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A threshold-based adaptive resource reservation scheme for soft handoff calls in wireless code division multiple access (CDMA) cellular networks is
proposed. The scheme gives handoff calls a higher admission priority than new calls, and is designed to adaptively adjust the reservation-request time
threshold according to the varying traffic load. The individual reservation requests form a common reservation pool, and handoff calls are served on a
first-come, first-served basis. With the proposed scheme, a minimum grade of service (GoS) in terms of new call blocking and handoff call dropping
probabilities can be achieved. Simulation results are given to demonstrate the improvement in the GoS performance in comparison with other schemes.

On propose un arrangement adaptatif de réservation de ressource basé sur le seuillage pour les transferts en fondu dans les réseaux cellulaires multiples à
accès multiple par division de code (AMDC). L’arrangement donne aux transferts en fondu une priorité d’admission supérieure par rapport aux nouveaux
appels et est conçu pour ajuster le temps de demande de réservation de manière adaptative selon la quantité de trafic. Les demandes de réservation
individuelles forment une banque commune de réservation, et les transferts en fondu sont servis selon le mode premier-arrivé, premier-servi. Avec
l’arrangement proposé, une certitude minimum du service (CMS) est obtenue en termes de probabilités de blocage de nouveaux appels et de pertes
de transferts en fondu. Des résultats de simulation sont donnés pour démontrer l’amélioration de la performance de la CMS par rapport à d’autres
arrangements.
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I. Introduction

With the growing high degree of user mobility expected in future wire-
less code division multiple access (CDMA) networks, handoff will
play a paramount role in the networks’ provision of seamless service
to mobile users anywhere at any time. Handoff is a process whereby
a mobile station (MS) communicating with one base station (BS) is
transferred to another BS. The mobile call might be forced to abort
during the handoff if it cannot be allocated sufficient resources in the
new cell. From a user’s perspective, forced termination of an ongo-
ing call due to handoff is more undesirable than blocking of a newly
arrived call.

Resource reservation is an efficient way to provide handoff calls a
higher admission priority than new calls. Most research in resource
reservation has focused on analytical approaches with the assumption
of exponentially distributed cell residence time, which is also the inter-
handoff time. However, the exponential inter-handoff time assump-
tion underestimates the handoff rate, which leads to an actual drop-
ping probability higher than that designed for cellular networks [1].
Measurement-based resource reservation approaches have received a
lot of attention because of their ability to capture the nonstationary
characteristics of user mobility, propagation loss, traffic load, and so
on [2]–[3]. With the assumption of strong correlation between the
present and the past handoff events in a cell, a history-based adap-
tive resource reservation and admission control scheme is proposed in
[2]. The performance of this scheme depends mainly on system sta-

�Jinfang Zhang, Jon W. Mark, and Xuemin Shen are with the Cen-
tre for Wireless Communications, Department of Electrical and Computer
Engineering, University of Waterloo, Waterloo, Ontario N2L 3G1. E-mail:
�jzhang, jwmark, xshen�@bbcr.uwaterloo.ca

bility. Also, this scheme cannot track the random varying traffic load
and mobility variations. In addition, new call blocking probability and
system resource utilization are not taken into account. Reference [4]
proposes a threshold distance within which a resource reservation re-
quest is sent to the target BS. The propagation model considers only
path loss, while no fast fading and slow shadowing effects are taken
into account. Reference [5] considers user velocity as well as position-
ing, and proposes a scheme based on the remaining time to handoff.
The user with the minimum remaining time has the highest priority
for reserving a channel in the target cell. As the reserved channel is
held only for the user who reserves it, this scheme is not efficient in
terms of resource utilization because of the possibility of false reser-
vation due to call terminations or changes in movement direction, as
well as reservation failures due to fast user movement or resource un-
availability at the reservation-request time. Since resource reservation
in [4] and [5] is based on positioning and velocity without consider-
ation of the wireless channel fading, the serving BS may not be the
one with the best connection; this circumstance can degrade system
capacity in CDMA networks. An adaptive channel reservation scheme
is proposed in [3] with a fixed channel reservation-request threshold
which takes a value less than that of the target BS add (ADD) thresh-
old. The scheme does not consider any changes in the received pilot
signal strength (RPSS), which contains user mobility and fading in-
formation. With a high reservation-request threshold, a fast-moving
user may encounter handoff failure because of the lack of reserved re-
sources; on the other hand, a low reservation-request threshold may
incur a waste of reserved resources when a user is moving slowly. Fur-
thermore, none of the above schemes have considered the effect of
traffic load on resource reservation.

In this paper, we propose a measurement-based adaptive channel
reservation scheme. A reservation is made when a resource reservation
request is triggered through a threshold mechanism based on monitor-

Can. J. Elect. Comput. Eng., Vol. 29, No. 1/2, January/April 2004



78 CAN. J. ELECT. COMPUT. ENG., VOL. 29, NO. 1/2, JANUARY/APRIL 2004

ing the RPSSs. The RPSS difference between the serving and the tar-
get BSs is used to determine whether a resource reservation request
and handoff process should be initiated or not. Our use of the RPSS
difference rather than the absolute RPSS value from the serving BS is
based on the fact that CDMA is interference-limited. An MS should al-
ways be connected to the BS with better communication quality even
if the RPSS from the serving BS is sufficient for satisfactory com-
munication. To balance the fast-moving-user handoff failure due to a
lack of reserved resources and the resource waste due to slow-moving
users, a time threshold, which is the time remaining until a handoff
is expected to occur, is introduced for administering resource reser-
vation. This change is based on the fact that the duration of the time
during which a target BS prepares the requested resources depends
solely on the traffic load and service characteristics, not on user mo-
bility. A reservation request for a fast-moving user is triggered by a
large RPSS difference, while for a slow-moving user the RPSS differ-
ence is much smaller. Therefore, the RPSS difference adapts to varying
user mobility so that the amount of reserved resources can be appropri-
ately set aside and efficiently utilized. In addition, the effect of traffic
load on the time threshold in resource reservation is also investigated.
When the system traffic load is heavy, it is desirable to initiate resource
reservation requests early in order for the target cell to have the re-
quested resources ready before a handoff occurs. On the other hand,
in a light-traffic situation, the resource reservation requests can be sent
to the target BS late to eliminate excessive new call blocking prob-
ability. Thus, the reservation-request time threshold can adapt to the
traffic load to achieve better grade of service (GoS) performance. The
reserved resources for each individual request form a common reser-
vation pool which is used exclusively for handoff calls on a first-come,
first-served (FCFS) basis. The common reservation pool for handoff
calls can take advantage of multiplexed use of the available reserved
resources to decrease the handoff call dropping probability at the sys-
tem level.

The novelty of the proposed research is the joint consideration of the
effect of user mobility and traffic variation on handoff initiation and
execution. The remainder of the paper is organized as follows. Sec-
tion II describes the system model, including CDMA wireless cellular
network structure, propagation model and the GoS performance defi-
nition. An overview of the soft handoff signalling process and the ex-
tra signalling overhead introduced for the proposed adaptive resource
reservation scheme is presented in Section III. The proposed adaptive
resource reservation scheme is also presented in this section. Simu-
lation results and performance comparisons are given in Section IV,
followed by conclusions in Section V.

II. Systemmodel

A. System structure
A frequency-division duplex CDMA (FDD/CDMA) network, in which
the uplink and downlink use different frequency bands to provide fre-
quency isolation, is shown in Fig. 1. The network structure has two
tiers. The first tier is a mesh connection of mobile switching cen-
tres (MSCs) which connect the wireless subnetworks with the back-
bone network. An MSC collects status information from all its serv-
ing BSs and performs most of the resource management functions of a
CDMA wireless network, including call admission control (CAC), mo-
bility management, radio resource management, and so on. The second
tier consists of a cluster of BSs, each connected to a serving MSC. A
BS plays two roles. First, it takes part in the radio resource manage-
ment under the control of the MSC. Second, it works as the interface
between an MS and its serving MSC. An MS keeps an active connec-
tion with the serving BS by monitoring the RPSS. Each mobile user
samples the RPSS values from its serving BS and the neighbouring
BSs every �� s. Without loss of generality, we assume that only two
BSs are involved in the handoff. Handoff decisions are made based on
three thresholds: the resource reservation-request time (� ���) thresh-
old, the target BS add threshold, and the previous BS drop (DROP)
threshold. The ���� threshold is selected based on the remaining time
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Figure 1: Network structure.

until a soft handoff process takes place, while both ADD and DROP
thresholds are computed based on the RPSS differences. The ADD
and DROP thresholds together define the soft handoff area. Whenever
the remaining time reaches ���� , or when the ADD or DROP thresh-
old is reached, a message is formed by the MS and sent back either
by piggyback or by a specific signalling channel to the serving MSC
via the serving BS for decision making. If the target BS is served by
a different MSC, the message is further forwarded to the target MSC
for a decision. This message includes the target-cell identification and
all the other handoff-related parameters. The MSC directs the target
BS to reserve resources and the MS to add or drop an active BS. With
the deployment of a central data collection and mediation point for the
radio access network, the knowledge of traffic load information in the
neighbouring BSs makes it possible that thresholds can be adaptively
determined to maintain performance requirements. Here, we consider
only the adaptation of the ���� threshold to the varying traffic load in
performance evaluation.

B. Propagation model
The received downlink pilot signal strength at each mobile station is
affected by three components: path loss, which depends on the user
location, slow shadowing and fast fading. It is assumed that fast fading
can be taken care of by the physical-layer functions, so that the channel
is characterized by path loss and shadowing [6]. Denote � ��� as the
RPSS signal received at time �� from the �-th base station. Therefore,
the RPSS is formulated in decibels as

�������� � ���� � ��� 	
��� ���� � ����� (1)

where ���� is a constant determined by the transmitted power, the
wavelength, and the antenna gain of the �-th BS; � is the path loss
exponent; ���� is the distance from the �-th BS to that mobile user; and
���� is the logarithm of the shadowing component, which is a Gaussian-
distributed random variable with zero mean and standard deviation 	 �.
To capture the large-scale autocorrelation property of shadow fading,
a log-normal first-order autoregressive (AR-1) model is applied [7].
Therefore, ���� can be written recursively as

���� � 	��
����

������ � �������� � 	�

�
�� �����
����

where ���� is the correlation coefficient of ������,

���� � ��

�
�

����
���

�


�
���� are independent and identically distributed (i.i.d.) Gaussian
random variables with zero mean and unity variance; � � is the mobile
user’s velocity, and ��� is the shadow fading correlation distance.

C. GoS performance
The GoS parameters under consideration are new call blocking prob-
ability �� and handoff call dropping probability ��. To achieve maxi-
mum revenue for the service provider while at the same time achieving
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Figure 2: Soft handoff signalling.

user satisfaction, the GoS measure is defined as a combination of � �

and ��:

�
� � �� � ���� (2)

where � is a weighting factor to place greater importance on hand-
off call dropping probability. For example, � � �� is used in [8]. It
is noted that �� and �� are a pair of conflicting performance parame-
ters. Insufficient resource reservation will cause high handoff call drop-
ping probability, while excessive resource reservation makes new call
blocking probability high. Therefore, the time-varying communication
environment makes adaptive resource reservation a desirable choice.

III. Adaptive resource reservation in handoff

Soft handoff takes place when an MS is in the intersection of the cov-
erage area of two or more BSs. In order to guarantee the handoff call
dropping probability, some reservation resources are required before
handoff. User mobility and traffic load variations cause handoff at-
tempts to change, making a fixed amount of resource reservation inap-
propriate. A reservation scheme which adapts to variations of handoff
attempts is required. In the following, we first give a brief overview
of the soft handoff signalling process and its related extra signalling
overhead, and then present in detail the proposed adaptive resource
reservation scheme.

A. Soft handoff signalling
An MSC is solely responsible for the execution of soft handoff. Intra-
MSC handoff is handled by the serving MSC locally without interven-
tion of other system elements. Here we focus on the inter-MSC soft
handoff signalling process.

Two phases comprise the inter-MSC soft handoff: add and drop.
Figs. 2(b) and 2(c) show the messageflows in the add and drop phases.
The process for add and drop is shown as pseudocode �.

Pseudocode �: Add and drop process in soft handoff

1 Each MS searches and averages the RPSS measurements;

2 RPSS measurements are reported;

3 If (a pilot signal is detected not associated with any forward traffic
channel) �� (RPSS measurement � ADD threshold)
/* add process */

3.1 The serving MSC sends add-requestmessage to the new tar-
get MSC;

3.2 The new MSC performs resource allocation;

3.3 If (successful resource allocation)

3.3.1 Acknowledge the serving MSC with ack-add-
request;

3.3.2 The new MSC sends an add-target BS message to
the new BS;

3.3.3 The serving MSC directs the MS to add the new BS
into its active set with add-target;

4 If (a pilot signal is detected with RPSS � DROP threshold)
/* drop process */

4.1 The serving MSC sends a serving MSC-trans to the new
MSC;

4.2 The serving MSC asks for dropping of the old BS with mes-
sage drop-old BS;

4.3 The new MSC informs the new BS that it will act as a serv-
ing MSC with message new-servingMSC;

4.4 The new MSC sends a drop-old message to direct the MS to
drop the old BS from its active set.

By introducing an adaptive resource reservation scheme to the sys-
tem, we will incur some extra signalling overhead. Resources must be
reserved before a handoff takes place. The extra signalling is shown in
Fig. 2(a), and the process is shown as pseudocode �.

Pseudocode �: Resource reservation

1 Each MS searches and averages the RPSS measurements;

2 RPSS measurements report;

3 If (the estimated time interval at which a handoff will occur � ����)
/* resource reservation */

3.1 The serving MSC sends a rev-reqmessage to the new target
MSC to request resource reservation;

3.2 The target MSC performs resource reservation;

3.3 The target MSC acknowledges the serving MSC with ack-
rev-req, indicating reservation success or failure.

A successful reservation can avoid excessive reservation requests
from the same MS, while a failed one indicates that a reservation re-
quest can still be sent to the target MSC in the next time interval. Based
on the signalling process in Fig. 2, the introduced extra signalling load
for resource reservation is relatively light.

B. Adaptive resource reservation scheme
In this subsection, we first study the user mobility adaptation, and then
the traffic load adaptation for resource reservations.

Each MS samples the RPSS from both the serving and the neigh-
bouring BSs every �� s. Since an instantaneous sampled RPSS is af-
fected by many factors, such as fading and measurement noise, it can-
not exactly reflect the point at which resource reservation should be
triggered. Exponential averaging [9] is applied to smooth out the un-
certainty due to its simplicity in terms of arithmetic and shortened stor-
age buffer requirement for past information. The exponential-average
process is carried out on each successive measurement, so that the
smoothed function ���� of the measurements is

���� � ���������� � �� � ���������� (3)

where ���� is a smoothing factor representing the weighting value
given to the previously estimated RPSS, which is an important pa-
rameter in estimating the present RPSS. With high mobile velocity,
the path loss varies significantly, indicating that the previous RPSS
should have less effect on the current RPSS estimation. On the other
hand, the path loss variations may be negligible with low mobile veloc-
ity, indicating a strong correlation between the previous RPSS and the
present RPSS values. The shadow fading correlation coefficient � ���
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Figure 3: RPSS difference vs. ����.

also has an important influence on the smoothing factor � ���. With
strong correlation effect, the value for ���� should be close to �, while
a weak correlation effect of shadow fading implies a small ���� value.
Therefore, ���� implies the correlation between the previous and the
present measurements. A consecutive sequence of � recent RPSSs,
������� � � �� ��    �� � �, is used to estimate the smoothing factor
���� . Let ����� be the mean RPSS over � samples, and let �	 �

��� and
�
���� be the sample variance and covariance, respectively. Then the
smoothing factor ���� is estimated as ���� � �
������	���� , where

�
���� �
�

� � �

����
���

������� � ��������������� � �������

�	���� �
�

�

����
���

������� � ������
��

����� �
�

�

����
���

������

Apart from the serving BS, the BS with the most significant ����

is expected to be the target BS that the mobile user is approaching.
To make efficient use of radio resources, resources are reserved only
when a potential handoff call triggers a resource reservation request in
the target BS. Rather than establishing a specific reservation in which
a reserved channel can only be used by the user who reserves it, the re-
served resources form a common reservation pool for all the incoming
handoff calls. A handoff call dropping event occurs when an incoming
handoff call cannot find a spare channel. There are two scenarios for
handoff dropping. The first occurs when all the reserved resources are
used by other handoff calls and the target cell cannot provide the in-
coming handoff call with the necessary resources. The second occurs
when the travelling mobile has already entered the target cell and can
no longer communicate with the serving BS, but the target cell does
not have spare resources to admit the handoff call. On the other hand,
when a user moves slowly and the traffic load is light, there is more
chance that the requested resources will be available when a handoff
takes place. Thus, a time threshold which reflects dynamic user mobil-
ity rather than an RPSS threshold plays an important role in resource
reservation and handoff prioritization. Fig. 3 illustrates the proposed
reservation-request time threshold with different user mobility. ���� is
the difference in RPSS between the smoothed RPSS from the serving
BS, ���� , and that from the potential target BS, ���� , where � and �
denote the serving and the target BSs when a reservation request is ini-
tiated. In the same communication environment, given the reservation-
request time threshold ���� , the value of ���� varies according to user
movement. A user moving quickly away from its serving BS, such as
user A in Fig. 3, will initiate a resource reservation request with a much
lower ���� value than a slowly moving user (B in Fig. 3) to make the
reserved resources available when a handoff is actually requested. Be-
cause of the randomness in user mobility and shadow fading effects,
the RPSS difference varies nonlinearly with time. Since making reser-
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Figure 4: GoS vs. number of reserved channels.

vations too early will waste resources and potentially increase new call
blocking, while too late a reservation will cause handoff call dropping,
close prediction of the reservation-request time is desired. As a com-
promise between prediction accuracy and computational complexity,
we propose to use the following second-order prediction:

�� � �� � �	��� �
�

�
�	���

�� (4)

where �� is the ADD threshold beyond which a soft handoff occurs
and the MS takes advantage of the better link quality of two simulta-
neously communicating BSs to maintain minimum interference; �� is
the RPSS difference at time ��; �	�� � ��� � �������� reflects the
changes in the RPSS, and �	�� � ��� � ����� ��������� captures
the variation of the changes in RPSS; � is the expected time interval
at which a handoff will occur. Whenever the predicted time interval
� � ���� , a reservation request is triggered. The reserved resources
are tagged as a common reservation pool which is exclusively used by
handoff calls.

Compared to the fixed channel reservation-request threshold based
on RPSS values in [3], the second-order formulation of RPSS differ-
ence in the prediction of reservation-request time captures the mobil-
ity variations. A common reservation pool eliminates the risk of false
reservation since the available reserved channels can be used for fast-
moving users that fail to reserve resources before handoff. Also, it can
accommodate mobility and fading variations in which the resources
reserved early can be used for actual early handoffs rather than for
the mobile user who reserves the resources but hands off later due to a
speed decrease or change in moving direction. Thus, the pooling mech-
anism can achieve resource sharing which provides multiplexing gain
to the resource utilization.

���� is the allowed time duration for the target BS to prepare the
requested resources before a handoff occurs. It determines the num-
ber of reserved channels which accordingly affect the predefined GoS.
Fig. 4 shows the relationship between the GoS and the number of re-
served channels with traffic load � as a parameter. It also shows the
relation between the new call arrival rate �
 and the handoff call ar-
rival rate �� . For illustration purposes, we assume that both the new
call and the handoff call arrivals follow a Poisson process, and the
cell capacity is a constant. When traffic load increases, both new call
blocking and handoff call dropping probabilities increase. Because the
weighting factor � in the GoS measure is a penalty factor, the higher
the handoff call dropping probability, the greater will be the resulting
penalty. Therefore, the number of reserved channels that achieve the
minimum GoS increases with traffic load. In Fig. 4, as the traffic load
� increases from �� to �� erlang, the number of reserved channels that
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achieve the minimum GoS increases from � to �. A successful chan-
nel reservation is achieved either when there is a spare channel the
first time a reservation request is triggered, or when there is a chan-
nel release before the handoff occurs. The probability of a successful
channel reservation, �	
��, is expressed as

�	
�� � ���a spare channel at request�

� ���no spare channel at request�

� ��� channel holding time � ����� (5)

Intuitively, with the same user mobility, the higher the traffic load in the
system, the higher the channel occupancy and the lower the probability
of a successful reservation at request time. To compensate for this ten-
dency, a larger ���� is needed to increase the probability of a channel
release before a handoff (the second term in (5)). Therefore, it is ex-
pected that heavy traffic load will prompt a larger reservation-request
time threshold ����, while light traffic load will lead to smaller ���� .

In summary, the measurement-based adaptive resource reservation
scheme applies a user-assisted handoff algorithm. The resource reser-
vation decisions are exclusively based on the RPSS information fed
back from each mobile user. There is no fixed number of reserved re-
sources for handoff calls, and each call makes a reservation request
before handoff occurs. The reserved resources are pooled for all the
incoming handoff calls rather than for a specific user in order to im-
prove resource utilization. This can also reduce signalling cost because
it makes cancellation of false reservations unnecessary. By adjusting
the reservation-request time threshold with traffic variation, minimal
GoS can be achieved.

Based on the above analysis, by introducing the proposed signalling
overhead and the remaining-time prediction in the resource reservation
phase, the proposed adaptive resource reservation scheme can fit well
into current wireless CDMA networks without introducing too much
computational complexity.

IV. Simulation results

A. Simulation model
To examine the performance of the proposed adaptive resource reser-
vation scheme, a discrete-event-driven simulation is performed for a
conventional hexagonal cellular network with a cluster of seven cells.

The cell radius is ���m, and the relative handoff area occupies ��� of
a normal cell area, which represents a reasonable soft handoff region.
The path loss exponent � is chosen to be �, and the standard deviation
for shadow fading is �. The shadow fading correlation distance ��� is
set to be ��m for all the cells. Call holding time is assumed to be expo-
nentially distributed with a mean of ��� s. There are two kinds of mo-
bile users: (1) pedestrians who are assumed to have a fixed velocity of
�m/s with uniformly distributed direction in ��� ���; (2) mobile users
in moving vehicles characterized by the mobility model described in
the following subsection. For the simulation, we assume that the soft
capacity in CDMA systems can be mapped into a capacity of �� chan-
nels in each cell, and that each call occupies one channel when it is on.

The simulation model is shown in Fig. 5. The mobility of each ongo-
ing call in a cell is updated every �� s according to the mobility model
described in the next subsection. New call arrivals follow a Poisson
process. Each MS periodically reports its RPSS measurements. When
the measured RPSS difference between the serving and the potential
target BSs is within the ADD and DROP thresholds, the call is in the
soft handoff region. A resource allocation process is triggered if the
call just enters the handoff region. When there is no spare resource
available, a handoff call dropping event occurs. If the call is not in
soft handoff, the remaining time to handoff is predicted and compared
to the resource reservation time threshold to determine whether this
call needs resource reservation in its potential target cell. The reserva-
tion time threshold is adjusted based on the traffic loads among neigh-
bouring cells. Whenever a resource reservation request is formed, the
potential target cell performs the resource reservation and updates its
reservation pool if the process is successfully implemented.

All the modules in Fig. 5 have been studied except the user mobility
update process. In the following subsection, a detailed mobility model
which characterizes a practical moving pattern is presented.

B. Mobility model
A mobility model should mimic the behaviour of human movement.
We model the user mobility by three parameters: location, velocity
and acceleration, on a two-dimensional plane. For velocity and ac-
celeration, a two-dimensional vector determines both the values and
directions. The mobile speed varies because of acceleration or decel-
eration. For description simplicity, we use the term acceleration with
both positive and negative values to represent acceleration and deceler-
ation. Therefore, the following model focuses on establishing mobile
acceleration. Assume a user’s mobility is updated at discrete time in-
stances �� � �� � ���, where �� is the initial time epoch, �� is the
sampling interval and � is an integer. In reality, a mobile user may
experience unexpected changes in acceleration caused by traffic lights
or road conditions; on the other hand, the acceleration is highly cor-
related, i.e., if a moving user is accelerating at time �� , it is likely
to continue accelerating at time ���� until it reaches the speed limit.
In order to take these two effects into consideration, following [10],
we model a user’s mobility as a dynamic system driven by an un-
expected acceleration �� � ���� � �����

� and a correlated accelera-
tion �� � ���� � �����

� at time �� , as shown in Fig. 6. The variable
�� is modelled as a Markov process with a finite number of “states,”
������    ��� , as possible discrete levels of acceleration. The tran-
sition probability ���� � ���� � �� � ���� � ��� can be ap-
proximated by a value  near unity for � � �, and �� �  ���! � ��
for � �� � [10]. The correlated acceleration can be modelled as a zero
mean Gaussian random variable with a variance that is chosen to cover
the “gap” between adjacent acceleration states. To represent the cor-
relation feature of �� , a first-order AR model, ���� � "�� ��� , is
used, where �� is a zero mean white Gaussian vector with variance
	�� in one dimension.

Denote #� and $� as the horizontal and vertical coordinates of a
mobile user’s random location at time �� , and ��� and ���� as the cor-
responding velocities. The user mobility vector denoting user location,
velocity and acceleration can be expressed as

�� � �#�� ��� � ��� � $�� ����� �����
�  (6)
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Combining the driving model in Fig. 6 with the second-order mo-
tion model, we can express the discrete-time dynamic equations in the
% dimension as����

���
#��� � #� � ����� � ���� � ����

���

�
�

����� � ��� � ���� � �������

����� � "��� �&��

(7)

The discrete-time dynamic equation in the ' dimension will have
the same expressions as (7), with # replaced by $. Rewriting these
equation sets in a more compact matrix form, we have

���� � (�� � )�� �*��� (8)

where
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Five levels, ������� �� �� ��m/s�, are selected as unexpected acceler-
ations. The probability,  , of having the same unexpected acceleration
in the next time interval is ��, so that the probability of changing to
any one of the other levels is ����. The correlation coefficient of the
correlated acceleration " is chosen to be ��, and the variance of �
is set to be � �. The speed limit is set to be � m/s, which is reason-
able in an urban area. Considering the computational complexity, the
practical service continuity requirements and the fading property, we
choose�� � � s for the mobility update and RPSS averaging [11].

C. Performance evaluation
To evaluate the performance of the proposed scheme, we make com-
parisons with two other schemes: (a) specific channel reservation
based on RPSS values [3], and (b) specific channel reservation based
on the remaining time to handoff [5]. In specific channel reservation,
the reserved resources are set aside only for the user who reserves
them. Therefore, reservation cancellation is required to release falsely
reserved channels due either to termination of the potential handoff
call before handoff, or to a turn in another direction. In (a), if the
RPSS drops below the reservation threshold for a predefined period,
the MS requires the associated BS to release the reserved capacity. In
(b), whenever the expected remaining time to handoff elapses, the re-
served resources are released to avoid false reservation. On the other
hand, there is no reservation cancellation for the proposed scheme. In
addition, there is no reservation checkup at the time a user moves out
of the handoff region as in [3] because in a reasonable mobility pattern,
it is assumed that there are no abrupt acceleration changes. Therefore,
the proposed reservation scheme based on the remaining time to hand-
off performs better than that based on RPSS values, since the probabil-
ity of false reservation is reduced. We denote schemes (a) and (b) and
the proposed schemes as spec RPSS, spec time, and comm time, re-
spectively. Table 1 tabulates the achieved minimum GoS performance
with the new call arrival rate being ��� users/s and the ratio of pedes-
trian users to vehicle users (denoted as mobility in the table) being ��,
� , and ��.

It can be seen from Table 1 that the proposed scheme outperforms
the other two schemes in that the GoS performance is improved signif-
icantly with the same communication environments and traffic loads.

Table 1
GoS performance (new call arrival rate� ���� users/s)

Mobility �� � ��
spec RPSS ����� ����� �����
spec time ����� ����� �� ��
comm time �� �� �� �� �����
Improvement over spec RPSS �� � ���� ����
Improvement over spec time ���� ���� ����

As the ratio of pedestrian users to vehicle users decreases, the GoS per-
formance improves gradually for all three schemes because the high
channel occupancy and release rates result in efficient resource uti-
lization. The proposed adaptive resource reservation scheme is also an
efficient approach to prioritize handoff calls while at the same time
keeping the new call blocking probability low.

Fig. 7 shows the GoS performance versus reservation-request time
thresholds. The new call arrival rate is set to be ��� users/s. It can
be seen that, with small thresholds, the GoS degrades due to the high
handoff call dropping probability caused by insufficient resource reser-
vation. As the reservation-request time threshold increases, the GoS
degrades as well due to the high new call blocking probability caused
by excessive resource reservation. As the ratio of pedestrian users
to vehicle users increases, the reservation-request time threshold that
achieves minimum GoS performance increases from � to � s. This re-
sult is due to the fact that calls with higher mobility increase multi-
plexing gain in resource utilization. The increasing reservation-request
time threshold causes inefficient utilization of the reserved resources,
especially in low-mobility environments.

Capacity utilization versus reservation-request time thresholds is
shown in Fig. 8. When the reservation-request time threshold is low,
the capacity is efficiently utilized in a low-mobility environment due
to the low handoff rate and, accordingly, the low proportion of re-
served resources. As the time threshold increases, more resources are
reserved for potential handoff calls, which makes capacity utilization
inefficient. The low-mobility environment suffers even worse capacity-
utilization degradation than the high-mobility environment because a
call with a slow-moving user has more chance of terminating before
handoff, prompting excessive resource reservation even though those
reserved channels can be used by other handoff calls.

The effect of traffic load on reservation-request time threshold,
GoS performance and capacity utilization are demonstrated as follows.
Fig. 9 shows the GoS versus reservation-request time thresholds with
new call arrival rates of ��, ��� and ��. The ratio of pedestrian
users to vehicle users is set to be � . It is observed that as the traf-
fic load increases, in order to achieve minimum GoS performance, the
reservation-request time threshold increases from � s to �� s, as ex-
pected, to balance the weighted handoff call dropping probability and
the new call blocking probability. By means of traffic load exchanges
among MSCs, each MSC can determine the reservation-request time
threshold required to achieve minimum GoS. The capacity utilization
versus reservation-request time thresholds is shown in Fig. 10. The
increasing thresholds cause excessive reservation, which greatly de-
grades the capacity utilization.

V. Conclusions

A measurement-based adaptive resource reservation scheme has been
proposed for wireless CDMA cellular networks. Simulation results
have shown that the proposed resource reservation scheme achieves
better GoS performance than specific channel reservation schemes
based either on RPSS or on the remaining time to handoff in a cell.
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Figure 7: GoSperformance vs. reservation-request time thresholds with the ratio of pedes-
trian to vehicle users being ���, ��� and���.
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Figure 8: Capacity utilization vs. reservation-request time thresholds with the ratio of
pedestrian to vehicle users being ���, ��� and ���.

Further research on the impact of CDMA soft capacity on the adaptive
resource reservation scheme for multimedia traffic is underway.

Acknowledgements

This work has been supported by a grant from the Canadian Institute
for Telecommunications Research (CITR) under the Networks of Cen-
tres of Excellence (NCE) program of the Government of Canada.

References

[1] Y. Fang, I. Chlamtac, and Y.-B. Lin, “Channel occupancytimes and handoff rate for
mobile computing and PCS networks,” IEEE Trans. Comput., vol. 47, no. 6, June
1998, pp. 679–692.

[2] S. Choi and K.G. Shin, “Adaptive bandwidth reservation and admission control in
QoS-sensitive cellular networks,” IEEE Trans. Parallel Distrib. Syst., vol. 13, no. 9,
Sept. 2002, pp. 882–897.

0 2 4 6 8 10 12 14 16 18 20
10

−2

10
−1

10
0

Reservation request time threshold T
rev

 (sec)

G
oS

 (
P

b +
 γ

 P
d)

0.3
0.35
0.4

Ratio of pedestrian   
to vehicle users = 0.7 

Figure 9: GoS performance vs. reservation-request time thresholds with the new call
arrival rate being ���, ���� and ���.

0 2 4 6 8 10 12 14 16 18 20
20

25

30

35

40

45

50

55

Reservation request time threshold T
rev

 (sec)

C
ap

ac
ity

 u
til

iz
at

io
n 

(u
se

rs
)

0.3
0.35
0.4

Ratio of pedestrian 
to vehicle users = 0.7 

Figure 10: Capacity utilization vs. reservation-request time thresholds with the new call
arrival rate being ���, ���� and ���.

[3] J.W. Chang and D.K. Sung, “Adaptive channel reservation scheme for soft handoff
in DS-CDMA cellular systems,” IEEE Trans. Veh. Technol., vol. 50, no. 2, Mar.
2001, pp. 341–353.

[4] M.-H. Chiu and M.A. Bassiouni, “Predictive schemes for handoff prioritization in
cellular networks based on mobile positioning,” J. Select. Areas Commun., vol. 18,
no. 3, Mar. 2000, pp. 510–522.

[5] W.-S. Soh and H.S. Kim, “Dynamic bandwidth reservation in hierarchical wireless
ATM networks using GPS-based prediction,” in Proc. 1999 Veh. Technol. Conf.,
vol. 1, Fall 1999, pp. 528–532.

[6] A.J. Goldsmith, L.J. Greenstein, and G.J. Foschini, “Error statistics of real-time
power measurements in cellular channels with multipath and shadowing,” IEEE
Trans. Veh. Technol., vol. 43, no. 3, Aug. 1994, pp. 439–446.

[7] M. Gudmundson, “Correlation model for shadow fading in mobile radio systems,”
IEE Electron. Lett., vol. 27, no. 23, Nov. 1991, pp. 2145–2146.

[8] S. Boumerdassi and A.-L. Beylot, “Adaptive channel allocation for wireless PCN,”
Mobile Networks and Applic., vol. 4, no. 2, 1999, pp. 111–116.

[9] R.G. Brown, Smoothing, Forecasting and Prediction of Discrete Time Series, En-
glewood Cliffs, N.J.: Prentice-Hall Inc., 1964.

[10] T. Liu, P. Bahl, and I. Chlamtac, “Mobility modeling, location tracking, and tra-
jectory prediction in wireless ATM networks,” J. Select. Areas Commun., vol. 16,
no. 6, Aug. 1998, pp. 922–936.

[11] H.G. Ebersman and O.K. Tonguz, “Handoff ordering using signal prediction pri-
ority queueing in personal communication systems,” IEEE Trans. Veh. Technol.,
vol. 48, no. 1, Jan. 1999, pp. 20–35.


	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


