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FOREWORO ?

1. In the past two decades MIL-STD-188, a Military Standard covering
Military Communication System Technical Standards, has evolved from one
applicable to al1 military communications (MIL-STD-188, MIL-STD-188A,
and MIL-STO-1888) to one applicable to tactical communications only
(MIL-STO-188C).

2. In the past decade, the Defense Communications Agency (DCA) has
published DCA Circulars promulgating standards and criteria applicable
to the Defense ConnnunicationsSystem and to the technical support for
digital LOS Microwave Radio Transmission.

3. Future standards for al1 military communications wi11 be published
as part of a MIL-STD-188 series of documents. Military Communication
System Technical Standards will be subdivided into Common Standards
(MIL-STO-188-100 series), Tactical Standards (MIL-STD-188-200 series),
and Long Haul Standards (MIL-STD-188-300 series).

4. This document deals with system, subsystem, and equipment standards
pertinent to multichannel communications circuits which traverse both
long haul and tactical conmni cations systems. The standards contained
herein are comnon to both systems unless stated otherwise.

5. Values appearing herein may differ from those previously published
in MIL-STO-188-300, based on later data or errata corrections. In
case of conflict, MIL-STD-188-1OO shal1 govern.

6. It is the intent of this document to achieve RF interoperability.
At the present time, however, there is insufficient information to
specify the necessary parameters including: 1. the optimum
modulation technique to achieve operation at 2.0 b/s per Hz and 2.
framing for multiplexing the Mission and Service Channel Bit Streams.

●
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IDENTIFICATION OF

INTERNATIONAL STANDARDIZATION AGREEMENT

~ertain provisions of this standard are the subject of
international standardization agreement. When revision
or cancellation“of this standard IS proposed.? }he
departmental‘custodianwi1~ inform’his’re~pectlve Departm-
ental Standardization Office so that appropriate action
may be taken respecting’the international.agreement con-
cerned.
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1.1 Purpose. The purpose of this document is to describe standards of
performance and design for digital microwave radio links and radio
equipment (herein after referred to as the “radio”) for long haul 1ine
of sight (LOS) digital microwave transmission.

1.2 Application, This standard is to be used for the design and en-
gineering of new digital microwave radio subsystems, 1inks, and equip-
ment for digital LOS microwave transmission. To the maximum extent
possible this standard shall also be used for digital LOS microwave
communications implementations involving the conversion of existing
analog LOS microwave techniques or equipment to digital service. When
these are converted they shal1 meet the subsystem, link, and inter-
face parameters defined in this document.

a.

b.

c,

This standard applies”to radios that normally operate in the
following frequency bands: 4.4 to 5.0 gigahertz (GHz), 7,125
to 8.4 GHz and 14.4 to 15.4 GHz.

This standard requires that the radios have standardized
interfaces and data rates as specified herein. The data rates,
service channel frame formats, timing information (clocks),
and alarm functions shall be identical”.

RF intero~erabilitv shall be rewired at such time as additional
parameters germane-to this requirement are established.

1.3 Frequency spectrum.

a. The use of the frequency spectrum is regulated by international
agreements embodied in “Radio Regulations, General Secretariat of the
International Telecommunications Union”, Geneva, 1971. These regula-.
tions are further qualified by Federal Government (Office of Telecom-
munication Policy, OTP), the Interdepartment Radio Advisory Conrnittee
(IW~) ,and military agencies (Joint Chiefs of Staff (JCS), and Mili-
tary Communications-Electronics Board (MCE8).

b. Military frequency planning, including joint function frequency
allocation tables, is established as a joint military action area under
the MCEB.

1.4 Parameter value requirements. The parameters contained in this
document are standards and are required unless identified as a design
objective (DO).

o,/-+
1
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1.’4,1Standards. Standards‘are defined“as“thefollowing:

a. The “mini,m,fimrequlred “performancecharacteristics’based on
measured data under specific operatirigconditions.

b. The specified characteristics not dictated “by‘perf~~ance
requirements but necessary to:permit interoperability and meet other..,
constraints such as ‘themission “dataand iervice channel interface ~fd
primary power requirements.

1.4.2 Desi n ob ectives
---++%+

“A @sign objective (DO) is def{ned as a ~~e~-
formance c aracter st c which is based on performance desired, but which
is not considered feasible as a STANDARD at this ;time,Exarnples of
reasons for designating a perfot%ance characteristic as a DO rather
than as a standard are: (1) it,May reqtifire an”advancement in,the.
state-of-the-art, (2) the requlrement May “not~have been fully con;
fi’rmedby measurement or experience,,“(3’).it may not .hayebeen demon-,
strated that it can be met considering other cons,t.rai,nts.s,uchas cost,
size, etc. A DO shal1 be considered as guidance for DepartrnenJ,&of
Defense agencies, in preparation of spec”ificatto~s for development ‘&
procurement of equipment or ‘sy,sternsand ,which sfial’1be used.,i+f.:tec~:
nically and ‘economicallypracticable ‘at the time such specifics’~ions
are written.

2
‘a ●
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2.0 REFERENCED DOCUMENTS

2.1 Military. The fol1owing documents form a part of this standard
to the extent speclfied herein:

SPECIFICATIONS

MILITARY

MIL-E-4158

STANDARDS

MILITARY

MIL-STD-188-1OO

n MIL-STD-188-114

MIL-STD-188-120

MIL-STD-21O

MIL-STD-454

MIL-STD-461

MIL-STD-462

MIL-STD-463

MIL-STD-470

Electronic Equipment, Ground General:
Requirements For

Connon Long Haul and Tactical Mi1itary
Conununication System Technical Standards

Electrical Characteristics of Digital
Interface Circuits

Mi1itary Consnunication System Standards
Terms and Oefinitions

Climatic Extremes for Military Equipment

Standard General Requirements For
Electronic Equipment

Electromagnetic Interference Charac-
teristics, Requirements For Equipment

Electromagnetic Interference Charac-
teristics, Measurement of

Definitions andSystems of Units, Electro-
magnet c Interference Technology

Maintainability Program Requirements
(For Systems and Equipments)

Downloaded from http://www.everyspec.com
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. .

‘J o

MIL-STD-471 Malntalnabl1ity Verification/Demon-
stratton/Evaluation

MIL-STD-781 Reliability Test: Exponential Distribution

MIL-STD-785 Reliability Program For Systems and Equip-
ment Development and Production

MIL-STD-81O Environmental Test Methods.

MIL-STO-1472 Human Engineering Design Criteria For
Military Systems, Equipment and Facilities

HANOBOOKS

MILITARY

2.2

141L-HOBK-237 Electromagnetic Compatibility/interference
Program Requlrements

Other Documents.

General Secretariat of the Radio Regulations

International Telecommuni-
cations Union, Geneva, 1971.

Office of Telecommunications Manual of Reguiatiens.and
Procedures for Radio Fre-,.
quency Management, 1 Jan 73
(with revisions)

CCIRReport 338-1, Geneva, Propagation Data Required
1970 For Line of Sight Radio

Relay Systems

(Copies of CCIR reports may be obtained from International,Tele-
conrmmication Union, Consultant Committee International Radio
Geneva, Switzerland).

4
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3,0 Terms and Definitions

Updated terms and definitions for the entire MIL-STD-188 series
wil1 be published in MIL-STD-188-120. The terms and definitions
applicable for 188-322 has been moved to Appendix A of the
document.

o,#-

0
,-

5
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4.0 General Requirements

4.1 Multi-link Subsystems and Links. The Oefense Communications
System (OCS) provtdes communications service in,every essential func-
tional area: cotmnandand control, logistics, intelligence, weather
and administration. Traffic in the system may be analog (voice and
facsimile) or digital (graphics, teletypewriter and data), and may
be transmitted as analog, quasi-analog or digital traffic. This
document provides standards for long haul 1ine of sight (LOS)
digital microwave radio transmission for the DCS. These standards
are derived in part by propagation considerations and in part by
the proration of the parameters of the OCS 12,000 nautical

{
miles. nmi) (22214 kilometers (km) ) Reference Circuit to the LOS
Digits Microwave Reference Radio Subsystem and Reference Radio
Links.

4.2 DCS 12,000 Nautical Mile (22214 km) Reference Circuit. For ttie
purpose of establishing performance standards for LOS digital micro-
wave radio links, a 12,000 nmi (22214 km) reference circuit. This
12,000 nmi (22214 km) reference circuit consisting of two satellite
or submarine cable reference sections of 3,000 nmi (5556 km) each,
and the balance consisting of terrestrial LOS microwave reference
sections has been defined. Each terrestrial LOS microwave reference
section is subdivided into three reference subsystems of 600 km
(approximately 333 nmi) in length (reference Figure 1). The re-
ference subsystem is further subdivided into 12 reference 1inks of
50 km (approximately 27 nmi) for operation below 10 GHz. For
operation above 10 GHz, the LOS digital microwave reference sub-
system has been subdivided into 24 reference 1inks of 25 km each
(approximately 13.5 nmi) reference Figure 1).

4.3 Allocation of Performance Parameters. Based on the 12,000 nmi
(22214 km) reference circuit established above, and a bit error

$
rate BER) performance for the two satel1ite reference sections of
1Xl0- each, the following performance parameter allocations are
derived.

4.3.1 Bit Error Rate. For al1 digital transmission, the user-to-
t..user BER Performance is standardized at lXIO- . An allocation of

45X10-7 is made to each local lo~p. Thus, the transmission channel
performance requirement is lXIO- . Allocation through the
circu’itresults in the performance requirements contained

reference
in Table ‘1.

6

Downloaded from http://www.everyspec.com



o MIL-STD-188-322
1 November1976

,.f-

NORMAL DISTANCE MEDIA vOICE BW

m
1000 N.Ml. REF SECTION LOS
(1852 Km DIGITAL M/W RADIO

PCM

, .
1000 N. Ml. REF SECTION LOS I

PCM
(1852 Km) DIGITAL M/W RADIO

1000 N. MI. REF SECTION LOS

(1852 Km)
P CM

DIGITAL M/ W, RADIO

LONG
3000 N.MI

(5556 Km)
SATELLITE PCM

●
HAUL

P.

. Ii
3000 N.MI

SATELLITE PCM
(5556 Km )

1000 N.MI REF SECTION LOS
PCM

(1652 Km) OIGITAL t4/W RADIO

333 N. Ml. (617 Km) SUBSYSTEM PCM

333 N. Ml. (617 Km) SUBSYSTEM PCM
.

333 N. Ml. (617 Km) SUBSYSTEM PCM

1000 N. Ml. REF SECTION LOS

(1652 Km)
PCM

DIGITAL. M/W RADIO
-.

Fig. I DERIVATION OF LOS DIGITAL MICROWAVE

RADIO LINK

7

●
P..
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TA8LE I

PERFORMANCE PARAMETERS FOR LOS DIGITAL MICROWAVE TRANSMISSION

,

PARAMETER

BIT ERROR RATE

\ a. below 10 GHz

I b. above 10 GHz

AVAILABILITY

a. BER = 5 X 10-9
below 10 GHz

,-+ b. BER = 1 X 10-2
below 10 GHz

c. BER = 2 X 10-9
above 10 GHz

d. BER = 1 X 10-2
above 10 GHz

BIT COUNT INTEGRITY

REFERENCE *REFERENCE
SUBSYSTEM LINK

60 X 10-9 5 x 10-9

48 X 10-9 2 x 10-9

.9994 .99995

.9997 .99998
I

.9992 .99997

.9995 .99998

TBD TBD

* REFERENCE LINK = one ful1 duplex radio path with one radio at
each end.

Travel time to site for repair is not in-
cluded in availability calculation.

●
T8D = To be determined.

.-.
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~hese BER requirement> contain,;a!1 “bitsin er,rori.ncludirigt~ose
generated by the randomizer. Instal1ed,1inl$and subsystem perfo.rrnance
shall meet the requirements of Table I columns “link” and “iubsystern”
‘respectively.

4.3.2 Availability
l-l-l-+

Using an availability ,of,0.998 for each of the
two sate te re erence section,s,al1ocation through the,,reference
.circuits ,~esults in the perfo~ance requi rerneflts ton,taine,d i’n Table I?
The availab~lity specified in,,,thetable.combines both,,pathavailability “
and equipmen.tavailabi1i,ty..Insta~1ed 11nk;,andsubsystem pe.rrfo,fiance
s~al] niee$,therequirement of Table I CO1umns “1ink” and “s’ubsystern”
respectively.
i.. ,

otintIhte@-itV.(BC\). ‘it c “8i’tcount,~ntegrity ‘cannot~ ‘~’si\y
‘~;~;;t~dindgpendently,’bas’ed,on,,a:user-to-user fedui”renient.,,
atiti.ci”patedthat standards for bit count integrlty w“i11 be ‘esiabl.’fshed
in the future.

4.3.4 Suiinnation‘Ruiis.

4..3~4..,Ava\labil,it”t”
M“

.The‘en/1,-,to-end ‘~yai1abili;y of ‘h.~sutisys$em,;s,
equal to t e mu t p iction of the individual equipment and link avail-
abilities. Table I contains a column ‘forpath ava~lability, all other
columns include both ‘pathand ‘equipmentavailabilities.

,4,.3.4.28it Erro’rRate. L\~ear ~prorat~on.S~aiI be used for 8ER ~ro-

ration,

“’4.3.4.38it Count. Under “cotis;~erati’on.
“?,
4.4 ~adio Link Design,
., !,

4.’4...1,,~Radio Link E~giridirin~. ‘“”.,T!.?!i~!i?.ia~~~h,‘iria)@s ,shal~l,.,coniidt
;t)f,{pafh10ss cal,c,ula~i<on,s,a?d,“dete,rml,n,jng ‘p,ro~aga,tion,‘avaI,,l,ab(l,1,ity “’in
accordance ,wj,thpertinent,docurn,erits.‘Radio1inks k.hal1 ‘tie‘designed
to satisfy the requirements of.Table ‘I.

4.4.i.’1Path Profiles. ‘~’ :Path ‘pred{cti,ons.sha\lconsis~ ‘of calc,u~la~~onsc,
base~ oh detai1ed.,and,up-’to-date~opograph’i,cmap,s,and,‘actualfi&ld
surveys.!toijete.rmine,the ‘propagation‘characteristicsand ‘path 10S’S.
Pith “rne~surem&{sshall be “madeIJS”irig‘op~ica’1“orradio devices,

“40
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4.4.1.2 Path Clearances. The clearance provided over each path shal1
be determined by the use of path profiles to achieve the required radio
1ink propagation availability. Consideration shal1 be given to
potential path obstruction, ground reflections, and the variability
of the gradient of the atmospheric refractive index.

4.4.2 Fade Margin. It is a design objective to have a 30-d8 minimum
fade margin for all paths. All radio links are required to have a
minimum annual ath availability of 0.99995 for maintaining’a bit error

Brate of 5 x 10- for operation below 10 GHz. All radio links are also
required to have a minimum annual path ~vailabilitY of 0.9999g5 for
maintaining a bit error rate of 1 x 10- . The 30 dB minimum was
established to protect against temporary degradation of equipment
such as loss of diversity.

o 4.4.2.1 Fade Margin Variation. The fade margin typically required for
an operational circuit is 30 dB for diversity and 40 dB for non-
diversity circuits. The achieved fade margin wi11 be different from the

P. designed value as a result of effects such as:

a.

b.

c.

d.

e.

f.

9

Diffraction loss.

Refractive fading.

Fresnel zone clearance.

Equipment misalignment.

Meteorological effects particularly above 10 GHz.

Cochannel and adjacent channel interference.

Cross polarization interference.

o ...

4.5 Electromagnetic Compatibility (EMc). Successful radio 1ink

engineering design requires that the possibility of interference
with co-located antennas and equipments be analyzed. In addition,
potential radio frequency interference to SHF SATELLITE communications
links must be analyzed during the frequency planning phase to insure
proper frequency separation. Equipment shall be designed to the
applicable requirements of MIL-STD-461. MIL-HDBK-237 provides guidance
in establishing a viable EMC program. An EMC analysis shall be con-
ducted in accordance with the current procedures of the Agency/
Mi1itary Department.

11
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4

4.6 Operational Configurations, The required performance standards
are 1n some cases.only”achievable WIth more complex radto hardware
and antenna configurations. The following operational configurations
may be
of the

a.

b.

c.

d.

e.

f.

used, as required, to achieve the performance requirements
subsystem:

Dual Frequency Oiversity

Oual Space Diversity

Hot Standby - (Non-diversity)

Cross Polarization

1:2 Hot Standby - (,One for two)

Quadruple Diversity
.

The description of these configurations is provided in Appendix B.

e‘d
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5.0 Equipment Characteristics.

5.1 General. The radio shall operate LOS K,aII! r?dicifrequency (RF)
car~ fixed operating frequencies in ~,.$?$ three RF bands. A
digital service channel port shall be inclti!@e:;.spart of the radio.
The transmitter shal1 combine the mission w?? t“~eservice channel
bit streams and modulate the RF carrier. The receiver shall accept
the modulated RF carrier and demodulate the signal into output
mission and service channel bit streams. The timing shall be dis-
tributed to the individual radios through the transmitted digital bit
streams or through station clocks. The station clock may be a time
standard of sufficient accuracy to insure that performance parameters
are met, it may be a time signal that has the same source as all the
other radios in the subsystem or it may be a derived time that has
been established to provide subsystem and/or system operation. A
functional block diagram is shown in Figure 2. The following para-
graphs describe the performance and design of the radio.

5.2 RF Frequency and Bandwidth Assignments. The radio may operate in
one of three RF bands shown in Table II.

Table II. RF FREQUENCY AND BANDWIDTH ASSIGNMENTS
1 1 1
18a@ I RF Frequency I Assigned Bandwidth I

I 4.4 to 5.0 GHz ‘ 3,5, 7.0, 10.5, 14 MHz

11 7.125 to 8.4 GHz >,~. 7,0, 10,5, 14, 20, MHz

; III , 14.4 to 15.4 GHz . .. ,!.0MHzCL, m, .

5.3 Radio Low Level Digital Interface Requirements..—..

5.3.1 General The radio shal1 have the capabil“ity of accepting one or
two Sy-;s mission bit stream of equal rates soecified herein. In
addition, the radio shall accept a 192 kb/s service c~annel bit stream
which shall be integrated with the mission bit stream at selected rate.
The received traffic shal1 demodulated MS ?-ovided to the amropria.te
output ports. The input/output interface sht’‘ ‘:onf,-~~ “toth$ require-
ments of the low level digital int.er$acecf ;i:-S’”-,‘-+3.114 {above

●
MBS rates of 10 Mb/s, MIL-STO-188-114 shall 5: ? : As a strappable,,.,

option, data timing to the radio shall be slaved.to ~.b~in@ timing.
It is the intent to

A----
achieve digital input/c,.:r:vt
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operabi11ty between al1 radios procured 1n
dard.

5.3.2 Input/Output Ports. The radio shall
and clock ports as requfred:

accordance with this stan-

provide the following data

a.

b.

c.

d.

e.

One or two transmit and receive mission bit stream ports.

Clock inputs.

Clock outputs.

Transmit and receive service channel bit stream port.

One synchronous transmit clock output.

● 5.3.3 Input/Output Signal Characteristics. The radio shal1 accept/
provide serial non-return-to-zero (NRZ) data and timin9 at each of
the input/output ports. 8elow 10 Mb/s the requirements of MIL-STD-
188-114 are standard, above 10 Mb/s these requirements are DO’s.
Provision shall be made to reverse the olarity of the data signal

Yat the input/output ports as a strappab e option such that it is
clearly indicated,that the signal state has or has not been in-
verted. All equipment shal1 provide the balanced interface of 5.1
of MIL-STD-188-114. AdditionallY, the unbalanced interface of 5.2
of MIL-STD-188-114 may be provided as a strappable option.

5.3.3.1 Balanced-to-Unbalanced Conversion. As a strappable option,
the balanced interface shal1 be convertible to the unbalanced
interface of paragraph 4.3.1.3.3 of MIL-STD-188-1OO.

5.3.3.2 Data/Timing Relationship. Provision shal1 be made so that the
relative time of positive-to-negative transitions of the received
clock shall occur within Y 10.0 percent of the nominal center of the
received data unit interval.

5.3.4 Mission 8it Stream Data Rates. The radio shal1 be designed to
to accept any one of the rates specified in Table III as an input
rate and provide that rate at the mission bit stream output port.
Those elements of the.radio that are sensitive to the mission bit

●
stream data rate shal1 be modularly separate from the remainder of
the radio so that the allowable bit rate may be changed with a
minimum replacement. The radio, with replacement of bit rate sen-

,,----
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si,tivemodules shall be capable of accepting any bit rate.consistent
with the packing density and the assigned bandwidth.

Table III Mission 8it Stream Data Rates and Tolerances

Data Rate Tolerance

2.304 Mb/s :200 b/s

3.323 Mb/s I ~30 ppm

6.464 Mb/s ~30 p~m,

9.696 Mb/s ~30 ppm

12.928 Mb/s 330 p,pm

13.024 Mb/s ~30 ppm

20.064 Mb/s I 330 ppm

26.752 Mb/s I
~30 ppm

,——...-
5.3.4.1 Internal Synchronous Time Division Multiplex (TDM) Performance.

The details of this paragraph are under consideration.

5.3.4.2 Internal Synchronous TOM Frame Format,

The details of this paragraph are under consideration.

5.3.5 Monitoring, Alarm and Control Interfaces. The radio shal~ pro-
vide interface terminals on the radio””toefficiently and effectively
couple the radio set monitoring circuits, alarms and controls to
external hardware such as technical control equiPreen?.T!? details of
this interface cannot be specified at this time !@ wil1 be est?bljshed
with the first acceptable field equip,rnent.As a DO these interfaces
should resemble the mission bit stream data Port interfaces as .Clos.e
as practical.

5.3.6 Service .Channel.

16
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5.3.6.1 Service Channel 8it Stream (SC8S) Rate, It 1s the intent of
this standard to achieve SCBS interface interoperability between all
radios procured in accordance with this standard, To this end, the
composition and use of the 192 Kb/s SCBS wi11 be specified.

5.3.6.2 Local Orderwire. A single voice channel shall be derived
using 64 Kb/s PCM to provide the local orderwire function.

5.3.6.3 Maintenance Coordination Circuit (MCC). A single voice channel
shal1 be derived using 64 Kb/s PCM to provide the MCC function.

5.3.6.4 Transmission Status Monitoring and Change (TSMC). The detai1s
of the T~ be provided later.

5.3.6.5 Digital Quality. The BER performance of the Service Channel
is under consideration and will be provided later.

● 5.3.6.6 SCBS Frame. The SCBS Frame structure is under consideration
and wil1 be provided later.,--%

5.4 Digital Service Quality.

5.4.1 Digital Service Quality for MBS. The radio link design shall
be such as to provide the mission bit stream with the minimum
acceptable performance parameters set forth in Table 1.

5.5 Accuracy and Stability.

5.5.1 Radio Frequency Accuracy. The RF accuracy shal1 be in accordance
with the Manual of Regulations and Procedures for Radio Frequency
Management as published by the Office of Telecommunication Policy.,

5.5.2 Radio Frequency Stability. The receiver and transmitter, each
separately, shall have a frequency stability better than 0.0005
percent (five part in 10-6) with respect to the assigned RF carrier.

5.5.3 Sampling Interval. At the digital input, NRZ data and timing
signals shal1 be detected and processed at the zero crossing of the
positive-to-negative transition of the timing signal occurring within
125 percent of the center of the nominal data unit interval of the
NRZ data.

● 5.5.4 Combined Effects of Jitter. The radio shall operate properly
with digital NRZ data and timing inputs each having jitter equal to

17
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as much as 12,5 percent data,unit,interval or a peak ttmin,g.to.peak..
data,excursion of 25 percent’of.the data.unit tnterval,

5.6 Modulation,

5.6.1 Efficienc
ciency+

The radio shal1 achieve.a nominal.RF,bandwidth e.f,fj; ‘
b s-per-Hz of assigned bandwidth, wtth., the minimum, system

gain specified in 5.7. In addition, the radio shall achieve a,nominal,
RF bandwidth efficiency of 2 b/s-per-Hz of assigned bandwiiith;As a
DO, the conversion from one bandwidth,efficiency to the,oth,e~shalli
be accomplished.through the replacement of reconf.tguratjonof appro~
priate modules.

5,6.2 Modulation Scheme. The.deta~ls,of th!:
consideration and will be P,royide.d.latey.

,.

paragraph,a~e.upje,r

The system ga,inof,the LOS radjo,shall be.a~,least,
j;d?%%%%in is def.ined,asthe diff.erence,be.tweentraO:~~&r
RF power output and.required rekeiYer,in!?utto r@ai~ a...5xl! “
error rate where transmitter outpu.fand ce$eiver inp.ytare..me?s~~e!(
at the equipment/waveguide intecfac,e., d

5.8.Transmitter. ‘o

5.8.1 Transmitter Output Power. The power output of the radio shall
not be less than O.5 watts nor more than 10 watts as measured at the
RF interface point.

5.8.2 Power Amplifier. Where.the reqgirernentexists, the.transmitter
shal1 have the capability of.adding an optional,power amplifier modu~.e
with a maximum power output as deli,neatedin Pa”ra9r?f$5..8.’1..

5.8.2.1 Power Amplifier Performance. The.,transmitter wi,thamplifier
shall have,the same,characteristics”and,pe,rfojmiance,i+’ktieci!tie.d.for
the transmitter,

I
5:8.3 Return Loss. The racli,oterminal return loss,,When Me?,S.UYe,d
into.the RF interface point, shal1 no”tbe’le,ss,,than’26 dB.at any

I
frequency within 10 MHz of the assigned.tkansrnl,tand receive,

18
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carrier frequencies. The radio terminal shall provide specified per-
formance when the antenna feedline presents any return loss greater
than 14 dB.

5.B.4 Emission Limitations. The mean power of emissions shall be
attenuated below the mean output power of
ante with the following criteria:

Where : A = attenuation (in decibels)
level.

the transmitter in accord-

below the mean output power

P = percent removed from the carrier frequency.

B = authorized bandwidth in MHz.

●
✌✍

5.8.4.1 Operating Frequencies in Bands I and II. The transmitter
spectrum in any 4 kHz band, the center of frequency of which is re-
moved from the assigned frequency by more than 50 percent up to
and including 250 percent of the authorized bandwidth, shal1 be as
specified by the following equation:

A = 35 + 0.8 (P-50) + 10 log ,OB”

The attenuation shall not be less than 50 dB. Attenuation greater
than 80 dB is not required.

to and includinq 250

5.8.4.2 Operating Frequencies in Band III. The transmitted spectrum
in any 1 MHz band, the center frequency of which is removed from the
assigned frequency by more than 50 percent up
percent of the authorized bandwidth, shal1 be
following equation:

A = 11 + 0.4 (P-50) + 10 log ,OB.

The attenuation shall not be less than 11 dB.
56 dB is not required.

specified by th;

Attenuation greater than

The transmitter shall pro-5.8.5 Pseudo-Randomizing the Radiated Signal.
vide for the randomizing of the transmitted bit stream to minimize
intensity of discrete spectral components in the transmitted spectrum.
All BER performance and availability requirements shall be met with
the Randornizeroperating. A strapping option shal1 be provided to by-
pass the randomize.
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●

5.8.5.1 Performance. As a DO the randomize or randomlzers shal1
insure that no spectral component shal1 be stronger than 30 d8 below
the power output level of the transmitter or power amplifier. This
protection shal1 apply to the radiated signal due to loss of activity
on either the mission bit stream or the service channel bit stream,

5.9 Receiver.

5.9.1 Noise Figure. The receiver noise figure shall be measured with
the no~se source located at the RF interface port: The noise figure
shal1 be equal to or better than that required to achieve the ratio
of transmitter power to RSL stipulated in the paragraph on Trans-
mitter Power Output. Under no condition shall the noise figure be
greater than 10 d8 below 10 GHz, nor greater than 14 d8 above 10 GHz.

5.9.2 Receiver Dynamic. The receiver dynamic range shall be a mini-
mum of For a stable received signal level that is 20 d8
greater than-t~ minimum stable received signal level providing a
8E of 5 in 10 bits the receiver shall provide a 8ER less than 1 in
f10 0 bits, The receiver, in the configuration to be employed, shall

provide the radio 1ink performance stipulated in Table 1.

5.9.3 Adjacent Channel Interference. The receiver shall provide speci-
fied performance with adjacent channel interference of any type
having a level with respect to the desired signal of:

a. To be determined below 10 GHz.

b. To be determined above 10 GHz.

5.9.4 Co-channel Interference. As a DO the receiver shal1 provide
specified performance with less than 2 d8 degraded receiver threshold,
for interference of any type within the specified receiver passband
having the following levels with respect to the desired signal:

a. Minus 20 d8 for frequencies

b. Minus 25 d8 for frequencies

5.9.5 Carrier and Clock Recovery.
under consideration.

below 10 GHz.

above 10 GHz.

The details ,ofthis paragraph are

w’

●
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5.9.6 Return Loss, The radio terminal return loss, when measured into
the RF interface point, shal1 not be less than 26 d8 at any frequency
within 10 MHz of the assigned transmit and receive, carrier frequencies.
The radio terminal shall provl de specified performance when the
antenna feedline presents any return loss greater than 14 d8.

5.9.7 Regeneration. The receiver shal1 reshape and retime the mission
bit stream and the service channel bit stream. The bit-to-bit jitter
shal1 not exceed 10 percent and the total deviation from the digital-
microwave subsystem time base shall not exceed 10 percent.

5.9.8 Receiver 8ER Threshold. The receiver shall provide a 8ER per-
formance of 5 in 10Y at the received signal levels specified for the
following bandwidth efficiencies:

5.9.8.1 Performance Level I (Nominal lb/s-per-Hz of assigned bandwidth).

To be determined.

5.9.8.2 Performance Level 11 (Nomtnal 2b/s-per-Hz of assigned bandwidth)-.
To be determined.

5.10 Terminal Configurations.

5.10.1 Terminal Configuration Operation. Receivers, transmitters, circu-
Iators, diversity distribution equipment, diversity reception equipment,
hot standby equipment, controls and antennas shall be used to provide
operational configurations necessary to achieve the performance require-
ments stipulated in Table 1. A number of possible configurations are
provided in Appendix 8 for applIcation where direct connection of the
individual transmitters and receivers or of the radio set as a whole to
the antennas wil1 not achieve the performance required. Thesspossible
configurations involve Hot Standby or diversity type operations.

5.10.2 Transmitter Redundancy Operation. For radio types II and 111 of
Appendix 8 a transmitter control functfon shall be provided for re-
dundancy operation. Provision shal1 be included to automatically
transfer operation from the active transmitter to the standby trans-
mitter. The automatic transfer of operation shall be based on the
fol1owing parameters:

a. Loss for more than 10 milliseconds of data or timing transitions
at transmitter M8S ports.
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b,

c.

d.

e.

5.10.2.

Loss for more than 10 mil1Iseconds of modulator output.

Transmitter frequency drift exceeding two percent of
authorlzed RF transmission bandwidth,

Transmitter output power reduction by 3 d8 or more relative
to specified RF power output.

Loss for more than 10 milliseconds of data or timing tran-
sitions at the transmitter SCBS port.

1 Manual or Remote Transfer. In addition to the automatic
transfer feature, provision shall be made to manually or to remotely
induce a transfer of operation from the active transmitter to the
standby transmitter. The manual or remote transfer command shal1 take
precedence over the automatic transfer co~and. Terminals shal1 be
provided for connection of a remote control signal. If a remote
transfer signal is applied to the remote control terminals, the
cessation of this signal shall return the radio to its state prior
to the application of the remote transfer signal. Any transmitter
transfer shall not cause a.loss of BCI. As a DO, a manual or re-
motely induced transfer shal1 not cause any errors in”the MBS or
the SC8S.

5.10.2.2 Differential Time Oela~. For radio types I and II (of Appendix
B) it is anticipated that the transmitter transmission 1ine wi11 intro-
duce as much as 350 nanoseconds of differential time delay between the
two transmit signals. Provision shall be made for synchronization of
the signal processing of alternate sources of signals. The transfer of
transmitters shal1 not cause loss of 8CI with up to 350 nanoseconds
of differential time delay in transmit signals,

5.10.3 Receiver Diversity Operation. For radio types I, II and 111
(of Appendix B), provision shall be made to transfer operation to
the better receiver. This transfer shal1 be automated and based upon
the following parameters:

a.

b.

c.

Received signal level.

Eye pattern degradation.

Equipment failure.

‘e ●
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5.10.3,1
transfer
inducg a

Manual or Remote Transfer. In addition to the automatic
feature, provision shall be made to manually or to remotely
transfer of operation from the active receiver to the stand-

by receiver. The manual or remote transfer command shal1 take pre-
cedence over the automatlc transfer command, Terminals shal1 be
provided for connection of a remote control signal. If a remote
transfer signal is applied to the remote control terminals, the
cessation of this signal shal1 return the radio to its state prior
to the application of the remote transfer signal. Any receiver
transfer shal1 not cause a loss of BCI. A manually or remotely
induced transfer shal1 not cause any errors in the M8S or the
SC8S.

5,10.3.2 Differential Time Delay. For radio types I and 11 (of
Appendix B), it is anticipated that the receive transmission line
will introduce as much as 350 r%]oseconds of differential time
delay between the two received signals. Provision shal1 be made
for synchronization of the signal processing of alternate sources
of signals. The transfer of receivers shal1 not cause loss of 8CI
with up to 350 nanoseconds of differential time delay in receive
signals.

5.10.3.3 Performance Under Switchin~. Diversity and hot standby
operational configurations shall provide for synchronization of
the signal processing of alternate sources of signals. The switch-
ing shall not cause bit errors or loss of BCI with differential
absolute delays up to 350 nanoseconds for transmitter signals and
up to 350 nanoseconds for receive signals.

5.11 Monitoring.

5.11.1 Status Indicators and Alarms. The radio shal1 include cir-
cuitry to monitor critical functions and provide local and remote
alarms in the event of degraded performance or failure. Terminals
shal1 be provided for connection of remote alarm signals. A
separate remote alarm shal1 be provided for each function monitored.
The functions monitored shal1 be those necessary to provide adequate
assurance of require subsystem performance. The functions monitored
shall include the following:

● ✎✎✎
a. Loss for more than 10 mil1iseconds of data or timing

transitions in transmit mission bit stream.
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b.

c.

d.

e.

f.

9.

h.

Loss for more than 10 millisecondsof data or timinatran-
sitionsin receivemissionbit stream.

Transmitterfrequencydriftexceedingtwo percent
authorizedRF transmissionbandwidth.

Receiverfrequencydriftexceeding two percent of
RF transmissionbandwidth.

Loss of power inputto the radioterminal.

Loss of radioreceiveframesynchronization.

Identificationof
of AppendixB).

Identificationof
of Appendix B).

active transmitter (radio types

active receiver (radio types 1,

of

authorized

I and 111

11 and III

5.11.2 Performance Monitors. The radio shall include circuitry to
monitor critical functions and provide separate signals directly
related to the monitored Quantities. Termiiialsshall Drovide ex-
ternal access to monitor s’ignals.The monitor signals’shall be of
such type and quality as necessary to provide adequate assurance of
required subsystem performance. The quantities monitored shall in-
clude the following:

a. MBSS BERs at receiveroutput ports.

b. RSL at demodulator input.

c. TransmitRF interfaceoutputpower.

d. Demodulated MBS eye pattern quality prior to regeneration.

5.12 General Design.

5.12.1 Electromagnetic Interference.The radio and radio terminal
shal1 be designed to meet those requirementsof MIL-STD-461 specified
by the procuring agency with measurement as specified in MIL-STO- .
462 and MIL-STO-463.

‘--=”●
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5.12.2 Human Engineering Design. The radio and radio terminal shall
be designed in accordance with those requirements of MIL-STD-1472
specified by the procuring agency.

5.12.3 Environmental Test Methods. The radios shal1 be designed to
meet those environmental test methods of MIL-STD-81D specified by the
procuring agency.

5.12.4 Climatic Extremes. All radios shall be designed to meet those
climatic conditions of MIL-STD-21O specified by the procuring agency.

5.12.5 Reliabilit~.

5.12.5.1 quantitative Reliabilit~. The radio configuration as defined
in paragraph 5.10 shall be designed to provide a specified mean-time-
between-failures (MTBF) of no less than 1600 hours. Tested to meet

● requirements of MIL-STD-781 and program conducted in accordance with
MIL-STD-785.

n 5.12.5.2 Radio Reliability
~

The radio shall demonstrate a Mean-Time-
Between outage def ned as loss of MBS(S)) for greater than 100
milliseconds (ins)of 100,000 hours. This shall be determined based
upon MTBF, MTTR, and fault sensing, switching and alarm circuitry.

5.12.5.3 Reliability-Definitions of Failure. A failure is defined as
any ma1fu~ o to cease operating within speci-
fied limits, or for which maintenance action is required.

5.12.6 Maintainability. Quantitative maintainability values. The radio
shall possess a mean-corrective-maintenance-time (M ) of no greater
than 30 minutes and maximum-corrective-maintenance-!.~me(Mmax ) of no

Ct
greater than 90 minutes (95th percenti 1e ) when repaired by maintenance
technicians of skill level 5 or equivalent. Test methods in accordance
with MIL-STO-471 and program conducted in accordance with MIL-STO-470.

5.12.7 General Requirements. The standard general requirements of
MIL-STD-454 shall apply in the design of the multi-link subsystem.

5.13. In ut Power.
+

The radio equipment shall operate and provide
speclfled per ormance when connected to any one of the fol1owing

● sources of primary power.
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a. A direct current (de) power source, having any output,voltage
from 44 to 56 volts, with ‘anyvariation therein,,negatlje
(positive ground), with ripple and noise ndt to exceed 100
mi11Ivolts peak-to-peak.

,,

b, An alternating current ‘(at)power source which shall,confo~
to MIL-E-4158, Table V, Condition 1, and shall have the
following nominal steady-state ratings:

(1) Input voltage - “117/220 volts ac ~10 ‘percent,single phase.

(2) Input frequency - 47 to ~ZO Hz.

5.13.1 Reverse PoIarity Protection. The ;r~dio >ermina,le,qui~rnent.~liall
suffer no damage from and,shal1 protii~espec~fied ‘perforinanceafter
removal of a reversed polarity condition.

Custodians:
Army - SC
Navy - EC
Air Force - 17

Review Activities
Army - SC, EL
Navy - AS, YD
Air Force - 1,

User Activities:
Army-SC, EL
Navy-YD
Air Force - 90

!., .,

Other Interest:
Jcs - J6
“NSA,- NS
TRI-TAC

1, 13, 89, 90, 99

“., . ;
Preparing,,Actjvity:
Air Force -17

‘a

(Assignee Activity - DC)

(Project SLHC 3220j

“’do

Downloaded from http://www.everyspec.com



●

MIL-STD-188-322
1 November 1976

APPENDIX A

10. GLOSSARY OF TERMS AND DEFINITIONS

This Appendix Contains Definitions Of
Key Terms Used in MIL-STD-188-322

,,----
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10. Glossary of Terms and Oeflnitlons.

10.1 Multi lexin
~

A technique for combining multiple data sources,
each us ng t e same timing clock.

10.2 Carrier Recover. A technique which permits the coherent detection
of a received signal without maintaining, at the receiver, an
oscillater which is phase locked to the transmitter.

10.3 Digital Radio. A.digital radio is defined to consist of a re-
ceiver, a transmitter, power ampllfier (if used), and a circulator
which together are optimized for the transmission of digital infor-
mation. The RF carrier is encoded to a particular state according to
the data, selected at regular timing intervals by a data clock.

10.4 Elastic Buffer. An elastic buffer compensates for dynan’ttcvari-

0- ations in the differential delay between two inputs, allowing these
inputs to be synchronized for further processing.

c 10.5 Eye Pattern. An eye pattern is defined by all the possible bit
states at the point in the demodulator just before bit decist67w are
made. The eye pattern is visualized by super imposing al1 th~.k!f~
states on the same time scale. An ideal eye pattern wI1l resdlt fn an
eye pattern voltage of 1 (normalizeal)at the sample time for @very
bit. Eye pattern degradations are defined as those effects pr~sefitin
a practical (non-ideal) system that cause reduction in the eye voltage
at the same time for some of thebits. Such effects include iiiter-
symbol interference, errors in the phase of the carrier recov~ry and
errors in the clock sampling time.

10.6 Frame. Time division multiplex input signals are combi%@d into
a ser~utput signal in a periodic manner. The periodic stfiocttire
is a 1ine format; one basic period Is a frame. A framed digltii$l
signal consists of a periodic sequence of frames.

10.7 Interoperability, RF. RF interoperability requires that t%dios
fabricated bv dlfferent vendors shal1 interface and oDerate ss!ffs-
factorily wh~n they comprise opposite ends of the same radio jirit!.The
standard mission data interface, data rates, timing informatitih~radio
service channel, multiplex frame format, and differential encodtng/
decoding must be identical.

●
.n
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10.8 Intersymbol Interference, Dtstortlon caused by the overlap
(pulse stretching) of energy from one received symbol into the time
interval of another symbol.

10,9 uadrature Phase Shift Keying.Modulation, A digital modulation
techn que whereby a sine wave carrier is shi~ted to any one of four
equally spaced phase states according to the pair of binary digits
to be transmitted.

10.10 Radio Link, Reference. A reference radio 1ink consists of
sin le microwave

?
ine of sight hop; each 25 km (above 10 GHz) or 50

km below 10 GHz) in length.

10.11 Receiver Threshold. Receiver threshold is defined as tti re-
ceived signal level re uired to achieve an output BER of 4x1O-9

-!5
below 10 GHz and 2X1O above GHz.

10.12 Subsystem. A subsystem is defined as one or more radio 1inks
in tandem with terminal, or drop and insert, ilationsat each end.

10.13 Bit Count Integrity. Bit count integrity is defined as one-
for-one correspondence between transmitted and received bits. Ttie
relationship between information and clock bits shal1 be maintained
starting at transmission through reception.
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APPENDIX 8

20. OPERATIONAL CONFIGURATIONS

This Appendix Explains and’Supplements
Information’Contained in MIL-STO-188-322
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20. Operational Configurations. Speclfications developed from this
standard shall include one or,more of the typical terminal configu-
rations shown in Figures B-1 through B-~, Selection of the particular
terminal configurations wil1 depend on the application and the need to
meet system performance requirements on the application.

20.1 Type I - Dual Frequency Diversity. Dual frequency diversity
shown in Figure 8-1 requires two transmitters and two receivers using

\ one or two antennas. Each transmitter and receiver operates on
different frequencies for a total of four RF frequencies. Frequency
separation of approximately 2 to 3 percent of the RF carrier is re-
quired for frequency diversity.

20.2 Type II - Dual Space Diversity. Oual space diversity shown in
Figure B-2 requires one operating and one standby transmitter and
two receivers, each on separate antennas. The two receivers operate at
the same frequency and the transmitter operates at a different fre- .
quency. The standby transmitter shall be co-located and in parallel
with the active transmitter and placed in operation by a waveguide
switch.

b

o 20.3 Type III - Hot Standby (Non-Diversity). Non-diversity (Hot Stand-
by) operation shown in Figure B-3 requires one operating and one stand
by transmitter and one operating and one standby receiver. The Hot
Standby Transmitter and Standby Receiver shal1 be in parallel with the
on-1ine transmitter and receiver and placed in operation by a waveguide
switch, and by a receiver switch, respectively.~

20.4 Type IV - Cross Polarization. Cross polarization (see Figure B-4)
operation requires two transmitters and two receivers, each operating
at the same frequency (total of two RF Carriers). One transmitter-
receiver pair is vertically polarized, the other transmitter-receiver
pair is horizontally polarized. The use of cross polarization permits
the transmission of two independent Mission Bit Streams over the same
path using one RF Carrier with the effect of doubling the Mission Bit
Stream.Satisfactory BER performance is achieved when isolation be-
tween planes of polarization is approximately 25 to 30 dB.

Lo B-1
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.APPENDIXC

30. GUIDANCE DOCUMENTS

The documents 1isted in this appendix
provide supplementary information, criteria
and guidance that may be used as applic-
able, to assist the designer in complying
with the requirements of this standard.

-.
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30. GUIOANCE DOCUMENTS.

30.1

30.2

Environmental Science Service Administration IESSA)

ESSA Technical Report
IER 45-ITSA 45

National Bureau of Standards (NBS)

NBS Technical Note No. 101,
revised 1967

30.3 Office of Telecommunications

OT

OT
OT

30.4 us

Report 75-59, April 1975

Technical Memorandum,
TM-104 September 1972

Army Communications Command

CCTM-105-5O-3

—. ___

Computer Programs For Tropo-
SDh~ri C Transmission Loss
Calculations

Transmission Loss Predictions
for Tropospherec Commu-
nication Circuits

Refractivity Gradients in the
Northern Hemisphere

A User’s Guide to Path Loss
Computations

Line of Sight Radio Systems

o ,-.,
c-1
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