
September 4, 1969

Dear Mr. Goldberg:

Thank you for your letter of August 27th regarding

the interest of the CBS Television Network Affiliates
Association In our review of domestic communications

satellite policy.

I would be pleased to meet with Mr. Ebel on one of

the dates you suggest. You or Mr. Ebel can call my

secretary to set up a mutually convenient time.

Sincerely.

Clay T. Whitehead
Staff Assistant

Mr. Henry Goldberg
Covington & Burling
888 Sixteenth Street, N. W.
Washington, D. C. 20006

cc: Mr. Whitehead
Central Files

CTWhitehead:ed



COVINGTON & BURLING
888 SIXTEENTH STREET, NW.

WASHINGTON, D. C. 20 0 06

TELEPHONE

(202) 293-3300

Dr. Clay T. Whitehead
Staff Assistant
Room 110
Executive Office Building
Washington, D.C.

Dear Dr. Whitehead:

TELETYPE: (202) 95-O873

CABLE: COvLiN 0

August 27, 1969

On August 5, 1969, I wrote to you of the interest
that the CBS Television Network Affiliates Association had
in the work of the White House group that is investigating
future uses of domestic communications satellites.

As I stated in my letter, the CBS Television
Affiliates Association would appreciate the opportunity of
having one of their members meet with you to discuss cer-
tain of the issues involved in providing satellite inter-
connection service to television broadcast stations. I
realize the time constraints that you and your group are
working under, but I believe that a meeting in the near
future would be fruitful. Mr. A. James Ebel, Chairman of
the Satellite Communications Committee of the CBS Television
Affiliates Association would be available to meet with you
some time between September 17 and September 19. Please
advise me as to whether a brief meeting with you could be
arranged on one of these dates.

Sincerely yours,

Henry G dberg

Attorney for 
CBS Television Network Affiliates Association

cc: Mr. A. James Ebel
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September 5, 1969

Lear Mr. Ross;

Thank you for your letter of September 4th informing me of
your new firm and the qualifications of you and the other
officers.

However, the nature of our review of communications
satellite policy and the short time we have set make it
infeasible to utilize outside assistance. I was pleased to
learn about your firm and wish you the best success in
your new endeavor.

,Sincerely,

Clay T. Whitehead
Staff Assistant

Mr. Lan C. Ross
President
Ross Telecommunications Engineering Corporation
1750 Pennsylvania Avenue, N. W.
Washington, D. C. 20006

cc: Mr. Whitehead
Central Files
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DAN C. ROSS

F. RICHARD 2ITZMANN

ROSS TELECOMMUNICATIONS ENGINEERING CORPORATION
1750 PENNSYLVANIA AVENUE, N. W.

WASHINGTON, D. C. 20006

TELEPHONE

202 298-7476

CABLE "ROSSTEC"

4 September 1969

Dr. Clay T. Whitehead
Executive Office of the President
17th and Pennsylvania Avenue, N.W.
Washington, D.C.

Dear Dr. Whitehead:

I have read about your current activities in
the telecommunications policy area with consider-
able interest and wondered if I, or one of my col-
leagues, might possibly be of some assistance to
you in the near future.

We opened this firm on 16 July 1969 and plan
to work in the system design field, particularly
in those applications involving both communications
and computers. All of the principals of this firm
have had extensive experience in the satellite com-
munications field as you will see by reference to
the enclosed resumes. Mr. Zitzmann joined our staff
on 11 August, leaving his position of Director of
Systems Analysis at COMSAT. Mr. Sampson is joining
us on 8 September 1969; he and I were responsible
for most of the work on the "Electromagnetic Inter-
ference Study of the BNS System" in connection with
the Ford Foundation falling in FCC Docket 16495.
While I was still with IBM, I headed a Corporate
Task Force which investigated, inter alia, the use
of satellite communications as the backbone of the
internal communications network of the Corporation.

We feel that our background of experience puts
us in a good position to be of service to you and
your staff in your current study of domestic satel-
lite communications and other key problems of



Dr. C.T. Whitehead -2- 4 September 1969

telecommunications policy. I would be very pleased
to meet with you or your staff at your earliest con-
venience to discuss any of these problem areas which
may be of mutual interest, or to explore further any
possible service that we might provide.

Sincerely yours,

41c'

Dan C. Ross
President

Enclosures:
"Electromagnetic Interference Study
of the BNS System"

Resumes of: Dan C. Ross
F. Richard Zitzmann
Charles E. Sampson

DCR:se
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ELECTROMAGNETIC INTERFERENCE

STUDY OF THE BNS SYSTEM

This study of potential interference between a
domestic satellite system and the terrestrial
microwave services was performed in connection
with FCC Docket 16495 by the Communications
Systems Department of the IBM Center for
Exploratory Studies. This work was supervised
by Dr. Dan C. Ross who managed the department
at that time. Mr. Charles E. Sampson was the
principal investigator on this study. Both
Dr. Ross and Mr. Sampson are now officers of
RossTEC.

Ross TE LECOMM UN ICATIONS
ENGINEERING CORPORATION

WASHINGTON, D. C. 20006



Electromagnetic Interference

Study of the BNS System

Center for Exploratory Studies

Federal Systems Division

International Business Machines Corporation
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PART 5

Electromagnetic Interference

Study of the BNS System

Prepared for the Ford Foundation

29 November 1966

Center for Exploratory Studies
Federal Systems Division

International Business Machines Corporation

Rockville, Maryland
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NOTE

The Ford Foundation arranged to have

this study reviewed by John P. Hagen, Professor

of Astronomy, Pennsylvania State University.

Professor Hagen has advised the Foundation that

he concurs in both the methodology and conclusions

of the study.
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1. Smm:',ry of Results

The ply,. 0 of this study is to answer as fully as possible the questions

on electromagnetic interference posed by the FCC in the Notice of Inquiry of

2 March 1966, supplemented on 21 October 1966. These questions are interpreted

here in terms of potential interference between the proposed 13Ns system and •

terrestrial microwave relay services or the global commercial communication

stellite system. A general discussion of the various interference paths and

present recommendations on allowable levels of interference is given in

Section 2. :n Section 3, the relevant parameters of the BNS system and of

terrestrial microwave relays are stated, and selected interference phenomena

are described and quantified. The problem comes down to that of finding

feasible areas for siting the BNS earth stations, i.e. , areas in which potential

interference levels may be kept within tolerable limits. The procedure used

and results obtained in an engineering study of potential interference in a

major metropolitan area is presented in Section 4. This preliminary study is

based on actual microwave relay facilities within 275 miles of New York City.

The conclusions reached in this study include:

4.11.

0 The BNS system is technically feasible under presently

recommended limits on satellite power.

' 0 It is technically feasible and economically desirable

to moderate the restrictions on spectral density to

provide for increasing signal strengths for higher
elevation angles of arrival, as recommended by the

recent CCIR meeting in Oslo.
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• Assuming the existence of limits on spectral density,
such as the present limits or modified limits as
suggested above, restrictions on total power density
are unnecessary.

• Compatible operation between BNS and the global
commercial communication satellite system can be
achieved by separating the satellites in longitude to
enable the required amount of interference suppression

- by the earth station antennas.

• The most significant interference effect in the pro-
posed BNS system under present restrictions is
that produced by common-carrier transmitters at
earth station receivers via scatter paths existing
during a small fraction of the time. For example,
rainstorms of 30 mm/hr will produce perceptible,
hut not objectionable, degradation of the BNS down-
link signal. Rainstorms of such severity occur less
than 0.02% of the time in a representative area such
as New York City.

• As shown in Figure 1.1, a number of sites in and
around New York City are feasible for BNS earth
stations as far as interference considerations are
concerned, including several sites within a radius
of one microwave link from the center of Manhattan.

• Preliminary stmlies indicate that other areas, e. g.,
Deriver and Atlanta, will present much greater free-
dom of site selection than New York.

• Gain of some BNS earth station antennas located in a
few of the largest metropolitan areas must he less
than -24 db in the direction of nearby common-carrier
facilities, including the effect of site shielding by
excavation or other means.

• Measurements are needed of: (1) common-carrier
field strengths near potential BNS sites, (2) scatter-
ing cross-sections of large aircraft for all angles of
scatter, and (3) psychophysical effects of common-
carrier interference with the proposed BNS down-
link signal.

-41-



•L'a!

L:›
v.:41

CY:i y

\ vr,
\

tt-

i

1 I
1 1

) '
I I
I!
/ q

. ift sb/
,11/
/Pi > r

\ ( .

/1/ 1/ V
‘.

'/ (1 12
ji t —41

-C-1 C,,/'
/
i

( f.k-
`i..."

V 

._._
1

• - .r..) , '‘.- , _ .. --- - - - z — --
---

_f}....- • — 
.- / ..-------,- — v A ----'--

j)i_) _dt. ./f/

\

111144mar.l.

P

44,141...41114 11111.- 4140.

Figure 1.1 Areas for Consideration in Siting BNS Earth Stations



2. General Discussion of the Interference Problem 

The questions on electromagnetic interference posed by the FCC

Notices of Inquiry are discussed in this section in general terms. The

existence of a longitude "window" is shown in which BNS satellites may be

placed with minimal effect on common-carrier microwave systems.

2.1. FCC Notices of Inquiry

The specific questions in the FCC Notice of Inquiry of 2 March 1966

which are here addressed are the following:

"4(d) Is it technically feasible to accommodate the
space service contemplated, in light of the
requirement:

(1) That the power flux density produced at
the earth's surface in the band 3700-
4200 Mc/s by emissions from a space
station employing wide-deviation frequency
(or phase) modulation, not exceed -149 dbW/m2
in any 4 Kc/s band for all angles of arrival, nor
a total of -130 dbW/m2 for all angles of arrival;

(2) That the power flux density produced at the earth's
surface in the band 3700-4200 Mc/s by emissions
from a space station employing other than wide-
deviation frequency or phase) modulation, not
exceed -152 dbW/m-4 in any 4 Kc/s band for all
angles of arrival;

(3) That earth stations receiving signals from space
stations in the band 3700-4200 Mc/s be so located
with respect to the existing common-carrier micro-
wave complex in that band that they are not subjected
to harmful interference from such terrestrial micro-
wave systems;
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(4) That transmitting earth stations in the band
5925-6425 Mc/s!

(a) Not exceed a mean effective radiated
power of 45 dbW in any 4 Kc/s band in
the horizontal plane; and

(b) Not cause harmful interference to the
existing common carrier microwave
complex in the same band."

As seen in Figure 2.1, questions 4d(1) and 4d(2) relate to the interference

from the down-link feeding into the terrestrial microwave networks; question 44(3),

interference from the microwave network into the broadcast stations; question

4d(4), interference from the up-link into the microwave network. Since the

representative BNS systems discussed earlier are based on wide-deviation

frequency modulation, question 4d(2) is not applicable.

The specific questions addressed here that were stated by the FCC in the

Supplemental Notice of Inquiry dated 21 October 1966 are as follows.

4. For the most part, comments filed thus far
have not been fully responsive to the technical questions
raised in the first Notice of Inquiry as to the adequacy of
existing allocations to the communication satellite service
or as to the electromagnetic interference to and from both
present and projected operations of the global commercial
communication satellite system and the domestic fixed
public services sharing the same frequency bands. The
latter question is complicated further by the fact that the
plenary assembly of the CCIR (Oslo, June 1966), has
recommended changes in the technical criteria applicable
to the power flux density delivered at the earth's surface
from space stations. Therefore, pending resolution of
the legal status of the Oslo criteria vis-a-vis those criteria
now in the international Radio Regulations, interested parties,
in responding to the questions raised in our prior notice and
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Microwave System

Earth Station at
Affiliate Terminal

  Desired Signal

  Interference

Figure 2.1 Types of Possible Radio Interference



herein (which include the technical questions
explicitly set out in our prior notice), should
direct their responses to both the present and
Oslo criteria. Additionally, to permit an
evaluation of the impact from proposed systems,
parties should indicate as fully as they now can
the planned positioning of space stations on the
equator for the system under consideration if
equatorial stationary satellites are involved."

2.2 Restrictions on Satellite ERP

Distribution of TV programs via satellite is classified under the

communications-satellite service which shares most of its allocated spectrum

with various terrestrial services (ITU 1963). The most important bands

involved in such shared allocations at the present time relate to common-

carrier microwave relays, as shown in Figure 2.2. Sharing of common

bands requires that each service follow some form of restriction on effective

radiated power (ERP).

The restrictions on total flux density and on spectral density given

in the FCC Notice of Inquiry were recommended by the Comit6 Consultatif

International Radio (CCIR). Figure 2.3 illustrates the limitation imposed by

these flux density restrictions on the ERP from a synchronous satellite.

The -130 dbw/m2 total flux restriction limits satellite ERP to 31 dbw, while

the spectral density restriction for FM of -149 dbw/m2 per 4 Kc/s band limits

satellite ERP to the range 39-48 dbw, depending upon the bandwidth of the RF

signal. The curves for satellite ERP vs. flux in a 4 Kc/s channel are based

on the following assumptions:
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The video bandwidth is 4 Mc/s.

The power density distribution of the satellite sig,nal
is uniform over the RF bandwidth (i.e. , a flat trans-
mitted spectrum).

There are several papers (c'cia, USPC IV/122 and IV/192-E)

which claim that the restriction to -149 dbw/m2 per 4 Kas band for FM, and

the 3 db tighter restriction for AM are justified. These calculations were made

for a synchronous satellite positioned on the main beam of a common-carrier

relay antenna. The interference produced by this situation may approach, but

not exceed, the acceptable limits of interference for telephone channels set

forth by the CCIR. In data furnished to CCIR Study Group IV (CCIR, 21 August

1964), it has been shown that beam intersection will occUr only if the satellite

is positioned above the Atlantic or the Pacific Ocean. For a domestic satellite

positioned near the central meridian of the United States, the beam-intersection

computations ought to be modified by the gain of the common-carrier antenna

in the direction of the satellite. This suppression of interference by the vertical

pattern of the common-carrier antenna allows a higher tolerable level of power

density. Typical patterns for microwave antennas used in common-carrier

systems are given in Section 3.1.

The elevation angte of the satellite signal at any point on earth can be

obtained from Figure 2.4. For a given position of the satellite, the angle of

elevation of the satellite as viewed from each point in the continental United

States may be found, and the minimum of these angles of elevation selected.
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The resulting minimum angle of arriv.al for each position of the satellite is

shown as the curve marked 0° in Figure 2.5. In the calculations, a maximum

latitude of 47° was used for the continental United States. For each position

of the satellite, the direction of arrival was determined at the microwave

relay station in the United States most distant from the satellite. This corres-

ponds to the point of minimum elevation of arrival of the signal from the

satellite. The worst case assumed in this study corresponds to a common-

carrier antenna elevation of 5 degrees, pointed in azimuth at the sub-satellite

point; and located geographically at the worst point in the coverage area.

The angle of arrival a of the satellite signal referenced to the main beam

of the common-carrier antenna is then found and plotted in Figure 2.5 as a

function of satellite longitude. Using the calculated values of ' , the

increased antenna interference suppression can be estimated from the antenna

pattern shown in Figure 3.1. The suppression provided by the antenna

directivity can be translated into an increase of the tolerable level of power

density. Figure 2.6 shows the power density vs. satellite position which would

create an equivalent interference with a microwave receiver as would a satellite

on the axis of the microwave antenna beam operating at the present power limit.

A satellite may create interference through the antenna side lobes of

each of a series of stations in a microwave network. In analyzing this problem,

we assume the reference relay network of 50 stations suggested by CCIR, and

an interference of the same low order of magnitude occurring in each station.
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Under these conditions, the tolerable flux level would be reduced by a

factor of 50, i.e. , 17 db. Even when the values plotted in Figure 2.6 are

reduced by 17 db, there still remains ample margin for increase in satellite

ERP without creating excessive interference with the common-carrier micro-

wave systems. Thus, the limit of -149 dbw/m2 per 4 Kc/s band may be

increased when the TV distribution satellite is emplaced in the longitude window

The directivity pattern used in computing the longitude window of Figure g

corresponds to an antenna with less than the hest a.vaila.ble side-lobe suppression

The allowable increase in satellite ERP wou.ld be even greater if only antennas

such a.s those described in Figure 3.1 are considered.

The recommendations made by CCIR Working Group IV at the meeting

in Oslo in July 1966, allow small. increases in satellite ERP for high angles of

arrival. The Oslo meeting recommended that the restriction on spectral

density be changed to (-152 + 8/15) dbw/m2 per 4 Kc/s band, where

is the angle of arrival of the interfering signal above the horizon. Assuming

the use of common-carrier antennas of reasonable directivity, it would seem

more appropriate to increase the coefficient of (I in the Oslo rule from 1/15

to possibly 1/4 or 1/3.

The Oslo meeting also recommended that the -130 dbw/m2 restriction

on total flux density be abandoned. Assu.ming the existence of limits on spectral

density., such as the present limits or modified limits as suggested above,

restrictions on total power density are unnecessary..
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A possible constraint on ERP in the BNS down-link is imposed by the

comideration of potential interference to the earth station receivers of

the global commercial communication satellite (Comsat) systems.

Assuming a required ratio of carrier to interference of 40 db at the

Comsat receiver terminals and the same ERP for both the Comsat satellite

and the BNS satellite, the two satellites must be positioned so that the Comsat

earth station antenna provides 40 db of interference suppression. This can be

achieved if the satellites are separated by 3° in longitudinal positioning,

assuming an 85-ft Comsat ea.rth station antenna. If 50 db of antenna suppression

is required, the satellites must be separated approximately 15° to control the

interference to the Comsat earth station. Additional suppression can be ob-

tained by using orthogonal polarizations from adjacent satellites.

In controlling the interference caused by Comsat satellites to the BNS

earth station, the interference suppression is provided by the BNS earth station

antenna. It will be shown in Section 3.3 that the desired carrier-to-interference

ratio considering narrow-band FM interference to the BNS system is 37 db.

Although Comsat satellites use wide-deviation FIVI, the 37-db value is used

here for discussion as a pessimistic assumption. For equal ERP from both

satellites, sufficient interference suppression will be provided by the BNS

antenna if the satellites are spaced 100 apart. Closer spacing can be tolerated

if polarization discrimination is utilized.

It is not necessary to restrict further the allowable ERP of the BNS
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satellite since compatible operations can be achieved through satisfactory

positioning of the satellites. Generally speaking, the natural locations for

Comsat satellites are at oceanic longitudes and those of BNS satellites are

at continental longitudes; thus, there is no present and little future conflict

in locating satellites for the domestic TV and international communication services.

A closely related question is why Comsat has experienced such difficulty

in siting a very small number of terminals in the United States for use with its

international satellites, yet BNS expects to site 223 earth terminals for use with

its domestic satellites. The explanation rests on two essential differences

between the present Comsat system and the propos,ed BNS system:

First, the down-link beam from the international satellite
is very much wider than for the BNS satellite (approximately
17 degrees compared with 3 degrees). The resulting weaker
signal from the international satellite requires the use of a
much larger antenna and more sensitive receiver in its
associated terminal.

Second, the antenna at an international terminal scans a
sector of the equatorial belt. At times., the antenna may be
depressed to receive signals with low angles of arrival.
Under these circumstances„ the terrestrial microwave
facilities are likely to interfere with the highly sensitive
international terminal.

In contrast, th.e stronger signals from domestic satellites arri at. a high

angle at any BNS earth terminal. The suppression of unwanted signals through

high antenna directivi!y coupled with appropriate site shielding would permit

location of BNS terminals in elose proximity even to major metropolitan areas.
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2,3 Restrictions on Earth Stations

Preliminary studies show that a domestic satellite TV distribution system

such as the proposed BNS system is feasible within present restrictions on inter-

ference. The only question is how restricted the siting problem becomes in

metropolitan areas where the density of common-carrier facilities is maximum.,

In these areas, the various interference problems must be studied in detail to

determine the extent to which the BNS system is restricted and to estimate the

resulting increases in system cost.

There is no problem of controlling interference between BNS earth

stations and Comsat earth stations, nor between BNS satellites and Comsat

satellites. Consideration must be given to possible interference from the BNS

earth station transmitter to the satellite receivers of other Comsat. systems. It

has been proposed that the ERP from common-carrier facilities in the direction

of the synchronous equatorial belt be limited to 47 dbw. The ERP :;,.rom a BNS

earth station at a major network terminal will be less than 47 dbw for angular

offsets greater than 10° from the axis of the antenna.,

The required longitudinal separation between liNS satellites and other

Comsat satellites to control interference from a Comsat earth station trans-

mitter to a BNS satellite is dependent upon the transmitter power of the Comsat

earth station. If the Comsat earth station radiated power is 10 db above the

BNS up-link radiated power, the gain of the Comsat antenna in the direction of

the BNS satellite must be less than 6 db to maintain a 37 db carrier-to-interference
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ratio. This is achieved if the longitudinal spacing between satellites is approxi-

mately 15°.

The main problem in preventing mutual interference between the BNS

system and other existing and planned systems comes down to potential inter-

ference between BNS and common-carrier terrestrial microwave systems.

this study, these interference situations are divided into the following four

cases for conveniences

Case 1 Common-carrier interference at the
BNS satellite.

Case 2 Common-carrier interference at the
BNS earth station

Case 3 BNS satellite interference at the
common-carrier receivers.

Case 4 BNS earth station interference at
the common-carrier receivers.

Cases 1 and 4 occur in the 6 Gc/s band (5.925-6.425 Gels), while 2 and 3

occur in the 4 Gels band (3.700-4,200 Gc/s).

These interference problems are important to the design and the

economics of the BNS system through the restrictions they impose on the

feasible range of various system parameters. For example, to control Case 3

interference, an upper limit must be placed on satellite ERP. The resulting

lower limit on earth station sensitivity then poses a potential increase in system

cost since the earth stations greatly outnumber the satellites in the proposed

systerr.
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Another example is the possible restriction on location of earth stations

in areas near many potentially interfering microwave beams. Or, as shown in

Figure 2.7, the location of an earth station may be restricted to limit the

interference it produces at some nearby common-carrier receiver,. Problems

of this sort become quite involved and must be considered in detail as in the

sample problem in Section 4. Feasible solutions to these problems may require

that some earth stations be located one or more microwave hops away from the

locations desired. The cost of the supplemental terrestrial links required over

and above the minimum number possible must be included in the total cost of

the BNS system and regarded as elements of cost required to satisfy inter-

ference criteria.

In summary, interference criteria affect system design mainly through

restrictions on the BNS earth stations. These restrictions increase system

cost in three ways.

Key parameters must be fixed at values other than

those required for minimum cost.

Side-lobe suppression techniques such as shielding,

improved antennas„ etc.., must be incorporated in
some of the earth stations a.nd common-carrier

facilities located in the metropolitan area..

Supplemental terrestrial links are required to
permit some earth stations in metropolitan are,as
to be located more than the tninimum number of micro-
wave links away from the locations desired.
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3. Interference Characteristics 

In this section, the characteristics of the BNS system and of the common

carrier microwave relays that pertain to the interference problem are presented

along with the tolerable levels of interference for these systems. Various

interference phenomena are described briefly and the magnitudes of their

effects are estimated.

3.1 Characteristics of Terrestrial Microwave Relays

Most of the interference calculations in this study are based on the

TD-2 microwave relay systems of the AT&T Company (Roetken 1951) and the

newer TH system (Kinzer 1961). The TH system is designed to use the same

towers and antenna as the TD-2. Selected characteristics of the TD-2 and TH

systems are given' in Table 3.1 and typical antenna patterns (gain in db relative

to the main beam) are shown in Figure 3.1 for 4 Gc/s operation. The same

antenna, shared by the TH system at 6 Gc/s, has a proportionately narrower

main beam.

Consideration has also been given in this study to common-carrier

microwave relays other than the TD-2 and TH systems but operating in the

same bands. Many of these systems use antennas, such as those described

by Figures 3.2 and 3.3, which have much less side-lobe su.ppression than

the horn reflectors used by AT&T.
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Table 3.1 Characteristics of Microwave Relay Systems

TD-2 TH

Frequency Band

Multiplexing

Modulation

Signal Bandwidth

Transmitter Power
(Per Channel)

Antenna Gain

Beamwidth

Received Carrier Power

Working Channels (max.)

Channel Capacity

Channel Spacing

Relay Spacing (avg.)

3700-4200 Mc/s 5925-6425 Mc/s

Frequency Division Frequency Division

Low-index FM Low-index FM

4 Mc/s 10 Mc/s

-3 dbw 7 dbw

40 db 43 db

1.65° 1.15°

-68 dbw -57 dbw

6 6

1860 TP or 1 TV 1860 TP or 1 TV

20 Mc/s 30 Mc/s

25-30 mi. 25-30 mi.

Stanford Research Institute has pu.blished measurements of TD-2

field strc-qigths in the vertical plane (Turner 1965). Results of flights over a

TD-2 station equipped with two horn reflectors transmitting on 3.77, 3.85,

4.01 Gc/s are shown in Figure 3.4 where the radial sefile is gain in db above

an isotropic radiator. These measurements show the piittern ()I leturil
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installations in the vertical and horizontal planes through the main beam. More

field measurements of this sort would be helpful in further study of the problem.

3.2 Characteristics of BNS-3

Preliminary studies of system design economics and interference con-

siderations have been used to determine a range of values for each key par-

ameter of the system. The system design problem is then to satisfy the inter-

ference limits at minimum total system cost.

The solution of each interference case will narrow the range of values

of a given number of system parameters. Interference Cases 1 and 3 negligibly

constrain the selection of system parameters.

3.2.1 Cases 1 and 3

Case 1 interference is that produced by 6 Gc/s common-carrier trans-

mitters at the satellite receiver. It is clearly desirable to provide signal le‘ els

in the up-link sufficient to suppress any interfering signal. Since it is relatively

easy to provide the necessary levels of ERP in the earth station, other inter-

ference situations must be considered in determining limits on up-link ElIP.

Case 3 interference is related to the allowable flux density produced at

the surface of the earth by the satellite transmitter. It appears that economic

considerations of the BNS system will lead to satellite ERP values less than

which would interfere with common-carrier receivers in the 4Gc/s band.

The major interference problems which must be taken into account in

the selection and specification of system parameters arise from considera( ions

of Cases 2 and 4, both of which pertain to terrestrial interference paths.
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We will discuss the parameters of the BNS system which will determine

the level of interference' in these two cases. We will show in Section 4, throug,h

a specific example, how the selection of these parameters can influence the

siting of earth stations in the BNS system.

3.2.2 Case 2

The tolerable level of common-carrier interference at the earth station

is determined by the BNS‘ carrier power at the receiver terminals, i.e. , the

ratio of the two power levels is significant. To reduce interference, the BNS •

carrier power must be increased or the interference from the common-carrier

must be decreased. The BNS carrier power level is determined by the main-

lobe gain of the BNS earth station and the satellite ERP. Since the gain of the

- satellite antenna is constrained by the desired time-zone coverage, the

satellite ERP can only be changed by a costly increase of transmitter power in

the satellite. The most economical way of increasing the BNS carrier power

received is by increasing the size of the antenna in the BNS earth station.

However, such a change will increase the amount of precipitation scatter from

common-carrier transmitters, an effect which we will later show to be

potentially significant.

Assuming that the the transmitted signal and interfering powers are

fixed, direct Case 2 interference can be controlled only by changing location or

reducing the effective horizontal gain of the antenna in the BNS earth station.

The latter may be achieved by suitable site shielding or by improved antenna
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design. In the sample problem of Section 4, we will show that the effective

horizontal gain for BNS earth stations in metropolitan areas should be about

-24 db relative to an isotropic radiator. This value includes the effect of

site shielding.

3.2.3 Case 4

For interference over the direct path, the interfering flux density in a

common-carrier facility is determined by the earth station ERP. In Section 4,

we will show that the Case 2 interference over the direct path predominates and.

considerations related to that type of interference will dictate the selection of

the system parameters. Interference due to the scatter path is determined by

the transmitter power and the main-lobe gain of the BNS earth terminal. The

main-lobe gain of the BNS earth terminal generally should not be reduced to

improve the situation for Case 4 interference since such a change mould reduce

the desired signal power received and could increase Case 2 interference.

3.3. Tolerable Levels of Interference

Table 3.2 summarizes the allowable levels of interference at the

appropriate receiving installation for the various interference cases wider

consideration. In each case the level of interference is derived from a system

specification or an appropriate CCIR recommendation.

3.3.1 .Case 1

An interfering radio relay signal appearing within the passband of the

satellite up-link will appear as a strong carrier spike with sidebands that are

-57-



Table 3.2 Tolerable Levels of Interference at Receiver Terminals

Case Interference
Conditions

Frequency

(Gc/s)

_..

Interference
Path

'

Applicable
Specification

- Tolerable
Interference at

Receiver Terminals

(dbw)

References

1 Common Carrier to 6 Direct C
= 37 db -129 Section 3.3

BNS Satellite T

.,

2 Common Carrier to 4 Direct C
= 37 db -143 Section 3.3

BNS Earth Station T

Scatter from C = 27 db -133

Side-lobe I

Scatter from C
= 27 db

-133
T Main-lobe I

..

3 BNS Satellite to
Common-Carrier
Relay ,

4 Direct -148 dbw/m2
per 4 Kc/s
channel;
500 pwp

-119.5 Figure 2.6 I
and

(CCIR 1963)

1

4 BNS Earth Station to . 6 Direct 500 pwp -119.5 Section 3.3
Common-Carrier

Relay Scatter from 40,000 pwp -100.5 and
Side-lobe

Scatter from 40,000 pwp -100.5 (CC ER 1963) i
Main-lobe

.._._



negligible as far as interference effects are concerned, since the terrestrial

microwave system is basically a low-deviation system. The spectral density of

the Bell System TD-2 sidebands, for example, is 74 db per c/s below the

unmodulated carrier level (Curtis 1962). To illustrate the interference problem

for a typical satellite communication application, a calculation will be made for

the case of a TV transmission via the satellite link.

When the desired down-link signal is such that energy is concentrated in

a fairly narrow band, such as might be produced when a picture of large grey

area is transmitted, the common-carrier spike will produce a sinusoidal base-

band tone which will superimpose an interference pattern on the received

picture. Threshold observations have been made to determine acceptable

signal-to-noise ratios for this type of interference as a function of frequency

(BTL 1964). The requirement is stated in terms of the ratio of peak-to-peak

signal voltage to the root-mean-square value of the interfering tone.

The ratio of signal to interfering tone is given by

where

—
-P signal AF 2 = A F(P

rms tone 1/2
c
(2C)

arm. •••••• •mommir

f 

)2(2C)

A F = peak-to-peak deviation of down-link signal

= B -2 f = 40-2(4) = 32 Mc/s
RF v
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f = frequency difference between desired and

undesired signal

ratio of down-link carrier to interfering carrier

Choosing f = 4 Mc/s for the most severe case, and choosing S/I = 58 db

(BTL 1964, p.389), we have C/I = 37 db.

The preceding analysis is based on an absolute worst case. In this

regard, the following points should be noted.

• The 58 db of required signal-to-interference ratio previously cited

is based on the envelope of the graph of worst interference vs.

frequency in the various portions of the video spectrum. The

graph itself would show a large number of maxima and minima

as the interference frequency approaches and recedes from

synchronization with multiples of the line frequency.

o Since the down-link will include a carrier-dispersion signal, the
interfering carrier will appear as a band of energy rather than

a spike. The interference reduction potential of this technique

has not been measured.

• The preceding analysis is based on the physical interference

effect considered, which increases with the frequency of the dif-

ference between the BNS carrier and the interfering carrier.

However, the psychophysical effects may be completely different

and. the greatest subjective effect may occur at some point other

than the upper edge of the video spectrum. In that event, the re-

quired carrier-to-interference ratio would be less than 37 db.

Subjective interference tests using the proposed BNS signal, in-

cluding the carrier dispersion component, must be conducted

before complete answers can be given to these questions.

o An excavated pit might be used to shield the earth station antenna
from common-carrier interference. At least 40 db of pit shield-

ing is feasible and 70 db may be possible with carefully designed

pit walls (Hagn 1965). In the sample siting problem analyzed in

Section 4.0 below, pit shielding of less than 30 db suffices to

isolate the BNS earth stations from common-carrier facilities.

This is well within the range of shielding attainable according to

measurements made by Hagn of the Stanford Research Institute.
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In areas where such installations may not be feasible, addi-
tional techniques for interference attenuation are available.
Directional selectivity of the Earth station antenna can be
improved at the circumference of the parabola to reduce un-
wanted side-lobes. Also, the antenna feed can be offset from
center to reduce unwanted energy in a given direction. A
combination of the latter two techniques could achieve addi-
tional side-lobe suppression to result in a gain in a selected
direction of approximately -10 db relative to an isotropic
radiator. Another possibility is to use fences a few meters
in width to shield the earth station antenna in selected direc-
tions (Ruze 1966). The effect of such fences can be con-
sidered independently of the antenna pattern itself if they
are located a few hundred meters away from the antenna.

• Consideration ought to be given to assigning BNS carrier
frequencies to minimize the interference produced in the
down-link by TD-2 carriers (f = 3690 + 20 k for k = 1, 2,

, 20). Tests of the effects of this interference are neces-
sary to determine the optimum assignment which is expected
to be near

f = 3690 + 40 k k=1, 2, ... , 12.

An assignment of this sort has the additional value of pro-
viding 20 Mc/s at the band edges for commercial and edu-
cational audio channels and for BNS control and adminis-
tration.

3.3.2 Case 2

The frequency of occurrence of interference from the direct path of

propagation will differ from that of the scatter path. Direct interference will be

nearly constant. On the other hand, interference due to precipitation scatter

will occur only during heavy rainstorms. The characteristics of the interference

will be similar to Case 1 and, therefore, a carrier-to-interference ratio of 37 db

or more is desired. Since the most significant interference from the scatter

path arrives through the main lobe of the earth station antenna, while the
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interference from the direct path arrives from the side lobes, the tolerable flux

densities in these two situations will be different. The allowable interfering

power at the receiving terminals for each path will be -143 dbw for a BNS carrier

power of -106 dbw. The carrier-to-interference ratio applied to the scatter case

will be dependent upon the characteristics and frequency of occurrence of the

interfering signal. In evaluating the interference, it is appropriate that the

frequency of occurrence be matched to the amount of allowable down-time of the

system. The current television distribution system of the United States is down'

about 0.02% of the time. In the proposed BNS system, a signal of reduced

quality will be obtained for a similar fraction of the time. Rainfall rates of

30 mm/hr or greater occur about 0.02% of the time in the New York area, and

we will use this rate of precipitation in establishing the level of interference at

the receiver in the BNS earth station.

3.3.3 Case 3

The allowable power per 4 Kas channel from a satellite transmission is

500 pwp (picowatt, psophometrically weighted) at a point of zero reference level

when there are two interfering sources (CCIR 1963, Recommendation 367).

Since the common-carrier link uses low-deviation FM, the noise intro-

duced into a typical telephone channel can be computed by determining the power

density of the interfering signal compared to the side-band power density of the

common-carrier signal. A calculation will be made using the interference level

permitted by the latest CCIR recommendation in order to determine the minimum
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isolation that must be provided between the two services.

The latest CCIR recommendation states that earth station transmissions

shall not introduce more than 1000 pwp in any telephone channel. Assuming that

interference to a particular radio rdlay route may be caused by two different earth

stations, the allowance for each is 500 pwp. Since the thermal noise level in a

telephone channel under non-fading conditions is about 25 pvvp, the allowable inter-

ference power density is 13 db above thermal noise.

Assuming a receiver noise temperature of 750°K, the thermal noise power

density is -164 dbw per 4 Kas channel. Allowing. for 3 db of transmission-line

loss between the common-carrier antenna and receiver, the allowable interference

power density at the antenna terminals is -164 + 13 + 3 = -148 dbw per 4 Kas channel.

It will be assumed that the earth station is transmitting TV using frequency

modulation with an RF bandwidth of 40 Mc/s. It will also be assumed that carrier

energy dispersal is employed, using a triangular waveform added to the normal

video signal. Using the amount of dispersion recommended in the most recent CCIR

report, which results in a 10-percent increase in RI' bandwidth, the ratio of the

maximum power per 4 Kas channel bandwidth to the carrier power is given in

db by

- (14 + 10 log AF)

where F is the peak-to-peak deviation of the video signal in Me/s. Using Carson's

rule for the RF bandwidth of an FM signal, and applying the 10-percent dispersion



factor, the value of LF can be found from the parameters given previously.

BRF = 1. 1 (AF 2fv)

AF = (B/1. 1) - 2fy

If the video bandwidth fv is taken as 4 Ma's, then A F = 28 Mc/s. It follows that

the dispersed power per 4 Kas channel is 28.5 db below full BNS carrier power.

3.3.4 Case 4

CCIR Recommendation 356 states that, at a point of zero reference level,

the allowable interfering power from an earth station is 500 pwp for 20% of the

time and 40,000 pwp for 0.02% of the time. In interpreting this recommendation,

we have applied the 500-pwp restriction to interference arriving via the direct

propagation path and the 40,000 pwp to interference arriving from the scatter

path. As in Case 2, direct path interference will be fairly constant. Again, a

rain rate of 30 mm/hr will be used in determining the scattered flux as this corres-

ponds to a frequency of about 0.02% of the time in the New York area. The allowable

interference is accordingly higher for the scatter path than the direct path.

3.4 Propagation Effects

Several propagation effects will be discussed with emphasis on precipitation

scatter.

3.4.1 Direct Path Propagation

The propagation characteristics for interference over the direct oath between

common-carrier facilities and BNS earth stations are given in Figure 3.5 (Curtis

1962). The characteristic is divided into two regions, the first of which is free-
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space or line-of-sight propagation and is predicted using the 4/3 earth-radius

approximation. The diffraction region exists below the radio line of sight beyond

the horizon. Figure 3.5 is given for an average terrain condition. The character-

istics of diffraction are highly dependent upon the type of terrain and the terrain

profile. The diffraction effect can be accurately determined only in individual

cases. A way of evaluating the diffraction effect is to construct an earth profile

between the transmitter and receiver and find the amount of diffraction by con-

siderations of knife-edge effects.

Besides free-space propagation and diffraction, anomalous modes of

propagation may also exist. These include super-refraction or ducting which will

effectively extend the line of sight of the transmitted wave indefinitely. It should

be pointed out that anomalous propagation characteristics exist predominantly

near large water masses which result in inversion of the index of refraction in

the•atmosphere.

Worst-case considerations of interference effects can be made by assuming

free-space propagation within the region of consideration.

3. 4. 2 Tropospheric Scatter

Tropospheric scatter effects are minimal for the case at hand because of

the high elevation angle of the earth station antenna and the low power radiated in

directions slightly above the horizontal plane. Tropospheric scatter considerations

are usually restricted to cases of low elevation angles. Figure 3.6 shows typical

loss curves of tropospheric scatter systems for elevation angles up to 100
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(Hartman 1965). The loss figures given by these curves apply 99.9% of the time.

Although the curves are developed for 60-ft and 10-ft antennas, they are easily

extrapolated to the BNS system. It is necessary to have a path loss greater than

180 db to avoid Case 2. type interferbnce via troposcatter. Considering Figure 3.6

and the fact that the satellite elevation angle will be greater than 40°, tropospheric

loss of greater than -180 db will be obtained at ranges much less than 100 miles.

In Section 3..4.3, we will show that control of interference due to precipitation

scatter will require that microwave relays be considered at longer ranges. Thus,

control of precipitation scatter interference will insure control of tropospheric

scatter interference.

3.4.3 Precipitation Scatter

The geometry of precipitation scatter shown in Figure 3.7 applies in

principle to all of our interference cases, but only in Cases 2 and 4 are the

effects significant. The precipitation scatter path consists of three parts:

(1) a direct path from interfering transmitter to (2) the scattering volume, and

(3) a direct path from there to the interfered receiver. Free-space propagation is

assumed for the two direct paths. It is necessary to estimate the height of common-

carrier beams above terrain at various distances from the common-carrier trans-

mitter. For a smooth earth, and using the 4/3 earth-radius approximation, the

height h in feet of the beam at a distance of 11 miles from a common-carrier trans-

mitter aimed at the radio horizon is given by

h = 0.5 (R - 24.5)
2
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Figure 3.7 Geometry of Precipitation Scatter



Attention will be confined to scatter from 
rainstord)

ifr since water
l 

droplets scatter microwave energy more strongly than snow. This is explained

by the large ratio of dielectric constants of the two materials. The backscatter-

ing cross-section per unit volume increases with rainfall rate. For the wave-

length A =5.7 cm., the backscattering cross-section is given by

s 5.59 x 10
-5 

Q
1.6

(3.1)

2 3in cm /m , 'where Q is the rainfall rate in mm/hr (Gunn 1954). When the water

droplet radius is much less than the wavelength, as is the case here, the

scattering intensity is a maximum in the forward and backward directions and a

minimum at right angles to the incident energy (Born 1959, p. 650). The

minimum is roughly half the maximum, but we will use the backscattering

cross-section here as a pessimistic estimate of interference due to precipita-

tion scatter.

We begin our analysis by considering Case 4. Assume that the trans-

mitter is pointed in the vertical direction with power Pt, gain Gt and beamwidth 0 .

Assume that the receiver has a bea.mwidth of 6 ,and is located at a height of

300 feet and at a distance R from the transmitter.

Consider an clement of volume at a distance r above the transmitter.

•dV = (4-1) d r

The flux density illuminating this volume element is
P
t
G
t
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The total power scattered from a volume V is then given by

Ps = Iv Fs sdV

Assuming that all elements of the volume can be seen by the receiver antenna,

one gets for the flux density at the receiver

P PG 2.F s lt (4)
7) 

/
V 

s(r)dr

LorR2 16TrR2

where

PG
K t t IL\ 2

16 IT

and

S = Iv s(r)dr

Now with Pt = 50 w, Gt = 50 db, and an up-link beam width of 0.50,

I.e., 0 = 0.5 Tr/180, we find that K = 1.9 w. It is convenient to express S in

cm2ft/m3 and R in miles, and then we have K = 2.24 x 10
-11

.

We consider two cases. In the first, the receiver beam intersects the

transmitter beam, and in the second, it does not intersect.

In the first case, we are interested in calculating the flux FB in the

receiver beam. F
B 

is the received power density scattered from the volume of
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a rainstorm, common to the main beams of interfering and interfered antennas.

We consider only the situation where the beams are positioned so as to maximize

the scattered flux received. The height of the total volume of interest is

given by Ar = eR which becomes •

Dr = 92.2R (3.5)

for a common-carrier beamwidth of 1.23°, e.,i e = 1. 23 Tr/180, where R

is given in miles and Ar in feet.

In the second case, the receiver beam does not intersect the transmitter.

beam. The flux F
L 

is the received power density scattered from the volume of a

rainstorm in the main beam of the earth station, visible from a common-carrier

facility.

In either case, part of the transmitter beam, below height h, will be

obscured by the curvature of the earth. If d is the distance to the horizon and

R
E 

is the radius of the earth then

d
2 
= (RE + 

h)2 2 
RE = h(2R E +h) 2hRE

With the receiver antenna at 300 ft and RE = 4000 mi, then

h = 0.5 (R - 24.5)2

where h is given in feet and R in miles.

(3.6)

Figure 3.8 shows a model of a thunderstorm cloud in terms of rainfall

rate versus altitude. The model was chosen to exceed all characteristics of a

typical thundercloud (Valley 1965, pp 5-11). From 0 to 8000 ft.,Q - 30 mm/hr

and, by Equation 3.1, s = 0.0067 cm2/m3. From 8000 ft to 24,000 ft, Q = 60
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and s = 0.039. From 24,000 ft.to 40,000 ft., Q 20 and s = 0.013. Based on

this model, the quantities SB and SL corresponding to F
B 
and F

L may be calcu-

lated from Figure 3.8 and Equation 3.4, with integration limits determined by

Equations 3.5 and 3.6. The results of calculation for several values of R are

shown in Table 3. a

The values calculated in this example were scaled to fit the interference

cases of interest in the sample problem discussed in Section 4. The wavelength

used here was selected to facilitate comparison with measured backscatter data-

(Gunn 1954). Equation 3.1 may be scaled to 4.200 and 6.425 Gc/s in proportion

to the fourth power of frequency. It is also necessary to scale FB and FL to

account for the changes in ERP and beamwidths from the values used in the

example above to the interference cases considered in Section 4. The resulting

flux densities obtained for Cases 2 and 4 are graphed in Figure 3.9.

Case 2 interference may be analyzed with the aid of Figure 3.7 but with

the roles of the receiver and transmitter interchanged. Here we have
P GtFs =
41TR.2

The power scattered from dV is sFsdV and the corresponding power density

produced at the receiver is

sF, sFs (o) 2
drdF dV = —

4Tir2 47rr2 2

PtGt ( A )2

16Trk2 
sdr

2
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