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Load Balancing Algorithm based on QoS 

Awareness in Wireless Networks 

Jianjun WU 

Hunan City University, Yiyang Hunan 413000, CHINA 

 

Abstract: In order to reduce business latency and packet loss rate, to improve the throughput of integration of 

heterogeneous wireless network, to achieve load diversification and to improve end quality of service, while 

there are many problems on the dropout rate of the traditional load balancing algorithm in processing 

throughput, delay and business, therefore, gateway load balancing algorithm is proposed in this paper. All 

terminals in the access network can reflect the effectiveness of the average network load level of the network, 

this algorithm will gain weight of the load in the network of small business terminal to switch to the network 

load which is light. First, it defines the heterogeneous networks and network terminal payoff function utility 

function which are used to characterize the experience and network QOS terminal load situation, and then 

presents the specific processes of the gateway load balancing algorithm. Finally, switching decisional load ba-

lancing algorithm, proposed by Yan X, etc. is compared with simulation experiments and it shows that: the 

proposed gateway load balancing algorithm has strong robustness to achieve network load balancing and to 

achieve a balanced use of network resource. 

Keywords: Efficiency; Loading differences; Real-time business; Switching decision 

 

1. Introduction 

Load balancing is an important way, which makes full 

use of heterogeneous wireless network resources. 

Through the load balancing among the heterogeneous 

networks, the high probability of network load can be 

reduced, the overall utilization of network resources is 

improved and the blocking probability is reduced to pro-

vide users a better QOS, so the load balancing between 

the networks is also an important aspect of considering 

the access algorithm selected [1-3].  

The user can only access a kind of network at the same 

time with the traditional hard load balancing service, 

which can not satisfy differentiation of the user service, 

resulting in partially utilized heterogeneous network re-

sources and higher traffic blocking ratio. Literature [4] 

proposes the soft load balancing algorithm, which dy-

namically changes the best ratio of IP flow; when the 

network load is heavy, each network sub-flow rate of 

accessing users is consistently improve, while when the 

network load is light, there is a differences between the 

needs of users business rate and wireless resources [5-7]. 

2. Proposed Scheme 

The core idea of algorithm is: the QOS income of ter-

minal end can reflects the current level of network quali-

ty of service received, the greater the benefits is, the bet-

ter the resulting quality of service is, and vice versa; the 

average QOS benefit of all terminals in a accessing net-

work (hereinafter defined as a network utility) can re-

flects the load level of the network, the larger the average 

gain of the terminal is, the load on the network is lighter, 

and vice versa. In order to achieve diversification and to 

increase the service quality of load terminal, the algo-

rithm will switch small businesses with gain heavy load 

in the network to a lighter terminal network load. 

In order to carry out the terminal to select the RAN and 

its access effectively and dynamically, the multimode 

terminal will experience unified management from the 

network side, which will be completed by the network 

side management entity (Network side manager, NSM). 

The terminal will interact with NSM through the termin-

al-side management entity (Terminal-side manager, 

TSM), dynamically achieving refactoring of switch-

ing/accessing. The interaction between NSM and TSM is 

completed through management control channel (Man-

agement and control channel, MCC). NSM is deployed in 

the core network, and is shared by a plurality of RAN. 

RAN will convey each context information to NSM, then 

NSM transfer each context information of RAN to the 

terminal for the decisions through the MCC downlink 

transmission. TSM of each terminal sends context infor-

mation of the terminal through uplink transmission of the 

MCC to NSM. Based on context information of RAN 

and terminal, NSM uses the appropriate network selec-

tion algorithm to develop strategies and policies issued 

under the various terminals. Terminal then chooses ac-

cording to their needs and network reconfiguration deci-

sions and configures to access the appropriate RAN. The 

paper will assume the terminal in the network / inter-cell 

handover fast enough, and thus, the load balancing 
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process, due to switching delay caused by the upper risk 

of business disruption can be ignored. 

2.1. QoS revenue and RAN utility 

Different types of wireless network services have differ-

ent QOS requirements. Based on the characteristics of 

the various services, wireless services can be classified 

into three types of basic services, as shown in Table 1. 

 
Table1. Wireless network traffic types and their QOS requirements 

  Rate of change The minimum rate Maximum rate 
Time delay require-

ments 
A typical business 

Real-time business 
constant minr

= maxr
 minr

= maxr
 maxd

 
VoIP 

variable minr
 maxr

 maxd
 

MPEG 

The real-time busi-

ness 
variable minr

 maxr
 


 HTTP 

 

For real-time services, at the premise to meet the mini-

mum bandwidth, using an average delay 
ijd  to measure 

user gains, the smaller the time delay is , the higher the 

gain is; for non-real-time services to the user, using aver-

age speed r  of the user gains to measure, the larger the 

rate is, the higher the income is; 

max

e

ij ij

r

ij ij

d d

d d




 

If delay for real-time services the normalized, wherein 
e

ijd  denotes the expectancy of average delay of real-time 

services: 

max

e

ij ij

r

ij ij

 

 




 

As the normalization about Non-real-time services’ rate, 

it helps to ensure a minimum rate of non-real-time ser-

vices; 
ij  and 

ij  is constant parameters, which deter-

mines the steepness of the curve of the function, the larg-

er the value is, the steeper the curve changes, the higher 

the sensitivity to the end quality of service is. Formula (1) 

as defined in revenue function reflects QOS-awareness of 

terminal, the function maps a plurality of QOS parame-

ters with reasonable perception or experience for the user 

to QOS level, gives a measurement of the QOS of differ-

ent users by using uniform quantization levels standards. 

To characterize the load level of the accessing network, 

the wireless access network defines the utility of all the 

terminals connected to the network average of QOS ben-

efit. Suppose at a time, a terminal can only access a RAN, 

then the gain RAN J I  can be expressed as 

, 0

1, 0

ij ij

j i

ij

I Jij
ij

J I

ij

i j

n

R
















 
 


 









                        (1) 

Wherein, 
1 terminal int

0

j

ij

i o RAN

other


  


 

Obviously, the heavier network load will result in lower 

average QOS benefit of terminal, otherwise the terminal 

average QOS gains will be higher. Therefore, the average 

QOS benefit of the terminal, namely the network load of 

the network utility can reflects the situation. Network 

utility is higher, indicating that the network load is lighter, 

otherwise it indicates the network load is heavier. 

2.2. Load balancing algorithm design 

1) Web-based utility accessing network selection to be 

burdens 

In order to make load balancing rapidly converge, algo-

rithms in each iteration find the heaviest load of the 

whole network accessing network, and select one of the 

appropriate terminal switch to other accessing networks. 

According to the definition and analysis of the effective-

ness of the network utility in the section of 3.1, it can 

effectively reflect the access network load conditions. 

Therefore, the algorithm selects the lowest utility net-

work accessing network as a network to be burdens. If 

pending burdens network denoted J I , then: 

 

 

arg min

arg min

n

j

j J

i

i

i I

r m

r m













                             (2) 

2) The weighted selection of subjecting to switch terminal 

about QoS benefit to be based on  

In order to make load balancing rapidly converge, algo-

rithms in each iteration find the heaviest load of the 

whole network accessing network, and select one of the 

appropriate terminal switch to other accessing networks. 

When the accessing network subject to reducing the bur-

dens selects to switch's terminal, it not only needs to con-

sider the quality of service experience of terminal at the 

corresponding to the accessing network, namely it should 

choose a lower the QOS experience in order to the user 

expects to switch to other network medium to get im-

proved; and it needs to consider the users’ radio resource 

utilization efficiency to be burdens in the accessing net-

work, which should tend to choose the channel condi-
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tions of poor terminal to switch to other networks, in 

order to terminate their treatment on resources inefficient 

usage in subjecting to reducing the burdens in the access-

ing network channel. Considering two aspects as defined 

in the terminal i  in the weighted QOS benefit function 

of the RAN j is as follows: 
*

* ( )

ij ij ij

ij ij ij

J a J

J a J

 

 
                             (3) 

Wherein the weighting factor 
ija  reflects resource utiliza-

tion efficiency of the terminal i  in the radio accessing 

network j , which is defined as 

max

( )

ij

ij ij

ij

ij

a

i j

j i

g

J e
a

J

e u





                                 (4) 

( )ij ijJ e  is the actual rate that each unit bandwidth ob-

tained for the accessing terminal i  to the accessing net-

work j ; it indicates channel condition between the ter-

minal i  and accessing network j ; max

,i jR  presents the 

maximum rate can obtain per unit of bandwidth from 

accessing terminal i  to the accessing network j theoreti-

cally. Thus, the greater 
ija  is, indicating that the channel 

conditions is better between terminals i  and accessing 

network j the terminal i  has a good utilization efficiency 

in the accessing network channel . 

3) The selection of the accessing network subject to be 

negative growth 

When the terminal to be switched i

je  selects ie , the in-

tending accessing network, for the purpose of switching 

accessing networks, on the one hand, it needs to identify 

whether the terminal i

je  is within the coverage area of 

the accessing network ie  , and the remaining capacity of 
ie  can meet the minimum rate requirements of 

i

je . That 

the intending accessing network ie  shall meet  

max min max

( , ) 0n

i i

ni

ij ij ij

j i

e r e

e r




   





                          (5) 

Among which,
max

ijr represents the maximum network 

capacity of accessing networks ie . 

4) QoS-awareness load balancing algorithm 

Based on the above analysis, the designation of gateway 

load balancing algorithm process is as follows: 

 Initialization: Let J represents algorithm converged net-

work within the scope of all the heterogeneous collection 

of RAN, I represents the set of all terminals in the net-

work; / / Algorithm carries through load balancing to a 

certain geographical area of heterogeneous converged 

network. 

Step 1: Select (3) to satisfy the access network ie  as a 

network to be the network subject to reducing the bur-

dens; i

je  as a collection of all terminals ie  connected, 

optionally switch the terminal to be set 
i

i
jje e



 . 

/ / selects the heaviest accessing network, ready to be 

moved to another part of the load in the accessing net-

work. 

Step 2: In 
i

je


, select the terminal  *arg mini

ij
i m

e e


  as to 

be switching terminals. 

/ / selects the terminal with a lower service quality of 

experience and resource utilization, ready to be switched 

to another accessing network. 

Step 3: among other accessing network options except ie , 

select i

je  to meet (7) formula and (8) as accessing net-

work to be negative growth. 

/ / selects an accessing network terminal with a lighter 

load to be switched as the intending accessing network. 

Step 4: switch the terminal to be switched ie  to the ac-

cessing network to be negative growth i

je , if  

,h h

i

j i j
e e  

The terminal ie  switch to i

je , then return to step 1; oth-

erwise terminal ie  going back to i

je , while the optional 

terminal to be switch can is updated to  
i

i i
j je e e



   and 

perform step 5. 

/ / If the accessing network can be increased to improve 

the negative terminal of the quality of service to be 

switched, the adjustment is successful and re-select the 

accessing network of subjecting to reducing the burdens 

to carry out a new round of adjustment; otherwise the 

terminal to be switched from the optional subject can be 

removed from the terminal concentrator. 

It can be seen that network utility and terminal benefits 

can achieve quantitative balance from the algorithm 

through a unified QOS revenue function designation. By 

choosing and switching network and terminal QOS bene-

fit between the network utility and terminals tends to 

equilibrium. The cost is based on algorithm designation, 

need to run on the network and terminal management 

entity execution algorithm, and the corresponding QOS 

information and interactive network selection strategy.  

Network side and terminal side executing algorithm, 

network management entity, can be naturally and easily 

completed by heterogeneous network convergence in the 

framework of NSM and TSM, interaction of information 

and strategies can be completed by the contextual mes-
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sages of the MCC. In the current level of technology, 

NSM and TSM itself has a powerful computing capabili-

ties, and load balancing does not require strict real-time 

and interactive information and data of selection strate-

gies for QOS is a small amount, therefore the proposed 

algorithm can obtain improved network and terminal 

performance significantly at little cost. 

3. Experimental Results 

By using OMNET + + 4.0, it can evaluate its perfor-

mance of load balancing algorithm based on QOS-

awareness. Supposing that, there are two types of 802.11 

and 802.20 RAN in the system, each type of RAN has 2. 

Simulation only consider the upstream traffic, 802.20 

RAN adopts the TDD mode of single carrier , each TDD 

frame in the uplink and downlink frames has each half; 

802.23 RAN uses DCF mode. There are 30 supposed 

user (terminal), each user uses only one business, each 

has 10 business users. Setting the density of user in 

802.20 RAN, the user from the SNR to the RAN ran-

domly changed. Users can access a RAN at the same 

moment. Service packets arrive to Poisson distribution. 

The minimum rate of Variable rate services reached 1/2 

of average rate. Users initially access network, whose 

selections are based on SINR (Signal-to-interference plus 

noise ratio, SINR) criterion, that is, channel conditions 

between the user and the various RAN, dynamically se-

lect the highest RAN of SINR to access, while according 

to network selection principle of 802.20/802.23 con-

verged network users to access, business users access to 

802.20 networks real-timely at a constant rate. The asso-

ciated parameter settings used by network simulation are 

shown in Table 2. 

 
Table 2. Experimental parameters 

Parameter names The parameter value Parameter names The parameter value 

The 802.20 frame length/ms 1 Packet length/bit 1000 

The 802.20disabled when the time/ms 0.2 xyw /ms 0 

802.20 Frame when the number of disabled/ms 5000 xyw /ms 100 

The 802.23disabled when the time/ms 20 x  0.53 

The SIFS length/ms 10 y  0.02 

The DIFS length/ms 53     

 

In order to verify the performance of the proposed gate-

way load balancing algorithm, by using handover deci-

sion load balancing algorithm (Handoff decision load-

balancing algorithm, HDLBA) proposed by Yan X, etc as 

a compared algorithm, the packet loss rate, packet delay 

and throughput performance were compared. Figure 1 - 

Figure 4 shows the simulation results of the comparison. 
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Figure 1. Real-time service of packet loss rate 
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Figure 2. The average packet delay of time business 

Figure 1 and Figure 2 show that  the changing situation 

of real time constant bit rate and real time constant varia-

ble bit rate, average packet loss rate and packet delay 

variation when the average rate of each connection from 

50Kbit /s increased to 400Kbit /s. As can be seen, the 

proposed gateway load balancing algorithm significantly 

reduces the real-time variable rate, packet loss rate and 

packet delay; while the average delay and packet loss rate 

of real-time business a constant rate in the two algorithms 

is basically to keep unchanged. It is because the priorities 

safeguard mechanism of 802.16 networks for real-time 

business with a constant rate can guarantee QOS service 
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of real-time at a constant rate, while the two algorithms, 

which can ensure a constant rate of real business users, 

always stay in the 802.16 network, and get a guaranteed 

quality of service. 
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Figure 3. The throughput of whole network 
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Figure 4. The throughput of various business 

Figure 3 shows as the load increases, the proposed gate-

way load balancing algorithm can significantly improve 

the throughput of the whole network. Figure 4 shows the 

throughput of the two algorithms of different business 

changes. For real-time and non-real-time variable rate 

business operations (Non Real Time, NRT), QALBA 

algorithm’s performance is significantly better than 

HDLBA algorithm; and this algorithm can always meet 

the real needs for traffic throughput at a constant rate. 

With the increase of user’s average traffic rates, the net-

work throughput of the users is gradually increased, be-

cause the QALBA algorithm can split the IP flow of the 

users service into two sub-streams, which can be inserted 

two networks at the same time, when the load of the two 

nets are high. The load balancing between networks is 

achieved and the network resources are rational allocated 

when the load is relatively light, so the throughput of 

HDLBA algorithm is lower than the throughput of other 

four algorithms. The load balancing of QALBA algo-

rithm is the strongest, HDLBA algorithm the second and 

HDLBA algorithm the worst. Simulation results show 

that: QALBA algorithm can balance the network load, 

and compared to the traditional MLB algorithm and 

DLBD algorithm, the average blocking rate of packet 

service and the throughput performance have been im-

proved significantly, and the robustness of algorithm is 

really strong, which can achieve network load balancing 

to achieve a balanced use of network resources. 

5. Conclusion 

For the integration of heterogeneous wireless network 

communication scenario, the network load balancing 

algorithm was proposed based on the QOS, which is fal-

len into switchable load balancing algorithm. Algorithm 

is based on QOS gains and network utility of a genera-

lized feature for wireless business users, and it is able to 

characterize the quality of service terminal network expe-

rience and network load conditions, and it is universally 

applicable for a variety of heterogeneous network. 

Among them, the universality of network utility to hete-

rogeneous network makes heterogeneous network load 

comparability comparable, able to achieve switching 

between heterogeneous network load balancing. Simula-

tion results show that the proposed gateway load balanc-

ing algorithm can improve integration of heterogeneous 

network throughput, reduce business latency and packet 

loss rate, with strong robustness to achieve network load 

balancing and to achieve a balanced use of network re-

sources. 
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