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Abstract: This paper presents an energy-efficient power control
scheme for  Multi-Input-Multi-Output  (MIMO)  based
multi-channel cognitive radio networks (CRNs) with adaptive
mode selection protocol. Cognitive radio device operates in the
temporal domain to utilize spectrum holes and MIMO system
operates in the spatial domain. Thus CRN in collaboration with
MIMO can produce a significant improvisation for spectrum
utilization, and therefore, the integration of MIMO and CRN has
received widespread research interest. To address the challenges
of the collaboration of MIMO and CRN, we propose a MIMO
based CRN network in this paper, in which basic CRN is modified
with the QPSK transmission technique having four antenna
elements per primary users (PU) and secondary users (SU).
Similarly, MIMO significantly improves channel capacity
particularly in SU transmission under low SNR condition, but
issues like several antenna elements and specific antenna
selection issuesincrease the computational complexity and energy
consumption. The proposed network protocol strives to improve
communication stability and rate of throughput via selecting the
MIMO operating parameters such as multiplexing, diversity, or
hybrid multiplexing-diversity gains. Specifically, we designed
transmission power distribution along with an antenna selection
scheme for enhancing the energy efficiency of CRN’s under the
influence of the maximum interference caused by the SU to PU,
utmost power transmission from SU, and the least rate of
transmission through the SU link. Finally, the simulation results
are compared with basic CRN alone using the BPSK scheme to
evaluate and validate the proposed scheme.

Keywords. Multi-input-multi-output system, cognitive radio
networks, primary users, secondary users and transmission power
allocation.

. INTRODUCTION

The last two decades have seen a drastic rise in the

applications of wireless networks. In the wireless network
service, enormous quantities of the spectrum are needed for
their relevance. In the measurement of spectrum utilization,
the Federal Communication Commission (FCC) reported that
ineffective  spectrum  deployment occurs in  the
communication network, as the real spectrum utility ranges
from 15t0 85% [1]. This spectrum utilization issueisresolved
through the usage of novel adaptive spectrum admittance
technology such as cognitive radio (CR) technology to
efficiently occupy the accessible spectrum [2]. CR is an
intelligent wireless communication technology that involved
two kinds of consumers such as primary radio users (PU) and
secondary users (SU).
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A PU asoisknown asalegacy user hasthe main concernto
utilize the licensed bands, whereas SUs can exploit the
underutilized licensed bands dynamically without disrupting
the PUs operations.

The basic characteristics of CR are stated as: the cognitive
ability that permits SUs to access and sense the informative
message received from the working RF environment means
recognizing idle channels, and cognitive reconfigurability that
facilitates SUs to dynamically reprogram their working
parameters (carrier  frequency, bandwidth, power,
modulation) in accordance with the interaction through RF
environment [3]. In wireless communication systems,
Multi-Input and Multi-Output (MIMO) technology has been
adopted in past few years due to its potentia to increase the
quality of transmission and bandwidth utilization. In this
technique, the transmitter and receiver are operational with
several antennas ensuing in diverse propagation routes. In
accordance with data transmission through given channel,
MIMO technology can offer spatia diversity and/or spatial
multiplexing gains. In contrast, CRN is also considered as a
pledgeabl e service network to encourage the effectivenessin
the spectrum utility for the wireless communication [4]. In the
operation of CRN system, the SUs plays an significant rolein
the detection of spectrum holes, which means that spectrum
bands that are not accessed by the PUs and subsequently
utilized those vacant bands for their communication. As a
result, the integration of MIMO and CRN is desired to
enhance the transmission performance in the upcoming
wireless communication services. Radio frequency RF chain
is basically consisting of transmitters, receivers, threshold
detector, amplifiers, attenuators, A/D converter, mixer, and so
on [5]. In consequence, the several RF chains linked with
numerous antennas at the transmitter and receiver side, which
are energy rich due to the extend number of antennas and
more transmission power. In order to resolve this network
issue, selection of appropriate antenna can reduce the
complication along with minimization of costing effect, but
a so acquire the benefits of MIMO technology, was discussed
in. Energy efficiency in the communication network is
defined as the number of transmitted message bits per unit
energy between the nodes, which is the significant factor. So,
extensive researches have been conducted in the devel opment
of energy efficient network model. Challenges in the energy
efficient communication network model were studied with
their solution in the CRN. In order to optimize energy
efficiency of network model, the optimum transmission time
period and power allocations with efficient energy have been
examined [6][7].
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The common issue of power alocation and spectrum
sharing in heterogeneous CRNs along with femtocells were
studied in detail manner within the design of the energy
efficient alocation scheme. In the modern research work,
quality-of-service (QoS) of SU and their power constraints
are consider to maximize the effective efficiency of SU.

Adaptive antenna selection methods can affect the energy
efficiency, which did not concern in aforesaid research works.
While more functional antennas in the MIMO channel can
achieve better transmission rates, but require more power
would also be expensive at the same time. Although more
active antennas can achieve higher transmission rates in
MIMO system, it will also cost more power at the same time.
The problem of energy efficient power allocation in the
MIMO channel system, along with the choice of antennas,
was discussed in. Nevertheless, power allocation scheme still
remains to be explored in the MIMO-based CRN with
antenna selection technique [8-10]

To conquer the above network issues, in this paper we
develop the energy-efficient scheme for ajoint MIMO-based
CRN system with an adaptive selection of antenna. The main
objective is to maximize the energy efficiency via combined
optimization over the power transmittance and the active
antennas count under the restrictions of utmost interference
from SU to PU. Besides, maximum power transmission from
PU and the least amount of transmission rateinthe SU link is
considered. The simulation results of our paper show that the
energy efficiency of MIMO based CRN are significantly
improving due to the antenna sel ection technique. The rest of
this paper is organized as follows. The MIMO based CRN
system model isgiven in Sect. 2. In Sect. 3, proposed optimal
energy efficient technique is described. The problem
formulation and solution are given. Simulation results are
presented and thoroughly discussed in Sect.4. Section 5
concludes this paper.

Il. MIMO-BASED CRN SYSTEM M ODEL

MIMO-based CRN System Model [6] as shown in Fig. 1,
described in detail manner in this section. In the network
model, SU share similar spectrum band along with PU, where
transmitter and receiver of SU operated with Nt transmit and
Nr receive antennas, respectively. It is assumed that the
response of channel frequency HSS between transmitter and
receiver module of SU isabsolutely known to the SU receiver.

\ Antenna
: Section

PU-RX

Antenna

CR-TX = ",
Section

—» CR-RX

Fig. 1 MIMO-based cognitive radio networks with antenna
selection.
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Let us denote, transmit antenna of SU as Qt and receiver
antenna of the selected SU as Qr. As well the active numbers
of transmit and receive antennas are represented as Lt =

|n:'-ffland Lr = |ﬂ£-|. The instant frequency response of
channdl isindicated as Hsp is between the SU transmitter and
the PU receiver. We consider that frequency response HSS
and HSP are sdf-regulating and identically scattered

Gaussian random variables, represented by Car(0.41) ang

Car [ﬂr‘lij, respectively. The PU and SU would interfere
with one another in the spectrum sharing framework. The
interference induced by the PU transmitter into the SU
receiver can be designed as additive white Gaussian noise
(AWGN) as per the central limit theorem (CLT) in a
functional network with a sufficiently large number of
sub-channels. The rate of transmission in the proposed
network model is expressed as

R=3 log, (1+

D
Wherever, the subset of Hgs is denoted as H, [€2,, Q]
along with preferred transmit antenna subset given as Q;and
preferred receive antenna subset Q, being utilized. Here, ¢2
norm given as Il. ||, Pr(n) is a power of transmission on the
nth antenna.
With the intention that,
P, = [Fr(l),Pr(Ej,Pr(E),... Pr(N)] and noiseinthe
network mode! is given as &. For feasibility of notation, we
consider as:
g, = el ol @
The energy efficiency of MIMO based CRN can be
formulated as follows
R

u= & E,th:._Prl:u}+ B, ®)
The static circuit power is denoted as P, and the optimization
dilemma exemplified via Eq. (3), can be derived as

Prnju}llﬂﬁ[ﬂr,ﬂ,.]ll:j)
53

Pp, o, 7= P @
Subject to,
R= R ©)
Fe= B (6)
E{|hjp”|:Pr(n)}£ L, @)

Here, the frequency response of channel Hsp is given in the
form of vector [hip, hzp, A3, - oo . h25], the constant
parameter linked to the power amplifier efficiency is
represented as &, the minimum rate requirement in CR link is
R*, maximum power of transmittance from SU is P, and
the maximum temperature threshold given as I.,.- The
problem expressed in Eq.(4) could not have any practicable

solution, when R could not achieve the subject along with
their constraints mentioned in
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Eq.(6) and (7). In such case, the feasible solution can be
obtained by decreasing minimum rate requirement through
the SU. As per the chisguare distribution definition, the left
side part of Eq.(7) can be given as

E{|hj.p”|'Pr(n)} =1, P.(n) )
Consequently, Eq.(7) can be expressed as

P(mM<l=" (9

I1l. OPTIMAL ENERGY EFFICIENT METHOD

3.1 Selection Process of Antenna

The selection of antennaistheinitial phase in the scheduling
of optimal energy distribution issue. Antenna selection
process carried out at the transmitter or receiver or at both
sides. In this preference activity, we focus on the case where
selection of antenna has been implemented at transmitter
side aong with the entire active transmit antennas.
Furthermore, we can examine that the selection algorithms
can aso be applied at the receiver end in the similar mode

[elf.

Exhaustive Search Technique: For every Ltinthe MIMO
technology, we require to select the antenna subset along

with the principal [|H . [£,. ]|l which is represented as

arg max
%= 150, < N IH=[0%l: GO

Wherein, H_. [€2,.:] denotes subset channel matrix between
subset of transmit antenna and all set of the receive antennas.
The best solution can be determined through an extensive
search over all the achievable subsets.

Antenna Selection: At one end, an exhaustive search carried
out over all the antenna subsets. In this method, we needs to
determine the antenna subset Qr, which is related to the
largest || H..[€.. ]|l =, may be expressed as follows

argmax
Q‘r = 1= |Q'r| = Nr”Hﬁ[Qr’ :]”F (11)

Whereas,
|J.'||-;|‘ Lt
I1H,.[Q,, ]l = EZ RE h
y =1 k=1

|th

Where, hfk represent the element in the I row and k™

column of H..[€,,:] and |l || 7 indicate Frobenius norm.
3.2 Transmission Power Allocation with Constraints and
Selected Antennas
Subsequent to the proper selection of antennas, transmission
power allocation can aso affect the optimal energy efficiency
of network model. The main purpose of energy efficiency isto
maximize transmit bits per unit energy [6]. In place of
providing direct solution to the target problemin P1, Here we
initiated two secondary optimization problems as follows:
min
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Irh

P.(n) <

-

and
min

P3: P.(n),ne ﬂrm}
(13)
Subject to:

Irh

P.(n) <

-

Wherein, problem of optimization P2 is the minimization of
transmit power and another optimization problem P3 is a
transmission rate maximization issue. Without loss of
generdity, presume that g4 = gy = " = ;.. The
solution of power alocation for optimization issue P2 can be
expressed as
.= o 2]
LAn i e
Where, it is the level, for considering all values € [1.,
[x]%2 = min {b, max {x,a}}. The lower f; and upper
bound f;; of the feasible level region are the proper solution
related to the problem of optimization P2 and P3 respectively.
Therefore, an equivalent optimization problem P1 can be
given as

(14

X
P& UMW} (15)
Subject to:
By = p2=op,
Irh
P.(n)=1I,= .

The best level # * can be determined through line search
method. In this work, we select bisection search technique,
which needed a expected number of iterations and it is also
application for network model. Hence, we can prepare the
optimal transmission power allocation algorithm. At first, we
must to be determining the optima transmission power
alocation schedule that related to al possible set of MIMO
channel matrix. The optimize solution according to the best
possible choice of the subset channel matrix can be solved
through Algorithm 1. Depends on the optima power
alocations in the given subset proper selection in Algorithm
2, we can find the optimal energy efficiency and also calculate
the related Lt. At last, we will select Lt, which can be
maximize energy efficiency of network model. Consequently,
in this paper we jointly optimize the power of transmittance,
count of active antennas, and their subsets at the transmitter or
receiver end to maximize the optimal energy efficiency under
the influences of constraints for utmost interference from SU
to PU, greatest transmission power, and least transmission
rate over CRN system model.

P2: P 12
P.(n),nE ﬂr{ 3 (12)
Subject to:
R= R
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Algorithm 1 Antenna Selection Algorithm
Input: H,.. HY,

Initialize: Sorting the columns by channel gains in

descending order and obmm a new channel matrix HY, :

N, Nr

Y hi =y My = Z 1 N,
=1 5—1 =1 ‘
for Ly =1,2,....N; do

+ NipFer + Fop
]U"_,;[l—(.\—:l:r:l}
P - i .

{_.(l[l]l]ll'lf;'i arg max { FITEN 22

Call Algorithm 2: p°
Let P’ = p*
Compute:
U(L) =U(P);
end

Output: U(L,) ;
Compute:
argmax U(L;)

Jl-|
{Choose the L; corresponding to the maximum U(L;)}

Algorithm 2 Optimal Power Allocation Algorithm

initialize: " =10
repeat
for k=12... do

fud

P—M 1

until (i~ 1) < ¢
Output: 1" = pyy.

IV. SIMULATIONRESULTS

In this section, we performed experiments through
simulations and use of MIMO system based CRN with
optimal energy efficient technique to show the optimize
performance through Algorithm 1 and 2. The obtained
simulation results verify network model analysis and to
exhibits the effectiveness of our proposed scheme.
Simulations are conducted under the condition of averaging
over 500 channel realizations. As per user requirement, we set
parameter channel gainratio inthe MATLAB simulation as 4
= A1/A2 and also presume the uniformly distributed distance
between the transmitter and receiver node in CRN.
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Fig. 2. Energy efficiency of network model versus
different scheduling schemes

Fig. 2 shows the average value of normalized energy
efficiency underneath various scheduling, in the ssimulation
network parameters are chosen as Nr = 4, Nt = 4 and 82=
0.01W. Antenna selection algorithm tested at the transmitter
side. It isclearly notice that the optimal energy efficiency can
be enhanced through antenna selection technique. The
antenna sequencing algorithm is able to attain the optimal
solution underneath proposed MIMO-based CRN.

Since the channel gain parameter increases, then energy
efficiency of network model also increases at the identical
time, owing to the boosted received power and the adaptive
selections of active antennas. As a result, evaluated with
traditional techniques without utilizing antenna selection
a gorithm, the adaptive antenna sel ection based technique can
attain important performance gain. In addition, in the low A
region, the power transmittance dominates the overall power
consumption, whereas, for high A region, the power
transmittancein circuit playsvital rolefor the energy efficient
design for proposed network.

350

300+

ra
Ln
o

200 -

Average normalized energy efficiency

—4 —Without Antenna Selection Iy .
©o+ - Antenna Selection e S
e E}diaustwe Sea.rch Methocl - e
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Spectrum Efficiency (bits/s/Hz)

Fig. 3 Energy efficiency versus minimum spectrum

efficiency (SE) requirement
Fig. 3 shows that the energy efficiency going to reduces with
the raises of the least spectrum efficiency necessity. Since,
thisisthe higher requirement of the least spectrum efficiency
is, the superior transmitted power is required in both
scheduling methods, which lead to the improve the energy
efficiency. As a final point, it is observed that presented
antenna selection based technique still perform  well
compared with the method that does not utilize antenna
selection algorithm. Simulation results show that adaptive
antenna selection method can enhance the energy efficiency
in MIMO-based CRN.
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V. CONCLUSION

In this paper, we have analyzed the problem of effective
spectrum utilization and their solution with energy efficient
transmission power dlocation in MIMO-based CRNs.
Particularly; we proposed ajoint adaptive mode selection and
channe assignment with optimize performance for
MIMO-based CRNs under the restrictions of the utmost
interference to PU receiver, greatest transmission power
allocation and least rate requirement in this simulation work.
With considering increasing cost of RF chains in MIMO
technology, here we employed the antenna selection method
in proposed network model. In order to solve the problem of
optimal energy efficiency, we applied proper antenna
selection process with desired channel gain parameter. Then
after, utilize transmission power allocation algorithm by using
the bisection search technique. We have carried out
simulation tests to confirm the efficacy of the proposed
network model with energy efficient scheme under changing
channel conditions and network parameters. The simulation
results of proposed method shows the superior energy
efficiency performance over traditional scheme for presented
network model.
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