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Abstract—This paper introduces a dynamic hierarchical data- HLR
base architecture for location management in personal communi-
cations service (PCS) networks. The proposed scheme allows the
dynamic adjustments of user location information distribution
based on the mobility and calling patterns of the mobile terminals
(MT’s). A unique distribution strategy is determined for each
MT, and location pointers are set up at selected remote locations
which indicate the current location of the MT’s. This method

effectively reduces the signaling and database access overhead for N

location registration and call delivery. Besides, the required pro- VL Msc

cessing is handled by a distributed network ofdirectory registers

and centralized coordination is not necessary. The functions of the

other network elements, such as the home location register (HLR) Base station cell
and the visitor location registers (VLR's), remain primarily

unchanged. This greatly facilitates the deployment of this scheme

in current PCS networks.

Index Terms—Call delivery, directory register, home location
register (HLR), location registration, visitor location register

I. INTRODUCTION

ERSONAL communications service (PCS) provide§9 1+ PCN signaling network architecture.
Pseamless and uninterrupted communication to mobile

subscribers. PCS users carrying mobile terminals (MT's)
can communicate with a remote terminal (mobile or static)
regardless of its current location and mobility pattern.

é Base Station
However, unlike static networks, such as the Internet, 8@ Colocated Visitor Location Register (VLR)
4

Cell

where routing information is embedded in the address of and Mobile Switching Center (MSC)
each node on the network, the current location of an MT
cannot be obtained from its identification number. A location
management scheme, therefore, is necessary to effectively
keep track of the MT’s and to locate a called MT when a
call is initiated.

There are two commonly used standards for mobility man-
agement: 1S-41 [1], [11] and GSM [11], [12]. IS-41 is gener-
ally used in North America, while GSM is common in Europe. .
Under these standards, the location information of each Vi
is stored in databases which are updated as the MT moves to
another location and are queried when a call is initiated. Fig.id given in Fig. 2. The PCS coverage area is divided into
shows an overview of the current PCS network architectureells All MT’s within a cell communicate with dase station
For clarity, a glossary of symbols used throughout this pap#rough wireless links. The base station is, in turn, connected to

the wireline network through mobile switching centgfMSC).
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is a centralized database containing tieer profilesof its signaling and database access costs for the proposed scheme is
assigned subscribers. These user profiles record informat&so given in this section. Section V presents an enhancement
such as the type of services subscribed, the quality of servioe the proposed location management scheme. Conclusions
(QoS) requirements, the billing information, and the curremre given in Section VI.

locations of the MT’s. The VLR’s are distributed throughout

the PCS network, and each one stores the information of the

MT’s currently residing in its associated area. Depending on Il. RECENT RESEARCH

the network configuration, the user profile of an MT may be A per-user location cachingtrategy is introduced in [6]
replicated at its current serving VLR. There are two possibighich reduces the signaling cost for call delivery by reusing
implementations of the database structure [11]. In the fifgfe cached information about a called MT’s location from a
implementation, the VLR serves a number of MSC’s angrevious call. The performance of this scheme depends on
the major function of the VLR is to offload the query andhe probability that the cached information is valid. In [7],
signaling load at the HLR. In the second implementation, eaghe author introduces a threshold scheme that dynamically
VLR serves a single MSC and the VLR acts as an auxiliagetermines the time when a cache record becomes obsolete.
processor to the MSC. The second implementation is morejn [13], the authors propose aser profile replication
widely used in today’s PCS networks. As described in [11§cheme. Based on this scheme, user profiles are replicated
[12], all GSM switch manufacturers implement a combinegt selected locations such that the call delivery delay can
MSC and VLR with one VLR per MSC. be reduced. The replication decision is made by a centralized

We assume throughout this paper that the VLR is colocatggistem which must collect the mobility and calling parameters
with the MSC. When an MT moves to another MSC, signalingf the whole user population from time to time. This may
messages are exchanged among the HLR and the new anchifte be feasible in current PCS networks because of the
old VLR's in order to record the new location informationarge number of PCS network providers involved. Besides,
of the MT in the databases. We call this database updafénerating and distributing the replication decision for a large
processocation registration Similarly, when a call is initiated, user populatioh is a computationally intensive and time-
signaling messages are exchanged among the VLR of ##hsuming process which may incur significant amount of
calling MT and the HLR and the VLR of the called MTnetwork bandwidth.
in order to locate the called MT (the “callee”). We call this |n [5], alocation forwardingstrategy is proposed to reduce
callee location processall delivery Depending on the relative the signaling cost for location registration. Whenever an MT
position of the HLR and the VLR’s, location managemenhoves to another VLR, a pointer is set up from the old VLR
may result in significant signaling load to the network. As thg) the new VLR. When an incoming call arrives, the HLR
number of PCS subscribers keeps increasing, itis demonstrajeeermines the serving VLR of the MT by transversing the
in [9] and [10] that the volume of signaling and database accegssinter chain. This method reduces the location tracking cost
traffic will increase beyond the capacity of the current netwoikhen the call-to-mobility ratio is low. However, a number
design. Methods for reducing the signaling and database acasiS¥LR queries have to be performed in order to locate the
traffic are, therefore, necessary before PCS use can becawe This introduces additional overhead in the call delivery
widespread. process.

In this paper, we introduce a dynamic hierarchical data-In [14], the author proposes a fully distributed database
base architecture for PCS location management. Under thighitecture for location management. Under this scheme,
approach, an additional level of databases calleddinec- |ocation information of the MT’s is distributed among a large
tory registers(DR’s) is introduced. Each DR determines théiumber of location databases, organized as a tree structure.
location information distribution strategiefor its associated Each database contains location information of the MT's
MT’s. Location pointers are then set up at selected remoteesiding in its subtree. Under this scheme, database accesses
DR’s indicating the current location of the MT. Using thisare localized. However, a large number of location databases
scheme, location information is distributed more effectivelphay have to be accessed during location registration and call
and the signaling and database access overhead for locatiefivery. In [4], a partitioning scheme is introduced for the
registration and call delivery is greatly reduced. Moreover, thelly distributed location database architecture. Partitions are
functions of the HLR, the VLR'’s, and the MSC’s remain prigenerated by grouping the location databases among which the
marily unchanged. This facilitates deployment of the propos@diT’s move frequently; location registration is performed only
scheme in current PCS networks. We will present the proposgHen an MT enters a partition. This scheme minimizes the
database architecture and its associated location managementber of location registrations in areas where the mobility
scheme in more detail in Section IV. rate of the MT’s is high. In [3], the authors suggest that it is

This paper is organized as follows. In Section Il, we give mot necessary to place a location database at every node of
brief introduction to recent research in location managemetiie tree structure. A method for determining the near optimal
Section Il describes the PCS signaling network architectugatabase placement is introduced such that the number of
and the IS-41 location management standard. Section IV whatabase queries and updates is minimized.
troduces the proposed hierarchical database architecture and
the location registration and call delivery procedures aSSOCi'1The mobile user population in the United States is expected to exceed 60
ated with this new database architecture. An analysis of th@lion by the year 2005.
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The location management schemes described above can be /\ SCPMLR
classified into two categories. For the first category, the IS-
41 or GSM centralized location database architecture is used
and auxiliary strategies [5]-[7], [13] are introduced which
reduce the signaling or database access overhead for either
location registration or call delivery. For the second category,
the fully distributed location database architecture [3], [4],
[14] is used such that location information for the MT’s are
distributed among a number of databases. The performance of T
the schemes in both categories depends on the mobility and
calling parameters of the MT’s. Neither the centralized no
the fully distributed database architecture is superior under atf/ =~ A A
circumstances [2].

Most of the recent research efforts intend to modify thEg. 3. Signaling network.
distribution of location information in order to achieve lower

signaling overhead. For example, in [5], location forwardingnows the exact MSC's where its associated MT's reside. The
reduces Fhe pverheaq for location rggistration by distributil}lgea covered by an MSC is calle®agistration AregRA) and

the_ Iocatlon, information of the MT in a _num_ber of recentlyan MT performs a location registration when it enters an RA.
visited VLR's. In .[3]’ hqwever, a re_<_juct|on n the o_latabasgig_ 4 shows the signaling diagram for location registration
access overhead is achieved by limiting the distribution of trﬂﬁ]der IS-41. In Fig. 4 (as well as in Figs. 5 and 8-10), the “(
location information. ’

We beli th timal distributi f location inf )” indicates the message number, the “[ ]” indicates the cost for
_YVe believe the optimal distribution of location informas, particular signaling exchange, and tHe™ at the bottom
tion is user dependent and the distribution strategy for o

BF the figure indicates the cost for accessing the particular

MT may not be appropriate for_ another MT' In th_|_s Papel tabase. These signaling and database access costs will be
we introduce a database architecture which facilitates the

) ! o . C 7T “discussed in more detail in Section IV-C. The procedure for
dynamic adjustment of the location information distribution, P

) o ation registration under 1S-41 is described as follows.
Based on this scheme, the distribution strategy for each ,
is dynamically determined based on its mobility and call 1) The MT detects that it has entered a new RA and sends

arrival parameters. The required computation is handled by a Io_catlon update message to the MSC through the base
a network of DR’s and the distribution strategy for each MT __ Station. , , o

is determined independently without centralized coordination.2) Theé MSC updates its associated VLR indicating that
As a result, this scheme is easily scalable. Finally, the proposed e MT is residing in its area and sends a location
scheme reduces the overhead for both location registration and  '€distration message to the HLR. _

call delivery. This results in significant overall reduction in 3) The message is routed to an STP which determines the

signaling and database access costs, compared to the 1S-41 HLR of the called MT from itsMobile Identification
scheme. Number (MIN) by a table lookup procedure called

Global Title Translation(GTT). The location registration
message is then forwarded to the HLR.
IIl. SYSTEM DESCRIPTION 4) The HLR updates its record indicating the current serv-
ing MSC of the MT and sends a registration acknowl-
edgment message to the new MSC.
5) The HLR sends a registration cancellation message to
the old MSC.
The old MSC deletes the record of the MT in its asso-

MSC/VLR

Signaling messages in current PCS systems are carried by
the Signaling System No. {5S7) network. Fig. 3 shows a
simplified SS7 network architecture. The HLR and VLR’s
store the user profiles for their associated MT’s. The functions
of the HLR and the VLR’s were described in Section I. 6) . .
The MSC's provide switching functions for MT’s in their ciated VLR and sends a cancellation acknowledgment
associated area. In addition, they are responsible for location message to the HLR.
registration and paging procedures, and handoffs. Sigeal The 1S-41 call delivery procedure is described as follows
Transfer Point(STP) is a switch on the SS7 network whicHsee Fig. 5).
is responsible for the routing of signaling messages basedl) A callis initiated by an MT and the base station forwards
on their destination addresses. TBervice Control Point the call initiation signal to the MSC.

(SCP) contains the database, such as the HLR, and th@) The MSC sends a location request message to the HLR
associated logic which handles database query and update through an STP where GTT is performed.

requests initiated by the MSC’s. These network elements are3) The location request is forwarded to the HLR of the
interconnected by wireline links. For reliability reasons, the called MT.

STP’s are installed in pairs and there exists a number of links4) The HLR sends a location request message to the MSC
between two network elements. serving the called MT.

Procedures for location registration and call delivery are 5) The MSC determines the cell location of the called MT
specified in the 1S-41 standard. According to 1S-41, the HLR  and assigns it &emporary Location Directory Number
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Fig. 4. Location registration under 1S-41.
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Fig. 5. Call delivery under 1S-41.

management functions. The responsibilities of the DR’s are
as follows:

1) periodically compute and store the location information
distribution strategy for its associated MT’s;

2) store location pointers which indicate the current loca-
tions of local and selected remote MT's;

3) forward location registration and call initiation requests
from it associated MT’s to the appropriate network
elements as indicated by the location pointers.

VLR Three types of location pointers are defined for each MT.

« Local Pointer: A local pointer for an MT is stored at its

serving DR which indicates the current serving MSC of

) the MT. Based on the proposed scheme, the DR contains
(TLDN). The MSC then sends this TLDN to the HLR. a local pointer for each of its associated MT'’s. Local

Fig. 6. Hierarchical database architecture.

6) The HLR forwards the TLDN to the calling MSC. pointers improve location registration performance.
7) The calling MSC sets up a connection to the called MSC., pjrect Remote PointerA direct remote pointer for an
using this TLDN. MT is stored at a remote DR which indicates the current
serving MSC of the MT. Direct remote pointers improve
IV. DYNAMIC HIERARCHICAL DATABASE ARCHITECTURE call delivery performance.

In this section, we introduce a dynamic hierarchical database® Indirect Remote PointerAn indirect remote pointer for
architecture for location management in PCS networks. The an MT is stored at a remote DR which indicates the
proposed database architecture is based on that of the IS- current serving DR of the MT. Indirect remote point-
41 standard with the addition of a new level of databases €rs improve both location registration and call delivery
called directory registers(DR’s). The placements and the performance.
operations of the HLR, the VLR’s, and the MSC'’s remain These pointers are used to distribute the location information
mostly unchanged, while additional processing is handled yr the MT’'s. For example, suppose that the HLR of a given
the DR’s. Fig. 6 shows the proposed database architectit@ is located in New York and it is currently roaming in San
which contains the HLR, the DR’s, and the VLR’s. We assuntérancisco. If a significant number of the incoming calls for the
that the DR’s are installed in SCP’s on the SS7 network amdiT are originated from Los Angeles, a remote pointer can be
each DR serves a number of MSC's. The area covered bet up for the MT in the DR at the Los Angeles area. When the
DR is called thedirectory area(DA). next call is initiated for this MT from Los Angeles, the search

Throughout this paper, we assume a DR consists of tbhan be forwarded directly to San Francisco without requiring a
database and the computer for providing the required locatiguery at the HLR which is located in New York. This reduces
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EjHLR invalid when the MT moves to another DA.

The location pointers are implemented as entries in a
directory table stored at the DR. When the DR receives a
location registration or a call delivery request, a table lookup
g ey operation is performed and the request is forwarded to the
1 5 appropriate network elements. The DR is not involved in the

HLR Pointer

R [T] .. Local DR| | | < - Indirect Remote Fointer __ [TIors  processing required for location registration and call delivery

(such as the recording of billing information). This results in
DimRemowPoim;‘,\ %ﬂpoime, small processing overhead at the DR as compared to that of

\}Q’[Lle q the HLR and the VLR's.
Omsc”,' """""""""" O Similar to the STP’s, the DR’s may be installed in pairs to
: enhance fault tolerance. One of the DR in the paiadsive
ﬁMobil_eT?fff}i'}ﬂw_ and the other DR isnactive Both DR'’s, active and inactive,

Directory Area contain exactly the same information. However, only the active

Fig. 7. An example location information distribution strategy. DR is responsible for the required processing. When the active

DR becomes unavailable due to failure or maintenance, the

the signaling overhead for call delivery. On the other hang:acnve DR takes over the normal processing and becomes

the HLR can be set up to record the ID of the serving D
(instead of the serving MSC) of the MT. When the MT moveg
to another RA within the same DA in San Francisco are
only the local pointer at the DR has to be updated. Again, it

not necessary to access the HLR in New York. This reduc . The DR’s will be denied access to the information of the

the signaling overhead for Ioclation. registration. Unlike Oth(’f\ﬁT if this flag is set. Under this situation, the 1S-41 location

schemes [3], [6], [13] as described in Section |, an advanta nagement scheme is used for this MT and the HLR always

of this scheme is that it can reduce the overhead for bo&Bntains the ID of the serving MSC of this MT

location registration and call thvery. The procedures for location registration and call delivery
As the mobility and call arrival patterns vary from user t(B(

. ) ; i nder this new database architecture are given in Section IV-
user, the pointer configuration for each MT must be unique . The method for determining the location information dis-

determined. Based on our propoged S(.:he_me,. the DR periclP“iution strategy for an MT is described in Section IV-B. It is
cally computes a location information distribution strategy fo(ﬁemonstrated in Section IV-C that the proposed scheme can

each of its associated MT's which specifies: significantly reduce both the signaling and database access
1) the set of remote DR’s where direct remote pointers f@ferhead for location management.

the MT should be set up;
2) the set of remote DR’s where indirect remote pointers

for the MT should be set up; A. Location Registration and Call Delivery

3) K/lvgecth;arr tt: : Sil;\ﬁnzhglgdoﬁfg?wre ID of the serving When an MT moves to another MSC, a location registration

. . . o . is performed which i) updates or creates the local pointer
Fig. 7 shows the pointer configuration for a given MT. It the MT at the serving DR, ii) deregisters the MT at
can be seen in Fig. 7 that this MT is currently residing undgsq previous MSC and DR (if an inter-DA movement is
MSCy and it has a direct remote pointer and an Indlre‘]‘}erformed), iii) updates the location information of the MT

remote pointer fromDR, and DRy, respectively. The HLR 4 the HLR if necessary, and iv) updates the remote pointers
records the ID of the current serving DR of the MT. Whegps the MT if necessary. Figs. 8 and 9 show the location

the MT moves to another MSC within the same DA, the loc@bgistration procedure. The steps shown in Figs. 8 and 9 are
pointer and the direct remote pointers become invalid and t§gscribed as follows.

DR updates these pointers to indicate the correct location o
the MT. When the MT moves to another DA, all pointers
associated with the MT become invalid. The DR informs the 5)
HLR of the location change and updates all pointers associate now residing in its associated area and sends a location

with the MT. . ! , . registration message to the DR.

The DR recomputes the pointer configuration periodically 3) If an intra-DA movement has occurred, then we have
at constant time intervals or at specific time instants of the the following. ’
day. If a new remote pointer is to be added, a message is sent . .
to the corresponding remote DR to set up the new pointer. If a) T_he .DR updates the local pointer for the .MT n-
an existing remote pointer is no longer necessatry, it is deleted, dicating _the new MSC and sends a registration
instead of updated, when the remote pointer becomes invalid. cancellation message to the old MSC.
Note that a direct remote pointer becomes invalid whenthe MT ~ b) The old MSC sends the user profile of the MT to
moves to another MSC and a indirect remote pointer becomes the DR.

e active DR.

For security and privacy reasons, the service provider of
particular MT may not want the location information of
fhiis MT to be stored at remote DR’s. This can be achieved
b setting up aDR overridingflag in the user profile of the

fl) The MT moves to a new MSC and sends a location
update message to this new MSC.
The new MSC updates its VLR indicating that the MT is
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Fig. 8. Location registration under new database architecture.

¢) The DR sends an acknowledgment message to the
old MSC which then deletes the record for the MT
in its associated VLR.

4)
d) If the HLR records the ID of the serving MSC of
the MT, then: 5)

i) the remote DR’s update the pointers and send
acknowledgment messages to the serving DR.
The new DR sends the user profile of the MT to the
new MSC.
The new MSC sends an acknowledgment to the new DR.

i) the DR reports the location change to the HLR; Call delivery involves the determination of the current
i) the HLR sends an acknowledgment message #erving MSC of a called MT. Fig. 10 shows the procedure

the DR.

for call delivery under the proposed database architecture. The

e) If direct remote pointers exist in one or more remotgteps as shown in Fig. 10 are described as follows.

DR’s, then: 1)

i) the serving DR sends a pointer update message to
all the remote DR’s that contain a direct remote 2)
pointer for the MT;

i) The remote DR’s update the direct remote point- 3)
ers and send acknowledgment messages to the
serving DR.

Otherwise, if an inter-DA movement has occurred,

we have the following.

f) The DR creates a directory entry for the MT and
records the ID of the serving MSC. The DR then
sends a location registration message to the HLR.

g) The HLR sends a registration cancellation message
to the old DR.

h) The old DR sends a registration cancellation mes-

sage to the old MSC.

The old MSC sends the user profile of the MT to the

old DR.

The old DR sends an acknowledgment to the old

MSC which then deletes the record for the MT in its

associated VLR.

k) The old DR sends the directory information of the
MT to the HLR.

[) The HLR sends an acknowledgment to the old DR
which then deletes its record for the MT.

m) The HLR sends the directory information and the

user profile of the MT to the new DR.

n) The new DR sends an acknowledgment to the HLR.

0) If direct or indirect remote pointers exist in one or
more remote DR'’s, then:

i) the serving DR sends a pointer update message
to all the DR’s that contain a remote pointer for
the MT;

i)
)

A call is initiated by an MT and the base station forwards

the call initiation signal to the MSC.

The MSC sends a location request message to the local

DR.

If a local pointer for the called MT exists at the DR,

then we have the following.

a) The DR sends a location request message to the local
MSC which serves the called MT.

b) The MSC assigns a TLDN to the called MT and
sends this TLDN to the DR.

Otherwise, if a direct remote pointer for the called MT

exists at the DR, then we have the following.

c) The DR sends a location request message to the
remote MSC which serves the called MT.

d) The MSC assigns a TLDN to the called MT and
sends this TLDN to the calling DR.

Otherwise, if an indirect remote pointer for the called

MT exists at the DR, then we have the following.

e) The DR sends a location request message to the DR
of the called MT.

f) The called DR forwards the location request message
to the MSC of the called MT.

g) The MSC assigns a TLDN to the called MT and
sends this TLDN to the calling DR.

Otherwise, if no pointer exists for the called MT, then

we have the following.

h) The DR sends a location request to the HLR of the
MT.

i) If the ID of the serving MSC of the called MT is
available at the HLR, then:
i) the HLR sends a location request message to

the MSC of the called MT;
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Fig. 9. Location registration under new database architecture (continued).

ii) the MSC assigns a TLDN to the called MT and For a target MT, we define\., 1/A,,, and ¢ to be the

sends this TLDN to the HLR. incoming call arrival rate, the average RA residence time, and
otherwise: the inter-DA movement probability (this is the probability that
iii) the HLR sends a location request message to tifeMmovement to another RA will result in departure from the

serving DR of the called MT; current residing DA), respectively. The values IofA,,, and

. . describe the frequency and the locality of the movements,
Iv) the caIIe_d DR forwards the Iocat|o.n request t(?espectively. For example, a vehicle in an interstate highway
the serving MSC of the called MT; . : . S
usually travels at a relatively high speed in a constant direction
v) the MSC assigns a TLDN to the called MT anthnd thus the values for both,, and ¢ are large. On the
sends this TLDN to the HLR. other hand, a pedestrian travels slowly and the movements are
j) The HLR forwards the TLDN to the calling DR.  generally confined to a specific area. In this case, the values
4) The calling DR forwards the TLDN to the calling MSC.for A,, andgq are relatively small.
5) The calling MSC sets up a connection to the called MSC In order to determine the location information distribution
using this TLDN. strategy for a particular MT, a scheme for deriving the values

The signaling and database access overhead for call delivefy\e; Am, andg for the MT is needed. One possible method to
is reduced if a remote pointer exists at the DR of the callirfderive these parameters is to implement three counters in the
MT. However, additional processing is required after ead1's user profile which record the number of call arrivals to
movement to update the remote pointers. Similarly, the signdte MT, the number of inter-RA movements, and the number
ing and database access overhead for location registration €h#iter-DA movements, respectively. A counter is increased
be reduced if location change is reported to the HLR only aftBy one when the corresponding event occurs (e.g., the call
inter-DA movements. However, this will increase the databad&ival counter is increased by one when an incoming call
access overhead for call delivery as an additional DR acc@sgves) and it is reset to 0 at specific time intervals (e.g.,
is necessary to locate a called MT. There are tradeoffs amd¥ige per hour). We call this the measurement intervals. The
different pointer configurations and we will introduce a methogounter values obtained at the end of a measurement interval
for determining the location information distribution strateg@re used to predict the parameters for the next measurement
for a particular MT in Section IV-B. interval. For example, assuming that the call arrival counter
recorded a value of 5 at the end of a one-hour measurement
interval. An incoming call arrival rate)., of 5 calls/h will be
assumed for the next measurement interval. The measurement

The location information distribution strategy for each Minterval should coincide with the time interval for updating
specifies the pointer configuration for the MT at the remotée pointer configurations of the MT's such that the pointers
DR’s and the location information available at the HLR. Thare generated based on the most up-to-date parameters. The
DR periodically computes the distribution strategy for each efdvantage of this method is that it is simple to implement and
its associated MT’s based on their mobility and call arrival does not significantly increase the processing load at the
parameters. This subsection describes a method for detdSC. The disadvantage of this method is that the behavior
mining the per-user distribution strategy which significantlgpf the MT may change significantly and this method cannot
reduces the signaling and database access costs for locatipture the change until the end of the current measurement
management. interval.

B. Per-User Location Information Distribution Strategy
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Fig. 10. Call delivery under new database architecture.

An alternative method for determining the values\gf A,,,,
and ¢ is based on the historical data of the particular MT. In
general, the mobility and calling patterns of an MT do not «,
vary significantly from day to day. As a result, the mobility
and calling data obtained during a given time interval in the
previous day can be used to predict the behavior of the MT
during the same time interval in the current day. This method
is accurate for the majority of the MT’s as most subscribers B
exhibit similar mobility and calling patterns from day to day.

A disadvantage of this method is that the network must record
the previous day’'s data for each MT. This will increase the B
disk space requirement at the HLR.

In this paper, we will present and analyze the proposed
location management scheme assuming that the values for thgg
incoming call arrival rate)., the average RA residence time,
1/A, and the inter-DA movement probability, are readily
available.

As described in Section IV-A, location management in-

available and the HLR records the ID of the serving
DR of the MT.

The cost for call delivery if no remote pointer is
available and the HLR records the ID of the serving
MSC of the MT.

The cost for call delivery if the called MT is residing
in the same DA.

The cost for location registration after an intra-DA
movement if reporting of location change to the HLR
is required.

The cost for location registration after an intra-DA
movement if reporting of location change to the HLR
is not required.

The cost for location registration after an inter-DA
movement.

The cost for updating a remote pointer.

Note that the location registration costs (: = 1, 2, 3) do

volves the exchange of signaling messages among the netwdPk include the cost f_0r upd_atlng remote pom_ter_s because the
elements. The costs for location registration and call deliveRyMmber of remote pointers is not known at this time. The cost
depend on the relative locations of the network elemerf@ updating a particular remote pointer is given by For
involved as well as the overhead for accessing the databa§é®plicity, we assume that does not depend on the location
Here we define a number of parameters which represent fHdhe remote DR. The above parameters are used to determine

costs for location registration and call delivery under varioi§e location information distribution strategy for each MT. The
situations. derivation of these parameters are described in more detail in

ay  The cost for call delivery if a direct remote pointer for>ection IV-C. _ _ _ _

the called MT is available at the calling DR. Three pointer configurations are possible for a given MT at
a» The cost for call delivery if an indirect remote pointe@ remote DR:

for the called MT is available at the calling DR. P1) a direct remote pointer for the MT is set up at the
az The cost for call delivery if no remote pointer is remote DR;
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P2) an indirect remote pointer for the MT is set up at théor configurations H1 and H2, respectively

remote DR;
P3) no remote pointer for the MT is set up at the remote ™ = Am[(1 = @)1 + s ()
DR. T2 = )\rn[(]- - Q)BQ + (Jﬁ?)] (6)
The

call delivery cost is lower when a remote pointer fog, 45 originating from DAs where pointers for the MT are

the called MT is available at the DR associated with gy 4yailable, let; ande, be the call delivery costs per unit
calling MT. However, the pointer must be updated when tr}pme under configurations H1 and H2, respectively
called MT moves to another location. This results in additional

signaling and database access cost. For each remote DR, we €1 = Ap0uy @)
select the pointer configuration for the MT that results in the P e (8)
lowest total cost for call delivery and pointer update. Bt o _ _ _

(¢ =1, 2, 3) be the cost per unit time for delivering calls fromThe total cost per unit time for location registration and

DA k to the MT if pointer configurationP; is used call delivery (for calls that requires HLR queries) under
configurations H1 and H2 are
0F =Xy fori=1,2,3 (1)
pL="71+ €1 9)

where)}! is the arrival rate of calls originating from DRand and
destined for the MT. Let); (i = 1, 2, 3) be the cost per unit
time for updating the MT’s remote pointer at a DR if pointer p2 = T2+ €2 (10)

configurationP¢ is used at this DR . _ . .
respectively. To minimize the overall cost for location registra-

Amy  fi=1 tion and call delivery, configuration H1 is selecteghif < p».
¢i = { Ay fi=2 (2) Otherwise, configuration H2 is used.
0 if ¢ =3. Here is a summary of the steps for determining the location

information distribution strategy for an MT.

1) For each remote DR, compute the average total call
delivery and pointer update cost for the three pointer
configurations, P1, P2, and P3, using (3). Select the
pointer configuration that results in the lowest average

3) total call delivery and pointer update cost.

2) Determine the rate of HLR queryy, using (4). Then,
compute the average total location registration and call
delivery cost (for calls that require HLR query) under
HLR configurations H1 and H2 using (9) and (10),
respectively.

3) Select the HLR configuration that results in lower loca-
tion registration and call delivery cost.

Let u¥ (@ = 1, 2, 3) be the total cost per unit time for call
delivery and remote pointer update for the MT with respect
to remote DRk when pointer configuratio: is used. The
expression foru is

pk=0F4+¢; fori=1,2, 3.

To minimize the location management cost for the MT with
respect to DRk, we select the pointer configuration at DR
k which results in the smallest total cogty. For example,

if p¥ is the smallest among?¥, 5, and i%, then pointer
configuration P1 is used, and so on.

Assumes is the set of remote DR’s that contain direct or
indirect remote pointers for the MT as determined by the above i
procedure. Let\; be the arrival rate of calls from the residingC- Pérformance Analysis
DA of the MT and);, be the arrival rate of calls from remote For the analysis given in this paper, we assume the cost
DAs which do not contain remote pointers for the MT. Théor database access and the cost for transmitting signaling

expression forhy is messages are available. For PCS networks, the delays for con-
nection establishment, location registration, and call delivery

A=A — A\ — Z MY, (4) are considered to be some of the most important performance
yES criteria. A user’s perception on the quality of the network is

. _ reatly affected by connection set up delay. In this analysis, we
Delivering calls from DAs where remote pointers are r‘Cgssume the database access and signaling costs are measured
available requires HLR queries. Thereforg, can also be p the delays required to complete the database update/query
considered as the rate of HLR query due to call delivery. 5nq signal transmission, respectively. These delay values can
As described in Section IV, two HLR configurations arge qptained by on-line measurements, if such measurement
possible: functions are available in the particular network, or by a
H1) the HLR records the ID of the serving MSC of the MTtable lookup process. Given the particular time of the day,
H2) the HLR records the ID of the serving DR of the MT the table provides the access cost for a specified database or
If configuration H1 is selected, the cost for call deliveryhe signaling cost for a specified communication link. These
is lower as one less DR query is required to locate the MValues are then used for determining the location information
However, the DR must report each location change of the Mistribution strategy for the MT’s. The table is located at each
to the HLR. This results in higher location registration cosDR and it should be updated frequently to reflect the status
Let 71 and 7, be the location registration costs per unit timef the network.
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TABLE | new VLR (c,), the DR ¢,), the HLR ), and the old VLR
EXPRESSIONS FORLOCATION REGISTRATION AND CALL DELIVERY COSTS (C,U). The total database access COSt2't$. + cq + . In
addition, this type of location update requires three message
exchanges between the DR and the new VI3;{, three

Cost Parameter | Expression

ol 2ey +cq +den + 203 message exchanges between the DR and the old \8:R)(

) 2¢y + 2¢q +4en + 2a3 and two message exchanges between the DR and the HLR

Qs 2, + 2¢4 + ¢, + 4(cyy + ci2) (2¢;2). The total signaling cost i6c;; + 2¢;2. As a result, the

o 2%y + ca + cn + 4(ciy + ci2) expression fors; given in Table | |sgc,b.4.rcd+ch4.chll.+2.clg. .
According to the per-user location information distribution

@5 2¢y + ca + don strategy, given that a remote pointer exists at BRhe cost

B 2¢y + ¢4+ cp + 61 + 2¢p0 per unit time for delivering calls from DA and for updating

Bo 2¢, + cq + 6cp the remote pointer at DR is

B3 2¢y + 2¢q + cp + 6{cip + c2) % = min (N’fa Né) (11)

04 cqd + 2¢3

where ;¥ and p5 can be computed by (3). The cost per
unit time for location registration and for delivering calls that

To simplify the analysis, we assume the costs for a databdgguire HLR queries is
update is equal to the cost for a database query. We define
¢vy Ch, @Nd ¢y to be the costs for updating or querying the
VLR, the HLR, and the DR, respectively. We also defipe wherep; andp, are given by (9) and (10), respectively. The
ci2, and ¢z to be the costs for sending a signaling messagest per unit time for delivering calls originating from the local
between a DR and one of its associated MSC's, between BA is \;c5. As a result, the total cost per unit time for location
HLR and a DR and between two DR’s, respectively. Thesegistration, remote pointer update, and call delivery is
signaling costs include the switching cost at the sender and X
at the intermediate STP’s, and the cost for transmitting the C=p+Nos + Z H (13)
signaling message through the communication links. kes

Based on the procedures for location registration and calheres$ is the set of remote DR’s that contain remote pointers
delivery as described in Section IV-A, the expressions for tlier the MT.
call delivery costsgy; (i =1, -- -, 3), the location registration  In the following, we evaluate the performance of the pro-
costs,3; (j = 1, 2, 3), and the remote pointer update cogt, posed location management scheme by comparing with the
as described in Section 1V-B are given in Table I. In Table 1S-41 standard under various mobility, call arrival, and cost
we assume that when a user profile is retrieved from tiparameters. Based on the 1S-41 location registration and call
database, it is temporarily stored at a cache memory for tlelivery procedures as described in Section I, the expression
duration of the location update or call delivery. As a resulfpr the total cost per unit time for location registration and
no database access is necessary for subsequent queriesaltodelivery is
the same user profile. In addition, updates to the database
are recorded at the cache memory and they are written to O = (A + Adlen + ciz) + 2e0 + e+ ¢ (14)

the database only at the end of the location update or Gghere ¢, is the cost for performing global title translation
delivery procedure. Consequently, a maximum of one updatgTT). in (14), we assume that the cost of a signaling message
or query is performed at each database involved in a Iocatiggachange between an MSC and an STP is equal to the cost of a
update or call delivery. Furthermore, in Table |, we assumggnaling message exchange between an MSC and its DR,
that signaling messages between the HLR and an MSC agighilarly, the cost of a signaling message exchange between
between a remote DR and an MSC are routed through thg STP and the HLR is equal to the cost of a signaling message
DR serving this particular MSC. The cost for sending thesgchange between a DR and the HL®,.
signaling messages are, therefarg,+ ci2 andc; + ¢i3. We define the relative cost of the proposed location man-
For example, delivering a call to an MT given that a dire¢igement scheme as the ratio of the total cost per unit time for
remote pointer is available at the local DR requires one quee proposed scheme to that of the 1S-41 standayd,’. A
at the calling VLR ¢,), one query at the DRcf), and one relative cost of 1 means that the costs under both schemes are
query at the called VLRd;). The total database access coshe same. We also define the call-to-mobility ratio (CMR) as
is 2¢, + ¢4. In addition, delivering this call requires twothe ratio of the call arrival rate to the mobility rate; in other
message exchanges between a DR and a local M8g),( words CMR = A/ .
and two message exchanges between a DR and a remote MSIG the following analysis, we assume that the inter-DA
(2¢11 +2¢;3). The total signaling cost i$c;; +2¢;3. As a result, movement probabilityg, is 0.125. This value is selected based
the expression foiy; given in Table |is2c, +cy+4cn +2¢3.  on the assumption that there arex88 RA’s arranged in a
In another example, performing a location update after aguare in each DA and the random walk mobility model is
intra-DA movement where reporting to the HLR is necessansed (see Section V for more details). To simplify the analysis,
requires one update at each of the following databases: the carry out the evaluation assuming that either the signaling

p = min (p1, p2) (12)
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Fig. 11. Signaling cost for (a); = v, = 0.15 and (b)v; = v, = 0.3.

TABLE 1
SIGNALING CoST PARAMETERS

location registration diminishes. However, when CMR is high,
the call delivery cost dominates and the saving in call delivery
cost becomes significant. This saving is attributed to the lower

Set, ” cy l cr2 l cr3

cost for delivering calls from the local DA and from DA

1 115]2 where a remote pointer is set up. This cost saving increases
2 1|5 |10 and thus lowers the relative cost as the fractiopsand v,

3 1 10 2 increase.

4 1 11010 Comparisons between data sets 1 and 2 and between data

sets 3 and 4 demonstrate that the effect of varying the signaling
cost between two DR’sgs, is significant only when CMR

or the database access cost dominates. When the signalndigh. As described before, at low CMR, the location
cost dominates, the database access cost is assumed tée@istration cost dominates. As no signaling messages are sent
negligible, and vice versa. directly between two DR’s during location registration, the
We first evaluate the case when the signaling cost dominagéect of varyingegs is limited. At high CMR, a smaller;s
by setting the database access cost parameters,, andc,, Vvalues results in lower cost for delivering a call from DA
to 0. We consider the four sets of signaling cost parametaygere a remote pointer is available. As a result, the relative
given in Table II. Since the DR is located close to its associatét§naling cost is lower when;s is smaller.
MSC's, signaling messages between a DR and one of itsComparisons between data sets 1 and 3 and between data
MSC’s can be exchanged without going through intermediaséts 2 and 4 demonstrate that an increase in the signaling
STP’s. As a result, the signaling cost between the DR af@st between the DR and HLR;, results in lower relative
the local MSC,¢1, is expected to have the smallest value. 1aost under all CMR values. Under the proposed location
this study, all signaling cost parameters are normalizegto registration and call delivery schemes, cost saving is achieved
such thate;; = 1. The selected data sets allow us to stud§y reducing the number of relatively expensive HLR accesses.
the effect of varying the cost parametess and ¢;3 on the As a result, increasing the signaling cost between the DR and
performance of the location management schemewvLand the HLR increases the cost saving when the proposed scheme
v, be the fractions of the incoming calls for the target MTs used and thus lowers the relative cost.
that are originated from the local DA and from remote BA In the following analysis, we consider the situations when
respectively. We assume that the origination of the remainitige database access cost dominates by setting the signaling
calls are evenly distributed over all other DAs such that thest parameters;:, ¢;2, and¢s, to 0. We consider the four
call arrival rate from each of these DAs is small. As a resulgets of signaling cost parameters given in Table Ill. Since a
no remote pointers are set up in these remaining DAs badeR access involves a simple table lookup or update procedure,
on the proposed location management scheme. the DR access cost,, is expected to have the lowest value.
Fig. 11(a) and (b) shows the relative signaling cost forherefore, all cost parameters are normalizedtsuch that
v = v, = 0.15 andv; = v, = 0.3, respectively, as the ¢4 = 1. The selected data sets allow us to study the effect of
value of CMR varies from 0.01-10. In general, the relativearying the cost parametees andc; on the performance of
cost increases with CMR. When the CMR is low, the mobilitthe location management scheme. In this analysis, we assume
rate is high compared to the call arrival rate and the cost ftire cost for GTT¢,, is 50% of the DR access cost such that
location registration dominates. Significant cost saving can bg = 0.5¢4. The is reasonable as GTT is a simple mapping
obtained by reporting location change to the HLR only after gmwocedure which generates the address of the HLR given the
inter-DA movement. When the CMR is high, the mobility ratenobile identification number, the cost for GTT is expected to
is low relative to the call arrival rate and the cost saving frofpe low compared to the cost for accessing the DR.
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Fig. 13. (a) Signaling and (b) database access costs for data sets 3 and 6 at different inter-DA movement prgbability,

Comparisons between data sets 5 and 7 and between data
sets 6 and 8 demonstrate that an increase in the VLR access
cost, ¢, results in higher relative cost under all CMR values.
As the number of VLR accesses is the same under both the

TABLE Il
DataBASE AcCESS COST PARAMETERS

Set H <y rch I cd

> 31641 proposed scheme and the 1S-41 standard, a higher VLR access
6 3[12]1 cost diminishes the overall cost saving. As a result, the relative
7 6 |6 |1 cost becomes higher as the VLR access cost increases.

8 6 112 1 Fig. 13 shows the relative signaling and database access

costs for data sets 3 and 6 (as given in Tables Il and Ill,
respectively) forv; = v, = 0.3 when different inter-DA

Fig. 12(a) and (b) shows the relative database access costfimvement probabilitiesg, are used. These two data sets
v = v,. = 0.15 andv; = v, = 0.3, respectively, as the valueare selected because they result in the lowest signaling and
of CMR varies from 0.01-10. The relative cost increases as ttigtabase access costs, respectively (see Figs. 11 and 12). We
CMR increases and the relative cost decreases as the fractiomsstigate the effect of varying the value @bn the relative
v; and v, increase. These can be explained using the sasignaling and database access costs.
reasoning as in the case when the signaling cost dominatesA smaller inter-DA movement probability results in a
Comparisons between data sets 5 and 6 and between datassetdler number of HLR and indirect remote pointer updates
7 and 8 demonstrate that an increase in the HLR access cast] thus lower relative costs. It can be seen in Fig. 13 that as
cn, results in lower relative cost under all CMR values. Ag decreases, both the relative signaling cost and the relative
described before, the proposed location registration and additabase access cost decrease. For high CMR values, the inter-
delivery schemes achieve cost saving by reducing the numBek movement rate is low even for largevalues and the cost
of relatively expensive HLR accesses. As a result, increasisgving obtained by reducingis not significant. However, for
the HLR access cost increases the cost saving and thus lowevs CMR values, the inter-DA movement rate is relatively
the relative cost. high. Lowering the value of results in significant reduction
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D RA served by one DR

D RA served by two DRs

RA served by four DRs

(@) (b) (c)
Fig. 14. (a) Directory area witlk = 6. (b) Overlapped directory area with = 6 andn = 2.

in both the relative signaling and the relative database access

costs. 5414503 | 2|1 | 1] 213 4554
The performance analysis given in this section demonstrated @

that the proposed location management scheme results in

significant saving in both the signaling and database access |54/ 45/ 3 |2 | 1 |01 | 2 |3 |45|54

costs for location registration and call delivery. Based on the

cost parameters considered in this analysis, the signaling and (b)

database access cost can be reduced by as much as 70rgng@s. One-dimensional mobility model for = 2: (a) k = & and (b)
50%, respectively, compared to the 1S-41 standard. These dost 9.

savings depend on the mobility and call arrival parameters of

the target MT. However, as long as the cost for accessing the: \n

HLR is relatively high, which is usually the case, the cos

. . . ap 12 12
saving is significant. %ﬁ@; ——————— T R—
172 12 i 12 172

V. DIRECTORY AREA OVERLAPPING

It is demonstrated in Section IV-C that the overhead of the E

proposed location management scheme depends on the inte 1 12 2 12 12 12

DA movement probability;. A small ¢ value results in low \__~57__~ <— _________ @@

signaling and database access overhead and vice versa. One (b)

method for lowering the probability, and thus the location o _ ,

management cost, is to increase the size of each DA. HowevFe'%", 16. State transition diagram for (a) even and (b) odd DA dimensions.

this increases the number of subscribers served by the DR and,

in turn, increases processing load and the memory requiremehts significantly reduces the number of inter-DA movements,

at the DR. Here we introduce a method caltiickctory area especially for MT’s located close to the DA boundaries making

overlapping Given a uniform distribution of MT’s throughout frequent movements between the two DAs.

the PCS service area, this method allows increased DA sizéNe evaluate the performance of DA overlapping assuming

while keeping the average number of subscribers per DRat the MT's travel according to a two-dimensional random

unchanged. Assume that RA’s are square shaped and theatk model with square shaped RA’s. Based on this assump-

are k x k RA’s per DA in the original system where DAtion, when an MT moves from one RA to another RA, there

overlapping is not applied. Fig. 14(a) shows an example Di& an equal probability, i.e., 1/4, that any one of the four

with & = 6. If DA-overlapping is used, we extend theneighboring RA'’s is selected as the destination.

dimension of each DA by» such that each DA contains To determine the inter-DA movement probabiligy we

(k+n) x (k+n) RA’s and the outermost layers of RA’s first consider a one-dimensional random walk model and then

overlap with that of the neighboring DAs. Fig. 14(b) showgeneralize the result for the two-dimensional model. For the

an example of DA-overlapping withk = 6 andn = 2. It one-dimension model, each RA has two neighbors and the

can be seen that each DA consists ok 8 RA’s. Under this probability that the MT will move to one of these neighbors

arrangement, 16 RA’s are served solely by the original DRuring its next movement is 1/2. Fer = 2, Fig. 15(a) and

32 RA’s are served by two DR’s and 16 RA’s are served hp) shows the one-dimensional service areaskfce 8 and

four DR’s. k =9, respectively. Ift +n is even [see Fig. 15(a)], we label
Using this method, the inter-DA movement probability, the center two RA’s by 1. Otherwise, ¥ + n is odd [see

decreases because the size of each DA is increased. Since Egghl5(b)], we labeled the center RA by 0. The numbering

MT is served by one DR at a time, for a uniform distributionncreases toward the edge of the DA. Sinc&kA’s at each

of mobile subscribers, the average number of MT's servedige of the DA belongs to two DAs, they are assigned two

by each DR is the same as the case when directory areanbers each with respect to one of its associated DAs. We

overlapping is not used. In addition, an MT is located at ahen set up the state transition diagrams for even and:add

inner portion of a new DA as soon as it leaves the previous D#alues as shown in Fig. 16. Here, the state is defined as the
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Fig. 17. Relative (a) signaling cost and (b) database access cost for§ andn = 1, 2, 3.
label of the current RA with respect to the current serving DR TABLE IV
of the MT. Letp; be the steady state probability of state INTERDA MOVEMENT PROBABILITY, ¢, FORk =8, 15 AND n =0, ---, 3

and letM be the highest state of the state diagrams such that
M = |(k+n)/2]. The balance equations of the state transition
diagrams forn < M — 1 and M > 2 aré

k “ n=20 I n=1 I n=2 [ n=3

8

0.1250

0.0625

0.0417

0.0313

15

0.0667

0.0333

0.0222

0.0167

pi:%pi—l—i_%pi-i-l f0r1<i<Mand

; _ This demonstrates that the inter-DA movement probability
i#FM-n (15) : : i
pv_i  forn=0 for the two-dimensional model is the same as that for the
DM :{ lp;4 . forn>0 (16) one-dimensional model.
L 2 _1 L Table IV shows the value aof for £ = 8 andk = 15 while
PM—n =3 PM + 3 PM—n-1+F 5 PM-n+1 (17) " the value ofn varies from 0-3. It can be seen thatlecreases
P for k 4+ n is even (18) significantly when DA overlapping is used. The value ¢of
PL=1po + sp2 for k+nis odd decreases by 50% whenis increased from 0 to 1. Therefore,
0 for k +n is even a small degree of overlapping achieves a significant reduction
Po :{ 1y, for k+n is odd. (19) " in the inter-DA movement probability.
Fig. 17(a) shows the signaling cost for= 1, 2, 3 relative
The steady state probabilitieg; (¢{ = 0 --- M), can to the signaling cost when = 0. Similarly, Fig. 17(b) shows

be solved numerically using the above balance equatiofise database access costifoe 1, 2, 3 relative to the database
The inter-DA movement probability for the one-dimensionadccess cost when = 0. The signaling and database access
model, denoted by’, can then be obtained as costs at a givem value is obtained using (13). A relative cost

value of 1 means that there is no cost advantage using DA-
(20) overlapping. In Fig. 17, we assunke= & andv; = v, = 0.3.

To compute the inter-DA movement probability for the twopata set 3 from Table Il is used in Fig. 17(a) and data set 6

dimensional mode}, we break down the movements into tchrom Table s us.ed n Fig. 17(b). It can be seen in Fig. 17
Egat the relative signaling cost and the database access cost

categories: left-right movements and up—down movemen .
Given that a left-right movement is performed by the mTcan be as low as 60% and 85%, respectively, compared to the

q’ = %pM-

the probability that the movement results in a DA bounda
crossing can be obtained using the one-dimensional mo

sts when DA-overlapping is not used. The cost reduction
%ng DA-overlapping is due to the lowering of the inter-
movement probability such that the number of relatively

as ¢ = ¢. Similarly, given that an up—down movemen : ; Co
is performed by the MT, the probability that the movement PcNSVe HLR accesses is reduced. When CMR is high, the

fesus i DA boundary crossing g — . Based on e hOPHY a1 e e DA moverent etes are el low,
two-dimensional random walk model, half of the movementf(s)r a s'Sn'f'?:antlfract';vlg ofl the total co\s/t <o the saving d el:o
are left-right movements and the other half up—down movg- gniti : ’ ving cu

ments. As a result, the inter-DA movement probability for th@A:j—ot\;}erlaptpm%As limited. V\{her: CMR |sh'lor\1/v, thde tr;]mb'"ty.
two-dimensional model, denoted hy is an e inter- movement rates are high an e saving

due to DA-overlapping is larger. The most significant cost
reduction resulted from incrementing by 1 occurs whem
is increased from 0 to 1. This suggests that a small degree of

2The balance equations for the boundary cases can be set up accordi@ﬂ}é”apping is sufficient to benefit from DA-overlapping
and are not presented here because of space limitations. ’

I=tar+3qa=d. (21)
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VI. CONCLUSIONS [8] Y. B.Linand S. K. DeVries, “PCS network signaling using SSIEEE

. . . Personal Commun. Magvol. 2, pp. 44-55, June 1995.
In this paper, we introduced a location management scheny§ K. Meier-Hellstern and E. Alonso, “The use of SS7 and GSM to support

based on a three-level database architecture. This new databasehlghsdenggy personal communications,” fifoc. IEEE ICC,1992, pp.
1698-17
architecture consists of the HLR and the VLR’s in the O“gm d] C. N. Lo, R. S. Wolff, and R. C. Bernhardt, “Expected network database
IS-41 standard as well as a new type of database called transaction volume to support personal communications services,” in
the directory register (DR). The DR’s determine the location g’gogé/isg Int. Conf. Universal Personal CommuiGept. 1992, pp.
information dIStrIbutIOh Str_ategy fo_r each of their associat 1] S. Mohan and R. Jain, “Two user location strategies for personal
MT’s and store location information of local and selected = communications servicesJEEE Personal Commun. Magvol. 1, pp.
i i ’ istri i 42-50, First Quarter 1994.
remote mo.blle t_ermmals (MT S). Th(.a distribution Stra.'tegy fofilZ] M. Mouly and M. B. Pautet, “The GSM system for mobile com-
each MT is unique and is determined based on its mobil-" mnications,” M. Mouly, 49 rue Louise Bruneau, Palaiseau, France,
ity and call arrival parameters. We introduced an algorithm  1992. . _ o
for determining the per-user location information distributioft3] N: Shivakumar and J. Widom, *User profile replication for faster
. N . . location lookup in mobile environments,” roc. ACM MOBICOM’'95,

strategy which S|gn|f|c§ntly reduces the signaling and datafbas.e Nov. 1995, pp. 161-169. _ o
access costs for location management. The cost reductioril® J. Z. Wi':mg, A f:J"y distributed location Eglstratlosn Istrategy for

[Py $A g P universal personal communication system&eEE J. Select. Areas
most S|gn|f|cant_when the caII_ to mob|llty_ ratio is low and the Commun.yol. 11, pp. 850-860, Aug. 1993.
cost for accessing the HLR is high. It is also demonstrated
that the cost for location management is smaller when the
inter-directory area (DA) movement is low. An enhancement
to the proposed location management scheme called directory
area overlapping is then introduced. This scheme lowers the
inter-DA movement probability and thus results in addition
reduction in the signaling and database access costs.

The proposed location management scheme relies on
newly introduced directory registers to distribute the locatic
information of the MT's. All additional processing, such St at ooty 8 " h o

. . . . . . . alr al orthern lelecom. IS current researc
as the'computatlon of the Iocatlon, mform_atlon distributio - interests include design and analysis of PCS
strategies, are handled by the DR’s. Besides, the propo: networks, wireless ATM networks, satellite based
scheme is completely distributed. The distribution strategy for wation. H PES ”?WTVOFk; rtnoglle computing, and performance
each MT can be computed independently at the local DF$2uaton- He is a member of Tau Beta Pi
using information available at the serving VLR. As a result,

no centralized control is necessary.
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