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[bookmark: _Toc178583790]Executive summary
5G is the latest generation of wireless communication, offering improved connectivity and latency, and increased data speeds. However, misinformation and disinformation has resulted in some community health concerns about electromagnetic energy (EME) emissions as a result of Australia’s rollout of the 5G mobile network. 
In 2022, mobile network operators in Australia commenced the rollout of 26 GHz millimetre wave (mmWave) technology to supplement their 5G deployments. 5G mmWave base stations can deliver data speeds and capacity as much as 10 times greater than 3.5 GHz mid-band 5G deployments.
The EME exposure standard in Australia is based on scientific assessment and established limits to human exposure to radiofrequency fields (RF). Exposure limits are set by the Australian Radiation Protection and Nuclear Safety Agency (ARPANSA). The ACMA regulates these limits by imposing conditions on network operators for the operation of radiocommunications transmitters set out in the Radiocommunications Licence Condition (Apparatus Licence) Determination 2015 and in radiocommunications class licences.
The ARPANSA safety limits in the ‘Standard for Limiting Exposure to Radiofrequency Fields – 100 KHz to 300 GHz’ (RPS S-1) protect against all known health impacts and include a large safety factor. ARPANSA and international organisations such as the World Health Organisation and the International Commission of Non-Ionising Radiation have determined that although there have been studies reporting a range of biological effects at low levels of non-ionising radiation, there has been no indication that such effects might constitute a human health hazard.
[bookmark: _Toc76735450][bookmark: _Toc76735476][bookmark: _Toc76735537][bookmark: _Toc76735588][bookmark: _Toc168640805][bookmark: _Toc178583791]EME measurement program 2023–24
This report presents the results of our EME measurements taken between December 2023 and May 2024 at a selection of 5G mmWave-enabled telecommunications base stations nationally, and at a selection of indoor locations of a type that are likely to be of public interest in Victoria, as part of our EME measurement program.
Components of EME measurement program 2023–24

While previous measurement programs have provided general assurance around 5G deployments and EME levels being well below the ARPANSA safety limit for exposure to the general public, this year’s program focuses on measurements at mmWave frequencies and in-building EME measurements. The program provides further insights into EME exposure from mmWave technology in comparison to previous assessments of 4G and 5G technologies. Our in-building EME measurement program considers EME exposure over longer periods of time and seeks to provide insights into cumulative EME levels from a range of sources that may be found at typical indoor locations.
We selected 90 mmWave 5G-enabled sites across New South Wales, Victoria, Queensland, South Australia and Western Australia and measured EME at these sites between December 2023 and May 2024.
[bookmark: _Hlk163726351]We selected 18 in-building locations in Victoria to undertake an EME assessment. We chose typical community locations such as in the home, shopping centres, a sporting stadium, an airport, a hospital, and a school.
The measurement program assesses EME levels in areas accessible to the public to ensure they are below the ARPANSA safety limits.
We undertook 3 different types of activity to assess safety with respect to the EME exposure standard:
EME measurements in the 26 GHz band where mmWave 5G beamforming[footnoteRef:2] is in use at a telecommunications site to consider the impact of mmWave technology on EME exposure levels. [2:  5G mobile base station transmitters adjust their power up and down to be just sufficient to manage user demand. Beamformed radiofrequency emissions for 5G are directed towards the user and are typically very short and 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.] 

Comparisons of actual maximum measured levels of beamformed EME in the 26 GHz (5G mmWave) band with beamformed EME measured in the 3.5 GHz band (5G mid-band).
In-building measurements of the average EME exposure in a variety of common radio frequency bands as well as a total assessment of all bands.
[bookmark: _Toc168640806][bookmark: _Toc178583792]Our findings
Similar to the results of our measurement work undertaken in previous years, we found that the carriers are complying with their obligations and that EME emissions measured are well below the ARPANSA safety limit. 
Investigation of mmWave beamformed EME
[bookmark: _Hlk163573941]The maximum beamformed EME measured was 0.11% of the ARPANSA standard safety limit, or more than 900 times below the safety limit.
[bookmark: _Hlk167784632]Comparisons between mmWave and mid-band beamformed EME
At 81% of sites measured, mmWave beamformed EME emissions were more than 10 times lower than mid-band beamformed EME emissions, and in all cases, mmWave EME emissions were less than mid-band EME emissions.
In-building EME measurements
The highest average EME measured was 0.48% of the ARPANSA standard safety limit, or more than 200 times below the safety limit.
[bookmark: _Toc76735451][bookmark: _Toc76735477][bookmark: _Toc76735538][bookmark: _Toc76735589][bookmark: _Toc168640807][bookmark: _Toc178583793]Background 
[bookmark: _Hlk26868779][bookmark: _Hlk26868934]The ACMA is responsible for ensuring that licensees and suppliers of 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. 
[bookmark: _Toc168640808][bookmark: _Toc178583794]Our 5G EME measurement program
In April 2020, the ACMA first announced 5G EME as one of our compliance priorities, noting the continued rollout of 5G tower and rooftop sites by Optus, Telstra and TPG Telecom Limited[footnoteRef:3] (the carriers) and that community concerns were continuing to be raised. 5G and EME has continued to be a compliance priority for the ACMA in addition to our ongoing EME measurement program. The ongoing EME measurement program aims to expand the number of measurements undertaken across Australia as well as repeating measurements to establish how EME levels are impacted as networks grow and change over time.    [3:  In 2020, TPG and Vodafone Hutchison Australia merged to form TPG Telecom Limited.] 

As of 30 June 2024, we have made more than 600 measurements in Victoria, New South Wales, Queensland, Western Australia and South Australia, and more than 120 sites have been measured more than once. 
In August 2022, the ACMA’s EME Checker tool was released and is now the public facing archive of the measurement results obtained from our 5G and EME measurement programs. EME checker is hosted on the ACMA’s website and can be easily found from the ACMA homepage or via a Google search.
EME Checker enables enhanced monitoring and visualisation of EME measurement data at mobile phone base station sites that we have measured. Anyone can visit our website and, for sites we have measured, use EME Checker to:
compare the average EME from mobile phone towers with the ARPANSA safety limit
compare the predicted maximum EME values that the carriers provide for each mobile phone tower with actual maximum levels measured by us
find the maximum level of 5G EME at individual sites (measured using 5G beamforming techniques) and how this compares to the ARPANSA safety limit.
mmWave EME measurement 
Since 2022, more than 700 new 5G mmWave base station deployments have been rolled out by the carriers. 
[bookmark: _Hlk163828221]In October 2022, new measurement standards relating to the measurement of beamforming technology were published in IEC-62232 Revision 3, October 2022 - Determination of RF field strength, power density and SAR in the vicinity of base stations for the purpose of evaluating human exposure. This new standard validates the ACMA’s beamforming measurement methodology and provides additional guidance for attracting and measuring the RF beam at mmWave frequencies. Together with new commercially available measurement equipment, this has enabled the ACMA to implement a measurement program on mmWave frequencies.
In-building EME measurement 
We are aware that some segments of the community are concerned about longer term or cumulative exposure to EME emissions such as exposure from multiple mobile telephone base stations, indoor wi-fi, or other wireless technologies within a particular area or in buildings.
[bookmark: _Hlk163734870]Through our in-building measurement program, we have sought to address these community concerns by providing additional information on cumulative EME levels within community spaces. To do this, we have undertaken longer-term measurements of the cumulative EME from a variety of wireless technologies at locations that may be of interest to the public, such as in the home, shopping centres, a sporting stadium, an airport, a hospital, and a school.
[bookmark: _Toc76735452][bookmark: _Toc76735478][bookmark: _Toc76735539][bookmark: _Toc76735590][bookmark: _Toc168640809][bookmark: _Toc178583795]Methodology
[bookmark: _Hlk72749810]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), the IEC Standard, IEC-62232 Revision 3, October 2022 - Determination of RF field strength, power density and SAR in the vicinity of base stations for the purpose of evaluating human exposure (the IEC-62232:2022 Standard) and the Standard for Limiting Exposure to Radiofrequency Fields – 100 KHz to 300 GHz (the ARPANSA RPS S-1 EME exposure Standard).
We took measurements in 3 separate categories to assess safety with respect to the ARPANSA RPS S-1 EME exposure Standard:
Part 1: Investigation of mmWave beamformed EME 
This category looks at the maximum measured EME power density that may be contained within a beamformed transmission from a 26 GHz mmWave 5G telecommunications base station.
[bookmark: _Hlk164080706]Part 2: Comparisons between mmWave and mid-band beamformed EME
This category seeks to compare the beamformed EME from 26 GHz and 3.5 GHz 5G transmitters installed at a telecommunications base station.
Part 3: In-building EME measurements
The purpose of this category is to assess the EME from a variety of common radio frequency bands as well as the cumulative EME at a number of selected locations of interest to the community such as in the home, shopping centres, a sporting stadium, an airport, a hospital, and a school.
Each category is discussed in detail in the following sections of this report.

[bookmark: _Toc76735453][bookmark: _Toc76735479][bookmark: _Toc76735543][bookmark: _Toc76735591][bookmark: _Toc168640810][bookmark: _Toc178583796]Part 1: Investigation of mmWave beamformed EME
[bookmark: _Toc76735462][bookmark: _Toc76735488][bookmark: _Toc76735554][bookmark: _Toc76735600][bookmark: _Toc168640811][bookmark: _Toc298924672][bookmark: _Toc300909555][bookmark: _Toc348105636][bookmark: _Toc178583797]Purpose 
In 2023–24 we have utilised beamforming measurement techniques to better understand the impact of 5G mmWave 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 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 is used to capture the 5G EME levels when the beam is active.
[bookmark: _Toc76735555][bookmark: _Toc168640812][bookmark: _Toc178583798]Limitations
[bookmark: _Toc76735463][bookmark: _Toc76735489][bookmark: _Toc76735556][bookmark: _Toc76735601]The deployment of 5G mmWave technology is in its initial stages in Australia. Due to the limited choice of mmWave-capable mobile devices available, there are very few customers using mmWave technology. The carriers are currently evaluating the performance and benefits of their mmWave networks and, as such, base stations may be subject to adjustment and optimisation. To that end, it is expected that the EME measured at a given mmWave site may vary slightly as network optimisation continues.
[bookmark: _Toc76735541][bookmark: _Toc168640813][bookmark: _Toc178583799]Base station site selection
We selected a sample of mobile telecommunication base station sites for 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).
We selected 90 sites equipped with both 5G-mmWave and 5G mid-band beamforming, 30 from each carrier, at random from the RFNSA to measure. For the purposes of field staff resource planning, we chose to measure 32 sites in each of New South Wales and Victoria, 16 sites in Queensland and 5 sites in both South Australia and Western Australia.
The number of sites in each state where measurements were undertaken are shown on the map below in Figure 2. The full list of sites is at Appendix A.




Number of 5G mmWave and mid-band beamforming measurements 
[image: A map of australia with blue dots

Description automatically generated]
[bookmark: _Toc76735542]Selecting a suitable measurement location
[bookmark: _Hlk70706905]Locations for conducting measurements at each base station were selected using 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, we identified known characteristics of the transmitters installed at each site, including the likely propagation and physical environment characteristics, and if necessary, we moved our measurement location accordingly to locate the maximum field strength from the site.
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. 
As shown in Figure 3 below, mmWave measurements were conducted using a spectrum analyser – a Narda SRM-3006 selective radiation meter – along with a pair of 26 GHz omni-directional probe antennas and a pair of 26 GHz directional horn antennas. The antennas were mounted on a tripod at a height of 1.5 metres above ground level.
mmWave EME measurement setup at a typical measurement location
[image: ]
[bookmark: _Toc168640814][bookmark: _Toc178583800]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 mmWave 5G-capable smartphone handset and the Ookla speed-test application to activate the mmWave 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 4, to avoid measuring EME from the smartphone as much as possible, the phone is positioned no less than 3 metres behind the measurement probes to create a direct path for the beamform that intersects with the measurement probes. It should also be noted that the smartphone transmitter is least active during the Ookla speed-test download transaction, further reducing its contribution to the EME measured result.
Two types of measurement probe antennas were used, a directional horn antenna and an omni-directional antenna. The omni-directional antenna provides the best results when measuring very close to the base station or in environments with high signal reflections, that is, multiple beams, and the horn antenna provides the best results when the measurement location is further away from the base station or when there are few signal reflections.
As probe antennas at mmWave frequencies do not have isotropic radiation properties, they are used in pairs placed 90 degrees apart so that EME emissions received at different angles are measured. The sum of the emissions measured from both probes is the total emission recorded for each measurement.

The positioning of the measurement probes, base station, and the smartphone 
[image: ]
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.
Of the 6 individual active and idle measurements, 3 were taken with the omni-directional antennas and 3 were taken with the directional horn antennas. We recorded the highest of the 6 active and idle measurements, expressed as a percentage of the ARPANSA safety limit.
Measurements were made in the 26 GHz band where all the carriers in Australia are currently active with their mmWave services. Of the 30 sites selected for each carrier, the frequency bands we measured were:
[bookmark: _Hlk70707232]TPG Telecom Limited: 
All states we measured except Western Australia: 25.1–25.7 GHz
Western Australia: 26.9–27.3 GHz[footnoteRef:4] [4:  In Western Australia the carriers have licenced 5G mmWave services in different segments of the 26 GHz band compared with the eastern states.] 

Telstra:
All states we measured: 25.7–26.7 GHz
Optus: 
All states we measured: 26.7–27.5 GHz
[bookmark: _Toc76735464][bookmark: _Toc76735490][bookmark: _Toc76735557][bookmark: _Toc76735602][bookmark: _Toc168640815][bookmark: _Toc178583801]Outcomes
Measurements at 90 individual, publicly accessible, mmWave base station sites around Australia revealed very low levels of beamformed EME, with maximum levels at 0.11% of the ARPANSA limit, or more than 900 times below the safety limit.
We are satisfied that the carriers are complying with 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 using a combination of 3G, 4G and/or 5G connections from the measured site or from other nearby sites.
Table 1 shows the top 10 sites with the highest maximum active mmWave beamformed EME for all sites measured. 
Top 10 maximum mmWave beamformed EME
	Suburb (RFNSA)
	Carrier
	Measurement date
	Maximum active mmWave beamformed EME

	Northmead (2152001)
	Telstra
	22 February 2024
	0.109%

	Balaclava (3183001)
	Telstra
	12 January 2024
	0.089%

	Lidcombe (2141007)
	Optus
	8 March 2024
	0.089%

	Ultimo (2007010)
	Optus
	20 March 2024
	0.077%

	Dover Heights (2030001)
	TPG Telecom Limited
	22 March 2024
	0.074%

	Avalon (3212011)
	Telstra
	29 January 2024
	0.061%

	Macquarie Park (2113044)
	Optus
	22 March 2024
	0.057%

	Pennant Hills (2120006)
	Telstra
	22 February 2024
	0.057%

	Brisbane City (4000050)
	Telstra
	30 April 2024
	0.053%

	Melville (6156001)
	TPG Telecom Limited
	14 May 2024
	0.052%



[bookmark: _Hlk72750447][bookmark: _Hlk71194095]For 98% of sites measured, the idle beamformed EME was less than 50% of the active beamformed EME, and for 63% 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-mmWave at all sites by carrier is at Appendix C.
[bookmark: _Toc76735457][bookmark: _Toc76735483][bookmark: _Toc76735548][bookmark: _Toc76735595][bookmark: _Toc168640816][bookmark: _Toc178583802]Part 2: Comparisons between mmWave and mid-band beamformed EME
[bookmark: _Toc168640817][bookmark: _Toc178583803]Purpose 
Since the commencement of the ACMA’s EME measurement program, beamforming technologies have evolved to include the 5G 26 GHz mmWave band, while mid-band deployments using beamforming on 3.5 GHz have become mature as more users migrate to 5G with mid-band beamforming capable mobile handsets.
As part of our measurement program this year, we selected 90 telecommunications base station sites equipped with both 5G-mmWave and 5G mid-band beamforming and measured the maximum level of activated beamformed EME from both 5G beamforming technologies providing a comparison of the indicative EME from both.
[bookmark: _Toc76735550][bookmark: _Toc168640818][bookmark: _Toc178583804]Limitations
We are comparing EME measurement results between a loaded mid-band 5G network and an un-loaded mmWave 5G network.
As the number of users utilising beamforming technology increases, the number of active beams sent from a base station at a given point in time also increases. This increase in the number of users connected to the base station means that the available 5G transmitter power is distributed over more beams and is shared between more users.
It is expected that when activating the beamformed transmitter on a loaded 5G network, the maximum level of EME measured may be slightly less compared with when the 5G network is not loaded.
[bookmark: _Toc76735459][bookmark: _Toc76735485][bookmark: _Toc76735551][bookmark: _Toc76735597][bookmark: _Toc168640819][bookmark: _Toc178583805]Methodology
The method for measuring mmWave beamformed EME is described in the Part 1 assessment category above.
The method for measuring mid-band beamformed EME is identical to the method used for mmWave, except that the measurement antenna used is a 420 MHz to 6 GHz isotropic probe antenna.
For the purpose of comparison, we conducted 5G mid-band beamforming measurements for the same carrier selected for mmWave measurement.
Measurements were made at 3.5 GHz where all the carriers in Australia are currently active with their 5G services. The frequency bands we measured are listed below:
TPG Telecom Limited: 
Brisbane, Perth and Adelaide: 3610–3700 MHz
Gold Coast: 3625–3665 MHz
Sydney and Melbourne: 3635–3700 MHz

Telstra:
Brisbane: 3545–3605 MHz
Sydney and Melbourne: 3575–3635 MHz
Adelaide: 3550–3610 MHz
Optus: 
Brisbane and Adelaide: 3480–3540 MHz
Sydney and Melbourne: 3475–3575 MHz

The maximum level of EME measured is expressed as a percentage of the ARPANSA RPS S-1 limit.
The results compare the selected carrier beamformed measured maximum of the 3.5 GHz mid-band 5G service band and the 26 GHz mmWave 5G service band.
[bookmark: _Toc76735460][bookmark: _Toc76735486][bookmark: _Toc76735552][bookmark: _Toc76735598][bookmark: _Toc168640820][bookmark: _Toc178583806]Outcomes
[bookmark: _Hlk71551092]Measurements at 90 individual base station sites reveal very low levels of EME, with maximum measured beamformed levels at 2.86% of the ARPANSA limit or more than 30 times below the safety limit.
Beamformed EME from mmWave deployments is consistently lower than beamformed EME from mid-band deployments. In all cases, mmWave levels were less than mid-band levels with 81% of sites measured more than 10 times less and 22% of sites measured more than 100 times less.
We are satisfied that the carriers are compliant with the exposure limits of the safety standard:
[bookmark: _Hlk104408333]for TPG Telecom Limited, the maximum mid-band beamformed EME was 1.34% of the ARPNSA limit at a site in Dover Heights (RFNSA site 2030001). The 5G mmWave beamformed EME was 0.07% of the limit.
for Optus, the maximum mid-band beamformed EME was 2.86% of the ARPANSA limit at a site in Windsor (RFNSA site 4051011). The 5G mmWave beamformed EME was 0.03% of the limit.
for Telstra, the maximum mid-band beamformed EME was 2.15% of the ARPANSA limit at a site in Avalon (RFNSA site 3212011). The 5G mmWave beamformed EME was 0.06% of the limit.
These results are illustrated at Figure 5 below.
Comparison of 5G mid-band and 5G mmWave. Maximums for each Carrier.
[image: ]
Full details of the mmWave and mid-band beamformed EME levels measured for each carrier are at Appendix D.
[bookmark: _Toc168640821][bookmark: _Toc178583807]Part 3: In-building EME measurements
[bookmark: _Toc76735454][bookmark: _Toc76735480][bookmark: _Toc76735544][bookmark: _Toc76735592][bookmark: _Toc168640822][bookmark: _Toc178583808]Purpose 
In-building measurements were conducted at a variety of locations that may be of public interest to determine what is the community’s typical environmental exposure to EME.
Measurements were taken of the average EME exposure levels over a number of frequency bands between 0.1 MHz and 6 GHz to ascertain whether the cumulative EME is within the limits set by ARPANSA’s Standard for Limiting Exposure to Radiofrequency Fields – 100 KHz to 300 GHz (the ARPANSA RPS S-1 EME exposure Standard) as required by the reference levels for 30-minute time-averaged exposure to RMS electric and magnetic fields (unperturbed fields).
[bookmark: _Toc76735545][bookmark: _Toc168640823][bookmark: _Toc178583809]Limitations
In-building EME measurements have been conducted between 0.1 MHz and 250 MHz using an isotropic H-field antenna measuring magnetic fields, and between 420 MHz and 6 GHz using an isotropic E-field antenna measuring electric fields.
These 2 frequency bands are determined by the capability of the Narda SRM-3006 selective radiation meter, as well as the E-field and H-field antennas, which represent the EME measurement equipment chosen by the ACMA to conduct EME assessments. 
While frequencies between 250 MHz and 420 MHz have not been measured due to the limitations of measurement equipment, all common frequency bands below 6 GHz used for public utility in Australia have been measured.
[bookmark: _Toc168640824][bookmark: _Toc178583810]Site selection
Measurement locations for in-building EME assessment have been selected from a variety of community interest categories and have been conducted in Melbourne. We have chosen to consider locations where the public would typically go as part of their regular day-to-day activity and where they may spend significant time.
We have selected a number of places including several residential homes, school, shopping centre, café, airport, sporting stadium, railway station and an office in the Melbourne city centre.
We have also considered locations that are nearby to mobile phone base station infrastructure as well as TV and AM/FM radio broadcasting sites.
Measurements have been taken indoors in publicly accessible locations. Where indoor wi-fi devices have been observed, the measurement has been taken as close as practically possible to the wi-fi device.
The specific address of a measurement location has been withheld when the location is a private or business address, for privacy reasons.
A full list of the measurement locations selected is provided at Appendix B.
[bookmark: _Toc76735455][bookmark: _Toc76735481][bookmark: _Toc76735546][bookmark: _Toc76735593][bookmark: _Toc168640825][bookmark: _Toc178583811]Methodology
At each measurement location, two Narda SRM-3006 selective radiation meters are used, one measuring frequencies between 0.1 MHz and 250 MHz (with H-field antenna) and the other measuring frequencies between 420 MHz and 6 GHz (with E-field antenna). Both measurement devices are operated concurrently. 
As shown in Figure 6 below, each measurement antenna is mounted on a tripod such that the active part of the antenna is 1.5 meters above the ground.
In-building EME measurement setup at a typical measurement location
[image: ]
[bookmark: _Hlk71187777]The average and peak (or maximum) EME expressed as a percentage of the ARPANSA RPS S-1 EME exposure standard was measured in 30-minute intervals for 2 hours, 6 hours or 24 hours depending on the location.
At each location, we have recorded the highest of the average 30-minute measurements and the highest peak in any given 30-minute measurement.
The measurement equipment provided an overall exposure level made up of individual contributions made by a variety of common radio and wireless sources including mobile telephones, mobile telephone base stations, wi-fi, commercial radio, land mobile and television. 
The frequency bands measured are listed below: 
Radio
AM radio:
500–1800 KHz
FM and DAB radio:
87–108 MHz
200–210 MHz
 VHF and UHF TV
174–200 MHz
210–230 MHz
520–703 MHz
 Land mobile[footnoteRef:5] [5:  For the purposes of the ACMA’s In-building measurement program, Land mobile includes the aviation band 118 MHz to 137 MHz and the VHF marine band 156 MHz to 174 MHz.] 

118–174 MHz
420–520 MHz
Mobile phones
703–733 MHz
814–845 MHz
890–915 MHz
1710–1785 MHz
1920–1980 MHz
2500–2570 MHz
Mobile phone base stations
758–788 MHz
859–890 MHz
928–960 MHz
1805–1880 MHz
2110–2170 MHz
2302–2400 MHz[footnoteRef:6] [6:  The 2302–2400 MHz band is used by both mobile telephones and mobile telephone base stations. EME measured in this band may come from either phones or base stations.] 

2620–2690 MHz
3425–3700 MHz[footnoteRef:7] [7:  The 3425–3700 MHz band is used by both mobile telephones and mobile telephone base stations. EME measured in this band may come from either phones or base stations.] 

 WLAN[footnoteRef:8] [8:  For the purposes of the ACMA’s In-building measurement program, WLAN includes all wireless devices such as wi-fi and Bluetooth used in the 2.4 GHz and 5 GHz Low Interference Potential Devices (LIPD) class licenced bands.] 

2400–2485 MHz
5150–5350 MHz
5470–5600 MHz
5650–5875 MHz
The results provide the average EME measured for each service band as well as the total cumulative EME for all frequencies between 0.1 MHz to 250 MHz and 420 MHz to 6 GHz.
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Measurements at 18 individual locations around Melbourne revealed very low levels of radio frequency exposure. At the locations measured, the public’s exposure to radio waves from wireless technology was found to be well below the limits set in the ARPANSA safety standard.
The largest source of exposure was found to be FM radio at a location close to radio broadcasting facilities, similarly at locations where there were many people, radio emissions from mobile telephone base stations and mobile telephone handsets were the largest source of exposure.
The highest average EME was measured at a café in the Mount Dandenong area, close to an FM radio broadcasting site. The EME was measured at 0.48% of the safety standard limit, or more than 200 times below the safety limit.
The highest peak EME was measured at the Melbourne Cricket Ground during a popular Australian Rules football game, with 63,935 spectators in attendance. The EME was measured at 1.88% of the safety standard limit, or more than 50 times below the safety limit.
For the total exposure at each site, the highest average measurement and the highest peak measurement is shown at Table 2 below. We have shaded the cells to visually demonstrate that most measurements fall in the lowest category of 0–0.5% of the safety standard limit.
Total exposure at in-building locations (highest average and peak EME)
	Location
	Highest average
	Highest peak

	Cafe Mt Dandenong
	0.48%
	0.83%

	Melbourne Cricket Ground
	0.35%
	1.88%

	Melbourne Airport International Terminal
	0.29%
	0.35%

	Melbourne Formula One Grand Prix Day 1
	0.27%
	0.35%

	Melbourne Airport Domestic Terminal
	0.27%
	0.33%

	Melbourne Formula One Grand Prix Day 3
	0.24%
	0.36%

	Chadstone Shopping Centre
	0.21%
	0.22%

	Flinders Street Railway Station
	0.21%
	0.24%

	Maroondah Hospital
	0.19%
	0.27%

	Residential Home 3
	0.19%
	0.19%

	Residential Home 2
	0.19%
	0.33%

	Golf Course
	0.18%
	0.22%

	Residential Home 1
	0.18%
	0.26%

	Melbourne Showgrounds Pavilion
	0.17%
	0.18%

	Primary School
	0.16%
	0.17%

	Public Transport
	0.11%
	1.28%

	ACMA Melbourne Office
	0.09%
	0.11%

	Melbourne Central Food Court
	0.07%
	0.21%



	0 to 0.5%
	0.5 to 1%
	1 to 1.5%
	1.5 to 2%



A breakdown of the EME measured in each of the individual frequency bands for each measurement location is illustrated in Appendix E.
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For all of the 90 mobile phone base station sites visited nationally, and in all measurement categories, we observed very low levels of EME exposure. The EME levels were well below the public exposure limits set by ARPANSA, providing assurance that carriers are complying with the rules in the EME exposure standard. These results support previous studies and audits that show emission levels from 5G equipment are well under the ARPANSA limit.
Our mmWave beamforming EME measurements determined that the maximum EME from 5G mmWave deployments was 0.11% of the ARPANSA standard limit. Table 1 illustrates the top 10 measured EME levels, the majority (98%) of sites measured under 0.1% of the safety limit.
Our comparisons between the 2 beamforming technologies, 5G mmWave and 5G mid-band, determined that in all cases, emissions from mmWave deployments were less than emissions from mid-band deployments. In 81% of cases, the EME measured from mmWave deployments was more than 10 times less than EME measured from mid-band deployments.
Measurements taken at 18 in-building locations around Melbourne determined that the highest level of average EME measured over a 30-minute exposure period, as specified in the ARPANSA standard, was 0.48% of the ARPANSA standard limit, more than 200 times below that limit. The highest peak level of EME measured was 1.88% of the ARPANSA standard limit, more than 50 times below that limit.
Over the next few years, we will continue our EME measurement program, as part of our business-as-usual compliance programs. This will enable us to continue monitoring the ongoing impact of the roll-out of 5G technologies, including mmWave, as carrier networks mature and expand. We will also continue to release measurement data publicly via EME Checker to provide reliable information to the community about EME exposure levels.
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	Audit site number
	RFNSA site ID
	Address
	Suburb
	State
	Carrier

	1
	2000003
	379 Kent Street 
	Sydney
	NSW
	Telstra

	2
	2000055
	Circular Quay Railway Station, Alfred Street
	Sydney
	NSW
	Telstra

	3
	2007010
	549 Harris Street 
	Ultimo
	NSW
	Optus

	4
	2010025
	55–73 Oxford Street
	Surry Hills
	NSW
	Optus

	5
	2016010
	Corner Cleveland and Chalmers Street
	Redfern
	NSW
	Optus

	6
	2020029
	10–14 John Street 
	Mascot
	NSW
	TPG Telecom Limited

	7
	2021005
	Sydney Cricket Ground, Driver Avenue
	Moore Park
	NSW
	TPG Telecom Limited

	8
	2023002
	142 Old South Head Road
	Bellevue Hill
	NSW
	TPG Telecom Limited

	9
	2030001
	2–4 Peel Street
	Dover Heights
	NSW
	TPG Telecom Limited

	10
	2046001
	2 Bortfield Drive
	Chiswick
	NSW
	TPG Telecom Limited

	11
	2065015
	39 Herbert Street
	Artarmon
	NSW
	TPG Telecom Limited

	12
	2067003
	21 Johnson Street 
	Chatswood
	NSW
	Optus

	13
	2067021
	13 Spring Street
	Chatswood
	NSW
	Optus

	14
	2113002
	3 Thomas Holt Drive
	North Ryde
	NSW
	Optus

	15
	2113044
	26 Talavera Road 
	Macquarie Park
	NSW
	Optus

	16
	2116001
	260 Victoria Road 
	Parramatta
	NSW
	TPG Telecom Limited

	17
	2120006
	7 Loftus Road 
	Pennant Hills
	NSW
	Telstra

	18
	2134025
	1 Railway Parade 
	Burwood
	NSW
	TPG Telecom Limited

	19
	2141007
	1 Taylor Street
	Lidcombe
	NSW
	Optus

	20
	2142003
	104–106 Hassall Street
	Rosehill
	NSW
	TPG Telecom Limited

	21
	2142005
	116 James Ruse Drive 
	Rosehill
	NSW
	TPG Telecom Limited

	22
	2150001
	15 Campbell Street
	Parramatta
	NSW
	TPG Telecom Limited

	23
	2150006
	410–422 Church Street
	Parramatta
	NSW
	TPG Telecom Limited

	24
	2150011
	93 Marsden Street
	Parramatta
	NSW
	Telstra

	25
	2152001
	2a Hammers Road
	Northmead
	NSW
	Telstra

	26
	2164007
	114 Hassall Street
	Wetherill Park
	NSW
	Telstra

	27
	2166012
	24–32 Hughes Street
	Cabramatta
	NSW
	TPG Telecom Limited

	28
	2200004
	66–72 Rickard Road
	Bankstown
	NSW
	TPG Telecom Limited

	29
	2204034
	Corner Shirlow and Saywell Streets
	Marrickville
	NSW
	TPG Telecom Limited

	30
	2205009
	31–39 Henderson Street 
	Turrella
	NSW
	Telstra

	31
	2220001
	34 McMahon Street
	Hurstville
	NSW
	TPG Telecom Limited

	32
	2770002
	75 Railway Street
	Mount Druitt
	NSW
	TPG Telecom Limited

	33
	3000009
	55 Swanston Street
	Melbourne
	VIC
	Optus

	34
	3000042
	80 Victoria Street
	Carlton
	VIC
	Optus

	35
	3000057
	136 Exhibition Street 
	Melbourne
	VIC
	Telstra

	36
	3000262
	522–552 Flinders Lane
	Melbourne
	VIC
	Telstra

	37
	3000339
	283 Elizabeth Street 
	Melbourne
	VIC
	Optus

	38
	3008010
	720–750 Collins Street
	Docklands
	VIC
	Optus

	39
	3011006
	Victoria University, Ballarat Road
	Footscray
	VIC
	Optus

	40
	3030006
	29 Toucan Road
	Tarneit
	VIC
	TPG Telecom Limited

	41
	3030006
	29 Toucan Road
	Tarneit
	VIC
	Telstra

	42
	3056006
	640 Sydney Road 
	Brunswick
	VIC
	Optus

	43
	3061001
	1932 Sydney Road
	Campbellfield
	VIC
	Optus

	44
	3065003
	105 Victoria Street
	Fitzroy
	VIC
	Optus

	45
	3067002
	1 Abbot Grove 
	Abbotsford
	VIC
	Optus

	46
	3073014
	229 Broadhurst Avenue 
	Reservoir
	VIC
	Telstra

	47
	3074003
	25 Lawson Crescent 
	Thomastown
	VIC
	Telstra

	48
	3078002
	750 Heidelberg Road
	Alphington
	VIC
	Telstra

	49
	3083007
	289W Mckimmies Road
	Bundoora
	VIC
	Telstra

	50
	3121005
	21 Goodwood Street
	Richmond
	VIC
	Optus

	51
	3121011
	21 Little Butler Street
	Richmond
	VIC
	Optus

	52
	3141003
	630 Chapel Street 
	South Yarra
	VIC
	TPG Telecom Limited

	53
	3141005
	435 Malvern Road
	South Yarra
	VIC
	Optus

	54
	3152009
	Wantirna Reservoir Mountain Highway
	Wantirna
	VIC
	Optus

	55
	3166015
	Railway Avenue
	Oakleigh
	VIC
	Optus

	56
	3175002
	276–288 Thomas Street 
	Dandenong
	VIC
	TPG Telecom Limited

	57
	3181003
	55 Commercial Road
	Melbourne
	VIC
	TPG Telecom Limited

	58
	3181008
	152–172 Peel Street
	Windsor
	VIC
	Telstra

	59
	3182001
	21 The Esplanade 
	St Kilda
	VIC
	TPG Telecom Limited

	60
	3183001
	393 Inkerman Street 
	Balaclava
	VIC
	Telstra

	61
	3205015
	2–4 Heather Street 
	South Melbourne
	VIC
	Telstra

	62
	3207007
	120 Todd Road
	Port Melbourne
	VIC
	Optus

	63
	3212011
	80 Beach Road
	Avalon
	VIC
	Telstra

	64
	3803005
	241–245 Princes Highway
	Hallam
	VIC
	Telstra

	65
	4000002
	80 Petrie Terrace 
	Petrie Terrace
	QLD
	TPG Telecom Limited

	66
	4000002
	80 Petrie Terrace 
	Petrie Terrace
	QLD
	Optus

	67
	4000046
	229 Elizabeth Street 
	Brisbane City
	QLD
	Optus

	68
	4000050
	2 Roma Street
	Brisbane City
	QLD
	Telstra

	69
	4000057
	26 Charlotte Street 
	Brisbane City
	QLD
	Telstra

	70
	4000113
	420 George Street 
	Brisbane City
	QLD
	Telstra

	71
	4006039
	266 Brunswick Street 
	Fortitude Valley
	QLD
	Optus

	72
	4051011
	109 Hawdon Street
	Windsor
	QLD
	Optus

	73
	4061002
	19 Penley Street
	The Gap
	QLD
	Telstra

	74
	4075004
	647 Oxley Road 
	Corinda
	QLD
	Telstra

	75
	4101006
	52 Bank Street
	West End
	QLD
	Telstra

	76
	4101010
	35 Sussex Street 
	West End
	QLD
	Telstra

	77
	4101037
	28 Norfolk Road
	South Brisbane
	QLD
	Optus

	78
	4157005
	18–20 Steel Street 
	Capalaba
	QLD
	Telstra

	79
	4215014
	41 Nerang Street 
	Southport
	QLD
	Telstra

	80
	4217052
	50 Appel Street 
	Surfers Paradise
	QLD
	TPG Telecom Limited

	81
	5007007
	123–125 South Road
	Hindmarsh
	SA
	Telstra

	82
	5007012
	15 Hindmarsh Place 
	Hindmarsh
	SA
	Optus

	83
	5011004
	655 Torrens Road
	Woodville
	SA
	TPG Telecom Limited

	84
	5031002
	107 Henley Beach Road
	Mile End
	SA
	Telstra

	85
	5251010
	6 Dutton Road
	Mount Barker
	SA
	Optus

	86
	6019001
	138–140 The Esplanade
	Scarborough
	WA
	TPG Telecom Limited

	87
	6050005
	17–19 Lawley Crescent 
	Mount Lawley
	WA
	TPG Telecom Limited

	88
	6051001
	36 Tenth Avenue
	Maylands
	WA
	TPG Telecom Limited

	89
	6156001
	11 Gimber Street
	Melville
	WA
	TPG Telecom Limited

	90
	6168007
	17–21 Rockingham Beach Road
	Rockingham
	WA
	TPG Telecom Limited
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	Site description
	About the site
	Duration of measurement

	1
	ACMA Melbourne Office
	Highrise CBD office building. The building has distributed indoor antennas providing telecommunications network coverage
	6 hours

	2
	Melbourne Central Food Court
	Busy food court in Melbourne Central Shopping Centre
	2 hours

	3
	Flinders Street Railway Station
	One of Melbourne's major railway stations. Measurements taken in the open foyer on the corner of Flinders Street and St Kilda Road
	2 hours

	4
	Golf Club
	A Golf course in Melbourne's east approximately 400m from AM radio broadcasting towers
	2 hours

	5
	Cafe Mt Dandenong
	A café on Mt Dandenong in Melbourne’s east. The Café is very close to TV and FM radio broadcasting sites
	2 hours

	6
	Residential Home 1
	A two-storey wooden home in Melbourne's east approximately 300m from a telecommunications base station
	24 hours

	7
	Melbourne F1GP Albert Park Day 1
	Measurements taken near pit straight and very close to media and event broadcasting facilities
	6 hours

	8
	Melbourne F1GP Albert Park Day 3
	Measurements taken near pit straight and very close to media and event broadcasting facilities
	6 hours

	9
	Melbourne Airport International Terminal
	Measurements taken in the international arrival’s terminal. The building has distributed indoor antennas providing telecommunications network coverage
	2 hours

	10
	Melbourne Airport Domestic Terminal
	Measurements taken in the Qantas Domestic departure terminal. The building has distributed indoor antennas providing telecommunications network coverage
	2 hours

	11
	Melbourne Showgrounds Exhibition Pavilion
	Measurements taken inside the Melbourne Showgrounds pavilion during a busy public event
	2 hours

	12
	Primary School
	A medium size primary school in Melbourne's east approximately 400m from a telecommunications base station
	2 hours

	13
	Residential Home 2
	Residential ground floor apartment in Melbourne's inner north. A two-storey brick building approximately 150m from a telecommunications base station
	24 hours

	14
	Residential Home 3
	A single storey brick home in Melbourne's east approximately 800m from a telecommunications base station
	24 hours

	15
	Chadstone Shopping Centre
	Ground level inside one of Melbourne's busiest Shopping Centres. The building hosts a number of telecommunications and radiocommunications base station facilities.
	2 hours

	16
	Maroondah Hospital
	One of Melbourne largest hospitals. Measurements taken in a public area on level 3 near the Intensive Care Unit. The building hosts a number of telecommunications and radiocommunications base station facilities
	2 hours

	17
	Public Transport
	Measurements taken on-board a Melbourne metropolitan train from Lilydale to Melbourne and return. The outbound journey from the city was taken during the afternoon travel peak
	2 hours

	18
	Melbourne Cricket Ground
	Collingwood v Adelaide AFL football game on 18 May 2024 with 63,935 spectators in attendance. Measurements taken on ground level in the Ponsford Stand close to the arena. The stadium hosts an extensive network of indoor antennas providing telecommunications network coverage.
	2 hours
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	Suburb (RFNSA)
	Measurement date
	Maximum active mmWave beamformed EME
	Maximum idle mmWave beamformed EME

	Dover Heights (2030001)
	22 March 2024
	0.074%
	0.001%

	Melville (6156001)
	14 May 2024
	0.052%
	0.001%

	St Kilda (3182001)
	7 February 2024
	0.022%
	0.001%

	Dandenong (3175002)
	19 December 2023
	0.021%
	0.000%

	Bellevue Hill (2023002)
	21 March 2024
	0.015%
	0.001%

	Rockingham (6168007)
	15 May 2024
	0.011%
	0.000%

	Hurstville (2220001)
	21 March 2024
	0.010%
	0.000%

	Petrie Terrace (4000002)
	19 April 2024
	0.008%
	0.000%

	Mount Lawley (6050005)
	14 May 2024
	0.007%
	0.000%

	Tarneit (3030006)
	24 January 2024
	0.007%
	0.000%

	Maylands (6051001)
	14 May 2024
	0.006%
	0.000%

	Scarborough (6019001)
	14 May 2024
	0.005%
	0.000%

	Chiswick (2046001)
	11 March 2024
	0.005%
	0.000%

	Rosehill (2142003)
	20 February 2024
	0.004%
	0.000%

	Cabramatta (2166012)
	26 February 2024
	0.004%
	0.000%

	Artarmon (2065015)
	4 March 2024
	0.004%
	0.000%

	Woodville (5011004)
	29 May 2024
	0.004%
	0.000%

	Melbourne (3181003)
	10 January 2024
	0.003%
	0.000%

	Parramatta (2150001)
	21 February 2024
	0.003%
	0.000%

	Mascot (2020029)
	18 March 2024
	0.002%
	0.000%

	South Yarra (3141003)
	9 January 2024
	0.002%
	0.000%

	Parramatta (2150006)
	23 February 2024
	0.002%
	0.000%

	Rosehill (2142005)
	6 March 2024
	0.002%
	0.000%

	Surfers Paradise (4217052)
	18 April 2024
	0.002%
	0.001%

	Bankstown (2200004)
	26 February 2024
	0.002%
	0.000%

	Parramatta (2116001)
	20 February 2024
	0.002%
	0.000%

	Burwood (2134025)
	7 March 2024
	0.001%
	0.000%

	Marrickville (2204034)
	18 March 2024
	0.001%
	0.000%

	Mount Druitt (2770002)
	18 March 2024
	0.001%
	0.000%

	Moore Park (2021005)
	19 March 2024
	0.001%
	0.000%
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	Suburb (RFNSA)
	Measurement date
	Maximum active mmWave beamformed EME
	Maximum idle mmWave beamformed EME

	Lidcombe (2141007)
	8 March 2024
	0.089%
	0.001%

	Ultimo (2007010)
	20 March 2024
	0.077%
	0.001%

	Macquarie Park (2113044)
	22 March 2024
	0.057%
	0.001%

	Brunswick (3056006)
	4 January 2024
	0.051%
	0.001%

	Chatswood (2067021)
	12 March 2024
	0.038%
	0.001%

	Abbotsford (3067002)
	11 January 2024
	0.038%
	0.001%

	Windsor (4051011)
	23 April 2024
	0.028%
	0.001%

	Chatswood (2067003)
	12 March 2024
	0.027%
	0.001%

	Footscray (3011006)
	24 January 2024
	0.023%
	0.001%

	South Yarra (3141005)
	1 February 2024
	0.021%
	0.001%

	Surry Hills (2010025)
	19 March 2024
	0.015%
	0.001%

	Hindmarsh (5007012)
	28 May 2024
	0.014%
	0.004%

	Docklands (3008010)
	18 January 2024
	0.014%
	0.001%

	South Brisbane (4101037)
	24 April 2024
	0.014%
	0.001%

	Oakleigh (3166015)
	30 January 2024
	0.012%
	0.001%

	Carlton (3000042)
	15 January 2024
	0.011%
	0.001%

	Richmond (3121005)
	1 February 2024
	0.010%
	0.001%

	Richmond (3121011)
	15 January 2024
	0.009%
	0.001%

	Fitzroy (3065003)
	11 January 2024
	0.009%
	0.001%

	Redfern (2016010)
	19 March 2024
	0.008%
	0.001%

	Campbellfield (3061001)
	7 February 2024
	0.006%
	0.001%

	Melbourne (3000009)
	23 January 2024
	0.006%
	0.001%

	North Ryde (2113002)
	6 March 2024
	0.006%
	0.001%

	Melbourne (3000339)
	19 January 2024
	0.005%
	0.001%

	Mount Barker (5251010)
	29 May 2024
	0.004%
	0.001%

	Port Melbourne (3207007)
	18 January 2024
	0.004%
	0.001%

	Fortitude Valley (4006039)
	23 April 2024
	0.003%
	0.001%

	Petrie Terrace (4000002)
	19 April 2024
	0.003%
	0.001%

	Wantirna (3152009)
	21 December 2023
	0.003%
	0.001%

	Brisbane City (4000046)
	1 May 2024
	0.002%
	0.001%
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	Suburb (RFNSA)
	Measurement date
	Maximum active mmWave beamformed EME
	Maximum idle mmWave beamformed EME

	Northmead (2152001)
	22 February 2024
	0.109%
	0.001%

	Balaclava (3183001)
	12 January 2024
	0.089%
	0.001%

	Avalon (3212011)
	29 January 2024
	0.061%
	0.001%

	Pennant Hills (2120006)
	22 February 2024
	0.057%
	0.001%

	Brisbane City (4000050)
	30 April 2024
	0.053%
	0.001%

	Hindmarsh (5007007)
	28 May 2024
	0.045%
	0.002%

	Thomastown (3074003)
	23 January 2024
	0.042%
	0.001%

	Reservoir (3073014)
	4 January 2024
	0.041%
	0.001%

	Bundoora (3083007)
	5 January 2024
	0.032%
	0.001%

	Alphington (3078002)
	21 December 2023
	0.031%
	0.001%

	Sydney (2000055)
	20 March 2024
	0.029%
	0.001%

	Tarneit (3030006)
	24 January 2024
	0.029%
	0.000%

	The Gap (4061002)
	23 April 2024
	0.026%
	0.001%

	Mile End (5031002)
	28 May 2024
	0.022%
	0.001%

	Brisbane City (4000113)
	30 April 2024
	0.022%
	0.001%

	Wetherill Park (2164007)
	11 March 2024
	0.020%
	0.001%

	Hallam (3803005)
	5 January 2024
	0.015%
	0.001%

	West End (4101006)
	22 April 2024
	0.013%
	0.001%

	South Melbourne (3205015)
	9 January 2024
	0.012%
	0.000%

	Capalaba (4157005)
	22 April 2024
	0.011%
	0.000%

	Melbourne (3000057)
	30 January 2024
	0.007%
	0.001%

	Melbourne (3000262)
	19 January 2024
	0.005%
	0.001%

	Turrella (2205009)
	21 March 2024
	0.005%
	0.000%

	Brisbane City (4000057)
	1 May 2024
	0.004%
	0.001%

	Sydney (2000003)
	20 March 2024
	0.003%
	0.001%

	Corinda (4075004)
	22 April 2024
	0.002%
	0.001%

	Parramatta (2150011)
	21 February 2024
	0.002%
	0.000%

	West End (4101010)
	24 April 2024
	0.002%
	0.001%

	Southport (4215014)
	18 April 2024
	0.002%
	0.001%

	Windsor (3181008)
	1 February 2024
	0.001%
	0.001%
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[bookmark: _Toc168640835][bookmark: _Toc171069106][bookmark: _Toc171069246][bookmark: _Toc171070041][bookmark: _Toc178583821]TPG Telecom Limited
	Suburb (RFNSA)
	Measurement date
	Maximum active mid-band beamformed EME
	Maximum active mmWave beamformed EME

	Dover Heights (2030001)
	22 March 2024
	1.339%
	0.074%

	Rosehill (2142005)
	6 March 2024
	1.087%
	0.002%

	Parramatta (2150001)
	21 February 2024
	0.833%
	0.003%

	Tarneit (3030006)
	24 January 2024
	0.815%
	0.007%

	Rosehill (2142003)
	20 February 2024
	0.640%
	0.004%

	Surfers Paradise (4217052)
	18 April 2024
	0.540%
	0.002%

	Dandenong (3175002)
	19 December 2023
	0.458%
	0.021%

	South Yarra (3141003)
	9 January 2024
	0.449%
	0.002%

	St Kilda (3182001)
	7 February 2024
	0.404%
	0.022%

	Parramatta (2150006)
	23 February 2024
	0.367%
	0.002%

	Petrie Terrace (4000002)
	19 April 2024
	0.337%
	0.008%

	Woodville (5011004)
	29 May 2024
	0.295%
	0.004%

	Hurstville (2220001)
	21 March 2024
	0.282%
	0.010%

	Maylands (6051001)
	14 May 2024
	0.273%
	0.006%

	Rockingham (6168007)
	15 May 2024
	0.192%
	0.011%

	Chiswick (2046001)
	11 March 2024
	0.148%
	0.005%

	Mascot (2020029)
	18 March 2024
	0.139%
	0.002%

	Cabramatta (2166012)
	26 February 2024
	0.132%
	0.004%

	Parramatta (2116001)
	20 February 2024
	0.112%
	0.002%

	Melbourne (3181003)
	10 January 2024
	0.107%
	0.003%

	Bellevue Hill (2023002)
	21 March 2024
	0.098%
	0.015%

	Bankstown (2200004)
	26 February 2024
	0.094%
	0.002%

	Melville (6156001)
	14 May 2024
	0.066%
	0.052%

	Mount Lawley (6050005)
	14 May 2024
	0.056%
	0.007%

	Artarmon (2065015)
	4 March 2024
	0.054%
	0.004%

	Scarborough (6019001)
	14 May 2024
	0.040%
	0.005%

	Moore Park (2021005)
	19 March 2024
	0.032%
	0.001%

	Marrickville (2204034)
	18 March 2024
	0.021%
	0.001%

	Mount Druitt (2770002)
	18 March 2024
	0.009%
	0.001%

	Burwood (2134025)
	7 March 2024
	0.004%
	0.001%
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	Suburb (RFNSA)
	Measurement date
	Maximum active mid-band beamformed EME
	Maximum active mmWave beamformed EME

	Windsor (4051011)
	23 April 2024
	2.863%
	0.028%

	South Yarra (3141005)
	1 February 2024
	2.688%
	0.021%

	Brunswick (3056006)
	4 January 2024
	2.544%
	0.051%

	Chatswood (2067021)
	12 March 2024
	2.160%
	0.038%

	Melbourne (3000339)
	19 January 2024
	1.599%
	0.005%

	Ultimo (2007010)
	20 March 2024
	1.578%
	0.077%

	Port Melbourne (3207007)
	18 January 2024
	1.440%
	0.004%

	Footscray (3011006)
	24 January 2024
	1.412%
	0.023%

	Oakleigh (3166015)
	30 January 2024
	1.125%
	0.012%

	Richmond (3121011)
	15 January 2024
	0.973%
	0.009%

	South Brisbane (4101037)
	24 April 2024
	0.916%
	0.014%

	Lidcombe (2141007)
	8 March 2024
	0.814%
	0.089%

	Campbellfield (3061001)
	7 February 2024
	0.797%
	0.006%

	Mount Barker (5251010)
	29 May 2024
	0.608%
	0.004%

	Melbourne (3000009)
	23 January 2024
	0.584%
	0.006%

	Macquarie Park (2113044)
	22 March 2024
	0.570%
	0.057%

	Fortitude Valley (4006039)
	23 April 2024
	0.562%
	0.003%

	North Ryde (2113002)
	6 March 2024
	0.548%
	0.006%

	Richmond (3121005)
	1 February 2024
	0.274%
	0.010%

	Docklands (3008010)
	18 January 2024
	0.266%
	0.014%

	Hindmarsh (5007012)
	28 May 2024
	0.258%
	0.014%

	Abbotsford (3067002)
	11 January 2024
	0.243%
	0.038%

	Wantirna (3152009)
	21 December 2023
	0.229%
	0.003%

	Surry Hills (2010025)
	19 March 2024
	0.200%
	0.015%

	Redfern (2016010)
	19 March 2024
	0.097%
	0.008%

	Carlton (3000042)
	15 January 2024
	0.079%
	0.011%

	Chatswood (2067003)
	12 March 2024
	0.033%
	0.027%

	Brisbane City (4000046)
	1 May 2024
	0.027%
	0.002%

	Fitzroy (3065003)
	11 January 2024
	0.024%
	0.009%

	Petrie Terrace (4000002)
	19 April 2024
	0.024%
	0.003%
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	Suburb (RFNSA)
	Measurement date
	Maximum active mid-band beamformed EME
	Maximum active mmWave beamformed EME

	Avalon (3212011)
	29 January 2024
	2.147%
	0.061%

	Hallam (3803005)
	5 January 2024
	1.891%
	0.015%

	Thomastown (3074003)
	23 January 2024
	1.558%
	0.042%

	Alphington (3078002)
	21 December 2023
	1.531%
	0.031%

	Northmead (2152001)
	22 February 2024
	1.531%
	0.109%

	Capalaba (4157005)
	22 April 2024
	1.206%
	0.011%

	The Gap (4061002)
	23 April 2024
	1.203%
	0.026%

	Corinda (4075004)
	22 April 2024
	1.057%
	0.002%

	Wetherill Park (2164007)
	11 March 2024
	0.967%
	0.020%

	Bundoora (3083007)
	5 January 2024
	0.933%
	0.032%

	Reservoir (3073014)
	4 January 2024
	0.880%
	0.041%

	Brisbane City (4000113)
	30 April 2024
	0.783%
	0.022%

	Brisbane City (4000050)
	30 April 2024
	0.742%
	0.053%

	South Melbourne (3205015)
	9 January 2024
	0.677%
	0.012%

	Southport (4215014)
	18 April 2024
	0.597%
	0.002%

	Hindmarsh (5007007)
	28 May 2024
	0.553%
	0.045%

	Balaclava (3183001)
	12 January 2024
	0.546%
	0.089%

	Mile End (5031002)
	28 May 2024
	0.479%
	0.022%

	Tarneit (3030006)
	24 January 2024
	0.430%
	0.029%

	Pennant Hills (2120006)
	22 February 2024
	0.377%
	0.057%

	West End (4101006)
	22 April 2024
	0.240%
	0.013%

	Turrella (2205009)
	21 March 2024
	0.240%
	0.005%

	West End (4101010)
	24 April 2024
	0.208%
	0.002%

	Sydney (2000003)
	20 March 2024
	0.110%
	0.003%

	Melbourne (3000262)
	19 January 2024
	0.065%
	0.005%

	Melbourne (3000057)
	30 January 2024
	0.063%
	0.007%

	Parramatta (2150011)
	21 February 2024
	0.062%
	0.002%

	Brisbane City (4000057)
	1 May 2024
	0.047%
	0.004%

	Sydney (2000055)
	20 March 2024
	0.038%
	0.029%

	Windsor (3181008)
	1 February 2024
	0.006%
	0.001%
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	Site name
	Band
	Highest average EME

	ACMA Melbourne office
	AM radio
	0.00%

	
	FM and DAB radio
	0.01%

	
	Land mobile
	0.01%

	
	Mobile phone base stations
	0.02%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.01%

	
	WLAN
	0.01%

	Cafe Mt Dandenong
	AM radio
	0.00%

	
	FM and DAB radio
	0.31%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.01%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Chadstone Shopping Centre
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.03%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Flinders Street Railway Station
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.04%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Golf course
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Maroondah Hospital
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.01%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Melbourne Airport Domestic Terminal
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.06%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Melbourne Airport International Terminal
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.05%

	
	Mobile phones
	0.01%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Melbourne Central food court
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.01%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.01%

	
	WLAN
	0.01%

	Melbourne Cricket Ground
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.03%

	
	Mobile phone base stations
	0.18%

	
	Mobile phones
	0.01%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Melbourne Formula One Grand Prix Day 1
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.07%

	
	Mobile phone base stations
	0.02%

	
	Mobile phones
	0.01%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.06%

	Melbourne Formula One Grand Prix Day 3
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.04%

	
	Mobile phone base stations
	0.02%

	
	Mobile phones
	0.01%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.06%

	Melbourne Showgrounds pavilion
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Primary school
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.04%

	Public transport
	AM radio
	0.00%

	
	FM and DAB radio
	0.01%

	
	Land mobile
	0.01%

	
	Mobile phone base stations
	0.02%

	
	Mobile phones
	0.02%

	
	VHF and UHF TV
	0.03%

	
	WLAN
	0.01%

	Residential home 1
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Residential home 2
	AM radio
	0.00%

	
	FM and DAB radio
	0.00%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.01%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%

	Residential home 3
	AM radio
	0.00%

	
	FM and DAB radio
	0.01%

	
	Land mobile
	0.02%

	
	Mobile phone base stations
	0.01%

	
	Mobile phones
	0.00%

	
	VHF and UHF TV
	0.02%

	
	WLAN
	0.05%
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