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INTERNATIONAL ELECTROTECHNICAL COMMISSION
___________

RADIO EQUIPMENT USED IN MOBILE SERVICES –
METHODS OF MEASUREMENT –

Part 6: Data equipment

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International Organization
for Standardization (ISO) in accordance with conditions determined by agreement between the two organization.

2) The formal decisions or agreements of the IEC on technical matters express. as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
form all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form
of standards, technical reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extend possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60489-6 has been prepared by IEC technical committee 102:
Equipment used in radio communications for mobile services and for satellite communication
systems.

This third edition of IEC 60489-6 cancels and replaces the second edition, published in 1987,
amendment 1 (1989) and amendment 2 (1991). This third edition constitutes a technical
revision.

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

FDIS Report on voting

102/44/FDIS 102/54/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 3.

IEC 60489-6 forms one of a series of publications under the general title: Radio equipment
used in mobile services – Methods of measurement. Future standards in this series will carry
the new general title as cited above. Titles of existing standards in this series will be updated at
the time of the next revision.

Annexes A, B, C, E, F and G form an integral part of this standard.

Annexes D, H and I are for information only.

A bilingual version of this standard may be issued at a later date.
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RADIO EQUIPMENT USED IN MOBILE SERVICES –
METHODS OF MEASUREMENT –

Part 6: Data equipment

1 General

1.1 Scope and object

This part of IEC 60489 refers specifically to mobile radio transmitters and receivers for the
transmission of data (telegraphy) signals having the emission characteristics given in 1.1.

This standard is intended to be used in conjunction with IEC 60489-1. The terms and
definitions and the conditions of measurement set forth in this standard are intended for type
and acceptance tests.

The object of this standard is to standardize the definitions, the conditions and the methods of
measurement used to ascertain the radio-frequency performance of data and selective call
equipment, thus making possible meaningful comparisons of the results of measurements
made by different observers and on different equipment.

This standard will cover the following types of data signals:

– bit streams;

– character strings;

– messages;

– selective calling.

Selective calling differs from messages in their intended functions; it may be considered as
data signals, analogous to messages transmitting only the information required to activate an
alarm on one receiver or a group of receivers.

The methods of measurements for the radio-frequency parameters are appropriate for the four
types of data signals.

To differentiate between the radio-frequency parameters (e.g. adjacent channel power,
frequency error) measured in this standard from those in associated standards, the name of
each parameter is followed by either “(bit stream)” or “(character string)” or “(message)” or
“(selective calling)”. After each radio-frequency parameter the general term “(data)” is used.
When each equipment is measured, the proper data type “(bit stream)” “(character string)”
“(message)” or “(selective calling)” will be substituted for “(data)”.

1.2 Emission characteristics

This standard is applicable to the following emission characteristics expressed according to the
ITU Radio Regulations Emission Designation.

Emission characteristics are expressed by four symbols:

a) – b) – c) – d)

where

a) is the type of modulation of the main carrier;

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

48
9-6

:19
99

https://iecnorm.com/api/?name=09f5d61aac327326945940cbd39459ca


– 6 – 60489-6 © IEC:1999(E)

b) is the nature of signals modulating the main carrier;

c) is the type of information to be transmitted;

d) is the detail of signal(s) (optional).

a) Type of modulation of the main carrier (first symbol):

(A) double-sideband;

(H) single-sideband, full carrier;

(R) single-sideband, reduced or variable level carrier;

(J) single-sideband, suppressed carrier;

(F) frequency modulation;

(G) phase modulation.

b) Nature of signal(s) modulating the main carrier (second symbol):

(1) a single channel containing quantized or digital information without the use of a
modulating sub-carrier;

(2) a single channel containing quantized or digital information with the use of a
modulating sub-carrier;

(3) two or more channels containing quantized or digital information.

c) Type of information to be transmitted (third symbol):

(A) telegraphy – for aural reception;

(B) telegraphy – for automatic reception;

(C) facsimile;

(D) data transmission, telemetry or telecommand.

d) Details of signal(s) (fourth symbol, optional):

(A) two-condition code with elements of differing numbers and/or durations;

(B) two-condition code with elements of the same number and duration without error-
correction;

(C) two-condition code with elements of the same number and duration with error-
correction;

(D) four-condition code in which each condition represents a signal element (of one or
more bits);

(E) multi-condition code in which each condition represents a signal element (of one or
more bits);

(F) multi-condition code in which each condition or combination of conditions
represents a character.

NOTE – See ITU Radio Regulations (edition 1982), Article 4 and Appendix 6 (AP6, part A) for details and definition
of the emission characteristics.

1.3 System characteristics

1.3.1 Transmitter

The transmitters that are measured using the methods in this standard may be capable of
simultaneously transmitting two or more data signals or voice and a data signal. The
operational characteristics of the system in which the transmitter will be used will establish if
the transmitter will be required to simultaneously transmit several types of signals.

Many of the systems that require the transmitter to transmit both analogue voice and data
arrange it so that either voice or data are transmitted, but not simultaneously. In this instance
this standard would be used to measure the transmitter radio-frequency parameters with the
transmitter in the data mode only. IEC 60489-2 should be used to measure the radio-frequency
parameters with the transmitter in the analogue voice mode.
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When the system requires that the transmitter transmit simultaneously more than one signal,
the radio-frequency parameters will be measured with the transmitter transmitting only the
maximum number of simultaneous signals required by the system. For example, a transmitter
may be capable of transmitting three types of signals, but the system may require under some
circumstances that two signals be transmitted simultaneously and, at all other times, only one
signal will be transmitted. In this case, the measurements should be made while the transmitter
is transmitting the two simultaneous signals.

When the system requires that input signals, other than the data signal to be used in the
measurement, be applied simultaneously with the data signal to the transmitter under test, they
should be applied to the proper port and at the signal levels specified by the manufacturer. The
measurements in this standard will then be made using simultaneously the data signal and the
other required signals (see figure 1).

1.3.2 Receiver

In this standard, the subclauses entitled “Method of measurement” are designed to measure
the value of a radio-frequency parameter. In some cases, it is only necessary to determine if
the receiver-decoder is compliant with the radio-frequency parameter specification. This can
usually be done more simply and with less effort than measuring the radio-frequency
parameter. For the more frequently measured radio-frequency parameters, a compliance test
method is included in the appropriate clauses. The specified value for the radio-frequency
parameter will be the appropriate value specified by a regulation, contract or equipment
specification.

The degradation measurements for receivers (4.3 to 5.1) requires the knowledge of the
sensitivity. This sensitivity is used to derive a value for the wanted signal level. In one case, the
sensitivity to use is the measured usable sensitivity – MUS – (determined according to 4.2 for
every equipment under test). Alternatively, it is possible to use the specified usable sensitivity –
SUS – applicable for a set of equipment.

According to the type of measurement performed, it is necessary to add, immediately after the
name of each measured parameter, either “(referred to MUS)” or “(referred to SUS)”.

1.4 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60489. For dated references, subsequent amendments
to, or revisions of, any of these publications do not apply. However, parties to agreements
based on this part of IEC 60489 are encouraged to investigate the possibility of applying the
most recent editions of the normative documents indicated below. For undated references, the
latest edition of the normative document referred to applies. Members of IEC and ISO maintain
registers of currently valid International Standards.

IEC 60050(721), International Electrotechnical Vocabulary – Chapter 721: Telegraphy,
facsimile and data communication

IEC 60489-1, Methods of measurement for radio equipment used in the mobile services –
Part 1: General definitions and standard conditions of measurement

IEC 60489-2, Methods of measurement for radio equipment used in the mobile services –
Part 2: Transmitters employing A3E, F3E or G3E emissions

2 Terms and definitions

For the purpose of this part of IEC 60489, the definitions given in IEC 60489-1, as well as the
following supplementary definitions, apply.
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2.1
average frequency
number of positive (or negative) going zero crossings of the signal divided by the total time
duration of the measurement

2.2
binary digit bit
member of a set of two elements commonly used to represent information [IEV 721-02-08]

2.3
bit rate
number of bits transmitted per unit of time, expressed in bit/s, kbit/s or Mbit/s

2.4
bit stream
continuous series of bits

2.5
character
member of a set of elements agreed upon to be used for organization, representation or control
of information

NOTE – Characters may be letters, digits, punctuation marks or other symbols and, by extension, function controls
such as space shift, carriage return or line feed contained in a message.

[IEV 721-03-09]

2.6
character string
character or sequence of characters

2.7
comparator (data)

2.7.1
comparator (bit stream or character string)
device capable of

– storing a reference sequence of bits or characters,

– counting the number of bits or characters that are transmitted,

– comparing the bits or characters received with the reference sequence of bits or characters,

– counting the number of correctly received bits or characters

2.7.2
comparator (message or selective calling)
device or person capable of

– storing a reference message or call,

– counting the number of times a message or a call is transmitted,

– comparing the message or the call received with the reference message or call,

– counting the number of correctly received message or calls

2.8
data
information represented in a manner suitable for automatic processing

[IEV 721-01-02]
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2.9
data source
device that generates the standard baseband test signals in the form of an electrical signal. For
character and messages, this is normally specified by the equipment manufacturer

2.10
decoder
device, which may be in the receiver, that translates the demodulated signal into the intended
output signal.

For selective calling, the output signal is only an alarm, indicating that any or all receivers and
their associated decoders have received their intended coded signals

NOTE – The alarm may be a lamp, a “bleep” generated within the decoder, a vibrator, or only the opening of a mute
or squelch circuit. The latter is usually indicated by an increase in the residual noise level at the output of the
receiver.

2.11
encoder
device which translates a group of input signals into a unique group of output signals suitable
for transmission (see figure 1)

NOTE – Examples of functions that may be involved are

– addition of synchronization bits,

– addition of error correction bits,

– parallel/serial conversion,

– amplitude and phase shaping.

2.12
erroneous bit, character or message
any decoded bit, character or message that is not the same as the transmitted bit, character or
message

2.13
error
failure to decode correctly the intended transmitted bit, character, message or selective calling

NOTE – Another type of error is the reception of data in the absence of any intended transmission (false reception).
The mean time between two successive false receptions is generally so high that a measurement would be
impractical; this parameter is estimated by calculation.

2.14
error ratio
number of erroneous bits, character messages or selective callings received, divided by the
total number of bits, characters, messages or selective callings transmitted, respectively.

For selective calling (1 – error ratio) is also called “calling probability”

2.15
message
group of characters and function control sequences which is transferred as an entity from a
transmitter to a receiver, where the arrangement of the characters is determined at the
transmitter

[IEV 721-09-01]

2.16
message format
description of the elements and their arrangement in a message

NOTE – The arrangements may include among other items, synchronization bits, address bits, text, flag bits and
additional bits for error correction and/or detection:

a) synchronization bits: additional bits which are provided only for the purpose of synchronization;
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b) address: information that identifies the address or identifies the sending unit;

c) function: information that identifies which of a plurality of responses is to be executed;

d) text: information (e.g. character string);

e) error control bits: bits which are provided solely for the purpose of error correction and/or detection.

2.17
modulation

NOTE – The detailed description of the modulation should be given in specifications of equipment under test.

2.17.1
analogue modulation

2.17.1.1
amplitude modulation:
– peak envelope amplitude: the amplitude of one radio-frequency oscillation at the crest of the
envelope of the modulated wave;

– modulation depth: for double-sideband amplitude modulation, the modulation depth, in per
cent, is given by the following:

modulation depth
( )
( )=

−

+
×

V V

V V
max min

max min
100 %

where

Vmax is the peak-to-peak voltage at the crest of modulation;

Vmin is the peak-to-peak voltage at the valley of modulation

2.17.1.2
frequency or phase modulation
– maximum permissible deviation: the value to which the peak frequency or phase deviation is
limited by an agreed convention for a particular class of service;

– deviation: the variation of the carrier wave in frequency or phase, expressed in per cent of
the maximum permissible deviation

2.17.2
digital modulation

2.17.2.1
keying method
for example,

– frequency-shift keying (FSK)

– phase-shift keying (PSK)

– minimum-shift keying (MSK)

2.17.2.2
roll-off factor and its transmitter percentage
– roll-off factor is expressed by the product of the pulse-shaping function baseband filter cut-
off frequency and the modulation symbol time

– transmitter percentage is the ratio percentage of the roll-off factor, which is performed by
transmitters, the residual percentage being performed by receivers

2.18
port
place of access to a device or network where energy, representing data, may be supplied or
withdrawn, or where the device or network variable may be observed or measured
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2.19
radio pager
small radio receiver-decoder which produces an alarm following reception of a selective call;
intended to be worn on a person and usually has an integral antenna

2.20
reference error ratio
the following reference error ratios apply for an equipment measured with the standard test
signal code (data):

– reference error ratio (bit stream or character string) 0,01 or 1 %;

– reference error ratio (message or selective calling) 0,2 or 20 %.

For selective calling (1 – reference error ratio) = 0,8 or 80 % is also called “standard calling
probability”

2.21
selective-calling system
system whereby the transmission of a signal code from a station enables another
predetermined station or group of stations to be called exclusively; it may be used as “selective
calling” or “selective call”

2.22
standard baseband test signals
for the purpose of the measurements described in this standard the following definitions apply:

a) reference sequence of bits

binary sequence pattern of 511 bits which are generated in a pseudo-random order

NOTE – For details concerning the generation of the pseudo-random binary sequence (PRBS) pattern, see CCITT
Fascicle VIII.1, Recommendation O.153.

b) reference sequence of characters

character sequence pattern comprising all elements of a specified character set arranged in a
specified pseudo-random order

c) reference message or selective call

message or selective call whose content is defined in the equipment specification

NOTE – This unique message is repeated three or four times in the “up and down” method.

2.23
standard coded test signal (data): SCTS (data)
radio-frequency signal applied to a data receiver-decoder that simulates the output of a
transmitter which is modulated by one of the following standard baseband test signals:

– the reference sequence of bits; or

– the reference sequence of characters, or

– the reference message or the selective call

– at the bit rate defined in the data equipment specification

All parameter tolerances (e.g. rise time, tone frequencies, phase-shift angles) should be small
enough to ensure that the results are not significantly influenced. In addition to any other
parameters, the equipment specification should define the appropriate values for

– the modulation depth of double-sideband modulation, or

– the frequency/phase deviation of angle modulation, or

– the amplitude relationship to the carrier of single-sideband, full, reduced or variable carrier
modulation,

– the frequency relationship to the carrier of single-sideband, full, reduced or variable carrier
modulation
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2.24
standard train of standard coded test signal (bit stream or character string)

NOTE 1 – The length of the standard trains has been chosen in order to achieve a dispersion of ±1 dB for the
measurement of reference sensitivity and of ±2 dB for all other measurements.

For all measurements and compliance tests, except sensitivity reduction under multipath
propagation conditions (bit stream or character string), the standard trains are

– for bit stream : 2 556 bits of SCTS;

– for character string : 2 556 characters of SCTS

NOTE 2 – For the measurements in this standard, the required reliability is obtained if the transmission is stopped
after 26 bit or character errors are detected.

2.25
standard unwanted signal (data)
the standard unwanted signal for measuring spurious response immunity and intermodulation
immunity is not modulated.

The standard unwanted signal for measuring adjacent radio-frequency signal selectivity or
co-channel interference rejection is continuously modulated with a binary sequence pattern of
32 767 bits which is generated in a pseudo-random order. The modulation is identical with the
modulation characteristics of the system transmitter

2.26
telegraphy
form of telecommunication in which the transmitted information is intended to be recorded on
arrival as a graphic document; the transmitted information may sometimes be presented in an
alternative form or may be stored for subsequent use

NOTE 1 – A graphic document records information in a permanent form and is capable of being filed and consulted;
for example, it may take the form of written or printed matter or of a fixed image.

NOTE 2 – This is the definition given in the International Telecommunication Convention (Nairobi, 1982).

NOTE 3 – Telegraphy does not include television or videography.

[IEV 721-01-06, modified]

3 Test conditions

3.1 Standard test conditions

3.1.1  Unless otherwise stated, measurements shall be performed under the general test
conditions as stated in IEC 60489-1 and the supplementary test conditions given in 3.2.

3.1.2  In this standard, the methods of measurement have been developed under the
assumption that automatic test equipment is available.

3.1.3  If the data source and encoder are external to the transmitter but are dedicated to its
application, the manufacturer shall supply to the organization making the measurements either
detailed information so that the items can be fabricated, or the device itself.

3.2 Supplementary test conditions

3.2.1 Receivers

3.2.1.1 Receiver-decoder having an integral antenna

In this standard, the methods of measurement and compliance tests have been written for
receivers having antenna terminals. For receivers with integral antennas, the following test
conditions apply:
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– for average radiation sensitivity (data) (see 11.1.6), measurements and compliance tests
are made on a test site;

– measurements and compliance tests in 4.1 through 4.9 (data) for receiver-decoders having
an integral antenna are made with the receiver in a suitable radio-frequency coupling
device (RFCD).

The RFCD may be

– a test fixture device for coupling a given equipment with an integral antenna to an input
socket. It is generally designed and provided by the manufacturer. It allows relative
measurements to be performed at the same frequency or around the same frequency.
Therefore the measurements and compliance tests in 4.5 (spurious response immunity)
and in 6.1 (radiated spurious components) are excluded;

– a stripline arrangement as described in IEC 60489-1, annex A, clause A.3. This is a
measuring instrument for coupling any equipment with integrated antenna to an input
socket. It allows relative measurement of signals to be performed situated at different
frequencies.

The same procedures are used as for receivers having antenna terminals, except that the
input-signal level recorded is that introduced at the input terminals of the RFCD instead of at
the antenna terminals of the receiver.

NOTE 1 – For message or selective calling, the measurements and compliance tests (4.1 through 4.9) have been
designed for non-automatic use: the number of trials in these measurements and compliance tests have been
reduced to the minimum required to obtain the necessary accuracy and variation. Various automatic measurement
procedures may be used, but it is not proposed that they be standardized at this time. On the other hand, for bit
stream and character string, the measurements and compliance tests (4.1 through 4.9 ) have been designed to use
automatic error counting equipment.

NOTE 2 – The measurements in 4.1 through 4.9 (message or selective calling) can be used for continuous signal
(e.g. continuous tone controlled squelch systems) provided that a time for the operation of the decoder is specified
(e.g. 300 ms).

3.2.1.2 Input-signal arrangements for testing receivers
equipped with suitable antenna terminals

Depending on the type of modulation and the measuring equipment available, one of the three
measuring arrangements described below shall be employed.

a) Arrangement A

The arrangement comprises the following pieces of equipment:

– a test data source and an encoder as required, or a test encoder combining these two
functions;

– a radio-frequency signal generator or an alternate signal source (see 3.3.9) capable of
being modulated in accordance with the type of modulation used by the receiver;

– an impedance matching network (or pad; see (3) of figure 2) placed as close as
possible to the receiver under test.

NOTE – Examples of impedance matching networks and combining networks are given in annex A.

b) Arrangement B

For some types of single-sideband modulation, with corresponding characteristics as given
in 1.2 b) (1), it may be possible to simulate the modulated signal by using two radio-
frequency generators. In this case, an arrangement similar to arrangement A may be used,
but with the signal generator or alternate signal source replaced by two radio-frequency
signal generators, the outputs of which are connected to a combining network terminated in
an adjustable attenuator.

c) Arrangement C

The arrangement is similar to arrangement A, except that it also requires a means to
convert the output frequency of the alternate signal source to the nominal frequency
specified for the receiver. This is accomplished by using a radio-frequency signal generator
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and a frequency converter which is terminated in an adjustable attenuator. Some
measurements require an unwanted signal to be added. This signal is supplied by a
radio-frequency signal generator connected to one of the inputs of a combining network
which is inserted at a convenient place in the transmission line (2) shown in figure 2.

The presentation of results shall state which of the arrangements A, B or C has been used.

For arrangements A and C, the performance of the alternate signal source should be such that
the receiver parameters may be measured up to values which are at least 10 dB greater than
the receivers specified values.

3.2.1.2.1 Source impedance of the measuring arrangement for receivers requiring a
specified source resistance

This subclause applies to receivers which are connected to the antenna by means of a
transmission line (which is synonymous with “feeder line”) having a specified characteristic
impedance, for example equal to Rn, Rn being the specified nominal radio-frequency input
impedance of the receiver.

The source impedance Rs of the measuring arrangement shown in figure 2 shall be equal to
the specified source resistance, or, in the absence of such specification, to the specified
nominal radio-frequency input impedance Rn of the receiver.

The nominal radio-frequency input impedance is that value stated by the manufacturer for
which the equipment performance will be optimum when connected to an antenna or
transmission line of the same impedance.

3.2.1.2.2 Input-signal source for receivers tested with the aid of an artificial antenna

This subclause is applicable to receivers intended to operate with an antenna having a complex
impedance.

The input-signal source shall consist of a radio-frequency signal generator, a transmission line,
an impedance matching network, and an artificial antenna. The characteristics of the artificial
antenna shall be specified by the manufacturer of the receiver.

3.2.1.2.3 Receivers tested with the aid of an artificial antenna

The input-signal level is the e.m.f. of the source connected to the input terminals of an artificial
antenna. It should be expressed in µV or dB(µV).

3.2.1.3 Input-signal measuring convention

3.2.1.3.1 Receiver requiring a specified source resistance

The input-signal level should preferably be determined by measuring the electromotive force
present at the output terminals of the unterminated input-signal source (e.m.f. of figure 2).

Alternatively, the input-signal level may be determined by measuring the matched-load (ml)
voltage across a resistance having a value equal to Rs.

The matched-load (ml) voltage is one-half the value of the e.m.f.

When the input-signal level is determined with a voltmeter incorporated in the equipment
supplying the input signal (voltage eg in figure 2), the loss of the impedance matching network
and, if applicable, also the losses of the transmission line and any combining network and
adjustable attenuators inserted in the transmission line shall be taken into account.
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The presentation of results shall state which voltage has been recorded, for example, 2 µV
(e.m.f.) or 1 µV (ml). The source resistance Rs, shall be stated with the results.

3.2.1.3.2 Input-signal level

In this standard, the input-signal levels of the wanted and unwanted signals shall be expressed
in terms of r.m.s. values as follows:

– for angle (type G or F: phase or frequency) modulation, including frequency-shift and
phase-shift modulation or keying: the r.m.s. voltage of the signal, either modulated or
unmodulated;

– for on-off modulation, or keying of a sinusoidal carrier which may or may not be modulated
with an additional signal: the r.m.s. voltage of the continuous carrier, without modulation;

– for double-sideband amplitude (type A) modulation with full carrier: the r.m.s. voltage of the
unmodulated carrier;

– for single-sideband amplitude (type H or R) modulation with full, reduced or variable carrier:
the r.m.s. value of a sinusoidal voltage, the peak value of which is equal to the amplitude of
one radio-frequency cycle at the crest of the envelope of the modulated wave.

The input-signal levels may be expressed in µV or dB(µV) and shall be determined in
accordance with 3.2.1.2.

3.2.1.4 Connections of the measuring equipment

The data measuring equipment shall be connected to the port that provides signals for the
intended application.

Care should be taken that the input impedance of the measuring equipment does not affect the
loading conditions specified for the receiver.

3.2.1.5 Standard input signal

3.2.1.5.1 Standard input signal (type A, G or F modulation)

A radio-frequency signal at standard input-signal level with standard modulation, at the
standard input-signal frequency.

3.2.1.5.2 Standard input signal (type H or R modulation)

A radio-frequency signal or linear combination of two radio-frequency signals from a signal
source that simulates the single-sideband emission from a transmitter when it is modulated
with an audio-frequency signal of 1 000 Hz.

The frequencies and the levels of the input signal are dependent upon the class of emission
they represent. Two frequencies, one of which represents the carrier and the other the
sideband, are chosen so that when demodulated they will produce an audio output at a
frequency of 1 000 Hz.

The standard input-signal levels are

Class of emission Signal representing carrier
dB(µV)

Signal representing sideband
dB(µV)

R3E

H3E

+42

+54

+60

+54

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

48
9-6

:19
99

https://iecnorm.com/api/?name=09f5d61aac327326945940cbd39459ca


– 16 – 60489-6 © IEC:1999(E)

3.2.1.6 Standard input-signal level

Unless otherwise specified, the standard input-signal level for a receiver of the type considered
in this standard is 60 dB(µV) (e.m.f.) or 54 dB(µV) (ml).

3.2.1.7 Standard input-signal frequency

For all tests, except where otherwise specified, the standard input-signal frequency is one of
the specified nominal frequencies. For SSB type of modulation, the nominal frequency is the
frequency of the carrier.

3.2.1.8 Standard modulation of an input signal

a) for digital modulation

The standard modulation is the nominal modulation specified in the systems to be used.
The modulation type (e.g. GMSK or π/4 shifted QPSK), the pulse-shaping function, its
transmitter percentage and the symbol rate will be the dominant parameters of the digital
modulation.

b) for analogue modulation

The modulation due to an input signal of 1 000 Hz at a level to produce

– a modulation depth of 30 %;

– 60 % of maximum permissible frequency (or phase) deviation.

3.2.1.9 Input-signal arrangements for testing the receiving part
of equipment for duplex operation

When the performance of the receiving part of equipment for duplex operation is to be
evaluated while the associated transmitting part is operating, precautions should be taken in
order to ensure that the operation of the signal generator or generators used for testing the
receiving part is not affected by the radio-frequency signal of the transmitting part and that the
latter is terminated by its proper load impedance.

3.2.1.9.1 Input-signal source

An example of a suitable arrangement for making measurements on receivers of equipment for
duplex operation is shown in figure 3.

Connect the input-signal source (1) (levels adjusted in accordance with 3.2.1.3) to point A'. The
centre frequency of the band-stop filter (2) is adjusted to the operating frequency of the
transmitter under test.

The impedance at point B' shall be such that the transmitting part is operating under the
specified matched conditions. To ensure that the VSWR will be less than 1,25, irrespective of
any mismatch caused by the band-stop filter (2) and the combining unit (4), the attenuation of
the attenuator (3) should be at least 30 dB. It should be noted that the attenuator will dissipate
nearly all of the power from the transmitting part and therefore shall have suitable power-
handling capability.

3.2.1.9.2 Input-signal level

The level of the radio-frequency input signal shall be determined at point B' of figure 3.

3.2.1.9.3 Input-signal location

The radio-frequency input signal shall be determined at point B' of figure 3.
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3.2.2 Transmitter

3.2.2.1 General

This standard allows for the measurement of many types of data signals. While some of the
data signals are continuous or extend for many seconds, there are others that have a duration
of only a few milliseconds. In this standard, the radio-frequency parameter is measured and the
results averaged only over the duration of the data signal. However, in the case of short
duration signal, this signal may be repeated for the purpose of the measurement.

For transmitters used in systems that require the transmitter to transmit more than one signal
simultaneously, the measurement is made while the transmitter is transmitting the maximum
number of signals required by the system. If one of the data signals has a short duration, the
measurement is made during that short duration.

This standard recognizes that the methods of measurements that are suitable for making the
measurements for long-duration data signals may not be suitable when the data signals are of
short duration. Therefore, this standard contains different methods of measurement for
different equipment and provides a guide for determining when each method of measurement
should be used.

3.2.2.2 Selection guideline for methods of measurement

A guideline for selecting the correct method of measurement to be used for the transmitter
under test is provided. The operation mode of a transmitter is characterized by modulation
state (unmodulated or modulated), transmission mode (continuous or intermittent) and
modulating signal (random date or non-random data). Such characteristics propose several
types of signal:

a) Type 1: Continuous emission, capable of unmodulated carrier transmission

Transmitters which can emit an unmodulated carrier which may be considered to be
continuous for the purpose of the measurement.

b) Type 2: Continuous emission, allowed state

Transmitters (e.g. FSK modulation) which can emit a radio-frequency signal that represent
one of the allowed states (e.g. mark or space for a two-state system) and may be
considered to be continuous for the purpose of the measurement.

c) Type 3: Continuous emission, modulated carrier

Transmitter which cannot be operated unless the carrier is modulated, and whose signal
may be considered to be continuous for the purpose of the measurement.

This type is further classified by the type of modulating signal for the purpose of the
frequency error measurement:

Type 3 a: modulated with random data (symmetrical spectrum);

Type 3 b: modulated with non-random data (asymmetrical spectrum).

NOTE – Standard baseband test signal (bit stream) (see 2.22) is a kind of random data for the purpose of this
measurement. Another source signal is not necessarily random for the purpose of this measurement.

d) Type 4: Short emission, modulated carrier

Transmitters which may only emit a data modulated radio-frequency signal for a short time
(however, such transmitters may emit for a longer period of time either unmodulated or
modulated with another signal) but repeatedly, either periodically or manually triggered.

This type is further classified by the type of modulating signal for the purpose of the
frequency measurement:

Type 4 a: modulated with random data (symmetrical spectrum);

Type 4 b: modulated with non-random data (asymmetrical spectrum).

NOTE – It is possible to define a type 5: short emission, unmodulated carrier but this type is not necessary in
this standard.
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3.2.2.3 Output signal measuring arrangements for transmitters
having accessible antenna terminals

3.2.2.3.1 Test load

A non-radiating load, with an impedance and power rating specified by the transmitter
manufacturer, to replace the antenna including any associated transmission line when the
transmitter is being tested.

3.2.2.3.2 Connections to the measuring equipment

Care should be taken to ensure that measuring equipment and any coupling devices do not
adversely affect the transmitter loading conditions.

3.3 Characteristics of the measuring equipment

Where necessary (for measuring equipment which may not be commercially available), and to
ensure that different operators at different locations will obtain similar results when measuring
the same receiver, certain characteristics of the measuring equipment and test sites have been
specified. Procedures for verifying that the measuring equipment meets these specifications
are also given.

3.3.1 Signal generator intermodulation characteristics

A method for identifying intermodulation between signal generators, the outputs of which are
combined, is given in annex B.

3.3.2 Signal generator noise characteristics

A method for identifying signal generator noise is given in annex B.

3.3.3 Selective measuring device

The selective measuring device may be a frequency selective voltmeter, a spectrum analyser
or a calibrated field-strength meter. The bandwidth of the measuring device shall be
appropriate for the measurement being made or shall be adjusted to the value stated in the
method of measurement.

3.3.4 Radio-frequency coupling device (RFCD) characteristics and measurements

The measurements in this standard are applicable to receivers having either antenna terminals
or an integral antenna.

Measurements of the radio-frequency parameters of receivers having an integral antenna are
performed in an RFCD. The RFCD may be

– a test fixture, device for coupling a given equipment with an integral antenna to an input
socket. It is generally designed and provided by the manufacturer. It allows relative
measurements to be performed at the same frequency or around the same frequency.
Therefore, the measurements and compliance tests of measured usable sensitivity, of
spurious response immunity and radiated spurious components are excluded;

– a stripline arrangement as described in IEC 60489-1, annex A, clause A.3. This is a
measuring instrument for coupling any equipment with integrated antenna to an input
socket. It allows relative measurement of signals to be performed situated at different
frequencies.

When making these measurements, precautions shall be taken to ensure that

– the receiver is adequately shielded from electromagnetic disturbance;
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– the attenuation of the coupling between the radiation source and the receiver being
measured is sufficiently low, stable and constant throughout the measuring frequency
range.

The coupling loss depends on the particular measuring arrangement, the frequency being used
and the receiver being measured. Normally it is not precisely measured, as it is only useful for
a particular measuring arrangement and frequency.

The coupling loss shall be sufficiently low so that the output power requirements at the signal
generators used in this standard will not exceed the power output capability of commercially
available signal generators.

To ensure measurement repeatability, an RFCD which includes the following should be used in
the measurement arrangement:

– a radiating element;

– a radio-frequency input terminal connected to the radiating element through a transmission
line;

– a means to ensure that the input impedance of the RFCD is the same as the impedance of
the transmission line from the radio-frequency signal generator;

– a means for positioning the receiver being measured in a precise, repeatable and stable
manner;

– a means to ensure that the presence of the person making the measurement does not
affect the results.

It shall also have the following characteristics:

– a coupling loss between the radio-frequency input terminal and the receiver being
measured of less than 30 dB;

– a coupling loss variation over the frequency range used in the measurement which does not
exceed 2 dB;

– no non-linear elements which can affect the measurement results.

3.3.5 Combining networks

Examples of combining networks are given in annex A.

3.3.6 Rayleigh fading simulator characteristics

Annex C contains the following items:

– an example of a Rayleigh fading simulator;

– specifications for the required parameters;

– a method of measurement for the required parameters.

3.3.7 Characteristics of radiation test sites

IEC 60489-1, annex A, clause A.2 provides a guide for selection, characteristics, basic
measuring procedure, construction, evaluation measurement and calibration method for OATS
(Open area test site), LRTS (Low reflection test site), AC (Anechoic chamber) and RFM
(Random field measurement) test sites.

3.3.8 Simulated man

A simulated man is required when the average radiation sensitivity (selective calling) of a radio
pager is measured. A description of a simulated man and its use is given in IEC 60489-1,
annex A, clause A.4.
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3.3.9 Alternate signal source

For certain measurements, it may not be possible to modulate a radio-frequency signal
generator to produce the necessary input signals, for example for single-sideband. In these
circumstances, a transmitter may have to be used as an alternate signal source for the wanted
or unwanted signal.

Some measurements require that the frequency be moved. A local oscillator, balanced mixer
and filters may be used to make the frequency translation.

The characteristics of the alternate signal source should be such that the receiver parameters
may be measured up to values which are at least 10 dB greater than the receivers' specified
values.

Care shall be taken to shield the receiver from the transmitter.

3.3.10 Signal generators

Signal generators are normally characterized for sine-wave modulation, and application of non-
sinusoidal waveforms, which are often encountered in the transmission of data, may lead to
monitoring or modulation problems. Such problems can affect the overall accuracy of any
measurements that are made.

3.3.10.1 Monitoring problems

If the signal generator is provided with a voltmeter system to monitor the applied external
modulation signal, the readings may be in error when non-sinusoidal waveforms are applied. It
is recommended that an oscilloscope be used to monitor the peak voltage of the applied data
signal and that the level be adjusted to be equal to the amplitude of a pure sine-wave which
would produce the required modulation condition. If the signal generator monitor shows the
same indication on both input-signal conditions, then the user can be confident that
inaccuracies due to monitoring will not be a problem.

3.3.10.2 Modulating problems

The signal generator modulating system has a finite bandwidth which is determined by high-
pass and low-pass filters. The high-pass filter can introduce phase and amplitude errors at low
frequencies, and the user should assess the suitability of the instrument from the data provided
by the manufacturer. In some circumstances, a signal source with a response extending down
to a sufficiently low frequency (e.g. 1 Hz) will be satisfactory.

The effect of the low-pass filter on the signal source will be most noticeable when modulating
signals with fast rise and fall times are applied. Depending on the characteristics of the filters,
the modulation applied to the carrier signal will exhibit overshoot or degradation of the rise and
fall times. In practice, these problems can be eliminated by filtering the modulating signal
before it is applied to the signal generator, so that the source correctly simulates a narrow-
band transmitter.

3.3.11 Power meter

A device that responds to mean power.

3.3.12 Frequency measuring device

3.3.12.1  The accuracy of the frequency measuring device shall be at least 10 times more
precise than the frequency tolerance given in the transmitter specification.
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3.3.12.2  When measuring frequency, phase-modulated or unmodulated continuous signals,
conventional frequency counters which measure the number of positive- (or negative-) going
zero crossings of the signal, divided by the duration of the measurement, may be used.

Systematic measuring error may exist depending on randomness of the modulating signal, but
this may become negligible for the purpose of this standard if the 511-bit length pseudo-
random binary sequence is used as a modulating signal.

3.3.12.3  When measuring a pulsed signal, a frequency counter with synchronous trigger
mode may be used. Measuring accuracy and required measuring time depends on the pulse
duration. When the pulse duration is longer than several milliseconds, this method may give a
permissible measuring accuracy for the purpose of this standard in a practical measuring time.
Measuring accuracy may be improved by averaging operation among multiple pulses.

NOTE – If pulse durations and gate width (GW) are 5 ms, pulse period Tp is 20 ms and resolution (R) is set at 10 Hz:

– measuring accuracy = ±0,5/GW

= ±100 Hz r.m.s.

– measuring time = Tp × 1/(R x GW)2

= 8 s

3.3.12.4  When measuring other type of signals, a digital storage spectrum analyser may be
used to measure the centre frequency of the frequency band occupied by an emission.

3.3.13 Power measuring receiver

Details for the power measuring receiver are given in annex B, clause B.3.

3.3.14 Waveform recorder

When a short or complex voltage waveform has to be averaged over the duration of the data
modulation, the waveform should be captured so that the averaging calculations can be made.
A digital sampling waveform recorder is one instrument that has this capability.

A waveform recorder is a voltage sampling device that has the following features:

– an envelope detector which has a bandwidth of at least three times the highest modulating
frequency;

– an analogue-to-digital converter that produces words of at least 8 bits for each sample;

– a memory to store the digitized samples: the memory size shall be at least equal to the
sampling rate times the modulation duration;

– a means to start and stop the sampling at the beginning and end of the data signal. This is
the sampling gate. The duration of the data signal is usually given in the equipment
specification;

– a means to delay the sampling gate. In some transmitters, it may be impossible to obtain a
signal from the data source or encoder that coincides with the start of the data signal. The
equipment specifications will usually indicate that the data signal will start at a given time
after some other event, for example activation of the transmitter or an input function, which
can be used to activate the delaying circuit;

– a means to read and transfer the stored samples to a computing device for calculations;

– a sampling rate that is at least three times the highest modulating frequency. This
instrument may be a separate unit or it may be part of another instrument, for example a
digital oscilloscope.
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4 Measurements of receiver-decoder radio-frequency parameters

4.1 Sensitivity (data)

4.1.1 Measured usable sensitivity (MUS) (data)

4.1.1.1 Definition

The radio-frequency level of the standard coded test signal (SCTS) (data), at a specified
frequency, which will result in the reference error ratio (data).

4.1.1.2 Method of measurement for bit stream or character string

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1) and (2) and a comparator are required (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1) modulate the radio-frequency signal generator (2) with the standard
train of coded test signal (bit stream or character string) to generate the SCTS (bit stream
or character string) (see 2.22, 2.23 and 2.24).

d) Adjust the level of the input signal to the receiver-decoder to the value of the measured
usable sensitivity (bit stream or character string) stated in the equipment specification.

e) Transmit the standard train of SCTS (see 2.24).

f) Calculate and note the error ratio.

g) If the error ratio equals the reference error ratio (bit stream or character string), terminate
the measurement. Record the radio-frequency signal level as the measured usable
sensitivity (bit stream or character string) and proceed to step b) of 4.1.1.3.

If the error ratio is less than the reference error ratio (bit stream or character string),
decrease the input-signal level to the receiver-decoder by 0,5 dB.

If the error ratio is greater than the reference error ratio (bit stream or character string),
increase the input-signal level to the receiver-decoder by 0,5 dB.

h) Repeat steps e) through g) until two consecutive values of error ratio have been obtained,
which bracket the reference error ratio (bit stream or character string). Record the input-
signal level, V, in dB(µV) that corresponds to the error ratio which is just greater than the
reference error ratio (bit stream or character string).

4.1.1.3 Presentation of results for bit stream or character string

a) Calculate the measured usable sensitivity (bit stream or character string), S, as:

S V= + 0,25   (dB(µV))

where V is the value of the input-signal level to the receiver-decoder recorded in step h) of
4.1.1.2.

b) Record the input signal arrangement used, characteristics of the SCTS (bit stream or
character string) and the measured usable sensitivity (bit stream or character string).

4.1.1.4 Method of measurement for message or selective calling

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1), (2) and (3) are required (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Apply to the attenuator (3) a signal having the standard input-signal frequency and at a
level of approximately 60 dB(µV). Record this level as A.
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d) Using the encoder (1) modulate the radio-frequency signal generator (2) with the reference
sequence of messages or selective callings to generate the SCTS (message or selective
calling) (see 2.22 and 2.23 ).

e) Adjust the step attenuator (3) to a value which will produce a high error ratio (e.g. 50 % or
greater).

f) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence,
if the receiver-decoder does not recognizes any of its SCTS. Adjust the step
attenuator(3) according to step f)2) or f)3) whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS,
decrease the attenuation of (3) by 2 dB and repeat step f)1).

3 If the receiver-decoder recognizes the three SCTS, record the attenuation value in
decibels, increase the attenuation of (3) by 1 dB, record the new attenuation value in
decibels, and proceed to step g)1).

g) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence,
if the receiver-decoder does not recognizes any of its SCTS. Adjust the step attenuator
(3) according to step g)2) or g)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS,
decrease the attenuation of (3) by 1 dB, record the new attenuation value in decibels,
and repeat step g)1). See step h).

3) If the receiver-decoder recognizes the three SCTS, increase the attenuation of (3) by
1 dB, record the new attenuation value in decibels, and repeat step g) 1). See step h).

h) Continue steps g)1), g)2) and g)3) until attenuator values have been recorded 10 times.

NOTE – A careful study of the example in figure E.8 of annex E, is recommended to avoid the possibility of
misunderstanding steps g) and h).

4.1.1.5 Presentation of results for message or selective calling

a) Calculate the average of the attenuation values recorded in decibels in steps f)3), g)2) and
g)3) of 4.1.1.4.

b) The measured usable sensitivity (message or selective calling) is:

A B−   (dB(µV))

where

A is the value recorded in step c) of 4.1.1.4;

B is the average of the attenuation values calculated in step a) in decibels.

c) Record the input signal arrangement used, characteristics of the SCTS (message or
selective calling) and measured usable sensitivity (message or selective calling).

4.1.2 Specified usable sensitivity (SUS) (data)

4.1.2.1 Definition

The radio-frequency level of the standard coded test signal (SCTS) (data) specified by the
regulatory authority, manufacturer or customer at the specified frequency, which results in an
error ratio equal to or smaller than the reference error ratio (data).

NOTE – To make meaningful measurements, the specified input-signal level should be chosen taking into account
the dispersion of the sensitivities of various equipments in defined environmental conditions.

4.1.2.2 Compliance test method – sensitivity (SUS) (data)

a) Connect the equipment as illustrated in figure 4 with the switches in position b, using test
equipment items (1) and (2) and a comparator (see 2.7).
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b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the standard
train of coded test signal (data) or with the specified message or selective call to generate
the standard coded test signal (SCTS) (data) (see 2.16, 2.22, 2.23 and 2.24).

d) Adjust the level of the input signal to the receiver-decoder to the value of sensitivity (SUS)
(data).

e) Transmit the standard train of SCTS for bit stream or character string (see 2.24), or 18
specified messages or selective calls.

f) If there are 25 or less errors for bit stream or character string, or three or less errors for
message or selective calls, record that the receiver-decoder complies with the sensitivity
(SUS) (data) specification, otherwise record that it does not comply.

g) Record the input signal arrangement used, characteristics of the SCTS (data) and the
sensitivity (SUS) (data).

4.2 Adjacent radio-frequency signal selectivity (data)

4.2.1 General

Selectivity is the ability of a receiver to discriminate between wanted and unwanted input
signals.

The selectivity methods of measurement described in this standard deal only with interference
that degrades the receiver output signal due to the simultaneous presence of a wanted and an
unwanted input-signal. It is to be noted, however, that unwanted signals may also be
objectionable when the wanted signal is not present.

The methods of measurement are described in a manner which allows the limit for the
selectivity of the receiver to be expressed either as

a) the ratio of the level of the unwanted input signal to the level of the wanted signal, which is
set to the SUS (see 4.1.2) plus 3 dB; this is expressed as “selectivity (SUS)”;

or

b) the ratio of the level of the unwanted input-signal level to the value of the sensitivity (MUS)
(see 4.1.1), the wanted signal being set 3 dB above the value of the MUS; this is expressed
as “selectivity (MUS)”.

Figure 5 illustrates the two methods.

These two methods of measurement are intended to cover different practical applications.

The SUS method is intended to cover the case of mobile radio systems used in environments
having a high level of interference (e.g. in areas where the cell size is mainly determined by
interference) and where the frequency planning is based on parameters virtually common to all
radio systems implemented in that area.

The MUS method is intended to cover the case of mobile radio systems used in environments
having a low level of interference (e.g. rural areas), where the actual measured usable
sensitivity (MUS) and radio-frequency field coverage are the key factors, together with the
overall power budget of the links.

These two methods generally provide different results. In the special case where the sensitivity
(MUS) of a particular equipment is equal to the sensitivity (SUS), the level of the wanted and
unwanted signals used in both measurements will be the same but the results calculated
according to the two methods will differ by 3 dB.
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4.2.2 Definition

The ability of the receiver-decoder to minimize the degrading effect of an unwanted adjacent
signal on the desired response at the output of the receiver-decoder. It is the ratio, expressed
in decibels, of

a) the level of an unwanted input signal that causes a wanted input signal, which is 3 dB in
excess of the sensitivity (SUS or MUS) (data), to produce an error ratio equal to the
reference error ratio (data), to

b) the wanted signal level (sensitivity (SUS) plus 3 dB), or the sensitivity (MUS) (the wanted
signal level is the sensitivity (MUS) plus 3 dB).

4.2.3 Method of measurement for bit stream or character string

NOTE – The value of the sensitivity (MUS or SUS) (bit stream or character string) determined in 4.1.1.3 or defined
in 4.1.2.1 is required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1), (2), (4), (5) and (6) and a comparator are required (see 2.7). Item (5)
is replaced with an unwanted signal encoder.

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1) modulate the radio-frequency signal generator (2) with the standard
train of standard coded test signal (bit stream or character string) to generate the standard
coded test signal (SCTS) (bit stream or character string) (see 2.22, 2.23 and 2.24).

d) In the absence of the unwanted signal, adjust the wanted signal level at the input of the
matching and combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS)
(bit stream or character string) determined in 4.2 plus the loss of the matching and
combining network (4).

e) Using the encoder (1), modulate radio-frequency generator (6) with the standard unwanted
signal (data) to generate the unwanted signal at the upper (“lower” for step j) specified
frequency of the adjacent unwanted signal (see 2.25).

Adjust the level to the input of the matching and combining network (4) to equal the
sensitivity (SUS or MUS) (bit stream or character string) multiplied by the ratio of the
adjacent radio-frequency signal selectivity (bit stream or character string), stated in the
equipment specification plus the loss of the matching and combining network (4).

f) Transmit the standard train of SCTS (see 2.24).

g) Calculate and note the error ratio.

h) If the error ratio equals the reference error ratio (bit stream or character string), terminate
the measurement. Record the unwanted radio-frequency signal level, G, in dB(µV), and
proceed to step b) of 4.2.4.

If the error ratio is less than the reference error ratio (bit stream or character string),
increase the unwanted signal level by 0,5 dB.

If the error ratio is greater than the reference error ratio (bit stream or character string),
decrease the unwanted signal level by 0,5 dB.

i) Repeat steps e) through h) until two consecutive values of error ratio have been obtained
which bracket the reference error ratio (bit stream or character string). Record the
unwanted radio-frequency signal level, U, in dB(µV) that corresponds to the error ratio
which is just greater than the reference error ratio (bit stream or character string).

j) Repeat steps e) through i) for the lower specified frequency of the adjacent unwanted
signal.

NOTE – This method of measurement is suitable for making measurements at other than the specified unwanted
signal frequency.
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4.2.4 Presentation of results for bit stream or character string

a) Calculate the level of the unwanted radio-frequency, G, as follows:

G U= − 0,25   (dB(µV))

b) Calculate the upper and the lower adjacent radio-frequency signal selectivities, S, either as:

S G R= −  (for selectivity MUS)  (dB); or

3−−= RGS  (for selectivity SUS)  (dB)

where

G is the value recorded in step h) of 9.3 or in step a) of 9.4;

R is the sensitivity (SUS or MUS) (bit stream or character string) plus the loss of the
matching and combining network (4).

c) Record the adjacent radio-frequency signal selectivity (referred to SUS or MUS) (bit stream
or character string) as the smaller of the values of S calculated above.

d) Record the input signal arrangement used, the characteristics of the SCTS (bit stream or
character string), the characteristics of the unwanted signal, the frequencies of the
specified unwanted adjacent signals and the sensitivity (SUS or MUS) (bit stream or
character string).

4.2.5 Method of measurement for message or selective calling

NOTE – The value of the sensitivity (MUS or SUS) (message or selective calling) determined in 4.1.1.5 or defined
in 4.1.2.1 is required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1), (2), (4), (5), (6) and (9) and a comparator are required (see 2.7). Item
(5) is replaced with an unwanted signal encoder.

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the reference
sequence of messages or selective callings to generate the standard coded test signal
(SCTS) (message or selective calling) (see 2.22 and 2.23).

d) In the absence of the unwanted signal, adjust the signal level at the input of the matching
and combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (message
or selective calling) determined in 4.2 plus the loss of the matching and combining network
(4).

e) Using the encoder (1), modulate the radio-frequency generator (6) with the standard
unwanted signal (data) to generate the unwanted signal at the upper (“lower” for step j)
specified frequency of the adjacent unwanted signal (see 2.25). Apply a high-level signal
(e.g. 100 dB(µV)) to the attenuator (9). Record this value, A, in dB(µV).

f) Adjust the step attenuator (9) to a value which will produce a high error ratio (e.g. 50 % or
greater).

g) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence if
the receiver-decoder does not recognize any of the SCTS. Adjust the step attenuator (9)
according to step g)2) or g)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, increase
the attenuation of (9) by 2 dB and repeat step g)1).

3) If the receiver-decoder recognizes the three SCTSs, record the attenuation value in
decibels, decrease the attenuation of (9) by 1 dB, record the new attenuation value in
decibels, and proceed to step h)1).
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h) 1) Transmit the SCTS a maximum of the three times, terminating the transmission
sequence if the receiver-decoder does not recognize any of the SCTS. Adjust the step
attenuator (9) according to step h)2) or h)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, increase
the attenuation of (9) by 1 dB, record the new attenuation value in decibels, and repeat
step h)1). See step i).

3) If the receiver-decoder recognizes the three SCTS, decrease the attenuation of (9) by
1 dB, record the new attenuation value in decibels, and repeat step h)1). See step i).

i) Continue steps h)1), h)2) and h)3) until attenuator values have been recorded 20 times.

NOTE – A careful study of the example in figure E.10 of annex E, is recommended to avoid the possibility of
misunderstanding step h) and i).

j) Repeat steps e) through i) for the lower specified frequency of the adjacent unwanted
signal.

4.2.6 Presentation of results for message or selective calling

a) Calculate the average of the attenuation values recorded in decibels in steps g)3), h)2) and
h)3) of 8.5 for the upper frequency of the adjacent unwanted signal.

b) Calculate the average of the attenuation values recorded in decibels in steps g)3), h)2) and
h)3) of 8.5 for the lower frequency of the adjacent unwanted signal.

c) Calculate the upper and lower adjacent radio-frequency signal selectivity, S, either as:

S A B R= − −  (for selectivity MUS)  (dB), or

S A B R= − − − 3  (for selectivity SUS)  (dB)

where

A is the value recorded in dB(µV) in step e)of 8.5;

B is the average of the attenuation values calculated in step a) and in step h) in decibels;

R is the sensitivity (SUS or MUS) (message or selective calling) plus the loss of the
matching and combining network (4).

d) Record the adjacent radio-frequency signal selectivity (referred to SUS or MUS) (message
or selective calling) as the smaller of the values of S calculated above.

e) Record the input signal arrangement used, the characteristics of the SCTS (message or
selective calling), the characteristics of the unwanted signal and the frequencies of the
specified unwanted adjacent signals and sensitivity (SUS or MUS) (message or selective
calling).

4.2.7 Compliance test method – Adjacent radio-frequency signal selectivity (data)

NOTE – The value of the sensitivity (MUS or SUS) (data) determined in 4.1.1.3 or 4.1.1.5 or defined in 4.1.2.1 is
required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1), (2), (4), (5), (6) and a comparator are required (see 2.7). Item (5) is
replaced with an unwanted signal encoder.

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the standard
train of standard coded test signal (data) or with the specified message to generate the
standard coded test signal (SCTS) (data) (see 2.16, 2.22, 2.23 and 2.24).

d) Adjust the wanted signal level at the input of the matching and combining network (4) to be
3 dB in excess of the sensitivity (SUS or MUS) (data) determined in 4.1, plus the loss of the
matching and combining network (4).
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e) Using the encoder (1), modulate the radio-frequency generator (6) with the standard
unwanted signal (data) to generate the unwanted signal at the upper specified adjacent
frequency (see 2.25).

f) Adjust the unwanted signal level at the input of the matching and combining network (4) to
equal the sensitivity (SUS) plus 3 dB or the sensitivity (MUS), determined in 4.1, increased
by the specified value of the adjacent radio-frequency signal selectivity (data) plus the loss
of the matching and combining network (4).

g) Transmit the standard train of SCTS for bit stream or character string (see 2.24), or 33
specified messages or selective calls.

h) If there are 25 or less errors for bit stream or character string, or six or less errors for
message or selective call, record that for the upper specified frequency the receiver-
decoder does comply with the adjacent radio-frequency signal selectivity (data)
specification.

i) Repeat steps e) through h) for the lower specified adjacent frequency.

j) If it was recorded in step h) that the receiver-decoder does comply for both specified
frequencies, then record that it does comply with the adjacent radio-frequency signal
selectivity (data) specification, otherwise record that it does not comply.

k) Record the input signal arrangement used, characteristics of the SCTS (data), the
sensitivity (SUS or MUS) (data) and the specified adjacent radio-frequency signal selectivity
(data).

4.3 Co-channel interference rejection (data)

Co-channel interference rejection (data) is a special case of adjacent radio-frequency signal
selectivity (data). It is measured using the method of measurement given in 4.2 with the
frequency of the standard unwanted signal (data) the same as the wanted signal.

4.4 Adjacent-channel selectivity (data)

When mobile radio services use discrete channel spacings, the value of adjacent radio-
frequency signal selectivity (data) measured for a signal spacing equal to the discrete channel
spacing may be quoted as the value of the adjacent-channel selectivity (data). Adjacent-
channel selectivity (data) is measured using the method of measurement given in 4.2, with the
frequency of the standard unwanted signal displaced one channel space.

4.5 Spurious response immunity (data)

4.5.1 Definition

The ability of the receiver-decoder to prevent a single unwanted spurious signal from degrading
the desired response. It is the ratio, expressed in decibels, of

a) the level of an unwanted input signal that causes a wanted input signal, which is 3 dB in
excess of the sensitivity (SUS or MUS) (data), to produce an error ratio equal to the
reference error ratio (data), to

b) the wanted signal level (sensitivity (SUS) plus 3 dB), or the sensitivity (MUS) (the wanted
signal level is the sensitivity (MUS) plus 3 dB).

4.5.2 Method of measurement for bit stream or character string

NOTE 1 – The value of the sensitivity (MUS or SUS) (bit stream or character string) determined in 4.1.1.3 or
defined in 4.1.2.1 is required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1), (2), (4) and (6) and a comparator are required (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.
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c) Using the encoder (1), modulate radio-frequency signal generator (2) with the standard
train of standard coded test signal (bit stream or character string) to generate the standard
coded test signal (SCTS) (bit stream or character string) (see 2.22, 2.23 and 2.24).

d) In the absence of the unwanted signal, adjust the signal level at the input of the matching
and combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (bit stream
or character string) determined in 4.2 plus the loss of the matching and combining network
(4).

e) Adjust the radio-frequency generator (6) to a frequency that may degrade the response of
the receiver-decoder. Note the unwanted signal frequency (see 2.25).

Adjust the level to the input of the matching and combining network (4) to equal the
sensitivity (SUS or MUS) (bit stream or character string), multiplied by the ratio of the
spurious response immunity (bit stream or character string), stated in the equipment
specification, plus the loss of the matching and combining network (4).

NOTE 2 – The method of measurement of spurious response immunity requires that the operator search for the
frequencies of the unwanted signals which may degrade the output of the receiver (e.g. signal-to-noise ratio or
error ratio). When the receiver has an audio output, this is normally done by applying only the unwanted signal
to the receiver at a high level. Then the frequency of the unwanted signal is slowly moved across the frequency
band of interest and the frequencies that produce a change in the signal-to-noise ratio are noted. These
frequencies are then used in the spurious response immunity method of measurement.

If the receiver-decoder does not have an audio output, other methods for making the search should be used.
One method of making the search is to use a sensitive detector (e.g. a communication receiver tuned to the
intermediate frequency of the receiver-decoder) and a pick-up (antenna) which may also be tuned to the
intermediate frequency. By placing the pick-up near the later stages of the intermediate frequency amplifier, the
activity of this amplifier can be monitored. When the above procedure is used, changes in the signal in the
intermediate frequency amplifier can be detected and the frequency of the unwanted signal noted.

f) Transmit the standard train of SCTS (see 2.24).

g) Calculate and note the error ratio.

h) If the error ratio equals the reference error ratio (bit stream or character string), terminate
the measurement. Record the unwanted radio-frequency signal level, G, in dB(µV), and
proceed to step b) of 4.5.3.

If the error ratio is less than the reference error ratio (bit stream or character string),
increase the unwanted signal level by 0,5 dB.

If the error ratio is greater than the reference error ratio (bit stream or character string),
decrease the unwanted signal level by 0,5 dB.

i) Repeat steps f) through h) until two consecutive values of error ratio have been obtained
which bracket the reference error ratio (bit stream or character string). Record the
unwanted radio-frequency signal level, U in dB(µV), that corresponds to the error ratio
which is just greater than the reference error ratio (bit stream or character string).

j) Repeat steps d) through i) for other unwanted signal frequencies that may degrade the
response of the receiver-decoder.

4.5.3 Presentation of results for bit stream or character string

a) Calculate the radio-frequency level G, as follows:

G U= − 0,25   dB(µV)

where

U is the value recorded in step i) of 4.5.2.

b) Calculate the spurious response immunity, S, for each of the unwanted signals, either as:

S G R= −   (for immunity MUS)  (dB), or

S G R= − − 3   (for immunity SUS)  (dB)

where

G is the value recorded in step h) of 4.5.2 or in step a) of 4.5.3.
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R is the sensitivity (SUS or MUS) (bit stream or character string) plus the loss of the
matching and combining network (4).

c) Record the spurious response immunity (referred to SUS or MUS) (bit stream or character
string) as the smaller of the values of S calculated above.

d) Record the input signal arrangement used, the characteristics of the SCTS (bit stream or
character string), the characteristics of the unwanted signal, the frequencies of the
specified unwanted adjacent signals and the sensitivity (SUS or MUS) (bit stream or
character string).

4.5.4 Method of measurement for message or selective calling

NOTE 1 – The value of the sensitivity (MUS or SUS) (message or selective calling) determined in 4.1.1.5 or defined
in 4.1.2.1 is required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1), (2), (4), (6) and (9) and a comparator are required (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate radio-frequency signal generator (2) with the reference
sequence of messages or selective calls to generate the standard coded test signal (SCTS)
(message or selective calling) (see 2.22 and 2.23).

d) In the absence of the unwanted signal, adjust the signal level at the input of the matching and
combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (message or
selective calling) determined in 4.2, plus the loss of the matching and combining network (4).

e) Adjust the radio-frequency generator (6) to a frequency that may degrade the response of
the receiver-decoder and apply a high level signal (e.g. 100 dB(µV)) to the attenuator (9)
(see 2.25). Record this value in dB(µV) as A. Record this frequency.

NOTE 2 – The method of measurement of spurious response immunity requires that the operator search for the
frequencies of the unwanted signals which may degrade the output of the receiver (e.g. signal-to-noise ratio or
error ratio). When the receiver has an audio output, this is normally done by applying only the unwanted signal
to the receiver at a high level. Then the frequency of the unwanted signal is slowly moved across the frequency
band of interest and the frequencies that produce a change in the signal-to-noise ratio are noted. These
frequencies are then used in the spurious response immunity method of measurement.

If the receiver-decoder does not have an audio output, other methods for making the search should be used.
One method of making the search is to use a sensitive detector (for example, a communication receiver tuned
to the intermediate frequency of the receiver-decoder) and a pick-up (antenna) which may also be tuned to the
intermediate frequency. By placing the pick-up near the later stages of the intermediate frequency amplifier the
activity of this amplifier can be monitored. When the above procedure is used, changes in the signal in the
intermediate frequency amplifier can be detected and the frequency of the unwanted signal noted.

f) Adjust the step attenuator (9) to a value which will produce a high error ratio (e.g. 50 % or
greater).

g) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence if
the receiver-decoder does not recognize any of its STS. Adjust the step attenuator (9)
according to step g)2) or g)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, increase
the attenuation of (9) by 2 dB and repeat step g)1).

3) If the receiver-decoder recognizes the three SCTS, record the attenuation value in
decibels, decrease the attenuation of (9) by 1 dB, record the new attenuation value in
decibels, and proceed to step h)1).

h) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence if
the receiver-decoder does not recognize any of its SCTS. Adjust the step attenuator (9)
according to step h)2) or h)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, increase
the attenuation of (9) by 1 dB, record the new attenuation value in decibels, and repeat
step h)1). See step i).

3) If the receiver-decoder recognizes the three SCTS decrease the attenuation of (9) by
1 dB, record the new attenuation value in decibels, and repeat step h)1). See step i).
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i) Continue steps h)1), h)2) and h)3) until attenuator values have been recorded 20 times.

NOTE 3 – A careful study of the example in figure E.10 of annex E is recommended to avoid the possibility of
misunderstanding steps g) and h).

j) Repeat steps e) through i) using other unwanted signal frequencies that may degrade the
response of the receiver-decoder.

4.5.5 Presentation of results for message or selective calling

a) Calculate the average of the attenuation values recorded in decibels in steps g)3), h)2) and
h)3) of 4.5.4 for each of the unwanted signals.

b) Calculate the spurious response immunity (message or selective calling), S, for each of the
unwanted signals, either as:

S A B R= − −   (for immunity MUS)  (dB), or

S A B R= − − − 3   (for immunity SUS)  (dB)

where

A is the value recorded in step e) of 4.5.4;

B is the average of the attenuation values calculated in step a) in decibels;

R is the sensitivity (SUS or MUS) (message or selective calling) plus the loss of the
matching and combining network (4).

c) Record the spurious response immunity (referred to SUS or MUS) (message or selective
calling) as the smaller of the values of S calculated above.

d) Record the input signal arrangement used, the characteristics of the SCTS (message or
selective calling), the characteristics of the unwanted signal, the frequencies of the
unwanted signals and the sensitivity (SUS or MUS) (message or selective calling).

4.5.6 Compliance test method – Spurious response immunity (data)

NOTE 1 – The value of the sensitivity (MUS or SUS) (data) determined in 4.1.1.3 or 4.1.1.5 or defined in 4.1.2.1 is
required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b, using test
equipment items (1), (2), (4) and (6) and a comparator (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate radio-frequency signal generator (2) with the standard
train of standard coded test signal (data) or with the specified message to generate the
standard coded test signal (SCTS) (data) (see 2.16, 2.22, 2.23 and 2.24).

d) Adjust the wanted signal level at the input of the matching and combining network (4) to be
3 dB in excess of the sensitivity (SUS or MUS) (data) determined in 4.2, plus the loss of the
matching and combining network (4).

e) Adjust the radio-frequency generator (6) to a frequency that may degrade the response of
the receiver-decoder. Note the unwanted signal frequency (see 2.25).

NOTE 2 – The method of measurement of spurious response immunity requires that the operator search for the
frequencies of the unwanted signals which may degrade the output of the receiver (e.g. signal-to-noise ratio or
error ratio). When the receiver has an audio output, this is normally done by applying only the unwanted signal
to the receiver at a high level. Then the frequency of the unwanted signal is slowly moved across the frequency
band of interest and the frequencies that produce a change in the signal-to-noise ratio are noted. These
frequencies are then used in the spurious response immunity method of measurement.
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If the receiver-decoder does not have an audio output, other methods for making the search shall be used. One
method of making the search is to use a sensitive detector (e.g. a communication receiver tuned to the i.f.
frequency of the receiver) and a pick-up (antenna) which may also be tuned to the i.f. frequency. By placing the
pick-up near the later stages of the i.f. amplifier, the activity of the i.f. amplifier can be monitored. When the
above procedure is used, changes in the signal in the i.f. amplifier can be detected and the frequency of the
unwanted signal noted.

f) Adjust the unwanted signal level at the input of the matching and combining network (4) to
equal the sensitivity (SUS) + 3 dB or the sensitivity (MUS) (data), determined in 4.2,
increased by the specified value of the spurious response immunity (data) plus the loss of
the matching and combining network (4).

g) Transmit the standard train of SCTS for bit stream or character string (see 2.24), or 33
specified messages or selective calls.

h) If there are 25 or less errors for bit stream or character string, or six or less errors for
message or selective call, record that the receiver-decoder does comply for this unwanted
frequency with the spurious response immunity (data) specification.

i) Repeat steps e) through h) for other unwanted signal frequencies that may degrade the
response of the receiver-decoder.

j) If it was recorded in step h) for all of the unwanted frequencies selected in step e) that the
receiver-decoder did comply, then record that the receiver-decoder does comply with the
spurious response immunity (data) specification, otherwise record that it does not comply.

k) Record the input signal arrangement used, characteristics of the SCTS (data), sensitivity
(SUS or MUS) (data) and specified spurious response immunity (data).

4.6 Intermodulation immunity (data)

4.6.1 Definition

The ability of the receiver-decoder to prevent two unwanted adjacent signals which have
specific frequency relationships to the wanted signal frequency (see annex D), from degrading
the desired response of the receiver-decoder. It is the ratio, expressed in decibels, of

a) the common level of two unwanted input signals that cause a wanted input signal, which is
3 dB in excess of the sensitivity (SUS or MUS) (data), to produce an error ratio equal to the
reference error ratio (data), to

b) the wanted signal level (sensitivity (SUS) plus 3 dB), or the sensitivity (MUS) (the wanted
signal level is the sensitivity (MUS) plus 3 dB).

4.6.2 Method of measurement for bit stream or character string

NOTE – The value of the sensitivity (MUS or SUS) (bit stream or character string) determined in 4.1.1.3 or defined
in 4.1.2.1 is required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1), (2), (4), (6), (7), (8) and (9) and a comparator are required (see 2.7).
Step attenuator (9) will need 0,5 dB steps.

Matching and combining networks (4) and (7) have two inputs and may not have identical
losses for each of the inputs. If there is a difference in the losses, it should be accounted
for in the calculation of the intermodulation immunity (bit stream or character string).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the standard
train of coded test signal (bit stream or character string) to generate the standard coded
test signal (SCTS) (bit stream or character string) (see 2.22, 2.23 and 2.24).

d) In the absence of the unwanted signal, adjust the signal level at the input of the matching and
combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (bit stream or
character string) determined in 4.2 plus the loss of the matching and combining network (4).
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e) Choose a pair of frequencies, fn and fr, that may produce an intermodulation response (see
annex D). Record these frequencies.

f) Adjust the attenuator (9) to 8 dB.

g) Adjust the frequency of the radio-frequency generator (6) to fn and the radio-frequency
generator (8) to fr.

Adjust the levels of the unwanted signals fn and fr to the input of matching and combining
network (7) to equal the sensitivity (SUS or MUS) (bit stream or character string) multiplied
by the ratio of the intermodulation immunity (bit stream or character string), stated in the
equipment specification plus the losses of matching and combining networks (7) and (4)
plus 8 dB. Record this value as G in dB(µV).

h) Transmit the standard train of SCTS (see 2.24).

i) Calculate and note the error ratio.

j) If the error ratio equals the reference error ratio (bit stream or character string), terminate
the measurement. Record the attenuation value of the attenuator (9), C, and proceed to
step b) of 4.6.3.

If the error ratio is less than the reference error ratio (bit stream or character string)
decrease the attenuation of (9) by 0,5 dB.

If the error ratio is greater than the reference error ratio (bit stream or character string),
increase the attenuation of (9) by 0,5 dB.

k) Repeat steps h) through j) until two consecutive values of error ratio have been obtained
which bracket the reference error ratio (bit stream or character string). Record the
attenuation value of attenuator (9), A, that corresponds to the error ratio which is just
greater than the reference error ratio (bit stream or character string).

l) Repeat steps d) through k) using other pairs of unwanted signal frequencies that may
produce an intermodulation response.

4.6.3 Presentation of results for bit stream or character string

a) Calculate the attenuation, C, for each of the unwanted pairs of frequencies as:

C A= + 0,25   (dB)

where

A is the attenuation value of the attenuator (9) recorded in step k) or l) of 4.6.2.

b) The intermodulation immunity, S, for each of the unwanted pairs of frequencies is either as:

S G L C R= − − −   (for immunity MUS)  (dB), or

S G L C R= − − − − 3 (for immunity SUS)  (dB)

where

C is the value recorded in step j) of 4.6.2 or calculated in step a);

G is the unwanted input-signal level of matching and combining network (7) in dB(µV)
recorded in step g) of 4.6.2;

L is the loss of matching and combining network (7) in decibels;

R is the sensitivity (SUS or MUS) (bit stream or character string) plus the loss of the
matching and combining network (4).

c) Record the intermodulation immunity (referred to SUS or MUS) (bit stream or character
string) as the smaller of the values of S calculated in step b).

d) Record the input signal arrangement used, the characteristics of the SCTS (bit stream or
character string), the characteristics of the unwanted signals, the frequencies of the
unwanted signals and the sensitivity (SUS or MUS) (bit stream or character string).
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4.6.4 Method of measurement for message or selective calling

NOTE 1 – The value of the sensitivity (MUS or SUS) (message or selective calling) determined in 4.1.1.5 or defined
in 4.1.2.1 is required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1), (2), (4), (6), (7), (8) and (9) and a comparator are required (see 2.7).

Matching and combining networks (4) and (7) have two inputs and may not have identical
losses for each of the inputs. If there is a difference in the losses it must be accounted for
in the calculation of the intermodulation immunity (message or selective calling).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the reference
sequence of messages to generate the standard coded test signal (SCTS) (message or
selective calling) (see 2.22 and 2.23).

d) In the absence of the unwanted signal, adjust the signal level at the input of the matching and
combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (message or
selective calling) determined in 4.1, plus the loss of the matching and combining network (4).

e) Choose a pair of frequencies, fn and fr, that may produce an intermodulation response (see
annex D). Record these frequencies.

f) Adjust the frequency of radio-frequency generator (6) to fn and radio-frequency generator
(8) to fr. Adjust the output of each of the generators to apply the same high signal level
(e.g. 100 dB(µV)) to the matching and combining network (7). Record this level, A,
in dB(µV).

g) Adjust the step attenuator (9) to a value which will produce a high error ratio (e.g. 50 % or
greater).

h) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence.
Adjust the step attenuator (9) according to step h)2) or h)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, increase
the attenuation of (9) by 2 dB and repeat step h)1).

3) If the receiver-decoder recognizes the three SCTS, record the attenuation value in
decibels, reduce the attenuation of (9) by 1 dB, record the new attenuation value in
decibels, and proceed to step i)1).

i) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence.
Adjust the step attenuator (9) according to step i)2) or i)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, increase
the attenuation of (9) by 1 dB, record the new attenuation value in decibels, and repeat
step i)1). See step j).

3) If the receiver-decoder recognizes the three SCTS, reduce the attenuation of (9) by
1 dB, record the new attenuation value in decibels, and repeat step i)1). See step j).

j) Continue steps i)1), i)2), and i)3) until attenuator values have been recorded 20 times.

NOTE 2 – A careful study of the example in figure E.10 of annex E is recommended to avoid the possibility of
misunderstanding steps h) and i).

k) Repeat steps e) through j) using other pairs of unwanted signal frequencies that may
degrade the response of the receiver-decoder.

4.6.5 Presentation of results for message or selective calling

a) Calculate the average of the attenuation values recorded in decibels in steps h)3), i)2) and
i)3) of 4.7.4 for each of the pairs of unwanted signals.

b) Calculate the intermodulation immunity, S, for each of the unwanted signals, either as:

S A B D R= − − −   (for immunity MUS)  (dB), or
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S A B D R= − − − − 3   (for immunity SUS)  (dB)

where

A is the value recorded in step f) of 4.6.4;

B is the average of the attenuation values calculated in step a) in decibels;

D is the loss of the combining network (7) in decibels;

R is the sensitivity (SUS or MUS) (message or selective calling) plus the loss of the
matching and combining network (4)

c) Record the intermodulation immunity (referred to SUS or MUS) (message or selective
calling) as the smaller of the values of S calculated above.

d) Record the input signal arrangement used, the characteristics of the SCTS (message or
selective calling), the characteristics of the unwanted signal, the frequencies of the
unwanted signals and the sensitivity (SUS or MUS) (message or selective calling).

4.6.6 Compliance test method – Intermodulation immunity (data)

NOTE 1 – The value of the sensitivity (MUS or SUS) (data) determined in 4.1.1.3 or 4.1.1.5 or defined in 4.1.2.1 is
required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b, using test
equipment items (1), (2), (4), (6), (7) and (8), and a comparator (see 2.7).

NOTE 2 – Matching and combining networks (4) and (7) have two inputs and may not have identical losses for
each of the inputs. If there is a difference in the losses it should be accounted for in determining the levels of
the unwanted signals.

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency generator (2) with the standard train of
standard coded test signal (data) or with the specified message to generate the standard
coded test signal (SCTS) (data) (see 2.16, 2.22, 2.23 and 2.24).

d) Adjust the wanted signal level at the input of the matching and combining network (4) to be
3 dB in excess of the sensitivity (SUS or MUS) (data) determined in 4.1, plus the loss of the
matching and combining network (4).

e) Choose a pair of frequencies, fn and fr, that may produce an intermodulation response (see
annex D). Record these frequencies.

f) Adjust the frequency of the radio-frequency generator (6) to fn and the radio-frequency
generator (8) to fr.

g) Adjust the unwanted signal levels of fn and fr at the input of matching and combining
network (7) to equal the sensitivity (SUS) plus 3 dB or the sensitivity (MUS) determined in
4.2, increased by the specified value of the intermodulation immunity (data), plus the losses
of matching and combining networks (7) and (4).

h) Transmit the standard train of SCTS for bit stream or character string (see 2.24), or 33
specified messages or selective calls.

i) If there are 25 or less errors for bit stream or character string, or six or less errors for
message or selective call, record that the receiver-decoder for this pair of unwanted
frequencies does comply with the intermodulation immunity (data) specification.

j) Repeat steps e) through i) for other unwanted frequency pairs that may degrade the
response of the receiver-decoder.

k) If it was recorded in step j) for all of the unwanted frequency pairs selected in step e) that
the receiver-decoder did comply, then record that the receiver-decoder does comply with
the intermodulation immunity (data) specification, otherwise record that it does not comply.

l) Record the input signal arrangement used, characteristics of the SCTS (data), the
sensitivity (SUS or MUS) (data) and the specified intermodulation immunity (data).
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4.7 Sensitivity under multipath propagation conditions (data)

Variations of amplitude and phase of a radio-frequency signal are created by multipath
reflections in the propagation medium whenever the transmitting or receiving antennas are in
motion. These signal variations are a function of both the antenna velocity and the radio-
frequency of the desired signal.

The resulting variations of signal amplitude and phase show a Rayleigh distribution in limited
areas where the direct signal is missing. They can be simulated by an appropriate method of
modulating both the envelope and phase.

4.7.1 Measured usable sensitivity under multipath
propagation conditions (MUSM) (data)

4.7.1.1 Definition

The r.m.s. value of a Rayleigh faded input-signal level that produces the reference error ratio
(data). The input signal is the standard coded test signal (SCTS) (data), at a specified
frequency.

NOTE – The median value of the envelope is 1,6 dB less than the r.m.s. value.

4.7.1.2 Method of measurement for bit stream or character string

a) Connect the equipment as illustrated in figure 6 (see annex C for details of the Rayleigh
fading simulator). A comparator is also needed (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the standard
train of standard coded test signal (bit stream or character string) to generate the standard
coded test signal (SCTS) (bit stream or character string) (see 2.22, 2.23 and 2.24).

d) Adjust the Rayleigh fading simulator (3) for a velocity of 100 km/h if the receiver-decoder
under test is mobile, or 10 km/h if the receiver-decoder under test is portable.

e) Record the r.m.s. value of the output signal, J, of the Rayleigh fading simulator in dB(µV).

f) Adjust the attenuator (4) to produce a radio-frequency input-signal level to the input of the
receiver-decoder, equal to the sensitivity under multipath propagation conditions (SUSM)
(bit stream or character string) as stated in the equipment specification to the nearest
decibel.

g) Transmit the standard train of SCTS (see 2.24).

h) Calculate and note the error ratio.

i) If the error ratio equals the reference error ratio (bit stream or character string), terminate
the measurement. Record the attenuation, M, of step attenuator (4) and proceed to step b)
of 4.7.1.3.

If the error ratio is less than reference error ratio (bit stream or character string), increase
the attenuation by 1 dB.

If the error ratio is greater than the reference error ratio (bit stream or character string),
decrease the attenuation by 1 dB.

j) Repeat steps g) through i) until two consecutive values of error ratio have been obtained
which bracket the reference error ratio (bit stream or character string). Record the value of
attenuation, A, that corresponds to the error ratio which is just greater than the reference
error ratio (bit stream or character string).

k) Repeat steps d) through j) for velocities of 50 km/h, 20 km/h and 10 km/h if the
receiver-decoder under test is mobile, or 5 km/h, 2 km/h and 1 km/h if the receiver-decoder
under test is portable.
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4.7.1.3 Presentation of results for bit stream or character string

a) Calculate the attenuator values, M, for the three velocities as

M A= − 0,5   (dB)

where

A is the attenuation recorded in step j) of 4.7.1.2.

b) Calculate the sensitivity under multipath propagation conditions (bit stream or character
string), S, in decibels, for each velocity using

S J M= −   (dB)

where

J is the r.m.s. level of the output of the Rayleigh fading simulator in dB(µV), recorded in
step e) of 4.7.1.2

M is the value recorded in step i) of 4.7.1.2 or calculated in step a) in decibels.

c) Record the input signal arrangement used, the characteristics of the SCTS (bit stream or
character string), the velocities and the sensitivity under multipath propagation conditions
(MUSM) (bit stream or character string).

4.7.1.4 Method of measurement for message or selective calling

a) Connect the equipment as illustrated in figure 6 (see annex C for details of the Rayleigh
fading simulator). A comparator is also needed (see 2.7)

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the reference
sequence of messages to generate the standard coded test signal (SCTS) (message or
selective calling) (see 2.22 and 2.23).

d) Adjust the Rayleigh fading simulator (3) for a velocity of 100 km/h if the receiver-decoder
under test is mobile, or 10 km/h if the receiver-decoder under test is portable.

e) Record the r.m.s. value of the output signal, J, of the Rayleigh fading simulator in dB(µV).

f) Adjust the attenuator (4) to a value which will produce a high error ratio (e.g. 50 % or
greater).

g) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence,
if the receiver-decoder does not recognize any of its SCTS. Adjust the step attenuator
(4) according to step g)2) or g)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, reduce
the attenuation of (4) by 2 dB and repeat step g)1).

3) If the receiver-decoder recognizes the three SCTS, record the attenuation value in
decibels, increase the attenuation of (4) by 1 dB, record the new attenuation value in
decibels, and proceed to step h)1).

h) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence,
if the receiver-decoder does not recognize any of its SCTS. Adjust the step attenuator
(4) according to step h)2) or h)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, reduce
the attenuation of (4) by 1 dB, record the new attenuation value in decibels, and repeat
step h)1). See step i).

3) If the receiver-decoder recognizes the three SCTS, increase the attenuation of (4) by
1 dB, record the new attenuation value in decibels, and repeat step h)1). See step i).

i) Continue steps h)1), h)2) and h)3) until attenuator values have been recorded 20 times.

NOTE – A careful study of the example in figure E.10 of annex E is recommended to avoid the possibility of
misunderstanding steps g) and h).
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j) Repeat steps d) through i) for velocities of 50 km/h, 20 km/h and 10 km/h if the
receiver-decoder under test is mobile, or 5 km/h, 2 km/h and 1 km/h if the receiver-decoder
under test is portable.

4.7.1.5 Presentation of results for message or selective calling

a) Calculate the average of the attenuation values recorded in decibels in steps g)3), h)2) and
h)3) of 4.7.1.4 for each velocity.

b) The sensitivity under multipath propagation conditions (message or selective calling), S, is
given by

S J B= −   (dB)

where

J is the value recorded in step e) of 4.7.1.4;

B is the average of the attenuation values calculated in step a) in decibels.

c) Record the input signal arrangement used, the characteristics of the SCTS (message or
selective calling), the velocities and the sensitivity under multipath propagation conditions
(MUSM) (message or selective calling).

4.7.2 Specified usable sensitivity under multipath
propagation conditions (SUSM) (data)

4.7.2.1 Definition

The r.m.s. value of a Rayleigh faded input-signal level of the standard coded test signal
(SCTS) (data) specified by the Regulatory Authority, manufacturer or customer at the specified
frequency, which results in an error ratio equal to or smaller than the reference error ratio
(data).

NOTE 1 – To make meaningful measurements, the specified input-signal level should be chosen taking into account
the dispersion of the sensitivities of various equipments in defined environmental conditions.

NOTE 2 – The median value of the envelope is 1,6 dB less than the r.m.s. value.

4.7.2.2 Compliance test method – Sensitivity under multipath
propagation conditions (SUSM) (data)

a) Connect the equipment as illustrated in figure 6 and include a comparator (see annex C for
details of the Rayleigh fading simulator and 2.7 for the comparator).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the standard
train of coded test signal (data) or with the specified message or selective call to generate
the standard coded test signal (data) (SCTS) (see 2.16, 2.22, 2.23 and 2.24)

d) Adjust the Rayleigh fading simulator (3) for a velocity of 100 km/h if the receiver-decoder
under test is a mobile, or 10 km/h if the receiver-decoder under test is a portable.

e) Record the r.m.s. value of the output signal, J, of the Rayleigh fading simulator in dB(µV).

f) Adjust the attenuator (4) to produce a radio-frequency input level at the input of the
receiver-decoder, equal to the sensitivity under multipath propagation conditions (SUSM)
(data).

g) Transmit the standard train of SCTS for bit stream or character string (see 2.24), or
78 specified messages or selective calls.

h) If there are 25 or less errors for bit stream or character string, or 15 or less errors for
message or selective call, record that the receiver decoder does comply for this velocity
with the specified sensitivity reduction under multipath propagation conditions (data)
specification.
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i) Repeat steps d) through h) for velocities of 50 km/h, 20 km/h and 10 km/h if the receiver-
decoder under test is a mobile, or 5 km/h, 2 km/h and 1 km/h if the receiver-decoder under
test is a portable.

j) If it was recorded in step h) for all the velocities selected in step d) that the receiver-
decoder did comply, then record that the receiver-decoder does comply with the specified
usable sensitivity under multipath propagation conditions (SUSM) (data) specification,
otherwise record that it does not comply.

k) Record the characteristics of the SCTS (data) and the specified sensitivity under multipath
propagation conditions (SUSM) (data).

4.8 Acceptable radio-frequency displacement (data)

4.8.1 Definition

The ability of a receiver-decoder to minimize the degradation of the desired response of the
receiver-decoder when the input signal frequency is displaced from the specified nominal
frequency.

It is the smaller of the two possible radio-frequency displacements that causes an input signal,
which is 6 dB in excess of the sensitivity (SUS or MUS) (data) to produce an error ratio equal
to the reference error ratio (data).

NOTE 1 – Radio-frequency displacement is an absolute value and an increase in the displacement moves the radio-
frequency away from the nominal frequency.

NOTE 2 – Measured values with bit stream, character string or message may differ from each other in accordance
with the construction of the character or the message.

4.8.2 Method of measurement for bit stream or character string

NOTE – The value of the sensitivity (MUS or SUS) (bit stream or character string) determined in 7.1.3 or defined in
7.2.1 is required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1) and (2) and a comparator are required (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the standard
train of coded test signal (bit stream or character string) to generate the standard coded
test signal (SCTS) (bit stream or character string) (see 2.22, 2.23, and 2.24).

d) Adjust the level of the input signal to the receiver-decoder to a value 6 dB in excess of the
sensitivity (SUS or MUS) (bit stream or character string), determined in 4.1.

e) Adjust the input signal frequency displacement to the value of the acceptable
radio-frequency displacement (bit stream or character string) stated in the equipment
specification.

f) Transmit the standard train of SCTS (see 2.24).

g) Calculate and note the error ratio.

h) If the error ratio equals the reference error ratio (bit stream or character string), terminate
the measurement. Record the radio-frequency displacement, F, as the acceptable radio-
frequency displacement (SUS or MUS) (bit stream or character string), and proceed to step
b) of 4.8.3.

If the error ratio is less than the reference error ratio (bit stream or character string),
increase the frequency displacement by 100 Hz.

If the error ratio is greater than the reference error ratio (bit stream or character string),
decrease the frequency displacement by 100 Hz.

i) Repeat steps f) through h) until two consecutive values of error ratio have been obtained
which bracket the reference error ratio (bit stream or character string). Record the
frequency displacement, D, that corresponds to the error ratio which is just greater than the
reference error ratio (bit stream or character string).
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j) Repeat steps e) through i) for the frequency displacement on the other side of the specified
nominal frequency.

4.8.3 Presentation of results for bit stream or character string

a) Calculate the upper and lower radio-frequency displacement, F, as

F D= − 50   (Hz)

where

D is the magnitude of the frequency displacement recorded in step i) or j) of 4.9.2.

b) The acceptable radio-frequency displacement (SUS or MUS) is the smallest value of F.

c) Record the input signal arrangement used, characteristics of the SCTS (bit stream or
character string) and the acceptable radio-frequency displacement (referred to SUS or
MUS) (bit stream or character string).

NOTE – This method of measurement is suitable for making measurements at levels other than the 6 dB increase
per step d) of 4.8.2

4.8.4 Method of measurement for message or selective calling

NOTE – The value of the sensitivity (MUS or SUS) (message or selective calling) determined in 7.1.5 or defined in
7.2.1 is required for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b. Test
equipment items (1) and (2) and a comparator are required (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the reference
sequence of message or selective calls to generate the standard coded test signal (SCTS)
(message or selective calling) (see 2.22 and 2.23).

d) Adjust the level of the input signal to the receiver-decoder to a value 6 dB in excess of the
sensitivity (SUS or MUS) (message or selective calling) determined in 4.1.

e) Increase the input-signal frequency displacement to a value which will produce a high error
ratio (e.g. 50 % or greater).

f) 1) Transmit the SCTS a maximum of four times, terminating the transmission sequence, if
the receiver-decoder does not recognize any of its SCTS, adjust the input signal
frequency displacement according to step f)2) or f)3), whichever is appropriate.

2) If the receiver decoder fails to recognize either the first, second, third, or fourth SCTS,
decrease the input signal frequency displacement by 100 Hz, and repeat step f)1).

3) If the receiver decoder recognizes four SCTS, record the frequency.

g) Repeat steps e) to f) for the frequency displacement on the other side of the specified
nominal frequency.

4.8.5 Presentation of results for message or selective calling

a) Record the acceptable radio-frequency displacement (referred to SUS or MUS) (message
or selective calling) as the smaller of the values in step f)3) of 4.8.4.

b) Record the input signal arrangement used, characteristics of the SCTS (message or
selective calling) and the sensitivity (SUS or MUS) (message or selective calling).

NOTE – This method of measurement is suitable for making measurements at levels other than the 6 dB increase
per step d) of 4.8.4.
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4.8.6 Compliance test method – Acceptable radio-frequency displacement (data)

NOTE – The value of the sensitivity (MUS or SUS) (data) determined in 7.1.3 or 7.1.5 or defined in 7.2.1 is required
for this measurement.

a) Connect the equipment as illustrated in figure 4 with the switches in position b, using test
equipment items (1) and (2) and a comparator (see 2.7).

b) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the standard
train of coded test signal (data) or with the specified message or selective call to generate
the standard coded test signal (data) (SCTS) (see 2.16, 2.22, 2.23 and 2.24).

d) Adjust the level of the input signal to the receiver-decoder to a value 6 dB in excess of the
sensitivity (SUS or MUS) (data) determined in 4.1.

e) Adjust the input signal frequency displacement to the upper (“lower” for step h)) specified
value of the acceptable radio-frequency displacement (data).

f) Transmit the standard train of SCTS for bit stream or character string (see 2.24), or
18 specified messages or selective calls.

g) If there are 25 or less errors for bit stream or character string, or three or less errors for
message or selective call, record that for this displacement the receiver-decoder does
comply with the upper specified acceptable radio-frequency displacement (data) specifi-
cation, otherwise record that it does not comply.

h) Repeat steps e) through g) for the frequency displacement on the lower side of the
specified nominal frequency.

i) If it was recorded in step g) that the receiver-decoder does comply for both frequency
displacements, then record that it does comply with the acceptable radio-frequency
displacement (data) specification, otherwise record that it does not comply.

j) Record the input signal arrangement used, characteristics of the SCTS (data) the sensitivity
(SUS or MUS) (data) and the specified value of the acceptable radio-frequency
displacement (data).

4.9 Impulsive-noise tolerance (data)

4.9.1 Definition

The ability of a receiver to prevent impulsive-noise from degrading the desired response at the
output of the receiver.

It is expressed as the ratio of

a) the median level of spectrum amplitude of the impulsive-noise that causes a wanted signal,
which is 3 dB in excess of the sensitivity (SUS or MUS) (data), to produce an error ratio
equal to the reference error ratio (data), to

b) the wanted signal level (sensitivity (SUS) plus 3 dB) or the sensitivity (MUS) (the wanted
signal level is the sensitivity (MUS) plus 3 dB).

4.9.2 Method of measurement for bit stream or character string

NOTE 1 – The value of the sensitivity (MUS or SUS) (bit stream or character string) determined in 7.1.3 or defined
in 7.2.1 is required for this measurement.

NOTE 2 – For information on the characteristics and calibration of a random impulse generator, see annex G.

a) Calibrate the random impulse generator in accordance with clause G.3 of annex G and
record the spectrum amplitude S in dB(µV)/MHz.

b) Connect the equipment as illustrated in figure 4, and connect the random impulse generator
to the input of step attenuator (9). Increase the attenuation of attenuator (9) to a high value.
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c) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

d) Modulate the radio-frequency signal generator (2) with the standard coded test signal
(SCTS).

e) In the absence of the impulsive noise, adjust the signal at the input of matching and
combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (bit stream or
character string) determined in 4.1, plus the loss of the matching and combining network.

f) Adjust the random impulse generator to the following settings:

– a frequency 100 kHz below the standard input frequency;

– an average pulse repetition rate of 100 impulses per second;

– a pulse duration of 0,2 µS;

– a standard deviation of amplitude of 6 dB;

– a 10 Hz cut-off frequency of the low-pass filter for random amplitude distribution;

– a minimum spectrum amplitude (the same state as step a)).

NOTE 3 – The random impulse generator settings simulate the radio-frequency noise produced by city traffic
that would impinge on the antenna of a nearby mobile land station. The above settings of the random impulse
generator are not applicable to other environments.

g) Adjust the step attenuator (9) to produce the sensitivity (SUS or MUS) (bit stream or
character string) multiplied by the ratio of the impulse-noise tolerance (bit stream or
character string) stated in the equipment specification, plus the loss of the matching and
combining network (4).

h) Transmit the standard train of SCTS (see 2.24).

i) Calculate and note the error ratio.

j) 1) If the error ratio equals the reference error ratio (bit stream or character string),
terminate the measurement. Record the attenuation D of the step attenuator (9) and
proceed to step b) of 4.9.3.

2) If the error ratio is less than the reference error ratio (bit stream or character string),
decrease the attenuation of the step attenuator (9) by 1 dB.

3) If the error ratio is greater than the reference error ratio (bit stream or character string)
increase the attenuation of the step attenuator (9) by 1 dB.

k) Repeat steps h) to j) until two consecutive values of error ratio have been obtained which
bracket the reference error ratio (bit stream or character string). Record the attenuation U
in decibels of the step attenuator that corresponds to the error ratio which is just greater
than the reference error ratio (bit stream or character string).

NOTE – The above procedure does not use the random impulse generator internal attenuator which would need to
be set to the minimum constant value. If the attenuation variable range of the attenuator (9) is not sufficient, the
internal attenuator may be used, in addition, and the attenuation value change could be added to or subtracted from
the attenuation value of the attenuator (9).

4.9.3 Presentation of results for bit stream or character string

a) Calculate the attenuation level D as follows:

D U= − 0,5   (dB)

where:

U is the attenuation recorded in step k) of 4.9.2.

b) Calculate the impulsive-noise tolerance, I, either as:

I S D R= − −   (for tolerance MUS)  (dB(µV)/MHz), or

I S D R= − − − 3   (for tolerance SUS)  (dB(µV)/MHz)
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where

S is the spectrum amplitude recorded in step a) of 4.9.2;

D is the attenuation value calculated in step a) or the value recorded in step j) of 4.9.2;

R is the sensitivity (SUS or MUS) (bit stream or character string) in dB(µV) plus the loss of
the matching and combining network (4).

c) Record the impulsive-noise tolerance (referred to SUS or MUS) (bit stream or character
string), the standard input frequency, the sensitivity (SUS or MUS) (bit stream or character
string) and the settings of the random impulse generator.

4.9.4 Method of measurement for message or selective calling

NOTE 1 – The value of the sensitivity (MUS or SUS) (message or selective calling) determined in 7.1.5 or defined
in 7.2.1 is required for this measurement.

NOTE 2 – For information on the characteristics and calibration of a random impulse generator, see annex G.

a) Calibrate the random impulse generator in accordance with clause G.3 of annex G and
record the spectrum amplitude S in dB(µV)/MHz.

b) Connect the equipment as illustrated in figure 4, and connect the random impulse generator
to the input of step attenuator (9). Increase the attenuation of attenuator (9) to a high value.

c) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

d) Modulate the radio-frequency signal generator (2) with the standard coded test signal
(SCTS).

e) In the absence of the impulsive noise, adjust the signal at the input of matching and
combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (message or
selective calling ) determined in 4.1 plus the loss of the matching and combining network.

f) Adjust the random impulse generator to the following settings:

– a frequency 100 kHz below the standard input frequency;

– an average pulse repetition rate of 100 impulses per second;

– a pulse duration of 0,2 µS;

– a standard deviation of amplitude of 6 dB;

– a 10 Hz cut-off frequency of the low-pass filter for random amplitude distribution;

– a minimum attenuation (the same state as step a)).

NOTE 3 – The random impulse generator settings simulate the radio-frequency noise produced by city traffic
that would impinge on the antenna of a nearby mobile land station. The above settings of the random impulse
generator are not applicable to other environments.

g) Decrease the step attenuator (9) to a value which will produce a high error ratio (e.g. 50 %
or greater).

h) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence.
Adjust the step attenuator (9) according to step h)2) or h)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, increase
the attenuation of (9) by 2 dB and repeat step h)1).

3) If the receiver-decoder recognizes the three SCTS, record the attenuation value in
decibels, decrease the attenuation of (9) by 1 dB, record the new attenuation value in
decibels, and proceed to step i)1).

i) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence.
Adjust the step attenuator (9) according to step i)2) or i)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second or third SCTS, increase
the attenuation of (9) by 1 dB, record the new attenuation value in decibels, and repeat
step i)1). See step j).

3) If the receiver-decoder recognizes the three SCTS, reduce the attenuation of (9) by
1 dB, record the new attenuation value in decibels, and repeat step i)1). See step j).
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j) Continue steps i)1), i)2), and i)3) until attenuator values have been recorded 20 times.

NOTE 4 – A careful study of the example in figure E.10 of annex E, is recommended to avoid the possibility of
misunderstanding steps h) and i).

NOTE 5 – The above procedure does not use the random impulse generator internal attenuator which would need to
be set to the minimum constant value. If the attenuation variable range of the attenuator (9) is not sufficient, the
internal attenuator may be used, in addition, and the attenuation value change could be added to the attenuation
value of the attenuator (9).

4.9.5 Presentation of results for message or selective calling

a) Calculate D, the average of the attenuation values recorded in steps h)3), i)2) and i)3) of
4.9.4.

b) Calculate the impulsive-noise tolerance, I, either as:

I S D R= − −  (for tolerance MUS) (dB(µV)/MHz), or

I S D R= − − − 3   (for tolerance SUS)  (dB(µV)/MHz)

where:

S is the spectrum amplitude recorded in step a) of 4.9.4;

D is the attenuation value calculated in step a) or the value recorded in step j) of 4.9.4;

R is the sensitivity (SUS or MUS) (bit stream or character string) in dB(µV) plus the loss of
the matching and combining network (4).

c) Record the impulsive-noise tolerance (referred to SUS or MUS) (message or selective
calling), the standard input frequency, the sensitivity (SUS or MUS) (message or selective
calling) and the settings of the random impulse generator.

4.9.6 Compliance test method – Impulsive-noise tolerance (data)

NOTE 1 – The value of the sensitivity (MUS or SUS) (data) determined in 7.1.3 or 7.1.5 or defined in 7.2.1 is
required for this measurement.

a) Calibrate the random impulse generator in accordance with clause G.3 of annex G and
record the spectrum amplitude S in dB(µV)/MHz.

b) Connect the equipment as illustrated in figure 4, and connect the random impulse generator
to the input of step attenuator (9). Increase the attenuation of attenuator (9) to a high value.

c) Adjust the frequency of the radio-frequency signal generator (2) to one of the specified
nominal frequencies or to the nominal frequency if this frequency is unique.

d) Modulate the radio-frequency signal generator (2) with the standard train of standard coded
test signal (SCTS) (data) or with the specified message or selective call to generate the
standard coded test signal (SCTS) (data) (see 2.16, 2.22, 2.23 and 2.24).

e) In the absence of the impulsive noise, adjust the signal at the input of the matching and
combining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (data)
determined in 4.2, plus the loss of the matching and combining network (4).

f) Adjust the random impulse generator to the following settings:

– a frequency 100 kHz below the standard input frequency;

– an average pulse repetition rate of 100 impulses per second;

– a pulse duration of 0,2 µS;

– a standard deviation of amplitude of 6 dB;

– a 10 Hz cut-off frequency of the low-pass filter for random amplitude distribution;

– a minimum attenuation (the same state as step a)).

NOTE 2 – The random impulse generator settings simulate the radio-frequency noise produced by city traffic
that would impinge on the antenna of a nearby mobile land station. The above settings of the random impulse
generator are not applicable to other environments.
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g) Adjust the step attenuator (9) to obtain a signal level at the input of the matching and
combining network (4) which equals the sensitivity (SUS) plus 3 dB or the sensitivity (MUS)
(data) determined in 4.1, increased by the specified value of the impulsive-noise tolerance
(data), plus the loss of the matching and combining network (4).

h) Transmit the standard train of SCTS for bit stream or character string (see 2.24), or 33
specified messages or selective calls.

i) If there are 25 or less errors for bit stream or character string, or six or less errors for
message or selective call, record that the receiver-decoder does comply with the
impulsive-noise tolerance (data) specification, otherwise record that it does not comply.

j) Record the input signal arrangement used, characteristics of the SCTS (data), sensitivity
(SUS or MUS) (data) and specified impulsive-noise tolerance (data).

5 Measurements of receiver-decoder radio-frequency parameters (selective
calling only)

5.1 Protection from radio-frequency intermodulation false operation (selective calling)

5.1.1 Definition

The ability of the receiver-decoder to prevent two unwanted signals (one of which is modulated
by the SCTS) having a specific frequency relationship to the wanted signal frequency, from
causing unwanted responses at the output of the receiver-decoder due to intermodulation (see
annex D).

It is the ratio, expressed in decibels, of

a) the level of the modulated unwanted signal that produces the standard calling probability, to

b) MUS or SUS.

NOTE – This method of measurement provides the two-signal intermodulation characteristic. For specific
modulation processes, the modulating signal may have to be inverted.

5.1.2 Method of measurement

NOTE 1 – The value of the sensitivity (MUS or SUS) (message or selective calling) determined in 7.1.5 or defined
in 7.2.1 required for this measurement.

a) Connect the equipment as illustrated in figure 4, with the switches in position a.

b) Choose a pair of frequencies fn and fr that may produce an intermodulation response (see
annex D). Record these frequencies.

c) Adjust the modulated radio-frequency signal generator (6) to frequency fr, modulated with
the SCTS and adjust the signal level to a high value, for example 80 dB(µV). Record this
level.

d) Apply the unwanted unmodulated input signal of frequency fn from the output of the radio-
frequency signal generator (8) to the combining network (7) at the same level as in step c).

e) Increase the step attenuator (9) to a value which will produce a high error ratio (e.g. 50 %
or greater).

f) Transmit the SCTS repeatedly and adjust the step attenuator (9) according to the following
rules:

g) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence,
if the receiver-decoder fails to recognize the signal any one of those times. Adjust the
step attenuator (9), according to step g)2) or g)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second, or third SCTS,
decrease the attenuation of (9) by 2 dB, and repeat step g)1).

3) If the receiver-decoder recognizes the three SCTSs, record the attenuation value in
decibels, increase the attenuation of (9) by 1 dB, record the new attenuation value in
decibels, and proceed to step h)1).
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h) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence,
if the receiver-decoder fails to recognize the signal any one of those times. Adjust the
step attenuator (9), according to step h)2) or h)3), whichever is appropriate.

2) If the receiver-decoder fails to recognize either the first, second, or third SCTS,
decrease the attenuation of (9) by 1 dB, record the new attenuation value in decibels,
and repeat step h)1). See step i).

3) If the receiver-decoder recognizes the three SCTS, increase the attenuation of (9) by
1 dB, record the new attenuation value in decibels, repeat step h)1). See step i).

i) Continue steps h)1), h)2) and h)3) until attenuator values have been recorded 20 times.

NOTE – A careful study of the example in figure E.10, of annex E is recommended to avoid the possibility of
misunderstanding steps g) and h).

j) Steps b) to i) may be repeated for other unwanted signal frequencies.

5.1.3 Presentation of results

a) Calculate the average of the attenuation values recorded in steps g) and h) of 5.1.2.

b) The protection from radio-frequency intermodulation false operation (selective calling) in
decibels is:

A B C D E− − − −

where

A is the output level of the radio-frequency signal generator (6) (the output of the radio-
frequency signal generator (8) is set at the same level) recorded in step c) of 5.1.2
in dB(µV);

B is the loss of the combining network (7) in decibels;

C is the loss of the combining network (4) in decibels;

D is the average of the attenuation values calculated in step a) of this subclause, in
decibels;

E is the sensitivity (MUS or SUS) (message or selective calling) in dB(µV) determined in
7.1.5 or defined in 7.2.1.

c) Record in a table the values of the departure from the standard input-signal frequency of
the unwanted signals and the protection from radio-frequency intermodulation false
operation (selective calling) in step b).

d) Record the sensitivity (MUS or SUS) (message or selective calling) in dB(µV) and the
standard input-signal frequency.

5.2 False responses due to noise (selective calling)

Receiver noise can cause the decoder to produce false calling responses in the absence of
selective calling signals.

5.2.1 Definition

The mean time between false calling responses (M) is defined as the average time between
consecutive false calling responses.

For the purpose of this measurement, this time is estimated by observing the time required to
produce eight false calling responses and dividing it by eight.

5.2.2 Method of measurement

NOTE 1 – Five per cent of the measurements will require more than 13 times the mean time (M) of the equipment
(see annex E). If the required measurement time is too long to be practical, this measurement should not be
specified.
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NOTE 2 – This test is applicable only to receivers in which the squelch can be disabled, thus allowing receiver
noise to reach the decoder.

a) Terminate the input terminals of the receiver as specified by the manufacturer and, with no
input signal applied to the receiver, deactivate the receiver squelch.

b) Adjust receiver gain and volume control, if fitted for normal decoder operation, in
accordance with the manufacturer’s instructions.

c) Monitor the operation of the decoder until eight false operations have occurred. Record the
total time interval (H) in hours.

5.2.3 Presentation of results

Calculate M, using:

M H=
8

(hours)

5.2.4 Compliance test method

This test is applicable only to receivers in which the squelch can be disabled, thus allowing
receiver noise to reach the decoder.

a) For receiver-decoders with antenna terminals, terminate the input terminals of the receiver
as specified by the manufacturer. Receiver-decoders with an integral antenna should be
shielded. With no input signal applied to the receiver-decoder, deactivate the receiver
squelch.

b) Adjust the receiver gain and volume control, if fitted for normal decoder operation in
accordance with the manufacturer’s instructions.

c) Test the receiver-decoder for a maximum period of 8,67 times M. Note the number of false
calling responses F in the elapsed time T.

M is the specified mean time between consecutive false calling responses

T is in the same units as M

F is the number of false calling responses

Record that the receiver-decoder does comply with the false responses due to noise
(selective calling) specification if:

1) at the end of the test period, F is 8 or less,

or

2) at any time during the test period, T is greater than F + 3. The test is then terminated.

Record that the receiver-decoder does not comply with the false responses due to noise
(selective calling) specification if:

1) at any time during the test period, F is greater than 8. The test is then terminated,

or

2) at any time during the test period, F is greater than T + 3. The test is then terminated.

Example:

An equipment with M = 1,6 h will comply with the specification if 8 or less false calling
responses are detected in 13,87 h (8,67 × 1,6 h) or if only two false calling responses have
been detected after 8 h (5 × 1,6 h).
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5.3 Signalling attack time (selective calling)

5.3.1 Definition

The elapsed time from the instant when the radio-frequency input-signal modulated by the
standard coded test signal is applied at the receiver until the receiver-decoder successfully
responds. If the response is an audio output, then the signalling attack time (selective calling)
is measured when the audio output reaches 50 % of the steady-state value.

5.3.2 Method of measurement

a) Connect the equipment as illustrated in figure 7.

b) Modulate the radio-frequency signal generator (5) with the SCTS.

c) Adjust the radio-frequency signal generator (5) to the standard input-signal frequency and
to produce a level 30 dB above reference sensitivity (selective calling) at the receiver input
terminals.

d) Display the encoder voltage on one trace of a double-beam oscilloscope and display the
decoder alarm indicating signals on the other beam.

e) Measure the time interval from the instant when the coded signal voltage applied to the
radio-frequency signal generator exceeds 50 % of its maximum level until the alarm circuit
output has reached 50 % of its maximum amplitude.

NOTE – If the receiver has no alarm device, the activation of the squelch circuit shall be used as an indication of
response.

5.4 Recovery time (selective calling)

5.4.1 Definition

The minimum time interval that is needed between two successive encoded calling sequences
to ensure that the decoder will respond correctly to the second sequence.

This characteristic can be observed only when the decoder automatically resets.

5.4.2 Method of measurement

a) Connect the equipment specified by the manufacturer as illustrated in figure 7.

b) Modulate the radio-frequency signal generator (5) with the SCTS.

c) Adjust the radio-frequency signal generator (5) to the standard input-signal frequency and
to produce a level 30 dB above reference sensitivity (selective calling).

d) Arrange for the interval between two successive SCTSs to be variable from zero to at least
twice the recovery time stated by the manufacturer.

e) With the time interval set for zero, transmit the two SCTSs repeatedly and observe whether
the second SCTS is successfully decoded. After each transmission series, adjust the
interval according to the following rules:

– if the receiver-decoder fails to decode the signal, increase the interval by 20 % of the
value of the recovery time stated by the manufacturer;

– if the receiver-decoder successfully decodes the signal, do not change the interval until
there have been four consecutive successes. Then record this value of the interval. This
is the recovery time (selective calling).
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5.5 Required protection time (selective calling)

5.5.1 Definition

The maximum time during which a partially operated decoder requires protection from other
coded signals containing the complementary part of the necessary code (see figure 8).

5.5.2 Method of measurement

a) Connect the equipment as illustrated in figure 4.

b) The encoder used to make the measurement shall incorporate a means to vary the time
interval between transmission of the two parts of the SCTS.

c) Adjust the radio-frequency signal generator (2) to the standard input-signal frequency and
to produce a level 30 dB above reference sensitivity (selective calling) at the receiver input
terminals.

d) Arrange the encoder to initially send the first part of an SCTS and, after an interval,
adjustable up to recovery time, send the remaining part of the SCTS.

e) Increase the interval to a value which will produce a low calling probability (e.g. less than
10 %).

f) Transmit the SCTS repeatedly and observe whether the signal is successfully decoded.

After each transmission, adjust the interval according to the following rules:

– if the receiver-decoder (10) fails to decode the signal, decrease the interval by 20 % of
the value of protection time stated by the manufacturer;

– if the receiver-decoder (10) successfully decodes the signal, do not change the interval
until there have been four consecutive successes. Record this value of time interval.
This is the protection time (selective calling).

NOTE – In individual-tone sequential systems having more than two tones, it may be necessary to repeat this
measurement with the time interval in different positions of the SCTS.

5.6 Signal-to-residual output-power ratio (selective calling)

This characteristic is only applicable to receivers and decoders employing continuous
individual-tone selective calling signalling and having accessible audio-terminals.

5.6.1 Definition

The ratio, expressed in decibels, of

a) the receiver output power when a signal modulated with 1 000 Hz plus the continuous
selective calling tone is applied to its input, to

b) the receiver output power when a signal modulated only by the continuous selective calling
tone is applied to its input.

5.6.2 Method of measurement

a) Connect the equipment as illustrated in figure 9.

b) Connect the audio-frequency test load and an audio-frequency voltmeter to the output of
the receiver.

c) Apply a standard input signal modulated with 1 000 Hz and the continuous selective calling
tone at a level 30 dB above the level which produces 12 dB SINAD to the input of the
receiver.

The composite modulation should be adjusted in accordance with the manufacturer’s
instructions.
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d) Adjust the receiver volume control to produce the reference output power at the test load.

e) Remove the standard 1 kHz modulation but not the continuous individual-tone modulation
and record the reduction, in decibels, of the power dissipated in the audio-frequency load.

6 Measurements of receiver-decoder conducted and radiated spurious
components

6.1 Conducted spurious components (data and selective calling)

6.1.1 Definition

Conducted spurious components are radio-frequency components that are usually character-
ized by having a dominant component at a discrete frequency or in a narrow band of
frequencies. They may be present at the antenna or a.c. power terminals of the receiver.

6.1.2 Method of measurement of antenna terminal conducted spurious components

a) Connect the equipment as shown in figure 10.

b) With the receiver operating, adjust the frequency of the selective measuring device (4) over
the specified range of measurements to search for the spurious components.

c) Record the frequency and level of each spurious component found.

NOTE 1 – For the purpose of this measurement, the impedance of the test load (3) including the effect of the
selective measuring device (4) should be equal to the source impedance required by the artificial antenna (or the
receiver).

NOTE 2 – Measurement precautions: precautions should be taken to prevent interfering voltages from entering the
measuring equipment, either by radiation or through the mains supply leads.

NOTE 3 – This test method is limited to the case of metre and decimetre wavelengths, since the voltage measured
across a test load connected to the antenna terminals is not representative of the interference in the case of
hectometre waves. In the case of a ship, the result obtained, when the installation is built, depends to a
considerable extent on the position of the antenna with respect to the superstructure.

6.1.3 Presentation of results

The levels recorded in step c) of 6.1.2 expressed as a voltage or as a power, are the antenna
terminal conducted spurious components. Record their frequency and the impedance of the
test load. Record the component values of the artificial antenna and of the test load. Also
record the characteristic impedance and the length of the cable between the receiver and the
length of the cable between the receiver and the artificial antenna.

6.1.4 Method measurement of a.c. power terminal conducted spurious components (for
frequencies below 30 MHz)

a) The asymmetrical components are measured using the arrangement shown in figure 10 but
with switch (6) in position B.

NOTE – An example of a mains power line impedance stabilization (isolation) network, also known as an
artificial mains network, is given in annex H.

b) With the receiver operating, adjust the frequency of the selective measuring device (4) over
the specified range of measurements to search for the spurious components.

c) Record the frequency and level of each spurious component found, along with the
attenuation due to the mains power line stabilization (isolation) network.

6.1.5 Presentation of results

The levels recorded in step c) of 6.1.4 corrected for the loss of the mains power line
impedance stabilization (isolation) network, and expressed as a voltage or as a power, are the
a.c. power terminal conducted spurious components.
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6.1.6 Method of measurement at the a.c. power terminal
(for frequencies up to 1 000 MHz)

No requirement at this time.

6.2 Radiated spurious components (data)

The radiated spurious components are any radiation originating from within a receiver.

The radiated spurious components of a receiver may contain:

– average radiated spurious components;

– maximum effective radiated spurious components;

– RFM (random field measurement) radiated spurious components;

– RFCD radiated spurious components.

The method of measurement for each of the above follows the same procedure as for the
radiated radio-frequency power of transmitters described in 12.1.2 to 12.1.5 respectively
replacing the words transmitter with receiver and radiated power with radiated spurious
components.

Attention is drawn to the difference between the radiated spurious components and the
radiated radio-frequency power of transmitters when carrying out the above measurement
procedures.

a) The power levels of the radiated spurious components of receivers are far below the
radiated radio-frequency power of transmitters and these test sites or RFCD which have a
higher coupling loss may not be able to measure low-level ones. A lower coupling loss test
site, RFCD or measurement conditions should be chosen.

b) If the receiver has an antenna terminal, it shall be terminated in a test load having an
impedance equal to the nominal radio-frequency input impedance.

c) The transmitting frequency or frequencies are known. However, frequencies of the radiated
spurious components may not be known and searching and identifying them may be
necessary. If necessary, closely couple a selective measuring device to the receiver under
test.

d) The polarization of the radiated spurious components may not be the same as the antenna
polarization. Confirmation of the radiation polarization may be necessary when measuring
antenna polarization change.

7 Measurements of encoder-transmitters radio-frequency parameters

7.1 Frequency error (data)

7.1.1 Definition

a) The frequency error is the difference between the carrier frequency and the nominal
frequency related for the test.

b) If a carrier frequency cannot be identified, a characteristic frequency having a specified and
fixed position with respect to the carrier shall be used instead of the carrier frequency.

c) If a characteristic frequency cannot be identified, it is still possible to replace the carrier
frequency by an average frequency (see 2.1).

d) If the average frequency is not appropriate because of the asymmetry of the spectrum, the
average frequency shall be replaced by the centre of the occupied band by an emission.

The frequency error is expressed in parts per 106 or in hertz.
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7.1.2 Method of measurement – Type 1: continuous emission, capable of unmodulated
carrier transmission

This method uses a frequency counter.

a) Connect the equipment as illustrated in figure 11.

b) Operate the transmitter to emit an unmodulated carrier.

c) Record the measured frequency as the frequency of the transmitter.

7.1.3 Method of measurement – Type 2: continuous emission, allowed state

This method uses a frequency counter.

a) Connect the equipment as illustrated in figure 11.

b) Operate the transmitter to emit a signal that is constant at one of the allowed states.

c) Record the measured frequency as the characteristic frequency (data) of the transmitter.

d) Using the relationship of the frequency of the allowed state to the carrier frequency,
calculate the frequency of the transmitter.

7.1.4 Method of measurement – Type 3a: continuous emission, modulated carrier,
random data (symmetrical spectrum)

This method uses an averaging frequency counter.

a) Connect the equipment as illustrated in figure 11.

b) Operate the transmitter to emit a carrier continuously modulated with a standard baseband
test signal.

c) Measure the number of positive-going (or the number of negative-going) zero crossings of
the modulation signal, divided by the duration of the measurement. The duration of the
measurement shall be longer than 10 s to provide a repeatable measurement of the
average frequency.

d) Record the measured average frequency as the frequency of the transmitter.

7.1.5 Method of measurement – Type 3b: continuous emission, modulated carrier,
non-random data (asymmetrical spectrum)

This method uses a digital storage spectrum analyser to measure the centre frequency of the
frequency band occupied by an emission.

a) Connect the equipment as illustrated in figure 11. The spectrum analyser (6) is a digital
storage type and is characterized in annex B, clause B.4.

b) Operate the transmitter to emit a carrier continuously modulated with a standard baseband
test signal.

c) Adjust:

– the centre frequency of the spectrum analyser and the total swept bandwidth (B) to its
minimum value which will display all spectral components that are greater than –40 dB
relative to the maximum spectral component;

– the resolution and video filter bandwidth (R) to the lowest possible setting but not less
than the total swept bandwidth divided by 200, nor greater than the total swept
bandwidth divided by 40;

– the sweep time to greater than 3B/R2;

– record the values of B and R.
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d) Measure and record the power spectrum p(i) of N samples (where N is approximately
1 000) uniformly distributed throughout the total swept bandwidth (B). Calculate and record
the total power Ps from

( )P
P i

i

N

s
10

10=
=
∑ /

1

e) Identify and record the frequency FL of the sample i = L that satisfies the inequalities

( ) ( )10 0,005
10

s
10

1

1
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P
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f) Identify and record the frequency FU of the sample i = U that satisfies the inequalities

( ) ( )10   0,995  10
/ 10
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g) Calculate and record the centre frequency FC of the frequency band occupied by the
emission from

( )
F

F F
C 2

=
+L U

NOTE – This method of measurement should not be used if a characteristic frequency (see 7.1.1 b)) of the
emission can be identified or an average frequency can be measured that conforms to the definition in 2.1.

7.1.6 Method of measurement – Type 4a: short emission, modulated carrier, random
data (symmetrical spectrum)

This method uses a frequency counter (see 3.3.12.3).

a) Connect the equipment as illustrated in figure 11.

b) Operate the transmitter to emit a carrier in short burst periodically and modulated with a
standard baseband test signal (bit stream).

c) To provide a repeatable measurement for the frequency, measure the frequency for longer
than the time determined in the following relationship:

measuring time 
( )

≥
×

TP

R GWF
2

  (s)

where

Tp is the pulse period in seconds (s);

RF is the frequency resolution in hertz (Hz);

GW is the gate width of the counter ≤ pulse duration in seconds (s).

d) Record the measured average frequency as the frequency of the transmitter.

7.1.7 Method of measurement – Type 4b: short emission, modulated carrier,
non-random data (asymmetrical spectrum)

This method uses a digital storage spectrum analyser to measure the centre frequency of the
frequency band occupied by an emission.

a) Connect the equipment as illustrated in figure 11. The spectrum analyser (6) is a digital
storage type and is characterized in annex B, clause B.4.
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b) Operate the transmitter to emit a carrier in short burst periodically and modulated with a
standard baseband test signal.

c) Adjust

– the centre frequency of the spectrum analyser and the total swept bandwidth (B) to its
minimum value which will display all spectral components that are greater than –40 dB
relative to the maximum spectral component;

– the resolution and video filter bandwidth (R) to the lowest possible setting but not less
than the total swept bandwidth divided by 200, nor greater than the total swept
bandwidth divided by 40;

– the sweep time (Ts) such that

T T Ns > ×P   (s)

where

Tp is the burst pulse period in seconds (s);

N is the number of total samples.

NOTE – Each sample point meets at least one burst emission.

– display the mode control to MAX HOLD mode;

– record the values of B and R.

d) Measure and record the power spectrum P(i) of N samples (where N is approximately
1 000) uniformly distributed throughout the total swept bandwidth, B. Calculate and record
the total power Ps from

( )P
P i

i

N

s
10

10=
=
∑ /

1

e) Identify and record the frequency FL of the sample i = L that satisfies the inequalities
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f) Identify and record the frequency FU of the sample i = U that satisfies the inequalities
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g) Calculate and record the centre frequency FC of the frequency band occupied by the
emission from

( )
F

F F
C =

+L U

2

NOTE – This method of measurement should not be used if a characteristic frequency (see 7.1.1 b)) of the
emission can be identified, or an average frequency can be measured, that conforms to the definition in 2.1.

7.1.8 Presentation of results

Calculate the frequency error (data) as the difference between the frequency of the transmitter
as measured in 7.1.2 step c), 7.1.3 step d), 7.1.4 step d), 7.1.5 step g), 7.1.6 step d) and 7.1.7
step g) (as appropriate) and the nominal frequency for the test.

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

48
9-6

:19
99

https://iecnorm.com/api/?name=09f5d61aac327326945940cbd39459ca


60489-6 © IEC:1999(E) – 55 –

7.2 Average radio-frequency output power (data)

7.2.1 Definition

The average radio-frequency power supplied to a transmission line

a) measured as a continuous power when the data modulation is continuous, or

b) measured during the time of the data modulation.

7.2.2 Method of measurement – Types 1, 2 and 3: continuous emission

This method applies for frequency or phase modulation.

a) Connect the equipment as illustrated in figure 11.

b) Apply the maximum number of input signals (see 1.3.1) at the levels required by the
equipment specification.

c) Operate the transmitter and note the power measured as the average radio-frequency
power output (data) in watts. Note the transmitter frequency.

d) If required, repeat steps b) and c) for other channels for which the transmitter is equipped
to operate.

7.2.3 Method of measurement – Type 4: short emission, modulated carrier

This method uses a waveform recorder.

a) Connect the equipment as illustrated in figure 11.

b) Apply the maximum number of input signals (see 1.3.1) at the levels required by the
equipment specification.

c) Adjust the gating delay and gating circuits of the waveform recorder (see 3.3.14) to open
for the duration of the shortest data signal.

d) Operate the transmitter and the data signals and record the sample voltage (Vi). Sample
frequency should be greater than two times the symbol rate.

e) Calculate the average radio-frequency power output Pavg using the following relationship:

( )

NR

Vk

P

N

i

×

×

=
∑

L

2

avg   (w)

where

k is a calibration constant determined by applying a known radio-frequency voltage to the
waveform recorder;

Vi is the sample voltage;

N is the number of samples;

RL is the test load resistance.

Note the calculated Pavg.

f) If required, repeat steps b) through e) for each channel for which the transmitter is
equipped to operate.

7.2.4 Method of measurement – Type 4: short emission, modulated carrier

This method uses a power meter.

a) Connect the equipment as illustrated in figure 11.
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b) Apply the maximum number of input signals (see 1.3.1) at the level required by the
equipment specification.

c) Operate the transmitter and note the power measured as Pmean.

d) Calculate the average radio-frequency power output (data) during the short emission using
the following relationship:

ratioduty 
1

meanavg ×= PP   (w)

where the duty ratio is the ratio of the pulse duration of short emission to the duration of
pulse repetition period.

Note the calculated Pavg.

e) If required, repeat steps b) through d) for other channels for which the transmitter is
equipped to operate.

7.2.5 Presentation of results

a) Record the average power as noted in 7.2.2 step c), 7.2.3 step e) or 7.2.4 step d).

b) Record the transmitter frequency and the data signal parameters.

7.3 Spurious narrow bandwidth radio-frequency emission power (data)

7.3.1 Definition

Harmonic and non-harmonic emissions and parasitic emissions that are usually characterized
by a signal having a dominant emission at a discrete frequency or in a narrow band of
frequencies.

Emissions in the immediate vicinity of the necessary band, which are the result of the
modulation process for the transmission of information, are excluded.

7.3.2 Method of measurement – Types 1, 2 and 3: continuous emission

NOTE 1 – Knowledge of the average radio-frequency output power measured in 7.2.2 is required for this
measurement.

a) Connect the equipment as illustrated in figure 11.

b) Apply to the transmitter the maximum number of input signals, at the levels required by the
specified system.

c) Operate the transmitter.

d) Adjust the spectrum analyser as follows:

– set the resolution bandwidth to the smallest available bandwidth wider than the
transmitter necessary bandwidth designated in the equipment specification. Record this
as R;

When measuring harmonics, the resolution bandwidth shall be set to at least N × R where
N is the order of the observed harmonics (e.g. 2, 3, 4,...).

NOTE 2 – At higher order harmonics, the selected resolution bandwidth may result in an insufficient
measurement dynamic range. A filter can be used to reduce the carrier level presented to the analyser while
passing the harmonics. The analyser sensitivity can then be increased to observe the harmonics above the
noise floor without overloading the analyser. The reference level is still relative to the previous unattenuated
carrier level.

– set total swept bandwidth to the frequency band to be measured and record this as B;

– set the sweep time to greater than 3B/R2;

– set the coupler attenuation to a value which is compatible with the input characteristics
of the spectrum analyser.
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e) Note the amplitude of the modulated carrier in decibels as dB(carrier).

f) Search for spurious emissions. Note the frequency and the amplitude, in decibels,
as dB(spur), of the largest spurious emission.

NOTE 3 – If different limit values are specified for different frequency bands, care must be taken to identify and
note the largest spurious emission for each frequency band.

g) If required, repeat steps b) through f) for each channel where measurements are required.

7.3.3 Presentation of results

a) Calculate the average power of the spurious emission (data) as follows:

Pspurious = Pavg × 10[dB
(spur)

 – dB
(carrier)

]/10  (w)

where Pavg is the average radio-frequency power output measured in 7.2.2.

b) Record the transmitter frequency, the frequency of the largest spurious component, the
average radio-frequency power output (data) and the average power of the spurious
emission (data).

c) If required, repeat steps a) and b) for each channel measured in 7.3.2.

7.3.4 Method of measurement – Type 4: short emission, modulated carrier

This method uses a digital storage spectrum analyser to measure the spurious narrow
bandwidth average radio-frequency power of short emission.

NOTE 1 – Knowledge of the average radio-frequency power output Pavg measured in 7.2.3 step e) is required for
this measurement.

a) Connect the equipment as illustrated in figure 12.

b) Apply to the transmitter the maximum number of input signals, at the levels required by the
specified system.

c) Adjust the gating delay and gating circuits to open for the duration of the shortest data
signal.

d) Operate the transmitter.

e) Adjust the spectrum analyser to display the spectrum of the transmitter output. Care should
be taken to observe the transmitter output during the time that the shortest data signal is
being transmitted.

f) Set the resolution bandwidth of the spectrum analyser to the smallest available bandwidth
wider than the bandwidth required to observe the transmitter output, and record this
resolution bandwidth as R.

NOTE 2 – The resolution bandwidth generally becomes the bandwidth immediately above the necessary
bandwidth for the transmitter. Sometimes wider bandwidths may be required because of short transmitter
transient time.

g) Adjust the spectrum analyser so that the transmitter output is centered on the display. Set
the sweep rate of the spectrum analyser to zero and take the samples. Record the
attenuator setting of the spectrum analyser as A(T) in decibels.

h) Adjust the spectrum analyser as follows:

– set the total swept bandwidth to the frequency band to be measured and record this as B.

– set the sweep time to greater than 3B/R2.

i) Search for spurious emissions. Note the frequency and the amplitude of the largest
spurious emission. Care should be taken to observe the spurious emission during the time
that the shortest data signal is be transmitted.

NOTE 3 – If different limit values are specified for different frequency bands, care must be taken to identify and
note the largest spurious emission for each frequency band.

j) Adjust the spectrum analyser so the transmitter spurious emission is centered on the
display. Set the sweep rate of the spectrum analyser to zero and take the samples. Record
the attenuator setting of the spectrum analyser as A(S) in decibels.
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k) If required, repeat steps b) through j) for each channel where measurements are required.

7.3.5 Presentation of results

a) Calculate the average radio-frequency power output (reference) using the following
relationship:

average (T)

( )
= =

∑ V

N
i

N

i
2

1 (reference)

where

Vi is a sample of voltage taken in 7.3.4 step g);

N is the number of samples.

b) Calculate the average radio-frequency power output (spurious) using the following
relationship:

average (S)

( )
= =

∑ V

N
i

N

i
2

1 (spurious)

where

Vi is a sample of the voltages taken in 7.4.4 step j).

N is the number of samples.

c) Calculate the average radio-frequency spurious power using the following relationship:

average spurious power
( ) ( )[ ]

= × ×
−

P

A S A T

avg
average ( )
average ( )

S
T

10 10   (w)

where

Pavg is the average transmitter output power measured in 7.2.3;

average(T) is the value calculated in step a);

average(S) is the value calculated in step b);

A(T) is the attenuator value recorded in 7.3.4 step g);

A(S) is the attenuator value recorded in 7.3.4 step j).

d) Record the transmitter frequency, the data signal parameters, the frequency of the spurious
emission, and the average spurious power.

e) If required, repeat steps a) through d) for each channel measured in 7.3.4 step k).

7.4 Adjacent and alternate channel power (data)

7.4.1 Definitions

7.4.1.1 Adjacent and alternate channel power (data)

The adjacent and alternate channel power (data) of transmitters operating in systems allocated
on a channel basis and in continuous mode, is that part of the total mean power output of a
transmitter which falls within a specified bandwidth, centered on the centre frequency of either
of the adjacent or first or second alternate channels.
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7.4.1.2 Adjacent and alternate channel power due to modulation (data)

The adjacent and alternate channel power due to modulation (data) of transmitters operating in
systems allocated on a channel basis and in burst repetition mode, is that part of the total
mean power output of a transmitter resulting from the modulation which falls within the
specified bandwidth centered on the centre frequency of either of the adjacent or first or
second alternate channels during the burst.

7.4.1.3 Adjacent and alternate channel power due to switching transients (data)

The adjacent and alternate channel power due to switching transients (data) of transmitters
operating in systems allocated on a channel basis and in burst repetition mode, is the greatest
mean of that part of the total power resulting from the ramping-on and ramping-off of a
transmitter, which falls within the specified bandwidth centered on the centre frequency of
either of the adjacent or first or second alternate channels.

7.4.1.4 Adjacent and alternate channel power during a burst period (data)

The adjacent and alternate channel power during a burst period (data) of transmitters operating
in systems allocated on a channel basis and in burst repetition mode, is that part of the total
mean power output of a transmitter during a burst period which falls within the specified
bandwidth centered on the centre frequency of either of the adjacent or first or second
alternate channels during the burst.

7.4.2 Method of measurement – Type 1: continuous emission, capable of unmodulated
carrier transmission

This method uses a power measuring receiver. This power measuring receiver has its –6 dB
response frequencies displaced from the transmitter carrier frequency by amounts derived from
the channel spacing. This measurement provides the ratio, expressed in decibels, of the
average power to the average adjacent channel power. For the purpose of this measurement,
this ratio is called the “adjacent channel power ratio (data)”.

See annex B, clause B.3 for the required characteristics of the power measuring receiver.

NOTE 1 – This measurement requires knowledge of the average power (data) (see 7.2.5).

NOTE 2 – For the first or second alternate channel measurement, the words “adjacent channel” should be replaced
by “alternate channels” or “first alternate channel” or “second alternate channel” and the phrase “the channel
spacing minus one-half of the specified bandwidth” in step f) should be replaced by “two channel spacing minus
one-half of the specified bandwidth” or “three channel spacing minus one-half of the specified bandwidth”
respectively.

a) Connect the equipment as illustrated in figure 11, using a power measuring receiver of
specified selectivity.

b) Operate the transmitter unmodulated at the average power (data) as measured in 7.3.5.

c) Set the i.f. attenuator to a high value, for example 70 dB, then adjust the coupler/attenuator
to provide a signal level which is within the linear range of the power measuring receiver.

d) Adjust the frequency of the local oscillator to obtain a maximum reading on the r.m.s.
meter. Record this reading, and the attenuation of the i.f. attenuator, in decibels.

e) Increase the frequency of the local oscillator until the indication on the r.m.s. meter is
reduced by 6 dB. Record the frequency of the local oscillator.

f) Increase the frequency of the local oscillator by an additional amount equal to the channel
spacing minus one-half of the specified bandwidth. The reference frequency of the power
measuring receiver is thus adjusted to the lower (“upper” for step k)) band edge of the
upper (“lower” for step k)) adjacent channel. The local oscillator frequency can be lower or
higher than the frequency of the transmitter but should be kept within steps e) to h).

Table 1 provides several of the commonly used specified channel spacings and bandwidths.
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Table 1 – Commonly used specified channel spacings and bandwidths

Channel
spacing

Modulation Data rate
b

Specified
bandwidth

Bs

PMR filter
bandwidth

Reference
frequency

displacement

kHz kbps kHz kHz kHz

50 QPSK 42 21 21 39,5

25 GMSK 16 16 16 17

12,5 GMSK 8 8,5 8,5 8,25

NOTE – Specified bandwidths (Bs) are specified by the equipment specification for the measurement of
adjacent channel power. Bs is related to the necessary bandwidth defined in Article 1, No. 146 of the
ITU Radio Regulations.

g) Apply to the transmitter the maximum number of input signals, at the levels, required by the
specified system, and operate it.

h) Adjust the i.f. attenuator until the indication of the r.m.s. meter is approximately the same
as was recorded in step c). Record the reading of the r.m.s. meter and the attenuation of
the i.f. attenuator, in decibels.

i) The adjacent channel power ratio, A, is the difference of the attenuation values, recorded in
steps d) and h), corrected for the difference in readings of the r.m.s. meter in these steps.
Record this value.

j) Remove the modulation from the transmitter, and set the i.f. attenuator to the value
recorded in step d).

k) Repeat steps e) through i), but decrease the frequency of the local oscillator used in steps
e) and f).

7.4.3 Presentation of results

a) Calculate and state the power, P(adjacent channel), in each of the adjacent channels from the
ratios A recorded in step i) above and the carrier power Pavg measured as described
in 7.2.5.

P(adjacent channel) = Pavg × 10–A/10  (w)

b) Record the transmitter frequency and the largest P(adjacent channel) calculated in step a) as
the adjacent channel power (data).

c) Calculate and state the –6 dB bandwidth of the power measuring receiver. This is the
difference between the two values of the local oscillator frequency recorded in successive
iterations of step e) of 7.4.2.

7.4.4 Method of measurement – Type 2: continuous emission, allowed state

This method uses a power measuring receiver. This power measuring receiver has its –6 dB
response frequencies displaced from the transmitter carrier frequency by amounts derived from
the channel spacing. This measurement provides the ratio, expressed in decibels, of the
average power to the average adjacent channel power. For the purpose of this measurement,
this ratio is called the “adjacent channel power ratio (data)”.

See annex B, clause B.3 for the required characteristics of the power measuring receiver.

NOTE 1 – This measurement requires knowledge of the average power (data) (see 7.2.5) and the frequency of the
transmitter (see 7.1.3 and 7.1.8).

NOTE 2 – For the first or second alternate channel measurement, the words “adjacent channel” should be replaced
by “alternate channels” or “first alternate channel” or “second alternate channel” and the phrase “the channel
spacing minus one-half of the specified bandwidth” in step f) should be replaced by “two channel spacing minus
one-half of the specified bandwidth” or “three channel spacing minus one-half of the specified bandwidth”
respectively.
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a) Connect the equipment as illustrated in figure 12, using a power-measuring receiver of the
specified selectivity.

b) Operate the transmitter at the average power (data) as measured in 7.2.5

c) Set the i.f. attenuator to a high value, for example 70 dB, then adjust the coupler/attenuator
to provide a signal level which is within the linear range of the power measuring receiver.

d) Adjust the frequency of the local oscillator to obtain a maximum reading on the r.m.s.
meter. Record this reading, and the attenuation of the i.f. attenuator, in decibels.

e) Adjust the frequency of the radio-frequency signal generator to equal the frequency of the
transmitter (see 7.1.3 and 7.1.8).

f) Replace the transmitter with the radio-frequency signal generator. Increase the frequency
of the local oscillator until the indication on the r.m.s. meter is reduced by 6 dB. Record the
frequency of the local oscillator.

g) Increase the frequency of the local oscillator by an additional amount equal to the channel
spacing minus one-half of the specified bandwidth. The reference frequency of the power
measuring receiver is thus adjusted to the lower (“upper” for step m)) band edge of the
upper (“lower” for step m)) adjacent channel. The local oscillator frequency can be lower or
higher than the frequency of the transmitter but should be kept within steps f) to j).

The following table provides several of the commonly used specified channel spacings and
bandwidths.

Table 2 – Commonly used specified channel spacings and bandwidths

Channel
spacing

Modulation Data rate
b

Specified
bandwidth

Bs

PMR filter
bandwidth

Reference
frequency

displacement

kHz kbps kHz kHz kHz

50 QPSK 42 21 21 39,5

25 GMSK 16 16 16 17

12,5 GMSK 8 8,5 8,5 8,25

NOTE – Specified bandwidths (Bs) are specified by the equipment specification for the measurement
of adjacent channel power. Bs is related to the necessary bandwidth defined in Article 1, No. 146 of the
ITU Radio Regulations.

h) Replace the radio-frequency generator with the transmitter.

i) Apply to the transmitter the maximum number of input signals, at the levels required by the
specified system and operate it.

j) Adjust the i.f. attenuator until the indication of the r.m.s. meter is approximately the same
as was recorded in step c). Record the reading of the r.m.s. meter and the attenuation of
the i.f. attenuator, in decibels.

k) The adjacent channel power ratio, A, is the difference of the attenuation values, recorded in
steps d) and j), corrected for the difference in readings of the r.m.s. meter in these steps.
Record this value.

l) Remove the modulation from the transmitter and set the i.f. attenuator to the value
recorded in step d).

m) Repeat steps e) through k), but decrease the frequency of the local oscillator in steps f)
and g).

7.4.5 Presentation of results

a) Calculate and state the power, P(adjacent channel), in each of the adjacent channels from the
ratio A recorded in step j) and the carrier power Pavg measured as described in 7.2.5.

P(adjacent channel) = Pavg × 10–A/10  (w)
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b) Record the largest P(adjacent channel) calculated in step a) as the adjacent channel power
(data). Record the transmitter frequency.

c) Calculate and state the –6 dB bandwidth of the power measuring receiver. This is the
difference between the two values of the local oscillator frequency recorded successively in
step f) of 7.4.4.

7.4.6 Method of measurement – Type 3: continuous emission, modulated carrier

This method uses a power measuring receiver. This power measuring receiver has its –6 dB
response frequencies displaced from the transmitter carrier frequency by amounts derived from
the channel spacing. This measurement provides the ratio, expressed in decibels, of the
average power to the average adjacent channel power. For the purpose of this measurement,
this ratio is called the “adjacent channel power ratio (data)”.

See annex B, clause B.3 for the required characteristics of the power measuring receiver.

NOTE 1 – This measurement requires knowledge of the average power (data) (see 7.2.5) and the average
frequency measured in 7.1.4 or 7.1.5 depending on the modulating data.

NOTE 2 – For the first or second alternate channel measurement, the words “adjacent channel” should be replaced
by “alternate channels” or “first alternate channel” or “second alternate channel” and the phrase “the channel
spacing minus one-half of the specified bandwidth” in step f) should be replaced by “two channel spacing minus
one-half of the specified bandwidth” or “three channel spacing minus one-half of the specified bandwidth”,
respectively.

a) Connect the equipment as illustrated in figure 12, using a power measuring receiver of
specified selectivity.

b) Apply to the transmitter the maximum number of input signals at the levels required by the
specified system. Operate the transmitter at the average power (data) as measured in
7.2.5.

c) Set the i.f. attenuator to a high value, for example 70 dB, then adjust the coupler/attenuator
to provide a signal level which is within the linear range of the power measuring receiver.

NOTE 3 – For the keying modulation of which roll-off factor transmitter percentage (see 2.17.2.2) is far below
100 %, the carrier level should be measured using a sufficiently wider bandwidth than the specified bandwidth
because the transmitted spectrum is wider than the receiver bandwidth. If such a bandwidth is not available,
the carrier level should be calculated using the radio-frequency signal generator substitution.

d) Adjust the frequency of the radio-frequency signal generator to equal the average frequency
of the transmitter.

e) Replace the transmitter with the radio-frequency signal generator. Increase the frequency
of the local oscillator until the indication on the r.m.s. meter is reduced by 6 dB. Record the
frequency of the local oscillator.

f) Increase the frequency of the local oscillator by an additional amount equal to the channel
spacing minus one-half of the specified bandwidth. The reference frequency of the power
measuring receiver is thus adjusted to the lower (“upper” for step i)) band edge of the upper
(“lower” for step i)) adjacent channel. The local oscillator frequency can be lower or higher
than the frequency of the transmitter but should be kept within steps e) to h).

The following table provides several of the commonly used specified channel spacing and
bandwidth.

Table 3 – Commonly used specified channel spacings and bandwidths

Channel
spacing

Modulation Data rate
b

Specified
bandwidth

Bs

PMR filter
bandwidth

Reference
frequency

displacement

kHz kbps kHz kHz kHz

50 QPSK 42 21 21 39,5

25 GMSK 16 16 16 17

12,5 GMSK 8 8,5 8,5 8,25

NOTE – Specified bandwidths (Bs) are specified by the equipment specification for the measurement of adjacent
channel power. Bs is related to the necessary bandwidth defined in Article 1, No. 146 of the ITU Radio
Regulations.
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g) Replace the radio-frequency generator with the transmitter.

h) Adjust the i.f. attenuator until the indication of the r.m.s. meter is approximately the same as
was recorded in step c). Record the attenuation, in decibels.

i) Repeat steps e) through h), but decrease the frequency of the local oscillator in steps e)
and f).

7.4.7 Presentation of results

a) Calculate and state the power, P(adjacent channel), in each of the adjacent channels from the
ratio A recorded in step h) and the carrier power Pavg measured as described in 7.3.5:

P(adjacent channel) = Pavg × 10–A/10  (w)

b) Record the largest P(adjacent channel) calculated in step a) as the adjacent channel power
(data). Record the transmitter frequency.

c) Calculate and state the –6 dB bandwidth of the power measuring receiver. This is the
difference between the two values of the local oscillator frequency recorded successively in
step e) of 7.4.6.

7.4.8 Method of measurement – Type 3: continuous emission, modulated carrier

This method of measurement uses a digital storage spectrum analyser to measure the power.

NOTE 1 – For the first or second alternate channel measurement, the words “adjacent channel” should be replaced
by “alternate channels” or “first alternate channel” or “second alternate channel”.

a) Connect the equipment as illustrated in figure 11, using a digital storage spectrum analyser.

b) Apply to the transmitter the maximum number of input signals at the levels required by the
specified system. Operate the transmitter at the average power (data) as measured in
7.2.5.

c) Adjust the spectrum analyser as follows:

– set the resolution and video filter bandwidth to the lowest possible setting, but not less
than the specified bandwidth divided by 200 nor greater than the specified bandwidth
divided by 40, and record this as R.

– set the total swept bandwidth to the lowest possible setting which is equal to or greater
than the specified bandwidth and record this as B.

– set the sweep time to greater than 3B/R2.

– set the coupler attenuation to a value which is compatible with the input characteristics
of the spectrum analyser.

The following table provides several of the commonly used specified channel spacings and
bandwidths.

Table 4 – Commonly used specified channel spacings and bandwidths

Channel
spacing

Modulation Data rate
b

Specified
bandwidth

Bs

PMR filter
bandwidth

Reference
frequency

displacement

kHz kbps kHz kHz kHz

50 QPSK 42 21 21 39,5

25 GMSK 16 16 16 17

12,5 GMSK 8 8,5 8,5 8,25

NOTE – Specified bandwidths (Bs) are specified by the equipment specification for the measurement of
adjacent channel power. Bs is related to the necessary bandwidth defined in Article 1, No. 146 of the
ITU Radio Regulations.

d) Adjust the spectrum analyser so that the centre of the displayed figure coincides with the
average frequency of the transmitter as measured in 7.1.4 or 7.1.5.
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e) Adjust the coupler attenuation and the sensitivity of the spectrum analyser to values
suitable to provide a displayed figure on the screen which is in the linear range of the
spectrum analyser.

f) Operate the digital storage spectrum analyser to record the values Ci in dBm for at least
200 samples uniformly distributed throughout the specified bandwidth. Calculate and record
the indicated carrier power.

NOTE 2 – For the keying modulation of which roll-off factor transmitter percentage is far below 100 %, the total
swept band width should be sufficiently wide with respect to the specified bandwidth and Ci should be recorded
throughout the total swept bandwidth.

P Ci

i

N

c =
=
∑10 10 10

1

lg /   (dBm)

where N is the number of samples.

g) Adjust the spectrum analyser so that the centre of the displayed figure coincides with the
centre frequency of the upper (“lower” for step i)) adjacent channel.

h) Operate the digital storage spectrum analyser to record the values Ai in dBm for the same
number of samples used in step f) uniformly distributed throughout the specified bandwidth.
Calculate and record the indicated adjacent channel power:

∑
=

=
N

i

AiP
1

10/
a 10lg10   (dBm)

where N is the number of samples.

i) Using the lower adjacent channel repeat steps g) and h).

7.4.9 Presentation of results

a) Calculate the ratio Pr for the upper adjacent channel using the following relationship:

Pr = Pc – (Pa + 1)  (dB)

where

Pc is the value recorded in 7.4.8, step f);

Pa is the value recorded in 7.4.8, step h) for the upper adjacent channel.

NOTE – For an explanation of the 1 dB in the equation, see 4.2.5.4 in IEC 60489-2.

b) Repeat step a) for the lower adjacent channel.

c) Record the lower value of Pr calculated in steps a) and b) as the adjacent channel power
ratio (data).

d) Calculate the power (adjacent channel) P(adjacent channel) using the following relationship:

P(adjacent channel) = P × 10 ACPR/10  (dBm)

where

P is the carrier power measured in 7.2.2 in watts;

ACPR is the value recorded in step c),

Record this value as the adjacent channel power (data).

e) Record the channel spacing, the specified bandwidth and the carrier power.

7.4.10 Method of measurement – Type 4: short emission, modulated carrier

This method of measurement uses a power measuring receiver to measure the power and the
power measuring receiver uses digital signal processor (DSP) technology for realizing the
channel band-pass filter.
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a) Connect the equipment as illustrated in figure 11.

b) Modulate the transmitter on a traffic channel with pseudo-random data field bits. The output
of the transmitter will be on only during the time slots corresponding to the traffic channel.
The transmitter operates at the average power (data) as measured in 7.3.5.

c) Adjust the coupler attenuation to a value which is compatible with the input characteristics
of the power measuring receiver.

d) Adjust the centre frequency of the power-measuring receiver to the operating frequency of
the transmitter. Measure the level with the same method as 7.2.3 using the digital band-
pass filter of sufficiently wider bandwidth than the specified bandwidth.

e) Adjust the centre frequency of the power-measuring receiver to the adjacent channels, the
first alternate channels, and the second alternate channels. Write the output data into the
memory.

f) Read the data from memory and calculate the adjacent, first and second alternate channels
power due to modulation (data), due to switching transients (data) and during a burst period
(data), according to the definitions. Display the larger one for each definition.

8 Audio-frequency band measurements of encoder output characteristics
(selective calling)

8.1 Tone pulse-rise time (selective calling)

8.1.1 Definition

The tone pulse-rise time is the interval during which the amplitude of the pulse envelope
increases from 10 % to 90 % of its steady-state value.

8.1.2 Method of measurement

a) Terminate the encoder output with the load specified by the manufacturer.

b) Connect the vertical display of an oscilloscope in parallel with the output load and adjust the
encoder in accordance with the manufacturer's instructions. Derive the synchronizing pulse
for the calibrated horizontal sweep of the oscilloscope from the signal that starts the
encoder sequence.

c) Arrange for the encoder to send a single standard coded test signal (see 2.23) and
measure the interval during which the pulse envelope value increases from 10 % to 90 % of
its steady-state value.

d) This measurement may be repeated for any other coded signal.

8.2 Tone pulse duration (selective calling)

8.2.1 Definition

The duration of a tone pulse is the interval between the first and last instants during which the
amplitude of the pulse envelope exceeds 50 % of its steady-state value.

8.2.2 Method of measurement

a) Terminate the encoder output with the load impedance specified by the manufacturer.
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b) Connect the vertical display of an oscilloscope in parallel with the output load and adjust the
encoder in accordance with the manufacturer’s instructions. Derive the synchronizing pulse
for the calibrated horizontal sweep of the oscilloscope from the signal that starts the
encoder sequence.

c) Arrange for the encoder to send a single-tone pulse and measure the interval between the
first and last instants during which the amplitude of the pulse envelope exceeds 50 % of its
steady-state value.

d) This measurement may be repeated for any other tone pulses.

e) For sequential tone systems, this method can be used to determine:

– the duration of individual tone pulses;

– the pulse-spacing time, for example, the interval during which the amplitude of the
pulses is less than 10 % of the maximum amplitude;

– the total duration of a single coded signal.

8.3 Tone pulse-decay time (selective calling)

8.3.1 Definition

The tone pulse-decay time is the interval between the instants during which the amplitude of
the pulse envelope decreases from 90 % to 10 % of its steady-state value.

8.3.2 Method of measurement

a) Terminate the encoder output with the load specified by the manufacturer.

b) Connect the vertical display of an oscilloscope in parallel with the output load and adjust the
encoder in accordance with the manufacturer’s instructions. Derive the synchronizing pulse
for the calibrated horizontal sweep of the oscilloscope from the signal that starts the
encoder sequence.

c) Arrange for the encoder to send a single standard coded test signal and measure the time
interval during which the amplitude of the pulse envelope decreases from 90 % to 10 % of
its steady-state value.

8.4 Frequency of tone(s) (selective calling)

8.4.1 Definition

The frequency of the tone(s) is the fundamental frequency (or frequencies) of the tone(s) within
the duration of one tone pulse.

8.4.2 Method of measurement

a) Terminate the output of the encoder with the load specified by the manufacturer.

b) Connect a period-measuring device in parallel with the output load.

c) Arrange for the encoder to send a single tone pulse.

d) Start the period-measuring device after the pulse envelope has reached its steady-state
value.

e) Measure the period of at least 10 cycles of the tone frequency and compute the frequency
from the period thus measured.

NOTE – Alternatively, the frequency of a single-tone pulse may be measured with a frequency-counting test
instrument if the tone pulse duration is significantly longer than the counting period of the measuring
instrument.

f) For sequential tone systems, arrange for the encoder to send each tone pulse individually.

g) For simultaneous tone systems, band-pass filters, at the nominal frequency of the tone
required to be measured, should be used to reject all other tones.
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8.5 RMS voltage of tone(s) (selective calling)

8.5.1 Definition

The r.m.s. voltage of the tone output of the decoder is the r.m.s. voltage of the tone pulse
measured when the output is correctly terminated.

8.5.2 Method of measurement

a) Terminate the encoder output with the load specified by the manufacturer.

b) Connect the vertical input of an oscilloscope in parallel with the output load and adjust the
encoder according to the manufacturer’s operating instructions.

c) Arrange for the encoder to send a single coded signal. Measure the peak-to-peak amplitude
of any or all of the tone pulses.

d) Because the amplitude of the tones may depend on the tone frequency, measurements
should be repeated until all possible tones have been measured.

e) For simultaneous tone systems, band-pass filters at the nominal frequencies of the coded
signal should be used to reject all tones except the one to be measured.

f) The peak-to-peak values should be converted to r.m.s. values, assuming that the tones are
sinusoidal.

NOTE – If the manufacturer provides a facility for adjustment to the amplitude, both the maximum and minimum
amplitudes obtained should be recorded.

8.5.3 Presentation of results

If a large number of tones is involved, the results should be recorded in graphical form.

8.6 Encoder overall operate time (selective calling)

8.6.1 Definition

The encoder overall operate time is the elapsed time from the start of the encoder enabling
sequence until the complete coded signal has been observed at the output terminals. See
figure 13.

8.6.2 Method of measurement

a) Terminate the encoder output with the load specified by the manufacturer.

b) Connect the vertical display of an oscilloscope in parallel with the output load and adjust the
encoder according to the manufacturer’s instructions. Derive the synchronizing pulse for the
calibrated horizontal scan of the oscilloscope from the signal that starts the encoder
sequence.

c) Arrange for the encoder to send a signal and measure the overall operate time from the
start of the scan until the amplitude of the envelope of the final pulse has fallen to 50 % of
its steady-state value.

d) The measurement should be repeated for all coded signals having different initial tone
frequencies.

8.6.3 Presentation of results

If the encoder overall operate is dependent on the initial tone frequency, the results should be
recorded on a graph showing operate time versus frequency.

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 60

48
9-6

:19
99

https://iecnorm.com/api/?name=09f5d61aac327326945940cbd39459ca


– 68 – 60489-6 © IEC:1999(E)

9 Audio-frequency band measurements of decoder characteristics
(selective calling)

9.1 Decoder operation level range (selective calling)

9.1.1 Definition

The decoder operating level range is the range of input levels over which the calling probability
exceeds a specified value. Each input level of this range shall be expressed by its ratio in
decibels to the nominal input level, specified by the manufacturer.

9.1.2 Method of measurement

a) Connect the equipment as shown in figure 14.

b) Apply the standard coded test signal to the input of the decoder at the nominal input level
through a matching network as specified by the manufacturer.

c) Vary the input level in steps of 1 dB both below and above the specified nominal level and
record the number of successful calls at each input level. Continue to vary the input level in
steps of 1 dB until the calling probability is less than 80 %.

9.1.3 Presentation of results

Plot decoder relative input level versus calling probability as shown in figure 15. Record the
input level corresponding to 0 dB. Record the number of trials.

9.2 Decoder attack time (selective calling)

9.2.1 Definition

The decoder attack time is the elapsed time from the instant that its intended coded signal at
the decoder input terminals exceeds 10 % of the maximum steady-state value until the decoder
successfully responds. If the response is an audio output, successful response is 50 % of the
maximum steady-state output voltage (see figure 16).

For multi-tone decoders, the manufacturer shall specify the characteristics of the coded signal.

9.2.2 Method of measurement

a) Apply a standard coded test signal to the input of the decoder at the nominal input level
through a matching network as specified by the manufacturer.

b) Display the input voltage to the decoder on one beam of a double-beam oscilloscope and
connect the other beam across the alarm indicating circuits.

c) Measure the elapsed time from when the input signal exceeds 10 % of its maximum level to
the time when the alarm circuit has reached 50 % of its steady-state output voltage.

NOTE – When the alarm circuit is only a means of de-muting an associated receiver, it may be necessary to feed
an audio-frequency tone into the auxiliary circuit of the decoder to measure an audio response.

9.3 Decoder recovery time (selective calling)

9.3.1 Definition

The decoder recovery time is the minimum time that is needed between two successive
encoded calling sequences to achieve a successful decoder response on the second encoder
sequence.

This characteristic can be observed only when the decoder automatically resets.
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9.3.2 Method of measurement

a) Connect an encoder or code simulator to the decoder, with means of recording the number
of successful calls (see figure 14).

b) Arrange that the interval between two successive coded signals can be progressively varied
from zero to a time equal to at least twice the recovery time stated by the manufacturer.

c) With the time interval at maximum, ensure that a satisfactory success rate is obtained.
Reduce the time interval until a significant number of failures is observed, for example, up
to 20 %.

This time interval is the decoder recovery time.

9.4 Decoder required protection time (selective calling)

9.4.1 Definition

The decoder required protection time is the maximum time during which a partially operated
decoder may respond to other coded signals containing the complementary part of the
standard coded test signal (see figure 17).

9.4.2 Method of measurement

a) Connect an encoder or code simulator to the decoder, with means of recording the number
of successful calls (see figure 14).

b) Arrange that the encoder initially sends the first part of a particular code and, after an
interval, adjustable up to the recovery time, sends the remaining part of the code.

c) With the time interval set to a minimum, ensure that a satisfactory success rate is obtained.
Increase the time interval until a significant number of failures is observed, i.e. up to 20 %.
This time interval is the decoder protection time.

NOTE – The decoder must be protected from complementary signals until they no longer result in a significant
percentage of positive responses.

d) In individual tone sequential systems having more than two tones, it may be necessary to
repeat this measurement with the time interval inserted in different positions of the code
sequence.

9.5 Decoder alarm time (selective calling)

9.5.1 Definition

The decoder alarm time is the elapsed time between a successful decoder alarm response, i.e.
the output voltage exceeding 50 % of its maximum steady-state value, and at cessation of
alarm, the decrease of the output voltage to this 50 % value (see figure 16).

This characteristic can be observed only when the alarm is fitted with automatic cancellation.

9.5.2 Method of measurement

a) Arrange to display the alarm signal on an oscilloscope which has a calibrated time base.

NOTE – Should the alarm signal be of a form which cannot be readily displayed, then it may be necessary to
arrange for an auxiliary signal to be provided to enable the measurement to be made, for example, an audio-
frequency-tone, a d.c. voltage, etc.

b) Apply a standard coded test signal through a matching network, as specified by the
manufacturer, to the input of the decoder, at the nominal input level.

c) Measure the duration of the alarm signal, i.e. the time from when the alarm signal first
exceeds 50 % of the maximum steady-state amplitude to when it falls to the 50 % value
(see figure 13).
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d) If the alarm time is dependent upon the coded signal, the measurement should be repeated
for the limiting values of the controlling element of the coded signal.

10 Overall measurements in simulated systems (selective calling)

10.1 General

In this section, system measurements are described in which the radio-frequency transmission
medium must be simulated. It is imperative that the measuring arrangement is such that the
test results will not be affected by undesired coupling between the transmitter and the receiver.

10.2 Supplementary conditions of measurement for system response times

a) Connect the system to be measured as shown in figure 18.

b) Except for continuous individual-tone systems, adjust the radio-frequency attenuation to
produce the reference signalling sensitivity for the receiver/decoder.

c) For continuous individual-tone systems, adjust the radio-frequency attenuation to produce
the standard input-signal level at the receiver antenna terminals.

10.3 System overall operate time (selective calling)

10.3.1 Definition

The system overall operate time is the elapsed time from the start of the encoder-enabling
signal, this instant being simultaneous with the start of the transmit function and the moment
when the decoder alarm successfully responds. If the response is an audio output, successful
response is when the audio output reaches 50 % of the maximum steady-state output voltage
(see figure 19).

NOTE – This method of measurement applies only when the encoder and transmitter are enabled simultaneously.

10.3.2 Method of measurement

a) Connect the vertical display of an oscilloscope in parallel with the decoder alarm-initiating
circuit.

b) Derive the synchronizing pulse for the calibrated horizontal sweep of the oscilloscope from
the encoder-enabling signal.

c) The system overall operate time is the interval between the start of the encoder-transmitter
enabling signal and the moment when the decoder alarm-initiating circuit response reaches
50 % of the maximum steady-state output voltage.

d) Repeat this measurement for all coded signals having different initial tone frequencies.

NOTE – When the alarm circuit is only a means of de-muting the associated receiver, it may be necessary to
simultaneously apply standard test modulation to the transmitter to measure the audio response or, alternatively,
the rise-time of the signal that performs the de-muting function.

10.3.3 Presentation of results

If the overall operate time is dependent on the initial tone frequency, the results should be
recorded on a graph showing overall operate time versus initial tone frequency.

10.4 System recovery time (selective calling)

10.4.1 Definition

The system recovery time is the minimum time needed between two successive encoded
calling sequences to achieve a successful decoder response on the second encoder sequence.
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This characteristic can be measured only when the decoder automatically resets.

10.4.2 Method of measurement

a) Connect an encoder or code simulator to the transmitter with a means of recording the
number of successful calls.

b) Arrange that the interval between two successive coded signals can be varied from zero to
a time at least twice the recovery time stated by the manufacturer.

With the time interval at maximum, ensure that a satisfactory success rate is obtained.

Reduce the time interval until a significant number of failures is observed, for example up to
20 %.

This time interval is the system recovery time.

11 Measurements of receiver-decoder radio-frequency parameter
(integral antenna)

11.1 Radiation sensitivity (data)

11.1.1 General

The radiation sensitivity of a receiver may contain

– reference radiation sensitivity (MUS) (data),

– normal radiation sensitivity (SUS or MUS) (data),

– RFM radiation sensitivity (SUS or MUS) (data),

– RFCD (radio-frequency coupling device) radiation sensitivity (SUS or MUS) (data),

– average radiation sensitivity (SUS or MUS) (data),

– diversity radiation sensitivity (SUS or MUS) (data).

Receivers having an integral antenna or having no facility for connecting the external
measuring equipment require special measuring arrangements. The arrangements for the
former ones are test sites or RFCD and for the latter ones are the baseband signal connection
arrangements. They are described in IEC 60489-1, annex A.

Deviations from standard atmospheric conditions may occur for measurements made out of
doors. The actual conditions, however, should not cause the measurement results to deviate
appreciably from those which have been obtained under standard test conditions.

11.1.2 Reference radiation sensitivity (MUS) (data)

11.1.2.1 Definition

The minimum field strength of a signal at a specified frequency with standard coded test
signals (SCTS) which will produce the reference error ratio (data). It will be found in a
horizontal plane direction.

NOTE – The reference sensitivity can be measured in OATS (open area test sites), LRTS (low reflection test sites)
or AC (anechoic chambers). Measured values in OATS have possibilities of difference from the values measured in
the two other test sites because of the ground-reflected wave effect.
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11.1.2.2 Method of measurement for reference radiation sensitivity (MUS) (data)

a) Choose the test site and the measuring distance suitable for the frequency, the
environmental conditions, the required measurement error and receiver dimensions, from
those described in annex A of IEC 60489-1.

b) Calibrate the test site and place the receiver under test as illustrated in the chosen example
of the above-mentioned annex.

c) Measure the sensitivity (MUS) according to the combination of the same method of
measurement for receivers equipped with suitable antenna terminals (see 7.1) and the
basic measuring procedure for radiation measurement described in the above chosen
subclause. Record this level in microvolts.

d) Rotate the equipment under test 45° clockwise, in a horizontal plane, and measure this
direction sensitivity (MUS) using the same procedure as in step c).

e) Repeat step d) until values have been obtained for eight azimuth positions.

f) Make a table of results and, if desired, plot them as points on a polar diagram.

g) If the results indicate that, at a particular azimuth angle, the level is significantly less than
at other angles, determine the minimum level required to open the squelch, by proceeding
as follows:

– in the vicinity of the assumed azimuth for the minimum level, select smaller azimuthal
rotation angles, for example 15°, and for each azimuthal position, measure the level.
Record the lowest level.

The field strength is the reference radiation sensitivity (MUS) (data).

11.1.3 Normal radiation sensitivity (SUS or MUS) (data)

11.1.3.1 Definition

The field strength of a signal for the normal direction of a receiver, at a specified frequency
with standard coded test signals (SCTS) which will produce the reference error ratio (data).
The normal direction is specified by the manufacturer.

NOTE 1 – The normal direction of the equipment under test is usually the operation accessing side and is specified
by the manufacturer. The normal direction may be the specific direction used for RFCD calibration measurements.

NOTE 2 – The normal radiation sensitivity can be measured in OATS (open area test sites), LRTS (low reflection
test sites) or AC (anechoic chamber). Measured values in OATS have possibilities of difference from the values
measured in the two other test sites because of the ground-reflected wave effect.

11.1.3.2 Method of measurement for normal radiation sensitivity (MUS) (data)

a) Choose the test site and the measuring distance suitable for the frequency, the
environmental conditions, the required measurement error and receiver dimensions, from
those described in annex A of IEC 60489-1.

b) Calibrate the test site and place the receiver under test as illustrated in the chosen example
of the above-mentioned annex.

c) Measure the sensitivity (MUS) (data) for the normal direction of the equipment, according to
the combination of the same method of measurement for receivers equipped with suitable
antenna terminals (see 7.1) and the basic measuring procedure for radiation measurement
described in the above chosen subclause. Record this level in microvolts.

The field strength is the normal radiation sensitivity (MUS) (data).

11.1.3.3 Compliance test method – Normal radiation sensitivity (SUS) (data)

a) Choose the test site and the measuring distance suitable for the frequency, the
environmental conditions, the required measurement error and receiver dimensions, from
those described in annex A of IEC 60489-1.
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b) Calibrate the test site and place the receiver under test as illustrated in the chosen example
of the above-mentioned annex.

c) Execute and judge with the same procedure of the sensitivity (SUS) (data) for receivers
equipped with suitable antenna terminals (see 7.2)

11.1.4 RFM radiation sensitivity (SUS or MUS) (data)

This method is under consideration.

11.1.5 RFCD radiation sensitivity (SUS or MUS) (data)

11.1.5.1 Definition

Radiation sensitivity (SUS or MUS) (data) measured in a calibrated RFCD at the determined
position and direction.

11.1.5.2 Method of measurement for RFCD radiation sensitivity (MUS) (data)

a) Choose the RFCD suitable for the frequency, the environmental conditions and receiver
dimensions, from those described in annex A of IEC 60489-1.

b) Calibrate the RFCD and place the receiver under test as described in the chosen RFCD in
the above annex. The receiver output should be connected to the comparator (data) using
one of the baseband connection arrangements described in the above annex.

c) Measure the RFCD input-signal level which will result in the reference error ratio with the
same method for receivers equipped with suitable antenna terminals (see 7.1). Read the
calibrated value for the RFCD input-signal level.

NOTE – A similar measurement to 11.1.2 or 11.1.6 is possible with a similar rotating measurement.

11.1.5.3 Compliance test – RFCD radiation sensitivity (SUS)

a) Choose the RFCD suitable for the frequency, the environmental conditions and receiver
dimensions, from those described in annex A of IEC 60489-1.

b) Calibrate the RFCD and place the receiver under test as described in the chosen RFCD in
the above annex. The receiver output should be connected to the comparator (data) using
one of the base band connection arrangement described in that annex.

c) Execute and judge with the same procedure of the sensitivity (SUS) (data) for receivers
equipped with suitable antenna terminals (see 7.2).

NOTE – A similar measurement to 11.1.6.4 is possible with a similar rotating measurement.

11.1.6 Average radiation sensitivity (SUS or MUS) (data)

11.1.6.1 Definition

The average of eight field strength measurements at a specified frequency with standard coded
test signals (SCTS) each producing the reference error ratio (data) when the receiver under
test is rotated in 45° azimuth increments starting at the normal direction.

NOTE 1 – The normal direction of the equipment under test is usually the operation accessing side and is specified
by the manufacturer.

NOTE 2 – The average radiation sensitivity (SUS or MUS) (data) can be measured in OATS (open area test sites),
LRTS (low reflection test sites) or AC (anechoic chambers). Measured values in OATS have possibilities of
difference from the values measured in the two other test sites because of the ground-reflected wave effect.

11.1.6.2 Method of measurement for average radiation sensitivity (MUS) (data)

Perform steps a) to f) of 11.1.2.2.
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11.1.6.3 Presentation of results

Calculate the average of the eight levels recorded in steps e) and f) of 11.1.2.2. Record this
value.

11.1.6.4 Compliance test – Average radiation sensitivity (SUS) (data)

a) to c) Perform steps a) to c) of 11.1.3.3.

d) Rotate the equipment under test 45° clockwise in a horizontal plane and repeat step c) until
eight azimuth positions have been tested.

e) If for five or more of the positions, a compliance with the specification has been recorded,
record that the equipment does comply with the average radiation sensitivity (SUS)
specification; otherwise record that it does not comply.

11.1.7 Diversity radiation sensitivity (SUS or MUS) (data)

This method is under consideration.

11.2 Selectivity (data)

Selectivity (data) of receiver with integral antennas is recommended to be measured in an
RFCD. The input of RFCD is measured with the same method for receivers equipped with
suitable antenna terminal (see 4.2 to 4.6). The input of RFCD can be calibrated by the
calibration method described in IEC 60489-1, annex A.

The selectivity may be measured in a test site if the test site is clear about the interfering
problem described in the above annex.

The selectivity can be evaluated by measuring

– adjacent signal selectivity,

– adjacent channel selectivity,

– cross-modulation,

– spurious response immunity, and

– intermodulation immunity.

11.3 Acceptable radio-frequency displacement

Acceptable radio-frequency displacement of a receiver with integral antennas is recommended
to be measured in an RFCD. The input of RFCD is measured with the same method for a
receiver equipped with suitable antenna terminal (see 4.8). The input of an RFCD can be
calibrated by the calibration method described in IEC 60489-1, annex A.

11.4 Impulsive-noise tolerance (integral antenna)

Degradation measurement of a receiver with integral antennas is recommended to be
measured in an RFCD. The input of RFCD is measured with the same method for a receiver
equipped with suitable antenna terminal (see 4.9). The input of an RFCD can be calibrated by
the calibration method described in IEC 60489-1, annex A.
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12 Measurements of encoder-transmitters radio-frequency parameters
(integral antenna)

12.1 Radiated radio-frequency power (data)

12.1.1  General

The measured levels may be due to the radiation from the antenna, audio lines, control lines,
power mains or from the cabinet. These measurements generally require the use of a test site
or an RFCD. Guides for the use of such test sites and RFCDs are given in IEC 60489-1,
annex A.

12.1.2 Average radiated power (data)

12.1.2.1 Definition

The average of the radiated powers (data) in eight directions distributed at 45° angles in the
horizontal plane.

NOTE – The average radiated power (data) can be measured in OATS (open area test sites) or in LRTS (low
reflection test sites) or in AC (anechoic chambers). Measured values in OATS have possibilities of difference from
the values measured in the two other test sites because of the ground-reflected wave effect.

12.1.2.2 Method of measurement for average radiated power (data)

a) Choose the test site and the measuring distance suitable for the frequency, the environ-
mental conditions, the required measurement error and transmitter dimensions, from those
described in annex A of IEC 60489-1.

b) Place the equipment under test as illustrated in the corresponding subclause of the above
annex. Connect the output of the selective measuring device to the power measuring
device described in the subclause concerning the method of measurement for the radio-
frequency output power (data) of transmitters equipped with suitable antenna terminals
(see 7.2). Calibrate the test site.

c) Measure the normal direction radiated power (data) according to the combination of the
same method of measurement for transmitters equipped with suitable antenna terminals
(see 7.2) and the basic measuring procedure for radiation measurement described in the
above chosen subclause.

NOTE – The normal direction of the equipment under test is usually the operation side and is specified by the
manufacturer. The normal direction may be the specific direction used for RFCD calibration measurements.

d) Rotate the equipment under test 45° clockwise and measure this direction radiated power
(data) using the same procedure as in step c).

e) Repeat step d) until values have been obtained for eight azimuth positions.

12.1.2.3 Presentation of results

Calculate the average of eight values measured in steps c) and d). Record measurement
conditions of the test site.

12.1.3 Maximum effective radiated power (data)

12.1.3.1 Maximum effective radiated power (data) in the horizontal plane

12.1.3.1.1 Definition

The maximum effective radiated power (data) on the horizontal plane.

NOTE – The maximum radiated power (data) can be measured in OATS, LRTS or AC. Measured values in OATS
have possibilities of difference from the values measured in the two other test sites because of the ground-reflected
wave effect.
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12.1.3.1.2 Method of measurement for maximum effective radiated power (data) on the
horizontal plane

a) Choose the test site and the measuring distance suitable for the frequency, the
environmental conditions, the required measurement error and transmitter dimensions,
from those described in annex A of IEC 60489-1.

b) Place the transmitter under test as illustrated in the corresponding subclause of the above
annex. Connect the output of the selective measuring device to the power measuring
device described in the subclause concerning the method of measurement for the radio-
frequency output power (data) of transmitters equipped with suitable antenna terminals (see
7.2). Calibrate the test site.

c) Measure the normal direction radiated power (data) according to the combination of the
same method of measurement for transmitters equipped with suitable antenna terminals
(see 7.2) and the basic measuring procedure for radiation measurement described in the
above chosen subclause.

NOTE – The normal direction of the equipment under test is usually the operation side and is specified by the
manufacturer. The normal direction may be the specific direction used for RFCD calibration measurements.

d) Rotate the transmitter under test in the horizontal plane and find the direction which has the
maximum indication on the power measuring device. Note the maximum indication.

12.1.3.1.3 Presentation of results

Calculate the maximum effective radiated power on the horizontal plane and record the
direction in step d).

12.1.3.2 Maximum effective radiated power (data) on a spherical surface

12.1.3.2.1 Definition

The maximum effective radiated power (data) observed on a closed surface surrounding an
antenna.

NOTE – The maximum radiated power (data) can be measured in LRTS or in AC.

12.1.3.2.2 Method of measurement for maximum effective radiated power (data) on a
spherical surface

a) to c) Perform steps a) to c) in 12.1.3.1.2

d) Rotate the transmitter under test in the horizontal plane and find the direction which has the
maximum indication on the power measuring device.

e) Rotate the transmitter under test 90° in the vertical plane, keeping the direction found in
step d) to the measuring antenna.

f) Orient the measuring antenna so that it is horizontally polarized. Rotate the transmitter
under test in the horizontal plane and note the maximum indication. This will be the
direction which has the maximum radiated power on a spherical surface.

g) If an other direction presents the more radiated power, confirm it for that direction,
repeating steps d) to f).

12.1.3.2.3 Presentation of results

Calculate the maximum effective radiated power in step f) and record the direction in step d) as
the horizontal plane direction and the direction in step f) as the vertical plane direction.

12.1.4 Random field measurement (RFM) radiated power (data)

12.1.4.1 Definition

The median of radiated power measurements taken along a random path in a random field.

NOTE – The RFM radiated power (data) can be measured in an RFM site.
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12.1.4.2 Method of measurement for RFM radiated power (data)

a) Confirm the construction parameter of the RFM site and place the transmitter under test as
illustrated in annex A of IEC 60489-1. In the case of a type 4 (short emission, modulated
carrier), the micro-computer described in the annex A should have the same function as the
waveform recorder described in the subclause concerning the method of measurement for
the radio-frequency output power (data) of transmitters equipped with suitable antenna
terminals (see 7.2.3).

b) Measure the RFM radiated power (data) according to the combination of the same method
of measurement for transmitters equipped with suitable antenna terminals (see 7.2) and
the basic measuring procedure for radiation measurement described in annex A of
IEC 60489-1.

12.1.4.3 Presentation of results

Record the RFM radiated power, the path length and the DDD value measured in 12.1.4.2
step b).

NOTE – DDD value express the measuring error or repeatability in the test site evaluation measurement described
in annex A of IEC 60489-1.

12.1.5 RFCD radiated power (data)

12.1.5.1 Definition

The signal level at the output of an RFCD, in which the transmitter under test operates,
calibrated by the specific direction radiated power in a test site.

12.1.5.2 Method of measurement for RFCD radiated power (data)

a) Choose an RFCD for the frequency and size of transmitter under test from those described
in annex A of IEC 60489-1.

b) Calibrate or confirm the calibration value for the output signal level of RFCD. The
calibration should be performed with the calibration method for the chosen RFCD described
in the subclause of the above annex.

c) Place the transmitter under test in the specified position and specified direction and
activate the transmitter.

d) Measure the output level of the RFCD according to the same method of measurement for
transmitters equipped with suitable antenna terminals (see 7.2).

NOTE 1 – A similar measurement to 12.1.2 or 12.1.3.1 on a horizontal plane is possible with a similar rotating
measurement.

NOTE 2 – The similar measurement to 12.1.3.2 is possible with a similar rotating measurement if the coupling
difference of the chosen RFCD is specified for the EUT height difference. EUT height will differ under global
direction rotation.

12.1.5.3 Presentation of results

Calculate the RFCD radiated power (data) from the relation of the values in step b) and step d).
Record the position, the direction of the transmitter under test in the RFCD and the calibration
value.

12.1.6 Radiated spurious narrow-bandwidth emission power (data)

The methods of measurement for the radiated spurious narrow-bandwidth emission power
(data) are principally the same as those of radiated radio-frequency power (data) described in
12.1.2 to 12.1.5. The only different condition for the radiated spurious measurement is the
presence of very high level carrier. Therefore, the measurement conditions are the same as
the combination of the above radiated power measurement and the measurement of the
terminal spurious narrow-bandwidth radio-frequency emission power in 7.3.
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The different kinds of radiated, spurious narrow-bandwidth emission power (data) are as
follows:

– average radiated spurious narrow-bandwidth emission power (data);

– maximum effective radiated spurious narrow-bandwidth emission power (data);

– RFM radiated spurious narrow-bandwidth emission power (data);

– RFCD radiated spurious narrow-bandwidth emission power (data).

12.1.7 Radiated adjacent and alternate channel power (data)

12.1.7.1 Definitions

The radiated adjacent and alternate channel power from transmitters with integral antennas.

12.1.7.1.1 Adjacent and alternate channel power (data)

The adjacent and alternate channel power (data) of transmitters operating in systems allocated
on a channel basis and in continuous mode, is that part of the total mean power output of a
transmitter which falls within a specified bandwidth centered on the centre frequency of either
of the adjacent or first or second alternate channels.

12.1.7.1.2 Adjacent and alternate channel power due to modulation (data)

The adjacent and alternate channel power, due to modulation (data) of transmitters operating
in systems allocated on a channel basis and in burst repetition mode, is that part of the total
mean power output of a transmitter resulting from the modulation which falls within the
specified bandwidth centered on the centre frequency of either of the adjacent or first or
second alternate channels during the burst.

12.1.7.1.3 Adjacent and alternate channel power due to switching transients (data)

The adjacent and alternate channel power, due to switching transients (data) of transmitters
operating in systems allocated on a channel basis and in burst repetition mode, is the greatest
mean of that part of the total power resulting from the ramping-on and ramping-off of a
transmitter, which falls within the specified bandwidth centered on the centre frequency of
either of the adjacent or first or second alternate channels.

12.1.7.1.4 Adjacent and alternate channel power during a burst period (data)

The adjacent and alternate channel power, during a burst period (data) of transmitters
operating in systems allocated on a channel basis and in burst repetition mode, is that part of
the total mean power output of a transmitter during a burst period which falls within the
specified bandwidth centered on the centre frequency of either of the adjacent or first or
second alternate channels during the burst.

12.1.7.2 Method of measurement

This method uses RFCD or near-field coupling of the transmitter and the test antenna in the
Faraday cage (if necessary) and the output of RFCD or the test antenna is measured with the
same method as for the adjacent channel power (data) of transmitters equipped with suitable
antenna terminals (see 7.4). The method uses the ratio measurement and the coupling of
RFCD or the coupling of the transmitter and the test antenna is calculated from the RFCD
radiated power (data) measured as described in 12.1.5 or from the normal direction radiated
power (data) measured as described in 12.1.3.1.2, step c).
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NOTE – All or part of the encoder, combiner and the data source (if required) may be inside the transmitter.

Figure 1 – Input ports and encoder of transmitter

Figure 2 – Input-signal source test arrangement

Key

1 Radio-frequency signal generator with source impedance Ri

2 Transmission line

3 Impedance matching network (pad)

4 Nominal input impedance of receiver: Rn

5 Artificial antenna (where required)

Rs Impedance of the input signal source

IEC   739/99

IEC   740/99

Ri
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Figure 3 – Example of an arrangement for testing receiver for duplex operation

NOTE – The output signals of all generators should be reduced to zero, unless otherwise indicated in the method of
measurement.

Figure 4 – General test arrangement for receiver-decoder characteristics

Key
1  Input-signal source 6  Receiving part of the equipment
2  Band-stop filter 7  Radio-frequency signal generator
3  Attenuator 8  Radio-frequency signal generator
4  Combining unit belonging to the equipment under test 9  Radio-frequency combining network
5  Transmitting part of the equipment

Key
1 Encoder
2 Radio-frequency signal generator
3 60 dB step attenuator (1 dB steps)
4 Matching and combining network
5 Audio-frequency signal generator
6 Radio-frequency signal generator
7 Matching and combining network (if required)
8 Radio-frequency signal generator (if required)
9 60 dB step attenuator (1 dB steps)
10 Receiver-decorder
11 Radio-frequency coupling device (if required)

IEC   741/99

IEC   742/99
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Figure 5 – Illustration of selectivity (SUS and MUS)

Figure 6 – Arrangement for measuring receiver-decoder sensitivity reduction
under multipath propagation conditions

Figure 5b – Selectivity measurement
using measured usable sensitivity

Figure 5a – Selectivity measurement
using specified usable sensitivity

Key
1  Encoder
2  Radio-frequency signal generator
3  Rayleigh fading simulator
4  Step attenuator (1 dB steps)
5  Radio-frequency coupling device
6  Receiver-decoder

3 dB

3 dB

IEC   743/99

IEC   744/99
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Figure 7 – Measuring arrangement

Figure 8 – Protection time

Key
1  Controller (programme)
2  Encoder
3  Audio-frequency signal generator (if required)
4  Matching and communing network (if required)
5  Radio-frequency signal generator
6  Attenuator
7  Oscilloscope
8  Radio-frequency coupling device (if required)
9  Receiver-decoder

Case a: Correct alarm response to
correctly coded signal

Case b: False alarm response
to two incorrect but comple-
mentary signals, where the
second is transmitted within the
required protection time

Case c: No alarm response to two incorrect
signals as in Case b, but when the interval
between the complementary parts just
exceeds the required protection time

Response to
code burst A
Response to
code burst B

IEC   745/99

IEC   746/99
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Figure 9 – Measuring arrangement for signal-to-residual output-power ratio
(selective calling)

Figure 10 – Measuring arrangement for antenna terminal
and a.c. power terminal conducted spurious components

Key
1  1 000 Hz generator
2  Audio-frequency signal generator
3  Matching and combining network
4  Radio-frequency signal generator
5  Attenuator
6  Receiver-decoder
7  Radio-frequency coupling device
8  Audio-frequency test load
9  Audio-frequency voltmeter

Key
1  Receiver under test
2  Artificial antenna, if required (see 5.1.2.2)
3  Test load
4  Selective measuring device
5  Mains power line impedance stabilization (isolation) network
6  Switch

Power mains

IEC   747/99

IEC   748/99IECNORM.C
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Figure 11 – Measuring arrangement for encoder transmitters

Figure 12 – Measuring arrangement for adjacent channel power
which needs radio-frequency generator replacement

Key
1 Data source (may be incorporated in the transmitter)
2 Encoder (may be incorporated in the transmitter)
3 Transmitter under test
4 Test load
5 Coupler/attenuator
6 Frequency counter or digital storage spectrum analyser for frequency error

– Power meter or waveform recoder for average power spectrum analyser for spurious components
– Power measuring receiver or digital storage spectrum analyser for adjacent channel power

7 Waveform recoder for spurious components (if necessary)

Key
1  Data source (may be incorporated in the transmitter)
2  Encoder (may be incorporated in the transmitter)
3  Transmitter under test
4  Test load
5  Coupler/attenuator
6  Power measuring receiver
7  Radio-frequency generator

IEC   749/99

IEC   750/99
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Figure 13 – Encoder overall operate time

Programming Encoder

Delay
device

Noise or
interference

source

Adaptive device for
impedance matching
and signal variation

Decoder

Comparator
device

Code-counting
device

Success
counting
device

Figure 14 - Typical measurement arrangement

may be incorporated in the operate time to
provide for such other events as transmitter attack
time before the signal code is sent in interval t2

IEC   751/99

IEC   752/99

A
m

p
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u
d

e
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Figure 15 – Decoder operation level range

Figure 16 – Decoder attack time

+10+50-5

0,8

1,0

IEC   753/99

IEC   754/99
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Figure 17 – Decoder required protection time

Figure 18 – Typical measuring arrangement

Decoder required
protection time

Decoder required
protection time

Response to
code burst A
Response to
code burst B

Case c: No alarm response to two incorrect
signal as in case b but when the interval
between the complementary parts just
exceeds the required protection time

Case b: False alarm response to
two incorrect but complementary
signals where the second is
transmitted within the required
protection time.

Case a: Correct alarm response to
correctly coded signal.

IEC   755/99

IEC   756/99
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Figure 19 – System overall operate and alarm time

Alarm circuit response
(voltage)                     %

IEC   757/99
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Annex A
(normative)

Examples of combining networks

A.1  Examples of simple combining networks

Figures A.1 and A.2 illustrate examples of resistance networks suitable for combining the
output signals of two or three signal generators.

A.2  Examples of network providing higher isolation between signal generators

Resistance networks, as shown in figures A.1 and A.2, may not provide sufficient isolation
between signal generators to avoid intermodulation products appearing in their output. The
high isolation networks described in notes 1 and 2 reduce this effect.

NOTE 1 – See IEC 60315-2 (clause 12 and figures 1, 2 and 3).

NOTE 2 – An example of a combining network using a hybrid ring is shown in figure A.3. The operation of this
device is as follows.

The coaxial cable of the hybrid ring is cut to lengths of multiples of a quarter wavelength of the median frequency.
The power from signal generator GA will then be divided equally between the termination point A (provided the
network is loaded at that point by a resistance Ri) and the resistor R1, the value of which is equal to Ri. The signals
from signal generator GA at the output terminals of signal generator GB will cancel each other since the two paths
differ by half a wavelength.

The power from signal generator GB is similarly divided and its signal at the output of the signal generator GA

cancelled.

Because the coaxial cable of the hybrid ring has a relatively low quality factor (Q), the cancellation will be effective
over a wide range of frequency difference between the frequencies of the generators GA and GB.

The source impedance Rs of the left-hand part of the network at point A is equal to Ri (e.g. 50 Ω) if the

characteristic impedance of the cable is Ri 2  (e.g. 71 Ω)

If, for certain measurements, a wanted signal in combination with two unwanted signals is needed, the third
generator, GC, supplying the wanted signal should be connected to point A by means of the combining network
shown in the right-hand part of figure A.3.

The source impedance R’s of the complete network at point B is equal to Ri (e.g. 50 Ω) if

R R R
R

1 2 3
i

3
= = =
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NOTE – The source impedance Rs of the network is equal to Ri if:

R R R
R

1 2 3
i

3
= = =

in this case, the network attenuation is about 6 dB.

Figure A.1 – Network for combining two signals

Ri

Ri

Ri

R1 R4

R2

R3

R3

eA

eS

eC•

RS

NOTE – The source impedance Rs of the network is equal to Ri if:

R R R
R

1 2 3
i

2
= = = =R

4

in this case, the network attenuation is about 10 dB.

Figure A.2 – Network for combining three signals

eB

Rs

R3

R2

R1

Ri

Ri

R3

Rs

R2

R4

eC

Ri

eS

Ri

R2

eA

Ri

IEC   758/99

IEC   759/99
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GA and Gg = signal generators

GC = additional signal generator, when required

Figure A.3 – Example of combining network using a hybrid ring

G = radio-frequency signal generator

M = matching network

R = receiver

R i n
2

2

1
=

× ×
−

N R R

N

R Ri1 2
1
1

= +
−





 −R N

N

R Rn3 2
1
1

= +
−





 −R N

N

where N is the required power loss ratio

Figure A.4 – Example of a matching network

R1

R3

R4

R3R1Ri
R2

eA

GCGBGA

eB eC

eg

Rs

Rs

RiRiRi

RnRs

IEC   760/99

IEC   761/99
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Annex B
(normative)

Recommended characteristics of measuring equipment
and methods of test

B.1  Method for testing the intermodulation characteristics of the signal
generators

The intermodulation in the signal generators may be tested using the following procedure.

Insert a variable attenuator between the combining network and the receiver under test.
Increase the attenuation in steps of 1 dB and increase the output voltages of the generators by
the same amounts, thus maintaining the original signal level at the input to the receiver.

Since the intermodulation products in the output should remain constant, any increase is
caused by intermodulation in the signal generators.

B.2  Method of testing signal generator noise

The measurement of certain characteristics, for example, adjacent channel selectivity, can be
erroneous when a signal generator having a high spectral noise constant is used.

At frequencies below 200 MHz, a crystal filter having at least 20 dB rejection at the adjacent
channel can be connected at the output of the generator under test as a means of assessing
whether a result is influenced by signal generator noise.

B.3  Power measuring receiver

See clause A.7 of annex A of IEC 60489-2.

B.4  Spectrum analyser

See clause A.8 of annex A of IEC 60489-2.

B.5  Power measuring receiver with a digital band-pass filter

This power measuring receiver uses digital signal processor (DSP) technology for realizing the
channel band-pass filter. An example of the block diagram of the power measuring receiver is
shown in figure B.1. The characteristics of the digital band-pass filter are shown in table B.1.

Table B.1 – Characteristics of digital band-pass filter

Phase characteristics Amplitude tolerance from specified values of a system
dB

Point 3 6 40 70

Type 1 Designed to be linear ±0,2 ±0,5 +3/0 +10/0

NOTE 1 – The listed points should be specified for the receiver filter normal attenuation values in a system.
The 0 dB point is the minimum attenuation point.

NOTE 2 – If the above points are not specified in a system receiver filter, the interpolated values may be
used.
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Figure B.1 – Example of power measuring receiver with a digital band-pass filter

Key
1  Mixer
2  Local oscillator
3  A/D converter
4  Digital band-pass filter
5  Memory
6  Display
7  CPU

IEC   762/99
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Annex C
(normative)

Rayleigh fading simulator

C.1  General characteristics of a Rayleigh fading simulator

A Rayleigh fading simulator is a test apparatus which will modulate a radio-frequency signal in
a manner which simulates the fast variation of signals encountered in the mobile services. The
following three characteristics of a fading simulator must be known:

a) the phase distribution of the fading-modulated signal;

b) the level distribution of the envelope of the modulated signal;

c) the mean rate at which the envelope of the modulated signal crosses a given level (in one
direction).

Measurements using Rayleigh fading simulators are meaningful only if the results which are
obtained depend only slightly on the simulator used. To ensure this, it is necessary that the
Rayleigh simulator has the following characteristics.

1) The phase of the modulated radio-frequency signal shall have a density distribution within
±20 % of 0,5 π with reference to the phase of the radio-frequency input signal over the
range of –π to +π radians.

2) The cumulative distribution of the envelope of the modulated radio-frequency signal shall
be within ±2 dB of a cumulative Rayleigh distribution over a range of +8 dB to –32 dB
referred to the r.m.s. value of the modulated radio-frequency signal. According to the
Rayleigh law, P(Γ) is the probability that the envelope of the modulated radio-frequency is
equal to or less than the value of x as calculated below:

( )P Γ Γ= − −1
2

e (C.1)

where

Γ = =x
x (r. m. s)

instantaneous envelope voltage
r. m. s.  voltage of the envelope

(C.2)

3) The mean level crossing rate (in one direction) shall be within ±20 % of:

N fθ θθ= × × − −2
2

π m e , in s 1 (C.3)

for θ varying from +5 dB to −25 dB with ƒm = ν/λ (C.4)

where

ν is the vehicle velocity, in metres per second

λ is wavelength of signal, in metres

Γ = =x
y (r. m. s)

voltage level for envelope crossing rate determination
r. m. s.  voltage of the envelope

(C.5)

The r.m.s. will have large short-term variations. Therefore, to reduce the uncertainty, its
value should be determined over a sufficiently long period.

NOTE – The median value of the envelope is 1,6 dB less than the r.m.s. value.

For an example of a Rayleigh fading simulator, see figure C.1.
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C.2  Performance verification of a Rayleigh fading simulator

C.2.1  Principle of verification

This verification applies to each of the parameters previously defined under items a), b) and c)
of clause C.1. It consists of

1) comparing the values obtained at the simulator output with the theoretical values
corresponding to phase distribution, envelope distribution and mean level crossing rate;

2) ensuring that the corresponding deviations do not exceed the permitted tolerance.

C.2.2  Equipment used

A fast logarithmic radio-frequency selective measuring device, a phase meter, and means for
analysing a distribution are required to carry out the performance verification. An example of
equipment for doing this is illustrated in figure C.2.

The requirements for the equipment are:

– the baseband output of the logarithmic radio-frequency measuring device shall have a flat
response from 0 Hz to 3 000 Hz and an output range of 40 dB. The output of the radio-
frequency selective measuring device shall be compatible with the input range of the A/D
converter;

– the A/D converter shall have 8-bit encoding and have a conversion time no greater than
80 ms;

– the memory should be capable of storing at least 32 000 8-bit words (bytes) at the rate
generated by the A/D converter. Although this memory size will not hold all of the
information generated in one measurement, statistical significance will not be lost if the
samples are taken in several segments, provided that the sum of the samples in the
segments is equal to the required number of samples;

– the baseband output of the phase meter shall have a flat response from 0 Hz to 3 000 Hz
and be able to make accurate phase measurement over an amplitude range of at least
40 dB;

– the processor should be capable of storing the output of the A/D converter in the memory
and then taking the information from the memory and processing it.

NOTE 1 – If the output of the A/D converter is processed in real time to provide an address to a memory position
that can be made to correspond to a level or phase, then the memory position content can be increased by 1 each
time that it is addressed. This method requires only 256 16-bit words of memory for the amplitude or phase
measurement and reduces the time needed to process the data.

NOTE 2 – For the crossing rate measurement, the same process can be used. In this case, however, seven
analogue comparators, each connecting to a 16-bit word of memory, would be required.

C.2.3  Method of measurement

C.2.3.1  Method of measurement for phase distribution

NOTE – To achieve statistical significance, this measurement requires that 64 000 phase samples be used to verify
the phase performance of the Rayleigh fading simulator.

a) Connect the equipment as illustrated in figure C.2.

b) Adjust the frequency of the clock of the A/D converter to 40 times fm, in hertz.

c) Adjust the frequency of the radio-frequency signal generator to the frequency band of
interest and note the frequency.

NOTE – The Rayleigh fading simulator should be verified at a radio-frequency which is within 20 % of the
frequency of the receiver being measured.

d) Adjust the velocity control of the Rayleigh fading simulator (or bandwidth of the noise
lowpass filters) according to equation (4) for a specified velocity of the application of
interest and note the velocity.
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The specified velocities are:

– 10 km/h, 20 km/h, 50 km/h and 100 km/h for mobile application;

– 1 km/h, 2 km/h, 5 km/h and 10 km/h for portable application.

If the velocity control is adjustable in discrete steps, it shall be set to within 20 % of the
specified velocity.

e) Adjust the radio-frequency input level to the Rayleigh fading simulator to the value specified
by the manufacturer.

f) Clear the memory, and reset the sample counter (or clock).

g) Run the measurement for 64 000 samples, and store the values of the samples in the
memory.

h) Process the information in the memory to determine the number of samples that occurred
in each 10 degree phase increment, and record the results.

i) Repeat steps d) to h) for the other specified velocities.

C.2.3.2  Presentation of results

a) Record the radio-frequency noted in step c) and the velocity in step d) of C.2.3.1.

b) Make a table of the phase angles and the number of samples in each of the 36 10-degree
increments for each velocity recorded in step d) or C.2.3.1.

c) If the number of samples in each class lies between 1 422 and 2 134, record that the
simulator complies with this IEC standard for the phase distribution at the specified velocity
and radio-frequency.

C.2.3.3  Method of measurement for crossing rate and envelope distribution

NOTE – To achieve statistical significance, the crossing rate measurement requires that 128 000 samples of the
envelope be used to verify the crossing rate performance of the Rayleigh fading simulator. The same samples may
be used to measure the envelope distribution of the Rayleigh fading simulator.

a) Connect the equipment as illustrated in figure C.2.

b) Adjust the conversion rate of the A/D converter to 128 times fm, in hertz.

c) Adjust the frequency of the radio-frequency signal generator to the frequency band of
interest, and note the frequency.

NOTE – The Rayleigh fading simulator should be verified at a radio-frequency which is within 20 % of the
frequency of the receiver being measured.

d) Adjust the velocity control of the Rayleigh fading simulator (or bandwidth of the noise
lowpass filters) according to equation (C.4) for a specified velocity of the application of
interest and note the velocity.

The specified velocities are

– 10 km/h, 20 km/h, 50 km/h and 100 km/h for mobile application;

– 1 km/h, 2 km/h, 5 km/h and 10 km/h for portable application.

If the velocity control is adjustable in discrete steps it shall be set to within ±20 % of the
specified velocity.

e) Adjust the radio-frequency input level to the Rayleigh fading simulator to the value specified
by the manufacturer.

f) Clear the memory, and reset the sample counter (or clock).

g) Run the measurement for 128 000 samples, and store the value of the samples in the
memory.

h) Process the information in the memory to determine the cumulative distribution of the
samples. It is recommended that each class have a width of 1 dB.
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I) Process the information in the memory to determine the number of level crossings (one
direction) of the envelope for each level (–25, –20, –15, –10, –5, 0 and +5 dB) referred to
the r.m.s. value of the signal envelope.

j) Repeat steps d) to i) for the other specified velocities.

C.2.3.4  Presentation of results for envelope distribution

a) Record the frequency noted in step c) and the velocity noted in step d) of C.2.3.3.

b) Plot the cumulative distribution determined in step h) of C.2.3.3 on Rayleigh graph paper, or
make a table of Γ in decibels and the cumulative number of samples.

c) Record the verification that the simulator complies with this IEC standard for the cumulative
envelope distribution at the specified velocity and radio-frequency if the value lies within
2 dB of the corresponding value defined by equation (C.1) or if the cumulative number of
samples is within the range shown in table C.1.

C.2.3.5  Presentation of results for level crossing rate

a) Make a table of the envelope levels, and the number of crossings for each level and for
each velocity observed in step d) of C.2.3.3.

b) Record the verification that the simulator complies with IEC standards for level crossing
rate if the number of crossings for each level is within the range shown in table C.2, for
each specified velocity and radio-frequency.
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Table C.1 – Limits for the cumulative number of samples at each value of decibels

Level
dB

Lower limit Expected value Upper limit

–32
–31
–30
–29
–28
–27
–26
–25
–24
–23
–22
–21
–20
–19
–18
–17
–16
–15
–14
–13
–12
–11
–10
–9
–8
–7
–6
–5
–4
–3
–2
–1
0
1
2
3
4
5
6
7
8

51
64
81

102
128
161
203
255
321
404
509
640
805

1 013
1 274
1 601
2 013
2 529
3 175
3 984
4 996
6 257
7 827
9 774

12 181
15 141
18 761
23 153
28 432
34 702
42 036
50 456
59 893
70 159
80 911
91 653

101 764
110 595
117 617
122 582
125 611

81
102
128
161
203
255
321
404
509
640
805

1 013
1 274
1 601
2 013
2 529
3 175
3 984
4 996
6 257
7 827
9 774

12 181
15 141
18 761
23 153
28 432
34 702
42 036
50 456
59 893
70 159
80 911
91 653

101 764
110 595
117 617
122 582
125 611
127 148
127 767

128
161
203
255
321
404
509
640
805

1 013
1 274
1 601
2 013
2 529
3 175
3 984
4 996
6 257
7 827
9 774

12 181
15 141
18 761
23 153
28 432
34 702
42 036
50 456
59 893
70 159
80 911
91 653

101 764
110 595
117 617
122 582
125 611
127 148
127 767
127 955
127 994

Table C.2 – Limits for the number of level crossings in the measurements

Level
dB

Expected rate
fm

Lower limit Expected
value

Upper limit

–25
–20
–15
–10
–5
0

+5

0,14
0,25
0,43
0,72
1,02
0,92
0,19

112
199
345
574
822
738
151

141
248
432
717

     1 027
922
189

169
298
518
861

     1 233
     1 107

226
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Figure C.1 – Example of a Rayleigh fading simulator

NOTE – If the simulator (2) does not have a zero velocity setting, it should be bypassed and the output of the
generator (1) should be adjusted to allow for its attenuation.

Figure C.2 – Example of measuring arrangement for evaluating a Rayleigh fading simulator

Key
1, 2  Gaussian noise generator
3  90° phase shifter
4, 5  Low-pass filter
6, 7  Balanced mixers
8  Power divider
9  Hybrid

Key
1  Radio-frequency signal generator
2  Rayleigh fading simulator
3  Phase meter
4  Logarithmic, radio-frequency, selective measuring device
5  A/D converter
6  Memory (if necessary)
7  Processor
8  Output device
9  Variable clock

Modulated
radio-frequency
output signal

Unmodulated
radio-frequency
input signal

73

98

51

42

6

8765
3
or
4

21

9

IEC   763/99

IEC   764/99
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Annex D
(informative)

Intermodulation response

D.1  Intermodulation response

Intermodulation responses corresponding to the intermediate frequency are not significant in
this class of equipment.

Unwanted signal frequencies which may produce an intermodulation response are related to
the wanted signal frequency as follows.

D.1.1  Second-order relationship

f f fw r n= ±

NOTE – Commonly used frequency relationships include:

fff ∆+= wn ff f ∆−= wn

or

fff ∆+= wr 2 fff ∆−= wr 2

D.1.2  Third-order relationship

f f fw n r= ±2

NOTE – Commonly used frequency relationships include:

fff ∆+= wn fff ∆−= wn

or

fff ∆+= 2wr fff ∆−= 2wr

D.1.3  Fifth-order relationship

f f fw n r= ±3 2

NOTE – Commonly used signal frequency relationships include:

fff ∆+= wn fff ∆−= wn

or

fff ∆+= 5,1wr fff ∆−= 5,1wr

where

fw is the frequency of the wanted signal

fn is the frequency of the nearer unwanted signal

fr is the frequency of the more remote unwanted signal

∆f is the frequency difference between the wanted signal and the nearer unwanted signal

Other intermodulation orders exist. However, selection of a reasonable number of frequencies
fn and fr is generally sufficient to describe the performance of the equipment considered in this
standard with respect to intermodulation.

Annex E
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Annex E
(normative)

Accuracy and dispersion of methods of measurement and compliance
tests for sensitivity (data and selective calling) and degradation

measurements (data and selective calling)

E.1  Introduction

This discussion will show, by analysis of examples, the underlying basis for determining the
accuracy and dispersion for the methods of measurement and compliance tests used in this
standard. The examples of error ratio curves selected are typical for receiver-decoders that will
be measured using the methods in this standard.

The methods of measurement and compliance tests have been designed to provide the desired
degree of accuracy and dispersion for equipment that have error ratio versus input-signal level
curves that have significantly less slope than the examples used in this discussion.

The analysis given in this annex will allow one to use other examples of error ratio curves to
evaluate the methods of measurement or compliance tests used in this standard.

In this standard, there are measurements of receiver radio-frequency parameters for several
types of signals each having a standardized reference error ratio. The radio-frequency
parameters fall into three classes: sensitivity, sensitivity reduction under multipath propagation
conditions and degradation. In this annex sensitivity reduction under multipath propagation
conditions will be referred to as fading.

Sensitivity is the level of radio-frequency input signal required to produce the reference error
ratio.

In this standard, the fading measurements are made using a Rayleigh fading simulator.
However, most of the measurements are made in the static condition and in this annex, unless
otherwise stated, the static condition is implied.

The fading margin is the ratio of radio-frequency input-signal level (static) required to produce
the reference error ratio to the radio-frequency input-signal level (faded) required to produce
the reference error ratio.

In the degradation measurements, the requirement is to find the level of the unwanted input
signal that causes a wanted input signal which is 3 dB in excess of the reference sensitivity
that will produce the reference error ratio.

Different methods of measurements are used for the different signals. The two methods of
measurement used in this standard are named the up/down method and the straddle method. A
summary of the types of parameters, signals, the reference error ratio and the method of
measurement used are shown in table E.1.

NOTE – In the title of some of the figures the word “bit” has been used for bit stream and “character” has been used
for character string. The word “fading” has been used for sensitivity (fading).
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Table E.1 – Reference error ratios

Receiver parameter Type of signal Reference error ratio Method of measurement
used

Sensitivity

Sensitivity

Sensitivity

Sensitivity

Sensitivity (fading)

Sensitivity (fading)

Sensitivity (fading)

Sensitivity (fading)

Degradation

Degradation

Degradation

Degradation

Selective calling

Data (bit stream)

Data (character string)

Data (message)

Selective calling

Data (bit stream)

Data (character string)

Data (message)

Selective calling

Data (bit stream)

Data (character string)

Data (message)

0,20 1)

0,01

0,01

0,20

0,20 1)

0,01

0,01

0,20

0,20 1)

0,01

0,01

0,20

Up/down 2)

Straddle

Straddle

Up/down 2)

Up/down 2)

Straddle

Straddle

Up/down 2)

Up/down 2)

Straddle

Straddle

Up/down 2)

1) Selective calling uses the reference of 80 % calling probability.

For this discussion, the selective calling reference error ratio is 1 – 0,80 or 0,20.
2) The method of measurement for messages used in this standard is based on the up/down method. This
method seeks a signal level of wanted or unwanted signals so that the message sequence will have an error
ratio of 50 %.

The relationship between the number of messages in a sequence and the error ratio for the
sequence is:

( ) 5,01 m =− NP

where

Pm is the message error rate of the message sequence;

N is the number of messages in each sequence.

For example, for a Pm of 0,2, N is very nearly 3, which is used in the message measurements.
The up/down method of measurement assumes that the errors occur independently from one
message to the next, which is indeed the case. However, this method is not used for bit stream
or character string measurements, because for these, the assumption does not always hold.

It should be noted that measurements of a radio-frequency parameter, for example reference
sensitivity on the same receiver-decoder for bit stream, character string or message, will
probably not give the same result.

E.2  Measurement and compliance test

In this standard there are two types of methods of measurement. Both types are included
because they serve different purposes.

E.2.1  Measurement

The first type of measurement measures the parameter which is the input-signal level or the
unwanted signal level that produces the reference error ratio. Since this method provides an
estimate of the parameter, it is a two-sided test and usually requires a longer measurement
than the compliance test. This method of measurement in this discussion is referred to as a
method of measurement.
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E.2.2  Compliance test

The second type of measurement is the compliance test which only determines if the error ratio
is greater or smaller than the reference error ratio for a specified level of input signal and
unwanted signal(s). This is a one-sided test and, in many cases, can be performed in less time.
An important characteristic of a compliance test method is its risk curve (see E.8.4). The
concept of the risk curve has a correspondence to the concept of dispersion for methods of
measurement.

E.3  Dispersion

Dispersion of a measurement is characterized by a probability distribution of the results of the
measurement that can be expected when the measurement is performed many times on the
same equipment under the same conditions.

E.3.1  Definition of dispersion

Dispersion varies with test equipment, with operator and, in the measurement of selective call
and data receivers, with the statistical process used in the measurement. In this annex, only
the latter is discussed for measuring sensitivity, fading and degradation.

The measurements will produce values (estimates) which have a probability distribution that
has a bell shape for units of input-signal level in decibels. Since the probability distribution can
be different for each receiver-decoder measured, the dispersion is defined as the range of
input-signal levels from the level where the cumulative probability distribution equals 0,05
probability to where it equals 0,95 probability (e.g. –1,2 to 0,9 dB).

For compliance tests, dispersion is defined as the difference between the receiver-decoder
parameter that has a 0,95 probability of passing and one that has a 0,05 probability of failing
(see E.8.4).

E.3.2  Magnitude of dispersion

The design goals for the methods of measurement and compliance test methods in this
standard are to have a dispersion and risk of:

±1 dB or less for sensitivity,

±2 dB or less for degradation (e.g. selectivity or intermodulation),

±2 dB or less for fading.

This was done by assuming the lowest slope of the error ratio curves generally experienced in
current receiver-decoders and by selecting the number of elements (tones, bits, characters or
messages) used in the method of measurement or compliance test method.

While the examples used in this discussion are typical, they have considerable margin to the
above goals in their dispersion and risk. The methods of measurement and compliance test
methods have been designed with this in mind, as there may be receiver-decoders measured
that have error ratio curves that are significantly different from those in the examples.

The number of elements selected for the methods of measurement or compliance test methods
have been reduced to the minimum, consistent with the above goals.

While there are many useful methods available for making these measurements and
compliance tests, the methods chosen to be standardized for this standard will produce the
desired dispersion and risk.
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E.4  Accuracy

Accuracy for methods of measurement, in this annex, is characterized by the difference
between the average estimate obtained from the measurement and the theoretical value
that one would expect to obtain. For example, if the theoretical value for a method of
measurement is 0 dB and the average of the estimates obtained from the method of
measurement is –0,08 dB, the accuracy of the method of measurement is –0,08 dB. Accuracy
should not be confused with the range of dispersion. A method of measurement could have a
small dispersion and a high inaccuracy or the opposite. Ideally, the method of measurement
should have low values for both dispersion and accuracy.

Accuracy for compliance test methods is the difference between the relative input-signal level
that produces 0,5 probability of passing and the theoretical value.

E.5  Shapes of error ratio curves

Important factors that determine the dispersion of a method of measurement or the risk of
compliance test methods are the reference error ratio, the shape of the error ratio curve of the
equipment under test and the number of elements used in the method of measurement or
compliance test method.

The shape of the error ratio curve for a receiver-decoder can be determined by the lengthy
process of measuring the error ratio for different input-signal levels and plotting the result. In
this standard, it is assumed that the error ratio curve is not known to the operator except for
some general bounds and is not required by the method of measurement or the compliance
test method. In this annex, however, the examples used provide a model that allows the error
ratio curve to be determined for the examples which are used in this discussion.

All of the error ratio curves for the examples used in this annex have been normalized so that
0 dB is at the reference error ratio. The analysis only makes use of the shape of the error ratio
curves. Receiver-decoders that require a greater signal-to-noise ratio will have their error ratio
curves shifted to the right and if the required signal-to-noise ratio is less, the error ratio curves
will be shifted to the left.

E.5.1  Shapes of bit stream error ratio curves

E.5.1.1  For sensitivity measurements

For data (bit stream), common examples of error ratio functions (see page 406 of reference
[1])* used for receiver-decoders (static) are:

( )Err erf C Abit = −





0 5 1, / (E.1)

where

Errbit is the bit error ratio;

erf is the error function;

C is the ratio of the carrier-to-noise power;

A = 1 for ideal coherent PSK (antipodal signalling);

A = 2 for coherent FSK (orthogonal signalling).

The value of A varies with the modulation system used but it does not affect the shape of the
error ratio curve. See curve 1 of figure E.1.

___________
* The figures in square brackets refer to clause E.9.
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Other examples of error ratio function are (see page 406 of reference [1]):

( )Err C Abit = −0 5, exp / (E.2)

where

C is the ratio of the carrier-to-noise power;

A = 1 for differentially coherent PSK;

A = 2 for non-coherent FSK.

See curve 2 of figure E.1. It is also assumed in this annex that the carrier power is directly
proportional to the input-signal level.

Error ratio curves are most often presented in the format of log error ratio versus input-signal
level in decibels.

Error ratio curves measured on receiver-decoders may differ from those in figure E.1, but most
will be sufficiently similar to this model. Since the curve for equation (E.1) has the least slope in
the region of 0,01 error ratio, it will be used as the bit error ratio curve for the remainder of this
discussion. The error ratio curve of a receiver-decoder is not known by the experimenter and
can vary significantly from this example. The dispersion and risk obtained using this error ratio
curve should be about one-half that stated in E.3.2 so that the methods of measurement and
compliance test methods are viable for measuring receiver-decoders that have error ratio
curves with slopes of about one-half that of the examples.

E.5.1.2  For degradation measurements

Selectivity, spurious response immunity, intermodulation response immunity and impulsive
noise tolerance are degradation measurements as they measure the level of unwanted signals.
In this discussion, the following model for degradation measurements will be used; it is also
applicable to the compliance test methods.

In these methods of measurement, the wanted signal level is first set at the reference
sensitivity without the unwanted power applied to the input of the receiver. Then the wanted
signal level is increased 3 dB (twice the power) which accounts for the factor 2 in the
numerator in the following equation. The same reference error ratio (the same signal-to-noise
ratio) is reproduced by applying the unwanted power.

Signal-to-noise ratio 
UN

S
+

= 2 (E.3)

where

S is the wanted signal power corresponding to the receiver-decoder reference sensitivity;

N is the noise power of the receiver and is assumed to be constant;

U is the unwanted signal power or the power of the on-channel intermodulation response for
spurious and intermodulation immunity measurements.

U is the unwanted power in the receiver (e.g. at the detector) and has been attenuated by the
receiver. The input unwanted signal level recorded in the degradation measurements will be a
function of the receiver attenuation and of a non-linear coefficient.

In this discussion, for selectivity, spurious response immunity and impulsive noise tolerance, it
is assumed that U is proportional to the input level of the unwanted signal(s). If the unwanted
power is generated by an intermodulation process then U may vary exponentially as a power of
the unwanted signal(s). In this case, the degradation bit error ratio curve will have a steeper
slope.
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If the signal-to-noise ratio from equation (E.3) is applied to equation (E.1) as C, the result is
curve 3 in figure E.1. In the graph, the input-signal level is U, so the bit error ratio increases as
U increases and the slope of the curve near the reference error ratio is less steep than the bit
error ratio curve.

E.5.1.3  Sensitivity measurement impact on degradation measurements
and compliance tests

Curve 3 in figure E.1 is based on the assumption that the value S is replaced by 2S in equation
(E.3). In the degradation method of measurement, the value of S used is an estimate obtained
from the sensitivity measurement and has a distribution. If the value of S used is not exactly
the value for the receiver-decoder sensitivity, the shape of the degradation error ratio curve will
move either to the right or to the left as well to change its slope. The result of this effect is that
the dispersion and risk are greater than they would be if the exact sensitivity were known and
used in the degradation measurements and compliance tests.

E.5.2  Shape of character string error ratio curves

For characters which are composed of a number of bits, the shape of the error ratio curves is
derived from the bit error ratio curve. The shape is a function of the number of bits in the
character and whether error correction codes are used.

For example, curve 1 of figure E.2 is the character error ratio curve for an 8-bit character with
no error correction and curve 2 is for a 15-bit character with one bit of error correction
capability.

The main difference between bit stream and character string error ratio curves is that while the
maximum error ratio for bit stream is 0,5, the maximum ratio for character string can be almost
1,0. Generally, but not always, the slope of the curve near the reference error ratio of 0,01 is
steeper for character strings than for bit streams.

For the remainder of this discussion, a character of 8 bits with no error correction has been
used, so the character error ratio is

( )Err Errchar bit= − −1 1
8

(E.4)

where Errbit is the bit error ratio from equation (E.1).

NOTE – The equation above is correct with the assumption that the bit errors are independent. This assumption is
used in this annex. However, there are many cases where this assumption does not hold. For example, in some
modulations with differential encoding (e.g. PSK modulation with differentially coherent detection) bit errors occur in
pairs. In this case for low bit error ratios:

( )Err Errchar bit= − −1 1 2
8

/

Other types of modulation, decoders and propagation which tend to have the bit errors correlated may have
different relationships which would change the shape of the error ratio curves used in the examples in this annex.

Degradation curve 3 of figure E.2 was derived using the same procedure (see E.5.1.1) as for
degradation curve 3 of figure E.1.

Codes that use more bits per character and use error correcting codes generally will have
steeper slopes near the reference error ratio.

E.5.3  Shape of message error ratio curves

Messages can take on many configurations and therefore the error ratio curves will vary a
great deal. The example chosen for this discussion consists of 128 bits (e.g. 16 8-bit
characters) with no error correction and is shown in figure E.3. While the length of the
message is not uncommon, most systems would have some form of error control which
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generally would make the slope of the error ratio curve greater near the reference error ratio of
0,2. The curve of Errmess is derived from the bit error ratio curve given in curve 1 of figure E.1
using the following function:

( )Err Errmess bit= − −1 1
128

(E.5)

where Errbit is the bit error ratio from equation (E.1).

For this example, a 0,2 message error ratio corresponds to a 0,0017 bit error ratio.

NOTE – The equation above is correct with the assumption that the bit errors are independent. This assumption is
used in this annex. However, there are many cases where this assumption does not hold. For example, in some
modulations with differential encoding (e.g. PSK modulation with differentially coherent detection) bit errors occur in
pairs. In this case for low bit error ratios:

( )Err Errmess bit= − −1 1 2
128

/

Other types of modulation, decoders and propagation which tend to have the bit errors correlated may have
different relationships which would change the shape of the error ratio curves used in the examples in this annex.

Degradation curve 2 of figure E.3 was derived using the same procedures (see E.5.1.1) as for
degradation curve 3 of figure E.1.

Codes that use more bits in the message and use error correcting codes generally will have
steeper slopes near the reference message error ratio of 0,2.

E.5.4  Shape of selective calling error ratio curves

E.5.4.1  For digital modulation

When the selective call transmission has a digital form, the results will be very similar to that of
message (see above) and for this discussion will be assumed to be the same for both
sensitivity and degradation measurements.

E.5.4.2  For analogue modulation

For AM and SSB, when the selective call transmission consists of several audio-frequency
tones transmitted simultaneously or in sequence, the selective calling error ratio curve may be
similar in shape to the character error ratio curve. For FM and PM, the error ratio curves may
have a considerably steeper slope. While the error ratio of each tone detector may have a
shape not unlike that of equation (E.1), many designs have the tone detect level located on the
steep portion of the FM threshold curve (i.e. below the threshold knee). In this case, the signal-
to-noise ratio C in equation (E.1) may vary much faster than the input-signal level and the
selective calling error ratio may vary from 0,9 to 0,1 for a one or two decibel change in input
level.

E.5.5  Shape of error ratio curves for fading signals

The measurement of sensitivity for fading signal uses an input signal that is produced by a
Rayleigh fading simulator (see annex C). The bit stream, character string and message error
ratio curves that result from using this signal differ considerably from those obtained from the
static condition.

E.5.5.1  Shape of bit stream error ratio curve

For this discussion, the error ratio versus the mean carrier-to-noise power ratio function that
models non-coherent FSK (see page 407 of reference [1]) will be used and is:
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( )Err
C A

bit =
+

1

2 /
(E.6)

where

C  is the mean carrier-to-noise power ratio;

A = 1 for differentially coherent PSK;

A = 2 for non-coherent FSK.

A curve of this function is shown in figure E.4, curve 1. It has been normalized to have a 0 dB
input-signal level produce a 0,01 bit error ratio and is shown for ±6 dB about this level. Again it
is assumed that the mean carrier power is proportional to the mean input-signal level.

E.5.5.2  Shape of character string error ratio curve

Using the example of a character in E.5.2 applied to equation (E.6), the normalized curve is
almost identical to the bit stream error ratio curve and is shown in figure E.4, curve 2.

E5.5.3 Shape of message error ratio curve

Using the example of a message in E.5.3 applied to equation (E.6), the normalized curve for
0 dB to produce 0,2 error ratio is shown in figure E.4, curve 3.

E.6 Models for the straddle method of measurement

The straddle method of measurement is used in this standard for bit stream and character
string measurements of sensitivity, fading and degradation. The sensitivity and fading methods
of measurement and compliance test methods have been analysed to determine the expected
dispersion and risk of the examples used. For the bit stream only, the degradation
measurement has been analysed using the assumption that the sensitivity is known. However,
to simulate the degradation method of measurement as it is used, Monte Carlo simulations
were used to obtain estimates of the dispersion and risk.

E.6.1  Model for bit stream sensitivity measurement

For this discussion, a bit error ratio curve given by equation (E.1) is assumed and the known
sensitivity is 0 dB. All other input levels are referenced to 0 dB. See figure E.1, curve 1.

The method of measurement says to start the measurement at an input-signal level
corresponding to the specified reference sensitivity. Let us assume, for example, that this
starting level L1 corresponds to a bit error ratio higher than 1 %. The successive input-signal
levels Li (i = 1, 2,..., n) will be increased by steps of 0,5 dB. (A similar analysis could be
performed if the initial bit error ratio was lower than 1 %.)

When 2 500 bits are transmitted with level Li, one of the following events occurs:

– Event X: there are more than 25 bits in error. Then increase the input-signal level by
0,5 dB and Li+1 = Li + 0,5.

– Event Y: there are exactly 25 bits in error. Then the measurement is terminated (Li = Ln).
Record the bit sensitivity as S = Ln. The preceding levels tested as possible
values of S have been L1,..., Li,..., Ln = S (called “series one”).

– Event Z: there are (for the first time) less than 25 bits in error. Then the measurement is
terminated (Li = Ln). Record the bit sensitivity as S = Ln – 0,25 dB (or Ln–1 +
0,25 dB). The preceding levels tested as possible values of S have been (L1 –
0,25), …, (Li – 0,25), …, (Ln – 0,25 = S) (called “series two”) but the
corresponding input-signal levels are 0,25 dB higher than S or equal to L1, …,
Li, …, Ln.
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Event Y occurs with a probability:

( ) ( )
!7452!25

1!2500 25
bit

4752
bit

iY
ErrErr

LSP
−

== (E.7)

where Errbit is the bit error ratio corresponding to level Li (see figure E.1).

Event Z occurs with a probability:

( ) ( )
( )∑

=

=

−

−
−

=−=
24

0

bit
5002

bit
iZ !5002!

1!2500
25,0

k

k

kk

kk
ErrErr

LSP (E.8)

where Errbit is the bit error ratio corresponding to level Li (see figure F.1).

Obviously the probability of having event X for an input-signal level equal to Li is:

( ) ( ) ( )P S L P S L P S LX i Y i Z i= = − = − = −1 0 25, (E.9)

The probability P (Li) that a level Li of the “series one” be recorded as the sensitivity
corresponds to the probability of event Y multiplied by all the probabilities of preceding events
X, i.e.:

( ) ( ) ( )P S L P S L P S L
j

j i
= = = × =

=

= −
i Y i X iΠ

1

1
(E.10)

The probability P (S = L – 0,25) that a level (Li – 0,25) of the “series two” be recorded as the
sensitivity corresponds to the probability of event Z multiplied by all the probabilities of
preceding events X, i.e.:

( ) ( ) ( )P S L P S L P S L
j

j i
= − = = − × =

=

= −
i Z i X i0 25 0 25

1

1
, , Π (E.11)

For example, the measurement starts at an input-signal level Li = –2,8 dB, corresponding to a
bit error ratio of 0,06 (see figure E.1). The probability of being at the start level is 1, and

( ) ( )P S P S= − = = −2 8 2 8, ,Y

( ) ( )P S P S= − = = −2 55 2 55, ,Y

If events Y and Z do not occur, the level is increased by 0,5 dB and L2 = –2,3 dB.

Then, from equation (E.9) and using equations (E.10) and (E.11) alternately:

( ) ( ) ( ) ( )[ ]P S P S P S P S= − = = − − = − − = −2 3 2 3 1 2 8 2 55, , , ,Y Y Z

( ) ( ) ( ) ( )[ ]P S P S P S P S= − = = − − = − − = −2 05 2 05 1 2 8 2 55, , , ,Z Y Z

and so on.
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For this example, the different values obtained are plotted in figure E.5 and the values greater
than 10–6 and the cumulative probability are given in table E.2.

Table E.2 – Cumulative probability

Value of S
dB

P(S) Cumulative probability
P(S)

–0,8

–0,5

–0,3

–0,05

0,2

0,45

0,7

0,95

1,2

1,45

0,001 15

0,001 45

0,044 14

0,123 93

0,051 53

0,612 96

0,000 62

0,163 49

<10–6

0,000 73

0,001 15

0,002 60

0,046 74

0,170 67

0,222 20

0,835 16

0,835 78

0,999 27

0,999 27

1,000 00

The results obtained for the example are related to the starting level of –2,8 dB and other
starting levels would have slightly different results. By repeating the calculation for many
starting levels (e.g. –3 dB to –2,5 dB) an envelope of P(S) can be plotted. This can be
considered the probability distribution of P(S) for this example and is curve 1 in figure E.6. The
accuracy for this example, at any low starting level, is –0,014 dB.

The cumulative probability P(S) is curve 2 of figure E.6 and shows that 90 % of the results will
be between –0,5 dB and 0,4 dB (levels for which P(S) equals 0,05 and 0,95) which is the
dispersion for this example for any low starting level.

E.6.2  Bit stream degradation measurement

The analysis for the degradation measurements is similar to that for the sensitivity
measurement except for two items.

The first is that U, the unwanted signal level, is used (see E.5.1.2) and, for this example,
curve 3 of figure E.1 is used.

The method of measurement uses the same events X, Y and Z mentioned in E.1 except that
“input signal” is replaced by “unwanted input signal” and all the words “decrease”, “increase”,
“subtract” and “add” are reversed.

The second is that the unwanted input-signal level that results in an initial high error ratio will
be high (e.g. 3,4 dB is assumed in this example) and the measurement method will
progressively lower the unwanted input-signal level.

The resultant probability distribution, P(S), for a bit stream degradation measurement is curve 3
of figure E.6. The accuracy of this example is 0,112 dB.

Curve 4 of figure E.6 is the cumulative probability of P(S) and shows that for this simplified
model given in this example the degradation dispersion is –0,6 dB to 0,9 dB.

Curves 3 and 4, which are helpful in obtaining an understanding of the methods of
measurement, are based on the simplifying assumption that the estimate of the bit sensitivity is
exactly known and used in the measurement. As discussed in E.5.1.3, this is not the case. As
shown in figure E.6, curve 1, the bit sensitivity estimate has a distribution. When this
distribution is applied to S of equation (E.3), the resultant degradation dispersion is greater. An
easy way to estimate the dispersion for this measurement is to use a Monte Carlo simulation of
the degradation measurement. In the simulation, the sensitivity measurement is first simulated
and the result obtained is used in the degradation simulation. In this way, the sensitivity
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variation is included in the all-over simulation. In the simulation as in the measurement, which
is a ratio measurement, the degradation estimate is obtained by subtracting the results of the
degradation measurement from the estimate of the sensitivity. Since there is a positive
correlation (for this example, the correlation coefficient is 0,52 as determined by the Monte
Carlo simulation) between the sensitivity estimate and the degradation, this reduces the
dispersion. It is interesting to note that, for this example, curves 3 and 5 are nearly the same.
Curve 5 of figure E.6 is a probability histogram of the result of 5 000 simulated measurements,
and curve 6 is the cumulative probability. The results of the simulation indicate an accuracy of
the degradation measurement of 0,09 dB and a dispersion of –0,6 dB to 1,0 dB.

Since the Monte Carlo simulation is more representative of the method of measurement, for
the rest of this annex the degradation dispersion values stated will be from Monte Carlo
simulations. However, the analysis given in E.6.1 and E.6.2 provides a good insight into the
process of the method of measurement.

E.6.3  Character string sensitivity measurement

The only difference from the bit stream sensitivity analysis (see E.6.1) for character string
sensitivity measurement is that Errchar is substituted for Errbit in equations (E.7) and (E.8). For
this example Errchar is given in equation (E.4) and the results are shown in figure E.7, curves 1
and 2. Since the character error ratio curve (see figure E.2, curve 1) is steeper than the bit
error ratio curve, the dispersion will be less. The accuracy of this example is –0,003 dB and the
dispersion is about –0,35 to 0,3 dB.

E.6.4  Character string degradation measurement

The analysis described in E.6.2 is also true for the character string analysis (see E.5.5.2). For
this example, the Monte Carlo simulation results are shown in figure E.7, curves 3 and 4. The
accuracy for this example is 0,015 dB and the dispersion is about –0,8 dB to 0,9 dB.

E.7 Model for the up/down method of measurement of selective calling and
message sensitivity

For the purpose of this annex, the message will be as described in E.5.3. A careful review of
figure E.8 explains the up/down process with 10 measurements recorded. This annex is also
applicable to selective calling, however many selective calling error ratio curves will be steeper
than the example used here.

For average radiation sensitivity, the number of measurements is reduced to one for each of
the eight directions measured as indicated in figure E.9.

Figure E.10 shows an example measurement of selectivity (selective calling) as one of a
degradation type measurement.

The up/down method differs from the straddle method in that the input-signal level can be
either increased or decreased depending upon the outcome of each transmission. Since the
change in signal level depends on the preceding step, the up/down method of measurement
can be modelled as a simple Markov chain.

An example of one of the Markov equations is shown below and indicates that the probability of
being at level n + 1 dB is the sum of two probabilities:

a) the probability of being at the n dB level, times the probability of not having three
consecutive successes;

b) the probability of being at the n + 2 dB level, times the probability of three successful
decodes.

( ) ( )P P Err P Errn n n n+ + += − −





+ −1
3

2 2
3

1 1 1 (E.12)
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where

Pn, Pn+1 and Pn+2 are the probabilities of being at the decibel levels n, n + 1 and n + 2;

Errn and Errn+2 are error ratios at the decibel levels n, n + 1 and n + 2;

the decibel levels n, n + 1 and n + 2 are the input-signal levels for curve 1 of figure E.3.

NOTE 1 – In the up/down method of measurement, the input-signal levels are spaced at 1 dB intervals.

NOTE 2 – For simplicity, the input-signal level to the receiver is used in this discussion, but many of the methods of
measurement are written to adjust the input-signal level using an attenuator.

Similar equations can be written for each input-signal level.

Another equation which says that the sum of the probabilities of being at each level is 1, is:

P P Pn n n− − += + + =6 5 6 1... (E.13)

Equation (E.13) along with equation (E.12) for each level, less 1, makes a set of simultaneous
equations which can be solved for the values of Pn. Since the values of Pn will be different
depending on the starting value, the Pn values for many starting values were calculated and the
envelope of the Pn values is shown in figure E.11, curve 1.

E.7.1  Message and selective calling accuracy

The first moment of curve 1 will provide a value for the accuracy for the message sensitivity
measurement and, for this example, it is 0,02 dB. This indicates that this method of
measurement for this example will, on average, find the input-signal level that will produce an
error ratio of 0,2. Similar results will be obtained for error ratio curves that differ considerably
from the example used here.

E.7.2  Message and selective calling dispersion

It is somewhat more involved to determine the dispersion for the up/down method, as it is
estimated using the statistics of sampling.

The standard deviation, σ, of curve 1 of figure E.11 is 0,94 dB. The probability distribution of
the result of the measurement is estimated using the sampling theory. Let each level recorded
in the measurement be a sample (there are 10 samples in figure E.8) taken from the
distribution of curve 1. For any one measurement, the samples will always be at intervals of
1 dB, but if many measurements starting at many different levels are used, the use of the
continuous curve is valid. The result of the method of measurement is the average of these
samples. The distribution of the results of the measurement (the averages) will have a normal
probability distribution [2] with a mean equal to the mean of the distribution whose standard
deviation is the accuracy. The standard deviation of the results of the measurements, s, will be
as follows:

s = σ/x1/2 (E.14)

where

x is the number of samples per measurement;

σ is the standard deviation of each sample.

For example, with x = 10 the value of the dispersion is:

dispersion = accuracy ±1,645 σ/ x1/2 = –0,02 ± 0,5 dB (E.15)

The cumulative distribution of a normal distribution curve for a mean of 0,02 dB and a
dispersion of ±0,5 dB is shown in curve 2 of figure E.11.
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For the up/down method of measurement, the dispersion can be made smaller by increasing
the number of transmissions of the message used.

E.7.3  Message and selective calling degradation measurements

The analysis of the up/down method of measurement used for degradation measurements is
similar to that for sensitivity except that, since it is the unwanted signal that is varied, the
direction to change the input signal based on the outcome of the transmission is reversed (see
E.5.1.2) and the number of measurements is increased to 20 (see figure E.10).

Using, for this example, the error ratio curve 3 of figure E.3 and a Monte Carlo simulation,
curve 3 of figure E.11 is generated. From this, the accuracy of this example is calculated to be
about 0,09 dB.

The cumulative distribution of the message degradation is shown in curve 4 of figure E.11 and
shows a dispersion for this example of –1,9 dB to 1,7 dB. This is just within the goal given in
E.3.2.

E.7.4  Model for fading measurement

E.7.4.1  Bit stream and character string fading measurements

Since these measurements use the straddle method, the analysis of the example of the bit
stream and character string is similar to that of E.6.1 and E.6.3 except for using the error ratio
curve 1 from figure E.4; the results are shown in figure E.12. Since the bit stream and
character string error ratio curves are so similar, the accuracy and dispersion for these
measurements are nearly the same. The accuracy is –0,21 dB and the dispersion is about
–1,5 dB to 0,6 dB.

E.7.4.2  Message and selective calling fading measurements

This measurement uses the up/down method as described in E.6 and E.6.1, E.6.2 and E.6.3.
The faded message error ratio curve shown in figure E.4, curve 3 is used and the results are
shown in figure E.13. For this example, the accuracy is about –0,09 dB and the dispersion is
about –1,3 dB to 1,3 dB.

E.8  Compliance test

E.8.1  Principle of shared risk

In any compliance test there is a chance that the compliance test will give a wrong decision.
Because of this, the compliance tests designed by those who will receive or certify the
equipment are designed so there is a high probability of failing the compliance test if the
equipment is a little worse than the specification limit. On the other hand, the manufacturer
would like to see the compliance tests designed so that there is a high probability of passing
the compliance test if the equipment is a little better than the specification limit.

To attempt to meet both requirements, the compliance tests in this standard are designed so
that, if a receiver-decoder has a radio-frequency parameter that exactly matches the parameter
specification, there will be a 0,5 probability that it will pass or fail the compliance test. This is
the principle of shared risk. In this circumstance, the error ratio will be the reference error ratio
at the specified input-signal level.

E.8.2  Design objectives

The design goal for sensitivity compliance tests is to meet the principle of shared risk and to
have a 0,95 probability of passing the compliance test if the equipment is 1 dB, or less, better
than the specification limit, and to have a 0,95 probability of failing the compliance test if the
equipment is 1 dB, or less, worse than the specification.
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For degradation and fading compliance tests, the 0,95 probability of passing or failing are for
equipment that are 2 dB, or less, better or worse than the specification.

E.8.3  Compliance test model

For the compliance tests used in this standard, the probability of passing the compliance test is
a function of the receiver-decoder error ratio at the specified input-signal level and is:

( )( )

( )P
t Err Err

k t k

t k k

k

k f

passing =
−

−

−

=

=

∑ !

! !

1

0

(E.16)

where

Ppassing is the probability of passing the compliance test;

Err is the error ratio when the specified signal level is applied to the receiver-decoder;

t is the number of transmissions in the compliance test (e.g. 18, 33, 78 or 2 556):

f is the number of failures allowed in the compliance test (e.g. 3, 6, 15 or 25).

E.8.4  Risk curve

E.8.4.1  Risk curve for sensitivity measurements

In equation (E.16), Err is a function of the input-signal level. For the sensitivity measurement, if
the receiver-decoder sensitivity is better (e.g. +2 dB) than the specified sensitivity, then when
the specified signal level is applied to the receiver-decoder, Err will be smaller and the
receiver-decoder will have a higher probability of passing. The opposite is true if the sensitivity
is worse than the specified sensitivity. For this discussion, 0 dB is the specified input-signal
level.

In the examples used in this annex, Err can be determined as a function of the input-signal
level from the appropriate equations (E.1) through (E.11), thus Ppassing is a function of the
input-signal level.

When the function in equation (E.17) is plotted with t and f fixed, and the input-signal level is
varied in accordance with the error ratio function of the equipment being tested, the resultant
curve is called a risk curve. Note that the input-signal level is given as the ratio of the receiver-
decoder parameter (e.g. sensitivity) to the specified value of the parameter. The solid-line
curve of figure E.14 is derived from equations (E.1) for the sensitivity bit stream compliance
test and is the risk curve. The long-dash curve is for character string and the short-dash curve
is for selective calling and message.

E.8.4.2  Risk curve for bit stream degradation compliance tests

This example is derived from the model given in E.5.1.2. The result of a degradation
measurement is the ratio of the level of the sensitivity to the unwanted signal level. Therefore,
if the sensitivity value used is in error, it will affect the shape of the risk curve. If the sensitivity
is low, the risk curve will be shifted to the left, and, if it is high, the curve will be shifted to
the right. Curve 1 of figure E.15 was calculated on the basis that the sensitivity was low by
–0,5 dB. Curve 2 was calculated using a sensitivity that was high by 0,4 dB (see figure E.6,
curve 2). Since for the example used in this annex the estimate of the sensitivity will fall
between these points 90 % of the time, it follows that the risk curve will fall between curves 1
and 2 of figure E.15. Curve 3 is the risk curve if the true sensitivity were used. The dispersion
for the compliance test of degradation is the limits of the input-signal levels between the 95 %
point of curve 1 and the 5 % point of curve 2, or –2,2 dB to 1,6 dB.
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E.8.4.3  Risk curve for character string degradation compliance tests

Figure E.16 shows the results of risk curves based on the sensitivity values of –0,4 dB and
0,3 dB (see figure E.7, curve 2); the dispersion is –1,5 dB to 1,2 dB.

E.8.4.4  Risk curve for message and selective calling degradation compliance tests

Figure E.17 shows the results of risk curves based on the sensitivity values of –0,55 dB and
0,5 dB (see figure E.11, curve 2); the dispersion is –2,7 dB to 1,9 dB.

E.8.4.5  Risk curve for fading compliance tests

Figure E.18 shows the risk curve for these examples for fading. The bit stream and character
string are almost identical and are shown by the solid-line curve. The selective calling and
message curve is the short dash-curve.
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