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Performance Analysis of Satellite-Terrestrial AF
Cooperative System at Venezuelan Amazon Region
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Abstract—A significant quantity of the Venezuelan satellite
communications services operate at Ka band for the Amazonian
Region. The Ka Band signals are exposed to severe quality
degradation and unacceptable error rate capabilities due to
climate constrains. In order to improve the error rate
performance, an Amplify and Forward (AF) cooperative
scheme is proposed. The basic principle is based on the relay of
multiple scaled version of the received signal at the destination,
which can be optimally combined at the receiver using a
Maximum Ratio Combiner (MRC). The performance of the
satellite-terrestrial AF cooperative system is compared with the
direct satellite transmission system by simulation.

Index Terms—AF, BER, Ka Band, MRC, SNR.

I. INTRODUCTION

The Venezuelan Amazonian hold spectacular natural
wonders and its rivers represent a significant percentage of
the world fresh water reserve. Thus, the construction of wire
guide communication system is not feasible, according to
international environment regulation. In order to protect the
Amazonian ecosystem, the satellite communication systems
represent the best method to provide communications
services at the Amazonian area. However, the signal in Ka
band are sensible to degradation due to the environment
conditions. In some cases, the link quality is not sufficient to
deliver data successfully [1] and [ 2]. The AF cooperative
communication principle can be useful to combat the
problem. The improvement relies on the transmission of
multiple copies from the same signal and combine optimally
the receive signals using MRC. Thus, even if one copy of the
signal has not sufficient quality, the probability that all the
copies has poor quality is very low [3]. The relays nodes
should amplify and forward copies of the signal
independently to each other. The probability that all the
signals face simultaneously bad propagation conditions is
low. The AF cooperative gain is analyzed over the
transmission channel. The satellite communication channel
follow a Rice distribution [3] and [4]. The channel between
the relay nodes and the destination (terrestrial
communication) is also considered as a Rice distribution. The
Rice distribution consist of a strong component of line of
sight (LOS), combined with a weaker multipath or non-line
of sight (NLOS) [4]. The non-line of sight (NLOS)
component can be neglected because the ground station
antenna has a large gain. The main purpose of the research, is
to analyze the system bit error rate for Ka Band satellite
signals in cooperative mode, and compare the results with the
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performance of classic satellite communication mode.

Il. SYSTEM MODEL

A. AF Cooperative Scheme

Consider the scheme shown in the Fig.1. The Venezuelan
satellite transmit to several earth stations. All the stations
have high gain fixed antennas, this means the NLOS
components is close to zero.
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Fig. 1. VENESAT-1 AF cooperative scheme.

The Venezuelan satellite represent the source. The channel
between the satellite and each earth station follow a Rician
Distribution. The earth stations can communicate each other
using high directive antennas. The channel between earth
stations is considered a Rician channel with K=1.

In Phase I, the source (VENESAT) transmit with a Power
Ps, a symbol block Xs = [Xs(0),..,Xs(M-1)] to each relay
node and to the destination. The received signal from satellite
at the destination, with a channel noise ngp, is represented as
follow [5].

P
YSDz\/g*Xs—}'nSD (1)

Similarly, the signal received at each relay node from the
satellite after adding the noise nsg can be expressed
mathematically [5].
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In Phase I, the relay scale the receive signal represented in
equation (2) in order to transmit a normalized vector Xg. If
the instantaneous channel gain |hsg|* and the retransmission
power Pris known at the relay, the signals received at any
relay are retransmitted with the gain B, considering the
presence of the noise Ng [5].

— / PR
= Pslhsr|?+No ©)

The received signal at the destination coming from any
relay, after adding the channel noise ngp, is calculated then
according to the expression [5].

Yrp = B * hgp + ngp (4)

Finally, the received message is recovered through the
Maximum Ratio Combiner MRC [6].

Yure = Z{'(=1 hid* * Yig )

The term hyy are the channel coefficients either from any
relay to destination (hgp) or from satellite to the destination
(hsp). Similarly, the term Yy, is the signals from the relays to
the destination (Yrp) or from the source to the destination
(Ysp).

B. Channel Model

During the phase |, the satellite channel follow the free
space model [7] [8]. The free space system model is based on
the line of sight (LOS) component of the fading channel [7]
and [8].

Hjj = ayj e(ikoferd) (6)

The term f. is the carrier frequency, r; is the distance
between the satellite and the iy, earth station (relay), ko =
(2*m/c,) is the wave number and c, is the light speed. The
phase ¢ is assumed equal to zero and a (attenuation) is
approximated to a constant [7].

x e(=J®) (7

1
%ij = 2kofcri
The phase 11, is the phase for relaying the signals. Here
each earth station transmits the amplified signal to the
destination. The channel on earth between ground stations
(relays) is assumed to follow a Rician distribution [9].

P = (E)e ()0 (%) Q
s =m?+m3 )
K=25 (10)

where m; and m, are two random variables mean. The term
“K” is called Rician factor and o is the variance. Finally, I is
the Oy, order Bessel Function.

C. The Space Link

For a transmitter with output of P, (watts) using a lossless
antenna with gain G, the flux density in the direction of
maximum power at a distance of R meters [10].

PtGt
lp_

" 4nR?

(11)

The product PtGt is often known as the effective
isotropically radiated power (EIRP). The received power in
the ground station [10].

Pr = lpAeff (12)
A2G,
Aeff = py (13)
EIRP %G, _ 2\?
T T unR? am (EIRP)(Gr) (ﬁ) (14)

The term (M4nR)? is the path loss (FSL). It is the way how
the energy is spread as an electromagnetic wave traveling
from a source in three-dimensional space [11]. The equation
in dB is represented [10].

P. = EIRP + G, — FSL (15)

Knowing the distance to the satellite “R” in Km and the
frequency “f” in MHz, the free space losses are [10].

FSL = 32.4 + 201log(R) + 20log (f) (16)

In satellite systems, the major source of noise on the
equipment is called thermal noise and it comes from the
random thermal motion of electrons in resistive and active
devices in the reception path. The thermal noise power at the
receiver [10].

P, = kT,B, 17)

The term T, is known as the equivalent noise temperature,
B, is called the equivalent bandwidth of noise, and k is
Boltzmann's constant, where k=1.38x10-23 J/K (228.6 dB).

The carrier to noise ratio is defined as the relation of the
signal power received (P,) and the noise power (P,) [10].

C
E = PT - Pn (18)
Replacing (15) and (17) into (18)
c G
c_¢
N + B (20)

I1l.  SIMULATION RESULTS

The simulation consists of a multiple relay integrated
satellite-terrestrial  cooperative system. The aim is
transmitting signals in Ka band for the Venezuelan satellite
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into the Amazonian region. Basically, the main purpose of
the simulation is to measure the BER performance over
several transmissions. A randomly generated data stream of
1024 bits is transmitted over 10° channel realizations.
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Fig. 2. VENESAT-1 AF cooperative diagram simulation.

During the Phase I, the satellite (source) transmit to earth a
message of 1024 bits into a QPSK modulated signal. The
transmitted signal over each channel is multiplied by the
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channel coefficients using (6) and immediately added the
white noise. The channel coefficients and the Gaussian noise
are randomly generated. For Ka band signals, the Venezuelan
satellite use a carrier frequency around 19 GHz. The distance
from the satellite to the ground station is about 36,000 Km.
For the satellite link channel coefficients calculation, the
simulation assumes the distance from the satellite to each
earth stations varies about #3Km. The signal received in the
destination from the source is calculated using (1) and the
signal received on iy, relay station is represented by (2). The
power of the source Ps is the EIRP of the satellite. The free
space losses are calculated by (16). The figure of merit G/T is
set to 38.02 dB which is a real technical data into the
Venezuelan ground station [12].
Ps(dB) = EIRP = SNR — g + FSL + 228.6 (21)
The signal received coming from the satellite is amplified
and forwarded in the second phase. The amplification factor
is calculated using (3). The relay station transmission power
is set to Pr=10W. The channel coefficients and white noise
are randomly generated. For terrestrial communication, the
channel is considered as a Rician channel (8). In addition to
the antenna gain, also exist other gains or attenuations in the
reception path. The gain is provided by amplifiers and the
attenuation are the losses in the waveguide, couplers or
switches. For the simulation, a real reception gain of 158 dB
is set according to the ground station specifications [12].
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Fig. 3. VENESAT-1 Ka band ground station Rx gain path.
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The signal received in the destination is combined by the
MRC using (5). The MRC output signal is demodulated and
compared to the original 1024-bit data stream transmitted
from the satellite. The number of errors are counted and the
BER s calculated over the total of bit transmitted in 10°
channel realizations. Finally, the SNR needed to achieve
BER=10"° is compared for every case (multiple relaying or
direct satellite communication).
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Fig. 4. VENESAT-1 AF cooperative simulation result.

The simulation result show that the Venezuelan satellite
communication system in Ka Band, can be improved using a
multiple relay integrated satellite-terrestrial cooperative
system. For one relay, the gain improvement referred to the
satellite direct path communication is not relevant. However,
increasing the number of relay to more than one, the gain is
significant. According to the simulation, with three relays,
the reliability of the services increase about 2 dB of gain.

IV. CONCLUSION

The signals in Ka band frequencies are sensitive to several
climate phenomena, especially at the Amazon. The service
providers need to consider the use of appropriate techniques,
to keep the satellite link into acceptable levels of quality and
reliability. A multiple relay integrated satellite-terrestrial
cooperative system can improve the communication system
performance of the Venezuelan satellite, increasing the
reliability of the signal for various kinds of imperfect channel
response such as those caused by noise or attenuation. For
large attenuation channels, coding gain can be combined to
the satellite-terrestrial cooperative system as a mitigation
technique. Further studies should be done about the proposal
impact on the information rate and bandwidth, in order to
determine the most suitable applications than could be
executed on the Amazonian region.
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