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As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions
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base publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Further information on IEC publications
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publications (see below) in addition to new editions, amendments and corrigenda.
Information on the subjects under consideration and work in progress undertaken
by the technical committee which has prepared this publication, as well as the list
of publications issued, is also available from the following:

e |EC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web site (www.iec.ch/searchpub) enables you to
search by a variety of criteria including text searches, technical committees
and date of publication. On-line information is also available on recently issued
publications, withdrawn and replaced publications, as well as corrigenda.
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This summary of recently issued publications (www.iec.ch/online_news/ justpub)
is also available by email. Please contact the Customer Service Centre (see
below) for further information.

e Customer Service Centre

If you have any questions regarding this publication or need further assistance,
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 6-1: System guidelines for analogue optical transmission systems

FOREWORD

-
~

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 60728-6-1, which is a technical report, has been prepared by technical area 5: Cable
networks for television signals, sound signals and interactive services, of IEC technical
committee 100: Audio, video and multimedia systems and equipment.
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The text of this technical report is based on the following documents:

Enquiry draft

Report on voting

100/1078/DTR

100/1142A/RVC

Full information on the voting for the approval of this technical report 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.

A list of all the parts of the IEC 60728 series, under the general title Cable networks for
television signals, sound signals and interactive services, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in

the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

Standards of the IEC 60728 series deal with cable networks for television signals, sound
signals and interactive services including equipment, systems and installations for

e head-end reception, processing and distribution of sound and television signals and their
associated data signals;

e processing, interfacing and transmitting all kinds of signals for interactive services using
all applicable transmission media.

All kinds of networks like

e CATV-networks
e MATV-networks and SMATV-networks

e individual receiving networks

and all kinds of equipment, systems and installations installed in such networks, are within
this scope.

The extent of this standardization work is from the antennas, special signal source inputs to
the head-end or other interface points to the network up to the terminal input.

The standardization of any user terminals (i.e. tuners, receivers, decoders, multimedia
terminals etc.) as well as of any coaxial and optical cables and accessories thereof is
excluded.
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CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 6-1: System guidelines for analogue optical transmission systems

1 Scope

This part of IEC 60728 provides guidelines and procedures for determining the overall
performance of optical transmissions systems used in cable networks for television signals,
sound signals and interactive services. It is based on the requirements for optical equipment
defined in |IEC 60728-6 and should be used together with this standard. The information
provided is meant to help field engineers and network planners (system designers) in planning
and designing optical systems. Though this content is less dense than in a standard, basic
knowledge about system parameters of cable networks is needed.

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 60728-1, Cable networks for television signals, sound signals and interactive services —
Part 1: Methods of measurement and system performance

IEC 60728-3, Cable networks for television signals, sound signals and interactive services —
Part 3: Active wideband equipment for coaxial cable networks

IEC 60728-6, Cable networks for television signals, sound signals and interactive services —
Part 6: Optical equipment

IEC 60793-2, Optical fibres — Part 2: Product specifications — General

IEC 61931, Fibre optics — Terminology

3 Terms, definitions, symbols and abbreviations

For the purposes of this document, the terms, definitions, symbols and abbreviations given in
IEC 60728-1, IEC 60728-6 and IEC/TR 61931 apply.

3.1  Symbols

In addition to the symbols given in the above-mentioned references, the following graphical
symbol is used in the figures of this technical report.

WDM wavelength division multiplexer

3.2 Abbreviations

In addition to the abbreviations given in the above-mentioned references, the following
abbreviations are used in this technical report.

2HD second harmonic distortion Documents
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3HD third harmonic distortion

DFB distributed feedback

DWDM dense wavelength division multiplex
IIN induced intensity noise

IMD2 second-order intermodulation

IMD3 third-order intermodulation

IM-DD  intensity modulation — direct detection

I equivalent input noise current density of an optical receiver
OMI optical modulation index

MPI multi-path interference

PMD polarization mode dispersion

PMP point-to-multi-point

PTP point-to-point

RMS root-mean-square

SBS stimulated Brillouin scattering

WDM wavelength division multiplexer

4 Topologies used for optical transmission systems in cable networks

The overall performance of optical transmission systems depends on many parameters and
conditions. Separating the applications into different categories simplifies the step-by-step
analysis and leads to a better overview. A logical way to build up these categories is to
distinguish different network topologies because it can be assumed that the network
architecture is always known in advance. Starting from this point of view the following five
topologies can be identified as relevant for the user.

4.1 Point-to-point system

Point-to-point (PTP) systems consist of a single optical transmitter and a single optical
receiver connected by a single line of fibre (Figure 1).

EN. & [0
o & E

IEC 2154/06

Figure 1 — Point-to-point system

This configuration can typically be found in trunk-line feeding areas cabled with coax (HFC
networks). Both wavelengths, 1 310 nm and 1 550 nm, are used for these systems. Most of
the optical budget is consumed by the fibre attenuation (long-distance system). At 1 550 nm,
optical amplifiers can be used to extend the range of this kind of system.

4.2 Point-to-multi-point system
In point-to-multi-point (PMP) systems, a single optical transmitter feeds more than one optical

receiver. The receivers are connected to a main fibre via optical couplers and tap fibres as
shown in Figure 2.
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Figure 2 — Point-to-multi-point system

An alternative configuration for feeding more than one receiver from a single transmitter is to
use an optical splitter at the transmitter node and individual fibres from the transmitter node to
each receiver. This leads to a star topology, which should be treated as multiple PTP systems
with a single transmitter.

PMP systems are typically used when different coaxial parts of a network shall be supplied
with the same signal saving as much fibre as possible (optical distribution systems).
Depending on the fibre lengths, both wavelengths are used. At 1 550 nm, optical amplifiers
can be used to compensate for the fibre and splitting losses.

4.3 Multi-point-to-point system

Multi-point-to-point systems consist of at least two transmitters with different wavelengths
sending their signals to a common receiver. The transmitter signals may be combined by an
optical coupler or, if the link loss is critical, by a wavelength multiplexer (Figure 3).

E

7.
w—@——Of

E .
O

IEC 2156/06

Figure 3 — Multipoint-to-point system

Since optical receivers usually have a very broad input wavelength range, the central
wavelengths of the transmitters may be extremely different (for example, 1 310 nm and
1550 nm). In order to avoid signal mixing in the receiver, the optical spectrums of the
transmitters shall differ at least by the upper limit of the receiver’s electrical frequency range.
If only signals in the 1 550 nm wavelength range are used, optical amplifiers can be employed
for extending the fibre length. Since all input signals of the system are provided at the same
system output, different frequency ranges have to be used for modulating the transmitters.

This kind of topology is typically chosen if part of a network shall be provided with signals
from different locations.
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4.4 Real wavelength division multiplex system

Real wavelength division multiplex systems consist of at least two PTP systems operating on
the same fibre. The transmitter signals are combined at the transmitter node with a
wavelength multiplexer or, if the link loss is not critical, by an optical coupler. At the receiver
node, the different signals are separated by another wavelength multiplexer and led to
individual receivers (Figure 4).

E L, _ |0

@)

E . -0
O E

E

IEC 2157/06

Figure 4 — Real wavelength division multiplex system

For only two different wavelengths, this configuration can be built up easily combining a
1310 nm system and a 1 550 nm system. If wavelength dependent fibre losses cannot be
tolerated, or more than two PTP systems have to be combined, closer spacing of the
wavelengths shall be chosen (DWDM = dense WDM). This is usually done in the 1 550 nm
wavelength range. Optical amplifiers can be used to achieve longer link lengths in this case.
Care has to be taken to avoid overlapping of the transmitters spectrums. Narrow wavelength
spacing means high efforts to control the transmitter wavelengths and high costs for the
wavelength division multiplexers.

The main reason for using this configuration is to save fibres. This approach allows for the
transmission of digital and analogue modulated signals over the same fibre.

4.5 Combinations

The basic configurations described above can be combined to more complex architectures.
The best way of dealing with such complex structures is to split them up into their basic parts
which could be treated separately.

5 Influences of equipment and fibre parameters on the system performance

The performance of analogue optical transmission systems depends not only on various
equipment parameters but also on the properties of the fibre installation. Some of these
parameters and properties interact in a way making it necessary to look at the transmission
system at a whole. The interdependencies between the equipment and system properties and
the performance parameters are shown in Table 1. The numbers in the table refer to the
clauses of this technical report containing the relevant information.
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Table 1 — Interdependencies between equipment and system properties
and performance parameters

System performance parameters
Equipment properties C/N CcSso CTB Flatness Output
and effects level
TX OoMI Clauses Clause 6, Clause 6, | (Clause 9) | Clauses 6
6 and 7 8.2 8.1 and 10
CSsoO 8.1
CTB 8.2
Line width B.1.2
Chirping 7.2 C.3.71, C.4.1
C.3.7.2
RIN Clause 7
Power Clause 7 Clause 10
A (7.3)
Flatness Clause 9
RX I Clause 7
CsoO 8.1
CTB 8.2
Flatness Clause 9
AGC range Clause 9 | Clause 10
OFA F 7.4
Power 7.4 Clause 10
Gain 7.4 (8.1.2) (8.2)
A 7.4
Fibre Dispersion C.3.7.1, (8.2)
C.3.7.2
SBS (7.2) (8.1.2) (C.4.3)
SPM C.3.10
PMD (8.1.1)
Loss Clause 7 Clause 10
Passive Return loss (B.1.3)
PDL (C.3.7.2)
Loss Clause 7 Clause 10
X: relevant (X): can be relevant

This table can be used as an entry point and quick reference to the contents of this technical
report.

6 Optical modulation index

The optical modulation index (OMI) is one of the most important parameters of analogue
optical links. It shall be chosen very carefully in order to obtain the best carrier-to-noise ratio
without getting too much distortion due to clipping effects (see C.3.3).
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Working with OMIs two cases shall be considered: single wavelength systems and wavelength
division multiplex (WDM) systems.

6.1 Single wavelength system

The definition of the OMI is very similar to the definition of the modulation index in ordinary
AM modulation. An illustrative explanation of this definition is shown in Figure 5.

PImW

Prmax
Payg

Prin p===-

Pmax - Pmin

2Payg

Ty S e

IImA
Itn Ipias
IEC 2158/06

Figure 5 — Definition of OMI for an optical transmitter

The OMI is defined as

Pmax _Pmin Pmax_Pmin

m:Pmax+Pmin ) 2'Pavg (1)
where
m is the optical modulation index;
Phax s the peak optical output power;
Ppin is the minimum optical output power;
Pavg is the mean optical output power.

Laser currents below [, lead to clipping, and the waveform of the optical output power
becomes distorted. The OMI is more than 1 then.

This definition relates to a single channel and a sinusoidal signal. The same definition can
also be used with QAM signals if the equivalent power is used to calculate a new peak value
of the modulating current. However, the signals transmitted in cable networks are a mixture of
a whole bunch of channels containing carriers with various modulation schemes. For each
channel an individual OMI can be determined.
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Full document details: IEC TR 60728-6-1-2006

Documents

Document Sharing Hub

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT


http://www.avadocuments.com/doc/iec-tr-60728-6-1-2006
http://www.avadocuments.com/doc/iec-tr-60728-6-1-2006

TR 60728-6-1 © IEC:2006(E) -13 -

Since the peak-to-average ratio of combined signals decreases with the number of channels,
the individual OMIs do not add up linearly to the total OMI. The total OMI for several channels
is, instead, calculated by summing the powers of individual carriers

mT=\/m12+m§+...+m]2V (2)
Provided that all channels have equal OMI the formula simplifies to
mt = mIN (3)

The total OMI is a practical value for making estimations of the maximum channel counts or
for C/N calculations with a certain number of channels [6]1, but the peak-to-average ratio for
relatively small numbers of channels can be surprisingly high, and clipping may occur at
smaller total OMI values than in the case of more than 10 channels. For analogue carriers,
mt = 0,3 is a typical value for 1 310 nm directly modulated transmitter and m = 0,25 to 0,28
for externally modulated 1 550 nm transmitter.

6.2 WDM systems

In WDM systems outputs of optical transmitters are combined using wavelength division
multiplexers or optical couplers. Thereby the average optical output powers add up resulting
in a reduced OMI for the individual channels. For the combination of signals from two
transmitters the resulting OMI of a channel can be calculated by

_ my P 4
P+ Py (4)

where
my is the OMI of the channel to be considered, transmitted by the first transmitter;

Py is the optical power of the first transmitter at the output of the combining device (optical
coupler or WDM);

Py is the optical power of the second transmitter at the output of the combining device
(optical coupler or WDM).

For more than two transmitters, the denominator shall be replaced by the sum of all powers at
the output of the combining device. If the combined signal is fed to an optical receiver, the
carrier-to-noise ratio at its output is lower than with a single optical signal due to the reduced
OMls. Therefore, multi-point-to-point systems are not very popular and true WDM systems
with separate receivers for each wavelength are preferred in cable networks. Nevertheless,
this configuration can be useful for adding narrowcast signals to broadcast signals in existing
networks. As equation (4) shows, great care has to be taken by adjusting the power levels of
the input signals.

6.3 Choosing the right input level at the transmitter

The OMI is directly related to the driving current of the laser hence to the input level of the
transmitter. Therefore, choosing the right transmitter input level is crucial for any optical
transmission link. Some manufacturers solved this problem by developing special driving
amplifier with an automatic gain control (AGC) for their transmitters. This results in a broader
input level range for achieving the optimum OMI. Nevertheless, even with this kind of solution,
the input level should be chosen carefully in order to save the AGC range for unwanted
changes in the level or the channel load.

1 Figures in square brackets refer to the Bibliography. Documents
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