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ABSTRACT
In order to strike balance between the maximum achievable rate and fairness, a new strategy

of power distribution is proposed, in the multi-base station cooperative communication system. A
fairness factor is defined in this study, to measure the service fairness among different users.
Power allocation was formulated as the maximization problem of dividing average maximum
achievable rate for the whole users (average rate) by the fairness factor. This problem can be solved
by application of Genetic Algorithm (GA). Numerical results show that the proposed scheme
outperforms equal power allocation, in terms of average rate as well as fairness. 
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INTRODUCTION
With the development of mobile communications, it requires higher transmission rates, serves

more users (Ues) and provide better quality of service (QoS). However, without the coordination
among adjacent cells, the performance of cell edge users is degenerated by the Inter-Cell
Interference (ICI). Therefore,  multi-base  station  cooperative communication technologies must
be  adopted  to  mitigate  the effects of ICI and improve users’ QoS. For example, Coordinated
Multi-point Transmission (CoMP) technique is considered for LTE-Advanced (LTE-A) as one of the
key technologies (Tan et al., 2011). In CoMP, several cooperative base stations transmit multi-
streams to one user or multiple users simultaneously. In this way, it can effectively improve cell-
edge user throughput (Matsuo et al., 2012), as well as the performance of the whole cellular
network. The performance of a multi-base station cooperative communication system is closely
related to the strategy of resource allocation. And power allocation is an important part of resource
allocation (Wang et al., 2012). Therefore, how to distribute the power of several base stations (BSs)
more effectively and reasonably has very important practical significance (Zakhour and Hanly,
2012). In the study Phuyal et al. (2012), an optimal power allocation scheme is proposed based on
the minimum total transmission power in multi-base station cooperative communication system.
In the study of Xiao et al. (2013), the authors present a power allocation strategy which aimed at
maximizing the capacity of multi-base station cooperative communication system. The emphasis
of above researches is to improve the overall performance of the system, ignoring the fairness
between different users. In the study of Xiao et al. (2014), the authors take into account the fairness
of users, put  forward  a  power  allocation  method  which  make  all  users  have  equal  signal  to
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interference plus noise ratio (SINR). There is no doubt that this absolutely fair power allocation
plan reduces the whole performance of multi-base station cooperative communication system. In
this study, a new power distribution strategy was proposed which not only raise the whole
performance of the system but also ensure the fairness of different users.

MATERIALS AND METHODS
System model: In multi-base station cooperative communication system (Hardjawana et al., 2009;
Ng et al., 2008), there are M BSs which transmit to N MSs. Each BS and MS are equipped with
only  one  antenna.  According  to  a certain rule, all BSs are scattered throughout the coverage
area  and  connect  to  the  central  control  unit by high-speed transmission medium, such as
optical fiber. Each user can receive signals from several different BSs at the same time. Supposes
wireless channel is Rayleigh fading channel, the received signal Yu at UE u can be expressed as
(Xiao et al., 2013):

(1)
U

u b,u b,u b,u j,u j,k j,k 0
b Cu j nCu k 1,k u

Y h P x h P x n
   

    

where, the first item is the available signal, the second item is interference signal, n0 is the
additive white Gaussian noise (AGWN), whose average is 0 and variance is σ. Cu is the cooperating
set of UE u. The nCu is the complementary set of Cu. The hb,u is the channel matrix from BS b to
UE u. xb,u is the signal transmitted from BS b to UE u. Pb,u is the power transmitted from BS b to
UE u. If BS b do not communicate with UE u, Pb,u = 0.

Supposes all BSs can accurately estimate the channel state information. Gb,u is the channel gain
from BS b to UE u. According to Eq. 1, the signal to interference plus noise ratio (SINRu) of the u-th
UE can be formulated as:

(2)
b,u b,u

b Cu
u U

2
j,u j,k

j nCu k 1,k u

G P
SINR

G P


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
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The maximum achievable rate (per unit bandwidth) of UE u can be written as (Zhang et al.,
2013):

(3)u 2 uV log (1 SINR ) 

The sum rate of all UEs can be described as:

(4)
U

2 u
u 1

V log (1 SINR )


 

The average rate of all users can be given by:

(5)
VV
U


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The maximum rate of all UEs can be found to be:

(6)max uV max(V , u 1, 2, , U)  

The minimum rate of all UEs can be found to be:

(7)min uV min(V ,u 1, 2, , U)  

The fairness factor is:

(8)max

min

V
V

 

If δ is greater, the difference between the maximum rate and the minimum rate is bigger, the
fairness is worse. But δ is smaller, the difference between the maximum rate and the minimum rate
is smaller, the fairness is better. Taking into account of fairness, the average rate of all UEs can
be rewritten as:

(9)
VQ 


The transmitted power of each BS is limited. Power allocation was formulated as follows:

(10)
b,u

b,u p
{P , b 1, 2, , M; u 1, 2, , N} arg max Q   

Subject to:

(11)b,u b0 P P , b 1, 2, , M; u 1,2, , N    

And:

(12)
U

b,i b
i 1

P P , b 1, 2, , M


  

where, the total transmitted power of BS b is Pb.

Power allocation method
Cooperating set selection strategy: Compare the path loss of all BSs to UE u and find the BS
with the minimum path loss. Then, set it as the main service BS:

(13)master
u b,uBS min(PL ,b 1,2, ,M)  
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where, BSu
master is the main service BS of UE u, PLb,u is the path loss from BS b to UE u.

The path loss threshold is b. Compare the difference between PLu
master and PLb,u with b, get the

cooperating set of UE u.

(14)
master
u b,u

master
u b,u

b Cu, PL PL

b nCu, PL PL

    


   

where, PLu
master is the path loss of the main service BS of UE u, Gu

master is the channel  gain  from
UE u to BSu

master.  Pu
master is the transmitted power from BSu

master to UE u. The signal to interference
plus noise ratio of UE u can also be rewritten as:
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So, the problem of power allocation can also be equivalent to:

(16)
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This problem has B×U unknowns, it is difficult to solve directly. To simplify the problem, the
transmitted power of BSu

master can be as a reference. Then make power allocation in the cooperating
set of UE u. So, the number of unknowns can be reduced to U. If BS b is in the cooperating set of
UE u, Pb,u can be written as (Xiao et al., 2014):

(17)
b,u master

b,u umaster
u

G
P P , b Cu

G
  

The signal to interference plus noise ratio of UE u can be rewritten as:

(18)
master
u

2
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u u master
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The problem of power allocation can be simplified as:
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This power allocation problem is a nonlinear optimization problem, it is difficult to solve
directly. So, this problem was solved using GA (genetic algorithms).

Genetic algorithms: GA are stochastic global optimization methods oriented using both the
concepts of natural selection as well as genetics and use three genetic operators i.e., selection,
crossover and mutation, to explore and exploit the solution space. GA has been used broad in
various fields, such as the non-linearity (Binelo et al., 2011). So we solve this problem was solved
using GA (genetic algorithms) in Eq. 19.

Initial population design: If using the method of the binary encoding, it will cause some problem,
such as more computation, lower accuracy and longer computing time and so on. In order to
overcome the shortcoming of binary code, we use the decimal which can carry on the code directly.
Real code can reduce the length of string code. Moreover, regarding the optimized question of
continuous variable, real number expression has more accuracy of computation and will not
produce the influence to the encoding method. The real-code string representation was proposed
for candidate solution and then generate initial population randomly. An individual can be defined
as:

(20)master master master
1 2 U{P , P , , P }

Fitness function: Once the population has been formed at each generation, the individual fitness
has to be evaluated. The design of fitness function should reflect the object of the presented problem
and it is the basis for selection operation. In this study we should get the maximum of objective
function, so take the objective function as the fitness function. Fitness function can be expressed
as:

(21)
VF 


Selection design: Generally speaking, the selection strategy will affect the algorithm performance 
and the result. This study has used the roulette wheel selection strategy which combined the
fitness proportion method with the best individual preservation method. Roulette wheel selection
strategy is the most foundation and the most commonly used selection method at present genetic
algorithm.
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Supposes the population size is N, the fitness value of individual j is Fi, the selected probability
pi:

(22)
i

i N

j
j 1

Fp
F







Crossover design: Crossover can preserve excellent genes from their parents and results in
excellent new individuals, so the crossover strategy can greatly affect the convergence of the
algorithm. In this study, two chromosomes were randomly selected, one is from the father’s
chromosome and another is from the mother’s. Then, randomly select one bit and do the following
operation.

Supposes the j-th bit of chromosome i is ai,j and the crossover operation of chromosome i and
chromosome k on bit j can be expressed as:

(23)
i, j i, j k , j

k, j k, j i, j

a a (1 b) a b
a a (1 b) a b

  
  

where, b g[0, 1].

Mutation design: Mutation is a process to change the gene of a chromosome randomly. The
purpose of mutation is to generate new individuals, increase population diversity, prevent the
population from premature convergence to a suboptimal solution. Therefore, the mutation strategy
is an important factor of influencing the global search ability of the algorithm. Single-point
mutation strategy was used in this study. Supposes the j-th bit of chromosome i is ai,j, the mutation
operation of chromosome i on bit j can be expressed as:

(24)
 i, j i, j max

i, j
i, j min i, j

a a a f (g), r 0.5
a

a (a a ) f (g), r 0.5

     
   

(25)2
1 maxf (g) r (1 g / G )  

where, amax is the upper bound of ai,j, amin is the lower bound of ai,j, g is the current iteration times,
Gmax is the maximum of iteration times and r1 is chosen randomly in the interval [0, 1].

RESULTS AND DISCUSSION
Simulation model: In the simulation system, multi-base Station Cooperative Communication
System with 7 cells is considered. Users are uniformly distributed in each cell. The number of
antennas at each BS is 1 and each user device is equipped with 1 antenna. The parameters and
setting used in the simulation are shown in Table 1. Here, we considered three different cases in
this simulation study:
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Fig. 1: Average rate comparison

Fig. 2: Fairness factor comparison

C Case 1: Equal  power  allocation  in  conventional  cellular  system. This  model is from
Grandhi et al. (1993)

C Case 2: Equal  power  allocation  in  multi-base station cooperative communication system
(Xiao et al., 2014)

C Case 3: The present proposed approach

Strategy performance analysis: In this study, the performance of present proposed approach
was composed with Case 1 and Case 2. Figure 1 shows how the average rate changes under
different number of users. We can see when the number of users increase from 7-70, the average
rate of Case 3 is greater than that of Case 1 and Case 2. When the number of users is 70, the
average rate of Case 1, Case 2 and Case 3 are 7.10, 11.56 and 12.65 bit secG1 HzG1. It is obvious that
our work outperforms Case 1 and Case 2 in terms of average rate.

In Fig. 2, the  simulation  results  of  fairness factor of our proposed approach are compared
with Case 2. From Fig. 2, it was known that as the number of users is increasing, the fairness
factor  of  Case  3  is  always  less  than  Case  2.  In  Table 2, we give the fairness factor of Case 1.
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Table 1: Simulation parameter
Parameters Value
Inter eNodeB distance (m) 200
eNodeB TX power (dBm) 46
Noise power density (dBm) -96
Pathloss model (g(R[km])[dB]) 128.1+37.6l
β (dB) 40
Crossover probability 0.6
Mutation probability 0.03

Table 2: δ in Case 1
UEs’ No. δ
7 23
14 431
21 199
28 562
35 623
42 10200
49 2468
56 11574
63 2851
70 2629

Comparing Fig. 2 with Table 2, it can be seen that the fairness factor of Case 1 is far greater than
that of Case 2 and Case 3. When the number of users is 70, the fairness factor of Case 1, Case 2 and
Case 3 is 2629.72, 4.43 and 4.19. So, the present proposed approach surpasses is superior to Case
1 and Case 2 in the aspect of fairness. In conclusion, our proposed strategy can improve average
rate as well as equity.

CONCLUSION
Fairness among users is significant for mobile communication system. We proposed a new

strategy of power distribution to ensure user fairness. Simulation results are presented to
demonstrate that the performance of our proposed approach is superior to equal power allocation
in conventional cellular system and equal power allocation in multi-base station cooperative
communication system, both on average rate and on fairness. When the number of users are 70,
compare  our  proposed  approach  with  other  two  strategies,  users’ average rate increases by
5.55 and 1.09 bit secG1 HzG1; fairness factor decreases by 2625.53 and 0.24.
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