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Abstract— In mobile cellular networks, limiting handover
dropping probability within a prespecified target value is a
very important quality of service issue because mobile hosts
should be able to maintain ongoing sessions even during their
handover from one cell to another. In this paper we propose
and evaluate a simple distributed adaptive bandwidth reservation
scheme and a connection admission test for multimedia mobile
cellular networks that limit handover dropping probability to a
prespecified target value. The proposed bandwidth reservation
scheme depends on the number of handover successes and
failures to adaptively control reserved bandwidth for handover,
and the admission test is designed to reduce traffic overhead
between cells. We evaluate the performance of the proposed
scheme to show that it meets our design goal and outperforms
the static reservation scheme under various scenarios.

I. I NTRODUCTION
In mobile cellular networks handover management has
been one of the most important and challenging issues. It
will become more significant in the near future since the
current trends in cellular networks are 1) to reduce cell size
to accommodate more mobile hosts (MHs) that will cause
more frequent handovers, and 2) to support not only voice
traffic but also data and multimedia traffic such as video. One
of the issues is how to control (or reduce) handover drops
due to lack of available bandwidth in the new cell, since
MHs should be able to continue their ongoing sessions. Here,
two connection-level quality of service (QoS) parameters are
relevant: the probability (PCB ) of blocking new connection
requests and the probability (PHD ) of dropping handovers.
In ideal case, we would like to avoid handover drops so that
ongoing connections may be preserved as in a QoS-guaranteed
wired network. However, this is impossible in practice due to
unpredictable fluctuations in handover traffic load.
Each cell can, instead, reserve fractional bandwidths of
its capacity, and this reserved bandwidth can be used solely
for handovers, not for new connection requests. The problem
is then how much of bandwidth in each cell should be
reserved for handovers. This concept of reserving bandwidth
for handover was introduced in the mid-1980s [1]. In this
scheme, a portion of bandwidth is permanently reserved in
advance for handovers. Since then a lot of research efforts has
been carried out for better schemes. Most existing bandwidth
reservation schemes for handover assume that the handover
connection arrivals are Poisson, and each connection requires
an identical amount of bandwidth (e.g., voice call) with an

exponentially distributed channel holding time in each cell
[2]– [5]. But, it is known that the channel holding time of
handed-over connections is not really exponentially distributed
[6].
Recently, some schemes attempting to limit PHD to a
prespecified target value for multimedia mobile cellular networks have been proposed [7] [8]. A probabilistic prediction
of user mobility has been proposed in [7] based on the
idea that mobility prediction is synonymous with data compression. From the observation that a connection originated
from a cell follows a specific sequence of cells, rather than
a random sequence of cells, the scheme utilizes character
compression technique to predict future mobility of MHs.
In [8], a handover probability at some future time has been
derived using the aggregate history of handovers observed in
each cell. These algorithms depend on the mobility history
of users for statistical prediction to guarantee that PHD is
maintained below a prespecified target probability (Pt ). Thus,
they need a large amount of history data for proper operation.
For more information refer to [9] that reported a comparative
study of some schemes. In this paper a simple distributed
bandwidth reservation scheme that attempts to limit PHD to
Pt is proposed. In this scheme each base station (BS) counts
the number of handover successes and failures to adaptively
change the reserved bandwidth for handover, and it does not
depend on a large amount of handover history data unlike the
above two schemes. In addition, we propose an admission test
for new connection requests that considers not only current cell
status, but also status of its adjacent cells, so that it achieves
fairness in terms of PCB and PHD as will be cleared later. It is
also designed to reduce traffic for control messages exchanged
between cells. As compared to the previous ones the proposed
scheme is much simpler and easier to implement.
The paper is organized as follows. Section II describes
system model, our proposed adaptive bandwidth reservation
scheme and connection admission test. Performance evaluation
is given in section III which is followed by a conclusion in
section IV.
II. P ROPOSED S CHEME D ESCRIPTION
A. System Model
A wireless network with cellular architecture that supports
multimedia traffic such as voice and video is considered.
Each cell is equipped with a BS that is connected to mobile

switching center (MSC). It is assumed that BSs can exchange
control information with one another through MSC or direct
links connecting them. Each BS is assigned a fixed number of
channels; that is, fixed channel assignment (FCA) is assumed.
An MH, while staying in a cell, communicate with other party
via the BS that controls the cell. When the MH moves from
one cell to another access point must be changed, requiring
handover. When a handover request arrives at a BS it is
accepted if there is enough bandwidth to accommodate it; otherwise, it is dropped. Whereas a newly generated connection
having bandwidth Bnew is admitted only when an admission
test is satisfied considering reserved bandwidth for handover.
A simple admission test for a cell i is
i
BUi + Bnew ≤ C − BH

(AT1)

where BUi is the bandwidth being used in cell i by ongoing
i
connections, C is the cell capacity and BH
is the reserved
bandwidth for handover of cell i. Only when the above test is
satisfied the new connection request is accepted. This is called
AT1 in this paper.
B. Adaptive Bandwidth Reservation Scheme
Our proposed scheme, called AP, that attempts to limit PHD
to a prespecified target handover dropping probability (Pt ) is
summarized in Fig. 1. When a handover request arrives the
BS examines if there is available bandwidth or not. If it is
dropped due to insufficient bandwidth, the BS must promptly
respond to it by increasing the reserved bandwidth (BH ) for
handover by one bandwidth unit (BU ) (as an example, in
TDMA (FDMA) system BU corresponds to a time slot (a
frequency channel)). When the handover request is successful
the number of successful requests (Rq ) is increased by one.
If Rq is greater than the inverse of (Pt ), BH is decreased
by one BU and Rq is set to zero. So the algorithm simply
says that given a Pt it counts the number of handover failures
and successes such that PHD is maintained below Pt . But this
scheme may become unfair in terms of PCB , PHD and BH
when combined with admission test AT1 with heavy traffic
loads. The reason can be explained as follows. Suppose two
adjacent cells A and B, and at some time instant handover
traffic from cell B to cell A is dropped due to insufficient
bandwidth in cell A. Then, cell A increases BH to reduce its
PHD , which will suppress newly generated traffic in cell A.
That, in turn, reduces handover traffic from cell A to cell B
so that cell B could allow more new traffic. This will cause
more handover traffic from cell B to cell A. The circulation
continues until it reaches an equilibrium point. In an extreme
case with heavy traffic, cell A will serve only handed-over
traffic from cell B, while cell B will see few handed-over
traffic from cell A. This explanation can be extended to a
more general case with many cells. That is, with heavy traffic
load some cells reject almost all new connection requests while
serving only handed-over connections. On the other hand, the
opposite occurs in others. This is an undesirable situation
into which an adaptive bandwidth reservation schemes may

Rq := 0; BH := 0;
WHILE (time increases)
IF (handover into the current cell happens) THEN
examine available bandwidth in the cell;
IF (handover request drops) THEN
BH := BH + BU ;
ELSE
Rq := Rq + 1;
IF Rq > 1/Pt  THEN
BH := BH − BU ;
Rq := 0;
END IF
END IF
IF (BH < 0) THEN BH := 0; END IF
IF (BH > C) THEN BH := C; END IF
END IF
END WHILE
Fig. 1. Pseudo code of the proposed bandwidth reservation scheme for
handover. Rq and BH are initialized to zero from the beginning of the scheme.
x indicates the smallest integer greater than or equal to x.

fall unless they are carefully designed considering the above
condition. This phenomenon was found in our scheme as
well as in other scheme [8]. To solve the problem, another
admission test has been proposed in [8] as follows.
C. Admission test
In this admission test for a cell i two conditions are checked
out for a new connection request having bandwidth Bnew . That
is,
i
(i) BUi + Bnew ≤ C − BH

j
(ii) BUj + BH
≤C
for each adjacent cell j ∈ Ai

where Ai is the set of indices of adjacent cells of cell i.
The first line that is the same as AT1 examines if there is
enough bandwidth for the request in the current cell, while the
second line investigates whether the corresponding adjacent
cell j is likely to be overloaded or not. Not satisfying the
second condition suggests the possibility that the cell might be
overloaded, so if the new connection request is accepted it will
be likely to be dropped when it is handed over to the cell. Only
when the two conditions are satisfied the new connection is
accepted. Note that the second condition (ii) requires control
messages to be exchanged between BSs whenever a new
connection request that has passed the first condition (i) is
made. This is costly as it will increase with traffic load. An
equivalent way to implement the second condition (ii) is for
each BS to broadcast its status to its adjacent BSs whenever the
condition changes. That is, after start-up each BS monitors the
amount of BU + BH relative to C. It broadcasts status change
to its adjacent cells only when the magnitude changes between
the two terms. Then, a BS utilizes information broadcast by
its adjacent cells for admission test.

broadcast UNDERLOAD to adjacent cells;
WHILE (time increases)
WHILE (true)
IF BU + BH > C + T h THEN
broadcast OVERLOAD to adjacent cells;
break; /* out of WHILE */
END IF
END WHILE
WHILE (true)
IF BU + BH ≤ C − T h THEN
broadcast UNDERLOAD to adjacent cells;
break; /* out of WHILE */
END IF
END WHILE
END WHILE
Fig. 2. Pseudo code for the condition (ii) of AT2, where T h is a threshold
to reduce broadcast rate.

Although this procedure can reduce traffic between cells
for the condition (ii), it is still expected that the BS frequently sends status information at high load. So, a parameter
T h, called threshold, is introduced to further reduce status
broadcast rate. Using T h the second condition is modified
as summarized in Fig. 2. At first a BS monitors BU + BH
to see if it grows greater than C + T h (called “overload
condition”). If so, the BS broadcasts OVERLOAD message to
its adjacent cells. Once it has broadcast OVERLOAD message,
it continuously checks whether BU + BH becomes less than
or equal to C − T h (called “underload condition”). Only
when BU + BH becomes below C − T h the BS broadcasts
UNDERLOAD message to its adjacent cells, and again the
BS examines overload condition and so on. Note here that
T h can be either fixed or variable. If it is too large, status
change information will not be distributed in time which might
cause performance degradation, whereas if it is too small the
effect on reducing status broadcast rate will become small. In
our simulation study we will see the effect of T h on system
performance. Now, we propose an admission test for a cell i,
called AT2, as follows:
i
(i) BUi + Bnew ≤ C − BH

(AT2)

(ii) All adjacent cells of cell i
are in underload condition.

a typical highway environment, while the latter denotes a
metropolitan downtown area. Moreover, only mobile users are
considered. For the one-dimensional environment, MHs travel
along a straight road. The following assumptions are made for
this model:
A1) The system is composed of ten square-shaped cells,
numbered from 1 to 10, with wraparound to avoid edge
effect. One side of each cell is 1 km.
A2) Connection requests are generated according to a Poisson
process with rate λ (connections/second/cell) in each cell.
A newly generated connection can appear anywhere in
the cell with an equal probability.
A3) A connection is either for voice (requiring 1 BU ) or for
video (requiring 4 BU ) with probabilities Rv and 1−Rv ,
respectively, where the voice ratio Rv ≤ 1.
A4) An MH can travel in either of two directions with an
equal probability with a speed chosen at random between
80 and 120 (km/h). Each MH will run straight through
the road with the chosen speed and never turn around.
A5) Each connection’s life time is exponentially distributed
with mean 120 seconds.
A6) Each cell has a fixed channel capacity (C) of 100 BU s.
For the two-dimensional environment, the roads are arranged in a 5 × 5 mesh shape, and a BS is located at each
intersection of two crossing roads (Fig. 3). We make the
following assumptions for this two-dimensional environment.
B1) The cellular system is composed of 25 cells with
wraparound to avoid edge effect, and each cell’s diameter
is 300 m.
B2) MHs can travel in either of two directions along a road
with an equal probability at a speed chosen at random
between 40 and 60 (km/h).
B3) At the intersection of two roads, an MH might continue to
go straight, or turn left, right, or around with probabilities
0.55, 0.2, 0.2, and 0.05, respectively.
B4) If an MH chooses to go straight or turn right at the center
of a cell, it might need to stop there with probability 0.5
for a random time between 0 and 30 seconds due to a
red traffic sign.
B5) If an MH chooses to turn left or around, it needs to stop
there for a random time between 0 and 60 seconds due
to the traffic signal.
B6) The cell capacity C is 50 BU s.
B7) The assumptions A2, A3, A5 above are also made.

III. P ERFORMANCE E VALUATION
In this section a simulation study for the proposed adaptive
bandwidth reservation scheme and admission test is described.
Fixed bandwidth assignment scheme for handover, referred to
as FA, is compared with our proposed adaptive scheme AP.
This FA scheme utilizes AT1 as admission test and 10 % the
cell capacity is allocated for BH .

For a measure of traffic we use the offered load (L) per cell
which is defined as connection generation rate × connections’
bandwidth × average connection life time. That is, L is
represented by

A. Simulation Assumptions and Parameters
We consider two different simulation environments: onedimensional and two-dimensional cases. The former represents

with the assumptions described above. The physical meaning
of the offered load per cell is the total bandwidth required on
the average to support all the existing connections in a cell.

L = λ · (1 · Rv + 4 · (1 − Rv )) · 120

(1)
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Fig. 4. PCB and PHD vs. offered load for the one-dimensional model when
Rv = 0.5.

AND ( C ) ARE THE RESULTS WHEN OUR SCHEME

Cell
1
2
3
4
5
6
7
8
9
10
average

PCB
1.00e+0
1.58e-1
1.00e+0
1.52e-1
1.00e+0
3.11e-1
3.40e-1
1.00e+0
3.29e-1
3.31e-1
5.62e-1

PHD
1.89e-2
9.90e-3
1.87e-2
9.89e-3
1.87e-2
9.85e-3
1.00e-2
1.76e-2
9.89e-3
9.91e-3
1.33e-2
(a)

BU
79.7
80.2
79.0
82.8
67.6
84.5
78.2
57.7
76.8
71.4
75.8

BH
98.4
8.5
98.1
8.1
97.8
12.8
13.9
97.7
13.3
13.5
46.2

Cell
1
2
3
4
5
6
7
8
9
10
average

PCB
5.50e-1
5.62e-1
5.77e-1
5.82e-1
5.63e-1
5.53e-1
5.63e-1
5.81e-1
5.85e-1
5.63e-1
5.68e-1

PHD
9.89e-3
9.91e-3
9.89e-3
9.91e-3
9.89e-3
9.90e-3
9.90e-3
9.89e-3
9.89e-3
9.89e-3
9.90e-3
(b)

BU
76.5
85.9
78.1
73.5
80.6
77.9
78.9
83.7
80.7
83.3
79.9

BH
12.3
12.4
13.4
13.0
12.7
12.1
12.6
13.1
13.4
12.6
12.8

Cell
1
2
3
4
5
6
7
8
9
10
average

PCB
5.68e-1
5.62e-1
5.72e-1
5.71e-1
5.74e-1
5.59e-1
5.79e-1
5.73e-1
5.90e-1
5.63e-1
5.71e-1

PHD
9.88e-3
9.92e-3
9.91e-3
9.89e-3
9.91e-3
9.92e-3
9.89e-3
9.88e-3
9.90e-3
9.92e-3
9.90e-3
(c)

BU
70.9
78.7
64.3
85.5
72.5
87.4
86.4
82.5
85.2
71.7
78.5

BH
13.1
13.9
13.8
14.0
13.6
14.0
13.2
14.6
13.5
14.2
13.8

B. Numerical Results
The influence of admission test on the proposed reservation
scheme AP for the one-dimensional model is shown in Table I,
which represents PCB , PHD , BU and BH after a simulation
run when offered load is 200, Rv is 0.5, and Pt is 0.01.
Table I (a), (b) and (c) indicate results when AP is combined
with AT1, AT2 with T h = 0 and AT2 with T h = 0.5BH ,
respectively. As described in subsection II-B, unfair results
are observed in terms of PCB , PHD , and BH in (a) (e.g., see
cells 1,3,5,8) although average values of them look acceptable
(we have also found the similar unfair results in the twodimensional model, which is omitted for brevity). It suggests
that the second condition (ii) of AT2 plays a significant role
for proper operation of the proposed scheme at high traffic
load. It should be emphasized that when we consider an
adaptive bandwidth reservation scheme for handover careful
attention must be paid to fairness in terms of PCB , PHD , and
BH . In combination with admission test AT2 our proposed
scheme shows fair results in terms of PCB , PHD and BH as
indicated in Table (b) and (c). They show that performance is
slightly better when T h = 0 than when T h = 0.5BH in terms
of PCB , BU and BH . In the following results AP is assumed
to be combined with AT2.
We will first see simulation results for the one-dimension
model in the following figures. Fig. 4 shows blocking probabilities (PCB , PHD ) versus offered load for three different
target values (Pt =0.005,0.01,0.02) and Rv = 0.5. 10 BU
is reserved for BH in FA that corresponds to 10 % the
cell capacity. It is observed that in AP PHD is always less
than or equal to Pt independent of traffic load, while in FA
PCB and PHD increase with traffic load. In addition, there is
no distinguishable performance difference between the cases
when T h = 0 and when T h = 0.5BH . The figure also
indicates that when Pt is smaller it is necessary to reserve
more bandwidth for handover, resulting in larger PCB .
The corresponding bandwidth usage of the above figure
is shown in Fig. 5. The amount of used bandwidth (BU )
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Fig. 6. Status broadcast rate of AP for the one-dimensional model when Rv
is 0.5.

Fig. 8. Influence of the voice ratio (Rv ) on BU and BH for the onedimensional model when Pt is 0.01.

of FA grows with traffic load at a cost of higher PHD .
Though bandwidth is used more efficiently when T h = 0
than when T h = 0.5 we see there is no noticeable difference
between them. The more the traffic load and the less the target
probability, the more difference between them. The figure
also indicates that smaller target probability requires higher
bandwidth to be reserved for handover, which, in turn, leads
to smaller BU . As can be expected, it means there is a tradeoff between handover quality and bandwidth usage.
The average status broadcast rate (times/seconds) per cell
for AP is shown in Fig. 6. When T h = 0 broadcast rate
increases rapidly with traffic load while when T h = 0.5BH
it grows slowly. Great reduction is seen in broadcast rate,
indicating that the introduction of T h in AT2 is effective in
reducing traffic overhead between cells. It also represents that
when Pt is smaller status broadcast rate becomes smaller as
traffic load grows since smaller Pt results in higher BH , which
again leads to higher T h.

The impact of the voice ratio (Rv ) on blocking probabilities
is shown in Fig. 7 when Pt is 0.01. It depicts also our
scheme works well in the sense that PHD is limited below
the target value (0.01) irrespective of the voice ratio and
traffic load. Moreover, a threshold of 0.5BH does not have
a great influence on PCB , PHD . As the traffic tends to be
more homogeneous (i.e., Rv comes close to 1.0) PCB and
PHD becomes smaller. The voice ratio also has an effect on
bandwidth utilization, showing smaller Rv leads to higher BU
and smaller BH as shown in Fig. 8. Although we consider
only two types of connection in this study the figure suggests
this heterogeneity in traffic might have a great impact on
bandwidth usage in our scheme. A tremendous decrease in
status broadcast rate is observed with T h = 0.5BH as shown
in Fig. 9. Since when Rv is 1.0 more connections are active at
high load than when Rv is smaller than 1.0, status broadcast
rate is increased with Rv .
The influence of threshold on blocking probabilities is de-
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picted in Fig. 10 with Rv = 0.5 and Pt = 0.005 for which four
thresholds are considered (T h = 0, 0.5BH , 1.0BH , 0.1C).
Note that two of them are variable (T h = 0.5BH , 1.0BH ),
while the other two fixed (T h = 0, 0.1C). As shown in the
figure when T h = 1.0BH the scheme AP does not limit PHD
to Pt no longer with high traffic load. In this case, since
T h is too high no status broadcast, as specified in Fig. 2,
between BSs occurs (see Fig. 11). In other words, a high T h
can bring about a failure of information distribution for the
second condition of AT2. In such case, AT2 becomes AT1,
leading to improper operation with high traffic load as we have
seen in Table I. It means that a careful attention must be paid
in choosing T h value so that it may not prevent BSs from
exchanging control traffic between them. For example, when
T h = x · BH (where x is a constant) is employed, if BH is
large T h becomes large proportionally, which may keep BSs
from exchanging control information, resulting in improper
operation. This might occur, for instance, when Pt is small
so that a large BH is required at high traffic load. Fig. 11
represents status broadcast rate versus offer load for various
threshold values. It also depicts that even with small T h (e.g.,
0.05C or 0.25BH ) a great decrease in the broadcast rate can be
accomplished. From our simulation study we have found that
the proposed scheme works well in most cases either when
T h ranges between 0.1BH and 0.5BH for variable case or
when it is set to 5∼10 % the cell capacity for fixed case, and
performance difference in terms of blocking probabilities and
bandwidth usage is very small.
The figures we have seen so far for the one-dimensional case
show that the proposed scheme AP along with the admission
test AT2 performs well in limiting PHD to a prespecified
target value irrespective of offered load and the voice ratio;
moreover, it is efficient in utilizing bandwidth and reducing
traffic exchanged between BSs at a cost of small bandwidth.
Now we turn our attention to the two-dimensional model.
In this model, the number of adjacent cells is twice as many
as the one-dimensional case. Blocking probabilities, bandwidth usage, and status broadcast rate for three target values
(Pt =0.005,0.01,0.02) and Rv = 0.5 are shown in Fig. 12, 13,
and 14, respectively. Almost the same interpretations as the
one-dimensional case are true for this model. From Fig. 12
we see again that PHD is maintained less than or equal to Pt
regardless of traffic load in AP, while PCB and PHD increase
with traffic load in FA. And there is no noticeable performance
difference between the two cases when T h = 0 and when
T h = 0.5BH . Fig. 13 represents the corresponding bandwidth utilization of the above figure. Compared to the onedimensional case, it is less efficient in bandwidth utilization
since more BH is required. Fig. 14 shows a great reduction in
the status broadcast rate with T h = 0.5BH . The results about
the impact of Rv and T h are omitted for short of space, but
they follow the same tendency as the one-dimensional case.
In summary, the simulation results presented in this section
show that our scheme can provide an efficient way to manage
handover quality in multimedia mobile cellular networks,
while reducing control traffic for handover between BSs at

a cost of small bandwidth.
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Fig. 13. BU and BH vs. offered load for the two-dimensional model when
Rv is 0.5.
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Handover dropping probability (PHD ) is one of the most
important quality of service indices in mobile cellular networks. Since it is impossible to guarantee zero PHD due
to unpredictable fluctuations in data traffic best alternative
is to limit PHD to a prespecified target value regardless
of traffic load. In this paper a simple distributed adaptive
bandwidth reservation scheme and a connection admission test
for multimedia mobile cellular networks have been proposed.
As compared to previously proposed schemes it is much
simpler and easier to implement since it is not based on a
large amount of handover history of mobile hosts; instead,
it depends only on the number of handover successes and
failures to adaptively control the reserved bandwidth for
handover. Furthermore, the proposed connection admission
test is designed to reduce control traffic between BSs that
is necessary for handover management. It was shown by a
simulation study that the proposed scheme performs well in
limiting PHD to a prespecified target value regardless of traffic
load, while achieving efficient bandwidth usage and reducing
traffic overhead between BSs at a cost of small bandwidth. As
a result, the proposed scheme can efficiently be utilized for
handover management in multimedia mobile cellular networks.
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Fig. 14. Status broadcast rate of AP for the two-dimensional model when
Rv is 0.5.
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