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Adaptive time-based location update using fuzzy logic
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ABSTRACT

This paper introduces an adaptive time-based location update scheme that dynamically determines when to perform
location update based on moving distance of mobile station and incoming call amival probability using fuzzy logic.
Comparison with other schemes demonstrate that proposed scheme adapts well to the environment where the characteristics
of mobility pattern of mobile station is changed all the time, and reveals better performance in the aspect of network
signaling load.

I.NE S2olz} ek o|ET0 & 4WE ok FL o

olejlol g A i olBFe HHUAT

MR 789 AR Sle SAEeld s ol ok o] dele] sl 7 AEE polling
Jel PCS AHI2ES ol o) Ardlee sl S o] e slol Aot} ek

Aolut Blole] EAle] FFsslol Wk = AR Ao} agsE Foe AMEES B 7RI

N zdEdoz n4ee) e Feelle] 3 gere Z/hA7le W, Y=omel 952

ARAE $43517] feide A9 =g F9 F Z ukAiA7]A "ot YA5EE A $E o) &

P

¢ do

4

¢

sk S-S SEle Aol E7sH €t o & Qe Mol A Hi JHEES WUESE
e clolZZAEE olFolq) FATE T4 e 2Y A% o W 99 o)A Hof shez 9
o) ATMES B @29 Aoz nad®. o ASS vigw sdold Wee A2 AW WA
o deujd]e} Mu|AES AFsA @ PCSe F (Trade-off)ol] §Jr}.
Agxe] EAA olFAS AUT F UES AA A5 AAS A whide 94971E
Feoo} g} (Zone-based), A)7}7)Z(Time-based), #|2l7|F(Dista-
ol% o] 3E dAAsly] e AHIT A nce-based), ©}%7]E(Movement-based)So] Hi=
HojlA olF e ARle] 94X 2 A HRFS I giek dEr)E WA o e A B2 749

IRl @] Folof shed oyt FHAE $1A 3 H(Zone) & AL, H2E FHL2 o]F3e A

* A A hste A28l ryu@nasla.yonsei.ac.kr)
=R 99023-0121, AHedAl:1999d 1Y 21

2430



=/ &5 A 7P AzErE g oY

2oflut YAS2E s "l Azt 71E WS
U4 F7) Trh} 1AE 5353H4 =, o)% 71
e JA 34 MA k] Ag 3 uf}
o} $A5ES sk ArE whdelAe
3 2ol $1X5E]F A2HE] A7} DAle] & djvic}
NAE2S Pt o) E F AIE We] M
£ A5 7HE Aoz FNEYG?. o]F 91
ZENEE A A7 Azt AvAY, o] vt
3 gt A5ES oy e £} &
=288 v X g3 gk 7188 AlagS F2 o
q71F A5 WS st gledl, of BAlY
AL olErhzte] AGAAE ARG WuhEs 7Sl
B33 9A52¢ sHlEs A5AINPing-pong
effect)o} 37} 8AENE o 9 o 3l BE
9] o)A AdE AMEFeRA FAl teEe]
£ zslA "ok Aot ¢]9] sjAukies 5F
d9=} o)A Foe| Zld W X155 o)
A ulgAlole) ARRA] wE go=zr]e] A3}
wieoht AFAAE jAs] 4 o AS 5
o] @7Ez Y. m, o1FAe] EAl we} 7t
olEtavlc} e = |E ] YPFoEHN 5
3} o] Au]4-g Fo)= Hile] AXHAYY. 22,
Ao g £59 TEAESE o= AT HEo"
Aekssle] A7IA7lerle] FAA A wkle] AAH
I 30A Ytk

A7y 712 $AESe] AS ekt AXZ%G
ol% &% ¥ W] Wslng FEF7] T F3tll
Aol Azt @2iAA €k webd, 201 &
TE g¢] Az Aol Ayt FolEled, o)
A ulgol FAs Al e} ol% 71EF A
71& wale] ASe 2 A, e A2 AP

< olEsed Al A7) dEER &2
o}t 9] Azhg Teabge] depxed] oF Al
2 ukedsir] Biick A" JlE XS A%
&5t o Ax BAe] £ AASS HoAIRL
Ao 52 A7 A7 &= 2 Z=AE| w=}
W3l Pk =3 dEEi} ol§EXAe] tlEma
. #A9] D& AAsh= Ao oA Hel @A, A
2 o8 £EE Zv= ¢ ok 9ivlee] &
A2 Welld FAol x|4I=H, o)F &%, o}
2 59 SHo] HAZ Wshsk: BN we)
Sxol A3 = e ko] dgsitt

2 ERAE oF BB o|F B4 F F8¥
8¢l 57} HkdR olFARe} 3=AES A5
Aoz x5Z ukdshy] A% wRieE, A7b]

YREES RO R sl HA| =B]E AMEsS)
o)A E]e} 3 A uel 5EF7) TS 7
o2 Wi ukke Ak, 712e] WHE
7} v FAEkgc

£ Ay

)

&

I, Rk 21x 22| 714

A7 YAy gl #7 dte A F
Zex] A7t AWEHL ek e A 22
e $AEE 4 sl IArE sl W
V9% 7, S vzl Zhold HLR(Home
Location Register)3} VLR(Visitor Location Regis-
ter)52] clojelwo]xe] HEAQ IS T3l
Ady Beg Fole WPVl £ =8
Ae A HA5E 2 Aol HlESE AHA3) ¥
o024 $xFE] vE-E FHadshe Wkke dst
oAk

1. Ala" 2

2 eEal] AMshe U TEE WAl e
B AR 09 13 2e 87he) slolzzAl &
= olgoixl 2418 F =dE Pk

: Zone-based

: Distance-based

: Time-based

: Movement-based

T3 1. Al 29

o] MEe =glskd P FHTol] el 5823

£ (02 T e A Fel e 4 E=
Rk @ WA el e A+ a@) - 6
(i=1,2,3,.)0]%, o] ilA Holl gl o r0)el
A 7Y & Al £ SE = 3i@+1)+]
(i=0,1,2,3,..)7} =t}

sjolA Aol e @] 1Ol AXetm 7}
A FHo| ruElgjer® o)lF WA oA & F
Sxto] oS A 1 9] B £HoR Ho)
A gitly 7P skl AlaELe o]F R CDMA

2431



2 EAI3}HE] = EA] '99-12 Vol.24 No.12B

YA AsEt ¥#59) 1S-955 7Hsidch

a9 1 eMe AXNEEY F 9o 7]F(Zone-
based) ©]%7]F(Movement-based), A)7}7]5(Time-
based) 2 7e]7]|Z(Distance-based)H} & Awialsd

A53P] wdoll Cbde] Ay W] Azhd o)
A= 22 4 Qo) A 71E whHdldE ¥
A Axt 7 FTe 5323 A 7k Azl DY
W 744l SXA S g} webs g Az
E ol&3hs Alzle] HelA o] AEE olFse B
el 37t =43 ghgo] el 4 Qlk olFvIE
Wolide Wl M A o) FAR) $X5ES 43
gtk a8ex: Tt AB,Co} ZHt M, D=33} 9l
2 AIZF T2 dA=e] o)F, A=, A3t 7% 94
S5 oz} o5& Ao} d9S 3oz 3
RE A 4y 7 AASE AHE A9t
Akt WRblME Azt 71E SAEES J|Res
3, olEAzet & mAgd ul 5850 TE
7Pz e g Wizl 7c).

2. Mieksk= /x| 71Mel 2=

Akste 7hHA A=A 7 E ARE 7]
A= FEE 7|EoE IE o)FE5Ad we}
B2 A7t 7HAS A7) o714 o)F B4l
ARle SR oleA st 3 A 7Y
Aok el dA Frivkd 7pdRt wx] 2%
oA wf Friuke} 555715 WAk olu
AMSElE 9l Aelvlele ohde] Lxel Fwakg
o] Hi, £4& 7 =577} ok

olF WL = A Adle Z7|Ael(nital-
ization State), o7)Alel(Idle State), A|A8l A TAF
ell(System Access State), Ezf=] A'dAFe(Traffic
Channel State)2] Y] A= T 5 Q) o)F
AASEL 7|13 Eldle State)ollr] dohhzd], o
713 ol AAd-S BUEle] 7xFoR
FE oy wARE pAlEt, Feg A4S AAE
E3} Idle handoffE s3ic)'). Al wlelA=
o|F 7|AFENE Y] A%l $x|ARe} Al
£ EdE AASES T dH o)A
Al oA AdS Esle] SID(System Identification),
NID(Network Identification)2} 7)x]=-2] ¢|x¢} #
=5 IR AAARE AR mueg). @

o i ot AN

2432

e b Aol S5 /AT GARs} A
29 A7 AR slebth Aze Az A3
ddckn BRI, Aol AT 9 AuE o4
sjod 7h el 533 s A A Azle
AR WA A Amsh At A7 LT,
LONGcol, 7t A2 553 9] 9lmst A=
& 27 LATp, LONGpe} 3k, #2o) 55 of
o) Ay AZE Tp, WAl Axd A7 Tedt
SR olu) H2el £5 A WA A7) Azke
g Aem 7% & ik

\/———'_
DIST =V dlat’ fg diong ®

A7 dlat=LATc—LATs o°|¥, Adlong=

_ x  LATY an
(LONGe— LONGP) x cos (g5 * a0 ) 1F - ©1

37 A DIST7F ARF 3t ooz ZvlshA
U A A% i) gl MIReE 24 7 4
ek rigto] Waex) ke Aol Al
Jrldelidle state)ollAe] Fxke Stz Walg
& Aeols MSS| £58 AL

Do) FFETE sPYE e T2 A 9
A 7¥e] ADISTISH A28 AZNTe,Tp) & ol4
sjo] E(v) = DISTATe-Tp)2 398 5 3tk

theom 3o ma 7ie] R4S ML
TEA8S ALk

59 =3 779 ¥E ¥t FOE S,
o) 37} B3 AZke s ) Ads W=
2 2|2 T sw, wuk Al S5 A7
W& AZE ¢ Bobl 37} =A% s ohea) 3
o] 78 4 qlr}

Pca=P{TSZ' + te | T>t. }

[P{ T<z+ t} - P{ T<t}]/ P{T > t} (2)

[F(z+ t) - F(t)] / [1-f(t)]

A7kl w2t 39 =3 ) $37b FRlRE,
t7} F71jtel wel. ¢ Flell 3} =AY HEe|
AAA Dok w2bd A7 9A55 A
ol A7k FqE A " AES g e
Bealy] 3 & =AHES A 4 gith

el @oixl DISTS 3 =285 HHsE 3
of Zidg HA) 2L B3] 55 ARANU0S
FERL 2 AHS 94 B Fovie s



TE/4% A% 7 AzkslE A Y

3, Bk F7INEEe] Azbke] AR friEke 16)
7t vl b agicl o] F 3] ol e
ol% A9} Zxitgo W} SEF|E hEF e
2 WH3Agiel vE=g S9olA user service
profile52] AlxdZ QI olFwe] Exh& 3]
le] whde] £wyl Fojxl AR 2 73S
HLRo| 2 X155 sHAEck ojde] x5
EL J)EY x5S 9=l HLRE  user
service profileo] ©|53}x] ¢tx, HLRE| $IxAR
WS AAEHA ek aeby 31 AFEA Y F
kel m&o 2 o]F3h= MSE EERF Ale] AlE
2] o]E& AAEA =k MSY &5 dAA R
s 9ol 712 vl =R 4 VLR
Hellxje] $1X58<1 7-fole VLReW $4]5%
3t oh& VLRZ| o]F<l 79l HLRE ¥
user service profileS ThE-Zct Hly o)A VLRY
AR AMAIRIC

Enter new ring

I
i |

— te —»

call

T >

8| 2. timing diagram

|check siD, NID, REG-ZONE, calls/ Tp |

Icheck BASE_ LATc ,BASE_ LONGc , l
LATp . LONGp , Tc . Tp

I calculate DIST l
v

[ calculate V ws =DIST/( Tc-Tp) I

No
location of MS is changed?

Yes <+

| calculate  tex I

S

Yes

[ Location update to VLR |

NLUT : Next Location Update Time
ET : Elapsed Time

a2 3. Ak YAEE Axje] 2%

3. x| 2@

Bz Alxdle] e #A]3, HX]FEfuzzy
reasoning),B} H|=|3}e] 4| HRo®7 FIA E &
glek#x] AxEle]l F2e odubd ez =x] Ags)
2 upgo] wlgl AoEl Al IF ~
THEN ~,3%]9] 52 e ¢js ZA gk

3. 10Xx|5t =& .

Hz| F3texe] dare 03 14}o]9] & 7K
= 4% gr(membership function) ol &3 =
Agele] &% ARE vepict dF 201 uak)
£ 4 x9] #72] A3 Adl diF #AF epdct

Disto} pud 273 3] 913 ohe 2R B
2594 MR

Distt: )% ol4st] EARmL )9 =714
EF D1,D2,D3,D48] 5ol o-SAI5 T

Dix i7} €45 Dist} & Z& vepdick

n

D: D2 Ds
0 I I2 I3 T4 T

5 Te

D4
»> DIST

I

2| 4. DISTY A&dr

“’A

low medium high

> ca
0.25 0.5 0.75 P

3% 5. pea 9] AgFe

3.2 HA| 7&| HjolA (Fuzzy rule base)

#z2] EgolMe HA §l,EFY HeE PJg A7)
7] $j3ted defHpE AMEshEH], ol vt
o] IF- THEN §ej% 7}Ach & =2old A4
& 57 72 12740)9, thesh ek DISTHPa,
7} ARSE SERRALE 5557) T 3
4 0TI 2R, FoFd AgelE 0717
2] ZpaARIE

2433



L 2R 3}13] = FA] *99-12 Vol.24 No.12B

E 1. A 44 el

Distan
1stance D, D, Ds Ds
Pca

low PVL | PM NS NM

medium PL PS NM NL

high PS M | NL | NVL

PVL : Positive Very Large PL : Positive Large
PM : Positive Medium PS : Positive Small
M : Medium NS : Negative Small
NM : Negative Medium NL : Negative Large

NVL : Negative Very Large

40| He 559NN 258 v
Z

3}z,

-07 0.5 -0.3 -0.1 0.1 03 0.5 0.7 tex (T)

F2 uh-e Max-Min-Gravity -8 AH4-8}gic)
S FAoEFE HSEd HY aE5YSE
Max-Min el o5 gtz F2d 3 Qo]
A e wisiAE e AR HER Aegres
wslojo} szl o] HAAelie FAFAYe) A
45lgrk

W 45 24

1. 4 24

7iEe] fxge] JgEH At ols AR =
Eakge] wE yPHA XA HS Ades vl
3] ¢Jsled o 13} 22 87039 nlo|azAE
2 o]Fozl 2211 W 2dg AATIck

3 =& o WAl Fol<bwlA(Poisson Process)
£ nad, g v =l &5 o po] HEE 9
2 AR o F3HA =Hv AR 679 AR A &
7 ol5d 52 77 iy PRI oA £F
9] o] A &HFollre] o]Fwskel <Jgfs
vlxe deckn 7HAElel $X5SAle 9y
718k, AgzHy AIZEE 4 AljEe] Wl 7HA|
vhoks wiwslarth A6 A8E 2 33 =)

2434

vl ohg 3o}

B 2 37 sl

it Stetole] 473 A%
T A w7 0.2(km)
v ot & 2~80(km/h)
A 3 A4 858 2.8(call/h)
L | Ad97]uhaelae] dguiry 0.8(km)
D | Ag7|ubelrie] gtAAz=] 1.0(km)
T | AR 5557 30(min)
tr | AN JPAEESS] | 0.7T~0.7T

ofz] 7} Hhle] HAd vlzE lsixe WA
3 geie F 43 L D, T a& AXs=
o) Fgslth e} A9 L, D, TE 7zt ot

o o}EEAe we} ter] dEe] ZE W] 4
29 A1 g T vk BE HFY
de) =le wRe &5b ARSE FEAgel
De4E ARA Sz, AR 2 HY 585
E 4% 9 5 492789 W4} Dok g
£ A7 ol L, D, Take A 43 2 vl
M & ARLTEH SET Telsle] st 7o)
A5k

2. AT uig
G, Ael i, ARkl SRS s
Ak wkele] vlnE 43 sehulzA AR
9 sjo]gAle) A2y we-L welalsich
MS7} o}$AZ o5 3% ri)el EAjshs MS
b o5 2 BEL 2y 2 SRl o
83} 3.

agy = 1 3)
ay = 13 (i=1) @
agr = 2L Gz 1) Q)
aw = 2l (21 ©

MS7} ()l IXE 398 e i2 dehlsd,
o]2] Markov chain 2ele] dubAel Heli= ohEst
Zo] vl # glck 4 223 3vF =AY 2E



T2/ 4% A8 M AR AAEE] A

& oo Bk, S7h BHY A3 dold 4 £}
of M5 912E Tetgs Qlome ot r(0) 4
o} Hiek

T2 7. state transition diagram

A Akl Hol=2HE 7t Al 9L FHES
ri o Smehest e AW WAAE fE ¢ &
Sich

Top=m1p/6+ (mi+tmat- -
71 pl6 + Cglﬂk

7ip/2 + p/6 +¢) = o p + w2 D4
nASpf12 + pfd + ) = 71 p2 + 7x35p/18 (T)

-+ 7N)C

]

7 (i+1)p/6i + (2i-1)p/6i + ¢ )
= 7i1(2i-1)/6(-1) + 7 i+1 (2i+1)/6(i+1)

el ey Aol 9 FY P 74 AA5S
wpjel mheh ok Relaleh ojolrlabe] Aol
5 =R dele mE AE YBHoD sl
smz 2t ool b gl Holy wlgel I3
& o)A g W Qi

Al A A% A Hael 55 Adw
38 A2} D oMol 9A5FE spHEE 4
del TR 7oz ARk

AZE % ARE WAl Ak o] ke
due) Smel wel spAelch

Ao is] el Ao A% slel Ao
2RE 3 T2 A MS7} i)l 3bg #E 1 E T
@ 5 oloh AT o] SIAEE Y ol
of RF F A HIE( Cudp) )& A
A7 EEAES b 2ARE o ol slof ¢
A9] FEOLANES HE U ) A o)
A3 e} o] Aefaich

sk, D= Cy B, S+ Cua ®

Cp : A so]A H]g-

U2 9] A7 & =38

Si) : ZF 33 oA sfol’t Ao 4
Cu @ AXGHEAY Add] w4

wo: Y] A7 5E5E

P S HAEF WAl me} 2 ke
& ZETh el A9E Al ohesh
7o) veby 4+ Sisk

Sk(@) = m;{3i(i+1)+1} )]

Fg7uk Hpale] Agolle 37 =34 o =y
AXFdqule) 28 AES HoA A HEE Sii)
£ o4 A "ok GG A9 o] 3 A
As] Adslz Ao] A Alda vE-E Bl
ol =] S vlAA ok A=)yt @ olgrut
o] 7 o] whalel wiel el 4 x|
r0)%e A2 e FS so)A I A$ AA)
2 3 3 A dhge] o o] EAsherll ot
g deix]A o) Az 718 wkale] A4 s
x| wEt r(i) 2 St FRRER S5 g A
7re] 3t "ok AL 718 WAle] S A
wlolu} o] Frukel) wis) S} WHake Fo) F 4
AAA =t

3. 2o 4y Z

%ol 449 Fellels A D6, ol
Bl HAEE085} olF U Fule wiw %
SJolelz sjod 7 g vl slick

focation update cost

2 10 20 30 40 50 60 70 80
Velocity(km/hr)

—e—time-based
zone-based

~m—distance-based
—~at—proposed

38 8. AASF =&

Mse] $=5 WSt AAZFIA dH971E 7P
SARZIE 9 A e SREE vleS v
L S A g s B i e R A ] 22 B
AASEFE FAEE S=ol b vlge) Hp}
fick 97t 2 Aizlek wAle] g Lo o)

2435



2841843 =52 '99-12 Vol.24 No.12B

2 5508e] e & 5 Ao ole 21
FHE 71899 2 71E7EE A ol
3 HE2 vehte daol A4 £ ok A
AFE ulg SRiel 2Rl ARE AkkldE ARk
71T 2 AgriEancg o £ u)$-S /X e,
ole 7 sjEtrlele] d3E W Aol

400
350
300

250

150
100
50

0
2 10 20 a0 40 50 60 70 80
velocity(km/hr)

~w—distance-based
4D ODOSED

paging cost

~—e—tine-based
--zone-based

a3 9. sleld Hl%

slolA vlge] g A7t 7|E WS S wt
2} 43 FoleH "ok ole =l wet ()7}
F7taLrie 18 Algel wlsld A= e}
vhs dAolch d97|E vl HolA vlgo]
dAgh ol Bo AWAA dHHe] =ZE AL
se]d stz A7l fAelch AbiellAe &
Zo| W& dHolAnle] =A FISIA S X
o3ETh.

otheel ERlE szl Menel zro] Lo
ule}l wlgo] A ZTRIAl ¢da SEA H-E3
< o= glch

500

450
/
406
- 350 iy =
8 300 - ‘7—«L_~
s
2 150 =
100 - =
50

2 10 20 30 40 50 60 70 8c
velocity(km/hr)
—eo—time-based —m-distance-based
- zone-based ~»--proposed

a2l 10. Eu14
v. & B

A $HE Bo vlolzzA FEeld WA of
54 Azl Al sl el W
) o550 TR Sl AL s}
A ARIE HAle] A slolAnlgo) G55} 2
Wl w2t 343 FsE obgel alw, Al

2436

F e A o= AR Hxd F83E I3l
ot ol 3AZTEE] 9L WAz 5
ek Akt Wk olerielet sdEeTES
23l §557] ANslER Hxe A AH5F
el sl sdAdd g Wil A3d e
2 FERohelxe ke ZRAPS 8]
o] olF SA4o] FAR MIske FHANA ol
of & 2§ stmeA FAAd AgHe e A
o33 2= Feld 71E wWiEd 5% AT
< HYE glsignk

HASE o)L s ske AT
Heke ARkslsles, o] Wk Aady B4E
23k viEYSwidire] VIR, HLRES] HlolH
Ho)~g B3k Aldye] gl Tl of
g A7) "esit

\

=
=

]

W

Reference

[1] D. Raychoudhuri and N. D.Wilson, “ATM-
Based Transport Architecture for Multiservices
Wireless PCNs”, IEEE JSAC, pp 1401-1414,
October, 1994

[21 Amotz Bar-Noy, Han Kessler “Mobile Users :
To Update or not to Update?” INFOCOM 94,
pp.570-576, 1994

[31 S.T.S Chia and W.Johnston, “Performance of
outdoor to indoor handover”, ICC92, pp.
1836-1839, 1992

[4] Joseph SM Ho and Ian F.Akyildiz “A
Dynamic Mobility Tracking Policy for Wire-
less Personal Communications Networks”
Globecom95, pp.1-5, 1995

[5] H.Xie,S.Tabbane and D.Goodman “A Dynam-
ic Location Area Management and Perfor-
mance Analysis,” Proc.IEEE VTC93 ,pp 536-
539, May, 1993

[6] S.Okasaka, S.Yasuda, and A Maebara “A new
location updating method for digital cellular
systems.” IEEE VTC, pp.345-350, 1991

[7] Dieter Plassmann, “Location management

" strategies for mobile cellular networks of 3rd
generation.” IEEE VTC,pp 649-653, 1994

[8] R.Jain, Y.B.Lin,and S.Mohan “A caching strat-
egy to reduce network impacts of PCS.” IEEE
ISAC, pp 1434-1344, 1994



=T/ &5 AL 7h A71E A e A

[91 R.jain and Y.B.Lin “An auxiliary user location
strategy employing forwarding pointers to
reduced network impacts of PCS” ICC’95
Session 21 pp 740-744, 1995

[10] Thomas F.La Porta, Malathi Veeraraghavan,
“Distributed Call Processing for Personal
Communications Services” IEEE Communica-
tion magazine, June, pp 66-75, 1995

f11] Qualcomm, “CDMA Digital CAI Standard”
July 15, pp 253-260, 1991

& Al Z(Si-hoon Ryu) A3
19903 24 : A AxgEtlEp

19923 84 : AAdiska hehedl AAlgEtai AP
19993 84 @ Atk o] AxEEtetah
<FHA Eol HAFHEAUPCS), FAATM, o|F

A e
2t 5 4l(Jung-shin Park) A3

1995'd 241 : AAiehe AxlgstalEp
1997'3 84 : AM|thkar 3 AApTEtE A
19973 9 ~&A : AAstR diskl Azt

apabg

<FHY] Bol ¥4 AR, FAATM, olF-EA
2 59

O XH 2(Jai-yong Lee) A34

A AA st Axpres) was
FEEAEE] =) A1 11E 22

0] 2t tf(Sang-bae Lee) L)
A . AAgEla ARt} w4
T3 =24 AR 113 3z

2437



