RFQ / TENDER

Tender No: CRAC-15642

Vendor No: 11001386

BOARD LIST Purchaser : Tshiamo Motitswe

BOARD LIST Telephone : 011 584 0606

TRANSNET FREIGHT RATL Fax Number:

PROCUREMENT DEPARTMENT

2000 Please quote reference:
K63/6000607369‘>

Deliver to: Closin :07.10.2014

TFR Head Office Validi e :10.01.2015

Supply Chain Services RFQ 16000607369

2000 Johannesburg

SUPPLY AND DELIVERY OF D D CONVENTIONAL RADIO EQUIPMENT FOR

SENTRARAND DEPOT AS P TACHED SPECIFICATION ( WALKIE TALKIES)

PLEASE ENSURE THA AD AND UNDERSTAND THE TERMS AND CONDITIONS

OF THE SPECIFIC D COMPLY.
THE RFQ DOCUMENT TAJNABLE FROM THE OFFICE OF TRANSNET FREIGHT RAIL, TENDER ADVISE CENTRE, GROUND

FLOOR, INYANDA S LLINGTON ROAD, PARKTOWN, DURING OFFICE HOURS 08:00 TO 15:00 AND RFQ DOCUMENT
IS FOR FREE.

S

QUOTATIONS MAYBE EMAILED OR FAXED TO : Thuli.mathebula@transnet.net / (011) 774-9129

FOR ANY TECHNICAL ENQUIRIES WITH REGARD TO THIS RFQ YOU CAN CONTACT :MR

GABISILE ZULU TEL (011 960 2549)

1.1 QUOTATION/S MUST BE SUBMITTED PUNCTUALLY AT 10:00 ON OR BEFORE CLOSING DATE AND LATE QUOTATIONS
WILL NOT BE CONSIDERED.

1.2 IF POSTED:
21 WELLINGTON ROAD
INYANDA HOUSE 1
PARKTOWN
2193
1.3 ,IF DELIVERED BY HAND:
TRANSNET FREIGHT RAIL-SUPPLY CHAIN SERVICES
21 WELLINGTON ROAD
INYANDA HOUSE 1

DA Nie e o = i o e SIGNATURE OF TENDERER(S): ..., G e R

CONTACT PERSON: i TEL Nov  iiuisibadissaveriindivaii



RFQ / TENDER

Tender No: CRAC-15642 Page
Date : 18.09.2014 2

BOARD LIST
TRANSNET FREIGHT RAIL
PROCUREMENT DEPARTMENT

PARKTOWN

2. CONDITIONS:
2.2 ANY PURCHASE ORDER PLACED AS A RESULT OF YOUR QUOTATION WILL BE SUBJECT TO THE STANDARD TERMS

AND CONDITIONS OF CONTRACT, FORM US7, (LATEST), GENERAL TENDER CONDITIONS, VRM CSS5 (LATEST ) AND
CONDITIONS MENTIONED HEREIN. \
2.3 TENDERERS MAY OFFER AN EARLIER VALIDITY DATE, BUT THEIR QUOTATION MAY, THAT EVENT, BE DISREGARDED

FOR THIS REASON. V
2.4 TENDERERS ARE REQUIRED TO OFFER ONLY FIRM PRICES. PRICES §J io REVIEW IN TERMS OF CLAUSE 32 OF

Jf=
FORM US7 WILL ONLY BE CONSIDERED SHOULD THE DELIVERY PERIO @ RED EXCEED 6 MONTHS.

2.6 DISCOUNT (TRADE DISCOUNT) CASH DISCOUNT (CO AL DISCOUNT) VALUE VALUE ADDED TAX (VAT) MUST BE

SHOWN SEPARATELY.
2.7 TRANSNET RESERVES THE RIGHT TO NEGOJFATE AND COMMERCIAL

ASPECTS AFTER THE CLOSING DATE OF THE OTATEDON.

2.5 BEST DELIVERY TIME MUST BE OFFERED.

SIGNATURE OF TENDERER{S): .iiiiecvaiavisiniimmmniiaimess aepmesinsgieresssssssiinaiines



RFQ / TENDER

Tender No: CRAC-15642 Page
Date : 18.09.2014 3

BOARD LIST
TRANSNET FREIGHT RAITL
PROCUREMENT DEPARTMENT

2.8 DIRECT DELIVERY INTIMATES DELIVERY BEING EFFECTED INTO THE WAREHOUSE OR THE ACTUAL POINT OF SUPPLY
AND SHOULD THEREFORE INCLUDE ANY TRANSPORTATION MODE DEEMED NECESSARY IN EXECUTING THIS METHOD OF
DELIVERY BASIS IN ORDER TO MEET THE REQUIRED DELIVERY DATE.

TAX CLEARANCE CERTIFICATES:

The Regulations in terms of the Public Finance Management Act, 1999: Framework for Supply Chain Management as published in
Government Gazette No. 25767 dated 5 December 2003, Clause 9 (1) (d), stipulates that t ccounting officer or accounting
authority of an institution to which these regulations apply must reject any bid from a supliet who fails to provide written proof
from the South African Revenue that the supplier either has no outstanding tax obligaté r has made arrangements to meet

outstanding tax obligations.
Tenderers will be disqualified if a valid tax clearance certificate or written proof WUth African Revenue Service that
t t

supplier has made arrangements to meet outstanding tax obligations is not s he tender.

COMPANY DETAILS:

NAME OF COMPANY:
CONTACT PERSON:

TEL. NO. ~_ FAX NO:
REG. NO.

BROAD BASED BLACK ECONOMIC EMPOWERME

Transnet fully endorses and supports the Ggvern t'sg¥road-based Black Economic Empowerment Programme and it is strongly
of the opinion that all South African Busjnes§ Enterprises have an equal obligation to redress the imbalances of the past.

Transnet will therefore prefer to do busi

ith local business enterprises who share these same values. Transnet will
endeavour to do business with loc s enterprises that possess a BBBEE "recognition level” of at least a level 5. Transnet
- see below) to have themselves accredited by any one of the various Accreditation

tings in accordance with the latest Codes (i.e. those promulgated on 9 February 2007)

Enterprise by such agency based on the following:
1. Lage

" F&ug le based on all seven elements of the BBBEE scorecard.

{i.e. annual turnover >R35million:

2. Qualifying Small Enterprises - (QSE) (i.e. annual turnover >Rbmillion but <R35million:

" Rating based on any four elements of the BBBEE scorecard.

NB:

3. Emerging Micro Enterprises - (EME) (i.e. annual turnover <R5m) are exempted from being rated/verified:

»  Automatic rating of Level 4 BBBEE irrespective of race of ownership, i.e. 100% BBBEE recognition

" Black ownership >50% or Black Women ownership >30% automatically qualifies as Level 3 BBBEE, i.e. 110% BBBEE
recognition

" EME's should provide certified documentary proof of annual turnover (i.e. audited financials} plus proof of Black ownership if
Black ownership >50% or Black Women ownership >30% from the EME's Auditor/Accounting Officer.

SIGNATURE OF TENDERER(S): ..iiiccviviiaiiiiiinsnininis  iasivernissssssiisi SRR



DATE: .....

RFQ / TENDER

Tender No: CRAC-15642 Page
Date : 18.09.2014 4

BOARD LIST
TRANSNET FREIGHT RAIL
PROCUREMENT DEPARTMENT

4. In addition to the above, Tenderers who wish to enter into a Joint Venture or subcontract portions of the contract to BBBEE
companies, must state in their tenders the percentage of the total contract value that will be allocated to such BBBEE companies,
should they be successful in being awarded any business. A rating certificate in respect of such BBBEE JV-partners and / or
sub-contractor/s, as well as a breakdown of the distribution of the aforementioned percentage must also be furnished

In view of the high emphasis which Transnet places on Broad-based Black Economic E Awerment, Transnet will allow
certain preference points for BBBEE in the evaluation of all responses. Depending upon ghe Walue of the ensuing business award
(i.e. below or in excess of R2m), the 80/20 or 80/10 point preference systems will be utili where BBBEE will count out of 20

or 10 respectively in the evaluation process.

EACH RESPONDENT IS REQUIRED TO FURNISH PROOF OF THE ABOVE T ET. FAILURE TO DO SO WILL RESULT
IN A SCORE OF ZERO BEING ALLOCATED FOR BBBEE.

Turnover: Kindly indicate your company's annual turnover for the flast ye

" | annual turnover >RBm please attach original or certi py of accreditation certificate and detailed scorecard by an

ABVA accreditation agency (registered as a "Full Me

" If annual turnover <RbBm, please attach certified confirVero our Auditor/Accounting Officer
fI

PAYMENT TERMS
The following payment terms will apply 1 October 2008.

" All suppliers will be paid 30 d re t of month end statement, i.e. payment term FO55.

CONDITIONS:
This quotation is subje

pr@¥isions of the Standard Terms and Conditions of Contract, Form US7, (Latest ) and the
General Tender Co 0 CSS5 (Latest) and any other standard or special conditions mentioned and/or embodied in the

guotation request_P alifigation criteria Letter of good standing Company safety plan Provide statutory minimum labour wage

Commecial (S.

S

Competitive pricing Reference/previous record Delivery schedule

Pre-qualification criteria
Compliance to specification clause by clause

Commecial {Scoring matrix}
Competitive pricing

SIGNATURE OF TENDFRER(S):



RFQ / TENDER

Tender No: CRAC-15642
Date : 18.09.2014

BOARD LIST
TRANSNET FREIGHT RAIL
PROCUREMENT DEPARTMENT

B-BBEE (Scoring Matrix)
B-BBEE certificate and scorecard
SCHEDULE OF REQUIREMENTS

PRICES TENDERED ARE TO BE "DIRECT" AND EXCLUDE VAT.

IN THIS REGARD THE TENDERER'S ATTENTION IS DIRECTED TO PARAGRAPH 16 OF FO

R e— SIGNATURE OF TENDERER(S): ....cccviiimviiiiinnianiiane

\

CSS5 (LATEST).

Page
5



RFQ / TENDER

Tender No: CRAC-15642 Page
Date : 18.09.2014 6

BOARD LIST
TRANSNET FREIGHT RAIL
PROCUREMENT DEPARTMENT

TRANSNET INSISTS ON HONESTY AND INTEGRITY BEYOND REPROACH AT ALL TIMES AND WILL NOT TOLERATE ANY FORM
OF IMPROPER INFLUENCING, BRIBERY, CORRUPTION, FRAUD, OR ANY OTHER UNETHICAL CONDUCT ON THE PART OF
BIDDERS/ TRANSNET EMPLOYEES. IF, IN THE OPINION OF TRANSNET'S CHIEF OPERATING OFFICER, A TENDERER /
CONTRACTOR / SUPPLIER HAS OR HAS CAUSED TO BE PROMISED, OFFERED OR GIVEN TO ANY TRANSNET EMPLOYEE, ANY
BRIBE, COMMISSION, GIFT, LOAN, ADVANTAGE OR OTHER COSIDERATION, TRANSNET SHALL BE ENTITLED TO REVOKE THE

TENDER / CONTRACT BY FOLLOWING ITS INTERNAL POLICIES THAT GOVERN THE ECLU PROCESS. IN SUCH AN EVENT
TRANSNET WILL BE ENTITLED TO PLACE ANY TENDERER / CONTRACTOR / SUPPLIER HAS CONTRAVENED THE
PROVISIONS OF TRANSNET'S BUSINESS ETHICS ON ITS LIST OF EXCLUDED TENDE THIS LIST WILL ALSO BE

DISTRIBUTED TO ALL OTHER STATE OWNED ENTERPRISES AND GOVERNMENT DEPART TS.

TRANSNET INVITES ITS VALUED SUPPLIERS TO REPORT ANY ALLEGATION%OF;V)RHUPTION OR OTHER UNETHICAL

ACTIVITIES TO TRANSNET TIP-OFFS ANONYMOUS,AT ANY OF THE FOLL RESSES / CONTACT NUMBERS:-

TOLL-FREE ANONYMOUS HOTLINE - 0800 003 056
EMAIL - Transnet@tip-offs.com

FAX NUMBER - 0800 007 788

FREEPOST DN 298, UMHLANGA ROCKS, 4320

CONFIDENTIALITY IS QUARANTEED

Item Qt Material escri

Delivery Date: 30.11.2014

y
00010 200 HELD CONVENTIONAL RADIOS WITH ANTENN
2 S,
% Each

FULL DETAILS OF DE |PTN

00020 00 BATTERIES
Ricsasnmasin:
Each
Delivery g 30.91.2014
«°
FULL DETAILS OF DESCRIPTION
00030 200 LEATHER CARRY BAG
Rzisiessiiiiasieia
Each

Delivery Date: 30.11.2014

FULL DETAILS OF DESCRIPTION

SIGNATURE OF TENDERER(S): ...... R P FRr =P



RFQ / TENDER

Tender No: CRAC-15642 Page

Date ¢ 18.09.2014 7
BOARD LIST
TRANSNET FREIGHT RAITIL
PROCUREMENT DEPARTMENT
Item Qty Material Description - o
00040 200 SINGLE RAPID CHARGER

; PR A

Delivery Date: 30.11.2014

FULL DETAILS OF DESCRIPTION



RFQ / TENDER

Tender No: CRAC-15642 Page
Date : 18.09.2014 8

BOARD LIST
TRANSNET FREIGHT RAIL
PROCUREMENT DEPARTMENT

3. ADDITIONAL INFORMATION REQUIRED: (WHERE APPLICABLE)
3.1 THE FOLLOWING ADDITIONAL INFORMATION IS REQUIRED:
(A) DISCOUNT: e

(C) PRICE/S FIRM: e
(D) PRICE/S FIRM UNTIL .......ccoevinnnns THEREAFTER SUBJECT TO REVIEW. \
(E) PRICE/S NOT FIRM: ... \

(F} SABS MARK:
(G} SABS PERMIT NO: e
(H) BRAND/MAKE/TYPE: ..o
{) FULL NAME AND ADDRESS OF MANUFACTURER.:

(J) FULL NAME AND ADDRESS OF INSPECTION POINT:

Comply : Does not Comply : applicable :

Justification @ ...civceiiiiniiinne,

(L} SURPLUS MATERIAQ
TENDERERS MEST IC IF THEY WILL BE PREPARED TO PURCHASE BACK FROM TRANSNET ANY SURPLUS

BECOME AVAILABLE FROM ANY RESULTING PURCHASE ORDER/CONTRACT ORIGINATED

'ERER'S PRINCIPAL/SUPPLIER THE FOLLOWING INFORMATION IS REQUIRED:

HANGE RATE ON WHICH THE QUOTATION PRICE IS BASED: R1,00 (S.A. CURRENCY) BEING EQUAL
TO v, (FOREIGN CURRENCY)

* PERCENTAGE IN RELATION TO THE QUOTATION PRICE TO BE REMITTED OVERSEAS:

* NAME OF COUNTRY TO WHICH PAYMENT IS TO BE MADE:

* APPLICABLE DATE OF EXCHANGE RATE:
* BENEFICIARY'S NAME AND FULL ADDRESS:

SIGNATURE OF TENDERER({S): . iiivorirmiirormiimnnsrcimins avvesrennasnnssnerranrnnns e



........................... SIGNATURE OF TENDERER(S): ...ccovvrveiiaeainpmrremmnan

RFQ / TENDER

Tender No: CRAC-15642 Page
Date : 18.09.2014 9

BOARD LIST
TRANSNET FREIGHT RAIL
PROCUREMENT DEPARTMENT

(N) DELIVERY DATE:
TENDERERS MUST FURNISH THEIR ACTUAL DELIVERY AND MANUFACTURNG |OD HEREUNDER
NOTWITHSTANDING THE DELIVERY DATES SPECIFIED BY TRANSN

THE FOLLOWING MUST ALSO BE FURNISHED IN REGARD VE:
1. PERIOD REQUIRED TO OBTAIN RAW MATERIAL. ....(DA

2. MANUFACTURING PERIOD. ....(DAYS)

3. PERIOD TO TRANSPORT MATERIAL TO DESTI . ....DAYS)

MATERIAL NO. 1.(PERIOD) 2.(PERIOD]) PERIOD)

INDICATE THE PERCENTAGP&% )% THE PRICE THAT IS SUBJECT TO THE VARIABLE COPPER FEE: ----------m-nooee %.



SCHEDULE OF REQUIREMENTS
FOR THE SUPPLY OF RADIO EQUIPMENT

RAIL NETWORK TELECOMS
SCHEBULE OF REQUIREMENTS-FOR THE-SUPPLY om—-ﬂ'—-—

t

NEiy ekl

s TFR SENTRARAND YARD -
ANNEXURE A: SCHEDULE OF COMPLIANCE FOR THE ABOVE: =
—— e Tenders are invited-in respect of the foflévﬁng%éhéﬂﬁie*of Requirements. \\ _
e Tenderers must indicate compliance with each item and indicate make and mqgel eing offered.

« Alternate offers must be indicated on separate documeénts.

: COMPLY

ITEM DESCRIPTION Vs |
| YES/ & MODEL |  COMMENT

1 |HANDHELD REQUIREMENTS

UHF, (400 — 470 MHz band) IP54, Handhg
conventional radio, with a minimum of
conventional 12.5 kHz channels. (Ca
alternative number of channels).

e Excluding — Antenna, Battery andfChar
Must comply with attach SAgifigations
BBD8635 version 8 date May 2014 and
BBG 1946 version 2 date e 2014.

12 Quarter wave flexibl nna for item 1.1,

item 1.1, capable of
duty cycle for an 8 hour

id rate Charger for item 1.1
be made for a standard 3 pin 15

Author : Graeme Daly COMMERCIAL-IN-CONFIDENCE Page 1 of 3



SCHEDULE OF REQUIREMENTS
FOR THE SUPPLY OF RADIO EQUIPMENT

ANNEXURE B & C: BILL OF QUANTITIES AND COST SCHEDULE

A o
=

Ing e r unit for the quantities indicated in the resp:

'*4

| LU Fe

e 2=HANDHELD REQUIREMENTS ——
UHF, (400, = 470 MHz band) IP54, Handheld
conventional™radio; with a minimum of 16

conventional 12.5 kHz channels. (Can specify
alternative number of channels).

21 Excluding — Antenna, Battery and Charger |
Must comply with attached Specifications
BBD8635 version 8 dated 21 May 2014 and BBG
1946 version 2 dated 24 June 2014.

29 Quarter wave flexible whip antenna for item 1.

cover the 455 to 467 MHz band.

High capacity Battery to fit item 1.1,
2.3 |sustaining a 20 - 20 - 60 duty cycle
shift. (Tx, Rx, Standby).

Single bay rapid rate Charger foljgem 1.TProvision 200
2.4 | must be made for a standa 15 amp mains

plug.

Programming so
technical manuals

2.5

Author : Graeme Daly COMMERCIAL-IN-CONFIDENCE Page 2 of 3



SCHEDULE OF REQUIREMENTS
FOR THE SUPPLY OF RADIO EQUIPMENT

ANNEXURE D: DELIVERY PERIOD

i
e -

———

. inweeks, fortfiiquantities as indicated in the bill of quan

S

HANDHELD REQUIREMEN!

31

UHF, (400 — 470 MHz.band) IP54, Hanpdbeld
conventional radio, with a miniruTeEE=16
conventional 12.56 kHz channels. (Can specify
alternative number of channels).

Excluding — Antenna, Battery and Charger

Must comply with attached Specifications
BBD8635 version 8 dated 21 May 2014 and

BBG 1946 version 2 dated 24 June 2014.

3.2

Quarter wave flexible whip antenna for item 1.
cover the 455 to 467 MHz band.

3.3

High capacity Battery to fit item 1.1,
sustaining a 20 - 20 - 60 duty cycle
shift. (Tx, Rx, Standby).

200

3.4

Single bay rapid rate Char
Provision must be made fo
amp mains plug.

200

3.5

Programming so
technical manuals

ANNEXURE E: D,

The supplied eguientgnust be delivered to the following location,

RAIL

Neotél Build®ng
Parkstation
Rissik Street

JHB

Box to be labelled: 200 Conventional Radios for Sentrarand Yard
CONTACT: Prior to delivery
Deon Potgieter

011 773 4801 Office

083 279 9001 Cell

TECHNICAL QUERIES
Devon Govender

011 978 2160 Office
083 279 9294 Cell

Author : Graeme Daly

COMMERCIAL-IN-CONFIDENCE

Page 3 of 3



BBG1946 Version 2.00

= RAILNETWORK
T TELECOMMUNICATION !‘ ==t

SPECIFICATIO
BBG 1946 VERSIO

SPECIFICATION FOR U DHELD CONVENTIONAL

Author Manager G. A Daly ( J
Rai ; ,‘

T tion Radio -t i \\

Reviewed: ior £ngineer M. Mmbengwa
Raildletwork "IW

elecommunication Radio I == i

Revi Manager Regulatory Y. Kedama w
Rail Network {fw ! Q
£ _}’*’M_ﬂ—"

Telecommunication Radio

~
«, :
Authoriseds Chief Engineer A. Matseke J
Rail Network I ‘WM
Telecommunication = -
Date 24 June 2014
Circulation Restricted To:
Transnet Freight Rail
Transnet and Relevant Third Parties
Unrestricted

© This document as a whole is protected by copyright. The information herein is the sole property of
Transnet Ltd. It may not be used, disclosed or reproduced in part or in whole in any manner whatsoever,
except with the written permission of and in a manner permitted by the proprietors.

A Division of Transnet Limited Registration Number 1990/00900/30



BBG1946 Version 2.00

‘l

_Ix_ nges since !:ﬂst REVISION .ovvairiovinrsmssvessasssnvmmnnsgopyossn treesraesens

LA nNanges since . R z :

b o é Fond

- " m ".. 4 - - e e ——
b b R 4

. .’w::u"""i" e

. l-l'-uu.'-'-"

Abbre Eﬁon&and Mmﬂym.&Wmﬁ'.'.-.u}.-.'g'.;n‘_‘ e

——

Relevant DOCUMENLAION APPIICEDIE et oseeec

PN
INTRODUGTION.............c.cc it s S ST PO e ST
SCOPE

S B s o R TII T e O 0D 46 R0 T LR RD AN SAIALENT

COMPLIANTE ..........coomnivamnansncesmnesssifisssaresspissanisssnainsng

A Division of Transnet Limited Registration Number 1980/00900/30



BBG1946 Version 2,60

|

I
I

IR

DU—
Spectrum
ReviewedBy: | ChrisMuller 1 —_Quality Assurance | /) 4V 56 jumma01
II. - Distribution %\/
Once updated; a copy of the iatest revision will be published on th nt management system, “Project
Wise"”,
III. Document Chang
1SSUE ISSUED BY ' HISTORY DESCRIPTION
NO.
1.00 Graeme Daly ) New Document
2.00 Graeme Daly Clause 3.5,3.9&5.9
IV. es since Last Revision
>
CLAUSES DESCRIPTION
3.5 Added clause
3.9 Added clause
59 Reduced number of alpha numeric characters on the display

A Division of Transnet Limited Registration Number 1990/00900/30 |



BBG1946 Version 2.00

ABBREVIATIONS
== | - ANDACRONYMS =
. I A_G"-_-——-- Alternating Current
Ah_ . Ampere hour :
| ECAmendmentAct | Flectronic Communications Amendment Act-Noz2
dBm ~ Decibel relative to 1 milli watt
ICASA Independent Communication Authority of S@
LED Light Emitting Diode :
m Metre
cm Centimetres
mm ; Millimetre
PTT Press — to - Talk
| RBU Radio Base Unit
RCU Remiote Control Ugi# ey
RF Radio Frequengy
RTO Radio Train @
Rx ) Receive
TCO Train &ntrol ONEL
TFR T reight Rail
THD afMonic Distortion
Tx ansy
UHF Ulig® High Frequency
V' olt
W Watt
Char Character
cTC Central Train Control
Continuous tone code squelch system
Sound pressure A-weighted
Direct Current
~ GP Global positioning system
ICASA Independent Communication Authority of South Africa
1D Identification
mW Milliwatt
RF Radio Frequency
TCO Train controlling officer
UHF Ultra High Frequency
VCo Voltage Control Oscillator
VSWR Voltage Standing Wave Ratio
NTC National Test Centre (Radio)
RFQ Request for quotation

A Division of Transnet Limited Registration Number 1990/00900/30 il



BBG1946 Verslon 2.06

SCHEDULE OF WREM wﬁm‘ ‘takes precedence.
The equipment. n‘ﬁ'st comply with*the fatest issue of the following apphcable specifica

== ; rrpprm— e e e === =
DOCUMENT NO. Jﬁ s DESCRIPTION
1SO 9000 \ Quality Management Systems. External
s ! = i
| |
| - ETSI EN 300 086 - European Telecommunication Standards f& Radios: External
e 3_ i = oo
T GG 3736 I Electronic Communications Ame @ Act No.1 2014 External l
I = e - — :
l ]
| BS 3939 ' iti stry Specification: External [
I
S | I50 i = PO |
| BBD 8635 Version 8 ! Technical specificgtions hads of measurement for angle
122 May 2014 , i Infernal
IEiS4 External
1IP55 External
IP 57 st protected.
Protected against the effect of immersion between 15 cm and 1 m. External
@ Totally protected against dust.
Protected against the effect of immersion between 15 cm and 1 m. External

A Division of Transnet Limited Registration Number 1990/00900/30 il



BBG1946 Version 2.00

1. INTRODUCTION
. ol L e P e T .
U o]_iera'ﬂt:ns,' etc,

3

s e

|
_2.1. This specification is for the supply of thg above radio_equipment and accessories as per attached - .
Schedule of Requirements. (Appendix-Afe=. oo \ ~ =
Bill of Quantities and Cost Schedule as par-attached. (AppemdixB-& C). - !
. Tt is envisaged that equipment for this enguiry will be ordered and su lie nsnet Freight Rail's
] equip! quiry R pp g

nominated address. (Appendix D & E).

—

Tendgerers must comply with the clause-b e statement
of the tender requirements provided bel
3.1.
*Failure to comply will exclude Te m consideration.
Alternative offers, wil§ be ed at Transnet Freight
Rail's discretion, prayid®y that such offers provide equivalent
3.2 functionality to wh been specified in this document.
o Separate col ents must be completed for each
alternative A dix A-BEC—-D&E)
*Failu coMulyefill exclude Tenderers from consideration.

sful bidder is obligated as per the Act to ensure
nsget is in possession of a valid frequency spectrum
e, for the Radio’s to be supplied. A reference must be
tained from Transnet Frequency Spectrum Manager Mr

)2, | Freddie Visser, at Freddie.Visser@Transnet.net or at 011 583
X "~ | 0125 prior to the delivery.

*Failing to adhere to the above will result in the cancelation
of this transaction and the matter will be reported to ICASA.

Radio’s that comply with Technical Specifications BBD 8635
version 8 dated 21 May 2014 and this specification BBG 1946
but has not yet being submitted to Transnet for evaluation,
must be submitted to the Transnet National Test Centre
(NTC) to 2 Foley St. Factoria, Krugersdorp, Gauteng,
attention Mr Chris Muller 011 774 8229 prior to, or, within 5
34. (Five) working days after the tender has closed.

Approval letter from Transnet NTC must be included in the
Tender/RFQ for each product offered.

*Failure to comply will exclude Tenderers from consideration.

A Division of Transnet Limited Registration Number 1890/00900/30 Page 10f5



BBG1946 Version 2.00

e _
tware, accessories, test interface box:
nuals, ICASA cerlificate, etc. mu

bl cal Specification and Method of Measurement for .
3% | Angle-Modulated-Radio Equipment BBD 8635 version 8
| dated 21 May 2014,

The equipment offered must be ICASA equipme
approved, certificates per model offered must be subl

3.2
*Failure to comply will exclude Tenderers fi
Tender must provide a copy of

38 certificate.

*Fajlure to comply will exclu

Tenderers shall submit a dause-by-clause statement of
compliance for equipment / items offered on the attached
Schedule of Requirements (Appendix A) in the columns
provided.

*Fallure to comply will exclude Tenderers from consideration.

Tenderers shall complete the attached Cost Schedule
(Appendix B & C) for equipment.

4.2. *Tenderers will be excluded from supplying any items not
priced.
Tenderers shall complete the attached Delivery Schedule
(Appendix D & E) for equipment.

4.3.

*Tenderers will be excluded from supplying if delivery dates
are not included, as this will be a deciding factor.

A Division of Transnet Limited Registration Number 1990/00900/30 Page 2 of 5



BBG1946 Version 2.60

‘Technical specificatic

*Failure to comply will @ clude Teniefer‘s gm conslderation.

L ———" oTE Y, o o e —— v R -
T 1 e %__ﬂ-::-—__:
The Recelver loudspeaker must complywith a sound B ee—
L » | pressure level equal ggf 9[__%et;er than < 84 dB (%) at 300 o "=
e 52. | mm. Refer to document BBD 8635 version; 8 dated 21 May m""’“‘“‘”’ =
s 2014 for test method. want

The Transmitter deviation must be between 300 -@©00
from sound pressure level of 80 dB (A) at the m one
Refer to document BBD 8635 version 8, dated §1 May 28¢9
for test method.

N/

fuency switching
acelve between

5.3.

Radios must be capable of handiiy
5.4. bandwidth of 15 MHz on both tra
: channels with no degradatio

Radios must be prog
5.5. | without signal deg
| - to be specifie

mable e 400 — 470 MHz band
i&g nor component or board changes

5.6. Radio ith 12, 5 kHz channel spacing.

eld radio RF output power must be software
ble between 1 and 4 watts, or to be specified.

nventional handheld radlo must have a minimum of 16
channels, (Can specify alternative number of channels)

59 The display on the radio must have a minimum of twelve
e alpha numetic characters.

5.10 It must be possible to assign an alpha — numeric label to
**¥* | each conventional channel.

5.11. | Radios must be IP54 compliant or better.

Battery capacity must be capable of sustaining an 8 hour
5.12. | shift, with a duty cycle of 20, 20, 60. (Transmit, Receive,
Standby)

5.13. | Battery capacity to be declared in mAh.

A Division of Transnet Limited Registration Number 1990/00900/30 Page 30of5



BBG1946 Version 2.00

tifh s e -
5_1;T!!{m*nhannel selector switch must be able to be-disabled

with software.
5.18. | Birth date of radio. (when was it released into the ma
5.19 Date expected to be withdrawn, superseded or placed from
=7+ | the market, (Manufacture official letter to ded)
5.20 Warranty period, exceptions, te nditions to be
¥ | indicated.
5,21, | Warranty period of radjp to b&
592 Warranty tur e for repairs to be specified in
44| working da
523 Supplie§ m fove that warranty repairs and technical
e n & carried out on its own premises.
4 and technical support must be readily available locally
y a period of at least seven years from date of purchase.
All equipment returned from repairs must be fully aligned to
5.25. | meet the spedification of compliance. Certification must be
issued and random batch testing will be performed.
Service manuals must be in English and available on CD-
5.26.
ROM.
5.27. | Programming software must be on CD-ROM.
5.8 Programming software must be Microsoft Windows 7

compatible.

A Division of Transnet Limited Registration Number 1990/00800/30
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Distribution

Once updated, a copy of the latest revisio
An e-mail to this effect will be sent to the r:

AnSAAN: A

ange Hisféry

be p_gb ished in the document management system in use.. .
L per: | or heads of department. A ——

@f&l’m;nt Ch

DATEISSUED

HISTORY DESCRIPTION

January 2004 2 ssura B ViSion
Infrastructure
- e, 3.0 June 2006 WL ). — |.Convert to ISQ Standard e
=31 June 2007 = Ok ——— — | "Revision \k : P
- i pomn 4.0 July 2008 = QA | ReRViSION =
5.0 February 2010 QA New f revision
el 6.0 August 2010 QA  —wmeed-Ney format Ségevision
6.1 November 2010 QA asugement
6.2 August 2011 QA tion, definitions, supply
s & DC-DC Converter
7.0 January 2012 QA ision & add Trunking functional
sts
8.0 May 2014 QA mit the difference between General
and Shunt portables, revise the
Loudspeaker sound pressure level &
Transmitter microphone sensitivity.
Il Changes Since Last Revision Q
CLAUSES DESCRIPTION
v breviations
1.33.5 Change specification
1.11 Add trunking
2423 Change graph
2.5 Add trunking functional tests
1.12 Omit the difference between General and Shunt portables,
revise the Loudspeaker sound pressure level & Transmitter
microphone sensitivity.

v

ions and Definitions

DESCRIPTION

Alternating Current

Audio Frequency
BS Base Station
CCITT Consultative Committee for International Telephone and Telegraph (ITU-T)
CTCSS Continuous Tone Coded Squelch Systern
dB Decibel ]
dB(A) Sound pressure A-weighted
dBc Decibel relative to the carrier power
dBd Decibel relative to a Dipole antenna
dBm Decibel relative to 1 mW, impedance 50 Q (power)
dBm Decibel relative to 0.775 V,4, impedance 600 Q (audio frequency)
dBuyuop Decibel relative to the Maximum Useful Output Power |

| dBsop Decibel relative to the Standard Output Power

DC Direct Current
EMF Electromotive Force
ERP Effective Radiated Power
FFSK Fast Frequency Shift Keying |
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Frequency Modulation

Global System for Mobile communication

1 Milliampere
' Megahertz
Millimetre
ms ~=Millisecond
mVp-p Millivolt peak-to-peak
mwW Milliwatt
MUOP Maximum Useful Output Power

Potential Difference

Phase Modulation

Private Switching Telepho work
Radio Frequency
Radio receiver

ards

8ltage Standing Wave Ratio

Wattage
Wireless Fidelity

Microvolt

Percentage

DEFINITIONS

DESCRIPTION

GENERAL

Angle Modulation

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

Decibel

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

dBc

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

dBm

The absolute power in decibel with reference to 1 mW.,

ITand 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.

Page 4 of 58



BBD8635 Version 8.0

DEFINITIONS - DESCRIPTION
Portable Radio A radio station designed to be carried by or on a person. ;
Station e i R 2 3
_|-Mobile-Radio—: | A .ra' anedfap=installation in -a-suriaee;vehicle and
Station operatingwhile th iclesisiinimotion and while it is stationary.
Fixed Radio Station | It is a fiXCHMEdI0 SIATONMA

c stalled in an office or control room, filteﬂM'- :
external aflENNA.  Em o

Base Station

A radio station designed to be installed in a fixed location and performing the
function of @ repeater/enhancer: o

RADIO RECEIVER

- — X\

Adjacent Channel
Selectivity and
Desensitization
Ratio

A measure of the ability of a radio receiver ciye the modulated standard
input signal in the presence of modulate U differ in frequency from the
standard input signal frequency by th or®ne channel.

Amplitude The relationship between thg ra uency input level of a specified
Characteristics modulated signal and the audiofjrequency level at a radio receiver output.
Attack Time The time required to g audio output level of — 0.5 dBsopr after

application of a RF sig

Audio Frequency
Response

the modulation factor of a received signal and the
wfemodulated signal at various audio frequencies.

Audio Frequency
Total Harmonic
Distortion

Blocking or
Desensitisation

Co-channel
Rejection Ratg

INAD ratio, owing to an unwanted signal on another frequency.

asure of the capability of a radio receiver to receive a wanted modulated

nal without exceeding a given degradation due to the presence of an
unwanted modulated signal, both signals being at the nominal frequency of the
receiver,

It is radiation components at any frequency generated by a radio receiver and

Level Interference

Conglict
Spag iation | radiated by the radio’s antenna.
sitiSation Is a condition where off-channel transmitting energy passes through the front-
end of the radio receiver, causing a reduction in receiver gain.
High RF Signal A measure of the ability of a radio receiver to oppose high RF signal levels at

frequencies other than the normal frequency of the receiver.

Intermodulation
Spurious Response
Attenuation/
Rejection

The ability of a radio receiver to receive a modulated standard input signal, in
the presence of two interfering signals of which the carrier frequencies are so
separated from the standard input signal frequency and from each other that n'th
order 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.

Fodulation
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
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DEFINITIONS

DESCRIPTION

percentage.

| distortion power, to noise powgeL,

se power, plus

d at the output.of.|

a radio receiver resulting from a module

Spurious Response

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

|- Attenuation/. input signal frequency and an undesired signal at.any.other frequency to which it
1 Rejection is also responsive; excluding the twodjacent:channelsq
Squelch Closing’ The period of time between the removal of the "s!,'l'gnal and the squelch

Time

closure.

Squelch OpeF:ﬁnQ
Threshold

The RF signal input level, modulated with st
squelch opens and closes.

Standard Output
Power

An audio output level 3 dB below maxj
reference level for test purposes.

Usable Sensitivity

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

RADIO TRANSMITTER

Adjacent Channel
Power

The part of t
conditions of

Amplitude
Modulation Hum &
Noise Level

Angle Modulation

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

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

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

Carrier Frequency
Error

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

Carrier Power

The mean 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.

Extreme
Transmitter 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.,
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DEFINITIONS DESCRIPTION

Mismatch between [ A conditifm in which the |mpedance as presented to the radio.
Transmitterand 7|’ Tont]

Antenna System :g {.imped . .
Modulation Limiting{: measureiofithe ability of radio transmitter circuits to preven
(Tx.,ggviation) _producing modu .li[e i such that the moduulon factor exce

TALK THROUGH SIGNAL

Modulation Factor The relationshipetistween the modulation fagfpr of a Mceived signal and-them|

Linearity transmitted modulation factor.

FILTERS
Duplexer/Combiner | Is a filter system providing RF isolalig

Frequencies

Insertion Loss It is the amount of loss
frequency.

Receiver Isolation It is the ability of thg

at Transmitter at the receiver po

ANTENNAS

Effective Radiated n power radiated by the antenna in the direction of maximum
Power

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

Bit 0 = 1.8 kHz
Bit 1 = 1.2 kHz

LINE BRANCHING UNIT

Common-mode - Is the ratio of the differential gain over the common-mode gain.
Rejection Ratio

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 Voltage Is AC voltage superimposed on the output DC voltage line.

Variac 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).

Page 7 of 58




' BBD8635 Version 8.0

DEFINITIONS

DESCRIPTION

|:8ound Pressure
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1. TECHNICAL SPECIFICATION
Where not@pﬁﬂﬁcalh/,mdncated this specification only applies for open.\qbamnq@d, Trunked radio

Portable

Fixed Radlo (Repeater)
oy pras— Staticm Saa e
- Maximum-Useful-Atidio-Gutput Power Maximum power not exceed &ammgr— -
1.1.1.2 Audio Frequency THD at Low Output
Power Level —
OB 1.0 kHz <2% <2%
1.1.1.3 Usable Sensitivity
1114 | Squelch Operating Threshold
Open See clause
1.3.1.1
Close an the opening < 3 dB lower
than the
opening
threshold
1.1.15 Attack Time <150 ms
1.1.1.6 Squelch Closing Time < 250 ms
1.1.1.7 Modulation Acceptance Bagdwid > 3.75 kHz
1.1.1.8 > 60 dB >65dB >70dB
1.1.1.9 >70dB >75dB >75dB
1.1.1.10 >65dB >65dB >70dB
1.1.1.11 <12 dB
1.1.1.12 > 84 dB
1.1.& <-57dBm
1.1}14 Audio Frequency Response
(6 dB/octave) +1dBto-3dB
300t0 900 Hz | +1dBto—-3dB
11t025kHz | +1dBto—-4.5dB
3.0 kHz
1.1.1.15 Signal to Hum and Noise Ratio
Squelched >60dB
Unsquelched | >39dB
1.1.1.16 Amplitude Characteristics <3dB

Page 9 of 58




BBD8635 Version 8.0

1.1.2 Extreme conditions (see clause 2.1.2)

Characteristics

__Portable Mobile & Base Station | . s
e Fixed Radio (Repeater) | g

Power Supply
=== 3 ; | ==
| Usable Sensitivity variation . o= - -
1.1.2.1.2 | Adjacent Channe! Selectivity and =60 dB >65dB >70dB
ofe _ Desensitisation Ratio e . -
pre e = — e wacemes
3 1.1.2.2 Temperature it

221 | Usable Sensitivity variation

1.1.2.2.2 | Adjacent Channel Selectivity and
Besensitisation Ratio

>70dB

11.2.3 Selectivity at High RF Signal Level

1.1.2.31 input signal level m to — 7 dBm

Normal condition (see clause 2.1

1.2 Radio Transmitter: 12.5 kHz chann operating frequency band 450 MHz to 470 MHz.
1.2.1 ‘) >

Portable Mobile & Base Station
Fixed Radio (Repeater)
Station

Characteristi

< + 1 dB from manufacturer's claim

ssions

Operating < - 36 dBm
Standby <-57dBm
<1.5kHz <1.5kHz <1.0 kHz
<100 ms
<-60dBc <-70dBc <-70dBc
Or | — 37 dBm maximum.
1.21.6 Intermodulation Attenuation n.a. n.a. >40dB
1.21.7 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
1.2.1.8 CTCSS Deviation 250 Hz
1.2.1.9 Audio Frequency THD
500 Hz <5% <2% <2%
1.0 kHz
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Characteristics Portable Mobile & Base Station
Fixed Radio (Repeater)
R e
e 300 o 900 Hz * >
m 11t02.5kHz | =
w30 kHz +45dBto :
1.2.1.11 Angle Modulation Hum & Noise Ratio >34 dB
1.2.4.12 | Ampliudé Modulation Hum & Noise | <~34dB  — ¢ — - =
A-Level c— 2 e
1.2.2 Extreme concﬁfgﬁs (éee clause 2.1.2) -
Characteristics Portable Base Station
adio (Repeater)
1.2.21 Power Supply
1.2.2.11 Carrier Power Variation
1.2.2.1.2 | Conducted Spurious Emissions
Operating 36 dBm
Standb _ 57 dBm
1.2.21.3 Carrier Frequency Error <1.5kHz <1.5kHz <1.0 kHz
1222 Temperatu
1.2.2.21 Carrier Power Variatjon <+2dB
1.2.2.2.2
Operating <-36dBm
Standby < - 57 dBm
1.22.23 <1.5kHz <1.5kHz < 1.0 kHz
1.2.23 enna Terminal Loads
1.2.2.3, ircuit and Open Circuit
a 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 Specificat

i8S are referred to in clauses 1.1 and 1.2 respectively

Qi T

- terlstics, = Base Station (Repeater;
1.3.1.1 Squelch operating thresRoId calculation
Open - 115 dBm minus coaxial cable loss
o " minus duplexer loss plus antenna gﬂp
e = ~———— Close | <3dB lowerthanth§dpening threshold —f———
1.3.2 Receiver and transmitter —
Characteristics (Repeater)
1.3.2.1 Response time
1.3.3 Talk Through Signal
Characteristics Base Station (Repeater)
1.3.3.1 Audio input and output terminals
1.3.3.141 Imp: 600 Q balanced
1.3.3.1.2 <-25dB
1.3.3.2 Audio Levels
1.3.3.2.1 RTO & Trunking ( —-10dBm +0.5dBm
1.3.3.2.2 Old Trunking g eletr: m —4dBm +0.7dBm
1.3.3.3 Audio Frequency Resp
(With de-emphasis hasis)
ulating frequency
300 to 900 Hz +3.0dB
1.1t0 3.0 kHz +3.0dB
1.3.34 Audio y Response
(Wigouypde-eMphasis and pre-emphasis)
Modulating frequency
300 to 900 Hz +20dB
1.1 t0 3.0 kHz +2.0dB
1-3-3{ Modulation Factor Linearity
~ Modulation
0.5 kHz 0.5kHz + 100 Hz
1.0 kHz 1.0 kHz +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)
1.3.3.6 Audio Frequency THD <5%
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Filters

Impedance Matching, 50 Q (all ports)

[ T
of w1

|wRetum Loss-<—14d

VSWR < 1.5:11

’—'—EH.M = ~FOperafing Frequency Band —

14.2

1.4.2.1
1.4.2.2
1423
14.2.4
1.4.2.5
14.2.6

1.4.2.7

1.5

1.6.1
1.6.2

Receiver
- Transmitter

je=— = - —_

e
* Duplexer for link operation is channelized.

Combiner (Trunked)

Characteristics

aSe Station (Repeater)

Insertion Loss - Receiver path 0.5 dB
Insertion Loss - Transmit path <10dB
Rx Isolation at Tx Frequencies >85dB
Isolation between Rx ports >20dB
Isolation between Tx ports >60dB
Impedance Matching, 50 Q(all p VSWR < 1.56:1

Return Loss <— 14 dB

Receiver
Transmitter

465.0000 MHz to 466.6375 MHz
455.0000 MHz to 456.6375 MHz

Characteristics

Mobile & Fixed
Radio Station

Base Station
(Repeater)

50 Q

VSWR <£1.5:1
Return Loss < - 14 dB

Insertion loss

<1dB

<5dB

Antenna

Characteristics

Various

Impedance

50 Q

Impedance matching
VHF & UHF

GSM & WiFi

VSWR £ 1.5:1
Return Loss £ - 14 dB

VSWR £2.0:1
Return Loss € - 9.54 dB

Characteristics

Various

| c————
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1.6.3

1.7

1.71

1.7.2

1.8

1.8.1
1.8.2

1.91

1.9.2
1.9.3

194
1.9.5
1.9.6
1.9.7
1.9.8

* Antenna gain
Mobile

. Point to point
ointtamultipoint

o

0 dBd

<12 dBd

9 dBd minimum
“|===Notspecified
<12 dBd

# Antenna@ﬁ, ration.-

> i

* Antenna height above ground level
Mobile & Fixed station
= Radio link&" Point t6 point
= g =—==Ppint'tormultipoint
" Base station

10 m maximum
20 m maximum
20-nrmaximum
20 m maximum

\\ﬁ e

- B

# Based on 20 W ERP and-apfeanae having a Dipole as a live glement\Qistance measuréd:fiam
centre to centre of dipoles.
*  Licence conditions %
Transmitting Power O
Characteristics Various
* Conducted power at transmitter terminal )
Radio link: Point to poi 1 W maximum
Point to gt 1 W maximum
* Effective Radiated Power (ERP
Mobile & Fixed i 20 W maximum
Radio link: Pdgnt to pgi 8.2 W maximum
Po ultipoint 8.2 W maximum
Base stati 20 W maximum
* Licence condition
Various
<1dB
high receiving signal level
>— 100 dBm <20dB

udio Line Branching Unit

Characteristics

Base Station (Repeater)

Audio input and output terminals
Impedance
Return Loss

600 Q balanced
<-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 > 60 dB

Common-mode rejection ratio

> 60 dB at 1 kHz

E-signal

Up to 50 V DC, 10 mA
Opto coupler
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Characteristics

Base Station (Repeater)

Bi-directional polarity

M-signal

Power Supply Unit, DC-DC Convert

gedreecontact e

=1

er

Characteristics

Various

| Operating conditions

Relative humidity

= Temperatu'@ghnge;_;ﬁ

=~ 105G 1060°C \\
Upto85%

1.10_._2___#7?T _input power

1.10.3

1.10.4
1.10.5

1.10.6

1.10.7
1.10.8

1.1

1.11.1.1

1.11.1.2

1.11.1.3

1.11.1.4

1.11.1.5
1.11.1.6
1.11.1.7

AC Voltage
Frequency

DC Voltage

Output voltage regulation
(Intermittent & continuous)

o (12 V system)
5% (24 V system)
+5% (48 YV system)

Efficiency

Output voltage ripple & noise

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

Radiation of spurious frequenci

< - 119 dBm in radio operating band

Desensing of receiver

<1dB

Load shedding ( n ed
Shed 11.0 V (12 V system)
22.0V (24 V system)
44.0 V (48 V system)
Restore 13.0 V (12 V system)
26.0 V (24 V system)
52.0 V (48 V system)
ing
unctional 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

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

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

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

Establish call through the trunk system
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1.11.1.8 PSTN call Establish call to instrument
- - Establish call through the trunk system
T T = T =
1.11.1.9 - he | Junder test Establish call{rort em iment

| e ———— . '_ —————— - —_ . -——.—-——-d-..EStab"s

1.11.1.10
5

sl

Instrument ——— =
Reregister on new control channel'on
trunk system

==1:11:2 Co@%igﬁéﬁ%nk-Sue-'eommuer -
Characteristics

1.11.21 FFSK level from TST7 "

1.11.2.2 FFSK frequency from TSC

1.11.2.3 Tx deviation at FFSK level
For channel dragging problem

1.11.2.4 FFSK level from Rx measured at TSC 1Vp-p £0.2Vp-p
(Modulation 1.5 kHz)
(Modulating frequency 1.2 kHz)

1.12 Acoustical measurements

Portable

1.121

> 84 dB(A) at 300 mm

1.12.2

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

1.13
l Various
1.13,1
N
evel difference between signals >15dB
1.13.2 Data (FFSK)
Level difference between signals >20dB
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2, METHODS OF MEASUREMENT
Applied Standard
IreSea Normal condition
3 Temperature
Relative Humidity™
;“_ = | ead acid battery

"‘ﬂ Lithium-ion batteryi

Nickel cadmium i
Nickel Metal Hydrate battery : 1.2V per cell

Mains : 220VAC 50Hz
: P \ = E
=722 Extreme conditions’ i o = \ R i
Temperature : —=10°Cand 60 °C
x ~ Relative humidity : 451005 %
T Lead acid battery 1.8V minimum & S EWRERImum per g
Lithium-ion battery : 3.0 Vminimum & 4.2 V maximum peRge
Nickel Cadmium battery : 1.0 V minimum & 1.5 V maximun®§
Nickel Metal Hydrate battery : 1.0 V minimum & 1.5 V maxigg
Mains : 220VAC+10% S0Hzx
Power Supply Systems
12 V system : Minimum 11.0V Nommiggh13.8 V Maximum 15.6 V
24 V system : Minimum 22.0 V inal .6 V Maximum 31.2 V
48 V system ; Minimum 44.0 V nal 55.2 V Maximum 62.4 V

2.3 Warm up time
As specified by the manufacturer.
24 Temperature stabilising period
One hour minimum.

2.5 Power source tolerance
<+3%.

2.6 Standard RF Test

2.6.1 and
atipg ency : 1.0kHz
on . 1.5 kHz (60 % of maximum rated system deviation).
F Signal Input Level
223 6 I.LVpd or447.2 HVEMF)-

2.7 Output Level
\SOP N3 dByuor.
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2.2 Radio Receiver

2,21 Maximum Useful Output Power
s sonnect the equipment as shown below.

7 “"t . Receiver
k. = undar test
-
= ~ ARTHD meter | Audio filter 5
g — 0.3=34kHz [ —

2211 Inject-arstandard RF test signal from the RF signal generator. e
221.2 Adjust the volume control of the radio until the THD is 10 Wolume control reaches its
maximum travel, whichever occurs first.

2213 Measure the audio output power (MUOP).

Note: The impedance of the AF output loa be the same value as the load
(loudspeaker) with which the receivergiorm erates.

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

RF signal
generator

AF output load
& Power meter

Y

AF THD meter Audio filter

0.3 - 3.4 kHz

2.2.21 Standar

22211 1.
Inject a standard RF test signal from the RF signal generator into the receiver.

Adjust the volume control of the radio to obtain SOP.

Measure the THD.
Test2.
\\ 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 %.

2.2.21.2.2 Repeat the procedure given in test 1.
2.2.2.1.2.3 Measure the THD.

2222 600 Q balanced line
Where a 600 Q balanced line is provided, the THD must be measured on this line.
2.2.2.21 Inject a standard RF test signal from the RF signal generator into the receiver.

22222 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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223

Usable sensitivity

Connect the equipment as shown below.

b iy

AF output load

M RCPOWer meter |

0.3 - 3.4 kHz

.

2.2.3:4~—Adjust the RF sigmal geherat“é?t’eﬁaroduce a standard RF-input-sign

T
gt =
=S

| XI. —

2232  Adjust the volume control of the radio to obtain SOP.

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

2234 Without readjustment of the volume control check whethe udiggoutput level is less than —
3 dBsop.

2.2.3.5 If the audio output is less that — 3 dBsop, incregg Ty, R ignal level until — 3 dBgop is
obtained. Q

2.23.6 Take the RF signal output level from the ;signagepPrator at this setting as the usable
sensitivity.

2237 eme test conditions as well.

The measurement shall be made under {Re™
d dio output power shall be within +3 dB of the

Note:

The impedance of the
(loudspeaker) with wiffich

tput load must be the same value as the load
iver normally operates.

own below
Receiver | AF output load
under test "l & Power meter

dfd RF test signal to the receiver under test and adjust the volume control of the
in SOP.

e RF signal level slowly until the squelch closes and record this RF signal level as
elch closing level in dBm.
2. ncrease the RF signal level slowly until the squelch opens and record this RF signal level as
o e squelch opening level in dBm.

224.2
e

S
2.2.5 Attack time
Connect the equipment as shown below.,
i iieea——— \
RF signal l | RF attenuator <
generator =
Trigger
input
g Storage
.| oscilloscope
Channel
input
AF output load Receiver
& Power T under test
2.2.51 Apply a standard RF test signal to the receiver under test.
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2.25.7

e

2259

226

22641
2262
2263
2264

2.26.
2.

D

2.26.8

2269

2.2.7

2271
2272

0

e ‘dBsop. g

"Eepeat the measurement three times and take the averaéé of t§
___receiver attack time.

Squelch Closing Time
Connect the equipment as shown below.

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 levelof~= 115 dBm, measured at the antenna
terminal. e st -

L to 12 dB above the usable
jutput of the signal gé‘!ﬁ%rator

Set the storage oscilloscope to single sweep operation.
Switch the RF output on and measure the-time required-for the a“ output to reach —0.5

————

......................

RF signal RF attenyato

generator

¥

Trigger

AF output load

Receiver
& Power under test
Apply a st F test signal to the receiver under test.

Adjust t m ntrol of the radio to obtain SOP.
Detegmindthe P€able sensitivity as described in clause 2.2.3.
quelch to open at a RF signal level of — 115 dBm, measured at the antenna

u
t al
et F signal level from the signal generator to 0 dBm.

el the value of the RF attenuator to decrease the signal level to 12 dB above the usable
nsitivity 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.

odulation acceptance bandwidth
Connect the equipment as shown below.

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

Apply a standard RF test signal to the receiver under test.
Adjust the receiver volume control to obtain SOP.
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22.7.3 Reduce the RF signal level until the SINAD ratio is 12 dB.
2274 Increase the RF signal level by 6 dB.
2275 |ncr he mbdulataon factor until the SINAD ratio is agaln 12dB. —

RF signal RF signal
generator 1 o generator 2 . ———
| | combining ; S
"| network | —
Receiver output load

under test & Power meter

SINAD meter

2.2.8.1 Switch the RF signal output of si

2.2.82 RF signal generator 1:
2.2.8.2.1 Apply a standa nal to the receiver under test.

2.2.8.2.2  Adjust the voluRge conjol of the radio to obtain SOP.
2.2.8.23 Reduce th{RF sl until the SINAD ratio is 12 dB (wanted signal).
2.28.24 Notet ignal level.

2283

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

e frequency (unwanted signal) to a frequency one-channel width above the
a¥signed frequency (wanted signal).

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

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

\".2. Calculate the difference between the unwanted and wanted signal levels in dB, as the adjacent
channel selectivity and desensitization ratio.

2.2.8.5 Take the worst case of the two measurements as the result.
2.2.8.6 The measurements shall be made under the extreme test conditions as well.
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229

2291
2292

2293

2294

Spurious response attenuation/rejection
Connect the equipment as shown below.

generatoral...|

| Combining
network

RF signal 3F sig

Recaiver

=

under test.. |

SINAD meter

0.3 - 3.4 kHz

Switch the RF signal output of signal generator 2

RF signal generator 1:

2.2.9.21 Adjust the RF signal generat
2.29.2.2  Adjust the volume controlgs
22923 Reduce the RF signal

RF signal generator 2:

2.2.9.3.1 Switch the RF
85 dB (mobile &
2.29.3.2 Modulate the RF
2.2.9.3.3  Slowly
steps (c
22934 en

at frequency.

O

roduce a standard RF test signal.
e raQlp to obtain SOP.

AR \&pgt»lea,d_
&Power meter

the carrier frequency over the range 100 kHz to 1 GHz in 12.5 kHz
s) excluding the assigned channel and the two adjacent channels.

and the RF signal levels of the two signal generators and take the
n the two levels expressed in dB as the measure of the spurious response
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2210

intermodulation spurious response attenuation/rejection

Connect the equipment as shown below.

RF signal
generaton.2...J.

Combining
network

2.2.101
2.210.2

2.2.10.3

22104

2.2.10.10

2.2.10.11

2.2.10.12

Receiver
under test

Y

SINAD meter

Switch the RF signal output of signal ge

RF signal generator 1:
r to produce a standard RF test signal.

2.2.10.2.1 Adjust the RF signal gemg
2.2.10.2.2 Adjust the volume ct radio to obtain SOP.
2210.23 Reduce the RFffignaNggd€ receiver until the SINAD ratio is 12 dB.

RF signal generator 2:

221031 Adjust ghe\unmodulated frequency of the RF signal generator to the second
adjace el above the nominal carrier frequency.

RF signal ge t

2.2.1041 ©

ate Me RF signal with 400 Hz at standard modulation factor.

e frequency of the RF signal generator to the fourth adjacent channel
ve the nominal carrier frequency.

F%ignal output of signal generators 2 & 3 on.
iffain the outputs of RF signal generators 2 & 3 at equal levels.
e RF signal levels to reduce the SINAD ratio to 6 dB.
t the frequency of RF signal generator 3 slightly to produce the maximum interfering
ignal.
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 28&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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2.211 Co-channel rejection ratio
Connect the equipment as shown below.
RF signal
g enerator - -
= v % Receiver \ o
- — —— under test . —
SINAD meter Audio filter
e 0.3 - 3.4 kHz ut load
er meter
2.211.1  Switch the RF signal output of signal generatgy 2 off$
2.2.11.2 RF signal generator 1:
2.2.11.2.1 Adjust the RF signal gener &duce a standard RF test signal.
2.2.11.2.2 Adjust the volume contro radio to obtain SOP.
2.211.2.3 Reduce the RF sign SINAD ratio is 12 dB (wanted signal).
2.2.11.3 RF signal generator 2:
2.2.11.3.1 Switch the RF gignal on (unwanted signal).
2.2.11.3.2 Set the frequen®gto i assigned receiver frequency.
2.2.11.3.3 Modulate t RF signal with 400 Hz at standard modulation factor.
221134 Adj ignal level such that the SINAD ratio is reduced to 6 dB.
22114 Record the rejection ratio as the difference in dB, between the wanted and
unwanted gj
2.2.11.5 ent with signal generator 2 set to frequencies 1.5 kHz and 3.0 kHz above

2211.6

2212
the equipment as shown below.

o~ RF signal RF signal
& generator 1 generator 2
| Combining
= network
| Receiver
i under test
SINAD meter Audio filter | o
e 0.3 - 3.4 kHz AF output load
& Power meter
2.2.12.1  Switch the RF signal output of signal generator 2 off.
2.2.12.2 RF signal generator 1:
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==

22124
- 2.2.12.6 - Record the difference in dB between the signal output Ievals_fmm th &) RF signal generators

“=—at which the audio output power decreased withi 3 dB or

2.213

2.2.131
22132
22133
22134

2214

22141

2.212.21 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.

~ 221223 Reduce the RF signal until the SINJQ_C__ atio is12:dB (wanted signal).

gnal generator 2:
“Bwitch the unm03u|afed RF sign

Vary the frequency from 1 MHz to . OalVIFHZ on bf the assigned carrier
frequency.

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

WYatio decreases to 6 dB,
whichever occurs first.

Note:=-Ensure that the measured response is not causedeby-spuH
signal generators.

Conducted Spurious radiation
Connect the equipment as shown below.

s signals from the RF

Spectru

Receiver
under test

Switch the receiver on.

The receiver must be in sta mgide.
Slowly sweep the meas\ing instrument over the range 9 kHz to 4 GHz.
Record the frequen measure the absolute levels of the conducted spurious radiation.

Audio freque
as shown below.

Receiver AF output load
under test | & Power meter

4

v

level meter

Low pass filter |
Cut-off 20kHz |

Standard measurement

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

2.2.14.1.3 Adjust the modulation of the RF signal generator to 20 % of the maximum system
deviation.

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

221415 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.

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

221422 Load the line with a 600 Q resistive load or equivalent impedance, provided by the
measuring instrument.
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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.

100 300

500
FREQ

00 3000

CY (Hz]

10000

6dB/octave slope

UDIO FR CY RESPONSE OF FM RECEIVERS

500 1000 2000 3000
FREQUENCY [Hz]

10000

2.2.15 Signal to hum and noise ratio
Connect the equipment as shown below,

RF signal
generator

Receiver
under test

AF output load
& Power meter

AF level meter

Low pass filter
CCITT

2.2.151 Select the CCITT filter (low pass filter).
2.2.15.2  Adjust the RF signal generator to produce a standard RF test signal.
2.2.15.3 Adjust the volume control of the radio to obtain SOP.
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2.2.15.4  Adjust the squelch to its minimum (unsquelched).
2.2.15.5 Remove the modulation and measure the audio output power.
22156  Adjust the squelch to its maximum (squelched): =
: pan 22157 Ifthe receiver remains unsquelched remove the RESI
=" 22,158 Measure the audio output power. . % _ 2
.‘.""—'_ .-%Record the ratio in dB between the audigiglifput poWErsm i
- —mee-as the signal to hum and noise ratio. @U K

2.2.16 Amplitude characteristics
e Connect the equipment as shown below..—

E RF signal i Receiver
generator under test
AF level meter Audio filter
= 0.3 - 3.4 kHz
2.2.16.1  Adjust the RF signal generator to produce a s§ndar est signal.

2.2.16.2 Increase the RF output signal level to — 1
2.2.16.3  Adjust the volume control of the radio

2.2.16.4 Decrease the RF signal output le
the audio output level in dB.

— 13 dBm to — 107 dBm and measure the change in

2.2.17 High RF signal level interfergnce
Connect the equipment

sho W,

Receiver
under test —[ﬂ LS
2.2.171 Setthe 0 ate on the lowest channel.
2.217.2 Adj%F nal generator to produce a standard RF test signal.
s
|

RF signal
generat

22173 uelch to open at a RF signal level of — 115 dBm.
22174 asggthe RF signal level to =7 dBm.
2217 ca e frequencies of 132 channels above the receiving channel, excluding the assigned

-47 dBmto -7 dBm.
2.2.17.7 Set the radio to operate on the highest channel.

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

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

channel and the adjacent channels.
& ecord the channel and the RF signal level, at which the squelch opens in the window of

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, gih
Group
| ———— i
Duplex 5"
gl Group B
Duplex, 5" or‘m i
GroupC [ 16| 41 | 57 | 59 | 74 | 78 | 83 [110 [ 122 [ 123 | 130 |
__ Duplex, 5" order, first 52: hannels — *3‘“’\\_"”“"‘“ =
' GroupD 217 | 18 - =
Duplex, 5" order, first 52 channels
GroupE [ 19 | 28 | 3 144 | 49 | 51 | V
Duplex, 5" order, first 52 channels
GroupF [ 29 [ 30 [ 35 [ 42 [ 50|52 |
Duplex, 5™ order, first 52 channels O
Group G m | 14 | 24 | 26_]
Duplex, 5™ order, first 52 channels *
GroupH [ 34 ] 36 | 47 ] Q
Shunting channels O
Simplex, 5" order, last 80 channels
Group A 53 | 56 | 60 |471 99 | 109 | 118 | 126 | 131 [ 132 |
Group B 55 | 58 | 6 3| 72 84 | 112 [ 125
Group C 64 | 67 |6 95 | 103 | 116 | 127
Group D 68 | 77 9 107 | 113 | 114 | 117
Group E 65 0 [¥94 | 100 | 121
Group F 81 7 92 | 104 | 108
\*Q
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4 T 2.3.1 Carrier power (conducted) . - B
Hi""‘_ s ConnetteEsytipment as sHOWMEIOW . i
',_""‘"— - s Transmitter
”— ‘F under t'est
&= o 23141 Measure the carrier power in the.absence of.modulation. s
= ——— 2312  The measurement shall be mEaerundeHheextreme -test conditions S\Xu: —_—
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2.3.2 Conducted spurious emissions
Connect the equipment as shown below.

Transmitter RF power
under test attenuator

Y

- ]

RF signal
generator |~
Spectrum
analyser
or
Test receiver
2.3.21 The duplexer must d to the operating band. See specifications in clause 1.4.1.

2.3.2.2 The value of t

nJator (including the duplexer) must be such to limit the carrier level at
ser/test receiver to approximately — 60 dBm.

ransmitting an unmodulated carrler measure and record the frequencies
of the conducted spurious up to the 5™ harmonic.

2324 R trAnsmitter with the RF signal generator.

2.3.25 he signal generator to the recorded frequency and adjust the output level to obtain
ed level on the spectrum analyser/test receiver.

d the output level of the RF signal generator as the conducted spurious emission at that
pecific frequency.

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

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

2.3.2.9 The measurements shall be made under the extreme test conditions as well.
231.10 With the above circuit the reverse channels can also be tested.

2.3.23  With th
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2.3.3 Carrier frequency error
Connect the equipment as shown below,

re———

RF power
.attenuator.

Y

=== ==——i

s e s -
PUSSE

=

2.3351 “Measure.the.carrier frequency in the absence of modulafion.
2.3.3.2 Repeat the measurement on each channel on which the transmitesiggequipped to operate.
2.3.38 Calculatethiescarrier frequency error as the difference betweqg the as f:frequency and the

measured frequency. (Some test instruments can be mepsure the frequency error
directly).
2.3.3.4° Record the worst case as the result.
B

2.3.3.5 The measurement shall be made under the extren itions as well.

2.3.4 Carrier attack time
Connect the equipment as shown below,

Transmitter L Storage
under test "| oscilloscope
e 1 Trigger
input

Control switch

2.34.1 Set the st scillpscope to single sweep operation.
2342 Operate $heNgnM switch and measure the time interval for the unmodulated carrier voltage
h

leveldo re alue 6 dB (50 %) below the steady state level.

235 Ad channel

e equipment as shown below.
AF signal Transmitter | RF power

-, generator under test 6 attenuator

S
Adjacent
channel power |«
meter

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

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

2354 Measure the mean power produced by the modulation, hum and noise of the transmitter in the
adjacent channels.

2.35.5 Express the adjacent channel power in dB with reference to the measured carrier power.
2356 Record the worst ratio as the measure of the adjacent channel power.

Or: When the measured level does not comply with the specification:
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2.3.6

The adjacent channel power not to exceed a level of — 37 dBm irrespective of the carrier

power level.
Intermodulation at_tema;ixion_ fixed. adio stations only) DA
«—Method-A: Conn equipmentas-shawbelow. S
Transmitter RF power Spectrum
under test attenuator > analizer

2.3.6.1

23.6.2

2363
2364

2.3.6.5

Q.

Ry
23.6.7
23.6.8
2.3.6.9
2.3.6.10

2.3.6.11

2.3.6.12

Method B: Connectt

A\

RF signal. ...
source

Set the unmodulated signal level from the RF sig

. i‘e to give a level, measured at the
transmitter output terminal, 30 dB below the outpu @ evel.

With the transmitter transmitting an unmodulgted C¥ Y vary the frequency of the RF signal
source between 50 kHz and 100 kHz, above 2d below the carrier frequency.

Measure the levels of the Intermodulati 0 ents.

The Intermodulation attenuation is ex| d as the ratio of the carrier level to the level of the
largest Intermodulation product ( observed.

Record the worst case as the

Note: Ensure that the mea
source.

Directional i RF power E
T coupler <— attenuator |
e . 20dB |
__________ . | “"""‘f*------
i : 50 Q .
| atten- ! termin- Interfering
W | uator | ation signal source
I |
] I

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

The directional coupler must have an insertion loss of < 1dB, directivity of > 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

o T T RTAPESY

oL

- . - !!m_ e - :
= 2.3.7"NModulation limiting (Tx deviation)

Connect the equipment as shown below.

23.71

2372

23.7.3
2374
23.7.5

23.7.7

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. e
B Ensure that the'meastred responseST
- source.

AF signal _| - Transmitter
~__generator " “under test

X
v
o
o
—
o
)]
L
0
o)
)

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

Apply electrically a 1 kHz audio test ¢

sufficient to produce the standard jem Julation factor.

(When an electrical input signa t De applied this may be replaced by an acoustical
signal.)

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

jo tes al (reference).
Hz to 2.55 kHz:

Sudio test signal with 20 dB. Ensure that the measured deviation
aximum system deviation.

changing the audio input signal level vary the modulating frequency
n 300 Hz and 2.55 kHz.

23752
t
2.3 Ré&Cord the largest positive or negative peak deviation obtained, as the modulation
limit.
ulafing frequency 2.55 kHz to 6.0 kHz:
A Decrease the audio test signal to obtain the standard test modulation factor

Q o (reference).
~, 3.7.6.2  Without changing the audio input signal level vary the modulating frequency

between 2.55 kHz and 6.0 kHz.
2.3.76.3 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:
23.7.71 Obtain the standard test modulation factor (reference).

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

23.7.73 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

FREQUENCY DEVIATION IN kHz

12 125 13

MODULATING FREQUENCY IN

2.3.8 CTCSS deviation

2.3.81
2.3.8.2
2.3.8.3
23.84

239

2.3.91

Connect the equipment as shown below.

Transmitter
under test

analyser
demodulator

Select th
Set the qydi of the modulation analyser to Low Pass cut-off 15 kHz or 20 kHz.
In ce®of an audio input signal (modulating signal) transmit a carrier.

re and record the deviation of the sub-audible tone.

quency total harmonic distortion (THD)
nect the equipment as shown below.

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

Standard measurement

2.3.9.1.1 Apply electrically a 1 kHz audio test signal to the microphone input of the
transmitter at a leve! 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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23.9.1.4 Set the audio output signal at a leve! sufficient to produce the standard test
modulation factor.

ol . 2.3.9.1.5 Record the distortion obtained. .. ——

_Note: Care must be taken n dteatc
electrically. :

/hen the audio_signal is connected 2

600 Q balanced line input ﬂ
Where a 600 Q balanced line is provid&asthe THMMeasured on this line.

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

e — 2.3.9.2.2 Injecta1kHzaudlotest;§ignalmt<§=th‘§=lmeatalevel of ‘) Bm. - e

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

2.39.2.4  Measure and record the THD. Ny V

2.3.10 Audio frequency response
Connect the equipment as shown below.

AF signal | Transmitter
generator ] under test

RF power
attenuator

. AFI r | Modulation
Method Method analyser
A B demodulator
2.3.10.1 Standard measure t
Method A.
2.310.11 I rically a 1 kHz audio test signal to the microphone input of the
mitier at a level sufficient to obtain 20 % of the maximum system deviation.
el e low pass filter (cut-off 20 kHz) at the modulation analyser.

VI the modulating frequency (audio signal) from 300 Hz to 3 kHz.
Adjust the modulating frequency level (audio signal) to maintain the modulation
factor constant.

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

«, ethod B.
S 2.3.10.1.6 Apply electrically a 1kHz audio test signal to the microphone input of the
transmitter at a level sufficient to obtain 20 % of the maximum system deviation.

2.3.10.1.7 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.

2.3.10.2 600 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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231025 Proceed with test method A (2.3.10.1.2 to 2.3.10.1.5) or test method B (2.3.10.1.7
to0 2.3.10.1.9)

AUDIO FREQUENCY RESPONSE OF PM TRANSM(T
. i s ————————

S M=
-2 -
100 300 600 10 . 3000 10000
FR ENG [Hz]
6dB/octave slope
AUDIQEREQUEDCY RESPONSE OF FM TRANSMITTERS
|
1
=1
| |
i- ! !
|
| | 1 ‘ i
S .
i 500 1000 2000 3000 10000
FREQUENCY [Hz]
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2.3.11 Angle modulation hum and noise ratio
Connect the equipment as shown below.

AF signal = ?-_'T_r_ 16} tter RF power
— _Jegenerator .| dac te .| attenuatorf. .
AF level meter | Audio filter - Modulation
h 0.3-34kHz | analyser \
o L - demodulatc‘ o =

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

2.3.11.2 Record the audio output level from the modulation anal
2.3.11.3 Remove the modulation from the transmitter.
2.3.11.4  Again record the audio output level from the modu

% er demodulator
2.3.11.5 Calculate the angle modulation hum and noisg ratidgy g¥termining the difference between the
two measurements in dB.

Note: Care must be taken not to er hum when the audio signal is connected
electrically.
Short circuit the audio in tions of the radio transmitter when the audio signal
is removed.
2.3.12 Amplitude modulation hum ae noit evel
TTTToTTTTTTTTTTTn R
RF power ! Modulation
attenuator | analyser

demodulator

2.3.121
2.3.12.2 e of an audio input signal (modulating signal) measure the modulation factor.
2.312.3 the AM hum and noise level as follow:

M and noise level (dB) = 20Log(2 m/100)

& ExfPeme transmitter loads
S Connect the equipment as shown below,

Transmitter ___,1 Open circuit |
under test :'J* | ]
; :
Antenna ! Short circuit !
Terminal ==} ]
! ‘

| RF power

3| meter

2.3.13.1 Measure the carrier power in the absence of modulation.

2.3.13.2 Operate the transmitter under open and short circuit load conditions for a period 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.
- 234 3.4....Calculate the variation of the carrier power in dB withieferenceto clause 2.3+13.1.
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2.4 High Site Equipment
24.1 Radio Base Station Response Time
e
= Trigger
input
» Storage
& - .| oscill ‘ope =] e -
o —— Channer - e
(romen e input_____ A, TE—
i, e |
RF power o 1 BS transmitter BS receéiver _E
attenuator | under test r test :
I 1
g, -, A i
2411 Apply a standard RF test signal to the receiveg und
241.2 Determine the usable sensitivity as described Y clause 2.2.3.
24.1.3 Adjust the squelch to open at a RF a el of — 115dBm, measured at the antenna
terminal.
2414 Set the RF signal level 12 dB abgfe ble sensitivity level.
2415 Set the storage oscilloscope igss % bep operation.
2416 Enable the RF switch and@imeas e time required for the unmodulated transmit carrier
voltage level to reach a valuRg dBg50 %) below the steady state level.
2417

Repeat the measuremey three times and take the average of the three measurements as the
repeater attack time?

R\
&
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2.4.2 Talk Through Signal

24.21 Audio levels
R o oo Connect the equipment as shown below: - -

-8 3

i -
. Basestotionwss
RF signal j receive'ruﬁ_dggi

generator test cpmmn | - -amms
Base station
transmitter

undertesk T

v

33

Bio
[k
i

|
|

Link receiver
under test

J
L |

Link transmitter
under test

Other li
Mic e

AF level meter

24211 Adjust signal generator to produce the standard RF test signal.

24212 C e Rudio lines to the units as it would be connected when in operation.
; sure that the lines are correctly loaded.

24213 S udio frequency level meter to high impedance/bridge mode. This is to
s¥E that the level meter does not load the lines.
! asure the audio level from the source (Rx) first. Adjust the level if necessary.
Measure all the outgoing lines from the LBU and adjust the levels if necessary.

Use the method described in clauses 2.4.2.1.1 to 2.4.2.1.4 to measure and adjust
the audio level from the link receiver.

4217  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

Conneclthe e’qu_I_ﬂment as shown below.

~wgenerators | . under test

AFeVel meter | | Modulation

Base. reCeiValwl e .

A

analyser

— | demodulator

24221
24222
24223
24224

24225

24226

~r—

®ard RF test signal.
odulation analyser.

While keeping the modulation fagtor vary the modulating frequency over

the range 300 Hz to 3 kHz.

Record the variation in thg output power from the demodulator over this
range in dB with referenc @ e coMesponding level at 1 kHz.

Branches to the link N other links must also be measured.

UDIO LEVEL [dB]

ER TALK THROUGH SIGNAL
AUDIO FREQUENCY RESPONCE

With De-emphasis and Pre-emphasis

| 1 [

300 500 1000 2000 3000 10000
RECEIVER MODULATING FREQUENCY [Hz]
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REPEATER TALK THROUGH SIGNAL
AUDIO FREQUENCY RESPONCE
o -~ AT bUN DEF RS and Pre-emphasls
o2 - Bir _ a4 Ehgh. :
; - S A —— k. . = - —— -
=t 5 R , :
. 3 - £ |
-~ d 3] = | ‘ 1
=
=
o 2 |
=1
2
al |
> ;
3 ol — - e | - . — ——a
o
F 4 :
w
a
— B
- L |
= |
} |
74 — {1
-5 | L ! [
100 300 500 1000 2000 3000 10000
RECEIVER MODUATING F Y [Hz]

24.2.3 Modulation factor linearit
Connect the equipment as shoy

RF signal @ receiver | Base transmitter
generator Her test under test
@ Modulation ~ RF power
analyser attenuator

é | Radio test set | |
: -

4.2.31 Ensure that the transmitter modulation limiting (deviation) has been set correctly

\\ (see clause 2.3.7).
24232 Ensure that all the audio levels have been set correctly (see clause 2.4.2.1).
24233 Apply a standard RF test signal from the RF signal generator to the receiver.

24234 Vary the modulation of the RF input signal between 0.5 kHz and 2.5 kHz and
measure the transmitter deviation.

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

1] 0.5 1 15 2 25 3
RECEIVERMODULATI Hz]

2424 Audio frequency THD
Connect the equipment as shg

RF signal Basg receiver | Base transmitter
generator - under test
I EtT e ———————
1
:""'j“"'"“"‘. RF power
1 Radio test set ; attenuator
e ! l
meter Audio filter Modulation
0.3-34kHz | analyser
demodulator
\\ 24241 Ensure that all the audio levels are set correctly.

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

2.4.3.1 Duplexer
—e-lhe-best method.

measuring method w. _,IJQ cgmd inthis. document.
If. any; problem ls dQISEl mbiner must be send to a facility with T
the tune the unit. w ’-“m

et equipment and compe{eaty, Do nok = —_— =
S T " Cai iy =i
A RF signal generator and a test recelver/spectrum analyser could be used to make
measurements.

- 24311 Calibration:- =
——s 2.43.4.1.1 Connect3he RFslgnakgenerator with the two co &tlng cables te=the test———-
o receiver orspectrum analyser.

2.4.3.1.1.2 Tune the RF signal generator and the test receiver/s rum analyser to the in-
band receiving/transmitting frequency to be m red.

2.4.3.1.1.3 Set the output level of the RF signal genergior ed:

e.g. Low-level : <-60dBm
-

High-level : 0 dBm.
s

2.4.3.1.1.4 Record the difference between the
difference must be included in th§ calc

and measured signal level. The

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

2.4.31.2 Insertion loss - Rx
Connect the equip

n below.

Wuplexer
under test

Tx Ant RXx

| | Test receiver
or
Spectrum analyser
RF signal
& generator

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

Inject the signal at the antenna port (low level) and measure the level at the
x, receiving port.

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

2.4.3.1.2.4 The insertion loss must comply throughout the operating band.

At the high site this measurement can be made in the following way:
2.4.3.1.2.5 Connect the RF signal generator directly to the receiver.

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

2.4.3.1.2.7 Decrease the RF signal level till the squelch closes.

2.4.3.1.2.8 Increase the RF signal level slowly and note the level when the squelch open.

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

2.4.3.1.2.10 Repeat the procedure from clause 2.4.3.1.2.6 t0 2.4.3.1.2.8.

2.4.3.1.2.11 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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24313

: lliﬂ ¥ '!*i -! - .!-!w! _
g AR R T

TR SN

e ———

24.3.1.31

243132

2.4.3.1.3.5

24.3.1.441

24.3.1.4.2

243143

243144

Insertion loss - Tx
Connect the equipment as shown below.

RF signal
generator

50Q load

Testireceiver | \\

Spectrum
analyser

Tune the RF signal generator and the te
band transmitting frequency to be meg

Inject the signal at the transmitting p
antenna port.

Calculate the insertion loss by Yetermining the difference between the injected
agl [EY8Lin dB.

The insertion loss must @ throughout the operating band.

At the high site this
Connect a termigg

spectrum analyser to the in-

level) and measure the level at the

Measure the u 0 carrier power from the transmitter.
Connect Erminated wattmeter to the transmitter via the duplexer
(Antenpa

he insertion loss by determining the difference between the two
ower levels in dB.

% When the result is within specification, the insertion loss through the

coaxial cable between the transmitter and duplexer can be ignored.

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

Duplexer
under test

Tx Ant Rx

Test receiver
RF signal or

generator Spectrum analyser

500 load

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

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

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

The isolation must comply throughout the operating band.
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24315

24.3.1.51

243152
243153

24.3.1.54
2.4.3.1.55

2.4.3.2 Combiner
2.4.3.2.1

Impedance matching

Connect the equipment as shown below.

i RF Amplifier
v
| .
e .
Radio | | DUPtML
transmitter :r" under tes
T e S - T nt _Rx

iy
d 50Q load

Tune the RF signal generator to and transmitting frequency to be

measured.
Measure the Voltage Standi

If the wattmeter does notg
and calculate the VSWR.

ve Ratio (VSWR) with a through line wattmeter.

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

The impedancegfmat gsffust comply throughout the operating band.
Use the same Mgthod)o measure the impedance at the receiver and antenna
terminals.

243.21. ion loss can be measured as explained in clause 2.4.3.1.2.
4.3.2. ift m loads must be connected to all open transmitting and receiving ports.

1.5
4.3.2.2
« 2.4.3.2.2.1

243222

243223
243224

24323
2.4.3.2.31

243232
243233
243234

TWE injected signal level at the antenna port must be low (< — 80 dBm) to prevent
the RF amplifier 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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24.32.4 lsolation between the transmitting ports
Connect the equipment as shown below

ol 2 —esOmbingrUner. test

‘:Am: Rx ports

RF signal
generator

Test receiver
=3 or
Spectrum analyser

2.4.3.2.41 Tune the RF signal generator and teceiver/spectrum analyser to the in-

band transmitting frequency to bg mea

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

2.4.3.2.4.3 Inject the signal at the fir nsmitting port (high level) and measure the level at
the other transmitting

243244 Repeatstep2.4 n injecting the signal at ports 2 to 4.

2.4.3.2.45 Calculate the iffolation ™ determining the difference between the injected signal
level and the m&gsurgll level in dB.

24.3.24.6 must comply throughout the operating band.

24325 |

2.4.3.2.51 pe®®nce matching can be determined as explained in clause 2.4.3.1.5.
243.2. i loads must be connected to all open transmitting and receiving ports.

2.4.3.2.5\ e transmitting ports must be measured.

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

2. xial Cable
RA mpedance matching
S

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

Connect the equipment as shown below.

RF signal | RF Amplifier Through Line
generator Wattmeter

4

1
[Cee————

Radio

50Q load B e : T

24411 Tune the RF signal generator to the in-band transmitting frequency.
24412 Measure the Voltage Standing Wave Ratio (VSWR) with a through line wattmeter.

24413 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).
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24414  Tune the RF signal generator to the in-band receiving frequency.
24415

Measure the Voltage Standing Wave Ratio as above.
he impedance matching must comply throughout the'operating bar
16 worst case as the impedance matchingis & :

e B bl
& CQUIPMENLES shown below. ’g_“%
RF signal RF Amplifier o Radio '
generator I vnsmitter |
3 = A5\ cemmmie

Terminated
Wattmeter (2)

24421
24422

24423

Terminated
Wattmeter (1)

O

Tune the RF signal generato%r; band transmitting frequency.
Measure the power at ar emd of the coaxial cable using the terminated

wattmeter (1).

Measure the power@@ arend of the coaxial cable using the same terminated
wattmeter (2).

Calculate the ifgertionjoss by determining the difference between the power levels
measuredgn dB.

nalyser
onnect

. This measuring method will not be covered in this document.
the equipment as shown below.

e
RF signal RF Amplifier o Radio E
generator ) I ! transmitter i

" 1
Antenna s Through Line Co_axial cable |
under test | Wattmeter ~[* lo———————oooooomooooooos

24511 The impedance matching of the coaxial cable (clause 2.4.4.1) must be measured

first.

24512  Tune the RF signal generator to the in-band transmitting frequency.

24513 Measure the Voltage Standing Wave Ratio (VSWR) with a through line wattmeter.

24514 If the wattmeter does not indicate the VSWR, note the forward and reflected power

and calculate the VSWR (see clause 2.4.3.1.5.3).

24515 Tune the RF signal generator to the in-band receiving frequency.

24516 Measure the Voltage Standing Wave Ratio as above.
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The following caMon coulgeIsohe Used:

Antenna gain (dBd) - Duplexer/combiner insertion loss (dB) - Coaxial cable
insertion loss (dB)_+ Transmitting power at transmitter (dBrg). Convert the result to_

24522

Watts (0.001 x Antilog(dB/10)). (\ 8 ==

2.4.6 Receiver Desensitisation (Desensing)
Connect the equipment as shown below. -

50Q RF-
Antenna | coupler iver
system N der test
RF signal
generator .
SINAD meter | AF output
I load
& Power
meter

2461 The transmitt all the transmitters must be set correctly.

246.2 The inse of Jhe RF-coupler must be < 1 dB.

24.6.3  Adjust th§ R I generator to produce the standard test signal and apply it to the receiver
via

2464 ceghe RF signal output level until the SINAD ratio is 12 dB.

24.6.5 e RF signal level at which the 12 dB SINAD is obtained.

2. ransmit 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.

2469
2.4.6.10

2.4.7 Audio Line Branching Unit (LBU)

2471 Impedance matching
Connect the equipment as shown below.
Transmission Input LBU
line tester chan 11 under test
24711 Switch the power of the LBU on.

24712 Measure the return loss of the input transformer to determine the impedance

matching.
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24517  The impedance matching must comply throughout the operating band.
2.45.1.8 Record the worst case as the impedance matching.
2452 i er ERP ) . . "y Z&a
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24713

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

Input - LBU

“under test

Chan 1

2472
24722

24723
24724
24725
24726

24727

24.73

1

Ensure that the audio signal generator and a velgneter are ;et to the correct
impedance.

Route all the input terminals to all th
tests that follow.

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

Measure the signal level at the oftput terminals of the LBU.

Adjust the output levels to 0 dBm if necessary.

Repeat the measurem ith the audio signal applied to the other input

terminals.
g @ 10 dBm without readjustment.

inals. This is required for the

Audio frequency respons

Connect the equipmenfjas sh

All output levels
elow.

4732
> 24733
24.7.34
24735
2.4.7.36

LBU Output

under test

Low pass filter
Cut-off 20 kHz

;

AF level
meter

Chan 1

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

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

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

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

2474

Audio signal Output

generator

Low pass filter
“| Cut-off 20 kHz

!

AF THD
meter

Chan 1

sure that all the audio levels are set correctly.
Réute all the input terminals to all the output terminals.

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

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

\\ Record the audio total harmonic distortion obtained at the output terminals.
Repeat the measurements with the audio signal applied to the other input
terminals.
24.7.5 Audio signal to hum and noise ratio
Connect the equipment as shown below.
Audio signal Input LBU Output Low pass filter
generator chan1| undertest | chan1 CCITT
AF level
meter
24.7.51 Ensure that all the audio levels are set correctly.

24752
24753

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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]

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. i

Measure the signal level at

=

o 24758  Calculate the ratio in dB between; . _obtained with and without
ﬂ?‘ . _ the applied audio signal, as the § 0 hUmEna: atio.
52;59 Repeat the measurements with the audio signal applied to the other input
terminals.
. .25 2.4.7.5.10 Record the lowest ratio as the resaits .. .=~ \\
2.4.7.6 ~Channel cross talk
~Connect the equipment as shown below.
Audio
. . I t
Audio signal "P”= Frequency
generator Chan 1 Load
LBU
| under te
nput
|:: Low pass filter
Chan 2 Chan 2 il Cut‘off 20 kHZ
AF level
meter
24761 Route all §e ch Is to operate separately e.g. Channel 1 input terminal to
tput terminal; channel 2 input terminal to channel 2 output terminal;
all the level settings are correct for each channel.
t ag kHz signal at a level of — 10 dBm into channel 1 of the LBU.
ircuit all the other input terminals.
Calculate the ratio in dB between the audio input signal level and that measured at
the other output terminals, except that of channel 1.
.6.6  Repeat the measurements with the audio signal injected into the other input
-~ terminals.
S 24.76.7 Record the worst case as the result.
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2477

Common-mode rejection ratio
Connect the equipment as shown below.

Input Output
LBU

w1 undertest] c

Audio signal
generator — V e
@ Voltmeter R = Impe
24.7.71 Adjust the amplification of th to unity gain.

If the gain cannot be adj , m
calculate the gain.

ure the input and output voltage levels and

24.7.72  Set the audio signal @ requency to 1 kHz and set the output impedance to
HIGH.

24773 Increase the sifinal outt level of the audio generator till the level measured on
the output line e YU, also increases.

2.4.7.7.4  Record theNpput and output signal voltage levels.

24775 Ifthe L et for unity gain, calculate the ratio in dB between the audio input
si ard that measured on the output line of the LBU.

24777
247.7.8

2.4.7.7. f t
voltage level.

U has a gain, calculate the ratio by dividing the input voltage level by the

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

R x Gain=T:1

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

Connect the equipment as shown below.

E-signal

vy

= Power |+
- | -supply-«{. H
unit |-
@ Ammeter

Chan 1

Power

unit

== .S ‘\

2.4.7.81 Route the E-signal of channel 1 to activate.the M-signa

2.4.7.8.2 The value of the load resistor R must be such to

- 10 mA.

all the channels.
a current flow of 8 mA to

signal terminal and measure

2.47.8.3  Apply a DC voltage at the appropriate level to VI terminal.
24.7.84  Apply a DC voltage at the appropriate le

the current.

2.4.78.5 Measure the current flow at all the M- @ rminals.
24.78.6 Reverse the voltage polarity at the E &Wsighal terminals

24.7.8.7 Repeat the above tests with gtheRrouting combinations.

24788 Measure the resistance beg
The resistance must be i ‘@

Connect the equipment as sRgwn btlow.

2.48 Power Supply & Battery Char @
2.4.8.1 Output voltage requlation <

charger.

and repeat the test.

n E & M-signal terminals and the LBU earth.

Power
supply i ®
under 0

test

Variable
power
load

V8ltmeter @ Ammeter

Intermittent:
Adjust the Variac to obtain the nominal input voltage to the power supply/battery

& while recording the output voltage.
2.4.8.1.1.3 The measurement shall be made under the extreme test conditions as well.

248.1.2 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.

4.8.1.1.2 Vary the power load to obtain a current drain from 0 ampere to maximum current
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2482 Efficiency
Connect the equipment as shown below.

Power

@ |
- . ..i._...' «supply
: under
test

@ Voltmeter @ Ammeter

e "
e . —_— ——
S ————— = ——— R =

2.48.2.1 Adjlist the Variac to obtain the nominal input voltage ¥ the poWer supply/battery

charger.
2.4.82.2 Vary the power load to obtain a current drain 0 ampre to maximium current
while recording the input and output voltages regts.

24823 Calculate the efficiency in percentage.

Efficiency = (Power out/Power in) x
2.4.8.2.4 Repeat the test with the specified mi d then the maximum input voltage to

the power supply/battery charge
2.4.8.2.5 Record the worst case as th s\t

2483 Output voltage ripple
Connect the equipment as show

’ . @" il Oscillos-
AC @ power cope
—] T load
%meter @ Ammeter
2408, just the Variac to obtain the nominal input voltage to the power supply/battery

charger.

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

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

\\ 2.4.8.3.4  Record the worst case as the 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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2484 Radiation of spurious frequencies

Connect the equipment as shown below.

. Variable
power
load

eceiver -

- - Antenna /

———————— - e e

— @ Ammeter

24841 This test has to be performed inside a Far

2.4.8.4.2 Al the instruments and electrical equi he cage not used for the test
have to be switched off to prevent intgfffere ith the frequencies to be scanned.
Ideally, all the equipment except theRpowel) supply under test and the antenna
should be on the outside of the cge.

2.4.8.43 The measuring antennatob d 1 m from the power supply/battery charger.
2.4.8.4.4  Vary the power load to a co%ent drain from 0 ampere to maximum current

while scanning the radjg-0 ing band (455.0000 MHz to 467.0000 MHz).
2.4.8.4.5 Record the frequenq Is of all the detected signals.

2485 Desensing of receiver (co
Connect the equipmentas s

AF output load
& Power meter

Audio filter
0.3 - 3.4 kHz

!

SINAD meter

A

«, 24.851 Use a battery to power the receiver.
24852  Adjust the RF signal generator to produce a standard RF test signal.
2.4.8.5.3  Adjust the volume control of the radio to give SOP.

24.8.54 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.
2.4.8.56  The length of the power leads to the radio must be 1.0 m.
24.85.7 Place the power supply as far as possible from the radio.

24.8.5.8 Readjust and record the RF signal output level at which 12 dB SINAD ratio is
obtained.

24858 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 nETWQrk o el

1.5.1.2

_-.; A lr’a;-’i' on and ensure that it reglster on=

registered lndlcatlon and the instrument will display the radlo ] trunklng number

Make a call with the same prefix number (e.g. 2052001203 to 2052001204).
Thé instrument will display the called radio’s prefix and the derivedide ‘ic’ation number.

T5 1.3~ Make.a.call with the interprefix number (e.g. interflectcall: 2052001203%0.2142001301).

1.5.1.4

1.5.1.5

1.5.1.6

1.5.1.7

The instrument will display the called radio’s prefix and the deriv ntification number.

Shortferm.dialling (e.g. 204)

Repeat 1.5.1.2 using the short form dialling.
PSTN call (e.g. 0117748227)

The dialled number must be presided with 0 (e.g. 00 The instrument will display the
called number.

Call the radio under test
Make a call to the radio from the instrument.

Handoff
Change the control channel on the in nt ensure that the radio re-register on the new
channel.

1.5.2 On trunk system

Two trunk radios and a PSTN te, t be available and dedicated to the tests.
One trunk radio must be progragnmed the same prefix number as the radio under test and the
second radio with an interpgefix

1.6.2.1

1.5.2.2

1523

Registration

Switch the radio un on and ensure that it register on the trunk system.

The radio will tered indication.

Local call

Ensure nk radios are registered on the same local site.
1.6.2.21 a radio with the same prefix number

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

Call a radio with an interprefix number

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

Short form dialling

Repeat 1.5.2.2.1 using the short form dialling. Have a conversation with the
second party.

15224 Call the radio under test
Make a call to the radio under test from the other radios.
Intersite call

Move the radio under test to a distant site.

Ensure that the radio is registered on that site.

1.5.2.31 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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1.5.234 PSTN call
Call the PSTN telephone. Have a conversation with the second party.

1.5.2.3.5 Gallsthe radlo‘under test ez e
| the o, under test from the other radios. Have a conversation Withut
U —— S Rdepartys “ s o — -
15236 Handoff = e SRR e
@mw ensure that the radio under test 'Wm
differefitsites: = - ——

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

2.6 Acoustical Measuremeﬁts \\ —

2.5.1 Receiver loudspeaker sound T§§§OT§ level =
Connect the equipment as shown below.

RF signal
generat

Sound Pressure

Receiver
Level meter

under test

2511 Adjust the RF signal generajor ter a standard RF test signal.

25.1.2 Increase the modulation to kHzKmaximum system modulation).
251.3 Adijust the volume conilyl of théTadio to obtain MUOP.

2514 Place the Sound Level (SPL) meter at a distance of 300 mm in front of the radio
loudspeaker.

Transmitter RF power
under test attenuator

Y

K Modulation
analyser

25.2.1 Ensure that the transmitter modulation limiting has been set correctly (see clauses 2.3.7).

2522 Generate a 1 kHz tone with the AF source at a level of 80 dB(A), measured at the radio
microphone.

2523 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 :
' DESCRIPTION = LOCATION:
Electromagnetic compatfibility. and i | External
atters ); Land { -
equipment with an internal or.
intended primarily for @ 1 =
Technical  characteristics of
measurement.
TREOEGVANT
DOCUMENT NO. DESCRIPTION LOCATION

END OF QME
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