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FORWORD

In the past two decades MIL-STD-188, a Military Standard covering Military
Commmication System Technical Standards, has evolved from one applicable
to all military communications (MIL-STD-188, MIL-STD-188A, and MIL-STD-188B)
to one appliceble to tactical communications only (MIL-STD-188C).

In the past decade, the Defense Communications Agency (DCA) has published
DCA Circulars promulgating standards and criteris applicable to the Defense
Communications System and to the technical support of the National Military
Command System (NMCS).

Future standards for all military comsunications will be published as part

of a MIL-STD-188 series of documents. Military Communicetion System Technical
Standards will be subdivided into Commor Standards (MIL-STD-188-100 series),
Tactical Standards (MIL-STD-188-200 series), and Long Haul Standards
(MIL-STD-188-300 series).

This document deals with subsystem, and equipment standards pertinent to
multichannel communications circuits using Line of Sight (IOS) and Tropospheric
Scatter redio transmission.

Values appearing herein may differ from those previously published in
MIL-STD-188-100 based on later data or errata corrections. In case of
conflict, MIL-STD-188-312 shall govern.

This standard supersedes paragraphs 3.2.2.4 through 3.2.2.4.8.3.2 and paragraphs

3.2.2.5 through 3.2.2.5.5.3.4 of DCAC 330-175-1, DCS Engineering Instellation
Standards Manual.
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IDENTIFICATION OF
INTERNATIONAL STANDARDIZATION AGREEMENT
Certain provisions of this standard are the subject of international
standardization agreement. When revision or cancellation of this standard
is proposed, the departmental custodian will inform his respective

Departmental Standardization Office so that appropriate actlon may be taken
respecting the international agreement concerned.
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1.0 Scoge.

1.1 Purpose. The purpose of this document 1s to provide technical design
standards for subsystem and equipment performance for line-of-sight (LOS)

radioc transmission and Tropospberic Scatter radio transmission for use in

Long Haul Communications.

1.2 Application. This standard applies to the design and performance of
new line-of-sight (LOS) and Tropospheric Scatter radio relay commmnications
subsystems and equipment. The LOS subsystems will normelly operate in the
4.13 GHz Prequency range while the Tropospheric Scatter Subsystems will
normally operate in the 0.4 GHz to 5 GHz.

a. The use of the frequency spectrum is regulated by international
agreements embodied in "Radio Regulations, General Secretariat of the
International Telecommunications Union, Geneva, 1959. These regulations
are further qualified at the national level through Government (Interdepartment
Radio Advisory Committee, IRAC) and military agencies (Joint Chiefs of Staff,
JCS, and Military Communications Electronics Board, MCEB).

b. For normal peacetime use, the cholice and performence of equipment,
as well as freguencies and emissions of any radioc system, shall satisfy the
provision of those regulations. Adequate famlllarity with the latter is,
therefore, required of designers and users of radio systems.

¢c. Militery freguency planning, including joint function frequency
allocetion tebles, is established as & joint military action ares under the
MCEB. Final approval of frequency bande, opereting modes and equipment
characteristics rests with the MCEB.

d. This standard is limited to frequency modulated (FM) subsystems
with modulation bandwidths of 240 KHz (which is the equivalent of 60 each
nominal 4 KHz channels) to 1364 KHz (which is the equivalent of 300 each
nominal 4 KHz channels) and made up of fixed, or semi-fixed, plant equipment
or transportable equlpment operating in a fixed plant environment. However,
the present limitation and/or restrictions for FM should not be construed as
barring other transmission techniques which lend themselves to more efficient
utilizetion of the transmission medium end/or of the avallable spectrum space or
both. After development and testing of such improved techniques, appropriate
modifications to this standard will be provided.
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e, It is not intended that existing systems be immediately converted
to comply with the requirements of this standard. New systems and those
undergoing mejor modification (those pystems where the original equipment
meets the requirements of this standerd are being rehabllitated) shall
conform to these standards.

£, The standards described herein apply to microwave IOS subsystems
and Tropospheric Scatter Subsystems that are used to carry frequency
division multiplex traffic. Wherever unusual requirements call for extremely
short or long hops, channel capacities in excess of 300 channels (for LOS
Subsystems) or carrying video or time division multiplexed basebands, these
stendards ehall serve only as guides for subsystem design, procurement of
equipment, and subsystem testing.

1.3 Objective. The objective of this standard is to provide the electrical
performence parameters required in long haul communications to enable design,
engineering and installation of IC6 and Tropospheric Scatier radio transmission
circuits.

2.0 The following documents form a part of this standard to the extent
specified herein,

2.1 Referenced Documents

STANDARDS
Military
MIL-STD-188-100 Common Long Haul and Tactical
Communication System Technical Standards
MIL-STD-188-120 Common Long Haul/Tactical Tele-

communications Terms and Definitions
OTHER PUBLICATIONS
Redio Regulations - 1959

(Coples may be obtained from Gemeral Secretariat of Iaternational
Telecommunications Union,Geneva.)
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3.0 Terms and Definitions

3.1 Definitions contained in this standard are intended to simplify or supplement
those definitions in MIL-STD-188-120. In case of any counflict in definitions,
the definitions contained herein shall govern.

.0 Subsystem Standards. The analog line of sight (L0OS) Radio Transmission
Subsystem use the same basic radio equipment as does the analog Tropospheric
Scatter Radlio Transmission Subsystems. However, the longer propagation

paths with higher losses on the Tropospheric Scatter Radio Transmission Sub-
systems require the use of higher pover transmitters with higher gain antennas
to meet the subsystem performence requirements. Because of the higher radiated
power and interference with LOS and Satellite Radio Links, the Tropospheric
Scetter Radio Transmission Systems are restricted, by ITU sgreement to operation
below 5,000 Mhz.

4.1 LOS Radio Transmission Subsystems. The standards described hereln apply

to LOS Redic Transmission subsystems that are used to carry frequency divislon
multiplexed traffic. Subsystems design considerstions are given in 4.1.2.1. The FM
Modulator, FM Demodulator, radio tremsmitter, radio receiver and antenna stenderds
are presented in 5.4.3, 5.7.k, 5.5.3, 5.6.7 and 5.11.

4.1.1 LOS Radic Transmission Reference Section. The LOS Radio Trensmission
Reference Section is & 333 nautical mile (ami) (nominsl 600 Kilometer)
transmission line facility including line conditioning equipment, amplifiers,
pads, and repeaters as required, extending between the High Frequency
Distribution Frames (HFDF's) of the Defense Communications System's transmlssion
system. It consists of thirteen (13) radio frequency hops each nominally 26

nmi (nominal 50 Km) in length. Normally, IF heterodyne repeaters shall be
employed at the intermediate repeater sites and frequency modulation and demodula-
tion of the multiplex signal to baseband shall occur only at the end terminals.
At the intermediate repeater sites, the frequency modulated signal 1s repeated

et the 70 Miz intermediate frequency. Supervisory channels shall be inserted

and dropped out at each repester site. While IF heterodyne will normelly be

used at repeater sites where no requirement exists for message channel breakout,
there may be other technical approaches that will provide comparable system
performance. This reference section does not preclude conslderation of other
technical approeches. The characteristics defined below establish the winimum
performance requirements for the tropospheric reference section, imncluding

radio carrier connecting hops, a8 measured between the High Frequency
Distribution Frame points at each end of the reference sectlon.
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4,1.1.1 Interface Parameters. The following parameters are defined for
the mission baseband at the interconnections between the multiplex equipment
end the FM Modulating - Demodulating equipment. This interconnection point
is commonly referred to as the HFDF. Figure 1 shows the location of this
interface point.

4.1.1.1.1 TFrequency. The mission baseband treffic shall occupy the frequency
spectrum of % t0 1300 kiiz for 300 nominal LkHz channels. The equipment
basebend of 0.3 to 1364 kHz 1s the frequency bandwidth required to accept

the mission basebsnd spectrum and order wire service.

h.1.1.1.2 Levels. The per channel transmit reference test tone level at the
HFDF shall be minus 45 dBm. The per channel receive tegt tone level at the
HFDF shall be minus 15 dBm (.t 0.5 dB).

h.1.1.2.3 I_g% The nominal impedance at the HFDF shall be 75 chms,
unbalanced to g . The retura losa over the mission baseband shall be a
minizum of 20 dB (DO: 26 dB) in both directions. (transmit and receive)
compared to & 75 chms resistive terminatlon.

4,1.1.2 Transfer Function Parameters. The transfer function parameters
defined belovw establlsh the minimm performance requirements.

4,1.1.2,1 Net Gain. The net gain between HFDF's shall be 30 dB (- 1dB).

4.1.1.2.2 Net Gain Variations. Variations in the net gain between HFDF's
shall not exceed + 0.5 dB over any 30 dey period.

4.1.1.2.3 Frequency Response. Variations in the net gain between HFDF's
as a function of frequency shall not exceed + 0.5 dB over the mission spectrum
for all individual or combined chennels of a diversity system.

4.1.1.2.h Baseband Envelope Delay. The baseband envelope delay between
HFDF 's shall not exceed 200 nanoseconds over the 100 KHz to 1300 KHz band
and shell not exceed 1 microsecond over the 12 KHz to 100 KHz band.

4.1.1.2.5 Variations in Absolute Delay. Variations in absolute delsy time,

such as after those occurring from combiners, diversity, path switching, or transfer
between redundant equipment elements shall not exceed 10 nanoseconds at any
frequency in the mission spectrum.

4
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4,1.1.2.6 Total Reference L xHz Chanmel Median Noise. The total reference
} iz channel median nolee shall meet the requirements of U4.1.2.1.1.

4,1.1.3 Baseband, IF, and RF Interfaces. The baseband, IF, and RF interface
parameters are summarigzed in Figure 1.

4.1.2 Subsystem Design and Engineering Standards. The following standards
are applicable to subsystem design, equipment performance, and subsystem
performance of LOS Radlo Transmission Subsystems of the Defense Communicatlons
S8ystem. These spportioned performance perameters meet the minimum requlrements
for the Reference Section described in 4.1.1 end in MIL-STD-188-100; 333 nmi
(nominel 600 Km) Reference Transmission Line Section.

4.1.2.1 Subsystem Design Comsiderations. Overall subsystem design stenderds
are not to be confused with equipment standards or specificatlions, or system
performance standards. Some of the parameters used by the system designer
cannot be conveniently tested in actual practice but are generally accepted
parts of a model and pecessary for determining the system configuration.
Overall subsystem design includes consideration of the FM moduleting-de-
modulating equipment, the radic equipment, antennas and the transmission
medie and required subsystem availability. Other deeign consideratlons are
glven in Appendix B,

k,1.2.1.,1 Total Channel Noise. Tradeoffs in noise allocation from all sources
may be made, provided the totel noise of the worst real channel in each

single hop belng designed meets the worst hour medlan requirements over the
refersnce section as stated in 4.1.1.2.6.

a. In computing the various souces of nolse, the known characteristics
of the equipment being procured shall be used. The allocation of noise
attributable to the following sources shell be tabulated for the median vajlues
or each real hop and toteled for the complete subsystem:

(1) Thermal moise including path noise and residusl radio eguipment
nolse.

(2) Radio equipment intermodulation noise.
(3) Feeder echo intermodulation nolse.

(1) Interference (includes noise and single tone as determined
from Path Study).

6
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b. Diversity improvement, while not 2 noilse source, must be considered
in the time distrlbution of system nolse performance and time duration that
the system nolse objectives are met or exceeded,

4.1.2.1.1.1 Long Term Median Noise. The total long term median noise from all
sources in any nominal 4 kHz channel shall not exceed 1110 pWp0O over the
reference circult.

a. The noise allowed in real sections shall be based upon the actual
length (L) in nautical miles as follows:

Sectlion Length (L) Allowable Noise

L <27 omt 150 pipo

27 <L >2151 amt 2.76 L pip0 + 85.5 pip0
L 2 151 nmi 3.33 L pWipo

L = 333 nmi 1,110 pWpo

L = 1,000 zmt 3,330 R0

L = 6,000 omi 19,980 pWpo

b. For design noise calculations, the long-term median noise shall be
taken as the nolse existing when all hops of the real section are faded
3 dB below the level corresponding to the calculated median transmission

loss value.

c¢. For field test purpose, median noise shall be taken es the noise
measured with all hops of the real section in an unfaded condition, plus the
calculated additionel thermsl (front end) noise which would result if each
hop in the real section were faded 3 dB below the calculated medien transmission
loss value.

4.1,2.1.1.2 Short Term Mean Noise. The short term mean noise pover, with en
integration time of 5 ms, occurring on any referenced L kHz channel, shall not
exceed 316,000 Pip0 for more than an accumulated 2 minutes in eny month

or more than 1 minute in any hour over any hop in a real section. Short term
noilse due to propagetion charscteristics shall be determined on the basis of
measured or statistical data appropriate to the geographical region under
consideration.
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L.,1.2.1.2 Subsystem Loading. LOS radio transmlssion subsystems of the DCS
shall be designed to support 100 percent date loading represented by a Gaussien
white nolse sigmsl distribution limited to an uniformly distributed over the
‘missioh baseband spectrum at a level of +1k.8 dBm0. The value 1L4.8 dBmO 1is
determined by substituting N ©® 300, in the formula - 10 + 10 logypo N dBmO,
vhere N is the design ¢apacity of the system ln terms of the totel number

of voice channels. '

4.1.2.1.3 Other Characteristics of a Reference Channel. Long and short
“term test tone amplitude variations, phase Jitter, absolute and relative
delay variation, and frequency response of the reference channel shall not
exceed the requirements of the applicable military standard for the type
of multiplex equipment used.

4,1.2.2 Test and Acceptance. The overall performance standards specified in
L,1.2 are malnly of use to those involved in test and acceptance of installed
subsystems. Subsystem tests, however, that include the effects of the medium of
transmission, will yield results slightly worse than equipment set tests and
will vary from the system designer's estimates. In some cases, the system
designer's determinations are virtually impossible to meassure because of the
duration of time involved and the actusl lomding experienced in the real hop

or system,

4.1.2.2,1 Necessary Bandwidth. For planning and equipment design purposes, the
necessary bandwidth for wideband frequency modulated systems will be determined
from the formula 2(\Fe + fp) where pFc is the peak carrier deviation and fyp

is the highest modulating freguency.

4.1.2.2.2 Measurement Bandwidth. The measurement bandwidth is determined by

the formulae 2.8 (&F¢ = 2p), where &Fc 1s the peek carrier deviation and fp

is the higheést message band moduleting frequency in kHz. This messurement
bandwidth.also defines the radio equipment RF and IF passband bandwidth and 0.1 dB
bandwidth. This measurement bandwidth should not be confused with "Necessary Band-
width" defined in L4.1.2.2.1.

4.1.2.2.3 Linearity Bandwldth. The linear bandwidth 1s determined by the
formule 1.4{ ¥, + Fp) vhere & Fc is the peak deviation and Fy is the highest
modulating frequency. The llnearity bandwidth should not be confused with the
Méasurement Bandwidth, definéd in 4.1.2.2.1 nor with the Necessary Bandwidth
defined in 4.1.2.2.2.

8
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4.2 Tropospheric Scatter Radic Transmission Subsystem. The standards

described herein apply to Tropospheric Scatter Radio Transmission subsystems

that are used to carry frequency division multiplexed traffic. Subsystems design
considerations are given in 4,2.2.1. The FM Modulator, FM Demodulator, radio
transmitter, radio receiver and antenna stendards are presented in 5.4.3, 5.7.h,

5.5.3, 5.6.7 and 5.11.

4.,2.1 Tropospheric Scatter Radio Transmission Reference Section. The Tropospheric
Scatter Radlio Transmisslon Réference Section i1s a 333 nauticel mile (nmi)
(nominal 600 Kilometer) transmission line facility including line conditioning
equipment, amplifiers, pads, end repeaters as required, extending between

the HFDF's of the Defense Communications System's transmission system. It
coneists of two (2) radio frequency hops eech nominelly 167 nmi (nominal 300

Km) in length. Channels shall be inserted and dropped out at each repeater
site. This reference section does not preclude consideration of other technlcal
approaches. The characteristics defined below esteblish the minimum performance
requirements for the tropospheric reference section, including radio carrier
connecting hops, as measured between the HFDF points at each end of the reference
section.

L.2.1.1 Interface Parameters. The following parameters are defined for the
misslon baseband at the interconnections between the multiplex equipment and
the FM Modulating - Demoduleting equipment. This interconnectlion point 1s
commonly referred to as the HFDF, Figure 2 shows the location of this interface

point.

h,2.1.1.1 Frequency. The mission beseband traffic shall occupy the freguency
spectrum of 12 to 1300 kHz for 300 nominal L4 XHz channels. The equipment
baseband of 0.3 to 1364 kHz 1s the frequency bandwidth required to accept

the mission baseband spectrum and order wire service. For less than 300 channel

spectrums, refer to Appendix B.
k.2.,1.1.2 Levels. See 4.1.1.1.2,
4.2.1.1.3 Impedance. See 4,1.1.1.3.

4,2.1.2 Transfer Function Parameters. The transfer function parameters
defined below esteblish the minimm performance requirements.

4,2,1.2.1 Net Gain. See 4.1.1.2.1.

4.2.1.2.2 Net Gain Variations. See 4.1.1.2.2.

4,2,1.2.3 Freguency Response. See 4.1.1.2.3.
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HFDF and IF INTERFACE

BASEBAND AND SIGNAL , RF
g INTERFACE INJECTION POINT INTERFACE
o
ANTENNA
SUBSYSTEM
MULTIPLEX M ‘ RF ANTENNA
EQUIPMENT : TERMINAL TERMINAL
EQUIPMENT EQUIPMENT *
oy
25
FREQUENCY 12 - 1340 kHz 70 MHz 350 - 8400 MHz * 35
accommodates 300 channels g’L
TEST TONE LEVEL of mission spectrum e @
o ]
TRANSMITS -45 dBm gg
(93]
RECEIVE -15 dBm (+ 0.5 dBm)
IF INTERFACE AND
SIGNAL INJECTION POINT
TRANSMIT input level +40 to +77 dBm (10 watts to
0.3 VRMS (+0.8 dBm) 50 KW)
+ 0.5 dB
RECEIVE output -80 dBm - Nominal
0.625 VRMS (+5.2 dBm) (-97 dBm to -75 dBm range)
+ 0.5 dB
IMPEDANCE 75 ohms, unbalanced 75 ohms, unbalanced WAVEGUIDE/or 50 ohms
RETURN LOSS 20 dB 20 dB 26 dB Toward Antenna
26 dB (DO) 26 dB(DO) 32 dB Toward Radio Receiver

* Discrete block frequency assignment’ are available within this range except for 7125 to 8400 MHz which are prohibited

by ITU agreements for tropospheric scatter deployment.

FIGURE 2. TROPOSPHERIC SCATTER RADIO TRANSMISSION TERMIRAL, INTERFACE PARAMETERS.
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L.,2.1.2.4 Baseband Envelope Delasy. See 4,1.1.2.k.

k,2.1.2.5 Variations in Absolute Delay. See 4,1.1.2.5

4.2.1.2.6 Totsl Reference Cheannel Median Noise. The tocal reference 4 kHz
channel median noise shall meet the requirements of 4.2.2.1.1.

4.,2.1.3 Besebend, IF, and RF Interfaces. The baseband, IF, and RF interface
parsmeters are sumuarized in Figure 2.

4.2.2 Subsystem Design and Engineering Stendsyds. The folloving standards
are spplicable to subsystem design, equipment performence, and subsystem
performance of Tropospheric Scatter Raedio Tranbmission Subsysteme of the
Defense Communications System. These apporticned performance parsmeters meet
the minimum requirements for the Reference Segtion described in h,2.1 and

in MIL-STD-188-100; 333 nmi (nominal 600 Km) Reference Transmission Line
Section.

4.2.2.1 Subsystem Design Considerations. Overall subsystem design standards
are not to be confused with equipment standards or speclfications, or system
performance standards. Some of the parameters used by the system designer

cannot be conveniently tested in actual pra¢tice but are generally accepted

parts of a model and necessary for determining the system configuration.

Overall subsystem design includes considersition of the FM Modulating equipment, the
radio equipment, entennas and the transmisg on medla and required gsubsystem
avallability. Othe design consliderations aAre gilven in Appendix B,

4,2.2.1.1 Total Channel Noise. Tradeoffs in noise allocation from all sources
may be made provided the total noise of e worst real channel in each single
hop belng designed meets the worst hour medlan requirements over the reference
section as stated in 4.2.1.2.6.

a. Ir computing the various sources of nolse, the known characteristics
of the equipment being procured shall be used. The allosation of noise
attributable to the following sources shall be tabulated for the median values

for each real hop and totaled for the complete subsystem:

(1) Thermal polse including path noise and residual radio
equipment nolse.

(2) Radio equipment intermodulation noise.
(3) Feeder echo intermodulation noise.

(4) Interference (includes noise and single tone as determined
from path study).

1
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b. Diversity improvement, while not & noise source, must be considered
in the time distribution of system noise performance and time duration that
the system nolse objectives are met or exceeded.

4,2.2.1.1.1 Long Term Median Noise. The total long term medlian nolse from
all sources in any nominal L kHz channel shall not exceed 1110 pWp0 over
the reference circult.

a. The noise allowed in real sections shall be based upon the actual
length L in nsutical miles as follows:

Section Length (L) Allowable Noise
L > 151 nmi 3 1/3 L p¥p0
L = 333 aml 1,110 pipo

L = 1,000 omi 3,333 pWpo

L = 3,000 nmi 10,000 pWpO

L = 6,000 omi 20,000 pWpo

b. For design nolse calculations, the long-term median nolse shall be
taken as the noise existing when all hops of the reeal section are faded 3 4B
below the level corresponding to the calculated median scatter transmission
‘loss wvalue.

c. For field test purposes, medlan noise shell be taken as the nolse
measured with all hope of the real section in an unfaded condition, plus
the calculated additional thermal (front end) noise which would result if
each hop in the real section were faded 3 dB below the calculated median
scatter transmission loss value level.

4.2,2,1.1.2 Worst-Hour of the Year. The worst hour of the year is defined
st that hour of the year during which the median noise over any radio path is
“"greatest". This hour is considered to coincide with the hour during which
the greatest transmission loss occurs.

12


http://www.abbottaerospace.com/technical-library

MIL-STD-188-313
19 December 1973

4,2.2,1.1.2.1 Excessive Noise. The medien noise in any nominel L kHz channel
during the worst hour of the year shall not exceed 316,000 pWp0 (55 dBrncO)

for the 12,000 nmi reference circuit. The hourly medlan values of transmission
loss from wbich the worst hour is determined shall be made on the basis of
calculations (predicted values), measurements, or & proper combination of

Poth .

k.2.2,1.1.2.2 Service Avallablility. Troposcatter systems shall be designed
so that the probabllity of exceeding 316,000 pWpO is less than 0.0l percent
for all hours of the year. This probability shall be determined to & 95
percent confidence level. (i.e. The margin between the design velue and the
calculated velue shall be 1.65 times the standard deviation defining the
prediction uncertainty).

4,2.2.1.2 Diversity Operation. All tropospheric scatter radio transmission
subaystems shall be designed for multi-order diversity. With quadruple diversity
systems, as a minimum, frequency diversity shall be one diversity element

used. Equipment shall be so designed that it may be converted to frequency
diversity without requiring additional equipment (except crystals, if applicable)
after installation as & space diversity system.

4,2.,2.1.3 Subsystem Loading. Tropospheric Scatter Radio Transmission subsystems
of the DCS shall be designed to support 100 percent date loading represented

by a Gaussian noise signal distridbution limited to and uniformly distributed
over the mission baseband spectrum at & level of +14.8 dBmO0. The value 14.8
dBm0 1s determined by substituting N=300, in the formule -10 + 10 logyo N dBmO,
where N 1s the design capacity of the system in terms of the total number of
voice channels. For field test purposes the loading formula, using the actual
number of voice channels, shall be used.

4.2.2.1.4 Other Characteristics of a Reference Channel. Long and short term
test tone smplitude variations, phase Jitter, absclute and relative delay
variation, and frequency response of the reference channel shall not exceed
the requirements of the applicable military standerd for the type of multiplex
equipment used.

4,2,2.2 Test and Acceptance. The overall performance standards are mainly of
use to those involved in test and acceptance of installed subsystems. Sub-
system tests, however, that include the effects of the medium of transmission,
will yleld results slightly worse than equipment set tests and will vary from
the system designer's estimates. In some cases, the system designer's
determinstions are virtually impossible to measure because of the duration

of time involved and the actual loading experienced in the real hop or system.

13
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k.2.2.2.1 Necessary Bandwidth. See 4.1.2.2.1.

4.2.2.2,2 Measurement Bandwidth. See 4.1.2.2.2.

4.2.2.2,3 Linearity Bandwidth. See 4.1.2.2.3.

5.0 Equipment Technical Design Standards. These standards provide the minimum
electrical performence including the dynamic range of operation and interface
characteristics based on the requirements of the overall subsystem designs
specified in 4.1. (L0S Radio Transmisaion Subsystems) and in k.2 (Tropospheric
Scatter Radlo Transmission Subsystems.)

a. As stated in L.0, the basic 300 channel analog FM Modulator/Demodulator
equipment and the RF equipment may be used for either LOS or Tropospheric
Scatter Radio Transmission subsystems. Power amplifiers and higher gain
antennas shall be required for tropospheric scatter radioc transmission subsystems
becsuse of much greater transmission path losses due to longer paths. Further
use of the tropospheric scatter radio transmission subsystem is prohibited by
ITU agreement to frequencies below 5000 mHz. See Figure 2.

5.1 Types of Equipment. Overall technical deslign standards apply to:

a. FM equipment.
b. KF redio equipment.
¢. Transmission lines and antennas.

5.1.1 105 Radio Transmission Equipment Performance Requirements. The
performance of the selected radic equipment shall be adequate to insure that
the real LOS transmission section and the reference transmission section
transfer function requirements are met. Unless othervwise stated, the interface
parameters stated in 4.2.1 shall epply. The radio equipment shall meet the
following minimum requirements.

5.1.2 Tropospheric Radio Transmission Equipment Performence Requirements .

The performance of the selected radio equipment shall be adequate to insure
that the real Tropospheric transmission section and the reference transmission
section transfer function requirements are met. The interface parameters
stated in 4.2 shall apply. Unless otherwise stated, the radio equipment shall
meet the following minimum requirements.

1k
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5.1.3 Equipment Block Disgram. A generalized block diagram of the equipment
layout 1s shown on Figures 3 and L.

5.2 Interface Characteristlcs.

5.2.1 Channel Capacity. The inherent channel cepacity of the radioc equipment
shall be 300 nominal & kiz (300-3400 Hz) voice channels occupying the mission
baseband frequency spectrum from 12 kHz to 1300 kHz. The equipment baseband

of 0.3 kHz to 1364 kHz is the bandwidth required to accept the mission baseband

spectrum and order wire service.

5.2.2 Channel Loading. The radic equlpment shall meet all performance require-
ments specified herein when loaded with +14.8 dBmO of Gaussian white nolse
gignal uniformly distributed over the baseband from 12 to 1300 kHz. (The

value 14.8 dBmO is determined by substituting N = 300 in the formula

- 10 + 10 logio N where N is the number of channels.)

5.2.3 Frequency Tolerance. Equipment and subsystem design shall be such that
the center frequency of the radiated signal in & real section from any
transmitter shall be as follows:

a. Transmltters which gperate with internal carrier generation: withln
0.0001 percent (1 part in 100) of the assigned frequency.

b. Transmitters which depend upon the received signal for establishing
the reference signsl for the transmitted signal such as in heterodyne repeaters:
within 0.0001 percent + 0.07 kHz of the recelved signal.

c. The cumulative frequency error for & resl section shall not exceed
0.0001 percent + 0.07 times N kiiz, where N i1s the number of heterodyne
repeaters ln the real sectlon.

5.2.4 Emphasis. When pre-emphesis or de-emphasis circults are used in newly
designed radioc equipment, they shall be in accordance with Appendix A,

5.2.4.1 Radio Equipment Intended for Less than 300 Channel Application.

The channel capacity of the emphasis networks shall be variable to allow for
less than 300 nominal 4 kHz channels. Provision for 60, 120 and 240 channels
shall be made in addition to 300 channels.

15
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5.3 "Transfer Function Parameters
5¢3.1-—Radio-Transmission Sets.

5.3.1.1 10S Radio Transmission Sets. The transfer function parameters for LOS
radio transmission sets are defined from baseband input to baseband output at
the high frequency distribution fremes with the radio equipment operating at
the same frequency and connected, in a non-diversity configuration, at the

RF interface points through appropriste attenustors. The transmitter shall be
operated at full power and the received signal level shall be adjusted to

e level of -30 dBm. If pre-emphasis is employed, the per channel test tone
deviation (RMS) requirements shall apply to the mean baseband frequency (i.e.
The frequency at which the deviation is the same with or without pre-emphasis).

a. Unless otherwise stated, the overall performance between the baseband
interface points shall meet the following minimum requirements.

5.3.1.2 Tropospheric Scatter Radio Transmission Sets. The transfer function
parameters for Tropospheric Scatter Radlo transmission sets are defined from
baseband luput to baseband output at the high frequency distribution frames
with the radio equipment operating at the same frequency and connected, in

a non-dlversity counfiguration, at the RF interface points through appropriate
attenuators. The transmitter shall be operated at full power and the received
signal level shall be adjusted to & level of -80 dBm, except for noise measure-
ments where the RF level shall be -4O dBm. If pre-emphasis is employed, the
per chennel test tone deviation (RMS) requirements shall apply to the mean
baseband frequency (i.e. the frequency at which the deviation is the same with
or without pre-emphasis). Unless otherwlse stated, the overall performance
between the baseband interface points shall meet the following minimm requirements.

5.3.2 Frequency Res . The frequency response of the radio set shall Dbe
io.sdBfrommtoBakﬂzandildBfromo.3tol2kHz.
5.3.3 In Band Noise. The noise power ratio (NPR) measured in the worst

nominal % kHz slot in the baseband with noise loading of +1L.8 dBmO, shall
equal or exceed 55 dB.

5.3.4 In Chennel Noise. The basic intrinsic noise ratio (BINR), measured in the
worst nominal 4 kHz slot in the baseband, with no input loading to rated input
noise loading of 1L4.8 dBmO, shall equal or exceed 57 dB.

18
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5.3.5 Level Stability. The radio set shall be designed with sufficient
regulation and feedback to provide long time stebility such that for a constamt
level input, the output will not vary by more than + 0.5 dB during e 30 day
period without edjustments.

5.3.6 Envelope Delay. The envelope delay distortion of the rsdio set

shall not exceed 200 ns over the 100 kHz to 1300 kHz band and shall not exceed
1 microsecond over the 12 to 100 kHz band. This is valid for high speed
digitel date transmission with all filters electrically disconnected.

5.3.7 Variations in Absolute Delay. Variations in absolute delay time such
as those occurring from combiners, diversity peth switching, or transfer
between redundant equipment elements shall not exceed 10 nanoseconds et eny
frequency in the mission baseband spectrum. The time required for switching
or transfer is not related to nor part of this parameter.

5.4 FM Transmitting Modulator. The FM transmitting modulator is part of the ™
Terminsl equipment and may also be an integrel part of the RF Transmittlng
equipment.

5.4.1 Interface Points. The baseband interface point is defined for test
purposes as the high frequency distribution frame polnt to which the FM
transmitting modwlator 1s connected.

e&. The IF interface point is defined for test purposes as the polnt of
interconnection between the FM transmitting modulator and the RF Transmitting

equipment.

5.4.2 Baseband Interface Characteristics

5.4.2.1 Baseband Input Spectrums. The FM transmitting modulator shall have
circuitry to accept both & mission baseband spectrum of 12 to 1300 kHz and
an order wire spectrum of 0.3 to 12 kHz.

5.4.2.2 Input Impedances.

5.4.2.2.1 Mission Baseband. The mission baseband input impedance shall be
75 ohms, unbalanced to ground, with & minimum return loss of 20 dB (DO 26 aB)
over the frequency range. It shall be a Design Objective that 130 chms
and 150 ohms, balanced to ground, also be provided as strapping options.

5.4.2.2.2 Order Wire Baseband. The orderwire baseband input impedance

shall be 600 ohms, balanced to ground, with a minimm return loss of 20 dB

over the frequency range. It shall be a design objective that 130 ohm, balanced,
end 75 ohm, unbalanced, input impedances also be provided.

18 .
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5.4.2.3 Input Signal Levels.

5.4.2,3.1 Mission Baseband. The per channel test tone level at the input to
the FM modulator shall be -45 dBm (<45 dBr T.L.P.) Design Objective (DO) -

the FM modulator shall heve the capability to accommodste input test tone levels
over a range of -15 dBm to -48 dBm for baseband interfacing the modulator at the
Group Distributing Frame (GDF), Super Group Distribution Frame (SGDF) or

HFDF maltiplex output trensmission level points. The composite power Input

to the FM modulator shall be equal to =30.2 dBm (+14.8 dBmD).

5.4.2.3.2 Order Wire Baseband. The per channel test tone level at the input
to the FM modulator shall be -45 dBm (45 dBr T. L.P). The composite power
input to the FM modulator shall be equal to -50.2 dBm (-5.2 dBm0).

5.4,3 FM Transmitter Modulator. Each FM transmitter or modulating portion of
& remodulating transmitter shall possess the following operating characteristics:

a. Type of Modulation. The equipment shall employ frequency modulation
of the 70 Mz intermediate frequency or transmitted RF signal.

b. Deviation Capabllity. The peak deviation capability of the equipment
shall be at least + 7 mHz. The ratlio of carrier deviation to the highest
baseband frequency shsall be smoothly adjusteble between the range of 0.5 and
T.0. All performance characteristics shell apply when operating at any
combination of deviation ratic and pesk deviation allowable under the formuls
for necessary bandwidth when the bandwidth is within the range of 5 miHz to 15 mHz
inclusive.

¢. Linearity. The modulator output frequency relationship to modulating
voltage shall be linear over the linear bandwidth as defined herein, centered
on the modulator nominal 70 Miz center frequency. The derivative response
(av/aF) of modulating voltage with respect to frequency deviation of the
carrier shell vary less then one percent over this range.

5.4.3.1 Radioc Pilot Tone. The radio pilot tone shell be located at 60 kHz
in the baseband spectrim.

5.4.3.1.1 Frequency Accuracy and Stebility. The radioc pilot shall be set at
60 ¥iz +1 Hz and maintained within + 2 Hz from 60 kHz for any 30 day period.

5.4,3.1.2 "Use of Pilot. The radio pilot will be used for radioc system
continuity essurance and for baseband level control within the redio equipment.
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5.4.3.1.3 Filtering and Separation. Filtering of the radic pilot shall be
sufficlent that no measurable interference from the pilot occurs within the
mission spectrum and that no frequency in the mission spectrum can cause
measurable interference with the pilot and 2 or more pllots cannot interfere
with each other.

5.4.3.1.4 Pilot Tone Level. The radioc pilot shall be injected at & level
that will produce minus 10 dBm0 equivalent deviation referenced to the mission
spectrum.

5.4.4 IF Interface Point Characteristics. The output nominal
impedance of the FM modulator shall be 75 chms, unbalanced to ground.

5.4.4.1 Impedance.
5.4.4,2 IF Bandwidth. The 0.1 dB IF bandwidth of the FM transmitting

modulator, shall be equal to 2.8 (8f, + fy), vhere Af, is the peak carrier
deviation in kHz and fp 1s the highest mission band modulsting frequency in

kHz.

5.4.4.3 70 Miz Frequency Tolerance. The IF frequency shall have a center
value of 70 MHz with & tolerance of + 0.7 kHz.

s.A4. b 70 Miz Harmonic Suppression. All harmonics of the FM modulator IF
output shall be suppressed to at least 40 dB below the unmodulated IF output.

5.5 RF Transmitting Equipment. The RF transmitting equipment is part of the
RF Terminal and consists of the RF Transmitter, filter networks, duplexing
networks, switching networks and assoclated tremsmission line. The RF
Transmitter may be either of the heterodyne up converter type driven by &

70 MHz slgnal with a separate modulator or a type that combines the function
of the modulator and RF transmitter. The type selected shall be based upon
the overall system performance requlrements.

5.5.1 Interface Polnts. IF interface point 1s defined for test purposes as

the polnt of interconnectlon between the FM transmitting modulator and the RF
Transmitting equipment. The RF transmitter interface point is defined, for

test purposes, as the polnt of interconnection between the RF transmitting
equipment and antenne transmisslion line. All filter networks, duplexing networks,
waveguide switching networks, etc., shall eppear on the transmitter side of

this interface point.
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5.5.2 IF Interface Point Characteristics. The input nominal
impedance of the RF transmitter shall be 75 ohms, wnbalanced to ground.
5.5.2.1 Impedance

5.5.2.2 Input Level. The RF tramsmitter shall accept & frequency modwlated
70 MHz carrier having any level between plus 0.8 dBm (0.3 volts, RMS) and
plus 5.8 dBm (0.625 volts, RMS).

us
5.5.2.3 KF Bandwidth. The 0.1 dB bandwidth of the RF transmitter input
signal shall be equal to 2.8 (8f¢ + fm).

5.5.2.4 Return Loss. The input to the RF transmitter shall exhibit &
return loss of 26 dB over the measurement bandwidth, centered on 70 Miz.

5.5.3 FF Transmitter. The RF transmitter shall accept a frequency modulated
carrier of 70 Miz center frequency and trenslate it to the operational freguency,
a8 required by system spectrum allocation. The RF transmitter shall consist

of an up converter and the required power amplifier(s) to provide the RF

output power as required by system design criterie. An all sclid state RF
Trensmitter shall be a design objective. The use of the term up converter

does not preclude any other method of frequency manipulation. BSee 5.5.3.2.

5.5.3.1 Up Converter.

5.5.3.1.1 Impedance. The up converter may have either a coaxisl or waveguide
output. I the output i1s coexial line, the nominal impedance shall be 50

ohma, unbalanced to ground.

5.5.3.1.2 Output level. The output level of the up converter shall be
within the limits specifled in Table 1 for the RF carrier frequencies listed.

5.5.3.1.3 FRPF Bandwidth. The output of the up converter shall have a 0,1
4B bandwidth of 2.8 (Afc + f) centered on the carrier frequency of the radio
transmitter.

5.5.3.1.4 Return Loss. The up converter output shall exhibit & retwm loss
of 26 @B or greater over the measurement bandwidth centered on the operating
carrier frequency of the radio tranamitter.
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5.5.3.1.5 Carrier Frequency Tolerance. The up converter output carrier
frequency tolerance shall be such that the oversll requlrements of 5.2.3

are met.
1 QUTPUT_PCWER.LEVELS YERSUS_BF FREQUENCY
TABLE IA
10S RADIOQ TRANSMISSION SETS
- ]
FREQUENCY RANGE* UP CONVERTER OUTPUT POWER
MINIMUM MAXTIMUM
1700 Miz to 2400 MHZ 500 i 1w
2400 MHz to 2700 MHz 500 W W
4400 MEz to 5000 MHz 500 ni 1w
7125 MHz to TT750 MHz 150 oH 1W
T750 MHz to 8400 Miz 150 w 1w
8400 MHz to 15000 MHz 100 i 1w
FREQUENCY RANGE * UP CONVERTER OUTPUT POWER
MINIMUM MAXTIMUM

350 MHz to 450 MHz 10V - 20 W
755 Mz to 985 Miz S W 10 W
1700 Miz to 2400 MHz 500 oW 1V
2400 MHz to 2700 MHz 500 W 1V
o0 MEz to 5000 Miz 500 W 1V

# Discrete block frequency assignments within these ranges.
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5.5.3.2 Power Amplifier. The power amplifier, which may include an Inter-

mediate Pover Amplifier, shall accept the frequency modulated signal from
the up converter and increase the power level to the extent required to
?eet tt)ne system design criteria. The power amplifiers may be thermiomic
tubes).

5.5.3.2.1 Input Interface Characteristics.

5.5.3.2.1,1 Impedance. The input impedance of the pover amplifier shall
be 50 ohms, if 1t 18 coaxial. A wavegulde input may be used.

5.5.3.2.1.2 Input Level. The power amplifier shall develop full rated output
pover vhen driven by the up converter minimm output es shown in Table 1.
Input adjustments shall be provided to accommodate the maximum up converter
output as shown ln the same table.

5.5.3.2.1.3 RF Bendwidth. The 0.1 dB input bandwidth of the power amplifier
shall be equal to 2.8 ZAfc + fm), centered on the operating carrier frequency
of the radio transmitter.

5.5.3.2.1.4 Return Loss. The input of the power amplifier, whether coaxial
or vaveguide, shall exhibit a return loss of 26 dB or greater over the
measurement bandwidth centered on the carrier frequency of the radlio transmitter.

5.5.3.2.2 Output Interface Characteristics.

5.5.3.2.2.1 Impedance. The output connector of the pover amplifier shall be
either coaxial or wavegulde. If it is coaxial, the nominal impedance shall
be 50 ohms, unbalanced to ground.

5.5.3.2.2.2 Output Level. The output level of the pover amplifier shall be
+37 @nm (5 wa.ttag for LOS Radioc Transmission Sets and in standard ocutput values
between plus 40 dBm to plus 77 dBm (10 watts to 50 KW) for Tropospheric

Scatter Badio .Transmission Sets or as required by the subsystem deslgn criterisa.
Higher power mey be developed in rare instances,

5.5.3.2.2.3 KF Bandwidth. The 0.1 dB output bandwidth of the power amplifier
shall be equal to 2.8 ( 8fc + ¥y), centered on the operating carrler frequency
of the radio transmitter.
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5.5.3.2.2.4 Return Loss. The return loss, as measured toward the RF
interface poilnt, with all RF Transmitting equipment installed and the RF
interface point terminated in its characteristic.impedance, shall not be less
then 26 dB over the measurement bandwidth, centered on the assigned frequency.

5.5.3.2.2.5 Reduced Power Operation. The power amplifier shall be capable of
reduced pover operation to approximately 50 percent of its normal value while
still mainteining its specified noise, distortion, and spurious emisslon
charscteristics,

5.5.3.3 Duplexers. Duplexers permit simultaneous transmission and reception
of signals in the pame transmission line. Each duplexer shall be tunable over
at least one half of the appropriate frequency band as specified in Table I.
Preferably the tuning renge shall include one entire band. Ferrite or other
Faraday rotation devices are recommended. The duplexer shall have independent
tuning for the transmit and receive frequency, but is not required to operate
with a2 trmnsmit and receive freguency spaced closer than the limits glven in
Appendix B.

5.5.3.4 RF Interface Point Characteristics.

5.5.3.4.1 Impedance. The RF Transmitting equipment shall have either coaxial
or vave gulde output. If a coexial output is used, 1ts nominal impedance shall
be 50 chms, unbalanced to ground.

5.5.3.4,2 Output Level. The KF output level shall be +37 dBm (5 watts) for
10S Radio Transmission Sets and in standard cutput values between LO 4Bm to
plus 77 dBm (10 watts to 50 KW) for Tropospheric Scatter Radio Transmission
Sets or as required by the subsystem design. Higher power mey be developed in
rare lnstances.

5.5.3.4.3 RF Bandwidth. The 0.1 dB RF bandwidth of the transmitting equipment
shall be equal to 2.8 (Afe + fn) , centered on the operating carrier frequeacy -
of the radio transmitter.

5 5.3.4.4 Spurious Emission. All spurious emissions between f, + 5 Miz and
+ + (5 percent f,) shall be suppressed below a -50 dBm powver level

(DO -60dBm) , as messured at the RF interfsce, with Gaussian white noise

loeding of 14.8 dBm0 at the baseband and with full transmitter output power.

If the peak deviation capabllity, 4f,, is greater than 4+ 5 MHz, then £, + 8f¢

will be used insteed of f, + 5 MHz. NOTE: MIL-STD-JI-Gl ®Bpecifies the out

of band emission for a ba.ndwidth greater than f, + 5 percent.
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5.6 RF Receiving Equipment. The RF receiving equipment is part of the RF
terminal equipment and consists of filter networks, duplexing and diplexing,
networks, switching networks, assoclated RF transmission lines and RF
recelvers,

5.6.1 Interface Points. 'The RF interface point is defined for test purposes
as the point of interconnection between the RF receiving equipment and the
antenns- transmission lines. All fillter networks, duplexing and diplexing net.
vworks, wavegnide switching networks, etc., shall appear on the eguipment side
of this interface point. The IF interface point is defined for test purposes
as the point of interconnection between the FF receiver and the FM receiving
equipment.

5.6.2 RF Interface Point Characteristics

5.6.2.1 Impedance. The RF receiving equipment shall have elther coexial
or waveguide input. If a coaxisl input is used, 1ts nominasl impedance shall
be 50 ohms, unbalanced to ground.

5.6.2.2 Input Level. The RF input level, to the RF recelving equipment,

shall range from -15 dBm to -80 dBm, with & nominal value of -30 dBm for design
purposes for LOS Radio Transmission sets and shall range from-4O dBm to -97 dBm,
with & nominel value of -80 dBm for design purposes, for Tropospheric

Scatter Radio Transmission Sets.

5.6.2.3 KRF Bandwidth. The 0.1 @B RF bandwidth of the RF receiving equipment,
shall be equal to 2.8 (Afc + fp), where pfc 158 the peak carrler deviation in
kiz and fy 1Is the highest mission band modulating frequency in kHz.

5.6.2.4 RF Input Return Loss. The return loss, &s measured toward the
receiver from the RF interface point, and with all RF receiving equipment
installed shall not be less than 32 dB over the measurement bandwidth centered
on the assigned frequency (ies).

5.6.2.5 Local Oscillator Leakage. The receiver locel oscillator leakage, as
measured at the RF Interface point, shall not exceed -85 dBm.

5.6.3 Transfer Characteristics. The unloaded voice channel output test tone
slgnel to nolse ratio of the receiver shall be linear dB for dB with respect
to-the RF signal input power at the RF interface point (adjusted for losses
to the receiver input) from the threshold of full FM improvement to at least
35 dB above this threshold.
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5.6.3.1 Noise Quieting Characteristic. The noise gquieting characteristics

as measured at the output of the radio receiver in the highest frequency
baseband chennel shall vary inversely dB for dB with an increase in the
unmodulated RF signal input at the RF interfaee point varying from the
threshold of full FM improvement to at least 35 dB sbove thils threshold. This
threshold of full FM improvement 1s defined as the point in radlo recelver
output post-detection noise quleting characteristic where the output noise
pover relationshilp to the predetection unmodulated RF signal input powers
departs from & linear relationship by 1.0 dB.

5.6.3.2 Noise Figure

5.6.3.2.1 1L0S Redio Transmission Sets. The receiving equipment noise figure
shall not exceed 12 dB. The noise figure shall be determined by applylng

a noise generator input to the RF interface point and measuring the output
at the IF ianterface polnt.

5.6.3.2.2 Tropospheric Scatter Radio Transmission Sets. The recelving
equipment noise figure shall exhibit a noise figure of 5 dB or better. The
nolse figure shall be determined by applying & nolse generator input to the
RF interface polnt and measuring the output at the IF interface point.

5.6.4. Diplexers. Diplexers permit simultaneous reception of two or more
signals at different frequencies in the seme transmission line. Each diplexer
shall be tunable over at least one half of the appropriate frequency band as
specified in Table 1. Preferably the tuning range shall include one entire
bend. A diplexer shall have independent tuning for each operating frequency,
but is not regulred to operate with any two simultaneous receive frequencles
spaced closer than 0.5 percent of the average carrler frequencles.

5.6.5 Duplexers. Duplexers permit simultaneocus transmission and reception
of signals 1n the same transmission line. Each duplexer shall be tunable over
at least one half of the appropriate frequency band as specified in Table I.
Prefersbly the tuning range shall include one entire band. Ferrite or

other Faraday rotation devices are recommended, The duplexer shall have
independent tuning for the tramsmit and receive frequencles, but is not
required to operate with a transmit and receive frequency spaced closer than the
limits given in Appendix B.

5.6.6 Waveguide Switch. Solid-state wavegulde switches shall be provided
wvhen required to permit both manusl and automatic switching.
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5.6.6.1 Isolation. The isolation between ports of the waveguide switch
shall be at least 7O dB.

5.6.6.2 Switching Time. The meximum switching time shell be less then 10
microseconds.

5.6.7 KF Receiver. The RF receiver consists of that portion of the radio
set that amplifies and converts the received RF signals to provide a TO MHz
IF output to the FM demodulstor or heterodyne tramsmitter. A RF Receiver
Pre-amplifier may be wsed in order to lower the RF receiving equipment noise
figure or to offset the effects of the receilver transmission line loss by
physically locating the RF pre-emplifier at the antenna. However, for
purposes of performance characteristics, the pre-amplifier shall be included
in the RF receiving equipment. The following requirements apply.

5.6.7.1 Impedance. The recelver shall have either coaxial or wavegulde
Input. If a coaxial input 1s used, its nominsal impedance shall be 50 ohms,
unbalanced to ground.

5.6.7.2 Received Power Level.

5.6.7.2.1 LOS Radio Transmission Sets. The receiver shal) be designed to
operate with an RF signal level at the RF interface point in the range from
<15 dBm to -80 dBm, with & nominal velue of -30 dBm.

5.6.7.2.2 Tropospheric Scatter Radio Transmission Sets. The receiver shall
be deslgned to operate with an RF signal level at the RF interface point
in the range from -40 dBm to -97 dBm, with a nominal value of -80 dBm.

5.6.7.3 Noise Figure

5.6.7.3.1 LOS Radio Transmission Sets. The noise figure of the recelver, when
the noise generator is applied directly to the receiver input terminals
of the recelver or recelver pre-amplifier, shall not exceed 10 dB.

5.6.7.3.2 Tropospheric Scatter Radio Transmission Sets. The nolse figure

of the receiver, when the noise generator is applied directly to the receiver
input terminals of the receiver or receiver pre-amplifier, shall not exceed
5 d.B'

5.6.7.4 D c Range. The receiver demodulation sensitivity (n volts
per megehertz) shall remain constant + 0.5 4B for RF input signals in the
range of 10 to 50 dB dbove the receiver threshold.
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5.6.7.5 Frequency Tolerance. The receiver shell be capable of malnteining
specified performance when the input RF carrier frequency varles over a

renge of + 200 kHz from the essigned frequency. The decision of any receiver
sutomatic frequency control circuitry, 1f used, shell insure thet the receiver
will not lock onto any received signsl offset from the assigned RF carrier
frequency by 7 MHz at ean input level of -T5 dBm at the RF lnterface in the
absence of any received signal on the assigned frequency.

5.6.7.6 Pilot Tone. The pilot tone shall be detected at the receiver

and mopitored for level. After passing through the pilot detector, this signal
shall be removed from the high frequency baseband. The residual amplitude

of the pilot tone in the baseband shall not exceed -50 dBmO.

5.6.8 IF Interface Point Characteristics.

5.6.8.1 Impedance. The coexial IF output of the receiver shall have e
nominal impedance of 75 ohms, unbalanced to ground.

5.6.8.2 Output Level. The IF output level of the receiver shall be maintained
at plus 5.2 dBm (0.625 volts, RMS), plus or minus 0.5 dB, for carrier input
levels from 10 to 50 dB sbove FM detectlon threshold.

5.6.8.3 IF Bandwidth. The 0.1 dB IF bandwidth of the receiver shall be
equal to 2.8 (afe + fm).

5.6.8.4 Output Return Loss. The IF output of the receiver shall exhibit a
return loss of 26 4B or greater over the measurement bandwidih centered on the

assigned frequency.

5.6.8.5 Local Oscillator Frequency Stability. The local oscillator shall be
sufficiently stable that the 70 MHz output carrigr is meintained within the
specified limits of 0.0001l percent (1 part in 10°) when the received carrier

is at 1ts assigned frequency.

5.7 FM Receiving Equipment. The FM receiving equipment is part of the FM
Terminsl equipment and consists of pre or post detection combiner(s), and FM

Demodulator(s).

5.7.1 Interface Points. The IF interface point is defined for test purposes as
the point of interconnection betwern the RF receiving equlipment (IF output

of the RF receiver) and the FM receiving equipment. The baseband interface
point is defined for test purposes as the high frequency distribution frame
point to which the FM receiving equipment 1s coanected.
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5.7.2 IF Interface Point Characteristics.

5.7.2.1 Impedance. The FM receiving equipment ianput impedance shell be
75 ohms, unbalanced to ground.

5.7.2.2 Input Level. The input level to the FM receiving equipment
shall be plus 5.2 dBm (0.625 volts, RMS), plus or minus 0.5 dB.

5.7.2.3 IF Bendwldth. The 0.1 dB IF bandwidth of the FM receiving equipment
shall be equal to 2.8 (pfe + fm).

5.7.3 Pre Detection Combiner. The pre-detection combiner shall be a
completely solid state unit which combines at least four RF receiver outputs
to provide a single 70 MHz output for demodulstion.

5.7.3.1 Performence. The pre-detection combiner performence shall be degraded
no more than 1 dB from the performance of a system equipped with & maximel
ratio post detection combiner of equal order of diversity under the assumption
of Reyleigh type fading with correlation coefficients of not greater than

0.5. The respomnse time of the comblner shall be less than 100 microseconds.

5.7.3.2 Pre Detection Combiner Performance. With any two equal received
input signal levels, the combined signal-to-noise (S/N) ratio and carrier to noise
ggég&eigtio shall be at least 2.5 dB greater then either individual received

5.7.3.3 Interface. The lnput-output interface characteristics shall be the
same as for the IF interface to the FM receiving equipment.

5.7.4 FM Demodulator. The FM demodulator shall be a completely solid state
unit which accepts & frequency modulated 70 MHz carrier and retrieves the
information contained in the 0.3 to 136L kHz baseband. The FM demodulstor
shall contain provisions for reducing the IF bandwidth from the 300 channel
requirement by selecting passive filters for 180 chamnel or 120 cheannel or 60
channel for Tropospheric Scatter Radio Tremsmission Sets.

5.7.4.1 Demodulator Linearity. The FM demodulator voltage output to deviating
frequency relationship shall be linear over a bandwidth defined in 4.1.2.2.3,
centered on the demodulator nominel 70 Miz center frequency. The derivative

of output voltage with respect to deviating frequency (dV/dF) characteristics
shall vary less than one percent over this range.
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5.7.5 Post Detection Combiner. The post-detection combiner shall be a
completely solld state unit which adds the baseband outputs of two or more
diversity receivers to provide a single baseband output.

5.7.5.1 Performance. The post-detection combiner performance shall be
generally equivalent to that resulting from a system equipped with a

maximal ratio post-detection combiner of equal order of diversity under the
assumption of Rayleigh fading with correlation coefficients of not greater

than 0.5. The response time of the combiner shall be less than 100 microseconds.

5.7.5.2 Post Detection Combiner S/N Ratio. With two equal received input
signal levels, the combined S/N ratio shall be at least 2.5 dB greater than
either individusl ZXecelved channels.

5.7.6 Baseband Interface Characteristics.

5.7.6.1 Baseband Output Spectrums. The F'{ receiving equipment shall have
circuitry to provide both a mission baseband spectrum of 12 to 1300 kHz and
an order wire spectrum of 0.3 to 12 kHz outputs.

5.7.6.2 Output Impedances.

5,7.6.2.1 Mission Baseband. The mission baseband output impedance shall be
75 chms, unbalanced to ground, with a minimum return loss of 20 dB (DO 26 4B)
over the frequency range. It shall be a design objective that 130 ohms and
150 chms, balanced to ground, also be provided as strapping options.

5.7.6.2.2 Order Wire Baseband. The order wire baseband output lmpedance

ghell be 600 ochms, balanced to ground, with & minimum return loss of 20 dB

over the frequency range. It shall be & design objective that 130 chm, balanced,
and 75 chm, unbalanced, input impedances also be provided.

5.7.6.3 Output Signal Levels.

5.7.6.3.1 Mission Baseband. The per chaunel test tone level at the output
of the FM Demoduletor shall be -15 dBm + 0.5 dB (-15 dBr Transmission Level
Point (T.L.P.)). (DO - The FM demodulator shall have the capability to
accommodate output test tone levels over & range of -9 dBm to -31 dBm;

for interfacing with the Frequency Division Multiplex (FDM) equipment at the
HFDF, SGDF or GDF interface transmission level points.) The composite power
output from the FM demodulator shall be equal to -0.2 dBm (+13.8 dBmO).
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5.7.6.3.2 Order Wire Baseband. The per channel test tone level et the output
of the FM Demodulator shell be -15 dBm + 1 dB (-15 dB T.L.P.}. The composite
power output from the FM Demodulstor shall be equal to -20.2 dBm (-5.2 dBm0).

5.8 IF Heterodyne Repeating. The transfer function parameters for LOS Radio
Transmission Sets and for Tropospheric Radio Transmission Sets are defined

from the IF injection interface input point of the transmitter to the IF

signal output at the receiving IF interface polnt with the radio equipment
operating at the same frequency and connected, in a non-diversity configuration,
at the RF interface points through appropriate attenuators. The transmitter shell
be operated at full power and the received signel level shall be adjusted to

e level of -30 dBm for LOS Radio Transmission sets and at -80 dBm for Tropospheric
Scatter Redio Transmission Sets. The overall performance between the IF interface
points shall meet the following minlmum requirements.

NOTE: The above equipment configuration is for ease of measurements and
evallable instrumentation. In actusl circuits, for IF Heterodyne Repeating,
the Received IF output is connected to the IF injection point of the transmitter.

5.8.1 Frequency Response. The maximum emplitude variation between frequencles
of equal power fed to the RF transmitter lnput and measured at the RF recelver
output shall not exceed +0.1 4B across the measurement band.

5.8.2 Envelope Delay Distortion. Envelope delay dilstortion shall not exceed
2 nanoseconds over the linearity bandwidth. Variable eguaslizers shall be
provided in the transmitter and in the receiver to permit adjustment of delay.

5.8.3 IF Carrier Resupply. A 70 Miz IF carrier resupply unlt and appropriate
control circultry shall be provided with each RF transmitter set to provide a
carrier for restoring the order wire and selarm signels to the RF transmitters
of heterodyne repeaters during periods of system receiver carrier failure.

The unlt sheall be activated within 1 millisecond from the time the system
carrier falls. The carrier supply osclllator unit shall have a frequency
tolerance of + 0.07 kHz from 70 Miz.

5.8.4 IF Diversity Switch. When IF dlversity switching is employed the
heterodyne radlo terminal shall be equipped with an IF diversity switch for
each direction of transmission. The IF diversity switch shall monitor the
recelved signal and the continulty pilot signal ocutputs of the two diversity
RF receivers and select the output for epplication to the assoclated RF
transnitter at 70 MHz.
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5.8.4.1 Transfer Level. The diversity switch shall trensfer to the output
of the lower nolse RF receiver whenever there is e noise difference of 6 dB
or more between the outputs of the diversity recelvers,

5.8.4.2 Switching Time. The baseband signal interruption time due to
switching shall not exceed 10 us. (DO 200 ns).

5.8.5 Frequency Tolerance. The frequency tolerance of the KF transmitter
signal shall not exceed 0.000)1 percent plus 0.07 kHz.

5.,8.6 Drop-Insert Capebility. All heterodyne repeaters shall have a
capability of dropping and inserting the auxiliary baseband between 0.3 and
12 xHz in both directions.

5.9 Monitoring and Alarms. The redio set shall be provided with circultry
to monitor the following functions and provide an alarm in the event of any
failure. The alarm function provided shall include the illumination of
visible alarm indicator lampe on the front of the equipment and the operatlion
of normally open dry relay contacts for connectlon to externel alarm monltoring

circultry.

&. Trensmitter Pilot. The continuity pllot shell be monltored for
continuity at the FM transmitter output. In systems employing direct
modulation of reflex klystrons, the pilot shall be monitored at the RF
transmitter output.

b. Trensmitter Output Power. Transmitter output power level shall be
monitored to detect any decrease below a preset, adjustable level.

¢. Received Pillot. The continulty pilot tone shall be monitored for
continuity at the receiver.

d. Receiver Noise. The recelver nolse level shall be monitored to
detect any increase above a preset, adjustable level,

e. Combiner Action. Diversity combiner action shall be monitored to
detect the muting of either recelver.

f. Recelved RF Signal Level. The received RF signal level shall be
monitored to detect any decrease below s preset, adjustable level.

g. IF Carrier Resupply. The IF carrier resupply shall be monitored to
detect fallure of the 70 MHz input carrier to the radio transmitter.
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5.10 Panel Meters and Test Points. Test points and metering circults shall
be provided for monitoring the performance of the radio equipment. Provision
shall be made for accesge to all circuit points required for operation
maintenance, or alignment. The parameters to be metered shall include, dbut
shall not be limited to, the following.

a. Transmitter output power.

b. Transmitter automatic frequency control voltages (when used).

¢. Trensmitter Tinal power amplifier voltaéés/currents.

d. Receiver autometlic frequency control voltages (when used).

e. Receiver autometic gain control voltage.

f. Receiver mixer crystal currents.

g. Receiver local oscillator voltages/currents.

h. Direct current supply voltages.

i. Primary power source voltage.
5.11 Antenna Subsystem. The antenne subsystem consists of the transmission
line and the antenna which converts the electromagnetic signal from a guided
wvave to a radlated wave and includes the antenna beam aiming devices and the
supports for the antenna. Pressurization shall also be included. The antenna

shell consist of a radlating structure cepeble of lsunching and receiving
both verticelly and horizontally polarized waves.

5.11.1 Interface Point. The RF interface point 1s defined for test purposes
as the point of interconnection between the RF Terminal equipment (RF
Transmitting equipment and RF Receiving equipment) and the antenna subsystem.

5.11.2 RF Interface Point Characteristics.

5.11.2.1 Impedance. The transmission line shall be either coaxial or wave
guide. If coaxial lines are used, the nominal impedance shall be 50 chms,
unbalanced to ground.
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5.11.2.2 Return Loss. The return loss of the instelled entenns and transmission
line subsystem, measured at RF interface, shall not be less than 26 dB (VSWR
of 1.06:1) over the design frequency band.

5.11.3 Antenna Characteristics.

5.11.3.1 LOS Radio Transmission Antennas.

5.11.3.1.1 Side Lobes. All side lobes shall be at least 25 dB below the main
lobe.

5.11.3.1.2 Wide Angle Radiastion. The ratic of the 1nten51ty of the largest
minor lobe (which 1s more than +h5 » but less than 4 110° from the center of
the main lobe) shall not be greater than -45 dB.

5.11.3.1.3 Front-to-Back Ratio. The ratio of the intensity of the main lobe
to the lntensity of the largest lobe occurring between + 110 and 180° from
the center of the maln lobe shall be at least 50 dB.

5.11.3.1.4 Cross-Polarization Discrimination. Antennas equipped with dual
polarization feed shall heve a minimum cross-polarization discriminastion of

30 4B between vertically and horizontally polarized waves of the same frequency
vhen measured at the antenna input.

5.11.3.2 Tropospheric Scatter Radlio Transmission Antennas.

5.11.3.2.1 Gain. The antenna shall exhibit a galn, referred to the input
port, of not more then 1 dB below the gain calculated according to the following
formula for parabolic antenns with an aperture efficiency of 56 percent:
for dish diameters greater than 28.5 ft:
=20 log D (M) + 20 log F (MHz) - L2,10 dB.
or G =20 log D (ft) + 20 log F (MHz) -~ 52.42 4B,
for dish diemeters less than 28.5 ft:
G=23.3 log D (M) + 23.3 log F (MHz) -55.6 dB
or G=23.3 log D (ft) +23.3 log F (MHz)-63 4B.

This shall not preclude higher aperture efficiency or other methods of
beam forming.
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5.11.3.2.2 Cross-Polarization Discrimination. Antennas equipped with dual
polarization feed shell have a minimm cross-polaerization discrimination
of 30 dB between vertically and horizontally polarized waves of the same
frequency vwhen measured at the antenna lnput.

5.11.4 Transmission Line Pressure Integrity. The transmission lines and
assoclated gastight barriers shall be installed such that the flow rate does
not exceed one-tenth cubic foot per hour with a nominal feed pressure of

0.5 psig.

Custodians: Prepering activity:
Army - SC Air Force - 17
Navy - EC
Alxr Force - 17 Project SLHC-0011
DCA - DC

Other Interest:
Review Activities: JCS ~J6
Army - 8C, EL, CE, ME NSA -NS

Navy - AS, YD, MC, CG, SH
Air Force - l, ll, 13) 71’ 80, 89

User Activities

Army
Navy - OS
Alr Force
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APPENDIX A

10.0 Pre-Emphasis - De-Emphasis Networks. When pre-emphasis or de-emphasis
is used in FM lime-of-sight radic relay systems or in FM Tropospheric Scatter
Radio systems in comjunction with Frequency Division miltiplex, the same
normalized attenuation-frequency network characteristics shall be used for
all systems up to and including 300 chamnels.

10.1 Fmphasis Characteristics. The preferred emphasis characteristics
and imsertiorn loss of the metwork shall be obtained by use of the following

formia:

20 logyp e in = 10 logyo r 1 + 6. &
e out 1l + 2. 2 dB
( T fm

where e in + input voltage

e out = output volteage

2 = (The resonant frequency of the metwork)
=1.25 £ max

fmax = The highest baseband frequency used.

10.2 Pre-Emphasis Network. The pre-emphasis metwork shall be derived
from the following formula:

R= 1. 811’2

ezt
em_’_L/IYlv——‘"“—H—J%PE l l L1 = 0.79R,
-lZBrmx-l'
EA"

r
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10.3 De-Emphasis Network. The de-emphasis network shall be derived from

the following formila:

R, 0.0R, 2,

Iy = l.h'me

G
\ 1
£, =1.25fmax = é,/:.l c

NOTE: Tolerances both networks
Resistors + 1 percent
Capacitors + 0.5 percent

1, + 0.5 percent (L resonating with c).

10.4 RNormalized Pre and De-emphasis Curve. The normalized curve for pre
and de-emphasis shall be as shown in Figure 1.

6

5
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Figure 1. Normalized pre and de-emphasis curve
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20.0 Additional Design Conslderation
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20.1 Multiplexer Noise. Multiplexer noise shall be determined by the known
characteristics of the equipment being procured. In any case, the noise
contributions for the varlous translations and filtering shell not exceed
those for multiplex noise of voice bandwidth links specified in MIL-STD-188-100
for Common Long Haul and Tactical Communication System Technical Standards

and reproduced in Table I.

TABLE I

FOM MULTIPLEXER NOISE

Individual FDM Equipment

EQUIPMENT Noise Allocation
Idle Noise pWpO | Loaded Noise pWp0

Channel Translation (1 set) 10 37
Group Translation (1 set)

includes regulator 40 50
Supergroup Translation (1 set)

includes regulator 25 50
Through Group Equipment N/A 10
Through Supergroup Equipment 25 50
Total for Multiplex Terminal

(no through equipment) 75 131
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20.2 Maltiplexer Bandwidths. Multiplexsr bandwidths are shown in Table II.
TABLE II
MJLTIPLEXER BANDWIDIES:

Maltiplexer Bandwidths:

Nomimal LKWz Chanmel Bandwidth

60 chamnmel operation 12 Kz to 300 KNz
120 chanrel operation 12 KHz to 552 KHz
180 channel operation 12 KAz to 80b4 KMz
240 channel operation 12 KNz to 1052 KNz
300 chamnel operation 12 KNz to 1300 KHz

NOTES: 1. Includes a Group A multiplexer, (12 ea mominal 4 KNz channels)
bandwidth of 12 KNz to 60 KNz. BSee MIL-STD-188-311 for FDM
miltiplexer characteristies.

2. The required FM bamdwidth, to support the mltiplexer bandwidths,
shall be greater, i.e. for 300 chammel operation, the required
FM bandwidth is 1364 KHz.
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20.3 RF Plan. While wo specific RF plam for each band is provided as a
mandatory requirement of this standard, certain guides to be followed
in frequency plamning are included herein.

20.3.1 10S Radio Transmission Systems.

20.3.1.1 The frequency band under consideration shall be divided into two
equal segments. At s givea station all of the tramsmit frequencies shall
be in one of the two segments (upper or lower) and all of the receive
frequencies in the other segment. At a given station, transmit frequencies
shall be excluded from the regions located 35 Miz plus or mimus 1/4 of the
3 dB IF bamdwidth, and 70 MEz plus or mimus 1/2 of the 3-4B IF bandvidth om
either side of smother transmit frequemcy. (See Figure 1.)
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W = 3 dB IF Bandwidth

Figure 1. Forbidden Regions for Other Transmitters at
the Same Station (LOS)
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20.3.1.2 At a given station, transmit frequemcies shall be exluded from

the regions located within plus or minus 40 MMz of any recelve frequency

and from the regions locsted 140 MHz plus or minus 1/2 of the 3-dB (IF)
bandwidth on either side of any receive frequency (See Figure 2). At certain

stations, good system design constraints may dictate & more restrictive
RF plan.

f w ~ le W

W = 3 dB IF Bandwidth

Figure 2. Forbidden Regions for Transmitters Relative to
Receivers at a Station (LOS)
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20.3.1.3 The RF plan shell be selected such that the wvalue of unwanted
signals from any source as measured at the receiver lntermediate frequency
(IF) interface shall be below the inherent nolse level of the receiver.

20.3.2 Tropospheric Scatter Radio Transmisslon Systems.

20.3.2,1 The transmit to recelve frequency separation where the transmitter
and receiver share a common antenns shall be grester than that given in Table III.

TABLE 131. TRANSMIT-TO-RECEIVE FREQUENCY SEPARATION ON
A COMMON ANTENNA

NOMINAL MINIMUM FREQUENCY

FREQUENCY BAND TRANSMITTER POWER SEPARATION (MHz)
350 to 450 MHz 10 watts (40 dBm) 40
100 watts (50 dBm) 40
T KW (60 dBm) 40
5 KW é67 dBmg 49
10 KW 70 dBm 50
50 KW (77 dBm) 50
755 to 985 MHz 10 watts 80
100 watts 80
1T KW 80
B KW 100
10 KW 100
50 KW 100
A11 bands between 1700 10 watts 100
MHz and 4400 MHz 100 watts 100
T KW 100
5 KW 150
10 KW 150
A11 bands between 10 watts 150
4400 MHz and 100 watts 150
5000 MHz 1 xw 200
E KW 200
10 KW 200
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20.3.2.2 The frequency band umder considerstion shall be divided into two
equal segments. At a given station all of the transmit frequencies shall be
in one of the two segments (upper or lower) and all of the receive frequencies
in the other segment. At a given station, tramsmit frequencies shall be
excluded from the regions located 35 MHz plus or mimus 1/k of the 3-db IF
bandwidth, and 70 MHz plus or mimus l/ 2 of the 3-d@B IF bandwidth on either
slde of another tranemit frequency. (See Figure 3.)
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. 1 TRANSMIT
l FREQUENCY

35 MHZ ——— 35 MHZ

—————  TO MHZ 70 MZ  ~————9

W = 3 dB IF Bandwidth

Figure 3. Forbidden Regions for Other Transmitters at
the Seme Station (Tropospheric Scatter)


http://www.abbottaerospace.com/technical-library

Appendix B
MIL-STD-188-313
19 December 1973

20.3.2.3 At a given station, tramsmit frequencies shall be excluded from
the regions located within plus or mimus 40 MEz of any receive frequency
and from the regions located 140 MHz plus or mimus 1/2 of the 3-dB (IF)
bandwidth on either side of any receive frequency (See Figure 4). At
certain stations, good system design constraints may dictate a more

restrictive RF plan.

W = 3 dB IF Bandwidth

Figure 4. Forbidden Regions for Transmitters Relative to
Receivers at A Station (Troposrheric Scatter)
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20.3.2.4 The RF plan shall be selected such that the value of unwanted
signels from eny source as measured st the recelver intermedlete frequency
(IF) interface shell be below the inherent noise level of the receiver.

20.4 Electromagnetic Compatibility Engineering. The equipment siting must be
besed upon a study of the existing environment. This study normally en-
compasses the susceptibllity and radiation characteristics of the egquipment as
well as the existing and potentlelly interferring signal levels that may

be present. Some degree of EMC integrity beyond that actually required shouwld
be considered for future requirements.

20.5 Redlo Regulations. The use of the frequency spectrum is regulated by
international agreements embodied in "Radio Regulations, Genersl Secretariat
of the International Telecommunications Union,” Geneva, 1959. These
regulations are further qualified at the national level through Govermment
(Interdepartment Radio Advisory Committee, IRAC) and military agencies (Joint
Chiefs of Staff, JCS, and Military Communication Electronics Boaxd, MCEB).

8. For normal peacetime use, the cholce and performance of equipment,
as well as frequencies and emisslons of any radio system, shell satisfy the
provision of those regulations. Adequete famillarity with the latter is,
therefore, required of designers end users of radlo systems.

b. Military frequency planning, including Jjolnt functlon frequency
allocation tables, 1s established as & Joint military action area under
the MCEB, Final approval of frequency bands, operating modes and eguipment
characteristlcs rests with the MCEB.
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