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Abstract 
 
Spectrum scarcity seems to be the most challenging issue to be solved in new wireless 
telecommunication services. It is shown that spectrum unavailability is mainly due to   
spectrum inefficient utilization and inappropriate physical layer execution rather than 
spectrum shortage. Daily increasing demand for new wireless services with higher data rate 
and QoS level makes the upgrade of the physical layer modulation techniques inevitable. 
Orthogonal Frequency Division Multiple Access (OFDMA) which utilizes multicarrier 
modulation to provide higher data rates with the capability of flexible resource allocation, 
although has widely been used in current wireless systems and standards, seems not to be the 
best candidate for cognitive radio systems. Filter Bank based Multi-Carrier (FBMC) is an 
evolutionary scheme with some advantages over the widely-used OFDM multicarrier 
technique. In this paper, we focus on the total throughput improvement of a cognitive radio 
network using FBMC modulation. Along with this modulation scheme, we propose a novel 
uplink radio resource allocation algorithm in which fairness issue is also considered. 
Moreover, the average throughput of the proposed FBMC based cognitive radio is compared 
to a conventional OFDM system in order to illustrate the efficiency of using FBMC in future 
cognitive radio systems. Simulation results show that in comparison with the state of the art 
two algorithms (namely, Shaat and Wang) our proposed algorithm achieves higher 
throughputs and a better fairness for cognitive radio applications.  
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1. Introduction 

Cognitive radio (CR) is an emerging technology that helps to utilize the unused parts of the 
spectrum in a more efficient manner. More precisely, it aims to increase the spectrum 
efficiency by allowing a number of secondary users to use the spectrum holes of licensed 
frequency channels without causing a harmful interference to the licensed users [1][2]. 
Multicarrier communication techniques have been considered as a promising candidate for 
cognitive radio systems as the granules of resources in such systems are much more than 
single carrier ones [3]. Orthogonal frequency-division multiplexing (OFDM) as a well-
known multicarrier system has been suggested as a candidate for CR systems. However, 
OFDM-based CR systems can introduce considerable amount of interference to the primary 
users (PU’s) due to large sidelobes of its filter frequency response. Moreover, it is well 
known that the insertion of the cyclic prefix (CP) at the end of each OFDM symbol in order 
to combat channel delays caused by multipath fading, decreases the system capacity.  

Recently, Filter Bank based Multicarrier (FBMC) systems are proposed for CR systems [4], 
[5]. It is not necessary to insert CP extension into the FBMC block and in comparison with 
cyclic prefix based OFDM system it shows higher robustness against frequency offsets. The 
most important advantage of using FBMC-based systems in CR networks is the low spectral 
leakage of their modulation prototype filters [6]. FBMC systems are based on offset 
quadrature amplitude modulation (OQAM) and in comparison with OFDM-based systems 
they achieve smaller inter-symbol interferences (ISI) as well as Intercarrier interferences 
(ICI), by utilizing well designed pulse shapes that satisfy the perfect reconstruction 
conditions [6]. The problem of uplink resource allocation has already been studied in the 
literature for OFDMA-based CR systems [7][8][9][10][11], without, however, considering 
fairness issues. The main idea of these works is a joint subcarrier and power allocation for 
cognitive users in order to minimize the overall computational operations. In [12], a 
multistep algorithm is introduced in order to allocate subcarrier, power, and rate for 
secondary users with fairness considerations in the uplink of an OFDMA system. In this 
algorithm, a fairness consideration is proposed to maximize the sum rate under individual 
rate and transmit power constraints. This algorithm considers a rate constraint for each user 
in order to level up each secondary user’s data rate. In [13], a two-step algorithm for 
resource allocation of an OFDMA based system is introduced. In the first step, subcarriers 
are allocated to each user, based on the channel quality and the amount of interference 
induced to the primary channels. Then in the second step, the available power is allocated to 
each assigned subcarrier. In this algorithm the fairness issue is considered in the subcarrier 
allocation procedure in which each secondary user has a data rate above a minimum 
specified threshold. Then power is allocated to each subcarrier by considering the 
interference imposed to each primary user. In [14], subcarrier and power-allocation schemes 
considering fairness issues in a cooperative orthogonal frequency-division multiple-access 
(OFDMA) uplink system are investigated. 

In this paper, we propose an efficient resource allocation algorithm with fairness 
consideration in FBMC-based and multicarrier-based CR systems. The objective is to 
maximize the total CR systems throughput while limiting the interference introduced to the 
primary system and to maximize the minimum data rate of each user in order to achieve an 
efficient fairness. The efficiency of the proposed algorithm is compared to OFDM based CR 
systems.  

The rest of this paper is organized as follows. The problem formulation and the system 
model of the FBMC uplink is described in Section II. The proposed subcarrier allocation 
algorithm with a fair rate allocation is discussed and proposed in Section III. In Section IV, 
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simulation results are provided and the computational complexity of the proposed algorithm 
is compared to existing algorithms and finally Section V summarizes the paper. 

2. System Model and Problem Formulation 
In this paper, we consider and simulate an uplink CR system with N subcarriers based on a 
model shown in Fig. 1. In this model, we consider just one primary user having a bandwidth 
equal to B Hz. The bandwidth of each subcarrier is Δf Hz. Assume a base station which 
provides CR communication for a number of M secondary users and also assume that there is 
only one pair of primary users including a transmitter and a receiver. The base station 
continuously senses the uplink channel occupancy condition of all subcarriers for each 
secondary user. We also consider a multipath fading channel between transmitters and 
receivers. 
 

 
Fig. 1. Frequency distribution of the proposed model 

Fig. 2 illustrates a view of the operation of CR base station which works in a given 
geographic area in which spectrum holes are available.  
 

 
Fig. 2. The uplink of a typical CR network, interferences between secondary and primary users are 

illustrated 

We cannot use primary bands until we find it as a frequency hole. Efficient spectrum sensing 
techniques can find out that if there is any spectrum hole or not [15][16][17]. Different 
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spectrum sensing algorithms for cognitive radio applications are reviewed and compared in 
[15]. In [16] some high performance spectrum sensing methods based on different types of 
filter banks in cognitive radio systems are proposed. In [17] another spectrum sensing 
method based on a filter bank method is proposed. This method uses overlap FFT processing 
and energy detection method to estimate spectrum holes in a cognitive radio system. 

  

 
Fig. 3. Block diagram of OFDM-based systems 

 

Fig. 4. block diagram of FBMC-based systems, transmitter and receiver 

CR system can use free primary bands provided that the total interference introduced to the 
primary system does not exceed Ith, which denotes the maximum interference power that can 
be tolerated by the primary system. This comes from Ith = TthB where Tth is the interference 
temperature threshold for the primary user system and B is the primary user’s total 
bandwidth. According to OFDM system block diagram that is shown in Fig. 3, in transmitter 
and receiver side we have two blocks for IFFT and FFT. There are also two blocks for cyclic 
prefix insertion and removing, but as it is shown in Fig. 4, In FBMC systems, instead of 
cyclic prefix which is needed in OFDM symbols, we have a Polyphase network block which 
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eases the overall computational complexity in the FBMC system. There is also an OQAM 
block in FBMC system which converts complex input symbols into real ones (pre-processing 
OQAM). 
The basic idea of this conversion is to transmit real symbols instead of complex ones through 
the radio channel. Orthogonality is achieved between adjacent subcarriers due to this time 
staggering [19]. The basic idea for using filter bank in multicarrier systems is due to its sharp 
power spectral density (PSD) figure. PSD side lobes of FBMC are negligible due to well-
designed filters. It is well known that OFDM with rectangular filtering has large side lobes in 
comparison with FBMC and it produces more interference to adjacent subcarriers. In Fig. 5 
we can see the power spectral density of one subcarrier in OFDM and FBMC systems.  

 
Fig. 5. Power spectral density of one subcarrier in OFDM and FBMC systems 

We can see that main-lobe in the PSD of subcarrier in FBMC system is as wide as main-lobe 
in the PSD of the same subcarrier in the same OFDM system and its side lobes are much 
lower than side lobes of the same subcarrier in the OFDM system. 

 
Fig. 6. Interference distribution of subcarriers in the SUs of OFDM and FBMC systems to the 

neighbor primary user subcarriers. 
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 According to interference table provided in [20] which is later expounded in [21] for FBMC, 
each OFDM subcarrier induces interference to at most 8 adjacent primary users’ subcarriers, 
while each FBMC subcarrier induces at most 1 primary user subcarrier.  
In order to follow the theoretical analyses of OFDM and FBMC systems which are detailed 
later, the normalized interference distribution of the secondary user’s subcarriers to their 
neighbor primary spectrum is depicted in Fig. 6 (this will be detailed later in equation 6). It 
can be seen in this figure that in the case of OFDM system, each subcarrier of secondary user 
may induce interference to almost 8 adjacent primary users’ subcarriers while in the case of 
FBMC this number is 1 subcarrier.  
In Fig. 7, a scheme of FBMC side lobes and ICI that is induced to adjacent primary user 
subcarriers is shown. As obvious from these figures, in FBMC system only one adjacent 
primary user subcarrier is influenced with ICI is produced by secondary user subcarrier and 
this advantage leads us to benefit devices that operate even in low interference thresholds.    
 

 Fig. 7. Induced ICI from FBMC based secondary user out of band power spectrum to primary user 
subcarriers.  

We use this method in our proposed algorithm in order to simplify subcarrier allocation 
calculations. In order to calculate the amount of interference that is induced to primary user 
spectrum which will be calculated later, we should have the PSD of subcarriers in secondary 
users. If we consider s(t) as transmitted signal on jth subcarrier in secondary user k and if we 
use rectangular prototype filter for subcarriers then power spectral density of subcarriers in 
OFDM based CR system can be written as: 
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Where Pi,k is ith Subcarrier amplitude of secondary user k and TS=TU+TG is total OFDM 
symbol length where TU is the effective OFDM length and TG is the guard interval for cyclic 
prefix extension [22]. In FBMC system the power spectral density of the jth subcarrier in one 
FBMC symbol can be written as: 
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Where Pj is the amount of power that is related to subcarrier j and Hj (f) is the frequency 
response of the jth prototype filter with coefficients h[n] for n = 0, ..., W-1. W = KN is the 
length of prototype filter, N is the number of systems subcarriers, and K is an overlapping 
factor that specifies the length of each Polyphase component or the number of subcarrier 
symbols which overlap in the time domain. In our algorithm, we use the prototype filter 
proposed in the Phydias project [23]. This filter is symmetric around the (KN/2)th coefficients 
and the first coefficient is zero. Then, according to [23] the magnitude of frequency response 
can be written as: 
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Where h[n] is defines as follows: 
 

[ ]

[ ] ( )
1

1

1

2

3

0 0

1 2 1 cos 2 ; 1 1

:
0.971960
0.707
0.235147

K
k

k
k

h

kih i H i KM
KM

where
H
H
H

p
-

=

=

æ ö= + -    £ £ -ç ÷
è ø

=
=
=

å
                           (4) 

 
In the case of OFDM based CR system Φss(f) (PSD of subcarriers) is defined (1) and for 
FBMC based CR system it can be written as follows: 
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Where Pi,k is the power of the ith

 subcarrier of secondary user k and H0(f) is the frequency 
response of the main prototype filter in FBMC system. 

In order to get the amount of interference induced from secondary users to PU band, 
I(SàP), we should calculate the out of band interference of each subcarrier for secondary 
users in PU band region (characterized by red bars in Fig. 7). We have M secondary users 
and N free subcarriers which have not been used, yet. According to frequency distribution 
model in Fig. 1, in OFDM and FBMC based CR systems, normalized proportion of the ith

 
subcarrier of the kth secondary user interference to primary user band is: 
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Hereafter, in order to simplify equations, we just mention (6) as Δi,k. In (6), Ptot is the total 
power of subcarrier and n is the subcarrier distance index and by multiplying it by Δf, we get 
the spectrum distance between the subcarrier and the PU band. Parameter γi,k in (6) is the 
fading channel gain between the ith

 subcarrier in the kth secondary user band and PU system 
(characterized by red flashes in Fig. 2). The function Фss (f) is the PSD of OFDM or FBMC 
subcarriers which have been defined in equations 1 and 5, respectively. 

It should also be mentioned that in addition to interference induced from secondary users 
to PU band, there exist some interferences from primary user band to secondary users. 
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Therefore the amount of induced interference to the ith subcarrier of the kth SU from primary 
user is: 
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Where Ψ(f) is the PSD of primary user and λi,k is the fading channel gain from PU to the ith

 
subcarrier of secondary user k. It is considered that PU and SU band are perfectly 
synchronized. 

Using the well-known Shannon capacity formula, we can compute the achievable 
throughput for each subcarrier in the uplink operation mode: 
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Where Ai,k is the fading channel gain between the ith subcarrier of secondary user k and base 
station (characterized by green flashes in Fig. 2) and σi

2 = σAWGN
2 + Ii

  is the variance of the 
additive white Gaussian noise (AWGN) plus the variances of all interferences induced by the 
PU. Practically, there exists interference from primary user into subcarriers of the FBMC or 
OFDM systems. As it is clear in Fig. 1, frequency band of the primary user is continuous, 
therefore the interference from the primary user to the secondary users arise from PSD of 
subcarriers in primary user that exist at the end of the primary user’s frequency band. 
Without loose of generality, we assume noise variance to be the same for all cognitive users 
and we will ignore the interference induced by the PUs to the SUs in order to simplify the 
simulations. But in reality these interferences exist and maybe affect the performance of 
neighbor SU subcarriers. Therefore, in the following analysis Ii doesn’t affect the variance of 
signals and there would be just signal to noise ratios (SNR) instead of signal to noise plus 
interference ratios (SNIR). 

Our objective is to maximize the total throughput of the CR system. In the uplink mode, 
each user has a specific amount of power and it is not allowed to cross this power level. The 
optimization problem, then, can be formulated as follows: 
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Where αi,k is the subcarrier allocation indicator, which is 1 when user k uses the ith

 subcarrier, 
and zero otherwise. Constraint 3 indicates that each subcarrier is allocated to just one user. 
As mentioned earlier, each cognitive user has a specific amount of total power and constraint 
4 is related to this subject. The total amount of interference that the primary user can tolerate 
is equal to Ith and this threshold level is prescribed by the PU total bandwidth and its 
interference temperature. Constraint 6 aims at maximizing the minimum throughput of all 
cognitive users and parameter Ck represents the total amount of the throughput that the 
cognitive user k produces, that is formulated as follows:  
 

, ,
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N

k i k i k
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C Ca
=

= å                                                                (10) 

 
This optimization problem is NP-hard and in order to simplify its solution, we need to first 
allocate subcarriers to cognitive users according to the aforementioned constrains. Then, the 
power allocation procedure can operate. In the following section, we introduce our proposed 
subcarrier allocation algorithm and then the power allocation procedure is discussed. 

3. Proposed Subcarrier Allocation Algorithm 
In the downlink operation mode, subcarriers are allocated to users whose signal to noise ratio 
is higher than other users. However, in uplink, the concept is different due to each user’s 
power constraint. In uplink subcarrier allocation, we should consider each user’s power 
constraint and interference that each cognitive radio induces to primary user band. In our 
proposed subcarrier allocation algorithm, we use the concept that is mentioned earlier in 
which each FBMC subcarrier induces at most 1 primary user subcarrier. This algorithm 
consists of three steps. In the first step powers are initially set to all subcarriers according to 
the earlier mentioned fact that in FBMC multicarrier system each subcarrier induces 
interference to at most one adjacent subcarrier, then these adapted powers will be used in 
step two. In step two, each subcarrier will be allocated to the user which has the biggest 
channel gain between itself and the base station for that subcarrier. Finally, there is an 
iterative process in step three that all residue subcarriers is allocated to each user which has 
the least data rate among all users. In this algorithm, A1 and A2 are sets of allocated 
subcarriers to secondary users whose out of band spectrum would induce interference to 
primary user accordingly in FBMC and OFDM systems and Ω is a set which indicates all 
unused subcarriers.  

 
Proposed Algorithm: Subcarrier allocation 
1) N1= Set of free subcarriers to the left sight of PU’s frequency band in frequency 

distribution model 
N2= Set of free subcarriers to the right sight of PU’s frequency band in frequency 
distribution model 
--------------------------------------------------------------------- 
If |N1

 

|≠∅ then N1
FBMC = {i} 

Else N1
FBMC=∅ 

If |N2

 

|≠∅ then N2
FBMC = {i+1} 

Else N2
FBMC=∅ 

--------------------------------------------------------------------- 
If |min {8, |N1|}|<9 then N1

OFDM= {1 to i} 
Else N1

OFDM= {i-7 to i} 
If |min {8, |N2|}|<9 then N2

OFDM= {i+1 to N} 
Else N2

OFDM= {i+1 to i+8} 
--------------------------------------------------------------------- 
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Set A1= N1
FBMC ∪ N2

FBMC  
Set A2= N1

OFDM ∪ N2
OFDM  

Set Ω = {1, 2, …, N} 
--------------------------------------------------------------------- 
Now for each user k, we compute the following pre-allocated powers for all unused 
subcarriers of FBMC and OFDM systems: 
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--------------------------------------------------------------------- 
2) Compute throughputs for each FBMC and OFDM systems: 

Set B= {1,2,…,M} 
Set Ck= 0   ∀ {k∈B} 

For k =1 to M { 
a) Find i which satisfying |Ai,k|≥|Aj,k| for all j∈Ω 
b) Ck= Ci,k , Ω = Ω-{i} 

} 
--------------------------------------------------------------------- 

3) Considering fairness: 
While Ω≠ ∅ { 
a) Find k* satisfying * kk
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After the above subcarrier allocation procedure, we can virtually consider convex 
optimization for one user multicarrier system and therefore optimization problem P1 will be 
updated as follows: 
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Where k in all of the above parameters represents the user that subcarrier i is already 
allocated to it, and Nk represents the set of subcarriers that are allocated to user k. Problem P2 
is a convex optimization problem [24]. The lagrangian of problem P2 can be written as 
follows: 

 

 
2*

, , * * *
2 , , , ,2

1 1 1 1
log 1

k

N N M N
i k i k

i k i k th k i k k i k i
i i k i N ii

P A
L f P I P P Pa b m

s= = = Î =

æ ö æ öæ öç ÷= -D + + D - + - -ç ÷ç ÷ç ÷ è ø è øè ø
å å å å å

 (12)

 

 
Where α, µi and k are non-negative Lagrange multipliers. The Karush-Kuhn-Tucker (KKT) 
conditions for this lagrangian problem are as follows: 
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Now in order to find the solution of the problem we should find powers which lead the 
derivation of lagrangian problem to zero,  
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We should consider also the total power and interference constraints in (11) for the above 
equation. After rearranging (14) and considering the KKT conditions the optimal solution of 
this problem can be written as follows: 
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Where [x] + is max (0, x). The Lagrange multipliers can be found numerically with several 
methods such as ellipsoid or interior point method [24].  

4. Complexity Analysis and Simulation Results 
In an optimal implementation, subcarrier and power allocation are performed jointly. 
Therefore, with M selection for each subcarrier, we have totally MN evaluation functions. 
Thus, after power allocation, the complexity of the algorithm would be of the order of 
O(N3MN) when the optimal solution is implemented, where N3 comes from the complexity of 
solving lagrangian problem for each evaluation function. This obviously means a 
considerable amount of calculations. Another jointly subcarrier and power allocation 
algorithm proposed by Wang et al. [18] has a complexity larger than O(N2M) and lower than 
O(N3M). In subcarrier allocation algorithm proposed by Shaat et al. [13], there are M 
evaluation functions for each subcarrier, therefore the complexity would be of the order of 
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O(NM). In our proposed algorithm in this paper, we have M evaluation functions for (N–M) 
subcarriers which are left after step 2 in the proposed algorithm. After subcarrier allocation, 
we can consider the whole system virtually as a single secondary user system and we will 
have power allocation complexity of O(N3) for these allocated subcarriers. Table 1 shows 
the computational complexity for different algorithms. 

Table 1. Complexity comparison of different algorithms 

Algorithm Complexity 
Optimal (Most complex) O(N3MN) 

Wang [18] Between O(N2M) and O(N3M) 
Shaat [13] O(NM)+O(N3) 

Proposed in this paper O((N-M)M)+O(N3) 
 
We have used the proposed model shown in Fig. 1, for a single cell cognitive system 
presented in Fig. 2. The overall results are averaged for 500 iterations. The value of σi

2 is 
assumed to be 10-6 and without loose of generality, we assumed that the PU will not induce 
any interference to the secondary system. In this model, we have M = 10 SUs and the 
bandwidth of primary system is B = 10 MHz. Then, we have totally 96 subcarriers where 32 
of them have been obtained as occupied band. This means that these are already used by the 
primary system. Therefore, we have N = 64 subcarriers left for SUs. We compared this 
proposed algorithm with two other subcarrier allocation algorithms, Shaat et al. [13] and 
Wang et al. [18]. According to Fig. 8, it can be seen that FBMC has a higher achieved 
capacity even in low allowable interference thresholds, in comparison with OFDM systems.  
 

 
Fig. 8. Capacity versus interference threshold for different resource allocation methods. 

Also, simulation results show that our proposed algorithm results in a better capacity 
achievement in comparison with other two competitive algorithms. Wang’s algorithm is a 
well-known power allocation method. However it doesn’t consider the fairness issue and the 
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objective of its resource allocation algorithm is to maximize the total throughput. This 
algorithm is considered in the simulation part of this paper, just to be compared with other 
algorithms in terms of its fairness. Wang’s algorithm consists of two steps, subcarrier and 
power allocation steps. In power allocation step, it proposes a sub-optimal algorithm in order 
to assign power to the allocated subcarriers. Therefore, capacity increase in proposed and 
Shaat’s algorithms upon Wang’s algorithm is due to the power allocation step. The power 
allocation in those algorithms is based on Lagrangian method, which is an optimal one, 
while power allocation in Wang’s algorithm is a sub-optimal one. In our proposed algorithm, 
similar to Shaat algorithm, after subcarrier allocation to secondary users, we apply the same 
optimal power allocation algorithm in order to compare performances of these two subcarrier 
allocation algorithms. As the power allocation algorithms in the proposed algorithm and 
Shaat’s algorithm are the same, it is clear that the capacity increase of the proposed 
algorithm in comparison with Shaat’s algorithm, comes from the subcarrier allocation step. 
This subcarrier allocation was proposed based on interference thresholds on primary band 
and the idea of considering the maximum number of interfering subcarriers on primary user 
band. For the rest of the results, the optimal solution of the problem 1 (P1) will not be 
simulated due to the high computational complexity, especially when the number of 
subcarriers and secondary users are increased.  
In Fig. 9, as it could be seen, power allocation in FBMC has higher achieved capacity than 
OFDM in higher transmitted powers. Also, simulation results show that our proposed power 
allocation algorithm results in a better capacity achievement in comparison with other two 
competitive algorithms.  
 

 
Fig. 9. Capacity versus power for different resource allocation methods. 

In Fig. 10, the fairness issue for Ith = -40 dBm among secondary users of our proposed 
algorithm and two other algorithms are shown. We observe that the proposed algorithm has 
the most fairness in comparison with other algorithms, and in a statistic point of view, it has 
lower variance in comparison with other algorithms, among all secondary users. As it is 
mentioned earlier, Wang’s algorithm doesn’t consider fairness issue and it is clear in Fig. 10 
that this algorithm has the worst fairness, compared to the other algorithms. The fairness 
issue in the proposed algorithm is actually considered in the step 3 of the proposed subcarrier 
allocation algorithm (see step. 3). In step 3 the remaining subcarriers which have the best 
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channel gains are iteratively allocated to weak secondary users that have the least capacity. 
The goal in this step is to minimize the capacity variance among different secondary users. 
Again, the subcarrier allocations for Shaat’s and our proposed algorithms are different, but 
the power allocation is the same. Therefore, we can see in Fig. 10 that the difference 
between the fairness of algorithms results from subcarrier allocation part. In order to 
compare the fairness criterion in several power allocation algorithms that are shown in Fig. 
10, the standard deviation of the users’ capacities are shown in Table 2. 
 

Fig. 10. Fairness among secondary users for different resource allocation methods. 
 

Table 2. Standard deviation of the capacity for different secondary users, for different resource 
allocation algorithms 

Methods Standard deviation 
Proposed-FBMC 0.2 

Shaat-FBMC 0.5 
Wang-FBMC 0.67 

Proposed-OFDM 0.06 
Shaat-OFDM 0.08 
Wang-OFDM 0.12 

 
We can see in this table that the proposed algorithm has the least standard deviation of the 
capacity for different secondary users, and Wang algorithm has the biggest standard 
deviation. 

5. Conclusion 
In this paper, we proposed an efficient subcarrier allocation algorithm for uplink in a single 
cell CR FBMC-based system and we compared it with two other algorithms (Shaat et al. [13] 
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and Wang et al. [18]). Our proposed algorithm is separated into three steps. In the first step, 
we initialize and define the adjacent subcarriers to the PUs then we predefined each 
subcarriers power according to the interference that adjacent subcarriers induced to the 
primary system. In step 2, we predefined each user capacity according to the channel quality. 
Finally in step 3, we assigned the remaining subcarriers to users that have the lowest 
capacity.  It was shown that our proposed algorithm outperforms other algorithms in terms of 
total achievable throughput and the difference of achievable data rate between all secondary 
users is minimized with this proposed algorithm.  
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