Performance Modeling of Location Management
Using Multicasting HLR with Forward Pointer
in Mobile Networks

Dong Chun Lee! Sung-Kook Han?, and Young Song Mun?®

'Dept. of Computer Science Howon Univ., Korea
e-mail:ldch@sunny.howon.ac.kr

2Dept. of Computer Eng. Wonkwang Univ., Korea

3Dept. of Computer Science Soongsil Univ., Korea

Abstract. We propose a new location management called Multicast-
ing HLR with Forward Pointer (MHFP) which exploits receiver side call
locality in Mobile Networks (MN). When a call is established, Multi-
casting HLR (MH) records the caller’s VLR ID according to the callee.
Periodically, MH ranks the VLRs and determines which VLRs frequently
make calls to the callee. During a location registration process, MH sends
the terminal’s location information to the determined VLRs. And also,
when a mobile terminal frequently moves between two Registration Ar-
eas (RAs) or within a small area, the terminal’s location information
does not register to HLR but to VLR using the Forwarding Pointer (FP)
with unit length and link both sides.

1 Introduction

For mobility management scheme in the MN, the standard commonly used in
North America is the EIA / TTA Interim Standard 41 (IS-41), and in Europe
the GSM]2]. And whenever a terminal crosses a RA or a call originates, the HLR
should be updated or queried. Frequent DB accesses and message transfers may
be cause the HLR bottleneck problem and then degrade the system performance.
A number of related works have been reported to reduce overhead traffic of the
HLR. In [7], [8], a Location Forwarding Strategy is proposed to reduce the sig-
naling costs for location registration. A Local Anchoring Scheme is introduced
in [1], [4]. Under these schemes, signaling traffic due to location registration is
reduced by eliminating the need to report location changes to the HLR. Hier-
archical database system architecture is introduced in [3]. These schemes can
reduce both signaling traffics due to location registration and call tracking us-
ing the properties of call locality and local mobility. We propose a new location
management scheme to reduce the location overhead traffic of HLR.

2 1IS-41 Standard Scheme

The whole MN coverage area is divided into cells. Each mobile terminal within
a cell communicates with the network through a Base Station (BS) which is
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installed inside the cell. These cells are grouped together to form larger areas
called RAs. All BSs, belonging to a given RA, are wired to a Mobile Switching
Center (MSC). In this paper, we assume that the VLR is co-located with the
MSC and a single HLR in the network [4]. In order to locate a terminal effectively
when a call arrives, each terminal is required to report its location whenever it
enters a new RA. We call this reporting process location registration. In order
to track a call to the proper terminal, the HLR and the VLRs are queried to
find the current RA, and all cells within the RA are paged to find it. Within
the call tracking, we call the queries to the HLR and the VLRs as the Search.
According to the IS-41 location strategy, the HLR always knows exactly the ID
of the serving VLR of a mobile terminal. We outline the major steps of the IS-41
location registration. (For the details, refer to [4], [9].)

1. The mobile terminal sends a Registration Request (REGREQ) message to
the new VLR.

2. The new VLR checks whether the terminal is already registered. If not, it
sends a Registration Notification (REGNOT) message to the HLR.

3. The HLR sends a Registration Cancellation (REGCANC) message to the
old VLR. The old VLR deletes the information of the terminal.

and the IS-41 call tracking is outlined as follows:

1. The VLR of caller is queried for the information of callee. If the callee is reg-
istered to the VLR, the SEARCH process is over and the call is established.
If not, the VLR sends a Location Request (LOCREQ) message to the HLR.

2. The HLR finds out to which VLR the callee is registered, and sends a Routing
Request (ROUTREQ) message to the VLR serving the callee. The VLR finds
out the location information of the callee.

3. The serving MSC assigns a Temporary Local Directory Numbers (TLDN)
and returns the digits to the VLR which sends it to the HLR.

4. The HLR sends the TLDN to the MSC of the caller.

5. The MSC of the caller establishes a call by using the TLDN to the MSC of
the callee.
Among the above 5 steps, the call tracking process is composed of step 1
and step 2.

3 MHFP Scheme

When a call is established, MH records the caller’s VLR ID according to the
callee. Periodically, MH ranks the VLRs and determine which VLRs frequently
make calls to the callee. During a location registration process, MH sends the
terminal’s location information to the determined VLRs. And also, when a mo-
bile terminal frequently moves between two Registration Areas (RAs) or within
a small area, the terminal’s location information does not register to HLR but
to VLR using the Forwarding Pointer (FP) with unit length and with both side
links. Fig. 1 shows one case of location registration when lenth of FP is longer
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than 1, and the VLR in the starting point of FP is not multicasting. And Fig. 2
also shows one case of call tracking when the receiving terminal has multicasting

data, and the VLR has FP of the receiving terminal.
—

(3)REGNOT GMULT () TLDN
(@REGCANC
— O — (Z)REGNO - (2) @ROUTREQ (3) ROUTREQ

=
c
=

2 REGRE 1) CALLRE( MP
Multicasted Pointer(MP) H( ) Q E (Ca]ler e
Caller

Fig. 1. Location registration(m=2). Fig. 2. Call tracking.

Here REGMULT represents the registration multicasting and m represents
the number of VLR to multicast the location information. We outline the major
steps of location registration as follows (see Fig. 1):

- The REGREG message from a terminal is transferred to the VLR that mes-
sages a new RA. The VLR transfers the REGNOT message to previous VLR.
Previous VLR performs the query by terminal number.

- If the FP of RT exists in the end point in query result,

- The previous VLR of terminal transfers REGNOT message including FP
information to the HLR. The previous VLR of terminal make new FP
to current VLR of terminal. The HLR performs the query by number of
received terminal.

- If length of FP is longer than 1, and the VLR in the starting point of
FP is not multicasting ,

- The REGCANC message is transferred to the VLR which has pre-
vious FP of terminal. The REGMULT message is transferred to the
multicasting VLRs.

- If length of FP is longer than 1, and the VLR in the starting point of
FP is multicasting ,
- The REGMULT message is transferred to the multicasting VLRs.
- Else if length of FP is less than 1,
- Previous VLR of terminal makes new FP to current VLR of terminal.

And call tracking is outline as follows (see Fig.3):

- The sending terminal (ST) requests a call to the VLR. The VLR performs
the query by number of RT.
- If the RT exists in query result,
- The TLDN is assigned to the RT via the MSC.
- Else if the FP of RT exists in query result,
- The ROUTREQ message is transferred to the VLR directed by the FP.
The VLR directed by the FP assigns TLDN via the MSC and transfers
to the VLR of ST.
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- Else if the multicasting information of the RT exists in query result,

- The ROUTREQ message is transferred to the VLR directed by mul-
ticasting information. The VLR directed by multicasting information
performs the query by number of RT.

- If RT has multicasting information and the VLR has in the RT in query
result,

- The TLDN is assigned to the RT via the MSC and is transferred to
the VLR of sending terminal.

- Else the RT has multicasting information, and the VLR has the FP of
RT,

- The ROUTREQ message is transferred to the VLR directed by the

FP. The VLR directed by the FP assigns TLDN via the MSC and
transfers to the VLR of ST.

- Else if the multicasting information of the RT doesn’t exists in query result,

- The VLR of ST transfers LOCREQ of message to the HLR. The HLR
find the VLR of RT by query and transfers to ROUTREQ. The VLR
which receive ROUTREQ message performs the query by number of RT.

- If the RT must search to the HLR and the VLR directed by the HLR
has the RT,

- The TLDN is assigned to the RT via the MSC and is transferred to
the HLR. The HLR transfer the TLDN to the VLR of ST.

- Else the RT must search to the HLR and VLR directed by HLR has the
FP of RT,

- The ROUTREQ message is transferred to the VLR directed by the
FP. The VLR directed by the FP assigns TLDN via the MSC and
transfers to the VLR of ST. The HLR transfer The TLDN to the
VLR of ST.
In selection of multicasting objects, m, Fig. 3 shows the conceptual structure
of the CL field and RL field.

‘ VLRID 1 ‘ Counter | VLRID 2 ‘ Counter

(a) Caller list field.

‘VLRID] ‘VLRIDZ‘VLRID?; ‘ L

(b) Rank list field.
Fig. 3. Conceptual structure of the CL field and RL field.

Fig. 3 (a), the CL field consists of the pairs of the ID of frequently calling
VLR and number of calls from it. Every established call adds a new pair or
increases the number of existing calls. The CL fields are distributed over the
HLR and multicast VLR recording the established calls, and merged into
HLR periodically to construct the RL field. In Fig.3 (b), each element of
RL field is an ID of VLR and the ID of VLR calling more frequently course
before. The RL field exists only in the user profile of HLR while the CL field
is dispersed over VLR and HLR.
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4 Analytical Model

Form the user’s point of view, the end-to-end service delay (location registra-
tion or call tracking) will be an important performance metric. To evaluate
this end-to-end delay, we treat the database of MN as Jackson’s network.
The service time of each database operation is assumed to be a major delay,
and we do not consider a link cost [5], [6]. We assume that there are n VLRs
and one HLR in the system. The HLR is assumed to have an infinite buffer
and single exponential server with the average service time - . Likewise,
the VLR is assumed to have an infinite buffer and single exponential server
with the average service time - . We assume that within a RA, the location
registration occurs in a Poissonvprocess with rate A\, and the call origination
occurs in a Poisson process with rate A.. With these assumptions, the MN
using IS-41standard as a mobility management method becomes Jackson’s
network [10] as shown in Fig.4.

M- and Ay represent the average arrival rate of REGCANC message and
the average arrival rate of ROUTREQ message, respectively. A, represents
the average arrival rate of messages to the HLR from other VLRs, and by
the Burke’s theorem [10] it is the same as the average departure rate of
messages from the HLR. P,, is the probability the departure message from
the VLR leaves the system. P,; is the probability the departure message
from the VR enters the HLR. Pp,is the probability the departure message
from the HLR enters one of n VLRs. From the definition of N, and Ay, we
know that these messages get out of the system after going through the VLR.

—

_ ol
LA

Fig. 4. Jackson’s network modeling of the IS-41standard scheme.

A, enters the VLR in the form of REGREQ message, and after receiving
services from the VLR it is delivered to the HLR in the form of REGNOT
message. After receiving services from the VLR, %)\c get out of the system
because the probability the callee is in the same RA with the caller is % So,
we have

e+
Pyo= Alrt At + A+ At <1)
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n—1
_ —Act+Att
thi}\lv-+)\tt+)\c+>\tt ’ (2)

Pp,=2k. (3)
By the property of Jackson’s network, we have

)\h:nx(”_l)\c + )\tt)- (4)

n

From %:/\lr + A, we have

Ar=Aet, (5)

Aee="1Ac. (6)
Though Egs. (5) and (6) could be directly inferred from the definitions of \.
and A, we lead these equations through Egs. (1)-(4) to help understand how
Ae and A, are delivered to HLR and VLRs and how many messages arrive
at these DBs on average using the property of Jackson’s network. We will
repeat these steps in the following Jackson’s network modeling the proposed
scheme.

Now, let W, and W}, represent the average system time (queue plus service)
in the VLR and the average system time in the HLR, respectively. By the
Little’s Rule [10], W, and W}, becomes

1 1 (7)
Bo—rF A eeHAeFAe) T oy — (2L A+ M)’

n

Wy=

Wh:N}L - n(”;l AC =+ )\tt). (8)

Likewise, Fig.6 shows Jackson’s network model of MHFP scheme. The focus
of message flow aims at the quantity.

_nm+n-m
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Fig. 5. Jackson’s network modeling of the MHFP scheme.
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The wide difference between Fig.4 and Fig. 5 is that the number of message
out coming HLR. When call managed in HLR, passing one more device
dealing with multicasting can solve this problem. Another difference is what
communicates call between VLR passing HLR. It is because of obtaining
location information of the receiving terminal by multicasting information,
m. We need to calculate the probability that the departure message from
the VLR is delivered to another VLR. We denote this probability by P,,.
Considering the definition of N\, A, Ac, Ay as follows:

_(q—"w(l_Q)))‘uJ")\c

P )
_ (= t+22=(1-p)X.

Pon= e, (10)
P AutEAA LIRS+ 22 (1o p)Ae (11)
v AutAir+HAe+H At .

P}Lv:w(l_q»\u'i'QnTil(l _p))‘c' (12)

n

P represents probability that multicasting message search to VLR of re-
ceiving terminal ,and q is probability that the FP has less than 1. By the
definition of Ay and A;., we obtain

)\tt:2n7—71(1 —p))\c, (13)
Ny =BT (] g\, (14)

From the property of Jackson’s network, we have

An=n(2271 (1 — p)A, + A= (] g)),,). (15)

n n

Let W and W} denote the average system time in the VLR and in the HLR,
respectively, From the Little’s Rule, W, and W}, are:

’__ 1
Wv_ o —(AetFAir+Xe+Aw)
pro— (2255 (1=p) Ao+ L= (1—q) A+ A e+ X))
Wi = 1 (17)

pro— (2252 (1—p) A+ BEEL=T (1 —g) A, )

Table 1 shows the average number of arrival messages to the VLR, and
the average system time in the VLR when the proposed scheme is used as
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Table 1. VLR comparisons between the MHFP and IS-41scheme

Average number of arrival Average system time in VLR

messages
2n—1 1
15-41 LIS YPW =T
MHFP =TT —p)Xr

v —( “;1(1—p>AC+”’“+ﬂ#<1 DAutAct+Aa)

Table 2. HLR comparisons between the MHFP and IS-41scheme

Average number of arrival|  Average system time in VLR

messages

n—1 I
I1S-41 (=X + o) (It aw)
MHFP n(22=(1 —p)Xc :

pp—n(22 L (1—p) A+ ZBEL=T (1) X,,)

+nm+%(1 ,q))

compared to those of IS-41scheme. And table 2 shows the average number
of arrival messages to the HLR, and the average system time in the HLR.
As shown in table 1 and table 2, the proposed scheme distributes messages
from the HLR to the VLRs, and it also reduces the average system time in
the HLR with the small increase of the average system time in the VLRs.
Based on the delay times of the HLR and the VLR, we can calculate the
mobility management costs for IS-41 standard and the proposed scheme as
follows.
e The IS-41scheme for mobility management cost.
(1) Wrs—a1r(Location registration cost) = W,+W,,+W,,.
(2) Wis—a1c(Call tracking cost) = %Wv+”;1(Wv+Wh+Wv).

(3) Wrs—41m(Mobility management cost)
T e

e The
)

XWrs— 41L+)\

propose({\ scheme for mobﬂthy

xWrs—_a1c-
management cost.

(1) Wh,oposear, (Location registration cost)

=q x 2W,) + (1 — q)(2W) + W'h).
(2) Wh,oposeac(Call tracking cost)

=(1) X AW + 222 x B x TW) + =2 Uop) (7o) 4 4 ).
(3) Wl’pmposedM (Mobility management cost)
x Wp

/
)\ +)\u X WProposedL + )\ +)\u roposedC'*

5 Numerical Results

To get numerical results, we use the same value of system parameters as
those in [2], n= 128, for example. From these parameters, the average oc-
currence rate of location registration in an RA, \,, is calculated as A\, =
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5.85/s. And the average call origination rate in an RA, A, is calculated as
Ac = 8.70/s. We assume that the average service rates of HLR and VLR are
wun, = 2000/s,u, =1000/s, and Probability p is 0.5.

In figures, X-coordinate shows probability q that the FP has less than 1 and
Y-coordinate shows the ratio dividing the result value in IS-41scheme into
the result value in proposed scheme. If the ratio value is 1, the IS-41scheme
performance is equal to proposed scheme performance. If it has greater than
1, the performance of proposed scheme is superior to the performance of
IS-41scheme. And if it has less than 1, the performance of IS-41scheme is
superior to the performance of proposed scheme. The example of the lower
graph can show m of multicasting factor. It is determined whether we mul-
ticast the location information of terminal into several VLRs.

In Fig.6, we can know that the results of performance are superior to IS-
41scheme. As multicasting the location registration, this result becomes a
matter of course. If m increases gradually, the level of performance is lower.
In Fig.7, regardless of m, the graph is determined by the probability ¢, but
m has no effect upon the value. Otherwise, a relation of between m and prob-
ability q is actually represented by an expression but also, it is facts that m
has no effect upon the value. When m is 3, we may assume that probability
q is 0.5. If probability q is 0, the number of the call tracking message is equal
to the number of the location registration message.

Fig.8 shows message ratio in mobility management cost. If probability q is
0.5, and m is 3, the value is equal to 0.87 in short. It is fact that proposed
scheme is 1.15 times as many messages as 1S-41scheme.
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Fig. 6. Message number ratio in Fig. 7. Message number ratio in
registration cost. call tracking cost.
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Fig. 8. Message number ratio in mobility management cost.
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6 Conclusions

We propose MHFP scheme to reduce the location traffic of HLR. In numeri-
cal results, the proposed scheme has lower value in the number of call track-
ing message and the management delay time of HLR than the 1S-41scheme.
Especially, the management delay time of HLR has more performance than
the IS-41scheme. The proposed scheme can be expected to have the promi-
nent performance advancing for mobile management in the 3G mobile net-
works.
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