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M L- STD- 188- 181A
FOREWORD

1. This standard is approved for use by all Departnents and
Agenci es of the Departnent of Defense (DoD).

2. In accordance with DoD Instruction 4630.8, it is DoD
policy that all joint and conbi ned operati ons be supported by
conpati bl e, interoperable, and integrated command, control,
communi cations, and intelligence (C3l) systens. Al C3l systens
devel oped for use by U S. forces are considered for joint use.
The Director, Defense Information Systens Agency (Dl SA), serves
as the DoD single point of contact for devel oping information
technol ogy standards to achieve interoperability and
conpatibility. Al C3l systens and equi pnment will conformto
techni cal and procedural standards for conpatibility and
interoperability.

3. ML-STDs in the 188 series address tel econmunications
desi gn paraneters and are to be used in all new DoD systens and
equi pnent, or major upgrades thereto. The ML-STD 188 series is
subdi vided into a M L-STD-188-100 series, covering common
standards for tactical and | ong-haul comunications; a ML-STD
188- 200 series, covering standards for tactical comunications;
and a M L-STD 188-300 series, covering standards for |ong-hau
communi cations. Enphasis is being placed on the devel opnent of
common standards for tactical and | ong-haul comunications (M L-
STD-188-100 series). The ML-STD 188 series may be based on
American National Standards Institute (ANSI) standards,

I nternational Tel econmuni cati ons Uni on- Tel econmuni cati on

St andar di zati on Sector (1 TU-T) recommendations, |nternational
Standards Organi zation (1SO standards, North Atlantic Treaty
Organi zati on (NATO standardi zati on agreenents (STANAG, and

ot her standards, wherever applicable.

4. This standard conplies with Joint Staff direction
requiring that a standard be devel oped to define all technical
characteristics essential for interoperability and performance of
satellite comunications (SATCOM term nals that use single-
access 5-kHz and 25-kHz ultra high frequency (UHF) SATCOM
channels. This standard defines mandatory system paraneters for
pl anni ng, engi neering, procuring, and using UHF SATCOM term nal s.

5. Beneficial coments and any pertinent data which may be
of use in inproving this standard should be addressed to:

Def ense I nformation Systenms Agency

Joint Interoperability and Engi neering O ganization
ATTN.  JEBBC

Fort Monmouth, NJ 07703-5613

by using the Standardi zati on Docunent | nprovenent Proposal
(DD Form 1426) appearing at the end of this docunent or by
letter.
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1. SCOPE

1.1 Purpose. This standard establishes mandatory
requi renents applicable to satellite comuni cati ons (SATCOV)
termnals that are required to operate over single-access 5-kHz
and 25-kHz ultra high frequency (UHF) SATCOM channel s. M ni mum
interoperability requires a termnal to neet the nmandatory
requirenents within this docunent. A termnal may exceed these
requirenents if it maintains interoperability and adjacent
channel em ssion (ACE)(5.1.1.4 and 5.2.1.4) requirenents. For
exanpl e, the incorporation of additional standard and nonstandard
interfaces is not precluded.

1.2 Scope. This standard is nandatory for all applicable
termnals. An applicable termnal is a 5- or 25-kHz UHF SATCOM
termnal that (1) is undergoing major nodification after the date
of this standard, or (2) is under devel opnent.

1.3 Application guidance. 1In this standard the word shal
identifies mandatory term nal requirenments. The word should
identifies design objectives that are desirable but not
mandatory. FED- STD- 1037 defi nes system standard and desi gn
objective. Wth the exception of ACE requirenents in 5.1.1.4 and
5.2.1.4, all requirenents in this standard apply to term nal
operation only at the mandatory data rates and associ at ed
nodul ation types. |If the optional capabilities are inplenented,
the requirenents of this standard apply. Requirements in 5.1.1.4
and 5.2.1.4 apply whenever operating over single access 5- or 25-
kHz channel s including the use of unspecified data rates and
nodul ati on types.

1/ 2
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2. APPLI CABLE DOCUMENTS

2.1 GCeneral. The docunents listed in this section are
specified in sections 3, 4, and 5 of this standard. This section
does not include docunents cited in other sections of this
standard or recommended for additional information or as
exanples. Wile every effort has been nade to ensure the
conpl eteness of this list, docunment users are cautioned that they
must neet all specified requirenents docunents cited in sections
3, 4, and 5 of this standard, whether or not they are |isted.

2.2 (@overnnent docunents

2.2.1 Specifications, standards, and handbooks. The
foll ow ng specifications, standards, and handbooks form a part of
this docunent to the extent specified herein. Unless otherw se
specified, the issues of these docunents are those listed in the
i ssue of the Departnent of Defense Index of Specifications and
St andards (DoDlI SS) and suppl enents thereto, cited in the
solicitation.

SPECI FI CATI ONS
Depart nent of Defense

M L- C- 28883 Mlitary Specification for the
Advanced Narrowband Digital Voice
Term nal (ANDVT) Set, AN USC-43 (V)

(Unl ess otherw se indicated, copies of the above
specifications are avail able from Conmander, Space and Naval
Warfare Systenms Conmand, Washington, D.C , 20363-5100.)

STANDARDS
FEDERAL
FED- STD- 1037 d ossary of Tel ecommuni cation Terns
FED- STD- 1016 Tel ecommuni cations: Analog to

Digital Conversion of Radio Voice
by 4,800 Bit/Second Code Excited
Li near Prediction (CELP)

(Unl ess otherw se indicated, copies of the above
specifications and standards are available fromthe
St andar di zati on Docunent Order Desk, 700 Robbi ns Avenue,
Bui | di ng 4D, Phil adel phia, PA 19111-5094.)
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2.2.2 Oher Governnent docunents, draw ngs, and
publications. The follow ng other Governnent docunents,
drawi ngs, and publications forma part of this docunent to the
extent specified herein. Unless otherw se specified, the issues
are those cited in the solicitation.

FSCS- 200- 83-1 Navy UHF Satellite Conmunications
Descri ption

(Copi es of FSCS-200-83-1 nay be obtained through its
sponsor, NAVELEX PDE 106-11, NCI, Washington, D.C. 20363 or
t hrough the Naval COcean Systens Center, Code 761, 271 Catalina
Boul evard, San D ego, CA 92152.)

Nat i onal Security Agency (NSA)

NSA NO. 82-2 NSA Performance and Interface
Specification for TSEC KG 84A,
CGeneral Purpose Encryption
Equi prrent ( GPEE)

NSA NO. CSESD- 14 Communi cat i ons Security Equi pnent
System Docunent for TSEC KY-57/58

(Copi es of NSA docunents are available fromthe D rector,
Nat i onal Security Agency, ATTN. V31, 9800 Savage Road,
Fort CGeorge G Meade, MD 20755-6000.)

2.3 Non- Governnent publications. The follow ng docunents
forma part of this docunent to the extent specified herein.
Unl ess ot herw se specified, the issues of the docunents which are
DoD adopted are those listed in the issue of the DoDISS cited in
the solicitation.

North Atlantic Treaty Organization (NATO
St andar di zati on Agreenents (STANAG

4198 Par anet ers and Codi ng
Characteristics That Must Be Conmon
to Assure Interoperability of
2400 bps Linear Predictive Encoded
Di gital Speech

2.4 Oder of precedence. 1In the event of a conflict
between the text of this docunent and the references cited
herein, the text of this docunent takes precedence. Nothing in
t hi s docunent, however, supersedes applicable | aws and
regul ations unl ess a specific exenption has been obtai ned.
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3. DEFI N TI ONS

3.1 Terns. Terns not listed below are defined in
FED- STD- 1037.

3.1.1 Acquisition. A necessary prelimnary condition of a
receiver, by which frequency and phase anbiguities of an incom ng
rf carrier are sufficiently resolved to allow information
nodul ated onto the carrier to be properly denodul at ed.

3.1.2 Binary phase-shift keying (BPSK). A form of

phase-shift keying (PSK). In PSK nodul ati on, the phase angl e of
the carrier is discretely controlled by the information bits
being transmtted. |In BPSK, the instantaneous phase of the

carrier can be either unchanged or shifted 180 degrees.

3.1.3 Bit synchronization (clock lock). The condition
achi eved when significant transitions of the recovered data rate
cl ock are phase-stable to within 25 percent of the bit period.

3.1.4 C/kT. The ratio of the rf carrier power (C relative
to noi se power density. Carrier power is neasured into the
receiving system k = Boltzman's constant and T = the effective
noi se tenperature at the termnal antenna in kel vins.

3.1.5 Coherent denodul ation. A denodul ati on process
characterized by a synchroni zed, phase-matched condition between
a receiver's reference and the received signal.

3.1.6 D fferential encoding. A process by which baseband
digital data before nodulation is used to resolve the phase
anbiguity of digital data recovered fromdenodulation. It is not
used for error detection or correction. A process such that if
the prior code bit and the nessage bit are the same, the encoder
output is zero. |If they are different, the encoder output is a
one.

3.1.7 Effective isotropically radiated power (eirp). The
product of the power supplied to an antenna and its gain relative
to a hypothetical antenna that radiates or receives equally in
all directions.

3.1.8 Energy per bit (E). The average signal energy
contained in a binary digit.

3.1.9 Frequency uncertainty. The difference between a
recei ve signal's expected frequency and its actual frequency.
Frequency uncertainty results when (1) there is a difference in
frequency between reference oscillators, (2) Doppler effects
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cause frequency shifts, or (3) there are frequency-setting
I haccur aci es.

3.1.10 Frequency-shift keying (FSK). A formof frequency
nmodul ation. I n FSK nodul ation, the frequency of the carrier is
di scretely controlled by the transmtted information bits. 1In
bi nary FSK, the instantaneous frequency of a signal is shifted
bet ween two discrete values called the mark and space
frequenci es.

3.1.11 Narrowband operation. A communi cations node whose
essential spectral content is limted to a channel of nom nal
5-kHz bandw dt h

3.1.12 Noise power spectral density (N, = kT). The noise
power per Hz of bandw dt h.

3.1.13 Noncoherent denodul ation. A denodul ati on process in
whi ch there is no synchroni zed phase-nmatched condition between a
receiver's reference and the desired signal.

3.1.14 Nonprocessed satellite channel. A channel capable
only of receiving, anplifying, frequency translating, and
retransmtting a received signal. (There is no signal

processi ng.)

3.1.15 O fset quadrature phase-shift keying (OQPSK). A
formof QPSK in which the in-phase (1) and quadrature (Q bit
streans are offset in tinme by one-half a synbol period, equal to
the reciprocal of the data rate.

3.1.16 Preanble. Consists of an unnodul ated carrier
segnent followed imediately by a carrier segnment nodul ated by a
predeterm ned signal used for acquisition. The unnodul ated
carrier segnent is used by the receiver during carrier
acquisition. The carrier segnment nodul ated by a predeterm ned
bit pattern is used by the denodulator for bit synchronization.
The preanble bit pattern imedi ately precedes, and is
phase-| ocked to, transmtted baseband dat a.

3.1.17 Quadrature phase-shift keying (QPSK). A form of PSK
in which the instantaneous phase of the carrier can be either
unchanged, shifted +90 degrees, or shifted 180 degrees. QPSK may
be represented as two i ndependent binary bit streans nodul at ed
onto the I and Q conponents of the carrier

3.1.18 Shaped binary phase-shift keying (SBPSK). A form of
BPSK nodified to produce the phase-shift over a period of tine.
For exanple, in 50-percent SBPSK, the phase-shift occurs over a
period of time equal to one-half a bit period.
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3.1.19 Shaped of fset quadrature phase-shift keying
(SOQPSK). A formof OQPSK nodified to produce phase-shift over a
period of time. For exanple, in 50-percent SOQPSK, the
phase-shift occurs over a period of tinme equal to one-half a bit
peri od.

3.1.20 Termnal. Equipnment designed to receive and
transmt voice or data information using the frequencies,
nodul ations, data rates, access protocols, eirp, and sensitivity
needed to establish and sustain voice or data communi cati ons over
a satellite channel. A termnal may include internal or externa
voi ce or data encryption devices, or both.

3.1.21 Total received carrier power. The anmount of signal
power captured by the receiving antenna.

3.1.22 Transmtter turn-on tine. The tine interval between
baseband equi prent key down and the tinme at which the transmtter
has stabilized to within 90 percent of steady-state transmt
power and = 20 Hz of the steady-state transmt center frequency.

3.1.23 Wdeband operation. A communi cations node whose
essential spectral content is limted to a nom nal 25-kHz channel
bandw dt h.

3.2 Abbreviations and acronyns. The abbrevi ati ons and
acronyns used in this standard are defined as foll ows:

ACI adj acent channel interference

AM anpl i t ude nodul ati on

ANDVT Advanced Narrowband Digital Voice Term na

BER bit error ratio

bps bits per second

BPSK bi nary phase-shift keying

C total received carrier power

CELP code-excited linear prediction

C kT carrier-to-noi se power density

COVSEC communi cations security

CvSD continuously variable slope delta

dB deci be

dBW decibels relative to 1 watt

DCS Def ense Communi cations System

DI SA Defense I nformati on Systens Agency

DoD Depart ment of Defense

DoDD DoD Directive

DoDI SS DoD | ndex of Specifications and Standards

E, energy per bit

E,/ N, energy-per-bit to noise-power-spectral -density
ratio

eirp effective isotropically radi ated power
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frequency

frequency-di vision nultiple access
forward error correction

federal standard

Fleet Satellite Conmunications
frequency nodul ation

frequency-shift keying

gi gahertz

gener al - purpose encrypti on equi pnent

antenna gai n-to-noise tenperature in dB/ K

hertz

I n- phase

I nput / out put

Joint Chiefs of Staff

Joi nt
Organi zati on

Bol t zman' s const ant

kel vin
kil obits per second
kil ohertz

| eased satellite

| east significant bit

power margin

maritinme satellite

M xed Excitation Linear Prediction
nmegahert z

mlitary standard

JCS nmenor andum

mllisecond

nost significant bit

North Atlantic Treaty Organization
Nat i onal Security Agency

noi se power spectral density
National MIlitary Comrand System
over-the-air rekeying

of f set quadrature phase-shift keying
part per mllion

phase-shift keying

quadr at ure

link data rate

radi o frequency

satellite conmunications

shaped bi nary phase-shift keying
super high frequency
start - of - mnessage

shaped of fset quadrature phase-shift keying

st andar di zati on agreenent (NATO
bit period

UHF Fol | ow- On

ultra high frequency

wat t

change in frequency (f,-f,)

| nteroperability and Engi neering
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4. GENERAL REQUI REMENTS

4.1 Communi cations system characteristics. The paraneters
defined in this docunent provide for the interoperability and
per formance of | and-based, surface ship, aircraft, and submarine
term nals that use nonprocessed 5- and 25-kHz ultra high
frequency (UHF) SATCOM channels. The 5-kHz nom nal bandw dth
channels are referred to as narrowband; the 25-kHz nom nal
bandwi dt h channels are referred to as w deband. The paraneters
defined herein provide efficient use of the satellite channels,
mnimze interference anong satellite users, and ensure an
i nteroperabl e node exists for all users. Optional capabilities
that are inplemented shall be as specified in this standard.
| nt er oper abl e access nodes shall be single access on a satellite

channel. The interoperable nodes and data rates are shown in
Table I.
TABLE I. Interoperability I/O data rates.
NARROVWBAND MODE W DEBAND MCDE
OPERATI NG MODES RATES (bps) RATES (kbps)
Voi ce (Mandat ory) 2400 16
Voi ce (Optional) 4800
Dat a (Mandat ory) 1200/ 2400 16
Data (Optional) 75/ 300/ 600/ 9.6/16/19. 2/
4800/ 6400 32/ 38.4

4.2 Ceneral waveform structure

4.2.1 COperating nodes. There are two operating nodes, as
i ndi cat ed bel ow

a. Narrowband node. Qperation will be limted to a 5-kHz
bandw dth (a single 5-kHz channel, or a 5-kHz bandw dth of a 25-
kHz or 500-kHz channel, as they are defined in Appendix A), as
specified in 5.1 through 5.1.9. 2.

b. Wdeband node. Operation will be limted to a 25-kHz
bandwi dth (a single 25-kHz channel, or a 25-kHz bandw dth of a
500- kHz channel, as they are defined in Appendix A), as specified
in 5.2 through 5.2.9.

4.2.2 Synchronization. For coherent denodul ati on (PSK)
the termnal shall transmt a preanble to all ow denodul at or
synchroni zati on before the communi cations security (COVSEC)
synchroni zation preanble is transmtted. A preanble shall not be
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used for FSK npdul ation in the wi deband npde. Note that npde is
not synonynous wi th channel.

4.2.3 Comrunications security waveform  Conmuni cati ons
security is provided as specified in 5.1.7 and 5.2.7. Hardware
i npl enmentation of the termnals with enbedded COMSEC shal |
i nclude provisions for future inplementation of over-the-air
rekeyi ng (OTAR).

4.2.4 Satellite interface. The waveformshall interface
with maritine satellite (MARI SAT) (al so known as Gapfiller),
Fleet Satellite Comrunications (FLTSATCOV), Leased Satellite
(LEASAT), and UHF Foll ow-On (UFO) satellites, which are described
in FSCS-200-83-1. Frequency plans for LEASAT, FLTSATCOM
MARI SAT, and UFO are shown in Appendix A in Tables A1, AII,
A-1l1l, and A-1V, respectively.

4.2.5 Forward error correction (optional). Convol utional
forward error correction (FEC)coding at rates 1/2, and 3/4 is
provi ded as an optional capability. |If the termnal inplenents
FEC, it shall be conmpliant with the FEC requirenents of this
standard. Code rate 1 refers to no FEC codi ng.

10
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5. DETAI LED REQUI REMENTS
5.1 Narrowband node

5.1.1 Transmt. The effective isotropically radiated power
(eirp) requirenents specified in 5.1.1.1 through 5.1.1.4.2
include all gains and | osses fromthe transmtter to the antenna,
i ncl usi ve.

5.1.1.1 Effective isotropically radiated power. The
term nal shall be capable of providing eirp of at |east 16 dBW
Wi th respect to right-hand circul ar polarization. The term nal
eirp shall be increnentally or continuously adjustable between a
m ni mum setting no greater than 10 dBWand the maxinumeirp, with
a power setting resolution of 2 dB or better.

5.1.1.2 Effective isotropically radi ated power accuracy.
The termnal shall maintain an eirp accuracy of +1.5 dB, assum ng
antenna gain and passive | osses are fixed.

5.1.1.3 Transmitter turn-on tine. The transmtter turn-on
time shall not exceed 50 ns.

5.1.1.4 Adjacent channel em ssions. In a nomnal 5-kHz
bandw dt h whose center frequency is displaced by Af froma
termnal transmtter's carrier frequency, the eirp shall be as
specified in 5.1.1.4.1 and 5.1.1.4.2.

5.1.1.4.1 Carrier level less than +18 dBW The eirp,
relative to the termnal’s total output eirp, shall not exceed
the val ues specified in Table Il. These values shall apply when
the transmtter carrier frequency is either unnodul ated or
nodul at ed.

5.1.1.4.2 Carrier level greater than or equal to +18 dBW
For carrier eirp levels equal to or greater than +18 dBW the
maxi mum ei rp val ues shall not exceed the values specified in
Table I1.

Table I1. Al owabl e adj acent channel em ssions, narrowband.
Af RELATI VE EIRP (dB) MAXI MUM EI RP ( dBW
(kHz) (CARRI ER LEVEL < +18 dBW | (CARRIER LEVEL > +18 dBW
5 -14 +4
10 -34 -16
15 - 38 -20
>20 -40 -22
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5.1.1.5 Tuning. The transmt frequency shall be tunable in
5-kHz increnents over the frequency range of 291.000 to
318. 000 MHz.

5.1.2 Receive

5.1.2.1 Susceptibility to adjacent channel interference.
The term nal shall achieve a bit error ratio (BER) of 1 x 10°° or
better at the C KT specified in Table I1l, when operating in the
presence of adjacent channel interference (ACl), at 5-kHz offset.
For test conditions, ACI power in the desired channel shall be 15
dB bel ow t he average power of the desired signal, where the AC
signal is a 2400-bps random bit pattern that is 50-percent SBPSK-
nodul at ed.

TABLE I'11. Susceptibility to adjacent channel interference,
narr owband node.
C/ kT FOR BER
BIT RATE (bps) | EQUAL TO 1 x 10°°
(dB- Hz)
75 32.3
300 38.3
600 41. 3
1200 44. 3
2400 47. 3
4800 51.8
6400 52. 8

5.1.2.2 Tuning. The receive frequency shall be tunable in
5-kHz increnents over a frequency range of 243.000 to
270. 000 MHz.

5.1.2.3 Bit error ratio. The BER neasured at the output of
t he denodul ator, for FEC code rate 1, shall not exceed 1 x 10°°
for a data rate of 2400 bps and a (G T)/(EJ/N,) of -34.7 dB/ K (or
-42.4 dB/K for aircraft and submarine installations), assumng a
sky noi se tenperature of 200 K and a 0-dB gain antenna for
airborne platforns. The required (GT)/(E,/N,) for rate 3/4 and
1/ 2 codes shall be reduced by 3.0 dB and 4.25 dB, respectively.
The G T and E/N, of term nals nay be independently eval uated for
test purposes. However, when performance of the independent
conponents is conbined analytically, the cal cul ated val ue of
system perfornmance shall conply with the requirenents of this
par agr aph.

12
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5.1.3 Modul ation. For code rate 1, the nodul ati on shall be
i nteroperable with BPSK and 50-percent SBPSK (see Figure B-1 in
Appendi x B) for data rates of 1200 and 2400 bps and, if
| f a 4800-

i npl enent ed,

for data rates of 75, 300, and 600 bps.
or 6400-bps rate is inplenented,

i nteroperable with OQPSK and 50- percent SOQPSK

rotati on caused by nodul ati on shal
in the transmtted data.
i n Appendi x B.

shal |

be as defined in Table IV.

TABLE | V. 5-kHz channel

t he nodul ati on shall be
The phase vector
not cause a frequency shift

A brief overview of SBPSK i s presented

| f FEC coding is inplenented, the nodul ation

FEC codi ng versus
nodul ati on opti ons.

OPTION |1/ O DATA RATE| CODING | MNODULATI ON NODULATI ON
# (bps) RATE TYPE RATE
(sps)
75 172 BPSK or SBPSK 150
1
75 1 BPSK or SBPSK 75
300 172 BPSK or SBPSK 600
2
300 1 BPSK or SBPSK 300
600 172 BPSK or SBPSK 1200
3
600 1 BPSK or SBPSK 600
1200 172 BPSK or SBPSK 2400
4 1200* 1 BPSK or SBPSK 1200
2400" 1 BPSK or SBPSK 2400
° 2400 172 OOPSK or 2400
SOQPSK
2800 1 OOPSK or 2400
SOQPSK
6 2800 3/ 4 OOPSK of 3200
SOQPSK
7 6400 1 OOPSK or 3200
SOQPSK
* Mandat ory

5.1.4 Acquisition

5.1.4.1

Preanbl e generation. The transmtting radi o shal
generate a preanble as specified on Figure 1A for BPSK/ SBPSK and
Figure 1B for OQPSK/ SOQPSK, if inplenented. Baseband data shal
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Transmitter Continuous Wave Preamble Baseband
Startup/ Bit Pattern Transmission
Powerup

\ / \ / \ 110011001100...
4— 50 ms —P¢— 280 + 20 symbols >< 360 + 20 symbols ——»

(maximum) (NOTE)

Key Baseband Word
Down Synchronization
Starts

NOTE: 740 £ 20 symbols for 75 bps

FIGURE 1A. Synchronization method for BPSK/SBPSK.

Transmitter Continuous Wave Preamble Baseband
Startup/ Transmission
Powerup

| Bit Pattern

(01010101. . )

Q Bit Pattern
(11111111, )

€¢— 50 ms —p@¢—— 280 + 20 symbols —————P&——— 360 + 30 symbols ————¥
(maximum)

Key Baseband Word
Down Synchronization
Starts

FIGURE 1B. Synchronization method for OQPSK/SOQPSK.
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follow the preanble bit pattern without a shift in data bit
timng greater than 25 percent of a bit interval. Figure 1A
shows the preanble bit pattern for BPSK and SBPSK for all data
rat es.

5.1.4.2 Receiver synchronization. Upon successful
acquisition the termnal shall output, as a mninmum all baseband
data that imediately follows the preanble bit pattern.

5.1.4.3 Frequency uncertainty. The termnal shall achieve
acqui sition and denodul ate the signal for carrier frequency
uncertainties up to 1.2 kHz at the receive antenna.

5.1.4.4 Probability of acquisition. The probability of
achi eving acquisition on the first attenpt under the conditions
described in 5.1.4.3 and E/N, equal to or higher than the
reference E,J/ N, shall exceed 95 percent with a confidence |eve
of 90 percent. Reference E/N, is defined as the E/N, needed by
the termnal to achieve a BER of 10 -3,

5.1.4.5 Maintaining bit synchronization. The probability
of maintaining bit synchronization for at |east 10 seconds, when
the (GT)/(E/N,) is degraded by up to 3 dB fromthat which is
specified in 5.1.2.3, shall be 95 percent with a confidence |evel
of 90 percent. The terminal shall maintain bit synchronization
if the carrier is interrupted (lost and returns wthin 230
mlliseconds). |If, after a 250-mllisecond interruption another
carrier is received, the termnal shall synchronize to and
process the new carrier.

5.1.4.6 Receive timng stability. The term nal shal
mai ntain the frequency of its receive clock output to data
term nal equipment within 1 percent of the clock frequency for
the selected operating data rate under all conditions in which
bit synchronization can be nmai nt ai ned.

5.1.5 Frequency generation. The frequency generation
system shall provide |ong-termplus short-termfrequency accuracy
within £ 1 part per mllion (ppm) across the full range of
environnental conditions outlined in the termnal specification.
The root-nmean-square val ue of the phase noise shall not exceed
10 degrees over the specified frequency range in a bandw dth of
10 Hz to 15 kHz.

5.1.6 Voice digitization. For 2400-bps voice, the voice
digitization shall be interoperable with equi pnment that neets the
requi renents of Standardization Agreenment (STANAG 4198. It
shall be interoperable with the Cv-3591. |If 4800-bps voice is
i npl emented, the voice digitizer for 4800-bps voice shall conply
wi th requirenments of FED STD-1016.
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5.1.7 Communi cations security. Figure 2 shows two nethods
of achi eving comuni cations security (COVSEC)

5.1.7.1 Voice. Voice digitization and security
requi renents are as foll ows:

a. Mandatory. The COMSEC waveform shall be interoperable
with the ANV USC-43 (ANDVT) waveform wused in application 3, as
specified in ML-C 28883, when transmtting and receiving. The
version current at the tinme of witing of this standard is
di scussed in 6.3.1.

ANDVT-compatible
?—— LPC-10 Antenna
— Mandatory
Transmission
] Line
COMSEC Radio
KYV-5 *
Receiver/
* Modem Transmitter
;\ [ J
Data Data
VQ Port
Device
COMSEC
L KG-84A/C Optional
compatibility

FIGURE 2. UHF SATCOM term nal, narrowband node.

b. Optional. Secure voice at 4800 bps shall be
interoperable with the digitization techniques specified in
FED- STD- 1016, and the encryption techni ques used by the
TSEC/ KG- 84A/ C, as specified in NSA No. 82-2. See 6.3.2 for
di scussi on of other possible secure voice digitization
t echni ques.

5.1.7.2 Data. Data security is as follows:
a. Mandatory. The COMSEC waveforns shall be interoperable

with the AN USC-43 (ANDVT) waveformused in application 3, as
specified in ML-C 28883, when transmtting and receiving.

16
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b. Optional. The COVSBEC waveforns shall be interoperable
with the TSEC/ KG 84A/C waveform when transmtting and recei ving,
as specified in NSA NO 82-2.

5.1.8 D fferential encoding. Al baseband data foll ow ng
the preanble bit pattern shall be differentially encoded. For
BPSK/ SBPSK the differential encoding shall be as foll ows:

C(k) = {C(k-1) @ n(k)}

wher e
C (k) = present code bit
C (k-1) = prior code bit
@ = exclusive OR operation
m (k) = nessage bit

For QPSK/ SOQPSK the differential coding shall be as foll ows:
C(2k) =1{C(2k -2) & m(2k)!

C(2k + 1) ={C(2k-1) @ m(2k + 1)}

wher e
C (2k) = present | code bit
C (2k-2) = previous | code bit
C (2k+1) = present Q code bhit
C (2k-1) = previous Q code bit
@ = exclusive or operation
m ( 2k) = | nessage bit
m (2k+1) = Q nessage bit
5.1.9 Error control (optional). |If FEC coding is

i npl emrented, the termnal shall add a Start-of-Mssage (SO data
field to the preanble shown in Figures 1A or 1B preceding the
baseband transm ssion. For BPSK/ SBPSK, the SOM shall be the
37-bit sequence, 1110001000010001111010011011101100101. For
OQPSK/ SOQPSK, the 42-bit SOM shall be a 21-bit sequence in each
and Q channel, where the |I channel sequence is
000000101110100111001 and the Q channel sequence, offset one-half
synbol later, is 001101100001000010101. The SOM shal |l be
transmtted in the order showmn with the left-nost bit transmtted
first. For OQPSK/ SOQPSK nodul ati on with FEC coding, the first
FEC- encoded user data bit shall be sent on the |I channel. The
out put of the FEC encoder shall be identical to the output of the
rate 1/2 constraint length 7 convol uti onal encoder shown on
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Figure 3. For rate 3/4 the output of the encoder shall be
identical with the output described in 5.1.9. 2.

5.1.9.1 FEC characteristics. The code tap positions are as
fol | ows:

Rate = 1/2 k =7
P1 1111001
P2 1011011

NOTE: The nost significant bit (MSB) is farthest left,
and the least significant bit (LSB) is farthest right.
The encoder tap connections shall be as shown in
Figure 3. The new data bit is shifted into the |eft-
nost position of Figure 3.

k=7
rate 1/2 convolutional encoder

encoder
data in

» P2

FI GURE 3. Convol utional encoder tap positions.

5.1.9.2 Punctured forward-error-correction codes,
narrowband. Fromthe rate 1/2 code, higher rate 3/4 code could
be constructed by a techni que known as puncturing. The puncture
pattern is given in Table V. Only those bits identified with a 1
in Table V are transmtted. They are transmtted in pairs and
are transmtted fromleft to right.

TABLE V. Puncture code patterns.

CCDE SYMBOL PUNCTURE PATTERN

RATE (0 = DELETED BIT)
P1: 101

3/4 pP2: 110

18
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5.2 Wdeband node

5.2.1 Transmt.

The eirp requirenents specified in 5.2.1.1

through 5.2.1.4 include the gains and | osses fromthe transmtter

to the ant enna,

5.2.1.1

term na

ei rp shal

shal |
Wi th respect to right-hand circul ar
be increnmentally or continuously adjustable between a

i ncl usi ve.

Effective isotropically radi ated power.
be capable of providing eirp of at
pol ari zati on.

The
| east 16 dBW
The term na

m ni mum setting no greater than 10 dBWand the maxinumeirp, with

a power setting resolution of 2 dB or

better.

5.2.1.2 Effective isotropically radi ated power accuracy.

The term na

shal |

antenna gai n and passive | osses are fixed.

5.2.1.3 Transmitter turn-on tine.
not exceed 50 ns.

ti me shal

5.2.1.4 Adjacent channel

t he total

frequency,

of all
| ess than 1 percent of the total
nmodul ation in a nom nal
is displaced by af fromthe term na
the eirp shal
Table Vlia for a carrier

for a carrier

| evel

greater than or equal

enm ssi ons.
em ssions outside the 25-kHz channel
transmtted power.
25-kHz bandw dt h whose center frequency
transmtter’s carrier

not exceed the values specified in

| ess than + 18 dBWand Table Vib
to + 18 dBW

For

For

mai ntain an eirp accuracy of +1.5 dB, assum ng

The transmtter turn-on

FSK nodul ati on,
shal | be
PSK

TABLE Vla. Allowable adjacent channel em ssions, w deband
(noder ate power).
RELATI VE EI RP (dB)
(CARRI ER LEVEL < +18 dBW

Af 9.6 kbps 19. 2 kbps 32 kbps 38.4 kbps ALL OTHER
(kHz) BPSK/ SBPSK BPSK/ SBPSK OQPSK/ SOQPSK |  OQPSK/ SOQPSK RATES AND
| NTEROPERABLE | | NTEROPERABLE || NTEROPERABLE | | NTEROPERABLE | MODULATI ON

25 -17 -11 -16 -13 -11

50 - 37 - 26 -23 -21 -21

75 - 40 - 34 - 37 -35 - 34

100 - 40 - 40 -39 - 40 -39

>125 - 40 - 40 - 40 - 40 - 40

5.2.1.5 Tuning.

The transmt frequency shal

25-kHz increnents over a frequency range of 291.000 to
318. 000 MHz.
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TABLE VI b. All owabl e adj acent channel em ssions, w deband

(hi gh power).
MAXI MUM EI RP (dBW
(CARRI ER LEVEL > +18 dBW

Af 9.6 kbps 19. 2 kbps 32 kbps 38. 4 kbps ALL OTHER
(kHz) BPSK/ SBPSK BPSK/ SBPSK OQPSK/ SOQPSK | OQPSK/ SOQPSK RATES AND
| NTEROPERABLE | | NTEROPERABLE || NTEROPERABLE | | NTEROPERABLE MODULATI ON

25 +1 +7 +2 +5 +7

50 -19 -8 -5 -3 -3

75 -22 -16 -19 -17 -16

100 -22 -22 -21 -22 -21

>125 -22 -22 -22 -22 -22

5.2.2 Receive

5.2.2.1 Susceptibility to adjacent channel interference.
The term nal shall achieve a BER of 1 x 10°° or better, at the
C/ kT specified in Table VII, when operating in the presence of
ACl at a 50-kHz offset. For test conditions, AClI power in the
desired channel shall be 20 dB bel ow t he average power of the
desired signal, where the ACl signal is a 19.2-kbps bit pattern
that is 50-percent SBPSK-nodul at ed.

TABLE VII. Mbdul ation types and susceptibility to adjacent
channel interference, w deband node.

C/ kT FOR BER

SYMBCL RATE (sps) MODULATI ON SPECI FIED I N

5.2.2.1(dB-Hz)
9600 (Optional) BPSK/ SBPSK 53.3
16000 (Optional) BPSK/ SBPSK 55.5
16000 ( Mandat ory) FSK 58.5
19200 (Opti onal) BPSK/ SBPSK 56. 3
32000 (Optional) OQPSK/ SOQPSK 58.5
38400 (Optional) OQPSK/ SOQPSK 59. 3

5.2.2.2 Tuning. The receive frequency shall be tunable in
25-kHz increnents over a frequency range of 243.000 to
270. 000 MHz.

5.2.2.3 Bit error ratio
a. FSK BER The BER neasured at the output of the
denodul at or shall not exceed 1 x 10° for a data rate of 16 kbps

and a (G T)/(E/N,) of -37.7 dB/K (or -45 dB/K for aircraft and
submarine installations), assum ng a sky noi se tenperature of
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200 K and assumng a 0 dB gain antenna for airborne platforns.
The G T and E/N, of termnals nmay be independently eval uated for
test purposes. However, when the performance of the independent
conponents is conbined analytically, the cal cul ated val ue of
system performance shall neet the requirenents of this paragraph.
A method for inproving the GT of UHF termnals or aircraft and
submarine platforns is given in Appendi x C

b. PSK BER The BER neasured at the output of the
denodul ator, for FEC code rate 1, shall not exceed 1 x 10 for
a data rate of 19.2 kbps and a (G T)/(E/N,) of -34.7 dB/ K
(or -42.4 dB/K for aircraft and submarine installations),
assum ng a sky noi se tenperature of 200 K and a 0-dB gai n antenna
for airborne platforns. The required (GT)/(E,/N,) for rate 3/4,
and 1/2 codes shall be reduced by 3.0 dB and 4. 25 dB,
respectively. The G T and E/N, of term nals may be
i ndependently eval uated for test purposes. However, when
performance of independent conponents is conbined anal ytically,
t he cal cul ated val ue of system performance shall conply with the
requi renents of this paragraph. An overview of link cal cul ations
used in determining required eirp and (G T)/(E/N,) is show in
Appendi x D.

5.2.3 Modul ation. Mdulation shall be as shown in
Table VII. The FSK nodul ation characteristics shall be as
specified in 5.2.3.1 and 5.2.3.2. |f FEC coding is inplenented,
t he nmodul ation shall be as defined in Table VIII

5.2.3.1 Deviation. The deviation of the nodul ated si gnal
shall be 5.6 kHz + 1 kHz for a binary 0 and -5.6 kHz + 1 kHz for
a binary 1. The denodul ator shall be interoperable with
nmodul at ed signals that have deviations of 5.6 kHz £ 1.2 kHz for a
binary 0 and -5.6 kHz + 1.2 kHz for a binary 1.

5.2.3.2 Input data signal sense. A binary 1 shall be
indicated by a voltage that is negative with respect to the
reference point, and a binary O by a voltage that is positive
with respect to the reference point.

5. 2. 3.3 Phase vector rotation. The phase vector rotation
caused by nodul ation shall not cause a frequency shift in the
transmtted data. A brief overview of SBPSK is presented in
Appendi x B.

5.2.4 Acquisition. Paragraphs 5.2.4.1, 5.2.4.2, and
5.2.4.4 apply to PSK interoperable rates only.

5.2.4.1 Preanble generation. The transmtting radio shal

generate a preanble as specified on Figure 1A for BPSK/ SBPSK or
Figure 1B for OQPSK/ SOQPSK, if inplenented. Baseband data shal
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TABLE VIII. 25-kHz channel FEC codi ng versus
nodul ati on opti ons.
OPTION [ 1/ 0O DATA RATE CODI NG MODULATI ON MODULATI ON
# (bps) RATE TYPE RATE
(sps)
9600 1 BPSK/ SBPSK 9600
1
9600 1/ 2 BPSK/ SBPSK 19200
16000 1 BPSK/ SBPSK 16000
2
16000 1/ 2 OQPSK/ SOQPSK 16000
3* 16000 1 FSK 16000
19200 1 BPSK/ SBPSK 19200
4 19200 1/ 2 OQPSK/ SOQPSK 19200
32000 1 OQPSK/ SOQPSK 16000
5 32000 3/4 OQPSK/ SOQPSK 21333.3
6 38400 1 OQPSK/ SOQPSK 19200
* Mandat ory

follow the preanble pattern without a shift in data bit timng
greater than 25 percent of a bit interval

5.2.4.2 Receiver synchronization. Upon successful
acquisition, the termnal shall output as a mninumall baseband
data that imediately follows the preanble bit pattern.

5.2.4.3 Frequency uncertainty. The termnal shall achieve
acqui sition and denodul ate the signal for carrier frequency
uncertainties up to 1.2 kHz fromthe desired channel center
frequency.

5.2.4.4 Probability of acquisition. The probability of
achi eving acquisition on the first attenpt under the conditions
of 5.2.4.3 and EJ/N, equal to or higher than the reference EJ/N,
shal | exceed 95 percent, with a confidence |evel of 90 percent.
Ref erence EJ/N, is defined as the E/N, needed by the termnal to
achi eve a BER of 10 -3

5.2.4.5 Maintaining bit synchronization. The probability
of maintaining bit synchronization for at |east 10 seconds when
the (GT)/(E/N,) is degraded by up to 3 dB fromthat which is
specified in 5.2.2.3, shall be 95 percent with a confidence |evel
of 90 percent. For PSK signals the termnal shall maintain bit
synchroni zation if the carrier is interrupted (lost and returns
within 230 mlliseconds). For any signal (PSK or FSK), if, after
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a 250-mllisecond interruption another carrier is received, the
term nal shall synchronize to and process the new carrier.

5.2.4.6 Receive timng stability. The term nal shal
mai ntain the frequency of its receive clock output to data
term nal equipment within 1 percent of the clock frequency for
the selected operating data rate, under all conditions in which
bit synchronization can be nai nt ai ned.

5.2.5 Frequency generation. The frequency generation
system shall provide |long-term plus short-termfrequency accuracy
Wi thin 1 ppmacross the full range of environnental conditions
outlined in the termnal specification.

5.2.6 Voice digitization. Secure voice at 16000 bps shal
be interoperable with continuously variable slope delta (CVSD)
digitization techniques used by the VINSON encryption device, as
specified in NSA NO CSESD 14.

5.2.7 Comuni cations security. The COVSBEC device shall be
interoperable with the TSEC/ KY-57 and TSEC/ KY-58. See Figure 4.

5.2.7.1 Voice. Secure voice at 16000 bps shall be
i nteroperable with techniques used by the VINSON, as specified in
NSA NO. CSESD- 14.

5.2.7.2 Data

a. Mandatory. The COMSEC waveforns shall be interoperable
with the TSEC KY-57/58 VI NSON waveform when transmtting and
receiving, as specified in NSA NO. CSESD- 14.

b. Optional. The COVSEC waveforns shall be interoperable
wi th the TSEC/ KG 84A/ C wavef orm when transm tting and receiving,
as specified in NSA NO 82-2.

5.2.8 D fferential encoding. For PSK nodul ation at al
bit rates, all baseband data followi ng the preanble bit pattern
shall be differentially encoded as specified in 5.1.8.

5.2.9 Error control (optional). FEC coding, if
i npl emrented, shall be as defined in 5.1.09.

23/ 24


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

M L- STD- 188- 181A

(This page intentionally left blank)


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

M L- STD- 188- 181A
6. NOTES

(This section contains information of a general or
expl anatory nature which may be hel pful, but it is not
mandat ory.)

6.1 Tailoring guidance. To ensure proper application of
this standard, invitations for bids, requests for proposals, and
contractual statenments of work should tailor the requirenents in
sections 4 or 5 of this standard to exclude any unnecessary
requi renents. For exanple, if the statenent of work requires a
revision to a standard, then all the paragraphs related to
handbooks, bulletins, and notices shoul d be excl uded.

6.2 Key-word listing. The follow ng key words, phrases,
and acronyns apply to M L-STD 188- 181A:

Fleet Satellite Comrunications (FLTSATCOV)
nonprocessed satellite conmunications

si ngl e-access SATCOM channel s

UHF Fol | ow- On SATCOM communi cat i ons

6.3 Voice capability.

6.3.1 ML-C 28883 baseline. At the tinme of publication of
this standard the version of ML-C 28883 avail abl e was
M L- C-28883A with change 2 and engi neeri ng change proposal (ECP)
up through 060. Future use of this standard for system
devel opment should refer to |latest version of this specification.

6.3.2 Mxed Excitation Linear Prediction (MELP). There
are efforts underway to inprove the quality of voice
comuni cati ons enpl oying MELP techni ques. MELP was devel oped by
Texas Instrunments under contract to NSA. Interimtest results
show t hat performance on a 2400 bps channel enploying MELP is
equi valent to or better than that on a 4800 bps channel enpl oying
CELP techniques. A federal standard is in the process of being
devel oped. Pending conpletion of the federal standard,
informati on on MELP is docunented in NSA Report R22-03-96
"Anal og to Digital Conversion of Voice by 2400 bps M xed
Excitation Linear Prediction", with NSA |library nunber S243, 638.
The NSA report contains the draft version of the federal
standard. A DoD Digital Voice Processing Consortiumis |ooking
the inplenmenting MELP into comuni cati ons equi pnment. Assum ng
success in conpleting the federal standard, this voice
digitization technique will have application for those term nals
operating over UHF SATCOM channel s.

6.4 Mjor changes. Table I X shows the major differences

bet ween M L- STD- 188- 181A and t he Septenber 1992 edition of
M L- STD- 188- 181.
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Table I X. Mg or changes fromthe Septenber 1992 edition
of this standard.
CHANGE PARAGRAPHS/ FI GURES/ TABLES
AFFECTED

Format/editorial changes to Mul tiple
conply with M L-STD 962C.
Convol utional error correction |4.2.5, 5.1.9, 5.1.9.1,
coding at rates 1/2 and 3/4, 5.1.9.2, 5.2.9, Figure 3, and
added as an opti onal Tabl e V.

capability.

The transmtter turn-on time
was changed from 875

m croseconds to 50
mlliseconds.

5.1.1.3, 5.2.1.3, and Figures
1A and 1B

The ACE for narrowband and
wi deband nodes was changed.

Tables 11, Va and Vb.

Clarified optional data rates
versus codi ng and nodul ati on

t ype.

5.1.3, Table IV, 5.2.3, and
Table VII.

The preanbl e was changed to
conformto M L-STD- 188-182.

Figure 1B and 5.2.4.1.

The requirenent that spectral
contai nnent for the narrowband
node be 95 percent in a 5-kHz
bandwi dt h at 2400 bps was
del et ed.

5.1.5

Added differential encoding
requi renment for QPSK/ SOQPSK
nmodul at i on.

5.1.8 and 5.2.8

The (G T)/(EJ/N,) used for PSK
BER neasur enent was changed
from-27 to -34.7 and from -
33.4 to -42.4 for aircraft and
submarine install ations.

5.2.2.3

The narrowband node | evel of
ACl level in the desired
channel was changed to 15 dB
bel ow the desired signal. The
C/ kT for 4.8 and 6.0 ksps was

i ncreased by 1.5 dB.

5.1.2.1 and Table 11
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FREQUENCY PLANS
A. 1 SCOPE

This appendix is a mandatory part of this standard. The
i nformation contained herein is intended for conpliance. Al
frequenci es used to communi cate in the narrowband and w deband
nodes are required to conformto the frequency plans defined in
this appendi x. The frequency plans for use on 5- and 25-kHz
channel s are defined. Table A-1 provides the frequency plans for
t he LEASAT, FLTSATCOM MARI SAT (Gapfiller), and UHF Fol | ow On
systens.
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TABLE A-1.
(This table wll

M L- STD- 188- 181A

APPENDI X A

Current and UHF Fol | ow- On frequency pl ans.
Frequency fi el ds.

be used for the Channel
See key at end of table.)

CHANNEL UPLI NK DOMALI NK | PRESENT UFO
NUVBER FREQUENCY | FREQUENCY | CHANNEL [CHANNEL [  NOTES
(MHz) (MHz)
DECI MAL | HEX
0 NONE NONE NONE N A
1 1 SHF 250. 350 WL N1 Fl eet
br oadcast
2 2 SHF 250. 400 N 1
3 3 SHF 250. 450 Al o1
4 4 SHF 250. 500 o1
5 5 SHF 250. 550 Bl P1
6 6 SHF 250. 600 P 1
7 7 SHF 250. 650 C1 QA
8 8 SHF 250. 700 Q1
9 9 292. 850 251. 850 \\B N2 NAVY 25kHz
CHANNELS,
41 WMHz
OFFSET
10 0A 292. 950 251. 950 A2 2
11 0B 293. 050 252. 050 B2 P2
12 oC 293. 150 252. 150 Cc2 Q
13 oD 294. 550 253. 550 WL N3
14 OE 294. 650 253. 650 A3 3
15 OF 294. 750 253. 750 B3 P3
16 10 294. 850 253. 850 C3 @5}
17 11 296. 250 255. 250 Wb N4
18 12 296. 350 255. 350 A4 A
19 13 296. 450 255. 450 B4 P4
20 14 296. 550 255. 550 4 @] NAVY 25kHz
CHANNELS,
41 MHz
OFFSET
21 15 297. 850 256. 850 W6 N5
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUVBER FREQUENCY | FREQUENCY | CHANNEL [CHANNEL NOTES
DECI MAL | HEX (M) (M)

22 16 297. 950 256. 950 A5 b

23 17 298. 050 257. 050 B5 P5

24 18 298. 150 257. 150 C5 @&

25 19 299. 350 258. 350 W N6

26 1A 299. 450 258. 450 A6 06

27 1B 299. 550 258. 550 B6 P6

28 1C 299. 650 258. 650 C6 03)

29 1D | 306. 250 265. 250 3 N7

30 1E 306. 350 265. 350 A7 or

31 1F 306. 450 265. 450 B7 P7

32 20 306. 550 265. 550 C7 Qr

33 21 307. 750 266. 750 * N3

34 22 307. 850 266. 850 A8 o8

35 23 307. 950 266. 950 B8 P8

36 24 308. 050 267. 050 C8 @

37 25 309. 150 268. 150 N9

38 26 309. 250 268. 250 A9 0°)

39 27 309. 350 268. 350 B9 P9

40 28 309. 450 268. 450 C9 0°)

41 29 310. 650 269. 650 N10

42 2A 310. 750 269. 750 Al0 010

43 2B 310. 850 269. 850 B10 P10

44 2C | 310.950 269. 950 C10 Q0 NAVY 25kHz

CHANNELS,

41 MHz
OFFSET

*

307. 750 was used as the Gapfiller channel A uplink frequency. 266.750 is
not in correct use as a downlink frequency.
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUVBER FREQUENCY | FREQUENCY | CHANNEL [CHANNEL NOTES
DECI MAL | HEX (Miz) (Miz)
45 2D 293. 950 260. 350 A23-1 DoD 500
kHz

CHANNEL S/
UFO 25kHz
CHANNELS

46 2E 293. 975 260. 375 A23-2 N11

47 2F 294. 000 260. 400 A23-3

48 30 294. 025 260. 425 A23-4 P11

49 31 294. 050 260. 450 A23-5

50 32 294. 075 260. 475 A23-6 N12

51 33 294. 100 260. 500 A23-7

52 34 294. 125 260. 525 A23-8 P12

53 35 294. 150 260. 550 A23-9

54 36 294. 175 260. 575 A23-10 o1

55 37 294. 200 260. 600 A23-11

56 38 294. 225 260. 625 A23-12 QL1

57 39 294. 250 260. 650 A23-13

58 3A 294. 275 260. 675 A23-14 012

59 3B 294. 300 260. 700 A23-15

60 3C 294. 325 260. 725 A23-16 QL2

61 3D 294. 350 260. 750 A23-17

62 3E 294. 375 260. 775 A23-18

63 3F 294. 400 260. 800 A23-19

64 40 294. 425 260. 825 A23- 20

65 41 294. 450 260. 850 A23-21

66 42 295. 050 261. 450 B23-1
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUVBER FREQUENCY | FREQUENCY | CHANNEL [CHANNEL NOTES
DECI MAL | HEX (Miz) (Miz)
67 43 295. 075 261. 475 B23- 2 DoD 500
kHz

CHANNEL S/
UFO 25kHz
CHANNELS

68 44 295. 100 261. 500 B23- 3

69 45 295. 125 261. 525 B23-4

70 46 295. 150 261. 550 B23-5

71 47 295. 175 261. 575 B23- 6 N13

72 48 295. 200 261. 600 B23-7

73 49 295. 225 261. 625 B23-8 P13

74 4A 295. 250 261. 650 B23-9

75 4B 295. 275 261. 675 B23- 10 N14

76 4C 295. 300 261. 700 B23-11

77 4D 295. 325 261. 725 B23- 12 P14

78 4E 295. 350 261. 750 B23-13

79 4F 295. 375 261. 775 B23- 14 N15

80 50 295. 400 261. 800 B23- 15

81 51 295. 425 261. 825 B23- 16 P15

82 52 295. 450 261. 850 B23-17

83 53 295. 475 261. 875 B23-18 N16

84 54 295. 500 261. 900 B23- 19

85 55 295. 525 261. 925 B23- 20 P16

86 56 295. 550 261. 950 B23-21

87 57 295. 650 262. 050 C23-1

88 58 295. 675 262. 075 C23-2 013

89 59 295. 700 262. 100 C23-3

90 5A 295. 725 262. 125 C23-4 QL3
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUVBER FREQUENCY | FREQUENCY | CHANNEL [CHANNEL NOTES
DECI MAL | HEX (Miz) (Miz)

91 5B 295. 750 262. 150 C23-5

92 5C 295. 775 262. 175 C23-6 o114 DoD 500
CHAEHELS/
UFO 25kHz
CHANNELS

93 5D 295. 800 262. 200 C23-7

94 5E 295. 825 262. 225 C23-8 QL4

95 5F 295. 850 262. 250 C23-9

96 60 295. 875 262. 275 C23-10 0o15

97 61 295. 900 262. 300 C23-11

98 62 295. 925 262. 325 C23-12 QL5

99 63 295. 950 262. 350 C23-13

100 64 295. 975 262. 375 C23-14 016

101 65 296. 000 262. 400 C23- 15

102 66 296. 025 262. 425 C23-16 QL6

103 67 296. 050 262. 450 C23- 17

104 68 296. 075 262. 475 C23-18

105 69 296. 100 262. 500 C23-19

106 6A 296. 125 262. 525 C23- 20

107 6B 296. 150 262. 550 C23-21

108 6C 297. 150 263. 550 we- 1

109 6D 297. 175 263. 575 W2- 2 N17

110 6E 297. 200 263. 600 W2- 3

111 6F 297. 225 263. 625 W2- 4 P17

112 70 297. 250 263. 650 W2- 5

113 71 297. 275 263. 675 W2- 6 N18

114 72 297. 300 263. 700 - 7
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUMBER FREQUENCY | FREQUENCY | CHANNEL |CHANNEL [  NOTES
(MHz) (MHz)
DECI MAL | HEX

115 73 297. 325 263. 725 W2- 8 P18

116 74 297. 350 263. 750 W2- 9

117 75 297. 375 263. 775 W2- 10 oL7 DoD 500

kHz

CHANNELS/
UFO 25kHz
CHANNEL S

118 76 297. 400 263. 800 Ww-11

119 77 297. 425 263. 825 W2-12 QL7

120 78 297. 450 263. 850 We- 13

121 79 297. 475 263. 875 We- 14 018

122 7A 297. 500 263. 900 W2- 15

123 7B 297. 525 263. 925 W2- 16 QL8

124 7C 297. 550 263. 950 We- 17

125 7D 297.575 263. 975 W2- 18

126 7E 297. 600 264. 000 We- 19

127 7F 297. 625 264. 025 W2- 20

128 80 297. 650 264. 050 WwWe-21

129 81 302. 445 248. 845 N27 GAPFI LLER
500 kHz
CHANNEL S/
UFO 5 kHz
CHANNEL S

130 82 302. 450 248. 850 Gl

131 83 302. 455 248. 855 N28

132 84 302. 465 248. 865 N29

133 85 302. 475 248. 875 (€% N30

134 86 302. 485 248. 885 N31

135 87 302. 495 248. 895 N32

136 88 302. 500 248. 900 G3
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUVBER FREQUENCY | FREQUENCY | CHANNEL [CHANNEL NOTES
DECI MAL | HEX (M) (M)

137 89 302. 505 248. 905 N33

138 8A 302. 515 248. 915 N34

139 8B 302. 525 248. 925 4 N35

140 8C | 302.535 248. 935 N36 GAPFI LLER
500 kHz
CHANNEL S/
UFO 5 kHz
CHANNELS

141 8D | 302.545 248. 945 N37

142 8E 302. 550 248. 950 Gb

143 8F 302. 555 248. 955 N38

144 90 302. 565 248. 965 N39

145 91 302. 575 248. 975 G6 Q7

146 92 302. 585 248. 985 28

147 93 302. 595 248. 995 029

148 94 302. 600 249. 000 G/

149 95 302. 605 249. 005 a30

150 96 302. 615 249. 015 31

151 97 302. 625 249. 025 G3 32

152 98 302. 635 249. 035 33

153 99 302. 645 249. 045 34

154 9A 302. 650 249. 050 (€?)

155 9B 302. 655 249. 055 35

156 9C | 302. 665 249. 065 36

157 9D | 302.675 249. 075 GL0 37

158 9E 302. 685 249. 085 38

159 oF 302. 695 249. 095 39

160 A0 302. 700 249. 100 Gl1l
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUVBER FREQUENCY | FREQUENCY | CHANNEL [CHANNEL NOTES
DECI MAL | HEX (M) (M)

161 Al 302. 705 249. 105 P27

162 A2 302. 715 249. 115 P28

163 A3 302. 725 249. 125 Gl2 P29

164 A4 302. 735 249. 135 P30

165 A5 302. 745 249. 145 P31 GAPFI LLER
500 kHz
CHANNEL S/
UFO 5 kHz
CHANNELS

166 A6 302. 750 249. 150 Gl3

167 A7 302. 755 249. 155 P32

168 A8 302. 765 249. 165 P33

169 A9 302. 775 249. 175 Gl4 P34

170 AA 302. 785 249. 185 P35

171 AB 302. 795 249. 195 P36

172 AC | 302.800 249. 200 GL5

173 AD | 302.805 249. 205 P37

174 AE 302. 815 249. 215 P38

175 AF 302. 825 249. 225 Gl6 P39

176 BO | 302.835 249. 235 Q7

177 Bl 302. 845 249. 245 Q8

178 B2 302. 850 249. 250 GLl7

179 B3 302. 855 249. 255 Q9

180 B4 302. 865 249. 265 @0

181 B5 302. 875 249. 275 G18 @31

182 B6 302. 885 249. 285 @32

183 B7 302. 895 249. 295 @3

184 B8 302. 900 249. 300 G19
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUMBER FREQUENCY | FREQUENCY | CHANNEL |CHANNEL [  NOTES
(MHz) (MHz)
DECI MAL | HEX
185 B9 302. 905 249. 305 @4
186 BA 302. 915 249. 315 @5
187 BB 302. 925 249. 325 &0 @6
188 BC 302. 935 249. 335 @7
189 BD 302. 945 249. 345 @38
190 BE 302. 950 249. 350 GAPFI LLER
500 kHz
CHANNEL S/
UFO 5 kHz
CHANNEL S
191 BF 302. 955 249. 355 @9
192 CO 307. 750 254. 150 GA GAPFI LLER
25 kHz
(UFO CHAN
N8 UPLI NK)
193 Cl 311. 150 257. 550 GB GAPFI LLER
25 kHz
194 C2 316. 955 243. 855 0 AFSAT/
LEASAT
NON- PROC.
5 kHz
REPLACE-
VENT
CHANNEL S
195 C3 316. 960 243. 860 WLO
196 o7} 316. 975 243. 875 W1
197 C5 317. 000 243. 900 W12
198 C6 317.010 243. 910 W3
199 C7 317. 015 243. 915 N19
200 C8 317. 025 243. 925 N20
201 C9 317. 035 243. 935 N21
202 CA 317. 045 243. 945 All N22
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUMBER FREQUENCY | FREQUENCY | CHANNEL |CHANNEL [  NOTES
(MHz) (MHz)
DECI MAL | HEX
203 CB 317. 055 243. 955 Al2 N23
204 CC 317. 065 243. 965 Al4 N24
205 CD 317. 075 243. 975 Al6 N25
206 CE 317. 085 243. 985 Al8 N26
207 CF 317.090 243. 990 Al9
208 DO | 317.095 243. 995 A20 019
209 D1 317.100 244. 000 A21 AFSAT/
LEASAT
NON- PRCC.
5 kHz
REPLACE-
VENT
CHANNELS
210 D2 317. 105 244. 005 20
211 D3 317.110 244. 010 A22
212 D4 317. 115 244. 015 21
213 D5 317.125 244. 025 22
214 D6 317.135 244. 035 23
215 D7 317. 145 244. 045 B11 Q24
216 D8 317. 155 244. 055 B12 25
217 D9 317. 165 244. 065 B14 26
218 DA 317. 175 244. 075 B16 P19
219 DB 317. 185 244. 085 B18 P20
220 DC 317.190 244. 090 B19
221 DD 317. 195 244. 095 B20 P21
222 DE 317. 200 244. 100 B21
223 DF 317. 205 244. 105 P22
224 EO | 317.210 244. 110 B22
225 E1l 317. 215 244,115 P23
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Continued).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUMBER FREQUENCY | FREQUENCY | CHANNEL |CHANNEL [  NOTES
(MHz) (MHz)
DECI MAL | HEX
226 E2 317. 225 244. 125 P24
227 E3 317. 235 244. 135 P25
228 E4 317. 245 244. 145 Cl1 P26
229 E5 317. 255 244. 155 Cl2 Q19
230 E6 317. 265 244. 165 Cl4 0240]
231 E7 317. 275 244. 175 Cl6 Q21
232 E8 317. 285 244. 185 C18 @2
233 E9 317. 290 244. 190 C19 AFSAT/
LEASAT
NON- PROC.
5 kHz
REPLACE-
VENT
CHANNEL S
234 EA 317. 295 244. 195 C20 @3
235 EB 317. 300 244. 200 C21
236 EC 317. 305 244. 205 Q4
237 ED 317. 310 244. 210 C22
238 EE 317. 315 244. 215 Q25
239 EF 317. 325 244, 225 Q6
240 FO
241 F1
242 F2
243 F3
244 F4
245 F5
246 F6
247 F7
248 F8
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TABLE A-1. Current and UHF Fol |l ow- On frequency plans (Concluded).
CHANNEL UPLI NK DOMLI NK | PRESENT UFO
NUVBER FREQUENCY | FREQUENCY | CHANNEL [CHANNEL NOTES
DECI MAL | HEX (M) (M)
249 F9
250 FA
251 FB
252 FC
253 FD
254 FE
255 FF

Key to channel nunbers: There are several frequency pl ans
used on UHF satellites for the DoD. The FLTSATCOM satellites use
frequency plans A, B, and C. The Leased Satellites (LEASATs) use
frequency plans X, Y, and Z, which are abbrevi ated versions of
plans A, B, and C (LEASATs have fewer channels). |In addition,
LEASAT has plan W which shares frequencies with AFSATCOM pol ar
frequency plan E. Gapfiller has been | abeled for this table as
G UHF FollowOn (UFO uses four frequency plans, N, O P, and
Q In addition, there are alternate Fl eet Broadcast downli nk
frequencies labeled N, O, P, and Q.

Table A-1 lists present Channel and UFO Channel as foll ows:
Frequency pl an, transponder nunber, and an optional transponder
subdi vision. As an exanple, Channel Nunber 46 (Hex 2E) is A23-2.
This corresponds to FLTSATCOM frequency plan A a DoD 500 kHz
wi deband channel (used as a 25 kHz sub-channel) which is being
repl aced by UFO 25 kHz channel N11 (frequency plan N
transponder 11).
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OVERVI EW OF SHAPED BI NARY PHASE- SHI FT KEYI NG MODULATI ON
B.1 SCOPE

This Appendix is not a mandatory part of this standard.
The information contained herein is intended for guidance only.
The purpose of this appendix is to provide a brief tutorial on
shaped bi nary phase-shift keying nodul ati on.

B.2 APPLI CABLE DOCUMENTS

B.2.1 General. This section does not include docunents
cited in other sections of this standard. The docunents bel ow
are recomended for additional information or as exanpl es.

B.2.2 Non-CGovernnment publications. The follow ng
docunents forma part of this appendix to the extent specified
her ei n.

Mark J. Dapper, “SBPSK: A Robust Bandw dt h- Ef fi ci ent
Terrance J Hi |, Modul ati on for Hard-Limted Channel s”
M LCOM 1984

R Cofer, E. Franke, *“Shaped BPSK in a Digital Modemw th
O Johnson, T Erman, Direct Digital Synthesis”

M LCOM 1990
Carl Andren, “PSK Si debands reduced by
M crowave Journal , pre-nodul ation filtering”

January 1978

(Applications for copies should be addressed to the
publ i sher.)

B.3 | NTRODUCTI ON

The ultra high frequency (UHF) satellites used for mlitary
communi cations have hard-limting transponders. This
hard-limting feature precludes the use of any anplitude
nmodul ation (AM schene by forcing the nodul ated signal to have a
constant envel ope. Therefore, the nodul ati on nmust be either
frequency or phase nodul ati on.

B.3.1 Binary phase-shift keying. Binary phase-shift
keying (BPSK) is well suited for the nodulation of a carrier with
a two-level digital baseband signal. A carrier phase of
90 degrees represents one level (1), and a carrier phase of
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-90 degrees represents the other level (0). The waveformis
depicted in Figure B-1. Mathematically, BPSK can be expressed as

S(t) =A(t) sin [a,t + o (t)] (B-1)
wher e

S(t) = transmtted signa

A(t) = anplitude

Wg = 2of, (f, 1s the carrier frequency)

o (t) = =z o/2 radians (90 degrees)

B. 3.2 Disadvantage of binary phase-shift keying.
The di sadvantage of BPSK is that it is not spectrally efficient.
The abrupt change in phase causes energy to spill over into
adj acent channels. This adjacent channel interference (ACH)
degrades the communi cations of other satellite users. Spectral
cont ai nnent cannot be inproved by filtering because
post -nodul ation filtering will create a non-constant envel ope.

B. 4 SHAPED BI NARY PHASE- SHI FT KEYI NG

At M LCOM 1984, Mark J. Dapper presented a paper witten by
hi mand Terrance J. Hill, G ncinnati Electronics Corporation.
This paper, titled “SBPSK: A Robust Bandw dt h-Effi ci ent
Modul ation for Hard-Limted Channels,” described shaped BPSK
(SBPSK) as a variation of BPSK nodul ati on that has good spectral
containment and is conpatible with BPSK. (See also a M LCOM 1990
paper, “Shaped PSK in a Digital Modemwith Direct Digital
Synthesis,” Cofer R, Franke, E., Johnson, O, and Erman, T.,

30 Septenber 1990, Vol. 1, pp. 86-92, as well as PSK Si debands
Reduced by Pre-nodul ation Filtering, Carl Andren, M crowave
Journal, January 1978, pp. 69-73.) The nodul ati on schene
gradual |y changes the phase of the carrier by 180 degrees over a
time equal to 50 percent of the bit period. The waveformis
depicted in Figure B-1. Mathematically, SBPSK can be expressed
the same way as BPSK, except that ¢,(t) is not a two-val ued
variable. Instead, it is a function of the convolution of a unit
pulse wwth three values (m, 0, -m).

B.4.1 Advantage of shaped binary phase-shift keying. The
mai n advantage of SBPSK is that the rate of falloff of the side
| obes, as conpared to the nmain | obe, is nuch greater than for
BPSK. Thus, the spectral containnent is enhanced. |In contrast
to postnodul ation-filtered BPSK, SBPSK is created by
prenodul ation filtering that preserves a constant envel ope.
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SBPSK is conpatible with BPSK i f the shapi ng does not exceed
approxi mately 50 percent.

B. 4.2 Di sadvantage of shaped bi nary phase-shift keying.
The di sadvantage of SBPSK is that the shapi ng degrades detection
efficiency. The loss of detection efficiency for an integrate
and dunp detector is approximately 1 dB with 50-percent shapi ng.

B. 4.3 Phase vector rotation. The Dapper/Hi |l paper
recommends that the direction of the phase vector rotation during
a phase transition be inplenented so that transitions to the 180°
state occur by alternately rotating the phase in the cl ockw se
and counter-clockwi se directions fromthe 0° position. Rotation
back to 0° is in the opposite direction fromthat nost recently
taken. In other words, the direction of rotation reverses upon
reaching the 180° state, resulting in a change of the direction
of phase vector rotation every other phase transition (see
Figure B-2). According to the paper, there is an offset of the
carrier frequency equal to one-fourth the data rate if the phase
is rotated in the sane direction for each data bit transition.
This means there is a 600-Hz of fset when the data rate is
2.4 kbps. The article further states that reversal of phase
rotation allows interoperability of SBPSK with conventional BPSK
denodul ators not specifically designed for interoperability with
SBPSK. The reason given is that a nonzero average val ue disturbs
t he phase-error neasurenent of conventional denodul ation
techni ques, which are unable to separate transitional information
from phase-error neasurenent.

5
>

FI GURE B-2. SBPSK phase vector rotation
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METHCD OF | MPROVING THE G T OF EXI STI NG UHF TERM NALS
C. 1 SCOPE

This appendix is not a mandatory part of this standard. The
informati on contained herein is intended for guidance only. The
purpose of this appendix is to provide a brief tutorial on a
method to inprove the G T of an ultra high frequency (UHF)
satellite conmunications (SATCOM term nal.

C. 2 APPLI CABLE DOCUMENTS

C. 2.1 GCeneral. This section does not include docunents
cited in other sections of this standard. The docunents bel ow
are recomended for additional information or as exanpl es.

C. 2.2 CGovernnent docunents. The follow ng docunents form a
part of this appendix to the extent specified herein.

C.2.2.1 Oher CGovernnment docunents, draw ngs, and
publications. The follow ng other Governnent docunents,
drawi ngs, and publications forma part of this appendix to the
extent specified herein.

JTC3A Unnunber ed Techni cal Assessnent of UHF SATCOM
Radi o for KC-10 Aircraft,
19 Decenber 1986

(Copies of this technical assessnment nay be obtained from
the Defense Information Systens Agency, Joint Interoperability
and Engi neering Organi zation, ATTN. JEBBC, Fort Monnouth, NJ
07703-5613.)

C.3 SYSTEM NO SE TEMPERATURE EQUATI ON

The equation for effective noise tenperature of a receiving
systemwith two stages of anplification is

L(Fr-n) T,

To=T,+(L - 1) T L, (Fro-1)T, = (C 1)
1
wher e
T, = systemnoise tenperature in kelvins (K)
T, = antenna noise tenperature in K
L. = cable loss factor, dinensionless
T, = anbient thermal tenperature of 290 K
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Fr, = first receiver anplifier noise factor, dinensionless
Fr, = second receiver anplifier noise factor, dinensionless
G, = first receiver anplifier gain, dinmensionless

C.3.1 Typical noise tenperature values. The antenna noise
tenperature, as stated in MICS-33-87, is typically 200 K. The
cable loss, as stated in the JTC3A Report Technical Assessnent of
UHF SATCOM Radi o for KC-10 Aircraft, dated 19 Decenber 1986, is
typically 3 dB (noise factor 2). Many current specifications
require the noise figure of the receiver to be 4 dB maxi mum
(noi se factor is 2.5),

hence
T, = 200+(2-1)290+2(2.5-1) 290 (C2)
= 1360 K (equivalent to 31.3 dB-K)
wher e
T, = systemnoise tenperature in kelvins (K)

The last termin the equation is ignored because the noise figure
of the first receiver includes the contributions of the
post-first-receiver stage.

C.3.2 Preanplifier use. As an exanple, if a preanplifier
that has a noise figure of 2.5 dB (1.78 noise factor) and a gain
of 14 dB (that is, 25 tinmes) is installed close to the antenna
(see Figure C1), the noise tenperature is greatly inproved. The
i nprovenent occurs because the noise tenperature corresponding to
transm ssion line loss is reduced by the gain of the
preanplifier, and the preanplifier itself has a | ower noise
figure than the ultra high frequency (UHF) term nal receiver.

The equation for effective noise tenperature that uses a
preanplifier is

Ty = To+(Fe1)Ty+ (L"_Gl)T" . (Frg‘l)T" (C3)
p p

(2-1)290 | 2(2.5-1)290

=2 1.78-1) 2
00 +( 8-1) 290 + >c 55

=200 + 226.2 + 11.6 + 34.8
= 472 K (equivalent to 26.7 dB-K)
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Y

Preamplifier
2.5-dB
Noise Figure

ANDVT

CV-3591 COMSEC _
compatible KYV-5 Radio
compatible

FIGURE C-1. |Inprovenent of existing termnals.

wher e

system noi se tenperature in kelvins (K)
antenna noi se tenperature in K

the noise factor of the preanplifier = 1.78
(nunerical equival ent of 2.5-dB noise figure)

T
T o

anbi ent thermal tenperature of 290 K

cable loss factor, dinensionless

the gain of the preanplifier = 25 (nunerica

equi val ent of a 14-dB gain)

the noise factor of the transceiver receiver =
2.5 (numerical equivalent of a 4-dB noise figure)

— —
o

o

0

T
=

-
I

C.4 (GT) | MPROVENMENT

The 4.6-dB decrease in effective system noi se tenperature
translates to a 4.6-dB i ncrease of antenna gai n-to-noi se
tenperature in (GT) dB/K  However, installation of a
preanplifier close to the antenna is not always possible. This
is especially true for platfornms that enploy nmultiple high-power
emtters. These termnal installations require the placenent of
| ossy el enents between the antenna and the first anplifier for
cosite protection.
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OVERVI EW OF LI NK CALCULATI ONS

D.1 SCOPE

This appendix is not a mandatory part of this standard. The
informati on contained herein is intended for guidance only. The
purpose of this appendix is to provide a brief tutorial on
performng link cal cul ati ons.

D. 2 | NTRODUCTI ON

Thi s appendi x gives a broad overview of the procedure for
determining the bit rates and related bit error ratios (BER) that
can be supported between two ultra high frequency (UHF) satellite
earth termnals with single access to an ideal satellite channel

D.2.1 Basic link paraneters

D.2.1.1 Basic link equation. The equation that relates the
system paraneters to carrier-to-noise density (CKT) is given in
equation (D-1). The equation applies to only one path of a
repeater system such as a ground transmtter to satellite
recei ver, and does not include adjacent channel interference
(ACl). The effect of the overall two-path link (see D.2.1.7) is
al so discussed. The link equation wth all terns expressed in dB
is

C G
&) -om (g, o

The terns are described in D.2.1.2 through D. 2. 1. 6.

D.2.1.2 Carrier-to-noise density. 1In the C kT expression,
Cis the radio frequency (rf) carrier power into the receiving
systemin decibels referred to 1 watt (dBW, k is Boltzmann's
constant [-228.6 dBWHz/ K], and T is the receiving system noi se
tenperature in K Note that kT is the noise power in a bandw dth
of 1 Hz (that is, noise power per Hz); hence the equivalent term
noi se density. The significance of this expression cones from
this factor’s being basic to determning the data rate capability
of a satellite communi cations (SATCOM |link. Once factors such
as BER and margi n have been determ ned, data rate can be
determ ned from C/ kT.

D.2.1.3 Effective isotropically radiated power. Effective
isotropically radiated power (eirp), a termthat has been found
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to be convenient for use in describing the power radiated froma
termnal, is the product of the transmtter power output and
antenna gain, or, in dB, eirp = transmtter power plus antenna
gain. For instance, a satellite transponder with an 18-W
(12.6-dBW final anplifier and an antenna with a gain of 4 dB has
an eirp of 45.2 Wor 16.6 dBW

D.2.1.4 Path loss. Path loss (Lp) is the |oss experienced
by an el ectromagneti c wave of frequency f traveling a distance d.
The L, i s described by

L, = 36.58 + 20l og f + 20l 0g d (D 2)
wher e
Lo = path loss in dB
f = frequency in Mi
d = distance in statute mles

D.2.1.5 Receiving systemfigure of nerit (GT). The
antenna gai n-to-noise tenperature in dB/K (G T) figure of nerit
is the ratio of antenna gain to effective system noi se
tenperature, both referred to the same reference point. The
units of G T are dB/K. System noi se tenperature is defined by
the equation

LAFr,-1) T,
G

T, =T +(L-L) T +L (Fr -1) T + (D 3)

1

For high-quality receiving systens, the ratio of (GT)
descri bes how well the antenna and receiver front-end conbination
acts to achieve a high C KT at the receiver. As indicated by
equation (D-3), antenna design affects not only G but also T
t hrough the contribution of T,.

D.2.1.6 Transm ssion |losses. Transm ssion |osses (L,)
i ncl ude such itens as polarization m smatch between satellite and
ground antennas and antenna pointing errors.

D.2.1.7 Two-path link. The two-path earth
termnal -to-satellite and satellite-to-earth termnal |ink
results in the C/ kT at the earth termnal's being affected to
sone extent by the KT at the satellite. The extent affected is
a function of the transmtted eirp and the type of transponder,
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linear or hard-limted. For a |inear transponder, the C kT at
the ground term nal receiver is

cl . !
KT) 5 1 1
" (D-4)
c 3)
KT) KT) o
wher e
(CkT) g = two-way C KT at the ground station receiver
(CKkT)y, = wuplink KT at the satellite receiving antenna
(CkT),, = downlink CKT at the earth term nal antenna

Hard-limting increases the KT if the input CKT is |arge, and
it causes a 2-dB degradation if the input CKT is |ow

D.2.2 Use of basic link equation

D.2.2.1 Downlink considerations and exanples. To predict
the C KT at the earth termnal, the values of the contributing
paraneters have to be known. These paraneters have a statistical
distribution; thus, a margin (excess transmtted power) has to be
avai l abl e so that m nimum al |l owabl e C KT is achieved for a given
percentage of the tinme. The right side (downlink) of Figure D1
presents typical values of the inportant paranmeters for a |link
through a 5-kHz channel in UHF Fleet Satellite comunications
(FLTSATCOM. In the figure, the GT of the ground termnal is
typi cal of current term nals.

D.2.2.2 Uplink consideration and exanples. The left side
of Figure D-1 presents typical uplink val ues.

D.2.3 Analysis of digital requirenments

D.2.3.1 Energy-per-bit to noi se-power-spectral -density
ratio (EJ/N,). The usual basis for evaluation of performance of
digital systens is the ratio EJ/N, required at the input to the
denodul ator to obtain a given BER for the denodul ated data. In
terms of carrier power and bit rate,

E rrier r
5 _ ca |e_ power _ _C (D-5)
NO NO><b|t rate KT x bit rate
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t hus
E/JN, = the carrier-power to noise-power ratio in a
bandwi dth equal to the bit rate

Uncoded phase-shift keying (PSK), which is used in the narrowband
nmode, requires a practical EJ/N, of 12.5 dB at the receiver to
achi eve the requirenent of a maxi mum average error rate of

1 error in 10° bits (P, = 1 x 10°. Note that coherent
frequency-shift keying (FSK) requires approximately 2 dB nore

t han PSK, and noncoherent FSK requires approximately 4 dB nore
than PSK for the sanme performance.

D.2.3.2 Relationship of data rates to satellite power
(eirp). The relationship between C KT and data rate, R, can be
witten as

Osz(Eb/NO)+R+M (D- 6)
wher e
R = the data rate in dB-Hz (for 2.4 kbps, this is
33.8 dB-Hz)
M = the desired margin in dB

By substituting the uplink and downlink C/ kT shown in Figure D1,
in equation (D-1) the received KT is calculated to be 49 dB- Hz.
Usi ng equation (D-6), it can be shown that a C kT of 49 dB-Hz can
support a 2.4-kbps link with a P, of 1 x 10° and a 2.7-dB margin,
usi ng PSK, when the required E/N, is 12.5 dB.

Satellite
Transponder

eirp = 16 dBW

(CIKT), =54.36 dB-Hz (CIKT)p, =50.63 dB-Hz

G/T =-16.7 dB/K

Path Loss

Upliny Wnlink

173.54 dB 171.27 dB (CIKT)g =49 dB-Hz
eirp = 16 dBW
Transmitter Receiver
317.045 MHz 243.945 MHz

G/T =-23.2dB/K

FIGURE D-1. Typical single-access |ink.
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