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[bookmark: _Toc76735535][bookmark: _Toc76738422]Executive summary
Regarded as the next step in the evolution of mobile wireless communication, 5G promises improved connectivity and increased data download speeds. There is considerable interest in this technology and concern from some members of the community about potential health effects from electromagnetic energy (EME) emissions from 5G mobile phone base stations. 
The EME exposure standard in Australia is based on scientific assessment and established limits to human exposure to radiofrequency fields (RF). They are set by the Australian Radiation Protection and Nuclear Safety Agency (ARPANSA). The Australian Communications and Media Authority (ACMA) regulates these limits by, among other things, imposing conditions on network operators for the operation of radiocommunications transmitters. 
The ARPANSA limits are set well below levels at which harm to people may occur. At exposure levels below the limits set within the ARPANSA safety standard, it is the assessment of ARPANSA and international organisations[footnoteRef:1], that there is no established scientific evidence to support any adverse health effects from EME exposures to populations or individuals. [1:  such as the World Health Organisation (WHO) and the International Commission of Non-Ionising Radiation (ICNIRP),] 

We actively monitor to ensure that network operators are following the rules.
[bookmark: _Toc76735449][bookmark: _Toc76735475][bookmark: _Toc76735536][bookmark: _Toc76735587][bookmark: _Toc76738423]Our 5G and EME compliance program
With the continuation of the expansive 5G rollout by Optus, Telstra and TPG Telecom Limited[footnoteRef:2] (the carriers) expected over the next few years, in April 2020, we announced 5G and EME as one of our compliance priorities for 2020–21.  [2:  In 2020, TPG and Vodafone Hutchison Australia merged to form TPG Telecom Limited.] 

There are two main elements of the regulation of 5G mobile phone base stations under the legislation we administer: 
carrier consultation and notification requirements under the C564:2018 Mobile Phone Base Station Deployment Code (the deployment code) when deploying base stations 
carrier compliance with the mandatory standard for EME emissions that are given effect through licence conditions under the Radiocommunications Licence Conditions (Apparatus Licence) Determination 2015 (the licence determination).
[bookmark: _Hlk77072929]We have published 3 reports outlining the outcomes of our 5G and EME compliance programs in 2020–21. They provide information on our audits to assess carriers’ compliance with: 
The EME exposure level standard
consultation and notification requirements under the deployment code when rolling out 5G technology
licence conditions. 
[bookmark: _Hlk77072970]Components of our 2020–21 compliance programs


This EME measurement program report focuses on carriers’ compliance with the EME standard for 5G deployments.
While this compliance program has focused on 5G sites in Victoria, the findings from this work provide a baseline for our continuing focus on 5G and EME deployments in other Australian states and territories in the coming year.
[bookmark: _Toc76735450][bookmark: _Toc76735476][bookmark: _Toc76735537][bookmark: _Toc76735588][bookmark: _Toc76738424]EME measurement program
In early 2021, we measured EME public exposure levels at 129 5G-enabled mobile telecommunications base station sites in Victoria.
The purpose of the current measurement program is to assess compliance by the carriers with their regulatory obligations to ensure that EME levels in areas accessible to the public are below the ARPANSA limits.  
As part of our 5G EME measurement program we undertook 3 different types of activity to assess carriers’ compliance with the EME standard:
Environmental EME measurements – measuring the average cumulative EME at a site.
Comparisons of actual maximum measured levels with carrier-predicted maximum EME levels.
EME measurements using 5G beamforming[footnoteRef:3] to consider the impact of beamforming technology on EME measurements. [3:  5G mobile base station transmitters adjust their power up and down to be just sufficient to manage user demand. Beamformed radio-frequency emissions for 5G are typically very short in nature and are only present when the mobile user’s handset is actively performing a transaction using 5G, therefore an EME measurement technique that activates the 5G transmitter may provide a more accurate representation of 5G EME levels.] 

[bookmark: _Toc76738425]Summary of EME measurement results
Environmental EME measurements
Average EME at all sites was less than 1.5% of the ARPANSA standard, the majority of sites were under 1%.
Comparisons of actual vs predicted maximum EME levels
Carrier EME predicted levels were, in all cases, higher than the actual levels measured. For 96% of sites, the measured total EME was less than 50% of the carrier predicted EME. 
Beamforming EME maximum measurements
The maximum beamformed EME measured was 2.5% of the ARPANSA standard.
[bookmark: _Toc76735451][bookmark: _Toc76735477][bookmark: _Toc76735538][bookmark: _Toc76735589][bookmark: _Toc76738426]Background 
[bookmark: _Hlk26868779][bookmark: _Hlk26868934]The ACMA is responsible for ensuring communications equipment and devices comply with the EME standard. We undertake a range of compliance activities, including examining areas of specific interest or concern as new technologies are rolled out in Australia. 
Recent examples include the deployment of mobile network small cell 4G infrastructure and the rapid rollout of 5G technology in the 3500 MHz band deployed on mobile network rooftop and tower sites.
In 2019–20, in response to public interest about health impacts from the level of EME emissions from small cell base stations, we assessed compliance with the EME standard in relation to small cell deployments as part of our compliance priorities. 
We measured 59 small cell base stations across Australia and found the EME levels were well below 1% of the ARPANSA limit. The highest level recorded was 0.737%.
In this year’s 5G and EME compliance program, we’ve continued our focus on the role of the carriers – to ascertain their awareness and compliance with their licence conditions under the licence determination, and with their consultation requirements under the deployment code. 
Our objectives for the 2020–21 5G and EME compliance priority program were to:
[bookmark: _Toc40799111][bookmark: _Hlk70699443]assess the effectiveness of current regulatory measures in managing the risks associated with EME emissions from 5G deployments
ensure the carriers complied with their obligations to notify and consult interested stakeholders before deploying 5G technology
ensure the carriers complied with the EME standard in relation to the operation of their mobile base stations and through the provision and maintenance of accurate records
ascertain and mitigate any identified risk of EME exposure to the public from 5G deployments
make sure the public were effectively educated and informed about EME exposure levels. 
[bookmark: _Hlk42696126][bookmark: _Hlk72750573]This report presents the results of our EME measurements at a selection of 5G-enabled base stations in Victoria, undertaken between February 2021 and April 2021, as part of the 5G and EME compliance program.
[bookmark: _Toc76735452][bookmark: _Toc76735478][bookmark: _Toc76735539][bookmark: _Toc76735590][bookmark: _Toc76738427]Methodology
[bookmark: _Hlk72749810]We took measurements in 3 separate categories to assess a range of components of carriers’ compliance with the EME standard:
Part 1: Environmental EME measurements
The environmental EME measurement category seeks to establish whether the measured EME at each base station is within the limits set by the ARPANSA standard with respect to whole body exposure to unperturbed average (RMS) RF electromagnetic fields.
Part 2: Comparisons to carriers' predicted EME
For each base station facility, the Carriers provide a calculated prediction of the maximum level of EME and a distance from the base station where that maximum occurs. The Comparisons to the Carriers predicted EME category seeks to ascertain the integrity of the Carriers EME predictions by comparing them with field-based measurements taken at, or as close as practically possible to, the predicted distance from the base station provided by the Carriers.
Part 3: Investigation of 5G beamforming technology
The purpose of our Investigation of 5G beamforming technology is to utilise alternative measurement techniques to provide an indication of the maximum level of EME that may be contained within a 5G beamformed transmission from base stations installed with beamforming capable antennas. 
Each category is discussed in detail in the following sections of this report.
[bookmark: _Toc76735540]Limitations
[bookmark: _Hlk71810760][bookmark: _Hlk72750614]ACMA staff conducting field measurements were largely based in Victoria, and due to various travel restrictions and lockdowns during the 2020–21 financial year, the COVID-19 pandemic meant that a nationwide measurement program was not feasible. We chose to conduct measurements only in Victoria. Our program will extend to other states of Australia in 2021–22 to provide a broader sample of measured sites.
[bookmark: _Toc76735541]Base station site selection
We selected a sample of mobile telecommunication sites for audit and measurement from the Radio Frequency National Site Archive (RFNSA), a public database of all Australian mobile phone base stations, hosted by the Australian Mobile Telecommunications Association (AMTA).
In February 2021, we obtained a list of all base stations in Victoria from the RFNSA and filtered the list to only include sites with active 5G services, and by site operator (Optus, Telstra and TPG Telecom Limited). 
Each operator has progressed the rollout of 5G services at different rates, and at the time we selected sites to measure, we determined that TPG Telecom Limited had the smallest number of active 5G sites in Victoria at 43 sites. We used 43 as a base figure to determine the number of sites to measure for each network operator to maintain fairness.
A random sample was then applied to Optus and Telstra sites in Victoria to produce a selection of 43 sites for each carrier to arrive at a final figure of 129 sites.
The sites are shown below in Figure 2 and 3, site numbers correlate with the list of sites at Appendix A.
Site locations in outer Melbourne and regional Victoria
[image: map showing site locations in outer Melbourne and regional Victoria]

Site locations in greater Melbourne
[image: map showing site locations in greater Melbourne]
[bookmark: _Toc76735542]Selecting a suitable measurement location
[bookmark: _Hlk70706905]We selected a suitable location for conducting measurements at each base station on all of the following criteria:
[bookmark: _Hlk69996714][bookmark: _Hlk70927853][bookmark: _Hlk70706398]At a distance from the base station accessible to the public that is as close as possible to where the highest level of predicted EME is specified in the environmental EME report available from the RFNSA.
Has a clear and uninterrupted line-of-sight view to the base station antennas.
In a direction not more than ±30 degrees from the centre line of the azimuth of one of the base station’s antenna sectors.
Before conducting each EME measurement, ACMA staff identified known characteristics of the transmitters installed at each site, including the likely propagation and physical environment characteristics.
Physical site characteristics were visually inspected and compared with corresponding information for each base station in the environmental EME report and the EME guide available from the RFNSA. Photographs of each of the base stations were also taken. Observations made at each site were recorded and utilised to inform both the EME records and base station deployment code audit programs.
As shown in Figure 4 below, measurements in all 3 categories were conducted using a selective field strength measuring device – a Narda SRM-3006 selective radiation meter – along with an isotropic electric field probe – a Narda three axis antennae (420 MHz to 6 GHz). The meter was mounted on a tripod at a height of 1.5 metres above ground level.
Narda SRM-3006 measurement probe at a typical measurement location
[image: Image of Narda SRM-3006 measurement probe at a typical measurement location]
[bookmark: _Toc76735453][bookmark: _Toc76735479][bookmark: _Toc76735543][bookmark: _Toc76735591][bookmark: _Toc76738428]Part 1: Environmental EME measurements
[bookmark: _Toc76735454][bookmark: _Toc76735480][bookmark: _Toc76735544][bookmark: _Toc76735592][bookmark: _Toc76738429]Purpose 
The purpose of conducting environmental EME measurements was to measure the average overall EME exposure levels presented between 420 MHz and 6 GHz at, or as close as practically possible to, the point of maximum predicted or calculated EME level at the selected sample of 129 active 5G base station sites. This was to ascertain whether EME is within the limits set by Radiation Protection Standard for Maximum Exposure Levels to Radiofrequency Fields – 3 KHz to 300 GHz (2002) (the ARPANSA RPS3 standard) as required by the reference levels for time-averaged exposure to RMS electric and magnetic fields (unperturbed fields).
[bookmark: _Toc76735545]Limitations
On 25 February 2021, ARPANSA released a new standard, the Standard for Limiting Exposure to Radiofrequency Fields – 100 KHz to 300 GHz (the ARPANSA RPS S-1 standard). This new standard updates the ARPANSA RPS3 standard which was first published in 2002. For frequencies between 420 MHz and 6 GHz, the new standard specifies a change to the averaging time for whole body exposure to EME from 6 minutes to 30 minutes, to better match the time taken for body core temperature to rise. The EME power density exposure limits for frequencies between 420 MHz and 6 GHz specified in the ARPANSA RPS3 standard remain the same in the new ARPANSA RPS S-1 standard.
We are updating our legislative instruments to reflect the new standard, specifically the Radiocommunications Licence Conditions (Apparatus Licence) Determination 2015 which, among other things, sets out the licence conditions for mobile network operator licensees, and currently references the ARPANSA RPS3 standard.
We conducted environmental EME measurements using the ARPANSA RPS3 standard currently referenced in our legislative instruments. However, we have chosen to depart from the standard in so far as adopting the increased whole of body exposure measurement time of 30 minutes specified in the new ARPANSA RPS S-1 standard.
The increased exposure measurement time was adopted in the interests of applying a best practice approach. The adoption of the 30-minute measurement period will provide for compatibility in our measurement methodology to enable us to make comparisons between results collected during this current measurement program with results collected in future programs when ARPANSA RPS S-1 is incorporated into the regulatory arrangements.
[bookmark: _Toc76735455][bookmark: _Toc76735481][bookmark: _Toc76735546][bookmark: _Toc76735593][bookmark: _Toc76738430]Methodology
Measurements were conducted in accordance with the Standards Australia document, Radiofrequency fields, Part 2: Principles and methods of measurement and computation – 3 kHz to 300 GHz – AS/NZS 2772.2 Standard (the AS/NZS 2772.2 Standard) and the ARPANSA RPS3 Standard.
[bookmark: _Toc298924672][bookmark: _Toc300909555][bookmark: _Toc348105636]At each measurement location, measurements were conducted between 420 MHz and 6 GHz, which includes all public mobile telecommunication service bands currently used in Australia.
[bookmark: _Hlk71187777]The equipment provided an overall exposure level made up of individual contributions made by the mobile base station and other sources present at the measurement location transmitting between 420 MHz and 6 GHz. The average EME expressed as a percentage of the ARPANSA RPS3 limit was measured over a period of 30 minutes.
[bookmark: _Toc76735456][bookmark: _Toc76735482][bookmark: _Toc76735547][bookmark: _Toc76735594][bookmark: _Toc76738431]Outcomes
[bookmark: _Hlk71549550]Having conducted measurements at 129 individual base station sites in Victoria, we observed very low levels of average EME, measured at under 1.5% of the ARPANSA limit. 
Measurements were taken in publicly accessible locations and we are satisfied that the carriers are demonstrating compliance with respect to the exposure limits of the safety standard:
[bookmark: _Hlk70937777]Inside the Melbourne metropolitan area, the highest average EME measured was 1.43% at Werribee (RFNSA site 3030001) and the lowest measured was 0.04% at Carlton (RFNSA site 3053020). See Figure 5.
· Outside of the Melbourne metropolitan area, the highest average EME measured was: 0.24% at Diggers Rest (RFNSA site 3427001) and the lowest measured was 0.07% at Pakenham (RFNSA site 3810020). See Figure 6.
Greater Melbourne average EME site-by-site as of 31 May 2021 
[image: map showing greater Melbourne average EME site by site as of 31 May 2021 ]
Outer Melbourne and regional Victoria average EME site-by-site as of 31 May 2021
[image: map showing outer Melbourne and regional Victoria average EME site by site as of 31 May 2021 ]
	


[bookmark: _Toc76735457][bookmark: _Toc76735483][bookmark: _Toc76735548][bookmark: _Toc76735595][bookmark: _Toc76738432]Part 2: Comparisons to carriers’ predicted EME
[bookmark: _Toc76735458][bookmark: _Toc76735484][bookmark: _Toc76735549][bookmark: _Toc76735596][bookmark: _Toc76738433]Purpose 
For each mobile base station site, an assessment of the EME environment is conducted in accordance with the deployment code, which requires the supply of specified information as part of the consultative process with the local community and government. The environmental EME report is part of this process and is produced according to a methodology developed by ARPANSA. It provides conservative estimates of the maximum levels of EME from a wireless base station for both existing base stations and proposed upgrades to base stations at the site.
As part of our measurement program, we compared the calculated maximum EME predicted in the environmental EME report with the actual maximum EME measured at each site. The intention in doing so was to provide assurance that the calculations predicting cumulative EME at individual sites are conservative and do not under-represent the level of emissions at a site.
[bookmark: _Toc76735550]Limitations
While the environmental EME report provides a calculated prediction of the maximum cumulative EME for all active and proposed transmitters at an individual site, it was not possible in practice in a field environment to only measure the emissions from one individual carrier’s deployment of a particular technology, such as 5G, at a site. Additionally, the environmental EME report provides for proposed transmitters which may or may not have been active at the time we conducted the measurement[footnoteRef:4]. Measurements conducted in the field will be made up of all components from all transmitter sources present at the measurement location at the time of measurement. [4:  To address this the ACMA used the “Maximum level EME for proposed changes” figure calculated in the environmental EME Report as opposed to the current calculated EME figure.] 

However, it is anticipated that the majority component of measured EME will be the emissions of the base station of interest and that only a small component of additional EME will come from other sources. Other sources could include more distant mobile phone base stations, as well as other nearby transmitters in the 420 MHz to 6 GHz band. As a result, the ACMA is of the view that a comparison between the EME levels it has measured at sites and predicted cumulative maximums will provide an acceptable point of comparison for evaluating the reasonableness of these calculations.
[bookmark: _Toc76735459][bookmark: _Toc76735485][bookmark: _Toc76735551][bookmark: _Toc76735597][bookmark: _Toc76738434]Methodology
For the purposes of this assessment, at each location we have measured the maximum cumulative EME between 420 MHz and 6 GHz, as well as the maximum EME contained within all individual public mobile telecommunications service bands including other defined service bands between 420 MHz and 6 GHz. 
These bands include:
UHF LMRS
UHF TV
700 MHz 4G
800 MHz TRUNK
800 MHz 3G/4G
915 MHz LIPD
900 MHz 3G/4G
1800 MHz 4G
2100 MHz 3G/4G
2300 MHz 4G
2400 MHz LIPD
2600 MHz 4G
3500 MHz 5G
5800 MHz LIPD
The maximum level of cumulative EME, expressed as a percentage of the ARPANSA RPS3 limit, was measured over a period of 30 minutes between 420 MHz to 6 GHz, as well as the maximum EME within each of the defined service bands.
The results compare predicted maximum[footnoteRef:5] with the measured maximum of all emissions between 420 MHz and 6 GHz, as well as the measured maximum of the 3500 MHz 5G service band. [5:  Predicted maximum EME was based on the “Maximum level EME for proposed changes” figure calculated in the environmental EME reports for each site on the date of measurement. ] 

[bookmark: _Toc76735460][bookmark: _Toc76735486][bookmark: _Toc76735552][bookmark: _Toc76735598][bookmark: _Toc76738435]Outcomes
[bookmark: _Hlk71551092]Having conducted measurements at 129 individual base station sites in Victoria, we observed very low levels of EME with maximum measured levels below 5% of the ARPANSA limit. Figure 7 below shows that for the majority of sites, EME levels were below 2.5% of the ARPANSA limit.
Top 10 Maximum EME levels measured at sites as of 31 May 2021
[image: Chart showing top 10 maximum EME levels measured at sites as of 31 May 2021]
[bookmark: _Hlk71578405][bookmark: _Hlk72750196]When the measured EME levels were compared to carrier-predicted levels, we found that the carrier predictions have been modelled on worst case exposure assessments and the predictions are highly conservative.
Measurements were taken in publicly accessible locations, and we are satisfied that the carriers are demonstrating compliance with respect to the exposure limits of the safety standard:
For TPG Telecom Limited, the highest measured EME was 4.47% at a site in Werribee (RFNSA site 3030001). The predicted EME was 13.02%.
For Optus, the highest measured EME was 2.15% at a site in Thornbury (RFNSA site 3071005). The predicted EME was 6.54%.
Telstra’s highest measured EME was 0.80% at a site in Thornbury (RFNSA site 3071001). The predicted EME was 6.45%.
Comparison of predicted vs highest measured maximum EME by carrier as of 31 May 2021 
[image: Chart showing comparison of predicted vs highest measured maximum EME by carrier as of 31 May 2021 ]
[bookmark: _Hlk72750146]For 96% of sites, the measured total EME was less than 50% of the carrier’s predicted EME, and for 55% of sites, the measured total EME was less than 10% of the carrier’s predicted EME.
Full details of the predicted vs measured maximum EME levels for each carrier are at Appendix B. 
[bookmark: _Toc76735461][bookmark: _Toc76735487][bookmark: _Toc76735553][bookmark: _Toc76735599][bookmark: _Toc76738436]Part 3: Investigation of 5G beamform technology
[bookmark: _Toc76735462][bookmark: _Toc76735488][bookmark: _Toc76735554][bookmark: _Toc76735600][bookmark: _Toc76738437]Purpose 
We are aware of work within industry and by international regulators to develop alternative 5G measurement techniques to ascertain more closely the impact of 5G beamforming technology on EME levels.
Beamforming techniques are used for efficient delivery of 5G services where one or more focused radiofrequency beams are directed to the mobile user’s handset from the base station’s antenna. By using beamforming capable antennas, the transmitter power of the base station is typically lower than when non-beamforming capable antennas are used because the transmitter’s energy can be directed more efficiently.
[bookmark: _Hlk72750337]Beamformed radiofrequency emissions for 5G are typically very short in nature and are only present when the mobile user’s handset is actively performing a transaction using 5G. Therefore an EME measurement technique that activates the 5G transmitter may provide a more accurate representation of 5G EME levels. 
[bookmark: _Toc76735555]Limitations
Having reviewed field measurement trials conducted by the carriers and international regulators, we chose to conduct a series of measurements, based on best practice knowledge gathered from industry and other regulators globally, to provide an indication of the maximum 5G EME contained within an active beamformed transmission.
It is important to recognise that there is absence of agreed international measurement standards for measuring beamformed EME at this time. In this context, 5G beamforming measurements should be considered experimental and are based on current best practice knowledge gathered from mobile network operators and other regulators. Undertaking this work allows the ACMA to observe the impact of 5G beamforming technology on EME levels and will inform the development of future measurement methodologies.
[bookmark: _Toc76735463][bookmark: _Toc76735489][bookmark: _Toc76735556][bookmark: _Toc76735601][bookmark: _Toc76738438]Methodology
5G mobile base station transmitters adjust their power up and down to be just sufficient to manage user demand. To attract as much of the transmitter power resource available at any point in time, it is necessary to provide as much traffic load as possible on the 5G transmitter. 
To achieve a high traffic load scenario, we used a 5G capable smart phone handset utilising the Ookla speed-test application to activate the 5G transmitter. Maximum base station transmitter demand from the mobile handset occurs during the download part of the speed test transaction, and EME is measured during this short interval of time during the download.
As shown in Figure 9, to avoid measuring EME from the smart phone as much as possible, the phone is positioned no less than 3 metres behind the measurement probe in such a way as to create a direct path for the beamform that intersects with the measurement probe. It should also be noted that the smart phone transmitter is least active during the Ookla speed-test download transaction, further reducing its contribution to the EME measured result.
The positioning of the measurement probe with respect to the base station and the smart phone 
[image: Diagram showing the positioning of the measurement probe with respect to the base station and the smart phone ]
For the selected carrier at each site, we took 6 individual measurements of the active beamformed transmission for 10 seconds each, corresponding to the duration of the Ookla speed-test download transaction. We also took 6 idle measurements of 10 seconds each, in between active measurements, to measure the non-activated level of EME from the base station.
We recorded the highest of the six active and idle measurements, expressed as a percentage of the ARPANSA RPS3 limit.
Measurements were made in the 3500 MHz band where all the carriers in Australia are currently active with their 5G services. Of the 43 sites selected for each carrier, the frequency bands measured are listed below:
[bookmark: _Hlk70707232]Telstra 5G Melbourne and Geelong (3575 MHz to 3635 MHz).
Telstra 5G Victoria Regional (3545 MHz to 3625 MHz).
Optus 5G Melbourne and Geelong (3475 MHz to 3575 MHz).
TPG Telecom Limited 5G Melbourne and Geelong (3635 MHz to 3695 MHz).


[bookmark: _Toc76735464][bookmark: _Toc76735490][bookmark: _Toc76735557][bookmark: _Toc76735602][bookmark: _Toc76738439]Outcomes
Having conducted measurements at 129 individual base station sites in Victoria, we observed very low levels of beamformed EME with maximum levels at 2.5% of the ARPANSA limit. 
Measurements were taken in publicly accessible locations and we are satisfied that the carriers are demonstrating compliance with respect to the exposure limits of the safety standard.
In some cases, we were not able to consistently attract a 5G beamform. We expect that in these cases the mobile handset was utilising a combination of 3G, 4G and/or 5G connections from the measured site or from other nearby sites.
We observed, at a small number of sites, that measured idle levels were close to, or higher than, active levels, suggesting that we were measuring other nearby user traffic at the time of the idle measurement.
Figure 10 shows the sites with the highest maximum active beamformed EME for Optus, Telstra and TPG Telecom Limited.
Highest active maximum beamformed EME measured by network operator as of 31 May 2021
	[image: Chart showing highest active maximum beamformed EME measured by network operator as of 31 May 2021]


[bookmark: _Hlk72750447][bookmark: _Hlk71194095]For 92%% of sites measured, the idle beamformed EME was less than 50% of the active beamformed EME, and for 40% of sites measured, the idle beamformed EME was less than 10% of the active beamformed EME.
A full breakdown of the maximum EME measured for both idle and active beamformed 5G at all sites is at Appendix C.
[bookmark: _Toc76735465][bookmark: _Toc76735491][bookmark: _Toc76735558][bookmark: _Toc76735603][bookmark: _Toc76738440]Summary
For all the 129 sites visited, and in all measurement categories, we observed very low levels of EME well below the public exposure limits and that the network operators are compliant with the ARPNSA standard with respect to those limits.
Our environmental EME measurements determined that the average EME from sites was less than 1.5% of the ARPANSA standard. The majority (98%) of sites measured under 1%. 
Top 10 average measured EME levels by site as of 31 May 2021
[image: Chart showing top 10 average measured EME levels by site as of 31 May 2021]
Our comparison to the carriers’ predicted EME measurements determined that the measured levels were significantly lower than the predicted levels. The carriers’ predictions have been modelled on worse-case exposure assessments and are very conservative.
Our investigation into 5G beamforming indicated peak levels of EME of up to 2.5% of the ARPANSA standard under a heavily loaded base station scenario, with 96% of sites measured under 1%.
We also observed that sites with the highest EME levels for both environmental and beamforming measures were typically sites with multiple operators and multiple technologies in place. All sites were well within the ARPANSA standard and lower than predicted EME levels. However, noting the small sample size, these observations will need to be further evaluated as we increase the number of 5G sites measured.
This work will provide a baseline for our continuing focus on 5G and EME deployments in 2021–22. In the coming year we’ll expand our 5G and EME measurement program to other Australian states and territories.

[bookmark: _Toc348105641][bookmark: _Toc76735466][bookmark: _Toc76735492][bookmark: _Toc76735559][bookmark: _Toc76735604][bookmark: _Toc76738441]Appendix A: Site list
	Audit site number
	Carrier
	RFNSA site ID
	Address
	Suburb

	1
	Optus
	3002005
	Melbourne Cricket Ground, Brunton Avenue
	East Melbourne

	2
	Optus
	3012005
	8 Cromwell Parade
	West Footscray

	3
	Optus
	3015005
	120 Mason Street
	Newport

	4
	Optus
	3018002
	Bluegum Drive and Fresno Street
	Altona

	5
	Optus
	3020008
	78 Berkshire Road
	Sunshine North

	6
	Optus
	3020011
	Judge Street
	Sunshine

	7
	Optus
	3025005
	17 Chambers Road
	Altona North

	8
	Optus
	3029014
	1 Alexandra Avenue
	Hoppers Crossing

	9
	Optus
	3030021
	Werribee Racecourse, 12-16 Bulban Road
	Werribee

	10
	Optus
	3039001
	641-649 Mt Alexander Road
	Moonee Ponds

	11
	Optus
	3058005
	61 Spry Street
	Coburg North

	12
	Optus
	3065003
	105 Victoria Street
	Fitzroy

	13
	Optus
	3071005
	364 Rossmoyne Street
	Thornbury

	14
	Optus
	3074002
	391 Settlement Road
	Thomastown

	15
	Optus
	3074005
	23 Macquarie Drive
	Thomastown

	16
	Optus
	3081008
	Coomalie Crescent
	Heidelberg West

	17
	Optus
	3082002
	The Stables Shopping Centre, Childs Road
	Mill Park

	18
	Optus	
	3101009
	Kew Reservoir, 378 Cotham Road
	Kew

	19
	Optus
	3103009
	255A Belmore Road
	Balwyn

	20
	Optus
	3121001
	100 Madden Grove
	Burnley

	21
	Optus
	3121041
	36 Crown Street
	Richmond

	22
	Optus
	3133001
	TOC Depot, Morack Road
	Vermont South

	23
	Optus
	3140003
	122-124 Beresford Road
	Lilydale

	24
	Optus
	3144002
	322 Glenferrie Road
	Malvern

	25
	Optus
	3149002
	Melbourne Water Site, St Albans Street
	Mount Waverley

	26
	Optus
	3151002
	643 Highbury Road
	Burwood East

	27
	Optus
	3152004
	1166 High Street Road
	Wantirna South

	28
	Optus
	3158001
	Guy Road
	Upwey

	29
	Optus
	3161004
	230 Balaclava Road
	Caulfield North

	30
	Optus
	3166015
	Railway Avenue
	Oakleigh

	31
	Optus
	3175006
	56 Soden Road
	Bangholme

	32
	Optus
	3175011
	121 Stud Road
	Dandenong

	33
	Optus
	3178003
	Stud Park Shopping Centre, Stud Road
	Rowville

	34
	Optus
	3186004
	120 Church Street
	Brighton

	35
	Optus
	3190001
	1123A Nepean Highway
	Highett

	36
	Optus
	3199022
	183 Cranbourne Road
	Frankston

	37
	Optus
	3216009
	209 High Street
	Belmont

	38
	Optus
	3226001
	1-13 Adco Grove
	Ocean Grove

	39
	Optus
	3427001
	1376 Calder Highway
	Diggers Rest

	40
	Optus
	3910008
	7 Duiker Court
	Langwarrin

	41
	Optus
	3930005
	Peninsula School, Wooralla Drive
	Mount Eliza

	42
	Optus
	3975006
	505 Thompsons Road
	Lyndhurst

	43
	Optus
	3977022
	Wedge Road
	Sandhurst

	44
	Telstra
	3000262
	522-552 Flinders Lane
	Melbourne

	45
	Telstra
	3002017
	282-336 Victoria Parade
	East Melbourne

	46
	Telstra
	3023005
	27 Station Road
	Deer Park

	47
	Telstra
	3026005
	167 Cherry Lane
	Laverton North

	48
	Telstra
	3040007
	53 Brewster Street
	Essendon

	49
	Telstra
	3046008
	2 Hartington Street
	Glenroy

	50
	Telstra
	3053020
	720 Swanston Street
	Carlton

	51
	Telstra
	3064002
	1327 Hume Freeway
	Mickleham

	52
	Telstra
	3071001
	739-741 High Street
	Thornbury

	53
	Telstra
	3072007
	6B Rennick Street
	Preston

	54
	Telstra
	3073014
	229 Broadhurst Avenue
	Reservoir

	55
	Telstra
	3074003
	25 Lawson Crescent
	Thomastown

	56
	Telstra
	3078003
	36-38 Montefiore Street
	Fairfield

	57
	Telstra
	3083007
	289W McKimmies Road
	Bundoora

	58
	Telstra
	3083020
	La Trobe University, 1040 Plenty Road
	Bundoora

	59
	Telstra
	3101010
	2 Chandler Highway
	Kew

	60
	Telstra
	3124020
	2-4 Bright Street
	Camberwell

	61
	Telstra
	3125005
	301 Burwood Highway
	Burwood

	62
	Telstra
	3149014
	8-12 Gilby Road
	Mount Waverley

	63
	Telstra
	3156006
	830 Wellington Road
	Lysterfield

	64
	Telstra
	3159001
	14 Maskells Hill Road
	Selby

	65
	Telstra
	3173007
	48-60 Popes Road
	Keysborough

	66
	Telstra
	3174002
	41 Plan 10582 Heatherton Road
	Noble Park

	67
	Telstra
	3175014
	8-10 Kitchen Road
	Dandenong South

	68
	Telstra
	3189008
	56 Keys Road
	Cheltenham

	69
	Telstra
	3199014
	211-279 Skye Road
	Frankston

	70
	Telstra
	3205042
	220 Albert Road
	South Melbourne

	71
	Telstra
	3212002
	290 Elcho Road
	Lovely Banks

	72
	Telstra
	3212005
	130 Coonawarra Drive
	Avalon

	73
	Telstra
	3212010
	15 McHarrys Road
	Lara

	74
	Telstra
	3219005
	471-489 Wilsons Road
	St Albans Park

	75
	Telstra
	3228008
	45 A Geelong Road
	Torquay

	76
	Telstra
	3340016
	29 Holts Lane
	Darley

	77
	Telstra
	3356002
	Miles Street (near Todd Street)
	Sebastopol

	78
	Telstra
	3429007
	The Heights, Jacksons Hill Estate
	Sunbury

	79
	Telstra
	3752002
	152 Cravens Road
	Mernda

	80
	Telstra
	3759001
	5 Church Road
	Panton Hill

	81
	Telstra
	3765002
	Montrose Recreational Reserve, Aileen Avenue
	Montrose

	82
	Telstra
	3796003
	138 York Road
	Mount Evelyn

	83
	Telstra
	3805004
	1 Fullard Road
	Narre Warren

	84
	Telstra
	3809002
	Officer Recreation Reserve, Princes Highway
	Officer

	85
	Telstra
	3810020
	2-8 Bate Close
	Pakenham

	86
	Telstra
	3941004
	745 Truemans Road
	Fingal

	87
	TPG Telecom Limited
	3000042
	RMIT (Building 51), 80 Victoria Street
	Carlton

	88
	TPG Telecom Limited
	3011013
	Victoria University, Buckley Street
	Footscray

	89
	TPG Telecom Limited
	3012015
	Victoria University, 70-100 Ballarat Road
	Footscray

	90
	TPG Telecom Limited
	3012028
	260-262 Geelong Road
	West Footscray

	91
	TPG Telecom Limited
	3016021
	3-7 Fink Street
	Williamstown North

	92
	TPG Telecom Limited
	3019009
	85 Ashley Street
	Braybrook

	93
	TPG Telecom Limited
	3020020
	74-76 Sydney Street
	Albion

	94
	TPG Telecom Limited
	3020026
	42 Harvester Avenue
	Sunshine North

	95
	TPG Telecom Limited
	3021008
	176 Furlong Road
	St Albans

	96
	TPG Telecom Limited
	3026011
	1-11 Little Boundary Road
	Laverton North

	97
	TPG Telecom Limited
	3028003
	30 Triholm Avenue
	Laverton

	98
	TPG Telecom Limited
	3028004
	380 Sayers Road
	Tarneit

	99
	TPG Telecom Limited
	3029006
	428 Old Geelong Road
	Hoppers Crossing

	100
	TPG Telecom Limited
	3030001
	75 Watton Street
	Werribee

	101
	TPG Telecom Limited
	3030044
	30 Fulton Drive
	Derrimut

	102
	TPG Telecom Limited
	3030047
	29-31 Windorah Drive
	Point Cook

	103
	TPG Telecom Limited
	3032004
	Highpoint City Shopping Centre, 120-200 Rosamond Road
	Maribyrnong

	104
	TPG Telecom Limited
	3039001
	641-649 Mt Alexander Road
	Moonee Ponds

	105
	TPG Telecom Limited
	3047001
	61 Riggall Street
	Broadmeadows

	106
	TPG Telecom Limited
	3047003
	1100 Pascoe Vale Road
	Broadmeadows

	107
	TPG Telecom Limited
	3048002
	55-63 Paringa Boulevard
	Meadow Heights

	108
	TPG Telecom Limited
	3051005
	163-171 Flemington Road
	North Melbourne

	109
	TPG Telecom Limited
	3073013
	92 Newlands Road
	Reservoir

	110
	TPG Telecom Limited
	3074014
	59 Strong Avenue
	Thomastown

	111
	TPG Telecom Limited
	3075002
	50T Gillwell Road
	Lalor

	112
	TPG Telecom Limited
	3108001
	Westfield Doncaster, 619 Doncaster Road
	Doncaster

	113
	TPG Telecom Limited
	3124010
	965-969 Burke Road
	Camberwell

	114
	TPG Telecom Limited
	3151002
	643 Highbury Road
	Burwood East

	115
	TPG Telecom Limited
	3152005
	Knox City Shopping Centre, Burwood Highway
	Wantirna South

	116
	TPG Telecom Limited
	3163002
	2 Railway Parade
	Murrumbeena

	117
	TPG Telecom Limited
	3175038
	270 Stud Road
	Dandenong North

	118
	TPG Telecom Limited
	3175039
	208 Princes Highway
	Dandenong

	119
	TPG Telecom Limited
	3177005
	1 Lace Street
	Eumemmerring

	120
	TPG Telecom Limited
	3181003
	55 Commercial Road
	Melbourne

	121
	TPG Telecom Limited
	3182001
	21 The Esplanade
	St Kilda

	122
	TPG Telecom Limited
	3189015
	488-490 South Road
	Moorabbin

	123
	TPG Telecom Limited
	3205004
	10 Queens Road
	Melbourne

	124
	TPG Telecom Limited
	3216003
	9-29 Cityview Drive
	Wandana Heights

	125
	TPG Telecom Limited
	3337019
	206 Coburns Road
	Melton West

	126
	TPG Telecom Limited
	3338002
	20-40 Rees Road
	Melton South

	127
	TPG Telecom Limited
	3752002
	152 Cravens Road
	Mernda

	128
	TPG Telecom Limited
	3806003
	100 Clyde Road
	Berwick

	129
	TPG Telecom Limited
	3810026
	130 Thewlis Road
	Pakenham
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