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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CABLED DISTRIBUTION SYSTEMS FOR TELEVISION
AND SOUND SIGNALS -

Part 10: System performance of return path

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for st hprising all
nationgl electrotechnical committees (IEC National Committees) The object of the | ifternational
co-ope end and in
additio b technical
commi preparatory
work. | ate in this
prepar (ISO) in
accord

2) The fogmal deC|S|ons or agreements of the IEC on technlcal matters express international
consen et iopn from all
interes

3) The do he form of
standa ommittees
in that

4) In orde \ ternational
Standdrds transparently to the maximum exten Hivergence
betwegn the IEC Standard and the corresponi ted in the
latter.

5) The IHC provides no marking ijle for any
equipnjent declared to be in

6) Attentipn is drawn to the p subject of
patent fights. The IEC sh

Internatipnal Sta S prepared by TA 5: Cable networks for felevision

signals, pound signs i i ices, i i : io, ideo and

multimedia systems i

The text|of this

FDIS Report on voting
> 100/200/FDIS 100/224/RVD

Full infoimatjen.on ting for the approval of this standard can be found in the report pn voting

indicated in’the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

Annex A is for information only.

Annex B forms

an integral part of this standard.

The committee has decided that the contents of this publication will remain unchanged until 2003.
At this date, the publication will be

* reconfirmed;

e withdrawn;
« replaced by
e amended.

A bilingual vers

a revised edition, or

ion of this standard may be issued at a later date.
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INTRODUCTION

60728-10 O IEC:2001(E)

Standards of the IEC 60728 series deal with cable networks for television signals, sound signals
and interactive services including equipment for:

head-end -reception, processing and distribution of television and sound signals and their
associated data signals;

processing, interfacing and transmitting all kinds of signals for interactive services using all
applicable transmission media.

They apply to all kinds of networks such as:

CAT
MAT
indiv
all ki

-systems;

/-systems and SMATV-systems;

dual receiving systems and

nds of equipment installed in such systems.

The extgnt of this standardization work is from the antenna
the head-end or other interface points to the network up to the_sy

outlet ex

The stan
etc.)is e

sts, the terminal input.

dardization of any user terminals (i.e. tu

@@

inputs to
Db system

brminals,
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CABLED DISTRIBUTION SYSTEMS FOR TELEVISION
AND SOUND SIGNALS -

Part 10: System performance of return path

1 Scope

This pariefHEC66+28—deals—with—thetransparentreturn—path-of-cablenretworks—oeperated in the
frequengy range between 5 MHz and 65 MHz or parts thereof. Higher frequéncies b used in
fibre-baged networks.

NOTE InJaddition, it is possible to use the frequency range from 0 MHz to 5 MHZA for\te Issions, for
example f¢r NMS or other control, monitoring and signalling purposes. Applicatians overed by
this standgrd.

An active return path typically carries only return signals. used for
both retyrn and forward signals.

This par used in
the retunn path of cable networks in ord and their
performgnce limits.

All requitements refer to the performance eference
points (figure 1) of the return path syste

One refgrence point is the R where all
forward @nd return signg mination

point exi

The othe
transpar
The retu
coaxial g

—

1

point the
ent way.
e of the

B —

Network termination

O v

@ Reference point

Figure 1 — Reference points of an active return path system (example)

IEC 330/01
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In addition to the system performance requirements for the transparent return path, system
performance recommendations are laid down in this part of IEC 60728, 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
standardized in the relevant equipment standards, parts 3 to 6 of the IEC 60728 series.

Transmission systems are not within the scope of this part of IEC 60728.

2 Normative references

The follpwing normative documents contain provisions which, throug his text,
constitut} dments to,
or revisi based on
this part|of IEC 60728 are encouraged to mvestrgate the possrb" i WOkt recent

editions pdition of
the normative document referred to applies. Members of a i isters of
currently| valid International Standards.

IEC 607p8-1, Cabled distribution systems for televrlon and NS . |Systems
primarily /ntended for sound and television signals op ¢ 2

IEC 60728-3, Cabled distribution syste
widebangl distribution equipment

ive coaxial

IEC 607 | Passive
coaxial V /deband distributia

IEC 607p8-5, Cable ne Prvices —
Part 5: Head-end

IEC 607 brvices —
Part 6: G

IEC 6072 ety

EN 5008

EN 50083-2,-Cable~etworks for television signals, sound signals and interactive servicgés — Part
2: Electrpmagnetic compatibility for equipment

ETS 300 800:July 1998, Digital Video Broadcasting (DVB); Interaction channel for Cable TV
distribution systems (CATV)

ITU-T Recommendation J.61, Transmission performance of television circuits designed for use in
international connections

ITU-R Recommendation BT.470, Conventional television systems
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3 Terms, definitions, symbols and abbreviations

For the purpose of this part of IEC 60728, the following terms, definitions, symbols and
abbreviations apply.

3.1 Terms and definitions

3.1.1

broadcast signal

signal comprising video and/or audio and/or data content which is distributed to several receivers
simultaneously

3.1.2
downstrleam direction

direction|of signal flow in a cable network from the head-end or any o
cable nefwork to the subscribers’ area

point (hpde) of a

3.1.3
forward|path (downstream)

part of 3 cable network by which signals are distribu from the

3.1.4
frequengy error
quality o
to the nd
stability

ompared
equency

3.1.5
head-end

equipmept which is
remaindér of the c@
NOTE The head-end ma
and generators.

and the

separators

3.1.6
hybrid f NEFSY n rk
cable ne omprises optical equipment and cables and coaxial equipment and fables in

different|pa

3.1.7
impulse[noise
noise capised by electromagnetic interference into cable networks. Impulse noise is characterized
by pulses with a duration of typically <10 ps

3.1.8

ingress noise

noise 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

3.1.9

interaction path

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


https://iecnorm.com/api/?name=1b67247bfe468fa9e7a26238e19f6f29

3.1.10
location
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specific noise

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

3.1.11
multiple

interference

interfering signal which consists of two or more signals which originate from two or more sources

NOTE On the return path the multiple interference consists of ingress noise and intermodulation distortion products.

3.1.12

multime
signal cd

3.1.13
network
software

3.1.14

network
part of &
cable ne

3.1.15
network
electrica
side

3.1.16
node
central ¢
gathered

3.1.17
return p

subscrib
network

3.1.18

. . 1
a OIUIICU

mprising two or more different media contents, for example video

management system (NMS)
based system for controlling and supervising cable net

segment
cable network comprising a set of functions
work

termination

oint of a netw
from a n@

udio, text, delta, etc.

extent of the complete

termination of a cable network/a utle subscribers' side and head-end or node

signals can be fed into the forward path or can be

ich signals are transmitted in the upstream direction, from any

point (node) of a cable

direction| of signal flow in a cable network from a subscriber to the head-end or any othgr central

upstreal]n directio

point (ndde)’of a cable netwark
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3.2 Symbols

Symbol

Term Symbol Term

O
E

Optical receiver Bit error rate detector

Test waveform generator Passive distribution network

< \
System under test cillascepe

syt
N\
N % \
Demodulator /\/ /\ LOW pass
(0
\ O W
Amplifier with return path amylifie
> High pass

O

J + Modulator

3.3 Ablbreviatio

BER
BW
CATV
CB
C/MI
C/N
EMC

sarriensto-multiple interference ratio
carrigr-to-noise ratio
electromagnetic compatibility

FM
FSK
HFC
IF
ISM
MATV
NMS
OFDM
PRBS

frequency modulation

frequency shift keying

hybrid fibre coaxial

intermediate frequency

industrial, scientific, medical

master antenna television (network)
network management system

orthogonal frequency division multiplexing
pseudo random binary sequence
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QAM
QPSK
RF
RMS
RBW

SL
SMATV
S/N

~10- 60728-10 O IEC:2001(E)

guadrature amplitude modulation
guaternary phase shift keying

radio frequency

root mean square

resolution bandwidth

signal level, before corrections

signal level (corrected)

satellite master antenna television (network)
signal-to-noise ratio

SUT
TS
TV

4 Met

4.1 Set-up of the network

Although
the perfq
The follg

The retu

same phlysical network. Table 1 gives some i

nods of measurement

Table 1 — Characterization cri

system under test
transport stream
television

the main purpose of this part of IEC 60728 i§ 2scfibs thods for
rmance of the return path, it is yery impo t i network.
wing set-up and operational prgce g

hare the

%ﬁnn
ia fordo

ream and upstream operations
I\N

yaN
Criteria [ \D\N{ns\t&ﬁam Upstream

Signalg present < B z co}liquo}sQ/\/ intermittently or continuously

Power /\ M\m\e@ varying

Channgl allocation /\ \A@I-def?ed may vary over time

Signal \well- efined application dependent

Modulg me \ }ifged application dependent

Amplifie{;{p}(\\ \ \ single several inputs

A\

As can he seen fr e table, the variable factors require that the procedures used tq operate
the returp_path’ differ from those used in the downstream direction.

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 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 the upstream properly

Figure 2 gives a rough procedure for the set-up.
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Network with fibre Network without fibre

Determine input level for i Determine input level for
all active equipment all active equipment

v

Inject test signal to optical
transmitter, input level: see step 1

v

Measure the level at the
head end, adjust to planned value

v

Inject a signal to the amplifier
closest to the optical transmitter,
input level: see step 1

v <

Measure the level at the

optical transmitter input or \l\}asure the level at the head end
at the he %
SIS v
(@aN

4.

)

Adj Adjust the output of the ampli-
ampli fier so that the input level at the heag
at the optlc end is according to step 1
head e

'

Continue with the following
amplifier in the downstream
direction

o

IEC B31/01

Figure 2 — Procedure for set-up and adjustment of the upstream system

4.2 Measurement of signal level
4.2.1 Introduction

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

4.2.2 Equipment required

The equipment required is a spectrum analyzer having a known noise bandwidth and a calibrated
display. The calibration accuracy should be preferably within 0,5 dB.
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4.2.3 Connection of the equipment

Connect the measuring equipment to the point where the measurement is to be performed by
using a suitable connection lead. Ensure correct impedance matching.

4.2.4 Measurement procedure for RF signals without carriers

4.2.4.1 If a high level ambient field is present, check that the measuring equipment has no
spurious readings. Connect a shielded termination to the connection lead, place the test
equipment and the connection lead approximately in their measuring positions and check that
there is a negligible reading at the frequency(ies) and on the meter ranges to be used.

4.2.4.2 |Tune the spectrum analyzer to the channel that is to be measuyre cting the
centre frlequency of the spectrum analyzer) and select the span and le i show the
whole channel. Examples of the Nyquist bandwidth of digitally modu i given in
table 2.

Table 2 — Examples of the Nyquist bandwidth of digit

AN
Type of digital channel NMW-
Hz

QPSK 0,256 Mbit/s ( O st )
QPSK 0.288 Mbit/s (\\// /\o,1§7§

QPSK 0.576 Mbit/s 4 S ) b
N_0/750

QPSK 1.152 Mbit/s \
_ N, 072

QPSK 1,544 Mbit/s

(
QPSK 2.304 Mbiys\, \ \ 1,5000
QPSK 3,088'\Mb}t1\§ \( - \\/ 1,544

QPSK 4.608’!\}13'{/}\ (\ L/ 3,000

> 3,2000

4.2.4.3 RBW) of the spectrum analyzer to 30 kHz (or lower than
one tent idth) and the video bandwidth to 1 kHz (or lower to|obtain a
smooth di detector.

4.2.4.4 - signallevel (S) at the centre frequency of the channel in dB(uV).

4.2.4.5 |Measure the”-3 dB frequencies of the channel. The difference between these two
frequendiésys 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.

4.2.4.6 Calculate the signal level (SL) by using the formula:
SL=S+10Ig (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.
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If the measuring equipment can display the level in dB(mW/Hz), the correction factor K is not
needed and the level (SL) in dBm can be obtained from the measured level (S) by using the

formula:

SL=S+10Ig (BW).

NOTE This measuring method actually measures the S+N level. The contribution of noise is considered negligible if
the level of noise outside the equivalent channel band is at least 15 dB lower than the measured level (S).

4.2.5 Presentation of the results

The measured level shall be expressed in dB(pV) referred to 75 Q.

4.3 Mgasurement of amplitude response

4.3.1 Upnder consideration

4.4 Mgasurement of signal to noise ratio (S/N)

4.4.1 Introduction

The C/N|measurement of an analogue television chanfiel j i C 60728-1. Tlhe same
method fan also be used on the return path for sj \ clear carrier. The noise

bandwidth which is applicable for the chap

This par{ of IEC 60728 describes a method
spectru without a clear carrier

S/N-ratid of such channels is the modul
The champnel noise power is th
the moduylated channel.

QAM modulated

Ingress poise may interf
noise, CIN and S/
the returp service i

4.4.2 Equipmext re

The equipme 8 i um analyzer having a known noise bandwidth and a o

display. The hould be preferably within £0,5 dB.

4.4.3 Cont

Connect|the(measuri
using a guitable connection lead. Ensure correct impedance matching.

annels, which have a f

¢ divided by the channel nois|
present within the whole ban

g equipment to the point where the measurement is to be perfg

channel

equency
S). The
e power.
dwidth of

f ingress
or which

alibrated

rmed by

4.4.4 Measurement procedure

4.4.4.1 Tune the spectrum analyzer to the channel that is to be measured (by selecting the
centre frequency of the spectrum analyzer) and select the span and level settings to show the

whole channel.

4.4.4.2 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.

4.4.4.3 Read the level of the signal (S) at the centre frequency of the channel.
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4.4.4.4 Switch-off the channel at the input of the system or by terminating the input port with a
matched impedance. If necessary, fine-tune the centre frequency of the spectrum analyzer to
avoid ingress carriers. Otherwise, use the same settings of the spectrum analyzer as described in
4.4.4.2 and read the noise level (N) in dB(nV). If the signal cannot be switched off during
measurements, measure the noise level at a frequency which is close to the channel and includes
only Gaussian noise.

4.4.45 The spectrum analyzer should have a noise level which is more than 10 dB lower than
the measured noise level (N). Check it by terminating the input of the spectrum analyzer. If the
difference between N and spectrum analyzer noise is 3 dB to 10 dB correct the value of N as
indicated in annex B.

4.4.4.6 |Calculate the signal to noise ratio (S/N) by using the following formgyla:

(S/N)gg T Sd(uv) — NaB(uv)

4.4.5 Presentation of the results

The megsured signal to noise ratio (S/N) shall be expressed4

4.5 Mgasurement of multiple interference
4.5.1 Introduction

cts. It is
in a data

The muliiple interference consists of iny
measureld with a spectrum analyzer.
memory every 10 s.

ent shall
s on the
gnals is
el to be

As forward path signals m
be madqg in a network,
return ppath. Alternativ

insignifidant) measure wi
measured — in op .

As field weekday-
weekend ults. It is
recomme

In order : xcompare multiple interference with impulse noise, both should be measured
simultan

4.5.2

A spectram—analyzer—with—a—sditable—data—interface—is—used—Fhe—measutrement—set-dp- shall be
standalone so that the measurement results are automatically stored during the measurement

day.

4.5.3 Connection of the equipment

Connect the measuring equipment to the point where the measurement is to be performed by
using a suitable connection lead. Ensure correct impedance matching.

To verify the quality of the return path, connect the measurement equipment to the reference point
at the head-end or node side.
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454 Measurement procedure
Every hour of the day measure the frequency spectrum using the following settings:

— resolution bandwidth: 3 kHz

— video bandwidth: 100 Hz

— start and stop frequency: as required
— detector type: peak

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

—  resolution bandwidth: 30 kHz

— vided bandwidth: 10 kHz
— startjand stop frequency: as required

— detegtor type: peak

4.5.5 Processing of the data

To interpret the data, the spectral power density sha selected
modulati el in the
channel

Determir nich fulfil
the carri

4.5.6

The carf efmined for each channel separately. It is
expressq /MI ratio (in dB) of the channel fulfils the
relevant

4.6 Md

4.6.1

Impulse jhoi Eas chwith a digitizing oscilloscope. For 24 h, samples of thg impulse
noise ar¢ g 1 st a data memory. By using the collected samples it is pgssible to
calculatdg oli pulse width and interarrival distributions. These data are|used to
evaluate i i

The implilse Naise measurement shall be made when the return path is not in use.

Impulse NOISE 1S of wide bandwidin. A high-pass Tilter (I_3gg = 1o MHZz, —1Z dB/octave) 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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4.6.2 Equipment required

A digitizing 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
standalone 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 is to be performed by
using a suitable connection lead. Ensure correct impedance matching.

To verify|the quality of the return path, connect the measurement equipmentto
at the heglad-end or node side.

reference point

4.6.4 [Measurement procedure

bld value
noise level. A
e noise traces and

The oscilloscope is triggered when the input signal reaches a thré
shall be higher than the noise level of the oscilloscope and hi
suitable threshold value triggers the oscilloscope every 2 s
starting fimes are stored in a data memory.

The trace length shall be 100 ps. The sample tim
frequengy limit of 50 MHz).

hn upper

4.6.5 Processing of the data and presentation

8 Wid 5
SK De S8

pulse interarrival time distribugions are

By using| the stored data pulse amplitude, p
i with the results.

calculatgd. Whether an inputfilter was.used

4.7 Mdasurement of e

4.7.1 Introduc

This method is applic&b Sas an echo
at a spegifi i

4.7.2

4.7.2.1 duration
equal to ém or 250 ns in NTSC system. The test signal shall be in ac¢ordance

with ITU{T RecoOin tion J.61.

4.7.2.2 |Amodulator having RF characteristics (excluding sound) appropriate to an @analogue
television system (see TTU-R Recommendation BT.470) and input characteristics to suit the
generator in 4.7.2.1.

4.7.2.3 A synchronous demodulator having characteristics appropriate to the television system
under consideration.

4.7.2.4 An oscilloscope of negligible distortion up to 5 MHz.

4.7.3 Connection of the equipment

The equipment shall be connected as in figure 3. The test waveform generator and modulator are
connected to the reference point close to a subscriber. The demodulator and oscilloscope are
connected to the head-end side reference point. The measuring equipment shall be connected
taking care to maintain correct impedance matching.
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) H e | L

Oscilloscope

IEC 332/01

Figure 3 — Arrangement of test equipment for measurement of echo ratio

4.7.4 Measurement procedure

4.7.4.1 |Adjust the RF levels high enough to reach C/N > 40 dB at the demg 3¢ input] If this is

not possjble, move the demodulator and the oscilloscope closer to the moa
network [in two parts. The part closer to the head-end has typically lgs

4.7.4.2 |With the equipment connected as shown in figure 3, adjust the\ascillosce
speed to[ 100 ns/div. Adjust the vertical gain and position co %
of the scfeen. Increase the vertical gain by x5 or x10 so the

4.7.4.3
the oscil
Note the

4.7.5

The ech
amplitudp

4.8 Ms¢d

Under cq

4.9 Mg
49.1

If the free
demodul
frequeng
converte

measure the
ht part is

e middle

ontrol of
echoes.

the peak

iver, the
cation of
equency

4.9.2 Equpmentreguired

a) QPSK transmitter.

b) Test receiver.

4.9.3 Connection of the equipment

The measuring set-up for the frequency stability measurement is shown in figure 4.

The measuring equipment shall be connected taking care to maintain correct impedance

matching.
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Figure 4 — Test set-up for frequency stability measurement

4.9.4 Measurement procedure

4.9.4.1 Modulate the QPSK transmitter with the PRBS signal.

4.9.4.2 |Set the carrier frequency of the QPSK transmitter to the channel where
is to be performed.

:2001(E)

measurement

4.9.4.3 |Adjust the carrier level of the QPSK transmitter to obtain th b system

output a$ in normal operation.

4.9.4.4 |Tune the test receiver to the channel that is to be e carrier
frequengy, the test receiver shows the regenerated carri '
4.9.4.5 |Frequency error is the difference betwee Q jnal-carxier frequency of the npodulator
and the flegenerated carrier frequency of ¢ 2
NOTE 1 If a frequency conversion causes freqt e nominal
output frefjluency, the nominal value of the frequency bffse frequency
difference,

e done by

NOTE 2 To minimize errors in the frequency measurement{the_measutrement of the frequency error can |
measuring e c encigs at the System input and output.

4.9.5

. BER is
itted bits

The meg ilohertz referred to the nominal carrier freguency.
4.10 Msg

4.10.1

BER is t 3 ich describes the quality of the digital transmission linK
defined &5he rafi the number of erroneous bits and the total number of transm

during a i time

Eul‘:ca
Digital

Digital
@] receiving system || Network under test < transmitting system < PRBS generator

Noise Interference

IEC

Figure 5 — Principle of BER measurement

334/01


https://iecnorm.com/api/?name=1b67247bfe468fa9e7a26238e19f6f29

60728-10 O IEC:2001(E) ~19 -

4.10.2 Introduction

This measuring method applies to the measurement of BER of digitally modulated signals using
QPSK format. The measuring equipment consists of a generator which produces a pseudo
random binary sequence (PRBS). This PRBS is fed to the digital transmitting system as a data
stream as shown in figure 5. The interference, echoes and noise on the transmission link
influence the signal demodulated and decoded by a digital receiver.

The pseudo random binary sequence should be as long as possible in order to provide a largely
continuous spectrum for all data rates used. In digital transmission systems, sequences having
the lengths 215 — 1 or 223 — 1 are generally used. The BER counter shall be able to synchronize
itself to the PRBS used.

No error|correction shall be used for this measurement.

Because|l any downstream or upstream signal may interfere with the\channgl deny test, all

channelq of the system shall be in normal use, except the channe|tmd

As interference depends on many variables (e.g. weekday- d,\summex-winter, efc.), BER
also depends on those variables and one 24-h tes tN\Ji z ts. It is
recommeénded to repeat the measurement in different cghditio

NOTE This method of measurement is also applicable to ot { itable types of modulator and

demodulatpr are used.

4.10.3 | Equipment required

a) PRBE generator.
b) QPSK modulator with a
¢) RF sjgnal up-converter.
d) RF sjgnal tuner.

e) QPSK demod
stregm.

RBS data

f) BER]counter cg

4.10.4

The meg j system
consists wator and the subsequent RF signal up-converter. The digital receiving
system i$ compo the RF signal tuner and the QPSK-demodulator.

The megsuring equipment shall be connected taking care to ensure correct impedance matching.

4.10.5 Measurement procedure

4.10.5.1 Apply the PBRS generator at the serial input interface of the modulator to obtain the
QPSK modulation format.

4.10.5.2 Set the carrier frequency of the RF signal up-converter to the channel, where the
measurement is to be performed.

4.10.5.3 Adjust the carrier level of the RF signal up-converter to obtain the same signal level as
in normal operation.
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4.10.5.4 Tune the RF signal tuner in the digital receiving system to the channel, at which the

measurement is to be performed.

4.10.5.5 Switch on the modulation and measure the BER counting the error bits for a sufficiently
long time (to count at least 100 error bits) and divide the number of erroneous bits by the total

number of the transmitted bits. The result is the BER.

4.10.5.6 Due to ingress of noise the BER measurement is repeated every 15 min for 24 h.

4.10.6 Presentation of the results

The maxirsm—easured cated-
adaptive|equalizer shall be stated with the result.

5 Sysiem performance requirements

5.1 Intfoduction

The reqgliirements for the return path, laid down in this _par ECCE 8, )are base

existing [parts of the IEC 60728 series and their refe

ator and

i on the
ath high

levels of|ingress and impulse noise call for a sufficientfy high si he highest admissible

power leyel is limited by the maximum allowed radiation pe

In a two-way system, the following four in 3 i 5 shall be taken into account:

a) unwdgnted effects from return path co icati V, radio and other downstream signals
(figure 6);

b) effeqts of downstream¢sigral g dnterodglulatign products) disturbing upstream signals
(figute 7);

c) effedts of upstream s
of a dlifferent s<\\j§e
d) effedts betwee

service (figure 9)

not occuf.

n signals

ne same

ence will
rence.

Return path | | Downstream |

IEC 335/01

Figure 6 — Upstream signals affecting downstream signals
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T

Return path || Downstream

IEC 336/01

Figure 7 — Downstream signals affecting upstream signals

Fig

N Return path

IEC 338/01

Mpstream signals of a specific service (e.g. service 2)
fecting upstream signals of the same service

5.2 Anfalegue parameters influencing system performance

Error probability in digital transmission systems depends on the degradation of the signal quality
over the transmission path. For the return path of cable networks a BER of 10~4 before the Reed-
Solomon decoder is required for the reference signal, which is the 3,088 Mbit/s QPSK modulated
signal specified in ETS 300 800. Other types of application may require a different BER.

The analogue parameters which influence the system performance of the return path can be

classified in three categories:

1 inherent parameters of the return path (transmission properties);
2 parameters resulting from outside the return path;
3 influence from signals on the forward path.

ice
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Examples for the first category are properties such as 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.

Establishing the requirements for the return path means finding the limiting values for the
parameters mentioned above. This has been done using theoretical and empirical methods,
supposing that the parameter under consideration is the dominant one and neglecting the
influence of all the others. Of course this approach does not reflect practical conditions, where the
BER can result from several simultaneous distortions. Therefore sufficient margins have been
added.

The main advantage in providing this link from BER to analogue parameterg’i t most| of these
parameters are well-known to the designers of cable networks an easurement
equipmeht can be used.

5.3 Gdgneral requirements
5.3.1 Impedance
The nomlinal impedance of the system shall be 75 Q. Th

of the hetwork. This nominal value shall be usg
measurements.

€ coaxial cpble part
impedancg for all

5.3.2 Maximum signal level

The maximum allowable signal level injeg i S work is based on the radiated pqwer limit
of 20 dB{pW) and the screening effective i

As an e rrier, the
output Ig ). If the
screenin

NOTE 1

NOTE 2 gnal if the
mutual iso

54 Sp

The retu table 3.
These rd 300 800.
Each of hll these

parameters could oteuy/'simultaneously and that an overall BER of 104 shall be achieved

If less robusttypes of Sigmals (e.9. 16 QAM)are used, more stringent vatues stattbe used. Annex
A gives more information about the theoretical values for each parameter by which a BER of 10~4
can be achieved on condition that all the other parameters are ideal.
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Table 3 — System performance requirements using a reference signal
according to ETS 300 800 (QPSK grade C)

Parameter

Requirement

Carrier to noise ratio

222 dB (BW = 1,544 MHz)

Amplitude response

<2,5 dB/2 MHz

Carrier to multiple interference ratio

222 dB/1,544 MHz

Carrier to impulse noise

under consideration

Hum modulation <7 %
Echo ratio <15%
Group delay variation <300 ns/2 MHz
N
Frequency error +30 kHz /\Q (\
6 System performance recommendations
6.1 Prpposal for the use of the return path bandwid
6.1.1 Frequency allocation
Table 4 |[shows recommended frequen M radio
band starts at 87,5 MHz.
Table 4 - R tur@aa\th
Upstfeam frequency rang _) and | Band gap below AM
wnstream radio band for narrowband
MHz l\ services
5...30 \ yes yes
5..50 \/ \ no yes
5...65 /\\ W no no
1) or 5 MHz to 40 Mﬁ&{, S\Q/I\Hz\to\BS\MM/M/HZ to 60 MHz, etc.
6.1.2
The wh n quality
transmispi vhich are

suitable [only for slow data transmission. The reasons for quality reduction in sub-bants of the

return path-"are shown in table 5. | ocal transmitter stations can further impair the

vailable

bandwidth. Frequencies used for emergency services shall not be used for data transmission.

Table 5 — Reasons for quality reduction in sub-bands of the return path

Sub-band

Reasons for quality reduction

5 MHz to 15 MHz

Group delay variation, ingress of noise,
impulse noise, FM radio IF

7,10, 14, 18, 21, 24, 28 MHz

Radio amateur transmitters (exact frequency bands available at local
radio authorities)

27 MHz

Terrestrial CB radio (ISM band)

38,9 MHz

TV IF (other frequencies also used )

Close to band edge

Group delay variation
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e
ottty
EResssst

27

CB radio

33,4 38,9

N

TV IF

ery restricted
usable

s

R
RRRRRHRR

IEC 339/01
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Annex A
(informative)

System performance requirements for different modulation techniques

Table A.1 is not a list of requirements, but gives some information on how different parameters
reduce BER to 104 for different modulation techniques. The parameter under consideration is the

dominant one and the influences of aII others are assumed to be minimal.

margins
empty ce

T

for BER = 10™

able A.1 — System performance requirements for different m

Therefore sufficient

Phase \ \)
Moduldtion CIN Amplitude Group Qelay noi Freguenc Echo
response variation (reference \ r rafio
/c/aﬁier\)
FSK 7 dB ( D) )
QPSK 11 dB 3dB —\Y\Q/G>B Hz
3 kiiz
Burst QPSK 14 dB 3dB 0.dB 271)
ans kHz
OFDM 17 dB
(16 QAM) Q\
OFDM 23 dB \( \) \)
(64 QAM)
16 QAM 20 dB 3 O ns -80 dB(HZfl) +200 kHz 15 dB at 0{5 ps
\ at 3 kHz 30dB > 1,5 ps
64 QAM Z(WV 3B 200\ns -85 dB(Hz ™) +200 kHz
at 3 kHz
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