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FOREWORD 

 

Supervisory Control and Data Acquisition (SCADA) Work Instructions have been developed by IDB to 
ensure that the Water Corporation’s staff, consultants and contractors are informed as to the Water 
Corporation’s recommended work practices.  Work Instructions and their associated Design Standards are 
intended to promote uniformity and to simplify design and drafting practice. They have as their ultimate 
objective the provision of safe and functional plant combined with minimum whole of life cost. 

The Water Corporation work instructions and recommended practices described therein have evolved over a 
number of years as a result of design and field experience.   

Deviation, on a particular project, from the Work Instructions and recommended practices may be permitted 
in special circumstances but only after consultation with, and endorsement by, the Principal SCADA 
Engineer, Infrastructure Design Branch. 

This Work Instruction incorporates the use of standard design templates. Examples of each of the templates 
are included in this document with instruction on their use. Soft copies of the templates will be made 
available to approved Water Corporation staff, consultants and contractors where required for official 
SCADA communications design purposes. 

This Work Instruction is intended to be used in conjunction with, and meet the requirements of, Design 
Standards DS 42-02 SCADA Radio Network Design and DS 42-03 SCADA Radio Equipment and 
Installation. Users of this Work Instruction are expected to be familiar with these Design Standards. 

The current Version 1 is the first release of this Work Instruction. Users are invited to forward submissions 
for continuous improvement to the Principal SCADA Engineer who will consider these for incorporation 
into future revisions. 

 

 

 

Manager, Infrastructure Design Branch 

 

 

 

 

 

 

 

 

This document is prepared without the assumption of a duty of care by the Water Corporation.  The 
document is not intended to be nor should it be relied on as a substitute for professional engineering design 
expertise or any other professional advice. 

It is the responsibility of the user to ensure they are using the current version of this document. 

© Copyright – Water Corporation: This standard and software is copyright.  With the exception of use permitted by the 
Copyright Act 1968, no part may be reproduced without the written permission of the Water Corporation. 
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REVISION STATUS 
The revision status of this standard is shown section by section below: 
 

REVISION STATUS 

SECT. VER./
REV. 

DATE PAGES 
REVISED

REVISION DESCRIPTION 
(Section, Clause, Sub-Clause) 

RVWD. APRV.

1 1/0 12.02.10 All New Version ALH AAK 

       

2 1/0 12.02.10 All New Version ALH AAK 

       

3 1/0 12.02.10 All New Version ALH AAK 

       

4 1/0 12.02.10 All New Version ALH AAK 

       

5 1/0 12.02.10 All New Version ALH AAK 

       

6 1/0 12.02.10 All New Version ALH AAK 

       

7 1/0 12.02.10 All New Version ALH AAK 
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1 NextG Radio Signal Measurements and Final Design 
Reports 
All Water Corporation NextG cellular radio signal level measurements shall be carried out and design 
reports shall be prepared in accordance with the following requirements. 

1.1 Definitions 
ACMA   Australian Communications and Media Authority 

DCF Design Correction Factor 

Ec/Io Energy of Pilot Signal / Total Energy in Band 

MCF Mobile Carriers Forum 

NSA National Site Archive 

RSCP Receive Signal Code Power 

Design RSCP The minimum acceptable RSCP for design purposes (-75dBm) 

Predicted RSCP The RSCP predicted from a desktop study 

Expected RSCP The RSCP expected from a final design 

RL (Height) Reduced Level 

1.2 Overview 
In order to achieve a suitably strong cellular radio signal level for reliable SCADA communications, 
the NextG design will usually require an external antenna and feeder cable mounted on a pole or other 
suitable structure. The design process requires a number of steps to be followed. 

The first step in the design process is to undertake a desktop study to determine whether there are one 
or more feasible paths from the SCADA communications site to Telstra NextG base station sites. The 
preference is for two or more paths in order to provide reliable communications should there be 
periods of poor radio propagation or base station failure, however, in some country areas only one 
base station may be feasible.  

Where there is a high density of NextG base station sites, such as will be the case in some parts of the 
metropolitan area, the design engineer may decide that it will be more economical to proceed directly 
to the measurement stage without having to undertake a Pathloss desktop study. 

In country and outer metropolitan areas Pathloss radio design software should be used to determine 
path feasibility. Telstra NextG base station data is obtained from the ACMA Register of 
Radiocommunications Licences and/or the MCF National Site Archive (NSA) website. The data is 
limited but will enable an approximation of the NextG RSCP to be determined for the desktop 
feasibility study.  

The next step will be to measure the NextG RSCP at the SCADA site. The design engineer can then 
choose a suitable design configuration including the antenna, pole and feeder cable to provide the 
expected RSCP. The third step is to prepare the NextG final design report. 

RSCP measurements will be undertaken on the downlink from the NextG base station to the SCADA 
site. RSCP measures the pilot channel signal power which is transmitted at a constant level from each 
NextG base station. RSCP measurements will be taken over a range of heights that are determined 
from the desktop study. The Ec/Io signal to noise ratio shall also be measured – see Section 1.2.1. 

It will be necessary to carry out NextG RSCP and Ec/Io measurements heights using a suitable NextG 
testing setup and temporary antenna support structure such as a wind-up pole or elevated work 
platform (EWP), often referred to as a cherry picker. The measured RSCP and Ec/Io shall be recorded 
on a field test sheet with relevant testing details. The test results will then be used to produce the final 
design report. 
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There are many techniques that can be used to measure NextG. This Work Instruction assumes a 
simple and practical approach whereby an omnidirectional antenna, low loss feeder cable and NextG 
modem are required. See Appendix A for a typical test setup. The omnidirectional antenna provides 
non-directionality for measuring the pilot channel signal from all active and monitored base stations 
and the low loss feeder ensures that the measured RSCP is in the accurate dynamic range of the 
modem.  

RSCP and Ec/Io readings are taken at each antenna height. From these the required antenna height is 
selected and the RSCP and Ec/Io readings taken over a five minute interval to confirm that the selected 
height is suitable. 

The proposed final equipment types should be used for the measurements wherever possible, for 
example if a 6dBi collinear antenna is specified in the desktop study then a 6dBi collinear antenna of 
the same type should be used for the measurements. This will avoid situations where a higher gain 
antenna than used for the measurements is specified for the final design but the expected gain increase 
is not met in practice. This antenna gain discrepancy is likely to be more evident on paths with poor 
foreground clearance and high clutter loss than on paths with good clearance. 

With this technique it may be necessary for the measured RSCP to be corrected to obtain the design 
report expected RSCP. In many instances a similar gain omnidirectional antenna will be used in the 
final installation to facilitate the NextG service to handover from one base station to another. A surge 
suppressor and short cable tail will be required and a lower loss feeder cable than used with the test 
antenna may be required to achieve the design RSCP of -75dBm. The radio design report shall include 
all measurement results, equipment types and antenna/feeder system gain and loss parameters required 
to convert the measured RSCP to the expected RSCP. 

In order to standardise the format of NextG final design reports, standard design template sheets shall 
be used. These are contained in the appendices to this WI and explained further below. These standard 
design templates are available in soft copies and will be made available on request by the Principal 
SCADA Engineer, IDB. 

1.2.1 Ec/Io 
The reader is referred to Appendix C of Design Standard DS 42-02 for a more detailed technical 
explanation of Ec/Io and its importance in NextG design. 

Most NextG SCADA installations will use an omnidirectional antenna that will “see” multiple base 
station pilot signals. These have the potential to cause excessive pilot pollution which can degrade the 
quality of service. Pilot pollution is likely to be worse in the Metropolitan area where there is a higher 
density of NextG base stations and users as compared to country areas. 

The measurement of Ec/Io is a fundamental component of NextG design. Telstra has advised that 
where the Ec/Io is better than -10 dB (eg in the range -10 dB < Ec/Io < 0 dB), the level of pilot 
pollution and hence quality of service will be acceptable. Water Corporation experience has shown 
that the Ec/Io will be better than -10 dB at the majority of SCADA sites. This Work Instruction 
includes steps to be taken to ensure that an acceptable RSCP and Ec/Io combination is achieved in 
order to ensure good NextG quality of service – refer to Section 1.6. 

1.3 Preliminaries 
Prior to NextG signal level measurements being undertaken, the design engineer should: 

(a) Carry out a desktop study to determine the feasibility of NextG. This can be done using Pathloss 
radio design software and data obtained from Telstra NextG coverage maps and the ACMA or 
NSA websites to predict the expected RSCP for each path. 

Note: The ACMA and NSA website data is limited. As a result the Pathloss desktop RSCP(s) will generally be 
approximate and unsuitable for final design purposes. 

Where there is a relatively high density of NextG base station sites such as in the metropolitan area it may be 
more economical to proceed directly to the field survey without undertaking a Pathloss desktop design. 
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(b) Conduct a site visit where deemed necessary by the design engineer to determine NextG signal 
level testing requirements; and  

(c) Where the testing is to be undertaken by others, prepare a NextG signal level testing brief for 
the testers.  

Note: At this stage the design engineer may also prepare a preliminary design report before proceeding further. 

1.4 NextG Signal Level Testing Briefs 
For each path to be tested NextG signal level testing briefs shall contain, but not be limited to: 

(a) The NextG base station site(s); 

(b) The predicted RSCP from the desktop study; 

(c) The expected antenna height pertaining to the predicted RSCP;  

(d) The required antenna test heights; and 

(e) The measured RSCP required to achieve the design RSCP. 
Note: This will assist the tester in confirming whether the measured RSCP is adequate. 

1.5 NextG Test Equipment 
The RSCP shall be measured using a CDCS CDM882SEU modem or equivalent test equipment. 
Where equivalent test equipment is used it shall be calibrated against a CDCS CDM882SEU modem 
prior to use to confirm that the RSCP is within ±2dB of the modem value across the range -100dBm ≤ 
RSCP ≤ -50dBm. A calibration record shall be retained with the date of test and equipment serial 
numbers. 

The CDCS CDM882SEU modem RSCP and Ec/Io shall be read using the AT+RSCP? and AT+ECIO 
commands, respectively. A typical test setup is shown in Appendix A.  

Note: In order to read the CDM882SEU modem AT commands via the USB port it is necessary to disable the PPP 
Auto Connect function under the modem Packet Data Connection Settings. The Settings are accessed via the 
Ethernet port using the modem IP address. 

Test feeder cable loss shall be measured at least annually. The measured loss and frequency shall be 
clearly marked on each test cable. Test feeder cable losses should be measured prior to each use.  

Note: Whereas the measurement of feeder cables prior to each use is not mandatory it is highly recommended as the 
risk of cable and/or connector damage during previous field survey operations is relatively high. 

1.6 NextG Signal Level Measurement Requirements 
Section 1.6.1 specifies the Ec/Io measurement requirements in detail. NextG RSCP and Ec/Io shall be 
measured at the designated site taking into account the following requirements: 

(a) The NextG test equipment shall be as specified in Section 1.5; 

(b) The test antenna shall be vertically polarised; 

(c) One of the measurements shall be performed at the predicted antenna height; 

(d) At least one reading shall be taken above the predicted antenna height and at least one reading 
below; 
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(e) The preferred measurement heights for different proposed support structures are as follows: 

Free standing pole 6, 8, 10, 12, 15, 18, 20, 25 and 30m AGL;  

Pole bolted to cubicle: 2, 3, 4, 5 and 6m AGL; 

Pole bolted to building: no more than 3m above roof level; 

Low profile antenna: 2m AGL. 

(f) The minimum antenna height at an unfenced site shall be 6m AGL except where a low profile 
antenna is proposed. 

(g) The average RSCP and Ec/Io shall be measured, with at least ten consecutive readings taken at 
each height;  

(h) The selected height shall be where the measured average RSCP is ≥ -75dBm;  

(i) The RSCP and Ec/Io shall be recorded for at least five minutes at this selected height; 

(j) Where the average Ec/Io is lower (ie worse) than -10 dB, further steps shall be taken as 
prescribed in Section 1.6.1 of this Work Instruction; 

(k) All measurements, equipment types, site and path information, and relevant environmental 
conditions shall be recorded as specified in Section 1.7;  

(l) All measurement records shall be archived for future reference. 

1.6.1 Ec/Io Measurements 
Ec/Io measurements shall be taken in conjunction with the RSCP measurement at each antenna height. 
Each measurement shall comprise at least ten readings of Ec/Io with the average value recorded. The 
initial antenna height selected for the NextG service will be where the average RSCP is ≥ -75dBm and 
the average Ec/Io is ≥ -10 dB (eg in the range -10 dB < Ec/Io < 0 dB). At this height the RSCP and 
Ec/Io shall be recorded for at least five minutes to confirm that the average RSCP and Ec/Io remain at 
≥ -75dBm and ≥ -10 dB, respectively. If so the NextG signal will be considered to be acceptable and 
the initial antenna height will be confirmed as the final design height. If not, further action will be 
required as prescribed below. 

Where the measured RSCP is ≥ -75dBm but the Ec/Io is < -10 dB (eg in the range -20 dB < Ec/Io < -
10 dB) the Ec/Io shall be measured for at least five minutes at this height. If more than 10% of the 
Ec/Io readings are above –10 dB, it is feasible that the pilot pollution is acceptable and that the Ec/Io 
readings below -10 dB are caused by NextG user traffic. Under these conditions the NextG service 
will be acceptable. 

If the Ec/Io remains consistently below -10 dB over this period, it points to excessive and 
unacceptable pilot pollution. Under these conditions the further action will be required as follows: 

(a) Use a directional antenna such as a yagi to discriminate between the wanted pilot signal and 
unwanted pilot pollution. It will be necessary to pan the antenna between base stations to 
determine the “best” RSCP and Ec/Io combination;  

(b) Measure at lower antenna heights to determine whether an acceptable Ec/Io can be achieved 
with a lower RSCP. If so it may be necessary to accept an RSCP of < -75 dBm; 

Note: It is unlikely that increasing the antenna height will improve the Ec/Io as pilot pollution will generally 
become worse with height, as more NextG base stations can be “seen” by the antenna. 

(c) Measure Ec/Io when user traffic is low to confirm that the low figure is due to pilot pollution 
and not NextG user traffic; 

Note: Pilot pollution will remain relatively constant whereas NextG user traffic will vary significantly over a 24 
hour period. When NextG user traffic is low and the RSCP is high, the Ec/Io will be mainly due to pilot 
pollution. 
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If the measures prescribed above fail to achieve an acceptable RSCP and Ec/Io combination, the 
matter shall be referred to the Principal SCADA Engineer, IDB. 

1.7 NextG Signal Level Measurement Results 
The NextG signal level measurement results shall include the following: 

(a) Site and path details including site name, coordinates and RL, path length and antenna bearings; 

(b) Measured average RSCP versus antenna height tables and measured average Ec/Io at relevant 
antenna heights; 

(c) Details of the measurement equipment setup, including the radios, antennas, cable lengths and 
cable types; 

(d) Note of foreground buildings and/or tree heights on the path at each site. 

1.8 NextG Final Design Reports 
All NextG final design reports shall use the following standard template sheets: 

(a) Design Report template – see Appendix B; 

(b) Design Sheet template – see Appendix C; 

Note: One Design Sheet shall be used for each measured path. 

(c) Equipment specification sheet – see Appendix E. 

The standard template sheets are intended to be mostly self explanatory. Section 1.8.1 contains further 
clarification of site coordinates, path bearings, expressing antenna gain and the design correction 
factor (DCF). Section 1.8.2 contains Pathloss software mandatory design parameters. 

The following sheets may be included as required: 

(d) Pathloss Path Profile(s). See Appendix D for a sample Pathloss Profile sheet; 

Note: Pathloss NextG Worksheets produced during the desktop study will generally contain approximate NextG 
bases station data and should not be included in the FDR. These Worksheets are used to determine path 
feasibility and should not be used for design purposes. 

(e) Location map and SCADA block diagram if an existing system; 

(f) Manufacturers data sheets; 

(g) Other relevant information. 

1.8.1 Design Sheet Parameters 
The information contained in the design sheet shall be as follows: 

(a) Site Coordinates (refer to Appendix F): Shall be as measured on site using a GPS device. 
Coordinates shall be GDA94 geographic coordinates (latitude and longitude) or MGA94 grid 
coordinates (eastings, northings and zone); 

(b) Path Bearing: Shall be the magnetic bearing as determined from the site coordinates; 

(c) The design sheet automatically converts the measured RSCP to the expected RSCP as follows: 

Expected RSCP (dBm) = Measured RSCP (dBm) + Design Correction Factor (dB) 

where: 

Design Correction Factor (dB) = Proposed System Gain (dB) – Test System Gain (dB) 

and:  

System Gain (dB) = Antenna Gain (dBi) – ∑ Feeder System Losses (dB) 
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(d) Antenna gain and path loss shall be shown in dBi. Antenna gains shall be converted from dBd to 
dBi using the following formula: 

Gain (dBi) = 2.15 + Gain (dBd) 

1.8.2 Pathloss Design Software Parameters 
The following Pathloss software data and parameters shall be used for a NextG desktop study: 

(a) Terrain Database: Shuttle Radar Topology Mission (SRTM) 3 arc second elevation data; 

Note: SRTM data provides the minimum acceptable elevation accuracy. It will be acceptable to use a more 
accurate digital elevation database that is compatible with Pathloss. SRTM files can be downloaded free of 
charge from the US Geological Survey website. 

(b) Geographic Defaults (refer to Appendix F):  

- Datum: WGS 1984; 

- Latitude: Southern Hemisphere; 

- Longitude: Eastern Hemisphere; 

- Grid Coordinate System: Universal Transverse Mercator (UTM); 

- Seconds Format: Nearest 0.01 Second; 

- Non Standard UTM Zones: Do not Allow. 

(c) Profile Format: Flat Earth; 

(d) Antenna Configuration: TR-TR; 

(e) Site Coordinates: As supplied by the Water Corporation, obtained from the ACMA or NSA 
websites, obtained from map information or measured on site using a GPS device; 

Note: The radio design report shall state the source of the coordinate data used in Pathloss. ACMA website 
coordinates are in ADG66 or AMG66 format and should be converted to GDA94 or MGA94 format. 

(f) Frequency: 880 MHz; 

(g) Title Block shall include the following: 

- First Line: Location of Water or Wastewater System, eg Metropolitan Wastewater; 

- Second Line: Type of Communications, eg NextG Radio Communications; 

- Drawing Number: No requirement, as applicable; 

- Initials: Design Engineer’s initials or name; 

- Company Name: Water Corporation. 

1.9 Deliverables 
For the purpose of this Work Instruction the Final Design Report (Section 1.8) shall constitute the 
radio design deliverable. 

The following propagation measurement documents shall be retained by the responsible field survey 
entity (eg Water Corporation section, alliance partner, consultant or contractor) for a period of at least 
twelve (12) months following site commissioning: 

(a) Testing brief (Section 1.4); 

(b) Calibration chart(s) (Section 1.5); 

(c) Signal level measurement results (Section 1.7). 

The propagation measurement documents shall be made available to the Principal SCADA Engineer, 
IDB upon request. 
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3 Appendix B NextG Radio Design Report Template 
The following two figures show the NextG Design Report Template with explanatory text. The 
MSWord soft copy of the Template will be made available on request to the Principal SCADA 
Engineer, IDB. 
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4 Appendix C NextG Radio Design Sheet Template  
The figure on the next page shows Sheet 1 of the Template, named the “Design Sheet”. The Design 
Sheet automatically calculates and plots the expected RSCP versus antenna height when data is 
entered into the white cells. The Template uses drop-down menus for the equipment selections. The 
equipment types are listed in tables in Sheet 2 of the Template named “Selection Lists”. 

The project and site information, test equipment details and propagation measurement results are 
entered into this sheet. The proposed antenna height and equipment details are then entered so as to 
achieve the required fade margin. 

The following notes apply to the use of the Design Sheet (see also notes in lower right hand corner of 
the Design Sheet): 

(a) The Excel soft copy will be made available on request to the Principal SCADA Engineer, IDB; 

(b) The alliance partner or other relevant design entity name and logo can be entered into the cell 
below the Water Corporation logo; 

(c) The Selection List tables in Sheet 2 may be edited and/or additional equipment types and 
parameters added. The relevant table should be sorted in ascending order when amended; 
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The following figure shows Sheet 1 of the Template, named “Specifications”. All data is entered into 
the sheet manually. Rows are inserted or deleted as required. 
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7 Appendix F Coordinate Systems 
The Water Corporation uses the following coordinate systems: 

(a) Geocentric Datum of Australia 1994 (GDA94) geographic coordinates (latitude and longitude); 

(b) Map Grid of Australia 1994 (MGA94) grid coordinates (eastings, northings and zone). 

These are equivalent systems, where the Universal Transverse Mercator (UTM) projection converts 
between GDA94 geographical coordinates and MGA94 grid coordinates. 

GDA94 coordinates are for most practical purposes identical to the World Geodetic System 1984 
(WGS84) coordinates. GPS satellite navigation uses WGS84 and hence the GPS system will give 
GDA94 coordinates. 

When using a GPS device, the user must set map datum to WGS84 to display GDA94 coordinates and 
transform between GDA94 and MGA94 coordinates using the UTM projection. 

The user should be aware of the following: 

(c) The ACMA database uses AGD66 geographic coordinates which are not the same as GDA94; 

(d) The ACMA database also uses MGA66 grid coordinates which are not the same as MGA94; 

(e) The correct zone must be selected when using MGA94 grid coordinates – see map below; 

(f) When properly set up, Pathloss transforms between GDA 94 and MGA94 coordinates 
accurately. 
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