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Abstract—Resource allocation is one of the major challenges in 
wireless communications including cognitive radio networks. In 
these networks secondary users try to coexist with primary ones. 
We consider a data communication scenario in which utility 
obtained by a user measures its quality of service (QoS). This 
utility is quantified based on success of the user for correct 
transmission of information bits. To provide primary users 
protection, a threshold tolerable interference is determined for 
them. Therefore, transmit powers of secondary users should be 
controlled in a way that the aggregate interferences for primary 
users are not exceeded from the predefined extent. A utility-
based joint power and admission control (U-JPAC) algorithm is 
presented for data networks, in order to allocate radio resources 
in an efficient manner to the requesting links, while the 
interference constraints are not violated and considering the total 
utility of secondary users as the objective. Simulation results 
show that the proposed algorithm performs efficiently in 
maximizing total utility of cognitive data networks considering 
primary users protection compared to the similar previous 
algorithm. However, a small outage increment is occurring. It is 
illustrated by simulation results that U-JPAC algorithm is 
efficient in both single and multiple primary user scenarios. 

 
Keywords-Cognitive radio; underlay spectrum sharing; power 

and admission control; game theory; optimization problem 

I. INTRODUCTION 

The recent researches represent that the major reason of 
inefficient spectrum utilization in wireless networks is 
applying the static policies for spectrum management [1]. 
Using Cognitive Radio Technology for dynamic spectrum 
sharing extremely improves the spectrum efficiency. 
Cognitive Radio is a wireless communication model in which 
a wireless user changes its communication parameters to have 
an efficient communication avoiding interference to the other 
users. These changes are applied according to different factors 
inside or outside of the radio environment, including radio 
frequency spectrum, users’ behavior and network status. Game 
theory and optimization problem are two powerful tools for 
dynamic resource allocation in wireless networks including 
cognitive radio networks (CRNs). 

Users in a CRN are divided into to two sets; the primary 
users (PU) and the secondary users (SU) which are equipped 
with cognitive radio equipment. The former refers to the users 
with spectrum access license but, they seldom use the 

available spectrum completely. The underutilized spectrum is 
called white space. The latter refers to the unlicensed users 
that are allowed to use the spectrum only when the PUs are 
provided by their requirements. The most important thing to 
consider is that SUs are not allowed to degrade the QoS of 
PUs. There are two modes for spectrum sharing in CRNs. 
Spectrum overlay is the mode in which the SUs try to find the 
idle time or frequency slots to avoid conflict to the PUs, 
whereas in spectrum underlay, which is considered in this 
paper, the SUs try to control their transmit powers to limit the 
interference they cause for the primary receivers so that the 
simultaneous transmissions by PUs and SUs are possible [2]. 

On the other hand, in wireless communications, it is 
required to quantify the satisfaction of users by accessing the 
radio resources. There are different definitions for satisfaction 
levels of users in wireless networks. Particularly, in the voice 
networks a user is satisfied when it gets a specific SINR, 
whereas in data networks there is not a specific SINR 
satisfaction level for a user. Therefore, users try to achieve the 
maximum possible number of information bits received 
correctly at receiving point in data networks [12]. Numerous 
efficient works are proposed for resource allocation especially 
power control in voice communication cases considering 
SINR at receiving point of a user as its QoS measure. In 
contrast to these works, we propose a power and admission 
control method based on a game-theoretic approach in [11] to 
obtain a Pareto optimal net utility (total utility of SUs) for data 
communications in CRNs. Indeed, we employ a predefined 
utility function to measure success of a user to transmit 
information bits correctly as its QoS. Some proposed 
admission control methods providing maximum possible 
numbers of SUs by the required QoS are as follows.  

In [4], three classes of transmitter removal algorithms; 
one-by-one removals, multiple removals, and joint power 
control and link removal, are compared to each other. The 
admission control algorithms proposed in [5], are designed to 
be applied with power control jointly in high load network 
states. These single and multiple removal algorithms provide 
basic requirements of SUs while the aggregate interference in 
secondary receivers does not exceed the tolerable threshold. A 
joint power and admission control for both PUs and SUs in an 
underlay cognitive scenario is proposed in [6], which 
considers the interference constraints to guarantee the QoS 
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Figure 1. System model for M=1, N=2. 
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௜ߛ ൌ ݃௜݌௜∑ ݃௝,௜݌௝ே௝ୀଵ,௝ஷ௜ ൅ ேܲ೔ ,   ݅ ൌ 1, … , ܰ    ሺ2ሻ 

Where, ேܲ೔  is the total noise and interference received 
from PUs on the secondary receiver ݅ . Hence, the utility 
function for SUs is transformed as, ݑ௜ ൌ ൫1ܴܮ െ ݁ିఊ೔ ଶ⁄ ൯௠݉݌௜ , ݅ ൌ 1, … , ܰ   ሺ3ሻ  

Therefore, we can interpret ݑ௜  as the number of correct 
information bits received at receiving point ݅  per one joule 
consumed energy. To provide SUs by QoS requirements, it is 
required to maximize sum of their utilities. On the other hand, 
to provide QoS requirements of PUs it is required to determine 
some constraints on aggregate interference received by 
primary receiving points. Therefore, assuming that 
interference between PUs is negligible, interference 
constraints of PUs can be expressed as, 

෍ ݄௜,௞݌௜ே
௜ୀଵ ൑ ݇   ,  ௞ܫ ൌ 1, … ,   ሺ4ሻ    ܯ

Where, ௞ܫ  is the predefined threshold for aggregate 
interference on primary receiving point ݇ . The constraints 
presented in Equation (4) indicate that SUs are allowed to 
increase their transmit powers and obtain their required QoS 
while the total interference they create on receiving side of 
PUs does not exceed the tolerable extent. In most related 
works the objective is to maximize the number of SUs in 
network that are achieved to minimum desired SINR while PU 
protection is provided. Recall that in data communications it is 
more desired to maximize the net utility; however the number 
of preserved SUs may be decreased. Therefore, in this paper 
the objective is to maximize net utility, considering 
interference constraints of PUs in Equation (4). We transform 
the selecting problem to an optimization one and solve it to 
attain a transmit power vector for SUs under a maximum 
power constraint in a way that PUs protection is provided. We 
have the optimization problem as, 

max ௧ܷ௢௧௔௟ ൌ ෍ ௜ߙ lnሺݑ௜ሻே
௜ୀଵ ൌ ෍ ௜ߙ lnሺܴܮ൫1 െ ݁ିఊ೔ ଶ⁄ ൯௠݉݌௜ ሻே

௜ୀଵ , ሺ5ሻ 

෍ ݋ݐ ݐ݆ܾܿ݁ݑݏ ௜݄௜,௞ே݌
௜ୀଵ ൑ ,௞ܫ ݇ ൌ 1, … ,  ሺ5ܽሻ       ܯ

௜݌                 ൑ ݅      ,௜,௠௔௫݌ ൌ 1, … , ܰ                       ሺ5ܾሻ 

Notice that we transformed the net utility to a weighted 
sum of all SUs utilities. Employing the weights ߙ௜ୀଵ,…,ே , we 
can apply a fairness policy to allocate radio resources to SUs. 
The solution of this optimization problem provides a power 
vector for users which results optimized net utility while PUs 
protection is provided. However, the obtained power control 
method is centralized. Hence, it is not desired for wireless 
networks.  

In the next section, we will propose an efficient distributed 
approach which employs a non-cooperative power control 
game with pricing (NPGP) for power allocation [11].Then, a 

link removal method will be introduced to optimize the net 
utility considering interference constraints of PUs. 

III.  UTILITY-BASED JOINT POWER AND ADMISSION 
CONTROL ALGORITHM 

As we mentioned before, in high load network conditions, 
in which the exceeded interference between active users may 
cause QoS degradedness consequences, an admission control 
method is required to preserve the secondary links that do not 
make interference constraints violation for any primary 
receiving points. In [5], interference constraint aware Stepwise 
Maximum Interference Removal Algorithm (I-SMIRA) which 
is the most related work of ours is presented to select the 
appropriate subset with the maximum possible number of 
satisfied active SUs. The, I-SMIRA is defined based on a 
related efficient admission control algorithm in [4]. These 
algorithms employ an efficient DCPC algorithm proposed in 
[3] for power control phase. Two different cases of violation 
based on two different kinds of constraints, are considered in 
[5] as follows, 

Case 1: Interference constraints for all PUs are satisfied 
but QoS requirements of SUs are violated. 

In this case, the algorithm removes the link which has the 
most QoS constraints violation and/or creates the most amount 
of interference to other links in each removal step. 

Case 2: Interference constraints for all PUs are not 
satisfied.  

In this case, I-SMIRA removes the secondary link which 
creates the most interference for primary receivers and creates 
or receives the most interference for/from other secondary 
links in a defined weighted average sense in each removal step 
[5]. Recall that, I-SMIRA and some other related works 
consider QoS requirements of SUs as receiving a minimum 
SINR on the receivers. 

We will present an admission control considering cases of 
violation similar to I-SMIRA but, we discover QoS violation 
for SUs when the net utility is less than a specific extent. 

A. Non-cooperative Power Control Game with Pricing 

In [11], an N-player NPGP is proposed as ௖ܩ ൌሾܰ, ሼ ௜ܲሽ, ሼݑ௜௖ሺ. ሻሽሿ . This game solves a multi-objective 
optimization problem that is expressed as, ሺࡼࡳࡼࡺሻ݉ܽݔ௣೔א௉೔ݑ௜௖ሺ࢏࢖, ሻ࢏ିࡼ ൌ ሻࡼ௜ሺݑ െ ܿ௜ሺ݌௜, ݅,ሻ࢏ିࡼ ൌ 1, … ܰ.           ሺ6ሻ 

Where, ௜ܲ  is the strategy space of user ݅ that is a convex, 
compact set as ൣ0,  ሻ is the utility function definedࡼ௜ሺݑ ,௜,௠௔௫൧݌
in Equation (1), and ܿ௜ሺ݌௜,  .݅ ሻ is a pricing function for user࢏ିࡼ
The existence and uniqueness of equilibrium solution point of 
the game is proved in [11]. The authors defined the pricing 
function of a player as a linear function of its transmission 
power in order to deal with self-optimizing behavior of an 
individual user that cause QoS degradedness for the others and 
consequently degrades net utility. In this paper, we introduce 
another form of pricing function that is defined to apply PUs 
protection in the CRNs. We define the pricing function as, 
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ܿ௜ሺ݌௜, ܲି ௜ሻ ൌ ௜݌ ෍ ௞݄௜,௞ெߤ
௞ୀଵ ,        ݅ ൌ 1, … , ܰ.    ሺ7ሻ 

Where, ߤ௞ୀଵ,…,ெ  would be considered as large positive 
constant factors. In this game, each SU tries to maximize its 
utility but, it must to pay the price for using recourses 
proportional to the amount of total interference it causes for 
PUs. The NPGP is performed between all the SUs requesting 
to access radio resources in each power control phase of the 
U-JPAC proposed in this paper. The net utility resulted by the 
game, may not be the optimized extent that could be obtained. 
The objective is to select the desired subset of SUs that cause 
maximum possible net utility.  

B. Admission Control 

We use two cases mentioned before to choose the 
secondary link which should be removed in each removal step. 
To discover the violation case1, we compare the obtained net 
utility with an optimal extent. Therefore, QoS requirement 
violation is occurred for SUs if net utility is considerably less 
thanܷ௠௔௫. Let ܷ௠௔௫denote the objective net utility value for 
SUs that is resulted by the game with pricing function in [11]. 
Hence, we employ the utilities of users as the removal 
criterion. Therefore, our algorithm removes the link that has 
the minimum utility in each removal step. This is because of 
channel gain of this link is negligible and/or it receives a large 
amount of interference from the other SUs. Therefore, we 
choose the candidate link to be removed as, ݆כ ൌ  ௝ൟ ,        ሺ8ሻݑ௅൛א௝݊݅݉݃ݎܽ

Where ܮ denotes the requesting SUs set. In this case, a 
booster parameter is introduced as, ߜ ൌ כ௝ݑ௠௔௫,כ௝ݑ ,                        ሺ9ሻ 

Where ݑ௝כ,௠௔௫is the desired utility of ݆כ. The power vector 
of remaining links is multiplied to this parameter to increase 
the users’ utilities and decrease the probability of removal 
occurrences in next step. Therefore, the game is performed 
between the remaining users with the powers increased 
proportional to the QoS requirement violation occurred in 
previous step which caused undesired net utility. 

On the other hand, to discover the interference constraint 
violation occurrences we use a definition similar to that 
defined in [5] to measure the degree of violation at primary 
receiving points as, 

௞ߟ ൌ ௞ܫ െ ෍ ݄௜,௞݌௜ே
௜ୀଵ   ,    ݇ ൌ 1, … ,  ሺ10ሻ       ܯ

In case2, we introduce a removal criterion which measures 
the aggregate interference each SU creates for PUs and its 
utility, 

כ݆ ൌ ௅א௝ݔܽ݉݃ݎܽ ൝෍ ௝݌ ௝݄,௞ெ
௞ୀଵ െ  ௝ൡ,       ሺ11ሻݑ

Therefore, in this case the proposed U-JPAC algorithm 
removes the link which creates the largest amount of 
interference for PUs and has the channel with low gain and/or 
receives a large amount of interference at the receiving point 
in each removal step. To decrease the probability of removal 
occurrences in next step a reducer parameter is multiplied to 
the power vector of remaining links as, ߝ ൌ ∑ כ௝݌ ௝݄כ,௞ெ௞ୀଵ∑ ∑ ൌ1ெ௞ୀଵ݅ܰ݇,݄݅݅݌ ,    ሺ12ሻ     

So that, they perform the game with powers that is reduced 
proportional to the interference violation occurred in previous 
step. 

IV.  SIMULATION RESULTS 

A coexisting scenario similar to Fig. 1 is considered. 
Secondary transmitters are randomly located in a 
1000m×1000m square area. Each secondary receiver is 
randomly located in a 500m×500m square area in which its 
intended transmitter is located at the center. The channel gains 
for communication or interference link between transmitter ݅ 
and receiver ݆  is calculated by the simple path loss model ܿ ݀௜,௝ସ⁄ , where c=0.097 and ݀௜,௝ is the distance between 
transmitter and receiver. The total noise and interference at all 
secondary receiving points are considered as ேܲ೔ ൌ ேܲబ ൌ10ିଵ଴  Watt. Maximum transmit powers for all secondary 
transmitting points are considered as 0.2 Watt. We consider 
equal weights for all requesting links. 

Fig. 2, shows the net utility versus the number of 
requesting secondary links for algorithms I-SMIRA and U-
JPAC as compared with the results of optimization problem 
solved by MATLABT, considering single and multiple PU 
scenarios. As it is evident, when the network load is low, both 
proposed U-JPAC algorithm and I-SMIRA improve the net 
utility as compared to the optimization method. The reason is 
that in low network condition both distributed methods 
remove successfully the links that have low utilities and cause 
net utility downfall. Moreover, the figure illustrates that the U-
JPAC method improves the net utility in high load network 
condition as well. In contrast, for the case of I-SMIRA, the net 
utility dramatically declines as load is increasing.  

Fig. 3, indicates the number of admitted links versus 
number of requesting links for U-JPAC algorithm and I-
SMIRA. Evidently, the U-JPAC method results a small outage 
increment rather than I-SMIRA. This decrement in acceptance 
capacity of network is negligible, taking into account the 
significant improvement of net utility 

It is illustrated by Fig. 2, and Fig. 3, that the proposed U-
JPAC algorithm efficiently works for high load network 
conditions to preserve the most number of requesting links 
while the net utility is maximized and interference constraints 
are not violated. 

V.  CONCLUSION 

We proposed a distributed joint power and admission 
control algorithm which is applicable for data communication 
networks. We use the utility of a user to measure its QoS. The 
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utility function denotes number of information bits which 
received in receiving point of user correctly consuming one 
joule of energy. The algorithm includes two phases; in the first 
phase, a NPGP is performed between requesting links in 
which the pricing function is defined to allocate users' powers 
in a way that interference constraints considered for PUs 
protection are satisfied. Then, a link removal algorithm is 
performed to optimize the net utility by removing the links 
which cause intolerable interference for PUs and/or achieves 
the minimum utility. Both phases are performed jointly until 
the net utility is maximized while PUs protection is provided. 
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