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INTRODUCTION

The potential of remarkable enhancement in the
capacity of wireless systems has attracted consider-
able interest in multiple-input multiple-output (MIMO)
communications. The initial research by Winters1,
Foschini2, and Telatar3 incited great attention in this
field by envisaging extraordinary spectral efficiency
for wireless networks with multiple antennas in which
the channel represents rich scattering. MIMO tech-
niques use multiple antennas at transmit and receive
sides of a communication network to significantly
increase the capacity of system in comparison to
conventional single-input single-output (SISO) chan-
nel4. The method employs spatial diversity technique
based on development of information from several
signals transmitted over independent fading paths.
Its objective is to combine the multiple signals in
such a fashion so as to reduce the effects of exces-
sive deep fades.

In the last five years, there has been a wide
range of research activities performed for exact calcu-
lation of ergodic capacity of SIMO channels. How-

ever, the evaluation of system’s capacity in the pres-
ence of unequal power Rayleigh fading interferers has
always remains a challenge due to the complicated
distribution of the capacity. In this paper, we worked
out capacity of single-input multiple-output (SIMO)
systems employing space diversity approach. Expres-
sions for ergodic capacity of the system are derived
for maximal ratio combining (MRC) using the funda-
mental theories presented in5-7. In Section I, the sys-
tem model is introduced and ergodic capacity through
analytical approach has been evolved. Section II de-
scribes procedure to calculate system’s capacity and
spectral efficiency through Monte Carlo simulations.
Then in Section III, analytical and simulation results
are compared and effect of frequency re-use distance
and cell size on spectral efficiency is evaluated.
Finally, Section V gives the conclusion.

CAPACITY ESTIMATION USING ANALYSIS
A. Analytical Model

We consider a microcellular mobile radio SIMO
system built around a channel in flat fading environ-
ment having M receiving antennas.  We assume that
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multiple receive antenna system, the effect of co-
channel interference is reduced and performance of
the channel is improved.

Figure 4 depicts the area spectral efficiency of
SIMO system evaluated using MRC approach for
different number of receiver diversity branches. As
the capacity increases with the number of receiver
antennas, so does the spectral efficiency of the
system.

B. Effect of frequency re-use distance on spectral
efficiency

In the cellular communication, the re-use of fre-
quency plays a significant role in calculating the ef-
ficiency of communication link. In this simulation
environment, we test the area spectral efficiency of
the SIMO channel with the increase in frequency re-
use distance. At first, we plot the area spectral effi-
ciency of the system with respect to the number of
receive antennas for different value of re-use dis-
tances. This gives us the general trend of the varia-
tion in capacity using multiple antennas with re-use
distance. The results are shown in Figure 5.

Furthermore, the spectral efficiency of the sys-
tems is found with respect to different re-use dis-
tances for multiple antenna links of M = 2, 4 and 6.
Figure 6 shows the results. It is apparent form Figure
5 and Figure 6 that the Area Spectral Efficiency de-
creases as an exponential of second-order relative to
the re-use distance. Although increasing the reuse
distance reduce the effect of co-channel interference,
however, it increases the mobile cellular coverage area
resulting in an overall decrease of area spectral effi-
ciency of the system.

C.  Effect of cell size on SIMO spectral efficiency

This simulation environment is created to ob-
serve the effect of cell size on the efficiency of SIMO

Figure 3: Comparison of ergodic capacity of SIMO
system versus number of receiver diversity
branches calculated using MRC analysis
and simulation. (Fully loaded system with
SNR = 20dB)

Figure 4: Area spectral efficiency of SIMO system
evaluated using MRC analysis and simula-
tion approach for different number of re-
ceiver diversity

Figure 5: Comparison of area spectral efficiency of
SIMO system versus number of receiver
diversity branches calculated using differ-
ent values of re-use distance. (Fully loaded
system with SNR = 20dB, cell radius R =
200m, path loss exponent β = 4)
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channel. We have considered the channel with path
loss in the first tier of base-station, while interference
from other tiers is assumed negligible. The ASE of the
system is evaluated for different number of receiver
antennas and for different cell sizes. The results in
generalized form are shown in Figure 7.

In order to illustrate the effect of cell size
more clearly, we plot the ASE w.r.t. the cell size for
different number of receiver antennas as depicted in
Figure 8.

The ASE of the SIMO channel depends strongly
on the cell radius. As the cell size is increased, the
ASE falls down rapidly. We can observe that the area
spectral efficiency is a function of inverse square of
the cell radius which in accordance of our theoretical
analysis.

It may be noticed that decreasing the cell size
would create more cells and thereby the overall sys-
tem capacity is increased. However, the effect of co-
channel interference is more pronounced with smaller
cell size. With larger cell radius, the effect of co-
channel interference can be avoided; on the other
hand, it increases the mobile coverage area, decreas-
ing the efficiency of system. An optimum cell radius
will be the one which gives better spectral efficiency
with less immunity to co-channel interference.

CONCLUSION

In this paper, a new methodology for the evalu-
ation of capacity of single-input multiple-output
(SIMO) system has been introduced. Considering the
effect of co-channel interference, an expression for
estimating the ergodic capacity of Rayleigh fading
SIMO cellular system has been developed for maxi-

Figure 6: Comparison of area spectral efficiency of
SIMO system w.r.t frequency re-use distance
for different number of receive antennas M
= 2, 4, 6. (Fully loaded system with SNR =
20dB, cell radius R = 200m, path loss expo-
nent  = 4)

Figure 8: Comparison of the area spectral efficiency
of SIMO system versus cell radius for dif-
ferent number of diversity receive antennas
M = 2, 4, 6. (Fully loaded system with SNR
= 20dB, normalized re-use distance Ru = 4,
path loss exponent  = 4)

Figure 7: The area spectral efficiency of SIMO sys-
tem versus number of receive antennas fir
different values of cell radii R = 100,
500,1000m. (Fully loaded system with SNR =
20dB, normalized re-use distance Ru = 4,
path loss exponent β = 4)
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mum ratio combining (MRC). The effect of network
parameters, like cell size and re-use distance, on the
performance of the system is addressed and analyzed
in terms of area spectral efficiency (ASE). In addition,
Monte Carlo simulations have been used to evaluate
the system’s capacity and to validate the theoretical
analysis.

The results indicate that system’s capacity and
hence the spectral efficiency of cellular network im-
prove significantly by employing multiple antennas at
the receiver of the system.

SIMO system exploits the spatial characteristics
of the Rayleigh fading channel which is taken as an
environmental source of possible signal enrichment.
Hence, it gives rise to a significant enhancement in
the channel capacity by receiving multiple copies of
transmitted signal. The bounds on capacity are found
well within values of simulated results. It is noticed
that the SIMO system is less vulnerable to the co-
channel interference problem as compared to the to
the traditional single- input single-output (SISO)
channel.

Furthermore, the work also explored the analysis
of the effect of cell size and re-uses distance on the
area spectral efficiency of SIMO link. It is noticed that
decreasing the cell size and re-use distance create
more cells and thereby the overall system capacity is
increased.

REFERENCES

1. Winters, J. 1987. On the capacity of radio com-
munication systems with diversity in a Rayleigh
fading environment, IEEE J. Select. Areas
Commun., vol. 5, 871-878.

2. Foschini, G.J. 1996. Layered space-time architec-
ture for wireless communication in fading envi-

ronments when using multi-element antennas,
Bell Labs Tech. J., 41-59.

3. Telatar, E. 1999. Capacity of multi-antenna
Gaussian channels, Eur Trans.Telecomm. ETT,
vol. 10, no. 6, 585–596.

4. Catreux, S., Driessen, P.F. and Greenstein, L.J.
2002. Data throughput using multiple-input mul-
tiple-output (MIMO) techniques in a noise lim-
ited cellular environment, IEEE trans. on
commun., vol. 1, no. 2, 1.

5. Cui, J., Falconer D.D. and Sheikh, A.U.H. 1998.
Performance evaluation of optimum combining
and maximal ratio combining in the presence of
co-channel interference and channel cor-
relation for wireless communication systems,
Mobile Networks and Applications archive,
vol. 2(4).

6. Zhao, Y., Zhao, M., Zhou, S. and Wang, J. 2005.
Capacity bounds of SIMO systems with co-chan-
nel interferers, IEICE Trans Fundamentals, vol.
E88-A, no. 8, 2231-2235.

7. Gao, H. and Smith, P. 1998. Some bounds on the
distribution of certain quadratic forms in
normal random variable, Austral. & New Zealand
J. Statist. vol. 40, no. 1, 73-81.

8. Agrawal, D.P. and Zeng, Q. 2002. Introduction
to Wireless and Mobile System. University of
Cincinnati.

9. Proakis, J.G. 1989. Digital Communications. New
York: McGraw-Hill.

10. Hamdi, K.A. 2008. Capacity of MRC on corre-
lated Rician fading channels, IEEE trans. on
commun, vol. 56, pp. 708-711.


