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neasHaeonu 1l meneasiaduniez1d PN Code yangndowamonliududiindoane:
" ¥ "

lilddeyangndenduun drumaiisia PN Code 341dgmimnlFluszuy coMA iileanin

Tanuilaeanslunmsidhaiaga
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¥
TumnsgIu IS-95A 11uTin15 14 PN Code 0geroaituAd Short PN Code 11ag Long PN
[ 4 v
Code MN¥oAIHEIENIITDIAUINTIARuTUSHA PN Code uifaiu oaudiinnuen
¥ [ [ ¥ "
Ay siaisaosgnldiioyarlsemadiuandiaiy saniwanaialen Walsh Code n1¥

o [ 1 o i = { 4 =3 k4
dmSunnuuE¥osdyaa (Channelization) N lana1ntaliuda

2.2.2.1 3¥a Short PN
Vv A o -
Short PN Code gnl#tioyailszasn 2 Jsems Ao
1. iousnuoziuiu Cell lauaz Sector 1laves Cell Tuuday Cell uazuaaz
Sector 921% Short PN Code iRty uatigaisudunnmIaeny ¥ieli1 Offset A1afiu
Ve Taverduquainid  Autocorrelation w93 PN Code ihldndwivdenies
¥ v [ v
TnsAwnindounansauenuez Idhddsdaseegiunla Tahiduauuazsuniuiu daiu
219081218731 PN Code N1dfSouariiounuminomvilszsh Cell w30 Sector (Cell/Sector ID)
YIGK]
A ¥ @ o a = A e’:
2. mel#iilusad iy Quadrature Spreading 1ifpannluszyY 1S-95A 1iulu
] ) = @ a
mavoamsadazldmsuegadunuy QPSK ¥ 1 dgydnwel (Symbol) vzilizneudiy
94M1J32n9Y 2 dIUAD I (In-phase) 14 Q (Quadrature-Phase) 14 1@3iN151i1015Wa Short PN
¥ ¥
Code M 1Fuonuszszninesnlsznounsaesdiuil Taveziinis193va Short PN Code 2 %@

& ' - w o
¥4 1Aua In-phase short PN Code 1128¥ Quadrature-Phase short PN Code 1 Polynomial A3

PX)=X"+X"+X+ X +X +X +1

PQ(X)=XIS+XI2+X“+XIO+X6+XS+X4+X3+1

911 Polynomial W09y 39 Short PN Code Tinmena 1 sousiiy 2° + 1
wiowhdy 32767 Ga uazendanimsdadeyasenenieennasgIy 1S-95A Ay
1.2288 Mbps 111 1#33a Short PN Code figndanen'lyl i)zﬁmsmﬁgmn 9 26.67 msee Falutid
'ummmUaaﬂﬁmfuﬂﬂ:gmﬁu'lﬂil'uLi‘lu"lﬂ'l.é’{ﬁﬂ:ﬁ"lmsﬁnﬂquaznaﬂsﬁ'ﬁaaﬂm wiiiess
¥ IMseBNIILTEY 1S-95A 11 93l9oenuuulHsa Short PN Code Tinnmeniinemunz
WlddwsuieniesInsdwiindeuiiinesiladyapauegaunsadhlanazdud¥idhiy
famzmsdald masuluniesInsfwiszaunumdgaiauasiinssimimazmaGudy
voesia Taonaaeatfunmiduduliifos 4 nazeeasiagauldm Correlation gafiqa five
51§12 (Synchronize) hfuNAITUAUA N &11umaf Short PN Code HAmueniios
26.67 msec oI lFnavfisadniooninfy ndessufezsudisanzmsidald anw

Uaeaduialilyya)szasandnues Short PN Code uailumiadmsuusnues Cell uaz
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v
Sector 1Az 0aAUsENOY I Az Q My Tuszuy 15-95A 121% Long PN Code dm5uAW

asany

2.2.2.2 5% Long PN
Long PN Code gnlfiftoyaiszasdlumsinuinauilasasiy (Privacy) iivetloaiums
anaoudsilaazideyalineasiaeenun  Taverdonruenvessiaionmnwmlims

anasuasiluneneasia luamnsoi 1d1un191§17a Polynomial 493 Long PN Code fiD

PL(X) = X42 1 XJS + X33+ XSI + XZ':‘ L X26 i XIS 3 XlZ i XZ] . X19 %

XIS+XI7+X16+XIO+X7+X6+XS+X3+X2+X+1

td
910 Polynomial 119¢W111 Long PN Code viinnuenswailu 2¥ — 1 nSeumdu 4.4
] v
dudwia Sminfandasimsdedoyasoneima 1.2288 Mbps HAITHAVZIUATUINFUAY
v & o qw @ ' o 0 ¥ a wa a4 w @

nn 9 41.2 Ju Fehldmsaeasvia liansam 1aTumalfia mszasizdnilesieauay

Y as :‘ d' LY n‘: v Y - [
seausHmIunauINguaunzgluuuvessiaiudosanilauudalszina 412 u

¥ [
wonandl lumal fiadadiulyl hildilesninns lifilasmmsna Insdmiidunauis
4

41.2 Tuud A919U Long PN Code 41dnmlanasiuediagaunizuy CDMA IS-95A

Tavaguuds swiuiszuy CDMA 18-95A imsl¥aaey 2 Uszianfo s1ia Walsh
code 1Az WA PN Code iogailizasdds q fu Suiluszuuinaeudadudou ualinnu

s

Yasanuuaznumusedya NI UN UG

Lt

r d‘d \ A s
2.3 ﬂﬂaunuﬂamznuﬂaamsnuwmmmam’luszuu DS/CDMA(3]

2.3.1 Ay IMUNINTOAINKIYAHBY (Multiple Access Interference)
Tuszuv Ds/cDMA Flinauszdsdyaaeoninlurinnuduazinandeddiu ud

as o

Y o L) o [ u’: a 1 a &
I¥svauraeny duludyyinuvesdlduaazauiunanissuniudatuiaziu mMssuniu

@ =

o i ' yq ¥ & ya o
AINANUGENI MIUNINaDANNA 1FAUY (MAD Tasaunguanineliinadyiuns
Vg 3 & - : ' ] a s ] g ¥ 1 o Vv a [
unsnaeAnng 1¥ALdY e msdenined e luauysalvessiaurved 1 fudazau Mlvinas
o e d ' s T ¥
andURUBEY I (Cross-Correlation) sxHIesHaud uennniilsingmisal 1nd-lnafluaung

= 4 { -] =3 o 4
onlszmisnilani Idifadyaumsuninaeanndlénududie

2.3.2 Uningmsailnd-1na (Near-Far Effect)
Usingmsailnd-na fie Usingmisaiiseduvesdyanavesdldudazauluszuud

ar 1 - = 1 ' 1w o 'v a o ' { 1
fuldnaariigwiiar luviiu Usingmisalnd-Tnaiiinziadudldudazauniiszosving
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iy Fagii 2.13 ﬁmty1mmaqp§1=§'ﬁag1nﬁﬂn1ﬁ§1uiJ:;qnawauﬁauniﬁmmm%mpﬂ%ﬁ
oy lnasenly

miuAilyrnlingmiseilnd-1na i 1dTaomsnruquiidadavesdygyravead 19

' A Yo o 1 a o - = k) - o
uaazau e limasdwesdyapaniu ldnaniguvesdldynauiinumiu

2.3.3 manlafavesdya s (Fading)
msasdgaaluszuumsdomsmdeuiszninamigunuamtinioun dyg s
gl lddumaihuduase udrzRamsazounindneadia uazanmnadouluusnu

3 3 1 ] ]
9 aniudyananiuldtaiudyarannannansswiuvesdygiuiaziouniann

' v w 4 o & d1 o < &
FUN9A19 9 i AegIi 2.14 Fadggramariivziivinauazmlaiseiudavalddygui

o Vet = dy o’ a A =4 (-:1’- a
su'ldtvuenaziaraiiou lnndygruesandan Sendaingmsaitii mamafaves

dyay
&,

N

R2

31 2.13 Usingmiseilngd-lna
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[ & w  w b4
wanmMINuUgIUI0INTelSudIla

2903n38uuulsuda 18 (Adaptive Filtering) ldidanfiumumiduedianinluam
LA ]
Uszinanadggnuataen narszuunIuge Mtz anuawnselSun/asunudnyus
- . o o o o lw o J
(Characteristics)  1szddvesszuuifasandesiudygaunivdunlddiodies  deee
o W A o o & & s o
munsomhausudyanuiidnyuzn/founlasmmna  (Nonstationary)  Fuiludaygu

a J - o awa
iU lumaliia

3.1 aUMIBBINYIZTUVINNINGOI [5]

& = o o ¥ a/ - = s
FavzmnoniaumsinaaInNAUTsEnINdyaduna  (nput) nazdayn o
E
1©1A%A (output) s TuveusyeInal nazveuvIBYes AN UAHBTY

TuvenvsnamIsununal aunsesneszuuenegluglves aun1snaa1 e

N M
Zaw[n—k]:Zbkx[n—k] (3.1)
k=0 k=0

Taofl  y(n) o 191ANAVDIIIVINTON
x(n) A® BUNAVDIIIINIOY
M,N fo 8191 (order) ¥99299351589

a,, b, fie mdunlszdng
wienaasegluguuy
M N
y(n) =Y b.x(n-k)+ D a,y(n-k) (3.2)
k=0 k=1

Tuveieaanseensoni luvenvis usansudnesy (z-tansform) TWNTD

WoulugiveanswdiesHendulddsaunis
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H(z) = 00— (3.3)

3.2 U521anve9299305049 [4,5]

2993N509AIABAILYNTUUNAMNAADUAUBIVEIBUNAA (Impulse H3® Unit Sample)
¥
nieawIasaadaveneesnseniy 9  MminnaReUAUBIARBNNAT hisinAiTENI199INIBY
an 5. 8 . 1 o 4 e a
atmeariudn 1e'lee1s (IR : Infinite-Impulse Response) @118 19815 (FIR : Finite-Impulse

aa “ 1 a s o
Response) nmuﬁ'q 2495N599AIABANINITADVAUDIABDUNA '(’fﬁ'lﬂﬁ

3.3 s2euIs Steepest Descent (Method of Steepest Descent) [6]

v
3% Steepest Descent 1Hun333Td M5V UAN MR 19v0999TnTR LS A 14

" Y i a4 & yye a  a g8
e Iigiihgnaneuiden1sIinil ¥a1dTun2mtion 33 Steepest Descent 14 1un1391141

& A

o w - ' y a0 - g A 9 - a
#3935M3livaaeslunmsnfasunasanimingevensesiazidniazies lunanisiana
1 o o o - [ :’ o 1
Awesilangugatlszasinnngalasmsdsvanimings

x(n) x(n-1) x(n-N-1)
z—l . 2._1 - z-l

y(n)
e(n) = d(n)

-iiw—:_

1 3.1 29vsnseaUINIUNBT A
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91ng1il 3.1 Bunavesaseinsesiie x(n) waneuiidesnisdie d(n) Femumddiu
AduseTe MAszAnTa093nT0e wo, wy,... wyy aundlhifiumieds Saannsodou
Woglugtveannimes I&amdrdudail
w=lw, w, o owy J G4
nag
x(n)=[x(n) x(n-1) ... x(n -N+1)[ (3.5)
v 1dimrdnavearsesnseailu
y(n)=w'x(n)=x"(n)w (3.6)
dyanuianma e(n) Aonadesynindmeuiidesns d(n) 1nzie1ARAVEIINIITNTBA y(n)
e(n)=d(n)-w'x(n)=d(n)-x" (n)w (3.7)
Tasililansugalszasniiu
£ =Ele*(n)| (3.8)
MNANMIH (3.7) ilesnidsandesld
e?(n)=d*(n)- 2w x(n)d(n)+w"x(n)x" (n)w (3.9)
mmammanavesaums (3.9) 1&&ail
¢ = Ee* @)= Ele* @) 2w B+ w Bl @) .10

ar a 1 1 J ol
fowInmes p fle anduiuidwsznitwaneundesns d() Fudumnasiunnaes

DUNAYDI2993N304 x(n)
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p=E[x(}d@m)]=[p, p, ... Pyl (3.11)

- 9/ a dow o w o -
|m:uu1u1mmsnwaﬂnwuwmauvgmﬂu

o0 Toa il o
o B3 P50 My
R=Ex@k’@)=| * ™ . ™ (3.12)
hive Neap o Beani

1 AA J ' e _ o 4 4
1nf p uaz R Ao 134 annsadsuaunisvessididsaeunasluaunisi ¢.10) 14

o

Aail
§=Elez(n)]= Eldz(n)J—ZWTp+wTRw (3.13)
snaumsihi g Fugadszaed dailgusadufuiamsTuamas mslfus

o - .‘ 4 ' o I: A - 1 a J
dulszanivesrsesnseaiie i lddmwiAanaradiiiqa ife msavuluawiurafiouds

Sy - ; . o
Wwdmga Faunsoi 18 Tasmsmannsioud v vesilansugailszasndail

Vf =[ﬂ9§ﬂ] 6E[e2(n)]_”6E[ez (n)]jlz _2p+ 2Rw (3_14)

ow, ow

H 1 s - ﬁ‘ 4 4 \
weld ve=0 zldnneivesmdulsrdnivesrsesnsesimuizay w, ¥uiondn

“Wiener Weight Vector”
w_=R7p (3.15)
ey J o o - q‘ L] s c?
AT steepest descent AMNFOMIANINARS dNTzANTUDII9TNTRL IMi TRAST
w(n +1)=w(n)-uv ¢ (3.16)
¢ -l 4 g et
Tao w(n) funnmesdulsz@ntvesrses imsvidnaiai n

w 1fusefin

v, & 1iunninesvesrunsifoudves VN w=w(n)
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3.4 52ilsu3T LMS (Least-Mean-Square Algorithm) [6]

UU U 3 J = i ¥
s2iflons LMS fidneglunsznait Stochastic Gradient Fsamnsneuig ldasil

o o ' (] 9/ o )
NABT NI A NN NADS AHANAIA
dutlszinfveseey] = |dudszantves| 4|  dmiy || dyywdune 1NN
nyoanlSuauds 299INTDIUAN mM3tszuaay | ¥891993n3049 Vszanm

o J 1 a ' i a
suilonit Lms v 1ddeyaniiogdmsvlszanusunsidsudnvuzinala q veeis
Steepest Descent 3¢1110u3% LMS 12 1¥swaguvesnnmes dygnuiuainivianaiaiiu

U ) o ¢ a
ATz VDUNTIRBUAIINIADT 3

x(n) x(n-1) x(n-N-1)

— ;-1 >, i1

31 3.2 29esnseanuuliud Idnuunsuneda N udil

931 3.2 nvassesnseanuliud IRiumsunesa N ufid Sunavesises-

nsesde x(n) Hanevdidesnisie d(n) tozezldiodnavesisesnsaaiiu
N-1
y(0)=2 w,(n)x(n-i) (3.17)
i=0

o - - ] J = o
dyguAanma e(n) Aenaaesznindineundsenisd(n) 1az@IANAYETNTON y(n)
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e(n)=d(n)- y(n) (3.18)

- A’ ' o - -(
dmiudulseantvesainseaniemaulszantivedininied wy(n) w,(n),

o ‘l ' a = ﬂ'
e, Wiy (0) anIndfunlaould Tasnnmesvesmiduilsz@nivediseinies win)fe

w(n):[wo(n) Wl(n) WN-I(D)]T (3.19)

suflouITNUS U114 (Adaptive Algorithm) Tawsia liigailszasdiiedSusn
o a 1 a o o - 1 e & 4 -
dulszAntvensesnsealimAanaaiidiaeundelindmaa iilelddunaveisesnses

1 . ' |J o '

x(n) unzraneuidean1s d(n) 11y Statistically Stationary e a1 ivununamaz e
o a o a o 1 & o aa ad a wa
dulszAntveiasnsesiimasiiamile suifionds LMs Huiinslunalfialunsm
alszainaIndifvavesnamasyesaun1saina1n 1ua1939 (Real Time) Tag hidoaduom
HafFuanduius (Correlation Function) 11az hidesnuuainduniu amnsnlfusnnmed

FulszAnivesasesnsesldwail
w(n +1)=w(n)- xVe*(n) (3.20)

Tao p AeM1¥29AM (Step Size) az v idumsnsziwaunsidoudiion Tae

T
V=|: 0 i 0 :l (3.21)
c9Wo awl awN—l

o o o, o a o 2
NAWNUY i ¥YBIINIABTINTIATUA Ve (n)

2
= (“)=2e(n)£(“_) (3.22)
ow, ow,
unuauns (3.17) Tuaums 3.22) uaziiiessin d(n) &SR w, 0214
2
Oe (“):-2e(n)63'(“—) (3.23)
ow. ow.

1 1

unu y(n) anaums (3.17) oz 1@
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2
%(?) =—2e(n)x(n -1) (3.24)
Mnaumsh (3.21) oy (3.24) 9214
Ve®(n)=—2e(n)x(n) (3.25)

e x(n)=[x() x@-1) ... x(o-N+1)]" unuauns (3.25) luaums (3.20)

wln 41)=win) 3 2 el (3.26)

2 ' & o &
Faamnsoagy) 1891 s2idionds LMS dszneudionszuiumsiugiu 2 nszuaums asil

1 N3EUIUNTNTON (Filtering Process)
- ﬁ'lu']ﬂlﬂﬂﬂﬂlmﬂ\nﬁﬁiﬂiﬂillﬂﬂﬂi']lll'«lﬂ{ﬂvlﬁ

PIAWAVDINITNTON :

y(n)=w"(n)x(n) (3.27)

- dramamAanmalumsdszana'ld

1 =
mranaa lumslszanm :

e(n)=d(n)- y(n) (3.28)

. o - ﬂ’
2 nszvaumsdivmdauyseans (Adaptive Process)
o/ - A{ 1 o sy o A
‘ﬁ"lﬂ'li‘l.’iﬂﬁllﬂiﬂﬁﬂ‘ﬁ‘llﬂ\ﬂ\iil?ﬂ‘iﬂi‘IBUNﬂﬂTuHﬂﬂ11lﬂ'lﬂﬂﬂﬂ1ﬁ1Ufl1i1]521!1&]‘“

m1dnnnszuiumsnses Asaunis

w(n +1)=w(n)+ 2ue(n)x(n) (3.29)

AunsiouiInmes Ve 1uiTueq Steepest Descent @m1sadszuin'ldde
e(n)x(n) n378na12'1831 Expectation Operator 1dgniiteenTUainaun1s1uis Steepest

& a o o . b wai
Descent Famsdszanunsagunnnnes lagminy Expectation Operator wi lvinanaawin
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i ar - ﬂ( Al 3 o o Uy
fie Tumssnumdulszansvesainsedazaiaeg Idsunanininsideunuesd aniu
° a 4 ¥ [l ' - J =
mMsfInTaeszidionds LMS wiinsmdeu lviedngqusen 9 mdigavesnuiIni
- - L L d' :i " U ; L 9 a
Aana1a wiagiihgaundoumuirgiihgeadigasdianieds
¥

He901n32Dou37 LMS 1¥nszuaumsdleundulumsiniu aniudedeadiiiana

- =& ol 9 a = A a
lﬂﬂUﬁ'ﬂ‘lwq}ﬂ‘lizUUé”JU ‘]N!ﬂmmn“zﬁ'ﬂ“lﬂﬂlﬂﬂfﬁfn'“uﬂﬂ
E(n)—> (o) 1if®0 n >0

A P a . i o aa o v A ' o
iinE(n) Ao MANwAaNAIAMIAITeuRTsveeszITioudT LMS 11901 n nazAian1izegad
L H L H o o Al LB A L% H

voasudeuds LMS &(o) ifuminei Aundeideaesezgirgamannzeganileiiullan

y v a e ] p 4 -
NN dmsuszdouds LMs Ty s p imnzaudaiiuliamteulufeany
Tasea$19191204 (Eigenstructure) Yoaua3 ndanduiuivesdunaszi ldaundoiideaesg
hanuainanan 1é

: o o - =W 4 4

AMMUANANTENINANANNIZOGAD E(0) nazmIdINga &y, N IANINHAIMATYDS
Wiener 138071817 1MAANAIAMAIA0URAYAIUINY (Excess Mean-Squared Error) &, ()
aunanantuaastadsidesgads i lunsruaunislfudulsednsieeinsealasly
suiou3s LMS umu oz 1937 Steepest Descent

m3UFuudfia (Misadjustment : M) fio 8aT102UTENIN E(0) AU &y, HumRNAAS
Al 4 T e - LB J T
ImaapuNanuzeg@Ivesszifiondt LMS ogv1991nKaInagves Wiener Mntioous Iy

'] ' o = J J J L ] H
wazaunsadmuammaliuudaaiiliiisuindesamdeants 18 Tasyuegivgiefnnld
v W
Tusziilouds LMS dmfumeaadndl o tunszuiumsdivezdniivldaeudedwazna
as o - la' 4 '
NIRRT NMIUAIUYBITI)srAnTieesnsesazgnnseseen 11lun Feezdanaly
o = Al ' L] d’ J LA L =
msaamsdsundnadae nadldmaedngs q aszuaumsiisudtundaminsdivndiacy
L o a A A ad . - ' v J A
MuvuTHReITY Tufeszdlonds LMs fdsufludeuionszuinanugndesvesnndanivie
- A‘ o n’: - @ L]

A lunmsifuduszang aaiumsldsudeuis Lys dealimrwaulafusedriiy
Ll L " J = oA dy = A [ 4
a1 1zAed 1N 19 uszidionds LMS Heziidinananeanszuiumsliven

o A‘ 3 L3 1 ar A\ 1 J

AuilszAnTve1995n509 Aemaildadidwauitms v q Tiinsdfuagaednily
P o ¥ oA A ' v i )

vauginszuiumimasduiums e linaneuvesiseinsesldnagdigangndeuisvu

- 2
uaziinugndeanIniudly
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a  ad . :
3.5 321U8UI5 RLS (Recursive Least-Squares Algorithm) [6]

suiflouds RLS iWuszifouiianauinnnsaiiisuiididsaesiovqa (Least

Hl
Squares) TasmsGennuuiusidmiumseeniuueesnsestsud lduuunsunesa uay
3 T s o 1 :‘ LY :d 9’
fmuammdsaesiosqaTasiszanuveailnnmestanihminvesissnsesiiiiniiud
- o Gy a 4‘ a ] a ]
AN - 1 Tumsdnnunsiugi N szduduawesdeyaiidnnlni
' E4

Tumsimueesnses RLS TdiFuannsnumuanuduiusivuduvessuiiionis

Mdsaeniosgaunzldmguiuaindnndu Tasaaesnses RLS aunsagiimidiaey 185,
1 el ° 4 o J " o
1712995 LMS 10155531 uaiimsfnnuigsudeunnnyudioruiu
o Y s = .y = ad o W 9/ o " A

maiifanamsFondrvessufisuitideaesioogadessmuatoulusudy

uaz 1¥deyadredrnlunslSusmmsdszinusaum Taseznuideyandunaiinamed i

Hiuey uﬁzmmsmmmﬁaﬁ%’uv‘fugm'lﬁﬁe aumsn 3.30 Tasiiiledoararimiin B(n,i)
E(n) = B(n,i)ed)|’ i=12,...,0 (3.30)
i=1

A W Y . - " v o a A o

iedy g uAanaIa e(i) Aonad1eszninledineundeinis d(i) uazie1AnAved1993NT0Y
- J o @ 4 s a

y(i) ailmmnanissnseannulfuda Iduuums e N nidfindsduana Suna

Y94993NTBIAD x(1) W NAM i AegiN 3.3

e(i)=d(i)- y(i)=d(i)- w" (n)x() (3.31)

x(i) x(i-1) x(i-N-1)
- 1

wo(n)

. e o/ 4 s
51 3.3 2sesnseanuulud Iduuumsunesda N uflfinsiuamna
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A AR a o o - 4, a
iife x(i) AeuMlnames dyguduna au naW i Howlae
x(i) = [x(@),x( - 1),...x(G - N-D][' (3.32)
- o o 1 e’ a A o
uaz w(n)Aeuilnamesainimin o na o Hewlay

w(n) = [wo(n),wl(n),...,wN_1 (n)]T (3.33)

a d .’ (Y o ] J [ . - o @
Tasfiunthiming 199892995 050VLNTIUNBT AILBEITHINTI 1 <i < nawdiilandu
b4
Wugu E(n) l&siomun

e

¥ Ed
ledwnaatimiin (n,i) Hamauliaast

0<PB(n,i) <1, f=124 0 (3.34)

I:I o U :’ o/ . ﬂ’: J o M A { ] =) ‘yl ]

Taoa lms1diledenrnimin B(n,i) 1iuldiieildinilevideyaiiruanlusdatiueg i

' T e A ' i & o
fianunsuiiestudeyailogiu Fuifersesnsevinluanne hinsfideyanduna ldesil
v ¥ [

arnilu T IdheziRamsfunuvesdoya gliupvenimindaeiilfiFondn @nTmuuFea
F ¥

AANAMBS (exponential weighting factor) M358 WaFinniiaunnnes (forgetting factor)

v lag
B(n,i)=A"" i=]d.on (3.35)
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Performance in DS-CDMA System
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Abstract: In this paper, the new algorithm for blind adaptive decorrelating parallel interference canceller detector in
direct-sequence code division multiple access (DS-CDMA) synchronous communication systems is proposed. The goal of this
paper is to improve the performance of the blind adaptive decorrelating parallel interference cancellation detector (BAD/PIC). The
proposed blind adaptive decorrelating detector is using optimum step-size technique bootstrap algorithm as an initial stage of PIC,
which does not require a training sequence. Therefore, this algorithm has a superior view of utilizing bandwidth and reduces the
complexity of computation of inversion cross-correlation matrix. The computer simulation results show that the bit error rate
performance of the proposed algorithm for the new structure of detector is better than that of the other detectors such as matched
filters, the conventional PIC, and the blind adaptive decorrelating PIC detector.

Keywords: DS-CDMA, PIC, decorrelating detector, blind adaptive, bootstrap algorithm.

1. INTRODUCTION

Direct-sequence code division multiple access (DS-CDMA)
is well known as interference limited air interface in wireless
communication where each user is affected by the Multiple
Access Interference (MAI) originating from other active users
that transmit their data simultaneously.

Performance of DS-CDMA system is severely degraded by
MAI and near-far effect. Furthermore, the difference of
transmitted power between users makes the situation worse in
the multi-rate DS-CDMA system with the multiple
modulation. The matched filter (MF) receiver cannot eliminate
MAL

As a result, many sub-optimal receivers have been
developed [1,2] and these include the linear multiuser
detectors and interference cancellation detectors. The latter
can be further classified as paralle] interference cancellation
(PIC) and successive interference cancellation (SIC). In this
paper, we interests in blind adaptive decorrelating detector [3]
using bootstrap algorithm as an initial stage of PIC (BAD/PIC)
[5-7] that this detector provides better performance than that
of the standard PIC.

This paper aims to improve the performance of the PIC
detector . First, the DS-CDMA model is presented. In section
3 and 4 present the usefulness previous detector such as the
standard parallel interference cancellation and the blind
adaptive bootstrap algorithm respectively. Section 5, the
proposed blind adaptive decorrelating parallel interference
cancellation detector using optimum adaptation technique is
presented. Computer simulations for several situations to
demonstrate the performance of the detectors and conclusions
are given in section 6 and 7, respectively.

2. DS-CDMA MODEL [4]

The DS-CDMA model considered here is a synchronous K
users system with long spreading codes (also called random
codes) over the interval [0,7]. In this, the received signal at the
base-station can be written as:

r(t):gbkaksk(r)+n(t) )

where b, e{— 1,1} is the information bit sequence, @, is
the received amplitude, and sk(t) is the time-varying

pseudo-random signature code for k-th user. Here in, n(t) is
assumed to be additive white Gaussian noise (AWGN).

The cormrelator-receiver for detection of k-th user in this
model is given by matched filtering with the received pulse
wave form.

T
yi = [r@)s ()t k=1,2,..K @
0

This can be written in the matrix-vector form as:

y=I'Ab+n 3)

where y =LV1,J’2='--:}’KIF
b=[b,.b,,...b.]

n=n, ,nz,...,n,c]r
A =diagla, a,.....a,]

and I is the cross-correlation matrix is defined as:

T

Eiis [Sj(‘)’k(‘)dt . 1,ke(l2...K) - @

0
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Fig. 1 Structure of the standard PIC detector.

3. THE STANDARD PARALLEL
INTERFERENCE CANCELLATION [4]

The structure of the receiver is shown in Fig. 1. The
received signal of the k-th user’s PIC stage after subtracting
MALI is given by:

K

R =r(t)-Y %) )
j=l
2k

where £ (f)=b,a;s, b, is the decision bit of the j-th

user’s an initial stage of P1C.

The output of the k-th user’s matched filters at PIC stage
can be written as:

g

Ve =[5 @si ()t ©)
0 :

The decision bit of PIC is given as:

by =sgn(y;) 7)

4. THE BOOTSTRAP ALGORITHM

The inverse cross-correlation matrix to be generated with a
blind adaptive bootstrap algorithm [5-7], as shown in Fig. 2.

L

—-—

—Ehe H
Vel W *é’—' oo g v

—Fhe—_H

o) maiched
Hlies

548 |

Fig. 2 Structure of BAD/PIC detector.
In the limit performance. Let,
z2=Vy=VTAb+n (3

For the transformation the bootstrap decorrelator has the
form

V=I-W ©)

where [ is an identity matrix and
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W is not necessarily a symmetric matrix, then the output of
detector is given as follow:

2=V, ~W ), (11)

where W, is the k-th column of W without W,

Y, is the vector ¥ with ), taken out

The update formula of the bootstrap algorithm can be
written as:

w, (i +1)=w,(i)+ sz, sgn(z,) (12)

where [/ is a fix step-size parameter.

5. THE PROPOSED ALGORITHM

In the blind adaptive decorrelating detector using bootstrap
algorithm that using a fix step-size parameter 4/ . In this
section, we propose the blind adaptive decorrelating PIC
detector using optimum adaptation technique.

The optimum adaptation technique is modified from the
bootstrap algorithm by adjusting the step-size parameter £/ , as
shown in Fig. 3.

ransform
V=W

ri

Fig. 3 Structure of proposed detector

The parameter of update recursion of the adaptive
algorithm is given by:

w, (i +1)=w, (i)+ u(i)z, sen(z, ) (13)
where p(i ) is variable step-size parameter.

The adaptation step-size algorithm that uses to approach the
optimum step-size. The performance of the system can
improve when step-size has the optimum value. For the first
stage, must define the parameters , K is number of user, N is
number of bit for sample (odd number), S, is boundary of
maximum step-size value and §,,, is boundary of minimum
step-size value.



The step-size parameter p(i) can be adjustment by
equations (14) and (15), respectively.

ng%@g 14)
(i) = 5,00 ) + NS0 1s)

where i = number of bit
J=(i-1)divideby N (5 =0,12,...)
n=(i-1)modulusby N (n=0,12,... N-1)

The initial value of Spac (0), Smin (0) and 4 (0) are

Snex(0) = S ' (16)
i (0) = Sy (17)
Srm'd' (O) = Sm'm + [N; 1)(&}—_?&] (18)

The values of §,,,.(j), and §,,,,(j) have variation by the
mean of comparison between input and output of bootstrap.

iNk(i)—l
Mn(i) = -K——l (19)
N A
G sdday e =
A ()= . : : 1)
max{| A, () |,| A, @) ,....| A, (D) [}
A()=z,0)-y, () : (22)

The one of comparison use N bit each. The boundary of
summation defined as pgid = N+1 and Max=N . The
2

condition of comparison is defined as:

an(jN +n)> MzuMn( JN +n) (23)

n=1 n=Mid

Let: Smad J+1) = Spial J)
Sminl J+1) = Sminl J)

an(]N +n)< Afﬁr‘fm( JN +n) (24)

n=Mid

Let Smadl j+1) = Smar(J)
Smin( J+1) = Smial J)
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After the value of Sm(]) and Smm(]) have changed by
equation (23) or (24) must check condition as:

if  Smin(JT1) = Smin(J-1) and Spi(j+1) > Smin
then  s,,,,(j+1) = 8,5, (j + 1)—[4(1‘)[”7'1]}
orif  Smad j+1) = Smad j-1) and Smad j+1) < Smax
then 5,0 (j+1) = 8, (j +1)+ [c(f)(NT'IH

6. SIMULATION RESULTS

Consider DS-CDMA system, which support 4 users. Each
user transmits 10,000 bits. The spreading codes are the fixed
binary codes of length 7 (Gold code) and the random
generated binary codes of length 15. The constant parameters
of this simulation for the proposed detector structure are
defined as follows: N= 11, S, = 0.03 and §,,,,=0.001.

Fig. 4 and Fig. 7 show the perfect power control, the
average BER of 4 users over 30 ensembles versus E/Ng. The
power of each user is 1 dB. From these Figures, the simulation
results can be observed the proposed detector has lower bit
error rate (BER) than that of the BAD/PIC for every Ey/N,
values.

For the near-far effect, the power of each users are 1, 1, 8
and 8 dB respectively. In Fig. 5, Fig. 8 show the average BER
of the lowest-power and in Fig. 6, Fig. 9 show the average
BER of the highest-power user over 30 ensembles versus the
EyN,, respectively. From the results show that the
performance of the proposed detector has better than that of
the BAD/PIC for every Ey/N, values in both cases.

7. CONCLUSION

An optimum adaptation technique for blind adaptive
decorrelating PIC detector is proposed. It has better
performance than that of the other detectors such as matched
filters, the conventional PIC, and the blind adaptive
decorrelating PIC detector for every Ey/N, values in both cases
of the perfect power control, lowest-power and highest-power
user in near-far situation.
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Fig. 9 BER of the highest-power user in near-far situation
using random code.
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