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Multi-service Load Balancing in a Heterogeneous
Network with Vertical Handover
Jie Xu, Yuming Jiang, Andrew Perkis, and Elissar Khloussy

Abstract—In this paper we investigate multi-service load balancing mechanisms in an overlay heterogeneous WiMAX/WLAN
network through vertical handover. Considering the service characteristics of the overlay heterogeneous network together with
the service requirements of different applications, all streaming
applications are served in WiMAX while elastic applications
are distributed to WiMAX and WLAN. Two load balancing
mechanisms are compared which switch the elastic application
with maximum (MAX) and minimum (MIN) remaining size
respectively to WLAN. Simulation results indicate that MIN
outperforms MAX at the cost of significantly increased number
of load balancing actions. Furthermore, it is discovered that both
load balancing granularity and proper integration of streaming
and elastic applications in WiMAX determine the whole system
performance.
Index Terms—vertical handover, wireless heterogeneous networks, load balancing, multi-service

I. I NTRODUCTION

A

FTER decades of research, it is commonly believed that
future wireless network will employ multiple techniques.
Especially, for the access part, multiple radio access technologies (RATs) will coexist in terms of both space and time. For
example, nowadays there are already lots of WLAN networks
which are also covered by other 3G mobile networks at the
same time.
The coexistence of heterogeneous networks brings up both
challenges and opportunities for providing better wireless
service [1]. On the one hand, since wireless communications
are intrinsically limited by interference, activities of different
networks could interfere with each other and may result in
severe service degradation. On the other hand, multiple overlay
heterogeneous networks can provide more robust communication guarantee if they could cooperate instead of competition.
Therefore, how to integrate coexisted multiple networks is
of fundamental importance to the success of future wireless
networks.
To take advantage of multiple heterogeneous wireless networks, vertical handover [1] has been proposed as a means
for enhancing end users’ service quality. Traditionally, due
to its operation difficulty and introduced time delay, vertical
handover is used as a reactive measure to prevent severe service degradation. Normally vertical handover is only triggered
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when the served mobile user are about to move out of the
coverage range of current serving network. To this end, various
vertical handover mechanisms have been proposed to improve
the performance of handover user [2][3].
Recently, proper vertical handover are also used as a proactive means to improve the system performance. In [4][5],
vertical handover is adopted as a tool for joint resource management in heterogeneous networks. The objective of vertical
handover has been extended to include the whole system
performance instead of the performance of handover user. In
particular, the main idea is to distribute traffic load among
heterogeneous networks in a balanced manner by designing
vertical handover protocols. However, only streaming users
are considered in these studies although the current wireless
network normally serve multi-service applications. In [6], both
streaming and elastic applications are considered. The authors
preferably distribute streaming applications to cellular network
because of its larger coverage and finer QoS guarantee, and the
remaining capacities in cellular/WLAN networks are utilized
for serving elastic applications. While the scheme in [6]
performs well compared to random dispatch, there are still
chances that streaming applications are distributed to WLAN
and vertical handover is triggered whenever there are enough
free capacities in the cellular network.
In this study, we consider system performance of an overlay
heterogeneous wireless network where elastic applications
share network capacity with prioritized streaming applications. Specifically, we consider the WiMAX/WLAN heterogeneous network and assume all the traffic firstly arrives to
the WiMAX network. Streaming applications are given strict
preemptive priority over elastic applications in WiMAX. Then
according to the comparison result of expected finish time
in WiMAX and WLAN, vertical handover of certain elastic
applications on their arrivals or during their service to WLAN
is conducted. We compare the performance of two different
handover mechanisms which selected the file with maximum
and minimum remaining size for handover respectively. The
results indicate that selection of files with minimum remaining
size outperforms the other mechanism at the cost of significant increased number of handovers. Furthermore, based on
analysis of simulation results, we conclude that both the load
balancing granularity and integration of elastic and streaming
applications in WiMAX determine the performance of the
whole system.
The remaining of this paper is arranged as follows. The
system model is described in the next section. In section II, due
to the complexity of exact analysis, theoretical approximations
are given. In Section IV, we describe the simulation results,
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followed by discussions in Section V. Finally, we conclude
the paper in Section VI.
II. S YSTEM M ODEL
A. WiMAX/WLAN Heterogeneous Network
The network scenario of this study is shown in Fig. 1(a).
Within the coverage area of the WiMAX network, there are
multiple WLAN networks as well. WiMAX is infrastructurebased and can provide guaranteed service with centralized
control. In addition, as one option for the future mobile
networks, WiMAX has a large coverage area but limited rate
to each end user. On the other hand, WLAN is contention
based and incapable of providing service guarantee. However,
since WLAN uses free frequency it can provide higher data
rate to end users if the network is not congested. Therefore,
WiMAX and WLAN networks are complementary in terms
of service characteristics. It is beneficial to design the overlay
heterogeneous network in a cooperative way.
One possible way of cooperation is to distribute different
types of applications to specific network by taking account of
both the service requirement of applications and the network
service characteristic. In this study, the cooperation scheme is
shown in Fig. 1(b). Specially, all the streaming applications are
served in WiMAX due to their stringent service requirements.
Then the remaining service capacity of WiMAX and the total
service capacity of WLAN are devoted to elastic applications.
Furthermore, to prevent the disturbance of elastic applications,
streaming applications are served with higher preemptive
priority. Namely the streaming applications arrives and leaves
without any disturbance of elastic applications.
For streaming applications, the system can be modeled as
an G/G/K loss-queue system. Specifically, if we assume the
streaming applications arrive according to Poisson process and
the duration follows minus exponential distribution, then the
system can be seen as M/M/K Erlang system for which lots
results have been obtained. Suppose the capacity of WiMAX is
Cwimax , then the number of channels K can be calculated as
⌊Cwimax /Bs ⌋ where Bs is the bandwidth requirement of each
streaming application. In this study, when there are already
K streaming applications in the system, the new streaming
arrivals will be simply rejected and discarded.
For elastic applications, both the remaining capacity of
WiMAX and the total capacity of WLAN can be utilized. Due
to the dynamic state of streaming applications, the remaining
capacity of WiMAX varies. For WLAN, we assume the total
capacity is fixed to simplify the analysis. Therefore, there are

actually two servers for elastic applications. In each server,
residing elastic applications share the capacity in processorsharing (PS) manner. In particular, no requirements on the
maximum or minimum bandwidth for each elastic application
is specified.
B. Load Balancing Mechanisms
Real-time load balancing is performed on application arrivals and departures as the network state only changes on
these occasions. Once the network state changes, whether load
balancing action should be conducted is checked in order to
improve the performance of elastic applications. According to
the application arrival assumption, in this study we perform
unidirectional handover check only from WiMAX to WLAN.
Two types of load balancing actions could be triggered
depending on the system states. One kind of action is vertical handover which switches elastic applications that have
already been served partly by WiMAX to WLAN. To proceed
handover, both criteria for handover check and handover
candidate selection need to be clearly defined. In fact, lots of
efforts have been devoted to propose efficient algorithms since
they actually determine the handover performance [3][2]. We
conduct handover check based on the expected finish time of
elastic applications. Since existing elastic applications share
the service in PS way, the expected finish time can be linearly
represented by service rate. Then these mechanisms actually
belong to the bandwidth-based handover decision mechanisms.
The service rates in two networks under current condition
are compared and a handover decision is made if the service
rate could be increased after handover. Handover candidate is
selected from all the elastic applications in WiMAX including
the newly arrival. Specifically, we select handover application
based on remaining size. Two mechanisms which select the
file with maximum and minimum remaining size respectively
are tested. Later we refer the two mechanisms as MAX
and MIN for convenience. In real applications the remaining
size is difficult to get and may introduce lots of complexity.
However, since we determine remaining size on flow level, the
complexity introduced can be seen as affordable.
The other kind of action is dispatching which switches the
elastic application on its arrival to WLAN. Because we assume
all traffic initially arrives to WiMAX, dispatching can be seen
as one special case of vertical handover. However, it should
be noted that the actual cost for dispatching is much lighter
compared with vertical handover since the application has not
been served yet.
C. Performance Metrics
For the aforementioned system model, we are only interested in the performance of elastic applications since the performance of streaming applications does not change with the
adopted load balancing mechanism. Specifically, we consider
three common performance metrics for elastic applications as
follows.
• Average sojourn time: The sojourn time defines the
time interval of elastic application from its arrival to
its departure. As users are very sensitive to duration of
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III. T HEORETICAL A PPROXIMATION
It is usually fairly complicated to exactly analyze system
performance when integrated services are involved [8][9][10].
Therefore, in this section, we provide a simple approximation
for theoretical analysis of our system model. The simplified
analysis results provide a reference for further comparisons
with our simulation results.
First, the two servers are approximated as one server with
capacity C = Cwimax + Cwlan . With this approximation,
the system becomes the traditional integrated service system
where elastic applications share the server capacity with prioritized streaming applications. However, even for this simplified
system, the calculation of stationary results is still very difficult
since no closed formulation can be derived [7].
However, approximate results can be calculated with either
of the two quasi-stationary assumptions. One quasi-stationary
condition assumes elastic applications evolve much faster than
streaming applications. This assumption is reasonable since
the streaming applications usually last longer than elastic
applications. However, theoretical derivation based on this
assumption can only be obtained for rather light elastic traffic
since it requires uniform stationarity [8].
In our analysis, we take the other quasi-stationary condition
which assumes streaming applications evolve much faster than
elastic applications. While this assumption is not quite reasonable, it can provide upper performance bounds for elastic
applications [8]. In this case, the service devoted to elastic
application can be approximated as the total capacity minus
the average aggregated service rates of streaming applications.
Based on the former simplification, we could get approximate results for elastic applications. Specifically, since elastic
applications share the capacity with processor-sharing policy,
insensitivity of PS policy to service distribution can be applied.
The average throughput can be expressed as Ce ∗ (1 − ρe ), and
the mean sojourn time can be expressed as
E[T ] =

E[x]
Ce ∗ (1 − ρe )

(1)

1.4
MAX
MIN
Theoretical approximation

1.2
Average sojourn time (s)

elastic application, this metric is highly related to the user
experience of service quality.
• Time-average throughput: The time-average throughput
defines the ratio of total service amount to total service
time. This metric can be seen as an indicator of system
performance in terms of service capability.
• Call-average throughput: The call-average throughput defines the mean of individual ratios of service size to
its service time. This metric integrates the influence
of service size on users’ expectation of service time.
Therefore, it is believed to be the best metric representing
the users’ quality of experience (QoE) [7].
In addition, another important metric for load balancing
mechanisms is the number of load balancing actions. Although
no specific cost is considered in this paper, it is still beneficial
to compare the number of load balancing actions as normally
costs of these actions do not vary with different applications.
In addition, due to different costs of vertical handover and
dispatch, we record both of them in simulations respectively.
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where ρs and ρe represent the load of streaming and elastic applications respectively with respect to the capacity of
WiMAX. In addition, Ce = C(1 − (1 − Pb )∗ ρs ), E[x] denotes
the average size of elastic applications and Pb is the blocking
probability of streaming applications.
IV. N UMERICAL R ESULTS
To evaluate the performance of the two handover mechanisms, we have conducted extensive simulations with varying
parameters. Each simulation result is obtained based on the
average of 30 runs with different seeds. In each run, we simulate 106 files and remove the initial stage of the first 5 × 103
files. The results of 30 runs are checked with Skewness and
Kurtosis which ensure these runs follow a normal distribution.
This guarantees the validation of our simulation results.
The values of simulation parameters are listed in Tab. I.
Specifically, we calculate ρe based on the capacity of WiMAX.
A. Exponential Distribution
First we assume the size of elastic applications follows exponential distribution, which has been assumed and analyzed
extensively for traffic modeling.
In Fig. 2, the average sojourn time of finished files is shown.
It can be seen that for exponential distributed files, the average
sojourn time with MAX is sightly longer than that with MIN.
TABLE I
S IMULATION PARAMETERS
Parameters

Meaning

Values

Cwimax
Cwlan
Bs
ρs
ρe
1/µs
1/µe

WiMAX capacity
WLAN capacity
Bandwidth of streaming applications
Load of streaming applications
Load of elastic applications
Average length of streaming applications
Average size of elastic applications

1000 kbps
600 kbps
50 kbps
0.3
0.1-1.1
140 s
64 kbits
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However, compared with the theoretical approximation, the
performance of MAX and MIN are worse. In particular, when
the traffic load is heavy, the average sojourn time of finished
files with MAX and MIN increases very rapidly.
In Fig. 3, the average throughput performance is shown.
It can be seen that the throughput performance of MIN is
better than MAX as well. The time-average and call-average
throughputs are similar for low-load elastic traffic and the gap
increases as the load of elastic applications becomes heavier.
The main reason for the fast decay of call-average throughput
of heavy-loaded elastic applications is the fast increase of
average sojourn time as shown in Fig. 2. However, the averagetime throughput is not heavily influenced by sojourn time as
it only depends on the system throughput. In addition, when
the load of elastic applications is low, the simulation results
of both MAX and MIN are fairly worse than the theoretical
approximation. However, with the increase of elastic traffic
load, the performance of MAX and MIN first gets closer to and
then the time-average throughput outperforms the theoretical
approximation. The reason for this performance alternation is
due to the use of the service capacity of WLAN for heavyloaded elastic applications. When the load of elastic applications is low, almost all the elastic applications are served in
WiMAX according to the handover criteria. However, with
increasing load of elastic applications, more and more files
are dispatched or handovered to WLAN. Thus all the service
capacities of WiMAX and WLAN are utilized when the load
of elastic applications are heavy enough.
In Fig. 4 the dispatch and handover times are shown to
illustrate the cost of each load balancing mechanism. It can
be seen that MIN introduces much more load balancing actions
(dispatch/handover) than MAX and even two times more when
the load of elastic applications is heavy. Moreover, MIN
adopts much more handovers than MAX while the numbers
of dispatch for two mechanisms are comparable.
In summary, for exponential distributed files, the performance results of MAX and MIN are similar. However, MIN
introduces much more operation costs with a large number of
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load balancing actions. Therefore, we prefer MAX to MIN
with consideration of overall performance in this context.
B. Pareto Distribution
For realistic applications, it is believed that the size of
elastic applications follows heavy-tailed distribution. Normally
Pareto distribution is chosen as the representative heavy-tailed
distribution especially for file sizes. Therefore, we also present
results with Pareto distributed file sizes. Specifically, we take
the shape parameter as 1.2 which is a typical value for Pareto
distribution.
In Fig. 5, the average sojourn time is shown. Compared
with Fig. 2, there are two major differences. First, the average
sojourn time with Pareto distributed file sizes is shorter than
that with exponential distribution. This phenomenon has been
stated in [11] and the reason is that Pareto distribution has
higher variability than exponential distribution. Second, the
difference between MAX and MIN is more visible with
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Pareto distributed file sizes. Moreover, for heavy-loaded elastic
applications, MIN provides shorter average sojourn time than
the theoretical approximation. In fact, since MAX and MIN
actually take advantage of the size information of files, there
are chances that the average sojourn time is shorter than the
theoretical approximation based on PS.
In Fig. 6, the throughput results are shown. It can be seen
that the difference of call-average throughputs with MAX and
MIN is much larger compared with Fig. 3. The difference
complies with the visible difference of average sojourn time
in Fig. 5. These results indicate that the performance difference
of MAX and MIN is much larger with Pareto distributed
files. In addition, there is a crossover between call-average
throughput with MIN and the theoretical approximation. This
is consistent with the result in Fig. 5.
In addition, by comparing Fig. 2 with Fig. 5 and Fig. 3
with Fig. 6, we obtain following observations. For the lightloaded area, the performance results with Pareto or exponential
distributions are quite similar. However, for the heavy-loaded
area, namely when the load of elastic applications is larger
than 0.9, the performance results with Pareto distribution are
much better than those with exponential distribution.
Fig. 7 presents the numbers of load balancing actions.
Compared with Fig. 4, the difference between MAX and
MIN is even larger. Specifically, for MIN, the total number
of load balancing actions is comparable for both Pareto and
exponential distribution while more handovers are adopted
with Pareto distribution. For MAX, much less load balancing
actions are taken with Pareto distribution especially in the
heavy-loaded area.
C. Comparison
In this subsection, we compare our size-based load balancing mechanisms with an intuitive load balancing method
which admits elastic applications to certain networks without
help of size information. We refer this intuitive method as
INT. Specifically, whenever there is an elastic application
arrival, INT admits the application into WiMAX or WLAN

Fig. 7.
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based on the expected average bandwidth received. Suppose
the number of active streaming applications in WiMAX is s,
the numbers of elastic applications in WiMAX and WLAN
are dwimax and dwlan , respectively. The expected bandwidth
bewimax in WiMAX for the arrival elastic application would
be bewimax = (Cwimax − s ∗ Bs )/(dwimax + 1). Similarly,
the expected bandwidth bewlan in WLAN would be bewlan =
Cwlan /(dwlan + 1). Based on the expected bandwidth, INT
makes the routing decision. Specifically, we can express INT
decision as

WiMAX, if bewimax ≥ bewlan
Route to
(2)
WLAN,
others.
Accordingly, we simulate INT in the same settings as for
MIN. The comparison results with MIN are shown in Fig.
8 and 9. Generally, it can be seen that for both exponential
and Pareto distributions, MIN outperforms INT in terms
of both average sojourn time and average throughput. This
performance advantage of MIN suggests that with help of
size information and vertical handover, the performance of
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heterogeneous networks could be greatly improved. In particular, we notice that the performance of INT with exponential
distributed elastic applications becomes much worse when
the traffic load exceeds certain level. However, with Pareto
distributed elastic applications, INT still performs comparable
to MIN. One possible explanation for this difference is that
with higher size variability, Pareto distribution compensates
some performance loss with INT since higher size variability
leads to better performance in WiMAX [11]. For exponential
distribution, the major problem with INT would be that the
performance in WiMAX becomes much worse when the traffic
load exceeds certain level.
V. D ISCUSSION
Based on the simulation results and theoretical approximations, we present the following discussions on the impact
of size of elastic applications and further thinking on load
balancing.
According to the performance advantage of MIN over INT,
we should utilize the size information if the handover cost
is neglectable. This conclusion complies with the advantage
of size-based scheduling over other non-size-based scheduling policies. By choosing handover candidate based on the
remaining size, we actually conduct some kind of prioritized
scheduling with help of size information.
The simulation results suggest that MIN outperforms MAX
in terms of all the performance metrics for elastic applications.
However, this performance overwhelm comes with cost of
significantly increased number of load balancing actions. Besides the increased number of handover times, another possible
reason for the better performance of MIN is that MIN lets
large files stay in WiMAX. This moves the system towards
the quasi-stationary assumption that streaming applications
evolves much faster than elastic applications in WiMAX.
However, MAX drives the system towards another quasistationary assumption that elastic applications evolve much
faster. As stated in [8], the former quasi-stationary assumption
leads to better average performance. However, this statement

applies with condition of uniform stationarity where the load
of elastic applications needs to be fairly low.
Another possible reason for the better performance of MIN
over MAX is the better load balancing granularity. Much more
files need to be distributed to WLAN with MIN to achieve load
balancing since those files are relatively small. Then both the
frequency and size of load balancing actions ensure better load
balancing granularity with MIN. However, as shown in Figs.
4 and 7, this also introduces a large proportion of handover
which is much costly than dispatching.
The dilemma between MAX and MIN inspires us to think
how to keep the advantage of MIN while in the meanwhile
reducing the number of load balancing actions. To this aim,
we point out that two aspects should be taken into consideration. First, sufficient load balancing granularity needs to be
provided. Second, the characteristics of integrated services in
WiMAX need to be explored and utilized.
It is worth highlighting that in this study we have made
several assumptions in order to investigate the fundamental
effect of different load balancing mechanisms. Specifically, we
assume the capacity of WLAN is fixed and does not depend
on the number of users in the network. While the assumptions
may not always hold, we believe that the trends discovered in
this study will remain under released assumptions. Moreover,
the results in the paper could also be helpful for designing
load balancing mechanisms for other overlay heterogeneous
networks.
VI. C ONCLUSION
In this paper we study load balancing for multi-service
in an overlay heterogeneous network. Based on the analysis
of simulation results of two load balancing mechanisms, we
draw the conclusion that both load balancing granularity and
integration of elastic and streaming applications in WiMAX
affect the whole system performance. This knowledge could
provide guidance for further developing better load balancing
mechanisms.
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