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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 113: Optical systems for broadcast signal
transmissions loaded with digital channels only

The
all

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization co
hational electrotechnical committees (IEC National Committees). The object of JEOC 'is to

intefnational co-operation on all questions concerning standardization in the electrical and electronic fi
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end and in addition to other activities, IEC publishes International Standards, Aechnical Specifi
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
ication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee in
e subject dealt with may participate in this preparatory work. International, governmental a
rnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordahcé with conditions determ
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter|
ensus of opinion on the relevant subjects since each technical’ committee has representation
ested IEC National Committees.

Publications have the form of recommendations for intégnational use and are accepted by IEC
mittees in that sense. While all reasonable efforts are’made to ensure that the technical conten
ications is accurate, IEC cannot be held responsible for the way in which they are used or
hterpretation by any end user.

der to promote international uniformity, IEC *National Committees undertake to apply IEC Pub
Eparently to the maximum extent possible «in their national and regional publications. Any div
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation’ of conformity. Independent certification bodies provide co
ssment services and, in some aréas, access to IEC marks of conformity. IEC is not responsible
ces carried out by independent,certification bodies.

sers should ensure that theyshave the latest edition of this publication.

ability shall attach to IEC or its directors, employees, servants or agents including individual exp
bers of its technical,committees and IEC National Committees for any personal injury, property da
r damage of any/nature whatsoever, whether direct or indirect, or for costs (including legal fe
nses arising out“of the publication, use of, or reliance upon, this IEC Publication or any ot
ications.

htion is drawn to the Normative references cited in this publication. Use of the referenced publicd
pensable\for the correct application of this publication.

htion(isydrawn to the possibility that some of the elements of this IEC Publication may be the sy
nt<ights. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60728-13 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.

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

FDIS Report on voting
100/3103/FDIS 100/3125/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The list of all the parts of the IEC 60728 series, published 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 document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be
e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

The caontents of the corrigendum of November 2018 have been included in,this copy.

IMPQRTANT — The 'colour inside' logo on the cover page ©f this publication indi¢ates
that [it contains colours which are considered to¢ bé useful for the cdrrect
undefstanding of its contents. Users should therefore print this document using a
colodr printer.
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INTRODUCTION

International Standards and other deliverables of the IEC 60728 series deal with cable
networks, including equipment and associated methods of measurement for headend
reception, processing and distribution of television and sound signals and for processing,
interfacing and transmitting all kinds of data signals for interactive services using all
applicable transmission media. These signals are typically transmitted in networks by
frequency-multiplexing techniques.

This includes, for instance:

o re iunai alld iuuai ILJIUClL,“JdIILAI boliJiC IICtVVUIkb,
¢ exfended satellite and terrestrial television distribution systems,
e individual satellite and terrestrial television receiving systems,

and al| kinds of equipment, systems and installations used in such cable networks, distr|bution
and regeiving systems.

The ektent of this standardization work ranges from antennas and/or special interfages to
headepds, or other interface points on the network up to any, terminal interface [of the
equipment on the customer's premises.

The standardization work will consider coexistence with_users of the RF spectrum in| wired
and wireless transmission systems.

The standardization of any user terminals (i.esDtuners, receivers, decoders, multjmedia
terminpls) as well as of any coaxial, balanced @and optical cables and accessories thefeof is
excluded.
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CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 113: Optical systems for broadcast signal
transmissions loaded with digital channels only

1 Scope

This part of IEC 60728 is applicable to optical transmission systems for broadcast

signal

transnjission that consist of headend equipment, optical transmission lines, in-house wirings
and system outlets. These systems are primarily intended for television andsound gignals

using figital transmission technology. This document specifies the basic system para
and methods of measurement for optical distribution systems between headend equ
and sylstem outlets in order to assess the system performance and its petformance limit

meters
pment

b.

In thi§ document, the upper signal frequency is limited at about(1 000 MHz. For systems

requiring more bandwidth, refer to IEC 60728-13-1.

The plirpose of this part of IEC 60728 is to describe the system specifications of FTTH (fibre
to the home) networks for digitally modulated broadcast-signal transmission. This document is

also gpplicable to broadcast signal transmission usjhg a telecommunication netwo
satisfigs the optical portion of this document. Thissdocument describes RF transmiss
fully digitalized broadcast and narrowcast (limited-area distribution of broadcast) sigha
FTTH,|and introduces xPON system as a physical layer media. The detailed description
physicpl layer is out of the scope of thisxdocument. The scope is limited to RF
transmjission over FTTH, thus, it does net include IP transport technologies, such
Multicast and associate protocols.

Some |interference descriptions between the telecommunication system and the bro
systenp are addressed in Clause. 7;

2 Normative references

The fgllowing documents are referred to in the text in such a way that some or all g
conter]t constitutes:*requirements of this document. For dated references, only the
cited dpplies. Forundated references, the latest edition of the referenced document (ing
any amendments) applies.

k if it
on for
S over
of the
signal
as IP

adcast

f their
pdition
luding

IEC 6(Q068-1:2013, Environmental testing — Part 1: General and guidance

IEC 60728-1:2014, Cable networks for television signals, sound signals and interactive

services — Part 1: System performance of forward paths

IEC 60728-6:2011, Cable networks for television signals, sound signals and interactive

services — Part 6: Optical equipment

IEC TR 60728-6-1:2006, Cable networks for television signals, sound signals and interactive

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

IEC 60728-101:2016, Cable networks for television signals, sound signals and interactive
services — Part 101: System performance of forward paths loaded with digital channels only

IEC 60825-1, Safety of laser products — Part 1. Equipment classification and requirements
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IEC 60825-2, Safety of laser products — Part 2: Safety of optical fibre communication systems
(OFCS)

IEC 60825-12, Safety of laser products — Part 12: Safety of free space optical communication
systems used for transmission of information

IEC 61755-1:2005, Fibre optic connector optical interfaces — Part 1: Optical interfaces for
single mode non-dispersion shifted fibres — General and guidance

ITU-T Recommendation G.692, Optical interfaces for multichannel systems with optical
amplifiers

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

ITU-T Recommendation J.83, Digital multi-programme systems for televisioh, sound and data
servicgs for cable distribution

ITU-T | Recommendation J.382, Advanced digital downstream transmission systems for
television, sound and data services for cable distribution

3 Tdrms, definitions, graphical symbols and abbreéviated terms

3.1 Terms and definitions

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

ISO and IEC maintain terminological datahases for use in standardization at the following
addregses:

e |EC Electropedia: available at http://www.electropedia.org

e |ISO Online browsing platform¢available at http://www.iso.org/obp

3.1.1
opticdl transmitter
transnyitting fibre optic” terminal device accepting at its input port an electrical signpl and
provid|ng at its output_port an optical signal modulated by that input signal

Note 1 fo entry: .Earthe purposes of this document, optical transmitters can have more than one input port
acceptig electrical RF signals.

Note 2 fo entry: This piece of equipment amplifies frequency multiplexed electrical signals and conver{s these
electricglssignals into optical signals. The optical wavelength is a 1 500 nm band (1 550 + 10 nm in the 1 530 nm to
1 625 nmrarge)-

[SOURCE: IEC TR 61931:1998, 2.9.6, modified — Notes 1 and 2 have been added]

3.1.2

optical receiver

receiving fibre optic terminal device accepting at its input port a modulated optical signal, and
providing at its output port the corresponding demodulated electrical signal (with the
associated clock, if digital)

Note 1 to entry: For the purposes of this document, optical receivers can have more than one output port
providing electrical RF signals.

[SOURCE: IEC TR 61931:1998, 2.9.7, modified — Note 1 has been added]


http://www.itu.int/rec/T-REC-G.694.2-200312-I/en
http://www.itu.int/rec/T-REC-G.694.2-200312-I/en
http://www.electropedia.org/
https://iecnorm.com/api/?name=379a1f697e4d89b0dde1a35225a0f57c
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3.1.3

optical amplifier

optical waveguide device containing a suitably pumped, active medium which is able to
amplify an optical signal

Note 1 to entry: There are several methods based on wavelength to be used for amplification. The term “Erbium
Doped Fibre Amplifier (EDFA)” is the synonym of optical amplifier in this document.

[SOURCE: IEC TR 61931:1998, 2.7.75, modified — Note 1 has been added.]

3.1.4

splitter
optical fibre device, possessing three or more optical ports, which shares optical |power
amond its ports in a predetermined fashion, at the same wavelength or wavelengths,~Without
wavelgngth conversion

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

[SOURCE: IEC TR 61931:1998, 2.6.21, modified — The term "splitter!thas been added, and
"opticgl fibre branching device" and "optical fibre coupler" have beendeleted.]

3.1.5
WDM filter
wavelength selecting device (used in WDM transmission systems) in which optical signgls can
be tramsferred between two predetermined ports, depending on the wavelength of the signal

3.1.6
WDM coupler
wavelength coupling device (used in WDM transmission systems) in which optical sigpals in
different wavelengths can be coupled betweentwo predetermined ports

3.1.7
opticdl modulation index
optical modulation index of kih RF.sighal, OMI, is defined as

omi, = =9
Mt
where
M is the highest instantaneous optical power of the intensity modulated optical signal;
) is the lowest instantaneous optical power of the intensity modulated optical signal;
k is thetotal number of RF signals.

Note 1 {o“entry: This definition does not apply to systems where the input signals are converted and trarjsported
as digitatbaseband signals. I S case, e erms moduiation depti—or “extmncton rato—defined i 2.6.79 and
2.7.46 of IEC TR 61931:1998 are used. A test procedure for extinction ratio is described in IEC 61280-2-2.

[SOURCE: IEC 60728-6:2011, 3.1.10, modified — The definition has been clarified and Notes
1 and 2 to entry have been replaced by a new Note 1 to entry.]

3.1.8

total optical modulation index

resulting optical modulation index when more than one RF signal is transmitted, OMI,;, which
is defined as
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where
OMI,
K

3.1.9
RIN

is the optical modulation index of the k-th RF signal;

is the total number of RF signals.

relative intensity noise
ratio of the mean square of the intensity fluctuations in the optical power of a light source to

the sq

uare of the mean of the optical output power

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

Note 2 fo entry: The value of RIN can also be calculated from the results of a signal to noise measuremen|

system.

[SOURCE: IEC 60728-6:2011, 3.1.12, modified — Note 2 has been added]

3.1.10
respo
ratio o

Note 1
power.

nsivity
f an optical detector’s electrical output to its optical input at a given wavelength

0 entry: The responsivity is generally expressed in ampere per watt\or volt per watt of incident

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

Note 3 o entry: The wavelength interval around the given wavelefnigth can be specified.

[SOURCE: IEC 60728-6:2011, 3.1.15]

3.1.11
wavel
distan

pngth
e 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 st
f ist

A==
f

e speed ofdight in vacuum (c = 2,997 92 x 108 m/s);

e optical frequency.

Note 2 fo entry? Although the wavelength in dielectric material, such as fibres, is shorter than in vacuum,
wavelerjgthtef light in vacuum is used.

t for the

radiant

pnly the

[SOURCE: IEC TR 61931:1998, 2.2.9, modified — Notes 1 and 2 to entry have been added.]

3.1.12

central wavelength
average of those wavelengths at which the amplitude of a light source reaches or last falls to

half of

the maximum amplitude

[SOURCE: IEC 60728-6:2011, 3.1.26, modified — The term "centre wavelength" has been
replaced by "central wavelength".]
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3.1.13

QAM signal

quadrature amplitude modulation

QAM

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

[SOURCE: IEC 60050-702:1992, 702-06-63]

3.1.14

OFDMstgreat

orthogional frequency division multiplexing
multiplexing scheme used for the transportation of terrestrial digital broadcasting~SDTV and
HDTV |sighals based on the idea of frequency-division multiplexing

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

3.1.15
signall level
strength of a digitally modulated signal given by the RMS ‘power of the signal within the
channegl bandwidth (S)

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

Table 1 — Level of'RF signals

Signal Level detection | Symbol Remarks
QAM dignal RMS value The value is averaged over a sufficiently long period of time
S compared to period of the lowest frequency used for the
OFDM|signal RMS value modulation.

Note 2 fo entry: The level of digitallmodulated signal can be expressed in dB(mW) or in dB(uV) referred {o 75 Q.

3.1.16
S/N ratio
signaljto-noise ratio.(S/N) is given by

S/N (dB) =S—N,,,s (digital signals)

where

S is the signal level;

N,ns is the RMS level of the noise in the equivalent noise bandwidth of the RF channel.

Note 1 to entry: The level of the RF digitally modulated signal and the level of the noise shall be expressed in the
same units, in dB(mW) or in dB(pV) measured across a 75 Q termination or referred to 75 Q.

Note 2 to entry: In this document only digital modulated carriers are considered. The term S/N used in this

document is the same as the term SD‘RF/N defined in IEC 60728-1:2014, 3.1.72.

3.1.17
D/U ratio
single or multiple frequency interference ratio of desired signal level to undesired signal level

Note 1 to entry: The ratio of desired signal level, D(dB(pV)), to undesired signal level, U(dB(uV)) is given by
D/U (dB)=D-U

Note 2 to entry: The desired and the undesired signals can also be expressed both in dB(mW).
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Note 3 to entry:

frequency interference as CCR.

Note 4 t

3.1.18
OLT

o entry: Note the similarity of the definition to the definition of "S/N ratio".

optical line terminal
central office-terminal equipment that is linked with the optical network unit (ONU) in
customer premises

Note 1t

o entry: OLT usually connects with headend equipment.

The D/U ratio is generally used for multiple frequency interference as CSO and CTB, for single

3.1.19
ONU

opticdl network unit

device

Note 1

3.1.20
V-ONU
video
termin

Note 1

3.1.21
SBS

stimul
non-lin

Note 1 t

Note 2 t

3.1.22
SPM
self-p
non-lin
power

Note 1
optical 4

Note 2 t

at the customer premises that is linked with the optical line terminal (OLT,)

0 entry: the ONU usually connects with customer premises equipment.

optical network unit
Al unit that changes the optical signal of a broadcast systém into an electric signa

0 entry: The term V-ONU is used as the synonym of optical receiver (O/E) in this standard.

ated Brillouin scattering
ear scattering of optical radiation characterized by a frequency shift

o entry: In silica fibres the frequency shift/is typically around 10 GHz.

o entry:  SBS results in loss of opticallevel and affects the performance of optical system.

hase modulation
ear phase modulation caused by a device or a system itself due to excessive
launched into the fibre causing an increase of the refractive index of optical fibres

o entry: Modulated optical signal induces modulation of refractive index, which means that the p
ignal variesin time.

0 entry\,"SPM affects the distortion properties of an optical transmission.

3.1.23

pptical

hase of

SRS
stimul

ated Raman scattering

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

Note 1 to entry:

wavelength around 1 550 nm.

In silica fibres the wavelength shift is typically around 100 nm for an exciting radiation with a

Note 2 to entry: Stimulated Raman scattering can occur in both forward and backward directions and can cause

crosstal

Note 3 t

k between optical signals of different wavelengths.

o entry: Frequency downshift is about 13 THz and gain bandwidth about 20 GHz

[SOURCE: IEC 61931:1998, 2.1.87, modified — Notes 1 to 3 to entry have been added]
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3.1.24

XPM

cross-phase modulation

modulation caused by the nonlinear refractive index of the fibre material

Note 1 to entry: XPM has a relationship with the wavelength spacing in optical transmission system. The more
spacing becomes broader, the more the XPM value decreases. In such a WDM system having 1490 nm
(communication signal) and 1 550 nm (broadcast signal) wavelengths, XPM becomes negligibly small compared to
SRS due to this relationship

Note 2 to entry: XPM affects the performance of the wavelength division multiplex system.

3.1.25

Rayleigh scattering
light sfattering in a medium due to inhomogeneity in material density or composition’/pf that
mediup which are small with respect to wavelength

Note 1 fo entry: The scattered power is inversely proportional to the fourth power of the wavelength.

[SOURCE: IEC 60050-731:1991, 731-03-37 and IEC 61931:1998, 2.1.76]

3.1.26
SCR

signallto crosstalk ratio
level difference between CATV broadcast signal level and single frequency crosstalk lgvel by
other [services in worst case measured at RF outputiport of optical receiver for [CATV
broadgast service

SCR = Dcagyv —Vos

where

DcaTyl is the nominal level qf CATV broadcast signal in dB(pV) at RF output port of pptical
CATYV broadcast receiver;

Uos is the worst case level gftether service’s single frequency crosstalk in dB(uV)| at RF
output port of optical CATV broadcast receiver. The value of Ugg is mainly duefto the
Raman scattering effect;

SCR is the signal to_erosstalk ratio expressed in dB.

3.1.27
BER
bit errjor ratio

ratio between.erroneous bit and the total number of transmitted bits

[SOUREGE~IEC 60728-1:2014, 3.1.60]

3.1.28

MER

modulation error ratio

sum of the sequence of the squares of the magnitudes of the ideal symbol vector divided by
the sum of the squares of magnitudes of the symbol error vectors of a sequence of symbols

[SOURCE: IEC 60728-1:2014, 3.1.61]

3.2 Graphical symbols

The following graphical symbols are used in the figures of this document. These symbols are
either listed in IEC 60617 or based on symbols defined in IEC 60617.
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Optical amplifier based on
IEC 60617-S01239-2001-

IEC 60617-S01245-2001-

RowermetertEC60617-

E Optical transmitter based
on IEC 60617-S00213- 2
o 2001-07. 07.
Optical fibre, IEC 60617- P Variable attenuator,
S01318-2001-07. 4
1 A 07
O ﬁrr_\fir'nl receiver hased an
4 IEC 60617-S00213-2001- @ S00059-2001-07,
07.

)

\I/

Electrical spectrum
analyser, IEC 60617-
S00059-2001-07,

IEC 60617-S00910-2001-
07.

Ammeter based on

IEC 60617-S00059-2001-
07, IEC 60617-S00910-
2001-07.

Coupler, IEC 60617-
S00059-2001-07,

IEC 60617-S01188-2001-
07.

Optical terminator,

IEC 60617-S01389,

IEC 60617-5S01318-2001-
07.

IEC 60617-S00910-2001-
07.

Amplifier, [EC 60617
S01239-2001-07.

=~ Photodiode with fibre
S _: § pigtail, IEC 60617-S0[1327-
—— 2001-07.
Optical Optical filter
Filter
NF NF meter
Meter

Optical splitter based on Television set
IEC-TR 61930:1998 TV
3:33.1.
n
Video optical network unit Attenuator, IEC 60617-
V-ONU A S01244-2001-07.
3.3 Abbreviated terms
ADS active double star AGC automatic gain control
BER bit error ratio APC angled physical contact optical
connector
BCH Bose-Chaudhuri-Hocquenghem CATV community antenna television

multiple error correction binary
block code

(network)
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COFDM coded orthogonal frequency CPE customer premises equipment
division multiplex

Cw continuous wave

DVB-C digital video broadcasting DVB-C2 digital video broadcasting
baseline system for digital cable baseline system for digital cable
television(ETSI EN 300 429) television second generation

(ETSI EN 302 769)

DVB-T digital video broadcasting DVB-T2 digital video broadcasting
baseline system for digital baseline system for digital
terrestrial television (ETSI EN terrestrial television second
300 744) generation (ETSI EN 302 755)

DS downstream or double star DSF dispersion shifted fibre

D/U desired to undesired signal ratio EDFA erbium-doped fibre amplifief

EVM error vector magnitude FTTB fibre to the building

FTTH fibre to the home HDTV high definition television

H/E headend HFC hybrid fibre coaxial

ITU-T International Telecommunication ISDB-C integrated\services digital
Union — Telecommunication broadcasting — cable
sector

ISDB-C2 integrated services digital ISDB-T integrated services digital
broadcasting — cable second broadcasting — terrestrial
generation

LD laser diode LDPC low-density parity check (cddes)

MC Media Converter MDU multiple dwelling unit

MER modulation error ratio NF noise figure

NM noise margin

O/E optical receiver (optical to OFCS optical fibre communication
electrical transducer) system

OFDM orthogonal frequency . division OLT optical line terminal
multiplex

OoMmI optical modulation.index ONU optical network unit

PD photo diode PDS passive double star

PER packet enfofratio PON passive optical network

QAM quadrature amplitude modulation  QPSK guaternary phase shift keying

RIN relative intensity noise RBW resolution bandwidth

RF radio frequency SBS stimulated Brillouin scatterifg

SCR signal-to-crosstalk ratio S/IN signal-to-intermodulation ngise

ratio

SDTV standard definition television SDhU single dwelling unit

SMF single mode fibre S/N signal-to-noise ratio

SPM self-phase modulation SRS stimulated Raman scattering

SwW switch SS single star

us up stream VBW video bandwidth

V-ONU video optical network unit TMCC transmission and multiplexing

configuration control information

WDM wavelength division multiplexing XPM cross-phase modulation

RFoG radio frequency over glass PSCS polarization state change system
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4 Optical system reference model

Figure 1 shows the FTTH system reference model for broadcast signal transmission. Although
the numbers of optical amplifiers and optical splitters depend on the scale of the optical
system, or on the number of subscribers to be connected, the fundamental network
configuration shall follow the system reference model. In addition, the optical levels in
operation required for the system are relatively high, and hence, special attention for safety
shall be paid in accordance with IEC 60825-1, IEC 60825-2 and IEC 60825-12.

Generally, there are two solutions for constructing an optical transmission system: one-fibre
and two-fibre solutions. The reference model as shown Figure 1 includes the broadcast signal

Y Cato O11a cata O -

trans 0 em—and—tre 6 y —A a mission
system uses both ways of transmission over the optical fibre with differentOpptical
wavelgngths. Both systems are combined by WDM filters at input and oufput pf the
distriblition network as an example. The distribution network shall consist of passive pptical
compgnents such as optical fibres and optical power splitters only, considening’ maintgnance
and fuLure system expansion. Although the data signal transmission system“can transmit any
IP datagram to subscriber premises through IO networks, such a system-ishout of the sgope of
this ddcument.

In sonje cases, a one-fibre solution triple-play ONU (integral ONU)for V-ONU, data-ONU and
telephpne terminal) is used. And in some cases, ONUs are-lgcated outside of subsdribers’
houses.

There| are several ways to connect multi-dwelling. Junits (MDU) with FTTH systems
(see Higure 1). One is connected by an electrical portiafter V-ONU output and another|one is
conne¢ted by an optical port connected from outside plant.

In the pne-fibre solution, it is required to avoid optical and electrical crosstalk.

e Optical crosstalk between the downstream data signal transmitted on 1490 nm
walelength and the CATV downstream signal is generated if the 1 550 nm WDM ddes not
prqvide sufficient isolation for thé.t 490 nm signal.

e Elgctrical crosstalk betweensthe 1 310 nm data driver signal and the 1 550 nm CATV PD
redeiver input signal due to_electromagnetic radiation in the very compact triplexer hpusing.

In this|document, the opfical wavelengths and electrical frequency bands listed in Table[ 2 and
Table B are considered\te be used.

Table 2 — Optical wavelength for FTTH system

Optical*signal Wavelength Document
Video fransmission 1 550 nm IEC 60728-13, IEC 60728-113
RF return (RFoG) 1610 nm [EC 60728-14
Data (Downstream) 1490 nm /1577 nm ISO/IEC/IEEE 8802-3
Data (Upstream) 1310 nm /1270 nm ISO/IEC/IEEE 8802-3
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Table 3 — Frequency range

Frequency band Document

47 MHz to 862 MHz (only digitally modulated signals) IEC 60728-101, IEC 60728-113

950 MHz to 3 300 MHz (satellite signal transmission) IEC 60728-13-1
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Figure 1 — Example of FTTH system for television and sound signal

The points of performance specification of the optical system are shown in Figure 2.
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Performance requirements

Antenna system
(or other feeding network)

Terminal
equipment

I
! . .
! Terrestrial Satellite | Optical Optical V=ONU HNI
| antenna antenna i transmitter  Amplifier input (V-ONU
t,,,,,,,,, I e output output P output)
CATV/MATV/SMATV L 4 L L
*’ !
I

| i /4/4 i i ! Home

| Headend O % O D V-ONU ' network —@—»

|

| ! (HN) SysH

I ystem
)_‘;" 1 outlet
b F FTTH network | )
Headend
input
Performance Performance
requirements Performance requirements requirements
Pedformance requirements Performance requirements,
a See Clause 7 (in operation)

5 P

51
51.1

Unlesq
standg

5.1.2

The aanient temperature and relative~-humidity shall be in the range of 15 °C to 35 9
0 75 %, respectively (see IEC(60068-1:2013, 5.3.1). Nevertheless, the specification of

25 %
the me

5.1.3

The s
equipn

prior t¢ the measurement.

5.1.4

Unlesq

Figure 2 — Points of performance specification of the FTTH-System

eparation of measurement

Environmental conditions
Standard measurement conditions

otherwise specified, all the measurement equipment shall be used in the fol
rd conditions.

Temperature and humidity

asurement equipment shallkbetaken into account.

Setting up the measuring setup and system under test

ystem under test~shall be in the normal operating condition, and all the pie
nent in the systemshall be mounted and tuned according to the designed level di

AGC/ALC operation

otherwise specified, all the pieces of equipment in the system shall be operated

IEC

lowing

C and

ces of
agram

in the

AGC (

AUtO Gain Control) or ALC (Auto Level Control) mode

5.1.5

Impedance matching between pieces of equipment

Attention shall be paid on the impedance matching between pieces of equipment and the test
setup, and sufficient care shall be taken to avoid any measurement error by introducing
components such as attenuators.

5.1.6

Standard operating condition

The standard operating condition refers to the condition in which the cable TV system under
test is fully functional at a given facility. All the input and output of individual pieces of
equipment shall be tuned according to the designed level diagram before any measurement is
carried out.
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5.1.7

Standard signal and measuring equipment

For measurement purposes, the standard signals used in the measuring instruments, as well
as in the system under test, shall be set according to the prescribed standard signal format of
the individual system. The measuring instruments to be used are described in Table 4
(passive pieces of equipment are excluded).

Table 4 — Measuring instruments

Name of instrument Usage
Optical power meter Instrument to measure the power of the optical signal.
Spectrgm analyser Instrument used for quantitative measurement of high frequency signals.
Signal penerator Instrument used to generate high frequency digital signals.
Digital pignal analyser Instrument used for quantitative measurement of digital modulated signals.
Noise fljgure (NF) meter @ Instrument used to measure noise figure (NF).
Currenf meter (ammeter)  |Instrument used to measure electrical current.
V-ONU Optical receiver unit used to convert an optical video sighal to an electrical signal.

a |f th
den

e RIN calculation parameters of ONU, responsivity (R), dark current (I,,) and equivalent noise currg
ity (qu) are known beforehand, these instruments are not necessary.

5.2

All de
standg
measy

5.3
The s

syste
specifi

6 M

6.1
6.1.1

This ¢

Accuracy of measuring equipment

ices and instruments used for the measuremént shall be accurately calibrate
rd sources used for calibration shall be cahbrated within 6 months before the
rement.

Source power
pply voltage and frequency for~the measuring instruments and the equipment

under test shall be obtained from the corresponding instrument/equ
cations.

pthods of measurement

Measuring points and items
Generdl

ause.describes methods of measurement specifically designed for FTTH system.

1. The
day of

of the
pment

The measurement Ihninfe described in this document are limited to the part of the systelm that
is ranging from the output terminal of the optical transmitter to the system outlet.

6.1.2

Measuring points

It is required to measure the optical power at points (1) to (5), and the electrical signal level at
points (6) and (7) of Figure 3 to ensure total system performance. Points (5), (6) and (7) shall
be measured to guarantee the system performance at the end point of the optical section and
at the interface point to the customer premises. The RIN should be measured at points (1) to
(5) and S/N (electrical signal) at points (6) and (7).

6.1.3
The fo

a) Op

Measured parameters
llowing measurements shall be carried out.

tical power
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The optical power shall be measured at points (1) to (5) in the optical system shown in
Figure 3.

Optical transmission line

I " Optical —~ " 1 Opfical
\power splitter ~ power splitter

Optical Optical
transmitter amplifier

2O

V-ONU System

0 In-house outiet
% network

tem

b) Sid
Th
ele

c) S/N

Es
me

It
hi
se
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RIN
Ho
SYS
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Th
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output output output output input output ou

Figure 3 — Typical optical video distribution system

nal-to-noise ratio (electrical signal)

b signal-to-noise ratio shall be measured after the optical signal is converted
ctrical signal, and it shall be carried out at measurement points (6) and (7).

| ratio (RIN)

imation of the signal-to-noise ratio at the output of a\¥ONU is calculated frg
asured RIN (relative intensity noise) of the optical inputsignal of V-ONU at point

s preferable to measure the RIN when the optical power at the measuring p
her than -3 dB(mW), a limitation imposed by ¢he“noise performance of the mea3
up. Similarly, since the optical power at thesmeasuring point (5) in a typical sys
er than -3 dB(mW), the measurement errOr becomes large and the measuren
N at this point is not recommended.

wever, since the above limitation is due“only to the noise performance of the meg
tem, this can be exempted if the accuracy of measurement improves in future.

asuring points and measured parameters are summarized in Table 5.
P measurement at points (3), (6) and (7) is mandatory, while measurement af
nts is required to ensure-the system performance.

Table 5.—Measuring points and measured parameters

let
IEC

to an

m the
5).

pint is
suring
tem is
ent of

suring

other

Mg
pa

Measuring points

asured (1) (2) 3 (4) (5) (6)

ameters Transmitter EDFA Power Tap-off V-ONU V-ONU Sy
output output splitter output input output o]
output

7)

stem
tlet

Optical

power o o o o o -

S/N (electrical) - - - - - o

SIN (RI

(see NOTE 1)

N)

BER,MER - - - - _ R

o Measurements are possible at these points.

A Measurements are possible at these points when the optical power is higher than -3 dB (mW).

NOTE Theoretical estimation of S/N at (6), at the output of V-ONU, is based on the measurement results of

individu

al pieces of equipment.
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6.2
6.2.1

Optical power

Introduction

The purpose of this measurement is to measure the average optical power at each

measu

6.2.2

rement point in the optical system illustrated in Figure 4 or in Figure 5.

Measuring setup

6.2.2.1 Measurement of the optical power at single wavelength

The measurement of optical power at single wavelength shall be carried out in accordance

with 4

6.2.2.9

When
the op

performance of the WDM coupler used for the measurement shall be the'same or bettq

the filt
depen

NOTE

The o
IEC 6(

2 oftEC 6672862011
Measurement of the optical power of a WDM signal

multiple wavelengths are multiplexed, either by using an optical filter ohaWDM ¢
tical power of the specified wavelength shall be measured. The directivity and is

er used inside the V-ONU. Connect the equipment as shown jn_Fkigure 4 or in Fi
ing on whether a WDM coupler or a wavelength filter is used;

Methods of measurement for the optical power of single wavelength*are/described in IEC 60728-6:2

btical power at the output of a WDM coupler shall be measured according to
728-6:2011.

P
Measuring point mog’:rf
((1) to (3) in Figure 3)

Wavelength ()
O @ mt:\r’eEhg ®

Test fibre 15C

gure 4 — Test set-up for optical power measurement using a wavelength filtg
Power
WDM meter
Measuring peint //;\ ®
((1) to (5).in)Figure 3) \“J/
O
Test fibre ;
=

IEC

oupler,
Dlation
r than
gure 5

011.

4.2 of

p

REigure 5 — Test set-up for optical power measurement using a WDM coupler

6.2.3

Measuring method

In addition to the requirements of IEC 60728-6:2011, the following points shall be considered.

a) Connect the test fibre to the power meter and ensure that the power meter is switched to
the specified single wavelength and only the specified wavelength signal is applied to the
power meter.

b) Measure and record the power of the output signal using the power meter.

c) If a WDM coupler or a wavelength filter is used to measure the WDM signals, the pre-
determined insertion loss of the WDM coupler or the wavelength filter shall be added to
the measured optical power.
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Precautions for measurement

The following considerations have to be taken into account.

a)

b)

d)
e)

f)

9)

h)

6.2.

The optical power shall be expressed in dB(mW).

6.3

6.3.

The optical fibre end-face or the connector end-face shall not be viewed directly. Also, the
end-face of the fibre shall not be pointed towards any person. If there are unterminated
single or multiple fibres, they shall be covered together to avoid any radiation hazard. Any
unconnected optical connector shall be covered with a cap during the entire measuring
time.

Ensure that the power meter has a measuring range suitable for the expected power, and
is capable of measuring the expected signal wavelength. The detector system of the
power meter shall have a sufficiently large area to collect all the radiation from the test

fibfe and a spectral sensitivity compatible with the light source. A minimum aceu
*+ 10 % is recommended.

Th
be

Te

logses of power and reflections.

If the measurement bandwidth and the measuring range of the\power meter can
independently, they shall be set in the auto mode prior to the measurement.

Th
se

Power meters without any measurement mode function’ normally operate in CW

En

en
co

Th
1)
2)

5

1

The p
signal,
noise

perforimscithe measurement in the electrical domain

6.3.

2

sensor portion of the power meter shall be shut off and zero offset adjustmen
carried out before the measurement.

5t fibres and connectors shall have clean and unscratched ends-in order to p

B measurement shall be carried out in the CW mode,, If the power meter
ectable measurement mode (CW /270 Hz / 1 kHz / 2 kHz), CW mode shall be se
sure CW mode operation prior to the measurement,

here is any instability in the measurement (thie measured value fluctuates wh
-face of the fixed attenuator is directly connected to the power meter), a suitable
d shall be used and the measurement shall be repeated.

E potential sources of error are the following:
the inaccuracy of the power metergfor example if its dark current is not sufficient
the attenuation of the test fibre-and the specified coupling means.

Presentation of the restilts

Signal level and RF signal to intermodulation and noise ratio S/IN
General

Irpose«0f this test method is to measure the signal level of the television bro
Alsp, the RF signal-to-intermodulation and noise ratio is measured using the me
leyel~within the transmission bandwidth of the television signal. This test n

acy of
t shall
revent
be set

has a
ected.
mode.

en the

patch

y low;

adcast
hsured
hethod

Measuring setup

Connect the pieces of equipment as shown in Figure 6. The method for measuring the RF
signal to intermodulation and noise ratio of optical transmission systems is nearly the same as
for cabled distribution systems (see IEC 60728-101:2016, 4.4) and as described in 6.7.
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Electrical
spectrum
Measuring point V-ONU analyzer
((1)-(5) in Figure 3)
o4 —®
o K}’f/ E “

Test fibre
IEC

Figure 6 — Test setup for RF signal to intermodulation and noise ratio measurement

The test setup of Figure 6 is for simplified measurement of signal-to-noise ratio in the optical
field. The correct measurement shall be carried out in the electrical field using an electrical

spectrfim analyser at points (6) and (7), described in Table 5.

6.3.3 Measuring conditions

The following measuring conditions apply.

a)

b)

c)

6.3.4 Precautions for measurement

The foJlowing considerations have to be taken into account.

a)

b)

c)

d)

e)

The spectrum analyser used for the measurement shall be ,calibrated befofe the
mgasurement. The supply voltage of all the pieces of egquipment used i:tr the
mgasurements shall be switched on at least 30 min before the start of the measurement.

If fhe measuring instrument has any calibration function, it“shall be executed prior|to the
mgasurement.

Sujtable coaxial cables and connectors shall be used to maintain proper impgdance
m4atching within the measurement system.

Mgasurement accuracy: to obtain_san accurate measurement of RF signal to
intermodulation and noise ratio, it [isonecessary to turn off the channel under tept and
mgasure the noise level within the“channel bandwidth. Depending on the situatiop, it is
expected that the arbitrary breadcast channel cannot be turned off during nptwork
opgration. Therefore, attention:shall be paid on the inaccuracy and measurement grror of
thg test method prescribed-in*this document.

Attenuation setup of the spectrum analyser: most of the spectrum analysers Have a
default input attenuation of 10 dB when powered on. It is possible to carry out the
mgasurement with-this default value when the total electrical input power does not g¢xceed
0 dB(mW). Total electrical power is measured using the electrical power measullement
option of theyspectrum analyser and by setting the centre frequency to 510 MHz, the
freguency span to 1 GHz and the channel power measurement bandwidth to 1 GHz.[There
shall not-bé any signal outside the above frequency span. If the total power (P1) exceeds
0 dB(MW) (109 dB(pV) at 75 Q impedance on the voltage display, in order to avoid any
didtertion generated within the spectrum analyser, adjust the input attenuation (ATTy)
selling to satisfy the following refation:

Measure the output of the digital signal generator using a calibrated power meter with a
thermo-coupled sensor and, taking this as the true value, calibrate the measurement level
of the spectrum analyser.

When the RF signal to intermodulation and noise ratio of the signal is very small, the
noise within the signal will be larger than the measurement error and cannot be neglected.
If a correction factor needs to be applied, this correction factor shall be subtracted from
the spectrum analyser measured level (see Annex A of IEC 60728-101:2016).

This document recommends the test method using the electrical power measurement
option of the spectrum analyser to deal with QAM and OFDM signals. This test method is
preferred because any correction necessary within the spectrum analyser is automatically
processed irrespective of the type of spectrum analyser used for the measurement. Also,
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the flatness of the signal over the transmission bandwidth does not influence the
measurement results.

NOTE The noise level per unit frequency can be expressed in dB(uV/Hz ) or in dB(UV/HZ).
6.3.5 Presentation of the results

The signal level shall be expressed in dB(mW) or in dB(uV) and the RF signal to
intermodulation and noise ratio shall be expressed in dB.

6.4  Signal-to-noise ratio of optical signals

641 GCIICIdi

This measurement method has the purpose to predict the signal-to-noise ratio at the output of
a V-OINU from the measured relative intensity noise (RIN) of the optical input sigpal to[|the V-
ONU.

The RN is the noise caused by fluctuations in optical output power withrréspect to timefand is
expregdsed as the ratio of average optical power to the average noise, power measurdgd in a
1-Hz bandwidth. It is difficult to measure the RIN directly in the~eptical domain apd the
measuyrement shall be carried out after converting the optical signal to an electrical pignal.
HoweVer, an accurate measurement of the RIN is not possiblefif the optical input to V-QNU is
small,|as in most practical systems. The RIN may also be calculated from the measured
performance of individual components constituting the system. However, it is necesgary to
measure the RIN on a near-side measurement point.

6.4.2 Measuring setup
The measuring setup is the following.

a) Mdasurement points
The measurement points in the cablte TV network for optical signals are shown in Figure 7.

Optical transmission line

[ 5 Dl = ot i e
Optical Optical Systgm
:power splitter  power splitter V'ONkj‘l :

outlgt

|
|
Optical Optical I s 0/ In-house _
transmitter amplifier | /E network b4
7 |
E/ |
I
|
I
|
I
{1y, Transmitter (2) EDFA (3) Splitter (4) Tap-off (5) V-ONU  (8) V-ONU (7) Sygtem
output output output output input output ouflet

IEC

NOTE Figure 7 is identical to Figure 3, except that the figure title has changed to describe the measurement
points.

Figure 7 — Measuring points in the optical cable TV network

e In order to calculate the signal-to-noise ratio at the V-ONU output, it is necessary to
measure the RIN, as shown in Figure 7 at points (1) to (3), where the optical output
power is sufficiently high to allow RIN measurements to be accurate.

NOTE RIN measurements are not accurate when the optical power is lower than -3 dB(mW).

e If no optical amplifier is employed in the system, the RIN shall be measured at
point (1).

e If an outdoor type optical amplifier is employed and measurement can be carried out
outdoors, the optical amplifier output shall be considered as a measurement point.

b) Measuring setup
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Figure 8 shows the RIN measurement setup.

Equivalent Optical Receiver

Measuring Attenuator e “
Point ﬁ ! — ! Electrical
! Amplifier I
O LJA ! E m ' P(f))| Spectrum
| | Analyzer
| |
| |
‘ |

Optical @] Current NF
Power Meter Meter

Meter

Bias
Circuit

IEC

Figure 8 — Test setup for RIN measurement

6.4.3 Measurement conditions
The following measurement conditions apply.

e Only calibrated instruments (spectrum analyser, optical power meter, current meter,
nefwork analyser, NF meter and the optical attenuator) shall be used for the
measurements.

e Thge spectrum analyser shall have the option to measure the noise power density. The
oplical receiver part is constituted by a photo diode~(PD), a low-noise preamplifier|and a
mdtching circuit. The photo diode shall have the€)provision to measure the photo| diode
cufrent.

e A CW optical signal shall be used for the measurement. To avoid SBS interference| some
tedhnology shall be applied, such as the SBS suppression carrier method.

e The optical input level to the optical regeiver shall be around 0 dB(mW), and shall jhot be
lower than -3 dB(mW).

The RIN degradation due to Rayleigh scattering and multiple optical reflections within the
transmjission line cannot be neglected. Therefore, if the RIN measurement is carried out{ within
the hejad-end, an equivalent optical cable having a similar performance to the cable Used in
the actual optical network shall’be inserted at the measurement point in Figure 8.

6.4.4 System RIN-measuring method
6.4.4.1 General

This tgst methed shall be applied to predict the signal-to-noise ratio at the output of a Y-ONU
from the RIN measurement using the setup shown in Figure 8. Subclause 6.4.4 cqntains

severgl.steps as shown below. If the parameters for R, IdO » leq @nd G are unknown, refer to
AnnexB Tho RIN can ha calonlatad 'S

1
o e T oot -tarcoittte oo

6.4.4.2 Step A: input power of optical receiver and system noise (noise current
density)

For step A, proceed as follows.

e Measure the input power of the optical receiver (P;) using a power meter.

e Connect the spectrum analyser at the output of the optical receiver and select the
measurement mode to measure the noise power density. Measure the noise power density
per unit frequency, Ny, expressed in dB(mW)/Hz. The total noise current per Hz, Iy, of the
optical receiver can be calculated using Equation (1) with RBW of the spectrum analyser
set to 100 kHz):
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[ ARz |

where
Z, is the impedance of the measurement setup, expressed in Q;

N, is the noise power density, expressed in dB(mW)/Hz.

p

(1)

e The measured noise level (Np) includes that of the measuring equipment (spectrum

anwwmwmmw'
ch@nnel band in order not to affect the results. Otherwise, the contribution of noise

thg system or the equipment under test and to the measuring equipment) should be
intp account in the measurement of the noise level (see Annex A of IEC 60728} 101:2

The following correction shall be applied if the noise level (N|) is medasured
spectrum analyser:
Np = N_ +101g (B,/B) + Ky + K,

where
B, | is the measurement bandwidth of noise power (Np) 1 Hz,
is the noise bandwidth, RBW x 1,2 (noise bandwidth'eorrection factor) = 120 000

K;|is the correction factor for conversion to effective voltage level = 20 Ig(2/
1,05 dB;

K, | is the correction factor for the logarithmic amplifier of spectrum analyser = 1,45 (¢
6.4.4.3 Step B: RIN calculation

For step B, proceed as follows.

de the
due to
taken
016).

with a

e Frgm the above measurement ‘results, the RIN can be calculated from the following
relation:
12
bn |2
RIN =101g —C 2e > (lgo +R-B)——29 [dB(Hz‘l)J (2)
(R-R)*  (R-R) (R-R)
where
R is\the responsivity of the photodiode, expressed in A/W;
| joHis-the—dark-ecurrent-of-thephotediode—expressed-inAs

is the preamplifier equivalent input noise current density, expressed in AyHz ;

lpn is the total noise current within a 1-Hz bandwidth at the optical receiver output,

expressed in A/\/E;

G is the amplifier gain of the optical receiver (including gain of matching c
expressed in true value;

P, s the input power to the optical receiver, expressed in W;
e is the charge of the electron 1,602 x 10719, expressed in C.

6.4.5 S/N calculation based on RIN value

The signal-to-noise ratio (S/N) at the V-ONU output can be calculated using the fol
relation:

ircuit),

lowing
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S/N =10 Ig| -1

By RIN-(R-R)

%'(OMIk R-R)?

dB (3)
?+2-e-(Ig+R-R)+14, (48]

The other parameters for the calculation are listed in Table 6.

6.4.6 Component RIN calculation

The following method shall be applied to calculate the component RIN of the optical signal at
the input of a V-ONU when 6.4.4 is not applicable. If the RIN of the first EDFA (the RIN of the
opticaltTransmitier) IS expressed as RIN;,, then the RIN of the nih EDFA, RN, 1S given] by:

NF,

2.E. o RINin
RNy =101g) Y =102 1 0750 4)
1010

E is|the photon energy, E = hf;
h is|Planck’s constant, 6,62 x 10734 [J-s];

f is|the frequency, expressed in Hz.
If the gptical wavelength is 1 555 nm, then E = 1,278 10716 mJ.

iis the noise factor of the nth EDFA in dB;
iis the optical input power of the nth EDFA in dB(mW).

NOTE |[The term “1/G” in Equation (12) of IEGATR 60728-6-1:2006 is very small compared to other tefms and
hence cpn be neglected.

Also, g¢ven though the RIN degradation due to Rayleigh scattering and other reflections|within
the fiQre is small, this cannoty*be ignored if an optical transmitter with RIN smalleff than
-160 dB(Hz™1) and EDFAs with low NF are used. The following relation shall be uped to
calculate the RIN, RIN; diie'to the fibre transmission:

2
RIN; =101g 57(204 L—1+e2“'-)~m (5)

where
s is the ratio of scattered optical power that is propagated in the reverse direction,
1,5
S:—za

a is the fibre transmission loss. If the transmission loss is agg(dB/km), then o = agg/4,343;
L is the transmission distance, expressed in km;

Av is the spectral width of the optical signal when modulated, expressed in Hz;

frr is the measurement frequency, expressed in Hz;

W is the fibre mode field diameter, expressed in um;

n, is the refractive index of fibre core;

A is the wavelength, expressed in pum.
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—(RINgyt /10 —(RIN§/10) | A
RIN :—1OIg[1O (RINout/10) | 5 g~(RINs )J—y (6)
AX
Based on the RIN value above, the S/N can be calculated by Equation (3).
Table 6 — Parameters used for the calculation of signal-to-noise ratio (S/N)
Parameter Remarks
BN ISDB-C |See Table 7 This parameter depends on the transmission signal
format.
ISDB-C2
QAM: BW in Table H.1 of IEC 60728-1:2014
ISDB-T
OFDM: BW in Table H.1 of IEC 60728-1:2014
DVB-C See Table 7
DVB-C2
DVB-T
DVB-T2
K Number of transmission signals
OMIg i Total optical modulation index These parameterssdepend on the optical
oMl Optical modulation index of ki signal transmitter, transmission signal, etc.
(modulated RF signals)
P, Received optical power (W) This parameter depends on the transmission line d¢sign.
RIN RIN of the optical signal input to the V- |This parameter depends on the optical transmitter,
ONU (dB(Hz™1)) amplifier and transmission line. If the parameter is
unknown, the following values may be used to calculate
the RIN of optical signal input to the V-ONU.
RIN of the optical transmitter for multi-channel
transmission is -155 dB(Hz ™).
RIN of the optical transmitter for retransmission is 4150
dB(Hz™1).
NF of the optical amplifier is 6,5 dB
RIN due to the optical transmission line is
-161 dB(Hz™).
e Charge df.an electron (1,602 x 1071° C) [Physical constant.
R Responsivity of the V-ONU (A/W) Typical values of these parameters are listed in 6.4}7.
lyo Dark’current of the V-ONU (A)

6.4.7 Example for calculating signal-to-noise ratio S/N

The signal-to-noise ratio S/N may be calculated with the following typical parameters:
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Parameter Japan Europe
Noise bandwidth 5,3 MHz 8 MHz

Number of signals

K = 57 channels

K = 50 channels

Total modulation index 0,264 0,264

RIN of optical signal at the input of a V-ONU -148 dB(Hz™) -148 dB(Hz™)
Responsivity of the V-ONU 0,89 A/W 0,9 A/W

Dark current of the V-ONU 0,1 nA 0,1 nA

Equivalent input noise current density of pre-amplifier before V-ONU

7 pAl/Hz 7 pAl AHZz

NOTE

The RIN of optical signal at the input of V-ONU is calculated. The RIN due to the optical transmissioj

-161 dB(Hz 1) when the RIN of the optical transmitter is —155 dB(Hz 1) and the NF of the optical amplifi¢

(single

If the
modul

If the
is calc

6.5

The o
the me
in the

6.6

6.6.1

tage, optical input 0 dB(mW)).
bptical modulation index of all the signals is assumed to be the same; then the
htion index per signal is given by:

0,264

OMI, = 2£%% ~ 0035
N =

pptical input to the V-ONU is -9,6 dB(mW), from~Equation (3), the signal-to-nois
ulated to be 40,6 dB.

Optical modulation index
ptical modulation index (OMI) of digital'signals shall be measured in accordang

thod described in 4.9 of IEC 60728-6:2011. In this document, the power AGC fy
ransmitter shall be off.

Signal-to-crosstalk ratio (SER)

General

This
signal

ethod of measurement is applicable when other services (i.e. digital commun

n line is
ris 6,5

Dptical

e ratio

e with
nction

cation

like GPON, GERON or Ethernet-Point-to-Point) besides CATV broadcast transmission

(i.e. 64/256 or higherrQAM broadcast signals) are transmitted in the optical network.
servicgs can produce crosstalk effects in optical fibres and in optical receiver device
high lipearity.

Cross

Ik effects can arise when the broadcast signals are multiplexed with signals o

Other
s with

other

servicgs\on the same fibre through wavelength division multiplexing (WDM) and there ig

either

insufficient optical wavelength filtering or relevant presence of non-linear fibre optical effects
or both. Insufficient optical wavelength filtering can be due to low triplexer quality. Important
non-linear fibre optical effects can be stimulated Raman scattering (SRS), self-phase
modulation (SPM) and cross-phase modulation (XPM).

6.6.2

The fo

Equipment required

llowing equipment is required for the measurement:

a) a running system with implemented CATV broadcast service with other service(s), i.e.
telecommunication services;

b) a selective voltmeter (or spectrum analyser) covering the frequency range of the CATV
broadcast service;
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lengths of fibre for connecting the transmitters, optical WDM filters, an optical amplifier,

optical attenuators, an optical polarization state change system and the receivers.

6.6.3 General measurement requirements

The measurement shall be carried out following the steps described in 6.6.4.

a)

b)

6.6.4 Procedure

a)
b)

Other

E
service —H PSCS A
o L

signal

CATV
signal

c)
d)
e)

f)

9)

h)

* PSCS|Porlarization state change system (IEC 61300-3-2)

Unless otherwise required, the reference levels used in the measurements shall
normal operating levels.

be the

Where the receiver to be measured includes automatic level control (ALC), pilot signals of

the correct type, frequency and level shall be maintained throughout the tests.

Sef the supply voltage(s) and any control input signal(s) to the specified value(s).
Cannect the equipment as shown in Figure 9.

<

(@] Othef
wom —(%)

E signal

E 52 WDM

e voltmeter

Select|
A T . . ~8 ; B o
E | catv

M)

>
—
I

signal

Measuring equipment

Figure 9 — Test setup for signal to.crosstalk measurement

Cafry out measurements with the service signals in operation widely and closely s
over each band of interest.

CaJry out measurements over the fully specified optical power range at the optics
input by adjusting the optical attenuators A.

Cafry out measurements over_the full specified range of optical transmission dista
applying various fibre lengthsC Figure C.6 shall be referred.

Cafry out measurements with various other services’ communication signal patterr
exgample, measurement.should be performed with and without digital idle signals (wi
without payload) because signal pattern characteristics will influence the cr
intensity.

Cohnect the yvariable RF attenuator A and selective voltmeter to the RF output port
oplical receiver for CATV broadcast service. Tune the meter to each CATV signal an
thg attenuater A value a, required to obtain a convenient meter reading R for the ref
signal.(The attenuator value a; should be slightly greater than SCR from other se
expetted at the point of measurement.

IEC

paced
| fibre
hce by

s. For
th and
sstalk

of the
d note
brence
rvices

Tune the meter to the other services crosstalk product to be measured and tune the
optical polarization state change system (PSCS) to the other services crosstalk product to
be measured at the maximum level. Reduce the RF attenuator A setting to the value a,

required to obtain the same meter reading R.

It can be necessary to temporarily switch off one CATV signal occupying the frequency
band of local interest during measurement of other services crosstalk in order to obtain an

accurate value a,.
The SCR from other services , in dB, is given by

SCR=4a, —a,

(7
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where

a, is the RF attenuator A value when measuring the test signal used as a refe
expressed in dB;

a, is the RF attenuator A value when measuring the crosstalk product, expressed in
6.6.5 Potential sources of error
Sources of error are the following:

a) the inaccuracy of the selective voltmeter;
b) the inaccuracy of the variable attenuators.

rence,

dB.

6.6.6 Presentation of the results

The SCR from other services shall be expressed in dB.

6.7 |[RF signal-to-intermodulation and noise ratio S/IN
6.7.1 General

In a cqble network, two distortion signals occur: thermal noise and-intermodulation pr
associpted with the non-linear behaviour of equipment and~components. In a
measyrement of the noise signal, the two distortion signals cannot be distingy
Therefore, in this subclause, they are taken together as intermodulation and noise signg
The interference by 3™ order frequency, single frequency and signal reflection descri
Table [LO is included in the S/IN ratio category.

For th{s measuring method, the composite network load of all input channels as used
normal service conditions shall be applied..#hé intermodulation signal will depend

bducts
single
ished.
Is (IN).
bed in

during
bn the

signal|level throughout the cascade. Therefere, a measured S/IN ratio is meaningfil only

when all signal levels are specified.

This measurement method appliesxto’ the measurement of the RF signal-to-intermod
and nqise ratio S/IN of digitally modulated signals using PSK, APSK, QAM, OFDM forma

Llation
its.

Becaupe the modulated signal’is similar to the intermodulation and noise signal distrib{ited in

the bandwidth of the channhel, the measurement is based on the use of a suitable sp
analysler that is able_to tune the frequency range of the channel and to display the
bandwidth in order to\measure spectral power densities of both the signal and the noise

NOTE |A vector sighal analyser can also be used.

The measurement can be performed at the system outlet, at the output of a pi
distribption. equipment (passive or active), at the output of the headend or at the outpu

pctrum
whole

pce of
t of an

H(SHE i ) f tallit i
outdoarunit {o+——tecehel+o-saterteecepHoh-

The measured S/IN will depend on the signal-to-noise (S/N) of the composite input signal and

on the ratio of the signal to the intermodulation noise added by the cable network. U

sing a

standard network input load of carriers can thus limit the measurement range of the method of
measurement up to the S/N ratio of the input load. As an alternative, an input source with
notch filters to reduce the S/N of the measurement carriers can be used, similar to the source

signal used in IEC 60728-3:2017.

6.7.2 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.
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6.7.3 Connection of the equipment

Connect the measuring equipment to the system outlet or to the point where the measurement
shall be performed, using suitable cable and connectors, taking care to maintain correct
impedance matching.

6.7.4 Measurement procedure

The measurement shall be carried out following the procedures described below.

b)

c)

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

whnole channel whose Dandwl P Yp . EXam

Mgasure the maximum level S of the flat top of the displayed signpal in dB(uV) or in d
using the display line cursor if this feature is available.

NOTE |[If the spectrum of the signal is not flat, due to echoes, measure the 'signal level at the centre freqy
the chapnel.

d)

f)

Swlitch off the channel at the input of the system ordt the input of the device unded
terminating the input port with a matched impedance (or depointing the antenna,
medasurement is performed at the output of am\outdoor unit for satellite receptio

les of
ted in

dwidth
used,
noise

B(mW)

ency of

r test,
if the
n) and

measure the intermodulation and noise levél\IN in the same units as the signal level

(in|dB(pV) or in dB(mW) or in dB(mW)/Hz).

When switching off the input signal, all\equipment with built-in AGC will show a different

behaviour. In this case, the intermedulation and noise level should be measur
between the channels.

Calculate the signal to intermodutlation and noise ratio S/IN with the following formula

S/IN=S - IN

where
S/IN is the signal to’intermodulation and noise ratio, expressed in dB;
S is the signal level in dB(pV), expressed in dB(mW) or in dB(mW)/Hz;

IN is the“ intermodulation and noise level indB(pV), expressed in dB(m
insdB(mW)/Hz.

This method of measurement actually measures the (S + IN)/IN ratio. The meg
equipnent (Spectrum analySer) snouid have a Noise fevel at feast 10 dB fower In
intermodulation and noise level displayed outside the channel band in order not to affect the
results. Otherwise, the contribution of the measuring equipment noise in the measurement of
the intermodulation and noise level (IN) should be taken into account.

ed in-

(8)

W) or

suring

n the
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Table 7 — RF signal noise bandwidth

Broadcast signal RF signal noise
bandwidth
System Modulation Sub-carrier MHz
ISDB-T OFDM 64 QAM 5,60
ISDB-C 64 QAM - 5,30
(J.83) 256 QAM - 5,30
256 QAM 571
ISDB-C2 1024 QAM 571
OFDM

(3.382) 4 096 QAM(4/5) 5,71
4 096 QAM(5/6) 5y
DVB-T COFDM 64 QAM (2/3) 7,61
DVB-T2 COFDM 256 QAM (2/3) 7,61
64 QAM - 6,96

DVB-C
256 QAM - 6,96
256 QAM 7,61
DVB-C2 COFDM 1024 QAM 7,61
4 096 QAM(576,9/10) 7,61

Table

/ presents noise bandwidths for various signal types. The/bandwidth refers to one channel (sub-carflier).

6.7.5

The m

6.8
6.8.1

The p
modul

The m
signal

Presentation of the results

pasured signal to intermodulation and noise ratio S /IN shall be expressed in dB.

Bit error ratio (BER)
General

urpose of this test _method is to measure the bit error ratio (BER) of the
hted RF signal at.each measurement point.

easurement of .the BER described in 6.8 is carried out by demodulating the bro
with the(digital signal analyser. The BER can also be estimated through

measurement (of "‘the complementary cumulative distribution function (CCDF) of the

within
CCDF

6.8.2

The m

a transmission channel. Refer to Annex E for the details of the measurement
and'\BER estimation.

digital

adcast
an RF
noise
of the

Connection of the equipment

easuring setup for BER measurement is shown in Figure 10.
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Digital signal
_ ) analyzer with
Measuring point BER function
((6) and (7) in Figure 3)
O DIV Receiver
Electrical
P(f) )| spectrum
| analyzer

IEC

Figure 10 — Test setup for BER measurement

6.8.3 Measurement procedure
The measurement shall be carried out following the procedures described bélow.

a) First, measure the signal level and signal-to-noise ratio (S/N)jof, the desired |signal
channel by spectrum analyser.

b) Adjust the desired channel on the digital signal tuner or digital Signal analyser. The FEC
condition should be off.

¢) Mdasure BER with a BER measurement instrument or wijth a digital signal analysdr. The
BHR should be measured several times, and the avetage value should be calculat¢d and
regorded.

6.8.4 Presentation of the results

The measured signal-to-noise ratio S/N shall.beZexpressed in dB and BER shall be expfessed
without a unit.

6.9 BER versus S/N
6.9.1 General

The purpose of this test method' is to measure relationship between bit error ratio (BER) and
signaljto-noise ratio (S/N)of the digital modulated RF signhal at each measurement poin{.

6.9.2 Connection(ofthe equipment

The measuring setup for the BER versus S/N measurement is shown in Figure 11.

Digital signal
. ) analyzer with
Measuring p_omt_ BER function
“6) and {2} -y Flgl':“" 3}
Receiver
O MIX DIV

x )
A Variable 1 A P(f)

attenuator :
Electrical
spectrum
NS Noise analyzer

source

IEC

Figure 11 — Test setup for BER versus S/N measurement
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6.9.3 Measurement procedure
The measurement shall be carried out following the procedures described below.

a) This measurement can be performed under operation conditions.
b) Instruments are connected as shown in the measurement block diagram.
c) Measure the signal-to-noise ratio.

Turn off any RS error correction and measure the BER with the digital signal analyser with
the BER measurement function or with a BER measurement instrument.

d) If the error correction can't be turned off, or when LDPC error correction is used, it will
geannlly take a Inng time to measure low erraor conditions like BER = 10-11_|n thi case,

thg extrapolation method can be applied as described below.

Figure| 12 shows the extrapolation method for BER.

A
@ Measured value
2
1074 @ Measured point where BER becomes\néarly zero
101
10™ 4
1 5
| N
m 10 SINpy
6
1071 P SN
10”7 E
8 lI
10 ® S/Nes
]
107 ' :
\ Extrapolation
10%° .
10 el @ S/Nes  Expected S/N [dB]

SN (dB)
IEC

Figure 12 — Extrapolation method of BER measurement

Measuyre three”S/N values for S/Npq, S/Np, and S/Np5 as shown in Figurel2 and find S/Np, that
crosses the<ing of BER = 10711 and the slope line between the points of P2 and P3) S/Np,
can b¢ calculated with the following equation. For a more detailed method and obtained
resulty,"see Annex B.

_ lg(10”*) ~Ig(BERp3)
I9(BERp2) ~19(BERp1)  19(BERp3) ~I9(BERp,)
S/Npp —S/Np;g S/Np3—S/Npy

S/Np4:2 +S/Np3 (9)

Measure the S/N at the input of the measurement instrument and the BER by changing the
value of the attenuator.

6.9.4 Presentation of the results

An example of a measurement of BER versus S/N is shown in Figure 13. The measured

signal-to-noise ratio S/N shall be expressed in dB and the BER shall be expressed without a
unit.


https://iecnorm.com/api/?name=379a1f697e4d89b0dde1a35225a0f57c

—40 - IEC 60728-113:2018 © |IEC 2018

1.0E+00 ¥ ¥ ¥ ¥ ¥
——l Experimental
\"s\ ----- Theoretical —
<~ 1\
1.0E-01 AN =
N ‘\
; .
\‘ \
N \
"é
10E-02 Ao \
A} \
3 e
o 7 A \
] // 3 \
\
1.0E-03 A \ \
= —
\ \
] [4 \
Actual value (BER vs S/N) %
Y
\
1.0E-04 A \
X
\
1.0E-05
10 15 20 25
SIN [dB]

IEC
Figure 13 — Exampte of BER versus S/N characteristics

6.10 [System noise margins

6.10.1| General

The plirpose of this test/method is to measure the difference value (noise margin) bgtween
the value of S/IN where'BER = 1 x 10~4 and the system S/N, in case of RS error correction. In
case df LDPC error-correction, the calculation shall be carried out for BER = 1 x 10711;[in this
case, the S/N méasurement method should follow the extrapolation method described in 6.9.3.
The measurement shall be carried out at measurement points (6) and (7) as shqwn in
Figure| 3,,where the S/N of the complete system is measured.

6.10.2 Connection of the equipment

The measuring setup for system noise margin measurement is shown in Figure 14.
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6.10.3

The m

a)
b)

9)
h)

6.10.4

An exd

Digital signal
. ) analyzer with
Measuring point BER function
((6) and (7) in Figure 3)
O MIX DIV Receiver

r i
' Variable 1 A @

attenuator :
Electrical
spectrum
NS Noise analyzer
SOUTCE

Pr

Th
meg

IEC
Figure 14 — Test setup for system noise margin measuremery

Measurement procedure
pasurement shall be carried out following the procedures described below.

bpare the measurement system as shown in Figure 14.

e spectrum analyser and the digital signal analyser (or digital tuner +
asurement instrument) are connected at each measurement point.

Adjust the measurement frequency on the measurement instrument.

Me
tun

Mg

Ad
be

Me

asure the BER before RS error correction with<the digital signal analyser or the
er + BER measurement instrument.

asure S/N; at the measurement frequency.

d noise by changing the attenuation tevel until the BER before RS error cor
comes 1 x 1074,

asure S/N,.

Calculate the noise margin as-\follows:

NM = S/N; — S/N, in dB

Presentation of)ithe results

Imple of measurement for the system noise margin is shown in Figure 15.

BER

digital

ection

(10)
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Figure 15 — Example of\system noise margin characteristics

6.11 [Modulation error ratio (MER)

6.11.1| General

The pprpose of this testimethod is to measure the modulation error ratio (MER) af each
measurement point of'the FTTH system.

6.11.2] Connection of the equipment

The mpeasuring setup for MER measurement is shown in Figure 16.

Constellation
Measuring point analyzer
((6) and (7) in Figure 3)

O DIV

| Receiver

—~. | Electrical
(P(f)) spectrum
~_~" | analyzer

IEC

Figure 16 — Test setup for MER measurement
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6.11.3 Measurement procedure
The measurement shall be carried out following the procedures described below.

a) The digital signal analyser is connected at each measurement point.
b) Configure each parameter of the digital signal analyser.

c) Adjust the signal frequency and the reference level.

d) Adjust mode, guard interval, TMCC parameter if it is necessary.

e) Measure MER.

6.11.4__ Presentation of the results

An example of measurement for system noise margin is shown in Figure 17. The 'measured
MER dhall be expressed in dB.

[is89014 2002/07/04 10:58:47 Wodulation
< Yodulation Analysis (ISDB-T MER) >> Measure : Single Analysis
Storase : Normal #
Seg 0fs : BI2
[Layer_Al Trace

Format

Carrier Frequency:

473.142 857 | Hiiz *

. . - . - . - » Frequency Error: Sttﬁzgge
+0.0 Hz

+0.0000 ppud +

MER(¢Convent ionaly : Section
47.24 dB

MER( Layer_#)
46.52 dB
Harker : 1 symbol =
I (D -7.0089
(@)  4.9668 Back
Frequency :  473.142 857MHz Channel : 13CH Screen
Ref Level : -20dBn Pre Ampl : Off 2

IEC

Figure 17 — Example of result of MER measurement (64 QAM modulation format)

7 Specification of the eptical system for broadcast signal transmission

7.1 [Digital broadcast/system over optical network

For digital broadcast services over optical networks, the modulation methods 64/256 QAM or
OFDM| with 256,<1°024, and 4 096 QAM are mainly used. Figure 18 shows the performance

specifi mance
specifi mance
of the optlcal system The m|n|mum S/N ratlo at the headend output V- ONU outht and
syste v I I : - dicated

in Table 8 and Table 9. Table 8 is for the SDU case Whl|e Table 9 is for the MDU case. The
measurement methods of Clauses 5 and 6 shall be applied.

For digitally modulated signals, the bit error ratio (BER) shall be used as a specification
parameter at the headend input only. 1 x 1074 is required for digitally modulated broadcast
signals before FEC in the case of RS (204, 188). In the case of other FEC methods, 1 x 1011
is required after FEC. As supplementary parameters at the headend input, equivalent noise
degradation (END), noise margin (NM), modulation error ratio (MER) and error vector
magnitude (EVM) can be used.
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@ Performance specified point

* Additional measuring point

H/E H/E Opt Tx Opt amp V-ONU V-ONU System
in out out out in out outlet
= SDU/MDU
H /s E /lo— B _._@ = o{°/ |@—| mhouse |_g | 1y
n E network
| =
Optical transmission line [EC
Figure 18 — Performance specified points
Table 8 — Minimum S/N ratio (SDU case)
Broadcast signal S/N at H/E | S/N at optical{,S/N at V- | S/N at in- SIN at
Systém Modulation Sub-carrier output translrir:]iession Ogtl\:;:t nr;(t)\,l\],?,?k sgljsttleertn
interface

dB dB dB dB 0B

ISDB-T] OFDM 64 QAM 27 30 25 45 24
ISDB-Q 64 QAM - 35 28 27 45 26
(3.83) 256 QAM - 43 37 36 51 34
ISDB-{2 OFDM 256 QAM 35 28 27 45 26
(3.382) 1 024 QAM 42 36 35 51 33
4 096 QAM(4/5) 46 39 38 53 37

4 096 QAM(5/6) 49 42 41 55 40

DVB-T COFDM 64 QAM 27 - 25 - 24
DVB-T? COFDM 256,'QAM 33 - 31 - 30
DVB-C 64 QAM - 36 - 29 - 28
256 QAM - 42 - 35 - 34

DVB-Cp COFBM 256 QAM 35 - 29 - 28
1024 QAM 42 - 35 - 34

4 096 QAM(5/6) 46 - 38 - 37

2096 QAM{I710) 79 = 7T = 40
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Table 9 — Minimum S/N ratio (MDU case)

Broadcast signal S/N at S/N at opt S/N at S/N at S/N at

- - H/E transmission V-ONU in-house system

System | Modulation Sub-carrier output line output | network outlet

interface

dB dB dB dB dB
ISDB-T OFDM 64 QAM 27 30 25 33 24
ISDB-C 64 QAM - 35 28 27 33 26
(3.83) 256 QAM - 43 37 36 39 34
ISDB-C2 OFDM 256 QAM 35 28 27 33 26
(J3.382 1024 QAM 42 36 35 39 33
4 096 QAM(4/5) 46 42 40 41 37
4 096 QAM(5/6) 49 45 44 43 40
DVB-T]| COFDM 64 QAM 27 - 25 - 24
DVB-T|2 COFDM 256 QAM 33 — 31 - 30
DVB-( 64 QAM - 36 - 29 - 28
256 QAM - 42 — 35 - 34
DVB-Q2 COFDM 256 QAM 35 - 29 - 28
1024 QAM 42 - 35 - 34
4 096 QAM(5/6) 46 x> 38 - 37
4 096 QAM(9/10) 49 - 41 - 40

NOTE

All the values indicate the minimum requirement.

An appropriate optical level at the V-ONU input shall be chésen in the system design for MDU and SDU systems
in the |n-house network.

Table L0 shows minimum RF signal-to-noise ratio requirement for broadcast systems that are
applic@ble to this document.
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Table 10 — Minimum RF signal to noise ratio requirements in operation

Minimum RF signal-to- Minimum RF signal-to-noise ratio at
Code noise ratio at headend svstem outlet
System Mode rate input y
dB dB
16 QAM 25,9 192
DVB-C 64 QAM 31,9 252
256 QAM 37,9 312
4/5 u.c. 13
16 QAM
9/10 u.c. 15
2/3 u.c. 16
64 QAM 4/5 u.c. 18
9/10 u.c. 21
3/4 u.c 22
DVvB-C2 256 QAM 5/6 u.c. 24
9/10 u.c. 27
3/4 u.c 28
1024 QAM 5/6 u.c. 31
9/10 u.c. 33
5/6 u.c. 40
4 096 QAM
9/10 u.c. 42
2K mode and 8K mode 2K mode 8K mode
1/2 6,1 4,9 51
2/3 8,2 7,2 7,4
QPSK P
3/4 93 8,5 8,6
5/6 10,5 9,9 10,0
7/8 11,3 10,9 11,0
2K mode and 8K mode 2Kmode 8K mode
1/2 12,2 11,0 11,2
DVvVB-T 2/3 14,2 13,2 13,4
16 QAM P
COFDM 3/4 15,6 14,7 14,9
5/6 17,1 16,4 16,6
7/8 17,7 17,3 17,3
2K mode and 8K mode 2Kmode 8K mode
1/2 17,4 16,1 16,3
2/3 20,0 19,0 19,2
64 QAM P
3/4 21,6 20,7 20,9
5/6 23,3 22,5 22,6
718 24,5 23,8 23,9
LDPC b. I.: 64 800 bits © | _DPC b.l. 16 200 | LDPC b. |.: 64 800
bits bits
1/2 5,2 4,2 4,4
3/5 6,5 5,5 5,7
QPSK 2/3 7,4 6,4 6,6
3/4 8,4 7,4 7,6
DVB-T2
4/5 9,1 8,1 8.3
COFDM
5/6 9,6 8,6 8,8
LDPC b. I.: 64 800 bits © | | DPC b.l. 16 200 | LDPC b. I.: 64 800
bits bits
16 QAM 1/2 10,2 9,2 9,4
3/5 11,8 10,8 11,0
2/3 13,1 12,1 12,3
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Code wé?sirgl:;?ioRZtsli]gegzlé;od_ Minimum RF signal-to-noise ratio at
System Mode Cote input system outlet
dB dB
3/4 14,4 13,4 13,6
4/5 15,2 14,2 14,4
5/6 15,8 14,8 15,0
LDPC b. I.: 64 800 bits © | | DPC b.I. 16 200 | LDPC b. I.: 64 800
bits bits
1/2 14,2 13,2 13,4
3/5 16,3 15,3 15,5
0% RAM 2/3 17,8 16,8 17:0
3/4 19,4 18.4 18,6
4/5 20,6 19,6 19,8
5/6 21,2 20,2 20,4
LDPC b. I.: 64 800 bits © | | DPC b.I. 16 200,| "LDPC b. I.: §4 800
bits bits
1/2 17,6 16¢6 16,8
3/5 20,3 19,3 19,5
256 QAM | 53 22,1 21,1 21,3
3/4 24,3 23,3 23,5
4/5 25,7 24,7 24,9
5/6 26,4 25,4 25,6
1$DB-C 64 QAM 35 26
J.83) 256 QAM 43 34
1$DB-T
64 QAM 3/4 @7 d 24
(OFDM)
3/4
256 QAM ¢ 5/6 35 26
9/10
ISDB4{C2 (J.382) 304
(PFDM) 1024 QAM ¢ 5/6 42 33
9/10
4 096 QAM © 4/5 46 37
4 096.QAM ¢ 5/6 49 40
a8 The¢ above valyes:take simultaneous distribution of digital signals into account. These values assunje that
int¢rmodulation{ndise is not present or can be neglected and a BER of 10™* before the Reed-S¢lomon
deg¢oder issachieved. For CATV networks, intermodulation has to be considered in the time domfain as
cligping noise and a margin of 6 dB should be added even if the signal is regenerated in the headend.
b These'valdes take white noise and impulse noise into account.
¢  Theése'values are calculated according to ETSI TS 102 991 document Table 4 and 18 and are intended for
PER of 107 after LDPC and BCH decoders.
d  Every value is defined in BER 1 x 10™* before Reed-Solomon decoder, not S/N.

7.2 Relationship between RIN and S/N

Table 11 show types of broadcast services and recommended relative carrier level. For the
combination of digital signals in actual system design, Annex A should be taken into account.

The optical sub-carrier modulation index depends on the number of sub-carriers and its
relative carrier level. In Europe, various kinds of channel allocations with different
system/modulation constellations (different modulations selected, different number of carriers
per modulation selected) are used. For a given channel allocation, the optical sub-carrier
modulation index OMI, can be calculated in dependence of the total numbers n; of each sub-
carrier type i= 1, 2, ... N and the relative carrier level |, of each sub-carrier type:
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OMI, — (11)
Zni .10|i/10
Vi:l
Table 11 — Types of broadcast services and relative carrier level
Broadcast Signal (Recommended)
relative carrier level |
System Modulation Sub-carrier dB
DVB_T COLEDM 64 QI\MI (’)I’J) 10
ISDB-T OFDM 64 QAM (2/3) -6
DVB-T|2 COFDM 256 QAM (2/3) -5
64 QAM - -6
DVB-dJ/ ISDB-C
256 QAM - 0
256 QAM -6
1 024 QAM (0
DVB-J2 COFDM
4 096 QAM(4/5) +3
4 096 QAM(9/10) +6
256 QAM -6
1 024 QAM 0
ISDB-¢2 OFDM
4 096 QANN4/5) +2
4 096.QAM(5/6) +4
Transmission bandwidth: 47 MHz to 862 MHz (in the case of a European system)
The pe¢rformance of the transmission.system can be expressed by the relative intensity noise
(RIN) of the optical signal at the VAONU input, and by the S/N of the electrical signal at|the V-
ONU qutput. The term V-ONU.iscused as the synonym of optical receiver (O/E) devicelin this
document. Details on RIN measurement are described in Annex D. RIN values requited for
the twp service types are 'shown in Table 12. The intensity modulation method is used|for all
servicg types.
Table 12 — Type of service and minimum operational RIN values
Minimum V-ONU input level | Minimum system RIN value Corresponding S/N yalue
Type pf service
dB(mW) dB(Hz™1) dB
Multi-dhannel -12 -146 28
service
-5 -134 44
Re-transmission
service 8 134 44
-10 -136 44

As a general approach, it is recommended to equalize the noise contribution of the optical
receiver on the one side and noise contribution caused by the headend, optical transmitter
and optical fibre effects on the other side. Both noise effects together shall result in the
minimum S/N,;, given by Table 8 and Table 9.

S / NV-ONU,k 2

SIN,, +3dB

(12)
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(oM

2-RINy_oNny-ink * B

10|g >S/ Nmin,k +3dB (13)

Then, RIN at the V-ONU optical receiver input can be calculated as follows.

(oM1 )?
RINy_oNy-Ink £10-19| =——"— =S/ Npink (14)
4By

The rgquirement for the V-ONU noise results from Equation (15). The equation contains both
the optical input power and the optical receiver’'s characteristic. With known charactgristics
and rgquired minimum S/N,,;, of Table 8 and Table 9, Equation (15) can be_salved for the
minimyim required optical input power P,.

2

OMI, -R-P,
S/Ny.onuk =10-1g 1 (OMIy ) 5= |25/ Nmip +3 dB (15)
By 2-e-(lgo +R-R)+15,

OMI, | is the modulation index of the k-th RF signal;

R is the optical-electrical conversion efficiency of )an’ optical receiver device;

P, is the optical input power, expressed in W,

Bn is the noise bandwidth (64 QAM, 256 QAM: 5,3 x 106 Hz);

e is the charge of an electron (1,602 x,10-19 C);

ldo is the dark current of the optical réceiver device, expressed in A;

qu is the equivalent input noise elirrent density of an optical receiver, expressed in A/\/H_.

7.3 |Optical wavelength

In acgordance with ITU-I Recommendation G.983.3, a wavelength within the ramge of
1555pm+5nm is gecommended for the combination of a broadcast nd a
telecommunication system over a single fibre. For DWDM systems, wavelengths in
accordance with the. grid defined in ITU-T Recommendation G.692 shall be used.

In CWPM systems, ITU-T Recommendation G.694.2 shall be taken into account.

NOTE |[Capsidering the availability of EDFA and appropriate allocation of wavelength, the wavelength njange of
1530 nin 10”1 625 nm (edge of C-band and L-band of ITU-T Recommendation G.694.2) can be used for acjual and
economical video transmission.

7.4  Frequency of source signal

The frequency range of source signals considered here is 85 MHz to 1 006 MHz. However,
regional frequency plans can be used for the operating frequency range of the optical system.

7.5 Level difference between adjacent channels

The difference in level between adjacent channels (of equal channel bandwidth) shall be less
than 10 dB.

The permissive signal level difference between adjacent channels shall be kept as shown in
Figure 19 (in the case of Japan).
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Figure 19 — Permissible signal level of adjacent channels (in the case of Japan)
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7.6 BER at headend input
The BER at the headend inputs shall not exceed the following values:

e COFDM signals (LDPC decoding): BER <1 x 1074
e (Single) QAM signals (block decoding): BER < 1 x 10710

7.7 MER

The MER shall be measured averaged for at least 1 000 symbols. In the case of COFDM, the
average MER over all data sub-carriers shall be measured.

The MER is recommended to be at least 2 dB better than the specified S/N.

7.8 |SIN specification for in-house and in-building wirings

The SN can be specified at the output of a V-ONU instead of the system outlet|if the
perforfnance of the in-house/in-building wiring section is maintained. (pfoperly. Baged on
current installation methods, the S/N for the in-house/in-building wiring section is specified in
Table [13. The S/N ratio values for Multiple Dwelling Unit (MDU).\are shown in Figlire 20
(specified by electrical signal) and Figure 21 (specified by optical.signal).

Table 13 — Section S/N ratio for in-house/in-building wiring (Japan)

Minimum S/N ratio fornn-house/ in-building wiring

OFDM
Categry Method of | rial 64 250 OFDM OFDM dFbm
of hoyse distribution errestria (256 (1024 (4 096 4 096
(OFDM) QAM QAM QAM, \
QAM) QAM, 5/6)
QAM) 4/5)

O/E conversion at
Single entrance or inside
Dwelling |of SDU, coaxial 45 dB 45 dB 51 dB 45 dB 51 dB 53 dB 55 dB
Unit (SPU) |cable distribution

to TV set

O/E conversion at
MDU entrance,

coaxial cable 33 dB 33 dB 39 dB 33 dB 39 dB 41 dB 43 dB
distribution to TV

Multiplg set (Figure 20)
Dwelling

Unit O/E conversion at
(MDU) each home

entraneg, coaxial
cablendistribution
to TV set

(Figure 21)

33dB 33dB 39 dB 33 dB 39 dB 41 dB 43 dB

Note that the section S/N is not a requirement for the IEC 60728-1 home-network interface,
but a practical specification for the RF amplifier that is built into the optical receiver of the RF
wavelength of the PON.
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MDU | | s
-------------------------------------------
Section S/N for In-Hose wiring | ' ,
(See Table 13) E | ;
Drop Closure _ (Specified by Electrical Signal) o E
S SRR RS e S
DIS DIS E Each Home E
Terminal ! !
Box V'ONL; I-l- r. ' Coaxial Cable !
] O F— * v [ —
[ R s
Amp Amp _ ! System Outlet ()
Coaxial Cable, ! !
etc. ! !
Optical Fibre : : —
Figure 20 — Section S/N for MDU wiring (specified by eléctrical signal)
: i :
MDU i i i
i | i
] 1 ]
...........................................
Section S/N for In-HOse wiring ! ! !
(See Table“13) ' | '
Drop Closure (Specified by.@ptical Signal) 5 !
< —> ! :
........................................... ll.----------L----------:.----------
DIS DIS , Each Home .
Terminal ] ] i i
Box _ N : V-ONU . :
7 R Z 5 ' i
SH S e+ A )
opt. | I opt. - T E o :
Amp n Amp - H Quetam Onitlat H
Optical , .
— — Cable : :
Optical Fibre ! !
IEC
Figure 21 — Section S/N for MDU wiring (specified by optical signal)

7.9 'Etectricatsigmatterference

Table 14 presents limits for several in-channel electrical signal interference types.
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Table 14 — Limits for in-channel electrical signal interference

Broadcast signal

Multi frequency

Single frequency

Signal reflection

System Modulation Sub-carrier interference interference
ISDB-T OFDM 64 QAM (2/3) See Figure 22 (3') 35dB See Figure 23
ISDB-C 64 QAM - See Figure 24 (3" 26 dB See Figure 26
256 QAM - See Figure 25 (3') 34 dB See Figure 27
OFDM 256 QAM 26dB 33 dB
1024 QAM 33dB 39 dB
ISDB-C2 See Figure 26
4 096 QAM(4/5) S/dB 39 dB
4 096 QAM(5/6) 40dB 40 dB
DVB-T COFDM 64 QAM (2/3) 27 dB u.c. Max. $15 dB |echo
amplitude
DVB-TZ COFDM 256 QAM (2/3) 27 dB u.c.
DVB-C 64 QAM - 33 dB u.c.
Max. 1,5 ps gcho
256 QAM - 39 dB u.c delay
DVB-C} COFDM 256 QAM 27 dB uxc.
1024 QAM 27 dB u.c
4 096 QAM 27 dB u.c
(5/6,9/10)

Interfefence by 3'd order intermodulation product‘fer OFDM, 64 QAM and 256 QAM bro
shall be below the mask of Figure 22, Figure 24 and Figure 25, respectively.

signal

Level difference between signal and
interfered signal (dB)

3 4 5

—=3,Z

3.2

Frequency difference between signal and interfered signal (MHz)

IEC

Figure 22 — Signal level difference with 3'd order interference signal (ISDB-T)

adcast
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lgure 23 — Level difference between signal and reflected (echo) signal (ISDB-[I)
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Fe.24 — Signal level difference with 3" order interference signal (ISDB-C 64 QAM)
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10

interfered signal (dB)

Level diffefence between signal and

-3,3 33
Frequency difference between signal and interference sjgnal (MHz)

IEC

Figurle 25 — Signal level difference with 374 order interférence signal (ISDB-C 256 QAM)
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Figure 26 — Level difference between signal and reflected (echo) signal
(ISDB-C 64 QAM, ISDB-C2 256 QAM to 4 096 QAM)
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Figure 27 — Level difference between signal and reflected/echo) signal
(ISDB-C 256 QAM)

Crosstalk due to optical fibre non-linearity

ybrid WDM transmission system in which broadcasb signals and telecommun
are both incorporated, crosstalk between the two signals due to optical fibr
y shall be taken into consideration. As described-/in Clause C.2, important para
Cal crosstalk are stimulated Raman scattering(SRS), self-phase modulation (SPM
pbhase modulation (XPM). Among these pafameters, SRS-induced crosstalk is do
is difficult to reduce interference based on the Raman effect (change of

nm). XPM is not dominant in the .¢Gase of this kind of wavelength spacing. S

ower is decreased.

ering the above features'of crosstalk, the following points shall be maintaine

cation
B non-
neters
), and
minant
pptical

ngth) and the fixed wavelength spacing between the two signals (1 550 nin and

PM is
en the

1l as a

minimém guideline for reducing)SRS-induced crosstalk caused by optical fibre non-linedrity.

e O
e O
e O

mddulation-index shall be in accordance with the description in IEC TR 60728-6-1.

e Ranhdomization of telecommunication signal pattern: recommended.

NOTE

ical level of telecommunication signal at trunk line fibre input: less than 0 dB(mW|
ical level of broadcast signal at trunk line fibre input: less than 18 dB(mW).

ical modulation index of broadcast signal: more than 3 %/signal; the total

Anfiex C contains additional descriptions of SRS.

).

pptical

NOTE 2 Refer to Clause A.4 for the description of the optical modulation index and the number of combinations of

digital s

7.11

ignals.

Interference due to intermodulation noise caused by fibre non-linearity

Interference level due to intermodulation noise caused by fibre non-linearity shall meet the
values shown in Table 15. All the parameters of optical broadcast transmission systems shall
be set appropriately to satisfy the interference level. The measurement point shall be point (6)

shown

in Figure 3.
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Table 15 — Interference level due to fibre non-linearity

System Modulation Sub-carrier D/U ratio
(code rate) dB

ISDB-T OFDM 64 QAM More than 35
ISDB-C 64 QAM — More than 26
(J.83) 256 QAM — More than 34
ISDB-C2 OFDM 256 QAM More than 33
(J3.382) 1024 QAM More than 39

4 096 QAM(4/5) More than 39

4 096 QAM(5/6) More than 40

7.12 |[Environmental conditions

Equipment used for FTTH systems shall meet the environmental condjtion requiremgnts of

Table [16.

Table 16 — Environmental conditions

Optical Tx EDFA V-ONU V-ONU

(In-house) (In-house) (In-house) (Outdoor)
Tempgrature (°C) 0 to +40 0 to +40 0 to +40 -20 to +40/ 2P
Humidity (%) 20 to 90 20 to 90 20 to 90 20 to 10p

2 To

b Exfept the rising temperature due to solar radiation.

be applied in normal climate conditions in .éxtra-tropical zones, not in extremely cold and hot
temperatures. Refer to IEC 60068-1 and ETSI 3000019-1-4 when used in other climate conditions.
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Annex A
(informative)

Actual service systems and design considerations

General

This annex describes actual service system and design consideration based on the

specifi

Many
for dig
annex
Servics

A.2

A.2.1

This model has in total 112 digital signals (6 MHz bandwidth)‘ever the 90 MHz to 77

cable
QAM 4

cation described in this document.

CATV operators currently provide multi-channel services and re-transmission¢sgrvices

ital broadcasting. Since the actual number of signals in CATV network Natie

bs over an optical network.

Multi-channel service system

General

system, comprising 12 signals for ISDB-T, 56 signals,for 64 QAM, 20 signals f
nd 24 signals for 4 096 QAM (OFDM, 4/5).

5, this

describes a reference model for the multi-channel services and reftransnpission

D MHz
br 256

The system size of CATV multi-channel services is\mostly from 1 500 to 340 000 terminals,
the transmission line length is up to 20 km, and 4cstages of EDFA are provided for one jmillion
terminpls. For a few thousand terminal systems,;only, the line length can be extended up to
40 km| with up to three stages of EDFA. in.'the optical network system, the relatipnship
betwee¢n transmission distance and the number of branches is in inverse proportion.| If the
numbdgr of branches is reduced, the optical line is extendable up to 40 km, and one million or
more $ubscriber terminals become available by stacking splitters. Figure A.1 and Figure A.2
show the examples of the multi-channel service system of one million terminals, and of
2 000 ferminals, respectively.
Signal
source | e 32 splits 32 splits 32 splits 32 splits User premises
Optical
l ’_’: fibre VEJEU

EDFA EDFA EDFA EDFA
A

‘ )

Optical transmission line, 20 km

IEC

Figure A.1 — Example of a multi-channel service system of one million terminals
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Signal
source

HIE 16 splits 16
E , e E
0—/./’0 — D n D
EDFA EDFA

— 590 —

splits 8 splits User premises
Optical
f]bre |_': V-ONU
= 2
n D | @ ‘H ; 3{— TV
EDFA

Optical transmission line, 40 km

Figure A.2 — Example of a multi-channel service system of 2 000 terminals

IEC

A.2.2 Operating conditions
Table |A.1 shows the operating condition for the multi-channel service system with its fypical
optical modulation index. The optical system uses the external intensity miodulation method.
Table A.1 — Operating conditions of a multi-channel service system
. Modulation . Typical optical modulation
Servicg model method System Number of signals index (m,)/signal
Multi-cjannel |External 112 signals in total Total modulation indgx:
service|system |intensity . \ 0
model modulation Composed of the following\signals Less than 30 %
ISDB-T 12 signals, OFDM 2,5 %
ISDB-C 56 signals, 64 QAM 2,5 %
ISDB-C 20 signals, 256 QAM 5,0%
ISDB-C2 |24 signals;"4' 096 QAM (OFDM, 4/5) 4,75%
In the |case of 4 096 QAM (OFDM)-signal transmission, the optical modulation index ajnd the

numbdg
Refer

A.2.3

The of
as hed
be ins

Operating _environment

foIIowiFg range should be applied.

r of signals shall be carefully chosen in order to avoid optical clipping effects.

o Annex F for a brief.description on the origin of distortion due to clipping effects

tical transmitters and optical amplifiers are assumed to be installed in an office b
1|dend_equipment with the following environmental conditions. V-ONUs are assu
falled jindoors or outdoors, for instance, under eaves. Unless otherwise specifig

bilding
ned to
d, the

(1) Op
(2) Op

tical transmitter
Ambient temperature
Humidity

tical amplifier
Ambient temperature

Humidity

(3) V-ONU

Ambient temperature

0 °Cto +40 °C
20 % to 90 %

0 °Cto +40 °C
20 % to 90 %

-20 °C to +40 °C

1 Except rising temperatures due to solar radiation.

without dew condensationl

without dew condensationl

(outdoor installation)
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e Ambient temperature 0 °Cto +40 °C (indoor installation)

e Humidity 20 % to 100 % without dew condensationl

For optical safety, refer to IEC 60825-1 and IEC 60825-2 in addition to the relevant clauses of
this document.

A.3 Re-transmission service system

A.3.1 General

The re= digital
broadgast signals. Twelve OFDM digital signals are assumed for the re-transmissionjservice.
In gengral, it has a transmission line of about 2 km with one EDFA. Figure A.3 and-Figyre A.4
show g¢xamples of system configurations for 72 terminals and 144 terminals, respectively.
Signgl
source
H/E 24 splits 3 splits User premiseg
Optical
fibre V-ONU
E D& PR 0
— n " TV
© 0 - \Z) : E
EDFA
’ )
Optical transmission lige, 2 km
IEC
Figure A.3 — Example of re-trapsmission service system of 72 terminals
Signal
sourc:
H/IE 48 splits, 3 splits User premises|
Optical
fibre V-ONU
E D’i e\ o
& ol e @ e E TV
EDFA
Optical transmission line, 2 km
IEC

Figure A.4 — Example of re-transmission service system of 144 terminals

A.3.2 Operating conditions

Table A.2 shows the model of operating conditions for the re-transmission service system with
its typical optical modulation index. The optical system uses the direct intensity modulation
method.
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Table A.2 — Operating conditions of re-transmission service system

Service model System Number of signals | Modulation method Typical optical
modulation index
(m,)/signal
Re-transmission ISDB-T 12 signals (Terrestrial |Direct intensity 6,4 %
service system OFDM) modulation
A.3.3 Operating environment

The optical transmitter and optical amplifier are assumed to be installed in an office building

be insfalled indoors or outdoors, for instance, under eaves. Unless otherwise specifigd, the

followi

(1) Optical transmitter

(2) Optical amplifier

e |Ambient temperature -20 °C to +40 °C
e |Humidity 20 % to 90 % without dew condensation?
(3) V-ONU
e |Ambient temperature -20 °C to +40 °C (outdoor installation)
e |Ambient temperature 0 °Cto +40 °C (indoor installation)
e |[Humidity 20 % to 100.% without dew condensation?
A.4 |S/N ratio calculation of opticalnetwork
In the| case of optical intensity.modulation, the S/N ratio of an optical network ¢

calculated as follows.

(1) RIN degradation by optical amplifier

(A.

g ranges should be met.

Ambient temperature -20 °C to +40 °C

Humidity 20 % to 90 % without dew condghnsdtion?2

as heT:Iend equipment, with the following environmental conditions. V-ONUs are suppdsed to

an be

RIN degradation by multi-stage connection of the optical amplifiers is given by Formula
1):
2-E-10NW/10 RINj,/10
RINgy, =101g Zk: oA +10R!Nin (A.1)
ere

wh

RIN;, is the RIN at input of the first optical amplifier, expressed in dB(Hz™1);

RIN

E
NF
Py

out IS the RIN at input of the k-th optical amplifier, expressed in dB(Hz™1);
is the photon energy (in case of A =1 555 nm, E = 1,278 x 10716 [mJ]);
K is the noise figure of the k-th optical amplifier, expressed in dB;
is the optical input power of the k-th optical amplifier, expressed in dB(mW).

(2) S/N ratio in the case of intensity modulation system

2 Except rising temperatures due to solar radiation.
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1 2
S/N=101g| — 7 (M RR)
N RIN:(R-B)*+2-e(lgo+R-R)+13,

[dB]

is the noise bandwidth (64 QAM, 256 QAM: 5,3x106 Hz);

OMI, s the optical modulation index of the k-th carrier;

is the optical-electrical conversion efficiency of an optical receiver device;
is the input optical power, expressed in W;

(A.2)

The to
as sha

where
K
OMI,

Since
it is ge

A.5

Table
transn
Figure

{ is the relative intensity noise of optical input signal, expressed in 1/VHz ;
is the charge of an electron (1,602 x 10719 C);
is the dark current of the optical receiver device, expressed in A;
is the equivalent input noise current density of an optical receiver, expresse

Al\Hz .

tal optical modulation index OMIy;, depends on the optiCal modulation indexes

wn in Formula (A.3):
K
OMly = D" mg
k=1

is the number of electrical channels;
is the optical modulation index of.the k-th carrier.
the total optical modulation indeX affects the distortion characteristic of the total g

nerally desirable to be 30 %tor less in case of an external intensity modulation sy

System reference model

A.3 summarizes the basic system parameters verified for multi-channel a
ission service 'systems. Examples of reference models are shown in Figure A
A.6.

d in

OMI,

(A.3)

ystem,
stem.

hd re-
5 and



https://iecnorm.com/api/?name=379a1f697e4d89b0dde1a35225a0f57c

IEC 60728-113:2018 © |IEC 2018

— 63 —

Table A.3 — Basic system parameters for multi-channel
and re-transmission service systems

Ref. Broadcast Number of signals Optical
model service Number of modulation
No. terminals : index Remark
System Type of modulation Total
%l/signal
Model 1  |Multi-channel | 1000000 |[ISDB-T OFDM 68 | 112 1,5 See
service Figure A5
ISDB-C 64 QAM 1,5
ISDB-C 256 QAM 20 3,0
ISDR-C2 | OFDM(4 096 QAM) | 24 47
Model 2 000 ISDB-T OFDM 68 | 112 1,5 =
ISDB-C 64 QAM 1,5
ISDB-C 256 QAM 20 3/0
ISDB-C2 |OFDM(4 096 QAM) | 24 4,7
Model 8 |Re- 72 ISDB-T OFDM 12 12 6,4 -
transmission
Model 4 |service 144 ISDB-T OFDM 12 12 6,4 Sed
Figlire A6
The parameters used for calculation of system performance‘are as follows:
(1) Mdlti-channel service system
e [Connection loss at connector 0,5 dB/point
e |Fibre loss including splicing loss 0,35 dB/km
e [V-ONU equivalent input noise current density (leq) 10 pA/+vHz
e |V-ONU receiving device dark current (lqg) 1,3 nA
e |V-ONU optical-electrical conversion efficiency (R) 0,84 A/W
(2) Reftransmission service systéem
e |Connection loss at cannéctor 0,5 dB/point
e |Fibre loss including'splicing loss 0,35 dB/km
e |V-ONU equiyalent input noise current density (leq) 8,3 pA/+Hz
e |V-ONU receiving device dark current (lgg) 1,0 nA
e |V-ONU. optical-electrical conversion efficiency (R) 0,9 A/W
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Figure A.5 — Model 1 system performance calculation
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Figure A.6 — Model 4 system performance calculation

Hints for actual operation

A.6

Optimum operation

A.6.1

This clause describes neither a system performance nor device parameters, but the systems
shall be optimized with the number of transmit channels, modulation indexes as long as they

satisfy the permissible ranges of RIN, NF, S/N ratio and the interferences described in this
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document. Combined operation can be allowed with different modulated signals that have own
modulation indexes, if the system performance is well maintained.

A.6.2

Key issues to be specified

The key issues with respect to the design of an optical system and the operating conditions

are as

follows.

a) Optical wavelength

Although the wavelength range of 1530 nm to 1625 nm is generally used, many
commercially available systems use wavelengths between 1 540 nm and 1 560 nm. This

ba

d (i e 1540 nmto 1560 nm) is chosen to limitthe npnrnfing wn\/nlpngth Nevert

eless,

wit
b) Og

h the progress of WDM technology the usage of wavelengths can vary.
tical modulation system

In
tru
tra
of

utilized.

c) Op

systems for re-transmission service direct intensity modulation is used ‘due to its
hk line length. For multi-channel service systems usually external intensity mod
hsmitters are employed in order to bridge long spans (up to approx;40 km). In th
short spans in a multi-channel service system, direct intensity /madulation can 3

tical modulation index

Prgsent optical transmitters in the market have the functionte adjust the modulatior

au
A.6
the

d) Dig

omatically according to the number of signals by its;AGC function. As mentio
.1, the operation with other adequate modulationlindexes can be allowed as Iq
system performance is reached.

tortion performance

Sir
an
tra
op
int
dis|
e) Vv

ce it is difficult to describe system performance separately for the optical tran
j the V-ONU, it is recommended to specify the performance with a pair of

nsmitters and V-ONUs. The distortion, performance of the optical system can cha
ical characteristics in actual operation. This factor is especially significant when
bnsity modulation is used in al\re-transmission system. Careful selection of
tortion parameter is required fanactual optical system design.

DNU optical input level

Th
do
be
Wit

f)y AQ

s specification does hot' limit the operation beyond parameters described
cument. It specifiesqthe minimum range of specification. Hence, this specificati
used as a guideline’ of system design. The specified optical input level is as
hout WDM filters)-the loss shall be compensated if it has WDM filters.

C function oft\V-ONU

V-

DNUs withCAGC function detect the optical input level and control the electric

Su

to keep the output level within the fixed range even if the optical input level of
vallies;

of thesoutput signal. This document does not specify this type of control, but re

short
Lilation
b case
Iso be

index
hed in
ng as

smitter
pptical
nge its
direct

each

n this
n can
sumed

power
quires
-ONU

g) S/N ratio (SNR)

The S/N ratio in CATV networks generally shows the lowest value at the optical input of a
V-ONU. It is possible to increase the input optical level to some extent to meet higher S/N
ratio requirement.
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Annex B
(informative)

BER extrapolation method

This annex describes the extrapolation method of BER measurement. Unless the error
correction can be turned off, mostly like LDPC error correction, it will generally take a very
long time to measure low error conditions such as BER = 10711 and the obtained data will
fluctuate. In such a case, the extrapolation method can be applied as depicted in Figure B.1.

@ Measured value
2
1071 @ Measured point where BER becomes nearly zero
107
101
td 5
w10 SINpy
-6
1071 P SINe,
107 -
8 i
1071 ’ S/Npg
10° . '
1 Extrapolation
10710 .
10 @ S/Npg “>Expected S/N [dB]

S/N [dB]
IEC

Figure B.1 — Extrapolation method of BER measurement

Expected S/N by extrapolation method

1) Gdt measured valués)for P1(S/N) 1, P2(S/N) , and P3(S/N) 5
2) Determine averaged slope between P1 and P2, between P2 and P3
3) Find P4(S/IN),where the line from BER=10"11 intercepts with the extrapolated Curve

The expected-S/N at P4, (S/N), can be expressed as follows

. Ig(10~**) —1g(BER3)
Ig(BER,) ~Ig(BERy)  19(BERs) ~Ig(BER,)
(S/N);—(S/N); (S/N)3=(S/N);

(S/N), =2

+(S/N)3

Where S/N and BER at P1, P2, P3 and P4 are ((S/N);, BERy), ((S/N),, BER,), ((S/N)3, BER>),

((S/N)4, BER,) respectively.

The obtained BER characteristics for 256 QAM, 1 024 QAM and 4 096 QAM signals by this
method are shown in Figure B.2. The dotted line shows the extrapolation.
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Annex C
(informative)

Optical system degradations

C.1 System degradation factors

The transmission quality of digital signals in telecommunication can be evaluated by BER.
However, in the case of broadcast signals that contain a mixture of analogue and digital
S|gnals the performance evaluation can include S/N ratio, BER, MER, signal distortion and

With Jideo transmission, the optical reflection over transmission line should, be spedifically
considered as a keen degradation factor. Relative intensity noise (RIN) is used| as a
paramgter for the noise property of optical signals. Although RIN originally’describes the time
fluctugtions of laser power, it can also represent the noise caused by-optical reflectiond| in the
systenp. Figure C.1 shows a transmission line with two reflectioh” points. A beat |arises
between the twice-reflected light (delayed signal) and direct signal (original signal), repulting
in noise.

Reflection (R : Factor)

i & l PD
] Original
Delayed
IEC

Figure €.1 — Reflection model

When [the laser diode (LD) is directly modulated by the multi-channel signal, the additional
RIN cgn be calculated as follows:

2aR1R2 fz
RIN, o = ————2 - exp| ——— (C.1)
ref(f) \/ﬁ p[ 40%]

where

Ry, Ry| isthe reflective index for the first and the second reflection point;

a is the optical loss between the two reflection points;

of is the optical frequency shift of the laser diode.

On a transmission line, reflection can occur at any point of the fibre connection or connector.
For example, if in the observing point oy is set to 1,3 GHz, o to 5 dB, R; and R, to 40 dB each
(in the case of normal polished Grade 2 Connectors of IEC 61755-1, the RIN obtained at
f = 100 MHz will be =175 dB(Hz™1). If R, and R, are 20 dB (in case of PC polish), the RIN will
be -135 dB(Hz™1). Therefore, in this case, the system will be deteriorated significantly.
Generally, since RIN of an optical laser is about -160 dB(Hz™1), the former Grade 2
Connectors of IEC 61755-1 polish case will cause no significant interference, while the latter
PC polish case will affect the system performance. Therefore, in the case of CATV, Grade 2
Connectors of IEC 61755-1 are recommended, and it is better to use an angled-PC polish
type having a reflection loss of 60 dB or more.
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C.2 Non-linear degradation

c.2.1 Degradation factors

Various degradation factors over an optical transmission system are shown in Figure C.2.
Important parameters are stimulated Brillouin scattering (SBS), stimulated Raman scattering
(SRS), self-phase modulation (SPM), cross-phase modulation (XPM). These types of
degradation are caused by a high-level optical power input into optical fibres. It is not enough
to specify these parameters only for the optical transmitter or the optical receiver. As a total
cable system, it is necessary to design complete systems with the appropriate optical power
level, as described in Annex A.

E/O Transmission Line O/E
Drile Optical Optical

o LD connector connector
°'|“ uit Optical Fibre ZEPD

~RIN. Reflect
(Dispersion) noise

RIN at LD Reflect \ RIN .
N — noise SBS (Rayleigh) Shot noise
Distortion | | | [J N Feeeiootili b S T | b
Thermgl atLD SRS Distortion Distoftion Distortion Distiortion
noisq (Rayleigh) ||(Djspersion) at PD at Amp
Distortjon SPM
at Anp
XPM

IEC
Figure C.2 — Degradation factors of optical transmission system

c.2.2 Stimulated Brillouin.s€attering (SBS)

SBS ig a scattering effect of silica fibre due to its non-linear characteristics and caused by an
excesgive optical input_ pawer over some threshold. In this case, transmitted light cannot
reach the receiving side_but returns to the sending side. Figure C.3 shows an SBS geng¢ration
image| In order to expand the threshold level range, a relaxing method of energy dernsity is
used by applyingsfrequency modulation or phase modulation to the optical source |of the
transnitter. Curtently a +20 dB(mW) power class is available as a maximum.

Distance

\
Y

LD PD

A
A

IEC

Figure C.3 — SBS generation image
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