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ABSTRACT

In this paper, a joint beamforming, power and channel allocation in a multi-user and multi-channel underlay MIMO
cognitive radio networks is considered. The primary users (PU’s) spectrum is reused by the secondary user
transmitters (SUTXs) to maximize the spectrum utilization while the intra-user interference is minimized by
implementing the beamforming at each secondary user transmitter. After formulating the joint optimization problem
as a non-convex, mixed integer non-linear programming problem, a solution is proposed into a two stages. First
stage is deriving the beamforming vectors and power allocation under a given channel by converting the original
problem into a convex form with an introduced optimal auxiliary variable and semi definite relaxation approach. In
the second stage, an explicit searching algorithm i.e., genetic algorithm is proposed to determine suboptimal channel
allocation. Simulated result shows that the proposed allocation scheme has a better achievable rate than the existing
zero forcing beamforming method.

Keywords : Cognitive radio networks, genetic algorithm, primary user, secondary user, MIMO, semi-definite
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I. INTRODUCTION

The information and communication technology
industry is today faced with global challenge develop
new services with improved quality of services (QoS)
and at the same time reduce its environment impact,
clearly there is a deep need of global efficiency not only
in energy domain but also in spectrum domain. A huge
amount of spectrum is required for broadband use in the
future as suggested in National Broad Plan (NBP) in
USA and the digital agenda in Europe.

In order to address the spectrum usage efficiently, the
cognitive radio concept was proposed. Cognitive radio
system is a radio system which aware of its operational
and geographical environment established policies and
its internal state. The principle of cognitive radio is a
temporal, spatial and geographic “reuse” of licensed
spectrum where an “unlicensed” secondary user (SU)
can be permitted to use licensed spectrum provided that
it does not interfere with any primary spectrum
utilization have shown that spectrum is underutilized, in
the sense that the typical duty cycle of spectrum usage at
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a fixed frequency and at a random geographical location
is low. This means that there are many holes in radio
spectrum that could be exploited. Opportunistic radio
system should be able to exploit this spectrum holes by
detecting them and using them in an opportunistic
manner. Because of the outstanding propagation channel
in the television bands with strong wall and floor
penetration capability, long range and flexible
bandwidth, it could be used to allow brand new class of
services and increases the limited capacity of existing
system.

II. METHODS AND MATERIAL

A. Beamforming

The directionality of reception or transmission of a
signal on a transducer array can be controlled by a signal
processing technique called beamforming. The majority
of the signal energy can be transmitted from a group of
transducer in a chosen angular direction and the receiver
receives the signal energy in predominantly angular
direction. The beamforming can be achieved by setting
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the multiple transducers next to each other sends the
same signal energy i.e., it going to produce some kind of
interference pattern. The spacing and delay in the
transducer signal is changed, the interference pattern

also changed.
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Figure 1: Interference pattern of beamforming

The polar coordinates system is considered because the
interference pattern affects things angularly. For
example, consider five sources set at 10 unit apart on X
axis — one source in the middle and two on each sides.
The sources do not all ping at the same time. The
maximum 5 unit delay is considered in the sources. This
result in a warping of the interference pattern i.e., the
beam is steering in a particular direction.
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Figure 2 : Béamforming pattern for fivé elements,
spacing at 10 and its polar response.

B. Beamforming Techniques

The directionality of an array can be controlled by the
phase and relative amplitude of a signal at each
transmitter which creates a pattern of constructive and
destructive interference. The two beamforming
techniques are

e Conventional beamformer

e Adaptive beamformer

The conventional beamformer uses a fixed set of
weights and time delays to combine the signal from the
sensors in the arrays whereas adaptive beamformer
technique adapts its response to a different situation.
Sonar phased array are at low data rate which can be

processed in software but radar phased array are at high
data rate which requires dedicated hardware processing
technique and can be programmed in software also.

C. Sonar Beamforming Requirements

The sonar has many applications such as wide area
searching and ranging, under water imaging sonars such
as side scan sonars and acoustic cameras. Many sonar
systems such as on torpedoes, are made up of arrays of
up to 100 elements that must accomplish beam steering
over a 100 degree field of view and work in both active
and passive arrays.

Sonar arrays are used both actively and passively in 1-,
2- and 3-dimensional array. The beamforming technique
is deployed in sonar to compensate the significant
problem of slower propagation speed of sound as
compared to that of electromagnetic radiation. The
focusing algorithm is intended to improve reception,
many sides scan sonar also employ beam steering i.e.,
forward and backward movement of sonar arrays to
catch the incoming pulses.

D. Beamforming Scheme

A conventional beamformer is a simple beamformer also
known as delay-and-sum beamformer in this all the
weights of the antenna element have equal magnitudes.
By selecting appropriate phase for each antenna, the
beamformer is steered in a specified direction. The
cellular phone standard uses beamforming techniques to
achieve higher density cells with higher throughput.

Beamforming for speech audio is used to extract the
sound sources in a room. The location of a speaker to be
known in advance for this type of beamforming. The
specialized filter banks are used to separate frequency
bands prior to beamforming. Standard filters such as
FFT bands are sub-optimal for this purpose because they
are not designed to isolate bands. The recombination
property is also required to reconstruct the transmitted
signals. These basis are typically non-orthogonal unlike
effective basis.

E. Cooperative Communication Systems

An adhoc network is an infrastructureless network
whose operation is relay on intermediate mobiles. The
information from the source to destination is transmitted
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via other mobiles. Multi-hop ideas are also utilized in
cellular and wireless LAN system to provide higher
quality of service power savings and extended coverage.
The relay channel was introduced by Van der Meulen
and investigated extensively by Cover and EI Gamal.
The capacity of general relay channel is unknown. The
multi-hop technique is not to overcome path loss but
also it provides diversity.

Cooperative communication involves two ideas: i) using
relays to provide spatial diversity in a fading
environment, ii) envision of collaborative scheme where

the relay has its own information sends to both terminals.

F. Performance of Mimo

I n
I
T

igure 3: MIMO channel model

In the MIMO systems, a transmitter sends multiple
streams by multiple transmit antennas. These streams go
through a matrix channel which consists of all path
between the N, transmit antennas and N, receiver
antennas. Then, the receiver gets the received signal
vectors by the multiple receive antennas and decodes the
received signal vectors into the original information. A
narrow band flat fading MIMO system is modelled as

Y=Hx +n 1)

Where y and x are the receive and transmit vectors
respectively and H and n are the channel matrix and the
noise vector respectively.

G. Proposed System

Joint beamforming based achievable rate improvement
on genetic algorithm using multiple relay paths for

power and channel allocation on cognitive radio network.

In modified genetic algorithm, to determine suboptimal
channel allocations using 3:2:6 MIMO systems using

achievable rate improvement on 6 destinations with the
help of 36 paths.

H. Performance Analysis:

In wireless channels, transmission of signals can be done
by multi-carrier modulation technique called OFDM. It
separates the high rate-data stream into parallel lower
level rate data; by the way it avoids ISI.

MISO:

It consists of multiple antennas at transmitter side and
single antenna at receiver side say “ y “ with different
fading channel coefficient i.e., hl and h2. The capacity
of the channel is not be so efficient and it is given by

C =Mt B log, (1+S/N) (2
Where,

C — Capacity

Mt —no.of antenna at transmitter side

B — Bandwidth

S/N — signal to noise ratio

MIMO :

It consists of multiple antenna at transmitter and receiver
side say S=[ S1 S2 S3....Sy]t and y=[ y1 y2 y3...ym]t as
the vectors respectively and n=[n1 n2 n3...ny]t is the
AWGN. To achieve good SNR, we use BPSK
modulation scheme in each block modulation of signal
transmission. The MIMO channel is given by

h1l h12 h1MT
H=| h21 h22 h2MT 3)
hRMR,1 hMR,2 hMR, MT

The capacity of MIMO is given by
C =M(M;B log; (1+ S/N) 4)

where,

C — capacity

M;— no.of antennas at transmitter
M, — no.of antennas at receiver side
B — Bandwidth

S/N —signal to noise ratio

Consider a network with source(s), relay(R) and
destination (D). The link between S and R is direct and it
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uses half duplex mode, so that R can’t transmit or
receive signals at same time. Hence there exists 2 phases.
In the 1% phase (source phase) S transmits information to
D and in the 2™ phase (Relay), R decodes the received
information and then forwards the decoded information
to D. In source phase, x; (transmitted information system)
is multiplied with wg(unit norm vector) and complex
baseband received symbol at D in the source phase is
given by

.
Yoo s=hp s WsXs+Nps
where,

()

h'p s - channel gain vector from S to D
N p,s— Scalar AGN with unit variance

The received SNR at D during source phase is given by
VD,SzlhTD,S-Wslzps. (6)

The complex baseband signal vector received at N
antennas of node R is given by
Yr,s=HRr s. WXs+ Np g (7)
where - H g s - channel gain matrix from S to R.
Applying SVD, we can rewrite
Hg sasHg s=UA V" (8)
Then the effective received SNR at R is given by y g s=
IHe s. wsl*Ps 9)

The achievable information rate from S to R is Cr -
logx(1+y & s). (10)

Hence the complex symbol received at D in the relay
phase is given by
Yb,R= h' D,RWiX;+ NpR (11)

where h' p,r IS the channel gain vector from R to D. The
received SNR at D during relay phase is given by

Y D,R= |hT D, RWr|2Pr (12)

Thus the achievable information transmits rate at D in
the relay phase is
Co=10g2(1+yp s+¥p.Rr)
Thus achievable rate is given by
Cor=¥2min{Cg,Cp}
=% min {logy(1+y r,s),100:(1+ yps.,yor)}
(14)

(13)

Where, %2 is the time division feature of the half duplex
relay system.

PROBLEM FORMULATION:

To minimize the achievable rate (Cpr) for MIMO DF
relay, we optimize beamforming vectors and it is given

by

max ws,wr ¥2 109, (1+min(y r,s, ¥ o,s*+ ¥ o r)) Where ||
wsl?=1; [hwr =1 (15)

The function f(x) = 1/2 logy(1+x) is monotonically
increases as f(x)>0 and (1) is given by

maX ws, wrMin{¥r.s,¥p,s+*¥b.r} (16)
where || ws [I7=1; [l [*=1

SNR at D during source phase

¥o.s=|h'p s W P (17)
SNR at relay

Yr.s=lHr,s. WP (18)
SNR at D in during relay phase

¥ o.r=In" o R WP, (29)

From (17), (18) and (19), (19) alone is affected by
beamforming vector w, by adopting maxi-ratio
transmission (MRT). Thus optimal beamforming vector
from R to D in relay phase is given by

Wr*:hD,R / || hD,R|| (20)
Substitute (20) in (19), then
¥ *o.r=lho rIPr (21)

The optimization problem in (16) can be transformed
into

maxws MN{yr s, ¥p,st¥ *p,r} (22)
Then introducing SDR method in (22),

min ws —t

s.t ”H Rys.WSHZPS >t
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|hTD,S-Ws|2 Ps+y *pr =t

[vs|* =1,

w>0 (23)
then by defining

G:HRvsHHR’sand F:hDyshHDyg (24)

and a new matrix variable
W= wsw," with w=> 0 then problem in transformed into
min w —t

stt,(WG) >t
t(WG) +y*pr >t
t(w) =1

rank (w) =1

w0 (29)

The SDR is more complexity then CVX method.
Therefore we adopt an alternative approach based on the
properties of optimal solution with lower complexity
without any relaxtion. V= (V1 V2 V3....Vys) in the
equation

H g s=UMV(11) (26)

is a unitary matrix of full rank, for an arbitrary
beamforming vector ||ws|* =1 then
W3...WNS)T;

w=(wl, w2,

=ViW1HVoWot. L +HVsWNs

W=V
(27)

w=v"w; is a unit norm complex vector. Substitute (27) in
(17) and (18)

Yo.s=l h' D,S -Ws||2 Ps
= h"p s.vull
=|lh'os Viwy + h'p sVoW, +.....+h"p s VnsWis|[°PS
=X |h'o, sviwil)* Ps (28)

Yris=l|Hr,s -Ws||2 Ps
=[UAV Vi | Ps
=|lunw|?Ps

=(UW)" (Uw)Ps

=wH UM Urw P

=["wl|Ps

=Y., lamda { \wiPs (29)

lamda; = 0 ; i=N+1,...,Ns where N = min {Ns,N;} . To

find ws*is equivalent to w* then

max wmin {yr s,¥p,s+t+¥*p,r} (30)
from (28) and (29), phase angle of each element w only
affect y p sand y g, s is found busst the amplitude of
elements of vector w. optimal phase angle
SW*= (<Wi*, <Wo*,... . <wns™®) (31)

then we use lemma value i.e., phase should be same
value 2kn difference (30) is given by

i2 |Wi|2PS
(32)

max  (Wal,.....;wns| min { 3N lamda
N |RTs sVilwifPs+y *p =}

Assume o; =wi*; Bi =|h"p s Vi

Then the optimal problem in (32) is given by

Max  ag,...,ons Min { Ns lamda 2 o

Ps.( §V=51.8i\/al)2PS+V*D,R} (33)

s.t. NS, a=1. If we know a value ,then we can find w*,
capacity. The equation as 4 pairs of solution with
Mi*, 1% ,ecand e, Then py*= | ™|;

H2*=] Ho*]; (34)
e;=hy; (35)
e,=hy (36)
(hy"hy/hy)hy (37)
and

Ws*= [1€1 +H2€; (38)

If we know w* value, we can calculate achievable
information rate by using the above system model
equation.

III. RESULTS AND DISCUSSION
SIMULATION RESULTS

The simulation results have been given in this chapter.
100 channel realizations have been used for simulations
in matlab. Then SNR values from -10 to 20 dB has been
used

A. Transmission Without Relay

The graph is plotted between the transmit SNR(dB) and
achievable rate (bits/sec). The information is transmitted
from source to destination without using the primary
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user antennas. In without relay, the throughput increases
linearly as transmit SNR (dB) increases.
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Figure 4 : Transmission without relay

B. Transmission With Relay

The graph is plotted between the transmit SNR (dB) and
achievable rate (bits/sec). The information is transmitted
from source to destination with using the primary user
antennas. In with relay, the throughput increases linearly
as transmit SNR (dB) increases.
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Figure 5: Transmission with relay

C. Joint Beamforming Without GA

Joint beamforming is used to reduce the interference
between the primary and secondary user which causes
negative effect on them. The graph is plotted between
the transmit SNR (dB) and achievable rate (bits/sec). In
joint beamforming without using genetic algorithm, the
throughput increases linearly as transmit SNR (dB)
increases.
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Figure 6: Joint beamforming without GA

D. Joint Beamforming With GA

The main purpose of genetic algorithm is used to
determine the sub optimal channel allocation. In this
graph, the channel is allotted in random manner. Based
on the channel allocation, we select the channel with
highest throughput rate (best case). The following graph
is plotted between the transmit SNR and achievable rate.

Achievable transmission rates for 3:3:6 scenario with GA
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Figure 7: Joint beamforming with GA

E. Comparative Graph

Among all those, the joint beamforming using Genetic
Algorithm has the highest achievable rate.
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