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ABSTRACT

Multiple Input and Multiple Output (MIMO) system have
the potential to achieve very high capacities, depending on
the propagation environment. A MIMO system provides
multiple independent transmission channels, thus, leading
(under certain conditions) to a channel capacity that
increases linearly with the number of antenna elements. It is
well known that the employment of multiple antennas at
both the transmitter and receiver increases the overall system
capacity. The objective of this paper is to simulate the
Nakagami — m fading model using MATLAB and to analysis
channel capacity. The program, when called in the
MATLAB workspace, will generate random variables (RVs)
that follow the Nakagami — m distribution. The generated
random variable processes, includes the PDF and Nakagami
PDF plots were drawn and which is suggested to apply this
method to generate the Nakagami — m fading channel with
MIMO Channel matrices by applying waterfilling algorithm
using the same technique. For maximizing the capacity of
MIMO systems, waterfilling algorithm is implemented by
singular value decomposition (SVD) of received signal.

Keywords: MIMO, Gamma Random Variable, Waterfilling,
SVD.

1. INTRODUCTION

Digital communication using multiple- input multiple output
(MIMO) wireless links has recently emerged as one of the
most  significant technical breakthrough in modern
communications. This paper presents an overview of some
important theoretical concepts of MIMO systems. In the
never-ending search for increased capacity in a wireless
communication channel it has been shown that by using
MIMO (Multiple Input Multiple Output) system architecture
it is possible to increase that capacity substantially. Usually
fading is considered as a problem in wireless communication
but MIMO channels uses the fading to increase the capacity.
In terms of queuing theory, it is known that gamma
distribution arises naturally in processes for which waiting
times between poison distributed events are relevant .
Multipath fading occurs in any environment where there is
multipath propagation and there is some movement of
elements, within the radio communications system. This
may include the radio transmitter or receiver position, or in
the elements that give rise to the reflections. The multipath
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fading can often be relatively deep, i.e. the signals fade
completely away, whereas at other times the fading may not
cause the signal to fall below a useable strength.[2].

2. MIMO CHANNEL MODEL

Multiple inputs multiple outputs (MIMO) systems in
wireless communications refer to any  wireless
communication system where at both sides of the
communication path more than one antenna is used. The
idea behind MIMO s that, the signals on the transmit (TX)
antennas at one end and the receive (RX) antennas at the
other end are “combined” in such a way that the quality (bit-
error rate or BER) or the data rate (bits/sec) of the
communication for each MIMO user will be improved.[3].

A key feature of MIMO systems is the ability to turn
multipath propagation, traditionally a pitfall of wireless
transmission, into a benefit for the user. MIMO effectively
takes advantage of random fading and when available,
multipath delay spread for multiplying transfer rates. The
prospect of many orders of magnitude improvement in
wireless communication performance at no cost of extra
spectrum (only hardware and complexity are added) is
largely responsible for the success of MIMO as a topic for
new research.

Principle: MIMO is based on main spatial multiplexing
principle called Spatial Multiplexing. It is a transmission
technique to transmit independent and separately encoded
data signals, so-called streams, from each of the multiple
transmit antennas. Therefore, the space dimension is reused,
or multiplexed, more than one time [4].

In order to design efficient communication algorithms for
MIMO systems and to understand the performance limits, it
is important to understand the nature of the MIMO channel.
For a system with My transmit antennas and Mg receive
antennas, assuming frequency-flat fading over the bandwidth
of interest, the MIMO channel at a given time Instant may
be represented as an MgxMy matrix [6].
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Where, M, is the m" term and M, as n", so H,, is the
(single-input single-output) channel gain between the m™
receive and n™ transmit antenna pair. The nth column of H is
often referred to as the spatial signature of the n™ transmit
antenna across the receive antenna array. The relative
geometry of the My spatial signatures determines the
distinguish ability of the signals launched from the transmit
antennas at a receiver.

3. CONCEPT OF NAKAGAMI FADING

With Nakagami-m distribution, sometimes denoted by m-
distribution, a wide class of fading channel conditions can be
modeled as explained in the introduction. This fading
distribution has gained a lot of attention lately, since the
Nakagami-m distribution often gives the best fit to land
mobile and indoor mobile multipath propagation as well as
scintillating ionospheres radio links.;;;; More recent studies
also showed that Nakagami-m gives the best fit for satellite-
to-indoor and satellite-to-outdoor radio wave propagation
[12].

Nakagami Fading occurs for multipath scattering with
relatively larger time-delay spreads, with different clusters
of reflected waves. Within any cluster, the phases of
individual reflected waves are random, but the time delays
are approximately equal for all the waves. As a result the
envelope of each cluster signal is Rayleigh Distributed. The
average time delay is assumed to differ between the clusters.
If the delay times are significantly exceed the bit period of
digital link, the different clusters produce serious
intersymbol interference. Therefore the pdf (probability
density function) is given as g,
mm m-1 -m (2)
p,(r)=—t—exp| —L |,y 20

7"|(m)

Where, ¥ is average fading power, ¥ >0 as the channel

amplitude, exp(o) is the expectation operator, (0) is the
gamma distribution and m is the nakagami fading parameter.

4. CONCEPT OF WATERFILLING THEOREM

Waterfilling is a metaphor for the solution of several
optimization problems related to channel capacity. The
simplest physical example is perhaps the case of spectral
allocation for maximal total capacity under a total power
constraint[10].

Many engineering problems that can be formulated as
constrained optimization problems result in solutions given
by waterfilling structure the classical example of which is
the capacity achieving solutions for the MIMO channel. The
problem of jointly designing the transmitter and the receiver
for communication through MIMO channel also results in a
waterfilling solution. The well — known classical waterfilling
solution solves the problem of maximizing the mutual
information between the input and the output of a channel
composed of several sub channels ( such as a frequency —
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selective sub channels arising from the use of multiple
antennas at both sides of the link )10 With a global power
constraint at the transmitter.

This capacity — achieving solution has the visual
interpretation of pouring water over a surface given by the
inverse of the sub channel gains hence the name waterfilling
or waterpouring.

a. Waterfilling capacity of MIMO channel

When the channel knowledge is absent at the transmitter, the
individual sub channels are not accessible. So the equal
power allocation in all the sub channels is logical under this
scenario. When the transmitter has perfect knowledge of the
channel, the waterfilling method theorem so the division of
total power in such a way that a greater portion goes to the
sub channels with higher gain and less or ever none to the
channels with small gains.

The sub channels with lower gain i.e those with higher noise
for which no power is allocated at all refer to those sub
channels which are not used for transmitting any signal
during the transmission. One objective of this algorithm is to
allocate power across the channel so as to mazimize the total
capacity.

This power allocation is subject to the constraint that the
sum of the power poured into all sub channels is equal to P,
the total power available to the transmitter.

The relative channel strengths and the amount of power to
allocate to each channel is determined by knowledge of the
channel matrix, H.

We use the eigen decomposition of H to obtain as,
H(r—by—t)=UDV"; @
Where, UUu™ =1, =VW" =1, and
D =diagonal 4, 4,,.....A, with }; as the positive square
root of i" eigen value and i= 1 to n non zero A values

andn=min{r,t} . .5 H =UDV*

The first step is to determine the parameter p. The parameter
W, is a mathematical parameter, used to determine the power
assigned to each of the sub channels of the composite
MIMO channel. After determining the p, the square of the
inverse of eigen values are compared with .

If the square of the inverse of i" eigen value is greater than
w, i.e if 1/A% >y, then that i" eigen channel is too weak to be
used for the communication process. The last two sub
channels in the above illustrated example of a (7 — by — 7)
MIMO channel are such eigen channels which are not used
for transmitting any signal at that point of time.

Such channels are said to be switched off and they are put
away from the communication process which means that
28



Suchismita Bhattacharjee et al., International Journal of Computing, Communications and Networking, 1(3), July-August, 27-31

those particular sub channels are not allocated with any
transmitting power.

Once the total available power, Pt and the gains of the
parallel sub channels are known, the optimum power
allocated to the i sub channel i,

[ 1} . 4)
P = +

A,IZ
. . i
If this quantity , = —? is positive then
1
the power is allocated to the i™ sub channel otherwise, the
sub channel is left unused. The waterfilling parameter ‘p’ is
determined iteratively by the total power p; , such that p
satisfies the following equation,

n 1 (5)
Pr = IZ:l: _?
I=1,2,.....m; where m is the number of sub channels that
have survived after checking the above conditions and are to

be used for transmission of the signal.

Now the capacity of MIMO channel with waterfilling can be
expressed as, (3
(6)

C= lelog2 {14{%)*@2} bps / Hz

Above equation enables the visualization of the MIMO
channel as a number of parallel SISO pipes with gain equal.
Therefore to the respective eigen values and its enables as to
understand that the waterfilling capacity for MIMO channels
is the sum of the capacities of the SISO equivalent parallel
sub channels, obtained from performing SVD on MIMO
channel matrix. If the channel is known at the transmitter,
the capacity can be enhanced by using the good channels i.e.
those with the highest gain by applying an unequal power
distribution.

b. Step to power allocation with waterfilling alogorithm

Summary of steps involved in the waterfilling power
allocation to the MIMO subchannels [7]:

1. The first step is to determine the waterfilling
parameter or threshold, p which is also shown as
water level. The p is just a mathematical parameter
used to determine the power allocated to each of the
eigen channels.

2. After determining p, the inverse of eigen values of
the matrix H is compared with the threshold.

3. Now if 1/A%2 > p then, the gain of the i" eigen
channel is too small and this eigen channel will not
be considered for communication, the last two
eigen channel.

4. Assuming the case of a square dimension of MIMO
channel, i.e. r=t and also A>\, > A3 >A,. And also

h
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consider that m eigen values have survived after the
above described procedure.

5. Once the total available power, Pt and the gains of
the parallel sub channels are known, the optimum
power allocated to the i sub channel is

1 ™
H=H= Tf

And the power allocated to each of these eigen channels, P;
is determined by the waterfilling rule such that the above
equations are satisfied. When it is positive then the i" sub
channel otherwise, the sub channel is left unused. The
waterfilling parameter ‘p’ is determined next part. Under
ideal conditions, the information theoretic capacities of a
MIMO system grows linearly with the minimum of transmit
and receive antennas. However, various measurements show
that realistic MIMO channels show a significantly lower
capacity. This reduction of capacity is due to the spatial
correlation of the MIMO channel coefficients. But here with
waterfilling algorithm the capacity increases with correlation
as proved before g as MIMO capacity analysis with respect
to linear increment in number of transmitting and receiving
antennas for fixed values of SNR with water filling power
allocation algorithm assumed.

5. RESULT AND DISCUSION
MATLAB Simulation

The capacity of the MIMO channel has been simulated for
various number of transmitter and receiver antennas using
the water- filling algorithm for allocation of the optimum
power to the parallel sub channels, represented by the
diagonal elements of the diagonal matrix which was
obtained by performing the singular value decomposition on
the MIMO channel matrix,

Channel capacity for Nakagami faded MIMO channel is
considered with implementation of waterfilling. The graph
of capacity Vs SNR shows that the capacity of the MIMO
channel increases as the number of antennas used at both the
transmitter and receiver increases.

The result obtained shows that there is an improvement in
capacity of MIMO channel when the waterfilling solution is
implemented to achieve capacity maximization is used to
allocate different powers to the sub channels. And for
correlated Nakagami fading on MIMO channel with water-
filling algorithm by decomposition theorem for capacity
performance analysis, the MIMO capacity with respect in
increase in number of transmitting and receiving antenna for
fixed values of SNR with waterfilling power allocation
algorithm assumed. The figure clearly indicates the
incremental enhancement with different fixed values of
SNRs. As comparison of average power allocation and
waterfilling allocation of power in sub channels for MIMO
capacity analysis with different subsets of transmit and
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receive antennas. Here, the power allocation with individual
matrix element “landas” for different antenna selections is
being plotted. As with rician fading it was confirmed that the
use of MIMO system with correlation increases the capacity,
here it is being proved that with nakagami also the use of
MIMO system gives greatly increase in the achievable rate
(capacity) with certain degree of correlation.
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6. CONCLUSION AND FUTURE SCOPES

This paper mainly gives investigations on capacity of MIMO
channel. The waterfilling algorithm was implemented in this
work to carry out simulations on the MIMO channel
capacity and the analysis of the Nakagami — m signal fading
model in wireless communication, through multipath
propagation channels. By generating random variable for
Nakagami — m distribution or Nakagami random variable is
plotted and implemented on MIMO system with Waterfilling
Algorithm for SVD method and decomposition method for
plotting channel capacity and pdf of element of antenna in
eigen value matrix for matrix H for capacity analysis for
uncorrelated and correlated forms where in both cases the
capacity increases with increase in number of transmitter
and receiver, which is being observed and justified.

In future scope, as the idea of single user power optimization
in a single user MIMO system can be extended to a multi-
user MIMO system.
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