11..251..4 995
I 11010 No TII 1St quarter | 04; 12..252..4 996
I 11011 No TII 2nd quarter | 05; 13..253..4 997
I 11110 No TII 3'd quarter | 06; 14..254..4 998
I 11111 No TII 4t quarter | 07; 15..255..4 999
Il orlll X | 0 | 0] THincluded | notrelevant | 00; 04..248..4 996
Il or x| 0|1 No TII not relevant | 01; 05..249..4 997
Il orlll X | 12 | 0] TlHincluded | notrelevant | 02; 06..250..4 998
Il or x| 1|1 No TII not relevant | 03; 07..251..4 999
Y x | 0 | 0| Tllincluded 1sthalf | 00; 04..248..4 996
Y x| 0 [ 1] Tllincluded 2nd half 01; 05..249..4 997
[\ x| 1|0 No Tl 15t half 02; 06..250..4 998
Y x| 1|1 No TII 2nd half 03; 07..251..4 999

5.3.5 Mode Identity (MID)

The MID field should instruct the COFDM generator on the DAB mode to be used to code data carried in
the frame. It shall be carried in B, (b3, b,) and shall be coded as given in table 5.

Table 5: Coding of MID

bs| b, | DAB mode
0|1 Mode |
1]0 Mode I
1)1 Mode 11
0|0 Mode IV

The MID combined with FICF shall be used also to indicate the length of the FIC data stream carried in
the MST (see also subclause 5.3.2).

5.3.6 Frame Length (FL)

The FL field shall carry information about the length of the three fields: stream characterization (STC),

End-Of-Header (EOH) and Main STream (MST). It shall be an 11-bit count which shall give the total
number of words included in all three fields.
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The value of FL in words is given by:
For NST =0, FL =1+FICL;

NST
For NST #0, FL = NST+1+ FICL+ ;;[ SThoenx 2] .
Sbch=1

where:

- Sbch shall be the ordinal number of the sub-channel in the MST (i.e. 1 for the first sub-channel, 2
for the second, and so on).

- STLgpen shall be the stream length of the sub-channel whose ordinal number is Sbch. See
subclause 5.4.1.4 for the definition of STL.

- FICL shall be the length of the FIC data in words as defined in the subclause 5.3.2.

The FL for frame p shall be carried in bytes B ,,(bs..b7) and Bz ,(by..b7).

5.4 Stream Characterization (STC)

Provided that NST # 0, bytes By, wst+1)x4-1],p Shall carry information about the characteristics of the sub-
channel data streams.

541 Sub-channel Stream Characterization (SSTC )

Within the STC, information characterizing each audio or data sub-channel shall be carried. A single word
(32 bits) shall be used for each sub-channel, giving a 6-bit sub-channel identifier, a 10-bit start address, a
6-bit protection level code and a 10-bit number giving the length of the associated data carried in the Main
STream.

54.1.1 Sub-Channel Identifier (SCID)

Each sub-channel stream shall be associated with a 6-bit number, SCID.

Each SCID value shall be unique.

The identifier shall be carried in B gpcpxg p(bo--bs).

The SCID can be the same as SubChld, used in ETS 300 401 [1].

The order in which data for the sub-channels are transmitted in the MST need not be governed by SCID.

The SSTC field and the sub-channel payload data in MST shall have the same ordinal value, Sbch.

The SCID should be used in DAB transmissions as a logical link number when a new frame organization
occurs.

54.1.2 Sub-channel Start Address (SAD)
A 10-bit sub-channel start address shall be carried in Bgpcpxg p(beb7) and Bgpepxarg p- This shall take a
value between 0 and 863 (inclusive) and shall give the start address, in DAB capacity units, of the position

in which the associated MST sub-channel shall be placed in the DAB frame.

If needed, SAD can be used as a link between DAB frame signalling (carried in the FIC) and the ETI(LI)
frame.
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5.4.1.3 Sub-channel Type and Protection Level (TPL)

TPL shall be a 6-bit number giving information about the type and protection level of the MST sub-channel
data. The TPL shall be carried in Bgpcpxg40 p(bp--bs5) allocated as given in table 6.

Table 6: Coding of TPL

by b, b, by | b, | bs
0 = Unequal Error Rfu, Table UEP index (MSb..LSb)
Protection settol | switch
1 = Equal Error Option(MSb..LSb) Protection
Protection level(MSbh..LSb)

The values of "Table switch”, "Option" and "Protection level" shall define the coding to be applied to the
sub-channel. They are defined in ETS 300 401 [1].

"UEP index" also defines the coding to be applied to the sub-channel. It is related to the desired protection
level [1..5] as follows:

"UEP index" = desired protection level - 1.
5414 Sub-channel Stream Length (STL)
Bshehxa+2,p(B6--b7) and Bgpepxars p shall carry STLgp,cp, @ 10-bit number. STL g, shall give the length of

the uncoded sub-channel stream, with ordinal number Sbch, carried in the Main STream, MST. The
length shall be given as a multiple of 64 bits. This may be calculated as follows:

STL gpchn = Sub-channel uncoded data rate (in kbit/s) x (3/8).

STL gy, may have the value 0, i.e. no sub-channels are transmitted.
STL g4 shall have values in the range 0 to 684.

5.5 End-Of-Header data (EOH)

The End-Of-Header data shall consist of four bytes. Two bytes shall be reserved for signalling purposes
and two bytes shall carry a Cyclic Redundancy Check over the ETI(LI) header data fields.

55.1 Multiplex Network Signalling Channel (MNSC)

Bytes B nsT+1)x4,p @Nd BysTi1)x4+1 p Shall carry a low rate signalling channel between ETI source and
destination equipment. The 16-bit MNSC field constitutes a byte pair in each frame which can be used for
Frame Synchronous Signalling (FSS) or frame Asynchronous Signalling (ASS). Frame synchronous
signalling implies that the signalling data shall be linked to the frames carrying the data. Asynchronous
data need not be linked to any particular frame.

The byte pairs of four consecutive frames shall be grouped together to form an 8-byte signalling group.
The signalling group beginning in frame q are identified as SB 0.7],q- Frame phase bits, lep(bl,bz), (see
table 4) shall be used to identify the byte pairs as shown in table 7.

Table 7: Use of FP to determine the signalling byte index

Frame count, p Bzyp(bl) Bz,p(bz) B nsT+1)x4, p B nsT+1)x441, p
q 0 0 SBq SBy 4
q+1 0 1 SB, SBa 4
q+2 1 0 SB,q SB:
q+3 1 1 SBg SBy 4
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Tables 8 and 9 give information about the formatting of the signalling bytes. Annex A gives detailed coding
information for the different signalling message types.

Table 8: General formatting of MNSC signalling bytes

SBO,q SBlyq SBZ,q SB[&'G], SB 7.q

(boby) (b,,b3) (by..b7) (by..b7) (by..b7) (bO.'.b7) (by..b7)
00 Rfu FSS type Rfu FSS FSS
identifier (MSh) (LSh)
01 Rfa Rfa Rfa Rfa Rfa Rfa
10 Rfa Rfa Rfa Rfa Rfa Rfa
11 Rfu ASS field Rfu ASS ASS
identifier (MSh) (LSh)

Table 9: Coding of MNSC FSS type and ASS field identifier

SBy,q(b4-b7) SB,q(bpby) =00 SBg,q(bpby) =11
identifier FSS type ASS field
0000 Time information group Start group
0001 Rfa Rfa
0010 Rfa Rfa
0011 Rfa Continuation group
0100 Rfa Rfa
0101 Rfa Rfa
0110 Rfa Rfa
0111 Rfa Rfa
1000 User definable group Rfa
1001 User definable group Rfa
1010 User definable group Rfa
1011 User definable group Rfa
1100 User definable group End group
1101 User definable group Rfa
1110 User definable group Rfa
1111 User definable group Padding group

Annex A gives more details about the coding of the MNSC signalling groups.

5.5.2 Header Cyclic Redundancy Checksum (CRC )

Bytes Bnstr1)x4+2p @Nd Byysti1)xs+3p Shall carry a cyclic redundancy checksum carried out on the
contents of ‘the Frame Characterization, Stream Characterization and MNSC fields, bytes
Bpo.. (nsT+1)xa+1],p- The calculation shall use the method given in annex D.

5.6 Main Stream data (MST)

Bytes B ns7+2)x4,p 10 B e +1)xa.1,p Shall carry NST sub-channels of the DAB frame, i.e. data for the FIC
and MS& audio or data sub-channels.
NOTE: In a cascaded multiplexer architecture, MST can be assembled sequentially.

If the FICF bit in FC is set to 1 then the first 96 or 128 bytes (as set by the DAB mode) of the MST shall
carry the uncoded FIC data which is then followed by uncoded MSC audio or data sub-channel data.

At the last stage, i.e. the input of COFDM, each sub-channel stream is associated with one DAB sub-
channel of the MSC by means of the SCID carried in the stream characterization field. There may be up to
64 sub-channels which shall follow the same ordering as that in the Stream Characterization field. The
length of each audio or data stream shall be a multiple of 64 bits.
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5.7 End Of Frame (EOF)
End of frame information shall be inserted into bytes B i +1)xs p @nd B g +1)x4+3p-
5.7.1 Cyclic Redundancy Checksum (CRC)

Bytes B +1)x4,p @Nd B 7 11)x4+1,p Shall carry a cyclic redundancy checksum, which shall be carried out on
the contents’of the Main Stream data field. The CRC calculation shall use the method outlined in annex D.

5.7.2 Reserved bytes
Bytes B g +1)xa+2,p @Nd By 11)x4+3,p Shall be reserved for future use. They shall be set to FFFF 4.
5.8 ETI(LI) Time Stamp (TIST)

The four bytes B i 12)x4p 10 B 7 +2)x4+3 p Shall be used for an ETI(LI) time stamp. The time stamp coding
and bit allocation are described in annex C.

5.9 Null transmissions

In the case of no data transmission then the Frame Characterization (FC) field shall be set to
FFFF FFFF¢. All other data bytes can be set to FFg.

5.10 Total number of bytes carrying information

The following calculations may be used to determine the total number of bytes per logical frame which
shall be transmitted transparently by any physical layer.

Total_number of bytes in 24ms STAT Bytes Used in 24ms_ LI DATA Bytes Used in 24 ms
where:

STAT_ Bytes Used in 24md;
and:

For NST =0: LI_DATA Bytes Used in 24msl6+ @4x FICL
NST
For NST #0: LI_DATA Bytes Used in24 ms16+ (4x FICH Z (3 Rate 4).

where: Rate;is the information rate of the sub-channel in kbit/s.
5.11 Maximum size of ETI(LI)

The maximum size of ETI(LI) occurs for mode Il with 56 subchannels of 32 kbit/s (coded at the lowest
protection level 4/5) and 6 subchannels of 8 kbit/s (coded with a protection level of 3/4).

According to the relation given in subclause 5.10, and with an FICL of thirty-two words, the maximum
capacity of ETI(LI) is 5 913 bytes per logical frame (or, when converted to ETI(NI), a physical data rate of
1 971 kbit/s).
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6 Network Independent layer for G.703 interfaces, ETI(NI) or ETI(NI, G.703)

6.1 General

The purpose of the ETI(NI, G.703) is to provide a physical form to the ETI(LI) logical frame structure for
local connections and test purposes. The ETI(NI, G.703) layer shall also be called ETI(NI) layer. Any
equipment producing or accepting an ETI signal shall generate or accept a signal with the ETI(NI, G.703)
format.

ETI(NI, G.703) uses G.703-HDB3 line coding (see ITU-T Recommendation G.703 [4]), carrying data and
clock on the same 2 048 kbit/s serial connection. No additional protection of ETI(LI) is provided by this
ETI(NI, G.703) physical adaptation.

ETI(NI, G.703) should not be applied directly to standard telecommunication networks. ETI(NA, G.704)
described later should be used instead. The principal difficulty, apart from the lack of error protection, is
that network monitoring equipment may interpret the frame padding field (or any other data field containing
long strings of ones) as an Alarm Indication Signal (AIS). The network monitoring may require disabling if
the ETI(NI, G.703) is to be passed.

The ETI(NI, G.703) adaptation process is presented in figure 6.

B.4p(bo--b7) SYNC ERR B_4p(by) is the first bit of frame p
4 bytes 1 byte
Brs.-17p FSYNC
3 bytes
Bo,o(bo--b7)... LIDATA FC
4 bytes
STC
NST x 4 bytes
(FL+3) x 4 bytes
EOH
4 bytes
MST
EOF
4 bytes
TIST
4 bytes
---B/FL+2)X4+3 n
B L +3)xa,p-- FRPD
6 144-4-(FL+3)x4
bytes
--Be13g,p Bg139,p(b7) is the last bit of frame p

The shaded part indicates data taken from the ETI(LI).
The un-shaded fields are ETI(NI, G703) management data.

Figure 6: Mapping of ETI(LI) to ETI(NI, G.703)
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6.2 Adaptation of the logical layer

ETI(NI, G.703) shall be organized as an uniform stream of 6 144 bytes every 24 ms which represents a
net bitrate of 2 048 kbit/s.

The ETI(NI, G.703) shall comprise of 3 fields: SYNC, LIDATA, FRPD.

The SYNC field at the beginning of the frame carries frame synchronization and status information. The
status information shall be derived from the ETI(LI) STAT field.

The LIDATA field shall be inserted after the SYNC field. The first bit of LIDATA is inserted in the
ETI(NI, G.703) bit Bo,p(bo)-

Any unused tail bytes of the ETI(NI, G.703) frame shall be filled with padding bytes (FRPD).

The first ETI(NI, G.703) byte of frame p shall be denoted as B.ap and the last transmitted byte shall be
Bé139,p-

The first ETI(NI, G.703) bit of frame p shall be denoted as B_; ,(by) and the last transmitted bit shall be
Be139,p(07)-

6.2.1 Synchronization Field (SYNC)

The frame synchronization field shall contain two data fields; an 8-bit ETI(LI) STAT field and a 24-bit field
for frame synchronization.

6.2.1.1 Error Status (ERR)

Byte B_, , shall carry the ETI(LI) STAT field.

_4,p

The ETI(NI, G.703) receiver can modify the ERR field to indicate the error status associated with the use
of the ETI(NI, G.703) layer.

The STAT field shall take one of four levels, 0 to 3, as defined in subclause 5.2.

In addition, the level of STAT can be increased by the ETI(NI, G.703) receiver when CRC violations are
detected according to the rules given in table 10.

Table 10: Setting of error levels at the NI Layer

CRC violated Action
None Current error level retained
EOF only Error level may be increased to 1
EOH only Error level may be increased to 2
EOF and EOH Error level may be increased to 3

The ETI(NI, G.703) receiving equipment shall not decrease the error level of the STAT field.
6.2.1.2 Frame Synchronization Field (FSYNC)
Bytes B3 _4;p shall carry 24 ms frame synchronization bits. FSYNC shall be one’'s complemented on

successive frames between the two patterns 073AB6 ;45 and F8C549 ;5. The byte values for FSYNC are
given in table 11.
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Table 11: FSYNC definition for ETI(NI, G.703)

FSYNC bytes FSYNCO FSYNC1
B_3 p(bo.-b7) 071¢ F8.¢
B_o p(bp..b7) 3A6 C546
B_1 p(bo.-b7) B6,g 49,6

The value of FSYNC may be synchronized to the value of FP such that FSYNCO always appears in the
frame with FP set to zero.

With FSYNCO set to 073AB6 ;5 and FSYNC1 set to F8C549 ;4 ETI(LI) synchronization should be obtained
when

either:
FSYNCO is present in frame p;
AND FSYNCL1 is presentin frame p + 1;
AND FSYNCQO is present in frame p + 2.
or:

FSYNCL1 is present in frame p;
AND FSYNCO is presentin frame p + 1;
AND FSYNC1 is present in frame p + 2.
Synchronization should be lost if two consecutive synchronization words are incorrectly received.

6.2.2 ETI(LI) Data Field (LIDATA)

The LIDATA field of the frame p, from By , up t0 B g 40)x443p shall be inserted in the ETI(NI, G.703)
frame into the bytes By ,, 10 B i) ;0)x443 p-

6.2.3 Frame Padding Field (FRPD)

The padding information should be inserted at the end of the ETI(LI) logical frame. The value of the
padding bytes shall be 55,¢.

The FRPD field shall be inserted into bytes B i ;3)x4 5 t0 Bg139 p-

FRPD may be used to carry user specific data. The format and protocol used in that case are not subject
to standardization. Moreover, the FRPD field can be modified in case of further adaptation or cascading of
equipment.

6.3 Physical interface

The physical parameters of ETI(NI, G.703) shall conform to the requirement of the ITU-T

Recommendation G.703 [4] for 2 048 kbit/s interfaces. The minimum requirement shall be a 75 Q female
BNC connector fitted to the equipment.



Page 31
Final draft prETS 300 799: June 1997

7 Network Independent Layer for V.11 interfaces, ETI(NI, V11)

7.1 General

The purpose of ETI(NI, V11) is to provide a physical interface suitable for local connections, or distant
connections via telecommunication networks or through modems using ITU-T Recommendation X.24 /
ITU-T Recommendation V.11 interfaces [5, 6]. Any equipment producing or accepting an ETI signal may

generate or accept a signal with the ETI(NI, V11) format.

The ETI(NI, V11) interface offers a junction having a net bitrate of N x 64 kbit/s. Clock and data signals
are produced separately.

Compared to ETI(NI, G.703), the ETI(NI, V11) interface provides an interface with a flexible range of bit
rates which can be higher or lower than 2 048 kHz.

No specific protection shall be provided by the ETI(NI, V11) adaptation layer.

The ETI(NI, V11) adaptation process is presented in figure 7:

B_4,p(bo--b7) SYNC ERR B_4 p(by) is the first bit of frame p
4 bytes 1 byte
e S ytes
Bo,p(bo--b7)... LIDATA FC

4 bytes
STC

NST x 4 bytes
(FL + 3) x 4 bytes

EOH
4 bytes
MST

EOF
4 bytes
TIST
4 bytes

"'B/FL+2)X4+? o)
BrL+g)xap--

FRPD

Nx192-4-(FL+3)x4
bytes
Bv x 192) -1,p(b7) is the last bit of frame p

--Bnx102)5p

The shaded part indicates data taken from the ETI(LI).
The un-shaded fields are ETI(NI, V11) management data.
Figure 7: Mapping of ETI(LI) to ETI(NI, V11)

7.2 Adaptation of the logical layer

ETI(NI, V11) shall be organized as a uniform stream of N x 192 bytes every 24 ms, corresponding to a
data-rate of N x 64 kbit/s. For example, for N = 32, 6 144 bytes per 24 ms or 2 Mbit/s are available.

The ETI(NI, V11) shall comprise 3 fields: SYNC, LIDATA, FRPD.
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The SYNC field at the beginning of the frame carries frame synchronization and status information. The
status information shall be derived from the ETI(LI) STAT field.

The LIDATA field shall be inserted after the SYNC field. The first bit of LIDATA is inserted in the
ETI(NI, V11) bit BO,p(bO)' Any unused tail bytes of the ETI(NI, V11) frame shall be filled with padding bytes
(FRPD).

The first byte of ETI(NI, V11) frame p shall be B_, , and the last transmitted byte shall be Byx;g.5, -

The first bit of ETI(NI, V11) frame p shall be B_, ,(bp) and the last transmitted bit shall be Byx;9.5,,(b7)-

7.2.1 Synchronization Field (SYNC)

The frame synchronization field shall contain two data fields; an 8-bit ETI(LI) STAT field and a 24-bit field
for frame synchronization.

7.2.11 Error Status (ERR)
Byte B4, shall carry the ETI(LI) STAT field.

The ETI(NI, V11) receiver can modify the ERR field to indicate the error status associated with the use of
the ETI(NI, V11) layer.

The STAT field shall take one of four levels, 0 to 3, as defined in subclause 5.2.

In addition, the level of STAT can be increased by the ETI(NI, V11) receiver when CRC violations are
detected according to the rules given in table 12.

Table 12: Setting of error levels at the NI layer

CRC violated Action
None Current error level retained
EOF only Error level may be increased to 1
EOH only Error level may be increased to 2
EOF and EOH Error level may be increased to 3

The ETI(NI, V11) receiving equipment shall not decrease the error level of the STAT field.

7.2.1.2 Frame Synchronization Field (FSYNC)

Bytes B3 . shall carry 24 ms frame synchronization bits. FSYNC shall be one's complemented on
successive frames between the two patterns 07 3AB6 ;45 and F8 C549 4. The byte values for FSYNC are

given in table 13.

Table 13: FSYNC definition for ETI(NI, V11)

FSYNC bytes FSYNCO FSYNC1
B_3 p(bo.-b7) 0716 F8.¢
B_o p(bp.-b7) 3A6 C545
B_1 p(bo.-b7) B6,g 496

The value of FSYNC may be synchronized to the value of FP such that FSYNCO always appears in the
frame with FP set to zero.
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With FSYNCO set to 07 3AB6,, and FSYNC1 set to F8 C549,, ETI(LI) synchronization should be
obtained when

either:
FSYNCO is present in frame p;
AND FSYNCL1 is presentin frame p + 1;
AND FSYNCQO is present in frame p + 2;
or:
FSYNCL1 is present in frame p;
AND FSYNCO is presentin frame p + 1;
AND FSYNC1 is present in frame p + 2.
Synchronization should be lost if two consecutive synchronization words are incorrectly received.

7.2.2 ETI(LI) Data Field (LIDATA)

The LIDATA field of the frame p, from B , up t0 B g 45)x4+3 ) Shall be inserted in the ETI(NI, V11) frame
into the bytes By ,t0 B 5 +2)x4+3 -

7.2.3 Frame Padding Field (FRPD)

The padding information should be inserted at the end of the ETI(LI) logical frame. The value of the
padding bytes shall be 55,¢.

FRPD field contains padding bytes inserted into bytes B ) 13)x4 p UP 10 B yx192).5 -

FRPD may be used to carry user specific data. The format and protocol used in that case are not subject
to standardization. Moreover, the FRPD field can be modified in case of further adaptation or cascading of
equipment.

7.3 Physical interface

The physical characteristics of ETI(NI, V11) shall comply with the general requirements of
ITU-T Recommendations V.11 and X.24 [6, 5] and shall have the following specific attributes:

equipment connector: D-Sub 15, female, connections as defined in table 14.

circuit connections: X.24, clock and data only.

clock/data timing: as defined in ITU-T Recommendations X.24 [5].

electrical levels: as defined in ITU-T Recommendations V.11 [6].

bitrate: N x 64 kbit/s, N shall be chosen to provide sufficient network capacity to exceed

the maximum envisaged size of the ETI(LI) layer.

Table 14: Pin allocations for ETI(NI, V11)

Pin Signal Pin Signal
number number

1 Frame ground FG

2 Transmit data + | T+ | (output) 9 Transmit data - | T- [ (output)
3 Transmit clock + | X+ | (output) 10 [Transmit clock - | X- | (output)
4 Receive data + R+ | (input) 11 [Receive data - R- | (input)
5 n/c 12 |nlc

6 Receive clock + | S+ | (input) 13 [Receive clock - | S-| (input)
7 n/c 14  |nlc

8 Signal ground SG 15 |n/c

NOTE: n/c = no connection to pin

The Transmit clock circuit should be the exact echo of the Receive clock circuit.
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8 Network Adaptation for G.704 networks, ETI(NA, G.704)

8.1 General

For a local connection between an Ensemble multiplexer and a COFDM generator, or in the case of a
simple network connection, the information contained in the ETI(LI) data stream, as described in clause 5,
will not need any further protection to be transported reliably to its destination. In this case, the NI
adaptation layers described in clauses 6 and 7 can be used.

In the more general case, some additional network adaptation may be required to allow the ETI to be
carried reliably across the chosen transport medium. This protection may be provided within the network
(e.g. convolutional coding applied in a satellite modem) in which case the NI adaptation layers may still be
suitable. In some cases, the additional protection shall be applied before the connection to the
transporting network. This is the case in particular for G.704 networks. The Network Adaptation described
in this clause is suited to such networks. Any equipment producing or accepting an ETI signal may
generate or accept a signal with the ETI(NA, G.704) format.

The ETI(NA, G.704) layer is suitable for use on networks based on the first level of the PDH (2 048 kbit/s)
as defined in ITU-T Recommendation G.704 [7]. As well as catering for the reserved G.704 signalling and
synchronization bytes, ETI(NA, G.704) includes time stamps to permit compensation for the effect of
differential network delays. It also uses Reed-Solomon forward error coding to allow transport network
errors to be corrected.

NOTE: Annex J outlines a method of adapting ETI(NA, G.704) for use in countries whose
PDH networks use a first level of 1 544 kbit/s.

ETI(NA, G.704) has two variants: ETI(NA, G.704)559, and ETI(NA, G.704)53,6. The two differ in the
balance between their data capacity and the number of bytes which are reserved for forward error
correction.

In the G.704 frame structure, 1 920 kbit/s are available to carry user data, the remaining 128 kbit/s are
reserved by the G.704 network for its framing, signalling and monitoring bytes.

In each 24 ms multiframe, ETI(NA, G.704)554,, has the capacity to carry 5 760 bytes allocated as follows:
- 5 592 bytes of LIDATA (a data capacity of 1 864 kbit/s);

- 120 bytes (40 kbit/s) for forward error correction;

- 48 bytes (16 kbit/s) for management and signalling.

In each 24 ms multiframe, ETI(NA, G.704)557¢, has the capacity to carry 5 760 bytes allocated as follows:
- 5 376 bytes of LIDATA (a data capacity of 1 792 kbit/s);

- 336 bytes (112 kbit/s) for forward error correction;

- 48 bytes (16 kbit/s) for management and signalling.

8.2 Transparency of ETI(NA, G.704) layer to ETI(LI)

8.2.1 Transparency of ETI(NA, G.704) g5q, layer to ETI(LI)

ETI(NA, G.704)550, is able to carry up to 5592 bytes of LIDATA, By 55977 When LIDATA has less than
5592 bytes, i.e. (FL + 3) x 4 <5 592, padding bytes should be added to fill up the remaining bytes.

The padding bytes should be set to FF;5. The number of padding bytes shall be positive, or zero, and
shall have the value 5 592 - ((FL + 3) x 4).

ETI(NA, G.704)559, is also able to carry the ETI(LI) STAT field but the content of this field may be
amended by ETI(NA, G.704) receiving equipment.

8.2.2 Transparency of ETI(NA, G.704) g3,¢ layer to ETI(LI)

ETI(NA, G.704)544 is able to carry up to 5 376 bytes of LIDATA, B 5375. When LIDATA has less than
5 376 bytes, i.e. (FL + 3) x 4 <5 376, padding bytes should be added to fill up the remaining bytes.
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The padding bytes should be set to FF;5. The number of padding bytes shall be positive, or zero, and
shall have the value 5 376 - ((FL + 3) x 4).

ETI(NA, G.704)537¢ is also able to carry the ETI(LI) STAT field but the content of this field may be
amended by ETI(NA, G.704) receiving equipment.

8.3 ETI(NA, G.704) structure

The purpose of the ETI(NA, G.704) multiframe structure is to map the ETI(LI) data field onto the G.704
frame structure. In the G.704 recommendation, the 2 048 kbit/s data stream is organized into frames.
Each frame has a nominal duration of 125 pus and is made up of 256 bits organized into thirty-two
timeslots. Each timeslot carries one byte of data or frame management information. Two of the timeslots
are reserved for G.704 synchronization and signalling. The remaining thirty time slots are available to
carry user data.

The ETI(NA, G.704) multiframe shall have a frame length of 24 ms. It shall consist of 192 G.704 frames,
equivalent to 6 144 timeslots, or bytes.

NOTE: This text uses the word "byte" where a strict adherence to G.704 terminology would
require the use of "timeslot".

The multiframe structure is illustrated in figure 8 and shall consist of:

- 3 superblocks (s ) of 2 048 bytes each;

- each superblock shall consist of 8 blocks (bl;, ) of 256 bytes each;

- each block shall consist of 8 G.704 frames (fpy_ 7) of 32 bytes each;

- each G.704 frame shall consist of 32 timeslots (isyy_3;) of 1 byte each;
- each timeslot shall consist of 8 bits (by,_7).

Table 15 summarizes the relation of elements within a multiframe.

Table 15: Relation of elements within a multiframe

Superblocks Blocks G.704 frames Timeslots Bits
Multiframe 3 24 192 6 144 49 152
Superblock 1 8 64 2 048 16 384
Block 1 8 256 2048
G.704 frame 1 32 256
Timeslot 1 8
8.3.1 G.704 reserved bytes

The following bytes of an ETI(NA, G.704) multiframe shall be reserved for G.704 frame control:

- tspin each G.704 frame for the G.704 synchronization byte, G;
- ts;g in each G.704 frame for the G.704 supervision byte, G;.

8.3.2 ETI(NA, G.704) reserved bytes
The following bytes of each multiframe are reserved by the ETI(NA, G.704) layer:

- ts; of f in each block for a multiframe management byte, My, ;
- ts, of fy in each block for a multiframe supervision byte, Sy, ,

where bl and s shall be the block and superblock numbers of the multiframe. Each multiframe shall have
24 management and 24 supervision bytes.



Page 36
Final draft prETS 300 799: June 1997

8.3.21 Multiframe management byte, M,

The bits of M, ; shall be assigned as follows:

My, s(bp. 2): a block counter containing the binary value b/ (MSb in by and LSb in by);

My, s(b3 4): a superblock counter containing the binary value s (MSb in bz and LSb in b);
My, s(bs): a timestamp bit;

My, s(bg): a frame signalling bit;

My s(b7): Rfa.

The block and superblock counters should be used for synchronization of the ETI multiframe. The
synchronization method shall not assume that there is any fixed relationship between the G.704
synchronization byte, G, and the multiframe synchronization counters.

During the course of a multiframe, the 24-bit word formed by the timestamp bits carried in My, ;(bs) shall
form a word carrying time information relevant to that frame. The MSb of the word shall be carried in
My, o(bs) whilst the LSb shall be found in M ,(bs).

Information on the coding and use of timestamp data is given in annex C.

The 24-bit word formed by the signalling bits in each frame, shall carry signalling information. The MSb of
the signalling word shall be carried in M o(bg) whilst the LSb shall be found in M; ,(bg). Table 16
summarizes the pre-defined signalling functions.

Table 16: Use of multiframe signalling bits

Bytes M , bg Signalled information
Moo 1 LI layer input contains CRC violations
0 No CRC violations in the LI layer input
Mj o 1 ETI(NA, G.704)537¢ in use
0 ETI(NA, G.704)ggg, in use
Mp.71.0 0 |Rfa
Bytes M , 4
Mo 1 X First bit, by, of ETI(LI) STAT field
M1 611 X Bits b;..bg of ETI(LI) STAT field
My 4 X Last bit, b, of ETI(LI) STAT field
BytesM , ,
Mpo..71,2 0 |Rfa




ainonis swelninw (029 ‘vYN)IL3 :8 ainbi

First transmitted bit

ETI(NA,1) Multiframe (6 144 bytes, 24ms)

Last transmitted bit

Superblock 0 (s,)
2 048 bytes, 8 ms

Superblock 1 (s,)
2 048 bytes, 8 ms

Superblock 2 (s,)
2 048 bytes, 8 ms

Block 0 (b Block L (bl_)

256 bytes, 1 ms | 256 hytes, 1 ms

Block 2 (bl,) Block 3 (bl,) Block 4 (bl,) Block 5 (bl,) Block 6 (bl,)
256 bytes, L ms | 256 bytes, 1 ms | 256 bytes, Ims | 256 bytes, 1 ms | 256 bytes, 1 ms

Block 7 (bl.)
256 bytes, 1 ms

32

G.704 Frame 0 (f)) |G.704 Frame 1 (f))

G.704 Frame 2 (f,) | G704 Frame 3 (f,) |G.704 Frame 4 (f,) |G.704 Frame 5 (f,) |G.704 Frame 6 (f,)
32 bytes, 125 ms | 32 bytes, 125 ms |32 bytes, 125 ms |32 bytes, 125 ms |32 bytes, 125 ms

G.704 Frame 7 (f.)
32 bytes, 125 mss

ts1 ts, |s, |ts, |ts, |ts, |ts,

bytes, 125 ms |32 hytes, 125 ms

(B [0 B, [0 B [Bs [bs [b:

MSh

LSbh

1 timeslot = 1 byte (~ 3.91 ms) Reserved for G.704
frame management

/66T dunr 166/ 00 S13.d yeip [euld

L€ abed
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8.3.2.2 Multiframe supervision byte, S 4, ¢
The S, 5 byte shall be used to provide a signalling channel in the NA layer, called the NASC (Network
Adapted Signalling Channel), which is analogous to the MNSC in the logical interface (see

subclause 5.5.1).

24 bytes per multiframe are available: Sy 7 o They shall be arranged as three eight-byte signalling
groups. Each group shall start with byte S, ; followed by S; ; etc., ending with S ..

Table 17 gives details of the formatting of the NASC channel, the coding for the NASC FSS type or ASS
field identifier is given in table 18. The formatting used in both tables is very similar to that used for the
MNSC (see tables 8 and 9). Annex B contains details of pre-defined message types.

Table 17: General formatting of NASC signalling bytes

Sos Sis Szs Sr3.61s Szs
(boby) (b,,bs) (by..b) (by.-b7) (bo..b;) | (by.by) | (by.-b7)

00 Rfu FSS type Rfu FSS . FSS
identifier (MSb) (LSh)

01 Rfa Rfa Rfa Rfa Rfa Rfa
10 Rfa Rfa Rfa Rfa Rfa Rfa
11 Rfu ASS field Rfu ASS . ASS
identifier (MSb) (LSh)

Table 18: Coding of NASC FSS type and ASS field identifier

So,s(b4--b7) So,s(Pg,b;) =00 Sos(Pg,by) =11
identifier FSS type ASS field
0000 Rfa Start group
0001 Rfa Rfa
0010 Rfa Rfa
0011 Rfa Continuation group
0100 Rfa Rfa
0101 Rfa Rfa
0110 Rfa Rfa
0111 Rfa Rfa
1000 User definable group Rfa
1001 User definable group Rfa
1010 User definable group Rfa
1011 User definable group Rfa
1100 User definable group End group
1101 User definable group Rfa
1110 User definable group Rfa
1111 User definable group Padding group
8.4 ETI(NA, G.704) multiframe generation
8.4.1 General description

The specific details of the multiframe generation vary with the particular variant of the ETI(NA, G.704)
layer in use. The general principles are described in this subclause. Detailed information appears in the
following subclauses and figures 9 and 10.
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The first stage in producing the ETI(NA, G.704) multiframe is to copy the bytes of the ETI(LI) LIDATA field
into a coding array, C. Padding bytes are also added when the size of the LIDATA field is less than the
capacity available to carry data in the particular ETI(NA, G.704) variant. The rows of the array are only
partially filled by LIDATA and padding bytes.

The next step is to form the multiframe management and signalling bytes from the appropriate information
source which includes the ETI(LI) STAT field. These are then written into the appropriate positions in the
coding array.

The array is filled by adding error-protection bytes. The bytes are calculated so that each row in the array
forms a complete Reed-Solomon codeword.

The coding array, C, is then mapped into a single row interleaving array I, with elements Iy 5759 The
depth of the interleaving is eight rows of the coding array which means that the interleaving is confined
within one superblock.

Finally, the interleaved data, together with the G.704 reserved bytes, are mapped into another single row
array O, with elements Oy 4143 O contains a full set of data corresponding to a 24 ms ETI(NA, G.704)
multiframe.

8.4.2 Error coding and interleaving for ETI(NA, G.704)  gggo

8.4.2.1 Coding array formation

The elements of the coding array, Cy »3; 1. 239 Shall be filled by the information bytes, By, 559;; together
with 24 multiframe management bytes, My 7 o 2, 24 multiframe supervision bytes, Sy 7 1 2 and the
error protection bytes Ry »3; 1235, 239

Bo..(FL+2)xa+37 @re copied from the correspondingly numbered bytes of the ETI(LI) LIDATA field.

B (FL+3)x4. 5597 Should be set to FFg.

The position of bytes in the coding array, C, is defined by:

i (iMOD8) =0AND(j MOD30=0

M (

%,l (iMOD8)=1AND(jMOD 30 = 0
(

Bs

B

C,;= i MOD 8) < 2 AND (j MOD 30 # 0ANDj < 234
iMOD 8) =2 ANDj < 234
j 235< j< 239
where:

- Cij shall be the elements of C with row index / /0..23] and column index j [0..239].

- M, sshall be the multiframe management byte of bl of s;with k =jDIV 30 and / =/ DIV 8.

- I/ shall be the superblock index.

- Sk ishall be the multiframe supervision byte of bl of s;, the values of k and /are as given for My,
- B, shall be the rth information byte with:

r=(iDIV 8) x 1864 + (iMOD 2) x 227 - (j DIV 30) + (j- 1).
- B shall be the sth information byte with:
s=(iDIV 8) x 1 864 + (iMOD 8) x 235 + (j - 16).

- R; [235..2397Shall be the 5 parity check bytes calculated for the information bytes C; ;; 534, The check
bytes shal{ be calculated using the RS(235, 240) code described in subclause 8.5.
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8.4.2.2 Interleaving

The interleaving shall be performed by mapping the elements of the coding array, Cpy >3 0. 239 into the
single row array |I. The mapping shall be given by:

|p = Cl,j

where: Ipshall be the elements of the Interleaving array with index p given by:
p=1920 % (iDIV 8) + 8 x j+ (I MOD 8)

8.4.2.3 Output array formation

The elements of the output array, Oy g4, shall be mapped from the interleaving array elements,
l10.5759) as follows:

(G, (qMOD32)=0

Oy = Egl (aMOD 32) = 16
Hp (aMOD 32)# 0AND (g MOD 33 # 16
where:

- Gy shall be a G.704 synchronizing byte;
- G, shall be a G.704 signalling byte;
- g shall be the index [0..6 143] of the output array given by:
g=p+(pDIV15)+1
The formation of the output data shall be as illustrated in figure 9.
8.4.3 Error coding and interleaving for ETI(NA, G.704)  5a76
8.4.3.1 Coding array formation
The elements of the coding array, Cy »3 9. 239 Shall be filled by the information bytes, By, 5375 together
with 24 multiframe management bytes, My, 7 1o o, 24 multiframe supervision bytes, Sy, 7 15 o and the
error protection bytes Ry »3; 1226, 239}
Bo..(FL+2)xa+37 @re copied from the correspondingly numbered bytes of the ETI(LI) LIDATA field.

B (FL+3)x4. 53757 Should be set to FFg.

The position of bytes in the coding array, C, shall be defined by:

i (iMOD8)=0AND (j MOD 30 =0

M (

%,l (iMOD8)=1AND(jMOD 30 = 0
(

Bs

B

C,;= i MOD 8) < 2 AND (j MOD 30 # 0ANDj < 225
iMOD 8) = 2 ANDj < 225
j 226< j< 239
where:

- Cjj shall be the elements of C with row index / [0..23] and column index j [0..239].
- M sshall be the multiframe management byte of b, of s;with k =jDIV 30 and / =/ DIV 8.
- /is the superblock index.
- Sk ishall be the multiframe supervision byte of bl of s;, the values of k and /are as given for M,
- B, shall be the rth information byte with:
r=(iDIV8) x1792+ (iMOD 2) x 218 - (j DIV 30) + (j - 1).
- B shall be the sth information byte with:
s=(iDIV 8) x 1792 + (iMOD 8) x 226 + (j - 16).
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R; [235. 2397 Shall be the 14 parity check bytes calculated for the information bytes C; ;, 555 The
check bytes shall be calculated using the RS(226, 240) code described in subclause 8.5.

8.4.3.2 Interleaving
This process shall be exactly the same as that for ETI(NA, G.704)g54, as presented in subclause 8.4.2.2.
8.4.3.3 Output array formation

This process shall be exactly the same as that for ETI(NA, G.704)554, as presented in subclause 8.4.2.3.
The formation of the output data is illustrated in figure 10.

8.5 Order of data transmission

Data shall be transmitted by reading out the elements of the output array O g143 The bytes shall be
read in sequence starting with O,. The lowest numbered bit of the byte with the lowest address shall come
first.

8.6 Error protection code

In both variants of ETI(NA, G.704), Reed-Solomon coding shall be used to provide data which may be
analysed by the interface receiving equipment to detect and correct errors occurring on the Transport

Network.

The Reed-Solomon code uses symbols from GF(28), and shall be generated by the polynomial:
P(x)= &+ x' + X%+ x+1.
The polynomial generator of the code shall be:
119+R _
G(x) = |_J (x—a').
i=120
For ETI(NA, G.704)559,, R = 5 resulting in an RS(235,240) code.
For ETI(NA, G.704)53,¢, R = 14 resulting in an RS(226,240) code.
8.7 Synchronization
8.7.1 Synchronization of G.704 frames

The synchronization of G.704 frames is described in ITU-T Recommendation G.706 [8]. Frame
synchronization should be achieved in f, if:

Gyis presentin f,,
AND itis absentin f,,;;
AND b, of ts,in f,,, is setto 1;
AND Gy is presentin f,, .
Synchronization should be lost if three consecutive synchronization bytes are incorrectly received.

NOTE: There is no fixed phase relationship specified between the G.704 framing bytes, G,
and G, and the ETI(NA, G.704) multiframe framing bytes.
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8.7.2 Synchronization of ETI(NA, G.704) multiframes

The synchronization of the ETI(NA, G.704) multiframe shall be achieved using b, 4, of the multiframe
management byte.

Multiframe synchronization should be achieved in multiframe m when:
G.704 synchronization is achieved in f,,;

AND the block countin My, s(by ) in f,,4,gis an increment of 1 (modulo 8) above the countin f,,, (ais
incremented from 0 to 7);

AND the block count in My, 4(by_») in f,,4,161s an increment of 1 (modulo 8) above the countin f,, ..
Data decoding should commence with the beginning of the next complete multiframe, m+1.

ETI multiframe synchronization should be lost if the count sequence of the block and superblock counter
is lost in three consecutive positions.

8.8 Physical interface

In physical characteristics of both variants of ETI(NA, G.704) shall conform to the requirements of
ITU-T Recommendation G.703 for a 2 048 kbit/s interface.

There shall be a 75 Q female BNC connector fitted to the equipment.
8.9 Modifying the ETI(LI) STAT field

The ETI(NA, G.704) layer can modify the ETI(LI) STAT field to indicate the error status associated with
the use of the ETI(NA, G.704) layer.

The STAT field shall take one of four levels, 0 to 3, as defined in subclause 5.2. The STAT field shall be
carried through the NA Layer by mapping the STAT field onto eight bits of the multiframe management
byte as described in table 16. At the receiving equipment the appropriate bits of the multiframe
management byte shall be re-mapped onto the output ETI(LI) logical frame.

In addition, the level of STAT can be increased during the re-mapping in the receiver according to the
following rules:

The Error Level may be increased to 1 if the NA equipment detects:

either: a CRC violation of the EOF field of the recovered LIDATA,;
or: LIDATA contains errors which have been corrected by the Reed-Solomon decoder.

The Error Level may be increased to 2 if the NA equipment detects:

either: a CRC violation of the EOH field of the recovered LIDATA;
or: LIDATA contains uncorrected errors.

The Error Level may be increased to 3 if the NA equipment is unable to synchronize to the incoming data.

The NA equipment shall not decrease the error level of the STAT field.



[0..7],00..239) @nd C g1 15 2397 are shown )

Step 1: Formation of the coding array, C (Only elements C

Index J
0 1..29 30 31..59 60 61..89 90 |91..119 | 120 [121..149| 150 (151..179| 180 {181..209| 210 (211..234(235..239
0| Mpo| Bo-Bzg | M1 |B29-Bs7| My |Bsg-Bgg| M3 [Bg7-B115 My [B116-B14| M50 B14s-B17| Mg o [B174-B2o| M7,0 B203-B22|Ro,235..23
1| So,0 [B227-B2s| S1,0 [B2se-Bzs| Sz,0 [B2gs-B3i| S3,0 [Bs14--B3a| S4,0 [B343-Bs7| S50 [Bs72-Bao| Se0 [Baoz-Baz| S7,0 [Bazo-BasRa,235.23
2| Bysq| Byss |Buga| Bugs: | Bsia| Bsis | Bsgs| Bsss- | Bsza| Bszs | Beos| Beos- | Besza| Bess- | Besa| Bess [R2235.23
I |3|Bssgg| Bgop- |B719| B72o- | B7ag| B7so- |B779| B7so- | Bsog| Biir- | Bgsg| Bsao- | Bssg| Bs7o- | Bsag| --Bazz [R3235.23
4| Bgzg| Boos- | Bogss| Boss- | Bogs| Bogs: |Bioza| Biois- |Biosa| Bioss- |Bio7a| Bio7s |B11oa| Biios |B1134| -Biiss [R4,235.23
5 |By1s9| Biieo- |Bi11sg| Biigo- |Biz1g| Bizzo- |Bizag| Bizso |Biz7o| Bizso- |Bisoo| Bisio- |B13zg| Bisao- |Bissg| --B1sez [R5 235.23
6 |B13g4| B13gs |B1424| B1azs |Bisss| Biass- |Biags| Biags |Bisia| Bisis |Bissa| Bisss. |Bisza| Biszs- |Bisoa| --Biszg [Re 235.23
7 |Bi629| Bi6so- |Bieso| Bisso- |Biess| Bisoo- |Bi719| Bi720-- |Bi7ag| Bi7so- |Bizzo| Bi7so- |Bisog| Bisio- |Bissg| --Bisss [R7,235.23
8| Mp1| Bigss | M11| Bigez: | Mz1| Brgzz | M3z 1| Bigss | Mys| Biggo- | Ms 1| Booog- | Mg 1| Bzoss: | M71| Bzogo [Rs 235.23
Step 2: Formation of the Interleaving array, | (Only part shown)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1919
Moo | Soo | Basa | Besg | Boza | Bi1sg| B1sga| Bie2g| Bo | Booz | Buss | Beoo | Boos | Brieo| Bises| Bisso| Bi | Boog R7 239
Step 3: Formation of the Output array, O (Only part shown)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 2047
Gop | Moo | Soo | Basa | Besg | Bozs | Bi1sg| B1gos| Biezg| Bo | Booy | Buss | Bego | Boos | Birso| Bises| G1 |Biesso R7 239
Figure 9: Steps in the formation of ETI(NA, G.704)  ggq,
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Step 1: Formation of the coding array, C (Only elements C

[0..7],00..239] @nd C g1 15 2397 are shown )

Index J
0 1..29 30 31..59 60 61..89 90 |[91..119 120 |121..149| 150 |151..179| 180 [181..209| 210 (211..225(226..239
0| Mpo| Bo-Bzg | M10|B2g-Bs7| My |BsgBgg| M3 [Bg7-B11s My [B116-B14| M50 [B145-B17| Mg 0 [B174-B2o| M7,0 [B203-B21{Ro,226..23
1| So,0 [B218-B24| S1,0 [B247-B27| S2,0 [B276-B3o| S3,0 [B3os-B3s| Sa,0 [B334-B3s| S50 [B3ss-B3g| Se,0 [Bgz-Baz| S7,0 [Baz1--BasR1,226.23
2| Byss| Buzz |Buss| Bus7 |Bags| Bug7- | Bszg| Bszz | Bssg| Bssz. | Bsgs| Bsgz- | Beis| Beiz- | Beas| Bes: [R2226.23
I |3|Bgsz| Bgss- | Bsoz| Bgoz- |B7az| Broz- |Bzsz| Byss. |Bzgz| Brgs: | Bgiz| Bgiz- | Bgsz| Bgssz- | Bgzz| --Bgsy [R3226.23
4 | Bggg| Bgsgo- |Boig| Boro- | Bosg| Bosg- | Borzg| Bozo- |Bioos| Bioos- |Bioss| Bioss- |Bioss| Bioso- |Biogs| --B1113 [R4,226.23
5 |Bi1114| B1115+ |B1144| B114s- |B1174| B1175- |B12o4| Bizos- |Bi23a| Bizss |Bizea| Bizes: |Bi2ga| Bizgs- |Bizz4| --Bi3zg [Rs226.23
6 |B1340| B3z |Bi1s7o| B1s71 |Biaoo| Biaos- |Biaso| Bi1asr- |Biaeo| Bias1- |Biago| Biagr- |Biszo| Biszr- |Bisso| --Bises [Re 226..23
7 |B1ses| Bise7 |Bisgs| Biso7- |Bie2s| Bis27- |Bisss| Bies7- |Bisss| Bies7+ |Bi7is| Bi7za7 |Bi7as| Bizaz- |Bizze| -Bizor [R7226.23
8| Mp1| Bi7o2. | My1| Bigaz | Mz1| Bigso | M3z | Bigze | Mys| Bigog: | Ms 1| Bigs7- | Mg 1| Bigss- | M71| --B2oog [Rs 226..23
Step 2: Formation of the Interleaving array, | (Only part shown)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1919
Moo | Soo | Bass | Bes2 | Bass | B1114| B1sso| Bises| Bo | Bois | Bas7 | Bess | Bago | B111s| B1sar | Bisez| Bi1 | Baig R7.239
Step 3: Formation of the Output array, O (Only part shown)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 2047
Gp | Moo | Soo | Bass | Besz | Bsss | B1114| B1sao| Bises| Bo | Boig | Basz | Bess | Besg | B111s|Bigar| G1 | Buser R7 239

Figure 10: Steps in the formation of ETI(NA, G.704) 5376
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The two variants of ETI(NA, G.704) layer carry either 5592 or 5 376 LIDATA bytes. The LIDATA capacity
used is made up of a fixed part (which can include the FIC) and a variable part which depends on the
number and size of the data streams being carried, see table 19.

Table 19: ETI(NA, G.704) capacity per 24 ms

DAB Capacity ETI(NA, G.704)559, ETI(NA, G.704)537¢
mode type
I, 1V Fixed 112 bytes max. (37,33 kbit/s) 112 bytes max. (37,33 khit/s)
Variable 5480 bytes max. (1 826,67 kbit/s) | 5 264 bytes max. (1 754,67 kbit/s)
i Fixed 144 bytes max. (48,00 kbit/s) 144 bytes max. (48,00 kbit/s)
Variable 5448 bytes max. (1 816,00 kbit/s) | 5 232 bytes max. (1 744,00 kbit/s)

Table 20 shows the total number of equal sized sub-channels which may be carried by ETI(NA, G.704).

NOTE:

Table 20: Number of equal sized sub-channels which may be carried by ETI(NA, G.704)

defined for each sub-channel.

The capacity of the DAB ensemble may be lower, depending on the values of TPL

DAB MODE |, II, IV
ETI(NA, G.704)g550- ETI(NA, G.704)5376
Sub-channel || Number | LIDATA - MST Frame Number | LIDATA - MST Frame
data-rate of sub- MST bytes Padding of sub- MST bytes Padding
channels bytes bytes channels bytes bytes
256 kbit/s 7 44 5472 76 6 40 4704 632
224 kbit/s 8 48 5472 72 7 44 4 800 532
192 kbit/s 9 52 5280 260 9 52 5280 44
128 kbit/s 14 72 5472 48 13 68 5088 220
64 kbit/s 27 124 5280 188 26 120 5088 168
32 kbit/s 54 232 5 280 80 52 224 5088 64
DAB MODE Il
ETI(NA, G.704)559, ETI(NA, G.704)537¢
Sub-channel || Number | LIDATA - MST Frame Number | LIDATA - MST Frame
data-rate of sub- MST bytes Padding of sub- MST bytes Padding
channels bytes bytes channels bytes bytes
256 kbhit/s 7 44 5504 44 6 40 4736 600
224 kbit/s 8 48 5504 40 7 44 4 832 500
192 kbit/s 9 52 5312 228 9 52 5312 12
128 kbit/s 14 72 5504 16 13 68 5120 188
64 kbit/s 27 124 5312 156 26 120 5120 136
32 kbit/s 54 232 5312 48 52 224 5120 32
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Annex A (normative): Coding of MNSC Data

A.1 Introduction

This annex gives detailed information about the coding of the signalling groups used to carry information
in the MNSC of the ETI(LI) layer (see subclause 5.5.1). The bytes used for MNSC data are designated as
SB[ 7L The coding differs between Frame Synchronous Signalling (FSS) and Frame Asynchronous
Signalling (ASS).

A.2  Frame Synchronous Signalling (FSS)

A.2.1 FSS messages structure

For FSS, only one group per message shall be used. The FSS group structure shall be as given in
table 21.

Table 21: FSS group structure

SBOq Squ SBZq SB3q SB4q SB5q SB6q SB7q
(bg-b7) | (bg..b7) | (bg.-b7) | (bg.-b7) | (bg-b7) | (bg-b7) | (bg.b7) | (bg..b7)
OOXXXXXX Rfu (MSB)... FSS message ...(LSB)

The FSS identifier is given by SB q(bs. .b;) as defined in subclause 5.5.1. FSS message types may be
pre-assigned (with SBOq(b4) 0) or user defined (with SB, q(b4) 1) as specified in subclause A.2.2.
A2.2 Pre-assigned FSS message types

Only the pre-assigned coding for the time information group (FSS type 0) is defined by this ETS. This shall
be as given in table 22.

Table 22: Coding of time information message

Time Function b, b; | by, | by | by | bs | bg | b;
information
message
SBo,q Type identifier 0 0 Rfu | Rfu| O 0 0 0
SB; 4 Rfa
0 = time accuracy is 1us
SBZ,q Second [0..59] or better 0..5 0.9
1 = time accuracy worse
than 1us
0 = no synchronization
to frame
SB34 Minute [0..59] 1 = time applies to BO,p(bO) 0..5 0.9
of the ETI(LI) frame which
contains SBy, ;
SB,, Hour [0..23] 0 0 0..2 0..9
SBs5 4 Day [1..31] 0 0 0..3 0..9
SBg,q Month [1..12] 0 0 0 | 01 0..9
SBZq Year [0..99] 0.9 0.9
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ASS messages structure

Frame Asynchronous Signalling (ASS)
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ASS messages shall consist of a sequence of signalling groups.

Groups shall be defined as start, continuation, end or padding groups:

- each ASS message shall commence with a single start group which shall define the message type

and the number of continuation groups which are present in the ASS message;
- continuation groups shall carry ASS message data;
- padding groups shall carry null padding information;
- each ASS message shall end with a single end group which shall contain CRC check fields.

The coding of the different group types shall be as given in table 23.

Table 23: Coding of different ASS group types

ASS SBoq SBiq SB, SB3q SB4q SB; SBe q SB74
group type (by..b7) (bo..b7) | (bg. 7) (bo..b7) | (bg..b7) | (by.. 7) (bo..b7) | (bg.-b7)
Start Message Message | Message | Message | Message
11xx0000 Rfu type GrNb byte byte byte byte
Continuation Message | Message | Message | Message | Message | Message
11xx0011 Riu byte byte byte byte byte byte
End Message | Message | Message | Message | CRC byte [CRC byte
11xx1100 | Rfu byte byte byte byte | (MSB) | (LSB)
Padding 11xx1111 | FFye FFyq FFyq FFyq FFyq FFyq FFyq

SB, 4 of the start group shall define the message type. Pre-assigned types shall have SB, q(bo) set to 0.
User definable types shall have SB, q(bo) set to 1.

GrNb shall have values in the range 0 to 255 and shall represent the number of continuation groups in the
ASS message. Padding groups shall not be included in this count. The overall total number of groups
which constitutes the ASS message (including the start, continuation and end Groups) shall be given by:

Number of groups in message = GrNb + 2.

The CRC bytes shall contain the product of a cyclic redundancy check performed on the ASS message
content from the first byte of the start group (SBOq) to the last message byte in the End Group (SBg q+X)
excluding any padding groups.

CRC calculations shall use the method defined in annex D.

A.3.2 Pre-assigned ASS message types

Only pre-assigned message type O is defined by this ETS. This is used for signalling transmitter control
information including values of individual transmitter Tl codes and offset delays.

A3.21 ASS message type 0: Transmitter Set-up and Control Information (TSC)

There are two attributes of each transmitter in a Single Frequency Network (SFN) which may be unique to
a given transmitter. These are the TIl code and the offset delay (see annex F).

TIl codes and offset delay values can also be present in the transmitted DAB multiplex, as part of the
Service Information. In this case the data is part of the global package destined for the DAB receiver and
radiated by each transmitter. It is generated at the DAB multiplexer, located with the Ensemble provider
rather than the Transmitter Network provider.

NOTE: TIl codes and offset delay values are both signalled in Extension 22 of FIG type O as
defined in ETS 300 401 [1] (which refers to Time Delay (TD) and not offset delay).
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ASS Message type 0 allows the DAB multiplexer to communicate individual TIl and offset delay values to
each transmitter in the network. Provision is also made for additional, user-specific, transmitter control
information.

Message type 0 shall be used to transmit a scrolling list of transmitter set-up and control information. The
Transmitter Network provider and the Ensemble provider should agree on a unique 16-bit address code
for each transmitter in the network. TSC messages may then be used to convey individual values of TII
code, offset delay and control information to each transmitter. The coding that shall be used for TSC
messages shall be as given in table 24.

Table 24: Coding of TSC messages (ASS type 0)

TSC SBogq SB1q SB, 4 SB34 SB4q SBsq SBg q SB74
messages (bp..b7) (bg..b7) | (bp.b7) | (bg..b7) | (by..b7) | (bp.b7) | (bg..b7) | (by..b7)
Start 00000000 address of 16 control flags
11xx0000 Rfu |(=TSC GrNb transmitter T for transmitter T
message) MSh..LSb MSh..LSb
Continuation | 11xx0011 Rfu Rfa
End Offset delay TIl code CRC Byte|CRC Byte
11xx1100 Rfu for transmitter T for transmitter T (MSB) (LSB)
MSb..LSb MSh..LSb

Each TSC message shall comprise a start group which defines the transmitter address and 16 control
flags. The function of these control flags may be defined by the user.

A number of continuation groups may be included in the message. These are designated as Rfa.

The message shall be terminated by an end group which contains the Tll code and offset delay values for
the relevant transmitter. In the end group, Sleq(bO..b7) and SBg'q(bo..bﬂ shall carry the offset delay value
coded as an 11-bit unsigned binary number (0..2 047), giving the required offset delay in multiples of 1 ps.
The offset delay shall be as given in table 25.

Table 25: Coding of offset delay

SBz,q SB3’q
by by b, bs by bs bg bs|bg b; b, bs by bs bg b
Rfa 210 Offset delay 20
(setto 1) MSb LSb

SB4'q(bO..b7) and SB5lq(bO..b7) shall carry the TII value coded as Mainld (7 bits) and Subld (5 bits) as
given in table 26. Mainld and Subld are unsigned binary numbers as defined in ETS 300 401 [1].

Table 26: Coding of TlI

SB4’q SBs,q
b, b; by bs b, bs bg bs| by b; b, by by bs bg by
Rfal 26 Mainld 20 Rfa 24 Subld 29
(=1)|Msb LSh| (setto 111) |MSb LSb

SBe,q(bo--b7) and SB 4(by..b7) shall carry a CRC check for the TSC message as described in annex D.
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Annex B (normative): Coding of NASC Data

B.1 General

This annex gives detailed information about the coding of the signalling groups used to carry information
in the ETI(NA, G.704) signalling channel (NASC). The method of coding employed is very similar to that
used for the MNSC (see annex A). NASC shall be carried in the signalling bytes S0.71.9:

The coding differs between Frame Synchronous Signalling (FSS) and frame Asynchronous Signalling
(ASS).

B.2 Frame Synchronous Signalling (FSS)
The general coding of FSS messages types shall be as defined in subclause 8.3.2.2.

B.3  Asynchronous Signalling (ASS)

ASS messages shall consist of a sequence of signalling groups. Groups shall be defined as start,
continuation, end or padding groups. The start group shall define the ASS message type, and the number
of groups in the message. The end group shall contain CRC check fields. The coding of the different
group types shall be as given in table 27.

Table 27: Coding of different ASS group types

ASS SO,s Sl.s S2.5 S3,s S4,s S5,s 86.5 S7.5
Start 11xx0000 Rfu Message| GrNb | Message | Message | Message | Message
Continuation 11xx0011 Rfu Message | Message | Message | Message | Message | Message
End 11xx1100 Rfu Message | Message | Message | Message | CRC byte | CRC byte
Padding 11xx1111 FFi6 FFi6 FFi6 FFi6 FFi6 FFi6 FFi6

The general coding of ASS messages types shall be as defined in subclause 8.3.2.2. S, ; of the start
group shall define the ASS message type. Pre-assigned types shall have S, ;(by) set to 0, S, (by) shall
be set to 1 for user definable types.

GrNb shall give the number of continuation groups in the ASS message. Padding groups shall not be
included in this count. The overall total number of groups which constitutes the ASS message shall be
given by:

Number of groups in message = GrNb + 2.

The CRC bytes in the end group shall contain the product of a cyclic redundancy check performed on the
ASS Message content from the first byte of the start group (S, ) to the last message byte in the end
group (Ss s+), €xcluding any padding groups.

CRC calculations shall use the method defined in annex D.
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Annex C (normative): Coding of timestamps

C.1 General

This annex gives detailed information about the coding of timestamp information carried in ETI(LI) and
ETI(NA, G.704).

C.2 Timestamp coding

The timestamp shall be coded as a 24-bit unsigned binary integer giving the timestamp value as a multiple
of 16,384 MHz clock periods (approximately 61 ns). The coding of the 24 bits shall be as given in table 28.

Table 28: Coding of timestamps

Bit number by(MSb)..bg b..bg bio..by7 big..bsg| bog..bsox(LSh)
Timestamp level 1 2 3 4 5
Valid range [0..124], 127 [0..7] [0..255] [0..7] [0..7]

Approximate

. ; 8 ms 1ms 3,91 pys 488 ns 61 ns
time resolution

c.21 Expected range of timestamp values

The timestamp value, expressed as a hexadecimal number shall lie between 0 and F9 FFFF¢ (giving
time values between 0 and 999,999 939 ms).

c.2.2 Null timestamp

The timestamp value FF FFFF{g may also be allowed and shall be used as a null timestamp value. This
shall be interpreted as meaning that there is no timestamp information available.

c.23 Reserved timestamp values

Timestamp values between FA 0000,4 and FF FFFE 4 shall be reserved for future use.

C.24 Timestamp levels

Not all applications will require a timestamp value to be specified to a resolution of 61 ns. For this reason a
number of different timestamp levels are specified (1 to 5). The different levels allow timestamps to be
specified with different resolutions e.g. use of timestamps to level 2 allow a time resolution of 1 ms which

should suffice in many applications. The timestamp values at levels higher than those used shall be set to
0, except in the specific case of transmission of a null timestamp.

C.3 Mapping to ETI(LI) timestamp bits
The mapping of the timestamp into the ETI(LI) layer shall be as given in table 29.

Table 29: Mapping of the timestamp into the ETI(LI) layer

ETI(LI) byte BrL+2)xap BrL+2)xar1p | BFL+2)xa+2p | B(FL+2)x4+3p
Bit index 0.7 0.7 0.7 0.7
Timestamp bit Rfa, set to FFg. bg..b bg..bss byg.-boz
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C.4 Mapping to ETI (NA, G.704) timestamp bits
The mapping of the timestamp into My, o(b55) of the ETI(NA, G.704) layer shall be as given in table 30.

Table 30: Mapping of the timestamp into M, ;(b5) of the ETI(NA, G.704) layer

Mpi,s (b5) bl
0 1 2 3 4 5 6 7
0 | by(MSb) b4 b, bs by bs bg b
S 1 b8 b9 blO bll b12 b13 b14 b15
2 b15 b17 blf)’ blq b20 b21 b22 bZ?(LSb)

C.5 Interpretation of timestamp value

The timestamp carried within a 24 ms ETI frame (which can be either an LI logical frame or an NA
multiframe) defines the starting time of the first bit, B, o(bo), of the ETI(LI) frame associated with that
frame (see figure 5). The start time is specified as an offset value (always positive) from a time reference
point derived from a time reference signal.

The time reference signal, from which the timestamp offset is measured, shall be available at both the
originating point of the timestamp in the ETI frame and at the "delivery point" of the frame.

Suitable time references may be derived from the Global Positioning Satellite system (as a 1 pulse per
second reference) or from a satellite video channel (as a 20 ms reference).

NOTE: Although the timestamp allows time resolutions down to 61 ns, the accuracy of signal
timing is likely to be determined largely by the accuracy of the time reference.

C.6  Use of timestamps in LI and NA layers

The use of the timestamp is largely system dependant and depends on the network configuration, ETI
transport mechanism, etc.

The time given by the timestamp in the LI layer should define the "notional delivery time" of the first bit
Boyp(bo) of the ETI(LI) frame at the input of the channel encoder, (see figure 3).

The time given by the timestamp in the NA layer should define the "notional delivery time" of the first bit
Bo,p(bo) of ETI(LI) frame at the output of an ETI(NA) to ETI(NI) or ETI(LI) converter. This timestamp can
be used, for example, to re-time the ETI(NA) sections in a cascaded network.
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Annex D (normative): Calculation of CRC words in the ETI

A CRC code is defined by its generator polynomial of degree n:

G(x):igﬂ

with n=1
and g;=0or 1 except that gp=1, g,= 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 11). The stages are denoted by by, ... b,,.;, Where b,
corresponds to x9, b; to x1, b, to X2, ..., b,,_; to xX™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
(¢ ‘ ‘ +

91 92 In2 In1
\ \ \ \
\"2 A\ A\ \"2
Lsb bo b1 bp2 bp1  Msb

Figure 11: General CRC block diagram

At the beginning of the CRC calculation, the register stage contents are initialized to all ones. After
applying the first bit of the data block (MSb first) to the input, the shift clock causes the register to shift its
content by one stage towards the MSb stage (bp,.1), while loading the tapped stages with the result of the
appropriate XOR operations. The procedure is then repeated for each data bit. Following the shift after
applying the last bit (LSb) of the data block to the input, the shift register contains the CRC word which is
then read out.

The CRC word shall be inverted prior to transmission. At the receiving end, an error free transmission
shall give a CRC result of 1DOF 4.

The CRC code used in the ETI shall use the following polynomial:

G(x) = X0+ x2+ x°+1.
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Annex E (normative): Behaviour of the ETI during re-configuration

E.1 Background

The DAB Multiplex is very flexible, allowing broadcasters to change dynamically the mixture of its
components. The following changes are possible:

- a sub-channel may be added or removed from the transmission frame;
- the size of a sub-channel may be modified due to a change in data-rate or protection level;
- the position of the sub-channel may change.

The channel encoders shall realize these changes under the control of the Ensemble multiplexer.

The modulation technique used in the channel encoder uses time interleaving. The information from any
sub-channel is spread out over a period of 16 frames. The net effect of the time-interleaving, and the dis-
interleaving in the DAB receiver, is to delay each sub-channel by this amount.

The multiplex re-configuration is defined as taking place at a specific instant of time. The behaviour of the
transmitted ensemble during a re-configuration time, and its relation to the notional re-configuration time,
is defined in ETS 300 401 [1]. This clause defines how this behaviour is mirrored by the ETI.

E.2  Multiplex reconfiguration

The ETI(LI) header (the STC field in particular) is a command file for the channel encoder and defines, on
a frame-by-frame basis, the contents of the signal to be radiated.

There shall be no frame delay between the signalling information carried in the STC and the sub-channel
data carried in the MST. The STC (SSTC) field in frame p for a particular sub-channel shall be used to
define the encoding algorithm to be used for that sub-channel in frame p.

The examples below illustrate the relationships between the behaviour of the transmitted signal (COFDM)
and the signalling carried by ETI(LI). The re-configuration time is defined with respect to r, the Common
Interleaved Frame (CIF) time index, as defined in ETS 300 401 [1]. It is assumed that the multiplex re-
configuration occurs between CIFs of time index ry-1 and ry

The examples always illustrate the signalling for the sub-channel under consideration. Other sub-channels
may also be affected because their position in the data stream may change.

| case a) Sub-channel translation

COFDM A sub-channel's position is changed at r = ry, the convolutional encoder is not affected.

ETI(LI) The new SAD of the sub-channel shall be inserted at frame p = r,,
| case b) New sub-channel
COFDM If a new sub-channel, which did not exist at r=ry-1, appears at r=ry then the

convolutional encoder uses the corresponding protection profile for r > r,.

ETI(LI) The new (additional) SSTC shall be inserted at frame p = r,

| case c) Sub-channel removed

COFDM If a sub-channel, which exists at r = ry- 1, disappears at r = ry then the convolutional
encoder ceases encoding at r = rp - 15.

ETI(LI) The SSTC of the sub-channel shall be removed at frame p =r, - 15.
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| case d) Increase Sub-channel size
COFDM If a sub-channel increases its size between CIFs of time index r = ry- 1 and r = ry, then
the convolutional encoder uses the new protection profile for r > r,.

ETI(LI) The new SSTC of the sub-channel shall be inserted at frame p = ry,.
| case e) Decrease Sub-channel size
COFDM If a sub-channel decreases its size between CIFs of time index r=ry-1 and r =r,

then the convolutional encoder uses the new protection profile for r = ry - 15;

ETI(LI) The new SSTC of the sub-channel shall be inserted at frame p =r, - 15.

| case f) Madification of the sub-channel protection profile

COFDM If a sub-channel changes its protection profile between r=ry-1 and r=rp, but its
coded bit-rate remains unchanged, then the convolutional encoder uses the new

protection profile for r > ry

ETI(LI) The new SSTC of the sub-channel shall be inserted at frame p =r,
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Annex F (informative): Managing delay in the Ensemble Transport network

F.1  General

Each transmitter in a Single Frequency Network (SFN), shall radiate:

- the same information;

- on the same frequency (within an accuracy of about 1 % of the inter-carrier spacing);

- at the same time (within an accuracy of about 10 % of the guard interval).

The required timing accuracy is of the order of a few micro-seconds which requires careful management

of all the delays in the distribution network from the Ensemble multiplexer to each transmitter's radiated
output.

Figure 12 shows the general structure of the Single Frequency Network. The ETI signal produced by the
Ensemble multiplexer (and its associated Network adapter), is carried to the transmitter site where
channel encoding and modulation (COFDM) is performed before the signal is amplified and radiated.

< Transport >|<Transmitter >< Single

Network Network Frequency

Network

:_/_/
’—/
Network Channel
- encoder _

adapter (COFDM) Y

DAB
receiver

Ensemble Network

) Transport
multiplexer|i| adapter P

network

—
—
Network | | Channel
adapter encoder
(COFDM)

Figure 12: General Structure of Single Frequency Networks

In such a network, several kind of delays may be identified and these is to all be managed so that they
remain constant and known. Figure 13 identifies the different delay blocks.
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Transport Transmitter SEN
network network

< >< ><< >

Trans port network Transmitter
delay delay
n Network BN . Transmitter . .
Network Network Transmitter Transmitter
; compen- ; compen-
padding path sation processing sation offset
delay delay delay delay delay delay

Figure 13: Distribution and transmission network delays

The different delays are:

network padding delay: This delay is used by the broadcaster, or network operator, to trim the overall
delay of the network to a required value. For instance, to make the delay through the whole network equal
to an integer number of seconds or to equalize the overall delay of the DAB network with that of another
network such as digital television. This delay can also be used to equalize the delay with respect to other
DAB networks so that all DAB ensembles are radiated with co-timed synchronizing symbols. This may
allow speedier locking of DAB receivers.

network path delay: This is the delay to which the ETI signal is subject on its way through the
transporting network.

network compensation delay:  This delay is a compensating delay which, when added to the Network
path delay, ensures that the overall delay is constant and of known value. The value of the compensating
delay is set by examining the incoming timestamps with reference to a local time standard. The value of
the compensating delay is adjusted so that frame carrying the timestamp is delivered at the correct time.

transmitter processing delay: This delay represents delay incurred in channel encoding and RF
modulation. It also includes any RF processing delays in the amplifier and any associated filtering.
Different equipment or system implementations will have different processing delays, which will typically
fall in the range of 200 to 500 ms.

transmitter compensation delay:  This delay allows the transmitter processing delay to be equalized for
each transmitter in the network.

transmitter offset delay:  After equalizing the transmitter delays, small offsets are still permitted in a SFN
and may be desirable to optimize SFN coverage. The transmitter offset delay may be used for this
purpose and can be set via information carried in the ETI signalling channel (MNSC).

F.2  Dynamic delay compensation

The method used by the ETI to manage the variable network path delay is based on the use of a
timestamp which allows the delivery time of ETI frames to be synchronized at different locations. This
method requires the use of a common time reference available to the Ensemble multiplexer and at all
transmitters.

The timestamp source marks all its generated ETI frames with a timestamp which defines the instant at
which the frames should be delivered to the channel encoder. This timestamp is the sum of the time as
determined by the local time reference and an offset value which allows for the longest path through the
network. It determines the total network transit delay which is the sum of the network path delay and the
network compensation delay (including equipment processing delays).
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The ETI receiving equipment has to delay the received frames until the defined delivery time is reached. In

this way, the network transit delay is consumed partly in the transport network and partly in the receiving
equipment.

In order that the delay compensation functions normally, the period of the time reference signal has to be
greater than the variability in network path delay, and shall also be greater than the delay difference
between the longest and shortest path through the network. In the latter case, additional static delay may
be added to the network compensation delay to equalize the different path delays. Typically, this delay
would be required when a large network of cascaded multiplexers, or a time reference with a very short
periodicity, is contemplated.
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Annex G (informative):  Network testing and monitoring

G.1 General

This ETS allows many variants of the DAB transport network (or distribution network) to be implemented.
The ETI signal delivered to each transmitter is potentially the result of several processing segments,
including telecommunication adapters or multiplexers. This annex proposes some methods for network
testing and quality monitoring.

The methods described are all based on the use of a Pseudo Random Binary Sequence (PRBS) to make
Bit Error Rate (BER) measurements.

Three ways to inject and use the PRBS are suggested:

Full channel measurement : This method can be used during the installation phase of the network. For
this measurement, the usual ETI payload is replaced by a PRBS.

Single sub-channel measurement:  This method can be used both during the installation and the
operational phase of the network. It uses a normal DAB sub-channel and carries the PRBS in place of a
standard audio or data component.

Telecommunication line measurement:  This method can be applied when ETI(NA, G.704) is used. It

uses time-slot 16 (ts;z) of the G.704 frame to monitor the quality of a point to point digital
telecommunication link.

G.2 Pseudo Random Binary Sequence (PRBS)

G.21 PRBS generator

The PRBS is defined as the output of a feedback shift register. Many generator polynomials are possible
but the following is preferred for DAB network testing:

G(x) = %+ x7+1
This polynomial generates a PRBS which is longer than the maximum length of the ETI(LI) frame.

Figure 14 shows the logical structure of a suitable PRBS generator.

Figure 14: PRBS generator

To avoid the generation of a null sequence, each cell of the shift register should be pre-set to a logical 1 at
the beginning of the sequence.

The output of the PRBS generator shall be inserted directly in the relevant payload container, i.e. the full
DAB channel, a single DAB sub-channel or G.704-ts,4. There is no need to synchronize the start of the
PRBS sequence with the beginning of the relevant container.

The PRBS generator should only be clocked during the duration of the PRBS container (see clause G.3),
i.e. the last bit of the container related to a frame B, (b;) and the first bit of the container related to
following frame By,qﬂ(bo) should carry successive bits produced by the PRBS generator.
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G.2.2 PRBS extractor

The equipment used in the DAB network can provide an output of the PRBS (extracted from the relevant
container) to feed standard PRBS analysis equipment. The physical implementation of the PRBS extractor
should provide separate clock and data signals at suitable interface levels.

As the continuous PRBS is spread over the PRBS containers of several frames, the PRBS extractor shall

provide a gated clock that corresponds to the position of the payload of the PRBS container in each
frame. The PRBS data output of the PRBS extractor need not be gated.

G.3 PRBS containers

G.3.1 Full DAB channel

The PRBS container is the full payload of the ETI frame. This method permits the whole of the DAB
transport network to be tested during its installation phase. It is unable to monitor the quality during normal
operation. Due to its high bit-rate, this approach allows an overall view of the network quality to be

obtained in a very short period of time.

The PRBS container is mapped on the ETI(LI) as shown in the figure 15. The ERR, FC and TIST fields
are retained.

The ETI(LI) FC field is set to FFFF FFFF 4 to signal a null transmission frame.

STAT LIDATA
ETI (L)
i/ ERR ||FC|STC|EOH MST EOF|TIST
PRBS
test frame ERR | |FC PRBS Payload TIST

Figure 15: Full DAB channel container

The rest of the LIDATA field is replaced by the bytes of the PRBS. If 5 367 PRBS bytes are inserted, the
complete LI frame comprises 5 376 bytes which is exactly the capacity of the ETI(NA, G.704)543,¢ frame.

Equipment for adaptation from ETI(LI) to ETI(NI, G.703) or ETI(NI, V11) is able to process such a frame
using only a minimum of organizational overhead, i.e. the FSYNC, ERR, FC and TIST fields. The ETI(NI,
X) FSYNC field is kept to allow equipment in the transport network to detect the physical frame.

Equipment for adaptation from ETI(LI) or ETI(NI, X) to ETI(NA,G.704) is able to transmit or to receive
such a frame through the telecommunication network, which corresponds to the minimum ETI(NA, G.704)
capacity (i.e. the maximum error protection).

NOTE: In some cases it may be desirable to disable the Reed-Solomon error correction, at the
receive side of the telecommunication network, in order to determine the intrinsic
quality of the line. Error correction at intermediate points in the network would give
optimistic results for an end-to-end measurement.

G.3.2 Single DAB sub-channel

The PRBS container consists of one DAB sub-channel. The method can be used both for a check while
installing the DAB network and for monitoring its quality whilst in normal operation.

The bit-rate used for the PRBS sub-channel shall comply with one of the options permitted by
ETS 300 401 [1].

This PRBS container can be injected at the source side of the DAB network, extracted at any level of the
transmission chain including at the output of the DAB receiver.
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NOTE: This method allows the quality of the radio channel between transmitter and receiver to
be determined.

G.3.3  G.704 ts; measurement

In this method, the PRBS container is timeslot 16 (ts;4) of each G.704 frame. The data rate available for
the PRBS is 64 kbit/s.

This method can be used to monitor the quality of a G.704 segment of the network. It may be used whilst
the network is in its normal operating mode and does not require normal DAB data capacity to be
sacrificed.
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Annex H (informative):  Cascading in the Ensemble Transport network

H.1 General

In the network model shown in figure 1, the Ensemble multiplexer which is operated by the Ensemble
provider, is represented as a single centralized entity.

There are situations where the Ensemble provider may wish to operate in a distributed fashion. Figure 16
shows such a network where all regions receive a common basic ensemble and two regions (A and B)
add local programmes using a cascaded multiplexer. In this case, the output of the central Ensemble
multiplexer is fed into another Ensemble multiplexer rather than a COFDM generator. The second
multiplexer also receives a local service which it combines with the common, basic, ensemble.

NOTE: In this analysis, the complications of generating and managing the FIC information
when Ensemble multiplexers are cascaded are ignored.

H.2 Management of the overall delay to allow SFN operation

To allow SFN operation in a DAB network, the overall transport network delay shall remain constant,
irrespective of the equipment and the transport media used in the network (see annex F).

As a consequence, the timestamp that defines the notional delivery time of the ETI input of the first DAB
specific stage of the COFDM encoder shall be retained through the whole network. This implies that
cascaded telecommunication adapters and Ensemble multiplexers should pass on this timestamp without
modification.

Due to the concatenation of equipment in the network, the longest path delay may have a value greater
than the period of the time reference used. In this case, static delay should be added in the shorter paths
of the transport network to avoid timing ambiguities (see annex F). In the example of figure 16, the
telecommunication adapters feeding the other regions may need to provide this static delay.

H.3 Testing and monitoring in a cascaded network

Annex G proposes three different approaches to DAB network testing and monitoring; full channel
measurement, measurement using a single DAB sub-channel and telecommunication line measurement
using ts; g of the G.704 network adaptation layer.

If full channel measurements are employed in a cascaded network, all of the equipment in the network
should be transparent to a PRBS sequence. One method for ensuring this is for the cascaded multiplexer
to switch to a transparent mode (passing on the received data stream unmodified) should it detect a null
transmission frame (see subclause 5.9).

In the case of a measurement based on using a single DAB sub-channel, the Ensemble multiplexer
provider should ensure that the chosen sub-channel will not be overwritten by any stage in the cascade of
multiplexers.

Using telecommunication line measurement method it is only possible to test and monitor G.704 network
adapted sections of the network, an end-to-end check is not possible in a cascaded network.

NOTE: All the PRBS test methods proposed in annex G preserve timestamp data. This allows
the transport network delay compensation to remain operational while PRBS tests are
performed.
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Annex J (informative): Carrying ETI on 1 544 kbit/s links

J.1 Introduction

ETI(NA, G.704), see clause 8, has been designed for use with telecommunication network hierarchies
which are based on 2 048 kbit/s networks. However, the DAB system will also be used in countries which
have a hierarchy based on 1 544 kbit/s (often referred to as G.704-T1).

This annex gives some guidelines for transporting an ETI(LI) on such telecommunication networks and
includes a suggestion for a suitable G.704 adaptation, ETI(NA, G.704-T1).

J.2  General outline of ETI(NA, G.704-T1)

The Network Adaptation ETI(NA, G.704-T1) layer described in this clause is suitable for use on networks
based on the first level of the PDH (1 544 kbit/s) as defined by the ITU-T in Recommendation G.704 [7].
As well as the G.704 signalling and synchronization bytes, ETI(NA, G.704-T1) includes timestamps to
permit compensation for the effect of differential network delays. It also uses Reed-Solomon forward error
coding to allow the correction of transport network errors.

ETI(NA, G.704-T1) has two variants: ETI(NA, G.704-T1) 4464 and ETI(NA, G.704-T1),435o. The two differ in
the balance between their data capacity and the number of bytes which are reserved for forward error
correction.

In the G.704-T1 frame structure, 1 536 kbit/s are available to carry user data, the remaining 8 kbit/s are
reserved by the G.704-T1 network.

In each 24 ms multiframe, ETI(NA, G.704-T1),464, has the capacity to carry 4 608 bytes allocated as
follows:

- 4 464 bytes of LIDATA (a data capacity of 1 488 kbhit/s);
- 96 bytes (32 kbit/s) for forward error correction;
- 48 hytes (16 kbit/s) for management and signalling.

In each 24 ms multiframe, ETI(NA, G.704-T1),350, has the capacity to carry 4 608 bytes allocated as
follows:

- 4 320 bytes of LIDATA (a data capacity of 1 440 kbit/s);

- 240 bytes (80 kbit/s) for forward error correction;
- 48 hytes (16 kbit/s) for management and signalling.

J.3  Transparency of ETI(NA, G.704-T1) layer to ETI(LI)

J.3.1 Transparency of ETI(NA, G.704-T1) 4464 layer to ETI(LI)

ETI(NA, G.704-T1)4464 can carry up to 4 464 bytes of the ETI(LI) data frame, from Br, 4463 When
LIDATA has less than 4 464 bytes, i.e. (FL + 3) x 4 <4 464, padding bytes may be added to fill the

remaining bytes.

The padding bytes should be set to FF;g5. The number of padding bytes should be positive or null and will
have the value 4 464 - ((FL + 3) x 4).

The remaining byte of the ETI(LI) STAT field may be also carried transparently by the NA Layer in a
manner similar to that adopted for ETI(NA, G.704), see subclause 8.3.2.1.

J.3.2 Transparency of ETI(NA, G.704-T1) 435 layer to ETI(LI)
ETI(NA, G.704-T1)4350 can carry up to 4 320 bytes of the ETI(LI) data frame, from By, 4319, When

LIDATA has less than 4 320 bytes, i.e. (FL + 3) x4 <4 320, padding bytes shall be added to fill the
remaining bytes.
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The padding bytes should be set to FF,5. The number of padding bytes should be positive or null and will
have the value 4 320 - ((FL + 3) x 4).

The remaining byte of the ETI(LI) STAT field can also be carried transparently by the NA Layer in a
manner similar to that adopted for ETI(NA, G.704), see subclause 8.3.2.1.

J.4  ETI(NA, G.704-T1) structure

The purpose of the ETI(NA, G.704-T1) multiframe structure is to map the ETI(LI) data stream onto the
G.704 frame structure. In the G.704 Recommendation, the 1 544 kbit/s data stream is organized into
frames. Each frame has a nominal duration of 125 us and is made up of 193 bits organized into 24 1-byte
timeslots plus 1 signalling bit which is used by G.704. All 24 timeslots per 125 ps frame are available to
carry user data.

The ETI(NA, G.704-T1) multiframe has a frame length of 24 ms. It consists of 192 G.704 frames,
equivalent to 4 608 timeslots, or bytes. The multiframe structure is illustrated in figure 17 and consists of:

- 3 superblocks (syy o) of 1 536 bytes each;

- each superblock consists of 8 blocks (b, ;) of 192 bytes each;

- each block consists of 8 G.704 frames (f;,_7) of 24 bytes each;

- each G.704 frame consists of 24 timeslots (isp_ »3) of 1 byte each;
- each timeslot consists of 8 bits (byy_7).

Table 31 summarizes the relation of elements within a multiframe.

Table 31: Relation of elements within an ETI(NA, G.704-T1) multiframe

Superblocks Blocks G.704 frames Timeslots Bits
Multiframe 3 24 192 4 608 36 864
Superblock 1 8 64 1536 12 288
Block 1 8 192 1536
G.704 frame 1 24 192
Timeslot 1 8

Figures 18 and 19 show the method used to build the coding array. The general method follows the
outline given in clause 8.

J.5 Error protection for ETI(NA, G.704-T1)

In both variants of ETI(NA, G.704-T1), Reed-Solomon coding may be used to provide data which may be
analysed by the interface receiving equipment to detect and correct errors occurring on the Transport
Network.

The Reed-Solomon code should use the same general scheme described in subclause 8.6 but with the
codeword length shortened from 240 bytes to 192 bytes.

Using the terminology of subclause 8.6:
For ETI(NA, G.704-T1)4464, R = 4 resulting in an RS(188,192) code.

For ETI(NA, G.704-T1),43,0, R = 10 resulting in an RS(182,192) code.
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J.6  lllustration of the capacity of ETI(NA, G.704-T1)

The two variants of ETI(NA, G.704-T1) layer carry either 4 464 or 4 320 LIDATA bytes. The LIDATA
capacity used is made up of a fixed part (which can include the FIC) and a variable part which depends on
the number and size of the data streams being carried, see table 32.

Table 32: ETI(NA, G.704-T1) capacity per 24 ms

DAB Capacity ETI(NA, G.704) 4464 ETI(NA, G.704) 4350
mode type
(LY Fixed 112 bytes max. (37,33 kbit/s) 112 bytes max. (37,33 kbit/s)
Variable 4 352 bytes max. (1 450,67 kbit/s) | 4 208 bytes max. (1 402,67 khit/s)
Il Fixed 144 bytes max. (48,00 kbit/s) 144 bytes max. (48,00 kbit/s)
Variable 4 320 bytes max. (1 440,00 kbit/s) | 4 176 bytes max. (1 392,00 khit/s)

The total number of equal sized sub-channels which may be carried by ETI(NA, G.704-T1) is shown in
table 33.

NOTE: The capacity of the DAB ensemble may be lower, depending on the values of TPL
defined for each sub-channel.

Table 33: Number of equal sized sub-channels which may be carried by ETI(NA, G.704)

DAB MODE |, II, IV
ETI(NA, G.704) 4464 ETI(NA, G.704) 4300
Sub-channel || Number | LIDATA - MST Frame Number | LIDATA - MST Frame
data-rate of sub- MST bytes Padding of sub- MST bytes Padding
channels bytes bytes channels bytes bytes
256 kbit/s 5 36 3936 492 5 36 3936 348
224 kbit/s 6 40 4128 296 6 40 4128 152
192 kbit/s 7 44 4128 292 7 44 4128 148
128 kbit/s 11 60 4 320 84 10 52 3936 328
64 kbit/s 22 104 4 320 40 21 100 4128 92
32 kbit/s 43 188 4224 52 42 184 4128 8
DAB MODE Il
ETI(NA, G.704) 4464 ETI(NA, G.704) 4300
Sub-channel || Number | LIDATA - MST Frame Number | LIDATA - MST Frame
data-rate of sub- MST bytes Padding of sub- MST bytes Padding
channels bytes bytes channels bytes bytes
256 kbhit/s 5 36 3968 460 5 36 3968 316
224 kbit/s 6 40 4 160 264 6 40 4 160 120
192 kbit/s 7 44 4160 260 7 44 4160 116
128 kbit/s 11 60 4 352 52 10 56 3968 296
64 kbit/s 22 104 4 352 8 21 100 4160 60
32 kbit/s 43 188 4 256 20 41 180 4 064 76
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[0..71,00..191) 8nd C g1 15 1917 are shown )

Step 1: Formation of the coding array, C (Only elements C

Index J
0 1..23 24 25..47 48 49..71 72 73..95 96 | 97..119 | 120 |121..143| 144 [145..167| 168 [169..187(188..191
0| Mgo| Bp-B2z | Mg0|B23-Bys| M20|Bus-Bsg| M30|Beg-Bar| My [Bgz-Bi1g M50 B115-B1s| Mg [B13g-Bis| M7,0 Bis1--B17[Ro,188..19
1| So,0 [B1so-B2o| S1,0 [B203-B22| Sz,0 [B226-B2a| S3,0 [B249-B27| S4,0 [B272-B2g| S50 [B295-B3i| Se,0 [B31s-Bza| S7,0 [B34z--B3sRz,188.19
2| Bggo| Bssr |Bsga| Bsss |Baog| Baog- | Buzz| Busz- | Buse| Busz. | Bago| Busgi- | Bsos| Bsps- | Bszg| Bszo- [Rziss.10
I | 3|Bssg| Bssg- | Bsz2| Bszz. | Bsgs| Bsoz | Bezo| Beor | Beas| Beas- | Bess| Beso | Beoz| Beos- | B7is| B7iz- [Rziss.19
4|Bzss| B7s7- |Brzeo| Brer- | Brsa| Brss- | Bsog| Bsoo- | Bssz| Bsss- | Bsss| Bgsz- | Bsso| Bssgi- | Boos| Boos- [Raiss.19
5|Bogzs| Bazs |Boug| Bosg- |Bog7z2| Bozz- | Bogs| Boo7- |Biozo| Bioz1- |B1o4a| Bioas- |Bioss| Bioso- |Biogz| Biogs- [Rs 188.19
6 |B1112| B1113- |B1136| B1137- |Bii6o| Bii6r- |Biisa| Biiss- |Bizos| Bizog- |Bizsz| Bizzs: |Bizse| Bizsz- |Bizgo| Bizsi [Reiss.19
7 |B13oo| B13o1- |Bi1sza| Biszs |Bisas| Bissg- |Biz7z| Biszz- |Bizos| Bi13g7- |Buiazo| B1szr |Bi4aa| Bisas- |Biass| -Bias7 R718s.19
8| Mgz | Bragg | My1| Biszz- | M21| Biszg- | M31| Bissz. | Mgz | Bisgor | Ms 1| Bigos- | Mg 1| Bisze- | M71| --Biss7 [Ro,188.19
Step 2: Formation of the Interleaving array, | (Only part shown)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1535
Moo | Soo | Bseo | Bsag | B7ss | Booa | B1112| Bigoo| Bo | Biso | Bss1 | Bsag | Braz | Bozs | B1113|Bisor| Bi1 | Bias R7 191
Figure 18: Steps in the formation of ETI(NA, G.704-T1) 4464
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Step 1: Formation of the coding array, C (Only elements C

[0..71,0..191] @d C g7 15 1977 are shown)

Index J
0 1..23 24 25..47 48 49..71 72 73..95 96 | 97..119( 120 |121..143| 144 |145..167| 168 [169..181|182..191
0 Mpo| Bo-Boz | M10|B23-Bys| Mz |Bus-Beg| M3 |Bgg-Bos| My [Bgz-Bi1g M5 B115-B13| Mg o [B13g-Bis| M7,0 B161-B17{Ro,188.19
1| So,0 [B174-B1g| S1,0 [B197-B21| S2,0 [B220-B2a| S3,0 [B243-B2s| S4,0 [B2ss-B2s| Ss,0 [B2so--Bai| Se,0 [Ba12-Bas| S7,0 [Bazs-BzaRy,188.19
2| Bgyg| Bsgg: |Bsz7z| Bszz- |Bgos| Bsoz | Bazo| Buzr | Baas| Buss- | Busg| Buso- | Baoz| Bugs- | Bsig| Bsize [Rziss.19
I 13|Bs3p| Bsss- | Bsss| Bsss- | Bszg| Bszo- | Beoz| Beos- | Bezs| Be2r- | Beso| Besi- | Beza| Bezs- | Beog| Beog- [R3188.19
4|Bz12| B7iz- |Brss| B7sz- | Brzeo| Brsr- | Bzsa| Brss- | Bgog| Bgoo- | Bssz| Bgss- | Bass| Bgsz- | Bsso| Bssi- [R4aiss.19
5|Bgos| Bgos: |Bgig| Borg |Bosz| Bosz- |Boss| Bos7- | Bago| Boor- |Bio1a| Biois- |Bioss| Bioso- |Biosz| Bioss- [Rs18s.19
6 |B1o76| B1o77- |Bi110o| Bi1o1+ |Bi11za| Biizs |Bi1as| Bi1gg- |Bii72| B1173- |B11gs| B1197- |Bizzo| Bizzr |Bi244| Bizas- [Re188.19
7 |Bi2sg| Bizsg |Bi2gz| Bizgs: |Bisos| Bi1so7- |Bisso| Bi1ssr- |Bissa| Bisss |Biszs| Bizro- |Biaoz| Bi4oz- |Bisze| -B14zg [R718s.19
8| Mo1| Brago- | My1| Brasz- | Moz | Brags: | M3z | Bisog | Mgz | Bissz | Ms ;| Bisss. | Mgz | Biszg. | M71| --Bis1z [Ro18s.19
Step 2: Formation of the Interleaving array, | (Only part shown)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1535
Moo | So0 | Bsas | Bsso | B712 | Bgoa | B1o7e| Biosg| Bo | Biza | Bsag | Bssr | Brag | Bgos | Bior7| Biosg| Bi | Bizs R7 191

Figure 19: Steps in the formation of ETI(NA, G.704-T1) 4350
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