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Abstract

In order to provide seamless muiltimedia services in the
next-generation wireless networks, efficient bandwidth
reservation scheme must be developed. A novel attribute-
based bandwidth reservation scheme is proposed in this
paper as a solution to support quiality-of-service guaran-

tees ( oS) in the mobile multimedia wireless networks.
Based on the existing network conditions, the proposed
scheme makes an adaptive decision jbr bandwidth reser-

vation and call admission in each base station (BS). We
use the dynamically adaptive approaches to reduce the
connection-blocking probability (CBP) and connection-
dropping probability (CDP), and to increase the band-
width utilization (BU) for mobile multimedia wireless net-
works. Simulation results show that ouir proposed scheme
outperjbrm the previouslv proposed scheme in terms of
CBP, CDP, andBU in mobile communication systems.

1. Introduction

Providing multimedia services with a QoS guarantee in
mobile wireless networks presents more challenges due to
user's mobility and limited bandwidth resource. Since
bandwidth is the most critical resource in mobile multime-
dia wireless networks, it is important to employ mecha-
nisms for efficiently using the available bandwidth. In mo-
bile cellular communication networks carrying multimedia
traffic, it becomes necessary to provide QoS guarantees for
multimedia traffic connections. In order to utilize the radio
spectrum efficiently, microcellular and picocellular net-
works are deployed. These networks have the inherent
problem of rapid handoffs due to smaller coverage areas of
BSs. This problem leads to higher CDP and results in
bandwidth resource availability varying repeatedly. Fre-
quent changes in the network traffic make the provision of
guaranteed QoS more difficult. Reserving bandwidth for
handoff mobile hosts (MHs) can reduce CDP in wireless

networks. However, it may lead to high CBP for new con-
nections and low BU. Hence, research in the area of QoS
provisioning in the next-generation wireless networks fo-
cuses on the integration of resource reservation and admis-
sion control policies [1]-[6].

Recently, several bandwidth reservation schemes have
been proposed to support QoS provisioning in wireless
environments. In [2], the shadow cluster concept is used to
predict future resource allocation and to perform bandwidth
reservation in wireless networks. In this scheme, the home
BS of the MH informs the BSs of its shadow cluster area
about the MH's requirement, position, and movement pa-
rameters. It requires the exchange of a large amount of de-
tailed knowledge of MHs between the BSs. This scheme
increases too many overheads between the BSs, especially
in microcellular and picocellular wireless systems. More-
over, it is difficult to accurately estimate future movement
pattems in real wireless environments. In [3], the adaptive
bandwidth reservation scheme provides QoS guarantees by
reserving bandwidth in all neighboring cells. In this scheme,
if any reservation in neighboring cells fails, the new con-
nection and handoff connection are rejected. It increases
CBP and CDP. Moreover, bandwidth is reserved redun-
dantly because the MH moves to only one of neighboring
cells. It decreases the BU. An adaptive resource allocation
for multimedia QoS management in wireless networks is
proposed in [1] to improve CBP, CDP, and BU by using
the dynamic guard-channel scheme. However, this scheme
does not appropriately adjust the reserved bandwidth for
each BS in bursts of traffic conditions. It reduces the BU
and increases the CDP.

This paper introduces a novel attribute-based bandwidth
reservation scheme that supports QoS guarantees in the
next generation mobile multimedia wireless networks. In
the proposed scheme, each BS makes an adaptive decision
for bandwidth reservation by employing attribute-
measurement mechanism and traffic-based reservation
strategy. The amount of reserved bandwidth for each BS is
dynamically adjusted, according to the on-line traffic in-
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formation of each BS. The traffic-based reservation strat-
egy makes the system more responsive to the current traffic
conditions, providing efficient bandwidth reservation for
the handoff connections. The control of bandwidth reserva-
tion is adaptive under overloading traffic conditions, thus
can effectively deal with sudden traffic surges. Multimedia
traffic is a combination of both real-time and nonreal-time
traffic. Real-time traffic includes voice and video while
data and graphics make up nonereal-time traffic. We design
efficient call admission control algorithms for real-time and
nonreal-time traffic, according to the different multimedia
services. On-line bandwidth reservation scheme does not
require prediction of future traffic intensity and user mobil-
ity. This approach has significantly lower complexity and
system overhead than mobility oriented methods. Our pro-
posed scheme is an adaptive and on-line mechanism. It
only requires minimal computational overhead in each BS,
and no communication overhead between neighboring BSs
to request and release reservations.

The remainder of this paper is organized as follows.
Section 2 describes our assumed model of wireless net-
works. In Section 3, we illustrate the proposed scheme in
detail. In Section 4, we present our simulation model and
analyze the comparative evaluation results of the proposed
scheme through simulations. Finally, Section 5 offers some
concluding remarks.

2. System Model

We consider a multimedia mobile wireless network
with a cellular network infrastructure. Each cell contains a
BS that needs to allocate and reserve bandwidth for MHs,
and communicates with other BSs. BSs are connected to a
switching network through wired lines. Two types of con-
nections share the bandwidth of the BS for each cell: new
connections and handoff connections. A BS in a cellular
network may receive new connections of MHs within its
cell and handoff connections ofMHs from the neighboring
cells. When a connection arrives at a cell where the band-
width is not available, this situation is called connection
blocking for new connections or connection dropping for
handoff connections. For a mobile user, dropping an ongo-
ing connection is generally more unacceptable than block-
ing a new connection request. Therefore, reducing the
CDP is usually a main objective in the mobile wireless
communication systems. The connection blocking rate and
connection dropping rate are two most significant connec-
tion-level QoS parameters in the mobile wireless networks
[1], [5], [6].

In the proposed scheme, it is assumed that when an MH
requests a new connection in the current cell or moves into
the neighboring cell, the following parameters are pro-
vided: 1) The traffic class (I or [I). 2) The required band-
width for the connection. 3) The minimum required band-
width for the connection. The minimum required band-
width connection is the smallest amount of bandwidth that
the connection can be assured of a certain acceptable QoS,
e.g., the smallest encoding rate of its codec [3].

Hand-out connections
MHO0

MHO,

MH,

t

Hand-in connections

Figure 1. Hand-in and hand-out connections within the
time interval from 1 to in the cell .

3. Proposed Bandwidth Reservation Scheme

Bandwidth reservation is one of the critical elements in
ensuring the QoS in mobile wireless networks and thus,
requires mechanisms to efficiently use the available band-
width. The proposed scheme combines attribute-
measurement mechanism, traffic-based reservation strat-
egy, and call admission control algorithms to guarantee
QoS requirements in mobile wireless environments. The
attribute-measurement mechanism is employed to measure
the traffic information. The traffic-based reservation strat-
egy is employed to calculate the amount of reserved
bandwidth. The call admission control algorithms are em-
ployed to control whether the connections can be served or
not. These mechanisms are executed at each BS in a dis-
tributed manner.

3.1 Attribute-measurement mechanism
In order to implement the attribute-measurement

mechanism, we monitor several traffic parameters within
each time interval in the cell. In the proposed scheme, we
classify all data traffic into real-time (Class I) and nonreal-
time (Class II) according to the different multimedia
services. We define the hand-in and hand-out connections
for Class I (or Class II) data traffic within each time
interval in the cell. The connection for an incoming
handoff MH in the cell is called hand-in connection and
the connection for an outgoing handoff MH in the cell is
called hand-out connection. Figure 1 shows the hand-in
and hand-out connections within the time interval from
to - itO to to in cell j, where to is the current time and It, is
the length of time interval at time to, and MH, denotes
the rth hand-in connection and MH,, denotes the sth
hand-out connection. Let BIk1 and Bbfk, respectively,
be the sum of required bandwidths of hand-in connections
and the sum of released bandwidths of hand-out
connections for the class k data traffic at time t in cell j,
where t is measured time from t, - Ik j to t, The 1k
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denotes the length of time interval for class k data traffic at
time t,, in cell j. Let ak denote the bandwidth rate of
hand-in and hand-out connections for class k data traffic at
time t, in cellj. The ak; can be expressed by

t=,,,-1

kt,=t,,-l, j t=t,-I_1k
a,1 =

t,,

t=t,, _1k
III 'i

max. I BItfj,

t= .k

. (1)

BOk.j
,.1J

The parameter a k represents bandwidth variation of
MHs moving into and departing from the cell j for the
class k data traffic within the time interval [t,-i j , t4] If

k attmen ha h smoa,1,j is a positive value, it means that the sum of required
bandwidths of hand-in MHs is larger than the sum of re-
leased bandwidths of hand-out MHs for the class k data
traffic within the time interval [t, - Itfj, t4] in cellj.
kkLet HIt,j and HOtfj, respectively, be the number of

hand-in connections and the number of hand-out connec-
tions for the class k data traffic at time t in cellj. Letk
denote the numeral rate of hand-in and hand-out connec-
tions for class k data traffic at time t, in cell j. The kSf1
can be expressed by

A'n",i
E HIft,j- HOtj

t=t,,-1k j =t,,-lk j,ai j-l HjtnI I,,.

max. L HIf,, >, HOtfj
t=t ._l t=t, _lk

The parameter ,f;,j represents variation of MHs mov-
ing into and departing from the cellj within the time inter-
val [t, - Itf,j, t]. If ,8fj is a negative value, it means that
the number of hand-out MHs is larger than the number of
hand-in MHs within the time interval [t, - If j, tn] in cellj.

Let DI,1 denote the number of dropping connections
for the class k data traffic at time t in cellj. Let 7tf;j be the
CDP of class k data traffic at time t, in cellj, which can be
expressed by

k
)"YI,,,

E DIt1j
tnl .1

t=, Hi k

,t,
t=t,- Ik

In order to make the system responsive to the bursts of
ktraffic conditions, the length of time interval [t, - It{"j 4,]

is chosen based on the variation of CDP for each time in-
terval. Let k, / denote variation of Yt; ,_j and Yt; j for
class k data traffic at time t, in cell j, which can be ex-
pressed by

k
5k _ Yt,,,j
5t,,,ij k

t

,,, ,,j
(4)

The length of time interval [t, - Ik j, t,] in cellj is dy-
namically adjusted according to ,L; . The value of It
can be calculated by

wk jkk g by

where ui is an unit time and isk gienb

[ t;i l

gint="k

(5)

if .t;> 1

(6)

ifdk 0

The a,,,, flt"j and yf, j highly affect the operation of
a reservation system in mobile communication networks.

k k ~~~~kWe define atk j, 8tL; , and y,,'j as reservation-factors
for class k data traffic at time t, in cell j. When a k > 0
(or < 0) and h;f,, > 0 (or > 0), it indicates under the heavy
(or light) traffic load for class k data traffic at time tn in
cellj. On the other hand, When af,,j > 0 and L;J,j < 0, or
at,f < 0 and it,fj > 0, it represents less traffic fluctua-
tions for class k data traffic at time tn in cellj. According

k kto ytl j , sft j can be calculated which represents the
variation of CDP for class k data traffic at time tn in cell j.
When ,5t j > 1 (or < 1), it means that the CDP for class k
data traffic is an increased (or decreased) trend at time tn in
cell j. Hence, for efficiently adjusted the reservation-
factors and bandwidth reservation, the value of ,k
should be increased (or decreased). The initial value of
It&;j and u may be chosen based on the real operation of

ksystem (e.g., It' j = 60 sec and u = 10 sec). The reserva-
tion-factors bring an immediate response on the traffic
conditions. They not only make the system responsive to
the bursts of traffic conditions, but also get the bandwidth
reservation more efficiently.
3.2 Trafric-based reservation strategy

The traffic-based reservation strategy is employed to
calculate the amount of reserved bandwidth based on the
reservation-factors and network conditions. The basic idea
of this strategy is that a reservation system with lower
complexity does not require advance knowledge or predic-
tion of future traffic intensity and user mobility. This strat-
egy makes lower system overhead and causes control deci-
sions of bandwidth reservation in real time. In this frame-
work, the BSs record the requested bandwidths of MHs
within each time interval for each traffic class. Let R'I,,+1denote the amount of new reserved bandwidth for the next
time and R k the amount of reserved bandwidth at the
current time t,o for the class k data traffic in the BS of cellj.
Let B,,k is the amount of hand-in requested bandwidths
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for class k data traffic within the time interval w in the BS
of cellj, which can be expressed by

BW;j E BItj (7)

k,
t=tf}Ie-f..i

Then, the R k can be calculated by

RJtl+I 2 jRill + 2 BWkj (8)

where £ is the explicit reservation-factor
calculated by

which can be

to'' + fl,1. (9)

The explicit reservation-factor controls the relative
weights for the recent and past traffic histories. If the mo-
bility of MHs is uniformly distributed, the new reserved
bandwidth for the next time in the BS of cell j can rely on
the current reserved bandwidth ( k ). However, when the
traffic distribution is non-uniform, due to the temporal
traffic fluctuations, the new reserved bandwidth for the
next time in the BS of cell j should depend on recent re-
quested bandwidths of hand-in connections ( Bk j ). We
decide the value of e. by considering the current network
traffic conditions. Hence the value of reservation-factor
k can affect the network performance significantly.
For efficient BU, the control decisions of bandwidth

reservation must be dynamically adjustable. In our pro-
posed scheme, we take into account the existing network
conditions. The amount of reserved bandwidth for each BS
is dynamically adjusted, according to the on-line traffic
information of each BS. It reserves bandwidth only when
necessary. So the BSs make bandwidth reservation effi-
ciently. To provide QoS guarantees, if the reserved band-
width for the Class I is not sufficient, our scheme allows
the use of the bandwidth from the reserved bandwidth for
Class IL. The traffic-based reservation strategy makes the
system more responsive to the current traffic conditions,
providing efficient bandwidth reservation for the handoff
connections. Therefore, the CDP can be reduced.

3.3 Call Admission Control Algorithms
When MH x requests a new connection in the cell bj,

the BS of cell bj tries to admit this request by using the
available bandwidth. The new connection of MH x is re-
jected in the cell bj if its required bandwidth is large than
the unused bandwidth. Otherwise, the BS of cell bj exam-
ines the reservation factors, according to the attribute-
measurement mechanism. If there are high reservation-
factors (e.g., cabj - + £bj - > 0.6) in the BS of cell bj,
then the new connection will be blocked. Otherwise, the
BS of cell bj accepts the connection and allocates the cor-
responding bandwidth for the new connection ofMH x.

When MH x moves from cell bj to the cell bk, the BS
of cell bj releases allocated bandwidth of the MH x. There

are two classes of the call admission control algorithms for
handoff connection in the cell bk, according to the traffic
class ofMH x. If the handoff connection ofMH x is a real-
time data traffic, the BS of cell bk checks whether the
available bandwidth plus total reserved bandwidth
RRbk'S I + R cls is sufficient or not. If the mini-bk b~k )i ufceto o.I h ii
mum required bandwidth for handoff connection ofMH x
is not sufficient, the BS of cell bk drops the handoff con-
nection ofMH x. Otherwise, the BS of cell bk accepts the
connection and allocates the corresponding bandwidth for
the handoff connection ofMH x.

If the handoff connection of MH x is a nonreal-time
data traffic, it is dropped only when there is no residual
bandwidth for the MH x in the BS of cell bk. If there is not
any available bandwidth and reserved bandwidth
(Rbkas H ) for class I1 traffic in the BS of cell bk, the BS
of cell bk drops the handoff connection of MH x. Other-
wise, the BS of cell bk accepts the connection and allo-
cates the corresponding bandwidth for the handoff connec-
tion ofMH x.

4. Performance Analysis

In this section, we present performance analysis for the
proposed scheme. We describe our simulation model and
illustrate the simulation results, comparing our scheme
with the traditionally non-reserved bandwidth mechanism.
The performance of our proposed scheme is also compared
an existing adaptive resource allocation scheme [I]. In our
simulation model we have the following assumptions.
1) The simulation environment is composed of 100 cells

and available bandwidth of each cell is 30 Mb/s, each
cell keeping contact with its six neighboring cells. The
distance between two BSs is 1 km.

2) The arrival process for new connection requests is Pois-
son distribution with rate X, which is uniform in all cells.

3) Three cases of mobility are considered: MHs move
hardly, in which case the speed of MHs are uniformly
distributed between 0 and 5 kmlh; MHs move slowly,
in which case the speed of MHs are uniformly distrib-
uted between 6 and 40 km/h; and MHs move rapidly, in
which case the speed of MHs are uniformly distributed
between 41 and 90 km/h.

4) Six different traffic types are assumed based on band-
width requirement and traffic class shown in Table 1 [3].

5) The durations of connections are assumed to follow a
geometric distribution with different means for different
multimedia traffic types [3].
We compare the CBPs, CDPs, and BUs of three mecha-

nisms via simulations. Figure 2 shows the CBP. The CBPs
increase in all mechanisms with increase in the arrival rate
of new connection request. The unsuitable reservation
scheme results in the most of connection blocking. It re-
serves too many bandwidths for the handoff connection.
Our proposed scheme can predict that a little adjustment
for bandwidth reservation is enough, resulting in lower
CBP. According to the Figure 2, when the connection arri-
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Table 1. Multimedia traffic used in simulation mode

Traffic Bandwidth Average Connection AverageApplication Class Requirement Bandwidth Duration Connection Example
Requirement Duration

I Real-time (CBR) 60- 600 seconds 180 seconds phone
2 Real-time 256 Kb/s 60 - 1800 seconds 300 seconds Video-phone & Video-(CBR) conference

1-6 Mb/s (average) Interact. Multimedia
3 Real-time 2.5-9 Mb/s (peak) 3 Mb/s 300 - 18000 seconds 600 seconds & Video on Demand

(VBR)

4 Nonreal-time 5-20 Kb/s 10 Kb/s 10-120 seconds 30 seconds Email, Paging & FaxNonrea-time(UBR)
5 Nonreal-time 64-512 Kb/s 256 Kb/s 30 - 36000 seconds 180 seconds R t L n& D t

1-10 Mb/s File Transfer & Retrieval6 Nonreal-time (UBR) 5Mb/s 30- 1200seconds 120 seconds Service
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Figure 2. Connection-blocking probability (CBP).
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Figure 3. Connection-dropping probability (CDP).

val rate is larger than 0.1 requests/sec, it is evident that the
CBPs of non-reserved bandwidth mechanism and our pro-
posed scheme are better than that of the adaptive resource
allocation scheme. Figure 3 shows that the CDP of our
proposed scheme is better than that of the adaptive re-
source allocation scheme and non-reserved bandwidth
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Figure 4. Bandwidth utilization (BU).

mechanism. Furthermore, as the connection arrival rate
increases, it is obvious that the proposed scheme results in
lower CDP. For example, when the connection arrival rate
is 0.5 requests/sec, the proposed scheme is easy to achieve
a reduction in percentage of dropped connections from
15% to 6%, which is compared with the non-reserved
bandwidth mechanism. Furthermore, in this case, the pro-
posed scheme achieves the CDP that is approximately 2%
lower than the adaptive resource allocation scheme. The
reason for this behavior is that the proposed scheme dy-
namically adjusts the bandwidth reservation for each BS
by using traffic-based reservation strategy, providing more
precise bandwidth reservation and efficient call admission
control for handoff connections. Therefore, the CDP can
be redtuced. Reduction of CDP and CBP are contradictory.
Hence, we must make a tradeoff between the BU and
bandwidth reservation such that the CDP for handoff con-
nections can be reduce, while the CBP for new connec-
tions can be maintained at an acceptable level. Via simula-
tions, we show that our proposed scheme reaches these
significant objectives.

Figure 4 shows the BU. The non-reserved bandwidth
mechanism results in higher BU than adaptive resource
allocation scheme and our proposed scheme. This is be-
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cause the non-reserved bandwidth mechanism does not
reserve any bandwidth for handoff connections, and thus
no bandwidth is wasted. The adaptive resource allocation
scheme is suitable for the uniformly traffic conditions.
However, when the traffic conditions are bursts, this
scheme does not appropriately adjust the reserved band-
width for each BS. Hence the bandwidth is wasted. In con-
trast, our proposed scheme adjusts bandwidth reservation
by using the attribute-measurement mechanism and traffic-
based reservation strategy, leading to handling bursts of
traffic conditions efficiently. The amount of reserved
bandwidth for each BS is dynamically adjusted, according
to the on-line traffic information of each BS. It reserves
bandwidth only when necessary, resulting in higher BU.
According to the Figure 4, when the connection arrival
rate is lower than 0.1 requests/sec, the BUs of three
mechanisms are similar. However, when the connection
arrival rate increases, the BU of our proposed scheme is
close to that of the non-reserved bandwidth mechanism
and superior to that of the adaptive resource allocation
scheme.

5. Conclusion

The major advantage of this paper is that our proposed
scheme is successfully applied to deal with bandwidth res-
ervation problems and provides better QoS guarantees in
mobile multimedia wireless networks. In the proposed
scheme, the amount of reserved bandwidth for each BS is
dynamically adjusted, according to the on-line traffic in-
fonnation of each BS. The simulation results show that the
bandwidth reservation scheme using dynamically adaptive
techniques improves CBP, CDP, and BU significantly. The

proposed scheme has significantly lower complexity and
system overhead than mobility oriented methods. It not
only outperforms the pervious scheme, but is also suitable
for the next generation mobile communication systems.
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