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Abstract- Many mechanisms based on bandwidth reservation have been proposed in the literature to decrease connection 
dropping probability for handoffs in wireless communications. The handoff events occur at a much higher rate in 
heterogeneous wireless networks than in traditional cellular systems. In order to properly distribute wireless network 
resources among different clients, this work proposed a user mobility algorithm prediction algorithm, which takes the 
coverage of different kinds of base stations. An efficient bandwidth reservation mechanism for the neighboring cells is 
therefore critical in the process of handoff during the connection of multimedia calls to avoid the unwillingly forced 
termination and waste of limited bandwidth in heterogeneous wireless networks, particularly when the handoff traffic is 
heavy. In this paper, a self-adaptive bandwidth reservation schemes, which adopts a probabilistic mobility prediction model 
and fuzzy logic to estimate the bandwidth required in neighboring cells, is proposed to reduce the forced termination 
probability of multimedia handoffs. The simulation results show that the proposed scheme can achieve superior performance 
than the representative bandwidth-reserving schemes in the literature when performance metrics are measured in terms of the 
forced termination probability for the handoffs, the call blocking probability for the new connections and bandwidth 
utilization. 
 
Index Terms- Bandwidth reservation, handoff, fuzzy logic, heterogeneous wireless networks, probabilistic mobility 
prediction, quality of service 
 
I. INTRODUCTION 
 
Because of the explosion of the data capacity and the 
connection devices of the future mobile network, the 
greatly increased consumption of the limited 
resources is expected. The bandwidth efficiency has 
been always a crucial concern of the wireless 
networks, while the energy issue is the biggest 
problem in the world in recent years. Therefore, the 
heterogeneous wireless networks not only have to 
include the latest communication technologies, but it 
also addresses a new management scheme in which 
limited resources can be used more efficiently[1]. 
 
There are two important Quality-of-Service (QoS) 
parameters considered in wireless networks, namely 
the handoff call dropping probability (CDP) and new 
call blocking probability (CBP). Handoff is a 
mechanism that a mobile host (MH) is transferred 
from one base station (BS) to another during an 
ongoing call and the desired bandwidth should be 
allocated in the new cell in order to provide QoS 
guarantee for multimedia traffic. The CDP denotes 
the likelihood that an ongoing call is forced to 
terminate during a handoff process when the 
allocated resources in the new cell are degenerated to 
an unacceptable level, while the CBP represents the 
possibility that a new connection request is denied 
admission into the cellular networks. Accordingly, 
one of the most important QoS issues in providing 
multimedia traffic in wireless networks is to reduce 
handoff drops caused by lack of available bandwidth 
in the new cell while maintaining high bandwidth 
utilization and low new call blocking rate. 

In recent years, a variety of resource reservation 
algorithms have been proposed to process handoff in 
traditional cellular networks. Among them, Oliviera 
et al. [2] suggested reserving some bandwidth in the 
target cells and the neighboring cells at the same time. 
However, their scheme was unable to adapt to the 
abrupt oscillation of bandwidth requirement and 
bandwidth utilization was deteriorated as well. 
Levine et al. [3] presented a shadow cluster scheme to 
reserve resources with neighboring cells by 
exchanging information related to the movement 
pattern and position. However, the scheme introduces 
too many communication overheads among the BSs 
of the cellular system. In [4], a scheme based on max-
min fairness protocol to provide QoS guarantees in 
wireless multimedia network is proposed. In spite of 
potentially improving both the CBP and the CDP in 
this scheme, the users might be subjected to 
significant bandwidth fluctuations.  Lee et al. [5] 
presented a handoff management scheme using 
simultaneous multiple bindings that reduces packet 
loss and generates negligible delays due to handoff in 
IP-based third-generation cellular systems. The CDP 
is probably reduced whereas the bandwidth levels of 
ongoing multimedia traffic are also degraded. Kuo et 
al. [6] took use of the knowledge of staying time, 
available time, and the class of the MH to develop a 
resource semi-reservation scenario and it turns out to 
be idealistic since the speed of the MH is difficult to 
detect accurately. In [7], the traffic in a wireless 
system is first divided into two classes, which are 
voice calls and video calls, respectively. Then a 
channel borrowing scheme is proposed to allow voice 
calls to borrow channels from those pre-allocated to 
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video calls temporarily. Although the CBP for the 
voice calls is reduced, the issue of improving the 
CDP during the handoff is not addressed. The work 
proposed by Ei-Kadi et al. [8] borrowed bandwidth 
from multimedia connections for supporting the new 
calls or handoff connections because multimedia 
connections can tolerate and gracefully adapt 
themselves to transient fluctuations in QoS. The 
borrowed bandwidth is returned to the original 
connections as soon as possible to satisfy the QoS 
requirements. There is 15% of bandwidth reserved 
exclusively for multimedia handoff connections. Thus, 
if a new call or handoff requests for bandwidth, the 
scheme in tries to borrow bandwidth from other 
existing connections first. If the borrowed bandwidth 
is insufficient for the request, the connection will try 
to use the bandwidth in the reservation pool. If there 
is no enough bandwidth, the connection will be 
dropped. 
 
Although the above-mentioned resource reservation 
algorithms more or less decrease the handoff 
dropping probability, the issue of unfairness is still 
unresolved. This is unacceptable in the heterogeneous 
wireless networks since some new metrics, such as 
class of traffic, monetary cost, should be considered. 
We thus set the priority of each class in a decreasing 
order and the average waiting time is in proportion to 
the priority inversely for each class, so that the 
service accepted by the users from different classes 
can be entirely reflected by the monetary cost paid by 
the users. 
The remainder of the paper is organized as follows. 
Sections 2 states how to incorporate the probabilistic 
mobility prediction model into the bandwidth-
reserving estimator for heterogeneous wireless 
networks. Section 3 exhibits the simulation results, 
where the proposed approach is compared with three 
representative algorithms in the literature. 
Conclusions are given in Section 4. 
 
II. A PREDICTION BASED BANDWIDTH 
RESERVATION MECHANISM 
 
The traffic in cellular networks is usually categorized 
into the following two classes in the literature. Class I 
traffic denotes real-time multimedia traffic, such as 
interactive audio and video, while Class II is non-
real-time data traffic, such as images and text. The 
representative bandwidth reservation schemes in the 
literature anticipate that a Class I connection request 
will make a handoff into one of its neighboring cells 
in the future and thus try to reserve some bandwidth 
in surrounding cells before the connection request is 
admitted. The Class I connection is forced to be 
dropped during handoff if its minimum acceptable 
bandwidth requirement cannot be satisfied in the 
entering cell. As for Class II traffic, a handoff is 
always accepted as long as there is any free 
bandwidth available. Although the above-mentioned 

bandwidth reservation schemes can effectively reduce 
the CDP in traditional macrocell wireless networks, 
whether they fit the requirement of the new metrics 
defined for processing multimedia handoff in 
heterogeneous wireless networks is doubtful. We thus 
propose a resource reservation scheme in this section 
to aim at reducing overheads among the BSs and 
reserving bandwidth in an effective manner, 
effectively decreasing the CDP for the multimedia 
handoffs in heterogeneous wireless networks, while 
keeping bandwidth utilization at a reasonable level. 
 
A. Probabilistic Mobility Prediction 
As shown in Fig. 1, the probability of the MH Q 
moves out of the circle is defined by, 

 
 

 
Fig. 1. The probability of MH Q moving out of the circle. 

 
We assume the moving patterns of the MH are 
exponentially distributed. Then the probability 
density function of a MH moving for the distance of r 
after duration of t becomes, 

 
where u is a user-defined constant. 
Since  

 
we have 

 
and 

 
 

The probability of a MH moving into zones A 

and B separated by v  as shown in 
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Fig. 2 can be respectively obtained by, 

 
and 

 
where 

 
Here w  denotes the vector perpendicular to L  

as shown in  

Fig. 2. 
Now assume a MH Q is located within fixed 

base station A as shown in 

 

Fig. 3, the probability of MH Q moving to 
communicatable position within the range of base 
station B is, as follows. 

 
 
where the probability of passing through line LA , 

)(QPLA
, is expressed by, 

 

 
Fig. 2. Zones A and B separated by v . 

 
Fig. 3. Range of the communication in a base station A and B. 

 
Besides, the probabilities of MH Qmoving to areas a, 
b, d and e can be obtained via the following four 
equations, 

 

 

 
 
B. A Fuzzy Bandwidth-Reserving Estimation 
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Scheme 
The fuzzy bandwidth-reserving estimator is 
encompassed in the dotted frame as shown in Fig. 4. 
The basic functions of the components employed in 
the fuzzy bandwidth-reserving estimator are 
described as follows. 
 Fuzzifier: The fuzzifier performs the 

fuzzification function that converts three types of 
input data from the bandwidth reservation 
scheme into suitable linguistic values which are 
needed in the inference engine. 

 Fuzzy rule base: The fuzzy rule base is 
composed of a set of linguistic control rules and 
the attendant control goals. 

 Inference Engine: The inference engine 
simulates human decision-making based on the 
fuzzy control rules and the related input 
linguistic parameters.  The max-min inference 
method is used to associate the outputs of the 
inferential rules.  

 Defuzzifier: The defuzzifier acquires the 
aggregated linguistic values from the inferred 
fuzzy control action and generates a non-fuzzy 
control output, which represents a ratio of the 
estimated amount of reserved bandwidth to the 
minimum bandwidth requested by the MH.  The 
Mamdanidefuzzification method is employed to 
compute weighted average of the aggregated 
output of the inferential rules due to its simplicity 
in computation. 

 
Fig. 4. The fuzzy logic based bandwidth-reserving estimator. 

Notably, the input to the fuzzifier d represents the 
probability that the MH will move to a neighboring 
cell will be larger if the target neighboring cell is a 
hot cell. The input Pm denotes the probability for the 
MH moving into the target neighboring cell as 
illustrated in Error! Reference source not 
found., and Pl the possibility that the MH moves 
out of the current cell. 
The inputs/output can be mapped into some 
appropriate linguistic or membership values within 
the range of 0 and 1. The input d is mapped into three 
linguistic term sets, “cold”, “intermediate” and “hot” 
to give the hotness measure of the target cell; whereas 
the other two inputs Pm and Pl and the output 

parameter of the inference engine, BW, are mapped 
into three linguistic term sets, “low”, “medium” and 
“high”. 
The non-fuzzy output of the defuzzifier can then be 
expressed by the following algebraic expression: 

 
 
where )(BWA  denotes the membership function of 
the aggregated output.  
 

The estimated bandwidth reserved in the target 

cell, such as cell B shown in 

 

Fig. 3, can be derived as follows: 

 
 
where RBW stands for the non-fuzzy output, and 
BWMH is the minimum bandwidth requested by the 
MH. 
 
III. SIMULATION RESULTS 
 
A series of simulations were conducted to compare 
the proposed probabilistic mobility prediction based 
bandwidth reservation scheme (MBR), with the fixed 
reservation scheme (FR), and the scheme without 
bandwidth reservation (NR). Meanwhile, the rate-
based borrowing scheme (RBB) is also compared 
with the proposed work because it was reported in 
that the RBB scheme achieves better performance 
than other representative bandwidth allocation and 
reservation schemes in the literature, such as the 
scheme presented in. The RBB scheme not only 
allows the new calls and handoff connections to 
borrow bandwidth form existing multimedia 
connections, but also reserves 15% of bandwidth 
exclusively for Class I handoff connections. 
 
In the NR scheme, no bandwidth is reserved for 
handoff connections in each cell. If there is no 
bandwidth available when the MH moves to the new 
coverage area, the handoff call is disconnected and a 
forced termination occurs. As for the FR approach, a 
set of channels called guard channels are preserved in 
each cell to provide a way of prioritizing handing off 
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calls on new call originations by setting aside a fixed 
bandwidth to support handing off users. New call 
originations cannot be assigned bandwidth from the 
guard channel pool. The guard channels are set to 
20% of the whole bandwidth for the FR scheme in 
our simulations. 
 
The connections in the simulations are divided into 
two classes. A Class I traffic, which is a multimedia 
connection, is allowed to move to a neighboring cell 
only when the unallocated bandwidth in the target 
cell exceeds the requested bandwidth. A data 
connection of Class II traffic can be granted to switch 
to a neighboring cell as long as the target cell 
possesses any unused bandwidth. Additionally, a new 
connection of Class I real-time traffic is allowed to 
borrow bandwidth from Class II non real-time 
connections in the same cell if the unallocated 
bandwidth in the current cell is smaller than the 
minimum bandwidth that the new Class I traffic 
requests in the proposed work. A similar approach 
was taken in to effectively reduce the new call 
blocking probability of real-time traffic. 
 
A total of 30 Mbps bandwidth is allocated in each cell 
of heterogeneous wireless networks in the simulations. 
Both classes of the connections are listed in Table 1. 
The bandwidth requirement for each connection is 
randomly selected within the range of the maximum 
and the minimum bandwidth requirement listed in 
Table 1. Both the class and the location of each MH 
are randomly selected at the initial state. Each MH is 
given a speed characteristic, which decides the time 
spent in a cell, in order to simulate handoffs. If a hot 
cell neighbors with the cell that a MH is located at, 
then the MH has a probability of 0.5 to move to the 
neighboring hot cell, and a probability of 0.1 to one 
of other neighboring cells. On the other hand, each 
MH will move to one of the six neighboring cells 
with equal probability if no neighboring hot cell 
exists. 
 

 
Table 1. Multimedia traffic parameters used in the simulations. 

 
 

 
Fig. 5 shows the comparison of call dropping 
probability (CDP) for multimedia handoffs (Class I), 
and  
 

 
Fig. 6 illustrates the CDP for combined Class I and II 
traffic. We can see from  
 

 
Fig. 5 that the CDP for multimedia handoffs is the 
lowest for the proposed MBR scheme when traffic 
load is high. Besides, the CDP for combined Class I 
and II traffic in MBR scheme is still lower than the 
other three schemes as shown in  
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Fig. 6. The FR has the worst performance as expected 
since it does not reserve bandwidth for the handoffs 
at all. As for the RBB scheme, its fixed bandwidth 
reservation mechanism is still inferior to the dynamic 
bandwidth reservation approach taken in this work, 
although it uses bandwidth borrowing technique to 
lower down the CDP for handoffs. 
 

 
Fig. 5. Call dropping probability for Class I traffic in the four 

schemes. 
 

 
Fig. 6. Call dropping probability for combined Class I and II 

handoffs in the four schemes. 
 

 

 
 

 
Fig. 7 shows the CBP for the new multimedia 

connections in the four schemes, and  
 

 
Fig. 8 illustrates the CBP for combined Class I and 

II traffic. The call blocking probability for the new 
connections in the RBB and the proposed MBR 
schemes is apparently improved owing to the channel 
borrowing technique. Meanwhile, the effectiveness of 
adaptive bandwidth reservation contributes to the 
better performance achieved in the proposed MBR 
scheme as illustrated in  

 
 

 
Fig. 7 and  
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Fig. 8. The NR scheme has the highest CBP for new 
connections because it reserves fixed bandwidth for 
multimedia handoff connections and results in 
reduced free bandwidth that be assigned to for new 
connections. 
The bandwidth utilization of various mechanisms is 
given in  
 

 
Fig. 9. The bandwidth utilization is defined as: 

 
 

 
Fig. 7. Call blocking probability for Class I traffic in four 

schemes. 
 

 
Fig. 8. Call blocking probability for combined class I and II 

traffics in the four schemes. 
 
The proposed MBR scheme still outperforms the 
other three schemes in bandwidth utilization due to 
the efficient usage of adaptive bandwidth reservation 
mechanism. RBB scheme uses bandwidth borrowing 
technique to achieve higher bandwidth utilization 
than the NR and FR schemes. Bandwidth utilization 
is the poorest in the FR scheme since it always 
reserves fixed bandwidth in each cell which is not 
necessarily used by the handoffs. 
 

 
Fig. 9. Bandwidth utilization comparison for the four schemes. 
CONCLUSION 
 
In this work, an effective bandwidth reservation 
scheme is proposed to reduce forced termination of 
multimedia handoffs in the heterogeneous wireless 
systems. A probabilistic mobility prediction model 
and fuzzy logic is employed to compute the amount 
of reserved bandwidth for the handoffs in the 
expected target cells. This work also tries to decrease 
the call blocking probability of new connections by 
using a channel borrowing technique. The simulation 
results show that both the proposed work performs 
better than the fixed reservation scheme, the scheme 
without reservation, and the rate-based borrowing 
scheme when call blocking probability for new 
connections, call dropping probability for the 
handoffs, and bandwidth utilization are compared. 
Subsequent research will investigate the feasibility of 
applying intelligent tools to address the power 
efficiency issues for the handoffs of the 
heterogeneous wireless networks. 
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