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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 13-1: Bandwidth expansion for broadcast signal
over FTTH system

FOREWORD

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

hall not be held’responsible for identifying any or all such patent rights.

rights. IEC

International Standard IEC 60728-13-1 has been prepared by technical area 5: Cable networks
for television signals, sound signal and interactive services, of IEC technical committee 100:
Audio, video and multimedia systems and equipment.

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

CDV Report on voting
100/1801/CDV 100/1931/RVC

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 ”Q‘ﬁg&‘flfﬁents
television signals, sound signals and interactive services, can found on the (EC we
Document Sharing Hub
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The committee has decided that the contents of this publication will remain unchanged until the
stability 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* withdrawn,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.

IMPORTANT - The ‘colour inside’ logo on the cover page of this pu tion indicates
that it contains colours which are considered to be useful for the correct u derstandlng
of its contents. Users should therefore print this document using

A bilingual version of this standard may be issued at a later dat

O
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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 distribution 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 applicable transmission media.

This includes

e CATV networks,
¢ MATV networks and SMATYV networks,
e individual receiving networks

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

services, voice, data, audio and video both broadcast and narrowcast.

The extent of this standardization work is from the antenna 3cial signal source inputs to the
headend or other interface points to the network up to the mi

s, receivers)decoders, terminals, etc.) as

sorie th%ofi

In this standard, informative Annex A d omposition and model system
based on this standard, and Annex B describes\ba ancepts for optical wavelength division
multiplexing and adds notes for syste i N ex C gives the minimum wavelength
separation, and Annex D~explai ‘ i ipvbetween C/N degradation and rain

attenuation.

This standard describ he p : ethod of satellite broadcast signals over the FTTH
system which us A ( SMj&
to IEC 60728-13. IS\ & > \s descriptions of the measurement methods and

specifications for op 1gth division multiplex and for PSK modulation systems. It
specifies the do : i S|gna transmission and thus the two-way optical transmission
system is out of the C C s-standard.This standard applies to the FTTH system of
broadband b S smission which conveys satellite broadcast signals using one or
multiple t is provided for cable/satellite operators to extend their

broadbad r to avoid interference between optical wavelengths based on the

C 60728-13.
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CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 13-1: Bandwidth expansion for broadcast signal
over FTTH system

1 Scope

The purpose of this part of IEC 60728 is the precise description of the fibre to the.home (FTTH)

2 Normative references

The following documents, in whole or ' i ehced in this document and
are indispensable for its application. )

IEC 60728-1:2007,
services — Part 1;

IEC 61280-1=
communication

e optic communication subsystem test procedures — Part 1-3 General
stems — Central wavelength and spectral width measurement

ITU-T Recommendation G.694.1, Spectral grids for WDM applications: CWDM wavelength
grid

ITU-T Recommendation G.694.2, Spectral grids for WDM applications: CWDM wavelength
grid

3 Terms, definitions, symbols and abbreviations

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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3.11

optical transmitting unit

optical transmitter

Tx

transmit fibre optic terminal device accepting at its input port an electrical signal and providing at
its output port an optical carrier modulated by that input signal

[SOURCE: IEC 61931:1998, definition 2.9.6]

Note 1 to entry: For the purposes of this standard, optical transmitters may have more than one input port accepting
electrical RF signals.

Note 2 to entry: This piece of equipment amplifies frequency multiplexed electrical signals and converts these

1 625 nm region).

Note 3 to entry: The wavelength and necessary wavelength separation are destrik
respectively.

3.1.2

optical receiving unit

optical receiver

Rx

receive fibre optic terminal device accepti @ modulated optical carrier, and
) trical signal (with the associated

clock, if digital)

Note 1 to entry: For the purposes of this standard, ¢ptical reeei
electrical RF signals.
: : ini 9.7 i

. mbdified — Note 1 has been added]

ay have more than one output port providing

3.1.3

optical ampllfleQ
optical waveguide de ) ing'a bly pumped, active medium which is able to amplify
an optical signal

Note 1 to entry: /n 5 bium Doped Fibre Amplifier (EDFA) is used for amplification in the 1 550 nm

band.

Note 2 to €ntry: are se eral methods based on wavelength to be used for amplification. The term “Erbium
Doped Fibre~Amp " is’the synonym of optical amplifier in this standard.

[SOURCE: IE 31:1998, definition 2.7.75, modified — Notes 1 and 2 have been added]
314

fibre optic branching device

optical fibre coupler

splitter

optical fibre device, possessing three or more optical ports, which shares optical power among
its ports in a predetermined fashion, at the same wavelength or wavelengths, without
wavelength conversion

Note 1 to entry: The ports may be connected to fibres, detectors, etc.

[SOURCE: IEC/TR 61931:1998, definition 2.6.21, modified — The term has been clarified]
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3.1.5

multiplexing device

WDM device

wavelength selective branching device (used in WDM transmission systems) in which optical
signals can be transferred between two predetermined ports, depending on the wavelength of
the signal

[SOURCE: IEC 61931:1998, definition 2.6.51]

3.1.6
optical modulation index
OomlI

optical modulation index of " RF carrier, m, is defined as

¢h _¢1

m, =
P+ 9

total optical modulation index, M is defined as

where

@, is the highest and

@, is the lowest instantaneous optica sity modulated optical signal,
K is the total number

M is the total optica

Note 1 to entry: Th@m i
[SOURCE: IEC 6

3.1.7

relative inte

RIN

ratio of the mean square of the'intensity fluctuations in the optical power of a light source to the
square o optical output power

Note 1 to entry: The usually expressed in dB(Hz") resulting in negative values.

Note 2 to entry: The value of RIN can also be calculated from the results of a carrier-to-noise measurement for the
system.

[SOURCE: IEC 60728-13:2010, definition 3.1.8]
[SOURCE: IEC 60728-6:2011, definition 3.1.12]
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3.1.8

responsivity

ratio of an optical detector’s electrical output to its optical input at a given wavelength

Note 1 to entry: The responsivity is generally expressed in ampere per watt or volt per watt of incident radiant power.

Note 2 to entry: Sensitivity is sometimes used as an imprecise synonym for responsivity.

Note 3 to entry: The wavelength interval around the given wavelength may be specified.

[SOURCE: IEC 60728-6:2011, definition 3.1.14]

3.1.9
wavelength
distance covered in a period by the wavefront of a harmonic plane wave

Note 1 to entry: The wavelength A of light in vacuum is given by

where

c is the speed of light in vacuum (¢ = 2,997 92 x 108 m/s

f is the optical frequency

Note 2 to entry: Although the wavelength in dieleétri a h as fibres, is shorter than in vacuum, only the

3.1.10
centre wavelength

average of those el
of the maximum i

3.1.11
vestigia

AM-VSE
sideband e/spectral components corresponding to the lower frequencies of the
modulating sign preserved, the other components being strongly attenuated

[SOURCE: IEC 60050-702:1992, definition 702-06-28, modified — The abbreviation has been
completed]

Note 1 to entry: This is the abbreviation for the vestigial sideband amplitude modulated signal used in the terrestrial
broadcasting and CATV transmission system.

[SOURCE: IEC 60728-13:2010, definition 3.1.12]

3.1.12

QAM signal

quadrature amplitude modulation

QAM

amplitude modulation by two separate signals of two sinusoidal carriers having the same
amplitude and frequency but being in phase quadrature, the modulated signals being added for
transmission in a single channel

[SOURCE: IEC 60728-13:2010, definition 3.1.13]
Documents
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3.1.13

OFDM signal

orthogonal frequency division multiplexing is one of the multiplexing schemes used for the
transportation of terrestrial digital broadcasting SDTV and HDTV signals

Note 1 to entry: OFDM is based on the idea of frequency-division multiplexing, where each frequency channel is
modulated with a simpler modulation, and the frequencies and modulation of FDM are arranged to be orthogonal with
each other, which almost eliminates the interference between channels.

[SOURCE: IEC 60728-13:2010, definition 3.1.14]

3.1.14

phase shift keying
PSK signal

angle modulation in which each significant condition in a modulating dise
represented by a specified phase of a periodic sinusoidal oscillation

med signal is

[SOURCE: IEC 60050-721:1991, definition 721-06-07, modified =
and one term has been modified.]

3.1.15
RF signal level definition
level of an RF signal is defined in Table 1; it is expre 3 p dB(pV) or in dB(mW)

[SOURCE: IEC 60728-13:2010, definition

3.1.16
AM-VSB analogue signals
vision carrier signal level is the RMS

g i arrier at the peak of the modulation
envelope (Crms), €xpress and measuredhacross a 75 Q termination or referred to
75 Q

Note 1 to entry: This will correspond ati odulation systems, to the carrier amplitude during synchronizing
pulses and, in posi i ) \S, t peak white level without a chrominance signal, as shown in

ITU-R Recommendation, B

[SOURCE: IEC 60728

3.1.17

FM radio or EM a arrie a TV signals

level of a i FM audio carrier of a TV signal is the RMS value of the carrier
expressediin dB easured across a 75 Q termination or referred to 75 Q

[SOURCE: IEC 60728>13:2010, definition 3.1.17]
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3.1.18

digitally modulated signals

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

Note 1 to entry: The level of an OFDM signal is the average electrical power of the overall signal comprised of
multi-carriers and is not the individual carrier level of the multi-carrier signal, as shown in Table 1.

Table 1 — Level of RF signals

Signal Level detection Symbol Remarks
AM-VSB video eak value c RMS value of the carrier at the peak of the
Analogue carrier P rms modulation envelope.
TV signal :
FM aqdlo RMS value Crms The carrier level izd%&;ns(tgt\v\:%.
carrier
. QAM signal RMS value .
Digitally sufficiently long
modulated OFDM signal | RMS value Sp,RF i iod of\the lowest
signals -
PSK signal RMS value
[SOURCE: IEC 60728-13:2010, definition 3.1.18, mod a 1 has been improved.]
3.1.19

carrier-to-noise ratio
signal-to-noise ratio
if the noise level is expressed as

Nrms RMS level of the

the carrier-to-noi@at 0
C/N (dB) \

(analogue signals)

(digital signals)

Note 1 to entry: el of\the analogue modulated carrier or of the RF digitally modulated signal and the level of
the noise is’expressed.in the same units, in dB(mW) or in dB(pV) measured across a 75 Q termination or referred to
75 Q.

[SOURCE: IEC 8<13:2010, definition 3.1.19, modified — The definition has been revised.]
3.1.20

DIU ratio

ratio of desired signal level, D[dB(uV)], to undesired signal level, U[dB(uV)]
Note 1 to entry: The D/U ratio is generally used for multiple frequency interference as CSO and CTB, for single

frequency interference as CCR.

[SOURCE: IEC 60728-13:2010, definition 3.1.20, modified]

Documents

Document Sharing Hub

Full document details: IEC 60728-13-12012


http://avadocuments2026.com/doc/iec-60728-13-1-2012
http://avadocuments2026.com/doc/iec-60728-13-1-2012

-14 - 60728-13-1 © IEC:2012(E)

3.1.21

single or multiple frequency interference

besides the C/N and Spre/N ratios, single or multiple frequency interference to video signal is
defined as the ratio of desired signal level and undesired signal level

Note 1 to entry: The ratio of desired signal level, D(dB(nV)), to undesired signal level, U(dB(unV)) is given by
DIU(dB)=D-U

Note 2 to entry: The desired and the undesired signals can also be expressed both in dB(mW).

[SOURCE: IEC 60728-13:2010, definition 3.1.21]

3.1.22

optical line terminal
OLT

central office-terminal equipment that is linked with the Optical Netw.
premises

stomer

Note 1 to entry: OLT usually connects with headend equipment.

[SOURCE: IEC 60728-13:2010, definition 3.1.22]

3.1.23

optical network unit

ONU

terminal equipment linked with OLT

[SOURCE: IEC 60728-13:2010, definitio

3.1.24
video-optical network un
V-ONU

terminal unit that i )
Note 1 to entry: The
[SOURCE: IEC 60728
3.1.25
stimulated
SBS
non-linear

scattering, bu ccomamed by a lower frequency (acoustical) vibration of the medium lattice;
the light is scattered_backward with respect to the incident radiation

[SOURCE: IEC 61931:1998, definition 2.1.88]

Note 1 to entry: In silica fibres the frequency shift is typically around 10 GHz.
Note 2 to entry: SBS results in loss of optical level and affects the performance of analogue optical system.

Note 3 to entry: The frequency shift is characterized by a frequency downshift (that is to a longer wavelength) due to
a GHz frequency acoustical vibration (frequency downshift is 10 GHz or 11 GHz, and gain bandwidth 20 MHz).

[SOURCE: IEC 60728-13:2010, definition 3.1.25]
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3.1.26

stimulated Raman scattering

SRS

non-linear scattering of optical radiation characterized by a wavelength shift and accompanied
by very high frequency vibration of the medium lattice, strongly enhanced by the presence of
already scattered radiation

[SOURCE: IEC 61931:1998, definition 2.1.87]

Note 1 to entry: In silica fibres the wavelength shift is typically around 100 nm for an exciting radiation with a
wavelength around 1 550 nm.

Note 2 to entry: Stimulated Raman scattering can occur in both forward and backward directions and can cause
crosstalk between optical signals of different wavelengths.

Note 3 to entry: Frequency downshift is about 13 THz and gain bandwidth about 20
[SOURCE: IEC 60728-13:2010, definition 3.1.27]

3.1.27
cross-phase modulation
XPM

cross-phase modulation is caused by the nonlinear refr ; bre material

becomes broader, the more XPM value decrease

Note 1 to entry: It has a relationship with the wavelength spaging inJoptical transmission system. The more spacing
1 550 nm (broadcast signal) wavelengths, XP @

[SOURCE: IEC 60728-13:2010, definition 3.1.28

3.1.28
crosstalk
carrier-to-crosstalk ra

CCR
level difference
ta i

frequency cross
service

-U

OtherService

where

Dcaty [ minal level of CATV broadcast signal in dB(uV) at RF output port of

Uotherservice  is the worst case level of another service’s single frequency crosstalk in dB(nV) at
RF output port of optical CATV broadcast receiver. The value of Uoginerservice IS
mainly due to the Raman scattering effect.

Note 1 to entry: CCR is expressed in dB.
[SOURCE: IEC 60728-13:2010, definition 3.1.30]
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The following graphical symbols are used in the figures of this standard. These symbols are

either listed in IEC 60617 or based on symbols defined in IEC 60617.

E
)

@

V-ONU

Full document details: IEC 60728-13-12012

Optical transmitter
[IEC 60617-S002131
(2001-07)]

Optical fibre
[IEC 60617-S01318
(2001-07)]

Optical receiver
[IEC 60617-S00213
(2001-07)]

Electrical spectrum
analyzer based on
[IEC 60617-S00059,
IEC 60617-S00910
(2001-07)]

Ammeter based on
[IEC 60617-S000
IEC 60617-S009

Optical splitter
[3.33.1 of IEC 61930]

Video optical network unit

B

Optical
Filter

NF
Meter

TV

WDM

Optical amplifier
[IEC 60617-S01239
(2001-07)]

Variable attenuator

Amplifier
[IEC 60617-S01239
(2001-07)]

Photodiode with
fibre pigtail

[IEC 60617-S01327
(2001-07)]

Optical filter

NF meter

Television set

WDM filter
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3.3 Abbreviations

AGC automatic gain control

AM-VSB amplitude modulation-vestigial
side band

ATC automatic temperature control

CATV community antenna television
(network)

C/N carrier-to-noise ratio

CSO composite second order

D/U desired to undesired signal
ratio

E/O optical transmitter (electrical to
optical transducer)

FTTH fibre to the home

GEPON gigabit ethernet passive optical
network

H/E headend

ISDB-T integrated services digital
broadcasting — terrestrial

ITU-T Internationall

MDU

O/E

OLT

ONU

QAM quadrature\amplitude
modulatio

RIN relative intensity noise

RF radio frequency

SCM single carrier modulation

SDU single dwelling unit

S/N signal-to-noise ratio

SRS stimulated Raman scattering

VBW video bandwidth

WDM wavelength division

multiplexing

Full document details: IEC 60728-13-12012

- 17 -

AM
APC

BS
CCR

CS

CTB
EDFA

PD
QPSK

RBW
SBS
SDTV
SMF
SPM
TC8PSK
V-ONU
XPM

amplitude modulation

angled physical contact optical
connector

broadcast satellite

carrier-to-crosstalk ratio

communication satellite

brid fibre coaxial

integrated services digital
broadcasting — satellite

laser diode

noise figure

orthogonal frequency division
multiplex

optical modulation index
photo diode

quaternary phase shift keying

resolution bandwidth
stimulated Brillouin scattering
standard definition television
single mode fibre

self-phase modulation

trellis coded 8PSK

video optical network unit

cross-phase modulation
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4 Optical system reference model

This clause specifies bandwidth expansion of the system described in IEC 60728-13, the
expansion contains a conversion method which transfers broadcast signals to optical transmitter
after bandwidth expansion (i.e. one-wavelength system) or another conversion method which
adds optical transmitter to cover the expanded bandwidth (i.e. two-wavelength system). It is
desirable to apply either one or the other of these systems as a migration from the original
system, as follows.

e An FTTH Cable TV system using one wavelength is shown in Figure 1.

e An FTTH Cable TV system using two wavelengths is shown in Figure 2.

e In the case of separate optical fibre transmission in broadcast and commmunication signals,
the WDM filter in Figure 1 or Figure 2 should be removed and the n_should use
separated fibres for each signal.

Headend system Distributi Subscriber premises
netwo(m\

k /N
oadcast si alténs ission ster%\, In-house
V-ONU network
\ & EE @ A E

i ~_) 4
nication sig ansmission D-ONU
system '
' PC

\rﬁ/ IEC  584/12
igurend — KT le TV system using one-wavelength

Distribution Subscriber premises

network

47 MHz to 1 000 MHz Broadcast signal transmission system

O

1000 MHz to 2 600 MHz

In-house

network
V-ONU

® ]
{(2) n WDM E

/)

Telecommunication signal transmission system D-ONU

S

IEC 585/12

Figure 2 — FTTH Cable TV system using two wavelengths
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