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Abstract: This study proposes a new architecture for improving the location management in PCS networks.
The preposed architecture employs several HLRs as opposed to one HLR in the [S-41 and GSM meodels.
Indeed, the new architecture asscciates with each MU two types of HLRs ; a resident HLR that serves the
location areas in which the MU often resides and a serving HLR that serves the MU when it is roaming outside
its resident HLR covering area. All the possible location update and location search scenarios of the proposed
architecture are discussed. This analysis shows that the performance of the proposed scheme varies according
to the user moving patterns. Numerical results are promising and a significant cost reduction can be obtained

with the new architecture.
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INTRODUCTION

Personal Communication Service {PCS) networks divide
the coverage area inte many Location Areas (LA} [1].
Each LA is a set of cells. Mobile Units {MUs) within a
cell communicate with the cell base station through radic
channels. The base stations within a LA are connected
trough wirelines to a Mobile Switching Center {(MSC}.
Signaling System No. 7 {557) is uvsed to carry user
information and signaling messages between the MSC’s
and the network databases [2,3].

In PCS, location management enables the network to
determine the MU’s current LA for call delivery. Itis a
two-phase process implying location update and lecation
search. Location update occurs when the MU enters a new
LA and notifies the network of its new location. Location
search cccurs when an MU is called; in which case the
network database is queried in order fo determine the
MU’s current LA. Currently, there are two commonly
used standards for location management: [nterim Standard
41 (I5-41) [2,3] and the Global System for Mobile (GSM}
Mobile Application Part (MAP} [4]. Both standards
employ a two-level database architecture consisting of one
Home Location Register (HLR) and many Visitor
Location Registers {VLRs), referred to as HLR/VLR(s)
architecture in this study and shown in Fig. 1. In this
architecture, the HLR serves the entire network and is
considered the centralized database of the network. It
permanently stores the location profile and subscriber
parameters of its assigned MUs. The VLR serves one LA
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or more and stores all the relevant parameters of the MUs
that roam within the LA(s) that it controls. [t is usually
collocated with an MSC,

In the HLR/VLRs architecture, the network database HLR
is consulted during the processing of an incoming call.
Conversely, the HLR is updated as the MU moves to a
new LA and is serviced by different VLR within the
network. Querying the HLR every time a location search
or a location update is performed results in tremendous
strain on the use of the neftwork resources due to the
signaling traffic and database access load. This may
significantly degrade the performance of the network with
today’s high number of subscribers [5]. Reduction of
signaling and database access traffic constitutes a growing
research issue. Several strategies have been recently
propesed. Some of these strategies are based on the
HLR/VLRs architecture [6-14]. Some others present an
alternative architecture [15-17].

A location forwarding strategy is proposed to reduce the
signaling cost for location update [7,9]. With this strategy,
whenever an MU moves to a new LA, a pointer is
established from the old LA fo track the MU. This may
lead, after k moves, to a chain of k poeinters.
Consequently, a cost penalty is paid during the location
search since a chain of k pointers must be traversed. A
built-in memory model is propesed to reduce cost of the
location update procedure [13]. It requires the addition of
a small built-in memory to the MU that stores the same
location information (MU’s location area address} as in
the HLR. When the MU changes its LA, it queries the LA
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Fig. 2: Proposed Architecture

whose address is stored in the MU built-in memory to
create a pointer between that LA and the MU's new LA.
Hence, no location update operation is performed in the
HLR. When the MU is called, its HLR is queried to
search its LA. If the MU no longer resides in that LA, then
its current LA is reached by traversing a single pointer. A
profile-based strategy that is combined with the built-in
memory method is presented to reduce the signaling cost
of location update by increasing the intelligence of the
lecation precedure [11]. MU’s location information is
replicated/cached at selected local databases to reduce the
cost of the location search [10]. When MU changes its
lecation, all replicated databases need to be updated
incurring a high database access load and significant
signaling traffic. Strategies that combine forwarding
scheme and caching/replication mechanism are introduced
by Chen and Gu [8], Safa ez al.[12]. Distributed database
driven architectures are proposed by Anantharm ez al.[15]
and Wang [17]. In these architectures, the HLR/VLRs
architecture is replaced by a large number of location
databases that are organized as a tree with the root at the
top and the leaves at the bottom. The MUs are asscciated
with the leaf databases. Each database contains the
location data of the MUs that are residing in its subtree.
When an MU moves to a new LA belonging to a different
leaf database, all the databases along the path from its old
LA te its new LA are updated to indicate the correct
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location of the MU. When a call is initiated the databases
are queried sequentially, starting from the database of the
calling MU and going up till reaching a database that
contains an enfry for the called MU, then fellowing this
entry down till the MU is located. This architecture
reduces the distance traveled by signaling messages but
increases significantly the database access, which results
in large processing delays for location update and locaticn
search procedures. A similar architecture is proposed by
Maoe and Douligeris[16] but it uses a three-level tree to
represent the covered region.

There is a common drawback with the architectures
propesed in most of these previous studies. The crash of
the root database (or master database) may paralyze the
entire system. [n this context, the study proposes a new
architecture to improve the performance of the locatien
management in the PCS networks.

THE PROPOSED ARCHITECTURE

The proposed architecture employs several HLRs instead
of one HLR as shown in Fig. 2. Each HLR may serve
several VLRs. A VLR can serve one or more LAs but it
can be served only by one HLR. For each MU two types
of HLRs are defined: a resident HLR and a serving HLR.
The MU’s resident HLR covers the LLAs in which the MU
often resides. [t stores permanently the MU location
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information and parameters. The MU’s serving HLR
serves the MU when it is roaming outside its resident
HLR covering area. When the MU moves to a new LA not
served by its resident HL.R, the HLLR that serves this LA
becomes the MU’s serving HLR as explained in location
update procedure.

When an MU is called, the VLR of the calling unit
verifies if the called MU is local. If it is, then the called
MU is located. Otherwise, the VLR forwards the call
request to its HLR which verifies whether the called MU’s
is roaming in its covering area but under different VLR or

a} The MU leaves the covering area of its resident HLR
and enters the covering area of another HLR. This
new HLR becomes the MU’s serving HLR.

The MU returns to its resident HLR, i.e. the MU
returns to the covering area of its resident HLR from
the covering area of ancther HLR.

The MU moves between two distinet HLRs that are

different than its resident HLR.

b}

<}

The main steps of this scenario are described as following:

in the covering area of another HLR. Then this HLR 1. The MU enters a new LA and registers with the VLR
Torwards the call request to the appropriate network entity, of this LA.
as explained in location search procedure. 2. Ifthe case a} prevails, then:
» The VLR of the new LA sends a location update
Location update procedure: The proposed architecture request to its HLR. This HLR becomes the serving
distinguishes between several types of MU moves: intra- HLR for the MU (serving HLR 1in Fig. 4}.
VLR move, intra-HLR move and inter-HLR move. In »  The serving HLR sends a locatien update request to
what follows, we present the location update scenarios the MU’s resident HLR.
associated with these moves. »  The resident HLR sends a registration cancellation
request to the old VLR.
Intra-VLR move: This move occurs when the MU moves  +  The old VLR sends a cancellation acknowledgment
between two LAs that belong to the same VLR, The MU’s to the resident HLR.
location profile is then updated only at the VLR level. »  Upon receiving this acknowledgment, the resident
HLR updates the prefile of the MU and sends a
Intra-HLR move: This move occurs when the MU location update acknowledgment to the serving HLR.
moves between two LAs served by two different VLRs »  The serving HLR, in its turn, sends a registraticn
but within the covering area of the same HLR. Its main acknowledgment to the current VLR of the MU.
steps, shown in Fig. 3 are described as following: Then this VLR starts to serve the MU.
3. If the case b} prevails, then:
¢ The MU moves to a new LA served by a different »  The MU’s new VLR sends a location update request
VLR and registers with this VLR. to its HLR, which is the MU’s resident HLR.
¢ The VLR of the new LA sends a location update  »  The resident HLR forwards this request to the MU’s
request te its HLR. old serving HLR.
» The HLR, in its turn, sends a location cancellation *+  The old serving HLR sends a cancellatien request to
request to the VLR of the old LA. the MU’s old VLR.
» The old VLR sends a location cancellation s Theold VLR acknowledges the cancellation request.
acknowledgment to the HLR. »  The old serving HLR forwards the acknowledgment
¢ Upon receiving this acknowledgment, the HLR to the MU’s resident HLR then it deletes the MU
acknowledges the location update to the new VLR, profile. The resident HLR updates the MU profile.
which instructs the new LA to start serving the MU. »  The resident HLR, in its turn, sends a location update
Inter-HLR move: This move cccurs when the MU acknowledgment to the VLR of the new LA, which
between two LAs are served by two VLRs that belong to starts, in its turn, serving the MU.
two different HLRs. In this context, three cases are
studied:
S ——L_\ Sy
@ I:I < MU direction I:I @
(1) M M
New VLR @) | i-ILR | 5 Old VLR
@ >
< &) <

Fig. 3: Location update procedure of an intra-HLR move
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Fig. 4: Location update procedure for an inter-HLR move

[f the case ¢) prevails, then:

The VLR of the new LA sends a location update
request to its HLR. This HLR becomes the MU’s
new serving HLR (Serving HLR2 in Fig. 4).

The new serving HLR sends a location update
request to resident HLR. The resident HLR updates
the MU profile te indicate its new serving HLR.
The MU’s resident HLR, in its turn, sends a
registration cancellation request to the MU’s old
serving HLR {Serving HLR1 in Fig. 4}.

The cld serving HLR forwards the cancellation
request to the MU’s old VLR,

The old VLR sends a cancellation acknowledgment
to the old serving HLR.

Upon receiving this acknowledgement, the old
serving HLR forwards the acknowledgement fo the
MU’s resident HLR and deletes the MU profiles.
The resident HLR acknowledges the locaticn update
to the new serving HLR which updates the MU
profile to indicate the VLR of its new LA,

The new serving HLR sends a location update
acknowledgment to the new VLR. Upon receiving
this acknowledgment, the new VLR starts serving the
MU.
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Location search procedure: An algorithm that
illustrates the location search procedure in the
proposed model is presented in Fig. 5. The main
purpose of this procedure is to determine the MU’s
current LA in order to deliver a call. For sake of
simplicity, we assume that the MU, N is calling the
MU, M. The algorithm censiders the follewing three
possible scenarios:

1. M and N are served by the same VLR: The
call is local and is handled by the VLR,

2. MandN are served by two different VLLRs but both
VLRs are served by the same HLR.

3. M and N are served by twe different
VLRs that beleng o two different
HLRs: In this context, the following cases

are possible:

M is roaming in the covering area of its resident
HLR.

N is roaming in the covering area of M’s resident
HLR but M is not in its resident HLR.

M and N are roaming cutside of M’'s resident
HLR.
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If (N and M are served by the same VLR) then
Local Call
Else {
N’s VLR sends a call request to its HLR.
If{N’s VLR and M’s VLR are served by the same HLR) then {
HLR transfers the call request to M’s VLR.

M’s VLR instructs the MSC te assign a TLDN for the call and returns it to the HLR in an acknowledgment message.

The HLR forwards this TLDN to N’s VLR,
}

Else if (M is rcaming in the covering area of its resident HLR) then {

N’s serving HLR ferwards the query to M’s resident HLR.
M’s resident HLR forwards the request te M’s current VLR,
M’s VLR retums a TLDN for the call to M’s resident HLR.
M’s resident HLR forwards itto N's serving HLR.

N’s serving HLR transfers it to the N's current VLR.

}
Else if (N’s serving HLR is M’s resident HLR) then {

M’s resident HLR, which is N’s HLR, determines M’s serving HLR and forwards the call to it.

M’s serving HLR transfers the call to the M’s current VLR,

M’s VLR assigns a TLDN for the call and returns it in an ack message to M’s serving HLR.
M’s serving HLR forwards it to the calling HLR (i.e., N's serving HLR}

N’s serving HLR forwards this TLDN to N's current VLR.

}
FElse {
N’s serving HLR transfers the query to M’s resident HLR.

M’s resident HLR determines M’s serving HLR then forwards the call to it.

M’s serving HLR transfers the request to M’s current VLR.

M’s VLR assigns a TLDN te the call and returns it in an ack message to the M’s serving HLR.

M’s serving HLR forwards it to M’s resident HLR.

M’s resident HLR ferwards this TLDN te N's serving HLR.
N’s HLR transfers the respense te N's current VLR,

)

Then the communication is established between the N's LA and M’s LA,

Fig. 5: Location search algorithm (M: calle MU, N: calling MU)

PERFORMANCE ANALYSIS

We present an analytical model to evaluate the
performance of the proposed architecture and compare it
with the HLR/VLRs and the database driven architectures.
In this analysis, we use a hierarchical tree of R layers, as
shown in Fig. 2. The layer R contains the root node and
the layer 1 contains the leaf nodes. In the database driven
scheme proposed!'™'™, a database is installed on each node
of the tree and the MUs are assigned to the leaf nodes. In
the HLR/VLRs scheme, the network database, HLR, is
situated on the only node of layer R and the VLRs are
installed on the leaf nodes. In the proposed scheme, the
HLRs are installed on the nodes of layer L {1<L<R},
while the VLRs remains installed on the leaf nodes. Then,
we denote by:

m,, Layer of the closest common node to LA x and LA

P %]’robabﬂity that the MU move is intra-VLR.

q  Probability that the called and the calling MUs are
served by the same VLR,

¢  Probability that the MU move is inter-HLR.

B Probability that the MU’s resident HLR is invelved

in the inter-HLR move, i.e., the MU leaves or returns
toits resident HLR covering area.
O  Probability that the calling MU and the called MU
are roaming in the covering areas of two different
HLRs.
New LA of the MU.
Old LA of the MU.
LA of the calling unit (source}.
LA of the called MU (destination}.
Probability that the call is originated from or
terminated at the called MU’s resident HLR
covering area.
We define P(m, =i} to be the probability that the closest
common nede to LA x and LA v is in layer i. This
prebability can be given by the following equation™:

o w s o

o Ipd=py? fori=12,.,.R—-1
Pm,, =i}= i1 ‘ (1}
{1—-p} fori=R
1-g)™" fori =1,2,..,R-1
I @
’ (1-@™"  fori=R
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We furthermore denote the costs of various operations
used in this analysis as follows:

T, Cost of transmitting a message over a link
between two adjacent layers i and j.

C, 1 Cost of accessing or updating a database in
laveri.

M roposed Estimated cost of a location update in the
proposed scheme.

My s Estimated cost of a location update in the
HLR/VLRs architecture

Miaobase griven Bstimated cost of a location update in the
database driven architecture.

| — Estimated cost of a lecation search in the
proposed scheme.

Rurrrrzs Estimated cost of a lecation search in the
HLR/VLRs architecture.

Riuebesemicen  EStimated cost of a location search in the

database driven architecture.
The estimated cost of a location update in the proposed
scheme is given by:

MPropased = P(ma,n = 1) * Cm (1) +

ZL:P(ma)n =i)%(2C, () +C, (L) +4T¢, L))

i=2

+0ﬂx{2Cm(1) +C, (Ly+4T(LLy+ i P{m, , =1}

i=L+l

x{ﬁx{iﬁff(j,jirl} +Cm(L)J

=L

=L

+(1 ﬁ]x[iST(j,j +13+2C,, (L}IH
where : (3)

L
o =l—Z:P(ma‘n =1}
i=l

Equation 3 can be explained as follows. The first part
illustrates the cost of the location update procedure of
an intra-VLR move and intra-HLR moeve. The second part
illustrates the scenario after an inter-HLR move. T{1,L} =
T(1, 2) + T2, 3) +...+ T(L-1, L} is equal to the cost of
traversing links between a node of layer 1 {i.e., VLR} and
the node of layer L {(i.e., where an HLR is located in the
proposed scheme). This cost is multiplied by 4 because,
when a signaling message is sent from an VLR to the
HLR, the latter sends a similar message to the old VLR.
By adding the cost of the acknowledgment from the old
VLR to the HLR and then from the HLR to the current
VLR, we can justify the 4 T{1,L}. Similar analysis applies
on transmitting costs in second part of the equation.

For comparisen purpeses, we need the costs of the
HLR/VLRs architecture and the database driven
architecture. The estimated cost of the location update of
the HLR/VLRs architecture is given by:

My vip = P(ma,n =DxC 13+
R\ P(m,  =i)x2C_ (1)
Z +C,_ (R)y+4T{,R}

i=2

(4)

In the database driven architecture, the location update
occurs at all the databases on the path between the old LA
and the new LA. Therefore, the estimated cost of a
location update operation in this scheme can be writlen as

following:
R

M1 ase driven = Z P(ma,n =i)x

4T, 7+ D+ )
Z{ . }r Cm(l)}
{J—l z(jnmg) (5)

The estimated cost of the location search procedure in the
propesed scheme is given by:

4 =P(m, , =1xC, (1) + ZL: P(m,, =1}x

Ropropors
1=2
{Cm(1)+ C.Ly+ 4T(1,L)]+
C L M+C (L)y+4T@,Ly+
- l:j‘lp(m&d =%
ax i
[Z4T(j=j+1)+cm(L)J
j=L
+ (1—9){ ZRj P(m,, =1)}
1=L+1
x[iiST(j,jJrlH ZCm(L)J}
j=L
where :

Szlsz:P(mS»d:i) ©

The first part of Eq. 6 describes the cost of the location
search procedure when the call is originated from
and terminated at the covering area of the same
HLR. The second part illustrates the cost of this
procedure when the call is originated from and terminated
at the covering areas of two different HLRs.

The estimated cost of a location search in the database
driven scheme is given by:
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R
R Database driven = Z P (ms.cl = 1) X
i=1

{Z [4T(j,j+ I+ 2C_ G+ Cm(i)]}
%)

The estimated cost of the location search procedure of the
HLR/VLRs scheme is given by:

R
Rirrivie = Zp(msﬂd =i) {8

i=1

1C, L+ C (Ny+4T{d,N}}
RESULTS

We present the numerical results of the comparison
between the proposed model and HLR/VLRs and
database driven models. We consider varicus values of R
and L in order to study the impact of the location of the
new HLRs on the perfermance of the proposed model. In
this analysis, we assume that the database access cost in
layer i is equal to 1, the cost of crossing a link between
layer i-1 and layer i is equal to i and P and € have an
equal probability value.

We denote Mpgpued/Murrmvies Massbase ariveMarprver the
relative cost of the location update procedure for the
proposed model and the database driven model to that of
the HLR/VLRs model, respectively. These costs are
obtained from Eq. 3-5 and shown in Fig. 6. A relative cost
of 1 means that the costs under both models are the same.
Figure 6a shows the performance of the analyzed schemes
with R = 5 and various values of L (ie., L = 2, 3, 4).
Users in Fig. 6 are classified with respect to their moves.
When p is very small (i.e., The MU moves are not local},
the HLR/VLR scheme cutperforms the proposed scheme
and the database driven scheme because a great number of
signaling messages is exchanged between the HLRs and
the VLRs in the propoesed scheme as well as between the
various databases in the database driven scheme. The
latter scheme is the most cosfly. When p increases, a
significant cost reduction is obtained with the proposed
scheme when L=2 and 3. Less saving is obtained when L
= 4 because the location of new HLRs becomes closer to
the root (where the HLLR is located in the HLR/VLRs
architecture). When p = G, the performance of the three
schemes is equal. This is normal since when p = O the
MIUI’s moves are always local. We cbserve that the
performance of the database driven scheme improves
when p increases significantly {p>0.7} due to the decrease
in the number of signaling messages during the location
update when the MU’s moves become local. Figure 6b
shows the performance of the three
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Fig. 6: Relative Cost for Location Update

schemes when R = 3, When R = 3, the database driven
resembles the three-level tree architecture used in a
subsystem area™ The Fig. 6b shows that, when L = 3, the
proposed scheme resembles the HLR/VLR scheme and
when L = 2 the proposed scheme always cutperforms the
database driven scheme.

A similar analysis can be conducted on the location
search  procedure. Let Ry oiRurpnvir a0d Ry
arven’ Rrrvre € the relative cost of the location search
procedure for the proposed model and the database driven
model to that of the HLR/VLRs moedel, respectively.
These costs are obtained from Egs. 6-8 and shown in Fig.
7. Users are classified by their location when processing
an incoming call. Figure 6a shows the performance of the
location search procedure in the three schemes when R =
5. We observe that, in almost all the cases, the proposed
scheme results in a significant cost reduction when L =2
and L. = 3 and always cuiperforms the database driven
scheme. The cost reduction is at its peak when g
approaches 1 since in this case the probability that the
called LA and the calling LA are served by the same HLR
increases. Figure 7a and b show that a maximum cost
reduction is obtained with the proposed scheme when L
=2. The reduction decreases when the value of L increases
since the new HLRs become closer to the HLR of the
HLR/VLRs architecture.
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As we can conclude from the previous analysis, the
performance of the location management schemes is
highly dependent on users’ mobility and incoming calls
characteristics. In what follows, we investigate the
classes of users for which the proposed scheme
vields a net reduction in signaling trafic and databases
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loads. We classify users by their Call-te-Mobility Ratic
{CMR), which is defined as the ratic between the
average number of calls to an MU per unit time and the
average number of times this MU changes LAs per unit
time (i.e., incoming calls rate/mobility rate}. Then it
follows that:
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CMR:7L
)

where, A is the incoming calls rate and p is the mobility
rate.

We furthermore denote the estimated total cost per unit
time for location update and location search in the
HLR/VLRs, database driven and proposed schemes to be
Chrnvire Caaabase sriven 30 Cpy ooy tespectively. It follows
that:

Cprupus&d = “’MPrupused + }\‘RPFUPUSEEI (9)
maviee= MMarrviast ARerrrvias (10)
Cdatabase driven — MMDafabase driven + }LRDatabase driven (1 1)

Finally, we define the total relative cost of the proposed
location management scheme as the ratio of the total cost
per unit time for the propesed scheme to that of
HLR/VLRs architecture. Similarly, the relative cost of the
database driven scheme is the ratic of the total cost per
unit time for this scheme to that of HLR/VLRs
architecture. These costs can be derived from Egs. 9-11 as
Tollows:

CPrqused _ M Praoposed + CMR * Rpmposed
CHLR!VLR MHLR#'VLR +CMR*RHLR!VLR (12)
CDaIabase diiven _ MDatabase driveb +CMR #R Database driven (13)
CHLR/'VLR MHLR/VLR + CMR * RHLR!VLR
Fig. 8 shows the total relative cost of the proposed

scheme and the database driven schemes plotted against
the CMR using varicus values of p, g and L. The CMR
value varies from 0.0 to 2. In Fig. 8a, when p =0.85 (i.e.,
MU moves are often local) and q = 0.04 (i.e., incoming
calls are most prebably not local), the proposed scheme
vields a remarkable reduction compared to other schemes.
In Fig. 8b, when g increases {q = 0.45 i.e., incoming calls
are mixture of local and nen-lecal), the proposed scheme
continues to outperform the HLR/VLRs scheme in all the
cases and the database driven scheme in most of the cases.
The database driven scheme outperforms the proposed
scheme only when L = 4 (i.e., new HLRs become closer
to the root} and CMR is very low (i.e., mobility rate is
much higher than the call arrival rate and MU’s are often
local since p = 0.83). Figure 8e shows that when p = 0.04
and g = 0.85 (i.e., MU moves are often not local and
inceming calls are often local), the proposed scheme
outperforms other schemes when L = 2 and L = 3.
However, when L = 4, the performance of the proposed
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scheme approaches that of the HLR/VLRs scheme and
does better than that of the database driven scheme
when the CMR <1 {i.e., call arrival rate is lower than
mobility rate). When p increases to .45 {Fig. 8d), the
proposed medel results in a significant cost reduction
compared to other schemes. Figure 8¢ shows that when
p=05and g = 0.5 {MU’s moves and incoming calls are
mix of local and non-local), the propesed scheme
outperforms the HLR/VLRs scheme. [t alse cutperforms
the database driven scheme when L = 2 and L. = 3.
However, when L = 4, both schemes’ performance is
equal.

CONCLUSIONS

In this study, we have proposed a new architecture for
improving the location management in PCS networks
taking into censideration the specific features of the
mobile networks. The proposed architecture eliminates
most of the drawbacks of the HLR/VLRs and database
driven architectures. We have elaborated all the possible
scenarios of the location update and the location search
procedures and intreduced an analytical model to study
the performance of the new architecture in comparison to
the HLR/VLRs and database driven architectures.
Performance analysis shows that the proposed architecture
is potentially beneficial for large classes of users and can
result in substantial reductions in total user location
management cost.
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