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Once updated, a copy of the |atest revision will be published in the document management system in use
An e-mail to this effect will be sent to the relevant personnel or heads of department.

Document Change History

| ISSUE NO. DATE ISSUED | ISSUED BY HISTORY DESCRIPTION
2.00 January 2004 Quality Assurance, Revision
I |Infrastructure E
| 3.0 June 2006 QA | Convertto ISO Standard
| 341 June 2007 o QA Revision -
i 4.0 July2008 | QA Revision - )
50 | February 2010 QA New format &revision
60 | August2010 QA New format & revision —
[ 61 November 2010 QA = | Addmeasurement
6.2 August 2011 QA Add information, definitions, supply
I standards & DC-DC Converter
7.0 January 2012 QA Revision & add Trunking functional
tests
80 May 2014 ~ QA | Omitthe difference between General
and Shunt portables, revise the
Loudspeaker sound pressure level &
Transmitter microphone sensitivity.
L 8.1 June 2014 QA Update clauses Numbers

Changes Since Last Revision

DESCRIPTION

Omit the difference between General and Shunt portables,
revise the Loudspeaker sound pressure level & Transmitter

- ~ CLAUSES
v Add abbreviations
1:3.3.5 Change specification
it | Addtrunking

(2423 Change graph -
25 Add trunking functional tests
1.12

microphone sensitivity.

List of Abbreviations and Definitions

L ABBREVIATIONS

DESCRIPTION

C_:onsu}tative__ Com_mitlee for International Telephone and Telegfrabhi(l'l:U:T)
~ Continuous Tone Coded Squelch System

Decibel relative to the carrier power

Decibel relative to a Dipole antenna

Decibel relative to 1 mW, impedance 50 Q (power)

Decibel relative to 0.775 V4, impédance 600 Q (audio freguency)
Decibel relative to the Maximum Useful Output Power

Decibel relative to the Standard Output Power

AC 1 Alternating Current

AF \ Audio Frequency

'BS 1 Base Station

ccITT |

CTCss - 4 tint

dB Decibel

dB(A) Sound pressure A-weighted
dBc  Decibel relat

dBd

dBm

dBm

dBpyor

dBsop

DC Direct Current

EMF Electromotive Force
ERP . Effective Radiated Power
FFSK ‘

Fast Freqyﬂg Shift Keying
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FM
GSM
Hz
ITU-T

kHz
LBU
LS

mA
MHz

ms
mVp-p
mW
MUOP
pd
PM
PSTN
RF
Rx
 SANS
SINAD
SOP
SPL
THD
TSC
Tx

Vp-p
VSWR
WiFi
ny

%

DEFINITIONS

- GENERAL
Angle Modutatlon

7 Decibel

dBc
dBm

Land Mobile Radio
Services

BBD8635 Version 8.1

Frequency Modulation
Global System for Mobile communication
Hertz

International Telecommunication Union — Telecommunication Standardization

Sector

Kilohertz

Line Branching Unit
Loudspeaker

Metre

Milliampere

Megahertz

Millimetre

Millisecond

Millivolt peak-to-peak

Milliwatt

Maximum Useful Qutput Power
Potential Difference '
Phase Modulation

Private Swﬂchlng Telephone Network
Radic Frequency

| Radio receiver

South African National Standards
Signal, Noise & Distortion to Noise & Distortion ratio

; ~ Standard Output Power

Sound Pressure Level

,' Total Harmonic Distortion

l
Jf Trunk Site Controller

Radio transmitter
Voltage
Vollage peak-to-peak

j Voltage Standing Wave Ratio

Wattage
Wireless Fidelity
Microvolt
Percentage

[ DESCRIPTION

| Aterm used to encompass both frequency modulation and phase modulation.

The decibel |s 1.’1_0 of a Bel. Decibel is the logarithm of the ratio between a

measured quantity and an agreed reference level

‘ The absolute power in decibel W|th reference to 1 mW.

| radio stations,

-The absolute power in decibel with reference to the carrier power.

| Radio communication from fixed radio stations to mobile radio statmns carried in
surface vehicles or portable radio stations, and between mobile and portable
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DEFINITIONS | o  DESCRIPTION
Portable Radio | A radio station designed to be carried by or on a person.
Station ‘
Mobile Radio ‘ A radio station designed for installation in a surface vehicle and capable of
Station operating while the vehicle is in motion and while it is stationary.

Fixed Radio Station It is a fixed radio station installed in an office or control room, fitted with an
external antenna.

Base Station ' A radio station designed to be installed in a fixed location and performing the
function of a repeater/enhancer.

RADIO RECEIVER

- Adjacent Channel A measure of the ability of a radio receiver to receive the modulated standard
. Selectivity and | input signal in the presence of modulated signals that differ in frequency from the
. Desensitization | standard input signal frequency by the spacing of one channel.

Ratio

Amplitude The relationship between the radio frequency input level of a specified

Characteristics
Attack Time

modulated signal and the audio frequency level at a radio receiver output.

The timer required to produce an audio output level of — 0.5 dBgop after
application of a RF signal level, 12 dB above usable sensitivity, modulated with
standard test modulation.

Audio Frequency | The relationship between the modulation factor of a received signal and the
Response | audio output level of the demodulated signal at various audio frequencies.
Audio Frequency - The change in harmonic content of an audio signal as a result of its passing
Total Harmonic through the audio frequency and radio frequency circuits of a radio.
Distortion |
Blocking or A reduction in the wanted audio output power of a radio receiver, or a reduction |
Desensitisation in the SINAD ratio, owing to an unwanted signal on another frequency.
Co-channel ‘ A measure of the capability of a radio receiver to receive a wanted modulated
Rejection Ratio 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.
Conducted It is radiation components at any frequency generated by a radio receiver and |
' Spurious Radiation | radiated by the radio’s antenna. J
Desensitisation Is a condition where off-channel transmitting energy passes through the front- :
end of the radio receiver, causing a reduction in receiver gain.
High RF Signal A measure of the ability of a radic receiver to oppose high RF signal levels at
Level Interference frequencies other than the normal frequency of the receiver.
Intermodulation The ability of a radio receiver to receive a modulated standard input signal, in |
Spurious Response | the presence of two interfering signals of which the carrier frequencies are so f
Attenuation/ separated from the standard input signal frequency and from each other that n'th |
Rejection order mixing of the two undesired signals can occur in the non-linear elements of |

| the receiver, producing a third signal whose frequency is equal to that of the I
| standard input signal frequency, or intermediate frequency. I

Maximum Useful The greatest average audio output power supplied to the rated load, which |

Output Power | power does not exceed 10 % of the total harmonic distortion.

Modulation | The selectivity characteristic of an angle modulated radio receiver that limits the |
Acceptance | maximum permissible modulation deviation of the radio frequency input signal |
Bandwidth | that a receiver can accept, without degradation of the 12 dB SINAD ratio, when |

the radio frequency input signal is 6 dB greater than the usable sensitivity level. I

; N
The ratio of the maximum positive or negative peak variation of the modulating
~ variable, to the maximum rated system-modulating variable, expressed as a

Modulation Factor
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DEFINITIONS

Signal, Noise &
Distortion to Noise
& Distortion Ratio

Signal to Hum and
Noise Ratio

Spurious Response
Attenuation/
Rejection

Squelch Closing
Time

Squeleh Operating
Threshold

Standard Output
Power

. Usable 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 of
a radio receiver resulting from a modulated signal input.

The ratio of residual receiver audio output power to standard cutput power.

A measure of the ability of a radio receiver to discriminate between the standard

| input signal frequency and an undesired signal at any other frequency to which it

is also responsive, excluding the two adjacent channels.

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

closure.

The RF signal input level, modulated with standard test modulation, at 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 radlo 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 at least — 3 dBggp.

RADIO TRANSMITTER

Adjacent Channel
Power

Amplitude
Modulation Hum &
Noise Level

Angle Modulation
Hum & Noise Ratio

Audio Frequency
Response

Audio Frequeﬁcy
Total Harmonic
Distortion

Carrier Attack Time

Carrier Frequency
Error

Carrier Power

Conducted
Spurious Emissions

Extreme
- Transmitter Loads

Intermodulation
Attenuation

Microphone
sensitivity

The ratio of residual angle modutation to standard test modulation.

The relationship between the modulation factor of a transmitted signal and the
| input level of the modulating sugnal at various audio frequenmes

| state where the unmodulated carrier voltage level reaches a value 6 dB below

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

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

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

The time required, changing the state of a radio transmitter from standby to a

the steady state.

| Is the difference between the measured unmodulated carrier frequency from the '

assigned frequency.

The mean power available at the output terminal of a radio transmitter in the |
absence of modulation.

EmlSSIOnS at the antenna terminal of a radio tfansmrtter on a frequency or
frequencies that are ¢ outSIde the channel on which the transmitter is operating.

|
Conditions under whlch Ihe radlo transmitter operates into an open circuit or |
short circuit.

t
_ _ i}
| The ability of a radio transmitter to attenuate signals generated in its non-linear I

. elements by the presence of the carrier and a parasitic signal arriving at the |

transmitter through its antenna. |

"It 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 deviation)

BBD8635 Version 8.1

DESCRIPTION

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

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

TALK THROUGH SIGNAL |

Modulation Factor
Linearity

FILTERS

Dupiexer/Combiner

Insertion Loss

' Receiver Isolation

at Transmitter
Frequencies

ANTENNAS
Effective Radiated
Power

dBd

TRUNK CONTROL SIGNAL

| The relationship between the modulation factor of a received signal and the i
! transmitted modulation factor.

Is a filter system providing RF isolation to allow the sharing of a single antenna
for both 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 transmitier carrier power |
at the receiver port. It is also called the selectivity of the duplexer/comhiner.

It is the mean power radiated by the antenna in the direction of maximum
radiation.

The power gain of an antenna in decibel with reference to a Dipole antenna. [

Fast Frequency

Shift Keying

AUDIO LINE BRANCHING UNIT

Common-mode
Rejection Ratio

POWER SUPPLY UNIT, DC-DC CONVERTER AND BATTERY CHARGER

' Bit0=1.8kHz
Bit 1 = 1.2 kHz

Is the ratio of the differential gain over the common-mode gain.

Noise Voltage

Output Voltage
Regulation
Ripple Voltage
Variac

ACOUSTIC
A-weighted

Is irregular amplitude voltages superimposed on the output DC voltage line.

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

Is AC voltage superimposed on the output DC voltage line.

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

E It is é_network thét u;reéghts an audio signal in a manner, which approximates to
| an inverted equal loudness contour (it approximates the human ear's response
| to sound).
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DEFINITIONS DESCRIPTION
' Sound Pressure ‘ it is the force (N) of sound on a surface area (m”) perpendicular to the direction |

| ofthe sound. SPL is express as N/m” or Pascal {Pa). ‘
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1. TECHNICAL SPECIFICATION

_ B_BDQ@S Version 8.1

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

11
111

1444
1.1.1.2

1.1.1.3
1.1.1.4

1.1.1.5
1.1.1.6
1.1.1.7
1.1.1.8

11.1.9

1.1.1.10

14110
i B [
1.1.1.13
1.1.1.14

114145

1.1.1.16

Radio Receiver:

Normal condition (see clause 2.1.1)

Characteristics

B | Mobile &
Fixed Radio
Station

: P:)rlaﬁ-{e

Audio Frequency THD at Low Qutput
Power Level

Maximum Useful Audio Output Power

Maximum_power not exceeding 10 % THD.

12.5 kHz channel spacing; operating frequency band 450 MHz to 470 MHz.

Basg Statior;
(Repeater)

500 Hz & 1.0 kHz <5% ; <2% <2%
Usable Sensitivity <-115dBm
Squelch Operating Threshold
Open — 115 dBm minimum See clause
1.3.1.1
Close < 3 dB lower than the opening <3 dB lower
threshold than the

opening
threshold

Attack Time <150 ms

Squelch Closing Time <250 ms

Modulation Acceptance Bandwidth > 3.75 kHz

Adjacent Channel Selectivity and > 60 dB >65dB >70dB

Desensitization Ratio

Spurious Response >70dB 275dB >75dB

Attenuation/Rejection

intermodulation Spurious Response > 65 dB >65dB >70dB

Attenuation/Rejection

Co-channel Rejection Ratio <12dB

Blocking > 84 dB

Conducted Spurious Radiation <-57 dBm

Audio Frequency Response

(6 dB/octave) +1dBto-3dB

300t0 900 Hz | +1dBto—-3dB

3.0 kHz

1.1to 2.5 kHz

+1dBto-4.5dB

Signal to Hum and Noise Ratio

Amplitude Characteristics

Squelched
Unsquelched

=60 dB
z 39dB

<3dB
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1.1.2 Extreme conditions (see clause 2. 1.2)
Charactenstlcs
14.2.1 B Power Supply
1.1.2.1.1 Usab[e S;smwty varlatlon
1.1.21.2 Adjacent Channel Selectivity and
Desensitisation Ratlo
1.4.2.2 o 7 Tempergt'ure_ o
1.1.2.21 | Usable Sensltwsty vanatlon
1.1.2.2.2 | Adjacent Channel Selectlvsty and
Desensitisation Ratio
1123 |  Selectivity at ngh RF S:gnal Level
1.1.2.31 Inpu;;gnal level
1.2 Radio Transmitter:
1.2.1 Normal condition (see clause 2.1.1)
Characteristics
1.21.1 Carrier Power (conducted)
1.21.2 Conducted Spurious Emissions
Operating
Standby
1.2.1.3 Carrrer Frequency Error
1.214 Camer Attack Tlme
12145 Adjacent Channel POWer
Or
1216 Intennodufatlon Attenuation
1.21.7 Modulatfon le:tmg (Tx Deviation)
Modulating freq.
0.3 to 2.55 kHz
3to 6 kHz
6to 12.5 kHz
1.2.1.8 CTCSS Deviation
1.2.1.9 Audio Frequency THD
500 Hz

BBD8635 Version 8.1

Portable Mobile & | Base Station
| Fixed Radio (Repeater)
| station
| <+3dB
> 60 dB ‘ > 65 dB ‘ >70dB
. B W !
<+3dB ]‘
> 60 dB “

- 47 dBm to—7 dBm

12.5 kHz channel spacing; operating frequency band 450 MHz to 470 MHz.

1.0 kHz

Portable Mobile & Base Stationﬁ
Fixed Radio (Repeater)
Station
<+1 dB from manufaciurers claim
<- 36 dBm
<- 57 dBm
< 1.5 kHz <1.5kHz <1.0kHz
< 100 ms
<-600Bc | <-70dBc | <-70dBo
- 37 dBm maxsmum
n.a. n.a. 1 >40dB
2.5 kHz maximum
0.75 kHz maximum at 6 kHz
- 14 dBfoctave
250 Hz
<5% <2% <2%
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1.2.1.10

1.2.1.11
1.2.1.12

1.22

1.2.21
1.2.2.1.1
1.221.2

1.2.2.1.3

1.222
1.2.2.2.1
1.2222

12223

1.2.23
1.2.2.31

BBD8635 Version 8.1

Characteristics Portable Mobile & Base Station
Fixed Radio (Repeater)
Station
Audio Frequency Response
(6 dB/octave) :
300to 900Hz | +3dBto-1dB
1.1 to 2.5 kHz +3dBto-1dB
3.0 kHz +45dBto—1dB
Angle Modulation Hum & Noise Ratio >34 dB
Amplitude Modulation Hum & Noise <-34dB
Level
Extreme conditions (see clause 2.1.2)
Characteristics Portable | Mobile & Base Station
} Fixed Radio {Repeater)
1 Station
Power Supply
Carrier Power Variation <+2dB
Conducted Spurious Emissions
Operating <-36dBm
Standby £ - 57 dBm
Carrier Frequency Error <1.5kHz l <1.5kHz <1.0kHz
Temperature
Carrier Power Variation <+2dB
Conducted Spurious Emissions
Operating <-36dBm
Standby < - 57 dBm
Carrier Frequency Error <1.5kHz <1.5kHz <1.0kHz
Antenna Terminal Loads
Short Circuit and Open Circuit
Carrier Power Variation <+1dB
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1.3 Radio Base Station (R_épeater): 12.5 kHz channél__s;;acin'g;mogegrétind7freque§:i/ ‘band 450 MHz to

The receiver and transmitter specifications are referred to in clauses 1.1 and 1.2 respectively.

1.31

1.3.1.1

1.3.2

1.3.21

1.3.34

1.3.3.5

1.3.3.6

Base Station (Repeater)

470 MHz.
Receiver
Characteristics
Squelch operating threshold calculation
Open

Receiver and transmitter

'Characteristics

- 115 dBm minus coaxial cable loss
minus duplexer loss plus antenna gain.

< 3 dB lower than the opening threshold

Base Station (Repeater)

Response time

< 300 ms

Talk Through Signal

Characteristics

Audio input and output terminals
Impedance
Return Loss

7Base Station (Repeater)

600 2 balanced
<-25dB

Audio Levels
RTO & Trunking (local & intersite)

-10dBm +0.5dBm

Old Trunking Teletra system —4dBm + 0.7 dBm
Audio Frequency Response
| (With de-emphasis and pre-emphasis)
Modulating frequency
300 to 900 Hz +3.0dB
1.1t0 3.0kHz +3.0dB
Audio Frequency Response
(Without de-emphasis and pre-emphasis)
Modulating frequency
300 to 900 Hz +2.0dB
1.1 t0 3.0 kHz +2.0dB
Modulation Factor Linearity
Modulation
0.5 kHz 0.5kHz +100Hz
1.0 kHz 1.0kHz +100Hz
1.5 kHz 1.5kHz +100Hz
2.0 kHz 2.0kHz + 100 Hz
2.5 kHz 25kHz — 250 Hz (not to exceed
2.5 kHz)

Audio Frequenc;r;irlD

Page 12 of 58



1.4

1.4.1

1.41.1
1.4.1.2

1.4.18

1.4.1.4

1.4.2

1.4.21
14.2.2
1.4.2.3
1424
1425
1.4.2.6

1.4.27

1.5

1.5.1
1.5.2

1.6.3

1.6

1.6.1
1.6.2

" Filters

Duplexer (Radio Train Order)
Characterlstlcs
Insertlon Loss (Tx & Rx)

Rx lsolatlon at Tx Frequenmes

Impedance Matching, 50 Q (all ports)

* Operatlng Frequency Band
Receiver
Transmitter

“*Duplexer for link operation is channelized.

Combiner (Trunked)

BBD8635 Version 8 1

Base Staiior_l_(lmiepeater)rw
£1.2dB

> 65 dB (operating band)

= 80 dB (single channel)

VSWR <1.5:1
Return Loss < — 14 dB

465.0500 MHz to 465.9875 MHz

455.0500 MHZ to 455 9875 MHz

Characterlstlcs

Insertlon Loss Recelver path

Insertlon Loss Transmlt path

Base Statton (Repeater)
0dB +0.5dB
<10dB

Rx Iso!anon at Tx Frequenc:les

Iso!at;on between Rx ports

Isolatlon between Tx ports

Impedance Matching, 50 Q (all ports)

Operatlng Frequency Band

Receiver
Transmitter

285dB
>20dB
> 60 dB

VSWR < 1.5:1
Retum Loss <-14 dB

465.0000 MHz to 466.6375 MHz
455.0000 MHz to 456.6375 MHz

Coaxial Cable

Characteristics Mobile & Fixed | Base Station
Radio Station ] {Repeater)
Impedance 500
Impedance matching VSWR < 1.5:1
Return Loss <~ 14 dB
Insertion Eoss <1 dB I < 5 dB
Antenna
Characterlstlcs Various B
Impedanc:e 50 Q o
Impedance matching : -
VHF & UHF VSWR = 1.5:1
Return Loss < - 14 dB
GSM & WiFi VSWR = 2.0:1
Return Loss < - 9.54 dB
Characteristics - B Va?ious
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1.64
1.6.5

1.7

1.7

1.7.2

1.8

1.8.1
182

1.8

1.9.1

19.2
1.9.3

1.9.4
1.95
1.9.6
1.9.7
1.9.8

BBD8635 Version 8.1

* Antenna gain
Mobile
Fixed station
Radio link: Point to point
Point to multipoint

Base station

0 dBd

<12 dBd

9 dBd minimum

[ Not specified
<12 dBd

# Antenna vertical separatlon

* Antenna height above ground leve|
Mobile & Fixed station
Radio link: Point to point

Point to multipoint
Base statlon

=4

10 m maximum
20 m maximum
20 m maximum
20 m maximum

# Basedon20W ERP and antennae havmg a Dipole as a live element. Distance measured from

centre to centre of dipoles.
Licence conditions

Transmlttmg Power

Charactenstlcs

Varlnus

* Conducted power at transmitter terminal
Radio link: Point to point
Pomt to multlpomt

1 W maximum
1 W maximum

* Effective Radiated PDWer (ERP)
Mobile & Fixed station
Radio link: Point to point
Point to multipoint
Base station

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

* Licence conditions

Recelver Desensing

Characternstms

Desensmg

Desensing at high receiving S|gnal level
(radio links only)

>— 100 dBm

Audlo Line Branching Unlt

Characterlstlcs

Audio input and output terminals

Impedance
Return Loss

Various

<1dB

<20dB

Base Station (Repeater)

600 Q balanced
<-25dB

Input and output audlo ssgnal Ieve!

Audio frequency response -
300 Hz to 3 kHz

- 10dBm +0.5dB

Aud|o total harmonic d|stort|0n (THD)

+0.5dB
<05%

Audio signal to hum and noise ratio

>70dB

Channel cross talk

=60 dB

Common- mode rejectlon ratio

E-signal

> 60 dB at 1 kHz

Up to 50 V DC, 10 mA
_Opto coupler
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1.8:9

1.10.1

1.10.2

1.10.3

1.10.4
1.10.5

1.10.6

1.10.7
1.10.8

1.1
1414

1.11.1.1

1.11.1.2

1.11.1.3

1.11.1.4

1.11.1.5
1.11.1.8
1.11.4.7

BBD8635 Version 8.1

Characteristics

M-signal

Power Supply Unit, DC DC Converter and B

Characterlstlcs

Operating condztaons

Temperature range

Base Station (Repeater)
J  Bi- darect:onai | polarity

Upto 50 VDC, 10 mA
i Vo!tage free contact

attery Charger

Various

-10°Cto60°C

13.8V £5% (12 V system)
276V £5% (24 V system)
55 2V +5% (48 V system)

<200 mVp-p (12 V syslem)
<400 mVp-p (24 V system)
< 800 mVp -p (48 V system)

Relative humldety Up to 85 %
Input power
AC Voltage 220VAC £+10%
Frequency 50Hz +2 %
bC Voltage ~ Nominal + 10 %
Qutput voltage regulation
(Intermittent & continuous)
Efficiency - | > 70 %
Output voltage ripple & noise _ (12
Radlation of spurlous frequencies
ljesensing of receiver - - 51 dB -
Load shedding (when required) »

Shed 11.0V (12 V system)
22.0V (24 V system)
440V (48 V system)

Restore 13.0V (12 V system)

<-119dBmin radlo operating band

26.0 V (24 V system)
52.0V (48 V system)

Trunking
Functional Tests

Characteristics

Varlous

Registration

Register on |nstrument
Register on trunk system

Local call to radio with the same preﬁx number

Local call to radio with an interprefix number

Establish call to instrument
Establlsh call through the trunk system

Estabhsh call to instrument
Establish call through the trunk system

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

Intersite call to radio with the same prefix number

Establish call to instrument
Establlsh cail through the trunk system

Establlsh cali through the trunk system

Intersite call to radlo W|th an |nterpref|x number

Intersite call to radio W|th the same prefix number

Establish call through lhe Lrunk system

Eslablish call through the trunk system

using short form dialling
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1.11.1.8
1.11.1.9

1.11.1.10

1.11.2

1124
1.11.2.2

1.11.2.3

1.11.2.4

1.12.1

1.12.2

1.13

1.13.1

1.13.2

BBD8635 Version 8.1

PSTN call

Call the radio under test

Characteristics

'FESK level from TSC

Control Signal - Trunk Site Controller

Establish call to instrument

Establish call through the trunk system
Establish call from instrument
Establish call through the trunk system

Reregister on new control channel with
Instrument

Reregister on new control channel on the
f trunk system

Base Station (Repeater)

+0.2Vp-p

FFSK frequency fror; TSC

Tx deviation at FFSK level

For channel dragging problem

+ 100 Hz
+ 100 Hz

FFSK Ieveﬁr;m 7Rx ;éasured atTSC
(Modulation 1.5 kHz)
(Modulating frequency 1.2 kHz)

Acoustical measurements

+0.2 Vp-p

Characteristics

Receiver

Portable

Loudspeaker sound pressure level

] > 84 dB(A) at 300 mm

Transmitt_er

Transmitter deviation

| Between 300 and 500 Hz from a SPL of
80 dB(A) at the microphone

Co-channel Interference

Characf_eri_s‘tics

. | ) R Various

Speech

Level difference between signals

o letw

Level difference between signals

| =200
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2.1

2.2

2.3

24

25

2.6

2.7

METHODS OF MEASUREMENT

Applied Standard

Normal condition
Temperature

Relative Humidity

Lead acid battery
Lithium-ion battery

Nickel cadmium

Nickel Metal Hydrate battery
Mains

Extreme conditions
Temperature

Relative humidity

Lead acid battery
Lithium-ion battery

Nickel Cadmium battery
Nickel Metal Hydrate battery
Mains

23°C £3°C
45t0 85 %

2.3 V per cell

3.6 V per cell

1.2 V per cell

1.2 V per cell
220V AC 50 Hz

-10°C and 60 °C

45 to 95 %

1.8 V minimum & 2.6 V maximum 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
220V AC+10% 50Hz+2%

BBD8635 Version 8.1

Power Supply Systems

12 V system : Minimum 11.0V
24 V system Minimum 220V
48 V system Minimum 44.0 V

Warm up time
As specified by the manufacturer.

Temperature stabilising period
One hour minimum.

Power source tolerance
£+ 3 %.

Standard RF Test Signal

2.6.1 Standard test modulation
Modulating frequency 1.0 kHz.
Modulation

2.6.2 Standard RF Signal Input Level
- 60 dBm (2236 qud or 447.2 “VEMF)-

Audio Output Level
SOP = - 3 dBmuor.

Nominal 13.8 V Maximum 15.6 V
Nominal 27.6 V Maximum 31.2V
Nominal 55.2 V Maximum 62.4 V

1.5 kHz (60 % of maximum rated system deviation).
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2.2 Radio Receiver

221

2.21.1
221.2

2213

222

2221

2222

BBD86357Ver3ion 8.1

Maximum Useful Output Power

Connect the equipment as shown below.

RF signal i Receiver AF output load
generator i under test "1 & Power meter
AF THD meter Audio filter
) 0.3-3.4kHz |©

Inject a standard RF test signal from the RF signal generator.

Adjust the volume control of the radio until the THD is 10 % or the volume control reaches its
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
(loudspeaker) with which the receiver normally operates.

Audio frequency total harmonic distortion

Connect the equipment as shown below.

RF signal Receiver AF output load
generator under test

& Power meter

AF THD meter | Audio filter

= 0.3 - 3.4 kHz

Standard measurement

22211
222111

222112
222113

22212
222121

222122
222123

Test 1.
Inject a standard RF test signal from the RF signal generator into the receiver.

Adjust the volume control of the radio to obtain SOP.
Measure the THD.

Test 2.

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

Repeat the procedure given in test 1.

Measure the THD.

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

2:2:2.211
22222

22223
22224
22225

Inject a standard RF test signal from the RF signal generator into the receiver.

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

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

Measure the THD.

Repeat the THD measurement when applying test 2.
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2.2.3.1
2232
2233
2234

2235

2.2.3.6

2237

'2.2.3 Usable sensitivity

BBD&8635 Version 8.1

Connect the equipment as shown below

-

RF signal Receiver | AF output load
generator under test | & Power meter
L
SINAD meter Audio filter
' 0.3 - 3.4 kHz

Adjust the RF signal generator to produce a standard RF input signal level.

Adjust the volume control of the radio to obtain SOP.

Reduce the RF signal leve! until the SINAD ratio is 12 dB.

Without readjustment of the volume control check whether the audio output level is less than -
3 dBsop.

If the audio output is less that — 3 dBspp, increase the RF signal level until — 3 dBgep is
obtained.

Take the RF signal output level from the signal generator at this setting as the usable
sensitivity.

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

Under the extreme test conditions, the receiver audio output power shall be within +3 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.

2.24 Squelch operating threshold

2241

22472

2243

Connect the equipment as shown below.

RF signal Receiver AF output load
generator under test & Power meter

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

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

Increase 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 time

2.2.51

Connect the equipment as shown below.

: |
RF signal : RF attenuator '
generator i ]
Trigger
input e
" Storage
oscilloscope
Channel
input
AF output load | Receiver
& Power ‘ under test

Apply a standard RF test signal to the receiver under test.
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2252
2253
2254

2255
22586
2257

2258

2259

BBD8635 Version 8.1
Adjust the volume control of the radio to obtain SOP. - -
Determine the usable sensitivity as described in clause 2.2.3.

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

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

Set the value of the RF attenuator to decrease the signal level to 12 dB above the usable
sensitivity level, measured at the antenna terminal and switch the output of the signal generator
off.

Set the storage oscilloscope to single sweep operation.

Switch the RF output on and measure the time required for the audio output to reach -0.5
dBsoe.

Repeat the measurement three times and take the average of the three measurements as the
receiver attack time.

2.26 Sqgueich Closing Time

2261
2.26.2
2.2.6.3
2264

22865
2266

2.26.7
2.26.8

2269

2.2.7

2271
2272

Connect the equipment as shown below.

RF signal 5 RF attenuator |
generator
Trigger
input
= Storage
oscilloscope
Channel
- input
AF output load | Receiver n
& Power a under test

Apply a standard RF test signal to the receiver under test.
Adjust the volume control of the radio to obtain SOP.
Determine the usable sensitivity as described in clause 2.2.3.

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

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

Set the value of the RF attenuator to decrease the signal level to 12 dB above the usable
sensitivity level, measured at the antenna terminal.

Set the storage 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.

Modulation acceptance bandwidth
Connect the equipment as shown below.

RF signal Receiver | AF output load
generator i under test & Power meter
SINAD meter Audio filter
~ 0.3 - 3.4 kHz

Apply a standard RF test signal to the receiver under test.
Adjust the receiver volume control to obtain SOP.
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NG

2274
2275
22786

228

2281
2282

2283

2284

2.2.85
2286

BBD8635 Version 8.1

Increase the RF signal level by 6 dB.
Increase the modulation factor until the SINAD ratio is again 12 dB.
Record this value of the modulation factor as the modulation acceptance bandwidth.

Adjacent channel selectivity and desensitization ratio
Connect the equipment as shown below.

RF signal RF signal
generator 1 generator 2
Combining
network

Receiver AF output load

under test "| & Power meter
SINAD meter Audio filter
0.3 - 3.4 kHz

Switch the RF signal output of signal generator 2 off.
RF signal generator 1:

22821
272822
22823
2.28.24

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

Adjust the volume control of the radio to obtain SOP.

Reduce the RF signal until the SINAD ratio is 12 dB (wanted signal).
Note this RF signal level.

RF signal generator 2:

2.28.3.1
2.2.8.3.2
22833

22834
22835
22836

Switch the RF signal output on (unwanted signal).
Modulate the RF signal with 400 Hz at the standard modulation factor.

Set the frequency (unwanted signhal) to a frequency one-channel width above the
assigned frequency (wanted signal).

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

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

Calculate the difference between the unwanted and wanted signal 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.
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2.29

2.29.1
2292

2293

2294

BBDB8635 Version 8.1
Spurious response attenuation/rejection S
Connect the equipment as shown below.

RF signal RF signal l
generator 1 generator 2 k
| Combining |
network |
Receiver AF output load
under test "1 & Power meter
SINAD meter Audio filter
0.3-3.4kHz |

Switch the RF signal output of signal generator 2 off.

RF signal generator 1:

2.29.2.1 Adjust the RF signal generator to produce a standard RF test signal.
22922  Adjust the volume control of the radio to obtain SOP.

22923 Reduce the RF signal to the receiver until the SINAD ratio is 12 dB.
RF signal generator 2:

22931 Switch the RF signal output on and adjust the signal level to 80 dB (portable) or
85 dB (mobile and base) higher than that of signal generator 1.

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

22933  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.

22934  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 between 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 Intermodulation products between the two signals.
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- 2210

2.2.10.1
2.210.2

2.2.10.3

22104

2.2.105
2.2.10.6
2.2.10.7
2.2.10.8

2.2.10.9

2.2.10.10

2.2.10.11

2.2.10.12

B__B_DB(:_ESS Version 8.1

intermodulation spurious response attenuation/rejection
Connect the equipment as shown below.

RF signal
generator 1

RF signal

generator 2

L—‘__H_L____'f__'

Combining
network

l

Receiver
under test

AF output load
& Power meter

RF signal
generator 3

SINAD meter

1

Switch the RF signal output of signal generators 2 & 3 off,

RF signal generator 1:

Audio filter
0.3 - 3.4 kHz

2.2.10.2.1  Adjust the RF signal generatar to produce a standard RF test signal.
2.2.10.2.2 Adjust 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.

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.

RF signal generator 3:

22104.1 Modulate the RF signal with 400 Hz at standard modulation factor.

2.210.4.2 Adjust the frequency of the RF signal generator to the fourth adjacent channel
above the nominal carrier frequency.

Switch the RF signal output of signal generators 2 & 3 on.

Maintain the outputs of RF signal generators 2 & 3 at equal levels.
Adjust the RF signal levels to reduce the SINAD ratio to 6 dB.
Adjust the frequency of RF signal generator 3 slightly to produce the maximum interfering

signal.

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

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

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

Record the worst: ratio in dB as the measure of the intermodulation spurious response

attenuation.
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2211

22114
2.2.141.2

22113

22114
2.211.5

22116

2212

22121

BBD8635 Version 8.1

Co-channel rejection ratio
Connect the equipment as shown below.

RF signal
generator 2

RF signal ’
generator 1 |

Combining
| network

=

Receiver
under test

| m—
AF output load ’

SINAD meter

Audio filter
0.3 - 3.4 kHz

& Power meter

Switch the RF signal output of signal generator 2 off.

RF signal generator 1:
2.211.21 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).
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 SINAD ratio is reduced to 6 dB.

Record the co-channel rejection ratio as the difference in dB, between the wanted and
unwanted signal levels.

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

The highest value of the five measurements shall be recorded as the co-channel rejection ratio.

Blocking or Desensitisation

Connect the equipment as shown below.

RF signal
generator 1

RF signal
generator 2

Combining
network

Receiver
under test

—J—-AF output load

& Power meter

SINAD meter

Audio filter
i 0.3 - 3.4 kHz

Switch the RF signal output of signal generator 2 off.

2.212.2 RF signal generator 1:
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Physical Address: 832 Jan Shoba Street, Brooklyn, Pretoria 0001
Email: mowsconcepts@gmail.com

5 M WS Tel: 012 012 5563 Fax: 086 609 8518
-  Website: www.mowsconcepts.co.zz BBD8635 Version 8.1
221221 Adjustthe RF SIgnaf generator to produce a slandard RF test signal.
=2:2:42:2.:2- -Adjust the volume: control-of the radio-to-obtain-SOP.- :
2.2.12.2.3 Reduce the RF signal until the SINAD ratio is 12 dB (wanted slgnal)

RF signal generator 2: INVOICE
221231 Switch the unmodulated RF signal output on (unwanted signal).

Company 2.2.12TRANSRETFREGHRT RAlLe NG dB higher thiyagignal generatent. December 2021
Name of Rep2. 1288 Lesoatize frequency from 1 MHz to 10 MHRFQdMber side af GRAS-EgFe35884er

22123

Email : Sam.Lesqgaea@transnet.net Purchase No : 4500421879
z;lz “g v4 . Moni @ th308-3084 iR 384i®68ibut level and the SINapdandlo  : 1014385
! Recor ce.in dB signal output Iégé" Gvﬁme two ggﬁﬁl enerators

Address E?Eﬁg @&9@ Bd with 3 dB D rafi¢34dR318s 10 6 dB,

whichev

Elandsfontein |
Note: 1Epgure that the measured response is not caused by spurious signals from the RF
signal generators.

oo 49 Description o Qty Price excl Vat Total
Supply and bpl 88 R 2318.55 R 204 032.00
Concrete TeStIIEHAIR SAYPTTAgS Shown below.

Spectrum
Receiver analyser
under test " or Sub Total A28 032.0
Test receiver VAT R 36 005.20
Grand Total R 240 037.20
2.213.1  Switch the receiver on.
2.2.13.2 The receiver must be in standby mode.

16 ¥3 u3,_.°”$3u wly sweep the measuring instrument over the range 9 kl Iz to 4 GHz.
2.2.13.4 Record the frequencies and measure the absolute levels of the conducted spurious radiation.

R

%5 f4 Audio frequency response

/{f"“‘ Connect the equipment as shown below.
:—aﬁ% RF signal Receiver | AF output load
Account Name: Mows Con&ﬁ@%tlﬁ’g under test & Power meter

Account Type: Savings

Account #: 9022382169

Branch Code: 198-76
Branch Name: MY BR

5 AF level meter
ANCH

low pass filter
Cut-off 20kHz

2.2.14.1 Standard measurement
2.2.14.1.1 Adjust the RF signal generator to produce a standard RF test signal and inject it
into the receiver.
2.214.1.2 Adjust the volume control of the radio to obtain SOP.
2.2.14.1.3 Adjust the modulation of the RF signal generator to 20 % of the maximum system
deviation.
2.2.14.1.4 While keeping the modulation factor constant vary the modulating frequency over
the range 300 Hz to 3 kHz.
2.2.141.5 Record the variation of the audio output power over this range in dB with reference
to the corresponding level at 1 kHz.
22141 600 Q balanced line
Where a 600 Q balanced line is provided, the audio frequency response must be measured on
this line.
2.2.14.21 |Inject a standard RF test signal from the RF signal generator into the receiver.

2.2.14.2.2 Load the line with a 600 Q resistive load or equivalent impedance, provided by the
measuring instrument.
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221423
2214.2.4

B?DBSBSr}{er_sion 8.1

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.

d8

10

100

AUDIO FREQUENCY RESPONSE OF PM RECEIVERS

00 500 1000 2000 Yoo
FREQUENCY [Hz)

6dB/octave slope

dB 0

100

AUDIO FREQUENCY RESPONSE OF FM RECEIVERS

300 500 1000 2000 3000
FREQUENCY [Ha]

10000

2215

Signal to hum and noise ratio

Connect the equipment as shown below.

RF signal
generator

AF output load
& Power meter

Receiver
under test

v

AF level meter

" Low pass filter
5 CCITT

2.2.151
2.2.15.2
22153

Select the CCITT filter (low pass filter),
Adjust the RF signhal generator to produce a standard RF test signal.
Adjust the volume control of the radio to obtain SOP.
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2.2154 Adiust the squelch to its minimuni'{"unrsdﬁahed).

BBD8635 Versmn 8. 1

2.2155 Remove the modulation and measure the audio output power.

2.2

156 Adjust the squelch to its maximum (squelched).

2.215.7  If the receiver remains unsquelched remove the RF signal.

2.2
2.2.

22

15.8 Measure the audio output power

15.9 Record the ratio in dB between the audio output powers without modulation, and the SOP level
as the signal to hum and noise ratio.

.16  Amplitude characteristics

Connect the equipment as shown below.

RF signal B Receiver | AF output foad |
generator under test . & Power meter |
AF level meter | Audio filter
b 0.3 - 3.4 kHz

2.216.1  Adjust the RF signal generator to produce a standard RF test signal.

2.2

.16.2  Increase the RF output signal level to — 13 dBm.
. 2.2.16.3 — Adjustthe volume controtof the radio 1o obtain SOP.

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

QAT OFE

the audio output level in dB.

Uy (90/GE/000/2061 0N ‘Bel) P B2UlY UINDS 10 uvE PIEPURIS BUL $0-0,0Z  60000SON
¥ Wbl

RS B OU B DESL

R‘ -

50-8102 vYEEVIO0

d udryeus
e uosesx Aue I03 3023I0PUT 3.83A0
2921{ }ué ‘mok wolj wTeTd 3ou TYTTA ubl G Fk atqtsuods % aq
uT Junoooe 8Yj JNOQE UOTIBWIOFUT IRAIARRET: r

ok Ag ¥sTa 3O uotidunsse ue 8iMITISUOT PU® A3FEEdeT] 3

Connect the equipment as shown below. -suze3 9sey; 3o aIeMe we I pue
s 5 ~few Kjxed pItT Aue I0 T YOTym S1ISOD IO safmu.mp

1 osibe ‘heqteodep aq jsnu ysed STU3 UDTUM
g gofu:;zﬁa.;mia pl_gsea sTyy Putyew uosied 2Yy3l SY

oxd aAE

nzaieo MOTTOF 3BUI SISNETD 33 I9pTSUCD ASEITd

:z03tsodaq 71912000-¥SDA :STTRISP SOUSISFSY
T 0 :3o®3ueD IOHBAFY  get the radio to operate on the lowest channel. 00°008 ¥ :SUTOD TEIOL
2.2.17.2__Adjust the RF signal generator to produce a standard RF test signal, ~ 007006°€ ¥ #8938 R
22173 iﬂ'f;"ﬁfq t the squdal,ito open at a RF signal level of — 115 dBm.
22174 inc;e{asq 1he RF signal level to =7 dBm. BT
22475 Scan the frequenfles of 132 channels above the receiving chajmeﬁseacomdmg the assighe
| Ehabitel/ati#i'the adjacent channels. — panTeces useo Tel o
2.217.6  Record the chann | and the RF signal level, at wh:ch the squelch opens in the window of
JHy - 47 dBm 1.0 «‘f‘i-d ¢ EINOS 20 TIDNOD DNINFENIONZ : suel AUNODIDE ﬁmrg:zﬁié
2 2‘*% Setihe radi&ﬂgpérateonthe hmghest“channes Gg:ggﬁz ;zz zoqunu 3u n:ggz u;gwgsum

sanbax

2.217.8 Scan the frequencies of 132 channels below thessseeiving ¢lannel, exclu@mﬁfg S5k igred:;

channel and the adjacent channels.
3B pesSssnold

22179 Record the channel and the RF sighelaRwekastSHHER HKEERIch opens in The window ofrs

— - i o * 33Eep SNIEA
4? dBm IQ 7 dBm. tg-:g*ggg% . alep UWOTIOBSURIL

Note: Where the interfering channels correspond with the intermodulation free channel

groups, interfiEreEcould Gectr. jueg piepuels
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Intermodulation free channel groups

~ BBD8635 Version 8.1

High site channels

Duplex, 5" order, 132 channels , S
GroupA [1/2]6[ 8] 2237546179 8088 91]101] 124 129 |

Duplex, 5" order, 132 channels S
GroupB [3[4]7] 23 [ 45| 7375 85 [ 96 [102] 120 128]

Duplex, 5" order, 132 channels S
GroupC [ 16 [ 41 | 57 [ 59 | 74 | 78 | 83 [ 110 ] 122 [ 123 | 130
Duplex, 5™ order, first 52 channels o

GroupD |17 [ 18 [ 21 [ 31 [ 40 | 46 | 48 |

Duplex, 5" order, first 52 channels
GroupE | 19 | 28 [ 32 | 43 [ 44 | 49 [ 51 |

Duplex, 5" order, first 52 channels

GroupF [ 29 [ 30 [ 35 [ 42 | 50 [ 52 ]
Duplex, 5" order, first 52 channels

GroupG | 11 | 14 | 24 | 26 |
Duplex, 5" order, first 52 channels ‘

GroupH | 34 | 36 | 47 | '

Shunting channels

Simplex, 5" order, last 80 channels o
Group A 53 | 56 | 60 | 71 | 97 | 99 108 | 118 12ﬂ 131 | 132 ]
Group B 55 58 | 62 | 63 72 84 | 112 | 125
Group C 64 | 67 | 69 | 76 95 103 116 | 127
Group D 68 | 77 | 82 | 90 | 107 113 114 | 117
GroupE | 65 | 66 | 70 | 94 | 100 | 121
Group F 81 | 87 | 89 | 92 | 104 108
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2.3

BBD8635 Version 8.1

Radio Transmitter

2.3.1 Carrier power (conducted)
Connect the equipment as shown below.,

Transmitter RF power
under test " meter

2311 Measure the carrier power in the absence of modulation.
231.2 The measurement shall be made under the extreme test conditions as well.

2.3.2 Conducted spurious emissions
Connect the equipment as shown below.

Transmitter RF power Duplexer
under test ) attenuator
\ ) Tx_ Ant Rx
i O
. A
RF signal ) 500 load
generator
o Spectrum
analyser
or

Test receiver

2.3.21 The duplexer must be tuned to the operating band. See specifications in clause 1.4.1.
2322 The value of the RF attenuator (including the duplexer) must be such to limit the carrier level at
the spectrum analyser/test receiver to approximately — 60 dBm.

2.3.23 With the transmitter transmitting an unmodulated carrier, measure and record the frequencies
and absolute |levels of the conducted spurious up to the 5™ harmonic.

2324 Replace the transmitter with the RF signal generator.

2.3.25  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.

23286 Record the output level of the RF signal generator as the conducted spurious emission at that
specific frequency.
2327 Repeat 2.3.2.5 & 2.3.2.6 for all the other spurious emissions detected.

23.2.8 Remove the RF attenuator and duplexer and repeat the measurements when the transmitter is
in the standby mode.

2329 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.




2.33

2.3.3.1
2332
2.3.3.3

2334
2.3.35

2.3.4

23.4.1
2342

2.3.5

2.3.5.1
23.62
2353

2354

2355
2.3.56

Carrier frequency error

Connect the equipment as shown below

Transmitter
under test

RF power
attenuator

Frequency
counter

Measure the carrier frequency in the absence of modulation.

Repeat the measurement on each channel on which the transmitter is equipped to operate.
Calculate the carrier frequency error as the difference between the assigned frequency and the

measured frequency.

directly).

Record the worst case as the result.

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

Carrier attack time

Connect the equipment as shown below.

(Some test instruments can be set to measure the frequency error

Control switch

Transmitter RF power Storage
under test attenuator oscilloscope
PTT Trigger
input

Set the storage oscilloscope to single sweep operation.

Operate the control switch and measure the time interval for the unmodulated carrier voltage

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

Adjacent channel power

Connect the equipment as shown below.

BBDB8635 Version 8.1

AF signal Transmitter RF power
generator under test attenuator
Adjacent
channel power
meter

Ensure that the modulation limiting (Tx deviation) is set correctly (see clause 2.3.7).
Measure the unmodulated carrier power level.

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

Measure the mean power produced by the modulation, hum and noise of the transmitter in the
adjacent channels.

Express the adjacent channel power in dB with reference to the measured carrier power.
Record the worst ratio as the measure of the adjacent channel power.

Or: When the measured level does not comply with the specification:
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236

2.3.6.1

2.36.2

2.3.6.3
2364

2.3.6.5

2.3.6.6

2.36.7

2.3.6.8

2369

2.3.6.10
2.3.6.11

2.3.6.12

_ - - 7 BBD8635 Version 8.1
The adjacent channel power not to exceed a level of — 37 dBm irrespective of the carrier
power level.

Intermodulation attenuation (fixed radio stations only)

Method A: Connect the eguipment as shown below.

Directional
coupler

L

Transmitter | RF power Spectrum
under test attenuator " analizer

RF signal
source

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 frequency.

Measure the levels of the Intermodulation components.

The Intermodulation attenuation is expressed as the ratio of the carrier level to the level of the
largest Intermodulation 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.

Transmitter RF power Directional ' RF power '
under test | attenuator coupler ~—i attenuator |
10 dB — ' : 20 dB :
____________ 3 i '—-_'-__ﬁf....-._-,.
y 500 500 :
Spectrum ' atten- | termin- _Interferung
analyser ) ' uator | ation signal source

The coupling between the transmitter under test and the 10 dB RF power attenuator must be as
short as possible to minimize mismatching.

The directional coupler must have an insertion loss of < 1dB, directivity of 2 20dB and
sufficient bandwidth.

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

The RF signal level from the interfering signal source must have the same level as that of the
transmitter. Alternatively, 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.

The transmitter under test shall be unmodulated.

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

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.
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2.36.13

2.3.6.14

- S BBD8635 Version 8.1
Measure the levels of the Intermodulation components on the spectrum analyser and determine
the ratio of the carrier level to the level of the largest Intermodulation product (third order)
observed, in dB.

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 limiting (Tx deviation)

Connect the equipment as shown below.

23741

2372

2.3.7.3
2374
2.3.75

23786

2.3.7.7

AF signal | Transmitter RF power
generator 1 under test attenuator |
5 I___. Modulation
' Radio test set analyser
! ! demodulator

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 test 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 Increase the audio test signal with 20 dB. 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 Decrease the audio test signal to 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 negalive peak deviation obtained, as the modulation
limit for the specific modulating frequency band.

Note: 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:

2.3.7.71 Obtain the standard test modulation factor (reference).

2.3.7.7.2  Without changing the audio input signal level vary the modulating frequency
between 6.0 kHz and 12.5 kHz.

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.
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FREQUENCY DEVIATION IN kHz

MODULATING FREQUENCY IN kHz

2.3.8 CTCSS deviation
Connect the equipment as shown below.

Transmitter RF power
under test ' attenuator
| L Modulation
| Radio test set 1~ analyser
i ! demodulator

2.3.81 Select the CTCSS frequency and activate the function.

2.3.8.2  Set the audio filter of the modulation analyser to Low Pass cut-off 15 kMz or 20 kHz.
2383 In the absence of an audio input signal (modulating signal) transmit a carrier.
2.3.84 Measure and record the deviation of the sub-audible tone.

2.3.9 Audio frequency total harmonic distortion (THD)
Connect the equipment as shown below.

AF signal Transmitter - RF power
generator under test ) attenuator
AF distortion Audio filter Modulation
meter 0.3 - 3.4 kHz : analyser =
! demodulator

)
lg

2.3.91 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.
23913  Adjust the audio signal generator frequency to 500 Hz.
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23914  Set the audio output signal at a level sufficient to produce the standard test
modulation factor.
2.3.9.1.56  Record the distortion 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 Q balanced line is provided, the THD must be measured on this line.

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

23922  Inject a 1 kHz audio test signal into the line at a level of =10 dBm.

2.39.23 Ensure that the transmitting signal deviation comply with the standard test
modulation factor.

23924 Measure and record the THD.

2.3.10 Audio frequency response
Connect the equipment as shown below.

AF signal | Transmitter .| RF power
generator under test k& attenuator i
AF level meter | Modulation
Method Method analyser
A B demodulator

2.3.10.1 Standard measurement

Method A.
2.3.10.1.1  Apply electrically a 1 kHz audio test signal to the microphone input of the
transmitter at a level sufficient to obtain 20 % of the maximum system deviation.

2.3.10.1.2 Select the low pass filter (cut-off 20 kHz) at the modulation analyser.
2.3.10.1.3  Vary the modulating frequency (audio signal) from 300 Hz to 3 kHz.

2.3.10.1.4 Adjust the modulating frequency level (audio signal) to maintain the modulation
factor constant.

2.3.10.1.5 Record the variation in the audio output level of the AF signal generator in dB with
reference to the corresponding level at 1 kHz.

Method B.

2.310.1.6 Apply electrically a 1kHz audio test signal to the microphone input of the
transmitter at a level sufficient to obtain 20 % of the maximum system deviation.

2.310.1.7 Select the low pass filter (cut-off 20 kHz) at the modulation analyser.
2.3.10.1.8 Keeping the audio signal level constant, vary the frequency from 300 Hz to 3 kHz.
2.3.10.1.9 Record the variation in the audio output level from the demodulator in dB with
reference to the corresponding level at 1 kHz.
Note: The + and - signs must be inverted to be able to apply the graph.

2.3.10.2 600 Q balanced line input

Where a 600 © balanced line is provided, the audio frequency response must be measured on
this line.

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

2.3.10.2.2 Inject a 1 kHz audio test signal into the line at a level of — 10 dBm.

2.3.10.2.3 Ensure that the transmitting signal deviation comply with the standard test
modulation factor.

2.3.10.2.4 Rceduce the audio signal level to obtain 20 % of the maximum system deviation.
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"""" 231025 Proceed with test method A (2.3.10.1.2 to 2.3.10.1.5) or test method B (2.3.10.1.7
to 2.3.10.1.9)
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2.3.11 Angle modulation hum and noise ratio

Connect the equipment as shown below.

2.3.11.1

2.311.2
2.3.11.3
23114
2.3.11.5

BBD8635 Version 8.1

AF signal Transmitter RF power
generator under test T attenuator
AF level meter Audio filter | Modulation
0.3 - 3.4 kHz analyser
demodulator

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

Remove the modulation from the transmitter.
Again record the audio output level from the modulation analyser demodulator.

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

Note:
electrically.

Care must be taken not to generate hum when the audio signal is connected

Short circuit the audio input connections of the radio transmitter when the audio signal

is removed.

2.3.12 Amplitude modulation hum and noise level

Connect the equipment as shown below.

2.3.12.1
2.3.12.2
2.3.42.3

Transmitter
under test

RF power :

Modulation
analyser
demodulator

Set the modulation analyser to measure the RMS AM modulation factor (m %).
In the absence of an audio input signal {(modulating signal) measure the modulation factor.

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.

2.3.131
2.3.13.2

Transmitter
under test

T}

Antenna
Terminal

Measure the carrier power in the absence of modulation.

I

Open circuit E
Short circuit |
RF power
meter

Operate the transmitter under open and short circuit load conditions for a period of:

2.3.13.21

One minute each in the case of a transmitter rated for intermittent duty cycle.

2.3.13.2.2 Five minutes each in the case of a transmitter rated for continuous operation.
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" 23133 After each exposure fo the extreme load measure the carier power in the absence of
modulation.

2.3.13.4 Calculate the variation of the carrier power in dB with reference to clause 2.3.13.1.
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24 High Site Equipment -
241 Radio Base Station Response Time

Connect the equipment as shown below.

RF signal y RF switch RF attenuator
generator i ]
Trigger
input
‘ Storage
_,| oscilloscope
Channel
_________________ MPHE e
| RFpower | || BStransmitter | BS receiver | !
attenuvator |7 | under test under test ]

2411 Apply a standard RF test signal to the receiver under test.
241.2 Determine the usable sensitivity as described in clause 2.2.3.

2413 Adjust the squelch to open at a RF signal level of — 115 dBm, measured at the antenna
terminal.

2414 Set the RF signal level 12 dB above the usable sensitivity level.

2415 Set the storage oscilloscope to single sweep operation.

2416 Enable the RF switch and measure the time required for the unmodulated transmit carrier
voltage level to reach a value 6 dB (50 %) below the steady state level.

2417 Repeat the measurement three times and take the average of the three measurements as the
repeater attack time.
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242 Talk Through Signal

2421

Audio levels
Connect the equipment as shown below.

Base station

BBD8635 Version 8.1

Line Branching

RF signal receiver under
generator C test Unit
T AT
: Base station Pl p
transmitter [~ --g-- '[!
; undertest [¥ T A 7! : !
E i : i '
; : I :
- Link receiver N 1 ‘ !
under test LA : !
3 b
Link transmitter |* &E
under test !
Other links e.g. . J
Microwave |
e
AF level meter
24211 Adjust the RF signal generator to produce the standard RF test signal.
24.212 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.
2.4.213  Set the audio frequency level meter to high impedance/bridge mode. This is to
ensure that the level meter does not load the lines.
2.4.21.4  Measure the audio level from the source (Rx) first. Adjust the level if necessary.
24215  Measure all the outgoing lines from the LBU and adjust the levels if necessary.
24216  Use the method described in clauses 2.4.2.1.1 to 2.4.2.1.4 to measure and adjust
the audio level from the link receiver.
2.4.2.1.7  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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2422

Audio Frequency Response

Connect the equipment as shown below.

BBD8635 Version 8.1

Base transmitter

24221
24222
24223
24224

under test

RF power

RF signal Base receiver
generator under test
AF level meter Modulation |
analyser -

demodulator

the range 300 Hz to 3 kHz.

24225

attenuator

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

range in dB with reference to the corresponding level at 1 kHz.

24226

TRANSMITTER DE-MODULATED AUDIO LEVEL [dB]
@ 0 £ o

b

:
n

=

=3

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

REPEATER TALK THROUGH SIGNAL

AUDIO FREQUENCY RESPONCE
With De-emphasis and Pre-emphasis

300

500 1000

2000 3000

RECEIVER MODULATING FREQUENCY [Hz]

Record the variation in the audio output power from the demodulator over this

10000
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TRANSMITTER DE-MODULATED AUDIO LEVEL [dB]

100 300

REPEATER TALK THROUGH SIGNAL

AUDIO FREQUENCY

500 1000
RECEIVER MODULATING FREQUENCY [Hz}

2000 3000

10000

2.4.2.3 Modulation factor linearity

Connect the equipment as shown below.

RF signal Base receiver Base transmitter
generator under tact under test
Modulation RF power
analyser attenuator :
| Radio test set | |
; e
2.4.2.3.1 Ensure that the transmitter modulation limiting (deviation} has been set correctly

(see clause 2.3
24232
24233
24234

)

measure the fransmitter deviation.

24235

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 kHz and 2.5 kHz and

Branches to the link radio and other links must also be measured.
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REPEATER TALK THROUGH SIGNAL
MODULATION FACTOR LINEARITY

TRANSMITTER DEVIATION [kHz]

05 |

[/ 05 1 15
RECEIVER MODULATION {kHz]

2424 Audio frequency THD
Connect the equipment as shown below.

RF signal Base receiver | Base transmitter
generator | under test i under test
R
;“"“_"‘ """"" ] RF power
' Radio test set ! attenuator
AF THD meter | Audio filter Modulation
= 0.3-3.4kHz | analyser
demodulator

24.2.4.1 Ensure that all the audio levels are set correctly.

24242  Apply a standard RF test signal to the receiver under test.
24243 Record the audio total harmonic distortion from the transmitter.
24244  Branches to the link radio and other links must also be measured.
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243 Filters
2431 Duplexer

BBD8635 Version 8.1

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.

If any problem is detected the duplexer/combiner must be send to a facility with the proper
equipment and competency. Do not altempt the tune the unit.

A RF signal generator and a test receiver/spectrum analyser could be used to make

measurements,
24311 Calibration
24.3.1.1.1 Connect the RF signal generator with the two connecting cables to the test

2431.1.2

243113

243114

24312

24.3.1.21

2.4.3.1.2.2

243123

243124

243125
243126
243127
243128
243129
2.43.1.2.10
24.3.1.2.1

receiver or spectrum analyser.

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

Set the output level of the RF signal generator as required:
e.g. lLow-level : <-60dBm
High-level : 0dBm.

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.

Insertion loss - Rx
Connect the equipment as shown below.

Duplexer
under test

X Ant Rx

T
Lﬁ Test receiver
50 load oF

. Spectrum analyser
RF signal -

generator

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

Inject the signal at the antenna 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 directly to the receiver.
Adjust the RF signal generator to produce a standard RF test signal.
Decrease the RF signal level tilf the squelch closes.
Increase the RF signal level slowly and note the level when the squelch open.
Connect the RF signal generator to the receiver via the duplexer (Ant port).
Repeat the procedure from clause 2.4.3.1.2.6 10 2.4.3.1.2.8.
Calculate the insertion loss by determining the difference between the two
recorded signal levels in dB.

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




24313

243131
243132
2.4.3.13.3

243134

243135
243136
243137

243.1.3.8
243139

24314

243141
243142
243143

243144

BBD8635 Version 8.1

Insertion loss - Tx
Connect the equipment as shown below

Duplexer
under test

Tx Ant Rx

- L
oy |t | Lo

Test receiver
or
Spectrum
analyser

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

Inject the signal at the transmitting port (high level) and measure the level at the
antenna 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 a terminated wattmeter directly to the transmitter.

Measure the un-modulated carrier power from the transmitter.

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

Measure the un-modulated carrier power from the transmitter.

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

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

Isolation between the transmitting and receiving paths
Connect the equipment as shown below.

Duplexer
under test
T Ant Rx
| ] j Test receiver
RF signal | or
generator Spectrum analyser
500 load

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

Inject the signal at the transmitting port (high level) and measure the level at the
receiving port.

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

The isolation must comply throughout the operating band.
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2432

24315

2.4.3.1.51

243152
243153

243154
243155

Combiner
2.4.3.21

243211
243212
243213

243214
243215

24322

243221
243222
243223
243224

24.3.2.3
2.4.3.231

24.3.23.2
243233
243234

BBD8635 Version 8.1

Impedance matching
Connect the equipment as shown below

RF signal | RF Ampilifier Through Line ’
generator : Wattmeter | |

1
I
: Duplexer
]

Radio !
transmitter | under test
""""" ' Tx Ant Rx
| T i

I
— 5

500 load FSOQ load

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

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

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

(1+VPower reflected/Power forward) / (1-VPower reflected/Power forward)

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

Insertion 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 ampilifier in the receiving path being saturated.

All the receiving ports must be measured.
The insertion loss must comply throughout the operating band.

Insertion 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.
All the transmitting ports must be measured.

The insertion loss must comply throughout the operating band.

Isolation between the transmitting and receiving 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 ail open transmitting and receiving ports.
All the ports must be measured. )
The isolation must comply throughout the operating band.

Page 45 of .58



BBDSBSS Verswn 8.1

24324 |Isolation between the transmitting ports
Connect the equipment as shown below

Combiner under test

Tx ports Rx ports
f Lﬁ LJ L{J Lﬂ HIH[

? Test receiver l— 500

RF signal
generator

or loads
Spectrum analyser

i

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

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

2.4.3.24.3 Inject the signal at the first transmitting port (high level) and measure the level at
the other transmitting ports.

24.3.2.4.4 Repeatstep 2.4.3.2.4.3 when injecting the signal at ports 2 to 4.

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

2.43.246 The isolation must comply throughout the operating band.

24325 Impedance matching

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 All the transmitting ports must be measured.

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

2.4.4 Coaxial Cable
2441 Impedance matching

The best method to measure the impedance and insertion loss of the coaxial cable is to use a
Transmission Line Analyser. This measuring method will not be covered in this document.

Connect the equipment as shown below.

RF signal | RF Amplifier Through Line
generator Wattmeter

B

; Radio f
' transmitter |

500 load e e e e A e NS

24411 Tune the RF signal generator to the in-band transmitting frequency.
24412  Measure the Voltage Standing Wave Ratio (VSWR) with a through line wattmeter.
24413 |f the wattmeter does not indicate the VSWR, note the forward and reflected power
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24414
24.4.15
24416
24417

2.44.2
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Tune the RF signal generator to the in-band receiving frequency.
Measure the Voltage Standing Wave Ratio as above.
The impedance matching must comply throughout the operating band
Record the worst case as the impedance matching.

Insertion loss

Connect the equipment as shown below.

RF signal RF Amplifier ; Radio '
generator ' T transmitter |
Fearondiatual Coaxial cable under test

Wattmeter (2)

24421
24422

24423

24424

24425
24426
24427

24428

245 Antenna
2.4.5.1

Wattmeter (1)

[ Terminated

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 at the far end of the coaxial cable using the same terminated
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.

Record the highest loss measured, as the insertion loss.

Impedance matching

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 document.

Connect the equipment as shown below.

RF signal RF Amplifier P __J: Radio .
generator g ¢ transmitter !
Ahtenna Through Line Coaxial cable J
under test Wattmeter [* toomezzcottenrinsiess
2.451.1 The impedance matching of the coaxial cable (clause 2.4.4.1) must be measured
first.
24.5.1.2  Tune the RF signal generator to the in-band transmitting frequency.
246513  Measure the Voltage Standing Wave Ratio (VSWR) with a through line wattmeter.
24514 If 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).
24.5.1.5 Tune the RF signal generator to the in-band receiving frequency.

24516

Measure the Voltage Standing Wave Ratio as above.
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The impedance matching must comply throughout the operating band
Record the worst case as the impedance matching.

24517
24518

Effective Radiated Power (ERP)

24521 The effective radiated power is calculated as follows:
The RF power measured into a 50 Q load that replaces the antenna, times the
gain of the antenna with reference to a Dipole antenna (dBd).

2.45.2.2  The following 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
Watts (0.001 x Antilog(dB/10)).

Receiver Desensitisation (Desensing)

Connect the equipment as shown below.

2461
24862
2463

2.46.4
2465
2466
246.7
2.46.8

24869
2.46.10

e 500 RF-
Antenna coupler Receiver
system S under test
RF signal
generator "
SINAD meter Audio filter B AF output
0.3-34kHz | load
— S & Power
meter

The transmitting power of all the transmitters must be set correctly.
The insertion loss of the RF-coupler must be < 1 dB.

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

Reduce the RF signal output level until the SINAD ratio is 12 dB.
Note the RF signal level at which the 12 dB SINAD is obtained.
Transmit from the other transmitters situated on the site.

Note if the SINAD ratio is degrading.

If so, while transmitting increase the RF signal output from the generator to obtain a SINAD
ratio of 12 dB.

Note the RF signal level.

Calculate the desensing level by determining the difference between the two measurements in
dB.

247 Audio Line Branching Unit (LBU)

2471

Impedance matching
Connect the equipment as shown below,

Transmission puat LBU
line tester Chand| under test
24711 Switch the power of the LBU on.

24712 Measure the relurn loss of lhe input transformer to determine the impedance

matching.
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2473
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Repeat the measurement to determine the impedance matching of the other ianit
and output terminals.

Audio levels
Connect the equipment as shown beiow.

Audio signal input LBU Cutput Low pass filter
generator chan 1] undertest | chand Cut-off 20 kHz

24721

24722

24723
24724
24725
24726

24727

AF level
meter

Ensure that the audio signal generator and audio level meter are set to the correct
impedance.

Route all the input terminals to all the output terminals. This is required for the
tests that follow.

Apply a 1 kHz signal at a level of — 10 dBm into channel 1 of the LBU.
Measure the signal level at the output terminals of the LBU.
Adjust the output levels to obtain — 10 dBm if necessary.

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

All output levels should be — 10 dBm without readjustment.

Audio frequency response

Connect the equipment as shown below

Audio signal rput LBU Dpt Low pass filter
generator chan1] under test Chan1 | Cut-off 20 kHz

24731
24732
2.4.7.3.3
24734

24735

2.4.7.3.6

l

AF level
meter

Ensure that all the audio levels are set correctly.

Apply a 1 kHz signal at a level of — 10 dBm inte channel 1 of the LBU.

Measure the signal level at the output terminal of channel 1.

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

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

Repeat the measurements with the audio signal applied to the other input
terminals.
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AUDIO FREQUENCY RESPONSE OF LINE BRANCIHING UNIT

1000

FREQUENCY {Hz]

Audio total harmonic distortion (THD)
Connect the equipment as shown below.

Audio signal

2000 3000 10000

Input

generator

24.7.41
24.7.4.2

24743

24744
24745
24746

Chan 1

LBU
under test

Output

Audio signal to hum and noise ratio

Connect the equipment as shown below.

Audio signal Input

generator Chan 1
24751
24752
24753

LBU
under test

Chan 1

Low pass filter
Cut-off 20 kHz

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

Output

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 channel 1 of the LBU.
Record the audio total harmonic distortion obtained at the output terminals.

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

Low pass filter

Chan 1

Ensure that all the audio levels are set correctly.
Route all the input terminals to all the output terminals.
Apply a 1 kHz signal at a level of — 10 dBm into channel 1 of the LBU.

o CCITT

|

AF level
meter
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24754

24755
247586

24757
24,758

24759

2.4.7.5.10

~ Short-circuit alf the other input terminals.
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Measure the signal level at the ouiput terminals of the LBU.

Remove the audio signal generator and short circuit the input terminal (1) of the
LBU.

Measure the signal level at the output terminals of the L BU.

Calculate the ratic in dB between the audio output levels obtained with and without
the applied audio signal, as the signal to hum and noise ratio.

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

Record the lowest ratio as the result.

Channel cross talk

Connect the equipment as shown below. .

24.78.1

24.76.2
24783
24764

24785

24766

2.4.7.6.7

. Audio
" 2 Input Output
Audio signal gl Rl Frequency

generator Chan 1 Chan 1 Load

I— LBU
under test
Input o e AR G
Output [ Low pass filter
:::Chanz Chani ’ Cut-off 20 kHz

AF Ievel
meter

Route all the channels to operate separately e.g. Channel 1 input terminal to
channel 1 output terminal; channel 2 input terminal to channel 2 output terminal;
etc.

Ensure that all the level settings are correct for each channel.
Inject a 1 kHz signal at a level of — 10 dBm into channel 1 of the LBU.
Short-circuit all the other input terminals.

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 injected into the other input
terminals.

Record the worst case as the result.
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Common-mode rejection ratio

Connect the equipment as shown below.

e Input Qutput [
Impedance LBU Impedance At
matching Chan 1| under test Chan,/] (\:D matching |
load 1 ; load J
R ‘|~
Audio signal CV)
generator
@ Voltmeter R = Impedance/2
24771  Adjust the amplification of the LBU to unity gain.
If the gain cannot be adjusted, measure the input and output voltage levels and
calculate the gain.
2.4.7.72  Setthe audio signal generator frequency to 1 kHz and set the output impedance to
HIGH.
24773 Increase the signal output level of the audio generator till the level measured on
the output line of the LBU, also increases.
24774 Record the input and output signal voltage levels.
2.47.7.5 If 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
24776 If the LBU has a gain, calculate the ratio by dividing the input voltage level by the
output voltage level.
Multiply the calculated ratio with the gain of the LBU under tests and express the
ratio in dB.
e.g. Input voltage/Output voltage = R:1
R x Gain=T:1
dB = 20Log(T/1)
24777  Repeat the measurement on the other channels.
2.4.7.7.8  Record the worst case as the result.
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Connect the equipment as shown below.

Power . E-signal LBU M-signal f!;r;\r:ver
supply "l under test '-_—_—@ supply
unit Chan 1 ‘—i R ]* unit
@ Ammeter
24.7.81 Route the E-signal of channel 1 to activate the M-signal of all the channels.
2.4.7.8.2  The value of the load resistor R, must be such to permit a current flow of 8 mA to
10 mA.
24783  Apply a DC voltage at the appropriate level to the M signal terminal.
24784  Apply a DC voltage at the appropriate level to the E signal terminal and measure
the current.
24785  Measure the current flow at ali the M-signal terminals.
24786 Reverse the voltage polarity at the E & M-signal terminals and repeat the test.
2.47.87  Repeat the above tests with other routing combinations.
2.4.7.8.8 Measure the resistance between the E & M-signal terminals and the LBU earth.

The resistance must be infinity.

248 Power Supply & Battery Charger Unit

2.4.81 Output voltage requlation
Connect the equipment as shown below.

AC

©

2.4.8.1.1
248111

248.1.1.2

248.1.13

2.481.2
2.4.8.1.21

248122

Power Variable
| Varlac . i supply ij ®_' power
A— load

—_

under
test

Voltmeter @ Ammeter

intermittent:

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:

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

Set the power load to obtain the maximum current drain and record the output
voltage level for a period of four hours.
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Efficiency
Connect the equipment as shown below.
Power Variable
AC Variac supply | _@ju@_’ power
— under load
- test
@ Voltmeter @ Ammeter

24821

2.48.2.2

2.48.23

24824

24825

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 input and output voltages and currents.

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

Repeat the test with the specified minimum and then the maximum input voltage io
the power supply/battery charger.

Record the worst case as the result.

Output voltage ripple

Connect the equipment as shown below.

e

I .| Power v A Variable . '
A | Variac @ supply O’ power Oscillos- ]
AC V cope
—_— »|{ under - load P
test
@ Voltmeter @ Ammeter
24831 Adjust the Variac to obtain the nominal input voltage to the power supply/battery
charger.
24832 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.
24834 Record the worst case as the result.

Note: Some battery chargers apply high instantaneous pulses of short duration.
In a Lead-acid battery, this breaks down lead-sulphate crystals, thus
extending the battery service life.

This function must be noted.
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2485

Radiation of spurious frequencies
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Connect the equipment as shown below.

AC

24841
24842

2.4.8.4.3
24844

24845

] Power P
L .1 supply | —— (A:) .| Variable
Variac under power
I test load

Test receiver
or spectrum
analyzer

y T
Antenna /% -

@ Ammeter [ ——

This test has to be performed inside a Faraday cage (RF shielding).

All the instruments and electrical equipment inside the cage not used for the test
have to be switched off to prevent interference with the frequencies to be scanned.
Ideally, all the equipment except the power supply under test and the antenna
should be on the outside of the cage.

The measuring antenna to be placed 1 m from the power supply/battery charger.
Vary the power load to obtain a current drain from 0 ampere to maximum current
while scanning the radio-operating band (455.0000 MHz to 467.0000 MHz).

Record the frequencies and levels of all the detected signals.

Desensing of receiver (conductive)
Connect the equipment as shown below.

RF signal Receiver AF output load
generator [ 8 Power meter
4
Power supply Audio filter
0.3 - 3.4 kHz
under test A ]
i !
1]
Battery | : SINAD meter
24.85.1 Use a battery to power the receiver.
2.48.5.2  Adjust the RF signal generator to produce a standard RF test signal.
24.853  Adjust the volume control of the radio to give SOP.
24854  Reduce and record the RF signal input level at which 12 dB SINAD ratio is
obtained.
- 24855  Replace the battery with the power supply under test.
24.856  The length of the power leads to the radio must be 1.0 m.
24.8.5.7  Place the power 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.
2.4.85.9 Record the difference in dB between the recorded RF signal levels as the receiver

desensing.
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Trunking functional tests

BBDB863S Version 8.1

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

1.5.1

1.51.1

1.51.2

1.5.1.3

1.5.1.4

1.54.8

1.5.1.6

1.5.1.7

1.5.2

1:5:2.4

1522

1.5.23

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

Registration
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
Make a call with the same prefix number (e.g. 2052001203 to 2052001204).

The instrument will display the called radio's prefix and the derived identification number.

Make a call with the interprefix number (e.q. interfleet call: 2052001203 to 2142001301).

The instrument wili display the called radio’s prefix and the derived identification number.

Short form dialling (e.g. 204)

Repeat 1.5.1.2 using the short form dialling.

PSTN call {(e.g. 0117748227)

The dialled number must be presided with 0 {e.g. 00117748227). The instrument will display the
called number.

Call the radio under test

Make a call to the radio from the instrument.

Handoff

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

On trunk system

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 test and the
second radio with an interprefix number.

Reaqislralion

Switch the radio under test on and ensure that it register on the frunk system.

The radio will display a registered indication.

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.

1.5.2.22  Call a radio with an interprefix number
Call the radio having the interprefix number. Have a conversation with the second
party.

1.6.2.2.3  Shorl form dialling
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
Make a call to the radio under test from the other radios.

Intersite call

Move the radio under test to a distant site.

Ensure that the radio is registered on that site.

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

1.5.2.3.2  Call a radio with an interprefix number
Call the radio having the interprefix number. Have a conversation with the second
party.

1.5.2.3.3 Short form dialling
Repeat 1,5.2.3.1 using the short form dialling. Have a conversation with the
second party.
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2.6
2.6.1

2611
2.61.2
2.6.1.3
2614

2.6.1.5

2.6.2

2.6.21
2.6.2.2

2.6.2.3

BBD8635 Version 8.1

15234 PSTNcall
Call the PSTN telephone. Have a conversation with the second parly.

1.5.2.3.5  Call the radio under test
Call the radio under test from the other radios. Have a conversation with the
second party.

1.5.2.3.6 Handoff
Travel between sites and ensure that the radio under test re-register on the
different sites.

Note: Call failures must be confirmed through different trunk sites.

Acoustical Measurements

Receiver loudspeaker sound pressure level

Connect the equipment as shown below.

RF signal
generator

S G

I

Receiver

Level meter under test

l Sound Pressure | T

Adjust the RF signal generator to produce a standard RF test signal.
Increase the modulation to 2.5 kHz (maximum system modulation).
Adjust the volume control of the radio to obtain MUOP.

Place the Sound Pressure Level (SPL) meter at a distance of 300 mm in front of the radio

loudspeaker.
Record the SPL in dB(A).

Note:

Transmitter modulation (deviation)
Connect the equipment as shown below.

RF power

Sound wave reflections should be kept to a minimum by measuring in an open area.

AF "“[ -] Transmitter
source —Z L under test i attenuator
N i
;’ Radio test set 3 Modulation
l e analyser

B

Ensure that the transmitter modulation limiting has been set correctly (see clauses 2.3.7).
Generate a 1 kHz tone with the AF source at a level of 80 dB(A), imeasured at the radio

microphone.
Transmit and record the measured deviation.

Note:

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

APPLICABLE

DOCUMENT NO.

SANS 300086~
1:2005

RELEVANT

DOCUMENT NO.

DESCRIPTION
Electromagnetic compatibility and Radio Spectrum
Matters (ERM); Land Mobile Service; Radio
equipment with an internal or external RF connector
intended primarily for analogue speech Part 1:

- Technical characteristics and methods of

measurement.

DESCRIPTION

END OF DOCUMENT
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LOCATION
External

|

] LOCATION
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