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Abstract

In this paper, an enhanced time-based registration method is proposed. The method reduces the registration cost when
a mobile terminal stays in a cell for a long time. We also analyze the performance of the proposed method numerically. In
the analysis, we assume Poisson call arrival distribution and exponential cell resident time. From the analysis we calculate
the optimal time-interval. Additionally, limit cost analysis is made to investigate the behaviors in the limit conditions. To
compare the performance of the proposed method with the original time-based registration method, we analyze the
performance of the original time-based registration method. In the comparisons, we see that the proposed enhanced

time-based registration method has better performance and is applicable to the PCS systems.
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I. Introduction

Location management and call setup process play
[l]—[4]_ The

in mobile communication

an important role in the PCS performance
whereabouts of a user

systems must first be known in order to correctly
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location management, enhanced time-based update, optimal time-interval

route an incoming call. A user’s location information
can be obtained from the registration initiated by the
user and the paging issued by the system. However,
the registration cost and the paging cost have the
relation of inverse coupling in the use of network
resources.

From the relation of inverse coupling, researches
have been made about the performance of PCS in the
three basic models; movement-based, distance-based
and time-based. Recently, for the better performance,
some additional parameters such as each mobile

user’s moving behaviors, aggregate history of mobile
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users, moving location areas of mobile users, and so
forth have been added to the models.

A new mobility management scheme that inte
—grates the location area approaches with the location
prediction idea was proposed”. A new scheme to
estimate the wuser mobility by
aggregate history of mobile users and system

incorporating the

parameters was proposed[sl. However, since the two
schemes use the concept of moving location areas
based on traffic flow theory, mobile user’s moving
behaviors are not properly reflected on the schemes.
A new location tracking strategy called behavior
-based strategy based on each mobile user's moving
behavior was proposedm, but it is not good model in
that investigating each user’s mobility characteristics
and managing locations individually are not practical
An intra-LA

location update scheme to reduce the paging cost was

in mobile communication systems.

proposed[8]. However, the scheme is also based on
each wuser's mobility characteristics and 1is not
practical in mobile communication environment.

Adding

schemes often causes the

some additional parameters to new
location management
methods more complex, which makes them not
applicable. Therefore, research about practical location
management method applicable to PCS for better
performance based on the basic models is meaningful.

A simple dynamic strategy in location update is a
time-based registration method in that a mobile
terminal(MT) transmits its location update messages
[9]—[13]‘ If a cal
arrival occurs within T interval, the system pages
the MT and the MT restarts its timer. In this paper,
we call the time-based registration method original

periodically every T units of time

time-based registration method. However, when an
MT stays in a cell for a long time, the MT still goes
on updating its location every fixed T interval which
results in a waste of wireless signal bandwidth. To
reduce the waste of the original time-based regist
-ration method, we propose an enhanced time-based
registration method and analyze its performance
numerically. We also compare the performance with

the case of the original time-based registration
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Fig. 1. Hexagonal cell structure.
method.

II. Enhanced Time—Based Registration
Method

In the enhanced time-based registration method
proposed in this paper, an MT does not transmit its
location update message when the timer T expires.
Instead, the MT waits until it crosses the current cell
boundary. At the time of the current cell crossing,
the MT transmits its location update message. If a
call arrival occurs before the cell crossing, the
system pages the MT and the MT restarts its timer.

The paging process of the enhanced time-based
registration method is the same as the original
time-based registration method. Figure 1 shows the
hexagonal cell structure of the mobile communication
system considered in this paper. In the figure, each
cell is surrounded by rings of cells. The innermost
ring(ring 0) consists of only one cell and we call it
center cell. Ring 0 is surrounded by ring 1 which in
turn is swrrounded by ring 2, and so on. When the
system routes an incoming call to an MT, it first
pages the center cell which is the recently registered
location of the MT. If it does not succeed in finding
the MT, it pages next surrounded ring. The paging
goes on until it finds the MT.
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III. Model and Analysis

1. Enhanced Time—Based Registration Method
We denote some notations and assumptions. Call
arrival distribution to an MT is Poisson with rate

A, Let a random variable £, be the interval
between two consecutive calls to the MT. Let m; be

the cell residence time at cell i and be the indepen
—dent identically distributed random variable with the

density function f,,(#) and the mean rate A,,.
Since the cell residence time for each cell should

be identical, we have f mi(t) = f,(H. In this paper,

we assume that the cell residence time has

exponential distribution. Figure 2 shows the timing
diagram of an MT between two consecutive calls. In

the figure, M, is the residual resident time of the

MT in the current cell Due to the memoryless
characteristics of exponential distribution, the distribu

~tions of M, and wm; are identical. Therefore, we

will use the notation #z instead of M, in this paper.

period then moves to one of its neighbors with the
equal probability, ie, 1/6. This assumption is
meaningful when users are moving within city area
because the moving area is not large and then the
movement pattern can be seen to be random.

Therefore, we can get A(j,K) from a simple

calculation. The value of B(j, K) is listed in the
Table 1.

Let the costs for performing a location update and
for paging a cell be U and V, respectively. These
costs account for the wireless and wireline bandwidth
utilization and the computational overheads in order
to process the location update and the paging. Let
C .. enn be the expected location update cost in the

enhanced time-based registration method per call
arrival. The expected paging cost per call arrival in
the enhanced time-based registration method is
denoted by C ,, o

kv

B(7, K)ol A&zt
Table 1. Value of B(J, K).

In the figure 2, 0 represents the time interval from i 1 2 3 4 5
the recent registration time to the next call arrival. In 0 0 |0.16666610.055555 0.060444 | 0.046296
0, there can be some cell boundary crossings of the 1 1 loswssloaisssslozrrrlossoss
MT. let « be the probability that the MT

enh(m P v 2 05 ]0.333333]0.379629(0.324074
K cells duri 0. Let , be th
moves.a.lcross cells uru.ug o B(j, K) be the 3 ol 020370310,
probability that the MT is j rings away from the
center cell given that K cell boundary crossings are 4 0.065444)0.1
performed. 5 0.023919
For the hexagonal cell configuration in the figure 1,
we assume that each MT resides in a cell for a time
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Fig. 2. The time diagram in the enhanced time-based update mechanism.
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At first, we derive the expected cost for location
updates. We let g, be the probability that there are

h update messages between two successive calls.

We also let g be the probability that there are no
location update messages between two successive

calls. Therefore, g can be expressed as

g = P[t{T+ m]. (1)
And we have
aQ = &. (2)

g is divided into two cases. The first case is that
a call arrives within 7. The probability of the case

1S

g = P[t[lT 3)

The other case is that a call arrives after 7. The
probability of the case is

g, = P [Tt LT+ ml]. 4)
Thus we have the relation
g = gytg. (5)

Since £, and m are both memoryless, the pdfs

are respectively given by
ftc(t) = llce — At 6)
D = Ane (7

~ From the above equations, we have

gO = l—e_/lcT (8)
. Ac//lm —-A.T

81 = TIA41°¢ ©
_ _ 1 —a.T

g =1 AT T e ) (10)

g, has geometric distribution with parameter g.

Then we have

a, = g(1—-g". (11)
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The expected cost for location updates for the

period between two consecutive calls, C , ., is

Crens=U X b= U (1), 12)

Now, we derive the expected cost for paging cells.
To get the probability a,,,(K), we divide it into
two cases. The first case is that the MT moves
across K cells when a call arrives within 7. The
probability of the case is denoted by A (K). The
other case is that the MT moves across K cells
when a call arrives after 7. The probability of the
case 1s denoted by AI(K). Thus we have the

relation
a’enh(m=A0(K)+A1(K). (13)
Since the number of cell boundary crossings is
Poisson distributed, we can get A;(K) and
Ay(K).
AT
K (5550 _ar
Ao=5 LaD” it 81 AdAn” T
(14)
K — A4
AO(K)=f0T———(A';él) e‘**’*-i’“gg dt1=§B(K)
(15)

T K
B)= [ Lebl ooy (6

Through tedious calculation, B(K) can be
simplified as '

L AdA,
B&) = (1444,
1 i
e g (TR AT

= il

Let 7 ;.. be the probability that the MT is
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located in a ring j cell when a call arrival occurs.

Then we have

o0

T enh — Z & (K)B(J, K)-

(18)

Given that the MT is residing in ring j, let ), be
the number of cells from ring 0 to ring j.

J
wy=1+4 Y] 6i=1+35(+1) (19)
g=1

The paging cost for the enhanced time-hased

location wupdate for the period between two
consecutive calls, C , ., is expressed as
vaenh = VZO ﬂ-],enhwj . (20)
J=

The expected total cost for location updates and
paging per call arrival, C 7, in the enhanced

time-based registration method is

CT,enh = Cu,enh+ Cv,enh . (21

2. Original Time—Based Registration Method

Figure 3 shows the timing diagram of an MT
between two consecutive calls in the original
time-based registration method. The notations and
assumptions are the same as in the analysis of the
enhanced time-based registration method.

In the figure 3, & represents the time interval from

the recent registration time to the next call arrival. In

(913

3. The time diagram in the original time-based update mechanism

8, there can be some cell boundary crossings of the
MT. Let «a,,(K) be the probability that the MT
moves across K cells during 8. We also let C, ,;

be the expected location update cost per call arrival.
The expected paging cost per call arrival is denoted

by C v, orit
At first, we derive the expected cost for location
updates. We let p, be the probability that there are

n update messages between two successive calls.

Apparently, p, has geometric distribution with
parameter 1 —e _A‘T. Then we have
p,= e "1 —e ) (22)

The expected cost for location updates for the

period between two consecutive calls, C is

u, ori

e—ACT

1 —6_>\"T

Cu,or'i = UZ npn: U (23)
n=0

Now, we derive the expected cost for paging cells.

Since the number of cell boundary crossings is

Poisson distributed, «,,,(K) can be obtained as

T Anh )Y _ap At B(K)
(K) = m Yl Auty PNe —
%o (K) /0 K! ¢ 9o 4 9o
(24)

Let x;,, be the probability that the MT is

located in a ring j cell when a call arrival occurs.
Then we have
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T ori = KZ: aom‘(K)/B(jy K) (25)
=0

The paging cost for the original time-based
location update for the period between two
consecutive calls, C , ,,; is expressed as

Coori = V3 Tjori * W5 (26)

j=0

The expected total cost for location updates and
paging per call arival, C r,; in the original
time-based registration method is

C'T, ori — Cu, ori + Cv, ori (27)

3. Limit Cost Analysis
It is meaningful to get the total cost when T

goes to zero or infinite. In the original time-based
registration method, the total cost goes infinite when
T goes to zero because there are infinite timeouts
and infinite location update messages between two
In the enhanced time-based

registration method, the total cost approaches to

Am
U-/\

consecutive calls.

+1.V

c when T goes to zero because an

MT moves across cells times on the average

Am
Ac

between two consecutive calls and the MT resides in
the center cell when a call arrives. Therefore we

have
-0
im C U Am +1-V
im =U- .
Jim - O enn ) (20)

When T goes infinite, the limit values of the total
cost of the two registration methods are the same
because there are no location update messages

between two consecutive calls. Therefore, C , ..
and C, ,,; goes to zero when T goes infinite.

From the equations for a,,;,(K) and @,{K), we
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Table 2. Optimal time intervals and costs in Fig. 4.

- Optimal time .
Call-to-mobility Minimal total
) Method |Interval A, T
ratio (A,/4,,) Cost
(T/call arrival)
. Enhanced 0087 C T, enh:14'2
0.05 C =149
Original 0.147 T, or =%
6
Enhanced 0.076 C 1 oni=966
01 C =10.8
Original 0.204 T, om 2
2
have a. as the following.
. . VL. S
aoo(K)_ Tlin; amh(K)_Tlimm aon’(K)— (1+/\//\M)K+l
(30)
Then we have
T = E a. (K)B(J, K). (31
K=o

Thus, the total cost when T goes infinite is

lim

T— oo

CT,on’ = VZ Mo * Wy (32)
i=0

CT, enh — lim
T— oo

IV. Results and Discussion

We see that the equations for the total costs of the
enhanced time-based registration method and the
original time-based registration method are represen

¢

A
we get the numerical results by varying the

~ted with the parameters and A_T. Therefore,

A and AT instead of A, A, and

parameters
Am

A
y ~ is called call-to-mobility ratio

and AT is normalized time interval about call

T respectively.

interval. Figure 4 shows the values of the total costs,
Cr e and Cr,, as functions of 7. In the
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——— call-to—obility=0.1 (enhanced) *
Comemee cali~to-mobility=0.1 (original)

Total Cost
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Fig. 4. Total cost versus time interval when V=1 and
u=1.

figure, the values of U and V are set to one. To
show the effect of call-to-mobility patterns, two

A
call-to-mobility ratio 3 <= 005, 0.1, are considered.

In the figure, it can be seen that the values of the
total cost varies widely as 7T changes. By selecting
the appropriate value of T, the total cost per call
arrival could be minimal.

In the figure, we see that the minimal cost of the
enhanced time-based registration method is less than
that of the original time-based regiétraﬁon method.
That is, the performance of the enhanced time-based
registration method is better than that of the original
time-based registration method, which means that the
enhanced time-based registration method should be
applied to the PCS systems in this environment. We
list the optimal time intervals and their total costs in
the Table 2. And the limit values of the total costs
when 7—( and 7—oo are listed in the Table 3.
In the figure, we also see that when call-to-mobility
is small, the total cost gets high. This is because
more cells should be paged to find the location of an
MT which makes the paging cost high.

Fig. 5 shows the values of C, . C, o0

C. o and C, ,,; as time interval varies when

U=1, V=1 and call-to-mobility=0.05. As we expect,

E 3 38 4ollMe| &H| 3o tfst S5k
Table 3. Limit values of the total costs in Fig. 4.

Call-to-mohility . Total cost Total cost
Meth
ratio ( A/ A,,) when 7—(0 | when T—o0
Enhanced| C T, ent™ 21 C T, enh™ 8.08
005 C..
Original B C o o= 8508
~—>00

Enhanced) C 7. 4= 11| C 7 omy= 4607

01 C..
Original T,ort

C T, ori— 4507

| == Ov,0nh  approaches 85.08 |

25
—Qu,oi i
20 g S GO Ov,of : spproaches 85.08

0.00 0.50 1.00 1.50 200

Interval T/call arival

a8 5 U=1, V=1, cali-to-mobility=0.05 o 2| ZAlF=7|2|
el W& C,moas Coors € uimds
C . o 42l HEE LIEH Tz

Fig. 5 Values of C, nods Coorir € umea and
C . ori Vversus time interval when U=1, V=1
and call-to-mobility=0.05.

the location update cost of the enhanced time-based
registration method is less than that of the original
time-based registration method. About the paging
cost, the situation is reversed as we also expect.
Therefore, according to the values of U and V, it is
determined which method makes better performance.
For example, when V has large values relatively
compared to U, then the cost of the enhanced
time-based registration method gets higher than that
of the original time—based registration method. In this
environment, the enhanced time-based registration

method is not applicable.
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Fig 6 Total cost of the enhanced time-based

registration method versus time interval when
cal-to-mobility=0.01, U=1 and V=4, 2, 1, 0.001.

Fig. 6 shows the total cost of the enhanced
time-based registration method as time interval T
varies when call-to-mobility=0.01, U=1 and V=4, 2, 1,
0.001. As we can see in the figure, the meaningful
optimum values exist in the certain range of V/U.
That is, if V is too large or too small compared to U,
there does not exist the optimal time interval for the
meaningful operation. In the figure, we also see that
the optimal time interval gets smaller as the value of
V gets bigger. It is because the larger paging cost

Mool BratE A7t 7lEH AR B WO 45 24

causes the time interval shorten which means more

location updates.

V. Conclusions

In this paper, we proposed an enhanced time-based
registration method in location management and
analyze the performance numerically. In the analysis,
we assumed Poisson call arrival distribution and
exponential cell resident time. We obtained the
probability that an MT is j rings away from the
center cell. And using these values, we made an
exact analysis for the enhanced time-based location
management cost. From the analysis we calculated
the optimal time-interval.

(916}

ol 7% 9

We also analyzed the performance of the original
time-based registration method. The performance of
the enhanced time-based registration method
compared with the performance of the original

is

time—based registration method. In the comparisons,
we see that the proposed enhanced time-based
registration method has better performance and is
applicable to the PCS systems.
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