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ABSTRACT

The optimization algorithm had been analysed for the improvement of the spectrum efficiency and check trade-off
between capacity and fairness for cognitive networks in a low algorithm complexity. Different low complexity
algorithms for proportional resource allocation in Long Term Evolution (LTE) and Cognitive Radio Network
(CRN) using OFDM signal are used by different researchers already. Here, the target of the optimization
algorithm is to provide the sub-carriers assignment and power allocation for each user, assuming that the
modulation type is the same for all subcarriers. However, in order to increase the efficiency of the algorithm and
reduce the optimization delay, it had been assumed that the power is equally distributed among the sub-carriers.

Key words: Long Term Evolution (LTE), Cognitive Radio Netwo(CRN), Orthogonal Frequency Division
Multiplexing (OFDM), RRM, D2D Technology

INTRODUCTION
What are CRN?
Cognitive Radio (CR) is a form of wireless commuanicn in which aransceivercan intelligently detect which
communication channels are in use and which are ihaan immediately move into vacant channels ahil
avoiding occupied channels. Cognitive Radio Netw@@dRN) has been widely investigated to increase the
spectrum utilization in communications area. Nowadahe dual-use of radar/sensing and communicaggatem
is also exploited. Many investigations on the cageace of the wireless sensor network and the canuations
system based on the cognitive radio network ares @it is quite beneficial in this technical wof1d-[14]-[15].
As Orthogonal Frequency Division Multiplexing (OFDMignal is inherently fit with the CRN, the duadeuof the
OFDM system and radar/sensing system has becornnepantant part of modern network [16].

LTE Systems

As a major part of mobile social networks, LTE gys$ support a great number of mobile social corstaitices.
An important feature of social networks is the neédhe same traffic contents by more than one iteahi2].
Therefore, wireless multicast has the potentiaupport mobile social contacts because of its antkhg resource
efficiency for transmitting packets from a singknder to multiple receivers at almost the samel@sseresource
as unicast [3-17]. However, wireless multicast perfance is restricted by the terminal with the watsannel
condition. Be aware of the scarce spectrum respuesmurce allocation for wireless multicast idl stpen for
more investigation.

OFDM

A typical OFDM consists of a transmitter and reeeigtructure. A transmitter includes a basebandutabar,
subcarrier mapping, inverse Fourier transform cypliefix addition, parallel-serial conversion, aadligital-to-
analog converter followed by an I-Q radio frequemopdulator. OFDM transmits a block of data symbols
simultaneously over one OFDM symbol [2]-[4]-[18].nAOFDM symbol is the time used to transmit all of
subcarriers that are modulated by the block of irgata symbols. The baseband modulator transfonesnput
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binary bits into a set of multi-level complex numbé¢hat corresponds to different modulations fosraich as
Binary Shift Keying (BPSK), Quadrature phase SHffeying (QPSK), 16- or 64-Quadrature Amplitude
Modulation (QAM).A typical OFDM receiver includesnaRadio Frequency (RF) section, Analog to Digital
Converter (ADC), parallel-to-serial converter, dggbrefix remover, Fourier transformer, sub-cartiermapper,
equalizer and detector [5].

Tang et al [6], proposed an optimized model font@pectrum allocation and scheduling is proposét the
condition of interference characterization of Muthannel Contention Graphs to increase the throutghghieved
by Secondary Users (SUs) in a multi-hop cognitagia network. In [7], Zang et al proposed an OFDaédd CR
system with one or more spectrum holes existingrmhe multiple Primary Users (PUs) frequency baisds
considered. Subcarrier and power allocation opttion is formulated as a multi-dimensional 0-1 ksagk
problem (MDKP) and a greedy max-min algorithm iegmsed to solve it. Two distributed algorithms timally
allocate subcarriers and power in OFDMA is propoBgd\Ngo et al [9]. Ad hoc CRN have been proposedfter
either throughput maximization or energy efficiermybject to tolerable interference introduced te fimary
network, and a joint subcarrier and power allocatinethod has been derived by Lagrange dual algoritn
maximize the capacity of the cognitive radio netkgorZing et al [10] proposed a statistically robussource
allocation scheme for a decode-and-forward relaysteesd OFDMA network with imperfect channel state
information has been proposed in maximizing the sai@ of the overall network while solving the plerh of the
power leakage between neighbouring subcarriers. edewy the problem of resource allocation in cogaiti
multicast networks with device to device communaratunder imperfect sensing condition is still ofen more
investigation [9].

Chang [11] proposed OFDM is a special type of Maltiier Modulation, where the data stream is didid®o
multiple bit streams and is modulated using closghaced non-interfering frequencies called subs@riln
conventional Frequency Division Multiplex systerasyand-pass filter is used to filter to limit thenblwidth of the
transmission or reception. In OFDM, instead of gsharp cut-off filters, an Inverse Fast Fouriesngform (IFFT)
is used to convert the frequency data carrying &uless to a time domains signal which can be upeded to the
desired carrier frequency. An inverse operationthat receiver using Fast Fourier Transform (FFT)eaty the
frequency domain information. Al Qerm et al [12bposed that our integrated cognitive scheme with\Zeet is
an efficient solution for LTE networks. It is geakcognitive radio architecture that is integrateith throughput
and interference management model to improve effiy in LTE networks. CogWhnet is designed for high
abstraction control functions and general taskst @uerall system goal was to optimize spectrum calfimn,
mitigate interference, maximize throughput and cedcomplexity. Radio environment awareness andnigdtion
algorithms are used to improve network efficieney aespond to changes in network conditions. Optition
starts with receiving periodic channel informatidnaffic load and Power Estimation Ratio (PER) wesed to tune
modulation, power, frequency, and bandwidth [8].

The software radio network platform based on a idybmplementation of 802.11 physical layers usireneyal
purpose CPUs and a radio control board is propbgedu et al [13]. Although most of the transceiwain is
implemented in software, the system is currently able to support Non Contiguous-OFDM (NC-OFDM)
transmission and reception, which is the basicirement for the cognitive radio environment. Softevd&radio
Network (SRN) uses various cache optimization tephes and core dedication for specific functiofedit which
might require redesigning for a wider bandwidth CR.

MATERIALSAND METHODS

Optimization Algorithm and Parameter Analysis

The main purpose of the optimization algorithm dasuse the CR for the sub-carriers assignment angepo
allocation for each user [19-21]. When using thgodathm, we have assumed that the modulation tgphe same
for all subcarriers. In the optimization algorithmve have make use of the standard parameters tgzante
fairness by defining a lower bound of allowable fyem of subcarriers allocated to the radio netwdrke
optimization algorithm is analyzed for the improwemh of the spectrum efficiency. We have analyzedttade-off
between capacity and fairness for cognitive netaaovkile keeping low algorithm complexity.

However, in order to increase the efficiency of gigorithm and reduce the optimization delay arel gbwer is
equally distributed among the sub-carriers. Thistam set for each user is necessary in ordeatoutate the data
rate that each user will experience. For the pratpurposes, it is assumed that all sub-carriersredulated with
16-QAM modulation type (4 bits/symbol). Taking irdocount the symbol length for LTE systems, wh&h6.7.s,
the data rate per sub-carrier is 60Kbps. Thereliiskdayer capability that specifies the maximuimstant arrival
rate the system can support subjected to a givatitQof Service (QoS) requirement [1].
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I mplementation

The convergence of the wireless sensor networkRb & increasing day by day due to its efficiendhe goal of

the conceptual design is to utilize the key featuré the CRN as possible as it can, like the effitispectrum
utilization, software defined radio, etc. Althougte technology of this network is based on thelsitiginsmitter
and receiver, it still unveils the big potentiallafge scale wireless sensor network based onRi¢. @/ith the help
of LTE and CRN, it is possible to use signals fetedtion of non-contiguous spectrum as allocatatidcsecondary
user. The receiving energy can be calculated baseslich spectrum. The OFDM has visible relationstith the

target position and the amplitude based detectimereviocalization is practical when deploying tHeNC

The real OFDM signal needs to be implemented t fitore issues of real cognitive radio and morerélyos are

required which are not only based on the amplitmgiewhich are based on theories like optimizatiod enachine
learning. These can be introduced to improve thpalgidity or performance of the target sensing. Taokaboration

and synchronization for the data collection atedi#ht nodes will also have some impact on the dyeeeformance

in the CRN.

M ethodology Used

In the earlier research on the similar topics,va étomplexity algorithm for proportional resourcéoahtion in LTE
and CRN using OFDM signal is used. Here, the tanfé&te optimization algorithm was to provide thiarriers
assignment and power allocation for each user,naisguthat the modulation type is the same for abicarriers.
However, in order to increase the efficiency of sfgorithm and reduce the optimization delay, i baen assumed
that the power is equally distributed among the-cariers.

In this paper, a joint subcarrier and power allmcatmethod for CRN using OFDM signal. The impactroperfect
spectrum sensing is considered in the proposedgmmlwhich had been studied for capacity decrefskeol TE
using CRN. In the optimization algorithm, the fass is analysed by defining a lower bound of alole number
of subcarriers allocated to the radio network. ®pémization algorithm is analysed for the improwarhof the
spectrum efficiency and check trade-off betweeracip and fairness for cognitive networks in a lalgorithm
complexity.

RESULTSAND DISCUSSIONS

In this paper, we will show and discuss all of teeults obtained by the computer simulation progvenitten in

Matlab7. In this research paper, CR functionalifegsL TE systems using OFDM access technology ardied. CR
enhanced with context matching methods are capabteonly to learn from earlier optimizations thdtet
management configuration performed in the pastlad to take care and identify the same or sinaitantexts and
use known solutions leaving aside the optimizagimtedures.
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Fig. 1 Performance of cognitive radio network in terms of
impedance factor
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Fig. 2 Capacity and fairnessfor cognitive networks

Our further research procedure tries to find oghhevel information that is learned by the CR idear to apply that

in the future independently of the communicatiostsgn we are using. CR system performs even bétteerie are

a number of optimization procedures that take pfacesach one of the systems separately. It is péssible to
predict traffic cases using CR in the service aigag timestamps parameters. So, it is possiblh®CR system to
predict future problems and apply the correspondwigtions before the problematical situations aléyuoccur.

In Fig. 1, desired radio waveform at the transmiitegenerated. The MATLAB code is designed for énfect
spectrum sensing which was considered in the pezp@soblem. This figure is used for studying th@amity
decrease of the LTE based CRN. Our goal is to rg¢mebaseband multi-frequency signal with propguin
parameters for the subcarriers considered. The vidtid of the used signal is 10MHz which contains 64
subcarriers.

Here, subcarriers which are based on five zon#silCRN are studied. We have assumed a statilatein in the
service area where the Signal to Noise Ratio (SfdR}he users of each zone depends mainly on thtardie of
each zone from the centre of the subcarrier. InZjgor independent subcatrriers, it is considahed the ) value
will be above of the minimum threshold in ordercteeck that the users will be able to experienceises close to
the basic quality of service level. According tor @xploration, 50% of the users are randomly disted in the
service area in radio cognitive network. While gsihe optimization algorithm, the fairness is amaty by defining
a lower bound of allowable number of subcarrielscalted to the cognitive radio network.

The optimization algorithm is implemented and itsfprmance is analyzed for the improvement of thecsum
efficiency and check trade-off between capacity faithess for cognitive networks in a low algorittmmmplexity.
However, the change in parameters is not large ginbut still we have tried and tested the parameterthat we
can get results based on the solution which isigeavby the optimization module.

CONCLUSION

This paper presents the vision and challenge foirtiplementation and simulation of the wirelessssemetwork to
CRN. The goal of the conceptual design is utilize key features of the cognitive radio network assfble as it
can, like the efficient spectrum utilization, softve defined Radio etc. Although the simulation ésdxdl on the
single transmitter and receiver, it had shown tigepotential of large scale wireless sensor netwsaged on the
CRN.

The signal used for detection is based on com@pestrum as allocated to the secondary user. Tdedvieg
energy, calculated based on such spectrum hasevisilationship. Vision of the future large scafevireless sensor
network based on CRN with the target position,the,amplitude based detection and localizatigrastical when
deploying the wireless sensor network. The simaitagirchitecture of cognitive radio network is prase.
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