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Mobility Management Strategy Based on User
Mobility Patterns in Wireless Networks
Wenchao Ma, Member, IEEE, Yuguang Fang, and Phone Lin, Senior Member, IEEE

Abstract—Mobility management plays an important role in
wireless communication networks in effectively delivering ser-
vices to users on the move. Many schemes have been proposed
and investigated extensively in the past to improve performance.
Profile-based scheme (PBS) is one of them, which uses the user
routine information stored in the user profile to reduce location
update signaling traffic. To improve PBS performance, in this
paper, a new location management scheme called the mobility-
pattern-based scheme (MPBS) is proposed, which incorporates
the time information in the user profile so that a user’s current
location can be determined by his/her movement state and the
current system time. Extensive simulations have been carried out,
and the results show that the MPBS scheme can mitigate the
signaling traffic load significantly while reducing paging delay at
the same time.

Index Terms—Location management, mobility management,
personal communication systems, user mobility pattern (UMP).

I. INTRODUCTION

THE VISION of anytime and anywhere communications
is the target at which future-generation wireless commu-

nication systems aim. At the beginning of the 1970s, mobile
users could only roam locally or regionally, while international
roaming was possible only after the 1990s [1]. With the increase
of mobile user population and mobility, and more demands
on quality of service (QoS), the current mobility management
scheme faces new challenges.

Currently, there are two protocols widely used in wireless
systems. The IS-41 has been adopted in North America, and
GSM MAP has been accepted in Europe and Asia [2], [3]. The
basic mechanisms of these two schemes are very similar. Both
of them manage the user mobility by a two-tier hierarchical
database system consisting of home location register (HLR) and
visitor location register (VLR) [5]. A mobile user permanently
registers to an HLR with the user profile. The VLR stores user
information currently residing in its charge area. When a user
enters a new register area (RA) charged by a new VLR, the
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mobile terminal is required to send an update message to the
new VLR. The new VLR will exchange information with user’s
HLR through a global-title-translation procedure and obtains
the user’s profile. At the mean time, the HLR also contacts the
old VLR to deregister the user there. In the IS-41 or the GSM
MAP protocols, the HLR can locate users in the RA granularity,
so all the cells in that RA will be paged once a call request is re-
ceived. Upon receiving the paging signal, the target mobile ter-
minal will respond with an acknowledgment (ACK) message,
and a connection can be set up following some procedures.
Due to the information exchanges, the location management
signaling traffic burden increases dramatically with the increase
of the user population. Statistics data show that more than 90%
signaling traffic is generated for location update in some high-
density urban areas [6]. In the 3G wireless communication
system, high-speed multimedia services will be provided, and
current RAs in the 2G systems may have to be partitioned
further to meet the QoS requirements. It is obvious that the
smaller RA size will exacerbate the network signaling burden
further with the current mobility management schemes [4], [7].

From our daily life, we observe that many mobile users
follow some fixed routines everyday. For example, a person
drives to his/her office every morning along a road, stays in the
office most of the day, and goes home after work along the same
road; a mailman delivers mail along fixed routes everyday. If the
network knows the mobile users’ daily route information, then
the location update signaling traffic burden can be mitigated.
Based on this observation, a profile-based scheme (PBS) was
proposed in [1] and [11]. In this scheme, a user’s daily routine
information is stored in the profile. If the user follows his or
her itinerary well, then no location update is necessary, so that
the update traffic is reduced. When a call arrives for that user,
the RAs where the user could be in will be paged. In the Le-Zi
update [12] scheme, the user movement history is sent to the
network. The registered history data are used to construct a
search tree for the user. We notice that a user mobility-pattern-
based mobility management scheme is also proposed in [13]. In
the scheme, a user mobility pattern (UMP) is found or created
based on the user’s movement, and the probability that the user
is in a cell is also derived based on the pattern. In those schemes,
the paging can be implemented in all the RAs at the same
time or operated one by one following a descending probability
order. In the above schemes, the location update cost is reduced
at the expense of increasing the total paging costs. A user who
follows some daily routine may deviate from it because of road
traffic, weather, or some other reason. In this case, the mobile
terminal is required to report to the new VLR, just as with the
IS-41 or the GSM MAP scheme. Therefore, the mobile terminal
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needs to store the list of RAs in the memory, which are updated
or adjusted by the network periodically. In [11], the author did
not consider the call-to-mobility ratio (CMR) impact on the
PBS performance. In this paper, we show that the user CMR
is very critical in the PBS, and the traffic savings can only be
achieved under a certain limited CMR range. A new mobility-
pattern-based scheme (MPBS) is also proposed in this paper.
Compared to the study in [13], our scheme can adopt different
paging strategies based on the user states so that the UMP cost
can be minimized.

The new scheme we proposed is called user MPBS. In this
scheme, the UMP is used to minimize the location update
and paging traffic burden. The basic idea is to incorporate the
time information in the mobility pattern profile; thus, different
location update and paging schemes can be used based on
the different user states. The simulation results show that the
MPBS generates significantly less signaling traffic than both the
IS-41 and the PBS schemes, and the paging delay in the MPBS
is shorter too. In next-generation wireless communication sys-
tems, the service providers will provide the users with user-
oriented services so that the network resources are allocated
according to the user service requirements. With the MPBS
scheme, the advantage is that the system can predict the user’s
future location, and the resource can be assigned in advance for
the users engaging in high-priority applications [8], [9].

The paper is organized as follows. In Section II, we introduce
the virtual management network (VMN) concept and describe
the architecture of the signaling network in a wireless com-
munication network. Then, we give the detailed description
of the PBS and MPBS in Section III. In Section IV, we esti-
mate the signaling costs for all the three schemes and discuss
the simulation network architecture and system configuration.
The performances for all the schemes are demonstrated in
Section V, and Section VI concludes the paper.

II. SYSTEM DESCRIPTION

For next-generation wireless communication networks, dif-
ferent classes of users have different service requirements.
Different priorities can be assigned to users based on their call
history, mobility pattern, and willingness to pay for a higher
QoS. In order to achieve this goal, the network needs to collect
and store some extra user information in the user profile. For
example, if a UMP is known, some resources or information
can be prepared to the user in a certain area where the user will
soon be. If the above additional workloads, such as information
collection and dissemination, are incorporated into the current
distributed wireless communication database system, the sig-
naling and database retrieval traffic may overwhelm system
process capacity. The delay resulting from the heavy traffic load
may degrade system performance completely. In order to solve
the problem, we propose the VMN concept.

Virtual Management Network (VMN) is an overlaying man-
agement network on top of the existing wireless mobile net-
works, which handles the intelligent features. In our scheme,
a new function entity—mobility agent (MA)—is proposed. If
we assume that the signaling network for a wireless mobile
network is a common-channel-signaling network, such as the

signaling system No.7 (SS7) [14], the MAs can be hardware-
based or software-based and are connected to both VLRs and
HLRs; at the same time, the MAs are connected to each other.
Each MA is in charge of a selected set of RAs and can be
dynamically configured according to the network’s up-to-date
traffic burden. In the SS7, the MAs can be placed together or
separately at the same level as local signaling transport point
(LSTP) or regional STP (RSTP). If both LSTP and RSTP are
equipped with MAs, we can say that the VMN is configured
hierarchically. The VMN can also connect to an operations, ad-
ministration, and management (OA&M) center that maintains
the networks and collects user information. In this paper, we
concentrate only on the location management issue.

III. PBS AND MPBS SCHEMES

In this section, the PBS and MPBS schemes are introduced.
More details about the PBS can be found in [11].

A. Profile-Based Scheme (PBS)

In PBS, the network maintains a record of each user’s most
likely itinerary list. It is assumed that the user’s location dis-
tribution probability is known in advance. It can be provided
by the mobile terminal or estimated by the network according
to the user’s calling history. The location list is stored in the
switch, and the information required to update the list is stored
within the mobile switch billing center.

The user’s itinerary can be defined as follows. If Ai is one of
the RAs in the record list, the user’s most likely itinerary can
be defined as Ak, where k is the number of RAs in the set.
The probability of a user being in an RA Ai is αi. The system
maintains a list of (Ai, αi) pairs for some time interval T . The
probability of a user being out of Ak is given as

κ = 1 −
k∑

i=1

αi. (1)

If κ > 0, there is probability of not finding the user in the list. If
the user follows his/her daily itinerary strictly, namely, the user
keeps roaming in Ak, no registration is needed. When the user
is out of the list, the mobile terminal is required to manually
register to the network. Therefore, the terminal must keep a
copy of the list. The list can be sent to the terminal by network
and updated whenever some Ai is added or deleted. When a
call request arrives for the user, the RAs in the list are paged in
the descending order of αi until the user is found. Under this
strategy, the database will know a user’s exact location when
it is outside Ak. Indeed, when the user is out of the list, the
PBS scheme works the same as the IS-41 or the GSM MAP.
According to these procedures, the PBS can reduce the location
update cost effectively at the expense of increasing paging cost.
In [11], the authors studied the paging delay and the radio link
cost under different lengths of the list. The paging delay was
derived, given three known probability distributions, in terms
of the number of the expected RAs needed to be paged before
the user is found. In fact, it is intuitive that the total cost of the
PBS scheme has a tight relationship with the user’s CMR. With
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Fig. 1. Procedures in MPBS.

a small CMR, which means that the user has a relatively high
moving rate over the call arrival rate, the PBS can reduce most
update costs and perform well. However, for the users with high
CMR, the paging cost will dominate, and the total costs of PBS
may exceed those of the basic IS-41 or the GSM MAP schemes.

B. Mobility-Pattern-Based Scheme (MPBS)

The MPBS strategy can reduce the user update cost and at-
tempts to limit the paging cost at the same time [15]. Comparing
with the PBS, two more elements—the time a user entering
Ai(ti) and the residence time in Ai(Ti)—are added in the user
profile. The MA will maintain a list of 4-tuple (Ai, ti, Ti, αi)
for each user. We assume that the cardinality of the set for a user
is k. In the list, the tuples are not ordered according to αi but
to ti. For example, if a user’s profile includes all the location
entries he/she may visit in 24 h, the list is sorted by the time
the user visits every Ai. Therefore, for i �= j, Ai and Aj may
be the same. In the MPBS scheme, we define ϕ > 0 as the user
out-of-pattern probability, which is given as

ϕ = 1 −
k∑

i=1

αi. (2)

If ϕ > 0, there is a probability that the user moves out of the
RAs in the list. We say the user is out-of-pattern if this happens;
otherwise, we say the user is in-the-pattern. Fig. 1 shows an
example of the MPBS. If a user lives in RA A1 and works in
the office building which is in A4, before reaching the office,
the user will pass through A2 and A3. The user would also like
to have lunch break in a restaurant which is in A5. If the user
follows the itinerary everyday and the information is stored in
the profile, the network can locate the user based on the location
profile and current time of a day.

To make the scheme clearer, we need to define the user
behaviors more precisely. In the MPBS scheme, when users
follow the UMP, the location update traffic can be reduced.
There are two kinds of patterns for users to follow in the MPBS
scheme. When a user enters Ai at time ti and the residence time
in Ai is Ti, we say the user follows the time-sequence pattern.
If the user enters and exits RAs following the Ai order in the
profile only, we say the user follows the sequence pattern. For
example, an unexpected road congestion makes the user late

for entering every RA to the office, but he still follows the same
route as before. It is obvious that a user following the time-
sequence pattern follows the sequence pattern as well, while a
user following the sequence pattern may not follow the time-
sequence pattern. Users may deviate from their daily routine
for some reasons, so we need to find out how close a user is
following the UMP. Mobile terminals for the next-generation
systems should incorporate more intelligent functions. When
a user roams in a network service area, we assume that the
mobile terminal can record the RA ID and the RA entrance
and exit times. We define the user’s actual path information as
the user actual path (UAP). The UAP can be used to update
the UMP periodically. As the time elapses or the user crosses
RA boundary, the mobile terminal can tell whether the user is
following any pattern or not by comparing the UAP with UMP.
The UAP is in the same format as UMP. If we do not consider
the time information, the UAP can be expressed as Bm, where
m is the length of the UAP. Without the consideration of
time, we can compare the similarity of UAP with UMP by the
edited distance [10]. We assume that the regular movement of a
mobile user can be modeled as an edited UAP by allowing the
following legal operations.

1) Inserting an RA L at position i of the UMP gives UAP:
A1, A2, . . . , Ai−1, L,Ai, Ai+1, . . . , Ak.

2) Deleting the RA Ai of the UMP gives UAP:
A1, A2, . . . , Ai−1, Ai+1, . . . , Ak.

3) Changing an RA Ai of the UMP to another RA L of the
UMP gives UAP: A1, A2, . . . , Ai−1, L,Ai+1, . . . , Ak.

As a result, the edited distance between a UMP and UAP
becomes the sum of the editing operation weights. If the edited
distance is less than a threshold, we can say that the user follows
the sequence pattern, indicating the general moving intention
of the user. For large systems with complex network topologies,
the calculation of the spatial weights can be more involved.
How to exactly assign and calculate the spatial weight is out
of the scope of this paper. For simplicity and without loss of
generality, we define the weight as follows:

1) the cost of inserting

WI =
{

1, L is the adjacent RA of Ai

∞, otherwise

2) the cost of deleting

WD =
{

0, A1, . . . , Ai−1 have already been deleted
1, otherwise

3) the cost of changing

WC =
{

1, L is the adjacent RA of Ai

∞, otherwise.

Based on the above notations, we can define the user
behaviors more precisely. When a user enters Ai, the
user is said to follow the time-sequence pattern if and
only if the following requirements are met: 1) Ai ∈ A;
2) |ti,actual − ti| < ∆T ; and 3) t− ti − Ti < ∆T , where
ti,actual is the actual time the user enters Ai, t is the current
system time, and ∆T is the time pattern threshold. The first
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TABLE I
USER STATES IN ONE RA

condition constrains the user in the profile, and the second and
third conditions limit the user to enter and exit location area
(LA) Ai within some time threshold, respectively. If we assume
that a UAP is B, the edited distance between UAP and UMP is
d(A1, A2, . . . , AN , B1, B2, . . . , BN ), and the edited distance
threshold is ∆D, where N is the selected pattern length
large enough to guarantee the comparison result accurate.
We can say that the user follows the sequence pattern if:
1) Ai ∈ A; 2) |ti,actual − ti| > ∆T or t− ti − Ti > ∆T ; and
3) d(A1, A2, . . . , AN , B1, B2, . . . , BN )/N < ∆D. In the
MPBS scheme, a user can be in one of the four states, as
defined in Table I, when the user enters an RA.

The reason we define the four states is that the network can
invoke different paging mechanisms for users in different states.
A user needs to inform the network whenever the state changes.
In the MPBS scheme, we assume that the user state information
is included in the update message, so that the network will know
the user’s current state every time the mobile terminal sends an
update message. When a user is in states 1, 2, or 3, no registra-
tion or state message needs to be sent as long as the user keeps
the current state unchanged. If the user is in state 4, the mobile
terminal needs to update its location to the network every time
the user enters a new RA. Then, in state 4, the user needs to
update the location every time he/she crosses an RA boundary.
If we can collect the user daily routine information well enough
that the user has a large probability in states 1, 2, or 3,
the update cost can be reduced. In the MPBS scheme, when
a call arrives, the network can use different paging strategies
based on the user’s current state. If the user is in state 1, the
network can determine which RA the user is in according to
the current system time and page it. For example, the current
time is t and the user is in state 1 when a call request arrives,
the network can retrieve the tuple matching ti ≤ t ≤ ti + Ti;
then, the user can be located in Ai. It is possible that the user
just moves out of the paged area and enters the next one. If
the user does not change the state, only the next RA needs to
be paged. If the user is in state 2, the network knows which
RAs the user is not in, according to the last location update.
Since the user follows the sequence pattern, the network knows
that the user must be in one of the RAs after the last updated one
in the profile. Because there is no time information in state 2,
all the RAs the user could be in will be paged in the descending
order of the probabilities αi. If the user is in state 3, the network
knows that the user is in A, and all the RAs in A will be paged
according to the descending order of αi until the user is found,
which is the same as in the PBS scheme. If the user is state 4,
the network knows the user’s exact location and pages the
respective RA. In fact, when the user is in state 4, the MPBS
scheme is exactly the same as the IS-41/GSM MAP scheme.

Fig. 2. Numbers of updates for three schemes in 24 h with a user residence
time of 30 min.

As we can see in Fig. 2, the IS-41/GSM MAP generates the
most update messages, and the PBS scheme will generate the
least traffic. The MPBS is in the middle of them. Although the
MPBS results in more update messages than the PBS does, it
reduces the paging cost dramatically and helps in achieving a
total cost reduction, as we can see in the following.

IV. PERFORMANCE EVALUATION

In this section, we carry out the performance analysis for
our new scheme. To do this, we need to estimate the total
signaling costs for the three location management schemes:
IS-41/GSM MAP, PBS, and MPBS. Since the user behaviors
and many other random factors affect the results significantly,
it is hard to obtain the close forms, if any. Therefore, in this
paper, we only present the general procedure to calculate the
cost of each scheme and carry out the performance comparison
through simulations.

We define Cu as the cost for location registration and Cp as
the cost of paging one RA. In our analysis, we do not consider
the cost for the call delivery processing because it is the same
for all three schemes. We also want to point out that cost analy-
sis is done between two consecutive calls as the call arrivals
form a regenerative process [17]. For IS-41/GSM MAP scheme,
the total cost between two consecutive calls are given in [16]

CGSM =
Cu

ρ
+ Cp (3)

where ρ is the CMR. In the following analysis, we assume
that there are k RAs in the user’s profile. For the PBS scheme,
we define E(k) as the average number of RAs that has to be
paged before the user is found. Therefore, it is straightforward
to know that the total cost for the PBS scheme is

CPBS =ω1
Cu

ρ
+ (1 − κ)E(K)Cp + κCp

=ω1
Cu

ρ
+ [κ (1 − E(k)) + E(k)]Cp (4)
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where ω1 is the probability that the user moves in or out of the
profile between two consecutive call arrivals. The analysis of
total cost for MPBS is more complicated. If we define Cpi

as
the paging cost for users in state i and πi as the probability that
the user is in state i when a call arrives, the total cost of MPBS
can be expressed as

CMPBS = ω2
Cu

ρ
+

4∑
i

πiCpi
(5)

where ω2 is the probability of the user’s movement that is
needed to update the HLR. It is obvious that

∑4
i πi = 1.

We need to derive Cpi
to calculate the total cost for the

MPBS scheme. In the MPBS, when the user is in state 1, if
a call arrives, the RA where the user is currently in will be
paged according to the profile. However, it is possible that the
user just moves into the next RA when the current RA is being
paged. In order to make sure that the user is found, the next RA
needs to be paged if no response is received in the predefined
time in the current area. We assume that ti,actual − ti follows
the Gaussian distribution with zero mean and variance σ. Then,
the probability that the user just moves to the next RA when
a paging message arrives is 0.5 −Q(∆T/σ). Since the paging
expiration time is very short, we ignore the probability that the
user crosses more than one RA during the paging. Based on the
above analysis, we can obtain

Cp1 =Cp +
[
0.5 −Q

(
∆T

σ

)]
Cp

=
[
1.5 −Q

(
∆T

σ

)]
Cp. (6)

If a user is in state 2 when a call arrives, only the subsequent
RAs need to be paged because it is known that the user is
not in the first m(m < k) LAs. Therefore, the probability that
the user is in the subsequent LAs is conditional. If we assume
that there are m RAs being crossed before a call arrives and
let Xm = α1 + α2 + · · · + αm and k′ = k −m, we can obtain
the conditional probability distribution for the next k′ LAs as
α′

1 = αm+1/(1 −Xm), α′
2 = αm+2/(1 −Xm) · · ·, and α′

k′ =
αk/(1 −Xm), respectively. If the average number of LAs to be
paged is E(k′), Cp2 can be written as

Cp2 = E(k′)Cp. (7)

In a real situation, it may be difficult to obtain the conditional
probabilities. However, in the MPBS scheme, it is not necessary
for the network to compute them because the network only
needs to page the subsequent RAs in the descending order of
αm+1, αm+2, . . . , αk. The division by the same positive value
does not affect their order. The cost Cp3 is just the same as
in the PBS scheme, and the cost Cp4 is the same as in the
IS-41/GSM MAP scheme. Therefore, we have

Cp3 = E(k)Cp (8)

and

Cp4 = Cp. (9)

Fig. 3. Network architecture for our simulation study.

Therefore, we can rewrite (5) as

CMPBS =
ω2Cu

ρ
+

[
π1

(
1.5 −Q

(
Tthreshold

σ

))

+π2E(k′) + π3E(k) + π4

]
Cp. (10)

In our simulations, we treat the state update messages the
same as the registration message and normalize the update
cost Cu = 1. The paging cost is usually less than the update
cost [11], so we assume the paging cost for one RA is 0 <
Cp ≤ Cu. We want to know how the CMR, the paging cost
Cp, the user distribution probability αi, and the user out-of-
pattern probability ϕ can affect the performance of the PBS and
MPBS schemes. In this paper, we assume that there are three
representative profile distributions [11]: uniform, linear, and
exponential. Denote the conditional probability of a user being
in the ith RA in the list as βi = αi/(1 − κ) or βi = αi/(1 − ϕ).
The definitions for the three kinds of distribution are given as
follows:

1) uniform distribution: β1 = β2 = · · · = βk = 1/k;
2) linear distribution: βi = 2(k + 1 − i)/k(k + 1) for i ∈

{1, 2, . . . , k}; and
3) exponential distribution: βi = [e−bi(1 − e−b)]/[e−b −

e−b(k+1)] for i ∈ {i, 2, . . . , k}, where b is a constant.

The simulated network architecture is shown in Fig. 3. The
network consists of 16 RAs. Each RA has four neighboring
RAs. The links between RAs are virtual links, which imply that
the user can roam bidirectionally between the connected RAs.
The links between RAs and HLR are signaling links. When the
user enters an RA, depending on the currently adopted scheme,
an update message may be generated and sent to the HLR.
The user resides in an RA for some exponentially distributed
time with predefined mean and then moves into the next RA.
The calls for that user generated in the HLR forms a Poisson
process. For simplicity and clarity, we implement the VMN
functions into the HLR node. The HLR node will record all
the update and paging costs for different schemes at the end
of the simulations. In the simulations, we assume that the
update cost for every RA is the same. The simulations are event
driven. During the initiation, a user is generated randomly in
one RA and is set to state 1. State 4 is different from the other
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Fig. 4. Location update cost ratio of the MPBS scheme to IS-41/GSM.

states. In state 4, the user, in fact, does not follow any pattern.
Therefore, when the user is in states 1, 2, or 3, we can say that
the user is in-the-pattern, and the user is out-of-pattern when
he/she is in state 4. We also assume that, 90% of the time, the
user is in-the-pattern. The conditional probability of the user
in states 1, 2, and 3 are 0.8, 0.15, and 0.05, respectively. All
the simulations collect the user tracking information for 24 h.
In order to study the effect of the out-of-pattern probability on
performance, the ϕ will change during the simulations. Without
loss of generality, we assume that αi and that ti are in the same
order in the profile, i.e., Ai �= Aj for i �= j.

V. NUMERICAL RESULTS AND COMPARISON

As we have mentioned before, the MPBS can reduce the
location update signaling traffic load. Fig. 4 shows the relative
location update cost of the MPBS to IS-41/GSM MAP scheme.
In this simulation, the out-of-pattern probability is ϕ = 0.1, and
the probabilities of user in the three different states are set as
above. In Fig. 4, the update cost for the MPBS scheme is less
than half of that for IS-41/GSM MAP, and the CMR does not
affect the performance dramatically. The location update cost
is usually larger than the paging cost, which is why PBS and
MPBS can achieve total saving by reducing the update cost
at the expense of increasing paging cost. The advantage of
the MPBS scheme is that it can reduce the total cost without
increasing the paging cost too much. In both the PBS and
MPBS schemes, the network usually pages more than one RAs,
trying to find out the user’s exact location. In other words,
the MPBS and PBS will introduce some delay during the call
delivery procedures. In Fig. 5, we can see that the paging delay
generated by MPBS is much less than that of PBS. The reason
is that, in the PBS scheme, all the RAs in the list could be
paged. Usually, the RAs are paged sequentially according to
the user distribution probability. Therefore, the delay is the time
that elapsed from the instant that the paging message is sent to
the first RA to the instant the user responds. The delay can be
different with different probability distributions. In Fig. 5, we
assume the user profile distribution is uniform. In the MPBS

Fig. 5. Comparison of the locating time for MPBS and PBS.

scheme, when the user is in-the-pattern, only when the user is
in state 3 do all RAs need to be sequentially paged. When the
user is in state 1, only one RA is paged most of the time; when
in state 2, only part of A needs to be paged. The paging cost
could be considered as the paging delay for one RA. In our
simulations, we assume that the paging cost for every RA is
equal. As we can see, when the CMR is low, the paging delay
for the MPBS scheme is 70% less than that for the PBS scheme.
The reason is that when the CMR is low, the user has a relatively
high movement probability; the PBS scheme will page more
RAs to find the user, but the MPBS scheme is not affected by
this factor. When the CMR is large, the user will stay in an RA
for a relative long time; the PBS scheme can find the user with
less paging. However, the MPBS total paging cost is still 60%
less than that of the PBS scheme.

Although the MPBS has less paging delay than PBS does,
we need to examine the total costs for the two schemes and
try to see whether they can achieve better performance than the
conventional IS-41/GSM MAP scheme or not.

In Figs. 6–8, we plot the ratios of the MPBS and PBS total
costs to the IS-41/GSM MAP total cost, with three different
probability distributions and different paging costs. We can see
from these figures that the costs for the PBS scheme increase
very quickly with the increase of the paging cost. When the
paging cost is 0.5, the PBS scheme can have a saving only when
the CMR is very low. In that situation, the user will make a lot
of updates to the network, and the update cost is dominant. With
the increase of CMR, the paging cost for the PBS scheme plays
a more important role; then, the total cost increases fast. The
MPBS total cost increases much more slowly with the paging
cost. In the wireless multimedia networks, the data service will
consume a lot of bandwidth, which makes the paging cost
higher. The MPBS total cost increases much slower than PBS
with the increase of the paging cost. Another advantage of
MPBS is that the cost curves are flatter than PBS in a wide range
of CMR when the paging cost is large, which means the MPBS
scheme is applicable to different classes of users with a different
mobility pattern. In Fig. 8, the total cost of the PBS scheme
is a little less than the MPBS scheme when the paging cost is
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Fig. 6. Total costs of MPBS and PBS to IS-41/GSM with uniform distribution.

Fig. 7. Total costs of MPBS and PBS to IS-41/GSM with linear distribution.

small. The reason is that, for exponential distribution, the paged
RAs are less than other distributions. When the paging cost is
small, the total cost may be small, but even with exponential
distribution, the PBS total cost increases much faster than the
MPBS scheme, with the paging cost.

In the above situations, we assume that, 90% of the time,
the user is in-the-pattern. It is intuitive that the total costs of
both the MPBS and PBS schemes are correlated with the out-
of-pattern probability like κ or ϕ. Figs. 9 and 10 show how
the user’s out-of-pattern probability affects the MPBS and PBS
performances with different probability distributions. In both
figures, we assume CMR = 1. The paging cost is 0.1 in Fig. 9
and 0.5 in Fig. 10. In Fig. 9, the total costs for both PBS
and MPBS increase with the user out-of-pattern probability.
The cost of MPBS is less than PBS. When the paging cost is
large, as in Fig. 10, the total costs for PBS are larger than one
for all the three distributions. This also proves the conclusion
we made before; the PBS scheme can improve the network
performance only in very limited conditions. In Fig. 10, the

Fig. 8. Total costs of MPBS and PBS to IS-41/GSM with exponential
distribution.

Fig. 9. Effects of user out-of-pattern probability on MPBS and PBS, with
paging cost = 0.1 and CMR = 1.

total costs of MPBS are still less than one even if the user has a
large probability of getting out of the pattern. In the two figures,
all the cost ratios become one when the user out-of-pattern
probability is one. The reason is obvious. When the user out-of-
pattern is one, the user will not enter any RA in the profile list
and needs to register to the network every time he/she moves.
The network mobility management scheme is indeed the same
as the IS-41/GSM MAP scheme.

VI. CONCLUSION

For next-generation wireless communication systems, the
radio spectrum is scarce. In order to exploit the radio resource
efficiently and provide users with high QoS, the LAs become
smaller and smaller. The consequence is that the user location
update message will consume a lot of bandwidth. This situation
becomes worse when the number of users increases. Much
research works have been carried out to optimize the network
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Fig. 10. Effects of user out-of-pattern probability on MPBS and PBS, with
paging cost = 0.5 and CMR = 1.

performance in mobility management. In the PBS, no update
message is required if the user is in the profile list. Only when
the user gets out of the profile are the registration messages
sent to the network. When a call arrives for the user, the RAs
in the profile are paged according to the descending order of
distribution probability until the user is found. In this scheme,
the cost for the user location update message can be saved at the
expense of the increase of paging. In this paper, we studied the
performance of the PBS scheme based on different probability
distributions, paging costs, and CMRs. The effect of the user’s
out-of-pattern probability is also studied. The results show that
the PBS scheme works well only for very small CMR, and
the total cost increases quickly with the paging cost. We then
proposed a new location strategy that is termed as MPBS in this
paper. In this scheme, the user mobility time pattern is recorded
in the user’s profile in addition to the location profile. Simula-
tion results show that, although the MPBS scheme generates
more update messages than PBS, the total cost of MPBS is
usually significantly less than PBS, and the MPBS scheme is
not very sensitive to the increase of the paging cost. One of the
most important QoS factors in wireless communication system
is the paging delay. Our simulation results show that the paging
delay of the MPBS scheme is about 55% less than the PBS
scheme. The results also demonstrate that the MPBS scheme
can work well for users with different CMRs.
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