Satellite Communications Course
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The uplink EIRP (EIRPu)
is the sum of the power at
the feed's flange (Pf) plus
the antenna gain at the
transmit frequency (Gtx)

Formulae

The Transponder is a microwave repeater, receives
carriers in the transmit frequency, down convert them
to the receive frequencies, amplifies and transmits
them to the receive station
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The downlink frequency of
the carrier (Fcd) is the
uplink frequency of that
carrier (Fcu) minus the
satellite's local oscillator
frequency (Flo)

EIRPU {dBW) = PT (dBW) + Gbx (4B}

Fed (MHz) = Feu (MHz) - Flo (MHz)

C (dBW) = EIRPd (dBW) - Lfd (dB) + Grx (dB)
GIT (dB) = Grx (dB) - Tsys (dBK)

Grx

The Merit Factor (G/T) of
the receive station is the
gain of the antenna at the
receive frequency (Grx)
minus the system
temperature (Tsys)

GIT

c
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The Carrier power at the
input of the LNA is the
downlink EIRP (EIRPd),
minus the downlink free
space loss (Lfd), plus the
antenna gain at the receive
frequency (Grx)
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The Carrier at the input of the LNA is:
Clna (dBW) = 17.3 dBW -205.1 dB + 51.2dB = -136.6 dBW

And expressed in dBm:
Clna (dBm) = Clna (dBW) + 30 dB = -106.6 dBm

The gain of the LNA (60 to 65 dB), plus the translation gain of the Downconverter (~30 dB, adjustable) minus the loss in
the IFL, the dividers and cabling, make a net gain between the input of the LNA and the input of the Demodulator of 60
to 70 dB typically, let's assume 65 dB:

Cdem (dBm) = -106.6 dBm + 65 dB = -41.6 dBm

(The typical Demodulator accepts a carrier from -55 to -25 dBm)
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The Noise Power (N) produced by a resistor at a temperature T and measured by a power meter through a
Bandpass Filter of Bandwidth B is:

In logaritmic terms:

N (W) = k (W/Hz . °K) x T (°K) x B (H2)

N (dBW) = k [dB(W/Hz .°K)] + T (dB°K) + B (dBHz)

The Earth Station can be simulated as a noiseless system with all the noise concentrated in a resistor at the
input of the LNA and a Temperature:

Tsys (°K) = ( Tant + TIna + Tpost-lna ) °K

In logaritmic terms:

Tsys (dB°K) = 10 x log [ Tsys (°K)
Clna

The Carrier to Noise ratio is:

(CIN) dB

(CIN) dB

(CIN) dB

T Nsys
C (dBW) - N (dBW) S8

EIRPd {dBW) - Lf (dB) + Grx (0B} - k [dB(W/*K . Hz}] - Tsys (dB°K) - B (dBHz}
K is the Boltzmann constant = - 228.6 dB(W/Hz .°K)

EIRPd (dBW) - Lfd (dB) + 228.6 dB(W/Hz .°K) - B (dBHz) + [Grx - Tsys] (dB)

[Grx - Tsys] is called Merit Factor of the Earth Station or G/IT
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The 3dB Bandwidth of a PSK carrier is 1 Hz per bit of Transmission Rate
TR {Mbps} = DR (Mbps}x /RS x 1/FEC x 1/MF 3dB
MF is the Modulation Factor: 1 for BPSK, 2 for QPSK and 3 for 8PSK

exempli gratia:

DR = 8.192 Mbps RS =201/219 FEC =% mod = QPSK
TR (Mbps) = 8.192 Mbps x (219/201) x (4/3) x % = 5.950 Mbps
BW (MHz) = 5.950 Mbps x 1 MHz/Mbps
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The Demodulator is rated in Bit Error Rate (BER) versus Energy per Bit over Noise Density (Eb/No)

No is the noise of the system measured through a theoretical filter with a 1 Hz bandwidth:
B1Hz (dBW) = 10 x log 1Hz = 0 dBHz
Therefore:

= +
(Notice that the “ ° “ in “°K” has generally faded away in technical literature) XD S (8 (EIEnRaL9)) &2 UEELY

Then, the downlink calculation becomes:
C/No (dB) = EIRPd (dBW) - Lfd (dB) + 228.6 [dB(W/Hz . K)] + G/T (dB)

(Some literary freedom was taken in writing the dB units that are difficult to express)

The Energy per Bit is ARBITRARILY defined as:

Eb (dB) = C (dBW) - 10 x log Data Rate (bps)
The Eb/No becomes:

Eb/No (dB) = C/No (dB) - 10 x log DR (bps)
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The MODulator section of the Modem encodes and modulates the data and produces a carrier in the IF range.
IF ranges are either (70 + 18 MHz), (140 + 40 MHz) or (950 to 1750 MHz)
The Upconverter translates the IF band into RF, either Ku or C band in this fashion:

E.g. IF = 140 + 40 MHz Upconverter Display (Center Frequency) = 14125 MHz
Modulator IF frequency = 122.1250 MHz

I 122.1250 MHz
180 MHz
100 MHz 140 MHz
Offset = -17.8750 MHz

I 14107.1250 MHz
14085 MHz 14125 MHz \ 14165 MHz
Offset = -17.8750 MHz U/C display

The Carrier Frequency at RF (Fc) is:

Fc = Fupconverter_display (MHz) - IF Center Frequency + Fmodulator
In this example:

Fc = (14125-140 +122.1250 ) MHz = 14107.1250 MHz
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The Downconverter translates the RF, either Ku or C band into IF, in this fashion:

IFcarrier = Fcarrier - Fdownconverter_display (MHz) + IF Center Frequency

E.g. Fc =11307.1250 MHz IF Center F = 140 MHz Fdownconverter = 11325 MHz

I 11307.1250 MHz
11285 MHz 11325 MHz \ 11365 MHz
Offset = -17.8750 MHz

D/C display

| 122.1250 MHz
100 MHz 140 MHz 180 MHz
Offset = -17.8750 MHz

That is:
|Fcarrier = (11307.125 - 11325 + 140 ) MHz = 122.1250 MHz
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In the previous chapters, Noise and Digital Demodulation, a
EIRPu NOISELESS downlink was assumed

In reality, not only the uplink contributes to the total noise, but
also the crosspol interference, adjacent satellite interference,
terrestrial interference, etc

The satellite's receive antenna has a relatively low gain, that is, wide beam, because it needs to cover a

wide area on Earth. Its noise temperature is high, pointing to a hot body like Earth. Therefore, its G/Tsat is
low, between -6 and +3 dB generally

The uplink C/No is: .
C/Noup = EIRPu - Lfu + 228.6 + G/Tsat allin dB
The combined total C/Notot is:
C/No total = -10log [ ( No down + No up)/ C ] times
E.g:

EIRPu=62dBW  Lfu=207dB G/Tsat=-3dB EIRPd =17.3dBW Lfd =205.1dB G/Tstation = 27 dB

C/Noup = 62-207 +2286-3 = 80.6dB (No/C)up = 10 exp -0.1(C/No up) dB = 8.71 x 10exp-9 times

C/No down = 17.3-205.1 +228.6 + 27 = 67.8dB (No/C)down = 10 exp -0.1(C/No down) dB = 1.66 x 10exp-7 times|

CINo total = -10log [( 8.71 x 10exp-9) + (1.66 x 10exp-9)] = 67.6 dB

An allowance of around 1 extra dB of degradation would take care of the interferences, generally
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