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FORWORD

In the past two decadesMILS2D -188,a MtiitaryStaadard coveringMl13tary
CommunlcatlonSystem Technical,Standarda,has evolvedfmm one applicable
to all mZlltery c~ cations (KIL-STD-188,MIL-STD-188A,and MIL4TD-18$B)
to one applicableto tactical communicationsonly (KIL43TD-1~) .

In the past deeade, the Defense CommunicationsAgency (DCA) has publlshed
DCA CircularspromulgatlmgSWU end criteriaapplicableto the Defense
ConmumicationsSystem and to the technicalsupport of tie NationalBW.itery
CmtaandSyutem (NMCS).

Future standa~ for aU xilltary communicationswlU be publlshedes part
of a MIL4VI’D-188serles of docummts. MilitaryCcmmuntcatlonSystem Technieal
StamdardswUJ be suMivlded lmto CemmonSteam (MIL+TD-188-1OOseries),
TacticalStamdards (MIL4VTD-188-200series), and Long Haul Stendards
(MIL-STD-M&300 series).

This document deala with saibsyetem,-d equlpmeatstandardspertinentto
mltlchannel communicationscircuitsusing Line of Sight (LCE) and Tropospheric
Statter radio transmission.

Values appearingherein may dlffer from those previouslypublishedin
MIL4VTD-188-100based on later data or emta corrections. In case of
ccnflict, MIL-STD-188-312shaU govern.

This standardsupezwedesparagraphs3.2.2.4through 3.2.2.k.8.3.2end paragraphs
3.2.2.5through 3.2.2.5.5.3.4of DCAC 330-175-1,DCS EngineeringInstsJJ.ation
Stanbrds MeIulal.
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IDENTIFICATIONOF

INTERNATIONALSTMUMRDXZATION AGREIWMT

Certainprovislon8of tbiB standardare the eubJectof lnteraatioael
Utemk’dlze.tlonagreement* When revtfilonor cancellationof tiia staadazd
is pmpomd, the depafimentalcustodianwiXl infona MS respective
DepartmentalStandardizationOffice so tlmt ●pproprtateaction may be taken
rempectxngthe lnternatioaalegreementconcerned.
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1.0 Scope.

1.1 Purpose. The purpose of this documentla to
stendardefor subsystemand equipmentperformance
radio tren.smission end TroposphericStatter radio
Long Haul CommunlcatIons.

providetechnicaldesign
for Me-of -sight (L@)
transmlsaionfor use In

1.2 A~pl.ication.This standard appllesto the &sign and petiomance of
new line-of-sight (UX ) and TroposphericStatter radio re~ comunlcations
subsysternsand equipment. The L@ subsystemswilJ.nommJJ.yoperatein the
4.13 GHz frequencyrange whfle the TroposphericScatterSubsystemswill
nomaUy operate in the 0.4 GHz to ~ GHz.

a. The uee of the frequencyspectrm Is regulatedby Intexmational
agreementsembodied in “Radio Regul.atlons,General Secretar&atof the
InternationalTelecommunicationsUnion,” Geneva, 1959. These regulations
are further qual.i.fied at the nationallevel throughGovernment (Ixttetiepax%mart
Radio Advisory Committee,IRAC) end military agencies (JointChiefs of Staff,
JCS, and MiMtary CommunicationsElectronicsBoami, MCEB).

b. For nomal. peacetimeuse, the choice and performanceof equipment,
as weU as frequenciesand emissionsof any radio system,shaU satisfythe
provision of those regulations. Adequate femQZarlty with the latter is,
therefore,requiredof designersaud use= of radio systems.

c. MiliWirY frequ~cy pl-~, iIK.IudiwJoint ~cti~ frequency
~ocation tables, is establishedas a JOtit militaryaction area under the
MCEB. Final approval of frequencybends, openting modes and equipment
characteristicsrests with the MCEB.

d. This standard is limited to frequencymodulated (FM) subsystems
wtth modulationbandwidthsof 240 KHz (whichis tie equivalentof 60 each
nominal h KHZ channels)to 1364 KHZ (whichis the equivalentof 300 each
nominal 4 KHz Channeh ) end made up of fixed, or semi-fied, plant equipment
or transportableequipmentoperatingin a fixed plant environment. However,
the present lmtation and/or restrictionsfor FM shouldnot be construedas
barring other transmlsstontechniqueswhzch lend themselvesto more efficient
utiltzatlonof the transmissionmedium and/or of the aval~ble spectrumspace or
both . After developmentand testing of SUA improvedtechniques,appropriate
modificationsto this standarxlwIU. be provided. 1
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e. It Is not intendedtiat existingsystemsbe Immediatelyconverted
to ccnuplywlt.hthe requlremeatsof this s~. New systemsaad tiose
undergolagmaJor *icatZoa (thosesystem where the orlgimalequlpnent
meets the requirementsof this standardare being rehabllltated)shall
conformto tiese otandmis.

f, The standardsdescribedherein apply to microwaveLOS subsystems
end Tropos~eric ScatterSubsystemsthat are used to carryfrequency
div16icnmult@lex traffic● Wherever unusual requirementscall for extremely
short or long hops, channel.capacitiesin excessof 300 channels(forLC6
Subsystems) or carryingvideo or time dlvlsionmultiplexedbasebands,these
steadardsshcildserve only as gu.idesfor subqmtem design,procurementof
equi~t, and subsystemtesting.

1.3 ObJectlve. The objectiveof 12Us standamiis to providetie electrical
performanceparametersrequih’edin long haul communicationsto emabledesign,
engineeringand installationof LC6 and TropoapberlcStatterradio transmhsion
circuits.

2.0 Tbe fo3J.owingdocumentsform a part of’tbls stmdard to the extent
specifiedherein.

2.1 ReferencedDocuments

STANDMDS

M3Mtar’y

MIL4TD -188-100

MIL4YI!D-18M20

OTHER PUBLICATIONS

Radio Regulation - 1959.

Comncn Long Haul sad Tactical
CommunicationSystem TechnicalStandamis
Comwn Long Haul/TacticalTele-
communicationsTemm and Def%nlticns

(Copiesmay be obtainedfrom General Secretariatof InternatZoti
TelecommunlcatloW Unim ~Gene= ● )
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3.0 Temns snd DeflnXtlons

3.1 DefinitionscontainedIn this standardare Intendedto simp~fy or supplement
those definitionsin MIIATD-188-120. In case of any conflictZn defimltlons,
tie definitionscontatnedherein shall govern.

4.0 subsystemStadazda. The analog Lute of sight (IOS) Radio Transmission
Subsystemuse the same basic radio equlpientas does the analog Tropos@eric
StatterRatio Trsnsml.sslonSubsystems. However, the longer propagation
paths with higher losses on the TroposphericScatter Radio Treasmlssion Sub-
systems require the use of higher power transmitterswltb hl@er gain antennas
to meet the subsystemperformancerequirements. Because of the higher radiated
power end intetierencewith LC6 and SateUlte Radio Links, the Tropospheric
Scatter Radio Trensmtss$onSystems are restricted,by ITU agreement to opemstlon
below 5,000 MHz.

4.1 m halo TransmtsslonSubsystems. ‘Ihestandardsdescribedhe=~ aPP~
to I@ Radio Transmissionfmbsysternsthat are used to carry frequencydivisIon
multiplexedtraffic. Subsystemsdesign considerationsare given in 4.1.2,1. The FM
Modulator,FM Demodulator,radio transmitter,radio receiverand antenng stendmds
are presented In 5.4.3j 5.7.4) 5.5.3) 5*6.7 ~ 5J1c
4.1.1 LC6 Radio TransmissionReferenceSectIon. The I@ Radio Tranmi=lon
ReferenceSection Is a 333 nautlcslmile (nmi) (nomtnsl600 Kilometer)
trsnsmission l.lnefacility includingllne condlttonlngequipment,amplifiers~
pads, and repeatersas required,extendingbetween the High Frequency
DistributionFrames (HFDF’s) of the Defense CommunicationsSystem’s tnuxmlsslon
Sptem. It consiets of thirteen (13) radio frequencyhops each nomlnslly26
nmi (nominal50 Km) in length. Nomally, ~ heterodynerepeatersshall be
employedat the Intermediaterepeatersites and frequencymodulationand demodula-
tion of the multiplexszgnal to basebandshall occur only at the end temlnels.
At the intermediaterepeatersites, the frequencymcdulated s lSIMSJ iS repeated
at the 70 MHz Sntexmediatefrequency. superv~sory Chmels Sha be inserted
end dropped out at each repeatersZte. While IF heterodynevill normallybe
used at z?speatersttes where no requirementexists for message channelbreakout,
there may be other technicalapproachesthat WLU provide comparablesystem
performance. This referencesectiondoes not preclude considerationof other
technlcsl approaches. me Characteristicsdefined below establishthe dnimum
performancerequirementsfor the troposphericreferencesection, lncludlng
radio carrier connectinghops, as mesmzred between tie High Frequency
DistributionFrame points at each end of the referencesection.

3
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h .1.1.1 InterfaceParameters. The followlngpammeters are def2ned for
the mission basebandat tie Znterconmectlonsbetween tie multlplexequipment
end the FM Modulating - Demodulatingequipment. This interconnectionpoint
is commonly refereedto es tie ~F. F%gure 1 shows the locationof this
Intetiaoepdat.

4.1.1.1.1 F -C
Y“

me ~~sl~ ~e~kt&ff~&~ oc- tie auencY
Spectrlnnof to 1300 Mz for 300 nominal The equlpaent
baseband of O.3 to 1364 klizIs the frequencybsndwidthre&red to accept
the missionbaseband spectrumand order wire servtce.

4.1.1.1.2 Levda. The per channeltransmitreferencetest tone level at the
NFDF shall be firms 45 dBm. The per channelreceiveteut tone level.at the
~F sh- be mlmus 15 dBm (~ 0.5 m).

4.1.1.1.3 Impedance. ‘I’&enominal Impedanceat the ~F ahsillbe 75 ohms)
unbalancedto ground. ‘he retura 1068 over the mission lmeband shall be a
mintmum of 20 ~ (DO: 26 ~) M both directions.(transmitand receive)
comparedto a 75 ohms resIotlvetermination.

4.1.1.2 TraasferTimctlon P~eters. The transferfunctionparameters
defined balm? establtshtie m2ninwm perfomance requirements.

4.1.1.2.1 Net Gatn, The net gal.nbetween WDF’s SW be 30 dB (= MB).

4.1.1.2.2 Net Gain Variations. Varlatlonsin the net gain be~een NFDF’s
shaU not axce~ ~ 0.5 dllover any 30 ~ pried.

h.1.1.2.3 FrequencyRes~ e. Vartatlonsin tie net @n betweenHFDF’s
as a functionof frequencyshalL not exceed~ 0.5 dl over the mission spectrum
for W MUvidual or combinedchannelsof a dive= ity syetem.

“ 4.1.1.2.4 BasebandEmvelopeDelay Tbe basebandenvelopedelay between
HFDF’s shell not exceed 200 nanose&nds over the 100 lUizto 1300 KHz bend
end shalJ not exceed 1 microsecondover the U KHz to 100 Klizbsmd.

4.1.1.2.5 Vtiations In Absolute Delay. Variationsin *solute dew time,
such es afterthose occurdng f mm combZnezw, diversIty, path swztchlng,or transfer
between rdundmxt equl~t elementsshalJ not =ceed 10 nanosecondsat any
frequency@ the mission opectmm.

4
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4.IJ.2.6 Total.Reference4 Hiz ChamaelMedian Molse. ‘Ihetotsl refer==
4 ISKZchannelmedtan moise shall meet the requirementsof 4.1.2.1.1.

4.1.1.3 Weband, ~, awl RF Interfaces. The baee-, IF, ti ~ titerface
pammete~ are 8ummarZzedin Figure 1.

4.1.2 SubsmtemDesi.I@sad RuzIneerbg Staadanb. !he foU5ulng atandads
are appll-ble to subsystemdesign, equl~ent perfoxzmmce,emd subsystem
performanceof US Radio TrsmsmissionSubsystemsof the Defexue Conmunhatbns
System. These apportionedperformancepazwaetersmeet tbe mlnlmnm requirements
for the ReferenceSection described M 4.1.1 and in MIL-STD-188-1OO;333 M
(~ 600 Km) ReferenceTrensmlselonLtie Section.

4.1.2.1 SubsystemDeslgn Considerations, Overall subsystemdesign stmdards
are not to be confus~&mdaxds or spedftcattons, or system
performancestandsds. Some of tie parametersused by the system designer
cammotbe convenientlytested in actuel practicebut are generallyaccepted
pa’rtsof a model and necestsaqyfor deteminlng the s~tan configuration.
Overall subsystemdoelgn Includes considerationof the FM modulatlng-de-
modulatimgequLp3nt, the radio equtpment,antennasand the transmission
media and requiredsubsystemavaiJablllty. Other des* considerationsare
given in Appemdix B.

4.1.2.1.1 Total Chamnel Noise. Tradeoffs in noise d.locationfrOIJIall sources
q be made, provided the total noU3e of the vorst real channelIn each
sI@.e hop being designedmeets the worst hour median requirementsover the
referencesection as stated m 4.1.J..2.6.

●. Sn computingthe various souces of noise, the knovn characterl.sties
of the equipmentbeing procured shall be used. The eUocatlon of noise
attributableto the followingsources shall be tabulatedfor tie median values
or each real hop end totaled for the completesubsystem:

noise.

from Path

6

(1) .meti ~tie IJXLUMIW pathnoise and residud radio equlpmnt

(2) Radio equipmentintemodulation noise.

(3) Feeder echo intetmodulationnotse.

(4) ~~fier=ce (ticltiw noise and W@.e tone as detarmlned
‘Study)●
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b. Diversity improvement,while not a noise source,must be considered
in the time distributionof system noise performanceand time durationthat
the system noise objectivesare met or exceeded.

4.1.2.1.1.1 Long Term Median Noise. The total long term median noise from all
sou.rcesIn any nominal 4 kHz channelshaU not exceed1110 pWpO over the
referencecircuit.

a. The noise tiowed In real sectionsehaU. be bnsed upon the actusl
leagth (L) In nauticalmiles as foU.ows:

Section Len@h (L) AJJowableNoise

L <27nm2 150 pwpo

27< L>151m 2.76 L pipo + 85.5 @@o

L>151nmi 3.33 L N@

L=333M l,UO @Jpo

L=1,000nmi 3,330 Pwo

L=6,000nxd 19,m PM

b. For design noise calculations,the long-termmedian noise ohald.be
taken as the notse existingwhen all hops of the red section are faded
3 dB below the level correspondingto the calculatedmedlen trnnsmlsslon
106s value.

c. For field test purpose,medi~ notse shall be taken as the no18e
measured with alJ.hops of the reel section in an unfaded condltlon,plus the
calculatedadditionalthermal.(frontend) noise which would result Zf each
hop in the real sectionwere faded 3 d?3below tie celcubted median transmission
lees value.

4.1.2.1.1.2 Short Texm Mean Noise. The short term mean noise power,with an
Integrationtime of ~ ms, occ~iag on any referenced4 kHz channel,shall not
exceed 31.6,000pklpofor more than an accumulated2 minutes in any month
or more than 1 minute in any hour over any hop In a reeJ.section. Short term
noise due to propagationChamcteristlcs shaU be determinedon the basis of
measured or statlstlcsldata appropriateto the geogra@Ucal regionunder
consIderatlon.

7
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-
4.1.2.1.2 S~, L&l radio transmissionsubsystemsof tie DCS
shaU be designedto support100 percentdata loadlng representedby a Gaussian
fiite noise Eignal dzstrlbuttonllmited to an unif’ozmlydistributedover the
mission baseband spectrumat a level of +14.8 dB@. The value 14.8 dB@ is
determinedby substitutingN - 300, in the formula -10 + 10 10QO N dBmO,
where N iB the de61gU Capacityof the system in terms of the totsl number
of voice channels.

4.1.2.1.3 Other Characteristicsof a ReferenceChannel. Long and short
“tekmtest tone amplitudevariations,@ase Jitter, absoluteand relative
delay variation,sad i’requencyresponseof tie referencechannelshaU not
exceed the requirementsof the applicablemlllta~ stendardfor the type
of multtplex eqtipmentused.

4.1.2.2 Test and Acceptance.The overaU performancestandar& specifiedin
4.1.2 are mainly of use to those involvedin test and acceptanceof @stalJA
subsystems. Subsystem tests,however, that Includethe effects of the medium of
trenemlssion,will yield results slightlyworse thu equipmnt set tests and
wiJd.~ from the system designer’sestimates. In some cases,the system
des~gner’sdetezmilnationsare virtuallylmpossIble to measure because of the
duration of the involvedsad the actual loading experiencedin the real hop
or system.

4.1.2.2.1 IiecessaxyBandwidth. For plannlngand equtpmentdesign purposes,the
necessarybandwidthfor wideband frequencymodulated systemswLU be determined
from the fommd.a 2(NC + fm) where #c is the peak carrierdeviationand fm
is tie h%ghest modulatingfrequency.

4.1.2.2.2 Measur&nentBandwidth. The measurementbandwidthis determinedby
the fomnila2.8 I=fm , where % c is tie peak carrierdeviationend fm
is the highest mess&e band mdhl.stingfrequencyIn ldlz. This measurement

Ikmdwikh%cil.so~efines the radio equipmentRF and IF paesbandbandwidthand o.1 dB
bandwidth. T&M rneesurementbandwidthshould not be confusedwith “NecessaryBand-
width” del?inedin 4.1.2.2.1.
4.1.2.2.3 LtiearZtyBsndtidth. me linear bendwldtb 1s determinedby the
fOI’IUti81.4(A Fc + Fm) whei$e~ Fc is the peak deviationand Fm is the highest
modulatingfreqheaoy. The L@eahity bandwidthshould not be confusedwith the
MeasurementBsndtidth,defin~ In k.1.2.2.1nor with the NecessaryBsndwldti
deftned in 4.1;Q.2.2.

—
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4.2 TroposphericScatter Radio TransmissionSubsystem. The standads
descr$bedherein apply to Tropos@eric StatterRadio Transmissl.onsubsystems
that are used to carry frequencydlvlsIon multiplexedtraffic. Subsystemsdesign
considerationsare given in 4.2.2.1. The FM Modulstor,FM Demodulator,radio
transmitter,radio recetver add sntenna standamissre presentedin 5.4.3,5.7.4,
5.5.3, 5.6.7 =d 5.u~

4.2.1Tropospherlc Scatter RadIo Tnmsmisston ReferenceSection. The Tropospheric
Scatter Radl,oTransmissionR6ferenceSection 1s a 333 nautical.mile(nmi)
(nominal 600 Kilometer)transmissionline facllltyIncludlngline contitiomlng
equipment,simplifiers,pads, and repeatem as required,extendingbetwean
the HFDF’s of the Def~e CoxmnunicationsSystem’s trsmsmlssionsystem. It
consistsof two (2) rad$o frequencyhops each nomincUy 167 nmi (nominal300
Km) in length. Channels shell be insertedend dropped out at each repeater
site. This referencesection does not preclude considerationof otier te@xkal
approaches. The characteristicsdefined below eetablishthe minLmm perfo~ce
requirementsfor the tropos~erlc referencesection,includlngradio carrier
connectinghops, as measured between the HFDF points at each end of the reference J
section.

4.2.1.1 InterfaceParemete?m. The foU.owingparametersare deflned for the
mission baseband at the interconnectionsbetween the multiplexequipmentsnd
the FM Modulating - Demodulatingequipent. This interconnectionpoint 1s
commonlyreferredto as the HFDF. Figure 2 shows the locationof this interface
point.

4.2.1.1.1 Frequency. The mission baseband trafficshti occupy the frequency
spectrumof 3.2to 1300 klizfor 300 nominal 4 IiHzchanneb. The equ.ipent
basebsnd of 0.3 to 1364 klizIS the frequencybandwidthreqtiredto accept
the mlsston basebsndspectmm and order wire service. For less than 300 channel
spectrums,refer to Appentix B.

4.2.1.1.2 Levels. See 4.1.1.1.2.

4.2.1.1.3 Impedence. See k.1.l.l.3.

4.2.1.2 TransferFunction Paremetexw. The tranefer functionparameters
definedbelow establlshthe minimum peu%’ormancerequl.rementi.

4.2.1.2.1 Net Gain. See 4.1.1.2.1.

4.2.1.2.2 Net Gain Wrj.ations. See 4.1.1.2.2.

4.2.1.2.3 FrequencyResponse. See 4.1.1.2.3.

9
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MULTIPLEX
EQUIPMENT

FREQUENCY

TEST TONE LEVEL

TRANSMITS

RECEIVE

HFDF and
BASEBAND
INTERFACE

TER!NAL
EQUIPMENT

12 - 1340 kHz
acconnodates 300 channels
of mission spectrum

-45 dBm

-15 dBm (+ 0.5dBm)

IF INTERFACE
AND SIGNAL
INJECTION POINT

70 MHz

INT[[FACE

ANTENNA
SUBSYSTEM

RF
TERMINAL
EQUIPMENT *

350 - 8400 MHz *

I
ANTENNA

IF INTERFACE AND
SIGNAL INJECTIONPOINT

TRANSMIT input level +4o to +77 dBm (10 watts to

0.3VRMS (+0.8 dBm) 50 KW)

~0.5 dB

RECEIVE output -80 dBm - Nominal
0.625VRMS (+5.2 dBm) (-97 dBm to -75 dBm range)
+ 0.5 dB

IMPEDANCE 75 ohms, unbalanced T5 ohms, unbalanced WAVEGUIDE/or 50 ohms

RETURN LOSS 20 dB 20 dB 26 dB Toward Antenna
26dB (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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4.2.1.2.4 BasebandEnvelopeDelqv. See 4.1.1.2.4.

4.2.1.2.5 Variationsin AbsoluteD~. See 4.1.1.2.5

4.2.1.2.6 Total ReferenceChannel Md.ZanNoise. The to@Ll =ference 4 ~z
channelmedzan noise shall meet the requirementsof 4.2.2.1.1.

4.2.1.3 Baseband,IF, and RF Interfaces. ‘lhebaseband,IF, and RF interface
parametersare summarizedin Figure 2.

4.2.2 SubsystemDeslgnand~ ineerlngStanda@s. The foUmwlng standamls
are applicableto subsystemdeslgn, equipment~erformance,and subsmtem
petiormsnceof’Tropos@eric Scatter Radio TranbmlssionSaalMystemMof tie
Defense Communlcathns System. !fhese apportidmedpetiomsmce mete~ meet
the mlnlmum requirementsfor the ReferenceSe tton describedIn 4.2.1 and

zin MIL-STD-188-100;333 nml (nominal600 h) eferenceTransmissionLine
Section.

4.2.2.1 SubsystemDesign Conslderatlons. Overallsubsyst~ des$gn standa~
are not to be confusedwith eqtipent standardsor speclfIcatlons,or eystam
perfonusncesten&rds. Some of the parametersused by tie systemdesigner
cannot be convenientlytested tn actual praetlcebut are generaKlyaccepted
parts of a model and necessaryfor determl ng the system configuration.
Overall subsystemdesLgn includesconside$ i~ Of tie FM MOdulatxngequipment,tie
radto equi~ent, antenneaend the transmis

L
on me~a end requiredsubsystem

availability. Othe design consIdeations e given in Append&x B.

4.2.2.1.1 Total Channel Noise, Tradeoff in noise dlocatlon f?mm all sources
may be made providedthe total nom e of Ii!e vorst real channelin each stngle
hop being deslgnedmeets the wo~t hour @edian requirementsover the reference
sectionas stated tn 4.2.1.2.6.

a. in computingthe various sources of noise, the known @rat ~C6
of the equlpnentbeing procured shall tieused. The aUoe&tion of nolse
attributableto the foJJ.owingsources slhaU & ‘tabulatedfor the metisn values
for each real hop end totaled for tie completesubsystem:

equipment

from path

(1) nex uolse 2ncludtngIM@ noise and reszdualradio
noise.

(Q Hadio equi~ent Intexmodulationnoise.

(3) Fetier echo intemodulation nozse.

(4) Interference(Includesnoise and sin&le tone as determined
study).

U
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b. Diversity improvement,while not a noise source,must be considered
-

in the time dlstrlbuti.onof syetem noise performanceand time durationthat
the system nolse objectivesare met or exceeded.

4.2.2.1.1.1 Long Term Mediem Noise. The total bng texm median noise from
U sources in any nominal 4 M z chamnelshaU not exceedJMO PWPO over
the referencecircuit.

l-a ●L

b.
taken 88

The noise snowed in real sect~ons
In nautical miles as follows:

Section Len@h (L)

L >151~

L= 333=

Lcl,~ti

L= 3,000nml

L= 6,000 nmi

SW be based upon the actual

AJbwable Noise

3 1/3 L PWPO

l,UO @lpo

3,333 *PO

10,OOO pwpo

20,000 #po

For design noise calculations,the long-termmedien noise shall be
tie noise existing when all hops of the real sectionare faded 3 dB

below tie level correspondingto the calculatedmedisn 6tattertrsnsmlssion
“108I3vehe.

c. For field test purposes,medlen netse SW be taken as the noise
measured with sll hops of the real section Ln an unfaded condltlon,plus
the calculatedadditionalthermml (frontend) noise wM* would result if
each hop in the real section were faded 3 dB below tie calcubted median
statter transmlsston 10ss value level.

4.2.2.1.1.2
as that hour
“greatxxrt”.
the greatest

Worst-Hour of the Year. The worst hour of the year 16 defined
of the year during whl~ the median noise over any redio pa~ Is
TMs hour is consideredto coincidewith the hour duringwhich
transmlsslon 10ss occurs.

12
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L

4.2.2.1.1.2.1 )%xcess~veNoise. The median noise in eny nominal 4 kiizchannel
during the worst hour of the year shell not exceed 316,oooWPO (55 mrnco)
for the 12,000 nmi referencecircuit. The hourly median values of transmiaslon
loss f’romwhlchthe worst hour is determinedshaU be mmie on the basis of
calculations(predictedvalues),measurements,or a proper combinationof
both.

4.2.2.1.1.2.2 ServiceAvailability. TroposcattersystemsSW be de61gned
so that the probabilityof exceeding31.6,000IWPO is less then 0.01 percent
for ti hours of the year. This probabilityshall be detemined to a 95
percent confidencelevel. (i.e. The margin between the design value and the
calculatedvalue shaU be 1.65 times the standarddeviationdefiningthe
pr~ctton uncertainty).

4.2.2.1.2 Diverslw Operation. All txtpspherfc scatter radio transmission
subsystemsshall be designedfor multi-mier diversSty.Wlth qudruple d.tverslty
syst-&, as a minimum, f$equencydiverslty shalJ be one diverslty element
used. Equipment shall be so designed that it may be convertedto frequency
tiversi.tywithout requiringadditionalequipment (exceptcrystals,if applicable)
after installationas a t3pacedtversltysystem.

4.2.2.1.3 SubsystemLoadinq. TroposphericStatterRadio Transmissionsubsysterns
of the DCS shall be designedto support100 percent data lowitng represented
by a Gaussian noise slgnd distributionlimited to and unifo?.mdydistributed
over the mission basebandspectrumat a level of +14.8 dBw. The value 14.8
dBQ IS determinedby substitutingN=300, in the formula -10 + 10 loglo N mti,
where N is the design capacityof the system in terns of the total number of
voice channels. For field test purposesthe loading formula,using tie actual
number of voice channe~, shciU.be used.

4.2.2.1.k Other Characteristicsof a ReferenceChaunel. Long and short term
test tone emplitudevariations,@as e Jitter,ubsolute and relatlve delay
variation,and frequencyrespense of the referencechannelshedl not exceed
the requirementsof the applicablemilitary standardfor the type of multiplex
equiplentused*

4.2.2.2 Test and Acceptance. The overallperformancestandardsare mainly of
use to those involvedin test and acceptanceof installedsubsystems. Sub-
system tests, however, that includethe effects of the medium of trermmlssionj
vilJ.yield results slightlyworse then equipment~et tests end will vary from
the system desLgner’sestimates. In some cases,the system designer’s
detezminatZonsare virtukilyimpossibleto measure because of the duration
of time involvedand the actual losding ~erienced in the real hop or system.

13
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4.2.2.2.1 NecessaryBandwidth. See 4.1.2.2.1.

4.2.2.2.2 MeasurementBandwidth. See 4.1.2.2.2.

4.2.2.2.3 LinearityBandwidth. See 4.1.2.2.3.

5.0 EquipmentTechnicalDesign Stan- . These standardsprovide the mtnimum
electricalperfomence lncludlngthe dynamic range of operationand interface
characteristicsbased on the requirementsof t&e overaU subsystemdesigns
specifiedIn 4.1. (m Wo TrensmisaionSubsystems)snd in 4.2 (Tropospheric
Scatter Radio TransmlsslonSubsystems.)

a. As stated In 4.0, ~e beslc 300 chennelanalogFM Modul.ator/D~ulator
Oqulpent and tie RF equipmentmsy be used for etther LLE or Tropos@ers.c
Statter Radio Trsne~sZon subsystems. Power amplifiersend higher gain
antennas sheX1.be reqtiredfor troposphericscatter -o transmissionsubs~tems
because of much greater tremsmlssionpati losses due to longerpaths. Further
use of the troposphericscatter radio transmissionsubsystemis prohibitedby
ITU agreement to frequenciesbelow 5000 diz. See Figure 2.

5.1 Types of Equi~emt. Ovc~ technlcsldeslgn standardsapply to:

a. FM equlpmnt.

b. RF radio equipfient.

c. Tremntsnion Ues and antennas.

5.1.1 ILE Ra&o TransmlssioaEquipmentPerformanceRequirements. The
perfomenoe of the selected radio equipmentshall be adequateto insurethat
the real LC6 transmissionsection ~d ‘tiereferencetran&lssion sectlon
transferfunctionrequirementsare met. Unless otherwisestated, the interface
parameten3stated In 4.2.1 shaU Ispply. The radio equipmentshalL meet the
followingminimum mqtirements.

5.1.2 Tropospheric Radio TrenemIsston EquipmentPerformanceRequirements.
The perfomamce of the selectedradio equipmentshall be adequateto insure

-

that tie real Tropospherictransmissionsection end the referencetransmission
sectlon transferfunction requirementsare met. The interfaceparameters
stated in 4.2 su apply. Unless othe~is e stated, tie @o equipmentshti
meet the fblJ.owingminimum requirements.

14
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5.1.3 EquipmentBlock DltW’sm.
layout is shown on F@ures 3 snd

5.2 InterfaceCharacteristics.
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A generalizedblock dlagmm of the equlpnent
4.

--

5.2.1 Channel Capacity. The inherent channelcapacityof tbe radio equipment
shaU be 300 nominal 4 ldiz(300-3400Hz) voice chsnuelsoccupyingthe mission
baseband frequencyspectrum from ll?ldizto 13C%IkHz. The equipmentbssebe.ud
of 0.3 kHz to 1364 ldiz1s the bandwidth requiredM accept the missIon baseband
spectrum and order wire service.

5.2.2 Channel Loading. The radio equlpnentshaXL meet aU performancerequire-
ments specifiedherein when loaded with +14.8 dBnilof Gaussisn white noise
signal unifoznilydistributedover the basebsnd from U to 1300 kHz. (The
value 14.8 dBQ is determinedby substituting N = 300 in tie fOXMU
- 10 + 10 lo~o N where N is the number of channels.)

5.2.3 Frequency Tolerance. Equipment and subsystem&sign shaU be such tiat
the center frequencyof the radiatedsignsl in a real section from any
tmnsmitter shall be as fo~ows:

a. Transmitters which o crate with internalcarriergene~tlon: witiin
80.0001 percent (1 part in 10 ) of the assignedfrequency.

b. Transmitted which depend upon the receivedsignal for establishing
the referencesignal for the transmittedsignal such as in heterodynerepeaters:
within 0.0001 percent~ 0.07 ldizof the receivedsignal.

c. The cumulativefrequencyerror for a real section shall not exceed
0.0001 percent ~ 0.07 times N kHz, where N is the number of hetero~e
repeatersin the real sect Ion.

5.2.4 h@MMiS. When pre-em@as is or de-emphas1s circuitsare used in newly
designed radio equipment,they shaU be in accordance wI131 AppendLx A.

~.2.4.l &diO Equipment Intended for Less than 300 ChannelApplication.
The channel capacityof the emphasisnetworksshall be variableto Uow for
less than 300 nominal 4 kHz chann&b. Provisionfor 60, 2.20and 240 chanxmls
shaU be made in addition to 300 channels.

15
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5.3 TransferFunctionParameters
593.l--RadAo-TrausmiesionSets.

503~~.l_~ Radio TransmissionSets. ‘lhetransfer functionparametersfor LW
radio transmissionsets are definedfrom beseband input to basebandoutputat
the high frequencydistributionfzzuneswith the xadio equipmentoperatingat
the same frequencyend connected,in a non-diversityconfiguration,at the
RF interfacepoints through appropriateattenuators. The transmittershallbe
operatedat fulJ.power and the received signellevel shall be a&Iustedto
a level of -30 dBm. If pre-emphasisis employed,the per channeltest tone
deviation (RMS) requirementsshall apply to the mean basebandfrequency(i.e.
The frequencyat which the deviationis the same with or without pre-emphasis).

a. Unless otherwisestated,the overallperformancebetweentie baseband
interfacepoints s- meet tie fo~owing minimum requirements.

5.3●1.2 Tropos@erlc Scatter Radio TransmissionSets. The tzmnsfer function
paremetem for TroposphericStatterRadio transmissionsets are definedfrom
basebandinput to baseband output at the high frequencydlstribution frunes
with the radio equipmentoperatlng at the same frequencyand connected,in
a non-diversi~ conflguratlon,at the RF interfacepolnt8 through appropriate
attenuators. ‘Ibetransmittershall be operatedat fhll power end the received
6ignal.level shall be ad$u ted to a level of -80 dBm, exceptfor noise measure-
ments where the RF level shall be -k dBm. If pre-emphasisis employed,the
per chenneltest tone deviation (RIS) requirements shall apply to the mean
ba8ebandfrequency (Z.e. the frequencyat whi~ tie detiationis the same with
or without pre-emphaeis). Unless otherwisestated, the overdd performance
between the baseband interfacepoints shall meet the followingminlanm reqwrements.

5.3.2 Frequency Response. The frequencyresponseof the radio set shaU be
~ 0.5 dB from K to 1364 kHzand~ldB

5.3.3 In Band I?olse. The noise power
nominal 4 klizslot in the basebandwith
equal

5.3.4
Womt
no16e

or exceed 55 dB.

%rn 5.3 to E ldlz.

ratio (NPR) measuredin the woret
noise loading of +14.8 dBxtO,shall

In ChsnnelNoise. The baslC Intrinsicnoise ratio (BINR),measuredin the
nominal 4 kllzslot in the baseband,with no input loadlngto rated input
loading of 14.8 dBmo, shall equal or exceed 57 dB.
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The radio set she.U be designedwith sufficient
to provide long time 6t8billtysuch that for a conEt?alt
will not vrxrybymore thm~O.5 dB dufinga 30 day

periodwithout adjustments.

5.3.6 EnvelopeDelay. The envelopedeby distortionof the radio set
shall not exceed 200 ns over the 100 IcHzto 1300 kHz band and shall not exceed
1 microsecondover the 12 to 100 ldizband. This 1s valld for high speed
digital data transmissionwith all filters electrlcaldydlsconnected.

5.3.7 VariationsIn Absolute Delay. Variationsin absolutedelay time such
as those occurringfrom combiners,diversitypath switchZng,or transfer
between redundantequipmentelementsshaU not exceed 10 R&i&seconds at any
frequency in the mission basebendspectmm. The time requiredfor switching
or transfer is not related to nor part of this parameter.

5.4 FM Transmittixw Modulator. The FM transmittingmodulatoris part of the7’3!
TermMal equipmentand may also be an Lntegralpart of the RF Transmitting
equipment.

5.k.1 InterfacePoints. The baseband interfacepoint Is defIned for test
purposes= tie hl@ frequencydistributionframe point to which me FM
transmittingmodulatoris connected.

a. The IF tnterface point is defined for test purpxes as tie point of
interconnectionbetween tie FM transmittingmodulatorand the RF Trenemlttlng
equipment.

5.k.2 Baseband InterfaceCharacteristics

5.4.2.1 Baseband Input Spectrums. The FM
circuitryto acceptboth a mission baseband

transmittingmodulatorshall have
spectrumof 12 to 1300 Mz ~

an ofier-wire spe;trumof 0.3 to 12 kHz.

5.k.2.2 Input Impedances.

5,4.2.2.1 MissIon Basebend. The mission basebend input impedsnceshsJ2 be
75 duns, unb?il.ancedto ground,With a minimum retuxmloss of 20 dB (DO 26 dB)
over the frequencyrange. It shall be a Design ObJectlvethat 130 duns
and 150 ohms, balancedto ground,also be providedas strappingoptions.

5.4.2.2.2 Order Wire Baseband. The orderwlrebasebend input Impedance
shall be 600 ohms, balanced to ground,with a minimum returnloss of 20 dB
over the frequencyrange. It shti be a deslgn obJectlvethat 130 ohm, balanced,
end 75 ohm, unbalanced,input Impedances-o be provided.
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5.4.2.3 Input Signal Levels.

~.4.2.3.l Mission Baseband. me per channeltest tone level at tie in t tO
the FM modulatorshd.1 be r-45 dBm (-45 dBr T.L.P.) Design ObJective(DO -
the FM modulatorshall have the capabilityto accommodateinput test tone leveb
over a mnge of -15 dBm to -48dBm for basebsnd interfacingthe modulatorat tie
Group DlstributlmgFrame (GDF), Super Group DistributionFranc (SGDF) or
HFDF multiplexoutput transmissionlevel potnts. The composlte power input
to the FM modulator shaJJ be equal to -3o.2dBm (+14.8dBE@).

5.4.2.3.2 Order Wire Basebead. The per channel test tone level @ tie input
to the FM modulatorshall be -45 dBm (45 dBr T. L.P). The compositepower
input to the FM modulator shall be equal to -50.2 dBm (-5.2dBQ).

5.4.3 FM TransmitterModulator. EaCh FM transmitteror modulatingportIonof
a remodulatlngtransmittershaU possess the followlngoperating~aracteristics:

a. Type of Modulatj.ou.The equipmentsheU employ frequeacymodulation
of the 70 MHz intermediatefrequencyor transmittedRF slgnal.

b. DeviationCapability. The peak deviationcapabilityof the equipment
shalJ be at least + 7 MHZ. The ratio of carrierdeviationto the highest
baseband frequency-shsllbe smoothlyadJustsiblebetween the range of 0.5 and
7.0. All performancecharacterstics shall apply when operatingat any
conibinationof deviationrati.oand peak devlation eXlowableunder the formula
for necessarybandwidthwhen the bendwidthis wltiin the range of 5 MHz to 15 MHZ
inclusive.

c* ~. The modulatoroutput frequencyrelationshipto modulating
voltage shall be llnear over the linear bandwidthes deflned herela, centered
on the modulatornominal 70 MHz center frequency. The derivativeresponse
(dV/dF’)of modulatingvoltagewith respect to frequencydevlatlonof the
carrctershallvary less *= one percent over this range.

5.4.3.1 Radio Pilot Tone. The radio pilot tone shall be locatedat 60 ldiz
In @e basebsndspectrm.

5.4.3.1.1 FrequencyAccuracy and Stability. The radio pilot shall be set at
60 HZ 21 Hz sad maintainedwithin ~ 2 Hz from 60 kHz for any 30 day period.

5.4.3.1.2 ‘-Useof Pilot. The radio pilot wiJJ be used for radio system
continuityassuranceand for basebandlevel controlwithin the radJ.oequipment.
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Fil.teriw and Separation. Filtering of tieradiopilot shall be
that no measurableinterferencefrom the pilot occurswithin the

mission spectrum and that no frequencyIn the mission spectrumcsn cause
measurable interferencewith the pilot and 2 or more @lots cannot Interfere
with each other.

5.h.3.l.4 Pilot Tone Level. The radio pilot shallbe inJectedat a level
that will produce minus 10 dBQ equivalentdeviationreferencedto the mission
spectrum.

5.4.4 IF InterfacePoint Characteristics. The ou~ut nominal
im edance of the FM modulatorshall be 75 ohms, unbalancedto ground.
5.?.4.1 Impedance.
5.4.4+ IT Bsndwldth. The 0,1 dB IF bandwidth of the FM transmitting

modulator,shalJ be equal to 2.8 (%C + fro),where Afc 1s the peak carrter
deviationin kHz and fm is the highest mission band modulatingfrequencyin
l’diz●

5.4.4+ j’OMHz FrequencyTolerance. The IF frequencyshallhave a center
vslue of 70 MHz with a toleranceof ~ 0.7 kiiz.

5.4.4.4 ‘JOMHz Hamonlc Suppression. AM. harmonicsof the FM modulatorIF
output shaU be suppnssed to at least @ dB belov the unmodulated~ output,

. ..
5.5 RF TransmittingEquipnent. The RF transmittingequipmentIs part of the
RF Terminal snd consistsof the RF Trsnsmltter,filternetworks,duplexing
networks, switchingnetworks and associatedtmnsmission line. The RF
Transmittermsy be either of the heterodyneup convertertype driven by a
70 MHz signal with a separatemodulatoror a type that combinesthe function
of the modulatorend RF transmitter. The type selectedshall be based upon
the oversU system performancerequirements.

5.5.1 InterfacePoints. IF interfacepoint 1s defined for test purposeses
the point of interconnectionbetween the FM transmittingmodulatorand tie RF
Transmittingequipment. The RF transmitterinterfacepoint is defined,for
test purposes,as the point of interconnectionbetween the RT transmitting
equipmentand antenna transmissionline. AH filternetworks,duplexingnetworks,
waveguide switching networks,etc., shall appesr on the transmitterside of
this interfacepoint.
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5.5.2 IF InterfacePoint Characterlstlcs. The tnput nomlnel
impedemceof the RF tmnsmltter shkK be 75 ohm6, unbalancedto

——
ground.

5.5.2.1 I~edencc
5.5.2.2 Input Level. The RF trenstittershall accept a flwquency modulated
70 MHz carrierhaving any level between plus O.8 dBm (O.3 voltz,RhS) and
PI.us5.8 dBm (0.625volts, W).

5.5.2.3 RF Bandwldti. The O.1 dB bandwidth of the RF transmitterinput
si~ shtillbe equal.to 2.8 (*C + fm).

5.5.2.4 Return Loss. The input to the RF tz%nsmlttershall exhibita
return loss of 26 dB over the measurementbendwidti, centeredon 70 MHz.

5.5.3 RF Transmitter. The RF tzmasmitterBhalL accept a frequencymodulated
carrier of 70 MKz center frequencyand translateit to the operatbnel rrequency,
es requiredby system spectrumallocatica. Ihe RF transmltiershall consist
of an up converterand the reqtiredpower empltfier(s) to provtdethe RF
output power as requiredby a~tem &sign criteria.An ti solid stateRF
Tremmitter shall be a design obJective. The use of tie term up converter
does not preclude~ other method of frequencymanipulation. See 5.5.3.2.

5.5.3.1 Up Converter.

5.5.3.1.1 Impedance. The up convertermay have either a coaxlelor waveguide
output. If the output is coaxialltne, the nominal impedenceshall be 50
ohms, UMbCdAUiCed to gmumd.

5.5.3.1.2 Output Level. The output level of
within the limits speclfledin Table 1 for tie

5.5.3.1.3 RF Bend@.dth.
dB bandwidthOf 2.8 (%C
transmitter.

5.5.3.1.4 Return LOSS.
of 26 dB or greater over
carrier frequencyof the

The output of the up
+ fm) centeredon the

the up convertershell be
RF carrierfrequenciesMsted.

convertershell have a 0.1
carrierfrequencyof tie radio

The UF converteroutput shall exhibita returnloss
the measurementbsndwidti centeredon the operatiag
radio transmitter.
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5.5.3.1.5 CarrierFrequency Tolersnce. The up converteroutput caxa%er
frequencytolerenceshall be such that the OVG* reqtirementiof 5.2.3
are met.

TABLE IA

KS RADIO

FREQUENCYRANGE*

1700 IWz to 2400 MHZ

2400 MHz to 2700 MHz

4400 MHzt05000mz

7125 Mtizto 7750 MHz

7750 MHzto8400mz

5400 MHzto15000mz

WSb5SSION SETS

UP CONVERTEROUTRJTF’m!n

hamMuM MA-

500 Ilia lW

500 W lW

500 nia lW

150 nu lW

150 a lW

100 W lW

TABLE I.B

c SCA!12J

FRBWENCY RANGE *

350 ~z to 450 MHz

755 mz to 985 MHz

1700 MHz to 2400 MHz

2400 h9iz tO 2700 MHZ

4J+oo Mizto5000wz

UF coNvERrEROUTPUT IWER

10 w 20 w

5W 10 w

500UW lW

~l!w lW

5oolliJ lW

Discrete block frequency assignmentswithin these remges.
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5.5.3.2 Power Amplifier. The power amplifier,which msy include en Inter.
mediate Power Amplifier, shall accept the frequencymodulstedsignal from
tie up converterend increase&e power level to the extent reqtiredto
meet the system design crlterla. T&e power amplifien mey be thennlonlc
(tubes)●

5.5.3.2.1 Input InterfaceCharacteristics.

5.5.3.2.1.1 Impe&uice. The input bpdance of the power smpl.iflershaU
be 50 ohms, tf it @ @axteJ.. A wavegutdeInput may be used.

5.5.3.2.1.2 Input Level. The power ampl%fter shall develop full rated output
power when @v= by the up convefiersdnlmum output as shown in Table 1.
Input adjustmentsshall be provided to accommodatethe maximumup converter
output as shown Zn the same table.

5.5.3.2.1.3 RF Bendwidth. The O.1 dE Input bandwidthof the power am@ifier
shall be equal to 2.8 (Afc + fm), centeredon the operatingcarrierfrequency
of the radio transmitter.

5.5.3.2.1.4 Return Loss. The input of the power amplifier,whether cosxiel
or waveguide,shell exhibita return loss of 26 dB or greaterover the
meenurementbandwidth centeredon the carrierfrequencyof the radio transmitter.

5.5.3.2.2 Output InterfaceCharacteristics.

5.5.3.2.2.1 Impedance. The output connectorof the power sauplifiershall be
either c~lal or waveguide. If it is coaxial,the mminal impedanceshti
be 50 ohms, unbalancedto ground.

5.5.3.2.2.2 Output Level. The output level of tie power empllfIer shell be
+37 @m C5 watis) for L@ Radio TransmlsslonSe.@ end in standardoutputvslues
between plus @ dBm to plus ~ dBm (10 watts to 50 KW) for Tropospheric
StatterRadio.TransmlsslonSets or as requiredby the subsystemdesign criteria.
Hi@er power may be developedin rtu?einstences.

5.5.3.2.2.3 RF Bandwidth.
shall be equal to 2.8 (~f~
of the radio trahsmltter.

24
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5.5.3.2.2.4 Return Loss.
titerfacepoint, with alJ
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The return 10ss, as measuredtoward the RF
RF Transmittingequipmentinstalledand the RF

interfacepoint temlnated in its chamcterlstic.Impedance,shall not be less
-26 dB over the measurementbsmdtidth,centeredon the ass~ed frequency.

5.5.3.2.2.5 Reduced Power Operation. The power amplifiershall be capableof
reducedpower operationto approximately50 percent of its nond. valuewhQe
stl~ maintainingIts specZfhd noise, distortion,and spuriousemission
characterstics.

5.5.3.3 Duplexers. Duplexerspemmlt simultaneoustranmlssla and reception
of signals In the same transmissionUne. Eadh duplexersheJJ.be ttauibleover
at lesst one half of the appropriatefrequencyband as speclfted in Table 1.
Preferablythe tuning nsnge shalJ.include one entireband. Ferrtte or other
Faradayrotation devices are recommend~. The duplexershall have lndepmient
ixming for the transmitand receivefrequency,but is not requiredto operate
with a traasmltand receive frequencyspaced closerMan the llmits given in
Appendix B.

5.5.3.4 RF InterfacePoint Characteristics.

5.5.3.4.1 Impedance. ‘IheRF Transmittingequipmentshti have either cosxial
or wav= guide output. If a coexial output IS used, its nozd.nalimpedanceshall
be 50 duns, unbalancedto ground.

5.5.3.4.2 Output Level. The I@ output Level shaU be +37 dBm (5 watts) for
LQS Radio TransmissionSets and in standmi output values between @ dBm to
plus 77 dBm (10 watts to 50 KW ) for TroposphericScatter Rs@io Transmission
Sets or ss requiredby the subsystemdesign. Higher power ~ be developedh
rare Instances.

5.5.3.4.3 RF Bandwidth. The O.1 dB RF beadwidthof the transmitting equlpent i
shall be equsl to 2.5 (Aft+ fm), centered on the operattmg carrier frequency I
of me radio transmitter.

5.5.3.4*4 Spurious Emission. AU spurious emissionsbetween f. ~ 5 KZ @
f. ~ (5 percent fo) shall be suppressedbelow a -50 dBm power level
(DO:-@dBm), as measuredat the RY imterface,with Gaussianwhite noise
loading of 14.8 dBQ at me basebsnd and with w treasmitteroutput power.
If tie peak deviation capabi.llty,~fcj b 6reater m ~ 5 ~zj men fO ~ MC
wUJ. be used insteeiiof f. ~ 5 MHz. NOTE: KKAYllD~l @peciftes the out
of band emissionfor a bandwidth greater than f. ~ 5 percent.
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5.6 RF ReceivingEquipment. The RF receivingequi~ent Is part of tie F@
tezminal equipmentend -conslsts of fll.ternetworks,duplexlngend dtplexlng,
networks,swltchlngnetworks,associatedRF transmissionlines and RF
recelven3.

5.6.1 InterfacePoints. The RF interfacepoint is definedfor test purposes
as the point of interconnectionbetween the RF receivtngequipmentand the
antenna- transmisslon lines. All filter networks,duplexingand dtplex3.ngnet.
works, wavegiideswltchmg networks,etc., shell appear on the equipmentside
of this Interfacepoint. The IF interfacepoint is definedfor test purposes
as the point of interconnectionbetweenthe RF receiversmd the FM receiving
equipsent.

5.6.2 RF InterfacePoint Characteristics

5.6.2.1 Impedance. The RY recetvingequipmentshall have either coaxial
or wavegulde input. If a coaxialinput ls used, its nominal impedanceSW
be 50 ohms, unbalancedto ground.

5.6.2.2 Input Level. The RF input level, to the RF receivingeqtipment,
sha~ ren.gefrom -15 dBm to -8o dBm, with a nominal value of -30 dBm for design
pqoses for ~ WO Tr=fissim sew and SW range from~ dBm to -97 d3mj
with a nominal vslue of -80 dBm for design purposes,for Tropospheric
Scatter Radio TransmissionSets.

5.6.2.3 RF Bendwldth. The 0.1 dB RF bandwidthof tie RF receivingequipment,
shaU be equal to 2.8 (Aft + fro),where Afc is the peak carrierdeviationin
kHz and fm M the highest missionband modulatingfrequencyin kHz.

5.6.2.4 RP Input Return Loss. The return loss, as measuredtowafi the
receiverfrom the RF interfacepoint, and witi all RF receivingequipment
instsJ.ledshall not be less than 32 dB over the measurementbandwidthcentered
on the assignedfrequency (ies).

5.6.2.5 Locel OscillatorLeakqge. The receiverlocal oscillatorleakage,as
measured at the RF interfacepoint, shaU not exceed -85 am.

5.6.3 TransferCharacteristics. The unloadedvoice chsnneloutputtest tone
s@naJ. to noise ratio of the receivershall be llnesr dB for dB with respect
tothe RF signal input power at the RI’lntetiacepoint (dJUSt@d for losses
to the receiver input) from the thresholdof m FM improvementto at least
35 dB above this threshold.
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5.6.3.1 Noise Quieting Characteristic. The noise quieting characteristics
as measured at the output of the radio receiverin the ht@est frequency
baseband channelshall vaqy inverselydB for dB with an Increasein the
unmodulatedRF signal input at the RF interfaeepoint varyingfrom the
thresholdof frillFM improvementto at lesst 35 dB above this threshold. This
thresholdof fti FM improvementis definedas the point in radio receiver
output post-detectionnoise quietingcharacteristicwhere the output noise
power relationshipto the predetectionunmodulatedRF signal input powera
departs from a llnear relationshipby 1.0 dll.

5.6.3.2 Noise Figure

5,6.3.2.1 LOS Radio TransmissionSets. The receivingequipmentnoise figure
shsJJ not exceed 12 dB. The noise figure shaU be determinedby applying
a noise generator input to the RF interfacepoint and measuringthe output
at the IF interfacepoint.

5.6.3.2.2 Tropospheric Scatter Radio TransmissionSets. The receiving
equipmentnoise figure shall exhibita noise fQure of 5 dB or better. The
noise figure sheU be determinedby app~ng a noise generatorinputto the
KF Interfacepoint and me~urlng the output at the IT Intefiacepoint.

5.6.L. Diplexers. Diplexers permit simultaneousreceptionof two or more
signals at differentfrequenciesin the same transmissionline. Each diplexer
shsU be tunableover at least one half of the appropriatefrequencybend as
specifiedin Table 1. Preferablythe tuning zange shall Include one entire
band. A diplexershall have independenttuning for each operatingf~q~ency,
but Is not requiredto operatewith any two simultaneousreceivefrequencies
spaced closer than 0.5 percent of the average carrierfrequencies.

5.6.5 Dup~exers. Duplexerspermit simultaneoustransmissionand reception
of signals in the same transmissionUne. Each duplexershaXl be tunable over
at least one half of tie appropriatefrequencyband as specifiedin Table I.
Preferablythe tuning range shall include one entireband. Ferrite or
other Fax rotationdevices are recommended. The duplexershall have
independenttuning for tie transmitand receive frequencies,but IS not
requiredto operatewith a transmitand receivefrequencyspaced closerthan the
limits given In Appendix B.

5.6.6 Waveguide Switch. Solid-statewaveguideswitchesshell be provided
when reqtiredto permit both menusJ and automaticswitching.
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5.6.6.1 IsoJatlon. The isolationbetween ports of the waveguldeswitch
shall be at least 70 dB.

5.6.6.2 SwltchlngTime. The maximum switchingtime shell be less than 10
microseconds.

5.6.7 RF Receiver. The RF receiver consistsof that portion of tie radto
set that empllfies and convertsthe receivedRF s3gnalsto provtdea 70 MHz
IF output to the FM demodulatoror heterodynetransmitter. A RF Receiver
Pre-smplifier~ be used in order to lower the RF receivingequipmentnoise
figure or to offset the effects of the receiver trsnsmlsslonline loss by
physicallylocatingthe RF pre-ampllfi.erat the antenna. However, for
purposesof performancecharacteristics,the pre-amplifier shaU be included
in the RF receivhg equipment. The foUowing requirementsapply.

5.6.7.1 Impedauce. The receivershaU have either coaxialor waveguide
tnput. If a coaxial input is used, its nomLnal impedanceshaU be 50 ohms,
unbakmced to ground.

5.6.7.2 Received Power Level.

5.6.7.2.1 LOS Radio TransmissionSets. The receivershsXl be designedto
operatewith an s@nal level at the RF interfacepoint in the rangefrom
-15 dBm to -80 dBm, with a nominal value of -30 dBm.

5.6.7.2.2 Tropos@ erlc Scatter Radio TrausmlssionSets. The receivershall
be desl~ed to operatewith an RF sIgnal level at the RF interfacepoint
In the range from -40 dBm to -97 dBm, with a nominal VaJ.ueof -80 dBm.

5.6.7.3 Noise Figure

5.6.’7.3.1LOS Radio TransmissionSets. The noise figure of the receiver,when
the noise generatoris applied directlyto the receiverInput terminals
of tie recetver or receiverpre.sxnpllfler,shall not exceed10 dB.

5.6.7.3.2 TroposphericScatter &dio TransmissionSets. The noise figure
of the recetver,when the noise generatoris applied directlyto the receiver
Input tezminals-ofthe receiver or receiverpr~%nplifler, shall not exceed
5 dB.

4

5’6”7”4‘7” The receiverdemodulationsensitivity(p volts
per megahertz shall remain constant~ 0.5 dB for RF Input signalsin tie
range of 10 to 50 dE Above the receiver threshold.
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The receiversheJ2 be capableof maintaining
input RF carrierfrequencyvaries over a

range of : 200 kHz from the a9slgned frequency. The decision of any recetver
automaticfrequency control circultw, if used, shaU insurethat the receiver
wiU not lock onto any receivedsignal.offset from the assignedRT carrier
frequencyby 7 MHz at an input level of -75 dBrnat the RF interfacein the
absence of eny receivedsignal on the assignedfrequency.

5.6.7.6 PilotTone. The pilot tone shaU be detectedat the recetver
and monitored for level. After paasing through the pilot detector,this signal
shaU be removed from the high frequencybaseband. The residualamplitude
of the pilot tone in the baseband shall not exceed -~ dBQ.

5.6.8 IF InterfacePoint Characteristics.

5.6.8.1 bpedance. The coaxialD output of the receiverSW have a
nominal impedanceof 75 ohms, unbalancedto ground.

5.6.8.2 Output Level. The IF output level of the receivershedl be mazntedned
at plus 5.2 dBm (o. 625 volts, RhS), plus or minus 0.5 dB, for carrierinput
l.evel.sfrom 10 to 50 dB above FM detectionthreshold.

5.6.8.3 IF Ihndwldth. The 0.1 clBH’ bandwidthof the receivershaU be
equal to 2.8 (Lfc + fro).

5.6.8.4 Output Return Loss. The IF output of the receivershall exhlblta
return loss of 6 dB or greater over the measurementbandwidthcenteredon tie
assigned frequency.

5.6.8.5 I,mcalOscillatorFrequencyStabXUty. The locsl osc-tor shall be
6ufficlentlystable that the 70 MHz output carrl~ris maintainedwithin the
specifiedl-hits of 0.0001 percent (1 part In 10D) when the receivedcarrier
Is at Its assigned frequency.

5.7 FM ReceivingEquiwent. The FM recelvlngequipent is part of the FM
Terminsl equipmentand consists of pre or post detection combiner(s), and FM
Demodulator(s).

5.7.1 InterfacePoZnts. The IF Interfacepoint Is defined for test purposesas
the point of interconnectionbetwem the RF recelvlng equipent (IY output
of the RF receiver) snd the FM receivingequipment. The basebandinterface
point Is defined for test purposes as the high frequencydistributionframe
point to which the FM recelW.ngequipmentis connected.

29

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


MIL4YlD-188-313
19 December 1973

5.7.2 IF InterfacePoint Characteristics.

5.7.2.1

75-,

5.7.2.2
shall be

5.7.2.3
shall be

Impedance. The FM recelvlngequipmentInput impedanceshaU be
unbQsnced to ground.

Input Level. The input level to the FM receivingequipment
plus 5.2 dhn (0.625volts, M), plUS or minus 0.5 d.B.

IF Bandwidth. The 0.1 d.BIF bandwidth of the FM recelvzngequipment
equeL to 2.~ (Aft+ fro).

5.7.3 me Detection Combiner. The pre-detectioncombinershall be a
completelysolid state unit which combinesat least four RF receiveroutputs
to provide a single 70 MHz output for demodulation.

5;7.3.1 Performance. The pre-detectioncombinerperformanceshall be degraded
no more than 1 dB from the perfonnmce of a system equippedwith a msximd.
ratio post detection combinerof ewal order of diversityunder the assumtion.
of Rsy~eigh type fading with correfitioncoefficientsof not greater than

.—

0.5. The responsetmne of the combinershti be less than 100 microseconds.

5.7.3.2 pre DetectioncombinerPerfonnence. With any two equal received
input slgnd. levels, the combinedslgnel-to-noise(S/N) ratio and carrierto

$&e!%’.
tio shall be at least 2.5 dB greater than either individualreceived

5.7.3.3 Interface. TM+ input-outputinterfacecharacteristicsshm be the
same as for the IF interfaceto the FM receivingequipment.

5.7.4 FM Demodul.ator.The FM demodulatorshti be a completelysolid state
unit which acceptsa frequencymodulated 70 MHz carriersnd retrievesthe
tnfonnationcontainedin the 0,3 to 1364 ldizbaseband. The FM d~odtiator
shall containprovisionsfor reducingthe IF bandwidth from tbe 300 channel

nom e

requirementby selectingpassive filters for 180 tiannelor 120 &nnel or 60
dmnnel for Tropos@eric Scatter Radio TransmissionSets.

5.7.4.1 DemodulatorLinearlt~. The FM demodulatorvoltageoutput to deviating
frequencyrelationshipshall be linear over a bandwidthdefined in 4.1.2.2,3,
centeredon the demodulatornominal 70 MHz center frequency, The derivative
of output voltagewith respectto devlatlngfrequency (dV/dF)characteristics
shall vary less than one percent over this range.
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5.7.5 Post DetectionCombiner, The post-detectioncombinershall be a
completelysolid state unit whichaddsthe basebandoutputs of two or more
diversityreceiversto provide a single basebandoutput.

5.7.5.1 Performance. The post-detectioncombinerperformanceshall be
generaU.y equivalentto that resultingfrom a system equippedwith a
msximal.ratio post-detectioncombinerof equal order of diversityunder the
assumptionof Rayleigh fading with correlationcoefficientsof not greater
than 005. The responsetime of the combiner6haU be less then 100 microseconds.

5.7.5.2 Post DetectionCombinerS/N Ratio. With two equal.receivedinput
signal levels, the combinedS/N ratio she.U be at least 2.5 dB greaterthan
either individualZ%celved channels.

5.7.6 Baseband InterfaceCharacteristics.

5.7.6.1 BasebandOutput Spectrums. The Ff receivingequipmentshallhave
circuitryto provideboth a missionbaseband spectrum of 12 to 1300 kHz and
an order-wire-spectrumof 0.3 to 12 kHz outputs.

5.7.6.2 output Impedances.

5.7.6.2.1 Mission Baseband. The mission baseband output
75 ohms, unbalancedto ground, with a minimum retuzm 10SS
over the frequencyrange. It shti be a design obJectlve

impedanceshall be
of 20 m (DO26 dB)
that 130 ohms and

150 dus, b~anced to ground, also be providedas strappingoptions.

5.7.6.2.2 OrderWire Baseband. The order wire basebandoutput impedance
shall be 600 ohms, balanced to gromd, wltb a minimum returnloss of 20 dB
over the frequencyrange. It shaUl be a design obJectZvethat 130 ohm, bd.anced,
end 75 dm, unbalanced,input impedancesalso be provided.

5.7.6.3 output signal.Levels.

5.7.6.3.1 Mission Baseband. The per channeltest tone level at tie output
of the FM DemodUtor shsU be -15 dhn ~ 0.5 dB (-15dBr TransmissionLevel
pOint (T.L.p.)). (DO - The FM demodulatorshti have the capabilityto
accommodateoutput test tone levels over a nmge of -9 dBm to -31 dBm;
for interfacingwith tie FrequencyDivision Multiplex (FDM) equipmmt at the
HFDF, SGDF or GDF interfacetransmissionlevel points.) The compositepower
output from the FM demodulatorshell be equal to -0.2 dBm (+13.8d.Bti).
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5.7.6.3.2 Order Wire Baseband. The per channeltest tone level at the output
of the FM Demodulatorshell be -15 dBm~ 1 dB (-15 dB T.L.P.). The composite
power output from the FM Demodulatorshall be equal to -20.2dBm (-5.2nti).

5.8 IT Heterodyne RepeatinK. The transferfunctionparametersfor L@ Radio
TransmissionSets and for Tropos@erlc Radio TrsnsmlssionSets are defined
from the ~ inJecttonZnterfaceInput point of the transmitterto the ~
signal output at the receivingIF interfacepoint with the radio equipment
operatingat the same frequencyand connected,in a non-versity configuration,
at the RF interfacepoints throughappropriateattenuators. The transmittershell
be operated at fuJJ.power -d the receivedsignal level shaU. be ai@sted to
a level of -30 dBm for L@ Radio Trensmisston sets end at -8o dllmfor Tropospheric
Statter Radio TransmissionSets. The oveti performancebetween the IF interface
potnta shaU meet the folIlowlngminimum requirements.

NOTE: The above equipmentconfigurationi.sfor ease of measurementsand
availableInstrumentation. In actual circuits,for IF HeterodyneRepeating,
tie Received XF output Is connectedto the IF inJectlon point of the tmnsmitter.

5.8.1 FrequencyResponse. The maximum amplltu~evariationbetween frequencies
of equal.power fed to the RF transmitterinput and measuredat the RF receiver
output shall not exceed LO.1 dB across the measurementband.

5.8.2 EnvelopeDelWDlstortion. Envelopedelay distortionshall not exceed
2 nanoseconds over the linearitybandwidth. Variable equalizem shall be
provided in the transmitterand in the receiverto pezmit ad@tment of delay.

5.8.3 ~ Carrier Resupply. A 70 MHz IF carrierresupplyunit and appropriate
control circuitryshaU be providedwith each RF transmitterset to providea
carrier for restortngthe orderwire and elarm slgna15 to the RF transmitters
of heterome repeaters during periods of system receivercarrierfailure.
The unit SU be activatedwtthzn 1 millisecondfrom the time the system
camier fails. ‘Ihecarriersupply oscillatorunit shti have a frequency
toleranceof ~ 0.07 kHz from 70 MHz.

5.8.k IF DiversitySwitch.When IF diversityswitchingis employedtie
heterodyne radio termizx?ilshrd-1be equippedwith an IF diversityswitch for
each dlrectlonof transmission. The IF diversityswitch shall monitorthe
receiveds’~gnaland tie continuitypilot signal outputs of the two diversity
RF receiversand select the output for applicationto the associatedRF
transmitterat 70 MHz.
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5.8.4.1 TransferLevel. The diversityswitch shall transferto the output
of the bwer noise RF receiverwheneverthere ia a noise differenceof 6 dB
or more between the outputs of the diversiW receivers.

Ij.8.4.2SwitchingTime. The beeeband signal interruptionttie due to
switchingshti not exceed 10 w. (Do 200 ns).

5.8.5 FrequencyTolexance. The frequencytoleranceof the RF transmitter
signal shall not exceed 0.0001 percent plus 0.07 ldiz.

5.8.6 Drop-InsertCapability. AU heterodynerepeatersshall have a
capabilityof droppingand insertingthe auxiliarybasebendbetween0.3 end
12 kHz in both directions.

5.9 Monitoringend Alarms. The radio set shti be providedwith circuitry
to monitor the followlngfunctionsand provide an alarm in the event of any
failure. The alazm functionprovidedshall Includethe illuminationof
visibleslam indicatorleunpaon the front of the equipmentand the operation
of normsUy open dry relay contactsfor connectionto externalalarm monitoring
circuitry.

a. TransmitterPilot. The continuityptiot shall be monitoredfor
continuityat the FM transmitteroutput. In systems emplo~ng direct
modulation of reflex klystrons,the pilot shaU be monitoredat the RF
transmitteroutput.

l). TransmitterOutput Power. Transmitteroutputpower level shsU be
monttoredto detect any decreasebelow a preset, adjustablelevel.

c. ReceivedPilot. The continuitypilot tone shall be monitoredfor
continuityat the receiver.

d. ReceiverNoise. The receivernoise level shti be monitoredto
detect any increaseabove a preset, adjustablelevel.

e, CombinerAction. Diversity combineraction shall be monitoredto
detect the muting of either receiver.

f. ReceivedRF SignQ Level. The recelvd RF signal level shaU be
monitoredto detect any decressebelow a preset, adJusWble level.

g* 1)?CarrierResupply. !lheIF carrierresupplyshsU be monitoredto
detect failure of tie 70 MHz input carrierto the radio transmitter.
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5.10 Panel Meters and Test Points. Test points and meterlagcircuitsshall -

be provided for monitoringthe performanceof tie radio equl~ent. Provision
shall be made for access to all clrcultpoints requiredfor operation
maintenance,or alignment. The Paramete= to be metered shsll include,but
shall not be llmlted to, the foXlowing.

a. Transmitteroutput power.

b. Transmitterautomaticfrequencycontrolvoltages(whenused).

c. Transmitter WA power smplifiervoltages/currents.

d. Receiver

e. Receiver

f. Receiver

g- Receiver

automaticfrequencycontrolvoltages (whenused).

automaticgain controlvoltage.

mixer crystal.currents.

local oscillatorvoltages/currents.

h. Dtrect currentsupply voltages.

1. Primary power source voltage.

5.U Antenna Subsystem. The antennasubsystemconsistsof the transmission
llne and the antennawhich converts the electromagnetic signal from a guided
wave to a radiatedwave and Includesthe antennabeam almlngdevices snd the
i3upportsfor tie antenna. Pressurizationshall also be included. The antenna
shall consistof a radlatlngstructurecapable of launchingand recelvlng
both verticallyand horizontallypolarizedwaves.

5.LL.1 InterfacePoint. The RF Intefiacepoint Is definedfor test purposes
as the point of interconnectionbetween the RF Terminal equipment(RT
Transmittingequipmentand RF Receivingequl.pment)and the antennasubsystem.

5.U.2 RF InterfacePoint Characteristics.

5.11.2.1 Impedance. The transmission11.neshall be either cosxielor wave
guide. If coaxialM.nes are used, the nominsl bxpetice shsiilbe 50 ohms,
unbalancedto ground.
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5.U..2.2 Return Loss. The returnloss of the installedsntenna~d transmission
line subsystem,measured at BY interface,shdd not be less than 26 dB (vW/R
of 1.06:1) over the design frequencyband.

5.11.3 Antenna Characterlstlcs.

5.Ii.3.1 J-OSRadio TransmissionAntennas.

5.11.3.1.1 Side Lobes. AU side lobes shsU be at least 25 dB below the main
lobe.

5.U.3.1.2 Wide Angle Radiation.The ratio of the intensityof the largest
minor lobe (whichIS more than L45°, but less than + UO” from the center of
the main lobe) shall not be greater than -45 dB. -

5.U.3.1.3 Front-to-BackRatio. The ratio of the intensityof the main lobe
to the l.ntensltyof the largest lobe occurringbetween~ 110’ and l&J’ from
the center of the main lobe shsll be at lesst 50 dB.

5.U..3.1.4 Cross-Polari.zatlonDiscrimination. Antennas equippedwtth dual
polarizationfeed shall have a mlnlmum cross-polarizationdiscriminationof
30 m between verticallyand horizontallypolarizedwaves of the same frequeacy
when measuredat tie antenna input.

5.U.3.2 Tropos@ erlc Scatter Radio Trensmmslon Antennas,

5.11.3.2.1 Gain. The antenna shall exhibita gain, referredto the input
port, of not~e than 1 dB below the gain calculatedaccordingto the foUow3ng
formula for parabolicantennawith an apertureefficiencyof 56 percent:

beam

for dish diameters

G= 20 log

or G=20

for dish diameters

G=23.3 log

greater than 28.5 ft:

D (M) + 20 log F (~Z) - 42.1o dB.

log D (ft) + 20 log F (MHz) - 52,42 dB.

less than 28.5 ft:

D (M) + 23.3 log F (~Z) -55.6dB

or G=23.3 log D (ft) +23.3 log F (MHZ)-63dB.

This shall not precludehigher apertureefficiencyor other melimdsof
fozmmg .
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5.11.3.2.2 Cross-PolarizationDiscrlmlnatlon. Antennas equippedwith dual
polarizationfeed shaJd.have a mlnlanancross-polarizationdiscrlmlnatlon
of 30 dllbetween verticeJJyand horizontallypoltu?2zedwaves of the sane
frequencywhen measured at the sntenna Input.

5.u.4 Tmnsmlssion Line Premare Sntegrlty. The transmissla lines and
associatedKastlRhtbarrlerashall be instaKledsuch that the flow rate does--
not exceed one-tenticubic foot per hour with a nominal.feed pressure
0.5 pslg.

custodlan8: Preparingactlvlty:
Army - SC Alr Force - 17
Navy - EC
Air Force - 17 ProJectSLHC-0011
DCA - DC

Other Interest:
ReviewActivltieg: JCS-J6
Army - SC, EL, CE, ME =A -NS
Navy -AS, YD, M, CG, SH
Air Force - 1, u, 13, 71} @/ 89

User Actzvlties
Army
Navy - ~
Air Force

of
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APPENDIXA

10*O Pre-mpha14iB- De-RuphasisNetworks. When pre-emphasisor de-emphasis
is used in FM lime-of-sightradio relay systemsor In FM TroposphericScatter
Radio systemsin coa$nction with frequencyDlvlaionmultiplex,the same
normalizedattenuation-frequencynetwork characteristicsshallbe used for
dll cyst- up to and Includlmg300 channels.

10.1 Emphasis Characteristics. The preferredemphaaischaracteristics
and insertion10SE of the network shaU be obtainedby use of the following
forwla :

20 log~o e in = 10 I.oglo

[r]

1+ 6.
=t .2,ir, ~

f f-
fw fr

where e in + Input voltage

e out = output voltage

r= = (The resonant frequencyof the ●etwork)
= 1.25 f max

f- = The highest baseband frequencyused.

10.2 &e-4phasis Network. The pre-emphasismetucmk shallbe derived
from the followhg formd.a:

H
R= 1.81.P2
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10.3 M- RqphasislVetwork.The de-emphasis
the foUowlng formula:

nelxork ehallbe derivedfrom

J..81.R2

rKn!E: Tolerances both networks

Resistors~ 1 percent

Capacitors ~ O.~ peroent

f= + O.J percent (L resonatingwith C).

10.b Normalized Pre and Re-emphasis curve ● The normalizedcurve for pre
and de-emphaBisshall be as shown in Figure 1.

3
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Figure 1. Normalizedpre and de-emphas1s curve
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APPENDIX B

20.0 AdMtional Deszgn Conszderatlon

20.1 MultiplexerNoise. Multiplexernoise shall.be determinedby the lamwn
characteristics of the equipmentbeing procured. In any case, lhe noise
contrlbuthns for the various translationssnd fllterj.ngshaU not exceed
those for multiplexnoise of voice bandwidthllnks specifiedin ~L&?D-188-JJIo
for Common Long Haul and Tactical CommunicationSystem TechnicalStat.a-
and reproducedin Table I.

TABLE I

FDM MULTIPLEXER NOISE
I I Individual FDM Equipment

I EQUIPMENT
I

Noise A

Idle Noise pWpO

Channel Translation (1 set) 10

Group Translation (1 set)
includes regulator 40

..- Supergroup Translation (1 set
includes regulator

1
25

Phrough Group Equipment I N/A

Through Supergroup Equipment 25

rotal for Multiplex Terminal
(no through equipment) 75

I I

location

Loaded Noise pWpC

31

50

50

10

50

131
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20.2 M3.tiplexerBeadwidths. Bkit.tlplexierbandxddthsu’e shown in Table SI.

TABLE II

MULTIPLEXER~:

BhltlplexerBandwidths:

-

Hoaiaal 4KEZ Chaaael 1 Baadtidth

60

MO

240

300

ml!m :

channeloperation 12mIzto300Kuz

Ohanael operation 3.2miz to 552 KHZ

Ohanneloperation 12 KHzto8041mz

eha8nelOperatioa u KHZ tO 1052 IQIZ

channeloperation 12 KHzto1300KEz

1. Includesa Group A multiplexer,(12 em noaimil4 KHz channels)
bandtidthOr li?KHz to 60 KHz. See KIL-STD-188-3U for -
multiplexeroharaderistics.

2. The required F%!bamduidth,to eupportthe md.tip).exerbandwidths,
ehallbe greater,i.e. for 300 ohaameloperation,the required
FM bamdwidth i8 1364 ~Z .
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20.3 RF P1.sa. While m opecificRF PM for each baad is prmlded as a
mnadatom requirementof this standsrd,certainguides to be followed
in frequencyplanuingere includedhereia.

20.3.1 Los Radio !&UlsmissionSy’Stenls●

20.3.1.1 The frequencyband under considerationshaU be ditided Into two
equil.segments. At 8 given station&U. of the trammlt fhequenclenshall
be in one of the two segments (upperor lower) amd W. of the receive
frequenciesin the other segment. At a given station,trussmitfreqpenele6
SW be excludedfms the regions located 35 MHzplus or minus 1/4 of the
3 dB IF bamdwidth, and 70 MHzplus or minus 1/2 of the 3-9 IF bantkldthan
either side of “‘ “mother tmmmit freqpency. (See Figure 1,)

TRANSMIT
FREQUENCY

[ ii-z’’”zt’’::z+
Figure 1. ForbiddenRegions for Other Tranmltters at

tie S8me Station (KX3)

u
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20.3.1.2 At ● given stat~on,transmit frequenciessheillbeed.udedfrom
the regionslocated within plus or miaus hO MEizof any receive frequency
and from the regions located1~ MHz plus or minus 1/2 of the 3-dB (IF)
bandwidthon either side of any receive frequency (See Figure 2). At certain
stations,good System design constraints~ dictatea ZIOrerestrtctim
RF p~.

I

* ’40

RECEiVE
FREQUENCY

- +--l

Figure 2. Forbidden
Receivers

I

w.s~~~~ldfi

Regions for TxunamlttersRelativeto
at a StatIon (LC6)

42

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


.-

AppendixB
MILa!D-188-313
19 December1%’3

20,3.1.3 The RF plm shaU be selectedsuch that the value of unwanted
sIgnals from any source as messured at the receiver intermediatefrequency
(~) titerfaceshaU be below the inherentnoise level of the receiver.

20.3.2 Tropospheric Scatter Radio TransmissionSystems.

20.3.2.1 The transmit to receive frequencyseparationwhere tie transmitter
end receiver share a common antenna shsU be greaterthan that given in Table IH.

TABLE 2JL. TRANSMIT-TO-RECEIVE FREQUENCY SEPARATION ON
A COMMON ANTENNA

QuEIm BAND

350 to 450 MHz

755 to 985 MHz

All bands between 1700
MHz and 4J+001@h

All bands between
4400 MHz and
5000 MHz

NOMINAL
TRANSMITTER POWER

10 watts (40 dBm)
100 watts (50 dBm)

1 KW (60 dBm)

1: ii 1!; %%
50 KW (77 dBm)

10 watts
100 watts

1 KW
5 KW

10 KW
50 KW

10 watts
100 watts

1 KW
5 KW

10 KW

10 watts
100 watts

1~
5 KW

10 KW

MINIMUM FREQUENCY
SEPARATION (MHz)

40
40
40
40
50
50

80
80

1::
100
100

100
100
100
150
150

150
150
200
200
200

43

--

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


Appendix B
MIL-sTD-188-313
19 Deaember1X3

~. 3.2.2 The freqyencyband umder aonsideratioaahaU be dividedinto tw
equal segments. At a given stationall of the transmitfhquencles ahalJ.be
in one of the two ~~nts (upper or lower) and all of the reoeivefrequencies
In the other Gegnent. At ● glwm station,transmitfreqyenclesshallbe
exeludwlfrom the regions looated 35 MHz plus or minus 1/4 of the 34b IF
bandwidth, and 70 Mliz plus or minus 1/2 of the 3-dB IF baadwldth on either
side of another tranemitfkequency. (&e Figure 3.)

1- ; TRANSMIT I

I I
FREQ~CY

I I

L L -J
I

35 Mi!z 35 MHz

70 MHz 70 MHz
J

+

Figure 3. ForbiddenRegions for Other Tranmittere at
the Same Station (TroposphericScatter)
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20.3.2.3 At s given station,trarmmitfrequenciesshellbe exoluded
the regions located within plus or mlmm M- MEz of any reaeive frequency
and from the regtons J.oustedI@ MEz plus or minus 1/2 of tbe 3-0 (IF)
bandwidth on either side of any reueive freqyency(See Figure 4). At
oertain statione,good system design constraintsmy dictate a zme
re6triutiveRF plan.

I w e 3 ~ n? B~d~d~

Figure 4. Forbidden Regions for TransmittersRelativeto
Receivem at A Station (Tropos@erlc Scatter)
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20.3.2.4 The RY
signals from any

plan shaU. be selected such -t the value of unwanted
source as measured at the receiverintermediatefrequency

(IF) interface shti be below the inherentnoise level of the receiver.

20.k ElectromagneticCompatibilityEngineering. The equipmentsitingmust be
based upon a study of the exlstlngenvironment. This study normallyen-
compassesthe susceptibilityand &ilat ion charactersttcs of the equipmentas
well as the existingand potentl&lJytnterferrlngsignal levels that may
be present. Some degree of EMC integritybeyond that nctualJ.yrequtredshould
be consideredfor future requirements.

20.5 Radio Regulations. The use of the frequencyspectrumis regulatd by
inteznattonalagreementsembodiedIn “Radio Regulations,GeneralSecretariat
of the InternationalTelecommunicationsUnion,” Geneva, 1959. These
regulationsare further quallfiedat the national level throughGovernment
(InterdepartmentRadio Advisory Cmmnlttee,IRAC) and mllitaqyagencies (Joint
Chiefs of Staff, JCS, and Mllltary CommunlcatlonElectronicsBoa&, MCEB).

a. For normal.peacetimeuse, the choice and performanceof equipment,
as well.as frequenciesand emissionsof any radio system, shall satisfythe
provisionof those regulations. Adequate familiaritywith the latter is,
therefore,requiredof designersand users of radio systems.

b. Military frequencyplanning,includingJoint functionfrequency
tiocation tables, Is established@a a Joint milltary action area umier
the M33B, Firialapprovsl of frequencybands, opemrtingmodes and equipment
characteristLcs rests with tie MCEB.
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