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Abstract—The focus of this paper is to find a robust power control strategy 
with uncertain noise plus interference (NI) in cognitive radio networks 
(CRNs)in an under orthogonal frequency-division multiplexing (OFDM) 
framework. The optimization problem is formulated to maximize the data rate 
of secondary users (SUs) under the constraints of transmission power of each 
SU, probabilistic the transmit rate of each SU at each subcarrier and robust in-
terference constraint of primary user. In consideration of the feedback errors 
from the quantization due to uniform distribution, the probabilistic constraint is 
transformed into closed forms. By using Lagrange relaxation of the coupling 
constraints method and subgradient iterative algorithm in a distributed way, we 
solve this dual problem. Numerical simulation results show that our proposed 
algorithm is superior to the robust power control scheme based on interference 
gain worst case approach and non-robust algorithm without quantization error 
in perfect channels in the improvement of data rate of each SU, convergence 
speed and computational complexity. 

Keywords—Cognitive radio networks, robust power control, probability con-
straints, orthogonal frequency-division multiplexing (OFDM) 

1 Introduction 

In recent decade, the explosive growth of various wireless services has led to the 
increasing demand for limited radio spectrum. In addition, the traditional fixed spec-
trum allocation strategies and the inefficiency of utilized spectrum are great bottle-
neck and largely challenged by many wireless applications [1]. In order to solve the 
problem of the spectrum shortage and inefficient utilization and to satisfy the user 
needs, cognitive radio (CR) is developed to improve the network spectrum efficiency 
by allowing secondary users (SUs) to intelligently sense and opportunistically access 
those spectrum holes temporarily unused by licensed primary users (PUs) [2] and [3-
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4]. That means the CR has to be the frequency-agile radio with flexible spectrum 
shaping abilities [5]. 

In CR system, the transmit power of each user is the main source of interference to 
other users. Therefore, the power control is necessary and naturally one of the key 
technologies of this system. A power allocation strategy is proposed to either maxim-
ize the average data rate or minimize the outage probability of SU in cooperative and 
non-cooperative spectrum sensing in [6]. In [7], an optimal power control scheme is 
presented in cooperative dynamic spectrum access networks with diverse the quality 
of service (QoS) constraints. In downlink and uplink scenarios, two-phase mixed 
distributed/centralized control algorithm is proposed that requires minimal coopera-
tion between secondary and primary devices in [8]. In order to maximize the output 
SNR and  limit the interference to one PU in Rayleigh fading channel, an adaptive-
power control scheme is given in [9].  In [10], with perfect interference power infor-
mation, a distributed power control algorithm is proposed for cognitive radio net-
works (CRNs). In [11-12], transmit power and data rate allocation algorithms are 
presented based on the lower bound of the signal-to-interference-plus-noise ratio 
(SINR) of each SU. Unfortunately these algorithms do not consider the influence 
from the uncertainty of interference-plus-noise (NI) to the communication quality of 
SU. A robust power control scheme using the transition matrices to capture the chan-
nel information is proposed by robust dynamic programming for the optimization of 
the worst-case performance in [13]. Since the statistical behavior of PU and the state 
transition probabilities of the channel are difficult to accurately described, the interval 
matrix uncertainty model and the likelihood uncertainty model are introduced to solve 
robust power control problems. However, the interference uncertainty in the channel 
is often not considered, which will increase the outage probability of users in CRNs. 
In underlay CRNs, a robust distributed uplink power allocation algorithm to maxim-
ize the social utility of SUs is presented in [14], when the interference from PUs to the 
base station of SUs is uncertain. 

After the analysis of the above literatures, we proposed a probabilistically robust 
power control (PRPC) algorithm for OFDM based cognitive radio networks under 
noise plus interference uncertainty. Specifically, our objective is to maximize the data 
rate of SU on all subcarriers to satisfy the probability constraint which the transmit 
rate of each SU less than the desired transmit rate at each subcarrier for the quantized 
NI error. We also give the comparison to show the performance of PRPC algo-
rithm with the interference gain worst case approach given in [15] and the non-
robust algorithm by computer simulation results. 

The rest of this paper is organized as follows. The system model of the CR net-
works under the frame of OFDM and non-robust resource allocation problem are 
described in Section 2. Section 3 gives a probabilistical robust power control problem 
formulation. A robust distributed scheme derived from Lagrange optimization method 
is proposed to maximize transmit data rate of each SU on all subcarriers in Section 4. 
Numerical results are given to demonstrate the effectiveness and performance of the 
proposed algorithm by the comparison of several existing algorithms in Section 5. 
Finally, the conclusion is given in section 6. 
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2 System model 

In this paper, we assume that there are N secondary users (SUs) and K subcarri-
ers in OFDM-based cognitive radio network. In order to ensure the reliable communi-
cation of each SU, the transmit power should not be more than its maximum thresh-
old, that is power budget. Thus we have. 
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Where i
kp  represents the transmit power of the transmitter i  of SU at the subcarri-

er k  . max
iP is the maximum transmitting power of the SU . 

In order to satisfy the communication quality of PU at each subcarrier, the crucial 
constraint is that the interference from all SUs at each subcarrier should not exceed 
the acceptable threshold at that subcarrier [16-17] as follows 
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k k kp I T+ !   (2) 

Where max
kT indicates the maximum allowable interference at the subcarrier k

which the PUs can tolerant. i
kI  indicates the noise plus interference (NI) experienced 

by the SU i  at the subcarrier k . It can be defined as 
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Where i
k!  and ij

k!  denote the normalized background noise power at the receiver 
input of the SU i  on the kth subcarrier and the normalized interference gain between 
the transmitter of the SU j and the receiver of the SU i  over the subcarrier k  respec-
tively. 

The optimization objective is to maximize the transmit data rate of each SU at all 
subcarriers through adjusting transmit power of SU at each subcarrier. And simulta-
neously to satisfy constraints (1) and (2) respectively. To realize these goals, power 
allocation problem without imperfect system information can be expressed as 
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However, due to random nature of wireless channels and channel estimation errors 
in practical communication environment, the associated channel information is diffi-
cult to be obtained accurately. 

Therefore, the robustness of power control problem should be considered. 

3 Probabilistically robust power control problem formulations 

Actually, due to imperfect channel estimation and quantization errors, the actual NI 
in (3) can not be reliable to obtain. In this case, parameter uncertainty is inevitable in 
real wireless communication systems. In order to alleviate the impact of such uncer-
tainty impacts on the CR system, we guarantee the performance of SUs regarding i

kd  
as existing the random variable by power allocation to maximize their data rate for all 
subcarriers, i.e. 

 
( )( )log 1
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Where {.}rp represents probability operator. i
kd denotes an auxiliary variable that 

serves as a lower bound on the achievable rate on the kth  subcarrier with probability
i
k! , where [0,1]i

k! "  denotes the probability that the power allocation { }ikp can 

support the rates{ i
kd }. 

Our objective is to maximize the transmit data rate of each SU at all subcarriers, 
simultaneously to satisfy constraints (1), (2) and (5). Then the robust power control 
problem under probability constraints can be formulated as 
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4 Robust power control algorithm 

In this section, a robust power control algorithm is proposed to solve the transmit 
data rate problem of (6) for each SU on all subcarriers in CRNs. 

After the simplification of (5), we can get 
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By introducing a new variable 2 1
i
kdi

k! = " , problem (6) can be rewritten as  
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From (8), we can obtain  
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Where i
k!  describes the relative error in the NI on the kth  subcarrier. It can be de-

fined as follows 
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Where i
kI
!

represents the estimate of the quantized NI of the i  SU over the kth  

subcarrier. i
kI! denotes the corresponding quantization error. 

In the OFDM-based CRNs, we mainly consider feedback errors coming from 
quantization. If the receivers need finite number of bits to feedback the quantized NI,  
i
k! is assumed to follow uniform distribution on the interval [ , ]i i

k k!" " .Since the trans-
mitters know the number of bits used for quantization of the NI, they can determine 
the maximum errors i

k! . Thus the third constraint from (9) can be expressed as 
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From (11), we have 
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that is, (10) can be rewritten as follows 
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Since the constraints on { i
k! } are decoupled across subcarriers, we can eliminate {

i
k! }.Thus the power optimization problem can be formulated as 
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Where 1 2i i i i
k k k k! = + " # " $  and 0.5, 1.i i

k k! > " <  
Obviously, the optimization problem (14) is a non-convex. According to convex 

optimization theory [18], the power control problem (14) can be converted into a 
convex one 
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The Lagrange function of problem (15) can be defined as 
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Where 0i! " and 0i
kµ ! represent Lagrange multipliers. 

Therefore, according to the decomposition method of the Lagrange relaxation of 
coupling constraint proposed in [19], we provide a subgradient algorithm to solve the 
dual problem. Then the dual function of (15) is 
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The dual problem (15) is given by 
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According to KKT conditions, the optimal transmit power of each SU at the sub-
scribe can be obtained by solving the following equation 
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We can update the Lagrange multipliers by the subgradient iteration algorithm as 
follows 
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Where [ ] max{0, }y y+ = . t denotes the iteration time, and ( ), ( )t t! " are the 
nonnegative step sizes. 

The robust distributed power control algorithm is summarized as follows. 

Step1.Initialized 0t = , 0
!

(0) >i
kI , max0 (0)i i

kp p! ! , max
ip > 0 ,

max
kp > 0 , i! > 0 ,

0i
kµ > , 0i

k! > , [0,1]i
k! " , 0ij

k! > , i! , k! . 
Step2. Measured the interference gain between the transmitter of the SU j and the 

receiver of the SU i over the subcarrier k , and background noise power at the receiver 
input of the SU i on the kth subcarrier. 

Step3. Updated the Lagrange multipliers according to (22) and (23). Increase the 
current iteration number by 1. 

Step4. Calculated pk
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Step5. Determined the transmit power vector satisfies ( 1) ( )i i
k kp t p t+ ! "#, 

(where!  is an error tolerance factor), stop the iteration; otherwise, go to step 2. 

5 Simulation result and analysis 

In this section, simulation results are presented to verify the effectiveness of our 
proposed probabilistically robust power control algorithm (PRPC) in the previous 
section. We also compare the performance in the proposed algorithm with the robust 
power control scheme (RPC) based on interference gain worst-case approach in [15] 
and the non-robust algorithm which ignores the quantized NI error under perfect 
channels. 

Under our OFDM framework, we suppose that there are three active SUs and three 
subcarriers, i.e. 3, 3N K= = ,. The maximum transmit power ipmax for each SU is 1 to 
guarantee the QoS of SUs. The background noise and the interference gain are ran-
domly chosen from the intervals ( )10,0.1/N! and ( )1N/10 !  respectively. For the 
proposed PRPC, the quantized NI relative error follows a uniform distribution for all 
SUs over [ , ]i i

k k!" " . For description convenience, let [0,1]i
k! = !"  for all ,i N k K! ! . 

The simulation results are given from Fig. 1 to Fig. 7. 
First, we give the robustness of our algorithm on the transmit rate of each SU and 

the sum-rate of three SUs in the exited quantized NI relative errors in Fig.1 and Fig.2 
to show the effects of the quantized NI uncertainty in the feedback channel, we as-
sume that the probability i

k! = !  is 0.995 which implies large quantized NI relative 
errors. 
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(a) The transmit rate of SU1 in all subcarriers 

 
(b) The transmit rate of SU2 in all subcarriers 
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(c) The transmit rate of SU3 in all subcarriers 

Fig. 1. Transmit rate of each SU at all subcarriers by different algorithms 

In Fig.1, we compare the transmit rate of each SU at each subcarrier under differ-
ent given algorithms with the proposed algorithm. Since the estimated quantized NI 
error is ignored in the non-robust algorithm, the transmit rate of each SU in the pro-
posed algorithm is less than that of the non-robust algorithm. Under our proposed 
algorithm, it is shown that the transmit rate monotonously decreases with the increas-
ing quantized NI relative errors ! . When !  is randomly selected from the interval 

[ ]0,0.4 , we can obtain that the transmit rate of each SU at all subcarriers of PRPC 
algorithm is more than that of the robust algorithm with consideration of the back-
ground noise and interference gain uncertainties. 

 When !  is randomly chosen from the interval [ ]0.6,1 , the transmit rate of each SU 
at all subcarriers is less than that of RPC algorithm. Because the background noise 
and interference gain uncertainties in the proposed algorithm are greater than that of 
the RPC algorithm. 

In Fig.2, we can obviously observe that the sum-rate of three SUs demonstrates the 
same result as the transmit rate of individual SU with different ! . 
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Fig. 2. Sum-rate of three SUs by different algorithms 

 
(a) The transmit rate of SU1 in all subcarriers 
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(b) The transmit rate of SU2 in all subcarriers 

 
(c) The transmit rate of SU3 in all subcarriers 

Fig. 3. Transmit rate of each SU at all subcarriers by different algorithms 
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In Fig.3, we present the impact of the probability ! ( [0.5,1]!" ) on the transmit 
rate of each SU at each subcarrier under different algorithms. It is clear that the region 
of the quantized NI relative error extends with the increasing ! . For a given ! , if !
increases, the transmit rate of each SU over all subcarriers decreases. In addition, for a 
given ! , if ! increases, this transmit rate decreases. Therefore, ! and !  are the two 
major factors that can affect the transmit rate of each SU at each subcarrier. 

From Fig.4, when ! is chosen in the interval [0.5,0.77]  and 0.6! < , we can see 
that the sum-rate of three SUs at all subcarriers is more than that of RPC algorithm 
based on worst-case approach. Because the background noise and interference gain 
uncertainties in our proposed algorithm are less than that of the  worst-case for RPC 
algorithm. 

 
Fig. 4. Sum-rate of three SUs at all subcarriers by different algorithms 
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Fig. 5. Sum-rate of SUs vs. the quantized NI relative errors uncertainty !  
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Fig. 6. Sum-rate of three SUs vs. maximum transmit power of each SU at all subcarriers 

In order to describe the effects of max
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=

!"  vs. the sum-rate of SUs, we assume 

that the interference threshold is larger than the average maximum transmit power of 
each SU at each subcarrier, that is max

max /
i

kT P K>> , and maxi i
k k kp I T+ ! is inactive. 

Hence according to max
1

K
i i
k

k
p P

=

!" , for a given ! , if the maximum transmit power max
iP  

of the SU i increases, the sum-rate of SUs increases too in Fig.6. 
In Fig.7, we show the system performance under multiple SUs and multiple sub-

carriers. As expected, the total throughput of all SUs increases with the decrease of !
in different combinations. Since the transmission power of each SU at all subcarriers 
should not be more than its maximum transmit power and the received SINR decreas-
es with the increasing number of SUs and ! , there are much more interference at the 
SU-Rx for a given number of subcarriers. With the increasing number of subcarriers 
or ! , the system throughput gradually increases for a given number of SUs. 
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Fig. 7. System throughput vs. number of SUs, subcarriers and !  

6 Conclusions 

In this paper, we pay more attention to the robustness consideration that it is diffi-
cult for secondary users (SUs) to obtain exact information of wireless channel in cog-
nitive radio networks (CRNs), which may cause communication interruption for SUs, 
and becomes one of major concerns in multiuser OFDM-based CRNs. By taking the 
transmission rate of each SU over each subcarrier as a main performance metric, we 
transform this optimization problem into a tractable convex problem solved by dual 
decomposition method to obtain a new robust power control algorithm under the 
uncertainty of interference plus noise power, the introduced probability constraint, 
and the other two constraints. Simulation results prove that the proposed robust power 
control approach can improve the transmission rate of each SU, and satisfy the QoS 
constraints of both PUs and SUs. Additionally, the performance of the proposed algo-
rithm is superior to that of RPC algorithm based on interference gain worst-case ap-
proach and non-robust algorithm (i.e., without considering quantization error on per-
fect channel condition). 
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