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The cover shows the collision, disruption, and merger of two galaxies - each containing millions of stars 
– taking place some 60 million light-years away. The image was obtained with the VLA radio telescope. 
Our own galactic home (the Milky Way) will some day undergo a similar encounter with its neighbour, the 
Andromeda galaxy. 
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I. Introduction/Background 

The science of radio astronomy could be adversely impacted by the deployment of large constellations of 
new non-geostationary orbiting (NGSO) satellites for telecommunications, navigation and Earth 
observation, and the proliferation of new, high-power broadcasting and telecommunication satellites in 
geostationary (GSO) orbits.  Radio telescopes are extremely sensitive, and, in certain situations, signals 
from satellites can overwhelm the signals from astronomical sources.  This report describes the problem in 
detail and identifies ways to mitigate it without adversely affecting the continued vigorous growth of 
commercial space-based telecommunications.  The report was prepared by a Task Force consisting of 
fourteen representatives of the satellite communications industry, the scientific community, and spectrum 
regulators. 

In the past, radio astronomers have sought isolation from man-made signals by placing their telescopes in 
remote locations.  These measures may no longer safeguard scientific observations, since NGSO satellite 
systems, particularly low-Earth orbit (LEO) systems, are usually designed to provide global or wide 
regional coverage.  Further, radio astronomers have historically made their observations in the frequency 
bands allocated for their use by the member countries of the International Telecommunication Union (ITU).  
However, signals from the most distant and exotic objects in the sky are shifted in frequency due to the 
expansion of the Universe, and hence need to be observed outside the specific frequencies currently 
allocated to radio astronomy. 

The need to examine this issue was recognised by delegates to the OECD Megascience Forum.  Since 1992, 
this inter-governmental committee (now known as the Global Science Forum) has been a venue for 
meetings of senior science policy officials of OECD member countries.  Its goal is to identify and 
maximise opportunities for international co-operation in basic scientific research.  The Forum meets twice 
each year, and establishes special-purpose working groups and workshops to perform technical analyses, 
and to develop findings and action recommendations.  These groups bring together government officials, 
scientific experts, and representatives of international organisations.  In 1999, the Forum recommended the 
establishment of an informal high-level Task Force to explore the issues and options associated with radio 
frequency spectrum issues in radio astronomy.  The recommendation was endorsed by the Science 
Ministers of the OECD countries at their meeting in June 1999. 

The Task Force was chaired by Michael Goddard, and its members were: William Adler, Harvey Butcher, 
Ron D. Ekers, Michael T. N. Fitch, Tomas Gergely, William Hatch, Makoto Inoue, Jean Jerphagnon, 
Patricia Mahoney, John O'Sullivan, Thomas Tycz, Paul A. Vanden Bout, Hiromitsu Wakana, and Stefan 
Michalowski.  The titles and affiliations of the Task Force members are given in Appendix 1.  They 
participated in a personal capacity, and the content of this report is not meant to represent the views of their 
companies and organisations.  Two consultants contributed to the work: Frank Briggs and Stephen Heppe.  
Darrel Emerson also provided valuable assistance. 

The radio spectrum is a resource.  Like other natural resources, it is precious, finite, and must be shared.  
The goal of the Task Force was to examine the requirements of two particular user communities 
(astronomy and satellite telecommunications), to identify the nature of the potential inconsistencies in their 
spectrum requirements, to look ahead at the trends that may tend to ameliorate or aggravate the problem, 
and to recommend practical steps to improve the situation. 
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II. Trends in Radio Astronomy 

1. Radio Astronomy: a Scientific Success Story 

The Universe looks very different when observed using radio waves than it does at the shorter wavelengths 
used by optical astronomers.  Many objects produce radio emissions naturally.  By detecting and studying 
these emissions, scientists can extract information about an astronomical object: its motion, size, structure, 
temperature, composition, evolution, and other properties.  For example, the “afterglow” radiation of the 
Big Bang, emitted some 13 billion years ago (a “mere” 300,000 years after the moment of creation itself) is 
detected today at radio frequencies, and provides unique information on that ancient epoch, long before the 
formation of galaxies, stars or planets. 

Because space is transparent to radio waves, the most energetic astronomical objects can be detected across 
the entire Universe.  For example, massive black holes lurk at the centres of many galaxies (including our 
own), ejecting highly relativistic plasmas whose radio emissions provide unique clues to the nature and 
origins of these extreme, exotic objects.  Neutron stars, consisting of matter at nuclear density (fifteen 
orders of magnitude denser than water) were discovered and are most readily studied using the radio waves 
they emit.  Even the cold reaches between the stars can be probed using radio emissions from hydrogen gas 
and simple molecules such as carbon monoxide.  Observations of radio emissions from hydrogen led to the 
discovery of vast amounts of invisible (“dark”) matter in galaxies - one of the great unsolved scientific 
puzzles of our time.  And, finally, radio observations may be the only way to find out whether there are 
other intelligent beings in the Universe1. 

Radio astronomy provides a unique window on the fundamental physics of phenomena that are so extreme 
(in terms of energy, density, etc.) that they are inaccessible to laboratory experiments.  Thus, the field is 
linked to elementary particle physics and related domains that seek to reveal the basic constituents and 
fundamental laws of Nature. 

The operating principle of a radio telescope is the same as that of an optical instrument: incoming 
electromagnetic waves are reflected by a parabolic surface to create an image at the focal point of the 
parabola.  The laws of physics dictate that a radio telescope with a larger collecting surface produces 
higher resolution (i.e., sharper) images than a smaller one.  By combining the signals from an array of 
antennas, often from observing sessions that extend over a period of time, astronomers can achieve a 
resolution that is equivalent to (or even slightly better than) that of a hypothetical single antenna the size of 
the largest separation between the antennas in the array (this technique is known as “interferometry”2).  
This approach is illustrated in Section V, Figure 4.  Indeed, “Very Long Baseline Interferometry” (VLBI), 
which combines signals from radio telescopes many thousands of kilometres apart, produces radio images 
that are more finely detailed than those from any other technique at any frequency (including renowned 
optical telescopes such as Hubble, Keck or the Very Large Telescope).  This is shown in Figure 1. 

                                                      
1 The Allen Telescope Array, under construction in California, will be the first major radio observatory largely 

devoted to the search for extraterrestrial intelligence (SETI).  Its vulnerability to interference is described in section 
V.2. 

2 Combining signals from multiple telescopes using interferometry allows astronomers to study the fine details of the 
structure of astronomical objects, and it allows them to detect fainter signals as well, although the total amount of 
energy collected depends on the combined surface area of the radio telescopes, regardless of their separation. 
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Figure 1.  A comparison of resolutions that can be obtained with VLBI and optical 
telescopes.  The left-hand panel is an optical image, taken with the 3.9-metre 
Anglo-Australian Telescope, of the giant elliptical galaxy M87 which contains about a 
trillion stars, and is located approximately 50 million light-years from Earth.  The galaxy 
has a diameter of about 100,000 light-years.  The centre panel is a high-resolution optical 
image obtained with the Hubble Space Telescope, showing a dramatic inner feature of 
M87: a 5000 light-year jet of material emerging from the centre of the galaxy.  The right-
hand panel demonstrates the power of VLBI, being a false-colour radio image of the inner 
10 light-years of the jet, i.e., an image with three orders of magnitude better resolution than 
Hubble!  Indeed the smallest features discernible at the origin of the jet are thought to be 
only 100 times larger than the 2 billion solar-mass black hole at the centre of the galaxy. 

2. Scientific Prospects for the Future 

Astronomers seek not only to study known phenomena in more detail, but to detect and study a wider 
range of objects at ever-greater distances.  More distant objects are, on average, fainter and smaller as seen 
from Earth, requiring increased sensitivity and resolution.  The farther the object, the older the signals 
reaching the Earth today, so that as increasingly distant objects are detected, they are observed at ever-
earlier times.  Astronomers have concluded that a significant threshold is within reach, such that the next 
generation of large radio telescopes will allow detection and study of normal galaxies at every stage of 
their evolution, i.e., over the entire history of the Universe.  Thus, it will be possible to observe directly the 
evolution of most of the Universe, instead of having to rely on nearby galaxies (whose more recent 
radiation provides only indirect evidence of the distant past – a kind of astronomical fossil record) and on 
the most extreme objects known (which, because of their powerful radiation, can already be seen back to 
early epochs). 

At centimetre-to-metre wavelengths (low radio frequencies) anticipated research programmes will make 
possible (i) detection and study of the first objects formed after the Big Bang; (ii) observation of the 
development of the large-scale structure of the Universe from its very beginnings, including the role of the 
large amounts of unseen material at different epochs; (iii) investigation of the role played by magnetic 
fields in the formation and evolution of galaxies; (iv) determination of when and how chemical elements 
heavier than helium became abundant in the intergalactic medium; and (v) the investigation of a broad 
range of other questions, including complementary observations to aid the unambiguous interpretation of 
observations made in other frequency ranges. 

The telescope arrays required will range from hundreds to more than a thousand kilometres across and will 
have collecting areas up to a hundred times greater than the largest current facilities.  This trend is expected 
to culminate in a unique new telescope with a collecting area of a million square meters, the so-called 
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Square Kilometre Array (SKA)3.  Interest in the project is global, with a consortium of 24 research 
institutes in 15 countries working toward construction of the SKA starting in 2010.  Financing for R&D 
has been made available through numerous national agencies, and formal, co-ordinated proposals to 
governments for construction are planned for the 2008 time frame4. 

At millimetre and shorter wavelengths (high radio frequencies) an attack on one of the most important 
unsolved problems of astrophysics, the process of star formation, has recently become feasible.  The 
complex chemical and physical processes relevant to star formation may best be studied at these radio 
frequencies, and new large facilities are required, especially for studying star formation in other galaxies 
over cosmic time.  Man-made emissions are still substantially less common at these high frequencies, and 
the Earth’s atmosphere absorbs substantial amounts of incoming radiation.  A new ground-based 
international facility (ALMA, the Atacama Large Millimetre Array) is currently under construction in the 
Chilean Andes. It will be complemented by future space missions (e.g., “Herschel” and “Planck”). 

3. The Quest for Higher Sensitivity across the Entire Radio Spectrum 

Although astronomical objects can emit radio waves at prodigious rates, the energy spreads out in many 
directions from the source.  When the signals arrive on Earth after travelling through space for millions (or 
even billions) of years at the speed of light, the amount of energy that can be detected by even the largest 
telescope is exceedingly small.  For example, the signal from the brightest natural radio source in the sky is 
more than 1000 times fainter than the signal at the same frequency from a single radionavigation satellite.  
Signals from astronomical sources of  interest at the cutting edge of research can be as much as one million 
million times fainter than signals from typical LEO satellites.  To study the distant Universe, enough 
energy must be collected to overcome naturally occurring background noise.  To this end, radio telescope 
antennas must be quite large, individual instruments often measuring a hundred meters or more across5. 

To avoid man-made radio emissions, radio telescopes have often been built at isolated and geographically 
protected locations.  Several governments designate areas around radio observatories as special reserves 
where the establishment of new terrestrial transmitters requires consultation with the observatory.  In 
addition, certain portions of the spectrum at the frequencies of the most important natural emission features 
have been allocated by international agreement at the International Telecommunication Union for use by 
radio astronomy and other passive scientific services.  These bands are often too narrow for highly 
sensitive astronomical observations to be completed in a reasonable amount of time, particularly at 
centimetre and decimetre wavelengths. 

The expansion of the Universe causes spectral features to be shifted in frequency (the more distant the 
object, the greater the shift) as shown in Figure 2.  This effect, known as the “cosmological redshift”, 
moves signals of interest out of the narrow frequency bands allocated by the ITU to radio astronomy.  
While existing protection strategies – including remote location of telescopes and regulatory protection 

                                                      
3 For technical and cost reasons, a space-based telescope of this magnitude – orbiting the Earth or on the far side of 

the Moon – is unachievable in the foreseeable future. 
4 It is significant that in radio astronomy, as in several other fields of science, the trend is toward increasingly wider 

international co-operation.  To this end, new organisational models are required.  However, this discussion falls 
outside the mandate of the Task Force. 

5 At a given frequency and for a given duration of observation, the sensitivity of a radio telescope can be increased in 
only two ways: by improving the efficiency with which the focussed radiation is detected, or by increasing the 
collecting area of the telescope.  In recent years, technological advances have led to detection efficiencies that are 
near the absolute limits imposed by quantum theory, so that no dramatic increases can be expected.  Thus 
astronomers can increase sensitivity only by building larger telescopes, or combining ever-greater numbers of such 
telescopes in interferometric mode.  As already noted, larger and distributed telescopes have the additional 
advantage of providing higher image resolution. 
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within existing frequency allocations to radio astronomy – are likely to remain necessary (and sufficient for 
study of the nearby Universe at existing radio observatories), future high-sensitivity observations of earlier 
cosmological periods will require other spectrum-sharing approaches. 

 

 
 

Figure 2.  The figure shows how the expansion of the Universe changes the frequencies at which 
astronomical spectral features (such as emission or absorption lines) must be observed.  The slanted 
lines correspond to the observable frequencies of various atomic and molecular spectral features.  
They are identified on the right-hand side of the chart (for example, HI denotes neutral atomic 
hydrogen, whereas NH3 denotes ammonia).  The upper horizontal scale corresponds to the elapsed 
time (in billions of years) between the emission of the radiation and its detection at the present time.  
Because the radiation travels at the speed of light, the top scale also corresponds to the distance from 
Earth to the astronomical object, in billions of light-years.  The darker (red) horizontal bands show 
the frequencies where radio astronomy has world-wide primary status in the ITU allocations.  The 
lighter horizontal bands indicate frequencies that are assigned for satellite-based telecommunications.  
Because of the expansion of the Universe, a distant spectral feature must be observed at a lower 
(“redshifted”) frequency than the same feature of a nearby object.  Thus, for example, neutral 
hydrogen in our Milky Way galaxy (i.e., relatively nearby) produces radio waves that we detect on 
Earth at frequencies that are close to the “rest frequency” of 1.42 GHz, but neutral hydrogen 
radiation from a very distant galaxy that is 10 billion light-years away (two-thirds of the way to the 
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edge of the observable Universe) must be detected at a considerably lower frequency, around  
0.4 – 0.5 GHz.  The redshift parameter, indicated on the lower horizontal scale, is the ratio between 
the emission and detection frequencies.  The figure illustrates the problem for radio astronomers: 
observation of distant epochs of the history of the Universe, in both space and time, require 
observations well outside the protected frequency bands.  The circles mark the frequency ranges for 
the two examples described in Section V.2.  (This graph is presented to illustrate the principles 
involved; the thicknesses of the lines and their exact locations are not meant to be accurate). 
 

III. Trends in Satellite Telecommunications  

1. Satellite Telecommunications: a Technology Success Story 

The satellite telecommunications industry is a 100 billion dollar-a-year global enterprise, employing 
around one-quarter of a million people and providing information, connectivity, and access to life-
enhancing and life-saving services to people all over the world.  The first commercial communications 
satellite was launched in 1965, eight years after Sputnik.  It could relay 240 telephone calls (or one 
television signal) whereas a modern satellite can provide more that 13,000 simultaneous voice and data 
connections. 

Early commercial satellite systems were in the Fixed-Satellite Service (FSS) category, serving users at 
specific stationary locations.  Subsequently, Mobile-Satellite Service (MSS) was developed to allow 
communication between a variety of mobile (hand-held and larger) transmitter/receivers.  There are also 
Broadcasting-Satellite Service (BSS) systems that typically transmit to small, low-cost, receive-only 
ground terminals that may be fixed or mobile.  The services provided via satellite are not limited to voice 
communications, but include data services for land, maritime, and airborne vehicles, emergency beacon 
monitoring, radionavigation satellite systems (RNSS) such as the U.S. Global Positioning System (GPS) 
and the Russian GLONASS, direct-to-home (DTH) sound and video programming, amateur satellite 
activities, and data acquisition for weather systems and survey purposes.  The different types of 
commercial satellites provide services at national, sub-regional, regional and global levels. 

2. Satellite Orbits  

Many communications satellites6 are in geostationary orbits 36,000 kilometres above the Earth’s equator, 
with an orbital period of 24 hours.  They remain in a fixed position with respect to an observer’s horizon.  
Although GSO satellites can illuminate as much as 1/3 of the Earth's surface, actual service areas are often 
smaller to focus limited available capacity on priority service areas and to comply with license provisions.  
Since the positions of GSO satellites are fixed and their spectral characteristics are well known or readily 
measurable, they have generally posed few challenges for radio astronomy compared to NGSO satellite 
systems. 

Non-geostationary orbit satellites are in motion relative to the Earth’s surface.  The main NGSO categories 
are7: low-Earth orbit at about 650-1500 kilometres altitude, medium-Earth orbit (MEO) at about  
1500-30,000 kilometres altitude; and highly elliptical orbit (HEO), which can have a very wide range of 
altitudes (both lower and higher than GSO).  Some LEO systems consist of a large number of satellites 
moving rapidly across the sky such that, at any location, more than one of the satellites is above the 
horizon at all times.  Such systems are used for communications with small, personal handsets and 
transceivers.  From their lower altitudes, they can deliver an acceptable signal on the ground with lower 

                                                      
6 Some 250 GSO satellites as of the year 2002, with approximately 20 launches/year. 
7 There do not appear to be any universally-agreed definitions of the orbital altitudes of LEO and MEO. 
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emitted power levels and, importantly for voice users, without perceptible signal delay.  However, large 
numbers of rapidly-moving satellites complicate the situation for radio astronomy. 

3. Economic Trends in Commercial Communications Satellites  

Since early 2000, recessionary economic conditions and capital market dislocations have been affecting the 
entire telecommunications industry, including the satellite sector.  Some LEO MSS companies have gone 
into bankruptcy, and there has been significant consolidation among FSS operators.  As a result, new 
satellite systems are being implemented at a somewhat slower pace now than in the past.  However, with 
ever-increasing communications and data traffic world-wide, and with the vastly expanded geographical 
coverage that can be provided economically by satellites, it is certain that the historic pattern of expansion 
of the use of communications satellites will eventually resume.8 

In the current economic environment, investors and system operators are placing great emphasis on 
identification of specific markets for new services before committing the capital expenditure required for 
new satellite systems.  Just as the first communications satellites had to demonstrate a competitive 
advantage over technologies such as trans-oceanic cables, so modern systems have to compete with optical 
fibre and terrestrial radio (e.g., cellular) networks.  Some operating companies target broad user bases, 
taking advantage of the large operating areas that can be served by satellite.  Others target a variety of 
niche markets within their service areas.  In either case, satellites are uniquely able to serve people or 
places in remote or less-populated areas, many of which are very poor.  Many governments have a policy 
that promotes provision of satellite service to "underserved" geographical areas9, and the ITU Development 
Sector facilitates ITU government and sector members expanding resources in rural and poor areas. 

4. Technology Trends in Commercial Communications Satellites  

Commercial satellite technology has been the object of vigorous and diverse R&D efforts, the overall goal 
being to enhance competitiveness with respect to alternative technologies by raising performance and 
reliability while lowering costs.  Many of the areas of research and development under way are not directly 
relevant to this report10, and the following discussion is necessarily selective.  The satellite industry is 
highly competitive on an international scale.  Increasingly, R&D is being carried out in a proprietary 
environment so that key advances in such areas as power systems and antenna design are usually not 
shared with competitors or with astronomers. 

With advances in solar cell and amplifier efficiency, there is continued development of larger and more 
powerful satellites, especially GSO satellites.  More power on the satellite can support increased capacity, 
wider coverage areas and longer on-orbit operation, all of which can reduce the "cost per bit" of service 
and make satellite delivery more competitive at the retail price level.  This is obviously a critical 
consideration for operators.  Increased satellite power can be used to reduce the size and cost of user 
terminals, which is critical for consumer services.  Higher available satellite power may or may not 
produce higher power flux density levels at the Earth's surface, depending on whether the additional 

                                                      
8 For example, on July 17, 2001, the U.S. FCC authorised eight new GEO and NGSO systems in the 2 GHz MSS 

band.  Four licenses have since been revoked by the FCC.  The European Union recently announced that it will fund 
Galileo – a navigation system with 30 NGSO satellites. 

9 Some underserved areas could be prime candidates for siting future radio telescopes. 
10 For instance, lowering manufacturing and design costs, implementing optical links between satellites, improving 

tracking and attitude control for lower propellant consumption, increasing onboard computing power, or enhancing 
the radiation-resistance of electronic components.  The interested reader is referred to the report "Key Technology 
Trends--Satellite Systems," Space Communications, Vol. 16, available on the Internet at 
www.mitre.org/pubs/journal/best_papers_00/brandon_satellite.shtml 
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satellite power is used to reduce user terminal requirements or for other purposes such as longer satellite 
life, more transponders, or inter-satellite links.  In addition, some satellite spectrum allocations are subject 
to national or international power flux density limits as a condition for satellite licenses. 

Advances in satellite antenna technology include operating at ever-higher frequencies, bigger antennas, 
more beams per spacecraft, and on-board beam forming, switching and processing capabilities, including 
phased array antennas.  These developments are increasing the effectiveness and flexibility of satellite 
services.  Higher frequencies have the disadvantage of being more affected by weather (water molecules in 
the atmosphere absorb high frequency radio waves) which could require higher power levels in adverse 
conditions.  There is a trend toward more use of spot beams, which allow greater spectrum re-use and more 
efficient concentration of capacity for user traffic. 

Existing GSO FSS satellites operating in the C- and Ku-bands11 use broad beams.  Due to weight and 
power constraints, the emitted power at the Earth’s surface is significantly lower than the maximum limits 
specified in the ITU Radio Regulations.  Many of these satellites operate with a single transmit and receive 
beam, or a small number of antenna beams which employ post-amplification filtering12 at the output 
multiplexer stage.  However, future satellite designs are likely to use multi-beam satellite networks and 
active phased array antennas, which may not include significant filtering between the satellite transmit 
amplifiers and the antennas.  In addition, propagation impairments are very severe at higher frequencies.  
Accordingly, the power levels (emitted at the satellite and received on the ground) are likely to be 
considerably higher than those of currently operating lower-frequency satellite systems. 

In MSS constellations, there are examples of much larger satellite antennas being designed and 
successfully deployed to improve overall quality of service to handheld user terminals.  If desired, larger 
antennas can generate smaller beams.  The ability to flexibly modify the shape and power of radio beams 
from satellites is extremely desirable because operators sometimes have to use or re-deploy satellites in 
ways or locations different from those originally planned, due to differences between anticipated and actual 
markets for satellite services, emergency communications needs, or changes in requirements and available 
capacity over time.  The ability to use satellites in a flexible manner becomes more important as lifetimes 
of the satellites increase. 

                                                      
11 In the (approximately) 4-6 and 11-17 GHz frequency bands respectively. 
12 Filtering improves the spectral purity of a signal by removing unwanted frequency components. 
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IV. The Regulatory Process  

1. The ITU and the Radio Regulations 

The International Telecommunication Union, a specialised agency of the United Nations with 189 Member 
States, is the organisation at which governments make a wide variety of decisions regarding international 
use of the radio frequency spectrum.  Under the terms of its Constitution and Convention, the ITU 
convenes periodic World Radiocommunication Conferences (WRCs), which modify the international 
Radio Regulations, a complex set of agreements on frequency use.  The Radio Regulations, which have the 
status of a treaty, contain the following: 

• Internationally agreed definitions of radio services (among them the Radio Astronomy and the 
Fixed and Mobile Satellite services).  

• The international frequency allocation table which allocates frequency bands to specific radio 
services across the spectrum up to 275 GHz (with references to radio astronomy and other science 
services up to 1000 GHz). 

• Numerous detailed operational and regulatory rules, recommendations and procedures for the 
co-ordination and use of frequencies. 

2. World Radiocommunication Conferences 

The Radio Regulations are updated at ITU World Radiocommunication Conferences.  These treaty-making 
conferences are held every 3 to 4 years.  A WRC was held in June/July 2003 in Geneva, and the next one is 
expected in 2007.  The scope of each WRC is set by its agenda (although some flexibility is possible, given 
a consensus).  Each WRC develops and formally adopts a draft agenda for the next conference, and a 
provisional agenda for the one after.  In practice, this latter provisional agenda is generally only a guide.  
The draft agenda for each WRC must be formally approved by the ITU Council, which meets annually.  
The Council schedules the time, duration and venue of the WRC and budgets for the supporting resources.  
It does not normally revise the agenda but it has sometimes dropped or added individual items.  Once 
approved by the Council, the agenda is submitted to Member States for final adoption. 

The WRC preparatory process starts immediately after the previous WRC, or sometimes earlier, based 
upon the provisional agenda or as a result of continuing, unresolved issues.  Preparatory work for the 
individual Agenda Items for a WRC is done by experts in ITU Study Groups, Working Parties, and Task 
Forces. 

Historically, ITU Member States prepared for a WRC independently, leading to major differences that 
needed to be resolved at the WRC.  Recently, Member States have been preparing common positions at a 
regional level with increased inter-regional co-ordination and more effective preparation within the 
ITU-R13 preparatory process.  Consequently, Member States are able to reach prior consensus on many 
issues, allowing a WRC of four weeks duration to reach agreement on typically 500 - 700 pages of treaty 
text. 

3. WRC Decisions 

The decisions of each WRC represent a consensus of typically 120-140 countries.  ITU Member Countries 
that do not attend the WRC usually accept the results later.  Most regulatory provisions are mandatory 
treaty text, although some of the text simply encourages administrations to act in a certain way.  Protection 

                                                      
13 ITU-R is the Radiocommunication Sector of ITU. 
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of radio astronomy observations in some instances has been limited to these latter encouragement 
provisions.  Formal reservations by Member States at the time of signing the WRC output (the Final Acts) 
allow them to opt out of specific provisions, although this alternative is used sparingly.  A general 
provision in the ITU Constitution encourages the application of the Radio Regulations by defence forces, 
but does not bind them.  Thus, the application of the Radio Regulations relies upon the good will of 
administrations.  There is no real enforcement mechanism.  However, because of the reciprocal nature of 
interference and its debilitating effect on radio communications, most countries comply with these treaty 
provisions and accept them as binding.  After each WRC, countries usually ratify their signatures to the 
Final Acts issued by the conference, and then implement new regulatory provisions nationally.  The date of 
entry into force is usually 12 – 18 months after the WRC.  However, provisions may be specifically 
identified for earlier or later implementation dates – sometimes immediately at the close of a WRC. 

WRCs also adopt Resolutions and Recommendations, which are appended to the Radio Regulations.  They 
can carry considerable weight although they are not formal treaty text unless they are specifically 
mentioned in footnotes to the allocation table.  In many instances, they represent an agreement on best 
practices and contain considerable detail.  Resolutions can also be temporary, for example, to establish a 
WRC agenda.  Resolutions and Recommendations are formally agreed by the conference. 

4. Radio Astronomy Allocations  

ITU member countries have recognised the importance of radio astronomy observations by allocating 
specific frequency bands to the Radio Astronomy service on a protected or on an unprotected basis.  
Specifically, ITU-R Footnote 5.149 states that “…administrations are urged to take all practicable steps to 
protect the radio astronomy service from harmful interference.  Emissions from spaceborne and airborne 
stations can be particularly serious sources of interference to the radio astronomy service.” 

These radio astronomy allocations have been sufficient to allow observation of low-redshift source 
observations within the nearby Universe.  As already noted, recent radio astronomy observations have also 
been directed at sources in the outer reaches of the Universe, at redshifted frequencies outside the radio 
astronomy allocations.  Such observations do not interfere with other spectrum users and, since they are 
not entitled to any interference protection, are performed when opportunities allow.  Many members of the 
radio communications community and the administrations of the Member States are simply not aware that 
these observations take place. 

5. Allocation Trends 

Rapidly changing technology and changes in market demand increase the needs for spectrum resources to 
support new and different radio services.  New applications and systems for certain radio services have to 
share frequency bands with incumbent radio services and systems, or seek allocations at currently unused 
higher frequencies.  Spectrum sharing requires the development of sharing criteria and/or co-ordination 
procedures to insure that the new radio services can operate, and the incumbent radio service operations 
can continue, in an environment of acceptable interference to both.  In cases where sharing the frequency 
band is not possible, alternative frequency allocations need to be identified to accommodate the relocation 
in the spectrum of the incumbent service.  The result of these new radio service requirements is that 
frequency bands are used more, and as efficiently as possible, to accommodate the new users. 

Because of the limited spectrum available, there is considerable pressure for new radio services to share 
spectrum with other radio services. 

The demand for new satellite service allocations has also been increasing, to accommodate the rapidly 
rising global consumer demand for more and better wireless connectivity.  In the past decade, MSS NGSO 
satellite allocations have been made in adjacent  or the same frequency bands allocated to radio astronomy.  
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Even where the radio astronomy service has primary status in these bands14, the ability of some radio 
astronomy observatories to make observations at these frequencies can be compromised.  Some relief from 
LEO satellite system interference to radio astronomy observations has been accomplished through the 
negotiation of operational agreements between specific satellite systems and radio observatories; however, 
such agreements have not resolved all the concerns between existing LEO systems and radio astronomy 
interests. 

                                                      
14 For example, radio astronomy has a co-primary allocation in the 1610.6-1613.8 MHz portion of the "Big LEO" 

MSS band with satellite uplinks. 
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V. Interactions between LEO Satellite Transmitters and Radio Telescope Receivers 

1. The Source of Satellite/Telescope Interactions  

Figure 3 shows a satellite illuminating a service area on the ground.  Despite efficient usage of power on 
the satellite, a small fraction of the total radiated power is emitted in unwanted directions outside the main 
beam.  This can be enough to severely impede, or even completely disrupt, astronomical observations at a 
nearby radio telescope.  Due to the sidelobes of the transmitter and receiver radiation patterns, some 
interference will occur (at the satellite transmission frequencies) as long as the satellite is above the 
observatory’s horizon.  The magnitude of the interference will depend of the relative orientations of the 
antennas.  If the satellite is moving rapidly, the effect may not last long; however, if multiple satellites of 
an NGSO constellation are always above the horizon, there may never be periods when unwanted 
illumination is completely absent. 

 

Figure 3.  Illumination pattern at ground level from a satellite, showing the main beam 
illuminating an Earth-based user and the spillover (shaded) onto the surrounding terrain.  
The feature just below the satellite depicts the angular radiation pattern of its antenna, 
with the prominent eggplant-shaped main beam and a set of small sidelobes that create 
the spillover on the ground.  The nearby radio telescope is receiving some radiation from 
the satellite through its sidelobes, even though it is outside the central spot, and even 
though the telescope is not pointed directly at the satellite15.  Spillover is a natural 
consequence of the wave nature of electromagnetic radiation and can never be eliminated 
entirely. 

                                                      
15 This represents situation D as described in the text. 
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Large radio telescopes are increasingly designed as arrays of smaller telescopes or antennas.  As described 
in Section II.1, the signals from the individual array elements can be combined coherently 
(interferometrically) to simulate the working of a much larger single antenna with higher gain and 
narrower angular resolution.  This can be done electronically (using hard-wired electrical circuits) or via 
computer processing of the individual signals from the array elements.  Figure 4 shows how the angular 
sensitivity changes when individual elements are combined into clusters (called stations), and clusters are 
combined into an array.  As already mentioned in Section II.1, this technique sharpens the sensitivity 
pattern, i.e., it makes the combined system more sensitive to signals from a narrower range of directions, 
allowing astronomers to create more detailed images of radio sources.  Each of the arrangements 
unavoidably exhibits unwanted sensitivity in sidelobes, such that other signals are registered (albeit with 
varying gain) almost regardless of the direction of the unwanted signal source.  Not shown in the figure is 
the enhanced overall gain that is obtained by combining multiple elements. 

Figure 4.  Angular sensitivity patterns of radio telescopes.  a: single antenna element; 
b:  cluster of elements (a “station”) such as the Allen Telescope Array; c: an array of 
clusters (as in some proposed configurations of the Square Kilometre Array).  In b and 
c, the sensitivity patterns reflect the interferometric combining of signals from 
individual elements and entire stations.  As more and more elements are combined, the 
main beam becomes narrower (i.e., the array becomes more sensitive to radiation from 
a smaller area of the sky) but the sidelobe structures persist and become more complex 
(see also Figure 5).  To more accurately reflect what actually happens when telescopes 
are combined, the successive patterns in the centre and right-hand panels of the figure 
should not just become narrower in their main beams and more structured in their 
sidelobes, but they should also extend further and further towards the upper right, 
reflecting the greater sensitivity of a system with a larger total collecting area. 

It is not a coincidence that the radiation patterns of satellite transmitters resemble the sensitivity patterns of 
telescopes, since the same laws of electromagnetic diffraction are involved.  There are four different 
possible interference configurations: 

Configuration Satellite Radio Telescope 

A Main Beam Main Beam 

B Main Beam Sidelobe 

C Sidelobe Main Beam 

D Sidelobe Sidelobe 
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For a specific satellite and a specific telescope, the amount of interference will depend on their relative 
orientations, and the details of the radiation and sensitivity patterns.  Both radio telescope arrays and 
satellite transmitters are highly complex electromechanical systems exhibiting intricate antenna diffraction 
patterns that depend on many details of the designs.  As an example, Figure 5 shows the actual angular 
sensitivity plot of a radio telescope. 

 

 

Figure 5.  The angular sensitivity pattern of an 
actual radio telescope array element, showing the 
prominent main beam that is aligned with the 
geometric axis of the telescope, and the complex, 
asymmetric structure of sidelobes.  The exact 
shape of the latter depends on such details as the 
physical configuration of the supports for the 
antenna feed system.  Sensitivity in the sidelobes 
is lower by several orders of magnitude than that 
in the main beam (each dashed line represents a 
factor of ten in sensitivity). 

The most vulnerable components of the telescope systems will generally be the individual antenna 
elements in the array, with their broad reception patterns and relatively higher sidelobe responses (as in 
Figure 4a).  When an antenna is exposed to a signal that is too big (for example, the combination of the 
astronomical signal of interest and an unwanted strong signal from a satellite) it becomes “saturated”; that 
is, the output of the receiver attains its maximum value and ceases to be a linear function of the total input 
signal.  A saturated element produces no usable data; it must be removed from the interferometric signal 
processing while it is in this condition.  In an extreme case the signal detector can be physically damaged.  
Typically, configuration A (Main Beam/Main Beam) produces this undesirable situation.  The other 
configurations require more detailed analysis to determine the degree of interference and to consider 
mitigation strategies.  Astronomical receiving systems typically can function properly (i.e., provide 
sufficiently linear response) when the satellite power received is no more than about a hundred times 
stronger than the noise power level normally received from the sky.  For these reasons, it is important to 
assess in detail the power levels expected to enter the telescope under different configurations, such as 
when a satellite beam chances to fall in the beams of the telescope array elements, or when the satellite 
signal enters through a weak sidelobe, as occurs whenever a satellite is above the horizon at the telescope 
site but not in the exact direction of observation.  The next section summarises such an analysis. 
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2. Two Examples of Satellite/Telescope Interactions  

To illustrate the interactions in detail, two specific examples have been analysed, involving hypothetical 
LEO satellite constellations and telescope systems under development as prototypes for the Square 
Kilometre Array.  The approximate radiation and sensitivity antenna patterns for the satellites and radio 
telescope arrays were used to demonstrate the potential effect of interference on the next generation of 
advanced telescope arrays and the ambitious science goals that they will pursue. 

In this analysis, the hypothetical LEO satellite constellations are SatX, a 36-satellite narrowband 
constellation, and SatY, an 80-satellite broadband constellation16.  The frequency bands of the downlinks 
for these two systems are shown in the table, along with the number of satellites in view at any given 
moment.  The table also identifies the observations of the young (high-redshift) Universe that could be 
affected.  The two radio telescope arrays that are able to operate at or near these frequencies are LOFAR, 
being developed by the Netherlands Foundation for Research in Astronomy, the U.S. Naval Research 
Laboratory and the Massachusetts Institute of Technology, and the Allen Telescope Array, a collaboration 
of the University of California and the SETI Institute.  The receiver designs of both arrays take explicit 
account of the presence of unwanted man-made signals and are incorporating new mitigation techniques at 
substantial cost. 

  

Hypothetical LEO constellations SatX 
36 satellites 

780 km. orbit 

SatY 
80 satellites 

1450 km. orbit 

Downlink frequency band 137 – 138 MHz  10.7 – 12.5 GHz 

No. of illuminating satellites  1 – 3 3 

SKA prototype arrays LOFAR 
http://web.haystack.edu/lofar/ 

lofar.html  

Allen Telescope Array (ATA)
http://seti.org/seti/our_projects/ 

allen_telescope_array 

Operating frequency range 10 - 240 MHz 0.5 - 11.2 GHz 

Physical array configuration ~150 antennas per station; 
100 stations combined 

interferometrically; 
stations distributed over  

~400 kilometres 

350 6-metre parabolas 
combined in phase, distributed 

over ~800 metres 

High-redshift science potentially 
affected 

Redshifted hydrogen during 
epoch of re-ionisation  

Redshifted carbon monoxide in 
young protogalaxies 

 

                                                      
16 All data have been gathered from publicly-available sources, principally filings with regulatory agencies, but SatX 

and SatY are not meant to be identified with any operating or proposed satellite constellations. 
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The main results of the analysis of the interaction of these systems are as follows.  It should be stressed that 
these results are illustrative and may not apply to all specific cases. 

SatX / LOFAR  

One of the goals of LOFAR is to study the first large structures to form in the Universe.  Much has been 
learned in recent years about the early phase of history from studies of the 3°K afterglow radiation left over 
from the Big Bang.  It is believed that fully ionised gas emerged from the creation event, consisting almost 
entirely of hydrogen and helium.  The gas cooled and, after about 300,000 years, it became neutral.  It 
remained neutral and invisible until the first objects formed and began to shine.  These objects then 
warmed and finally (re)ionised the surrounding gas.  But the nature of the objects remains a mystery that 
can only be resolved by observation.  Theorists predict that the warmed gaseous medium around the 
objects should be faintly visible to Earth-bound telescopes, with the different possibilities – massive stars, 
galaxies, black holes, etc. – yielding structures of warm gas with different characteristic forms.  The radio 
emission line of neutral hydrogen is predicted to be the most appropriate for the observations, but it could 
be shifted by the cosmological redshift from its nominal frequency of 1420 MHz to near the SatX 
downlink frequency, as indicated by the lower circle in Figure 2.  The cosmic signal, coming from many 
billions of light-years away, is extremely weak and its detection requires careful telescope design.  
Determination of the precise frequency of the re-ionisation signal is a primary goal of LOFAR and will, in 
turn, influence the design of the SKA. 

In configuration A, the SatX downlink power falls near the saturation level for individual LOFAR 
elements, so interferometric signal combination could be corrupted and mitigation techniques could be 
ineffective.  The situation is especially difficult since LOFAR and SatX both have wide main beams.  SatX 
satellites project a broad beam to obtain wide area coverage, making it difficult to locate telescopes 
completely outside of its beams.  LOFAR is designed to allow eight measurement beams independently 
pointed around the sky, and its element antennas receive signal from directions ±15° from the pointing 
direction.  The orbital distribution of the SatX satellites would place major restrictions on the choice of the 
LOFAR site.  Detailed analysis shows that siting LOFAR at 54° geographic latitude could result in an 8% 
loss of observing time, increasing to up to 30% loss at a 30° latitude site. 

In configuration B, when the main SatX beam is detected through the LOFAR sidelobes, the satellite 
signals are found to be always present in LOFAR observations, at levels ranging from 100 to 300 times the 
system noise.  At these levels the LOFAR receivers remain marginally below saturation, and, except at a 
band of frequencies around the SatX downlink frequency, new signal-processing techniques under 
development may mitigate but not completely remove the downlink signals.  In configurations C and D, 
the interactions produce much less unwanted signal. 

SatY / ATA  

A primary goal of ATA is the study of protogalaxies, which are objects postulated to have existed not long 
after the re-ionisation of the Universe described above.  It is believed that the very first elements that are 
heavier than helium were created via nuclear reactions in the initial generation of massive stars in these 
galaxies.  At the ends of their lives, the massive stars exploded, dispersing the newly-synthesised elements 
into the local interstellar medium.  Theorists predict that carbon and oxygen were among the most 
abundant of these elements, combining to form carbon monoxide whose radio emissions those billions of 
years ago should be detectable today.  The presence of heavy elements is believed to have fundamentally 
affected the subsequent evolution of galaxies, through their effect on the gas-cooling rates, but the details 
of the early phases of evolution can only be determined by direct observation.  As with hydrogen in the 
first example, the carbon monoxide emission could be redshifted in frequency from its laboratory value to 
a frequency near the SatY downlink, as indicated by the upper circle in Figure 2. 
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In configuration A, the situation is more favourable than SatX / LOFAR because the SatY and ATA beams 
are relatively narrow (each individual ATA element has a main beam extending ±0.4° from the pointing 
direction).  SatY in turn radiates fairly narrow spot beams (~700 km diameter at the Earth’s surface).  
Hence, by locating ATA appropriately and restricting its ability to observe in several directions 
simultaneously, the total loss of ATA observing time caused by SatY downlinks could be less than one 
percent. 

The next most important interaction is ATA’s main beam with the SatY sidelobe (configuration C).  Even 
when the ATA is located outside the service areas of SatY, the satellites are always visible in the sky and 
the downlink signal will be of order 300 times the ATA receiver noise.  This level of signal does not 
produce strong non-linearities in the ATA receivers but must be addressed by the new mitigation 
techniques that are now under development.  In configurations B and D, the interactions produce much less 
unwanted signal. 

3. Mitigation Strategies 

As more and more users seek access to the radio spectrum, more shared utilisation is inevitable, and more 
effective approaches for sharing will be required.  Some of the technological advances that enhance the 
effectiveness and flexibility of satellite transmitters (for example, use of phased arrays and other methods 
listed in Section III.4) can lead to increased unwanted spillover into adjacent frequencies.  Radio 
astronomy has had a long history of technical and operational adaptations, especially when observations 
have to be made outside of the ITU-allocated frequency bands.  If there is an advent of many large 
constellations of LEO satellites, the existing methods will not suffice, and new approaches will be needed.  
Some specific recommendations are provided in the next section of the report.  In general, when faced with 
undesirable emissions (or the prospect of such emissions) the following generic options are available: 

Design and configuration of transmitters and receivers  

For the active (satellite) service: 

o increasing spectral purity so that adjacent frequencies receive less energy from the wanted 
transmissions; 

o reducing antenna sidelobe spillover so that the minimum power is transmitted in unwanted directions 
far from the intended direction; 

o utilising spot beams so that the transmitted power falls onto smaller areas; and using the minimum 
practicable transmitter power, preferably adjusting power levels in real time to match instantaneous 
needs. 

For the passive (radio astronomy) service: 

o use of antennas with tighter sensitivity patterns (sharper main beams); 

o observing in narrower frequency bands (and accumulating signals for longer periods, if necessary); 

o development of amplifiers and other electronic systems that are less vulnerable to saturation; 

o development of  advanced signal processing techniques and algorithms that might permit a 
significant degree of interference cancellation. 

There are both costs and benefits associated with the development and implementation of any new devices 
or algorithms, and these have to be carefully analysed and weighed.  Although satellite transmit antennas, 
amplifiers, and other components can be improved to make emissions more tightly controlled, such 
measures add cost and complexity to a system.  Radio astronomers, in turn, may find that some 
interference reduction measures will significantly affect the costs of future observatories, and will have an 
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adverse impact on the feasibility of certain desired observations, thus limiting the astronomers’ ability to 
fully exploit the new facilities. 

Establishment of controlled satellite emission zones.  As mentioned in section II.3, national controlled 
emission zones for terrestrial communications already exist around some radio observatories.  At these 
facilities, designated staff review applications for new transmitters and the functioning of existing 
transmitters within the controlled zone, checking for compliance with tolerable emission levels in the 
direction of the telescope.  Often, simple technical solutions can be proposed by the observatory without 
explicit invocation of the regulations, or enforcement by national authorities.  In any case, the observatory 
is likely to be located in a remote area, and it may be a major employer in the community.  The extension 
of these arrangements to the case of LEO satellites will not be straightforward and, in some cases, may 
require agreements and, possibly, new innovative regulatory approaches at the international level, i.e., via 
the ITU. 

Real-time operational measures.  In principle, the instantaneous positions of satellites and, more 
importantly, the spectral characteristics of their transmissions are known (or can be determined).  If this 
information were available to astronomers with adequate precision and detail, it would facilitate the 
reduction of the impact of the interference.  For example, signals from different elements of an 
interferometric array could be selectively weighted in a judicious way, or nulls could be placed and 
perhaps steered on the sky along the satellite orbit.  In some cases the known interference contribution 
from the satellite, taking account of modulation details, might be subtracted from the receiver signal.  Such 
techniques and algorithms are at an early stage of development, but show great promise.  Application of 
these techniques often requires detailed knowledge of the instantaneous structure of the signal, based on 
co-operation and exchange of information between the satellite and astronomy communities. 
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VI. Principal Findings and Recommendations of the Task Force 

When looking ahead to the next 10-20 years, the Task Force notes the potential for additional impact from 
new LEO satellite systems on radio astronomy.  To observe the Universe at the farthest reaches of space 
and time, astronomers wish to extend their measurements to the entire radio spectrum, beyond the limited 
frequencies that have been allocated for their use by the ITU.  The signals they wish to detect are many 
orders of magnitude weaker than man-made signals.  On the other hand, public demand for competitive 
service offerings and wireless connectivity, some of which can only be satisfied by communications 
satellites, is encouraging companies to develop and launch new satellite constellations including rapidly-
moving NGSO satellites that will, in principle, be able to direct their beams to virtually any point on the 
Earth at any time.  Hence, ways must be found to permit astronomers to pursue their observations while 
allowing satellite operators to provide services to customers.  The findings and recommendations that 
follow are in four areas: (1) encouraging information exchange, technical consultations and co-operative 
R&D that would facilitate scientific observations outside the allocated frequencies; (2) considering the 
establishment of a small number of zones on the ground where future radio observatories could be located 
and within which satellite emissions could be controlled; (3) supporting the continuing protection of 
frequency bands that have already been allocated for radio astronomy; and (4) exploring ways to exchange 
real-time operational information and data between astronomers and satellite operators. 

Finding 1 

To observe the Universe over most of its spatial extent and temporal history, radio astronomers are seeking 
access to the entire radio spectrum, including satellite downlink frequencies at a very limited number of 
sites.  The Task Force considered two hypothetical scenarios of how LEO satellite downlinks could impact 
future observations of the distant, young, redshifted Universe.  It was assumed that the scientifically 
relevant redshifted frequencies coincided with those used by communications satellites.  From this analysis, 
it is apparent that the degrees and types of interference, and possible mitigation strategies, depend very 
much on the details of the design, construction and operation of the satellites and the radio telescopes.  
This includes details of how the signals are generated, processed, and the complex protocols that govern 
the operation of communications networks.  Therefore, to achieve their scientific goals, astronomers will 
need to develop new technological solutions and observational procedures.  The Task Force believes that, 
to be successful, these efforts have to be undertaken in consultation and co-operation with operators of 
NGSO systems (including commercial, as well as military or other governmental bodies).  This 
consultative approach is needed because some of the information that will be needed may not be otherwise 
readily available, and because the mitigation strategies to be explored by the scientists will have to take 
into account specific characteristics of future, as well as presently operating, satellite systems.  The Task 
Force notes that consideration of radio frequency interference issues is an essential part of any funding 
plan for new radio astronomy facilities. 

The Task Force has considered the relevant trends in satellite design and operations.  Some trends may be 
favourable to radio astronomy (for example, the tendency to use narrow, rapidly configurable satellite 
beams) while others may not (for example, higher power transmissions and the use of phased array 
antennas that may produce more spillover in direction and frequency).  The Task Force notes that, to date, 
the industry and astronomy communities have pursued separate goals.  Most of the interactions have taken 
place within the formal ITU-R Study Groups, where agreement has often been difficult to achieve.  New 
and innovative avenues for interaction between these communities could be explored, in addition to the 
ones already being used. 
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Recommendation 1 

The Task Force recommends the establishment of a forum for technical experts from the industrial and 
scientific communities, under the aegis of an appropriate organization.  It would provide a venue for 
information exchange and collaboration among those who plan, design and manufacture new satellite 
systems, and radio astronomers planning very sensitive new instruments.  These interactions could take 
place before the designs of satellite systems and radio telescopes become final.  Visits by satellite 
engineers to forefront radio astronomy institutions, and by radio astronomy instrument developers to 
satellite operators and manufacturers, could also foster better understanding of the problems that need to be 
solved, and are likely to benefit both communities.  The Task Force hopes that these and similar 
programmes could facilitate new ways of sharing the spectrum to the benefit of all parties, and 
recommends that they be undertaken in a timely manner.  These consultations will have to be backed up 
with research and development efforts.  National science funding agencies should be prepared to allocate 
funds for these co-operative efforts. 

Finding 2 

There is strong interest, and considerable activity, within the scientific community towards establishing 
new, large, very sensitive radio observatories (in particular, the millimetre wavelength facility under 
construction – “ALMA” – and the most likely next centimetre-wave global-scale collaborative project, the 
“Square Kilometre Array”).  Such facilities will be remote and small in number.  Governments that intend 
to participate in the construction and operation of these facilities will want to ensure their maximum 
scientific productivity.  Accordingly, the ability of astronomers to access the radio spectrum using these 
new facilities requires special attention. 

Recommendation 2 

Governments are encouraged to consider mechanisms to promote co-operation and reduce potential 
conflict between the interests of LEO satellite operators and those of the radio astronomy community, 
especially at the small number of future high-sensitivity observatories.  Possible approaches include 
voluntary exchange of information, some form of required co-ordination between the services, or even 
establishment of “Controlled Emission Zones”17 surrounding one or more observatories (based on agreed 
technical and economic feasibility).  To facilitate this, the radio astronomy community is encouraged to 
quickly identify the location(s) of these next-generation sites18.  Interested governments should decide 
whether this issue should be explored in the ITU, including whether to include an appropriate item on the 
agenda a future World Radiocommunication Conference. 

                                                      
17 The term “Controlled Emission Zone” is used here provisionally, and another one may be adopted in the course of 

discussions in the ITU and elsewhere.  Protection at some existing observatories is based on a national decision 
which applies only to transmitters licensed within the given country.  It does not apply to satellite networks 
licensed by another administration.  As such, any solution that impacts satellite networks would require action at 
the ITU or some other international agreement between the affected administrations. 

18 The decision to build ALMA on a remote high-altitude plateau in Chile has already been made. 
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Finding 3 

Astronomers are experiencing difficulties with observations inside the frequency bands that are allocated 
internationally for their use and where they enjoy a degree of protection.  These frequency bands are most 
suitable for observing emissions from astronomical objects that are relatively nearby.  There have been 
cases where satellite downlinks situated at neighbouring frequencies have produced unintended radiation in 
the radio astronomy bands at power levels that interfere with astronomical observations.  This problem 
could become worse if the number of operating satellites in these nearby bands increases significantly. 

Recommendation 3 

The Task Force did not analyse this type of interference and does not propose specific measures to address 
the problem because the International Telecommunication Union is the recognised venue for resolving 
problems in the existing radio astronomy bands.  The ITU’s specialised body, Task Group 1/7, was formed 
to address the issue of unwanted emissions and the protection of the passive services.  The Task Group has 
recently finished its work, but the issues are likely to be taken up by the newly-established Task Group 1/9.  
The OECD Task Force strongly encourages the continuation of efforts in this area, and the participation in 
the work by both the radio astronomy and satellite telecommunications communities. 

Finding 4 

Some interference mitigation strategies involve corrections of radio astronomy data, based on knowledge 
of the satellite signals being transmitted and other real-time information.  Such knowledge could be used, 
for example, to aid in subtraction of the satellite signal from the output of the radio telescope elements, 
removal or re-configuration of selected elements in an interferometric array, or adjustment of the 
scheduling of observations.  The sharing of real-time operational data, however, would require the 
resolution of challenging technical, procedural and, perhaps, legal issues.  There is, at present, no 
established venue for addressing these issues. 

There is no single, 100% effective, method for enabling radio astronomy observations under any and all 
conditions of interference, particularly from space-based sources.  In practice, many different techniques 
will have to be applied simultaneously. 

Recommendation 4 

The Task Force recommends consultations, under an appropriate aegis, between satellite operators and 
radio astronomers regarding ways to share real-time operational information that would permit the 
scientists to reduce interference. 
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Appendix 1:  Members of OECD Global Science Forum Task Force on Radio Astronomy and the 
Radio Spectrum19 
 
 

Michael Goddard    (Chair) 
Spectrum Policy Director 
UK Radiocommunications Agency (now Ofcom) 

William Adler 
Vice President, Legal & Regulatory Affairs 
Globalstar 

Harvey Butcher 
Executive Director 
Netherlands Foundation for Research in Astronomy 

Ron D. Ekers 
Director 
Australia Telescope National Facility 

Michael T. N. Fitch 
Deputy and Programs 
Network Enabled Solutions, Homeland Security and 
Services 
The Boeing Company 

Tomas Gergely 
Program Manager for Electromagnetic Spectrum 
Management 
U.S. National Science Foundation 

William Hatch 
(retired) Associate Administrator, Office of Spectrum 
Management 
National Telecommunications & Information 
Administration, U.S. Department of Commerce 

Makoto Inoue 
Director, Nobeyama Radio Observatory 
National Astronomical Observatory of Japan 

Jean Jerphagnon 
Conseiller Scientifique du Directeur Technique 
Groupe Alcatel 

Patricia Mahoney 
Vice President, Regulatory & Spectrum Affairs, 
Iridium Satellite LLC 
(formerly, Vice President, Regulatory Policy, 
Final Analysis) 

John O'Sullivan 
Cisco Systems Australia Pty Ltd 

Thomas Tycz 
Chief, Satellite Division, International Bureau 
Federal Communications Commission, United States 

Paul A. Vanden Bout 
Senior Scientist and former Director 
U.S. National Radio Astronomy Observatory 

Hiromitsu Wakana 
Research Supervisor, Wireless Communications 
Division 
Japan Communications Research Laboratory 

Stefan Michalowski 
Executive Secretary 
OECD Global Science Forum 

 

 

                                                      
19 The titles and/or affiliations of some of the Task Force members changed during the course of the deliberations. 
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Appendix 2:  Acronyms 
 

ATA Allen Telescope Array  

ALMA Atacama Large Millimetre Array 

BSS Broadcasting-Satellite Service  

DTH Direct-to-home  

FSS Fixed-Satellite Service 

GLONASS Global Navigation Satellite System 

GPS Global Positioning System  

GSO Geostationary Satellite Orbit 

HEO Highly Elliptical Orbit  

ITU International Telecommunication Union 

ITU-R Radiocommunication Sector of ITU 

LEO Low-Earth Orbit 

LOFAR Low Frequency Array 

MEO Medium-Earth Orbit  

MSS Mobile-Satellite Service  

NGSO Non-Geostationary Earth-Orbiting  

OECD Organisation for Economic Co-operation and Development 

RNSS Radionavigation Satellite Systems 

SKA Square Kilometre Array  

VLBI Very Long Baseline Interferometry  

VLT European Southern Observatory Very Large Telescope 

WRC World Radiocommunication Conference 
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