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APPENDI X A

OVERVI EW OF SHAPED BI NARY PHASE- SH FT KEYI NG MODULATI ON

10.1 |Introduction. The ultra high frequency (UHF) satellites
used for mlitary conmuni cati ons 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.

10.1.1 Binary phase-shift keying. Binary phase-shift keying
(BPSK) is well suited for the nodulation of a carrier with a
two-l evel digital baseband signal. A carrier phase of 90 degrees
represents one level ("1"), and a carrier phase of -90 degrees
represents the other level ("0"). The waveformis depicted in
Figure 10-1. Mathematically, BPSK can be expressed as

S(t) =A(t) sin [yt «d (1)] (A1)
wher e
W, = 2of, (f, 1s the carrier frequency)
o (1) = + n/2 radians (90 degrees)

10.1.2 D sadvantage 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 adjacent
channels. This adjacent channel interference (ACI) degrades the
communi cations of other satellite users. Spectral containnent
cannot be inproved by filtering because post-nodulation filtering
will create a non-constant envel ope.

10. 2 Shaped binary phase-shift keying. At MLCOM 1984, Mark J.
Dapper presented a paper witten by himand Terrance J. Hill,

G ncinnati Electronics Corporation. This paper, titled SBPSK: A
Robust Bandw dt h- Ef fi ci ent Modul ation for Hard-Li mted Channels,
descri bed shaped BPSK (SBPSK) as a variation of BPSK nodul ati on

t hat has good spectral containnment and is conpatible wth BPSK.
(See also a M LCOM 1990 paper, Shaped PSK in a Digital Modemw th
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-nodulation filtering," Carl Andren,

M crowave Journal, January 1978, pp. 69-73.) The nodul ation
schene gradual |y changes the phase of the carrier by 180 degrees
over a tinme equal to 50 percent of the bit period. The waveform
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is depicted in Figure 10-1. WMathematically, SBPSK can be

expressed the sanme way as BPSK, except that ¢;(t) is not a
t wo-val ued variable. Instead, it is a function of the
convolution of a unit pulse with three values (m, 0, -m).
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10.2.1 Advantage of shaped binary phase-shift keying. The main
advantage of SBPSK is that the rate of falloff of the side |obes,
as conpared to the main | obe, is much greater than for BPSK

Thus, the spectral containnent is enhanced. |In contrast to

post nodul ation-filtered BPSK, SBPSK is created by prenodul ation
filtering that preserves a constant envel ope. SBPSK is
conpatible wwth BPSK i f the shaping does not exceed approxi mately
50 percent.

10. 2.2 D sadvantage of shaped binary phase-shift keying. The

di sadvant age of SBPSK is that the shaping degrades detection
efficiency. The loss of detection efficiency for an "integrate
and dunp" detector is approximately 1 dB with 50-percent shaping.

10.2.3 Phase vector rotation. The Dapper/H |l paper recomrends
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 clockw se and
counter-clockw 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 10-2).
Accordingly 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 sanme 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 at ors not
specifically designed for interoperability with SBPSK. The
reason given is that a nonzero average val ue disturbs the
phase-error nmeasurenent of conventional denodul ati on techni ques,
whi ch are unable to separate transitional information from
phase-error measuremnent.
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APPENDI X B

METHOD OF | MPROVI NG THE (G T) OF EXI STI NG
ULTRA H GH FREQUENCY TERM NALS

20.1 System noise tenperature equation. The equation for
effective noise tenperature of a receiving systemw th tw stages
of anplification is

L.(Fr-1)T,

T, = T+l -1) T +L, (Fr-1) T, - 5 (B-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
Fr, = first receiver anplifier noise factor, dinensionless
Fr, = second receiver anplifier noise factor, dinmensionless
G, = first receiver anplifier gain, dinmensionless

20.1.1 Typical values. The antenna noise tenperature, as stated
in MICS-33-87, is typically 200 K. The cable | oss, as stated in
JTC3A Report Techni cal Assessnment of UHF SATCOM Radi o for KC-10
Aircraft, dated 14 Decenber 1986, is typically 3 dB (noise factor
2). Many current specifications require the noise figure of the
receiver to be 4 dB maxi mnum (noi se factor is 2.5),

hence
TS::200+(2—1)290+2(2.5—1)290 (B-2)

= 1360 K (equivalent to 31.3 dB-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.

20.1.2 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 times) is installed close to the antenna (see
Figure 20-1), the noise tenperature is greatly inproved.

The i nprovenent occurs because the noi se tenperature
corresponding to transmssion line loss is reduced by the gain of
the preanplifier, and the preanplifier itself has a | ower noise
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figure than the ultra high frequency (UHF) term nal receiver.
The equation for effective noise tenperature that uses a
preanplifier is
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FIGURE 20-1. Improvement of existing terminals.
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L -1)T L (Fr . -1)T
1
T, =Ta+(FP—1>TO+ ("G) ° + | S T, (B-3)
P P
2-1) 290 2(2.5-1) 290
=2 1.78-1) 290 (
00+(1.78-1) 290+ ——5— ~ 25
=200 + 226.2 +11.6 + 34.8
= 472 K (equivalent to 26.7 dB-K)
wher e
Fo = the noise factor of the preanplifier = 1.78
(nunerical equival ent of 2.5-dB noise figure)
G, = the gain of the preanplifier = 25 (nunerica
equi val ent of 14-dB gain)
Fr, = the noise factor of the transceiver receiver =

2.5 (numerical equivalent of 4-dB noise figure)

20.2 (GET) inprovenent. 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 possi bl e.
This is especially true for platfornms that enploy nultiple high
power emtters. These termnal installations require the

pl acement of |ossy el enents between the antenna and the first
anplifier for cosite protection.
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APPENDI X C
OVERVI EW OF LI NK CALCULATI ONS

30.1 Introduction. This appendi x gives a broad overview of the
procedure for determining the bit rates and related bit error
rati os (BER) that can be supported between two ultra high
frequency (UHF) satellite earth termnals wth single access to
an ideal satellite channel

30.1.1 Basic link paranmeters

30.1.1.1 Basic link equation. The equation that relates the
system paraneters to carrier-to-noise density (CKT) is given in
equation (C1). 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. The
effect of the overall two-path link (see 30.1.1.7) is also

di scussed. The link equation with all terns expressed in dB is

C G
[ﬁ) = (EI RP) —(LP)+(T)R—(k)—LO (G 1)

The ternms are described in 30.1.1.2 through 30.1.1.6.

30.1.1.2 Carrier-to-noise density. In the CKT expression, Cis
the radio frequency (rf) carrier power into the receiving system
in 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 conmes from
this factor being basic to determning the data rate capability
of a satellite communications (SATCOM link. Once factors such
as BER and margi n have been determ ned, data rate can be

determ ned from C/ kT.

30.1.1.3 Effective isotropically radiated power. Effective
isotropically radiated power (EIRP), a termthat has been found
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

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

L, = 36.58 + 20l og f + 20l 0g d (C2)
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wher e
Lp = path loss in dB
f = frequency in Mi
d = di stance in statute mles

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

LAFr,-1) T,
T, =T +(L-L) T +L (Fr 1) T + o (CG23)
1

For high-quality receiving systens, the ratio of (G T) describes
how wel| the antenna and receiver front-end conbination acts to
achieve a high KT at the receiver. As indicated by equation
(G 3), antenna design affects not only G but also T through the
contribution of T,.

30.1.1.6 Transmi ssion |losses. Transm ssion |osses (L, include
such itens as polarization m smtch between satellite and ground
antennas and antenna pointing errors.

30.1.1.7 TIwo-path link. The two-path earth term nal-to-
satellite and satellite-to-earth terminal Iink results in the

C/ kT at the earth termnal's being affected to sone extent by the
C/ kT at the satellite. The extent affected is a function of the
transmtted EIRP and the type of transponder, |inear or
hard-limted. For a linear transponder, the C/ kT at the ground
termnal receiver is

Lo 1
KT) 5 1 1
" (C4)
(ﬁ) [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
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it causes a 2-dB degradation if the input CKT is |ow

40



M L- STD- 188- 181

30.1.2 Use of basic link equation

30.1.2.1 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 statistica
distribution; thus, a margin (excess transmtted power) has to be
avail abl e so that m ninmum al |l owabl e C KT is achieved for a given
percentage of the tinme. The right side (downlink) of Figure 30-1
presents typical values of the inportant paranmeters for a |link

t hrough a 5-kHz channel in the UHF fleet satellite comunications
(FLTSATCOM. In the figure, the GT of the ground termnal is
typi cal of current term nals.

30.1.2.2 Uplink consideration and exanples. The left side of
Figure 30-1 presents typical uplink val ues.

30.1.3 Analysis of digital requirenents

30.1.3.1 Energy-per-bit--to--noise-power-spectral-density ratio.
The usual basis for evaluation of performance of digital systens
is the ratio of energy-per-bit--to--noi se-power-spectral -density
ratio (E,J/N,) required at the input to the denodul ator to obtain

a given BER for the denodul ated data. |In terns of carrier power
and bit rate,

B, _ carrier power _ C (C5)
N, N, x bit rate KT x bit rate

t hus
E,/ N, = the carrier-power--to--noise-power ratio

in a bandw dth equal to the bit rate

Uncoded phase-shift keying (PSK), which is used in the narrowband
node, 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 nore dB

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

30.1.3.2 Relationship of data rates to satellite power (EIRP)
The rel ati onship between C/ kT and data rate R can be witten as

C/kTZ(Eb/NO)+R+|V| (C 6)
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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
30-1, in equation (C1) the received CKT is calculated to be 49
dB-Hz. Using equation (CG-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, using PSK, when the required E/N, is 12.5 dB.
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APPENDI X D

FREQUENCY PLANS

TABLE 40-1. LEASAT receive and transmt frequencies.
Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandw dt h
(MHz) (MHz) (kHz)
1 w 250. 35 SHF* 25
X 250. 45 SHF* 25
Y 250. 55 SHF* 25
Z 250. 65 SHF* 25
2 w 263. 80 297. 40 500
X 260. 60 294. 20 500
Y 261. 70 295. 30 500
Z 262. 30 295. 90 500
3 w 251. 85 292. 85 25
X 251. 95 292. 95 25
Y 252. 05 293. 05 25
Z 252. 15 293. 15 25
4 w 253. 55 294. 55 25
X 253. 65 294. 65 25
Y 253. 75 294. 75 25
Z 253. 85 294. 85 25
5 w 255. 25 296. 25 25
X 255. 35 296. 35 25
Y 255. 45 296. 45 25
Z 255. 55 296. 55 25
6 w 256. 85 297. 85 25
X 256. 95 297. 95 25
Y 257. 05 298. 05 25
Z 257. 15 298. 15 25
7 w 258. 35 299. 35 25
X 258. 45 299. 45 25
Y 258. 55 299. 55 25
Z 258. 65 299. 65 25
8 w 265. 25 306. 25 25
X 265. 35 306. 35 25
Y 265. 45 306. 45 25
Z 265. 55 306. 55 25
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*

Uplink frequency is super high frequency from7.9 to 8.4 Giz
on channel 1.
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TABLE 40-1. LEASAT receive and transmt frequencies. (continued)
Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandwi dt h
(MHz) (MHz) (kHz)
9 W 243. 855 316. 955 5
X 243. 955 317. 055 5
Y 244. 055 317. 155 5
Z 244. 155 317. 255 5
10 W 243. 860 316. 960 5
X 243. 960 317. 060 5
Y 244. 060 317. 160 5
Z 244. 160 317. 260 5
11 W 243. 875 316. 975 5
X 243. 975 317. 075 5
Y 244. 075 317.175 5
Z 244. 175 317. 275 5
12 W 243. 900 317. 000 5
X 244. 000 317. 100 5
Y 244. 100 317. 200 5
Z 244. 200 317. 300 5
13 W 243. 910 317.010 5
X 244.010 317.110 5
Y 244.110 317.210 5
Z 244.210 317. 310 5
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TABLE 40-11. ELTSATCOM receive and transnit frequencies.
Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandwi dt h

(MHz) (MHz) (kHz)

1 A 250. 45 SHF 25
B 250. 55 SHF 25

C 250. 65 SHF 25

2 A 251. 95 292. 95 25
B 252. 05 293. 05 25

C 252. 15 293. 15 25

3 A 253. 65 294. 65 25
B 253. 75 294. 75 25

C 253. 85 294. 85 25

4 A 255. 35 296. 35 25
B 255. 45 296. 45 25

C 255. 55 296. 55 25

5 A 256. 95 297. 95 25
B 257. 05 298. 05 25

C 257. 15 298. 15 25

6 A 258. 45 299. 45 25
B 258. 55 299. 55 25

C 258. 65 299. 65 25

7 A 265. 35 306. 35 25
B 265. 45 306. 45 25

C 265. 55 306. 55 25

8 A 266. 85 307. 85 25
B 266. 95 307. 95 25

C 267. 05 308. 05 25

9 A 268. 25 309. 25 25
B 268. 35 309. 35 25

C 268. 45 3009. 45 25

10 A 269. 75 310. 75 25
B 269. 85 310. 85 25

C 269. 95 310. 95 25

*

Upl i nk frequency is super

on channel 1.

46
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TABLE 40-11. ELTSATCOM receive and transmt frequencies.
(conti nued)
Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandw dt h
(MHz) (MHz) (kHz)

11 A 243. 945 317. 045 5
B 244. 045 317. 145 5

C 244. 145 317. 245 5

12 A 243. 955 317. 055 5
B 244. 055 317. 155 5

C 244. 155 317. 255 5

13 A 243. 960 317. 060 5
B 244. 060 317. 160 5

C 244. 160 317. 260 5

14 A 243. 965 317. 065 5
B 244. 065 317. 165 5

C 244. 165 317. 265 5

15 A 243. 970 317.070 5
B 244. 070 317.170 5

C 244. 170 317. 270 5

16 A 243. 975 317.075 5
B 244. 075 317. 175 5

C 244. 175 317. 275 5

17 A 243. 980 317.080 5
B 244. 080 317.180 5

C 244. 180 317. 280 5

18 A 243. 985 317. 085 5
B 244. 085 317.185 5

C 244. 185 317. 285 5

19 A 243. 990 317.090 5
B 244. 090 317.190 5

C 244. 190 317.290 5

20 A 243. 995 317. 095 5
B 244. 095 317.195 5

C 244. 195 317. 295 5

21 A 244. 000 317. 100 5
B 244. 100 317. 200 5

C 244. 200 317. 300 5
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TABLE 40-11. ELTSATCOM receive and transnit frequencies.
(concl uded)

Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandw dt h
(MHz) (MHz) (kHz)
22 A 244. 010 317. 110 5
B 244,110 317. 210 5
C 244. 210 317. 310 5
23 A 260. 600 294. 200 500
B 261. 700 295. 300 500
C 262. 300 295. 900 500
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TABLE 40-111. MARISAT (Gapfiller) receive and transnmt
frequenci es.

Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandw dt h
(MHz) (MHz) (kHz)
A 254. 150 307. 750 25
B 257. 550 311. 150 25
C 500
1 248. 850 302. 450 25
2 248. 875 302. 475 25
3 248. 900 302. 500 25
4 248. 925 302. 525 25
5 248. 950 302. 550 25
6 248. 975 302. 575 25
7 249. 000 302. 600 25
8 249. 025 302. 625 25
9 249. 050 302. 650 25
10 249. 075 302. 675 25
11 249. 100 302. 700 25
12 249. 125 302. 725 25
13 249. 150 302. 750 25
14 249. 175 302. 775 25"
15 249. 200 302. 800 25
16 249. 225 302. 825 25
17 249. 250 302. 850 25
18 249. 275 302. 875 25
19 249. 300 302. 900 25
20 249. 325 302. 925 25
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| n operation, comunications on the 500-kHz w deband channel

(Channel C) is acconplished using frequency-division
multiple access (FDMA). The channel is divided into 25-kHz
subchannel s with transm ssion data rates varyi ng between 75

and 16000 bps.
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TABLE 40-1V. UHF followon receive and transnit frequencies.

Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandwi dt h
(MHz) (MHz) (kHz)
1 N 250. 350 SHF* 25
@) 250. 450 SHF*
P 250. 550 SHF*
Q 250. 650 SHF*
N 250. 400 SHF*
o 250. 500 SHF*
P 250. 600 SHF*
Q 250. 700 SHF*
2 N 251. 850 292. 850 25
O 251. 950 292. 950
P 252. 050 293. 050
Q 252. 150 293. 150
3 N 253. 550 294. 550 25
@) 253. 650 294. 650
P 253. 750 294. 750
Q 253. 850 294. 850
4 N 255. 250 296. 250 25
O 255. 350 296. 350
P 255. 450 296. 450
Q 255. 550 296. 550
5 N 256. 850 297. 850 25
O 256. 950 297. 950
P 257. 050 298. 050
Q 257. 150 298. 150
6 N 258. 350 299. 350 25
O 258. 450 299. 450
P 258. 550 299. 550
Q 258. 650 299. 650
7 N 265. 250 306. 250 25
O 265. 350 306. 350
P 265. 450 306. 450
Q 265. 550 306. 550

Upl i nk frequency is super
1

on channel
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TABLE 40-1V. UHF followon receive and transmit

frequenci es.

(conti nued)

Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandwi dt h
(MHz) (MHz) (kHz)
8 N 266. 750 307. 750 25
@] 266. 850 307. 850
P 266. 950 307. 950
Q 267. 050 308. 050
9 N 268. 150 309. 150 25
O 268. 250 309. 250
P 268. 350 309. 350
Q 268. 450 309. 450
10 N 269. 650 310. 650 25
O 269. 750 310. 750
P 269. 850 310. 850
Q 269. 950 310. 950
11 N 260. 375 293. 975 25
@] 260. 575 294. 175
P 260. 425 294. 025
Q 260. 625 294. 225
12 N 260. 475 294. 075 25
@] 260. 675 294. 275
P 260. 525 294. 125
Q 260. 725 294. 325
13 N 261. 575 295. 175 25
O 262. 075 295. 675
P 261. 625 295. 225
Q 262. 125 295. 725
14 N 261. 675 295. 275 25
(@] 262. 175 295. 775
P 261. 725 295. 325
Q 262. 225 295. 825
15 N 261. 775 295. 375 25
(@] 262. 275 295. 875
P 261. 825 295. 425
Q 262. 325 295. 925
16 N 261. 875 295. 475 25
O 262. 375 295. 975
P 261. 925 295. 525
Q 262. 425 296. 025
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TABLE 40-1V. UHF followon receive and transmit

frequenci es.

(conti nued)

Qownl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandw dt h
(MHz) (MHz) (kHz)
17 N 263. 575 297. 175 25
O 263. 775 297. 375
P 263. 625 297. 225
Q 263. 825 297. 425
18 N 263. 675 297. 275 25
o 263. 875 297. 475
P 263. 725 297. 325
Q 263. 925 297. 525
19 N 243. 915 317. 015 5
O 243. 995 317. 095
P 244. 075 317. 175
Q 244. 155 317. 255
20 N 243. 925 317. 025 5
O 244. 005 317. 105
P 244. 085 317.185
Q 244. 165 317. 265
21 N 243. 935 317. 035 5
O 244. 015 317. 115
P 244. 095 317.195
Q 244. 175 317. 275
22 N 243. 945 317. 045 5
O 244. 025 317. 125
P 244. 105 317. 205
Q 244. 185 317. 285
23 N 243. 955 317. 055 5
O 244. 035 317.135
P 244. 115 317. 215
Q 244. 195 317. 295
24 N 243. 965 317. 065 5
O 244. 045 317. 145
P 244. 125 317. 225
Q 244. 205 317. 305
25 N 243. 975 317. 075 5
O 244. 055 317. 155
P 244. 135 317. 235
Q 244. 215 317. 315
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TABLE 40-1V. UHF followon receive and transmit

frequenci es.

(conti nued)

Qownl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandwi dt h
(MHz) (MHz) (kHz)
26 N 243. 985 317. 085 5
@) 244. 065 317. 165
P 244. 145 317. 245
Q 244. 225 317. 325
27 N 248. 845 302. 445 5
O 248. 975 302. 575
P 249. 105 302. 705
Q 249. 235 302. 835
28 N 248. 855 302. 455 5
O 248. 985 302. 585
P 249. 115 302. 715
Q 249. 245 302. 845
29 N 248. 865 302. 465 5
O 248. 995 302. 595
P 249. 125 302. 725
Q 249. 255 302. 855
30 N 248. 875 302. 475 5
O 249. 005 302. 605
P 249. 135 302. 735
Q 249. 265 302. 865
31 N 248. 885 302. 485 5
O 249. 015 302. 615
P 249. 145 302. 745
Q 249. 275 302. 875
32 N 248. 895 302. 495 5
O 249. 025 302. 625
P 249. 155 302. 755
Q 249. 285 302. 885
33 N 248. 905 302. 505 5
O 249. 035 302. 635
P 249. 165 302. 765
Q 249. 295 302. 895
34 N 248. 915 302. 515 5
O 249. 045 302. 645
P 249. 175 302. 775
Q 249. 305 302. 905

54




M L- STD- 188- 181

TABLE 40-1V. UHF followon receive and transnmit

frequenci es.

(concl uded)

Downl i nk Upl i nk Nom nal
Channel Pl an Frequency Frequency Bandwi dt h
(MHz) (MHz) (kHz)
35 N 248. 925 302. 525 5
@) 249. 055 302. 655
P 249. 185 302. 785
Q 249. 315 302. 915
36 N 248. 935 302. 535 5
O 249. 065 302. 665
P 249. 195 302. 795
Q 249. 325 302. 925
37 N 248. 945 302. 545 5
O 249. 075 302. 675
P 249. 205 302. 805
Q 249. 335 302. 935
38 N 248. 955 302. 555 5
O 249. 085 302. 685
P 249. 215 302. 815
Q 249. 345 302. 945
39 N 248. 965 302. 565 5
O 249. 095 302. 695
P 249. 225 302. 825
Q 249. 355 302. 955
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