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Abstract— Cognitive Radio (CR) is a novel concept for 

improving the utilization of the radio spectrum. It is a 

software controlled radio that senses the unused frequency 

spectrum at any time from the wide but congested wireless 

radio spectrum. This promises the efficient use of scarce 

radio resources. Orthogonal Frequency Division 

Multiplexing (OFDM) is a reliable transmission scheme for 

Cognitive Radio Systems which provides flexibility in 

allocating the radio resources in dynamic environment. It 

also assures no mutual interference among the CR radio 

channels which are just adjacent to each other, making it one 

of the best schemes to be used in CR systems. Allocation of 

radio resources is a major challenge in cognitive radio 

systems. In a dynamic environment, many parameters and 

situations have to be considered which affect the total data 

rate of the system. A Secondary users (CRUs/SUs) may 

coexist with the Primary user (PU) either on Conservative 

basis or on a more aggressive basis which allows secondary 

transmissions as long as the induced interference to the PU 

is below acceptable level. In this we have considered Uplink 

cognitive radio system heaving one PU coexists with M SUs 

and A Downlink of an Multi User Orthogonal Frequency 

Division Multiplexing CR system with one base station (BS) 

serving one PU and K SUs. We focused on the design on the 

design and analysis of subcarrier and power allocation 

scheme under imperfect CSI for cognitive OFDM systems. 

A two – step Algorithm for bit rate is proposed to obtain the 

(1) subcarrier allocation to secondary users and (2) bits, 

power allocation on subcarriers. The algorithms attempt to 

maximize the total throughput of the CR system (secondary 

users)       subject to the total power constraint of the CR 

system and tolerable interference from and to  the licensed 

band (primary users). 
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I. INTRODUCTION 

In performance analyses of wireless communication 

systems, it is often assumed that perfect channel state 

information (CSI) is available at the transmitter. This 

assumption is often not valid due to channel estimation 

errors and/or feedback delays. To ensure that the system can 

satisfy target quality of service (QoS) requirements, a 

careful analysis which takes into account imperfect CSI is 

required. Orthogonal frequency division multiplexing 

(OFDM) is a modulation scheme which is attractive for use 

in a CR system due to its flexibility in allocating resources 

among CRUs. The problem of optimal allocation of 

subcarriers, bits, and transmit   powers   among   users   in   

a   multiuser-(MU-) OFDM   system   is   a   complex 

combinatorial optimization problem. In order to reduce the 

computational complexity, the problem is solved in two 

steps by many suboptimal algorithms: (1) determine the 

allocation of subcarriers to users and (2) determine the 

allocation of bits and transmit powers to subcarriers. The 

resource allocation in MU-OFDM based CR systems based 

on Partial Channel State Information. Assumption the CSI 

is acquired perfectly at the CRUs and is feedback to the BS 

with delay seconds. The Channel experiences frequency 

selective fading and Doppler Shift Relying on Partial CSI, 

we maximize the total data rate while maintaining a 

prescribed (BER) for a fixed transmit power and mutual 

interference .we analyze the impact of partial CSI on the 

wireless transmission. 

II. SYSTEM MODEL 

 
Fig. 1: Primary User band of Width    and Secondary user 

sub-bands, each of width   . 

We consider an Down-link Multi User OFDM 

cognitive radio system with ONE base station (BS) serving 

1PU and  K CRUs. The basic model in is summarized here 

for our convenience. The PU channel is    Hz wide and 

the bandwidth of each OFDM subchannel is    Hz. On 

either side of the PU channel, there are     OFDM 

subchannels. The PU band width is surround on each side 

by     subcarriers with each subcarrier occupying a band 

of width    Hz. The subcarriers are used for transmission 

to the secondary users using OFDM. As the BS can 

transmit simultaneously to the both primary and secondary 

users, the primary user`s signal can cause interference to 

the secondary users and vice-versa. The BS has only 

partial CSI and allocates subcarriers, transmit powers, and 

bits to the CRUs once every OFDM symbol period. The 

channel gain of each subcarrier is assumed to be constant 

during an OFDM symbol duration. 

The power spectral density (PSD) of the     

subcarrier signal is assumed to have the 
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Where      denotes the subcarrier     transmit signal 

power and    is the symbol duration. 

On the either side of the PU channel, there are     

OFDM subchannels .the BS has only partial CSI and 

allocates subcarriers, transmit powers, and bits to the 

CRU1s once every OFDM symbol period. The channel 

assumed to be constant during OFDM symbol duration. 

Suppose that    is the transmit power allocated on 

subcarrier   and    is the channel gain of subcarrier  n from 

the BS to the PU. 

The resulting interference power spilling into the PU 

channel is given by 

  (     )            (1.1) 

Where, 
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represents the interference factor for subcarrier,    is the 

spectral distance between the center  frequency of  

subcarrier   and  that  of  the  PU  channel,  and    (   ) 

denotes  the normalized baseband power spectral density 

(PSD) of each subcarrier. 

Let      be the channel gain of subcarrier n from the 

BS to CRU    and let    (   )  be the baseband PSD of the 

PU signal. 

The interference power to CRU  k  on subcarrier   is 

given by 

  (1.3) 

Let     denote the transmit power allocated to 

CRU   on subcarrier  . For QAM modulation, an 

approximation for the BER on subcarrier   of CRU   is  

(1.4) 

Where      is  the  one-sided  noise  PSD  and  

     is  given  by  (1.3).  Rearranging  (1.4),  the maximum 

number of bits per OFDM symbol period that can be 

transmitted on this subcarrier is given by 

            (1.5) 

Where, 

       (    , -)       and ⌊ ⌋ denotes the floor 

function. 

Equation (1.4) shows the relationship between 

the transmit power and the number of bits loaded on the 

subcarrier for a given BER requirement when perfect CSI is 

available at the transmitter. We now establish an analogous 

relationship when only partial CSI is available. 

The imperfect CSI that is available to the BS is 

modeled as follows. We assume that perfect CSI is 

available at the receiver. The channel gain,    , for 

subcarrier   and CRU   is the outcome of an independent 

complex Gaussian random variable, that is,     
  (    

 ) corresponding to Rayleigh fading. For 

clarity, we will denote random variables and their 

outcomes by uppercase and lowercase letters, respectively. 

For notational simplicity, we will use   to 

denote an arbitrary channel gain    . The BS receives 

the CSI after a feedback delay          where     is the 

OFDM symbol duration. We assume that the noise on the 

feedback link is negligible. Suppose that    is the channel 

gain information that is received at the BS, then   ( )   

  (      )  
The correlation between   and    is given by 

 {   
 }      

         (1.6) 

Where, the correlation coefficient,  , is given by 

        (       )   (1.7) 

Represent the correlation coefficient by Jake`s 

model, In (6) and (7),   ( ) denotes the zeroth-order 

Bessel function of the first kind,    is the Doppler 

frequency,  * + is the expectation operator, and   
  denotes 

the complex conjugate of     

The minimum mean square error (MMSE) 

estimator of   based on       is given by 

 ̅   { |      }      (1.8) 

The transmitter obtain an unbiased channel 

estimate   based on partial CSI received from the receiver 

through the feedback channel; before update feedback 

arrives, the transmitter treats   as deterministic, and in 

order to account for CSI imperfections , it relies on an 

estimate of the true channel  , which is formed as 

From (1.6), the actual gain can be written as 

     ̅         (1.9) 

where,          (    
 ), with   

    
 (  | | ). 

The  transmitter  treats h as  deterministic  and  

updates  its  value  when  the  next  feedback becomes 

available. 

III. MULTI USER RESOURCE ALLOCATION PROBLEM 

FORMULATION 

Based on the partial CSI available at the BS, we wish to 

maximize the total  CRU transmission rate while 

maintaining a target BER performance on each subcarrier 

and satisfying PU interference and total BS CRU transmit 

power constraints. Let    ̅̅ ̅̅ ̅̅ , - denote the average BER on 

subcarrier, and let    ̅̅ ̅̅ ̅̅
0 represent the prescribed target 

BER, that  can be different from subcarrier. 

Therefore, we can formulate constrained 

optimization problem as follows: 

(1.10) 

Subject to 

(1.11) 

           (1.12)

  (1.13) 

      (1.14)

            (1.15) 

                      (1.16) 

Let       *   + be a subcarrier allocation indicator 

function, i.e.,       if and only if subcarrier   is allocated 

to user  . To  avoid  excessive  interference  among  CRUs,  

it is assumed that each subcarrier can be used for 

transmission to at most CRU at any given time. 

       (1.17) 

Where        is the total power budget for all 

CRUs,        is the maximum interference power that can 

be tolerated by the PU, and the     term represents the 

nominal bit rate weight (NBRW) for CRU  , and 

 (1.18) 

Denotes the total  bit rate achieved by CRU    . 

Constraint  (1.11) ensures  that the average BER for each 
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subcarrier is below the given BER target. In equalities 

(1.12), (1.13) & (1.14) correspond to the power and 

interference constraints, respectively. In equality (1.15) 

reflects the condition that any given subcarrier can be 

allocated to at most one user (1.17) reflects the 

proportional fair among CRU`s. 

When ignoring inequality (1.11), it is easy to drive 

the relationship between transmit power and bits  .However,  

we  can`t  derive  the relationship  between  directly from 

inequality (1.11). 

We solve the expectation of    ̅̅ ̅̅ ̅̅ , - first. Suppose 

the     subcarrier is allocated to     CRU. 

Constraint (1.11) ensures that the average BER 

for each subcarrier is below the given BER target. 

Constraint (1.12) states that the total power allocated to all 

CRUs cannot exceed       , while constraint (1.14) ensures 

that the interference power to the PU is maintained below 

an acceptable level       . Constraints (1.15) result from 

the assumption that each subcarrier can be assigned to at 

most one CRU. Constraint (1.17) ensures that the bit rate 

achieved by a CRU Satisfies a proportional fairness 

condition. 

Based on (1.9), we calculated the average of the 

right hand side (RHS) of (1.4), treating     as an outcome 

of an independent complex Gaussian Variable. For an 

arbitrary vector 

    (   ) 

We have the following: 

 (1.19) 

Where I denotes the identity matrix. Applying 

(1.19) to (1.4), we obtain 

(1.20) 

Where,  ̅       
 

, and    
 

 denotes the channel 

gain that is feedback to the BS. 

From (1.20), an explicit relationship between 

minimum transmit power and number of transmitted bits 

cannot be easily derived. However, since    ̅̅ ̅̅ ̅̅ , -  in (1.20) 

is a monotonically decreasing function of    , we obtain the 

minimum power requirement while satisfying the constraint  

in  (1.11)  by  setting    ̅̅ ̅̅ ̅̅ , -        ̅̅ ̅̅ ̅̅
0 . We  now  derive  a  

simpler,      albeit approximate, relationship between the 

required transmit power,    ̅̅ ̅̅ ̅̅  , and the number of 

loaded bits. 

When setting, 

and 

the RHS of (1.20) has the from 

 

  (1.21) 

With      ⁄   the function   ( ̅    ) is Rician 

distributed with Rician   distributed with Rician factor 

   (1.21). A Rician distribution with    can be 

approximate by a Nakagami    distribution (1.22) as 

follows: 

(1.22) 

 With      ⁄  , where    (    )
 
 (     )  

Therefore, we approximate the RHS of (1.20) by 

 (1.23) 

Then, from (1.23), we obtain 

                (1.24) 

Where,   (      )(         )     , from 

(1.24), we obtain The maximum number of bits in a symbol 

transmitted on this subcarrier   is set  to 

     (1.25) 

Where, 

 (1.26) 

IV. SUBCARRIER ALLOCATION 

A. Algorithm: SA 

for     to number of subcarriers do 

 find     *       + which maximizes 

(| ̅  |
    

 ) (  (        ))   
 Using (   ), calculate the number of bits loaded on 

 Subcarrier 

   as      with                
 initialize  ̂ to 0; 

 if      > 2 then 

 subcarrier   is available, increment  ̂ by 1; 

 else 

 subcarrier   is not available; 

 endif 

end for 

For each     *       +, initialize the number,   , of 

subcarriers allocated to CRU   to 0 

calculate   ; 

for   = 1 to  ̂ do 

 find the value,  , of     *       + which 

minimizes 

          
 allocate subcarrier   to CRU  ; 

 Increment    by one. 

 end for 

B. Pseudocode 1:  

Pseudocode for subcarrier allocation algorithm. 

V. BIT ALLOCATION 

A. Algorithm: MA: 

Initialize Population P;  

{Input:X_i=[x_i1,x_i2,….,x_iN], 

 i=1,2,….,pop_size} 

 P=Local_Search(P);  

 for i=1 to Numbe_of_Generatio do 
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 S=select For Variation(P); 

 S^'=crossover(S); 

 S^'=Local_Search(S^'); 

 add S^' to P;  

 S^''=mutation(S);  

 S^''=Local_Search(S^'');  

 add S^'' to P;  

 P=select For Survival(P);  

 end for 

 return P.{Output:X_i=[x_i1,x_i2,….,x_iN] 

 i=1,2,….,pop_size}  

B. Pseudocode 2:  

Pseudocode for the mathemetic algorithm. 

VI. SIMULATION RESULTS 

 
Fig. 2: Average Total CRU Rs Vs Total CRU 

Transmit Power for     ,       - with Different   . 

 
Fig. 3: Average Total CRU Rs Vs Total CRU 

Transmit Power for    ,       - with Different    

VII. CONCLUSION 

The optimal resource allocation in MU-OFDM systems 

based on partial CSI is still an open issue. In this paper, 

we analyze the effects of partial channel state 

information on the resource allocation  problem  in  MU-

OFDM  based  cognitive  radio  systems.  Based  on  

obtained partial CSI at the transmitter, the average BER 

should satisfy the given BER target during transmission. 

As the function of average BER is to complex, we apply 

a Naka gami- distribution to approximate the original 

function. A simple function, which is close to the original  

function,  is  derived.  The  resource  allocation  problem  

in  MU-OFDM  based cognitive radio systems is 

computational complex. In order make the problem 

tractable, we  solve  the  problem  into  two  steps.  Firstly,  

we  apply  a  simple  SA  algorithm  for subcarrier 

allocation. Then we apply a simple at efficient memetic 

algorithm to solve the bits allocation problem. Different 

cases of partial CSI and bit rate requirements are 

studied.simulation  show  that  partial  CSI  has  great  

impact  on  the  wireless  transmission.  In addition, due to 

user diversity, the total bit rate decreases when the data the 

data rate requirements become less uniform. 
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