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Executive Summary
Wireless communication services provide substantial social, economic and
personal-safety benefits. To work efficiently mobile communication networks
need sufficient infrastructure to meet the coverage and service quality
expected by consumers, and often mandated by governments through
licence conditions. As consumer demand increases and the range of wireless
communications options expands additional infrastructure is required.
The mobile communications industry encourages governments to
adopt radio frequency (RF) exposure limits for mobile communications
infrastructure that are based on the recommendations of the International
Telecommunications Union (ITU) and the World Health Organization (WHO).
Compliance with these recommendations will provide protection for all
persons against all established health risks from exposures to RF signals.
RF measurements near base station sites show that public exposures to
radio signals are typically hundreds or even thousands of times below the
accepted international safety recommendations.
However, public concern over the deployment of this infrastructure in
some countries has led to the adoption of arbitrary restrictions, such as
lower national exposure limits. These restrictions are not based on a
clear scientific rationale taking into account the weight of research. Such
measures provide no additional health protection for the community but
they do have a real impact on efficient network deployment and operation.
This paper examines the technical and public policy implications of
arbitrarily lower RF limits.
In essence the key technical and network related implications of lower limits
can be summarised as follows:
• Larger compliance zones: Without site modification, lower exposure
limits result in larger compliance distances, or compliance zones, around
a base station site. The compliance zones may become unrealistically
large, and reach publically accessible areas;
• Difficult site sharing: Lower limits can adversely affect the ability of
network operators to co-locate and site share, resulting in an overall
increase in the numbers of base station sites and therefore greater
energy use;
• More sites needed: As the technology evolves, lower exposure limits
can limit the number of services that can be provided at any given site,
resulting in inefficient deployment and an overall increase in the number
of sites required by a given operator;
• Gaps in coverage: To ensure compliance with lower limits the power
output of antennas may have to be reduced. However, such a reduction in
an existing network will affect coverage and create ‘gaps’ in the network,
which will either result in patchy service and dropped calls, or require
additional base stations to be deployed to restore coverage.
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In addition, lower exposure limits
give rise to a number of policy
implications for government and the
broader community, namely:
• Lack of science based rationale:
The internationally recommended
exposure limits have a strong
scientific basis, whereas the
adoption of lower limits becomes
purely an arbitrary exercise which
lacks a scientific rationale;
• Perception of less protection:
Lower exposure limits may result
in very little apparent change
to the measured signal level in
public areas near a given site
but the site may be perceived
as operating at a ‘higher’ level
because the margin between the
measured level and the reduced
limits is less;
• More base station applications:
In many cases lower limits will
simply result in an increased
number of base stations to
provide equivalent service. In
view of the fact that proposals for
lower limits are often discussed
when there is community unease
with base station deployment,
imposing a policy change that
results in more base stations is
not likely to reassure the public,
and based on experiences in other
countries, most often leads to
increased levels of concern.
Finally, such proposals ignore the
overall policy environment that
mobile communications networks
operate within:
• There is a substantial amount
of scientific research that has
been undertaken into the overall
safety of RF. This has resulted
in development of protective
and internationally accepted RF
exposure standards.
• Both the standards and the
underlying research are subject
to ongoing review.
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• All products, both on the
network and on the device side,
are designed and tested for
compliance with the standards.
• Networks are inherently efficient,
minimising the output powers of
both the base stations and devices
to only that which is required to
provide the services.
• Industry (and government)
communicate openly on the issues
and continue to support ongoing
research to address any remaining
gaps in scientific knowledge.
For the above reasons, the mobile
communications industry believes
that the adoption of limits below
those established by ICNIRP
and recommended by the WHO
represents a poor policy choice
without evidence of health benefits,
and one that actually threatens the
proven safety, security and economic
benefits that mobile communications
provide to the community at large.

Introduction
Wireless or mobile communication
services continue to grow
substantially around the world,
and provide enormous benefits to
our communities, our economy
and to each of us individually.
However, to work efficiently
mobile communication networks
need sufficient infrastructure to
meet the coverage and service
quality expected by consumers,
and required by governments. As
consumer demand increases and the
range of wireless communications
options expands additional
infrastructure is required.
The infrastructure is made up
of an interconnected network of
antenna sites called ‘base stations.’
The antennas transmit the radio
frequency (RF) electromagnetic
fields (also called radio waves)
that are fundamental for mobile
communications. The intensity of
the RF fields is assessed in order to
guarantee compliance with existing
safety standards.
The safety standards, or exposure
standards, specify the maximum
RF intensity that is accepted for
a person to be exposed to, or the
exposure limit. There are limits for
the general public, and other less
restrictive limits, for occupational
groups.1

around the world into the health
effects associated with exposure
to RF fields. Such research has
been undertaken for over 50 years,
investigating a large number of
frequencies, modulations and power
levels to determine the possibility of
adverse health effects.
ICNIRP uses the resulting body of
scientific knowledge to develop
appropriate recommendations for
safety levels for the public as
well as for occupational workers.
The ICNIRP guidelines include a
50-fold safety margin for the general
public, and the limits have been
designed to protect all members of
the community including the sick,
elderly and children.
RF measurements near base station
sites typically show public exposures
to radio waves that are hundreds or
even thousands of times below the
ICNIRP exposure limits.
In some countries, however, public
unease about the deployment of
base stations has led to calls for
the adoption of lower national
exposure limits. Such proposals
have no scientific basis, and would
provide no additional protection
against any established health
risks. Instead, such proposals could

entail a dramatic increase in the
number of base station antennas
needed for maintaining a mobile
communications network, increase
public concern, and hinder the
development of new communication
services.
Some computer modelling results
are included in this document in
order to visualize the impact on
existing mobile communications
services of proposed lower limits.
These examples compare ICNIRP’s
electric field strength limit of 41 V/m
at 900 MHz with proposed limits of
3 V/m and 0.6 V/m (also at 900 MHz).2

RF exposure from
base stations
Base station antennas transmit RF
electromagnetic fields (also called
radio waves or EMF) in patterns
that are typically very narrow
in the vertical direction (height)
but quite broad in the horizontal
direction (width). The RF field
intensity generally decreases rapidly
the greater the distance from the
antenna, but because of the narrow
vertical spread of the beam, the RF
field intensity on the ground directly
below the antenna is also extremely
low. Further information on base
stations can be found in Annex A.

The exposure standards in most
countries are, as recommended
by the World Health Organization
(WHO) and the International
Telecommunications Union (ITU),
national adoptions of the guidelines
set by the International Commission
on Non-Ionizing Radiation Protection
(ICNIRP). ICNIRP continually reviews
the scientific research performed
1 See the publication RF Safety at Base Station Sites,
available from our websites.
2 Note that throughout this document comparisons are
made between squared field strength levels and squared
limit values, since these are related to the absorbed
power in the body. Therefore, 3 V/m is 0.5% (3*3/41*41)
and 0.6 V/m is 0.02% (0.6*0.6/41*41) relative to the
ICNIRP recommendation.

2 WHO Fact Sheet 304: http://www.who.int/
mediacentre/factsheets/fs304/en/index.html
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Compliance boundaries
Around each base station antenna a
compliance boundary is established
for workers and the public, see
Figure 1. This boundary is located
at the distance from the antenna
where the RF field intensity coincides
with the exposure limits. Inside the
boundary, closest to the antenna,
the RF field intensity may exceed the
limits. This region is often called the
compliance zone, since measures
must be taken to restrict people’s
access to this area. Since there are
different exposure limits for the
general public and for occupational
workers, there are two compliance
boundaries.
Exposure standards and compliance
standards applicable to base stations
are discussed in Annex B. Further
information about the antenna types
used in base stations, and their
typical compliance boundaries,
can be found in Annex C.

Typical exposure levels
from base stations
When a base station is being
considered for construction,
engineers determine the compliance
boundary. This assessment will
be based on conditions that overestimate the real exposure in actual
operation, for example, by assuming
that the base station is operating a
maximum power and that there are
simultaneous calls on all available
channels. All of these conditions
are in reality rarely present, but
taking all of them into account will
ensure that the base station will be
fully compliant with the relevant
standards.
When a base station is in
operation, it is also possible to
do measurements of the RF field
intensity in the vicinity of the
antenna. These are called in-situ
measurements, and can give a

more realistic assessment of the
exposure, since they are performed
with the base station in normal
operation rather than operating at
its maximum, in terms of power and
call handling.
In most cases, the evaluation of
compliance is with reference to
the exposure limits established by
ICNIRP. These limits are expressed
in electric field strength E (unit Volt
per metre, V/m) or power density S
(unit Watt per square metre, W/m2).
The limits for some typical mobile
communication frequencies are
listed in Table 1.

Table 1. ICNIRP exposure limits for the
general public
Frequency (MHz)

E (V/m)

S (W/m2)

900

41

4.5

1800

58

9

2000

61

10

Regulatory agencies from several
countries have undertaken programs
to measure a sample of operating
base stations to confirm compliance
with the exposure limits. Results
from these measurement campaigns
consistently show that typical RF
exposure levels from base stations,
in public areas, are hundreds to
thousands of times below the ICNIRP
limits. According to the World Health
Organization (WHO):
Recent surveys have shown that
the RF exposures from base
stations range from 0.002% to
2% of the levels of international
exposure guidelines, depending
on a variety of factors such as
the proximity to the antenna and
the surrounding environment.
This is lower or comparable to RF
exposures from radio or television
broadcast transmitters.3

3 WHO Fact Sheet 304: http://www.who.int/
mediacentre/factsheets/fs304/en/index.html
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Figure 1. Compliance boundaries of a
sector antenna. The region inside the
boundary is where the exposure limits
may be exceeded, and thus indicates
where access should be restricted.

Base
Compliance
station boundary antenna workers

Compliance
boundary general
public

FM and AM radio, TV and paging
services. Figure 2 shows typical
signal levels in a community.

Table 2. Results of field strength measurements near typical base stations
Country/agency
Service
Year
type
		
Australia/ARPANSA,
2007-2009

Range of typical
values measured
(% of ICNIRP)

GSM, CDMA,
0.001% – 1.2%
UMTS		

URL/reference

			

http://www.arpansa.gov.au
RadiationProtection/Base
StationSurvey/index.cfm

Germany
WiMAX
0.003% – 1.4%
2007-2008			
			
			

http://www.emf-forschung
sprogramm.de/home/akt_emf
_forschung.html/dosi_HF_
001.html

United Kingdom/
Ofcom, 2009

http://www.ofcom.org.uk/
sitefinder/audits/

GSM, UMTS,
0.0001% – 0.13%
TETRA		

Spain/MITyC,
GSM, UMTS
0.001% –  0.8%
2007			
			
			
Sweden/SSM,
2005-2007

GSM, UMTS,
0.00002% – 4.4%1
TV, FM radio
(mean 0.12%,
(and other
median 0.004%)
services)		
			

http://www.mityc.es/
telecomunicaciones/Espectro/
NivelesExposicion/Informes/
Informes%20anuales/
informe_2007.pdf
http://www.stralsakerhetsmy
ndigheten.se/Global/
Publikationer/Rapport
/Stralskydd/2008/ssirapp-2008-13.pdf

Note: Individual measurements will vary from site to site and this data, while based on actual
measurements, is provided simply for information purposes.
This is the total exposure, of which mobile services is only one part.

Table 2 provides some examples of
measurement results obtained near
typical sites in different countries.
The measurements have been
performed at locations where the
public has regular access.
The typical exposure levels from
base stations are similar to the
levels that you find from other
RF transmitting sources in the
community, including broadcast
Figure 2. Spectrum plot of typical radio
communications signal levels in a community.
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Building upon the background
information presented in the
preceding sections, we will now
consider the impacts of adopting
lower RF safety limits for network
rollout and operation.

Compliance distances
become unacceptably
large
The adoption of reduced RF
exposure limits would enlarge the
compliance distances, or compliance
zones, of existing base station
antennas. This means restrictions
against public access to a larger
area around antennas. The required
compliance zones in populated areas
would become unmanageably large.
Table 3 lists calculated examples of
typical compliance distance changes
caused by a reduction in exposure
limits.
Table 3 shows that the compliance
distance for a microcell base station,
typically mounted near street level,
would expand from 0.5 to 15 m if
the limit was reduced to 3 V/m. This
means that access would need to
be restricted in areas where people
normally reside. For indoor base
stations, which provide essential fillin coverage inside buildings, the new
compliance zone with a 1m diameter
would make such deployments more
difficult. For a limit of 0.6 V/m, the
compliance boundary would cover
the entire floor to ceiling area.
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Reduced limits:
practical implications
for network rollout
and operation
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Table 3. Typical compliance distances at 900 MHz
Base station type

Compliance
distance (m)
at ICNIRP limit,
41 V/m

Compliance
distance (m)
at reduced limit,
3 V/m

Compliance
distance (m)
at reduced limit,
0.6 V/m

High mast (~100 W)

8

100

500

Low mast (~10 W)

2

30

165

Microcell (2 W)

0.5

15

75

Indoor (0.3 W)

0.1

1

7

For antennas with higher output
powers, the new compliance zones
would also be difficult to maintain,
with compliance distances from
tens of metres to over a hundred
metres. As a complement to
Table 3, the examples shown in
Figures 3, 4 and 5 visualize the
compliance boundary of a 900 MHz
single sector antenna on a rooftop.
A comparison of the size of the
compliance boundary calculated
for the ICNIRP limit (Figure 3), for
a 3 V/m limit (Figure 4), and for a
0.6 V/m limit (Figure 5) indicates
the problem. The compliance
zone expands over the adjacent
buildings, and for the 0.6 V/m limit
even buildings rather far away are
affected. If the antenna had been
down-tilted, which is common
in order to increase the network
coverage on the ground, the
compliance zone might even have
reached ground level implying that
public access in the whole area
would need to be restricted.
The only mitigation factor that
can be introduced to offset these
increased compliance zones is to
reduce the output power of the base
station antenna. This would result in
gaps in coverage which would need
to be filled with additional antenna
sites. In building service quality
would be affected to a greater extent
as signal strength is typically ten
times lower within buildings.

Difficulties for co-location
and site-sharing
In most countries, operators will
use an existing site to locate several
antennas in order to provide
different services such as a 2G
service as well as a 3G service. In
many countries different operators
will also ‘site share’, that is agree
to jointly provide their respective
services on the one site or mast
where this is technically possible and
subject to commercial negotiations.
In this case there may be several or
many antennas located at the site.
Infrastructure sharing4 has a number
of benefits. If new antennas can
be deployed on an existing site, it
reduces the number of additional
sites that have to be found and
commissioned. For this reason, and
also for energy saving and aesthetic
reasons, the governments of many
countries actively encourage site
sharing.
Adoption of lower limits would make
site sharing difficult, if not possible
to undertake. The reason is that
the compliance boundaries would
begin to interact with one another,
making it difficult to comply with
the restrictive limits. The example
in Figure 6 highlights the difficulty
of site sharing under an exposure
limit of 3 V/m. Access would need to
be restricted in areas where people
normally reside, or the antennas
would need to be installed on
separate sites.
4 For more information see the GSMA discussion
paper, ‘Infrastructure Sharing’ available here:
http://www.gsmworld.com/our-work/public-policy/
regulatory-affairs/investment-and-competition/
infrastructure_sharing.htm
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Figure 3. The compliance distance of a typical roof-mounted base station, calculated for
the ICNIRP limit of 41 V/m, is 2.3 meters in the forward direction.4

Figure 4. The compliance distance of a typical roof-mounted base station, calculated for
an exposure limit of 3 V/m, is 33 meters in the forward direction.4

Impact for the provision
of additional services
using existing sites
In much the same way as site sharing
would become a problem, operators
who wish to deploy additional radio
technologies or antennas at a given
site would also find it difficult to
ensure manageable compliance
distances. Again, the compliance
boundaries for each additional
antenna that would be located on
a site could overlap and thereby
further extending the effective
compliance boundary for the overall
site. This may act as a barrier to
the deployment of higher data rate
mobile technologies that are integral
to the policies of many governments
to promote access to services
such as wireless internet or mobile
broadband.

Reducing power output
of antennas affects
network coverage
Network operators faced with the
above issues have only a limited
range of options:

Figure 5. The compliance distance of a typical roof-mounted base station, calculated for
an exposure limit of 0.6 V/m, is 165 meters in the forward direction.5

• reduce the output power of all of
the antennas on a site to restore
the compliance distance to a
manageable area; in combination
with
• deploying new services on new
sites which comes with the
resulting difficulties of obtaining
permits and facing community
opposition.

5 For Figures 3, 4 and 5, the base station modeled involved a 900 MHz antenna
with an output power of 10 W and antenna gain of 15 dBi.

Reducing the output power of the
antennas on a given site will reduce
the coverage that can be provided
by those antennas. The lower the
limits the more the power needs
to be reduced and the greater the
impact there will be on network
coverage, especially to coverage
within buildings. Table 4 shows the
power reduction needed relative to
the ICNIRP limit at 900 MHz in order
to maintain the same manageable
size of the compliance boundaries.
7

Figure 6. Two operators share a mast with three antennas
each, which at ICNIRP limits results in one separate compliance
boundary for each of the six antennas (shown in aqua). When
the limits are reduced to 3 V/m the compliance boundaries of
the six antennas overlap resulting in one very large compliance
boundary (shown as transparent blue).

Table 4. Transmitter power relative to
allowable power for ICNIRP limit
Limit (V/m)

41

14

3

0.6

Power (%)

100

12

0.5

0.02

Figure 7 and Figure 8 show the
impact of the power reductions
needed to meet a 3 V/m limit (and
maintain the same compliance
boundaries) on network indoor
coverage in modelling undertaken
on a real network. The result is
substantial gaps in the network
coverage that can be provided. To
address this, the operator must
find new sites to deploy additional
base stations to restore the mobile
service that consumers expect
and governments, through licence
conditions, legally require.

Reducing power output
of antennas results in the
need for more antennas
Figure 7. The orange area shows the
existing indoor mobile service coverage
for a commercial 3G network in suburban
Sydney, Australia.

Figure 8. The orange areas are
predictions of the places where indoor
mobile service coverage is maintained
should power reductions be imposed to
meet a 3 V/m limit.
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The inevitable consequence of
adopting a lower limit is that more
base stations will be required to
ensure that an operator can provide
the required network coverage with
a good quality of service.
Figure 9 is the impact upon just
one operator amongst the three in
Belgium where operators have faced
calls for a 3 V/m limit. The result of a
3 V/m limit in Belgium would mean
that the operator would be required
to install 40% more base stations to
restore the quality of service (QoS) to
the level that is offered today. While
the detailed impact on each network
will be slightly different, the overall
consequences are the same.

Figure 9. Existing outdoor coverage
areas (marked in red) (top) and post-3
V/m estimation along with the number
of additional base stations required for
just one operator to restore coverage to
existing levels (bottom) after required
power reductions to obtain manageable
compliance boundaries.

Reduced limits will
require more in-situ
measurements
When considering the impact
of adopting lower limits and
retrospectively applying them
to existing base stations, one
immediate consequence is that the
estimated maximum levels in areas
where people usually reside may
become very close to or even exceed
the revised limits. This is especially
the case when 3 V/m or lower are
considered. In practice, this will
mean that many base stations will
need to have field measurements
undertaken to ensure that the base
station is compliant, in addition to
other changes that may be required.
This additional testing is expensive
and unnecessary.

Cost implications
As discussed above, the number of
antenna sites needed in the networks
will multiply when transmitter
power must be reduced. The site
acquisition process is costly, not
only for the operators, but also for
the local administration offices. The
introduction of lower exposure limits
would entail a very large number
of simultaneous site acquisition
applications for the offices to handle.
The increased costs for the operators
would have to be reflected in the
mobile service costs for mobile
phone users. Experiences from
the attempted introduction of a
lower limit, 0.6 V/m, in the city of
Salzburg in 2001 show that the local
administration got an extremely
heavy workload, and the 3G network
was severely delayed.6 Today, this
limit is not used in practice since it is
too low to provide 3G services.7

Reduced limits:
policy implications
for government and
the community
The absence of a
scientific rationale
Five decades of research into
EMF and health has produced a
large body of scientific literature
which national and international
standards organizations have
reviewed to establish safe exposure
limits. The WHO and the ITU
recommend adoption of the ICNIRP
recommendations, which already
include a 50-fold safety margin
for the general public, and are
designed to protect all members of
the community including the sick,
elderly and children.
Once the ICNIRP limits are
abandoned so too is a healthbased scientific rationale for any
alternative limits chosen. Without a
scientific justification for the limits
adopted, it becomes difficult to
resist calls for further reductions.
This is exactly what has happened
in Belgium, a country which adopted
the ‘precautionary’ limit of 20.6
V/m (exactly half of ICNIRP’s limit)
in 2007, however in the face of
continued pressure, in 2009 it then
adopted a 3 V/m limit. The WHO
warns8 in relation to precautionary
policies:
A principle requirement is that such
policies be adopted only under the
condition that scientific assessments
of risk and science-based exposure
limits should not be undermined by
the adoption of arbitrary cautionary
approaches. That would occur, for
example, if limit values were lowered
to levels that bear no relationship

6 See MMF Viewpoint Austria 070326, available at: http://www.mmfai.org/public/docs/eng/070326_MMF_
Viewpoint_Austria_ICNIRP.pdf
7 See the report by the Swiss Federal Office of Communications OFCOM at: http://www.ofcom.ch/
dokumentation/zahlen/00545/00547/00548/index.html?lang=en
8 Electromagnetic Fields And Public Health: Cautionary Policies, WHO Backgrounder, March 2000 available
at http://www.who.int/docstore/peh-emf/publications/facts_press/EMF-Precaution.htm

9

to the established hazards or have
inappropriate arbitrary adjustments
to the limit values to account for the
extent of scientific uncertainty.
ICNIRP guidelines and the national
standards that have incorporated
them have the benefit of decades of
research to support them as well as
the endorsement of the World Health
Organization. Arbitrarily lower limits
have no scientific justification and
provide no public health benefit.
As the previous sections show,
however, they do have significant
implications for network operators
and the services that can be
provided.

Reduced limits increase
public concern
Often the argument advanced for the
adoption of lower limits is that they
are needed as a ‘precaution’ against
possible health effects of the RF
signals from base stations.
Despite the fact that the RF
signals are inherently similar
to those transmitted by TV and
radio broadcasting towers, base
stations for mobile communications
are considered differently, and
‘precautionary’ measures are
applied discriminatingly. However,
there is now a growing body of
research showing that adopting
‘precautionary’ measures such
as lower limits, is having the
opposite effect to that intended: it is
increasing, not lowering, the level of
concern amongst the general public.9
Figure 10 graphically illustrates
this point. The 2007 EMF
Eurobarometer10 asked questions
related to EMF, including a threshold
question about whether people were
concerned about potential health
risks of electromagnetic fields.

Figure 10. 2007 EMF Eurobarometer survey results showing the percentage of
people in those countries that had answered ‘very concerned’ or ‘fairly concerned’
about potential health risks of electromagnetic fields.
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Almost all of the countries with
the highest percentages of people
expressing concern had already
adopted measures described as
‘precautionary’ by their national
governments including: lower limits;
exclusion zones preventing base
stations near schools and hospitals;
or strong public communications on
the issue.

Reduced limits affect
emergency services

communications network, and
therefore are impacted in exactly
the same way as the mobile phone
network if lower limits are adopted.
In Belgium, the Interior Minister
issued a public statement11 stating
that the adoption of 3 V/m limits
would reduce the coverage of the
TETRA emergency service network
by 50%.This network serves the
country’s police, fire-brigade and
ambulance services.

One of the consequences that is
often overlooked in the debate
about the adoption of lower limits
is the impact that these lower
limits will have on the emergency
services’ radio communications
networks. Emergency services in
many countries are moving toward
the adoption of various digitalbased radio technologies which
are designed to provide greater
coverage and allow additional
services to be accessed by the officer
on the ground. These emergency
services’ networks are deployed
on the same basis as the mobile

9 Barnett et al 2007, Wiedemann and Schutz 2005.
10 Public opinion polling undertaken for European
Commission.
11 13 March 2009.
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Figure 11. Measurement of exposure in public area from a base station antenna
mounted on a 25m tower, viewed as percentage of 41V/m and 3 V/m limits.
0.3%

Applicable Limit (ICNIRP - 41 V/m)
Measured Level (2.2 V/m)

Reduced limits result in
an increase in the number
of base stations
As has already been discussed
above, the adoption of lower limits
results in a technical need for
additional base stations to restore
the coverage and quality of service
that consumers expect and demand.
This outcome is problematic
for public policy, because lower
limits are most often adopted as
a ‘precautionary’ measure which
thereby gives credibility to the
perception that there is something
to be concerned about by living
or working near to a base station.
Therefore, it is not surprising
that local communities are even
less supportive of additional
base stations in this context.

54%

Applicable Limit (3 V/m)
Measured Level (2.2 V/m)

Such measures risk heightened
community concerns while at the
same time imposing the technical
and operational need on operators
to deploy additional base stations.

Reduced limits mean base
stations operating ‘closer’
to the limits
Again, as lower limits are most
often adopted as a ‘precautionary’
measure, one of the difficulties this
creates is the perceptual problem
that exposures to base station
signals are now ‘higher’ or ‘closer’
to the limits.

For many other base stations –
especially those on smaller mounts
or rooftop installations and where
significant re-configuration is
required to bring them within the
new limits, their relative output
compared to the standards is likely
to be much higher.
If the decision is taken to adopt
lower limits on a precautionary
basis, which then results in base
stations which are operating at levels
not hundreds or thousands of times
below the limits but rather close to
them, the question that needs to be
asked is how does this reassure the
public?

Figure 11 shows the results of a
measurement from a base station
antenna in a publicly accessible
area.12 The levels are expressed as
percentages of the ICNIRP level
and of the 3 V/m level after squaring
the field strength values and
limits.13 The maximum exposure
found corresponded to 0.3% of the
ICNIRP limit. With the new restrictive
limits, the exposure from their same
site would be 54% of the limits
without any change to the operating
power or configuration of the site.

12 Measurements by Australian agency ARPANSA,
can be found at: http://www.arpansa.gov.au/
radiationprotection/BaseStationSurvey/
13 Please refer to footnote 2 for further information.
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Reduced limits ignore
the overall policy
environment that the
mobile communications
industry operates within
In essence the industry operates
within the following framework:
• There has been over 50 years
of scientific research in the
safety of electromagnetic fields
involving numerous frequencies,
modulations and power
levels; with extensive research
carried out within the last two
decades specifically on mobile
communications;
• The research has led to the
development of exposure
standards that already incorporate
a substantial safety margin
to provide protection for all
members of the community;
• These standards are
recommended by the WHO, and
the expert scientific consensus is
that no research has confirmed
any adverse health effects caused
by RF exposure at levels up to
these standards;
• Products sold by the industry are
designed and tested to ensure
compliance with these standards;
• When operating, base stations
are designed to minimise power
output to avoid interference with
other nearby base stations;
• Base stations also control the
power output of phones, and
instruct them to only use the
power level needed to make and
maintain a quality call;
• The industry provides
communication materials on
issues such as the safety of
mobile phones and
base stations;
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• The industry itself supports
ongoing research, often
in partnership with other
stakeholders; and
• Individual measures are available
to reduce exposure from mobile
phones if desired.
It is interesting to note that many
of these elements – supporting
research, developing standards
and communicating on the issue
are often called for in adopting
precautionary measures in other
domains. We encourage policy
makers to include all of these
elements as part of the efforts to
address this issue.

Conclusions
Adoption of lower limits is often
seen as a politically attractive option
in order to respond to the concerns
expressed by some members of the
community. There are a number of
important policy related implications
associated with such a measure,
such as:

In addition, such a measure is
generally undertaken without
considering the technical impacts
that such a decision would make,
namely that:
• Compliance distances become too
large to be practical, and require
substantial network re-design and
power reductions to restore such
distances to manageable levels;

• Lower limits lack any scientific
justification, and as such, resisting
calls for further reductions
becomes a matter of political will
rather than of scientific merit;

• Co-location, site sharing and
deploying additional services
are made increasingly difficult
as lower limits are adopted,
necessitating more sites;

• Reducing limits is interpreted by
the public as evidence that there
is something to be concerned
about regarding the safety of base
stations;

• Requiring network operators
to reduce the power output
of antennas adversely effects
network coverage, necessitating
additional base stations to fill
gaps created by reduced power
outputs of nearby base stations;
and

• Lower limits create the perception
that base station emissions are
now much higher when viewed as
a percentage of the relevant limit
compared with the international
limit;

• Reductions in network coverage
can adversely impact the
emergency services as well
as consumers who are in an
emergency situation and who are
relying on their mobile phone to
contact emergency services.
For the above reasons, the mobile
communications industry believes
that the adoption of lower limits
below those established by ICNIRP
and recommended by the WHO
represents a poor policy choice,
and one that actually threatens the
proven safety, security and economic
benefits that mobile communications
provides to the community at large.

• Lower limits ignore the overall
policy environment that mobile
communications networks operate
within, which are themselves
consistent with a ‘precautionary
approach’; and
• Consistent international
experience is that ‘precautionary
measures’ such as reduced limits
only increases the level of concern
within the public rather than
reduce it.
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ANNEX A

Antenna

General network
operation and design
principles

5-10o

15-50m

Base station
mast

Base stations

50-300m

Mobile networks are made up of an
interconnected series of antenna
sites called ‘base stations.’ Base
station transmitter power levels may
vary considerably, depending on the
size of the region, or cell, that it is
designed to service.
How mobile networks work

Base
stations
Caller

Receiver
Mobile
switching
centre

Typically transmitted power from an
outdoor base station may range from
a few watts (W) to 100 W or more.
However, when compared with the
output from a FM radio transmitter
(typically 2000 W) or TV transmitter
(typically 40000 W), the base station
power outputs are significantly
lower. The output power of indoor
base stations is even lower and
similar to that of a mobile phone.
Base station antennas are typically
about 15-30 cm in width and up to
a few metres in length, depending
on the frequency of operation. They
are usually mounted on buildings or
towers at a height of 15 to 50 metres
above the ground.
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Ground

These antennas transmit Radio
Frequency (RF) electromagnetic
fields (also called radio waves)
in patterns that are typically very
narrow in the vertical direction
(height) but quite broad in the
horizontal direction (width). Because
of the narrow vertical spread of the
beam, the RF field intensity at the
ground directly below the antenna
is very low. The RF field intensity
on the ground increases slightly
as one moves away from the base
station and then decreases at greater
distances from the antenna.
For a few meters, directly in front
of the centre of the antenna, the RF
fields may exceed the permitted
exposure levels. In order for
the public to be prevented from
entering areas where the permitted
exposure levels may be exceeded,
the antennas are elevated, and when
necessary fences, locked doors, or
other means of restricting access
(with appropriate signs if needed)
may be implemented.

Directivity of base
station antennas
Base station antennas are designed
to transmit the radio signals in a
reasonably flat beam to optimise
coverage. Antennas have ‘gain’,
that is to say that the transmitted
energy is directed towards areas
where people use phones so as to
maximize coverage with the lowest
possible output power.

At ground level the maximum
measured exposure is generally a
small fraction of the exposure limit
and will typically occur at distances
between 50 and 300 m from the base
station. The distance is dependent on
characteristics of the site such as the
antenna, the height and surrounding
buildings and the surrounding
terrain.
In general, base station antennas
direct their power outwards, and do
not transmit a significant amount
from their back surfaces or towards
the top or bottom. This is particularly
relevant as there is a public
perception that exposure is stronger
directly under antennas. Therefore,
when antennas are mounted on
buildings, the exposures in rooms
directly below the antennas are
lower than in the area in front of the
antenna.

Base station antennas generally
transmit outwards and not from
their back, top or bottom surfaces
so exposures are lower in those
directions.

Mobile phones on the other hand
have antennas that are almost
equally effective in all directions to
ensure reception, regardless of the
phone’s position.
Whatever the equipment, the
strength of a radio wave (called
power density) decreases
dramatically as it travels away from

the antenna. In free space, the power
density decreases to one fourth
when the distance is doubled.
In reality, the power density levels
reduce much quicker than that due
to obstacles such as, trees,
buildings, etc.
Although it may be considered
desirable that base station
equipment is placed in industrial
areas or areas remote from
habitation there has to be a
balance. Equipment placed too
far from the users not only gives
poor communication quality but
also cause the phones to increase
their output power to sustain the
connection, thus decreasing battery
life and talk time.14 Also, each base
station can only support a limited
number of simultaneous calls. As the
number of subscribers grows more
base stations are needed and these
need to be close to where people
want to use their phones.

Site design considerations
During the last decade the design of
mobile communications equipment
has developed significantly, with
a general trend to smaller, more
efficient equipment offering equal or
greater functionality.
Creative antenna and mast design
is capable of significantly reducing
the visual profile of mobile
communications infrastructure. This
has proven to be a popular approach
especially where the base station
will be located in an aesthetically or
environmentally sensitive area. It is
not suitable in all locations because
there may be some reduction in
technical performance when using
smaller antennas. In addition, some
community groups have criticised
mobile network operators for ‘hiding’
antennas.

This is not always possible for base
station antennas as radio engineers
can achieve optimum performance
when antennas are mounted on high
structures (or the top of buildings)
away from physical obstruction such
as other buildings and trees.

Mobile phones
When a mobile phone is switched
on, it listens for specific control
signals from nearby base stations.
When it has found the most suitable
(usually the nearest) base station in
the network to which it subscribes,
it initiates a connection. The phone
will then remain dormant, just
occasionally updating with the
network with information such as
location, until the user wishes to
make a call or is called.
Mobile phones use Adaptive Power
Control as a means of reducing the
transmitted power to the minimum
possible whilst maintaining good
call quality. This reduces interference
between mobile phone calls and
also prolongs battery life and, hence,
extends talk time. The output power
of mobile phones is very low. During
a call, and depending on whether
it is a 3G or 2G handset, the output
power can vary between a minimum
level of less than 1 μW up to a peak
level of 2 W. The maximum average
power of a handset is however less
than 0.25 W.
The area served by a base station
is termed a ‘cell’. When the caller
moves from one cell to another,
the system hands over the call
from one base station to another
seamlessly, so the caller is unaware
of the change of base station and the
associated output power fluctuations
caused by moving either closer to or
further from a base station.

14 Note that phones are tested and certified at
maximum power so regardless of the distance
from the base station or level of reception the
handset complies with the ICNIRP or relevant
national limits.
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ANNEX B

Existing standards
for assuring
compliance
There are two types of standards that
are applicable to base stations: the
first is the exposure standards that
specify the RF exposure limits for
the general public and occupational
users or workers. The second types
of standards are the compliance
assessment standards, which are
used to assess and demonstrate that
a particular piece of base station
equipment, or a base station site,
is compliant with the exposure
standards.

Exposure standards set safety
limits for the public and workers
that are intended to provide
protection against all established
health hazards. They usually
provide basic restrictions,
the maximum allowable RF
energy deposited in the body,
and reference levels, external
field levels that are more easily
measured for compliance
purposes. The measure of
absorbed radio frequency energy
is Specific Absorption Rate (SAR)
in units of watts per kilogram
(W/kg).
Compliance assessment
standards describe the procedures
used to ensure that mobile
phones and networks comply with
the exposure standards.

In order to verify that the RF
exposure from radio base stations is
below prescribed limits standardized
test protocols are used. Such
standards have been developed
or are under development by
the International Electrotechnical
Commission (IEC), the International
Telecommunications Union

(ITU), European Committee for
Electrotechnical Standardization
(CENELEC) and the Institute of
Electrical and Electronics Engineers
(IEEE).
Most countries around the world
require or recognize RF exposure
limits based on guidelines established
by the International Commission on
Non-Ionizing Radiation Protection
(ICNIRP). Both the World Health
Organization (WHO) and the
International Telecommunications
Union (ITU)15 recommend the
adoption of ICNIRP guidelines as
national exposure standards.
In Europe, CENELEC has published
standards related to placing base
stations on the market (EN 50383,
EN 50384 and EN 50385). Using
the protocols specified in these
standards, manufacturers can
determine the appropriate RF
exposure compliance boundaries
(safety distances) around
antennas for typical base station
configurations at the maximum
output power. CENELEC has
also developed standards for the
demonstration of compliance of base
stations when the network operator
puts base stations into service (EN
50400 and EN 50401), which specify
procedures to be used to determine
whether the environment (reflections
and/or other RF sources) has an
effect on the compliance boundary
at maximum power. Investigations
(in some case measurements) have
to be performed around the antenna
out to a range where the field
strength level is below 5% of the
relevant exposure limit. In addition
to this, CENELEC has published a
standard for in situ measurement
(EN 50492) that can be used for
surveillance of compliance with the
RF exposure limits in any location,
including places where people live
and work.

15 http://www.itu.int/itudoc/itu-t/aap/sg5aap/history/
k52/k52.html
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ANNEX C

Typical compliance distances for different
base station antenna types
Table 5 shows types of antennas commonly found at base station or antenna
sites. A photo is given of each antenna(s) as well as a sketch indicating the
shape of the compliance boundary. The typical compliance boundaries given
are valid for ICNIRP exposure limits.
Table 5. Base Station Antenna Types

A. Omni-directional antenna
Radiates RF energy equally in all horizontal directions. Output power is typically
10 – 80 watts, and the typical compliance boundary for the public is 0.5 – 2 meters
from the antenna.

B. Sector antenna
Restricts most of its radiated RF energy to a narrow angular sector in the forward
direction. Antenna output power is typically 10 – 80 watts, and the compliance
boundary for the public may then extend 1 – 8 meters from the front face of the
antenna.

C. Antenna farms (or clusters)
Antennas are often grouped together on masts. The combination illustrated here
is that of an omni-directional antenna mounted above a cluster of three sector
antennas. The compliance distance may be larger than for the individual antennas.

D. Radio relay antenna (or fixed point-to-point link)
Concentrates its RF energy into a narrow beam in the forward direction. Power levels
are typically low, less than 1 watt, and safety distances a couple of centimeters.
The parabolic dish antenna is one example.

E. Micro cell antenna
Typically a small sector antenna with output power of a few watts for providing
coverage over short distances (typically 300-1000 meters). It is often mounted on an
existing building, where it can be disguised as building features. The compliance
boundary has the same shape as for a sector antenna.

F. Indoor antenna
Also sometimes termed picocells and provide localised coverage inside buildings
where coverage is poor or where there are a high number of users such as airport
terminals, train stations or shopping centres. The power level is similar to that of a
mobile phone. The compliance boundary is located within a few centimeters of the
antenna.
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