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Abstract— Give the equivalent model of STBC, VBLAST sche mes for analyzing their channel
capacity. The channel capacity performances of SISO, 2 x 2 STBC and 2 x 2 VBLAST schemes in
20 mm/h rain environment are simulated and discussed based on an assumed 2 x 2 satellite-earth
link at 30 GHz in circular polarization as an example.

1. INTRODUCTION

In comparison with traditional Single-Input Single-Output (SISO) communication technology, MIMO
communication technology shows great advantages, such as higher transmission rate, spectrum
utilization ratio and power efficiency. Therefore, MIMO communication technology represents a
breakthrough in the modern communication field [1-3].

Many reports about MIMO communication have been focused on the frequencies below 10 GHz [1].
In contrast, the research on the MIMO communication above 10 GHz, such as Ku and Ka bands
or higher frequencies, is still in its infancy, although the communication technology at those fre-
quencies has many advantages [1]. Available publications only explored some particular aspects
for the MIMO communication above 10 GHz, for example the references of [4-8]. The most those
publications concern terrestrial MIMO systems or indoor environment, where the multipaths in-
duced by terrain and the objects around the receiver are present. Though earth-station receiving
diversity is exploited for mitigating the fading caused by tropospheric scattering effect on Ka band
satellite signal in [9], the MIMO communication is not straightforward on satellite communication.
Fortunately, attention has been paid to the application of the MIMO technology above 10 GHz in
satellite communication system in recent years in [2] and [10-12] which just specifically analyze the
effect of rain-induced attenuation on the channel characteristics.

This paper focuses on the capacity performance of 2 x 2 satellite-earth link at 30 GHz in rain
environment. the equivalent model of STBC, VBLAST schemes for analyzing their channel capacity
are given. The channel capacity performances of SISO, 2 x 2 STBC and 2 x 2 VBLAST schemes in
20mm/h rain environment are simulated and discussed based on an assumed 2 x 2 satellite-earth
link at 30 GHz in circular polarization as an example. The equivalent model given in this paper is
valid for the single-polarization MIMO satellite-earth link at other bands above 10 GHz.

2. THE EQUIVALENT MODEL FOR MIMO SYSTEM CAPACITY

For a MIMO system with variance is mp transmitting antennas and mp receiving antennas, the
relationship between the transmitted signal vector x(¢) and the received signal vector y(¢) can be
given as

y(t) = Hx(t) + n(?) (1)

In (1), H expresses channel matrix, whose element h; (i = 1,2,...,mp; j = 1,2,...,mp)
represents the random channel parameter from the jth transmitting antenna to the ith receiving
antenna. In fact, a complete model for h;; should include all the propagation and scattering
effects except for noise and all filters, such as attenuation, multipath fading and receiver filter
etc.. The propagation and scattering impacts are considered in this paper. For convenience, h; ;
is also written as h;; = hi;ho, ;. Where, hq;; represents path loss, which is a constant for
a given specific link and specific propagation environment parameters. hi;; mainly determines
the average energy of received signals. hg;; is a complex random variable, which indicates the
randomly fading coefficient induced by random multipath propagation or the combination of the
incoherent scattering in the troposphere. the incoherent scattering effect is similar to the multipath
effect on mobile communications but their physical nature is not the same.

If the channel is unknown to the transmitter, then the vector x(t) is statistically independent,
This implies that the signals are independent and the power is equally divided among the transmit
antennas. The capacity in such a case is presented as

C = log, det (I, + Es/mrNogHHM) (2)
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where, F is the total energy of a transmitted symbol in J, Ny is noise power spectrum density in
J, the superscript H denotes Hermitian Transpose operation. If mp = mp = 1, (2) simplified as

C = logy (1+ Eo/No |HP?) (3)

For 2 x 2 STBC scheme using Maximal Ration Combing, the equivalent model of capacity can be
given as

C = log, [1 + E;/No <W2,1,1|2 + |hza 2l + ko2 |* + |h2*2’2‘2)} @

For 2 x 2 VBLAST scheme using Maximal Ration Combing, the equivalent model of capacity can
be given as

El
C = log, [1 +EL/Ny <|h27171|2 + ]h27271|2>} +log, [1 + FZ (fhz,z,1|2 + |h22,2|2>] ()

E! in (4) and (5) signifies the symbol energy from the transmitting antenna j to the receiving
antenna ¢ after taking path loss into account, is presented as
vig = Bs/mrh? | (6)
Ny can be given by
No = 1.38 x 107 5T}, /2 (7)

where
L a

Tsys = Tetear +Tm <1 — 10~ Ch

) (8)

In (8), Teeqr is a given constant, Ly, signifies all atmosphere-induced attenuation.
The fading coefficient in rain can be given as

horain_ij = Qij - exp [—j(@o_ij + ¢5 ij)] )

where, «; ; and ¢ ; ; are the random number respectively following
p(a) = 2Kaexp[—K(a? + 1)|[H(2Ka) (10)
plypy) = 1/27 (11)

Dmax
And, ¢g can be calculated by ¢g = Leg - 57.296 x IOS%DI Im(S(0))N(D)dD [1].
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Figure 1: The sketch of the assumed satellite-earth MIMO communication link.
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in rain. and 2 x 2 VBLAST schemes in rain.

Table 1: The parameters of the link illustrated in Figure 1.

The parameters of earth station Satellite Parameters
The parameters of 108.95°E; Location of the 100°E 0°
earth station 34.26°N subsatellite point
Receiving frequency 30.0 GHz Transmitting frequency 30.0 GHz
Teicari 95.09K Orbit altitude 15000 km
type Parabolic
Antenna aperture 1m
: IPB, 3.83dB
parameter I gain 48dB
Half-power beamwidth 0.7°
Elevation angle 40.7°
type reflector
Antenna aperture 27m
gain 76 dB Polarization state Circular polarization
parameter 1T
Half-power beamwidth 0.3°

Elevation angle 40.7°
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In (10), K in rain environment is estimated by (13) [1]

Dmax GA
K=exp(—y-Lop)/2n [ [ smON(D)glr - Loy, ©)\1(8, D) /7d0aD (12)
Dmin O

And, the model for calculating atmosphere-induced attenuation can find in [1].

3. SIMULATION AND DISCUSSION

An assumed link parameters are listed in Table 1, and link configuration is illustrated in Figure 1.
The simulation results in 20 mm/h rain environment are given in the figures of Figure 2-Figure 5.

Note that the performance of a MIMO is critically de d_s d_e pendent on the availability of
an independent and identically distributed channel fading matrix. It is well known that channel
correlation will downgrade the performance of a MIMO system. Therefore, it is assumed that and
are great enough to ensure the fading matrix being independent and identically distributed.

It is obvious that channel capacity can be improved by adopting MIMO technology in satellite
communication system. It is natural that VBLAST scheme is the best scheme to improve channel
capacity, however it is at the cost of bit error rate. STBC should be the ideal scheme because of its
potential merit of both capacity and bit error rate. We will give more comprehensive and deeper
investigation in future.
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