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Abstract

Cognitive radio (CR) can identify the opportunity of reusing the frequency spectruln of other

wireless systems through wideband spectrum sensing. To save time and energy of widebancl

spectrum, we invcstigate to what extent a CR system incorporating the location au'areness

capability can establish a scanning-free region where a peer-to-peer ad hoc networl< can ovcrlay

on an infrastructure-based network. Based on the carrier sense multiple access lvith collision

avoidance (CSMA/CA) medium access control (MAC) protocol, the concurrent transmissiott

probability of a peer-to-peer connection and an infrastructure-based connection is cornputed'
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1 lntroduction
Wireless communication is one of the most important type of communication. In our daily life,

its presence and irrrportance is evident. Wireless communication shoutd advance, as its usagc is

increasing day-by-day. l'he whole world is accelerating towards the futut'e in rvhich

communication witl be efficient, easy and cheap. So in order to move parallel. rvireless

communication must advance with same pace. Radio spectrum (RF) is a range ol- thosc

frequencies in which electromagnetic waves can be radiated. This range of frequencies uscd lor

communications and ranges from 3 Hz to 300GHz.

The RF band commonly divided into two different bands namely as licensed and unliccnsecl

band. The license is most commonly supply by authorized body for country or some regiorr. 1'he

institute named as International Telecommunication Union (lTU) has established some rules flor

RIr band licensing. The authorized body of country is responsible lor e nsuring thc

implementation of'lTU rules within country. Licensed users mostly have interference problcm as

other unlioensed users are trying to get access to that licensed band. The License contains a list

of band of fiequencies (depending upon the demand), a geographical region and allorvablc

operational factors. Unlicensed bands are free for all i.e. every user can utilize this band but onc

must ensure that the rules {inalized by ITU are obeyed to avoid interference.

A new domain emerges when FCC came to know about these spectrum holes that the liccnsed

spectrunr is bcing underutilized and it is not cornpletely occupied all the time and hence IrC(l

opened a new horizon named IEEE 802.11. . The charter of IEEE 802.22. "the Working Crotrp

on Wireless Regional Arca Networks (WRANs), under the PAR approved by the Il)lrl:-SA

Standarcls Board is to develop a standard for a Cognitive Radio-based PHY/MAC/air - interl-acc.
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1.1 Cognitive Radios

1.1.1 Definition

Cognitive radio (CR) is an intelligent communication system based on wireless that uses the

approach of learning from the environment and adjusts itself to statistical deviations irr the

environment by making changes to its internal parameters. All this is done in real tirne.CR keeps

two things in mind;efficient utilization of spectrum and reliable communication.

In Cognitive radio, a transceiver can cleverly detect which contmunication channels are beirrg

used ancj which are not, and quickty move into free channels rvhile staying arvay fi'om involved

ones. Federal Cornmunications Commission (FCC) defines CR as "A radio that has ability ol'

sensing electromagnetic operational environment and can dynamically and autonomously ad.iust

its radio operating parameters to modify system operation".

1.1.2 Explanation

Cognitive radio (CR) has putled a lot of attention of both industrial and the scholarty rvorld

because spectrum without license become gathered while sonre of licensed spectrunls are not

conrpletely utilized [1,2]1. Incorporating with the Federal Communication Counoil (FCC),

DARPA (Del'ense Advanced Research Projects Agency) additionally launches the ncxt

generation (XG) communication technique. This technique used by the military and emergency

applications to create access techniques named opportunistic spectrum 13,41.

Cognitive Radio (CR) is a technology that is handling scarceness and rising demand ol'wirelcss

spectrum. By utilizing the location awareness and spectrum information of prinrary uscrs CII

provides secondarl,users (SUs) an access to the licensed spectrum bands and keep offthc S[Js

interference with I'}Us. For doing so and protecting PUs different strategies and tratrsmission

power rnay be adapted by the SUs.

ln current legacy system for securing a harmless comrnunication link CR user [5.] is recluired to:
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1. Sensing wideband spectrum [6],

2. Identification of the PU's spectrllm consumption as far as location and time [7,8]

3. Understand the opportunity of spectrum sharing of band for both PUs and SlJs trnder

adjustrnent of the parameters of transmission [9], [10].

CIt users can easily recognize an availability of spectrum holes without utilizing the sensing

technique named wideband spectrum sensing. Responsively, when the prirnary user ol- legacl'

system is far away from secondary one then both secondary user (CR) and the primary user

transmit information with each other without any interference.

For the detection of spectrum holes, dependency on energy and time consuming wideband

spectrum sensing technique approaches to zero if CR has location awareness lor transmitting the

data concurrently with primary user. Furthermore, it is obvious that overall throughput can be

upgrade through concurrent transmission. This makes clear that priority of transmission

opportunity over the spectrum sensing is higher for CR user. Moreover, Cognitive radio acl hoc

netr,vorks (CRAHNs) are considered the networking technology of next generation. 'fhe most

essential aspect of research is reliability in the area of CRAHNs.

The aimed routing mechanism is examined in MATLAB simulator. The known factors relcvant

to wireless networl< transceiver and used radio sigrrals frequency. Figure 1.1 shows the Cognitive

Radio block diagram.
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Fig 1.1: Cognitive Radio Block Diagram

1.2 Software Defined Radios

So{lwarc Defined Radio (SDI{), as the name indicates, is the radio in which diflfererrt paranleters

of the radio e.g., modulation scheme, transmitting power, channel encoding-decoding ancl

encryption can be altered using a computer program or softrvare. SDR hardrvare is the verl'

general one. No changes in the hardware are required to alter the rnodulation scheme,

transmitting power, channel encoding-decoding, encryption and other blocks in a commtrnication

system.

Haykin is a person who first introduces the basic concept of cognitive radar fbr environtnent

awareness having cognition cycle. This was initially introduced for detection of bat trnder

echolocation system. Belorv figure 1.2 shows the SDR block diagram'



1.3 Task lmPlementation

Zero-lF SDR

Fig 1.2: SDR Blocl< Diagram

There arc three main sections; IlF, IF and the baseband section. In RF section, the analogue l'ront

end converts the I{F band to IF band. The wide-band converter converts analogue to digital or

digital to analog communication. In digital IF and baseband sections there are configurablc

parametcrs, which can be altered in the software. SDR does not have to sense the spectrum'

So it is different lrom the CI{. CR is the comprehensive version of SDR which has addcd

spectrum sensing oaPabilitY

1.3.1 Problem Statement

In difftrcnt research works it is demonstrated that lor some certain time periods the rcsource oI

radio channel remains underutilized where the demand for the spectrum usage is increasing'

I-lowever, for rnaximum utilization of spectrum, it is required that spectrum should bo managcd

in a proper manner. Moreover, the concurrent transmission region identification is a major

concern means the region in which users of the tegacy systems will not cause the interlerencc

with the CR users.
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1.3.2 Proposed Solution

Instead of using another efficient spectrum sensing technique, we aim at location awareness

technique in order to provide the assistance for CI{ users for identification of opporttrnity ol'

concurrent transmission. The particular aim of this research work is to determine the exact

dirnension of region of concurrent transmission whcre CR devices can create an overlaying acl

hoc netrvork on the top of an infrastructure basecJ legacy system. We wilI examine the overall

improvement coming from concurrent transmissions based on the carrier sense multiplc access

with collision avoic1ance (CSMA/CA) medium access control (MAC) protoco['

1.4 Thesisorganization

In secold chapter, some essential techniques of spectrum sensing are discttssed in detail'

Comparative analysis of att techniques is carried out and conclttsion is rnade throtrgh

cornparative results. In third chapter, main discussion is on. system model and wideband

spectrum sensing. In fourth ohapter, analyze coexistence probability of both the infrastructure

and ad hoc connections, which are simultaneously sharing the same frequency spectrum'

In fifth chapter, the numerical results shown and discussed, and after conclusion is Inade throtrgh

results and discussion, and at the end future recommendation is suggested'
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,.1 Brief' !ntrodut:tion of Spedrum Sensin;4 |'echn i q u,:v

2.1 Spectrum Sensing

Many techniques of spectrum sensing are in literature which sense the spectrunr holc in thc

absence and presence of primary user. CR has to perform this task very accurately as to keep the

interference with the PUs communication below a safe limit. High precision of Cognitive ltadio

in spectrum sensing will result in precise spectrum holes' allocation but the complexity is also an

issue.

2.1.1 Techniques of Spectrum Senstng

Many techniques of spectrum sensing are in literature, which sense the spectrum hole. 'l'he rnost

important sensing techniques are as follows:

L signalProcessing'[echnique

IL CooperativeSensing'fechnique

Thc techniques of signal processing are further categories into

i. Detection of matched filter
ii. Detection of energY

iii. Detection ofcyclo-stationary characteristics

Sirnilarly, the techniques of cooperative sensing are further categories into

i. Spectrum sensing in centralized manner

ii. Spectrum sensing in decentralized manner

iii. Spectrum sensing in hybrid manner

The figure 2.1 shows the different important sensing techniques
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Fig 2.1: Sensing Techniques Categories

2.2 Signal Processing Techniques

2.2.1 Detection of Matched Filter

Matched filter detector is a ooherent detector and we should have the prior knowledge oI the

prirnary signal. If the necessary parameters are not true, then its performance is very poor.

Matched filter is a linear type of filter and it rnaxirnizes the Signal-to-Noise ratio (SNI{) at the

sarnpling points. Its impulse response, which is conjugated time-reversed form of the rcferetrcc

signal, is convolved with the received signal.

The basic advantage of this filter technique is that, CR performs its function at remit tirne wherc

it utilizes few received sarnples. By this way the number of samples of signals and SNII arc

reduced, and other advantage of filtering is that we can accomplish a certain probability ot'

rnidsection. CR consumes power and has high complexity and accurate information about target

users. However, its drawback is that CR requires a devoted receiver'
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In this method at first stage for measuring the energy with relevant band, the samples of input

signal passes from band pass filter. After that the match filter, having impulse response related to

reference sigpal, is convolved with results of band pass filter. At final stage for primary user

detection, the result of matched filter is compare with threshold.

2.2.2 Energy Detection

In this detection of energy, the signat detects on the bases of sensed energy' Even this system

does not require the signals of primary user and its simplicity make it prominent. 'fhe low

precision is main drawback of this method. Another weakness of this method is that it does not

have an ability to detect the signals of secondary user from the primary user signals. Locating of

the wideband spectrum signals is diflicult and therefore at low or small SNI{ it has poor and

hapless execution.

li" r llurt,rd r*i
!i r. nrLrtt d t*,

Fig 2.3: Detection of Energy Block Diagram

The figure 2.3 shows the step-by-step detection of energy process. It shows that initially the

signal passes through the band pass frlter whose bandwidth is W and integration is applied in
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term of small interval of times. After that the results of integrator are compared with preset

threshold. The purpose of this comparison is to find out either the primary user is present or not.

The threshold value used for comparison may be either changeable or fixed depends orl thc

channel consideration.

ln this process the estimation of signal presence is find out by means of reccived energy

comparison with threshold value.

2. 2. 3 D ete cti o n of c y c I o - stati o n a ry c h a ra cterisfics

For finding the prirnary user's presence, this method uses the received signal information. 'l'he

information mostly requircd for this purpose is spreading code, sinusoidal waves, cyclic prcfix

and pulse trains of receiving signal.

The main benefit of this process is that, its performance is good even for the region having low

SNI1 and also for noise uncertainties. The most prominent defect of this method is its high tirne

taking of sensing as wellas computationalcomplexity.

Iimedomain

gl0nil

Fig2.4: Btock Diagram of Detection of cyclo-stationary characteristics

Identification of received signals in primary signals presence it is not good for the periodicity of

modulated signals couple rvith sine wave career mode, cyclic prefixes, sequences ol'hopping cto'

The received signals have the periodicity therefore it exhibits the statistics which are in periodic

form and have noise free spectral correlation'
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2.3 Cooperative Sensing Tech niques

Mostty the cooperative sensing techniques are further categories as following

i) Spectrum Sensing tvith Centralized Cooperation

ii) Spectrum Scnsing rvith Decentralized Cooperation

iii) Spectrum Sensing I-lybrid Cooperation

2.3.1 Spectrum Sensing with Centralized Cooperation

tn this technique, every wireless sensor of CR performs the task of finding the cxistence of

prirnary user in a channel by using the spectrum sensing technique. In this centralized techrtique.

a centralized coopcrator exists and all CR wireless sensors are required to send their decisions to

that centralized cooperator. The centralized cooperator is called as collector, server or cluster

head. For finding the existence of primary user, the centralized cooperator uses all received

inl'ormation from CR sensors I'or final decision.

2.3.2 Spectrum Sensrng with Decentralized Cooperation

In this tcchnique, there is no need of controller or central cooperator. In this sensing method thc

wireless sensors form number of clusters and each cluster get sensing information local[1'and

share this information with other clusters of that channel or netrvork. Therefore, its lunctioning is

considered as deccntratized. 'fhis technique requires high processing and large storage capacity

[or record maintenance.

2.3.3 Spectrum Sensing Hybrid Cooperation

In this technique, the sharing of information between sensors is in decentralized manncr. In other'

words, it can be defined that the cluster head may be required by centralized cooperator for

sharing information of the channel.

2.4 Comparison

Alter all the pros and Cons of distinctive spectrum sensing techniques and difficulty in their

operations, and number of issues to be faced in signal and energy detection. Among all of thesc

mcthods, the most common issue of all the techniques is cnergy detection due to the signals
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strcngth complexities. In most methods of energy dctection, the user not bothering as happenecl

in rnatched filter, about the primary user's information and in other differcnt rnethods.
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W'idehun d Spi'ctr unr Se nsing

3.1 lntroduction of Wideband Spectrum Sensing

In this Wideband Spectrum Sensing (WBSS), signal processing methods are energy consutning

and very complex, moreover, it is also required to handle the shadowing effects and hidden

nodes problems. Instead of making some other effective spectrum sensing method, in this thcsis

work, focusing on challenging but key issue, that is, without sensing a wideband spectrtttr, thc

users will easily aocess thc spectrum holes. When the secondary user is far away fi'orn prirnarl"

user (PLJ) then PU can transmit data concurrently without creating any interference bettvecn

primary user and CR network. For the concurrent data transmission between the primary user

and the CR network zone, if the CR devices have knowledge of desired transmission region then

the CR system does not require the time and energy consuming WBSS. Therefore, the concttrrent

transmission identification opportunity has much more presidency than the spectrum sensing and

have high throughput as well.

In this work, the effort is done for concurrent transmission identification by using the location

awareness methodology. The particular objective of this work is to give a new dirnension to the

region of concurrent transmission, in this region where CR devices have an opportunity to

establish an overlaying ad hoc network over an infrastructure-based legacy system.

This overlaying ad hoc network is an essential part for CR devioes due to reusing of the ttndcrusc

spectrum and it also enhance the frequency band proliciency significantly.

For achieving the cxtended coverage region for the infrastructure-based networks, the concept of

combining the links such as infrastructure based link with ad hoc link introdrrces lll, l2l. this

concept shows that the area covered by infrastructure-based network can never coincide with the

ad hoc network coverage zone.
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'l'he figure 3.1 shows the basic model for the hybrid infrastructure-based/ad hoc network.'l'hc

figure shows the legacy system having peer-to-peer CR users within its coverage zone,

11 is recommended that thc access-point AP must switched between the mode of ad hoc and

inl'rastlrcture system for irnproving the throughput of WLAN [13] in dynamic manner. In their

suggested scenario, ad hoc connections are made by CR users in a distributed manner,

3.2 System Model

Fig 3.1: Basic Model for the Hybrid Inflrastructure-based/Ad hoc Network

'l'he figure 3.1 shows the basic model for the hybrid infrastructure-based ad hoc netrvork, which

cornprise of three users nalned as lJo,IJ11, and U' from these three users one of then'r is primary

user ( IJo) and two others are secondary users (Ila,Ur).lt's presumed that the trvo secotldary

users are trying to estabtish the peer-to-peer link, however, the primary ttser has already

established its link with base station (Br). The B, have coverage zone of rR2 and its ttsers

f:tll (.)Y{i:ifr.,
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IJo,l)6,and Uc are at (r3, 0s), (r2,0) and (rr,0r) respectively. Moreover, all users Irt'tst strict ttl

thcir position.

Either by the use of the BS, signal strengths or GPS, the CR devices can find out their relative or

absolute position in coverage zone of network [14, 15, l6].

By using the geographical routing protocols, each CR device broadcast its location information

[17]. The geographical and position routing is difficult & the wastage of time and energy so therc

is no need to work anymore for every data transmission. The position and geographical rottting

protocols only activates when some new nodes want to join or leave its position' Moreover,

inforrnation of position may also be stored in device with the upper layer's assistance''l-heretbre'

it is accepted that the additional memory space and energy utilization is require for location and

position information, which is comparatively small, instead of spectrttm sensing techniqtre for

every transmission [1 8].

At any instant, multi-users try to contend the channel and under such scenario only singlc mobile

station, rvhich is present u,ithin the BS coverage zone be capable to establish the infrastruoture-

based communication link, which based on protocol known as CSMA/CA MAC protocol.

lf the secondary user wants to establish the connection on the prirnary user's fi'equencl'- i1

required to make sure that it never degrades the present infrastructure-based link and also ncedcd

to rvin the possible contend from other secondary users for availing the frequency.

Let suppose a legacy system has a primary user and number of secondary users having alikc

transmit power. CI1 is capablc enough to entertain just one secondary user alter winning contcttcl

for establishing the link,

The reccived SIR (signal to interference ratio) for ad hoc link is represented by S/R,,and for

infrastructure-based link is represented by S/R-. For the overlapped coverage zone of CII based

ad hoc link and infrastruoture-based link, the coexistence probability ( Pcr ) also l<nown as

concurrent transmission probability is given as

Pc.r = P{(.t/R,, ) x*) n (.S/Rn > x)} (3'l)

Llcre x,, defines the required threshold for ad hoc link and x-defines the required threshold for

thc infrastructure-based link. The calculation of the coexistence l'or ad hoc link and
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inlrastructure-based link is necessary for finding the concurrent transmission zone.'l-ho CI{

devices are requircd to sense some other frequency and shift to it when the prirnary ttser link

quality cannot ensure.

Suppose a two-ray ground reflection model, which have receiver and transmitter with tu'o paths

for transmission [19]. One is ground reflected and other is of line-of-sight type. T'here[ore, thc

reccived power is given as

,,='@(t.r)
Flcre received power is represented by P, and transmitted power is represented as i)1, Moreover,

the 4 antenna height is represented by h6, and mobile station antenna height is representcd as

h-r, the B, antenna gain is represented by Ga, and mobile station antenna gain is represented as

Gr,r, the distance ltom transmitter to receiver is reprcsented by r , the distributcd log-normalizecl

shadowing cornponent is ropresented by 1O* and path loss exponent by a,

3.3 Analysis of Signal-to-lnterference Ratio

3.3.1 Analysis of SrR for UPlink

For case of uplink, by transferring the data from prirnary user (Uo ) to 4, the S/R of trplinl< for

prinrary user (Uo ) is represented by SIRh, and the received power from Uo is P36 and rcccived

power from U, is P.o. From eqttation 3.1we get

s/Rll) = (;)' = PzolPto (3.3)

Hore n represents distance from Uo to B, and ?"3 represents the distance fiom Urto Br. Flowever,

for the peer-to-peer ad hoc link between Ilyand U, the -S/R is given as

.s/R,1 - x= (H)" Q o)

Here power received at U6 from U. is represented as Pr2and the interference power Pj2liotn Un.

the distance fi'om the Il, to lJ6 is represented by dp and the distance flrom the Uo to [16 is
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represented by dzr. Where the f"f)for uplink can be given by eq. 3.5 which we get by putting

equations 3.3 and 3.4 in equation 3.1

pli) = r{Qrx;"<rL <R) n (d12 . ?ll !nl! 1*' (3's)
x$

Note that nf|)snows the concurrent transmission region, for the scenario in which the U.

establish the connection without interrupting the uplink signal between Uoand Bsto UD. It is

clear from figure 3.2 thatthe donut-shaped region is form with (r3xfl < t < R) condition, this

type of region is formed with combination of two circles having radii R una ,r*i, centered at

1
B* The circular area of region having radius dg/x$centered at U6is concede with (dr, <

1

drrlxfi) condition. rne nfp is given by eq. 3.6

a**.".-.+,*"

Efll ,.,
L*-**- J

-! .,j'

" l rj

Fig 3.2: PhysicalModel for Coexistence Probability of Uplink Transmission

From the figure, the region nfp can be computed as:

Rg =(+)' - A, - Az
\xft /

(3.6)
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Where Arand 42 are given by equations 3.7 and 3.8 respectively

(n-0')- Rze + 2l (3.7)

* _ (n.i)' *,

^,=(?,)'

^'=(?r)
-2A' (3.8)

3.3.2 Analysis of S/R for Downlink

For case of downlink, by transferring the data from B, to prirnary user (U, ), the 'S/R for

downlink is represented by S/Rff). Fro* equation 3.2 we get

srnff) = ff = (H)' (?)"r, rl

Here the power received by Ilo from Bris represented by Por, and Uoreceive the

power fi'om U. is represented by Pr3. The distance from U, to Uois represented by

d13. The termsh-r, h6san6Tsifie Same aS defined forequations 3.2 and 3.3. Howevor,

for the ad hoc link between U6and U. the SIR is given as

.r/Rn =H=(ff)' (;)'r: ror

Here the powcr received by Llt from Uois represented by Prr, and U6 receive the

porver from Il, is represented by Ps2. The distance from Brto U6 is represented

by rr, where the tcrms har, d, and h^, are same as defined for equations 3.2 and

3.4. Whcre tnc frld)fo. dorvnlink transmission can bc given by eq. 3.1 1 which lr'e

get by putting equations 3.9 and 3.10 in equation 3.1

D(d)-' ',cr - ,'{(drr > hx'fi) n

where .k = .^.(W) and xn

r 
"(d)(dp<rzx'i)o (rr ( R)) 4 # (3.11)

=(*) (F*)
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Fig 3.3: Model for Area of R, for Downlink (a) For condition: max(r+,r-) S R(b) For

condition: max(r+,r-) > R
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1

The region which is outside of the circle, whose center is at Uo with radius rsx'l,* is dtre to

1
result ol' (drz ) rrx'k). Where the region inside of circle whose center is at Ul with radius

11

rzx'X, is due to the result of (dL2 l rzx'fn).

If it is assumed thatu, is distributed uniformly within cell, R then q = /i. LIY calctrlating tho

nf)area,the coexistence probability can easily be computed with it.'fhe distances betrveen thc

11
point of intersection of two circles having radii of r2x'ftandryx'fi, and AP are given as r- atrd

fr'

J
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{.'kuptcr 4

{*exi:'.tent:e

{'itnnrt'(ions

o.f' In.f'rrrstrut'ture I"ink rvitlt \{ultiTtlr''lri !:

4.1 lntroduction

After assessing the ad hoc link's and infrastructure link's concurrent transmission probability

that what number of a secondary users can be able in establishing a simultaneous ad hoc links

along with primary user. lts recommended that in the existence of infrastructure transmission, the

CI{ devices must make sorne ad hoc tinks rather than counting the nraximum number of acl hoc

links. The procedure for establishing such ad hoc links is defined as:

Assume a network in which the both primary user as well as the secondary users are hardly fixed

or cannot move and the CR device fotlow the routing mechanism in order to get its neighbors

and receiver's location and then estabtished coexistence ad hock links with infl'astructure in

meanwhile. Before establishing another ad hoc connection, the device remenlbers all current

transmitter's location by overhearing all channels.

'fhe R., concurrent transmission zone is being assess by the newly entered CR device having thc

information of location. 'fhe device may face some interference either from any ctlrrently

existence ad hoc link or from any infrastructure link.

Let q represents the primary user, m represents the new ad hoc link transmitter and receiver ol

such a new link is represented by n, where the previously present ad hoc link is representcd by

o.

By following the procedures by which the equation 3.5 derived for uplink infrastructure case,

thcse thrce conditions are as follows:

t\;
'*>lT+ffi)e't\\



23

d*n (4.2)

)'
,"\fr) ..,d*'u(a;) I

By following the procedures

conditions are as follows:

r^ < R(4,3)

by which the equation 3.5 derived for downlink case, these three

dmq)-(*-,

)'

(4.4)

1

;J r^3R

(4.s)

(4.6)

Sirrce the concurrent transmission regions n[p and Rf) are known, the CR device can locus

whether CR transmit inforrnation simultaneously both with the infrastructure link and with other

ad hoc connections of the primary and other secondary CR users.

4.2 Etfects of Shadowing

Previously the discussion was limited to the path loss effects of concurrent trattsmission

probability of a CI{ network. In existence of infrastructure link of primary user, thc existencc oI

peer-to-peer ad hoc link cannot be possible because of shadowing' 
:

Therefore, it is very necessary to find out the reliable way for concurrent transmission lbr hybrid

network in the existence o1'shadowing. Mostly the random variable lognormal distributed is used

for the demonstration or modeling of the shadowing [20]. Frotn the users i to,1, the shadowing

component represcnts as L0tirl10in the propagation path where the Gaussian random variablc

d^3(r**)'
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having o, as standard deviation and zero mean is represented as e;7.Thr,rs, for botlr ad hoc link

and infrastructure link having the modified downlink SIRs and uplink SIIts is givetr as:

4.2.1 SIR for case of UPlink

slR#)(ero,sro) = ffin,

.t/n[') (€rz, €zz) = #r+s>

4.2.2 SIR for Case of Downlink

s/Rf) (eos, er:)
,o€o3/ rc fr{M (4.e)

s/R[d) (err, eor) _ ro,rzlnf dlz
- ,o€o2lrcfr{

(4.10)

The point to be noted is B, is represented by 0, and in case of uplink the equation 4.8 have e3u

which is equivalent to e63 of equation 4.9 of downlink.

4.3 Analysis of MAC LaYer

By considering the PHY/MAC cross-layer, the perlormance ol'Hybrid network is checked in

term of throughput. In MAC layer, the fundamentaltask is incorporation of the interl'erence f,rom

thc ad hoc tink anci the infrastructure link into the throughput evaluation model'

For this work, the CSMA/CA MAC protocol with an algorithm named as binary exponcntial

back-off algorithm is used in the several license-exempt frequency bands for its deployment.
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On the other hancl, for establishing the secure ad hoc tink in CR network the CSMA/CA MAC

protocol may not requ'ire because in thc existence of infrastructure link the transntission tray

forbid by assessing the received signal (RSS) strength in clear channel assessment (CCA).

The constraint is rcmoved with the utilization of the information of channel station and location.

by substituting RSS estimation for CCA in conventional CSMA/CA MAC protocol. Thercfbre,

the previously present primary infrastructure link docs not harrn by the new connoction oncc thc

secure ad hoc connection can easily establish by CR device.

I*
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5.1

Chapi*r 5

Distwssi.on ot, Simulution Res'u{ts und {'ortt{usi,tstt

Discussion on Simulation Results

First of all, the discussion is carried out for investigation of the concurrent transmission

probability of networks such as overlaying CR-based ad hoc network and infrastructure-based

network. For the evaluation in the hybrid network in term of throughput performance, the

suggested analytical cross-layer model is applied'

The network topology is shown in chapter 3 in figure 3.1. The figure shows that network havc

CR based ad hoc receiver Usat location(r2,-nl1), infrastructure-based primary uscr {./. at

location (rr,nlZ) and transmitter Uo. Here the distance from Brto U6 is represented as r, and thc

distance from Brto Uois represented as 13. However, the distribution of U, is uniformly rvithiu

the cell having the radius R of 100m.

Moreovcr, for checking out the performance in term of concurrent transmission probability Pc7

the simulation of the suggested analytical model is performed. The locations where the existencc

of ad hoc transmitter U" is possible, are represented by the L0a points distributed unilcrrmly

within nR2 region forthis simulation. When nearby the infrastructure link that is Bstoua,lhe U,

form the ad hoc link with U6. For this case the number of points are counted for the computation

ofthe P.r.
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5.2 Uplink Concurrent Transmission Probability

0.

0.4

o$

EU

Eo
I
E

!o

0.r

0.05

'nffi:.,
figur8 5 1

Fig 5.1: Location of thc Users of Infrastructure Uplink versus Concurrent Transmissiott

Probability

For the noise power No having value of -90 dBm and transmission power P6 having value o[

20 d.Bm, the effeots on the uplink concurrent transmission probability due to primary Llser's

looation are shown in figure 5.1, where the expected SIR threshold may either be 3 ctB or 0 dB.

For the distance r, which is from Uo (primary user) to Br, the existing concLlrrent tratrsmissiort

probability is optimurn. From the observation it is noted that when the value of xr,, is 0 dU, at

position or location rs= 4.Om the maximum value of #):0.45, however, when the valrte o1'

xnris3dB,at position or location rs = 26mthe maximum value of fft) = 0.22.

ln the situation, when the primary user Uo comes near to B' it also approaches to ad hoc recciver

decreasing pS) U causing high interference. So, when Uo moves away from the B' the signal

strength becomes weak thcrefore, the value of the uplink S/R reduces and it produces the srnall

value of f.f). tn.r.fore, maximizing the uplink f.(i) n.tpt in receiving the optin,urn location ol'

ua.

06
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Fig 5.2: Location of the ad hoc Receiver versus Concurrent Transmission Probability

The effect on uplink f$)Oue to the U6's location is shown in figure 5.2. The figure shows that in

the situation, when the ad hoc CR-user moves off from Br, the interference from infrastructure

link to ad hoc link decreases and due to this reason the steady increase occurs in P[? and this

increase is in range of Llo/o to 500/0.

0.15

0.1
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5.3 Downlink Concurrent Transmission Probability

Fig 5.3: Impact on the Downlink fr$) aue to Location of Uo

When the location of U6 is (SO,-o /Z), the downlink Pr$) against Uo distance 13 to Bs is shown

is figure 5.3. In the range of distance 13 < 100m, for the requirement of S/R, xm = xn = 0 dB,

p#) = 25o/o is constant. All this happens due to interference whose transmission is from B, to ad

hoc users is independent of Uo locations. Although when value of 13 increases, the larger

requirement of .S/R, xm = xn = 3 d.B produces the lower and reducing value of downlink P.$),

r\0
R
:9

I
-t-
tr



30

0

00J

Fig 5.4: Impact on the Downlink r.f) ou. to Location of Receiver u6

The impact on the downlink e[f a"" to location ol'ad hoc receiver U6 is shown in figtrrc 5.4.

The comparison of figure 5.4 with figure 5.2 shows that when the ad hoc user U6 movcs olf lrom

the B, due to this, the steady increase occurs in f[p as similar P.f) in.r.utes. However, increasc

in uplink #' it greater as compareO to frf). For x- = xn = 0 d.B and 12: 100 n, Plr': 49

percent and P!, : 39 percent, respectively. This all happens due to the interfercnce fron-t

infrastructure uplink transrnission to the ad hoc user is tnuch weaker than the interferetlce 1'ronl

downlink transmission to the ad hoc user.
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5.4 Reliability of Concurrent Transmission in the Presence of

Shadowing

F''ig 5.5: The Location of (a)Uoversus Concurrent Transmission and (b)U6 versus Concurrent

Transmission

The concurrent transmission's reliability having the standard deviations of shadowing against

distance 13 and distance rzare shown in figures 5.5(a) and 5.5(b) respectively. It can be seen by

anyone that for the both uplink transmission and downlink transmission the reliability decreases

t(un 5.5 (.)

---Upli*,1 dB

-tt0*ilink,l 
dB

---hhnk,6dB
**Domlinl.6 

dB
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with the increase of shadorving variance. This can be more cleared by looking at the ligure 5.5(a)

and 5.5(b) for values oe = l dB and oe = 6 dB.

Frorn the figure 5,5(a) it is seen that when the distance 13 of primary user to B, is in between thc

0m to 100m range, for the oe = 1dB the value of n[! Oec.eases frotn 0.015 to 0.005

foror=ldB, & 0.014 to 0.0075 for or:6dB. Although, at cell edge, the downlink transtnission

and uplink transmission's reliability for primary user's reduce due to the fact of u'eal< llSS and

shadowing.

Therefore, the signal strength for the uplink is much weaker than from signal strength of

downlink. Moreover, conrparing the sensitivity of shadowing effects lor both uplinl< and

downlink concurrent transmission reliabitity it is found that uplink concurrent transmission

reliability is more sensitive when the Uu located at the cell edge position'

From figure 5.5 (b) shows the shadowing graph, it is clear that, for both uplink and downlinl<

concurrent transmission reliability incrcases when the receiver U6moves towards the coll edge.

from 0 to 0.012 resPectivclY. IrorFor or:6d8, F.r(u) slightly irrcreases & Fcr@)

or=1dB, r6'7(d)increases from 0 to 0.008 &. Frr(u) slightly increases as 12 increases to 1 00m

It is also clear that when the ad hoc user moves away from the B' the weak interference

recorded for Uu to ad hoc user. The increase is noted in concurrent transmission reliability u'herc

for distance r, ) 3Om the shadowing effect is constant for both o, = 1 dB and also for distancc

12) 60m for o, = 6 dB.

5.5 Conclusion and the ldea for Future Research

5.5.1 Conclusion

Here in this work, we conclude that the R61 critical region is identified in which data can transfer

simultaneously without any interference by the overlaying secondary users and primary user.
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The concurrenttransmission area can be easily located if inlormation of the other nodcs location

is available.

Frorn the numerical data of uplink, it can be demonstrated that for 1 dB standard dcviation of

shadowing, the concurrent transmission region might be 45o/o of the cell region having thc

reliability of 90% and for 6 dB of standard deviation of shadorving, the coucurrettt transtnissiorr

region nright be 45o/o of the cell region having the reliability of 600/o.

It can also be denronstrated that the time and errergy consuming WBSS prooess deoreascs in

dramatic rr.ranner if the identification of such an opportunity for concurrent transmission is

obtained first. The location awareness also helps the CR to identify the opportunity by meatts ol

primary user's spectrum within the spatial domain instead in the time domain.

5.5.2 ldea for Future Research

For the research, there are many topics that foltow mechanism of exchange of location

inlbrmation efficiontly and Concurrent transmission designing of MAC protoco[. For the ftrrther

exploration, we can also add CR networks which is using spectrum sensing for ad hoc nctrvorks,

the location awareness technique can be applied by rnean of multibarid joint detecl.iort tcchrriclue

fbr the better throughput.

t'
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