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## 4170697121 : MAJOR ELECTRICAL ENGINEERING

KEY WORD : SOFT HANDOFF / CDMA / FUZZY LOGIC
VIKORN KUNSRIRUKSAKUL : APPLICATION OF FUZZY LOGIC FOR ADAPTING SOFT
HANDOFF THRESHOLDS IN CDMA MOBILE COMMUNICATION SYSTEM. THESIS
ADVISOR : ASSOC. PROF. DR. WATIT BENJAPOLAKUL, 107 pp. ISBN 974-03-1005-2.

This thesis proposes an applicaition of fuzzy logic for adapting soft handoff thresholds
in CDMA Mobile Communication System to improve forward link performance. Evaluation
indicators are TRE (Trunk Resource Efficiency), new call blocking probability and handoff call
blocking probability. The inputs to fuzzy inference system are the number of remaining
channels and distance between base station and mobile station while the outputs are the soft
handoff thresholds of T_ADD and T_DROP. The proposed method is compared to conventional
soft handoff (1IS95-A) and other methods that were previously proposed.

From simulation results, TRE, new call blocking probability and handoff call blocking
probability of the proposed method are better and carried traffic load is higher than those of the
other methods. At the offered traffic load of 50 Erlang, the carried traffic of the proposed
method is 33% higher than that of the 1IS95-A and new call blocking probability and handoff call
blocking probability of the proposed method are 28% and 47% less than those of the 1S95-A,

respectively, while the communication quality is still acceptable.
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(Base Station Controller) iefinnisdszananauazdnglndenesaniiigiun 2
a1n NS liaglu s
o o 4 dvse o . L
2. WHaAnNAARWN UGN E17FINTLELA RN (handoff direction message) AN

~ p P I I a i = A
@ﬂquﬁquw 1 @ﬂquLﬂ@@umﬂxL?Nﬂq?MQm@ﬂu@ﬂquﬁ’]um 2



]
a o

3. antlindeuningndentedaniilgiui 2 aan €S Teglu AS ndsanidntintes
FoyoynunawAdinldush lfude  vasaniuan iindaunazdednadansniani
ugumaandnsa (handoff completion message) hea BSC Tuanuziilu AS azil

Tndenresaniilguia 2 anniley)
pry ~ A P ] < ~ o '
4. \WeadnlAaauinganud1ANwsaaaInaaneddann 1 desndnan
T_DROP udamtivdniunisasad (drop timer) azisniiu
o o o =K

5. 1NafTuiudeAn T_TDROP &0 HlAAaUNAz4411417N1139AAHLINUDY

wRamnaulisa BSC

| 1
=

A dwes g , e e
6. Waantnaeun iudnasdenisuausean  azlinudnansiadudeyainen
o = = g = = A A Apve o o g ve a e
Auaniiignuin 1 Bnseld SesnefsanindeunldiuAdsisianisinseiy
.
An1HgIUN 1
7. antiindeunazdngIndenvesaniigiun 1 aan AS ldeglu NS udaannil

IAARUNAzdeNg1INImILEusaandsanau il BSC

= A = A
’ﬂﬂ’]uﬂ’]u‘ﬂ 1 mmugﬁu'ﬂ 2

P S
ADNULARDUN

EJ, A = g p—
co nfemnaasannilgnis 2 annfleglu As
annflindeuiliiagensduaudasy
_ Indonuosaniigiui 1 agluAs - > nfensessnniignd 2 aglu As
T_ADD v,
T_DROP J /
} H >
M2)(3) (4)(5)(®)(7) EA AN

717 2.4 nezuaunsTeNAuauFeaNAINNINTF I 1S95-A
PR o = a4 = o P -
wanannalnfinanaundsdinalnawan 1 nalnAe ndaRnaniinaeundsdnnans
naipANussradinden e BSC (winnisnii 1 lugii 2.4) uda BSC wudiaauusezes
Indesuilelndanlalu CS gandianuuseaesindenla lu AS agwiniu T_COMPx0.5 dB

uwdnfiazdsannilindeunliBunisinseriuanitigiui 2 (menisnin 2 lugi 2.4)



6 6 v v lﬂl o =l [ o a KR 6 6

AINNFLUIRNITANALIUADANT AN LHOUINNTL WU ANDINNEBNF LT LADAN

FANNIATFIN 1S-95A azlddagn 2.5 TneEuainniInsadnauusazedinden (E/1) 7
al dl dln/ 2 al U al v 1 [~ 1 o
zmmm@fauw?ﬂm’mmmugmwLﬂm LAIRTIAZALINANHNLNTS INFamlANINNIYTe
£a8anqi1A1 T_ADD uaz T_DROP muatsutazandinndanlaluauidnluesls ianwqn
Fauruannlu AS 11nn91 1 wasaqngndnsanadansuausaanauls Inagnrimaaui
AN A o o ~ A a A o

azdliprasiuuuuisa Tunnesudayanaainaniiignunduani@naes AS iiaiuANw
pasdrynnsluthamanlaslluiin winwudnaudnianle AS  Spaunssaesindeniias
n91A1 T_DROP wnuifiugaeioa T_TDROP dneidianlesiiufiazgniinaanain AS nazuam

v v
n1siaznazingnyne) 1.25x16 = 20 NadIW7

= 9
LTHAL

A99ATAANNN LIRS INA DR (EN )

A MS dnlfann BS drades

y
wBaUWaLANLIITRY =N
fuAnENWAL T_ADD waz T_DROP

Y

Fnarsuredindenlu AS,CS uaz NS

E /I <T_DROP
c o

71 BS 1ilaanann AS

1adl
Wil BS iy .
Y E /Il >T_ADD AR < T_TDROP
Wil AS c°
Tailg il L

RAANTIGIA

(connecttion) 1

MS g9uATnyeyNns
=

Y

luusiaz Rake

D

=
-3

o)

Y
AILANANAIAITR9 BS

uazaadynyoelalds Ms

717 2.5 danesnugenfuausoannuuImggIu 1IS95-A
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2.4 danwazdaldguasdanawauaaan

2.4.1 danreszanduausaan
1. genduwaudeevdiaanuazuiiloymilsngnisaiilses (ping-pong effect) %
nafuafauauseen Inanisanniaiiadsingnisnitdesiininli
- Tpasffiaanndnuuadeaesnisuauseel (handoff signaling) anad
a 4 A ~ ' P g ) = o - - = 'y
- nsBiesiansuGEaundn THE@eenan (click) wilauiuanfauausean Aall
=S oA dl a 1 o = d! o = a = d}
andinslaaunisiaseiuaniiigiuniilldanttigiuananiivii
A AN ” a 4y awe o g
2. wnuzianniindeuniAfeunvaInaniilgg anilinaeunsedldnndsdan
d? dl o 4 ] [ dl o ¥ a & & 49{ =
1 Wwaine E/, Wedlussduiaaniuld wniisgensfiausaanauanii
4 R ) B a o
\ARBUNENA B NINAYAald ez MSC aviaendtynyananiig ung
dl 1 dl v o/ o/ 2// 6 8 3 Y o
gnludnamenlasdaundy  Aviugenduausaanyinlidnynyinunsnaensau
ARAY UAZIELLANNNINIRFUR A liuN T
3. seWruaufeendiaannisafalaasnisFanls Tesnannanfauauseanid
Tannanfetlgendn  wmerzanttindeundaeulyddesdynyimaeaniiigon
Tdudapmunnlifuasneneuuandeerindunianiiigiuian wanldlénag
= ?/ @ 2 I & & o o a ' 1 =
Funiuenandells uilumenduaudeendsnsinwanisinsieszudneaniigu

wnuaraniguluiaundn indenzesaniigmuanaclieg i AS

2.4.2 dalRavastansuausaan

1. gaWduauseendanududeuninanfauausaan
o/ 1 dl ¥ dl AI d? a & &

2. Ayyrnunandantesanedanias vt ninnavansiiagansuausaan
i o = = o = ~ <y
\Hesanndryyniannanitigiunileazunsnae anuananiigumille
i A - X P = LA N Aa

3. walvaanamiinaesssuuiingaay TaniannisFanludvizeniszaniianain
nisuauseaniiuatagnudanls esannaenduauseanazinnslddes

Aounynnunnnan 1 deasdyounnd

2.5 NFEUIUNITTANALEUARANFNNIASFIU ISO5-B

< o 6

TUNIMIFIU 1S95-B §1nFLssuLAeansinReuitnLeNeuLUAI A UALIMTENINTF N

v =

cdma2000 A1UFUTTULADAIIARAUNTALANLAULUGIATINAN RANTANNITRIARsUANAN

3 wairfweslfun SOFT_SLOPE, ADD_INTERCEPT uay DROP_INTERCEPT tan1nng



1"

A Fudasuluuuunadn Tunnsgau 1595-8 ivualiauutedindenlu AS Jldge

1
= [~3

nan 6 Indanuazlu Cs Hlfgegn 10 lnden

q

|
=

Halndenlas lu NS Hanussredlnfenasnndasiuannisi (2.1) MS aziFuas
11ansnisinannustesindend mivdlinnnsine Tnaazdalndemiuain NS lued

AS

SOFT_SLOPE

><1O><Iog1OZPSi +

10 Xlog, ,PS > max ,
8 i€As 2 2

ADD_INTERCEPT T_ADD
(2.1)

Ted i=12 .., N,

PS = Annuuseaeslnian

N, = Anuanindenlu AS
flndenlu NS liisanpkesiugunis?i (2.1) usfidnainndn T_ADD Infenssnannazgn
dnelldls Cs uavdinlnaenla lu Cs fiannuuseredindengeanadeiuannisi (2.2) MS

arBudenngnnrTaANLIaaas Indannau s BS

SOFT_SLOPE ADD_INTERCEPT
1O><|og1OPS>—><10><Iog1OZPSi+ (2.2)

8 i€As 2
Waauusrasindanlu s Wulinnuaulaaasannisi (2.2) warieA1uinngn

1e9lndenlu AS Wi 0.5xT_COMP dB Tndestiuazgndnelids AS
4 - A 4 T G y
Wanansan wdanieslu AS 1a MS Faeasuauussaadingaslu AS antias
liunn Fatiudnsunigedataas MS aziEuiiu anuusaadndanll AS danAfasiy

ANN199 (2.3)

SOFT_SLOPE

X 10X log,, ) PS, + :

10 Xlog, PS, <max
8 i>i 2 2

DROP_INTERCEPT T_DROP
(2.3)

Wasisuiemd T_TDROP wéda MS azfielndanitiuain AS lusa CS Tnsasriuginsy

n17m5aLluad MS aE7im (Reset) 1981 WaAnLsa1ad inden ldanndasiuannig (2.3)

y v . X . . 4w e Y .

aaudnladsauasrasnaetnglugln 2.6 Badudaatrsnesdunauaans

LaUARANANNATFIY IS95-B Insgnnsnasussesa i

oA 4 e & o4 M v

1. annthindeuiegluiuinsaunguaeaniignui 1 uazlu AS azfiiieslnaen
o4 - & e m A dae <

189a011gUN 1 (PS,) Wil snzipesiuaniindeunidnANusseedlnden

1244011 1UN 2 (PS,) uazilanud1lANuLegandiAn T_ADD annilnaeui

azfnelnfenvesaniigui 2 aan NS ldagflu €S



E/ |

T_ADD

= a A dyye o - = ~ , )
. Lummummumimummﬁmmaruaummvxlmnmmugmw 1 21617UURLAN

12

|HBANLINTR INGDAT8IAnTHF U 2 HATNNNG
[(SOFT_SLOPE/8)*10*10l0g,,(PS,)+ADD_INTERCEPT/2] annilladaunazas

218130137 AANLNaa9 Inaam e BSC

'
%

TWaniindeundelndenvesanifigoun 2 an €S liegly AS ndsanidin
dasdnyyromaninldndildude  wdsanniuan iinaaunazdeinng1 N1

wauseend1iallds BSC Tuanuzitlu AS aziiindenveaniiignuis 2 annileg
d o od : < ad oy
IHAADHIAAAUNATIANLIFIA NI INGamaa9a01EN 1 Waanadn
[(SOFT_SLOPE/8)*10*10l0g,,(PS,)+DROP_INTERCEPT/2] UARG2ULA1MIL
n1eAgallasiEniiy

A e ow oo oa N . .
WastududeA T_TDROP 401#llARAUNAZA9119819N199AAIINLITDY

Iwaannavuldsa BSC

o A dApye o - ' | £ @ 9 =
. LN@ZQﬂ’ﬁALﬂZ\]'ﬂim‘lﬂﬁ‘ll‘ﬂq’)@'ﬁ‘@\iﬂ’]ﬁ‘LLEiuﬂﬂ@W ”‘\IKVLNWU?J’]"J@’]?“NUJH‘LI@H@Lﬂ?;l’]

v Ly NS e o o m
fuanfignun 1 andell FengisanntideuinlfsuAdsiianisfinsieiy
anfigun 1 deenisfnandentesaniigiui 1 an AS ldegly CS udnds

gngnsnfausaangdalilda BSC

. \Welndenesaniiigun 1 desndn T_DROP uwdaseiudmiunisaierasiE
14
\WafqTfuneA T TDROP annihipdaunavinalndenesaniigiui 1 aan

cs hlagluNs

= A = <
@ﬂ?uﬁ’]uﬂ 1 @ﬂ’]uE’TuW 2

P S
ADNULAADUN

T_DROP

‘ nRangesaniiigauis 2 annflegflu As
anflindeuniingeniuausaan
Infanrasannidgui 1egluas - > _ Iwfanvasannilgoui 2 eglu As
/ / . i >
M@E @& 6 © 0 TTUTNN

7171 2.6 nszusunsTenLauReenINNIRTgIU IS95-B
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2.6 dansnauraaninanislsuianiznisifitnas T DROP

qailszasdueanisliuAmnsdmes T_DROP wesgansuausoan [1] Aoean

1
A J

dnannsiadnluaniazluanunn gUn 2.7 wassienungansuausaaning WoA1w

[ 1
1 =

qmas T_DROP peiazilasuulas aznudia T _DROP Heigsauazna linunaans

a

wasaan IMutanag

T

|<—|—> Nulganduguasaning

| —>| [ wumaﬂmmumaawmaﬂsum T_DROP

T_DROP T_ADD T_ADDI T_DROP
(BS) (BS) Bs) ! (BS)
New T_DROP

(BS)
ﬂﬁ 2.7 mmﬂ@ﬂmmmmmwum@wg}Lmumﬂ@mm BS, Sleusuen T_DROP

|
A A

Tugiln 2.7 MS, azingenduausaanszndng BS, uwaz BS, luanizing el
Bunulvantas BS, Wuau a1an idesdyoraldinasauaziianisfindnauld wsdn

BS, U5uA1 T_DROP g axinli MS, agjuaniuinensduausasnaes BS, uaznisse

| a R N A A o ~ Ll
TEUIN M82 b BS1 AZHYNEUNLAN @Wﬂuuﬂ@:uﬁﬂﬂ@mm’]MLﬂ@@LW@?@\‘]?Uﬂq?L?ﬂﬂ%ﬂNVI

4
NIIaPN

a R

FaneinuaeIn1sindulanaziud T_DROP uuanslugiyn 2.8 Taadinnsauans
Asgansulduazanutnasidureanisindn  Weldlunisindulasuandluannis
(2.4), (2.5) uax (2.6)

o

1. naensulan BS

other cells k

p= ZVE R+ Z Zvl(/)Eb/(/)R-FNW 0.4)
Tefl P Aerndensulan BS

r

v, Patladauaninaasdesyn (Voice Activity Factor) aaagldauil i Mitsnaula

V.

o Pefladuuaninaesdasynreeliaun i luaad |

1
= 1 a

’ ﬂ@wmmum@ﬂm@ummﬁﬂmﬂuw | Funaula

1
=

E
Ebl ‘ﬂW@\‘i\ﬁML@@ﬂﬁ]‘ﬂUﬂﬂl’ﬂﬂmﬁﬂum I '1umm1 ]
R

o

a8m3106 (bit rate)

o))}
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N, AaAErWILduallnafunIAsIesd Y nsLNaW@IANFau (Thermal
noise power spectrum density)
W AaLUuAIAS

v 1
k  Aesawulliiualumasnaanla

2. ANNHNUNAZTIULIRINITRATA

/acce IW - E[Pr]
Pb/ockmg 1 Q = (2 5)
A/ Var[P ] '
T———
' —u /
Taeih Q(x) = .[e “du (2.6)
L

E[P] uaz Var[P] AaAl@aauazAnuLlslsuaes P
| oo ABAINNUIITRIATY Y UUNINAB AN EIDNTL T
Anluannsi (2.4) azgninllldlunisatuaniAniade (mean) wazaauulstlsan
(variance) \asnAulaludanasnuisgili 2.8 azwinduiladinisanludidnaunluaadasd
nIAUaANRALazANLLILTIUIRY P, uazAadaudnAntiaziiuaasnshiadn
a 1 ‘QI dl a o dj a2 A 1 ¥ 1 = |i// [~3
NuABNLasuIInsBadagavinAy 0.01 [1] wseld druinndnisFanluiiufiazgn
udanll yindeandiiazmsaaaudnddesdyiniiasnanazdngssliiunisFaniuie
P Yy = & o Ve ¥ o = & PR o o = =
T dieananazdpasstasdyoyndliiuniszaniu wadhldineswe duivunaiilivan
Tuaadiige fazvinnistfuAmisdimes T_DROP Tigeaw iveldnuigensuausaanian

al =l :j/ dl a s & dal all 6 6 da/ ai 1 [~3 o
AILATANANNITLTUNUNNATINN TR N A LEUADANUBNNUNTANF LTWARANNUN MU HaznN)

D

¥ 2 1 4 v
InssatuAugAaY LATIMARTANATYIYIUINANTY  AMNTWINNIIATUIUALRALILAY

ANHLLTuAaY P wazmagatAtAaNtnaziiluiainisindaluudininitatiasngn

v

'
I Aa

a a o A L ) = @ o o . ~
F’nL?NLﬂ@ﬂusﬂ@Qﬂq?m@mﬂVﬁ‘@LLN m'1N’mﬂQWﬂﬂ?L?ﬂﬂiﬂNﬂ@%Qﬂuaﬂﬂ PINUALUNITNITLTEN

v
v &

HuAaranisaninisGentd wazminlFunaumsminlumadanasuda A1 T_DROP fiazgn
Usulvidlupning
o a R dl < ' dl o 9 1 QI dl dl
andanasnnlugly 2.8 aziudnnalnfiazyinliAnEuilasu T_DROP wasuuilas
HI9ANTBINTADLAUBIUIUNGNTBBANNIATTIN  1S95-A  RANTUIAIRE198TaTaN
wauAeeNmNNNIATFIN 1S95-A Tugilil 2.4 feud MS aziinssnnssevisednylndensan

AN AS AzFiaanszyin&esing Aallil
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1. BSC #esAnuanimnuunasilureanisfadamuaunisd (2.4) ANT 1 Liledn
aulatfupn T_DROP lupn

2. BS uaeli MS ns1uAn T_DROP lud

3. MS maagaumIINuszesindantn 1w AS dafiAeandt T_DROP Tuduiu
Aundigeanan T TDROP videld ffeulailifluass MS azdeinagnsnisda
ANLIsred ndennaulise BSC

4. \ile MS #3udnaansdentsuausaenann BSC aldinnissietuis Tnadeln
Samlliéa NS uda MS Fesdstnansnisiuauseandiandulieds BSC

5. BSC fasAnuanipanutinasiuteansfindamuannnsi (2.5) A% 2 iensaa

' 2 o Ay g '
@ﬂugq@qﬂq?ﬂﬂﬂﬂﬁfun’]?ﬁﬂﬂﬂLmqﬂqiuﬂuﬁ?’ﬂim

NTLUNUNNINNAIINABLALINAN TUN 25U LAY A9 E199211919 BSC U MS, 904
1981 T_TDROP Laznani 14 1un13A1u A dunatiiuaean1sm adnnnaunisn (2.5) 04
2 53 (ngAneaauazAuLlslsuaes P 7 BS 5uldnldluannied (2.5) andusiasiinag
< £ 1

aa a 4 =K [ = dl 17 M v dl a
NUABNAINWNADNFANDUBNAIEL) ’QQ’QK@"]NW?DM@U?UWWL?ETML‘il’]ﬁd’]élﬁﬁdllﬂ GNIEAATMEEN,

FRNNITNITARLAWEINUN [7]



ganFLINN93EN

( BGudumsinau )

. . A
AUIUANRRLILATANNLL T

1N P LAy P
r blocking

Auaziluaesnsfndn
ns@andaandnAFuilany

!

N

[

¥

anuRTanduausaan
{AeNN9ANAN T_DROP

1 MS aguanium
e uausaaniulu

AAN1958 (connection) 1iuiell

' o

e sdeynnumaniindng

Y
. . 4
ANUIUANRRLILAZANNLL T
189 P uaz P

blocking

ANUNaziiiuaeansfindn
nsFanasndnAnFuLfew

\ 4

o

TngasdryonodlinnsGan i

v

1U5uA1 T_DROP ifupnan

AUNNINN9U

\ A

ufennn9izen

Y

(aumsineu )

31I7 2.8 danasnunistiuAmnsdmas T_DROP Tunscuqunisaansiuausann
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27 danAuauraanlaanslsunenisniivaad T ADD uaz T_DROP
AEmsiladratunmsiiamzniived T_DROP iasiaidasluiaded 2.6 90

UszasiResesnsaniiufiteriduaudeeniuazanlonianisiarenduausoen el

5%%31’1Wﬂ’1ﬂ%‘1/]§‘1/\m’1m‘1’1§Qﬁmﬁﬂ§uLL@$LﬁNQQAﬂWWﬂ‘ﬂﬂﬂﬁiﬁi‘ﬂé’Qﬂﬂ’lmﬂﬁ’] T_ADD lngiay

winldaingn 2.9 dungenduausesiaes BS, 7Nanad el T_ADD Anaduay

a X 2 o gy, o 4 vy o N Aa X i N A
T_DROP iisautiu azinWindesdnyayinsaelisesiunisGaniinaulvdvseniszani
nnannnnsuausaansald Taelu [2] Ben3anistidn VISH (Variable Threshold Soft

Handoff)

=T B A

| i
1
I !
| . | |
T DROP T_ADD T ADD T _DROP
(BS,) (BS,) (BS) (BS)

a

, — >
Nurzandueudaaning

—

1
| |
T_DROP  T_ADD T ADD,,,| |T.DROP.,
(BS) (BS,) (BS) (BS)

& 4 13 3 P .I ‘
WunganaawaaaWiialsua T_ADD waz T_DROP

717 2.9 Mawasuulasresnungensdiauseanues BS, 1aldqs VISH

PR 1 lun 19nAulAlsuAY T_ADD tay T_DROP A8 AINULILLLNT N

Wn (Traffic Density) 7aglugtluasdnsdanszudeidsmldludasdoyainmsninany

ed . o o A L. Y oo . X
AN | AANAIN I lutaAty i uviavnATes BS TWaan | (1) Aeil

J
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j—used

v, = 2.7)

Jj—total
Ined P, dluindsnldasedniunisinsiessudne BS Au MS nnaniilluaneiu
Ay P, \uindgangazes BS lwaadhn j Ngndalitudesdoyniamemiin Inaas

1
=

WRrauWeLdnsdau ¥ diudnadau ¥ Asuandluannisi (2.8)

) 7 2 2.8)

max

1%

Taen P, lumdvaesdeasdyoromeinuay P, Hluindvgengnassdes

max

meﬁmWinWﬂﬁquumiu BS Inadnsdau y urnasfiuazansiidntioandn 1 mwanzd

Saandou  fidnlng 1 uaseidtiinamemiinielnanguineas ooty

Anluanniai (2.7) NasnAulaLliuAn T_ADD uway T_DROP Imimuﬁ“@ﬂﬂ?ﬁﬂugﬂ‘ﬁ 2.10
ﬁ’]WﬁmﬁLm‘f@:gﬂﬁwumﬁaﬁ

TA0D, = a, ma’i j/j < ]/* (Inanna A nUna)

o, NILauU (Maans W nga)

py nly; < 7" (aanamifndni)

. T_DROP;
Az - o 2.9

L ﬂz NICUBU °] (nannamiinga) 29)
e oL, uaz [3, 1w T_ADD uaz T_DROP luanaznam@dning us o, uaz B, uan

T_ADD waz T_DROP luan1aznsniings
v [ % aa d” = I ‘dl a o
ann [2] lAuanenisdnanssouzaeaiansiiiasanuinazduiasifindynyiueng
mﬂﬁ@”mqmimﬁwmm@ﬁﬂﬂﬁmj AULANITIAZNIINULIDITZULTURDIUINIH AT
AUNINANTUNTINGY [4] 11 Usz@nBainnis dnswenInaAuarAutnaziiuuesnig

a o L% 4‘ a rdl o/ 4 dl
AAdRLTWeL mmmummmmimmemmmmmummi:um:VLmmeVmuUW 3



ANUAAINIINRLAD T FHFIU
7, T_ADD, T_DROP)

Tad1a
(naAnUna) 1%

(nanga)

wlasuAn
TfADDJ, T DRO Pj

A
NIgUIUNIT

ganFLauaaanlng

@
-
-«

ugn

7171 2.10 8ane3hin VISH Tun1stlfuvisen T_ADD, uaz T_DROP
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unin 3

aa al o =%
AENITNLEUR LL@%LLHU“]'\@EQV]UI,‘]I

Aansluiaden 2.6 uar 2.7 Wlunsdiunirfivefvessenduauieenyesanil
g Wnsznuivgenfuaudeenaesaniiindeunviomaluadiiug Aoy dmdudanisd

o 1 aa ad vy v A o 1 a 'y & &
UNAUAALUANFNNAINITAAINTT1AUARAZUTUATNIINHIND IR aNALEUARANTRY  MS

&

' ~ = | \ - N A Ad ' a o
LEIRSRANNLLLNY @QIMﬂ?gV]U FOTANFLIUADDNTBIADILARDUNDULAZATNIFIN Lm@?msﬁﬂ,u

' |
= o o A

ada ad vy Y & o 1 dl 1 a) dl ¥ ] A £

18N17 2 ’lﬁ‘ﬂ’NﬁleLﬂl&ﬂ’]ﬁ\ﬂ/]@@\iﬁWV]ZQ@UﬂULN@IM@ﬂVlﬁ"]WWﬂV]L‘IJ’]@I?ZUUM’]ﬂﬁﬁ‘ﬂu@EIMqN
dl dl o g ad :j/ dl a oA dl 1 1 A 3 in/ 1 dl
Lq@uimmr]f]uumifsm@qq'ﬁuuj Sﬁﬂummgummimwﬂmﬁmﬂimﬂm@u@muuhmmzmm

[

azuanldetiednauauegiunisaviuaasdnnuanas AN dina faasansuausaan
Tnsinnmustiufianalimuizngn  naniuld Asidsnisneueluineinusiaaue
A dmeinnlasunlasiunansdld  uazisniunesuanpetdasan (Fuzzy

. dl | Qdd‘ | ai o o 1 1 %4 { o 1 dl 1
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1. MS ynanilfinismauanindclugnedenladeundy (reverse-link power
control) WULANY L
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Foucynnulwdan E /1, #1 MS Fuldain BS 1 j uasslamsaunisd (3.5) [12]

E B.pacr.g),

jll . (3.5)
’ ! Z ﬂppsk + Z Vk/‘ﬂki Pka(r’ g)k + NomW
k=1 i=1
e P, Aerndustlsz@nsua (Effective Radiated Power) a0 BS 7 |
2 & & o o ) o 3 ) o A
ﬂpl AaLlafinuiaasn1detasdnynnslnadandmiu BS 9 |
B, Aanlefimusresindestesdyninmawinaedldaui i faseiu BS ¥ k

B, Feaulafimudaindaadlanasian (Overhead) Iduntasdtyornlinden daq

k

funnNARuazdasdydeias ludd s BS 71 k

)

X

o

S  AeluuTNResvTelasaad BS (luntlwindu 1)

I o

N,  AsRuugldlu BS 71 k

'
' o =

v, Pefladuuanivivesdesnaresdldaui i Nenanlanfnseiy BS 9 k

ki
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N, AsAMNnuILduaiinafunasesdyiusuniumandas (The Ambient
Noise Spectral Density) Feilsznaudaadtynusuniudninudaui MS uay
Lo oa s o o
nsunsnaananuvasiniisangdu ludnemen el

6

W ALUUFIAY

AN Ey/l, 1 MS Sulsiiludarinvusiunasaunguaey BS ludnemanlosliwiuas i
dl o & dl & o 3| dlf dl & & a 2’/ =
naansuausaan taanvaumasinidununganiuauAaa NI zUTIOUTUE AN
fryrynuann BS au iy

dlgl dl 4 1 o a 1 -dl 0% dl 2%

nunAsaUAgugnAILANAItdasdty iy N AN ludedanlasluinnanunsn i
uinsld  Tneaussouzansdasdynyrunaninludnamenlasldudharunsodaldain

E/N, 2estneimenlelintiiain BS 1 (FL) Ivanunsauansluannisi (3.6)

E, B POr.C) (W/R)
~aF v (3.6)
0 /n, (1—orth)(ﬁppsl -+ Zvﬂ,ﬁﬂjP/O{(r,g‘)k +1,., TN W
i=1,i#]
Tnegd
s N,
e 2 (ﬂ +kaﬂk,jea(ng)k (3.7)
k=1kZ] i=1

1
=

= - - o o | e a A
wy B Aalefinudiesindeestesdyyumsainiunign

o 4

A = ¥
R ABRATITIDYAUBIALNLACTDY A

u
v
o

orth Aailadesaan (Orthogonal Factor) vasteNAtyoyruduiudnedanlesld

1AIN BS LAy

AN aadNIgsien MS uldmenlaainnissan E/N, InInfigaaes BS 9
= A A ¥ [ = ?:/ aa 1 dl d‘ A ¥ i’/ a a
anil [5,17] MneadesiunisGantiy naaunAditnedeslesaninaadestiuvgsaszanmnia
wuULsea ez ldmn E/N, aastnentanlesllninfad

=3
N o =1\ N (38)

0/ kL
Tt nog, Aaauulwdaniatlu AS a9 MS tulaiatensuausaan Tuinentinusy

N0gs ANNNTNHLAGeqR 6 AT [14]
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3.5.3 WUUANARINTWAN (Traffic Model)
1. ANNF NN D999NNTEeNAN1suanuaduUiladEa  (Poisson) WATRNNTHANLAY
) | dl 1 a s dsj Qi
Te9sumisaguuuginesu lununAsauAgu [1,5]
=) o . . =i < a a =
2. angptesdnyunnd (Holding time) dnnsuanuasiuuidndlniuidan nadAiang

Winfu 120 w19 [1,5]

3.5.4 ULLSNABINARET (Mobility Model)

MS flﬂ’]ﬁ‘LL@ﬂLL@QLLUU@ﬂWL@N@lHV;ﬂﬁﬂVI’N (0-360 29AN) [1,2] Tmﬂﬁmmﬁqﬁiuﬁu
Husautlsdeguuuuindideuidaneds 40 Alammssedalusuafidoudeauuminsgiu
10 Alawmsaedalug [7] uazidananuisaanizludag 0-60 Alammssadalug wazauufdn
MS Lﬂﬁlﬂummﬁmﬂuﬁm TnttaainabiinIsuanuaLLLeNFInLT g [1,2] wazden
waefli 30 Bunf AanmEaA AN LAz AN LT PN ALTLETY 30% duURAMNaiuAZTiA
naluiianduiugiu 30% i LL@ZHN%@GW}?L@%@H?{ﬂ%ﬁiﬂﬁiﬁﬂﬁﬂﬁﬂLL’NLL‘]_I‘LI

ANAND

3.5.5 Awniinesans) Aldlunsanaeauuy
zﬁm%whwq@ﬁﬁl,m'a%%uj Panflufaaldlunir91809UUnan TN 3.4 LAy

o

ARIUABINNAI AT AN A LY UUARZ RN BS €9 LAASAIANTINT 3.5

al ' a o Ao @ w °
RA1TNN 3.4 ATNITTHAR TR Nausiasldlunisanaaguuy

wainad el ATl
1) |A1 T_ADD uag T_DROP daB (-12,-14)
Budure9ssL (-13,-15)
(T_ADD,T_DROP) [5,13,17] (-14,-16)
2) |T_TDROP [2,13] A 5
3) |T_COMP*0.5 [5] dB 1
4) |SOFT_SLOPE/8 [5] - 2.25
5) |ADD_INTERCEPT/2 [5] daB 3
6) |DROP_INTERCEPT/2 [5] dB 3
7)  |Uaduuenfinveadesyn (5] - 0.4
8) flaseifsann [17] - 0.8
9) |dmsraananisilizunans - 128
(Processing Gain) [17]
10)  |ANA3 BS g4gm [17] el 5
1) |8mandeya [17] dnfeduf | 9600
12)  [E/N, Tikeans [16] dB 7
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AT 3.5 Andauaasniasastesdyynnusiazaiing BS d9

AUATRIA YUY wiog | Adld
1) |lw&en (Pilot) [17] wlafifus 15
2) |waas (Paging) [17] wafidfus 12
3) |Talastud (Synchronization) [17] | wefidus 1.5

a1 lunIanaeuULR WL 600 Fud iy BS nne annil 9 BS wsiavaniil
NILNINITARLANANAIISUNAWINGL 600/(1.25x107) = 480,000 AFSUAZHNITLAUNTTWE

uaUARANMLAATY 30,000 ASIAE MS 1 aDNINNNITAAAATL BS 1 a011Raaaa0

3.6 NFUTLLNUANTTOUL

=

miﬂmﬁuz@mmummﬁ%‘maﬁLmu@ﬂizv‘iﬂmﬂﬁﬂmwwmﬁmfafﬁmj AT
200-600 atlszifulngniameiads (Hesan 200 unfusniduniedudunisdiaeuu)
f9 BS Thandsudude BS 7 1-7 mwgUfl 33 dwsusmimfimesivhdsnduliun
aansifinfisesiUld, Arsniazidluresnisiadadusunsdaniifatulve, A

azifluraan1sRndaduiunisFanninaainnisuausaan, NO... Usz@ansniwnisld

BS’

ninenImis, Anuthaziduresninfedyninaiamanay E /N, Weauiulnannsniin

1
a v

NangrzuuAIFge

3.6.1 aansAnnsasiuls (Carried Traffic: T,)

Tuaananinisesiulsiiudndnarungldndndadesdynynlusadusaziaad

[

dl a all v ! IS QI d%/ ) dl [ ¥ IS DA !
WalwannamAAnfdngsruuiiAninay wntiasmaninisesivlfaesssunlafirngands
Tnamuaansinidngssuuiumniuuansdn ssuuiuiiaouainnsnsesiunamainlsigs

nanszuvauza TNy 14 ldunnndn

%
=

3.6.2 AnNUNAziiluaaIn RAdad1uFuN1BUn NIRRT N

ANHNUNAZLTUERINTRATAAN LN EN AR ATU UL AP DRI ULBINTHIDY

a0 v

= |dl 1 ! 14 M Yo a dgl dl
ﬂﬂQﬂW?L?HHIMNVILmWNWQ‘ﬁ‘zUULL@’J1N1@?Uﬂ’]?I§]@D@H@\1 Tmﬂﬂﬂmmummmmu@w@m

%3 1
1

A 1 o e 1 1 | A XK A = o a a 1o <
NIAVNINUALEL Wmmmmm%muummqmmﬂmummﬂﬂmmumnmLimimmm

! v 1
%wﬂﬁmmmumm@:uuﬁumm
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3.6.3 ANHUNAITuIaIN1IR AR A NTUNNTBun AR ARINNTLELGaaN
ANNUNAZLTUIRINIRATAAIUSUNIFEUNNINAAINNITLIUS D AN LA AN

nnsizaniatnvauasLazfadnIsfasraseNFuausaaWALARaY  INDLWNATININTDY

u

1 1 1o [~ 1 I -li’d 1 =K A = [J dl o &
nssauslid1iia winArantaziluA g einIEaNauIUNIN AN s
wauseanlidnia deinlinnininaesnisseiu BS duutasuazanarinlinisizantiugnsn
210 16

3.6.4 Aurulndenadsluwanfnimn (NO,,)

NO, uanuanindamanalu AS Tnafirszudne 1 (ldifateavsuausaan) s 6

1 '
=

(TanAuausaania BS Winneadas 6 aa1tl) aelsainniseasaiuiulnaanly AS 199

MS Mnannil (1A NOg HAgeaunaiatsunnesanduausaaniifatiugs nniuannsam

| % A

Anidngezuy ou anusiuiAge enanin W liNdesdtynrnumaaiiiasesiunisGanidan

Tnsdls

3.6.5 Use@nsn nnsldninensmieA (Trunk Resource Efficiency: TRE)
132@ANTN N7 IENTNENNINTIALT AN AN AN IagL s ANE AT NTassLLL Tael TRE

1 lgan
TRE =100% X (1/ NO, ) (3.9)

1 o d! o

Tnelunsiianfauaunan A1 NOy, NAWNAL 1 @inliA TRE winfiu 100% WWasn TRE

v =K a = dl a & & [~ o d? a dl ¥
UAHAIUNILDINNTFLN NN AN A LFUABANLTUINWIUNINTU - AN THaANTIWANTNENE

a

o

S A, Sy o = o A o =
ITUL 4 AuziiuiiAngauas TRE HAntarananiiliidesdnyonnumaaiivesesiunisien
Midnanludlsl wilunemseduiuasnanilnidngsruy o ansiuliAntiesuazan TRE H

Y oA = d‘ a g & o % ] :j/ d?
ANUAYLAAIINNNTFENNN ATaNALEUARANNN WWIM@MﬂWWﬂ@Qﬂ’]?W@HMQ\WH

3.6.6 E/N,

ANFATIAIUT LI NNANNULRAL AR T ATL AN LA NAFUAN 91894 TUIN D

o

FUNIY (E/N,) WAAIDNAININTEINIFaN MS FuldRaaldainnissan E/N, ANnng

>

2194 BS ynanil [5,17] MneadesiunisGentu @9a E/N, snhganseniuline 6.5 dB

(17]
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3.6.7 Autazifluaesnaiadoyuuanavig (Outage Probability)
AonUnaziiueInsiady o A B WA U UIB9A AN NTBINIFIRRNAY

uils Inednainan E/N, AtlaandnAinivun Sanandnusiniualiyindu 5 dB [18]

o [ o aa 1 dl 3 1 dy dl
ZQ’]‘WN_IN@ﬂ’\ﬁ‘@’]@@\ﬁLLUU‘LI'E]\?QﬁﬂWﬁ‘MW\?”I mimﬂmquﬂuumu%mmﬂuumw 4



unN 4
NANITINADILULLAZNNITILATISUNANITIIRDILL

[ %

4.1 danuaisngg Mdlun1suanINanIsIaaILLIL
Aty Vm:mﬁuﬂﬁiéﬁﬁﬁ%ﬂﬁisﬁﬂwﬁLLauﬁ'ﬂ'ﬂWmN%\iWWﬁﬁLﬁl'ﬂ‘fﬁi’]ﬂ‘] Tunsuanis
SraeauuuuLialameil
1. FminauelegdsrunAtaseisinaiingraluumi 3 axdauluguunid
FIS(T_Ad,T_Dr) TpeiAn T Ad waz T Dr wluAuwnunans (core) wedsiauils
linguistic #115LLRFWATBY T_ADD uaz T_DROP c-ﬁv\ummélugﬂﬁ 3.8 uar 3.9
2. FEMNNIAIFIU IS95-A UAY 1S95-B %L%uélugmmuﬁaﬁ 1S95-A(x,y) 13D
1595-B(x.y) 4 x waz y A1 T_ADD uaz T_DROP Bufutesssuumaais
3. A3dfuianzwiaiimed T_DROP mtiadedl 26 amfuulugduunses
T _DROP(2) el Z WAt T_DROP Iusiitldannnnsdsudn dialuasmsniin
N EAT IR mmx&u@q
4. Fnsufufennafiiaes T_ADD waz T_DROP mwviadedt 2.7 aziasulugl
WLLT89 VTSH(OL,B,) Taefidn o, waz B, 11 T_ADD uaz T_DROP lwslitld

1 v 1
anNn13U5uAN WalnaanaWWnaeeseLL mmzﬁuz}qumumiﬁ (2.9)
4.2 HANITINADILULURIIE FIS NiLdUa

421 Maufuufiauanssouzssudngia FIS A giunguansineio

anvindedi 3.3.1 IEEnaruuangdwiudfudn T_DROP fisneriu lwindeiliiu
nsuAAINANNIAABdULILITeY FIS TlFgunpsineiu TasfuumlidmnafinefFusuaes
T_ADD uaz T_DROP 2893vULWINAL ~13 UaY —15 dB AMNANALLAZATUNUNAT8I5]
wis linguistic &niLLeAWAR9 T_ADD (T_Ad) waz T_DROP (T_Dr) Wiy —13 uaz 15

dB ANNAF U P NANNIANABILL LA
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0
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917 4.1 poudniusszud winaamsinisesduls (1,) fuiaansmAnidngseuy

U7 4.1 wanslidiudnlsunauannsminfisesivldaes FIS Nldnglumnsan 3.2

b

A mFurlfuen T_DROP Tiluaans minfisesiuganinaedsnsnei 3.3 ot 25% uay 15% 7

13
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a
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317 4.2 uar 4.3 uaasliiudnvisrnnuaziiluaesnisindaduiunisGaniiia
X | o o a4 Aa - = v = o = oA
lnsiuazdmiunisBaniiiaannnisuaudeeiuundumlewty lnennlnaanawiling
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917 4.4 poudniusszudeanuulndeniaanlu AS (NO,,) fuiaansmAnidngseuy

7N 4.4 uassliiiudndanuoulndenaanly AS (NOg) 284 FIS Nkdnglunised
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Abstract

Two presented Soft HandOff (SHO) algorithms based
on Fuzzy Inference System (FIS) aim to increase the
values of T_DROP and SHO Window (SHW), and
T_ADD, in the first and second proposed algorithms,
respectively in order to release the traffic channel at high
traffic loads for increasing the carried traffic, and to
decrease those values in proposed algorithms in order to
add the traffic channel in active set at low traffic loads for
increasing the quality of traffic channel. These proposed
FIS SHO algorithms can reduce new call blocking
probability (Pg) and handeff call blocking probability
(Puo) when compared with IS-954, IS-95B/cdma2000
SHO and FIS SHO with various fixed SHW and adapted
T_DROP while still keeping acceptable low outage
probability.

1. Introduction

Hard handoff is a mechanism to maintain quality of
service for mobile communication system. SHO is used
for CDMA mobile communication system. It is a diversity
handoff scheme that user attempts to have simultaneous
traffic communication channels with more than one Base
Stations {BSs). On the other hand, Mobile Stations (MSs)
obviously use more resources than those of hard handoff.
Some SHO algorithms have already been proposed for
higher system performance.

Chen [1] proposed the Adaptive Traffic Load Shedding
(ATLS) for reducing call blocking rate at high traffic
load. This scheme allows heavily loaded cells to
dynamically shrink their coverage, while less load
adjacent BSs increase their coverage areas to get the extra
traffic by transmitting power to only those handoff MSs.
The disadvantage is that the BS has to request the
adjacent cells to increase their coverage area before it can
reduce its service area. The BS cannot reduce its pilot
strength independently and it is not easy to rapid react to
the variations of traffic load.

0-7803-6728-6/¢1/510.00 ©2001 1EEE.

Hwang, et. al. [2] allows the handoff thresholds
(T_ADD and T_DROP) to vary dynamically according to
the traffic density of each cell. Only 2 fixed values for
each threshold are assigned. The comparison of system
performance with the conventional IS-95A SHO [3]
observes only outage probability, thus it may not be
sufficient in comparing all aspects of system performance
which can be described by many indicators.

Jeon, et. al. [4] proposed a new channel scheme for
reducing call blocking rate in BS by increasing the value
of T_DROP when the traffic channel is not available for
forcing MS out of SHO algorithm, There are also 2 fixed
values for assigning T_DROP. The disadvantage of this
method is that the BS must calculate mean and variance of
the total received signal power. This may be impractical
in real system.

Worley and Takawira (1998) [5] proposed upper and
lower thresholds of MS transmitted power for defining the
conditions of handoff. Because the frequency ranges used
in forward link and reverse link are different; thus, the
quality of forward Traffic Channel (TCH) and reverse
TCH are not equal. This situation leads to be inefficiency
in using the system resource.

In IS-95B/cdma2000 SHO [6,7], there are 3 new
parameters SOFT_SLOPE, ADD_INTERCEPT and
DROP_INTERCEPT for adjusting threshold dynamically, 1S-
95B/cdma2000 SHO will be compared with the proposed
method. Note that the conditions of IS-95B/cdma2000
SHO algorithm in this paper are partly different from
those used in [8] but conform to TIA/EIA/IS-95B [6] and
TIA/ETA/IS-2000-5 [7]. In addition, in this paper, SHO
algorithms are based on statistical modeling with Poisson
arrival process and exponential holding time process
while Chheda’s proposed simulations [8] are not.
Therefore, a better view of SHO performance comparison
between IS-95A and IS-95B/cdma2000 can be expected
[9].

There are some researchers applying fuzzy logic
theory in handoff process such as Kinoshita, et. al.(1992)
[10]. They applied fuzzy inference for leaming cell
boundary [9] but emphasizing on hard handoff in indoor

1017 vTC ™



area. Homnan and Benjapolakul (1998) [11] proposed
FIS by using the signal strength MS receives and the
distance between MS and BS for inputs while output is
the defined value for deciding handoff. This work is also
applied for hard handoff. Homnan and Benjapolakul
(2000) [12] proposed a new soft SHO algorithm based on
FIS. The results show that it gives better performance than
the conventional SHO.

In this paper, the adaptive SHW extending from [12]
which uses fixed value, is investigated. SHW of each MS
is dynamically adjusted in the range from 1 dB to 4 dB
depending on the remaining channels (representing the
traffic load) of BS and the number of active set’s pilots of
any MS served by that BS.

The paper is divided into 5 sections. Section 2
describes FIS based SHO algorithm. Section 3 describes
the system model. Section 4 describes computer
simulation and results. Conclusion is presented in the last
section.

2. FIS SHO algorithm

The fundamental structure of FIS consists of three
conceptual components [13]: a rule base, which contains
a selection of fuzzy rules; a database which defines the
Membership Functions (MFs) used in the fuzzy rules; and
a reasoning mechanism, which performs the inference
procedure upon the rules and gives facts to derive a
reasonable output or conclusion.

2.1 Database for SHO

The inputs of the first proposed SHO algorithm are the
number of active set’s pilots for each MS (nogs) and the
number of remaining channels of BS (CHp,). For the
second proposed SHO algorithm, the inputs are distance
between MS and serving BS and CH,,,,. All of crisp inputs
are changed to be fuzzy inputs before using in a rule base
by the MFs (Fig. 1). The MFs are designed as simple
models of triangular MFs.

A triangular MF is specified by three parameter {a,b,c}
[12] as follows:

ta'-:'arr.'_c;ﬂfe(x;.a-,,b,c)=max{mir{’(—a C_x}u] 1

b-a'c-b
The parameters {a,b,c} with a < b < ¢ determine the x
coordinates of the three corners of the triangular MF.

The outputs in the first algorithm are new T_DROP and
new SHW. T_DROP and SHW fuzzy values are changed
to be T_DROP and SHW crisp values after passing
reasoning mechanism procedure by the MFs in Fig. 2(a)
and Fig. 2(b), respectively. In the algorithm, T_ADD for
each MS is assigned as T_DROP+SHW.

FTQNEATIRCAN L O O 00 TR
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The outputs in the second algorithm are new T_DROP
and new T_ADD. T_DROP and T_ADD fuzzy values are
changed to be T_DROP and T_ADD crisp values after
passing reasoning mechanism procedure by the MFs in
Fig. 2(c) and Fig. 2(d), respectively. The two MFs of the
second algorithm are represented by (b of T_ADD, b of
T_DROP) with a = b-2 and ¢ = b+2. For example, Fig. 2
(c) and 2(d) are written by (-13,-15).

2.2 Rule base

The fuzzy if-then rules are in the following form.

[ Ifinput, is A and input, is B then output is C. _|
A, B, and C are the fuzzy sets defined in the Table 1, 2, 3
and 4.

For the first algorithm, there are 9 rules from 3 fuzzy
sets of 2 inputs (3°=9) shown in Table 1 and 9 rules in
Table 2. For rules as shown in Table 1, the outputs are
based on CH;,,, which informs the status of the capacity of
cach BS including traffic load and interference, and nogs
which infers the pilot strength, the distance from BS, SHO
area and Ey/Ny MS receives. Normally, increasing
T_DROP will decrease the size of SHO region. Any MSs
which are in the the old SHO area but are out of the new
SHO area will be forced out of SHO region but this new
proposed procedure adjusts properly T_DROP and SHW
for each mobile by considering each MS ’s environment,
so SHO region of any MS is different.

The condition behind the rules is that MS which has
only one pilot in active set will not use the rules in Table
1 but it will use the initial assignment T_ADD and
T_DROP values.

For the second algorithm, there are 9 rules from 3
fuzzy sets of 2 inputs (3°=9) shown in Table 3 and 9 rules
in Table 4 like the first algorithm. For rules as shown in
Table 3, the outputs are based on CH,,, and distance of
each MS to serving BSs which infers possibility to
disconnect some long-distance BSs with the same idea as
the first algorithm.,

The condition behind the rules is that MS that has only
one pilot in active set and is less than one kilometer far
from BS will not use the rules in Table 3 and 4 but it will
continue using the initial assignment T_ADD and
T_DROP values.

2.3 Reasoning mechanism

Fuzzy reasoning is an inference procedure that derives
conclusions from a set of fuzzy if-then rules and known
facts. The proposed algorithms use max-min composition
as reasoning mechanism.

Crisp value that best represents a fuzzy set can be
extracted by the defuzzification. In this paper, The
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selected defuzzification strategy is Weight Average
Formula (WAF), as shown in equation (2), which rapidly
responses to this kind of decision problem.

2HZ (2)

I

where Z:a universe of discourse, z= {z|e Z}, u(z):
the aggregated MF, p’ : the maximum value of MF, Z* =

{z|pa@) =p'}.
3. System model [9,12]
3.1 Assumptions

The MSs in the system are perfectly reverse power
controlled and Rayleigh fading is neglected.

3.2 Service area

There are 19 hexagonal cells. The radius of each cell is
3000 m. of equal size with an omni-directional antenna.

4. Computer simulation and results
4.1 Simulations

All parameters values for simulation are referred to
[9,12]. The initial SHO thresholds will be used for any
new or handoff call and the call that has the number of
pilots not more than one as noted previously.  The
parameter values shown in the figures or the tables are the
averaged ones by using data from center and first tier
cells. The Ey/Ny in each cell is re-calculated every 0.1
second.

4.2 Results

For the first algorithm, Carried traffic (T¢) is the
expected number of users occupied in each cell. For fixed
SHW cases of FIS SHOs, when the fixed SHW is set
higher, the system gives more T than those of lower
fixed SHW, while the adaptive SHW gives T of each
MFs set nearly around the case of fixed SHW at 2 dB [12]
as shown in Fig. 3. However, outage probability should be
considered for each T as described in Fig.4.

From Fig. 4, outage probability of higher fixed SHWs
are higher than those of the lower SHWs, especially at
high traffic load but the adaptive SHWs tend to have
lower outage probability for higher value of MFs sets and
the values of outage probability are around that of fixed
SHW at 2 dB.
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New call blocking probability (Pp) of higher fixed
SHWs are lower than those of the lower SHWs, especially
at high traffic load. The adaptive SHWs give nearly value
of Py for each MFs set as shown in Fig. 5 except the case
of MFs set of (1,3,4) which gives the lowest of all FIS
SHOs while keeps low Py as shown in Fig. 4.

The characteristics of handoff call blocking probability
{Puo) are relevant to those of Py as shown in Fig. 6.

From these results of SHW and T_DROP, T_ADD of
fixed SHW cases are high, then the system can carry more
traffics, lower Py, lower Pyq but higher outage probability
compared with that of the case of fixed SHW 2 dB (Figs.
3-6). In contrast, T_ADDs of adaptive SHW cases are in
range of MFs sets which are not above the upper bound (-
12dB) thus still keep the outage probability and Py around
or lower than those of the case of fixed SHW 2 dB while
keep Tc around that of the case of fixed SHW 2 dB as
shown in Fig. 3.

T¢ of the second FIS SHO algorithm shown in Fig. 7 is
higher than that of conventional SHO algorithm, and is
very close to that of the first algorithm. However, outage
probability shown in Fig. 8 is worse than that of
conventional SHO algorithm but its values are closed to
that of the first FIS SHO algorithm.

P and Py of the second algorithm are close to the Py
and Pyyo of the first algorithm but still less than those of
the conventional SHO algorithm as shown in Figs. 9 and
10.

5. Conclusions

Both of the proposed adaptive FIS SHO algorithms
can reduce Py and Py with appropriate range of universe
of discourse when compared with those of the case of 2
dB SHW of FIS SHO [12] still while keep low outage
probability.
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