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Abstract — In wireless communication networks, the load balancing mechanism can improve the frequency utilization and reduce 
the outage rate. Furthermore, the user cooperation is used to enhance the SNR of the edge user. Therefore, in cooperative wireless 
communication network, the cooperation probability is introduced in the handover decision function of existing load balancing 
mechanisms which are based on the received signal strength of the user and the load of BS. The cooperation probability is 
calculated by the signal strength of user and the load of BS to make a revision for the existing handover decision function. The 
combination of the received signal strength of the user, the load of base station and the cooperation probability in handover 
decision function can improve the accuracy of handover decision. The simulation results show that the mechanism can improve the 
system capacity and fairness while balance the network load. 
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I. INTRODUCTION 

In wireless mobile communication systems, the random 
distribution of the terminal causes the unbalanced state of the 
network, which reduces the quality of service (QoS) and the 
network performance especially in the future 5G 
communication networks. With the development of 
communication technologies, the future wireless networks 
will compose of the high dense distribution of users and 
coexistence of multiple kinds of services, which lead to the 
serious unbalanced load, i.e., some cells are overloaded 
while other cells are not. Therefore, it’s necessary and 
meaningful to study the load balancing mechanisms in 
wireless communication systems [1-2].    

Adjacent user equipment (UE) is used in cooperative 
communication to offer receiver diversity, which can 
increase the Signal to Noise Ratio (SNR) of the receiver, and 
improve the communication quality and the resource 
utilization ratio of network. Therefore, the cooperative 
communication is widely used to extend the coverage, 
eliminate the coverage blind, and reduce the cell interference 
in LTE-Advanced and 802.16m [3-5]. Moreover, the 
cooperative communication has been considered as the key 
technology for the next generation wireless communication 
network. Consequently, the research on the load balancing 
mechanisms is inevitable for the future cooperative 
communication wireless networks (CCWNs). 

There are lots of papers which study the load balancing 
in the wireless communication networks. In [6-7], the 
authors balanced the network load by using the adjustment of 
handover parameters and cell reselection. The game theory 
was introduced to achieve the load balancing of the network 
by dynamic parameter adjustment [8, 9]. Some scholars 

utilized the optimization model for the load balancing to 
improve the network performance [10, 11]. However, they 
didn’t consider the cooperation communication for the 
wireless communication network. The work in [12] was 
focus on the load balancing technology in cooperation 
communication network which assumed that the UE can 
certainly find the cooperation partners after handover. But 
it’s too ideal in the practical environment. Therefore, a load 
balancing mechanism which can be applied to the actual 
scene is important for the CCWNs. 

In this paper, based on the existing load balancing, we 
propose a load balancing mechanism which designs a new 
handover decision function which takes the cooperation 
probability, the received signal strength of UE, and the load 
state of base station (BS) into consideration for the CCWNs. 
The cooperation probability is calculated by the received 
signal strength of UE and load of BS, which can make the 
load balancing more applicable. The proposed load 
balancing mechanism not only can balance the network load 
but also can improve the system capacity and network 
fairness for the CCWNs. 

II. DESIGN OF HANDOVER DECISION FUNCTION  

The load balancing based on handover is by the means of 
designing reasonable handover decision function to achieve 
the load balancing of network. In CCWNs, there are three 
factors influence the handover, namely, the received signal 
strength of UE, the load of BS and the cooperation 
probability. Assumes that the coverage radius of the BS is r , 

the probability of initiating a call by UE is p , the probability 
of offering cooperation by UE who receives the cooperation 

request is  . The cooperation probability of UE after 
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handover to the target BS can be predicted according to the 
above information. 

The cooperation occurs when the following two demands 
are met, firstly, the UE needs cooperation, and secondly, 
there is UE who is willing to offer cooperation in target BS.  

Now, A represents the event {the UE needs 
cooperation}, namely, 

  mi n{ | }A RSSI RSSI RSSI      (1) 

Where RSSI is the received signal strength of UE, 

minRSSI
is the least signal strength of UE which can meet 

the basic communication needs.  
B represents the event {there is UE who is willing to 

offer cooperation in the cooperation area}, while  

1 2B B B                         (2) 

Where, 1B
represents the event {there is UE in the 

cooperation area}, 2B
represents the event {there is UE who 

offer the cooperation}. 
C represents the event { cooperation occurs}. 

Therefore, C A B  . In addition, A  and B  are 
independent of each other. We can obtain: 

 ( ) ( ) ( )P C P A P B               (3)   
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Assumes that the geographic location of UEs in network 
obey uniform distribution. Therefore,  
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Where areaS
is the square of cooperation area, bS

is the 
square of the BS coverage area. According to the distance 
between the UE who wants to handover and the target BS, 

which is expressed as d ,  has two different situations.  

(1)if d r , can be approximated: 
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So we can obtain： 

  1( ) 1 (1 )NP B 
 
        (7) 

N is the number of UEs in the BS. n is the number of 
UEs who are under the communication. Assumes that 
re represents the occupied resource of every communication 

UE, RE represents the total resource of the BS. Therefore, 
the load of BS, namely, the resource occupancy can 

expressed as  . 

 n r e RE                          (8) 
Thus, the number of communication UEs can be 

expressed as follows. 

n RE r e                 (9) 
What’s more, according to the conditional probability of 

probability theory, we have, 
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Where iD
represents the event {the number of the total 

UEs of BS is iN
while the number of the communication 

UEs is n }.  

Assumes that j represents the number of the UE in the 

cooperation area among the iN
UEs. According to (7) and 

(9), we can obtain the following equations. 
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By inserting (11) and (12) into (5), we can obtain 

the ( )P B . 
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By inserting (14) and (4) into (3), we can obtain 

the ( )P C . 
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Where,
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From (15), we can see that the cooperation probability 

can be obtained based on the information of the received 
signal strength of UE and the load of target BS. The 
proposed weight function of load balancing in [13], which is 
names as IRL (integration of RSSI and load), can be revised 
as follows. 

  1 2 3( , ) exp( ) ( )I RLC RSSI k RSSI k k P C   (17) 

 
 

III. LOAD BALANCING MECHANISM BASED ON 

COOPERATION PROBABILITY  

The flow chart of the load balancing mechanism based on 
cooperation probability which is named as IRLC (integration 
of RSSI, load and cooperative probability) is shown in the 
Fig 1. The detailed steps of proposed mechanism are as 
follows. 

Step1 The BS broadcasts synchronous signal, which 
includes its load information. 

Step2 Based on the received signal strength, the load 
information of BS and the cooperation probability, the UE 
calculates the values of handover decision function. 

Step3The UEs choose the BS which has the maximum 
handover decision function value. And then judge whether 
the difference between the maximum value of the handover 
decision function and that of the service BS is beyond the 
threshold. 

Step4 If the difference is smaller than the threshold, the 
UE wait for the next load balancing period. 

Step5 If the difference is larger than the threshold, the BS 
is treated as target BS. And then, the UEs send the handover 
request to the target BS. 

Step6 After receiving the handover request, the BS 
makes a resource reservation for the UE and sends the 
synchronous signal to the UE to inform the handover 
permission. 

Step7 The UE breaks off the connection with the service 
BS and builds the new connection with the target BS. The 
handover is finished.         

 
Figure 1. IRLC Flow Chart. 

 

IV. SIMULATION ANALYSES  

In order to verify the performance of the proposed load 
balancing mechanism, we make a simulation analysis by 
building a platform on the MATLAB. The number of BS in 
our simulation scene is 7, and the location of mobile 
terminals obeys uniform distribution. The system simulation 
configuration parameters are shown in the Table 1. 

TABLE I  SYSTEM SIMULATION CONFIGURATION PARAMETERS 

Parameters Values 

BS coverage radius 500m 

BS transmit power 46dBm 

UE transmit power 23dBm 

Background noise -174dBm/Hz 

Load balancing period 200ms 

The pass-loss model between UE 
and BS 

L=128.1+37.6log10(d(km)) 

The pass-loss model between UE 
and BS 

L=148+40log10(d(km)) 

 
In the CCWNs, we have made an analysis on the number 

of unsatisfied UE, the network fairness and the system 
capacity of the network without load balancing mechanism 
(NLB), the network with the proposed IRL mechanism load 
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balancing in [13] and the network with the proposed IRLC 
mechanism in our paper respectively. 

   

 
Figure 2. Number of Unsatisfied User Terminal. 

 
In Fig2, we can see that as the number of the total UE 

increases, the number of the unsatisfied UE increases. When 
the number of the total UE reaches 140 and 160, the number 
of the unsatisfied UE increase rapidly, this is because when 
the number of the total UEs is beyond some degree, the 
fluctuation will lead to overload among BS, which can make 
partial UEs unsatisfied. What’s more, the performance of 
IRLC on the number of unsatisfied UE keeps the same with 
the IRL, which indicates that the IRLC retain the advantage 
of IRL, namely, making a joint consideration of signal 
strength and load. 

     

 
Figure  3. System Capacity. 

 
Fig 3 represents the system capacity of different 

algorithms. As we can see form the fig 3, as the number of 
the total UE increases, the system capacity increase. In 
addition, the system capacity of the network with load 

balancing mechanism is higher than that of the network 
without load balancing mechanism. This is because applying 
the load balancing mechanism to the network handovers the 
edge UE of the overloaded BS to the adjacent BS with light 
load which can allocate more resource to the handover user 
to compensate the decrease of signal strength, which can 
improve the system capacity. 

     

 
Figure 4. System Capacity Difference between IRL and IRLC. 

 
In fig4, we can see that the system capacity of the 

network with IRLC is slightly larger than that of the network 
with IRL. According to the results, we can conclude that the 
system capacity of IRLC is 0.07%-0.21% larger than that of 
IRL. This is because IRLC has a better prediction on the 
resource occupation, which makes the probability that find a 
BS which can offer more adequate channel resource of IRLC 
is larger than the IRL. 

V. CONCLUSION 

The load balancing mechanisms in CCWNs are all based 
on the assumption that there is either cooperation or no 
cooperation of UE after handover. However, the cooperation 
probability after handover to the new BS of the actual 
network isn’t a fixed value, which makes the handover 
decision doesn’t conform to the actual situation. In order to 
solve the above problem, we research the way of cooperation 
probability calculation to make a prediction on whether there 
is cooperation after handover based on the analysis of the 
cooperation probability of the cooperation network, which 
can make a precise prediction on the service quality after 
handover. And then, the load balancing mechanism whose 
handover decision function makes a joint consideration of 
received signal strength of UEs, load of BS and cooperation 
probability is proposed to balance the load of cooperation 
network and improve the network performance. 

Finally, we make a simulation analysis on the proposed 
algorithm. The simulation results indicate that with the 
number of the mobile UEs increases, the number of 
unsatisfied UEs s of IRLC is the same with the IRL while the 
system capacity of IRLC is improved 0.07%-0.21% 
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compared to the IRL and the network fairness of IRLC is 
improved 0.56%-3.26% compared to the IRL. 
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