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This paper studies energy-efficiency (EE) power allocation 
for cognitive radio MIMO-OFDM systems. Our aim is to 
minimize energy efficiency, measured by “Joule per bit” metric, 
while maintaining the minimal rate requirement of a secondary 
user under a total power constraint and mutual interference 
power constraints. However, since the formulated EE problem 
in this paper is non-convex, it is difficult to solve directly in 
general. To make it solvable, firstly we transform the original 
problem into an equivalent convex optimization problem via 
fractional programming. Then, the equivalent convex 
optimization problem is solved by a sequential quadratic 
programming algorithm. Finally, a new iterative energy- 
efficiency power allocation algorithm is presented. Numerical 
results show that the proposed method can obtain better EE 
performance than the maximizing capacity algorithm. 

Keywords: Energy efficiency, power allocation, MIMO-
OFDM, cognitive radio. 

I. Introduction 

Energy-efficient (EE) wireless communications have great 
ecological and economic benefits and are becoming more and 
more important in future wireless systems [1]. 

Recently, an EE technique was introduced to cognitive 
radio (CR) systems for resource allocation, something that 
has become a hot topic of late. For CR OFDM systems, [2] 
proposed a search method making use of a water-filling 
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factor to solve the energy-efficiency power allocation (EEPA) 
problem. In [3], the EEPA problem is addressed via 
parametric programming, which is then followed by the 
presentation of an iterative algorithm. For CR MIMO 
systems, [4] studied the EE optimization problem of CR 
MIMO broadcast channels to improve system throughput for 
unit energy consumption. In [5], the throughput and EE 
optimization under quality-of-service constraints for CR 
MIMO systems are studied. In [6], a promising framework of 
spectrum sharing strategy selection, based on EE, is proposed 
for CR MIMO interference channels.  

In this paper, we study the EEPA optimization for CR 
MIMO-OFDM systems. We try to minimize the energy 
efficiency of a secondary user (SU) and maintain the minimal 
rate requirements, without causing excessive interference to 
primary users (PUs). Since the EEPA problem is non-convex, 
to find the optimal solution the problem is first transformed into 
an equivalent convex problem via fractional programming (FP) 
[7]. Then, an optimal iterative algorithm based on sequential 
quadratic programming (SQP) [8] is presented. 

II. Signal Model and Problem Statement 

This paper considers the same CR network as described in 

[9]. In this CR network, there is a cognitive base station (CBS) 

and an SU coexisting with L PUs. The set of PUs is denoted by 

 1, 2, ... , .LL  Here, we consider the downlink scenario, 

whereby the CBS is equipped with Nt antennas and an SU has 

Nr antennas. Each PU is equipped with one receive antenna. 

The CR network adopts OFDM modulation for transmission. 

The available bands for an SU are divided into N subcarriers 

and the bandwidth for each subcarrier is f  Hz. According to 

[9], the rate of the ith subcarrier is defined as 
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where min min( , )t rn N N , N0 is the additive white Gaussian 

noise (AWGN) variance, pij is the transmit power at the ith 

subcarrier at the jth antenna, and aij are the singular values of 

the Hi ( r tN N
i C H  is the channel matrix between CBS and 

an SU in the ith subcarrier). The mutual interference power 
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where the channel fading gains between the jth transmit 

antenna and the lth PU on the ith subcarrier are l
ijg . The 

interference factor of the lth PU on the ith subcarrier is l
ij  

[10].  
The EE of the CBS is defined as 
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where c  denotes power-amplifier efficiency and Pc denotes 
the power consumption of circuits and base-station facilities. 

In this paper, our objective is to minimize EECBS; therefore, 
the EEPA problem is formulated as the following OP1: 
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where µ is the objective function value, l
thI  is the interference 

threshold of the lth PU, Pmax is the total power budget of CBS, 

and Rmin is the minimal rate requirement.  

III. Optimal EEPA 

It is difficult to solve OP1 directly, since it is non-convex. 

Here, we first transform the problem into a convex problem by 

using FP [7] and then propose an optimal power allocation 

method based on SQP [8]. We define the elements of the 

vectors  min ,N np  min ,N nl   min ,N na  and 

 min2+( ) ,L N n c p  respectively as 
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Then, OP1 can be rewritten in vector form as OP2 
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Before solving OP2, we introduce a new problem OP3 as 
follows: 
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λ is positive parameter, and   denotes the feasible region of 
OP2.  
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the optimal value and solution of OP3, respectively. Then, OP2 
and OP3 can be related to each other by the following lemma 
[7]. 

Lemma 1.  The optimal solution, * ,p  achieves the 
optimal value 

* *( )  p  of OP2, if and only if, ( ) 0    
and 

* *. p p  
By lemma 1, solving OP1 is equivalent to solving problem 

OP3 for a given λ and then updating λ until Lemma 1 is 
satisfied. In the following, SQP is used to solve OP3 for a 
given λ. The Jacobian matrix J(p) of c(p) is defined as 
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The Lagrangian function is  
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where ( , )H p   is the Hessian matrix of ( , )L p  ; the 

elements of which are defined as 

 
   

 

2

2

2

0

[ ]
,

, = ln 2 [ ] [ ]

0 .

L

mn

f n
m n

N n n

m n

  
 


   




a

H p a p  

(10) 
The SQP method iteratively improves the estimates of 

( , )t tp   by finding the correction vectors ( ) ( )
Tt t T t T  ps = s s  

at the tth iteration to construct the new estimates as follows: 
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where t p  and 
t  are non-negative step sizes. The vector st is 

obtained by solving the following problem: 

( , ) ( ) ( ) ,
Tt t t t T t T     Q p s g p c p       (12) 

where g(pt) is the gradient of the Lagrangian function (8); the 
elements of g(p) are 
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The step sizes 

t p  and 
t  also need to be addressed 

according to the solution point. To measure the progress, a 
merit function ( ) p  is used. The step size t p  is selected so 
that ( )t t t  p pp s  is sufficiently smaller than ( ),t p  while 

t  is set to be either t p  or 1. Here, we use the augmented 
Lagrangian penalty function to define the merit function 

2
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where 
2

2
  represents the second-order norm, ω is a constant 

to be chosen, and 
1
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Here, 0( ( ))f , p represents the gradient of function 

0 ( ).f ,p  The multipliers ( )p  are the least-squares 
estimates of the optimal multipliers based on the first-order 
necessary conditions, that is, KKT conditions. Generally, ω is 
selected sufficiently large so that the merit function ( , ) p  
is bounded below. Now, we present the optimal EEPA 
algorithm based on FP and SQP, which is tabulated as follows: 

Algorithm. EEPA. 

1: Initialization: initial 0 0( , ),p  * 0
0 ,p p  and 

0( ) p  

2: for max=0,1, ... ,   

3:    update 
*

+1 ( )   p  

4:    for max=0,1, ... ,t t  

5:        calculate ( , )t tQ p   and ( ) ( )
Tt t T  g p c p  

6:        solve (12) to get st 
7:        select 

t p  such that ( ) ( )t t t t   p pp s p  

8:        update the estimates via (11) 
9:     end for 

10:    update max*
1

t
  p p  

11: end for 

Note: The detailed proofs of the convergence of the inner 
loop (SQP) and outer loop (FP) can be found in [8] and [7], 
respectively. 

IV. Performance Simulation  

In this section, some numerical results are presented to 
evaluate the performance of the proposed scheme. Here, we 
assume the existence of three PUs (L=3) and that the 
bandwidths occupied by them are respectively 1 MHz, 2 MHz, 
and 5 MHz. In addition, there are sixteen OFDM subcarriers 
(N = 16) for an SU, and the bandwidth for each subcarrier Δf is 
set to 0.3125 MHz. Without loss of generality, the channel 
gains are assumed to be Rayleigh fading with an average 
power gain of 1 dB. We then set the following parameters:   
Nt = N r = 4, Rmin = 10 bits/symbol, τc =1, Pc=10–2W, and 
N0=10–13W. For simplicity, let = .l

th thI I  All the results have 
been averaged over one thousand iterations. 

Figure 1 shows the energy efficiency of EEPA versus 
parameter ω under different interference threshold Ith and total 
power budget Pmax. As shown in Fig. 1, when ω is large 
enough, the performance of EEPA will be stable. Since it is 
impossible to present all cases of the effects of ω on the 
performance of EEPA, we will, in accordance with the results 
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Fig. 1. Energy efficiency vs. parameter ω. 
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Fig. 2. Energy efficiency vs. total power budget. 
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Fig. 3. Energy efficiency vs. interference threshold. 
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of Fig. 1, set ω=107 in the following simulation. We compared 
EEPA with the capacity maximization scheme in [9]. Figure 2 

depicts the energy efficiency versus Pmax, under Ith. The results 
show that the proposed algorithm can achieve lower energy  
efficiency than the scheme in [9]. The energy efficiency versus 
Ith under Pmax=10–3W is evaluated in Fig. 3. These results depict 
similar properties to the results in Fig. 2. 

V. Conclusion 

In this letter, we investigated the EEPA problem in CR 
MIMO-OFDM systems. Since the objective function is non-
convex, we first construct an equivalent convex problem via FP, 
and then a new iterative power allocation algorithm is proposed 
based on SQP. From the simulation results, we observed that 
the proposed method can improve energy efficiency compared 
with the conventional capacity maximization scheme. 
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