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In a DS-CDMA system, interference signal canceilation plays very significant role,
because the interference signals cause the degradation of receivers. This thesis proposes-a partial
cancellation PIC technique in order to reduce the level of interference signal. This thesis focuses
on the hybrid interference cancellation receiver With Rayleigh-fading and AWGN channel. The
proposal technigue exploits only optimal fraction of the cancellation for reducing interference
level, which just adds a single multiplication operation at each stage of PIC and make PIC

receiver more economical for real systems.

As In the simulation results, the optimal fraction of the cancellation is between 0.4-0.9,
for 2-stage, and 0.9-1.3, for 3-stage; however, the specific value depends on cross-correlation, the
number of users, and the length of spreading code. In the case of imperfect power control in
AWGN channels, BER of the proposed technique at 15 dB are 77%, for 2-stage, and 88%, for 3-
stage, lower than those of HIC 10-5-2. The BER of proposed technique at 15 dB in the Rayleigh-
fading channels are 71.61%, for 2-stage, and 85-45%, for 3-stage, lower than those of HIC 10-5-
2. As for measuring of ecancellation and bit delay, HIC receiver provides the accecptable

performance compared to those of other interference cancellation receivers,
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Probability Density Function (PDF)
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10 T T T T T

K=10, (Eb/No)=15dB, AWGN

Bit Error Rate (BER)

10’7 1 | 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 iy g2 1.4 1.6 1.8 2
Fraction of Cancellation at Stage 3

517 4.78 wamsiSeuifion BER 40905095 UHUUHNANMIUNTNHOA
1 3 d' d' a 9 1 Y]
219U TUIUN 3 weanuenalsaaelnaa1eny

[} @ J
lugosdyanasunumaiFou

o H [
4.3.3.2 luvesdanamiimsaanavniisias

U v

v k4
Yy A %

MINAITNN 4.17 HAAIAUABAIUVDINTHNANAA TR TUTUN 2 VOUATOISULDUHN

ANMTUNTNABABI VUL ISNUIIAUABTIUVBINTHNA AN gADE U529 0.5 - 0.9 Tag
A 421 a Y o [ 1 ~ Y = A

WU WANNEIVIsaA A wazd1miuaT BER W ldeziidianauiionnnen

a A g ] 3 {
yosemisaas IAamnduAIe dazimuang i 4.79 Uszneu

o o A I 1 1 v Y Aaa qu’ A 2 T
AINTUNITNN 4.18 fllgl‘ﬂ‘LlﬂHﬁ‘]elﬁﬂuﬂlﬁlﬂﬂﬁﬁﬂaﬁﬂﬂﬂﬁ;ﬂiuﬂluﬂ 3 TNV
v

Y EAILYDINTHAANE 2 A0 1.0 1Az 1.1 uazal BER amiioununIaiis LIy 2 v

IFUAY B9 g 4.80 sznon

H H Y
A %

AMTUMITNN 4.19 dzudasAAYaILYEIMsHNANNATEa luTURN 4 dgnuauay

1 v Y 1 1 4 A o = o AAA o 09/' 1 [
mummmwnmwzagiumq 0.8 — 1.1 HITUANHUSIUUDUNUNTUNUIIUIY 2 VULBUNU
b4

A 1 1 v 9 S Q' dgl d‘ a 9y Q' =]
f19 ﬂu‘ﬁ‘Hﬁ’Ju"U@\‘iﬂTﬂ’Tﬂ’dNi]$1|ﬂHWiJ"llu!iJf)ﬂ'ﬂﬂJﬁlTJ"U’éNﬁLﬂﬁﬂﬂ\iiﬂﬂlWﬂJ"Uu
<3 Y1 A a Y A dgl [ = 1 o 4
ﬂzmu'lmwmammﬂnmmmﬂiﬂﬂﬂﬂmwmu uliJT]ﬂﬁﬂlGluﬁb"fNﬁﬂJﬂJu"lﬂlﬁ‘Ufnulﬂ']ﬁ

1 [ { Jd 1 1 Y 1 A
wou uaz luvesdnananimsaanounuusad ALAYEIUUDINTHNA NI A LNUAIY



9 '
v A

A 1 1 v Y Ao
M1319N 4.17 ANAYEINVDINTHNANNANGA TUTUN 2

q

4 a ] [ Y] Y] 4 {
deanusnamlsanalaaaiaiu Tasldanduiusiuuuun 1

1 o { 4
Tugesdganunimaanouuusag

anuemualsaaaddn | Ausudmvesmsindiiadiaa i1 BER
15 0.5 0.0819
20 0.6 0.0403
25 0.6 0.0187
30 0.7 0.0053
35 0.8 0.00115
40 0.9 0.000904

0 BER vs. Fraction of Cancellation
10 T T T T T

Bit Error Rate (BER)

K=10, (Eb/No)=15dB, Rayleigh-fading channel

10_4 L L L L L I L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Fraction of Cancellation at Stage 2

~ =) ~ A o v 9
Eﬂ‘ﬂ 4.79 wams1euney BER ¥94AT095 ULLUHNANMITUNTNH DA

1 3 d' d' a 9 1 Y]
261911 TUIUN 2 Woanuenalsadc Inaa1anu

[

[} 1 4
lugosdaaunimsaanoutysag

107



A 1 1 v Y Ao
13190 4.18 ANAYEINVDINTHNANNANGA T

4 a ] [ Y] Y] 4 {
deanusnamlsanalaaaiaiu Tasldanduiusiuuuun 1

q

9

1 o { -4
TugesdgausununimsaanouluLsad

]
v A

YUN 3

anuendlsaaelfn | Aussdmvesmsindiianga A1 BER
15 1.0 0.0695
20 1.1 0.0275
25 1.1 0.0091
30 1.1 0.0019
35 1.0 0.000473
40 1.1 0.000257

100 B‘ER \S. ‘Fractior‘l of Can‘cellatio‘n

Bit Error Rate (BER)

K=10, (Eb/No)=15dB , Rayleigh-fading channel

10" ‘

0 0.2

04 06 038 1 1.2 1.4 1.6
Fraction of Cancellation at Stage 3

1.8

517 4.80 wamsSeuiion BER 40905095 UHLUHNANMIUNTNHOA

Y H 1
GIANRTATRITACLAVETIE Lﬁﬂﬂ’n&lﬂW?ﬁLﬂiﬂﬂﬁIﬁﬂﬂNﬁ’u

] o A 4
Glu°I$’E'JQﬁmilﬁﬂmilﬂﬁﬁﬂﬂﬂulm‘lﬂimﬂ

108



109

4 1
v A

d‘ 1 1 v 9 d’dd‘
A15197 4.19 AUAYEIUVOINMTHNANNANGA JUTUN

q

A ASsY 1 o 9 v o Y A
Wwonnueanlinnalaaa1any Taglyanaunusuutuuf 1

aQ

Tugeadgaanimsaano Uy ag

anwendilianalng AuANdIMveIMIHNd 1A A i1 BER
15 0.8 0.0722
20 0.9 0.0286
25 1.0 0. 00912
30 1.0 000165
35 1.0 0. 000434
40 1.1 0. 00025

100 BER vs. Fraction of Cancellation

K=10, (Eb/No)=15dB , Rayleigh-fading channel

Bit Error Rate (BER)

10_ L L

0 0.2 04 06 08 1 1.2 1.4 1.6 1.8 2
Fraction of Cancellation at Stage 4

~ =l =\ di [ v Y
317 4.81 wam3snfTeumen BER ¥9903035DUUURNE1NMIUNING0A
1 09.: ~ d' a Y v [
2819v1U luTun 4 Wieanuenailsana Iaaa1anu

] o { 4
Tugesdgaanimsaanounusag



110

4.4 msiunatiamsina1 e uuUUvININFlnse S uuUUTnA1IMSUNI NI AL

A1

v Y dy I ) a v 9 [ 9 A [ o
TurivetazitlumsiunatianmsnarueadIusuyv U 15 lunsosSunuunn

v [ v
A A =

1 ¢ o 1 1 Y Y {
ANMIININAeANUUAINY  FendemsihanadIuveImsinananganm ldvniniiden
4.2 FlunTeas unDRNANMTUNTNAOABENVIULAZBE WL

1 v o { 4 1 v o J { & o
Tumsnasesszldmanduiusdmnuun 4 Weenndimanduiusiuigs Fezm
Y

Iddyanaunsndeaiiaigeanliddis drlimuzlumsldmatiamsindrauediunny

vl lumsudilym
) o o 1 1 [ d
441  nsdimugumasdsanysalivesdyanasunaumade

o w 1 4 Aa @
Tunsaimuguiiasdeauysal wzauya livinadyanuvesd 1 dndemeaaitigiu
o A 1w o Y Yq ¥ o A SsY
Arsvaimiy Tagivua 19 15 luszuuming 10 A razanuevesan)saasldamo

N1 31
o 1 ' G Sy Z e, A SN ~ A AAYq Y Y
lumsihauawdinvasnisinaanlsluidveiisgiasen 2 nsaine nsaing 4
A

=

guitums lunTosSuuuuRnd Mt naenegnvuiu Iaease HuNIanA s 1aTeasy

L2220

HUURNANMIUNTNADABENWANIUY  10-5-2 1Hpe9In s waug dnmudhduiunslu
A o v ¥ "o Ao Yq YA Y o A
N30T VMUURNANMIuNInaen Iagassazny 10 au e Nsudldndidudunslu
IATOITVUDURNA NNITUNINADADE 19 ULIUTHIATEIT VUL LN 19N TUNINHOADE 1IN AN
1w [ 3 o 1 1 - 9 9
puY 10-5-2 aziny 5 au astulumsihaursdiuvesmsinannangan ldazdeq
a 0 YQYY R 1 Y Y A =
#osannnS g 1dae Feauasdiuvesmsina i ez ionsanvinasen 4.9 oz
[ = 99 Yo Y 1 v Y AaaA 09: A =
wunlunsaigldswan s auez ldauamdouvosnsindrandngaludun 2 way 3 vzdim
s o =99 Yo Y1 1 v 9 Aad
T 0.6 waz 0.9 e wazlunsaigldsuau 10 auve laduasdiuvesmsindsnanga
o’/’ A i< o
Tuduii 2uag 313w 0.6 oz 1. awda
A VA 9 a v 9 1 A (% @
Mg 482 vznuileldmatianmsnaraunsdrunnuviulunTe s uuuUn
9 [ Y Y a A A 1 A [ v 9
anmsunsnaensdsyuundez Inlszaniamnaniuasessunuuindumsunindon

' Ay W Yq ¥ a v v ' g 1 A qua '
amwumm"lu"lﬂ%mﬂuﬂmswﬂmmnmuu‘ummu Iﬂﬂﬁ]%mu%TLﬁJi’)GlGIfﬂHﬁHﬁ’Juﬂli’N

' '
A

o & 4 SN < A A '
msrnaraludun 2 vazludun 3 1y 0.6 taz 1.1 ud2 e lilszansmmnaniuiiel4ns o
Y 1
FULUUTNANMTUNTnaeaod 1 auIus e 3 vun luldmaiansndiauieaiunuy
o [ d’ [ 4 d' [ ) [] 1 d' 9
VU FMSUATOITULVVULAY LaznToSUUUUTNANMIunInaeaog oo 19iilse

v 1 Y '
ANTMNNA0ENIUATOISVUVVF NI UNInaoaoe 19w ludun 2



111

Tug17 4.83 naasmsnlSeuiionszrunTess ULDUHNANMIUNINEOADE YUY
] [l 4 1 QBJ} H [~ 1 4 @ Y]
261901911104 1Az PgNNANUUY 10-5-2 Tuduh 2 Tasazmiudl AT VUURNA1IMTUNT
1 3 A Y a A A A a A 9 a v 9 1
dopogvuluTun 3 sgldszaniamnanga vaznueldmaiansinanudiu
Y 1 1
uuvviu Tag i auayaiuuosmsinanludun 2 vouaTosuLUUNANMIUNINaon
T A o v g ' ya 1 g Y Y
281901 AT RITULVV NA WM UNT AAOADENNENLLD 10-5-2 Tila 1y 0.6 uad azlh
v [ Y
Usz@nsamnaniunTessunpuindemsunsndensd WHauLDY 10-5-2 Tudu 2 dagll
~ I = = d’ [ v 9 [
nngUN 484 szilumanlTeumeunioas U UNNENMIUNINADABENNANIUY
Y ' ¥ Y
10-5-2 TUaUN 2 1ag 3 ENUINATOIS VUVUF N NMIUNTNTDADE NI 10-5-2 Tua/u
' " Y 1 1
7 3 wlddszansnmnannludun 2 delsmanansindreusadiuuuuvinulaslia
1 v 9 ~ BV ng ~ [~ A [ v 9
e aIuveamsnaenmlaludun 2 uaz 3 @y 0.6 taz 0.9 lwaTeesuuuundams
[l 9 < 1 9 A Bl U d‘l 19 ¥ a ) [
UNINTRADYINVUIULAD stz Iz anTmmnaniuue lildmaiansindeuieaiu
HUDUUIU
é Y d' Yo qu d‘ [ v 9 ]
gannglagilladn welddwaudulumeiosiuuuundmsunsndonsdisuuiu
Y ) '
PInTUdY 9 IR UTLaANT MNUe AT 9IS UNUUWNAINITUNI NADADENUVLIULAZIAST 0
0 Y )
SUNVVTAANMIUNTNEDABE N AU 10-5-2 AN uaziie ldmaiamsindiaunaaiu
uuvvu I luns 0T UHUVFNA 19N NS NERA 819U I1AT 8IS UUUUHNA19NITHUNT D
APADINNAULLY 10-5-2 a9z 19152 ANTANYDUATDIT VLUV AANMTUNINAOABE

v 9

4 1
WENLDY 10-5-2 AUUNI AL Gdﬁﬂllﬁﬂﬂ’ﬂﬂ%ﬁyﬁ’)usllﬂ\iﬂﬁﬁﬂﬁNﬁﬁ’Ju%iﬂiuﬂ'ﬁﬁﬂﬁ@ﬂlﬂm

9

UNINEOAVDIA 1% Iusz Y dawalinmisaadulaliadoyafyn

U



10°

Perfect Power Control

—»— Conventional

—-©~ Conwent.PIC(stg.2)
=B~ Conwent.PIC(stg.3)
-©- Improwved PIC(stg.2)
-E Improved PIC(stg.3)

—— SIC
~ 10
o
1]
g
[
3
14 D
S
1] - 1
@ 1072 L LT TP - ]
‘\\\ IS SR
B )
S S
N=31, K=10, AWGN T TTT=ea
1
10’3 L L L L L L i L L
0 2 4 6 8 10 12 14 16 18 20
Eb/NO (dB)

517 4.82 wamsilSeniiion BER 52131905095 ULDUHNA NSNS Ndon

v ¥ 1
ag19viuLag IaglHnatians 19w d MU DVVINUNTUA1S Laged1eaeliiod

1 o J = o v 1 4
Tugosdyanas unaumadeulunsdinuguiasdsanysal

Multiuser Receivers : Perfect Power Control

10°

Bit Error Rate(BER)
=
o

N=31, K=10, AWGN

—4— Conventional

—©- PIC: Stage 3

- SIC

—— Conventional HIC 10-5-2(stg.2)
-é- Improved HIC 10-5-2(stg.2)

~_
~_
~~—o
-
~

107 :
0o 2

517 4.83 wamsSeuifion BER 40905095 UHDUHNANMIUNTNHOADE 1WA
Y v [
HUY 10-5-2 (Tud 2) Tagldmaiiamsnna sy a IV UVLIUA VAT OIS UL LUTNA

msunsnaeauuuduluresdyanausumumddeulunsainuguidedaauys

4 6 8 10 12 14 16 18 20
Eb/NO (dB)

4

all

112



113

10°

-©~— Convent.HIC 10-5-2(stg.2)
=-©- Improved HIC 10-5-2(stg.2)
—0— Convent.HIC 10-5-2(stg.3)
-&- Improved HIC 10-5-2(stg.3)

~ = ~ A o v Y !
E‘]J‘V] 4.84 Naﬂ15lﬂ§ﬂﬂnﬂﬂﬂ BER U8UATONTULUUDANNTUNTNADADYINNAY

4 v
HUU 10-5-2 (VA 2.3) vaz lasldmaiianisindiansa vy

1 Y J o v 1 o
Turesdaanasuniumdgen Tunsainiuguiasaauysal

o v v d
442  nsdimuaumasaslianyselludesduanasuniumdi oy

S 1

o @ 1 i J a v W { ¢ g
Tunsdimuguiasds ldauyseivznnsawiounuiddondiuu Fndelnuua

9 aa

doyanuvesdldianuuananny dmsuanadIuveImsindnhangalunsainiugy

o w 1 [ 4 A o = o w 1 S o IA ~ 99 Yo 9

fasds anyselvzmioununsainauguiaedsauysal Tunaonsaifldsman 5 avesld

1 1 v Y 3 ~ 3 2 9q Yo Y

ANAYEINYDINIHNANTUTUN 2 uaz 3 111w 0.6 waz 0.9 uazlunsaiglddau 10 au sl
1 ] o :: { I o w
AnayaIuyeImsna1lutun 2 uag 305891 0.6 uaz 1.1 awdieu

d' 1 A' 9 a v 9 i d' [ %

gl 485 sxwudnieldmaiiamsnarnyaiunuyvuuluaiessunuun

AamMsunInaonos19uu1uIzi 1RlssanT AN LA ULUVE DA WMSUNINT DAY

4 < v 4 o qu 4 [ o T T W

VINUATY  TAsaefi U 1L MUAUTUVOIAT DIT VLUV NA 1N MTUNTNFOABINVU NN

9y a v 9 1 9 a a Aal 1A l Y

3 M3 IFMNAUAMSHNA NV AUV VNIUIE IR U TLANTAMNNAVUNINANDEIUIN AT

1nd1a5 095 ULV NANMITUNINTDADE 1IN DL D
{ < 1 4 % @ 1 [ 4 a a
Tugili 486 aziun wiessunuURndmsunsndeaodaolilioss 195z ans
d‘ Y (%] d‘ [ o 9 1 d‘ ] 9 a v 9

mMunlpdufeanunseasunuunaansuninasassanaun luldmatianisindiauig

] ) Y

Ay vazlilszansmmnaniuasessunuuindamsunsnasaogiaunu lua

7 3 wazazwuidie lmatiamsindeueduuuviu Iagldauauaruvesnsiinaialu



114

Y v
v A

A [ v 9 1 3 Y Y a A Aa 1
TUN 2 VOUATOITULVUNNAWMTUNTAAOADE19UUIUTIU 0.6 1A az 1HszaNTNINNANN
AT DITVLUUHNANMTUNINAOABIIADITIDI0E19N
d' =l = A A d' [ v 9
10310 4.87 waaamsnlssumenilszansn e unTeTULUVYNANMIUNINTBA
Y 1 ¥ Y 1
DENHAVLUUY 10-5-2 TUTUN 2 11ag 3 WNUIULDIIUIUTUYDAATDIT VUL NAINMTUNT
1 ] E

#9A0819UUU IUIATPIT ULV NA M IUNT NADADI NN ANUUL 10-5-2 thuULd) azdild

a A d’ [ v 9 1 dd? = [ d‘ 9 a
15LANTNINVDUATOIT VULV NANMTUNTATOADEINHNANATY  VAULIASINY 110 1HNAA

@ 1 2a o a a 4 o o
MINNANDWE MDY o3 1RlssanEnmuouAT 095 ULUVTNA 19T UNIT N DA

PENHANIUY 10-5-2 avul1lde

o Imperfect Power Control
10 T T T

—— Conventional

—-©- Conwent.PIC(stg.2)
—5— Convent.PIC(stg.3)
=©- Improved PIC(stg.2)
-6~ Improved PIC(stg.3)

.
ov

D~

‘‘‘‘

S ~—
———

Bit Error Rate(BER)

=
o,
)
T

10- L L L L L L L L L
0 2 4 6 8 10 12 14 16 18 20

Eb/NO (dB)
A =~ ~ ' A o v 9
E“JJ‘VI 4.85 F\Iaﬂ']il,‘]JiEJ‘Umﬂ‘]J BER EUINNUATONTULUUN DA WNNITUNTNEADA
v Y
agavuias Tagldmatinnsindau1eea UV N TUA199

1 @ 4 ~ o @ 1 1 4
Tugesdyanasunamaigonlunsaiaiuguhasae iauysol



10°

10

Bit Error Rate(BER)

10"

10

115

Multiuser Receivers : Imperfect Power Control

10

10°

N=31, K=10, AWGN

—— Conwentional
-©—- PIC : Stage 3
- siC

—o— Conventional HIC 10-5-2(stg.2)
-6~ Improved HIC 10-5-2(stg.2)

2 4 6 8

0 12 14 16 18 20
Eb/NO (dB)

~ = ~ A o v Y !
i‘]J‘V] 4.86 Naﬂ15lﬂiﬂl|nﬂﬂll BER U19UATONT ULUUDANNTUNTNADADYINNAY

U

2 v [
HUY 10-5-2 (Tud 2) Tagldmaiams ina1auaa LU UYUIUA VAT OIS VUL N1

4 ] @ J o w 1 1 L4
unsndeauuudu lusesdyusunamdFon lunsainiuguhasds ldauysol

10°

10

Bit Error Rate(BER)

10

10°

Multiuser Receivers: Imperfect Power Control

=
On

.
Ol

=©— Convent.HIC 10-5-2(stg.2)
=©- Improved HIC 10-5-2(stg.2)
—0— Convent.HIC 10-5-2(stg.3)
-&- Improved HIC 10-5-2(stg.3) ||

2 4 6 8

10 12 14 16 18 20
Eb/NO (dB)

517 4.87 wamsSeuifion BER 40905095 UHLUHNANMIUNTNHOADE 1WA

Y ]
WU 10-5-2 (VA 2, 3) vaz TaglHmatiansna1eeE MU DUUIY

1 o J o @ 1 ] L4
TuresdyausunmumdiFeulunsainruauiideds liauysol



116

= = S 73 o ' 4 o
13N 4.82 - 4.87 ensanvzasiitlunlesisudnisanaivesnl BER 104AT0951
9
HUVRNANMIUNTNAOANUURNANMTUNTNADADENVLIUIAZOEWHENIUY 10-5-2 Ty
A A Y a v 9 1 =} o q 9 A o 1 [V
#1 2 uaz 3 Woldmatamsindreusdrumuvvuuisunums luldimaiadina1n denis
= ] Yo 1 a o v 1 4 Y a v 9 !
N 420 wwiulagan lunsaiaduguidsdeauysel msldmadamsindsiedium
uurzelunsliulgelseaninmueunios uLuUHNANNMSUNINHDABENYUIUDES
< 1 { 1A l ] 1 o3|
1IN 9ZHNIIA1 BER Nanaindnanedeuin 1unne A1 BER dzanauily 71.61 uaz 85.45
o @ g A o w £ 3 Y ' A o o A ' o
dsuludun 2 tay 3 MUAIAY FIezHUAIIN ML BTN duTIe MUY
a a 4 o @ i Iz J
Usalseaniamveuniossunuuinamsuningeasnuuu lases lilesidudnisan
J A ' oa.: A 1 = o o 1 ] L4 Y a v 9
a9vp9A1 BER fnnnludui 2 drunsainauguinasds liauysel msldmatdamsindig

v 1 4

vndmnuuvuzIei e BER aaausuiy ud liminsdiaauguitdedeauysal
LAAIIUAT BT VULV NA M TN ndoaoo19uuIY 1w lidlunsdlniuquiiasda b
4 4 o @ ' 3 {
auysal lunsdlveunIoeFuNUDRNANMSININAOADEINHTNIUD 10-5-2 Tuduf 2 uag 3
] 1 a @ 1 1 @ a a g v W
uIunalamsina e TILIY 9zasliulialseadninimveunioasuas
1 Y = o _aw 1 [} P Y 1 A [ v 9
nanlaalunsdinruauimasdeluanysal Gwaaalimua wiesunuuindramsunsn
d0A0e19a0IHDI1UAT BT ULV N NMIUNTNEDABENNALLLY 10-5-2 Tduaelsuilge
a A A o v 9 1 ydd?} 2 o 1
UszANTMNVBAATBITULIVRNAWNTUNINTOABENHAN UUY 10-5-21HAVY Fanuaaan
IATOITVUVVHNANMITUNIATOABIHANIDY 10-5-2 dzmngNzinnlsiunsainiuny

o @ 1 1 4 1
ﬂ']ﬁ\iﬁ\?lluﬁllyjﬁﬂlMWﬂﬂ’JW

{ o ———s 1 4 o )
ﬂﬁ']\‘]ﬁ 4.20 !ﬂ@ﬁ!“ﬂuﬂﬂ"ﬁﬁﬂaﬁlﬂﬂﬂ" BER ‘llﬁ]\ilﬂ%!f]\ﬁULLUUﬁﬂ%TQﬂTﬁ!WIﬁﬂﬁ'@ﬂ
4 v [
DI WNUVUIUUALDYINHNTULUL 10-5-2 glwﬁ’uﬁ 218 3 Lﬁf’ﬂ%}mﬂuﬂﬂ"ﬁﬁlﬂ’gNUNﬁ’Ju

{ 3| ] o
uuu v A E, /N, i 15 dB Tugesdyanasunmiumdidou

In3aasu aruguiadaaysal aauauidads liauysel
PIC (stg.2) 71.61 8.73
PIC (stg.3) 85.45 42.26

HIC 10-5-2 (stg.2) 20.55 77

HIC 10-5-2 (stg.3) 3.76 88




117

w

= o v 1 v q‘ = ¢
4.4.3 mmmmummmt’myim"‘lummammm‘numiaﬂmmmmimﬂ

L]

dmsumaiuAsdinvesmInnanangaun ¥ luniossunuurnamsuninaea

(%

[ ] qu 4 1 { 4 Y
DYNVUIUUALDINHANLVY 10-5-2 Tuduh 2 nag 3 Tugosdyaunumsaanoutuusadil
Y1 A ] ~ 3 AAA o 9q ¥
vl 1dnnansen 4.13 waz 4.14 Tagazmiunlunsdinfiswaudly s au uaz 10 au
a ] v Y A a 3 o w
UAUAYAIUVRINIHNARNANgAY 0.6 tag 1.1 Mua1AY
d’ 1 d‘ [ v 9 L] 9 a
NUN 4.88 dWLIUATEITVUVVTNAWRMIUNINFOARE YUY Tasldmatiang
v 9 1 [ Y a A d’d 1 d‘ [ v Y 1
WARANV AUV VVUINGIAI 17 UTZANTIINNANIUAT OIS VUV VH NANMTUNTNTOADE
d' " 99 9 a dy = J d‘ 1Y Y4 1 1 d‘ 1 d!
vinun 1@ lsmaiatl 1azfni oS UIUUWNANMTUNINADADEIIADILDIDENNIN T4
I~ 1 4 % w [l H a o 1
T UIUAT OIS VUL NANMTUNI N AR08 19U UN 1 FMATIAN TN E ULV
YR ' ] A I ) A a Aa A o o
Tagl¥auayaiuveansrinard ludun 2 Wy 0.6 azlilszansnnnanIuATeITULUUIN
k4 v Qs// ~ A ) 9Yq ¥ a dy
Aamsunsnaeasgravinuluaun 3 2lulalamatiadl
{ < 1 4 [ [ o I~ 3 {
Tugin 4.89 naashimuideldausmdivvesmsindrailu 0.6 ludun 2 ves

v 9

Lﬂ?@ﬂ%‘mm‘ﬂﬂﬂaNfﬂﬁlL‘V]iﬂﬁ’f)ﬂ’f)Eh\1GU‘LHuiu!ﬂ?i’)Q'%J‘]JLLII‘]JﬁJﬂﬁyNﬂTiLmiﬂﬁi’)ﬂ@EJ'NWﬁllfﬂg

v
a A

Y Aa ==y ~ A'i Y v Y [] qg;l ~ [
IFdszansmmnanI ey vz NnTods ULV na1NMIsLunsnaeas iU ludun 3 ing
Ifseaninmnanga

~ = = A [ v 9 [

U7 4.90 uaaanslSouMeATE T VHDUHNANNMTUNINAOADE WHEUIDL 10-5-2

& A 2 g 1 A qu . ) S 4 g S 4 g
Tuun 2 tag 3 Fezmuiule lsasarvvedmsiinaraludun 2 1y 0.6 vazludui 3 1y
Aa a { 1 (] a o 1 8 I 1
1.1 alddszansamnanims llsmaiamsinaunanuuusiny Faaaslidlun
9 a v Y 1 1 [ = a2 A (% v 9
M3 lgmalans iU NaIUIUYINUEIel iUl ss N 5N e uAT e T ULULTNEA 1

MSUNTNADADINVUIULAL BENNFNUUY 10-5-2 DEINUIN



118

Perfect Power Control
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Multiuser Receivers : Perfect Power Control
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Multiuser Receivers: Perfect Power Control
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Imperfect Power Control
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0 Multiuser Receivers: Imperfect Power Control
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Abstract

I'his paper proposed the technique for improvement
of hybrid Interference cancellation (HIC) DS-CDMA
multiuser recelver using partial cancellation  technigue,
which cancels only a fraction of the estimated multiple
access interference (MAD) at each PIC stage of HIC, It
means that the MAl is reduced and the purfﬂﬁnﬂnge:ﬁf HIE
is increased. We start with simulating the BER performance
as a function of the fraction of cancellation, Which shows
that the fraction can make a significant differencesThenythe
HIC are compared between them and multiuser réccivers
under imperfect power comrol. The simuldfion fresule
indicates how the partial cancellation technique can provide
sigmificant improvement over the conventional HIC.

Keywords : multiple access interference(MAI), parallel
interference cancellation{PIC), sucgessive
interference cancellation(SIC), hybrid '
interference cancellation(HIC)

1. Introduction

Due to the limitations of conventional correlation
receivers., the capacity of a single cell in code-division
multiple-access  (CDMA) is restricted by multiuser
interference and is subject to near/far problem. To overcome
these drawbacks, several optimal and-—sub-oblinum
multiuser receiver schemes have been propesed. Since the
optimal multiuser receiver proposed by Verdu [1] is too
complex to be implemented for practical syslems, many less
complex  sub-obtimal multiuser receivers have been
proposed and studied [2,3.4]. They can be classified intp
two main categories, the decorrelation-seceiver and the
submracrive  interference  cancellation! eceivers | [3]. The
latter, successive interference cancellation (SICY and paralicl
interference cancellation (PIC) appear to be attractive, for
difference reasons. SIC @pproaches are serial cancellation
[6.7]. At each stage of the caneellation, all users are ranked
according to the strengthscbut only the strongest user £
canceled. This process is repeated until all users are
detected. In PIC, all users are processed simultaneously [3].
Initially, the matched filters outputs are used to reconstruct
the interference signals, Then, the reconstructed interference
is subtracted from the matched filter outputs of the
corresponding users. Thesc estimated data can be used in the
second stage to reconstruct the multiuser interference once
again, and finally to subtract it from the matched filter
output and give better estimation than the ones in the first
stage. It is obvious that the more stages we have the better
the bit-error rate (BER) performance.

D.Koulakiotis and A.H.Aghvami [12] proposed the
hybrid interference cancellation technique to improve
performance by the users are canceled partially in parallel
and sepfes, The result has shown that its BER is at the same
level ‘0f'SIE and better than the PIC, while it gives the
acceplable complexity and delay.

The- recently proposed technique for improved PIC
using partial cancellation at each stage [9,10.11] takes into
account the fact that the standard PIC cancels the MAL with
no weighting factor applied to the MAI estimated with the
decision in the previous stage. At the earlier stage, a poor
estimation of MAI due to the relatively high decision bit
error rate may lead to a poor cancellation or even a higher
BER at the following decision stage. [6,11]

This paper presents the partial cancellation technigque
for improving performance and decreasing the complexity
of HIC. At the beginning, we start with simulating the BER
performance as a function of the fraction of cancellation, the
HIC are then compared between them and multiuser
receivers.

In the next section we briefly outline the HIC and
partial ancellation approaches. Section 3 describes the
receivers'. system model and the simulation results are
shown in section 4 and finally, conclusion is found in
section 3. '

2. HIC and Patial cancellation PIC

2.1 HIC

The concept of HIC [12] is that instead of cancelling all
K users cither in series or in parallel, they are partially
canceled in_parallel and series. The configuration of
cancellation will be K-P-S.(P and S < K), where K 15 the
tatal number of weers and the number canceled in parallel
and—in ‘sericé at each stage is denoted by P and S
respectively.

2.2 Partial cancellation P1E

The only difference betwegn the partial cancellation
PIC and the standard PIC is that, at cancellation stage [, the
MAI estimation of each user is scaled by a fraction

p,(where 122 since stage 1 is an initial stage without

cancellation) before being submacted from the received
signal. For the sake of decision, this is equivalent 10 the

original received signal being multiplied by (1/ pl} before

subtracting the estimated MAL A block diagram of the
partial cancellation is given in Fig.1.
The standard “brute force™ PIC can be viewed as a

special case when p, =1 foralli. In Fig.1, the initial stage,
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referred to as stage 1. is a standard correlation COMA
detector implemented with a matched filter bank for all
users. In the following stage, the firstly stage of partial
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Figure | Diagram of partial cancellation PlGsreceiyver, only
one stage of cancellation. [ 11]

cancellation, we first use the decision of the préviots. stage
to estimate the ampliude of each user, then attempt to

reenerale (respread) all of the users’ regeived Signals with

the known spreading codes, the information bit detision
obrained at the previous stage and the estimated amplhudes.
For each user, the MAL is then estimate as the sum of all of.

the other user signals. The original received slgnal rl1) is

multiplied by 1/ p, . subtracted by the corresponding MAL

estimation for each user. and finally fed to the matched filter
based detector for an improved decision for each user. Both
the error of amplitude estimation and the error of prévious
decision will be contribute to the MAI estimation error.

3. Simulation Model

Consider a synchronous DS-CDMA system with BPSK
modulation and number of users K=10 and processing gain
(M) = 25 chips/bit in AWGHN channel. In order to examine
the MAT cancellation performance of the receivers, we nesd
to choose PN codes with strong MALso, wechoosethe PN
codes are random binarv sequences. of lemgth 23, The
receivied signal at the base station can be represented as [1 17

K -

RD=Y |+ i by, () + G(n)

kel
where R(22) is the received signal, (E, / Ny), represents

the signal to noise ratio (SNR) for users k, b, is the

information bit of user k. and @, (77) is the PN code for user

&, Gin) is white Gaussian noise with zero mean and unit
variance, M is the number of chips per bits (processing gain)
and k is the number of users in the system.

In case of imperfect power control, we assume that
the amplitude of each user arrive at the base station with the
different amplitudes.

For modified HIC can be shown in Fig2, The
difference between conventional HIC and improved HIC
that is only the part of PIC in the HIC that has the pamal
cancellation technigque is added while the PIC in the
conventional HIC hasn’t this technique.

Fusih users accandimg |
g Mo the signal steength
i) }—D Conventiona! detector | v

T ? {howse the P stironger

% L2 |
"I Conventional defector | | IR A ==

TR I
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._! hefore caneel them from
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Chqnn:l Fstimates -

Reconsiruct “ Dreteet 5 users
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strergth |

b the Box Signal out of Pand Ly
of S users. | | process in SIC |

Figure 2 Modified hybrid IC receiver structure

4. Simulation results
We consider a synchronous DS-CDMA system with

'BPSK modulation consisting of K=10 users and processing

gain (N) =25 under imperfect power control.

~ We first investigate how the BER performance of a
PIC receiveris senmtwamﬂ'te fractions of cancellation by
considering 2-stage PIC receiver with variable fraction of
cancellation, as shown in Fig. 1, assume that K=10 users,
N=25 chips/bit, Eb/NO = 15 dB.

= Cornanlicnal
e PIC {040 2)

Dt EsmarAatedB ER)
=

l=25, K=10, {Eb/Ncoi=15d8, AWGEH

0 62 04 06 0 t ¥ 14 16 16 .Z
Fraction of Canceilation at Stags 2

Figure 3 BER versus the fraction of cancellation at stage 2

In Fig.3, the appropriated value of the fraction of
cancellation at stage 2 will be obtained by simulation. The
fractions of cancellation of conventional receiver are
continuous constant and when the number of stage of PIC as
2, the BER dips when the fraction of cancellation at this
stage is 0.6,
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Figure 4 BER versus the fraction of cancellation at stage 3

In Fig.4, we defined the fraction at stage 245 (6 (the
result of fraction from Fig.3) and find ihe fraetion of
cancellation at stage 3 of PIC, The resulvds the BER of PIC
at stage 2 is continuous constant and better than
conventional receiver and the BER dips when the fraction of
cancellation is 1. ‘

For these fractions of cancellation, we can use these
values in HIC for comparison between HIC schemes and
other multiuser receivers, ' '
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Figure 5 Comparison between conventional HIC 10-525 and
mmproved HIC 10-3-3

In Fig. 5, Conventional HIC 10-5-5 and improved
HIC 10-3-5 were compared at each stage. For improved HIC
10-5-5 at stage 2, we defined the fraction of cancellation as
0.6 and for improved HIC 10-5-5 (stg.3), we defined the
fraction of cancellation at stage 2 as 0.6 and stage 3 as |
(from Fig.3 and Fiz.4). We found that improved HIC 10-3-3
(stg.3) is the best performance. In Fig, 6, we found that the
result of improved HIC 10-5-2 (stg.2) is at the same level of
conventional HIC 10-3-2 (stg.3).
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Figure & Comparison between conventional HIC 10-3-2 and
improved HIC 10-3-2
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Figure 7 Comparison of HIC 10-5-5 and others multiuser

TeCeIvers

In_Fig.7, HIC and other multiuser receivers are
compared. The numbers of stage of standard PIC are 3 and
the numbers jof stage of standard PIC in HIC 10-3-5 are 2,
We found that S1C is the best performance and improved
HIC 10-5-5-is better than comyentional HIC 10-5-5 and
standard-P1E. While the gonventional HIC 10-3-2{stg.2) is
at the same level of standard PIC(stz.3). In Fig. 8. improved
HIC 10-3-2 is the best performance when compared with
other multiuser receivers and gives BER performance better
than improved HIC 10-3-5 at the same stage.

In  measurement  of  multiuser  receivers
performance, we can measure from the complexity and
delay of those multiuser receivers besides of BER. For SIC,
the estimated delay per loop required to cancel one user is 1
bit [3,9]. So the total estimated delay for K users is K bit
times (thus a tradeofT has to be made between performance
and acceptable delay). On the other hand with PIC, only a
maximum of a few bit times delay is required to complete
the IC process [9]. In case of the HIC 10-5-5, a delay of
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3+ fewer (where “few” is a small number defingd in [2]) hits
is required, while for the HIC 10-3-2 schemes Stfewer bits
is necessary. So, for the same BER perfarmance; HIC
required less delay than SIC but more than PIC.. For
complexity, we will be based on the total number. of
cancellations. In SIC. each user is canceled anly ancewith a
total number of cancellations K-1. In PIC, q:ﬁn:h user is
canceled K —1 times per stage. So for 2- sige PIC, the
number of required cancellations is K*(K-1 ¥ while for a 3-
stage PIC a total of 2¥K*(K-1) will have to be performed.
Therefore, SIC tequired only © cancellations, while PIC
required 90 for 2-stage ar |80 cancellations for 3-stage. For
HIC  10-5-5, number of cancellations required “is 30
(2*20+2*3) and incase of HIC 10-5-3, number  of

cancellations is equal to 84 {3*224-I4+«1}; We can be viewed.

in Table 1.

Table 1. Comparison between the complexity and delay of
S1C. PIC and two HIC schemes

‘Suggessive

MNo. of SIC Hybrid Hybrid BIC
LSers ‘ 10-3-3 10-5+2 J-stage
K=10
Ma. of | 0o 50 ) 180
Cancl.
Delay(bit | o #fewer | ([ 5+Tewer bl !
<) | |

' fow is a small number defined in [9]

5. Conclusion

Partial cancellation technique is introduced for
improvement  HIC  schemes in  this paper. From the
simulation results. the improved HIC show a great
performance compared with conventional HIC, standard P1C
as well as standard SIC It can be clearly concluded that
partial cancellation technique can improve the precision of
the decision of PIC stage in conventional HIC, which leads
to a better performance. [mproved HIC 1052 can show better

performance than standard S1C Beside that, the delay of our

proposed HIC processing is much Jower than the delay of
standard SIC. In case of complexity, improved HIC can bi

reduce the complexity using only the fraction of cancellation
instead of adding the hardware and acceptable complexity
when compared with standard SIC and PIC
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