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A Dynamic Location Management Scheme for
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Abstract—Global wireless networks enable mobile users to com- using different technologies such as Global System for Mobile
municate regardless of their locations. One of the most important Communicators (GSM) and Interim Standard (1S-41). In [24],
issues is location management in a highly dynamic environment tha quthors suggested to “homogenize” the service areas of two

because mobile users may roam between different wireless sys-_ .. - : . .
tems, network operators, and geographical regions. In this paper, adjacent systems by filling the bigger size cells with smaller

a location-tracking mechanism is introduced that consists of inter- ON€S. Accordingly, the location update and paging would be

system location updates and intersystem paging. Intersystem up- implemented as in one network.
date is implemented by using the concept of boundary location  Also, it has been demonstrated in [9] that the roaming across

area, which is determined by a dynamic location update policy in  systems imposes a significant increase in signaling traffic. The
which the velocity and the quality of service are taken into ac- raffic analysis is based on the interworking of PCS1900 and

count on a per-user basis. Also, intersystem paging is based on . . . .
the concept of boundary location register, which is used to main- IS-41 systems by using a dual mode home location registration.

tain the records of mobile users crossing the boundary of systems. IN [18], the interworking between cordless and cellular systems,
This mechanism not only reduces location-tracking costs, but also €.9., Digital European Cordless Telephone (DECT) and GSM,
significantly decreases call-loss rates and average-paging delaysis thoroughly investigated. The signaling traffic of intersystem
The performance evaluation of the proposed schemes is provided |gcation registration and paging is analyzed based on different
to demonstrate their effectiveness in multitier personal communi- system architectures. In [29], the intersystem location registra-
cation systems. tion is studied on GSM/personal digital cellular (PDC) roaming
Index Terms—Location management, location update, paging, and additional interworking units are proposed to carry out sig-
PCS systems, signaling cost. naling format transformation and authentication. However, in
each of the above papers, the signaling costs are not computed
|. INTRODUCTION based on any specific location update and paging algorithm and
UTURFT wirele;s networks are envisioned as seamle%qgeg?nlgagzg; ;?évr:%? ((:gr?gzj;?ggfrements such as call loss and
worldwide r_ad|o syste_ms, mclu_dmg_ diverse network In this paper, a new location management mechanism s intro-
backbo_nes ranging from high-capacity picocell networks Eﬂjced, which is applicable to the integration of heterogeneous
terrestrial micro and macro_networ_ks as well as large satellg stems. A dynamic intersystem location update policy is devel-
systems [1].’ (8], [19]. T_he Increasing _demanqls for heterog ped to determine the location update threshold by considering
neous services necessitate hlgh-q_uall_ty Iocat|c_)n managem@lhandwidth requirement of multimedia service and the MT’s
that allows the personal communication service (PCS) n?/Télocity. When an MT performs its location update, its roaming
. ) " Lo Mhformation is remained and is used for call delivery. The rest
Location manage_ment Is also cr_|t|cal to malnta|_n calls 'Bf the paper is organized as follows. In Section Il, the system
progress as mobile users move into a new service area'rr(gdel of multitier PCS systems is described, based on the con-

general, location 'management contains two processes: Iocatég t of boundary location area (BLA) and boundary location
update and paging. For stand-alone PCS systems, bOthr ister (BLR). Then, in Section Ill, the procedures of inter-

them have been investigated comprehensively over the p tem location update and paging are presented, which utilize

decade [2], [5], [6], [22]. In this paper, we fo_cus onthe Iocatio_ﬂ]e BLAs and BLRs to support registration requests and to lo-
managemelr?tl sch;énses for the mo_br|lle d’;;afrmmals (MhTSI) roamiffhe mobile users. In Section IV, the probabilities of intersystem
across multitier : s_ystems W't. ifferent techno 0gies _P(Saming are derived for different mobility models. In Section V,
protocols. The registration, call delivery, and handsgt identi naling costs, call-loss rates, and paging delays, introduced
for 'thte T'eterogtineolus PCS syés.;ft.er;st are dlscussgdtm [142' qntersystem location update and paging, are demonstrated.
registration protocols are modilied to accommodate syste ﬁ1al|y, in Section VI, numerical results are provided, followed

by the conclusion in Section VII.
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Fig. 1. System architecture of intrasystem and intersystem roaming.

A. System Architecture is concerned with searching for the called terminal roaming be-

In a multitier wireless service area consisting of dissimild}Veen dlﬁeretn} SterV'C; aretar113. T_he glpal of |r1terrs]%/stem.lcicgt!on
systems, it is desirable to consider some factors which will i lanagement IS to reduce the signaling cost while maintaining

fluence the radio connections of the MTs roaming between d OS. requirgment;. Fgr.example, reducing qall loss is one of the
ferent systems. For example, the signaling formats for microc ﬁy_lss?jef m_mal?talln;ng tge Cilrz conﬂectlon, f_lecreasmg the
and macrocell tiers are different. Even in the same tier, the sfba—g'ng elay 1s cr llca ore uge €callse .'(;’p Imt?. d

naling format, user information, and identification authorization, or intersystem location update, we consider a boundary re-

are different for systems using different protocols. As showo" called BLA eX|§t|ng at thg bqundary between two sy;tems
in Fig. 1, there are two systems and W in the microcell " differenttiers. As illustrated in Fig. 2, systen{sand}” are in
tier whic,h may use different protocols such as DCS1800 aﬂqbe macrocell and microcell tiers, respectively. There is a home

PCS1900. Each hexagon represents a location area (LA) wit ﬁation register (HLR) for each system and a user is perma-

a stand-alone system and each LA is composed of a cluste ptly as;ociated with an HLR in hi_s/her sub_scribe_d system.
microcells. The terminals are required to update their locati e BLA is controlied by a boundary interworking unit (BIU),

information with the system whenever they enter a new LAY ich is connected to mobile switching centers (MSCs) and vis-

therefore, the system knows the residing LA of a terminal all " Io<_:at|on reg|s_ter§ (VLRs) |,n bOth. sygtems. The BIU is re-
time. In the macrocell tier there are also two systefasndZ in sponsible for retrieving a user’s service information and trans-

which different protocols (e.g., GSM and IS-41) are applied. Fg?rmlng message formats. Also, the BIU IS ass‘_’"?ed to handle
macrocell systems, one LA can be one macrocell. It is possi me other issues such as the compatibility of air interfaces and

that systems{ and W, although in different tiers, may employt e authentication of mobile users. The BIU is aware of roaming

similar protocols such as 1S-95, GSM, or any other protocol. visers information such as the service requirements and band-

consider the two-tier model throughout our analysis. Howev%tg;th consumption since all the roaming users are processed

the proposed scheme is applicable to the multitier scenario rpugh the BIU. Further.more, the BIU is conne_cted to the LAs
taking pairs of adjacent systems. adjacent to systerii and it sends the necessary information for

There are two types of roaming shown in Figiritrasystem intersystem roaming users to the cells in those LAs periodically.
or intersystenroaming. Intrasystem roaming refers to an MT’Jhe configuration of a BIU depends on the two adjacent systems

movement between the LAs within a system such’aand Z. that this BIU is coordinating. More details can be found in [4],

Intersystem roaming refers to the MTs that move between dE ). [18].’ and [29].The BLA is pon3|dered as a dynamic region
ferent systems. For example, mobile users may travel fro gpe_ndlng on each MTs profile such as spe_ed and banc_iW|dth
macrocell system within an IS-41 network to a region that usé%quwement. When an MT enters the BLA, |t.sends registra-
GSM standard. tion request to the BIU and the BIU forwards this request to the
system toward which the MT is moving. By using the BLA con-
cept, an MT is allowed to register and update its location before
the MT receives or makes calls in the new system.

In addition to the concept of BLA, we designate a BLR to

In our context, the location management in multitier PCBe embedded in the BIU. A BLR is a database cache to main-
systems tackles the intersystem roaming, which includes int&in the roaming information of MTs moving between different
system location update and paging. The intersystem location sgstems. The roaming information is captured when the MT re-
date is concerned with updating the location information of ajuests a location registration in the BLA. The BLRs enable the
MT performing intersystem roaming. The intersystem pagirnigtersystem paging to be implemented within the appropriate

B. Boundary Location Area and Boundary Location Registe
Concepts
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Fig. 3. Location update distance and the concept of BLA.

system in which an MT is currently residing, thus reducing th&. Intersystem Location Update Using BLA Concept

paging costs. Therefore, the BLR and the BIU are accessib_le Qe define the BLA of an MT to be the region in which the MT
the two adjacent systems and are collocated to handle the in&la 45 4 ocation registration request to the new system toward
system roaming of MTs. On the contrary, the VLR and the MS(pich, that MT is moving. A new location update mechanism is
provide roaming information within a system and deal with thgseq such that the MT will report its location when its distance
intrasystem roaming of MTs. Be3|.des, there is only one BLR)m the boundary is less thapdate distance,,, determined
and one BIU between a pair of neighboring systems, but th§fe 1) Thjs location update scheme guarantees that the MT up-
may be many VLRs and MSCs within a stand-alone system. ye5 jts location information in an area that is within a distance
threshold away from the boundary of two systems (tieXsand
Y. For example, Fig. 3 shows the movement path of an MT
moving from systemX to Y. Assume this MT performed its
When an MT is moving across different systems, it must peast location update in the LA withitX and its update distance
form intersystem location update, which is based on the concépd,.,,. The BLA of region withind..,, from the boundary in¥
of BLA [26]. To locate the MT for call delivery, intersystemand the region withie,,. inY’, whered,,, is the update distance
paging is realized through BLR. of the MT moving fromY to X.

Il. INTERSYSTEMLOCATION UPDATE AND PAGING SCHEMES
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In order to determine the BLA that is dependent on the MTs 5) The BIU transforms the signaling format, authenticates
update distance, a dynamic location update policy to decide the the user identity, sends registration requestd toand
update distance on a per-user basis. Under this scheme, the up- updates the MT’s profile in the BLR. If this MT needs
date distancé,,, for the MT moving from.X to Y is based on call connection while roaming, its request is put in the
the following considerations. call connection queue il.

1) Velocityw: If an MT is moving very fast, it may arrive at  Note that the new update scheme used for intersystem loca-
the new system in a short time. Thus, the update distartt® update is different from traditional distance-based location
should be long so that the MT can send the location updatpdate schemes [15], [22] for stand-alone systems. The new lo-
message and finish location registration before it enteggtion update scheme for intersystem roaming is independent
the new systent”. The velocity ratio v, is defined as Of the design of LAs unlike the other distance-based schemes.
v = 7/vs, Wherew, is the average speed of all MTsFurthermore, the new scheme is dynamically determined from
in macrocell systenX . the network load and it takes the MT’s movement into account.

2) QoS Factom: n is the ratio of the bandwidth required by _ )
an MT to the bandwidth available in the new system Whé?l' Intersystem Paging Using BLR Concept
the multimedia service is provided.;}f< 1, it infers that When a call connection request arrivesigtthe call will be
the bandwidth available il is more than the bandwidth routed to the last registered LA of called MT. Given that the last
required, i.e., systeny is ready to maintain the MT’s registered LA withinX is adjacent td’, the system needs to
call connection. Thus, the MT can request registratid¥erform the following steps to locate the MT.
when it is close to the boundary between two networks. If 1) Sends a query signal to the BLR betweEnandY to
7 > 1, it means that there is not enough bandwidti’in obtain the MT’s location information. This step is used
to support a connection or to make a call. The MT must  to ascertain whether the MT has crossed the boundary or
send a registration request earlier so that the new system not.
will reserve the bandwidth for the MT in order to maintain  2) Ifthe MT has already moved 16, only the LA inY" needs

its call connection. to be searched. Otherwise, the last registered LA within
Combining the above considerations, thelate distance.,,, will be searched. Within network orY’, one or multiple
is determined as polling messages are sent to the cells in the LA according
to a specific paging scheme.
dey = [1-vr] - do 1) As a result, only one systemX( or Y) is searched in

_ ) ) o ~ the paging process for intersystem roaming terminals. This
wherer is the QoS factor,,. is the velocity ratiog,, is thebasic  approach will significantly reduce the signaling cost caused
threshold which is the minimum distance from the boundaryy intersystem paging. In particular, it is very suitable for the
where an MT must send its registration request for authenigh-traffic environment because it omits the searching in two
cating the identification and transforming signaling formats. adjacent systems. Moreover, since the BLR is an additional
is a system parameter depending on the situation in syktemjevel of cache database, it will not affect the original database
such as network resources, service specifications, and the @gthitecture. Another advantage of the BLR is that it reduces
work configuration. This intersystem location update schemetise zigzag effect caused by intersystem roaming. For example,
dynamic in the sense that ands are variable over time de- when an MT is moving back and forth on the boundary, it
pending on the network load. only needs to update the information in the BLR instead of

In order for an MT to send registration request frdmto contacting the HLRs. If the new BLR concept is not used, the
Y, the procedure of intersystem location update includes timtersystem paging can still take place. The system will search
following steps. X first, if the called MT can not be found, theri will be

1) InsystemX,when the MT enters an LA adjoining16,it searched. This method increases the paging cost as well as the

sends a request to the serving base station (BS) to inqudging delay, thus, degrading the system performance, which
the bandwidth availability in syste. This information Will be demonstrated in Section V1.

is received by the BS periodically from the BIU that pro- Next, we will evaluate the performance of the proposed lo-

cesses MT’s radio connections. cation tracking mechanism for two-tier PCS systems. However,

2) The BSs in the LA contiguous 5 broadcast their dis- as mentioned before, the analytical results can be used for gen-

tances from the boundary of two systems (tiers) perio&-ral cases by taking pairs of adjacent systems. The intersystem
roaming probabilities during a call connection is determined

ically. Thus, the MT can determine its location with re-, o . . .
gard to the boundary and the bandwidth availability b irstand then it is used to find the signaling costs, call-loss rates,
nd paging delays.

receiving the information from the BSs.

3) The MT calculates its update threshdlg, based on the
distance and bandwidth information as described befork: CALCULATION OF INTERSYSTEMROAMING PROBABILITIES

4) Ifthe MT finds that it is within the BLA by comparing the  Intersystem location update and paging costs are associated
location information with update threshold,, it sends with the roaming probability from one network to another.
an intersystem location update request to the BIU on tfidhe roaming probability can be either experimental results
boundary. obtained from practical circumstances or numerical results



182 IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS, VOL. 1, NO. 1, JANUARY 2002

and business building, random-walk model is more appropriate.
Since we are considering intersystem roaming in multitier PCS
systems, both fluid-flow and random-walk model are taken into
account in the analysis.

Fluid-Flow Model: Under the fluid-flow model, the direc-
tion of an MT’s movement in the LA is uniformly distributed in
the range of ¢, 2x) [23], [28]. Let© be average speed (km/hr);
S(K) and £L(K) be area and perimeter ¢f(K'), respectively.
The average location update rdi¢R 4] is equal to the av-
erage number of crossings of the boundary of regi¢k’) per

unit time, i.e.,
7 - LK)
ERo0)] = ——2 4
Fig. 4. Number of cells and perimeter of LA. [Raao] 7S(K) @
estimated from theoretical models. In this section, we anahgv@eref(%andﬁ(l@ are equal to,(K) and L,,(K) in (3)
the roaming probability based on a two-dimensional (2- S’r systema.

cellular configuration, fluid-flow model for macrocell systems, Random-Walk Model:The most important characteristic of
and random-walk model for microcell systems. a random-walk model is that the next position an MT occupies

is equal to the previous position plus a random variable whose
A. 2-D Configuration value is drawn independently from an arbitrary distribution [11].

We assume that mobile service areas are partitioned into LAQ" the 2-D cellular configuration, if the mobile user is located
of the same size for both macrocell and microcell tier as sholh@ Cell of ringk, the probability that a movement will result -
in Fig. 1. Each cell is surrounded lbipngs of cells as shown in in an increase or decrease in the distance from the center cell is
Fig. 4 [10]. The innermost cell “0” is called the center cell; cell§iven by
labeled “1” form the first ring around cell “0” and so forth. Each 1 1 1 1
ring is labeled according to its distance from the center such that ptk)==+—= and p (k)= 3T o

ring r, refers to the cells in the first ring away from cell “0.” In 3 Ok
generalyy. (k = 1,2,...) refers to thekth ring away from the We define the staté(k > 0) of a Markov chain as the distance

center cell. The LA denoted hyt(K) is a cluster of cells and between the current location of the MT and the center of the
the outermost cells are in the; ring, e.g., an LA denoted asLA. This state is equivalent to the index of a ring in which the
A(4) in Fig. 4. The number of cells ihth ring is6 - £. Then, the MT is located. As a result, the MT is said to be in statéit is
number of cellsV(K) in A(K) is calculated as currently residing in ringy,. The transition probabilities;, 41
I and gy x—1 represent the probabilities at which the distance of
N(K) = Z 6-k+1=3K+1)-K+1 @) the MT from the center cell of an LA increases and decreases,
which are given as

®)

k=1
whereK denotes the outermost ring within the LA, e i.,= 4 (-9, if k=0
for the LA A(K) in Fig. 4. Yhidtl = { (1-q)(3+&), f1<k<K
Similarly, given that the cell radius for systekis R, [km], 1 1
we can observe that the perimeter of the center célRis and Brr-1=(1-q) <§ - &> , f1<k<K (6)

the perimeter of the first ring i$8 R,.. The radiusk,, is deter-

mined based on the number of MTs and bandwidth allocatigvhereq is the probability that an MT stays in the current cell.
schemes. ThperimeterL,(K) and thecoverage ares,.(K) We denotep, x as the steady-state probability of stdte

of A(K) are within the LA A(K). Based on the transition probabilities
in (6), pr.x can be expressed in terms of the steady state
L. (K) =(12K +6) - R, probability po 5 as

S.(K)=[3K - (K+1)+1]-2.6-R2 ()

k—1
where2.6R2 is the area of each cell in systekn prx =pox || Z”*l, for1l <k < K. (7)
o Pirvi

B. Mobility Model X
. . ¢ _ )
There are two commonly used mobility models in the liter With the requiremen} ;" px,xx = 1, po,x can be expressed

ture: fluid-flow model [16], [25], [28] and random-walk model Y

[10], [12]. Of these two models, fluid-flow model is more suit- _ 1

able for users with high mobility, infrequent speed, and direction Po.x = 1+ Ei&’ k=1 oien
changes. For pedestrian movements in which mobility is gener- =LA B
ally confined to a limited geographical area such as residentwherec; ;;; andg;,, ; are obtained from (6).

(8)
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C. Calculation of Intersystem Roaming Probabilities from macrocell-to-microcell tier, i.e., fronX to Y, the fluid-

The intersystem roaming probabilities depend on an MT/¥PW model described in Section IV-B is applied to estimate
movement pattern in its original network but not its destinatidf!® r°@ming probability. On the other hand, the random-walk
network. Thus, the probability density function (pdf) of the regiodel introduced in Section IV-B is used to find the roaming
idence time must be determined first. Then the roaming proﬁgpbabmty of moving from microcell to the macrocell tier (from

bilities can be calculated for roaming from a macrocell tier o} 0 X). . ) . .
microcell tier and vice versa. Macrocell-to-Microcell Tier Roaming ProbabilityWe de-

The Laplace transforn& (s) of the residual sojourn tim@ fine Pr;[X, Y] as the intersystem roaming probability frakn
within the LA is obtained gy to Y during a call, which is equal to the probability that an MT

spends more time in an LA than the call holding time

~. 1-G5(s -
Bx(s) = 4?() ©) Pr¢[X,Y] =Pr|call durationt, > residual ime’]

ST
- Pr[call arrival duringT’|

whereG?.(s) and7 are derived as follows. oo
We assume that the duration of a call is exponential with the =/ fz(z)dz
mean valuel /¢ and a new call arrival to an MT is a Poisson 0 oo
process with rate\,,. Thus, the pdf of the interarrival time / Ant - et f(t)dt (15)
0

finter(t1) and call duration time/..u(¢2) are

Faer(t) = Ane™4 and  foun(ts) = e (10) whereZ2t, — T. fz(z) and f(t) are computed from

Moreover, the pdf of the cell residence tirfigt) is assumed to fz(z) =Lt { S 1* }
be Gamma distribution [10], which has Laplace transfétrfs) §+ s 1—=Gp(s)
with the mean valué /;. and the varianc&”. Then f(t) =£1 {B,;(s)} (16)
’y o~
I.(s) = ki , Wherey = i. (11) whereG%.(s), 7, and B%(s) are given in (13), (14) and (9),
s+ py V2 T

respectively.

Microcell-to-Macrocell Tier Roaming Probabilitylet
Pr.[Y, X] denote the intersystem roaming probability for the
Ts moving from microcell networkX to macrocell network

. Then, the random-walk model is used to estinfate[Y, X

The residence timé&' of an MT in the LA is the sum of total
time that an MT resides in each cell within the LA. If the numb
of cells passed by an MT is assumed to be a random variab
with uniform distribution on I, N(K)], the probability mass
functioni(l) and itsZ transformH (>) can be represented as

K
1 Hy— L 1= 2N 12) Pr[Y,X] =) Pg(k)- PrlKIk] - axxp (17)
“ vy HP Nm 1o h=0

whereax k41 is computed from (6)Pr (k) is the probability
Then, the pdf of the residence time(r) in an LA has Laplace that an incoming call arrives when the MT is in statdor a

transformGi.(s) as given number of state&'. It is computed by
Gi(s) =H(2) |o—r. (o) Pro(k) = —F) Pr (18)

1 < [y )” ro E(F) - Pr, i

CN(K) \s+puy . . , s
AN wherepy, i is the steady-state probability as in (7) aité) is
1— (Silw) the mean residence time in stat¢éhat is obtained as
(13)
5
1— Yy _ F. n(k)

(s-l-ﬂ"/) t(k) = ——a[ ! g’;)] |S=0 . (19)

where N(K) is computed from (2). From the property of

Laplace transform [7], the first-order moment, i.e., the medf this expressiom(k) = 6k is the number of cells included in
value7 of the residence time in the LA. is ring & and F,.(s) is the Laplace transform of the cell residence

time in (11).
) AGH(s) N(K)+1 In addition,Pr[K |k] in (17) is the probability that a call starts
7= lemo= T (14) in statek and ends up in statk. This probability can be deter-

mined by using a continuous-time Markov chain. We define

As shown in Fig. 1, systelX andY are assumed to be in
macrocell and microcell tier, respectively. When an MT moves P7>k7K(t)éP[S(to +1t) = K|S(tg) = k] (20)
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where S(¢¢) is the position of an MT at call-arrival timg,. A. Intersystem Location Update Costs

Thus, we have To support the intersystem roaming of a mobile user, addi-

oo tional signaling traffic is required to register from one system
PriK|k] = / Pry i (t) - Prolcall duration ist]dt. (21) to another. The increase in signaling traffic is calle@rsystem
0 location update cost’, per unit time for intersystem roaming

To calculatePr[ K| k], we denotd) as thetransition rate matrix and it is computed from

Sy o) 0 0 - 0 Cu = E[Racx)] - Prs - ¢ (28)

Bo  awstBe  ws o .. g

) }t(l) ) wherec,. is the signaling cost required for each registration and
_ Ba,1 a23+P21 @3 0

it depends on the location management protocol used for pro-
. . cessing a registratio’[ R 4 ] is the average location update
0 . o rate, which is the average number of crossings of the boundary
22) of aregionA(K) per unit time.Pr; is the roaming probability,
which can be eithePr ;[ X, Y] (15) for moving fromX toY” or
Thus,Pr|[K|k] is obtained by substituting (22) and call durat|or{37 Y, X1 A7) fOT vice versa. . _
For an MT moving from a macrocell-to-microcell tier, its mo-

distribution fean(#) into (21) bility pattern is described by fluid-flow model described in Sec-

Q=10 e)) = e)

00 tion IV-B. Under this model, location update rate R 4]
PriK|k] = / [G_Qt]k,ls’ cemdt. (23) is obtained in (4). Before we determidg{R.y(s)] for an MT
0 moving from microcell-to-macrocell tier, we need to find the
By usingspectra| decompositiQrQ IS rewritten as probability of crossing boundaries of LAs between two call
arrivals((¢, K), which is computed by [12]
=TAT™! 24
Q (24) ) — {1 Li-crWl ifi=0 29)
where A is a diagonal matrix of eigenvalues afilis a full ’ =GO GEM) T, ifi>o.
matrix whose columns are the corresponding eigenvectors so
that Q+T = T=A and In the above expressiofi, = A, 7 and \,, is defined in (10).
G%(s) is given in (13) andr is the mean residence time for an
A =diagyi, vz, - vk]- (25) MT in region A(K) as given in (14). The average number of

crossings of the LA per unit tim&[R 4] is then obtained as

Through some algebra and matrix calculatiaRs[K |k] is ob-
tained as

E R =M~ LZ (i, K). (30)

PrlK|k] = [T~'BT] (26) i=0

kK

whereT is defined in (24). The matriB is determined by By substituting (17) and (30) into (28), the intersystem location
update cost,, will be obtained.

L 0 0 0
o, 0 B. Call-Loss Rates

B_| 0 WQJf 1 0 27 When an MT moves from one system to another, both new in-
o s+ (27) coming calls and calls in progress must wait for call processing
0 0 0 after the intersystem location registration is finished. As a re-
0 0 o - WK_1+£ sult, the calls can be blocked or lost due to waiting for the lo-
cation registration. By using the concept of BLA, MTs are al-
wherev;, 2, -+, vx are the eigenvalues of matrfQ in (25) |owed to request location registration before they arrive at the

and{ is defined in Section IV-C. By substituting (18) and (26hew system, which means BLA provides extra tifhé for a
into (17), the intersystem roaming probability frofhito X,  call to wait for processing. When the BLA is not used, a call
Pr,[Y, X] can be obtained. will be lost if the waiting timeWW, > 0. However, when the
BLA is used, the call will not be lost iV, is less than or equal
to At because this call acquires extra tide to obtain its re-

In this section, we investigate the effects of the proposed itired bandwidth. Next, we analyze and compare the call-loss
tersystem location update and paging scheme. These effectsat@sPr1o. and Pry., in the presence and absence of BLA, re-
demonstrated by comparing the signaling costs, call-loss rateggctively.
and paging delays resulted from using BLA and BLR with that In this context, the calls in progress are assumed to be Poisson
in a conventional multitier PCS system without using BLA angrocess with rate;, and are considered to have higher priority
BLR. than new calls. We also assume that there&abandwidth units

V. PERFORMANCE EVALUATION
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My A Ay Mgy

Fig. 5. State transition diagram for queueing system.

available to the new coming MTs from the other systems andIf BLA is not used for intersystem location update, a call will

each call requires one bandwidth unit, so the call capacif). is be lost when there ar@ active calls. This is indicated in the

The new call requests will be blocked when all bandwidth unitdarkov chain model in Fig. 5. The number of states is reduced

are occupied and the active calls will be terminated if there aas shown in the dashed box and the queueing system becomes a

@ calls in waiting. typical M/M/m/m model. Therefore, the call-loss rd/?\evloss is
According to the intersystem location update scheme, the Malculated fronErlang’s loss formula

requests location update at distaricg away from the boundary o

of two systems. This provides extra tim for a call waiting in Prio. = 1 <)\n + Ah> 1 o

the queue to be processed. We can obfsirby the following or Q! 13 $Q ()\n-i—)\h )Z 1

formula =0 ¢ “

(36)

1 _ _
At=3 Y _ Priupdate distance i, - d. C. Intersystem Paging Costs and Delays

:1 . 2_ day - Num(day) (31) First, we consider the intersystem paging using BLR, i.e., the

v NUM;otal BLR is queried before searching for a called MT. Tiheer-
where Nunid.., ) is the number of MTs having update distancéystem paging cogter unit timeC, is the average number of
dyy and Num,, is the total number of MTs requesting locacells required to be searched before the called MT is found
tion update. The state diagram is shown in Fig. 5, where state
(¢, ) indicates that there ateactive calls ang calls are in the Cp=An {52 (1= Pry)+sy-Prs} (37)
waiting queue. For simplicity, we consider the average waliti
time W, = At, so the drop rate from the waiting listig At.
The state probabilitys; ; is defined as

n

vghere Pr is the intersystem roaming probability obtained in
(15) and (17);\,, is call-arrival rate as defined in (103, and

s, are the paging costs in systefhandY’, respectively. These

Prli calls are activp i< Q paging costs depend on the specific paging schemes used in each
;.5 = & Pr[Q calls are active and (32) stand-alone system [9], [13], [21]. On the other handpthging
7 calls are waiting] > Q. costof intersystem paging without accessing BLR is
Thecall-loss ratePr. is then determined by ap — N\ {5045, Pry). (38)

Q , .
Prigss = /\i . Z <A;) STQ - (33) Thetotal signaling cosincluding costs of location update and
L ¢ pagingCry for intersystem location management is computed by

The solutions forr; ; can be deduced from the state diagram Cr=C. +C (39)
given in Fig. 5 as roem

whereC,, andC,, are computed from (28) and (37), respectively.

Tij = ) . ) ;
;r ifi=0j=0 The delay in searching for an MT roaming across different
0,0, =Y%7]= . . .
’ i systems is callethtersystem paging del
mog - Cubde) fo<i<Qj=0 ystem paging dela,
mo0 - St ifi=Q,j=0 Dy, =7y (1= Pr,)+r,- Pr, (40)

Q.0 G —, fi=Q,0>75<Q h . . h i [ i
O (et =) (@er 2 (@er &) where, andr, are t e paging delays in system apd Y,
(34) respectively. These paging delays are also determined by the
specific paging schemes such as one-step and multistep paging
wherer ¢ is shown in (35) at the bottom of the page. schemes [9], [13], [21]. When BLR is not used, systams

1

70,0 = .
Q (ntA) | At+A)?  Q (Ar )
R R [ Cea)

(35)
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Fig. 7. Total signaling costs of intersystem roaming from microcell-to-

Fig. 6. Total signaling costs of intersystem roaming from nFlacr()ce'I't(ﬁ'\acrocell tier. (a) Call-to-mobility ratio (CMR) = 5. (b) Call-to-mobility ratio

microcell tier. (a) Call-to-mobility ratio (CMR) = 5. (b) Call-to-mobility ratio

(CMR) = 0.5. (CMR) = 0.5.
TABLE |
searched ﬁrst; if the called MT cannot be found)(m systemY' CALL -LOSSRATES OFMOVING FROM MICROCELL TO MACROCELL TIER
will be searched. Therefore, the intersystem pagin dBIIaA i
y paging ® An | An § | Capacity Q | Prioss | Prioss
~ 4 4 110 2 9.14% 50%
Dy =retry - Prs. (41) 10710 10 5 491% | 20%
2012014 10 8 6.12% | 12.5%
201 10} 10 8 1.66% | 12.5%

VI. NUMERICAL RESULTS

In this section, we provide some numerical evaluation to
demonstrate the performance of intersystem roaming supmg K, radiusk of the cell and registration cost explained
ported by BLA and BLR using the results from Section V. Ain Sections IV-A and V-A; the call-arrival rat&,, and A; the
described before, the total signaling costs, call-loss rates andan,1/, and variancel” of the cell residence time as well
paging delays depend on various parameters in multitier P@Sthe mean /£ of the call duration time in Section IV-C; the
systems. These parameters include update distagcer d,,, capacity of callg) defined in Section V-B; and paging costs
explained in Section llI-A; the size of a LA(K) interms of  ands, and paging delays, andr, as specified in Section V-C.
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TABLE I
CALL -LOSSRATES OF MOVING FROM MACROCELL TO MICROCELL TIER

Radius R (km) 5 10 15 20 25 30 35 40 45
Case A Pri,ss(%) || 24.48 [ 20.72 | 17.94 | 15.88.[ 14.30 | 12.90 | 11.90 | 10.95 | 10.11

AE=08,0 =2 | Pri,(%) 50 50 50 50 50 50 50 50 50
Case B Prioss(%) || 13.88 | 11.38 | 9.66 8.51 7.53 6.82 6.22 5.68 5.26

ME=2.0,Q =5 | Priyss(%) 20 20 20 20 20 20 20 20 20
Case C Prioss(%) 4.78 391 3.30 2.89 2.58 231 2.10 1.93 1.78

A/E =3.0,Q =8 | Priyss(%) 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5

A. Total Signaling Costs B. Call-Loss Rates

First, we investigate the effect of changing the size of LA From (33) and (36)P710ss andf’?loSS are obtained foran MT
and call-to-mobility ratio (CMR) defined ak, /.. on the total moving from a microcell ¥) to a macrocell X) tier as shown
signaling costCr in (39). We assume that the cell residenci Table I. We observe that the reduction in call-loss rate is very
time has the meai/, and the variancé/u* such thaty = 1 noticeable given that the capacifyis scarce and the volume of
in (11). This results in exponentially distributed cell residenagaffic is high. The call-loss rates can be reduced by up to 88%
time. The registration cost® and paging costs, are set when BLA and BLR are used.
to eight and ten, respectively, for the MTs moving from an Three cases are considered in evaluating the call-loss rates for
IS-41 network () to a PCS1900 networkY() [9]. For the MTs moving from macrocellX) to microcell {) tier as shown
MTs going to X from Y, the registration cost! and paging in Table Il. From Table Il, wheré = \,, + A, we find that the
costs, are set to six and one, respectively, and the one-stgf| loss is reduced considerably for each case. As the capacity
paging scheme is used within each system. The basic distagtfcreases, the call-loss rates decrease irrespective of the use
d, is set t00.1R for the macrocell tier and tdz for the of BLA. However, the call-loss rates are when the capagity
microcell tier, respectively. The velocity ratia. is assumed js small such as in Case A. In addition, the call-loss rates are
to be uniformly distributed in [0.7, 1.3], which means an MTeduced further if the radius of the macrocg&lis large. It can
may change its velocity by up to 30% of the average velocipe concluded that the overall improvement in call-loss rate can
in the system. The QoS factaris assumed to be uniformly pe yp to 87%. These results demonstrate the effectiveness of the

distributed in [0.1, 1.9]. To demonstrate the effect of changingtersystem location update scheme in reducing call loss.
the mobility and call-arrival patterns, two CMR values of five

and 0.5 are considered.

Figs. 6 and 7 show that the value 6% is a function of
the size of LA and CMRs. The value 6f increases as the Here, we consider two cases: one-step paging and sequential
CMR decreases because the decrease in CMR results in highging (multistep paging scheme) [21] to evaluate paging de-
intersystem roaming probability during the connection of a cd@ys. When the one-step paging scheme is used, paging delay
and, thus, increases the total signaling cost. For examipte, in €ach LA is equal to one, which means that the system must
in Fig. 6(b) are higher than that in Fig. 6(a). A similar trende able to locate the MT in orgolling cycle A polling cycle
is also observed in Fig. 7. Our results demonstrate ¢hat is the time from when a paging message is sent to the response
is reduced by up to 18% using BLA and BLR for the MTds received. Therefore, the average paging delay is always one
moving from macrocell-to-microcell tier and up to 14% for thavhen BLR is used for intersystem paging. Our results show
MTs moving from microcell-to-macrocell tier. The differenceghat the overall paging delays are reduced by up to 22% when
between the cost reductions in two movement directions @R is five for MTs moving from macrocell-to-microcell tier
caused by the different mobility patterns in macrocell an@nd they are reduced up to 14% for MTs moving from micro-
microcell tiers. cell-to-macrocell tier.

Note that, in Fig. 6, the value af decreases as the radius If the sequential paging scheme is used in microcell system,
of macrocell increases. However, in Fig. @y increases as the paging delays are more than one polling cycle and they de-
the size of LA (ring K) increases. This observation resultpend on the number of cells included in an LA. We assume
from the one-step paging scheme being used in macrocell dhe location cell is the same for all cells. Under the sequential
microcell systems. In the microcell system, paging requesaging scheme, the cells are searched one by one in decreasing
is broadcast to all cells within the LA, thus causing higlerder of location probabilities. Fig. 8 shows the paging delays
signaling costs. Rather, the paging request is broadcast in oftlyCMR = 5 and CMR= 0.5. The paging delays are reduced
one macrocell for the macrocell system. Consequently, thg using BLR even though the size of LA increases, yet they
paging cost in the macrocell tier is low. Actually, optimizingare less sensitive to the changes of CMR as shown in Fig. 8.
paging costs in PCS systems is another research subjeciTlagse results exemplify that the proposed intersystem paging
addressed in [3], [17], [20], and [27] and is not within thescheme is capable of reducing paging delays even though dif-
scope of this paper. ferent paging schemes are used in stand-alone systems.

C. Paging Delays
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Fig. 8. Paging delays of moving from microcell tier to macrocell tier.

(a) Call-to-mobility ratio (CMR) = 5. (b) Call-to-mobility ratio (CMR) = 0.5.

VIl. CONCLUSION

(1

(2]
(3]
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