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PREFACE

Certain commercial equipnment and software are identified in this
report to adequately describe the neasurenents. |In no case does
such identification inply recomrendation or endorsenent by the
Nati onal Tel ecommunications and Information Admnistration, nor
does it inply that the equipnent or software identified are
necessarily the best available for the application.
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SUWARY OF RESULTS OF MEASUREMENTS AND TESTS RELATED TO RF
| NTERFERENCE AT BATH, MAI NE

Frank H Sanders, Bradley J. Ransey, and Robert L. H nkle

The Nat i onal Tel ecommuni cati ons and | nf or mat i on
Admnistration (NTIA) is responsible for managing the
Federal Governnent's use of the radio spectrum In

discharging this responsibility, NIlTA uses a variety of
spectrum neasurenent system to collect data for spectrum
managenent support. Such spectrum nanagenent support can
involve technical analysis of radio interference that
i nvol ves Federal Covernnent radio systens. Such an
interference situation has occurred at Bath, Mine,
involving the U S. Navy and a private-sector earth station
operator. This report details a data collection effort
directed at determning the mechanismof interference to the
earth station. Based wupon the assessnent of the
interference nechanism technically feasible mtigation
options are proposed and descri bed.

Key words: el ectronagnetic conpatibility (EMD); fixed-satellite
earth stations; forward error correction; front-end
overload; interference mtigation; |ow noise anplifier;
radar interference; radar spurious emssions; radar
stations; radio frequency interference (RFl); television
receive-only (TVRO systens.

1. | NTRODUCTI ON
1.1 Background

The National Tel ecomunications and Information Adm nistration
(NTIA) is responsible for nanagi ng the Federal CGovernnent's use of
the radio spectrum Part of this responsibility is to establish
pol i ci es concerni ng spectrum assi gnnent, allocation, and use; and
to provide the various departnents and agencies w th gui dance to
ensure that their conduct of telecomunications activities is
consistent with these policies [1, part 8.3]. In discharging this
responsibility, NTI A 1) assesses spectrum utilization
2) identifies existing and/or potential conpatibility problens
anong the telecommunication systens that belong to various

'Frank Sanders and Bradl ey Ransey are with the Institute for

Tel ecommuni cati on Sci ences, NIl A 325 Broadway, U.S. Depart nent
of Commerce, Boul der, GO 80303-3328. Robert Hnkle is with the
O fice of Spectrum Managenent, NTI A, 14th & Constitution, NW
Washi ngton, DC, 20230.



departnents and agenci es, 3) provi des recomrendati ons for resol ving
any conpatibility conflicts that nmay exist in the use of the

frequency spectrum and 4) recomrends changes to pronote spectrum
efficiency and i nprove spectrum nmanagenent procedures.

NTI A responsibility for item (3), above, sonetinmes requires that
NTI A personnel perform diagnostic neasurenents and tests at
| ocations where radio frequency interference (RFl) is reported,
when such interference appears to invol ve Federal Governnent radio
syst ens. The purpose of such tests and neasurenents is to
determne the physical nmechani sns  that may be causing
el ectronagnetic conpatibility (EMD probl ens between systens. The
determ nation of these mechani sns then | eads to recommendati ons by
NTI A personnel of technical solutions to the observed EMC probl ens.

This report describes a set of measurenments and tests performed by
NTI A and other personnel at a restaurant near the Bath |ronworks
(BIW at Bath, Maine during June 30-July 2, 1997. Bl Whbuilds Navy
ships, and sone testing of Navy radars is performed at BIWin
connection with the shipbuilding activities. CQurrently, AEG S
(AN'SPY-1) radars are tested at BIW A nei ghbori ng restaurant that
operates a television receive-only (TVRO system has conpl ai ned
that the shipborne radar test operations are interfering with its
TVRO signal reception, and has asked for an anal ysis and possibl e
solution to the problem

These tasks were perfornmed in response to an ongoi ng interference
probl em between U.S. Navy radiol ocation systens (radars) operated
at BIWand a private-sector earth station operator whose facility
is located directly adjacent to the BiWfacility. |In this report,

the neasurenents and tests at Bath are described, the results of

the data analysis are sumarized, and technically feasible
solutions to the interference probl emare proposed.

1.2 Authority

NTI A mai ntai ns and operates the Radi o Spectrum Measurenent System
(RSVM5), and derivative, air-transportable measurenent systens
called suitcase neasurenent systens. The RSMS and derivative
suitcase systens are under the admnistrative control of the
Drector of the Institute for Tel ecomuni cation Sciences (ITS).

The Deputy Associate Admnistrator of the Ofice of Spectrum
Managenment (OBM is responsible for neeting the spectrum
nmeasur enment requirements of NIlTA as transmtted to him by the
Associ ate Admnistrator of OBM  Spectrum neasurenent activities

Organi zations that participated in these tests and neasurenents
included: NTIA US Navy, Illinois Institute of Technol ogy
Research Institute (11 TR), and Lockheed Marti n.



are authorized by the Deputy Associate Admnistrator of OSM in
consultation with the Drector of ITS. Federal agencies wth
spect rum nmanagenent probl ens can request support of the RSMB and
derivative suitcase neasurenment systens through the Deputy
Associate Adm nistrator of C8M An NIl A/ I TS suitcase neasurenent
systemwas used for the neasurenents at Bath.

1.3 Major bjective

The nmaj or objective of the neasurenents and tests perforned at Bath
was to determ ne the mechani smby which interference is occurring,

and to recomrend technically feasible solutions to the interference
problem Technical feasibility of a solution does not necessarily
mean that the solution will be considered to be practical or
desirable from a standpoint of cost or other non-technical
considerations; it only nmeans that the solution wll work under the
[imts of known laws of physics and current state-of-the art
know edge of electrical engineering principles. Qur purpose in
performng the tasks at Bath, performng analysis of the data from
Bath, and in witing this report is to set forth all possible
technical solutions that neet these criteria. The parties to the
interference problem nay use these recomrendations to attenpt to
resolve the interference problemon a technical basis.

1.4 Approach
Radar spurious emssions fromthe type of radar operated at BIW

have previously been neasured by NTIA personnel [2], and have been
found to neet the Radio Spectrum Engineering Citeria (RSEQ

emssion nmask [1, Part 5]. In addition, the radars at Bl Woperate
under the control of software that prevents radar nmai n beam energy
from directly illumnating buildings and other structures,

including the earth station, at Bath. Thus, the work at Bl Wwas
devoted to determning the mechanisns by which interference was
occurring at BIW

Prior to the neasurenents, a test plan was devel oped by NIIA
personnel at ITS and GBM The plan was finalized prior to the

SReferred to technically as in-port adaptation data for high-
power radiation, and described nore infornally as cut-outs, the
radar operations are restricted by NO RAD ATE zones and angl es
that are, in effect, a database of infornati on on objects near
the BlWfacility. The radiation-limt zones are tailored to the
specific pier at which a ship’s radar is transmtting. Radar
control software constrains objects in the cut-out database,
including the Bath earth station, frombeing directly illum nated
by radar mai n beam energy.



measurenents, and four najor sets of neasurenents and tests were
devel oped and described in the plan. These four tasks were deened
necessary and sufficient to achieve the nmajor objective described
in 1.3, above.

The measurenents and tests were perforned by personnel from NTIA

the Bath Ironworks COfice of the Supervisor of Shipbuilding
(Supshi ps), and Lockheed Martin, the conpany that produces the
radars operated at BIW A witten data log was naintained in a
bound not ebook during the measurenents and tests by NIl A personnel,

and data results of the neasurenents and tests were recorded in
electronic files on a laptop conputer. The electronic file data
were subsequently analyzed by ITS in Boul der, QGO The | aptop
conputer was also the controller for the suitcase neasurenent
system

At the conclusion of the neasurenents and tests at Bath, on July 2,
1997, it was agreed that a report on the results of the
measurenments and tests woul d be prepared by ITS. The report woul d
describe and summari ze the neasurenents and tests, the results of
the data analysis, and the conclusions and recomrendations for
interference mtigation that would result fromthe NTIA anal ysis.

2. VEASUREMENTS AND TESTS
2.1 Introduction

As described in detail below the neasurenents and tests conducted
at Bath were intended to explicate clearly the interference
nmechani sns that were occurring, and hence the options that woul d be
avai l able for interference mtigation by technical neans. The
measur enent systemwas provided by NTIAITS, and consisted of the
foll owi ng maj or equi pnment and software el enents:

1) Hew ett Packard 8563E portabl e spectrum anal yzer;

2) I1TS designed RF front-end, containing 0-70 dB attenuator, YIG
and bandpass presel ection, and | ow noi se preanplification ;

3) Pentium |aptop conputer operating |ITS-witten nmneasurenent
software for acquiring spectrum data, tinme waveforns, and
related data required to produce anplitude-probability pulse
data results;

4) EM2O nodel 3115 dou bl e-ridged wavegui de horn ant enna;

5) phenolic antenna tri pod;

6) m scell aneous connectors, cables, attenuators, and filters.



The earth station consists of the foll ow ng conponents:

1) Four dish antennas, 9 ft. dianeter, nounted on the r oof of the

operator’s building, at a height of about 20 ft above the
ground at the center of the antennas. Three of these dishes
are receiving objectionable levels of interference on digital
channel s;

2) An RF front-end on each of the operator’s antennas , consisting

of a feed horn, a 3700-4200 Mz bandpass filter (intended to
reject radar signals in the 3100-3700 MHz radi ol ocati on band,

and thus prevent front-end overload fromoccurring in the earth
station system), and a | ow noi se bl ock downconverter (LNB) that

provides |ownoise preanplification of the satellite
transponder signals, followed by downconversion of the
transponder signals to the 950-1450 MHz band.

3) A length of coaxial line sufficient to connect each antenna

front-end to the receiver room downstairs in the operator’s
est abl i shnent ;

4) Signal splitters in the receiver room that provide severa
outputs for each antenna coaxial |ine;

5) A set of receivers that process the transponder signals and
produce outputs that are sent to television sets in the
est abl i shnent .

The earth station operator’s systemconfiguration is a television
receive-only (TVRO for transponder signals originating on
geosynchronous satellites. The operator receives signals from
several satellites. Mbst of the tests and neasurenents were
perfornmed through the system that has evidenced the worst EMC
problens; this is satellite &, vertical feed. The other earth
station satellite feeds experience simlar, but sonewhat |ess
severe problens. & probably experiences the worst problens due to
its | ow pointing angl e above the hori zon.

Four major tasks were identified and described in the test plan,
and these were carried out at Bath. 1In this Section, each of these
objectives is described, and the analyzed data results are
pr esent ed.

“The LNB out put frequency range of 950-1450 Mz can be converted
to RF signals in the 3700-4200 Mz satel lite transponder band by
the followi ng equation: f , = -(f - 5150). Therefore, 1450 MHz at
the LNB out put equates to 3700 MHz, and 950 MHz at the LNB out put
equates to 4200 M.



2.2 bjective 1: Determ nation of the Possible Presence of Direct
Case Penetration by the Radar Em ssions

ojective 1 Description : (bjective 1 was designed to determne
whet her the interference coupling mechani smwas occurring via the
earth station antenna or via direct case penetration of the earth
station receiver, or whether both interference nechanisns were
present. This determnation is crucial to further determning what
interference mtigation options may reasonably be expected to be
successf ul

To neet this ojective, it is necessary to performthe follow ng
t asks:

a) (bserve the interfering signal in the earth station receiver at

the IF stage (70 MHz), the detected video stage, or sone equi val ent

post - RF receiver stage. The radar shoul d be operating at nmaxi num
power and in an operational band that has been previously
determned to produce the nost severe interference.

b) Wile the interfering signal is being observed in the receiver,

di sconnect the earth station antenna and replace it with a 50-ohm
or 75-ohm (dependi ng upon cabl e i npedance) dummy | oad.

c) (bserve the effect, if any, in the receiver stage that is being
monitored. If no interference is observed, then the coupling nmust

be through the antenna. |If the interference persists, then the
interference is being coupled via case penetration. It will then
be necessary to determne whether the coupling is occurring in the
LNB or in the receiver inside the restaurant. This determ nation
w Il be perforned by exam ning the outputs of individual parts of

the earth station receiver (e.g., the output of the LNB). A
spectrum anal yzer operating in the +peak detector node, at O-Hz-

span, wll be used for these observations.

Note that, if (bjective 1 results indicate that case penetration is
occurring, alternative nethods of mtigating case penetration nust
be addressed, and results of the follow ng (bjectives (bel ow may
not be meani ngful .

Performance of (bjective 1 Measurenents and Tests : Measurenents
were perforned as described above to determne if interfering
signals were being coupled into the earth stations receiver via
direct case penetration. These neasurements were conducted in two
phases: 1) via case penetration through the system front-end
conponents (RF filter and | ow noi se bl ock (LNB) downconverter), and
2) via case penetration through the receiver. The phase one
neasur enents were conducted by di sconnecting the RF filter fromthe
antenna port and placing a 50 ohm load on the input to the RF
filter. The output of the LNB was observed using a spectrum
anal yzer to observe if any radar signals were exceeding the LNB
i nherent noise |level. The spectrum anal yzer was set for the + peak
detector node. There were no test points in the digital receivers




to observe case penetration in the receiver unit. For these tests
it was desirable to radiate the nmaxi num radar signal |evel
Therefore, the AEGS radar at pier 1 was used and the radar was
operated in the high power node, bands 1 through 10.

In the course of the neasurenents, it was observed that the earth
station LNB front-end gain appeared to be about 25 dB in excess of
what was required for optinmal station operation. To test this
hypot hesi s, we added an experinent in which we inserted attenuation
into the earth station systemat the receiver input. Attenuation
val ues of 10 dB, 13 dB, 16 dB, 20 dB, 23 dB, 26 dB, 30 dB, and 40
dB were inserted, and performance was checked as a function of
t hose attenuation val ues.

(bjective 1 Data Analysis and Resul ts: Figure 1 (VFR 001: 001: 001)
shows the satellite transponder band for satellite & (vertical) as
received through the systemis front-end LNB and input to the
receiver. This measurenment was produced by attaching the NTIA
spectrum analyzer to one output of an earth station signal
splitter, while another splitter output fed the sane signals to a
recei ver box. Thus, this neasurement shows the same spectrum
features as are routed to the earth station receiver. The noise
fl oor displayed, at about -65 dBmto about -73 dBm represents the
i nherent noise of the front-end LNB. Therefore, the LNB s inherent
noi se level is the limting inherent noise for the entire system
The peaks in the neasurenent are the satellite transponder
signal s.

Figure 2 (VFR 001:001:008) shows the LNB output inherent noise
| evel over the frequency range of 950-1450 M#z. To elimnate the
satellite transponder signals from the receiver, the satellite
antenna was directed away fromthe satellite (&, vertical), and
down toward the horizon. The noise displayed in this scan is
generated by the satellite earth station LNB output on this
antenna. Note that the noise level in this nmeasurenent is about 5
dB hi gher than was observed when the antenna was directed toward
the satellite.

In Figure 3 (VFR 001: 001: 009), a 50-ohm Il oad term nati on has been
attached to the LNB i nput, effectively isolating the LNB i nput from
the outside world. Wth this termnation in place, the radar was
operated at pier 1 of the BIW This figure shows the LNB out put
nmeasured when the radar at pier 1 was radiating in the high power
node, radar bands 1 through 10. The figure shows signal levels in
the order of 10-13 dB greater than inherent LNB output noise in the
1250- 1450 Mz (corresponding to 3700-3900 MHz) frequency range.
Since the neasurenments were nmade with the spectrumanal yzer in the

+ peak detector node, this equates to I/ N | ratios of 22-25 dB

®This designates to the volune, file, and record of the origina
data, as recorded in the ITS electronic file structure.



Therefore, the nmeasurenents showed that the high signal |evels of
the AEG S radar caused case penetration in the receiver front-end
(which consisted of an RF 3700-4200 MHz bandpass filter and the
LNB). (See 2.1, above, for description of the earth station RF
front-end.)

To further isolate the Ilocation where the front-end case
penetration was occurring, additional nmeasurenents were nmade with
the 3700-4200 Mz RF bandpass filter renoved. That is, the
nmeasurenents were performed with the dummy | oad connected directly
tothe LNBinput. Figure 4 (VFR 001: 001: 011) shows the LNB out put

with the earth station front-end RF filter renoved, and with the
AE@ S radar at pier 1 radiating in the high power node, radar bands
1 through 10. Since Figure 4 is nearly identical to Figure 2,

with only a few spi kes above the inherent LNB noi se | evel, forcing
the conclusion that the case penetration was occurring nostly as a
result of the presence of the RF filter. Conparison of Figures 3
and 4 indicates that case penetration was not occurring directly
t hrough the dummy load inserted to performthese tests since the
figures show no simlarity in signals that appear above the LNB
i nherent noi se | evel.

There was no easily accessible test point in the receiver to test
for receiver case penetration. However, the receiver roomin the
restaurant was down in the basenent, which should provide
substantial additional shielding. On that basis, it was concl uded
that case penetration directly into receiver units inside the earth
station was unlikely.

In contrast to the | evels of case penetration observed in Figure 3,
Figure 5 (VFR 001:001:014) shows the level of radar emssions
measured at the LNB output when the antenna was reconnected.
Figure 5 neasurenents were nmade when the radar was operating inits
hi gh power node, at the nearest pier (pier 1), in all of its bands
(bands 1-10). Peak radar levels in the receiver were neasured at
-20 dBm as conpared to peak levels of -48 dBm when the only
coupl i ng nechani smwas case penetration. This difference of 28 dB
inmplies that, although case penetration needs to be addressed
(probably by inproving the grounding in the earth station RF
system see Conclusions, below the radar energy that is coupled
into the earth station via the antenna feed is al so a maj or probl em
that nust be addressed if the interference problem is to be
effectively mtigated.

It is inportant to note, however, that all the neasurenents
performed when the antenna was either directed away from the
satellite with the feed connected (Figure 2), or when the feed was

di sconnected and a dummy |l oad inserted in its place (Figures 3-4)

all show LNB out put noise levels that are 5-8 dB H GHER t han were
observed when the antenna was ainmed at the transponder signals on
satellite &. This difference is illustrated in Figure 6, which
graphs the curves of Figures 1 and 4 together. If the



environnental tenperature is assumed to be 290 K, and if the noise
tenperature of the LNBis 25 K then the total noise tenperature of
the LNB device is 315 K Attaching a 50-ohm|oad at a tenperature
of 290 K to the LNB input will thus result in an overall noise
power increase of 10 | og(((290+25)+290)/(290+25)) = 2.8 dB in the
LNB output noise level. This, indeed, is the difference between
the noise level in Figure 2, where the antenna has no |oad
connected, and Figures 3-4, where a load is connected. Thus, there
is a residual 5 dB of LNB output noise decrease that cannot be
accounted for. The only known effect that can cause such a
decrease in noise output when the antenna is directed at the
desired signal is gain conpression due to overload by the desired
signal. The conclusion is that this LNB may well be operating a
gain level that is higher than required to adequately receive the
transponder signals, and is in fact so high that the transponder
signals are thensel ves overloading the LNB front-end, resulting in
gai n conpr essi on

It is also observed that the peak-detected LNB noi se output |eve

(at the earth station receiver input) of approximately -54 dBmto
-64 dBmin a 1- Mz nmeasurenent bandwi dth (Figure 4) significantly
exceeds the | evel of noise produced by thernal electrons (simlarly
peak-detected and neasured in a 1-Miz bandw dth). That inherent
noise level (at 290 K) is -174 dBmHz, plus 60 dB (for 1 Mt
bandwi dth), plus 10 dB (for peak detection), for a total of -104
dBm The difference between -104 dBmand -54 to -64 dBmis 40-50
dB. Since nost earth station receivers (that is, the signal-
processi ng boxes) have noise figures of only about 10-20 dB (as
opposed to the | ownoise RF front-ends, which usually have 0.5-dB
noi se figures), this inplies that the earth station operator is not
only gain-conpressing his RF front-end with his desired transponder
signals, but also nay be using about 20 dB nore gai n than necessary
in the LNB on the & system (This value is conputed by
subtracting a nmaxi num 20-dB recei ver noi se figure froma m ni num of
40 dB of LNB out put noise at the receiver input.)

To test the hypothesis that the front-end was bei ng operated with
about 25 dB nore gain than necessary, we added an experinment in
which we inserted attenuation into the earth station systemat the
receiver input. Attenuation values of 10 dB, 13 dB, 16 dB, 20 dB,
23 dB, 26 dB, 30 dB, and 40 dB were inserted, and perfornmance was
checked as a function of those attenuation values. The result was
that, with up to 20 dB of attenuation inserted at the receiver
input, no noticeable degradation in the television pictures was
not ed. At 23 dB, sone nenbers of the team thought that the
pi ctures were degraded. At 30 dB, definite degradation was
observed, and at 40 dB, the pictures were lost entirely. These
results again indicate that the earth station front-end LNB, at
| east of the G system is using about 20 dB too nuch gain.

The summary result of the (bjective 1 neasurenents, tests and
analysis was this: Case penetration at the LNB does exist at |ow



levels, and may well be present in conjunction wth the
installation of the 3700-4200 Mz RF bandpass filter at the LNB
input. However, the coupling levels are substantially | ower (28 dB
lower) than the levels coupled via the antenna feed. Thus, the
problem of case penetration can be discounted as a ngjor
interference coupling nechanismfor this earth station. However,

steps to mtigate case penetration nmay be necessary. 1In general,

case penetration can be reduced by inproved connections to ground,

and this needs to be done by the earth station operator to reduce
the case penetration. It was the view of the Bath Test Teamt hat

mtigation of front-end case penetration would be easier with a
conical horn antenna than a dish antenna since there is nore
flexibility in options to reduce the case penetration w thout
di sturbing the nain beam antenna pattern and gain.

However, the neasurenents also indicate that the LNB front-end is
operating a gain level that is substantially higher (by about 20
dB) than is probably optinal for this earth station. The excess

gain will cause the earth station to be nore susceptible to
interference than if it were optimzed in accordance w th standard
electrical engineering principles for receiver design. (See

Section 3, Conclusions, for further discussion of this problem and
how its correction may assist in mtigating the interference
effects of the radar operation.)

2.3 njective 2: Measurenment of the Anplitudes of Radar Pul ses and
of Pul se Anplitude-Probability Distribution in the Earth Station
Recei ver

(bjective 2 Description : a) Determne the anplitudes of the radar
signals that are occurring in the earth station receiver, relative
to either the earth station receiver inherent noise ((I1+N)/N) or
the anplitude of the desired signal ((Ctl)/1), nore conventionally
witten as (I/N) and (C1). Determnation of one or both of the
these ratios is critical to determning the amount of suppression
of the radar signal that wll be required to mtigate the
i nterference. Note that these ratios are physically meani ngfu
only if the interference is determned to be occurring via coupling
through the earth station antenna. Consideration of the independent
variabl es of ship location and crane position will be included.

b) Measure nunber of pul ses per second exceeding threshold(s), to
determne the distribution of pulses in tine.

To neet this ojective, it is necessary to performthe follow ng
t asks:

a) Wth the radar operating in a node that has been determned to
produce the nost objectionable interference, the interference wil

be nonitored in the receiver input to determne the I/N and |
ratios that are occurring. These ratios wll determne the anount



of reduction that nust be achieved in radar signal level in the
receiver circuitry to elimnate interference. The carrier and
interference signal levels will be neasured as a function of
nmeasur enent bandw dth, so that extrapolations up to bandw dths
wi der than 3 MHz (the maxi num I TS nmeasur enent system bandw dt h) can
be perfornmed. Consideration of the independent variables of ship
| ocation and crane position wll be included.

b) Time scans will be recorded, and nunber of pul ses occurring
above a threshold (or several thresholds) per unit tinme wll be
det er m ned. A spectrum analyzer wll be wused for these

measurenents (0-Hz span node, +peak detector, DA stepped node
program spectrum anal yzer tuned to worst channel, as determned in
(a) above or fron.

Performance of bjective 2 Masurenents and Tests: The tine

waveforns of the radar pul ses at the receiver input for satellite
& were neasured while television progranmm ng was simnultaneously
viewed, so that correlation of radar pul se densities could be nade
with the quality of the television displays. The tinme waveforns
were recorded in 50 ns segnments, each segnments being recorded as a

separate record. Twenty such records were produced for each
conbi nation of radar power |evel, radar |ocation, and radar band
selection that was tested. These 20 records for each radar

permutation were later analyzed to produce anplitude-probability
distributions (APD) which could be correlated with television
picture quality. By conparing the APD for the worst case to the
APD for the case where interference first becanme noticeable, it was
possible to determne the reduction in coupling levels that will be
necessary to elimnate the interference.

Maxi mum radar interference was achi eved by operating at pier 1, in

hi gh power node, in radar bands 1-10, as shown in Figure 5. In
this operational node, the radar caused a bl acked-out television
screen in the TVRO In later tests, the earth station was

conpl etely di sabl ed by operating the radar at pier 3 in high power
node, bands 8-10. APD data were taken while the radar was at pier
3, at a frequency of 1313 ME in the IF (corresponding to 3837 M
RF frequency). The nmaxi num anplitude at 1313 MHz when the radar
was in high power, bands 8-10, at pier 3 was the sane as when the
radar was at pier 1, high power, bands 1-10. In both cases, -32
dBm was the maxi num pul se anplitude at the earth station

The data taken when the radar was operated at pier 3 (and which
were |ater converted into an APD curve) are shown in Figure 7
(VFR 001: 001: 024-043). QG her conbinations of radar band sel ection,

radar location, and radar power |level were tested, until a

®This inplies that future tests can be run at pier 3 as readily
as at pier 1.



conbi nation was found that produced effects that were deened by
television viewers at the earth station establishnent to be just at
the threshold of interference. This conbination of paraneters was:
pier 3, |low power node, bands 8-10. This APD curve is shown in
Figure 8 (VFR 001: 001: 071-090).

(bj ective 2 Data Analysis and Results: Figure 7 (VFR 001: 001: 024-
043) shows the APD for the worst-case condition that can be
generated at the earth station |location. Figure 8 (VFR 001:001: -
71-090) shows the APD for the threshold at which interference
appear s/ di sappears. The difference, in decibels between these two
APD curves (maxi numpul se anplitudes in Figure 7 vs maxi mum pul se
anplitudes in Figure 8) is the difference that nust be achieved in
coupling levels to mtigate the interference. This difference is
20 dB.

2.4 bjective 3: Determnation of the Exi stence of and Direction-
of -Arrival of Signals from Navy Radars

(bjective 3 Description : Determne the existence of and direction-
of-arrival of signals fromMNavy radars. This information wll be
necessary in determning the directions from which the maxi mum
attenuation of the radar signal nust occur.Consideration of the
i ndependent vari ables of ship |location and crane position will be
i ncl uded.

To neet this hjective, it was necessary to performthe foll ow ng
t asks:

Wth the radar operating in a high-power node, a directional
antenna was used to determne the direction(s) from which high
incident field levels originate, relative to the pointing direction
of the earth station antenna. The nethodol ogy was to nove the DF
antenna +/-15 degrees in azinmuth/elevation relative to the nornal
pointing direction of the earth station, and also to DF in other
sectors, as determned by inspection of the site. The direction-
finding was perforned while taking a 0-Hz span neasurenent on a
spectrum anal yzer. The spectrum output was nonitored for any
signals within the DF antenna scan cone that exceed the anplitude
measured along the earth station antenna axis. The antenna w |
then pointed directly at the radar, and the |evel was observed.
This woul d indicate whether or not radar signal nmultipaths were
occurring within the main sidel obes of the earth station antenna.
Consi deration of the independent variables of ship |ocation and
crane position was included in this task.

Performance of ((bjective 3 Masurenents and Tests: These
nmeasurenents were performed wth an EMXO 3115 double-ridged
wavegui de horn antenna. The antenna was used to neasure received
radar signal level as a function of azimuth for |ocations on the
roof (adjacent to the existing earth station antenna positions),




and in the parking lots on the north and south sides of the earth
station establishnent. The horn was al so used to neasure radar
signal anplitudes when ained at the sky, in the direction of the
earth station antennas. The data were recorded as tine wavef orns,
in 50 ns segnents. The radar was operated at pier 1, high power,
bands 1-10. Thus, these APDs represent the worst-case interference
that can occur at the earth station |ocation

Scans perforned on the rooftop from azi nuths of 150 °to 255° in

increments of 15 °, which included the radar azinuth at pier 1, as
well as the azimuths of the |arge shipyard cranes. The resulting

APDs for these scans are shown in Figure 9. Scans were also
performed on the line-of-sight of the earth station antennas to

satellites G3, &5, and &. The APDs fromthese scans are shown in

Figure 10. The APD for the direction of the shipyard cranes is

shown in Figure 11

APD results for the north parking lot next to the earth station

building (135 ° to 240° azimuth) are shown in Figure 12. APDs from
scans in the sane parking lot, at the northwest corner of the |ot

(105°-225° azinmuth), are shown in Figure 13.

APD results for the south parking |ot neasurenents (150 °-240°
azimuths) are shown in Figure 14. Line-of-sight APDs for satellite
&, &B, and & are shown in Figure 15.

hjective 3 Data Analysis and Results: For the rooftop

nmeasurenments, the APD curves for azimuths of 150 °-255° (Figure 9)
all have essentially the same shape, and the maxi num deviation
between the curves is only about 8 dB. This indicates that the
pul se environment changes very little as a function of azimuth for
an antenna on the rooftop. The pul se environnent | ooks al nost the
sanme when the antenna is pointed in the direction of the ship at
pier 1 as it does when ainmed alnost directly away fromit. This is
not surprising, as the radar at pier 1 (and also at piers 2 and 3)
does not illumnate the earth station via direct |ine-of-sight, but
rather indirectly, due to structures that are located directly
between the radars at piers 1-3 and the earth station.

The inplication of this result is that the pulses reaching the
earth station antennas on the rooftop are being diffracted around
structures that lie directly on the line-of-sight between the earth
station and the radars, and that the pul ses are al so scattered of f
the buildings and structures in the area, and then into the earth
antenna si de | obes and back | obes. Indeed, the environnent around
the earth station is extrenely cluttered in terns of being
surrounded by buil dings, shipyard cranes, and a |arge bridge. A
these structures exceed the earth station in height.



The effect is the same as if the earth station were rather
uniformy illumnated fromall directions by radar pul ses. Because
the nmain beans of the earth station antennas are ai ned skyward, and
do not intersect terrestrial objects, coupling of radar pul ses into
the nmain beans of the earth station antennas does not occur.

As for the results of the neasurenents in the earth station parking
lots, sone reductions in the APD curves did occur, especially when
the test antenna was ained in the sane direction as the earth
station antennas. When pointed in the direction of the earth
station antennas in the north parking lot, the reduction in the APD
curve was about 5 dB. The reduction observed for the south parking
lot (Figure 14) was 8-10 dB, on the azinuths of the earth station
ant ennas.

For a reduction of 20 dB in sidel obe and back | obe coupling |evels,
sinply noving the antennas into one of the parking lots will not be
sufficient to solve the problem However, the 5-10 reduction in
coupled signal levels in the parking |lots may be of use in other
mtigation schenmes, such as conical horn antennas (see Section 4,
Technical Mtigation Options).

2.5 bjective 4: Additional Testing for Presence of Front-End
Overl oad at the Navy Radar Fundanmental Frequencies

(bj ective 4 Description: Because it is understood that interference
has persisted after installation of a 3.7-4.2 G4 bandpass filter
on the earth station RF front-end, it nmay be desirable to perform
additional tests to examne the interference coupling nechani sm
As time permts, perform tests to determne whether front-end
overload or spurious radar emssions are the source of the
interference problem These tests would be conducted in accordance
wi th procedures described in an NIl A Report [3].

To neet this ojective, it is necessary to performthe follow ng
t asks:

Perform tests for interference coupling mechanism in accordance
with the descriptions in the NITA Report 94-313, “Analysis of
El ectromagnetic Conpatibility Between Radar Stations and 4 G&
Fi xed-Satellite Earth Stations,” or by observing the earth station
carrier level at the LNB output with the interference turned off
and on. Test equi pnent includes a spectrum anal yzer and a digital

oscilloscope. A 3.7-4.2 Gz filter will be present in the front-
end of the earth station for this test. The sinplest nmethod wl |
be to observe the desired carrier level with a spectrumanal yzer in
a 0-Hz-span, +peak detector node, while the radar is turned off,
and again when the radar is turned on. A decrease in carrier |eve

with the radar on will indicate the presence of front-end overl oad
in the receiver



If front-end overload is observed, the reduction in radar signa
level required to mtigate the front-end overload condition will be
determned as follows: The earth station front-end filter wll be
di sconnected fromthe LNB, and the NTI A neasurenment systemw || be
connected to the output of the RF front-end filter. The anplitude
of the radar will then be neasured at the output of the earth
station RF filter. This anplitude wll be conpared to the
theoretical value of the overload threshold for the LNB (see NTIA
Report 94-313, page 11). The difference between these val ues wil
be the suppression required on the radar signal to prevent front-
end overload in the earth station receiver

Performance of (bjective 4 Measurenents and Tests : Measurenents
were performed to determne if the AE@ S radar signals coul d cause
receiver front-end overload even with the RF filter installed ahead
of the LNB. Both the radar fundanental and in-band spurious
em ssions (3700-4200 MHz) were investigated for the potential for
receiver front-end overload. (bservations for the potential for
receiver front-end overload were limted to the LNB output since
there was no IF test point available at the back of the receiver
units. Therefore, a single video digital channel could not be
observed conplicating the verification of receiver front-end
over | oad. Also, a digital oscilloscope was not available to
capture and retain single sweep in tine of the radar fundanenta
and LNB out put.

Measurenents were nmade fromthe rooftop of the restaurant using the
horn antenna and neasuring the AEG S signal level in the 3700-4200
Mz band. The AEA S radar was operating frompier 3 in the high
power node, bands 8 through 10. Figure 16 (VFR- 001:010:031)
nmeasur enent s.

(bjective 4 Data Analysis and Results : The potential for receiver
front end overl oad was cal cul ated using the data in Figure 16 and
calculating the receiver power (P ) at the earth station antenna
i nput :

P = -53 dBm @3725 MH#z in a 1 Miz bandw dth
Correcting for the horn antenna gain, 12 dB, the receiver power is

Pr

-65 dBmin a 1 Mz bandwidth for a 0 dBi antenna gain

P = -41 dBmfor a 250 Miz bandw dt h

The LNB saturation level is given by:

S = +10 dBm- G = +10 dBm-60 dB = -50 dBm

Therefore, calculations show the potential for interference to

occur via the coupling mechanism of receiver front-end overl oad
fromthe radar spurious emssions in the 3700-4200 Mz band. This



was not verified through neasurenents due to the difficulties
di scussed above. Since the AEG S signal was calculated to be only
9 dBinto saturation, the conical horn reflector should attenuate
the radar signals sufficiently to mtigate any front-end overl oad.

3. CONCLUSI ONS

Based on the results of the neasurenents and tests at the Bath,
Mai ne, earth station |ocation, the foll ow ng technical conclusions
have been reached:

1)

2)

3)

4)

Case penetration at the LNB does exist at I/N |levels of 22-25
dB, and may be present in conjunction with the installation of
the 3700-4200 Mz RF bandpass filter at the LNB input.
However, case penetration coupling levels are substantially
lower (28 dB lower) than the levels coupled via the antenna
f eed. No case penetration is occurring directly into the
recei ver boxes inside the earth station building. However
steps to mtigate case penetration may be necessary. Case
penetration can be reduced by inproving the grounding of the RF
system (LNB or RF filter) in the earth station. It was the
view of the Test Team that mtigation of front-end case
penetration would be easier with a conical horn antenna than a
dish antenna since there is nore flexibility in options to
reduce the case penetration w thout disturbing the main beam
antenna pattern and gain.

The nmeasurenents i ndicate that the LNB front-end(s) is/are
operating at a gain level that is substantially higher (by at
least 20 dB) than is optinmal for this earth station. The
excess gain causes the earth station to be nore susceptible to
interference than if it were optimzed in accordance wth
standard el ectrical engineering principles for receiver design.
This gain should be optimzed in accordance wth the
instructions included in the earth station docunentation [4].
See Extended Comments on Concl usion 2, bel ow

Based on the difference between worst-case APD and interference
threshold APD curves, the difference that nust be achieved in
coupling levels to mtigate the interference is 20 dB. See
Section 4 for technical mtigation options that should provide
this |l evel of decoupling.

The pulses reaching the earth station antennas are being
diffracted around structures that lie directly on the |ine-of-
sight between the earth station and the radars, and the
interference pulses are also scattered off the buildings and
structures in the area, and then into the earth antenna side
| obes and back | obes. The environment around the earth station
is extrenely cluttered in terns of being surrounded by
bui | di ngs, shipyard cranes, and a |arge bridge. The effect is



the sane as if the earth station were rather wunifornmy
illumnated from all directions by radar pulses. Thus, the
radar pul ses are coupling into the earth station antennas via
the side |obes and backl obes of those antennas. Because the
mai n beans of the earth station antennas are ai ned skyward, and
do not intersect terrestrial objects, coupling of radar pul ses
into the main beans of the earth station antennas shoul d not
occur.

5) Sonme reductions in the APD curves do occur in the parking lots
adjacent to the earth station building, especially when the
test antenna was ainmed in the sanme direction as the earth
station antennas. Wen the test antenna was pointed in the
sane direction of the earth station antennas, but was | ocated
in the north parking lot, the reduction in the APD curve
relative to the rooftop was about 5 dB. The reducti on observed
for the south parking lot location relative to the rooftop
|ocation was 8-10 dB, on the azinmuths of the earth station
ant ennas.

6) For a reduction of 20 dB in sidel obe and back | obe coupl
| evel s (as indicated by Conclusion 3, above), sinply noving the
antennas into one of the parking lots will not be sufficient to
solve the problem However, the 5-10 reduction in coupled
signal levels in the parking lots nay be of use in other
mtigation schenmes (see Section 4).

7) Calculations show the potential for interference to occur via
t he coupl i ng nechani smof receiver front-end overload fromthe
radar spurious emssions in the 3700-4200 M band. This was
not verified through mneasurenents due to the difficulties
di scussed above. Since the radar signal was calculated to be
saturating the receiver by 9 dB, attenuation of the radar
signals by 9 dB or nore should be sufficient to mtigate any
front-end overload that may still be occurring.

ng

Ext ended Comments on Concl usi on 2: The nost critical paraneters for

any receiver systemfront-end are the gain and the noise figure.

The noise figure is usually nmade as | ow as possible, limted only
by the economc trade-off of |ower noise figure vs. the m ninum
signal level that wll be present at the antenna output. The front-

end gain should be just sufficient to anplify the front-end noi se
to alevel at which it exceeds the inherent noise | evel (the noise
figure) of the receiver. At that point, the gainis optimzed, in
that any signal that is received above the noise level of the
front-end will be present in the receiver at the sane signal-to-

noise ratio (SNR) as was present in the RF front-end. To put it

anot her way, the optinumfront-end gain is just sufficient to make
the noise figure of the RF front-end the limting noise figure of

the entire system



If the gain of the front-end exceeds this optinmm value, no
additional inprovenent in the SNR will occur; no inprovenent in
recei ver performance wll be achieved. |In fact, the presence of
nore than the opti num anmount of front-end gain has a del eterious
effect: the dynamc range of the receiver systemis reduced. This
is because the saturation point of the system renmains the sane,
regardl ess of the amount of gain in the front-end, while the noise
| evel and the signal |evel produced by the front-end goes up with
increasing gain in the front-end. The effect is |like the floor of
a room being pushed up into the ceiling. The floor-to-ceiling
di stance represents the dynamc range of the system and increasing
gai n beyond the opti num val ue just squeezes that distance.

If dynamc range is conpressed too much, the dynamc range nay
becone so small that the presence of even relatively |owlevel
signals may result in enough signal power in the systemto cause
saturation to occur. Wien saturation occurs, the gain value of the
anplifier decreases, and the result is that the front-end-generated
noise in the receiver drops. It neans that the systemis being
driven into a non-linear type of operation, in which interference
effects are far nore likely to occur than they otherw se woul d.

Based upon the collected data and on the attenuator testing results
(described in Section 2, (hjective 1), we believe that sone front-
end saturation is occurring in the G systemat the earth station
due to excessive gain in the LNB front-end, and that excessive
front-end gain nay be exacerbating interference effects in the
earth station receivers, as well. The evidence for this saturation
is the decrease in the front-end noi se seen at the receiver input
when the systemis ainmed at the transponders.

Furthernore, the high gain value of the front-end LNB is apparently
reduci ng the dynamc range of the receiver boxes inside the earth
station building. The evidence for this is the fact that, at the
receiver input, the front-end noise output appears to exceed the
receiver noise figure by 20-25 dB, as indicated by the attenuator
tests that the teamperforned (see Section 2, (bjective 1).

| npl i cations of Using Excessive Gain in the Earth Station RF Front -

End: Wth regard to the existing interference at the earth station,
how does the apparently excessive gain of the front-end contribute
to the overall interference problem if at all? The presence of
too nuch gain in the front-end has two effects that can contribute
to the interference problem

1) By causing the LNB to saturate on even the desired transponder
signals, the excessive gain keeps the LNB anplifier in a
constant state of gain conpression. In this state, even
relatively lowanplitude interference pul ses can drive the LNB
anplifier into even deeper gain conpression, resulting in | oss
of signal at the receiver input that woul d ot herwi se not occur,



or would occur for shorter periods of tine if the gain in the
LNB were not so high.

2) Even if the LNB front-end anplifier escapes the anount of gain
conpression that leads to | oss of signal at the receiver input,
trouble can still occur in the receiver box inside the earth
station building. The receiver is itself nade nore susceptible
to the interference because its available dynamc range is
reduced by the excessive gain. This is because every
interfering pulse is 20 dB closer to saturating the receiver
than it would be if the LNB gain were opti mzed. Because every
pulse is 20 dB closer to saturation in the receiver, a much
| arger nunber of interfering pulses actually do hit the
saturation level than would hit that level if the LNB gain were
20 dB | ower.

But, given that the APDs neasured at the station show a w de
distribution of pulse levels to be coupling into the receivers,
why shoul d the high-level pulses be of special concern? The
answer is that nost of the interference effects are probably
bei ng caused by the highest-|evel pulses. Qur reasons for
inferring this are that the signals being processed by the
receivers are digital, and are being processed wth
Reed/ Sol onron forward error correction (FEC) coding wth
interleaving. |If the paranmeters provided in the earth station
manuals and by technical personnel at the manufacturer’s
facilities are correct , the FEC used at the earth station
shoul d be sufficient to restore the infornmation [ost fromAEQ S
radar pul sed interference. This has turned out, however, to not
be true at the Bath earth station; the radar interference
causes severe degradation to the station's tel evision outputs.
The solution to this paradox appears to be that the FEC is not
effective because the radar pulse levels are high enough to

‘Scientific Atlanta (S/A) and National Instrunents (N 1)
receivers are in use at the earth station. Both types use

Reed/ Sol onon FEC with interl eavers. The S/ A systens can correct
for up to 80 ps of lost data with a 5.5%duty factor, and the NI
systens can correct for up to 43 pus of lost data with a 4%duty
factor. The Navy radar should only cause 52 ps or |ess of data
to be lost during any radar pul se event; therefore, the S A
shoul d be capable of conpletely mtigating the interference, and
the NI receiver should show nmargi nal perfornmance for the 52-us
pul ses. But, at Bath, the radar is nornmally operated in a node
in which nost of the radar pul ses are substantially shorter than
52-ps, and usually less then the NI unit’s 43-pus limtation.
Thus, the NI receiver should performwell, but not as well as
an S/A receiver, at processing out the radar interference. The
paradox, then, is why do the receivers not performwell with the
FEC that they are known to utilize?



cause the IF stages (e.g., the receiver tuner section) in the
decoders to saturate, resulting in either stretching of the
radar pul ses or some other effects that disable the capacity of
the FECto restore the infornmation lost during the interference
pul se events. To put it nore sinply, the FEC appears to fail
due to effects generated by the highest-anplitude radar pul ses,
while probably adequately processing out the interference
effects of the lowlevel pulses. This inplies that mtigation
efforts at Bath nust focus on the elimnation of the highest-
anplitude pul se events in the earth station receivers, so that
the FEC can do its job properly on the renaining, |ower-
anpl i tude radar pul ses.

To test this hypothesis, a test was run in which attenuation
was inserted between the output of the LNB and the inputs to
two different types of receiver/decoder units. The degree of
performance degradation from radar pulses was significantly
reduced for one of the systens, indicating that |IF stage
saturation effects may be reducing the effectiveness of the FEC
to mtigate the radar interference. Therefore, a possible
solution to the EMC problemnay be to install a limter between
the output of the LNB and the input to the IF stage (see
Mtigation Qptions in Section 4, below. If the hypothesis
that saturation pulses are far nore likely to cause | oss of the
digital signal in the receiver than are the |ow anplitude
pul ses (which are nore likely to be processed out by the
receiver’s FEC) is correct, this loss of dynamc range only
creates a |larger nunber of saturation hits in the receiver, and
consequently a | arger of drop-outs on the television nonitors.

But, what about the automatic gain control (AGC) circuitry in
the receiver? Von't it conpensate for the excessive gain from
the front-end LNB? Unfortunately, the answer is No, because
the AGC can add gain if the signal level into the receiver is
too low, but it cannot go to |l ess than zero gain. The probl em
with this AGC Iimtation is this: To conpensate for the
excessive gain fromthe LNB, going to less than zero gain is
exactly what the AGC needs to do. This is what we did, in
effect, by adding the attenuators at the receiver input during
our (bjective 1 testing.

The bottomline to the LNB gain discussion is this: A though the
interference will not be entirely mtigated by optimzing the
front-end gain of the earth station LNB, the apparently excessive
amount of gain in the earth station front-end LNB is tending to
make the earth station nore susceptible to interference than it

8N\l 'so, to be effective, the AGC woul d have to respond within
m croseconds; in reality, the AGC response tine is much | onger
than this.



woul d ot herwi se be, and the front-end LNB gain shoul d be optim zed
as part of an additional attenpt at interference mtigation (see
Mtigation Qotions in Section 4, bel ow).

It should be noted that, as part of the User’s Manual docunentation
supplied with the earth station equipnent, there is an Application
Brief [4] that describes steps that the user should take if
interference occurs. The first expedient listed in that docunent
is to optimze the front-end gain at the LNB. The docunent
recommends doing this by inserting attenuators between the LNB
out put and the receiver input.

4. TECHN CAL | NTERFERENCE M TI GATI ON OPTI ONS

Technical feasibility of a solution does not necessarily nmean that
the solution will be considered to be practical or desirable from
a standpoi nt of cost or other non-technical considerations; it only
neans that the solution will work under the limts of known | aws of
physics and current state-of-the art know edge of electrical
engineering principles. Qur purpose in performng the tasks at
Bath, performng analysis of the data from Bath, and in witing
this report is to set forth all possible technical solutions that
nmeet these criteria. The parties to the interference probl em may
use these recommendations to attenpt to resolve the interference
probl emon a technical basis.

Prelimnary Mtigation Requirenment to Prevent LNB Case Penetration:
Regardl ess of any other technical mtigation options that may be
undertaken, Conclusion 1 (Section 3, above) requires that the earth
station operator undertake all practicable technical efforts to
ensure that the earth station RF front-end filter and LNB are
t horoughly and securely grounded. The earth station operator can
have this work done by a technical expert of his choosing.

The following mtigation options are avail able and are consi dered
to be technically feasible for this earth station. Pro and con
argunments are presented for each option.

Mtigation Qotion #1: Mowve the Earth Station Front-End to Anot her
Locati on. If the earth station front-end is noved far enough from
the current |location to achieve terrain shielding of 20 dB or nore,
the interference will be elimnated.

Pro: This solution wll unequivocally solve the interference
problem due to the radars at BIW provided that the new site
provides at |east 20 dB of RF attenuation of the Bl Wradar signals.

Con: Data fromthe front-end would have to be sent to the earth
station premses via a cable link, a nodem or sone equival ent
informati on channel. This option would obviously involve
substantial costs, including initial planning, engineering, and



mai nt enance costs. Earth station operations wll probably be |ess

convenient than they are now And, although this option wll

unequi vocal | y solve the interference problemdue to the radars at

BIW any new location always carries the risk that a new
interference source nay occur later at that |ocation

Mtigation Qption #2: Reduce the S del obes and Backl obes of the

Earth Station Antennas by 20 dB or More. | npl enentation of this
option will necessitate the replacenent of three existing earth
station parabolic dish antennas. The only antennas that wll
suffice to reduce the sidel obes and backl obes by at |east 20 dB are
coni cal horn antennas. The gain of conical horn antennas vs.
conventional parabolic antennas such as are being currently used at
the earth station is shown in Figure 17. [f the nmedian val ue

bet ween the conical horn W and the conical horn HH curves is used,
t he sidel obe and backl obe gain reduction relative to the parabolic

antenna exceeds 20 dB at off-axis angles of greater than 27 °.

Pro: Since there are no terrestrial scatterers observed to be

within the +27 ° angul ar range of the earth station antennas, this
solution wll alnost certainly work to effectively elimnate the
interference. Not only will the antennas have | ower sidel obe and

backl obe coupling levels, but their location in the parking | ot

(see Con, below wll provide them with another 5-10 dB of RF
shielding fromthe BIWradars. It was also the view of the Test

Teamthat mtigation of front-end case penetrati on woul d be easier

with a conical horn antenna than a dish antenna since there is nore

flexibility in options to reduce the case penetration w thout

di sturbing the nain beam antenna pattern and gain.

Con: As can be seen by examning the conical horn data in the
Appendi x, conical horns are neither small nor |ightweight. They
also are relatively expensive. A conical horn measures over 10
feet in dianmeter, and is on the order of 15 feet tall if nounted to
recei ve earth station signals.

The footprint size is inportant, because these antennas wei gh so
much that the present earth station roof will probably not support
one of these, much |less three: each antenna will weigh nore than
1,000 I b, and the nount will weigh over 500 Ib., for a total of
nore than 1,500 I b per antenna, or nore than 4,500 | b for a set of
four. Therefore, conical horns would have to be | ocated in one or
both of the parking |ots adjacent to the earth station buil ding.

Since each conical horn will effectively occupy about 10x10 = 100
sq ft of space, an array of three will occupy at |east 300 sq ft of
space in the parking lot(s).

The antenna nounting is also an issue, because the cheapest and
easi est nounting arrangenent is fixed-axis. That is, once the
conical hornis ained at a satellite, a magjor effort is required to
position it on a new satellite. And, unlike |ower-gain parabolic



antennas that can often acquire signals fromtwo satellites that
occupy adj acent locations in the sky w thout being slewed from one
to the other, a conical horn antenna nust be re-ained to acquire
signals fromanot her satellite, evenif it is adjacent in the sky.
Steerabl e nountings are avail able, but they weigh at |east 50%
nore than a fixed nmount, and they are considerably nore expensive,
utilizing such additional features as pivot joints and heavy-duty

not or s. It is not clear that any currently available antenna
positioning controllers for 3-meter parabolic dish antennas can
drive these nounts. If not, then a new set of antenna positioning

controllers will also have to be purchased.

Mtigation Qption #3: Attenpt to Use Existing Antennas in the

Parking Lot, with Front-End LNB Gain Properly Qptim zed. Thi s
option relies on the effect of front-end LNB gain optim zation
conbi ned with the nmeasured attenuation of the radar signals in the
parking lot to substantially mtigate the interference problem
The inplenentation is as follows: A parabolic dish antenna, either
one that is currently on the rooftop, or another one of the sane
size and electrical characteristics that is tenporarily provided by
the earth station operator’s technical expert, is tenporarily
installed in one of the parking lots. Wth the antenna install ed,
the dish is equipped with an LNB that produces enough output gain
to overdrive the receiver input, and no nore. l.e., it 1is
optimzed in accordance with recognized electrical engineering
principles. The earth station's technical expert can optimze the
gain by the foll ow ng nethod:

1) As described in the product Application Brief [4], verify that
the receiver is configured in the | ow gain node;

2) As described in the product Application Brief [4], insert
attenuator(s) BETWEEN the LNB output and the receiver input.
(The input to the receiver nmay be nost convenient |ocation, in
terns of access.) Based on our test results, 10 dB, 16 dB, and
20 dB of attenuation should be attenpted. The highest-I|eve
attenuator that provides adequate television view ng should be
used for the remai nder of the test.

By taki ng advantage of 5-10 dB of parking | ot shielding and the 10-
20 dB increase in dynamc range in the receiver that the |ower
front-end gain will provide, this solution may well solve the
interference problem to a sufficient extent to permt non-
obj ecti onabl e tel evi si on vi ew ng.

Mtigation Qotion #3(a): Add a Wre Mesh Screen at the Antenna in

the Parking Lot. In the event that the conbined neasures of
parking l ot |l ocation and front-end gain optimzation do not provide
adequate television viewing, a final neasure may be inplenented
whi ch shoul d nearly guarantee success: construction of a wre-nesh
screen around the antenna in the parking lot. A though precise
quantification of the attenuation that such a screen will provide




is essentially inpossible to calculate, previous experience wth
such screening indicates that a 10-dB coupling reduction is |ikely.
This option was previously attenpted on the rooftop, but failed.
However, we now know why: 20 dB of sidel obe decoupling is required
to mtigate the interference, but screening, inplenmented on the
rooftop, would only have provi ded about 10 dB of decoupling, based
on past experience with screens.

As explained below under Con, this mtigation option is not as
likely as the other two options to conpletely solve the earth
station interference problem However, testing this solution wll
involve relatively small expense (conpared to the other mtigation
options), and if it works, it will be a nore practical solution
than either of the other two options.

Pro: This solution is relatively inexpensive to test. It wll be
relatively easy to inplenent for all three earth station dishes.

Gon: This solution, while it may not provide 100% error-free
viewning, wll probably provide viewng that is not considered
obj ecti onabl e by nost people (i.e., sone intermttent freeze-frane
events, but probably 90%fewer than are currently occurring during
i nterference episodes).

Mtigation Qotion #4: Use RF Limters at the Inputs of the Earth

Station Receivers. As wth Qption 3, this mtigation option is
predicated on the highly likely but not conpletely proven
hypot hesis that the bul k of the EMC problemis being caused by the

incapacity of the FECin the earth station receivers to conpensate

for the highest-level pulses that occur in the receivers. |If this

hypothesis is correct, the use of limters at the inputs of the

receivers (that is, between the LNB output and the receiver input)

shoul d prevent any pul ses fromreaching the level in the receiver

at which the FEC fails. The FEC wi Il then conpensate for the | ow

| evel pulses, and the interference wll be nostly or entirely
m ti gat ed.

To work effectively, the limter threshold | evel should be set just
bel ow above the desired signal levels. Atest could be run with a
nodul at ed noi se source to determne the effectiveness of the FEC
for radar pulses, where the pulse repetition frequency, pulse
width, and the anplitude of the nodul ated noi se source could be
controll ed.

Limters are normal |y used to protect systens from physical danage,
rather than frominterference, and as a result the current off-the-
shelf limter products only provide limting at power |evels of
about O dBm or above. W need limters that work at |evels of
about -30 dBmto -50 dBm Five of the top [imter suppliers in the
US were contacted. O these, none supply limters at the |ow

These were: M A-COM of Lowell, MA, Mca Mcrowave of San Jose,



thresholds that we need. Thus, the Ilimter option, while
technically attractive, appeared at first to be unavail able due to
| ack of the required hardware conponents from manufacturers.

However, recent information from sone Departnent of Defense
contractors indicates that a type of limter solution may be
feasible to design and construct. This solution, outlined by a
private-sector manufacturer, is as follows: a configuration of
anplifiers and attenuators is used in the foll ow ng sequence:

The anplifiers would utilize FET technology, with a noise figure of
2 dB, a gain value of 37 dB, a 1 G+ bandwi dth, and a 1-ns recovery
time. The first attenuator adjusts the saturation level. (Note,
however, that this attenuator could al so be inserted, and woul d be
nore effective, at the input to the LNB.) The second attenuator is
used to readjust the signal |evel. The recomrended anplifiers
would be Mteq JS2-00950125-10-SP for the 950-1250 Miz earth
station receiver input.

The engineering costs for this solution are not yet known, but they
will be substantial. The tine-frame for preparing this device,
even if the costs could be covered, will also be substantial, on
the order of at |east many nonths.

Pro: If the hypothesis that interference due to high-Ievel pulses
is defeating the built-in FECin the receivers is true, then this
sol ution should work. This solution mght enable the earth station
operator to |l eave his dish antennas on the roof, in their present
| ocations. The operator would have to procure and insert these
l[imter-type devices at the input of each receiver

Con: This option involves a significant engineering design effort;
it is not an off-the-shelf solution  The cost of designing and
procuring this solution will be substantial, and the anount of tine
required to pursue this option could be quite long, on the order of
at |least several nonths, and perhaps |onger, depending upon the
funding and staffing levels that would be devoted to it, and
dependi ng upon the responsibilities within the Navy and the earth
station operator for supporting this effort. Uncertain variables
include such issues as: who wll perform such design and
procurenent work, and who will bear the costs of design and testing
of these devi ces.

CA, Mni-Grcuits of Brooklyn, NY; Vectronics MNCorp of
M ddl esex, NJ; and Herley MD of Wburn, NA
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