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Abstract—For a Personal Communication System (PCS) net-
work to effectively deliver services to the mobile users, it must
have an efficient way to keep track of mobile users. Location man-
agement fulfills this task through location registration and call
delivery procedures. To reduce the signaling traffic, many schemes
such as local anchoring, pointer forwarding, and two-level pointer
forwarding schemes have been proposed in the past few years.
In this paper, we present a novel location management scheme,
pointer forwarding based local anchoring scheme, that intends to
mitigate the signaling traffic while keeping the tracking delay in
check. In this scheme, one visitor location register (VLR) traversed
by a user is selected as the mobility agent (MA) for the user at a
time, which forms another level of management in order to make
some registration traffic localized. The idea is as follows: instead of
always carrying out location update to the home location register
(HLR), which would become the bottleneck otherwise, many
location updates are accomplished by the mobility agent. More-
over, pointers can be set up between VLRs under the coverage
of the same MA. When the distance between the MA and the
current VLR exceeds a certain threshold, the current VLR will
become the new MA, which also updates the HLR (where a user’s
location information is the identification of the reported MA). The
numerical results show that this scheme can significantly reduce
the network signaling traffic load without increasing much of the
call setup delay.

Index Terms—Location management, mobility management,
Personal Communication System (PCS) networks, user mobility
pattern.

1. INTRODUCTION

N wireless cellular networks such as Personal Communica-

tion Systems (PCSs), the mobile users communicate with
each other via the fixed infrastructure using mobile telephones
or portable computers. The user locations can change from time
to time in the network coverage area. To deliver services effi-
ciently to the mobile users, the network needs some mechanism
to track the users under certain time delay restraint. Location
management fulfills this task through the location registration
and call delivery procedures. Two standards currently exist for
PCS location management: IS-41 [1] and GSM MAP [2]. 1S-41
is commonly used in North America, and GSM MAP is popular
in Europe and Asia.
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In third-generation (3G) wireless communication networks, a
series of new technologies has been developed to enable the ser-
vice providers to offer high-quality broadband multimedia ser-
vices to mobile users in a cost-effective way. These technolo-
gies include IMT-2000, UMTS, GPRS, EDGE, CDMA-2000,
and W-CDMA. Although some new functional entities are in-
troduced in these new technologies, the basic scheme for lo-
cation management has not changed significantly. One of the
changes is that the registration areas (RAs) in the 3G systems
become smaller and smaller. Although the reduction of RA size
can improve the system performance in terms of packet loss,
handoff, and user localization, it may also degrade the perfor-
mance in terms of signaling traffic load. When a call request for
a mobile user arrives, the user’s current location must be deter-
mined before the services can be delivered to the user. Therefore
some mobility databases must be designed to store the users’
up-to-date location information that can be retrieved for the fu-
ture service delivery. The databases store all the users’ loca-
tion information and need to be updated in a certain manner
because of user mobility. With the increase of the mobile user
number and the reduction of RA size, more and more update
and retrieval operations have to be performed. Currently, both
IS-41 and the GSM MAP share similar characteristics: they use
a two-tier hierarchical system of home location register (HLR)
and visitor location register (VLR) databases. Based on these
strategies, a series of update (registration) operations will be
initiated by the user terminal every time the user crosses the
RA boundaries. If many mobile users are far away from their
HLRs, heavy signaling traffic over the network will incur. This
problem becomes more serious with the increase of the mobile
users’ population and the reduction of the RA size.

Many research works have been carried out to minimize
the mobility management signaling traffic load. The local
anchoring scheme is proposed in [3]. In this scheme, a VLR
close to a user is selected as the local anchor for his mobile
terminal. Whenever the user moves from one RA to another,
the mobile terminal will perform location update to the local
anchor. The local anchor for the mobile terminal will not
change until a call request to the mobile user arrives. Whenever
a new call arrives, the VLR serving the user becomes the new
local anchor and a location update will be carried out to the
HLR. The local anchoring scheme avoids frequent updates to
HLR at the expense of increasing the local signaling traffic. The
drawback of this scheme is that when the user keeps moving
constantly without receiving any call, the updates to the local
anchor may become costly, a similar bottleneck as the HLR.
The authors [3] also attempted to improve the local anchoring
scheme by dynamically selecting local anchors based on the
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user’s expected future location registration and call delivery
costs, leading to the dynamic local anchoring scheme. Jain
and Lin [4] proposed another scheme called per-user pointer
forwarding scheme. In this scheme, when a mobile user moves
from one RA to another, a pointer is set up from the previous
VLR to the current one, then the user can be traced through
the pointer chain during the call delivery procedure. Since the
pointer setup cost is usually less than the update cost to HLR,
this scheme works well for users with high mobility. However,
the penalty of this scheme is the longer time delay for locating
the user. The longer the pointer chain, the less the signaling
traffic, however, the longer the delay for finding the user. To
avoid long connection setup latency, a threshold of the pointer
chain length is set. The user needs to perform registration to the
HLR whenever the pointer chain threshold is reached.

By combining the above two schemes, we recently proposed
the two-level pointer forwarding strategy in [12]. In this scheme,
we use two types of pointers. Some VLRs are selected as the
mobility agents (MAs), which are responsible for location man-
agement in a larger area comparing to the RAs and can be geo-
graphically distributed. The pointers between MAs are level_1
pointers, and those between VLRs in the same charging domain
of MAs are level_2 pointers. When a user crosses the boundaries
of RAs, the level_2 pointers are set up. If the level_2 pointer
chain threshold is reached, the current RA is selected as an
MA for this user and a level_1 pointer is set up from the pre-
vious MA to the new one. Calls to a given user will query the
HLR first and follow the level_1 pointer chain to the current
MA, then reach the user’s current VLR by tracking the level_2
pointer chain. The user does not need to update the HLR until the
level_1 pointer chain threshold is reached. The chain threshold
in the two-level pointer forwarding strategy can be much longer
than that in the pointer forwarding scheme, and it also can have
shorter call setup delay because of the level_1 pointer chain.

In this paper, we propose another new location manage-
ment scheme called pointer forwarding based local anchoring
(POFLA) scheme. It is similar to the two-level pointer for-
warding scheme in the sense that some VLRs are selected as
MAs, and there are two types of pointers in both schemes.
However, the major difference is that there is only one MA in
the pointer chain for POFLA at any given time while multiple
MAs may exist concurrently for two-level pointer scheme. In
the POFLA, when a user crosses a RA boundary and enters
a new RA under the control of a different VLR, a pointer is
set up from the old VLR to the new one without updating
the MA. We call this type of pointer low-level pointers (or
L-pointers). This procedure is similar to the two-level pointer
or per-user forwarding scheme. If the threshold for L-pointer
chain is reached, a higher level pointer is set up from the MA
to the current VLR, and we call this type of pointer high-level
pointer (or H-pointer). In this manner, the POFLA operates
as the local anchoring scheme, and the difference is that the
L-pointers instead of the H-pointer will be built again when the
user keeps moving away. In this paper, we carry out the per-
formance evaluation of the above four schemes under different
call-to-mobility ratios (CMRs) using an analytical approach.
We show that, under certain conditions, the POFLA performs
better than the per-user forwarding and the local anchoring
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schemes. Although the two-level pointer forwarding scheme
may show similar performance as our new strategy, the POFLA
is simpler to implement in the practical systems.

This paper is organized as follows. In Section II, we describe
the general system architecture of wireless cellular systems. The
details of the new scheme are given in Section III. In Section IV,
we derive the cost functions for the POFLA scheme and com-
pare the performances of all the strategies under different con-
ditions. The conclusions are presented in Section V.

II. SYSTEM DESCRIPTION

In wireless networks, the user’s current location must be de-
termined first before any service can be delivered to the corre-
sponding wireless access point. In a PCS network, the service
area covered by the network is divided into cells. Each cell is pri-
marily served by one base station, although a base station may
serve one or more cells. Base stations are the users’ radio port.
An RA consists of an aggregation of a number of cells, forming a
contiguous geographical region. The location management pro-
tocols for PCS networks consist of two major parts: location
registration (or location update) and call delivery. In the loca-
tion registration procedure, a mobile terminal updates its current
location information to some network databases, and the infor-
mation can be retrieved for the future call delivery procedure.

Currently, both the IS-41 and the GSM MAP share the same
characteristics. They use a two-tier system consisting of HLR
and VLR databases. The signaling network used to set up calls
is distinct from that used to actually transport the information
contents of the calls. It is the signaling network, connecting all
the databases, that accomplishes the location management task
for the PCS network. In real systems, a VLR or serving GPRS
support node (SGSN) can be in charge of one or multiple RAs
according to the user density. Without loss of generality, we as-
sume there is one VLR or SGSN for every RA in our analysis
model and use VLR as the example to illustrate our scheme. A
VLR stores the profiles of the users who are currently residing
in its charge area. The HLR stores the users’ profiles and the IDs
of current serving VLRs in addition to some information such as
security and billing information. According to the current mo-
bility management strategy, a mobile terminal keeps monitoring
the broadcast signaling for the ID information of cells and RAs.
If the mobile terminal finds that the RA changes, it sends a loca-
tion update message to the new VLR via the current serving base
station. Upon receiving the update message, the new VLR for-
wards it to the user’s HLR to request the user’s profile and finish
the authentication, authorization, and accounting (AAA) pro-
cedures at the same time. The HLR updates the user’s serving
VLR ID in its database and sends a deregistration message to
the user’s old VLR. The old VLR deletes the user’s entry in its
database and responds with an acknowledgment message to the
HLR. In the call delivery procedure, when a call for this user
is initiated by some other caller, the location request message is
sent to the user’s HLR to find out the user’s current location. The
HLR forwards the message to the user’s current serving VLR.
The current VLR can determine the user’s current serving cell
by paging all the cells in its charging area. After finding out the
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Fig. 1. POFLA strategy procedures.

user’s current access point (base station), the VLR sends a re-
sponding message back to the HLR with a temporary number
allocated to the called user for routing purpose. Then, a traffic
channel can be assigned between the caller and the callee after
the HLR receives the temporary number and forwards it to the
caller’s serving switch. It is obvious that, in this scheme, the lo-
cation update traffic will increase dramatically with the increase
of the user population and the reduction of the RA size, espe-
cially for the HLR, which may become bottleneck for the PCS
and future wireless networks.

III. POFLA SCHEME

In the POFLA scheme, the basic location update and call de-
livery procedure are modified to achieve better performance. A
VLR is selected as the MA for a user and may change during
the user’s movement. Since the selection of MAs for the users
is based on their locations, the signaling traffic can be distributed
evenly among the network. This can avoid the bottleneck effect
normally experienced by the HLR.

The basic location update procedure is modified as follows:
every time a user enters a new RA served by a different VLR,
the mobile terminal registers to the new VLR and informs the
new VLR about the old VLR and MA. The old VLR and MA
may be the same VLR the user visited. The VLR in the new
RA determines what to do based on the mobile location update
information. The new VLR has three options: it can request the
old VLR to set up a pointer to itself, which is called L-pointer
in our scheme; it can update the MA and request to set up a
pointer from the MA to itself, called H-pointer; or it can decide
to update the user’s new location to the HLR directly and it itself
becomes the new MA. The user’s current VLR becomes new
MA, too, whenever a connection setup is completed.

Fig. 1 shows the location update and call delivery procedures
in the POFLA scheme with the H-pointer number limit setting
three. Assume that a mobile user moves from RA; to RAg (these
RAs are not necessarily adjacent) and VLR is the user’s cur-
rent MA. At the beginning, the user is in RA; and VLR is the
user’s current serving VLR too. VLR; is selected as the user’s
current MA because either the user just receives an incoming

call in RA; or VLR just updates the user’s new location to the
HLR. When the user leaves RA1, but before enters RAj3, the
mobile terminal informs the new VLR and a pointer chain con-
sisting of L-pointers is set up just as in the per-user forwarding
scheme ([4]). When the user enters RAg, the chain threshold
for L-pointers is reached. In this situation, VLR3 will update the
user’s new location to the current MA, i.e., VLR;. An H-pointer
is set up from MA to VLR3. At the same time, the L-pointer
chain is reset. The same procedure is repeated in VLR and the
previous H-pointer is deleted when a new H-pointer is built from
MA to VLR;. If the user keeps moving, in RA7, the threshold
for L-pointer chain is reached again. At this time, the limit of the
H-pointer number is reached too. Instead of exchanging infor-
mation with the previous MA and setting up a new H-pointer,
VLR will update the user’s location to the HLR directly and
VLR7 itself is selected as the new MA for that the user. The
reason for updating the HLR instead of the MA is that the cost
of setting up and traversing the pointer chain between MA and
the current serving VLR may be costly when the user is far away
from the MA, and the connection setup delay for an incoming
call may become intolerable. If an incoming call arrives before
the mobile user changes his MA, the current serving VLR is se-
lected as the user’s current MA because the HLR has the knowl-
edge of the user’s current location after the connection setup and
it is not necessary to go through the pointer chain again to locate
the user for future service deliveries.

The call delivery procedure in the POFLA scheme is straight-
forward. When the subsequent calls are initiated from some
other switches to the user, the user’s HLR is queried first and
a pointer to the user’s current MA is obtained. Then the pointer
chain is followed to find the user’s current location. For ex-
ample, in Fig. 1, if the user is in RAg when a call arrives, the
user can be reached by following the H-pointer to VLR35 and
L-pointer chain to VLRg. After the connection setup, the cur-
rent serving VLR becomes the user’s new MA.

Because of the H-pointer, the chain length in the POFLA
scheme can be longer than that in the basic pointer forwarding
scheme without generating long connection setup delay. In Sec-
tion IV, we can see that the delay for the POFLA scheme is
much less than that for the per-user forwarding scheme. Our
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study also shows, under some assumptions, the POFLA scheme
performs better than the static and dynamic local anchoring
schemes. Although in some cases, the two-level pointer for-
warding scheme ([12]) can generate similar results as those of
the POFLA scheme, the new scheme is simpler to implement in
practical systems.

IV. PERFORMANCE ANALYSIS

In this section, we develop an analytic model to derive the cost
functions and compare the performance of the POFLA scheme
with those of the other three schemes.

A. The Signaling Cost Functions

The mobile users in a PCS can be characterized by their
CMRs. All the schemes are evaluated under different CMRs
in this paper. The CMR of a user is defined as the expected
number of received calls for a user during the period that the
user visits an RA. If calls are received by the user at an average
rate A and the time the user resides in a given RA has average
value 1/, then the CMR, denoted as p, is given by

p=— ey
I

In order to compare the signaling cost with that of the basic
IS-41 location management scheme, we need to consider the
mobility management procedures used in IS-41 and our new
scheme. We observe that a mobile terminal needs to update its
location only when the terminal does not engage in communica-
tions with the fixed communication infrastructure (i.e., the net-
work), hence we only need to compare the signaling traffic in
the time interval between call services (i.e., the interval between
the end of the current call and the beginning of the next call,
which is called interservice time in [5] and [6]). Assume that
a mobile terminal crosses a number of RAs during the inter-
service time: ignoring the busy-line effect, the interservice time
can be approximated by the interarrival time of calls to the ter-
minal. If the basic user location update scheme (IS-41) is used,
the user’s HLR will be updated every time the user moves to a
new RA. In the POFLA scheme, the HLR is updated after every
K, - K5 moves (K7 and K> are the L-pointer chain threshold
and H-pointer number limit, respectively), and pointers are set
up for all other moves. We define C and C’ to be the total costs of
updating the location information (location update) and tracking
the user (call delivery) during the interservice time for the basic
IS-41 and the POFLA strategies, respectively. For convenience,
we list all the notations used in our analysis as follows:
K, threshold for the L-pointer chain;
K, number limit of H-pointer (i.e., every K5 updates to

an MA will result in the change of a new MA);
m average cost of location update to the HLR;
M total location update cost during the interservice
time in the IS-41 scheme;

F total cost of call delivery in the IS-41 scheme;
M total location update cost in the POFLA scheme
during the interservice time;
F’ total call delivery cost in the POFLA scheme;
S1 pointer setup cost of an L-pointer;

IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 54, NO. 3, MAY 2005

S, ; pointer setup cost of the jth H-pointer;
T cost of traversing an L-pointer between two adjacent
VLRs;
cost of traversing the jth H-pointer;
i) probability that there are ¢ RA crossings during the
interservice time;
processing cost of setting up a pointer;
signaling cost of setting up an L-pointer;
coefficient of signaling cost for an H-pointer (G >1).
Then, we can express the total costs during the interservice
time for the two location management schemes as follows:

2 &
.

SRR

C=M+F="4F )
p
c'=M +F' 3)

Since pointers are set up in the POFLA scheme, we need to
define the pointer setup and traversing costs for further analysis.
Every time a pointer is built, the signaling messages will be
transmitted back and forth. For pointer traversing, the signaling
message is transmitted in one direction only. So we define the
costs of pointer setup and traversing for the L-pointer as S; and
Ty, respectively

S1=G+P “)
1
T = EG + P. 5)
The costs of H-pointers are not fixed values because the length

of the H-pointers changes with the user’s location. In this paper,
we express the costs for H-pointers as follows:

_Jo. ifj =0

S2,5 = { jBG + P, Otherwise ©
0, ifj=0

I, = { 3JBG + P, Otherwise M

where the subscript 7 means the setup cost or the traversing cost
for the jth H-pointer.

Now, we can derive the formula of M’ and F’ as follows:
suppose that a user crosses ¢ RA boundaries during the in-
terservice time. The HLR is updated |i/K; K| times. If we
call the summation from the Oth to the (K3 — 1)th H-pointer
setup cost, fzzo_ 1 Ss ;, the MA update cost, then there are
|i/K1K>| times such MA update costs that would incur
during the interservice time with 7 RA crossings. In addition,
|7 — |i/K1K2]| K1K2/K; | H-pointer setups and ¢ — |i/Kq |
L-pointer setups occurred in the remaining + RA crossings.
Thus, we can obtain

M= i{{KliKZJ m <i_ {KLl it {Klz’fQJ

i=0
Ko—1

X Z Saji | +
7=0

li—|i/K1 K2 K1 Ky /K|

Szj}au) ®)

=0

The cost F” can be derived in a straightforward way. In order
to reach the user’s current location, the signaling message is
sent to the MA and then delivered through one H-pointer and
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i — |1/ K] K1 L-pointers before reaching the current location.
So, we have

F' =F+ i {Tz,g + (i — {K%J Kl)Tl} ali) (9

=0

where ( = [i — |i/K1K>]K1K>/K]. Notice that we can
easily obtain (10) and (11) as shown at the bottom of the page.
Substituting (10) and (11) into (8), we can obtain (12) as shown
at the bottom of the page. M can be simplified according to the
definition of «(7)

_G+P
p P

13)

In order to evaluate «(7), we invoke the following assump-
tions.

1)  The interservice time is exponentially distributed with
average 1/, i.e., the served calls to the mobile ter-
minal form Poisson process with rate A.

The residence time of the mobile user at a registration
area is a random variable with a general probability
density function f,,(¢) and the Laplace transform

_ /:; Fn(t)e™ " dt

2)
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For simplicity, we denote ¢ = £ (A). Based on the above
assumptions, we obtain the probability «(7) (see [7] for the de-
tailed derivation)

(1-g)%""
p
Applying variable substitution = j K7 + k, then we obtain

a(i) = (14)

a(jK, + k) = %(gm)ygk = szg;k (15)

where

1— 2
=19
g

Thus, we have

_(1-g)(G+P)g™r!
p(1 - gK1) '

Similarly, we can obtain M3 by using substitutionz = 7 K Ko+
k; then

(16)

e . _(1_'9)2 KiKs\j k _ |k
and with average RA residence time 1/p. oK 1Ky + k) = g (g Vgh=yz'a a7
Ko—1
K. —1)BG +2 —1)P
Z 521_ ( 2 )/82 ( 2 ) (10)
=0
i [i) Ky o | Ky o [ {—i_tﬁiéJK%J + 1> %L—?JKKJ BG +2 %LTJKKJ P
_ S2,j = 5 (1)
7=0
N g .
M =85 ;za(z) -5 ; {EJ a(7)
Ml Z\‘/[r2
Ky — 1)Ko3G + 2(Ky — 1)P + 2m & j
n (K> VK20G + 2(Ks + 2m Z { J
2 22 | K K
]\‘[’3
. ; 2
3G il g LﬁJKlKQ .
+ 55 2:; e a(i)
Ma
BG+2P & |i— g KKy |
iz 1K21 i) (12)

J

M5



1140

where
1— 2
y=Lo9 g oy
rg
M3 _ (K2 - 1)K2ﬁG + 2(K2 - l)P + 2m
2

x 2 { KliKzJ (i)

(Ky — 1)K28G + 2(K; — 1)P + 2m
2
(1—g)gfiret
(1 — gk

(18)

In a similar manner, we can also obtain M, and M5 as follows:

G : k
My —% Z {—J a(jK1 Ky + k)
=0 k=0 !
oo KiKa—1 2
G k )
EN
i=0 k=0 1
o Ko—1Kq—1
ﬂG Z j N 2 nK1+m)
= — YA n-x
2 7=0 n=0 m=0
_ pGA - g)
2pg(1 — gF152)(1 — )2
{gKl + g5 — K3gfate

+ (2K2 — 2K, — 1)gf (24D

_ (K2 _ 1)29K1(K2+2)} (19)

and (20) as shown at the bottom of the page.
Finally, we find the expression M’ = My — Mo+ M3+ M4+
Ms.
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If T5 ¢ # 0. We can obtain F in the following fashion:

i — |7 | K1 Ky

> |1
F =F —
Sl

e (o= ] ) (364 #) ot

o <%G + P) gia(i)

~~

Fy

_ <%G + P> K 2 {KLIJ a(i)

F
1 e LﬁJKJQ .
+ <§[3G; e +P> a(i). (1)

~ J
~~

F3

BG

We can compute F” in a similar fashion. Notice that if we use
the substitution 1 = jK1 Ko + k, when k = 0,1,..., Ky — 1,
T5 = 0. So we can obtain F' as follows:

o gy GH2P [1 K —g)gKl—l}

2p 1— gk1
P(1—g)(gHr—t — g™ et
p(1 — gFik2)
L BG0= 9K — g/t — Kog™ i + %]
2pg(1 — gFrK2)(1 — gFr)

_|_

(22)

In summary, we have the following theorem.

Theorem: If the interservice time is exponentially distributed
and the RA residence time is generally distributed with Laplace
transform [ (s), then the total location update cost and total
cost for call delivery are given as shown in (23) at the bottom of
the next page, where g = [ ()).

For demonstration purposes, we assume that the RA resi-
dence time is Gamma distributed with mean 1/u. The reason
that Gamma distribution is selected is its flexibility in setting

M BG + 2P {
2
j=0 k=0
ﬁG—}-QP oo Ki{Ko—1
2
j=0 k=0
BG+2Pp SR
D

(BG +2P)(1 — g)[(Ka —

1)g"iRath) — Kok 4 %)

(20)

209(1 = gF )1 = g)
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various parameters and can be used to fit the first two moments
of the field data. The Laplace transform of a Gamma distribu-

tion is
-
* TH
8) = .
= (1)
Thus, we have

NES ES)

In particular, when v = 1, we have an exponential distribution
for the RA residence time.

(24)

B. Performance Analysis for Exponential RA Residence Time

We first consider the situation that the RA residence time is
exponentially distributed. By setting v = 1, (24) becomes

1
I= 15,

In our analysis, we do not address issues regarding the content
of messages and other information transfer which may occur
during a call connection setup. For simplicity, we assume that
the message sizes are equal for all signaling transactions. Since
we only compare the relative performance of the aforemen-
tioned schemes with the POFLA scheme under various CMRs,
the conclusions will not be affected by the simplification.

Notice that, in the simplified IS-41 or the GSM MAP pro-
cedures, the location update and call delivery involve the same
number of messages between HLR and VLR databases, so we
choose m = F'. Without loss of generality, we normalize m =
F = 1. G is the signaling transmission cost and P is the pro-
cessing cost. P usually includes the database transaction costs.
The values of P and G should be much less than m or F'. In
this paper, we do not assign any practical meaning to these pa-
rameters; they can be explained as the signaling message traffic
exchanged during the location management procedures or the
time delay experienced in the real systems.

In Fig. 2, we plot the relative location update, call delivery,
and net costs of three schemes as functions of CMR. Here for the
POFLA scheme and the two-level pointer forwarding scheme,
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we assume K1 = Ko = 3; for the per-user forwarding scheme,
the threshold is nine (K; x K>). In this figure, we also assume
P =0.05,G =0.1,and § = 1.5. As we can see in Fig. 2(a), the
POFLA scheme generates higher values than the per-user for-
warding scheme. It is obvious because, in the latter scheme, only
the L-pointers are set up, while in the POFLA scheme, a new
VLR would set up an H-pointer to the MA when the threshold
for L-pointers is reached, which costs more. For the two-level
pointer forwarding scheme, the level_2 pointer is the L-pointer
and the level_1 pointer is usually shorter than the H-pointer [12].
So the location update cost for the two-level pointer forwarding
scheme is in the middle of them. Although, with the same length
of the pointer threshold, the per-user forwarding scheme can
generate less location update cost, it has the largest call delivery
cost among the three strategies [see Fig. 2(b)]. For some users
with small CMR, which means that the users have higher mo-
bility relative to call arrival rate, the call delivery cost for the
per-user forwarding scheme is much higher than those for the
other two schemes. In practical systems, it could be embodied
as the delay the users have to wait before a connection can be
set up. In the POFLA scheme, usually fewer pointers have to be
traversed than the two-level pointer forwarding scheme before
a user can be located, so the POFLA scheme has the least call
delivery cost. In Fig. 2(b), the POFLA scheme does not outper-
form the two-level pointer forwarding scheme too much; how-
ever, it is easier to implement in practical systems because only
one VLR is selected as MA at any time. This reduces the VLR
numbers involved in the chain. Whenever a connection is set up,
the called user can be located by following one H-pointer and
multiple L-pointers if any. Although the three schemes perform
differently in location update and call delivery, the total net costs
for the three schemes are similar for high CMRs [Fig. 2(c)].
We increase the signaling transfer coefficient 4 from 1.5 to 3
in Fig. 3, which means that the H-pointer setup cost is higher.
Under these conditions, both the location update and call de-
livery costs in the POFLA and two-level pointer forwarding
schemes increase. Since the pointer setup and traversing costs
for L-pointer keep unchanged, the performance of the per-user
forwarding scheme does not change either. Even when the costs
of H-pointer increase, the connection setup costs of the POFLA
and the two-level pointer forwarding schemes are still less than
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Fig. 4. The relative costs for the three schemes with P = 0.1, G

that for the per-user forwarding scheme [Fig. 3(b)]. In Fig. 3(c),
when the CMR is very low, the per-user forwarding scheme can
perform better; when the CMR is larger than one, the net cost
for the three schemes is similar.

Fig. 4 shows the performance of the three strategies when
the pointer processing cost P is increased to 0.1. With the in-
crease of user population and the mobility, the processing cost
for pointer management would increase too. The processing cost
includes database transactions and may generate extra delay
with larger number of operational requests. As we can observe
from Fig. 4, the costs for all three schemes increase. The POFLA
scheme will generate the least connection delay, and the total net
performance is very close.

In this paper, we also compare the POFLA scheme with that
of the local anchoring scheme proposed in [3]. The authors has
suggested two variants of the local anchoring scheme—static
and dynamic. The static local anchoring scheme is easier to im-
plement. In this scheme, a VLR served a user is selected as the
local anchor for that user and will not change until the next call
arrives. In the dynamic local anchoring scheme, the user’s cur-
rent local anchor might change to the current serving one ac-
cording to the user’s expected future events. The dynamic local
anchoring scheme is more difficult to implement than the static
one; however, the results in [3] show that the dynamic scheme
can guarantee that the net cost is less than the basic IS-41 or
the GSM MAP strategy, and the static scheme might generate
higher cost than the basic scheme under certain conditions. In
fact, the local anchoring scheme is a special case of the POFLA

Call-to—mobility ratio

Call-to—mobility ratio

0.1,and 3 = 1.5.

scheme. If we let K; = 1, then the POFLA scheme reduces to
the dynamic local anchoring scheme. The performance compar-
isons of the two schemes are shown in Fig. 5. In order to make
the comparison fair, the effective pointer chain length (K x K>)
in the POFLA scheme is the same as the dynamic local an-
choring scheme. In [3], the decision of the local anchor change is
made based on the user’s next event, which is derived according
to the user’s mobility pattern. In our analysis, we assume the
local anchor changes to make sure the net cost will not exceed
the basic IS-41 scheme cost. In Fig. 5, we assume P = 0.05,
G =0.1,3 =1.5,and m = F = 1. Based on these assump-
tions, we obtain that the effective pointer chain length is four,
so we set K1 = K5 = 2. It can be seen that in the local update,
call delivery, and total net costs, the POFLA has better perfor-
mance than the dynamic local anchoring scheme. In Fig. 6, we
also compare the total net cost of the POFLA scheme with that
of the static local anchoring scheme. In this figure, we assume
K, = K5 = 3. We can see that when the CMR is low, the static
local anchoring scheme involves higher traffic load.

C. Sensitivity to the Variance of the RA Residence Time

We now investigate the POFLA scheme performance sensi-
tivity to the variance of the RA residence time. We assume the
RA residence time has a Gamma distribution. For a Gamma dis-
tribution, the variance is V' = uz /7, i.e., a large v implies a
small variance.

Fig. 7 shows the effect of v on M’/M, F'/F, and C'/C,
respectively. In these figures, we can observe that the increase
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Fig. 6. The relative net costs for the POFLA and static local anchoring schemes with P = 0.05, G = 0.1,and 3 = 1.5.
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Fig. 7.

of the variance of RA residence time (smaller «) causes the in-
crease of M’ /M and the decrease of F’/F’; the net effect on
Cr/Cp is not significant. The large variance implies that the
number of RA boundaries the user crosses during the interser-
vice time varies greatly. If the user crosses many RAs, a longer
H-pointer chain will be created. When the limit of H-pointer K
is reached, the HLR will be updated, resulting in an increase of
M'’. On the other hand, if fewer boundaries are crossed, only
shorter pointer chains are set up, and the pointer creation/tracing
cost will be saved. The net effect is the increase of M’. In
Fig. 7(b), when the variance is high, if the crossed RA boundary
number is small, the call delivery cost is reduced; if the number
is large, the pointer chain could be shortened by H-pointer or the
update to HLR. The net effect is a significant improvement in
F'/F. The total net effect of the residence time variance on total
cost ratio C’/C is not significant for all CMRs [see Fig. 7(c)].

V. CONCLUSIONS

In this paper, we proposed a new location management
scheme——pointer forwarding based local anchoring (POFLA).
In this scheme, one mobility agent and two types of pointers
are introduced. The location update to the HLR can be miti-
gated by setting up a pointer from the mobility agent or the
previous VLR to the current one. The scheme can reduce the
long distance signaling traffic at the expense of certain increase
in the local signaling traffic. It is beneficial when the cost of
communicating with HLR is much higher than that for local

Call-to—mobility ratio

Call-to—mobility ratio

The effect of variance of residence time () with P = 0.05, G = 0.1,and 3 = 1.5.

signaling exchange. The advantage of the POFLA is that it can
keep the call delivery latency low and reduce the total system
cost at the same time. In this paper, we also undertake the
performance comparison of the new scheme with the per-user
forwarding, the local anchoring, and the two-level pointer
forwarding schemes using an analytical approach. The results
show the significant advantages of the POFLA scheme.
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