
IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 51, NO. 4, JULY 2002 667

Adaptive Region-Based Location Management for
PCS Systems
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Abstract—The personal communications services (PCSs)
systems can provide ubiquitous and customized services. The key
issue, which affects the performance of the whole system, is the
location management. In this paper, we propose a region-based
location strategy by taking advantage of the user’s movement
behavior to improve the performance of the conventional systems.
Each mobile user is associated with a set of regions, which are
derived from the user’s movement patterns. The registration
processes in the same region can be eliminated such that the cost
of location management can be significantly reduced. Several
design issues are studied by considering the workload balance and
the call-to-mobility ratio for a user. The proposed strategy can
be dynamically adjusted based on different system parameters
and user behaviors. A performance analysis on the signaling cost
and the database access cost is given to justify the benefits of this
approach.

Index Terms—Location management, location registration, loca-
tion tracking, personal communications service (PCS).

I. INTRODUCTION

T ELEPHONE services have brought great convenience to
our life. The communication quality and service contents

have been extensively enhanced with technology advances
in telecommunications. Personal communications services
(PCSs), with the characteristics of personalized and ubiquitous
services, have become an interesting topic [7]. In the PCS
environment, the geographic area is divided into adjacent cells,
each covered by a base station. A mobile user with a handset
can connect to the local base station via a wireless channel to
receive or send any message.

Location management is an important task in order to com-
municate with the user, who may move from one cell to another
at anytime. There are two processes for location management:
registration and location tracking (or call delivery). Registration
corresponds to the process of updating the data about the user’s
location, while location tracking corresponds to the process of
searching the user’s current location by the registration data. In
general, several cells constitute alocation area(LA); a registra-
tion is required as a user crosses the boundary of the LA. The
mobile switch center(MSC), which can be viewed as a bridge
to connect the wireless network and the wired network, may
manage several LAs. To simplify the discussion, we assume
there is only one LA within an MSC. The location management
defined in IS-41 and the global system for mobile communica-
tion (GSM) standards adopts a two-level hierarchical architec-
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ture, which is composed of a centralizedhome location register
(HLR) and multiplevisitor location registers(VLRs) [20]. The
VLR, which is usually coupled with an MSC, contains loca-
tion information for the users in its service area, while the HLR
contains permanent information for all users and pointers to the
current serving VLRs of the users. Any reader interested in the
current and proposed protocols for location management in var-
ious wireless systems is referred to [2].

In this paper, we consider the problem of how to efficiently
locate a user under an environment characterized by the fol-
lowing properties: small cells and high user density. This paper
focuses on a special class of users whose movements follow cer-
tain patterns. The main idea of our method is to form some re-
gions for each user by grouping the LAs they frequently visit.
The registration cost can be significantly reduced by decreasing
the registration frequency as the user moves in the same region.
We will discuss the suitable condition to put the restraint on the
registration and provide a mechanism for the location tracking.
Our primary contributions in this paper are as follows: we pro-
pose an efficient location strategy by taking advantage of the
user’s movement behavior; we construct a distributed HLR in-
stead of a centralized HLR to balance the workload; moreover,
we consider the ratio of the call arrival rate to the mobility rate
[or call-to-mobility ratio (CMR)] for reducing the registration
cost. The proposed strategy can be dynamically adjusted based
on the number of regions, the degree of user mobility, and the
system parameters such as the signaling cost between HLR and
VLR.

The rest of this paper is organized as follows. In Section II, we
present the location management defined in the IS-41 and give a
brief introduction on other approaches. Section III presents the
design for the region-based strategy in detail. In Section IV, the
benefits of this method over IS-41 are indicated by performance
analysis. Finally, we present the conclusion and future work in
Section V.

II. RELATED WORK

Location management is an important issue in PCS systems
for efficiently locating a mobile user. In the IS-41 standard [8],
the location information is managed by the HLR and the VLR.
The respective flows for the processes of registration and loca-
tion tracking are depicted in Fig. 1.

The identification number of VLR is periodically broadcast
in each LA for assisting the user to judge whether a new LA is
entered. If it is the case, a registration message containing the
user’smobile identification number(MIN) is sent to the new
VLR. Then the registration message is forwarded to the HLR.
At the HLR, another message is sent to the old VLR to reclaim

0018-9545/02$17.00 © 2002 IEEE



668 IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 51, NO. 4, JULY 2002

(a)

(b)

Fig. 1. Location management in the IS-41. (a) Registration process. (b)
Location tracking process.

previously occupied resources (referred to as thederegistration
process). When a call setup is going to be established, a re-
quest to query the callee’s location is issued from the MSC to
the HLR, then forwarded to the VLR where the callee currently
visits. A routing number, such as a temporary location direc-
tory number (TLDN) in the IS-41 or a mobile station roaming
number (MSRN) in the GSM, is returned. Finally, a trunk is es-
tablished by using the routing number.

The location management specified in the IS-41 standard has
several disadvantages. The HLR becomes a bottleneck of the
network system. Also, the registration process may incur a big
waste for a user frequently crossing LAs while seldom receiving
calls. This situation can be stated as the user’s having a low
CMR. The CMR is defined as the number of calls to the user di-
vided by the number of times the user crosses the LA boundary
in a time unit. When the CMR is low, the number of registra-
tion processes performed by the user is more than the number
of location tracking processes performed by the system to lo-
cate the user. An efficient location management strategy should
minimize the costs of registration and location tracking. How-
ever, the two costs have a tradeoff. The more location informa-
tion we record (i.e., increase the frequency of registration), the
less location tracking cost we need to pay and vice versa. The
improvement on the location management can be considered in
three aspects: the registration frequency, the registration cost,
and the location tracking cost.

A. Techniques for Reducing the Registration Frequency

The number of registrations can be controlled by performing
the registration process only when a certain quantity is reached.
As illustrated in [1] and [6], the quantity may be measured
in time, the number of moves, or the moving distance. These
methods have either poor performance or high complexity in im-
plementation. Another possibility is to define the region (group
of LAs) and then perform the registration process as the user
enters a new region. In [5], the region is predefined, which con-
sists of the neighboring cells of thereporting centerselected
from the base stations. However, an optimal selection of the

reporting centers is an nameplate (NP)-complete problem in a
hexagonal network configuration. A heuristic algorithm for se-
lecting reporting centers was proposed in [10]. In [9], the region
is preallocated by separating the PCS service area into several
uniform groups. This approach has worse performance when a
user frequently crosses the region boundary. In [26], the size of
a region can be dynamically adjusted for a user according to the
CMR value. Nevertheless, the region can only be shrunk or ex-
panded in the form of a square shape. In [16], the optimal size
and shape of a region is studied under a one-dimensional wire-
less environment. In [19], the region is composed of the current
and the previous LAs that the user has visited. This method is
suitable only for users moving back and forth crossing two LAs.

In [4] and [11], the region is generated by partitioning the
movement patterns into groups. Hierarchical location servers
are built over the regions. The search locating a user is per-
formed either by the top–down or the bottom–up method to tra-
verse the location servers. However, the complete signaling for
the location management is not presented. Location manage-
ment in the case where each user has only one region was ad-
dressed in [21] and [24]. The region is defined as a list of LAs
where the user is most likely to be. Registration is performed
when a user enters an LA not recorded in the list. Since the con-
tent of the list may change, retransmission of the list is required.
Moreover, the search cost in a large region will be very high. In
our approach, multiple regions are generated as in [11]. How-
ever, a different search method to locate a user is adopted. Fur-
thermore, we reduce not only the number of registrations but
also the cost of a registration by using the CMR value.

B. Techniques for Reducing the Registration Cost

To reduce the registration cost, the technique offorwarding
pointer,by which the registration message is directed to the last
visited VLR, was introduced in [13]. Implicit deregistration was
studied in [17], where the obsolete resource (such as TLDN or
MSRN) is reused when no free resource is available.

C. Techniques for Reducing the Location Tracking Cost

For reducing the location tracking cost, typical techniques in-
clude caching the search result of any outgoing call from an
MSC for later use [12], replicating the location data in multiple
VLRs [23], and constructing the location databases into a hier-
archical architecture [3], [15], [25]. The search to locate a user
in a region can be performed by broadcasting, by following the
forwarding pointers that direct the moving tracks, or by sequen-
tially searching each area in the order of probabilities [11]. The
last method (named thelist method) is better than others in most
cases. The list method is adopted in our strategy for the location
search. More complex search mechanisms were studied in [22].

III. REGION-BASED LOCATION STRATEGY

In this section, a region-based location strategy is presented.
First, we discuss various issues in the strategy design. Then, the
architecture and the processing flows of location management
for our proposed method are discussed.
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A. Design Issues

1) The Regions:Two types of regions are defined based on a
user’s movement pattern. Thehot regionis a group of LAs that
corresponds to a partition of the user’s movement pattern [11].
ThePCSserviceareaexceptingthehotregionsconstitutesasingle
cold region. Note that the regions are disjointed from each other.
We have proposed four strategies to derive the regions from the
movementpatternsin[14].Toreflect thechangesinuserbehavior,
a simple method is to rebuild the regions periodically.

The location data are recorded by the following formats. The
data about which region the user is in are recorded at the HLR,
while the data about which LA in the region the user is in are
recorded at a server associated with the region. When the user
crosses the regionboundary,bothof thesedataareupdated.To re-
duce the registration cost, we decrease the registration frequency
astheusercrossestheLAboundaryinthesameregion. Inthissitu-
ation,asearchwithinaregionisneededtolocatetheuser.Tospeed
up thesearch,eachLAin the regioncanbeassociatedwithavalue
that denotes the probability that the user may be there. Hence, the
search is performed by sequentially searching each LA in the re-
gion in theorderofprobabilities.Theprobability informationcan
be either provided by the user or estimated by the user’s calling
history. In certain conditions, such as when the user is in the cold
region or with a high CMR, the search will be expensive. In these
conditions, we perform the registration when a user crosses the
LA boundary in the cold region or crosses the LA boundary in the
hot region when the CMR is high.

2) The Options of the Registration:The location data at
the HLR are usually updated when the user crosses the region
boundary. This update cost is high in the PCS system. For some
location data in the HLR, they may not be used for location
tracking when the mobility rate is much higher than the call
arrival rate (i.e., CMR is low). Therefore, we can eliminate the
registration at the HLR when the CMR of the user is low as a
means of reducing the registration cost. That is, the registration
message is first sent to the server of the newly entered region,
and then the message is optionally sent to the HLR based on
the current CMR value. If the location data at the HLR are not
up to date, the location tracking should be performed by first
sequentially searchingeach regionof theuser.Again,each region
can be associated with a probability value to speed up the search.

3) The Distributed HLR:A centralized HLR can become a
bottleneck of the network system, which causes more call block-
ings. It is intuitive to build several distributed HLRs with an
appropriate data allocation [18]. Although full data replication
can balance the workload on querying the HLR for location
tracking, the consistency maintenance becomes a problem, es-
pecially when a large volume of location updates is issued. An-
other choice is to partition the HLR. In this case, a function like
global title translation(GTT) to decide which partition of the
HLR stores the location data, given the identifier of a mobile
user, should be supported. This model is adopted in our strategy.

B. System Architecture

According to the above design principles, we propose a three-
level hierarchical architecture of location management. The log-
ical view of our proposed architecture is shown in Fig. 2.

Fig. 2. Three-level hierarchical architecture.

Each square at the bottom level of the architecture represents
a VLR (or an LA). The distribution of regions for a user is also
shown in the figure. Note that each user has its own set of re-
gions. In the middle level of the architecture, each square rep-
resents aregion server(RS). Each the user’s region is managed
by the nearest RS, as indicated by the vertical line in the figure.
For example, hot regions 1, 2, and 3 are managed by RS, RS ,
and RS , respectively, in the figure, while the cold region is
managed by RS. Generally, an RS may manage several re-
gions of different users. The HLR is partitioned, and each par-
tition is managed by aprofile server(PS) in the upper level of
the architecture. The user’s permanent information is stored in
one of these PSs. The PS where the user’s permanent informa-
tion is stored is called the user’shome PS. The placement of the
PS depends on the population of mobile users with denser areas
having more PSs.

Here, we give a brief description of how to perform the pro-
cesses of registration and location tracking. Three movement
cases in Fig. 2 are considered. When a user enters a new LA,
the registration process is performed as follows. It should be de-
cided first whether the user stays in the same region. If the user
is still in the cold region (the case of movement 1), a registra-
tion message is sent to the RS of the cold region (RS), which
indicates the user’s current residing LA. A further notification
to the home PS (say, PS) is needless. If the user is still in a
hot region (the case of movement 2), the registration message is
only sent to the RS of the current region (RS) when the CMR
is high, but no registration is performed when the CMR is low.
If the user crosses any region boundary (the case of movement
3), a registration message is sent to the RS of the newly entered
region (RS). If the current CMR value is higher than the prede-
fined threshold value, the RS then sends a registration message
to the home PS (PS), which indicates the user’s current serving
RS. A record cancellation message is also sent from the new RS
(RS ) to the old one (RS).

Location tracking proceeds by first querying the home PS of
the callee. From the PS, the current serving RS of the callee is
found by first searching the recent serving RS (which is recorded
in the PS) and then other RSs in the order of probability. The
found RS then decides the current residing LA of the callee by
searching first the recent residing LA (which is recorded in the
RS) and then other LAs in the order of probabilities. The se-
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TABLE I
PS TABLE

TABLE II
RS TABLE

TABLE III
HANDSET TABLE

quential search is due to the optional registration at the PS and
the RS.

In Section IV, we will do a performance analysis to show
when it is better not to perform registration at the RS and the PS.
As we can see, the CMR value of each user is an important basis
to adjust the performance of the proposed strategy. To obtain
this information, we can implement two counters that record the
number of incoming calls and the number of movements for a
user.

C. The Location Databases

We introduce the data structure used in our region-based lo-
cation strategy. Four tables are given as follows.

The PS table,as shown in Table I, is stored in the PS. The
recent RS field records the RS the user recently registers. The
associated RSs field records a list of RSs belonging to the user.
Each RS in the list is also associated with a value that denotes the
probability that the user may be there. TheRS table,as shown
in Table II, is stored in the RS. The recent VLR field records
the VLR in the region the user recently registers. Similarly, the
associated VLRs field records a list of VLRs for the LAs in the
region with probability values. The home PS field records the
user’s home PS. The CMR history field describes the condition
when the registration at the PS is not needed. The condition is
described either by time periods or a value as the threshold.

In the user’s handset, thehandset table,as shown in Table III,
is stored. The second and third fields record the last visited VLR
and RS, respectively. The CMR history field describes the con-
dition when the registration at the RS is not needed. Theregion
table,which records the information about the regions of a user,
is also stored in the user’s handset. The data structure is shown
in Table IV. Each region has a region number, a region server,
and a list of VLRs for the LAs in this region. The last field for
the cold region (numbered zero) is empty, as it is useless. The
region table is used to identify the current residing region of the
user, given the user’s current serving VLR.

TABLE IV
REGION TABLE

Fig. 3. A B-tree index for the region table.

A large region table will incur significant overhead in iden-
tifying the region. To reduce this cost, a B-tree index structure
can be constructed on the associated VLRs field in Table IV, as
demonstrated in Fig. 3. Each VLR entry in the index structure
constitutes a search-key value and a pointer for each search key.
This pointer points to one of the entries in the simplified region
table, where only the region number and the region server are
recorded. The search proceeds by using the current VLR iden-
tification (ID) as the search key. If the search is successful, one
hot region is found. Otherwise, the user is in the cold region.

D. Processing Flows

The processing flows of the registration and location tracking
of the proposed strategy are illustrated.

1) Location Registration:When a user enters a new LA, a
new VLR ID will be received and recorded in the field of last vis-
ited VLR in the handset table. This ID will be compared with the
associated VLRs of the regions in the region table for deciding
to which region the newly entered LA belongs. If the user is in
the same hot region and the recent CMR value is lower than the
threshold recorded in the CMR history field of the handset table,
no registration is performed. Otherwise, the registration process
is performed as shown in Fig. 4. The steps are illustrated as fol-
lows.

1) The handset sends the messageMIN, old RS, current
RS to the newly entered VLR. The first two fields in
the message are acquired from the handset table, while
the last field is the result of the comparison at the region
table.

2) The newly entered VLR updates its database, indicating
that the user is now staying in its coverage area. Then the
messageMIN, old RS, new VLR is sent to the current
serving RS, as indicated by the current RS in the incoming
message.
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(a)

(b)

Fig. 4. The flow of registration. (a) Intraregion registration process. (b)
Interregion registration process.

3) The current serving RS updates the recent VLR field, in-
dicating the new VLR in the RS table for the user. Also,
the current serving RS checks whether the user stays in
the same region by referring to the old RS in the incoming
message. Case 1 (intraregion registration): the user stays
in the same region. Here, the old RS and the current RS in
the message are the same. An acknowledgment is trans-
mitted backward to the handset. The registration process
is then finished. Case 2 (interregion registration): the user
stays in a different region. Go to Step 4).

4) The current serving RS sends the messageMIN, current
RS to the home PS if the user’s CMR is higher than the
threshold recorded in the CMR history field of the RS
table. The address of the home PS is acquired by the home
PS field.

5) The current serving RS sends a resource cancellation
message to the last serving RS, as indicated by the old
RS in the incoming message.

6) An acknowledgment is transmitted backward to the
handset. The handset then updates the last visited RS
field to the new value in the handset table.

The resource cancellation message to the last visited VLR is
not shown in the above processing flow because we assume that
the implicit deregistration process [17] is operated. The implicit
deregistration process is really needed for the case where the
user enters a new VLR but no registration is performed.

2) Location Tracking: Location tracking is performed as
shown in Fig. 5. The steps are illustrated as follows.

1) The handset sends the dial number (DN) of the callee to
the current serving MSC.

2) The MSC then transmits the DN to a fixed switch where
the global title translation is performed to get the address
of the callee’s home PS.

3) The request for querying the callee’s location is for-
warded to the home PS.

Fig. 5. The flow of location tracking.

4) The home PS searches for the current serving RS of the
callee based on the PS table (the recent RS and associated
RSs fields).

5) The RS then finds the current residing LA of the callee
based on the RS table (the recent VLR and associated
VLRs fields). The MSC should issue the paging message
to confirm that the callee is in its coverage area.

6) If the callee is reachable in an LA, the routing number
(RN) is then returned to the current serving MSC of the
caller.

7) Finally, a trunk is established based on the RN.

IV. PERFORMANCEANALYSIS

To evaluate the performance of the proposed strategy, we use
an analytical model to explore the costs of registration and lo-
cation tracking. We consider both the cost for transmitting sig-
naling messages and the cost of database access in the analysis.
As in [24], the analysis is performed for one user because the ef-
fectiveness of this strategy is dominated by personal behaviors.
Experiments are performed to compare the cost of the proposed
strategy with that of the strategy defined in IS-41.

A. Performance Environment

Assume that all hot regions are of the same size and that there
are LAs per hot region. The number of hot regions is de-
termined by giving the total number of LAs in all hot regions
and the region size in units of LAs. To reduce the complexity
in the analysis, we assume that all hot regions are separate. The
switches functioning as the GTT are colocated at the PSs.

We measure the signaling cost for a specified communication
link by its delay value. Assume that these values can be acquired
by a table lookup method. In Table V, we denote the delay value
for each communication link as a variable. The itempagingin
the table denotes the cost to page a user in an LA. We define

, , , and to be the costs for updating or querying
the VLR, the RS, the PS, and the centralized HLR, respectively.
We assume that in our analysis. The cost for per-
forming the GTT is denoted as .

We introduce parameters for modeling the movement be-
havior of the user in the following:

number of LAs in all hot regions;
number of LAs in a hot region;
number of hot regions (that is, );
probability that the user is in region(note that region 0
denotes the cold region); assume ;
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TABLE V
SIGNALING COST NOTATIONS

Fig. 6. The user’s movement model.

probability that the user moves in the same region;
probability that the user is in LA of a region; assume

.
Themovementbehaviorcanbemodeledasastate transitiondi-

agram (see Fig. 6). The user may move in the same region or into
another region. If the user is in the cold region, we assume that it
has the same probability as the user’s moving into any hot region.
Since hot regions are supposedseparate, crossing betweenhot re-
gions is impossible.Eachnode in thediagramrepresentsa region,
andeachedgerepresentsamovement.Symbols inthenodeandon
the edge denote the probability values of a user’s being in the cor-
responding regionand the movement, respectively. If the userhas
the samebehavior in a certain timeperiod, wecanview the move-
menttransitionasasteadystate.Bytheflowbalanceforeachstate,
we can derive the equations shown in

(1)

The performance measurement is based on the total signaling
cost and the total database access cost spent on the registra-
tion and location tracking. Define and to be the average
number of incoming calls to the user per unit time and the av-
erage number of times the user changes LA per unit time, re-
spectively. CMR can be expressed as . Let and
denote the costs for registration and location tracking, respec-
tively. The total cost per time unit can be computed by the ex-
pression . We separate the cost evaluation for
the proposed strategy into four cases according to the option of
registration at RS and PS as listed in Table VI. In the following,
we list the expressions for evaluating the costs in these cases:

1) RB1

TABLE VI
THE DIFFERENTOPTIONS OF THEREGISTRATION

2) RB1

3) RB2

4) RB2

5) IS-41



LO AND CHEN: ADAPTIVE REGION-BASED LOCATION MANAGEMENT 673

Fig. 7. The effect of the number of hot regions (data set 1).

TABLE VII
SYSTEM PARAMETERS

B. Experiments and Results

In this section, we observe the influence of different factors
on the performance of the proposed strategy through the exper-
iments. Also, we use the cost ratio of the proposed strategy to
that of IS-41 as a comparison of the performance. That is, our
proposed strategy outperforms IS-41 when the cost ratio is less
than one. The values of signaling cost parameters and database
access cost parameters are adopted from [9].

The settings of system parameters in our experiments are
listed in Table VII. Here, we assume that the probabilities of
appearing in the hot and cold regions have an 80–20 ratio. The
probability distributions of a user’s appearing in each region and
each LA within a region are assumed to both be uniform (i.e.,

and ). When the probability distribu-
tions are skewed, it means that the user is prone to stay in a
certain region or LA. The cost of location tracking by the list
method becomes small and our approaches will be even more
outstanding. To save space, we omit the experimental results

TABLE VIII
SIGNALING COST PARAMETERS

for the cases with skewed probabilities. To simplify the anal-
ysis, the cost evaluations on the signaling cost and the database
access cost are separate. When one cost is considered, the other
cost is negligible.

1) Signaling Cost:We consider four sets of signaling cost
parameters as listed in Table VIII, where the values have been
normalized based on the value of. At first, we show the
effect of the number of hot regions (or the size of a hot region)
on the performance. Fig. 7 shows the change of the cost ratios
for each strategy as data set 1 is used andis set to 1, 2,
and 4 (the size of hot regions is 32, 16, and 8, respectively).
As increases, the cost of RB1becomes smaller, while
that of RB2 becomes larger. The reason is that the cost
of location tracking dominates in these strategies. The search
cost for the RSs is directly proportional to the number of hot
regions ( ), while the search cost for the LAs is directly
proportional to the size of a hot region ( ). Both of
these searches are performed in RB1, so the cost varies as

increases. The current residing LA for a user is recorded
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(a)

(b)

(c)

Fig. 8. The effect of the different options of the registration (data set 1).

in RB2 such that no extra search is needed. Hence, the cost
of RB2 is independent of the value of. When the CMR is
high, the location tracking cost becomes dominant and its cost
is sensitive to the value of, so the difference of the cost ratios
is large. However, when the CMR is low, the registration cost
becomes dominant and its cost is independent of the value
of , so the difference of the cost ratios becomes small.

Second, we observe the effect of the different options of reg-
istration listed in Table VI on the performance. The experiment
is performed by using data set 1 and various values of. Fig. 8
shows the change of cost ratios for the strategy with different
options, as the value of CMR varies from 0.01 to ten. We found
that the strategy with a different option has a different perfor-
mance as the CMR changes. Also, RB1, RB1 , and RB2 ,
which involve the search costs for the RSs and/or the LAs, may
perform worse than the IS-41 at high CMRs. This indicates that
we should adopt a different option based on the CMR for getting
the best performance. That is, the strategy should dynamically
follow the options with the lowest cost ratio based on the cur-
rent CMR. For example, if is four, the strategy should behave
as RB1 when CMR 0.1 and behave as RB2when CMR

Fig. 9. The best performance for different numbers of regions (data set 1).

Fig. 10. The effect of varying signaling costs (n = 2).

0.1. In both Figs. 7 and 8, we found that the performance im-
provement at low CMRs is more significant than that at high
CMRs. The reason is that our proposed strategy focuses on re-
ducing the registration cost and there is a tradeoff between the
registration cost and the location tracking cost.

Fig. 9 shows the performances of the strategy, which always
adopts the best option of registration under different values of

. It can be seen that having a number of hot regions (
) is the best at low CMRs, while a single hot region is the

best at higher CMRs. At low CMRs, the minimal cost comes
from RB1 , which performs well as . We arrive at the
following conclusion. If a mobile user is prone to have high
mobility rates, the location strategy with adequate multiple hot
regions should be adopted. Otherwise, the strategy with a single
hot region should be adopted.

Fig. 10 shows the effect of signaling costs on the performance
of the proposed strategy. The differences between data sets 1
and 2 and between data sets 3 and 4 demonstrate the effect
of the signaling cost between two RSs. The figure shows
that the effect of is more significant at low CMRs. The
reason is that only affects the registration cost, which is
dominant at low CMRs. The differences between data sets 1
and 3 and between data sets 2 and 4 demonstrate the effect of
the signaling cost between the PS and the RS. Note that

and are increased/decreased together in our settings.
The effect of is also significant at low CMRs. The reason
is that RB1 and RB2 , which have large cost savings of
registration costs, dominate in these cases.
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TABLE IX
DATABASE ACCESSCOST PARAMETERS

Fig. 11. The best performance for different numbers of regions (data set 5).

Fig. 12. The effect of varying database access costs (n = 2).

2) Database Access Cost:We consider four sets of database
access cost parameters as listed in Table IX, where the values
have been normalized based on the value of. We perform
a similar experiment as done in Fig. 9. The result is shown in
Fig. 11. We found that the proposed strategy with the best option
outperforms IS-41 even when the database access cost is consid-
ered. Moreover, the effect of multiple hot regions is more signif-
icant than that shown in Fig. 9. This indicates that no registration
in the same hot region can save more database access costs than
signaling costs. As the number of hot regions increases, the cu-
mulative cost savings become large.

Fig. 12 shows the effect of database access costs on the
performance. The differences between data sets 5 and 6 and
between data sets 7 and 8 demonstrate the effect of the database
access cost of the PS. The figure shows that more cost savings
are obtained as increases ( increases too). This reveals the

fact that the centralized HLR is a bottleneck of the performance.
The differences between data sets 5 and 7 and between data
sets 6 and 8 demonstrate the effect of the database access cost
of the VLR. It is obvious that the cost ratio increases as
increases.

From the experiments, it can be justified that the proposed
strategy has a significant improvement over the scheme defined
in the IS-41 standard. The proposed strategy will be dynamically
adjusted (that is, adopting RB1, RB1 , RB2 , or RB2 )
based on the current CMR for a user. Although we focus on
the techniques of reducing the registration cost, other techniques
like caching and replication should be involved to reduce the lo-
cation tracking cost in the system design. Also, the search order
among regions or among LAs of a region will affect the loca-
tion tracking cost. A more effective order can be arranged if the
time is also considered in the movement history. Each region can
be associated with time periods denoting when the user may be
there. Given the time, the system can make a proper decision to
locate the user.

V. SUMMARY AND DISCUSSION

In this paper, we introduce a location management scheme
based on regions. The regions are derived from the user’s move-
ment patterns. The proposed approach is effective if the user has
a regular movement behavior. Our focus is to reduce the registra-
tion cost. We present a three-level hierarchical database archi-
tecture that consists of the VLR, the RS, and the profile server
(PS). The RS is responsible for the registration within the re-
gion. The PS acts as a distributed HLR and records the recent
serving RSs of the users. We consider the registration process in
two phases: first at the RS and second at the PS. The best perfor-
mance can be achieved by controlling the registration frequency
in each phase. From the experiments, we obtain the following
criteria. The registration frequencies in both phases should be
reduced at low CMRs (less than 0.1), while only the registra-
tion frequency in the second phase should be reduced at middle
CMRs (between 0.1 and 1). Our study also indicates that a single
hot region is sufficient most of the time, except in the case of low
CMRs (less than 0.1).

The movement patterns and call histories of mobile users
should be properly managed to derive useful information. We
name this workprofile management,which includes data col-
lection, data mining, and data maintenance. In the first part, the
related data are collected and forwarded to the home PS for each
user. Mining techniques should be explored in the second part.
Five types of patterns can be considered by the following ques-
tions. Who is frequently called by a user? Where do most of the
incoming calls come from for a user? When does a user receive
most of the calls? When and where does a user frequently make
a movement? Parts of these patterns have been cleverly used in
some papers. In the final part, how to refresh the movement pat-
terns will be a challenge because the moving information has
been hidden from the system within a region. One approxima-
tion is to refer to the call history. To reduce the cost for man-
aging these patterns, we can group users with similar behaviors
to share the same patterns. Profile management is a problem we
are currently addressing.
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