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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 | 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 paft of IEC 60489 refers specifically to mobile radio transmitters and receivery for the
transmission of data (telegraphy) signals having the emission characteristics givetr-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 objgct of this standard is to standardize the definitions, thesconditions and the methods of
measuré¢ment used to ascertain the radio-frequency performance of data and selecfive call
equipment, thus making possible meaningful comparisons of the results of measurements
made by different observers and on different equipment.

This stajndard will cover the following types of data sighals:

— bit sfreams;

— charfacter strings;
— mespages;

— seleftive calling.

Selective calling differs from méssages in their intended functions; it may be consi(lered 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 offdata signals.

To diffgrentiate"between the radio-frequency parameters (e.g. adjacent channel| power,
frequengy etror) measured in this standard from those in associated standards, the pame of
each pgrameter is followed by either “(bit stream)” or “(character string)” or “(messpge)” or
“(selective tattmy ) —After each Tadio-frequency parameter the generat termm—{data)“ s 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) - ¢) - d)

where

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

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

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

(B) 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;

(IC) facsimile;

D) data transmission, telemetry or telecommand.

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

A) two-condition code with elementsof differing numbers and/or durations;

(B) two-condition code with eleménts of the same number and duration withopt error-
correction;

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

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

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

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

NOTE - $ee ¥TU 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 reguired-sighals{seefigure-1)-

1.3.2 Receiver

In this gtandard, the subclauses entitled “Method of measurement” are designed to neasure
the valde of a radio-frequency parameter. In some cases, it is only necessary to detgrmine if
the recegiver-decoder is compliant with the radio-frequency parameter~specification. This can
usually |be done more simply and with less effort than measuting the radio-frequency
parameter. For the more frequently measured radio-frequency parfameters, a compliahce 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
specificqtion.

The degradation measurements for receivers (4.3.10% 5.1) requires the knowledggq of the
sensitivity. This sensitivity is used to derive a value forthe wanted signal level. In one case, the
sensitivity to use is the measured usable sensitivity*— MUS — (determined according t¢ 4.2 for
every equipment under test). Alternatively, it is,posSible to use the specified usable senpgitivity —
SUS - gpplicable 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 Neormative references

The follpwing normative decuments contain provisions which, through reference in this text,
constitufe 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 agr¢ements

IEC 600 [ actratechnice Chapte ~—Telegraphy,

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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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

2.4

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

1999(E)

bit streqm
continugus series of bits

2.5

character

membe

of a set of elements agreed upon to be used for organization, representation o

of inforrmhation

NOTE - Gharacters may be letters, digits, punctuation marks or other symbals and, by extension, functio

such as s

pace shift, carriage return or line feed contained in a messagex

[IEV 721-03-09]

2.6
charact
charact

2.7

r string
r or sequence of characters

compargtor (data)

2.7.1

comparator (bit stream or character string)
device qapable of

- storir[g a reference seguence of bits or characters,

— coun

— comy

— coun

2.7.2

ing the number of bits or characters that are transmitted,

ling the humber of correctly received bits or characters

[ control

h controls

aring the bits or characters received with the reference sequence of bits or chafacters,

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

— storing a reference message or call,

— coun

ting the number of times a message or a call is transmitted,

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

— coun

2.8
data

ting the number of correctly received message or calls

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-alamm may be a Inmrl__\‘ a “hlnnp" gnnnrnfﬂd within-the Hnrndnr’ a \lihrnfnr’ or nnly the r\pnning of a mute

or squelch circuit. The latter is usually indicated by an increase in the residual noise level at the gutput of the
receiver.

2.11

encodet
device Which translates a group of input signals into a unique group of output signals|suitable
for trangmission (see figure 1)

NOTE - Hxamples of functions that may be involved are
— additipn of synchronization bits,

— additipn of error correction bits,

— parallgl/serial conversion,

— amplifude and phase shaping.

2.12
erroneols bit, character or message
any decpded bit, character or message that:is*not the same as the transmitted bit, chafacter or
message

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

NOTE - Another type of error is thé.reception of data in the absence of any intended transmission (false rpception).

The meap time between two~Successive false receptions is generally so high that a measurement |would be
impractic4l; this parameter i estimated by calculation.

2.14
error ratio
number|of err@neous bits, character messages or selective callings received, divided by the
total number-of bits, characters, messages or selective callings transmitted, respectively.

For selectivecaltingtt—=—errorratio)tsatsocatted-~“cattingprobabitity™

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;
¢) 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

analoguerredutation

2.17.1.1
amplitude modulation:
— peak|lenvelope amplitude: the amplitude of one radio-frequency oscillation abthe crept of the
envelopg of the modulated wave;

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

(Vmax - Vmin)

modulation depth = ( x 100 %

Vmax Vmin)

where

Vax iS [he peak-to-peak voltage at the crest of modulation;

Viin is the peak-to-peak voltage at the valley of modulation
2.17.1.2
frequengy or phase modulation
— maximum permissible deviation: thelvalue to which the peak frequency or phase de\iation is

limited By an agreed convention for a-particular class of service;

— devidtion: the variation of the carrier wave in frequency or phase, expressed in pelf cent of
the maximum permissible deviation

2.17.2
digital mpodulation

2.17.2.1
keying method
for example(

— frequenhcy-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 selgctive 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
predetefmined station or group of stations to be called exclusively; it may be used as “gelective
calling” pr “selective call”

2.22
standar@l baseband test signals
for the gurpose of the measurements described in this standard the following definitiong apply:

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

NOTE - Kor details concerning the generation of the pseddo-random binary sequence (PRBS) pattern, see CCITT
Fascicle YIIl.1, Recommendation O.153.

b) reference sequence of characters

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

c) reference message or selectjive call
messagg or selective call whose content is defined in the equipment specification

NOTE - Tlhis unique message s tepeated three or four times in the “up and down” method.

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

— the rgferénce 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

standargl unwanted signal (data)
the starfjdard unwanted signal for measuring spurious response immunity and’intermdgdulation
immunitly is not modulated.

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

2.26
telegraghy
form of telecommunication in which the transmitted information is intended to be recqrded on
arrival s a graphic document; the transmitted infoffmation may sometimes be presentgd in an
alternatfve form or may be stored for subsequentuse

NOTE 1 - A graphic document records information in a permanent form and is capable of being filed and ¢onsulted;
for examgle, it may take the form of written or printedsmatter or of a fixed image.

NOTE 2 H 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 Tesgt conditions

3.1 Standard test conditions

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

3.1.2 Ihthis standard, the methods of measurement have been developed under the
assumptom thatautonTatic teStequipiment 1S avaitapte.

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 (mdintnd Qpnrimlc r‘nmpnnnnfc) 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-io an input
socKet. It allows relative measurement of signals to be performed situated at fifferent
freqliencies.

The samne 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 antgnna terminals of the receiver.

NOTE 1 4 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 tp the minimum required to obtain the necessary accuracy andvariation. Various automatic megsurement
procedurds may be used, but it is not proposed that they be standatdized at this time. On the other hapd, for bit
stream ar|d character string, the measurements and compliance tests (4.1 through 4.9 ) have been desigred to use

automatid error counting equipment.

NOTE 2 4 The measurements in 4.1 through 4.9 (message or'selective calling) can be used for continugus signal
(e.g. contjnuous tone controlled squelch systems) provided that a time for the operation of the decoder i specified

(e.g. 300 ms).

3.2.1.2 | Input-signal arrangements for testing receivers

equipped with suitable antenna terminals

Depend|ng on the type of modulation and the measuring equipment available, one of the three

measuring arrangements described below shall be employed.

a) Arrapgement A

The [arrangement comprises the following pieces of equipment:

— g test data_seurce and an encoder as required, or a test encoder combining these two
functions;

— g radie-frequency signal generator or an alternate signal source (see 3.3.9) capable of
Reing.modulated in accordance with the type of modulation used by the receiver

— an imppdanr‘p m;m*hing netwaork (nr Inad; see (’%) of figurp 7) plarpd as dlose 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.

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 byCmeahs of a
transmisgsion line (which is synonymous with “feeder line”) having a specified ‘chargcteristic
impedance, for example equal to R,, R, being the specified nominal radio-frequengy input
impedance of the receiver.

The solrce impedance Ry of the measuring arrangement shown in figure 2 shall be pqual to
the spegified source resistance, or, in the absence of such specification, to the gpecified
nominall radio-frequency input impedance R, of the receiver.

The nominal radio-frequency input impedance is that valde stated by the manufacfurer for
which the equipment performance will be optimum~Hwhen connected to an antgnna or
transmigsion line of the same impedance.

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

This suxclause is applicable to receivers intehded to operate with an antenna having a gomplex
impedance.

The inpyt-signal source shall consist.of a radio-frequency signal generator, a transmisgion line,
an impgdance matching network,~and an artificial antenna. The characteristics of the |artificial
antenng shall be specified by the manufacturer of the receiver.

3.2.1.2.8 Receivers tested with the aid of an artificial antenna

The inpuit-signal levehis the e.m.f. of the source connected to the input terminals of an|artificial
antenna. It should/be expressed in pV or dB(pV).

3.2.1.3 | Inputssignal measuring convention

3.2.1.3. Recejver rpnllliring a anprifind squrce 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 Rq.

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 €y 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.


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

60489-6 © IEC:1999(E)

— 15—

The presentation of results shall state which voltage has been recorded, for example, 2 pVv
(e.m.f.) or 1 pv (ml). The source resistance Rg, 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 modulgtion;

— for double-sideband amplitude (type A) modulation with full carrier: the r.m.s. yoltage of the

unmjodulated carrier;

— for dingle-sideband amplitude (type H or R) modulation with full, reduced-orvariablg carrier:
the f.m.s. value of a sinusoidal voltage, the peak value of which is equakto the amplitude of

one fadio-frequency cycle at the crest of the envelope of the modulated wave.

The ingut-signal levels may be expressed in pV or dB(pV) and) shall be determined in

accordance with 3.2.1.2.

3.2.1.4

The da

Connections of the measuring equipment

measuring equipment shall be connected to<the port that provides signalg for the

intende

Care sh

loading ponditions specified for the receiver.
3.2.1.5 | Standard input signal
3.2.1.5.

A radio

standar

application.

puld be taken that the input impedance<ofthe measuring equipment does not a

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

Hfrequency signal at-standard input-signal level with standard modulation
| input-signal frequency.

ffect the

at the

3.2.1.5.2

Standard input signal (type H or R modulation)

A radio{frequeney<signal or linear combination of two radio-frequency signals from g signal
source that simulates the single-sideband emission from a transmitter when it is mdulated
with an pudio-frequency signal of 1 000 Hz.

The frequencies and the Tevels 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

Signal representing sideband

dB(uV) dB(uV)
R3E +42 +60
H3E +54 +54
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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(pV) (e.m.f.) or 54 dB(pV) (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 le used.
The[modulation type (e.g. GMSK or 14 shifted QPSK), the pulse-shaping fundtion, its
trangmitter percentage and the symbol rate will be the dominant parameters of the digital
modulation.

b) for gnalogue modulation
The modulation due to an input signal of 1 000 Hz at a level torpreduce
— g modulation depth of 30 %;
— 80 % of maximum permissible frequency (or phase)<deviation.

3.2.1.9 | Input-signal arrangements for testing the recejving 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 faken in
order tg ensure that the operation of thessignal generator or generators used for tegqting 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 gperation is shown.in figure 3.

Connecf the inputssighal source (1) (levels adjusted in accordance with 3.2.1.3) to poin{ A". The
centre frequency)of the band-stop filter (2) is adjusted to the operating frequency of the
transmifter under test.

( ) pera )der the
specified matched condltlons To ensure that the VSWR will be Iess than 1,25, |rrespect|ve 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 Qignnle rpqnirpd hy the system If one of the data Qignalc has a shart duration, the

measurément is made during that short duration.

This stgndard recognizes that the methods of measurements that are suitable-for making the
measurg¢ments for long-duration data signals may not be suitable when the_data signals are of
short dpration. Therefore, this standard contains different methods of;“measurement for
differeny equipment and provides a guide for determining when each method of measprement
should Ihe used.

3.2.2.2 | Selection guideline for methods of measurement

A guidefine for selecting the correct method of measuremient to be used for the transmitter
under tg¢st is provided. The operation mode of a transmitter is characterized by mddulation
state (Inmodulated or modulated), transmission made (continuous or intermitteht) and
modulafing signal (random date or non-random data). Such characteristics propose|several
types offsignal:

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

Transmitters which can emit an unm@dulated carrier which may be considered to be
contjnuous for the purpose of the measurement.

b) Type¢ 2: Continuous emission, allowed state

Transmitters (e.g. FSK modutation) 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
congidered to be continueus for the purpose of the measurement.

c) Typeé 3: Continuous_emijssion, modulated carrier

Transmitter which. cannot be operated unless the carrier is modulated, and whosg 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
frequiency 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 mgasuring
the samle receiver, certain characteristics of the measuring equipment and test sites hgve been

specified. Procedures for verifying that the measuring equipment meets these specifications
are also given.

3.3.1 PBignal generator intermodulation characteristics

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

3.3.2 PBignal generator noise characteristics

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

3.3.3 PBelective measuring device

The selgctive measuring device may-be a frequency selective voltmeter, a spectrum f@nalyser
or a cglibrated field-strength~meter. The bandwidth of the measuring device ghall be
appropr]ate 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 mepsurementsin this standard are applicable to receivers having either antenna t¢rminals
or an infegral antenna.

Measurtfments of the radio-frequency parameters of receivers having an integral antgnna are
performediman RFCD- The RFCDTay 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 ensyremeasurenTent Tepeatabitity, am RFCDwhichmcludesthefottowimg—stroutd g used in

the megsurement arrangement:

— aragliating element;

— araglio-frequency input terminal connected to the radiating element threugh a trangmission
line;

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

— a means for positioning the receiver being measured in a precise, repeatable angd stable
manher;

— a mpans to ensure that the presence of the person-making the measurement does not
affe¢t the results.

It shall also have the following characteristics:

— a copupling loss between the radio-frequéncy input terminal and the receivgr being
meagured of less than 30 dB;

— acoppling loss variation over the frequency range used in the measurement which gloes not
excqged 2 dB;

— no npn-linear elements which can.affect the measurement results.

3.3.5 [ombining networks

Examplés of combining networks are given in annex A.

3.3.6 Rayleigh fading simulator characteristics
Annex ¢ 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 shpll be taken to shield the receiver from the transmitter.

3.3.10 PBignal generators

Signal denerators are normally characterized for sine-wave modulationj.and applicatior] of non-
sinusoidal waveforms, which are often encountered in the transmission of data, may| lead to
monitorjng or modulation problems. Such problems can affect/the overall accuracy of any
measuré¢ments that are made.

3.3.10.1 Monitoring problems

If the sjgnal generator is provided with a voltmeter:system to monitor the applied [external
modulation signal, the readings may be in error whern'non-sinusoidal waveforms are applied. It
is recommended that an oscilloscope be used totmonitor the peak voltage of the appljed data
signal and that the level be adjusted to be equal to the amplitude of a pure sine-waje which
would produce the required modulation condition. If the signal generator monitor shjows the
same ihdication on both input-signal conditions, then the user can be confid¢nt that
inaccuracies due to monitoring will not be a problem.

3.3.10.3 Modulating problems

The sighal generator modulating system has a finite bandwidth which is determined py high-
pass and low-pass filters,-The high-pass filter can introduce phase and amplitude errofs at low
frequengies, 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 effgct of the low-pass filter on the signal source will be most noticeable when madulating
signals with\fast rise and fall times are applied. Depending on the characteristics of thg filters,
the modulation applied to the carrier signal will exhibit overshoot or degradation of the fise 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 cro

ssings 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.

Measuri

NOTE - |

— meas

— meas

3.3.12.4
used to

3.3.13

Details

3.3.14

When al

modulafion, the waveform should be captured so that the averaging calculations can b

A digita

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

— ane
freq

Ng accuracy may be improved by averaging operation among multiple pulses,

pulse durations and gate width (GW) are 5 ms, pulse period Tp is 20 ms and resolution (R)\is s¢
ring accuracy = +0,5/GW
=+100 Hz r.m.s.
ring time =Tp x 1/(R x GW)2
=8s

When measuring other type of signals, a digital storage,Spectrum analyser
measure the centre frequency of the frequency band oécupied by an emission.

Power measuring receiver

or the power measuring receiver are given inannex B, clause B.3.

Waveform recorder

short or complex voltage waveform;has to be averaged over the duration of

sampling waveform recorder:is._one instrument that has this capability.

nvelope detector which hias a bandwidth of at least three times the highest md
lency;

— an

— a memory to store.-the digitized samples: the memory size shall be at least equ
sampling rate 4dimes the modulation duration;

— a means to start and stop the sampling at the beginning and end of the data signal
the lsampling gate. The duration of the data signal is usually given in the eq
spegifieation;

alogue-to-digitakeonverter that produces words of at least 8 bits for each samIIe;

t at 10 Hz:

may be

he data
E made.

dulating

| to the

This is
uipment

— 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;

— ameans 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

1999(E)

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) Conpect the equipment as illustrated in figure 4 with the switches in position
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 9
nomjnal frequencies or to the nominal frequency if this frequency is unique.

c) Using the encoder (1) modulate the radio-frequency signal generatarx2) with the 3

trai
orc

d) Adju

usal
e) Trar
f) Calg

g) Ifth
the
seng

If th
decr

If th

increase the input-signal level te'the receiver-decoder by 0,5 dB.

h) Rep
whig
sign
refe

4.1.1.3

a) Cald

of coded test signal (bit stream or character string) to generate’the SCTS (bi
aracter string) (see 2.22, 2.23 and 2.24).

st the level of the input signal to the receiver-decoder™to’the value of the m
le sensitivity (bit stream or character string) stated in the equipment specificati

smit the standard train of SCTS (see 2.24).
ulate and note the error ratio.

b error ratio equals the reference error ratie\(bit stream or character string), tq
measurement. Record the radio-frequency signal level as the measured
itivity (bit stream or character string) and proceed to step b) of 4.1.1.3.

e error ratio is less than the refefence error ratio (bit stream or character
ease the input-signal level to the.receiver-decoder by 0,5 dB.

b error ratio is greater than the' reference error ratio (bit stream or characten

bat steps e) through g)(until two consecutive values of error ratio have been o
h bracket the referente error ratio (bit stream or character string). Record th
bl level, V, in dB(UW) that corresponds to the error ratio which is just greater
ence error ratio-(bit stream or character string).

Presentation of results for bit stream or character string
ulate-the measured usable sensitivity (bit stream or character string), S, as:

S=V+025 (dB(uVv))

b. Test
pecified

tandard
stream

asured
n.

rminate
usable

string),
string),

btained,
e input-
han the

where Vs 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

equi

pment 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

nom

inal 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(uV). 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
ecibels, Increase the attenuation of (3) by 1 dB, record the new attenuation fvalue in
ecibels, and proceed to step g)1).

g) 1) Transmit the SCTS a maximum of three times, terminating the transmission sequence,
3) according to step g)2) or g)3), whichever is appropriate.
2) If the receiver-decoder fails to recognize either the first, seeond or third SCTS,

ecrease the attenuation of (3) by 1 dB, record the new attentation value in decibels,

g
g

L

if the receiver-decoder does not recognizes any of its SCTS. Adjust the)step atfenuator
(

|

q

gnd repeat step g)1). See step h).

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

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

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

4.1.1.5 | Presentation of results for message_or-selective calling

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

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

A-B (dB(uV))

whefe
Aislthe 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) Recoprd thelinput signal arrangement used, characteristics of the SCTS (mespage or
selertivecalling) and measured usable sensitivity (message or selective calling).

4.1.2 Specitied 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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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.

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).

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

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

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
(SU$) (data) specification, otherwise record that it does not comply.

Record the input signal arrangement used, characteristics of the SCTS (data) jand the
sengitivity (SUS) (data).

Adjacent radio-frequency signal selectivity (data)

Selectivjty is the ability of a receiver to discriminate between’Wwanted and unwanted input

signals.

The selgctivity methods of measurement described in this standard deal only with intefference
that dedrades the receiver output signal due to the simultaneous presence of a wanted and an
unwantgdd input-signal. It is to be noted, however; that unwanted signals may flso be

objectiopable when the wanted signal is not present.

The mdthods of measurement are described in a manner which allows the limit| for the

selectivity of the receiver to be expressed:&ither as

a)

or
b)

Figure § illustratesithe two methods.

the fatio 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)”;

the fatio of the level of the unwanted input-signal level to the value of the sensitivity (MUS)
(se€] 4.1.1), the wanted\signal being set 3 dB above the value of the MUS; this is expressed
as “selectivity (MUS)";

These tywo methods of measurement are intended to cover different practical applicatiofs.

The SUS—methedHs—inrtendedto—coverthe-case—ofmobileradio—systems—usedir—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 ethod of measurement for bit stream or character string

NOTE — The value of the sensitivity (MUS or SUS) (bit stream or character string) determined in 4.2)1".3 pr defined

in 4.1.2.1|is required for this measurement.

a)

b)

c)

d)

e)

f)

9)
h)

Conpect the equipment as illustrated in figure 4 with the switchesin’ position|b. Test
equipment items (1), (2), (4), (5) and (6) and a comparator are required (see 2.7). [tem (5)
is replaced with an unwanted signal encoder.

Adjust the frequency of the radio-frequency signal generator \(2) to one of the gpecified
nomjnal frequencies or to the nominal frequency if this frequéney is unique.

Using the encoder (1) modulate the radio-frequency sighal’generator (2) with the gtandard
of standard coded test signal (bit stream or character string) to generate the gtandard

In the absence of the unwanted signal, adjust,the*wanted signal level at the inpyt of the
hing and combining network (4) to be 3 dB+in excess of the sensitivity (SUS pr MUS)
(bit |stream or character string) determined\in 4.2 plus the loss of the matchjing and

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

Adjust the level to the input.'of the matching and combining network (4) to equal the
sengitivity (SUS or MUS) (bit stream or character string) multiplied by the ratip of the
adjarent radio-frequency signal selectivity (bit stream or character string), statefl in the
equipment specificatiofiplus the loss of the matching and combining network (4).

Trarlsmit the standardtrain of SCTS (see 2.24).
Caldulate and note‘the error ratio.

If the error ratio equals the reference error ratio (bit stream or character string), t¢rminate
the meastrement. Record the unwanted radio-frequency signal level, G, in dB(4V), and
proceed te step b) of 4.2.4.

If the—errer—ratio € har—the—referenee i i i 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.

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(uV) that corresponds to the error ratio
which is just greater than the reference error ratio (bit stream or character string).

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-025 (dB(uv))

1999(E)

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

c)

d)

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
in 4.1.2.1]is required for this measurement.

a)

b)

d)

e)

f)

9)

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

S = G - R -3 (for selectivity SUS) (dB)

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

R i the sensitivity (SUS or MUS) (bit stream or character string) plus the”los
matching and combining network (4).

Record the adjacent radio-frequency signal selectivity (referred to SUSaer MUS) (bi
or character string) as the smaller of the values of S calculated above!

5 of the

stream

Record the input signal arrangement used, the characteristics of the SCTS (bit stream or

character string), the characteristics of the unwanted sighal; the frequencies|
spegified unwanted adjacent signals and the sensitivity (SUS or MUS) (bit st
character string).

Conpect the equipment as illustrated infigure 4 with the switches in position
equipment items (1), (2), (4), (5), (6) and (9) and a comparator are required (see 2
(5) is replaced with an unwanted signal encoder.

Adjust the frequency of the radio-frequency signal generator (2) to one of the g
nomjnal frequencies or to thesneminal frequency if this frequency is unique.

Using the encoder (1), modutate the radio-frequency signal generator (2) with the r¢g
seqyence of messages_\or selective callings to generate the standard coded tes
(SCTS) (message or(selective calling) (see 2.22 and 2.23).

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

4).

Using «the’ encoder (1), modulate the radio-frequency generator (6) with the 9

of the
eam or

r defined

b. Test
7). Item

pecified

ference
t signal

hatching
hessage
network

tandard

unwanted signal (data) to generate the unwanted signal at the upper (“lower” fo

step j)

specified frequency of the adjacent unwanted signal (see 2.25). Apply a high-level signal

(e.g. 100 dB(uV)) to the attenuator (9). Record this value, A, in dB(uV).

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

1) Transmit the SCTS a maximum of three times, terminating the transmission seq

50 % or

uence 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, i
the attenuation of (9) by 2 dB and repeat step g)1).

ncrease

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
decibels, and proceed to step h)1).

value in
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h)

4.2.6 Presentation of results for message or selective calling

a)
b)

c)

d)

4.2.7 [Laempliance test method — Adjacent radio-frequency signal selectivity (data)

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).

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).

Repeat steps e) through i) for the lower specified frequency of the adjacent-upwanted
signpl.

Caldulate 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 signad:

Caldulate 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.

Calqulate the upper and lower adjacent radio-frequency signal selectivity, S, either gs:

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

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

whefe
A ik the value recorded in dB(uV) in step e)of 8.5;
B i the average of the attenuation-values calculated in step a) and in step h) in decibels;

R s the sensitivity (SUS or MUS) (message or selective calling) plus the los$ of the
matg¢hing and combining netwotK (4).

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

Record the input sighal arrangement used, the characteristics of the SCTS (megsage or
seleftive calling)sthe characteristics of the unwanted signal and the frequencies of the
spegified unwanted adjacent signals and sensitivity (SUS or MUS) (message or gelective
callipg).

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)

b)

c)

d)

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.

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.

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).

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)

f)

9)

h)

K)

4.3
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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).

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).

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

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-
1 Al caolactiahy (data)
ra—selectivity

deccdnr doac comph—awith tha adiannnt radin franiinnoyg
o o CS—Ccompry vVt tHE——atatEert

eer— € radio-freguerey—s
spegification.

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

If itjwas recorded in step h) that the receiver-decoder does comply far both dpecified
freqliencies, then record that it does comply with the adjacent radiorfrequency signal
seleftivity (data) specification, otherwise record that it does not comply.

Record the input signal arrangement used, characteristics ofOthe SCTS (data), the
sengitivity (SUS or MUS) (data) and the specified adjacent radio-frequency signal selectivity
(dat@).

Co-channel interference rejection (data)

Co-channel interference rejection (data) is a specialscase of adjacent radio-frequengy signal
selectivity (data). It is measured using the methody'of measurement given in 4.2 with the

frequengy of the standard unwanted signal (data) the same as the wanted signal.

4.4  Adjacent-channel selectivity (data)

When mobile radio services use disecrete channel spacings, the value of adjacerjt radio-
frequengy 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

frequengy of the standard unwanted signal displaced one channel space.

4.5

45.1 Pefinition

Spurious responseimmunity (data)

The ability of thé-receiver-decoder to prevent a single unwanted spurious signal from de¢grading

the desired fesponse. It is the ratio, expressed in decibels, of

a)

b)

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

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)

b)

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).

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)

d)

e)

f)
9)
h)

4.5.3 Presentation of results for bit stream or character string

a)

b)

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).

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.

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

spurieds—respense—rmurity—(bit—stream—er—echaracter—string)—stated—r—the—egquipment

spegification, plus the loss of the matching and combining network (4).

NOTE 2 — The method of measurement of spurious response immunity requires that the operater)Seajch for the
frequencies of the unwanted signals which may degrade the output of the receiver (e.g. signal*to-noige ratio or
error [ratio). When the receiver has an audio output, this is normally done by applying only\thé unwanjted signal
to thq receiver at a high level. Then the frequency of the unwanted signal is slowly movedacross the [frequency
band|of interest and the frequencies that produce a change in the signal-to-noise(ratio are noted. These
frequpncies are then used in the spurious response immunity method of measurenment:

If thel 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 commiunication receiver tujed 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 procedufe)is used, changes in the sighal in the
intermediate frequency amplifier can be detected and the frequency\of the unwanted signal noted.

Trarlsmit the standard train of SCTS (see 2.24).
Calqulate and note the error ratio.

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(4V), 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 thp error ratio is greater than;the reference error ratio (bit stream or characten string),
decrnease the unwanted signalievel by 0,5 dB.

Repegat steps f) throughyh).until two consecutive values of error ratio have been ¢btained
whigh bracket the reference error ratio (bit stream or character string). Redord the
unwanted radio-frequency signal level, U in dB(uV), that corresponds to the erfor ratio
whigh is just greatet-than the reference error ratio (bit stream or character string).

Repeat steps<d)-through i) for other unwanted signal frequencies that may degnade the
response ofthe receiver-decoder.

Calculate the radio-frequency level G, as follows:
G=U-025 dB(uv)

where
U is the value recorded in step i) of 4.5.2.
Calculate the spurious response immunity, S, for each of the unwanted signals, either as:

S=G-R (forimmunity MUS) (dB), or

S=G-R-3 (forimmunity 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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c)

d)
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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).

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.

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 h
in 4.1.2.1|is requ

a)
b)

c)

d)

e)

f)

9)

h)

Conpect the equipment as illustrated in figure 4 with the switches in pasition|b. Test
equipment items (1), (2), (4), (6) and (9) and a comparator are required (s€g2.7).

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

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

In thie absence of the unwanted signal, adjust the signal level at the input of the matching and
compining network (4) to be 3 dB in excess of the sefsitivity (SUS or MUS) (megsage or
selegtive calling) determined in 4.2, plus the loss of theg matching and combining netwprk (4).

Adjust the radio-frequency generator (6) to a frequency that may degrade the resgonse of
the feceiver-decoder and apply a high level sighal (e.g. 100 dB(uV)) to the attenyator (9)
(seg] 2.25). Record this value in dB(uV) as A{ Record this frequency.

NOTE 2 — The method of measurement of spurigés response immunity requires that the operator seajch for the
frequpncies of the unwanted signals which may‘degrade the output of the receiver (e.g. signal-to-noige ratio or
error Jratio). When the receiver has an audioyoutput, this is normally done by applying only the unwanfted signal
d 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 notgd. These

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

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

1)

ransmit the SCTS a maximum of three times, terminating the transmission seqlluence if
thewreceiver-decoder does not recognize any of its STS. Adjust the step attenyator (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).

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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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).

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)

b)

d)

4.5.6 [ompliance test method — Spurious response immunity (data)

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.

Calculate the spurious response immunity (message or selective calling), S, for each of the
unwgantecd-stgnats;eitheras:

S=A-B-R (forimmunity MUS) (dB), or

S=A-B-R-3 (forimmunity SUS) (dB)

whefe
A is the value recorded in step e) of 4.5.4;
B if the average of the attenuation values calculated in step.ayin decibels;

R i the sensitivity (SUS or MUS) (message or selective calling) plus the los$ of the
matching and combining network (4).

Record the spurious response immunity (referred t@ SUS or MUS) (message or gelective
calling) as the smaller of the values of S calculated:above.

Record the input signal arrangement used, the ‘characteristics of the SCTS (megsage or
seleftive calling), the characteristics of sthe unwanted signal, the frequencieq of the
unwanted signals and the sensitivity (SUSor MUS) (message or selective calling).

NOTE 1 4 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 fpr this measurement.

a)
b)

c)

d)

e)

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

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

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

Adj 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).

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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9)

h)

k)

4.6

4.6.1 Pefinition
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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.

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).

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

If there_are 25 or less errors for hit stream or character QtringY or six or less errors for

mespage or selective call, record that the receiver-decoder does comply for thisCuphwanted
frequency with the spurious response immunity (data) specification.

Repeat steps e) through h) for other unwanted signal frequencies that may' degfade the
respjonse of the receiver-decoder.

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

Record the input signal arrangement used, characteristics of‘the SCTS (data), sénsitivity
(SU$ or MUS) (data) and specified spurious response immunity (data).

Intermodulation immunity (data)

The abllity of the receiver-decoder to prevepnt:two unwanted adjacent signals whi¢ch have
specific|frequency relationships to the wanted, signal frequency (see annex D), from degrading

the desifed response of the receiver-decoder: It is the ratio, expressed in decibels, of

a)

b)

4.6.2 Method of measurement for bit stream or character string

the common level of two unwanted(input signals that cause a wanted input signal, which is
3 dB in excess of the sensitivityn\(SUS or MUS) (data), to produce an error ratio equpl to the
refefence error ratio (data), te

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

NOTE — The value of\the sensitivity (MUS or SUS) (bit stream or character string) determined in 4.1.1.3 pr defined

in 4.1.2.1|is required-for this measurement.

a)

b)

c)

d)

Conpett the equipment as |Ilustrated in flgure 4 with the switches in posmon b. Test
equipbmen : = = ee 2.7).
Step attenuator (9) WI|| 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).

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.

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).

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)

f)
9)

K)

4.6.3 Presentation of results for bit streamor character string

a)

b)

c)

d)

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

Adjust the attenuator (9) to 8 dB.

Adjust the frequency of the radio-frequency generator (6) to £, and the radio-frequency
generator (8) to f,.

Adjust the levels of the unwanted signals f, and f, 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(uV).

Transmit the standard train of SCTS (see 2.24).
Caldulate and note the error ratio.

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 prdqceed to
step|b) of 4.6.3.

If the error ratio is less than the reference error ratio (bit streamy'er charactef string)
decrease the attenuation of (9) by 0,5 dB.

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

Repeat steps h) through j) until two consecutive values af)error ratio have been ¢btained
whigh bracket the reference error ratio (bit stream’(or character string). Redord the
attepuation value of attenuator (9), A, that corresponds to the error ratio which is just
gregter than the reference error ratio (bit stream or.character string).

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

Caldulate the attenuation, C, for each of the unwanted pairs of frequencies as:
C=A+025 (dB)

whefe

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

The lintermodulation-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(forimmunity SUS) (dB)

whefe

C isThe value recorded in Step jJ of 4.6.2 Of calculated in Step ay;

G is the unwanted input-signal level of matching and combining network (7) in dB(uV)
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).

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).

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)

b)

f)

9)

h)

K)

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).

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.

Using—the—ene ote otdrate—the+aeto etHHerey-steareererato with—the—+eference
sequence of messages to generate the standard coded test signal (SCTS) (megsage or
seleftive calling) (see 2.22 and 2.23).

In the absence of the unwanted signal, adjust the signal level at the input ofthe matching and
compining network (4) to be 3 dB in excess of the sensitivity (SUS orMUS) (megsage or
selegtive calling) determined in 4.1, plus the loss of the matching and combining netwprk (4).

Chopse a pair of frequencies, f, and f,, that may produce an intermodulation respofse (see
anneéx D). Record these frequencies.

Adjust the frequency of radio-frequency generator (6) to f,“and radio-frequency ggnerator
(8) to f,. Adjust the output of each of the generators to apply the same high sigfal level
(e.g] 100 dB(nV)) to the matching and combining nretwork (7). Record this lgvel, A,
in dB(uV).

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

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

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 yvalue in
decibels, reduce the attenuation of (9) by 1 dB, record the new attenuation palue in
decibels, and proceed to step i)1).

1) Transmit the SCTS_aumaximum of three times, terminating the transmission seqguence.
Adjust the step atteniuator (9) according to step i)2) or i)3), whichever is appropr|ate.

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

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

Contintre-steps 2 )—aneH dhtiatteruvatervalueshave beenr+recorded20-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).

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)

b)

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.

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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d)

4.6.6 [ompliance test method — Intermodulation immunity (data)

S=A-B-D-R-3 (forimmunity 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)

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

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

NOTE 1 4 The value of the sensitivity (MUS or SUS) (data) determined in 4.1.1.3 ori4y1"1.5 or defined in|4.1.2.1 is

required fpr this measurement.

d)

e)

f)

9)

Conpect the equipment as illustrated in figure 4 with the switehies in position b, uging test
ipment items (1), (2), (4), (6), (7) and (8), and a comparator (see 2.7).
NOTHE 2 — Matching and combining networks (4) and (7) have two-inputs and may not have identical Josses for

each|of the inputs. If there is a difference in the losses it should\be accounted for in determining th¢ levels of
the upwanted signals.

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

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

Adjust the wanted signal level at the/input of the matching and combining network (4) to be
in excess of the sensitivity"(SUS or MUS) (data) determined in 4.1, plus the logs of the
mat¢hing and combining network (4).

Chopse a pair of frequencies, f, and f,, that may produce an intermodulation resporse (see
anngx D). Record these-frequencies.

Adjust the frequency,-of the radio-frequency generator (6) to £, and the radio-frequency
gengrator (8) to _fi\

Adjust the unwanted signal levels of f, and f, at the input of matching and cdmbining
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 thge losses
of matching and combining networks (7) and (4).

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

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.

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

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.

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
hropagation conditions (MUSM) (data)

4.7.1.1 | Definition
The r.m|.s. value of a Rayleigh faded input-signal level that produces the referéence error ratio
(data). [The input signhal is the standard coded test signal (SCTS) (data), at a dpecified
frequengy.

NOTE - Tlhe 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) Conpect the equipment as illustrated in figure 6 (se€ ‘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 gpecified
nomjnal frequencies or to the nominal frequengy if this frequency is unique.

tandard
tandard

c) Using the encoder (1), modulate the radio-frequency signal generator (2) with the
train of standard coded test signal (bit stream or character string) to generate the
codgd test signal (SCTS) (bit stream oincharacter 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/htif<the receiver-decoder under test is portable.

e) Record the r.m.s. value of thejoutput signal, J, of the Rayleigh fading simulator in dI(pV).

f) Adjust the attenuator (4).to' produce a radio-frequency input-signal level to the inplit of the
recejver-decoder, equalhto the sensitivity under multipath propagation conditions |(SUSM)
(bit ptream or character string) as stated in the equipment specification to the|nearest
decipel.

g) Transmit the.standard train of SCTS (see 2.24).
h) Caldulate and note the error ratio.

i) If the e€rror ratio equals the reference error ratio (bit stream or character string), tgrminate

the measurement Record the attenuation M _of step attenuator (4) and proceed td 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.

i) 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

b)

c)

M=A-05 (dB)

where

A
Cal

is the attenuation recorded in step j) of 4.7.1.2.
culate the sensitivity under multipath propagation conditions (bit stream or character

string), S, in decibels, for each velocity using

whefe

M

S=J-M (dB)

i the r.m.s. level of the output of the Rayleigh fading simulator in dB(u\), recprded in
qtep e) of 4.7.1.2

if the value recorded in step i) of 4.7.1.2 or calculated in step a) in ‘decibels.

Record the input signal arrangement used, the characteristics ofc.the SCTS (bit stream or
character string), the velocities and the sensitivity under multipath’ propagation cgnditions

(MUBM) (bit stream or character string).

4.7.1.4

a)
b)

c)

d)

e)

f)

)]

h)

Method of measurement for message or selectivecalling

Conpect the equipment as illustrated in figure 6 (S€e annex C for details of the Rayleigh

fadi

mg simulator). A comparator is also needed (see 2.7)

Adjust the frequency of the radio-frequency (signal generator (2) to one of the gpecified

nomjnal frequencies or to the nominal frequency if this frequency is unique.

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) (megsage or

seleftive calling) (see 2.22 and 2.23),

Adjust the Rayleigh fading simulator (3) for a velocity of 100 km/h if the receiver{decoder

und

r test is mobile, or 10 km/h-if the receiver-decoder under test is portable.

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

Adjust the attenuator—(4) to a value which will produce a high error ratio (e.g. p0 % or

greater).

1)

2)

3)

1)

2)

3)

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

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

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).

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.

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).

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).

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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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)

b)

c)

4.7.2 PBpecified usable sensitivity under multipath

4.7.2.1 | Definition

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.

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

S=J-B (dB)

whefe
J ip the value recorded in step e) of 4.7.1.4;
B i the average of the attenuation values calculated in step a) in decibels:

Record the input signal arrangement used, the characteristics of theSCTS (megsage or
seleftive calling), the velocities and the sensitivity under multipath-propagation cgnditions
(MUBM) (message or selective calling).

bropagation conditions (SUSM) (data)

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

(data).

NOTE 1 { To make meaningful measurements, the specified input-signal level should be chosen taking info account

the dispeyfsion 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

a)
b)

c)

d)
e)

f)

9)

h)

propagation conditions (SUSM) (data)

Conpect the equipment as illustrated in figure 6 and include a comparator (see anngx C for
detalls of the Rayleigh fading simulator and 2.7 for the comparator).

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

Using.thé encoder (1), modulate the radio-frequency signal generator (2) with the gtandard
trainof coded test signal (data) or with the specified message or Selective call 10 generate
the standard coded test signal (data) (SCTS) (see 2.16, 2.22, 2.23 and 2.24)

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.

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

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).

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

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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K)

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.

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.

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 Pefinition

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

frequengy.

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

to the rgference 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 4 Measured values with bit stream, character string or messagermay differ from each other in agcordance

with the cpnstruction 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 rgquired for this measurement.

a)
b)

c)

d)

e)

f)

9)
h)

Conpect the equipment as illustrated*in figure 4 with the switches in position|b. Test
equipment items (1) and (2) and axcOmparator are required (see 2.7).

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

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

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

Adjust thexrtinput signal frequency displacement to the value of the ac¢eptable
radip-frequency displacement (bit stream or character string) stated in the equipment
spedifieation.

Transmit the standard train of SCTS (see 2.24).
Calculate and note the error ratio.

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.

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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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)

b)
c)

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.

The accantabla radio-fraeaguanecvdicenlacamant (SIS or MULISY ic tha cmallact yalita o
S CEepPrapvre+aato—HegHueRey—taiSprate e i oo oo 5tHe-—SHareStartde—6

F.

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

NOTE — This method of measurement is suitable for making measurements at levels otherthan the 6 dH
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
7.2.1 is rgquired for this measurement.

a)
b)

c)

d)
e)

f)

9)

Conpect the equipment as illustrated in figure 4<with the switches in position
equipment items (1) and (2) and a comparator arexrequired (see 2.7).

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

Using the encoder (1), modulate the radiesfrequency signal generator (2) with the rq
sequence of message or selective calls“to generate the standard coded test signal
(message or selective calling) (see2.22 and 2.23).

Adjust the level of the input signhal to the receiver-decoder to a value 6 dB in exceg
sengitivity (SUS or MUS) (message or selective calling) determined in 4.1.

Incre¢ase the input-signal frequency displacement to a value which will produce a hi
ratio (e.g. 50 % or greaten).

eam or
SUS or

increase

Hefined in

b. Test
pecified

ference
(SCTS)

s of the

gh error

1) Transmit the SCTS’a maximum of four times, terminating the transmission seqlience, if

the receiver-decoder does not recognize any of its SCTS, adjust the inpu
frequency displacement according to step f)2) or f)3), whichever is appropriate.

2) If the recelver decoder fails to recognize either the first, second, third, or fourt

ecrease the input signal frequency displacement by 100 Hz, and repeat step f)1).

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

t signal

h SCTS,

~

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 excegs of the
sengitivity (SUS or MUS) (data) determined in 4.1.

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

f) Trarlsmit 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 efrors for
mespage or selective call, record that for this displacemeft the receiver-decoder does
comply with the upper specified acceptable radio-frequency" displacement (data)|specifi-
catign, otherwise record that it does not comply.

h) Repgat steps e) through g) for the frequency displacement on the lower sidg of the
spegified 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 récord that it does not comply.

i) Record the input signal arrangement used, characteristics of the SCTS (data) the se¢nsitivity
(SU$ or MUS) (data) and the specified value of the acceptable radio-frequency
displacement (data).

4.9 Impulsive-noise tolerance-(data)
4.9.1 Pefinition

The ability of a receiver to prevent impulsive-noise from degrading the desired responde at the
output df the receiven

It is expyressed+as’the ratio of

a) the median level of spectrum amplitude of the impulsive-noise that causes a wantedl signal,
whi&sﬂ&mﬂcmsmnuﬂnsmmm_ww_aror 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(uV)/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:

NOTHE 3 — The random impulse generator settings simulate the radio-frequency noise produced by
that
genefator are not applicable to other environments.

g) Adjust the step attenuator (9) to produce the sensitivity (S§US or MUS) (bit st
character string) multiplied by the ratio of the impulsefnoise tolerance (bit st
character string) stated in the equipment specification, plus the loss of the matc
compining network (4).

h) Trarsmit the standard train of SCTS (see 2.24).
i) Calqgulate and note the error ratio.

N1

2)

3)

k) Repegat steps h) to j) until two consecutive values of error ratio have been obtaine
ket the reference error ratio (bit stream or character string). Record the attenfiation U
in decibels of the step attenuator that corresponds to the error ratio which is just
than| the reference.error ratio (bit stream or character string).

brac

NOTE — The above_procedure does not use the random impulse generator internal attenuator which wou
be set to|the minimum constant value. If the attenuation variable range of the attenuator (9) is not suff
internal ajtenuator-may be used, in addition, and the attenuation value change could be added to or subtrg
the attenyation.value of the attenuator (9).

4.9.3

a frequency 100 kHz below the standard input frequency;
an average pulse repetition rate of 100 impulses per second,;

g pulse durafion of 0,2 §S;

g standard deviation of amplitude of 6 dB;

g 10 Hz cut-off frequency of the low-pass filter for random amplitude distribution
4 minimum spectrum amplitude (the same state as step a)).

ould impinge on the antenna of a nearby mobile land station. The above settings of the rando

If the error ratio equals the reference~éfror ratio (bit stream or character
terminate the measurement. Record the attenuation D of the step attenuator
proceed to step b) of 4.9.3.
I
q

f the error ratio is less than the reference error ratio (bit stream or character
ecrease the attenuation of thé\step attenuator (9) by 1 dB.

If the error ratio is greater.than the reference error ratio (bit stream or charactg
ihcrease the attenuation(of the step attenuator (9) by 1 dB.

City traffic
n impulse

eam or
eam or
ing and

string),
(9) and

string),
r string)

d which

greater

d need to
cient, the
cted from

Presentation of results for bit stream or character string

a) Calculate the attenuation level D as follows:

D=U-05 (dB)

where:

U

is the attenuation recorded in step k) of 4.9.2.

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

I=S-D-R (for tolerance MUS) (dB(uV)/MHz), or
I=S-D-R-3 (fortolerance SUS) (dB(uV)/MHZz)
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c)

where

S
D
R

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

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

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 4 The value of the sensitivity (MUS or SUS) (message or selective calling) determined in 7.1(5\¢r defined

in 7.2.1 id required for this measurement.

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

a) Caliprate the random impulse generator in accordance with clause &3 of annex G and

b)

c)
d)

e)

f)

9)

h)

record the spectrum amplitude Sin dB(uV)/MHz.

Co

npect the equipment as illustrated in figure 4, and connect the random impulse generator
tot

e input of step attenuator (9). Increase the attenuation of attenuator (9) to a high value.

Adjust the frequency of the radio-frequency signal generator (2) to one of the gpecified

nomjnal frequencies or to the nominal frequency if this frequency is unique.

Modulate the radio-frequency signal generator (2)<with the standard coded tegt signal

(SCTS).

In the absence of the impulsive noise, adjust.the signal at the input of matching and
compining network (4) to be 3 dB in excess of the sensitivity (SUS or MUS) (megsage or
selefrtive calling ) determined in 4.1 plus theloss of the matching and combining nefwork.

Adjust the random impulse generator to-the following settings:

g frequency 100 kHz below the stahdard input frequency;

an average pulse repetition ratevof 100 impulses per second,;

g pulse duration of 0,2 uS;

g standard deviation of amplitude of 6 dB;

g 10 Hz cut-off frequency of the low-pass filter for random amplitude distribution
4 minimum attenuation (the same state as step a)).

NOTHE 3 — The randdm impulse generator settings simulate the radio-frequency noise produced by Fity traffic

that

genefator aresnot’applicable to other environments.

ould imping€ on the antenna of a nearby mobile land station. The above settings of the randofn impulse

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

or greater).

1)
2)

3)

1

2)

3)

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.

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).

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).

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.

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).

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

4.9.5

the attenuator (9).

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

b) Caldulate the impulsive-noise tolerance, /, either as:

whefe:

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

D is the attenuation value calculated in step a) or the valué.recorded in step j) of 4
R ip the sensitivity (SUS or MUS) (bit stream or character string) in dB(uV) plus th

c) Recprd the impulsive-noise tolerance (referred 0. SUS or MUS) (message or
callipg), the standard input frequency, the sensitivity (SUS or MUS) (message or
calling) and the settings of the random impuls&’generator.

4.9.6

NOTE 1
required

a) Caliprate the random impulsergenerator in accordance with clause G.3 of anne
record the spectrum amplitude Sin dB(uV)/MHz.

b) Conpect the equipmentias illustrated in figure 4, and connect the random impulse g

tot

c) Adjust the frequeney of the radio-frequency signal generator (2) to one of the 9
nomjnal frequencies or to the nominal frequency if this frequency is unique.

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

4.

I =S -D-R (for tolerance MUS) (dB(uV)/MHZz), or

I=S-D-R-3 (for tolerance SUS) (dB(uV)/MHZ)

the matching and combining network (4).

Lo L0

Compliance test method — Impulsive*noise tolerance (data)

- The value of the sensitivity (MUS'ar SUS) (data) determined in 7.1.3 or 7.1.5 or defined i
fpr this measurement.

9.4,

b loss of

elective
elective

h 7.2.1 is

G and

enerator

e input of step attenuator (9). Increase the attenuation of attenuator (9) to a high value.

pecified

d coded
rate the

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 uS;

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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9)

h)

5

5.1

5.1.1 Pefinition

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).

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

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.

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

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

Piotection from radio-frequency intermodulation false operation (selective calling

The ability of the receiver-decoder to prevent two unwanted signals’(one of which is medulated
by the $CTS) having a specific frequency relationship to thgiwanted signal frequengy, from
causing|unwanted responses at the output of the receiver-decoder due to intermodulatjon (see

annex 0).

It is the|ratio, expressed in decibels, of

a)
b)

the level of the modulated unwanted signal that,produces the standard calling probapility, to
MU$ or SUS.

NOTE —|This method of measurement provides»the two-signal intermodulation characteristic. Fof specific

modulation processes, the modulating signal may.have to be inverted.

5.1.2 Method of measurement

NOTE 1 4 The value of the sensitivityN\(MUS or SUS) (message or selective calling) determined in 7.1.5 ¢r defined

in 7.2.1 rgquired for this measurement.

a)
b)

c)

d)

e)

f)

9)

Conpect the equipmentyas illustrated in figure 4, with the switches in position a.

Chopse a pair offrequencies f,, and f, that may produce an intermodulation response (see
anneéx D). Record-these frequencies.

Adjust the modulated radio-frequency signal generator (6) to frequency f,, modulated with
the BCTS and adjust the signal level to a high value, for example 80 dB(uV). Regord this
level.

Apply-thetmwantedunmodutated-mput-stgnatof-frequency - from—theoutput-of-the radio-
frequency signal generator (8) to the combining network (7) at the same level as in step c).

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

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

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).


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

— 46 - 60489-6 © IEC:1999(E)

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

5.1.3 Presentation of results

a) Calqulate the average of the attenuation values recorded in steps g) andh) of 5.1.2

b) The|protection from radio-frequency intermodulation false operationy{selective cglling) in
decipels is:

A-B-C-D-E

whefe

A ip 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
ih dB(uV);

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

O @

if the loss of the combining network (4) in decibels;

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

E if the sensitivity (MUS or SUS)*(message or selective calling) in dB(uV) determined in
1.1.5 or defined in 7.2.1.

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

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

5.2 FJIse résponses due to noise (selective calling)

Receivgr neise can cause the decoder to produce false calling responses in the abgence 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)
b)

c)

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.

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

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

Calculaje—M—tsig:

5.2.4 [Lompliance test method

M= (hours)

o|T

This tegt is applicable only to receivers in which the squelch can~be“disabled, thus mllowing

receivell noise to reach the decoder.

a)

b)

For receiver-decoders with antenna terminals, terminate the*input terminals of the Jreceiver
as dpecified by the manufacturer. Receiver-decoders.‘with an integral antenna should be
shiel[ded. With no input signal applied to the receiver-decoder, deactivate the [receiver
squelch.

Adjust the receiver gain and volume control,<if fitted for normal decoder opefration in
accqrdance with the manufacturer’s instructiofs.

Test the receiver-decoder for a maximumJperiod of 8,67 times M. Note the number|of false
callipg responses Fin the elapsed time 7.

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 fo noise
(selgctive calling) speeification if:

1) 4t the end of thé_test period, Fis 8 or less,
or
2) at any time during the test period, T is greater than F + 3. The test is then termirated.

Record, that the receiver-decoder does not comply with the false responses due [o noise
(selgctive 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, Fis 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 x 1,6 h) or if only two false calling responses have
been detected after 8 h (5 x 1,6 h).
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gnalling attack time (selective calling)

Definition

1999(E)

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 fteque
to pfoduce a level 30 dB above reference sensitivity (selective calling) at the receiy

ter

d) Disp
decq(

e) Mea

inals.

lay the encoder voltage on one trace of a double-beam oscilloscope and dis
der alarm indicating signals on the other beam.

sure the time interval from the instant when the coded signal voltage applie

ncy and
er input

play the

0 to the

radig-frequency signal generator exceeds 50 % of its maximyum, Tevel until the alarg circuit

outp

NOTE — |
response

54 R
5.4.1

The min
to ensuf

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

5.4.2

a) Con
b) Mod

ut has reached 50 % of its maximum amplitude.

f the receiver has no alarm device, the activation of the squelch Circuit shall be used as an ing

pcovery time (selective calling)
Definition

imum time interval that is needed between two successive encoded calling se
e that the decoder will respond cerrectly to the second sequence.

Method of measurement

nect the equipment'specified by the manufacturer as illustrated in figure 7.
ulate the radie-frequency signal generator (5) with the SCTS.

c) Adju
top

d) Arrapge'for the interval between two successive SCTSs to be variable from zero to
twicg the'recovery time stated by the manufacturer.

st the radio=frequency signal generator (5) to the standard input-signal freque
oduce a\level 30 dB above reference sensitivity (selective calling).

ication of

juences

ncy and

at least

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 s

ignals 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

inter

val between transmission of the two parts of the SCTS

) Adju
top

tern‘l:nals.
d) Arrapge the encoder to initially send the first part of an SCTS and)\after an

adju
e) Incr¢
109

f) Trarn
Afte
- i

t

- i

U

1

NOTE -
measuren

5.6 Si
This ch
individu
5.6.1

The rati

a) the
sele

st the radio-frequency signal generator (2) to the standard input-signal freque
oduce a level 30 dB above reference sensitivity (selective calling) at the teceiv

Stable up to recovery time, send the remaining part of the SCTS.
base the interval to a value which will produce a low calling probability (e.g. le

b).
smit the SCTS repeatedly and observe whether the signaltis successfully decod
each transmission, adjust the interval according to,the)following rules:

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

the receiver-decoder (10) successfully decedes the signal, do not change the
ntil there have been four consecutive syccesses. Record this value of time
'his is the protection time (selective calling).

n individual-tone sequential systems having more than two tones, it may be necessary to r
hent with the time interval in different positions of the SCTS.

gnal-to-residual output-power ratio (selective calling)

aracteristic is only applicable to receivers and decoders employing co
hl-tone selective calling signalling and having accessible audio-terminals.
Definition

D, expressed in decibels, of

Feceivers output power when a signal modulated with 1 000 Hz plus the co
Ctivewcalling tone is applied to its input, to

b) the

ncy and
er input

interval,
ss than

ed.

20 % of

interval
interval.

bpeat this

tinuous

htinuous

eceiver autnut nower whaon a3 cianal madiilatad anlvy hyv the continuous-selactiv
ecehrel——od e AMeha—Ss aHee—o HHe—-coRHRAHOUS +e-GHY

[

p calling

tone

5.6.2

Hpu-pov igha-modu Aly

is applied to its input.

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

rece

iver.

The composite modulation should be adjusted in accordance with the manufacturer’s

instr

uctions.
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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

Conduc
ized by
frequen

6.1.2

a) Con

b) With
the s

c) Rec

NOTE 1
selective
receiver).

NOTE 2
measurin

NOTE 3 -
across a
hectomet
considerg|

6.1.3

The lev
termina
test loa
record t
length o

6.1.4

ed spurious components are radio-frequency components that are usually €H
having a dominant component at a discrete frequency or in a narrow

Method of measurement of antenna terminal conducted spurious cemponents

nect the equipment as shown in figure 10.

the receiver operating, adjust the frequency of the selective measuring device
pecified range of measurements to search for the spuriouS.components.

brd the frequency and level of each spurious componeqtfound.

- For the purpose of this measurement, the impedance of\the test load (3) including the eff
Imeasuring device (4) should be equal to the source impedance required by the artificial anten

Measurement precautions: precautions should be-taken to prevent interfering voltages from en
) equipment, either by radiation or through the mains supply leads.

This test method is limited to the case of metre and decimetre wavelengths, since the voltage
test load connected to the antenna terminals is not representative of the interference in th
e waves. In the case of a ship, the \result obtained, when the installation is built, depd
ble extent on the position of the antenna with respect to the superstructure.

Presentation of results

bls recorded in step«c) of 6.1.2 expressed as a voltage or as a power, are the
conducted spurjetis components. Record their frequency and the impedanc

he characteristic’impedance and the length of the cable between the receiver
f the cable-between the receiver and the artificial antenna.

Method measurement of a.c. power terminal conducted spurious components (f
reguencies below 30 MHz)

Cies. They may be present at the antenna or a.c. power terminals of the receivef.

aracter-
band of

(4) over

ect of the
ha (or the

tering the

measured
P case of
nds to a

antenna
b of the

. Record the ccomponent values of the artificial antenna and of the test logad. Also

and the

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

No requ

Method of measurement at the a.c. power terminal
(for frequencies up to 1 000 MHz)

irement at this time.

6.2 Radiated spurious components (data)

The rad

The rad

iated spurious components are any radiation originating from within a receiver.

iated spurious components of a receiver may contain:

— average radiated spurious components;

— maxjmum effective radiated spurious components;

- RF

(random field measurement) radiated spurious components;

— RF(JD radiated spurious components.

The method of measurement for each of the above follows the same_procedure as
radio-frequency power of transmitters described in 12.1.2~te* 12.1.5 respectively

radiate
replacin

the words transmitter with receiver and radiated powerhwith radiated

componients.

Attentio

n is drawn to the difference between the radiated~spurious components

radiated radio-frequency power of transmitters when cafrying out the above meas
procedures.

a) The

power levels of the radiated spurious components of receivers are far bg

radigted radio-frequency power of transmitters, and these test sites or RFCD which

high
site,
b) If th

er coupling loss may not be able to measure low-level ones. A lower coupling
RFCD or measurement conditions sheuld be chosen.

e receiver has an antenna terminal, it shall be terminated in a test load hd

impgdance equal to the nominal radio-frequency input impedance.

c) The

transmitting frequency or frequencies are known. However, frequencies of the

spurious components may ret’be known and searching and identifying them
necgssary. If necessary, clasely couple a selective measuring device to the receiv

test.

d) The
pola]
ante

7 Me

polarization of the‘yadiated spurious components may not be the same as the

nhna polarization change.

hsurements of encoder-transmitters radio-frequency parameters

for the

Epurious

and the
liIrement

low the
have a
0ss test

ving an

radiated
may be
br under

antenna

Fization. Confirtnation of the radiation polarization may be necessary when mg¢asuring

7.1 Fr

7.1.1

Lal AY
ettencyerror(dataj

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 108 or in hertz.
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carrier transmission

This me

thod 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

This me

Method of measurement — Type 2: continuous emission, allowed state

thod uses a frequency counter

1999(E)

Method of measurement — Type 1: continuous emission, capable of unmodulated

a) Con
b) Ope
c) Rec

d) Usin
calc

7.1.4

This me

a) Con
b) Ope
test

c) Mea
the
meal
aver

d) Rec

7.1.5

This mg
frequen

hect the equipment as illustrated in figure 11.
rate the transmitter to emit a signal that is constant at one of the allowed states
brd the measured frequency as the characteristic frequency (data) of the transm

g the relationship of the frequency of the allowed state to.the” carrier frg
ilate the frequency of the transmitter.

Method of measurement — Type 3a: continuous emissionymodulated carrier,
random data (symmetrical spectrum)

thod uses an averaging frequency counter.

nect the equipment as illustrated in figure 11.

signal.

sure the number of positive-going (orthe number of negative-going) zero cros
modulation signal, divided by the“duration of the measurement. The duratio
surement shall be longer thany 10 s to provide a repeatable measuremen
age frequency.

brd the measured averagefrequency as the frequency of the transmitter.

Method of measurement — Type 3b: continuous emission, modulated carrier,
hon-random data\(asymmetrical spectrum)

thod uses, audigital storage spectrum analyser to measure the centre frequend
Cy band ecCupied by an emission.

a) Con
stor

nectcthe equipment as illustrated in figure 11. The spectrum analyser (6) is
gestype and is characterized in annex B, clause B.4.

itter.
guency,

rate the transmitter to emit a carrier continuously modulated with a standard b@aseband

sings of
h of the
of the

y of the

p digital

b) Operafe the tfransmitter to emit a carrier continuously modulated with a standard baseband

test
c) Adju

signal.
st:

— 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

r

elative 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/R?;

- T

ecord the values of B and R.
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d)

e)

f)

)]

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 Pg from

< P(i)/ 10
P, = Zlo
=1

Identify and record the frequency F,; of the sample /= L that satisfies the inequalities

L ; L+1 ;
Zlop(’)’ 10 < 0,005 P, < )3 107()/ 10
=1 =1

IdenLify and record the frequency F, of the sample /i = U that satisfies the inequalitigs
u , U+l ,

> 10700 < 0,995 P, < > 107140
=1 =1

Calqulate and record the centre frequency F. of the frequengy\band occupied by the
emigsion from

(R +R)
Fo =g

NOTE - [This method of measurement should not be used if a,characteristic frequency (see 7.1.1 b)) of the

emission fan 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@mission, modulated carrier, random

This method uses a frequency counter (s€€<3.3.12.3).

a)
b)

c)

d)

Hata (symmetrical spectrum)

Conpect the equipment as illustrated’in figure 11.

Operate the transmitter to emitya carrier in short burst periodically and modulatefl with a
stangdard baseband test signal (bit stream).

To pgrovide a repeatabletmeasurement for the frequency, measure the frequency fdr longer
than|the time determined in the following relationship:

o T
measuring time = —— (s)
(Re x GW)
whefe
T iscthe nulse neriod in seconds (s):
p g g =

R is the frequency resolution in hertz (Hz),

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

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 (T) such that

T.>Tp XN (5

whefe
T, is the burst pulse period in seconds (s);

N i the number of total samples.
NOTE — Hach sample point meets at least one burst emission.
— displ|ay the mode control to MAX HOLD mode;
— recofd the values of B and R.

d) Meapure and record the power spectrum P(i) of N samples (where N is approkimately
1 000) uniformly distributed throughout the total swept\bandwidth, B. Calculate ang¢l record
the total power Pg from

< P(I710
Ps = 210
i=1

oY

e) Identify and record the frequency F; of\the sample j = L that satisfies the inequalitie
L ) L+1 ;

210’3(’)’ 1% < 0,005 P, < S 107()/ 10

i=1 i=1

f) Identify and record thedrequency F, of the sample /= U that satisfies the inequalitigs

Y )10 L o) 10
Zlo () < 0,995 P, < 210 )
i=1 =1

g) Caldulate” and record the centre frequency Fc of the frequency band occupied by the
emigsion from

Fo = —(FL ;FU)

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 ¢), 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.


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) Conpect the equipment as illustrated in figure 11.

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

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

d) If reguired, repeat steps b) and c) for other channels for which_thé&transmitter is &
to operate.

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

This method uses a waveform recorder.

a) Conpect the equipment as illustrated in figure 14.

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

c) Adjust the gating delay and gating circuits of the waveform recorder (see 3.3.14)
for the duration of the shortest data signal.

d) Operate the transmitter and the data signals and record the sample voltage (V).
frequiency should be greater than‘two times the symbol rate.

e) Caldulate the average radio*frequency power output Pa\,g using the following relation

N
> (kxv; )
Pyg =—— (W
avg R_x N (w)

whefe
k ig~alealibration constant determined by applying a known radio-frequency voltag

by the
bguency

quipped

by the
to open
Sample

ship:

e to the

Vi

VaVETOTTIT TECOTUET,

. is the sample voltage;

N is the number of samples;

R, is the test load resistance.

Note the calculated P

avg-

f) If required, repeat steps b) through e) for each channel for which the transmitter is

equi

pped to operate.

7.2.4 Method of measurement — Type 4: short emission, modulated carrier

This me

thod uses a power meter.

a) Connect the equipment as illustrated in figure 11.
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b)

c)
d)

e)

7.2.5 Presentation of results

a)
b)

7.3

7.3.1 Pefinition
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Apply the maximum number of input signals (see 1.3.1) at the level required by the
equipment specification.

Operate the transmitter and note the power measured as Ppqan-

Calculate the average radio-frequency power output (data) during the short emission using
the following relationship:

1

— (W)
duty ratio

Pavg = Pmean *

where the duty ratio is the ratio of the pulse duration of short emission to the duration of
pulse repetition period.

Notgthe calculated Py q-

If rgquired, repeat steps b) through d) for other channels for which the tranSmitter is
equipped to operate.

Record the average power as noted in 7.2.2 step c¢), 7.2.3 step e) @n7.2.4 step d).
Record the transmitter frequency and the data signal parametgrs-

Sppurious narrow bandwidth radio-frequency emission/power (data)

Harmonjc and non-harmonic emissions and parasitic’emissions that are usually chargcterized
by a signal having a dominant emission at a.(discrete frequency or in a narrow pand of

frequentgies.

Emissiops in the immediate vicinity of\the necessary band, which are the resulj of the

modulation process for the transmissiofyof information, are excluded.

7.3.2 Method of measurement=Types 1, 2 and 3: continuous emission

NOTE 1 |- Knowledge of the awerage radio-frequency output power measured in 7.2.2 is requiredl for this

measurement.

a)
b)

c)
d)

Conpect the equipment as illustrated in figure 11.

Apply to the trafismitter the maximum number of input signals, at the levels required by the
spegified system.

Operate the-transmitter.
Adjustithe 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 x 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/R?;

— set the coupler attenuation to a value which is compatible with the input characteristics
of the spectrum analyser.
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e)

f)

9)

Note the amplitude of the modulated carrier in decibels as dB ., ier)-

Search for spurious emissions. Note the frequency and the amplitude, in decibels,
as dB sy, 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.

If required, repeat steps b) through f) for each channel where measurements are required.

7.3.3 Presentation of results

a)

b)

c)

7.3.4 Method of measurement — Type 4: short emission, modulated carrier

Calculate the average power of the spurious emission (data) as follows:

D - D 1nldB —dB 110 £
"spurious — Tavg T Y (spur) (carrier)” V7

whefe Pa\,g is the average radio-frequency power output measured in 7.2.2.

Record the transmitter frequency, the frequency of the largest spurious-.component, the
average radio-frequency power output (data) and the average powersof the $purious
emigsion (data).

If required, repeat steps a) and b) for each channel measured in 7:3:2.

This method uses a digital storage spectrum analyser/to~measure the spurious| narrow

bandwidth average radio-frequency power of short emission.

NOTE 1 1 Knowledge of the average radio-frequency power output P,,q measured in 7.2.3 step e) is required for

this measjurement.

a)
b)

c)

d)
e)

f)

9)

h)

Conpect the equipment as illustrated in figure42.

Apply to the transmitter the maximum number of input signals, at the levels required by the
spegified system.

Adjust the gating delay and gating~circuits to open for the duration of the shortgst data
signpl.

Operate the transmitter.

Adjust the spectrum analyser to display the spectrum of the transmitter output. Car¢ should
be taken to observe the\transmitter output during the time that the shortest data gignal is
being transmitted.

Set fhe resolution . bandwidth of the spectrum analyser to the smallest available bandwidth
widgr than the)“bandwidth required to observe the transmitter output, and recprd this
resojution bandwidth as R.
NOTHE 2 —-The resolution bandwidth generally becomes the bandwidth immediately above the pecessary

bandyidth\for the transmitter. Sometimes wider bandwidths may be required because of short tfansmitter
trans|entitime.

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.

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.

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.

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:

S (W)’

average (T) = /=1 (reference)

where

if a sample of voltage taken in 7.3.4 step g);
N i the number of samples.

b) Caldulate the average radio-frequency power output (spurious) using the flollowing

relationship:
N 2
(v)
average (S) = /=1 (spurious)
whefe
V; is a sample of the voltages taken in 7.4.4 step\j).

N i the number of samples.

c) Calctilate the average radio-frequency spurious power using the following relationship:

AlS)-AT)
average (S) . 10[ 10 ]
average (T)

average spurious powef= Py g % (w)
whefe

Pavg is the average transmitter output power measured in 7.2.3;
average(T) is the yalue calculated in step a);

average(S) is thewalue calculated in step b);

A(T, isthe attenuator value recorded in 7.3.4 step Q);

A(S is the attenuator value recorded in 7.3.4 step j).

d) Recoprd/the transmitter frequency, the data signal parameters, the frequency of the $purious

emission—and-the average-spurioys-power
Sstoh—ahotheavYerage-SpuHoUSPowWe-

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

7.4.1.3

alternate channels during the burst.

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
transmi
either o

7.4.1.4

The adj
in syste
mean p
bandwid
alternat

7.4.2

This md
respons|

the channel spacing. This measurement provides the ratio, expressed in decibels

average

this rati@ is called the “adjacent channel power ratio (data)”.

See anr

NOTE 1 +

NOTE 2 -
by “altern
spacing n
one-half

respective

a) Con
speq

b) Ope
c) Set

ter, which falls within the specified bandwidth centered on the centre frequ
the adjacent or first or second alternate channels.

Adjacent and alternate channel power during a burst period (data)

hcent and alternate channel power during a burst period (data) ofitransmitters o
Ims allocated on a channel basis and in burst repetition modefis that part of
ower output of a transmitter during a burst period which falls within the {
th centered on the centre frequency of either of thesadjacent or first or
b channels during the burst.

Method of measurement — Type 1: continuous emission, capable of unmodulatg
carrier transmission

thod uses a power measuring receiver. This\power measuring receiver has i
e frequencies displaced from the transmitterscarrier frequency by amounts deriy

power to the average adjacent channel power. For the purpose of this measy

ex B, clause B.3 for the required characteristics of the power measuring receiv

This measurement requires knowledge of the average power (data) (see 7.2.5).

For the first or second alternate channel measurement, the words “adjacent channel” should b4

ate channels” or “first alternate channel” or “second alternate channel” and the phrase “th
inus one-half of the~specified bandwidth” in step f) should be replaced by “two channel spac]
pf the specified bandwidth” or “three channel spacing minus one-half of the specified b
ly.

nect the equipment as illustrated in figure 11, using a power measuring reg
ified selegctivity.

rate the transmitter unmodulated at the average power (data) as measured in 7

off of a
ency of

perating
he total
pecified
second

s -6 dB
ed from

of the
rement,

replaced
e channel
ng minus
andwidth”

eiver of

3.5.
enuator

hedi4. attenuator to a high value, for example 70 dB, then adjust the coupler/at

top

ovide a signat tevetrwhich s withi the tinear tange of the poweTr measuring Tec

iver.

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

redu

ced 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 Modulation Data rate Specified PMR filter Reference
spacing b bandwidth bandwidth frequency
Bs 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) App
sped

y to the transmitter the maximum number of input signals, at the levels,-réquire
ified system, and operate it.

d by the

h) Adjust the i.f. attenuator until the indication of the r.m.s. meter is apptoximately the same
as was recorded in step c). Record the reading of the r.m.s. metet and the attenyation of
the ilf. attenuator, in decibels.

i) Theladjacent channel power ratio, A, is the difference of the dttenuation values, recprded in
stepp d) and h), corrected for the difference in readings of{the r.m.s. meter in thesge steps.
Record this value.

j) Remove the modulation from the transmitter, andiset the i.f. attenuator to the value
recorded in step d).

k) Repegat steps e) through i), but decrease the freguency of the local oscillator used |in steps
e) and f).

7.4.3 Presentation of results

a) Caldulate and state the power, Pixydidcent channel): IN €ach 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 X 10-A/10 (w)

b) Record the transmitterfrequency and the largest P(agjacent channery Calculated in step a) as
the adjacent channgl power (data).

c) Caldulate and state the —6 dB bandwidth of the power measuring receiver. Thig is the
diffefence between the two values of the local oscillator frequency recorded in sugcessive
iterations of'step e) of 7.4.2.

7.4.4 ethod 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)

b)
c)

d)
e)

f)

- 61—

Connect the equipment as illustrated in figure 12, using a power-measuring receiver of the
specified selectivity.

Operate the transmitter at the average power (data) as measured in 7.2.5

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.

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.

Adjust the frequency of the radio-frequency signal generator to equal the frequency of the
transmitter (see 7.1.3 and 7.1.8).

Replace the transmltter W|th the rad|o frequency S|gnal generator Increase the frequency
= alala = oter is rec 2cord the

channel
spaging minus one-half of the specified bandwidth. The reference frequency of the power
meaguring receiver is thus adjusted to the lower (“upper” for step m))banhd edgge of the

upper (“lower” for step m)) adjacent channel. The local oscillator frequency can be Jower or
highger than the frequency of the transmitter but should be kept within\steps f) to j).
The follpwing table provides several of the commonly used specified channel spacipgs and
bandwidths.
Table 2 — Commonly used specified channel spacings and bandwidths
Channel Modulation Data rate Specified PMR filter Referepce
spading b bandwidth bandwidth frequepcy
Bs displacement
kHz kbps kHz kHz kH3
5p QPSK 42 21 21 39,
2k GMSK 16 16 16 17
125 GMSK 8 8,5 8,5 8,2
NOTE |- Specified bandwidths (Bs).'are specified by the equipment specification for the measur¢ment
of adjagent channel power. Bs is nelated to the necessary bandwidth defined in Article 1, No. 146 f the
ITU Raglio 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
spegified systéem-and operate it.
i) Adjdst the<if. attenuator until the indication of the r.m.s. meter is approximately the same
as was rec¢orded in step c). Record the reading of the r.m.s. meter and the attenyation of
the ilf\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.

) 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 Q).

7.4.5 Presentation of results

a) Calculate and state the power, Pgjacent channel): IN €ach of the adjacent channels from the

measured as described in 7.2.5.
X 10—A/10 (w)

ratio A recorded in step j) and the carrier power Pa
P

P(adjacent channel) = "avg
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b) Record the largest P(agjacent channely 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 ratig is called the “adjacent channel power ratio (data)”.

See anrex 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 4 For the first or second alternate channel measurement, the words “adjacent-channel” should bg replaced
by “alterrlate channels” or “first alternate channel” or “second alternate channel’Cand the phrase “thg¢ channel
spacing minus one-half of the specified bandwidth” in step f) should be replaced by “two channel spacjng minus
one-half pf the specified bandwidth” or “three channel spacing minus ong-half of the specified bandwidth”,
respectively.

a) Conpect the equipment as illustrated in figure 12, using_a power measuring redeiver of
spegified selectivity.

b) Apply to the transmitter the maximum number of input signals at the levels requirefd by the
spegified system. Operate the transmitter at thesaverage power (data) as measured in
7.2.%.

c) Set the i.f. attenuator to a high value, for example 70 dB, then adjust the coupler/atfenuator
ovide a signal level which is within the\linear range of the power measuring recgiver.

d)

e)

f)

becafise the transmitted spectrum is wider-than the receiver bandwidth. If such a bandwidth is not
the cqrrier level should be calculated using the radio-frequency signal generator substitution.

Adjust the frequency of the radio-frequency signal generator to equal the average fr
of the transmitter.

Replace the transmitter-with the radio-frequency signal generator. Increase the fr
of the local oscillater‘until the indication on the r.m.s. meter is reduced by 6 dB. Re
frequiency of the local oscillator.

Incr¢ase the ffequency of the local oscillator by an additional amount equal to the
spaging minus one-half of the specified bandwidth. The reference frequency of th

far below
bandwidth
available,

pquency

bquency
cord the

channel
e power

uring-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 gr 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 Modulation Data rate Specified PMR filter Reference
spacing b bandwidth bandwidth frequency
Bs 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

Regulations.

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
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ace 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,gjacent channel): IN €ach of the adjacent channels from the
A recorded in step h) and the carrier power Pavg measured as described in 7.3.5:

ratio

P(ndjnrt:nr channel) = P’“’[} X 10_A/10 (W)

b) Record the largest Pgjacent channely Calculated in step a) as the adjacent channgl power
(datdq). Record the transmitter frequency.

c) Calqulate and state the —6 dB bandwidth of the power measuring receiver. Thip is the
difference between the two values of the local oscillator frequency recorded succespively in
step|e) of 7.4.6.

7.4.8 Method of measurement — Type 3: continuous emission, modulated carrier

This mgthod of measurement uses a digital storage spectrum analyser to measure the power.

NOTE 1 4 For the first or second alternate channel measurement, the words”“adjacent channel” should bg replaced

by “alternpte channels” or “first alternate channel” or “second alternate“ghannel”.

a) Conpect the equipment as illustrated in figure 11, using a digital storage spectrum analyser.

b) Apply to the transmitter the maximum number ef.nput signals at the levels requirefd by the
spegified system. Operate the transmitter atythe average power (data) as measured in
7.2.%.

c) Adjust the spectrum analyser as follows:

— det 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 bgndwidth
divided by 40, and record thistas R.

— det the total swept bandwidth to the lowest possible setting which is equal to o greater
than the specified bandwidth and record this as B.

— det the sweep time-to greater than 3B/R2.

— det the coupler ‘attenuation to a value which is compatible with the input charaqteristics
qf the spectrum analyser.

The follpwing table provides several of the commonly used specified channel spacipgs and

bandwidths.

Tabte4—Commumnty used specifiedchanmmetspacimgs andbarmdwidttrs

Channel Modulation Data rate Specified PMR filter Reference

spacing b bandwidth bandwidth frequency
Bs 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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7.4.9 Presentation of results

a)

e)
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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.

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.

N
P, =101g z 10110 (dBm)

=t

whefe N is the number of samples.

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.

Operate the digital storage spectrum analyser to record the values Axin dBm for the same
numper of samples used in step f) uniformly distributed throughout;the specified baphdwidth.
Caldulate and record the indicated adjacent channel power:

N
P, = 10lg Zlo“”10 (dBm)
=1

whefe N is the number of samples.
Using the lower adjacent channel repeat steps ¢g).and h).

Caldulate the ratio P, for the upper adjacent channel using the following relationshipj
Pr:Pc_(Pa+1) (dB)

whefe
if the value recorded\in 7.4.8, step f);

is the value recorded in 7.4.8, step h) for the upper adjacent channel.
NOTHE — For an explanation of the 1 dB in the equation, see 4.2.5.4 in IEC 60489-2.
Repegat step a)dor the lower adjacent channel.

Record the-lower value of P, calculated in steps a) and b) as the adjacent channgl power
ratio

Calaule

P x 10 ACPR/10 (dBm)

P(adjacent channel) =

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).

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
menory.

f) Rea
pow

] the data from memory and calculate the adjacent, first and second alterpate g
br due to modulation (data), due to switching transients (data) and during*a-burg

(datq), according to the definitions. Display the larger one for each definition

8 Audio-frequency band measurements of encoder output characteristics

(se

ective calling)

8.1 To¢ne pulse-rise time (selective calling)

8.1.1

Definition

The tone pulse-rise time is the interval during which the amplitude of the pulse €
increasgs from 10 % to 90 % of its steady-state value:

8.1.2

Method of measurement

a) Terminate the encoder output with theload specified by the manufacturer.

b) Con

encqder in accordance with the manufacturer's instructions. Derive the synchronizi

for

he calibrated horizontal ;sweep of the oscilloscope from the signal that st

encqgder sequence.

c) Arraphge for the enceder to send a single standard coded test signal (see 2.
mealsure the interval during which the pulse envelope value increases from 10 % to

its s
d) This

82 T

8.2.1

eady-state value.
measurement may be repeated for any other coded signal.

ne pulse duration (selective calling)

hannels
t period

nvelope

nect the vertical display of an oscilloscope in parallel with the output load and a]ijust the

g pulse
arts the

P3) and
90 % of

peftinition

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
Qulses is less than 10 % of the maximum amplitude;

— the total duration of a single coded signal.

8.3 Taone pulse-decay time (selective calling)
8.3.1 Pefinition

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) Conpect the vertical display of an oscilloscope_in-parallel with the output load and a]:just the
encqder in accordance with the manufacturer’s’instructions. Derive the synchronizifpg pulse
for the calibrated horizontal sweep of the” oscilloscope from the signal that stprts the
encqgder sequence.

c) Arrapge for the encoder to send a single standard coded test signal and measure the time
interjval during which the amplitudéof the pulse envelope decreases from 90 % to|10 % of
its sfeady-state value.

8.4 Frequency of tone(s) (selective calling)
8.4.1 PDefinition

The frequency of the:tone(s) is the fundamental frequency (or frequencies) of the tone(§) within
the durdtion of on&.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

8.5

RMS voltage of tone(s) (selective calling)

i

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.

a)
b)

c)
d)
e)

f)

NOTE -
amplitude

8.5

If a larg

8.6

8.6

The eng
sequenc
figure 1

8.6.

a)
b)

d)

8.6

.3

A

2

Method of measurement

Terminate the encoder output with the load specified by the manufacturer.

Connect the vertical input of an oscilloscope in parallel with the output load and adjust the
encoder according to the manufacturer’s operating instructions.

Arrahge for the encoder to send a single coded signal. Measure the peak-to-peak alnplitude

of amy or all of the tone pulses.

Bec
shol

For

sign
The
sinu

Emmcoder overall operate time (selectivercalling)

2

Tern

Con
encq
calif

use the amplitude of the tones may depend on the tone frequency,-measu
Id be repeated until all possible tones have been measured.

Al should be used to reject all tones except the one to be measured.

peak-to-peak values should be converted to r.m.s. values, @ssuming that the tg
soidal.

f the manufacturer provides a facility for adjustment to the amplitude, both the maximum and
s obtained should be recorded.

Presentation of results

b number of tones is involved, the results should be recorded in graphical form.

Definition
oder overall operate time jis-the elapsed time from the start of the encoder

B.

Method of measurement

ninate the encoder output with the load specified by the manufacturer.

der aceording to the manufacturer’s instructions. Derive the synchronizing puls
rated)horizontal scan of the oscilloscope from the signal that starts the
ence.

fements

simultaneous tone systems, band-pass filters at the nominal frequencies of the coded

nes are

minimum

bnabling

e until the complete coeded signal has been observed at the output termingls. See

nect the(vertical display of an oscilloscope in parallel with the output load and adjust the

b for the
encoder

seqy

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.

The measurement should be repeated for all coded signals having different initial tone
frequencies.

.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.
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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) Conpect 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
throilgh 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 I¢vel and
record the number of successful calls at each input level. Continue te\Wary the inpuf level in
stepk of 1 dB until the calling probability is less than 80 %.

9.1.3 Presentation of results

Plot degoder relative input level versus calling probability;as shown in figure 15. Reg¢ord the
input leyel corresponding to 0 dB. Record the number offrials.

9.2 Decoder attack time (selective calling)
9.2.1 Pefinition

The deqoder attack time is the elapsed time from the instant that its intended coded signal at
the decgder input terminals exceeds 10-% of the maximum steady-state value until the decoder
succesqdfully responds. If the response-is an audio output, successful response is 50 % of the
maximupm 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
throtigh a matehing network as specified by the manufacturer.

b) Display the-input voltage to the decoder on one beam of a double-beam oscilloscppe and
connect the other beam across the alarm indicating circuits.

c) Measure the elapsed time from when the input signal exceeds 10 % of 1its 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

b)

c)

of successful calls (see figure 14).

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.

With the time interval at maximum, ensure that a satisfactory success rate is o

btained.

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
9.4.1 Pefinition
The degoder required protection time is the maximum time during which_a\partially ¢

decodeq may respond to other coded signals containing the complementary part
standarg@l coded test signal (see figure 17).

9.4.2 Method of measurement

a) Conpect an encoder or code simulator to the decoder, withbmeans of recording the
of syccessful calls (see figure 14).

b) Arrahge that the encoder initially sends the first part of a particular code and,
interval, adjustable up to the recovery time, sends.the remaining part of the code.

c) With the time interval set to a minimum, ensureg, that a satisfactory success rate is g
Incr¢ase the time interval until a significantknumber of failures is observed, i.e. up
This|time interval is the decoder protectiomtime.

NOTHE — The decoder must be protected from ¢camplementary signals until they no longer result in a
percgntage of positive responses.

d) In individual tone sequential systems having more than two tones, it may be nece
repgat this measurement with.'the time interval inserted in different positions of t
seqgyence.

9.5 Decoder alarm timé (selective calling)

9.5.1 efinition

The dedoder alarm'time is the elapsed time between a successful decoder alarm respg
the output voltage exceeding 50 % of its maximum steady-state value, and at cesg
alarm, the/deerease of the output voltage to this 50 % value (see figure 16).

Deécoder required protection time (selective calling)

perated
of the

number
after an

btained.
0 20 %.

bignificant

Ssary to
he code

nse, i.e.
ation of

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.

b)

c)

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,
frequency-tone, a d.c. voltage, etc.

Apply a standard coded test signal through a matching network, as specified
manufacturer, to the input of the decoder, at the nominal input level.

an audio-

by the

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 S[ipplementary conditions of measurement Tor SyStem response times

a) Conpect 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 pontinuous individual-tone systems, adjust the radio-frequency-attenuation to [produce
the gtandard input-signal level at the receiver antenna terminals.

10.3 System overall operate time (selective calling)
10.3.1 pefinition

The syqtem overall operate time is the elapsed time from the start of the encoder-¢nabling
signal, this instant being simultaneous with the start\of the transmit function and the noment
when thle decoder alarm successfully responds. If,the response is an audio output, sugcessful
responsie is when the audio output reaches 50:% of the maximum steady-state output] voltage
(see figlire 19).

NOTE - Tlhis method of measurement applies only'\when the encoder and transmitter are enabled simultanjeously.

10.3.2 Method of measurement
a) Conpect the vertical display~of an oscilloscope in parallel with the decoder alarm-jnitiating
circyit.

b) Deriye the synchronizing pulse for the calibrated horizontal sweep of the oscilloscdpe from
the ¢ncoder-enabling’/signal.

c) Thelsystem overall operate time is the interval between the start of the encoder-transmitter
enabling sighal*and the moment when the decoder alarm-initiating circuit response [reaches
50 % of the-maximum steady-state output voltage.

d) Repegatthis measurement for all coded signals having different initial tone frequencigs.

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 timle interval is the system recovery time.

11 Mepsurements of receiver-decoder radio-frequency parameter
(integral antenna)

11.1 Rpdiation sensitivity (data)
11.1.1 General
The rad|ation sensitivity of a receiver may contain

— refefence radiation sensitivity (MUS) (data),

— normal radiation sensitivity (SUS or MUS) (data),

— RFM radiation sensitivity (SUS or MUS) (data),

— RF(D (radio-frequency coupling devicg) radiation sensitivity (SUS or MUS) (data),
— averjage radiation sensitivity (SUS*ar MUS) (data),

— divef[sity 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 gnes are test sites_or RFCD and for the latter ones are the baseband signal copnection
arrangements. They are-described in IEC 60489-1, annex A.

Deviatigns from standard atmospheric conditions may occur for measurements madg out of
doors. The aetwal conditions, however, should not cause the measurement results to| deviate
apprecinIy 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)

b)

c)

d)

e)
f)
9)

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

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.

Calibrate the test site and place the receiver under test as illustrated in the chosen example
of the above-mentioned annex.

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.

Rotate—the—eatiprrenturder—test 452 cleoekwise—r—a—hoerzenrt
gre—me—Cgurpr e ottt eSO ot S C— a1 O 7oTiT

diregtion sensitivity (MUS) using the same procedure as in step c).

e—anrg—measure this

Repegat step d) until values have been obtained for eight azimuth positions.
Makp a table of results and, if desired, plot them as points on a polar diagranr.

If the results indicate that, at a particular azimuth angle, the level is significantly Ig¢ss than
at other angles, determine the minimum level required to open thecsguelch, by prdceeding
as follows:

— ip the vicinity of the assumed azimuth for the minimum level, select smaller agimuthal
rotation angles, for example 15°, and for each azimuthal*position, measure the level.
Record the lowest level.

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 ratig (data).

The normal direction is specified by the-manufacturer.

NOTE 1 4 The normal direction of the eguipment under test is usually the operation accessing side and i specified
by the mgnufacturer. The normal direction may be the specific direction used for RFCD calibration measurgments.

NOTE 2 4 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.

11.1.3.4 Method©f-measurement for normal radiation sensitivity (MUS) (data)

a)

b)

Chopse the* test site and the measuring distance suitable for the frequercy, the
envifopmental conditions, the required measurement error and receiver dimensions, from
thosg described in annex A of IEC 60489-1.

Calibrate the test site and place the receiver under test as illustrated in the chosen example
of the above-mentioned annex.

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

Radiatign sensitivity (SUS or MUS) (data) measured in a calibrated RFCD at the deterined
position|and direction.

11.1.5.4 Method of measurement for RFCD radiation sensitivity (MUS) (data)
a) Chopse the RFCD suitable for the frequency, the environmentat-conditions and [receiver
dimgnsions, from those described in annex A of IEC 60489-1.

b) Calilprate 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 (datp) using
one jof the baseband connection arrangements described in the above annex.

c) Meapure the RFCD input-signal level which will resultvin the reference error ratio |with the
samp method for receivers equipped with suitable_antenna terminals (see 7.1). Read the
calirated 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 radiatign sensitivity (SUS)
a) Chopse the RFCD suitable for.the frequency, the environmental conditions and Jreceiver
dimg¢nsions, from those describbed in annex A of IEC 60489-1.

b) Caliprate the RFCD and place the receiver under test as described in the chosen RFCD in
the above annex. The réceiver output should be connected to the comparator (data) using
one jof the base band/Connection arrangement described in that annex.

c) Exe¢ute and judge“with the same procedure of the sensitivity (SUS) (data) for receivers
equipped with stitable antenna terminals (see 7.2).

NOTE — A similar mreasurement to 11.1.6.4 is possible with a similar rotating measurement.

11.1.6 MAwverage 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 signhals (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 ¢) 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)

spegification; otherwise record that it does not comply.

11.1.7 Piversity radiation sensitivity (SUS or MUS) (data)

This megthod is under consideration.

11.2 Selectivity (data)

Selectivjty (data) of receiver with integral antennas is recommeénded to be measurdd in an
RFCD. [fhe input of RFCD is measured with the same method for receivers equipped with
suitable| antenna terminal (see 4.2 to 4.6). The input aff RFCD can be calibrated| by the
calibratipn method described in IEC 60489-1, annex A.

The selpctivity may be measured in a test site if the test site is clear about the interfering
problem described in the above annex.

The selg¢ctivity can be evaluated by measuring
— adjakent signal selectivity,

— adjakent channel selectivity,

— crosg-modulation,

— spurjious response immunity; and

— intefmodulation immunity,

11.3 Agceptable radio-frequency displacement

Acceptdble radio-frequency displacement of a receiver with integral antennas is recommended
to be nfeasured_in an RFCD. The input of RFCD is measured with the same methed for a
receiver] equipped with suitable antenna terminal (see 4.8). The input of an RFCD|can be
caIibratTd 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 avgrage of the radiated powers (data) in eight directions distributed at 45° angle
horizontal plane.

NOTE - [The average radiated power (data) can be measured in OATS (open ar€a.test sites) or in L
reflection|test sites) or in AC (anechoic chambers). Measured values in OATS have possibilities of differ
the value$ measured in the two other test sites because of the ground-reflectedAyave effect.

12.1.2.4 Method of measurement for average radiated power‘(data)

c)

Chopse the test site and the measuring distance suitable for the frequency, the
al conditions, the required measurement error.and transmitter dimensions, fro

anngx. Connect the output of the selective measuring device to the power m
devite described in the subclause coneerning the method of measurement for th
freqliency output power (data) of transmitters equipped with suitable antenna tg
(see| 7.2). Calibrate the test site.

Meakure the normal direction radiated power (data) according to the combinatio
same method of measurement for transmitters equipped with suitable antenna t¢
(segl 7.2) and the basic_measuring procedure for radiation measurement describe
aboye chosen subclause!

— The normal direction of the equipment under test is usually the operation side and is specif
mandfacturer. The normal direction may be the specific direction used for RFCD calibration measuren

Rotgte the equipment under test 45° clockwise and measure this direction radiate
(datq) usingthe same procedure as in step c).

Repeat step d) until values have been obtained for eight azimuth positions.

s in the

RTS (low
ence from

environ-
m those

above
asuring
e radio-
brminals
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ed by the
ents.

d power

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

a)

b)

c)

d)

12.1.3.1.3 Presentation of results

horizontal plane

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.

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.

Measure the normal direction radiated power (data) according to the combination of the
samgmethod—ofmeasurementfortransnritters—equipped—with—suitabte—antermatgrminals
(se€g| 7.2) and the basic measuring procedure for radiation measurement described in the
aboye chosen subclause.

NOTHE — The normal direction of the equipment under test is usually the operation side and.is specifled by the
mandufacturer. The normal direction may be the specific direction used for RFCD calibration'measurenents.

Rotgte the transmitter under test in the horizontal plane and find the direction which| has the
maxjmum indication on the power measuring device. Note the maximum indication.

Calculate the maximum effective radiated power on the harizontal plane and redord the

direction in step d).

12.1.3.4 Maximum effective radiated power (data) on.a spherical surface

12.1.3.4.1 Definition

The makimum effective radiated power (data)“observed on a closed surface surrounding an

antennag.

NOTE - Tlhe maximum radiated power (data) can,be measured in LRTS or in AC.

12.1.3.4.2 Method of measurement for maximum effective radiated power (data) on a

a) to c) | Perform steps a)-toC) in 12.1.3.1.2

d)
e)

f)

9)

spherical surface

Rotgte the transmitter under test in the horizontal plane and find the direction which| has the
maxjmum indication on the power measuring device.

Rotgte the transmitter under test 90° in the vertical plane, keeping the direction found in
step|d) to the-measuring antenna.

Orientthe’ measuring antenna so that it is horizontally polarized. Rotate the transmitter
undérntest in the horizontal plane and note the maximum indication. This will] be the
direction which has the maximum radiated power on a spherical surface.

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 — IPDD 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.) Definition

The signal level at the output of an RFCD, in which{ the transmitter under test operates,
calibrated by the specific direction radiated power ip atest site.

12.1.5.4 Method of measurement for RFCD radiated power (data)

a) Chopse an RFCD for the frequency and/size of transmitter under test from those déscribed
in apnex A of IEC 60489-1.

b) Calilprate or confirm the calibration value for the output signal level of RFQD. The
caliration should be performed with the calibration method for the chosen RFCD dgscribed
in the subclause of the above jannex.

c) Place the transmitter under test in the specified position and specified direction and
actijate the transmitter

d) Meapure the outputdevel of the RFCD according to the same method of measurement for
trangmitters equipped with suitable antenna terminals (see 7.2).

NOTE 1 } A similat.measurement to 12.1.2 or 12.1.3.1 on a horizontal plane is possible with a similgr rotating
measurement.

NOTE 2 { . The similar measurement to 12.1.3.2 is possible with a similar rotating measurement if thg coupling
differencq_of. the chosen RFCD is specified for the EUT height difference. EUT height will differ undler 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:

— aver

— max

age radiated spurious narrow-bandwidth emission power (data);
imum 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 rad

12.1.7.1

The ad]
on a ch

of the a

12.1.7.1

The ad]
in syste
mean p
specifie
second

12.1.7.1

The adj
operatin
mean

transmi
either o

12.1.7.1

The ad
operatin

ated adjacent and alternate channel power from transmitters with integral anter

.1 Adjacent and alternate channel power (data)

hcent and alternate channel power (data) of transmitters operating-in“systems g

ljacent or first or second alternate channels.

.2 Adjacent and alternate channel power due to madulation (data)

hcent and alternate channel power, due to modutation (data) of transmitters o
Ims allocated on a channel basis and in burst repetition mode, is that part of
ower output of a transmitter resulting from' the modulation which falls wi
H bandwidth centered on the centre freguency of either of the adjacent or
plternate channels during the burst.

.3 Adjacent and alternate channekpower due to switching transients (data)

acent and alternate channel power, due to switching transients (data) of tran
g in systems allocated on_a,channel basis and in burst repetition mode, is the

that part of the total” power resulting from the ramping-on and ramping-
ter, which falls within the specified bandwidth centered on the centre frequ
the adjacent or firstier second alternate channels.

.4 Adjacent and’alternate channel power during a burst period (data)

acent and. alternate channel power, during a burst period (data) of tran
g in systems allocated on a channel basis and in burst repetition mode, is th

specifie

the tota}lj méan power output of a transmitter during a burst period which falls wi

kandwidth centered on the centre frequency of either of the adjacent or

nas.

llocated

annel basis and in continuous mode, is that part of the total mean power output of a
transmifter which falls within a specified bandwidth centered on the céntre frequency

Df either

perating
he total
thin the
first or

smitters
preatest
Dff of a
ency of

smitters
part of
hin the
first or

1+ + kL 1 Al H +a | +
second afternate—channets o g teOuUrst

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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Data | port ENCODER o
source sitnearl
bit C g
j
Data L |
source Coding I Com- ! | Wave ! To RF
character|g logic | biner | | shaper |
string g | - P | Modulater
[ l e 1 input signal
Datqg
X Codin Preamble
sourge x logic 9 Format
mesgage Address
Redundancy
IEC 739/99
NOTH — All or part of the encoder, combiner and the data source (if required) may-be inside the transnitter.

Figure 1 — Input ports and encoder of transmitter

Key

| (@]

Radio-frequency signal generator with source impedance R

Transmission line

Impedance matching network (pad)

Artificial antenna (where required)

L_|__________1___

=

I_'.l;

IEC 749/99

1
2
3
4 Nominal input impedance of receiver: R,
5
R

. Impedance of the input signal source

Figure 2 — Input-signal source test arrangement
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IEC 741/99
Key
1 Input-signal source 6 Receiving part of the equipmgnt
2 B@and-stop filter 7 Radio-frequency signalrg€nergtor
3 Attenuator 8 Radio-frequency signal genergtor
4 C¢mbining unit belonging to the equipment under test 9 Radio-frequency combining ng¢twork
5 Transmitting part of the equipment
Figure 3 — Example of an arrangement for testing receiver for duplex-operation
a
1 -o%.: 2 3 fodu (o— 1
b | |
| |
I3 Y| |
| |
d r— :
[
5 ° 6 lol.7 fof o SE— i
b Q
10
8
IEC 74p/99

@
<

Encoder

Radio-frequency signal generator
60 dB step attenuator (1 dB steps)
Matching and combining network
Audio-frequency signal generator
Radio-frequency signal generator

Mnfr‘hing and rnmhining network (if rpnluirprﬂ
Radio-frequency signal generator (if required)
60 dB step attenuator (1 dB steps)

10 Receiver-decorder

11 Radio-frequency coupling device (if required)

OCONOOA~WNRE X

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
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- ___r___Unwanted signal level

I\
1\

Selectivity (SUS)

-81-—

—-4—————- Unwanted signal level

Selectivity (MUS)

ff—————————————

/1\

/j\3dB N
_L ___Specified usable
sensitivity

Figure 5a — Selectivity measurement
uping specified usable sensitivity

—x—— Wanted signal level

-y —- Wanted-signgl level

/\3dB
- __Measured usgble

sensitivity

HC 743/99

Figure 5b A Selectivity measurement
using measured usable sensitivity

Figure 5 — lllustration of selectivity (SUS‘and MUS)

L
—
o

IEC 744/99

Key

Encoder

Radio-frequency signal generator
Rayleigh fading simulator

Step attenuator (1 dB steps)
Radio-frequency coupling device
Receiver-decoder

OOUh WN Y

Figure 6 — Arrangement for measuring receiver-decoder sensitivity reduction
under multipath propagation conditions
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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'vequired)
9 Receiver-decoder
Figure 7 — Measuringsarrangement
l |
A B XA X B . X A X| B
Input 1] [ [ L [ l—l_l_ll_
signal ' | D : !
- - 1 I - - [
: Protection time : Protection time
Responsg¢ to | |
code burgt A _I\ ! —\ ' N\
Responsg¢ to | |
code burgt B TN ‘ I\ '
I I
Alarm s B [ l l
Case a: Correet alarm response to ‘Case b: False alarm response | Case c: No alarm response to twd incorrect
correctly leeged-signat to-two-incorrest but comple | signals—as—in-Case—b—but-whentHe interval

mentary signals, where the

required protection time

Figure 8 — Protection time

' between

the complementary parts just
second is transmitted within the | exceeds the required protection time

IEC 746/99
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[
—<
[0)]

IEC 747/99

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 cotpling device
8 Audio-frequency test load

9 Audio-frequency voltmeter

Figure 9 — Measuring arrangement for signal-to-residual output-power ratio
(selective calling)

]

PUVVUI LLLEZLLEDSY

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

Figure 10 — Measuring arrangement for antenna terminal
and a.c. power terminal conducted spurious components
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Ke

yData source (may he incorparated in the transmitter)

2 Encoder (may be incorporated in the transmitter)

Transmitter under test

4 Test load

% Coupler/attenuator

6 Frequency counter or digital storage spectrum analyser for frequency error
— Power meter or waveform recoder for average power spectrum analyser for Splrious compgonents
— Power measuring receiver or digital storage spectrum analyser for adjacent ¢channel powe
Waveform recoder for spurious components (if necessary)

Figure 11 — Measuring arrangement for encoder traismitters

r 0 T
| I | |
P 1 — 2 —— 3 5 @O 6
| | |
o 1 |, 1
|
I
|
|
i ]
|
L4 7
| |
— 1
Key IEC 750/99
1 Data.source (may be incorporated in the transmitter)
2 Eneoder (may be incorporated in the transmitter)
3 Transmitter under test
4\ Test load
5’ Coupler/attenuator
6 Power measuring receiver
7 Radio-frequency generator

Figure 12 — Measuring arrangement for adjacent channel power
which needs radio-frequency generator replacement
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Signal code

— 85 —

f b Time
4 may be incorporated in the operate time ta
provide for such other events as transmitter gttack
Overall operate time time before the signal code is sent in interval|
Start of encoder sequence IeC | 751/99
Figure 13 — Encoder overall operate time
(TN 77T I
| Noise or |
| interference |
: source |
B — — _l, el
Adaptive device for
Programming Encoder impedance matching Decoder
and signal variation
Delay Comparator
device device
Code-counting SUCC‘.&SS
device counting
device
IEC 752/99

Figure 14 - Typical measurement arrangement
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IEC 753/99
Figure 15 — Decoder operation level range
Input|signal amplitude
p g p % A
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Alarnj circuit response ' , -
P o, A : Time
100 L 1_ _1' _______
I
I
500 N S
: I I
I I I
| 1 1 -
I 1 I o
! ! ! Time
Attack time Alarm time ed 75400

Figure 16 — Decoder attack time
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I

protection time

Response to __ I\ —\ —\

code burst A

Response to [\ I\
code burst B
Alarm . [

|
Case a: Qorrect alarm response to 1Case b: False alarm response to | Case ¢ No alarm response fo fw incorrect
correctly Foded signal. ‘two incorrect but complementary . signal as in case b but when-the)|nterval
Isignals where the second is between the complementary,part$ just
ltransmitted within the required exceeds the required protection time
Iprotection time.
' IEC 755/99
Figure 17 — Decoder required protection time
. Transmitter and receiyer,
Programming Encoder with simulated transmission Decoder
medium
»| Delay device »| Comparator
device
Code-counting Failure
device counting
device
IEC ]56/99
Figure 18 — Typical measuring arrangement
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Figure 19 — System overall operate and alarm time
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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 ignalq of twao or three Qignal generators

A.2 Examples of network providing higher isolation between signal generators
Resistapce networks, as shown in figures A.1 and A.2, may not provideCsufficient |solation
betweern signal generators to avoid intermodulation products appearingin their output. The
high isojation 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 operatipn of this
device is ps follows.

The coaxial cable of the hybrid ring is cut to lengths of multiples of a_quarter wavelength of the median frequency.
The powgr from signal generator G, will then be divided equally between the termination point A (prdvided the
network i§ loaded at that point by a resistance R;) and the resistor R4, the value of which is equal to R,. The signals
from signpl generator G, at the output terminals of signal genefator Gy will cancel each other since the [two paths
differ by half a wavelength.

The powgr from signal generator G is similarly divided and its signal at the output of the signal genjerator Ga
cancelled

Because fhe coaxial cable of the hybrid ring has a relatively low quality factor (Q), the cancellation will bg effective
over a wide range of frequency difference betweenthie frequencies of the generators G, and Gg.

The sourpe impedance Rg of the left-hand,pgart of the network at point A is equal to R, (e.g. 50 |Q) if the
character|stic impedance of the cable is R, \/E (e.g. 71 Q)

If, for ceftain measurements, a wanted\vsignal 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 fhe right-hand part of figire A.3.

The sourde impedance R'_ of theycomplete network at point B is equal to R; (e.g. 50 Q) if
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R . R1 R3
—0—O0— —— -o O+
e Rs
A
0—O —0 O
R R> Receiver

5{ ++-o0—o0——1
€B

NOTE - Tlhe source impedance R, of the network is equal to R, if:

IEC 758/99

in this cage, the network attenuation is about 6 dB.

Figure A.1 — Network for combining two signals

Ri R2 R4
—-0o—O0—____ <~ 1O
ea Rs
O0—O —O
R; R2
5:'——0——0—:—
es
-0—O
Ri R3
—0—Oo0—1 1
ec
O0—O
IEC 759/99

NOTE - Tlhe spurce impedance R of the network is equal to R, if:

R, =R, =R, =R = —
2

in this case, the network attenuation is about 10 dB.

Figure A.2 — Network for combining three signals
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G, and Gj, = signal generators
G = additional signal generator, when required
Figure A.3 — Example of combining network usSifig a hybrid ring
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Ri IR Rs | Rs FRn
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I
€y ! !
| ]
G M \Y R
IEC 76[1/99
G = radjo-frequency signal generator
M = mafching network
R =receiver
2{NXR; x Ry
R2 i PR —
N =1

R, = R, %’I:l/—ti%— R,

where N is the required power loss ratio

Py
w
1

Figure A.4 — Example of a matching network
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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 intgrmodulation in the signal generators may be tested using the following procedu

Insert g variable attenuator between the combining network and the receiver ung

e.

er test.

Increas¢ the attenuation in steps of 1 dB and increase the output voltages ofithe generjators by

the samle amounts, thus maintaining the original signal level at the input tothe receiver

Since the intermodulation products in the output should remain~constant, any inc
caused py intermodulation in the signal generators.

B.2 Method of testing signal generator noise

The mepsurement of certain characteristics, for example,”adjacent channel selectivity
erroneols when a signal generator having a high spectral noise constant is used.

At fregyencies below 200 MHz, a crystal filterpftaving at least 20 dB rejection at the
channel| can be connected at the output of the generator under test as a means of ag
whethera result is influenced by signal generator noise.

B.3 Ppwer measuring receiver

See clalise A.7 of annex A of IEC60489-2.

B.4 Spectrum analyser.

See clalise A.8 of annex’A of IEC 60489-2.

B.5 Ppwer measuring receiver with a digital band-pass filter

This poyer measuring receiver uses digital signal processor (DSP) technology for real

ease is

can be

hdjacent
sessing

zing the

channel| band-pass filter. An example of the block diagram of the power measuring re

ceiver 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

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 m
used.

NOTE 1 - The listed points should be specified for the receiver filter normal attenuation values in a system.

ay be
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Key

1 3 4 5 6 1 Mixer

Local oscillator

A/D converter

Digital band-pass filter
Memory

Display

CPU

r—»
’—>
~N~NoahwN

IEC 762/99

Figure B.1 — Example of power measuring receiver with a digital band-pass filter
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Annex C
(normative)

Rayleigh fading simulator

C.1 General characteristics of a Rayleigh fading simulator

1999(E)

A Rayleigh fading simulator is a test apparatus which will modulate a radio-frequency signal in
a mann
followin

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 crossesxa given leve

Measuréments using Rayleigh fading simulators are meaningful_only if the results w

dire

obtaine
Rayleig

1)

2)

3)

The
+20

range of —mtto +mradians.

The

BT WHICh Simutates the fast variation of signats encountered i the mobife Servi
) three characteristics of a fading simulator must be known:

tion).
;]: depend only slightly on the simulator used. To ensure this, it is necessary
simulator has the following characteristics.

phase of the modulated radio-frequency signal-shall have a density distributid
Do of 0,5 1t with reference to the phase of the“radio-frequency input signal

es. The

(in one

hich are
that the

n within
bver the

cumulative distribution of the envelope~of the modulated radio-frequency sigal shall

be within +2 dB of a cumulative Rayleigh “distribution over a range of +8 dB to| —-32 dB
refefred to the r.m.s. value of the modulated radio-frequency signal. According to the
Ray!leigh law, P(I") is the probability that the envelope of the modulated radio-freqpency is
equal to or less than the value of x@s calculated below:
2
P(r)=1-e7" (C.1)
whefe
X instantaneous envelope voltage
r= - (C.2)
x(r.m.s) «nm.s. voltage of the envelope
The |mean levelcrossing rate (in one direction) shall be within +20 % of:
— 2
No F V201, x 0 x e ¥ ins™?t (C.3)
for 6 vcuy;llg from—+5-dBto—25dB-with fm =p/A (C4)
where
v is the vehicle velocity, in metres per second
A is wavelength of signal, in metres
_ X _ voltage level for envelope crossing rate determination (C.5)
y(r.m.s) r.m.s. voltage of the envelope '

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.

NOT
For

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

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 I(I)garithmic radio-frequency selective measuring device, a phase meter, andymeans for
analysirlg a distribution are required to carry out the performance verification. An)exgmple of
equipment for doing this is illustrated in figure C.2.

The reguirements for the equipment are:

— the baseband output of the logarithmic radio-frequency measuring~device shall haye a flat
response from 0 Hz to 3 000 Hz and an output range of 40 dB, The output of thle radio-
freqiency selective measuring device shall be compatible with-the input range of |the A/D
conyerter;

— the A/D converter shall have 8-bit encoding and have{a conversion time no gregter than
80 nps;

— the memory should be capable of storing at least.32 000 8-bit words (bytes) at [the rate
gengrated 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 lopt if the
samples are taken in several segments, *provided that the sum of the sample$ in the
segments is equal to the required numberiof 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 [nemory
and fthen taking the information from the memory and processing it.

NOTE 1 4 If the output of the(AID converter is processed in real time to provide an address to a memolly position
that can e made to correspond to a level or phase, then the memory position content can be increased py 1 each
time that|it is addresseds 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 cyossing 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 f_, 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.

Adjust the radio-frequency input level to the Rayleigh fading simulator to the value specified
by the manufacturer.

Clear the memory, and reset the sample counter (or clock).

Run the measurement for 64 000 samples, and store the values of the samples in the
memory.

Prodess the information in the memory to determine the number of samples thatydccurred
in each 10 degree phase increment, and record the results.

Repgat steps d) to h) for the other specified velocities.

Record the radio-frequency noted in step c) and the velocity in step-d) of C.2.3.1.

Makg a table of the phase angles and the number of samples/in each of the 36 1(-degree
incrgments for each velocity recorded in step d) or C.2.3.1,

If the number of samples in each class lies betweentd 422 and 2 134, record [that the
simylator complies with this IEC standard for the phase/distribution at the specified|velocity
and fadio-frequency.

NOTE - To achieve statistical significance, the crossing rate measurement requires that 128 000 sampfes of the
envelope |be used to verify the crossing rate performance of the Rayleigh fading simulator. The same samples may

be used tp measure the envelope distribution of thesRayleigh fading simulator.

a)
b)
c)

d)

e)

f)
)]

h)

Conpect the equipment as illustrated in figure C.2.
Adjust the conversion rate of the’ A/D converter to 128 times f,,, in hertz.

Adjust the frequency of the”radio-frequency signal generator to the frequency |pband of
interlest, and note the frequency.

NOTHE - The Rayleigh fading simulator should be verified at a radio-frequency which is within 201 % of the
frequpncy of the receiver_being measured.

Adjust the velocity control of the Rayleigh fading simulator (or bandwidth of thHe noise
lowpass filters) according to equation (C.4) for a specified velocity of the applidation of
interfest and:note the velocity.

The [spécified velocities are

- Ok 20kmth 50kmthand—t06kmthformobiteapptication;
— 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.

Adjust the radio-frequency input level to the Rayleigh fading simulator to the value specified
by the manufacturer.

Clear the memory, and reset the sample counter (or clock).

Run the measurement for 128 000 samples, and store the value of the samples in the
memory.

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.

i) 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 ¢) 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 " in decibels and the cumulative number of samples.

¢) Record the verification that the simulator complies with this IEC standard for the cumulative
envglope distribution at the specified velocity and radio-frequency if the value Jdigs within
2 dB of the corresponding value defined by equation (C.1) or if the cumulativentmber of
samples is within the range shown in table C.1.

C.2.3.5| Presentation of results for level crossing rate

a) Makp a table of the envelope levels, and the number of crossings-for each levelfand for
each velocity observed in step d) of C.2.3.3.

b) Record the verification that the simulator complies with IEE€Sstandards for level grossing
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 Lower limit Expected value Upper limit
dB
-32 51 81 128
-31 64 102 161
-30 81 128 203
-29 102 161 255
-28 128 203 321
=27 161 255 404
-26 203 321 509
-25 255 404 640
—24 321 509 805
-23 404 640 1013
-22 509 805 1274
=21 640 1013 1601
-20 805 1274 2013
-19 1013 1601 2 529
-18 1274 2013 8175
-17 1601 2529 3 984
-16 2013 3175 4 996
-15 2529 3984 6 257
-14 3175 4 996 7 827
-13 3984 6 257 9774
-12 4 996 7 827 12 181
-11 6 257 9.774 15 141
-10 7 827 124181 18 761
-9 9774 15 141 23 153
-8 12 181 18 761 28 432
-7 15 141 23 153 34 702
-6 18 761 28 432 42 036
-5 23 153 34 702 50 456
-4 28 432 42 036 59 893
-3 34 702 50 456 70 159
-2 42 036 59 893 80 911
-1 50 456 70 159 91 653
0 59 893 80 911 101 764
1 70 159 91 653 110 595
2 80 911 101 764 117 617
3 91 653 110 595 122 582
4 101 764 117 617 125 611
5 110 595 122 582 127 148
6 117 617 125 611 127 767
7 122 582 127 148 127 955
8 125 611 127 767 127 994

Table C.2 — Limits for the number of level crossings in the measurements

Level Expected rate Lower limit Expected Upper limit
dB f value
-25 0,14 112 141 169
-20 0,25 199 248 298
-15 0,43 345 432 518
-10 0,72 574 717 861
-5 1,02 822 1027 1233
0 0,92 738 922 1107
+5 0,19 151 189 226
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A
1 » 5 A4
Unmodulated Modulated
radio-frequency ———» 8 9 —— radio-frequency
input signal 'y output signal
2 »| 4
\ 4
» 6
IEC 763/99
Key
1,2 Gaussian noise generator
3 90° phase shifter
4,5 Low-pass filter
6, 7 Balanced mixers
8 Power divider
9 Hybrid
Figure C.1 — Example of a Rayleigh fading simulator
3
] - 2 1 or xO 5 I L7 B
4
9
IEC  764/99
Key
Radio-frequency signal generator

Phase meter
A/D converter
Processor

Output device
Variable clock

©Coo~NOUDwWMNpEF

R laiakh fo H lat
~ayrergrTatig—Staratot

Memory (if necessary)

Logarithmic, radio-frequency, selective measuring device

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
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Annex D
(informative)

Intermodulation response

D.1 Intermodulation response

60489-6 © IEC:1999(E)

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’rglated to

the wanted signal frequency as follows.

D.1.1 $econd-order relationship

NOTE — ommonly used frequency relationships include:
fy = fy +|Af fn = f, — AOf
or

fp = 2f, 1 AF fp = 2f, — Af
D.1.2 Third-order relationship

NOTE — Gommonly used frequency relationshipSjinclude:
fo = fw +[AF fo = fg SOfF

or

f. =f, +pAf fr = f, - 20f

D.1.3 Fifth-order relatienship

NOTE — Gommnionly used signal frequency relationships include:

fo = %1y

fo = 3f, +2f,

f, = f, +|nF f, = f, - Af
or

f = f, +15Af f. = f, - 15Af

where

f,, is the frequency of the wanted signal

f, is the frequency of the nearer unwanted signal
f, is the frequency of the more remote unwanted signal

Afis the frequency difference between the wanted signal and the nearer unwanted signal

Other intermodulation orders exist. However, selection of a reasonable number of frequencies
f, and f, 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

t

E.1 In

ests for sensitivity (data and selective calling) and degradation
measurements (data and selective calling)

troduction

This diS
accurac
standar
be mea

The me
degree

cussion will show, by analysis of examples, the underlying basis for determi
y and dispersion for the methods of measurement and compliance tests/use
. The examples of error ratio curves selected are typical for receiver-decoders
sured using the methods in this standard.

hods of measurement and compliance tests have been designedyto provide the
Df accuracy and dispersion for equipment that have error ratio‘versus input-sig

curves that have significantly less slope than the examples used in,this discussion.

The and
evaluatg

In this 9

lysis given in this annex will allow one to use other examples of error ratio c
the methods of measurement or compliance tests\Used in this standard.

tandard, there are measurements of receiver radio-frequency parameters for

types of signals each having a standardized reference error ratio. The radio-fr

parame
conditio
conditio

Sensitiv|
ratio.

In this
Howeve
otherwig

The fad
the refe
the refe

In the d
signal t

s and degradation. In this annex sensitivity reduction under multipath pro
hs will be referred to as fading.

ty is the level of radio-frequeney input signal required to produce the referen

r, most of the measurements are made in the static condition and in this annex
e stated, the statici.condition is implied.

ng margin is theiratio of radio-frequency input-signal level (static) required to
rence error«ratio to the radio-frequency input-signal level (faded) required to
[ence error/ratio.

egradation measurements, the requirement is to find the level of the unwant

ning the
i in this
that will

desired
hal level

lirves to

several
bquency

ers fall into three classes: sensitivity, sensitivity reduction under multipath propagation

hbagation

ce error

standard, the fading measurements are made using a Rayleigh fading simulator.

, unless

produce
produce

bd input

that will

produce the reference error ratio.

hat Causes a wanted input signal which is 3 dB in excess of the reference sTnsitivity

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

1999(E)

Receiver parameter Type of signal Reference error ratio Method of measurement
used
Sensitivity Selective calling 0,20V Up/down 2
Sensitivity Data (bit stream) 0,01 Straddle
Sensitivity Data (character string) 0,01 Straddle
Sensitivity Data (message) 0,20 Up/down 2
Sensitivity (fading) Selective calling 0,20V Up/down 2
Sensitivity (fading) Data (bit stream) 0,01 Straddle
Senditivity (fading) Data (character string) 0,01 Straddle
Senditivity (fading) Data (message) 0,20 Up/down 2
Degradation Selective calling 0,20V Up/down 2
Degradation Data (bit stream) 0,01 Straddle
Degradation Data (character string) 0,01 Straddle
Degradation Data (message) 0,20 Up/down 2
Y seledtive 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 Inethod of measurement for messages used in this standard’js ‘based on the up/down methdd. This
?;(;t()r](())(fj soetoa/I:.s a signal level of wanted or unwanted signals so that"the message sequence will have @n error

The relationship between the number of messages in a sequence and the error ratig

sequen(

N is

For exa
The up/|

messagg to the next\which is indeed the case. However, this method is not used for bi

or chardg

It shoul

eis:

1-®, )N =05

the message error rate of.the message sequence;
the number of messages’in each sequence.

mple, for a P, 0f-0,2, N is very nearly 3, which is used in the message measur
down method of heasurement assumes that the errors occur independently f

cter string’measurements, because for these, the assumption does not always

| be-neted that measurements of a radio-frequency parameter, for example rg

for the

ements.
om one
stream

hold.

ference
lge, will

sensitivl;[y on” the same receiver-decoder for bit stream, character string or messa

probabl

E2 M

nat give the same result

easurement 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 characterlzed by a probablllty distribution of the results of the
measurgmen . $ on the

E.3.1

Dispers|on varies with test equipment, with operator and, in the measurement of seledtive call

The mejasurements will produce values (estimates) which haye. & probability distribution that
has a bell shape for units of input-signal level in decibels. Sinece the probability distribu{ion can

be diffefent for each receiver-decoder measured, the dispersion is defined as the ifange of
input-signal levels from the level where the cumulative jprobability distribution equals 0,05
probability to where it equals 0,95 probability (e.g. —1,2 t0 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 ¢f failing
(see E.§.4).

E.3.2 Magnitude of dispersion

The desgign goals for the methods' of measurement and compliance test methodq in this
standargl are to have a dispersionyand risk of:

+1 dB of less for sensitivity

+2 dB of less for degradation (e.g. selectivity or intermodulation),
+2 dB of less for fading.

This wap done\by/assuming the lowest slope of the error ratio curves generally experi¢nced in

current feceiver-decoders and by selecting the number of elements (tones, bits, chardcters or
messang) 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 0dB 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
nad +

difference between the relative input-signal level
that progaees-8;5-probabiity-ofpassingand-the

atical

2 aor ol
Tt e efetHear—varde:

E.5 Shapes of error ratio curves

Importapt factors that determine the dispersion of a method of measurement or thg risk of
compliahce test methods are the reference error ratio, the shape of the écrer ratio curJe of the
equipmént under test and the number of elements used in the methad of measurement or
compliahce 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-signalevels and plotting the result. In
this standard, it is assumed that the error ratio curve is¢ngt known to the operator eXcept for
some general bounds and is not required by the meth@d”of measurement or the compliance
test method. In this annex, however, the examples used provide a model that allows the error
ratio cufve to be determined for the examples which.are used in this discussion.

All of the error ratio curves for the examples wused in this annex have been normalized so that
0 dB is pt the reference error ratio. The analysis only makes use of the shape of the effror ratio
curves. [Receiver-decoders that require a.greater signal-to-noise ratio will have their efror ratio
curves shifted to the right and if the required signal-to-noise ratio is less, the error ratip curves
will be ghifted to the left.

E.5.1 $hapes of bit stream error ratio curves
E.5.1.1 | For sensitivity measurements

For datg (bit stream)y common examples of error ratio functions (see page 406 of rg¢ference
[1])* usqd for receiver-decoders (static) are:

Erroit = 05 B - erf(\/C / A)E (E.1)
where
Erryj 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]):
Erriy = 05 exp(- C/ A) (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

proportiptratto-the-mput=stgrattevet:

Error rafio curves are most often presented in the format of log error ratio versuslinptit-signal
level in fecibels.

Error rafio curves measured on receiver-decoders may differ from those in‘figure E.1, hut most
will be dufficiently similar to this model. Since the curve for equation (E\) has the least|slope in
the regipn of 0,01 error ratio, it will be used as the bit error ratio curvefor the remaindgr 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 measuremnent and
compliaphce test methods are viable for measuring receiver-decoders that have erfor ratio
curves With slopes of about one-half that of the examples.

E.5.1.2 | For degradation measurements

Selectivjty, spurious response immunity, intefmodulation response immunity and impulsive
noise tojerance are degradation measurements as they measure the level of unwanted|signals.
In this discussion, the following model for‘degradation measurements will be used; if is also
applicaljle to the compliance test methods.

In thes¢ 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 thel wanted
signal Ipvel is increased 3 dB (twice the power) which accounts for the factor 4 in the
numerator in the followingiequation. The same reference error ratio (the same signal{to-noise

ratio) is|reproduced by applying the unwanted power.

Signal-to-noise ratio = _2S (E.3)
N+U

where

S is thewarnted sigmat power Cormresponding to the Teceiver-uecoder Teference 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 eitherto-therightortetheteftasweltochangeitsslope—Theresultof thiseffegt is that
the dispersion and risk are greater than they would be if the exact sensitivity were-khpwn and
used in the degradation measurements and compliance tests.

E.5.2 $hape of character string error ratio curves

For chafacters which are composed of a number of bits, the shape of the' error ratio qurves is
derived |from the bit error ratio curve. The shape is a function of the~“number of bits in the
charact¢r 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 charag¢ter with
no errof correction and curve 2 is for a 15-bit character with one bit of error cqgrrection
capability.

The maln difference between bit stream and charaéter string error ratio curves is that while the
maximum error ratio for bit stream is 0,5, the maximum ratio for character string can b¢ almost
1,0. Geperally, 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, aycharacter of 8 bits with no error correction hps been
used, s@ the character error ratio is

8
Effghar = 1= (1= Erryyt) (E.4)

where Hrry;; is the bit erroryratio from equation (E.1).

NOTE — The equation abave is correct with the assumption that the bit errors are independent. This assymption is
used in this annex. However, there are many cases where this assumption does not hold. For exampldg, in some
modulatigns with differential encoding (e.g. PSK modulation with differentially coherent detection) bit errorfs occur in
pairs. In this case“fordow bit error ratios:

8
Effchar = 1- (1 - Erit / 2)

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 Err,ss is derived from the bit error ratio curve given in curve 1 of figure E.1
using the following function:

)128

Elfmess = 1- (1~ Erry (E.5)

where Err;; 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 th ; ; T T " , in some
modulatigns with differential encoding (e.g. PSK modulation with differentially coherent detection) bit efrofs occur in
pairs. In this case for low bit error ratios:

_ 128
EMmess = 1- (1 - Ermit / 2)

Other types of modulation, decoders and propagation which tend to have the bitrerrérs correlated may have
different Tlationships which would change the shape of the error ratio curves used inthe’ examples in this|annex.

Degradation curve 2 of figure E.3 was derived using the same procedures (see E.5.1.1) as for
degradgtion 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 6f 072.

E.5.4 $hape of selective calling error ratio curves
E.5.4.1 | For digital modulation

When the selective call transmission has.adigital form, the results will be very similar tp 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 modulatien

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 curyes may
have a |considerably steeper slope. While the error ratio of each tone detector may| have a
shape njot unlike that of equation (E.1), many designs have the tone detect level located on the
steep portionofithe FM threshold curve (i.e. below the threshold knee). In this case, th¢ signal-
to-noisg ratio/C in equation (E.1) may vary much faster than the input-signal level jand 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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(E.6)

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

1 4l ) + + i 4 ) + 4 + 1 }
IS assunredtnat e mealT Carrer poweTr 1S proportronar to tne NMean Mput=Stgrar rever:.

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 pormalized fcurve is

almost igdentical to the bit stream error ratio curve and is shown in figure E¢4y-curve 2.

E5.5.3 $hape of message error ratio curve

Using the example of a message in E.5.3 applied to equation (E¥6), the normalized durve for

0 dB to produce 0,2 error ratio is shown in figure E.4, curve 3.

E.6 Mofels 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 de@radation. The sensitivity and fading methods

of meag
dispersi
measur
to simu

urement and compliance test methods<have been analysed to determine the €
pn and risk of the examples used. For the bit stream only, the deg
ement has been analysed using the“assumption that the sensitivity is known. H
ate the degradation method of measurement as it is used, Monte Carlo sim

Xpected
Fadation
owever,
ulations

were usgd to obtain estimates of the dispersion and risk.

E.6.1 Model for bit stream sensitivity measurement

For this|discussion, a bit_eérror ratio curve given by equation (E.1) is assumed and thé¢ known

sensitivity is 0 dB. All ather 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-signgl level
corresppnding to\the specified reference sensitivity. Let us assume, for example, that this
starting |level > corresponds to a bit error ratio higher than 1 %. The successive inplit-signal
levels If (=)1, 2,..., n) will be increased by steps of 0,5dB. (A similar analysis dould be

performpdif'the initial bit error ratio was lower than 1 %.)

When 2 500 bits are transmitted with level L;, 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 L|+1 = LI + 0,5

— EventY: there are exactly 25 bits in error. Then the measurement is terminated (L; = L).
Record the bit sensitivity as S = L,,. The preceding levels tested as possible
values of S have been Ly,..., L;,..., L, = S (called “series one”).

— Event Z: there are (for the first time) less than 25 bits in error. Then the measurement is

terminated (L; = L,). Record the bit sensitivity as S =L, — 0,25dB (or L,_; +
0,25 dB). The preceding levels tested as possible values of S have been (L; -
0,25), ..., (L; — 0,25), ..., (L, — 0,25 = S) (called “series two") but the
corresponding input-signal levels are 0,25 dB higher than S or equal to Ly, ...,
Ly, ..., L.
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Event Y

occurs with a probability:

_25001(1 - Errip )*47° Errgy >
2512745

Py (S = L)

where Erry;; is the bit error ratio corresponding to level L; (see figure E.1).

Event Z

occurs with a probability:

k224 250001 = Frry, )20 K Fry K

(E.7)

where H

Obvioug

The prd
corresp
X, i.e.:

The pro|
sensitiv

precedifg events X, i.e.:

For exa
bit error

PA(S=1L -025)= (200 — k)
£ ! !

rryi is the bit error ratio corresponding to level L; (see figure F.1).
ly the probability of having event X for an input-signal level equal toL; is:

Py(S=1L)=1-P/(S=1L)-Ps(S = L; ~025)

(E.8)

(E.9)

bability P (L;) that a level L; of the “series one” be recorded as the sgnsitivity

bnds to the probability of event Y multiplied by all the probabilities of preceding

j=i-1
P (S =L)=Py(S =) o, Py(s = L)

bability P (S = L — 0,25) that a level (L; — 0,25) of the “series two” be recorde
ty corresponds to the probability of event Z multiplied by all the probab

j=i-1

P (S=ly-025)=Py(S =1L -025)x o,

Pe(s = L)

mple, the nfeasurement starts at an input-signal level L; = -2,8 dB, correspong
ratio of 0,06 (see figure E.1). The probability of being at the start level is 1, and

P(S = -28) = Py(S = -28)

events

(E.10)

l as the
lities of

(E.11)

ing to a

P(S = -255) = Py(S = -255)

If events Y and Z do not occur, the level is increased by 0,5 dB and L, = -2,3 dB.

Then, from equation (E.9) and using equations (E.10) and (E.11) alternately:

P(S = -23) = Py(S = -23)[1- Py (S = -28) - P,(S = -255)|

P(S = -205) = P;(S = -205)1~ Py (S = -28) - P,(S = -2.55)|

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~% and the cumulative probability are given in table E.2.

Table E.2 — Cumulative probability

VaIu;Bof S Ps) Cumulativiprobability
()
-0,8 0,001 15 0,001 15
-0,5 0,001 45 0,002 60
-0,3 0,044 14 0,046 74
-0,05 0,123 93 0,170 67
0,2 0,051 53 0,222 20
0,45 0,612 96 0,835 16
0,7 0,000 62 0,835 78
0,95 0,163 49 0,999 27
1,2 <107 0,999 27
1,45 0,000 73 1,000(00

The reqults obtained for the example are related to the starting level of —2,8 dB amd other
starting | levels would have slightly different results. By repeating the calculation fgor many
starting| levels (e.g. -3 dB to -2,5dB) an envelope of P(S) can be plotted. This|can be
considefed the probability distribution of P, for this example and is curve 1 in figure E.6. The
accuracly for this example, at any low starting level, is\=~0,014 dB.

The curpulative probability Py is curve 2 of figure E.6 and shows that 90 % of the regults will
be between -0,5dB and 0,4 dB (levels for which P(S) equals 0,05 and 0,95) which is the
dispersipn 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 seénsitivity
measurgé¢ment except for two items:

The firgt is that U, the unwanted signal level, is used (see E.5.1.2) and, for this gxample,
curve 3|of figure E.1 is used.

The method of measurement uses the same events X, Y and Z mentioned in E.1 exdept that
“input slgnal” is(replaced by “unwanted input signal” and all the words “decrease”, “ingrease”,
“subtragt” and-“add” are reversed.

The sedond-is that the unwanted input-signal level that results in an initial high error fatio will
be high—eg—3 24 dB—s—assumed i this—exampte) —and themeasurement—method  will
progressively lower the unwanted input-signal level.

The resultant probability distribution, Pg), 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 Pgy 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
Slmulatljlns Llr\\Mn\lnr +hn anahlelo gl\lan |n |: R 1 nnﬂ |: Q ’) prn\lldac a gnnd |ne|ghf 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)2for charactér string
sensitivity measurement is that Err,,, is substituted for Erry;, in equatiens (E.7) and (E.8). For
this exanIe Errenar is given in equation (E.4) and the results are shown-in figure E.7, ¢urves 1

and 2. $ince the character error ratio curve (see figure E.2, curve y1) is steeper than the bit
error rafio curve, the dispersion will be less. The accuracy of this’€xample is —0,003 dB|and the
dispersipn is about —0,35 to 0,3 dB.

E.6.4 Character string degradation measurement

The anglysis 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 anfl 4. The
accuracly for this example is 0,015 dB and the dispersion is about —0,8 dB to 0,9 dB.

E.7 Mpodel 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 réview of
figure H.8 explains the up/down_process with 10 measurements recorded. This anneX is also
applicaljle to selective calling, however many selective calling error ratio curves will be|steeper
than thg example used here;

For avefage 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
degraddtion 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 ndB 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.

Pri1 = P, %— (L- Err)3E+ Prva(l - Eftyig) (E.12)
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where

P, Phi1 and P, are the probabilities of being at the decibel levels n, n+ 1 and n + 2;
Err, and Erry,,, 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:

Pog=Pys+..+Pg=1 (E.13)

Equatiop (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 P,. Since the values 0fOP, will be different
depending on the starting value, the P, values for many starting valuesWwere calculated{and the
envelopg of the P, values is shown in figure E.11, curve 1.

E.7.1 essage and selective calling accuracy

The first moment of curve 1 will provide a value for the aeccuracy for the message sensitivity
measur¢gment and, for this example, it is 0,02 dB~This indicates that this mdthod of
measurément for this example will, on average, find.the input-signal level that will produce an
error rafio of 0,2. Similar results will be obtained for error ratio curves that differ condiderably
from thg example used here.

E.7.2 essage and selective calling dispersion

It is somewhat more involved to determine the dispersion for the up/down method,|as it is
estimatgd using the statistics of sampling.

The stapdard deviation, o, of curve 1 of figure E.11 is 0,94 dB. The probability distriution of
the resylt of the measurement is estimated using the sampling theory. Let each level rfecorded
in the measurement be-~a-*sample (there are 10 samples in figure E.8) taken ffom the
distribution of curve 1-Fer any one measurement, the samples will always be at intgrvals of
1 dB, byt if many measurements starting at many different levels are used, the usg¢ of the
continugus curve is\alid. The result of the method of measurement is the average pf these
sampleg. The distribution of the results of the measurement (the averages) will have 4 normal
probability distribution [2] with a mean equal to the mean of the distribution whose gtandard

deviatioh is the accuracy. The standard deviation of the results of the measurements, $, will be
as follows:
s = alx/2 (E.14)

where
X is the number of samples per measurement;
o is the standard deviation of each sample.
For example, with x = 10 the value of the dispersion is:

dispersion = accuracy +1,645 o/ 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 0J09TB:

The cumulative distribution of the message degradation is shown in curve 4 of figure .11 and
shows g dispersion for this example of —1,9 dB to 1,7 dB. This is just within ¢he 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 amalysis of the example of the bit
stream fnd character string is similar to that of E.6.1 and_E(6.3 except for using the erfor ratio
curve 1) from figure E.4; the results are shown in figure E.12. Since the bit stream and
charact¢r string error ratio curves are so similar,sthe accuracy and dispersion fgr these
measur¢ments are nearly the same. The accuraeyys —0,21 dB and the dispersion |s about
-1,5 dB|to 0,6 dB.

E.7.4.2 | Message and selective calling fading*measurements

This mdasurement uses the up/down method as described in E.6 and E.6.1, E.6.2 an(d E.6.3.
The fadpd message error ratio curve 'shown in figure E.4, curve 3 is used and the regults are
shown ip figure E.13. For this example, the accuracy is about —0,09 dB and the dispgrsion is
about —1,3 dB to 1,3 dB.

E.8 Cpmpliance test
E.8.1 Principle of shared risk

In any gomplianceitest there is a chance that the compliance test will give a wrong decision.
Becaus¢ of this;”the compliance tests designed by those who will receive or ceftify the
equipmeént, are* designed so there is a high probability of failing the compliance tegt if the
equipmentdis a little worse than the specification limit. On the other hand, the mandyfacturer
would li f f f f fti 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:

o r(1- Err)(t_k) Err¥

Prassing = Zj YT (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-dgcoder;
t is the number of transmissions in the compliance test (e.g. 18, 33,78 or 2 §56):
f is the number of failures allowed in the compliance test (e.g. 8;(8, 15 or 25)

E.8.4 Risk curve

E.8.4.1 | Risk curve for sensitivity measurements

In equation (E.16), Erris a function of the input-signal level\For the sensitivity measurgment, if
the recgiver-decoder sensitivity is better (e.g. +2 dB) than’the specified sensitivity, theén when
the spelcified signal level is applied to the receiver-decoder, Err will be smaller fand the
receivelrl-decoder will have a higher probability of passing. The opposite is true if the sénsitivity
is wors¢ than the specified sensitivity. For this.discussion, 0 dB is the specified inpiit-signal
level.

In the gxamples used in this annex, Err\can be determined as a function of the inplit-signal
level frgm the appropriate equations,(E.1) through (E.11), thus Ppassing is a functiop 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 fesultant
curve is|called a risk curye,"Note that the input-signal level is given as the ratio of the receiver-
decoder]l parameter (e(g, Sensitivity) to the specified value of the parameter. The dolid-line
curve of figure E.14‘is-derived from equations (E.1) for the sensitivity bit stream compliance
test and is the riskicurve. The long-dash curve is for character string and the short-dagh curve
is for sellective 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

string afe almost identical and are shown by the solid-line curve. The selectiveCealling and

Figure Els shows the risk curve for these examples for fading. The bit stream and-character
curve is the short dash-curve.

messag
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