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Abstract

Cognitive Radio (CR) systems are the upcoming technology in the wireless communication where we have to utilize our
spectrum available in the best and the efficient way. The tasks to be covered in the CR technology are broadly classified into two
categories .They are efficient utilization of the available spectrum and secondly energy efficiency in the wireless transmission.
As said above that in the wireless communication system we have major two challenges are to utilize the spectrum efficiently by
also keeping in mind that the least power gets wasted during this process. In this work, we have presented different algorithms
like that of Shared Carrier Assignment (SCA) lterative water-filling algorithm (SCA-IWF) algorithm for efficient utilization of
spectrum by sensing it keeping in concern the interference from the other secondary users. Secondly we have provided the
energy efficiency of the MIMO system by using Iterative Power Allocation Scheme (IPAS) that converges as the number of
iterations increased. Finally we have plotted the result of both the capacity and energy efficiency with respect to number of
iterations in both the graph and bar-graph form.
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I. INTRODUCTION

Wireless communications have experienced a rapid growth in the past decades. The demands for providing high-rate and high-
quality services have been increasing. In order for coping with these demands, various new wireless communication technologies
have been emerging, for instance, fourth generation (4G) cellular networks and beyond, wireless Ad Hoc networks, software-
defined radio, wireless regional area networks (WRANS).So looking at the increasing demands of the wireless communication
networks cognitive radio technology emerges which senses the network and then respond accordingly. There are three network
paradigms in cognitive radios:-underlay, overlay and interweave as shown in fig.(1.1)
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I1. STUDY AREA AND OBJECTIVE

For the wireless communication using the cognitive radio(CR) technique we have to consider both of the energy efficiency
during the transmission as well as the maximum utililization of the spectrum, keeping in consideration the interference to the
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primary user by the other secondary users trying to access the same channel allocated to the primary user. Here in this thesis we
have shown separately:
1) Algorithm for the detection of spectrum available and then allocating the spectrum efficiently
2) Algorithm for maximization of the energy efficiency of the network
Here both of the algorithms converge with the number of iterations and reaches to its maximum performance are shown.

I1l. METHODOLOGY

Let d,, denote the distance between the SU base station and the m™ PU, and R,, denote the radius of the protected circular area
around the m™ PU. The channel from the source to m™ PU in kth SU band can be written as:

— Imk
Gmje= (dm=-Tm)"B (31)

Where g,,,; is the small-scale fading and B is the path loss exponent of the wireless channel. Without loss of generality, we
assume that R; =R, =--- =Ry =R.

Let us consider a wireless network with one transmitter, one relay, K SUs and M PUs. Each SU receives the data on a separate
pre-assigned frequency band. The relays transmit and receive data on pre-assigned frequency bands. The central controller
decides the power allocation to the relay and the secondary users. We denote by p. = pJ+p¢, the total static circuit power of the
source and the relay in the transmit mode, p; is the source transmit power to serve kth SU, and py, the relay transmit power to
serve kth SU. We denote by hj, the channel gain from the source to the kth SU, h}, the channel gain from the relay to the kth
SU, h;, the channel gain from the source to the relay in the kth SU band, gy, , the channel gain from the source to mth PU in
kth SU band, and gy, ,.the channel gain from the relay to the mth PU in the kth SU band.

The channel model for cooperative communication (e.g., relay channel) is the same as mentioned .

C} =log(1+2Emk) (3.2)
Eq(3.2) shows the capacity is for the transmission through source only.
SpS TET
Ch=log(1 ik, Pty (3.3)

Eq(3.3) shows the capacity for the transmission when it takes place through both of the source as well as the relay.
The energy efficiency for the co-operative communication system is given by:
Zlk{ﬂmin(c,%,c,%)

FDF (ps:pr): pC+ZIk(:1p;s<+p£ (34)
Now to maximize the energy efficiency given in Eq(3.4),
max PrPs FDF (ps’pr)
CL: Xk=1 Pk Gmp<Im (3.5)
C2: ¥k=1Pk Gmi<Im (3.6)
C3: pp>0,p;>0 (3.7)
Above the constraints C1 and C2 assure that interference from the source and relay to primary users is less than a specified

threshold respectively. By introducing new variables 1y, k=1, 2, ...... , K.

A. lterative Power Allocation Scheme (IPAS)

In this section, we present an iterative power allocation scheme (IPAS) to solve the optimization problem. The proposed
algorithm is based on €-optimal algorithm. Therefore, for any € > 0, g-optimal algorithms guarantee the solution within € of the
optimal solution. The objective function of the FP problem is transformed into a parametric optimization problem. Let us first
consider the following optimization problem:

MaXyes (3.8)
where x € R". The parametric problem associated with for g € R can be written as
max,es f(x)-0*g(x) 3.9)
The following algorithm e-optimal algorithm shows the optimization.
Initialization
g=0, epsi =10"-6,i=0,convergence=false
Define

Vor(@s,Pr T )=2k=1 Te-A(Pc+Xik=1 (PR +DE))
while (convergence=false)&(i< imaxitr) do
if ¥pr(psprT, q)=0 then

pSO :pS

pTO: pT‘

To=T

Convergence=true
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Else if
Yor(PsiPr, T, @) < €
Pse=Ds

Pre =Dr

Te =T
Convergence=true

Else

- 25:1Tk
q_pc+2’,§=1(pi+p2)
i=i+1
end if
end while

B. Shared Carrier Assignment Iterative Waterfilling Algorithm (SCA-IWF)
The rate maximization subject to the instantaneous sum-power constraints may be defined as

maxak_n,Pk_n Zgzl Ak.n Ck,n(Pk,n)

s.t. ZnES Ak,n Pk,n<PT,k ' le§=1 ak,n<l (310)
where ay, = {0, 1} and ax, = 1 when user k accesses channel n. Sy is the set of carriers assigned to user k, and Ppaskn IS the
maximum power allowed at carrier n to avoid interference to primary users. Sy, .. ., Sk are generally overlapping sets for SCA.
The capacity of user k at carrier n is given by Eq (3.11)
Ciest (Pen) = Bploga(L+L Pen¥in © (3.11)

Where ¥R was given by SINR at the channel n, Ty is an SNR gap due to modulation format and bit error rate (BER)
requirement.

When I'y = 1, Eq (3.11) gives the Shannon capacity when I'y = —1.5/ log(5P.y ), Pex is the target BER for user k assuming
continuous-rate quadrature amplitude modulation (CR-QAM) , Eq(3.12) gives the throughput which satisfies the
Target BER P,y . The sum rate of all K pairs is given by

Cin = Xk=1Xn=1 Ak, Cicx: (Pk,n ) (3.12)

Shared Carrier Assignment technique shares the given carriers available for the transmission as compared to the exclusive
carrier assignment where each user is allocated a different carrier. It generally requires an N K-dimensional numerical search and
the global optimization is an often in-tractable problem. Based on OSB and ISB, optimization may be implemented assuming a
central controller or global knowledge of interference powers at each pair. As a suboptimal solution with distributed processing,
the SCA-based iterative water-filling technique may be used, which allows all transmitters (users) to initially compete all the N
carriers and then fine tune it. In each data frame duration, the first few mini-slots are used for carrier competition of K users, after
which the data transmission follows. In these mini-slots each transmitter implements WF along the carriers under its own power
constraint and based on the SINRs of the carriers. This method converges fast as shown by simulations. Usually, the IWF
requires a numerical search. A low-complexity IWF taking into account the spectral mask at each channel n is derived below.
Define the Lagrangian(for pair k)

L (Ak {Pk n}nes) ZneS log(1+Pk nySINR) Ak(ZnES Pk,n'PT,k) (3-13)
Taking derivative
Pen = (1/A- 1/VSINR)
s.t. Ynes Py <Pry (3.14)

where (x)" = max(0, x), and Py, denotes the water-filling optimal solution of Py ,. After some manipulations, we obtain an

equation equivalent as
MmNl [Prj + Znes 1/ Vi © (3.15)
where Ny = |S¢ | is the cardinality number of set Sy . After the WF power allocation, not all the carriers are used due to possibly
weak channel SINRs at some carriers, which means that generally.
A very low complexity exact IWF algorithm is shown below
1) At each min slot assume that pair k has channel set S (with cardinality Ny) with non zero power aloocation at each of the
element. Update the SINR y'N® according to the interference power levels from the other links.

2) Let Nier=Ni. Rank (vin " Jnesk in descending order where v} <>....>yp N~ holds.

3) Find Ay using (3.14) with Ny is replaced by Ny.¢ therein.

4)  Check if & < Yin,o holds. If true go to step 5. Otherwise remove yiny . from the set Y>>V .set Nier=Nyefr-
1 and go to step3.

5) The Ay and Ny.¢ are now obtained for the user k. The allocated power for the carrier n of user k is given by PIWF-min (Pen
Pnask) Where Pkn is given by (3.13) for n=1.....Nye¢s

6) The instantaneous throughput for the nth carrier with the iterative water-filling(IWF) is given by

Ci =log BTy
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I\VV. RESULTS AND DISCUSSIONS

A. Graphical Representation of Energy Efficiency and Capacity Plot with Number of Iterations in Cr Networks using IPAS
Scheme

Figure (4.1) shows the energy efficiency with the no of iterations, We have plotted graphs for different values of primary users

K.it is observed that with the increase in the value of K, the energy efficiency increases. As the number of iterations increases,

the energy efficiency first increases linearly and then after few iterations the energy efficiency increases at a very low rate and

almost becomes a constant. This shows that the graph converges in very few iterations.
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Fig. 4.1: Energy efficiency plot in the CR networks with the number of iterations at the different values of K
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Fig. 4.2 Capacity plot of SCA-IWF Algorithm with the Number of iterations at the different SNR values of the channels

Figure (4.2) shows the capacity plot for SCA-IWF Algorithms for the different values of SNRs. Capacity plots for SNR
6db,9db and 12db are plotted. From the figure it is clear that the SNR of the channel increases as the capacity value increases for
the no of iterations and it increases linearly first and then become constant for all the cases.

B. Energy Efficiency and Capacity Plot in Bar-Graph Form

The variation of the energy efficiency plot with the number of iterations at the different SNR values is shown in Fig (4.3). It is
shown in the bar-graph form for the better understanding of the variation of the energy efficiency with the number of iterations at
the different SNR values.
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Fig 4.3: Energy efficiency plot with respect to the number of iterations in the bar-graph form

Fig (4.4) shows the capacity plot with the number of iterations in the bar-graph form for the better understanding of the
variations of capacity at different SNR with the number of iterations. In the graphical form we can see the variations of capacity
at different SNR values simultaneously in descrete forms.
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Fig 4.4: Capacity plot of the SCA-IWF Algorithm in the bar graph form with respect to the number of iterations

V. CONCLUSION

In the CR system, spectrum and power are two main resources that we need to utilize very efficiently. In this thesis we mainly
focused to maximize the utilization of these resources.

In the first part of thesis, we have discussed the different algorithms by which all power is allocated in different scenarios with
the channels having different SNRs and then finally we have allocated power to the channels so as to maximize the capacity by
allocation the power to channels according to their SNRs. Here we have used Shared Carrier Assignment-Iterative Water-filling
(SCA-IWF) approach to maximize the capacity by optimum utilization of the spectrum.

In the second part of our work, we have considered a network where we have to allocate power to the network in order to get
the maximum energy efficiency of the whole scenario. Here in this case we have used the iterative power allocation scheme
(IPAS) technigue in which we have also considered SNR as the base to decide in which channel we have to allocate the power so
as to get the maximum capacity of the system.
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