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Abstract

This  paper focus on  simulation —and
measurement of MIMO channel capacity
for indoor propagation. A spatial diversity
method is employed during measurement
and simulation process. The investigation
on the channel capacity for various distance
and spacing of both transmitter and receiver
antenna have been done. The investigations of
channel capacity are included with difference
distance between transmitter and receiver sides
and different in element antenna spacing. For
the simulation, the path loss for the free space
and physical effect are been considered. The 2x2
rectangular microstrip patch array antenna is
used in order to characterize channel parameter
at 2.4GHz operating frequency. Measurement
process for 4x4 antenna configuration is done
in UTeM Microwave Laboratory. The capacities
of MIMO channel also decrease by increasing
the distance between transmit and receive
antenna.

Keywords: MIMO, MIMO Channel, Spatial
Diversity and Wireless MIMO Capacity.

I. INTRODUCTION

Wireless communication systems become
moreimportantasthey provideaflexibility
and user friendly of application. Because
of broadband wireless systems benefit
from accurate channel characterization,
there is growing interest in broadband
wireless multiple-input multiple-output
(MIMO) channel models and channel
characterization. MIMO systems offer
significant increase data throughput
without additional bandwidth or transmit

power. MIMO system used multiple
antennas at transmitter and receiver front
end. The use of antenna arrays in wireless
communication systems provides many
advantages. For example channel capacity
can be greatly increased with increasing
antenna array at both link [1][2].

In Figure 1, source of the system will be
voice or data transmitted from a computer
while destination is a person listening
or computer receiving data. The radio
frequency (RF) component is included in
the MIMO channel since they influence
the end-to-end transfer function. Input
data is converted to suitable signal for the
transmitter and will distribute through
the channel [3].

Figurel : Classic Wireless Communication

MIMO channel describes the connection
between the transmitters and receiver. The
MIMO channel models can be divided
into the non-physical and physical models

[4][5]-

This paper will discuss and analyzed
the simulation of capacity effect to the
wireless MIMO channel for different
spatial diversity is applied at the both
sides of transmitter and receiver. Then the
measured channel capacity is compared to
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channel capacity obtain from Kronecker
and Weischselberger model.

II. WIRELESS PROPAGATION

Wireless technology is rapidly evolving,
and is playing an increasing role in lives
of people throughout the world. The
mechanism of wireless propagation is
diverse, but can generally element to
reflection, diffraction and scattering [6].
Environment of antenna position is one of
the importance parts to describe channel
in a system. Free space radio wave
propagation is the most basic model of
radio wave propagation and assumes the
signal travelling through a straight path
or line-of-sigh (LOS).

The power density of the system in

L 2
free-space is 2 W™ \here P, is

transmitted power and d is distance
between transmitter and receiver antenna.
If the transmitting antenna has gain in
the direction of the receive antenna and
effective area of antenna is involve, and
then receive power P, is given by.

£G,G (O]

where A is wavelength [7].

ITII. SYSTEM CONFIGURATION

The objective of this paper is to investigate
the channel capacity effect by different
distance of transmit and received and
antenna element spacing for an indoor
environment. Figure 2 shows the antenna
configuration and measurement setup.
This project assumes distance (d) much
larger than antenna spacing (I). From
geometrical arrangement, the different
path length for LOS arrangement between
transmitter and receiver is:

I 2
Tpm = *.,Ild: + {I(ﬂ —m}:} @)

where 1 and m is number of transmit and
receive antenna respectively.
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Figure 2 : Antenna configuration

The signal is transferred over several
different propagation paths. In the case of
wireless transmission, it can be achieved
by using multiple transmitter antennas
(transmit diversity) and/or multiple
receiving antennas (diversity reception)
[3]. This system is built up to combine
the methods such as transmit and receive
power correlation, and spatial diversity.
The Matlab simulation tool is use to
compare MIMO channel models based
on the theoretical data and measured
data. The measurement campaign is done
to collect the data required to verify the
MIMO channel model (Kronecker model
and Weichelberger model) and to estimate
the model parameters that characterize
different configuration.

Channel correlation between transmitter
and receiver is calculated. Correlation
coefficient is a measured of the linear
relationship between transmitter
and receiver [8]. Strong LOS usually
considered as low-rank channel matrix
and it will provide correlation between
transmitter and receiver [9].

IV. CHANNEL CAPACITY
ANALYSIS

MIMO channel capacity depends heavily
on the statistical properties and antenna
element correlations of the channel [10].
MIMO channel capacity is quantifies the
maximum bit rate allowed by channel
without error transmission [11]. Channel
capacity is define by
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Como = E{log Z[det(lm + %(HH g )D} (©)

Where (.)" is the hermitian operator
defined by transposed conjugate matrix,
E{.} is the expectation, o is signal to noise
ratio (SNR) and I, is is an n*m identity
matrix. MIMO capacity increase by
increasing angle spread factor for LOS
and NLOS scenarios [12]. By calculating
the eigenvalue of channel, capacity of the
MIMO system is presented as:

min{ N,M}

E 1
C = lo 1+ —=.—1
2 gz[ N, N J

“)

Where E/N, presents the ratio of signal
energy to noise energy, n and m is
transmitting and receiving antenna and A
is the eigenvalue

12
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Figure 3: 1x1 configuration
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Figure 4: 2x2 configuration
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Figure 5: 3x3 configuration
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Figure 6: 4x4 configuration

Figure 3 to Figure 6 illustrates simulation
result for channel capacity of SISO
and MIMO configuration. From the
simulation, the channel capacity of SISO
configuration is the smallest (6.86 b/s/
Hz - 9.934b/s/Hz) while capacity of 4x4
configuration antennais highest (11.29b/s/
Hz - 37.06 b/s/Hz). The channel capacity
for all configurations is increase by
increasing the antenna spacing while the
channel capacity is decrease by increasing
transmitter and receiver distance.

Figure 7: Channel Capacity for different
spatial diversity

Figure 7 illustrate the spatial diversity
effect for 1x1, 2x2, 3x3 and 4x4 antenna
configuration. In Figure 7, the channel
capacity for each configuration will
increase by increasing the antenna spacing
and willbe decrease by increasing distance
between transmitter and receiver.

The channel capacity for 4x4 MIMO
configurations with 3A antenna spacing is
highest (37.067 b/s/Hz) while the lowest
(6.86 b/s/Hz) channel capacity for SISO
configuration. The channel capacity
for 3x3 antenna configuration with
3A spacing is higher than the channel
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capacity for 4x4 antenna configuration
with A spacing. This is because the mutual
coupling between antennas will reduce
by increasing antenna spacing and it will
increase the channel capacity. The mutual
coupling effect is discussed in [12].

i
) ™

Figure 8: Kronecker model

Figure 8 shows the channel capacity
for 1x1, 2x2, 3x3 and 4x4 antenna
configuration with different antenna
spacing. From the figure, the channel
capacity for 4x4 is highest compare to
1x1 antenna configuration. The result
shows the capacity for 4x4 antennas
configuration are almost 160 b/s/Hz at
distance 3m and will be decrease by
increasing the distance from transmitter
to receiver. The channel capacity almost
closed when increasing the distance for
all antenna configurations.
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Figure 9: Weichselberger Model

Figure 9 shows the effect of spatial
diversity on channel capacity for
Weichselberger’s model. The result is
similar to other channel model which is
the channel capacity is for 4x4 antenna
configuration is higher (53.98 b/s/Hz) than
1x1 antenna configurations. The result
also shows the channel capacity for 3A
antenna spacing is better than 1A antenna
spacing. This is because, the channel
capacity for 3x3 antenna configuration

with 3A antenna spacing is higher than
4x4 antenna configuration with A spacing.
The channel capacity will decrease by
increasing the transmitter and receiver
distance.

Figure 10 show comparison the 4x4
antenna configuration of measured and
simulation channel capacity. The line-
of-sight (LOS) of Weichselberger model
shows the capacity is approximate to the
measured data while the channel capacity
for Kronecker ‘s model is large differ to
the measured data.

. ——n(2)
0 F— ~&-nl)

‘g 15 B e )}
g 10 B A —_—
5 =t=k(l)

0 ——K(1/2)

1.87m 6.7m 12m w(2)

Distance (1)

Figure 10: Measurement for different d and [

V. CONCLUSION

Spatial diversity technique is one of the
methods to improve the channel capacity
for MIMO wireless communication
system. From the observation, capacity of
propagation channel is slowly decrease
by increasing the distance between
transmitter and receiver for measured
and simulation process. by increasing
the spacing between antennas at both
ends will increase the capacity of the
channel propagation. The capacity of
Weichelberger model is more suitable to
the measured channel capacity compared
to Kronecker model when physical effect
is considered. The simulations prove that
the Kronecker model is not suitable for
more 2x2 antenna configuration [13].
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