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Intellectual Property Rights
IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be
found in ETR 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in
respect of ETSI standards", which is available free of charge from the ETSI Secretariat. Latest updates are available
on the ETSI Web server (http://www.etsi.fr/ipr).
Pursuant to the ETSI Interim IPR Policy, no investigation, including IPR searches, has been carried out by ETSI.
No guarantee can be given as to the existence of other IPRs not referenced in ETR 314 (or the updates on
http://www.etsi.fr/ipr) which are, or may be, or may become, essential to the present document.
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1 Scope
This document describes an optional downlink or broadcast transmission system for digital microwave Television
(TV) and data broadcasting using OFDM modulation.
It refers to the framing structure, channel coding and modulation system intended for digital terrestrial television (EN
300 744) with additional details that apply to multi-programme microwave services.
The scope is as follows:

- it gives a general description of how a digital terrestrial based transmission scheme may be applied to a digital
microwave transport layer.

- it identifies the differences in performance requirements and features of the System, compared to UHF/VHF
broadcasting.

- It provides design guidelines for achieving the phase noise targets required for using OFDM at high
frequencies

2 Normative references
References may be made to:

a) specific versions of publications (identified by date of publication, edition number, version number, etc.), in
which case, subsequent revisions to the referenced document do not apply; or

b) all versions up to and including the identified version (identified by "up to and including" before the version
identity); or

c) all versions subsequent to and including the identified version (identified by "onwards" following the version
identity); or

d) publications without mention of a specific version, in which case the latest version applies.
A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same
number.

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

[2] ISO/IEC 13818 Part 1, 2, 3 (November 1994): "Coding of moving pictures and associated audio".
[3] EN 300 421: "Digital Video Broadcasting (DVB); Framing structure, channel coding and

modulation for 11/12 GHz satellite services".
[4] EN 300 429: "Digital Video Broadcasting (DVB); Framing structure, channel coding and

modulation for cable systems".
[5] EN 300 748: "Digital Video Broadcasting (DVB); Multipoint Video Distribution Systems

(MVDS) at 10GHz and above".
[6] EN 300 749: "Digital Video Broadcasting (DVB); Microwave Multipoint Distribution Systems

(MMDS) below 10GHz".
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3 Definition, symbols and abbreviations
3.1 Symbols
For the purposes of the present document, the following symbols apply:

F1 Lower frequency limit of microwave band
F2 Upper frequency limit of microwave band

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

AFC Automatic Frequency Control
DVB Digital Video Broadcasting
DVB-T DVB-Terrestrial
LMDS Local Microwave Distribution System
MF Microwave Frequency
MMDS Multichannel Microwave Distribution System
MPEG Moving Picture Experts Group
MVDS Multipoint Video Distribution System
MWS Multimedia Wireless System
OFDM Orthogonal Frequency Division Multiplexing
QAM Quadrature Amplitude Modulation
QPSK Quaternary Phase Shift Keying
RF Radio Frequency
SFN Single Frequency Network
STB Set Top Box
TV Television
UHF Ultra-High Frequency
VHF Very-High Frequency
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4 Terrestrial Baseline & Microwave Transport systems
4.1 Terrestrial Baseline System
The baseline system is defined as the functional block of equipment performing the adaptation of the baseband TV
signals from the output of the MPEG-2 transport multiplexer, to the UHF/VHF channel characteristics. The following
processes shall be applied to the data stream (see figure 1):

- transport multiplex adaptation and randomization for energy dispersal;
- outer coding (i.e. Reed-Solomon code);
- outer interleaving (i.e. convolutional interleaving);
- inner coding (i.e. punctured convolutional code);
- inner interleaving;
- mapping and modulation;
- Orthogonal Frequency Division Multiplexing (OFDM) transmission.

The system is directly compatible with MPEG-2 coded TV signals ISO/IEC 13818 [1].

This baseline system is covered in detail in the DVB-T specification [EN 300 744]: ‘Digital Video Broadcasting
(DVB); Framing structure, channel coding and OFDM modulation for digital terrestrial television’.

Output of Baseline System

Figure 1: Functional block diagram of the Baseline System

4.2 Microwave Transport System
Microwave DVB-T Transport System uses the same modulation characteristics as the Terrestrial Baseline System but
frequency translates it to a microwave transport layer as can be seen in figure 2.  It can then be frequency translated
back to the VHF/UHF band where it is compatible with the Terrestrial Baseline DVB-T demodulators and decoders.
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Figure 2: Functional block diagram of the Baseline & Transport System

4.3 Frequency Translation
It is possible to generate and/or receive channels via frequency translations to and from VHF/UHF.  Each channel or a
block of channels may be upconverted to any frequency within the microwave transport layer and may be
downconverted to any appropriate UHF/VHF channel.  It is recommended that the upconverted channel should follow
the same channel spacing as defined for the Terrestrial Baseline System in ETS 300 744 without frequency inversion
It is important to remember from ETS 300 774 that a possible causes of the inversion error is if the signal is shifted in
frequency by some heterodyning process.  This can cause inversion of the spectrum as well as inversion of the
imaginary axis, however if such a process is repeated, the resulting signal will comply with the specification.

An example of an ‘off air’ fed system is shown in the next diagram (figure 3).
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Figure 3: Example of Frequency Translations between UHF and Microwave for an ‘off air’ fed
system.

The use of a microwave transport layer may be applied to various microwave bands [F1-F2] depending on those
available or appropriate for the application.  In this example ‘wanted’ 8MHz channels are selected from the air,
ignoring the analogue channels.  These wanted channels, which may be a block or individual, are then upconverted to
the microwave band.  The upconversion may be such that the order of the channels may be re-arranged, as in the case
of channel X & Y.  The wanted channels are then downconverted to the UHF channel range where they will be
processed using a normal UHF receiver.

4.4 Modulation Parameters
All variants of code rates, modes and modulation rates specified in EN 300 744 are valid for microwave distribution.
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4.5 Spectrum characteristics and spectrum mask
A theoretical DVB OFDM transmission is illustrated in figure 4.  Applying appropriate filtering can reduce the level
of the spectrum at frequencies outside the nominal bandwidth.  EN 300 744 provides spectrum masks and tables of
breakpoints for:

a) Cases where a transmitter for UHF digital terrestrial television is co sited with and operating on a channel
adjacent to a transmitter for analogue television; and

b) Critical cases such as television channels adjacent to other services.

Where similar spectrum occupancy environment exists in the microwave band being employed then the masks
specified in EN 300 744 are applicable.
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Figure 4: Theoretical UHF DVB transmission signal spectrum for guard interval ∆ =Tu/4
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5 Informative Annex

5.1 Phase Noise Requirements
Meeting the phase noise requirements for OFDM systems at microwave frequencies is more difficult to achieve than it
is at UHF or VHF frequencies.  The dependence of the system behaviour with respect to the phase noise is a function
of the total phase noise power.  This means that it is important to specify the phase noise between 1 KHz and 1MHz
from the carrier.  For example, a synthesiser may have a very good phase noise at both 1 KHz and 10 KHz from the
carrier; but if the phase noise density is high between 10 KHz and 1MHz the total phase noise power could be too high
for a good reception of the signal.

As a rough guide, the following phase noise values have been used in a number of research projects:

-65 dBc/Hz @ 1 KHz
-68 dBc/Hz @ 10 KHz
-86 dBc/Hz @ 100 KHz
-105 dBc/Hz @ 1MHz

5.2 Frequency Stability Requirements
Meeting the frequency stability requirements for OFDM systems at microwave frequencies is more difficult to achieve
than it is at UHF or VHF frequencies.  The frequency stability requirements of the system will usually depend on the
receiver’s sensitivity to frequency drift.  The frequency drift that can be accommodated may vary from receiver to
receiver according to the manufacturer specifications.

Typical AFC lock range in consumer receivers is +/- 70KHz, but most of this tolerance may be required to compensate
for internal frequency inaccuracies within the receiver.

In more complicated systems where very high microwave frequencies are used, pilot recovery circuitry may be used to
correct the frequency errors due to all previous oscillators.  The extent to which these pilot signals can restore
frequency stability may be limited and loop recovery systems may not work with high levels of drift.

Where a similar spectrum occupancy environment exists between downconverted  microwave channels and other
UHF/VHF transmitted channels then the frequency stability requirementrs specified in EN 300 744 must be followed.


