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SECTION T

INTRODUCTTION

) 1.1. pureosE

g

"THes purpose of this report is to examine the utilizdtion in
thé ‘United -States of the Very High Frequency (VHF) Band and "L™
Band allocations for aeronautical services., -The results of this
study will be inputs to continuing studies of the applications

of space technigues to provide aeronautical communication services.
1.2 SCOPE

Radio frequencies examined are those allocated and .assigned-
in the .frequency -bands 118.0 to 136.0 MHz (VHF) .and 1535. to.
1660 MHz .(UHF or "L"-Band).- These frequency areas have been .con—
sidered as possible candidates for aeronautical communications
using satellite techniques because of their current allocation
to the aeronautical service. The study examines preseht utili-
zatlon, future trends which would affect frequency avallablllty
with pr03ected growth and pertinent factors 1nfluenc1ng frequency
assignment for the time frame to 1980. Since the ability to meet
1ncreased utlllzatlon also depends upon channelization and performance
characterlstlcs, the study includes the parametrlc relatlon “of

these factors for a range of values.

The VHF aeronautical .communications band currently provides
the primary frequency support- for domestic and international .
aeronautical communications. The factors concerning.its uti};ze—
tion may-beidefined upon. the basis of known systems, pqchnigueeg
and -operational experience. As it is the primary'fr?ép?ngy ?Féé
for preseut:cqmmunicatione, it hee beeu addressed in spme_geta;;.

The VHF system characteristics used in the VHF sharing
analyses, including frequency plan, are compatible with the Mark T
VHF SATCOM System as described by ARINC Characteristic 566. The

transceiver described is designed to be eventually used in an
operational VHF satellite system.
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The "L" Band, on the other hand, presently does not include
operational aeronautical communication systems, but there are a
limited number of altimeters operating in the band. Because
of the nebulous nature of the characteristics of future communica-
tion systems in this band, it is not possible to consider ¥ detail
the spectrum problems without an undue number of major-assumptions.
The study accordingly_hasubeen limited in its treatment of fre-
quency utilization for this band.

1.3 SOURCES

The‘primary‘sources of information have been the Federal
Aviation Administration, the Federal Communications Commiséion;
and various other Govermment and industrial organizations.
Numerous perscnal contacts were made during the -course-of-this
study. & complete list of the organizations contactéd is ..

included in Appendix E.
1.4 “‘ORGANIZATION -°

The report organlzatlon provides a summary of the’ flndlngs‘
in Sectlon 2. A general discussion of frequency allocatlons in®
the two bands of 1nterest is contained in Sectlon 3.7 Saction 4
and 5 dlscuss in.detail the utlllzatlon of the o bands.' m

Sectlons 3 and 4, the general phllosophy of frequency allocatlon

in the VHF band is discussed in some detall along’ with a
description of the interaction between various oxganlzatlons
cdncerned.: This'is done for cofpleteness and. to provide back-
ground - for rxeaders not intimately involved in .frequency-matters:
Section 6 describes -a method of examining the problem.ofi-sharing
the VHF band befween satellite and terrestrial- aeromautical r:l
moblle ‘communication services. Specialized .data and..informatifon:

pertlnent‘to the’ study are contained in the Appendlces.



SECTION 2

SUMMARY

2.1l GENERAL

Transoceanic air traffic presently uses VHF, extended range
VHF and then HF communications facilities.’ Af-long'ranges,'HF is
unreliable because of its dependence on ionosphetic conditions
and the resuwlting propagation variations. The application of
line of sight communication using 2 satellite as a relay point
promises to offer greatly improved communications to these alr-
craft and to others in sparsely settled areas of the world where

adequate communication facilities are not available.

The selection of the freguency band in which this new sgervice
should be provided is currently a subject of much interest. Two
primary candidate; are VHF (118 to 136 MHz) and "L" band (1535 to
1660 MHz) . S

This Studf considers.some particular factors which may

influence this selection. These factprs are:
a. Present utilization
b. Future trends in utilization

¢. Known assignment constraints
d. Technical aspects of VHF band sharing

2.2 VHF FREQUENCY SITUATION

This study has concluded that:

a. The VHF ATC frequéncies being utilized are congested.
ATC communication requirements make efficient use of only some 130
frequencies. In 1968, on a national average basis, an ideal pros
tection level of 20 dB theoretically required about 200 frequencies
to meet ATC requirements at that time. New requirements are being
satisfied by reductions in desired protection criteria. Nearly
all of the 253 frequencies technically available would be assigned

if it were not for restraints



imposed by radio equipment in a large percentage of general aviation

aircraft. The result is more frequency congestion on the 100 kHgz

channels and reduced air-air protection (down to as low as 7 dB).

If local congestion problems at major airports were disregaided,

and the high idealized condition of equal national loading was

assumed, the protection ratio would now average about 13.dB.

Projected increases in requirements and the resultant further

sharing of frequencies will degrade the average protection ratio

on the ATC channels to a highly questionable condition by 1972.

‘The protection ratio achievable at high concentrations of

activity such as major terminal areas is considerably less than

the national average.

A number of indicators of congestion present in the environ-

ment have been identified. These include:

1.
2.
3.

4.

requirement

5.

Increased channel congestion and interference reports

"Increased engineering time and computer assistance

Use of special channel assignments schemes

Chain-reaction freguency adjustments to meet a new

A-general degree of increased attentibn and sensitivity

to frequency management in the band.

As an example of the chain-reaction indicator, a.requirement

for seven additional ATC channels was recently fulfilled in the New

York area.

To provide the seven freguencies, the best engineering

plan which could-be devised without causing intolerable interfer-—

ence required the rearrangement of 17 other frequency assignments.

‘Implementation of these changes required 4 months.



b. The operational control portion of the VHF band is alsc
congested in the area bounded by Bogton, Massachusetts; Chicago,
JIllinois; and Washington, D. C. This is supported by the fact
that ARINC (the carrier's communication operating agency) has
recently petitioned the FCC to permit implementation of a 25 kHz
channeling plan in- the band 128.85 - 132.0 MHz. However, the ARINC
Petition was not solely based upon present or contemplated future
congestion in this band. Rather, this Petition was also designed to
provide for expanded air/ground communication functions, the accom-
modation of data link, and a VHF aeronautical satellite service.

It is the opinion of ARINC that the evolution of data link
will replace many functional requirementé now fulfilled by voice
communications thereby insuring the availability of this band

well into the future.

¢. The-major reasons for congestion are:

1. The growth of aviation during the past decade to
over 2600 air carrier aircraft and nearly 124,000 authorized

general aviation aircraft through April 1970,

2.. The FAA's respect of the tuning limitations of a sub-
stantial portion.{on the orxder of 35-40 percent) of general avia-
tion's communication equipment and the long-life cycle of general
aviation avionics. This results in about 190 of the 253 possible

ATC frequency assignments being efficiently utilized.

3. Civil VHF freguencies must be assigned to many
military airfields to accommodate civil aircraft using those

facilities for various reasons.
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. d., - The 190 freguencies which can be efficiently utilized
‘under ‘the ' presént assignment plan (50 kHz channelization when
’'sibject ko' practical assignment restraints) will be sufficient
to meet ‘conventional air-ground requirements only through 1972-73
{(e'ssuming at least. an 8-10 dB pIQtECthn ratio I8 requlred) By
~then, -(failing-'complete deploymeit) expanding conmurication needs
will ‘Have further deteriorated protection ratios--and will require
- further regqulatory and/or technical solutions.- Measures which
may be required-by 1973, or shortly theréafter, are considered

to be as follows:

1. Reduce transm1551on needs, with partlcular empha51s
directed to major metr0p011tan areas, by both technlcal and

operational measures including data llnk

2. Consider new.concepts for fregquency assignments
including such operational concepts as aircraft.single frequency
designation, functional assignment approaches, and other means

te'distribute_frequency loading, o e

3. Increase frequency availability by -establishment of
equipment programs to achieve fuller utilization of the 50 kHz

qbaﬁnels and ultimqteiy 25 kHz ?hannelizatioq.

e. BEstimates of, spectral density at the. satellite through
examination of frequency registrations and subsequent calculations
contain many simplifying assumptions which are not:.a.’sound basis
for systems design. For this purpose, actual frequency and signal
level measurements by satellite should be conducted.‘ Such a
Radio Frequency Interference (RFI) experlment could prov1de a
factual basis for frequency and propagation c0mputatlons.
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2.3 "L" BAND FREQUENCY SITUATION

. The conclusions regarding the-aeronautical "L" band are:

' a” The "L" Band appears to offer frequency avallablllty
for aeronautical satéllite use in today s crowded spectrum
Radionavigation and communication frequency requlrements may be
afforded radio spectrum space in the "L" band (1540 to 1660 MH=z)
subject to technology equipment measures and international
coordination. The "L" band provides grouping of several aero-
nautical functions in one portion of the spectrum. This includes
potential space technigues, communications, navigation, glide
path control, and collision avoidance. It provides 120 MHz* of
spectrum space which may be used to meet current and known

future requirements.

b. The RFI aspects of close field coupling may regquire
further examination during development phases. Measurement
and studies of potential interference from the continued operation
of existing radio altimeters in fregquency proximity to the pro-
visional aeronautical mobile downlinks should be examined further.
Although the altimeter will eventually vacate this band, those
continued in use in the interim represent potential frequency

conflicts.

2.4 VHF BAND SHARING IMPLICATIONS

Section 6 shows:

a. Insufficient data is available regarding appropriate
receiving system performance in an interference environment to
permit a meaningful assessment of VHF band sharing.

b. A methodology has been developed which, given the re-
quired protection ratios, has the capability of evaluating the
potential geographical constraints which VHF band sharing might

impose. The results are critically dependent on these protection

* International allocations presently in effect.



ratiosi; . These- po_tenti al -constraints. are. exempli fied -b.y a~limita-
the emergence of 2 communlcatlons gap between serv1ce areas of.;

the terrestrlal and satelllte systems.



SECTION 3

-ALLOCATIONS AND ASSIGNMENTS® -

3.1 INTERNATIONAL ALLOCATIONS

To assure commonality‘of radio frequency ﬁéegqggdéequipments
in the various services and to assist in the control of inter-
ference, internationally agreed frequency allocatiens have been
established. These agreements, by national ratification of radio
conventions of the International Telecommunications Uaion (ITU),
have treaty status and are binding upon frequencﬁ aséignment
activities of each.administration. The allocations in the Radio
Regulations, BEdition of 1968, are those reached at the Geneva 1959
Conference as revised by the following:

a. The Extraordinary Administrative Radio Conference for

Space Radiocommunications, 1963.

b. The Extraordinary Administrative Radio Conference for the

Aeronautical Mobile (R) Service, 1966. O,

¢. The World Administrative Radio Conference, Maritime Mobile

Service, 1967.

The allocation to services are reached at international radio
conferences by multilateral discussions, élthoughqpreconference
bilateral coordination may be conducted in seeking support for
national proposals. Although the interests of go¥érnment and in-
dustry users may offer differing frequency view$,§ﬁrigg the con-
ference preparatory cycle, the f£inal responsibiliﬁy for a unified
United States position as presented inte;n;@iohaii& rests with the

: P

Department of State.

The allocations to aeronautical services pertinent to this
study are shown by Tables 3-1 and 3-2. These tables reproduce the
current freguency allocations with the approprlate footnotes re-

arranged for easy reference. To. achleve maximiam . standardlzatlon

3-1



TABLE 3-1. INTERNATIONM ALILOCATIONS TO
THE AERONAUTICAL SERVICES. IN THE. VHF BAND

Allocation to Services & -.:. R

Region 1 .., Region2

117975—132
AERONAUTICAL MOBILE (R)
273 2T3A )

132—136 132136

. F

AFERONAUTICAL MOBILE (R) XED

“a MeBiLe 273A 276 277
A273A 274 275 278 279
2713 , The frequency 121.5 Mcfs is the aeronautical cmergency frequency in this

- -band; mobile stations of the maritime mobile service may-communicate on t_his
frequency for safety pucposes with stations of the aeronautical mobils service.

213A In the band 1 7-975-132 Mc/s and in the band 132-136 Mc/s where the aero-

Spa . nautical mobile (R} service is authorized, the use and development, for this
sservice, of-systems using space communication techniques-may be authonzed but
hmited injtfally to satellite relay stations of the aeronautical mobile (R} service.
Such use and development shall be subject to co-ordination between administra-
tions concerned and those having services operating in accordance with the
Table, which may-be affected

274 In certain countries of Region 1, the aeronautical mobile (OR) service will
continue to operate for an unspecified penod, on a primary basis.

275 In Burundi, Ethjopia, MNigeria, Sierra Leone, Gambia, Portuguese Qversea
"Spa-- “Provinces in Region 1 south of the equator, Rhodesia 2nd Nyasaland, Rwanda
) and the Rep. of South Africa and Territory of South-West Africa, the bands
: - 32-136 Mg/fs and 138-144 Mc/s are allocated to the fixed and molile services,

-276-° In Region 2 in-the band 132-135 Mgc/s, the aeronautical mobile (R) service
shall operate on a primary basis subject to co-ordination between administrations

* - -concerned and those having services operating in accordance with the Table, which
may bc aﬂ‘ected

277 1 Reg:on 3 in the band 132-136 Mc/fs, which will eventually become exclusively
allocated to the aeronautical mobile (R) service, frequency assignments to the
aeronautical mobile service shall -be co-ordinated between administrations con-
cerned and shall be protected from harmful jnterference.

278 “Th Néw Zehland, the bands 132-136° Mcjs and 138—144"Mc[s ate alloca.ted to
Spa  the aeronautical mobile {OR) service.

2719 In Australia, the band 132-136 Mc/s is allocated to the aeronautical mobile
8pa,, service. .

NQi_:Ej.- ..These are the currently publ:.shed allocatlons Whlch are the
- subject “of propoésed changes in 1971. ° ’



TABLE 3-2. INTERNATIONAL ALLOCATIONS IN THE
AERONAUTICAL "L" BAND

Alocation to Services

Region 1 Region 2 Repgion 3
1535—1 540

SPACE (Telemetering)
350A. 351 352 352C

3 5401 660 .
AERONAUTICAL RADIONAVIGATION

351 352 352A 352B 352D

350A Space stations employing frequencies in the band 1 525-1 540 Mgjs for tele-
Spa  metering purposes may also transmit tracking signals in the band. ’

351 In Italy, the band 1 535-1 600 Mc/s is also allocated to the fixed service until
Spa 1 January, 1970.

3582 In Albania, Bulgaria, Hungary, Poland, Roumania, Czechoslovakia and the

Spa USSR, the band 1 535-1 660 Mc/s ie also allocated to the fixed service. As
regards the category of the fixed service in the band 1 535-1 540 Mg/s, see Resolu-
tion NoSpa3

352A The bands 1540-1 660 Mcfs, 4200-4 400 Mcfs, 5000-5 250 Mc/s and 15-4.

Spa 15-7 Gefs are reserved, on a world-wide basis, for the use and development of
airborne electronic aids to air navigation and any directly associated ground-
based or satellite-borne facilitics.

3s52B 'The bands 1 540-1 660 Mcfs, 5000-5 250 Mcfs and 15-4-15-7 Gefs are also
Spa  allocated to the aeronautical mobile (R) service for the use and development of
systems using space comrnunication techniques. Such use and development is
subject to agreement and co-ordination between administrations concerned and

those having services operating in accordance with the Table, which may 'be
affected.

3s2c In Morocco and Yugoslavia, the band 1 535-1 540 Mc/s is also allocated to the
Spa  aeronantical radionavigation service.

352D In Austria, Indonesia and the F. R. of Germany, the band 1 540-1 650 Mcfs is
Spa  also allocated to the fixed service.

Note: These are currently published allocations which are the‘
" subject of proposed changes in 1971. ’
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of frequency utilization, a worldwide allocation is desired. How-
every, nations in some parts of the world may have differing
-requirements and thereby differing freguency needs. Regional dif-
ferences in allocations are recognized by three defined regions

of the world. Additional national provisions may be indicated by
footnotes officially part of the radio reguiations gﬁeference ).

3.2 ORGANIZATIONAL INFLUENCES UPON' PREQUENCY PLANNING

Within the freguency bands internationally allocated to the
aeronautical services by the ITU, several organizations influence
the operational uses and frequency assignment plans made by national
administrations. The close coordination among these organizations
provides for the unusuval degree of standardization in aeronautical
radio frequency uses that is so important to the successful wide-
spread operation of modern aircraft.. As a result, families of
frequencies are associated with specific world aeronautical routes

and radic operations are highly standardized.

Among these specialized organizations, the International Civil
Aviation Organization (ICAQ) sexves a primary coordinating function
for its member states (i.e., government to government). The

aviation carriers are represented by the International Air Transport

Association (IATA). Within the U.S., representation to IATA is
centered in the U;é; international air carriers aided by the

Air Transport-Assééiation (ATA} and the communications organi-

zation of the ai;lipe industry, Aeronatuical‘Radio; Inc. (ARINC).
ARINC is the FCC i&censee and has operated ground facilities for

the aircraft operating agencies since about 1929. ARINC performs
communication systems development and the radio frequgncy-engineering
reguired by the aircraft operating ageriéies, and coordinates the avionic:
development and standardization of airborne systems. The Inter-
agency Group on International Aviation (IGIA) serves to coordinate
international aviation matters among U.S. govermmental agencies

and user groups.- The Radio Technical Commission for Aeronautics
(RTCA) serves as a means of coordinating govermment and industry,

and recommends actions to the IGIA, user groups, and governmental

agencies, as appropriate.



In the U.S., national aeronautical freguency assignments are
contreolled by a dual system. For all non-federal users, radio
frequencies are licensed by the Federal Communications Commission
(FCC). The staff element exercising this function is the Aviation
and Marine Division of the Safety and Special Radie Services Bureau.
For all-federal users of the aeromautical mcobile band, this function
is exercised by the Office of Telecommunications- Policy (OTP)} using
the coordination mechanism of the Interdepartment Radio Advirsory
Committee (IRAC). - Most government departments and agencies having
radio interest are members of the IRAC. The IRAC's substructure
consists of the Spectrum Planning Subcommittee (8PS), Frequency
Assignment Subcommittee (?AS), the Technical Subcommittee (TSC},
and the Secretariat., The FAS has a subgroup concerned with aero-
nautical frequency assignments. This is the Aeronautical Assign-
ment Group (AAG), which is chaired by the Federal Aviation
Adﬁinistration. The FAA thereby serves a significant role in radio
frequency matters affecting aviation and the determination of
frequency requirements, sharing criteria, and assignment concepts.
The FCC, through direct coordination as well as through the Joint
FCC-IRAC organization, .reflects national aeronautical frequency

planning in its licensing activities. (Reference 2)

3.3 NATIONAL ALLOCATION PLANS

Since each administration is free to determine frequency
utilization within the framework established by the international
allocation tables, national allocations are made responsive to
particular interests or needs. In the U.S., suchallocations plans
are prepared by the Federal Aviation Administration and the Federal
Communications Commission through the coordinating structure of the
OTP and Joint IRAC-FCC. ' '

This allocation is shown in Table 3-3 for the frequency
spectrum 118.0 to 135.95 MHz (References 3 and 4).



TABLE 3—3-

NATIONAL SUBALLOCATION PLAN FOR THE VHF
AERONAUTICAL COMMUNICATIONS BAND

FREQUENCIES (MHz)

118.0-121.4
*121.5
121.6

121.65-121,95
122.0-123.05

123.1

323.15-123.25
122.3

123.35-123.45

123.5

123.55
123.6-128.8

128,85-132.¢0

132.05-135.95

USE

Air Traffic Contrcl

Emergency

Airport Utility

Airport Utility
Private Aircraft

Search and
Rescue

Flight Test

Flight Test -
Flying School

Flight Test

Flight Test -
Flying School

Flight Test

Air Traffic Control

Aeronautical Enroute

(Air Carrier)

Air Traffic Control

CHANNEL
SPACING

50 kiHz
100 kHz
100 kHz
below 121.6 MHz
50 kHz
above 121.6 MHz
50 kH=z

50 kH=z

50 kHz
50 kHz

50 kHz

50 kHz

50 kHz
50 kHz
50 kHz

50 kHz

50 kH=z

Number of channels other than Air Traffic Control

Number of Air Traffic Control channels

Total

NON-ATC
CHANNELS

ATC
CHANNELS

T 22

64

105

358

69

105

»

contain 360 channels.

the emergency channel 121.5 MHz, the maximum number available, by existing
standards, is 358 channels.

*The radio spectrum between 118.0 and 136.0 MHz on 50-kHz channeling could
However, by affording 100-kHz protection indefinitely to



http:132.,05-135.95
http:123.35-123.45
http:122.0-123.05
http:121.65-121.95

The most recent U.S. proposals for "L" band are as follows

(not internationally agreed upon at present).

1535.0

1

;537.5 Méritime Mobhile
1537.5 - 1542.5 Aeronautical Mokile' and Maritime Mobile

1542.5 - 1557.5 Aeronautical Mobile

1557.5 = 1567.5 Aeronautical Radionévigation
1567.5 - 1592.5 Aeronautical Radionavigation
1582.5 - 1622.5 Aeronautical Radionavigation
1622.5 - 1637.5 Aeronautical Radionavigation

1637.5 - 1640.,0 Maritime Mobile
1640.0 - lq45.0 Aeronautical Mobile and Maritime Mobile

1645.0 - 1660 - Aeronautical Mobile

Az discussed further in Section 5, the above proposals
are to be considered by the World Administrative Radio Con-

ference for Space Telecommunications, 1971.

The national frequency table reflected in Part 2 of the
FCC Rules and Regulations will be modified when appropriate
as a result of international action. The current FCC allocations
for this band were adopted in February 1970 (Docket 18550) prior
to formulation of the above frequency plan through
the subdivisions for navigation and communications are identical
in both, the tables differ presently in priority or sharing aspects
between aerconautical and maritime communication users. Pending
implementation measures of frequency agreements resulting from
the 1971 conference, frequency assignment plans must be evaluated

against the possibility of potential adjustments.



SECTION 4

VHEF AERONAUTICAL BAND

4.1 INTRODUCTICN

A portion of the VHF band between 118 and 136 MHz provides
the spectrum serving practically all the worid's aviation. In
the U.S., the national airways serve some 2600 air carxier air-
craft and some 124,000 general aviation-aircraft in this frequency
band (Reference 5). The communication operations include both

- terminal and enroute activities.

ATC enroute operations in the U.S. are handled by Air Route
Traffic Control Centers (ARTCC); cach assigned a control area.

The control areas are further divided into sectors within which

a controller team has jurisdiction. The communication range of
each ARTCC is extended to its entire control area by Remote

Center Air/Ground (RCAG) radio facilities. Aircraft within or

in trénsit must communicate with the appropriate sectoxr controller
on his designated fregquencies. An aircraft must, therefore, make
appropriate frequency changes as he passes through sectors and

control areas {(References 6 and 7).

The FAA Rules require that airlines be in continuous com-
munication with planes aloft, since the responsibility for the
safety is shared by the airline-licensed dispatcher and the pilot.
The dispatcher controls the airline's traffic and maintains
operational control. These services are provided by Aeronautical
Radio, Inc. (ARINC) and are extended to all aircraft operators,
large or- small, U.S. or foreign, scheduled and supplemental,
business, private, and government. The portion of the VHF aeronautical
mobile (R) band, 128.825~132.025 MHz, is used exclusively by
ARINC in providing these services. The ARINC domestic communica-
tions channels are used for the handling of operational communications

as distinct from FAA air traffic services.



The relative position of the VHF aeronautical band and its
suballocations is shown by Figure 4-1, which is a graphical
presentation of the table in Section 3. Fregquency assignments
within the VHF spectrum space allocated to aviation have been
channelized on specific center frequencies, a procedure common
to the mobile services. Aircraft are given "blanket" assignments,
which provide a wide choice of transmitting frequencies as
related to particular needs or services provided by ground stations,
either in accordance with a published plan or as directed by
the ground station (Reference 3). The pattern of aircraft fre-
quency use generally reflects the frequency plan of ground facilities,

except for emergency or air-rescue frequencies.

Ailrcraft in flight over oceanic or sparsely settled areas use
high frequency (approximately 3 to 20 MHz) radio when out of
range of VHF. To provide VHF service as far as possible out along-
the overseas routes special high powered extended range stations
are employved. These overseas services handle both company
operational control and air traffic service communications. 2all
communication flows directly through the extended range communica-
tion center to or from the airline dispatcher, FAA controller,

or others directly involved with flight operations.

The frequency utilization philosophy is a functional approach.
Various terminal and enroute flight services, or emergency functions
are related to discrete frequencies in accordance with a plan
disseminated to all users. Functional frequencies may differ with
geography, such as enroute functions in various air control seétors,
or among terminal areas to alleviate interference. Present functional

uses are listed in Table 4-1.

Many functional frequencies may be engineered in broad usage
terms because the nature of their use neither demands nor is appli-
cable to rigid engineering criteria. Other freguencies, however,.

serve communication requirements which may be defined for use in

+



1360 b e e .

Air Traffiec Control

132.0 4 L

Operational Contxrol

12808 - -

Alr Traffic Control

123.0 -

Emexrgency; Utility, Flying Schools
and Flight Test

Alr Traffic Contrel

[
—
e ——— i, i Sl ¥

118.0
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Aeronautical Band



TABLE 4-1. FUNCTIONS SERVED BY AERONAUTICAL

COMMUNTCATEONS IN THE VHF BAND

Emergency

Approach Control

Ground Control

Local Control

Departure Control

Clearance Delivery

Helicopter Controcl

2ir Traffic Information Service (ATIS)
Precision Approach Radar (PAR)
Unicomm

Multicomm

Flight Service Station (FSS)
Low Altitude.Enroute

High Altitude Enroute

VFR Radar Advisory

Air Operational Control




specific geographical areas where a protected grade of service
is considered particularly important. This results in two-cate-

gories of frequency utilization:

a. Engineered channels using rigid site criteria to assure
a protected service volume for specific ground stations, control

sectors, or functions (ATC and operational control).

b. Nonengineered channels to provide services, on demand,
without significant efforts to protect a defined service area.
The provision of nonengineered functional frequencies serves
a necessary purpose and is highly utilized but their use, of course,
detracts from the number of channels available in the ATC band for
the engineered ATC requirements.
The following subsections discuss these categories and the

factors affecting frequency utilization.

4,2 ENGINEERED AIR TRAFFIC CONTROL FREQUENCY UTILIZATION

The engineered freguencies consist of those bands allocated
to air traffic control in Figure 4-1. The FAA has been engaged
in a major effort to define frequency requirements for a national
system (Reference 8). This effdrt has included contractual assis-
tance by computer techniques considering service coverage, freguency
sharing, and performance levels. This program is examining ATC
frequency channel requirements for both enroute and terminal opera-
tions. It has included current refinements of sharing to the
maximum extent between enroute and terminal needs, and the tailoring
of protected service volumes to coincide with control sector geo-
graphical areas as well as projectad growth Treguirements. Two
necessary assumptions that were made .during the study force the

results to be interpreted in absolute minimum terms. These are:
a. Complete freedom exists to reassign existing freguencies
b. No co-site assignment constraints exist.

The portion of this report treating the theoretical frequency
channel needs, Or the minimum essential channels, includes
selected data from "Analysis of Channel Requirements for Aix
Traffic Control Communications and Navigational Aid Systems,"

(Reference 8).



4,2.1 Service Volume Criteria

Whereas fixed or land services are engineered for a particu-
lar service area in relation to the transmitter, the.agronauticéi
service deals in service volumes centered on a station. The
radius and altitude of the service volume is related to the func-
tions and airspace control category. This cylindrical-volume is
defined as the standard service volume. As a refinement to further
reduce the egsential number of frequency channels, the standard
volumes are taillored to the air traffic control areas so as to
disregard protection needs beyond the precise boundary ‘of the
geographical sector., This further engineering of frequency and
service volumes is identified as the "Tailored Service Volumes."
In this case, signals are protected from air-to-air interference
cnly within the gpecific sector served, and coinciding with actual
boundaries. The standard service volumes are tabulated in Table

4-2 (Reference 6).

4.2.2 Growth Projections

As an example of the type of basic information considered

during the referenced on—-going study, consider the following.

»The FAA estimated the total number of general aviation air-
craft to be 124,000 in January 1962, and forecasts this to. increase
to 178,000 by 1975 and 225,000 by 1980. Total air carrier aircraft
in service in January 1969 was 2586 and this is projected to be
3600 by 1980.

The potential growth of radio communication requirements is
illustrated by the projected increase in Remote Center Air-Ground
(RCAG) assignments serving air traffic control centers. This is
shown in Figure 4-2 along with the projected increases in aix
operations (Reference 9).



TABLE 4-2. STANDARD SERVICE VOLUMES*

Service Radius Altitude
Communications Function (nautical miles) {(thousand feet)
Low Altitude Enroute 60 18
High Altitude Enroute 150 45
Local Control 30 io0
Approach Control 60 25
DPeparture Control 60 20
Clearance Delivexry 25 5
Helicopter Control 30 5
ATIS 60 25
Precision Approach Radar 25 5

*Source: Reference 6
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Figure 4-2. Growth Projections (Source: Reference 9)

4-8



4.2.3 Channel.Requirement Computations

During tHe referenced study, ‘the' U.S. VﬁF%éir—ground communi-—
cations system channel regquirements, both1enroute~andiprésent
terminal functlons, were computed for each of 51x leveLs ‘of signal-
to- 1nterference protection. Only air-to- “air 1nterference by i}

direct wave propagation was considered. Transmitter powers and

antenna gains were considered identical in all cases.

The levels of protection against unwanted co-channel inter-
ference that were used were 20, 17, 14, 11, 8 and 5 dB. For each
of these assumed protection ratios, the computations’ for the entire
system considered feasible interfunction frequency sharing and geo-
graphical repeating schemes. Requirements were computed fofﬁﬁigh
and low altitude enroute stations individually, as well as composites

where some stations provided both services (Reference 8).

The results of the FAA study applicable to the VHF band‘have
been extracted and are tabulated in Table 4-3. The results indi-
cate the number of fregquency channels required as a-functioﬂ?éf
the protection ratio. If it is assumed, as discussion with the
FAA indicates, that the same criteria is appliedfto present assign-

ments, then the degree of congestion may be expré%sed in terms of
available protection ratio and its degradation with time.

Paragraph 4.2.5 discusses protection ratioc and concludes that-the
predicted existance of an 8-10 dB protection ratié represents the
point at which steps should be taken to alleviate-the causes of

the degradation.

With the increases in communication requireménté which must
be met by-available frequencies, either the performanpe (protection
ratio) will be degraded as sharing is increased, 6r ﬁrequenéy
availability must be increased by operational or technical measures.
Figures 4-3 and 4-4 illustrate these factors and 'show that if the
total of 253 ATC fréquencies under- 50-kHz spacingrwere actually
available to meet ATC requirements under an englneered concept, pre-—
dicted increases in enroute requirements alone could be satlsfled until

about 1973 with 20 dB protection. Thexeafter, w1th 1ncreased sharing of
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TABLE 4-3.

NUMBER OF REQUIRED FREQUENCY CHANNELS FOR ATC
BASED ON AN IDEAL ENGINEERING PLAN¥*

LEVEL OF PROTECTION (dB)
REQUIREMENTS 20 17 14 11 8 5

Enroute functions, high and low: (Standard)

Present 10l 100 99 86 75 60

1975 171 171 171 152 133 114
Terminal funetions:

Present 123 123 120 99 93 85

1975 123 123 120 29 93 85
Enroute functions, tailored, high and low

Present 86 86 82 74 62 50

1975 154 148 144 135 108 91
Total Requirements, enroute and Terminal

Present Standaxd 200 200 193 160 152 136

1975 Standard 269 268 255 217 199 175

*Source: Reference 8
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253 frequencies, the protection ratio deteriorates to 14 dB by
about 1975, and to an estimated 11 +o 12 dB by 1980. It should

be recognlzed that substantial growth of termlnal requlrements is

not reflected in these conclu51ons.

~ - L -4 r "
- A - LI . PR

The fallacy, bowever, 1s that several factors prevent the

full utlllzatlon of all 253 frequenc1es p0881b1e ln the assrgn—
ment plan. A mlnor factor lS that frequency lnteractlons‘rnfv ;”
collocated areas (co 51te) 1n]ect restralnts Wthh may be solved
only at the expense of flexibility in overall frequency aSSLgn-'
ments. The major factor, which is considered in detail in the"‘
next subsection, is that the tuning characterlstlcs of equ1pmen£
in the field govern the number of frequencres, or a551gnable
channels, available. This is related to -economics and equlpment
life and is a most serious restraint on avallable frequencres

in the immediate time frame. Although the exrstlnq frequencyh
plan provides 253 frequencies for ATC, only about iQO can be efficiently
utilized if the large number of lesgs selective redeivers are to
be respected in a national system. Again, based upon the engi- -
neering study ESD-TR-70-132, if today's ATC requirements are con=-
fined to 190 frequencies, then an 11-dB protection ¥ratio is the
best possible today:on a national level and an even worse condi-~
tion exists in localized congested'areas. It appeatrs that -the
"near-future situation wilkl get considerably worse unless more
frequencies are made availlable. < e

4,2.4 Restraints to Full Utilization of Frequencies in the Plan

Based upon a 50-kHz channelization of the llﬁ— to 136 -MHz
band, a total of 360 freguencies are assignabie. However by
providing a guard band on each side of the emergency channel
(121.5 MHz) the maximum number of assignable frequen01es is 358\
Pursuant to the ex1st1ng national planr the 358 frequencres are
divided into 105 frequenc1es for non-ATC uses an& 253 frequencles
for ATC use. Utilization of all 253 frequencies to meet an engl—

neered natichal system must consider the follow1ng

a. Near-field or proximity considerations including inter-
“action of freguency combinations.
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b. User equipment characteristicds which may not permit

utilization of all assignable freguencies in the plan.

The near-field problem requires detailed studﬁ of each case
cdnsidefin@ the specific frequencies involved. The equipment
cha;actéfistics are currently the most severe restraint upon
totdl freqguencies available. The.FAA's responsibilities
appiy'to all aircraft regardless of performance, size or
equipment configuration. In seeking the system which best sexves
the_airways.user, the FAA cannot ignore limiting capabilities.
This fofces the system to either be responsive to limiting capa-
bilities (ra?hér than provide the optimum sclution) or to further
regulate the users to be served. At present, all general aviation
aircraﬁt are not able to utilize the 50-kHz channels.

The impact of this limitation by general aviation is demon-
strated in the number of station assignments on the 100- and 50-kHz
subdivisions. Table 4-4 presents an assignment count in the ATC,
bands as of February 1970. A figure of 50 percent in the table
would indicated an equitable assignment balance on both the 100-
and .50-kHz frequencies. The effect of limitations on general
aviation equipment has less impact above 127 MHz, the upper tuning
limit of much of the 100-kHz equipment. For example, between 132
"and 136 the FAA has assigned stations to both 50- and 100-kHz
channelg on an equitable basis (47 percent); whereas, the 118~
to 121.4-MHz band assignment ratio is only 6 percent and the

123.7- to 127-MHz band ratio is 7 percent. ‘Likewise, the FCC
assignments (excluding blanket coverage, aircraft, and operational

control assignments) total 3621, of which 244 or 7 percent are
made on the 50-kHz channels.

Specific data on the freguency tuning capabilities for all
general aviatiqn avionics installed does not appear to be centrally
available. From a survey mailed to 145,689 memberé in 1969, the
Aircraft Owners and Pilots Association (AbPA) hag a unigque and

broad information base covering approximately 65 percent of the



TABLE 4-4. ATC FREQUENCY ASSIGNMENT BAiANCE*

PERCENT OF
‘ TOTAL ASSIGNMENTS ggsggﬁﬁggTs
ATC FREQUENCIES 100 kHz 50 kHz CHANNELS
118.0 - 121.4 923 57 5.8
123.7 - 127.0 957 75 7.2
127.05 - 128.8 204 92 31.1
132.05 - 135.95 344 304 47.0

*Source: Reference 10
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.general aviation aircraft then in use. Although freguency selec-
tion capabilities were not included in the questionnaire, the
data base provides some means for deriving the desired information,

if the following reasoning is used.

The FAA requires any aircraft filing under instrument flight
rules (IFR?FEB'Be abie to tune to all 50-kHz channéls. The AOPA
;“data_waS'examined to particularly identify configurations asso-
sciated with IFR capabilities. While this may not include all air-

créft with a SOFKHéJcﬁanﬁei capability, it does provide a lower
‘bound estimate. The survey shows that 60 percent (50;021 aircraft)
are equipped with dual VHF communications and dual VHF navigation
avionics eguipment, which is characteristic of IFR operation. It
is concluded, therefore, that at least 60 percent have installed

a 50-kHz channeling capability. Aircraft with single receiver
installations {(and therefore having no IFR capability but are not
necessafily limited to 100-kHz channeling) represented 35 percent
(28,857 aircraft) of the aircraft reported. in the survey - (Reference
11},

The FAA's respect of the tuning,limitations of general
aviation equipment results in the efficient use of only about
190 frequencies of the 253 that are actually available. The ATC
system, therefore, absorbs the deficit of 63 freguenhcies in terms
of a reduced protection ratioc and frequency congestion. This con-
straint upon the national ATC system results from not ovexr 35 to
40 percent of generxal aviation. However, without regulatory
steps it may not improve. One major manufacturer of genefal aviatior
equipment, for example, reports (see Appendix A) that 40 percent of
his sales in 1969 were for 100-kHz units (or 90-channel equipments).
The individual price differences between the two versions is about
$200 on a base price of about $1000.

4,.2.5 Protection Ratio

If voice communications are to be effective, the voice signal

must meet minimum intelligibility requirements in the face of



interference and noise. ICA0, in their considerations affecting
the deployment of VHF communication. frequencies, assumed that a
co-channel protection ratio (wanted-to-unwanted signal ratio) of
20 -dB was: requlred {approximately 90 percéent modulatlon) It is
bylleved that the FAR also endeavored to provide 20 dB 'of co-

channel protect%on:for ATC services until the VHF band- became so
croqded;_ N

Today, it is genefélly felt that 20-dB protection is a luxury
whiqh_the service cannot afford. However, derivation of a minimum
acceptabﬂffprotection:éatio (as a standard) is virtually impossible
because Of. the subjéétivity involved, On the other hand, without
soméfindicétiOh of the protection ratio at which communication
servicefbegins to degréde, no guantitative assessment of overgll

system performance -can be made. g

A recent study which investigated this subﬁeét is documented
in Reference 48 [ESSA RL. 1968 (updated 1970)]. Durlng this study
measurements were made ‘on conventional VHF fa01llt1es in the
laboratory. Subjectlve performance evaluations of" Modi fied
Rhyme Tests (MRT) and ATC messages using experlenced controllers
were conducted, as well as objective sets of data obtained from
a Speech Communication Index Meter (SCIM). The performance
measurements were compared directly to derive a relationship
between them, and to establish a gquantitative grade of service
at the récaiver audio oukput that is a function of the ratio of
the desired and interfering signals at the receiver input
(protection ratio).

Figure 4-5 shows the pertinent results obtained during the
referenced study. ©Six curves of percent intelligibility are
shown: three using ATC messages typical of enroute communication
traffic and three using the MRT. The three curves for each
message type represent a single co-channel interferer on frequency:
a 51ng1e co— channel interferer off-tuned 600 Hz, and Wldeband

Gaussian noise. The single interferer on-frequency curves are
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considéred to represent very specialized situations which may only
rarély occur in practiée. Two frequently occuring situations
include multiple interferers, the effect of which approaéhes
Gaussian interference as théir number increases, and slightly
detuned single interferenée'giving rise to a heterodye effect

in the audio. For a given message type, these effects are within
1 to 2 dB of each other.

On the other hand, the ATC messages curves are specialized
in that they are applicable only to highly trained and experienced
controllers and pilots using the specialized enroute traffic ATC
volcabulary. They may not be applicable to terminal traffic where
the vocabulary and talkers are different and may vary. A group
of general aviation pilots who are less experienced would be ex-
pected to require a greater protection ratio for a given intel-
1igibility than the controllers used in the evaluation. Further-
more there is evidence to suggest and it has been conjectured that
in times of stress, a higher protection ratio might be required
due to a lessening of redundancy iIn the message content. (Ref. 50).
For these conditions, the performance curve would be expected to
be somewhere between those for the ATC and MRT tests.

It is evident that considerable work remains to be done in
this area before protection ratio standards can be developed for

the various situations present in-an ATC system.

I+ must also be concluded (with the present knowledge avail-
able) that if the protection ratio available in the ATC system is
predicted to graduvally drop until it reaches 8-10 dB at some point
in time, then steps to reverse the trend should certainly be taken

before this point is reached.

4.3 Engineered Operational Control Frequency Utilization

The requirements of the aircraft operating agencies are gen-
erally accommodated through the utilization of facilities providing

network, local area, ground operational control, extended range VHF
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{(also relaying ATC information) and, additionally, communications
in support of helicopter operations. All fregquency assignments
to stations serving aircraft operating agencies are engineered

on 50 kHz channels using essentially the same protection criteria
employed by the FAA. This is particularly true of network oper-

ations.

Frequency utilization is further enhanced in the network
operations by the use of off-set carrier (CLIMAX) operxation. All
frequency assignments are shared by the aircraft operating agencies
to the maximum extent possible with the objective of insuring
efficient use and conservation of frequencies. Sharing of facilities,
other than networks, is accomplished by the use of criteria employ—
ing peak flight hours per hour in the interference area bhased on
exisgting and/or soon to be implemented schedules of the air
carriers concerned. This has proved to be an effective method
for the sharing of a particular channel by sewveral airlines in
such cases where the peak flight hours per hour do not coincide.

Assignments to air carriers may vary from a minimum of 8
assignments per channel for high level enroute networks to a
maximum of 93 assignments for local area and/or ground operational
control. It should be noted, however, that frequency assignments
for network operations wherein off-set carrier operations are
employed may indicate assignments +{o several stations on the same
channel within any given interference area. However, interference
and/or heterodyne effect is precluded by such off-set carrier
operations thereby insuring more effective and efficient frequency
utilizaticn. (For example, 130.3 MHz, through- the use of off-set
carrier operations, is now providing 4 networks extending from
Dallas through St. Louis to Detroit; through Denver to Seattle;
through Kansas City to Minneapolis; and to Corpus Christi. These _
networks are comprised of a total of 23 stations operatiﬁg on this
freguency.} Within the operational control band, with the exception
of that area bounded by Boston, Chicago and Washington, D.C.,
frequencies are generally available to accommodate future reguirements
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of the aircraft operating agencies for the next decade. It should
be recognized that frequency availability within the band concerned,
within this particular North East area, has been limited due to the
utilization of channels by Canada, precluding use of these channels
within the so called "Golden Triangle." The current paucity of
available channels in this particular area is also due to the fact
that the airports concerned are primarily major international
"Gateway" airports serving the European area and, therefore, have

a higher density of-air traffic than that normally found at
airports throughout the remainder of the U.S. These are also

high density airports with respect to strickly domestic air traffic.

Beyond the 1985 time frame, ARINC has estimated that a total
of 195 channels must be made available to meet the future requirements
for operational control communications by air carriers and general
aviation (Reference 51). Although, the volume of communications
from 1985 to the year 2000 and bevond may well exceed all present
forecasts, it is believed by ARINC that the gradual introduction
of data, telemetry and automation technigues may permit any
increase projected beyond 1985 to be absorbed without the need
for additional gpectrum space. Considering the expected reallocation
to permit’ 25 KHz channel spacing in the aeronautical mobile (R)
VHF band, roughly 128 channels will be available to aircraft
operating agencies for use until the early 19280 time period.

4.4 NONENGINEERED (FUNCTIONAL) FREQUENCY UTILIZATION

This category includes functional activities related

generally to certain terminal services and private fiélds. In
general, these freguencies are not assigned on the basis of engi-
neered air volumes but are related to functions. However, some
degree of engineering to meet congested areas may be applied to
provide some distribution locally as a result of serious inter-
ference. Frequencies assigned for emergency guard and transmission
are not incliuded. Further, freguencies of a broad blanket use in

a region or state, or those used for temporary sites, were not included.
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Functional activities are currently assigned on 41 fre-
quency channels based upon a 50-kHz plan. These frequency
channels are used for some 10 functions assigned as required
(two channels adjacent to the emergency channel as guards
are not included).

Flight service stations, f£lying schoeols, Unicom/Multicom,
air-rescue, and tower VFR functions are accommodated on over
5000 frequency assignments between 121.5 and 123.65 MHz.

Flight Sexvice Stations (FSS) are operated by the FAA to
serve all aircraft but are primarily used by general aviation.
Simplex communications are on the primary frequencies of 122.0,
122.2, 122.3, 122.6, and 123.6 MHz. The total number of ground
station authorizations for these frequencies is as follows
(Reference 10) :

122.0 MHz 15
122.2 MHz 202
122.3 MHz v115
122.6 MH=z 375

123.6 MHz 314

Seven additional frequencies on the 50-kHz channels have
been designated recently for FSS to meet the growth of general
aviation aircraft. The present frequencies are heavily utilized,
but measurement of activity is difficult since some aircraft
operate crossband. For example, the aircraft may transmit on
122.1 MHz and receive replies from a navigational station (VOR or
ILS) using superimposed voice (Reference 13}.
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At airfields not served by FAA facilities, a functiomal
service is provided by FCC licensed stations identified as
"aeronautical advisory" (or Unicomm). This service provides, on
call, such local information as safety, fuel, or local assistance
of an advisory nature. In addition to blanket provision to
general aviation and temporary sites, the grpund authorizations

are as follows (Reference 10):

122.8 MH=z 1697

122.85 MH=z 20
122.95 MHz 4
123.0 MHz 327
123.05 MH=z g5

The frequency channel 122.9 MHz is reserved for "Multicomm"
functions with some 227 ground authorizations. The function of
this channel is to satisfy needs for direct controls to aircraft
engaged in specific tasks requiring coordination such as crop

dusting, banners, air drops, et cetera (References 3 and 10).

4.5 FREQUENCY - CONGESTION INDICATORS

In addition to the discussion and calculations xegarding
present and future utilization of the VHF band presented earlier,
it is instructive to attempt to examine another factor bearing on
the subject. This factor is the possible existence of certain .
indicators of very high utilization and their rate of growth.

Posgssible indicators include:



a. Increased interference reports

b. Increased engineering time

€. Chain-reaction adjustments to meet a requiremeng
d. Deterioration of protection criteria

€. Special technical assignment schemes

£f. Increased attention to frequency management

If these indicators exist and can be roughly quantified, some
independent conclusions may be drawn regarding the degree of

congestion in the band.

A guantitative analysis of these indicators over a period of
time was not possible because of the lack of appropriate record
data. Although personnel engaged in both the managerial and
technical aspects of frequency assignments at the FCC and FAA
confirm the increasing difficulties, apparently appropriate
records do not contain data sufficient to quantify the actual
changes. Related information for each indicator was gathered,
however, and is discussed in the following paragraphs. Specific

examples are cited where evidence was-found.

Virtually everyone contacted on the subject agreed that
interference cases and reports have increased. However, the
reporting system is structured so that consolidated interference

reports are not transmitted to the FAA or FCC level. The various
regions or offices now receive local reports, but few are

forwarded. Thig lack of interference data stems from the attempt
to handle interference at the lowest echelon, and the fact that
many pilots accept interference as normal and make few formal
reports. With respect to those frequencies utilized by the
aircraft operating agencies for operational control communications,
ARINC indicates that very few cases of interference have been
reported because of the quality control system they have inséituted.

Those cases which have been reported have been resolved by ARINC.
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Increased time is required in freguency engineering efforts
to meet new requirements. This has been shown in manéqwér surveys
and personnel levels. 1In addition, increased uses of computers
are be;ng applied because of the increased complexity'qf asgiénment

engineering.

Numerous instances have occurred in which multiple or chain-
reaction frequency changes were required to meet a new ATC requirement.
This results from efforts to fit each frequency assignment in a
pattern which provides the greatest overall utilization. These
cases were rarely experienced in previous years, but are con-

sidered routine at present.

One particular example which can be citgd is when a require-
ment for seven new channels was recently fulfilled in the New
York area. To provide the seven frequencies, the best engineer-
ing plan which could be devised without causing excessive inter-
ference required the rearrangement of 17 other frequency assign-
ments. Implementation of these changes reguired 4 months.

The deterioration of the protection ratio was found to be
the most definable and was discussed in detail earlier in this

section.

Another indicator of increasing congestion is the use of
special assignment schemes. Although the basic apprcach to
service areas involves protection for a defined service volume,
it has been necessary because of surrounding assignments to
make some assignments for specific approach corridors. In this
case, protection is controlled only within an air corridor’ and
any attempt to communicate outside the defined path can expect

harmful interference.
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.Other 1nd1cat9r5 are reflecte& by organlzatlonal structures

and 1ncreased-pollcy level attentlon afforded frequency manage- .

ment _ Thls has been ev1dent at departmental levels and also in

.”

:the Pre51dent s Reorganlzatlon Plan concernlng the Offlce of ]
' Tglecommunlcatlons Pollcy. Frequency congestlon throughout the..
spectrum has resulted in a substantial number of radio frequencf
'compatlblllty programs estimated at about $7 million annually.
These programs ‘include specialized frequency studies by the

Electromagnétice -Compatibility Analysis Center (ECAC) at Annapolis.

The lncre%51ng fregquency congestion sitpation is also
indicated by the attention which it has received from professional
groups. In the report of the Joint Technical Advisory Committee
(JTAC) of thé IEEE and EIA, studies included the VHF aeronautical
communications 'band. The task group included FAA participants.
The JTAC appréach considered frequency assignments' per thousand
square miles-in- the U.S. by geographical regions. Figure 4-6
has been-prepdred from data éxtracted from the JTAC report, but
rearranged-in a format to show density changes. The level marked
"Dsg" is- the study group's judgment of a density level represent-
ing saturation,.i.e., 2.75 stations per thousand square miles

(Reference 15}.
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4.6 FUTURE PLANNING FOR THE VHF BAND

Aeronautical Radio, Inc. {ARINC) recently petitioned the PFCC
to permit implementation of a 25 kHz channeling plan in the band
128.85 to 132.0 MHz. This Petition was predicated upon discussions
in ICAO Regional Méetings (LIM/EUM 68/69) wherein it was generally
éonsidered that the implementation of 25 kHz channeling in the
band 117,975-136 MHz would come about in the 1975-1978 time frame
(the ICA0 7th Air Navigation Conference scheduled for the 2nd
Quarter 1972 has included on its Agenda consideration of the need

" for the future introduction of narrow channel separation in the
VHF Band 117.975-~136 MHz). This petition was also designed to
"allow for the orderly implementation of data link and a VHF Aero-
nautical Satellite System. It is the opinion of ARINC that the
evolution of data link will replace many functional requirements
now fulfilled by wvoice communications, thereby insuring the
availability of the band 128.85-132.0 MHz well into the future.

' This is addressed in FCC Docket 18931. At the present time,

the FCC is preparing to release a Notice of Proposed Rule Making
‘which will allow the "permissive" use of 25 kHz channel spacing
throughout the band 117,075-136.0 MHz.

If all 253 ATC channels could be efficiently utilized, the
:predicted deterioration of protection ratios to accommodate Air
Traffi¢ Control needs does not become critical until around 1980

(éssuming 10 dB minimum protection ratio). However, this situation
is affeéted by- the operational -equipment currently included in

the ATC bands,. particularly the equipment used by general aviation.
A sizable fradtion of these equipments are channelized in 100 kHz
incremeats which .results in the efficient utilization of only

190 channels. This is predicted to cause concern regarding the
maintenance of suitable (but degraded from today's) protection

ratios as early as 1972-73.
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Should all general aviation conform to 50 kHé chaﬁnéling,
the approximately 60 more ATC channels would, it i béiié%ed,
proviﬁe for ATC services until about 1975 without reduction of
protection ratios below that existing in 1969, If it is desired to
maintain 1969 prbteéfién ratios beyond the mid—éevehtiés;:'éieps
must bé‘taken to implement 25 kHz channel spacing before then. '
There is no formal criterion of system perforﬁaﬁce applied
to air/ground communications by FAA. FAA has attempted to
honor the ICAO protection ratio of +20 dB desired/undesired in
lieu of such a criterion, but the penalty imposed by utilizing
this standard for the "worst case" aircraft configuration could
not be tolefated. FAA has elected, therefore, to relax this
standard to permit additional requirements to be introduced and
has filed a difference covering this. The latitude to relax
D/U ratios has been exhausted in the northeastern United étates
although the FAA continues to study frequency redepléyment(approaches
to assure the most efficient frequency utilization under-various
assumed protectioﬁ criteria and 253 VHF channels. In fact, an
internal FAA study conducted after initial drafting of this report
reexamined projected requirements through FY-1972, Based upon 14
dB protection, the most recent review indicated 253 VHF channels
fell short of satisfying all air traffic control requirements by

243 assignments.

Recognizing this, on September 292, 1970, the FAA released
an Advisory Circular, subject: "ATC Frequency Assignment Plan
for VFR and IFR Communications." While pointing toward a full 360
channel communications capability (50 kHz channel spacing) this
Advisory Circular also recognizes that the use of 720 channels
{i.e., 25 kHz channel spacing) will be required at some future
date. Accordingly, this Circular states that the purchase of such
a capability would ensure full service for a greatly extended

period.



The economics of converting all general aviation radio
communications to 50 kHz channeling merit consideration.
Assuming that.a_commqnications transceiver capable of 50 kﬁz
channeling één be produced for $750, and that 50, 000 general
av::.atlon alrcraft do not now have this capab:l.l::.ty, the cost
magnltude is $37,500,000 (50,000 x $750). The aircraft estlmated
not to possess any radio communications are 1ncluded in the above
total., If it is assumed that they would not be outfitted, the
cost magnitude is $30,750,000 (41,000 x $750). This figure may
be slightly lowered by a small percentage of aircraft with equip-
ment designed for easy modification ($200) from 100 to 50 kHz
capability. Assuming that a 25 kHz channeling transceiver could
be produced in guantity for $1200, and that one receiver in each
of 113,000 general aviation‘aircraft is replaced (assumes 7 per-
cent without radio communicationg today would noé convert), the
cost magnitude would be $135,600,000 (113,000 x $1200). It
should be noted, however, that engineer%hg, producing, and
installing a $1200 transceiver responsive to 25 kHz channeling

for general aviation would require about five years.
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SECTION 5

AERONAUTICAL "L" BAND

5.1 BACKGROUND

The short title "L Band" stems from a World War II reference

to the 1215- to 1700-MHz band. It therefore applies to the 1535-
to 1660-MHz aeronautical band under consideration. This band was
intended for use by an integrated system of electronic aids to

air navigation and traffic control by the Atlantic City Radio
Conference in 1947. It was utilized for radar altimetérs with
little change in allocation status until 1959. 1In the course of
allocation hearings in the bands above 8380 MHz ({(FCC Docket 11866,
1956-1959), the frequency requirements for future collision avoid-
ance systems were first proposed for inclusion in this band. The
Geneva (1959) Radio Conference continued the allocatioﬂ of 1540
to 1660 MHz for aeronautical radionavigation. On Septenber 15,
1967, ATA/ARINC petitioned the FCC for changes in the applicable
frequency rules to provide for collision avoidance systems and
space technigues. Following FCC—government discussions, and
.FEC-industry hearings, the FCC issued a Repert and Order on
February 13, 1970 (Appendix C) adopting the provisional allbcations
shown in Figure 5-1. The suballocations are within the framework
of the present international allocations except for provisions

for maritime mobile service and wording permitting communiiications

in this band.

Coordination with industry and operators is in progress
through a series of hearings by the FCC (Notice of Inquiry,
bPocket 18294) and between OTP-FCC. The principle of maintaining
maximum flexibility of national frequency action suggests that
proposed international allocations in this band should be defined
in broad service terms. The introduction of maritime mobile
under a shared arrangement in a freqﬁency band "ear-marked" for

aeronautical use requires clarification of what is being shared
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and ‘the impact upon each usexr. Since the sharing arrangement is
on a primary and secondary basis between aeronautical and mari-
time, the controlling sexrvice appears clear. However, this
viewpoint is not unanimous. A frequéncy arrangement which reduces
the shared aspects between aeronautical and maritime is presented
in.the FCC Seventh Notice of Inquiry in a document-entitled "Draft
Proposals of the United States of America for the World Adminis-
trative Radio Conference for Space Telecommunications-Geneva 1971.7
The pertinent part of this proposal is presented in Figure 5-2.
This provides for 2.5 MHz for exclusive maritime, the next 5 MHz
shared, and the next 15 MHz exclusive aeronautical.

5.2 CURRENT SITUATION

Existing utilization of the "L" band by aviation is for
altimeters using pulsed emissions. Egquipment used is "type
apbroved," and authorization for the aircraft operator is granted
for the band upcn application and conformance with eligibility
requirements. The predominant user of the band for radio altim-
eters is the military with some use by general aviation. A higher
frequency band, 4200 to 4400 MHz, also is allocated for altimeters,

and considerable altimeter -operations are in the higher band.

~ Altimeter equipment in the "L" band is designated upper and
lower band limits rather than a specific frequency assignment.
Manufacturing and operating adjustment practices place all emis-
sions within the 1600- to 1660-MHz band with the transmitter
centered at about 1630 MHz. The total equipment inventory is
estimated at 2000 units for non-military use. Militarv aircraft
uses total about 5000 units. )

Natibnal frequency planning for altimeters is to place all
operations in the 4200~ to 4400-MHz band. This objective is
reflected in the Report and Oxder of the FCC (Docket 18550)
mentioned previously. In consonance with this objective, the
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military is no longer developing or p§ocuring altimeters in "L"
band. Some military procurement exists, but this is primarily
for replacement purposes. Effective in April 1970, the FCC ceased
issuance of type approvals for any new altimeter equipment in this
band. In accordance with frequency planning; all future altimeter
bperations are to be in.the 4200—4400 MHz region wﬁich is reserved
exclusively for radio -altimeters. Tpe FCC Report and

Order, Docket 18550, also gave notice that no new authorizations
would be granted as of 1 January 1971. In response to a petition
for reconsideration by one manufacturer, this date was extended

to July 1971. Therefore, equipment may be continued to be manu-
factured and sold until that time. This is reported to represent

80 units per month. However, the Commission did not establish

a termination date for the use of these altimeters, recognizing
that any such date would have to be the subject of international
agreement.

5.3 POTENTIAL FREQUENCY IMPACTS

The sub-bands provisionally designated for aeronautical
mobile communications on a primary basis are 1537.5 to 1557.5
MHz and 1637.5 to 1657.5 MHz. These frequency bands are the
shaded portions in Figure 5-1. The provisional allocation
intended for downlink aeronautical mobile use extends downward
2.5 MHz into the currently international allocated space tele-
metry. Although worldwide allocation is reflected in the Table
of Frequency Allocations for space or aeronautical operations,
the band 1535 to 1660 MHz is subject to a footnote reservation
{352) by the Soviet Bloc which also allocated the band to the
fixed service (Reference 1}. In Augtralia, Indonesia, and the
Federal Republic of Germany, the band 1540 to 1660 MHz is also
allocated to the fixed service. A check of international fre-
guency registration records shows no operations are listed in
the provisional aeronautical mobile bands.

However, above 100 MHz only those assignments requiring Inter-

national protection are notified to the International Freguency

Registration Board. Therefore, it must not be assumea tnat this band



is void of fixed and mobile services. It should be noted, that
one State, in preparation for the 1971 WARC-~-ST, has reiterated

to the ICAO the difficulties which may be experienced within that
State due to the fact that International Telecommunication Union
Radio Regulations permit the utilization of the band 1540-1660
MHz for fixed services and that present usexs have already
invested considerable funds for development and installation.

A similar situation may exist in other States also having alloca-
tions in this band for fixed services under the provisions of
Radio Regulations 352 and 352D.

The gquestion of Radio Frequency Interference (RFI) among
the several subdivisions sharing the band continues to be
axamined, and RFI control programs may be expected ag specific

designs are developed. The potential inter-

ference from the continued operation of radio altimeters centered
at about 1630 MHz with collision avoidance systems (1592.5 to 1622.5
MHz) has received particular attention. These studies include
efforts of ECAC, Mchonnell Douglés, and Martin Marietta. The
most probable interference condition concerns the altimeter burst
and its "spikes" with the proposed collision avoidance systems. -
Since implementation is planned by about 1972, the freguency com-
patibility aspects are of timely concern. The potential freguency
impact upon aeronautical mobile from altimeters similarly will
require study as systems design progresses.” However, the aero-
nautical mobile band nearest in frequency to the altimeter is the
uplink, and its impact at satellite distances is not considered
significant. The downlink is at least 72.5 MHz removed from the
altimeter center frequency. The glide path is immediately above
the fredquencies fof the proposed aeronautical mobile- downlink and
may require further examination. Frequencies immediately below "~
the downlink frequgpciesjére used for aircraft telemetry in many

parts of the U.8. "Quiet Zones" near earth stations may be



required to avoid interference from telemetry operations. The
mechanism for such coordination exist at present in the Aero-
nautical Flight Test and Range Coordinating Committee (AFTRCC).

However, technical solutions, i.e., power restrictions or opera-
tional constraints, are considered necessary for the freguency
compatibility aspects.

Definitization of frequency compatibility of projected
radic operations aboard the aircraft in this band relating to
the aeronautical mobile service should be planned. System design
of the satellite approach should consider the electromagnetic
environment. and include appropriate measures to control radio

frequency interference.
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SECTION 6
FREQUENCY SHARING CONSIDERATIONS

6.1 INTRODUCTION

The concept of fregquency sharing used in this report refers
to the capability to employ the same spectral allocation for
more than one system. The sharing problem addressed concerns
only the band 118 to 136 MHz which now provides a worldwide aero-
nautical mobile communications service. The guestion involves
the provision of frequencies for a new satellite system in this
band to serve oceanic areas while continuing the existing system.
According to ITU Regulations, the proposed satellite system may
be established in the same band subject to coordination betweeh
the administrations concerned. The administrations therefore are
obligated to view the new system in terms of its potential inter-
ference upon the existing communications system, particularly
since the existing system may be reguired for an indefinite period
into the future. In fact, the transition may extend over a period

of time, and in some areas may never occur.

Favorable concurrence is therefore related to a showing
that sharing of the frequency band between the present system
and the future satellite system is compatible, and attainable
within acceptable arrangements which pose minimum impacts upon
the existing system. Of course, if the satellite system could not
concurrently provide the performance desired, both from a service
guality or gquantity standpoint, sharing would not be forthcoming.
This section treats both the sharing and adequacy of performance
asﬁects of the situation. In view of the existing density of
assignment in the band concerned and the difficulty of major
reassignment to create exclusive satellite frequency space, any
application of satellite teéhniques should first consider the
possibility of interleaved frequencies between -the two systems.
{Ref. ARINC Plan (566), Reference 21)
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The technical considerations of frequency sharing are pri-
marily considered from the point of wview that the wanted signal
must exceed the potentially interfering signal by mpré than some
known factor. When expressed in decibels, this factor is generally
known as the érotection ratio. In general, it depends upon‘the
wanted and unwanted modulation types incident at the poinf of entry
for the receiver under consideration and the statistical vari-
ability of those signals. Protection ratios are é function of
receiver design and their technical characteristics in the environ-
ment, and the human factors which define intelligibility at the
system output. ) —

Unfortﬁnately, the measurements for all desired parameters
are not available at present. This is true of technica;_charaCH
teristiés of all receivers currently employed, and also in subjec-
tive tests of user characteristics which can relate unsatisfactory
intelligibility with measured technical criteria in a realistic
environment. Accordingly, we have assumed parameters which will
serve to demonstrate a method of analysis which, it is believed,
will highlight the potential interference situations.

6.2 ’SATELLITE SYETEM PERFORMANCE AND FLUX DENSITY

Implicit in a discussion of the frequency sharing problem
in the band 118 to 136 MHz is the supposition that an acceptable
space system can be designed and implemented within the constraints
imposed by the sharing principles. This section briefly discusses
the impact on the satellite of the flux densities appropriate to
sharing.

In order to provide a usable voice communications channel
in the aeronautical mobile satellite service employing a narrow
band (about 11l kHz wide) FM system of the type freguently pro-
posed, it will be assumed that a carrier-to—noise power density
ratio of about 46 dB-Hz is required. A typical power budget for
a VHF (125 MHz) link from a geostationary satellite which results
in a -130 dBW/m2 flux density (free space value at the subsatellite



point) is shown in Table 6-1. The power in excess of that neces-
sary to provide the desired performance under free space condi-

tions is termed "power available for propagation anomalies."”

Table 6-2 shows that approximately 360 watts of dc power
mast be provided on the satellite for each voice channel at
=130 dBW/m2 flux density. It should be noted that the‘?lgo dBW/m2
is chosen at this point for reference purposes only. Later
analyses will consider this parameter over the range, from -140

to -130 é{BW/m2 and its impact on the sharing problem.

6.3 INTERFERENCE ANALYSIS

A VHF aeronautical synchronoug satellite system has been pro-
posed in the band with 118 to 136 MHz fregquency gssigﬁmehts 50 kHz
apart, interstitially related to those of the eiisting terrestrial
system. The satellite system has been designed to provide oceanic
coverage. Over land areas, alrcraft will continue to use the
existing terrestrial system. As an aircraft depérts oﬁ of returns
from an oceanic flight, it would switch, at the appropriate point
in its flight, between the satellite (oceanic) system and the
terrestrial @omestic) system. The ARINC 566 (Reference 21)
receiver is an example of avionics equipment which proﬁides this
capability. The role which the extended range VHF stations will
play is not clear. If they are maintained in opération, they
could serve to create a "buffer" zone and possibly some inter-
ference situations, discussed later, could be avoided.

Appendix ITI of ARINC Characteristic 566 notes that "certain
geographical constraints must be applied to avoid harmful inter-
ference to conventional operations from aircraft operating in the
SATCOM mode." It is the purpose of this subsection to investi-
gate a method whereby these potential geographical constraints
which may have operational implications can be examined.

The steps to be followed are to define the potential inter-

ference situations, system parameter assumptions, protection ratio,
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TABLE 6-1. ASSUMED VHF POWER BUDGET PER VOICE CHANNEL*

EIRP (pe€ak) 32.0
Antenna 5ff—axis loss -1.0 dB
Free Space loss (@ 125 MHz) -166.0 4B
Aircraft antenna gain 0 4B
Polarization loss -1.0'dB
Received Carrier Power ~136,0 4BW
System Noise Power Density (1300°K) -197.5 3BW/Hz
Carrier to Noise Power Density Ratio 61.5 dB-Hz
Required C/NO (assumed) 46.0 dB-Hz

Power available for propagation anomalies 15.5 dB

*Providing -130 dBW/m2 flux density



TABLE 6-2, SATELLITE POWER ALLOCATION PER VOICE CHANNEL*

EIRP (peak) 32.Q ABW
Transmitter to antenna loss -1.5 dB
Antenna gain (peak) +11.0 dB
Transmitter RF power 22,5 dABW (180)

dc power required (@ 50 percent
efficiency) 360 watts

*Providing -130 dBW/m2 flux density



Propagation model and interference calculations. We conclude
with a summary of the analysis and a particular method of dis-

playing the results.

6.3.1 Potential Interference Situations

The interference situations which are examined in this
report’are shown in Figures 6-1 and 6-2. Cases I and II consider
cross interference between two aircraft, one in the terrestrial
system aﬁa one in the satellite system. Case IIY depicts cross
interference between the satellite and terrestrial transmitters
into an aircraft in the other system. Cases IV and V censider
interference into the terrestrial receiver from the satellite and
an aircréft in the satellite system, respectively. Case VI in-
cludes all interference from the terrestrial system (both aircraft
and terrestrial transmitters) into the sateilite receiver. This
latter case is addressed in Paragraph 6.6.

All cases (except Case VI}) consider 'only -a single source of
interference. It is recognized that sometimes multiple inter-
ferers may be present in which case the analysis must be modified.
This will be particularly true on the North Atlantic tracks in the
future, if separation standards are reduced. Cases T and IT,

aircraft-to-aircraft interference, are particularly affected.

In the analysis of Cases I and II, it will be assumed that
the two aircraft and the terrestrial transmitter are located along
a straight line. This is a practical assumption, particularly in
the North Atlantic where a rigid track system is used, and in any
case represents a worst case situation. Case V can be viewed as
a best Case I (with the aircraft replaced by a terrestrial
receiver) and is independent of the angular disposition of the
two aircraft. All other cases considered {(except Cases I and II}

are also independent of their angular disposition.

Interference into and from the earth stations of the satellite
service was not considered in this analysis. It is assumed that,
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since there would be few.of them required, they c¢an be appro-

priately sited and/or designed so as not te cperatienalily limit

either the satellite or terrestrial systems.

" Pogsibilities for

operational systems include use of other than VHF for thesé links,

remote siting:, good sidelobe control,

of large antennas and low transmitter power.

6.3.2

System Parameter Assumptions

antenna shiélding, and-usé

[

In order to perform an interference analysis, certain param-

eters must be chosen.
6-3.

TABLE 6-3.

The assumed parameters are shbwp in Table

SYSTEM PARAMETERS

i

(All Antennas are Assumed Isotropic)

L -

M Satellite

System Parameter |[AM Terrestrial System 1 System.

Terminal | Aircraft Satellite Rircraft
EIRP 14 aBw 14 aBwW o 24 dBW
Required Protection (FM on AM) (AM on FM)
Ratio -10 dB and co % .

+ 5 dB * 30- dB
Altitude 50 £t 40,000 Geostation— | 40,000
ft. ary orbit ft.

* See Paragraph 6.3.3.

ar

** Related to the power flux genSlty by EIRP {dBW) .
—162 + (power flux density in 4dBW/m™).

Flux densities between limits of -130 dBW/m and 1140 dBW/m

Wi}l.be considered.

operational conditions being considered.

_ The altitudes chosed are maxipum for the

.

‘The aixrcraft EIRP's are based on the use of. the ARINC 566- VHF

communacatlons transceiver gystem.

It is assumed- that the 500 watt

power“ampllfler is used in the FM mode, but’ not In'the AM mode.

T Approximately 3- dB is assumed for dissipation and mismatéh - losses

in each mnode.
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Although circular pelarization is a likely candidate




for the -satellite system, interference propagation paths off the
main beam axis are more likely to exhibit linear polarization.
Consequently, .for the purpose of this study, all signals are
asgumed. to be vertically polarized. Aircraft antenna gain is
assumed to be 0 dB for . all signals. A more detailed analvsis
would use actual antenna patterns with possibly some variation
in gain depending on signal angle of arrival. The basic method

used,  however, remains the same.

Appendix A shows that approximately 70 percent of terrestrial
systemn VHF transmitters are 50 watts and 23 percent are 10 watts.
The remaining seven percent are scattered between 10 and 30 watts
(excluding the extended range stations at 1 kilowatt). Therefore,
alleowing 3 dB for losses, an EIRP of 14 dBW (identical to the
aircraft value) is. used. However, it should be noted that gome
ground transmitters in the operational control bands employ a
higher. power. For example, one approach places the up-link
channels for a VHF satellite system in the subband 131-132 MH=zZ
used for operational control., In this particular subband some
ground facilities employ 200 watt transmitters for high level

aircraft communications.
.

6.3.3 Protection Ratié

The reguired protection ratio has a profound effect‘on the
results of any interference ahalysis. It is, therefore, necessary
to attempt to define this parameter for all combinations of
transmissions and receiver types in both systems. The complexity
of the present situation is demonstrated in Table 6-4, where each
of the interference cases is discussed in terms of the interference
situation (FM on AM or AM on FM), receiver type possibility,
receiver mode, the interfering fregquency band (as proposed by
ARINC) , -the type of communications in which the terrestrial system
element is inwvolved and the interfering source possibilities. A
somewhat similar, but greatly simplified, situation was encountered

in Section. 4.2.5 for the terrestrial system. There, however,
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TT-9

Case

IT

ITI(a)

(b)

v

“Notes:

Interference

Situation

FM on AM

AM on FM

FM on AM

AM on FM
FM on AM‘

M on AM

TABLE 6-4.

Interference

Band

131-132

125-126

125-126

125-126
125-126

131-132

Receiver
Type

ARINC 546
or 566

ARINC 566

ARINC 546
or 566 or
General

Aviation

ARINC 566
RV-9

*

INTERFERENCE SITUATIONS

Receiver
Mode/B.W.

AM/36 kHz

FM/20 kHz

AM/36 kHz

FM/20 kHz
AM/36 kH=z

AM/36 kHz

Interference -
Source

Alrcraft~566
transceiver
Aircraft - general
aviation or 546 or

566 transceiver

Satellite

ATC station
Satellite

Aircraft-566
Transceiver

Assumes, ARINC frequency plan Uplink 131-132 MHz, Downlink 125-126 MHz
~ ¥ assumed .equivalent to ‘the 546 receiver



co—-channel interference in an all-AM system was at issue, a

much easier (albeit still complex) situation since receiver
parameters such as selectivity, freguency stability, and Cross-
modulation performance are not as important as in the adjacent
channel environment of the interstitial plan. The latest and
most comprehensive treatment of cross interference in FM and AM
volce systems (Reference 52) does not provide all the data neces-
sary for a complete interference analysis of the kind needed.
Indeed, the investigation reported in this document was not intended
to do so. Attempts to modify the data to account for the esti-
mated performance of the various receivers which are appropriate
to the analysis and allow for possible frequency instabilities in

both transmitters and receivers were totally unsatisfying.

CCIR Report 1101 (Reference 53) provides cne assessment
of the protection ratio needed for FM on AM with an RV-9 receiver
(36 kHz bandwidth) and only an 18 kHz interference to desired -
signal spacing. (rather than 25 kHz)} to allow for frequency insta-
bilities in both transmitter and receiver. The +6 dB protection
ratio obtained attests to the fact ‘that the RV-9 did not provide

appreciable rejection of the AM interference signal.

In order to complete the presentation of the analysis method,
however, specific protection ratios must be assumed. They are
shown in Table 6-5.

Two FM on AM ratios are assumed to account for different types
of AM receivers in the system and to show the sensitivity of the
results obtained to this parameter: ]

Measurements should be made using the ARINC 546 and 566
receivers as well as "typical" general aviation and ATC ground
station receivers under all conditions of relative frequency
stability likely to be encountered. Until this is done, a realistic

assessment of the interference potential cannot be made.
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TABLE 6-5. PROTECTION RATIOS ASSUMED

IN ANALYSIS

_ PROTECTION
CASE RATIO
I -10 and +5 dB
IT —-30 4B
II1T{a) -10 and +5 dB
ITI{b) -30 aB
iv- ~10 and +5 4B
\' ~10 and +5 dB

6-13



6.3.4 Propagation Model

6.3.4,1 @General

For terrestrial p;opagation paths (air—to—air_or,air-td—
ground)'the analysis.iﬁ‘this report is-bésed;upah an assumed
two-path line-of-sight model, i.e., a direct path and a sea-
reflected path. The two-path model .was chosén because the
interference analysis in this situation is more concerned with
sharing at ranges nearer the radio horizon rather than response
below the horizontal plane. At the ranges of analysis, the
two-path model is more representative than a p;opagation model
considering only free space transmission. A discussion of the
validity of the two-path - model is contained in the next sub-
section. In any case, the assumption should be verified by
additional multipath experimentation with candidate antennas for
an operational VHF satellite system.

In the two-path model, the resultant signal at the receiver
is the vector sum of the signals propagated along both paths
with proper account taken of the relative phase due to the
difference in path lengths and the phase shift introduced by sea
reflection. Along each path, attenuation is introduced due to

geometric expansion of



the spherical wavefront. The sea~reflected ray is additionally
attenuated by the nonunity reflection coefficient (calculated in
the model “from Fresnel's -formula) and- spherical divergence of the
wavefront due to the nonplanar reflecting surface. Because propa-
gation loss within the band 118 to 136 MHz is not strongly fre-
quency dependent, the frequency of 125 MHz was selected for compu-
tations. Propagation is assumed to be above sea water for all

cases, Vertical polarization is alsoc assumed.

Propaéation results for the parameters used in the analysis’
are éresented in Figures 6-3 and 6-4. Before employing these
figuces, a few comments regarding them may be made. First, the
four:lines plotted on each graph represent the expected value of
path loss (the oscillating 1ine), the free space loss experienced
by the dlrect path {(the middle monotonic line), and the 1oc1 of
the fMiinima and maxima of the expected path loss. These loci are
espe01ally 1mportant because, if the helght of either terminal
changed by only a few wavelengths (meters in the band 118 to 136
MHij;_the maxima and minima of the oscillating line would shift
in i&sition ‘but would essentially still be located along the loci
shown' Second it is evident by inspection that many minima and
max1ma do not touch the curve of their loci. 'This is due to the
flnlte step 'size between successive calculations and the method
of computer plotting where by successive calculations are Smely
connected together by a straight line. Smaller .increments would
1mprove the graphical quality, but would also result in excessivé
computer tlme. Finally, one can cbserve (espe01ally for Figure -
6-4}) ~that the oscillations rapidly increase in frequency as the ’
distance first decreases from its line-of-sight maximum. Further
decrease in dlstance, however, eventually results 1n a decrease of
the ﬁrequenqy of oscillations. This will not be observed in
pracﬁice, for an actual propagation path the osc1llatlons will
continue to 1ncrease in frequency Wlth decreaSLng dlstance. The:
apparent paradox iseasily resolved by means of the sampling e

theorem - successive increments selected for calculations by the
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computer are not spaced closely enough to repregent sampling (in
distance) at twice the highest frequency of the oscillating path
loss. Consequently, the reduced frequency of oscillation can”
actually be attributed to an aliasing phenomenon of the osciliation
spectrum. In this situation, only the three remaining monotonic
curves have any true validity. .

In general, the oscillation freqdency noted above increases
as 'the fixed station altitudes increase; This can be observed by
comparing Figures 6-3 and 6-4. For the situation in which the
fixed terminal is a satellite, the oscillation freguency will be

much more rapid than that shown in either of the figures.

6.3.4.2 Demonstration of Validity

Before discussing in detail the results derived from the -two-
path propagation model, some discussion of its validity appears
in order. One comparison between the theotetical two-path model
and experimental results for ground-to-air. -propagation is proﬁided
by Figure 6-5,. taken from Reed and Russeili(Reference 22), With
the exception that horizontal polarization has been employed in-
stead of - vertlcal polarlzatlon, the parameters of transmlttlng
statlon helght frequency, and sea water conduct1v1ty surface are
Eeasonably near to those employed for the interference situations
of this study. From this figure, it can be seeh that the observed
values of field strength (or equivalently, ptobagetion loss)
demonstrate good agreement with the theoreticaiij'derived depend-
ence, It is also evident from this figure that the variations in
signal strength observed by an aircraft, and related to helght
variations of several hundred feet experlenced,by that aircraft,
Wlll not be appreciable when the airplane is w1th1n(the v101n1ty
of .the lower {or first) lobe. Bguivalently, for ain- alrcraft _hear
the radio:horizon, but within line-of-sight of the transm:l.tterJr
field strength does not vary appreciably-with alrcraft helght.‘
Another demonstratlon of the validity of the two-path’ propagation
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model is provided by Figure 6-6, taken from Ince and Williams
(Reference 23), in which vertical polarization overland is con-
sidered. Again, reasonable agreement between theory and experi-

ment can be observed for the two-path propagation model.

The propagation model emplofed in this study is similar to,
but not identical with, the model described by Gierhart and
Johnson in their report, "Transmission Loss Atlas for Select Aero-
nautical Service Bands from 0.125 to 15.5 GHz" (Reference 24).

In their report the expected transmission loss between an aircraft
and a ground station or some other aircraft is presented as.a
function‘of distance with height as a parameter. Three regions
with respect to distance from the transmitter are delineated:
beyond-the-horizon region, horizon-lobe region, and a region ex-
tending from the horizon-lobe regiop to the transmitter. In the
beyond-the-horizon region the transmission loss mechanism is
either diffraction or tropospheric scatter (or some combination

of the two). The method employed by Gierhart and Johnson for the
calculation of these losses follows the procedures described in
NBS Technical Note 101 (Revised) {(Reference 25). Except for
anomalous propagation phenomena (such as ducting on surface-to-
surface paths), the transmission loss within this_rggion decreases
rapidly with distance and, to a first approximation, need not be
considered. For this reason the beyond-the-horizon region has not '

been considered in the model used in this interference analysis.

Within the horizon-lobe region Gierhart and Johnson employed
a two-ray interference model. The model used in this interference

analysis also employs a two-ray model in this regiomn.

At distances nearer to the transmitter Gierhart and Johnson
did not use the two-ray interferencé model because the lobing
structure obtained from it as the path length shortens becomes very
dependent ‘on surface characteristics, atmospheric conditions,
antenna characteristics, and other factors. Instead, free-space

transmission loss between transmitter and receiver was employed
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in this region. TFor the estimation of long term median trans-
mission loss this ig a valid assumption. However, for interference
calculations it is the simultaneousg difference between wanted and
unwanted signals which is of interest and not the difference of

their long term medians.

For the interference situations examined in this study (viz.,
coastal coverage by both space and terrestrial services), the
reflection surface may be assumed: to be sea water. Sea surface
roughness need not be considered, since, for interference studies,
gquasi-worst case gituations are of interest. Further, since most
interference situations result in line-of-sight propagation paths
to the receiver of interest, the gross atmospheric conditions along
all propagation paths are likely to be the same. Thus, in con-
tradistinction to the curves presented by Gierhart and Johnson,
which are most useful for predicting the absolute transmission
loss that might be expected above unknown terraln, the two-path
model appears to prov1de a moxre realistic estimate of path loss
differences between wanted and unwanted signals for interference
analyses. Even this model has its disadvanéages; however, it seems

adequate for the study discussed below.

6.3.4.3 Application of the Model

Consider now the application of the two-path propagation
model to the interference situations illustrated in Figures 6-1
and 6-2. As noted previously, the oscillations in field strength
with distance will be very rapid for the situation in which one
terminal is a satellite. For the case of satellite-to-aircraft
transmissiong, the motion of the aircraft will cause the signal
received at the aircraft to fluctuate rapldly with tlme. Although
satelllte system performance calculations must take. thls rapid
fluctuation in account for several reasons, interference analyses
can (unless extremely worst-case predictions are required) use

the free-space loss as a reasonable estimate for the median of the



rapidly fading signal. Small scale fluctuations im the atmospheric
refractive index alsco lead to rapid signal fluctuations.:.. For this
reason,- the -satellite-to-ground station propagation path alkso

employs only the free-space value for path loss.

For aircraft-to-aircraft propagation paths, a similar situa-
tion involving rapidly fluctuating signals often oceurs -because
of relative motion between the twe aircraft. Because of this
situation one is tempted to employ the free-space loss for the
reason noted in satellite propagation paths. However, for inter-
ference studies one must comsider the worst case situations.
Such a situation could arise if there were mno, or at least very
little, relative motion between aircraft. This occasion could
occur, for example, if aircraft were being maintained at fixed
separations for purposes of air-traffic control. Since air-traffic
control is the primary function of the communication systems con-
sidered, the worst case will be assumed for these interference
studies by assuming that an interfering signal from another air-
craft is not rapidly varying. Therefore, the reflected ray along
the interfering path is assumed to add in-phase,; so as to increase
the resultant unwanted signal. This assumption requires that the
upper envelope of the curve in Figure 6-4 (minimum'loss) be em-

ployed for the unwanted signal between two aircraft.

For ground-to-aircraft propagation paths, a somewhat different
situation exists than in the two cases noted immediately above.
Referring to Figure 6-3, one sees that for an aircraft heighf of
40,000 feet, the field strength exhibits a slow variation with
distance relative to the previocusly noted cases. Further, at
distances less than about 50 n.mi., slight variations in height
can result in field strength levels (or propagation losses) asso-
ciated with either constructive or destructive interference be-
tween the direct and reflected rays. Considering these observa-
tions free-space loss is employed for interference situations

involving air-to-ground propagation for distances less than about
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250 nnmis? : Because the field strength within the lowest 1lobe- is. ¥
notrparticularly:sensitive to height variations. by the aireraft,
the theoretically derived.field -strength curves {or:propagation
losses) are directly employed for greater distances.’ :

6.4.. INTERFERENCE CALCULATIONS

This ‘subsection presents representative calculations for

a few of the interference cases discussed.

Con91der first the interference situation of Cage I.
Here, ‘sircraftt (b) is receiving a wanted signal s, from a
terrestrlal transimitter and a potentially lnterferlng
unwanted s1gnal‘Su from aircraft (a) that is transmlttiﬁQ to
the Satellite. Using a —-10 dB protection ratio, the
dlfference between these signals must satisfy the 1nequa11ty.'

-Su,‘ _SW _— lo dBt

Beéa@ée'dll antenhas are isotropic, this inequality may be
restated in terfis of propagation loss by employing the
known EIRPs., Hehces:

(24 -z,) -(14 =) <10 aB

or
) L ZLW-
Where:
h #ﬁ =-prepegation loss of unwanted signal
LW = propagation loss of wanted signal.

- Assume that the receiving alrcraft is 100 n.mi, dlstant,
from the. terrestrial station, the propagatlon curve of
Figure, 6-3 . shows that the path loss. likely to be experienced
(on the.basis of the two-path propagation model)- is 116 dB.
?hisxcqzyesponﬁs to the minimum/actﬁal wanted signal at that



range. In order that the unwanted signal should experience
a propagation loss not less than that of the wanted signal,
Figure 6-4 indicates that a separation between aircraft of
at least 125 n. mi. is required. Proceeding in this manner
for other ranges, the wanted separation between aircraft can
be found as a function of the wanted signal péth length and
the results plotted, as in Figure 6-5 (Case I). Naturally,
only those distances dl less than the service range in the
absence of interference-of the terrestrial system need be
examined. This randge is typically 150 n. mi. Case V follows
in a similar manner.

Next, consider Case II. This situwation is similar to
but much simpler than that previously examined, because now
the regquired separation that must be maintained between
aircraft is independent of the distance dl' If free space
transmission loss can be assumed as a reasonable average for
the rapidly fading multipath propagation loss between air-
craft (a) and the satellite, as discussed in Paragraph 6.4.4,
the following ineguality can be derived in a manner similar
to Case I for a flux density of -130 dBW/m?:

(14 - Lu) —(32 -LW) <30 as.

Because the free space transmission loss at 125 MHz between
an aircraft and a synchronous satellite is about 167 4B,

the following result is easily obtained:

=
L, <119 dB.

From Figure 6-4, the minimum allowable separation between
aircraft is 140 n. mi.

Cases IIT (a) and (b) are nearly trivial. For Case III
(a) the maximum distance a; max

conventional coverage cannot be achieved in the presence

must be determined for which

of the unwanted signal emitted by the satellite. As in the
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previouémcases, an ineguality can be established in terms of
the path loss; here one obtains:
(32 - 167) - (14 - 1) <10 aB
or
vt g, <159 dB.

From Figure 6—3, one f£inds that d1'5250 n. mi. Case IV

follows in a similar manner.

‘For ' Casé ITIT (b) a similarity with Case II is observed.
The only difference is that here the propagation loss curve
of Figure 6-4 is employed. Thus:

L 2119 dB
u

S0 thaﬁnthe minimum distance to which an aircrafit operating
in thé satgllite mode may approach a transmitter of the
terrestrial service in d2 min _ 150 n.mi. This regquire-
ment can be ;epresented in FPigure 6-5 as the inequality

S + dl 2'1_19 n.mi.

The controlling interference situation can be identified
if the results £rom Cases II and IIT are noted on the graph
obtained from Case I as done in Figure 6-5. Shading has
been used to indicate those portions of the graph resulting
in an unacteptable interference situation for the case

considered.

6.5 RESULTS AND CONCLUSIONS

The results obtained for the assumed protection ratios
and satellite flux densities from -140 dBW/m? to -130 dBW/m?
are presented in Figures 6-7 through 6-9.

Here the distance required between ' two .aircraft to
prevent interference (one in the satellite service and one
in .the terrestrial service) is plotted as a function of the

distance between the latter aircraft and the terrestfiai'
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station communicating with it. All interference cases,
except Case VI, are shown in this way.

A .geometric condition lying within the area on the
shaded 51de of each curve produces an unacceptable 1nter—

ﬂerence s;tuatlon of some kind.

Examples of the type of conclusions which can be drawn

from presenting the analysis results in this manner are:

a. The results obtained are very sensitive to the

values of protection ratio used.

b. A non-operational or "dead" zone Smin may exist
within which interference-~free coverage cannot be derived
from either the satellite or the terrestrial system, ?he
minimum width of this communication gap critically depénds
'ﬁpon the flux density from the satellite which effects Case
II (interférence from terrestrial aircraft into satellite.‘
aircraft), and the FM on AM protection ratio which affects

Cagse I {interference from satellite aircraft into terrestrial
aircraft) . ’

c. If a 5 dB FM on AM protection ratio is required,
then Case I will limit in all cases. The two aircraft must
be greater than line-of-sight distance apart (500 n.mi..-

at 40,000 feet) to prevent interference.

d. For the assumed protection ratios, Cases III (a) - -
and IV, i.e., those where the satellité iﬁterferes with
either element of the terrestrial system, never limit
operation. Line-of-sight operation can always be achieved

even at the flux density limit.

e. Case V results in only a trivial interference
situation.
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f. Case IIT (b), i.e., a terrestrial station interfering
with a satellite aircraft, never limits operation because
Case II always requires a larger S at all di's and flux
- densities. - S o .

g. Case II, i.e., an aircraft in the satellite service
being interfered with by one in the terrestrial service, is
most sensitive to the flux density provided by the satellite.
Tt may .not be desirable to use a low flux density even if
the FM signal reliability reguirement is met, since this may
result in an excessive interference situation from other

aircraft in the terrestrial system.

Figure 6-10 was constructed by assuming that it is
~desirable from an operational viewpoint to simultaneously
minimize the communication gap and maximize the service
radius of the terrestrial station. Here all the pertinent
results of this section are presented. Both the minimum,
potential communication gap and maximum terrestrial service
radius are shown as functions of flux density for the +5 and
-10 dB protection ratios. Alsc indicated on the abscissa
are the signal strength reliability and dc power required on
the satellite per voice channel based on the power budgeﬁs

of Paragraph 6.2.

It should be emphasized that these conclusions pertain
only to the protection ratios assumed. A more definitive
set of protection ratios is regquired before an operationally

meaningful analysis can be done.
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6.6 EXTERNAL NOISE AT A SATELLITE IN THE VHF AERONAUTICAL SERVICE

The total of all unwanted emissions received by the satellite
constitutes external noise. At VHF the sources of these unwanted

emissions include:

a. Natural terrestrial sources (thunderstorms and thermal

radiation)
b. Extra-terrestrial sources (galactic and solar emissions)

C. Broadband, man-made scurces (ignition noise and elec-

trical machinery)

d. Narrow band, man-made sources (transmitters in the con-

ventional VHF aeronautical service)

Because the noise sources a. through d. are noncoherent, their
noise powers add linearly. The received energy from the narrow
band noise sources (Subparagraph d. above) can be distinguished,
a% occasicn demands, by the term interference and is presented as

the Case VI discussed in Paragraph 6.4.1.

Studies employing the ATS-1 and 3 have been carried out for
the purpose of identifying the noise levels contributed by the
above mentioned sources. According to Boeing's studies (Referénce
26) ; the domimant external noise as measured in a 90-kHz bandwidth
near 150 MHz by the ATS-1 was narrow band, man-made emissions from
2 to 5 watt handi-talkie mobile and fixed transceivers. However,
the absolute level of neither these signals, nor the spectral
density of the broadband noise sources alsc present, can be assessed

from these studies.

Any analysis undertaken that attempts to estimate the total
interference at the satellite must make so many assumptions that
it is apt to be -unsatisfying. Uncertainties in the channel filter
selectivity, the oscillator stabilities, the spectra-and number
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of the noise sources in view, and the other unaccounted for é&stem

vagaries cause this to be a factor of major concern in system
design.

Although adjacent channel noise can be rejected to some extent
by filtering, broadband external noise from sources a. through c.
will still be present within the reception bands. Limited ground

meagured experimental evidence indicates that automotive ignitions
will be the dominant source of this in-band noise. Unfortunately,
ne experimental data regarding the expected level of such noise

at the satellite has been found. In fact, the only quantitative
data available which was not measured by receivers at the surface
of the earth comes from low altitude airborne measurements taken
above Seattle by Beeing. Although a rationale has been developed
for determining the effect of man-made noise upon airborne receiver
(Reference 27), the dearth of experimental data on the geographic
and temporal variability of the noise sources does not permit its
extension to the estimation of noise at a satellite. Consequently,
because of the lack of experimental data regarding nonccherent,
man-made noise, no estimates can be made with any confidence re-
garding its level at the satellite.

An interference and noise-measuring satellite experiment,

similar to thosé designed by NASA (Reference 28) in the 4 to

6 GHz bands for the ATS-F program, and by Lincoln Laboratory

in the 250 to 300 MHz band for LES-5 and ~6 programs could obtain
the data required for man-made noise estimation. Such a satellite
interference experiment would also find application in the mea-
surement of the noise level due to the narrow band, coherent
sources discussed previously and would lead to a more confident

system design.
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APPENDIX A

SOME TECHNICAL CHARACTERISTICS OF VHF COMMUNICATION, EQUIPMENT.

A.l MODULATION AND BANDWIDTH

All transmissions in the VHF aeronautical bands for communi-
cation are amplitude modulated double sideband. The modulation
depth is to be at least 70 percent but not to exceed 100 percent.
In fact, equipment subject to "type approval" by the FCC which

has more than 10 watts must include integral circﬁitry to prevent
modulatioh peaks in excess of 100 percent (Reference 3).

Voice transmission requirements emphasize transfer of basic
intelligence rather than fidelity of waveform. Air carriex
transceiver specifications call for sharp cutoffs below 300 and
above 3750 Hz (Reference 29). In equipment subject to the FCC -
rules, the transmitted signal must not occupy greater than a
50-kHz bandwidth. This is recognized as being in excesgs of actual
transmission needs, and the FCC points ocut that this bandwidth.
"is temporary and this fact should ke considered in the design of
VHF radio eguipment for future use." The FCC has continued this
relatively wide bandwidth authorization mainly to provide:for
emeréency "downed aircraft" communication sets.

Transmission in the communication band (118 to 136 MHz) are
voice with selective calling. (SELCAL) tones also utilized in the
alr carrier subband. Where selective calling is used, the highest
audio frequency tone is 1047.1 Hz.

Equipment approved by the FCC for licensees in-this service
.requires that emissions meet the following attenuation charac-
teristics, referred to mean power .of the assigned frequency.

(transmitters) (Reference 3):



a. On any frequency removed from the assigned freguency
by more than 50 percent up to and lncludlng 100 percent of the

- : ,,- '

authBrizéd" bandwidth: --at least 25 48, = = ° - e

b. On any frequency removed from the a551gned frequency
by more than 100 percent up to and 1nclud1ng 250 percent of the
authorlzed bandw1dth- at ‘least 35 dB. ) :

The above FCC crlterla for the VHF band requlres all emlSSlODS
25 kHz and more removed from the assigned frequency to be atten-
uated by at least 25 dB. Although the FCC rules are applicable
only to statlons subject to FCC liceensing, it is noted that the
above englneerlng principles are observed by government stations.
The slope of the emission characteristics appear relatively stan-
dardized but the greater emission bandwidth permitted by the Com-
mission's rules reflects the relatively wide bandwidth authorized.
FCC ‘rules do not address the selectivity of receivers. The air’
carriers ‘on the other hand have reached- a common specification
- for 'receiver selectivity. This ies contained in ARINC Character-
istice Number™ 546 (Reference 29) and 566 (Reference 21) issued in
October 1961 and October 1968, respectively.

The ARINC recelver characteristics provide two representatlve
examples.of selectable characterlstlcs as shown in Flgures A-l
and A-2. The "normal" selectivity is used to receive conventional
terrestrial stations and the "sharp" selectivity must be used to
réceive a-satellite transmission using the proposed "interleaved”
- frequency plan.’ The ARINC specifications apply -only to air car--

rier eqguipment,

- Bandwidths of representative general aviation receivers
display® a range of passband charackeristics. ~A composite estimate
is shown in Figure A-3. e

some of these receivers can tune inte«the GOR 5and and pro—'
vide navigation signals. Therefore, their design minimum is for
a 20~-kHz passband plus stability allowances. The new NARCO solid-
state receiver is 35 kHz wide at the 6-dB points. The selectivity
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of the receivers being sold to general aviation at present ranges
from 50 kHz wide at the 60-dB points to 100 kHz wide at the 60-dB
points for some of the 100-kHz channeled equipment. The RTCA
Report of SC 1l16A recommends minimum operating characteristics
for general aviation, but it does not establish the receiver
selectivity characteristics which are essential to more closely
spaced freguency channels. For example, at 25 kHz away from the
center frequency the response of good receivers is 60 dB down and
that of the less expensive worst case receivers is only 20 dB
down,

A,2 FREQUENCY CHANNELIZATION AND POWER

The aviation frequency assignments in the early forties were
influenced by military eguipment desighed to 180-kHz channeliza-
tion in the VHF band. The temporary nature of this early channel-
ization was reflected by licensing footnotes, which indicated its
interim use pending future study. As a result of government-
industyy agreement, particularly the work of Committee 11 of the
Radio Technical Planning Board, the channelization was changed to
a 100-kHz basis by March 1945. The freguency band available for
aeronautical communications was then 118 to 132 MHz, with the
segment from 127 to 132 MHz being utilized by air carriers. This
allocation was continued in the Radio Regulations of Atlantic
City (1947). BAs a result of a series of meetings between industry
and the FAA in the 1958-1959 period, the alr carrier's freguency
space was shifted as part of a national plan to provide space for
the developing air traffic control system. As part of this pro-
gram, the Radio Regulations adopted at Geneva (1959) extended the
aercnautical band to 136 MHz by allocations or by footnotes. As
part of the implementing actions of the Geneva (1959) Radioc Regu-
lations, the channelization was established on a 50-kHz basis.

These actions were. significant in the present situation
because they resulted in a portion of air traffic control communi-
cations being activated on fregquencies above 127 MHz. BAs a



"grandfather clause" to existing general aviation, -the FAA

agreed to attempt "to the wmaximum extent" to adhere to the provision
of IFR air traffic control for general aviation below 127 MHz,

and .on the 100-kHz channels. The difficulty appears to be in
general aviation's long term interpretation of the transitional

" period and the lack of regulatory steps forcing a mandatory

date for termination of 100-kHEz channelization.

The air carxiers, however, implemented the :capability in
1960 for 50-kHz channelization; in fact, they are now able 'to go
to a 25-KHz channelization.

Oof the nine leading makes/models being purchased at present
by general aviation, six are capable of 50-kHz channeling and three
are 100-kHz channeling models. The only attraction in the 100-KHz
channeling appears to be its cheaper price (approximately $200 on
a base price of about $1000). Of these three, two are .advertised
as being convertible to 50-kHz channelization with simple modifi-

cation (Reference 30).

The manufacturer of the popular NARCO series of aviation
equipment states that 40 percent of his sales during 1969 was

for the 100-kHz channelized version of his equipment.

Transmitter power of ground stations in the VHF aeronautical

band are distributed as follows (Reference 31)7:
70 percent are 50 watts
23 percent are 10 watts
0.3 percent are less than 10 watts
1.4 percent are 25 watts
0.7 percent are 30 watés
0.5 percent are 15 watts

0.01 percent are 1 kilowatt (extended range)



r v

’Transmitter powers for aircraft are not specified except for

. judgment of reasonable and necessary power to maintain communica-
tions. Examination of "Eguipment Acceptable for Licensing"*-for
type approval for aeronautical mobile use indicates the predominant
power class as being 5~ to 18-watts output with a few equipments
available with up to 55 watts (e.g., Collins 17M-1).

A.3 TFREQUENCY STABILITY

Frequency stability of the carrier freguency of each station
in the Aviation Service licensed by the FCC must be maintained
within the following percentage of the assigned frequency (Refer-

ence 3): .
L.and o 0.003 percent
Aircraft 0.005 percent

The "Radio Equipment List of Equipment Suitable fox
Licensing"* contains 395 models which have been type approved
for operation in the 108- to 136-~MHz band subject to Part 87.
(Separate power amplifiers were not included.), Of the eguipment
developing more than 100 watts, three have a listed tolerance of
0.002 percent and one has a teolerance of 0.003 percent.

“0f the remaining 391 models of 50 watts or less, the

following distribution of tolerances is listed:

Tolerance Number of BEguipment Types

0.0005 22
0.001

0.0015 8
0.002 31
0.003 ) 42
0.004 ) : 12
0.005 . 274

FFCC, Office of the Chief Engineer, published March 13, 1970.



The eqguipment (50 watts or less) providing better than
0.005-percent tolerance comprises 30 percent of type approvals.
Type equipment which equals or exceeds the tolerance of land

stations (0.003) represents 26 percent of the total acceptable.



-APPENDIX B

FREQUENCY ASSIGNMENT DATA

The fregquency aséignm@nt data on the following pages‘waéi‘
tabulated from records as of February 1970. The tabulati'.oni .
does not include Hawaii or blanket authorizations related- to.,
broad geographical areas. Aircraft frequency authorizations
permit aircraft utilization of all channels as required by. the
aircraft, aircraft operating agency, or for Air Traffic Con{:;col.
The aircraft licensed for radio transmissions total some 122,956,
which would be distributed among these frequency channels.



FREQUEKNCY ASSIGNMENT DATA

Froquency Fuonetion & Ground Station Assigmments
Channel Allocation Notes FAA BCC
118,0 ATC, Enroute and Terminal 20
118.053 e oo
118.1 n uT
118515 . - " 3. - .
118.2. | " _19 .
118 25 -3 " . -
118.3.. ¢ " '62 ,
118,35 "
116, ¢ " 20
118. gs 1 .
118, " 49 2
118 55 " ]
118 K 1 17 -
118.65 " 3
11807 - " LLB
118,75 " i
118.8 t 19 2
118.85 " 2
118.9 v 27 2
118,95 " 5
119.0 w 17
119,05 "
119.1 " 33
119,15 "
11.9.2 " 2l
119.25 n 1
119.3 " 33
119.35 n 1
119.4 i 17
119.45 " 3
119.5 " 39
119.55 " 3
119.6 n 13
119,65 " 3
119 7 " 29
12,75 " 2
119 8 " 16
119.85 ! 2
119.9 " (1 KW,P.R.) 3l 3
119.95 o 3
120.0 " 28 1
120.05 " 3
120.1 " 30 2
120,15 " 2
120.2 " 20
120.25 n
120.2 " 27
120.35 " 2




FREQUENCY ASSIGHNMENT DATA

Frequency

; _Function & Ground Station Assignmesnts

Channel Allocation Notes FAA . . .. 100,
120.4 ATC, Eunroute and Terminal - 16 oo )
120.45 n 'S e
120.5 ! 26 | :
Iao.gs " K .
120- r S » N
120,65 " : %%,;j U SO
120.7 1t 31_ [ -_,: - o ¥
120.75 " 3 :
120,8 " 15 1
120.85 " 2
120.9 " % | -1
120.95 " ‘
121.0 " T
121,05 " 2 -
121.1 " 3l
121.15 " T :
121.2 " 18. 1
121.25 1 - -
121.,3 ' 32 iy
121.35 " 2 .
1211 " . L
121.45 (Unassigned, Guard)

@ 121,5 Emergency Freqguenecy
121.55 (Unassigned, Cuard)

@ 121,6 Utility, clearance & ground 20 3k

@ 121,65 " 6 10

@ 121.7 " 122 - 168

@ 121,75 " 5 S .9

@ 121.8 ; 31 98

@ 121.85 " 1 2.0

@ 121.9 " : 261, 373

@ 121,95 | Utility, flight teat Weat 3 - 10

of Migsissippil

@ 122,0 Flight service, simplex 15

@ 122,05 " 2

@ 122.1 PSS, raceive (reply on VOR)

@ 122,15 | Flight service

@ 122,2 Flight service 202 .

@ 122.25 ~ } o

@ 122.3 n AL SN R

2 122.35 ! ' :

& 122.4 Tower receive, local =

@ 122,45 | Flight service i

& 122,5 Towsr raceivs, local

@ 122,55 | Plight Service Station . .

© 122.6 F33, simplex, general 37%

2 122,65 Flight Service

2 122,7 Towaers, receivs .
@ non-ATC Channel



FREQUENCY ASSIGNMENT DATA

. Frequency| = Function & Ground Station Agsignments
| Channel [ .: _Allocatien Notes. | FAA - BCC- -
~3%22.75..]. Rlight. Service = . 5 I U B
8 122.8: Unicomm \ . 1697
@ 122,85 | Unicomm ) . ; . 20
3 122.9° Multicomm '16@

7 122.95 Unicomm -
2123.0- | Unicomm - : * 397
@ 123,05 | Unicdmm 9
&8 123.1- Flight test & Schools 3 T 5
$1123 15 | Flight test (manufacturars)
3 123.2 Flight test 3
@ 123.25 | Flight test
u)iEB 35 gliggt tesE & schools 6 : 27§
2 123.3 light tes 1 1
‘123 L Flight test 2
312315 | Flight test 1
2 1l23.5° Flight test 7
v 123,55 Flight test 1
123.6 Flight Service Stations 31l
123,65 | Flight Service Stationg 21
123.7. ATC, Enﬁoute & Terminal + 15
12 . )
12?, 4 o i 28
123.85 " #® .3
123.9 .om 5% 25
123,95 " 3 1
124.00 n 21
224.,09 . " 1
1201 T " 22
2i.15 " g
Lo, 2! - 1
_12L¢.25 Lo 1
2. 3 < 1
B : e
1ah.h, " 19
12)4-1-!-]5 ‘1. " 2
lau—.s" : n ’ 18
124.55 " 2
12l.6: " 25
124,65 . n 1
-12!-'-'7" ! 22 1
12,.]..75 ‘_' . n r 3 ) - .
124, 8 " . 17 N
12).85 "o .2, | I
12LL 9 " ‘ L], 219 o\
194 95 " 2.
125.0 ' - a8’
123 05 e " - ) . ] 2
125.1° ) " 21
: # Exclude Extendsd Rangs - :

= non-ATC Channel



FREQUENCY ASSIGNMENT DATA

Frequencyl Funetion & Ground Station Assignments
Channel Allcocation Notas FAA FGo .

125.15 | ATC, Enroute & Terminal g

125.2 " 17

125.2% " 1

125.3 ¢} " ) 18

125,35 " 3

125.h " 1L

125, us ' n 2

125.5 " 17

125. 55 " 1 1

125.6 " 16

125.65 " 2

125,7 " RIN

125,75 " 1

125.8 " 27

125.85 i 2 .

125.9 N 19

125.95 " 3

126,0 b 20

126,05 " 3

126.1 " 1h

126,15 "

126.2 Terminal 337 il

126,25 | ATC, Enroute & Terminal

126,3 t 20 1

126.35 " 1

126.0 " 13

126,145 " I

126.5 n 22 1

126.55 " 3

126,6 oo 20

126,65 " "2

126.7 " 16

126.75 " 3

126,8 n i3

126.85 " 2 1

126,9 " 25

126.95 " 6

127.0 " 11 .

127.05 " T

127.1 " 15

127.15 " 5.

127.2 " 14

127.25 " 7

127.3 " 1l

N : 3

127.45 " 5

127.5 " 12

127.55 " 7




“  'PREQUENCY” ASSIGNMENT DATA

| -Bréquency ] .= - Funetion & . . Ground Station Assiznments
[~Channel .. . ... . ._.Allocabion.Notes | .FAA X - mee . .
127.6 ATC, ZInrouts & Terminal .11 o
127.65 - 2 -
127.7 . A7
127.75 o 2 .
127.8 " 9 -
127.85 oo ]+ ,:1“-:. ‘
127.9 M 15 . :
127.95% n -3 ‘
128.0 " 7
128.05 " 6
128.1 " 10
128,15 " T
128.2 n 12
128,25 ! 3
128.3 n 5
128.35 n I
1281 u 17
128,45 " 5
128.5 n 6
128,55 " 9
128.6 n 10.
128.65 " 5
128.7 n 8
128,75 o 6
128.8 on 9
@ 128,85 | Air Carriers {ARING) 4
@ 128.9 " 22
@ 128.95 B 13
@ 129.0 " N 15 )
@ 129.05 v 21
® 129.1 " . 12
& 129.15 " .9
@ 129.2 " 35
2 129.25 - 7
@ 129.3 " 83
@ 129.35 o
@ 129.4 " {plus multi- 6 " 26.
carrier network, Alaska) )
@ 129.45 | Air Carriers (ARINC) 7
@ 129.5 o L3
@ 129.55 " 3 ;
@ 129.6 o . 40
@ 129.65 " ] 19 :
@ 129.7 - 0 - 18 :
@ 129.75 ;" B |
@ 129.8 - ) 73
@ 129,85 Son - 36
@ 129.9 - 36

@ non-ATC Channel



FREQUENCY ASSIGNMENT DATA

Frequency Funetion & Ground Station Assizhmants
Channel Allocation Notes FAA T FCC
@ 129,95 | Air Carriers (ARINC) 11
@ 130.0 n 75
& 130.05 " ét?
@ 130.1 " 6 -
2 130.15 " L
2 130.2 " 20
@ 130,25 " 8
@ 130.3 " 25
@ 130.35 " 10
'-.@ 130.)4- " L}.S
% 130,45 " 10
@ 130.5 " ‘ L3
@ 130.55 *o 17
& 130.6 " 26
@ 130,65 n 7
2 130.7 ' " 93
& 130.75 " 6
2 130,8 " L
2 130,85 " 9
- 130.9 " 36
2 130.95 v 15
'z 131.0 u 17
.. 131.05 " 6
e 131.1 o 23
< 131,15 " 12
> 131.2 " ' 12
. 131,25 " _ 6l
< 131.3 " -l
$ 131,35 " 6
1 1314 " 11
Z 131.45 1 9
3 131.5 " 11
: 131.55 " 3
& 131.6 m 26
& 131,65 n 8
> 131.7 n 18
2 131.75 " ’ 4
& 131.8 - 30
&z 131,85 n .37
» 131,9 n Ll
% 131.95 " 12
w 132,0 " Ly,

132.05 | ATC, Enrouts & Terminal 10 ] 1

132.1 n 10 :

132,15 " 13

132.2 » 9

132.25 " 8 :

132.3 “ " 13 1

@ non-ATC Chanuel
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FRIQUENCY ASSIOGNMENT DATA

Frequency Funestion & Ground Station Assignments
Channal Allocation Hotes FAA PGC

=

134h.7 ATC, Enroute & Tarminal
lBﬁ 85 hig

134.85 "

134.9 "

134.95 "

135,0 "

135,05 "

135.1 "

135.15 "

135.2 "

135.25 "

135.3 "

135,35 "

135.L "

135.45 "

135.5 "

135,55% "

l3§.25 : (+ temp space tedt)
135,

135.7 "
135.75 "
135.8 "
135,85 | Flight test terminals = 19
135.9 ATC, Enroute + tests #
135.95 | Flight test terminals % 19

[
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O™ 13 O U0 VT O VL0 © = GO 0L

]
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# Temp experimentals
# NAFEC Tests with 2 KW




APPENDIX C

G
Berore the FCC 70-163

FEDERAL COMMUNLCATIONS COMMISSION 43503
Washington, D. C. 20554

In the Matter of

Amendment of Parts 2, 81, 83 and 87 of
the Commission’s Rules and Regulations
to sub-allocate, provisionally, the
frequency band 1535-1660 MHz in the
‘interest of fostering developmental pro-
grams for seronautical and marltime

purposes.

DOCKET NO. 18550

S S A AN AN

In the Mastier of

A petition for amendment of Parts 2 and
87 of the Commission's Rules and Regu-
lations to provide for the use and
development of an airborne collision
avoldance system.

Ri-1201

e L L L

REPORT AWD CRDER

Adopted: Februery 11, 1970; Released: Februayy 13, 197C

By the Commission: Commissioner Johnson concurring in the result.

1. The Commissicn, on May 19, 1969, released a Notice of
Proposed Rule Makirg in the gbove captioned proceeding which was
published in the Federsl Register on May 23, 1969 (FCC 69-512,

34 FR 8122). In response to a telegrasphic request dated June 19, 1969
from Bonzer, Inc. the time for filing comments and reply comments

was extended to July T, 1969 and to July 17, 1969 respectively. No
further requests for extension have been received.

2. Comments were filed by the following respondents:

Aeronautical Radio, Inc. and the Air Transportation
Association of America (ARINC/ATA)

Aerospace and Flight Test Radio Coordinating Council (AFTRCC)

Bonzer, Inc. (Bonzer)

Communications Satellite Corporation (Comsat)

McDonnell Douglas Coxrporation (MDC)

TRW Systems Group of TRW, Inc. (TRW)

Reply comments were filed by ARINC/ATA ana, on February 9,
1970, by In-Flight Devices Corporation (In-Flight).

c-1
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3. The proceeding was initiated in response to a petition filed
Jointly by .ARII\IC/ ATA on September 15, 1967 requesiing amendment of
pertirent portions of Parts 2 and 87 of the Commission’s Rules and
Reguilations to provide for the development and use of an aircraft.
collision avoidance system. Briefly, the Notice proposed provisional
allocations for the use of space techniques in the bands 1535-155T.5
and 1637.5-1660 ¥Hz; for glide slope operations in the band 1557.5-
1567.5 MHz; and for development and- operation of a collision avoidance
system (CAS) in.the band 1502.5-1622.5 MHz, with the remeinihg portions
of the 1540-1660 MHz band continuing t¢ be available for the aéro-
nauticsal radionavigation service under presently prevailing national
and internstional rules and regulations. It was pointed.ocut also that,
in the Fourth Notice of Inquiry, Docket 18294,1/+he Comm1ssion is pro-
posing to expand the 1540-1660 MHz band to 1535-1660 MHz and to sub-
sliccate the band so that the segmemts 1535-1557.5 MHz and 1637.5-1660
MHz would be available exclusively for the application of space techniques.
If, within a ressonable period of time, systems develop as expecthed

in the bands, the “provisional” connotation would be removed.’

L, Comments in response supported the proposal to provide
exclusive portions of the 1535-1660 MHz band in which the different
systems could be developed and to accommodate development of the ,” -~
collision avoidance system in the 1592.5-1622.5 MHz portion, allowing
time for transition of existing systems to new bands. MDC, in view

of its past experience with numerous frequency changes and heavy
investment in the EROS (Eliminate Range Zero System) and EROS II '
Aireraft Collision Avoidance Systems, wishes to be assurcd the Commission
will provide a more permanent status to a more fully developed CAS

than the term "provisional" implies.

5. Bonzer, Inc., a manufacturer of radar altimeters in the

1630 MHz band, does nol believe an interference problem exists between
1ts system and the present CAS band of 1567.5-1597.5 MHz; therefore it
expressed some doubt regarding the need for the reallocation. proceeding.
However, ad.mitting its lack of expertise with respect to the glide slope
and space programs, Bonzer is willing to acdept the proposed cha.nge for
radio altimeters to the 4200-4400 MHz band on an exclysive basis con=
tingent upon a reasconsble time to develop solid s’cate devices in the
higher band. ’ ) o e

6. The area of greatest controversy was centered on the use of

the bands 1535-1557.5 and 1637.5-1660 MHz for space techmiques. ARINC/ATA
comments, supported by AFIRCC and MDC, continue %o cppose {as set forth
in responses to the Third, Fourth and Fifth Notices of Ingquiry in

- Docket 18204) the. sharing by other radio services of frequency bands
“allocated to the seronautical services. Conseguently, the proposal

to share the 1535-155T.5 and. 1637.5-1660 MHz bands, reserved for space

1/In the Matter of:
An Inquiry relating to preparation for a World Administrative Radio
Conference of the Intermational Telecommunication Union on matters
pertdéining to the radio astronomy and space services.
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techniques, between the aeronautical and maritine mobile services, was
opposed. Instead, ARINC/ATA, recognizing a possible need in the band
for maritime space communication techniques, proposed exclusive allo-
cations.between 1535-1537.5 and 1637.5-1640 MHz for the maritime mobile
service.

7. Comsat, on the other hand, and, consistent with their comments
filed in Docket 182%4, bhelieved that maxinum flexibility should be
afforded development of the space systems in the 1535-1660 MHz band

and that further sub-division or restrictions inposed on the 1535-1557.5
and 1637,.5-1660 MHz bands would serve no useful purpose. Comsat further
indicated that, if it were determined that such sub-designations were
necessary, a common satellite tramslation frequency should be provided
in ovder to avoid a complicated satellite design problem. To provide
such a common frequency, Comsat proposed an exchange of the aeronautical
and maritime up-link bands. This would have the added advantage of
providing greater protection to the CAS receiver in the event it were
operating in a CAS/satellite environment sinultaneously. Comsat also
requested clarification of the proposed footnotes 352E and 252F to
permit transmission of both ground to satellite communicaticn and
radiodetermination signals.

8. TRW Systems supported the proposal to remove the availability
of the 1540-1660 MHz band for radio altimeters and recommended that
transition to the 4200-4400 MHz band be made expeditiously unless the -
deadline were set after 1973, TRW also cited-design studies relating
to satellite-based navigation and control systems and recommended that
separate sub-bands be allocated for satellite to aircraft and aircraft
to satellite transmissions in view of the low power margins feasible

in a navigation satellite system.

9. In their Reply Comments, ARINC/ATA, although recognizing
that the subject was not germane to the forthcoming WARC of the ITU,
recommended that negotiations be initiated to achicve international
acceptance and compatibility of the CAS. ARINC/ATA, while agreeing
with Comsat's proposal regarding a common translation freguency,
continue to reiterate their opposition to sharing between the aero-
nautical and maritime mobile services of the two bands proposed for
allocation for space techniques.

10. In-Flight Corporation filed comments with the Commission
on February 9, 1970, nearly seven months after the deadline for
filing comments had passed. In-Flight requested the Commission
hold a public hearing in order to receive information relative. to
the possibility of interference being created by other proposed
services to radar altimeters in the 1540-1660 MHz band and to .the -
marketing impact which the proposed action would have on general
aviation aireraft operatioms.



11. On review and analysis of the comments, as well as other .
relevant information, the Commission believes adoption of the original
proposals with minor modifications, would be in the public interest.
Comments from the aviation industry overwhelmingly support the opportunity
to develop an airborne collision avoidance system in an interference-free
environment in the 1592,5-1622.5 MHz band. No opposition was expressed

to accommodation of the glide slope in the band 1557.5-1567.5 MHz.

12, With respect to reaccommodating the radio altimeter functionm,
no problems are foreseen so long as ample time is permitted to make
the transition to the 4200-4400 MHz band. In this connection, it is
believed appropriate that no new altimeters be authorized in the band
1540-1660 MHz after Januwary 1, 1971, 2/ nowever, those devices already
authorized should be permitted to operate. Such operation will be
permitted to continue for an unspecified period, recognizing that it
may be necessary to establish a termination date for such devices in
the future. Footnote US-39 is retained unchanged except to reflect
the greater overall band 1535-1660 MHz in lieu of 1540-1660 MHz.

i3. With regard to the proposed reservation of the 1525-1557.5

and 1637.5-1660 MHz bands for space techniques, we do not find the argu-
ments of ARINC/ATA opposing the sharing by-gther radio services of frequency
bands allocated to the aeronautical service to be persuasive. No technical
justification or rationale has been submitted nor is the Commission aware
of any study or ‘other data at this time which would support such a position.
As stated in paragraph 24 of the Fifth Notice of Inquiry, Docket 18294
relative to the same general comments, ",,.I1f sweeping unsupported
objections such as these were permitted to prevail, and "all services

voiced similar objections such as these the Table of Frequency Allocations
would be a static description of services to which the radio spectrum had
been allocated initially, rather than the dynamic structure it must tbe

to meet the changing needs of all services..."

14, In this connection, the Commission concurs with the comments of
Comsat that maximum flexibility should be retained for space systems in
the proposed bands and proposes no subdivisions at this time other -than
those set out in 'the original notiece. When viable space systems have
been developed and sufficient experience has been gained to determine

the extent of compatibility and/or requirements of the maritime and
aeronautical mobile services, the matter may be reconsidered. A uni-
form translation could then be utilized if a joint satellite were
launched; conversely, if exclusive satellites were used, no translation
commonalily would be required. Accordingly, the Commission believes

the 1535-1557.5 and 1637.5-1660 MHz bands should be reserved for space
techniques as proposed in this proceeding and as set forth in the Preliminary
Views of the U.S5.A. with respect to the 1971 Space Conference,

2/ After the effective date of this Report and Order, applications for
type acceptance of new altimeters to operate within the frequency
range 1540-1660 MHz will not be accepted.



15. With regard to the proposed footnotes 352E and 352F, the
Commission -agrees with Comsat that clarification is in order. These
notes, which are included in the Appendix, have been rewritten to make
it clear that use between ground stations and satellites, as well as
between mobile stations and satellites is intended. Provision has
also been made for direct ground-to-aircraft communication where all
stations concerned are part of the "space technique" system or inter-
face therewith,

16, Aside from the fact that the request by In-Flight was neither
timely filed nor did it contain any substantiating data, ilL shoulid be
pointed out that the question of interference has been considered not
only by ARING/ATA in an experimental program extending back to 1956 and
which resulted in the original petition, but,since the band 1540-1660
MHz is shared jointly between the Government and non-Government services,
by Executive Branch Agencies as well. Ample evidence has been amassed
to resolve to our satisfaction the question of potential harmful inter-
ference during the transition period.

17. As pointed out earlier, Bonzer, Incorporated, a competiltor of
In-Flight, apparently anticipates no marketing problems subject to
adequate time to develop devices im the 4200-4400 MHz band. In view

of the above, the request for public hearing would appear to serve no
useful purpose since 4t does not appear that information not already
considered would be added. Accordingly, the request is denied.

18, In view of the foregoing, IT IS ORDERED, That pursuant to
the authority contained in Sections 4(i)} and 303(c¢), (e) and (r) of
the Communications Act of 1934, as amended, Parts 2, 81, 83 and 87
of the Commission’s Rules ARE AMENDED effective April 1, 1970, as
set forth in the attached Appendix.

19, IT 1S FURTHER ORDERED, That the proceedings in Docket 18550
ARE HEREBY TERMINATED.

FEDERAL COMMUNICATIONS COMMISSION

Ben F. Waplé
Secretary

Attachment: Appendix

NOTE: Rules changes herein will be covered by T.S. 1I(69)-2, T.S. IV(64)-17,
and T.S. V(70)"10



§ 2,106 [dmended]

APPENDIX

1. Section 2,106, Table of Frequency Allocations, is amended with respect to columns 5 through 11, in the
frequency band 1535-1660 MHz, to read as follows:

Band (MHz)| Allocation | Band (Miz) Service Class of Station Fre- (o
quency | Nature iSERVICES
(MHz) of silations
5 6 T 8 9 10 11
1535- G, NI, 1535-1537.5 MARTTIME MOBILE, Satellite~borne, MOBILE using space
1537.5 (352E) (Us39) Aeronautical techniques, (Provi-
_mobile (R). sional) B
1537.5- G, NG. 1537+ 5~ AERONAUTICAL Satellite-borne MOBILE using space
1557.5 (3528} (Us39) | 1557.5 MOBILE (R). techniques. (Provi-
Maritime mobile. sional) N
15575~ G, NG. ELSS'T.S- AERONAUTICAL Radionavigation Glide path. (Provi-
1567.5 (3?21\) (§523) 1567.5 RADIONAVIGATICN, land. sional)
Us39
1567.5= G, Na. 1567 .5- AERONAUTICAL
1592.5 (352A) (352B) | 1592.5 RADTONAVIGATION.
(us39) __ _
1502,5~ G, NG. 1.502.5~ AFRONAUTICAL Radionavigation Collision avoidance,
1622.5 (3524)(352B) | 1622.5 RADIONAVIGATION. land. (Provisional)
(us39) (Us394A) Redionevigation
mobile.,
1622, 5- ' NG. 1622, 5- AFRONAUTICAL
1637.5 ( 352A§ (352B) | 1637.5 RADIONAVIGATION,
(US39) (US394)
1637.5- G, NG. 1637.5= ABRONAULICAL MOBILE using space
1657.5 (352F){US39) { 1657.5 MOBILE (R). tachniques. (Provi-
(Us394) Meritime mobile. sional)
1657 .5- G, NG. 1657, 5= MARTTIME MOBILE. MOBILE using spece
1660 (352F) (Uus3g) | 1660 Aeronautical techniques. {Provi-
{us394) mobile {R). sional)




2.

In the list of Geneva Footnotes follovring the Table, medify the

texts’ of -352A and@ 352B to reszd as follows:

352A

3528

3.
352k

352F

The bands 1540-1660, L200-4LCO, 5000-5250 MHz and 15.4-15.7 GHz
are rescrved on a worldvide basis, for the use znd development
of airborne electronic aids to zir navigation and any directly
associated ground-bascd or satellite~borne facilitdies. [ﬁhe Fitth
Hotice of Inguiry, Docket Fo. 18204, proposes reduciny the band
1540-1660 ¥z to 1557.5-1637.5 MHz. This will be reviewed after
the 1971 ITU Space Conference./

The bands 1540-1660, 5000-5250 ¥Hz and 15,4-15,7 CHz are also
allocated to the aeronauticel mobile {R) service for the use and
development of systems using spece communication techniquess. Such
use and developrnent is subject to spreement and coordination betueen
administrations concerned and those having services operating in
accordance with the Teble, which may be affected. [Eie Fifth Nolice
of Inquiry, -Docket No. 18294, proposes reducing the band 15%0-1660 Miz
to 1557.5-1637.5 MHz. This will be reviewed a~ter the 1971 ITU Space
Conference.

£3d new Tootnotes 352E and 352F, reading as follows:

Limited to transmissions from satellite-borne stations to stations

in the seronawiical mobile (R) and maritime mobile services for com-
rmunicetion end/or rediofstermination purposes. Transmissions from
terrestrial zeronautical stations directly to aireraft stations in

the aeronauiical mobile (R) service are also permitted when such
sszronavtical stations are utilized to augment and/or interfece with
th2 satellite~tosaireraft links. [ﬁhe Fifth Notice of Inguiry, Docket
No. 18294, proposes international adoption of this new footnote., This
will be reviewed after the 1971 ITU Space Conferencei?

Limited to transmissions from stetions in the seronautical mobile (R)
and maritime mobile services to satellite~borne stabtions for com-
munications and/or radiocdeterminelion purposes. Transmissions from
aircralt. stations in the aseronautical mobile (R) service dixectly to
terrestrial aeronautical stations are also permitied when sueh zerc-
nzutical stations are utilized to sugment and/or interface with the
aircraft-to-satellite links. [The Fifth Notice of Inguiry, Docket No.
18294, proposes international edoption of this new footnote. This

-will be reviewad afier the 197 ITU Space Conférence:7
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k. In the list of US Footnotes, nodify the text of US39,. add US39A end
modify the text of USky, respectively, to read as follovs:

US39  Within the bahd 1535-1660 14z, radio altimeters ave permitted to
use only the portion 1600-1660 MHz and then only until such time
as international. standardization of other aseronauticel radio-
navigation -systems or devices require the disconbtinuance of
radio altimeters in this band.

US39A The band 1592.5-1622.5 MHz is allotted provisionally, but on e primary
" basis; Tor the collision avoidance i‘unctior}, noting the continued use
' of existing altimeters in the band 1600-1650 MHz.

US47 The band 4200-4400 MHz is reserved exclusively for radjo altimeters.
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10.

i1,

12.

13.

14,
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