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ABSTRACT

This thesis proposes a novel paging strategy based on number of cells in group with
standard location area (LA) and update location, when compared to conventional paging methods.
The proposed scheme decreases paging cost and also increases group update location cost in LA,
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FaR2Z)=Fy(—|=22Z)=p{--
#°F C
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4 o =y { o 1 [
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i Fa(®) - Fas(R,2)

p = (2.17)
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Channel) %38 TCH Tusaiziduifugesdyanamemonmouenlddmiunisueud lonodi
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| o] 1f2]3T4]s ] 6 [ _____________ _[2044 20492044 2042044 2047)

- 74 luperfnma = 1326 TOMA frames [ 6.12 seconds )
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off2le] mm 50
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L e e N R

-
- -
- ~-
- -

-~
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{30l oot for L l rys., p 28 1 §7 3 | 8.25) GP:Guard perlod
only) -
Frequecy correctioh TB Fixed bits TB{ GpP!
burst (FB) 3 142 3 | 8.25
Synchronization B Encrypted bits Synchronization sequence Encrypted bits TB _G;‘-:
burst {SB) 3 39 64 39 3 | 8as
I TB| Synchronlzation sequence Encrypted bits 8 S .é; __________ ]
Access burst (AB) 41 16 a 68,25 " i
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2.3.52 msdalassaivvesiafimsunguyesdeasaaunuuuy BCH waz CCCH

3/ P = i s [
Tnseadnslugdi 2.16 (n) Wuiememsdeann BTS T Ms waggl (@) ilumsda

ar é o’ o 1} T ar s o 4 QI =)
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wIesanIndnszuy 1dsaa52 iesnnaunseduguaivesszunlas FCCH wag SCH
o or dy ) ar o 1AW ) P =
anvausMIvmnsuuyuilimnzdmivannuldnsinis Insidhesngeqiiosnindl

¥09T0815 CCCH MnuAni 145 mnguyesdeats DCCH 1330

51147 (235.38 ms)

E S BCCH BCCH F S CCCH F s CCCH F s CCCH F S CCCH I

0 1 2.5 6-9 10 | 11 1219 20 | 1 22-29 30 | N 32-39 40 | # 42-49 50

(M) ¥ 13703 (Down Link)

) ﬁpmnwfu (Up Link)
F=FCCH, § = SCH, B = BCCH, C=CCCH (PCH, AGCH), I = Idle R =RACH

3N 2.16 Taseadrevosiadmlsunguyesdomsuuy BCH wag CCCH
2.3.5.3 msdnlassanvesiafvsunguyesien1snluguuuy DCCH
Wudadvlsunrguiiinsdmualdlfaumwz spccH uay saccH Taoia'ly
AINY1IVBIUNIMTUAASFHARIUTOITO@15AIUNY SDCCH vz iwfion Tuify 4 msu
= T ow s z = 4 o ) = qy a ot
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LHAUIN
51723538 ms)
SDCCH O [ SDCCH 1 | SDCCH 2 | SDCCH 3 [ SDCCH 4 | SDCCH § |SDCCH 6 |SDCCH 7 | SACCH 4 | SACCH 5 [saccHs [sacenr (1 | 1 | 1
Frame n
03 47 811 12.15 16-19 20-23 2427 28-31 3235 36.39 40-43 44.47 |48 (49 |50
SDCCH 0 | SDCCH 1 | SDCCH 2 [ SDCCH 3 | SDCCH 4 | SDCCH 5 |SDCCH 6 (SDCCH 7 [SACCH 0 (SACCH 1 | SACCH2 [SACCH3 |1 |1 | 1
Framen+1
0-3 a7 811 1215 16-19 20-23 2427 28-1 3235 36-39 40-43 44-47 |48 |49 | 50
() $FM19%183 (Down Link)
SACCH 5 | SACCHEB [SACCHT | 1 | 1 (1 [SDCCHO|SDCCH1 |SDCCH2 [SDCCH3 |SDCCH 4 |SDCCH 5 |SDCCH 6 | SDCCH 7 | SACCH 0
Frame n
0-3 47 811 |12 13 |14| 4548 1922 23-26 27-30 31-34 35.38 3942 43.45 47-50
SDCCH1 [SDCCH2 [SDCCH3 | 1 | 1 |1 |SDCCHO [SDCCHA1 |SDCCH 2 |SDCCH 3 [SDCCH 4 |SDCCH 6 | SDCCH 6 | SDCCH 7 | SACCH 4
Frame n+1
0-3 47 811 12 (13 |14 | 41548 19-22 23-26 27-30 31-34 35-38 39-42 43-45 47-50
< ’
0 Prm o (Up Lirk) *n I Frame ] (0,2, 4,..)

31 2.17 uamslassadeveuiadmlsunquasiomsniugy DCCH
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q!: 9) 1 =1 1] T d‘l

UeAsIgennuuUITHUNIMIFeYesIa uusy TDMA Tiiiuyesdoasniugu

L} ] é s _ L o
Tde 2 909 Tavsoanilaldlaseadreadafsy BCH AU CCCH way DCCH fldimde
' 4 ] Yq ¥ a = ' ' A a ] v @
FoadoasdoyavosdlduTmsiiveun 6 voq ifivsnimlFuiamsidauvesnguyesdago

[l n’/‘ y 3 =1 @ a

BCH, CCCH uaz DCCH Disndedudeune 1331 ldeenuuuldimadondusiamimsy

[ 4

= o ar Ai’ Ad ddao vq ¥ a ° ' a
ﬂ’mqmm11Nﬁn‘ﬂmmzmmuwunwuﬂnmmaugfl‘]fmmimmu"lumﬂuﬂ

517 (235.38 ms)

F S | BCCH [ OCCH | F s COCH | F S |SDCCH O |SDCCH1 | F S |SDCCH2 ([SDCCH3 | F S |SACCHO [SDCCHY | I
Framen
0 1 2-5 6-9 10 | 11 | 1219 |20 | 1 2225 2629 3| N 3235 3639 40 | 41 4245 46-49 50

F S | BCCH | CCCH | F S |CCCH | F S |SDCCHO [SDCCHA1 | F S [SDCCH2 [SDCCH3 | F S [SACCH2 [SDCCH3 | I

Frame n+1
0 2 25 6-9 10 | 11 | 1219 | 20 | 21 2225 2629 3 | 3235 3639 40 | # 4245 4649 50

(1) P13 781 (Dowan Link) F= FCCH,S =8CH, 1= Idle

SDCCH3 | F S |SACCH 2 |SDCCH3 R SODCCHO [SDCCH1 | R R | SDCCH 2
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0-3 a4 5 6-9 1013 14-36 37-40 N-44 45 | 46 47-50
SDCCH3 | F S |SACCHO |SDCCH1 R SOCCHO [SDCCH1 | R R |SDCCH 2
Frame m+4
0-3 4|5 6.9 10-13 14.36 3740 4-44 | 45 | 48 | 47-50
Artman b (Up Link) F= = sCH, 1= ha Frame 5
) YIma¥iu (Up Link) F= FCCH, § = SCH, 1= Idle *n Frame %) (0,2, 4,.)
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A Boundary Location Update Strategy for Minimizing
Average Cost of Paging

Somkeat Dangiumeak, Jatuporn Peinjalern and Suthichai Noppanakeepong
Department of Telecommunication Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand, 10520
e-mail: 53061070@kmitl.ac.th, s3061065@kmitl.ac.th and knsuthic@kmitl.ac.th

Abstract: In this paper, we propose a novel paging
strategy based on number of cell in the set of
boundary with standard location area (LA) and
location update. When compared to conventional
paging methods, the propose scheme decreases
paging cost but also increases boundary location
update cost. The LA boundary location update is
performed whenever the MS changes its boundary
between the cell set in boundary and the rest of cells
in LA. This scheme consider most MS are moving
in some cell of LA, we dedicated boundary paging
for reduce cost of paging. Therefore, paging cost
will be reducing depend on number of cell set in
boundary and performed of this scheme that we will
show by numerical results.

Keywords
Location update, paging, cellular networks.

I INTRODUCTION

Due to limitation of wireless bandwidth resources in
mobile network requires much smaller cells
(microcells and picocells) more than conventional
cells for increase efficiency in signal coverage and
number of user. The base station controller will
become a challenging task as the cell sizes shrink
and the number of cells increase. In currently
cellular network system, divied service area as a
location area (LA) consist of many cells based
location update and keep track of the locations for
call delivery. Whenever mobile station (MS)
changes its LA, a loaction update is performed to
update its location and registation at the home
location register (HLR) controled by mobile
switching center (MSC) through base station
controller (BSC) and base transceiver station (BTS).
This registation is also duplicate at visitor location
register (VLR), which is usually colocated with
MSC. As an incoming call arrives, signaling will
contact at home HLR which has pointer VLR
cerrently serving M S. Next, a query is sent to this
VLR to find the MSC which currently serving the
MS. The MSC pages the MS all cells within the LA
to find the cell in which the MS reside and
establishes a call connection. We refer this scheme
as the broadcast approach [4] to produce a lot of
unneccessary paging traffic because MS’s location
in some cell inner LA only.

In this paper, we propose a novel paging strategy
that reduces the paging cost by observe that paging a

MS resident in set of boundary of several cells. The
method is based on an intra-LA location update [2],
and include shortest distance first selective paging
scheme [1], intelligent paging strategy [5] and
optimal paging strategy [6] for improve
performance as well. In an intra-LA location update
used longer period in a certain cell (one cell) than in
the rest of cells within LA may come definition. For
example, MS subscribers are locate involve
microcells, picocells or smaller cells. We refer to the
cells where MS stays and moves within its for a
consideration depend on number of cells as
boundary and refer to LA containing a boundary
cell as the MS’s home LA. A boundary paging
strategy is still used of all conventional LA based
location update to report the MS’s location to the
HLR as well as to the VLR when MS changes its
LA. Within home LA, when MS enters or leaves its
boundary, a boundary paging is performed boundary
update control by algorithm within MSC or flag
indicating within location update request message
reported to home VLR only whether MS moves out
or into its boundary cell. As incoming call arrives,
either a boundary cell or the rest of cell within home
LA is paged to located the MS. Therefore, the
paging ftraffic is greatly reduced, depending on
number of cells in boundary and location of
boundary compare with conventional paging as
incoming calls arrive, location update may increase
when MS move over certain cell limit by cell’s
covering area, our scheme can increase covering
area by add many cells in boundary without
increasing paging delay or memory requirement and
easier to implement.

>_( =
L { %. _{/ { )_(/-* ) ‘/
PLMN=Z e e M

Fig. 1 A boundary location update strategy model



The paper is organized as follows. Section II
describes the analytic model to evaluate the cost of
the proposed strategy. The analytical results subject
of Section III will compare the proposed strategy
with standard paging scheme. The paper closes with
Section IV where we summarize the obtained
results, and discuss topics for future research.

II. ANALYTIC MODEL

In Fig. 1 show boundary paging model for described
our propose. A boundary consist of cell form ¥, to

N within home LA and LA is a part of public land
mobile network (PLMN). A discrete-time Markov
chain can be defined to describe the movements of a
MS in model as Fig. 2, where the MS has three
states independent that MS is in state 0, state / or
state 2 when MS is in its group of cells, the rest of
cells in its home LA or outside its home LA,
respectively. Let p(i, /) be transition probability in
which the MS moves from state i to state j,
respectively. Where Z,- pli, =1

B p(0.1) -
- "'r-ﬂ_h_l\‘\ a ) .
il (/—7/ State 0) ‘(Sra!e 1 T yp(hi)
—e S~ N —
N et S

PRON . w02 pay, PO
( State 2 V¥

7

P22
Fig. 2 State diagram for the proposed strategy.

The limiting-state probability after many transitions
of state i, r; exist for any state of the long-run

behavior of homogeneous Markov chain in that the
steady-state condition [3] for starting in state i there
is a positive probability of even being in state j for
all i, j. Thus we have

mg = p(0,.0)mg + p(1,0)x; + p(2,0)75
7y =p0.Nrg + p(Ll)x; + p(2,1)x 3
73=p(0.2)mg + p(1,2)z) + p(2,2)7; (1)

Solving the above set of equations by using the fact
that Zia”f:" , we get

. - PO p(20)+p(,0)p(2.0)+p(1,2) p(2,0)]
0= P

. [P0.Dp(2,0)+p(0,2) p(2,1)+p(2,0) p(0,1)]
P
_[.D(OJ)p(f,2)+P(1:0360(0.2)+P(0,2)P(112)] (2)

Ty

Ty=
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where
P=p(1,0)p(2,1)+ p(2,0)[ p(1,0)+ p(1,2)]+ p(0,D p(2,0)
+p(2,1)+ p(1,2)]+ p(0,2)[ p(1,0)+ p(1,2)+ p(2,1)]

The total cost for this scheme and C;, is sum of
paging cost per unit time and location update per
unit time. Assume that the incoming calls to an MS
follow a Poisson process having rate 4,. And let ¢,

denote the cost coefficient for performing of a group
update. We have

CT = AcE[Np] + cuﬂu (3)

where E[N,] is the expected number of cells paged

for each call and g, is the rate of a boundary paging
of the MS. Let ¥ and ¥, denote the total number
of cells within LA and boundary, respectively. Then

E[N,)=mNg +7,(N - Ng) (4)

That is, when the MS is locating in boundary of cell,
N, cells need to be paged while when MS is

locating out of boundary but residing in home LA,
N-N, cells need to be paged. The value of g, can

be derived as follows:
Bu=mop@0)+mp(10) + m,p(2,0)  (5)

A boundary paging is performed boundary update in
two cases : 1) when the MS moves from its
boundary of cell into the rest of cells of its home LA
or vice versaand 2) M S enters into a boundary of
cell directly from another LA. For the conventional
scheme, total cost can be used the same equation (3)
when E[N,]=N and g,=0 in equations (4) and (5)

are evaluated.
I11. ANALYTICAL RESULTS

The performance evaluation of the proposed
strategy as well as comparisons with the
conventional paging strategy. This propose strategy
are two different cases in terms of transition
probability p(i,j) of the boundary within home L A
as follows: a) when the MS can not enter or leave its
boundary of cell directly from another LA, means
kernel cells are only member of boundary paging
and b) when the MS can enter or leave its boundary
paging directly from another LA. However, 4, is

independent of the position of the boundary of cell.
To calculate C;, in these two cases, the value of

PLMN,LA are assume 280 and 40, respectively and
N, , are assume 36,/ and 7, respectively for compare

efficiency in the numbers of cells in boundary and



finally assume that all cells within PLMN are the
same size.

Total cost

=&~ comventional paging: Ng =N |3
—v— proposed: Ng = 38 cells
—8- proposed: Ng = 10cells
- - proposed: Ng =1 call

10? 10" 10° 10’
Call arrval rate (1/h)

Fig. 3 Comparison between two scheme when a boundary
paging have not border cells.

A. Kernel cells are only in boundary paging

Boundary paging have not border cells are member,
in this case p(0,2)=p(2,0)=0 because MS can not
move directly between another LA and boundary of
cells. Thus, we have results of
POO=1-[(N-N,)/N], p(0.]) =(N-N,)/N in state

0, pUO=N,/Z , pDH=(N-N,)/ 2z and

p(1.2y=1-p(10)-p(l,7) in state | and state 2,
p(2Ny=1-[(Z-N)/Z] and p(2,2)=(Z-N)/Z Transi-
tion probabilities of any state defined by uniform
probability density function (pdf) according to
covering area of cell. In Fig. 3 compare the total
cost of the propose strategy C;, with the cost of
conventional strategy in this case and assume
¢, =1.From Fig. 3, it can seen on the conventional

paging strategy incurs the highest cost over than the
propose strategy in all numbers of cell in boundary,
while a larger boundary indicates a lower paging
than smaller boundary but when consider include
the boundary update number of cells, the larger cells
in boundary maybe true because numerical make
more  efficiency than  smaller  boundary.
Reasonableness, the smaller boundary have more
rate boundary update than /0 cells boundary which
sligthly cell need to be paged. Both strategy
increases linearly along with 2., which is obvious

from [6] and [7] when A_is sufficiently large, the
impact of this propose on C; is negligible.

B. Kernel cells aren’t only in boundary paging

Boundary paging have border cells are member, in
this case p(0,2)# p(2,0) =0 because the MS enters the
boundary paging from another LA directly, a
boundary paging as well as standard location update
and also boundary update is performed vice versa if
the MS moves from the boundary paging to another
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LA directly, no boundary update is performed.
Therefore, the transition p robability s tarting in any
state i to state j are in the same value and defined by
uniform  probability density function (pdf)
according to covering area of cell. as follows:
pUO)=Ng/Z, pli,=(N-N,)/Z and p(i,2)=1-

p(i,0) — p(i,1). In Fig. 4 compare the total cost of
the propose strategy ¢, , with the cost of
conventional strategy in this case and assume ¢, =1.

From Fig. 4 it is difficulty to explain because many
transition probability involved. In larger boundary,
there are more boundary update perform enter its
than smaller boundary and slightly boundary update
perform leave from its than smaller boundary. When
A increase, the number of cells need to paged in
smaller boundary more than larger boundary

because MS leaves form smaller boundary than
lager boundary.

Total cost

—8— conventional paging: Ng=N
—%— proposed. Ng = 76 cells
—8- proposed: Ng = 10cells
--#- propased: Ng = | cell

T

1w0” 10" 10° 10'
Call arrival rate (1/hr)

Fig. 4 Comparison between two scheme when a boundary paging
have border cells.

Cos! coefficient of group update = 20

Total cost

—v— proposad: Ng = 76 calls
—8- proposed: Ng = 10c¢ells
.. pwnpo:ad' Ng =1 call

—&— convenfional paging' Ng = N ’]

10 10 10
Call arrival rate (1/hr)

Fig. 5 Effect of cost coefficient on the proposed strategy.

In Fig. 5, show effect of cost coefficient on the
propose strategy. While assume ¢, =20 and kernel

cells are only in boundary paging, we can see that
¢, has significant impact on ¢;. When 4_is small,

the pro-posed strategy could incur a higher cost than



the standerd paging strategy. This is because the
benefit of a boundary paging can not be taken
advantage, while 4, becomes higher, the cost of the
propose strategy is reducing by total cost relatively
slow.

Total cost per unit lime

—o= comventional paging: Ng = N |3

—v— proposed. Ng = 36 cells

—8- proposed. Ng = 10 cells

--=- proposed. Ng =1 cell
T

o' 10° 10'
Call arrival rate (1/hr)

Fig. 6 Effect of residence time of MS on the proposed strategy.

Effect of residence time of MS when we interesting
in boundary show in fig. 6. We assume MS is
running in boundary 4 hour, //4, where 4 is
residence time in boundary area and that boundary
has kernel cells are only in boundary paging Thus,
we have the results of p(0,0)= {I-[(N=Ng)/ NI}/ 4,

and  pO))={(N-N,)/N}/4 in state 0. When

residence time of MS increase the cost of lager
boundary paging will be increase also that means
the appropriate of boundary is efficiently.

Iv. CONCLUSION

A boundary paging strategy was propose in this
letter to reduce paging traffic in c ellular networks.
This propose scheme compare with conventional
paging scheme may invoke cost by performing a
boundary update, but mathematical results have
revealed that the saving of paging cost. In
practically, number of cells to be paged are certain
by physically and this scheme is realized to include
with cellular networks. The propose scheme can
improve efficiency by define location to locate a
boundary on density area and select appropriate
number o f cells for c overage density area. Finally,
we conclude with topic for future work concerning
several interesting to be divided home LA in many
groups for appropriate density areas.
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