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Part 13-1: Bandwidth expansion for broadcast signal
over FTTH system
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InternptionakStandard IEC 60728-13-1 has been prepared by technical area 5: Cable nefworks

vision signals, sound signal and interactive services, of IEC technical committe¢ 100:

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

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

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

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

The list of all the parts of the IEC 60728 series under the general title Cable networks for
television signals, sound signals and interactive services, can found on the IEC website.
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The committee has decided that the contents of this publication will remain unchanged until the
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to
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IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that if contains colours which are considered to be useful for the correct understanding
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INTRODUCTION

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

This includes

e CATV networks,
o MATIV networks and SMATV networks

e individual receiving networks

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

NOTE [CATV encompasses the Hybrid Fibre Coaxial (HFC) networks used nowadays\to provide-tel
servicep, voice, data, audio and video both broadcast and narrowcast.

The extent of this standardization work is from the antenna
headend or other interface points to the network up to the

The sfandardization of any user terminals (i.e. tune
well ap of any coaxial and optical cables

sorie th%ofi

In thig standard, informative Annex A d i € omposition and model s
based on this standard, and Annex B describes\bas oncepts for optical wavelength d

multiplexing and adds notes for syste

s, receiversidecoders, terminals, e

cations

to the

c.) as

ystem
vision
ength

separation, and Annex D~explai ‘ i ipvbetween C/N degradation and rain

attenyation.

This sftandard describ he p ) ethod of satellite broadcast signals over the

systemn which us A

to IEQ 60728-13. IS\ ) \s descriptions of the measurement method
specifjcations for op igth “division multiplex and for PSK modulation syste
specifjes the do : i S|gna transmission and thus the two-way optical transm
system is out of the\scCope X s-standard.This standard applies to the FTTH syst
broadpand broadeast sigha smission which conveys satellite broadcast signals using
t is provided for cable/satellite operators to extend
r to avoid interference between optical wavelengths based

multipfle
broadpat

technologies C 60728-13.

FTTH
refer
5 and
ms. It
ission
em of
bne or
their
bn the
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CABLE NETWORKS FOR TELEVISION SIGNALS,
SOUND SIGNALS AND INTERACTIVE SERVICES -

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

1 Scope

The p FTTH)
syster only,
towarxs CATV plus broadcast satellite (BS) plus communicatio atelli vices,
additipnally to other various signals such as data services

The s¢ ystem.
Thus, [this part of IEC 60728 does not include IP transport fechnolog

2 Nprmative references

The fqllowing documents, in whole or nt and
are indispensable for its application. s. For
undate hents)
applies.

IEC 6

IEC 60728-1:2007, active
services — Part 1;

IEC 6 active
servic

IEC 6 active
servic

IEC 6 C bneral
commjunication stems — Central wavelength and spectral width measurement
ITU-T|IREcommendation G.694.1, Spectral grids for WDM applications: CWDM wave|ength

grid

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

3 Terms, definitions, symbols and abbreviations

3.1 Terms and definitions

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


http://www.itu.int/rec/T-REC-G.694.2-200312-I/en
http://www.itu.int/rec/T-REC-G.694.2-200312-I/en
http://www.itu.int/rec/T-REC-G.694.2-200312-I/en
http://www.itu.int/rec/T-REC-G.694.2-200312-I/en
https://iecnorm.com/api/?name=70dbba8dc9039e615780c7305681cee8
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3.1.1

optical transmitting unit
optical transmitter

Tx

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

[SOURCE: IEC 61931:1998, definition 2.9.6]

Note 1

Note 2

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

electric]
1625n

Note 3
respect

[SOUI

3.1.2
optic
optic
Rx

receiv

clock,

Note 1
electric]

[SOUI

3.1.3

an op

Note 1
band.

Note 2

Doped F

[SOUJ

3.1.4

" Tl : £ ; " ke £ Lhisard ! } ra 1 ; } ! "
O CItry” TS Prete— o cquipPnTeTTt ampmiesS MTegqueey MuitrPrexXeu crectriecar Sstgiars artad. ConveTt

m region).

o entry: The wavelength and necessary wavelength separation are destrit
vely.

| receiving unit
| receiver

e fibre optic terminal device accepti @ modulated optical carrie
ing d trical signal (with the asso
if digital)

o entry: For the purposes of this standard, gptical reeei
pl RF signals.
ini 97 i

RCE: IEC/TR 61931: . mbdified — Note 1 has been added]

ay have more than one output port p

optlcTI ampllfle<>
optical waveguide de ) Ing & bly pumped, active medium which is able to a

ical signal

fibre

J_p_t_i_cJ)_[anr-hing device

these
nm to

and C,

I, and
ciated

oviding

mplify

550 nm

Erbium

Hded]

optical fibre coupler
splitter

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

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

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

WDM

device

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

[SOURCE: IEC 61931:1998, definition 2.6.51]

3.1.6
optical modulation index
OomlI
optical modulation index of " RF carrier, m, is defined as
m, = ¢ — 4
P + &
total dptical modulation index, M is defined as
where
@, |s the highest and
@, s the lowest instantaneous optica sity modulated optical signal,
K s the total number
M s the total optica
Note 1 fo entry: Th@m i
[SOURCE: IEC 6
3.1.7
relatiy
RIN
ratio g
squar
Note 1
Note 2 foentry: The value of RIN can also be calculated from the results of a carrier-to-noise measuremen
system

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

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

to the

for the
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3.1.8

responsivity

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

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

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

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

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

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

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

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

i the optical frequency

Note 2 fo entry: Although the wavelength in dieleétri a 2 h as fibres, is shorter than in vacuum, ¢nly the
wavelength of light in vacuum is used.

[SOUIRCE: IEC 60728-6:20A1, definition

3.1.10
centr¢ wavelength

average of those el plitude of a light source reaches or last falls fo half
of themaximum i

3.1.1
vestigial

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

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

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

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

3.1.12

QAM signal

quadrature amplitude modulation

QAM

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

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


https://iecnorm.com/api/?name=70dbba8dc9039e615780c7305681cee8

-12 - 60728-13-1 © IEC:2012(E)

3.1.13

OFDM signal

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

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

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

3.1.14
phasg—s-h-i-f-(—ke-y-i-ng
PSK signal
angle|modulation in which each significant condition in a modulating dise med signal is
repregented by a specified phase of a periodic sinusoidal oscillation

[SOURCE: IEC 60050-721:1991, definition 721-06-07, modified =~ On bleted

and ope term has been modified.]

3.1.1
RF signal level definition
level gf an RF signal is defined in Table 1; it is expre 3 y dB(pV) or in dB(mW)

[SOURCE: IEC 60728-13:2010, definition

3.1.16
AM-VBEB analogue signals

vision|carrier signal level is the RMS
envelope (Crms), expressed
75 Q

Note 1 fo entry: This will correspond ati odulation systems, to the carrier amplitude during synchionizing
pulses pnd, in posi i ) NS t own in

ITU-R Recommendation, B

lation
red to

[SOURCE: IEC 60728

3.1.1

FM radio or EM a arrie a TV signals

level ¢of a ' FM audio carrier of a TV signal is the RMS value of the ¢arrier
expregsedhin dBJ{ easured across a 75 Q termination or referred to 75 Q

[SOURCE: |IEC-60728>13:2010, definition 3.1.17]
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3.1.18
digitally modulated signals

level of a digitally modulated signal is given by the RMS power of the signal within the channel

bandwidth (Sp rr) and can be expressed in dB(mW) or in dB(uV) referred to 75 Q

Note 1 to entry: The level of an OFDM signal is the average electrical power of the overall signal comprised of

multi-carriers and is not the individual carrier level of the multi-carrier signal, as shown in Table 1.

Table 1 — Level of RF signals

Signal Level detection Symbol Remarks
| AM-VSB video RMS value of the carrier at the peak of the
Anaj;gue carrier pEaR varie “rms modulation envelope.
TV slignal :
FM aqdlo RMS value Crms The carrier level |s<4\5&ms(ta{%
carrier
. QAM signal RMS value
Digitally y long
modulated OFDM signal | RMS value Sp,RF owest
sigphals -
PSK signal RMS value
[SOURCE: IEC 60728-13:2010, definition 3.1.18, mod a 1 has been improved|]
3.1.1
carrier-to-noise ratio
signal-to-noise ratio
if the hoise level is expressed as
Nrms RMS level of the i iva ise bandwidth of the RF channel, expressed
in dB(mW) or in dB(u
the carrier-to-no@t Q ignal toynoise ratio (Sp re/N) is given by
CIN (dB) = Cfms (analogue signals)
(digital signals)
Note 1 : el of\the analogue modulated carrier or of the RF digitally modulated signal and the [level of
the noige i S in'tf e units, in dB(mW) or in dB(pV) measured across a 75 Q termination or ref¢rred to
75 Q.
[SOUJ : 8<13:2010, definition 3.1.19, modified — The definition has been rev|sed.]
3.1.2¢
DIU ratio

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

Note 1 to entry: The D/U ratio is generally used for multiple frequency interference as CSO and CTB, for single

frequency interference as CCR.

[SOURCE: IEC 60728-13:2010, definition 3.1.20, modified]
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3.1.21

single or multiple frequency interference

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

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

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

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

3.1 Zi

optical line terminal
OLT
centrdl office-terminal equipment that is linked with the Optical Netw.
premigses

qJtomer

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

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

3.1.23
optical network unit
ONU
termirjal equipment linked with OLT

[SOURCE: IEC 60728-13:2010, definitio

3.1.24
videofoptical network un
V-ONU

terminal unit that i )
Note 1 fo entry: The
[SOUIRRCE: IEC 60728

3.1.25
stimulated Brkillouir
SBS
non-lihear aman
scattefring, bu ccomamed by a lower frequency (acoustical) vibration of the medium Ipttice;
the light is_scattered_packward with respect to the incident radiation

[SOURECE” IEC 61931:1998, definition 2.1.88]

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

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

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

stimulated Raman scattering

SRS

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

[SOURCE: IEC 61931:1998, definition 2.1.87]

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

Note 2
crosstalk between optical signals of different wavelengths.

| cause

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

3.1.27
crosstphase modulation
XPM
cross{phase modulation is caused by the nonlinear refr ; bre material

becomgs broader, the more XPM value decrease g 1 490 nm (communication sigpal) and
1 550 nm (broadcast signal) wavelengths, XP ared’'with SRS due to this relatipnship-

Note 1 fo entry: It has a relationship with the wavelength spaging in opf iczl transmission system. The more $pacing

Note 2 fo entry: XPM affects the performance of't avele ivision iplex system.

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

3.1.28
crosseralk
carrigr-to-crosstalk ra

CCR
level difference [ 3 3 arrier’level and worst case of other services [single
frequgncy crosstalk si 9 R

service

_UO

therService

wherg

Dcaty i minal level of CATV broadcast signal in dB(uV) at RF output pprt of

Uotherdervite |s the worst case IeveI of another service’s smgle frequency crosstalk in dB(

C OtherService |S

mainly due to the Raman scatterlng effect.

Note 1 to entry: CCR is expressed in dB.
[SOURCE: IEC 60728-13:2010, definition 3.1.30]
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3.2 Symbols

The following graphical symbols are used in the figures of this standard. These symbols are
either listed in IEC 60617 or based on symbols defined in IEC 60617.

E Optical transmitter 2 Optical amplifier
0 [IEC 60617-S002131 [IEC 60617-S01239
(2001-07)] (2001-07)]
X
> ﬁr\fir‘nl fibre ,/ \ariahle attenuator
_@_ [IEC 60617-S01318 1 A 60617-S01245,
(2001-07)] ifi 01)]
0] Optical receiver L ~S00059,
E [IEC 60617-S00213 3 50091b
(2001-07)]
Electrical spectrum
analyzer based on Amplifier
[IEC 60617-S00059, [IEC 60617-S01239
IEC 60617-S00910 (2001-07)]
(2001-07)]
Ammeter based on — Photodiode with
[IEC 60617-S000 | \—> g fibre pigtail
IEC 60617-S009 [IEC 60617-S01327
(2001-07)]
Optical
Filter Optical filter
_ NF
Meter NF meter
N Optical splitter .
[3.33.1 of IEC 61930] v Television set

V_ONU Video optical network unit WDM WDM filter
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3.3 Abbreviations

AGC automatic gain control AM amplitude modulation

AM-VSB amplitude modulation-vestigial APC angled physical contact optical
side band connector

ATC automatic temperature control BS broadcast satellite

CATV community antenna television CCR carrier-to-crosstalk ratio
(network)

C/N carriar.to.naoicsa ratio CS communication satallite

CSO composite second order CTB

D/U desired to undesired signal EDFA
ratio

E/O optical transmitter (electrical to FM

optical transducer)

FTTH fibre to the home ork

GEPJN gigabit ethernet passive optical
network
H/E headend brid fibre coaxial

ISDB-T integrated services digital
broadcasting — terrestrial

integrated services digital
broadcasting — satellite

ITU-T Internationall laser diode

MDU noise figure

O/E orthogonal frequency divisipn

multiplex

OLT optical modulation index

ONU PD photo diode

QAM quadrature\amplitude QPSK quaternary phase shift keyipg
modulatio

RIN relative intensity noise RBW resolution bandwidth

RF radio frequency SBS stimulated Brillouin scattering

SCM single carrier modulation 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 TC8PSK trellis coded 8PSK

VBW video bandwidth V-ONU video optical network unit

WDM wavelength division XPM cross-phase modulation

multiplexing
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4 Optical system reference model

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

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

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

e In|the case of separate optical fibre transmission in broadcast and commmunication sjgnals,
the WDM filter in Figure 1 or Figure 2 should be removed and the n_should use

the two wavelengths (14, 4;) signals simultaneously. The WDMN i i ) side for the
separation of 4, and A, signals is not necessary. However, the Mfilte e sepdration
of broadcast and communication signals is necessary at'th i i

e The FTTH system below 1 000 MHz is specified in

Headend system Distributi Subscriber premises

netwo!

AN
oadcast si alténs issionivste\é\,)\/
In-house
network
V-ONU
3) wow | % A |
LG
. W{nsmlssmn D-ONU
system % e }

\Hﬁ/ IEG  584/12
igurend. — KT le TV system using one-wavelength

Distribution Subscriber premises
network
47 MHz to1 .000-MHz Broadcast signal transmission system
In-house
E - network
OBh——F o

I - — — o A
WDM D n[= WDM () n— WDM E v
O - TTTE

1000 MHz to 2 600 MHz —

Telecommunication signal transmission system

IEC 585/12

Figure 2 — FTTH Cable TV system using two wavelengths
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Figure 3 shows the performance specified points of the optical system.

System

Opt Tx out Opt Amp out V-ONU In V-ONU OUT outle

7 MHz to 1 000 MHz

FE V-ONU
In-house
[E ;E * network ™ ‘

1000 MHz to 2 600 MHz ® Performance specified point
IEC 586/12
Figure 3 — Performance specified points of the optical s

5 Preparation of measurement
5.1 Environmental conditions
5.1.1 Standard measurement conditions
Unlesp otherwise specified, all the measurements ghall be\ca t under the following
standard measurement conditions.
a) Tgmperature and humidity

ThHe ambient temperature and relative humid [ e range of 15 °C to 35 °C and

nevertheless, the specification

The system under testshall{ be in theunormalioperating condition, and all the pieges of
equipment in the s be and tuned according to the designed level

diggram prior to the
c) AGC operati@
Unless otherwise in the
e test
ucing
er test
tHpment

shall be tuned accordlng to the deS|gned level dlagram before any measurement is carrled out.

5.1.3 Standard signal and measuring equipment

For measurement purposes, the standard signals used in the measuring instruments as well as
in the system under test shall be set according to the prescribed standard signal format of the
individual system. The measuring instruments to be used are described in Table 2 (passive
pieces of equipment are excluded).
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Table 2 — Measuring instruments

Name of instrument Usage
Optical power meter Instrument to measure the power of the optical signal.
Spectrum analyzer Instrument used for quantitative measurement of high frequency
signals.
Optical spectrum analyzer or wavelength meter | Instrument used for optical wavelength measurement.
Signal generator Instrument used to generate high frequency signals (sine-waves).
Network analyzera Instrument used to measure the high frequency performance of
equipment.
NF mgtera Instrument used to measure Noise Figure/(NQ.
Curreft meter (Ammeter)2 Instrument used to measure electrical/c\l(rrent
V-ONUY Optical receiver unit used to conve n optl al'video’signal to an
electrical signal.
WDM Filter Instrument used to separate wa ele gthform asM ptical
power and wavelength.
a |If fhe RIN calculation parameters of ONU, responsivity (R), dark 40 nd equivalent noise durrent
depsity (Igq) are known beforehand, these instruments are not nec ary.
N
5.2 |Accuracy of measuring equipment
All thg devices and instruments used e accurately calibrated. The
standard sources used for calibration 6 months before the ¢lay of
measyirement.
5.3 |Source power

The supply voltage a
systemn under test

specif

6.1
6.1.1

This ¢
signal

The n

ing instruments and the equipment
the corresponding instrument/equi

cations. Q

pf the
bment

eéaslring points described in this standard are limited to the part of the system

hat is

rangin

6.1.2

g from the output terminal of the optical transmitter to the system outlet.

Measuring points

This subclause describes measuring points of the FTTH system for satellite broadcast
transmission in consistency with IEC 60728-13.

e The measuring points of the FTTH system for satellite broadcast transmission are illustrated
in Figure 4. The methods of measurement described in this subclause are applied to the
WDM system model and are basically similar to the system using single wavelength.

e The measurements carried out at the tap-off output can be used to predict the system
performance at the output of V-ONU. Accordingly, it becomes easier for the system

op

erators to monitor and control the performance of subscriber terminals.
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It is required to measure the optical power at points (1) to (5), and the electrical signal level at
points (6) and (7) of Figure 4 to assure the total system performance. Points (5), (6) and (7) shall
be measured to guarantee the system performance at the end point of the optical section and at
the interface point to the customer premises. Relative intensity noise (RIN) shall be measured at
points (1) through (5) and C/N (electrical signal) at points (6) and (7). Estimation of
carrier-to-noise ratio at the output of V-ONU is calculated from the measured RIN value of the
optical input signal to V-ONU at point (5).

Optical

Optical power splitter;

Optical transmission line

power splitter

Optical

(5) V-ONU
input

amprmer

1000 MHz to 2 600 MHz

(1) Transmitter
output

(2) EDFA
output

6.1.3

@

(3) Splitter

output

The measuring points and parameters are.liste

than 43 dB(mW), a limitation
the optical power at the
may blecome significa

Howeyer, since the abob
system, this can be gxe

For measuring the RIN it is preferable to ai
[ the

S

System
outlet

System outlet

IEC 587/12

al power at the measuring point higher
formance of the measurement setup. If
er than —3 dB(mW), the measuremen
is point is not recommended.

error

is due only to the noise performance of the measurement

Measuring points

Meaguri \ \
paratheters™| 20 (2) (3) (4) (5) (6) (7)
ransmitter EDFA Splitter Tap-off V-ONU V-ONU System
tp output output output input output olutlet
Opticall power [} o o ¢} o — —
Optical o ° ° ° ) - -
wavelength
C/N (electrical) — — — — — o ¢}
C/N (RIN) . .
See NOTE ° ° A A A

system performance.

The measurement at points (5), (6) and (7) is mandatory, while measurement at other points is required to assure the

individual pieces of equipment.

NOTE Theoretical estimation of C/N at point (6), at the output of V-ONU, is based on the measurement results of
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o : Measurements are possible at these points.

e : Wavelength measured at the transmitter output, it can represent the entire system.

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

6.2 Optical power

The measurement of optical power at single wavelength shall be carried out according to 4.2 of
IEC 60728-6:2011. For measuring the total average optical power of multiple wavelengths
emanating from the end of a test fibre, the method described in IEC 60728-13 shall be used.

NOTE |[In general, there is no wavelength selectivity in the optical power meter that is calcula
total optical power. Therefore, it is necessary to separate wavelength by the WDM coupler o
it is ne¢essary to compensate the loss of the WDM filter used.

ed.and is diSplayed as
ilter. In that case,

6.3 |Optical wavelength

The optical wavelength, in the FTTH system for satellite broadca 3 ion, shall be
measured following the descriptions given below.

If a single V-ONU is used to receive multiple wavelengths si ithout any WDM filter,
a test| WDM filter shall be used to measure the individ i nyavelength at the input of
V-ONU. The measurement setup is shown in Fig

Measuring point
Optical spectrum analyzer]

((H-(5) in Figure 4)
or
O Wavelength meter
IEC  588/12
Figure 5 —Me i avelength using WDM coupler

To mgasure the c@ ythto of the spectrum of an optical signal under modulatign, the
methqgd described | ¥'shall’'be used. The central wavelength shall be expressed
in nm
6.4 |Carrie
6.4.1

The pprpose.6 st method is to measure the carrier level of the satellite broadcast|signal
(TC8RSK, QPSK). Als0, carrier-to-noise ratio is measured using the measured noise level|within
the tramsmission bandwidth of the broadcast signal. This test method perform[s the
measurement in the electrical domain.

6.4.2 Measurement setup

Setup for the measurement of carrier level and carrier-to-noise ratio is shown in Figure 6.

Electrical
t
Measuring point V-ONU Z:::K/:::"
((6) and (7) in Figure 4 )m
(¢}
O \@ E
Test fibre
IEC  589/12

Figure 6 — Measurement of carrier level and carrier-to-noise ratio
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6.4.3 Measurement conditions
The following measurement conditions apply.

a) 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.

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

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

6.4.4 Measurement method for xPSK signals

For tHe measurement of the average level of carrier and carrier-tg<noi ati gitally

6.4.5 Presentation of the results

The carrier level shall be expressed in dB(mW) or in dB(u )-noise ratigp shall
be expressed in dB.

6.5 |[Carrier-to-noise ratio defined by optical

6.5.1 General

The pyrpose of this measurement methodhis to e carrier-to-noise ratio at the oufput of
V-ONU from the measured relative intensity noisexR he optical input signal to the ViONU.

RIN i the noise caused L i i tput power with respect to time @nd is
expregsed as the ratio jof average opticalp® e average noise power measured if 1 Hz
bandwidth. It is difficul > b in the optical domain and the measurgment
shall pe carried a i jcal signal to an electrical signal. Howevgr, an
accurate measu@w i ible’if the optical input to V-ONU is small as in most of
the prhactical syste lculated from the measured performance of individual

compoénents consti

6.5.2 % i i dhmeasurement setup
6.5.2.11

The measuring=points\forthe RIN measurement in a typical FTTH system for satellite brogadcast
signall transmissi

Optical Optical

Optical power splitter, power splitter

amplifier V-ONU System

0\ e} In-house outlet
@ E network

1,000 MHz to 2 600 MHz| __|

S
e

(1) Transmitter (2) EDFA (3) Splitter (4) Tap-off

output output output output IEC 59012

Figure 7 — Measuring points in a typical FTTH system
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Following bullets indicate notes for actual measurement and calculation.

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

NOTE RIN measurements will not be accurate when the optical power is lower than =3 dB(mW).
e If an optical amplifier is not employed in the system, RIN shall be measured at point (1).

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

e Ifthe optical power at points (4) and (5) is sufficiently high, these points shall also be used for
measuring the RIN value.

6.5.2.2 Measurement setup

Figurg 8 shows the RIN measurement setup.

Equivalent optjcal

Measuring pmmmmmmmmm i m e oL e N - NN -
point E
ATT i i pD || Amplifi Spectrum
: circuit \} analyzer
Optical power
meter
IEC  591/12

of RIN measurement are the same as those given in 6.4.3 of

easurement method
6.5.4.1

This testémethod shall be used to predict the carrier-to-noise ratio at the output of V-ONU from
the Rll‘V’ IIIUdbuIUIIIUIIt ubillg tilc actup biIUVVII ill Fiyulc 8 if IIIU“;}J;U VVdVUiUIIyﬂID dalc U ed |n
the system, RIN shall be measured at all the individual wavelengths. In order to measure the
RIN at individual wavelengths, either an optical wavelength filter shall be inserted at the
measuring point or the transmitters of other wavelengths shall be turned off. Ensure that only
the wavelength of interest is entered into the measurement setup.

This subclause contains several steps as described below. If the parameters, R, /4o, leq @and G
are unknown, refer to Annex D of IEC 60728-13:2010 for methods to measure these parameters.
RIN can be calculated using these parameters.
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6.5.4.2 STEP A: Input power of optical receiver and system noise (noise current
density)

For step A proceed as follows.

e Measure the input power of 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, N, expressed in dB (mW/Hz). The total noise current per Hz, Iy, of the
optical receiver can be calculated using Equation (1) with RBW of the spectrum analyzer set
to 100 kHz.

Yo
-3
10" x10
Iy =\——— |Anhz (1)
ZO
where
Zy is the impedance of the measurement setup,
NP
The fqllowing correction shall be applied ¢ is measured with the spgctrum
analyzer:
(2)
where
B, is the l
B is the noise ba idth ] (noise bandwidth correction factor), 120 000 Hz,
nversion to effective voltage level,
K4
K5 e logarithmic amplifier of spectrum analyzer, 1,45 dB.
NOTE | Thexmeasure leveb(Np) includes that of the measuring equipment (spectrum analyzer) which should be
at leasf 20 dB \ thewnoise level displayed outside the channel band in order not to affect the fesults.
Otherwlse, the cantkibution\of noise (due to the system or the equipment under test and to the measuring equjpment)
should pe taken-into account in the measurement of noise level (see Annex F of IEC 60728-1:2007).
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6.5.4.3 STEP B: RIN calculation

For step B proceed as follows.

e From the above measurement results, RIN, can be calculated from the following relation:
2e I3,

— G _ _ -1
RIN, =101g or ¥ et )2(1d0+R><Prn) A [dBHZz"]  (3)

rn rn

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

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

Ioq is the preamplifier equivalent input noise current dens

] is the total noise current within 1 Hz bandwidth™a eceiver oufput
ol (AR,

G is the amplifier gain of the optical receiver atching circuit),

P, is the n-th input power to the optical recei

6.5.5
The ¢ ] aJue of the k-th RF carrier in s-th ¢ptical
signal 3 & ng the

follow

(4)

where

(5)

The other parameters for the calculation are listed in Table 4.
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Table 4 — Parameters used to calculate the C/V when signals of
multiple wavelengths are received by a single V-ONU

Symbol Description Remarks
Noise bandwidth

NTSC-VSB-AM: 4,0 x 10° (Hz)
BN . Depends on the modulation format
64-QAM: 5,6 x 10° (Hz)

QPSK, TC8PSK: 28,86 x 10° (Hz)

K, Total number of RF carriers in s-th optical signal
Ms Total optical modulation index of ¢-th optical signal
- These paramete epend oneptical
Optical modulation index of k-th RF carrier transmitted using | transmitter, trafismission signalsfetc.
s s-th optical signal
To measurethe optic
individdal off

the transmi gths,
ovrins i ijter at
the meas i that

| input
to the %\

fe! \

P Optical power of n-th optical signal for optical noise fevel Th arameter depends on
r calculation (W) ) \*{ns ission line design.

\/ jhis arameter depends on optidal

Optical power of the s-th optical signal for optical signal level
I calculation(W)

tkansmitter, optical amplifier and
ission line. If these paramleters
are/unknown, the following valugs may
used to calculate the RIN of optical
signal input to the V-ONU.

RIN of optical transmitter for
multi-channel transmission is

RIN|
—-155 dB(Hz™).

RIN of optical transmitter for
retransmission: —150 dB(Hz™").
NF of optical amplifier: 6,5 dB

calculation (dB(H
RIN due to optical transmission Ifne:

—161 dB(Hz™).

e Charge%( an eI\ec\tron\(l,&}Q)'({_19 C) Physical constant.

R Re\épm\il\;(o}\v-ml (MN) Depends on the performance of

V-ONU. If these parameters are

149 “&q&ur@ﬁf VXQNUM) unknown, the following values mpy be
used in the calculation of RIN.
R: 0,89 (A/W)

- V=ONU equivdlent input noise current density (A/\/Hz) I4p: 0,1 (nA)

loqt TPA/AHz

Nt Number of transmitted optical signals simultaneously.

6.5.6 Calculation of component RIN

To calculate the RIN degradation due to optical amplifier and optical transmission line, the
methods described in 6.4.6 of IEC 60728-13:2010 shall be used.

6.6 Optical modulation index

The optical modulation index (OMI) of broadcast satellite signals shall be measured according to
the method described in 4.9 of IEC 60728-6:2011. In this standard it is assumed that power AGC
function, if available in the transmitter, shall be off during the measurements.
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6.7 Carrier-to-crosstalk ratio (CCR)

This method of measurement is applicable when other services (i.e. digital communication
signals like GPON, GEPON or Ethernet-Point-to-Point) besides CATV broadcast transmission
(i.e. AM-VSB, 64/256QAM, OFDM, TC8PSK and QPSK) are transmitted in the optical network.
Other services may produce crosstalk effects in optical fibres and in optical receiver devices
with high linearity. The carrier-to-crosstalk ratio (CCR) of satellite broadcast signals shall be
measured according to the method described in 6.6 of IEC 60728-13:2010.

7 Specification of optical system for broadcast signal transmission

71 Analogue and digital broadcast system over optical network

VSB-AM, PAL, SECAM, OFDM and QAM (47 MHz to 1 000 MHz) syster : ibed in
IEC 60728-13. This standard describes broadcast satellite (BS) and\cc L fon_satellite
(CS) gignals (1 000 MHz to 2 600 MHz) modulated by TC8PSK and QPSK. ion $hown
in Figuire 9 is applied only to these signals. The overall system all b ed\baged on
the analogue signals in which the more stringent condition is required. efr toNEC’60728-13).

Opt Tx out Opt Amp out

47 MHz to [ 000M Hz

1000 MHz tg In-house ol TV
7 network
2 -~
«— - > «————— 1 »
Section C/N-B Section CIN-C Section C/N-D
R SDU/MDU
CIN=38dB
CIN3 13 dB, (TN>13,4 dB(TE8PSK) SDU, MDU
CIN=\I1 dB. &N = Th2dBQPSK) CIN=38dB, CIN =24 dB

< N >

h Section'\(IN-A
CIN = 13.dBE8PSK)
S B@QF CIN = 1) dB(TC8PSK)
CIN= § dB(QPSK)

CIN =16 dB(TC$PSK) N =11 dB(QPSK)
IEC  592/12

CIN= 11 dB(QP,
@ Performance specified po

O Additienal measufing point

7.2
Minim
Table 5 — Minimum RF signal-to-noise ratio requirements in operation
Minimum RF signal-to-noise ratio | Minimum RF signal-to-noise ratio
System Modulation Code at headend input at system outlet
y rate S N S /N
D,RF D,RF
dB dB
TC8PSK 2/3 16 (See NOTE) 11
ISDB-S
QPSK 3/4 11 (See NOTE) 8
NOTE It shows the subtraction of corresponding C/N degradation of the rain attenuation of 99 % in time at the worst
month from C/N of the headend input signal. Refer to Annex D for details of the relation between C/N degradation and
rain attenuation.
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Relationship between RIN and CIN

The CATV broadcast service within the scope of this standard can be classified into three types:

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

e multi-channel service with CS supplementary service, and

e e

-transmission service for poor signal reception.

The broadcast channels can be transmitted using either a single or dual (WDM) wavelengths.

Table 6 shows the types of broadcast services with the typical number of carrlers Annex A

shoul:t be referred to for the combination of analogue and digital carriers

desig

Multi-¢

uses

analogue and digital signals. In multi-channel service with C

BS/CS

The r¢
broadg

re-trapsmission service. Most of the re-transmissi

or req
gener

b-IF channels are transmitted using the direct intensity

uires one EDFA only, and the optical sys

@

actualslystem

bsdribers,
ansm flure of
3 ervice, the

ity\with-poor recep’i’on of

r the
eS not require an EDFA,
nsity modulation method in
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Table 6 — Types of broadcast services

. Number of Analogue - .
Type of service Wavelengths (NTSC) Digital Satellite
1 11 carriers 80 carriers 12 carriers
. (64 QAM, OFDM) (TC8PSK)
a) Multi-channel
service with mixture 2 11 carriers 80 carriers .
of analogue and 1 (64 QAM, OFDM)
digital signals 2 12 -
carriers
A, - - (TC8PSK)
” as . 11 carriers 24 carriers
' et (64 QAM, OFDM) | —(TC8PSK, QASK)
b) ulti-channel with 11 carriers
CB supplementary ,11 11 carriers (64 QAM, OFDM @)
service 2 ’ (@GN
carrier
A, < WF SK)
1 9 carriers o c%g\ers\ \1u2>2arrier
C8PSK
c) Rp-transmission
sFrvice for poor ,11 9 carriers —
signal reception 2
12 carrier:
A B /(7 \)
2 M\ % (TC8PSK

Perfolmance of transmission line can be define th vane intensity noise (RIN) for

optical signal, and the CIN rat|o at V-ONU outputforielectrical signal. The term V-ONU is uged as
dard, and in the case of sefrvices
employing dual-wavelengt i > isa med to be received by a single -ONU.
Detailp on actual paramete ved. i A RIN values required for the three sgrvice
types jare shown in Tabjle 7. i ion method is applied to the optical system in
all service types.

he broadcasting satellite signal band using the [digital
IN value is calculated based on necessary C/N rdtio for
3ting signal (broadcast satellite digital signal). The gverall
syste ) egd on the analogue signals in which the more strjngent
condiffion is ré : € 60728-13).

The fgllowing tab
modulation (TC8PS
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Table 7 — Type of service and minimum operational
RIN values for Satellite services

Type of service Number of OoMmI V-ONU minimum System RIN Corresponding
wavelengths % input level minimum value C/N value (NOTE 1)
dB(mW) dB(Hz~1) dB
-124 13(SDU)
a) Multi-channel 1 2,2 -8 _125 14(MDU)
service with
mixture of
analogue and - -8 (4,, NOTE 2) -124 (NOTE 3) 13(SDU)
digital signals 2

-125 (NOTE 3) 14(MDU)

8.8 =14 (Z‘ NOTE 9)

-124 13(SDY)
1 2,2 -8
b) Mylti-channel -125 4(MDUY)

with CS
supplementary , — | -8(4,,NOTE2) | —124 (NOTE\3) (spY)
—425 ( 3 4(MDU)
8,8 -14 (ﬂz,NOTE 2)
12 13(SDU)
1 2,9 -12
—123 14(MDUY)
c) Reftransmission \/

sefvice for poor _ _
signal reception 9 12 (/1 ) 6125 OTE 3) 13(SDY)
12 OTE 3) 14(MDU)

2,9 \Q& E2)

NOTE 2 44
transm|ssion

NOTE Tot

NOTE The C/N value is calculated for TC8P$K system. \>
. wavelength of 47 z to 1 000 ission\b A, wavelength of 1 000 MHz to 2 600 MHz

band.
al RIN value fofl\wo- avel ng}h\yst

Multiple op

this degradation, th
recommended.

7.4 |Opti
Tablels

tical r@ j

ission Ilne may degrade RIN values. In order to minimize
ectors of IEC 61755-1 or APC optical connectdrs are

ance of optical wavelength and power for the FTTH system defiped by

Table 8 — Performance of optical wavelength and power
Optichl-wavelength RefertolEC-60728-13
Obtical Optical transmission | \yhen FTTH system operates two wavelengths, optical power of the first
pcr:wer power wavelength refers to IEC 60728-13 and the second wavelength is -6 dB of
V-ONU input power first wavelength.

The wavelengths shall be selected in accordance with the ITU-T G.694.1
Interval of wavelengths for DWDM case and the ITU-T G.694.2 for CWDM case. If it is not so, at
(two wavelength system) least 0,3 nm wavelength-separation shall be kept in any case to avoid

interference to broadcast signals.

Avoiding the influence to the first wavelength from the second one, the level of the second
wavelength shall be sufficiently less than the first one. This means —6 dB level difference when

the OMI of

the second signal is quadrupled. Refer to Clause A.5.
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7.5 Frequency of source signal

The frequency range of source signals considered here is 47 MHz to 2 600 MHz. However,
regional frequency plans can be used for the operating frequency range of the optical system.

7.6 Optical system specification for satellite signal transmission

The major parameters of the optical system are shown in Table 9. Refer to IEC 60728-13 for
VSB-AM, OFDM, and the QAM signals.

Table 9 — Optical system specification

Parameter TC8PSK | QPSK-

1530 nm to 1 625 nm
Optical wavelength
((1 555 £ 5) nm is strongly reco ed.)
Frequency of source 1000 MHz to 2 6 \ \
signa
Fluctyation of under corfsideration \
carrieTr-wave level \

Noise|bandwidth of

electrpnic signal 28,86 MHz /] 86 MHz
Min. gptical section C/NV \/

(Between Head-end 15 6 9dB
Outpyt and System

Outlef)

At Head-end
16 dB (NO, 11 dB (NOTE 1)
Min. || Input { =

CIN
At System \%))
Outlet (NOTE 2) N W \\> 8 dB (NOTE 2)

NOTE|1

worst [month from C/_ of
degraflation and ra nu tion.
NOTE|2 It correspond@{\

7.7 CIN ratio s

/N radation of the rain attenuation of 99 % in time|at the
efer to Annex D for details of the relation betwedn C/N

The ¢/ cified outside of the system outlet if the performance ¢f the
in-hoyse/in-bui i section is maintained properly. Based on current instajlation
methqds, C/N'rati ation for the in-house/in-building wiring section is specified in Tahle 10.
CIN rgtio atlocation’is’different between Single Dwelling Unit (SDU) and Multiple Dwelling Unit
(MDU) asrshown in Figure 10 and Figure 11, considering the difference of network compogition.

Table 10 — Section of C/N ratio specification for in-house/in-building wiring

Minimum CIN ratio for
Categorv of house in-house/ in-building
gory wiring
dB
Single dwelling unit _ 38
(SDU)
O/E conversion at MDU entrance, coaxial cable distribution 24
Multiple dwelling unit | fo TV set
(MDU) No O/E conversion at MDU entrance, optical cable 24
distribution to TV set
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V-ONUin  v.oNU out
Drop closure

I I
I
fo) Coaxial cable, etc.

TV

]
X J

Terminal box V-ONU | >

<

In-house wiring

CIN = 38 dB or more

System outlet

CIN = 11 dB(TC8PSK)
CIN= 8 dB(QPSK)

- 5 (\\\ \B
: = AN

V-ON CIN =24 dB of more ™\
Dyop closure ONU out < /

V-ONU in Coaxial cable, etc.
Lo .
L 3 € n ° TV
Terminal box V-ONU AMP L

Each home

System outlet

CIN = 11 dB(TC8PSK)
CIN= 8 dB(QPSK)

IEC | 594/12

7.8

Refer

7.9 |Singlefréquency interference level due to fibre non-linearity

The s|ngl€ frequency interference level caused by fibre non-linearity shall meet the following
valueg shown in Table 11. All the parameters of optical broadcast transmission systems s

set appropriatety-to-satisfy-the-interfe Ve

in Figure 4.

Table 11 — Interference level due to fibre non-linearity

Broadcast system DIU ratio
dB
Broadcast satellite (TC8PSK) More than 13
Communication satellite (QPSK) More than 13

7.10 Environment condition

Refer to IEC 60728-13.
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Annex A
(informative)

Actual service systems and design considerations

A1 General

As described in Clause 7, the CATV broadcast service under the scope of this standard can be
classified into the following three types:

o m:I:IU-channeI service with a mixture of analogue and digital signals,
e multi-channel service with CS supplementary service, and

e rejtransmission service for poor signal reception.

This pnnex describes actual service systems and design
specifjcations stated in this standard.

on the

A.2 Multi-channel service with mixture of ans

CATV| operator currently provides multi- chann Ice i digital
broadgasting. Analogue and/or digital m annel
services in this standard. This sub-clat two reference models for the
multi-channel services over an optical n 5 | wavelength and dual ¢ptical
wavelength, respectively. In both case mitter is used direct intensity modudlation
methqgd.

Model(B) ers
Model[(A) is selecteda odebthat is used single optical wavelength, and Mogel (B),
two optical wavelerig ' i , “Digital” i 1QAM

or OFPM signals,\and

The system s eofT multi-c Is, the
transmissi S EDFA
is the i n, the
relatignship bé brtion.

If the humberof bra es is reduced, optical line is extendable up to 40 km, and one milfion or
more pubscriber terminals become available by stacking splitters. Figure A.1 and Figufe A.2
show [thé/examples of the multi-channel service system of one million terminals, gnd of
2 000 terminals, respeciively.

32 splits 32 splits 32 splits 32 splits
47 MHz to 1 000 MHz
E M ) User premise
—1 % Optical fibre V-ONU
- Z g [¢]
WDM n n n % E v
E
[¢]
A EDFA EDFA EDFA EDFA
1 000 MHz to 2 600 MHz
Transmission line 20 km
IEC  595/12

Figure A.1 — Example of a multi-channel service system of one million terminals
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16 splits 16 splits 16 splits 8 splits
47 MHz to 1 000 MHz
E }Ll . User premise
O— fo) Optical fibre V-ONU
O
WDM - — I§ n Iﬂ n Iﬂ n Ig < E ™v
o |E
o 7»2 EDFA EDFA EDFA EDFA
1 000 MHz to 2 600 MHz
Transmission line 40 km
IEC 596/12
Figure A.2 — Example of a multi-channel service system of 2 000 terminals
A.3 Multi-channel with CS supplementary service
This s s with
CS sJ il dual
optica es the
direct mitter
adopt lation
for the

d CS)

Mode

case,

the tr I (D),
contai lation
metho Above
ther a

1 000|MHz. Analogue
64QAM or a OFI@

8 splits
47 MHz to 1 0p0 MHz

o1 E “ 1 V-ONU User premise
|| (@)
= E TV
O—1H ﬁ\
1000 MHz to 2 $00
__ Transmission line 20 km ‘
IHC  597/12
service system of 2 000 terminals
A.4 Retransmission service for poor signal reception

The retransmission service system is a small-sized receiving facility for the poor reception area
to receive broadcast TV programs. Nine carriers in each analogue, and digital signal, and twelve
carriers in satellite signals are assumed for the retransmission service. In general,
retransmission service systems have an about 2 km trunk line and 70 terminals. In this case,
one EDFA at its maximum is enough for this network size, see Figure A.4. Most of the
retransmission service system does not require an EDFA, see Figure A.5.


https://iecnorm.com/api/?name=70dbba8dc9039e615780c7305681cee8

- 36 - 60728-13-1 © IEC:2012(E)

Model(E) A¢:Analogue 9 carriers + Digital 9 carriers + Satellite (BS) 12 carriers
Model(F) 11: Analogue 9 carriers + Digital 9 carriers, 1,: Satellite (BS) 12 carriers

Model (E) is selected as the reference model of a single optical wavelength system, and
model (F), of a dual optical wavelength system. In both cases, the transmitter is used as the
direct intensity modulation method.

48 splits 3 splits
47 MHz to 1 500 MHz

E 1 Otical fib — V-ONU User premise
o— fe) —l : ptical Tibre : =
N, '} fal
J— WOM—— | > N 7 n z TV
o—E A — —
Ao EDFA — —
47 MHz to 1 500 MHz I I
Transmission line 2 km
c /12
Figure A.4 — Example of retransmission service system with<d44 terminals

24 splits spli
47 MHz to 1 500 MHz

E M / User premise
O— fo) Optical fibre V-0
} WDM TV
A2

E
(e}

47 MHz to 1 500 MHz

o—-

IEC  599/12

Figure A.5 — Exa ' : m%n service system with 72 terminals

A.5 System ref
A.5.1 bt 3

Table

parameters verified for the above service systems.
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Table A.1 — Basic system parameters

Number
. of Number of o Ref.
Type of service wave- carriers OMI (%) Remark model No.
lengths
Analogue: 7,0 Direct modulation Model
1 . Digital: 2,2 method No.1
Analogue: )
Multi-channel 11 carriers | Satellite(BS): 2,2 (90 MHz to 2 600 MHz) | Figure A.6
service with S _
mixture of Digital: External modulation
analogus-and 80 carrlers ATarogue. 7,0 method
dlgltal signals, Satellite Y (90 MHz to 1 00 HZ) :\‘lllod,el
multi-¢hannel 2 (BS): . Digital: 2,2 Direct modulation o2
12 carriers | g tellite(BS): 8,8 Figyre A.7
Analogue: 7.0
- Model
1 Analogue: Digital: 2,2 No.B
11 carriers | Satellite (BS and Figdre A.8
Multi-ghannel Digital: CS)- 22
with gS 11 carriers
supplgmentary . Anal -7
service Satellite nalogue. Model
(BS and No.k
2 CS): o.
24 carriers Figdre A.9
000 MHz to
2 600 MHz)
Analogue:
rrier;
igitak Direct modulation Model
1 9 arriers method No.p
Satelli Q (90 MHz to 2 600 MHz) Figyre A.10
(BS
Retransmission 12 carriefs
service for poor
signal|reception An ogu\é:/\
rs
Analogue: 9,0 Direct modulation Model
carrigrs Digital: 2,9 method No.p
Satellite Satellite(BS): 2,9 (90 MHz to 2 600 MHz) Figure A.11
>BS):
i, 12 carriers
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The parameters used for calculation of system performance are as follows.

a) Multi-channel service system

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 (/4g) 1,3 nA
V-ONU optical-electrical conversion efficiency (R) 0,84 A/W

b) Retransmission service system

Connection loss at connector

Fibre loss including splicing loss
V-ONU equivalent input noise current density (/eq)
V-ONU receiving device dark current (/4g)

V-ONU optical-electrical conversion efficiency (R)

A.5.2| Operating environment

12(E)

The optical transmitter and optical amplifier are assumed tobe | g with

headgnd equipment, in the following environmen

shall e applied.

a) Optical transmitter
Ambient temperature

Hymidity without dew condensation

b) Optical amplifier
Ambient temperatu
Hymidity @
c) V-ONU

Ambient tempe to +40 °C (outdoor installation) 1)

Ambient témpera 0 °Cto +40 °C (indoor installation)
20 % to 100 % without dew condensation

without dew condensation

Hymig

NOTE perature due to solar radiation.

to be
range
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A.6 Tips for actual operation

A.6.1  Optical transmitter

It is necessary to operate with the CS supplementary service facilities to control the SBS
(Stimulated Brillouin Scattering) effect. For that purpose a transmitter having the dummy carrier
in the vicinity of 2 GHz in the direct intensity modulation method is used.

A.6.2 Optical amplifier

the og
between wavelengths in the cascade operatlon A 6 dB level difference i
wavelengths at headend in this system, however, the gain tilt may imp
finally| it becomes difficult to maintain the original level difference.
value,



https://iecnorm.com/api/?name=70dbba8dc9039e615780c7305681cee8

- 46 - 60728-13-1 © IEC:2012(E)

Annex B
(informative)

Wavelength division multiplexing

B.1 Optical wavelength spacing (optical frequency)

The wavelength spacing is defined as follows.

a) DWDM frequency grid (ITU-T G.694.1)
A Variety of channel spacing ranging from 12,5 GHz to 100 GHz and wjder
b) C\DM wavelength grid (ITU-T G.694.2)

The wavelength spacing is regulated by the central wavelength
wdvelength grid is provided at a 20 nm interval.

nd the

B.2 Nominal central frequencies and wavelength

Wavelength (frequency) is defined as follows by two r
a) DWDM case

For channel spacings of 12,5 GHz onr_a fibre 7) are
defineg

For ch bfined
by:
For ch efined
by:

0500 where #n is a positive or negative integer including 0

For cHannel.spacing
are ddfined by:

of 100 GHz or more on a fibre, the allowed channel frequencies (in THz)

f=193,1 + n x 0,1000 where n is a positive or negative integer including 0

Wavelength can be calculated by the following equation.

1=
S
where

A [nm]; wavelength

S [GHz]; frequency [GHz]=[10° Hz]
¢ [m/s]; speed of light in vacuum (=2,997 924 58 x 10°)
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Approximate nominal central wavelengths (nm) are calculated as shown in Table B.1.

Table B.1 — Example nominal central frequencies of the DWDM grid

Approximate Nominal central Approximate Nominal central
nominal frequencies (THz) for nominal frequencies (THz) for
central spacing’s of central spacing’s of

wavelengths wavelengths

nm 100 GHz 200 GHz nm 100 GHz 200 GHz
1 624,89 184,5 184,5 1575,37 190,3 190,3
1 624,01 184.,6 1 574,54 190,4
1623,13 184,7 184,7 15673,71 190,5 K 190,5
1622,25 184.,8 1572,89 19@\

-

-

621,38 184,9 184,9 1 572,06 i&'ﬁ%{\\ \9{7>
620,50 185,0 1571,24 \Q\\ >

-

619,62 185,1 185,1 1 570,@ \W 190,9

-

X
618,75 185,2 /469,59 191\{

=N

ey
,

617,88 185,3 185,3 klé 19 1 191,1

Z’%

=N

617,00 185,4 (\ 81 56< V191 2

=N

616,13 185,56 185,5 ™\ \1\567\,}3\/ 191,3 191,3

=N

615,26 185,6 < (‘s \5%31 191,4

1614,39 185/\{ m&( >>565,50 191,5 191,5
N
N
1613,52 Ms (N O~/ 156468 191,6
1612,65 / gr~§5,9 155\9 1563,86 191,7 191,7
1611,79 M\ \/\ > 1 563,05 191,8

-

610,92 \QGA 1@1 1562,23 191,9 191,9

610{)/\ \»Qs\,z\ 1561,42 192,0
zébg\ﬁ\ N \18% 186,3 1560,61 1921 1921
\8\3\ \\1864 1559,79 192,2
1 60747 /1865 186,5 1558,98 192,3 192,3
606,60 186,6 155817 192,4
1605,74 186,7 186,7 1557,36 192,5 192,5
1604,88 186,8 155655 192,6
1504,03 186,9 186,9 1555,75 192,7 192,7
1603,17 187,0 1554,94 192,8
1602,31 1871 187, 1 1554,13 192,9 192,9
1601,46 187,2 1553,33 193,0
1600,60 187,3 187,3 1552,52 1931 1931
1599,75 187,4 1551,72 193,2
1598,89 187,5 187,5 1550,02 193,3 193,3
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Approximate

Nominal central

Approximate

Nominal central

nominal frequencies (THz) for nominal frequencies (THz) for
central spacing’s of central spacing’s of
wavelengths wavelengths

nm 100 GHz 200 GHz nm 100 GHz 200 GHz
1 598,04 187,6 1 550,12 193,4
1 597,19 187,7 187,7 1 549,32 193,5 193,5
1 596,34 187,8 1 548,51 193,6
1 595,49 187,9 187,9 1547,72 193,7 193,7
1594,04 188,0 1546,92 193,8
1 593,79 188,1 188,1 1546,12 19?},94 ) \Q&Q
1592,95 188,2 1545,32 (@1\\@\ N \
1592,10 188,3 188,3 1 544,53 1\3<\\\ \g}\/
1 591,26 188-4 1 543,}3’\ @
1 590,41 188,5 188,5 1 4 \19}4\3 194,3
1 589,57 188,6 (1 5(714 \\1\%)
1 588,73 188,7 18% &\1// !{\ N>194,5 194,5
1 587,88 188,8 & 54})»@ 194,6
1 587,04 188,9 188,(@)/A 1}‘%77 194,7 194,7
1 586,20 189}/\ \ s 1\53498 194,8
1 585,36 i@g\ % /1_&19,1 | M 538,19 194,9 194,9
1 584,53 hsg\,g/\ \\\ 1 537,40 195,0
1 583,69 1%%3 N \\89}\ 1536,61 195,1 195,1
1582,85 &18\9\<\ \/\ 1535,82 195,2
1 582,92\ NEQ\S \—1'8/9,5 1 535,04 195,3 195,3
1}%& \1%&6 1 534,25 195,4
&QE&& 189> 189,7 1 533,47 195,5 195,5
1 579,52 >189,8 1532,68 195,6
1 578,69 189,9 189,9 1 531,90 195,7 195,7
577,80 9070 531,12 19578
1577,03 190,1 190,1 1 530,33 195,9 195,9
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b) CWDM case

Wavelength is defined as shown in Table B.2 (ITU-T G.694.2)

Table B.2 — Nominal central wavelength for spacing of 20 nm
(ITU-T G.694.2)

Wavelength of laser diode Nominal central wavelengths (nm) Channel spacing
nm for spacing of 20 nm nm

1 530 band 1531 1524,5t0 1537,5

1 550 band 1551 1544,5t0 1557,5

1 570 band 1571 1 56475’10\1\577,5

1590 band 1591 158415 to 1 59%5

1610 band 1611 /1\604.5 to.1647/5

B.3

B.3.1

When
classi

a) Li

Linea
residu
insuffi

Notes of wavelength division multiplexing

Crosstalk between two wavelength

crosstalk is caused by the insufficient )
al frequency compone ath signe
cient separation.

s\/

multiple wavelength signals are transmitted L tis

. The
s appears at the receiving side fue to

Linear grosstalk

> Ode,

= - at Lineart
oM r2 A 2 osstalk

Linear crosstalk

IEC 606/12

Figure B.1 — Linear crosstalk between two wavelengths

b) Non-linear cross talk

The typical non-linear crosstalk is the Raman crosstalk which appears in the fibre itself. SRS
(Stimulated Raman Scattering) is the cause of this Raman crosstalk. The Raman crosstalk is
worst when the wavelength spacing is 13 THz (100 nm), as shown in Figure B.2. This
phenomenon occurs whenever the optical signals are transmitted in the optical fibre, and it is not
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