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ABSTRACT 
A traditional design for Cognitive Radio (CR) systems using Orthogonal Frequency Division Multiplexing 

(OFDM) – is mainly concentrate on throughput of the system, but in today Energy Efficiency (EE) of wireless 

networks become more and more significant. The interference between the licensed and unlicensed users is a major 

problem in the cognitive radio systems. On the way to avoid this several power allocation schemes have been 

developed to make best use of the broadcasting rate of CR user while maintaining the total interference introduced to 

the PU band below a threshold and the entirety power within a account. Dynamic spectrum management is used in 

CR networks. In this paper we present the different types of algorithms that are used to get better the allocation power 

in OFDM – based Cognitive Radio (CR) Systems.  
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1. INTRODUCTION 

Cognitive Radio (CR) is a smart radio network that can automatically sense available channels in a wireless 

spectrum and modify transmission parameters enabling more communications to run along with and also improve 

radio in service behavior. Cognitive radio uses a number of technology including Adaptive Radio (where the 

communications system monitor and adjust its own performance) and Software Defined Radio (SDR) where 

established hardware apparatus have been replaced with intelligent software.  

This paper deals the problem of two systems, one licensed and one named “cognitive”, which can share radio 

spectrum resources with the licensed one, if the cognitive device is on the way to use efficiently free spectrum holes, 

without interfering with the licensed communication service. One trendy transmission scheme of Cognitive Radio 

systems is called Opportunistic spectrum access (OSA), which allows Secondary Users to communicate over the 

spectrum hole where the licensed transmission is detected to be stationary.  

   Orthogonal Frequency Division Multiplexing (OFDM), It is a multicarrier scheme used to transmit the huge 

amount of digital information over a radio wave. The Information data delivered in parallel on these different bands. 

OFDM mechanism employs by dividing into smaller set of signals that can be transmitted simultaneously at various 

frequencies to the receiver. OFDM is a unusual case Frequency Division Multiplex (FDM). As an analogy, a FDM 

channel is like water flow out of a spout, in contrast the OFDM signal is like a shower, in a spout all water comes in 

one large stream and cannot be subdivided. OFDM have a shower is made up of a lot of little streams. 

 
Figure.1. Architecture of cognitive Radio Networks 

The architecture of Cognitive Radio Network is shown in Fig.1. It consists of licensed band and unlicensed 

band. The licensed band is nothing but the Primary Users (PU). Spectrum utilization can be enhanced significantly by 

making it possible for a secondary user (who is not being serviced) to access a spectrum hole unoccupied by the 

primary user at the correct position.  

Cognitive radio technology: The enabling technologies for CR networks are the cognitive radio techniques that 

provide the ability to segregate the spectrum in an opportunistic approach. Formally, a CR is defined as a radio that 

can change its transmitter parameters based on interface with its surroundings. The Cognitive Radio technology is 

having both the transmitter and receiver in a single system. It consists of sending and receiving antenna, wideband 

sensing, base band processing.  

 
Figure.2. Cognitive Radio transceiver architecture 
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Terminology: In CR Networks, The main problem is deceitful high-quality spectrum-sensing blocks and algorithms 

for swapping the spectrum-sensing in Cognitive Radio Networks. It has been shown that a simple energy detector 

cannot assurance the acknowledgment of present users, it is used to call for more convenient spectrum sensing 

techniques and in a position to know the information about spectrum sensing to be frequently exchanged the data 

between the nodes. Increasing the number of sensing nodes reduces the probability of false sensing. The major 

functions of the CR Networks are Spectrum Sensing, Power distribution and Spectrum Managing. 

Spectrum Sensing: The initial term of the Cognitive Radio (CR) Networks is spectrum sensing. In CR Networks, 

has two kinds of Users. Secondary Users must sense the spectrum to notice the being there of the Primary User for 

eliminating interference on Primary User. Then it is also used to spot the spectrum holes to be used for Dynamic 

Spectrum Access. Spectrum sensing is to take decision between two hypotheses, whether the primary user is there 

or not. Spectrum-sensing techniques may be grouped into three classes: 

Transmitter detection: Cognitive radios must have the ability to determine if a signal from a primary transmitter or 

licensed User is locally present in a allocated spectrum. There are many planned approaches to perceive the 

transmission: 

Matched filter detection: When the primary user signal is recognized to the CR user, the most favorable detector 

in stationary Gaussian noise is the matched filter. However, the matched filter needs a prior knowledge of the 

characteristics of the primary user. 

Energy detection: If the receiver not possible to gather enough information about the licensed user, the optimal 

detector is an energy detector. However, the response of this detector is vulnerable to uncertainty in noise power. 

Also, energy detectors frequently create false alarms triggered by unintended signals because they cannot distinguish 

the signal types. 

Cyclostationary-feature detection: In universal, the modulated data is characterized by built-in periodicity or 

cyclostationarity. This characteristic can be identified by analyzing a spectral correlation function. The key benefit 

of feature detection is its robustness to uncertainty in noise power. However, it is computationally difficult and 

requires significantly long observation times. 

Cooperative detection: It says that the spectrum-sensing methods where data from multiple cognitive-radio users 

is incorporated for primary-user detection. Although cooperative sensing reduces the probability of interference, the 

most powerful way to identify the spectrum holes is to detect the primary communication range of a CR user. Usually, 

the local oscillator (LO) leakage power produced by the RF front-end of the primary receiver is broken. However, 

because the LO signal is normally weak, implementation of a reliable detector is not trivial. Presently, this method 

is used in the detection of TV receivers. 

Interference-based detection: By tradition, interference is able to be controlled at the sender through the radiated 

power and location of individual senders. However, interference actually take part at the receivers. Therefore, 

recently a novel model for computing the interference, it is called as interference temperature; this model restricts 

the interference at the receiver through an interference temperature limit, which is the quantity of new interference 

the receiver could accept. Although this model is the nearly all excellent fit for the objective of spectrum sensing, 

the difficulty of this model lies in exactly noticed the interference temperature limit. 

 
Figure.3. Spectrum Hole Concept 

Power Control: Power control is used for both Spectrum sensing and as well as spectrum sharing in CR systems. It 

is used for finding the cut-off rate in SNR carrying the channel allocation and the primary user protection is enhanced 

with a particular interference power constraints. Power maximization is used the joint power control and spectrum 

sensing. While satisfying quality and capacity goals the important fact that the Transmitter power control in cognitive 

radio network assures interference free operation. Major function of the transmit power control paying attention on 

the maximum capacity of the link, maximum overall network capacity, or transmission at the minimum power level 

to maintain link.  

 
Figure.4. Transmit Power Control 
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Transmitter power level along with the attenuation of channel determines the quality of the received signal, 

the range of the transmission and the interference level it generates to the other receivers in the network. In order to 

investigate different transmit power control strategies for opportunistic radio spectrum access systems, Transmit 

power control (TPC) are progressed.  

Spectrum management: The spectrum managing is major role in the CR Networks. Spectrum Management is done 

by capturing the nearly everyone excellent available spectrum to convene the user communication requirements, 

while not creating unwarranted interference to the licensed users. Cognitive radios should make a decision on the 

best spectrum band of all bands available to meet up the requirements of quality of service; therefore, spectrum-

management functions are compulsory needed for cognitive radio systems. The functions are classified as: 

 Spectrum analysis 

 Spectrum decision 

The realistic implementation of spectrum-management function is a merged and versatile issue, since it must 

address a assortment of technical and legal necessities. Various types of architecture are available in CR Networks. 

The primary categorization is based on the architecture, either it can be centralized or distributed Cognitive Radio 

Networks. The following classification is based on allotment behavior, where the right to use of the spectrum can be 

supportive or non-cooperative. The third classification for spectrum sharing in CR networks is based on the access 

technology. Finally, spectrum sharing techniques are listening carefully on two kinds of solutions: spectrum sharing 

within a CR network (intranet work spectrum sharing) and among multiple simultaneous CR networks (internetwork 

spectrum sharing). 

2. RELATED WORK  

  A most important challenge is to design efficient resource allocation algorithms (spectrum sharing and power 

allocation) that work well in OFDM – based Cognitive Radio Systems. Subcarrier power loading is a ordinary 

technique to get better the system performance of CR systems, by optimally.  

Optimal Power Allocation Scheme: To investigate the nature of the energy-efficient problem, it considers only one 

primary user and one CR user in the CR Networks. The secondary user adopts an OFDM modulation, and the 

available bandwidth is separated into N subcarriers. The bandwidth of every subcarrier is W Hz, whereas the 

bandwidth occupied by the primary user is B Hz. The Newton’s method is used to locate the Lagrange parameters 

in a quadratic complexity. As the problem of the proposed algorithm can be fairly high, in what follows, we suggest 

a low-complexity suboptimal power loading algorithm. 

 
Figure.5. Distribution of primary and CR Users 

Frequency distribution of the primary and CR users is assumed in, and only the unoccupied band sensed by 

the CR system can be used for transmission. First it uses fraction programming to change the problem into a convex 

optimization problem and then offer the equivalent conditions.          

Suboptimal Power Allocation Scheme: In the optimal power allocation scheme, that make best use of the 

transmission capacity of the CR user while keeping the interference introduced to the PUs below the exact threshold. 

However, Several iterations are necessary and also the difficulty of the optimal system is also high. In order to reduce 

such complexity, it follows a two footstep process as follows.it has to observe the structure of the optimal explanation 

involves that the subcarriers are extremely close in spectral distance to PU bands.  

    Therefore, known a power allocation scheme which go beyond the interference threshold value. For that 

make use of nulling scheme and a stepladder-based allocation algorithm for such a state of affairs were proposed in. 

Heuristic schemes planned in this section are based on the reality that the interference introduced to a PU band by 

the CR user subcarrier increases. There are two categories of CR user bands as illustrated in Fig.5. One is neighboring 

only to one PU band (CR user band 1) and the other is bounded by PU bands on both sides (CR user band 2, 3, ...,L). 

The allocation of less power to the close to subcarriers advised that the power can be dispersed like a single ladder 

profile in CR user band 1 and like a step ladder profile in other CR user subcarriers (2, 3, ...,L), as shown in Fig.6. 

With this suboptimal algorithm for a given subcarrier by go for the minimum power value from 𝐿+1 power values, 

all constraints are fulfilled.  
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Figure.6. Power profile for suboptimal scheme 

However it may take place that none of these constraints is met severely. The total transmit power is strong-

minded such that the total interference introduced by all the subcarriers is equal to the interference threshold. Based 

on the step size of the power profile, it proposes two suboptimal schemes as follows. The schemes are Scheme A 

and B.  

Classical Loading Algorithms: The classical OFDM loading algorithms, the uniform power loading and water 

filling schemes, are suboptimal for such an interference limited scenario, as they do not have constraints on 

interference. In this scheme, uniform power is loaded into each subcarrier. In fact, this scheme is a special case of 

sub-optimal scheme A. Second method of method of classical loading algorithm is water filling scheme, in this 

scheme first we need to find the total power used by the uniform scheme I transmitting in the specified interference 

threshold. 

A risk return approach: This risk-return approach differs from traditional approaches in such a method that we 

could mock-up the chance in link capacity as a product of probability of intellect error/PU activity and average loss 

which is a function of owed power in the consequent subcarriers. Moreover, it can also include the consequence of 

the interference shaped by both users on each other. We extravagance the power billed to a subcarrier as an 

investment in the band. 

A CR scenario could be thought as a risky environment evaluated to a non-CR scenario which could be 

consider as a risk-free atmosphere. In a CR impression, loss of helpful power can be stand for as a rate loss whenever 

a PU reoccupies the channel or when there is an error in properly sensing the channel. 

There are two other possible of co-existence scenarios for PUs. The first one as proposed in is for a downlink 

OFDM-CR network scenario in which a PU band is present in the close district or adjacent to SU subcarriers, i.e., 

PU and SU are collocated in the identical region with side-by-side bands. 

The second co-existence scenario proposed in is an underlay scenario which considers the limit on the 

number of interference created to a PU, which is dwell in a particular set of subcarriers also used by the SU but is 

geographically situated at a certain distance from the SU. Both these scenarios restrict the SU to stay it’s transmit 

power level low without cause any hurtful interference to PUs. 

Water- Filling Factors Aided Search: We suggest a novel technique named water-filling factors aided search 

(WFAS) to overcome the EE optimization troubles with multiple constraints. Compared with the method in, the key 

benefit of WFAS is its broad applicability, since it does not limit the differentiability of the system pace function 

with respect to the total transmit power and second-hand in the wireless systems where the transmit power is attuned 

according to specified power levels or in the wireless systems where the bits and power loading are used. Compared 

with the fractional programming technique in, another gain of WFAS is its ease on structure, which permits WFAS 

to use again the resource of SE optimization algorithms and advances of the resource utilization. It proposes a basic 

version of WFAS method, which has much minor computation than the original WFAS method and also the 

fractional programming method in. It accepts the planned WFAS method to resolve the EE optimization trouble in 

OFDM-based CR systems with numerous constraints. The smallest amount of constraint and the rate proportional 

justice constraint are well thought-out as well. 

3. COMPARISON AND RESULTS 

To allocate  the power according to channel state information from all the primary users to attain maximum 

transmission competence to CR users by allowing  the  interference introduced  into  the  licensed  users  below  the  

threshold  limit. The transmit power could vary according to data rate of the multiple users.    

Table.1. Comparison of Related Literatures 

S.No Algorithm / 

Parameter 

Transmission 

Power 

Interference 

introduced to the PUs 

Complexity No of 

Iterations 

1 Optimal Power 

Allocation 

Higher Transmission 

power 

Low Less more 

2 Suboptimal Power 

Allocation 

Higher Transmission 

power 

Low More little 

3 Classical Power 

Loading Algorithm 

Least amount of 

power 

High More little 
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The  nonconvex  optimization  problem  takes  into account  to  take full advantage of the energy  efficiency  

measured  using  the  total throughput per  Joule  subject  to  the  total  transmit  power  and  interference constraints. 

The nonconvex optimization dilemma is transformed into an equivalent convex optimization problem using by 

parametric programming method. So that in future may use the power increment and decrement algorithm for 

allocating the power to the unlicensed user. In order to achieve higher efficiency of the system, probably the 

algorithm that already mentioned above will be used.            

4. CONCLUSION 

In OFDM-based Cognitive Radio Networks, the efficient power allocation is mainly concentrated in the 

systems. In this concept, it is having different algorithms for allocating the power in CR networks. In the most 

favorable power allocation method the frequency distribution of the primary users and CR users is assumed, and 

only the unoccupied band sensed by the CR system being used for transmission. The drawback of this method is a 

number of iterations required. In the Suboptimal allocating power scheme, taken account to that single ladder Profile 

and step ladder profile. The improvement of this proposal, that the total interference created by the subcarriers is 

equivalent to the interference threshold. In risk return approach method, it confines the SU to maintain its transmitting 

power level low without causing any interference to PUs. In the WFAS method, the lowest amount rate constraint 

and the rate proportional fairness constraint are measured as well. 
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