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# #4370483321: MAJOR ELECTRICAL ENGINEERING

KEYWORDS: FUZZY LOGIC/ POWER CONTROL/ CODE DIVISION MULTIPLE ACCESS
WASIMON PANICHPATTANAKUL : IMPROVEMENT OF FUZZY POWER CONTROL IN
DS-CDMA CELLULAR MOBILE COMMUNICATION SYSTEM. THESIS ADVISOR
ASSOC. PROF. DR.WATIT BENJAPOLAKUL. 118 pp. ISBN 974-17-1913-2

In Direct Sequence Code Division Multiple Access (DS-CDMA) communication system, power control based on
signal-to-interference ratio (SIR) is more preferable than signal strength-based power control since the former’s quality of
service (QoS) is guaranteed. However, power control based on SIR alone usually causes party effect, which affects every
mobile station (MS) in continuously increasing its transmitted power to achieve SIR threshold (SIR,,). Party effect leads to
infeasible power control problem, due to which MS transmits with the maximum power but fails to achieve its SIR, and
SIR minimum (SIR ) used to guarantee signal quality.

In this thesis, power and SIR, weighting values generated by transmitted power of each MS (pt(i)) in the 1"

G)) in the 2" and

user

proposed algorithm, and which were generated by pt(i) together with the number of users in each cell (N
3 proposed algorithm, are used to individually weight its SIR-based power control adjusting factors outputted from Fuzzy

Proportional-plus-Integral (PI) Controller in order to prevent each MS from infeasible power control problem. In this thesis,
0}

three types of N 9 are assigned in simulated system, i.e. 1) N Vs equally fixed 2) N " is equally changed and 3) N

(0]

user user user

is randomly changed.

9 is equally fixed, the average outage probability (P, ) of the

user

According to the simulation results, in case N o
utage

proposed algorithms are lower than those of Conventional Power Control and Fuzzy PI Power & SIR,, Control for 16.08-

52.28%, and 87.63-99.87%, respectively. In addition, the average infeasible outage probability (P ) of the proposed

Infeasible

algorithms are lower than those of Conventional Power Control and Fuzzy PI Power & SIR, Control for 16.08-52.28%, and
87.63-99.87%, respectively.

Incase N_7is equally changed, P of the proposed algorithms are lower than those of Conventional Power

user Outage

Control and Fuzzy PI Power & SIR,, Control for 16.08-52.28%, and 87.63-99.87%, respectively. In addition, P of the

Infeasible
proposed algorithms are lower than those of Conventional Power Control and Fuzzy PI Power & SIR, Control for 16.08-

52.28%, and 87.63-99.87%, respectively. In case Nuser(j)

is randomly changed, P of the proposed algorithms are also

Outage

lower than those of Conventional Power Control and Fuzzy PI Power & SIR, Control for 16.08-52.28%, and 87.63-

99.87%, respectively. In addition, P of the proposed algorithms are also lower than those of Conventional Power

Infeasible

Control and Fuzzy PI Power & SIR, Control for 16.08-52.28%, and 87.63-99.87%, respectively

According to the reduction of Pouage and P of the proposed algorithms, it can be concluded that the proposed

Infeasible

algorithms can simultaneously enhance QoS, power control stability, and capacity of the system. Comparing to the
Conventional Power Control, Fuzzy PI Power & SIR,, Control, and the 1" and the 3" proposed algorithms, the 2™ proposed

algorithm has the lowest P and P

outage Infeasible

. When focusing on processing time to control both of power and SIR,, of each
user in each power control period, less than 2 millisecond are spent by the proposed algorithms which is close to the power
control period in IS-95 standard. Consequently, by implementing in high-speed hardware, the proposed algorithms are

possibly applied in the existing system.
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Field of study___ Electrical Engineering Advisor’s signature

Academic year 2002
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(Max-Min Inference) #uiluasmseymiuiaenlyluismsniuguimaiineus 1agho19o9

Tuauased v [2] mhauvediTeyuuuuumgIga-mga 1lszneudie 2 daufie
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o Y ~ [l A [} P
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1 o J 1 4 A A = v Aan
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o as :JI ! { 1

NNMIR LRI MeYINUINaesdy vz ladeyaviveniiduainig

Hadnogluglupunoumaniee  vesdalinivivesdoyavioon HunTed0yNIUILEIRA]
1 3 % 4 1 I 1 a 1 o
mail 1J§anszuIums Defuzzificationtitoutlaanimaflad 1¥iiluaas sdaunsoriila 14y
msnauaNszuld g 2.53.1 waesdlednntseyuuaszdeudsMIeuIIUIUUAIE
o A o ] a 9 Y @ ' 9

ga-Mga 1NIUNUFIUNYA0ITD Taglimyaveddoyavudnilum x* tag y’ dauupyavIoon
I 1 A g 1 A A o Y I @ a
W ¢ dummailad wonmiuali Al, A2 uag B1, B2 lumansavosq i sisaniun

Y Y o w <3| @ a Y
VDNVDY AUV A lag B nuanau g C L']J‘L!LTI’E]?JL%@‘IGUBW]Ullﬂil%\iﬂ”liel”l“llﬂﬂsllﬂj‘;lja“ll"l’ﬂ@ﬂ



15

e L

| \LL
Hy A2 Hi Jf—i _________ HT - /
T

31U 2.5.3.1 35M50UNUMINILUIVITMIT DUV UAIGIZA-A1gA

254 w3 invunoga (Defuzzification Module) 11111170

= 1w Ay ¥ 1 Y
1. wlasflaFavesmalsauguin lannmseyinuaungas i
ANIAIANTIG

1 % I~ [
2. wilasanavesdilsnrupuiluninianmenin

(%3 1 Aada an % 1]
A0819v0 AN I IR LAY
= 3FNMIMANRAYUBIAIGIGAUBIAANUAYY (Mean of Maximum Method:
o 1 A 1 @ A o Y - I a
MOM) N3z lasmsniauRasueinIatiualu (Support Value) N Ivilandumsiluanan
= ~ = [ % a A9 [ £
uamnnge luilsmsaudazisauedinlinsemIauoyav10enveIdiInILAY  FITNTD

e ldnnauns 2.5.4.1)

= Zi (2.5.4.1)

=T

[~ 1 o { o J v < a A {
1w {u,, ..., u} Wummivayu hldilssumaduansaiiaunniga

q

TuilsFauaazivavesdmilsnsomsedoyaraonvesniiniugy uay r aedauilydiun

Yo mlinTerviodoyav1oenueInInIgN

an

J 1 . I ax A Ay ¥ A an
B 259AfU8DI (Central of Gravity) L‘ﬂuﬂ‘ﬁﬂ”limaﬂwaﬂhlﬂmﬂmiﬁNBHMWM’J‘ﬁ

a9

ﬁ d
viaflon 14 luilegiiu wuluaiTednas [2, 20] TagfuIuNENNT (2.5.4.2)



16

T
2
* _ =l
u = (2.5.4.2)
S,
i=1
Tao W, seeumailumndnvesiladaai i vaz {u, ... u} 1flus

@ A o Y J v < a A A = 1
TUUAYU (Support Value) 'VI'VIﬂ;‘ﬁﬂQﬂﬂfl!ﬂ"li!ﬂﬂﬁll"l“lfﬂllﬂ”lll"lﬂﬂqﬂiumm%!“]ﬁllma&%@m@ﬂ
@ a A9 % A o =y o a =
amsnsen HIDVDYAVIDONUVVIAINIUAY Uag r Aot 1IUHFHsaveIn NS Mo

Y01aU100NVBIAINIAY

% ' av A A o o w A A A J =
AIDYTNIUIVY ‘Vl!ﬂfJTJﬂ‘]_lﬂ”Iiﬂ’J“l_lﬂ11ﬂ1?1\1bl'LlS$1J‘]Jﬂ"f]ﬁ"l'i!ﬂﬁi’)u‘m“b’agﬁﬁlmﬂm@E‘T-

[l
a A

o {q 9 o Y Av Y Ay ¥ a A o w

Fawuen 1Fruarnununuuled1dunnuldesisei [2, 200 TuanuiTed s [2] 1han
= Y o w ~ A ~ 1 ~ Y o

aguuuuilsdnldlumsatuguiawesamimaounugazanitivaz14umslsy SR,

99 Y 1 =9 9 o <
oI IBIdazAy TagldayavuinueainIunuily

ANNUHANDIA SIR = SIR,, (W78 dB)

- SIR vesdayaaiin ldfianrilgmvesd 1dudazste (mize dB)
ez
amsnasunilasnnuianaia SIR = manuiianaia SIR luseuns#ndiedad k

- A1ANAANA1A SIR Tusoums¥nalee1an (k-1)

dalunuidedeasi [20] Idhdmuauuuuisginldlumsniuqummzideds

oA A ~ =y Y
VNADTUAADUNUADASTDIU T@ﬂum@yﬁm“ﬂ]ﬁllﬂu

[ 1 (%

MANUAANAIAMAITYAIN = MNAIdyaIuNNIMua (dB)

9

v o

- hasdyanuiie ldnamiiguvesdldiaazsio (dB)

uag

[ [ Y

ammatasulasnnuranaamaidyana = annuranaaiasdyaia Tusoumsen
#1081 k

- MaNuHaNaIaMaIdy e TuseunsEn

$108199 (k-1)



HUVDIA095Z UL

3.1 HUUIA0952 VY BAZVBMHUAVBINTDIA0ITZUY

{ o a a J J 4 ] o o o
izuuﬁmaaﬂmmmmuwuﬁﬁ Lﬁ’(’)t!‘ﬂxﬁg‘]J‘]J%1ﬁ@ﬂﬂﬂﬂﬂ1uaﬂ‘]ﬁm3ﬂ1§ﬂ1ﬂu@
0 9q 9 ' o Y o A
ﬂ?ﬂ?ﬂlﬂi%iﬂﬁg‘ﬂ‘ﬂ ﬁ']lﬂﬁﬂlﬂl\ﬁgllllﬂﬂ"laﬂ\ii’)@ﬂllﬂlﬂu 3UUnNe
) Ao o 9Jq Y ~ 1 ~Nq YA [ A o
1. ‘Jz‘mJ%m’em/lm‘wuﬂmmu;ﬂ%“lu’dmugmzmazﬁmuiwummmuuazummu
vq 9 A
H19naN
o a o o 9Jq Y ~ v ~q YA 1 T W 1A o 9
2. iz‘uuﬁ]m’m‘nmwuﬂmmu@%MﬁamimLmazﬁmuiwummmmmummu;J
14 Tsinad
o A o o 9Jq Y = ' ~Aq YA 1 [ =
3. szu‘umammmwuﬂmmu@1%1uaa1u§1uggmazamuiwum‘lummu LUagy

0 vq g 1A
$ud1d lined

k4
szUDSImeany 3 wuvagiideivuauana iz audldaeanign (N

] 1 1 :/’ 1 Y o 4 (% [
MUY AUADAD T IU) MU EIUTIaLDEALAZYOMHUADUY MTBUAUAD LUVUT 109

Y
A A

3 o A Y = =~ 1 A { Y
seyuitunyydiaesnyseneuals 19 aIUIIU Tﬂﬂﬁmugmgmawmunw ‘ﬂsluﬂﬁﬁhfi‘

[

a | @ { { { @ 1w a = 1
‘]JiﬂTiHJuﬁﬂ‘]&lmgﬁuﬁﬁﬂlﬂaﬂﬂﬁiﬁﬁmWﬂU 1 ﬂIﬁLiJﬁi UAasNaEgoINIALU VAT YU IUIOY

D)

[

a 3 [} 1 4 ~
NANIY (Omnidirectional Antenna) magmmmﬂmmazwaa Q’g‘,ﬂ‘ﬂ 3.1.1

Y 1
A A

Wunldusmsvesantigiu

A
IERGATAR)

d’l d‘ Yy a =
Wu%iﬂﬂﬁﬂﬁﬂl@ﬂﬁﬂ?ui?u

lunesoun 1

dy d‘ Y a =
Wu%iﬂﬂiﬂﬁ‘u@ﬂﬁﬂ?ui?u

lur9s00 2

O oty

'
a =3

~ A d‘ Y = ~ ~
319 3.1.1 WunIvusms sauaortigiu 19 a0l



18

Tuszuudiaes glivzimsdaseduaoiigurusesdyaruiinamsgadeluid

(path loss) M99l (shadowing) 4V log-normal HAINAMIIHAAIVUNYID (multipath

fading) Tagdldusazaunszaedregludumiisee vesdaiigiedeainaue (Uniform
. . . v d‘ = Yo a Aa A
Distribution) Tavinadyanaianitigiulasuszgoransznuanmlads 2 siiade

=S

1. 1afaszeze1d  (longterm  fading)  NAINMIVATITYQIBUAEMIYyTE
an
N0
4 [
2. ladeszazdy  (shortterm  fading) MAAINMTUNINIZIWNHID  (multipath

'
v o =

. [ 3 ) Yo A = &~ ] I v Y
propagation) ﬂQuummﬁmmmﬂmuwﬁmu;@m (P) Felnvuduiadannsovanslaly

g 9

sivesaums (3.1.1)
(3.1.1)

Tag P, Aofiasdevesdyanm oz G Aeons1veey 1oidon Toadnyaw (link gain) 9

Y
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PPt g (3.1.3)
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L=ar & -10E"/1° (3.1.4)
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Taon 1 Av dyanuunsngon (watts )
A o = A AAq Y a ' s
K, a0 3nnuamilnaounilduimsegluwaaisanls
(1) A o ~ A AAqY a 1 1% A
K, Ap Suaarmasunnlsuinmsed lumaa lusendan 1
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Fuiey PLSIRth - fuzey Pl power L
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Y 1 Y [
dmsuaraihvin Dsik a2 Dp, ¥avoyavioonued FPIC Tagaunsvasmniuimini 1y
<3 a g . . A 4 o o v A
AuaumsIFadu (Linear function), Wsi, 18z Wp, AoA10391mtinuamasmsdiuiin-aa
SIR, tagfaeds, ASIR taz Ap, ApmmsiUiumiu-aa SIR, waziasdy oz Adjusting
A o o o o A 1 ~ @ ~ A A A o Y ~
power command Aofdemsaruauiaeidsnnamiigiu lldsaoribnaoun medeldaoi

A ~ Jg ¥ 1 o o A o w 1
!ﬂa@uﬂsll@\‘]EjslGlﬂlﬁazﬂT«W]']ﬂ15ﬂ3ULW1J—ﬁﬂﬂ'la\‘]ﬁ\ﬁl@\Wlu
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Base station
SIR; (k)

_____________________________________ Weighting fn. ‘%pt /—
H Iy
l—' Knowledge Base ’—l | lWSIRth SIR,
- - ! ASI
Fuzziﬁcation| | Defuzzification |.}__.®_, R - D
v 1 DSIR i
Inference ’_T | SIRd step size

i SIRy, (kt1)booooo ..} FPIC1 | i
: + :

il e e ddnindniiuinininieisininiia ettt Weighting fn. € P,

—>D ' i
i Knowledge Base ' 7y
Ca | 4"
+ = ! Adjusting power

v ; ] : ; - Dp,
SIR (k) — 6'_: | Fu221ﬁcat10n| | Defuzzification I—v——>® l command

Aenew 1 =
' |—>| Inference
Mean SIR !

Measurement

Power—, ®
step size
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Ap,

Interference Channel Link Gain

+
-
™

i
+
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(=}

=

o

¢

o

v

d' [ U ad o 3 d' Qdd’
sUn4.1.1 NWITAIUANNIAIUDIITNITAIVAUNAINLAUBDITN 1

u

4.1.1 mmugumuuisiile

o o ) y v 2 &
ANHAUSNIINNIU, VBHAVUUT /‘ll’é)ﬂ;]jﬁélﬂ@@ﬂ Lagsngasiogan1ge) vod FPIC N4

% A o (] = [ a 9 av Y a A o Y = 1
2 A7 WwHANYUSIHURAYINDY FPIC 1/]1“1)’11!\1114’3%8’01\16@1’] [2] ﬂ"l'iﬂ?‘l’iuﬂﬁlﬂiwa&@ﬂﬂﬂﬁc]

Aq Y o YA @ oA o g Y Ay Y a A
¥4 FPIC N1¥lunsinaesszuulvianyaeduaedny FPIC 1% 1uauide919090 [2]
o A 9 Y o A o Y d‘dd? A °
Az uedeams linanmstiassszuuamnsasudulain  aussouzveszuUNATULON
o w ast o A A A I o o @ 1 9Jq 9 '
MINIVANMAWNIITNMIMUAUIAIEUITN 1 1Wuravnnmsimasaaved suaazan
RN eesndd lumssuiu-aaiiaeds uaza SIR, vl lduaazanluszuy

159 Tilsilumasinmsal§ulqengmekianiaey FRIC

anvuzmha, Jeyavudn / feyavioon uazsieazideaniee ved FPIC A2

9
v A

~ 3
1 uag 2 1uaall

o WausPintu (Fuzzification)

o ' . 1 9y 9 1< %
Mmsuaaaiga (Crisp value) usazgavesdoyavinudlsman

v g ~ Y 1 o A ~ Y] Y]
GUENﬂ‘i$‘]J’JuﬂTiElW!ﬂu‘W°]$°]ﬂGW] umﬁma"lﬂmmimmgmu Iﬂ&lﬁ%%%ﬁﬂl@ﬁl@uﬁﬁﬂﬂﬂﬂﬂl@ﬂ
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FPIC §7% 1 Ao AuAana1a SIR uazmslasuulasnnuranaia SIR (SIR error tag SIR
vy ' = Y Y] o A A ~
error change UNUAY ¢ tay Ae) aulaTmsaveauoyavUTIUY FPIC §I9 2 D ANUHA
Ao 2 . A A o 2 ,
wa1a SIR Nanavuln vazmsnlasumlasanuianaia SIR Af1uUu 1Y (new SIR

Y = a % dy
error [La¥ new SIR error change UNUAY e LAT Ae ) TasdaunFnlumaaail

new

e S {Large Negative (LN), Medium Negative (MN), Small Negative
(SN), Zero (ZE), Small Positive (SP), Medium Positive (MP), Large Positive (LP)}

HNUAY {Al1, Al12, Al3, Al4, Al5, Al6, A17}

A€ € {Large Negative (LN), Medium Negative (MN), Small Negative
(SN), Zero (ZE), Small Positive (SP), Medium Positive (MP), Large Positive (LP)}

UNUAY 1A21, A22, A23, A24, A25, A26, A27}

= {Large Negative (LN), Medium Negative (MN), Small Negative

(SN), Zero (ZE), Small Positive (SP), Medium Positive (MP), Large Positive (LP)}

HNUAY 1A31, A32, A33, A34, A35, A36, A37}

Ae,, € {Large Negative (LN), Medium Negative (MN), Small Negative

(SN), Zero (ZE), Small Positive (SP), Medium Positive (MP), Large Positive (LP)}

LNUAY {A41, A42, A43, Ad4, A45, A46, A4T}

o v I~ a o w
mMafrualangumsiuansn (Membership Function: M) 320 323119931)

N4.1.1.1
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M (e)“
LN MN SN ZE SP MP LP
M N N SN @)
-6 -4 -2 0 2 4 6
M (Ae))
LN MN SN ZE SP MP LP
-12 -8 -4 0 4 8 12
M (enew) A
LN MN SN ZE SP MP LP
(ﬂ) )&)& )&)& enCW (dB)
-6 -4 -2 0 2 4 6
M (Ae,,,,
LN MN SN ZE SP MP LP
@ Ay, (4B)
-12 -8 -4 0 4 8 12

5141 4.1.1.1 (7) wag () lsiFumsduanFnvesdoyauudnves FPIC §27 1 (e uaz Ae)
uag Ae,,)

new new-

d @ < a 9 v A
(M) 1ag () “‘Nqﬂ%uﬂmﬂufmWﬂmawegamwﬁ’wm FPIC @791 2 (e

®  31UNg (Knowledge Base)

g a { o

iungaIunuFIn e (Linguistic control rule) M liwaneuaueInaa
vossyuumuguuuuNlaghgramarisemimvua [11] dnvazvoagiunguzilums
o 4 a J IS IS | a 4
Aruaon ludrounel “1 e i Al uag ae 1 A2 1d2 Dsir,, 1Ty B1” wagiind “de,
3 c: g 5 S Y v A
U A3 uag ae,, 111U A4 a7 Dp 111 B2” 1ae Dsir,, 1u103av109n0909 FPIC A9 1 11ag

IS 9 o A = Qg: Aoy Jdao < a o d”
Dpt Lﬂumagammaﬂmm FPIC @90 2 “]NﬂTVNﬁE]\ﬁJ‘V\NﬂﬂfUﬂﬁL‘]JuﬁiJWGHﬂﬂ\iu

Dsir, € {Large Negative (LN), Medium Negative (MN), Small Negative
(SN), Zero (ZE), Small Positive (SP), Medium Positive (MP), Large Positive (LP)}
Lmuﬁjﬁﬂ {B11,B12,B13, B14, B15, B16, B17}

Dp, €  {Large Negative (LN), Medium Negative (MN), Small Negative

(SN), Zero (ZE), Small Positive (SP), Medium Positive (MP), Large Positive (LP)}
UNUAIY {B21, B22, B23, B24, B25, B26, B27}

Y o A ~ J v o3| a o A
VBYAVIDBNVD FPIC N 1 Lo 2 Nﬂ\iﬂ%uﬂ']ilﬂuﬁn']%ﬂ@\izﬂﬂ 4.1.1.2
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M (DSIRth)A
LN MN SN ZE SP MP LP
M o~ N NSNS b,
-6 -4 -2 0 2 4 6
LN MN SN ZE SP MP LP
6 4 2 0 2 4 6

g‘ﬂﬁ 4.1.1.2(N) i’/’\lqﬁ%’umigﬂuﬁm%ﬂmaﬁ'ayamaaﬂmm FPIC #27 1 (DsIr,,)

o o I a o A
() ‘1/\|\‘1ﬂ"]fuﬂﬁL‘]JuﬁiJﬂfﬂGlJm‘{l}’é]ll“aGIJm@ﬂGlJEN FPIC @27 2 (Dp,)

~q ¥ ° o A 3 o A
Lm%;@?uﬂ{]ﬂiﬂfﬂﬁﬂﬂuﬂﬁ‘I/INTL!GUEN FPIC I 1 uay 2 !,‘]J‘LMWHSN‘V]

4.1.1.1 (0) a (V) ANaINY

M13°99 4.1.1.1 (1) §14AYVDI FPIC A7 1 (V) §14NQUD9 FPIC A7 2

(M)
e
Ae LN | -MN | SN | ZE sp | Mp | LP
LN IN | LN | MN | MN | SN | SN | zE
MN IN | MN | MN | SN | sN | zE SP
SN MN | MN | SN | sN | zE SP SP
ZE MN | SN | sN | zE SP sp | mp
SP SN | SN | ZzE SP sp | mMp | mp
MP SN | ZE SP SP | MP | MP | LP
LP ZE SP sp | Mp | Mp | P | LP
(v)
e new
Ae new IN | MN | SN | zE sp | mP | Lp
LN IN | LN | MN | MN | sN | SN | zE
MN IN | MN | MN | SN | SN | zE SP
SN MN | MN [ sN | sN | zE SP SP
ZE MN | SN | sN | zE SP sp | mp
SP SN | sv | zE SP sp | mp | mP
MP SN | zE SP sp | Mp | MP | LP
LP ZE SP sp | mp | MP | LP | LP
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®  M159YHU (Inference)
[ o ¥ 9 A = = = 1Y
WHumaiteyavd1ved FPIC Neglugivesiladina uulseumeunung
° AN Y 9 A Aq Y S ' Voo
augumsiinuildeenuuull  Tagdinmseyunuilailumsepnuuuumgiga-maiga

Il A o v A Y A a 4
(Max-Min Inference) 391133 m3iauaan lavnaaa 13 luumi 2 veainenianus

o alxxTlinyy (Defuzzification)
o  Aan v 3 { ' <3| 1 !
aflaaiinduiumsulasumdeyavioenves FPIC Wuamanmeninily
= an o Aq Y a a n'dy o Ja J v
lumsavguazuy alssiagunlglunuinaninusiniziilaens 19759aguon19a9

AuMy (2.5.4.2) Funiounusualasndunlyluanuisesaden [2]

®  M351IMMIAaaula (Decision Value Table)
' o a I Ay 7Y )
@1510ﬂ1ﬂ15¢]ﬂﬁuli} L‘]J‘LlGﬂi1\‘l‘i/]’t:’f‘iN%1ﬂﬂTiﬂ’JE]HUI,GICBGU’E]?J"NLUUi]ﬂall’f)\‘l"ll@
Y Y o Y v . ' A A o v
ll"ﬁGIJWLSIJWLLﬁ’JHWGIJ@N“aﬂlH"UHWﬁ1141!1‘]9]@1!Zj; FPIC NODNUVULINDATUIUNIVDYAVIDDN Tﬂﬂﬂﬁ
o o Y a Ay ¥ v S o w Y
ﬂTL!’JfL!%%ﬂig‘l/ﬂiﬂﬂ@%‘]@\ﬁﬂﬂjj']uﬂg"ll’fN EPIC ‘n”lﬂaaﬂu‘uu"h VINUUUIVBYAVUVNLASUT
1 dy 9 I~ { v A A ) Y < d?}
fJ’E]ﬂLﬁﬁWHiﬂﬁiNLﬂu@niNﬂWﬂﬁﬂﬂﬁuimW@ﬂﬂﬁﬂ']‘iﬂ'imJ?ﬁNﬁ"lJfN FPIC 13794 [20] Iﬂﬂ
4 o w { [ [
ﬂTiﬂ’JfJuulW]i"lﬁlijiJ“ﬁLL‘]_lUﬂﬂﬂ]@ﬁ%@uﬁﬁﬂﬂ!‘ﬁ%m%"lﬂ@ﬂﬂﬂ$ﬂi$ﬂ1@ﬂ@1i1\1“ﬁ 4.1.1.2 IUATTINM

v A < [ ~
msandu 1oz uainisen 4.1.1.3

v J 9} o {
A1519% 4.1.1.2 GﬂiNﬂ'liﬂ’mu1@%%@&6%1!%1&!ﬁ$m1®ﬂﬂﬂlﬂﬂ FPIC A0 1 uag 2

e(dB) | Ae(dB)| enew(dB) | Aenew(dB)] Dsika | Dp | Quantization Level

-6 -12 -6 -12 -6 -6 -6
-5 -10 -5 -10 -5 -5 -5
-4 -8 -4 -8 -4 -4 -4
-3 -6 -3 -6 -3 -3 -3
-2 -4 -2 -4 -2 -2 -2
-1 -2 -1 -2 -1 -1 -1
0 0 0 0 0 0 0
1 2 1 2 1 1 1
2 4 2 4 2 2 2
3 6 3 6 3 3 3
4 8 4 8 4 4 4
5 10 5 10 5 5 5
6 12 6 12 6 6 6
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4.1.2 m3lSumin-an SIR,, vosgliuaazau

(@

A1 SIR,, vou IFaud i Tuseumsdndaed1an (k+1) (SIR,“(k+1)) 11910

@ @ @

SIR,"(k+1) = SIR,"(k) - (ASIR,,"(k+1)) (4.1.2.1)

@

Tag ASIR, "(k+1) = Wsw, (k) X Dsir,,"

(k+1) X (SIR,, step size) 4.1.2.2)

= (@
¥ SIR,

(k) Ao SIR, Vo 1Faun i luseumsdnaiodisi k

“k+1) fovuamsiSuimu-aa SIR, vesdldaun i luseumsdndiedian

ASIR,
(k+1)
i v 09} Y |. v W ' {
Wi, (k) ADA101998111N Dsir, Y03 15aud i Tusoumsdndedian (k)
Dsi, (k+1) ApAIMsUSuN—an SIR, o lFaun i lusoumsindiedian (k+1)
& 9 ) o A
yuiluveyaniueonued EPIC A1 1

. A E o A d'dyo YA 1 g
wag  SIR, step size ADVUIAVDIVUNITUTUIL-aa SIR, Tuntidmualviiauilu 0.025 dB

Tagdoyauut1ves FPIC 7211 1 AvAIANAAWAIA SIR (LNUAY ) L1AZAINIg
nasunlasnnuranain SIR (mud1e Ae) A1 e uaz Ae vosdldaun i lusoumsdn

@ ' A o 4
fAIBYNN k ﬂ'luaﬂ‘!llﬂ%'lﬂ

@ ()]

(k) = SIR,"(k) - SIR"(K) (4.1.2.3)

uag

Ae®(0) = e%k) — e (k1) (4.1.2.4)

4.1.3 m3lSuiin-an Masasvesdliinazau

Dp,"(k+1). Aedidemssumy-ansidedsvesdldnui i Tuseumsdndiedia

#i (1) Fauiludoyaweenves FPIC @i 2 Taw FPIC flazalszunanaiionisn Dp (k+1)

@

¥a191n9 FPIC a2 1 Idvimsdiuna SIR, “(k+1) ud2 Taeien SIR vesdldaun i lusou

@

M3FNAI06190 k (SIR"(K)) AialdnaniigrumnlSeuiieuny SIR, vesdldaud i lusou

(@

M3FNE06197 (k+1) (SIR, "(k+1)) tive 11T udoyauuinues FPIC @2 2 Aseruns

“(k) = SIR, "(k+1) - SIR"(k) (4.1.3.1)

enew
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Ae. "0 =c “®)-ec k1) (4.1.3.2)

new new new

(&)

eI'K?W

(@

(k) ADANVAANAIA NIDAUAIITLHIN SIR ®

Tag () 7 SIR,"(k+1) Vo ldaud i

luseums¥naee1an k

Ae,, (k) Aomanlaoumilasues e, vosdldaud i lusoumsinaediad k fu (k-1)

4 H 1
o o i i [~ @
nniui e, ") waz Ae, "0 T lmiludoyavudrves FPIC dad 2 iveilszuna

new new

HaMIA Dp, (k+1) 1@ Dp (kt1) a1 ussasdevesdldaui i Tuseumsdn

A208199 (k+1) Faumualo (p,(k+1) uazduia laan

p i+ 1) =p ) + (Ap,(k+ 1)) (4.1.3.3)

@ (@

Tag Apt(i)(kﬂ) =Wp, (k) X Dp, (k+1) X (Power step size) (4.1.3.4)

¥ p (k) Avhasdaesglaaud i luseumsdnaiodieh k

Ap (1) Aovmamsdsuiin-aamasdsesdldaun i luseumsdnaiedian

(k+1)

'
=1

£ 1 4
Power step size ADYHIAVOITHMIUSUIN-aardeas TuRtismualiuinby 0.6 dB

k1) AemmMsdsumu-aasiaedvesdldauin i Tuseumsdneda

)
Wp, (k) X Dp,
1 A A 1 3’ 7 Y =) ~ "o W @ A o v 1 ~ A
DYNN (k+1) NYNDIUINUNLAY Wi'ﬁ]’t‘]'l"l]Lfl'flﬂf]'lﬂ'l?f\?ﬂ'lﬁ‘l]ﬁ‘UL‘WN—ﬁﬂﬂ'lﬁ\?'ﬁ\ﬁ]@\?ﬁﬂ']ulﬂa'ﬁ]u
' 1 v
7 (Adjusting Power Command) Gdl);ﬁﬁmﬁjpu%ﬁﬁ Adjusting Power Command 'l daaanii

v
~

4 dA lew o A d2 v 4 )
wasuiiede I amilnasuiiiug Mimsdsomu - aadidedsaudids
i T 3' v o o 1 - v o [ {
wp, (k) Aeanrnimminhasdswesdldaud i Tuseumsdnaiedan (k)

uaz . Dp. (k+1) Aoamsdsmiiiy = aasdsdsvosdldaun i lusounisindedian (k1)

[} 1
= =K A

@ g o i
Fuiludoyavieonves FPIC @21 2 ¥adi ¢, "(k) 1oz Ae

new

i I
(k) Wudoyavud

new

4.1.4 AUMITFTATUNHITUMITOINNHID

o A A < ' 1 { A 4
91n31U2993MIuR 4.1.1 wazgdi 3.2.3 sziun druiiniumnlunees
] 9 l
AMUAURIaI U 4.1.1 Ae msnruihmmindeyaviesnues FPIC @2 1 uaz 2 A10auNs

a 9 d! = Y d'
mmummﬂymxmgﬂﬂ 4.14.1
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E4
- MO WUINUN (Wsir,, 118E Wp)

1

[ 1

10.4 > 118984 (dB)
20 dB 0 dB

dmsumsdiuiiniaede uaz SIR, Q| 5~

(V)

Y
M9INHIN (Wsi,, 118 Wp)

dmiumslsvaamidedeiaz SIR, /7 SO

| % 1

» 119904 (dB)

-20 dB 0dB

= a Y A 9o v g’ o [ A o w 1
gﬂ‘ﬂ 4.1.4.1 () uag (v) FUM LA U IFMuIamohminmMsUsumu-aamasdeuas

SIR,, voiluaaza

< U Aa a 4 9’c; o 1 :’
zl]"l'ﬂ?l‘]J 4.14.1 ﬂzmmﬂmmmmuwuﬁﬁmwuﬂ“lﬁ’ﬂmwummﬁumsmqm

v AQYx 1 1 o o w 1 = L L % 1 |gl o Aq Y
wuﬂﬂwmmmu +0.03 per dB LlﬁgﬂWﬁ\iﬁ\iq\?’q@NﬂWVHﬂU 0 dB ’(,’f’)‘L!ﬂTLﬂViuﬂ‘V]‘lG]feluﬂ1i
1 c;y o o A lel a 4
ﬂ?ﬂﬂ?ﬂﬂﬂ%ﬁ]gﬁ%?ﬂ@aﬂ%ﬂﬂ FPIC G]'Jﬁ 1 tog 2 uummmumﬂugﬂﬁumaumiﬂmmmﬁm

il
o p,” iateandn -20 dB

Wi, (k) tag Wp,"(k) = 1 (4.1.4.1)
tp.” TfwInnan =20 dB

()

Wi, (k) 158 Wp," (k) = (Slope X p," (k) + 0.4 (4.1.4.2)

(@

1oz Wp,"(k) 150 Wsr, (k) = (Slope X p,"(k)) + 1.6 (4.1.4.3)
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1 1 1 09‘ (% 1 u Q' ! .
Wsr, (k) Ap A1naiminvesaimsdiuiin-aa SIR, wosdldaun i Tusou
MIFNAIDE19N k
i T oy o 1 1 A o w 1 { .
wp (k) Ao moanimminvessimsUSuiu-aaiiaedevesdldaud i lusou
MIFNAI08199 k
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@ A o o A A Yq ¥ A v o 1A 4
p. (k) AoMasdaveIdmIlindouNveIglFAuN i Tuseums¥ndiedan k &9
~ o w 1 ~ A A 9Jq 9 A . v v 1 A
ADIFIUANTONIVANAIVRIADTHIAADUNAUDY F1FAUN i TusoumsFndied1an k lag
9 1o o Yy 19 ' A A ~ A o
laTagliduiludedimsdsdoyaszrinanitiindouiiuazamiigiu esnnluszuusiaos
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ﬁwemmumaaummazmimmﬂuhbaluﬁmugm"lﬂ

! <3 3 o 3 oy o o 1 2’ @

131N 4.1.4.1 azmiunlumsannannihmin deiugumsalnimin

wNIATINFeUNIUNIUUAINANAaIIZIIMI IS INuTeaafdeds Loz SIR, M3

ATNABVAINANITNTONTZI 14 I

9 i) A r I =\ Y 4 1 v A o M) Y

1. 01 Dsw,, UAWINANHIDIMNVGUE Leradd1 FPIC a0 1 azimsdaln

~ o ! Yq 9 oA Y S —m— @ ' o A o

amiigulSuannl SIR, ¥oIR 15AUTN i 89 91 Dsir,~ NANUDBFUS 1AAII1 FPIC 699 1 991
v v [ 4
msdeldaotigulSuminn SIR, voeldaun i vu

)

9 (i) A 1 A Y -4 ' v A o o Y
201 Dp, llﬂ'liJ'lﬂﬂ'ﬂ’Vii'E]Wl'lﬂ“Uﬁuﬂ a9 FPIC AN 2 ﬂ$ﬂ1ﬂ15ﬁﬂiﬂ

v
=

= A A o o A o (=2 9 J ' o A ) o
g lnaauNIMMIYTUNNMAaITUU 0 Dp, " UMUBYFUY LA FPIC AN 2 3NINITEN

Tapimaouniimsdsuantideaas

v !
o o @ . . [~
Wsir, 182 Wp, A0A102911M1IN (Weighting Values) ¥09 Dsir,, 1182 Dp, Fuilu
Yo3av190NY01 FPIC a1 1 wag 2 mud1ay 1ndedus lansiuudan saamsdSumu-
o w 1 ] I o o A 9 o A 9 o w o w Y =1
aaasds waz SIR, Tnvmudidsfasedhuiuie Mszuumuguhdseendidaliannil
A A A o @ A o o 1 ~ S o o Y Jq 9/ 09/’
waeuinIolaiimsdsumuideds anfiguninziimsdsuan SIR, veedldenuas
1 3‘ v o A o v 1 & o o @ ]
msoaihminamsdSumis-an SIR, nazhasdenineznszimnuasanuiudiomi@e

o v A A =\ A A o 1 o 9 o v 1 A =} o o
NUUUAD Gluﬂim‘ﬂ’dﬂWuLﬂafJL!TWnﬂﬁﬁﬂﬁ’ﬂ]uﬂlﬂmﬂ’llﬂﬂ”laﬂﬁﬂﬂqulazﬁﬂWuﬁWLWHﬂﬁ‘ﬂﬁ‘Uﬁﬂ
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] v ] 9 Y
SIR, vesamilndouinTouinas amigiuzihimsarnihminaimsdivaa SIR, (Dsik,)

[ A 1 2 o 9 A o Y1 1% 9
A8 Wsir, NUAININNIN 1 G]Nﬂmamulﬂmﬂﬁmmﬁ (4.1.4.3) LW@VnGlﬂﬂWﬂ'lﬁﬂﬁ‘Uaﬂ SIR,, V9K

YAA o v 1 a v a 3 = < o @ Y = A A A 3 o
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FUZZY POWER CONTROL WITH WEIGHTING FUNCTION
IN DS-CDMA CELLULAR MOBILE COMMUNICATION SYSTEM
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Department of Electrical Engineering, Faculty of Engineering,
Chulalongkorn University, Bangkok 10330, Thailand
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ABSTRACT

Power control based on signal-to-interference ratio (SIR) is more
preferable than signal strength-based power control since the
former’s quality of service (QoS) is guaranteed. However, power
control based on SIR alone usually causes the vicious circle
problem, due to which every mobile station (MS) continuously
increases its transmitted power (Tx_power) to achieve the desired
SIR (SIRd). Vicious circle problem leads to infeasible power
control problem, due to which MS transmits with the maximum
power but fails to achieve the desired SIR. In this paper, power
transmitted by each MS is used to individually weight its SIR-
based power control adjusting factors outputted from Fuzzy
Proportional-plus-Integral Controller (FPIC) in order to prevent
each MS from infeasible power control problem. In Direct
Sequence Code Division Multiple Access (DS-CDMA) cellular
system, QoS enhancement basically reduces the system capacity.
By solving the infeasible power control problem by the proposed
algorithm, the average outage probability, the average infeasible
outage probability, and the average transmitted power of each
mobile station, as shown in simulation results, are reduced. These
show that the proposed power control algorithm  can
simultaneously enhance QoS and the capacity of the system.

1. INTRODUCTION

Power control is essential in DS-CDMA cellular system because it
can increase the capacity of DS-CDMA cellular system, which is
mainly limited by the interference generated by the MSs and the
fading in radio channel.

Basically, power control can be categorized into-2 :categories:
signal strength-based [1] and SIR-based [2] power controls. SIR-
based power control is preferable because it can guarantee QoS.
SIR is the ratio of signal and interference; thus, when an MS
increases its Tx power to meet its SIRd, it simultaneously
increases the interference to the other MSs. This causes the other
MSs to increase their Tx _power and leads to vicious circle and
infeasible power control problems. These problems degrade the
QoS of system by increasing the average outage probability and
reduce system capacity by ordering unnecessary up-power
command to MS.

Individually adjustable SIRd, as in [3] and [4], was introduced to
overcome the vicious circle and the infeasible power control
problems. Thus, the chosen power control algorithm in this paper
is SIR-based power control, which can individually adjusts SIRd of
each MS. The power and SIRd adjusting factors were outputted by
FPIC, as in [3], which is inherently suitable for non-linear and
time-variant characteristics of cellular system [5]. In the proposed

power control algorithm, weighting power commands by
Tx_power is added to weight FPIC’s outputs, Tx power and SIRd
adjusting factors, in order to make power and SIRd control
decisions to be more suitable and able to alleviate the vicious circle
and the infeasible power control problems.

2. THE PROPOSED POWER
CONTROLLER

Close-loop power control in which Tx power and SIRd are
individually adjustable is shown in Figure 1. Tx_power and SIRd
are individually adjusted by the weighted FPIC outputs.

2.1 Fuzzy Proportional-plus-Integral Controller

e Fuzzification converts the crisp input values into fuzzy values.
The membership functions of inputs (SIR error and error change;
e and Ae) and outputs (SIRd adjusting factor; DSIRd) of FPIC1 and
the membership functions of inputs (new SIR error and error
change; e,y and Ae,.,) and outputs (power adjusting factor; Dp) of
FPIC2 are shown in Figure 2. They are fuzzified and defuzzified
by 7 fuzzy variable mapping. {Large Positive (LP), Medium
Positive (MP), Small Positive (SP), Zero (ZE), Small Negative
(SN), Medium Negative (MN) and Large Negative (LN)}.

e Knowledge Base was defined the linguistic control rules and
functioned the converging closed-loop time step responses of FPIC
by IF-THEN statement [6]. In this paper, similar to those in [3],
7 x 7 Fuzzy Control Rules for controlling both DSIRd and Dp are
shown in Table 1.

o Inference Engine is the decision-making logic in FPIC. It infers
fuzzy control action by employing fuzzy implication and fuzzy
control rules.

o Defuzzification is processed by the Center of Area Method
(COA), which yields superior. result comparing with other
defuzzification methods [7]. COA strategy generates the center of
gravity of the probability distribution of a control action.

NF NF
Dp =DSIRd = (ZlquUj) / (Zluj') ()
j= j=

where NF is the number of fuzzy sets, U; is the centered support
value of the j" fuzzy set and u; is the membership value of the i
fuzzy set.

¢ Decision Value Table, which relates quantized measurements
(Table 2) to crisp control actions by using fuzzy control rules, can
be generated offline in order to shorten the running time [S].
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Table 3 (a) and (b) — Decision value table of FPIC1 and FPIC2.

4

2.2 Weighting Function

for each pair of e and Ae, and Dp for each pair of e, and Ae,y,. (a) (b)
T 1
| Base station I e € ew
! +SIRd<k) Weighting i Tx_power ! AN 6| 5| 4|3 2| 1] 0| 1|2[3]4]5]6 Ae“e 6| 5| 4|3 2[-1]0]|1]2]3]4]5]6
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| .4 Fuzzification| | [Defuzzification — - @—- >D 1 N EEEEEEEEEENNE N EEEEEEHEEEENNE
! Ae't |DsIRd + ! 3 |44 4| 43| 3] 22|10 1]2]2 3 |44 4] 43| 3] 22|10 1]2]2
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Figure 1. The proposed power controller.
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Figure 2. Membership functions for (a) SIR error, (b) error
change, (c) SIRd adjusting factor, (d) new SIR error, (¢) new
SIR error change and (f) power adjusting factor.

Table 1 (a) and (b) — Fuzzy control rules of FPIC1 and FPIC2.

(a) (b)
© A Cnew]
Ae IN|MN| SN | zE| sp | M| LP = IN | MN| SN [.ZE| sP | MP| LP
IN |LN|IN|[MN|MN|SN|SN|[ZE IN [ IN]JIN[MN[MN] SN sN]zE
MN [ LN|MN|[MN| SN | SN | ZE | P MN [ IN[MN|[MN| SN [SN [ ZE [ &P
SN |MN|[MN[SN|SN[ZE| [ s SN. [MN|[MN[SN|[SN[ZE| S [ |
7ZE |MN|SN|SN|ZE| s [ s | P 7ZE |MN|SN|[SN|ZE| SP | 5P | MP
P | SN|SN|ZE| SP| S| MP| MP SP SN[SN|ZE| SP | P | MP| MP
MP |SN|ZE| S| s | MP| MP| LP MP |SN|ZE| SP | SP | MP| MP| LP
TP |ZE| S| sp|MP|MP| LP| LP D EEEEEEEEE

Table 2 — Relation among quantized error, error change,
power and SIRd adjusting factors.

e (dB)| Ae(dB)]enew (dB)] Aenew (dB)] DSIRd | Dp | Quantization Level
-6 12 -6 -12 -6 -6 -6
-5 10 -5 -10 -5 -5 -5
4 -8 4 -8 4 4 4
3 -6 3 -6 3 -3 3
-2 4 -2 4 -2 -2 -2
1 ) -1 -2 1 -1 1
0 0 0 0 0 0 0
| 2 1 2 | 1 |
2 4 2 4 2 2 2
3 6 3 6 3 3 3
4 3 4 3 4 4 4
5 10 5 10 5 5 5
6 12 6 12 6 6 6

Refer to Figure 1, unlike [4], this paper introduces the use of power
transmitted by MS instead of received power at base station (BS)
sent by MS (Rx power). Since, Rx power is attenuated and
distorted by link gain and fading in radio channel, Tx power can
give more accurate information of MS’s transmitting status than
Rx_power. BS knows Tx_power of MSs by fixing an initial
Tx_power and updating Tx_power of all MSs by using power
command outputted from base station itself.

High power transmission is the consequence of high link gain
attenuation in radio channel and the vicious circle problem. MS
having high Tx _power has high risk to get infeasible power control
problem and tends to cause the vicious circle problem in system.
Thus, by weighting function, for high Tx power mobile station,
increasing Tx power or SIRd should be done by smaller step size
but reducing Tx_power or SIRd should be done by larger step size
than usual. These strategies make power control decision and SIRd
control decision to be more suitable and be able to mitigate the
vicious circle and the infeasible power control problems.

In the simulation, MS transmits its power in range of [-100 dB,
0 dB]. High Tx power is considered to be in range of [-20 dB,
0 dB]. In this paper, FPIC adjusting factors for high Tx_power MS
are weighted by weighting functions, which are linear function of
Tx_power of each MS. As shown in Figure 3, weighting function
has slope = -0.03 per dB for stepping up Tx power and SIRd
commands_and slope = 0.03 per dB for stepping down those
commands.
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Figure 3. Weighting function.

Refer to Figure 3, for high Tx_power users having Tx_power or
SIRd up-command, weighting values of Tx power and SIRd
commands for the i user (Wpower and Wsira) can be calculated
by

Wower! = Wgra = (-0.03 x Tx_power?) + 0.4 (2)

For high Tx power users having Tx power or SIRd down-
command, Wpowe,(‘) and Wgpq™ can be calculated by



Wiower! = Wera = (+0.03 x Tx_power)) + 1.6 (3)

For low Tx_power users, Wpowcr(i) and Wgpq? equals 1 in all
cases.

2.3 Desired SIR and Power Controls

o Desired SIR Control of each user is done by Fuzzy PI
Controller. Based on e and Ae at the k™ sampling period of each
user and weighted by weighting function, an SIRd adjusting value
(ASIRd) at the (k+1)" sampling period of the i user is

ASIRAY (k+1) = DsIRd”(k) x Wgra" (k) x SIRd sep size  (4)

Dsird"(k) = F{e? (k), Ae” (k)} &)
e (k) = SIRA" (k) — SIR® (k) <
2e® (k) = e (k) — e (k-1) )

where DsIRdV(k), Wgira™ (k), SIRA? (k) and SIR® (k) are the SIRd
adjusting factor, SIRd weighting value, desired SIR and SIR
received at BS at the k™ sampling period of the i user. Step size of
SIRd (SIRd g¢p size) is 0.025 dB. F is the fuzzy inference function.
The SIRd at the (k+1)™ sampling period of the i user is

SIRA? (k+1) = SIRA? (k) - ASIRAY (k+1) (8)

In this paper, SIRd is bounded in range of [-14 dB, -11 dB], where
—14 dB used in unfavorable radio condition is the minimum
required SIR corresponding to bit error rate of 107 required for
acceptable quality digital voice communication [8], and —11 dB
used in favorable radio condition is nearly optimum for SIR-based
power control at low level of average interference [9].

e Power Control is performed once after SIRd adjustment in each
sampling period. Tx_power is calculated with new adjusted SIRd.
Hence,

Cnew? (k) = SIRA? (k+1) — SIR® (k) ©)
Aenew(i) (k) = enew(i) (k) - enew(i) (k'l) (10)
where €., (k) and Al (k) are new SIR error and SIR error
change at the K™ sampling period of the i™ user respectively. Based
on Euew” (k) and Acpey'” (K), an Tx_power adjusting value (A
Tx_power) is defined by
ATx J)ower(i) (kt1)= me(k) X Wpowcr(i) (k) x Power step size (11)
Dp(k) = F {enen” (K), Acyen” (K)} (12)

where Wower is TX_power weighting value. Transmitted power of
the mobile station at the (k+1)" sampling period of i user is

Tx_power? (k+1) = Tx_power® (k) + ATx power? (k+1) (13)

Note that, in (8) and (13), the signs of ASIRd and ATx_power are
opposite because the contrary adjustment of both values lead
received SIR to reach the SIRd.

3. SYSTEM MODEL

19 hexagonal cells with 1km cell radius were simulated. Two tiers
of interfering cells surround the center cell of interest. All cells
have carrier frequency of 900 MHz and are equipped with an
Omni-directional antenna. All cells have the same number of MSs,
which were uniformly located in each cell.
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Two types of fading, long-term fading [8] and short-term fading
[10] attenuate the radio signal. Vehicular speed is uniformly
distributed in range of [6 km/hr, 60 km/hr] and mobile station
moves in small area. Power control sampling period (T,) is 2 ms;
thus, Doppler frequency normalized by power sampling period
(f4T}) is uniformly distributed in range of [0.01, 0.1].

The average values of outage probability, infeasible outage
probability, and transmitted power of every mobile station measure
the performance criterion. Outage probability is the probability of
failing to achieve a minimum required SIR (SIR,,;;,), which should
be —14 dB [8] when processing gain is 128 and required bit error
rate is less than 10°. Outage probability of the i™ mobile station
(Pou”) and the average outage probability (Pout_ave) are defined as

P,V =Pr{SIR® <SIR ; } (14)

N .
Poutfave = (Z‘iPout(l)) /N (15)
iz
where N is the number of mobile stations. Infeasible outage
probability is the probability that mobile station transmits with
maximum power (Pma= 0 dB) but fails to achieve SIRp,.
Infeasible outage probability of the i mobile station (P;,{) and the

average infeasible outage probability (P avc) are defined as
PV = Pr{SIRV < SIR, ;| Tx power = px} (16)

Sp )
Pinfiave = (_ZIPinf )/N (17)
i=
The average transmitted power (Tx_power,,.) is defined as

N .
Tx_power,,, = (3 Tx_power™)/ N (18)
i=1
Where Tx_power is the transmitted power of the i’
station

" mobile

4. RESULTS

In Figures 4 - 7, three types of SIR-based power control are
referred as 1) conventional power control having 1-dB fixed-step
power control and its SIRd is fixed at —11dB, 2) Fuzzy power-
SIRd control without weighting function, and 3) proposed
algorithm, Fuzzy power-SIRd control with weighting function
(slope=+ 0.03 per dB). In Figure 4, the average outage probability
of three-type SIR-based power control against the number of
mobile stations per cell is plotted. Comparing among those three
power control algorithms, the proposed algorithm gives the lowest
average outage probability. This implies that QoS of the proposed
algorithm is better than QoS of the others.

Figure ‘5 shows the average outage probability of the proposed
algorithm when the slope of weighting function is changed to be
0.02, 0.03, and 0.04 per dB. Simulation results show that the slope
of weighting function affects the average outage probability.
However, intersections of lines are obtained. This implies that, to
improve the power control performance, the slope value of
weighting function should be adaptable by some input variables
affecting the amount of system interference, such as the number of
users per cell or the average number of users in all cells.

As mentioned above that the weighting function proposed in power
control algorithm can make power and SIRd control decisions
more suitable, and able to mitigate the infeasible power control and



the vicious circle problems, these were confirmed by simulation
results in Figures 6 and 7
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Figure 4. Comparison of the average outage probability
among three types of SIR-based power control
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Figure 5. The average outage probability of the proposed
algorithm when the slope of weighting function was changed
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Figure 7. Comparison of the average transmitted power among
three types of SIR-based power control.

In Figure 6, comparing among those three types of SIR-based
power control algorithms, the proposed algorithm gives the lowest
average infeasible outage probability for all number of users per
cell. In addition, in Figure 7, the average power transmitted by
mobile station of the proposed algorithm is also less than that

117

transmitted by mobile station of the others. In SIR-based power
control system, if the vicious circle problem occurs, the
unnecessary transmitted power is basically transmitted and causes
the infeasible power control problem. Thus, as simulation results,
the proposed algorithm can mitigate the average infeasible outage
probability and the average transmitted power, these can be
presumable that the proposed algorithm can mitigate the
occurrence probability of vicious circle problem.

5. SUMMARY

In this paper, power transmitted by each MS is used to individually
and linearly weight its SIR-based power and SIRd adjusting factors
outputted from FPIC in order to prevent each MS from infeasible
power control problem, to mitigate the occurrence probability of
vicious circle problem and to reduce both of the average outage
probability and the average Tx_power. From simulation results, the
proposed algorithm can achieve all suppositions above.
Furthermore, as the proposed algorithm can reduce the average
outage probability and the average Tx power, it can be concluded
that the proposed power control algorithm can simultaneously
enhance QoS and the capacity of system.
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