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ABSTRACT

Wireless users use radio frequency (RF) channels for data
and message communication. The recent research reviles that
the most appropriate to tackle the issues related to spectrum
utilization is a function of time and space calls for dynamic
access strategies that adapt to the electromagnetic
environment. Cognitive radio is one such solution with the
ability to sense the RF channel evaluation and adaptively
react intelligently in order to optimize the usage of the
available spectrum. In this paper we focus on opportunistic
resource allocation between the access points (AP) and the
wireless stations (STA) for the required spectrum
management policies of the wireless systems. A concurrent
communication of the cognitive users, competing over the
physical resources for the end users. Based on the
requirements of this we propose and analyze a channel
capacity [6] enhancement technique to design a cognitive
multiple input multiple output (MIMO) transceiver system
and propose low complexity antenna selection [15]
algorithms. Using this technique only a subset of the
available antennas to transmit or receive signal greatly reduce
the cost and complexity of the physical layer resources of
cognitive MIMO system.
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1. INTRODUCTION

The legacy wireless communication systems uses single input
single output (SISO) technology to send and receive signals.
MIMO [13][14] provides multiple data streams within a
single frequency channel. Each data stream within the
channel has its own antenna pair for transmitting and
receiving its RF chain and its own analog to digital converter.
When a signal is created it is sent to all receiving antennas
and all receivers listen for any transmitting signals. Using this
method has two or more transmitted signals can be fused
together to improve the quality of reception. This intern
improves the QoS. As the numbers of antennas are increased
more data can be collected, which interns improve the

Pethur Raj S. Nagarajan
Wipro Technologies HOD IT Oxford College
Bangalore, Bangalore
performance wireless channel.
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Fig. 1. Data encoding in MIMO system

Wireless connection using MIMO systems enables increased
spectral efficiency and link reliability for a given total
transmitted power. Increased capacity [2] is achieved by
introducing additional spatial channels, which are exploited
using space-time coding [5]. The spatial diversity improves
the link reliability by reducing the adverse effects of link
fading and shadowing.

The channel capacity [6] in theory is defined as the
achievable information transfer rate per unit bandwidth that
can be transmitted with low probability of error. This is
generally expressed in bps/Hz. SISO uses a single channel
transmission the maximum channel capacity is defined by

log,[1+ SNR]. It shows

that the channel capacity [6] can be increased only with wider
transmission bandwidth. A wireless channel has a limited
bandwidth over single channel transmission practically there
is no chance of fulfilling the above said requirements.

Shannon’s equation; CSISO =

MIMO [13][14] is the heart of IEEE 802.11n standard. It is
an extension of the earlier 802.11a/b/g standards, which is
added with the multiple antennas in the physical layer of
WLAN. The advantages of using IEEE 802.11n with multiple
antennas at the transmitter/receivers are; all the antennas both
at transmitting and receiving end are used simultaneously to
transmit and receive the signals. The multiple receivers in the
receiving side not only increases the amount of receiver
power but also reduces multipath problems by combining the
received signals for each frequency components separately.
This improves the performance [1] and also enhances the
QoS. To enable this both transmitters and receivers must
have multiple RF processing chains to go with their multiple
antennas as shown in the fig.2.
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Fig.2. MIMO system with transmit and receive antenna selection with RF chain

MIMO [13][14] uses two basic classes of multiple antenna
techniques, the spatial diversity technique and spatial
multiplexing [7] techniques. Spatial diversity technique
increases the reliability and range by sending or receiving
redundant streams of information in parallel along the
different spatial paths between transmitters and receiver
antenna. Whereas the spatial multiplexing increases the
performances [1] by sending independent streams of
information in parallel along the different spatial paths
between transmit and receive antennas. This improves the
performance because if we take care in how we construct
and decode signals adding an antenna and independent
streams of information need not slow down the stream that
are already being sent.

The capacities [2] of a MIMO system increases linearly
with MiN(N; Ng), where N; and N denote the

number of transmit and receive antennas respectively.
However the main limitation of the MIMO [13][14] system
is the cost of the RF chains. Increasing the number of
antennas will lead to significant increase in system size,
cost and complexity. To reduce the cost of the RF chain the
subset of the transmit and receive antennas are to be
optimally  selecting the best transceiver grows
exponentially, which is computationally inefficient.
Moreover cognitive radio [12] are likely to face dynamic
environments where antenna selection [15] changes with
changing channel conditions, hence a computationally
efficient antenna selection algorithm is required.

In this paper we address antenna selection in cognitive
MIMO system [17] to reduce its cost while keeping much
of the advantages of MIMO system. By using this
technique our objective is to maximize the capacity of
Cognitive MIMO  system [17] under interference
constraints of primary user. We apply evolution technique
for antenna selection problem and their effectiveness is
verified through Binary Particle Swarm Optimization
(BPSO) technique. This method achieve near optimal
system capacity over wide range of SNR, and minimizing
the CCI to the primary users.

Rest of this paper is organized as follows: In section Il we
first give an overview of the spatial diversity and section 11l
explore the MIMO system and MIMO system capacity. We
then detail our solution and analysis using BPSO algorithm
in section IV. The last section concludes on the issues and
presents future work.

2. SPATIAL DIVERSITY:

Spatial diversity is one of the techniques used to fight
against the deep fading [16]. The diversity technique
improves the performance [1] in the presence of fading
channel [16]. In this technique signals are transmitted and
received through a number of channels instead of one
channel. The main idea behind the diversity is that when
several copies of the same signals are passed through
different channels then they experience independent fading
of each other. There will be high probability that some
signals will undergo deep fading which other may not.
When these signals reach the receiver then there will be
significant energy to make a decision that what was
actually sent. In MIMO, spatial diversity can be achieved
by using the number of antennas both at the transmitter and
receiving ends. These antennas are used to pick up the
signals from the RF chain at the transmitting end and
transmit the same using different channels. At the receiving
end the numbers of antennas are used to pick up the
transmitted signals coming from different multipath fads.

The main idea of diversity technique is to compare and
combine different copies of the received signals coming
from independent fading channels [16] to increase the
received power at the receiver as in fig. 2 the different
diversity combining techniques are;

1. Selection combining- select the best SNR in the
antenna branch

2. Equal gain combining — almost the same in MRC
in performance

3. Maximum ratio combining — select the best SNR
A traditional wireless channel is modeled by the equation

y=X+n
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Where x is the channel input and n is the fading [16] or
channel noise. Consider an environment in which there is
no line of sight (NLOS) between the transmitter and the
receiver. For this kind of environment ‘n’ is modeled as
zero mean, complexes Gaussian random variable with
variance 0.5 per dimension. In case if the fading n is fixed
deterministic number rather than a random variable, the
channel SNR would be given by,

E|hx|2

E‘nz‘

SNR(h) =

=SNRJh|’

2.1 Transmit diversity

In a wireless system with more than one transmitting and
only one receiving antenna as shown in the fig. 3, this
system is called as a multiple input single output (MISO)
system.

Fig. 3. Transmit diversity

Let N; be the number of transmitting antennas. The
received signal in the receive side is given by

Ny
y=> h;x; +n 6))

-1

Where hj is the fading corresponding to transmit antenna

jand x;is the symbols sent through antenna j. fading
changes from channel to channel. Suppose that we transmit
XwW i
Where W j’s are some weighting factors satisfying

Ny

2.

=

wl'=1 @

The above constraint ensures we are not increasing the
transmission power.
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Ny

Substituting (2) in (1) we get Y =X» h,W; +n The
j=1

SNR of the above channel is given by

Ny

Ethjwj

The SNR is maximized to the value

With respect  to the MRC  we obtain
1
P{e}<

—
{1+SNR}
2

2.2 Receive diversity

Consider the SIMO channel depicted in the fig. below.

Y

ho Y
\Y
Fig. 4. Receive diversity

Let N g be the number of receive antennas. The signal

received in antenna i is given by

yi =hx+n  i=123.... N
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Where h, and n;, the fading and noise respectively by

i" antenna are sufficiently spaced from each other.
Consider the weighted combination of the antennas inputs

Ng
y=x> @,y
=

Np Ng
= XZajhj +Zaini
-1 =

Where ¢¢; ’s are some deterministic numbers. The SNR of
the above channel is given by

Ng 2
E XZ;‘ajhi
j=
SNR, e, " 5
E ZOzini
i1
Ng 2
Zaihi
i1
=SNR —,

The error probability obtained by the maximum likelihood
receiver when applied to the MRC output satisfies.

Pr{e|hi ........ hy}< {— SNR(hl'é """" h’\')}
Ng 2
SNRY |h|

_J_ i=1

- 2
Let Z; =|h;| =123 N

Ng
SNRY z,°

Pr{e‘zl ........ Zy}<exps— i2:1 (4)

Zi’s are statistically independent, Rayleigh distributed
random variables. Thus their joint density is simply given
by the product of their individual densities.
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f(Ziinnnn 2,)= f[Z zexp{-z'} (5

Averaging (4) with respect to (5) yields

Ng
. SNRY " |,
Pr{e}sj'exp —% x[]2z e {-2/3dz,.......
0 i=1

v
NR
[“ SNR}
2

From the expression it is clear that by using N R receive

antennas we have managed to substantially reduce error
probability.

2.3 Spatial multiplexing and capacity

Spatial multiplexing [7] takes advantages of the extra
degree of freedom provided by the independent spatial
paths to send independent streams of information at the
same time over the same frequencies. When the wireless
channel has sufficient degree of freedom the data streams
transmitted from multiple transmit antennas can be
separated thus leading to parallel data paths. At the receiver
these streams are combined and decoded. By using the
antennas to divide the transmit power over these degree of
freedom, the transmitter can divide its power to send N
spatial streams of data, each getting an SNR of f when
considered at the receiver.

The capacity of the radio channel under these conditions
grows with MIN(N; N)that is linearly with the
number of antennas.

3. MIMO SYSTEMS

Consider the MIMO [13][14]systems with multiple
antennas at both the ends. Ny Transmit and N
receive antennas. The received signal at antenna | is given
by

The channel matrix His a N7 X N complex valued
matrix.

hij is the fading corresponding to the path from transmit

antenna | to received antenna i .
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Fig. 5 MIMO system model

Let us consider that the fading is independent N, is the nose

corresponding to receive antenna |

Vi % "

]'I ."I-'I ’?'I
y=\|. | x=[. |, B=||;

Vo ¥, 1,

-j"n JII?::“"‘r"l M

H =

hy By by,
Ry by,

Then Y = HX=n

3.1 MIMO system capacity

In this section we derive the capacity [2][4] of wireless
MIMO channel and its comparison with SISO. The error

probability of a MIMO network with NT transmit and

Ny receive antenna is,

SNR|H|’

R{E“ﬂ}ﬁeﬂj'—é——ﬁq—$I3
min R'YT
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Rearranging

P{e}< L

MN

SNR }

14 0%
2mm{NR’NT}

Thus transmit or receive beam forming we have a diversity
order Ny N, referred to as full diversity. The antenna
gain on the other hand satisfies,

max{N., N; }<antenn gain < N; N,

The capacity of the wireless SISO channel is given by,

i

E
Csiso 109, 1+
E

2
n

P
=log, |1+ —;
20 Where P is the transmission

2
power P = E‘X ‘ Form the above expression for SISO

channel it is clear that the capacity cab be increased only if
the transmission power is increased.

For a MIMO wireless channel the capacity [2][4] is
calculated as

2
o Ny

P 1
C = log, det| | — 6
MIMO gZ |: + 2 N Q:| ( )

Ny )

Where P = Z E‘Xj‘ Is the total transmission power
j=1

radiating from the transmit antennas. In (6) averaging the

expression with respect to the Rayleigh distribution of the

fading yields

Cumo =Min{N;,N;}log, [I + Pz}
20

The multiplexing gain is defined as
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C

Multiplexing  gain =—MMO " nder the same
SISO

transmission  power P the multiplexing gain

=min{N;, N}

Hence using multiple antennas both at transmitter and
receiver we can increase the throughput.

The spatial diversity concept of MIMO is one of the best
solution to minimize the co-channel interference (CCI)
with spatial diversity it can offer multiplexing gain,
diversity gain and CCI. The main problem of the cognitive
radio (CR) [12] operating in co-existing environment is that
both transmitter and receivers are distributed and may be
unable to coordinate with each other. The maximum ratio
transmission (MRT) method present in maximize the
received SNR, but it does not consider the interference to
the other radio system and therefore changed its
performance [1]. However these techniques are not allowed
for CR because the performance of the primary system
should be guaranteed and the interference power should be
controlled below a certain value. The usual technique like
Maximum ratio transmission (MRT), Zero forcing (ZF),
optimal interference free (IF) and interference constrained
(IC) are based on beam-forming technologies and can
minimize or control the CCI, therefore improving the
system performance. However the main problem in MIMO
system is the cost of RF chains and digital to analog
converter. Increasing the number of physical antenna will
lead to a signified increase in the cost of the entire system.

3.2 Antenna selection

In a MIMO system the increased complexity size and cost
of the RF chain can be drastically reduced by suitably
selecting the number of transmitting and receiving

antennas. MIMO in fig2 has N transmit and

N j receive antennas. Where N, and N, are the RF

chain(N, <N; and N, < Ny). According to the
appropriate antenna selection [15] criterion, the best sub-set
of Nt transmit and Nr receive antenna are selected. This

reduces the number of RF chain, thus leads to significant
savings. In order to convey the antenna selection
information to the transmitter, a feedback channel is
needed.
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3.3 Antenna selection in Cognitive MIMO
system

There are antenna selection algorithms for spatial diversity
and spatial multiplexing [7]. Whereas the cognitive radio
operating in coexisting scenarios have to optimize their
performance under their own power as well interference
constraints of the primary users. The antenna selection
process for cognitive MIMO system [17] needs to account
for the CR specific constraints. The transmit antenna
selection method in cognitive MIMO system is to reduce
total system cost while considering its own power and
interference constraints of the primary users. This helps to
device the transmit antenna selection algorithms for
cognitive MIMO to provide optimal performance over a
wide range of SNR

4. COGNITIVE MIMO SYSTEM
MODEL

Consider a cognitive MIMO system [17] with N
transmits antennas and N g receives antennas. There is M
number of primary users each connected to a single
antenna. These NT antennas are connected Nt RF

chains at the transmitter; N =N, .Assuming that the

receive and transmitter has the channel state information
(CSl), we denote the channel state between cognitive
MIMO system by the

Ng <Nt
matrix. H = C And the

between cognitive transmit antennas and M primary users

by the complex matrix G = C™ =N Based on

channel

this CSI the transmitter selects at most Nt transmit

antennas from the N, transmit antennas for the

transmission, so that interference to the primary user is
under some threshold. The capacity of MIMO system under
the assumption of white Gaussian noise No is given as

1

202 N T Where

Cymo = log, det| I +

Q=HH" if N, <N;, Where P is the total

transmitter power, | is N ,xN, identity matrix.

r

We assume that the transmitter allocates power uniformly
among the selected transmit antennas and channel input to
these antennas are un-correlated. We formulate the transmit
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antenna selection in cognitive MIMO system [17] as
combinational optimization problem. The main object of
antenna selection and cognitive MIMO system is to
maximize the capacity of secondary systems under
interference constraints to primary users.

ZLHQHH}

o” N;

= max log, det{l +

Subject to the constraints.
Constraint 1: trace {2 < N,

Constraint2:
Nt

i=1 t
Where €2 is a diagonal indicator matrix whose diagonal

entries are either 1 or 0 depending on whether an antenna is
selected or not. The complexity of optimally selecting
transmit antenna increase exponentially with the number of
transmit antennas. In this paper we apply the low
complexity algorithm like binary particle swarm
optimization (BPSO) for transmits antenna selection in
cognitive radio.

4.1 Simulation and analysis

The performance of antenna selection for cognitive MIMO
system is performed by simulation. For performance
analysis we present simulation result of four different
scenarios having the combinations of different numbers of
selected transmit antennas as well as different number of
primary users and interference threshold. The analysis
report is shown in the fig. 6 to 12 with

BPSO

Capacity (blsiHz)

Fig.6. SNR versus system capacity with N; =16,
N,=N;=5 M=2

system capacity as a function of SNR. With the same
number of primary users and the selected antennas for
secondary transmissions an increase in tolerable
interference limit by the primary users. Fig. 7 yields
increased CR system capacity at higher SNR.
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Capacity (bisiHz)

B
SNR (08)

Fig.7. SNR versus system capacity with N; =16,
N,=Ny=5 M=1

This is due to the fact that CR is able to transmit at higher
power while still obeying interference constraints of the
primary users. In the fig.8 as the number of primary users
are increased there is a chance of increased interference and
hence the CR system capacity comparing the fig.6 having
the same interference threshold.

acity (b/S/Hz)

Cap:

SNR (dB)

Fig.8. SNR versus system capacity with N; =16,
N,=N;=5 M=4

In fig.9 the number of selected transmit and receive
antennas and primary users interference threshold are same,
whereas number of primary users are reduced. In all these
cases an increase in the number of primary users results in
reduction of CR system capacity at higher SNR.

RN

Capacity (S/Hz)

/

—

|

SNR (38)

Fig9. SNR versus system capacity with N; = 20,
N,=N,=6, M=4
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Fig.10. SNR versus system capacity with N; =18,
N,=Ny=4, M=1

Capacity (b/S/Hz)
~

Fig.11. SNR versus system capacity with N; =18,
N,=N;=4, M=4

This is due to the increased number of primary users,
interference constraints for secondary (CR) option
increases too. Therefore CR has to limit it’s transmit power
to avoid unacceptable level of inference to the primary
users.

5. CONCLUSION

In this paper we derived the capacity and performance of
MIMO system. Comparison between MIMO and SISO
shows that there is an enhancement in the performance
compared to SISO. In the antenna selection process we
presented transmit antenna selection algorithm based
technique to reduce the complexity and cost of RF chain of
cognitive MIMO system. The effectiveness of the proposed
binary particle swarm optimization (BPSO) algorithm is
verified through simulation in different scenarios and
variables. The simulation result shows that proposed
algorithm achieves system capacity with a wide range of
SNR. This work should be extended in a direction that
would adapt the Genetic Algorithm.
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