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## 4270211921 : MAJOR ELECTRICAL ENGINEERING

KEYWORD: CDMA/ PARALLEL INTERFERENCE CANCELLATION
KAWIN NIMSAILA : PARALLEL INTERFERENCE CANCELLATION RECEIVER
USING NONLINEAR FUNCTION OF HYPERBOLIC TANGENT AND OPTIMUM
WEIGHT IN CDMA MOBILE COMMUNICATION SYSTEM. Thesis Advisor :
ASSOC. PROF. DR. WATIT BENJAPOLAKUL, 133 pp. ISBN 974-03-0377-3

This thesis presents a scheme for improving Bit Error Rate (BER) of Parallel
Interference Cancellation (PIC) receiver in CDMA mobile communication system. The
proposed method is to add a weight and change signum function to hyperbolic tangent
function in estimation of interference. By replacing signum function with hyperbolic
tangent function, the error between actual interference and estimated interference is
minimized. But when the number of users is increased, using only hyperbolic tangent
function cannot give low BER. One way to reduce BER is to add a weight into a receiver.
Using a weight with hyperbolic tangent function gives a reliable signal from receiver.
The value of weight which gives low BER depends on eigenvalue of cross correlation
matrix of spreading codes of users in the system.

The result from simulation shows that the proposed receiver gives lower BER
than the PIC receiver that uses only hyperbolic tangent function for both cases of power
control and no power control cases. For example, when the number of users is 30 users

in asynchronous data transfer and power control mode, the proposed receiver at stage
1 gives BER of about 1.2%10" while the PIC receiver that uses only hyperbolic tangent

function gives BER of about 2.4X10". With the number of stages increased, BER in
each stage is reduced. Considering capacity performance, the proposed receiver gives
the number of users more than the PIC- receiver using hyperbolic tangent function at
BER of 10°. For example, in synchronous data transfer and power control mode, the
proposed receiver supports about 27 users while the PIC using hyperbolic tangent can
only support about 19 users.

Department....Electrical Engineering.. Student’s signature............ocoo
Field of study..Electrical Engineering. Advisor's signature..........coocveeviiiiiii e,

Academic year 2001
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2. wmmﬂmmwﬂmimmm@u‘ﬂmmuﬂau (reverse link) Hupallddeiayaainaniil

Lm@@umiﬂﬂvmmud@m Tneliifaruaudld K aw

3. fndayavecdldurazaugnimsae s

a

4. gefindayaluguesdnla niualuusLyingg

o

5. 094 fyfquﬁmmmqzﬁ”mmnmmmummﬂ%umqLmumﬂ (Additive White Gaussian

Noise, AWGN) m’mu llAnuaraaseiaiinafg (Rayleigh fading)

(%

quummmnmmmuﬁmmimmummmumw} (2-2)

(=3 ZbAjbj (i)S, (t—iTy—7,) +n(t)

j=1i=—N,

b

KT,)

o 4 o 5
Tned  r(t) Aa tymwmmmugﬁﬂmu

A, AaauA (amplitude) dryayrouiniuldvacdldaui |

b, (i) Aedndayai i vesfldaun j Insfiautaziiulunisdedn +1 uaz -1 Wi

fuAa 0.5
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7, PRAINNILIYIIAT (delay) T LA |
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nt) Aedtym nsunanddiauanauuuLan (Additve White Gaussian Noise

| 1
| =

178 AWGN) nilAeaaiuguduasimnuulstsuiu o2
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dhuluy a=@elastia (asynchronous)

2.3 LATAITULLLLNATNALARS (Matched Filter %5a MF)
AFRFLLLLUN AT A M aSITaN T8N LA TeSSLLULAILAN (conventional detector)
i’/ a o o o tilj o a o % all % ) o |dl 1
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nsilsrdenaiudtaesy ldpuiulilguiudyagnuniuls waseiniuasihdyyiun el
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10

(i+D)T, K
V(@)= [rOs ®dt=Ab()+ Ab,()p; +7.0) (2-4)
iT, j=1
oo
desired bit interference noise

, Ty
e py = J.Sk(t)Sj (t)dt ParanduiRusdw (cross correlation) 3¥MIN9TRALNUDIE
0

Taun k uazgldauh |
(i+DT, . .
7,.() = jn(t)Sk(t)dt ARATUONDMTLINALLLL AWGN NlANRALAZANLLS
iTy
2
noise
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(i+D)Ty+7 K K

VM= [rOSOd=AB 0+ 2 Ab(-Da,  + DA, +70)
(2-5)
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Amzinsiidelasilawiniu

dl o 1 MF /: o v a a % 6 o/ dl . .
uazane yMt (i) wvinmesdiadudnsoaieidulaTasuune (signum function)
Y o a dl v dll [ A e [ %2 ai

udadanlfannierasiuuuuuwnadiamasianfeannisi (2-6)

“MF (i MF

be" (i) = sgn(y, (1)) (2-6)
+1, x>0
-1 x<0O

Wa  sgn(x) = {

ARSILANANAIAUDILATAISUBLILLNAT NALADS

lufilieAnuaznan aziangaunansndnnanaInlunsiinisdstayauindalasiia

Wi TaeannannnsT (2-4) NANTUNNDNAAIA Y BN TNRDANLINATY DU DULNINARR

dsenavhldaedtynnuunsngesuesildaiuiun K1 Ay (“Laimwﬂ%ﬁmuﬁ' k) Tmadtynynod

WNINADATLBIL IFA1UIU K-1 puilaflBasssieriv LLZ\]ZLﬁﬂﬂﬂ’]iﬂmﬁiyQ.J’]EULLVI‘J‘T]ZQ@WIJ@G
ﬁﬁ%LLﬁia:ﬂumﬂuauﬂﬁﬁﬁ (2-7)

A bj (i)pk,j (2-7)

W91 ”ma&mmmaﬂmmmmﬂjﬁﬁﬂuﬁ i Hinsuanuasananinazfluuuy Bernoull

AflFnAn A TaLazANLL T suRNNENNN 9T (2-8) LAZANNTIT (2-9) ANNAAL
E[Ab (o ;1= D (Ab ()p;)Prib; ()]

by (=11
J AJ' P, F)r[bj (i) =+1- Aj Pk Pr[bj )=-1
= 0.5Aj P~ 0.5AJ- P = 0 (2-8)

VAR[Ajbj (i)pk,j] = E[Ajbj (i)pk,j]z = Z(Ajbj (i)pk,j)z Pr[bj (]

b; (i)=—1,+1
= Al py; Prl; (i) = +1]+ A7 i Prib; (i) = -1
=05A7p¢, +05A pf | = A’ pi | (2-9)

ANANNIIN (2-8) war (2-9) agllddndyaunniuninaenvesyldusiazauilaieas

wiriiuguduazauulstsuringy A7 p? | uazidefiansannisuanuasannaiiaziiuaes

o

deyeyrndunsnaanang s K-1 au Ing central limit theorem tdaR MU I uiAININ7
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noudldaun k awwnsadnaesuunliinsuanuasanazsiluiuulng AAeALAs

ANHLLTLTIUANNANNTN (2-10) WATENNNTN (2-11) ATNAIAL

K K
ELY. Ab, )y, 1= Y ELAD, ()p, 1 =0 2-10)
I I
, K _ <o
Oma = ZVAR[A,' bj (I)pk,j] - Z A P (2-11)
j=1 j=1
j#k J#k

AIIUANNANNNIT (2-4)  INaNIASA TN ULNINAAAUAZINANTAIA YU UTLINAY
sinedinnsnszanuLLLng deumenaesdaunn il 1N k WuaArpanndaniy A vise — A,
Auatiudnan b, (i) =+1¥7a b, (i) = -1 ANAIAL AIBBNIINIzANLTadA YE© (i) AeinIg

nsvanauuLLnAnsaLqn A uar — A Asnansligili 2.4

—
A

3171 2.4 nsuanuasatantazivsesdtypaaieanatnieseiuuuLwpdRanas

dl < P20 -di [ A co Aa a a [~ dl Y a dl
qangiln 2.4 aziulddaesesiuuuuunpndiame Sinauliananaiaisaie a7
a4, b (i) 1l 1 wsien yY (i) NAwnslaRAwmnnndagued visadndangds, b, (i) iy +1

wsien Yy (i) ArnuanldnduiiAntasndngud euanslasagili 2.5
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noise 2 2 2

® )

31l7 2.5 nstidnAuiinianannide (a) Dnnaaiiu -1 (o) Dandailu +1

nsAuIdRIdRRaNaInaNITnAuRlAaNiclunstinesgili 2.5 (a) visegl

#1 2.5 (b) wazdauuietdulunisdeda +1 viza —1 Saviniu Falafansnnaingdd

" o s A, X 4 9y oy o o Ao A o
25 (a) ‘W‘UQ’W@m?quNﬂW@qmﬁ@@QuﬂlﬂﬂwuwLL?N"I?J@\TL@utﬂ\ﬁzm\iﬂqqmﬂﬂqlfﬂ@ﬂLﬂu

- A uaziiauutlsdsouiu o? TasaunisuesdulAeedsadniatneaunisi (2-12)

4 Ak (yMF ()4 A )2/ 262
Py (i) = ———=g 0 OrA)I2 (2-12)

N 2ro?

dgl dl a a 1 MF /- i’/ 1 Lo =® 1 o 6 o/ dl
LL@%‘W‘LW]LLﬁ‘N’WM’]VLmﬂﬁIﬂ’]ﬁ“ﬂuVlLﬂﬁ‘ﬁW’Y] Yy (I) PNLLAAULAUNIATBUURANANNTTY

(2-13)

» it < _(WVF ()4 A )2/ 202 i
BERY™ = P(y," (i) = 0) :Wje Ok (A2 dy" (i) (2-13)
O o0

viraltewlugilatastalinsannasi (2-14)

BER)" = Q(%j =Q L (2-14)

2

Opa T O-nOIS-:‘

e BER!M" Fﬁ@ﬁmﬁmamwmmml,m?mﬁ*mmmmﬁl@Lﬂ@fmm;ﬁ%muﬁ K uay

- j e X "2gx (2-15)

Q(x) _T

ANgNN1sT (2:14) o Akuuﬂ@mmammm yF (i) Lﬁ@ﬁwumﬁm%gm%mq
@*ﬁ”muﬁ' K ARATY +1 a0 o? AednAuussuaesen v (i) Fathuaunnsiia
VLﬂmmm’%"m?usnﬁmﬁmj AailAngaaunnei (2-16)

ELy, (i) b () =1
JVARLY, (i) |b () =1

Tnaunish (2-16) azdlAgneiaduugnfsalladneuenisuanuasdn y, (i) dns

BER =Q (2-16)

LANWAgLkLULNG
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WaRa1TnaInaun1In  (2-16)  WUINERIMDARANAIATRILATENSLLLILLNAT
AawmasazdArsnsaidaniauulslsuaesan  yY (i) A0 warundslsauaes
wAraduLLLwNRTAARaFUssnatse ANkl s Ui AaN At 1 uUNINABANLAARN

¥ dl a o o 2// dl o ¥ al Zi
gliuuazanuulslsmuniiaandyanmsunoy  Asiudeanuoud dinsau aauuls
UsuaesdyonunldanieTesfuuuuunnfiamasaslaindy - fAuiuasdanalddnsdn

HANANATRLATFLLLLUNATAAIaSHANES

2.4 \ATAIFULLILLINNEAIGA (Optimum Detector) [4]

d‘ o dl d‘ o dldv a a OI dl dll o
Lﬂﬁ“ﬂ\‘]?‘]_lLL'LI‘LILMNW%W@@LﬂuLﬂﬁ‘@\‘l?UVIN‘ﬂﬁ]ﬁ"]U[ﬂN@W@W@B‘]’]Vlﬁﬂ LATRNTULLLNNS

ﬁ@ml%u@"nmmm Maximum Likelihood Sequence Estimator (MLSE) IPeILATaIFUNNNS

1
=

aFwarsuianduldiinsunnuaainlinsaaeuiueidusiunu (cost function) anduiis

1
¥ N 1 o A

Tan oA usUNUL AR NA AR LT LN A ANEUDILA TR U LU ZN A

q q q
' '

NarsunszuLnnasdedeyaiunnudelpsianfglasuauan K aunasfiansunlu

! a k4 a 4
deiindaya 1 Ol

T

y=[y" 2" oyt WNLANLARTURLBNANAR NN ATAA LD TR 9L L6160

Aaa

AL 1 DA K Ty BRAW K x1

1 pp o Pr
1 te a o o o oY
R= '0,21 . . p?K LNWLNATNTIANANNUEUN (cross correlation matrix)
L Px1 Pka =" 1
2095 1AL 1 Tepuil K Tag R ARG K x K
A O 0
0 A 0 -~ . v 4
A=| . . o | BmsrBniBeAITIe nuaynuresy Musiazau Tne #
0O O A

|

A S8AEN K x K

1
[

IS FUF U UIBLAT UL E NG ARTENNATNANANTN (2-17) Aaid

q

f(b) = %(AB)T R(Ab) - y" Ab (2-17)

A o dl = 6o o a ag v Y AN o A £ o
uazAFRFLLLILIMNNENgAaziaanas LA IiAaaslsidusiuuilannngn daaawiy
ANNNTAIAANEASLIHAINANNNTN (2-18)

b, =arg [min f(b)]
oot (2-18)

_ K
be{-11
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o o/ a ldl o

v 1
16 2 Gnka +1 vige -1 auiudld 20 avAsiadudandullls 2% adudes) weesduuuy
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o o a ¥ A

dl £ o o o a :// 20 6o/ [ v a =
mmxmm%mmmmmuumm 2 @’]m‘LIUﬁluiﬂLLV]HI%WQT’]%%MHV]%LW@M’]@Wm_li_llﬂL‘Wﬁ\i

q

] v |

o o A Ay co v Ao A o o =R o A o A » o a
@’1@UL@ﬂqmiﬂﬂ’]ﬁ\?ﬂmumunummqwq@ ﬂ\‘]uuﬂ\‘]LLg\quLﬂ?‘ﬂ\‘]?‘ULL‘UULﬂqumqmqglﬂﬂmﬁ‘qum

|
=

a OI dl ] a vl 1 o 4 ¥ ¥ o o g//
AanaanaInge  wilunielfinldanuasarinldinezsedldinanlunisAaiuanuin fali

|
G o

AaslangianairTasiunuumnnzsesadhl (sub-optimum detector) Taadmnilsvassaninis

-&I [ [~3 dl v dll o/ Y o dl [
lWualATsFLLLLWINzsasad ilfweustTymEesnnududenlunisauan Inawrasdy
uULMNNzeasad ldTvanslssiny  welanentnustaziuliieressuniannimidnnig

Insndamluuawu (Parallel Interference Cancellation)

2.5 LATDNSULUUMAAFY Y UL NS NADALLLAUIU [7, 8]

o o

UANNI909LATENILILULANAAATY NULNINABALLUYWY  (Parallel Interference

|
o

Cancellation %38 PIC) A3 NANUNINADAUBNEENNIUNTNAaATUNLNELN TN

[N a

1 1
o o = a

Aeiudynamaniigwiuld Auanunsnaeanaianldunaindansnduliann

v @

1 1 v
wsasfusLuNpdAawmes  dausuinsigniinanaindtyinunsnasaudaivazgnin bl

v 1
[ =X

| A o o= o A o v o a dAvsa T2 v
HNULATRSLLLLLNATRanasanATIMIe  aninisspdudnnldanafuils Taseaireans

LPFRNFULLUANARA T Y UUNINAD ALLILIIUIBIARNASFLIN 2.6
Wanansnngldaui k 1FesiuLuL PIC innnsadsdannnunsnaanliiulldeu
7 k A9ENN1IN (2-19)
i & &g -~ MF
L ()= > Ab"HS, (t-iT,) (2-19)
i==Np 1:{;
]#

Tae@ [, (t) Aedryny nuunsnaanfivezasiuuuy PIC aisaulddmsudldaud k

< =

A, Rerdszunirasrunintesdyaineddiiaun k addlnddesiu A lny
A, mbilaanislddnyonlnden vizelinisAieadeniananzesdoyounliainiazes

FULUUWNRTAALRDS [16]
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r(t)
i 61 77777 iy () yre bA1
> Mf e ! le " > M1F -
| |
Ao
AR
-~ | | ~ ~
Y2 b, ! ! Ly A ys© b,
MF | | - MF
- - Z‘Hd - " S
A | |
\ AS i i .
1 | | 1
| |
[ | | [
yiF b, | | s RO v b,
| MF | | - MF |
o » % ; ﬁ@ > > —»
] A | | ]
- AS | .
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|
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BER of various PIC at stage 4 (synchronous, 5 users)

10 [ T T T T T T T T
i —— MF
—o— proposed
= PW-PIC
& —— H-PIC
10t —+ AW-PIC

Elo

10"+

10_ L L L L I L L L L
0 1 2 3 4 5 6 7 8 9 10

SNR (dB)

iﬂw 4.6 BER °]J’ﬂ\‘1Lﬁﬁ“ﬂ\‘l’i‘]_lﬂ?ym%ﬁl’]\‘]jm‘ﬂﬁﬂ SNR wlaenlilfinaud 4 fidniededas HAULIL
Felmstiauaziinisrauguindadauuuanysnd Inadsawiugldeu 5 au

BER of various PIC at stage 5 (synchronous, 5 users)

10 F T T T T T T T T
g — MF
—©— proposed
= PW-PIC
s —— H-PIC
10t —+ AW-PIC

Elo

10_ L L L L L L L L L
0 1 2 3 4 5 6 7 8

SNR (dB)

©

10

317 4.7 BER 20aipiesiuszinnsineflasn SNR iwlaeuliineud 5 fifinissedeyauuy

felnsiauarinisaauanitdsdauunanysnd Inadeuwingldeu 5 au



43

HaNbAAINNITAAaILLLHA N lFNUaIUIY 30 AY

1
a a A

fsungli 4.8 TeuansdnsnianaIAewAsesuLsTinsneineun 1 189

SN IHIUAMIN 30 AUWLIY NFEUTIAN SNR A7) wizesiuuuy PIC dszunnsing) 1o

] |
¥ = A

Ao A e o - p o o o o >
NAANTNANINLATAITUWLLILNATNA LB DS GINLll‘ﬂLWﬂUﬂUﬂ?m@qurJuﬂ;\ﬁmﬂquu@ﬂj (5 AU) UU

N

dnsndnianainzearsasiuuuy  PIC  Usziamsine  unuldsneiuiesesiunuuunnd

Walmafiae viating1zdn Deudanlutgagan SNR ANTNEHATIATYIIMUILNIUGS weilunstl

AU ldnuNInT  HaesdtynIuNINARARRANgITURITULATIANNINNTINATEY

b

v 1
% o o A v a

ATUOUIMUILNAY AQULATRNTULLL PIC T9tdilATeqiuNnAnNatedTy oy IuLNINganag

v o
| '

1 1 %
WensDntiananaiandnAzesdLluLLNATHaLAes WALNaAY SNR MNNINAY (LFnat
5 dB Aull) SndmARANANATedLATENFLLARZTNA BN ANNLANANININTURLNITALA L

Ipe1LATRISUNUNAUS, LATAIFILIL PW-PIC LAZLATRN5ULLIL AW-PIC AN InALALRuLAY

'
a o

ANNIIATENILILLL H-PIC  19TNs1290 LASaSs LML H-PIC Wutindrysynuiiiunigsd
ANNATDIATYYIUUNINAB AN NI AUTIR T IUNIUNNN T IWIUNIN N19AN4ER
o = dl A 9/0‘ ] Y o tﬂll o Y [
N unTnaaniANNdaie AN dana lWdny i unsindena ety oy
unsnganiansimanalann nilEntsseaudntianatall waluanznieTasdunLL PIC @n
a4 A ¥ o4 Y B g & P \ - o \ o =
andszinnimaatu Innsdaannasamiinanld  Iaeidunistesiiminsswinedoyynudn
IFanuumndiaimasuazd o und N inaaRaTasdtyeununInaan  n1adauvtin
M dsannazaspudenaldmaasdyonn  dsualddnminianainaacmsasiung

v 1
Aulszinnilana e TasiuLLL H-PIC



44

BER of various PIC at stage 1 (synchronous, 30 users)
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BER of various PIC at stage 2 (synchronous, 30 users)
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BER of various PIC at stage 3 (synchronous, 30 users)
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BER of various PIC at stage 4 (synchronous, 30 users)
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BER of various PIC at stage 4 (asynchronous, 30 users)
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BER of various PIC at stage 5 (asynchronous, 30 users)
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BER of various PIC at stage 2 (asynchronous, 5 users)
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BER of various PIC at stage 3 (asynchronous, 5 users)
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BER of various PIC at stage 2 (asynchronous, 30 users)
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4 BER of proposed receiver, 2 stages
10 r T T T T

—— constant weight
—o— optimum weight

10- 1 1 ! | | 1 1 1
3 6 9 12 15 18 21 24 27 30

number of users

91l7 4.64 BER wadtATasiunt@undadnuind ifulasulilineun 2

nstinededeyauuidalasiauazingsAuANiNAuUUANY 0L

AN9199 4.3 ANENUNMTINNIIMHIZENUD9LATaISLRUN E Ua luRaLi 2

A1 LF9 Artinaimiin
3 0.041
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9 0.663
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18 0.675
21 0.577
24 0.552
27 0.483
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BER of proposed receiver, 3 stages

—— constant weight
—©&— optimum weight

3 6 9 12

i 3j 18 21 24 27 30
number of users
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24 0.434
27 0.378
30 0.333
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i BER of proposed receiver, 3 stages
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1 BER of proposed receiver, 4 stages
10 r T T T T

—+— constant weight
—o— optimum weight

3 6 o 12 15 18 21 24 27 30
number of users
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18 0.735 0.754 0.560 0.203
21 0.704 0.674 0.590 0.408
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27 0.643 0.515 0.517 0.478
30 0.632 0.481 0.376 0.451
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BER of proposed receiver, 1 stage
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—— constant weight
—O— optimum weight
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BER of proposed receiver, 2 stages

—— constant weight
—o— optimum weight

10’ L i L L L 1 L L
3 6 9 12 15 18 21 24 27 30
number of users
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BER of proposed receiver, 4 stages
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10",

—— constant weight
—o— optimum weight

10 9 12 15 18 21 24 27 0
number of users
317 4.73 BER 20iiasiuiiinaue ileduauflduwldeulUfineud 4
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3 0.997 0.000 0.000 0.000
6 0.969 0.527 0.000 0.002
9 0.853 0.659 0.134 0.007
12 0.820 0.719 0.300 0.008
15 0.754 0.685 0.427 0.117
18 0.696 0.570 0.395 0.234
21 0.713 0.581 0.500 0.255
24 0.687 0.519 0.425 0.315
27 0.674 0.488 0.408 0.336
30 0.651 0.452 0.361 0.350
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BER of proposed receiver, 2 stages

—— constant weight
—©o— optimum weight

3 6 9 12
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number of users

BER of proposed receiver, 3 stages

30
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—o— optimum weight

3 6 9 12
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10 |

—— constant weight
—o— optimum weight

10 3 é é 1‘2 1‘5 1‘8 2‘1 2‘4 2‘7 30
number of users
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3 1.006 0.000 0.001 0.000
6 0.968 0.702 0.061 0.000
9 0.832 0.781 0.241 0.057
12 0.815 0.810 0.409 0.147
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18 0.697 0.654 0.560 0.294
21 0.705 0.629 0.539 0.324
24 0.676 0.557 0.515 0.404
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30 0.645 0.491 0.392 0.380




103

[ %

435 wansznunaannalagusilasAiatsiininnaula g Nisaanslinnm

WANAUDILATRITL

I
= =

TwiqdaitlaninisdneuafinnaInn1 AsulasAn a9t i N NansenuNin

[ % a

9 = [ I a  a dl o dl o 1 co ¥ d‘
e lANUAIERTARANAIATANLATASTLNTN AU Lmzmﬁ\mﬁumunumumuimmJ

]
=]

o o Yy X
N3N 2-17 TARAIPINANN9T 9819
f—m_l—mTR—m ol gm
() =5 RYD-y'y
Tnannsanassuuulfanaesuuulunstinsdedayauiudelnsiaiarinisnuny
ndedeuuylianysal Newaugldey 30 Au taelunisanasanfalildviinisanaesiuy

dl [ dl o o 1 v o LA 1 9‘; o a dl
109lATIFUNINEUea NI 3 ReK Tuusazreulinarua liAtesimindAlaauudag

v 1 ¥ v | 1
sawst 0 09 1 Tneniinanaisas 0.1 wdadndnandntanaiaiuieridusiuyuasATasdL

%2
v o A

LALA NANNTANARIT O NAIT

4.3.5.1 AARTITARANAIALAEATNINTUAUNUTBIATRITUNUNAUNADUN 1

! 1 1 1 v
19NN 4.8 SnandaRana1nua AT UIeRTasTLITnauA 1 AANTtimingag 7|

Anciaarimin GRVNG TV FRIURNHANAA
0.0 19.211 0.192
0.1 5.496 0.176
0.2 -6.074 0.153
0.3 -15.755 0.132
0.4 -22.590 0.114
0.5 -26.795 0.085
0.6 -28.306 0.077
0.7 -27.552 0.074
0.8 -24.899 0.090
0.9 -19.247 0.114
1.0 -12.140 0.156

[

] v v ]
NANTUIANAITNN 4.8 WUINADNUNMENLARZANTLE AN T UAUN LA LAN AN

q

1 | 1
(B

Aunnnagamiuladn  Tnasndasimsiniin A deidusuuiaangadaagnlszunng



104

0.6 4 0.7 TFAAARBINUNITUIADNUNMINA NN BNt 4.3.4 Taalumisa

|
o a

N 45 Ardehuwtinivunzaneesasiunneui 1 AREENN 30 AulAwnL 0.632

o Y 0 % o o/

uananBAsidusuuiisanndesiudnainianainasaTasiuntiiauases Tnaed

' '
] a o =

HeridusiuuniAAarldndntanaANRAA WAL ANAN9N 4.8 uang LY

o

S| PR = o A a A4 o o
INANNWNUIU m/]Lﬂ@ﬁll&LLﬂ@x‘liﬂﬁJN@ﬂﬁ‘tV]‘Uﬁl@'ﬂlﬂﬁ"ﬂ_llﬂNﬂW@’]ﬂﬂl'ﬂQLﬂﬁ‘@\iﬁ‘U@ﬁ%ﬁ‘ﬂﬂL@u

4.3.5.2 AARIIARANAIALAEATNINTUAUUTBUATRITUNUNAUENADUN 2

! 1 1 1 v
19NN 4.9 SnandaRanaauasAaTEuA U UIaRTasiLTInaun 2 AAntaetinuingag 9|

Aciaatimin A FUAU R IREANANA
0.0 -28.524 0.075
0.1 -30.002 0.063
0.2 -30.886 0.054
0.3 -31.528 0.045
0.4 -31.663 0.040
0.5 -32.050 0.035
0.6 -31.665 0.035
0.7 -31.385 0.034
0.8 -30.377 0.033
0.9 -29.396 0.035
1.0 -28.047 0.036

v
o 1 ! o o ! !

WANIUNAINANTIAN 4.9 WudeAariFusuyunlAanAtdasmminAtsi1e il

% 1
o % =

' IAE R o =l = 8 e A > 4 co
AoawAnsnsiunninie Uit lunstineun 1 TnaArdaedmsnivaliaweridusuyul
| o A P = Y o ° ] o Py Y
AeNgaatlszanny 0.5 TeaaandesiunisAturIAtasiuinimRzan liLanald
Tupn3en 4.5 netlgldanu 30 AudeAwIlAWnGL 0.48  wazilleRansundnsniinia
dl [ ' dl | | %’ o Z// ' | ¥ o a a QI J ¥ ISP
WAATRILATRFUNLINAIAN TN uiinasus 0.5 Wudull dnsdaRanainEuAaudieilian

In&uAeaniu



105

1 a a ' s v = o a o =i =i
4.35.3 ﬂ']’l’]ﬂi']ﬂﬁ]ﬂﬂWﬂ']ﬂLlﬂgﬂ']qu”ﬁuﬁluﬂumﬂ\‘llﬂ?@\i?uwuqLﬂu’ﬂﬂﬁl’flu‘lﬂ 3

1 b4

;13797 4.10 SnsnDnianaIAwas AUy uIedRATaLITARUN 3 NIANHtNMTINFNg 7

Anciaatimin AT UsUY anIRHANAIA
0.0 -31.516 0.037
0.1 -32.208 0.032
0.2 -32.135 0.028
0.3 -32.869 0.023
0.4 -32.293 0.023
0.5 -33.161 0.018
0.6 -31.888 0.019
0.7 =827293 0.015
0.8 -32.291 0.018
0.9 -31.468 0.015
1.0 -31.742 0.016

%
o o !

AINAN399 4.10 wudaarilsiFusiuunAIEaiinAsing < a0 lndimeaiuean

4
1 ! o o Y o

feagulidnAndesdansin linadeslsidusiunuannin  uiieaNasandndntanain

9

a o

NALNLIN SRITARASIARUTNLANAYNAWEaAT Nl Asullasll Taadmnsdnne

' b3
o (P =2 =4

WANATBILATANTUAZHANANNIGATILB AN A TNMIINWINAT 1 Seannasataziiiulfdnnag
' 4

b

ATUIIANTNMEINTWNIENgR (RINF1T9N 4.5 Aimaud 3 TFANdasinuingindu 0.38)

v 1

uuldliinlidmandiniananailaisngs wmanzdersdadanans b laduiusiue

v v

Warfdusununan satiuaasdisanlimasatuanAttastinutinnvanzaslupaui 3 Ineanis

q ]

Ay inuumsnaaakuutwILlupaun-3 dupisldandesinuiniAAuviaiu 1 iaay

o a

M IFFRINTARANAIATDULATAIUNAIAT  TINTUNAAAAINNTLTAUIUNIIANUIIATIN91N



106

4.3.6 wansufFaudisy BER laswiug lwlaaulduasasassuninauans
NTAUATNUINUNAINLAZANENUIUUNUNENEANEUNLLATAISLLLL PIC 4ilm
au

o % A4 o Ao <o o o ~
M@Q@Wﬂi@LL’&ﬁ\‘iN@ BER 284lATASSLNTNLAUEN ITANDA9ENUTIN UL A LS LLIL

winnznge TwindaiilavinnisuBauinaunaresisassisinauiuesesiuuuy PIC szinn

o o [

au Tnaudadlu 4 neclidwin Tnasuaumeulunisindndnyauiniumenaeninvun lin

o o dl val o a
nu 3 Aau mm?m@mmimumu

o e 1 o

4.3.6.1 nsAlmMsdelayaLULTIlATHANNNISAILANTNAIRIULLANY T

1 BER of various PIC receiwers, 1 stage
10 r T T T T T

—— proposed, constant weight
—©— proposed, optimum weight
—— AW-PIC

- H-PIC

3 6 9 12 15 18 21 24 27 30
number of users

10

7U7 4.78 BER 2291A3033U PIC Uszinvsinge] ineuit 1 Weanuoug iaauly

6

neiimededeyauuudalasdandnisaauAnt1dvdutuany sl

ANl 4.78 \Weasandnadnianaini 10° wudiiasesiuiinauad o
tninfimnngngasesduldfanlilszain 19 Ay anuziATesiuuLy AW-PIC uaziATas
Fuuuy H-PIC sasiuldtsznnns 16 A elimanzdezasiuntiaue ldldAntosinming

dl =2 o o ¥ ¥ ' dl s ?:/ as
mmz‘w'53mvam”n34ﬁa‘mma‘ummuﬁﬂmﬂﬂmmnmﬂLm‘m@ummmﬁ



107

4 BER of various PIC receivers, 2 stages
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TUsunsuas19 Gold code AIMNEN9 31 T

function gold seq = Gold_code;

global gold_seq
connections1=[1 010 0];
connections2=[1110 1];
sequence1=ss_mlsrs(connections1);
sequence2=ss_mlsrs(connections?);
L=2"length(connections1)-1;
for shift_amount=0:L-1,
temp=[sequence2(shift_amount+1:L) sequence2(1:shift_amount)];
gold_seq(shift_amount+1,:)=(sequence1+temp)-floor((sequence1+temp)./2).*2;
end;
for i=1:length(gold_seq)
for j=1:length(gold_seq(1,:)),
if gold_seq(i,j)==0,
gold_seq(i,j)=-1;
else gold_seq(i,j)=1;
end;
end,

end;

function [seg]=ss_mlsrs(connections);

global seq
m=length(connections);
L=2"m-1;
registers=[zeros(1,m-1) 11;
seq(1)=registers(m);

fori=2:L,
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new_reg_cont(1)=connections(1)*seq(i-1);
for j=2:m,
new_reg_cont(j)=registers(j-1)+connections(j)*seq(i-1);
end;
registers=new_reg_cont;
seq(i)=registers(m);

end;
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ABSTRACT

This paper proposes a caculation scheme of
optimum weight, which are derived from the
optimum  detector, for weighted parallel
interference cancellation receiver in CDMA
cellular mobile communication system. With these
optimum weights, the proposed receiver increases a
little computational complexity but gives Bit Error
Rate (BER) lower than the receiver using fixed
weights.

1. INTRODUCTION

Code Division Multiple Access (CDMA) is a
promising candidate for third generation mobile
communication systems. However, CDMA system
has a limited capacity caused by Multiple Access
Interference (MAI). To overcome the effect of
MAI, the using of optimum detector [1] can
eliminate the MAI and give the lowest BER over
al of the other detectors. However, the
computational  complexity is  exponentially
proportional to the number of users and it cannot be
used in practical implementations.

To reduce complexity, sub-optimum detectors
have been proposed such as linear receiver or
interference  cancellation = receiver.  Parallel
Interference Cancellation (PIC) recelver [2] is an
efficient receiver to cancel the MAI. The
interference signals from the other users are
generated simultaneously and subtracted from
received signal before detection. If interference
signals are generated correctly, -the MAI are
eliminated. But if interference signals are generated
incorrectly, the MAI are doubly increased. To solve
this problem, Divsalar et al. proposed Weighted
Parallel Interference Cancellation (WPIC) receiver
[3] which has a more capacity -than-the PIC
receiver. The weights at each stage that were
proposed by [3] are given to be constant which'is
not appropriate when the number of users are
changed. This paper proposes a method to calculate
the optimum weight for each stage. The optimum
weights are derived from the optimum detector.
Using the optimum weights, the WPIC receiver
increases a little computational complexity but
gives a better BER than WPIC receiver using fixed
weights.

The structure of this paper is as follows. In
section 2, the system model is described. The
calculation of the optimum weights is proposed in
section 3. The simulation results are given in

section 4. Finally, section 5 concludes the work in
this paper.

2. SYSTEM MODEL

In this section, the model is briefly described.
The model is based on discrete time symbol,
synchronous channel. Assuming that the channel
has an Additive White Gaussian Noise (AWGN)

. - 2
with zero mean and variance o, .

The number of users that are communicating
simultaneously are assumed to be K users. Each
user has a specific spreading code of length N

denoted by S, , whereS, is spreading code of user
k and has N x 1dimension. Note that it is assumed
that spreading code of each user is normalized
which means that S, S, =1, where §,is the

transpose of vector S, . The received signal at base

station is the sum of each signal from K users plus
noise, thus the received signal can be written in
matrix form of Equation (1).

r=SAb+n (1)
Where I is the received signal vector and has
N x1 dimension. Sis a matrix of spreading
codes of K users, S=[s,,S,,...,S¢ ], and has

N x K dimension. A is diagona matrix, the
diagonal elements of which consist of amplitudes

of Kusers, A=diag(A,A,,..., A ), and has
K x K_dimension. b =[b, b, ... b ]"is data bit

vector of - K users with K x Ldimension. Finally,
N is AWGN vector sampled at chip rate and the

dimensionof A is N x1.

2.1 Matched Filter (MF)
To detect data for user k from received signal,
matched filter uses spreading code of user k, S, ,

multiply with received signa and then decide the
bit with signum function. These operations can be
shown in Equations (2) and (3), respectively.

y=S'r=RAb+7 2

b"" = sign(y) )

Where =y, ¥, - Y]
from matched filter. R=S'S is spreading code

is the output vector



correlation matrix and has K x K dimension. 77

is the result from AWGN where E[7777' ] = 2R

Note that from Equation (2), the element k th of
Y can be expressed as Equation (4).

K
Y :Akbk+ZAjbjpk,j + 77 4
i
Where p, J- is cross correlation of spreading codes

between user k and user j. From Equation (4), if
there are a lot of number of interfering users, BER
of matched filter becomes poor.

2.2 Optimum Detector
It is shown in [1] that output bit vector of
optimum detector is given by Equation (5)
b*® =arg[min f(Ab)] (5)

be{-1+3"
f(AB) = (AB)" R(AB)~ y(AB) ~ ©
From Equation (5), it is clear that if the bit

vector that minimizes f(AD) s found, the

detector will give the lowest BER. However, to
find the bit vector that satisfies Equation (5), all
possible hit vectors, which equal to 2 bit vectors
must be tried. This is impossible for large value of
K.

2.3 PIC Receiver

PIC receiver estimates an interference signal in
order to cancel the actual interference signal from
received signal and then pass the cancelled signal
to MF again. This operation can be expressed as in
Equation (7).

K
Yo =Se (r=2>.5,9(Y;))
j=1

J#k
K

=s (r=Y s;9(y,)+a9(y)) “@
j=1

Where Y,  istheoutput of the k th'user of PIC

receiver at stage 1 and g(.) can be linear function
[4] which is defined as

g(yj) =Y, )
or nonlinear function such as signum function
which isdefined as

+A, if y;20
g(yj)_{—A if y, <0

j ’
or hyperbolic tangent function [5] which is defined
as

(9)
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A
aly;)=A tanh(a—'z y;) (19

where A} and o ?is the effective amplitude of
user j and variance of interference signal plus
noise, respectively. Moreover, g(.) can be another

nonlinear device such as null zone function,
saturated linear function, etc.

From Equation (7), the output of PIC receiver
can be expressed in matrix form as in Equation

(112).
y, = S'[r - Sg(y)]+ 9(9)
=y-[R-1]9(y) (1)
Where Y, is the output vector of PIC receiver at

stage 1. By analogy, the output vector of PIC
receiver at stage mis expressed asin Equation (12)

Y =Y-[R=-119(Vn1) (12

Where Y, =V, and output bit vector of PIC
receiver at stage mis expressed asin Equation (13)
b™e™ = sign(y,,) (13)

It is shown in [4] that if g(.)is linear function,
Y. converges if and only if the maximum
eigenvalue of R does not exceed 2, which is not
true when the number of usersare high. If Yy, does

not converge, BER of PIC receiver will be poor.
One way to solve this problem is to use weights in
PIC receiver.

2.4 WPIC Receiver

WPIC receiver uses a weight for weighting
between previous output of PIC and the signal
excluding interference signal at the present stage.
This operation can be expressed in Equation (14).

ym = (1_lum)ym—1 +/um[y_[R_ I ]g(ym—l)] (14)
Where ‘x4, is a weight of WPIC receiver at stage

m. Note that if 4, =1 for al stages, then WPIC

receiver will be aPIC receiver.

In [3], Divsalar et al. used a constant weight for
each stage which was not adequate because if the
number of users are changed or other parameters
such as the amplitude of signal from each user or
power is changed, weight should be changed too.

3. OPTIMUM WEIGHT FOR WPIC
RECEIVER

Consider Equations (5) and (6), optimum
detector will give the lowest BER if and only if

f (AD) is minimized. To relate WPIC receiver to
the optimum detector, Ab in Equation (6) is



replaced by Y.,and f(y,)is made lower as

much as possible, and WPIC receiver will give a
lower BER [1]. Thus, it is needed that BER of
WHPIC receiver at stage m is less than that at stage
m-1, that is Equation (15) must be satisfied.

f(ym)_ f(ym—l) <0 (15)
Refer to Equation (14), Y,, isarranged so that
Y = Y1 + M Xins (16)

where :y_[R_l]g(ym—l)_ym—l'
Substituting Equation (16) into Equation (15)
yields

1_ T _ T
Ey;Rym_yTym y; 1 1t yTym—lso
1 _ _ =

_[y;—l + /uer-IT-]—l] H: ym—l + /umxm—l]

_y [yml+/um wl]

le m-1

+y ym—lso

1 _ -

E [ y;—l Fzg/m—l + Hm Xr-:;—l Rym—l +
y;—l R/J m )_(m—l + /uri Xr-‘lr—w—l I:\>xm—1]
9 iRy £0

Both tXmaRVmy a@d ¥y Re Xy are
scalar, so they are equal. Replaces, X Ry,

and ¥' R X with 2§~ RX . then the
above Equation is expressed as

1 .. _ il =
Elurix;—ll:b(m—l — il yT 7 YL—lR] Xn1 <0

Note that R" = R, then the above Equation can
be rewritten as Equation (17)

1 Rx
2/um m—l ﬂm[y Ry 1] Xml—
(17)

The optimum weight ‘should give the lowest
f(y,,) with- respect to f(Vy,,). Thus the
optimum weight can be calculated by minimizing
the objective function which is the difference
between f(y,)and (Y, ;). This means that
the optimum weight for lowering BER in each

stage (the next stage) of the WPIC receiver is
calculated by differentiating the left-hand term of

Equation (15) with respect to g, and then

- yT:um)—(m—l - 5

equating to zero. Equation (15) is the same as
Equation (17). Differentiating the left-hand term of
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Equation (17) with respect to £, and equating to
zero yields
_ [y_ Rym—l]T )_(m—l
" Xy Rxm—l

m-1

(18)

4. SIMULATION RESULTS

In this simulation, the spreading code of each
user is arandom code with processing gain equal to
32. In the case of power control, each user has
equal power with SNR equal to 10 dB. In the case
of no power control, each user is assigned with
random power and the difference between the
maximum power and the minimum power is 6 dB.
BER is measured from the minimum power user.
To compare WPIC receiver with optimum weight
and WPIC receiver with fixed weight, a set of fixed
weights of 0.5, 0.7 and 0.9, respectively, in the first
three stages of WPIC receiver which are the same
asthose used in [3], is used.

1 stage, power control

L - - - - IZCZIIZIZIZZ |~ WPC, fixed weigt _
—— WPIC, optimum weight _
—=— WPIC, optimum weight & tanh

4 I I I I
L 5 10 15 20 25 30

number of users

Figure 1. BER of WPIC receiver at stage 1 with
proposed optimum weight compared to
the case of fixed weight

Table 1. Optimum weight in the first stage of
WPIC receiver

Users 5 10 15 20 25 30

Weight | 0.89 | 0.81 | 0.72 | 0.67 | 0.61 | 0.57

From Figure 1, WPIC receiver with proposed
optimum weight gives a better BER than that with
fixed weight because WPIC receiver with fixed
weight has a fixed weight of 0.5 which is
appropriate for some particular number of users
only. Table 1 shows the optimum weight for
different number of users. By replacing signum
function with hyperbolic tangent function defined
by Equation (10), WPIC receiver with optimum
weight and hyperbolic tangent function produces
the lowest BER. This is because, in interference
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10

N

EIO

4
10
5

cancellation, hyperbolic tangent function gives the
error between interference signal and reconstructed
interference signal lower than signum function [5].

3 stages, power control

F---—------------ — WPIC, fixed weight
—— WPIC, optimum weight
—=— WPIC, optimum weight & tanh |

L
10 15 20 25 30
number of users

Figure 2. BER of WPIC recelver at stage 3 with
proposed optimum weight compared
to the case of fixed weight

From Figure 2, BERs of all three receivers at the
number of users less than 15 users are
approximately equal which means that all of three
receivers reach their minimum BERS. But when the
number of users increases, WPIC receiver with
fixed weight gives BER higher than that with
optimum weight because fixed weights are not
appropriate.  Again, using hyperbolic tangent
function with the optimum weight PIC receiver
give abetter BER than the other two receivers.

1 stage, no power control

—o— WPIC, fixed weight ol
—— WPIC, optimum weight --
—&— WPIC, optimum weight & tanh | ~

L
10 15 20 2 30
number of users

Figure 3. BER of WPIC receiver at stage 1 with
proposed optimum weight compared
to the case of fixed weight

Figure 3 and Figure 4 show BER in the case of
no power control. BER of all three receivers arein
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the same way as the case of power control but give
ahigher BER.

N 3 stages, no power control
10

*************** —— WPIC, fixed weight - -

—— WPIC, optimum weight
—=— WPIC, optimumweight & tanh |

L
10 15 20 25 30
number of users

Figure 4. BER of WPIC receiver at stage 3 with
proposed optimum weight compared
to the case of fixed weight

5. CONCLUSIONS

In this paper, a method for calculating optimum
weight used in WPIC receiver is proposed. The
optimum weight is derived from the optimum
detector. With optimum weight, BER of WPIC
receiver is improved when compared to WPIC
receiver with fixed weight. The combination of
optimum weight and hyperbolic tangent function
gives the best BER compared to the other two
receivers.
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