IEC 60728-13:2010(E)

IEC 60728-13

Edition 1.0 2010-01

INTERNATIONAL
STANDARD

Q
2
%’0
N
Q)’ colour
(l/ inside
S
&
&

Cablg networks for television signals, sound@uals and interactive servjces —
Part 13: Optical systems for broadcast sig@l ransmissions

0‘\



https://iecnorm.com/api/?name=6ee70526cd77290c75d8d8119b03db79

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2010 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: wvw.iec.ch

About the IEC

The Intefnational Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
Internatignal Standards for all electrical, electronic and related technologies.

About |EC publications

The techpical content of IEC publications is kept under constant review by the IEC. Rlease make sure that youlhave the
latest edifion, a corrigenda or an amendment might have been published.

= Catalogue of IEC publications: www.iec.ch/searchpub
The IEC pn-line Catalogue enables you to search by a variety of criteria (refereice number, text, technical comnittee,...).
It also giyes information on projects, withdrawn and replaced publications.

= |EC Jupt Published: www.iec.ch/online _news/justpub
Stay up tp date on all new IEC publications. Just Published details twice @ month all new publications released. |Available
on-line and also by email.

" Electrgpedia: www.electropedia.org
The world's leading online dictionary of electronic and electrical,terms containing more than 20 000 terms and definitions
in English and French, with equivalent terms in additional‘languages. Also known as the International Electrgtechnical
Vocabulgry online.

= Customper Service Centre: www.iec.ch/webstore/cusiserv
If you wigh to give us your feedback on this publication or need further assistance, please visit the Customelr Service
Centre FAQ or contact us:
Email: csg@iec.ch

Tel.: +41|22 919 02 11
Fax: +41]22 919 03 00



mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
https://iecnorm.com/api/?name=6ee70526cd77290c75d8d8119b03db79

IEC

IEC 60728-13

INTERNATIONAL
STANDARD

Edition 1.0 2010-01

N
Q
v
N
Q), poloéJr
/\(1/ Insiae
@Q
Q/C)
N\
A\
Cable networks for television signals, soundg aIs and interactive servjces —
Part 13: Optical systems for broadcast sg\@l ransmissions
\?@
o
Q\
xO
&
N

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

PRICE CODE XB

ICS 33.160.01; 33.180.01

® Registered trademark of the International Electrotechnical Commission

ISBN 978-2-88910-264-8


https://iecnorm.com/api/?name=6ee70526cd77290c75d8d8119b03db79

-2- 60728-13 © IEC:2010(E)

CONTENTS

FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 5
INTRODUGCTION ... e ettt e e e e et e e e e e e e et e et e et e eaaeennes 7
S o oY o = Y 8
2 NOMMAtIVE FEIEIENCES .. .ot e 8
3 Terms, definitions, symbols and abbreviations..............o 9
3.1 Terms and definitioNs ..o e 9

3.2 SYMIDOIS Lot 15

3.3 ADDTEVIAMONS .o e 16

4 Optical system reference model............ccooiiiiiiiiiii T 17
5 Prgparation of measurement . ... ..o 19
5.1 Environmental conditions .........cooooiiiiiiiiii N T 19
5.1.1 Standard measurement conditions.............ccooevviivn 8 19

5.1.2 Temperature and humidity ..........ccooooiiini O M 20

5.1.3 Setting up the measuring setup and system under test......................}...... 20

514 AGC operation.......ccooeiiiiiiiiiiiiiiiiiie e LA e 20

5.1.5 Impedance matching between pieces of equipment ............c.ccooceeii i fnnns 20

5.1.6 Standard operating condition ................€a o 20

5.1.7 Standard signal and measuring equipment .........c..ocooiiiiiiinin e 20

5.2 Accuracy of measuring equUipmMeNt........... 8. i 21

5.3  SOUIMCE POWET .o e 21

6 Mefthods of measurement ........ooovii O e 21
6.1 Measuring points and items ... a8t 21
6.1.1  General ..o A e e 21

6.1.2 Measuring points ..l e 21

6.1.3 Measured paramelers.......ccoviiiiii e 21

6.2  Optical POWET ..o e e 22
B.2.1  GENEIAI e it e 22

6.2.2 MeasUurifig SEIUP ..ot 22

6.2.3 Meadsuring method ..o 23

6.2.4 _Precaution for measurement...........cooiiiiiiiiiii e 23
6.2.5\Presentation of the results...........co i 24

6.3 Cafrrier level and carrier-to-noise ratio ..........ccooeeiieiiiiiiiiii 24
B,3.1  GeNEIAl cocuiiiii e 24

632 rV‘Ib'dbulillg bctup ........................................................................................ 24

6.3.3 Measuring CONAItiONS ... ... 24

6.3.4 Measuring method for analogue signals (AM-VSB) ........cccociiiiiiiiininnn, 24

6.3.5 Measuring method for digitally modulated signals (64 QAM, OFDM).......... 25

6.3.6 Precautions for measurement ... 25

6.3.7 Presentation of the results...........oo 25

6.4 Carrier-to-noise ratio defined by optical signal...............ccoooiiiii 25
B.4.1  GENEIAl i 25

B6.4.2 MeasUING SEIUP . ouitii i e 26

6.4.3 Measuring CONAItiONS ... ...t 27

6.4.4 System RIN measuring method............ooooiiiiii 27

6.4.5 C/N calculation based on RIN value...........coooiiiiiii e 29

6.4.6 Component RIN calculation ...........ccooiiiiiiiiii e 29


https://iecnorm.com/api/?name=6ee70526cd77290c75d8d8119b03db79

60728-13 © IEC:2010(E) -3-

6.5 Optical modulation INAEX ... 31
6.6 Carrier-to-crosstalk ratio (CCR) ........oiviiiiiiii e 31
B.6.1  GONEIAI coeuiit e 31
B.6.2  EQUIPMENT oo e 31
6.6.3 General MeasurEmMeNts .. .....oiiiiiii i 32
B.6.4  PrOCEAUME. ... e 32
6.6.5 Potential SOUIrCes Of EITOr ......ccuiiiiii i 33
6.6.6 Presentation of the results...........o 33
7 Specification of optical system for broadcast signal transmission ................................ 33
7.1 Analogue and digital broadcast system over optical network ....................ocoeoeinil. 33
7.2 International TV systems .......cooiiiiiiiii e 34
7.3 Relationship between RIN and C/N...........ccccooiiiiiiiiiiiiiiniieiei N 35
7.4 Optical wavelength ... e L 36
7.5 Frequency of source signal .........coooiiiiiiiiiiii e e e 36
7.6 Optical system specification for broadcast signal transmission £ 7................}...... 36
7.7 C/N ratio specification for in-house and in-building wirings ..y %o b, 37
7.8 Crosstalk due to optical fibre non-linearity ............co.ooo Do b 39
7.9 Single frequency interference level due to fibre non-lingarity ......................... ). 40
7.110 Environmental conditions ..o e 40
Annex A (informative) Actual service systems and designiconsiderations ....................f...... 41
Annex B (informative) Optical system overview......... 84 b 56
Annex [C (informative) Optical system degradations .. .......ocoovviiiiiiiiieeeee e, 60
Annex P (normative) Measurement of parametets (R, /ly, leq and G) required for RIN
CalCUIAbION «.oe e e 66
BibliOgIaphy . .co i i e e 68
Figure I — Optical system reference.model for one-fibre solution ........................o e, 18
Figure P — Optical system reference model for two-fibres solution...............coooo o f 18
Figure B — Example of PON tripleXer. ... 19
Figure # — Performance(Specified points of the optical system .................cocoi . 19
Figure p — Typical optieal video distribution system.............cccooiiiiiiii 21
Figure p — Measurement of optical power using a WDM coupler ........c.ocooiiiiiiiiiinn e, 23
Figure | — Measurement of optical power using a wavelength filter.....................c f 23
Figure B - Arrangement of test equipment for carrier-to-noise ratio measurement.........|...... 24
Figure D ~ l\/lnsmnring pninfe inthe np’rirnl cable T pnetwork - oo i 26
Figure 10 — RIN Measurement SEIUD . ..i.iiiiiii e e e e e e aeanas 27
Figure 11 — Arrangement of test equipment for measuring other services crosstalk............... 32
Figure 12 — Performance allocation and measuring points ...........ccccceeiiiiiiiiiii e, 33
Figure 13 — Section of C/N ratio specification (45 dB) for in-house wiring (specified for
ElECHIICAl SIGNAIS) . eu it 38
Figure 14 — Section of C/N ratio specification for in-house wiring (specified for optical
][ [ E=T £ PP 39
Figure A.1 — Example of a multi-channel service system of one million terminals................... 41
Figure A.2 — Example of a multi-channel service system of 2 000 terminals.......................... 42
Figure A.3 — Example of re-transmission service system of 72 terminals............................... 43

Figure A.4 — Example of re-transmission service system of 144 terminals...............c...co.c. 43


https://iecnorm.com/api/?name=6ee70526cd77290c75d8d8119b03db79

-4 - 60728-13 © IEC:2010(E)

Figure A.5 — Model No.1 of a system performance calculation ............c..cooiiiiii s 47
Figure A.6 — Model No.2 of a system performance calculation ..................cooiiiiiiiiiiieen, 48
Figure A.7 — Model No.3 a of system performance calculation ..................cocooiiiiiiiii e, 49
Figure A.8 — Model No.4 of a system performance calculation ............c..cooiiiiis 50
Figure A.9 — Model No.5 of a system performance calculation ............c..cooiiiii s 51
Figure A.10 — Model No.6 of a system performance calculation .................ccccoiiiiiiiinn. 52
Figure A.11 — Model No.7 of system performance calculation ..................cocoiiiiiiin e, 53
Figure B.1 — Topology of optical System ... 56
Figure B.2 — NetWork COMPOSITION. . ottt e ettt ettt et et e et aeetaeeeaaennaas 57
Figure B.3 — Example of SS system .......ccccoiiiiiiiiie SO 58
Figure B.4 — Example of ADS system.......cccoiiiiiiiiiiii e 58
Figure B.5 — Example of PON system ........ccooiiiiiii e e 59
Figure C.1 — Reflection model.........coooooiiiii S 60
Figure [C.2 — Degradation factors of optical transmission system.........e.\ . 61
Figure [C.3 — SBS generation image ........coooiiiiiiiiiii e St e e 61
Figure [C.4 — Interference between two wavelengths ...........co. . 8 fs 63
Figure [C.5 — Simulation of SRS(OLT transmission power versus D/U) ........cc.ccoeeeveenn s 63
Figure [C.6 — Simulation of SRS (D/U in arbitrary unit versus fibre length).....................}...... 64
Figure [C.7 — Fibre length of the first peak of SRS D/U Versus frequency............ccoeeeei . 64
Figure [C.8 — GE-PON idle pattern spectrum (IEEE:802.3ah 1000Base-PX) (62,5 MHz =

1 250 MbPS/20 Dit) ..oeeeiieiiieiiii e e e e e 65
Figure P.1 — Measurement of gain (G) .........o. i 67
Table 1 — Level of RF Signals. ... 12
Table 4 — Measuring iNStruments o, oo 20
Table J — Measuring points and measured parameters ..........cocoeeeeiiiiiiiiiiieeeeeeeee e, 22
Table 4 — Parameters usedifor the calculation of carrier-to-noise ratio (C/N).................f...... 30
Table § — Minimum C/N(requirements in operation................cooeiiiiiiiiiee 34
Table § — Minimum RFsignal-to-noise ratio requirements in operation..........................|...... 34
Table 1 — Types. Qf-broadcast SErviCes .........ccoviiiiiiiiiii e e, 36
Table § — Type.of service and minimum operational RIN values................ccoooiineic . 36
Table 9 —Optical system specification ..o 37
Table 18—=Sectionof C/Aratio-specificattonforin=housefn=buttdingwirimg—— . ... 38
Table 11 — Interference level due to fibre non-linearity...........c.coooiiiii i, 40
Table 12 — Environmental CoNditioNS ... 40
Table A.1 — Operating conditions of a multi-channel service system ................cocoin. 42
Table A.2 — Operating conditions of re-transmission service system ............cc.coeviiiiiiiinnnnnn. 43
Table A.3 — Basic system parameters for multi-channel and re-transmission service

LS £= ] = .0 K PP 45
Table A.4 — Verified optimum operation ...........coouiiiiiii 54
Table B.1 — PON systems and main parameters .........ccoooiiiiiiiiiiini e 59

Table C.1 — Disturbance parameter of Raman crosstalk..............ooooiiii 62


https://iecnorm.com/api/?name=6ee70526cd77290c75d8d8119b03db79

60728-13 © IEC:2010(E) ~-5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 13: Optical systems for broadcast signal transmissions

FOREWORD

1) Thel
all n
interr
this
Tech
Publi
in th
gove
with
agreq

2) Thef

cons
interg

3) IEC
Com
Publi
misin

4) In or
trans

betw
the 14

5) IEC i
asse
servi

6) All us

7) Noli
mem
other
expe
Publi

8) Atten
indis
9) Atten
pater

Internat

hternational Electrotechnical Commission (IEC) is a worldwide organization for standardizationcg
ptional electrotechnical committees (IEC National Committees). The object of IEC ,is"\{0
ational co-operation on all questions concerning standardization in the electrical and eleetronic f
bnd and in addition to other activities, IEC publishes International Standards, Technical/Speci
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee if
e subject dealt with may participate in this preparatory work. International;ygovernmental 3
nmental organizations liaising with the IEC also participate in this preparation. YEC collaborate
the International Organization for Standardization (ISO) in accordance with ‘conditions detern
ment between the two organizations.

brmal decisions or agreements of IEC on technical matters express, as, nearly as possible, an inte
ensus of opinion on the relevant subjects since each technical ,committee has representation
sted IEC National Committees.

Publications have the form of recommendations for internatiénal use and are accepted by IEC
hittees in that sense. While all reasonable efforts are made )to ensure that the technical conter
Cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

Her to promote international uniformity, IEC National” Committees undertake to apply IEC Pul
barently to the maximum extent possible in théify national and regional publications. Any di
ben any |IEC Publication and the corresponding*qational or regional publication shall be clearly ind
tter.

tself does not provide any attestation ofs€anformity. Independent certification bodies provide c
sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblé
es carried out by independent certification bodies.

ers should ensure that they have-thre latest edition of this publication.

hbility shall attach to IEC or(its\directors, employees, servants or agents including individual exg
bers of its technical committees and IEC National Committees for any personal injury, property da
damage of any nature\\whatsoever, whether direct or indirect, or for costs (including legal f
hses arising out of the“publication, use of, or reliance upon, this IEC Publication or any o
Cations.

ensable for the correct application of this publication.
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Audio, video and multlmedra systems and equrpment

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

FDIS Report on voting
100/1623/FDIS 100/1646/RVD

|onal Standard IEC 60728 13 has been prepared by technlcal area 5: Cable ne

Full information on the voting for the approval of this standard can be found in the report on

voting i

ndicated in the above table.

This publication 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, under the general title Cable networks for
television signals, sound signals and interactive services, can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended

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

The coptents of the corrigendum of August 2010 have been included in this copy.

that if contains colours which are considered to be useful for the clprrect
undergtanding of its contents. Users should therefore print this document using a
colour|printer.

IMPORTANT — The 'colour inside’' logo on the cover page of this publication ind}cates
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INTRODUCTION

Standards of the IEC 60728 series deal with cable networks including equipment and
associated methods of measurement for headend reception, processing and distribution of
television signals, sound signals and their associated data signals and for processing,
interfacing and transmitting all kinds of signals for interactive services using all applicable
transmission media.

This includes

e CATV1-networks;

e MATV-networks and SMAT V-Networks,

e individual receiving networks;

and allkinds of equipment, systems and installations installed in such networks:

The e>1tent of this standardization work is from the antennas and/or,special signal [source
inputs fo the headend or other interface points to the network up to thexterminal input.

The stpndardization of any user terminals (i.e., tuners, recéivers, decoders, mullimedia
termingls, etc.) as well as of any coaxial, balanced and optical cables and accessories [thereof
is exclyded.

1 This word encompasses the HFC (Hybrid Fibre Cable) networks used nowadays to provide telecommunications
services, voice, data, audio and video both broadcast and narrowcast.
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CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

Part 13: Optical systems for broadcast signal transmissions

1 Scope

This part of IEC 60728 is applicable to optical transmission system for broadcast signal
transmission that consists of a head-end equipment, optical transmission lines,cir-house
wirings|and a system outlet. The system is primarily intended for television and spund [signals
using @nalogue and/or digital transmission technology. This standard specifies’ th¢ basic
system| parameters and methods of measurement for optical distribution system having a
system|outlet in order to assess the system performance and its performance limits.

The pufpose of this part of IEC 60728 is to describe the system specification of FTTH (fibre to
the home) network for broadcast signal transmission. This standard(is also applicablg to the
broadcgst signal transmission using telecommunication network)if it satisfies the |optical
portion| of this standard. This standard describes RF transmission for broadcast and
narrowgast (limited area distribution of broadcast) signals over FTTH, and introduceg xPON
system| as a physical layer media. The detailed description of physical layer is out| of the
scope pf this standard. The scope is limited to RF signal transmission over FTTH, fthus, it
does npt include IP transport technologies, such as<IP Multicast and associate prg¢tocols.
Some [nterference descriptions between telecommunication system and broadcast [system
addres$ed in Clause 7 and Annex D should be referred to for detailed explanations. Annex A
describes actual service systems with design:Consideration based on this standard. Annex B
gives @n overview of the optical transmission systems applicable for broadcast| signal
transmission.

2 Naormative references

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

IEC 60068-1:1988 5 Environmental testing — Part 1: General and guidance

IEC 60728-1:2007, Cable networks for television signals, sound signals and interactive
servicels - Part 1: System performance of forward paths

IEC 60728-6:2003, 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 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

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
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IEC 61291-1:2006, Optical amplifiers — Part 1: Generic specification

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

IEC 61930:1998, Fibre optic graphical symbology
IEC 61931:1998, Fibre optic — Terminology

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_.Wwavglength
grid

3 Tefms, definitions, symbols and abbreviations

3.1 Terms and definitions

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

3.11
optical transmitting unit
opticall transmitter

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

[IEC 61931, definition 2.9.6]

NOTE 1| For the purposes of this document, opiical transmitters may have more than one input port dccepting
electrical RF signals.

NOTE 2 | This piece of equipment amplifies frequency multiplexed electrical signals and converts these glectrical
signals ipto optical signals. The opticahkwavelength is a 1 500 nm band (1 550 £ 10 nm in 1 530 nm to | 625 nm
region).

3.1.2
opticall receiving unit
opticall receiver

receivel fibre opticiterminal device accepting at its input port a modulated optical carrier, and
providing at .its)output port the corresponding demodulated electrical signal (wjth the
associgted cloek, if digital)

[IEC 61931/ definition 2.9.7]

NOTE For the purposes of this document, optical receivers may have more than one output port providing
electrical RF signals.

3.1.3

optical amplifier

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

[IEC 61931, definition 2.7.75]

NOTE 1 In this document, Erbium Doped Fibre Amplifier (EDFA) is used for amplification in the 1 550 nm band.

NOTE 2 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.
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fibre optic branching device

optical

fibre coupler

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

NOTE The ports may be connected to fibres, detectors, etc.

[IEC 61

3.1.5

multip
WDM d
wavele
signals
the sig

[IEC 61

3.1.6
optical
optical

total oq

where

@, is th
@, is th
K is thd

931, definition 2.6.21, modified]
exing device
evice
ngth selective branching device (used in WDM transmission systems)qin . which
can be transferred between two predetermined ports, depending on the’wavel¢g
hal
931, definition 2.6.51]
modulation index
modulation index of " RF carrier, m, is defined as
_ ¢h _¢l
, = -
9, ¥,
tical modulation index, M is defined as
K
M= kaz
k=1

e highest and

b lowest instantaneous optical power of the intensity modulated optical signal,
total number of RF carriers and

M is the total opti€al modulation index.

NOTE

This term is mainly used for analogue systems.

[IEC 6(

728-6, definition 3.1.10, modified]

3.1.7

noise figure
decrease of the signal-to-noise ratio (SNR), at the output of an optical detector with unitary
quantum efficiency and zero excess noise, due to the propagation of a shot noise-limited
signal through the optical fibre amplifier, expressed in dB

[IEC 61

291-1, definition 3.2.38]

optical
ngth of

NOTE The noise figure of optical amplifiers depends on the optical input power and on the wavelength used.
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relative intensity noise

RIN

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

NOTE 1

The RIN is usually expressed in dB(Hz ') resulting in negative values.

[IEC 60728-6, definition 3.1.12, modified]

NOTE 2 The value of RIN can also be calculated from the results of a carrier-to-noise measurement for the

system.
3.1.9
responsivity
ratio of|an optical detector’s electrical output to its optical input at a given wavelength
NOTE 1 | The responsivity is generally expressed in Ampere per Watt or Volt per Watt of incident radiant ppwer.
NOTE 2 | Sensitivity is sometimes used as an imprecise synonym for responsivity.
NOTE 3 | The wavelength interval around the given wavelength may be specified.
[IEC 6(4728-6, definition 3.1.15]
3.1.10
wavelength
distancle covered in a period by the wavefront of a harmonic plane wave
NOTE The wavelength A of light in vacuum is given by
c
A=S
A
where
c is[the speed of light in vacuum ¢.=2;997 92 x 10® m/s);
I is|the optical frequency
Although| the wavelength in dielectric material, such as fibres, is shorter than in vacuum, only the wave|ength of
light in vicuum is used.
[IEC 6(728-6, definition 3.1.17, modified]
3.1.11
central wayvelength
the avgrage-of those wavelengths at which the amplitude of a light source reaches or |
to half bf'the maximum amplitude

Tst falls

[IEC 60728-6, definition 3.1.26]

3.1.12
AM-VS

B signal

sideband in which only the spectral components corresponding to the lower frequencies of the

modula

ting signals are preserved, the other components being strongly attenuated

[IEV 702-06-28, modified]

NOTE This is the abbreviation for the vestigial sideband amplitude modulated signal used in the terrestrial
broadcasting and CATV transmission system.
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QAM signal

quadr
QAM

ature amplitude modulation

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

[IEV 702-06-63, modified]
3.1.14
OFDM signal
orthoggmatfrequency divisionm muttiptexing 15 one of the muitiptexing schemes used |for the
transpdrtation of terrestrial digital broadcasting SDTV and HDTV signals
NOTE OFDM is based on the idea of frequency-division multiplexing, where each frequency channel is modulated
with a simpler modulation, and the frequencies and modulation of FDM are arranged to be lerthogonal with each
other, whlich almost eliminates the interference between channels.
3.1.15
RF sighal level definition
level of an RF signal is defined in Table 1; it is expressedsin/microvolt or in dB{uV) or
in dB(mMW)
3.1.16
AM-VSB analogue signals
vision ¢arrier signal level is the RMS value of the vision carrier at the peak of the modulation
envelope (C,s), expressed in dB(uV) and measured across a 75 Q termination or refgrred to
75 Q
NOTE This will correspond, in negative modulation;systems, to the carrier amplitude during synchronizirfg pulses
and, in gositive modulation systems, to that at peak” white level without a chrominance signal, as shown |in ITU-R
Recommilendation BT.470, Figure 1.
3.1.17
FM radlio or FM audio carrierof-a TV signals
level of an FM radio or of an FM audio carrier of a TV signal is the RMS value of the|carrier
expressed in dB(uV) and measured across a 75 Q termination or referred to 75 Q
3.1.18
digitally modulated'signals
level of a digitally modulated signal is given by the RMS power of the signal within the
channg|l bandwidth (Sp rr) and can be expressed in dB(mW) or in dB(uV) referred to 7% Q
NOTE The'evel of an OFDM signal is the average electrical power of the overall signal comprised [of multi-
carriers and is not the individual carrier level of the multi-carrier signal, as shown in Table 1.
Table 1 — Level of RF signals
Signal Level detection Symbol Remarks
AM-VSB RMS value of the carrier at the peak of the

video carrier peak value Crms modulation envelope
Analogue )
TV signal .

FM audio . .
carrier RMS value Cims The carrier level is a constant value.
QAM signal RMS value The value is averaged over a sufficiently long
SD’RF period of time compared to period of the lowest
OFDM signal RMS value frequency used for the modulation.
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3.1.19
carrier-to-noise ratio
C/N
signal-to-noise ratio
Sp,re/N
ratios are given by
CIN (dB) = Crms — Nims (for analogue signals)
Sp,re/N (dB) = Sp rp = Nyms (for digital signals)

where N, is the RMS level of the noise in the equivalent noise bandwidth of the RF channel,
expressed in dB(mW) or in dB(uV) referred to 75 Q

NOTE The level of the analogue modulated carrier or of the RF digitally modulated signal and the tevel of the
noise shiall be expressed in the same units, in dB(mW) or in dB(uV) measured across a 75 termination or
referred fo 75 Q.

3.1.20
D/U rafio
ratio of|desired signal level, D[dB(uV)], to undesired signal level, U[dB(uV)]

NOTE The D/U ratio is generally used for multiple frequency interference as<GSO and CTB, for single ffequency
interferefice as CCR.

3.1.21
single jor multiple frequency interference
besideg the C/N and Spre/N ratios, single or multiple;frequency interference to video sjgnal is
defined as the ratio of desired signal level and undesired signal level

NOTE 1| The ratio of desired signal level, D(dB(nV)),.to undesired signal level, U(dB(uV)) is given by
D/U (dB)|=D - U

NOTE 2 | The desired and the undesired signals can also be expressed both in dB(mW).

3.1.22
optical line terminal
OLT
central| office-terminal equipment that is linked with the Optical Network Unit (ONU) in
customier premises

NOTE OLT usuallyconnects with headend equipment.

3.1.23
optical nétwork unit
ONU
terminal equipment linked with OLT

3.1.24

video-optical network unit

V-ONU

terminal unit that changes the optical signal of a broadcast system into an electric signal

NOTE The term V-ONU is used as the synonym of optical receiver (O/E) in this standard.
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3.1.25

stimulated Brillouin scattering

SBS

non-linear scattering of optical radiation characterized by a frequency shift as for the Raman
scattering, but accompanied by a lower frequency (acoustical) vibration of the medium lattice;
the light is scattered backward with respect to the incident radiation

[IEC 61931, definition 2.1.88]

NOTE 1 In silica fibres the frequency shift is typically around 10 GHz.

NOTE 2 SBS results in loss of optical level and affects the performance of analogue optical system.

NOTE 3 | The frequency shift is characterized by a frequency downshift (that is to a longer wavelengit]) due to
a GHz frgquency acoustical vibration (frequency downshift is 10 or 11 GHz, and gain bandwidth 20 MHZz).

3.1.26
self-phase modulation
SPM
increase of the refractive index of optical fibres due to excessive optical power launched into
the fibre

NOTE 1 | Modulated optical signal induces modulation of refractive index, which " means that the phase ¢f optical
signal varies in time. The nonlinear phase modulation is caused by a device ora system itself, therefore it|is called
self-phage modulation.

NOTE 2 | SPM affect the distortion properties of an analogue optical\{ransmission.

3.1.27
stimulated Raman scattering
SRS
non-lingar scattering of optical radiation chatacterized by a wavelength shift and accompanied
by very high frequency vibration of the médium lattice, strongly enhanced by the presg¢nce of
already| scattered radiation

[IEC 61931, definition 2.1.87]

NOTE 1| In silica fibres the wavelength shift is typically around 100 nm for an exciting radiation with a wgvelength
around 1550 nm.

NOTE 2 | Stimulated Raman scattering can occur in both forward and backward directions and can cause frosstalk
between|optical signals of different wavelengths.

NOTE 3 | Frequency{downshift is about 13 THz and gain bandwidth about 20 GHz.

3.1.28
cross-phase modulation
XPM
caused by the nonlinear refractive index of the fibre material

NOTE 1 XPM has a relationship with the wavelength spacing in an optical transmission system. The more the
spacing increases, the more the XPM value decreases. In such a WDM system having 1 490 nm (communication
signal) and 1 550 nm (broadcast signal) wavelengths, XPM becomes negligibly small compared to SRS due to this
relationship.

NOTE 2 XPM affects the performance of the wavelength division multiplex system.

3.1.29

Rayleigh scattering

light scattering in a medium due to in-homogeneity in material density or composition of that
medium which are small with respect to wavelength

NOTE The scattered power is inversely proportional to the fourth power of the wavelength.
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[IEV 731-03-37] and [IEC 61931, definition 2.1.76]

3.1.30
crosstalk

15—

carrier-to-crosstalk ratio

CCR

level difference of CATV broadcast carrier level and worst case of other services single
frequency crosstalk signal measured at RF output port of optical receiver for CATV broadcast

service
CCR = DCATV - UOtherSerw'ce
where
DcaTv is the nominal level of CATV broadcast signal in dB(pV) at RF odtput |port of

optical CATV broadcast receiver,

Uotherdervice 18 the worst case level of another service’s single frequency crosstalk in|dB(uV)

CCR is|expressed in dB.

3.2 $ymbols

at RF output port of optical CATV broadcast receiver. The yalue of Ugiherskrvice IS
mainly due to the Raman scattering effect.

The following graphical symbols are used in the figures. of this standard. These symbols are

either l|sted in IEC 60617 or based on symbols defined\in IEC 60617.

Optical transmitter Optical amplifier
E based on & [IEC 60617-500127
H [IEC 60617-S01231 and
(2001-07)] IEC 60617-S01239
(2001-07)]
Opticalfibre . Variable attentliator
_@_ [IEC 60617-S01318 r [IEC 60617-S(1245,
(2601-07)] A modified
(2001-07)]
/' Optical receiver Power meter
O based on [IEC 60617-SQ0059,
- [IEC 60617-S00213 @ IEC 60617-S00910
B (2001-07)] (2001-07)]
Electirical specirum Amplifier

analyzer

based on

[IEC 60617-S00059
and

IEC 60617-S00910
(2001-07)]

[IEC 60617-S01239
modified
(2001-07)]
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Ammeter

based on

[IEC 60617-S00059
and

IEC 60617-S00910
(2001-07)]

Coupler
[IEC 60617-S00059
and

60728-13 © IEC:2010(E)

| Photodiode with fibre
—— f pigtail

[IEC 60617-S01327

(2001-07)]

Optical Optical filter

Filter

IEC 6001 /-SUT1T606
(2001-07)]

Optical terminator

IEC 60617-S013182]

NF NF meter
Meter

[IEC 60617-S01389
= < and

Optical splitter
" [3.33.1 of IEC 61930]

Video optical network
V{ONU unit

3.3 Abbreviations

Television set

ADS Active Double Star AGC Automatic Gain Control
AM Amplitude Modulation APC Angled Physical Contact optical
connector
BCH Bose-Chaudhuri-Hocquenghem CATV Community Antenna Television
multiple error correction binary (network)
block.code
CODFM Coded Orthogonal Frequency CCR Carrier-To-Crosstalk ratio
Division Multiplex
C/IN Carrier-to-Noise ratio CPE Customer Premises Equiprent
CSO Composite Second Order CTB Composite Tripie Beat
Cw Continuous Wave
DS Down Stream or Double Star DSF Dispersion Shifted Fibre
D/U Desired to Undesired signal ratio EDFA Erbium-Doped Fibre Amplifier
E/O Optical transmitter (Electrical-to- FM Frequency Modulation
Optical transducer)
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
Union — Telecommunication
sector
LD Laser Diode LDPC

2 |EC 60617-S01318 is for reference only, obsolete since 1996-05.

Low-Density Parity Check (codes)
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MC Media Converter MDU Multiple Dwelling Unit
MER Modulation Error Ratio NF Noise Figure
O/E Optical Receiver (OpticaltTo 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 Error Ratio PON Passive Optical Network
QAM Quadrature Amplitude Modulation QPSK Quaternary Phase Shift Keying
RIN Relative Intensity Noise RBW Resolution Bandwidth
RF Radio Frequency SBS Stimulated Brillouin Scattefing
SDTV Standard Definition Television SDU Single Dwelling Unit
SMF Single Mode Fibre S/N Signal-to-Noise ratio

SPM Self-Phase Modulation
SRS Stimulated Raman Scattering SS Single Star
us Up Stream vBW Video Bandwidth
V-ONU Video Optical Network Unit AM-VSB  AmplitudeModulation-Vesfigial

Side Band

WDM Wavelength Division Multiplexing ~ XPM Cress-Phase Modulation
SW Switch
4 Ogtical system reference model
Figure |1 and Figure 2 show the optical, system reference model for broadcast| signal
transmission. Although numbers of opticalsamplifiers and optical splitters depend on the scale
of the pptical system, or on the numbers of subscribers to be connected, the fundamental
network configuration shall follow the System reference model. In addition the optical lgvels in
operatipn required for the system-are relatively high, and hence, special attention for(human
safety $hall be paid in accordan¢e-with IEC 60825-1, IEC 60825-2 and IEC 60825-12.
Generdlly, there are two solutions for constructing an optical transmission system: omne-fibre
and twp-fibre solutions/@ne-fibre solution is suitable for deployment of both broadcast and
telecommunication setvices cost-effectively using Wave Division Multiplex (WDM) techpology.

However, special attention shall be paid to the selection of the transmission paramg

avoid
suitabl
from

with the ohe-fibre solution.

ters to

utual interference over single optical fibre transmission. The two-fibres sollition is

for segregation of service areas for broadcast and telecommunications and
utual'signal interference. However, the installation cost is not competitive co

is free
mpared
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Figure 1 — Optical system reference model for one-fibre solution
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Figure 2 — Optical system reference model for two-fibres solution
In this $tandard the one-fibre' solution is used as the reference model.

The reference model asrshown in Figure 1 includes the broadcast signal transmission [system
and the telecommunication signal transmission system. A telecommunication | signal
transmission system’ uses both ways of transmission over the optical fibre with different
optical [wavelengths. Both systems are combined by WDM filters at input and outpu{ of the
distrib{ion network as an example. The distribution network must be passive |optical

compoments_such as optical fibore and optical power splitters, considering maintenance and
future pystém expansion. Although the telecommunication signal transmission syst¢m can
transmit any TP datagram fo subscriber premises through TP neiworks, this sysiem is out of
the scope of this standard.

In some cases a one-fibre solution triplexer is used. The schematics of the PON triplexer is
given in Figure 3.
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Schematics of PON Triplexer

1310 nm 1490 nm [7550 nm {ale-seeeees

laser  |=————{pp»| WDM | WDM

Q

pser Data PD CATV PD
iver receiver receiver

IEC 254/09

Figure 3 — Example of PON triplexer

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

e Optjcal crosstalk between the downstream data signal‘ _fransmitted on 1490 nm
wayelength and the CATV downstream signal is generatedtif\the 1 550 nm WDM dpes not
proyide sufficient isolation for the 1 490 nm signal.

e Elegtrical crosstalk between the 1 310 nm data driver‘signal and the 1 550 nm CATV PD
rec:iver input signal due to electromagnetic radiation“in the very compact triplexer housing.
Example: Typical laser driver currents of the 1 310 nm laser are in the order of 10 dB(mA).

Theg input receiver current of one TV signal ‘s in the order of -36 dB(mA), that[means

46 @B lower. In order to have less than -60B crosstalk between the IP transmitfer and

the |CATV receiver signal, the isolation of the IP driver signal respect to the CATV receiver

has|to be greater than 100 dB. This is_quite difficult to achieve in compact housings for a

widge frequency range from about 45 MHz to 1 000 MHz.

Therefgre in some systems, PON diplexers with separate 1 550 nm WDMs are used indtead of
PON triplexers to achieve better.performance for CATV transmission.

The pefformance specifiedpoints of the optical system are described in Figure 4. Somg¢ of the
performpance check pointinithe optical distribution network should be provided in accqrdance
with maintenance poliey-of cable operator.

Opt Tx Opt Amp V-ONU V-ONU System
Out Out In out Outlet

V-ONU

In_-house

L2\ |_|c
@_I-I: E Network ™v

= E I,
LA™
0 >

* Performance Specified Point IEC 2542/09

Figure 4 — Performance specified points of the optical system

5 Preparation of measurement

5.1 Environmental conditions
511 Standard measurement conditions

Unless otherwise specified, all the measurements shall be carried out under the following
standard measurement conditions.
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Temperature and humidity

The ambient temperature and relative humidity shall be in the range of 15 °C to 35 °C and
25 % to 75 %, respectively, see IEC 60068-1, 5.3.1] nevertheless the specification of the
measurement equipment has to be taken into account.

5.1.3

Setting up the measuring setup and system under test

The system under test shall be in the normal operating condition, and all the pieces of
equipment in the system shall be mounted and tuned according to the designed level diagram

prior to

the measurement.

5.1.4

Unless

AGC operation

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

in the

AGC mjode if available.

51.5 Impedance matching between pieces of equipment

Attentign 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 intrgducing
compoments 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 Jnput and output of individual pigces of
equipmient shall be tuned according to the designéd-level diagram before any measurement is
carried|out.

5.1.7 Standard signal and measuringequipment

For melasurement purposes, the standard signals used in the measuring instruments fas well

as in th
the ing
(passiyv

e system under test shall be_set according to the prescribed standard signal fojfmat of
ividual system. The measuring instruments to be used are described in Table 2

e pieces of equipment aré excluded).

Table 2 — Measuring instruments

Name of instrument Usage
Optical [power meter Instrument to measure the power of the optical signal.
Instrument used for quantitative measurement of high
Spectrum analyzer -
frequency signals.
Signal . Instrument used to generate high frequency signals (sine-

waves).

Network analyzera

Instrument used to measure the high frequency performance
of equipments.

curr

NF meter@ Instrument used to measure Noise Figure (NF).
Current meter (Ammeter)2 Instrument used to measure electrical current.
Optical receiver unit used to convert an optical video signal
V-ONU - :
to an electrical signal.
a If the RIN calculation parameters of ONU, responsivity (R), dark current (/,,) and equivalent noise

ent density (leq) are known beforehand, these instruments are not necessary.
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5.2 Accuracy of measuring equipment

All the devices and instruments used for the measurement shall be accurately calibrated. The
standard sources used for calibration shall be calibrated within 6 months before the day of
measurement.

5.3 Source power

The supply voltage and frequency for the measuring instruments and the equipment of the
under test shall be obtained from the corresponding instrument/equipment
specifications.

system

6 Me

thods of measurement

6.1 Measuring points and items

6.1.1

General

This claduse describes methods of measurement specifically designedfer FTTH system

The me

is ranging from the output terminal of the optical transmitter ta, the system outlet.

6.1.2
It is red
points
shall b

section
points

6.1.3
The fol
a) Opt

The op
Figure

Measuring points
uired to measure the optical power at points:(4)'to (5), and the electrical signal
6) and (7) of Figure 5 to assure the total system performance. Points (5), (6)
e measured to guarantee the system _performance at the end point of the

and at the interface point to the customer premises. RIN should be meas
1) to (5) and C/N (electrical signal) dt*points (6) and (7).

Measured parameters
owing measurements hayveé._to be carried out.
cal power

tical power shall be measured at points (1) to (5) in the optical system sh
5.

asurement points described in this standard are limited4o“the part of the systgm, that

evel at
and (7)
optical
ired at

own in

Optical Optical '
Transmitter Amplifier

r
O Optcar
' Power Splitter

E

m

l System
Outlet

Jo{ 1@ »

b) Car

m: (¢} _| In-house
@- Network

.............................

(1) Transmitter (2) EDFA (6) V-ONU (7) System
Output Output (3) Splitter Output Outlet
Output (4) Tap-off
Output

IEC 2543/09

Figure 5 — Typical optical video distribution system

rier-to-noise ratio (electrical signal)


https://iecnorm.com/api/?name=6ee70526cd77290c75d8d8119b03db79

-22- 60728-13 © IEC:2010(E)

The carrier-to-noise ratio is measured after the optical signal is converted into an electrical
signal, and it shall be carried out at measurement points (6) and (7).

c) C/N ratio (RIN)

Estimation of the carrier-to-noise ratio at the output of V-ONU is calculated from the
measured RIN (relative intensity noise) of the optical input signal of V-ONU at point (5).

It is preferable to measure the RIN when the optical power at the measuring point is higher
than -3 dB(mW), a limitation imposed by the noise performance of the measuring setup.
Similarly, since the optical power at the measuring point (5) in a typical system is lower than
-3 dB(mW), the measurement error becomes large and the measurement of RIN at this point

is not recommended:

However, since the above limitation is due only to the noise performance of the)megasuring
system| this can be exempted if the accuracy of measurement improves in future.

For mepsuring points and measured parameters see Table 3.

Table 3 — Measuring points and measured parameters

Measuring points
Measyred (1) (2) (3) (4) (5) (6) (7)
parameters p
Transmitter EDFA ower Tap-off V-ONU V-ONU $ystem
output output splitter output input output outlet
output
Optical power o) o) o o o — —
C/
( electgilcal) © ©
C/N (RIN) — —
(see NQTE 1) © © A A A

O : Measurements are possible at the§e points.
/\ : Measurements are possible at thése points when the optical power is higher than =3 dB (mW).

NOTE 1 | Theoretical estimationtef C/N at (6), at the output of V-ONU, is based on the measurement results of
individual pieces of equipments

NOTE 2 | The measurement at points (5), (6) and (7) is mandatory, while measurement at other points is|required
to assurg the system performance.

6.2 (Qptical power

General

6.2.2 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 according to
4.2 of IEC 60728-6.

6.2.2.2 Measurement of the optical power of a WDM signal

When multiple wavelengths are multiplexed, either by using an optical filter or a WDM coupler,
the optical power of the specified wavelength shall be measured. The directivity and isolation
performance of the WDM coupler used for the measurement shall be the same or better than
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the filter used inside the V-ONU. Connect the equipments as shown in Figure 6 or in Figure 7
depending on whether a WDM coupler or a wavelength filter is used.

NOTE Methods of measurement for the optical power of single wavelength are described in IEC 60728-6.

The optical power at the output of a WDM coupler shall be measured according to 4.2 of
IEC 60728-6.

6.2.3 Measuring method

In addifion to the requirements of IE€C(60728-6, the following points shall be considered.

6.2.4 Precaution for measurement

The fol ovwina concidaratinne havun +n ha talean Nt A~~~ Nt
OV g oo e atro st Vv EtO o et Tttt ouTite

a)

© O

<
<

IEC 2544709

——()——-<

Figure 6 — Measurement of optical power using a WDM coupler

Messiﬂing Power meter
1)-(5) in Figure 5
(1 )O gure 5) 2 Wavelength (77)
\7) filter \~/
Test fibre

IEC 2545409
Figure 7 — Measurement of opticalpower using a wavelength filter

Connect the test fibre to the:power meter and ensure that the power meter is switghed to
the|specified single wavelength and only the specified wavelength signal is applied to the
power meter.

Megsure and record(the power of the output signal using the power meter.

If 4 WDM couplertor 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.

Optical fibre end-face or the connector end-face should not be viewed directly. Also, the
end-face of the fibre should 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 all the 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
fibre and a spectral sensitivity compatible with the light source. A minimum accuracy of
+10 % is recommended.

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

Test fibres and connectors shall have clean and unscratched ends in order to prevent
losses of power and reflections.
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The optical power shall be expressed in dB(mW).

6.3

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

The measurement shall be carried out in the CW mode. If the power meter has a
selectable measurement mode (CW /270 Hz / 1 kHz / 2 kHz), CW mode shall be selected.
Power meters without any measurement mode function, normally operate with in CW
mode and ensure CW mode of operation prior to the measurement.

If there is any instability in the measurement (measured value may fluctuate when end-
face of fixed attenuator is directly connected to the power meter), a suitable patch cord
shall be used and the measurement shall be repeated.

The potential sources of error are the following:

1 the inaccuracy of the pawer meter for example if its dark current is not sufficie tly low;

2 |[the attenuation of the test fibre and the specified coupling means.

Carrier level and carrier-to-noise ratio

The purpose of this test method is to measure the carriercevel of the television brgadcast
signal. [Also, carrier-to-noise ratio is measured using the measured noise level within the
transmission bandwidth of the television signal. This test)method performs the measurement

in the glectrical domain.

6.3.2 Measuring setup

Connegt the pieces of equipment as shown ih Figure 8. The method for measuring the farrier-
to-nois¢ ratio of analogue optical transmission systems is nearly the same as for|cabled

distribytion systems (see IEC 60728-1, 46)

6.3.3 Measuring conditions

Measurin Electrical
A9 V-ONU spectrum

point
analyzer

((1)-(5) in Figure 5)

OO

Figure 8 —(Arrangement of test equipment for carrier-to-noise ratio measuremgnt

IEC 2%$46/09

The following measuring conditions apply.

a)

b)

c)

The spectrum analyzer used for the measurement has to be calibrated before the
measurement. The supply voltage of all the pieces of equipment used for the
measurements shall be switched on at least 30 min before the start of the measurement.

If the measuring instrument has any calibration function, it shall be executed prior to the
measurement.

Suitable coaxial cables and connectors shall be used to maintain proper impedance
matching within the measurement system.

6.3.4 Measuring method for analogue signals (AM-VSB)

Methods of measurement for the carrier level and carrier-to-noise ratio (C/N) are described in
4.6 and 4.8 of IEC 60728-1.
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Measuring method for digitally modulated signals (64 QAM, OFDM)

Methods of measurement for the carrier level and carrier-to-noise ratio for digitally modulated

signals

6.3.6

are described in IEC 60728-1.

Precautions for measurement

The following considerations have to be taken into account.

Measurement accuracy: To obtain accurate measurement of carrier-to-noise ratio, it is

necessary to turn off the channel under test and measure the noise level within the

channel bandwidth. Depending on

def
me
0d
opt
fred

0d

he inaccuracy and measuring error of the test method prescribed in this standa

Att¢nuation setup of the spectrum analyzer: Most of the spectrum analyzers

ult input attenuation of 10 dB when powered on. It is possible to.carry
bsurement with this default value when the total electrical input power‘does not
B(mW). Total electrical power is measured using the electrical .power meas
on of the spectrum analyzer and by setting the centre frequency to 510 MHz

B(mW) (109 dB(unV) on the voltage display), in order to avoid any distortion ge

within the spectrum analyzer, adjust the input attenuation™(ATT,y) setting to sat

foll

Me
the
of t

Wh
be
to
me

Thi
opt
pre
pro
the
me

NOTE 1

6.3.7

bwing relation:
Pr—ATT\y <—-10 dB(mW).

mo-coupled sensor and, taking this as the true value, calibrate the measureme
he spectrum analyzer.

en the carrier-to-noise ratio of the signal is very small, the noise within the sig

arger than the measuring error and cannot be neglected. If a correction factor

be applied, this correction factor shall be subtracted from the spectrum a
hsured level (see Annex F of IEC 60728-1).

S

»]

cessed irrespectiverof the type of spectrum analyzer used for the measuremen

hsurement results.

he noise(level per unit frequency may be expressed in dB(uV/nz) or in dB(uV/Hz).

Presentation of the results

uency span to 1 GHz and the channel power measurement bhandwidth to 1 GHZ
shall not be any signal outside the above frequency span. If the total power (Pr) €

hsure the output of the digital signal genetator using a calibrated power meter

standard recommends\the test method using the electrical power measu
on of the spectrum analyzer to deal with QAM and OFDM signals. This test mg
ferred because any ‘cofrection necessary within the spectrum analyzer is autom

flatness of the signal over the transmission bandwidth does not influen

oadcast

have a
but the
exceed
ement

LJarnd the

. There
xceeds
herated
sfy the

with a
nt level

nal will
needs
palyzer

rement
thod is
atically
t. Also,
ce the

e ratio

The carrier level shall be expressed in dB(mMW) or in dB(XV) and the carrier-to-nois
shall be expressed in dB.

6.4 Carrier-to-noise ratio defined by optical signal

6.4.1 General

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

RIN is the noise caused by fluctuations in optical output power with respect to time and is
expressed as the ratio of average optical power to the average noise power measured in 1 Hz
bandwidth. It is difficult to measure the RIN directly in the optical domain and the
measurement shall be carried out after converting the optical signal to an electrical signal.
However, an accurate measurement of RIN is not possible if the optical input to V-ONU is
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small as in most of the practical systems. RIN may also be calculated from the measured
performance of individual components constituting the system. However, it is necessary to
measure the RIN on a near side measurement point.

6.4.2

Measuring setup

The measuring setup is the following.

a) Measuring points

Measuring points in the Cable TV network for optical signals are shown in Figure 9.

Optical Transmission Line (5) V-ONU
P I I L , Input
' Optical '
Dptical Optical : Power Splitter Optical :
Trpnsmitter Amplifier ' Power Splitter ' System
! — ! Outlet
B & . — (/,\' o In-house
o D ! n H |\ E Network
' H n i
] 1 — ]
' C [
]
. [ !
e e e cececee|lecee e ee e eeeeeeeeee=d
(1) Transmitter (2) EDFA (6) V-ONU (7) System
Output Output (3) Splitter Output Outlet
Output (4) Tap-off
Output IEC 2547/

NOTE
points.

e [n (

Figure 9 is identical to Figure 5, except that the Figure title has changed to describe the mea

Figure 9 — Measuring points in the optical cable TV network

rder to calculate the carrier-to-noise ratio at the V-ONU output, it is neces

measure the RIN, as shown in«Figure 9 at points (1) to (3), where the optical outpu

iss
e NOT
e |[fa
o |f

out
e |If th

for
b) Me

Lifficiently high to allow RIN-measurements to be accurate.
E RIN measurements will not be accurate when the optical power is lower than —3 dB(mWw).
N optical amplifier-ischot employed in the system, RIN shall be measured at poin{

n outdoor type_optical amplifier is employed and measurement can be carr
oor, the optical amplifier output shall be considered as a measuring point.

e optical>power at point (4) or (5) is sufficiently high, these points shall also b
measuring RIN.

hsUring setup

©

urement

sary to
power

().

ed out

e used

Figure 10 shows the RIN measurement set-up.
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Equivalent Optical
Receiver
Measuring g "
Point ! i
i H
AT i PD || Amplifier : Spectrum
3 : Circuit | Analyzer
H A |
! i
Optical Power Current NF Meter
Meter Meter
Bias
Circuit LEG— 2648409

6.4.3
The fol

e Onl

Figure 10 — RIN measurement setup

Measuring conditions
owing measuring conditions apply.

y calibrated instruments (spectrum analyzer, optical power meter, current

meter,

ty. The
Fand a

netyork analyzer, NF meter and the optical attenuaior).’ shall be used for the
measurements.

e Theg spectrum analyzer must have the option to measure the noise power densi
optical receiver part is constituted by a photo diode~(PD), a low-noise preamplifie
mafching circuit. The photo diode must have the provision to measure the phot¢ diode
curfent.

e A QW optical signal shall be used for the measurement. To avoid the SBS inter

sonpe technology shall be applied such as.SBS suppression carrier method.

e The
low

The R]
transm
the hes
actual

6.4.4
6.4.4.1
This te

from th
severa

optical input level to the optical receiver shall be around 0 dB(mW), and shall
er than —3 dB(mW).

(V degradation due the Rayleigh scattering and multiple optical reflections wi
ssion line cannot be neglected. Therefore, if the RIN measurement is carried ou
d-end, an equivalent optical cable having similar performance to the cable use
pptical network, shall be inserted at the measuring point in Figure 10.

System RIN measuring method
General
5t method shall be applied to predict the carrier-to-noise ratio at the output of

e RINmeasurement using the setup shown in Figure 10. This subclause c
si€ps as shown below. If the parameters for R, Iqg , leq and G are unknown,

erence

not be

hin the
within
i in the

V-ONU
pntains
refer to

~

Annex

6.4.4.2

LD IAL la 1 lata ol + 4l 4
L. INTTV LT UT LATLUUTAITU USTIiTy UITotT pPardilitiTlro.

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 optical receiver (P,) using a power meter.

e Connect the spectrum analyzer 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, I, of the
optical receiver can be calculated using Equation (1) with RBW of the spectrum analyzer

set

to 100 kHz)
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(1)
where
Zy. is the impedance of the measurement setup,
Np is the noise power density, expressed in dB(mW/Hz).
The following correction shall be applied if the noise level (N|) is measured with the
spectrum analyzer:
Np = N + 10 log (Bn/B) + K4 + Ko
where
B is the measurement bandwidth of noise power (N,) 1Hz,
B is the noise bandwidth, RBW x 1,2(noise bandwidth correction fagtor) =
120 000 Hz,
Kq is the correction factor for conversion to effective voltagel level
=10 log(2/vr )=1,05 dB,
Ko is the correction factor for the logarithmic amplifier of spectrum analyzer =
1,45 dB.
NOTE The measured noise level (Np) includes that of the measuring equipment (spectrum analyzer) whigh should
be at legst 20 dB lower than the noise level displayed\outside the channel band in order not to affect thg results.
Otherwise, the contribution of noise (due to thepsystem or the equipment under test and to the measuring

equipme

6.4.4.3

For ste

ht) should be taken into account in the measurement of noise level (see Annex F of IEC 60728-1).

STEP B: RIN calculation

b B proceed as follows!

(2)

e From the above meastirement results, RIN can be calculated from the following relation:
2
lbi” / 2
RIN=101g —C - 2e 5 (lao+ RxP)-—=—| [dB(Hz"")]
(Rxpr) (RXPr) (Rxpr)

where

R is the responsivity of the photodiode (A/W),

40 is the dark current of the photodiode (A),

leq is the preamplifier equivalent input noise current density (A/+Hz ),

is the total noise current within 1 Hz bandwidth at the optical receiver output

lon (A/\/E),

G is the amplifier gain of the optical receiver (Including gain of matching ci
P is the input power to the optical receiver (W),

e is the charge of the electron 1,602x107'%(C).

rcuit)
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6.4.5 C/N calculation based on RIN value

The carrier-to-noise ratio (C/N) at the V-ONU output can be calculated using the following
relation.

A (m.-R-P.)?
CIN=101g|—. 2 m R ) | [dB] (3)
BN RINRP ) +2-6(lgo+ R P )+/eq

where

K
M- szkz )
k=1

The other parameters for the calculation are listed in Table 4.

6.4.6 Component RIN calculation

The folJowing method shall be applied to calculate the component RIN of the optical s|gnal at
input of the V-ONU when 6.4.4 is not applicable. If the RIN ofthe first EDFA (RIN of|optical
transmitter) is expressed as RINj,, then the RIN of the nth EDEA, RINyt is given by

2~E-10NF" RINi,
RINoyt =101g| 3" ———=20—+ 44 10 (5)
191

where

is the photon energy, £ hf,
E h is the Planck’s corstant, 6,62 x10-34[Js],

fis the frequengy.

If the optical wavelength is 1 555 nm, then E = 1,278x10~16[mJ].
NFyq is the noise-factor of the nth EDFA (dB),
Pn is the gpfiical input power of the nth EDFA (dB(mW)).

NOTE 1/G” term in Equation (12) of IEC/TR 60728-6-1 is very small compared to other terms and hencge can be
neglectefl.

e Alsp, evepxthough the RIN degradation due to Rayleigh scattering and other reflections
within the fibre is small, this cannot be ignored if an optical transmitter with RIN gmaller
thalp <4160 dB(Hz-1) and EDFAs with low NF are used. The following relation shall he used
to calculate the RIN, RIN; due 1o the fibre fransmission.

2

RIN; =101g s—(zaL—1+e—2“L). ZAV (dB/Hz) (6)
4 TCfRF +AV2
where
S is the ratio of scattered optical power that is propagated in the reverse
direction,
_ 15
(me W )

is the fibre transmission loss. If the transmission loss is ogg(dB/km), then o =
oypl4,343.
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L is the transmission distance (km),

Av is the spectral width of the optical signal when modulated (Hz),
RFE is the measurement frequency (Hz),

w is the fibre mode field diameter (um),

7] is the refractive index of fibre core.

e The RIN of the optical signal at the input of V-ONU is given by

RIN =-10 Ig 1o ~®Now 110) 4 40-(RIN 10)| (g /z) (7)

Based pn the RIN value above, C/N can be calculated by Equation (3).

Table 4 — Parameters used for the calculation of carrier-to-noise ratio (C/N)

Paramdter Remarks
o Noise bandwidth This parameter dépends on transmissign signal
AM-VSB: 4,00 MHz (NTSC) format.
5,08 MHz (1)
4,75 MHz (B, G, D1)
5,00 MHz (L)

5,75 MHz (D, K)
QAM: Table H.1 of Part-1 Annex H
OFDM: Table H.1 of Part-1 Annex H

K Number of transmission carriers
M Total optical modulation index These parameters depend on optical
my Optical modulation index of kth.carrier transmitter, transmission signal, etc.

(modulated RF carriers)

P, Received optical power\(W) This parameter depends on transmissign line
design.
RIN RIN of the optical\signal input to the V-ONU This parameter depends on optical trarjsmitter,
(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 optical transmitter for multi-channel
transmission is -155 dB(Hz").

RIN of optical transmitter for retransmigsion is
-150 dB(Hz ™).

NF of optical amplifier is 6,5 dB

RIN due to optical transmission line is

-161 dB(Hz™").
e Charge of an electron (1,602 x 10~'° C) Physical constant.
R Responsivity of V-ONU (A/W)
490 Dark current of V-ONU (A)

Example for calculating carrier-to-noise ratio (C/N)

Carrier-to-noise-ratio (C/N) may be calculated as follows with the following typical parameters:
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Noise bandwidth 4 MHz

Number of carriers Analogue (AM-VSB)
K = 57 channels

Total modulation index 0,264

RIN of optical signal at the input of V-ONU -148 dB(Hz'1)

Response of V-ONU 0,89 A/W

Dark current of V-ONU 0,1 nA

Equivalent input noise current density of pre- < pA/ Hz

AL

pac 1 P AL
a IpHer oetore v=-UiNu

NOTE IN of optical signal at the input of V-ONU is calculated when RIN of optical transmitter is\-155
NF of optical amplifier is 6,5 (single stage, optical input 0 dB(mW)). Then the RIN due to optical transmig

is —161 @B(Hz").

If the optical modulation index of all the carriers is assumed to be the same, then the
modulation index per carrier is given by,

0,264

m
g V57

= 0,035

If the gptical input to the V-ONU is -9,6dB(mW), from €quation (3), the carrier-to-noi
is calcylated to be 43,0 dB.

6.5 OQptical modulation index

The opfical modulation index (OM/) of analggue signals shall be measured according

HB(Hz "),
sion line

optical

se-ratio

to the

method described in 4.9 of IEC 60728-6.¢n this standard it is assumed that the powér AGC

function in the transmitter shall be off.

6.6 Carrier-to-crosstalk ratio (CCR)

6.6.1 General

This method of measurement is applicable when other services (i.e. digital commur

ication

signals|like GPON, GERON or Ethernet-point-to-point) besides CATV broadcast transmission

(i.e. AMI-VSB and 64/256QAM broadcast signals) are transmitted in the optical network
services may praduce crosstalk effects in optical fibres and in optical receiver devic
high linearity.

Crosstalkleffects may arise when other service transmissions are applied by wav

. Other
es with

elength

division multiplpying (\l\/nl\ll) on _the same fibre and there is either insufficient

optical

wavelength filtering or relevant presence of non-linear fibre optical effects or both. Insufficient
optical wavelength filtering may be due to low triplexer quality. Important non-linear fibre

optical effects may be stimulated Raman scattering (SRS), self-phase modulation (SP

M) and

cross phase modulation (XPM). Among these causes SRS induced crosstalk is typically
dominant, when analogue CATV broadcasting is transmitted on 1 550 nm wavelength and
digital service signals use the 1 490 nm wavelength due to the fixed wavelength spacing.

6.6.2 Equipment
The following equipment is required:

e running system with implemented CATV broadcast service and other service(s);

e a selective voltmeter (or spectrum analyser) covering the frequency range of
broadcast service;

CATV
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o sufficient length of fibre for connecting the transmitters, optical WDM filters, optical
amplifiers, optical attenuators, optical polarization state change systems and receivers.

6.6.3 General measurements
The following measurements are required:

e unless otherwise required, the reference levels used in the measurements shall be the
normal operating levels;

e 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.

6.6.4 —Procedure
Proceed as follows.

a) Set|[the supply voltage(s) and any control input signal(s) to the specified yvalue(s).
b) Connect the equipment as shown in Figure 11.

]

Other E
service PSCS A
signal (0]

(@] Oth
WM |—(%)

E signal

CATV | E /}' . Selj tive voltmeter
signal 0o )

> A 425@
E | catv I~

signal

* PSCS Fprlarization state change system (IEC 61300-3-2)
Measuring equipment

IEC 2549/09

Figlre 11 — Arrangement of test equipment for measuring other services crossftalk

c) Carry out measurements with the service signals in operation widely and closely [spaced
ovef each band of interest.

d) Carfy out measurements over(the full specified range, optical power at optical fibfe input
by adjusting optical attenuatars A.

e) Carry out measurements over the full specified range of optical transmission distgnce by
appllying various fibre~lengths. Figure C.6 shall be referred to.

f) Carfy out measurements with various other services’ communication signal patterps. For
example measurements should be performed with and without digital idle signals (with and
without payload), because signal pattern characteristics will the influence crosstalk
intensity.

g) Connect_the variable RF attenuator A and selective voltmeter to the RF output [port of
opticalMeceiver for CATV broadcast service. Tune the meter to each CATV carrjer and
note the attenuator A value a4 required to obtain a convenient meter reading R for the
reference signal. The attenuator value a4 should be slightly greater than other services
crosstalk CCR expected at the point of measurement.

h) 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 maximum level. Reduce the RF attenuator A by setting to the value a,
required to obtain the same meter reading R.
NOTE It may be necessary to temporarily switch off one CATV carrier occupying the frequency band of local

interest during measurements of other services’ crosstalk single frequency level in order to obtain an accurate
value a,.

i) The other services’ crosstalk, in dB, is given by

CCR = ar— az
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w

here

aq is the RF attenuator A value when measuring the test signal used as

reference, in dB;

a is the RF attenuator A value when measuring the crosstalk product, in dB.

6.6.5

Potential sources of error

Sources of error are the following:

e the
e the

6.6.6

inaccuracy of the selective voltmeter;
inaccuracy of the variable attenuators.

Presentation of the results

The other services’ crosstalk (CCR) shall be expressed in dB.

7 Specification of optical system for broadcast signal transmission

7.1 Analogue and digital broadcast system over optical network

NTSC,

PAL or SECAM systems are commonly used in analogu€ broadcast system with AM-—

VSB modulation systems. In digital broadcast systems over optical networks the 64 QAM

system
and sy
shall b
system
used a

5 the specification parameter at system gutlet: 1 x 10-4is required for 64 QAM

while 2 x 10-4 for OFDM signals. Figure 12 also depicts the measuring points (perfo

specifie

Additio
of Clau

e Jopde—eZte—() oo | o

ses 5 and 6 shall be used.
Opt TX Opt Amp V-ONU V-ONU System
Out Out In Out Outlet

Lo [ —

and the OFDM system are mainly used. The minimum C/N ratio at the headend input
stem outlet for NTSC, PAL or SECAM systems are indicated in Table 5. These|values
e obtained on section C/N indicated in Figure 12, where the values for the] NTSC
only are showed. For digitally modulated«signals the Bit Error Ratio (BER) must be

signals
‘mance

d points) in order to guarantee the operating performance of the optical gystem.
hal measuring points are indicated.for maintenance purposes. The measuring methods

v

¢ — < » €&—>
Section C/N‘B Section C/N-C Section C/N-D
43,4 dB® (SDU) 59 dB® (SDU)
48 dB® (MDU) 45 dB® (MDU)
N >
HFOUD (INTOCT
L 1 CIN = 42 dB (NTSC)
C/N =49 dB (NTSC) @® Performance Specified Point

® Additional Measuring Point .

2550/09

@ Appropriate optical level at V-ONU input shall be considered in the system design for MDU and SDU systems in

the in-ho

NOTE 1

NOTE 2

NOTE 3

use network.
All the values indicate the minimum requirement.

Section C/N-D is not identical to the home network defined in IEC 60728-1.

In the case of 51 dB C/N (IEC 60728-1-1) for Section C/N-D, the C/N for Section C/N-C should be 44 dB.

Figure 12 — Performance allocation and measuring points
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For other system parameters Table 5 shall be referred to.

7.2

International TV systems

60728-13 © IEC:2010(E)

Table 5 and Table 6 can be applied to the FTTH systems covered by this standard for
commercial use.

Table 5 — Minimum C/N requirements in operation

Minimum C/N at Minimum C/N at system

Systems Modulation headend input outlet
dB dB
NTSC AM-VSB 49 42
FM 20 13
1 AM-VSB 50 43
B, G, D1 50 43
L 48,5 44,5
D, K 50 43
PAL FM 21 14

SECAM

Table 6 — Minimum RF signal-to-noise ratio requirements in operation

Minimum RF signal#o-noise ratio | Minimum RF signal-to-noise ratio
at headend input at system outlet
System| [ Modulation | Code rate
/N /N
D,RF D,RF
dB dB
1/2 8,6 6,6
2/3 10,5 8,5
DVB-S QPSK 3/4 11,5 9.6
5/6 12,6 10,6
7/8 13,3 11,3
QPSK | 8PSK | 16APSK | 32APSK | QPSK | 8PSK | 16APSK |[32APSK
1/4 3,7 - - - 1,7 - - -
143 4,8 - - - 2,8 - - -
QPSK 2/5 5,7 - - - 3,7 - - -
8PSK 1/2 7,0 - - - 5,0 - - -
16APSK 3/5 8,2 11,5 - - 6,2 9,5 - -
DVB-S2| | 3o APSK 2/3 91 | 126 | 150 - 71 | 106 | 13,0 -
3/4 10,0 13,9 16,2 18,7 8,0 11,9 14,2 16,7
c 4/5 10,7 - 17,0 19,6 8,7 - 15,0 17,6
5/6 11,2 15,4 17,6 20,3 9,2 13,4 15,6 18,3
8/9 12,2 16,7 18,9 21,2 10,2 14,7 16,9 19,4
Q/10 1')’/1 17’(1 10’1 ')')’1 1n1/1 1:,n 1711 20‘1
16 QAM 25,9 19 a
DVB-C 64 QAM 31,9 252
256 QAM 37,9 314
2k mode and 8k mode 2k mode 8k mode
1/2 6,1 4,9 5,1
DVB-T QPSK 2/3 8,2 7.2 7.4
COFDM b 3/4 9,3 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 2k mode 8k mode
1/2 12,2 11,0 11,2
16 QAM 2/3 14,2 13,2 13,4
b 3/4 15,6 14,7 14,9
5/6 17,1 16,4 16,6
7/8 17,7 17,3 17,3
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Minimum RF signal-to-noise ratio Minimum RF signal-to-noise ratio
at headend input at system outlet
System | Modulation | Code rate
/N S /N
D,RF D,RF
dB dB
2k mode and 8k mode 2k mode 8k mode
1/2 17,4 16,1 16,3
64 QAM 2/3 20,0 19,0 19,2
b 3/4 21,6 20,7 20,9
5/6 23,3 22,5 22,6
7/8 24,5 23,8 23,9
Mode 1 Mode 2 Mode 3 Mode 1 Mode 2 Mode 3
1/2 24 24 24
2/3 d d d 24 24 24
16QAM 3/4 24 24 24
5/6 24 24 24
7/8 24 24 24
Mode 1 Mode 2 Mode 3 Mode 1 Mode'2 Mode 3
1/2 24 24 24
2/3 d d d 24 24 24
64QAM 3/4 24 24 24
5/6 24 24 24
ISDB-T 7/8 24 24 24
(OFDM) Mode 1 Mode 2 Mode 3 Mode(1 Mode 2 Mode 3
1/2 24 24 24
2/3 d d d 24 24 24
apPsk 3/4 24 24 24
5/6 24 24 24
7/8 24 24 24
Mode 1 Mode 2 Mode 3 Mode 1 Mode 2 Mode 3
1/2 24 24 24
2/3 d d d 24 24 24
DQPSK 3/4 24 24 24
5/6 24 24 24
7/8 24 24 24
a Thg above values take into account simultaneous\distribution of analogue and digital signals. Thedge values
asqume that intermodulation noise is not presentvor can be neglected and a BER of 104 befofe Reed-
Solpmon decoder is achieved. For CATV netwerks intermodulation has to be considered in the timg¢ domain
as ¢lipping noise and a margin of 6 dB should'bé added even if the signal is regenerated in the headgnd.
b Thgse values take into account white neise and impulse noise.
c Thgse values are calculated accarding to ETSI EN 302 307, Tables 13 and H.1, and are intended f¢or a PER
of 10-7 after LDPC and BCH decoders.
d Evgry value is defined in BER 1 x 104 before Reed-Solomon decoder, not S/N.
Remark:|The values for the system outlet were taken from IEC 60728-1-2, first edition The values for the [headend
input wgre calculated using the system outlet values and the system performance specified in Tabje 11 of
IEC 607238-1-2.
7.3 IFeIationship between RIN and C/N

The CATV broadcast service can be classified into three types:

- mul
— digi

ti-channel service with a mixture of analogue and digital signals,

tal only multi-channel service and

— re-transmission service for poor signal reception.

Table 7 shows the types of broadcast services with the typical number of carriers. For
combination of analogue and digital carriers in actual system design, Annex A should be
referred to.
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Table 7 — Types of broadcast services

Analogue (NTSC) system Digital system

a) Multi-channel service with
mixture of analogue and 40 carriers 30 carriers (64 QAM, OFDM)
digital signals

b) Digital only multi-channel

X - 110 carriers (64 QAM, OFDM)
service

c) Re-transmission service for

poor signal reception 10 carriers 10 carriers (OFDM)

Perforr‘ ;"“”G‘ Hre car—1noe—Ce BAA*BEVA'; 1€ artae—o eratve ATETTS vy (RIN)
for optical signal, and the C/N ratio at V-ONU output for electrical signal. The term V5 ONU is
used ds the synonym of optical receiver (O/E) device in this document. Details on RIN
measuilement are described in Annex A. RIN values required for the three service types are
shown [in Table 8. The Intensity Modulation method is applied to the optical system in all
service|types.
Table 8 — Type of service and minimum operational RIN'values
V-ONU minimum System RIN minimum Corresponding C/N
Type of service input level value value
dB(mW) dB(Hz"1) dB

Multi-chpnnel service with mixture
of ananFue and digital signals -8 —149 44
Digital oInIy multi-channel service -12 -146 28

-5 -134 44
Re-trangmission service for poor
signal r¢ception -8 —134 44

-19 -136 44
Multiple optical reflections over transmission line may degrade RIN values. In ofder to
minimige this degradation, the.use of Grade 2 cnnectors of IEC 61755-1 or APC |optical
connecfors is recommended.
7.4 ptical wavelength
In accprdance with FTU-T Recommendation G.983.3, a wavelength within the range of
1 555 Mm = 5 nm _-js*strongly recommended for the combined system of broadcast and
telecompmunicatioh systems over single fibre. For DWDM systems wavelengths acconding to
the griq defined-in ITU-T Recommendation G.692 shall be used.
In CWDM'systems ITU-T Recommendation G.694.2 shall be taken into account.
NOTE Considering the availability of EDFA and appropriate allocation of wavelengths, the wavelength range of

1530 nm to 1 625 nm (edge of C-band and L-band of ITU-T RecommendationG.694.2) can be used for actual and

economical video transmission.

7.5 Frequency of source signal

The frequency range of source signals considered here is 47 MHz to 862 MHz. However,
regional frequency plans can be used for the operating frequency range of the optical system.

7.6 Optical system specification for broadcast signal transmission

The specification of the most important parameters of the optical system is shown in Ta

ble 9.
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Table 9 — Optical system specification

Analogue TV Analogue TV Digital TV Digital TV
Parameter
NTSC PAL, SECAM 64QAM d OFDM
Optical wavelength 1 530 nm to 1 625 nm
90 MHz to 770 MHz (NTSC)
Frequency of source signal
47 MHz to 862 MHz (PAL, SECAM)
Within 4 dB for Within 3 dH
Fluctuatjon of carrier-wave level a duration of -
1 min b for a duration"of {1 min
Noise b3ndwidth of electronic signal 4 MHz 5 MHz ¢ 5,3 MHz 5,6 MHz
Minimump section C/N
(Betweeph head-end input and 44 dB 46,5 dB 28 dB 27 dB
system oputlet)
At head-end
51 dB 53 dB - -
input
Minimump C/N
At system
43 dB 44,5 dB 26 dB 24 dB
outlet 2
At head-end
. - - 1x10-4 1x10-4
input
Minimum BER
At system
- - 1x10-4 2x10-4
outlet 2
a2  Minimum C/N must be specified at.system outlet. However, it may allow to specify the C/N at the input of V-
ONY which is the interface point to customer premises, as an alternative way. In such a case additignal 2 dB
are lequired to the minimum C/N in Table 9. Minimum BER shall remain unchanged in Table 9.
b Such|transients may be observed in the electrical section of Headend which has AGC functions to absdrb
unexpected fluctuations-including fading, and such a fluctuation is a rare event, not a permanent one.
€ Nois¢ bandwidth of each system shall be referred to Table 4.
d |TU-T Recommehdation J.83, Annex C.
7.7

The C/N ratio can be specified outside of the system outlet if the performance of the in-
house/in-building wiring section is maintained properly. Based on current installation methods,
C/N ratio allocation for the in-house/in-building wiring section is specified in Table 10. C/N
ratio allocation is different between Single Dwelling Unit (SDU) and Multiple Dwelling Unit
(MDU) as shown in Figure 13 and Figure 14. The coaxial distribution network after V-ONU
shall be designed in such a manner that the C/N ratio of in-house wiring should be not lower
than 59 dB in SDU, while it should be not lower than 45 dB in MDU, taking into account the
C/N degradation due to the distribution network only, therefore assuming an unimpaired input
signal to the in-home distribution network.
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Table 10 — Section of C/N ratio specification for in-house/in-building wiring

Minimum C/N ratio
Category of house for In-house/ In-
gory building wiring
dB
Single dwelling unit 59
(SDU) -
O/E conversion at MDU entrance, coaxial cable 45
Multiple dwelling distribution to TV set (see Figure 13)
unit (MDU) No O/E conversion at MDU entrance, optical cable 45
distribution to TV set (see Figure 14)

NOTE The 59 dB is not a requirement for the IEC 60728-1 home-network interface, but a praciical
spefification for the RF amplifier that is built-in the optical receiver of the analogue RF wavelength-of|the
PON.

SDU

Drpp Closure

Optical Fibre Coaxial

¢ Cable, etc.
" |°
e| J\T"

Terminal Box V-ONU \
N

In-house wiring System Outlet
C/N=59dB-or more C/N=43dB

MDU i a s

i ‘ '
-------------------------------------------

In-house wiring i i E

C/N=45dB or more ! : :

Drpp Closure B (Specified by Electrical Signal) L E
I [ L A —

DIS DIS ; Each Home :

Terminal i E

Box V-ONU : Coaxial Cable | !

; > an s il
- n n 1 | B ——

E T i * Pl v i

Coaxial Amp Amp | System Outlet | |

oaxla ! — '

Cable, etc. i C/N=43d8B E

Optical Fibre ! !

IEC 2551/09

Figure 13 — Section of C/N ratio specification (45 dB) for in-house wiring
(specified for electrical signals)
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Drop Closure Sbu

Coaxial Cable, etc.
Terminal Box V-ONU
0 \/
v
I E T
Optical Fibre In-house wiring
CIN=59dB or more System Outlet
CIN=43dB
i i i
] 1 ]
] 1 1
MDU : : !
1 1 1
1 1 1
] ' ]
1 ] 1
1 I 1
"""""""""""""""""""""" ) Sabububutaiedd vl 7 dhdebeldebedele bkl ety
] 1 1
In-building wiring : : :
C/N=45dB or more H H H
Drop Closure (Specified by Optical Signal)/| H H
< i :
........................................... L EEE L PP SRR
DIs DIS ! Each Home H
] ]
1 1
Terminal ] 1
Box ! V-ONU !
1 1
o] D] 1 |° P |
T d E A i
] ]
2:::'3 2:::'3 : System Outlet ,
Optical | C/N=43dB H
Cable : '
Optical Fibre 1 1

(specified for optical signals)

Figure 14 — Section of C/N ratio specification for in-house wiring

IEC 2552/09

7.8 Crosstalk due to optical fibre non-linearity
In a hybrid WDM transmission system in which broadcast signal and telecommunicatiorn signal
are both incorporated,.crosstalk between the two signals due to optical fibre non-linearity shall

be

crosst

pha
and

wavele
1490 n

takgn into consideration. As described in Clause D.2, important parameters of|optical

Ik are stimulated Raman scattering (SRS), self-phase modulation (SPM), and Cross

se modulation (XPM). Among these parameters only SRS-induced crosstalk is dgminant
it |is,difficult to reduce interference based on the Raman effect (change of|optical

hgth) and the fixed wavelength spacing between the two signals (1 550 q@m and

m). XPM 1S not dominant in the case of this kind of wavelengih spacing. SPM is

caused by non-linear refractive index of fibre materials and reduced significantly when the
input power is decreased.

Considering the above features of crosstalk, the following points shall be maintained as a
minimum guideline for reducing SRS-induced crosstalk caused by optical fibre non-linearity.

Optical level of telecommunication signal at trunk line fibre input: Less than 0 dB(mW).

Optical level of broadcast signal at trunk line fibre input: Less than 18 dB(mW).

Optical modulation index of broadcast signal: More than 3 %/Carrier,

total optical

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

Randomization of telecommunication signal pattern: Recommended.

NOTE 1 Annex D contains additional descriptions of SRS.


https://iecnorm.com/api/?name=6ee70526cd77290c75d8d8119b03db79

-40 - 60728-13 © IEC:2010(E)

NOTE 2 Table A.3 should be referred to for the description of the optical modulation index and the number of
combinations of analogue and digital carriers.

7.9 Single frequency interference level due to fibre non-linearity

The single frequency interference level caused by fibre non-linearity shall meet the following
values shown in Table 11. All the parameters of optical broadcast transmission systems shall

be set appropriately to satisfy the interference level. The measuring points shall be point (6)
shown in Figure 5.

Table 11 — Interference level due to fibre non-linearity

BT m D/U ratio

y dB
AM-VSB (NTSC) More than 52
64QAM (Japan) More than 39
64QAM (DVB) More than 33
OFDM (ISDB-T) More than 45

7.10 Environmental conditions

Equipment used for FTTH systems shall meet the environmental condition requirements of
Table 12.

Table 12 — Environmental.conditions

Optical Tx EDFA V-ONU V-ONU
(In-house) (Inzhouse) (In-house) (Outdoor)
—20 to 140
Tempefature °C 0 to +40 0 to +40 0 to +40
(Notes 1, 2)
Humidity % 20 to 90 20 to 90 20 to 90 20 to 100

NOTE Except the rising temperaturedue to solar radiation.

NOTE 2 To be applied in normalsclimate conditions in extra-tropical zones, not in extremely cold gnd hot
temperatures.

NOTE Refer to IEC 60068-1EC 60050-191 and ETSI 3000019-1-4 when used in other climate conditjons.
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Annex A
(informative)

Actual service systems and design considerations

A.1  Multi-channel service system

A.1.1 General

This aprex—describes—actual—service—systems—and—design—considerations—based—pon the
specifigations stated in this standard.

CATV pperator currently provides multi-channel services for mixed analogue” and| digital

broadc

annex
optical

Model

network.
(1) Analogue 57 carriers + Digital 40 carriers

(2) Analogue 11 carriers + Digital 80 carriers

hsting. Analogue and/or digital multi-channel services are classified™as multi-ghannel
servicel in this standard. Since the actual number of carriers in CAT\. ‘Retwork vari

bs, this

Hescribes the following two reference models for the multi-channél services gver an

1) is selected as a reference model that has . the maximum number of both analogue

and didital transmission carriers at present. Model.(2) is the reference model that can darry up

to 80 digital carriers, with a small number of analogue carriers. In both cases, the m

numbe
QAM o
IEC 60

The sy

the trapsmission line length is up(to 40 km, and 4 stages of EDFA in general. Term H

the sy

relatiorlship between transmission distance and the number of branches is in

of carriers is assumed. “Analogue” here' means NTSC signals, and “digital”, ei
r OFDM signals, regardless of the presence of digital carriers. Refer to Clause
y28-1.

stem size of CATV multi-channel services is mostly from 1 500 to 340 000 ter

nonym of optical amplifier in this standard. In the optical network syste

Ximum
her 64
H.1 of

minals,
DFA is
m, the
nverse

proportjon. If the numbertof‘branches is reduced, optical line is extendable up to 40 Km, and

one mi
and Fi
terming

Signal
source|

lion or more subscriber terminals become available by stacking splitters. Figure A.1
gure A.2 show-the examples of the multi-channel service system of one|million
Is, and of 2°000 terminals, respectively.
HIE 32 splits 32 splits 32 splits 32 splits User prerrre
o = L Optical Fibre B V-ONU
-] e ] -
o] D - L L L E v
eoFA - EOFA T EDRA T e )
Transmission line 20km
IEC 2553/09

Figure A.1 — Example of a multi-channel service system of one million terminals
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Signal
source H/E 16 splits 16 splits 8 splits User premise

I |'|: Optical Fibre I V-ONU

n n n

E 7 & & ©

0 [> I D |-|: [> —@— I el — TV
EDFA EDFA EDFA < >

Transmission line 40km IEC 2554/09

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

1.2 Operating conditions

Table A.1 shows the two models of operating conditions for the multi-channehsefrvice [system
with its| optical modulation index for each analogue or digital carrier. The optical system uses

the external intensity modulation method.

Table A.1 — Operating conditions of a multi-channel service system

System Number of carriers Modulation Optical modulatign index
y method (my)/Carrigr
Mult]-channel service system Analogue: 57 carriers Analogue: 3,5 %
model (1) Digital: 40 carriers External Digital: 1,1 %
intensity
Mult|-channel service system Analogue: 11 carriers modulation Analogue: 7 %
model (2) Digital: 80 carriers Digital: 2,2 %

A.

1.3 Operating environment

The optical transmitter and optical,;amplifier are assumed to be installed in an office building
as well[as head end equipment, in the following environmental conditions. V-ONU is agsumed

to

range ghould be applied.

a)

a

be installed indoors or outdoors like under eaves. Unless otherwise specified, the fgllowing

Ogptical transmitter

Ambient tempetature 0°Cto+40 °C

H:]midity 20 % to 90 % without dew condensation @
Ogptical amplifier

Ambient temperature 0 °C to +40 °C

Humidity 20 % to 90 % without dew condensation @
V-ONU

Ambient temperature —20 °C to +40 °C  (outdoor installation)
Ambient temperature 0 °C to +40 °C (indoor installation)
Humidity 20 % to 100 % without dew condensation @

Except the rising temperature due to solar radiation.

For optical safety, refer to IEC 60825-1 and IEC 60825-2 in addition to the relevant clauses of
this standard.
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A.2 Re-transmission service system

A.2.1 General

The re-transmission service system is a small-sized receiving facility with poor reception to
measure broadcast TV programs, and does not support transmission of terrestrial digital
broadcast signals. Nine carriers in each analogue and digital signal are assumed for the re-
transmission service. General, re-transmission service systems have about 2 km trunk line
and 70 terminals. In this case, one EDFA at its maximum is enough for this network size. Most
of the re-transmission service system does not require an EDFA. It is enough to describe two
types as shown in Figure A.3 and Figure A.4.

Signal )
source H/E 24 splits 3 splits User premide
Optical Fibre |-|: v.ond
E % " 9
o D —@— LF E TV
EDFA Transmission line 2km
N
S A > IEC | 2555/09
Figure A.3 — Example of re-transmission service system of 72 terminals
Signal

sourcd H/E 48 splits 3 splits User premise

Optical Fibre
N V-ONU
| E D’/ " GEa o

LF £ TV
EDFA Transmission line 2km
<\ ¥ * >

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

IEC | 2556/09

A.2.2 Operating conditions

Table A.27shows the model of operating conditions for the re-transmission service syst¢m with
its optigalmodulation index. The optical system uses the direct intensity modulation mgthod.

Table A.2 — Operating conditions of re-transmission service system

Modulation Optical modulation index

System Number of carriers method (my)

Analogue: 9 carriers Analogue: 9 %

Re-transmission service Direct intensity
system Digital: 9 carriers modulation Digital: 2,9 %

A.2.3 Operating environment

The optical transmitter and optical amplifier are assumed to be installed in an office building
with head-end equipment, in the following environmental conditions. V-ONU is supposed to be
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installed indoors or outdoors like under eaves. Unless otherwise specified, the following range
shall be applied.

a) Optical transmitter

Ambient temperature —-20 °C to +40 °C

Humidity 20 % to 90 % a without dew condensation
b) Optical amplifier

Ambient temperature —-20 °C to +40 °C

Humidity 20 % to 90 % a without dew condensation
c) V-ONU

Ambient temperature —20 °C to +40 °C (outdoor installation)

Ambient temperature 0 °C to +40 °C (indoor installation)

Humidity 20 % to 100 % a without dew condensation
a Except the rising temperature due to solar radiation.

A.3 [C/N ratio calculation of optical network

In the ¢ase of optical intensity modulation, the C/N ratio of eptical network can be calgulated
as follows.
a) RIN degradation by optical amplifier
RIN degradation by multi-stage connection of the optical amplifiers is given by the fqgllowing
formulg:
NFy
2-E-q0 10 RINin.
RINg,t =101g ;—g(ﬂo 10 [dB(HZz™1)] (A.1)
1010
where
RIN;, is the RIN-at input of the first optical amplifier [dB(Hz=")],
RIN,,t is the~RIN at input of the k-th optical amplifier [dB(Hz=1)],
E issthe photon energy (in case of 1= 1555 nm, E = 1,278 x 10-16 [mJ]),
NF ) is the noise figure of the k-th optical amplifier [dB],
P, — s threopticatmput power of thek=thopticatamptifrer fdB{mAHi:
b) C/N ratio in the case of intensity modulation system
1 2
1 5 (m - RF)
C/N=10lg —— -2 5| [dB] (A.2)
N RIN(R-P )" +2-e(Igo+R P )+1eq
where
By is the noise bandwidth (AM-VSB: 4,0 x 10° [Hz], 64 QAM: 5,3 x 108 [Hz]),
m is the optical modulation index of the k-th carrier,
R is the optical-electrical conversion efficiency of an optical receiver device [A/W],
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P, is the input optical power [W],
RIN is the relative intensity noise of optical input signal (RIN) [1/HZz],
e is the charge of electron (1,602x107"° [C]),
l40 is the dark current of a optical receiver device [A],
qu is the equivalent input noise current density of an optical receiver [A/VHZz].

The total optical modulation index “M” has the relationship with optical modulation index

“

formula:
[k
M = \/Zm,g (A.3)
k=1
Since the total optical modulation index affects the distortion characteristic of.the total [system,

it is gemerally desirable to be 30 % or less in case of an external intensity. modulation s

my“‘at the k-th carrier, and the number of transmission carriers “K”, as shown in the following

ystem.

A.4 System reference model
Table |A.3 summarizes the basic system parameters verified for multi-channel gnd re-
transmission service systems, the reference models are shown in Figure A.5 to Figure A.11.
Table A.3 — Basic system parameters for multi-channel
and re-transmission service systems
Reference Type Number of carrieté Modulation index EDFA Rerhark
modegl (my) stages
No. 1} 2 Analogue: 57 carriers Analogue: 3,5 % 4 steps Figpres
Multi-channel Digital: 40¢arriers Digital: 1,1 % 3 steps A5 A6
No. B service system Anal 20 -
o. nalogue: carriers . o,
C. ) AB?I?t%T_ei i’%//" 4 steps Figute A.7
Digital: 30 carriers gital: 1,4 7
No. 4| 5 Analogue: 11 carriers Analogue: 7 % 4 steps Figlres
Digital: 80 carriers Digital: 2,2 % 4 steps A8l A9
No. 6} 7 trans'ranei-ssion Analogue: 9 carriers Analogue: 9 % None Figlires
servi<BaYstem Digital: 9 carriers Digital: 2,9 % 1step A.10| A.11
The pafameters used for calculation of system performance are as follows.

Multi-chanhnel service system, reference models No. 1 to No. 5, Figures A.5 to A.9

Connection loss at connector 0,5 dB/point
Fibre loss including splicing loss 0,35 dB/km
V-ONU equivalent input noise current density (/eq) 10 pA/VHz
V-ONU receiving device dark current (/40) 1,3 nA

V-ONU optical-electrical conversion efficiency (R) 0,84 A/W
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Re-transmission service system, reference models No. 6 and No. 7,

Figures A.10 and A.11

Connection loss at connector

Fibre loss including splicing loss

V-ONU equivalent input noise current density (/gq)
V-ONU receiving device dark current (/40)

V-ONU optical-electrical conversion efficiency (R)

0,5 dB/point
0,35 dB/km
8,3 pA/VHz
1,0 nA

0,9 A/W
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A.5 Tips for actual operation

A.5.1 Optimum operation

This clause describes neither a system performance nor device parameters. They may be
optimized with the number of transmit channels as long as they satisfy the allowable ranges of
RIN, NF, C/N ratio and the interferences described in this standard. Table A.4 shows an
example of parameters verified in actual broadcast signal transmission. As long as the system
performance is maintained, the operation with other modulation indexes can be allowed. Even
if the modulation index is the same in this table and the number of carriers differs, the system
is still considered to be satisfactory as long as the RIN value, the number of carriers and the
C/N ratfoatvV=-ONUoutputare maimtaimedimadequate conditom——————————————— ]

Table A.4 — Verified optimum operation

Analogue multi-channel Digital multi-channel system Re-transmission system
system
[+]
2 < 8 o & v S &~ S
© c - c _ c < c c © c
o o — o o — o o — o
S E=IC) =R s 9 = s o =
2 T O ) @ O © © O ©
@ £ ° £ E £ 2 = £ 9 =
n a E 2 a E 2 o E 2
E « E B E « g E « £
o 9o o = o 9o o o o o
o o o &) o o
- Aa Da A D A D A D A D A D
")
38
St
g ] 57 40 40 30 11 80 - 110 9 9 10 10
=z
x
)
o
£
S &
2 3 3,5 1.1 4,3 ) 7 2,2 - 2,7 9 2,9 8,6 2,7
® >
E
°
o
=
a =lanalogue; D = digital.
NOTE |Combinations(1), (2), (3) and (5) correspond to the reference model of Clause A.4. Combinatiops (4)
and (6)|are for refenence only.

A.5.2 Key issues to be specified

The key issues in order to design an optical system and operating conditions are shown below.

a) Optical wavelength

Although the wavelength of 1 530 nm to 1625 nm is generally used, many commercially
available systems use wavelengths of 1 540 nm to 1 560 nm. This band (i.e. 1 540 nm — 1 560
nm) is therefore chosen to limit the operating wavelength. Nevertheless, with the progress of
WDM technology usage of wavelengths may vary.

b) Optical modulation system

As the optical modulation system in CATV network, only the intensity modulation system is
specified in this standard. The re-transmission service system selects a direct intensity
modulation system due to its short trunk line length, and a multi-channel service system
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introduces an external intensity modulation system considering its long span ( approximately
40 km at maximum). In case of short span in a multi-channel service system, direct intensity

modula

c) Opt

tion can also be utilized.

ical modulation index

Optical modulation index in some system models are described in Table A.4. Many optical
transmitters in the market have the function to adjust the modulation index automatically
according to the number of carriers by its AGC function. As mentioned in A.5.1, the operation
with other adequate modulation indexes can be allowed as long as system performance is
satisfied.

d) Dis

ortion performance

Since i
V-ONU
ONU. 1
actual

in re-transmission system. Careful selection of each distortion parameter-is_required fo

optical
e) V-Q

This sp
It spec

guidelipe of system design. The specified optical input level is assumed without WDM

the los
f) AG

There
power
require
varies.

g) CIN

The C/
possibl

it is recommended to specify the performance with a pair of optical transmitter
he distortion performance of optical system may change its optical characteri
pperation. Especially, this factor is significant when direct intensity modulation

system design.
NU optical input level

ecification does not limit the operation beyond parameters described in this dod
fies the minimum range of specification. Hence, this)specification can be use

5 shall be compensated if it has WDM filters.

C function of V-ONU

s a V-ONU having AGC function that detects optical input level and controls
sum of the output signal. This standard does not specify this type of cont
5 to keep the output level within the’fixed range even if the optical input level of
ratio (CNR: C/N)

V ratio in CATV network)generally shows lowest value at optical input of V-ON
e to increase input aptical level to some extent to meet higher C/N ratio requiren

is difficult to describe system performance separately between optical transmitlter and

and V-
stics in
s used
actual

ument.
d as a
filters,

electric
ol, but
V-ONU

U. It is
hent.
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Annex B
(informative)

Optical system overview

B.1 Optical system topology

B.1.1 Single star and double star system

This aprex—describes—the upt;ua: oyotclll overrew—that—s app:;uab:c to—broadeast Signal
transmission.

The optical network is classified into Single Star (SS) and Double Star (DS).'systems. An
active Double Star (ADS) or Passive Double Star (PDS) system is a kind of'DS system. PDS
is also|called Passive Optical Network (PON). The progress of wavelength) division mjultiplex
(WDM)| technology allows its application to video signal transmission/\Figure B.1 shqws the
topology of the optical system and Figure B.2 the network compositien.

SS(Single Star) System

1 to 1 connection between QLT and CPE

DS(Double Star) System

1 to n connection bétween OLT and CPE

ADS(Active Double Star) System

PDS(Passive Double Star) System
- PON(Passive Optical Network)

Figure'B.1 — Topology of optical system

IEC 2564/09
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Centre
- = ! CPE
I
. !
—— —
L |
— —
I — IEC 2565/09
Figure B.2a — SS system
Centre
Active Onpt.
— % Device Splﬁter ! CPE
—
= 0 B
— )
—
I
—
1
IEC 1566/09
Figure B.2b — ADS system
Centre
— Opt. ! CPE
— Splitter
=5 0% B
— T\
— B
—
|
1
IEC 2567/09
Figure B.2c — PDS system
Figure B.2 — Network composition
B.1.2 LSS system

Single Star is a system containing one central terminal and one customer premises equipment
(CPE) in a pair. Media Converter (MC) is installed in each centre office and CPE, and it
converts an electrical signal to an optical signal and vice versa. There is a component type for
individual CPE, and a consolidated type which has slots for media converter modules. It has
also maintenance, failure detection and provisioning functions. High-speed services such as
tenth of Mbps to Gbps are available. One or two optical fibres are used for this system. An
example of an SS system is shown in Figure B.3.
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