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Abstract
At present, dissimilar wireless access networks including WLAN, UMTS and WiMAX coexist in the
mobile computing environment. Resource management, load balancing, reliability and QoS are the most
significant research issues on heterogeneous wireless networks. Considering the high speed features of third
and fourth generation heterogeneous wireless networks, an efficient semi-distributed load balancing
architecture and a soft load balancing algorithm is proposed in this paper. Finally, a simulation result shows
the improved load balancing rate and lower call blocking probability.

1. Introduction
Load balancing is one of the key technologies in the
convergence of heterogeneous wireless networks. It is a
way to achieve the resource sharing over heterogeneous
wireless networks, and it improves resource utilization,
enlarge system capacity as well as provide better services
for users [1]. Load balancing depends on network
architecture and load balancing algorithm. In this paper,
firstly we provide efficient network architecture so that
entire system load can be properly balanced. Network
architecture can be classified as centralize, distributed and
semi centralize and semi distributed [2][3]. There are some
problems in the first two mechanisms: the centralized one
is relatively low reliability, while the distributed one has a
huge overhead [4]. To overcome the limitations of network
architecture, we have used a Semi-Distributed Architecture
(SDA) [5] for heterogeneous network that efficiently
reduce signal overhead, improves reliability [6].
Load balancing algorithm is also required to balance
loads efficiently among the different access technologies of
heterogeneous wireless environment. Traditional hard load
balancing should not be the solution of the high speed
features of the future wireless network traffic. So, soft load
balancing will be the solution, which can take full
advantage of resources when dealing with high speed
traffic over the heterogeneous wireless networks (HWN).
In this paper, we proposed a load balancing algorithm
based on dividing IP flow for speedy traffic over the HWN.
Considering multi-path and path loss in multiple networks,
optimal flow dividing ratio is obtained through numerical
analysis. Based on the load balancing algorithm, radio
access selection and vertical handovers is realized for
parallel transmission, which increases resource utilization
and reduces call blocking probability
The rest of the paper is organized as follows. Section 2
reviews some of the related work found in the literature.
The load balancing architecture is elaborately depicted on
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section 3. The protocol description and a soft load
balancing algorithm are presented in section 4. In section 5
a simulation result is illustrated. Finally we conclude the
paper in section 6 with discussion.

2. Literature Review
Lots of research had done in Load balancing specially in
wired homogeneous network. But Load balancing in
wireless network is the present research issue as wireless
communications are expanded day by day and multiple
wireless networks works on the same grid.
In the paper [7], authors introduced hierarchical semi
centralized architecture for heterogeneous wireless
network. In this architecture, it creates a huge message
passing overhead and partially centralized nature may have
the probability of central point of failure.
Reference [8] proposed an adaptive soft handover
schema for multimedia cellular communication system.
Depending upon the loads of the neighboring cells, the soft
handover thresholds and time hysteresis are adapted by
using fuzzy principals.
The concept of soft load balancing was introduced by
the authors of paper [9] and [10]. In those papers they
suggested to divide the IP traffic of a user into sub flows of
different access networks. They have shown that the
utilization of resources of heterogeneous wireless network
is increased significantly. But both of the paper simulated
the optimal load balancing ratio either in certain
environment or in ideal channel condition. So, the method
may not work well in real situation i.e the method have the
deficiency in generalization.
Reference [11] designed a load balancing algorithm
based on dividing IP flow for high speed traffic (LBDH),
where they use the hierarchical semi-centralized
architecture as their network structure. Though their
algorithm performs well in traffic blocking probability, but

their algorithm has the problem of definiteness. When an
MS reaches at the boundary line of basic grids, it is not
clear in the algorithm that who will (RS or IS) take the
responsibility of balancing loads using dividing IP flow. So,
there lies the possibility of frequent handover for balancing
loads among different access networks. As they use
hierarchical semi-centralized network structure still it is
vulnerable for total system failure.

LMM 1

3. Details of the Semi-distributed Architecture
A distributed architecture for wireless network is
appealing due to the single point failure of centralized
design. The architecture is partially/semi distributed in
nature which is free from the huge overhead and delay
problem of fully distributed design. In the architecture, a
number of adjacent hexagonal cells create a basic grid.
Since the system is heterogeneous, each cell may consist of
different access network. For simplicity three types of
access networks (UMTS, WLAN and WiMax) are shown
in Fig 1.
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Figure 1. Semi-distributed architecture
In each grid a load and mobile agent management unit
(LMMU) is introduced. LMMU consist three units; one
unit is responsible for maintaining resource inventory for
each type of available access network in each cell, which is
called Resource Inventory (RI). Another unit mobile
agent (MA) [12] in each cell is accountable for balancing
load among various access networks within each cell.
The third unit of LMMU is load and mobile agent
manager (LMM), which is responsible for balancing loads
among adjacent cells in each grid and among adjacent
grids with the help of mobile agents. To ensure reliability,
each LMM is associated with its two neighboring LMM so
that if any of the LMM is goes down or broken then the
backup LMM can take the responsibility for the failed one.
In this proposed scheme if one LMM is goes down then
only that network management is maintained by backup
LMM and the whole system is not hampered.

4. Protocol Description to Support Soft Load
Balancing
To manage control signal from different access
networks, a general link layer is employed in LMMs to
support a soft load balancing algorithm shown in Fig. 2.
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After the common link layer, two individual medium
access control (MAC) and physical layers are associated
with each access network. RI is located in the MAC layers
[9]. MAC protocol for different access network
continuously informs its channel status to the upper layer
that is in common link layer. Based on the information on
attained channel status and load condition, link layer then
calculates the flow-dividing ratio. If the mobile subscriber
not resides in the boundary line of two or more LMMs,
after receiving packets from the MAC layer, the common
link layer orders incoming packets on the basis of sequence
number and then forwards them to either the Transmission
Control Protocol (TCP) or the User Datagram Protocol
(UDP) layer through the IP layer. On the other hand if the
mobile subscriber resides in the boundary line of two or
more LMMs, then mobile agent communicates with the
corresponding LMMs, after receiving packets from the
MAC layer, the mobile agent rearranges incoming packets
in order of packet number and then forwards them to either
the TCP or UDP layer through the IP layer. In the case of
heterogeneous network, it is necessary to run the MAC and
the physical protocols together, advanced processing speed
is required for hardware. So, we introduce a mobile agent
to minimize the loads of hardware by rearranging packets
of common link layers by incorporating mobile agent.

A. Protocol Description
In our wireless heterogeneous network we consider that
there are M (for simulation purpose M=3) kinds of various
wireless access networks which are fully overlayed. And
for simplicity we assume that the transmit power of every
AP in one network is fixed and they share the whole
available frequency band equally. Here we consider multipath and path loss and use Rayleigh fading channel model.

We define the transmission efficiency C0,i,m,j (bps/Hz)
according to Shannon Informatics as the maximum
transmission rate got by MS i located in the jth cell of
system m (considering the interference from other APs in
the same system),

C0 , i , m , j

The channel gain, transfer characteristics of the physical
medium [13] of MS i located at the jth cell of system m is:

gi ,m, j   2 . A.di,m, j

(1)

Where, α represents an exponential distributed random
variable with mean of 1; A.d-β defines path loss, A is a
constant determined by antenna height and carrier
frequency, β is a damped exponential, di,m,j is the distance
between MS i and AP j in system m.
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Where, N0,i,m is the noise power MS i received; Γ is a
constant signal-to-noise ratio gap [13] (SNR gap) related
with the required bit error rate and the transmit power of
system m allocated in unit bandwidth is P0,m .
We take three wireless access systems (such as UMTS,
WiMax and WLAN) to calculate the optimal flow dividing
ratio.
After MS i is accepted, the difference of the relative
load among the wireless access systems

 i ,1, 2 

Determine channel gain and
transmission efficiency

 i , 2,3 
MS resides in the
boundary line of
two
or
more
LMMs
No

(2)

 i ,3,1 

L1, j1 ,i  Wreq,i ,1
WT ,1



L2, j2 ,i  Wreq,i , 2
WT , 2
L3, j3 ,i  Wreq,i ,3
WT ,3

L2, j2 ,i  Wreq,i , 2
WT , 2




L3, j3 ,i  Wreq,i ,3
WT ,3
L1, j1 ,i  Wreq,i ,1
WT ,1

(3)

(4)

(5)

Yes

Where, Wreq,i,m is bandwidth requirement of MS i in the
system m and Lm,j,i is the load of the jth cell in system m.
Calculate the optimal flow
dividing ratio by LMM

Common link layer
rearranges the packets

Calculate the optimal flow
dividing ratio through
mobile agent.

To gain the best load balancing effect, the optimal flow
dividing ratio, ω*i,m of user i in system m is derived by



*

i ,1



, *i , 2 ,  *i ,3  arg min  i , x, y

(6)

Where x={1,2,3} and y={1,2,3} but x ≠ y.
Let ׀Δ = ׀0, on the basis of (3) to (6), the optimal flow
dividing ratio can be obtained by the following three
equations

Common
link
layer
packets of different grids
are rearranged by mobile
agent

i,1 

i,2 

Forward packets either using
Transmission Control Protocol
(TCP) or User Datagram Protocol
(UDP) through the IP layer.

Ri .C0,i,1, j1 .WT ,1  C0,i,1, j1 .C0,i,2, j 2 .C0,i,3, j3 .( L2. j2 .i .WT ,2  L3. j3 .i .WT ,3  L1. j1.i .WT ,1 )
Ri .(C0,i,1, j1 .WT ,1  C0,i,2, j 2 .WT ,2  C0,i,3, j3 .WT ,3 )

Ri .C0,i,2, j2 .WT ,2  C0,i,1, j1 .C0,i,2, j 2 .C0,i,3, j3 .( L1. j1.i .WT ,1  L3. j3 .i .WT ,3  L2. j2 .i .WT ,2 )

i,3 

Figure 2. Flow diagram of proposed load balancing
algorithm

(8)

Ri .(C0,i,1, j1 .WT ,1  C0,i,2, j 2 .WT ,2  C0,i,3, j3 .WT ,3 )
Ri .C0,i,3, j3 .WT ,3  C0,i,1, j1 .C0,i,2, j 2 .C0,i,3, j3 .( L2. j2 .i .WT ,2  L1. j1.i .WT ,1  L3. j3 .i .WT ,3 )
Ri .(C0,i,1, j1 .WT ,1  C0,i,2, j 2 .WT ,2  C0,i,3, j3 .WT ,3 )

Where, Ri be the required rate of MS i.
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(7)

(9)

Subscriber
speed
Traffic rate

B. Load Balancing Algorithm
Step 1: When MS i requires to access to the system or
needs to handover intra-system or inter-system during to
the factors such as the movement of MS and the decline of
service quality, RI lists the available APs.
Step 2: RI measures the channel gains gi ,m, j between
MS i and each available AP according to (1), calculates the
transmission efficiency C0,i,m,j of user i in system m on the
basis of (2), and delivers the results to LMM.
Step 3: If MS i reside within the basic grid then LMM
calculates the optimal flow-dividing ratio for MS i
according to (7), (8) and (9).
Step 4: If MS i reached at the border of basic grid then
mobile agent communicates with neighboring LMMs and
calculates the optimal flow-dividing ratio for the MS i
according to (7),(8) and (9).
Step 5: LMM makes MS i access to or handover to the
relevant network(s) according to the optimal flow-dividing
ratio.

120km/h

Traffic
generation
time interval

Follows uniform distribution from 500
kb/s to 1000 kb/s
Follows poison distribution with mean of
1s

B. Simulation Result
A simulation result regarding call blocking probability is
shown in Fig. 3. Here, number of new arrivals represents
the number of activated subscriber in the cell of cellular
system 1. The call blocking probability is increasing with
the number of subscribers’ increment. But the call blocking
probability of the proposed algorithm is always lower than
the blocking probability of existing benchmark i.e
hierarchical semi-centralized architecture (HSCA) based
algorithm (LBDH). Because, in existing architecture, when
subscriber reached at the border line of the basic grid, load
balancing algorithm based on HSCA tries to make a
handover and otherwise drop the packet. On the other hand
the proposed load balancing algorithm based on SDA try to
balance loads using mobile agents and by determining flow
dividing ratio among the available nodes of adjacent grids.
0.09
Existing LBDH
Proposed SDA

0.08

5. Simulation Study
The call blocking probability and load balancing
uniformity is simulated for study and comparison purpose.
MATLAB simulator is used to simulate the proposed SDA
based load balancing algorithm and exiting HSCA [7]
based LBDH [11], the latest flourishing architecture of
heterogeneous wireless network over semi-centralized and
semi-distributed architecture SCSDA [3].
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Figure 3. Call blocking probability
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A. Simulation Scenario
For simulation purpose and simplicity we consider that
all three types of APs (UMTS, WiMax and WLAN) are
present in each basic grid. The APs of center cell of the
three access technologies are overlayed and the subscribers
are randomly distributed in the overlapped area, where as
the subscriber locations are updated in every 100ms. The
simulation parameters are summarized in Table 1.
Table 1. Simulation parameters
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Figure 4.
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The load status of different access technologies is shown
in Fig. 4. Here, the normalized loads of the different
cellular systems are becomes more balanced with
increment number of users (number of new arrivals). The
figure shows that SDA based load balancing algorithm
distributes loads more uniformly than the existing LBDH.
Because the proposed algorithm always try to balance
loads among the available access technologies, whereas
existing approach concentrate on load sharing.
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[3]
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[6]

Overall heterogeneous system utilization

Fig. 5 presents the average resource utilization of
heterogeneous system of existing LBDH and proposed
SDA based load balancing algorithm. The overall resource
utilization of heterogeneous system using the proposed
algorithm is higher than that of the LBDH algorithm. The
major cause of the higher resource utilization is its balance
distribution of loads among different wireless network
access technologies, so it can be served more number of
arrival calls.

[7]

[8]

6. Conclusion
The proposed load balancing algorithm deployed on
the SDA architecture reduces call blocking probability
significantly. The simulation result also articulates its
uniform distribution of loads among different access
technologies. Obviously the proposed load balancing
architecture and algorithm introduce an efficient load
balancing method in heterogeneous wireless networks.
Resource utilization, uplink-downlink power consumption,
handoff requirements, interference and QoS parameters are
still subject to study in the proposed method.

[9]
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