Before the
FEDERAL COVMUNI CATI ONS COWM SSI ON

Washi ngton, D.C. 20554

In the Matter of )

)

Amendnent of Parts 27, 25, and 97 )
of the Comm ssion’s Rul es ) ET Docket No. 98-142
with Regard to the Mbile )

Satellite Service Above 1 GHz )

MOTI ON TO ACCEPT LATE-FI LED COMVENTS OF THE
NATI ONAL ACADEMY OF SCI ENCES’
COMW TTEE ON RADI O FREQUENCI ES

The National Acadeny of Sciences, through the Nationa
Research Council’s Comm ttee on Radi o Frequenci es
(hereinafter, "CORF"; its nmenbership is listed in
Appendi x A), hereby submts its comments in response to the
Commi ssion’s August 4, 1998, Notice of Proposed Rul emaki ng
in the above-captioned docket ("NPRM'). In these Coments,
CORF suggests that the Conm ssion forbear from enacting
rules allocating for fixed-satellite service space-to-Earth
downl i nks in the 15.43-15.63 GHz band, because of the
apparent infeasibility of sharing that band with radio
astronony observations, and, as a result, the likelihood
that such allocation will be deleted on an internationa
basis at the next Wrld Radi o Conference in the year 2000
("WRC-00"). CORF is also concerned about the inpact of
downlink transm ssions in the 6.7-7.075 Gz band.



I ntroduction: The Inportance of Radi o Astronony
Qobservations in the 15 and 6.7 GHz Bands, and the

Uni que Vul nerability of Radio Astronony to CQut-of-Band
and Spurious Eni ssions.

CORF has a substantial interest in this
proceeding, as it represents the interests of the
Radi o Astronony conmunity, as well as that of other
scientific users of the radio spectrum As the
Commi ssion has | ong recogni zed, radio astronony is a
vitally inportant tool used by scientists to study our
uni verse. Through the use of radio astronony,
scientists have di scovered the first planets outside
the solar system circling a distant pul sar.
Measurenents of radio spectral |ine em ssion have
identified and characterized the birth sites of stars
in our owmn Gal axy, and the conplex distribution and
evol ution of galaxies in the universe. Radio astronony
neasur enents have di scovered ripples in the cosmc
m crowave background, generated in the early universe,
which later forned the stars and gal axi es we know
t oday. (Qbservations of supernovas w tness the creation
and distribution of heavy el enents essential to the
formation of planets |like the Earth and of life
itself. Furthernore, in addition to increasing
know edge of our world and the universe, radio
astronony has produced substantial benefits through
t he devel opnent of very-1|ow noi se receivers and nmany
ot her applications used in a variety of other radio
applications. In addition, the technique of very-I|ong-
baseline interferonetry ("VLBI") is used by
geophysicists to study small notions of the Earth’s
crust. These terrestrial observations include
identification of potential earthquake zones through
measurenent of fault notion. VLBI techniques al so nmake
maj or contributions to accurate navigation, including
the tracking of spacecraft. The study of the universe
and the above benefits are the product of years of
wor k by scientists and engi neers and substantia
federal investnent in the field. To continue to
produce these discoveries and benefits, radio
astronony nust be protected.

As passive users of the spectrum radio
astrononers have no control over the frequencies that
they need to study or over the character of the
signals fromcosm c objects. The |laws of nature set



t hese paraneters. Furthernore, the em ssions that
radi o astrononers review are extrenely weak--a typica
radi o tel escope receives only about one-billionth of a
billionth of a watt signal from nost cosnic sources.
Because radi o astronony receivers are designed to pick
up such remarkably weak signals, these facilities are
therefore particularly vulnerable to interference from
spurious and out-of-band em ssions fromlicensed and
unl i censed users of nei ghboring bands, and those that
produce harnonic em ssions that fall in the Radio
Astronony Service ("RAS") bands.

O particular concern in this proceeding is
interference to RAS observations in the 15.35-15. 40
Gz ("15 GHz") and 6.65-6.70 GHz ("6.7 GHz") bands
fromsatellite downlinks. The 15 GHz band is one of
t he nost inportant bands used by the RAS for continuum
observations, which define the frequency variation of
radiation in sufficient detail to enabl e conclusions
to be reached concerning the physical nmechani sns
responsi bl e for such em ssions. For this reason, Table
3 of ITUR RA 314-8 specifically lists the 15.35-15.4
GHz band as anong the bands of greatest inportance to
radi o astronony for continuum observations. This band
is also inportant for nonitoring the intensity
variability of quasars. These trenendously distant and
eni gmati c obj ects have been found to enmt energy that
varies in intensity in periods of weeks or nonths. The
energy emtted during any one burst froma quasar is
equi valent to converting the nmass of a few hundred
mllion stars to energy, yet we do not understand the
fundanent al physics that can produce such events. RAS
observations in this band are critical to the task of
unravel ing the nystery of quasars.

Simlarly, the 6.7 GHz band is inportant for
spectral |ine observations of nethanol. Methanol is a
basi c organi ¢ conpound, which plays a role in
bi ogenesis. Since the only other observable em ssion
from met hanol woul d be in the heavily occupied
spectrum near 12.178 GHz, observations at 6.7 Gz
provide the last remaining portal to quantify the
abundance and distribution of nmethanol on a galactic
scal e. For that reason, Table 1 of ITU R RA 314-8
specifically lists spectral |ine observations of
nmet hanol (at the resting frequency of 6.668 Giz) as



anong the spectral lines of greatest inportance to
radi o astronony.

In sum radio astronony observations in the 15
and 6.7 GHz bands are inportant, yet, like all radio
astronony observations, are uniquely vulnerable to
interference from out-of-band and spurious eni ssions.

. The Comm ssi on Shoul d Forbear From Enacting Rul es
Al l ocating the 15.43-15.63 GHz Bands, In Light of the
Infeasibility of Sharing Between Downlinks and RAS in
That Band, and the Resulting Likelihood that WRC-00
WIll Mdify the Allocation to Satellite Downlinks.

In this proceeding, the Conm ssion states that in
al l ocating the 15.43-15.63 GHz bands for satellite
downlinks, it is merely enacting on a donestic basis, an
al l ocati on made at WRC-97 (NPRM at para. 31). Yet, CORF
urges that in this proceeding, the Conmm ssion acknow edge
that the allocation nade at WRC-97 is far fromfinalized,
and that it would be counterproductive for all parties,
including satellite operators, to comence allocation and
t hen aut horization of transm ssions in these frequencies,
when in fact this allocation is likely to be nodified at
WRC-00. A brief review of how we have arrived at this point
is instructive.

At WRC-95, the frequency band 15.4-15.7 GHz was
all ocated to FSS (space-to-Earth) with an added footnote
S5.511A in order to protect other services in neighboring
bands. Consequentially, WRC-95 called for further studies
by the ITU-R on the feasibility of having FSS operations in
this band. WRC-97 agai n changed the allocation and footnote
S5.511A, to restrict FSS (space-to-Earth) to the band
15.43-15.63 GHz and to refer to Recommendation | TU-R
RA. 769-1 with respect to protection of the radio astronony
service in the frequency band 15.35-15.4 Giz. In Resolution
123, WRC-97 has, as a matter or urgency, called for new
| TR studies on the feasibility of inplenenting non-GSO
M5S feeder links in the band 15.43-15.63 GHz, for studies
on the interference potential of these NGSO satellite
feeder links to the radio astronony service in the 15 Gz
band, and for the devel opnent of recommendations to reduce
out -of -band interference. Resolution 123 resolves that WRC



00 shall review these studies and take appropriate action,
i ncluding adjustnents in spectrum allocations.

The allocation to radi o astronony and ot her passive
services of the frequency band 15.35-15.4 GHz i s protected
by footnote S5.340, which states that: "All em ssions are
prohibited...." It should be noted that this allocation to
the radi o astronony service is very narrow conpared to the
relati ve bandwi dth of 2% which is considered the necessary
m ni mum for radi o conti nuum nmeasurenents by the RAS. The
interference threshold limts to be used for coordination
pur poses are given in Recommendation I TU R RA 769, which
are based, inter alia, on the assunption of an antenna gain
of O dBi toward the interfering transmtter. Article S29 of
the Radi o Regul ations states further that the RAS is
extrenely susceptible to interference from space and
airborne transmtters.

Appendi x B attached hereto contains cal cul ations
recently performed to investigate the inpact of satellite
downl i nk transm ssions on RAS observations in the 15.35-
15.40 GHz band. As shown therein, it would be extrenely
difficult for such transm ssions to be made in a way that
is consistent with the required |levels of protection for
radi o astronony.

In light of the above, and considering the past
experiences of the RAS with satellite (space-to-Earth)
operations in adjacent bands, as well as the particular
vul nerability of the RAS band at 15.35-15.4 GHz, CORF
bel i eves that on operational grounds the FSS (space-to-
Earth) allocation in the 15.43-15.63 GHz band is not only
not feasible, but that this infeasibility will be
recogni zed and acted upon by WRC- 00.

In light of the strong likelihood that the 15 GHz
allocation will be nodified, CORF asserts that it would not
be in the interest of any parties, including that of the
Conmmi ssion and satellite operators, to go through the
expense and burden of allocating this band, only to have to
revise the allocation in such a short period of tine.
Accordi ngly, CORF recommends that the Conm ssion forbear
fromthe proposed 15.43-15.63 Giz downlink allocation,
pendi ng action at WRC- 00.

On a separate matter, CORF is also concerned that the
use of the 6.7-7.075 GHz band for downlink service nmay



pl ace at risk observations of the methanol resonance
(resting frequency at 6.68 GHz). As the Conm ssion knows,
the 6.650-6.670 GHz band is included under Footnote S5.149,
whi ch urges administrations to take all practicable steps
to protect RAS observations from harnful interference.
Qbservations of this band are made at numerous
observatories in the United States including those at

Areci bo, Puerto Rico, and the National Radi o Astronony
(bservatory’s facilities at G een Bank, Wst Virginia, and
Socorro, New Mexico. The potential problens in this band
can likely be renedi ed by coordi nati on between any
satellite conpany operating next to this band and the radio
astronony observatories that use this band. CORF suggests
that the Conm ssion could facilitate this process.

[11. CONCLUSI O\

The Conmi ssion shoul d forbear from enacting rules
all ocating the 15.43-15.63 Gz band for satellite
downlinks, in light of the infeasibility of sharing in that
band between RAS and satellite downlinks, and the resulting
i kelihood that WRC-00 will nodify the allocation in the
i nternational table.

Respectful ly subm tted,

NATI ONAL ACADEMY OF SClI ENCES’

COW TTEE ON RADI O FREQUENCI ES

By: /S/Bruce Al berts

Pr esi dent

Sept enber 29, 1998
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Appendi x B

Cal cul ation of Interference to Radi o- Tel escopes from
Satellite Downlinks in the 15.35-15.40 G# Band

| TR Recommendati on RA. 769 sets out the protection
criteria for radio astronom cal neasurenents, and expl ains
their derivation in its Annex 1. The limt of acceptable
interference power (1) at the input to the receiver of a
radio tel escope is given in watts by

| = (0.1)(KT) / [sq.rt.(2bt)] W (1)

where k is Boltzmann’s constant (1.38 x 107-23 joules/K), T
is the system noi se tenperature of the radio tel escope (K),
b is the neasurenent bandwidth (Hz), and t is the
integration tinme of the nmeasurenent (s).

Since the on-axis gain-to-aperture ratio of a
reflector antenna is given by g/a = 4(pi)/L, where L is the
wavel ength = 3 x 1078/ (f x 1079) in neters and f is
frequency in GHiz, then the aperture in square neters is

a = (99)/[(400(pi)(f"2)] nt2 (2)
The interference power criterion can be converted to a

criterion for power-flux-density (pfd) incident on the
antenna of the radio tel escope by using the relationship

pfd = 1/g Wnt2 (3)
Combi ni ng equations (1), (2), and (3) enables the
interference criterion to be expressed as a pfd at the

Earth’s surface, i.e.,

pfd = 40(pi) (KT) (f~2)/[(9g)sq.rt.(2bt)] W2,



or expressed in decibels:

PFD = 10 Log[T (f~2)/ sq.rt.(bt)] - G- 218.7 dB(W nt2)
(4)

Table 1 of I TU R Reconmendati on RA. 769 indi cates that
paraneters of a typical continuum neasurenent in the band
15.35-15.4 GHz are T = 45 K, b = 50 Mz, and t = 2000 s,
and for a 50 MHz neasurenent at the upper end of the band,
the center frequency (f) would be 15.375 GHz. Substituting
t hese nunbers into equation (4) yields

pfd = G- 233.4 dB(Wm2) (5)

At 15.375 GHz a radio tel escope with an antenna of 20-m
di anmeter woul d have an on-axis gain of around 68 dBi, and
far sidel obe peaks of around -10 dBi. Hence, its
interference criteria for a 50 WMHz, 2000 s neasurenent
woul d be about -301 dB (Wnt2) in its on-axis direction,
and about -223 dB (Wnt2) in nost other directions.

Now for the protection of the aeronautica
radi onavi gation service, |TU R Recommendation S. 1341
(referenced in RR S.5.511a) includes a limt on the power-
flux-density at the Earth’s surface, froma space station
transmtting in the band 15.43 - 15.63 GHz. As indicated in
the NPRM that limt is -127 dB (Wnmt2)/MHz, which is
equivalent to -110 dB (Wnt2) in a bandw dth of 50 Miz.
This woul d all ow each satellite in a non-GSO MSS
constellation to generate up to that pfd via its feeder
downl i nk. The nunber of satellites sinultaneously visible
to a given radio tel escope woul d depend on its latitude and
on the characteristics of the MSS constellation, and woul d
vary with tinme, but at 15 GHz each satellite would probably
deploy nmultiple spot beans to cover its footprint on the
Earth’s surface. In that case, it is probably that only one
satellite would illum nate the area surrounding the radio
tel escope via the mai n-1 obe of one beam at any given tine
(possibly two beans if dual -pol ar frequency reuse was
enpl oyed). Since the nunber of satellites sinultaneously
visible is unlikely to reach double figures, and the main
beamto-far sidelobe ratio of each satellite antenna is
likely to be at least 30 dB, the interference would be
dom nated by a single satellite beam at any instant. But,
assum ng that the MSS systemincluded a feeder-station
wi thin the instantaneous coverage of that beam (which m ght



span a dianeter of 100 kmor nore), that interference would
be continuously present.

Thus, in this scenario we woul d have a non- GSO MSS
constellation transmtting in a 50 MHz bandw dth centered
on 15.455 GHz and illumnating a radio tel escope with a pfd
of -110 dB (Wnm2). However, in order to protect radio
astronony, the out-of-band pfd fromthis transm ssion nust
be reduced to -223 dB (Wnf'2) at 15.375 GHz, requiring that
the | evel of out-of-band em ssion 80 MHiz bel ow the center
frequency of a 15 GHz carrier, or 55 MHz below its band
edge, was 113 dB below the carrier level. O course, this
woul d be inpractical, and nothing like it has ever been
denonstrated on a spaceborne transmtter!

Even worse, interference could be up to 80 dB higher
during the small periods of tinme (typically of the order of
1 second and aggregating to proportions of tinme of a snall
fraction of 1% when a satellite passes through the main
beam of the radio telescope. It would not be difficult to
set up a conmputer sinmulation to verify these esti nates,
but, at present, it would have to be based on a
hypot heti cal satellite constellation, since we have no
i nformati on of a non-GSO MSS system using the 15 GHz band
for its feeder downlinks. Furthernore, if the above
consi derations concerning the interference that could
obtain for the majority of time (i.e., via the radio
tel escope’ s sidel obes) are broadly correct, then it seens
possi bl e to answer the questions posed by Resolution 123
wi t hout recourse to conputer sinulations.



