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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 10: System performance for return paths
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This second edition cancels and replaces the first edition published in 2001 and constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

New measurement method for amplitude response variation, 4.3
Additional recommendations to documentation of measurement results in 4.5.6, 4.6

New subclause for measurement of group delay variation, 4.8

5.
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The text of this standard is based on the following documents:

FDIS Report on voting

100/948FDIS 100/978/RVD

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.

evision

|IEC 60728 caonsists of the fnllnwing parts _under the general title Cable networks for te

signals| sound signals and interactive services:

Part 1: Methods of measurement and system performance

Part 2: Electromagnetic compatibility for equipment
Part 3: Active coaxial wideband distribution equipment (thi¢
Part 4: Passive coaxial wideband distribution equipmep

Part 5: Headend equipment
Part 6: Optical equipment

Part 7-fI:  Hybrid fibre coax outside plant layer
specification
Part 7-p: (MAC)
Part 7-8: ponder
Part 9: _keadends” and similar professional equipment for
Part 10
Part 11
Part 12:
The co ed until
the mal c.ch" in
the dat

* reconfirmeth
* withdrawn;

* replaced by a revised edition, or

* amended.

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

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

This includes:

— CATV-networks;
— MATV-networks and SMATV-networks;

— individual receiving networks,

and alllkinds of equipment, systems and installations installed in suc

The extent of this standardisation work is from the antennas,
the heddend or other interface points to the network up to the te

The stgndardisation of any user terminals (i.e. tuners, re

well as|of any coaxial, balanced and optical cables an6 ssorias/the

of is excluded.
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Figure 1 — Reference points of an active return path system (example)
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In addition to the system performance requirements for the transparent return path, system
performance recommendations were laid down in this standard, for example for the overall
frequency allocation, for the use of specific modulation techniques for different interactive
multimedia services or for different sub-bands within the return path frequency range, etc.

Specific equipment installed in cable networks for the operation of such return paths is
standardised in the relevant equipment standards, parts 3 to 6 of the IEC 60728 series.

Transmission systems are not within the scope of this standard.

2 Normativereferences

The following referenced documents are indispensable for the application © i ument.
For dated references, only the edition cited applies. For undated reférans ! edition
of the neferenced document (including any amendments) applies,

IEC 60y28-1:2001, Cable networks for television signalgs
servicels — Part 1: Methods of measurement and system pé

interactive

IEC 60728-2:2002, Cable networks for television (sig
servicels — Part 2: Electromagnetic compatibility fex equip

interactive

IEC 60y 28-3, Cable networks for tele
Part 3:|Active coaxial wideband distributiQn eguip

sernvices —

IEC 60y28-4:2000, Cable networks and intgractive

servicels — Part 4: Passive’coaxia

IEC 6028-5:2001, and intgractive

servicels — Part 5:5

IEC 60§28-6:2003;
service

and intgractive

IEC 60
service

and inte¢ractive

IEC 60
servicels — Pa

able networks for television signals, sound signals and intgractive
ectromagnetic compatibility of systems

ITU-R Recommendation BT.6/BL22: 2005, Conventional analogue television systems

ITU-T Recommendation J.61:1990, Transmission performance of television circuits designed
for use in international connections (Published as ITU-R Rec. CMTT 567-3 in CCIR
Recommendations, Volume XlI, Dusseldorf, 1990)

ES 200 800 V1.3.1:2001, Digital Video Broadcasting (DVB); DVB interaction channel for
Cable TV distribution systems (CATV)
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3 Terms, definitions, symbols and abbreviations

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

3.1 Terms and definitions

3.11

amplitude response variation

peak-to-peak variation in frequency amplitude response of a specified signal path over a
specified frequency band, expressed in dB

3.1.2
broaddast signal
signal pomprising of video and/or audio and/or data content whick
receivers simultaneously

istribuited\ to peveral

3.1.3
channg¢l availability
percentage of the time during which the channel fu
duratioh of the observation time has to be published

e requirements. The

3.1.4
downsftream direction
directidn of signal flow in a cable network 9 any other central point{ (node)
of a cable network to the subscribers” A

3.1.5
forwarfl path (downstreain
part of |a cable networ,

headend or any ofer €
3.1.6

frequehcy error
quality basis of the actual frequency of an electrical |system
compa i It consists of initial error, short term and long term frequency
stability

fbuted in the downstream direction ffom the
a cable network to the subscribers” area

3.1.7
headend
equipment which onnected between receiving antennas or other signal sources and the
remainget/of the cable network, to process the signals to be distributed

NOTE The headend may, for example, comprise antenna amplifiers, frequency converters, combiners, separators
and generators.

3.1.8

hybrid fibre coaxial network

HFC

cable network which is comprised of optical equipment and cables and coaxial equipment and
cables in different parts

3.1.9

impulse noise

noise which is caused by electromagnetic interference into cable networks. Impulse noise is
characterised by pulses with a duration of typically <10 us
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3.1.10

ingress noise

noise which is caused by electromagnetic interference into cable networks. Its power
decreases with increasing frequency. It is permanently present but slowly varies in its
intensity as a function of time

3.1.11

interaction path

part of a cable network by which interactive signals are transmitted in the downstream
direction (from the headend or node to the subscriber) and in the upstream direction (from the
subscriber to the headend or node)

3.1.12

location specific noise
noise which occurs at a specific area of a cable network or which oc
located in a specific environment

rs in axcable metwork

3.1.13
multiple interference

interferjng signal which consists of at least two signals w
different sources

from at lepst two

NOTE On return path the multiple interference consists of ingress npige ?nd intermodulation distortion preducts.

3.1.14
multimedia signal
signal pomprising of two or more differes or example video, audip, text,
data, efc.

3.1.15
networnk managementsys
NMS

softwarne based si/ste 3

3.1.16
networnk segme
part of |a cable ns
cable networ

mplete

3.1.17
netwollk te
electrigal ter
node side

end or

3.1.18
node
central point of a network segment at which signals could be fed into the forward path or
could be gathered from a number of subscribers out of the return path

3.1.19

return path (upstream)

part of a cable network by which signals are transmitted in the upstream direction from any
subscriber, connected to the network, to the headend or any other central point (node) of a
cable network

3.1.20

upstream direction

direction of signal flow in a cable network from a subscriber to the headend or any other
central point (node) of a cable network
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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.

Symbols Terms Symbols Terms
o Optical receiver P(f) Erl]zclyzlgfl spectrum
E [S00213] [S00910]
G Test waveform generator EffSLVS distribution

HOTYv-OT

JC [S01225]

Variable signal generator
[S00899, S01403, S00081]

b
(U)

Variable attenuator
A\ [S01245] C(/;\&/&S
High pass filter \\j System Under Test

N\_
SUTNUT Network Under Tedt
"~ [S01247] (500060}

| Modulator
'A [IEC 60417-5261]

V)

Demodujato

Bit Error Rate detegtor
[S00059, S00910]

3.3

The following akbreviations are used in this standard:
BER bit errorrate

BW bandwidth, equivalent noise bandwidth
CATV community antenna television

CB citizen band

C/MI carrier-to-multiple interference ratio
C/N carrier-to-noise ratio

DVB digital video broadcasting

EMC electromagnetic compatibility

FM frequency modulation

FSK frequency shift keying

HFC hybrid fibre coaxial
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IF
ISM
LPF
MATV
NMS
NUT
OFDM
PRBS

- 12 —

intermediate frequency

industrial, scientific, medical

low-pass filter

master antenna television (network)
network management system

network under test

orthogonal frequency division multiplexing

pseudo random binary sequence

60728-10 © IEC:2005(E)

QAM
QPSK
RF
RMS
RBW

SL
SMAT\
S/N
SUT
TV

4 Mdthods of mea

4.1  S$et-up of@n
Even i the main 1a -

quadrature amplitude modulation
quaternary phase shift keying
radio frequency

root mean square

resolution bandwidth

signal level, before corrections

signal level (corrected)

satellite master antenna television ( Qrk

signal-to-noise ratio
system under test

television

K. Table 1 gives some hints.

for the

al ways from the forward path, even though they share| mostly

Criteria Downstream

Upstream

Signals present continuously

intermittently or continuously

Power levels

well-defined

varying

Channel allocation well-defined may vary over time
Signal bandwidth well-defined application dependent
Modulation scheme fixed application dependent
Amplifier input single several inputs

As can be seen from the table, the variable factors require that the procedures used to
operate the return path plant differ from those used in the downstream direction.
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One major difference is that the amplifiers in the downstream direction are aligned by
adjusting their output signals to predetermined levels and in the return direction, the network
plant is adjusted so that the input signals from different sources are equalized at the amplifier
input. Different types of signals may be at different levels.

4.1.1 Steps to set up properly the upstream plant

Figure 2 gives a rough procedure for the set-up.

1 1
Determine input level for Determine input level for
all active equipment all active equipment
¢ /
2
Inject test signal to optical
transmitter, input level: see step 1 x
¢ N
3
Measure the level at the headend,
adjust to planned value G
4
Inject a signal to the amplifier Inject a signal to the amplifier
closest to the optical transmitter, closest to the headend,
input level: segé\e,& f\ input level: see step 1

v

5 3
Meas @ev at the ogtical Measure the level
transmitter headend at the headend

Adjust the output of the amplifier
so that the input level at the
headend is according to step 1

!

Continue with the following Continue with the following
amplifier in the downstream amplifier in the downstream
direction direction

IEC 861/05

Figure 2 — Procedure for set-up and adjustment of an upstream plant
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4.2 Measurement of signal level
4.21 General

The method described is applicable to the measurement of the level of RF signals which do
not have a clear carrier (e.g. QPSK and QAM modulated carriers).

NOTE This method is not suitable for burst signals.

4.2.2 Equipment required

The equipment required is a spectrum analyzer having a known noise bandwidth and a

|'b ol 1 Tl Lilo 4 o lLal Lo £ k.l o oL ol
calibrageg—arspray e canoratonaccuracy-snotradoeprereranty-wimm—o, 90

4.2.3 Connection of the equipment

Conneg¢t the measuring equipment to the point where the measureme fhed by
using a suitable connection lead. Take care of correct impedan

4.2.4 Measurement procedure for RF signals withou

The mgasurement procedure comprises the following

has no
he test

check
e used;

a) if a high level ambient field is prs
spurious readings. Connect a shig
equipment and the connection lead
tha{ there is a negligible reading at th

b) tung¢ the spectrum analyzer to the ¢ha a measured (by selecting the centre
frequency of the spec span and level settings to slow the
whqle channel. Exa width of digitally modulated carrigers are
giveén in Table 2;

Table 2 <E)&im les o guist bandwidth of digitally modulated carriers
Y{WW Nyquist bandwidth
MHz
QPSK 0)256\WIbi/s N_ 0,128
QPSK0,288 Miit/s\  \ 0,1875
QP'SK 0,570:Mbitks 0,375
< QPSR\1AR2Wbit/s\ 0,750
QPSK 1)54\Mbit” 0,772
QPSK 2:304 Wbit/s 1,5000
QPSK 3,088 Mbit/s 1,544
WUFON 4,0US8 VIDIU/S 9,UUU
16QAM 12,8 Mbit/s 3,2000

c) set the resolution bandwidth (RBW) of the spectrum analyzer to 30 kHz (or lower than one
tenth of the equivalent bandwidth) and the video bandwidth to 1 kHz (or lower to obtain a
smooth display). Use an RMS-type detector;

d) measure the signal level (S) at the centre frequency of the channel in dB(uV);

e) measure the -3 dB frequencies of the channel. The difference between these two
frequencies is assumed to be the equivalent signal bandwidth (BW);

NOTE This measurement is important for the QPSK modulation format where the equivalent signal bandwidth
depends on the bit rate of the transmitted signal and the inner code rate used.
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f) calculate the signal level (SL) by using formula:

SL=S+101g (BW/RBW) + K

The correction factor (K) depends on the measuring equipment used and shall be provided by
the manufacturer of the measuring equipment or obtained by calibration. The value of the
correction factor for a typical spectrum analyzer is about 1,7 dB.

If the measuring equipment can display the level in dB(mW/Hz), the correction factor K is not
needed and the level (SL) in dB(mW) can be obtained from the measured level (S) by using
the formula:

NOTE
if the ley|

4.2.5

The msd

4.3 Measurement of amplitude response variat

This measuring method actually measures the S+N level. The contribution o

SL=5+10Ig (BW)

1
bl of noise outside the equivalent channel band is at least 15 dB lower tha

Presentation of the results

asured level shall be expressed in dB(uV) referred to

egligible

4.31 Background

There iis a number of propriety test equi ajlable are specifically designed for

this purpose. However, since these paay no adily available, the method, which is

described here, uses test equipment that is-4usua \ ice by CATV engineering staff.

NOTE The proposed method of mea 2 ca ed inyetworks during normal operation.

4.3.2 i

The following e

a) all [equipment” anx needed for this method of measurement shall have 75 Q
impgedance (with i ators if required);

b) as at least 3 MHz to 80 MHz. This should have an output Jevel of
at | and shall be capable of sweeping automatically;

c) as ering the frequency range of interest. This shall have a pepk hold
and y ahd be capable of sweeping at a slow speed (greater than 30|s for a
hor

d) a cplibrated attenuator, which can be changed in 1 dB steps. This shall be suitable| for the
frequency range of interestand may be buittinto the spectrum anatyzer;

e) a plotter or printer, which can be used to store the spectrum analyzer screen trace. This is
optional but desirable.

4.3.3

The eq

Connection of the equipment

uipment shall be connected as in Figure 3.
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= e
N
v

Printer
or
plotter

3
+

NUT

!
]

IEC 862/05

Eigure 3 — Arrangement of test equipment

for measurement of amplitude response variation

4.3.4 Calibration of the equipment

a) Set|the sweep generator to cover the frequency range to b Ooulitput to

the|design reference level.
b) Set/the sweep time to 50 ms or less.

Cc) CoTnect the sweep output from the generator 60 theNnpw § alyzer.
Calfbrated variable attenuators may be required if thy 8 at bu ectrum
anglyzer.

d) Adjust the analyzer display so tha : 5 olution
set|to 1 dB per division. The frequency ) above
and below the range of interest.

e) Sef] the resolution bandwidth ( e video
bandwidth to 100 kHz.

f) Sefjthe display to "maximun

g) Trigger the analyzex_and capfu ce sweep on screen. Record the| result.

Where the spectrum arfaljrze valise” function this may be used at this pqint.
h) Increase the nd xepeat step g). Repeat to obtain calibration lings from
0 dB to -10 dB.

i) Refurn the attenya etting (0 dB calibration).

4.3.5

Conneq > andy sweep generator to the network points to be measured. |Ensure
that bo e eep\ injeCtion level and analyzer input levels are at the correct sgttings.
Repeat i gep and plot the result. The amplitude response variation can be read

from the final plot.

4.3.6 Presentation of the results

The amplitude response variation is expressed in dB as the maximum to minimum excursion.
The injection and measurement points shall be stated together with the frequency limits.

4.4 Measurement of signal to noise ratio (S/N)
4.4.1 General

The C/N measurement of an analogue television channel is described in IEC 60728-1. The
same method can be used also on the return path for signals, which have a clear carrier.
Noise bandwidth, which is applicable for the channel under test, shall be used.
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This standard describes a method of measurement for channels, which have a frequency
spectrum without a clear carrier (e.g. QPSK or QAM modulated channels). The S/N-ratio of
such channels is the modulated channel power divided by the channel noise power. The
channel noise power is the power of the noise, which is present within the whole bandwidth of
the modulated channel.

Ingress noise may interfere with C/N and S/N measurements. To minimise the influence of
ingress noise C/N and S/N should be measured at frequencies above 15 MHz or at
frequencies for which the return service is designed.

4.4.2

Equipment required

The ed
calibrat

4.4.3

Conneq
using a

4.4.4

The md

a) tun
fred

whole channel;

b) set
ten
sm

c) rea

d) swi
ma

to avoid ingres

des ise level (N) in dB(uV). If the signal cannot be switd
dur] asure the noise level at a frequency which is close
chgnnel aussian noise

e) the Iyze should have a noise level which is more than 10 dB lower t
me N). Check it by terminating the mput of the spectrum anal

uipment required is a spectrum analyzer having a known nojse bandwidth
ed display. The calibration accuracy should be preferably withi

Connection of the equipment

Measurement procedure

asurement procedure comprises the follo

e the spectrum analyzer to the ck
uency of the spectrum analyze

h of the equivale
poth display). Up

d the level of the signa centre frequency of the channel;

fch-off th@a » e system or by terminating the input port
ched impedar

, use the same settings of the spectrum anal

and a

med by

centre
ow the

an one
btain a

with a

ing-tune the centre frequency of the spectrum analyzer

yzer as
hed off
to the

han the
yzer. If
e value

culate the signal to noise ratio (S/N) by using the following formula:

4.4.5

(8/N)gg =S aBuv) = N dB(uv)

Presentation of the results

The measured signal to noise ratio (S/N) shall be expressed in decibels.
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4.5 Measurement of multiple interference
4.51 General

The multiple interference consists of ingress noise and intermodulation distortion products.
It is measured with a spectrum analyzer. For 24 h, the interference spectrum is stored in a
data memory every 10 s.

As forward path signals may cause distortion products in the return band, the measurement
shall be made in a network, which has all the forward channels in operation and no signals on
the return path. Alternatively (to verify that the distortion caused by the upstream signals is
insignificant), measure with all the forward and return channels — except the channel to be
measufed — in operation.

As field strength at the return band frequencies depends on many A
weekend, summer-winter, sunspot cycles, etc.), one 24 h test may xot\gi

In ordgr to be able to compare multiple interference
measufed simultaneously.

4.5.2 Equipment required

hall be
ng the

A specfrum analyzer with a suitable gata\
stand-dlone so that the measurement
measuffement day.

4.5.3 Connection of the equipme

Conneg¢t the measuring A ¢ g the measurement shall be performed by
using g suitable connection lead. Take c ct impedance matching.

To verify the q ’
point af the headewnd 6

4.5.4

ct the measurement equipment to the reference

Every |

Every 10 s of the day, measure the frequency spectrum using the following settings:

¢ resolution bandwidth: 30 kHz;
¢ video bandwidth: 10 kHz;
- start and stop frequency: as required;

* detector type: peak.
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4.5.5 Processing of the data

To interpret the data, the spectral power density shall first be integrated over the selected
modulation channels (e.g. 1,544 MHz according to ES 200 800 grade C). The power level in
the channel is converted to a voltage level over 75 Q.

Determine the signal level of each channel and calculate the percentage of samples, which
fulfil the carrier to multiple interference ratio (C/MI) requirement for each channel.

4.5.6 Presentation of the results

« C/MI requirement used;

e chgnnel centre frequency;
e chgnnel bandwidth (integration BW);

« signal level,

* megasurement site;
e network set-up;

« megasurement date and start and s
e dur
« oth

4.6.1

d_with a digitising oscilloscope. For 24 h, samples| of the
impuls chstored in a data memory. By using the collected samples, it is
possibl aplitude, pulse width and interarrival distributions. These data
are use \E Influence of impulse noise to different services.

Impuls

The im j asurement shall be made when the return path is not in use.

Impuls¢ ‘noeise is of wide bandwidth. A filter (f ;45 = 15 MHz, —12 dB/octave, high-pags) can

be used at the measurement set-up input to simulate the input filter of an upstream signal
receiver.

As impulse noise depends on many variables (e.g. weekday-weekend, summer-winter, etc.),
one 24 h test may not give reliable results. It is recommended to repeat the measurement in
different conditions.

In order to be able to compare impulse noise with multiple interference, both should be
measured simultaneously.
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Equipment required

A digitising oscilloscope of negligible distortion up to 50 MHz and equipped with a suitable
data interface and input filter (as described in 4.6.1) is used. The measurement set-up shall
be stand-alone so that the measurement results are automatically stored during the
measurement day.

4.6.3

Connection of the equipment

Connect the measuring equipment to the point where the measurement shall be performed by
using a suitable connection lead. Take care of correct impedance matching.

To veri
point a

4.6.4

The os

value 9

noise |
noise t

Trace

frequency limit of 50 MHz).

4.6.5

By usi
impuls

In ordgr to repeat m

paramgters shou: S G g results:
e algprithm which was bg ing the error probability;
« anyffilter (if us nt set-up input);

« sigmnal levek

s me
e net
e me
e dur
e oth

ky the quality of the return path, connect the measurement equipnfent toNthe ¢e
the headend or node side.

Measurement procedure

be able to compare results, the fa

htion_ of measdrement;

erence

reshold
ngress
mpulse

upper

or that

llowing

Brparameters which are pxpprtpd to affect the result (p g tpmppra‘rnrp)

4.7 Measurement of echo ratio

This method is applicable to the measurement of the amplitude and time displacement of an
echo at a specified point within a cable network. The method uses a 2T-sine-squared pulse.

4.71

The fol

Equipment required

lowing equipment is required:

a) a test waveform generator providing a sine-squared pulse of half amplitude duration equal
to 200 ns in PAL system or 250 ns in NTSC system. The test signal is in accordance with

the

ITU-T Recommendation J.61;
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b) a modulator having RF characteristics (excluding sound) appropriate to an analogue
television system (see ITU-R Recommendation BT.6/BL/22) and input characteristics to
suit the generator in a);

c) a synchronous demodulator having characteristics appropriate to the television system
under consideration;

d) an oscilloscope of negligible distortion up to 5 MHz.

4.7.2 Connection of the equipment

The equipment shall be connected as in Figure 4. The test waveform generator and modulator
are connected to the reference point close to a subscriber. The demodulator and oscilloscope
are co i int.

connegted taking care to maintain correct impedance matching.

() +— «— e R ©
L

IEC 863/05

Figure 4 — Arrangement of te for m@u ement of echo ratio

4.7.3 Measurement procedure

The md

f this is
or and
ly less
m echo

a) adjpst the RF leve
not| possible, movge

measure the net
echoes and

ratip is negligible

e-base
he vertical gain and position controls so that the pulge is in
icrease the vertical gain by x5 or x10 so that echoes hecome

sp¢
the

visi
c) Seare achoe ith, the highest amplitude (=10 %) using the horizontal shift control of
the ) owly move the display to the left and to examine any long dfistance

ech . the tevel of the strongest echo in per cent.

4.7.4 | _Presentation of the results

Echo ratio is expressed in percent. The value in percent is the amplitude of the strongest
echo (positive or negative) compared to the peak amplitude of the 2T-pulse.

4.8 Measurement of group delay variation

It is technically difficult to measure group delay variation in a network. As group delay
variation is caused by the return path band pass filters and other network components, a
practical way to analyse a network is to analyse these components. Measuring the group
delay variation of an individual component is described in I[EC 60728-5. The combined effect
of the components is the sum of the group delay variation in each component.

NOTE 1 Defective components can cause additional group delay variation in a network. Such defective
components can be found by using amplitude response measurement.
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NOTE 2 If a measurement of group delay variation in a network is needed, a signal with known phase behaviour
is sent over the network. A pulse train (pulse width of 15 ns for measurement up to 60 MHz) is a suitable test
signal. The pulse is received with an oscilloscope and stored in a computer memory. To determine the relative
group delay variation an FFT (Fast Fourier Transform) of both transmitted and received pulses is calculated.

4.9 Measurement of frequency error

If the frequency of the received signal is outside the capturing range of the receiver, the
demodulator cannot lock to the signal. This measuring method is able to provide an indication
of frequency error of an oscillator used in an equipment of the cable network (i.e. in a
frequency converter).

4.9.1 —Equipmentrequired

The following equipment is required:

a) QPPBK transmitter;
b) tes{receiver.

4.9.2 Connection of the equipment

surgment

The measuring equipment shall be gohnec taking (Car
matching.

[N
. , \Sgb QPsK
Test receiver < \( \ T ‘> transmitter
~_"

IEC 864/05

The megasuring set-up for the frequency stability me sh Figure 5.

gintain correct impedance

up for frequency stability measurement

4.9.3

The me CEX gmprises the following steps:

a) mo e ansmitter with the PRBS signal;

b) set guency of the QPSK transmitter to the channel where the measyrement

shdll be performed;

c) adjust the carrier level of the ransmitier to obtain the same level at the system
output as in normal operation;

d) tune the test receiver to the channel that shall be measured. After locking to the carrier
frequency, the test receiver shows the regenerated carrier frequency;

e) frequency error is the difference between the original carrier frequency of the modulator
and the regenerated carrier frequency of the demodulator.

NOTE 1 If a frequency conversion causes frequency offset between the nominal input frequency and the nominal
output frequency, the nominal value of the frequency offset has to be subtracted from the measured frequency
difference.

NOTE 2 To minimise errors in the frequency measurement, the measurement of the frequency error can be done
by measuring the difference between the regenerated frequencies at the system input and output.
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4.9.4 Presentation of the result

The measured frequency error is expressed in kilohertz referred to the nominal carrier
frequency.

4.10 Measurement of bit error rate (BER)
4.10.1 General

BER is the primary parameter, which describes the quality of the digital transmission link.
BER is defined as the ratio between the number of erroneous bits and the total number of
transmitted bits during a determined elapsed time.

Echoes x
Digital Digital \5>
<@ 4 receiving system [ ol ol traNyStQ PRES Generator

Noise Interference

This measuring method applies to the BER of digitally modulated |signals
using QPSK format. The/measuyring._eq iSts of a generator which produces a
pseudd random binary seguensg \Jhi B3 is fed to the digital transmitting [system
as a (ata stream as i i . interference, echoes and noise |on the
transm(ssion link influg e si smodulated and decoded by a digital receiver.

The psleudo ran bvide a

largely| continuou stems,
sequen hall be
able to
No errg
Becaus est, all

channe€

Is of the sys shall be in normal use, except the channel under test.

As interference depends on many variables (e.g. weekday-weekend, SUmmer-winter, etc.),
also BER depends on those variables and one 24-h test may not give reliable results. It is
recommended to repeat the measurement in different conditions.

NOTE This method of measurement is applicable also to other types of modulation if suitable types of modulator
and demodulator are used.
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Equipment required

lowing equipment is required:

a) PRBS generator;

b) QPSK modulator with a serial input interface for the PRBS data stream;

c) RF signal up-converter;

d) RF signal tuner;

e) QPSK demodulator with a specified equaliser and a serial output interface for the PRBS
data stream;

f) BER counter connected to the serial output interface of the demodulator.

4.10.3 | Connection of the equipment

The measuring set-up for BER measurement is shown in Figlre $mitting

system| consists of the QPSK-modulator and the subseq er. The

digital feceiving system is composed of the RF signal tune£ and

The mgasuring equipment shall be connected taking ing.

4.10.4

The me

a) apgp ain the
QPBK modulation for

b) set| the carrier fr bre the
measurement shal| be

c) adjpst the caprier le e| as in
normal oper,

d) tung i€ jch the
me

e) swi iciently
lon by the
totg

dulator

and adaptive equaliser shall be stated W|th the result.

5 Sy

stem performance requirements

5.1 General

The requirements for the return path,

laid down in this standard are based on the existing

parts of the IEC 60728 series and its reference documents. In the return path, high levels of
ingress and impulse noise call for a sufficiently high signal power. The highest admissible
power level is limited by the maximum allowed radiation power of the network. IEC 60728-2
and IEC 60728-12 define the minimum requirements for EMC for the network material and for
the cable network itself.
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In a two-way system, the following four internal disturbing situations shall be taken into

account:

a) unwanted effects from return path communication to TV, radio and other downstream

signals (Figure 7);

b) effects of downstream signals (e.g. intermodulation products) disturbing upstream signals

(Figure 8);

c) effects of upstream signals of service 1 (e.g. spurious signals) disturbing the upstream

signals of a different service 2 (Figure 9);

d) effects between upstream signals (e.g. intermodulation products) pertaining to the same

service (Figure 10).

For thel first three cases, the IEC 60728 series of standards sets the limits so th
shall npt occur. For case d) it is necessary to use system-inheren{ mea
interference.

Returnﬁr? | \L Do%tream |

Q \/ IEC 866/05

affecting downstream signals

| Return path

Downstream

es

intér
r

erence
nanage

IEC 867/05

Figure 8 — Downstream signals affecting upstream signals
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[

Return path

IEC 868/05

Figure 9 — Upstream signals of service 1 affecting upstrgam signal

of a different service (e.g. service 2)
=

i

[ RowmpathX\ N, |

Q IEC 869/05

pecific service (e.g. service 2)

52 } ara i eficing system performance

Error grob ity in egi apSmission systems depends on the degradation of theg signal
quality [€ {4 nsmission path. For the return path of cable networks, a BER pf 10~4
before decoder is required for the reference signal which is the 3,088 Mbit/s
QPSK S al specified in ES 200 800. Other types of application may reguire a
differer

The analogue parameters which influence the system performance of the return path can be
classified in three categories:

1) parameters inherent of the return path (transmission properties);

2) parameters resulting from outside the return path;

3) influence from signals on the forward path.

Examples for the first category are properties like signal level, amplitude response, noise,
intermodulation, group delay variation and echoes. Examples for the second type are ingress

and impulse noise. Non-linear distortion according to the third category occurs typically in
passive devices where both downstream and upstream signals exist simultaneously.
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