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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 1: System performance of forward paths

FOREWORD

K

pmprising

fields. To
ications,
as
nterested
and non-
bs closely

Prnational

nt of IEC
r for any

jttees undertake to apply IEC Publications
and regional publications. Any djvergence
regional publication shall be clearly indicated in

appfoval and cannot be rendered responsiblg for any

7) mployees, servants or agents including individual experts and
mem ational Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and
expen use of, or reliance upon, this IEC Publication or any ¢ther IEC
Publig
8) Attent i ativ€ references cited in this publication. Use of the referenced publications is
indisp application of this publication.
9) Attent bubject of
paten
Internat
for telev

Audio, video and multimedia systems and equipment.

This fourth edition cancels and replaces the third edition published in 2001, of which it

constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

e redrafting of introduction and scope to reflect the current scope of IEC TC 100/TA 5;
e redrafting of measurement procedure for bit error ratio (BER);

e updating of performance requirements in Clause 5;

¢ inclusion of new Clause 6;

¢ inclusion of new Clause 7;
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¢ inclusion of new Annex K.

The text of this standard is based on the following documents:

FDIS Report on voting
100/1242/FDIS 100/1274/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The list| of all the parts of the IEC 60728 series, under the general title[ Cable networks for
televisiqn signals, sound signals and interactive services, can be foun bsite.

For the differences in some countries, see Annex J.

ded until
abstore.igc.ch" in

The commmittee has decided that the contents of this publi
the maiptenance result date indicated on the IEC web site
the datd related to the specific publication. At this date

e recdnfirmed;

e withdrawn;

e replaced by a revised edition, or

e amgnded.

A bilingtpial version of this later date.

9,
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INTRODUCTION

Standards of the IEC 60728 series deal with cable networks including equipment and

associated methods of measurement for headend reception, processing and distrib

ution of

television signals, sound signals and their associated data signals and for processing,

interfacing and transmitting all kinds of signals for interactive services using all ap
transmission media.

This includes

e CATV!-networks;

plicable

. MATV-networks and SMAT V-Networks;

e indiyidual receiving networks;

and all kinds of equipment, systems and installations installed in su

inputs t

The st3
termina
is exclu

The red

The ins
obvious

In a bu
system
4 and 5
used in

When s
reasons ers (subscribers) is very high, the installation of
network and/or fibre optic cables is used, as indicated in F

describifig_as™ai i e various parts of the system.

are indi¢atéd, as defined in Clause 3.

source

Itimedia
thereof

and a

several

levision
1, 2, 3,
e terms

raphical
a cable
igure 4,

systems

1 This word encompasses the HFC networks used nowadays to provide telecommunications services, voice,

data, audio and video both broadcast and narrowcast.
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Receiving antenna system
terrestrial

|

Frequency converter — . |7,

‘ Combiner ‘

Network interface /ﬂ A

\( A/I'\III'J:;I‘;UI
Splitter (3 outputs)—
Distripution \
amplifier \

,,,,,, <} ~—__ Splitter
(2 outputs)

Branch feeders

System outlets

Matching load
IEC 1407/07|

Some gpartments (dweting units) are served with a home network (HN), interfaced to the
MATYV slystem bywthe Home Network Interface (HNI).

terrestrial reception
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Satellite reception
11 GHz - 12 GHz bands

VHF/UHF Headend for

terrestrial reception
o

To the distribution network
(VHF/UHF and 1% IF)

1% IF (950 MHz — 2.150 MHz)

IEC 08/

NOTE Djstribution at the 1°' IF on the same cable as terrestrial VHF/UHF chg

Figure 2 — Example of the headend of a master g
for satellite (SMATV) re

system

Satellite reception

11 GHz — 12 GHz bands &

UH Headend for

\) \}éet};ial reception

IEC 1409/07

Inputs 1 2 .. M
Switching matrix M
Mx N
inputs x outputs N
L1 1]
vV - VV Outputs 1123 |4 N
[T T
L1 'O on
O— M NN—@ 2 —mMmMmm
[T 11 20 © ¢
IEC 1410/07 IEC 1411/07
Fifgure 3b — Distribution with switching Figure3c — Distribution with switching matrix:
matrix at each flat star configuration

NOTE Distribution at the 1°" IF using multicable and multi-switch technique.

Figure 3 — Example of a master antenna television system for terrestrial
and satellite (SMATV) reception
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CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 1: System performance of forward paths

1 Scope

This part of IEC 60728 is applicable to any cable network (including individual receiving
systemqg) having in the forward path a coaxial cable output and pri anl%ded for

televisign and sound signals operating between about 30 MHz and 3 0

This stg h ac%ristics
of cablg pf these
systems

All requ : : input(s)
to the hleadend or headends and any system outlet x ina i i bqual to
the noni outlets
are not . Also the
requirer] and any
home n¢

NOTE 1 tquivalent
method th

NOTE 2 different
transmiss ilation of
degradati

NOTE 3 |[System nt for the

use of thg return p

Clause mance limits which will, with an unimpaire¢ input,
(headend i i produce_picture and sound signals (at system outlets) where the
impairm i ueter will be not worse, in normal operating conditions| for any
analog 2 pour on the five-grade impairment scale contained in|ITU-BT
500-10. igi odulated signals, the quality requirement is a quasi-error-fre¢ (QEF)
receptid

Appropfi apce requirements for the signals at the receiving antennas site afe given
in Claus

e @ in orderto provide at the input of the headend of the cable network both apalogue

P O L S PR Y ; ! TR PPN L4
and dlg tar terevisSto—StgiarS—witn—Stitaore—guartty-

Clause 7 is applicable to home networks (including those of individual receiving systems)
using coaxial cables, balanced cables or optical cables and primarily intended for television
signals, sound signals and interactive services, operating between about 30 MHz and
3 000 MHz.

This clause, considering the basic operational characteristics of a home network, specifies the
requirements which shall be obtained at the home network interface (HNI) taking into account
the performance requirements given at the system outlet or at the terminal input.
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-705, International Electrotechnical Vocabulary (IEV) — Chapter 705: Radio wave
propagation

IEC 60050-712, International Electrotechnical Vocabulary (IEV) — Chapter 712: Antennas

IEC 60050-713, International  Electrotechnical  Vocabulary  (IE — \JPart 713:
Radiocqmmunications: transmitters, receivers, networks and operation

IEC 60050-725, International Electrotechnical Vocabulary (I
radiocommunications

hapter\72%{ Space

IEC 60917, Graphical symbols for diagrams

IEC 60728-2, Cabled distribution systems for t q Part 2:
Electromagnetic compatibility for equipment

IEC 60728-3, Cable networks for televisi
Part 3: Active wideband equipment for coaxial\¢ak

rvices —

IEC 607
Part 5: Headend equipm

d signals and interactive sefvices —

IEC 60728-10, Cable
Part 101 System fo

q sigmals, sound signals and interactive sejfvices —

IEC 607
Part 11:

gion signals, sound signals and interactive seyvices —

IEC 607
Electron

jon systems for television and sound signals — RKart 12:
systems

IEC 60966- uency and coaxial cable assemblies — Part 2-4: Detail spedification
for cable assemblies) for radio and TV receivers — Frequency range 0 to 3 000 MHz,
IEC 61169-2Connetfors

IEC 60966-2-5, Radio frequency and coaxial cable assemblies — Part 2-5: Detail specification
for cable assemblies for radio and TV receivers — Frequency range 0 to 1 000 MHz,
IEC 61169-2 connectors

IEC 60966-2-6, Radio frequency and coaxial cable assemblies — Part 2-6: Detail specification
for cable assemblies for radio and TV receivers — Frequency range 0 to 3 000 MHz,
IEC 61169-24 connectors

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

ISO/IEC 13818-2, Information technology — Generic coding of moving pictures and associated
audio information: Video
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ISO/IEC 13818-3, Information technology — Generic coding of moving pictures and associated
audio information — Part 3: Audio

ISO/IEC 13818-4, Information technology — Generic coding of moving pictures and associated
audio information — Part 4: Conformance testing

ISO/IEC 14496-1, Information technology — Coding of audio-visual objects — Part 1: Systems
ISO/IEC 14496-2, Information technology — Coding of audio-visual objects — Part 2: Visual

ISO/IEC 14496-3, Information technology — Coding of audio-visual objects — Part 3: Audio

ISO/IE( 14496-4, Information technology — Coding of audio-visual oby Confor-
mance festing
ITU-R Recommendation BS.412-9, Planning standards for terre asting at

VHF

ITU-R R
in plann

may bg sought

ITU-R K

ITU-R R
of telev

ive assessment of the quality

ITU-T H e of television circuits designed for

ITU-T test signals in the field-blanking intgerval of
monoch
EN 501 cabled
distribut
EN 5024
ETSI EN igital Yideo Broadcasting (DVB) — Framing structure, channel coding and

1712 GHz satellite services

modulal‘on fo

ETSI EN 800 429, Digital Video Broadcasting (DVB) — Framing structure, channel coding and
modulation for cable systems

ETSI EN 300 468, Digital Video Broadcasting (DVB) — Specification for Service Information
(Sl) in DVB systems

ETSI EN 300 473, Digital Video Broadcasting (DVB) — Satellite Master Antenna Television
(SMATYV) distribution systems

ETSI EN 300 744, Digital Video Broadcasting (DVB) — Framing structure, channel coding and
modulation for digital terrestrial television

ETSI EN 300 748, Digital Video Broadcasting (DVB) — Multipoint Video Distribution Systems
(MVDS) at 10 GHz and above


https://iecnorm.com/api/?name=deea2944ea68b182535e254ed7bfa360

60728-1 © IEC:2007(E) -19 -

ETSI EN 300 749, Digital Video Broadcasting (DVB)— Microwave Multipoint Distribution
Systems (MMDS) below 10 GHz

ETSI EN 302 307 Digital Video Broadcasting (DVB) — Second generation framing structure,
channel coding and modulation systems for Broadcasting, Interactive Services, News
Gathering and other broadband satellite applications

ETSI TR 101 211, Digital Video Broadcasting (DVB) — Guidelines on implementation and
usage of Service Information (Sl)

ETSI ETS 300 784, Satellite Earth Stations and Systems (SES) — TeleVision Receive-Only
(TVRO) satellite earth stations operating in the 11/12 GHz frequency bands—.

ETSI TR 101 290, Digital Video Broadcasting (DVB) — Measurem
systemsg

br DVB

3 Temms, definitions, symbols and abbreviations

3.1 Tlerms and definitions

For thgd purpose of this standard, the terms a in IEC 60050-705,

IEC 60050-712 and IEC 60050-725, apply.

NOTE The most important definitions are repeated belo

3.1.1
active gntenna
antenng incorporating actjy

[IEV 712-03-29].
3.1.2

active home ne@

home nftwork tha
equipm

interfac
signals

passive
xial RF
hing RF

3.1.3

antenn
that part of aradi smitting or receiving system which is designed to provide the fequired
coupling between transmitter or a receiver and the medium in which the radlo wave
propagdtes

[IEV 712-01-01]

NOTE 1 In practice, the terminals of the antenna or the points to be considered as the interface between the
antenna and the transmitter or receiver should be specified.

NOTE 2 If the transmitter or receiver is connected to its antenna by a feeder line, the antenna may be considered
to be a transducer between the guided radio waves of the feeder line and the radiated waves in space.

314
antenna amplifier
amplifier (often a low-noise type) associated with an antenna

3.1.5
attenuation
ratio of the input power to the output power of an equipment or system, expressed in decibels
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3.1.6
automatic gain control (AGC)

automatic control of a device to maintain constant the level of the signal at its output, using

that signal as the control stimulus

3.1.7
automatic level controlled amplifier

amplifier which includes means to control automatically the level of the signal(s) at its output

NOTE This may be achieved by controlling the variation of gain or slope or both, by means of

e one or more pilot carriers,

e a temperaturesensimg device;

e rem¢ote control.

3.1.8
backoff
nominal| difference of the lower level to a higher reference level

3.1.9
bit errof ratio (BER)
ratio befween erroneous bits and the total number off

3.1.10
branch|amplifier
amplifier to compensate for the attenuatiox

3.1.11

branch|feeder

feeder ysed for connegting pur feeders

3.1.12

bridger|amplifi

a) amplifier for cohpectiomin a tunk\eeder to energize a distribution point

b) ampjifier for ¢ im@a brahch feeder, to energize one or more branch
feeders

3.1.13

broadc munication technologies (BCT)

group o ica¥y ing RF distribution of sound signals and video signals

NOTE If] the light of this/S§tandard, this is a group of applications using the HF band (3 MHz to 30 MHz
band (30 MHz to 300 MHz) and the UHF band (300 MHz to 3000 MHz) for transmission of television signd

4 )

or spur

, the VHF
Is, sound

H dint 41 Ll £ .
signals and-nateractive-servees—as-weH-asforn-homeinternetworking

3.1.14
building network (BN)

network for transmission of television signal, sound signals and interactive services inside a

building (multi-dwellings)

3.1.15
building network interface (BNI)

interface to the network for the transmission of television signal, sound signals and interactive

services inside a building (multi-dwellings)

NOTE This point is also called “transfer point” or “external network interface”.
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3.1.16

carrier-to-intermodulation ratio (C/l)

difference in decibels between the carrier level at a specified point in a piece of equipment or
a system and the level of a specified intermodulation product or combination of products

3.1.17

carrier-to-noise ratio (C/N)

difference in decibels between the vision or sound carrier level at a given point in a piece of
equipment or a system and the noise level at that point (measured within a bandwidth
appropriate to the television or radio system in use)

3.1.18

combinfer
device ip which signals arriving at two or more input ports are fed to a sifigle outputpart

NOTE Spme forms of this device may be used in the reverse direction as splitters

3.1.19
compoIite intermodulation noise (CIN)
sum of moise and intermodulation products due to digitally m

3.1.20
compogsite intermodulation noise ratio (CINR

differenge in decibels between the sigpal level a e (CIN)
level

3.1.21

cross-modulation

undesir¢d modulation of the\carrier—< i ignal as

a result|of equipment or sy

3.1.22

crossview Q

effect @ n ¢ al o the undesired transfer of one or more tglevision
signal(s|

3.1.23

decibel

ten time i to\the Wase 10 of the ratio of two quantities of power P4 and P, i.e.

101g2L  indB
P,

NOTE May also be expressed in terms of voltages.

u
20Ilg— indB
gU2 in

3.1.24

designed receiving antenna

antenna that has the gain, the directivity and the polarization for receiving the wanted signal
at the headend site with the required performance

3.1.25

directional coupler

passive signal splitting device, with minimum signal loss between the input port and the
output port (through loss), a specified coupling loss between the input port and the tap port
(tap loss), and very high loss between the output port and tap port (isolation)
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[IEV 723-09-25, mod.]

3.1.26

directivity

attenuation between output port and interface or tap port minus the attenuation between input
port and interface or tap port, of any equipment or system

3.1.27
distribution amplifier
amplifier designed to feed one or more branch or spur feeders

NOTE This is a general term embracing branch amplifier and spur amplifier.

3.1.28
distribytion point
point where signals are taken from the trunk feeder to energize brarch

and/onspu fee§ers

NOTE Il some cases, a distribution point may be directly connected to the hgadenad>

3.1.29
DOCSIS$/Euro-DOCSIS
standar@ls defining interface specifications for cable
systemg for high-speed data communication over

e modem termination

3.1.30
dwelling unit (DU)

home of office where television and cess to
interactjve services

3.1.31

ratio befween the fne I ang oise power density (Np)

3.1.32

echo rating (E)

result wi 2T sine-squared pulse (as determined in ITU-T

Recomr TU-T Recommendation J.63) using the boundary line on a

specifie igure 29) within which all parts of the received pulse|fall
NOTE T j aticle design is to ensure that the subjective effect of an echo of rating A % is the
same as i Mwith displacement greater than 12T, of (E/2) % relative to the peak amplityide of the
test pulse].

3.1.33

equaliser

device designed to compensate, over a certain frequency range, for the amplitude/ frequency
distortion or the phase/frequency distortion introduced by feeders or equipment

NOTE This device is for the compensation of linear distortions only.

3.1.34
FECFRAME
frame processed by the FEC coding subsystem

3.1.35

feeder

transmission path forming part of a cable network. Such a path may consist of a metallic
cable, optical fibre, waveguide, or any combination of them
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NOTE By extension, the term is also applied to paths containing one or more radio links.

3.1.36
frequency amplitude response
gain or loss between two ports of an equipment or system plotted against frequency

3.1.37
frequency converter
device for changing the carrier frequency of one or more signals

3.1.38

frequency designations
A oabhhe £ 1CC enneEn 713 + [N A o oot (o) Cable

- | H E'H IWIP-%
frequen :y UUSIgnalIUnS anu GUUIUVIaLIUnS VT T\ UUUJVU

networks (for example, a VHF system includes frequencies between 30 z and 800, MHz)

3.1.39
gain
ratio of
decibels

ssed in

3.1.40
headenf

equipment which is connected between receivingnaanter ignal sources [and the
remaind ‘ '

NOTE T
and gene

eparators

3.1.41
headen
headen
system

Vge of installation may include one [or more

3.1.42
headen
interfac ghals received by antennas or individual feeder ljnes are
applied

3.1.43
home cg
physica R en the home distributor (HD) and the system outlet or the terminal
input

3.1.44
home distributor (HD)
distributor within a home where cables terminate

3.1.45

home network (HN)

RF cable network inside a single dwelling (one-family house or one unit of a multi-dwelling
building) in the SOHO (Small Offices Home Offices) environments or in the rooms of hotels,
hospitals, etc.; the preferred topology of this network is a star. This network carries television
signals, sound signals and interactive services up to the coaxial RF interface (input and/or
output) of the terminal equipment. It may comprise active equipment, passive equipment,
cables and connectors
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3.1.46

home network interface (HNI)

interface for access to the network for transmission of television signal, sound signals and
interactive services inside a home (single dwelling)

3.1.47
hub headend
headend used to feed the entire operating network in the service area

3.1.48

intermodulation

process whereby non-linearity of equipment in a system produces output signals (called
intermofulation products) at frequencies which are Tinear combinations gf thowwe input

signals

3.1.49
isolatiojn
attenua

3.1.50
level
decibel

decibel

NOTE T
ambiguityj

no risk of

3.1.51
local héadend

headen K feeder

3.1.52
looped [syste
device through which the spur feeder passes and to which is connected a receiver lead,
without fhe“use of a subscriber feeder

NOTE For special conditions In Norway, see J.1.

3.1.53

MATV headend

headend used in blocks of flats and in built-up sites to feed TV channels and FM radio
channels into the house network or the spur network

3.1.54

modulation error ratio (MER)

sum of the squares of the magnitudes of the ideal symbol vectors is divided by the sum of the
squares of the magnitudes of the symbol error vectors of a sequence of symbols, the result
being expressed as a power ratio in dB
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MER =10 Ig|—L=

3.1.55

MPEG-2

refers to the ISO/IEC 13818 series (for system coding, see ISO/IEC 13818-1; for video
coding, see ISO/IEC 13818-2; for audio coding, see ISO/IEC 13818-3)

3.1.56
MPEG-4
refers tp the ISO/IEC 14496 series (for system coding, see |
coding, |see ISO/IEC 14496-2; for audio coding, see ISO/IEC 14496-3

3.1.57
multi dyelling unit (MDU)

building] with many homes or offices used by single , sound
signals pre distributed and where is access to interagti

3.1.58

multiplex

signals | from several separate sourcs nal for

transmigsion over a common transmissjio

[IEV 701-03-10]

3.1.59
mutual [isolation

attenuafion bet
system |under i
minimurh value obtaj

3.1.60
network i
interfac tgansmission of television signal, sound signals and intferactive
serviced

17

obitlets at any frequency within the range¢ of the
g specified, for any particular installation| as the
equency limits

3.1.61
networl
equipment.for access to the cable network for television signal, sound signals and interactive
services

3.1.62

outdoor unit

part of the TVRO installed in a position within line of sight to the satellite(s) to be received
which normally comprises two main parts:

a) the antenna sub-system which converts the incident radiation field into a guided wave;
The antenna sub-system consists of
— the main reflector, the secondary reflectors (if any) and the radiator,

— the feeder network, which may include optional polarizing devices, to receive
orthogonal linear polarizations, in a simultaneous or exclusive way.

Instead of reflector(s)/feed network subsystem, other types of antennas may be used, for
example, flat array antennas
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b) the LNB(s), which may include an optional filter, is a device with very low internal noise
that amplifies the received signals in the RF band and converts them to intermediate
frequencies, (often called the 1°' IF), for transmission to one or more indoor units where
tuning, demodulation and decoding of the received signals are performed

3.1.63

out-of-band emissions

emissions on a frequency or on frequencies outside the necessary bandwidth which results
from the modulation process, but excluding spurious emissions

3.1.64
permanent link

the transmission—path—betweenany two test interfaces—within a3 cabling=subsystem link

including the connecting hardware at each end

3.1.65
phase noise
phase ipstability of random nature; The sources of random sidé
thermal|noise, flicker noise and shot noise

ator are

Each time the signal is frequency processed this signa
noise dlie to phase noise of the local oscillator. Freq
phase njpise

ddition df phase
enerate

3.1.66
programpnme-specific information (P
coding §
the dem

rpose of

3.1.67
receiver lead
lead whjch connects t

receiver Ia

NOTE A

3.1.68
remote
headen
link

rrestrial

3.1.69

satellit na television system (SMATV)
system |which)is ed to provide sound and television signals to the outlets of a |building
or a group<of buildings. Two system configurations are defined in ETSI EN 300 473 as|follows:

e SMATV system A, based on transparent transmodulation of QPSK satellite signals into
QAM signals to be distributed to the user;

e SMATV system B, based on direct distribution of QPSK signals to the user, with two
options:
e SMATV-IF distribution in the satellite IF band (above 950 MHz);

e SMATV-S distribution in the VHF/UHF band, for example in the extended S band
(230 ... 470 MHz)

3.1.70

separator

device in which the signal energy, covering a frequency band, at one input port is divided
between two or more output ports each of which covers a part of that frequency band

NOTE 1 For example, a diplexer is a two-output separator.
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NOTE 2 Some forms of this device may be used in the reverse direction for combining.

3.1.711

service information (SI)

digital data describing the delivery system, content and scheduling/timing of broadcast data
streams, etc. It includes MPEG-2 programme-specific information (PSI) together with
independently defined extensions

3.1.72
Sp,re/N

signal-to-noise ratio for a digitally modulated signal in the RF band

3.1.73 i
single dwelling unit (SDU)
home of office used by a single owner where television signals, soupd\signals e idtributed

and thefe is access to interactive services

3.1.74
signal adaptor
device

without
televisig

system,
tributes

3.1.75
signal tilt
differen
If group

sfgnals at any point in g system
is referred to as block tilt

3.1.76
shoulde¢r attenuation
ratio be

3.1.77
slope
differen
system

nts in a

3.1.78

SMATV
headen
house netwo

into the

orthe\sput network

NOTE Ir] sofme cases, a distribution point may be connected directly to the headend.

3.1.79

splitter (spur unit)

device in which the signal power at the (input) port is divided equally or unequally between
two or more (output) ports

NOTE Some forms of this device may be used in the reverse direction for combining signal energy.

3.1.80
spur amplifier (line extender)
amplifier to compensate for the attenuation in a spur feeder

3.1.81
spur feeder
feeder to which splitters, subscriber taps, or looped system outlets are connected
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2007(E)

emissions on a frequency or frequencies which are outside the necessary bandwidth and the
level of which may be reduced without affecting the corresponding transmission of
information. Spurious emissions include harmonic emissions, parasitic emissions, inter-
modulation products and frequency conversion products but exclude out of band emissions

3.1.83
standard reference power (Po)

in cable networks, the standard reference power P is 1/75 pW

NOTE This is the power diceipnfnd ina7s Q resistor with a \/nlfngn r'lrnp of 1 :I\/ across it~

3.1.84
subscriber feeder

feeder gonnecting a subscriber tap to a system outlet or, where the

to the stibscriber equipment

NOTE A]subscriber feeder may include filters and balun transformers.

3.1.85
subscriber equipment
equipment at the subscriber premises such as recei

3.1.86
subscriber tap
device for connecting a subscriber feed

3.1.87
subscr}b

er terminal (ST)
equipm
distribu

3.1.88
supertr

3.1.89
symbo
short-tef i ol rate due to signal processing

NOTE Fpr instahce, d by zero packet stuffing in headend equipment

v set-top box, etc. ) able to rece
em) return signals for interactive servicg

RS

ecoders, video recol

>1irectly

ders

ive the
S

3.1.90
system outlet
device for interconnecting a subscriber feeder and a receiver lead

3.1.91
transport stream (TS)

data structure defined in ISO/IEC 13818-1 It is the basis of the digital video broadcasting

(DVB) related standards

3.1.92
trunk feeder

feeder used for the transmission of signals between a headend and a distribution point or

between distribution points
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3.1.93
trunk amplifier

—29_

amplifier to compensate for the attenuation in a trunk feeder

3.1.94
trunk-bridger amplifier

amplifier to compensate for the attenuation in a trunk feeder and also to energize a

distribution point

3.1.95
unwanted emissions

consist of spurious emissions and out-of-band emissions

3.1.96
well-mdtched

matchinjg condition when the return loss of the equipment complies

Table 1]of IEC 60728-3

3.2 Symbols

The follpwing graphical symbols are used in the figyres of this
either listed in IEC 60617 or based on symbols defined i

Symbols Terms
A attenuator
[IEC 60617-S01244(2001:07)]
G sine-wave gepérator
N [IEC 60617-S012% Q

band pass\filter
[IEC-S 249(2
amplifie

[IEC 686175S0

ctional coupler
[IEC6Q617-301340(2001:07)]

variable attenuator
> [IEC 60617-S01245(2001:07)]

low pass filter
[IEC 60617-S01248(2001:07)]

Variable band-pass filter
[IEC 60617-S01249(2001:07)]
[IEC 60617-S00081(2001:07)]

detector

spectrum analyser
[IEC 60617-S00059(2001:07)]
[IEC 60617-S00910(2001:07)]

mixer

NI

%nts of

bols are

demodulator

modulator
Roathatod

[IEC 60617-S01278(2001:07)]

[ J Home Network Interface (HNI)

I~y
~Z
scill p
@ [IEC 6Q6175600Q59(2801:07)]
60RIZ-S00922(2001:07)]
HNI
[ —

—{] subscriber tap
Receiver lead
YL RF-choke

[IEC 60617-S00583(2001:07)]

o roattatoT

[IEC 60617-S01278(2001:07)]

)

SO

AEE splitter

_:_ resistor

[IEC 60617-S00555(2007:01)]

System Outlet (SO)
[IEC 60617-S00438(2001:07)]
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Abbreviations

AC alternating current AFC automatic frequency control

AGC automatic gain control Al amplitude imbalance

ALC automatic level control AM amplitude modulation

ANT. antenna coefficient APSK amplitude and phase shift keying

ASCII American standard code for ATM asynchronous transfer mode
information interchange

AWGN additive white Gaussian noise BAT bouquet association table

BCH Rose-Chaudhuri- BCT hroadcast apdesqommunication
Hocquenghem multiple error
correction binary block code

BCT1 B BCT supported by balanced BCTC gl
cabling

BER bit error probability BER

BPS§K binary phase shift keying bslbf

BW bandwidth C/N carrer-to-oise ratio (rafio of RF

IF pewer to noise power)

CA conditional access Junity antenna teleyision

CENELEC Comité Européen de gnférence Européenng des
Normalisation Administrations des Postes et
Electrotechnique des Télécommunication$

CORDM common phase error

CR( carrier suppression

CS( CTB composite triple beat

cw D/A digital-to-analogue convierter

DAE DC direct current

DFT DOCSIS Data Over Cable Service

Interface Specification
DTH DVB digital video broadcastirlg
DVE DVB-CS digital video broadcastirlg
baseline system for SMATV
television distribution systems
(ETSI EN 300 429) (ETSI EN 300 473)

DvVB-MC digital video broadcasting DVB-MS digital video broadcasting
baseline system for multi- baseline system for multi-point
point video distribution video distribution systems at 10
systems below 10 GHz GHz and above
(ETSI EN 300 749) (ETSI EN 300 748)

DVB-S digital video broadcasting DVB-S2 digital video broadcasting
baseline system for digital baseline system for digital
satellite television satellite television second
(ETSI EN 300 421) generation (ETSI EN 302 307)

DVB-T digital video broadcasting EB error block

baseline system for digital
terrestrial television
(ETSI EN 300 744)
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EIT event information table EMM entittement management
message
EN European norm ENB equivalent noise bandwidth
END equivalent noise degradation ETR ETSI technical report
ETS European telecommunication ETSI European Telecommunications
standard Standards Institute
Euro European Data Over Cable FDM frequency division multiplex
DOCSIS Service Interface
Specification
FEC forward error correction FFT fast Fourier transform
FIFQ first-in, first-out shift register FM
FSL field strength level HBES
HCL home cable link HD
HDTV high-definition television HES
HEX hexadecimal notation HN
HNI home network interface
ICI inter-carrier interference mediate frequency
IFF1 stitute of Radio Engingers
ITS nternational Telecommunication

LDR

LNB

LP

Union

low-definition television

local oscillator

least significant bit

panded

MAT MDU multi-dwelling unit
MER MMDS microwave multipoint digtribution
systems
MPE cture experts group MSB most significant bit
MSRS ega symbols per second MUX multiplex
MVDS microwave video distribution NICAM near-instantaneously co
systems audio multiplex
NM noise margin NTSC national television system
committee
OCT octal notation OFDM orthogonal frequency division
multiplex
PAL phase alternation line PCR programme clock reference
PER packet error ratio PID packet identifier
PRBS pseudo-random binary PSK phase shift keying
sequence
QAM quadrature amplitude QEF quasi-error-free
modulation
QPSK quaternary phase shift keying RF radio frequency
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RMS root mean square RS Reed-Solomon

RSBW resolution bandwidth SDTV standard definition television

SDU single dwelling unit SECAM séquenciel couleur 8 mémoire

SFN single frequency network SMATV satellite master antenna
television

SO system outlet SOHO small office, home office

SSLA sectional slope of active SSLP sectional slope of passive

coaxial home network coaxial home network

T-STD Standard television TC8PSK trellis coded 8-phase shift keying

TI terminal input TPS tr_ansm.issio paré‘qﬁ

TS transport stream TV iSion

TVRO television receive only UHF

uimsbf unsigned integer, most uTC ed

significant bit first

VHRF very high frequency vsSB

4 Methods of measurement at sy

4.1 General

The methods of meas gpplicable to analogue and/or |digitally

9,
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Table 1 — Application of the methods of measurement

Methods of
measurement

Subclause reference

Modulation of carriers

Analogue

Digital

Television

Vision carrier

AM-VSB

Vision
and
sound
carriers

NTSC | PAL | SECAM

FM

Radio
FM

TV
sound
carrier

FM/AM

Television

Vision and sound

Sound

Radio

PSK,
APSK

OFDM

NICAM

DAB

4.2 Mutudl isolation
betwepn system
outlet

4.3 Ampli
within

ude response
a channel

4.4 Chrominance-
luminance gain and
delay jnequalities

A
a
x\

4.5 Non-linear distortion

"
R
>

4.6 Carrigr-to-noise
ratio

4.7 Echogs

v

>
)

4.8 AM-VEB television,
FM raflio and FM
televigion signal
level

4.9 Data ¢cho rating
and data delay
inequality

4.10 Interference in M
sound| radio
channgls

A

4.11 MetHods of
meagurement f
digitglly mo
signgls

K/

4.11.3 Sig
digitc mo te
signgls

4.11.4 RH
noise

for di

signal-to-
ratio S
itally

D,RF/N

modulated signals

4.11.5 Bit error ratio
(BER)

4.11.6 BER versus
E, /N, or C/N

4.11.7 Noise margin

4.11.8 Modulation error
ratio (MER)

4.11.9 Phase jitter

4.11.10 Phase noise of
an RF carrier
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4.2 Mutual isolation between system outlets
4.21 Introduction

Although the method described applies also to the far ends of subscriber feeders when no
system outlets are used, isolation will usually be measured between

a) system outlets connected to adjacent subscriber taps,
b) system outlets connected to the same multiple subscriber tap,
c) adjacent looped system outlets.

4.2.2 Equipment required

The tes{ set-up shall be well-matched and shall consist of

a) a sweep frequency generator, with frequency range or range

tef> to be
examined, equipped with a frequency marking system,

b) a tefminating wideband detector,

NOTE 1 ["Wideband" is understood to mean of sufficient bandwidth to
under investigation.

range of the system

NOTE 2

c) a varLiabIe attenuator, adjustable in ‘ ter than
the maximum mutual isolation to b

d) a wi : i i level at the system outlet to a
leve| suitable to drive the detector,

e) an ¢scilloscope or other di i Operation with the sweep fregquency
genTrator,

f) a sujtable coaxial ength_to reach from one system outlet to an adjacent

one fin the cable n

4.2.3 Connect

The eqdipment sfial
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Sweep generator

RF output
outpu Low-loss cable
g [T e A ~H | ©
Y Marker
O
O
IEC 1414/07
Figure 6a

other connections
as in Figure 6a
N f1 »fz b —

IEC 141$/07

or measurement of mutual isolation
outlets

asured;
amplifier

cope and amplifier gain controls to produce a display and note the

amplitudeja, display over the frequency range under inspection.

Rerv ovae from tha caoction nndar tact tha cianale narmally dictribiitad An thao system
move—from—the—section—undertest—the-signals—normally—distributed—on—the _
whilst maintaining the correct terminating conditions; Connect the equipment as shown in
Figure 6b; Note that the output from the sweep generator is connected to the "local"

system outlet and the long cable (according to 4.2.2 f)) is used to connect to the "remote"
outlet.

Reduce the attenuator setting until the peak of the display just reaches the same
amplitude as that noted in item c) of this subclause for the frequency at which the peak
occurs;

Note the new value of the attenuator a,.
Mutual isolation is given by a, - a,.

If the system outlets are of dual socket design, for example, TV and Radio, the mutual
isolation should also be measured at the appropriate frequencies between one socket, for
example TV, of the "local" system outlet and the alternate socket, for example, Radio, of
the "remote" system outlet and vice versa. In these cases, it will be necessary also to
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measure mutual isolation with the unused sockets in both terminated and open-circuit
conditions. The conditions of measurement should be stated when tabulating results.
When unused sockets are terminated, the terminating resistance shall be 75 Q.

i) Where the measurements are made in a number of discrete frequency bands, the lowest
result obtained shall be taken as the mutual isolation between the two system outlets
under investigation.

4.2.5 Presentation of the results

The results shall be presented in a table listing the values obtained for each couple of
measured system outlets.

4.3 A|mp|itude response within a channel

4.3.1 Introduction
The method described is applicable to the measurement of the i bf cable
networks over the frequency range of an individual channel \betwesly ied points

within the system.

However, where input signals to the system are recej¥ed at O , gnd, and
modula?ed onto the system carr|er frequenmes - a tor and
modula ‘ tems, a
separate nt.

Where the system contains frequency changi ¢ een the antenna inputfand the
system S Mration of the equipment (as detailed
in 4.2.4h requencies, having first checked that

the outp 3t over the input channel.
4.3.2

The tes

a) asw

b) a tefminating

c) two i

d) an

e) a duglrace

f) a high output (a
califration over

least 300 mViyg terminated) signal generator of known frequency
e frequency range of the channel to be tested,

g) a balanced mixer,

h) a low-pass filter with cut-off at approximately 200 kHz for television channels or
approximately 10 kHz for FM sound radio,

i) a directional coupler suitable for use in the frequency range of the channel to be tested,
j) a termination to match the output of the filter specified in item h) of this subclause.

4.3.3 Connection of the equipment

The equipment shall be connected as in Figure 7a. If the tests are to be carried out in the
presence of other signals on the system, a filter may be necessary at the input of the amplifier
to prevent distortion of the display. This filter shall have a flat response and shall match the
system correctly over the channel to be tested. It shall have sufficient attenuation at the
frequencies of the other signals to reduce them to about 20 dB below the level of the swept
test signal.
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Filter if required

423 Directional
A1/ Az/ (see ) coupler
il s e
f —w=f, A FO—0OF A |
et ] N L
—O Y1
Mixer >< = oYz
G
[
IEC 1416/07
Figure 7a
stem
dextest
e iv&
IEC 1417/07
Rigure 7b
t of test equipment for measurement
y response within a channel
4.3.4
a) With ' t connected as shown in Figure 7a, adjust the output frequencigs of the
swe ver the channel to be tested and set the variable attenuator A;, so
that|the (eve signal at its output is that which will be required when conngcted to
the $ystem inpuft:
b) Set the variable attenuator A,, so that the level of the signal at the input to the amplifier is

about 3 dB to 4 dB below that expected at the system outlet at which the test will be

made.

c) Adjust the oscilloscope controls to obtain a satisfactory display on the Y, channel, which

shall be DC coupled, locking the timebase to the leading edge of the display.

NOTE It may be necessary to operate the oscilloscope at a repetition rate equal to half that of the sweep

generator and examine the "second" displayed response.

d) Adjust the frequency of the signal generator to that of the lower limit of the channel under
investigation and arrange the level of this signal and the gain and shift controls of the Y,

channel of the oscilloscope to produce a satisfactory "marker".

e) Move the "marker" to the upper frequency limit of the channel and carefully note the
amplitude of the display between the two marks (see "reference" in Figure 8) and the level

of the display during the blanking period.
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Reference

Trough touches reference

/ at Ap setting = ap

Curve crosses "reference" at vision
frequency at Ay setteing = ag

Peak touches "reference" at A, setting = a4

f) Adju
subq

g) Con
sign
nece

IEC 1418/07

ork as shown in Figure 7b removing the
/ but retaining any pilot signals which
of the system.

hect the equipn
B | input’“b
ssary to nmrajr

stems. may not function correctly on swept input signals and may h3
awp contrel used during these tests.

g the attenuator A‘, set up the dielnlny sao that within the frpqnpnr‘y limits m

) of this

normal
may be

ve to be

pined in
blanking

of this

arked in

NOTE S
rendered
h) Adju
item
leve
i) Mar
subd
j) Usi
item

i) of this subclause:

1) the curve crosses the "reference" at the vision carrier frequency, interpolating if
necessary; note the value ag, with correction for interpolation;

2) the "peak" of the response touches the "reference", interpolating if necessary; note the
value a4, with correction for interpolation.

The

"trough" of the response touches the "reference", interpolating if necessary.

Note the value a,, with correction for interpolation.

k) The variation of amplitude/frequency response within the channel is given by (a,—ag) and

(ap—

ap).
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4.3.5 Presentation of the results

The results are presented in a table or by a curve showing the amplitude response within the
measured channel.

4.4 Chrominance-luminance gain and delay inequalities
4.41 Introduction

The methods described are only relevant for PAL and SECAM standards and applicable to the
measurement of chrominance/luminance gain and delay inequalities for complete systems
and constituent items of equipment. The test signals employed are in both cases those
recommended in ITU-T Recommendation J.61, and are shown in Figure 9 and.Figure 10.

Sin? X

1,00 -

T

0,65

0,30 +

IEC 1419/07

‘line systems) employed for
and delay inequality

%

- 100
<90
- 50
0,31 <110
0,30 - 40
L L
Rise time: approximately 200 ns IEC 1420/07

NOTE In France, the nominal rise time B2 is approximately 110 ns.

Figure 10 — Test signal (signal B2 for 625-line systems) employed for
chrominance/luminance gain and delay inequality
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It is intended that these measurements are carried out with test signals inserted at the system
headend. They may be either of the full-frame type or, where convenient, may be inserted in
the field blanking periods. The use of inserted test signals available on the broadcast
television channel is not generally recommended as these are subject to variations beyond
the control of the user. However, where such signals, of known stability and of adequate
quality, are available, they may be used to carry out these measurements.

4.4.2 Equipment required
The test set-up shall be well-matched and shall consist of

a) an oscilloscope which will not contribute significant distortion to the signal displayed,
€ 10 e used)

b) a mopdufator (unfess transmitted test signats i the fiefd branking inteyval
havihg the following characteristics:

1) fadio-frequency characteristics (excluding sound) corresporidi Recom-

mendation BT.470, and appropriate to the television transmi

2) yideo signal input requirement of 1 V peak-to-peak comg

c) a synchronous demodulator having characteristics C . ision trans-
misgion system used,

d) two pttenuators variable in steps of not more than 1 d

e) a test signal generator (unless traps |tte ast Si A o idi i $ having
charfacteristics appropriate to the idergtion, as
spegified in ITU-T Recommendation gr signal
elements B2 and F,

NOTE 1 |Most commercially avai osite test

line.

NOTE 2 |For measuremen (& composite pulge of half-amplitude duration = 1 ys woyld be an
acceptable alternative to that sh

f) A tdst set idi ali ¥d variable delay and attenuation in either the
chrominance © M 3 of the video spectrum.

4.4.3
The eqi
A2 4 Demodulator
G A
T~ o<
~

Test set Qscillos ope

System

under test
IEC 1421/07

Figure 11 — Arrangement of test equipment for measurement of
chrominance/luminance gain and delay inequality

4.4.4 Measurement procedure

a) With point A directly connected to point B (see Figure 11), adjust attenuator A, for an
output level sufficient to drive the system to be tested and attenuator A, to obtain the
correct input level to the demodulator.
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b) Adjust the oscilloscope Y gain, Y shift and time base to obtain a suitable display of the
composite pulse.

For convenience, the oscilloscope may be triggered so that the top of the bar is
superimposed over the pulse, as in Figure 12.

Ensure that the distortion of the test signal due to the control loop (test equipment) is
small compared with the limit specified for the system or equipment to be tested.

d) Connect the system or equipment to be tested between points A and B.

Adjust the attenuator A, to return the input level to the demodulator to that given in
item a) of this subclause.

e) Using the oscilloscope controls, obtain a display as in item b) of this subclause.

f)  With the controls on the test set, null the delay inequality so that the bottom edgle of the
pulse is symmetrical about the vertical centreline of the puls igire'12b and
Figure 13b).

100 %

IEC 1422/07

Bar top

AU IEC 1423/07

Figure 13a — Before nulling delay Figure 13b — After nulling delay

Figure 13 — Displayed pulses: chrominance high and leading

g) Using the calibrated attenuator on the test set, null the gain inequality so that the peak-to-
peak amplitude of the chrominance signal equals that of the luminance bar.

h) If necessary, repeat the procedure of 4.4.4e) and 4.4.4f).
i) Read the gain and delay inequalities from the calibrated test set.

NOTE 1 If the measurement is made in the presence of echoes generated by discontinuities in the system under
test, the result obtained will be subject to an error of magnitude not exceeding that of the echo.


https://iecnorm.com/api/?name=deea2944ea68b182535e254ed7bfa360

- 42 - 60728-1 © IEC:2007(E)

NOTE 2 It is possible, without the use of the test set, to estimate the delay or gain inequality by direct observation
of the pulse against a calibrated graticule and use of a suitable nomograph. The nomograph employed is that
applicable to the half-amplitude duration of the particular composite pulse employed for the test. However, where
non-linear distortion is present, particularly quadrature distortion in the demodulator, the results will be
substantially in error.

4.4.5 Presentation of the results

The results are presented in a table showing the measured value of the chrominance-
luminance gain and delay inequalities related to the measured channel.

4.5 Non-linear distortion

4.5.1 General

See IEQ 60728-3. The methods described there are applicable to PAL S N tems.

4.5.2 Intermodulation

See IE(} 60728-3.

4.5.3 Composite beat

4.5.3.1 General

The method of measurement of compdsi at\ ush isio cable to
the megsurement of the ratio of the i i a cable
network] The method can also be us ine the_composite beat intermodulation
performpance of individual items of equi asurement is made using the [existing
channels in the system with their norm

4.5.3.2 Introduction

When the input signals ate paced intervals (as is common in most frgquency
allocatigns for T i istortion products tend to cluster in groups, [close to
the visipn carri Y e positions within the TV channels. The number of
different products i gases rapidly with the number of channels. They

combing on the degree of coherence between the geperating

signals, different distortion products.
The methad ¥ ik s/subclause measures the non-linear distortion of a dgvice or
system € effect of all the beats clustered close to the vision carrier or|at other

positions Wwithin<g "R shannel. During the measurement, that channel has to be tunned off.
The compositexbeat weasured is that generated by all carriers except that or thos¢ of the

NOTE On systems carrying more than 10 channels, removal of the wanted channel does not significantly affect
the result.

If the major contribution to the composite beat is due to distortion products of a particular
order, the composite beat will follow the standard level variation for that order. If the
composite beat, as measured, does not follow a standard level variation, it shall have
significant contributions from distortion products of different orders.

The method is used to support a specification of the following general format: "the composite
beat ratio for (list of carriers) in channel (A) at B dB(uV) is C dB".

(A) designates the channel in which the test is made. If omitted, the specification is
understood to be a minimum specification for measurements at all the channels specified by
the list of carriers.
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B is the reference level at which all carriers are set during the measurement, unless otherwise
specified. If all carriers are not at the same level, the specification should clearly indicate the
level of each carrier relative to the reference level, which is that of the highest carrier level.

C is the composite beat ratio, usually given as a minimum specification.

The list of carriers will usually be specified as a list of standard channel designations,
signifying test signals at the frequencies of the corresponding vision carriers.

The ratio of carrier-to-composite beat may not vary with output signal level in the way
expected for distortion of a given order, and it may therefore be necessary to repeat the tests
at levels_higher and lower than those initially used. Repeat the tests at levets~2 dB higher and
lower. I{ is recommended that these repeat tests are done on the channel{which\preduced the
lowest Qeat ratio during the test.

4.5.3.3 Equipment required

a) Asp ity.

NOTE W D Hz, the

compositg

b) Av

c) Ab nis filter
shou ently to
ensu If do not
contri gband of
this fi

NOTE If

4.5.3.4

The eqi

Band-pass filter

T
\ e ||
S m A B
had& \ A . P(f)
Q Spectrum

analyser

System or equipment | |
under test

IEC 1424/07

Figure 14 — Connection of test equipment for the measurement
of non-linear distortion by composite beat

4.5.3.5 Measurement procedure

a) Connect point A directly to point B and disconnect the band pass filter (see Figure 14).
b) Adjust the spectrum analyser as follows:

IF bandwidth: 30 kHz

Video bandwidth: 10 Hz
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Scan width: 50 kHz/div.
Vertical scale: 10 dB/div.
Scan-time: 0,2 s/div.

Tune the spectrum analyser to the channel in which the measurement is to be made so as
to display the vision carrier in a frequency range of 0,5 MHz towards the sound carrier.

Adjust the sensitivity of the spectrum analyser together with its internal and external input
attenuator in such a way that the response to the vision carrier corresponds to a full-scale
reference; At the same time, the noise level shall be at least 60 dB and preferably 65 dB
below the reference level.

Insert the band pass filter (if necessary) correspondlng to the channel to be measured and

Disconnect the signal feed for the channel to be measured and terpis put socket
withl|its nominal impedance

Verify that the intermodulation products generated in the sp ker the
entine channel are below the reference level by an amount 2 ; han the
required distortion dlstance Y ijter and
rep pectrum
analyser

Note

Rec dure for
all channels.

Con

Adju sert the
appropriate band-pass filter, if necessa

Adjust the input atterfUa i al s of the
spegtrum analyser to\the “\gi i 3 i i ing of its

sengitivity control (8

NOTE The external/at{enus e system

under tesf will see -@4 i

m) Disclonnect the signs it socket
withl|i '

n) Notd r~Intermodulation products occur and the level ¢f these
products{co reference level in the frequency range displayed| by the
sped

o) Rec al feed for the channel, adjust the analyser tuning so as to display the
next

p) Repgat steps k.to’0) until the entire channel has been examine.;

q) If the r‘nmpnqifp heats are clustered near the vision carrier then the qignnl/r‘nmpnc ite beat
ratio is read direct from the screen of the spectrum analyser. In cases where there are
several clusters, then the ratio is calculated and the subjective effect will be obtained by
using the following formula which assumes power addition of the beats:

M —((L;+K;)/10)
Signal/composite beat = -101g) 10 /"
j=1
where

M is the number of different frequencies at which intermodulation products clusters
occur;

L; corresponds to the ratio, expressed in decibels, of the reference level, at the relevant
frequency, to that of the intermodulation product;
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K; is the weighting factor expressed in decibels at the relevant frequency as obtained
from Figure 15, Figure 16, Figure 17 and Figure 18.
LN
5
= -10
: / Voo
3 -15
&
: \
Er-2o \—
(]
; N
-25 4 \
-30
-2 -1 0 1 2 \Jx W r

'3 WK (dR)

T

\AL

P5/07

IEC 14
Figure 15 — Weighting curve for 625-line system:B D1 (PAL)
CW interference witt&' equ n@off et) control
O VNN
-5 \( j
b 10 f\;<\ ~ \N\/V \
NP AN W \
E 0 Ya\
Ra%
230 \
1\/ 0 1 2 3 4 5 6
Frequency of interfering signal (MHz) with reference to the vision carrier
IEC 14

6/07

Figure 16 — Weighting curve for 625-line system | (PAL):
CW interference with no special (frequency offset) control
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o
=2
x
S
|8}
A
(o]
=
=
2
(]
=
[EC 1427407
(PAL)
)
3P
£
D
£
)
£
2
4
=30
N ¥ 0 1 2 3 4 5 6 1
‘equency of interfering signal (MHz) with reference to the vision carrier
IEC 1428/07
Figure 18 — Weighting curve for 625-line system L (SECAM):

CW interference with no special (frequency offset) control

NOTE A cluster is a group of beats (intermodulation products) falling around a carrier or inside a TV channel.
r) Repeat the steps k) to p) of this procedure for every channel used in this test.

s) The signal/composite beat ratio for the system under test to be taken is the lowest
obtained in step r).

4.5.3.6 Presentation of the results

The results are presented in a table showing the measured values of composite beats
(CTB/CSO) for each relevant TV channel.
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4.5.4

Composite crossmodulation

Under consideration.

4.5.5

Intermodulation noise

The method of measurement of signal to intermodulation noise ratio Sp ge/ly is the same as
for RF signal-to-noise ratio Sp ge/N. The measurement is performed at the system outlet or at
the output of a distribution equipment with the QAM channel load designed in operation.

4.5.6
4.5.6.1
This is

and har

A simpl
relativel
the abo

Hum modulation of carriers

Introduction

a method of measurement of the amplitude modulation (AM
monics thereof, of the signals on cable networks.

An alterpative method using an AC reference is desqgribe

NOTE T
mode po

measurement without the filter in the circuit, bu

noise. A revised method of measurement is currenth

4.5.6.2

When t
compos

taken tg

4.5.6.3

uencies

.5.p.6. For
.|Both of

switched-
n such a
wideband

to-peak
depth is

- T

NTITANATAARANANARAY

IEC 1429/07

Figure 19 — Hum modulation envelope
(x = percentage peak-to-peak hum modulation)

Equipment required for DC method

The test set-up shall be well-matched.
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NOTE 1 Items a), b), c) and e) of this subclause, if applicable, should preferably be powered from batteries (see
also 4.5.6.4b)).

NOTE 2 In item b) of this subclause "negligible" means small compared with the level of hum modulation
expected to be measured.

a) A CW signal generator with output frequency range and output level to suit the system to
be tested (see NOTE 1).

b) A tuned signal amplifier to raise, with negligible distortion, the level of the test signal at
the point of measurement to about 2 Vg5 (see NOTES 1 and 2).

c) An oscilloscope: dual channel, DC coupled, with differential facility, capable of
measurement of a signal of 1 mV peak-to-peak (see NOTE 1).

d) A tepminati impedanceee

e) Alo

f) Two|attenuators, variable in steps of 1 dB.

w-pass filter with 1 kHz cut-off; impedances to suit the detectorcoutp

g) A caglibrated potential divider (as shown in Figure 20).

Input from N
detector

Output to
oscilloscope

IEC 1430/07

NOTE T i e ipput impedance of a typical oscilloscope (1 MQ).

h) A st

/N :

ov-25V

® O
IEC 1431/07

NOTE 1 Arrange polarity to suit detector and oscilloscope in use.
NOTE 2 Values chosen to suit the voltage of the battery and the Zener diode employed.
NOTE 3 Multi-turn potentiometer preferred for precise setting.

Figure 21 — Stable variable DC source
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4.5.6.4 Connection of the equipment

— 49—

a) If battery-powered equipment is available, this shall be connected as in Figure 22.

observed in step e) of this subclause, as a percentage of peak-to-peak (see Figure 23).

DC shift y,

AV
NN

Uz

Peak-to-peak hum

Switch in
position "a"

Switch in

position "b" or "c"

IEC 1433/07

NOTE Percentage peak-to-peak hum = U, / Uy x 0,07 % for position "b" or U, / U4 x 0,3 % for position "c".

Figure 23 — Oscilloscope display

Aty A2 ¢ pa
A B Calibrated
fgj —4 A A /\%&/ —D =L/~ — potential | @
T T divider
(see Figure 20)
] OYq

Variable oy
System DC supply 2
urdertest

IEC 1432/07

Figure[22 — Connection of equipment for measurement of h ethod)

b) If mains-powered equipment is to be used, point A should a check
carried out in accordance with 4.5.6.5a) and 4.5.6.56)_to %4 that the
leve| of hum modulation within the test equipment is-s It shall
be $mall compared with the maximum allowed rmance
requirement. If this check is satisfactory, the syste cted as
shown in Figure 22.

4.5.6.5 Measurement procedure

a) Set [the signal generator frequenc ) of the
channel to be tested.

b) Adju system;
This dulation
peak

c) Adju h of the
dete

d) With divider (Figure 20) set to "a", adjust the oscilloscope
cont voltage to the Y, input to obtain a display of the demgdulated
hum Orpeak amplitude of the display.

e) Mov "c", depending upon the amplitudg of the
disp d keeping all other settings adjusted as described in step d) of this
subg e Xhange in DC level of the display; This change is equivalept to an
amp| ctioh of 0,07 % for position "b", and of 0,3 % for position "c"

f) Integpelate the result obtained in step d) of this subclause, in relation to the|change


https://iecnorm.com/api/?name=deea2944ea68b182535e254ed7bfa360

g)

~ 50 — 60728-1 © IEC:2007(E)

Calculate the signal/hum ratio (in dB) as follows:

signal/hum = 20 Ig ( 100 )-R indB
% peak - to - peak hum

where R is appropriate to the system, as given in Table 2.

4.5.6.6 Simplified procedure

a)

Where suitable equipment is available and the values of signal/hum ratios to be measured
are relatively high (signal/hum >> 34 dB to 40 dB), a simplified procedure may be adopted.

b) Thisrentaits—the—use—ofatumed—demodutator—for exampte;—a—signat fetmetet (l aving a
DC toupled video output) and the measurement, with a suitable osejlloscope;. af/the DC
and [AC components of the hum modulated test carrier. QN the test
equipment is again advisable and a low-pass filter (similar to that described 4.\>6.3 e))
will @lso be required.

c) The|calculation of signal/hum ratio (in dB) is then as followsy

, measured DC volfage
signal/hum = 201g ( dB
measured peak-to-
Table 2 — Residual carr
Maximum modulation depth es uaI carrier \)\/ﬁeduction factor R
% dB
95 0,5
90 \ \\10 1
\ N 20\ 2
40 (see qh (3ee NGTE) 2

NOTE In excasenof AC amplitude }\@ of a sound carrier, the term "residual carrier" i

ot appro ate

4.5.6.7 eqttired for method

The tes -matched and shall consist of

a) a C\ eratok, with output frequency range and output level to suit the system to
be t pyovision for sinewave modulation at a frequency up to 1 kHz (see
NOT

b) a tuped signal plifier, to raise, with negligible distortion, the level of the test gignal at
the poi

c) Two variable RF attenuators A; and A,, variable in 1 dB steps and suitable for the
frequency of operation and for the impedance of the system under test,

d) aterminating RF detector of impedance equal to that of the system under test,

e) an audio frequency amplifier, AC coupled and having sufficient gain to raise the level of
the detected hum signal to a value providing a suitable display on the oscilloscope, and of
output impedance to match the attenuator (see item f) and NOTE 1),

f) an audio frequency attenuator A5 variable in 1 dB steps and having a minimum range of
60 dB,

g) alow-pass filter with a 1,0 kHz cut-off frequency and impedance to match the output of the
audio frequency attenuator (see item f) and NOTE 3),

h) an audio frequency termination having an impedance matching the output of the low-pass

filter (see item g)),
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i) a single channel audio frequency AC coupled oscilloscope having a sensitivity depending
on the choice of amplifier (see item e) and NOTE 1).

NOTE 1 The equipment of items a), b), e) and i) of this subclause should be powered preferably from batteries
(see also 4.5.6.9 b).

NOTE 2 "Negligible" is understood to mean small compared with the level of hum modulation expected to be
measured.

NOTE 3 The use of a modulation frequency as low as 200 Hz with a corresponding low-pass filter may be
preferable when the detected hum is largely affected by random noise.

4.5.6.8 Connection of the equipment

If battery-powsered-sguipment-is—available-this-is-connected-as-shown-in-Figare-24
Vo b Rkl o g

O

A B
H T o SRR
— T A \)
System
under test —
IHC 1434/07
Figurg 24 — Connection\of equi odulation measurement (AC mgthod)

If maind-powered’sguipment ad, point A should be linked to point B and g check
carried put in a Q i ( S thin the

test equipment is aximum

allowed pry, the

system

4.5.6.9

a) Ens librated
at the fre A\nnex A

b) Set the“signal generator frequency to that of the vision carrier (or sound carrien) of the
channel to be tested.

c) Modulate the carrier to a depth of 1 % at a suitable frequency in the range 100 Hz to
1 kHz.

d) Adjust attenuator A, to provide the correct mean level of modulated CW signal at the input
to the system; This level is equal to the RMS value of the relevant TV signal during its
modulation peaks or to the unmodulated carrier level for sound.

e) Adjust attenuator A, to give a signal of about 2 Vg5 across the RF termination of the
detector.

f) With the audio attenuator A; set to 60 dB attenuation, adjust the oscilloscope controls and

audio amplifier gain, if necessary, to provide a suitable display on the oscilloscope; Note
the peak-to-peak amplitude of the display.

g) Remove the modulation of the carrier;
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h) Readjust the audio attenuator to provide on the oscilloscope a display of the hum having a
peak-to-peak amplitude equal to that noted in step f); Note the change in the attenuator

reading «.
i) Calculate the signal/hum ratio (in dB) as follows:

signal/hum = 34 + (¢ — R) dB
where
o is the change in attenuator reading (in step h));
R is a reduction factor given in Table 2 of 4.5.6.6¢)).

4.5.6.10— Presentatiom of the resuits
The resplts are presented in a table showing the measured values ofium OM’ for the

vision carrier (or sound carrier) of each relevant TV channel.

4.5.7 Differential gain and phase

4.5.7.1 Introduction

The me al gain and differential
phase f e test signhals employed
are, in J.61, and are shown in
Figure 2 e same recommeindation.
v Signal D2
1,14 -
1,00 - W %
0,86 -
0,72 %
0,58 %
044 | %
0,30F
0,16 ¥

L LN T \\\/\\N\\/\ ‘ ‘ ! ‘ L

0 18 \\22"\ 26 32 s 0 8 14 20 26 32 38 40><%3

IEC 1435/07 IEC 1436/07

NOTE IA ,‘each tread of the NOTE 1 Scale refers to tread levels.
staircase ,66 us. NOTE 2 Sub-carrier amplitude is £20 IRE unjts.

Fig 2 for 625-line system Figure 25b — Signal D2 for 525-line system

Figure 25 — Signal D2

It is intended that these measurements are carried out with test signals inserted at the system
headend. They may be either of the full field type or, where convenient, may be inserted in

the field blanking period.

The use of inserted test signals available on the broadcast TV channels is not generally
recommended as these are subject to variations beyond the control of the user. However,
where such signals, of known stability and of adequate quality, are available, they may be

used to carry out these measurements.
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4.5.7.2 Differential gain
4.5.7.21 Definition
Differential gain is expressed by two values: x % and y %, which represent the two peak

amplitudes of the sub-carrier relative to the amplitude of the sub-carrier at blanking level. In
the case of a monotonic characteristic, either x or y will be zero.

Differential gain, in percentage referred to blanking level, can be found from the following
expressions:

x = 100 (Pmex 1) and y=100(2mn )
7 7

Peak-tofpeak differential gain can be found from the expression:

X_
Ao y
where
Anax @and A, are defined as shown in Figure 26. m
(\V
\ N

™M
Ao Q T [N AT - Anmin Amax

IEC 1437/07

igure 26 — Example of the modified staircase waveform

Aq is thle amplitude™of the received sub-carrier at blanking level;

A is the amplitude of the sub-carrier of one of the other treads of the staircase.

4.5.7.2.2 Equipment required
The test set-up shall be well-matched and shall consist of

a) an oscilloscope which will not contribute significant distortion to the signal displayed,

b) a modulator (unless transmitted test signals in the field blanking interval are to be used)
having the following characteristics:

1) radio-frequency characteristics (excluding sound) corresponding to ITU-R
Recommendation BT.470, and appropriate to the television transmission system used,;

2) video signal input requirement of 1 V peak-to-peak composite;
3) a modulated output signal of a convenient amplitude,
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c) a synchronous demodulator having characteristics appropriate to the television
transmission system used,

d) two attenuators variable in steps of not more than 1 dB,

e) a band-pass filter having f; = 4,43 MHz or 3,58 MHz (the chrominance sub-carrier
frequency) and a bandwidth of 0,5 MHz,

f) a test signal generator (unless transmitted test signals are used) providing signals having
characteristics appropriate to the television transmission system under consideration, as

specified in ITU-T Recommendation J.61 (signal D2), although a lower chrominance
amplitude would be acceptable.

NOTE Most commercially available test signal generators will provide this signal as part of a composite test line.

4.5.7.2.8 Connection of the equipment

The eqdipment shall be connected as in Figure 27.

Testwaveform
ggnerator

—~ —L
W{jscilloscope

/

Differential phase
test set

IEC 1438/07

to point B (see Figure 27), adjust attenuator A} for an
e the system to be tested and attenuator A, to obtain the

pand-pass filter after the demodulator (see Figure 27) and measure
3in by examining the modified staircase waveform (see Figure[26 and

Ensdire that the distortion of the test signal caused by the control loop (test equipment) is
small compared with the maximum distortion allowed for the system or equipment to be
tested.

NOTE Where the linearity of the modulator/demodulator is such that on systems B and G (10 % residual carrier)
this requirement cannot be met, it will be necessary either to reduce the sub-carrier amplitude or to ignore the sixth
(uppermost) tread.

d) Connect the system or equipment to be tested between points A and B, and disconnect
the band-pass filter; Adjust attenuator A, to return the input level to the demodulator to

that used in step a).

e) Reinsert the band-pass filter and measure the maximum differential gain by examining the
modified staircase waveform (see Figure 26 and 4.5.7.2.1).

NOTE This result includes the distortion due to the test equipment as well as the system under test.
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4.5.7.3 Differential phase
4.5.7.31 Definition

Differential phase is expressed by two values x and y, in degrees, which represent the two
peak phases of the sub-carrier relative to the phase of the sub-carrier at blanking level. In the
case of a monotonic characteristic, either x or y will be zero.

Differential phase, in degrees, referred to blanking level, can be found from the expressions
below:

a-= @max - @O and b = @min - @0

Peak-tofpeak differential phase can be found from the expression:

D,

max —

where

D i
max I
min _iIs the minimum value of @ obt§j
4.5.7.3.

a) A mpdulator (unless
havipg the following

ield blanking intervals are to Qe used)

1) rpdio-frequenc

Recommendati
2) Video sig np

sound) corresponding to| ITU-R
jate to the television transmission system used;

3) 3 acenvenient amplitude.
b) A 4 § Having characteristics appropriate to the tglevision
trangmi

c) Two v'steps of not more than 1 dB.
d) Ate asuring the difference in phase of the sub-carrier at each [tread of
the gtai e;-compared with that at the reference (black) level.

e) A tept wavefo enerator (unless transmitted test signals in the field blanking intervals
are [to.be used) providing signals having characteristics appropriate to the t4|evision
transmission system under consideration, as specified in ITU-T Recommendation J.61
(signal D2), although a lower amplitude of the chrominance component would be
acceptable (see NOTE to 4.5.7.2.2f)).

NOTE Certain types of test sets (see item d)) require the presence of a colour burst during the back porch period
of the test signal.

4.5.7.3.3 Connection of the equipment

The equipment shall be connected as in Figure 27.

4.5.7.3.4 Measurement procedure

a) With point A directly connected to point B (see Figure 27) adjust attenuator A, for an
output level sufficient to drive the system to be tested and attenuator A, to obtain the
correct input level to the demodulator; Connect the differential phase test set.
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b) Ensure that the distortion of the test signal due to the control loop (test equipment) is
small compared with the maximum distortion allowed for the system or equipment to be

tested (see also NOTE to 4.5.7.2.4c)).

c) Connect the system or equipment to be tested between points A and B; Adjust attenuator
A, to return the input level to the demodulator to that used in step a) of this subclause.

d) Determine the relative sub-carrier phases corresponding to the six treads of the staircase
waveform; The differential phase (x and y) of the system or equipment under test is the
phase change between the blanking level tread and that of any other tread of the staircase
as defined in 4.5.7.3.1. The peak-to-peak differential phase can be calculated according to

4.5.7.3.1.

4.5.7.4 Presentation of the results

The resplts of the measurement of the differential gain shall be presénted In
measured values x % and y %, referred to the relevant TV channel.

The resplts of the measurement of the differential phase shall &
measurg¢d values x and y, in degrees, referred to the relevarit

4.6 Carrier-to-noise ratio
4.6.1 Introduction

The method described is applicable
within g television channel at a specifi
measur¢ment actually determines carrje
between this and the carrier-to-noise ratio i

The method assumes tha
4.6.2 Equipment re
a) A measuring@e'

measured;
b) AC

c) AVJ'
d) Ashli
NOTE A
equipmen

4.6.3 Connectiox of the equipment

e

the two

the two

se ratio
thod of
[ference

el to be

out;

f the test

The equipment shall be connected as in Figure 28.
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Meter
preamplifier
.4 - -~
. [~ r r
Signal System . N A A Lo~ |
generator under test ' | L = |
L [ [
Selective
voltmeter
|- == = == Measuring equipment
Shielded terminating | |
resistor | Pilot signal |
generator |
\
— l\e 7' IEC 1439/07
NOTE Dptted lines signify additional items, which may be required.
Figure 28 — Arrangement of test equipment for carrig easurement
4.6.4 Measurement set-up
4.6.4.1 General
a) The ent (see
Ann
b) Whegre the system to be measured includes
1) qutomatic gain con aximum
levels of signal inpuyt,
2) gutomatic level nd level
ghall be maintained
c) The|measun i S salibrdated and checked for satisfactory operation as
explpined in 4.8.
4.6.4.2
o |
e
4.6.4.3
o  Jensitivity Annex B)

° Lo [ A o)
UIoT \DUU M\TTTTCOA U)
e Intermodulation (see Annex C)

e Overload (see Annex C)

4.6.5 Measurement procedure

a) Set the signal generator frequency to the vision carrier frequency of the channel to be
tested and adjust its output, and those of the different points of the system as far as the
point of measurement, to obtain the specified system operating levels throughout.

b)

Connect the variable attenuator and measuring receiver (and other items if required, see
Annex B) to the point of measurement; Tune the measuring receiver to the reference
signal and note the attenuator value ¢, required to obtain a convenient measuring receiver

reading R; The attenuator value ¢, should be slightly greater than the signal-to-noise ratio

expected at the point of measurement.
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c) Disconnect the generator and replace it by the shielded terminating resistor, or, if the
reference signal is used for AGC, retune the measuring receiver within the channel in such
a way that it is influenced only by random noise. Reduce the attenuator setting to the

value o, required to obtain the same measuring receiver reading R.
d) The carrier-to-noise ratio in decibel is given by
CIN=o04—-0cy,—-Cnyn-Cp
where

o, is the attenuator value for the reference signal;

o, is the attenuator value for the noise;

Cn i the measuring receiver level correction factor (see Annex D);

Cp i$ the bandwidth correction factor (see Annex D).

4.6.6 Presentation of the results

The result of the measurement of the carrier-to-noise rati
measure¢d value referred to the relevant TV channel.

4.7 Elchoes

4.7.1 Introduction

The method described is applicable o 9 of the amplitude a
displacgment of an echo at a specifiegd"point withis able network by the use of a
squared pulse with the graticule as shown 2 rom these measurements, a

rating" ip derived. i: E

halNbeXpresented indicdting the

nd time
PT-sine-
h "echo-
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100% T

50 %

)
-
o

2T 4 8T 12T

IEC 1440/07

MNan amplitude for a given E rating (%)
/E\ 3 > 6 9

0\ +100, -12 +100, —24 +100, -36

2\ \ N #12 +24 +36
\ +6 £12 +18

N é\ +3 +6 +9
\,2/ £1,5 +3 14,5

N

4.7.2 Equipment required

The test set-up shall be well-matched and shall consist of

a)

b)

c)

d)

a test waveform generator providing a sine-squared pulse of half amplitude duration equal
to 2T, where T = 100 ns is the period time; The test signals are in accordance with ITU-T
Recommendation J.61,

a modulator having RF characteristics (excluding sound) appropriate to the television
system under consideration (see ITU-R Recommendation BT.470) and input
characteristics to suit the generator in item a),

a synchronous demodulator having characteristics appropriate to the television system
under consideration,

two attenuators variable in 1 dB steps,
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e) an oscilloscope of negligible distortion up to 5 MHz, fitted with a graticule as shown in
Figure 29.

4.7.3 Connection of the equipment

The equipment shall be connected as in Figure 30.

Modulator Aq P Az P Demodulator

Test waveform
generator A i A @

< ~Qscilloscope

System
under test

IEC| 1441/07

Kigure 30 — Arrangement of test equipment/for measurén of echo rating

4.7.4 Measurement procedure

a) With the equipment connected as i ) just the oscilloscope time-base
speegd to correspond with the T-scale¢ S e; Adjust the vertical gain and [position
controls to "fit" the pulse betwe nd the pulse peak reference point;

Exarlmne the performan e of the te tfol loop), which shall be such that an
E-ra frequency conversion is involyed, the
test and output channels.

b) Con \pf em as shown in Figure 30; Adjust the |variable
atte Wi ' i the system at a level equal to that at jwhich it

normally ope ~Adj i { ator A, to provide an input signal to the dempdulator

c) Using the graticule a , as before, determine the E-rating for each egho and

d) Using#t izot shift sghtrol of the oscilloscope slowly move the display to the|left and
exafiine a ong-distance echoes; These should be rated using the parallel sectidn of the

e) The|E-rating e system is the higher of the two figures noted in steps c) and d) of this

NOTE This result will not be that of the system alone. It is modified by the inherent distortion in the test
equipment, usually due to group delay errors.

4.7.5 Presentation of the results

The result of the measurement of the echo shall be presented indicating the measured value
of the E-rating referred to the relevant TV channel.

4.8 AM-VSB television, FM radio and FM television signal level
4.8.1 General

The method of measurement described is applicable to the measurement of AM or FM
carriers.
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4.8.2 Definitions for NTSC, PAL and SECAM systems
4.8.2.1 Signal level for AM-VSB vision carriers

The vision carrier signal level is the RMS value of the vision carrier at the peak of the
modulation envelope, expressed in dB(uV) and measured across a 75 Q termination or
referred to 75 Q.

This will correspond, in negative modulation systems, to the carrier amplitude during
synchronizing pulses and, in positive modulation systems, to that at peak white level without a
chrominance signal, as shown in ITU-R Recommendation BT.470, Figure 1.

4.8.2.2 [ AWM or FMsound carrier tevel

The leVel of an AM or FM sound signal is the RMS value of d carrier

expressked in dB(uV) and measured across a 75 Q termination or re

4.8.2.3 Signal level for FM radio or FM television

The level of an FM radio or a FM TV signal is the RM carrier
expressked in dB(uV) and measured across a 75 Q terp

4.8.3 Equipment required

A "well-

a) ang B (uV),
b) a detection system capable of attaiking

c) facillties to adjust the arriers,
d) a passband of at | i her than

iNg receiver is not specified, since this will depepd on the
entation can achieve better than +0,5 dB, but most level

NOTE The accur
purpose pf the measdrerdf

measuren A oncerned with levels at system outlets. For this application, less

expensivg ent, 3 accuracy is unlikely to be better than +2 dB, is usually found to be

acceptable. 3 S

4.8.4

a) Whg i Is ake to be measured where a high ambient field is present, the
mea i the spectrum analyser shall be checked for spurious rg¢adings.
Conpect.a‘shielded termination to its input cable, place both meter and lead approximately

in tmeir meas ent positions and check that there is a negligible readingl at the
frequencies and on the meter ranges to be used

b) Connect the measuring receiver or spectrum analyser to the point of measurement by
means of a suitable coaxial cable, taking care to maintain correct impedance matching.

c) Read the signal level in accordance with the instructions provided by the instrument
manufacturer and note the results; When recording the results, the measurement accuracy
of the instrument shall be stated.

If the input impedance of the measuring receiver or spectrum analyser is other than 75 Q and
a matching device is required, or if any other interface equipment is employed, then an
allowance shall be made for the resultant change in voltage level. Losses in the
interconnecting cables, where these are significant, shall also be taken into account.

For positive AM-VSB modulation TV systems, the measuring receiver shall remain connected
for a sufficient period to ensure that the maximum reading is obtained. It may therefore be
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necessary to observe the picture in order to ensure that peak white is present in the signal
during the measurement.

In the case of a dual outlet, the unused outlet shall be terminated with the correct
characteristic impedance during the measurement.

When using a spectrum analyser, the peak hold mode shall be used.

4.8

.5 Presentation of the results

The result of the measurement of the signal level shall be presented indicating the measured
value, expressed in dB(uV) (being measured across a 75 Q termination or+referred to 75 Q),

and refdrred to the vision or sound carrier of the relevant TV channel.

4.9

Under cpnsideration.

4.10 Interference in FM sound radio channels

Under cpnsideration.

4.11 Methods of measurement for djgi

4.11.1 | Introduction

Data echo rating and data delay inequality

The methods of measurement for digjtally modulat i halogue

modulafion for several reasons:

a)

the tarrier is not pres
in DVB systems u mogdulation) or there are thousands of
(e.g]in DVB systems usi moduylation);

ed (e.g.
carriers

b) the modulat s flat in the bandwidth and is similar to noise;

c) the of the received signal are related to the bit apd word
erro noise, amplitude and phase response inequalities,
echd . Qdutatioprand error correction.

4.11.2 i and measurement interfaces

The me rement for digitally modulated signals are based on the assjumption

that

a) the MPEG-2/MPEG-4 transport stream (TS) is the specified input and output signal for all

b)

OGS

the asetime—systents,—e—for—satettite;—cabte,—SMATV, MBStV B S—and—terrestrial
distribution;

the digitally modulated signals received by satellite are modulated in the PSK/APSK
formats, i.e. according to ETSI EN 300421 and ETSIEN 302 307 for the various
PSK/APSK formats, and can be distributed in the same format in cable systems (SMATV
systems);

the digitally modulated signals received by satellite are distributed in CATV systems in the
QAM format, i.e. according to ETSI EN 300 429;

the digitally modulated signals received from terrestrial broadcasting in the OFDM format
may be distributed in SMATV systems in the same OFDM format or in CATV systems in
DVB-C format via baseband demodulation and remodulation;

a 1/Q baseband signal source for PSK, QAM or OFDM formats is available, as described in
Figure 31; appropriate interfaces are accessible and are consistent with the DVB-SI
documents (see document ETSI TR 101 211 and ETSI EN 300 468);
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63 —

Null MPEG-2/-4 Outer Inner | .
transport TS MU,X reed conv. RF output
stream | .| adaptation solomon =1 Outer coder Baseband PSK | _| Frequency | _
packet and coder interleaver and shaping modulator converter (1 IF band)
generator energy PSK Q
dispersal mapping = ]
A B C D E F H J
IEC 1442/07
Figure 31a1 — PSK modulation (QPSK, BPSK or TC8PSK)
|
Null MPEG-2/-4 Bit Bit | = Baseband
transport TS MUX Outer interleaver mapper shaping RF output
stream sl E'dap‘ld‘liull BCH [ HBPE — o] o ret F,U_Juency .
packet and coder coder (8PSK, constel- rature converter st
generator energy 16/32APSK lation Ia i (17 IF band)
dispersal only)
A B c D E \$
IEC 1443/07
Figure 31a2 — DVB-S2 modulation (QPSK, 8PS<}A<K WSK)
Null MPEG-2/-4 v
TS MUX RF output
i rt Reed p
rsat?:gr?] | .| aflaptation solomon | | Interleaver | =| oM Seba AM Freqency | _
map| ing modulator converter
packet and coder ] (VHF/UHF)
generator energy <\
dispersal )\
B C N_" E
IEC 1444/07
ur 31 b%M m
I
Null MPEG-2/-4 -
transport rs MU_X
stream | o ddaptation ter Outeér Inner _Inner | | OFDM Fradme
packet and < coder interlea xi coder interleaver mapper adaptation
generator energy Q«
flispersal \/\ | -
A M D E F A
Pllot
apd
TPS
sighals
I
= IFFT
(inverse RF output
fast 1/Q - D/A . Frequency |
fourier modulation converter
Q transform) (VHF/UHF)
H | J L
IEC 1445/07

Figure 31c — OFDM modulation

NOTE The null transport stream packet generator can be replaced by a pseudo-random bit sequence generator
(PRBS).

Figure 31 — 1/Q signal source and RF modulator
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f) a reference receiver for PSK, APSK, QAM or OFDM formats is available as described in
Figure 32, where appropriate interfaces are indicated,;

2nd
IF |
- LPF - -
1/2 Nyq.
RE o Equalizer PSK Outer Outer MPEG-2/-4
1 IF PSK iterbi i reed De-
—— t 4>d dul channel viterbi | m! de-inter- | m Lo bl = transport
uner emodulator Q correct. decoder leaver solomon scramboler stream
o LPF . . decoder
1/2 Nyq.
N P R S T M w %—\ Y Z e 144607

Figure 32a1 — PSK demodulation (QPSK, BPSK or TC8PSK)

2nd
IF | :
Lo .| Bt

1 1/2 Nyg. Equalizer de-inter- N\ Oher MPEG-2/-4
RE| 1%F PSK leaver = g |pe
—— |- dulat channel (8PSK, ™ BC sctambler ™™ transport
tuner qemodulator| correct. : decoder ﬂ§ decod stream
Qe | | |16132APSK | C
1/2 Nyq. only)
N P R S T u G w X Y IEC 1447/07
Figure 32a2 — DVB-S2 demodulation (QPSK, 8PSK, 16 APSK, 32APSK)
2nd
d ' LPF ||
k
RF L N/w\$ - Q& > Reed MPEG-2/-4
VHF/UHF QAM Equ De-inter- °e De- i
ot Bt dulat N chann < decoder ™ = solomon = schambler ™ transport
uner emodulator| T a ot eaver decoder stream

]

. d NGO v WXy :
IEC 1448/07
'(\ fgdre 32b — QAM demodulation

2
A J{ \! li
RF 1IQ Equalizer Demux Inner
- V?E:]g::': > A/D = conver., channel |- de- | w| de-inter- |, dg(]:r(])?j:er
FFT Q| correct. mapping leaver
N P R S T U \Y W

Outer
Outer | | reed | | De- | MPESZ
de-inter- solomon scrambler " P
leaver decoder stream
w X Y 4 IEC 1449/07

Figure 32c — OFDM demodulation

NOTE The frequency range of the bands for the 1°IF and for VHF/UHF tuners depends on the frequency
allocation plan of each country. Examples are given below:

1°' IF: 0,95 GHz to 2,15 GHz VHF/UHF: 47 MHz to 862 MHz (Europe)
90 MHz to 770 MHz (Japan)
Figure 32 — Reference receiver
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g) the decoder implementation will not affect the consistency of the results. The MPEG-2
T-STD model constrains, as defined in ISO/IEC 13818-1 (MPEG-2 system), shall be
satisfied as specified in ISO/IEC 13818-4 (MPEG-2 compliance testing).

4.11.3 Signal level for digitally modulated signals

4.11.3.1 Introduction

The level of a digitally modulated signal is given by the RMS power of the signal within the
equivalent noise bandwidth and can be expressed in dB(mW) or in dB(uV) referred to 75 Q

This measuring method applies to g signals
using 300 429,
ETSI EN 300 473) and COFDM (ETSI EN 300 744) formats. This mejk ent can

the modulated signal is similar in characteristics to\white i e i frequency
domain| the measurement is based on the use of a suitabte spectraun ‘analyser,” ablef to tune
the freq awidth heasure [spectral
power density. The result may be expressed as dB(mMW/HZ). i gvel in dB(mW) or
in dB(uY) can be calculated if the bandwidth is knowfn.

NOTE AJso a vector signal analyser can be
level measurement of digitally modulated sign

igned and calibrated [for signal

The mdasurement can be performed a SYS ,_at the output of a disfribution
equipment (passive or active), at the d or at the output of an outdoor unit
(SHF refceiver) for satellite reception.

4.11.3.42 Equipmentnequi

The eqpipment pequi and a
calibrated displ y within
10,5 dB|and shall Be

The eqi

4.11.3.3

Connec Lirement
shall bg correct

impedaTc

4.11.3.4 Measurement procedure

a) When signal levels are to be measured where a high ambient electromagnetic field is
present, the measuring equipment shall be checked for spurious readings. Connect a
shielded termination to its input cable, place both the meter and the lead approximately in
their measuring positions and check that there is a negligible reading at the frequency(ies)
and on the meter ranges to be used.

b) Tune the spectrum analyser on the channel that shall be measured (selecting the centre
frequency of the spectrum analyser) and select the span and level settings to show the
whole channel whose bandwidth depends on the type of modulation used; Examples of the
equivalent signal bandwidth BW for digitally modulated signals are indicated in Annex H.

c) Set the resolution bandwidth RSBW of the spectrum analyser to 100 kHz and set the video
bandwidth to 100 Hz or lower to obtain a smooth display.
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d) Measure the level S of the flat top of the displayed signal in dB(uV) or in dB(mW) using
the display line cursor if this feature is available.

NOTE 1 |If the spectrum of the signal does not have a flat top, due to echoes, measure the signal level at the
centre frequency of the channel.

NOTE 2 If the spectrum analyser has the possibility of measuring direct the true RMS power within the channel
bandwidth, this measured level S should be used.

e) Measure on the displayed channel the two frequencies at which the level is 3 dB lower
than the maximum level S; the difference between these two frequencies is assumed to be
the equivalent signal bandwidth BW expressed in Hz.

f) Calculate the level Sp rf of the signal using the following formula:

BwW
SD‘RF = S + 10 Ig \‘WJ +Ksa

Sp RF is the signal level in dB(pV) or in dB(mW);

S is the flat top signal level in dB(pV) or in dB(mW )5
BW is the equivalent signal bandwidth of the channe
RSHW is the resolution bandwidth of the spectr

Ksa is the correction factor of the spectrum.analyse

The corfection factor K, depends on<he me4 ] ided by

the manufacturer of the measuring eqWi e of the
correctipn factor for a typical spectrum

14

The cor blay the
level in i hgr Of the signal can be obtained from the
measur in Hz:

NOTE T pbnsidered
negligible]| i than the
maximum heasuring
equipmen hould be at least 10 dB lower than the noise level displayed olitside the

channel e results. Otherwise, the contribution of noise (due to the syst¢m or the
equipmern dito thg measuring equipment) should be taken into account in the measurement of signal
level S (4

4.11.3.5

The mepsured level is expressed in dB(uV) or dB(mW) with reference to the bandw|dth BW
and referred to 75 Q or in dB(mW/Hz). The accuracy of the measuring equipment shall be
stated with the results.

4.11.4 RF signal-to-noise ratio Sp re/N for digitally modulated signals
4.11.4.1 Introduction

This measuring method applies to the measurement of the RF signal-to-noise ratio Sp gg /N of
digitally modulated signals using PSK, APSK, QAM, OFDM formats.

Because the modulated signal is similar to noise distributed in the bandwidth of the channel,
the measurement is based on the use of a suitable spectrum analyser, able to tune the
frequency range of the channel and to display the whole bandwidth, to measure spectral
power densities of both the signal and the noise.
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NOTE A vector signal analyser can also be used.

The measurement can be performed at the system outlet, at the output of a distribution
equipment (passive or active), at the output of the headend or at the output of an outdoor unit

(SHF receiver) for satellite reception.

4.11.4.2 Equipment required

The equipment required is a spectrum analyser having a calibrated display of the tuned

signal.

The equipment shall be able to tune the nominal frequency range of the system under

test.

4.11.4.3 Connection of the equipment
Connec} the measuring equipment to the system outlet or to the p0|

shall bg performed, using suitable cable and connectors, taki
impedamce matching.

4.11.4.4 Measurement procedure

a) Tune¢ the spectrum analyser on the channel thay shz (selecting the

frequency of the spectrum analyser) and sel settings to s

rement
correct

centre
how the

whole channel whose bandwidth de ) modujation used. In Tgble 5 of

Anngx H are indicated examples of \the i bgndwidth (BW) for
modulated signals.

digitally

b) Set the resolution bandwidth of the pectru 3 er to 100 kHz and the video bgndwidth

low g gilable). If a d|fferent settmg
this phall be the same when me

c) Mea
ind

of the displayed signal in dB
eature is available.

NOTE If|the spectr g Si p e to echoes, measure the signal level at the centre fre

f'the system or at the input of the device un
atched impedance (or depointing the antenn
e output of an outdoor unit for satellite recepti
\the same units as the signal level (in dB(pV) or in dB

s used,

(MV) or

nuency of

fer test,
b, if the
pn) and
mW) or

iojur. In this

bD,RF IN=S—-N

where

Sprre /N is the signal-to-noise ratio in dB;

S is the signal level in dB(pV), in dB(mW) or in dB(mW/Hz);
N is the noise level in dB(pV), in dB(mW) or in dB(mW/Hz)..

NOTE This method of measurement actually measures the (S + N)/N ratio. The measuring equipment (spectrum
analyser) should have a noise level at least 10 dB lower than the noise level displayed outside the channel band in

order not to affect the results. Otherwise, the contribution of the measuring equipment noise in the measu
the noise level (N) should be taken into account (see Clause F.2).

4.11.4.5 Presentation of the results

The measured signal-to-noise ratio Sp ge/N shall be expressed in dB.

rement of
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4.11.5 Bit error ratio (BER)

4.11.5.1 Introduction

This method of measurement applies to the measurement of bit error ratio (BER) of digitally
modulated signals using PSK, APSK, QAM, OFDM formats. BER is the primary parameter,

which describes the quality of the digital transmission link.

The bit error ratio is defined as the ratio between erroneous bits and the total number of

transmitted bits.

If BER before Reed Solomon is ranging from 102 to 10~4 the measurement can be made in a
= CCUra

reason e amount of time. ove a 0] )

The mepsurement is performed at the system outlet of a cable ne
interestlin the system.

NOTE Fprin-service measurement of BER, see ETSI TR 101 290.
4.11.5.42 Equipment required
The eqdipment required is listed below:

a) refefence receiver (Figure 32) wit
cable network to the BER measuré€men

b) BER counter connected at the approgriate i in Figure 32) of the rqg

te.

oints of

ference
receliver, depending where BER . If it is connected after th¢ Reed-
Solgmon decoder (interface Y or Z\in decoding should be deactivated |in order
to rgduce the duration g )
4.11.5. Connectio
The megsuring 5 S ent 15 shown in Figure 33. The measuring eguipment
c cables

shall bg conne Ing S intain” correct impedance matching and suitablg
and connectors.

BER
measuring
set

T

\ RF Power .
—= Network r— —= Receiver

modulator splitter

|

L

Spectrum
analyser

IEC 1450/07

Figure 33 — Test set-up for BER measurement

4.11.5.4 Measurement procedure

a) Tune the receiver on the channel to be tested.

b) Measure the BER counting the error bits for a sufficient long time to count at least
100 error bits and refer this number to the total number of transmitted bits in that time.
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4.11.5.5 Presentation of the results

The measured BER is indicated with reference to the channel tuned. The point where the
measurement of BER has been performed shall be indicated with the results.

4.11.6 BER versus E, /N, or C/N
4.11.6.1 Introduction

This measuring method applies to the measurement of bit error ratio (BER) of digitally
modulated signals using PSK, APSK, QAM, OFDM formats. The measurement of BER versus
Ep/Ng or C/N enables a graph to be drawn which shows the implementation loss of the system

over a range_of bit error ratios o residual BER 3 . A N-valdbesis—an-indicator

ulated
olit of the

The me
signal W
network

The hed

The me ichble the

perform

NOTE T
4.11.6.2

The eqU

D

I/Q haseband signg G ~ < > 31):

)

) RF modulator fqr
) noisp source<>
)

) .

o O T

adjustable attenia

- O

) pow

ference
receliver, depending where BER shall be evaluated. If it is connected after th¢ Reed-
Solomon decoder (interface Y or Z), decoding should be deactivated in order to reduce the
duration of the measurement.

4.11.6.3 Connection of the equipment

The measuring set-up for BER versus E, /N, or C/N measurement is shown in Figure 34.
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Signal BER
ség?ge measuring
- set

TIE ¢
RF Power Power )
modulator Network combiner | ] spliter | ™| Receiver

? '

Spectrum
analyser

Attenuator

Noise
source

The mdasuring equipment shall be connected tak
matchinlg and using suitable cables and connect

4.11.6.4 Measurement procedure

a) Set uence defined as the null tfansport
stream packet in ISO/IEC 13818 1 wi 0x00 (see Annex G); A sequence of
four >

NOTE T llowed by

184 zero

b) App tain the
desif

c) Set where the
mea

d) Adjust the outpiit carrie i system
outlet as\in normal-Qperatj iti , -li i i i.e. D, CTB)

; Select thg centre

frequency™~0 pectrum analyser, the span and level settings to show th¢ whole

1e video
bandwidth to 100 Hz or Iower to obtaln a smooth d|splay

g) With the noise generator switched-off, measure the BER at the receiver output.
h) Switch-off the modulation and measure the carrier level C in dB(pV) or in dB(mW).

NOTE In the case of QAM modulated signals, the carrier level C is assumed to be that measured according to
4.10.3, because the carrier level upon switching off the modulation does not coincide with the carrier peak level.

i) Measure the noise level N beside the carrier (Af> 0,5 MHz) in the same units as the
carrier level (in dB(pV) or in dB(mW)).

NOTE Attention should be paid to the amplitude response of the noise spectrum within the channel. If it is not
white Gaussian spectrum (flat amplitude response), care should be taken not to measure at maximum or minimum
frequency points, but at the frequency points where the energy of noise reaches its average.

j) Calculate the carrier-to-noise ratio C/N by the following formula:
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CIN=C-N-10Ig (BW/RSBW) - K,, dB

where

CIN is the carrier-to-noise ratio in dB;

C is the carrier level in dB(uV) or in dB(mW);

N is the noise level in dB(uV) or in dB(mW);

BW is the equivalent signal bandwidth of the channel in Hz (Annex H);
RSBW is the resolution bandwidth of the spectrum analyser in Hz;

Ksa is the correction factor of the spectrum analyser in dB.

The

provi
valu

The
the
follo

k) Calg

whefe
BWj

oise

mo
[) Swit enuator
setti Lt of the

receliver. Repeatthis step several times to obtain the plot of BER versus E,/Nj.

NOTE 1 When measuring a QAM modulated signal, the E /N, value referred to the net bit rate can be calculated
using the RS rate, i.e. using the following conversion factor for RS(204, 188) code:

10 Ig (204/188) = +0,35 dB

NOTE 2 When measuring a PSK or an OFDM modulated signal, the E, /N, value referred to the net bit rate value

can be calculated taking into account both the inner code rate and the RS rate. If the inner code rate is %, the
conversion factor can be calculated as follows:

10 Ig (4/3)(204/188) = +1,6 dB
4.11.6.5 Presentation of the results

The measured BER is plotted versus E /N, (dB) or C/N (dB). An example of measurement of
BER versus E,/Ng is shown in Figure 35 and versus C/N in Figure 36. The interface point
where the measurement of BER has been performed shall be indicated with the results.
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1,E+00 Theoretical curves | | | | | |
1,E-01 —
I A S s S e SN Measured curve 64 QAM
1,E-02 - —
1,E-03 Y \)4 I Noise
’ T "margin
" ek 1]
I% 1,E-04 ¢ Yk
a 1,E-05 %

1:E—06 \ \\ \

o NN
1:E—09 \ \l\ \I"I

I
WFON 16 WA 04 WANM '||. £00 u/—\IVI(

1,E-10 t t T t I t t t
13 5 7 9 1 13 15 17 19 21 23 25 27 , Q9 31 &\

Actual Ep/Ny

Ey/No (dB)

Figure 35 — Example of BER mea?u\ve usxEplN

1,E+00 Theoretical curves ( [ ]
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e

1453/07
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6 1,E-05 > I
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1,E-0
: ( \ NN
|
|

C/N (dB
(dB) IEC 1453/07

6 — Example of BER measurement versus C/N

4.11.7 | Noise margin

4.11.71 Introduction

This measuring method applies to the measurement of noise margin of digitally modulated
signals using PSK, APSK, QAM or OFDM formats.

The purpose of this measuring method is to provide an indication of the reliability of the
transmission channel. The noise margin measurement is a more useful measure of system
operating margin than a direct BER (bit error ratio) measurement due to the steepness of the
BER curve versus Ep/Ng ratio.

The measurement is performed at the system outlet of a cable network, while the modulated
signal with the appropriate format is applied at the input of the headend or at the input of the
network, depending which part of the system is to be measured.
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The headend can include modulation converters (from PSK or OFDM to QAM format).

NOTE This measuring method should be performed under out-of-service conditions.
4.11.7.2 Equipment required
The equipment required is listed below:

a) 1/Q baseband signal source for PSK, APSK, QAM or OFDM modulation format
(Figure 31);

b) RF modulator for PSK, APSK, QAM or OFDM modulation format (Figure 31);
C) noise source;

d) adjustable attenuator;

e) power combiner;

f)  power splitter;

g) spe

h) refd h of the
cab

i) BE ference
rec b Reed-
Sol in order
tor

4.11.7.3

The me irement

of BER

taking care to maintain correct impedance
ctors.

The msdg
matchin

a) Set nd) to generate a sequence defined as the null tfansport
stre 818-1 with all bytes set to 0x00 (see Annex G); A sg¢quence
of f PRBS can also be used.

NOTE T packet is defined as the four-byte sequence 0x47, Ox1F, OxFF, 0x10, fgllowed by

184 zero . TN uence can be available as an encoding system option.

b) Apply the signat’source | and Q channels at the modulator to obtain the desier PSK,
APSKL'QOAM or OFDM modulation format

c) Set the carrier frequency of the RF modulator to that of the channel where the
measurement shall be performed.

d) Adjust the output carrier level of the RF modulator to obtain the same level at the system
outlet as in normal operating conditions, so that non-linear distortions (i.e. CSO, CTB)
have no impact to BER measurement.

e) Tune the receiver and the spectrum analyser to the same channel; Select the centre
frequency of the spectrum analyser, the span and level settings to show the whole
channel.

f)  Add noise to the modulated signal at the cable network output until BER is 1074.
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g) Switch-off the modulation and measure the noise level N, (dB(mW)) beside the carrier
(Af=0,5 MHz).

NOTE Attention should be paid to the amplitude response of the noise spectrum within the channel. If it is not
white noise spectrum (flat amplitude response), care should be taken not to measure at maximum or minimum
frequency points, but at the frequency points where the energy of noise reaches its average.

h) Switch-off the noise source and measure the noise level N, (dB(mW)) beside the carrier.

i) Calculate the noise margin NM by the following formula:
NM = N; - N, indB.

4.11.7.9 Presentation of the results

The mepsured noise margin shall be expressed in dB. An example 0 f noise
margin [is shown in Figure 35 where BER versus E, /N, is plotted. ple of
measurement of noise margin is shown in Figure 36 where BE : i d. The
interfacgé point where the measurement of BER has been per ‘ indicated with

the resylts.

4.11.8 | Modulation error ratio (MER)
4.11.8.1 Introduction

This me eceived
signal. ] ' bsent at
the inpu so give an indication of the ability of
that rec

dulated
nstream

The me
signal w
input of

The hes
NOTE T
4.11.8.2
The equi

1/Q |
RF modulator fo

T

SK, APSK or QAM modulation format (Figure 31);
reference receiver (Figure 32);

()

)
)
)
)

Q.

constellation analyser.

4.11.8.3 Connection of the equipment

The measuring set-up for the modulation error ratio (MER) measurement is shown in
Figure 37.
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Signal Constellation
source analyser
TRE ?

RF — Network — Receiver
modulator W v

IEC 1454/07

Figure 37 — Test set-up for modulation error ratio (MER) measurement
and phase jitter measurement

matchinfg.

The mdasuring equipment shall be connected taking care to maintain corr&%;bedance

4.11.8. Measurement procedure

stream packet in ISO/IEC 13818-1 with all bytes set to
four|bytes followed by a PRBS can also be used.

NOTE The null transport stream packet is defined as the four-
184 zero pytes (0x00). This sequence can be available as ap-¢

b) App
desi

c) Set
mea

measurement shall be perform
atio does not assume the use of an e

measurement of
However, th ITi e i
accyrate resu et g measurement point has linear impairments.

f) Conpect the
recej

e) Tun¢ the receive

to the appropriate interface (S or T of the rg
constellation analyser has its own tuner, the us

refe
g) The symbol timing are recovered, which removes frequen
and igin offset (for example, caused by a residual carrier or DC

quag plitude imbalance are not corrected.

h) A time récor

ansport
ence of

llowed by

tain the

ere the

system

ed; The
ualiser.
ve more

ference
e of the

Cy error
offset),

eceived symbol coordinate pairs (/j, Qj) is captured by the consftellation

analp/ser. N shall be significantly larger than the M symbol points.

i) For each received symbol a decision is made as to which symbol was transmitt
error vector is defined as the distance from the ideal position of the chosen sym
centre of the decision box) to the actual position of the received symbol.

j) The distance can be expressed as a vector (8/;, 8Q)).

ed. The
bol (the

An example of representation of the constellation diagram for a 64 QAM modulation format
and the distance (SIj, SQj) for each of the N received symbols in the jth point from the ideal

position (/;, Q;) is shown in Figure 38.
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QA

v
a e[ le o b [8]N

IEC  1455/07

NOTE The /" point has been enlarged to show the coordinates of the symbol error ¥e

Figure 38 — Example of constellation diagram for a 64 QAM i i at

The sum of the squares of the magnitudes of the ideal sy sum of

the squpres of the magnitude of the symbol error vectp B power
ratio in
NOTE B with the

ator modulated by the digital source. The |displayed

constellatjon analyser at ¢
the reference position for the measurement.

constellatjon diagragioul
4.11.8.4 Prese io
The me
receiver

asured (MER) shall be expressed in dB. The interface of the

s been performed shall be stated with the results.

4.11.9
4.11.9.1

This me i d is able to provide an indication of the phase or frequency fluctuations
of an ogcillator used in an equipment of the cable network (i.e., in a frequency converter).
Using such an oscillator with digitally modulated signals may result in a sampling uncertainty
in the receiver, because the carrier regeneration cannot follow the phase fluctuations.

The measurement is performed at the system outlet of a cable network, while the modulated
signal with the appropriate format is applied at the input of the headend or at the downstream
input of the network, depending which part of the system is to be measured.

The headend can include modulation converters (from PSK, APSK or OFDM to QAM format).

NOTE This measuring method should be performed under out-of-service conditions.
4.11.9.2 Equipment required

The equipment required is listed below:
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)
b) RF modulator for PSK, APSK or QAM modulation format (Figure 31);
) reference receiver (Figure 32);

)

constellation analyser.

4.11.9.3 Connection of the equipment

The measuring set-up for the phase jitter measurement is shown in Figure 37.

I/Q baseband signal source for PSK, APSK or QAM modulation format (Figure 31);

The measuring equipment shall be connected taking care to maintain correct impedance

matching and using suitable cables and connectors

4.11.9. Measurement procedure

stream packet in ISO/IEC 13818-1 with all bytes set to 0x00
four|bytes followed by a PRBS can also be used.

NOTE The null transport stream packet is defined as the four-byte sequence™x47,
184 zero pytes (0x00). This sequence can be available as an encodi stem opith

b) Apply the signal source | and Q channels at the (in
desired PSK, APSK or QAM modulation formga

c) Set |the carrier frequency of the
measurement shall be performed;

d) Adjd

resu

f) Con
recelji
refe

g) The
and

ransport
ence of

, 0x10, fdllowed by
tain the
ere the

system

bd; The
ver, the
ccurate

ference
e of the

Cy error
residual

h) A time.record of N received symbol coordinate pairs (/;, Q;) is captured by the constellation

analyser. N shall be significantly larger than the M symbol points.

i) The signal points affected by phase jitter are arranged along a curved line crossing the

centre of each decision boundary box as shown in Figure 39 for the four
boundary boxes".

"corner decision
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sym

From th

NOTE B

constellatjon anal e output of the signal generator modulated by the digital source. The co
diagram displayed showld e noted and assumed as the reference position for the measurement.

4.11.9.5— Presentation of the results

- 78 — 60728-1 © IEC:2007(E)

Qi

u n ] ] u u u u l

|| m|m|m | m|n Arc section through a
_«— "corner decision boundary box"
for calculation of the phase jitter

gure 39 — Example of constellation diagram for a 64 QANM
with arc sections due to phase jitte

asurement, check the modulator performance, connecting the receivej

)t

eceived

ector to

ector to

with the
stellation

The measured phase jitter shall be expressed in degrees. The interface of the receiver where
the measurement has been performed shall be stated with the results.

4.11.10

Phase noise of an RF carrier

4.11.10.1 Introduction

This measuring method is able to provide an indication of the phase noise of a carrier due to
the phase or frequency fluctuations of an oscillator used in an equipment of the cable network

(e.g., in

a frequency converter).

For PSK, APSK or QAM modulation formats, using such an oscillator with digitally modulated
signals may result in a sampling uncertainty in the receiver, because the carrier regeneration
cannot follow the phase fluctuations. Phase noise outside the loop bandwidth of the carrier
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recovery circuit leads to a circular smearing of the constellation points in the 1/Q plane. This
reduces the operating margin (noise margin) of the system and may directly increase the
BER.

In an OFDM system, the phase noise can cause common phase error (CPE), which affects all
carriers simultaneously, and which can be corrected by using continual pilots, and inter-
carrier interference (ICl) which is noise that cannot be corrected.

The effects of CPE are similar to any single carrier system and the phase noise, outside the
loop bandwidth of the carrier recovery circuit, leads to a circular smearing of the constellation
points in the 1/Q plane. This reduces the operating margin (noise margin) of the system and

may directly increase the BER.
NLen into

The megsurement is performed at the system outlet of a cable dulated
carrier |s applied at the input of the headend or at the daw i e nmetwork,
depending which part of the system is to be measured.

The effgcts of ICI are peculiar to OFDM and cannot be corrected for. THis
accountlas part of the total noise of the system.

The heddend can include modulation converters (frop

NOTE This measuring method should be perfopmed unde
4.11.10/2 Equipment required
The eqdipment required is listed below

eq ecys of\input signals at the headend o at the

a) RF signal generator fg\the

network;
NOTE The phase noise characteristis e 'signal generator should be sufficiently lower (at least 10 dB) than
that to be| measure > , a prelimiparixchegck should be performed.
b) spedtrum analy , e nopninal frequency range of the system.

4.11.10

The me se noise measurement is shown in Figure 40.

Spectrum

Signal
generator analyser

e Notwork s

IEC 1457/07

Figure 40 — Test set-up for phase noise measurement

The measuring equipment shall be connected taking care to maintain correct impedance
matching and using suitable cables and connectors.

4.11.10.4 Measurement procedure

a) Set the carrier frequency of the RF signal generator to that of the channel where the
measurement shall be performed.


https://iecnorm.com/api/?name=deea2944ea68b182535e254ed7bfa360

~ 80 - 60728-1 © IEC:2007(E)

b) Adjust the carrier level of the RF signal generator to obtain the same level at the system
outlet as in normal operating conditions.

c) Tune the spectrum analyser on the same channel. Select the centre frequency of the
spectrum analyser, the span and level settings to show the carrier and its sidebands due
to the phase noise.

d) Set the resolution bandwidth RSBW of the spectrum analyser to 300 Hz and the video
bandwidth to 30 Hz or 10 Hz.

e) Measure the unmodulated carrier level C in dB(mW).

f) Mea nd note
its fn
g) Con ula:
whefe
e RSBW is the resolution bandwidth of the spe
e the correction factor (K;,) depends on shall be
rovided by the manufacturer o bration.
he value of the correction fac dB (see
nnex |);
J display
directly.
h) Cald pasured
pow 5, to the
total
NOTE F spectrum
are neglig ) is much
smaller th
4.11.10
The me Tquency
distance nf results
of the Igvel of phase noise is given in Figure 41 and in Figure 42.
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Carrier

|-—

0dB

La(dB)
Ly (dB)
Lc(dB)

Lq(dB)

Le (dB)

Frequency distance ————=

fa

Figure 41 — Example of mask for phasé
PSK, APSK and QAN

Table 3 — Frequency distance £

IEC 1459/07

IEC 1458/07

Modulation format f, fy, f. fy fo
PSK, APSK/QAM 100 Hz 1 kHz 10 kHz 100 kHz 1000 kHz
2k andOBFE'\S"ystems) 1 kHz 10 kHz 100 kHz 1000 kHz ;

5 Performance requirements at system outlet

5.1 General

This clause defines system performance limits which will, with an unimpaired input to the
headend or headends, produce picture and sound signals at any system outlet where the
impairment to any single parameter will be not worse in normal operating conditions for any
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channel than grade four on the five-grade impairment scale contained in ITU-R
Recommendation BT.500-11 as given below:

5 — imperceptible;

4 — perceptible but not annoying;

3 — slightly annoying;

2 — annoying;

1 — very annoying.
The system parameters specified are mainly related to analogue frequency division

muI’upIexed FDM S|gnals When dlfferent technlques are used the overall quality
Ter ] ¥ par f [ H later.

The performance limits set out in this clause apply when the methods s S enht given
in Clauge 4 are employed, and, where appropriate, in the presence of all ) which

the syst nditions
of tempg ation in
which th

NOTE 1 ingly. For
instance in 5.10.2

should be}

NOTE 2
a slightly

will have

NOTE 3
for the freg

Lirements

i-free of
| of 104

For dig|tal signals,
interruptli
in a DVB signal.

When measurin@
operation, the limita

of the signal perfor,

face) in
tribution

EXAMP
the valy
impaire

ver than
will be

5.2 Imped

The norpinalimpedance of the system shall be 75 Q. It should be noted that this value applies
to all coaxiatfeedercabteanmd—systermouttetsanmd—shattbeused—asthe Teferenceimpedance
for all measurements.

5.3 Requirements at the terminal input

The following requirements apply when a “receiver lead” connects the “system outlet” directly
to the “terminal input” (see 3.1.67 and 3.1.90).

5.3.1 Signal level

The signal levels at the system outlet given in Table 4 are reduced by the attenuation of the
receiver lead specified in IEC 60966-2-4, IEC 60966-2-5, and IEC 60966-2-6. A receiver lead
not longer than 3 m is considered not affecting other quality parameters of the service
provided to the terminal.

NOTE In this case the signal level is reduced by approximately 1,5 dB (at 1 000 MHz).
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The performance requirements given below at system outlet remain unchanged at the terminal

5.3.2 Other parameters

input.

5.4 Carrier levels at system outlets

5.4.1 Minimum and maximum carrier levels

The minimum and maximum carrier levels will depend on many factors including the
performance of typical receivers in use and local installation practices. The maximum levels
shall not exceed, and the minimum levels shall be not less than, those shown in Table 4.

NOTE Fpr requirements in Japan and the Netherlands, see Clause J.2.
Table 4 — Carrier signal levels at any system{’u\ t x
Type of Systems Modulation Frequency range inimu Iebﬂ\ xMum level
service| Vi dE(HV)
PAL ).
’ - b
SEGAM AM-VSB VHF/U \soa\ B 0
NTSC AM-VSB 30 16300 MFiz_ ” 5 83
NTSC AM-VSB 300 fo 1000 MHZN] N 60 83
PAL, o
M A_KSFEO D @ 7
NTSC FM 2400 770 MHz 60 83
NTSC FM /l 193510\ 335 Mz 57 81
DVB-S QPSK 15t 47 77
6A \) Q
DVB-S2 zm > IF 47 77
DVB-C 16" QAM, VHF/UHF 41 ¥
DVB-C L \BQQA\)\( VHF/UHF 47 Y
Television | DVBC N »  &Z56QAM N\~ VHF/UHF 54 74
odexate
1 26 74
2/3 28 74
R 3/4 30 74
5/6 33 74
7/8 35 74
% N Code rate
q x 1/2 32 74
: 2/3 36 74
I\ 16/QAM i VHF/UHF 30 i
5/6 42 74
7/8 45 74
Code rate
412 45 74
2/3 45 74
64 QAM 3/4 48 74
5/6 51 74
7/8 54 74
Mono FM VHF 40 70 see NOTE 1
Sound Stereo FM VHF 50 70 see NOTE 1
Radio Band Il 28 94
DAB OFDM
L-Band 28 84
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Table 4 (continued)

a 57 dB(uV) for systems with 8 MHz spacing only and with a C/N of 45,5 dB for system L.
b 77 dB(uV) for systems with >20 channels load.

NOTE 1 In order not to overload certain receivers, the figures quoted above for the maximum levels might have to
be reduced; for example, by means of a separate attenuator at a specific outlet.

NOTE 2 The level of the television sound carrier relative to that of the vision carrier, which is permissible, varies
according to the television system and performance of typical receivers.

NOTE 3 If COFDM channel is adjacent to analogue channel, its level shall be at least 9 dB lower than the video
carrier of the analogue channel.

NOTE 4 |Other types of modulation are under consideration. A ~

5.4.2 Carrier level differences

The differences in carrier levels shall not exceed the values

NOTE Fpr requirements in Japan, see Clause J.3.

between distributed/t{*lé{

Slystems Modulation requeqcy range Maximum level
L diffelence

dB

1
PAl, SECAM AM-VSB \ \ \ )V\sz/to 862 MHz 1
)

D
NTSC N AMNEB 30 MHz to 1 000 MHz 16
NTSC AMVSB (N {30 MHz to 300 MHz 1p

NTSC N AMN/SB Any 60 MHz range in VHF ¢

N
Pal, SECAM \ A%?&Q > Any 60 MHz range in VHF ¢
N

PAL, SECAM, NTSGA MVSBJ\ Adjacent channel ;

Pal, secam N4 950 MHz to 2 150 MHz 16

NTsc( \ FM) 950 MHz to 2 150 MHz uk.

Pal SECAM N\ Ff up to 470 MHz 16
NTSC \ \ ) FM up to 470 MHz uk.
DVB-S QPSK 950 MHz to 2 150 MHz u.k.

VB/S2 QPSK, 8PSK, 950 MHz to 2 150 MHz u.p.
16APSK, 32APSK
DVB-C 64 QAM 47 MHz to 862 MHz 12
DVB-C 64 QAM Adjacent channel 3
DVB-C 64 QAM Adjacent channel to AM-VSB 10 a
DVB-C 256 QAM 47 MHz to 862 MHz 12
DVB-C 256 QAM Adjacent channel 3
DVB-C 256 QAM Adjacent channel to AM-VSB 6a
DVB-T COFDM Adjacent channel 3
DVB-T COFDM Adjacent channel to AM-VSB 6

a2 The 64 QAM, 256 QAM and COFDM signals shall be below the level of the adjacent AM signal and reflect the
nominal backoff for digital QAM signals.
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If FM sound signals are present at the system outlet intended for AM-VSB television signals,
the level of any FM carrier shall be at least 3 dB lower than the lowest television signal level
at the outlet.

NOTE 1 The difference applies to signals having the same type of modulation.

NOTE 2 The value includes the possible coexistence of signals of 27 MHz bandwidth FM and 7 MHz to 8 MHz
bandwidth AM-VSB which may be in the close vicinity. They also take into account the characteristics of the
connected customers' receivers (selectivity, image rejection, oscillator radiation). In some cases, it may be
necessary, in order to obtain that figure, to incorporate channel by channel processing. The levels of FM satellite
channels relative to AM-VSB terrestrial channels should be 0 to —10 dB.

NOTE 3 When equal level FM radio signals are transmitted from the headend, then the maximum difference
between these signals at the system outlet should be 6 dB.

5.5 I\llutual isolation between system outlets

5.5.1 Isolation between two subscribers

The mihimum isolation at any frequency between any twg bers\ system| outlets

connected separately to a spur feeder system shall be as in Tab

NOTE Fpr requirements in Japan, see J.4.

Table 6 — Mutuall oI

Type of service <\®y rége &U )\) Mutual isolation
dB

TV/ITV 47 MHz to 862 (7 M nne or mixed 7-8 MHz) 42

TV / TV 47 MHz Lg 867 Wz (za\i\{m\ch%nel only) 30

TV/TV /\és\o Mbi t9 ZJSMHZ 30

FM spund / FM sound N\ N r\ VHF) 42

TV / FM sound L 50

NOTE 1 | For syst
channels), the figure

nelsx¢hos hat TV local oscillators do not fall within any d{stributed
ioR\maype r uced

NOTE 2 th, the quirement cannot be fulfilled at the lower frequency of 47| MHz but

at a cony

NOTE 3
and is ag

olation for TV/FM sound is intended between two different system outlets
ere FM sound is distributed.

5.5.2 Isolatian between individual outlets in one household

The minimum isolation between two individual outlets in one household shall be hig}per than
22 dB.

NOTE It may be necessary to fulfil the requirements of Table 6 also for one household, if special conditions may
require it (e.g. if several TV receivers are operated simultaneously).

5.5.3 Isolation between forward and return path

If system outlets are provided with return path inputs, the minimum isolation between return
path input and any FM radio or television (analogue or digital: 64 QAM) output shall give a
residual carrier level in the return path frequency range as indicated in Table 7.
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Table 7 — Residual carrier level at television or
FM radio output within the same outlet or between two different outlets

Return Inserted signal level | Residual carrier level Residual carrier level at television output
path input into return path at FM radio output
input
Frequency P Used frequency range Used frequency range Used frequency range
range 88 MHz - 108 MHz 120 MHz - 300 MHz 300 MHz - 862 MHz
Class A Class B Class A Class B Class A Class B Class A Class B
MHz dB(pV) dB(upV) dB(pV) dB(upV) dB(pV) dB(pV) dB(pV) dB(upV)
10 - 30 <124 <114 <80 <80 <72 <72 <84 <84
30 - 65 <124 <114 uc uc <72 <72 . <84 <84

NOTE Spme television receivers or set-top boxes require a higher isolation than th4t

cases thig

ive<a}jh\ ble[7. In such

can be achieved using suitable filters between the system outlet and the}eﬁ iver ok set-top

5.6 Frequency response within a television channel

5.6.1

The amplitude response variations within any televi
Table 8.

given in

Amplitude response

NOTE Fpr requirements in Japan, see J.5.

syste

o

let

ot exceed the values

Table 8 — Amplitude onse variation
(N
. . Oc chét@ aximum variation Maximym
Signal modulation < bandwidth (peak-to-peak) slope of vafiation
N\ (CMHz dB dB/MHz
ANI-VSB televjsion 6\> 2 1
X L2 1
FM television, < NAZR3E 4 1,5
N 3125 8 1,0
QPSK, 8H 37,125 u.c. u.c.
T. &s\ 34,5 - -
64 DVB- 8 4* 1,5
6 Q\A';I\(.J\apam 6 6 u.c.
256" QAM (DVB-C) 8 2 u.c.
COFDM (DVB-T) 8 8 8
OFDM (Japan) 6 6 u.c.

* Cable modems require a tighter amplitude response variation of less than 2,5 dB peak to peak in a 8 MHz

channel

bandwidth.

5.6.2

Group delay

The group delay variation within any television channel shall not exceed the values given in

Table 9.

NOTE For requirements in the Netherlands, see J.6.
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Table 9 — Group delay variation

57 L

The fre
headen

NOTE F

At any
frequen

For AM
For FM

input si
from its

Signal modulation Frequency range Maximum group
delay variation
MHz
ns
AM-VSB television (PAL) with teletext 0,5-4,43 100
AM-VSB television (PAL) without teletext 0,5-4,43 200
QPSK Signal bandwidth 100
(see H.2.3)
OFDM Signal bandwidth 100
{seeH278) 7

QAM Signal bandwidth 00
(see H.2.3) /\ &

br requirements in Japan, see J.7.

ystem outlet, the maximum freg
cy of the channel shall not exceed

For digi

ally maodulated DVB Qignala the conversian frnqnnnry (i e _the difference hety

ong-term frequency stability of distributed carriér si tany\system qutlet
uency stability is determined by the headerd equi iven for
| equipment apply.

728-5.

television the |canversi 3 i.e. the difference between the frequen¢y of an
pnal and 3 signal) shall not deviate by more than (x5 MHz
nomina ¢ follqwing fagtofs taken into account:

) above

een the

frequency of an input signal and the output frequency of that signal) shall not deviate from its

nominal

value by more than the values given in Table 10.
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Table 10 — Maximum deviation of conversion frequency for
digitally modulated DVB signals

Signal modulation Conversion frequency deviation
kHz

PSK, APSK
(DVB-S, DVB-S2)
64 QAM
(DVB-C)

256 QAM

+1 500

+100

(DVB-C)
COFDM
(DVB-T)

5.8 Random noise

At any gystem outlet, the level of the noise voltage gener i i impaired
[ tio shall

rrier-to-
i, but in
dulated

be not less than the values shown Table 11 and Taple
noise rgtio is given in 4.5. For FM sound radio si
this casp, the noise bandwidth is taken be 2
carriers|Sp gre/N is given in 4.11.4.

NOTE Fpr requirements in Japan, see J.8.

em outlet (television)

Table 11 - rrierkt%'ses

\I\yimum RF signal-to-noise ratio Eqdivalent
Eoise
Systems ulation bandwidth
& i
/\ dB MHz
| 5,08
B,G,D u.75
L v 5 00
D, K b,75
NTSC 4,00
M d \ u.c.
PaL, | TN O 15 21
SECAM
NTSC SeM 14
Code rate
1/2 10,9
2/3 12,8 Independent
DVB-S | QPSK 3/4 13,9 of bandwidth
5/6 14,9
7/8 15,6
Code rate QPSK 8PSK 16APSK 32APSK
1/4 6,0 - - -
1/3 7,1 - - -
2/5 8,0 - - -
o 172 9.3 - - -
3/5 10,6 13,8 - - Independent
DVB-S2 NS 2/3 11.4 14.9 17,3 ) of bandwidth
d 3/4 12,3 16,2 18,5 21,1
4/5 13,0 - 19,4 22,0
5/6 13,5 17,7 19,9 22,6
8/9 14,5 19,0 21,2 24,0
9/10 14,7 19,3 21,5 24,4
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Table 11 (continued)

Minimum Minimum RF signal-to-noise ratio Equivalent
carrier-to- noise
Systems Modulation noise ratio bandwidth
C/N S,re/N BW
dB dB MHz
16 QAM 20b
DVB-C 64 QAM 26 b Independ_ent
256 QAM 32 b of bandwidth
Code rate 2 k mode 8 k mode
QPSK ¢ 1/2 11 12
2/3 14 15 Independent
3/4 16 17 ofibndwidth
5/6 19
7/8 22 L2330 (N
Code rate 2 k mode 8 K\mede
1/2 17
DVB-T 16 QAM 2/3 20 21 Indgpendent
COFDM c 3/4 22 3 >f bandwidth
5/6 25
7/8 28 <\ \18
Code rate 2 k mode Ng Rynote”
2
64 QAM 2/3 26 Indgpendent
c 3/4 8 29 of bandwidth
5/6 O 31
a For $7 dB(upV) at system outlet; may be red e mWystem outlet level is 60 dB|uV).

The
assuy
Solo|

above values take into account simultaneous_disthi
me that intermodulation noise is nof\ pres on.C
mon decoder is achie )

e values a
PER of 1 -7 a

Theq

Theg
for g

e values
re Reed-

intended

(\%ler to-noise ratios at system outlet (radio)

Minimum carrier-to-noise ratio Equivalent nolse
sy x odulation bandwidth BW
d8 MH;
38 (PAL, SECAM countries)
Mono FM 0,2
41 (NTSC countries)
48 (PAL, SECAM countries)
Stereo FM 0,2
51 (NTSC countries)

5.9 Interference to television channels

5.9.1 Single-frequency interference

This subclause refers to single-frequency interference, which may result from intermodulation
or the presence of other interfering signals (for example, local oscillators, ingress signals).

NOTE For requirements in Japan and the Netherlands, see J.9.



https://iecnorm.com/api/?name=deea2944ea68b182535e254ed7bfa360

- 90 - 60728-1 © IEC:2007(E)

At any system outlet the level of any unwanted signal within the system shall be such that the
lowest carrier to interference ratio within a wanted television channel shall be not less than

e 57 dB for AM signals,

e 33 dB for FM signals,

e 35 dB for DVB 64 QAM signals,

e 13 dB for DVB QPSK signals,

e u.c. for DVB 16 QAM, OFDM and 256 QAM signals.
Where a frequency assignment, taking account of known future off-air and distributed

channels, is adopted so that interference signals fall only in the less sepsitive areas of the
televisign channel spectrum, a limit lower than that given above is acc ptabkﬁ curves

given in|Figure 15 to Figure 18). The test methods are given in 4.5.2.

Single-ffequency interference NTSC digital subcarrier:

e ot less than 31 dB.

NOTE S
interferen,
avoided.

channel if
| is to be

5.9.2

In this gjpecial case of single-frequency_intt i F lative to
the inte

NOTE 1

NOTE 2
5.9.3

At any system
wanted [television
than

, in any
not less

tlusters,

e 13 dB\for DVB QPSK,
e u.c. for FM television, DVB OFDM and DVB 256QAM.

NOTE 1 When coherent carriers are used, lower limits are acceptable.

NOTE 2 Because intermodulation products between multiple, closely spaced, digital TV channels are similar to
random noise, this intermodulation should be taken into account in the carrier-to-noise measurements.

594 Intermodulation noise

The intermodulation noise is caused by the non-linearity of devices (for example, amplifiers) if
digitally modulated signals are present. Severe intermodulation noise occurs in the “waveform
clipping regime” (that is when the instantaneous output voltage due to the sum of the QAM
channels exceeds the power supply voltage of active devices) because clipping noise is
produced by clipped bursts.
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The clipping noise effect is dominant over 3" and 5th order intermodulation products and is
much worse than Gaussian noise because one or several bursts during a symbol time (144 ns
for a 64 QAM signal) can be destroyed by nanosecond clipping effects and when the Reed-
Solomon burst correction capability is not sufficient to recover this error.

The increment of the intermodulation noise with rising QAM channels level, is in the range of
4 dB to 8 dB, for 1 dB increment of the QAM channels level (usually expressed as 4 dB/dB or
8 dB/dB). This value is much greater than the 2 dB/dB value for 3™ intermodulation products
shown by a well-behaved amplifier.

The system shall be operated in such a way that a BER of 10~4 or better before Reed-

Solomon_is always achieved at the Sy pc/N given in Table 11.
For thig reason a control of the “sum of the carrier voltages” sha i 1 in the
headend. In MATV systems, where the received signal level can<va to the
propagdtion effects, the amplifiers shall have an appropriate gain cotro orshal b %erated
at such ja level that the intermodulation noise requirement is net
5.9.5 Cross-modulation
Under cpnsideration.
NOTE Fpr requirements in Japan, see J.11.
5.10 Vjideo baseband requirements
5.10.1 | Differential gain and phase jh a
NOTE This clause does not ap
The differential gain apd phase given in
Table 18.
T@ Dif | gain“and phase in television channels
N
Systems xim Wak differential gain Maximum peak-to-peak differentjal phase
% Degrees
RAL \/ 10 12
SHCA \ 32
N[rSC 5

5.10.2 Echoes

The echo rating in any television channel, at any system outlet, when measured by the
method defined in 4.6 shall not exceed 7 %.

NOTE For requirements in Japan and the Netherlands, see J.12.
5.10.3 Amplitude and phase response for PALplus signals

Under consideration.

NOTE The recommended test method is to use a sin x/x ITS signal.

5.11 Hum modulation of carriers in television channels

NOTE For requirements in Japan, see J.13.



https://iecnorm.com/api/?name=deea2944ea68b182535e254ed7bfa360

-92 - 60728-1 © IEC:2007(E)

At any system outlet the unwanted modulation of any vision carrier at the frequency of the
supply mains and harmonics thereof shall be such that the reference modulation to hum

modulation ratio is not less than 46 dB.

The unwanted modulation of any AM sound carrier shall be such that this ratio is not less than

60 dB.

For system M, the vision carrier ratio of reference modulation to hum modulation shall not be

less than 35 dB.

The hum modulation of NTSC digital subcarrier shall be not less than 50 dB.

The tes{ method for both cases is given in 4.5.6.

Hum mqdulation requirements for FM television and DVB are under

5.12 Requirements for data signal transmission

5.12.1 | Data signals carried in the structure of a televi

NOTE Fpr requirements in Denmark, see J.14.
5.12.1.1 Data signals carried in the vertical

5.12.1.1.

5.12.1.1.

The dat shall not exceed 50 ns.

5.12.1.2 3 sals ¢ 3 S etevision field

5.12.1.2.

5.12.1.2

The dat ay.| vin any television channel shall not exceed 50 ns.

5.12.1.3

Data sighals on the audio or additional carriers within a television signral

Under consideration.

5.12.1.4 Data signals using other parts of the television signal

Under consideration.

5.12.2 Data signals other than those carried within the structure of a television signal

Under consideration.
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5.13 Digitally modulated signals — Additional performance requirements
5.13.1 DVB (PSK, QAM, OFDM) performance
5.13.1.1 BER

For a service quasi-free of interruption the BER for any DVB signal shall be lower than 104,
before Reed-Solomon error correction.

5.13.1.2 Noise margin

For any DVB signal received by satellite, the noise margin shall be higher than 4 dB.

NOTE Fpr terrestrial reception the noise margin can be reduced to 1 dB if the received signal Iewble within
+1 dB.

5.13.1.3 MER

NOTE This performance recommendation is only for informative purposes.

For any|DVB signal the MER should be not lower than the

Table 14 — Modulation error ratig' M

RN
Signal modulaé\ )
DVB-S: QPSK \_ ~—"
DVB-S2: QPSK,8PSK, c.
16APSK, 32AP§K W \>
<DVB\C:@M L) ‘\> 20

D

\Q-C\:‘M(QQ\A ) 26

5.13.1.4

NOTE Thi

For any

Table 15 — Phase jitter of a DVB signal

Phase jitter
Signal modulation
degrees
DVB-S: QPSK +15
DVB-S2: QPSK,8PSK, u.c.
16APSK, 32APSK
DVB-C: 64 QAM 5
DVB-C: 256 QAM u.c.
DVB-T: COFDM +5

5.13.1.5 Phase noise of an RF carrier

NOTE For requirements in Japan, see J.15.
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For any RF carrier of a digitally modulated signal (PSK, APSK or QAM) the phase noise shall
be lower than the value given in Table 16 at the frequency distance f,, from the carrier.

Table 16 — Phase noise of a DVB signal (PSK, APSK and QAM)

Frequency Phase noise
distance
dB(Hz-")
fon
Signal modulation
for fo, fo fy fo=> 100 Hz 1 kHz 10 kHz 100 kHz 1000 kHz
Symbol rate L, Ly L. Ly L,
(MSymbols/s)
DVB-S: QPSK 5to 27,5 -40 -55 -75 (—80 100
DVB-S2} QPSK, 8PSK 5to 27,5 -40 -55 -75 Q ‘—SQ-\ 1100
DVB{C: 16 QAM >3,5 - -32 -74 94 \/ 04
1,7/3,5 - —41 80 10 104
DVB{C: 64 QAM >3,5 - -38 < -80 \ -0 110
1,7/3,5 - 47 /Xﬁ\ ~10 110
DVB-[: 256 QAM >3,5 - <44 )\> ~106 116
1,7/3,5 - - —53{7 S -112 116
50
For a d|gitally modulated signal in the OkDM\{o e phase noise can cause CPE which
affects all the carriers simultaneously and isfer-c - interference ICI.
For any|RF carrier of a DX . e the QFDM format, measured with themethod
of meagurement givenin 410. 8 and that of ICl shall be lower than the

values |
carrier.

L2, Ly, Lg and Ly

pise of a DVB-T signal (COFDM)

rom the

Freque Phase noise
distance
dB(Hz-1)
m
}, for o fq = 1 kHz 10 kHz 100 kHz 1 000 kHz
La Lb Lc Ld
-75 -85 -110 -110

5.13.2 NICAM performance

The performance for NICAM systems is determined largely by the headend equipment and the

limits given in IEC 60728-5 apply.

5.13.3 DAB performance

Under consideration.
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5.14 FM sound radio — Additional performance requirements

5.14.1 Amplitude response within an FM channel

The amplitude response as a function of frequency for the entire system shall be such that the
maximum amplitude variation over any FM channel (bandwidth appropriate for the

transmission system in use) is not more than 3 dB with the slope not exceeding 0,3 dB per
10 kHz within 75 kHz of the carrier.

5.14.2 Phase response within an FM channel

Under consideration.

5.14.3 | Interference within an FM channel

Under cpnsideration.

NOTE Fpr requirements in the Netherlands, see J.16.
5.14.4 | AM hum modulation on FM sound carriers

Hum madulation sidebands shall be at least 46 dB bel¢

5.14.5 | Echoes within an FM channel

Under cpnsideration.

6 Pe:lformance requirements at rec@g 2

The qudlity of the sign ottiets depends not only on the headend signal

processjng and th S but also on the characteristics of the| signals
received by the §S. ' opriate requirements concerning

6.1

troduction

o field|strength \ ;
. quall
e safe

e EME

are nee
and digital televisi

provide at the input of the headend of the cable network both ahalogue
gnals with suitable quality.

The field strength level at the antenna site shall be higher than the minimum values required
by

e |ITU-R Recommendation BT.417-4 — for analogue television broadcasting;

e |ITU-R Recommendation BS.412-9 — for FM sound broadcasting;

e CEPT — The Chester 1997 Multilateral Co-ordination Agreement relating to Technical
Criteria, Coordination Principles and Procedures for the introduction of Terrestrial Digital
Video Broadcasting (DVB-T) [3]2

The measurement of the field strength at the receiving antenna site must be performed using
suitable calibrated antennas.

2 Figures in square brackets refer to the Bibliography.
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6.2 Method of measurement of field strength
6.2.1 Introduction

This measuring method applies to the measurement of the field strength level at the antenna
site in order to verify if its level is adequate for good reception conditions of FM radio and
digital audio broadcasting (DAB), analogue and digital television signals.

6.2.2 Equipment required
The equipment required are:

e a calibrated antenna (half-wave dipole or log-periodic antenna) with a-known antenna
coeIicient ANT;, expressed in dB(m=1);

al; The
§>io and

e a spectrum analyser having a calibrated display in dB(uV) of
equipment shall be able to tune over the frequency range 6
teleyision signals.

e a calibrated coaxial cable of suitable length (for examplt W, avi librated

6.2.3 Connection of the equipment

e Conpect the spectrum analyser to the calibra an coaxial
cablp;

e Loc3te the calibrated antenna int will be
placed;

e Set [he polarization of the calibrat d of the
wanfed signal to be mea

e Turn the calibrated e same
diregtion as the desig

6.2.4 Measuregmmen

6.2.4.1 Analodue

a) Whs bnt, the
mea adings.
Con he lead
app hding at
the 1

b) Con coaxial

The followmystepsdependomthe type of amatogue modutatedsigmatto be measured:

AM television channel

c1) Tune the vision carrier of the television channel that is to be measured (selecting the
centre frequency of the spectrum analyser) and select the span and level settings to
show the whole channel;

d1) Set the span of the spectrum analyser to 0 Hz, the resolution bandwidth to 1 MHz and
the video bandwidth to 1 MHz;

e1) Use the max-hold feature to display the maximum of the received signal. Measure the
level S of the top of the displayed signal in dB(uV) using the display line cursor if this
feature is available;

NOTE For positive modulation TV systems, the measuring receiver should remain connected for a sufficient
period to ensure that the maximum reading is obtained. It may therefore be necessary to observe the picture in
order to ensure that peak white is present in the signal during the measurement.


https://iecnorm.com/api/?name=deea2944ea68b182535e254ed7bfa360

60728-1 © IEC:2007(E) - 97 -

FM
c2)

d2)

e2)

FM
c3)

d3)

e3d)

f)

television channel

Tune the carrier of the television channel that is to be measured (selecting the centre
frequency of the spectrum analyser) and select the span and level settings to show the
whole channel.

Set the span of the spectrum analyser to 0 Hz, the resolution bandwidth to 1 MHz and
the video bandwidth to 1 MHz.

Use the max-hold feature to display the maximum of the received signal. Measure the
level S of the top of the displayed signal in dB(uV) using the display line cursor if this
feature is available;

radio channel

Tine the carrier of the FM radio channel that is to be measure e centre
frequency of the spectrum analyser) and select the span and le i how the
whole channel;

S¢t the span of the spectrum analyser to 0 Hz, the resol Hz and

the video bandwidth to 10 kHz;

Use the max-hold feature to display the maximum & d sigral. Measgure the
lejel S of the top of the displayed signal in dB
fepture is available;

Thelfield strength level FSL is calcufa

ere a high ambient field is present, the
shall be checked for spurious r¢adings.
he lead
ading at

pectrum
whose

blay line

he centre

frequency of the channel.

e)

Measure on the displayed channel the upper and lower frequencies at the channel edges
where the level is 3 dB lower than the maximum level S; the difference between these two
frequencies is assumed to be the equivalent signal bandwidth BW, expressed in Hz.

Calculate the level Sp ge of the signal using the following formula:

BW
RSBW

Sprr =S+10 Ig[ }+KSa in dB(mW)

The correction factor K, depends on the measuring equipment used and shall be

provided by the manufacturer of the measuring equipment or obtained by calibration. The
value of the correction factor for a typical spectrum analyser is about 1,7 dB (see also
Annex ).
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The correction factor is not necessary if the measuring equipment can be set to display
the level in dB(mW/Hz) units. In this case the level Sp gg of the signal can be obtained

from the measured maximum level S using the following formula:

Sprr =S+101gBW)  in dB(mW)

In this formula the bandwidth BW has to be expressed in Hz.

NOTE This measuring method actually measures the S + N level. The contribution of noise is considered
negligible if the level of noise displayed outside the channel band is at least 15 dB lower than the maximum level
displayed within the channel band. This noise level includes that of the measuring equipment (spectrum analyser),

which should
the resul
measurin

g) Theffield strength level FSL is calculated by the following formula:

be at least 10 dB lower than the noise level displayed outside the channel b order not to affect
s. Otherwise, the contribution of noise (due to the system or the equipment undeiNtestyapd to the
j equipment) must be taken into account in the measurement of signal level SAs

NOTE The coefficient 107 applies if the input impedance of the measu e 3 0 Q. This

value becpmes 109 if the measuring set has a 75 Q input impedance
6.2.5 Presentation of the results

The mepsured field strength level of
accuracly of the measuring equipment

6.3
6.3.1 General

The qudlity of the recefwed y stem is considered sufficient if

m). The

Requirements

dio or television) present at the receivipg point
gted in the following clauses;

the tield strep
is higher than the

the cés is lower than the values given in Table[26 and

Tab

6.3.2

a) Ana
The | mini for the field strength required at the receiving antenna |site for
anal strigl broadcasting signals (television and FM radio) are recommepded by
ITUR ndation BT.417-4 for television and BS.412-9 for FM radio) and are

indicated in Table 18 The electrical field strength levels are referred to the RMS halue of
the carrier; for television signals the reference is made to the vision carrier during the
positive peak of the modulation envelope.

In Table 18 is also indicated for each band the antenna gain (referred to half-wavelength
dipole) that is needed to obtain (at the input of the headend) at least 0,5 mV (54 dB(pV))
for television signals and 0,2 mV (46 dB(pV)) for FM radio signals, using a connecting
cable supposed to be 10 m long and having the attenuation also indicated in Table 18.

These values are applicable for individual reception only, without any amplifier between
the antenna and the receiver. In this case the minimum values of Table 4 can be lower.

For MATV systems the minimum field strengths levels of Table 18 shall be increased by
6 dB and for CATV systems shall be increased by 10 dB.
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Table 18 — Minimum field strength levels recommended by ITU-R

NOTE

TN
These antenna gains are given for information. The actual antenna gdinnshauld\be
the minimum field strength levels available at the receiving site.
N

Band Minimum electric Antenna gain Cable attenuation
field strength level (referred to half-
wavelength dipole) (10m)
dB(uV/m) uvim dB dB
Television
| 48 250 8,1 0,6
" 55 560 12,7 1,2
v 65 1780 11,7 1,9
\Y 70 3160 9,7 2,3
FM radio 48 250 \\8
87,5108 MHz
lect >>6

prding to

b) Digifal terrestrial broadcasting

aptenna site fof DVB-T

The |minimum values for the field strength required at
i Mg conditions:

signpls are recommended by CEPT [3] for the-differe
e qutdoor fixed reception,

e qutdoor mobile reception
o

For
char

8 MHz

Modulati \/ Minimum electric field strength level

{\ dB(uV/m) uv/m

8k ) 38 80

64 Q v 44 160

NV 48 250
N \ 1 u.c.
16 v u.c
\ u.c

The values of Table 19 assume fixed reception conditions, supposed to be obtained using
a directive antenna at 10 m above ground level.

These values are applicable for individual reception only, without any amplifier between
the antenna and the receiver.

For MATV systems the minimum field strength levels of Table 19 shall be increased by
6 dB and for CATV systems by 10 dB.

For 7 MHz channels the recommendations for field strength levels are 0,6 dB lower than
for 8 MHz channels.

For 6 MHz channels the recommendations for field strength levels are 1,25 dB lower than
for 8 MHz channels.

Analogue and digital satellite broadcasting

The power transmitted by satellites for DTH service is about 50 dB(W) to 52 dB(W); in the
service area (usually defined where the power density is -3 dB with respect to bore site),
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receiving antennas with a diameter lower than 1 m are sufficient, if the LNB noise figure is
lower than 2 dB.

The main disturbance is due to noise and atmosphere conditions (fog, rain, etc.). It is
advisable to design the receiving system (antenna and LNB) with a suitable margin related
to the minimum C/N required at the systems outlet.

For community reception using distribution at 1% IF (950 MHz to 2 150 MHz) of PSK,
APSK or FM modulated signals, it is suggested that the antenna diameter should be
increased by 50 % to compensate for degradations due to the distribution system.

ng\the [ wanted
inpt{ shall be

6.3.3 Quality of received signals

6.3.3.1 Introduction

Using the antenna designed (gain, directivity and polarization) for
signals jat the antenna site, the following minimum signal levels at t

obtained as stated in Table 20 to Table 25. For analogue br nal-to-
disturbgnce ratio stated in Table 26 and signal-to-echo ratio hall be
obtained at the headend input.

6.3.3.2 Signal level

a) Analogue sound broadcasting in the FM range

For H stereo

Band Minimum signal level for mono

reception

dB(uV)

46

bands, Table 21 states minimum signal levels at the headend
-Noise ratio C/N of 44 dB can be expected at system ouflets, as

of analogue television broadcasting

Band Minimum signal level for Minimum signal level for
MATV systems CATV systems
dB(uV) dB(uVv)
| 54 66
1" 54 66
VIV 54 66
NOTE This assumes a system noise figure of 8 dB for MATV and 20 dB for CATV systems.

c) Digital Audio Broadcasting (DAB) in Band Il and L-Band

For the reception of DAB signals in Band Ill and in the L-Band the minimum signal levels
at the headend input stated in Table 22 shall be obtained.
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Table 22 — Minimum signal level at the headend input for the reception

In ad

Digit
The

of DAB signals at an error ratio of 1

- 104 and code rate 1/2

Band Minimum signal level for DAB
dB(uV)
1" 28
L-Band 28

minimum signal levels are each reduced by 0,6 dB. The
signpls (COFDM) in 8 MHz channels and for a bit-error ratio\of 2 -

Tab

e 23 — Minimum signal level and RF signal-to-noise r

for stationary ret7p/}\

>for the
DVB-T

e headend input

DVB}T Stationary rece o}\) \Po/rtable reception
COFDM e cha}v?rf«> / N (Rayleigh channel)
Modulation Code rate K_/ Sp,re/N Minimum signal
methljod leyel
dB dB(uV)
172 7,9 14,5
213 N 10,9 245
apPgK 3/4| 13,3 24,9
NN | O\ NN\ D 221 15,7 21,3
\/f}&\\/ 1N \ 22,9 19,1 3d,7
AR REEN 23,8 13,8 24,4
\ 2} 14?2 25,8 16,9 245
16 QAM \3<4\ > 15,6 27,2 19,5 31,1
/\ 5] \ 17,1 28,7 22,4 34,0
NN 17,7 29,3 26,9 34,5
1/\2> 17,4 29,0 18,8 3d,4
> 20,0 31,6 22,4 34,0
64 QAM 377 215 3.2 25.4 37,0
5/6 23,3 34,9 31,2 42,8
7/8 24,5 36,1 39,0 50,6

NOTE The values are also valid for portable reception at the receiver input

e) Satellite reception in the frequency range 950 MHz to 2 150 MHz

e.1)

Analogue satellite reception

The minimum input level at the headend (LNB output and 10 m of coaxial cable) applies
for the minimum carrier-to-noise ratios stated in Table 24. and for an availability of 99 %.
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Table 24 — Minimum signal level and carrier-to-noise ratio at the headend input
for the reception of FM modulated satellite signals

Transponder bandwidth C/N Minimum signal level
MHz dB dB(uV)
27 12 44
36 14 44

e.2)

Digital satellite reception

The minimum input level of 44 dB(pV) at the headend (LNB output and 10 m of coaxial
cable) applies for the minimum carrier-to-noise ratios stated in Table 25 at the respective

trangmission parameters.
Table 25 is based on an MPEG2/MPEG-4 source coding with a Réed-S code rate
R =1188/204 for DVB-S satellite signals and with a BCH/LDPC i atellite
signpls. The DVB-S signals are QPSK modulated and meet a ). 1074,
The |DVB-S2 signals are specified for different modulation fgrm Lm PER
of 10-7 with an AWGN channel and a FECFRAME length af
Tablg 25 — Minimum RF signal-to-noise ratio at t e reception
of DVB-S or DVB-S2 satgllite si
DVB-S DVB-S2 DVB-S2 DVB-S2
Codd rate QPSK S 6APSK 32APSK
Spre/N Spre/N Sp.re/N Sp ke/N
dB dB ds
it - 3 C -
13 ] & 8 -
2ls N 5,7 - -
i VSR N S -
3ls N K 83 11,5 -
2[3 PREE:EN DN 12,6 15,0
3j4 C\Its N oo 13,9 16,2 14,8
s X 10,7 - 17,1 14,7
516 \ \\\12,\\ 11,2 15,4 17,6 20,3
N AN ; - }
8]9 \ - 12,2 16,7 18,9 21,7
9/flo - 12,4 17,0 19,2 22,1
NOTE ForfFECFRAME—T6 <2UU, dn aadfuonal aegraddtion or U,Z2 db 10 U,5 db SNOUIa De TaKem IMto aCC unt

f) Additional specifications for satellite reception

In addition, the specifications according to ETSI ETS 300 784, ETSI EN 300 421 and
ETSI EN 302 307 apply for satellite reception.

6.3.3.3
signals

Minimum signal/disturbance ratio for analogue terrestrial broadcasting

For analogue AM television and FM radio terrestrial broadcasting the minimum values for
signal-to-disturbance ratios (impulsive or sinusoidal (continuous wave) disturbance) at the
input of the headend as stated in Table 26 applies.
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Table 26 — Minimum values for signal-to-disturbance ratio

Minimum signal-to-disturbance ratio

Service Impulsive disturbance Sinusoidal disturbance
dB dB
Television 43 60
FM radio
87,5 MHz — 108 MHz
50 50

6.3.3.4 Minimum signal/echo ratio for analogue terrestrial broadcasting signals

For anglogue terrestrial AM television broadcasting, the minimum values forﬁm\alto-echo

ratios af the input of the headend as stated in Table 27 applies.
Table 27 — Minimum values for signal-to- %K
Echio NV

Service Delay %-t -etho ratio

Television \) \6

S 30

X <\P 20

0 10

a8 These values take into accpunt\onlxgthe Wents for picture and not for
teletext signg/\i t, the requireinents given in 5.10.2 apply.

s.Kor tg
N

6.3.3.5

The que h value,
the sign e sound
is repro

The DV ecoder;
this cor Jsing a
transmi BER of
1011 bolomon
decoding,/coensidering only white-noise effect. This value is generally indicated|as the

required BER for a good digital television signal reception.

DVB-S2 transmission systems for satellite signals consider the QEF condition at PER = 10~/
after LDPC and BCH decoders.

6.3.3.6 “Threshold” behaviour of digital television signals and installation quality

An important characteristic of digital television signals is the “threshold” behaviour, as usual
for digital systems with no dependence on the transmission channel used (satellite, terrestrial,
cable). If the BER is lower than a certain limit, the signal is not dependent on the
degradations due to the transmission chain, the picture and sound can be reproduced
correctly because of the error correction provided by the receiver. If this limit is overcome, the
quality of picture and sound decreases rapidly.

In order to obtain a reliable service, it is not sufficient to verify that the received signal is free
from errors, looking at the picture seen on the television screen or considering the sound
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quality, because the receiving system could have a very small margin. In this case, a very
small increase in amount of noise or of the interfering signal or of the transmission loss, due
to meteorological reasons or other impairments, can cause the service interruption. It is
therefore recommended to design and install the individual or community receiving systems
taking into account the performance requirements that are able to guarantee a sufficient
quality margin at the system outlets.

6.3.4 Safety

The specifications according to IEC 60728-11 apply.

6.3.5 Electromagnetic compatibility (EMC)

The spdcifications according to IEC 60728-2 and IEC 60728-12 apply.

6.4 Interference reduction

6.4.1 General

Interfer¢nce within or outside receiving systems may affe lity. For
interfergnce of sources, which are outside the antenna apply.
An anti{interference antenna design like a directj ¢ i location

should lpe selected.

ork up to the receiver inputs
ee |IEC 60728-2).

The outgoing lines of the antennas and
shall be|shielded straight-through (for

Within the system, no interf

6.4.2 Active anten

Self-generated @a [ 5 (open-
circuit gqperation antenna
(operatipg error) sha

7 Penforma ir ks

7.1 |

NOTE F

The follpwing types 6f home networks (HN) are possible:

a) passive coaxial home network;
b) active coaxial home network;
c) different home network types.

Figure 43 shows typical situations that are possible when considering home networks.

The home network can be realised using coaxial cables, balanced cables, optical cables or
radio links.

This clause specifies the requirements to be obtained at the home network interface (HNI)
based upon coaxial cabling and/or balanced cabling or other types of links are used inside an
apartment for carrying BCT signals provided by a CATV, MATV or SMATV cable network. This
HNI may be used as well for connecting individual roof antennas in the case of a single
dwelling unit home.
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The characteristics of the signals delivered by the CATV, MATV or SMATV cable network at
the HNI are defined, taking into account

a) the signal performance requirements at the system outlets (SO), defined in Clause 5, or
the requirements at the input of the terminal equipment to be connected;

b) the impairment of the signals due to the home network (see Annex K).

Home Network Interface {HNI)

{coaxial) Specification Specification

System Outlet Terminal Input
Access hetwork l Home network [coaxial) [coaxial)
1 (SO) mn
+ +
! iver lead .
ra recelverlies — I
CATVIMATVISMATY NETWORK o . |
equipment
80 [coaxial) @
1
1
CATVIMATVI | Eé erminal
SMATV o
ngtwork equipment
HNI1 Passive coaxial home network
I
CATVIMATVI ! .
SMaTY O {E Terminal
equipment
ngtwork HNI 2 Active can& nem quip
| G .
| |
I Different horfie network typ BALUN ! .
C?:L%WI : Cace A \ receiver lead Terminal
natwork nced type cables and\balanged pa T equipme ht
HNI'3 onngctors at the wall Butle | coaxial
c A N ( ) |
ase \‘ ) I :
1 1
CATVIMATVI ! rktype | eceiverlead .
sMaTv Te!'mln l
ngtwork so . Ti equipmept
Cube B > {coaxial)
N~
1 - ! |
CATVIMATV/ A Iﬁwe network type receiver lead ! .
SMATY o] Case € Terminal
ngtwor 3 Fibre optic network S0 . TI equipment
{coaxial)
CaseC
\ \ audio/video
| ¥
CATVIMA Q Different home network type l .
SMATY NTU Case D Terminal
ngtwork Wireless (Wi-Fi), fibre optic, power lines, data equipment |
1 13 twisted pair, coaxial cables, etc.
t Casa D | |
!‘ Dwelling Unit (DU) or Single Dwelling Unit (SDU) I
IEC 1460/07

Figure 43 — Home network types used to define the requirements

at HNIi (coaxi

al)

Transmission requirements for each application reported in 7.2 to 7.6 shall be considered for
dimensioning the HN to support as many applications as possible according to the “generic

cabling”

principle.
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7.2 Requirements at HNI1 for passive coaxial home networks

7.21 General

The requirements listed below apply at the coaxial HNI1 when the home network is only
passive. Taking into account the allowed degradation of the signals in the passive coaxial
home network, these requirements, defined at the home network interface, are able to obtain
the requirements specified in Clause 5 at each system outlet or terminal input.

7.2.2 Carrier levels at the HNI1

7.2.21 Minimum and maximum carrier levels

The makimum levels at the HNI1 shall not exceed, and the minimum levgls srh%)itrot less
tte

than, thpse shown in Table 28, where [ is the highest attenuation e splitters, the
length @and type of the cables, the filters (in the system outlet), invthe\passive
3dB and

coaxial home network. In any case, the value of o, shall be not |o
not higher than «, 4 = 18 dB at 1 GHz or ¢y, 1,54 = 26 dB at 2GHZ:

The carfier level at the HNI1 is constrained as well by t de of the|passive

coaxial home network (SSLP) defined in 7.2.2.2.

S
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Table 28 - Signal level at HNI1

Minimum level

Maximum level

Type_ of Systems Modulation Frequency range
service dB([J.V) dB(MV)
PAL,
SECAM AM-VSB VHF/UHF 602+ ¢, 80b + ¢
NTSC AM-VSB 30 to 300 MHz 57 + o 83 + o
NTSC AM-VSB 300 to 1 000 MHz 60 + a 83 + o
PAL, st
SECAM FM 1% IF 47 + a 77 + o
NTSC FM 24010 770 MHz bO+((p 33|+ ap
NTSC FM 1035 to 1 335 MHz 57+ 0 (] ~N\81[+ g
DVB-S QPSK 1 IF (ande, 71 a
QPSK, 8PSK, 16APSK, st
DVB-S2 AT 1% |F E\J&K X 77+ o
N
DVB-C 16 QAM VHF/Ui—( W o \ 61+ o
DVB-C 64 QAM VHFTORR | A 4N>,>/ 67|+ o
Televisior
DVB-C 256 QAM \/HF/(JH}: W ), 74+ op
Code rate
% G 26 + o 74+
2/3 28 + o 74+ op
QPSK 4 30 + o 74+ op
5/ 33 + ¢ 74|+ %
/8 35+ o 74+ op
Codge rate
2 ) 32+ 74+ o
DVB-T 1SN 36 + ap 74|+ a
COFDM 3 HF/UHF 39 + o 74| + o
516 42 + o 74|+ o
8 45 + o 74+ op
Code rate
Q 1 W 42 + g T4+ o
Q 2/ 45 + o 74+ op
4 48 + o T4+ op
5/6 51 + o 74|+ %
7/8 54 + o 74+ o
<Mono \ >FM VHF 40 + o 70+ op
Y
Sound < S re% \ FM VHF 50 + a 70+ op
Radio \
Band IlI 28 + ¢ 94|+ ¢
B N4 OFDM ’ ’
L-Band 28 + o 84|+ op
a 57 dB(u\W) for systems with 8 MHz spacing only and with a C/N of 45,5 dB for system L.

b 77 dB(uV) for systems with >20 channels load.

7.2.2.2

Carrier level differences at the HNI1

The differences in carrier levels at the HNI1 shall not exceed the values given in Table 29,
where SSLP is the maximum sectional slope in the passive coaxial home network. The
maximum value of SSLP between the HNI1 and any system outlet depends on the length and
type of the cables used in the passive coaxial home network. In any case, this value shall be
not higher than 5 dB in the VHF/UHF bands, 3 dB in any 60 MHz range in VHF and 1,5 dB for
any adjacent television channels.
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Table 29 — Maximum level differences at HNI1

Systems Modulation Frequency range Maximum level
difference
dB
PAL, SECAM AM-VSB 47 MHz to 862 MHz 12 - SSLP
NTSC AM-VSB 30 MHz to 1 000 MHz 15 — SSLP
NTSC AM-VSB 30 MHz to 300 MHz 12 - SSLP
PAL, SECAM AM-VSB Any 60 MHz range in VHF 6 — SSLP
NTSC AM-VSB Any 60 MHz range in VHF 8 - SSLP
PAL, SECAM, NTSCT AM-VSB Adjacent channel { 3= 9SLP
PAl, SECAM FM 950 MHz to 2 150 MHz (\\ K \5\— SSLP
NTSC FM 950 MHz to 2 150 MH(\ ok
PAl, SECAM FM up to 470 MHz (see)@J\\Q \ 15N ESLP
NTSC FM up to 470 MHz (se e\OTE\\ \ N uf-
DVB-S QPSK 950 MHz t62 - uk.
QVB-S2 QPSK, 8PSK, W X uk.
16APSK, 32APSK
HVB-C 64 QAM f\AQ?é /t c/hqnn 3-4sLp
DVB-C 64 QAM ( (\}‘ c‘ént chénnU WSB 102 -|sSLP
HVB-C 256 QAM MaceWel 3-4sLp
DVB-C 256 QAM (—* N\o@ Nnel to AM-VSB 6a_KSLP
DVB-T oM \| 2 Madpacent channel 3_ 4sLP
DVB-T \cér\o(ﬂn djaf\)afchannel to AM-VSB 6-dsLp

a8 The 64

QAM, 256 QAM %\d\CO}‘{{M sigq\rs\sha\n\g\bqw/the level of the adjacent AM signal.

If FM s
2,5dB 1

NOTE 1
NOTE 2
bandwidth

terrestria

NOTE 3
between {

NOTE 4

are prent t thm the level of any FM carrier shall be
ANMKVSB\television signal level at the HNI1.

bund SI
pwer than the

radio signals are transmitted from the headend, then the maximum
HNI1 should be 5 dB.

at least

to 8 MHz
AM-VSB

Hifference

Aumaximum SSLP of 5 dB means that, if the splitters were "flat", the cable loss should not exced

bd 6,5 dB;

in practic,, 1€SS, as some margin snould be Used Tor the SoSLF OoT The pasSive equipment.

7.2.3

Mutual isolation between two HNI1

The minimum isolation at any frequency between any two HNI1 connected separately to a
spur feeder shall be as given in Table 30, where the requirements for system outlets are

reduced

by the sum of the minimum attenuation &4 (min) * %2(min) iNtroduced by eac

h of the

two passive coaxial home networks, if known, or by 4 dB to 6 dB. In any case the minimum
mutual isolation between two HNI1 shall be not lower than 22 dB, to reduce the effects of
impedance mismatching in the home networks.
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Table 30 — Mutual isolation between two HNI1

Type of service Frequency range

Mutual isolation (dB)

TVITV 47 MHz to 862 MHz (7 MHz channels only or mixed 7-8 MHz) | 42 — (21 (min) * @p2(min))
TVITV 47 MHz to 862 MHz (8 MHz channels only) 30 = (& 1(min) * Pp2(min))
TVITV 950 MHz to 2 150 MHz

30 = (% 1(min) + p2(min))

FM sound/FM sound VHF

42 — (01 (min) + %p2(min))

TV/FM sound

50 - (ap1(min) + apZ(min))

NOTE 1 For systems carrying channels chosen so that TV local oscillators do not fall within any distributed
channels, the figure for mutual isolation may be reduced.
NOTE 2 |n systems using a return path, the requirement cannot be fulfilled at the low equencyN\of 47| MHz but
at a convgnient higher frequency, depending on the return path band.
NOTE 3 [The recommended mutual isolation for TV/FM sound is applicable only for ngtworks whete F Bound is
distributeq.
7.2.4 Frequency response within any television chan at the
7.241 Amplitude response at the HNI1
The amplitude response variations wit any vision ha@el present at the HNI1 ghall not
exceed the values given in Table 31.
Table 31 — Ampljfude responhse variation at HNI1
(@R
Signall modulation i ne\) M Mlm variation Maximum slope|variation
eak-to-peak)
dB dB/MHZ
AM-VEB televisiom NN orBON N\ 1,5 0.8
FMtetevision > [ N 278 3 1,0
QP$K (DVB-S) /\< W 7 05
QPSK, $PSK, 16AKSK, Naz 125/ u.c. u.c.
32APBK (D\}BQZ
64 QAM (I§¥B-C) \) 8 3a 1,3
256 c@vﬁs@ck \ 8 1,5 u.c.
COFPM BVBIY  \ 8 7.8 7.8
a DOCSIY /Euro-D&S%quires 2,5 dB at modem input because it assumes that 256 QAM is also distributed and
that all kinds of impairments are present. This means that 1,5 dB is required at HNI1.

7.2.4.2 Group delay at the HNI1

The group delay variation within any television channel present at the HNI1 shall not exceed

the values given in Table 32.
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Table 32 — Group delay variation at HNI1

Signal modulation Frequency range Maximum group delay variation
MHz ns
AM-VSB television (PAL) with teletext 0,5-4,43 90
AM-VSB television (PAL) without teletext 0,5-4,43 190
QAM 2 Signal bandwidth 90
(see H.2.3)
OFDM Signal bandwidth 90
(see H.2.3)

a Requirgd by DOCSIS/Euro-DOCSIS

7.2.5 Long-term frequency stability of distributed carrier

The freguency stability is determined by the headend egqui and the
figures jgiven for headend equipment apply. At the HNI1 the axii eviation
from thé nominal value of the carrier frequency of the S ‘ values
given for system outlets in 5.7.

7.2.6 Random noise at the HNI1

At HNI1|, be such
that theg 11 and
Table 12 4.6 for
system hod can
be used, thod for
digitally also to
HNI1.

If the mai MER.
7.2.7

7.2.71

The reqi

7.2.7.2

The reqpirements 0f5.9.2 at system outlet apply.

7.2.7.3 Multiple frequency intermodulation interference at the HNI1

The requirements of 5.9.3 at system outlet apply.

7.2.7.4 Intermodulation noise at the HNI1

The requirements of 5.9.4 at system outlet apply.

7.2.7.5 Crossmodulation at the HNI1

Under consideration.
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7.2.8 Return path requirements at the HNI1

The return path requirements at HNI1 shall be defined in accordance with the requirements of
IEC 60728-10. The HNI1 is taken as an additional reference point for the return path while the
other reference point is located at the input of the return signal receiver (transceiver).

The requirements at HNI1 are under consideration.

7.3 Requirements at HNI2 for active coaxial home networks

The requirements listed below apply to the coaxial home network interface (HNI2) when the
home network includes active equipment. Taking into account the allowed degradation of the

signals prthe—=activecoaxtat-home networktheserequirements; definedattheshomenetwork
interfacé HNI2, are able to obtain the requirements specified in Cla 5 at ®dch| system
outlet or terminal input.

The makimum levels at the HNI2 shall not exceed, and hot less
than, thpse shown in Table 33, where g, is the incrgas spect to
the level required at any system outlet. The value-of £, 8 for the
minimum signal level and the value %) i aximum

signal Ievel in VHF/UHF. The value satellite
receptid

7.3.1 Carrier levels at the HNI2

7.3.1.1 Minimum and maximum carrier levels

NOTE E
66 dB(uV

dB(uV) to
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Table 33 — Signal level at HNI2

Type of Minimum level | Maximum level
i Systems Modulation Frequency range
service dB(uV) dB(].LV)
PAL, AM-VSB VHF/UHF 602 + f 800+ 4
SECAM min max
NTSC AM-VSB 30 to 300 MHz 57 + [min 83 + fmax
NTSC AM-VSB 300 to 1 000 MHz 60 + Lmin 83 + fmax
PAL,
SECAM FM 1% IF 47 + B¢ 77 + B¢
NTSC EM 240 to 770 MHz B0+ [ 83 + fiax
NTSC FM 1035 to 1 335 MHz Smp 81[+ fBir
DVB-S QPSK 1 F A \ N 74 e
QPSK, 8PSK, 16APSK, st
DVB-S2 A 19 IF X% e e
DVB-C 16 QAM VHF/UHE «+ ”“N 61 [t Bmax
DVB-C 64 QAM VHE F 4\7\+ in 67 [t Bmax
Televisior] /U-H\ \
DVB-C 256 QAM VAF/UKF 54 +\gnin 74 b Brox
Code rate \)
2 G >26 + Bon 74 b fnax
2/ 28 + ﬁmin 74 I ﬁmax
QPsk 3/4 30 + fin 74 ¥ frnax
33 + ﬂmin 74 ﬁmax
35 + ﬂmin 74 ﬁmax
Caode raQ
1/2 32 + ﬂmin 74 I ﬁmax
DVB-T
3 36 + ﬂmin 74 ﬁmax
16 QA ) VRF/UHF
COFDM 39 + Buin 74 F Prax
5/ 42 + ﬁmin 74 - ﬁmax
7/8 45 + ﬁmin 74 | ﬁmax
derate
2 42 + ﬂmin 74 I ﬁmax
M 2 45 + ﬁmin 74 - ﬁmax
3 48 + ﬁmin 74 - ﬁmax
5/6 51 + ﬁmin 74 |+ ﬁmax
7/8 54 + Sin 74 f Pmax
(ﬁ&m\ \ \FM VHF 40 + foin 70 b Brax
sound |/ Stereq N\ FM VHF 50 + Buin 70 b foex
Radio N\ x \) Band Il 28 + fin 94 | fmax
DA OFDM
L-Band 28 + B¢ 84|+ [
a 57 dB(IHV) for systems with 8 MHz spacing only and with a C/N of 45,5 dB for system L.

b 77 dB(uV) for systems with >20 channels load.

7.3.1.2 Carrier level differences at the HNI2

The differences in carrier levels at the HNI2 shall not exceed the values given in Table 34,
where SSLA is the maximum sectional slope in the active coaxial home network. The
maximum value of SSLA between the HNI2 and any system outlet depends on the active and
passive equipment used in the active coaxial home network. In any case this value shall be
not higher than 5 dB in the VHF/UHF bands, 3 dB in any 60 MHz range in VHF and 1,5 dB for
any adjacent channels.
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Table 34 — Maximum level differences at HNI2

Systems Modulation Frequency range Maximum level
difference
dB
PAL, SECAM AM-VSB 47 MHz to 862 MHz 12 - SSLA
NTSC AM-VSB 30 MHz to 1 000 MHz 15 — SSLA
NTSC AM-VSB 30 MHz to 300 MHz 12 - SSLA
PAL, SECAM AM-VSB Any 60 MHz range in VHF 6 — SSLA
NTSC AM-VSB Any 60 MHz range in VHF 8 - SSLA
PAL, SECAM, NTSCT AM-VSB Adjacent channel { 3= 3SLA
PAl, SECAM FM 950 MHz to 2 150 MHz (\\ h \5\— SSLA
NTSC FM 950 MHz to 2 150 MH(\ ok
PAl, SECAM FM Up to 470 MHz see)(&T\\zQ \ 15N ESLA
NTSC FM Up to 470 MHz ( ee\OTE%\ N
DVB-S QPSK 950 MHz 62 1 uk.
QVB-S2 QPSK, 8PSK, /H/ZW X uk.
16APSK, 32APSK
HVB-C 64 QAM f\A@/‘é /(t c/han 3-dsLA
DVB-C 64 QAM ( (\éjac@nt ch%nnU WSB 102 —|SSLA
HVB-C 256 QAM NlaceWel 3-dsLA
DVB-C 256 QAM (—* M\e\nt é@nel to AM-VSB 6a_KSLA
DVB-T corom - \| 0 Madagent channel 3_ 94SLA
DVB-T \cér\o(ﬁ/l djaf\}a?channel to AM-VSB 6 - 4SLA

a2 The 64 QAM, 256 QAM %}d\CO}T{M sig@l‘s\shwthe level of the adjacent AM signal.

If FM sd hst 3 dB
lower th

NOTE 1

NOTE 2 to 8 MHz
bandwidth AM-VSB
terrestrial

NOTE 3 |When-equal el FM radio signals are transmitted from the headend, then the maximum fifference

between hese’signals at the HNI2 should be 5 dB.

NOTE 4 A maximum SSLA of 5 dB means that the active equipment may have to provide a pre-emphasis when
the SSL of the cable and splitters exceeds 5 dB.

7.3.2 Mutual isolation between two HNI2

The values given in Table 30, for HNI1 apply also for HNI2, replacing opjminy With i min- In

any case the minimum mutual isolation between two HNI2 shall be not lower than 22 dB, to
reduce the effects of impedance mismatching in the home networks.

7.3.3 Frequency response within any television channel at the HNI2
7.3.31 Amplitude response at the HNI2

The amplitude response variations within any television channel present at the HNI2 shall not
exceed the values given in Table 35.
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Table 35 — Amplitude response variation at HNI2

Signal modulation Occupied or channel Maximum variation Maximum slope variation
bandwidth (peak-to-peak)
MHz dB dB/MHz
AM-VSB television 7o0r8 1,5 0,8
FM television 27 - 36 3 1,0
QPSK (DVB-S) 37,125 7 0,5
QPSK, 8PSK, 16APSK, 37,125 u.c. u.c.
32APSK (DVB-S2)
64 QAM (DVB-C) 8 3a 1,3
256 QAM (DVB-C) 8 1,5 ( u.c
COFPM (DVB-T) 8 7,8

N
A (\ >>8\
a DOCSI§/Euro-DOCSIS requires 2,5 dB at modem input because it assumes that &lso QAM s 'stribyed and
that all kinds of impairments are present. This means that 1,5 dB is required}i\H .

7.3.3.2 Group delay at the HNI2

The group delay variation within any television channel(present at NI2 shall not| exceed
the values given in Table 36.

Table 36 — G<§\pd< y Variatix

n at HNI2

Signal modulation Frequ }y@ Maximum group delay variation
Q MH ns

AM-VdB television (PAL)‘wiﬁs\teIe\f&{( R 90
AM-VSH television (PAL) ‘}v\ibk\out etext (] 057443 190
Qafha \ignal bandwidth 90

@ X < (see H.2.3)
OF XN Signal bandwidth 90

(see H.2.3)

a Requirgd byé&&@@&@ﬁ@l%
N\

7.3.4 ong<ter equency stability of distributed carrier signals at HNI2

The freguenc ¥y is determined by the headend equipment (IEC 60728-5) and the
figures piven-for h end equipment apply. At HNI2, the maximum frequency deviation from
the nonlinal’value of the carrier frequency of the channel shall not exceed the values given for
system outlets in 5.7.

7.3.5 Random noise at HNI2

At HNI2, the level of the noise voltage generated in the system in any channel shall be such
that the carrier-to-noise ratio shall be not less than the values shown in Table 37 and
Table 38. The test method for TV carrier-to-noise ratio, given in 4.6 for system outlets, is
applicable also to HNI2. For FM sound radio signals the same method can be used, but in this
case, the noise bandwidth to be taken is 200 kHz. The test method for digitally modulated
carriers (S p gre/N), given in 4.11.4 for system outlets, is applicable also to HNI2.

The values given in Table 37 assume that the random noise contribution of the active network
shall be such that the C/N measured at any system outlet, with an unimpaired signal at the
input of the home network, is higher than 51 dB (BW = 4,75 MHz for PAL) in the VHF/UHF
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bands (47 MHz to 862 MHz) and higher than 29 dB in the 1°IF band (950 MHz to
2 150 MHz).

For VHF/UHF the system outlet level shall always be at least 60 dB(uV).

Table 37 — Carrier-to-noise ratios at HNI2 (television)

Minimum Minimum RF signal-to-noise ratio Equivalent
carrier-to- noise
Systems Modulation noise ratio bandwidth
C/N Sp re/N BW
dB dB MHz
| 45 ,08

75

B, G, 1 45
L 455a 00
AM-VSB
D, K 45 > 475
NTSQ 44 4,00
M 43 Q \ g.c.

Kkm

N\
PAL,
SECAl FM 15.2 () P’
NTSd FM 14,2 A\\ /S
Code rate \ \)

1/2 0,9

2/3 12 Independent
DVB-§ QPSK 3/4 13,9 of bapdwidth

5/6 14,9

7/8 15,6

Cogexate
1/4

3/5 10,6 13,8 - - Independent

DVB-Sp 312(;@ 2/3 11,4 14,9 17,3 - of bahdwidth
4 12,3 16,2 18,5 21,1
4/ 13,0 - 19,4 22,0

S8

2
W//’W

wé_\(og:)

< 6 135 17.7 19.9 226
8/ 14.5 190 21.2 240
10 14,7 19.3 21.5 24,4

/\ \%A \/ 23° Independent
DVB-( 64 QA 29b ;
\ NM 35 b of bapdwidth
> Cbde rate 2 k mode 8 k mode
1/2 11 12
QPSK 2/3 14 15 Independent
3/4 16 17 of bapdwidth
576 T9 20
7/8 22 23
Code rate 2 k mode 8 k mode
1/2 19 20
DVB-T 16 QAM ¢ 2/3 22 23 Independent
3/4 24 25 of bandwidth
COFDM 5/6 27 27
7/8 29 30
Code rate 2 k mode 8 k mode
1/2 23 24
64 QAM ¢ 2/3 27 28 Independent
3/4 29 30 of bandwidth
5/6 31 32
7/8 33 34
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Table 37 (continued)

a This value is consistent with the HNI1 specification for the (worst) case of 57 dB(uV) at system outlet; the
minimum level at the system outlet for the case of the active coaxial home network shall be at least
60 dB(pV), and a minimum level of 63 dB(uV) at system outlet is strongly recommended.

b The above values take into account simultaneous distribution of analogue and digital signals. These values

assume that intermodulation noise is not present or can be neglected and a BER of 10-4 before Reed-
Solomon decoder is achieved

¢ These values take into account white noise and impulse noise..

d These values are calculated according to ETSI EN 302 307) document, Tables 13 and H.1, and are intended
for a PER of 10-7 after LDPC and BCH decoders.

Table 38 — Carrier-to-noise ratios at HNI2 (r@{{\/

Minimum carriercto- NE iv}}e}n&}ist,
Systems Modulation noise r \ bandwidth BW
dB Hz

NS
Mono FM coln “‘23 0,2
<\ (NTSG gountries

) \Q\l C countries)

50\_/
PAD, SECAM-
Stereo FM countries) 0,2
53
N

If the mjinimum carrie
signals
applicable also t

o)

et of the home network for AM-VSB m¢dulated

are ing ios are

7.3.6

7.3.6.1

This sulgclav ‘ i dulation
or the presencepf\ather interfering signals (for example, local oscillators, ingress signals). At
the HNI lowest

or Avtsigmats;

35 dB for FM signals,

37 dB for DVB-64 QAM signals,

14 dB for DVB-QPSK signals,

under consideration for DVB-16 QAM and -256 QAM.

Where a frequency assignment, taking account of known future off-air and distributed
channels, is adopted so that interference signals fall only in the less sensitive areas of the
television channel spectrum, a limit lower than that given above is acceptable (see curves
given in Figure 15 to Figure 18). The test methods given in 4.5.2 for system outlets are
applicable also to HNI2.

The values given above assume that the intermodulation contribution of the active coaxial
home network shall be such that the C/I measured within a wanted television channel at any
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outlet, with an unimpaired signal at the input of the home network, is higher than 71 dB for
AM-VSB signals in the VHF/UHF bands (47 MHz to 862 MHz) and higher than 32 dB in the
18t |F band (950 MHz to 2 150 MHz).

NOTE 1 If the intermodulation contribution of the active network is higher than 76 dB in the VHF/UHF bands
(47 MHz to 862 MHz) and higher than 35 dB in the 1° IF band (950 MHz to 2 150 MHz), the above values of
carrier-to-interference ratio can be decreased by 1 dB.

NOTE 2 Special precautions may be needed when the dual sound channel is carried in a lower adjacent channel
to avoid interference between the additional sub carrier and the lower vestigial sideband of the adjacent channel.

7.3.6.2 Single-channel intermodulation interference at the HNI2

In this special case of single frequency interference, the ratio of the reference.|evel relative to
the intefference signal shall be not less than 56 dB.

NOTE This subclause does not apply to television channels carrying DVB signals
7.3.6.3 Multiple frequency intermodulation interference g

At the KINI2, the level of the multiple frequency intermod , in any|wanted
televisign channel, shall be such that the carrier-to-interf 3 be not less than

. 3 dB for each cluster of composite bedts\iR for the

4 dB for negative modulation

5 ummed
glusters, calculated according tg
g

system

o 1

o U
The val coaxial
home n wanted
televisig let, with an unimpaired signal at the input of the home

network
32 dB in

HF/UHF bands (47 MHz to 862 MHz) and higher than
z to 2 150 MHz).

NOTE 1
(47 MHz g
carrier-to{interfexenec

contribution of the active network is higher than 76 dB in the VHF/UHF bands
igher than 35 dB in the 1% IF band (950 MHz to 2 150 MHz), the above |values of
ratho car’ be decreased by 1 dB.

NOTE 2 |When-coherent Carriers are used lower limits are acceptable.

NOTE 3 Because intermodulation products between multiple, closely spaced, digital 1V channels are similar to
random noise, this intermodulation should be taken into account in the carrier-to-noise measurements.

7.3.6.4 Crossmodulation at the HNI2

Under consideration.

7.3.7 Return path requirements at the HNI2
The return path requirements at HNI2 shall be defined in accordance with the requirements of

IEC 60728-10. The HNI2 is taken as an additional reference point for the return path while the
other reference point is located at the input of the return signal receiver (transceiver).

The requirements at HNI2 are under consideration.
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network is mainly of balanced type

7.41
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Requirements at HNI3 and at system outlet or terminal input when the home

There are two different types of home networks made mainly of balanced type pair cables:

e (Case A with a balanced pair connector at the system outlet and an external
transformer device (balun: balanced to unbalanced transformer) terminated on the

c

oaxial receiver input (Figure 43 — HNI3 case A);

e Case B with a coaxial outlet and a coaxial receiver lead complying with IEC 60966-2-4,
IEC 60966-2-5 and IEC 60966-2-6 (Figure 43 — HNI3 case B).

In the fcl)ur-pair cables, the pair (7,8) is reserved for television and inter
HF, VHF

In Case|
on a ba

In case
RF carr

loop ba¢

7.4.2

All reqyirements set for HNI2 apply "

upstrea

random
that at 4

networkl,

the carr

Return |
sense),
470 MH

7.4.3

The per]
system
case A)

and UHF bands.

A FM radio may be delivered on pairs other than the paj
anced 100 Q interface.

n transmission can be found in

F bands (47 MHz to 862 M}
ding all crosstalk effects shall

(noise bandwidth = 4,75 MHz for P
higher than 71 dB.

s in the

'>cab|es

and the
d a DC

NI3 for

1z), the
be such
e home
AL) and

pstream
iB from

coaxial
— HNI3

Table 39 — Minimum signal level at coaxial terminal input (case A)
or at coaxial system outlet (case B)

Service System Modulation Case A Case B
PAL/SECAM AM-VSB 60 dB(pV) 61 dB(pV)
DVB-C 64 QAM 47 dB(pV) 48 dB(uV)
Television
DVB-C 256 QAM 54 dB(pV) 55 dB(uV)
DVB-T 45 dB(pV) 46 dB(pV)
stereo FM 50 dB(pV) 51 dB(pV)
Radio
DAB u.c. u.c.
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Return loss requirements are 14 dB from 5 MHz to 65 MHz, 12 dB from 120 MHz to 470 MHz
and 10 dB from 470 MHz to 862 MHz.

In the case of home networks with balanced pair cabling, all kinds of crosstalk (NEXT, FEXT,
exogenous crosstalk) are included in the relevant requirements of carrier-to-noise, carrier-to-
spurious, carrier-to-interference or carier-to-composite beats (for example, the C/N
requirement of 51 dB could be divided between the amplifier and the crosstalk, with a
requirement of 54 dB for each of them).

NOTE 1 The requirement on signal levels is designed to reduce the overall contribution to noise of the terminal
receiver; revision of the C/N requirement is under consideration.

NOTE 2 This requirement on noise, with known caté and cat7 (class E and class F)-specifications prohibit
simultanepus use of two pairs for Ethernet 10/100BaseT and of pairs 7-8 for HF, VHF anhd UHF\{elevis|lon sound
and interdctive services, unless system output levels are near the maximum permitted

f near-
edance

It is reminded that on lengths of cables of some metres or tens of ¢
end crosstalk is quite significantly enhanced in VHF by a varje
mismatg¢hes and FEXT.

7.4.4 Additional requirements at HNI3 for upstream

nd the
despite

Upstream transmission from the system
DOCSI$/Euro DOCSIS requirement of 72 dB carri
all kindg of crosstalk.

NOTE This requirement on noise and spuribus ma 3it Si Ethernet
10/100BageT and of pairs 7-8 for HF, VHF and isio am in the
5 MHz to b5 MHz band.

7.5 Requirements at

This home network usg placed
at the HNI3 and othersg at each
place w i

The req e other
quality ference
to televi

The requj system
outlets

7.6 Require

This home hetwork uses many types of link to carry signals up to the digital audio/video and
data input of the terminal equipment. This case D needs a terminating box (NTU) after the
HNI.

The requirements indicated for HNI2 in respect to the electrical signal level and the other
quality parameter (carrier level differences, frequency response, random noise, interference
to television channels, etc.), apply also for HNI3, Case D.

The requirements at the video/audio and data interfaces are under consideration.
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Annex A
(normative)

Calibration of modulation depth

A.1  Equipment required

A signal generator, G,, capable of being tuned to within about 10 MHz of the test
frequency.

o A bgtanced wideband mixXer suftabie for the test rrequencles.

e An gscilloscope suitable for a frequency of around 10 MHz.

e A low-pass filter with a cut-off frequency of about 15 MHz if req
A.2 (Connection of the equipment

The eqlipment shall be connected as in Figure A.1.

A.3 Calibration procedure

e Set the signal generator G, to the\est f(ey odulation of the carrier to an
indi¢ated depth of 10 %.

e Set the signal generator G, to f; +

e Adj cttion of the mixer and a convenient digplay on

the

The act
the mogd
noted.

from the oscilloscope display; if ne¢essary,
he required 10 % and the calibration cqrrection

f, fr—fy
or

——~HO
- A

¢

IEC 1461/07

Figure A.1 — Calibration of modulation depth
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Annex B
(normative)

Equipment required —
Additional items

B.1 Measuring receiver preamplifier

the point of measurement, a suitable preamplifier of the correct inp

If the s}nsmvny Of the measuring receiver i1s not adequate for the levels
respon

bcted at
and flat

ould be

included as part of the measuring equipment when making the checf i i )ex C.

B.2 Measuring receiver input filter

If the s¢lectivity of the measuring receiver is not adequateNo insignificant level
the eff%ts of "out-of-channel" signals on the measurement b s e voltage, a [suitable
filter haying a flat response over the channel to-bg ms ill be’required as shown in
Figure 48.

In this dase, it is important that the matshing i and the preceding equipment
shall beg such that it results in a retur i less than 20 dB within the frgquency
range of the channel to be measured, an e W 2 measuring equipment shall satisfy
all the requirements of Anne

Where this is in doubt alue to satisfy this requirement should be

included as shown in
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Annex C
(normative)

Preliminary checks on the measuring equipment
for carrier-to-noise ratio

C.1 Noise

2007(E)

tune the measuring receiver over the frequency range of interest and ¢

With th¢input 10 the measuring equipment terminaied and the variable atfenuator set
{ thatgthe
remaing negligible relative to that expected when measuring the syste a‘o}\\

C.2 Intermodulation

Connec] signals, corresponding to those, which will be
via a %xatched directional coupler, to the measuring equipi

signific
ratio wi

This rafio should exceed the minimum\ca b i0 expected at the
measurgment by an amount relevant : ) ired. For example, 20d
result i an error of less than 1 dB.

to zero,
reading

rement,
to any
dulation

boint of
B would

If this rd pass-band filter to attenuate onle of the

signals ghould be included
and C.2|should be rep

NOTE This check i
other sigrjals are pre

C3 (

ses C.1

bignals or

Connec and attenuate one of them to a level comparable with that of
the nois the point of measurement. Tune the meter to the lpw-level
signal. leve} signal and the meter in step over the frequency range of the
channel measyredvand check that the meter reading does not change when tihe high-
level sig

If this requirementis ot met,a fiter to—attenuateome—or more—ofthe—sigmats—should be

included as indicated in Figure 28 and all the above checks should be repeated as

mentioned in Clause C.2.
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