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Location Tracking with Distributed
HLR’s and Pointer Forwarding

Yi-Bing Lin, Senior Member, IEEE,and Wen-Nung Tsai

Abstract—Location tracking operations in a personal com-
munications services (PCS’s) network are expensive. A location
tracking algorithm called pointer forwarding has been proposed
to reduce the location update cost. The key observation behind
forwarding is that if users change PCS registration areas (RA’s)
frequently, but receive calls relatively infrequently, it should
be possible to avoid registrations at the home-location register
(HLR) database by simply setting up a forwarding pointer from
the previous visitor-location register (VLR). Calls to a given user
will first query the user’s HLR to determine the first VLR, which
the user was registered at, and then follow a chain of forwarding
pointers to the user’s current VLR.

To reduce the “find” cost in call delivery, the PCS service
provider may distribute HLR databases in the network. This
paper integrates the concept of distributed HLR’s with pointer
forwarding, and the new scheme is referred to as the pointer
forwarding with distributed HLR (PFDHLR). Since no registra-
tion to the HLR is performed in the pointer forwarding scheme
when a user moves to the new locations, the cost of updating
multiple HLR’s is eliminated in PFDHLR. Our study indicates
that PFDHLR may significantly reduce the mobility management
cost compared with the single HLR approach.

Index Terms—Deregistration, distributed database mobility
management, home-location register, personal communications
services, registration, visitor-location register.

I. INTRODUCTION

TO SUPPORT mobility in a personal communications
services (PCS’s) system, strategies have been proposed

in protocols such as EIA/TIA IS-41 [1] and ETSI GSM MAP
[2].

Two basic operations in PCS mobility management arereg-
istration (the process that aportableor mobile phoneinforms
the system of its current location) andlocation tracking(the
process that the system locates the portable). Location tracking
is required when the network attempts to delivery a call to the
mobile user. The mobility management strategies proposed
in IS-41 and GSM aretwo-level strategies in that they use
a two-tier system of home and visited databases. When a
user subscribes the services to a PCS system, a record is
created in the system’s database called home-location register
(HLR). When the mobile user visits a new registration area
(RA), a temporary record for the mobile user is created in
the visitor-location register (VLR) of thevisited system(the
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new location). The VLR then sends a registration message
to the HLR. Assume that the messages are delivered using
the signaling system no. 7 (SS7) in the public switched
telephone network (PSTN). To support nongeographic NPA-
NXX-XXXX number in IS-41 Revision B, the VLR does not
recognize the address of the HLR from the mobile identifi-
cation number (MIN) of the portable. Instead, the registration
message is forwarded to a signal transfer point (STP) through
several SS7 network elements. The STP uses a table lookup
technique called global title translation (GTT) to identify the
HLR address. Then the message is forwarded from the STP
to the HLR. A tutorial for PCS signaling using SS7 can be
found in [3].

To deliver a call to a mobile subscriber from anoriginating
switch, the HLR is queried to find the current VLR of the
portable. Then the HLR sends a query to the VLR. The
VLR returns a routable address called the temporary-location
directory number (TLDN) to the originating switch (in the
PSTN) through the HLR. Based on the TLDN, a trunk (voice
circuit) is then set up from the originating switch to the
portable. Note that the call-delivery procedure consists of two
parts. In the first part (referred to as thefind operation), the
VLR is located, and the TLDN is returned to the originating
switch. In the second part, the TLDN is used to set up a voice
trunk to the portable. The portable is paged in the second
part of call delivery. Like the registration process, several SS7
network elements are visited, and a GTT is required to access
the HLR in the first part.

Studies [4]–[6] indicated that the message traffic due to
PCS location tracking operations is significant. To reduce the
location tracking cost, several algorithms have been proposed
[6]–[12].

Pointer forwardingschemes proposed in [9] and [13] are
based on the observation that in many cases, it should be
possible to avoid the registrations at the HLR by simply setting
up a forwarding pointer from the previous VLR. Calls to a
given user will first query the user’s HLR to determine the
first VLR which the user was registered at and then follow
a chain of forwarding pointers to the user’s current VLR.
This observation results in a strategy, which will be useful
for those users who receive calls infrequently relative to the
rate at which they change RA’s. This idea attempts to exploit
patterns in the call reception and mobility of PCS users.

The pointer forwarding scheme was studied in [9] by
comparing its performance with the IS-41 scheme. The reader
is referred to [9] for detailed operation-cost analysis and
message-traffic analysis. It is interesting to note that when
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Fig. 1. Pointer forwarding with single HLR (theregistration operation).

the call frequency is much lower than the portable move
frequency, pointer forwarding may significantly outperform
IS-41. When the call frequency is much higher than the
portable move frequency, pointer forwarding behaves iden-
tically to IS-41.

This paper proposes a distributed HLR approach for pointer
forwarding and compares its performance with the original
(the single HLR) pointer forwarding scheme.

II. POINTER FORWARDING WITH SINGLE HLR

Pointer forwarding is a well-known technique used in the
Andrew distributed file system [14]. This technique was pro-
posed to reduce the location update cost in a PCS network
[6], [7]. In this algorithm, no message is sent to update HLR
when a portable moves to a new RA. Instead, a message is
sent from the new RA directly to the old RA. On receipt of
the message, the obsolete registration entry in the old RA is
deleted, and a forwarding pointer to the new RA is created.

When an incoming call arrives, the forwarding pointers are
traced to find the actual location of the portable.

There are several ways to manage the forwarding pointers.
A simple algorithm is described as follows. When the portable
moves to new RA’s, the forwarding pointers are created as
shown in Fig. 1. When the portable moves from RA2 to RA1,
RA1 sends a message to RA2. Upon the receipt of the message,
RA2 performs two tasks.

1) A forwarding pointer is created to point to RA1.
2) The portable is deregistered.

When a phone call arrives, the forwarding pointers are traced.
(see Fig. 2). Also note that a global title translation is required
at the network (e.g., in California) of the calling party, and
the query message is then forwarded to the HLR (e.g., in New
York).

III. POINTER FORWARDING WITH DISTRIBUTED HLR’S

Because of the heavy signaling traffic generated by PCS
location tracking, the HLR may become a bottleneck. To
reduce the traffic to an HLR, one natural solution is to
distribute the HLR function in several locations.

However, it is difficult to implement distributed HLR’s in
IS-41. For portable registration, it may be required to update
some or all HLR’s. Thus, extra traffic is generated for multiple
HLR updates.

On the other hand, distributed HLR’s can be efficiently
implemented with pointer forwarding. Since theregistration
operation in pointer forwarding is done by sending a message
from the new VLR to the old VLR, multiple HLR updates
are eliminated. Thus the advantage of using distributed HLR
for pointer forwarding is obvious from the aspect of database
access delay.

The pointer forwarding with the distributed HLR’s
(PFDHLR) scheme is described as follows. The HLR’s
are distributed in remote PSTN’s. A natural location for a
distributed HLR is near by the STP that performs GTT in
PFSHLR (see Fig. 4). The HLR’s may point to different
VLR’s that the portable previously visited. Like forwarding
pointer with single HLR (PFSHLR), the registration process
only involves the old and new VLR’s, and the HLR’s are
not updated.

When a call arrives from a particular PSTN, the HLR of the
PSTN is queried as shown in Fig. 5. After thefind operation
is completed, the TLDN is returned from the current RA (e.g.,
RA1 in our example) to the HLR, and the HLR updates its
pointer to the current RA of the portable (c.f., Fig. 3). Note
that GTT is not required since we assume that the distributed
HLR is near by or is collocated with the GTT STP. After the
find operation, the VLR (RA1) returns the routable address
back to the HLR, and the pointer of the distributed HLR
is updated (i.e., it points to RA1) as shown in Fig. 6. After
the find operation, the obsolete forwarding pointers (e.g., the
pointers between RA6, RA5, RA4, RA3, RA2, and RA1) are
not deleted. We assume that the VLR’s have enough space to
accommodate these pointers. Note that the current technologies
are able to provide enough space to store these. Note that the
GTT and an extra remote visit from the GTT STP to the HLR
is avoided in PFDHLR (see Figs. 2 and 5).

IV. PERFORMANCE STUDY

This section compares PFDHLR with PFSHLR from the
network signaling aspect. Since the registration behaviors are
the same for both schemes, it suffices to compare thefind cost.
Our performance study consists of two parts. The first part is
to estimate the cost to query an HLR and the cost to traverse
a pointer between two VLR’s. The second part is to derive the
numbers of pointers traced in both schemes.

To simplify our study, we make a simple cost estimate as
follows.

1) The cost of the request from the calling party to the
GTT STP in PFSHLR (see step 1 in Fig. 2) or to the
distributed HLR in PFDHLR (see step 1 in Fig. 5) is
normalized to one.
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Fig. 2. Pointer forwarding with single HLR (thefind operation).

2) The cost of sending a message from the GTT STP to
the HLR in PFSHLR is one (see step 2 in Fig. 2).

3) The cost of querying the first VLR from the HLR in both
PFSHLR (see step 3 Fig. 2) and PFDHLR (see step 2
in Fig. 5) is one.

4) The cost of traversing a pointer from a VLR to another
is (see step 4 in Fig. 2 and steps 3 and 4 in Fig. 5).
Since the old and the new VLR’s are likely to be next to
each other, 1 can be expected (see the cost analysis
in [9]). In our study, and are considered.

The expected numbers of pointers traced in both PFSHLR
and PFDHLR are derived as follows. Suppose that between
two consecutive incoming calls the portable moves to new
RA’s times, and the number of forwarding pointers traced
to find the actual location is . The probability of
moves between two incoming calls was derived in [15]

(1)

where is the call-to-mobility ratio [9], where is
the call-arrival rate, and is the RA moving rate. In the
equation, is the Laplace–Stieltjes transform of the portable
residence time in an RA. For our purpose, we assume that
the portable residence times have a Gamma distribution. The
Gamma distribution is selected for two reasons. First, the

Gamma distribution does not have a specific distribution shape,
and it has the desirable property to fit an arbitrary distribution
by setting appropriate parameters [16]. Second, the Gamma
distribution has a simple Laplace–Stieltjes transform format,
which simplifies the calculation of (1). With mean 1
and variance , the Gamma Laplace–Stieltjes Transform is
expressed as

where

We use and a two-dimensional (2-D) random walk
model to determine the expected number of the VLR
pointers traversed in thefind operation. In a 2-D random walk,
the portable may move to one of the four neighbor RA’s
[c.f., Fig. 7(a)]. For simplicity, we assume thatmoves to
one of the neighbor RA’s with probability 0.25. During the
movements between two call arrivals, the portable may revisit
an RA several times, and . For example, and

in Fig. 7(b). Clearly, in the PFSHLR scheme, what we
have here is not a chain of the pointers, but a tree of pointers.

In a PCS network, we expect that the mobility of a portable
exhibitsspatial locality(i.e., a portable tends to revisit RA’s).
To capture this phenomenon, the movement of a portable
is modeled by a2-D random walk with reflecting barriers.
We assume that between two call arrivals, the mobility of a
portable is restricted in a square region with size. Fig. 8
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Fig. 3. Pointer forwarding with single HLR (after thefind operation).

Fig. 4. Pointer forwarding with distributed HLR’s (theregistration opera-
tion).

shows a region of size . If the portable is in a interior
RA of the region (e.g., ), then it may move to one of the
four directions with the equal probability 0.25. For a boundary
RA such as , if the portable moves horizontally, then it must

Fig. 5. Pointer forwarding with distributed HLR’s (thefind operation).

Fig. 6. Pointer forwarding with distributed HLR’s (after thefind operation).

move to the right. In other words, a portable can only move to
one of the three neighbors with the routing probabilities 0.25
(up), 0.5 (right), and 0.25 (down). Similarly, for a portable at

, the routing probabilities are 0.5 (left) and 0.5 (down). It
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Fig. 7. The 2-D random walk model.

Fig. 8. The random walk model with reflecting barriers.

is difficult to derive the number analytically. Instead, for a
given , we computed the expected number by using
the simulation technique. Fig. 9 plots for different

values. The figure indicates that does not increase
as fast as . When the portable exhibits high locality (e.g.,

or the portable moves among the 16 RA’s between
two phone calls), does not increase for . The
expected values are expressed as

Fig. 10 plots for different values. The figure indicates
the following.

Fig. 9. The expected numberE[k j K].

1) The variance of the user residence time distribution
has an effect on . The larger the variance ,
the smaller the number . Consider the same mean
residence time . With large , a large number of
small values (particularly, ) and a large number
of large values are observed. A very small value
results in a small value. A very large value does
not necessarily result in a largevalue (see Fig. 9—for

and does not increase asincreases).
Thus, a smaller is expected for a larger . This
phenomenon also was observed in [9].

2) User locality has a significant effect on when
is small (i.e., when the portable moves more frequently
than the call arrivals). This is consistent with our in-
tuition. When , the impact of user locality can
be ignored. In this case, the HLR always points to the
current VLR, and for all and values.

We assume that there are remote PSTN’s in our study. To
compare PFSHLR and PFDHLR, the expected number ofis
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Fig. 10. The expected numberE[k].

reexpressed as , a function of (because is affected
by ). In PFSHLR, thefind cost (where “ ” stands for
“single HLR” approach) for a call delivery is

(2)

(3)

where is the cost of traversing a pointer from a VLR to
another. We assume that the calling parties are uniformly
distributed in the areas. In (2), 1 calls are from
remote PSTN’s, and step 1 in Fig. 2 is required. In this case,
the cost to access the first VLR is three (the cost for steps 1,
2, and 3 in Fig. 2). On the other hand, 1 calls are from
the PSTN of the HLR, and step 1 in Fig. 2 is not required.
In this case, the cost to access the first VLR is two (the cost
for steps 2 and 3 in Fig. 2). The VLR pointer traversal cost is

. For PFDHLR, thefind cost (where “ ” stands
for “distributed HLR” approach) for a call delivery is

(4)

Note that the call to mobility ratio for PFSHLR is .
Since the call-arrival rate for PFDHLR is , its call to
mobility ratio is . Thus, the expected number
of pointer traversals in PFSHLR is , and the pointer
traversal cost is in (4). The PFSHLR cost to access
the first VLR is two in (4) as indicated in Steps 1 and 2 of
Fig. 6. Figs. 11–13 plot the cost for PFSHLR and PFDHLR
with different parameters.

Fig. 11. The comparison of thefind cost of PFSHLR and PFDHLR.
(S = 36 and N = 4).

Fig. 12. The comparison of thefind cost of PFSHLR and PFDHLR.S = 36
and N = 4.

Fig. 13. The comparison of thefind cost of PFSHLR and PFDHLR.S = 16;
V = 1:0; � = 0:5; and N = 4.

In our experiments, are considered. Fig. 11
considers the residence time with low variance (i.e., ),
where and . The figure indicates that for

, up to 20% improvement can be expected from
PFDHLR over PFSHLR. For , up to 10% improvement
can be expected.

Fig. 12 considers the residence time with high variance (i.e.,
), where and . The figure indicates that
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for , up to 22% improvement can be expected from
PFDHLR over PFSHLR. For , up to 18% improvement
can be expected. That is, with larger, the advantage of
PFDHLR becomes more significant.

Fig. 13 considers the residence time with high locality
(i.e., , that is, the portable only moves across 16
RA’s between two call arrivals). The figure indicates that
for , up to 28% improvement can be expected from
PFDHLR over PFSHLR.

V. CONCLUSION

Due to the heavy signaling traffic generated by PCS location
tracking, the HLR may become a bottleneck. To reduce the
traffic to an HLR, one natural solution is to distribute the
HLR function in several locations. However, it is difficult to
implement distributed HLR’s in protocols such as IS-41 and
GSM. For portable registration, it may be required to update
all HLR’s. Thus, extra traffic is generated for multiple HLR
updates.

On the other hand, distributed HLR’s can be efficiently
implemented with pointer forwarding. Since theregistration
operation in pointer forwarding is done by sending a message
from the new VLR to the old VLR, multiple HLR updates
are eliminated. Thus the advantage of using distributed HLR
for pointer forwarding is obvious from the aspect of database
access delay.

One potential problem of pointer forwarding with dis-
tributed HLR (PFDHLR) is that long pointer chain may be
traversed to locate a portable. Our study indicated that in the
network traffic aspect, PFDHLR outperforms its single HLR
counterpart with up to 28% improvement for the range of
under this study.
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