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ABSTRACT

A, High Altitude Radio Relay (HARR) Study. This is the first semi-
annual report on the work being performed under the High Altitude Radio
Relay (HARR) study contract, The HARR program is an applied research
study effort in support of the Advanced Research Frojects Agency require-
ments for Remote Area Conflict communications (Project AGILE), The
theoretical and analytical investigations are aimed at determining the key
characteristics and parameters of a system to enable the use of military
communications equipment over difficult paths. The technique being
investigated is the use of a radio relay installed in a high-altitude platform,
for the purpose of extending the range of remote area radio communi-
cations, {U)

B. HARR Parameters, The operational parameters being considered

are: traffic, transmission range, terrain, foliage, frequency range, meodu-
lation, and types of relay capabilities, The equipment parameters being
considered are: relay control, transmission modes, size and weight, radio
frequency power levels, receiver sensitivities, power requirements, opera-
tional life, interference, jamming, platform performance, platform payloads,
compatibility, basing, availability, and costs. (U)

C. HARR Program, The goal is to define the best relay-platform con-
figurations for extending jungle communications ranges over difficult terrain,
Within this context, the effort is one of synthesis, study, and selection of
appropriate configurations, finalizing in a system design plan for implementa-

" tion of the selected systems. In performing the analytical investigations, the

study teams have been task-oriented, The following four major tasks have
been performed in the first half of the study: communication mission require-
ments, propagation analysis, relay analysis, and platform analysis, (U)
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FOREWORD

This research was sponsored by the Office of the Secretary
of Defense, Arfvanced Research Projects Agency (Project AGILE),
and was monit-+ed by the U,S, Army Electronics Command under
Contract TAABO7-67-C-0006. The study is being conducted by
Page Communications Engineers, Inc., and its two subcontractors,
Telcom, Inc,, and Northrop-Ventura. This report covers the work
that has been performed during the first six months of this twelve-

month contract,
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SECTION 1
SUMMARY
1.1 GENERAL

T is the first semi-annual report on the work being performed under
the High Altitude Radio Relay (HARR) study contract. The HARR program is
an applied research study effort in support of the Advanced ResearchProjects
Agency requirements for Remote Area Conflict communications (Project
AGILE), This research program is under the contractual and technical direc-
tion of the United States Army Electronics Command (USAECOM), Fort
Monmouth, New Jersey. The theoretical and analytical investigations are
aimed at determining the key characteristics and parameters of a system to
enable the use of military communications equipment over difficult paths, The
technique being investigated is the use of a radin relay installed in a high-
altitude platform, for the purpose of extending the range of remote area radio
communications, The operational parameterse being considered are: traffic,
transmission range, terrain, foliage, frequency range, modulation, compati-
bility, basing, availability, costs and types of relav capabilities, The equip-
ment parameters being considered are: relay control, transmission modes,
size and weight, radio frequency power levels, receiver sensitivities, power
requirements, operational life, interference, jamiaing, platform perfor-
mance, and platform payloads, '

1,2 OBJECTIVES

The primary cbjective of the study is 10 develop & number of recom-
mended equipment configurations {or extending jungle communications ranges
via airborne-type repeaters, The foilowing detailed objectives have been
established: ' ‘

a. To prove, by means of propagation analysis, that relay modes
of operation will achieve significant increases in radio range
over diftficult paths in a jungle environment,

b. To make optimum selections of equipments suitable for both

relay and platform operations, on the basis of all modes of
performance,.
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c. To combine selected repeaters and platforms and to perform
a cost-effectiveness trade-oif analysis of the various system
configurations,

d. To prepare a system design plan for implementing the recom-
mended hardware configuration solutions,

1.3 RESULTS TO DATE

Although the results of the study are not yet finalized, there have been
some findings of significance, The conclusions that follow are presented as
the interim results of the first half of the study,

1.3.1 The results of the propagation analysis have demonstrated that relay
modes of operation will achieve significant increases in radioc range over diffi-
cult paths in a jungle environment,

1.3,2 Certain relay and platform equipments have been subjected to trade-
off analysis and interim selections have been made where possible,

1.3.2.14 The relay trade-off analysis has been inconclusive, thus far. The
review of candidate systems has demonstrated that there is no completely
-satisfactory equipment currently available in the inventory, This is due to the
necessity for satisfying the combined requirements of channel capacity, range,
ground equipment compatibility, and platiorm compatibility,

Subject to the above finding, for use during the initial time frame
{1968}, the best solution to the relay equipment problem is the adaptation of
the AN/PRC-25 {cr the improved version, the AN/PRC-77), the AN/ARC-114,
or the AN/ARC-89(V), The characteristics of repeater candidates have been
examined in order to find other equipments readily adaptable to the relaying
requirements, The discussicons in section 3, 4 describe the relay limitations
of each equipment and identify those equipments which, ir addition to the above,
have some capability for repeater functions,

1.3.2.2 The platform trade-off analysis has yielded the follcwing results:
a, The use of manned platforms is considered necessary

for multichannel operation, in order tc handle the prob-
lems of channel contrel and frequency management,

b. The use of unmanned platforms is recommended under
conditions detrimental to perfermance of manned plat-
forms, A desirable unmanned platform is the QM-50D
DASH (Drone Anti-Submarine Helicopter),
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c. For use during the initial time frame, the repeater
plattorm recommendations in order of preference are:

1. For platoon operations, the UH-1D helicopter, the
U-6 single-engine utility aircraft, the O-1 single-
engine observation aircraft, and the QM-50D DASH,

2, For battalion operations, the LOH-6 light obser -
vation helicopter, the U-6, the UH-1D, the CV-2
Caribou, and the C-123 Provider,

3. For division operations, the UH-1D, the CV -2,
and the C-123,

d. The use of tethered balloons is not recommended, due
to the combined disadvantages of required logistic
support in the field, payload limitations, and environ-
mental constraints,

e, The use of synchronous satellites is not recommended
with low-powered man-pack radio sets,

f. Initial results of the platform cost analysis show a wide
variation in anticipated cost per channel hour of opera-
tion, In addition to cost, the significant parameters
are platform payload capacity in number of channels,
and platform tlight endurance in hours,

1.4 SCOPE OF WORK

The intent of the program is to define the best relay-platform con-
figurations for extending jungle communications ranges over difficult terrain,
Within this context, the effort is one of synthesis, study, and selection of
appropriate configurations, finalizing in a system design plan for imple-
mentation of the selected systems,

1.4.1 In all ways the study is parametric in nature. Three time frames
are being considered, as follows:

a, Initial (1968), requiring the use of existing inventory
equipment,

b, Interim (1969-1972), requiring the use of existing equip-
ment with improvements,

c. Long-range (post-1975), requiring the use of develop-
mental equipments,




1.4,2 A complete set of communication mission requirements has been
postulated and an evaluation tool has been developed based on these require-
ments, Within each of the three time frames the availability of inventory
equipments has been predicated for use on the ground,

1. 4.3 On the basis of the communication mission requirements, relay and
platform equipments have been selected prior to marrying them into a2 number
of system configurations, The various configurations will be subjected to
performance cost effectiveness trade-offs in the second half of the program,
in order to make final configuration selections,

1.4.4 The following separate analyses are being performed as necessary
in order to support the primary objective:

a. The propagation study has been a continuing task since the
inception of the program, Within the established ¢aviron-
ment, a complete set of parametric path loss curves has
been generated to validate the relay modes of operation,

b, The Viet Nam random aircraft sortie distribution study is
a special task that has evolved since the start of the pro-
gram,

¢, The canopy treetop configuration study is also a special
task and is part of the continuing search for new ideas
which can be applied to the program.

1,5 STUDY APPROACH AND METHODS

In performing the analytical investigations, the study teams have {fol-
lowed the Technical Guidelines of 14 April 1965, As such, the analysis has
been task-oriented, There have been four major tasks performed in the first
half of the study, as follows:

1.5.1 Task I: Communication Mission Requirements, This task has
included the following activities:

Communications missions
Channel requirements
Communications link criteria
Ground ranges

Ground terminals

Ground equipment performance

o a0 oR




Task II: Propaggtion Analysis,

This task has included the following

Task III: Relay Analysis,

Mathematical propagation model
Effects of foliage

Effects of terrain

Programming of math model

Path loss analysis

Sets of parametric path lcss curves

This task has included the following

Task IV: Platform Analysis,

A B e 1 -3

Relay system identification and tabulation
Parametric evaluation of candidate equipments

2 e v

Recommendations for relay systems

Preparation of relay power budgets

Fi_Fi vs 1“_1-1-7‘2 transmission modes E
Multiple access :
Channel loading :
Design criteria to optimize relay performance

Novel repeater concepts

L v

This task has included the following

1,5.2
activities:
a,
b,
c.
d,
e,
f,
1.5.3
activities:
a.
b,
C.
d,
e,
f,
g.
h,
i,
1.5, 4
activities:
a,
b,
c.
d,
e,
f.
8.
h,
i,
Je
k,

Platform system identification and tabulation
Parametric evaluation of candidate equipments
Recommendations for platform systems
Payload and relay interface

Delivery systems

Logistics

Cost model

Cost analysis

Random aircraft sortie distribution

Design criteria to optimize platform performance
Novel platform concepts
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SECTION 2

COMMUNICATIONS REQUIREMENTS AND
MISSION MODELING

2.1 GENERAL

The purpose of this section is to develop the communications mission
based on the Army Tactics applicable to a Viet Nam environment. These
mission requirements form the basis for the platform-«relay analysis tasks
being performed on the HARR study program.

The section has been prepared in ihree parts:

a. General tactical concepts in remote and terrain-restricting
_areas of conflict to include Viet Nam.

b, Network configurations and problem definition.

‘"¢, System recommendations.

The investigation to date has been directed at units relying totally on
manpack and vehicular forms of FM radio equipment during their assigned
missions, Subsequent study will pursue the multi-channel semi-fixed means
of communications.

2,2 GENERAL TACTICAL CONCEPTS

Communications requirements and equipment e~aphasis has changed
considerably over the past two decades, During Wer.id War II, the battle~
field in Europe was one of total commitment and ticop units were dispersed
across the width and breadth of continents. Troop alisplacement was
generally continuous aleng a front, and terrain once occupied or passed
through was retained and held secure.

In contrast with the tactics and terrain of World War Il is the war in
Viet Nam. Unlike war on a major political and tactical i.cale, the battlefield
there can more accurately be described as continuous ir terms of the enemy
with small pockets of friendly forces operating alone on missions of short
duration. The war has often been described as a battalion, company, and
platoon leaders' war. Brigade-sized units, and often battalion-sized units,
operate on search and destroy missions many miles from the friendly stable

6 i

S Y SN U SRR S

R TRR

i

. |
X | ‘
[UTUPPARIS [EIPUNT EPRSUPRRID ¥ [ORPRINT WO 1




TR

rear areas, Airlifted in by helicopter, these units move forward through
enemy terrain, destroying small pockets of resistance, village terrorists
and equipment depots; and once the friendly forces pass through and no longer
occupy an area, it ia likely to again become enemy territory. Combine this
tactical dispersion with the dense tropical jungle or mountainous terrain and
a situation prevails that taxes the range and performance of existing small
unit radio equipments.

British fighting units experienced similar communications difficulties
in the late 1950's as evidenced by documents* describing the limitations which
jungle conditions impose cn radio communications as normally practiced in
a tactical area.

Vegetation, terrain, and the heavy reliance placed on tactical radio
communications have placed severe support demands upon the present gener-
ation of tactical radio sets,

Combat operations in remote areas of conflict utilize tactical units
that are highly mobile and dispersed over broad areas of widely varying
terrain, The degree to which such mobility and dispersion can effectively be
attained will bear to a large measure on the means to maintain command and
control. The achievement of these means depends on the adequacy of the
communications.

2.3 NETWORK CONFIGURATIONS AND PROBLEM DEFINITION

2,.3,1 General. To precisely what degree relay schemes should support
ground tactical units is one of the problems to be considered in the study, To
arrive at some collective discrete means extending n channels x miles is to

a large extent imposing tactical doctrine. On the other hang, consxdermg all
combinations of 1 through n channels extended from 1 to x miles provides too
little in the form of definitive objectives to those faced with the task of pro-
viding specific relay and platform configurations.

Since it is extremely difficult to relate systems engineering concepts
to the flexibility of battlefield demands, it is hoped that the following consid-
erations will provide a concept of battle and a sufficient understanding of
tactics and communications procedure to provide solutions wherein tactical
units possess the internal capability of range enhancement in areas where
existing radios do not adequately support the tactical mission.

2.3.2 Tactical Network Configurations. Tactical radio nets are typified
by the structure shown in Figure 2-1, A net will consist of two or more
transmitters and receivers operating on the same frequency. The operating
mode is '"push to talk'; that is, the transmitters are only activated when a

*Memo from U, K. Delegate, Ministry of Defense, May, 1958,
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person wishes to speak, For all other conditions, only the person's receivers
are on, No more than one transimitter in a net can be active at any given time,
In accordance with tactical cchelons of command, the commander in one net

is also a member of the next higher echelon net. For example, a platoon
leader is a member of a net consisting of the other platoon leaders and the
company cornmander. The company commander is in turn a member of a net
with the other company command. rs plus the battalion commander,

As the level of command responsibility increases, so does the talking
range of the assigned radios uscd by that command., In general, all voice
tactical radio sets below brigade level are FM-VHF. Frequency assignments
are shared among users who are peographically separated to such an extent
that the energy from one transmitter does not normally affect the other user,
As the number of channels increases corresponding to more units being
assigned a given sector, separation decreases, and the probability of mutual
interference becomes greater,

Voice radio communications between stations in a tactical net can fail
under three conditions, with the exception of the obvious equipment breakdown.
The first is that the radic terminal is well within its nominal design range but
the path loss incurred by either terrain masking or ground foliage or a combi-
nation of both is in excess of the capabilities of the set. This can be described
as obstacle limiting, ; o ‘

The second condition is that tactical deployment may have exceeded the
nominal design range of the set. This can be termed path length limiting,

The third factor contributing to failure is interference from from other
radio frequency sources. Although this contributes indirectly to failure, the
correlation between troop unit densily, radio spectrum availability, and inter-
ference warrants its consideration as a significant parameter,.

These then constitute the three fundamental propagation problems
occuring in the military application of VHF=-FM voice tactical radio sets. The
differences, though subtle, seem to warrant serious attention to the manner of
solution ascribed to each, particularly in view of the niost recent reports
regarding frequency spectrum congestion’ and the role of VHF-FM tactical
radio sets in Viet Nam,

In an obstacle limiting condition the most useful solutions, in consonance
with tactical VHF radio, would be those which overcorne the near-in path
reatrictions and reestablish reliable communications to only that tactical area
of immediate concern to the unit or units committed,

*'"The Management and Use of Tactical Radio Frequencies in the
Republic of Viet Nam,' Booz-Allen Applied Research, September 1966,
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In path length limiting situations, solutions should include the possible
integration with other forms of long distance communications such as platform
to platform UHF or ground to ground troposcatter,

The solutions to bath are of equal concern to the tactical commnander,
however, (he imposition of easily attainable long range solutiony upon a tactical
environment requiring only limited range enhancement largely negates the role
of VHF tactical radio and contributes to severe crowding of the 30-76 MHz
spectrum (see Figure 2-2),

2.3,3 Terrain Limiting Tactics and Resulting Communication Needs. When
assessing tactical communication needs, there are sufficient similarities
between jungle and mountain operations to state that communications support
adequate for one would be equally responsive to the other, Tactical operations
in both yield to the commitment of small and often isolated units operating
independently, Useful radio distances are often limited to less than one mile,
Tactical deployment, i, e,, fire and maneuver, or movement is greatly
hindered and adjacent unit support is often not possible, Rapid employment
and the shifting of reserves is difficult, Althoughdeliberate tactical maneu-
ver prevails, its prosecution will occur at a slower pace than conventional
open battlefield combat, Radic traffic would be minimum and used more as

an emergency means than to exercise continuous and rapidly changing control
over supporting maneuver elements, Typical net traffic would include the

call for and probable direction of close-in air support, medical evacuation,
and the reporting of imminent overrun or ambush, It seems reasonable,
therefore, that one or two reliable channels per company would provide ade-
quate means as opposed to the 6 to 8 channels normally employed in the com-
mitment of an infantry rifle company in conventional conflict,

As an exteusion of this hypothesis, it is not unlikely that several
companies could be performing entirely independent missions in areas ranging
from one to thirty riiles and the communications needs would increase corre-
pondingly, Precisely how many channels are required is not of great concern
8o long as it is possible to effect a modular approach and enable the appropriate
command level to tailor the means to the needs., In order that such schemes be
compatible with existing frequency management practice, it is essential that
a reasonably accurate assessment of anticipated ground coverage be provided
the implementing command,

Once the means are available, a likely operational practice would be
to assign one or two channels to each company in the service area and one or
two channels to groups of these cornpanies as alternate or emergency nets,
Additional channels would be assigned for the direction of air support, medical
evacuation, logistics and area command functions,

In unmanned stations, the channels could be altered on a prearranged
basis during platforim downtime in accordance with standardoperating instructions,

Assuming that airborne relay means can be provided to reestablish,
over limited distances, VHF -FM radio reliability through highly restrictive
paths, significantly more benefit can be derived from the VHF -FM spectrum
committed to short-range tactical communications, The same degree of
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freedom in frequency allocation normally afforded the lower tactical
echelons can be preserved and obviously more units can receive concurrent
suppeort.

Other advantages to reduce geographic coverage are that it permits
local control in responding to the effects of enemy jarnming. Locally initiated
action, such as changes to 5.0.1., more »esponsive channelization, and the
use of alternate frequencies, would be permitted thus reducing the vuiner-
abilivy of the relays.

2.3.4 Tactical Communications Extension Requirements. The ability to
quickly deploy troops over large distances to areas of enemy concentration
constitutes a major tactical advantage of the ARVN, U.S., and Free Werrld
Forces in Viet Nam. By the use of helicopters well supported by artillery
and tactical air, commanders are able to achieve surprise and shock action.

. Such actions can generally be described as airmobile operations. It places
long~-range communications demands on existing VHF ground equipment and
is pregently employing airborne relay to a liniited extent, The command
elements in many airmobile tactical commitments utilize aerial command
posts operating between the staging area and the landing zones (LZ) where
_helicopters discharge the troops into the combat area. Displacement dis-
tances vary considerably from 10 or 15 miles to 150 miles, FEarly operations
-of this type were limited to the range of supporting artillery; however. recent
“actiomns have provided for the airlift of artillery urits thus permitting deeper
penetration. ' ' '

The present command and control practice is to place the command-
ers and observers aloft and includes typically three to five command elements.
Radio nets are usually effected from this airborne command post to medical,
fire support, armed and troop lift helicopters as well as with the units com=-
mitted on the ground. Communications to the staging area, which is the lon-
gest distance requirement, usually employs VHF/AM/SSB means, Generaily
the air-toe-air and air-to-ground paths in the vicinity of ground fighting is VHF,
AnO-1E aircraft provides radio relay and performs forward observer and for-
ward air control activity.

These missions typify the need for long-distance communications
hetween the command elements of isolated fighting units and other supporting
arms, The isolated unit rnay be as small as 20 to 30 men on a patrol mission
committed for periods or several days, or it may be a brigade deployed into
a province for sustained operations over two to four week periods,

The following conditions emphasize the need for range enhancement
through such means as: air-to-air UHF, air-to-ground integration with long-
haul fixed-plant relays, or directive VHF means as opposed to nondirective
wide geographic coverage utilizing the VHF spectrum (3C-76 MHz) (see
Figures 2-3 and 2-4).
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a, Limited 50 KHz channel resources estimated at 500 for
all U.S. and Free World tactical units in Viet Nam of
which approximately 120 are presently dedicated to relay
activity, *

b. Heavy reliance on portable VHF terminals for both short
and long-range communications,

¢. Increased field activity directed at extending ranges oi
VHF tactical radio terminals, '

d. Conflicting communication needs resulting from a sharply
contrasting terrain environment. The delta region suffers
from mutual interfercnce problems while in areas imme-
diately to the north, radio paths can be restric.ed to
fractions of a mile because of the terrain and jungle envi-
ronment,

Table 2=-1 illustrates the characteristics of communications equipment asso-
ciated with military operations in the Viet Nam area.

*''"The Management and Use of Tactical Radio Frequencies in the
Republic of Viet Nam," Booz-Allen Applied Research, September, 1966,
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Table 2-4. Characteristics of Communication Equipment

" Frequency Power

Nomenclature Type Range (MHz) Modulation (watts)
Village-Hamlet Radios
HT-1 R-T 30=-40 AM 0.5
TR=5 R-T 30-40 AM 5 {
TR-10 R-T 3-12 AM S
TR-20 R-T 30-40 AM 20
TR~35 R-T 2-9 AM 30 !
National Police Radios
FM-1 R-T 152,8-162.0 FM 1 i
FM-5 R-T 152.8-162.0 FM 5 j
Motran R-T 152,8-162.0 FM 30 ii
Tactical Radios (Manpack) i
AN/PRC-6 R-T 47-55.4 FM 0.25 |
AN/PRC-9 R-T 27-38.9 FM 1 ;
AN/PRC-10 R-T 38-54.9 M 1 !
‘AN/PRC-25 R-T "30-75.95 M 1.5-2,0
AN/PRC-28 R-T 30«42 FM 1 !
AN/PRC=-35 R-T 30-68,95 M S §
AN/PRC-417 - - -
AN/PRC-47% R-T 2-12 SSB 100 PEFP
AN/PRC-62 R-T 2-30 SSB Replaces

AN/GRC-9
AN/PRC-64 R-T 2.5-6.0 AM *
AN/PRC-65 R-T * * Paratroopers

and For-

ward Air

Controllers 1
AN/PRC-66 R-T * * Paratroopers i

and For |

ward Air ]

Controllers !
AN/PRC-70%§ R-T 2-76 CW, SSB 20

FM, AM
AN/ PRC-T74 R-T 2-12 SSB *
*Unknown at this writing
tBackpack version of AN/VRC-24
{75 1bs
§To be introduced in late 60s
16




Table 2-1.

Characteristics of Communication

Equipment (Continued)

Frequency Power
Nomenclature Type Range (MHz) Modulation (watts)
Tactical Radios {(Not Manpack)
AN/GRC-5 R-T 27-38,9 M 16
47-58, 4 0.5
AN/GRC-6 R-T 27-38.9 FM 16 o
47-58, 4 0.5
AN/GRC-9 R-T 2-12 AM CW-15, V-7 ;
AN/GRC~26, A,B T 2-18 AM CW & FSK=400
and C R 0.5=-32 V=300
AN/GRC-38 T 2.0-18 AM CW-400
R 0.54-54 V-300
AN/GRC-41 T 1.5-20 AM V-450
R 0.5-32 CW-450 1
AN/GRC-87 R-T 2.0-12 AM CW-15, V-7
~ AN/GRC-106 R-T 2,0-30 SSB 400 PEP,
CW-200 i
AN/GRC-109 T 3,0-22 CW 10-15 :
R 3.0-24
AN/GRC-125 R-T 30-76 FM 1.5
AN/VRC-9 R-T 27.0-38.9 FM 16 :
AN/VRC-10 R-T 38-54.9 FM 16
AN/VRC-12 R-T 30-76 FM 35 .
AN/VRC-46 |
AN/VRC-47 - |
AN/VRC-48 Variations of the VRC-12
AN/VRC-49 }
AN/VRC=-24 Vehicular version of the PRC-25 1
AN/VRC-15 R-T 38-54,9 FM 16
AN/VRC-17 R-T 27-38.9 FM 16
AN/VRC-18 R-T 38-54,9 FM 16
AN/VRC-34 R-T 2-12 AM CW-15, V-7
17
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Table 2-1,

Characteristics of Comnmunication
Equipment {Continued)

Frequency Power
Nomenclature Type Range (MHz) Modulation {watts)
Tactical Radios (Not Manpack)
AN/VRC-38 T 1,5-20 AM 100
0.5-32

AN/VRQ-2 R-T 27-38.9 FM 16
AN/VRQ-=-3 R-T 38-54.9 M 16
SCR=-193 R

BC-312 . .

BC-191 See Transmitters and Receivers below
SCR-188 Same as SCR=~193 except AC powered for fixed installations

Radio Relay Equipment

 AN/TRC-1
AN/TRC-3
AN/TRC-4
AN/TRC-24
AN/TRC-35
AN/TRC-36
AN/TRG-29
AN/TRC-38

AN/TRC-39

Transmitte=s

BC-191
BC-610

Ln_nmmmmwn Guciiobas b vanige

Radio relay
set
Radio relay
tml
Radio relay
repeater
Radio relay
set
Radio relay
tml
Radio relay
repeater
Radio relay
ret
Radio relay
tml
Radio relay
repeater

70-100

70-100
70-100
50-upwards
50-upwards
50-upwards
1700-2400
1700-2400

1700-2400

FM

FM

FM

FM

FM

FM

FM

FM

FM

40
40
40
50-120
50-120
50-120
10
10

10

Cw-75, V.40
CWwW-300, V400




Table 2-1,

Characteristics of Communication
Equipment {Continued)

Frequency Power
Nomenclature Type Range (MHz) Modulation {watts)
Receivers
R-390/URR R 0.5-32 - -
R-388 /URR R 0.5-30.5 - -
BC-312 R 1.5-18 - -
BC-34¢ R 1.5-18 - -
Aircrafrt Radios
AN/ARC-1 =T 100-156 AM 6
AN/ARC-3 R-T 100-156 AM 8
AN/ARC-12 R-T 0.19-0.55 AM 2

116-148
AN/ARC-36 R-T 100-156 AM 8
AN/ARC-44 R-T 24-51.9 FM 6-8
AN/ARC-45 R-T 225-400 AM 2
AN/ARC-27/55 R-T 225-400 AM 9
AN/ARC=-54 -R=T -.30=69. 95 -FM --40
AN/ARC-60 R-T 228-258 AM 0.5
AN/ARC-73 R-T 116-149.95 AM 20-25
AN/ARC-302A R-T 118-136 AM -
AN/ARC-302H R-T 118-136 AM -
Navy Radios
Transceivers
TCS-12 R-T 1.5-12 AM CW=-5, V45
TCS-13 R-T 1.5=12 AM CW=25, V=15
TCS-14 R-T 1.5-12 AM CW-25, V-15
TCS-15 R-T 1.5=12 AM CW-25, V-15
SCR-694 R-T 3.8-6.5 - Cw-25, V-7
Transmitters
TDE T 0.3-18,1 AM 100A1
TED T 225-400 AM 10

These tables were extracted from Table A-1 of '"The Management and
Use of Tactical Radio Frequencies in the Republic of Viet Nam' - Booz-Allen
Applied Research Inc,
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2.3.5 Geography and Its Effect on Military Tactics

2.3.5,1 Operations in the Central Highlands.

2.3.5.14.1 General, The Central Highlands area constitutes almost 50 per-
cent of the South Viet Nam land mass. It is a rugged, mountainous area with
maximumn elevation ranging from 4500 to 7000 feet in the vicinity of Dalat and
from 3000 to 8000 f.et in the area west of Quang Ngai, The area slopes
steeply down to the coastal plain on the east and more gradually on the western
plateau, resulting in a strong contrast between the short, swift, eastward
flowing streams with their steep-walled, narrow valleys and the more sluggish
westward=-flowing streams with their broad flat valleys. All streams are
swollen and difficult to ford during the rainy season., Operations in this area
differ greatly fromn those in the Delta and coastal plains because of the differ-
ences in terrain, weather and population.

2.3.5.1,2 Terrain. Steep slopes, sharp crests and narrow vallcys
characterize the mountainous areas, Numerous razorback ridges run in all
directions and it is virtually impossible to follow them in any one direction

for more than a few hundred yards. The forested areas of the foot hills up to
3000 feet have an unbroken continuity of tall trees that form a dense, closed
canopy over the ground. The undergrowth is very thick, comprising an almost
impenetrable masgs of smaller trees less than 10 feet high, interminglad with

“thorny shrube and vines. Most streams are bordered by high, steep rocky

banks and are generally swift with rapids and shallows common. Fording is

--possible in many places except during the flash floods which occur during the

rainy season.

2.3.5.1.3 Weather, In the highlands, the southwest monsoon season lasts
from May te October. During this period low clouds and ground fog limits
observation and seriously restrict aerial activity. Cloud ceilings are less
than 3000 feet about 80% of the time. Average monthly rainfall is approxi~-
mately 13 inches, The average high temperature is 88 degrees with an aver=
age low of 55 degrees.

2.3.5.1.4 Movement. The steep terrain and dense jungles reduce foot
mobility, Rate of march is usually from one-half to two kilometers per hour
with frequent rest stops. Experience shows that there is a tendency to over=
estimate the rate of advance of columns. The amount of rations and equip-
ment carried by the individual soldier muat be carefully considered to prolong
his effectiveness.

Wheeled and track vehicles will be restricted to the existing
roads and trails, Bridges in this region are not capable of supporting heavy
loads,
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The limited number of suitable landing zones requires careful
and detailed reconnaissance in order to conduct heliborne operations. Open
areas are sometimes covered with stakes and tree stumps, which rmay pro-
hibit helicopter landings. The high altitude and small landing zones result
in a reduction of helicopter lift capability.

2.3.5.1,5 Combat Support Considerations

a. Artillery. Limited road nets or complcte absence of roads
restricts movements of artillery, Suitable positions are difficult to find, and
sometimes clearing and leveling 1s necessary prior to positioning artillery
pieces by helicopter,

b,  Air support. Dense jungle, low clouds and ground fog
restrict air support. The locations of friendly forward elements are fre-
quently difficult to determince irom the air, limiting the delivery of close
supporting fires. Units should plan the use of pyrotechnics, panels and other
devices to mark their forward positions,

2.3.5.2 Operations in Swampy and Inundated Areas. Operations in swampy
and inundated areas in Viet Nam are generally associated with the Mekong
Delta==-that region of Viet Nam which lies south and west of the city of Saigon
and is laced with rivers, streams, and canals, However, some of these con-
ditions exist along the northern coastal plain in small delta areas, Rice
paddies comprise most of the Dcita. Two other types of areas within the
Delta, the Plain of Reeds and the Mangrove Swamps, are treated separately
below.

2,3,5.3 Rice Paddy Areas of the Delta

2.3.5.3.1 General. The rice paddy land of the Delta is the most heavily
popuiated rural area in the Republic of Viet Nam; dwellings are found along
nearly every waterway. Streams, canals and rivers interlace this area;
trees and other vegetation along the waterways sometimes extend 300 meters
on each side. The land between the waterways is covered by rice paddies,
and during the rainy season these paddies are covered with water to a depth
of one foot or more. In the dry season these same rice paddies dry up and
crack open.

2,3.5.3,2 Movement.

a. Routes, There is an extensive network of rivers and canals
usable throughout the year, and generally capable of supporting craft as large
as landing craft, mechanized (LCM). River craft are cunfined to the major
canals and to the rivers. Overhead bridge clearance and depth of water at :
high and low tide must be considered in planning use of river boats. Assault
boats can operate freely on minor canals oanly during high tide, Native
samnpans operate at all times.

21

i b ok rtan.

[T R

b




b. Troops. Troops can maneuver in the paddies on foot the
year=round., Foot movement during the dry season averages three to four
kilometers per hour during the day and one and oue-half kilometers per hour
at night., During the wet seasou foot movement may be sluwed by difficulties
in crossing canals; a combination of deep water and steep muddy banks may
result in insufficient traction. Consideration of the tide is necessary, even
far inland, as high tide favors boat movemsant, while low tide favors wading
across canals in most search operations. Several large-scale operations

have failed or have been alt:orted because the effects of the tide were not
consiciered,

c. Helicopters. Most rice paddies in both the wet and dry seca~
son are potential landing or loading zones,

d. Airborne. Airborne forces can be empluyed year-round
with few limitations on the size of the force dropped. During the wet season
the water depth of the rice paddies should be considered when selecting drop
zones, If the situation requires it, drop zones can be successfully selected
immediately prior to the drop.

2.3.5,4 Plains of Reeds Area of Delta

2.3.5,4.1 General, The sparse population is scattered throughout the
small hamlets at canal or stream junctions and along the banks of these water-
ways. During the rainy season when the entire area is inundated, the people
live in elevated houses or in sampans. Even during the dry season, the area
is continuously covered with water varying from ankle to shoulder d2pth and
blanketed by reeds and grass one-half to four and a half meters high. There
are trees scattered along the small number of canals and streams in the area,
During the dry season many parts of the area resemble the midwest prairies
from the zir. In the wet season it looks like a sea or large lake.

2.3.5.4.2 Movement

a. Routes. There are only i'wvo major canals and a single road
cross the area. Inhabitants normally travel by boat and sampan, often
directly across flooded fields.

b, Troops. The average rate of travel cross-country by foot
in the dry season is 1.5 kilometers per hour. During the wet season foot
travel seldum exceeds one kilometer per hour and in many places is not
possible at all, Armored personnel carviers are most valuable in this area,
although frequent stops are necessary to cut the reeds and grass from the
trackse and drive sprockets, River force craft are limited to larger streams
and canals. They are sometimes used to carry troops to the general area of
operations but can seldom be utilized to support an assault operation.
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c¢. Helicopters. Helicopter landing zones in the Plain of Reeds
are limited. In the dry season, canal and river banks may be used for land-
ings, but in the rainy seas>n troops must be loaded and unloaded from hov-
ering he'‘copters. Care must be taken not to offload troops in water reaching
over their heads. Small boats can be lashed to the skids of helicopters and
used to disembark traops.

d. Airborne. Airborne troops can be employed effectively
throughout most of the area depending upon the depth of the water and the sea-
son of the year,

2,3,5.4.3 Combat or Fire Support, Moving artillery into position to sup-
port operations requires boat or helicopter transportation and usually com-
promises security. Heavy mortars and artillery which can be delivered by
helicopter stiil possess the disadvantage of lirnited range for the usually
large-area nnrrations conducted in the Plain of Reeds, Naval guns can sup-
port cperations within range of the Mekong River., Tactical air support and
armed helicopter support are most useful, Assault boats or sampans may be
used to carry heavier crew-served weapons and arnmunition,

2.3.5.5 Mangrove Swamp Area of Delta

2.3,5.5,1 General, Population is very sparse and is concentrated along
the shore line or at river and stream junctions. Most houses are built on
stilts because of the wide variations of the tides. Few people actually live in
the swamps. Trees, vines, exposed roots and dense undergrowth are marks
of the Mangrove Swamps. Swamp depths, depending on the tide, vary from
one meter of mud to one meter of mud covered by two meters of water, Tides
cause river current to reverse direction as the tide changes.

2,3.5.5.2 Movement

a, Routes, Thcre are no roadrs in the Mangrove Swamps.
Boats traveling into the area during high tide can be stranded at low tide and
may have difficulty reaching shore. Sampans can enter the area from the sea
only during high tide. Although these conditions hamper tactical troop lana-
inga. several successful landings have been made. LCM's and LCVP's can
get close to shore only by following river channels.

b. TrooEs. Fout movement is very slow, The average rate
of foot movement is one kilometer per hour, and may be only a few hundred
meters per hour, Armored personnel carriers can operate in only a few
parta of the Mangrove Swamps, generally around the edges, Sampans and
SSB's are limited to the few streams and are likely to be stranded at low tide.

¢. Helicopters and Airborne. Helicopter and airborne forces
can be employed in mass only on the fringe areas of the Mangrove Swamps.
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2.3,5.5.3 Combat or Fire Suppost. The planning considerations for the use
of artillery, mortar and air support are similar to those necessary for oper-
ations in the Plain of Reeds. Naval gunfire can be used, Consideration should
be given to the use of assault boats or sampans to carry heavier crew-served
weapons and ammunition,

2,3,6 Operational Considerations, Throughout most of the Delta the terrain
is such that small forces are employed to develop the situation, with mobile
reserves for cornmitment as required.

Most operations are aimed at encircling a suspected Viet Cong forcc
in a given general area. Often the lack of definite intelligence leads to the
selecticn of terrain objectives rather than Viet Cong locations as control mea-
sures, All forces must be quick to follow the Viet Cong, to keep pressure on
them if possible, in order to rapidly develop the situation and fix them in a
killing zone. Secondary forces are assigned blocking positions on both sides
of wooded canal lines leading into the suspected Viet Cong area. These forces
must be strong enough to withstand a Viet Cong breako-it attem . particularly
at night. Maneuver elements usually advance along wooded ¢ lines, which
offer very limited frontages (generally limited to platoon size uu each bank of
the canal). For this reason it is often difficult to bring large forces to bear
~on Viet Cong positions on both sides of the canals, The use of screening
smokes laid by aircraft or artlllery may perm1t flanking movements through
the open rice fields,

2,3.7 Frequency Management Considerations, In attempting to determine
small unit radic requirements hence piatform loads and relay packages,
efforts to affix channel requirements to corresponding unit strength on the
basis of classical tactical net structures results in a large concentration of
channel frequencies in a relatively small area,

Consider Figure 2-1 which is typical of the frequencies found within
an infantry riflec company. Typ.cal distances between the internal elements of
command within a rifle company are likely to range from 0.5 to 8 kilometers,
On the basis of typical company frontages, units displaced laterally along the
forward edge of a battle area would permit the reassignment of identical
blocks of frequencies in every secord or third company sector. Such is gen-
erally the care and is a distinct advantage in the application of VHF tactical
radio sets on the small unit level (see Figure 2~§).

Figure 2-5 is an extension of the netting principle shown in Figure
2-1 as applied to an infantry brigade. For purposes of discussion and clarity,
only the FM voice nets occupying the 30-76 MHz spectrum are shown. Con-
sidering normal areas of battalion occupancy or approximately a rectangle
three miles wide and two miles deep, there would exist no less than 43 sepa-
rate nets utilizing 23 separate frequencies. If no frequency sharing were
permitted at the platoon and company levels, then 43 separate frequencies
would be required.
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- clusive interference-free geographical assignments,

Extrapolating these figures to a brigade comprised of three battzlions
and assuming frequency sharing as a function of range attenuation as in the
first case above, then only one additional frequency would be required--the
battalion/company command net, If no sharing were permitted, 20 additional
frequencies or an aggregate of 63 would be required for a brigade made up of

three battalions.

Concentrations to this extent are permitted in routine operations
characverized by non-restrictive channel availability and terrain wherein
there exists no large scale efforts to extend the design range of radio equip-

ment,

Spurious signal or ''on-site! interference does occur in such situa-
tions with the manpack and vehicular equipments when command elements
employing these sets are co-located no more than several yards apart. This
frequently happens and is reported to be a problem in Viet Nam. Frequency
selection in accordance with the interference charts that accompany the radio
sets' appropriate TM would help alleviate this problem to some extent; how=
ever, the geographically random location likely with tactical sets and the
limited channel availability estimated at 460 (30-70 MHz) does not permit ex-
In view of the large num-
ber of users and limited availability of channels, optimization of channel
assignment appears to be the only means by which interference can be reduced.
As is often the case, however, time and a constantly changing tactical environ-
ment does not permit a statistical and probabilistic approach to these assign-

ments at the small unit command levels.

Far site or co-channel interference resulting from the increased use
of airborne command posts and airborne radio relay nas been described* as a
second area of concern to Viet Nam frequency coordinators. It is being used
principaliy by the U.S. and Free World Forces as opposed to the Vietnamese.
Relay support often takes the form of merely relaying a command message
between two ground units experiencing difficulty.

There are also difficulties arising from the increased reception of
numerous ground terminals by airborne receivers, Units have reported that
large portions of a corps area appear on airborne command nets. The pres-
ent means to combat the problem appears to be exclusive frequency assigne
ment (FM-VHF) from airborne command posts to battalion level units.

The preceeding illustrates the need for judicious application of relay
schemes into the present communications structure in Viet Nam.

#*''"The Management and Use of Tactical Radio Frequencies in the
Republic of Viet Nam, " Booz-Allen Applied Research, September, 1966,
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The limiting constraints and considerations include:

a., Tactical FM frequencies (VHF) are reported to be
allocated in the following manner:¥*

Vietnamecese

1. 27.0-54.9 MH=z or 270 channels of 100 KHz spacing.
The Vietnamesec are not presently using equipment
with 50 KHz channel spacing.

U.S. and Free World Forces

1. 20-26.9 MHz or 138 channels of 50 KHz spacing.
This band is used principally by armored units,

2., 55-75.95 MH»~ or 418 channels of 50 KHz spacing.
Approximately 120 of these channels {69, 9-75.9
MHz) are committed to radio relay transmiscion
(airborne or other means).

3. 84 additional channels between 27, 0-54, 9 MHz have
been obtained from the Vietnamese spectrum and
are allocated by the Military Assistance Command-=-
Viet Nam (MAC-V).

b. Strict regard for platform height and power output to
limit interference with allocation schemes based upon
range limitation,

¢, Maximum selectivity in the airborne receivers employed
in retransmission systems.

#*"The Management and Use of Tactical Radio Frequencies in the
Republic of Viet Nam," Booz-Allen Applied Research, September, 1966,
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Table 2-2, * Number of Frequencies (30-70 MHz) Assigned
Within the Four Corps Areas of Viet Narn
(Maximum Power Not to Exceed 25 Watts)

MHz I I LI IV  Total

30 - 34 2 2 2 2 8

31 - 32 11 11 11 11 44

32 - 33 23 23 23 23 92

33 - 34 9 8 8 8 33

34 - 35 15 14 12 49

35 - 36 15 7 11 14 47

36 - 37 4 4 8 13 29

l . 37.-138 17 17 19 23 76
38 -39 33 19 19 19 90
39-40 36 17 24 22 99

40 - 41 26 1 1 8 46

41 - 42 13 2 10 4 29

42 - 43 20 2 7 6 35

43 - 44 26 2 1 9 48
44-45 25 1 12 7 45

45 - 46 20 3 12 11 46

46 - 47 17 4 14 9 44

47 - 48 18 12 8 - 38

48 - 49 15 9 6 - 30

49 - 50 13 - 5 - 18

50 - 51 16 2 6 - 24

51 .52 16 9 6 - 31

52 - 53 11 10 6 - 27

53 - 54 11 10 6 - 27

54 - 55 7 10 4 - 21

55 - 56 11 - 3 3 17

56 - 57 5 1 1 4 11

57 - 58 8 1 1 5 15

58 - 59 5 1 1 5 12

59 - 60 - - - 4 4

60 - 61 - - - 3 3

; 61 - 62 1 1 1 4 7
- 62 - 63 1 1 1 5 8
63 - 64 - - - 1 1

64 - 65 1 1 1 1 4

65 - 66 - - - - 0

66 - 67 1 1 1 4 4

67 - 68 1 - - . 1

68 - 69 2 - - 2 4

L 69 - 70 - - - - 0

*'"The Management and Use of Tactical Radio Frequencies in the
Republic of Viet Nam (Extracts from Military Assistance Command-=-Viet Nam
J-6 Records)," Booz-Allen Applied Research, September, 1966.
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This table reflects typical MAC-V assignments of the channels within
the four corps areas.

It is assumed that the assignments in the 30-54,9 MHz region were
made using only the 84 channels obtained from the Republic of Viet Nam
Armed Forces and clearly illustrates frequency duplication or sharirg on a
non-interfering basis within each corps area.

2,.3.8 Conclusions and Recommendations. Combat operations in Viet Nam
and indeed elsewhere are complex and to a large extent unpredictable, The
development of system concepts to support such activity must exhibit a com-
patability with the existing equipment technique and doctrine. Once the means
are provided, the application rests with tactical commanders.

The recommendations contained herein reflect an assessment, within
the limits of security, of the present situation regard ng the application of
VHF tactical radio means in Viet Nam. They are inteded to allow a broad
appraisal of capabilities and means in tne pursuit of realistic applications
with potential benefit to a wide range of tactical activity,

2.3.8.1 Short-Range Support >f the Lower Tactical Echelons

a, Provide the means whereby tactical commanders at
battalion level can effect relay support of limited
channel capability within his area of tactical influence
to include consideration for the modular assembly of
from 2 to 8 channels with effective ground coverage
not to exceed 75 miles.

b, Simultaneous compatibility with AN/PRC-25 and
AN/VRC-12 transceivers (output power difference).

c. Ground coverages considerably less than 77 miles
would prove a distinct advantage. Increased effec-
tiveness would result if the equipment were equally
responsive in both manned or unmanned platforms.
Manned platforms should consider the inclusion of
command subscriber elements,

2.3.8.2 I, III, and IV Corps Areas

a. Provide the means whereby support can originate
within a corps area of influence. This should include
consgideration for configurations of 12, 24, and 48
channels compatible with existing VHF FM ground
radio terminals.
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Ground covereges not exceeding 100 miles should ze
considered. With the exception of tte II Corps area
ground coveragces of this magnitude would approximate
each corps commander's area of command jurisdiction.

~2,3,8,3 Il Corps Area

a,

Provide the means whereby suppert can originate
within the II Corps area of influence, This should
incivde consideration for configurations of 12, 24,
and 48 charnels as in paragraph 2. 3,8. 2, with ground
coverages up to 250 miles. As discussed earlier,
long-range means should include consideration by
other than VHF means once the ground interfaces
with VHF terminals are established.

2.3.8,4 Diatress or Warning Nets

Consideration towards providing continuous 24-hour
coverage of 2 to 12 channels with effective ground

coverage of at least 300 miles, In accordance with

present frequency plans in effect in Viet Nam, con-

sideration should be directed at spectrum character -

istics in the 70-76 MHz region,
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SECTION 3

RELAY SYSTEMS

3.1 RELAY ANALYSIS AND SELECTION

3.1.1 Objectives and Requirements

This section of the report pertains to the investigation and study
effort to date that was performed to determine the characteristics and para-
meters required of the relay package to be carried by selected platforms.

The relay study task was graupeid into sub-tasks as follows:

Propagation Path Loss

Relay System Identification and Tabulation |
Parametric Evaluation of Selected Equipments
Recommendations for Relay Systems

po T

3.1.1.1 Propagation Path Loes. The objective of this study are. is to
formulate a mathematical model of ground-to-air radio pro.:zgation which may
be used to define relay coverage area and radio «quipment specifcations.

This model is to be programmed for a digital computer, and pirametric curves
for path loss for representative terrain and foliage are to be prepared for use
in analyzing the selected relay configurations. Required cnd pv-ducts are the
programmable propagation models and path loss analyses.

3.1.1.2 Relay System lIdentification and Tabulation. Relay systems com-
patible with existing or proposed Field Army ground terminals meeting the
requirements for relaying up to 48 voice channels will be ¢ ‘entified and their
performance tabulated. Later study will encompass advan.ed relay systems
with automatic switching and retransmission using RADA techniques.,

3.1.1.3 Parametric Evaluation of Selected Equipments. The relative per-
formance of the equipment selectea for relay use in the previous task will be
evaluated based on communications system requirements,

3,1.1.4 Recommendations for Relay Systems. Using the results of the
previous task, a family of relay systems corresponding to the ~equirements
previously generated will be recommended, In the event tiiat no existing
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aystem can be recommended for a particular requirement, recommendatioris
for hardware development will be made. If more than one equipment iz avail-
able for a particular requirement, data will be furnished for use in a cost-
effectiveness comparison. Trade-off studies as required to support the above
recommendations will be performed.

3,1,2  Study Resgults. The paragraphs which follow describe briefly the
results of the relay study effort at the present time.

3.1.2.1 Propagation Path Loss. An idealized mathematical model of
jungle foliage effects has been combined with experimentally determined
jungle electrical parameters, and power safety margin requirements have
been determined by the use of experimental path loss deviation from loss
predictions based on the idealized model.

Parametric curves of ground-to-air path loss have been prepared
for various vaives of jungle physical and electrical characteristics. Vari-
ability data have been used to estimate margin requirements, The path loss
predictions and variability data have been combined to predict the service
range of particular repeater configurations. Paragraph 3,5 of this report pre-
+ents the patl loss analysis and resulting parametric curves for representative
s.ts of parameters.

3.1.2.2 Relay System Identification and Tabulation. The characteristics
of military and commercial radio equipment potentially capable of serving as
high altitude relay components have been examined and tabulated. Para-
graphs 3. 4.2 and 3. 4, 3 of this report contain tabulations and review of single-
channel relay syetem candidates, and paragraph 3. 6.3 containg tabulations
and review of rnultichannel relay candidates.

3.1,2,3 Parametric Evaluation of Selected Equipments. In reviewing the
tabulated data on existing radio equipment, a limited number of suitable
aquipments has been found. The results ¢f this selection of prime candidate
systems are presented in paragraphs 3.+.2, 3.4.3 and 3.6.3.

3.1.2.4 Recommendations for Relay Systemas. In the review of candidate
systems for the relay functiona, no ompletely satisfactory systems have been
lecated for the channel capacity, range, ground equipment, and platform com-
patibility requirements. Several configurations combining existing and readily
developed equipment have been recommended as the best solutions to the relay
problem for the initial and interim time frames. Studies in particular areas
of repeater compatibility, reported in paragraphs 3.3 and 3. 4.5 have pro-
vided guidelines for recommendations for the long-range tirae {rame,

3.1.3 Plans for Further Study. Several areas of the relay study program
remain to be completed. It iz evident that many of the specific areas
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investigated will not be definitely resolved within the scope of the present
program, and preliminary recommendations for expansion or extension of
some study efforts will be made in paragraph 3. 1.4,

3.1.3.1 Propagation Path Loss., It is anticipated that data from the
Stanford Research Institute's airborne Xeledop path-loss measurements in
Thailand will be analyred in the next few weeks and the results made avail-
able. Comparison with the preliminary variability data will indicate the
revisions of margin allowances which will be required., Additional parametric
curves of path loss will be prepared for the revised estimates of jungle foliage
permittivity noted in paragraph 3.5.2.7,

3.1.3.2 Relay System Identification and Tabulation. This study effort is
substantially completed for conventional modulation systems. Some additions
to the tabulated data may be made in the next few months, particularly in the
multichannel relay arca, Preliminary work has begun in the RADA study
area, and review of RADA documents and exploration of potential RADA-HARR
interfaces will proceed in the folloewing months. A limited review of passive
and semi-active repeaters will continue.

3,1,3.3 Parametric Evaluation of Selected Equipments, This study effort
is substantially complete, although further candidates may be introduced and
additional output data requested for platform and overall system trade-off
analyses.

3.1.3.4 Recommendations for Relay Systems. This task includes the major
unfinished items, particularly developing in further detail the recommended
configurations of repeaters for the initial time frame. Further cost-
effectiveness input data and platform interface data must be generated. A
major area requiring further definition is that of antenna systems for relay
platforms.

3.1.4 Action Recommended. Preliminary recommendations may be made
for the initial time frame relay systems and for specific work items beyond
the scope of the present contract.

3.1.4.1 Recommended Relay Systems. In the following paragraphs, we
are basing our recommendations on technical considerations only, Whether
these preliminary corclusions will be borne out Ly cost-effectiveness studies
_remains to be determinad. ;

3.1.4.1.1 FM Network Relay. In view of the interface problems which
accompany Fj - Fq repeater operation, we feel that use of Fy - F, relaying
is the only immediately available method with an appreciable chance of suc~
cess. The 6- or 12~ channel repeater system would be assembled using AN/
PR C-25 transceivers in the conventional relay configuration, with outboard
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digital modulation formats. ‘ ‘

preselector and diplexing filters, hybrid summation of PRC=25 transmitter
output, and a manual patéh panel for supervisory control, Augmentation of
pack-sets with AN/PRR-9 receivers will be necessary in areas where re-
peaters are deployed.

3.1.4.14.2 Multichannel Relay, The severe physical interface problems at
the relay platform suggest that the use of the AN/ARC-89(V) airborne relay

equipment is the best interim solution to the relaying problem, praviding 12

four-wire full duplex channels per equipment set,

3.1.4.2 Recomi.ended Study Items

3.1.4,2.1 Common Frequency Repeater. Continuation of evaluation of
F{ - F1 repeaters is recommended, with attention to multipath interierence,
low-speed switching, and compatibility with pack-set receivera.

3.1.4.2,2 Diversity, Experimental evaluation of space, frequency, and
polarization diversity in wir-to-ground configur ation and jungle environments
is recommended with the reduction of margin ailowances as an objective,
This may be particularly significant for mult.ighar'mel relay systems carrying

. o
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3.2 RELAY REQUIREMENTS

3.2.1 Ground Terminal Compatibility, For each of the time frames for
relay implementation, various constraints on relay design are applicable,
The following paragraphs discuss the problem of compatibility with single-
channel tactical radio equipment as it affects beth the relay and the pack-set
or vehicular radio equipment, More specific details of the compatibility of
relay design with FM VHEF radio equipment are contained in paragraph 3. 4. 6,
The multichannel tactical relay problem is addressed in paragraph 3.6,

3,.2.1.1 Initial Time Frame, For the initial time frame, it is necessary
:hat the relay be compatible with tactical radio sets now in operation, This
implies compatibility with FM net operation in the 30 to 76 MHz frequency
range, with 50 KHz channel spacing, 10 KHz deviation, and 0, 3-3 KHz audio
bandwidth, Push-to-talk operation is used, with no provision for automatic
break-in, While the AN/PRC-25 is the contemporary equipment in general
uge, several earlier and later sets are generally compatible except for more
limited tuning ranges and/or 100 KHz channel spacing. These sets are
characterized by low power and electrically short omnidirectional whip
antennas in the man-pack configuration, In fixed stations or vehicular
operation, higher power and higher antenna gain may be employed.

Beyond the limitations due to the electrical capabilities of radio
sets in the 30-76 MH:z frequency range, the problems of frequency availability
in this range severely restrict the operating frequency choice, In general,
the band will be shared with friendly and opposing military or para-military
services using similar equipment and with a variety of civil and military
communications services, Interference both from and to these competing
services in the 30-76 MHz band restricts the frequency assignment flexibility
in a given theater of operations, but requires an ability to change the opera-
ting frequency for compatibility with other theaters,

3.2.1.2 Interim Time Frame. Yor the interim time frame, it is to bel
anticipated that the present inventory of equipment will remain in service

with some phasing-out of older pack-set equipment (e, g. the AN/PRC-10),

New equipment including the AN/PRC-77, AN/ARC-114, etc. will be placed

in operation, generally improving the effectiveness of tactical communications,
without changing its philosophy., Modification of existing tactical sets is not
desired. In the worst case, only very limited modification of existing tactical
radio sets for relay compa:ibility could be contemplated, for example,
provision for squelch disanle or time constant modification, signaling tones
for relay activation, or issing supplementary receivers (e.g., the AN/PRR-9)
for frequency translatcr ¢~ npatibility,

3.2.1.3 Long -Range Time Frame. Ia the long-range tinie frame, 1t is
pwesible that digital modulation modes will be provided as an alternative to
the FM analog mode, for di, ital datz entry, and eventual message
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routing cantrol, Relay equipment for this time frame must therefore be
compatible with both the digital modulation formats and the conventional FM
mode, In this time frame it is feasible to plan tactical radio requipment for
compatibility with relay systemas, if this study program indicates the value
of such redesign, In the area, one might envision synchronous common-
frequency (F, -F,) operation or offset receive-transmit tuning for frequency
translator compatibility,

The development of transceivers equipped for UHF operation
(e.g., the AN/PRC-72) may provide a means of moving relay operation out
of the already crowded 30-76 MHz band, while maintaining a degree of
compatibility with FM net operations in this band, The use of UHF in a
jungle environmenat may necessitate very high altitude platforms, and may
require use of portable directive antennas,

3.2.2 Relay Performance Requirements, Requirements for relay perfor-
mance include range under various terrain constraints, channel capacity,
multiple access, and channel quality. '

3.2,2.1 Range Requirements, The basis for the range requirements for
various relay configurations was established in Section 2 of this report, The
constraints implied by terrain, propagation through jungle foliage, and

‘platform performance have been combined with these requirements to some

extent, Itis anticipated that mutually compatible relay configurations will
be established in the next few weeks, Path loss computations indicate that
the range objertives of Section 2 may be met with reasonable reliability in
jungle covered terrain even with the PRC-25 output power limitations,

The propagation studies undertaken thus far have dealt with
amooth-earth terrain, except for approximate evaluation of required platform
heights in mountainous terrain as noted in Section 4 of this report, Further
attention to the mountainous terrain problem is planned for the followi ng
months,

3.2,2,2 Channel Capacity. Channel capacity requirements based on the
probable number of FM nets in a2 nominal relay service area were described
in Section 2 for various relay applications., An alternative interpretation of
channel capacity requirements is currently under discussion between the
team members,

Previously, we assumed that if a repeater were available it
would be used to improve nerformance of all FM nets in the service area,
This establishes requirements for large numbers of channels, with resulting
frequency allocation and interierence problems, and complicates the physical
and fiscal gsapects of the repeater platform,
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There is also the consideration that if troops are regularly
deployed over distances such that they must depend an the repeater for
ordinary comimunication, then the repeater reliability becames a critical
aspect of system design, particularly in regard to maintaining platforms
on station during unfavorable weather conditions,

It is appareut that not all of the FM networks will need repeater
augmentation. It is only when an occasional detachment hecomes too far
separated or enters foliage too d¢ 1se for satisfactory communication that
the repeater is required,

As an extension of this argument, it is unlikely that all of the
FM nets in the repeater service area would need augmentation simultaneously,
Therefore, there can be some sharing of backup channels and repeater
subsystems at the platform,

Since the use of the net with the emergency-only philosophy is
based on repeater operation only when direct communications fail, itis
presumed that a relatively small number 0. repeater channels would be
required, The exact number is probably nct too critical, As an example,
the activity factor for a net is substantially less than 50% (5 "subscribers"
each with 5% activity factors result in a net activity factor of 22.6%) and the
probability of an unsatisfactory link in the net is probably less than 10%, so
the probability of a particular FM net needing the repeater would be less
than 5%, :

If a single + 5% probability of needing the repeater, we
may then compute from < binomial or Poisson distributions the number of
repeater channels required to accommodate the requiremenis of N nets for
a particular fraction of the time, If this fraction (the probability of instan-
taneous availability of a repeater channel) is 95%, then for N = 10 three
repeater channels would be required*, four for N = 20, five for N = 50, and
eight for N = 100, This is plotted in Figure 3, 2-1,

The preceding argument has not included the delay in establishing
circuiis in computing the necessary number of channels, 1f the delay in
completing circuits is comparable to the average message length, the fraction
of useful time on a given channel will be reduced, This point will be explored
further,

There may be some correlation in the usage of a rumbtar of
separate FM nets, as miiitary cperations {on either side) may be synchronized
in a number of areas so the required number of channels may be larger

-

*
From a table of the cumulative terms of the binomial distribution

{N =10, 20) or the cumulative Pcigsou distribution {N>20),
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than indicated above, The consequence of not having enough channels is that
low priority calls may be delayed, but this is a relatively minor probiem in
comparison with a subscriber's having no communications at all,

3.2,2.3 Multiple Access, A basic requirement is that the repeater be
available either full-time or on short notice to the net requiring its service,
Since the cost of the repeater platform is less per channel hour if it may
carry 4 number of repeater channels, it is expected that a number of nets
will be provided with repeater service by a single platform, As indicated
in paragraph 3,2, 2.2 above, the number of repeater channels may actually
be somewhat less than the number of nets served,

There is a choice of autonomous control of the repeater or
supervised control, Autonomous control of access is compatible with
unattended platforms, such as drones or balloons, but may require modi-
fication or augmentation of pack-sets to provide control functions, Other-
wise, separate relay channels may be required for each network in the
service area, Attended control requires a repeater orderwire channel, on
which the subscriber needing repeater service would call the operator to
request augmentation of his net, Attended control is applicable to either
common frequency or frequency-translating repeater systems.

3,.2.2.4 Channel Quality. For the three time frames under consideration,
the basic channel quality requirement is that of intelligibility, The long-term
time frame will also require suitable digital error rates and distributions,

A number of factors enter into the determination of the intelligibility
for a repeater -equipped link, some of which are only partially predictable,

a, Background noise at speaker's and listener's locations.

b, Effect of band-limiting, clipping, and handset response
in transceivers,

c. Internal and external noise at repeater and ground
receiver,

d, lInterference or jamming at platform and at ground
receiver,

e. Repeater intermodulation in amplifiers common to
multiple-access channels,

f. Effects of repeater switching in F 1-14"1 mode, including
interaction with squelch,
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g. Fading due to motion of platform through spatial signal
irregularities due to jungle inhomogeneity,

h, Fading due to atmospheric effects.

i, Fading due to repeater antenna pattern irregularities,
including pattern modulation by rctor blade interaction,

j. Rotor blade modulation interaction with receiver
squelch and age.

Clearly, we are not ible to predict the net .- fect of all of these
termas, as only a few of them relate to channel distur'..iices which produce
predictable and repeatable effects on intelligibility, Thermal noise,
paragraph 3.5, and squelch interaction and repeater switching are considered
in paragraph 3.4.6. Repeater intermodulation has been considered briefly,
The progress in estimating repeater loading in terms of the distribution of
differences of signai levels is described in paragraph 3.5,3,3, No attention
has beeu given to rotor blade modulation of helicopter antenna patterns, but
this will be included in the development of recommendations for platform
antennas in the following months,

"The channel intelligibility is also related to the time allowed for
transmitting a mesasage, since the speaker may add redundancy to the
~-message by repeating himself, and verification of the message may he
exchanged with the listener, To avoid the necessity of defining a message
delay criterion, we have simply used a 10 db signal-to-noise-plus-distortion
ratio in a 3 KHz bandwidth as a criterion for minimum satisfactory service,
It is noted, of course, that the time-varying nature of the signal, noise, and
interierence as detailed above mayv produce a degradation of intelligibility
comparabie to that introduced by thermal noise and distortion,
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- ing gain of the ) /4 whip antenna supported above ground is assumed to resemble : ”

3.3 PLATFORM-KELAY INTERFACES

3.3.1 Introductic.. There are a number of areas in which the relay and the
platform designs interface. One of the output products from the relay study
program is the infcrmation necessary to perform platform selection and opti-
mization. 'Tais information relates to the platform's location, and the resulting
cffects on system performance, to the physical and electrical characteristics
of candidate repeater equipment configurations, and to the costs associated with
repeater alternatives.

The following paragraphs describe some of the physical, environ-
mental, operational and maintenance considerations pertaining to the platform~
relay interfaces,

3.3.2 Altitude. From the standpoint of the relay designer, the platform alti-
tude necessary for satisfactory operation of the high altitude radio relay is de-
termined by the required service area, reliability, and interference generation
and vulnerability. The example which follows assumes ti at the three-foot ver-
tical whip antenna (~) /4 at 76 MHz) is used with AN/PRC-25 pack set trans=-
ceivers located in the jungle. The PRC-25 output power is assumed to be 1 watt
at 76 MHz. The PRC-25 is further assumed to provide useful communication
capability with a carrier input level of -113 dbm. The pattern and correspond-

a half-wave center-fed vertical dipole 1.5 meters above the ground surface.
The repeater is electrically similar to the PRC-25, and again has a half-wave
vertical dipole antenna pattern.

Computation of the median path loss and margin requirements from
the relay platform to a point in the jungle is detailed in paragraph 3.5 of this
report., For a 90% probability of a satisfactory circuit, a power margin of 9.5
db must be provided on both the uplink and the downlink. Combining this figure
with the PR C-25 parameters above, a median path loss of 133.5 db will provide
a 90% probability of usable service,

The required platform altitude may then be obtained from Figure 3.5-35
for values of required ground distance. One of the service requirements defined
in Section 2 called for a 100-mile range. Interpreting this as the diameter of a
circular service area, a ground range of 50 miles (80.5 km) is required. From
Figure 3.5-35, this rarge may be realized for platform altitudes from 0.6 to
over 100 km (2000 to 320, 000 feet). For the maximum range requirement of
300 rniles (taken as a ground range of 150 miles from transceiving to repeater),
an altitude of greater tnan 9 km (29, 500 feet) is required,

The curves of Figure 3, 5-35 indicate that above a minimum usable
altitude the repeater performance continues to improve in the useful range of
platform aititudes, Interference and jamming vulnerability demand, however,
that a minimum altitude consonant with range, obstacle clearance, and platform
safety and performance be used.
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3.3.3 Horizontal Moticn. An idea of the cffect of horizontal motion onrelay

operation may be obtained by estimating the changes in range for an allowable

path loss variation of #3 db. This path loss change will include, in general, a

free space component and a component due to change in foliage attenuation as

a result of changed penetration angle; in an extreme case, the change in ground

distance may even put the up or down-link beyond line of sight. Hence, the

allowable variation in repeater locaticn will be strongly dependent upon the

total range being utilized and the repeater height. For any specific case, !
numerical results may be readily scaled from the appropriate curves of add- ’
ing (in terms of contributed noise power) the loss difference terms contributed

by the two paths.

For the special case where the repeater platform is between the
ground transceivers and two paths from ground-to-air and air-to-ground are
al.out equal, the changes in free-space attenuation for one path will nearly ; 1
cancel the changes in free-~space attenuation for the other path. Therefore, ‘
for paths not oo near the radio horizon relatively large changes in radial dis-
tance may be made with little effect on repeater performance. If the changes
in range are roughly proportional to the median range, so that angular varia=-
tions remain fairly constant, the attenuation changes will also remain about
the same. '

If operation outside of the above limits is desired, the changeinatten-
uation may be determined from Figure 3.5-26 by using the slant ranges from
the ground station to the relay vehicle positions to determine the attenuation
change.

3.3.4 Platform=-to-Flatform Relay. The three-path relay system, from

ground-to=-air to air-to-ground, may be useful in some circumstances, espe-

cially mountainous terrain. The range may be extended without the use of an

extremely high repeater altitude if two airborne repeaters are used. Major

disadvantages, operationally, of the two-repeater paths are the requirement for

additional frequencies and for an additional platform. The interference range

for both of the repeater transmitting frequencies is also quite large, but the

interference range would be much greater at the transmitting frequency of a ]
single repeater at the extremely high altitude that woula be necessary for the A
same ground range and at the same elevation angles at the ground terminals. i
The initial cost of the second platform (with equipment) and the operating costs '
are serious disadvantages.

There would be little advantage in using two airborne relays for a
ground-to-air-to-air-to-ground path in a jungle environment. The ground
elevation angle required for satisfactory clearance of the jungle canopy is
only from 29 to 10° so that adequate range could be obtained from a singleair-
borne relay at moderate relay platform altitudeas.
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The payload differences are dependent on the necessary relay plat-
form altitude and not as much a function of the nuimber of links in the relay
path. The length of the scparate links will be reduced to some extent by using
two airborne rclays but the payload weight would change very little with a
moderate change in the power of the transmitter. It would be more efficient to
use a single airborne platform over a somewhat larger path. The required
increase in transmitter power would increase the weight of the payload no more
than 10 or 15%, including the requirement for an increase in primary power.

.

3.3.5 Costs. The costs for several alternative six-channel relay systems
have been worked out and include the original equipment cost, the cost of 10%
spares, and the maintenance cost per year. The calibration cost should be
negligible and is not included and the cost of primary power is also not included
since it will probably be supplied by the aircraft power supply or by engine-
driven auxiliary generators on the manned aircraft, The cost figures for the
first year are as follows:

,. 1 S U T AN i o 1) I

AN/PRC=25 $ 9,888 (Production)
AN/ARC-114 $28, 368 (Development)

Single-channel repeaters are not considered economically feasible for
the general situation, since the capabilities of the airborne platform, which is
more expensive than the relay equipment, are not well utilized, and normally
considerably more than one channel is required, operationally, in a given ser=-
vice area.

If the platform is lost, the dollar cost is as given above for the
repeater equipment. The maintenance cost may be subtracted from the total
dollar cost since this cost is associated only with the operation of the relay
equipment. The cost of the platform is normally much greater than the above
equipment costs.

The ''battlefield"” cost of the loss of the relay may be very high if it
results in the complete loss of communications for a {actical unit. For exam-
ple, if this loss of communications were to result in the failure to warn the
unit of an enemy ambush, the loss of the relay could result in the loss of the
entire tactical unit (especially if this tactical unit is unable to obtain timely
reinforcements due to loss of communications).

3.3.6 Physical Characteristics

3.3.6.1 Weight. The total weight of a multiple repeater '"package'' of
AN/PRC-25 transceivers for six channels is given in Table 3,4~1 as 163
pounds. To this we must add the weight of mountings, housings, connecting
wiring, etc.. An additional 20%, or 32 pounds, should be adequate to cover
these items, making a total of 195 pounds.

A 12-channel '"package' of 24 AN/PRC-25 transceivers would then
weigh about 390 pounds.
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The weight of a multiple repeater ''package' made up of 12 AN/ARC-
114 transceivers, for 6 channels, is shown in Table 3,4-2 of relay equip-
ment types as $6 pounds. An additional 20% for mountings, housings, con-
necting wiring, etc., would add 19.2 pounds to make a total weight of 115,2
pounds, The weight for a 12-channel "package' of 24 AN/ARC-114 trans-
ceivers would be twice as great or 230.4 pounds.

The use of a broadband translator (Table 3.4-1) with a power ampli-
fier, similar in size to the AM-4306, would result in a very lightweight piece
of equipment. The two units would only add up to 6.25 pounds, but added
mountings, housings, wiring, etc., of about 5 pounds would add up to 11,25
pounds. Ail these weight figures are exclusive of the primary power supply,
which could be esupplied by the vehicle. The broadband translator is not an
inventory item and must be developed.

Another alternative system, that is listed with the multi-channel
relay equipment type, makes use of a set of six AN/ARC-114's with six
R-1297 ( )-/ARC receivers. This system is limited operationally to receiv-
ing on one single frequency and transmitting on a second frequency (F,-F_).
As a result, the system is not completely compatible with the normal ground
station; and either two separate transceivers or one transceiver with an addi-
tional receiver must be used at each ground station. There is a weight and
cost advantage for the airborne relay alone, but the requirement for additional
equipment at each ground station makes the overall system cost much greater.
The weight of the six channel system, described above, is 60 pyunds. An
additional 20% for mountings, housings, wiring, etc., would add 12 pounds,
making the total weight equal to 72 pounds. If a 12-channel system is desired,
the weight would then be doubled to 144 pounds.

3.3.6.2 Volume. The volume required for some of the more promising
relay "packages' of 6 and 12 channels is as follows:

First, the six channel '""package' made up of 12 AN/PRC-25 trans~-
ceivers requires about 3.4 cubic feet of volume. Another 100% should be added
for housings, shock mountings, etc., or another 3.4 cubic feet, makinga total
volume of about 6.8 cubic feet. The overall dimensions of each AN/PRC-25
transceiver are 11-1/2" x 4-1/16" x 10-7/16", One practical arrangement
would be to group three transceivers together, stacked on top of each other,
with two groups of three on one side of the aircraft cabin and the two other
groups of three on the opposite side of the cabin. The probable dimensions of
the group would be 18-3/4" high by 12" deep by 12' wide. This would repre-
sent a volume of 2700 cubic inches or 1, 56 cubic feet, The total volume would
then be about 6. 25 cubic feet for these four stacks of three units. If the units
are stacked up in piles of two instead of three, there would be less heat build-
up and the units would run cooler. This might avoid the use of forced air ven-
tilation systemt for cooling.




' The systems, or "packages, " made up of AN/PRC-77's would
require the same volume as those for the AN/PRC-25's, since each individual
AN/PRC-77 has the same dimensions as each AN/PRC-25.

The system '‘package, ' made up of 12 AN/ARC-114's would
require 0.9 cubic feet of volume for the transceivers. An additional 100% of
volume should be added for housings, shock mountings, c¢tc., or another 0,9
cubic foot, making a total of 1.8 cubic feet. The best arrangements of units
would probably be a side-by-side arrangement, since the normal aircraft
avionics equipment has a height over 2 tfimes its width. The cquipment is
small enough so that a row of six units would not be too wide to fit into most
aircraft cabin arrangements. One row of six units could then be mounted on
one side of the cabin and the other row of six on the other side of the cabin,

The system ''package, ' made up of six AN/ARC-114 transceivers,
and six R-1297 { })-/ARC receivers saves some space, weight, and cost over
the system made up entirely of AN/JARC-114's. Unfortunately, it requires
separate receive and transmit frequencies, so that each ground station must
have two transceivers instead of one. The receivers and transceivers require
0.6 cubic feet of space and, as before, an additiconal 100% should be allowed
for the housings, mountings, etc. This makes a total of 1.2 g¢ubic feet
required for this six-channel system. A f2-channel system would ther
require about 2.4 cubic feet, total volume. The receiver, theR-1297{ )-/ARC,
is also quite limited in frequency range {only 48 to 50 MHz) which thus limits
the flexibility of the system. In fact, it is aonly rated for 20 channels at a
100 KHz spacing between channels,

The broadband translator would presumably require much less f
volume than any of the above systems which use a combination of many single-
channel equipments. Since it is still in a conceptual stage, it is difficult to P
estimate the exact space requirements. The figure given in the relay equip- s -
ment list is 0. 24 cubic feet for the equipment and an added 100% for housings, '
mountings, etc., bringing the total space requirement up to 0.48 cubic {eet.
This velume is for 12 channels, so that it may be compared with the higher
figures given for other system '"packages."

3.3.6.3 Modularity. In scaling repeater physical parameters to a particu-
lar channel capacity, it is evident that the designs employing multiple trans-
ceivers will have common equipments which do not change in weightand dimen-
sions with each increment of channel capacity. Coemmon equipment in the
repeaters may include diplexing filters, receiving preamplifiers, and power
splitters transmitting summing networks, power regulators and supervisory
equipment. Of these, the diplexing filters are the only significant items which
will not increase strictly in proportion to channel capacity, since the filter
requirements are substantially as stringent for any number of channels. As a
rough cstimate, it is anticipated that diplexing filters will weigh 10 pounds or
less and require less than 1 cubic foot of volume.
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3.3.6.4 Spares. The use of 10% spares shoull be adequat~ for equipment,
such as the AMN/PRC-25, with a 2000G-hour meantime between farlures (MTBE).
For a vystem made up of 12 transceiver equipments andfor missions averaging
10 hours in duration, 4 fa:lure should occur once per {7 missions, onthe aver-
age. The more modern all-solid-state equipments have a mwuch longer MTBF
and the AN/PRC-77, which has an MTBF of 25, 0Cu hours, should require no
airborne spares at all. A 6-channel system, using 12 AN/PRC-77 trans-
ceivers, should have a failure occurring only once per 208 missions of {0
hours duration. Since one failure would only reduce the capability by one-
sixth, to 5 channels, it should not be necessary to carry any spares at all in
the vehicle, In summary, the number of spares is proportional to the number
of channels, the mission duration, and inversely proportional to the meantime
between failures per equipment.

3.3.7 Environmental Factors

3.3.7.1 Vibration and Jhock Limits. The vibration and shock limits of the
relay packages should conform with the requirements of other airborne elec-
tronic equipment, such as the avionics equipment installed in the aircraft
chosen for the airborne platform. The requirements for a recent avionics
equipment, the Collins AN/ARC-111 radio set, designed for similar military
use, are as follows:

Vibration - 190 to 55 cycles at 0. 06 inches, total
excursion on power supply.

10 to 55 cycles at 0. 02 inches, total
excursion on transceiver.

Both units vibrated for 90 minutes in
3 mutually perpendicular planes.

Shock - 12 shocks of 15g each operation. Crash
safety test of 30g, non-operational.

The aircraft radio set, AN/ARC-51A and 51BX, made by Admiral Corp.,
Government Electronics Division, specifies MIL-E-5400, Curves II and IV
for vibration characteristics. The shock characteristics are not specified.

The Collins 618M=2B/D VHF transceiver (the 619A-13 is the com-
mercial version of the AN/JARC-111 described above) gives the following speci-
fication for shock:

Rigid mount - bg operational

3.3.7.2 Specification and Adequacy of Mountings. Since the AN/PRC-25
and the AN/PRC-77 transceivers were designed for ground use, no specifica-
tions have been used or planned for aircraft mountings. The broadband trans-
lator equipment would also have no established specifications for mountings.
The AN/ARC-114 transceivers, however, have been designed for use in the
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hipht observatian hehrcopter and shoudd have adeguoate specitications for mount -
mps may be poven, sice thi- sognipnaent is st o deveiopment and, thus docs
not have suiticient data oncoporationa] performance and hife,

-

3.3.7.3 Fttect of "Power-on™ or "Power-off. " Since the equipment being

considered Tor relayimg purposes s almost completely sohid state (one tube in
the AN/PRU-25), theve should bhe ~cry hittle effect on the relay equipment if it
15 ponwered or not, even durmpg masimum vibration and shock conditions as
during arrcraft landings. ‘There s no need to operate the repeater equipment
when the plattorm is not on-station,

3.3.7.4 limits of Temperature, Altitude, cte. The temperature linuts
specified for the AN/JARC-114, a prime repeater candidate, range from -25°
to +1459F with full perfermance and from -559F to =25%F and from +145°F to
+165°F with a 2 to 1 performance degradation allowable. The manufacturer,
Sylvania Elcctronic Systems Division, says that their preliminary test results
show a reduction in performance to only 70 to 80% of the normal performance
rather than to 50%, for the extreme temperature limits. The altitude limits
that were specified for the AN/ARC-114, were from sea level to 15, 000 jeet.
The Sylvania preliminary test results show satisfactory performance from
sca level to 50, 000 feet.

The temperature limiats specified for the AN/PRC-25 and the
AN/PRC-77 should be about the same as for the AN/ARC-114 (which are
found in SCL-3662A), but the altitude limits for this ground equipment may be
soimewhat restricted.

The humidity Hinits for both ground and aircraft equipments should
require operation at up to 100% humidity. The humidity limits for a similar
piece of avionics equipment, the Collins AN/ARC-111 radio sct, range up to
95 to 100% hunudity for 48 hours at 1229F % 5°F,

snere has been no information given on icing problems for anten-
nas. If the antennas do accumulate a laver of ice, the major effect would be
to detune the antenna and reduce its efficiency. Icing should not be a problem
for the immediate time frame for use in Southeast Asia.

3.3.7.5 Sheltering Requirements. There are several factors which tend

to reduce the severity of the sheltering requirements for the highaltitude radio
relay equipment, partially due to the high efficiency and very low minimum
power requirement of the trinsistors and other solid state devices used in the
modern equipment being considered for this purpose. This factor may make it
unnecessary to use forced air cooling for the equipment, thus avoiding dust
problems with air filters, etc. The second factor in its favor is the low volt-
age requirements of solid state devices. This alleviates the moisture and
humidity problems associated with exposed mounting (as under a drone heli-
copter, etc.). If the equipment could be completely enclosed because of the
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low pewer requirements discusscd carlier, the moistare and hunudity problem
would be negligtble. The AN/PRC-25 and the AN/PRC-77Twere bothdesipgnated
for ground, man-pack usc and thus must certainly be designed to withstand
occasonal immersion in water.  The AN/ARC-114 transceiver was designed
for use in the cockpit of 4 Lhight observation helicopter; therefore, it may not
be able to withstand exposed mounting (as under a drone helicopter) without
additional protection.

Since the broadband transiator discussed previously is in a very
carly stage of development, a suitablc housing may casily be designed to meot

the environmental requirements.

3.3.8 Housi&g Considerations

3.3.8.14 Mounting Limits. Most of the housing considerations discussed in
the section on sheltering requirements were quite extreme and would not he
encountered in most cases The most likely vehicle for the airborne platform
is a helicopter, such as the UH-1D, which has ample room in the cabin to
mount a large number of transceiver equipments on suitable shock mounts, in
this fairly well protected area. The heat dissipation problem is not a serious
one, as discussed previously, so that special provisions neced not be made for
forced air cooling, etc, Neither is maintenance a serious problem, since in para,.
3.3.6,4 the number of spares was discussed and it was shown that the number
of failures per mission should be very low, even for relay systems made up of
AN/PRC-25 radio equipmients (an average of 1 failure per 17 missions). With
the use of the AN/PRC-77 radio equipment, which has a mean time between
failures of 25, 000 hours, in-flight failures would be virtually non-existent.

3.3.8.2 Fast Mounting or Relocation. Although little in-{lipht maintenance
should be necessary, as previously explained in paragraph 3. 3. 8.1, the initial
system design would probably make use of fixed mounting for both active and
spare equipments, with the use of switching to substitute spare equipment for
active equipments that have failed. This method of maintenance has the advan-
tage of rapid substitution of .- failed unit, as well as the convenience of repair
on the ground near the maintenance facility.

Later equipment development may make in-flight maintenance
unnecessary. The complexity of the system and the component equipment may
also be reduced substantially in the future, further increasing the life of the
overall system and reducing the maintenance requiremeunts correspondingly.

3.3.9 Antenna Specifications

3.3,9.% Polarization and Orientation. The polarization of the antenna on
the platform should be primarily vertical, since most of the ground equipment
in use on the tactical battlefield will have predominately vertical polarization,
However, the ground equipment will be operated at all angles to the vertical,
as, for example, when a man-pack equipment is operated from a prone posi~
tion. There will also be many reflections from surrounding objects that will
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The antenna orrentation nay thus be deternuan.d by the best
arrangement for the velaicler 1may be most practical 1o the case of the

UH-tD heitcopter to uso the tarl boom antenna normally associated with the

AN/ARC-54 VHI transcerver,

3.3 a0 Antenna Location and Mounting,  The detailed specifications for

the antemna fo be used on the ]'l‘l-l}--\ chicle cannot be deterimined before the
relay vehicle as chosen from the greoup of prime candidates. Prime candi-
dates for the antenna chotee would be cither a three-foot whip or a ten-foot
whip antenna, smnlar to thosce in use on the pround for the AN/PRC-25. The
AN/PRC=8, 9, and 10 radio sets use cither the AT=272/PRC, which 1s the
Jo-inch steel tape antenng, or the AT-271/PRC, which 1s the 10-foot multi-
scotion whip antenna. Both antennas should wetgh Tess than 5 pounds, but the
AT=272/1RC probably does not have the stiffness necessary for operation on
anaircratt. A Collins VHE/EFM blade antenna, their 437S-1, would be suitable
for use on a high-pertormance airceraft (up to Mach 0.95) and it weiphs only
0-1/2 pounds. It provides an automatic tuning capability which would not be
required but mipght he quite usceful. A source of 28 volts de power must be
cotnected to this antenna to operate the servo system, but the 35-watt power
dran vecurs only momentarily (2 to 5 seconds duration) during the tuning cycle,

An additional problem occurs on a rotary-wing vehicle (helicopter)
due to modulation of the antenna pattern by the rotor blades. This results in
amplirude modulation of both transmitted and received signals.

Another possible location for the antenna is underneath the fuse-
lage, While this would provide somie shiclding of the antenna from the rotor
biades, it might intes{ere with landing and take -otf operations, although it
might be possible to mount a flexible whip or retractable antenna in this loca-
tion, This position would also be good with respect to radiation in the pre-
dominantly downward direction to the ground stations.

3.3.9.3 Homing Loop Antennas. The AT-784/PRC homing loop antenna is
a standard accessory for the AN/VRC-12 and the AN/PRC-25, The antenna
itself weighs approximately three pounds and is 4'' by 2-9/1b'" by 7" in size,
It covers the frequency range from 30 to 76 MHz and is intended primarily for
use with portable and vehicular FM receiver-transmitter equipment. It will
fulfill the basic requirements for a single-umt homing tacility for a system

of combat arca FM radio communication equipment.

The normal homing loop for aircraft use is usually mounted on the
top of the fuselage and may be either rotated by hand or servo-driven. For
the Collins DF-203 automatic direction finder system, the 137A-4 fixed-loop
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antenina ¢ mounted flat on the top or barttom ot the tusclage. It weighs 3.8
pounds and 13 16 inches Joag, 12 inches wide and 7/8 inches thick and hes no
moving parts. It is probably connccted to a phasea rotatable transformer in
the ADF set, so that the actual anteiina does not need to be rotated. A sense
antenna is usually provided, such as their 437M-2, used with a 179J-5 servo
antenna coupler. The sense antenpa is used to resolve the 1807 ambiguity in
the loop pattern.

3.3.9.4 Relay Aspects of Rotatable Antennas. The use of a tracking
antenna on the airborne platform would be desirable only at the higher frequen-
cies where an appreciable gain may be obtained from a direc.icnal antenna.

For example, in the UHF band, at 225 MHz, a six-foot diameter parabolic
reflector antenna would only have a gain of 10 dk. This amount of gain would
not improve the system enough to warrant the added expense, weight, and com-
plication.

For the case of the AN/TRC=-29 radio relay equipment, which
operates at frequencies between 1700 and 2400 MHz, a six~-foot dish antenna
would give a gain of about 28 db at 1700 MHz, This amount of power gain
might justify the increase in system complexity necessitated by the use of
tracking antennas, within a randome. Even a three-foot dish antenna at 2400
MHz would result in an antenna gain of almost 25 db.

This increased antenna gain would substantially reduce the trans-
mitter power requirtements for the airborne relay equipment, but coinplicated
and highly expensive acquisition and servo control systems and air frame
modifications would be necessary. The overall value is therefore highly ques-
tionable.

Further work on retrodirective antenna arrays, with amplifier and
modulators to transfer subchannel modulation signals from one path to another,
may present a practical solution to this problem for the long-term time frame,
since these are self-directive and thus require no acquisition and steering sys-
tems. A promising directive antenna approach is to use an antenna exhibiting
vertical directivity but nc azimuthal directivity (for example, a collinear array
of vertical dipoles). This arrangement is being investigated to extend horizon
coverage at some sacrifice of signal power on short paths,

3.3.10 In-Flight Operation

3.3.10.1 Facilities for Repeater Control. If a multichannel repeater sys-
tem is set up in msanned aircraft using multiple sets of single-channel radio
equipments, an operator should be available to perform simple supervisory
procedures. Spare equipment will probably be provided when sets of AN/PRC-
25 radio sets are used. The operator could easily switch in a spare equipment
to replace one that has failed, He could also retune the spare unit to the fre-
quency of the unit to be replaced. Retuning of operating units might also be
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neveseaty i the chanbdls arc boing interfered watt - erther intentionaliy by
cucmy tanuning or by channel overloading. This could also be done by the
operater withaut too muach ditthiculty, Inall vases supervisory equipment must
beeset up to permat the op cator o snunitor all the channels, in order to deter-
mive whether the ¢peration 1s satistactory.

Since the AN/PRC-25, the AN/PRC-77 and the other radio cquip-
ments that ave being censidered as suitable candidates for the airborne relay
cquipment provide synthesized frequency control, there is no requirement for
in-flight frequency cahbration.

The use of a data link to telemeter supervisory information and
contro] may be possible and desirable with unmanned aircraft.,

3.3.10.2 Message Monitoring and Recording.  While traffic monitoring may
be performed, as part of the supervisory control function, there have been no

plan: to record or to playback the mwessages being handled by the airborne
relay. The equipment to be used for the traffic monitoring purpose itself
should be limited to switching circuits and simple audio circuits when the
supervision is done by an operator on board the manned aircraft. 1If an
unmanned aircraft is used, the traffic monitoring may be done at a ground sta-
tion in conjunction with the supervisory control. A simple data link system
may be used to telemeter both supervisory information (such as '"system status
monitoring" - including fault detection) and the supervisory control informa-
tion, back to the unmanned vehicle. The groun | station may monitor the relay
channels directly by switching a ground receiver from channel to channel.
Since an Fy-F; system will probably be in use, both frequencies should be
monitored. The location of the ground station must be chosen to be within
easy range of the airborne relay platform. Monitoring will not be possible on
circuits using digital encoding for privacy or security.

The simple type of airborne relay equipment is intended solely for
tactical communications on VHF frequencies and thus would not have facilitic:
for switching from VHF to UHF and vice-versa, Some additional equipment to
translate channels from VHF to UHF may be desirable. A limited number of
channels may be set up, using standard single-channel UHF equipment (such
as the AN/ARC-116 or the AN/ARC-45), for liaison between U, S. Air Force
forces and U.S. Air Force aircraft. If a long transmission path is involved
for a communicaticns channel and the UHF band is not fully utilized, the chan-
nel may be translated from VHF to UHF in one airborne relay transmitted to a
second airborne relay (high gain directional antennas may even be used, on a
large manned aircraft), retranslated down to VHF and transmitted to the
second ground station.

3.3.11 Power Supply. The use of platform power, whenavailable, is believed
to be the most efficient method to supply primary power to the repeater equip-
ment. Even if the quality of the power supplied by the platform is poor, ade-
qua.te voltage regulators, filters, etc., are readily available. A satisfactory
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regulator for 500 watts, which should be ample power for a 6- to 12-channel
repeater system, should weigh less than 10 pounds and require less than 0.1
cubic foot of volume, Any suitable secondary or auxiliary power supply would
require substantially more weight and volume. For example, a secondary
battery supply capable of supplying 10 watt-hours per pound would require 50
pounds to supply 500 watt-hours, although lithium«copper fluoride primary bat-

teries having a capacity of 80 watt~houre per pound are in the development pro-
cess,

Most airborne vehicles have some primary power available, with no
additional weight required. If added primary power is required, the added
weight required for a larger generator may be at a rate as little as 10 pounds
per horsepower, or 74. 6 watts per pound. Even this value is based on present
designs for generators which can te improved substantially in the ruture.

3.3.12 EMI Compatibility. The conceptual design of the multi-transceiver
repeater package is predicated on the assumption that the interference between
the repeater and platform avionics equipment and the interference between
adjacent transceiver equipments may be held to saticfactory levels. Further
investigation of the interference generation and susceptibility of the AN/PRC-25
and AN/ARC-114 is needed before a specific repeater package is designed, The
results of such an investigation may indicate necessary filtering, shielding,
power supply decoupling, tuning range limitations, and in general, the suita-
Lility of the transceiver equipment for multiple repeatzr service,
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3 4 RELAY CANDIDATES

3. 41 Introduction, ©One of the major tasks of the relay study was to list

all existing radio equipments, including developmental as well as production,
that could be used for an airborne repeater equipment, Although compatibility
with existing VHF FM iactical radio equipments was considered essential {or
the initial solution of this study, other types of radio equipment, such as
commercial and/or developmental eqguipment types, may be considered for

the interim solution or for the lonp-range solution, This means that frequency
ranges other than the VHI range may be considered and that even other types
of modulation may be studied. The relay equipment compatible with AN/PRC-
25 ground sets is shown in Tables 3.1-1 through 3,4-3,

[P AOOR TRUR

This equipment list is not intended to be comprehensive and isdirected i
primarily at the initial solution from the present time up to the 1968 fiscal
year. While this equipment list is primarily a comparison of technical factors,
cconomic, logistic and availability factors are also included.

A description of several useful repeater configurations should help !
in a better understanding of the problems associated with the development and ,
application of high altitude radio relays, Since it is very difficult to prevent :
coupling from two antennas that are close to each other, and hybrid networks o
or duplexers with isolation values of over 100 db have not been devel ped R
for the VHF band, it is necessary to transmit from the repeater at a different
frequency than the incoming received signal. This difficulty is avoided at the
ground stations because the receiver and transmitter are switched on and off
alternately with the push-to-talk button on the handset, Even if the receiving
and transmitting frequencies of the repeater are separated enough in frequency
for proper isolation, the F4-F, arrangement only permits transmission in one
direction, Since each ground station should be able to receive and to transmit
on the same frequency, the repeater must be set up so that it can alternate
from F 4-Fato F; F4 (the first ground siation operates on F 4 and the second
ground station cperates on F,}. A single chunnel repeater system, such as
vue vpérating a pair of AN/PRC-25 transceivers back-to-back, may use
the receiver squelch system to turn on the receiver of this other transceiver,
The squelch of this receiver releases several milliseconds after the received
signal ceases. The second receiver (on F2) can then receive the signal from _ ]
ground station No, 2 and the receiver on Fi is shorted, transmitter Fyis 3
activated, while transnv.tter F» remains off,

This time-sharing arrangement cannot be used for a broadband
translator (Fy-F3) cquipment since there is no sharp transition from the no-
signal to the signal condition, In this case, a separate receiver on F must
be used at each ground station, This could be avoided if the normal
AN/PRC-25 ground transceiver could tune its receiver to a different frequency
channel than its transmitter, This cannot be done with the AN/PRC-25
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Lecause a single-frequency synthesizer is used to supply the frequency
control signal to both receiver and transmitter of each transceiver, 1If a
simple modification could allow each ground transceiver to receive and
transmit on different frequencies, repeater designs could be simplified
considerably,

In order to make use of a high altitude radio relay platform in an
economical manner, the repeater payload should permit operation on several
channels, One multichannel configuration utilizes parallel pairs of
AN/PRC-25's connected back-to-back through the retransmission cable kit
MK -456/G, which includes a junction box, cable connection and a handset
connection, The handset connection may be utilized for supervisory control,
although demodulation and subsequent re-modulation is not essential in an
F4-F; repeater, The basic block diagram of two parallel pairs of single-
channel transceivers is shown in Figure 3. 4-1, The parallel receiver inputs
musi be connected together through a preamplifier and dividing networks to
prevent spurious responses to oscillator radiation, etc.,, of one receiver
from interfering with another receiver and to prevent loss of receiver
sensitivity, Similarly, the transmitters should be isolated from each other
by combining networks, such as hybr-1s, to prevent inteiaction, A single
antenna may be used for both reception and transmission by insertion of a
suitable diplexing filter between the antenna and the transceivers and
preamplifier (which is broadband), A common power supply derived from
a battery pack, or from the platform power source (perhaps with the addition
of a regulator) should be used to operate the equipment,

The only way that the repeater can operate straight-through, on
Fy-Fy, is to switch from receive to transmit at a rate that does not affect
the intelligibility of the voice modulation, The sysiem used is shown as a
block diagram in Figure 3,4-2., This system will operate satisfactorily at
several switching rates for voice modulation but is generally unsatisfactory
for digital data modulation, These factors are described in greater detail in
paragraph 3,4,5,2, 2, This system has the additional advantage that only a
single transceiver is required per channel, Much of the weight saved in this
manner may be required for the commutation timer, the memory, and the
other switching equipment that is required,

Another useful repeater configuration has been described in a later
portion of thia section of this report, This repeater type is the broadband
tramslator of paragraph 3.4,2.7. A suitable preamplifier, that is available
as a catalog item, is the RHG Electronics Lab. model FMT 6020, A suitable
main amplifier isa the RHG model EMT 6020 and a suitable power amplifier
ia the RHG model EHT 6020,

This power amplifier has a power output of only about one watt, so
that another type having a higher power output would be more suitable, A
good balance between the uplink and the downlink system gain would be obtained
if the power amplifiers had a power output of about two watts per useful channel,
or about 24 watts (12 channels).
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The preliminary sclection of the best candidate relay system ccnsists
mainly of the elimination of the less suitable candidate relay systems. The
selection of the best system for the initial period limits the choice to systems
presently being supplied to the armed forces,

In some cases, moadifications of candidate relay systems may be made
that would improve the systemn performance enough to change their relative
standing for this selection, Some of these modifications might be rather dras-
tic and would entail substantial changes in the operatioual system. Several of
these major changes in system design, primarily intended for the interim or
the long-range time period, include the use of power control, the use of super-
visory control, the use of F -F1 switched systems, and the use of random
access discrete address (RALDA) systems,

The list of candidate relay systems is discussed first and begins with
VHF equipments that are compatible with the present VHF tactical ground radio
equipment. Next are listed the UHF cquipments that are compatible with existing
Air Force UHF aircraft equipmentand withU. S. Army ground liaison equipments.
Next are listed the equipments that would be compatible with the existing UHF and
microwave point-to-point multichannel relay terminals. TFinally, an assorted
list of passive and semi-active equipments is given,

3.4.2 VHF Repeater Types. The first portion of this list of candidate relay
equipments shows a number of equipments that are compatible with the existing
VHF tactical radio equipment that is in extensive use, Important technical,
logistic, economic, and availability factors are listed in Tables 3, 4-1 through
3.4-3, AN/PRC-25 radio equipment was assumed to be used on the ground,
since it represents a modern design that is in production and also quite exten=
sively deployed. The allowable loss in Tables 3, 4-1 through 3.4-3 is simpuy
the difference between the transmitter output power and the receiver input power
required for a 10 db audio signal-to-noise ratio., This difference must then
include antenna gains, feed system losses, jungle losses, free space path loss,
variability allowances, and system margin allowances.

3.4, 2.1 AN/PRC-25. The first relay equipment being considered is the
AN/PRC-25 itself (ref. 3.4-1). It may be used for relay purposes by cross-
connecting two equipments witha radio relay cable assemblyandoperating them
back-to-back with a minimum of a three-foot separation between sets. This
relay will operate on a single channel only (one-half duplex operation) since the
tuned circuits are quite selective. Two complete equipments are necessary
for relay operation since the receiver and transmitter units of an individual
AN /PRC-2! radio equipment cannot be tuned to different frequencies. Only
30 db of isolation or 1:38 is obtained from the use of separate antennas for
receive and transmit so that the required additional 60 to 80 db of isolation
must be obtained by the use of a frequency separation (F-F; operation). The
weight (less batteries) and volume of the complete relay equipment must be
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VHF Relay with AN/PRC-25 Ground Stations

Table 3.4-1.
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doubled, but the primary power requirements are only the sum of the transmit
power of one AN/PR(=-25 and the receive power of the AN/PRC-25, bJSince
AN/PRC-25 equipments are in use on both the high altitude and ground termi-
nals of this communications path, the allowable path loss is the same on the
uplink as on the downlink.,

3.4.2.2 AN/PRC-25 with AM-4306. If a greater amount of transmitter
power is thought desirable, to increase the downlink allowable path loss, a
single AM=-4306 amplifier (ref. 3.4-2) may be used after the AN/PRC-25 trans«
mitter. This increase n power output from 1.5 watts to 25 watts increases the
allowable path loss (dow-ulink) by 12, 2 db,

3.4,2.3 AN/PRC-77. The next equipment listed is the AN/PRC-77 (ref.
3.4-3). This equipment is a modernized version of the AN/PRC-25, having an
output power transistor in the transmitter to replace the single tuhe of the
AN/PRC-25, which gives better reliability and battery life. This equipment is
also single channel and may be used back-to-back with a separation of four feet
or more between the two equipm.:nts (and antennas).

3.4.2.4 AN/ARC-54, The AN/ARC-54 (ref. 3.4-4) may also be used as an
unattended relay station by connecting two equipments back-to-back. The ten
watt output of thiz transmitter provides about 10 db more allowable path loss
attenuation in the downlink but provides about 7 db less allowable path loss in
the uplink than the AN/PRC-25, due to the poor sensitivity of its receiver. It
is not fully transistorized, thus it is quite heavy and requires much more pri-
mary power than the AN/PRC-25,

3.4.2.5 AT-430. The next equipment listed is the AT~430 (ref, 3.4-5),
which is a development of the Avco Corp., intended for airborne applications.

It has a high-power transmitter (40 watts output), so that it can provide an
allowable downlink path loss of about 16 db above that of the AN/PRC-25. It
also has a slightly more sensitive receiver than the AN/PRC-25 and thus pro~
vides about 2 db better allowable path loss for the uplink, It also covers amuch
wider frequency range (from 2 to 76 MHz) and has an optional single sideband
mode of modulation, as well as FM. The power drain on transmit is muchmore
than that for the AN/PRC=-25, but it is substantially less than that of the
AN/ARC-54 (despite its lower output power).

3.4.2.6 AN/PRC-70. The next type that is listed is the AN/PRC-70 (ref.
3.4-6). This equipment has the same performance specification as the AT-430,
but it is lighter in weight, smaller, and has a military designation. It is in
production in limited quantities, It also uses a 6= to 15«-foot whip antenna
instead of the 3-foot whip normally used with the AN/PRC-25, which should be
more efficient at the 30 MHz end of the usual VHF range,
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3.4,2.7 Broadband Translator, All of the equipments that have been iisted
and discussed up to now are atrictly for single-channel operation. The next
equipment that is listed is not a production equipment or even a developmental
equipment (ref, 3,4-7), butis only listed to suggest the possibilities for an
equipment that is specifically designed for this application, Itis a combunation
of off-the-shelf sub-assemblies (or components) that could be assembled and
integrated with a minimum of development work, While this equipment has a
theoretical capability of handling a total of 400 channels (20 MHz bandwidth),
the practical number of channels would be limited to a smaller number, This
limitation is due to the division of transmitter power among the active
simultaneous users. “igure 3,4-3 shows the block diagram for a broadband
translator to operate from 30 to 50 MHz, A similar translator could be
designed for the 56 to 76 MHz upper half of this VHF tactical radio band. This
broadband translator would require separate receiving and transmitting
antennas, which could be mounted colinearly to provide about 30 db of isolation
from each other, Bandpass filters, such as the Applied Research, Inc.,

BPF -35 and BPF -59, could then provide additional isolation of input and outiput
because of the frequency offset built into the equipment, The overall gain of
thc equipment is about 116 db, and it should be operated in the linear mode
with an antomatic gain control,

This automatic gain control circuit should have a relatively long
time constant to minimize the reduction of gain caused by strong pulsed or
impulsive signals, and to reduce the amount of noise during gaps in the
incoming signals, Linear operation of the amplifiers is desirable, even with
FM signals to prevent capture of the equipment by strong signal (3 db or
more above the weaker signals), with a subsequent sharp reduction in the
output power of weaker signals, While this effect will still occur w.th the
use of automatic gain control, it is felt that it will be less severe than ihe
capture effect that occurs with the use of "hard'" limiters,

W'.ile the automatic gain control circuitry, the mixer, and
oscillator are not represented by a standard manufacturer's type number,
the circuitry involved is quite conventional and should require a minimum of
development work. This equipment, while it is quite low power, does have
almost as much power as the AN/PRC-25 (for one channel), and offers
almost an order of magnitude reduction in weight, This weight does not
include packaging, shock mounts, insulation or other modifications that may
be necessary for installation in various platform vehicles,

This proposed broadband translator equipment has a bandwidth
sufficient for 400 channels (assuming 50 KHz separation between chanrels)
but the number of channels that can be active simultaneously is limited by
the power division that occurs between charneis, If we assume that 12 channels
are in use at the same time at the maxiinum power level, then the power
would only be one -twelfth watt per channel, This power would be insufficient
for the maximum range and would limit the usabie range considerably, The
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range would be about the same as the AN/PRC-25 if only one channel is
active at one time, The addition of a power amplifier, such as the AM-4306,
is considered later in this list,

3.4,2.8 AN/PRC-8, 9, and 10, The AN/PRC-8, AN/PRC-9, and
AN/PRC-10 radio equipments {(ref, 3,4-8) may be discussed at the same
time, since they are essentially all versions of the same equipment,

designed to replace the SCR-300, AN/VRC-3, SCR-509, SCR-510, SCR-609,
SCR-610, and SCR-619 radio sets, They may be used for vehicular operation
if their dry cells are replaced by the PP-545/U power supply. This equipment
series is classified as Standard B and is being replaced by the AN/PRC-25

as soon as sufficient AN/PRC-25 radio sets are available in the field. They
are much heavier than the newer AN/PRC-25 radio sets and have a greater
battery drain, since they are not transistorized, They also are unsatisfactory
in frequency stability and are too hard to retune to other channels, since

they require that their master oscillator be retuned and then readjusted to
agree with an internal crystal calibrator. Since three different equipment
types are neccssary to cover the total frequency range, logistic problems
have been compounded, They are also alimost twice as heavy as the
AN/PRC-25 radio sets that are replacing them, Th~ frequency range of the
AN/PRC-8 (20-27, 8 MHz) is not compatible with the 1sual AN/PRC-25

ground equipment and is also subject to considerable skywave interference,
especially during periods of sunspot maxima. The upper frequency limit of
the AN/PRC-10 (54. 9 MHz) does not take advantage of the {ull frequency range
of the AN/PRC-25, and thus is limited to a smaller number of frequency
channels,

3.4.2.9 Squad Radio Set (AN/PRR-9 and AN/PRT-4). The AN/PRR-9

{ref, 3,4-8, 3,4-25, and 3,4-26) is an ultra-minature helmet-mounted
receiver in the later stages of development, The AN/PRT-4 is a hand-held,
lightweight transmitter with low power requirements which is also in the

later stages of development, Both types of equipment are intended for
intrasquad and platoon communications, The transmitter, AN/PRT-4,
provides two operating channels which must be separated by less than one
MHz, There are two power levels; the low power position (100 mw) is
intended for communications from squad leader to individual soldier, and

the high power position (450 mw) for the second channel is for intra-squad
coordination, The receiver has a single preset channel, tunable with the
47-57 MHz range, The AN/PRR-Y receiver uses five integrated circuits for
increased reliability and large reductions in size and weight, The RF amplifier,
which has a 5 db noise figure and a sensitivity of . 002 picowatts at 51 MHz,

is one of these integrated circuits, Others are: the mixer/oscillator module,
the [F amplifier, the limiter-squelch, and the audio amplifier., The total
power drain is 16, 2 milliwatts on standby and 33, 9 milliwatts at the full :
audio power of 5 milliwatts (the audio output stage is biased class B). The
transmitter requires 1, 44 watts of battery power at full output and does not
require any standby pcwer, The receiver only requires a volume of 35, 3 cubic
inches and the transmitter volume is 28,1 cubic inches,
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3.4,2,10 AN/ARC-114. The AN/ARC-114 (ref, 3.4-8) is one of a series

of avicnics equipments i;‘ing desipgned for future use in the light observation
helicopter, UH-6B, This unit is cecmpletely solid state throughout and may
replace the much larger and heavier AN/ARC-54 in the LOH or other U. S,
Arimy aircraft, It has a receivc - sensitivity of 0, 6 microvolts and the
transmitter power output is ten watts, It operates directly from the 27,5

volt dc aircraft primary power supply and requires a maximum of about

6) watts, It is capable of receiving and transmitting frequency modulated
voice signals on any one of the 800 frequency channels, spaced each 50 KHaz in
the range from 30 to 69,95 Mllz. Retransmission and housing functions are

to be included. The transceiver unit weighs only eight pounds and has a
volume of 130 cubic inches (. 15 cubic ft.). This equipment has been operated
successfully to an altitude of 50, 000 feet, even though the original specification
was for only 15, 000 feet, It has also been tested in the environmental temper-
ature from -25°F to +145°F with no degradation in performance and has given
a performance for the preliminary tests within 70 to B0 percent of the speci-
fication over the termperature ranges from -55°F to -259F and {rom +1459 to
+165°F, while the specification allowed a 50 percent degradation in performance
{unofficial information). This equipment appears to be a prime candidate for
the interim time period, when it should he available in production quantities,

3.4,2,11 R-1297 ()-/ARC. This receiver, R-1297( )-/ARC (ref, 3.4-8), is
also one of the series of avionics equipments being developed for future use in
the light observation helicopter, UH-6B, This receiver is very light in
weight (2 pounds) and compact (43 cubic inches), but it may be tuned over only
a very limited frequency range (48 to 50 MHz), Itis intended to be used to
monitor specially designated frequencies within this frequency range for high-
priority traffic in tactical aircraft. It may also be used as an auxiliary
receiver for FM signals in conjunction with the radio sets AN/ARC-54,
AN/ARC-44 or AN'ARC-114, The receiver has an audio output power of

150 milliwatts and requires about 10 watts of 27,5 volt dc aircraft primary
power,

3.4,2.12 AN/PRC-72. The AN/PRC-72 (ref. 3,4-16) is a light-weight
portable radio set in the final stages of developinent at the Bendix Corp,,
Radio Division, The specifications for this equipment were drawn up by the
U.S, Air Force Rome Air Development Center but the set is intended for use
by all the services, Itis a 25-pound package of every tactical radio used by
the military services today and is modular construction, It covers the high,
very-high and ultra-high frequency ranges in the AM, FM and single sideband
modes of modulation, Four separate transceiver modules are used for each
frequency range and are mounted on a rack that requires 0, 87 cubic feet of
veolume, The VHF-FM unit covers the restricted frequency range of 38-50
MHz and the transmitter will produce an output power of six watts on any

one of six crystal-controlled channels within this frequency range, These
transceivers use snap-on, self-contained,steel-tape antennas, Operational
aids and safeguards designed into the individual radio sets include low -battery
indicators, field change of preset channels withnut test equipment,
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interchangeable antennas, and provisions for repeater operations, A headset
microphone containing two audic connectors and two push-to-talk switches
adds flexibility to the system, allowing the operator to use one transceiver
while monitoring another, or to monitor two while talking one one, and so on,

3.4.2.13 AN/ARC-44. The AN/ARC-44 (ref. 3,4-8) is an older design of
aircraft communications equipment that is being replaced by the more modern
AN/ARC-54, It is thus classified as "Standard B," The AN/ARC-44 consists
of only one transceiver unit, the RT-294/ARC-44. It is an FM equipment and
is thus compatible with the standardized equipment used in the field, suck as
the AN/PRC-25 but covers only part of the AN/PRC-25 frequency range, The
frequency range of 24 to 51, 9 MHz includes 6 MHz from 24 to 30 MHz that
may soon be subject to serious skywave interference as the number of sunspots
increases. It does not cover the 51,9 to 76 MHz portion of tae AN/PRC-25
frequency range, 8o it cannot provide as many channels as that ground equip-
ment, It is quite heavy (it weighs 39 pounrs) and requires a much greater
amount of primary power (495 watts for 2 units) than more modern transis-
torized equipments, such as the AN/ARC-114. T.is equipment cannot provide
channels with closer than 100 KHz spacing between channels so that a total

of only 280 channels are available. It ia designed for aircraft use so that it
will be compatible with the altitude and environmental requirements of air-
borne operation,

3.4.2.14. AN/ARR-49. The AN/ARR-49 (ref. 3,4-8) is a developmental
equipment for receiving only, It was designed to be operated as an auxiliary
receiver with the AN/ARC-54 to provide guard channel capabilities to the
pilot while in flight status, It is unusual for a guard channel receiver to cover
the entire frequency range of 30-69, 95 MHz of the accompanying transceiver,
This factor probably accounts more for the much greater weight (16, 8 Lbs,
instead of 2 lbs, ) than that of the R-1297( }/ARC and the higher cost ($1, 500
instead oi $1,000), It also requires much more power than the R-1297( }/ARC
(82.5 watts instead of 10 watts), In other words, it would be a poor choice
for an auxiliary receiver unless the full frequency range is necessary,

3.4.2.15 Entron, Model CU, This production type of CATV equipment is
listed oniy to show some of the possibilities obtained by using broadband
translator equipment, The power output is not sufficient for the HARR
purpose but amplifiers could be added. The receiving frequency range is also
not suitable for this purpose, since it is above the normal military UHF band
of 225 to 400 MHz, It could be modified to cover this military VHF band on
receive and the lower limit of the transmitting frequency range could be
extended downward from 54 to 30 MHz, The resulting equipment could then
be used to translate and relay from the UHF band to VHF for liaison between
the U. €. Air Force and the U.S. Army, Since it is primarily designed for
ground operation, it could not meet the altitude, temperature, and other
environmental requirements of airborne operation, It is of value primarily
to demonstrsate the operation of a broadband multichannel equipment, although
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the multiple access and dynamic range problems of television are very much
simpler than they would be for an cquipment intended for military tactical use,

3.4,2,16  Six Channels of the AN/PRC-25, To provide for half duplex
operation with six voice channels, 12 transceivers are necessary. They may
be operated in six pairs of transceivers, as with the AN/PRC-25, Each pair
of transceiver:s is connected with a radio relay cable kit and set up with a
separation of three feet or more to form a radio relay station, Two separate
transcelvers are necessary for a relay station for one channel because the
transmitter must ve op. . o.vd on a different I [ .ency from the rocei
frequency or the transmitter of each transceiver will block its own receiver,
A second transceiver is necessary for different frequency operation (Fy-Fj)
because the same frequency synthesizer is used to establish both the trans-
nitter and the receiver frequency; and the receiver a'd transmitter cannot
be tuned to different frequencies.

The AN/PRC-25 equipment does not have automatic gain control,
but does have a squelch circuit, When two AN/PRC-25'e are used back-to-back,
as F4-F) repeaters, the squelch from one receiver (say Fy) is used to turn on
the F2 transmitter and to short the receiver input to the Fj receiver. At the
same time, the F4{ transmitter is disabled, The actack time of the squelch
systen: is of the order of several milliseconds while the release time is a
fraction of a second,

The weight for six pairs (12) of these AN/PRC-25"'s connected as
Fq-F; repeaters for six half duplex channels is given as 163 pounds, This
weight is for the basic transceivers, without the batteries or the battery
cases, It also does not include the power supplies (primary power should be
provided by the airborne platform)}, the output combining networks, the input
dividing networks, and possible also a preamplifier or the diplexing filter
which isolates the receiver and transmitter from each other but still connects
both to the antennas. The weight of optional supervisory equipment is also not
included in this weight figure, An additional 20 percent of this weight figure
should also be added for equipment mountings, Since the preamplifier is
broadband, a single unit may be used for all six channels and only about five
to ten pounds need to be added for this equipment, The diplexing filter sheould
cover both preamplifier, diplexer, and input and output combining and
dividing networks,

This AN/PRC-25 equipment is made up of equipment now in
production and already deployed in the field, It thus represents an cxcellent
candidate for the high altitude radio rclay repeater equipment for the initial
period,

3.4.2.17 Six Channels of AN/PRC-77, The AN/PRC-77 tactical radio

equipment is an all solid-state version of the AN/PRC-25, This equipment,

which has a much greater reliability than the AN/PRC-25 and requires less

battery drain, is in an advanced state of development. Since it is designed
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as o tranaceiver with both transmitter and receiver operating on the same
frequency, it will aisoc have to be used in pairs of transceivers, connected
back-to-back with a cable. This way the receiver of one transceiver may
operate the transmitter of another transciever on a frequency several
megahertz away. For six channels it is thus necessary to use twelve trans-
ceivers and twelve frequencies. This equipment is almost the same weight
as the AN/PRC-25 and has exactly the same volume, It thus may not
represent the best that can be done in a development equipment and is not
the best candidate for the interim time period,

3.4,2.17 Six Channels of AN/PRC-77, The AN/PRC-77 tactical radio
equipment is an all solid-state version of the AN/PRC-25, This equipment,
which has a much greater reliability than the AN/PRC-25 and requires less
battery drain, ie in an advanced state of development and is designed for use
in the U, S, Army light observation helicopter, the UH-6B. It is also designed
as a transceiver, with both receiver and transmitter operating on the same
frequency. In order to use this equipment for a repeater, two transceivers
on separate frequencies are joined with a cable to connect the audio circuits
and the squelch or other control circuits, as with the AN/PRC-25 and the
AN/PRC-T717,

This equipment requires only about one-fourth the volume of the
AN/PRC-25 and AN/PRC-77 {ypes and is designed for aircraft use, This
equipment has been tested successfully at altitudes up to 50, 000 feet and
over a full temperature range so that no modifications should be necessary
to operute the AN/ARC-114 for this airborne application, A substaatial
savings in weight may be mzde by using this equipment instead of the
AN/PRC-25. Full use of the 10 watt power output of the AN/ARC-114 cannot
be made because the system is limited by the low uplink power output (1.5
watts) of the AN/PRC-25 at the ground station, The overall reliability of
the entire relay system will be improved, however, because of the improved
performance of the downlink, While the primary power requirements of this
equipment are greater than the AN/PRC-25 and the AN/PRC-77, the tctal
power for six channels is well within the capabilities of a platform primary
power supply.

3.4,2.19 Six Channels of AN/ARC-114 and R-1297 { )-/ARC. The

R-1297 ( )-/ARC, which is an auxiliary receiver being developed for the
light observation helicopter may be used with the AN/ARC-114 to provide a
gsimplex type of channel operation, Six channels of F'{-F2 type may be
provided by the use of six of the R-1297 ( )-/ARC receivere with six
AN/ARC-114 transceivers. The transmitter portion of the AN/ARC-114 only
is in uae and the receiver portion cannot be.used at all, The worst disadvantage
of this system is the requirement for separate receivers or a second trans-
ceiver at each ground station, since the repeater signal must be received on
F2 and the ground transmitter must be on F{ to communicate through the
repeater, ‘
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Although there is a weight saving of 60 percent for the airborne
repeater equipment over the use of two AN/ARC-114 transceivers per channel,
the requirement for an additional receiver on the ground is quite serious ang
tends to make the entire system impractical, Even if the R-1297 ( )-/ARC
could be replaced by the helmet receiver, AN/PRR-9, a separate AN/PRR-9
would have to be used on the ground. The normal AN/PRR-9 would be set up
on the channel used for squad communications, and channel changes cannot
be made easily in the field. This would require the second helmet receiver
set up on the repeater transmit frequency,

3.4.2.2¢ 3roadband Translator and AM-4306 Amplifier, A systern using a
broadband translator would be more suitable for system use if the power per
channel of the transmitter were increased to about the same level as that of
the AN/PRC-25. The AM-4306 amplifier, designed for use with the
AN/PRC-25, has a power output of about 25 watts which would provide over
two watts per channel for a 12-channel system, Since the weight of the
AM-4306 is only about three and one-fourth pounds and the weight of the
broadband translator is only about three pounds, the total weight of six and
one-fourth pounds is very much less than any other multichannel equipment,
The power requirements are also quite low and are comparable to those of
twelve AN/PRC-77's, The volume requirements are for a half-duplex system,
since all ground stations must transmit on one frequency to be able to receive
on another single frequency (the translator equipment has a fixed frequency
offset).

This equipment has the same major disadvantages as the system
using combined AN/ARC-114 transceivers and R-1297 ( )-/ARC receivers,
This is the requirement for separate receivers or a second transceiver for
each ground station, because each ground station must transmit to the
repeater on one channel or group of channels and receive on the repeater’s
second channel or group of channels, A system using a squelch circuit to
operate a duplicate repeater system with a frequency offset of the same
magnitude but of opposite direction would not work with a broadband system,
It could be done only with single channels as with the system using AN/PRC-25's
in pairs, Thus, ground stations with single transceivers could not use a
broadband F 4-F 7 translater system, This would represent a major disadvantage
and would mean that this system is not a prime candidate, even for the interim
or long-range time frame, when such a system could be developed.

3.4.3 UHF Repeater Types. The next portion of this list of candidate relay
equipment shows a number of equipment types that are compatible with the
existing UHF aircraft radio equipment and ground-air radio equipment that is
in use or in development for the U,S, Army or the U, S, Air Force, Important
technical, logistic, economic and availability factors are listed in Tables
3,4-4 and 3.4-5. Power budgets have also been calculated for these equip-
ments using isotropic antennas and using half-wave vertical dipole antennas at
both the ground station and at the repeaters,
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UHF Relay with AN/ARC~45 Ground Stations

Table 3.4-4.
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3,4,3.1 AN/ARC-45. The AN/ARC-45 (ref, 3, 4-8) is a production type
(Standard B) of UHF equipment that is inuse by the U.S. Army for communrnication
between aircraft in flight and aircraft and ground stations, Itis a low power
equipment (only two watts) but is lighter in weight and requires less power than
many other equipments of this general type. Itis an amplitude modulated (AM)
equipment that tunes from 225 to 400 MHz on any one of 1750 channels,

Twelve channels can be preset in advance, Itis thus not compatible with the
present FM ground tactical equipment and may be considered only as a
candidate for the interim or the long range time frame,

3,4,3,2 AN/ARC-55, The AN/ARC-55 (ref. 3.4-8) is also a production
type (Standard B) of UHF equipment that is in use by the U, S5, Army for
communication between aircraft in {light and aircraft and ground stations,
Since it is designed for aircraft use, it should meet all the necessary
altitude and other environmental requirements for use on an airborne platform,
The AN/ARC-55 is a heavy and bulky piece of communications equipment that
is being replaced by the AN/ARC-51. Itis normally used only in larger
Army aircraft, Since it is also an AM equipmentthat operates only in the
225 to 400 MHz UHF band, it is incompatible with the present FM ground
tactical equipment and may be considered as a poor candidate for even the
interim or the long-range time frame.

3.4.3.3 AN/ARC-97, The AN/ARC-97 (ref, 3.4-9) is an RCA designed
radio repeater set that is presently the only available :elf-contained two-way
automatic radio relay system. The complete system includes a remote control
panel, a receiver-transmitter unit and a shock mount. The receiver-trans-
mitter unit itself contains two receivers, two transmitters, a power converter,
and an axial blower to provide its own cooling. It provides a capability for
automatic switching, as required by the signal being received, and thus is
suitable for use in completely unattended drone applications or for applications
in external pod mounting in many aircraft. An optional coupler is also
available that will permit the operation of uo to six receivers from a single
antenna with no loss in system sensitivity, The availability of two separate
receivers and transmitters preovides an alternate command set on two
frequencies which, if desired by the operator, can override the relay function,
The equipment is shock mounted with polyurethane foam, which provides
excellent isolation for the receiver-transmitter unit from the airframe, and

is capable of continuous transmitter operation up to 10, 000 feet, It is thus
quite suitable for airborne applications,

The weight is quite low (only 23 pounds), the volume is only
0,442 cubic feet, which is also quite low, and the power requirement is lower
than for many of the comparable aircraft communications equipment types.

Since it is also an AM equipment that operates only in the 225 to
400 MHz UHF band, it is incompatible with the present FM ground tactical
equipment and may be considered only as a candidate for the interim or for
the long-range time frame although it is a good candidate in its general class,
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3.4.3.4 AN/ARC-51X. The AN/ARC-51X (refs, 3.4-8 and 3,4-10) is the
preferred present production type (Standard A) of UHF radio communication
equipment for army aircraft use, This equipment is quite heavy and bulky

(31 pounds apiece and 0, 7 cubic feet apiece) and requires a large amount of
primary power {300 watts apiece), but it does have a higher power output

{20 watts) that most of the UHF radio equipment types, It does not represent
an advanced design nor it is greatly transistorized, It is also not compatible
with the normal FFM ground tactical communications equipment since it is an
AM equipment operating in the UHF {requency range and not the VHF FM band,

It may be considered a poor candidate for even the interim or the long-range
frame,

3.4.3.5 AN/GRC-134, The AN/GRC-134 (ref, 3.4-11) is a production
type of UHF AM radio communications equipment intended for use with the
Marine Tactical Data System, This unit was originally built for use in fixed
or mobile ground installations but it operates from a 400 Hz ac power supply
and is thus readily adaptable to airborne applications, The frequency
synthesizer supplies both the receiver and the transmitter portions of this
transceiver so that it cannot receive and transmit on different frequencies,
The 50-watt power output is substantially above most of the other UHF radio
communications equipment types, which is a partial explanation for its high
power requirements (680 watts apiece). It is also quite large (2. 75 cubic
feet) and quite heavy (95 pounds apiece), and two transceivers would be
necessary for a repeater system, Although it will meet environmental
specifications for military use, there is no indication of its high altitude
capability, This type is also incompatible with the present VHF FM tactical
ground radio equipment since it is AM and covers the 225 to 400 MHz UHF
range, It is a poor candidate for the HARR system unless large aircraft are
used at high altitudes for the airborne platform in the interim or the long-
range tirne period,

3,4,3.6 AN/PRC-71, The AN/PRC-71 is an all-solid-state UHF airborne
equipment, A diplexer is used to permit the use of a common antenna for the
receiver and transmitter portion of the repeater equipment, A pressurized
container is also used to permit operation up to 60, 000 feet altitude, The
repeater itself does not demodulate the repeated signal so that FM and PM
signals, as well as AM signals, can be handled, This equipment has been
tested on drone vehicles and on balloons as a repeater, Two complete
repeater equipments were in use to permit full duplex operation, An AT-256A
antenna was used on the drone, having a gain of -3 db while an AS-1097/GR
UHF antenna was used on the balloon tests, having a gain of 6 db maximum

(4 db average was used in system calculations).

This equipment is only in the development stages and thus is not
available for the initial time period. Since the AN/PRC-71 is a UHF equip-
ment and would be suitable only fo. the interim or long-range time period,
It is a good candidate for the interim time period since it is all so.id state
thus is light in weight, requires little space, and has reasonably low power
requirements,
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3.4.3.7 AN/ARC-89, The AN/ARC-89 itself is not actually described in
this discussion and on the accompanying data sheet, but a low-power version
using more modern component equipments is described. This AN/ARC-89 is
made up of the ART-48, or the AN/ART-46, AN/FM transmitter, which is the
50 watt exciter portion of the AN/ART-47 one kilowatt UHF AM/FM trans-
mitter and the AN/ARP.-71 receiver, These components have a total weight
{for two complete equipments) of 160 pounds and require 3, 2 cubic feet of
space, They also require a total of 1, 880 watts of primary power, These
component equipments were originally designed for airborne applications and
will meet military environmental requirements. Since this equipment is large,
heavy, and requires a very large amount of primary power, it is a poor
candidate for the HARR system unless large aircraft are used for the airborne
platform in the interim or long-range time period,.

3.4,3.8 AN/VRC-24., The AN/VRC-24 is a production AM UHF radio
communications equipment specifically designed for use of air control teams

in forward combat areas. This equipment is designated Standard A and is also
designated RT-323/VRC-24, The transceiver will tune to any one of 20 present
channels out of a total of 1, 750 channels in the frequency range from 225 to
399.9 MHz, The weight of 82 pounds is fairly high for each transceiver and the
power output of 15 watts is about average., This equipment is not compatible
with the existing tactical ground FM equipment and thus is not a prime candidate
for the HARR system for the initial time periods and is not a good candidate for
the interim or the long-range time periods,

3.4.3.9 AN/ARC-116., The AN/ARC-116 radio commiaications equipment
is being developed for use in the new light observation helicopter, UH-6B., 1t
is designed using all-solid-state throughout and is intended as a lightweight
replacement for the AN/ARC-51X. This equipment is of modern design, quite
lightweight (10 pounds apiece) and small in size (0,9 cubic feet apiece), has
a higher power output (10 watts) than many airborne radio communications
equipments, and has fairly low primary power requirements (36 watts apiece),
Since this AM VHF equipment is not compatible with the existing VHF tactical
FM radio equipment, it is not suitable for the initial time period, but it may
be a good candidate for the interim time period,

3.4.3,10 AN/TRC-68., The AN/TRC-68 is the same as the AN/VRC-24
except for 50/60 Hz ac power input, It provides a fixed station version of the
AN/VRC-24 for airport control, It is not intended for airborne use, is quite
heavy and bulky and requires a substantial amount of primary power, Other
characteristics are the same as the AN/VRC-24, Since this equipment operates
on AM in the UHF frequency range (225 to 400 MHz), it is not compatible with
the present VHF FM ground tactical equipment, Itis thus not suitable as a
HARR equipment for the initial time period, and its other characteristics make
it a poor candidate for the interim and the long-range time period,

76




3.4,3,11 AN/ARC-85%, The AN/ARC-85 is a simplex UHF AM radio
communications set in service with the AN/ASQ-59 system. It thus requires
two transceivers for half duplex comimunications circuit, The transmitter has
a power output of 50 watts, which is more than most of the radio sets in this
group, It is a production type of equipment but is quite heavy (116 pounds
apiece) and quite bulky (3. 6 feet apiece),

Since this equipment operates in AM in the UHF frequency range
(225 to 400 MHz), it is not compatible with the present VHF FM ground
tactical radio equipment, It is thus not suitable for the initial time period.
Its weight and bulk also make it a poor candidate for the interim and the long-
range time period,

3.4.3.12 AN/ART-46. The AN/ART-46 is an AM/FM transmitter for the
UHF f{requency range (225 to 400 MHz) only, This transmitter was designed for
airborne use as a medium power communication equipment aboard reconna.ssance
aircraft to provide UHF AM voice or M data., The video bandwidth of 100 KHz
is suitable for transmitting wideband IR data from a U,S, Army Mohawk air-
craft, It has been designed to meet MIL-E-5400 and MIL-E-16400 specifications
so that it will meet all required environmental conditions for airborne operation,
The power requirement of 843 watts is quite high and the weight of 65 pounds

is also fairly high, Since its VHF frequency range is not compatible with the
present VHF FM ground tactical equipment, it is not suitable for the HARR
system for the initial time period, and its high weight and high power require-
ments make it a poor choice for the interim or long-range time period,

3.4.3.13 AN/ARR-71. The AN/ARR-71 is an AM/FM receiver that will tune
automatically by servo control to any one of 3,500 available channels in the
UHF band from 225 to 399.95 MHz, This receiver is all-solid-state, is
designed for airborne use (to 70, 000 feet), and is compatible with the
AN/ARC-89(V) SAC Airborne Communications System, This receiver may be
used with the AN/ARC-46 to make a simple voice communication system, or
may be doubled with two receivers and two transmitters, to make a half-duplex
voice communication system. A half-duplex system, using two AN/ARR-71
receivers and two AN/ARC-46 transmitters would weigh about 166 pounds and
require about 3 cubic feet of space, This receiver is designed to meet military
environmental specifications, including MIL-E-5400 and MIL-E-16400.

This receiver has been designed for use in communication networks
that require extreme linearity and low intermodulation products, such as FM
multiplex systems, so that it may be much more useful for the multichannel
systems described in the following section of this report,

Since it operates in the UHF range, it is not compatible with the
present VHF FM ground tactical equipment and would not be a good candidate
for the HARR system for the initial period. It is too heavy and bulky to be a
good candidate for the interim or the long-range time period,
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3.4,3.14 AN/ARC-109. The AN/ARKC-109 UHF transceiver will provide air-
to-air or air-to-ground communication on any one of 20 preset channels out of a
total of 3, 500 channels in the UHF range from 225 to 400 MHz, The transceiver
is all-solid-state except for the power amplifier tube, The primary power
requirements are rather high (600 watts for a half-duplex set of two transceivers)
but the transmitter power of 30 watts is also fairly high, This transceiver is
designed to meet military environmental specifications, including MIL-I1-61810D
and MIL-M-26512C,

Since this transceiver operates in the UHF range, it is not compatibile
with the preset VHF FM ground tactical equipment and would not be suitable for
use in the initial time period, It is also too heavy and bulky to be a good candidate
for the interim or the long-range time period,

3.4.4 Preliminary Selection of VHF Relay. A preliminary selection of several
of the most suitable VHF FM relay equipment types has been made, which are
listed on Table 3.4-6. Estimated requirements of the number of necessary
channels show a need for around a dozen channels in a given area of operations,
Cost estimates by the platform study group indicate a cost for the platform that
is an order of magnitude greater than the cost for repeater equipment capable

of handling several channels, As a result, Table 3, 4-6 lists groups of several
of the most suitable VHF FM relay equipments that are capable of handling six
and twelve-voice channels,

The AN/PRC-25 is an existing equipment that is immediately available,
so that it is an excellent candidate for the initial time period. The AN/PRC-77
is an improved, all-solid-state version of the AN/PRC-25 that is in an advanced
stage of development, It would probably be available in small production
quantities in time for the initial time frame and would be an excellent candidate,
The AN/ARC-114 is also an all-solid-state equipment in small production
quantities in time to be considered for the initial time frame., It would be a
better ca..didate than the AN/PRC-77 from the standpoint of weight and volume
requirements but would not be as good if there are limitations on the primary
power supply,

3.4,5 Relay Mode Constraints

3.4.5.1 Introduction, This section deals with the constraints imposed upon
relay Operati—(;-n by the choice of relaying modes, i, e,, either frequency
translating (F {-F2) or common trequency {F{-F{) modes, The typical config-
urationa of repeaters of each type are described in paragraph 3,4, 1 above. The
basis for the operational comparison assumes a high altitude relay with a
capability of augmenting several FM networks, each consisting of perhaps five
"subscribers'' equipped with pack-set transeivers of the PRC-25 genre,
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3.4.5.2 Frequency Translating Repeater

3.4,5,2.1 Channel Requirements, The use of frequency translating as a
means of eatablishing a relay point in a communications circuit as a conventional
practice for line-of-sight or tropospheric scatter communications systems,

The AN/PRC-25 transceiver itaelf is designed to function in an Fy -F2 repeater
configuration, Since the PRC-25, in application as a repeater is severely
limited in channel selection by receiver image and spurious response character-~
istics (ref, 3,4-26), includes 6 pages of charts showing permissable frequency
combinations), the problem of operating several sets in near proximity is
formidable, Granted that permissable frequency combinations can be found, at
least with the aid of a digital computer, field or in-flight modifications of
channel frequency plans is almost impassible, It ia therefore imperative that

a measure of outboard RF filtering be applied to maintain some flexibility in
channel selection, By assigning all transmit frequencies in one spectrum
region and all receiver frequencies in another region defined by a diplexing
filter, a substantial degree of improvement may be obtained, Further improve-
ment may be obtainedwith tunable preselector filters for each receiver, at the
expense of weight and increase of channel -switching time, The extent to which
diplexing filters of adequate performance may be made tunable remains to be
determined, Operation in a particular location will undoubtedly imply a
particular set of constraints on channel assignments, as is the case in Viet
Nam, where only a limited fraction of the nominal 920-channel PRC-25
capability may be used,

3.4,5.2,2 Operational Considerations., In a conventional FM net, any
subscriber may initiate a message to any other, All activity on the net is
audible to each subscriber Break-in is possible only by a subscriber whose
carrier level is higher at the desired receiver, although the breaking-in
subscriber may not be audible to other subscribers, depending on the path
losses,

In a conventional PRC-25 repeater configuration, sub:criber
A and subscriber B may operate on frequencies F4 and F3, respectively, using
conventional PRC-25 tranaceivers, This assumes that A and B know, a priori,
that the repeater will be in operation,

There are two configurationsa of frequency translating repeaters
with different network constraints, The first configuration is compatible with
single frequency transceivers, while the second configuration requires separate
receive and transmit frequencies at the transceiver. The first configuration is
shown in Figure 3.4-4 (a), Note that while A can talk to B and C via the
repeater, he cannot talk directly to B and C, Subscriber B can talk to C, but
does not have the advantage of the repeater unless he switches to A's frequency.
Traffic can be relayed verbally by A, but at some expense in operating
convenience and contrary to standard procedure,
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It should also be noted that if B is talking to A, C may not be able to
tell that the channel is active, and may interrupt B's message. While A can tell
C to stand by until B has finished, this does slow down net operation and does not
protect priority traffic.

A further consequence of the above repeater configuration is that if
the repeater is inoperative, either A or B, C, etc,, must sawitch to a common
frequency. It would presumably be designated in the SOI which subscriber would
be responsible for changing,

ihe second frequency translaling repeater configuration is shown in
Figure 3,4-4 (b). This configuration requires a simpler repeater and is
symmetrical with respect to the subscribers, Since all traffic is now passed
through the repeater, each subscriber can listen to all net traffic and has
substantially the same break-in capability as with the conventional FM net, If
the repeater is inoperative, each subscriber must change to a common receive-
transmit frequency.

Both of the above configuratiorn.s assume that the repeater is
dedicated to a particular net, In order to keep interference from the repeater

to a minimum, it would be advantageous to use the repeater only when necessary.

The subscriber who finds himself out of contact with one or more other sub-
scribers in the net must switch from the normal net frequency, F4, to the
repeater channel, F3. The repeater translates his signal to F| where it is
audible to all subscribers in the net., The called party must also awitch to
F2-transmit in order to be heard by the calling party. Other net subscribers
may talk among themselves and may hear the other conversation, but can only
enter the conversation by switching to F3-transmit, Since the receive frequency
is fixed, all net subscribers may be informed of the use of the repeater. This
mode requires assignraent of an exclusive second frequency for repeater
operaticn, Since the repeater channel will be used only intermittently,
interference will be minimal, An AN/PRR-9 receiver added to the PRC-25
would provide the needed second channel,

If the repeater is superviscd by an operator (either at the platform
or connected by a subaidiary data link), the operator may route traffic to a
small number of repeater channels, which may be used more efficiently, although
the increased activity o the repeater channels will increase the interference
generated on these channels, In order to obtain repeater service, a subscriber
calls the repeater operator on a SQOIl-designated orderwire channel and identifies
his net, The operator then directs him to a repeater channel (which may or may
not be a prearranged channel for the particular net) with a new up-link frequency
and the previous dowrn-link frequency, The calling subscriber is heard Ly all
other net subscribers. The called party then is requested to switch to Fy~trans-
mit for the temporary repeater connection, All transmissions on Fy are
audible to all subscribers, but the subscribers not requiring the repeater may
remain in the ¥4 FM net mode, Again, use of the PRR-9 as an auxiliary
receiver will provide the two-frequency capability required,
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Since various FM net subscribers desiring use of the repeater
call on a common orderwire channel and may not be able to hear one another,
they may interrupt each other's requests for repeater service, This is the
same problem which faces taxi dispatchers, whose receivers are often captured
by nearby taxi signals in the middle of a transmission by another taxi., Their
response is to tell the intcrfering taxi to wait until the dispatcher calls him
back, which should be equally acceptable in the repeater request procedure,

There remains a problem of how to get the repeater channel
back into the pool when it is no longer required, A particular subscriber
might need the repeater for only a few seconds, or he might need the repeater
for twenty minutes or more for directing artillery fire, Perhaps the best
answer is for the use of the repeater for more than say, one minute on an
exclusive channel basis to require authorization from an appropriate level of
command, That is, the operater would accept individual calls from anyone for
a 1-minute maximum and would provide '"hot-line'" service on proper
autlorization,

3.4.5.2.3 Repeater Electronics. Several problems relating to the repeater
electronics result from Fy-F, operation, If separate transceivers (or special
purprse single-channel repeater equipments) are used for each channel, as
there is no synchronism between the push-to-talk activation on the various
channels, the receivers imust he protected against blocking, overload, or
spurious response, This is accomplished partially by choice of operating
frequencies and the use of diplexing filters, as described in paragraph3.,4,5.2.1
above. Since the receiver squelch may be used to activate the corresponding
transmitter channel, it is important that the squelch not be operated by other
transmitters in the repeater assembly,

Where amplifiers commmon to several channels are used, as in
receiver preamplifiers or transmitter power amplifiers, or transmitter
power amplifiers, the distortion generated by amplifier overload must be
considered in relation to the weaker signal levels, This topic is discussed
further in paragraph 3.5, 3, 3,

3.4.5.3 Common Frequency Repeater

3.4.5.3.1 Channel Requirements, The attractiveness of common frequency,
F4-F{, repcater operation is largely based on the apparent requirement for a
single RF channel for each network using a repeater. However, the operational
use of a repeater may require more than one channel, and out-of-band
interference generation and vulnerability may also require more than une channel
per net,

3.4.5.3.2 Repeater Configuration, The repeater configuration of Figure 3.4-2
is basic to the Fy-F, repeaters which have been demonstrated thus far, consisting
of a receive« memory device, and a transmitter, The memory device, which

may consi magnetic tape memory for a Courier-type repeater, or a holding
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capacitor in a rapid sampling repeater, is loaded while the antenna is connected j
to the receiver and unloaded with the antenna connected to the transmitter, A
multichannel repeater may thus switch all channels synchronously, so as to )
avoid the channel gelection problems which face the non-synchronous Fq-F2

repeater,

3.4.5.3,3 Operational Considerations., There are several features of the T
F41-F4 repeater which lead to problems in repeater applications, If the
repeater operates on the original FM net frequency (as assumed in claiming
single frequency operation), some subscribers will receive signals both from i
the repeater and directly from another subscriber, leading to potential i
system degradation for some subscribers as the price for inwproviug performance

for other subscribers, Since all of the FM uet subscribers must us » the

repeater, it will generate high duty-cycle interference, possible over several

adjacent channels,

These problems may be alleviated somewhat by using the
repeater on an as-required basis, One means would be to use a second channel
for repeater operation, negating the channel requirement advantage. Each
subscriber would require an auxiliary receiver tuned to the repeater frequency,

If the repeater is supervised by an operator, a subscriber needing
~-augmentation of his range may call the operator on an orderwire channel to
request service, then return to his original net frequency, where the operator
will provide temporary repeater service, There is still the possibility that
subscribers in tt e net who did not need the extended range may find their
circuit degraded oy multipath,

Usc of a switching F1-F4 repeater may pose problems of ;
compatibility with digital modulation modes, the use of which will become
increasingly important in the next few years,

3.4.5.3.4 Switching Rate Considerations, The switching rate of an F¢-Fy :
repeater is important in determining the performance of the repeater itself |
as well as the interference generation and vulnerability interfaces with other
systems,

The following factors have been considered in attempting to
estimate F |-F  repeater performance potential:

Receiver IF pulse response
Receiver squelch rate
Intelligibility of chopped speech
.  Repeater output spectrum

. Ground echo return,

o pop o

In response to a series of carrier pulses, the receiver IF will
provide a responsge similar to a low-pass filter of half the IF bandwidth, For
the 36 KHz PRC-25 bandwidth, the response shape is that similar to an
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18 KHz low-pass filter, Figure 3.4-5 (ref, 3,4-27) shows the response
corresponding to a fixed repetition rate and various values of equivalent
low -pass bandwidtlh,, If the repetition rate is less than 0, 25 of the IF
bandwidth, the carrier will decay to zero during the puise interval, As the
recewver will be provided with enough gain to limit on background noise, the
output noise level may rise to a level comparable to the signal level in the
inter -pulse interval, The receiver squelch time constant is typically a few
hundred milliseconds,; so the sgquelch will not be able to suppress the noise
burst. and a severe degradation of the signal-to-noise rativ will result,
}or lower carrier-to-nouise ratios, the degradation will extend to hicher
switching rates than for high carrier-to-noise ratios, since the carrier may
more easily drop below threshold,

Miller and Licklider (ref. 3.4-28) have investigated the effects
of switching speech on and off at various rates, and the efferts of alternating
speech and noise, Figures 3,4-6 and 3,4-7 show some of .he results of this
investigation, It is particularly noteworthy that the articulation reaches a
peak at switching rates of the order of 20-50 Hz, and reaches a minimum at
frequencies of several hundred Hertz., For switching speeds of the order of
10-15 Hz, the presence of noise in the gaps makes speech more acceptable,
although it does not improve the intelligibility,

For rapid switching rates, an appreciable fraction of the signal
spectrumn falls outside the IF passband, resulting in an increasing loss of
carrier-to-noise ratio up to the peint where the first switching sidebands are
located beyond the IF passband, The power lost in this manner is of the order
of 10 db for cosine-squared keying waveforms with 33% transmit duty cycle, as
used in Motorola's experimental F 4-F 4 repeater (ref, 3,5-59),

This power loss may be overcome on the down-link, although
there is a loss due to the reduced repeater receiving period on the up-link
which cannot be compensated., Since the components of the switching spectrum
are each modulated by the original audio waveform, there will be a range of
switching speeds where the FM spectra around the carrier and around the first
switching sideband are both within the IF -discriminator passband, producing
distortion, This suggests that switching rates of the order of half the IF
bandwidth plus the peak deviation are needed to minimize distortion,

Echo of the repeater output signal from the ground may degrade
the repeater-receiving signal-to-noise ratio, and may confuse the squelch
activation of the transmitter, Further investigation of the expected echo
amplitude is planned,

The various factors described above have been combined to give
a postulated relationship of switching rate and articulation in Figure 3.4-8,
Apart from the low-frequency asymptote at 50% articulation, the values are all
uncertain and are intended only to indicate trends, The relative magnitude of
the low and high frequency articulation peaks is likewise uncertain, A
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comprehensive experimental program would be expected to be more productive
than further theoretical investigation,

As previously noted, once switching speeds are below the Nyquist
rate, they will not be generally compatible with digital modulation formats,
Above the Nyquist rate, there may be other factors which tend to degrade

digital error rate, Again, measurements of experimental Fy-F3 repeaters
may be more productive than analysis,

3.4.5,4 Summary. A number of considerations have been discussed above
bearing on the selection of Fy-F4 or Fy -F, repeater modes in terms of
operational restrictions, repeater-tranceiving interfaces, and repeater
realization, Preliminary conclusions are that:

a. For the initial time frame, F4-F) repeaters are more likely
to provide useful service,

b. Compatibility with PRC-25 equipment requires issuing
AN/PRR-9 or similar receivers for second-frequency
operation,

¢c. Frequency allocation problems and varying military
estimates of the demand for repeater service suggest
that supervised repeaters with limited numbers of channels
may best serve the initial requirement,

d. Further pursuit of Fq-F1 repeaters is justified in view
of the increased flexibility in repeater channel switching,
In particular, low frequency switching repeaters should
be evaluated because of the interference generation and
vulnerability of high-speed switching repeaters,

3.4.6 Optimum Repeater Design

3.4.6.1 Objectives. It is evident that the use of existing equipment for the
vepeater application is intended as a stop-gap measure to shorten the cycle of
development, trial, and operational deployment. For the longer range
objective, we are more at liberty to apply techniques and components which
are not now in military usage, inventory, or development, Among the long-
range objectives for future systems are the following:

a, Multiple access power control

b, Protection against interference and jamming
c. Compatibility with RADA techniques,
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It may well prove that incorporation of any one of these techniques to the FM
network augmentation problemn will be incompatible with other systems
requirements, such that it is not worth further exploration. On the other
hand, those features with useful potential and a reasonable chance of practical
realization should be identified in the course of this study,

The following paragraphs review the objectives above, point out
the relevant results at this point in the study program, and indicate the
direction of future work,

3.4.6,2 Multiple Access Power Control, As will be established in
paragraph 3,5,3,3, there is a wide divergence in signal levels received at
the repeater from various transceivers within the service area, This range
of signal levels imposes a severe limitation on the design of multichannel
broadband repeaters, since distortion products from the stronger signals
may degrade or obscure weaker signals, If providing adequate dynamic
range proves impractical, then the use of power control or of separate
channel gain control will be necessary, One means of power control, applied
in the ATS-B satellite, employs pilot-tone feedback from the relay for
comparison with a standard level tone, The transceivers with lower path-
loss to the repeater would then decrease their power output to reduce the
variance of the received power distribution at the repeater,

Since there is a substantial time-varying component in the signal
level factors, there is a question of the time constant of the amplitude
control loop, Whether the loop may provide useful degeneration of amplitude
excursions of fading signals depends on the fading rate, time constants, and
the nature of the return path modulation,

We have considered the separate channel repeater both in its
Fy-F,; and F,-F, versions primarily because of equipment availability but
also because there are several useful features for advanced repeater design,
Separate gain control allows the power control function to be performed at
the repeater for compatibility with existing transceivers, Modifications of the
transceivers could, however, permit control of the repeater output power as
well, minimizing interference from the repeater at the price of setting a
maximurm channel quality, If repeater-receiver automatic gain control is
used as an indication of instantaneous path loss for repeater transmitter
output control, it should be noted that there will be a loss of correlation of
the path losses to and from the repeater with increasing frequency separation,

Separate receiving channels at the repeater provide a further
means of reducing the variance of the received power, through the use of
diversity reception, The extent to which frequency diversity, polarization
diversity, or space diversity can be applied to improving VHF air-to-ground
performance remains to be determined. While we plan some general work in
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evaluating this area, we do not feel that the existing experimental data is
adequate for a detailed prediction of diversity improvement in the jungle
environment,

3.4,6.3 Protection Against Interference and Jamming, No specific attention
has been given to the problems of interference and jamming at the present

time, although some general consideration has been given to the interference
between channels using the repeater and between direct and repeated Fy-F4
signals,

The vulnerability te jamming and interference of high-altitude,
wide bandwidth repeaters using conventional modulation techniques is evident,
Altitude should be minimal, subject to tradeoff with range and platform
requirements, The bandwidth should preferably be divided into rapidly
tunable minimum bandwidth channels, with both filtering and dynamic range of
the separate receiver channels designed for minimum intermodulation from
out-of-channe. signals,

Whether spread-spectrum techniques can offer any significant
advantage within the constraints of man-pack tactical equipment, push-to-
talk operation, and party-line network operation has not yet been investigated.

3,4, 6.4 Compatibility with RADA. A discussion with Mr, Charles Tepper
of the ECOM RADA project office was directed at determining the extent to
which RADA techniques could be applied to the tactical communications
problems, and at determining the extent to which the RADA program had already
explored this area, It was determined that the present RADA effort is directed
at division-level communications, and that it is not intended to be compatible
with or to replace FM network communications, An extensive list of refer-
ences was provided (see paragraph 3,7) including ref 3, 4-30 which deals with

an airborne repeater for use in extending RADA coverage areas by ground-
air-ground or ground-air-air-ground relaying.

No further study of the RADA problem has been undertaken pending
our review of the project reports referenced above, In the following months
we hope to determine whether the RADA repeater may be compatible with the
platform or with the multichannel relay equipment such that some useful
payload combinations or duai-purpose equipment may be evolved,
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3.5 PATH LOSS ANALYSIS

3.5.1  Analysis and Computation. The phenomenon of radio propagation loss
introduced Ly jungle foliage has been cbserved for many years and has re-
ceived particular attention under the pressure of military operations in South-~
easi Asia. In an effort to improve tactical radio communications in this and
similar areas by the use of high altitude airborne repeaters, it is necessary
to develop models for air-to-~ground propagation over terrain characterized by
mountains, jungle, foliage, and tropical climate conditions,

In other areas where counterinsurgency operations might be required,
quite different propagation conditions may exist, It would appear, however,
that the propagation to be expected in deserts, tropical grasslands, or tem-
perate climates would be more accurately predicted by contemporary theory
than is tropical jungle propagation. For this reason, and for the immediate
time-frame application of repeater techniques, the study has concentrated on
the jungle communications problem as observed in Viet Nam and Thailand.

Extensive measurement programs have been conducted in Thailand
to determine the radio characteristics of jungle {oliage and to evolve techniques
for the prediction of the range of communications equipments., A selected
bibliography of references to jungle propagation and related topics is presented
in paragraph 3,8,

The approach taken to the prediction of path loss for a ground trans-
ceiver to airborne repeater is to divide the loss into two components, The
first component is a systematic loss computed on the basis of an idealized
slab model of the jungle foliage. The second component is a statistically
described loss representing the inhomogeneity of the real jungle, the effect
of the foliage on the transceiver antenna pattern, and the angular fluctuation
of the antenna gain at the repeater platform. It may be possible and useful
to separate the latter term. Experimentally determined electrical para-
meters of the jungle are used in computing the systematic component and mea-
sured distributions of the difference between actual loss and systematic loss
serves to provide estimates of loss variability,

The following paragraphs describe the propagation analysis and com-
putational procedure, the results of the computations, and the implications for
the design of repeater systems,

3.5.1.2 Propagation Model, For a number of years a growth of vegetation
has been regarded as a lossy dielectric for purposes of radio wave propagation.
Gerber and Werthmueller (ref. 3.5~1) measured quite directly the intensity of
electric polarization of the trees of a forest as a function of temperature and
type of tree. From these measurements, they then predicted and subsequently
verified by measurement the path loss for medium frequencies for propagation
through forest. Quite recently Sachs and Wyatt (refs, 3,5-2 and 3,5-3),
“assuming antennas located in a slab of lossy dielectric between earth and air,
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have performed an incisively analytical integration of the traditional Bessel
transforms (ref, 3,5-4) generally descriptive of propagation in and near lossy
media. In reference 3.5-3, Sachs correlates the measurements of Jansky and
Bailey (ref, 3.5-5) with predictions based on his analytical representation and
finds a very substantial agreement (compare pages 46 and 55 of ref, 3,5-3) --
to within 1.5 db for the 6 - 100 MHz range and to within 4 db for the 250 - 400
MHzs range.

Although the Besse] transform is an elegant and properly general
representation of propagation, it is recognized that it corresponds in the gen-
eral case to a superposition of plane waves (compare ref. 3, 5-4, page 577)and
in suitable circumstances may be replaced by a plane wave or ray representa-
tion. In the instance of propagation between a jungle-based antenna and an
aircraft-based antenna, it is sufficient to consider a direct and a ground-
reflected ray because any additional rays are too attenuated to contribute sig-
nificantly to the net result,

A computer aub-routine of a larger propagational program has been
established to compute the pattern of interference between the direct and ground-
reflected rays in the air space above a jungle-sited antenna, More specifically,
referring to Figure 3, 5-1, inputs to the computer are permeability, permit-
tivity and conductivity for earth and for jungle and--as the program stands--
values of permeability and permittivity different from unity may be specified
for the air-space, should one wish to do so, Additionally, depth of jungle and
height of antenna as well as frequency and polarization are inputs. An isotropic
source is assumed in the expectation that the phased gain of an actual source is
to be super-imposed on the interference pattern. For this reason, the phase
{<¢ in Figure 3,5-1) of the down-going ray relative to that of the up-going ray
is a required input. The output of the sub-routine is the amplitude of the inter-
fering pair of rays versus whatever schedule has been specified for the inde-
pendent variable, eo.

3.5.1.3 Propagation Analysis. For a conducting medium, Snell's law
requires that g, of Figure 3.5-1 be complex. This corresponds to a real angle
of propagation determined by

ReV/ k.7 -k Zsin’ g
a Q

cos Y =

2 2 2
. X .

gin 90) + a sin eo

where Y = angle of propagation

ka= complex propagation constant in air

kj = complex propagation constant in jungle

%

= zenith angle of repeater platform’
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This angle is used together with the antenna height h, and the jungle height d to
compute the direct and indirect ray lengths within the jungle and the distance
between rays at the air-jungle surface., The ray lengths are used with 8y
(Figure 3.5-1) to compute attenuation and phase lengths of the two rays within
the jungle, The phase length of the direct ray is augmented by the projectioa
of the distance between rays at the jungle-air surface., The reflection coeffi-
cient at the jungle-ground surface is computed as in Stratien (ref. 3.5-4, pp.
493, 494).

The properly phased and attenuated rays are combined at the plane
E-E of Figure 3.5-1. The absolute value is multiplied by transmission coef-
ficients, following generally Stratton's development (ref, 3.5-4, pp. 495, 496),
For vertical polarization the square of the transmission coefficient is

2
2
4|k k.lcose \/‘RE\/k.z-kzsinzq ) + k sinze
T 2 = alj ) x i a o a o
v L TR co8 90 2 — >
+ - Re k., = K sin ©
bk, 2 7 2 J a °
J _\/k. -k " sin" g
! j a o

where T = transmission coefficient for vertical polarization
v
My T permeability of air

My = permeability of jungle

and for horizontal polarization is

2
2
4'k k.'cose ‘\/(Re-\/k.z-kzsine +kzsine
T 2 a/ _j o x j a 0, a o
W= p ok cos @ 2 2 2 _ 2
1+ == Re‘\/kj -k, “sin” @
n
a"\/k,z.k 2 sin” g
j a o

These coefficients account for the increasing divergence of rays emerging from
the jungle at 8, for real incident angles Y. at which total reflection occurs (T=o).
For small conductivity the critical angle to good approximation is

/L
YC = arc sin K

J

where K is the dielectric constant of the juungle.
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3.5.1.4 Path Loss Computation. The preceding analysis has been con=-
verted into a Fortran-IV program for use on a CDC-3600 digital cemputer.
The overall program is divided intu a main program and a sub-routine.

The main program "Propray' is concerned with the housekeeping
chores of I/O formats, free space and atmosphere absorption cuomputation,
and the setup of the parameters needed to compute the jungle attenuation., The
subroutine ""Jungle" computes the path atte.auation through the vegatation as
mathematically outlined in paragraph 3.5.1.1, It shares some parametecs
{slab model constants, frequency, polarization and phase term) with the
rnain program through common storage, ‘The direct inputs to the subroutine
include the jungle antenna height, canopy hkeight and the elevation angle of
the repeater. The values returned to the rain program are the propagation
loss through the jungle in db and the internal elevation angle.

3.5.1.4.1  Input/Output Parameters. The following input data is required
by the main program:

Slab model constants

Antenna polarization

Antenna height (within jungle)

Canopy height

Relative phase of downgoing ray from the
jungle-based antenna, ©

Frequency

Reference atmosphere, NS

Height of repeater

Earth dictance frem repeater to jungle
antenna

From this, the program computes and prints the fcilowing
outputs:

a. Total path loss, including jungle propagation, free space,
ground reflection within the jungle and atmospheric absorption,

b. The elevation angle outside the canopy computed from the
distances, reference atmosphere and heights given.

c. The elevation angle inside the canopy computed from boundary
conditions determined by the slab constants.

3.5.1.4.2 Input Format, Three separate cards are used for the input to
the program.,

Card { - Assumed three~layer constants.
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Card 2 - Antenna polarization, jungle-based antenna and
canopy heights and the phase term, ¢.

Card 3 - Ng, frequency, height of the repeater, and
distance.

Figures 3, 5-2 through 3, 5-4 illustrate the format of these
three cards. The input parameters may vary as shown in Tables 3. 5-1
through 3.5-4, All inputs designated '"real' must have the decimal point
punched with the data. A decimal point must not be punched for "integer"
data.

A flow graph illustrating the computational procedure is shown
in Figure 3,5-5,

3,5,14.4,3 OQutput Format, The output format is shown in Figure 3,5-6 for
a typical set of input conditions. The four columns of output following the
statement of the parameters gives the incremental steps of distance from the
transceiver to the sub-repeater point, in kilometers, the path loes in decibels,
the elevation angle outside of the jungle canopy in degrees, and the elevation
angle inside the canopy, also in degrees,
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Table 3,.5-1,

Column Type
1 Integer
2-10 Real
11-20 Real
21-30  Real
31-40 Real
41-50 Real
51-60 Real
61-70 Real
71-80 Real

Purpose Units
Continuation -
o, mhos
J
cj mhos
€ normal-
0 .
ized
€ normal-
g ized
€ normal-
g ized
m normale
o .
ized
m, normal-
] ized
m norral-
g ized
98

Contents of Card 1

Alternatives

No punch or ''1'",
A '"1" indicates
other card 1's to
follow,

Any value, deci-
mal must be
punched.

As above,

1.0 = free space

Relative to
free space

Relative to
free space
1.0 = free space

As above

As above
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Table 3,5-2,

Column Type
1 Integer
2 Integer
3-10 Integer
11-20 Integer
21-30 Integer
31-40 Integer
41-50 Integer
51-60 Integer
61-70 Real

Purpose Units
Continuation -
Antenna -
Polarization
Initial Meters
Antenna X10
Height
Final Meters
Antenna X10
Height
Incremental Meters
Antenna X10
Height
Initial Meters
Canopy X10
Height
Final Canopy Meters
Height X10
Incremental Meters
Canopy
Height

Phase Term

100

Contents of Card 2

Alternatives

No punch or "{"

A punch of "¢
indicates that
additional card

2's will follow
before encounter~
ing another card 1.

1 = vertical
Other = horizontal

The initial or
lowest antenna
height

The final or high- V'
est antenna '
height

The increase in
antenna height for
cach computation

Must be higher
than antenna
heights 120 =
12. 0 meters

As above

As above

Difference in phase
if desired, between
upgoing and down-
going rays from
jungle-based antenna
Normally 0, 0
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Table 3.5-3,

Column Type
1 Integer
11-20 Real
21-30 Real
31-40 Real
41-50 Integer
51-60 Integer
(170 Inteper

Purpose Units
Continuation -
N -

s
Frequency MHz
Height of km
Repeater
Initial km
Distance X10
Final km
Distance X10
Incremental km
Distance X10

102

Contents of Card 3

Alternatives

A punch of "{" indi-
cates that additional
card 3's will follow
before encountering
another card 2 or
card 1.

Reference atmo-
sphere to determine
effective earth's
radius,

Frequency of trans=-
mission,

Must be abeve horizon
or diagnostic occurs.

Smallest or first
distance 10 = 1.0 km.

Final or longest
distance of computation.
If horizon occurs be~-
fore this distance is
reached, the com-~
putation terminates
automatically.

Distance increase
for each computation.
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3.5.2 Propagation Predictions

3.5.2.1 Introduction, From the results of the computer program described
in the previous section, paramctric curves of the systematic component of
path loss have been prepared. The computer program, in effect, translates
the radiation pattern of an isotropic radiator immersed in the jungle into an
effective free-space pattern in the half-space above the jungle. It includes the
effects of the amplitude and phase of the ground-reflected ray, attenuation and
retardation of the direct and reflected rays through the jungle, transmission
loss (partial reflection and dispersion) through the jungle-air interface, and
coherent combination of the resaltant two rays in a plane normal to the direc-
tion of free~space propagation,

The variability was estimated from the only available source of
ground-to=-air data (ref. 3,5-6). Jt is anticipated that considerably more exten-
sive and more appropriate data from SRI's airborne XELEDOP measurements :
in Thailand will soon be available. o ‘

3.5.2,2 Loss Dependence on Repecater Heizht. For the transceiver-to=

repeater path geometry indicated in Figures 3, 5-1 and 3, 5-7, the systematic :
portion of the path loss has been computed. Figures 3,5-8 through 3,5-13 H
plot path loss in db {consisting of free-space loss plus loss in penetrating the A
jungle, as above) versus lateral distance between the ground transmitter and ‘
the sub-repeater point. Curves have been computed for incremental variation
of the free-space ray elevation angle 6, and plotted against ground distance

d = ay. Each figure contains six curves parametric in repeater height hy
according to the schedule h, = 0,3, 1.0, 3.0, 10,0, 30.0, 100.0 km. Other
parameters are as follows:

Frequency Canopy Height
Figure (MHz) he (meters)
3.5-8 76 10.0
3.5-9 76 20.0
3.5-10 76 30.0
3.5-11 30 10.0
3.5-12 30 20.0
3.5-13 30 30.0
Electrical constants are;
Air Jungle Ground
Conductivity © 0 . 00015 .02
(mho/m)
Permittivity er 1.0 1.2 15.0
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REPEATER

Figuare 3,5-7, Repeater Geometry
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The jungle constants above are based upon Parker and Hagn's measure-
ments of specific permittivity (ref. 3.5-7) and Sachs' best-{fit value of con-
ductivity (refs. 3.5-2 and 3.5-3). Subseguent mcasurements by Parker and
Hagn have indicated values of permittivity of the order or 1,02 or 1, 05.

3.5.2.3 Sensitivity to Jungle Parameters. Since the analyses of Parker
and Sachs agree for representative values of jungle conductivity, no specific
analysis of sensitivity to this parameter has been performed. However, Sachs
has computed curves between two antennas immersed in the jungle for
0001 and 0 = . 0002 (refs. 4.,5-2 and 4. 5-3), and these can be used to .
o%tam some idea of the sensitivity to O

Sachs uses a value for permittivity ¢; = 1,02 in his analyses.
Parker's early transmission line measurements indicated a value of €; = 1,2
which value has been used here, Figures 3, 5-14 through 3,5-19 have been
plotted to illustrate the sensitivity of path loss €j The parameters used are:

Permittivity ej 1.0, 1.1, 1,2, 1.3
Canopy height hc 30 meters

Frequency Repeater Height P
Figure (MHz) hy {km) :
3.5-14 76 1.0
3.5-15 76 10. 0
3.5-16 76 100, 0
3.5~17 76 1.0
2.5-18 30 10. 0
3.5-19 30 100. 0

It may be seen that little sensitivity to €j occurs at high ray angles;
however, as the ran angle approaches the horizon, varying amounts of path
loss reduction with increasing ej are evident from the curves.

3.5.2.4 Effect of Dipole Antennas. Figures 3,5~20 to 3.5-25 plot net path
loss versus ground range for the same parameters and repeater heightrs as

in Figures 3, 5-8 to 3,5-13. However, Figures 3,5-20 to3.5-25 include the pat-
tern effects of verticali/2 dipole antennas at the ground terminal and repeater.
The principal effects are some reduction in path loss at longer ground dis-
tances and a risc in loss at extremely short ranges corresponding to the nulls
of the dipole pattern., Portions of the curves corresponding to more than 30
db total null depth have be..: dashed to indicate uncertainties as to antenna
orientation stability and fill-in resulting from jungle-scattered energy at other
anglers,
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Only uniform pattern effects have been computed in Figurer
3,5-20 to 3,5-25. Random space variations of path loss due to inhomge-
neities in the jungle, and dissipative losses in the near field will be dis-
cussed separately,

Figure 3.5-26 corresponds to the conditions of Figure 3,5-21, but
uses the revised value of 1.02 for permittivity. It will be noted that the path
loas is somewhat lower, since there is less refraction at the canopy-air
boundary and since the loss corresponding to the ground dipole pattern is
lower. Revision of other representative curves in the series is planned for
the next few weeks.

3.5.2.5 Results Without Jungle. Similar parametric curves without jungle
have been plotted in Figures 3.5-27 through 3.5-30, These correspond to
path loss between the repeater and a ground terminal in open terrain over
good ground (Og = . 02 mho/meter, €g = 15) and are plotted versus ground

distance parametrically in repeater height, as in the previous cases. The
other parameters are:

¥ .equency

Figure (MHz) Antenna
3.5-27 76 Isotropic
3,5-28 30 Isotropic
3.5-29 76 Vertical dipoles
3,5-30 30 Vertical dipoles

3.5.2.6 Allowable Path Loss. An alternative presentation of the data may
be useful in visualizing platform height-system gain tradeoffs. Here, re=-
quired repeater altitude is plotted against ground distance parametrically in
allowable path loss. Curves of this type are presented in Figures 3. 5-31
through 3.5-35. The curves are plotted for a canopy height hc = 20 meters
and for oj = .00015. Other parameters are:

Frequency
Figure {MF z) Permittivity Antenna Type
3,5-31 76 1.2 Isotrepic
3,5-32 30 1.2 Isotropic
3.5-33 76 1.2 Vertical dipoles
3.5=34 30 1.2 Vertical dipoles
3.5-35 76 1.02 Vertical dipoles

It should be noted that these curves do not include the variational
component, which defines the additional path loss for a particular fraction of
the time.
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3.5.2.7 Propapation Variability. Path losses computed for propagation
through the jungle are median values based upon average electrical para-
meters of the jungle, In actual fact, there are discontinuities (such as tree
trunks and branches) and voids (large compared with a wavelength) which
result in substantial spatial variation in received signal with small displace-
moents about any location. Further, the assumption of a smooth (compared
to a wavelength) interface, between the jungle and air, breaks down with
increasing frequency, Sachs (ref, 3,5-3, Figures 19, 20) presents distri-
butions of differences between predicted and measured path losses between
two antennas immersed in the jungle. These curves are Gaussian in shape
and display the following characteristics:

Frequency Median Standard
Range (MHz) Errol_‘_(d_b_) Deviation (db)
6 - 100 -1.5 6.0

250 - 400 -4.0 10.5

Somewhat more directly applicable data are available, however, for the VHF
ground=to~-air casc. Ar SRI report on measurements between an aircraft and
a ground transmitter through dense Eucalyptus foliage provides some directly-
scaled loss statistics (ref, 3.5-6). Figure 3,5-36, which is replotted from
Figure 26(c) of reference 3.5-6, shows the distribution of measurements of
path loss exceceding the median.

As previously noted, SRI has performed a series of measure=-
ments of air-to=-ground propagation in Thailand using a helicopter-towed
XELEDQP transmitter, and is currently engaged in analysis of the resulting
data, These data are expected to provide a more justifiable distribution of
path loss variations.

In the absence of these measurements, the distribution of Figure
3,5-36 can be used to determine margins necessary to assure a specified
probability of service, For a 90 percent probability (probably adequate in
view of the possibility of avoiding deep nulls by small movements of the
antenna), it can be secen from Figure 3, 5-36 that a 15 db margin is required;
for 99 percent, 20 db becomes necessary.

In a link containing a repeater, if the repeater involves a limiting
process, the signal power will remain constant at the demodulator inputs
while the noise power for the up=link and for the down=link add. By con-
volving the single-link loss distribution of Figure 3, 5-36 with itself (using a
numevical process employing a Stieltjes diagram®), the distribution of the
signal variations for two tandem links with equal mediam power may be

*Stieltjes diagram: for random variables x and y, a planar plot on
x-y coordinates of equal Stieltjes probability measures dP4{x)dP;(y). This
unit measure is usually taken as 1% but may, of course, be taken larger or
smaller to suit circumstances and convenienc-.
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obtained. Since the signal level is held constant, this distribution (Figure
3.5=37) may be uscd to determine the margin required on cach of two tandem
links for a particular probability of the link being satisfactory. For cxample,

if the desired reliability is 90%, then a per-link margin of 9.5 db must be pro-
vided,

RBoth of these curves (Figures 3.5-306 and 3. 5-37) should be
comparcd with the SRI airborne XELEDOP data when they become available.

3.5,2.8 Variability in the Time Domain., As previously described, the
variability factor represents momentary, static conditions of the jungle,
atmosphere, and platform. In fact, the foliage may be disturbed by wind, the
variable refractivity of the atmosphere results in signal variability, and the
platform is in motion, os that the signal observec at the ground from a plat-
form will vary with the same amplitude distribution as applied to the static
case, The fading rate will be a function of this homogeneity of the jungle, the
velocity of the platform, and rotor blade maodulation of the repeater antenna
pattern. Since the intelligibility of voice corymunications is the system objec-
tive, it is nccessary to consider the effects of fading rate as well as fading
depth on intelligibility in evaluating system performance,

3.7.2.9 Dissipative l.osses in the Near Field., Galejs (ref. 3.5-9) has
shown that for short antennas immersed in a lossy dielactric medium, the
majority of dissipative loss in the vicinity of the antenna results from the quasi-
static clectric field. In comparing electric and magnetic dipoles, the ratio of
near-ficld loss is of the order of [N/2ra]?, where a is an effective antenna
radius. In comparing efficiencies of short electric and magnetic antennas sur=~

rourided b, a small shell of lossy dielectric, Row (ref, 3.5-10) obtains the
similar result that

n {magnetic) (x I))_Z
n (electric) ~ Vo

where b is the outer diameter of the shell,

These results tend to indicate that radiation efficiency of loaded
whip antennas (as for example the AN/PRC-25 at the low end of the tuning
range) may be degraded when immersed in the jungle. An evaluation of the
severity of this effect is planncd,
3,5.2.10 Sumimary of Propagaticn Prediction. Fropagation curves have
been computed and presented accounting for loss between airborne and ground
stations, where the ground station is immersed in the jungle. These curves
are believed to be of sufficient accuracy for engineering purposes in deter-
mining the median loss at VHF to and from the high altitude radio relay. In
addition, predicted systematic loss values must be added to a margin term of

the order of 15 db to cover random spatial and temporzl variations of path loss
due to the inhomogenecity of the jungle,
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It is planned to revise the variability distribution, if necessary
on the basis ¢f the SRI airborne XELEDOP data when they become avail-
able.

3.56.3 Path Loss Implications for Repcater Design

3.5.3. 1 Introduction. The primary reason for examing the air-to ground
path loss is, of course, tc define the necessary repeater power output, re-
ceiver =ensitivity, and antenna gain for a given communiraticns requirement
bascd analysis of the tactical problems. Conversely, for bounded repeater
parameciers, the range for a given probability of satisfactory service may be
determined,

Those repeater configurations in which broadband receivers
{zovering more than one RF channel) are used will be exposed to signals of
different levels, depending on the range and jungle absorption or reradiation
of particular emitters. It is necessary to evaluate the distribution of ampli-
tude differences as a means of determining repeater dynamic range require-
ments, ‘

In increasing the range of tactical radio sets, the repeater will
extend the arca over which co-channel interference will be experienced. This
is an inevitable price to be paid for increasing the range, but it must be eval-
uated to determine the extent to which frequency allocations must be changed.
The interfercnce analysis is also applicable to the evaluation of jammming
susceptibility.

Finally, the use of synchronous satellites as repeaters has been
considered briefly and the up-liak signals have been found to be marginal for
compatibility with vertical whip antennas. Interference is felt to be the pri-
mary limiting factor on the use of VHF satellite relaying.

3.5,3.2 Scrvice Range. While the repeater transmitter power output is
much more readily increased than the transceiver power output, it is still
subject to limitations due to interference and platform power supply restric-
tions. The uplink from a transceiver to the repeater is the limitation on
overall system performance, since the repeater-receiver noise temperature
is determined by external noise at the 30 « 70 MHz frequency band. Directive
antennas at either the ground or the repeater do not appear to be practical
from a physical size standpoint, and transceiver power output is limited by
battery weight and life.

In estimating the total path loss and the resulting range for a
given equipment configuration, the following factors must be considered:

a, systematic loss component (slak model)
b, jungle loss variability
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c. platform antenna pattern variability
d. atmospheric variability
e. loss due to electrically short antennas

Of these factors, (a) has been analyzed in the previous section of the report,
(b) and {d) are combined in the experimental variability factor in the previous
section, and (c) has been neglected for the time being, The PRC-25 3-foot
whip antenna is less than a quarter wavelength at all operating frequencies,
and the 10-foot whip is a quarter wavelength at 24,6 MHz, The possible vari-
ety of antenna patterns available at various frequencies, heights above the
ground, etc., make the antenna gain indeterminate, so the half-wave dipole
pattern has been assumed in the computation of path loss contours; and the
antenna's lobe structure has been absorbed into the variability terms.

If the repeater-receiver sensitivity is equal to that of the PRC-25,
a signal level of -143 dbm provides a 10 db audio signal-to-noise ratio. We ;
will assume the uplink and downlink to have identical parameters. With an out- i
put power of 1 watt (+30 dbm) at 76 MHz, and a =113 dbm minimum received
signal, the path loss must be less than 143 db, This budget assumes equal
median signal-to-noise ratios for the uplink and downlink, with a median signal-
to-noise ratio of 10 db at the receiver. The variability factor indicates that a
margin of 9,5 db must be provided on each link to give a net 90% probability of
a 10 db or greater signal-to-noise ratio. Subtracting the margin requirement
from the 143 db "'threshold'! path loss leaves 133.5 db as a per-link allowable
path loss, If the uplink and downlink path loss medians are not equal, the mar-
gin should be re-evaluated.

At i o

From Figure 3,5-35, it may be seen that the ground range (between :
a transceiver and the sub-repeater point) for a 3 kmm repeater height and a i
jungle canopy height of 20 m is approximately 160 km, compared with the 80 km
requirement established in Section 2 of this report, An increase in canopy
height or in permittivity will reduce the range,

[ S T R TR S

3,5.3.3 Distribution of Signal Levels. In those repeater configurations
requiring the use of multichannel amplifiers, the distribution of signal levels
will determine the dynamic range requirements of the repeater. With equal
channel spacing in the frequency spectrum, intermodulation products will fall
at the same intervals. Channel occupancy is variable, so whether a particular
intermodulation product is produced or whether it falls in an occcupied charnel
is probabilistic.

The distribution of repeater users within the service area must be
modified by the previously derived path loss relations to obtain a distribution
of received power levels. A furthe» correction required is to convolve this ©o
distribution with the distribution of path loss variability. The resulting distri- :
bution will give estimates of the percentage of signals occuring within speci-
fied power ranges for a given repeater altitude and set of jungle parameters.
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Looking at the problem in a different way, the maximum signal
power at the repeater will be from transceivers operating in clear areas more
or less helow the repeater, Since vertical dipolcs are assumed in the path
Joss computation, excessively high loss values are associated with this region.
In practice, neither the transceiver whip nor the repeater antenna will be quite
vertical, and there will be some depolarization by reradiation from the foliage,
so there will be relatively little attenuation due to the antenna patterns. Free
space attenuation for a repeater altitude of 3 km, at 76 MHz, will be approxi-
mately 80 db, compared with the path loss of 130.5 db allowed for minimum
signal quality in paragraph 3, 5, 3, 2 above. A range of signal power of the
order of 47 db i thus indicated.

Detailed examination of the consequences of this range in terms
of amplifier peak power and distortion requirements will be undertaken in the
next few months.

3.5.3.4 Interference. Most of the consideration given to interference at
this point in the program has been qualitative. It may be useful to compare
the ground-to-air path loss computation with the free space loss between two
repeaters at 3 km altitude. Suppose that the two repeater platforms were
separated by 100 miles (151 km) at 76 MHz, the free-space attenuation be
tween them would b2 approximately 114 db, while the loss (exceeded 10% of
the time) to a ground station at 50 miles (80.5 km) range would be 119 db
(from Figure 3,5-26) with a 50% probability of exceeding this loss. Use of the
same channel at the two repeaters is obviously impossible. Use of adjacent
channels would depend on the selectivity and overload characteristics of the
repeater-receiver, and may serve to define requirements for these charac-
teristics.

Again, jamming has been considered only from a qualitative view,
The increased range at high altitudes may invite the use of jamming from
enemy=-held areas, or from areas friendly to the enemy outside the combat
arca, A jammer requires only 1 watt power output and a non-directional
antenna to compete with signals on an equal basis. The price of increased
power and antenna gain for a single jammer is relatively small.

3.5,3.5 Satellite Relay. It may be useful to indicate the relative attenu-
ation of ground to synchronous satellite paths for comparison with the ground-
to-airborne repeater results. The power budget of the following table applies
to the ground-to-satellite uplink,
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Table 3.5-4, Ground-to-Satellite Power Budget

Power output + 30 dbm
Antenna gain - 3 db
Path loss (76 MHz) -161 db
Polarization loss = 3 db
Satellite antenna gain + 10 db
Carrier received =121 dbm

Receiver bandwidth (36 KHz) 45,6 db/1 Hz

Receiver NF (3 db) 24.6 db/1°K o
Boltzmann's constant -198,6 dbm/Hz/ K
Receiver noise level -128,.4 dbm
Carrier-to-noise ratio 1.4 db

It should be noted that this budget assumes a net antenna gain and foliage loss
of -3 db, and assumes use of a 76 MHz version of the ATS-B phased array
antenna. The resulting carrier to noise ratio would produce an audio signal-~
to-noise ratio (ref. 3.5-12) of 16 db. '

The above discussion neglects a significant factor in the design
of a satellite relay. While the gain assumed is higher than achieved on con-
temporary satellites, it is not adequate to prevent high-power services in
other areas visible to the satellite from obscuring the PRC-25 signal. The
example of 76 MHz, for example, would place the PRC-25 signal in compe~
tition with television signals on channel 4 with effective radiated power of the
order of hundreds of kilowatts, Since the entire 30 - 76 MHz band is shared
with other services, the allocation problems involved in establishing exclu-
sive PRC-25 repeater channels are prohibitive,
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3.6 MULTI-CHANNEL RELAY SYSTEMS

3.6.1 Relay Application. One of the functions for which the airborne plat-
form relay appears to offer a significant advantage is that of point-to-point
multichannel relaying. This is an alternative to the use oftacticaltropospheric
scatter or future satellite relay equipment. In comparison with the tropo-
spheric scatter point-to-point links, the ground-air-ground relay oifers
following advantages:

Rapidly deployable.

Minimal in transport weight and POL requirements.
Capable of operation over difficult terrain.

Usc of standard troposcatter equipment.

.  l.ess exposure to jamming than synchronous satellite
relay.

c RN T e

The relay system would then be applied to temporary use, as in the transis-
tional stages of moving a division headquarters, replacing damaged point-to-
point links, augmenting channel capacity, or establishing multichannel links
over difficult or enemy-held terrain where conventional relay equipment can-
not be installed.

3.6.2 Objective Configuration. As an objective, the ground terminals
should be transportabie by helicopter. The ground terminal package would
include multiplex terminal equipment, power generator, and antenna system.,
It would be anticipated that because of the need for interfacing with telephone
terminal equipment or fixed relay links, the ground terminals would be suf-
ficiently fixed in location to permit installation of elevated antenna support
structures or clearing sufficient foreground vegetation to provide a line-of-
sight path to the platform.

The airborne platform should not be required to be larger than a P

UH=-1D helicopter, although other platforms may offer advantages in various
respects. Because the platform is continually in motion, the use of antennas
with limited directivity is essential, unless mechanical or electrical tracking
antennas are used. Similarly, the use of limited directivity antennas on the
ground would simplify siting and tracking. Both antenna configurations must i
be considered in terms of the cost and reliability of the antenna and of the :
associated electronics equipment. Power requirements should be met by the
platform's accessory power system.

3,6.3 Objective Performance. There appears to be only one area in which
the performance of the airborne relay needs to deviate from standards for
point-to-point relay links. This relates to interruption of the circuit while
performing handover from one platform to another. Necessary provisions for
compatibility with digital modulation systems will be considered in the remain-
ing months of the program.
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Practical margins for fading protection may require the use of diver=
sity, perhaps through frequency separations or ground antenna spacing. Fre-
quency diversity may provide a useful means of overcoming antenna pattern
fluctuations on the piatform.

Interfacing with other systems at the ground terminals is assumed to
take place at a baseband level, most probably in baseband assignment compati-
bility with groups as used in the TRC-~24, TRC-90, MRC=-107, or MRC-85
rnultiplex plans for maximum flexibility of application. No monitoring or chan-
nel dropping is envisioned at the relay platform, although a UHF orderwire

channel accessible to the radio operator or pilot will be necessary for handover
coordination.

3.6,4 Relay Equipment, Several useful equipmente are available for use in
the multichannel airborne relay configuration. Some of the equipment types
that have already been discussed for single-channel use are also suitable for
this multichannel application. The following paragraphs describe relay candi-
date systems listed in Table 3.6-1.

Another approach to be given consideration is that of using standard
military line-of-sight or troposcatter equipment, omitting the power ampli-
fiers. In this case, the ground terminals would require minimal interface
design, and equipment may be available out of military inventory; but the
equipment is not specifically qualified for high-altitude and vibration problems
to be encountered in flight, and extensive physical interface designfortheair-
borne relay package will be required.

It may be as productive to design a special relay package for aircraft
use compatible with line-of-sight or tropospheric scatter interfaces. Such a
relay could combine "east'" and ''west' paths of a duplex link in a single
receiver and transmitter.

3.6,4.1 AN/ARC-89(V). First, there is an operational set of UHF equip-
ment designed specifically for airborne operation, the AN/ARC-~-89(V). This
is a 12 voice-channel system with a 60 KHz FM baseband., The system operates
from 225 MHz to 399,95 MHz in 3500 synthesized steps. Whilethe normaltrans-
mitter complement (AN/ART-47) provides 1 kw output power, it should be pos-
sible to use only the exciter and 50-watt intermediate power amplifier. Since
there is no provision for diversity reception, a separate diversity combiner
would be needed, For a duplex repeater with diversity reception capability,
two transmitters, four receivers, and two diversity combiners would be needed.
Duplexing filters and antennas are also included in the AN/ARC-89(V). Similar
equipment would be used at the ground terminals with one transmitter, two
receivers, and a diversity combiner at each terminal.

At the pr