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Document Change History

between General and Shunt portables,
revise th€ Loudspeaker sound pressure level & Transmitter
microDhone sensitivity.

List of Abbreviations and Definitions

ABBREVIATIONS

Alternating Current

t

AC

AF
BS

CCITT
cTcss
dB

Continuous Tone Coded Squelch System
Decibel

Sound pressure A-weighted
Decibel relalive to the carrier power

Decibel relative to a Dipole antenna
Decibel relative to 1 mW, impedance 50 O (poweo

Decibel relative to 0.775 Vo6, impedance 600 O (audio frequency)

Decibel relative to the Maximum Useful Output Power

Decibel relative to the Standard Output Power

Direct Current

------l
I
IdB(A)

dBc
dBd
dBm
dBm
dB,vuoo

dBsop

DC

EMF

ERP
FFSK

ISSUE NO. DATE ISSUED
January 2004

ISSUED BY
2.00 Quality Assurance,

lnfrastructure
Revision

3.0 June 2006 OA Convert to ISO Standard
3.1 June 2007 QA Revision
4.0
5.0
o.o

July 2008 OA Revision
New format & revisionFebruary 2010

Auqust 2010
QA
QA New format & revision

6.1 November 2010 OA Add measurement
6.2 August 2011 QA Add information, definitions, supply

standards & DC-DC Converter
7.0 January 2012 OA Revision & add Trunking functional

tests
8.0

8.1

May 2014

June 2014 OA

Omit the difference between General
and Shunt portables, revise the
Loudspeaker sound pressure level &
Tran lIn ittej r!iclophojle sensitivity-
Update clauses Numbers

Changes Since Last Revision

1.3.3.5
1 .11
2.4.2.3
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kHz
LBU

LS

FM

GSM
Hz
ITU-T

m
mA
MHz
mm
ms
mvp-p
MW
MUOP
pd
PM

PSTN

RF

Rx

SANS
SINAD

soP
SPL
THD

TSC

Tx

vp-p
vswR
w
wiFi

qEEltl]r!oNS

GENERAL

Frequency Modulation
Global Systenr for Mobile communication
Hertz
lnternational Telecommunication Union - Telecommunication Standardizataon
Sector
Kilohertz

Line Branchrng Unit
Loudspeaker
Metre

Millianrpere
Megahertz
[/illimetre
lVillisec!nd
Millivolt peak-to-peak

Milliwatt
Maximum Useful Output Power
Potential Difference
Phase Modulation

Private Swibhing Telephone Network
Radio Frequency
Radio receiver

. South African National Standards

. Signal, Noise & Distortion to Noise & Distortion ratio
Standard Output Power

, Sound Pressure Level
Total Harmonic Distortion

Trunk Site Controller
Radio transmitter
Voltage

. Vollage peak-to-peak

. Voltaqe Standing Wave Rltio
Wattage
Wireless Fidelity
Microvolt

I

--lpV
./"

1_ DESCRIPTION

Angle Modulation

Decibel

A term used to encompass both frequency modulaiion and phase modulation.

The decibel is J/10 of a Bel. Decibel is the logarithm of the ratio between a
measured quantity and an agreed reference level.

lhe absolute power in decibel witn reterence to the carrier power

The absolute power in decibel with reference to 1 mW.

Radio communication from fixed radio stations to mobile radio stations carried in
surface vehicles or poriable radio stations, and between mobile and portable
radio stations,

dBc

dBm

Land Mobile Radio
Services
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DEFINITIONS

Portable Radio
Station

Mobile Radio
Station

Fixed Radio Station

Base Station

RADIO RECEIVER

Adracent Channel
Selectivity and
Desensitization
Ratio

Amplitude
Characleristlcs

Attack Time

Audio Frequency
Response

Audio Frequency
Total Harmonic
Distoftion

Blocking or
Desensitisation

Co-channel
Rejection Ratio

Conducted
Spurious Radiation

Desensitisation

High RF Sigral
LeYel lnterference

lntermodulation
Spurious Response
Attenuation/
Reiection

Maximum Useful
Output Power

Modulation
Acceptance
Bandwidth

Modulation Factor

BBDB635 Version 8.1

DESCRIPTION

A radio station designed to be carrled by or on a person.

A radio station designed for installation in a surface vehicle and capable of
operating while the vehicle is in motion and while it is stationary.

It is a fixed radio stalion installed in an office or control room, fitted with an
external antenna.

A radio station designed lo be inslalled in a fixed location and performing the
function of a repeater/enhancer.

A measure of the ability of a radio receiver to receive the modulated standard
input signal in the presence of modulated signals that differ in frequency from the
standard input signal trequency by the spacing of one channel.

The relationship between the radio frequency input level of a specified
modulated signal and the audio frequency level at a radio receiver output.

The time required to produce an audio output level of - o.sdBsop aiter
appiication of a RF signal level, 12 dB above usable sensitivity, modulated with
standard test modulation.

The relationship between the modulation factor of a received signal and the
audio outpul level of the demodulated signal at various audio frequencies.

The change in harmonic content of an audio signal as a result of its passing
through the audio frequency and radio frequency circuits of a radio.

A reduction in the wanted audio output power of a radro receiver, or a reduction
in the SINAD ratio, owing to an unwanted signal on another frequency.

A measure of the capability of a radio receiver to receive a wanted modulated
signal without exceeding a given degradation due to the presence of an
unwanted modulated signal, both signals being at the nominal frequency of the
receiver.

It is radiation components at any frequency generated Ly a radio receiver and
radiated by the radio's antenna.

ls a condition where off-channel transmitting energy passes through the front-
end of the radio leceiver, causing a reduction in receiver gain.

A measure of the ability of a radio receiver to oppose high RF signal levels at
frequencies other than the normal frequency of the receiver

The ability of a radio receiver to receive a modulated standard input signal, in
the presence of two interfering signals of which the carrier frequencies are so
separated from the Standard input signal frequency and from each other that n'th
order ltrixirlg of the lwo undesired signals can occur in lhe non-linear etements of
the receiver, producirrg a lhird signal whose frequency is equat to that of the
standard input signal frequency, or intermediate frequency.

The greatest average audio oulput power supplied to the rated load, which
power does not exceed 10 % of the total harmonic distortion.

The selectivity characterislic of an angle modulated radio receiver that limits the
maximum permissible modulation deviation oI the radio frequency input signal
that a receiver can accept, without degradation of the l2 dB SINAD ratio, when
the radio irequency input signal is 6 dB greater lhan the usable sensitivity level.

The ratio of the maximum positive or negative peak variation ot the modulating
variable, to the maximum rated syslem-modulating variable, explossed as a
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DEFINITIONS

Signal, Noise &
Distortion to Noise
I Distortion Ratio

Signal to Hum and
Noise Ratio

Spurlous Response
Attenuation/
Rejection

Squelch Closing
Time

squelch Operating
Threshold

Standard Output
Power

Usable Sensitivity

RADIO TRANSMITTER

Adiacent Channel
Power

Amplitude
Modulation Hum &
Noise Level

Angle Modulation
Hum & Noise Ratio

Audio Frequency
Response

Audio Frequency
Total Harmonic
Distortion

Carrier Attack Time

Carrier Frequency
Error

Carrier Povver

Conducted
Spurious Emlssions

Extreme
Transmitter Loads

lntermodulation
Attenuation

Microphone
sensitivity

DESCRIPTION
percentage.

The ratio, expressed in decibels of the signal power, plus noise power, plus
distortion power, to noise power plus distortion power produced at the output oI
a radio receiver resulting from a modulated signal input.

The ratio of residual receiver audio output power io standard output power.

A measure of the ability of a radio receiver io discriminate between the standard
input signal frequency and an undesired signal at any other frequency to which il
is also responsive, excluding the two adjacent channels.

The period of time between the removal of the RF signal and the squelch
closure.

Th€ RF signal input level, modulated with standard test modulation, al which the
squelch opens and closes.

An audio output level 3 dB below maximum useful output power used to define a
reference level for test purposes.

The minimum radio frequency input signal level modulated with standard test
modulation that will produce, at a radio receiver, a SINAD ratio of at least 12 dB
and an audio output signal power of al least - 3 dBsop.

The part of the total power output of a radio transmitter that, under defined
conditions of modulation, falls within a speciried bandwidth centred on the
normal frequency of either of the adjacent channels.

A measure oi the unwanted amplitude modulation of a carrier resulting from hum
and noise.

The ratio of residual angle modulation to standard test modulation.

The relationship between the modulation factor of a transmitted signal and the
input level of the modulating signal at various audio frequencies.

The change in harmonic content of an audio signal as a result of iis passing
through the audio frequency and radio frequency circuits of a radio.

The time required, changing the slate of a radio transmitter from standby to a
state where the unmodulated carrier voltage level reaches a value 6 dB below
the steady state.

ls the difference betvveen the measured unmodulated carrier frequency from the
assigned frequency.

I ffri ,"un power available ar rne ourput terminal of a radio transmitter in the
absence of modulation.

Emissions at the antenna terminal of a radio transmitter on a frequency or'
frequencies thatare outside the channel on which the transmitter is operating.

Conditions under which the radio transmitter operates into an open circuit or
slrort crrcuit.

The ability of a radjo transmitter to attenuate signals generaled in its non-linear
elements by the presence of the carrier and a parasitic signal arriving at the
transmitter through its antenna.

ll is the amount of modulation that the radio transmitter produces when a

specified audio signal level is present at the microphone.
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DEFINITIONS

Mismatch between
Transmitter and
Antenna System

Modulation Limiting
(Tx devlation)

DESCRIPTION

A condition in which the impedance as presented to the radio transmitter by the
transmission Iine and antenna is not the same as the designed system
impedance.

A measure of the ability of radio lransmitter circuits to prevent a transmitter frorn
producing modulation such that the modulation factor exceeds the maximum
rated system modulation factor.

Modulation Factor The relationship between the modulation factor of a received signal and the
Linearity I transmitted modulation factor.

FILTERS

Duplexer/Combiner

lnsertion Loss

Receiver lsolation
at Transmitter
Frequencies

Is a tilter system providing RF isolation to allow the sharing of a single antenna
for bolh transmission and reception.

It is the amount of loss to a signal passing through a filter at a designated
frequency.

It is the ability of the duplexer/combiner to suppress the transmitter canier power
at the receiver port. lt is also called the selectivity of the duplexer/combiner.

ANTENT'IAS

Effective Radiated lt is the mean power radiated by the antenna in the direction of maximum
Power radiatioh

dBd tne power gain of an antenna in decibel with reference to a Dipole antenna.

TRUNK CONTROL SIGNAL

Noise Voltage

Output Voltage
Regulation

ls irregular amplitude voltages superimposed on the output OC voltage line.

It is the ability of a power supply device to keep the output voltage constant over
a range of applied loads.

ls AC voltage superimposed on the output DC voltage line.

A device that supply a variable AC voltage lrom 0 V to 260 V.

Ripple Voltage

Variac

ACOUSTIC

A-weighted I lt is a network that weights an audio signal in a manner, which approximates to
I an inverted equal loudness contour (il approximates the human ear's resPonse

to sound).

TALK THROUGH SIGNA.L
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DEFINITIONS

Sound Pressure
DESCRIPTION

It-is the force (N) ot :1rrrr](j on a srrrtitc( area (mr) perpendicular to the directionofthe sour]d. SPL r,,:xpr,,ss aS []/nr 0r fas"at leay
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1. TECHNICALSPECIFICATION

Where not specifically indicated, this specification only applies for open channel and Trunked radio
syslems.

1.1 Radio Receiver: 12.5 kHz channel spacing; operating frequency band 450 MHz to 470 l\ilHz.

1.1.1 Normal condilion (see clause 2.1.1)

Cnaracteristils Mobile &
Fixed Radio

Station

1.1.1.1

1.1.1.2

1.1.1.3

1.1.1_4

1.1.1.15

1.1.1.16

Maximum Useful Audio Output Pow;
Audio Frequency THD at Low Output
Power Level

500 Hz & 1.0 kHz

Usable Sensitivity

Squelch Operating Threshold

Attack Time < 150 ms

Squelch Closing Time < 250 ms

Modulation Acceptance Bandwidth .:3.75 k{z
Adjacent Channel Selectivity and
Desensitization Ratio

>60d8

115 dBm minimum

< 3 dB lower than the opening
threshold

>65d8

>70d8 >75dB

>65d8 >6bdB

s12dB

>84d8

<-57dBm

+1dBto-3dB
+ l dBto-3dB
+1dBto-4.5dB

Open

Close

See clause
1.3.1.1

< 3 dB lower
than the
opening
threshold

1.1.1 .5

1.1.1.6

1.1.1_7

1.1.1.8

1.1.1.9

1.1.'t.10

'1 .1 .1.11

1.1.1.12

1.1.1.13

1.1_1.14

>70d8

Spurious Response
Atte nuation/Rejection

lntermod!lation Spurjous Response
Attenuation/Rejeclion

Amplitude Characteristics

>60d8
>39d8

<3dB

Conducted Spurious Radiation

Audio Frequency Response
(6 dB/octave)

300 to 900 Hz
1.1 to 2.5 kl].z
3.0 kHz

Signalto Hum and Noise Ratio
Squelched
Unsquelched

Page 9 of 58
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BBD8635 Version 8.1

1.1.2 Extreme conditions (see clause 2.1.2)

Cha.acteristics

Power SuDply

Usable SensiUvity variation

Adjacent Channel Selectivity and
Desersitisation Ratio

Temperature

Usable Sensitivity variation

1.1.2.1

1.1.2.1.1

1 .1 .2.1 .2

'1.'1.2.2

'l .1 .2.2.1

1.',t.2.2.2

1.1.2.3

'l .1 .2.3.1

<r3dB
>60d8 >65dB

<r3dB
>60dBAdjacent Channel Selectivity and

Desensitisation Ratio

Selectivity al

lnput signal level

1.2.1.1

1.2.1.2

1.2.1.3

1.2.1.4

1.2.1.5

1.2.1 .6

1.2.1.7

1 .2 Radio Trahsmitter: 12,5 kHz channel spacing; operating frequency band 450 MHz to 470 [,4H2.

1.2.1 Normal condition (see clause 2.'1.1)

Characteristics Portable Mobile &
Fixed Radio

Station

Base Station
(Repeater)

cr"i"1 Po,r1 (*!11"!9!)

Conducted Spurious Emissions
Operating
Standby

< I 'l dB from manufacturer's claim

< 36 dBm
<-57dBm

Carrier Frequency Error < 1.5 kHz < 1.5 kHz < 't.0 kHz

Carrier Attack Time < 100 ms

Adjacent Channel Power

Or

<-60dBc < 70 dBc <-70dBc

- 37 dBm maximum.

lntermodulation Attenuation n. a. n,a. >40d8
Moduiation Limiting (Tx Deviation)

Modulalino freq.
0.3 to 2.55 kHz
3to6kHz
6 to '12.5 kHz

2.5 kHz maximum
0.75 kHz maximum at 6 kHz
- 14 dBioctave

CTCSS Deviation 25A Hz

Audio Frequency THD
500 Hz
1.0 kHz

s5% <20/o <2"/o

1.2.1.8

1.2.1.9

ert" Stuti"n 
I

(Repeater) 
]

I,,:1" 
I

-47dBmto-7dBm
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Characleristics

Audio Frequency Response
(6 dB/octave)

300 to 900 Hz
1 .1 to 2.5 kHz
3.0 kHz

Angle l\,4odulation Hum & Noise Rat o

Mobile &
Fixed Radio

Station

Base Statioh
(Repeater)

1.2.'t.10

+3dBto-1dB
+3dBto-1dB
+4,5dBto-1dB

1 .2.1 .11

1.2.',t.'t2

1.2.2

Amplitude Modulation Hum & Noise
Level

1.2.2.1

1.2.2.1.1

1.2.2.1.2

1.2.2.1.3

1.2.2.2

1.2.2.2.1

1.2.2.2.2

1.2.2.2.3

1.2.2_3

1.2.2.3.',| Short Circuit and Open Circuit

Extreme conditions (see clause 2.1.2)

Characterislics Portable Mobile &
Fixed Radio

Statioh

Bage Station
(Repeater)

Power Supply

Carrier Power Variation

Conducted Spurious Emissions
OPerating
Standby

<12d8

<-36dBm
<-57dBm

Carrier Frequency Error < '1.5 kHz < 1.5 kHz < 1-0 kHz

Temperature

Carrier Power Variation <t2dB
Conducted Spurious Emissions

OPerating
Standby

Carrier Frequency Error

<-36dBm
<-57dBm

,i<1.5kHz I < 1.5kHz I < 1.0kHztl

Page1lof58
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BBD8635 Version 8.1

1.3 Radio Base Station (Repeater): 12.5 kHz channel spacingi operating frequency band 450 MHz to
470 MHz

The receiver and transm itter spocitications are referred to in clauses 1 .1 and 1 .2 respectively.

1.3.1 Receiver

Characteristics Base Station {Repeater)
1 .3.1 .1 Squelch operating threshold calculation

Open

Close

- 1'15 dBm minus coaxial cable loss
minus duplexer loss plus antenna gain.

< 3 dB lower than the opening threshold

Base Station (Repeater)

1.3.2

1.3.2.1

'1.3.3

1.3.3.1
1 .3.3.1 .1
1.3.3.1.2

1.3.3.2
'1.3.3.2.'i
1.3.3.2.2

1.3.3.3

Receiver and transmitter

Characteristics

1.3.3.4

1.3.3.5

1.3.3.6

Talk Through Signal

Characteristics Base Station (Repeater)

Audio input and output terminals
lmpedance
Return Loss

600 o balanced
<-25d8

Audio Levels
RTO & Trunking (local & intersite)
Old Trunking Teletra system

- 10 dBm 10.5 dBm

- 4 dBm 10.7 dBm

Audio Frequency Response
(With de-emphasis and pr€-€mphasis)

M9{r!14 !Ds trjq]Lqt ray
300 to 900 Hz
1 .'1 to 3.0 kHz

f 3.0 dB
13.0 dB

Audio Frequency Response
(Without de-6mphasis and pre-emphasis)

[4qd_sls1ils.lrcslej].ly
300 to 900 Hz
1 .'l to 3,0 kHz

t 2.0 dB
I 2.0 dB

Modulation Factor Linearity
Modulation

0.5 kHz
'1.0 kHz
1.5 kHz
2.O kHz
2.5 k{z

0.5 kHz l 100 Hz
1.0 kHz 1 100 Hz
1.5 kHz t 100 Hz
2.0 kHz :r 100 Hz
2.5 kHz - 250 Hz (not to exceed

2.5 kHz)

Audio Frequency THD <5%

Page 12 of 58
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1.4

1.4.1

1.4.1 .1

1.4.1 .2

1.4.14

1.4.1.4

1 .4.2

1 .4.2.1

1.4.2.2

1.4.2.3

1.4.2.4

1.4.2.5

1.4.2.6

I .4.2.7

1.5

1.5.'1

1.5.2

1.5.3

1.6

1.6.1

1.8.2

Receiver
Transmitter

Filters

Duplexer (Radio Train Order)

Characteristics

lnsertion Loss (Tx & Rx)

Rx lsolation at Tx Frequencies

lmpedanca Matching, 50 C) (all ports)

' Operating Frequency Band

Base Station (Repeater)

> 65 dB (operaiing band)
> 80 dB (single channel)

* Duplexer for Iink operation is channelized.

Combiner (Trunked)

vswR < 'l-5:1

Return Loss < - 14 dB

465.0500 MHz to 465,9875 MHz
455.0500 MHz to 455.9875 MHz

Characteristics Base Station (Rspeater)

lnsertion Loss - Receiver path 0 dB 10.5 dB

lnsertion Loss - Transmit path < 10 dB

Rx lsolation at Tx Frequencies >85d8

lsolation between Rx ports >20d8
lsolalion between Tx ports >60d8

lmpedance Matching,50 O (all ports) VSWR < 1.5:1
Return Loss < - 14 dB

Operating Frequency Band
Receiver
Transmitter

465.0000 MHz to 466.6375 MHz
455.0000 MHz to 456.6375 MHz

Coaxial Cable

Characteristics Mobile & Fixed
Radio Statlon

Base Station
(Repeater)

lmpedance 50(-2

lmpedance matching VSWR < 1.5:1
Return Loss < - 14 dB

lnsertion loss <1dB <5dB

Antenna

Characteristiss Valious

lmpedance 50C,

lmpedance matching
VHF & UHF

GSM & WiFi

VSWR < 1.5:1
Retum Loss < - 14 dB
VSWR s 2.0:1
Return Loss s - 9.54 dB

Characteristics Various

Page 13 of 58
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* Antenna gain
N/tobile
Fixed station
Radio Iink: Poinl to point

Point to multipoint
Base station

1.6 4

1.6.5

1.7

1.7.1

1.7 .2

0 dBd
< '12 dBd
9 dBd minimunr

Not speciried

= 
12 dBd

>41
* Antenna height above ground level

N,tobile & Fixed station
Radio link: Point to point

Point to multiPoint
Base station

Based on 20 W ERP and antennae having a Dipole as a live element. Distance measured from
centre to centre of dipoles.

Licence conditions

Characteristics Various

Desensing <'1 dB

Desensing at high receiving signal ievel
(radio links only)

> 100 dBm <20d8

1.9 Audio Line Branching Unit

'10 m maximum
20 m maximum
20 m maximum
20 m maxlmum

1.8

1.8.1

Transmitting Power

Characterislics Various
* Conducted power at transmitter terminal

Radio link: Point to polnt
Po;nt to multipoint

1 W maximum
1 W maximum

* Effective Radiated Power (ERP)
Mobile & Fixed station
Radio link: Point lo point

Point to multipoint
Base station

20 W maximum
8.2 W maximum
8.2 W maximum
20 W maximum

Receiver Desensing

1.9.'1

1.9.2

1.9.3

I .9.4

'1.9.5

1.9.7

1.9.8

Characteristics Base Station (Repeater)

Audlo input and output terminals
lmpedance
Return Loss

600 o balanced
<-25dB

lnput and output audio signal level - 10 dBm -r 0.5 dB

Audio frequency response
300 Hz to 3 kHz r 0.5 dB

Audio total harnronlc distortion (THD) <0.5%

Audio signal to hum and noise ratlo >70d8

Channel cross talk

Common-mode rejectjon ratio

>60d8

>60dBat1kHz

E-signal Up to 50 V DC, 10 mA
Opto coupler
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]_ Base Station (Repealer)

I Bi-djrectional polarity

luptosovob,io;A
I Voltaqe free contact

It4 signal

Power Supply Unit, DC-DC Converter and Battery Charger
Characteristics

Operating conditions

Characteristics

1.S.9

1 .10

1.10.1

1.10.2

Various

Temperature range
Relative humidity

-10"Cto60"C
Upto85%

lnput power

Output voltage regulation
(lntermittent & conlinuous)

220 V AC ! 10 0/o

50 Hz !2o/o
Nominal t 10 %

AC Vollage
Frequency

DC Voltage

1 .1 0.3

1.10.4

'1 .10.5

1 .10.6

1.10.7

1 .10.8

13.8 V t5% (l2Vsyslem)
27.6V t5 % (24Vsystem)
55.2V !5o/. (48 Vsystem)

Efficiency

Output voltage ripple & noise

Radiation of spurious frequencies

Desensing of receiver

Load shedding (when required)

> 70 "/o

(12 V system)
(24 V system)
(48 V system)

< - 119 dBm in radio operating band

<1dB

'11.0V(l2Vsystem)
22.0V(24Vsystem)
44.0V(4SVsystem)
13.0 V (12 V system)
26.0V(24Vsystem)
52.0V(4SVsystem)

< 200 mvp-p
< 400 mvp-p
s 800 mvp-p

1.11
'l .11 ,'l

1.1',\.1.1

1.11.1.2

1 .11 .1 .3

1.11.1.4

1.11.'1.5

1 .1 '1.1.ri

1.11.1 .7

Trunking
Functional Tests

Characterislics

Registration

Local call to radto with the same prefix number

Local call to radio with an interprefix number

Local call to radio with the same preflx number
using short form dialling

lntersite call to radio with the same prefix number

lntersite call to radio with an interprefix rumber

lntersite call to radio with the same prefix number
using short form dialling

Register on instrument

Register on trunk system

Establish call through the trunk system

Establish call to instrument
Establish call through the trunk system

Establish call through the trunk dystem

Establish call through the trunk system

Establish call througlr tlre tIunk systenr

Establlslr call tlr ough the trunk system

Page 15 of 58
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1.11.1.8

1.11.1.9

1.11.1.10

PSTN call

Call the radio under test

Co-channel lnterference

Establish call to instrument
Establish call through the trunk system

Establish call from instnrment

Establjsh call through the trunk system

Reregister on new control channel with
lnstrument

Reregister on new control channel on the
lrunk system

1 .'11 .2

1.11.2.1

1.11.2.2

1.11.2.3

1.',t1.2.4

't.12

1.12.1

1.12.2

1.13

1.13.1

1.13.2 Data (FFSK)

Level difference between signals

Characteristics Base Station (Repeater)

FFSK level from TSC 1 Vp-p t 0.2 Vp-p

FFSK frequency from TSC 1.2 kHz I 100 Hz
1.8 kHz 1 100 Hz

Tx deviation at FFSK level
For channel dragging problem

1.5 kHz I 100 Hz
800 Hz t 100 Hz

FFSK levelfrom Rx maasured at TSC
(Modulation '1.5 kHz)
(Modulating frequency 1.2 kHzl

'l Vp-p I 0.2 Vp-p

Acoustical measurements

Chafacteristics Portable

Receiver

Loudspeaker sound prassure level > 84 dB(A) at 300 mm

Transmitter

Transmitler deviation Between 300 and 500 Hz from a SPL ol
] eo oa1n1 

"t 
tt" mioophone
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2, METHODS OF MEASUREMENT
Applied Standard

2.1 Normal condition
Temperature
Relative Humjdity
Lead acid battery
Lithium-ion battery
Nickelcadmium
Nickel Metal Hydrate battery
[,4ains

2.2 Extreme conditions
Temperature
Relative humidity
Lead acid battery
Lithium-ion battery
Nickel Cadmium batiery
Nickel fi/etal Hydrate battery
Mains

23 "C + 3.C
45to85%
2.3 V per cell
3.6 V per cell
1.2 V per cell
1.2 V per cell
22o V AC 50 Nz

- l0 "C and 60 'C
45to95%
1.8 V minimum & 2.6 V rnaximum per cell
3.0 V minimum & 4.2 V maximum per cell
1.0 V minimum & 1.5 V maximum per cell
1.0 V minimum & 1.5 V maximum per cell
220VAC lOYo 50Hzr2Yo

Pow€r Supply Systems
'12 V syslem : Minimum 11.0 V Nominal 13.8 V Maximum 15.6 V
24 V system : Minimum 22.0 V Nominal 27.6 V Maximum 31,2 V
48 V system Minimum 44.0 V Nominal 55.2 V Maximum 62.4 V

2.3 Warm up lime
As specified by the manufacturer.

2.4 Temperaturestabilisingperiod
One hour minimum-

2.5 Power source tolerance
<X3o/o.

2-6 Standard RF Test Signal

2.6.1 Standard test modulation
Modulating frequency : 1.0 kHz.
Modulation : 1.5 kHz (60 % of maximum rated system deviation).

2.6.2 Standard RF Signal lnput Level
.- 60 dBm (223.6 yNoaor 447.2 pvepv).

2.7 Audio Output Level
SOP=-3dBuuop
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2.2 Radio Receiver

2.2.1 Maximum Useful O0lput Power
Connect the equipment as shown below.

2.2.1.1 lnject a standard RF test signal from the RF signal generator.

2.2.1.2 Adjust the volume control of the radio until the THD is 10 % or the volurne control reaches its

2.2.1.3

maximum travel, whichever occurs first.

Measure the audio output power (MUOP).

Note: The impedance of the AF output load must be the same value as the load
(loudspeakeo with which the receiver normally operates.

2.2.2 Audio frequencv lolal harmonic distortion
Connect the equipment as shown below.

2.2.2.1 Standard measurement

2.2.2.1.1 Tesl 1.
2.2.2.1.1-1 lniect a standard RF test signal from the RF signal generator into the receiver.

2.2.2.1.1.2 Adjust the volume control of the radio to obtain SoP.
2-2-2.'1.1.3 Measure the THD.

2.2.2.1.2
2.2.2.1.2.'l

2.2.2.'1.2.2

2.2.2.1.2.3

Test 2.
change the modulating frequency to 500 Hz using lhe same modulation factor as
in test 1, except that in the case of PM receivers, tho modulation factol should be
reduced by 50 %.

Repeat the procedure given in test 1.

Measur€ the THD.

2.2.2.2 600 r, balanced line

Where a 600 o balanced line is provided, the THD must be measured on this line.

2.2.2.2.'l lnjecl a standard RF test signal from the RF signal generator into the receiver.

2.2.2.2.2 load the line with a 600 O resistive load or equivalent impedance, provided by the
measuring instrument.

2.2.2.2.3 Adjust the audio signal lev8l to measure -10 dBm on the line.

2.2.2-2.4 Measure the THD.

2.2.2.2.5 Repeat lhe THD measurement when applying test 2.

AF output load
& Power meter

Audio filter
0.3 - 3.4 kHz

AF output load
& Power meter
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2.2.3 Usablcsensitivitv
Connect the equipment as showfl below

2.2-3.1 Adjust the RF signal generator to produce a standard RF input signal level,

2.2.3.2 Adjust the volume control of the radio to otltain SOP.

2.2.3.3 Reduce the RF signal level untilthe SINAD ratio is 12 dB.

2.2.3.4 Without readjustment of the volume control check whether the audio outpui level is less than -
3 dBsqp.

Squelch operatinq threshold
Connect the equipment as shown below.

@

2-2.3-5 lf the audio output is less that - 3 dBsoe,
obtained.

2.2.3.6 Take the RF signal output level from the

increase lhe RF signal level until - 3 dBsop is

signal generator at this setting as the usable
sensitivity.

2.2.3.7 The measurement shall be made under the extreme test conditions as well.
Under the extreme test condilions, the receiver audio output power shall be within t3 dB of the
value obtained under normal test condition.

Note: The impedance of the AF output load must be the same value as the load
(loudspeaker) with which the receiver normally operates.

2.2.4

2.2.4.1 Apply a standard RF test signal to the receiver under tesl and adjust the volume control of the
radio to obtain SOP-

2.2.4.2 Reduce the RF signal level slowly until the squelch closes and record this RF signal level as
the squelch closing level in dBm.

2.2.4.3 lncrease the RF signal level slowly until the squelch opens and record this RF signal level as
the squelch opening level in dBm.

2.2.5 Attack tlme
Connect the equipment as shown below

AF output load
& Power meter

Audio filter
0.3 - 3.4 kHz

AF output load
& Power meter

2.2.5.1 Apply a standard RF test signal to the receiver under test.
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2.2.5.3 Delermine the usable sensitivity as described in clause 2.2.3.

2-2.5.4 Adjust the squelch to open at a RF signal level of - 115d8m, measured at the antenna
lerminal.

2.2.5.5 Set the RF signal levelfrom the signalgenerator to o dBm.

2-2.5.6 Set the value of the RF atlenuator lo decrease the signal level to 12 dB above the usable
sensilivity level, measured at the antenna terminal and switch the output of the signal generator
off.

2.2.5.7 Set the storage oscilloscope to single sweep operation.

2-2.5.A Switch the RF output on and measure lhe time required for the audio output to reach -0.5
dBsop.

2.2.5.9 Repeat the measurement three tlmes and take the average of the three measurements as the
receiver attack time-

2.2.6 Squelch Closino Time
Connect the equipment as shown below.

2.2.6.1 Apply a standard RF lesl signal to the receiver under test.

2.2.6.2 Adjust the volume control of the radio to obtain SOP.

2.2.6.3 Determine the usable sensitivlty as desc bed in clause 2.2.3,

2.2.6.4 Adjust the squelch to open at a RF signal level of - 115dBm, measured at lhe antenna
terminal.

Set the RF signal level from the signal generator to 0 dBm.

Set the value of the RF attenualor to decreas€ the signal level to 12 dB above the usable
sensitivity level, measured at the antenna terminal.

Set the slorage oscilloscope to single sweep operation.

Switch the output of the signal generator off and measure the time required for the audio output
to be reduced by 10 dB from the SOP value.

Repeat the measurement three times and take the average of the three measurements as the
squelch closing time.

2.2.7 Modulationacceptancebandwidlh
Connect the equipment as shown below.

2.2.7.1 Apply a standard RF test signal to the receiver under test.

2.2.7.2 Adjust the receiver volume control to obtain SOP.

2.2.6.5

2.2.6.6

2.2.6.7

2.2.6.4

2.2.6.9

i---- -------'--- --'-- -----l

AF output load
& Power meter

Audio filter
0.3 - 3.4 kHz
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2.2.7 -g Reduce the RF signal level until the SINAD ratio is 12 dB.
2.2.7.4 lncrease the RF sjgnal level by 6 dB.

2.2.7.5 lncrease the modulation faclor untit the SINAD ratio is again 12 dB.

2.2.7 -6 Record this value of the modulation factor as the modulation acceptance bandwidth.

2.2.8 Adiacent channel selectivitv and desensitizaiion ratio
Connect the equipment as shown below.

Switch the RF signal output of signal genealot 2 olf.
RF signal generator 1:
2.2.8.2.1 Apply a standard RF test signal to the receiver under test.

2.2.8.2.2 Adjust the volume control of the radio to obtain SOP.

2.2-8.2.3 Reduce ihe RF signal until the SINAD ratio is 12 dB (wanted signal).

2.2.8.2.4 Note this RF signal level.

2-2.8-3 RF signal generator 2:
2.2.8.3-1 Switch the RF signal output on (unwanted signal).
2.2.8.3.2 Modulate the RF signal with 400 Hz at the standard modulation factor.

2.2.8.3-3 Set lhe frequency (unwanted sighal) to a frequency one-channel width above the
assigned frequency (wanted signal).

2.2.4.3.4 Adjust the RF signal level such that the SINAD ratio is degraded to 6 dB.

2,2.8.3.5 Note this RF signal level,

2.2.8.3.6 Repeat for the unwanled signal set to a frequency one-channel width below the
assigned frequency.

Calculate the difference between lhe unwanted and wanted slgnal levels in dB, as the adjacent
channel selectivity and desensitization ratio.

Take the worst case of the two measurements as the result.

The measurements shall be made under the extreme test conditions as well.

2.2.8.',|

2.2.8.5

2.2.8.6

AF output load
& Power meter
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,to SDurious resoonse attenuation/reiection

Connect the equipment as shown below.

Switch the RF signal output of signal generator 2 off.

RF signal generato l:
2.2.9.2.1 Adjust th6 RF signal generator to produce a standard RF test signal.
2.2.9.2.2 Adjust the volume control of the radio to obtain SOP.
2.2.9.2.3 Reduce the RF signal to the receiver untilthe SINAD ratio is 12 dB.
RF signal generator 2:
2.2.9-3-1 Switch the RF signal output on and adjust the signal level to 80 dB (portable) or

85 dB (mobile and base) higher than thal of signal generator 1.

Modulate the RF signal with 400 Hz ai standard modulation factor.
Slowly sweep the carrier frequency over the range 100 kHz to '1 GHz in 12.5 kHz
steps (channels) excluding the assigned channel and the two adjacent channels.

2.2.9.3-4 When the receiver is responsive to a spurious signal, adjust the RF signal level
until the SINAD ratio is 6 dB.

Note the frequency and the RF signal levels of the two signal generators and take the
difference beiween the two levels expressed in dB as the measure of the spurious response
attenuation at that frequency.

Note: Ensure that the measured response is not caused by spurious signals from the RF
signal generators or lntermodulation products between the two signals.

410,1

2.2.9.2

2.2.9.3

2.2.9.4

), o'1 ,
2.2.9.3.3

AF output load
& Power meter
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2.2.10 liiiei,rGErrlat,orispuri;r!s response attenuation/reiection
Connect the equipment as shown below.

RF signal
generator 1

RF signal
generator 2

RF signal
generator 3

Combining
network

Receiver
under test -rl AF output load

& Power meter

SINAD meter

F Audio filter
O.3 - 3.4 kHz

2.2.10.1 Swilch the RF signal output of signal generators 2 & 3 off.
2.2.10.2 RF signal generator 1:

2.2.10.2.1 Adjust the RF signal generator to produce a standard RF test signal.
2.2.10.2.2 Adiust the volume control of the radio to obtain SOP.

2.2.10.2.3 Reduce the RF signal to the receiver until the SINAD ratio is 12 dB.

A. 2.2.10.3 RF Signal generator 2:

2.2.10.3.1 Adjust the unmodulated frequency of the RF signal generator to the second
adjacent channel above the nominal carrier frequency.

2.214.4 RF signal generator 3:
2.2.10.4.1 Modulate the RF signal with 400 Hz at standard modulation factor.
2.2.10.4.2 Adjust the frequency of the RF signal generalor to the fourth adjacent channel

above the nominai canier frequency.
2.2.1a.5 Switch the RF signal output of signal generators 2 & 3 on.
2.2.10.6 Maintain the outputs of RF signal generators 2 & 3 at equal levels.

2.2.10.7 Adjust the RF signal levels to reduce the SINAD ratio to 6 dB.
2.2.10.8 Adjust the frequency of RF signal gsneralor 3 slightly to produc€ the maximum interfering

signal.

2.2.10.9 Note the difference in dB between the RF signal output level from RF signal generator '1 and
the RF signal output level irom RF signal generators 2 & 3.

B. 2.2.10.10 Repeat these measurements with RF signal generators 2 & 3 adjusted to the fourth adjacent
and eighth adjacent channels above the nominal carrier frequency.

C. 2.2.10.11 The measurements descrjbed in A & B shall be repeated with RF signal generators 2 & 3 set
to the appropriate channels below the nominal frequency of lhe receiver.

2.2.10.12 Record the worst, ratio in dB as the measure of the intermodulation spurious response
attenuation-
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@
Connect the equipment as shown below.

RF signa I

generator 1
RF signal

generator 2

Combining
network

Receiver
under test

SINAD meter Audio filter
0.3 - 3.4 ktsz AF output loa d

& Power meter

2.2.11.1 Switch the RF signal output of slgnal generator 2 off.

2.2.11.2 RF signal generator 1:
2.2.11.2.1 Adjust the RF signal generator to produce a standard RF test signal.

2.2.11,2.2 Adjust the volume control of the radio to obtain SOP.

2.2.'11.2.3 Reduce the RF signal until the SINAD ratio is '12 dB (wanted signal).

2.2.'11.3 RF signai generator 2:
2.2.11.3.1 Switch the RF signal output on (unwanted signal).

2.2.11.3.2 Set the frequency to the assigned receiver frequency.

2.2.11.3.3 Modulate the RF signal with 400 Hz at standard modulation factor.

2.2.11.3.4 Adjust the RF signal level such that the SINAO ratio is reduced to 6 dB.

2.2.11.4 Record the co-channel re]ection ratio as the difference in dB, between the wanted and
unwanted signal levels.

2.2.11.5 Repeat the measurement with signal generator 2 set to frequencies 1.5 kHz and 3.0 kHz above
and below the assigned frequency.

2.2.11.6 The highest value ofthe five measurements shall be recorded as the co-channel reje€tion ratio.

2.2.12 BlockinqorDesensitisation
Connect the equipment as shown below.

RF signal
generator 1

RF signal
generator 2

Combining
network

Receiver
under test

SINAD meter t-l Audio filter
0.3 - 3.4 kHz AF output load

& Power meter

2.2.12.1 Switch the RF signal output of signal generalot 2 oll.

2-2.12.2 RF signal generator 1:
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2.2.12.2.2 Adiust the volume control oI the radio to obtain SOP.

2.2.12.2.3 Reduoe lhe RF signal until the SINAD ratio is '12 dB (wanted signal).
2 2.12.3 RF signal generator 2: INVOICE

2.2.'12.3.1 Switch the unmodulate?FFsilZl output on (unwanted signal)

Company 2.2.1:4FANSFE!1fffiFffi{i RIS[gWfr@ dB higher thUbtE]nal generato2? Decemb€r 2021
Name of Rep2.12$r| LEeqAde frequency from 1 MHz to '10 MHf,Gcldllber side ofGftA&@r605ffi4er
Email : Sam.Ltsoqe6e@transnet.net PurchaseNo :4500421879
fz.lztz.t uonft&tA80SiB00f, /rA6? 36di&B8Tpur tevel and rhe sriYAodcrdlo : 1014385
Clienl^vat
Address i[.i'uHl{,,'"f#da:a:1ilil'i:!Jffi $s{fl ;'xi$Sffi is:r'e'n:

the measured response is not caused by spurious signals from the RF

'ub 
fotol R 204 032.00

VAT R 36 005.20

Grond Totot R 240 437.20

2.2.13.1 Switch the receiver on.

2.2.13.2 The receiver must be in standby mode.

-e-?.1,3 E--,S,lo,4(ly- E-W-qpp the measuring instrument over the range I kllzto 4 Gl'lz.
tnant( You tot Your t u3r6e3il
2,2.13.4 Record the frequencies and measure the absolute levels of the conducted spurious radialion.

*Vil"lq 
Audio frequencv response

l*:" Connect the equipment as shown below

Adiust the RF signal generator to produce a standard RF test signal and inject it
into the receiver.
Adjust the volume control of the radio to obiain SOP.

Adjust the modulation of the RF signal generator to 20 o/o of the maximum system
deviation.
While keeping the modulation factor constant vary the modulating frequency over
the range 300 Hz to 3 kHz.

Record the variation of the audio output power over this range in dB with reference
to the corresponding level at 1 kHz.

2.2.14.1 600 O balanced line

Where a 600 o balanced line is provided, the audio frequency respons€ must be measured on
this line.

2.2.14.2.1 lniect a standard RF test signal from the RF signal generalor into the receiver.

2.2.14.2.2 Load the line with a 600 o resistive load or equivalent impedance, provided by the
measuring instrument.

2.2.14.1_1

2.2.14.1.2

2.2.14.1.3

2.2.14.1.4

2.2.14.1.5

I P9y!tP!!9? otv Prke excl Vot Totdl
1 sui-ofV 5nd ffirEftitffiditffiiftitifiEEiii?Lmo ana

concretere&tUrS[Blur"&iP=Wii3=shownb'elow
88 R 2 318.5s R 204 032.00

Spectrum
analyser

or
Test receiver

Receiver
under test tt

Pevment Details T :-
B.;a 

"FoBANK 
I KF sl9nal

Accountr,lame: MovJs ConSEBfi{Ahf
Account Tvpe: Savinis--_
Branlh Code; 19&
Branch l{ame: MY

AF level meter

AF output load
& Power meter
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2-2.14.2.3

2.2.14.2.4

Adjust the audio signal level to measure - 10 dBm on the line.

Proceed with clauses 2.2.14.1.3 and 2.2.'14.1.5.

AUDIO FREOUENCY RESPON

r.EauB{cY txrl

6dB/octave slope

AIJOIO FREOU€NCY RESPONS€ OF FIIi RECEIVERS

l

I
I

I

2.2.15 Siqnal to hunr and noise ratio
Connect the equipment as shown below,

2.2.15.1 Select the CCITT filter (low pass rilter).

2.2.15.2 Adjust the RF signal generator to produce a standard RF test slgnal.
2.2-15.3 Adjust the volume control of the radio to obtain SOP.

AF output load
& Power meter
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2.2.15.4

2.2.15.5

2.2.15.6

2.2.15.9

BBD8635 Version 8.1
Adjust the squelch to its minimum (unsquelched).
Remove the modulation and measure the audio output power.

Adjusl the squelch to its maximum (squelched),

lf the receiver .emains unsquelched remove the RF signal.
Measure the audio output power
Record the ratio in dB between the audio output powers witho(t modu/ation, and the SOp level
as lhe siqnal to hum and .oise ratio.

2.2.16 Amplitude characteristics
Connect the equipment as shown below

2-2.16.1 Adiust the RF signat generstor to produce a standard RF test signal.
2.2.16.2 lncrease the RF ouFut signal level to - l3 dBm.

2.2.16,3 AdiusHh€ votume conffi'ofthE rudio ldoblain S-OF.

2.2.16.4 Decrease the RF signal output level from - 13 dBm to - 107 dBm and measure the change in

AF output load
& Power meter

Audlo filter
0.3 - 3.4 kHz

the audio output level in dB.

Connect the equipment as shown below.

r a^eu I uosEer Iue rol lsal
q.or 

^uE 
'no^ oorl UTETo ?ou

u. iu"occt aql lnoqE ro1lEulro

or( Iq {3I: Jo uolldunsse uc

o:icEluoc '"/iz?f?n set the radio to operut" onotn'JL"il11""onunn"r.
generator to produce a standard RF test signal.

open at a RF signal level of - 115 dBm.

oN 6ets) palun 6. rv qlnos lo rue€ prtpuErs 'ql
90'8102 tr8ttt00

'sure1 .sa_.il io are e u:e I pue
IuE ro I qoTt{rn Efsos f,o saDEuPP

a6odap aq ?snu r.{ser stql qrttla
lrser s1r.{1 6urIEur uosrad aql sv

1eq1 s.snPt. eq1 rapTsuos asEald

z !9 !zooo-Ys3s :sIT€1aP a3uarsJiau

oo ooe E :suloc ltlol'
oo o05'€ E :s€lou TEIoJ

2.2.

2.2..),
2.2.

2.2.

level to -7 dBm. . cc orc' t -E .. .. . !!r.:.:r ' n la E
of 132 channels above the receiving cha hoh6ea(ohrding the assig8ggl
Int channels.

CO.0C/,7 A i Pa^:a,a: qsPt :€ _

channel and the adjacent channels-

2.2-17.s Record the channet and the RF siglq$EEWBaSt aiffflEn cfisB$84rd1 op.n" in tt33 i"'i"%";";r'#f
- 47 dBm ro - 7 dBm. " i1-irrr, I .r,p ":i::,:$:t
Note: Where the interfering channels conespono *lfn tire intermodulation iree channel ,ra

sroups. hfteflfaedcctuouMttoEryr. Iueg plepupts Bl

and the RF signal level, at which the squelch opens in the window of

y t{r,oos ro 'lrcNooc cNrEssNrcNg : --lYi: l:::::: {j:]:ll:::g
2.2. on the highest channei. ;ilffii;z, a::i::::i:g

oo'coa'n E :
2_2.17.8 Scan the frequencies of 132 channels below iaestocefihdeffa;ner, excru4pOrtip*$eU$iiiEY
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High slte channels
Duplex, 5rh order, 132 channels
GroupA l llrl-o l dT7ri a7T-s4-f61 [7 Isi,T'es-Igl I riit I tzi tig I

Duplex, 5rh order 1

Group B

Duplex, 5rh order
Group C

Group F

Duplex, Srh

Group G

35 42 50 )52

Shuntlng channels
Simplex, 5t'order. last 80 channels
Group A
Group B
croup C
Group D
Group E
Group F

Duplex, 5rh order. first 52 channels
Group D | 17 | 18 | 21 | 31

ouplex, 5'h order, first 52 channels
GroupE 119 28

lJuplex, 5- order lrrst b2 channels

56 60 71 97 99 109 118 126 1131 i i32
55 58 OJ 72 84 112 125
tr4 67 69 76 103 1 '16 127
68 77

oo 70
90
94

107
100

113 114 117

65 121

81 87 89 92 104 108
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2.3 Radio Transmitter

2.3.'l Ca(rier power (conducted)

Connecl the equipment as shown below

2.3.1.1 Measure the carrier power in the absence of modulation.
2.3.1.2 The measurement shall be made under the extreme test conditions as well.

2.3.2 ConductedsDuriousemissions
Connect the equipment as shown below.

RF sig nal
generator

2.3.2.1 The duplexer must be tuned to the operating band. See specifications in clause 1 .4.1.

2.3.2.2 The value of the RF attenuator (including the duplexer) must be such to limit the carrier level at
the spectrum analyser/tesl receiver to approximately - 60 dBm.

2.3.2.3 With the transnlilter transrrrrtt ng an unmodLrluted carrier, measure and record the frequencies
and absolute levels of the conducted spunous up [o the 5'n harmonic.

2.3.2.4 Replace the transmitter with the RF signal generalor.

2.3.2.5 Tune the RF signal generator to the recorded frequency and adjust the output level to obtain
the recorded level on the spectrum analyser/test receiver.

2.3.2.6 Record lhe output level of the RF signal generator as the conducted spurious emission at that
specific frequency-

2.3.2.7 Repeat 2.3.2.5 & 2.3.2.6 for all the other spurious emissions detected.

2.3.2.8 Remove the RF attenuator and duplexer and repeat the measurements when the transmitter is

in the standby mode.

2.3.2.9 The measurements shall be made under the extreme test conditions as well.

2.3.1.10 With the above circuit the reverse channels can also be tested.
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Connect the equipment as shown below

2.3.3 carrierlyeouerriv irriri

RF power
attenuator

I

i i nuoio t".t r"i i.-t i,]ti

2.3,3,'l Measure the carrier frequency in the aksence of modulation.
2.3.3.2 Repeal the measurement on each channel on which the transmitter is equipped to operate.
2.3.3.3 Calculate the carrier frequency eror as the diffierence between the assigned frequency and the

measured frequency. (Some test insffuments can be set to measure the frequency error
direclly).

2.3.3.4 Record the worst case as lhe result.

2.3.3.5 The measurement shall be made under the extreme test conditions as well.

2.3.4 Carrier attack time
Connect lhe equipment as shown below.

2.3.4.1 Set the storage oscilloscope to slngle sweep operation.
2.3.4.2 Operate lhe control switch and measure the lime interval for the unmodulated

Ievello reach a value 6 dB (50 %) below the steady state level.

2.3.5 Adiacent channel power
Connect the equiprnent as shown below.

carrier voltage

2.3-5.1 Ensure thal the modulation limiting (Tx deviation) is set correctly (see clause 2.3.7).
2.3.5.2 Measure lhe unmodulated carrier power level.

2.3.5.3 Modulate the transmitter with a 1 250 Hz signal at a level 20 dB greater than that required to
produce the standard test modulation fabtor.

2.3.5.4 Measure the mean power produced by the modulation, hum and noise of the transrnltter in the
adiacenl channels,

2.3.5.5 Express the adjacent channel power in dB with refercnce to the measured carrier power.

2.3.5.6 Remrd the worst ratio as the measure of the adjacent channel power.

Q!: When the measured level does not comply with the speciflcation:
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The adjacent channel power not to exceed a level of - 37 dBm irrespective of the carrier
Power ievel.

2.3.6 lntermodulatiorr attenuation (fixed radio stations only)

Method A: connect the equipment as shown below.

Directional
coupler

2.3.6.2

2.3.6.3

2.3.6.4

Set the unmodulated signal level from the RF signal source to give a level, measured at the
transmitter output terminal, 30 dB below the output carrier level.

With the transmitter transmitting an unmodulated carrier, vary the frequency of the RF signal
source between 50 kHz and 100 kHz, above and below the carrier lrequency.

Measure the levels of the Intermodulation components.

The lntermodulation attenuation is expressed as the ratio of the carrier level to lhe level of the
largest lntermodulation product (third order) observed.

Record the worst case as the result,

Note: Ensure that the measured response is not caused by spurious signals from the RF signal
source.

Method B: Connect the equipment as shown below.

2.3.6.6 The coupling between the lransmitter under tesi and the 10 dB RF power attenuator must be as
short as possible to minimize mismatching-

2.3.6.7 The directional coupler must have an insertion loss of < 1 dB, directivity of > 20 dB and
sufficienl bandwidth.

2.3.6.8 The transmitter under test and the interfering signal source must have sufficient physical
separation to prevent the measurement being influenced by direct radiation.

2.3.6.9 The RF signal l€vel from the interfering signal source must have the same level as that of the
transmitter. Altemalively, the RF signal level from the interfering signal source must be 20 dB
lower than that of the transmitter * omit the 20 dB RF power attenuator.

2.3.6.1O The transmitter under test shall be unmodulated.

2.3.6.11 The spectrum analyser must be adjusted to give a maximum indication (amplitude) with a
frequency scan of 500 kHz.

2.3.6.12 The interfering signal source must be unmodulated and the frequency must be varied between
50 kHz to 100 kHz above and below the frequency of the transmitter under test

Tra nsmitter
under test
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2.3.6.13 Measure the teveis otirre tntermodulation componenis on the spectrum analyser and delermine

the ratio of the carrier level to the level of the largest lnlermodulation product (third order)
observed, in dB.

2.3.6,14 Record the worst case as the result.

Note: Ensure that the measured response is not caused by spurious signals from the RF signal
source_

2.3.7 Modulation limitinq (Tx deviation)

Connect the equipment as shown below.

Radio test set

2.3.7 .1

2.3.7 .2

2.3.7.3

2.3.7.4
2.3.7 .5

Ensure that the maximum deviation is set correctly and according to the manufacturer's
procedure.

Apply electrically a 1 kHz audio test signal to the microphone input of the transmitter at a level
sufficient to produce the standard tesl modulation factor.
(When an electrical input signal cannot be applied this may be replaced by an acoustical
signal.)

Set the audio filter of the modulation analyser to Low Pass cut-off 15 kHz or 20 kHz.

Note the level of the audio test signal (reference).

Modulating frequency 0.3 kHz to 2.55 kHz:

2-3.7.5.1 lncrease lhe audio lest signal with 20d8. Ensure that the measured deviation
equals the maximum system deviation.

2.3.7.5.2 Without changing the audio input signal level vary the modulating frequency
between 300 Hz and 2.55 kHz.

2-3.7.5.3 Record the largest positive or negative peak deviation obtained, as the modulation
limit.

Modulating frequency 2.55 kHz to 6.0 kHz:

2-3.7 -6.1 Deffease the audio test signal io obtain the standard test modulation factor
(reference).

2.3.7.6.2 Without changing the audio input signal level vary the modulating frequency
between 2.55 kHz and 6.0 kHz.

2.3.7.6.3 Record the largest positive or negative peak deviation obtained, as the modulalion
limit for the specific modulating frequency band.

Noie: The deviation produced by the modulating frequencies between 2.55 kHz
and 6.0 kHz must not exceed that of the deviation produced by the
modulating frequency 2.55 kHz.

Modulating frequency 6.0 kHz to '12,5 kHz:

2.3.7.7.1 Obtain the standard test modulalion factor (reference).

2.3.7.7.2 Without changlng the audio input signal level vary the modulating frequency
between 6.0 kHz and 12-5 kqz.

2.3.7.7.3 Record the decrease in the positive or negative peak deviation, as the modulation
limit for the specific modulating frequency band.

Note: Care must be taken not to generate hum when the audio signal is
connected electrically.

It must be ensured that the acoustical audio source has a flat response
throughout thc bandwidth.

2.3.7.6

2.3.7 .7
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2,3,8 CTCSS deviation
Connect the equipmsnt as shown below

?.3.8.1 Select the CTCSS frequency and activate the function.

2.3.8.2 Set the audio jilter of the modulation analyser to Low Pass cut-off 15 kHz or 20 kHz.

2.3.8.3 ln the absence of an audio jnput signal (modulating signal) transmit a carrier.

2.3.8.4 Measure and record the deviation oflhe sub-audible tone.

2.3I Audio frefluencv total harmonic distortion (THD)

Connect the equipment as shown below.

lr'-...-,'.-]

Standard measurement
2.3,9.1.1 Apply electrically a 1 kHz audio test signal to the microphone input of the

transmitter at a level sufficient to produce the standard test modulation factor.

2.3.9.1.2 Record the distortion obtained.

2.3 9.1 3 Adiust the audio signal generator frequency to 500 Hz.

Modulation
analyser

demodulator

2.3.5.1
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2.3.9.1.4 Set the audio output signal at a level suflicjent to produce th; irandarO test

modulation factor
2.3.9.1.5 Record the dlstortion obtained.

Note: Care must be taken not to generate hum when the audio signal is connected
electrically.

2.3.9.2 600 Q balanced line input

Where a 600 o balanced line is provided, the THD must be measured on this line.

2.3.9.2.1 Load the line with a 600 Q resistive load or equivalent impedance, provided by the
test instrument.

2.3.9.2.2 lniect a 1 kHz audio test signal into the line at a level of -10 dBm.
2.3.9.2.3 Ensure that the transmitting signal deviation comply with the standard test

modulation factor.
2.3.9.2.4 Measure and record the THD.

2.3.10 Audio frequencv response
Connect the equipment as shown below.

2.3.10.1 Standardmeasurement

Apply electrically a 1 kHz audio tesl signal to the microphone input of the
transmitter at a level sufticient to oblain 20 o/o ol the maximum system deviation.

Sel€cl the low pass lilter (cut-off 20 kHz) at the modulation analyser.
Vary the modulating frequency (audio signal) from 300 Hz to 3 kHz.
Adiusl the modulaling frequency level (audio signal) to maintain the modulation
factor constant.

Record the variation in th€ audio output level of the AF signal generator in dB with
reference to the conesponding level at 1 kHz.

Apply electrically a 1 kHz audio test signal to lhe microphone input of the
transmltter at a level sufficient to obtain 20 % of the maximum systern deviation.
Select the low pass filter (cul-ofl 20 kHz) at the modulation analyser.

Keeping the audio signal level constant, vary the frequency from 300 Hz to 3 kHz.
Record the variation in the audio output level from the demodulator in dB with
reference to the corresponding level at 1 kHz.

Note: The t and - signs must be inverted to be able to apply the graph.

2.3.10.2 600 O balanced line input

Whers a 600 O balanced line is providgd, the audio frequency response must be measured on
ihis line.

Load the line with a 600 O resistive load or equivalent impedance, provided by the
test instrument.
lnject a 1 kHz audio tesi signal into the line at a level of - 10 dBm.
Ensure thal the iransmitting signal devialion comply with the standard test
modulation factor.
Rcducc lhc audio signal level to obtain 20 % of the maximum system deviation.

Method A.
2.3.10.1.1

2.3.10.1.2
2.3.10.1.3
2.3.10.1.4

2.3.10.1.5

Method B.
2.3.'10.1 .6

2.3.10.1.7

2.3.10.1.8
2.3.1 0.1 .9

2.3.10.2.1

2.3.10.2.2
2.3.10.2.3

2.3.10.2.4
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2.3.'11 Anqle mo(lulatioir lrum and rroisc fatio
Connect the equipment as shown below.

2.3.11.1 Apply electrically a 1 kHz audio test signal to the microphone input of the transmitter at a level
sufficient to produce the standard test modulation factor.

2.3.11.2 Record the audio output level from the modulation analyser demodulator.

2.3-11-3 Remove the modulation from the transmitter-
2.3.1'l.4 Again record the audio output level from the modulation analyser demodulator.

2.3.11.5 Calculate the angle modulation hum and noise ratio by determining the difference between the
two measurements in dB

Note: Care must be taken not to generate hum when the audio signal is connected
electrically.

Short circuit the audio,input connections of the radio transmitter when the audio signal
is removed.

2.3.1 2 A!uli!u!eJ'9!Ua!i-9rt lrull-otrdjglsg].cvct

2.3.12.1 Set the modulation analyser to measure the RMS AM modulation factor (m %).

2.3.'12.2 ln the absence of an audio input signal (modulating signal) measure the modulation iaclor.

2.3.12.3 Calculate the AM hum and noise level as follow:
AM hum and noise level (dB) = 20Log(2 m/100)

2.3.13 Extreme transmitter loads
Connect the equipment as shown below.

2.3.13.1 Measure the carrier power in the absence of modulation.

2.3.13.2 Operate the transmitter under open and short circuit load conditions for a period ofl
2.3.13.2.1 One minuie each in lhe case of a transmitter rated for intermittent duty cycle.

2.3.13.2.2 Five minutes each in the csse of a transmitter rated for continuous operation.
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2.3.13.3 After each expoiuie to rne lxtreme load measure ine carrier power in rfre aosence of
modulation.

2.3.13.4 Calculate the variation ofthe carrier power in dB with reference to clause 2.3.13.1.
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2.4 High Sfue Equipment

2.4.1 Radio Base Station Response Time
Connect the equipment as shown below.

:-___-___________

2.4.1.1 Apply a standard RF test signal to the receiver under test.

2.4.1.2 Determine the usable sensitivity as described in clause 2.2.3.

2.4.1.3 Adjust the squelch.to open at a RF signal level of - 115dBm, measurcd at the antenna
terminal.

Set the RF signal level 12 dB above the usable sensitivity level.

Set the storage oscilloscope to single sweep operation.

Enable the RF switch and measure the time required for the unmodulated transmit canier
voltage level to reach a value 6 dB (50 o/o) below the steady stale level.

Repeat the measur€ment three times and take the average of the three measurements as the
repeater attack time.

2.4.1 .4

2.4.1.5
2.4.1.6

2.4.1.7

[1t,r rl ---------------l
t----r 

-----1 
,

i I ss tran.mitter I I BS r"..irer I i
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Connect the equipment as shown below.
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BBD8635 Version 8.1
2.4.2
) ar 1

Talk Throuqh Sianal
Audio levels

2.4.2.1.1

2.4.2.1.2

2.4.2.1.3

2,4.2.1.4

2.4.2.1.5

2.4.2.1.6

2.4.2.'1.7

Base station
transmitter
under test

Link receiver
under test

Adiust the RF signal generator to produce lhe standard RF test slgnal.

Connect the audio lines to the units as it would be connected when in operation.
This is to ensure that the lines are correctly loaded.

Set the audio frequency level meter to high impedance/bridge mode. This is to
ensure that the level meter does not load the lines.

Measure lhe audio level from the source (Rx) flrst. Adjust the level if necessary.
Measure all the outgoing lines from the LBU and adiusl the levels if necessary.
Use the method described in clauses 2.4.2.1.1 lo 2.4.2.1.4 to measure and adjust
the audio level from the link receiver.

Measure the audio level from the microwave and adjust if necessary.

Note: The same measuring method is used on the Trunked radio equipment.
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Connect the equipment as shown below.

2.4.2.2 AudioFreqLrencvResp<rnse

2.4.2.2.1

2.4.2.2.2

2.4.2.2.3

2.4.2.2.5

2.4.2.2.6

Ensure that all the audio level settings have been set correctly.

Adjust the RF signal generator to produce the standard RF test signal,

Select the low pass filter (cut-off 20 kHz) at the modulation analyser.

While keeping the modulation factor constant vary the modulating frequency over
lhe range 300 Hz to 3 kHz,

Record the variation in the audio output power from the demodulator over this
range in dB with reference to the corresponding levelat 1 kHz.

Branches to the link radio and other links must also be measured.

REPEATER TALK THROUGH SIGNAL
AUDIO FREOUENCYRESPONCE

Vlilh De'emphasis and Pe.mphlsis

aI
d3
g

:,
!"
I
E.z
I
a

,5
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REPEATER TALI( THROUGH SIGNAL
AUOIO FREAUEICV RESPONCE

w(htur DAsphals 3rd Fr.-enDhsts

al,
d3

E

-{

m
2.4.2.3 Moduiationfactorlinearity

Connect the equipment as shown below

2.4.2.3.2

2.4.2.3.4

.!

Radio test set I :a-

Ensure that the transmitter modulation limiiing (deviation) has been set correctly
(see clause 2.3.7).

Ensure that all the audio levels have been set correctly (see clause 2.4.2.1).
Apply a standard RF test signal from the RF signal generator to the receiver.
Vary the modulation of the RF input signal between 0.5 kH2 and 2.5 kHz and
measure the transmitter deviation.

Branches to the link radio and other links musl also be measured-
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REPEATER TALK THROUGH SI€NAI

MOOULATION FACTOR LINEARIf Y

l5
RECETVER MOOllLATtOtl lkHzl

2.4.2.4 Audio frequencv THO

Connect lhe equipment as shown below.

2.4.2.4.1 Ensure that all the audio levels are set correctly.
2.4.2.4.2 Apply a standard RF test signal to the receiver under test,

2.4.2.4.3 Record the audio lotal harmonic distortion from the transmitter.
2.4.2.4.4 Branches to the link radio and other links must also be measured.
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2.4.3 Filters

2.4.3.1 Duplexer
The best method to check or tune a duplexer is to use a Transmission Line Analyser. This
measuring method will not be covered in this document.
lf any problem is detected the duplexer/combiner must be send to a facility with the proper
equipment and competency. Do not attempt the tune the unit.
A RF signal generator and a test receiver/spectrum analyser could be used to make
measurements.
2.4.3.1.1 Calibration
2.4.3.1.1.1 Connect the RF signal generator with the two connecting cables to the test

receiver or spectrum analyser.

2.4.3.1.1-2 Tune the RF signal generator and the test receiver/spectrum analyser to the in-
band receiving/transmitting frequency to be measured.

2.4.3-1.1.3 Set the output level of the RF signal generator as required:
e.g. Low-level : <-60dBm

High-level : 0 dBm.

2.4.3.1-1.4 Record the difference between the applied and measured Signal level. The
difference must be included in the calculations.

Note: This method compensates for differences and the connecting cable losses.

2.4.3.1.2 lnsertion lqss - Rx

2.4.3.1.2.1

2.4.3.1.2.2

2.4.3.'t.2.3

2.4.3.1.2.4

2.4.3.1.2.5

2.4.3.1.2.6
2.4.3.1.2.7

2.4.3.1.2.8

2.4.3.1.2.9

2.4.3.1.2.10
2.4.3.1.2.11

Tune the RF signal generator and the lest receiver/spectrum analyser to the in-
band receiving frequency to be measured.

lnject lhe signal at the anlenna port (low level) and measure the level at the
receiving port.

Calculate the insertion loss by determining the difference between the injected
signal level and the measured level in dB.

The insertion loss must comply throughout the operating band.

At the high site this measurement can be made in the following way:
Connect the RF signal generator direclly to the receiver.
Adjust the RF signal generator to produce a slandard RF test signal.

Decrease the RF signal level till the squelch closes.
lncrease the RF signal level slowly and note the level when the squelch open.

Connect lhe RF signal generator to the receiver via the duplexer (Ant port).

Repeat the procedure from clause 2.4.3.1.2.61o 2.4.3.1.2.8.

Calculate the insertion loss by determininq the difference between the two
recorded signal levels in dB.

Note; When the result is within specification, the insertion loss through lhe
coaxial cable between lhe receiver and duplexer can be ignored.

Connect the equipment as shown below

Duplexer
under test

Tx Ant Rx

Test receiver
or

Spectrum analyser
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Connect the equipment as shown below

Duplexer
under test

Tx Ant Rx

BBD8635 Version 8.'1

2.4.3.1.3 lnsertion loss . Tx

2.4.3.1.4

Tune the RF signal generator and the test receiver/spectrum analyser to the in-
band transmjtting frequency to be measured,

lnject the signal at the transmitting port (high level) and measure lhe level at the
anlenna port.

Calculate the insertion loss by determining the difference between the injected
signal level and the measured level in dB.

The insertion loss must comply lhroughout the operating band.

At the high site this measurement can be made in the following way:
Connect a terminated wattmeter directly to the transmitter.

Measure the un-modulated carrier power from the transmitter.

Connect the same terminated wattmeter to ihe transmitter via the duplexer
(Antenna port).

Measure the un-modulated carrier power lrom the transmitter.

Calculate the inseriion loss by deiermining the ditference between the two
measured power levels in dB.

Note: When the result is within specification, the insertion loss ihrough the
coaxial cable between the transmitter and duplexer can be ignored,

lsolation between the tralrsmiltilrq and receivinq paths

Connect the equipment as shown below.

2.4.3.1.3.1

2.4.3.1.3.2

2.4.3.1.3.3

2.4.3.1.3.4

2.4.3.1.3.5
z..t.J, t.J.o
2.4.3.',t .3,7

2.4.3.1.3.8

2.4.3.1.3.9

2.4.3.1 .4.1

2.4.3.1 .4.2

2.4.3.1 .4.3

2.4.3.1 .4.4

Tune the RF signal generator and the test receiver/spectrum analyse, to the in-
band transmitting frequency to be measured.

lnject the signal at the transmitting port (high level) and measure the level at the
receiving po,1.

Calculate the isolation by determining the difference between the iniected signal
,evel and the measured level in dB.

The isolation must eomply throughout tho oporating band.

Test receiver
or

Spectrum a na lyser
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2.4.3.1.5 lmpedancenratqhino
Connect the equipment as shown below

2.4.3.1.5.1

2.4.3.1.5.2

2.4.3.1.5.3

Radio
transmitter

Through Line
Wattmeter

','
Duplexer
under test

Tx Ant Rx

i' ,I -L
lt

-5Oo load 50o load

Tune the RF signal generator to the in-band transmitting frequency to be
measufed.
Measure the Voltage Standing Wave Ratio (VSWR) with a through line wattmeter.

lf the wattmeter does not indicate the VSWR, note the forward and reflected power
and calculate the VSWR.

(t*rFowe., rcrret-luolpu*eiro Ero) i 1t - reow"r:|.etiEcre.,ilCl'rwer torw.,,.l1

The lmpedance matching must comply throughout the operating band.
Use the same method to measure the impedance at the receiver and antenna
terminals.

lnsertion loss - Rx

The insertion loss can be measured as explained in clause 2.4.3.1.2.

Fifty-ohm loads must be connected to all open transmitting and receiving ports,

The injected signal level at the antenna port must be low (< - 80 dBm) to prevent
the RF amplifier in the receiving path being saturated.

Allthe receiving ports nrust be measured.

The insertion loss must comply throughout the operating band.

lnsertion loss - Tx
The insertion loss can be measured as explained in clause 2.4.3.'1.3.

Fifty-ohm loads must be connected to all open transmitting and receiving ports.

Allthe transmitting ports must be measured.

The insertion loss must comply throughout the operating band.

lsolation between the transmittinq and receivinq paths

The isolation between the transmitting and receiving paths can be measured as
explained in clause 2.4.3.1.4.

Fifty-ohm loads must be connected to all open transmitting and receiving ports.

All the ports must be measured.

The isolation must comply throughout the operating band.

2.4.3.1 .5.4
2.4.3.1.5.5

2.4.3.2 Combiner
2.4.3.2.1

2.4.3.2.1.1

2.4.3.2.1.2

2.4.3.2.1.3

2.4.3.2.',t.4

2.4.3.2_1.5

2.4.3.2.2

2.4.3.2.2.1

2.4.3.2.2.2

2.4.3.2.2.3
2.4.3.2.2.4

2.4.3.2.3

2.4.3.2,3.1

2.4.3.2.3.2

2.4.3.2.3.3

2.4.3.2.5.4
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2.4.3.2.4 lsolation between the transmittinq ports
Connect the equipment as shown below

Combiner under test

Tx ports Ant Rx ports

lttlltt l t ,1,Y1
RF signal
generator

ITTI

Test receiver
or

Spectrum analyser

50r)
loads

2.4-3.2.4.1 Tune the RF signal generator and the test receiver/spectrum analyser to the in-
band transmitting Irequency to be measured.

2.4.3.2.4.2 Fifty-ohm loads must be connected to the antenna- and all open transmitting and
receiving ports.

2.4.3.2.4.3 lniect the signal at the first transmitting port (high level) and measure the level at
the other transmitting ports.

2.4.3.2.4.4 Repeat step 2.4.3.2.4.3 when injectjng the signal at ports 2 to 4.

2.4.3.2.4.5 Calculate the isolation by determining the difference between the injected signal
level and the measured level in dB.

2.4.3.2.4,6 The isolation must comply throughout the operating band.

2.4.3.2.5 lmpedancematchinct
2.4.3.2.5.1 The impedance matching can be determined as explained in clause 2.4,3.1.5.

2.4-3.2.5.2 Fifty-ohm loads must be connected to all open transmitting and receiving ports.

2.4.3.2.5.3 Allthe transmitting ports must be measured,

Note: Do not use this method to determine the impedance matching at the
receiver and antenna terminals. lf a problem is suspected, the combiner
musl be send to a facility with the proper equipment and competency.

2.4.4 Coaxial Cable

2.4.4.1 lmpedancematchino
The best method to measure the impedance and insertion loss of lhe coaxial cable is to use a
Transmission Line Analyser. This measuring method will not be covered in this documenl
Connect the equipment as shown below.

2.4.4.1.1

2.4.4.1.2

2.4.4.1.3

i ;;;;; I i

i :::l_'l* ;

Coaxial cable under test

Tune the RF signal generator to the in-band transmitting frequency.

Measure the Voltage Standing Wave Ratio (VSWR) with a through line wattmeter,

lf the wattmeter does not indicale the VSWR, note the forward and reflected power
and calculate the VSWR (see clause 2.4.3.'1.5.3).
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2.4.4.1.7

BBD8635 Version 8.1
Tune the RF signal generator to the in-bind receiving frequeniy.
Measure the Voltage Standing Wave Ratio as above.
The impedance matching must comply throughout the operaiing band
Record the worst case as lhe impedance matching.

2.4.4.2 lnsertion loss
Connect the equapment as shown below.

Radio
transmitter

i 
- -;;,;- I--l transmitter 

i

2.4.4.2.1

2.4.4.2.2

2.4_4.2.3

2.4.4.2.4

2.4.4.2.5
2.4.4.2.6

2.4.4.2.7

2.4.5.1.1

2.4.5.1.2

2.4.5.1.3
2.4.5.1.4

2.4.5.1.6

Terminated
Wattmeter (1)

Tune the RF signal generator to the in-band transmitting frequency.

Measure the power at the near end of the coaxial cable using the terminated
wattmeter (1).

Measure the power al the far end of the coaxial cable using the same terminaled
wattmeter (2).

Calculate the insertion loss by determining the difference between the power levels
measured in dB.

Tune the RF signal generator to the in-band receiving frequency.
Repeat the measurements as above,

The insertion loss must comply throughout the operating band.

2.4.4.2.8 Record the highest loss measured, as the insertion loss.

2.4.5 Antenna
2.4.5.1 hnpedancematchinq

The best method to measure the impedance of the antenna is to use a Transmission Line
Analyser. This measuring method will not be covered in this documenl.

Connect the equipment as shown below.

The impedance matching of the coaxial cable (clause 2.4.4.1) must be measured
first.

Tune the RF signal generator to the in-band transmitting frequency.

Measure the Voltage Standing Wave Ratio (VSWR) with a through line wattmeter,

lf the wattmeter does not indicate the VSWR, note the forward and reflected power
and calculate the VSWR (see clause 2.4.3.1 .5.3).

Tune the RF signal generator to the in-band receiving frequency.

Measure the Voltage Standing Wave Ratio as above.
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2.4.5.1.7

2 4.5.1.8
The jmpedance matching musi comply throughout the operating band
Record the worst case as the impedance matching-

2-4.5-2 Effective Radiated Power (ERP)

2.4.5.2.1 The effective radiated power is calculated as follows:
The RF power measured into a 50 O load that replaces the antenna, times the
gain of the antenna with reference to a Dipole antenna (dBd).

2.4.5.2.2 The foilowinq calculation could also be used:
Antenna gain (dBd) - Duplexer/combiner insertion loss (dB) - Coaxial cable
insertion loss (dB) + Transmitting power at transmitter (dBm). Convert the result to
wans (0.001 x Antitog(dB/10)).

2.4.6 ReceiverDesensitisation (Desensing)

Connect the equipment as shown below.

2.4.6.1 The transmitting power of all the transmitters must be set correctly.

2.4.6.2 The inserlion loss of the RF-coupler must be < 1 dB.

2.4.6.3 Adjust the RF signal generator to produce lhe standard test signal and apply it to the receiver
via the RF-coupler.

2.4.6.4 Reduce the RF signal output level until the SINAD ratio is 12 dB.

2.4.6.5 Note the RF signal level at which the 12 dB SINAD is obtained,

2.4.6.6 Transmit from the other transmitters situated on the site.
2.4.6.7 Note if the SINAO ratio is degrading.

2.4.6.A lf so, while transmitting increase the RF signal output from the generator to obtain a SINAD
ratio ot 12 dB.

2.4.6.9 Note the RF signal level.

2.4"6.14 Calculate the desensing level tly determjning the difference between the two measurements in
dB.

2.4.7 Audio Line Branching Unit (LBU)
2-4.7.1 lmpedanqematchfurq

Connect the equipment as shown below.

I r.rn.rirrio. r ,nrr, lffi-l
I rine tester l-,n."il ,n0.r r"rt 

I

2.4.7.1.1 Switch the power of the LBU on.
2.4.7 .1.2 Measule tlre relurn loss of the input transformer to determine the impedance

matching.
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Connecl the equ pment as shown belo\r/

Low pass filter
Cut-off 20 kHz

BBD8635 Version 8.1

- 
- -- 2n713 Aepeat tle measuiernent ro Uetermine th; impedaa& matching of the ;{her rnput

and outpul terminals.

2-4.7.2 Audio levels

2.4.7.2.1

2.4.7.2.3

2.4.7 .2.4

2 4.7.2.5
2.4.7.2.6

Ensure that the audio signal qenerator and audio level meter are set lo the correct
impedance.

Route all the input terminals to all the output terminals. This is requared ior the
tests that follo!1,.

Apply a 1 kHz signal at a level of - 1 0 dBm into channel '1 of the LBU.

lveasure the signal ievel at the outpul terminals of the LBU.

Adjust the output levels to obiain - 10 dBm if necessary.

Repeat the measurements with the audio signal applied to the other input
terminals.

All output levels shou d be - 10 dBm without readjusiment.

dB with reference to the

applied to the other input

2.4.7.3 Audio f re,glgllcv re.srorse
Connect the equipment as shown below

2.4.7.3.1 Ensure that all the audio levels are set correctly.

2.4.7 .3.2 Apply a 1 kHz signal at a level of - 10 dBm into channel 1 of the LBU.

2.4.7.3.3 l\,4easure lhe signal level at the output termiral of channel 1.

2.4.7.3.4 While keeping the audio signal level constant vary the frequoncy from 300 Hz to
3 kHz.

2.4.7.3.5 Record the variation of the audio output level in

corresponding level at 1 kHz.

2.4.7.3.6 Repeat the measurements with the audio signal
lerminais.

Low pass filter
cut-off 20 kHz
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2.4.7.4 Alrs|jsloln!_lll!rc!&_dlE-larfu (THD)

Connect the equipment as shown below.

2.4.7.4.1 Ensure that all the audio levels are set correctly.
2.4.7.4.2 Route all the input terminals to all the output terminais.

Ensure that the audio signal generator and THD meter are set to the correct
impedance,

Apply a 1 kHz signal at a level of - 10 dBm into channet 1 of the LBU.
Record the audio total harmonic distortion obtained at the output terminals.
Repeal the measurements with the audio signal applied to the other input
terminals.

2.4.7.5 Audio sianal to hum and noise ratio

2.4.7.5.1 Ensure that all the audio levels are set correcfly.
2.4.7-5.2 Route all the input terminals to all the output terminals.
2.4.7.5.3 Apply a 'l kHz signal at a level of - 10 dBm into channet 1 of the LBU

2.4.7.4.3

2.4.7.4.4

2.4.7.4.5

2.4.7.4.6

Low pass filter
Cut-off 20 kHz

Connect the equipment as shown below.
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2.4.7.5.4

2.4.7.5.5

2.4.7.5.6

2.4.7.5.7

2.4.7.5.8

2.4.7.5.5

2.4.7.5.10

Short circuii all the other input ternrirals.
fuleasure the siqnal levei at the output terrnli-lals of the LBU

ifemove the audto signal generator and short circuit the input terminai i.l) of the
LBU

L,4easure the sjqnal level at the output term nals of tl't€i LBLI.

Calculate the ratio in dB between the audio output ievels obtained wilh and without
tlre applied audio signal, as the sigrral io hum afld noise ratio.

Repeat the n]easurernents with the auCio signal applied to lhe other input
terminals.

RpCO.o t.e,U\\CSt.al:o a: tne re5"llt

Calculate the ratio in dB between the audio input signal level and that measured at
the other output terminals, except that of channel 1.

Repeat the measurements with the audio signal inlected into the other input
terminals.

Record the worst case as the result.

2.1.7 6 Chan-nel cross talk

2.4.7.6.1 Route all the channels to operate separately e.g. Channel 1 input termina to
channel 1 output terminali channel 2 input terminal to channel 2 outpui terminalj
etc.

2.1.7.6.2 Ensure that all the level settings are correct for each channel.

2.4.7.6.3 lnject a 1 kHz signal at a level of- 10 dBm into channeL 1 of the LBll.
2.4.7.6.4 Short-circuil all the other lnput terminals.

2.4.7.6.5

2.4.7.6.6

2.4.7.6.7

Connect the equipmeni as shown below

LBU
u nder test

Low pass filter
Cut-off 20 kHz
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2.4.7.7 Conrmon-mqdereiectionratio
Connect lhe equipment as shown below.

@ voltmeter R = Impedance/2

2.4.7.7.'l Adjust the amplification of the LBu to unity gain.
lf the gain cannot be adiusted, measure the input and oulput voltage levels and
calculate the gain.

2.4.7.7.2 Set the audio signal generator frequency to 1 kHz and set the output impedance io
HIGH-

2.4.7.7.3 lncrease the signal output level of the audio generator till the level measured on
the output line of the LBU, also increases.

2.4.7.7.4 Record the input and output signai voltage levels.

2.4.7 .7.5 lf the LBU is set for unity gain, calculate the ratio in dB between the audio input
signal level and that measured on the output line of the LBU.

OR

2.4.7 .7.6 lf lhe LBU has a gain, calculate the ratio by dividing the input voltage level by the
output voltage level.

MultiFly the calculated ratio with the gain of the LBU under tests and express the
ratio in dB-
e.g. lnput voltage/Output voltage = R:1

RxGain=T:1
dB = 20LoS1o(T/1)

2.4.7,7.7 Repeat the measurement on the other channels.

2.4.7.7.8 Record the worst case as the result.

I mpedance
matching

loa d

Input
LBU

under test

Output
Impedance
matching

loa d

Chan 1 anrr, 
Q

fiift
(,

Aud jo signa I

generator -l
\
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2.4.7.8 E & M-siorrallinq

Connect the equipment as shown below

@ Ammeter

2.4.7.A.1

2.4.7.8.2

2.4.7.8 3

2.4.7.8.4

2.4.7 .8.5
2.4.7.8.6

2.4.7 .B 7

2.4.7.8.8

2.4.8 Power Supply & Battery Charger Unit
2.4.8.1 Output voltaqe requlation

Rouie lhe E-signal of channel 1 to activaie the kl-signal of all the channels.
The value of the load resistor Rr must be such to permit a cunent flow of 8 mA to
'10 mA.

Apply a DC voltage at the appropriate level to the M signal terminal.

Apply a DC voltage at the appropriate level to the E signal terminal and measure
the current.

Measure the current flow at all the M-signal lerminals.
Reverse the voltage polarity at the E & M-signal lermlnals and repeat the test.

Repeat the above tests with other routing combinations.
Measure the resistance between the E & li,]-signal terminals and the LBU earth.
The resislance must be infinity.

Connect the equipment as shown below.

Voltmeter

lntermittent:2.4.8.'.t.1
2.4.8.1.1 1

2.4.8.1.1 .2

2.4.8.1 .1 .3

2.4.8.1.2
2.4.8.1.2.'l

2.4.8.1.2.2

@ ,qm-eter

Adjust the Variac to obtain the nominal input voltage to the power supply/battery
charger.

Vary the power load to obtain a current drain from 0 ampere to maximum current
while recording the output voltage,

The measurement shall be made under the extreme test conditions as well.

Continuous:
Adjusl the Vaiac to obtain the nominal inpul vollage to the power supply/battery
charger.

Set the power load to obtain lhe maximum current drain and record the output
voltage level for a period of four hours.
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2.4.8.2 Eliicicocy
Connect the equipment as shown below.

2.4.4.2.1

2.4.8.2.2

2.4.8.2.3

2.4.8.2.4

2.4.8.2.5

@ uot,.n",". @ nmmet",

Adjust the Variac to obtain lhe nominal input vollage to the power supply/battery
charger.

Vary the power load to obtain a current drain from 0 ampere to maximum current
while recording the input and output voltages and currents.

Calculate the efficiency in percentage.
Efflciency = (Power out/Power in) x 100 %

Repeat the test with the specified minimum and then the maximum input voltage to
the power supply/battery charger.
Record the worst case as the result.

2.4.8.3 Output voltaae ripple
Connect the equipment as shown below.

O voltmeter @ o.,,n",",.

2.4.8.3.1 Adjust the Variac to obtein the nominal input voltage to the power supply/battery
charger.

2.4.8.3.2 Vary the power load to obtain a current drain from 0 ampere to maximum current
while recording the output voltage ripple with the oscilloscope.

2.4.8.3.3 The measurement shall be made under the extreme test conditions as well.

2.4.8.3.4 Record the worst case as the resull.
Note: Some battery chargers apply high instantaneous pulses of short duration.

in a Lead-acid baltery, this breaks down lead-sulphate cryslals, thus
extending the battery service life,
This function musl be noted.
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2.4.8.4 Radiation of spurious frequencies

Connect the equipmenl as shown below

Antenna

@ Ammeter

2.4.8.4-1 This test has to be performed inside a Faraday cage (RF shielding).
2.4.8.4.2 All the instruments and electrical equipment inside the cage not used for the tesi

have to be switched off to prevenl interference with the frequencies to be scanned.
ldeally, all the equipmenl except lhe power supply under test and the antenna
should be on the outside of the cage.

2.4.8.4.3 The measuring antenna to be placed 1 m from the power supply/battery charger.
2.4.8.4.4 Vary the power load to obtain a cuffent drain from 0 ampere to maximum current

while scanning the radio-operating band (455.0000 MHz to 467.0000 MHz).
2.4.8.4.5 Record the frequencies and levels of all the detected signals.

2.4.8.5 Desensinq of receiver (conductive)

Connect the equipment as shown below.

Battery

2.4.8.5.1 Use a baltery to power lhe receiver.
2.4.8.5.2 Adjust the RF signal generalor to produce a standard RF test signal.
2.4.8.5.3 Adjust the volume control of the radio to give SOP.
2.4.8.5.4 Reduce and record the RF signal inpul level at which 12 dB SINAD ratio is

obtained,
2.4.8.5.5 Replace the battery with the power supply under test,
2,4,8.5.6 The length of the power leads to the radio must be 1.0 m.

2,4.8.5.7 Place the povr'er supply as far as possible from the radio.
2.4.8.5-8 Readjust and record the RF signal output level at which 12 dB SINAD ratio is

obtained.

2.4.8.5.9 Record the difference in dB between the recorded RF signal levels as the receiver
desensing.

Power
supply
under
test

Variac
Va ria ble
power
load

AF output load
& Powe r meter

Power su pply
under test
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2.5 Trunking functional tests

Programme the radio under test with the correct trunking parameters and with a validated number on the
trunk network.

1.5.1 On instrument
Connect the radio under test to the trunk enabled instrument.

1 5.1.1 Reqistration
Switch the radio on and ensure that it register on the instrument. The radio will display a
registered indication and the instrument will display the radio's trunking number

1.5.1.2 Make a call with the sa,nq l)refix rlr,rnbfir (e.9.2052001203 to 2O52OO12O4\
The instrument will display the called radio's prefix and the deived identification number.

'1.5.1.3 Make a call with thejnlerprelix flumber (e.9. interfleet call: 20520012031o 2142OO13O1).
The inslrument will display the called radio's prefix and the derived idenlificalion number.

1.5.1.4 9lle(&!!t.O!AlltnS(e.9. 204)
Repeat 1.5.1.2 using the short form dialling-

1.5.'1.5 ESIN !4ll @.s. 0117748227)
The dialled number must be presided with 0 (e.9. A0117748227). The instrument will display the
ca,led number.

1.5-1.6 Qall the radio under test
Make a call to the radio from the instrument.

1.5.1.7 Handoff
Change the control channel on the instrument and ensure that the radio re-register on the new
channel.

1.5.2 On trunk svstem
Two trunk radios and a PSTN telephone must be available and dedicated to the tests.
One trunk radio must be programmed with the same prefix number as'the radio under tesi and the
second radio with an inlerprofix number.

1.5.2.1 Reqislration
Switch the radio under test on and ensure lhat it register on the trunk system.
The radio wiil display a registered indication.

1.5.2.2 Local call
Ensure that all the trunk radios are registered on the same local site.

1.5.2.2.1 Call a radio with the same prefix number
Call the radio having the same prefix number. Have a conversation with the
second party.

1.5.2.2.2 Call a radio witlr an intenrefix r]unber
Call the radio having the interprefix number. Have a conversation with the second
party'

1.5.2.2.3 Shorl Fornr diallino
Repeat 1.5.2.2.1 using the short form dialling. Have a conversation with the
second party.

1.5.2.2.4 Call the radio under test
lvlake a call to the radio under test from the other radios.

1.5.2.3 lntersite call
Move the radio under test to a distaDt site.
Ensure lhat the radio is registered on thal site.

1.5.2.3.1 e a[ alad]!_wjl!] lhejartr_Uei umb-er
Call the radio having the same preflx number. Have a conversation with the
second party.

1.5.2-3.2 Call a radio with an interDrefix number
Call the radio having the interprefix number. Have a conversation with the second
party.

1.5.2.3.3 9lr9dle!r']_dra!ry.|
Repeat 1.5.2.3.1 using the short form dialling. Have a conversation with the
second party.

Page 56 of 58



2.6

BBD8635 Version 8.1

1.5.2.3.4 PSTN cali
Call the PSTN teiephone. l-lave a conversation with the seco d par ly.

1.5.2.3.5 Eall the radio under_teqt
Call the radio under lest frorn the other radios. Have a conversation with the
secor)d party

1.5.2.3.6 Handoff
Travel betv,/een siles and ensure that the radio undel tesi re-register on the
different sites

Noter Call failures must be confrrmed through different trunk sites.

Acoustical Measurements

2.6.1 8999!yq loudspcakcr i_qlltffl plesrglff! !!!Cl
Conflect the equipment as shown below.

2.6.1.1 Adjust the RF signal generator to prodLrce a standard RF tesi signal.

2.6.1.2 lncrease the modulaiion to 2.5 kHz (max mum system moduiation).

2.6.1.3 Adjust the volume contro of the radio to obtain I\4UOP.

2.6.1.4 Piace the Sound Pressure Level (SPL) meter at a distance of 300 mm in froni of the radio
oudspeaker.

2.6.1 .5 Recor d Lhe SPL in dB(A .

Note: Sound wave reflections should be kept to a lninimum by measuring in an open atea.

2.6.2 Transmittermodulation (deviation)

Connect the equipment as shown below

AF I ,.I

source ll\)'-?

2.6.2.1 Er)sure that the transmitter modulation limiting has been set correctly (see clauses 2 3.7).

2.6.2.2 Generate a 1 kHz tone with the AF source at a level of 80 dB(A), measured at the radio
microphone.

2.6.2.3 Transmit and record lhe measured deviation.

Note: Sound wave reflections should be kept to a minimum by measuring in an open area.
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RELEVANT DOCUMENTATION
APPLICABLE

DOCUMENT NO.
sArs soooCo-
1iz00s

DESCR!PTION
Electromagnetic compatibility and Radio Spectrum
Matters (ERM); Land Mobile Service: Radio
equlpment with an intefnal or external RF connector
intended primarily for analogue speech Part 1l
Technical characteristics and methods of
nteasurement.

LOCATION
Exiernai

LOCATION

END OF DOCUMENT
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