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I DISTRIBUTION

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

N

II DOCUMENT CHANGE HISTORY
ISSUE NO. DATE ISSUED ISSUED BY HISTORY DE IPTION

1.00 January 2010 Prem Naicker New_doc

~LO

III CHANGES SINCE LAST REV@O

CLAUSES \ DESCRIPTION

AN\

ﬁ
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IV ABBREVIATIONS, ACRONYMS AND DEFINITIONS

ABBREVIATIONS AND
ACRONYMS DESCRIPTION

CRC Cyclic redundancy check
DC Direct Current \'\
DCE Data Circuit-terminating Equipment
DBOYF DB9 Female connector 4
ETSI European Telecommunication Stan Ipstitute
ICASA Independent communication Aut South Africa
LED Light Emitting Diode
ODBC Open Data base Connedtivity
PC Personal Compute{
PPM Parts per millio '
PTMP Point to m 0
PTP Point t i
RF Ra@io @ncy
RSSI ceived signal strength indication
Rx celve
SNMP imple Network Management Protocol
Tx Transmit
UHF N Ultra High Frequency
VSWR Voltage Standing Wave Ratio

R
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1. SCOPE

Comply
Yes/No

Comments

1.1. This specification covers the
design requirements of
Transnet for the supply of
digital data radio transceivers
and digital modems, for use in
SCADA and Telemetry type
applications. The equipment
offered needs to provide a
transparent asynchronous
serial data path between a
central host computer and
remote terminals.

1.2. The Schedule of Requirements
contains the quantities of the
equipment to be supplied.

1.3. The Schedule of Requirements

2. COMPLIANCE

contains the quantities of the Q
equipment to be supplied. O

2.1.The design must \@&1
this specificatio

3. SERVICE COND*I

Air pollution
Heavily saline laden industrial and

locomotive fumes containing metallic
dust.

3.1.Component parts, including
wiring, must be
manufactured and processed
to ensure reliable operation
under these conditions.
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2. SCOPE

3.2.This specification covers the design requirements of Transnet for the supply of
digital data radio transceivers and digital modems, for use in SCADA and
Telemetry type applications. The equipment offered needs to provide a
transparent asynchronous serial data path between a central host computer
and remote terminals.

3.3.The Schedule of Requirements contains the quantities of the equipment to be
supplied.

4. SCOPE

4.1.This specification covers the design requirements of Tfansnet for the supply of
digital data radio transceivers and digital “m@dems, for use in SCADA and
Telemetry type applications. The equfipment %offered needs to provide a
transparent asynchronous serial data,path between a central host computer
and remote terminals.

4.2.The Schedule of Requirement$ congains the quantities of the equipment to be
supplied.

5. COMPLIANCE
5.1.The design mustieofmply with this specification.

6. SERVICE CONDITIONS

6.1.The equipment offered must be suitable for continuous operation under the
following ednditions :

Amibient temperature —10° to 60° Celsius.

Relative humidity :  As high as 95 %.

Altitude 0 to 2 000 metres.

Air pollution :  Heavily saline laden industrial and locomotive

fumes containing metallic dust.

6.2.Component parts, including wiring, must be manufactured and processed to
ensure reliable operation under these conditions.

6.3.The equipment must be suitable for operation under the stated conditions
without the use of blower fans, heaters or air-conditioners etc.

7. GENERAL REQUIREMENTS

7.1.The radios must be ICASA type approved, approval documents and dealers
licence must be provided.
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7.2.The radio must be approved by the Transport Telecoms National Test Centre
(011) 774-8227].

7.3.The offered data radio equipment shall consist of a fully integrated, all digital,
data radio transceiver and digital data modem inside the one unit. In order to
unify responsibility for proper operation, all equipment shall be furnished by a
single supplier, combinations of radio transceivers and modems from different
suppliers will not be allowed.

7.4.The offered data radio modem shall consist of a base station linked to the
central host PC and communicating to one or more data radios connected to
the remote terminals either directly, or if necessary by one or more radio
repeater stations or by Transport Telecoms transmission infrastructure.

7.5.All equipment shall be factory configured or end user configured yia ‘personal
computer using a terminal Emulation Software or Hyper Terminal without
changing internal components. Opening the radio to change parameters is not
permitted. It must be possible to upgrade the firmware in the,field using a PC.
All software must be Microsoft Windows compatible.

7.5.1. The radio RF output power must be adjustdble Between 1 and 5 watts,
software selectable.

7.5.2. The equipment must operate from 11 t6™6 volt DC power.

7.5.3. The offered data radio must have ptdvision for external auxiliary alarms

7.6.LED indicators for D€ Pewes, Tx enable, Rx carrier detect, Data
Synchronisation, Tx Data and Rx Data, must be visible on the outside surface
of the radio. The LER indieators must also display the alarm condition of the
unit in the event of a, malfunction.

7.7.The remote datayradié must have a sleep mode facility in order to reduce power
consumptien.

7.8.The, radic must provide protection by automatically reducing the transmitter
oltpuit pewer by 3dB or more in the event of a high VSWR or in the event that
the temperature of the radio exceeds the maximum specified.
8: "FREQUENCIES
8.1.Frequencies
8.1.1. Except when in simplex mode, the radio must operate in half-duplex (two
frequency simplex) mode, with a duplex frequency spacing of 5 MHz, as
follows :
8.1.1.1. The UHF frequency must be in the range 410 — 470 MHz.
8.1.1.2. Channel spacing must be 12, 5 KHz.

8.1.1.3. A combination of UHF channels in the above frequency band will
be used.
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9. SYSTEM CONFIGURATION

9.1.All radio modems shall be configurable to provide point to point and point to
multipoint operation. Radio modems must be able to operate in full duplex
(PTMP master and PTP link applications), half duplex (PTMP remote) and
simplex store and forward modes. PTMP operation must employ a collision
avoidance mechanism.

9.2.The master base station must offer the option of a 19” rack mount unit that
has a fully duplicated redundant hot standby configuration.

9.3.Data Ports

9.3.1.

9.3.2.

R

The radio modem must provide two asynchronous V24 compliant
RS232 ports for connection to serial data devices. The da ‘?brmat on
each port must be independently user configurable. The data rate on
each port must be independently user configurable. Eac t must be
able to support different data protocols if requir us enabling the
use of different data protocols on the same radio ne

Data buffering must be employed. O

K|
OOQ
D
R\Z
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10.

9.3.3. Minimum 16 Bit CRC error detection must be employed.
9.3.4. The data ports must be DB-9F wired as DCE.

9.3.5. The data ports must be dedicated - they must not have shared
functionality for diagnostics, radio configuration etc.

9.3.6. External surge protection boards must be supplied with the radio modem
that provides optical isolation of the data ports.

REMOTE DIAGNOSTICS AND NETWORK MANAGEMENT

10.1. Products offered must have remote diagnostics andy'network
management capabilities. The remote diagnostics and network management
must be transparent and non-intrusive (The payload data tast not be
affected). The software must operate on a standard, Windows” PC and
connection to the PC must be via RS 232 serial port. The entite gfetwork must
be accessible by connection to any radio modem in the netWwerk.

10.2. Over the air configuration - Radio modem$, in the network must have
the capability to change all parameters remotely5” including the remote
switching of systems in a hot standby config@ration.

10.3. The following parameters must Befmonitored:

10.3.1. DC Supply Voltage
10.3.2. RSSI

10.3.3. Transmitter Powen
10.3.4. VSWR

10.3.5. Temperature of the unit
10.3.645, FPerformance (error rates)
10,3 7 External Auxiliary alarms

194 All status and alarm logs must be time/date stamped.

10.5. Alarm thresholds must be user defined.

10.6. Each radio modem in the network must be identified by a user defined
description.

10.7. An alarm condition must generate a notification on the screen as well
as an audible alarm.

10.8. All alarms must have the capability to be prioritised, acknowledged
and logged.

10.9. All values must be graphically presented; there must be database and

trending capabilities.
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10.10. The software and database must be SNMP and ODBC compliant.

11. EQUIPMENT SPECIFICATIONS.
11.1. Base Station Specifications

11.1.1. Power Supply

11.1.1.1. Power Supply: 13.8V DC nominal (11-16V DC)
11.1.2. Radio \‘\
11.1.2.1. Operating Modes: Full duplex, Half lex and
simplex V
11.1.2.2. Channel Spacing: 12.5 kHz %
11.1.2.3. Frequency Stability: +1ppm - 10 @
11.1.2.4. Frequency Aging: annum

11.1.3. Transmitter

11.1.3.1. Tx Power: 1W t @tware adjustable

11.1.3.2. 100%

11.1.3.3. <2 mS

11.1.3.4. must not exceed a level of -36dbm

11.1.3% transmitter shall operate into a 50Q impedance antenna

1 . iver
1.1.4.1. Sensitivity: -116 dBm or better for 12 dB SINAD

\\Q 11.1.4.2. Selectivity: 60 dB or better

11.1.4.3. Intermediation: 70 dB or better

11.1.4.4. Spurious Response: 70 dB or better

11.1.5. Modem

11.1.5.1. Data Ports: Two user data  ports independently
configurable and must be able to operate using only 3 wires
(Tx, Rx and Gnd)

11.1.5.2. Data Serial Port 1: RS232, DCE, 600-19 200 bps
asynchronous

Page 10 of 15



BBD8060 Version 1

11.1.6. Interface Connections 4
11.1.6.1. Data Ports: 2 x DB9 female ports wired as @odem)

11.1.5.3. Data Serial Port 2: RS232, DCE, 600-19 200 bps
asynchronous
11.1.5.4. Flow Control: software or hardware selectable

11.1.5.5. RF Channel Data Rate: Minimum of 9600bps wunder ETSI
compliance conditions with 12.5 kHz channel spacing

11.1.5.6. Data Buffer: 16 Kbytes or more of on-board RAM
11.1.5.7. Data Turnaround Time: <10 mS
11.1.5.8. Error Checking: Minimum 16 bit CRC

\

11.1.6.2. Diagnostic/management: DB9F or fun M equivalent
connectors

11.1.7. Master Base Station

11.1.6.3. Programming Port: DBYF or functiquivalent connectors

11.1.7.1. A 19” rack mount unit be offered as an option.

11.1.7.2. A fully duplica @ dant hot standby configuration must
be offered as opti6

11.1.7.3. Minimum ‘ef eight auxiliary alarm inputs must be offered

11.1.8. Remote Bake io

R

er consumption.

11.1.SQ ote base station must have a sleep mode to reduce
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12. MAINTENANCE AND SERVICE

12.1. The tenderer must give full particulars of the spare parts,
maintenance, and service facilities which must be available in the Republic of
South Africa. The names and addresses of the companies concerned must be
furnished.

12.2. The tenderer must list the major centres where maintenance facilities
can be provided and must state if repairs under guarantee can be undertaken
at these centres.

12.3. The tenderers must state what provision will be made to ensure an
adequate supply of spare components for a period of 10 years after the order is
placed.

12.4. Transnet will not consider tenders from tenderers who cannot provide
an efficient spares and maintenance service. Tenderers must State whether
they are prepared to an inspection of their maintenancey premiseés by the
engineering personnel of Transnet.

12.5. A minimum of twelve month guarantee periéd rfequired
12.6. Maximum ten working day turnaround periodsi§€ required
13. QUALITY OF MATERIAL

13.1. All material used must be of thegbestquality and of the class most suitable
for the purpose for which it_is, required. Unless otherwise specified or
approved, all materials must be “t0" the most recent published standards
applicable in the country of,origin. Tenderers must quote the authorised
standards to which theW\materials or the equipment offered conform. The
workmanship must be ofithe highest standard.

13.2. Where rack sidesdre not fully equipped, blanking-off panels must be fitted to
all vacant positionss

13.3. Specidl attenition must be paid to the dust-proofing of the equipment, as it
will\gefierally be used near railway stations in dust and smoke-laden
atmosphére.

13.4.Plastic materials, which may under the influence of heat, light or pressure,
decompose or liberate elements or compounds, which are likely to corrode or
otherwise affect metals in contact with them must not be used in the
construction of the equipment offered by tenderers.

13.5. Where different metals are used in conjunction with each other, tenderers to
explicitly guarantee that no electrolytic corrosion will occur under operating
conditions.

13.6. Mounting screws, where used, must not be self-tapping.

13.7. The equipment must be solid state throughout.

13.8. Solid-state devices are to be so constructed that they may be easily tested for
correct functioning without having to disturb wiring.
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13.9. Printed wiring boards must be of epoxy glass fibre laminate or better.
Phenolic paper or bakelised paperboards are not acceptable.

13.10. Printed-wiring boards must be properly washed and, if necessary,
neutralised after the etching process so that no hygroscopic crystals remain
in the board or printed wiring.

13.11. Printed wiring boards must be guaranteed not to promote or permit
the growth of fungi under any conditions.

13.12. Printed wiring boards must preferably be fitted with robust plugs and
sockets or another approved manner of connecting the boards reliably to the
wiring. Edge connectors may be used provided that :

13.12.1. A suitable tolerance for the correct fitting of the boafd'between
guides and the wiring socket can be guaranteed.

13.12.2. Sufficient contact area is provided to, guarantee reliable
contact.
13.12.3. Sufficient contact pressure is providedyte, ensure contact but

not to remove precious metal from the gontagts.

13.12.4. In the final protective coating of the boards, no varnish or
other protective materials isgg€tmitted to cover the contacts.

13.12.5. After 500 insertiofiSWand withdrawals, there must be no
noticeable deterioration of)the contacts of either the board or
socket.

13.13. All printed wiring board's Seekets; plugs or edge connectors must be gold
plated or better.

13.14. Heavy comp@nents ‘must not be mounted on printed wiring boards unless
it can beGgudranteed that the board will stand up to severe handling
without ftacturifig with the components so mounted.

13.15. Sélidsstate boards must be provided on a plug-in or other approved basis
soythat they can, when necessary, be readily removed for repairs.
Tenderers must recommend the quantities of spare units to be kept on
hand.

13316. Only new components must be used.
13.17. No unmarked and/or untested components may be used

13.18. All components used must be types, which can be readily obtained from
local stocks.

13.19. The number of component types must be kept to a minimum consistent
with good design of the equipment.

13.20. All components must be suitably rated for the function they have to
perform without interference to neighbouring material.

13.21. Resistors and resistive components must not rise in temperature so that
mounting boards or marking thereon are burnt or discoloured.
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13.22.

13.23.

13.24.

13.25.

13.26.

13.27.

13.28.

13.29.

13.30.

13.31.

13.32.

13.33.

13.34.

13.85:

13836.

13.37.

13.38.

Electrolytic capacitors must not be used in any critical timing or frequency
control circuits.

Fuses must be rated to give adequate protection to the circuits served
while not rupturing prematurely.

Indication lamps must be rated for reliable long life and must be protected
against surges where necessary.

Pilot indicator lamps must be light emitting diode (LED) types.

Full details of the types of lamps and lenses offered must be furnished in
the tender. Indication lamps must be easily replaceable from the front of
the equipment. Light filters must not fade with age.

Terminations on printed circuit boards must not be made direct to the
printed wiring. Where edge connectors are not used, ®emmination to
printed wiring must be made via terminal posts.

No printed circuit board must have terminations t@"peinits*other than the
edge of the printed circuit board.

No termination must have more than one donduetes per solder joint.

Soldering direct to the chassis of am¥jequipment must not be permitted.
All chassis terminations must be madefwith soldering tags.

All components must be clearly marked and must be capable of easy
reference to circuit diagfams ‘amd handbooks to be supplied with the
equipment.

The functions of all“edntrols, switches, etc. must be clearly engraved or
otherwise perptariently marked by means of approved symbols in English.

All pre-setWariabl€ controls must be clearly marked and readily identified
in the equipmernt.

All stubassemblies and printed circuit boards must be permanently
magked with an identification code.

All wiring and terminations between subassemblies must be identified.

Test pins must be provided on all units, subunits and printed circuit
boards for the measurement of all important circuit characteristics
without the unsoldering of wires. Such test points must be clearly marked
and identified in the equipment.

Equipment using plug-in modules must be fitted with guides for the
insertion of modules. It must not be possible, to incorrectly insert a
module.

The module pins and its locating/guide pins must be ruggedly constructed
and must not easily bend, warp or break.
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14.

13.39. The equipment must be built in such a manner that faulty modules can be
easily and quickly detected, removed and replaced, but steps must be
taken to minimise unnecessary movements of plug-in modules on a trial
and error basis when locating faults.

13.40. The equipment layout must be planned to facilitate fault clearance and
maintenance.

CONNECTORS

The connectors required must be suitable for use with communications circuits and

power feed circuits.

15.

14.1. Electrical Characteristics
14.1.1. The contacts must withstand a breakdown voltage of 2 000fvolts RMS.
14.1.2. The contacts must be silver plated, 1.5 mm in diameter and rated for
11 amperes continuously.
14.1.3. The contact resistance must be equal or smaller than™1.5 milli-ohm.
14.2. Mechanical Characteristics
14.2.1. The insulator must be a neoprengselastemer material.
14.2.2. The contacts must be silvesmplat€d and must be suitable for at least
500 mating/unmating operations.
14.3. Climatic Conditions
14.3.1. The connector $hust operate from -40 °C to +85 °C.
14.3.2. The conm€ctor must seal as per NFC.20010-IP61.
14.3.3. The conectér must be spray resistant as per NFC.20611.
TECHNICAL"HANDBOOKS
15.1¢ Péchnical handbooks must be clearly printed in English. Photostat

copies will not be acceptable, unless they are of the same standard as the
original or better

15.2.

15.2.1.

15.2.2.

15.2.3.

15.2.4.

Each set of handbooks must include the following :

Operating instructions.

Complete maintenance instructions.

Complete and detailed alignment procedures.

A detailed technical description of the equipment. Complete circuit
diagrams, drawings and photographs of the equipment. The
photographs and drawing must clearly indicate component/module

location on printed circuit boards etc. All component numbers must
be clearly shown.
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15.2.5.

15.2.6.

15.2.7.

15.2.8.

15.2.9.

A list of parts giving the values of all components, i.e. resistors,
capacitors, integrated circuit numbers etc., for each schematic
drawing.

Detailed printed circuit board wiring diagrams of all layers showing
component numbers and positions must be provided. Panel and or

unit wiring diagrams must also be provided.

Voltage levels, current values, test points etc., must be clearly indicated
on all circuit diagrams.

Complete circuit diagrams of individual modules must be included.

A block schematic of the complete system, indicating all test points as
well as the level readings which should be obtained at these points.

15.2.10. All indicated levels in the equipment and in the instrti€tion books

must be given in power levels (O dB = 1 milliwatt into ‘€00 ohms).

15.2.11. All symbols and notations used on drawings\afieeicircuit diagrams

must preferably comply with the requirementslaid down in BS 3939.
Where symbols and notations do not comply with these requirements
each drawing must be accompanied| by a™legend clearly detailing
BS 3939 equivalents.

15.2.12. Transnet reserves the right_to feproduce in whole or in part, by any

means whatsoever, any téchni¢ald handbook or instruction manual
supplied by the succesgfal €ontgactor. Any such reproductions will be
for the sole use of Transnet.

15.2.13. To enable the geersonnel of Transnet to become acquainted with the

circuitry andadesighjdetails of the equipment ordered, the successful
tenderer mfust deliver one complete set of handbooks to each centre
mentionedydifi the Schedule of Requirements, delivery to be effected at
least on&, mehth prior to the commencement of the delivery of the
eq@ipment:

15.2:.1%#Service manuals to be available on a CD-ROM

1578,

Programming software to be supplied on a CD-ROM.

16. SERVICE AND REPAIRS

There must be a manufacturer authorized full service centre available in the republic
of South Africa that will repair the offered equipment.

The service centre must be equipped with all the necessary test equipment to repair
the offered data radios down to component level. There must be no need for the offered
data radio to be sent out of the RSA for service and repairs. The tenderer must agree
to an inspection of the service centres by Transnet personnel if required. The
turnaround time for repairs must be 10 working days or less.

The tenderer must be able to provide comprehensive back-up, technical support and
training. The tenderer must be willing to go out in the field if technical assistance is

required.

The tendered will be required to provide software and firmware updates for the offered
equipment at no additional charge once the equipment is purchased.
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17. TRAINING

Training must be included in the tender pricing as either a no cost item or a
cost must be provided as a separate line item. Detailed information with regards

to Training must be provided |\

18. RELEVANT DOCUMENTATION V
The equipment must comply with the latest issue of the fol@ pecifications:
APPLICABLE \L
DOCUMENT NO. DESCRIPT LOCATION
ISO 9000 Quality Mandgeme stems Document Control Centre

RELEVANT
The following additional

DOCUMENT NO.

tions are referred to:
Yy DESCRIPTION LOCATION

ITU V.24 RS 232 External

R

END OF DOCUMENT
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I DISTRIBUTION

Once updated, a copy of the latest revision will be published in the document
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1. SCOPE

1.1. This specification covers the design requirements of Transnet for the
supply of digital data radio transceivers and digital modems, for use in
SCADA and Telemetry type applications. The equipment offered needs to
provide a transparent asynchronous serial data path between a central
host computer and remote terminals.

1.2. The Schedule of Requirements contains the quantities of the equipment to
be supplied.

2. COMPLIANCE

2.1. The design must comply with this specification. !‘\“

3. SERVICE CONDITIONS

3.1. The equipment offered must be suitable for continuo Vtion under
the following conditions :

Ambient temperature ~10° to 60° Celsius. O
Relative humidity : As highas95%
Altitude 0 to 2 000

Air pollution :  Heavily @ e lafdlen industrial and locomotive
3.2 Component parts, includi
to ensure reliable operafion

3.3. The equipment st be suitable for operation under the stated conditions
without the u er fans, heaters or air-conditioners etc.
N

4. GENERAL
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der these conditions.

4.1. The radio st be ICASA type approved, approval documents and dealers
ce ust be provided.

4. radio must be approved by the Transport Telecoms National Test
ntre (011) 774-8227].

3. The offered data radio equipment shall consist of a fully integrated, all
digital, data radio transceiver and digital data modem inside the one unit.
In order to unify responsibility for proper operation, all equipment shall be
furnished by a single supplier, combinations of radio transceivers and
modems from different suppliers will not be allowed.

4.4, The offered data radio modem shall consist of a base station linked to the
central host PC and communicating to one or more data radios connected
to the remote terminals either directly, or if necessary by one or more radio
repeater stations or by Transport Telecoms transmission infrastructure.
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4.5.

4.6.

4.7.

4.8.

All equipment shall be factory configured or end user configured via
personal computer using a terminal Emulation Software or Hyper
Terminal without changing internal components. Opening the radio to
change parameters is not permitted. It must be possible to upgrade the
firmware in the field using a PC. All software must be Microsoft Windows
compatible.

4.5.1. The radio RF output power must be adjustable between 1 and
5 watts, software selectable.

4.5.2. The equipment must operate from 11 to 16 volt DC power.

4.5.3. The offered data radio must have provision for external auxiliary
alarms
\

LED indicators for DC Power, Tx enable, Rx carrier d ::‘ct, Data
Synchronisation, Tx Data and Rx Data, must be visible e outside
surface of the radio. The LED indicators must also display the alarm
condition of the unit in the event of a malfunction. V

The remote data radio must have a sleep mo in order to reduce
power consumption.

The radio must provide protectio automatically reducing the
transmitter output power by 3dB gpmmoreNin the event of a high VSWR or
in the event that the temperat the radio exceeds the maximum
specified.

5. FREQUENCIES C)O
5.1.Frequencies

(2

5.1.1. Except

plex mode, the radio must operate in half-duplex

{two simplex) mode, with a duplex frequency spacing of

5 N\ :
QTh UHF frequency must be in the range 410 — 470 MHz.

.1.2. Channel spacing must be 12, 5 KHz.

'1.1.3.A combination of UHF channels in the above frequency band will
be used.

6. SYSTEM CONFIGURATION

6.1.

6.2.

All radio modems shall be configurable to provide point to point and point
to multipoint operation. Radio modems must be able to operate in full
duplex (PTMP master and PTP link applications), half duplex (PTMP
remote) and simplex store and forward modes. PTMP operation must
employ a collision avoidance mechanism.

The master base station must offer the option of a 19” rack mount unit
that has a fully duplicated redundant hot standby configuration.

Page 6 of 15



BBD8060 Version 1

6.3.Data Ports

6.3.1. The radio modem must provide two asynchronous V24 compliant

RS232 ports for connection to serial data devices. The data format on
each port must be independently user configurable. The data rate on
each port must be independently user configurable. Each port must be
able to support different data protocols if required thus enabling the
use of different data protocols on the same radio network.

6.3.2. Data buffering must be employed.

6.3.3. Minimum 16 Bit CRC error detection must be employed.

6.3.4. The data ports must be DB-9F wired as DCE.

\)

functionality for diagnostics, radio configuration etc.

6.3.5. The data ports must be dedicated - they must not h!\‘f‘e shared

6.3.6. External surge protection boards must be sup
modem that provides optical isolation of the da

7. REMOTE DIAGNOSTICS AND NETWORK MANAGEM

'&W\ the radio

7.1. Products offered must have remote di stics and network management

capabilities. The remote diagnostigs
transparent and non-intrusive (B

and§network management must be
aylodd data must not be affected).

The software must operate oprgtdfidard Windows PC and connection to
the PC must be via RS 2 'a port. The entire network must be
dic modem in the network.

accessible by connectio a
7.2. Over the air configirati adio modems in the network must have the

capability to c all parameters remotely, including the remote

switching of a hot standby configuration.

7.3. The foll\, parameters must be monitored:
7.3.1. P

ransmitter Power
7.3.4. VSWR
7.3.5. Temperature of the unit
7.3.6. Performance (error rates)
7.3.7. External Auxiliary alarms
7.4.  All status and alarm logs must be time/date stamped.

7.5. Alarm thresholds must be user defined.
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7.6.

7.7.

7.8.

7.9.

7.10.

8. EQUIPMENT SPECIFICATIONS.

4
8.1. Base Station Specifications 4

8.1

8.1

8.1

8.1

Each radio modem in the network must be identified by a user defined
description.

An alarm condition must generate a notification on the screen as well as
an audible alarm.

All alarms must have the capability to be prioritised, acknowledged and
logged.

All values must be graphically presented; there must be database and
trending capabilities.

The software and database must be SNMP and ODBC compliant.

\)

.1. Power Supply V
8.1.1.1. Power Supply: 13.8V DC nominal
.2. Radio

8.1.2.1. Operating Modes: &uplex, Half Duplex and
simplex

8.1.2.2. Channel Spacin .5 kHz

8.1.2.3. Frequency $tability’ +lppm - 10to 60°C

8.1.2.4. Freque <lppm/annum

.3. Transmi

8.1.3.1 \%wer: 1W to SW - software adjustable

8 }A Duty Cycle 100%
Tx Key up Time: <2 mS

8.1.3.4. Tx Spurious: must not exceed a level of -36dbm

8.1.3.5. The transmitter shall operate into a 50Q impedance antenna
system.

.4. Receiver

8.1.4.1. Sensitivity: -116 dBm or better for 12 dB SINAD

8.1.4.2. Selectivity: 60 dB or better

8.1.4.3. Intermediation: 70 dB or better

8.1.4.4. Spurious Response: 70 dB or better
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8.1.5. Modem

8.1.5.1. Data Ports: Two user data ports independently
configurable and must be able to operate using only 3 wires
(Tx, Rx and Gnd)

8.1.5.2. Data Serial Port 1: RS232, DCE, 600-19 200 bps
asynchronous

8.1.5.3. Data Serial Port 2: RS232, DCE, 600-19 200 bps
asynchronous

8.1.5.4. Flow Control: software or hardware selectable

8.1.5.5. RF Channel Data Rate: Minimum of 9600bps ungeéer ETSI
compliance conditions with 12.5 kHz channel spacifig

8.1.5.6. Data Buffer: 16 Kbytes or more of on-boa@d

8.1.5.7. Data Turnaround Time: <10 m

8.1.5.8. Error Checking: Minimum @

8.1.6. Interface Connections

8.1.6.1. Data Ports: 2xD

8.1.6.2. Diagnostic/mans ﬁﬂ ™ DBY9F or f{unctionally equivalent
connectors
r@: DBIF or functionally equivalent connectors

8.1.7.1. 9" rack mount unit must be offered as an option.

8.1%\ fully duplicated redundant hot standby configuration must

be offered as an option.

ale ports wired as DCE (modemj}

8.1.6.3. Programmi

Minimum of eight auxiliary alarm inputs must be offered
1.8. Remote Base station

8.1.8.1. The remote base station must have a sleep mode to reduce
power consumption.
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9. MAINTENANCE AND SERVICE

a.1.

9.2.

9.3.

9.4,

9.5.

9.6.

The tenderer must give full particulars of the spare parts, maintenance,
and service facilities which must be available in the Republic of South
Africa. The names and addresses of the companies concerned must be
furnished.

The tenderer must list the major centres where maintenance facilities can
be provided and must state if repairs under guarantee can be undertaken
at these centres.

The tenderers must state what provision will be made to ensure an
adequate supply of spare components for a period of 10 years after the
order is placed.

Transnet will not consider tenders from tenderers who cannot ﬂ'ovide an
efficient spares and maintenance service. Tenderers mus ¢ whether

they are prepared to an inspection of their maintenan%eml s by the

engineering personnel of Transnet.
A minimum of twelve month guarantee period

Maximum ten working day turnaround pegiod

10. QUALITY OF MATERIAL

10.1.

10.2.

10.3.

10.5.

10.6.
10.7.

10.8.

All material used must be of the quality and of the class most suitable
for the purpose for which i ired. Unless otherwise specified or
approved, all materials g6 the most recent published standards
applicable in the countfy of grigin. Tenderers must quote the authorised

standards to whichgthe ials or the equipment offered conform. The

workmanship m of the highest standard.

Where ra e not fully equipped, blanking-off panels must be fitted

toallv

Speci X’\ ion must be paid to the dust-proofing of the equipment, as it
ill rally be used near railway stations in dust and smoke-laden

sphere,

astic materials, which may under the influence of heat, light or pressure,
decompose or liberate elements or compounds, which are likely to corrode
or otherwise affect metals in contact with them must not be used in the
construction of the equipment offered by tenderers.

Where different metals are used in conjunction with each other, tenderers
to explicitly guarantee that no electrolytic corrosion will occur under
operating conditions.

Mounting screws, where used, must not be self-tapping.

The equipment must be solid state throughout.

Solid-state devices are to be so constructed that they may be easily tested
for correct functioning without having to disturb wiring.
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10.9.

10.10.

10.11.

10.12,

10.13.

10.14,

10.15.

0.17.

10.18.

10.19.

10.20.

10.21.

Printed wiring boards must be of epoxy glass fibre laminate or better.
Phenolic paper or bakelised paperboards are not acceptable.

Printed-wiring boards must be properly washed and, if necessary,
neutralised after the etching process so that no hygroscopic crystals
remain in the board or printed wiring.

Printed wiring boards must be guaranteed not to promote or permit the
growth of fungi under any conditions.

Printed wiring boards must preferably be fitted with robust plugs and
sockets or another approved manner of connecting the boards reliably to
the wiring. Edge connectors may be used provided that :

10.12.1. A suitable tolerance for the correct fitting of the bo {Mbetween
guides and the wiring socket can be guaranteed.

10.12.2. Sufficient contact area is provided to arante® reliable

contact.

10.12.3.  Sufficient contact pressure is proyd ensSure contact but
not to remove precious metal from antacts.

10.12.4. In the final protective coating of the boards, no varnish or
other protective materi s itted to cover the contacts.

10.12.5. After 500 insertion
noticeable deterig

withdrawals, there must be no
the contacts of either the board or

socket.
All printed wiring de) sockets; plugs or edge connectors must be
gold plated og begter.

must not be mounted on printed wiring boards
e guaranteed that the board will stand up to severe
out fracturing with the components so mounted.

Heavy
unles§ i

an

h \
lid-state boards must be provided on a plug-in or other approved
basts so that they can, when necessary, be readily removed for repairs.
nderers must recommend the quantities of spare units to be kept on
hand.

Only new components must be used.
No unmarked and/or untested components may be used

All components used must be types, which can be readily obtained
from local stocks.

The number of component types must be kept to a minimum
consistent with good design of the equipment.

All components must be suitably rated for the function they have to
perform without interference to neighbouring material.

Resistors and resistive components must not rise in temperature so
that mounting boards or marking thereon are burnt or discoloured.
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10.22.

10.23.

10.24.

10.25.

10.26.

10.27.

10.28.

10.29.

10.30.

10.31.

10.32,

10.33.

10.347%

0.36.

10.37.

10.38.

Electrolytic capacitors must not be used in any critical timing or
frequency control circuits.

Fuses must be rated to give adequate protection to the circuits served
while not rupturing prematurely.

Indication lamps must be rated for reliable long life and must be
protected against surges where necessary.

Pilot indicator lamps must be light emitting diode (LED) types.

Full details of the types of lamps and lenses offered must be furnished
in the tender. Indication lamps must be easily replaceable from the
front of the equipment. Light filters must not fade with age.

\

Terminations on printed circuit boards must not be made ':‘ect to the
printed wiring. Where edge connectors are not used, ination to

printed wiring must be made via terminal posts. y

No printed circuit board must have terminati s other than
the edge of the printed circuit board.

No termination must have more than gne @tor per solder joint.
Soldering direct to the chassi
permitted. All chassis termin <@

All components must be @ marked and must be capable of easy
reference to circuit dimgrams gAnd handbooks to be supplied with the

equipment.

ny equipment must not be
must be made with soldering tags.

The functio 1l controls, switches, etc. must be clearly engraved or
otherwis ently marked by means of approved symbols in

Engli
A variable controls must be clearly marked and readily
identi in the equipment.

All subassemblies and printed circuit boards must be permanently
arked with an identification code.

All wiring and terminations between subassemblies must be identified.

Test pins must be provided on all units, subunits and printed circuit
boards for the measurement of all important circuit characteristics
without the unsoldering of wires. Such test points must be clearly
marked and identified in the equipment.

Equipment using plug-in modules must be fitted with guides for the
insertion of modules. It must not be possible, to incorrectly insert a
module.

The module pins and its locating/guide pins must be ruggedly
constructed and must not easily bend, warp or break.
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11.

12.

10.39. The equipment must be built in such a manner that faulty modules
can be easily and quickly detected, removed and replaced, but steps
must be taken to minimise unnecessary movements of plug-in
modules on a trial and error basis when locating faults.

10.40. The equipment layout must be planned to facilitate fault clearance and
maintenance.

CONNECTORS
The connectors required must be suitable for use with communications
circuits and power feed circuits.

11.1. Electrical Characteristics

11.1.1. The contacts must withstand a breakdown voltage of 2 000 3‘113 RMS.
11.1.2. The contacts must be silver plated, 1.5 mm in diameter rated for
11 amperes continuously.
11.1.3. The contact resistance must be equal or sm .5 milli-ohm.
11.2. Mechanical Characteristics
11.2.1. The insulator must be a neoprenz*mer material.
11.2.2. The contacts must be silves d and must be suitable for at least
500 mating/unmating op
11.3. Climatic Conditio
11.3.1. The connector ust operate from -40 °C to +85 °C.
11.3.2. The conpne must seal as per NFC.20010-1P61.
11.3.3. Xﬂ: r must be spray resistant as per NFC.20611.
TE DBOOKS

1 chnical handbooks must be clearly printed in English. Photostat
copies will not be acceptable, unless they are of the same standard as
the original or better

12.2 Each set of handbooks must include the following :
12.2.1. Operating instructions.
12.2.2. Complete maintenance instructions.
12.2.3. Complete and detailed alignment procedures.
12.2.4. A detailed technical description of the equipment. Complete circuit

diagrams, drawings and photographs of the equipment. The
photographs and drawing must clearly indicate component/module
location on printed circuit boards etc. All component numbers must
be clearly shown.
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14.

12.2.5. A list of parts giving the values of all components, i.e. resistors,
capacitors, integrated circuit numbers etc., for each schematic
drawing.

12.2.6. Detailed printed circuit board wiring diagrams of all layers showing
component numbers and positions must be provided. Panel and or
unit wiring diagrams must also be provided.

12.2.7. Voltage levels, current values, test points etc., must be clearly
indicated on all circuit diagrams.

12.2.8. Complete circuit diagrams of individual modules must be included.

12.2.9. A block schematic of the complete system, indicating all test points
as well as the level readings which should be obtain *‘\at these
points.

12.2.10.  All indicated levels in the equipment and in theginstruction books
must be given in power levels (0 dB = 1 milliwat W ohms}.

12.2.11.  All symbols and notations used on dra d “circuit diagrams
must preferably comply with the nts laid down in

BS 3939. Where symbols and notatio not comply with these
requirements each drawing %ﬁ accompanied by a legend
len

clearly detailing BS 3939 e

supplied by the est ontractor. Any such reproductions will
be for the sole use of Tfansnet.

12.2.13. To enabl eVpersonnel of Transnet to become acquainted with the
circui design details of the equipment ordered, the
s ssfulNenderer must deliver one complete set of handbooks to

chyCe

12.2.12. Transnet reserves the pi reproduce in whole or in part, by any
means whatsocever, a @ nical handbook or instruction manual

e mentioned in the Schedule of Requirements, delivery to
ed at least one month prior to the commencement of the

E{hry of the equipment.

Service manuals to be available on a CD-ROM

Q Programming software to be supplied on a CD-ROM.

SUPPLIER ACCREDITATION

The tenderer must supply proof that they are an official agent for the product
supplied in South Africa.

GUARANTEE AND REPAIRS

The tenderer must supply proof that they have an accredited workshop with
all the necessary test equipment to carry out repairs to all equipment provided
in the tender without having to ship equipment back to the manufacturer.
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15. SPARES HOLDING

The tenderer must supply proof that they carry (In Stock) sufficient spares to
carry out all repairs on the product supplied.

16. TRAINING

Training must be included in the tender pricing. Stipulating as either a no cost
item or a cost must be provided as a separate line item. (Per person or per
group - Detailed information with regards to Training must be provided.

17. RELEVANT DOCUMENTATION

The equipment must comply with the latest issue of the following

specifications:
N

APPLICABLE L

| DOCUMENTNO. =~ DESCRIPTION - oON

' ISO 9000 1 Qﬁ‘aiit—y_ﬂﬁgnagemeﬁ{ é;éterf; _ ent Contro} Centre
RELEVANT \
The following additional specifications ar:

- DOCUMENTNO. ~ DES LOCATION o

ITUvV.24 17 External
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| Distribution

Once updated, a copy of the latest 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, -
Infrastructure Revision
3.0 June 2006 QA Convert to ISO Standard
3.1 June 2007 QA Revision
4.0 July 2008 QA Revision
5.0 February 2010 QA New format & revision
6.0 August 2010 QA New format & revision
6.1 November 2010 QA Add measurement TN
6.2 August 2011 QA Add information, defi mo'ns, supply
standards & DC-, onverter
7.0 January 2012 QA Revision & add Trun functional
tests
L Changes Since Last Revision
CLAUSES DE @ ION

v Add abbreviations

1.3.3.5 Change specificati

1.11 Add trunking

2.4.2.3 Change grap

2.5 Add trun ional tests

IV List of Abbreviations and Definitionso
ABBREVIATIONS DESCRIPTION

ative Committee for International Telephone and Telegraph (ITU-T)

Continuous Tone Coded Squelch System

ecibel

Sound pressure A-weighted

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, impedance 600 Q (audio frequency)

Decibel relative to the Maximum Useful Output Power

Decibel relative to the Standard Output Power

Direct Current

Electromotive Force

Effective Radiated Power

Fast Frequency Shift Keying

Frequency Modulation

Global System for Mobile communication

Hertz

ITU-T International Telecommunication Union — Telecommunication Standardization
Sector

kHz Kilohertz

LBU Line Branching Unit
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LS Loudspeaker
m Metre
mA Milliampere
MHz Megahertz
mm Millimetre
ms Millisecond
mVp-p Millivolt peak-to-peak
mW Milliwatt
MUOP Maximum Useful Output Power
pd Potential Difference
PM Phase Modulation
PSTN Private Switching Telephone Network
RF Radio Frequency
Rx Radio receiver \‘\
SANS South African National Standards '
SINAD Signal, Noise & Distortion to Noise & Distortion ratio
SOP Standard Output Power
SPL Sound Pressure Level
THD Total Harmonic Distortion
TSC Trunk Site Controller
Tx Radio transmitter
v Voltage
Vp-p Voltage peak-to-peak
VSWR Voltage Standing Wave Rati
w Wattage
WiFi Wireless Fidelity
uv Microvolt
% Percentage
DEFINITIONS DESCRIPTION

GENERAL
Angle Modul

Decibel

term used to encompass both frequency modulation and phase modulation.

The decibel is 1/10 of a Bel. Decibel is the logarithm of the ratio between a
measured quantity and an agreed reference level.

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

\d

The absolute power in decibel with reference to 1 mW.

Land Mobile Radio
Services

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

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.

Page 4 of 58



BBD8635 Version 7.0

DEFINITIONS

DESCRIPTION

RADIO RECEIVER

Adjacent Channel
Selectivity and
Desensitization
Ratio

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

Amplitude The relationship between the radio frequency input level of a specified
Characteristics modulated signal and the audio frequency level at a radio receiver output.
Attack Time The time required to produce an audio output level of — 0.5 dBsop after

application of a RF signal level, 12 dB above usable sensitivity, modulated with
standard test modulation.

Audio Frequency
Response

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

Audio Frequency
Total Harmonic
Distortion

The change in harmonic content of an audio signal as astesult of its passing
through the audio frequency and radio frequency circuits of a radie,

Blocking or
Desensitisation

A reduction in the wanted audio output power of @radioyreceiver, or a reduction
in the SINAD ratio, owing to an unwanted sigpalen ‘another frequency.

Co-channel
Rejection Ratio

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

Conducted
Spurious Radiation

It is radiation components,at apy frequency generated by a radio receiver and
radiated by the radio’s afitenna,

Desensitisation

Is a condition whefe 6ff-ehanfiel transmitting energy passes through the front-
end of the radio receiverficausing a reduction in receiver gain.

High RF Signal
Level Interference

A measure ofythe ability of a radio receiver to oppose high RF signal levels at
frequencies‘ether than the normal frequency of the receiver.

Intermodulation
Spurious Response
Attenuation/
Rejection

Thefabilitynf a radio receiver to receive a modulated standard input signal, in
the, presence of two interfering signals of which the carrier frequencies are so
Separated from the standard input signal frequency and from each other that n’th
order 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
standard input signal frequency, or intermediate frequency.

Maximum Useful
Output'Power.

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

Medulation
Acceptance
Bandwidth

The selectivity characteristic of an angle modulated radio receiver that limits the
maximum permissible modulation deviation of the radio frequency input signal
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.

Modulation Factor

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

Signal, Noise &
Distortion to Noise
& Distortion Ratio

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.

Signal to Hum and
Noise Ratio

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

Spurious Response
Attenuation/
Rejection

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.
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DEFINITIONS

DESCRIPTION

Squelch Closing
Time

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

Squelch Operating
Threshold

The RF signal input level, modulated with standard test modulation, at which the
squelch opens and closes.

Standard Output
Power

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

Usable Sensitivity

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

RADIO TRANSMITTER

Adjacent Channel
Power

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

Amplitude
Modulation Hum &
Noise Level

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

Angle Modulation
Hum & Noise Ratio

The ratio of residual angle modulation to stahdardtestmodulation.

Audio Frequency
Response

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

Audio Frequency
Total Harmonic
Distortion

The change in harmonic _content”of an audio signal as a result of its passing
through the audio frequefcy ahd%adio frequency circuits of a radio.

Carrier Attack Time

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

Carrier Frequency
Error

Is the difference’between the measured unmodulated carrier frequency from the
assigned freguency.

Carrier Power

B{heimedn power available at the output terminal of a radio transmitter in the
absence of modulation.

Conducted
Spurious Emissions

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

Extremie
TrafASmitter Loads

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

Intermodulation
Attenuation

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

Microphone
sensitivity

It is the amount of modulation that the radio transmitter produces when a
specified audio signal level is present at the microphone.

Mismatch between
Transmitter and
Antenna System

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

Modulation Limiting
(Tx deviation)

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.
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DEFINITIONS

DESCRIPTION

TALK THROUGH SIG

NAL

Modulation Factor
Linearity

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

FILTERS

Duplexer/Combiner

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

Insertion Loss

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

Receiver Isolation
at Transmitter
Frequencies

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

ANTENNAS

Effective Radiated
Power

It is the mean power radiated by the antennagin, the, diséction of maximum
radiation.

dBd The power gain of an antenna in decibel with referénce to a Dipole antenna.
TRUNK CONTROL SIGNAL

Fast Frequency Bit 0 = 1.8 kHz

Shift Keying Bit 1 =1.2 kHz

AUDIO LINE BRANCHING UNIT

Common-mode
Rejection Ratio

Is the ratioyofthe differential gain over the common-mode gain.

POWER SUPPLY UNIT, DC-DC CONVERTER AND BATTERY CHARGER

Noise Voltage

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

Output Voltage

It is the ability of a power supply device to keep the output voltage constant over

Regulation a range of applied loads.

Ripple Violtage Is AC voltage superimposed on the output DC voltage line.

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

ACOUSTIC

A-weighted It is a network that weights an audio signal in a manner, which approximates to

an inverted equal loudness contour (it approximates the human ear’s response
to sound).

Sound Pressure

It is the force (N) of sound on a surface area (m2) perpendicular to the direction
of the sound. SPL is express as N/m? or Pascal (Pa).
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TECHNICAL SPECIFICATION

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

systems.

Radio Receiver:

a1
1.2

1.3
1.4

1.5
1.6
1.7
1.8

1.9

.11
112

Normal condition (see clause 2.1.1)

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

Characteristics

Portable

Mobile &
Fixed Radio
Station

Base Station
(Repeater)

Maximum Useful Audio Output Power

Maximum power not exceeding 10 % THD.

Audio Frequency THD at Low Output
Power Level

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 openifig <3 dB lower
threshold than the
opening
threshold
Attack Time < 150"ms
Squelch Closing Time <,.2504Mms
Modulation Acceptance Bandwidth > 375 kHz
Adjacent Channel Selectivity and >60dB >65dB >70dB
Desensitization Ratio
Spurious Response >70dB >75dB >75dB
Attenuation/Rejection
Intermodulation Spufious’Response >65dB >65dB >70dB
Attenuation/RejeCtion
Co-channelRejectiomRatio <12dB
Blockirlg > 84 dB
Goénducted Spurious Radiation <-57dBm
Audio Frequency Response
(6 dB/octave) +1dBto-3dB
300t0 900 Hz | +1dBto—3dB
1.1t02.5kHz | +1dBto-4.5dB
3.0 kHz
Signal to Hum and Noise Ratio
Squelched >60dB
Unsquelched >39dB
Amplitude Characteristics <3dB
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1.1.2

1.1.21
1.1.21.1
1.1.21.2

1.1.2.2
1.1.2.2.1
1.1.2.2.2

1.1.2.3
1.1.2.3.1

1.2
1.2.1

1.21.1
1.21.2

1.2.1.3
1.2.1.4
1.2.1.5

1.2.1.8
1.2.1.9

Extreme conditions (see clause 2.1.2)

Characteristics Portable Mobile & Base Station
Fixed Radio (Repeater)
Station

Power Supply
Usable Sensitivity variation <+3dB
Adjacent Channel Selectivity and >60dB >65dB >70dB
Desensitisation Ratio

Temperature
Usable Sensitivity variation <+3dB
Adjacent Channel Selectivity and >60dB >65dB 5‘70 dB
Desensitisation Ratio

Selectivity at High RF Signal Level

Input signal level -47dBmto-7d

Radio Transmitter:

Normal condition (see clause 2.1.1)

12.5 kHz channel spacing; operati

uency band 450 MHz to 470 MHz.

Characteristics ble Mobile & Base Station
Fixed Radio (Repeater)
Station
Carrier Power (conducted) L\ <=+ 1 dB from manufacturer's claim
Conducted Spurious Emissi
péerating <-36 dBm
andby <-57dBm
Carrier Freque r <1.5kHz <1.5kHz <1.0kHz
Carrier ime <100 ms
Adjac annel Power <-60dBc <-70dBc <-70dBc
Or | —37 dBm maximum.
odulation Attenuation n.a. n.a. >40 dB
Modulation Limiting (Tx Deviation)
Modulating freq.
0.3t0 2.55 kHz 2.5 kHz maximum
3to 6 kHz 0.75 kHz maximum at 6 kHz
6to 12.5 kHz — 14 dB/octave
CTCSS Deviation 250 Hz
Audio Frequency THD
500 Hz <5% <2% <2%
1.0 kHz
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Characteristics Portable Mobile & Base Station
Fixed Radio (Repeater)
Station
1.2.1.10 Audio Frequency Response
(6 dB/octave)
300 to 900 Hz +3dBto-1dB
1.1to0 2.5 kHz +3dBto—1dB
3.0 kHz +45dBto—-1dB
1.2.1.11 Angle Modulation Hum & Noise Ratio >34 dB
1.2.1.12 Amplitude Modulation Hum & Noise <-34dB
Level
1.2.2 Extreme conditions (see clause 2.1.2)
Characteristics Portable Mobile & Base Station
Fixed Radio (Repeater)
Station
1.2.2.1 Power Supply
1.2.2.1.1 Carrier Power Variation <+2dB
1.2.2.1.2 | Conducted Spurious Emissions
Operating < - 36:dBm
Standby <457 dBm
1.2.2.1.3 Carrier Frequency Error 18 kHz <1.5kHz <1.0kHz
1.2.2.2 Temperature
1.2.2.2.1 Carrier Power Variation <+2dB
1.2.2.2.2 Conducted Spurious Emissians
Operating <-36 dBm
Standby <-57dBm
1.2.2.2.3 Carrier Frequency Egror <1.5kHz <1.5kHz <1.0kHz
1.2.2.3 Antenna Terminal Loads
1.2.2.3.1 Shout Circuit and Open Circuit
Carrier Power Variation <+1dB
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1.3 Radio Base Station (Repeater): 12.5 kHz channel spacing; operating frequency band 450 MHz to

470 MHz.

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

1.3.1

1.3.1.1

1.3.2

1.3.2.1

— — —h
0 0 0
— — —h
N

1.3.3.2
1.3.3.2.1
1.3.3.2.2

1.3.3.3

1.3.3.4

1.3.3.5

1.3.3.6

Receiver

Characteristics

Base Station (Repeater)

Squelch operating threshold calculation

Open — 115 dBm minus coaxial cable loss
minus duplexer loss plus antenna gain.
Close < 3 dB lower than the opening threshold
Receiver and transmitter -
Characteristics Base Station (Repe t‘ér')
Response time <300 ms
Talk Through Signal
Characteristics
Audio input and output terminals
Impedance 0012 balanced
Return Loss <95 dB
Audio Levels
RTO & Trunking (local & inters —10dBm £ 0.5dBm
Old Trunking Teletra system —-4dBm +0.7dBm
Audio Frequency Response
(With de-emphasis and pre-emphasi
Modulati
900 Hz +3.0dB
110 3.0 kHz +3.0dB
Audio Frequen e
(Without de-empha d pre-emphasis)
Modulating frequency
300 to 900 Hz +2.0dB
1.1t0 3.0 kHz +2.0dB
jon Factor Linearity
Modulation
0.5 kHz 0.5kHz +100 Hz
1.0 kHz 1.0kHz +100 Hz
1.5 kHz 1.5kHz +100 Hz
2.0 kHz 2.0kHz +100 Hz
2.5 kHz 2.5kHz - 250 Hz (not to exceed
2.5 kHz)
Audio Frequency THD <5%
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1.4
1.41

1.4.1.1
1.4.1.2

1.41.3

1.41.4

1.4.2

1.4.2.1
1422
1.4.2.3
1424
1.4.2.5
1.4.2.6

1427

1.5

1.5.1
1.5.2

1.5.3

1.6

1.6.1
1.6.2

Filters
Duplexer (Radio Train Order)

Characteristics

Base Station (Repeater)

Insertion Loss (Tx & Rx)

<1.2dB

Rx Isolation at Tx Frequencies

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

Impedance Matching, 50 Q (all ports)

VSWR < 1.5:1
Return Loss <— 14 dB

* Operating Frequency Band
Receiver
Transmitter

465.0500 MHz to 465.9875 MHz
455.0500 MHz to 455.9875 MHz

* Duplexer for link operation is channelized.

Combiner (Trunked)

Characteristics

Base Station (Repéater)

Insertion Loss - Receiver path 0dB +0.54B
Insertion Loss - Transmit path <10dB
Rx Isolation at Tx Frequencies > 85dB
Isolation between Rx ports >20'dB
Isolation between Tx ports >60dB
Impedance Matching, 50 Q (all ports) VSWR < 1.5:1

Return Loss <— 14 dB

Operating Frequency Band
Receiver
Transmitter

465.0000 MHz to 466.6375 MHz
455.0000 MHz to 456.6375 MHz

Coaxial Cable

Characteristics Mobile & Fixed Base Station
Radio Station (Repeater)
Impedance 50 Q
Impedanece matching VSWR < 1.5:1
Return Loss <— 14 dB
Insertion loss <1dB <5dB
Antenna
Characteristics Various
Impedance 50 Q
Impedance matching
VHF & UHF VSWR =< 1.5:1
Return Loss < - 14 dB
GSM & WiFi VSWR < 2.0:1
Return Loss < - 9.54 dB
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1.6.3

1.6.4
1.6.5

1.7

1.7.1

1.7.2

1.8

1.8.1
1.8.2

1.9 \k

1.9.1

1.9.2
1.9.3

1.9.4
1.9.5
1.9.6
1.9.7

Characteristics

Various

* Antenna gain

Mobile 0 dBd
Fixed station <12 dBd
Radio link: Point to point 9 dBd minimum
Point to multipoint Not specified
Base station <12 dBd
# Antenna vertical separation >4\

* Antenna height above ground level
Mobile & Fixed station
Radio link: Point to point
Point to multipoint
Base station

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

# Based on 20 W ERP and antennae having a Dipole as a live element. Distan

centre to centre of dipoles.
Licence conditions

Transmitting Power

asured from

N\

Characteristics rious
* Conducted power at transmitter terminal .
Radio link: Point to point 1 Wimaxi
Point to multipoint aximum
* Effective Radiated Power (ERP)
Mobile & Fixed station 20 W maximum
Radio link: Point to poin 8.2 W maximum
Point t ti 8.2 W maximum
Base station 20 W maximum
* Licence conditions
Receiver Desensin
Various
Desensing <1dB
Desensing at hightreceiving signal level
(radi only)
>—-100 dBm <20dB
udio Line Branching Unit
Characteristics Base Station (Repeater)
Audio input and output terminals
Impedance 600 Q balanced

Return Loss

<-25dB

Input and output audio signal level

—-10dBm +£0.5dB

Audio frequency response

300 Hz to 3 kHz +0.5dB
Audio total harmonic distortion (THD) <0.5%
Audio signal to hum and noise ratio >70dB
Channel cross talk >60dB

Common-mode rejection ratio

>60dBat1kHz
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1.9.8

1.9.9

1.10.1

1.10.2

1.10.3

1.10.4
1.10.5

1.10.6

1.10.7
1.10.8

1.11
1.11.1

1.11.1.1

1.11.1.2

1.11.1.3

1.11.1.4

1.11.1.5
1.11.1.6

Characteristics

Base Station (Repeater)

E-signal Up to 50 V DC, 10 mA
Opto coupler
Bi-directional polarity

M-signal Upto 50 V DC, 10 mA

Voltage free contact

Power Supply Unit, DC-DC Converter and Battery Charger

Characteristics

Various

Operating conditions

Temperature range
Relative humidity

-10°Cto60°C
Upto 85 %

Input power

AC Voltage
Frequency

DC Voltage

220 VAC £10%
50Hz £2 %

Nominal + 10 %

Output voltage regulation
(Intermittent & continuous)

13.8 V £ 5 % (124System)
27.6 V £ %24,V system)
55.2V £5% (48 V system)

Efficiency

270 %

Output voltage ripple & noise

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

Radiation of spurious frequencies

<-119 dBm in radio operating band

Desensing of receiver

<1dB

Load shedding (when reguired)

Shed

Restore

11.0V
2.0V
440V

13.0V
26.0V
52.0V

12 V system
24 V system
48 V system

12 V system
24 V system
48 V system

Py
oD DD

Trunking
Functional Tests

Characteristics

Various

Registration

Register on instrument
Register on trunk system

Local call to radio with the same prefix number

Establish call to instrument

Establish call through the trunk system

Local call to radio with an interprefix number

Establish call to instrument

Establish call through the trunk system

using short form dialling

Local call to radio with the same prefix number

Establish call to instrument

Establish call through the trunk system

Intersite call to radio with the same prefix number

Establish call through the trunk system

Intersite call to radio with an interprefix number

Establish call through the trunk system
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1.11.1.7

1.11.1.8

1.11.1.9

1.11.1.10

1.11.2.1
1.11.2.2

1.11.2.3

1.11.2.4

1.12

1.121

1.12.2

1.1241

1.12.2

1.13.1

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

Establish call through the trunk system

PSTN call

Establish call to instrument
Establish call through the trunk system

Call the radio under test

Establish call from instrument
Establish call through the trunk system

Handoff

Reregister on new control channel with
Instrument

Reregister on new control channel on the
trunk system

Control Signal - Trunk Site Controller

Characteristics

Base Station (Repeatet)

FFSK level from TSC

1Vpp £0.2Vp-p

FFSK frequency from TSC

1.2kHz =100 Hz
1.8 kHz =100 Hz

Tx deviation at FFSK level
For channel dragging problem

1.5kHz + 100 Hz
800 Hz &£ 100z

FFSK level from Rx measured at TSC
(Modulation 1.5 kHz)
(Modulating frequency 1.2 kHz)

1Vp-p 20.2/p-p

Acoustical measurements
Shunting

Characteristics

Portable

Receiver

Loudspeaker sound pressureilevel

>90 dB(A) at 300 mm

Transmitter

Transmitter deviation

> 1.4 kHz from a SPL of 80 dB(A) at the
microphone

Geheral

Characteristics

Portable

Receiver

Loudspeaker sound pressure level

> 84 dB(A) at 300 mm

Transmitter

Transmitter deviation

> 0.7 kHz from a SPL of 80 dB(A) at the
microphone

Co-channel Interference

Characteristics

Various

Speech

Level difference between signals

>15dB
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1.13.2

Characteristics

Various

Data (FFSK)

Level difference between signals

>20dB
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2.1

2.2

2.3

2.4

2.5

2.6

2.7

METHODS OF MEASUREMENT
Applied Standard
Normal condition

Temperature : 283°C £3°C

Relative Humidity : 451085 %

Lead acid battery : 2.3 Vpercell

Lithium-ion battery : 3.6 Vpercell

Nickel cadmium ;1.2 Vpercell

Nickel Metal Hydrate battery : 1.2 V per cell

Mains : 220 VAC 50Hz

Extreme conditions

Temperature : —10°Cand 60 °C

Relative humidity : 451095 % N
Lead acid battery ;1.8 Vminimum & 2.6 V. maximum per cell 4
Lithium-ion battery ;3.0 Vminimum & 4.2 V. maximum per cell

Nickel Cadmium battery ;1.0 Vminimum & 1.5 V. maximum per cell

Nickel Metal Hydrate battery : 1.0 V minimum & 1.5 V maximum per cell

Mains 1 220VAC£10% 50Hzt2%

Power Supply Systems

12 V system : Minimum 11.0 V Nominal 13.8 V um 15.6 V

24 V system : Minimum 22.0 V Nominal 27.6 ‘ um 31.2V

48 V system : Minimum 44.0 V Nominal 5 Maximum 62.4 V

Warm up time

As specified by the manufacturer.

Temperature stabilising period O
One hour minimum. ‘ ,

Power source tolerance
<+ 3 %.

Standard RF Test Signal

2.6.1 Standard test modul

Modulating frequen : 1.0kHz.
Modulati : 1.5 kHz (60 % of maximum rated system deviation).
2.6.2 Stan Signal Input Level
23.6 vad or447.2 HVEMF)-
A utput Level
\Q — 3 dBuuor.
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2.2 Radio Receiver

2.2.1

2211
221.2

2213

Maximum Useful Output Power

Connect the equipment as shown below.

RF signal
generator

Receiver
under test

AF output load

AF THD meter

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

Audio filter
0.3 - 3.4 kHz

& Power meter

Adjust the volume control of the radio until the THD is 10 % or the volumg_centrol reaches its
maximum travel, whichever occurs first.

Measure the audio output power (MUOP).

Note: The impedance of the AF output load must be tffemsame” value as the load

(loudspeaker) with which the receiver normally opesates,

2.2.2 Audio frequency total harmonic distortion
Connect the equipment as shown below.

2.2.2.1

2222

RF signal
generator

Receiver
under tést

AF output load

AF THD meter

Standard measuenient
2.2.21.1 Test 19

Audie,filter
0.3 - 3.4 kHz

A

\

& Power meter

2.2.2.14,1 lnjecba standard RF test signal from the RF signal generator into the receiver.

2.242.1.1.2 ™Adjust the volume control of the radio to obtain SOP.

2.2.201.1.3 Measure the THD.

22212 Test2.

2.2.2.1.2.1 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 %.

2.2.2.1.2.2 Repeat the procedure given in test 1.

2.2.2.1.2.3 Measure the THD.

600 Q balanced line

Where a 600 Q balanced line is provided, the THD must be measured on this line.
2.2.2.2.1 Inject a standard RF test signal from the RF signal generator into the receiver.

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

2.2.2.2.3 Adjust the audio signal level to measure —10 dBm on the line.
2.2.2.2.4 Measure the THD.
2.2.2.2.5 Repeat the THD measurement when applying test 2.
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2.2.3

2.2.3.1
2232
2.2.3.3
2234

2.2.3.5

2.2.3.6

2.2.3.7

Usable sensitivity

Connect the equipment as shown below.

RF signal Receiver AF output load

generator under test & Power meter
SINAD meter | Audio filter |
D 0.3-3.4kHz [

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 level until the SINAD ratio is 12 dB.

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

If the audio output is less that — 3 dBgpp, increase the RF signalylevel until — 3 dBsep is
obtained.

Take the RF signal output level from the signal generator “at™thig)setting as the usable
sensitivity.

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

Under the extreme test conditions, the receiver audia outputéwer shall be within +3 dB of the
value obtained under normal test condition.

Note: The impedance of the AF outpdt lodd must be the same value as the load

(loudspeaker) with which the receivert@ormally operates.

2.2.4 Squelch operating threshold

2241

2242

2243

2,2.9

Connect the equipment as shown bglow.

RF signal
generator

AF output load
& Power meter

Receiver
under test

Apply a stafidard RF €st signal to the receiver under test and adjust the volume control of the
radio to,obtain SQP.

Reduce theal}F signal level slowly until the squelch closes and record this RF signal level as

théysguelch 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.

Attack time

Connect the equipment as shown below.

RF signal | | RF attenuator v
generator -
Trigger
input
> Storage
oscilloscope
Channel
input
AF output load Receiver
& Power under test
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2.2.5.1
2252
2253
2254

2255

2.25.6

2257

2.25.8

2259

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 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
dBsor.

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

2.2.6 Squelch Closing Time

2.2.6.1
2.2.6.2
2.2.6.3
2.2.6.4

2.2.6.5
2.2.6.6

2.216.7
202.6(8

2.2.6.9

2.2.7

2.2.71

Connect the equipment as shown below.

RF signal | RF attenuator v
generator i
Trigger
input
> Storage
.| oscillosebpe
Channel
input
AF output load | Receiver
& Power - under test

Apply a standard RFdestisignal to the receiver under test.
Adjust the volume’controhdf the radio to obtain SOP.
Determine theyusable 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
termipal’

Sef thesRF signal level from the signal generator to 0 dBm.

Set the v@lue 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 " under test "| & Power meter
SINAD meter | Audio filter
b 0.3 - 3.4 kHz

Apply a standard RF test signal to the receiver under test.
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22.7.2
2.2.7.3
2274
2275
2.2.7.6

Adjust the receiver volume control to obtain SOP.

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

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.

2.2.8 Adjacent channel selectivity and desensitization ratio

2.2.8.1
2282

2.2.8.3

2.28.4

2.2.89
2.2.8.6

Connect the equipment as shown below.

RF signal RF signal
generator 1 generator 2
Combining
network

Receiver | AF output¥ead
under test | & Power meter

SINAD meter | Audio filter |

D 0.3-3.4kHz |

Switch the RF signal output of signal generator2 off.

RF signal generator 1:
2.2.8.2.1 Apply a standard RF test sigmal toithe receiver under test.

2.2.8.2.2  Adjust the volume controliof the fadio to obtain SOP.
2.2.8.2.3  Reduce the RF signal until thesSINAD ratio is 12 dB (wanted signal).
2.2.8.2.4  Note this RF signal level.

RF signal generator 2:
2.2.8.3.1 Switch the RF'signal output on (unwanted signal).

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

2.2.8.3.3 Setthé fregquency (unwanted signal) to a frequency one-channel width above the
assignedfrequency (wanted signal).

2.2.8.3%,_ Adjust the RF signal level such that the SINAD ratio is degraded to 6 dB.
2.28.36 Note this RF signal level.

22.8.3.6¢4” 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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2.2.9 Spurious response attenuation/rejection
Connect the equipment as shown below.

2.2.91
2.2.9.2

2.2.9.3

2294

RF signal
generator 1

generator 2

RF signal

AF output load
& Power meter

Combining
network
Receiver
under test
SINAD meter | Audio filter
D 0.3 - 3.4 kHz

Switch the RF signal output of signal generator 2 off.

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

2.2.9.2.1
2.29.22
2.2.9.2.3

2.2.9.3.1

2.2.9.3.2
2.2.9.3.3

22934

Adjust the volume control of the radio to ©btaimSOR:

Reduce the RF signal to the receivemuntil the SINAD ratio is 12 dB.

RF signal generator 2:
Switch the RF signal output orjand adjust the signal level to 80 dB (portable) or
85 dB (mobile and base) highehthan that of signal generator 1.

Modulate the RF signal with 400fHz at standard modulation factor.

Slowly sweep the carrier frequency over the range 100 kHz to 1 GHz in 12.5 kHz
steps (channels) ex€luding the assigned channel and the two adjacent channels.

When the receiver is responsive to a spurious signal, adjust the RF signal level
until the SINADwatio is 6 dB.

Note the frequenCy andjthe RF signal levels of the two signal generators and take the
difference betweensthe two levels expressed in dB as the measure of the spurious response
attenuation @t thatregliency.

Note:, “Bpsute that the measured response is not caused by spurious signals from the RF
signaligenerators or Intermodulation products between the two signals.
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2.2.10

2.2.10.1
2.2.10.2

2.2.10.3

2.2.10.4

2.2.10.5
2.2.10.6
2.2.10.7
2.2.10.8

2.2M10.9

2.2.10M10

2.2.10.11

2.2.10.12

Intermodulation spurious response attenuation/rejection

Connect the equipment as shown below.

RF signal RF signal RF signal
generator 1 generator 2 generator 3
y
Combining
network
\
Receiver | AF output load
under test "| & Power meter
A
SINAD meter | Audio filter
0.3 - 3.4 kHz

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

RF signal generator 1:
2.2.10.2.1 Adjust the RF signal generator to prodtieg a standard RF test signal.

2.2.10.2.2 Adjust the volume control of thefradio to obtain SOP.
2.2.10.2.3 Reduce the RF signal to the*fegeiver until the SINAD ratio is 12 dB.

RF signal generator 2:

2.2.10.3.1 Adjust the unmoddlated frequency of the RF signal generator to the second
adjacent channel abeve the nominal carrier frequency.

RF signal generator 3:
2.2.10.4.1 Modulate the RE'signal with 400 Hz at standard modulation factor.

2.2.10.4.2 Adjust the"frequency of the RF signal generator to the fourth adjacent channel
abovegdhe nominal carrier frequency.

Switch the RF signalg@utput of signal generators 2 & 3 on.
Maintaifnthe Qutputs 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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2.2.11

22111
2211.2

22113

22114

22115

22116

2.2.12

2.2.121

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

RF signal RF signal
generator 1 generator 2
Combining
network
Receiver
under test
SINAD meter Audio filter '
= 0.3 -3.4 kHz [ AF output load
& Power meter

Switch the RF signal output of signal generator 2 off.

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

2.2.11.2.2 Adjust the volume control of the radio to ebtain SOP.
2.2.11.2.3 Reduce the RF signal until the SINAD ratig is 12 dB (wanted signal).

RF signal generator 2:
2.2.11.3.1  Switch the RF signal output@fy(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 signallevel/such that the SINAD ratio is reduced to 6 dB.

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

Repeat the meas@irementWwith signal generator 2 set to frequencies 1.5 kHz and 3.0 kHz above
and below the assighed._frequency.

The highestivalue ofghe five measurements shall be recorded as the co-channel rejection ratio.

Blocking or Desensitisation
Cennect thesequipment as shown below.

RF signal RF signal
generator 1 generator 2
Combining
network
Receiver
under test
SINAD meter Audio filter :
N 0.3-3.4kHz [® AF output load
& Power meter

Switch the RF signal output of signal generator 2 off.

Page 24 of 58



BBD8635 Version 7.0

2.2.12.2

2.2.12.3

22124
2.2.12.5

2.2.13

2.2.13.1
2.2.13.2
2.2.13.3
22134

2.2.14

2.2.14,1

2.2.141

RF signal generator 1:

2.2.12.2.1 Adjust the RF signal generator to produce a standard RF test signal.
2.2.12.2.2 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 signal).

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

2.2.12.3.2 Set the RF signal to a level 84 dB higher than signal generator 1.

2.2.12.3.3 Vary the frequency from 1 MHz to 10 MHz on either side of the assigned carrier
frequency.

Monitor the variation in the audio output level and the SINAD ratio.

Record the difference in dB between the signal output levels from the two RF signal generators
at which the audio output power decreased with 3 dB or the SINAD ratio decreases to 6 dB,
whichever occurs first.

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

Conducted Spurious radiation
Connect the equipment as shown below.

Spectrum
Receiver - analyser
under test or
Test receiver

Switch the receiver on.

The receiver must be in standby prode:

Slowly sweep the measuring instrtument over the range 9 kHz to 4 GHz.

Record the frequencies andimeastresthe absolute levels of the conducted spurious radiation.

Audio frequency response
Connect the equipment as Shown below.

RF signal | Receiver | AF output load

generator 7 under test "| & Power meter
AR ley€l meter | Low pass filter |
D Cut-off 20kHz |~

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.
2.2.14.1.2 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.

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

600 Q balanced line

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

2.2.14.2.1 Inject a standard RF test signal from the RF signal generator into the receiver.
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2.2.14.2.2 Load the line with a 600 Q resistive load or equivalent impedance, provided by the

measuring instrument.
2.2.14.2.3 Adjust the audio signal level to measure — 10 dBm on the line.

2.2.14.2.4 Proceed with clauses 2.2.14.1.3 and 2.2.14.1.5.

AUDIO FREQUENCY RESPONSE OF PM RECEIVERS

10000

FREQUENCY [Hz]

6dB/octave slope

SE OF FM RECEIVERS

10000

3000

2000

1000
FREQUENCY [Hz]

Signal to hum and noise ratio

2.2.15

Connect the equipment as shown below.
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2.2.15.1
2.2.15.2

2.2.15.3
2.2.154
2.2.155
2.2.15.6
2.2.15.7
2.2.15.8
2.2.15.9

2.2.16

2.2.16.1
2.2.16.2
2.2.16.3
2.2.16.4

2.2.17

221741
22172
2.217.3
2.2.14%4
221756

22176

2217.7
22178

2.2.17.9

Select the CCITT filter (low pass filter).
Adjust the RF signal generator to produce a standard RF test signal.

Adjust the volume control of the radio to obtain SOP.

Adjust the squelch to its minimum (unsquelched).

Remove the modulation and measure the audio output power.
Adjust the squelch to its maximum (squelched).

If the receiver remains unsquelched remove the RF signal.
Measure the audio output power.

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

Amplitude characteristics
Connect the equipment as shown below.

RF signal R Receiver _| AF output load

generator " under test "| & Power meter
AF level meter | Audio filter |
N 0.3 -3.4kHz |

Adjust the RF signal generator to produce a standard|RF test signal.
Increase the RF output signal level to — 13 dBm.
Adjust the volume control of the radio to_obtaiSOP.

Decrease the RF signal output level ffom —$3'dBm to — 107 dBm and measure the change in
the audio output level in dB.

High RF signal level interference
Connect the equipment assgshown below.

RF signal \ Receiver
generatof v under test LS

Set the radio to operate on the lowest channel.

Adjustshe RF signal generator to produce a standard RF test signal.
Adijust thé squelch to open at a RF signal level of — 115 dBm.
InCfease the RF signal level to -7 dBm.

Scan the frequencies of 132 channels above the receiving channel, excluding the assigned
channel and the adjacent channels.

Record the channel and the RF signal level, at which the squelch opens in the window of
- 47 dBmto -7 dBm.

Set the radio to operate on the highest channel.

Scan the frequencies of 132 channels below the receiving channel, excluding the assigned
channel and the adjacent channels.

Record the channel and the RF signal level, at which the squelch opens in the window of
- 47 dBmto -7 dBm.

Note: Where the interfering channels correspond with the intermodulation free channel
groups, interference could occur.
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Intermodulation free channel groups
High site channels
Duplex, 5" order, 132 channels
GroupA |[1]2[6] 8] 2 [ 3754 61| 79 [80]88]91]101] 124 ] 129 ]
Duplex, 5" order, 132 channels
GroupB |[3|4]7[ 23|45 | 73 [75] 85 | 96 | 102 ] 120 | 128 |
Duplex, 5" order, 132 channels
GroupC |16 ] 41 | 57 | 59 | 74 | 78 | 83 [ 110 | 122] 123 | 130 |

Duplex, 5" order, first 52 channels
GroupD [ 17 | 18] 21 | 31 | 40 | 46 | 48 |

Duplex, 5" order, first 52 channels )
GroupE [ 19 | 28 [ 32 | 43 | 44 | 49 | 51 | 4
Duplex, 5" order, first 52 channels

GroupF [ 29 |30 ] 35] 42 ] 50 |52]

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

Duplex, 5" order, first 52 channels O

GroupH | 34 | 36 | 47 |

Shunting channels
Simplex, 5" order, last 80 channels

Group A 53 | 56 | 60 | 71 118 | 126 | 131 | 132 |
Group B 55 | 58 | 62 | 63 125
Group C 64 67 | 69 | 76 127
Group D 68 77 | 82 0 117

Group E 65 66 | 70
Group F 81 87
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2.3

Radio Transmitter

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

Transmitter R RF power
under test " meter

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

2.3.2 Conducted spurious emissions
Connect the equipment as shown below.

Transmitter R RF power Duplexer
under test [ N attenuator
| Tx Ant Rx
| 1 O
]
]
RF signal | | 50Q load
generator
Spectrum
analyser
or
Test receiver

2.3.2.1 The duplexer must be tuned to th€"Operating/band. See specifications in clause 1.4.1.

2.3.2.2 The value of the RF attenuator (including the duplexer) must be such to limit the carrier level at
the spectrum analyser/test receiverte’approximately — 60 dBm.

2323 With the transmitter transmitting an unmodulated carrier, measure and record the frequencies
and absolute levelgrofthelcoriducted spurious up to the 5 harmonic.

2324 Replace the transmitter with the RF signal generator.

2.3.2.5 Tune the RE signal génerator to the recorded frequency and adjust the output level to obtain
the recardedilevelon the spectrum analyser/test receiver.

2.3.2.6 Record thevutput level of the RF signal generator as the conducted spurious emission at that
specifi€ frequency.
2327 Repeat2.3.2.5 & 2.3.2.6 for all the other spurious emissions detected.

2.3.248 Rem®6ve the RF attenuator and duplexer and repeat the measurements when the transmitter is
in the standby mode.

£2.3.29 The measurements shall be made under the extreme test conditions as well.
2.3.1.10 With the above circuit the reverse channels can also be tested.
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2.3.3

2.3.3.1
2.3.3.2
2.3.3.3

2.3.3.4
2.3.3.5

2.3.4

2.3.4.1
2.3.4.2

2.3.5 Adjacent.channel power

2.3.5.1
2.35.2
2.3.5.3

2.3.54

2.3.5.5
2.3.5.6

Carrier frequency error

Connect the equipment as shown below.

Transmitter
under test

F----------

Y

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 frégliency and the

measured frequency.

directly).

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

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.

Control switch

Transmitter RF power ~ Storage
under test attenuator “| Noscilloscope
P17 t Trigger
input

Set the storage oscilldscope t@single sweep operation.

Operate the coutrol switch* and measure the time interval for the unmodulated carrier voltage
level to reach%a value 6B (50 %) below the steady state level.

Connégct the equipment as shown below.

ARsignal Transmitter RF power
geénerator under test attenuator
Adjacent
channel power (e
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.
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2.3.6

2.3.6.1

2.3.6.2

2.3.6.3
2.3.6.4

2.3.6.5

28.6.6

2.3.6.7

2.3.6.8

2.3.6.9

2.3.6.10

2.3.6.11

2.3.6.12

Or: When the measured level does not comply with the specification:
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 equipment as shown below.

Directional
coupler
Transmitter RF power Spectrum
under test attenuator v analizer
RF signal
source

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

With the transmitter transmitting an unmodulated carrier, gvarytheyfrequency 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 thextatio of the carrier level to the level of the
largest Intermodulation product (third order) @bsegved.

Record the worst case as the result.

Note: Ensure that the measured respanse isinot caused by spurious signals from the RF signal
source.

Method B: Connect the equipmentias shown below.

Transmitter RF\power Directional i RF power i
under test & . @ttéhuator [ coupler < attenuator !
10 dB : 20 dB :
__________ I TR
» 50Q 50 Q _
Spectrum | atten- termin- _Interferlng
analyser ) | uator E_ ation signal source

Bhe 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 < 1 dB, directivity of > 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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2.3.6.13

2.3.6.14

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.

2.3.7.1

2.3.7.2

2.3.7.3
2.3.74
2.3.7.5

2.3.7.6

2.3.7.7

AF signal | Transmitter _ RF power
generator under test :ﬁ attenuator
| 3 K Modulation
i Radio test set 1~ analyser -
! ! demodulator

Ensure that the maximum deviation is set correctly and™aecording to the manufacturer’s
procedure.

Apply electrically a 1 kHz audio test signal to the migrophohe,imput of the transmitter at a level
sufficient to produce the standard test modulation,factor.

(When an electrical input signal cannot beg@pplied“this may be replaced by an acoustical
signal.)

Set the audio filter of the modulation ap@lyser teLow Pass cut-off 15 kHz or 20 kHz.
Note the level of the audio test signal (feference).
Modulating frequency 0.3 kHz t0'2.55 kHz:

2.3.7.5.1 Increase the dudio YestsSignal with 20 dB. Ensure that the measured deviation
equals the maximum system deviation.

2.3.7.5.2 Without%ehapging the audio input signal level vary the modulating frequency
betwéen, 300Kz and 2.55 kHz.

2.3.7.5.3 _Record theslargest positive or negative peak deviation obtained, as the modulation
lirmit,
Modulating, frequency 2.55 kHz to 6.0 kHz:

2.37.641 Decrease the audio test signal to obtain the standard test modulation factor
(reference).

2:3:4.6:2  Without changing the audio input signal level vary the modulating frequency
between 2.55 kHz and 6.0 kHz.

2.3.7.6.3  Record the largest positive or negative peak deviation obtained, as the 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:
2.3.7.7.1 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 the bandwidth.
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TRANSMITTER MODULATION LIMITING

25

B

FREQUENCY DEVIATION IN kHz
&

-14dB/oct.

MODULATING FREQUENCY IN kHz

2.3.8 CTCSS deviation
Connect the equipment as shown below.

Transmitter - RF power
under test 1| attenuator
| L Modulation
' Radio test set 1™~ afalyser /4 <
! ! demodulator

2.3.8.1 Select the CTCSS freguencysand activate the function.

2.3.8.2 Set the audio filief of the'mlodulation analyser to Low Pass cut-off 15 kHz or 20 kHz.
2.3.8.3 In the absence,oft@n audio input signal (modulating signal) transmit a carrier.
2.3.8.4 Measure and recerd'the deviation of the sub-audible tone.

2.3.9 Audié freduency total harmonic distortion (THD)
Gonnectithefequipment as shown below.

AF signal o] Transmitter _ RF power
generator under test ! attenuator
AF distortion | Audio filter | ! Modulation
meter 0.3-3.4kHz | | analyser
i demodulator

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

2.3.9.1.2 Record the distortion obtained.
2.3.9.1.3  Adjust the audio signal generator frequency to 500 Hz.
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2.3.9.2

2.3.9.1.4  Set the audio output signal at a level sufficient to produce the standard test
modulation factor.

2.3.9.1.5 Record the distortion obtained.

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

600 Q balanced line input

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

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

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

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

2.3.9.24 Measure and record the THD.

2.3.10 Audio frequency response

2.3.10.1

2.3.10.2

Connect the equipment as shown below.

AF signal | Transmitter _ RF pewer
generator | under test "| attentator
AF level meter Modulation
Method Method analyser
A B demodulator

Standard measurement

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

2.3.10.1.2 Selegt'theow pass filter (cut-off 20 kHz) at the modulation analyser.
2.3.10.1.3 Varythe modulating frequency (audio signal) from 300 Hz to 3 kHz.

2.3.10.1.4 VAdjustWfie modulating frequency level (audio signal) to maintain the modulation
factop 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.

2.3.10.1.6  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.

2.3.10.1.7 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.

600 Q balanced line input

Where a 600 Q 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 Reduce the audio signal level to obtain 20 % of the maximum system deviation.
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2.3.10.2.5 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

t02.3.10.1.9)

AUDIO FREQUENCY RESPONSE OF PM TRANSMITTERS

FREQUENCY [Hz]

r@ 2M TRANSMITTERS

6dB/octave slope

AUDIO FREQUENCY

T T T T T T T T T
F——F-——F-——F——F-——F——F-——F-——F——F——
L__bL__c__c__c__t__t__t__t__t__
i i i i i i i i i
T T
| | | | | | | | |
Ty B

| | | | | | |
| | | | | | |
L L L __L__L__L__L__L__bL__L__

| | | | | |

| | | | | |

| | | | | |

| | |

| | |

| | |

| | |

10000

3000

2000

1000
FREQUENCY [Hz]
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2.3.11

2.3.111

2.3.11.2
2.3.11.3
2.3.11.4
2.3.11.5

Angle modulation hum and noise ratio

Connect the equipment as shown below.

AF signal | Transmitter R RF power
generator o under test - attenuator
AF level meter | Audio filter | Modulation
D 0.3-3.4kHz | 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=thg,difference between the

two measurements in dB.

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

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

2.3.12 Amplitude modulation hum and noise level
Connect the equipment as shown bejew.

2.3.12.1
2.3.12.2
2.3.12.3

Transmitter . RF power ! Modulation
—!
under test '\, attenuator : analyser
O EEEEEE R ' demodulator

Set the modulatiomanalyser to measure the RMS AM modulation factor (m %).
In the absenge offan audio input signal (modulating signal) measure the modulation factor.

Caletilate the,AM hum and noise level as follow:
AMyhufm and noise level (dB) = 20Log(2 m/100)

2.3.13 Exifeme transmitter loads

Connect the equipment as shown below.

2.3.13.1
2.3.13.2

Transmitter ) Open circuit |
under test -_"l ! i
Antenna I Short circuit i
Terminal --»} :
- RF power
meter

Measure the carrier power in the absence of modulation.

Operate the transmitter under open and short circuit load conditions for a period of:
2.3.13.2.1  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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2.3.13.3 After each exposure to the extreme load measure the carrier 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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2.4 High Site Equipment

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

RF signal - RF switch | RF attenuator
generator - -
Trigger
input
> Storage
.| oscilloscope
Channel
input
L -
1 1
1 1
RF power i | BS transmitter | BS receiver |||
attenuator : under test N under teStw [
1 1
1 1
1

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

24.1.3 Adjust the squelch to open at a RF signal level 6f — 1%&dBm, measured at the antenna
terminal.

2414 Set the RF signal level 12 dB above the usablé sensitivity level.
2415 Set the storage oscilloscope to single sweep ‘@pération.

24.1.6 Enable the RF switch and measure (the time%equired 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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2.4.2 Talk Through Signal
2421 Audio levels
Connect the equipment as shown below.

Base station
RF signal receiver under Line Branching
generator test Unit

Base station
transmitter
under test

Link receiver
under test

Link transmitter

[
i
i
i
i
i
i
i
i
i
@
under test _!

Other links e.g.
Microwave

_____ —_————

AF level meter

24.21.1 Adjust the RF signal.genefator to produce the standard RF test signal.

2421.2 Connect the audio linés*to the units as it would be connected when in operation.
This is to eRSureithat the lines are correctly loaded.

2.421.3 Set the audig frequency level meter to high impedance/bridge mode. This is to
englre that the level meter does not load the lines.

24214 Measure ilie 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.

2.4.2°1.6 "“SUse 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.

242074 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.

Base transmitter
under test

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

demodulator

RF power
attenuator

24221 Ensure that all the audio level settings have been set correctly. \\

2.4.2.2.2  Adjust the RF signal generator to produce the standard RF t ignal.

2.4.2.2.3  Select the low pass filter (cut-off 20 kHz) at the modulation analys

2.4.2.24  While keeping the modulation factor constant vary the Wg frequency over
the range 300 Hz to 3 kHz.

2.4.2.25 Record the variation in the audio output power%rom the demodulator over this
range in dB with reference to the correspondi @ at’1 kHz.

24226 Branches to the link radio and other link§imust alsebe measured.

REPEATER
AUDIO F

De- h

K/ THROUGH SIGNAL

NCY RESPONCE
is and Pre-emphasis

DE-MODULATED AUDIO LEVEL [dB]

500

1000

2000
RECEIVER MODULATING FREQUENCY [Hz]

3000 10000
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REPEATER TALK THROUGH SIGNAL
AUDIO FREQUENCY RESPONCE
Without De-emphasis and Pre-emphasis

TRANSMITTER DE-MODULATED AUDIO LEVEL [dB]

300 500 1000 2000
RECEIVER MODULATING FREQUENCY [Hz]

10000

2.4.2.3 Modulation factor linearity

Connect the equipment as shown below.

RF signal _| Base regeiver{ Base transmitter
generator

under test

4232
(2 24233
24234

2.4.2.3.5

g B RF power
analyser - attenuator :

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

Ensure that all the audio levels have been set correctly (see clause 2.4.2.1).
Apply a standard RF test signal from the RF signal generator to the receiver.

Vary the modulation of the RF input signal between 0.5 kHz and 2.5 kHz and
measure the transmitter deviation.

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]

RECEIVER MODULATION [kHz]

2.4.2.4 Audio frequency THD

Connect the equipment as shown below.

RF signal .| Base reg Base transmitter
generator " under test
ST TEESEoomm ooy RF power
Radio test set | attenuator
_________________ 1 ‘
AF TH teg 4" Audio filter | Modulation
D 0.3-3.4kHz | analyser
demodulator

Ensure that all the audio levels are set correctly.

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

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

2.4.3.1

Filters

Duplexer

The best method to check or tune a duplexer is to use a Transmission Line Analyser. This
measuring method will not be covered in this document.

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

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

measurements.
2.4.3.1.1 Calibration
2.4.3.1.1.1 Connect the RF signal generator with the two connecting cables to the test

243.1.1.2

243113

243.1.1.4

243.1.2

24.3.12.1

243422

2.48v1.2.3

243124

2.4.3.1.2.5
2.4.3.1.2.6
24.31.2.7
24.31.2.8
24.31.2.9
2.4.3.1.2.10
2.4.3.1.2.11

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. Low-level : <-60dBm
High-level : 0 dBm.

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 thé*¢onnecting cable losses.

Insertion loss - Rx
Connect the equipment as shown below

Duplexer
undertest
Tx{! Anti Rx
Test receiver
50Q load or
i Spectrum analyser
RF signal
generator

June,the RF signal generator and the test receiver/spectrum analyser to the in-
Pand 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 till 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 t0 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.
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2.4.3.1.3

2.4.3.1.3.1

2.4.3.1.3.2

2.43.1.3.3

24.3.1.3.4

2.43.1.3.5
2.43.1.3.6
2.4.3.1.3.7

2.43.1.3.8
2.4.3.1.3.9

2.43.14

2.4.3.1.4.1

243.1.4.2

243143

243.1.4.4

Insertion loss - Tx
Connect the equipment as shown below.

Duplexer
under test

Tx Ant Rx

RF signal J Ll—J LIJ— 50Q load

generator

Test receiver
or
Spectrum
analyser

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

Inject the signal at the transmitting port (high level) andymeastre the level at the
antenna port.

Calculate the insertion loss by determining ghe diffetence 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 measuremenisean benade in the following way:
Connect a terminated wattmeteg directly to the transmitter.

Measure the un-modulate@’Carrieripower from the transmitter.

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

Measure the up-modulated carrier power from the transmitter.
Calculate the insertion loss by determining the difference between the two
measured pewetilevels in dB.

Noie” 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
€onnect the equipment as shown below.

Duplexer
under test

Tx Ant Rx

Test receiver
RF signal or

generator Spectrum analyser

50Q 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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2.4.3.2

2.4.3.1.5

2.4.3.1.5.1

24.3.1.5.2
243153

24.3.1.54
2.4.3.1.5.5

Combiner
2.4.3.2.1

2.4.3.2.1.1
24.3.2.1.2
24.3.2.1.3

243214
2.43.211.5

2.4782.2

24.3.2.2.1
243222
243223
2.4.3.2.2.4

2.4.3.2.3
2.4.3.2.3.1

24.3.23.2
243233
24.3.23.4

Impedance matching
Connect the equipment as shown below.

RF signal RF Amplifier | Through Line
generator " Wattmeter

Duplexer

Radio
under test

i transmitter
L - i Tx Ant RX
L]

A

I_‘
50Q load 50Q load

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

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

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

(1+VPower reflected/Power forwgrd)l (1-VRower reflected/Power forward)

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

Insertion lgss = \Rx
The ingéution,lossican 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 njectéd signal level at the antenna port must be low (< — 80 dBm) to prevent
the'RF@mpilifier 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 all open transmitting and receiving ports.
All the ports must be measured.
The isolation must comply throughout the operating band.
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24324

24.3.2.4.1

243242

243243

24.3.24.4
243245

2.43.24.6

2.4.3.2.5

2.4.3.2.5.1
243252
2.4.3.25.3

Isolation between the transmitting ports
Connect the equipment as shown below

Combiner under test

Tx ports Ant Rx ports
RF signal L‘J
generator
Test receiver 50Q
or loads

Spectrum analyser

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

Fifty-ohm loads must be connected to the anténna- andball open transmitting and
receiving ports.

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

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

Calculate the isolation bygdetermining the difference between the injected signal
level and the measured leyel in dB.

The isolation must gomply thretighout the operating band.

Impedance matching

The impedapce,matching can be determined as explained in clause 2.4.3.1.5.
Fifty;6hm feads must be connected to all open transmitting and receiving ports.
All thestransmitting 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 Goaxial'Capble

Impé&dance matching

Phe 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.

2.4.441

RF signal
generator

RF Amplifier

Through Line
Wattmeter

Radio

e

50Q load |«—F

2.4.41.1 Tune the RF signal generator to the in-band transmitting frequency.
2441.2 Measure the Voltage Standing Wave Ratio (VSWR) with a through line wattmeter.
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2442

24413

24414
24.41.5
24416
24417

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).

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
generator

Radio

. Coaxial cable under test
Terminated - P—m—m—mm—————
Wattmeter (2) | l—_—_———— -l‘_f_—
1
ferminated
Wattmieter (1)
24421 Tune the RF signal generator to the in-band transmitting frequency.
24422 Measure the power at the near end of the coaxial cable using the terminated
wattmeter (1).
24423 Measure the power at the far épd of the coaxial cable using the same terminated
wattmeter (2).
2.44.24  Calculate the insertion loss by détermining the difference between the power levels
measured in dB.
2.44.25 Tune the RF signal generator to the in-band receiving frequency.
24426  Repeatthegneasurements as above.
2.44.27  The insegtion l[0ss\must comply throughout the operating band.
24428 Recerdthehighest loss measured, as the insertion loss.

2.4.5 Antenna
Impedance matching

The ‘hestmethod 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.

2.4.5.1

RF signal | RF Amplifier
generator

Radio

Antenna J Through Line
under test Wattmeter

24511

24.51.2
24513
24514

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

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

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).

Page 47 of 58



BBD8635 Version 7.0

2452

2.4.51.5 Tune the RF signal generator to the in-band receiving frequency.
24516  Measure the Voltage Standing Wave Ratio as above.

2.4.51.7  The impedance matching must comply throughout the operating band.
2.45.1.8 Record the worst case as the impedance matching.

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).

24522 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)).

2.4.6 Receiver Desensitisation (Desensing)

2.4.6.1
2.4.6.2
2.4.6.3

24.6.4
2.4.6.5
2.4.646
2.46.7
2.4.698

2.4.6.9
2.4.6.10

Connect the equipment as shown below.

50Q RF-

Antenna _ coupler _ Receiver

system - under test
RF signal -

generator "

\
SINAD meter | Audio filter AF output
0.3 - 3.4 kkz load
& Power
meter

The transmitting power of\all*the transmitters must be set correctly.
The insertion log§ of the RE-coupler must be < 1 dB.

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

Rédugce 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.

2.4.7 Audio Line Branching Unit (LBU)

2.4.71

Impedance matching
Connect the equipment as shown below.

Transmission Input LBU
line tester Chan 1 under test

2.4.71.1 Switch the power of the LBU on.
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24.7.2

24.7.3

24712 Measure the return loss of the input transformer to determine the impedance
matching.
2.4.7.1.3 Repeat the measurement to determine the impedance matching of the other input
and output terminals.
Audio levels
Connect the equipment as shown below.
Audio signal Input LBU Outout | |ow pass filter
generator chani| undertest | chan1 | Cut-off 20 kHz
y
AF level
meter
2.4.7.2.1 Ensure that the audio signal generator and audio level meterare|set to the correct
impedance.
24722 Route all the input terminals to all the output terminails. §\This js required for the
tests that follow.
2.4.7.2.3 Apply a1 kHz signal at a level of — 10 dBm into,ehanhel 1 of the LBU.
2.4.7.24  Measure the signal level at the output terminals of the CBU.
2.4.7.2.5  Adjust the output levels to obtain — 10 dBm if neeesSary.
2.47.26 Repeat the measurements with they,audio signal applied to the other input
terminals.
2.4.7.2.7  All output levels should be — 10'dBs without readjustment.

Audio frequency response
Connect the equipment as shown below.

Audio signal Input LBU Output | Low pass filter
generator ehan 1] undertest [ chan1 | Cut-off 20 kHz
y
AF level
meter
247341 Ensure that all the audio levels are set correctly.
2.4.7.3.2  Apply a 1 kHz signal at a level of — 10 dBm into channel 1 of the LBU.
2.4.7.3.3  Measure the signal level at the output terminal of channel 1.
2.4.7.3.4  While keeping the audio signal level constant vary the frequency from 300 Hz to
3 kHz.
2.4.7.3.5 Record the variation of the audio output level in dB with reference to the
corresponding level at 1 kHz.
2.4.7.3.6 Repeat the measurements with the audio signal applied to the other input

terminals.
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24.7.4

2475

AUDIO FREQUENCY RESPONSE OF LINE BRANCHING UNIT

081 ————————

06+ -—————---

041+ ————————

02t -—------~-

dB 0+ ---—---—-

024+ - ————— — —

041+ - ——————-

061+ - ———----

081+ - ———--—-

100 300 500 1000 2000 3000
FREQUENCY [Hz]

10000

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

Low pass filter
Cut-off 20 kHz

AF THD
meter

Audio signal Input LBU Output
generator chan1] under teStY | Chan 1
24.7.4.1 Ensurg that all the audio levels are set correctly.

2.4.7.42 Rougte alhtheNnput terminals to all the output terminals.

24743 Ensure”that the audio signal generator and THD meter are set to the correct
impedance.

2.4y 44  Apply a 1 kHz signal at a level of — 10 dBm into channel 1 of the LBU.

24745 Record the audio total harmonic distortion obtained at the output terminals.

24746 Repeat the measurements with the audio signal applied to the other input

terminals.

Audio signal to hum and noise ratio
Connect the equipment as shown below.

Audio signal Input LBU Output | Low pass filter
generator Chan1| under test Chan 1 - CCITT
A
AF level
meter
24.7.51 Ensure that all the audio levels are set correctly.

2.4.7.5.2
2.4.7.5.3

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.
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24.7.6

24.75.4
2.4.75.5
2.4.7.5.6

2.4.7.5.7
2.4.7.5.8

24.75.9

2.4.7.5.10

Short-circuit all the other input terminals.
Measure the signal level at the output 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 LBU.

Calculate the ratio 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.

— Audio
Audio signal Input | Output . Frequénty
generator Chan 1 Chan 1 Load

LBU
| under test
nput
:: Output | \Low péss filter
Chan & Chanz. & ™Gut-off 20 kHz
Y
AF level
meter
2.4.7.6.1 Route all the channels 10 operate separately e.g. Channel 1 input terminal to

2.4.7.6.2
2.4.7.6.3
2.4.7.6.4

2.4.7.6.5

2.47.66

245067

channel 1 output termipaly channel 2 input terminal to channel 2 output terminal;
etc.

Ensure that all¢he lewel settings are correct for each channel.
Inject a 1 kidz signal at a level of — 10 dBm into channel 1 of the LBU.
Short-cifeuit'all the other input terminals.

Caleulate 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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24.7.7

Common-mode rejection ratio

Connect the equipment as shown below.

Input Output
Impedance LBU Impedance
matching Chan 1] under test Chan 1 (\:D matching
load T load
R R p—

Audio signal CV)

generator

@ Voltmeter R = Impedance/2
2.4.7.71 Adjust the amplification of the LBU to unity gain.

24.7.7.2

2.4.7.7.3

24.7.7.4
24.7.7.5

24.7.7.6

2.4.7.7.7
2.4.7.7.8

If the gain cannot be adjusted, measuré the inpat and output voltage levels and
calculate the gain.

Set the audio signal generator frgquency 1@ 1 kHz and set the output impedance to
HIGH.

Increase the signal output levelofythe audio generator till the level measured on
the output line of the LBUj\also ificreases.

Record the input and output Signal voltage levels.

If the LBU is set forwwnity’ gain, calculate the ratio in dB between the audio input
signal level@ndithat measured on the output line of the LBU.

OR

If thé LBU has a gain, calculate the ratio by dividing the input voltage level by the
autpuivoltage level.

Multiply#the calculated ratio with the gain of the LBU under tests and express the
ratio ih dB.
e.g. Input voltage/Output voltage = R:1

R x Gain = T:1

dB = 20Log1o(T/1)
Repeat the measurement on the other channels.
Record the worst case as the result.
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E & M-signalling

Connect the equipment as shown below.

Power |+ @ E-signal LBU M-signal @ +| Power
supply | under test supply
unit |- Chan 1 unit
@ Ammeter
2.4.7.8.1 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.
2.4.7.8.3 Apply a DC voltage at the appropriate level to the M signal terminal.
2.47.8.4  Apply a DC voltage at the appropriate level to the E signal terminal and measure
the current.
2.4.7.85  Measure the current flow at all the M-signal terminals.
2.4.7.8.6  Reverse the voltage polarity at the E & M-signal terminals=and repeat the test.
2.4.7.8.7 Repeat the above tests with other routing coribinationss
2.4.7.8.8 Measure the resistance between the E & M-signal terminals and the LBU earth.

The resistance must be infinity.

2.4.8 Power Supply & Battery Charger Unit

Output voltage requlation
Connect the equipment as shown below.

Power Variable
—_— .
AC Variac Q 0 supply i . power
— »1 under load
test
@ Voltmeter @ Ammeter
248141 Wtermittent:
2.48¢1.1.1p Adjust the Variac to obtain the nominal input voltage to the power supply/battery
charger.
2.4.81.1.2 Vary the power load to obtain a current drain from 0 ampere to maximum current
while recording the output voltage.
2.4.8.1.1.3 The measurement shall be made under the extreme test conditions as well.
2.4.8.1.2  Continuous:
2.4.8.1.2.1 Adjust the Variac to obtain the nominal input voltage to the power supply/battery
charger.
2.4.8.1.2.2 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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2.48.2

2.4.8.3

Efficiency
Connect the equipment as shown below.
Power Variable
AC Variac Q 0 supply i . power
—_— »| under load
test
@ Voltmeter @ Ammeter

2.4.8.2.1

24822

2.4.8.2.3

2.48.24

2.48.25

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 gnaximum 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 thenythe fnaximum input voltage to
the power supply/battery charger.

Record the worst case as the result.

Output voltage ripple

Connect the equipment as shown below.

|
Power v Variable .
AC Variac Q 0 supply @ @" power OSC%I”OS-
— »| under I load pe
test |
@ Volneter @ Ammeter
2.4.8.3.1 Adjust the Variac to obtain the nominal input voltage to the power supply/battery
charger.
2.48.3@2 Vary the power load to obtain a current drain from 0 ampere to maximum current
while recording the output voltage ripple with the oscilloscope.
248,3.3 The measurement shall be made under the extreme test conditions as well.
2.4.8.3.4  Record the worst case as the 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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2.48.4

2.4.8.5

Radiation of spurious frequencies

Connect the equipment as shown below.

Power -
AC Variac under power
| test load
Antenna Test receiver
or spectrum
analyzer
@ Ammeter
2.4.8.4.1 This test has to be performed inside a Faraday cage (RF shielding).
2.4.8.4.2  All the instruments and electrical equipment inside the eage not used for the test
have to be switched off to prevent interference with the'frequengies to be scanned.
Ideally, all the equipment except the power supply=under t€st and the antenna
should be on the outside of the cage.
2.4.8.4.3 The measuring antenna to be placed 1 m from the pewer supply/battery charger.
2.4.8.44  Vary the power load to obtain a currentfdrain fren? 0 ampere to maximum current
while scanning the radio-operating band (455.0000 MHz to 467.0000 MHz).
2.4.8.45 Record the frequencies and level§ ofyall the detected signals.

Desensing of receiver (conductive)

Connect the equipment as showngdoelow,

RF signal " Receiver | AF output load
generator & Power meter
0
power sup€ly . Audio filter
under$est { 0.3 - 3.4 kHz
E Y
Battery | ! SINAD meter
2.4.8.5.1 Use a battery to power the receiver.
2.4.8.5.2  Adjust the RF signal generator to produce a standard RF test signal.
2.4.85.3  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.
2.4.85.6  The length of the power leads to the radio must be 1.0 m.
2.4.8.5.7 Place the power supply as far as possible from the radio.
2.4.85.8 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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2.5

Trunking functional tests

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

1.5.1  On.instrument

Connect the radio under test to the trunk enabled instrument.
1.5.1.1 Reqistration
Switch the radio on and ensure that it register on the instrument. The radio will display a
registered indication and the instrument will display the radio’s trunking number.
1.5.1.2 Make a call with the same prefix number (e.g. 2052001203 to 2052001204).
The instrument will display the called radio’s prefix and the derived identification number.
1.5.1.3 Make a call with the interprefix number (e.g. interfleet call: 2052001203 to 2142001301).
The instrument will display the called radio’s prefix and the derived identification number.
1.5.1.4 Short form dialling (e.g. 204)
Repeat 1.5.1.2 using the short form dialling.
1.5.1.5 PSTN call (e.g. 0117748227)
The dialled number must be presided with 0 (e.g. 00117748227). The instrument will display the
called number.
1.5.1.6 Call the radio under test
Make a call to the radio from the instrument.
1.5.1.7 Handoff
Change the control channel on the instrument and epsuretthat the radio re-register on the new
channel.
1.5.2 On trunk system

Two trunk radios and a PSTN telephone must be available and dedicated to the tests.
One trunk radio must be programmed withgfeasame prefix number as the radio under test and the
second radio with an interprefix number.

1.5.2.1 Registration

Switch the radio under test on and ensUlire that it register on the trunk system.
The radio will display a regiSteredindic¢ation.

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

1.5.2.2.1 Calla radio with the same prefix number
Call the gé@dio having the same prefix number. Have a conversation with the
second’party.

1.5.2@2.2 Call a radio with an interprefix number
Call the radio having the interprefix number. Have a conversation with the second
party.

12,23 Short 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.

1.5.2.3 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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1.5.2.34  PSTNcall
Call the PSTN telephone. Have a conversation with the second party.

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.

2.6 Acoustical Measurements

2.5.1

2.5.1.1
2.5.1.2
2.5.1.3
2514

2.5.1.5

2.5.2

2.5.2.1
25.2.2
2.5.2.3

2524

Receiver loudspeaker sound pressure level

Connect the equipment as shown below.

RF signal
generator

LS y

Sound Pressure

Level meter I Receiver
wiider test

Adjust the RF signal generator to produe€ aystandard RF test signal.
Increase the modulation to 2.5 kHz (maximum system modulation).
Adjust the volume control of the fadio to @btain MUOP.

Place the Sound PressureqLevel (SPL) meter at a distance of 300 mm in front of the radio
loudspeaker.

Record the SPL in dB(A)X

Note: Sound wéve gefleetions should be kept to a minimum by measuring in an open area.

Transmitter modulation (deviation)

Connectheveguipment as shown below.

AF Transmitter - RF power
soukee —Z under test | attenuator
' Radio test set i __E Modulation

! r analyser

Ensure that the transmitter modulation limiting has been set correctly (see clauses 2.3.7).
Ensure that the microphone sensitivity is set to its maximum.

Generate a 1 kHz tone with the AF source at a level of 80 dB(A), measured 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. DESCRIPTION LOCATION
SANS 300086- Electromagnetic compatibility and Radio Spectrum | External
1:2005 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.
RELEVANT LY
DOCUMENT NO. DESCRIPTION CATION

END OF DOCUMENT l
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