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The National Academy of Sciences, through the National Research Council’s
Committee on Radio Frequencies (hereinafter, "CORF"), hereby submits its comments in
response to the Commission’s November 19, 1998, Notice of Proposed Rulemaking in
the above-captioned docket ("NPRM"). In these cComments, CORF demonstrates that it
will be very difficult for satellite space-to-Earth downlinks in the 10.7-12.7 GHz band to
operate in a manner that does not cause harmful interference to Radio Astronomyradio
astronomy observations in the 10.6-10.7 GHz band, in which the Radio Astronomy
Service (RAS) has a primary allocation. Accordingly, if the Commission allocates use of
this band for satellite space-to-Earth downlinks, it must require that such transmissions
protect rRadio aAstronomy observations at the level required under ITU-R
Recommendation RA.769-1. In addition, the Commission should also modify Part 25 of
its rulesRules to provide for a stringent filtering requirement to assure that these levels
are met. Such proposed modifications are necessary if rRadio aAstronomy observations
in this band are to be protected in a meaningful manner.

I. Introduction: The Importance of Radio Astronomy Observations in the 10.6-
10.7 GHz Band, and the Unique Vulnerability of Radio Astronomy to Out-of-
Band and Spurious Emissions.

COREF has a substantial interest in this proceeding, because as it represents the
interests of the Radio Astronomyradio astronomy community, as well as those that of
other scientific users of the radio spectrum. As the Commission has long recognized,
Radio Astronomyradio astronomy is a vitally important tool used by scientists to study
our universe. Through the use of Radio Astronomyradio astronomy, scientists have in
recent years discovered the first planets outside the solar system, circling a distant pulsar.
Measurements of radio spectral line emission have identified and characterized the birth
sites of stars in our own Galaxy, and the complex distribution and evolution of galaxies in
the uUniverse. Radio AstronomyRadio astronomy measurements have discovered ripples
in the cosmic microwave background, generated in the early universe, which later formed
the stars and galaxies we know today. Observations of supernovas witness the creation
and distribution of heavy elements essential to the formation of planets like the Earth, and
of life itself. Furthermore, in addition to increasing knowledge of our world and the
universe, Radio Astronomyradio astronomy has produced substantial benefits through the
development of very-low-noise receivers and many other applications used in a variety of
commercial and defense other radio applications. In addition, the technique of very-long-
baseline interferometry ("VLBI"), developed for cosmic observations, is increasingly
producing substantial benefits through use in terrestrial observations, including
measurements of global distances (e.g., identification of potential earthquake zones
through measurement of fault motion), and through major contributions to navigation,
including the tracking of spacecraft. These benefits of Radio Astronomyradio astronomy,
obtained through years of work and substantial federal investment, as well as future
benefits, must be protected.

As passive users of the spectrum, working at frequencies determined by the laws
of nature, radio astronomers have no control over the frequencies that they need to study,
or over the character of the "transmitted" signal. These parameters are set by the laws of



nature. Furthermore, the emissions that radio astronomers receive view are extremely
weak—a typical radio telescope receives only about one-trillionth of a watt from even the
strongest cosmic source. Because rRadio aAstronomy receivers are designed to detect
pick up such remarkably weak signals, its facilities are therefore particularly vulnerable
to interference from spurious and out-of-band emissions from licensed and unlicensed
users of neighboring bands, and those that produce harmonic emissions that fall in the
RAS Radio Astronomy Service ("RAS") bands.

Of particular concern in this proceeding is interference to Radio Astronomyradio
astronomy observations in the 10.6-10.7 GHz band from non-geostationary satellite orbit
(NGSO) gateway downlinks in the 10.7-11.7 GHz band. The 10.68-10.70 GHz band is
allocated on a primary basis to the RASadio Astronomy Service, and the 10.60-

10.68 GHz band is allocated to the RAS on a co-primary basis. There is a reason for these
primary allocations: the 10.6-10.7 GHz band is especially important to both the Radio
Astronomy and the Earth Remote Sensing Services because it provides a substantial
bandwidth (nearly 1%) at a wavelength that which is still long enough so that the Earth’s
atmosphere does not produce vide substantial opacity. This makes possible the most
sensitive continuum measurements, which are required for the passive services. Detailed
measurements of the cosmic background have been are conducted in this frequency band,
as are have passive radiometric measurements of the sea state and wind directions over
oceans, which are is extremely important in tracking hurricanes and protecting maritime
activities.

In summary, radio astronomy and passive Eearth remote sensing observations in
the 10.6-10.7 GHz band are very important, yet like all radio astronomy observations, are
uniquely vulnerable to interference from out-of-band and spurious emissions.

II. It Will Be Very Difficult to Operate Gateway Downlinks in the 10.7-11.7 GHz
Band While Complying with the Required Emission Limits.

As the Commission correctly points out in Paragraph 82 of the Notice, in order to
comply with the requirements of ITU-R RA.769-1, NGSO transmitters would have to
limit out-of-band emissions in these frequency ranges so as toin order to maintain ground
levels at or below — -255 dBW/m*/Hz when they are within 5 degrees of the main beam
of the radio telescopes, and levels at or below — -240 dBW/m?/Hz at all other times. This
is especially challenging since the flux densities in the downlink band are on the order of
- -206 dBW/m*/Hz. Moreover, although while the NGSO petitioners such as SkyBridge
might suggest that they can avoid interference by shutting off transmission when in the
beams of radio telescopes, the apparent necessity that the gateway stations be removed
from major cities so as toin order to avoid interference to the heavily used terrestrial fixed
services, and the requirement that NGSO space borne transmitters protect the GSO arcs
of avoidance, strongly suggest that the likelithood of success of such an approach is
minimal.



As a general matter, historically the placement of satellite downlink allocations
immediately adjacent to RAS and other passive allocations has often resulted in harmful
interference to, and loss of flexibility and scientific yield from, large numbers of, radio
astronomical facilities. Therefore, given the very high likelihood that without mandatory
prohibitions, the operation of NGSO gateway downlinks will cause harmful interference
to important RAS observations in the 10.6-10.7 GHz bands, CORF strongly recommends
encourages that the Commission to explicitly mandate that a condition of the licensing of
such downlink operations be is protection of RAS observations in the 10.6-10.7 GHz
band at the levels proposed in paragraph 82 of the Notice. Additionally, the Commission
should consider a further reduction (by 10 dB) in the maximum flux densities allowed for
gateway downlinks between 10.7 GHz and 11.2 GHz (i.e., the subband closest to the
passive allocation) below the values given in Table 1 of the Notice so as toin order to
assure the technical feasibility of achieving the protection levels proposed in paragraph
82 of the Notice. Furthermore, the Commission should modify Part 25 of its the Rules to
require that NGSO satellite station transmissions down to gateways use filters that which
can provide at least 50 dB of suppression in an adjacent band. While these requirements
would cause some increase in the cost of gateway Eearth stations and/or satellite stations,
they constitute a far less risky approach for assuring compatibility of the gateway
downlinks with both adjacent band Radio Astronomyradio astronomy users, and in-band
fixed service users.

II1. Conclusion

If the Commission decides to allocate use of the 10.7 GHz-11.7 GHz band to
satellite gateway downlink operations, it must require that such transmissions protect
Radio Astronomyradio astronomy observations at the levels set forth in paragraph 82 of
the Notice, as required under ITU-R RA. Radio Regulation 769-1. In addition, the
Commission should also modify Part 25 of its rulesRules to provide for a stringent
filtering requirement to assure that these levels are met. Such proposed modifications are
necessary if Radio Astronomyradio astronomy observations in the adjacent band are to be
protected in a meaningful manner.
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