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Abstract: The heterogeneous cognitive radio networks are
playing the most important rolein the future generation wireless
networksin order to address the problem of spectrum scarcity and
to satisfy the demand of multiple coexistence networks. . In a
country like India the deployment of CRN is possible on television
network with the help of TV White Spaces (TVWS) as its capacity
isquite high dueto digital transmission of TV channel. The use of
multiple wireless standards such as | EEE 802.11a, |EEE 802.22,
|EEE 802.19.1 and many more wireless networks operating in the
same frequency band of TVWS creates the coexistence scenario
which involves the heterogeneous networks. The interference
mitigation is the most important issue in such heterogeneous
networks. In literature, the issue of interference mitigation is
addressed mainly at the medium access layer; however, very
limited work is presented at physical layer. In this paper, an
interference mitigation problem of heterogeneous cognitive radio
network at physical layer is addressed. The spatial diversity based
techniques are proposed to mitigate the interference in
heterogeneous CRN. The coexistence of different wireless
networks in secondary CRN is considered for analysis. The
characterization of aggregate interference is carried out for
different interference scenarios. The proposed system outperform
for heterogeneous CRN network over TVWS network.

Keywords: Bit Error Rate (BER), Cognitive Radio Network
(CRN), Heterogeneous Networks, Multiple Input Multiple Output
(MIMO), TV White Space (TVWS).

I. INTRODUCTION

The next generation wireless systems need to satisfy the
higher data rate demands aong with the flexibility in
operation and cost effective deployment solutions. It led to
use of diverse wireless communication technologies and
different network configurations. The radio access
technology is evolved from GSM, UMTS to the LTE and
LTE advanced which provides the wide range of wireless
coverage. The wireless network standards from |EEE
802.11atill IEEE802.11ac for Wireless Local Area Network
(WLAN) and IEEE 802.16 for Wireless Metropolitan Area
Networks (WMANS) are used to cater the need of higher data
rates and last mile coverage. These wireless technologies
operate on different frequency bands specified by regularity
authorities.
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The spectrum scarcity becomes the major issue in the
densely populated urban areas where large number of
wireless networks is deployed. The ISM band of 2.4 GHz is
shared by many heterogeneous wireless communication
systems. The coexistence of different heterogeneous systems
can effectively improve the frequency utilization of Infrared
(IR) frequency band [1]. Both IEEE 802.11 and | EEE 802.16
standards have become widespread throughout the world in
license-exempt spectrum specifically in the 5 GHz band [2].
In genera, if wireless devices are spatially coexisting, then
thereisfear of interference to each due to spectral leakage. If
diverse wireless devices are coexisting and operates on the
same band (free band) the interference will be worst, even
leading to totally no communication.

The spectrum scarcity problem is addressed by Joy
Mitola [3] who proposed the concept of Cognitive Radio
Network (CRN) which supports the dynamic spectrum access.
The CRN uses the dedicated licensed spectrum allocated to
primary users either in underlay or overlay mode of operation
by the secondary users. In a country like India the
deployment of CRN is possible on television network with
the help of TV White Spaces (TVWS) asits capacity is quite
high due to digital transmission of TV channel [4]. The
wireless transmission on TVWS is more convenient due to
their superior propagation characteristics enabling large
coverage area with minimal infrastructure requirements. The
use of TVWS initiated new developments in wireless
standards which include IEEE 802.22 used in Wireless
Regional Area Network (WRAN), 802.11af, ECMA 392
used for personal devices and even IEEE 802.19.1 [5]. The
use of these multiple wireless standards operating in the same
frequency band of TVWS creates the coexistence scenario
which involves the heterogeneous networks. The
characteristics of heterogeneous and coexistence of wireless
network is common in all unlicensed band including TVWS.
The efficient spectrum utilization is achieved by using
TVWS network but it gives many challenges while operating
in heterogeneous network scenario. These challenges are
mainly classified in to three categories as spectrum sensing,
spectrum sharing and interference mitigation [6].

The performance degradation for co-existing IEEE802.11
and |EEE802.16 systems is presented in [7] where the
analysisis carried out at the medium access control (MAC)
layer by means of an event model based simulation tool. The
cognitive radio network is used for the co-existence of
IEEE802.11b and IEEE 802.16a networks in [8] by using
common frequency band. The coexistence of heterogeneous
CR networks by considering the TVWS band is presented in

[9].
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Here, the mediator system is used to provide the indirect
coordination between heterogeneous CR networks. In[10],

the reactive interference avoidance method is presented
for heterogeneous networks where adaptively adjusting
transmits physical layer parameters are used from the
observations of the radio band. The spectrum sharing
between coexisting competing wireless systems such as
802.11and 802.16 and characterization of the interferencein
such network is proposed in [11]. The coexistence of
IEEE802.16 (WIMAX) and |IEEE802.11 (WiFi) in shared
radio spectrum is proposed in [12].

The mechanisms for heterogeneous coexistence in
primary and secondary network of CRN are proposed in [13]
where the taxonomy of the mechanisms targeting TVWS is
discussed. The coexistence of cognitive heterogeneous
networks of both primary and secondary nodesis proposed in
[14] by using a non-coherent spectrum sensing scheme. The
stochastic geometry models for single-tier as well as
multi-tier and cognitive cellular wireless networks are
presented in [15].

The above literature survey outlines the importance of
CRN over TVWS for heterogeneous network. The
coexistence of heterogeneous network addresses three types
of challenges in spectrum sensing, spectrum sharing and
interference mitigation. The spectrum sensing may give a
generalized solution for coexistence of multiple diverse
wireless technologies. The medium access level frame
structure is used commonly by all spectrum sharing networks
for exchanging the information. In spectrum dense areasit is
very difficult to identify the spectrum holes and the
interference mitigation is highly important when there is
overlapping of different networks.

All these challenges are addressed in literature mainly at
Medium Access Control (MAC) layer. However, very
limited work is presented at physical layer. Therefore, this
paper proposed an interference mitigation problem of
heterogeneous cognitive radio network at physical layer. In
this paper the spatial diversity based techniques are proposed
to mitigate the interference in heterogeneous CRN. The
coexistence of different wireless networksin secondary CRN
are considered for analysis. The concept of transmit antenna
selection in multiple antenna system and the characterization
of interference at secondary heterogeneous CRN network is
presented over TVWS network.

[I. SYSTEM MODEL

TV station protected
contour

TV Broadcasting Station
11g

Fig. 1 Heterogeneous Cognitive Radio Network using
TVWS
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Fig. 1 shows atypical example of heterogeneous CRN using
TV broadcasting network with multiple secondary wireless
networks. Here, TV broadcasting transmitter is a source of
primary network having primary receivers within the
protection counter as shown in Fig. 1. The secondary network
consists of various wireless networks such as |IEEE 802.22
WRANS which consists of Base Stations (BS), fixed CPEs
(Consumer Premise Equipment’s). It also consists of IEEE
8.2.11a Wi-Fi home networks and hot spots operating in the
TVWS. The low power wireless microphone used for home
applications can also become a small secondary device with
small footprint. The heterogeneity and coexistence
characteristics of TVWS band give many challengesin order
to improve the spectrum utilization effectively.

Interference mitigation in the TVWS is a challenging
issue due to the limited channel availability and overlapping
of multiple network coverage. The present heterogeneous
network usesthe ISM band at 2.4 GHz where theinterference
mitigation is a serious issue [16]. The similar interference
problem exists in TVWS with new interference situations
such as interference between |EEE 802.11af and Ecma 392
with low power and higher power fixed systems (e.g. 802.22).
Due to larger area of transmission in TVWS network, the
interference at secondary receiversisvery high.

Typicaly, in such networks two types of interference

exists[17]
i) Interference dueto multiple secondary heterogeneous
networks

ii) Interference to/from Primary networks

The interference due to multiple secondary occurs due to
selection of same TV channel by multiple CWNs because of
uncoordinated selection process or limited availability. This
type of interference may occur due to different transmission
powers, channel bandwidth and insufficient Signal to Noise
Ratio (SNR). The interference to/from Primary networks is
due to interference from high TV stations transmitting from
20 to 1000 KW to secondary network or the interference
created by high power secondary transmitter to primary
receiver.

The interference temperature defined in [18] gives the
interference level protection from primary users at secondary
receiversand is given as

P (f..B) (1)

T,(f..B) = B

Here, Bi(f..B) represents the interference power for

frequency f. over the bandwidth B and k is the Boltzmann
constant. The concept of the interference temperature is
further exploited in [19].

The interference mitigation in CRN for both primary and
secondary users can be carried out by interference avoidance
and interference control techniques. In interference
avoidance, the secondary network has to find the possible
spectrum holes for coexistence. But for coexistence primary
and secondary users need to set some limits on interference
they caused to each other in order to guarantee QoS (Quality
of Service) parameters.
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In literature the interference caused to primary user by
secondary transceivers has been considered for the
investigation. However, the investigation on interference
characterization and mitigation at the secondary receiver due
to primary and multiple secondary transmitters are not
addressed significantly. Interference caused due to multiple
secondary devices is a challenging issue with increase in the
number of secondary users or networks. This problem
becomes worse in areas where multiple secondary users
select the same channel or they are working on adjacent
channels.

The interference mitigation in heterogeneous CRN
network can be also ensured by spectrum sharing of different
wireless technologies. In open spectrum sharing
heterogeneous systems coexist without centralized control as
defined in [20] and interference mitigation is carried out by
spectrum access etiquette. In second type of hierarchical
spectrum sharing, secondary users are alowed to use the
spectrum shared by primary users by ensuring the
interference threshold of primary network. In order to
characterize the interference, the channel state information
between primary and secondary transceivers must be known
or can be estimated [21].

The spatial diversity concept used in
multiple-input-multiple-output (MIMQO) system can aso be
considered by using smart antenna technology to avoid
interference in heterogeneous CRN for secondary users as
presented in [22]. The use of antenna selection concept in
MIMO is presented for interference mitigation of secondary
CRN wusers in [23]. The characterization of aggregate
interference generated due to multiple secondary networks at
the desired secondary receiver is the most important concern
from QoS point of view.

I11. AGGREGATE INTERFERENCEIN
HETEROGENEOUSCRN NETWORKS

In order to improve the performance of secondary receiver
in heterogeneous CRN, it is very essential to calculate the
aggregate interference received at the secondary receiver.
This aggregate interference is the interference generated due
to multiple secondary transmitters trying to work on same
frequency band allocated to primary in underlay mode of
operation. It is assumed here that the interference generated
due to primary transmitter is negligible. The aggregate
interferenceis calculated by considering the spatial stochastic
interference model proposed in [23].

The spatial stochastic model presented here consists of
different nodes with multiple Ad-hoc and distributed network
which randomly placed in afinite Euclidean space as shown
inFig. 2
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Fig. 2 Interference Model for Heter ogeneous Cognitive
Radio Network using TVWS

The heterogeneous CRN is considered here with primary
systems operating on TVWS where al primary receivers are
passive. The spatial stochastic model is considered here

with Prx as the primary transmitter having primary
transmission region denoted by A5 with radius of 17 and is
centered at T,. In spatial stochastic model it is assumed that
all secondary nodes are distributed spatially as homogeneous

Poison Point Process (PPP). It is further assumed that the
secondary transmitter is located on the boundary of the

interference region with radius 7, . Theregion A, withradius
of 1, gives the coverage area of desired secondary network.

A specia case with multiple secondary heterogeneous
networks which are distributed spatially are assumed to bein

region A4, . These multiple secondary transceivers are the
sources of aggregate interference at the secondary receiver.
This aggregate interference is calculated by considering the

transmitted power .. from an interference source at distance
7 and the channel gain between them as 11, and is given as

I(2) = Z PR |lrl=® @)

rEQ

Where, & isthe propagation constant and ¢ isthe PPP.
The aggregate interference is further represented in terms of
Laplace Transform by considering distance z as

L,(s) 2 E(e™'#)) ©)
By substituting the I(z) from Eqg. (2) and expanding as
givenin [4]

L,(s) = exp[—mAE(R,")T(1—n)s"] )
Where 4 intensity of PPP, 7 = d/a and for R* |
n=2/a
The channel is assumed to faded by the Nakagami-m fading
channel and E (h,." ) is given as
I'(m+1n) ©)

m1T(m)

E(h,") =

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication


http://www.ijeat.org/

Interference Mitigation of Heter ogeneous Cognitive Radio Network using Spatial Diversity

By substituting Eq. (5) in Eq. (4),
T(m+n)

mr(l —T;I']E??

L,(s)= exp|—mA

(6)
By taking the inverse Laplace Transform, the PDF of
aggregate interference is obtained as

—g/
e a”far

fir)=——=

—

2ymr

(SIS

(7)
Heren = 2 Trllﬁj_l—'(l + T,'r][ F(TJ';T'[:.:] - F(f;r,n]

From Eq. (7) , the average Signal to Interference Noise Ratio
(SINR) for this network model is given as

EU‘&:’,}' 2) Er
Ny +var(f.(r))

SINR =

(®)
Here, h; ; is the channel gain between £ *™ transmitter and

j " receiver, E,. isthe received channel gain and N is PDF
of the Additive White Gaussian Noise.

Further to var(f.(r)) iscalculated as
E(f,(r) =f rf(r) dr
0
©)

Ast istending towards 22, there for the integral do not
have finite value, there for it is assumed further that T has
finite value in the range of 0 = r = 10, the value of
E(f,(r)) = —5.56 dB and the
var [fr(*r]) = 3.8 dF. These values are used to do the
calculation of SINR presented in Eq. (8).

V. PROPOSED MIMO BASED HETEROGENEOUS
COGNITIVE RADIO NETWORK

S, | Sy, St i
Secondary secondary | 7777 | secandary
se

Fig. 3 Proposed MIM O based Heter ogeneous Cognitive
Radio Networ k

The interference mitigation for heterogeneous CRN is
carried out by using spatia diversity based MIMO system
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model as shown in Fig. 3. Here the upper part of the Fig. 3
shows symbolic representation of primary transmitter Frx
and primary receiverP Ry The secondary system is equipped
with multiple transmitting and receiving antennas, therefore
referred as MIMO system. The secondary receiver is using
optimum combining technique to estimate the received SINR
and for detection of the received signal. In a heterogeneous
CRN, the multiple interfering secondary nodes which are
represented  as Sij ;1 =1(1,2,..N) .These multiple

interference sources are generating the aggregate interference
asgiven by Eq. (2).

The BER analysisfor the proposed systemis carried out by
assuming that the receiver is using coherent detection of
M-ary PSK. It isalso assumed that the interference generated
by all theinterfering sourcesisequal for the ssimplification of
mathematical expression. The maximum instantaneous SINR
isgiven by Eq. (8). Further the average Bit Error Rate (BER)
of the proposed system is calculated by considering the
approach presented in [24].

The average BER for coherent BPSK can be obtained in
terms of Q function as

B,(E) ~
.r: Q(\-"E) P}'i(Ytl}Ln:] dy,
(10)

By using MGF approach the conditional BER is given in
terms of MGF as

P, (E|A,) =
1 rm/f2 1
;fu Myiing [_ si.nzﬂj do
(11)

From this the average BER for TAS/OC in multiple
interference by using MGF based approach can be given for
Nakagami-m fading channel as

P,(E) =
gin® A gin® A

- mN
L e
el sin® B4(¥g/m) /(14 M{y) sin® B4+ (yg/m)

(M—N)
)!T.I.

(12)

The closed-form solution of Eq. (12) can be obtained for N
interferer as per [21] in case of Nakagami-m fading as given
below

R, (E) =

p (=41
(14 My, BN-2 [

_\k _
N-1 [ —Min Ya/m
2 (-MyM-t k=0 (1+1'-11Fl) BL‘IL"‘(1+}|1FLJ
(14 M7) R M) Gl (Va/m) |
(13

()

Ay -1_\p

Where, B, £ {}1_1"1} , Ekzléfuii}ﬂn *
I Lk
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Ap 2 ()RS TN (M —n) and
IR(C] L
% _I": xK erfc[fﬁ) e fdx

(14)
Heek =0,1,2,....M — 2.

V. RESULTSAND DISCUSSION

The performance analysis of heterogeneous CRN with
MIMO is carried out for secondary transceiver by
considering the multiple coexistence secondary interference
sourcesin this section. Theimage dataistransmitted from the
secondary transmitter to the desired secondary receiver in
presence of possible multiple secondary interference sources.
The channel between this secondary transceiver aswell asthe
co-channel interference model is assumed to be faded by
Nakagami-m fading. The BER performance analysis
presented in section 4 is verified by using Monte Carlo
simulations. The aggregate interference is calculated by
using Eq. (2) and the corresponding SINR by using Eq. (8)
for the analysis.

The MIMO system with antenna selection is used to
transmit the image data for performance analysis. The
antenna which provides maximum SINR at the secondary
receiver under the aggregate interference generated by
multiple secondary coexistence networks is selected for
transmission. The aggregate interference is calculated by
considering the finite number of secondary interference
sources such as |IEEE 802.11, IEEE 802.22 and small
interference source from wireless microphone.

BER agalysis of Secondary Heterogeneous CRN using with and without MIMO
10 T T T T : T T

= © =Secondary Heterogenous CRN without (4x4) MIMO
-=-9. Secondary Heterogenous CRN with (4x4)MIMO
107 To
~
N
N ~
2 Lo}

10 S .
[J)
g o\

N
S 103 N
210 1)
w 6
o A
o [N
A
104 F ]
\
\
\
\
10°F )
108 | L I L I D |
0 2 4 6 8 10 12 14 16
SINR

Fig. 4 BER analysis of secondary heter ogeneous networ k
using with and without (4x4) MIMO

Fig. 4 showsthe BER analysis of secondary heterogeneous
using with and without MIMO under aggregate interference
from N=4 interference sources. It is observed from the figure
that under the impact of aggregate interference the
performance of secondary network improves with (4 x 4)
MIMO as compared to single antenna transmission. The
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number of interference sources are assumed to be N=4 for the
analysis. The BER for (4 x 4) MIMO at 6dB is 0.00243 as
compared to without MIMO case as 0.0946. It confirms the
use of spatial diversity systems for secondary heterogeneous
CRN network for performance improvement.

Fig. 5 shows the performance analysis of the proposed
system with (4 x 4) MIMO configuration for different
interference scenarios. It is observed from the figure that the
BER performance of the proposed system decreases with
increase in number of interference sources. The MIMO
configuration with single antenna selection is considered here
where, the antenna subset is selected which maximizes the
received SINR and proportionally minimizes the BER at the
receiver end under the impact of aggregate interference. The
BER at 6 dB for N=1is0.00243 whereasfor N=4 it is0.0946.
Dueto use of MIMO with antenna selection, the performance
of secondary system is still better even by considering four
different interference sources.

BER analysis of Secondary Heterogeneous CRN using MIMO

10°
= © = 4X4MIMO with N=1
o --0. = © = 4X4MIMO with N=2
1010 ~ o S ~a ==©== 4X4MIMO with N=3 | |
e. .~ “~e 4X4MIMO with N=4
~ ~a N
“0\\ N S
102 . AN o,
I} \. S ~ RS
5 \\ ~ *@ (] N
° 3 ‘. S > ~
S 10 ., ~ o,
] ~, S \
ot o ) N
= ~
o) . . N
104 S ~ \e
’S\ N N
> A
N
. N N A N
105 LN Q . e
N, N
S, N
\’ N
10—5 L L L L L & ). ©

SINR

Fig. 5 BER analysis of secondary heter ogeneous CRN
usingMIMO for N=1, 2, 3,4

Fig. 6 shows the performance comparison for proposed
system for two different interference scenarios. In first case,
the finite number of interference sources are assumed to be
finite i.e. N=4. In second case, the number of interference
sources is assumed to be large and spatially distributed using
PPP as shown in model presented in section 3. It isobserved
that the performance of the proposed system is better evenin
presence of large number of interference sources.

BER ana of y hete

CRN using MIMO for large interference sources

— © —4X4MIMO with N=4
4X4MIMO with N=PPP

Bit Error Rate
=)

Fig. 6 BER analysis of secondary heterogeneous CRN
using MIMO for large interference sour ces
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BER arbalysis of secondary heterogeneous CRN with different interference networks
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Fig. 7BER analysis of secondary heter ogeneous CRN
with different interference networks

The performance analysis of proposed system is carried
out by considering different interference networks as shown
in Fig.7. The interference networks are considered as per the
model shown in Fig.1. The wireless microphone which is
placed very near to the desired secondary network creates a
little disturbance as compared to | EEE 802.11a network. The
BER performance of proposed network degrades
significantly for IEEE 802.22 network compared to rest of
networks. It is assumed here that all the networks are
operating in same frequency band and generates equal power
but spatially located at different locations. In red life
scenario, the impact can be also analyzed for different
frequency bands and for different transmission power also.

VI. CONCLUSION

In this paper, the heterogeneous cognitive radio network
over TVWS is presented at physical layer. The interference
mitigation problem of such a network is addressed. The
spatial diversity based techniques using single antenna
selection in MIMO are proposed to mitigate the interference
in heterogeneous CRN. The coexistence of different wireless
networks in secondary CRN is considered for analysis. The
characterization of aggregate interference is carried out for
secondary networks by considering different interference
scenarios. The proposed heterogeneous CRN using MIMO
system out performs in the presence of different interference
scenarios. It is observed that the use of spatia diversity
system enhances the performance of secondary system in
multiple interference scenarios. The proposed system
outperform even in the large number of interference sources
spatialy distributed as PPP. The BER performance
comparison is aso presented for different interference
scenario such as |IEEE 802.11a, IEEE 802.22 and private
wireless networks al so.
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