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This thesis studies a method to reduce the BER (Bit Error Rate) of the receiver in base
station in a multirate CDMA system. In Multi Processing Gain (MPG) scheme, the power of a
high bit rate user is higher than the power of a low bit rate user, thus the signal of low bit rate
user is interfered from the high bit rate user, called near-far effect. As a result, the estimated
MAI (Multiple Access Interference) signal from decision bit of low bit rate user is less reliable
than that of higher bit rate user. Groupwise Weighted PIC (GW-PIC) is proposed to weight the
estimated MAI signal according to bit rate. However, the fixed weight factor in GW-PIC method
is not optimal in a varying environment. This thesis proposes the weight factor adaptation
according to reliable bit decision to construct MAI signal. More reliable bit decision means less
residual interference, thus the weight factor is adapted according to the interference. Weight
factor is considered according to variance from the matched filter that is dependent on the
power signal and the interference terms.

The results show that the proposed method with 2-stage MAI cancellations gives
percentage of BER lower than that of matched filter for 70-90%, standard PIC (SPIC) for 40-60%
and GW-PIC for 10-40% in perfect power control situation. Under near-far effect situation, the
proposed method with 2-stage MAI cancellation is more robust to near-far effect than with 1-
stage MAI cancellation. In this case, 2-stage and 1-stage MAI cancellations give percentage of
BER lower than those of the matched filter for.70-80% and 90%, respectively. For capacity
performance, the matched filter can support up to 6 virtual low rate users, 6 virtual medium rate
users and 8 virtual high rate users at BER = 107 in the asynchronous case, whereas the
proposed method can support up to 20 virtual low rate users, 17 virtual medium rate users and
15 virtual high rate users. Furthermore, as the number of low bit rate users increases, the
proposed method can support more total users while the number of medium bit rate users or
high bit rate users increase. To achieve the lowest BER, about 10 - 15 bits or more are required
in calculation of the weight factor.
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11.2 flaiinggn COMA wuLtasANALAL (Narrowband CDMA)

A.A. 1978 Cooper waz Nettleton Tetauailszgnevinailnaduuuyued T4
luszuiagans

A.A. 1980s UM Qualcomm lHmIraaauinaiialaensinautseuy
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1.3 DS-CDMA (Direct Sequence — Code Division Multiple Access)

Wasannilaqiiunisuesananlnaiuuuuwilnaldmatianisdnadudnnslnenss
(DS-CDMA) Jlldewntiiae Glanvunidusinsgaulddiaatu 1S-95 s W-CDMA

petiindasdaulnnfasiunisimuinazliulgaunatin DS-CDMA I

9 ] %3 A a U

NANN5U29 DS-CDMA Tndayagnurseesia Ae 1 Indayagnamsas

a a k1l

1 ¥
o = o ISP A

dld a . G| 1 ) o | =2
aNNANgIY N T (chips Wuniiguaslinuessia) aegiaiananmilu +1 vige —1 &

| 1
[ % % A [ % A A o Iy v

“Bp399aNTadRINTL (chip rate)” HAgandndnandadayainaiuuusinviassdayagnun

1

v ¥ 1
o v akKk ad A I

nA19Tu AedusiaiasldeFandn “svae (spreading code)” daunANuTLLEasRINNS

e

1 b2

Yy 26 ¥ dl A o L% o A v o o 1 26 ¥ o ¥ o
M@gmmmhﬂummea?ummman@umummmmm@me;ﬂ%uuu@mmqﬂu

a

—

o 14 dl = dl o a 43. Gy '8 . y ] dl o 1
manmm‘uim FITUNIATANTUTUAULN “LuRTAaLRDT (matched filter)” WALUANIANNTUA LE

)

209 [ usazAUNAY “anduiusinu (cross correlation)” szudnariuin &ty aunamndsann



1 dl o A rdvdo/ ;7% dl % dl = o
mulmma‘uu,mmw\l@meummmﬁmma‘ﬂmmmmﬂmu@uj BTN DRLTENATYEUN NI

[

A o !

apidn  “Aryryinsumangananniaditenaneny viedtyayiniunanaenssnaney 4
(Multiple Access Interference ¥ga MAI)” fatiumnanuaug s lussuniisnnmnuly

anainidnsndnianana (Bit Error Rate %78 BER) HA49 T91NAL41A 0428955110

1 v
o o Y o o o o

AipsadnyayunInasntiues  wenantumninasdnanuiiuldangldusazaulyl

wiriuanadanaliiianssunouiu Ae  §ldnEnasmesdtynnussazllsunaudnynyin

!
v o o 1 KR A

yaalo £ o XA Y L = |
m@qtﬂwummmmmﬂmm smmmmummmﬂ;ﬂﬁnmezmuﬂgmmmugmiuLmﬂu AJLTEN

73 1
L4

dsngnieniiidn “Usngnisallnd-lna (Near-far effect)” assiasiinispauanindadainals

I o

MAsdty o nsesy ynABNIIuATadURAWTY  wsillasanlunisaauauni g

a

1 %
v o =X

o Y =K aa o o =M o v ¥ dl 1 o 1
AINITL TR @QiﬂNNL@uﬂQﬁﬂ’WﬂN@ﬂl'ﬂ\? MAI mnmuimwwmﬂmm@mu@u LU TUALLE

a

1
= o v a 6

W wndaalunisnidpnates MAL @a@aniazadsinlsuinniidn  “Sanudimassmnd

a

(Multiuser detection)”

1.4 Multiuser detection
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1.5 Multirate DS — CDMA [10, 11]
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Matched filter nudnnnatlsndnyouinmasydaunesasiusaenisinanisiiia

o o

v 1 i 1
wrreef idautiulgauiudyonniuls degdi 2.3 Tnenanligufaiaudaesdldynau

al

WansauInsal synchronous (7; =0)

o dl dl o Gy & ¥ dl a dl -
ﬂo_llﬂo_ﬂmv}ﬂ’ﬂﬂﬁqﬂl,ﬂ?‘ﬂ\ﬁ‘]_lLLN@?W@LM@?%@Q@%QHW kK up i
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@i+)T,
yilil = [r®s (& -iT, )t (2-12)
iT,
:Akbk[i]+ZAjbj[i]pjk +n [1] (2-13)
j=1

#k

interference term
Tp

e py = ISk(t)SJ(t)dt AR ANENANWUSINN (cross correlation) 35U9N93HALETR
0
gl k fudldn j

(i+1)Ty
011 =0y jn(t)Sk(t —iT,)dt Tae o, A8 ANULTTIUTeY AWGN ngl

noise
iT,

1, [1]18n1suanuaspaastiaetuuuy Guassian NNARAeTUAWE [6]

' '
A o Gy =

Tnnsndulsaandyainnesnanesesiuwnadilawasaesdldn k Jan i o

hard decision A8

b, [i1=sgn(y, [i]) (2-14)

4 +1, x =20
Wa sgn(x) = 7 Vs

WAANNANNIN (2-13) WUIMInNAINain1sunIngen (interference term) RANKNAN (T9AUAL

[ % 3 dl dl o (-7 1 s Y 1 o 1 . o b4
WAl Ifauirrasiulifeanis  wazAandninsiansendnssiaudaasdld) vinli
A2nAulatin? i Tuannsh (2-14) Aale setiuaziiiugn wrassuuwuntnamasidlsnidn

Aoyaunouumanaan (MAN) aasldauaniely Swinliiigndnadnianainigs

S « (avaunaldnuT k)

r(t) - (n) b (P)
— jdt K > Jﬁ K,

0

Lﬂ?’ﬂﬁuﬂ matched filter

91l7 2.3 isasiuunntiamasueasldaun k
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2.6 Standard Parallel Interfernce Cancellation %52 SPIC

o

TuAzesduuuy SPIC aziinieaing MAI 1eefldnsunauaunnlnelddandnguls

a v

A&y niaeangadArasiuuNAtiaIRas (@unnan 2-14) antuindyonniaiieau
Tivindnseanandyauiivls szt liudasesiuunndilame faasdldauiniazas
o £ al i’/ 4‘ al U 4” dll al o dl o A 'S val
5udiaen13BnANINariANNgNAasNINAuHanaUTULATe LAt Hamafing 1z lANNg
2190 MAI 2095 I Auaunall

Ran3oungUn 2.4 annAlildaun k Aaaunseanis azlddndoamaedldaun

j gna¥waulunnsudn MAI stage 9l p  Aa

N, /2
x{Pl(t) = Z AbPiTS (1 ~iT,) (2-15)

i=N, /2

A & ' o Ao yo vl . aq v ° v
bNB A Af ﬂ’]ﬂ?tu’]mmu’]m ﬂ&lﬁquvm‘]_li@ﬂ@ﬂmeﬂm J Iﬂﬂmﬂﬂmiﬁﬂq?qq@@\?uuug

>

J'NAJ'
A

A
b ®*V[i] Ae Dandaduldainiesessiuundilamesly stage 1 p —1 289fldaun

v v %

Aununasigniingnssiae MAI aeedldaununsunoudldauil k lustage ¥ p Aa

K
(1) = (1) =YX (1) (2-16)
e
Tnel stage 91 0 An Aryoyneniuldnuerasiuuundiamasifladsliinasindnesiag MAI 7

s

#5719 Faviu
FOt) =r(t) (2-17)

WHANA1TUNRNIZTAT | WAZWNU ANN1IN (2-11) WA ANNIN (2-15) adluaNn1IN (2-16)

16191
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FPLi]=Ab,[i]S, (t —iT,) +iAj (b, [i1-b®P[NS, (t —iT,) +n[i]

(2-18)

| ' '
IS4 a a A .

Wa b, [i] Aedadeyanaswndsd i wesfldaui k

b,[i] Ao dndeyandwnish i vefliaun |

a

b{PM i1 =sgn[ y (P (i)] re dnndnduldain y * aadfliaun j lu
stage 7 p -1 figl hard decision

|
o =

AniuluAIIna1s MAI arndldauaulildusrasiuunndiamnasdnaia

[

4 . S— -
WanailsndoyrynuresifldAun k aandnann stage 1 p

(i+1)T,

yPil= [S,(t =iT,)f " i] (2-19)

y Pl1=Ab [il+ DA (b, i1 VLD oy + 7 [i] (2-20)
(IF

#k

o a v

anvinafnAulngae Hard decision

b [i] = sgn(y i) (2-21)

a o

b P [i]Aa dandndulaain y P aasgldn k Tu stage 7 p (Fanunads dadisn

Auldann stage 1aq1il)

| 1
1A a Ao a

[Wasannwaili 2 luasunish (2-20) ugud Aseadangnduldain stage

p —1 (stage fewniin) Haaiugnses Ae Fevindudaiden (b, [i] =0 P V[i]) wazin
a v a dl

Tlansndulu stage p 20988N197 (2-21) HAMNYNFBITULNIIE MAL AINELENNNTuNIY

1
a a

Iapniindae  wilinwdAuRTnnsadulsann - stage  ‘neunihiaialauiananannlsf
u g

b ®V[i] iy b, [i] uansdununazldindn MAI naulUfin MAL w2 wih
nedl 9 b,[il= +1  wiwsindudely stage p -1 b VL] W -1 vl

(b, (i) =B P (i) =2
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| |
stage p-1 ! stage p I stage p+1
rt) ! TP

dela : :
| |
I A \"‘ !

o (p- - ‘(pl)i 1O (p) b
rl(p 1) Matched yfp 1 bl D - K I Matched |y | - ]

filter #1 : .“ z filter #1

-
I
N

A2S2
¢ (p-1) (p-1) p= ¢ () (p) N
IF2 Matched P 2 b (p-1) r, P M P b ()
2 N - atched Y 2 2
—> 4>-—>‘>|— ) e
. filter #2 | < ] .

K
Z filter #2 !
AN :
2 (p-1) . (p-1) 2 : S (p)
ry N D) 8K £ ® .  blPh
Matched k K < k" | Matched Y ko
S N B B e D e e I e
ilter #k | T I . | filter #k - :
A (p— . ~ K - ~
f Pt Matched Jy (P B .(P-D > O (p) b (P
: K 3 K. | Matched y K |
— g | < o —K>-—|—>-_l_
filter #K - S i filter #K
Partial sum

|
|
|
|
|
|
|
|

21111 2.4 Standard PIC

u

2.7 Groupwise Weighted PIC [12]

v o oA, AT =2 Yy 4 o .
andadannanaun lATassuuLL PIC @Q1®NQL@M@M'§‘@QTU PIC uwud partial

. dl IS o ! dl % da{ ¥ Aﬂl-dl A Y v ! %’ v v o
cancellation TNUANNITAT MAI wmiﬁwmméﬂfﬂﬂumLﬂj@n@imu@ﬂm?m\mmuﬂmam

1
a

fosthunin (weight factor) Antiae A3l 2.5 wazainfilananalissvuunisdautumans
anafaentlaudnsINanlssinala §1 high rate azsunaugdld medium rate way
low rate uwazE 1 medium rate azsuNIWEL low rate Aatis MAI Na3192uaeild high rate
D Iy A @ AL AANCE 5 seva

avamedaldninngn lwanendld low rate weneldteangn Asmuauledldidunguanu
dmsnnsdediayauaz idanasminuesdld high rate W (1)) HANgendadiataatnminges
{14 medium rate (W (2)) uazFaniasminuesild medium rate NAgININ09E 1 low

rate (W (3)) FaaunnsTi (2-22)

1>w(@)?>w(2)* >w(3)* >0 (2-22)

annA g ldeun k  Ae AuleesiufesnsRmndtyyn azlddndnynynm

a¥wauves 49 k lustage 7 p Aa %P iluldfsannisi (2-15) aniuiinngoisagsn
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1
! =

tosrminaesdusiazdnsivadasinuninTunsadnnisunangen  uaztihdtynioinaing

v o

v
= v v Caa

o SHo wy o ~ | N e -
muﬂﬂuﬂm\m@ﬂmnmytyﬁmmiuim (MgNN1IN 2-23) LAaLNIUINLATN LN AT AN AL T

be

v

NPT (AagNN9N 2-19) wasinduln@qe Hard decision (A9@NN13N 2-21)

RO =r() - z<x” O tyw ; R) 223)

=1
¢k

¥

e w, (R) A8 ﬁqdqquwuﬂmmmﬂw nasdayasoadns R Tag R =1, 2

a

v
waz 3 ununisdaiindeya low rate, medium rate WAz high rate MINAIFU Facaatianiin

Metiiaiasnnlidaasrinniinaesy

¥ ¥

veaffldfivinnsdedeyafansnanAaaiufla v
1 low rate {ANTiaefgn wazaasld high rate NANEIN4n

q

|
A

atelsfimn  dauoyansiadslintiaziaonndena liuintasieslatantuatiu
MAI angldanauiinisunay aeeainduiesa na U gndun lussuuianuaunan
A 4 ¥ o Z// ndl o %o Wi %’ o L2 dl a
wratsngnisadlng-lna il deiunisinanuadifiacasiiminliaeilaafiansonann
[ % ! Y = 1 a [ 2 dld o a a o‘da’m:v =2 aa o 1 %;
dmansdedayaiesagnapeliilinannin lwdnednuiiiadeaaauedinnsonei
winndiuAldmnaninuandenzasszuunlasull  ww  Wenismauauitdsaaduly
e lianysaiinWinanazeslsngnimnilng-lna (Near-far effect) visaiiasanuangldidn

S X g 9
AN lusT UL LT wWsTw

r(t)
[Delay | AS) (1)
AW A
- AxS> 2
- Y
B T e B M G
N

AiSi
LB R L L
AzSz}

AsSs | Stage
A |
- @éﬂ

(aan31 MFB Ag Matched Filter Bank)

31/7 2.5 Groupwise Weighted PIC lTuszuunisdeuanedman
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nsUsulsaAsassunutadanMsunsnaanuNdiulneld

A1ANLUsUsauluNITARRUAIRIUIUUN

o

Aﬂg’ -13/ 1 =2 Qd-dl 1 o ' 901 o -ﬂl o ' %’ o
Wam luuniinananedsniniaua lun1sun A2 0991 uin L‘W’ﬂuqll‘ﬂﬂ’Nu’Wiuﬂ
%

o/ dl d?{ ¥ | % o/ dl % g o 1
mmﬁmwmm\mummtﬁﬁLmeummmwgﬂmmﬂmmmqmmmwu IPEtAIAINN

wistlsuesdynnnneanainipresiuuundiaimaslu stage nauntiunfiatson e

6 o/

anArANulsUsuRa s auiunaddt uunsnaan (MAN) Adansunaugldus

o

1
% v

ALALLAZITIUAIAN T AR NUNITADBUF D U A 51911

[

3.1 manuulsdsuresduanuanaananiasasiuuundiatnas

Wansnndoyounasmest daud - gnaavlunisadn MAI stage 7 p  lae

a % o ¥ v 1 =K dl o ¥ [ N
wm&mmfyfyﬁmmﬂmm@flmmeummmmwuwmmu (synchronous) A

Ng /2. '/
R0 3 ABEUE, (¢ iT) v

i=N, /2
fununnsesidaun k- igniinassng MAI iddausesdidusazauly stage 71 p uay

stage 0 e

RO =0 = YW R () o2

j=1
#k

r=r(t), kefl,2,.K} (3-3)

o Ao o - y A a A = =
Eytyﬁm‘ll’]‘ﬂﬂﬂ"]’mLﬂﬁ‘@\‘]ﬁ"i_lLLNM?W@LW@?‘H@\‘]@?V’]MW k UEN 1 Tu stage N p waz 0 AR

(I+1)Ty

yOll= [EPe)s, ¢ i)t

— AB,[I1+ YA (0, 1w P60 VD), + 5,01 (34

#k

y{Ti1 = Ab, T + YA G, [, + il @9

#k
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3.1.1  AarsanAtAnanlsdsiusesduuiIuataanaIniATaIs UL AL
Nainaslu stage 0 Aa

Mo (y O] Ny O 1Y
Var(y,*)) = ZKN— — ZyT\IJ (3-6)
= D i=1 SD

A =
e Var hananaAnuiilaleau
A a dl Y o 1
N, A8 ANEadanldAuanAIAnILLlslsou
y O[i] Aa dyanauaneanannieiediuuindiamasaass liaun k Tav i Tu stage 71 0

WNBANNIIN (3-5) a4 lLaNN19N (3-6)

b, 11| 2 AD, [i1 5,

Nsp e Nsp Nsp i i
Var(y®) zz(Akbk[l]) % k ron S0 L1n 1)
i=1 NSD i=1 NSD i=1 NSD
2
K - - K -
ZAjbj[l]pjk m 1] Ab; L] py
Ngo | 152 Ngp i=1 Nsp i 2
—+ - +22 - + M
i=1 NSD i=1 NSD i=1 NSD

2A G Ay
. “i(Akbk[i]mi 5 3 (n.Li1) 3-7)

19a a9 19 lun19Wa1 7040

1
A 1

C.1 NMIAUINAM NATANEMIARALINTANNATIA (ensemble average ¥sa E[])

v
nlFeanlwnnanljif  duiusunmlidunssuouniswadnesn  [16]  (ergodic

Nso@)

= ! P X =
process) AR ANNIATALNUANDALNINIANT (time average 1198 Z
i=t 'Nsp

LA

LRALVITANNATA

pdayanisuanuasaRinasfuuuyduy (Ae Anuiazilulunisiaie 1

£

C.2

NSD

DY

uazin -1 Wiy 0.5) inlilAedeugud | I |—0, jed,2,., K]
NSD

C3  n, dnmsuanuasauiiazifluuiy Guassian NNAR AT
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c4  anuaziiuluniafisindeyanesy Musasauudasesanu fai

Nsp

>'b, [i1b, [i] [ibk[i]][ib,—[i]j

Elo.b; |=Eb, JE]b, | uazlsdn 2 (3-8)
SD NSD
c5  anuiasiiuluniafsdndeyanesy i usasauiugassaindayninsunau
Nsp Nsp A Ngp .
Db [iln [l (ij[']](zm[']]
E [bj Mk J: E [bj JE [nk] wazlgign 1= AN = (3-9)

SD N SD

dlo jell2,.. K}

AA15ANNITA (3-7)

|
[~ e A

1. WAl (2) vasannnan (37) Autlugus iasanianlan C.2 uaz C.4
2 AR

2. WAl (3) wa (5) WRNANNTN (3-7) AR dluAwe [Wasantaula C.2, C.3 way C.5

a

3. WAl (4) we9dNN37 (3-7) nanetly

K
ZAjbj [11ok
N | =1 K

) E =) (Aj Pk f (3-10)
N SD k=1

i=1 i
WasannRauly C.2 uaz C.4

1
¢ A

4. WAl (7) 1e9aunnsh (3-7) Aniluguel iasainNenla C.2 uas C.3

satiuanniai (3-7) @anlud el

K Nsp | 2
Var(yk(O))=Ak2 +Z(Ajpjk )2 +Z(77k[]) (3_11)
j=l i=1 NSD
#k
= Ak2 + GI\ZIIAI @.k T+ Gr?oise (3-12)

K

Lﬁ'ﬂ Tuan ©)k = Z(Aj Pik )2

3.1.2  AarsanAtAnanlsdsiusasduuiuataanaIniATaIs UL A
Nawmaslustage p Aa
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0PI’ [Zy i [i]JZ

Var(y®) = (3-13)
‘ ; NSD i=1 NSD
WNBANNIIN (3-4) a9 luannIIh (3-13)
ot} b [i1| Y AD, [i1 5 b, [i] zawwb“’“[n]p,k
)y > (Ab [i] & W YRS W
Var(y| )—g Ne MZ ™ 2#\2 ™
A (b, [T Wl bE i
b [i17[i1) U
+2A<§ NSD —Zl NSD
n L] 2 Ab; Lil oy, L1 2 AW P HbP ] p
W Lo\ % & (LI
+2§ NSD 22 NSD +§ NSD
ZA,(b [i] =w{"Vb{* M [i])p,
. NZ”:(A(b [), R G i +“§(nk[i]) (3-14)

i=1 NSD i=1 NSD i=1 NSD

ARTUANNITT (3-14)
1. Wailfl (2) 289430139 (3-14) HAduue Wasaintauladn C.2 uay C.4
2. WAl (4) uay (6) WDIANNTN (3-14) HAiluAus asanNeuly C.2, C.3 uaz C.5

3. WAl (9) 199aNNI99 (3-14) Heniluaue Wesanauly C.2 uaz C.3

patiuanniai (3-14) @ewludleln

K - -
b [i] zAjWJ(pil)bj(pil) [I]pjk
-1

Var(yé”’) Z(AkbN['])z 2A<i #

NSD

ZA,(b [i]-w{PDb("[i]) oy n L] ZA,W PP ] o

Ngp | J=L Nsp

DI 23 Sl

i=1 i=1
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(3-15)

T BE[i] = sgn (A, [i] + Y AG, [ -wE Ve Vi, +7[T) (316

#j

65 [i] = sgn (A [i] + A, [i] w69 [iT), +7[i]) (3-17)

#]

wsilunsaingldauik Tausunouain MAL 289 ldauauetneus daunnTuiesannases

dsngnisndlnd-na (Near- far effect) Aa
A <<A,, je@t,2,. K}=k (3-18)
LATNNIUNANT stage wan WL TATFAARIAYe L lTufaz AL aEANTANA DY Ap
b2 2H P b, We  lefl,2,., K] (3-19)

inann39 (3-16) waz (3-17) gnilszrnnaiu

59111 =sgn (Ab, 1+ YAG 1wt B¢ Il +7 D) (620

#j .,k

~ - - K - - = — - -
Toe BO-2[i] ~sgn (Ab;[il + > A, [il -w& b [il)g; + 1 [i1) (3-21)
=
LAZAINANNNIT (3-20) Uz (3-21) tszanndlddn Bj‘p ) gy b, LAz 7, il (2)

ISP ¥ ¥ s o z ¥
uaz (4) dednIndaud uazainnsnsnmle

[ %

AL @HN087 (3-15) gnilszanaulsl datl

K ~ -
YA, (b, [1] -w (P Ti])

Var(y ™) zﬁi(AkaG[i]) B . +_Ni("khfi])

2
+ Owmai(p).k T Onoise (3-22)
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K ~
DA (b [i1-w P b Vi) oy,
y Nsp (L » 4
8 Tk = D < AR MAI MAANAIAINNNG
i=1 SD

o

y 4
Wna9lu stage 71 p

aeielafinnu Tunsainldinanazessngnisailnd-lna (A, = A, .. = A .. = A )

= o W ~ | A Ao a Wy o X
NIANITUNANN MAI N stage QQ"'] WUQWUWWW@@Hi@NﬁQ'\NQﬂm‘ﬂ\‘iil’]ﬂsﬂu AR

N2 oL

DRSNS DAyt (3-23)

Feuaunia (3-20) waz (3-21) ldifluaze Aa 61.(" D Fouy b, warn, Lasnaili (3) 21849
AUMIT (3-15) RAnAnag ilEWas (2) 1ae (4) Je9sunsh (3-15) lianunsndaiald &
v stage 447 (aranange MAIL liaudeuan) Arauudslsauadlianun
Uszanadlddaaunnsi (3-22) & aneieAn AL sl 8Ty MA uasdtyyInesL-

NAUNIULAY

=

Tunstindryayamsuliannifldusazaunifawesesiulinianii  (asynchronous)

(6] @m1saNansan i lwinuesigniungtl  synchronous  Ineasnuf lnnsdsyaanan

kK |
[

[ | |

bl bl p b
{ \ i \ 1
Wb[i-1] ' bxl[i] Wbi[i+1]

\ brli-1]; ?,o@ bK[i] pkf( ).I bli+1] |

|

9117 3.1 Dndayaaevd linunnaersessulinianmni

o j <1 logd j,1 eftl,2,., K}

Ty
A = [S(1)S,(t —(7 —7)))dt uaz

T -7

P = [S;(1)S (1 +T, (5 —7;))dt
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v T o = A o o o~ ~
ANUU Eyfyﬂm‘l’]‘ﬂﬂﬂ@’mmﬁ‘@\‘]?‘]_lLLNW%W@LW@‘?M stage 1 p waz O Tuaunn (3-4) uay

(3-5) nANETuaNN1IN (3-24) LAY (3-25) AMNAAL

y Il = Ab [+ X A [ +1Dpf) + > Aib;[il) ol

j <k j <k (3:24)
+ ZkA (b, [ o + ZA(b [i -1D)pg +n, [
j>
y@ Il = Ab [l + Y Al +1] ~w & VDL i +1])pf)
j <k
+ ZA(b [i] W(p—l)b(p—l)[l]) p(L) + ZA(b [i] W(P l)b(p l)[l]) (U)
j <k j>k
+ 2 A, -1] —wi P00 i =110 + n il (3-25)

j >k

el p, Mo anduiugdmszndnedld j Au k g j <k
el p P avdnsiuddnuszvdwdld j fduk lae j > k
WAZLHAUNUANNNTN (3-24) A9lUaNNIN (3-6) LATUNUANNIIN (3-25) adluannsh (3-13)

wazNANTNeu AL AUANAIIN (3-7) kAT (3-14) AuaAU azlfan

Neo (A b, [i

Vaf(v.ﬁo)) —Z(Ak N[ ]) +O_MAI(O)k + 0k (3-26)
i=1 SD
Nsp b i

Var( y IE P ) = Z(Ak%)_ + O_MAI( p).k + 0n0|se (3_27)
i=1 SD

40
™ Oyaroyk =

— [ZA (b;[i +11)p + ZA (b [i0) £} + ZA (b; [i) A +_;(Aj(bj[i—1])pﬁ?)J
j>

NSD i=1

Onal(pyk =

! Z SAD I +11 -w&Vbe D[ +1])p8 + DA b, [i] -w &b P[] piY
NSD i=1 J<k J<k

+ ZA(b [l -w VBV o2 + SAG, [ -11 -w &VBeH i - 1]),%”}

j >k
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o

1 v !
\Hasannuanlunisiiansaunsianiosinuiin Ae §ldAgnsunauann MAI uazdnuainn

[

= o

UM (noise) NINWAANINTANNARAUANNLATRITULNATHALABSHANITRDa LATiae Ad

u

|
=

2 A o Y = & gy o R o S o a |
dllenldafaiu MAI audelaldlduininasfasdesdmin uazainnafatTaian
ANULstsuIesdtynianeananeTasLLUATAAaIN LG Usznaudaanaliniag
o dln/ % ¥ dl % 1 o o ¥ d‘ dl

Ay ivuldaesdldauisianis Adszanninidaaes MAI ANy AWBUANITUNY uaY
1 o o [ o % a o 1 dal o/
Adszanunaasdyyinisunay - AlfeRansantinAtaaidsdsauiunldlunisse
AusntasivinuaziiasanaAldatasinninniiian gaiatsiAntiaandnvzawindy 1

] 13 v

(W3ziaNsnNngFe MAL BenlsdiAu 1) anuanniatini lFanunsaninuaesianagsinuin

2199 stage p +1 MA@NNI37 (3-28)

W (p#l) 4 A(

k 2 2
Ak +(O-MAI(p),k +O—noi5e

)1/2

. A
W e AT A (929

1 v 1
A o 1 ° o

da  w P Aesadeniminaesgldaui k u stage f p +1

A Aa aunadtyyuniulduedldaun

[

agialafinn Anfiliina1ann stage g9 A LS sanaednyay nieneenan

¥ o o

wraafuLNATRaInesenaluIuAL MAI WeNeatnafes ezt stage AaUMENNINIg
A19uarad MAL Tudn B liwasii (3) 2a99a:n199 (3-15) Apnanadiiiasanndnndndulsd
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7 (3-28)) WAnNNIFRtaeRIvnaed stage N1 1 (@einmares MAI Wadeldlfudn

AUtUNUUNINADR)

TR 4.7-4.9 UandeluLsiaz a8 sdNN 9 (3-7) A TUANNeT 4.1-4.3
(E/N, = 1 dB) WARAN TN E/N,=7dB WU 6 209AN3NT 4.7-4.9 AmAnndn
20971397 4.1-4.3 Lisaannad 6 WuAfszanniaasdnyyisunay afi E/N,=1dB
finavesdtyyInisUNaURNNNgT EUN. = 7 dB ﬁm’qm“lﬁﬁqmqﬁmﬁﬂmm@%Lwi@mﬂu
ANTeR 47-4.9 Tenannnindrasiwiingesined 4.14.3 Wedleuiid e
LW'mwmmﬁﬁyfywm@umugﬂﬁqmﬁm@mqﬁqma‘ﬁwﬁﬂﬁmum@ﬁ (3-28)  wildnAn
UsrinnaaadyUIndnInaan (W@lﬁll 5) 3eUdam219 4143 uaz 4.7-4.9 TAlnd
Nl Y

1 1
=

R3990 4.10-4.12 WAANAN IULAATNALURIZNNIN (3-14) WHUALIALMANTINN 4.4-
4.6 (E/N, = 1-dB) uAfa1stui EyN, =7 dB M liidanasninuednised 4.10-4.12 §
. . - o dLLCI L) dl ] .
ANNINNINTBIANINT 4.4-4.6 LHaNBUN ARALIY IHasanNaasdnyusunaugn

P R Py ol YAty KA IaL LN el R Y7 KR fa oo PUATAT Dy

slanRauiienfdeniiinaeannmed 4.4-4.6 f1e9RN197 4.10-4.12 Wi
m\iﬁmﬁﬂmmr:fj"l.%mmu‘l,ummﬁ 4.4-4.6 Faniy 1 Fdugui Lﬁ@qmnmmmﬁmmym
TUNIU (W@ﬂﬁ 8) ﬂ@qma‘wﬁ' 4.10-4.12 (E/N, = 7 dB) ﬁ@ﬂﬂ’j’]"ﬂ@\m’]?’]\‘iﬁ 4.4-46 (E/N,
— 1 dB) " 1vnat 3 uaz 7 Aanunsoasielduasaanuulsuatiannauinly
mmmLLﬂ@ﬂmmmwuﬁf@ﬂﬂfjwmmﬁmmqmﬁﬁ*ﬂﬁﬁﬂﬁqmﬁqﬁ@ﬂ%ﬁ@uhm@

NANTUNFIDUN TN A9ENNN9N (3-29)
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91I7 4.6-4.8 uAA9AN BER 2045 usiazauian E/N, = 7 dB 3ansngIdusazaui

[

f1 BER Talviuilesannerandaiusinussudined dusiazauilenlivintu Seiansanls

1
a

ANANNNIT (2-13) uaz (2-14) Andfl indAauduiusdngeazdenalidnnsndulsan

a

wsasFuLNaTAaIasANTANAIAES

dl a dl 1 ¥ dl ISP o
LHANANTUNRNTINN 4.7 Wll’)'?éﬂ‘?] low rate ALN 1 umﬂizmmmmmfyﬁmmm

ol i~ < o < 9 Y %4
@om (WAUN 4) AINgn (GINﬂ’]ﬂﬁ?gm’]Mﬂ‘ﬂﬂ@mﬂ&I’]ﬂ«%m?ﬂ@@£°WILﬂWNW?UﬂQumﬁLLﬁ]@ﬁﬂuﬂu

o

fuAtandniusdnssdredlpuruiudldanan Amatin 4 veaunish (3-7)) denals
a dl v a 1% dl o G o= a ai ¥ dl ISP
Tnnsnduldanesesiuunadilamesinanuianaings Twanehdldaun 2 Sadszann
o dl £ dl =& o va dl o a % dl o A ol
194ty yIuunINannNITuNIutesgn awnlidandaduldanieTesiuunsdiamesi

ANHEANANATBE NG TINATIFRFIALFLN 4.6 N BER 189K 14 low rate AUl 1 HANgeNgn

1
o

o o A
LL@W@G@‘H low rate AUN 2 Nﬂ'\[ﬂ'ﬁ/]@ﬁ

VUBAENTUNENATUIAT9999 4.8 WU medium rate AUN 4 HAUszan

o ol I~ = ~ y A o g9 anw
WNALYTUIDUNINEDA (WALUN 4) NHNITUNIUNINNAALATALUN 5 UBENEA V]WGLVN@VIVLQGIN

o

Tugiln 4.7 An BER 209K 14 medium rate AT 4 mmmmnm wazue9H 1 medium rate AL

i 5 A" BER nfian

Tup979% 4.9 wudgld high rate AR 5 JANLszannmesdtyny uunnaan (wail

=

71 4) RUNTUNUNINTIGAUAZAUT 4 Hoegn TINATARIaTUgL7 4.8 Aa BER 2934l high

rate ALY 5 NANNINTIAR UAZUBIE I high rate AUTI 4 HAT BER ¥4

q



LU e —— e
IZZZZZZZZZZZZZZZZZEZZZZZZZZ — matched filter
e eeeio____| 7 SPIC stagef --
__________________ L | BW-PIC stage 1 )
! --- proposed method stage 1
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-
__________________ PP g T P T T
: i
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@ﬂ% low rate (-o-) fﬂgﬁ medium rate (-v-) ﬁﬂ% high rate (-*-)

gﬂﬁ 4.1 BER L@ammﬂﬁ% low rate ;;Tﬁ medium rate meﬁ% high rate i ldATaeiL
uNAtAames, SPIC, GW-PIC LAzAaNtinlaue la1dnna1es MAI 1 stage
Tunsaimuaninasdaiivlleteanysnd uazdtynrnaindldusazauun

=3 dl o 1 % [
DaAzassulinFanty (asynchronous)

T T T T T T
""" R - - - (-~~~ 9y
X . . — rmatched filter
X . X - - SPIC stagel
| ‘ : —  GW-PIC stage 1
; . , --- ‘proposed method stage 1
o
L
m
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fay)
[1e)
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917 4.2 douaenaludos /N = 1 - 3.5 dB 28409317 4.1



gﬂﬁ 4.3 BER mamwﬁ% low rate ﬁg‘l‘ff medium rate LL@::;EGFE high rate Wald

Average BER

Average BER

10" . :
| — matched filter
: - - SPIC stage 2
: —  GW-PIC stage 2
: --- proposed method stage 2
o'k - -- £ :
RS i ¥
Rt S R TR
i e SRy Sl Skl A
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: T EEs e ]
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;jﬂ,"ﬁ low rate (-0-) i\ﬂ% medium rate (-v-) t;ﬂ,gﬁ high rate (-*-)

AraeSLLNATAALARS, SPIC, GW-PIC LaZAaNTiNauatlaadnna MAI
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2 stage lunstlmauannasasiuhilatinanysaluasdnynrmang ldusay

ALHNDaLATRasU L NERNY (asynchronous)
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110"
9x10°*
8x10°
7x10°
6x10”
5x10°

4x10°
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_____ --- proposed method stage 2 T
1 15 2 25 3 35
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__________________ s
EEEE --- proposed method stage 2 with hard decision :EEE
----- — proposed method stage 2 with Null Zone hard decision |----
10
o
w
]
i)
-
]
2
i
10
10

;jﬂ,"ﬁ low rate (-o0-) ;;TL% medium rate (-v-) tﬁgﬁ high rate (-*-)

gﬂﬁl 4.5 BER L@ﬁmmsﬁ% low rate ;;TL% medium rate LLazﬁlﬂgﬁ high rate Lﬁ@ﬁlﬂ?‘lﬂﬁu
fiiiaueifioadnnaues MAI 2 stage a1ty hard decision Lay
#3771 Null Zone hard decision aRuTIAT stage 0 uaz stage! Tunstinnsmay
Aunasdailulilaeinsauysnd Lmzéﬁ”m&ltyﬁmmn;ﬁ%u&i@mumﬁqLﬂ?@qﬁ*ﬂm%m

11 (asynchronous)



A9 4.1 Atlszannelunsasnaifaasannisi (3-7) (AnaeuulslsvaesdunnnaneananniATasfuundiamas stage 0 vidalladaliadn

= o

HATRI MAI 71 E/N, = 1 dB 1895 I1aiians low rate a1191 4 AW nstunisnuanitdsdaiiuliadwanysnd uardyanuaingldusias

= dl o 1 % [
AuNNDaLATRasU linFanu (asynchronous)

flfiaiian low rate Wl | owaul | wad | s | wedd | el | e ana | Aeena | dadaain
A1 1 2 3 4 5 6 7 doyeynd [udsdsau|  widn
1 1 -0.00094 | -0.00257 | 0.55963 | -0.00526 | 0.39074 | -0.00258 1 1.941 0.5085
2 1 -0.00698 | -0.00024 | 0.53172 | 0.00347 | 0.39302 | -0.00152 1 1.9214 | 0.51098
3 1 -0.00407 | 0.008578 | 0.53236 | -0.00398 | 0.39684 | -0.00211 1 1.9295 | 0.50989
4 1 0.000161 | -0.00628 | 0.53734 [0.007558 | 0.40014 [ -0.00264 1 1.9382 | 0.5087

cs



% o

A9 4.2 Atlszannelunsasnaiiaasannisi (3-7) (ArpeuidsdsuaesduannaneananniATasfuunaTiama s stage 0 vialladaliadn
HATEI MAI 71 E/N, = 1 dB 1895 Idiaian medium rate A9u9u 8 AY naninisacuguniasdailulilasinsanysnl uasdnynmang dusay

=2 dl s Yy o
ALNNDNLATRsL lnFaniu (asynchronous)

fldiadian medium Wl | owad | Wl | owedi | owadi | weil | e ana | A | fadeai
rate AL 1 2 3 4 5 6 7 deyoynos | wilsdaau | widn
1 1 0.008569 | -0.0006 | 0.49852 | -0.00974 | 0.39705 | -0.00256 1 1.8931 | 0.51578
2 1 0.005499 | -0.00409 | 0.55754 | 0.004185| 0.39675 | -0.00142 1 1.9604 | 0.50622
3 1 0.004426 | -0.00758 | 0.48602 | -0.00555 | 0.40134 [ -0.00294 1 1.8776 | 0.51765
4 1 -0.01626 | -0.01149 | 0.59932 | 0.005586 | 0.39297 | -0.00195 1 1.9701 | 0.50498
5 1 0.005503 | 0.003938 | 0.48151 | 0.004159| 0.3976 | -0.00238 1 1.8922 | 0.51611
6 1 0.001806 | -0.00656 | 0.56343 | 0.004543 | 0.39611 | -0.0017 1 1.9596 | 0.50669
7 1 -0.0051 | -0.00764 | 0.50494 | 0.006031| 0.39364 | -0.00132 1 1.8924 | 0.51534
8 1 0.000417 | 0.004729 | 0.49872 | -0.01071-] 0.39613 | -0.00195 1 1.8892 | 0.51574

€9
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A9 4.3 Atlszannelunsasnaifaasannish (3-7) (Arpenuidsdsuaesdun naneananniasasfuunadiames 7 stage 0 virailladsludadn
HATAY MAI) 71 E/N, = 1 dB 189 Id1aian high rate A9 8 AR naminasarupuniasdaiulileenanysal uasdnynrmang dusazaw

=2 -&l [ 1Y o
wnDaATeedy linFanii (asynchronous)

{ldaiau high rate Wl | wadl | wal | owed | el | wad@ | oweddd awna | Aeen | fadaain
AL 1 2 3 4 5 6 7 Aoyoynnu | wadsdsou | widn

1 1 0.007033 | -0.00349 | 0.52588 | 0.009276 | 0.39721 | -0.00221 1 1.9356 | 0.51072
2 1 0.002887 | -0.02049 | 0.47769 | 0.004231 | 0.39522 | -0.00232 1 1.8591 0.52024
3 1 -0.01064 | -0.00572 | 0.46341 | 1.68E-05 | 0.3979 [ -0.00109 1 1.8457 | 0.52261
4 1 0.005542 | 0.001471 | 0.41966 | -0.00264 | 0.39792 | -0.00169 1 1.8221 0.5254
5 1 -0.00047 | -0.0035 | 0.56145 | 0.001635 | 0.39599 [ -0.00162 1 1.9554 | 0.50825
6 1 0.008902 | 0.002815 [ 0.47311 | 0.002518 | 0.3961 | -0.00108 1 1.8842 | 0.51649
7 1 -0.0074 | -0.00912.] 0.52498 | 0.002076 | 0.40148 [ -0.00173 1 1.9122 | 0.51302
8 1 0.002147 | -0.00023 | 0.49718 '|.0.006086 | 0.39647 | -0.00225 1 1.9013 | 0.51518

2]



DI ANAUDT MAI 1
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A9 4.4 Andszanmeluumaznalitasdunngi (3-14) (ArruulslsuaesdyonnaieananniATessuLLatiame s

o

stage) 91 E/N, = 1 dB 209 iailau low rate 41191 4 Al natinisAupuniadaluliatinsanysnl uazdryoannldusazaunnig

[

4 iy e
wzaaulidndanu (asynchronous)

gl aiau low rate W | wad | waf | wed | onad | wef | owedd | wadd | owesdd awna | Aeen | Fadeain
AL 1 2 3 4 5 6 7 8 9 Aoyoynnd | wadsdsou | widn

1 1 -0.00094 | -0.27263 | -0.00257 | 0.25815 | -0.00526 [ -0.10279 | 0.39074 | -0.00159 1 1.2642 | 0.66174

2 1 -0.00698 | -0.25688 | -0.00024 | 0.23945 | 0.00347 [ -0.10186 | 0.39302 | -0.00086 1 1.2702 | 0.65958

3 1 -0.00407 | -0.25538 | 0.008578 | 0.24592 | -0.00398 [ -0.10371 | 0.39684 | -0.00148 1 1.284 0.65391

4 1 0.000151 | -0.26319 | -0.00628 | 0.25119 | 0.007558 | -0.10962 | 0.40014 | -0.00146 1 1.2795 | 0.65496

GS



A9 4.5 Andszanneluumaznatiiasaunii (3-14) (AnAnuutlstlsanaesdynneneananniirasfuuuatiamefilia1dnnans
MAI 1 stage) 1 E/N, = 1 dB 2898 141 medium rate a1191 8 AW nstinsaaupnnnasdaiiuliletinsanysal wazdnynioann

¥ 1 =2 dl s Y o
A ldusiazauNnfATesdL linFanriu (asynchronous)

fldaiau medium Wl | wal | wa | owadd | waf | we | nafl | wad | owedddd awna | A | fadaain
rate AT 1 2 3 4 5 6 7 8 9 Aryoynnu | walsdsou | wvdn
1 1 0.008569 | -0.2541 | -0.0006 | 0.23867 | -0.00974 | -0.09638 | 0.39705 | -0.00125 1 1.2832 | 0.65462
2 1 0.005499 | -0.28172 | -0.00409 | 0.26219 | 0.004185 | -0.10859 | 0.39675 | -0.00114 1 1.2746 | 0.65792
3 1 0.004426 | -0.24162 | -0.00758 | 0.23324 | -0.00555 | -0.09439 | 0.40134 | -0.00108 1 1.2895 | 0.65158
4 1 -0.01626 | -0.27678 | -0.01149 | 0.28161 | 0.005586 | -0.11392 | 0.39297 | -0.00125 1 1.2615 | 0.66443
5 1 0.005503 | -0.23892 | 0.003938 | 0.23044 | 0.004159 | -0.09827 | 0.3976 | -0.00102 1 1.3041 0.64596
6 1 0.001806 | -0.27524 | -0.00656 | 0.27356 | 0.004543 | -0.11116 | 0.39611 | -0.00103 1 1.2832 | 0.65383
7 1 -0.0051 | -0.24034 | -0.00764 .| 0.23253 | 0.006031 [ -0.09837 | 0.39364 | -0.00081 1 1.281 0.65514
8 1 0.000417 | -0.24414 | 0.004729 | 0.23561 | -0.01071| -0.09119 | 0.89613 | -0.00126 1 1.2911 0.65089

99



A91991 4.6 AnUszaneluusaznatirasauniai (3-14) (Aamanutlstlsanaesdyunneneanannrasduuuatiamasiiordnuans MAI 1
stage) 91 E/N, = 1 dB 204 liailau high rate 419w 8 A nstunigmuaninasdailulilatneanysnl uazdnyannmngldusazauuiis

dl [ 1 v o
wAraasu linEannu (asynchronous)

fldaiau high rate Wl | wad | v | wad | wadli | owad | weadi | wad | oweddd e | Aeea | Fageain
AL 1 2 3 4 5 6 7 8 9 Foyoynd | wdsdsouw | urdn
1 1 0.007033 | -0.25559 | -0.00349 | 0.25657 | 0.009276 | -0.10472 | 0.39721 | -0.00115 1 1.306 0.64582
2 1 0.002887 | -0.2323 | -0.02049 | 0.23683 | 0.004231 | -0.08926 | 0.39522 | -0.0014 1 1.2968 | 0.64866
3 1 -0.01064 | -0.22204 |-0.00572 | 0.23295 |0.000017 | -0.08963 | 0.3979 | -0.00057 1 1.3034 | 0.64571
4 1 0.005542 | -0.21334 | 0.001471 | 0.20822 | -0.00264 | -0.08609 | 0.39792 | -0.00085 1 1.3114 | 0.64322
5 1 -0.00047 | -0.2694 | -0.0035 | 0.26581 | 0.001635 [ -0.11105 | 0.39599 | -0.00088 1 1.279 0.65599
6 1 0.008902 | -0.23455 | 0.002815| 0.22759 | 0.002518 [ -0.09158 | 0.3961 | -0.00073 1 1.3123 | 0.64369
7 1 -0.0074 | -0.25497 | -0.00912 | 0.2577 |0.002076 | -0.10288 | 0.40148 | -0.00102 1 1.287 0.65202
8 1 0.002147 | -0.24344 | -0.00023 | 0.2422 | 0.006086 | -0.10354 | 0.39647 | -0.00135 1 1.2996 | 0.64847

VAS]



A9 4.7 Atlszannelunsasnaifaasannisi (3-7) (AnaeuuilslsvaesdunnnaneananniATasfuunadiama s stage 0 vidalladaliadn
HATIDI MAI) 1 E/N, = 7 dB 1e9iIf1aiaws low rate 37101 4 A nstunisaruanitdsdaiiuliadwanysnd uavdyayaing

TumazaunnDarreasu linfannu (asynchronous)

flfaiian low rate Wi | waf | owali | werd@ | wef | owaf | owesdd awna | A | fadeai
A1 1 2 3 4 5 6 7 dryeynnd | wdsdsau | widn
1 1 -0.00094 | -0.00168 | 0.55963 | -0.00026 | 0.099698 | -0.00224 1 1.6559 | 0.55412
2 1 -0.00698 | 0.001759 | 0.53172 | 0.002034 | 0.09894 | -0.00133 1 1.6278 0.5596
3 1 -0.00407 | -0.00069 | 0.53236 | 0.000632 | 0.10050 | -0.00196 1 1.6284 0.5589
4 1 0.0001561 | -0.00441 | 0.53734 [0.002152 | 0.098754 | -0.00213 1 1.6335 | 0.55797

89



AN97199 4.8 Atlszunnelunsasnaiiansannisi (3-7) (Arpaidsdsvaesdnnnaieanainiasassuunndiama s stage 0 vialladsliadn
dl ¥ A 4 o = o o [ 1 c % ¥
AR MA) 1 E/N, = 7 dB 2995 iadian medium rate 29421 8 A nstinsaauanmasdaiiuhletnsanysnd uazdnynyrouanndld

wiazAUNNNGATaeFL lunEanii (asynchronous)

fldaiau medium wafi | ward | el | wed@ | waf | owad | oweddd ana | Aeen | fadaain
rate LA 1 2 3 4 5 6 7 Aryoynau | wilsdsou | wtdn
1 1 0.008569 | 0.004186 | 0.49852 | -0.00071 | 0.099552 | -0.00243 1 1.6093 | 0.56515
2 1 0.005499 | -0.00115 | 0.55754 | -0.00211 | 0.099897 | -0.00111 1 1.6602 | 0.55444
3 1 0.004426 | 0.003489 | 0.48602 | -0.00182 | 0.10093 | -0.00216 1 1.6925 | 0.56778
4 1 -0.01626 | -0.00095 | 0.59932 | 0.001851 | 0.099026 | -0.00131 1 1.6834 | 0.55021
5 1 0.005503 | 0.003817 | 0.48151 | 0.002233| 0.10088 | -0.00177 1 1.5938 | 0.56831
6 1 0.001806 | -0.00265 | 0.56343 | 0.003213 | 0.099329 | -0.00165 1 1.6651 | 0.55367
7 1 -0.0051 |. -0.0037 | 0.50494 | -0.00002 { 0.1005. [ -0.00129 1 1.5969 | 0.56651
8 1 0.000417 | -0.00648 | 0.49872 | -0.00129 | 0.10073"| -0.00218 1 1.5915 | 0.56725

63



dl ! ! Ly all ! o dll o e rdl A dl o [
;13997 4.9 Atlszanasluusaznaizesanniei (3-7) (Araenulslmuesdannaieenaniesesiuunadiamasi stage 0 vieailadsluadn
AR MA) 1 E/N, = 7 dB 209 iaiian high rate 119w 8 AW natinisaauannidsdaiulilasnaanysnd uavdryouiaiannyldus

=3 dl o 1 % o
ArAUNDLATas U TN Fan Ay (asynchronous)

flfiailou high rate Wl | wal | owadi | owed | weli | wef | e wna | AR | Farer
AL 1 2 3 4 5 6 7 oy | walsdsou | urdn
1 1 0.007033 | 0.004168 | 0.52588 | 0.000845 | 0.10073 | -0.00215 1 1.6381 | 0.56116
2 1 0.002887 [ 0.001998 | 0.47769 | 0.000504 | 0.11000 | -0.00212 1 1.6825 | 0.56982
3 1 -0.01064 | -0.0054 | 0.46341 | -0.00173 | 0.098889 | -0.00085 1 1.5452 | 0.57941
4 1 0.005542 | 0.004692 | 0.41966 | 0.003853 | 0.097977 | -0.00152 1 1.6317 | 0.58079
5 1 -0.00047 | -0.00713 | 0.56145 | 0.00169 | 0.10067 | -0.00173 1 1.6561 | 0.55729
6 1 0.008902 | 0.00384 | 0.47311 | 0.001343 | 0.10064 | -0.00083 1 1.5886 | 0.56852
7 1 -0.0074 | 0.005442 | 0.52498 | 0.003244 | 0.099751 | -0.00168 1 1.626 0.56127
8 1 0.002147 | 0.00153 | 0.49718 | 0.004648 | 0.099676 | -0.00206 1 1.6047 | 0.56628

09
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A19799 4.10 AndszunaululAaznataesaunai (3-14) (ArpauudsdsavaesdyonnaiaanainiAsassuLnaTRane Sla I ANaas

MAI 1 stage) 71 E/N, = 7 dB 2845 Idlaiau low rate A11au 4 A nadinazaauauniidsdaiuliatsanysniuazdoysyioanngLdus

v o

azAuNNDaATeesU linSaniu (asynehronous)

fldaiau low rate waf | wadd | v | owedd | vl | owedd | nali | s | nedd awna | Aeen | Fageain
AL 1 2 3 4 5 6 7 8 9 Aoyoynnu | wilsrlsqu | uwiedn
1 1 -0.00094 | -0.28058 | -0.00168 | 0.19895 | -0.00026 | -0.02858 | 0.099698 | -0.00123 1 0.98633 1
2 1 -0.00698 | -0.26523 | 0.001759 | 0.18891 |0.002034 | -0.02976 | 0.09894 | -0.00082 1 0.98978 1
3 1 -0.00407 | -0.25585 | -0.00069 | 0.18951 | 0.000632 | -0.02591 | 0.1005 | -0.00092 1 1.004 0.94052
4 1 0.000151 | -0.2631 | -0.00441 | 0.18878 |0.002152 | -0.02736 | 0.098754 | -0.00135 1 0.9947 1

19



19797 4.1 Antlszannsluusiasnatizasannisf (3-14) (ArAduLlssauaesdtyniuaneanainasesdunatiame fila 19 nNaTaY
MAI 1 stage) 1 E,/N, = 7 dB 193 lfiadau medium rate 47131 8 AW natnspuAniasdaiiuhletnanysnd uazdnynyimann

A ldusiazauNnfaATesiylinFauriu (asynchronous)

fldiadiow medium waufi | wa | wal | wad | owali | owadd [ oneifl | wadd | owesddd ana | A | fageain
rate AL 1 2 3 4 5 6 7 8 9 deyoynos | wilsdsau | widn

1 1 0.008569 | -0.25483 | 0.004186 | 0.1834 | -0.00071 | -0.02484 | 0.099552 | -0.00098 1 1.0151 | 0.89057
2 1 0.005499 [ -0.2917 | -0.00115 | 0.20791 | -0.00211 | -0.0278 | 0.099897 [ -0.0009 1 0.99088 1
3 1 0.004426 | -0.24718 [ 0.003489 | 0.17897 | -0.00182 | -0.02539 | 0.10093 | -0.00085 1 1.0133 0.8966
4 1 -0.01626 | -0.28498 | -0.00095 | 0.2194 | 0.001851 | -0.03116 | 0.099026 | -0.00115 1 0.98706 1
5 1 0.005503 [ -0.24295 [ 0.003817 | 0.17964 | 0.002233 | -0.0261 | 0.10088 | -0.00094 1 1.0229 | 0.86857
6 1 0.001806 | -0.28472 | -0.00265 | 0.21621 | 0.003213 | -0.03078 | 0.099329 | -0.00092 1 1.0025 | 0.95238
7 1 -0.0051 | -0.23956 | -0.0037 | 0.17807 |-2.27E-05| -0.0255 | 0.1005 | -0.00103 1 1.0048 | 0.93521
8 1 0.000417 | -0.24551 {--0.00648. | -0.18342 |-0.00129-| -0.02378-| 0.10073--0.00089 1 1.0071 | 0.92229

29



13199 4.12 Atlszannuluusiaznailnesanniei (3-14) (ArannuilslsuaesdnyinneananniasasiuLuadiamasiia1annaTas
. v A » o = ° o 1 - ¥
MAI 1 stage) 1 E/N, = 7 dB 1845 L@t high rate a1uqt 8 AY nednsAaupnnnasasiiullatinanysal wazdnyoroanng 1

I =& dl o 1 v [
WHAAZALNIDNLATR T T nEau A (asynchronous)

g lfialau high Wl | owal | vl | owadi@ | wed | el | wed | wed | s wna | A | S
rate AL 1 2 3 4 b 6 7 8 9 doyoynos | wilsdsau | widn

1 1 0.007033 | -0.26729 | 0.004168 | 0.20743 | 0.000845 | -0.02882 | 0.10073 | -0.00101 1 1.024 0.86586

2 1 0.002887 | -0.23929 | 0.001998 | 0.18833 | 0.000504 | -0.02625 0.1 -0.00147 1 1.0279 | 0.85687

3 1 -0.01064 | -0.2218 | -0.0054 | 0.18833 | -0.00173 | -0.02235 | 0.098889 | -0.00047 1 1.0217 0.8716

4 1 0.005542 | -0.21816 | 0.004692 | 0.1616 | 0.003853 | -0.02445 | 0.097977 | -0.00077 1 1.0313 | 0.84968

5 1 -0.00047 | -0.27549 | -0.00713 | 0.21139 | 0.00169 | -0.0804 | 0.10067 | -0.00114 1 1.0001 | 0.99009
6 1 0.008902 | -0.24089 | 0.00384 | 0.17842 | 0.001343 | -0.0276 | 0.10064 | -0.00049 1 1.0252 0.863

7 1 -0.0074 | -0.25721 | 0.005442 | 0.20427 | 0.003244 | -0.03142 | 0.099751| -0.0015 1 1.0165 | 0.88617

8 1 0.002147 | -0.2489-| 0.00153 | 0.1874 |.0.004648 | -0.02929 |.0.099676.| -0.00117 1 1.0171 | 0.88435

€9
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0.12

ser no.

ision
one hard decision

W|th
st g W|th Nu

0.14
0.12
0.1
o 0.08
LUl
D 006
0.04
0.02

1 4 5 6
qw Q\Q{\Qﬂ‘liﬂ medium rate userno.
/ bE 11 dbIb Ny 1ava

SPIC stage 2

GW-PIC stage 2

proposed PIC stage 2 with hard decision
proposed PIC stage 2 with Null Zone hard decision

717 4.7 BER 2@95\4 medium rate uwsiazauilelfiATasiutlszinmnsing 71 E/N = 7 dB Lile
o o 1 c % ¥ 1 =2 dl o
nspruaninasdaluliatrsanysal uasdryyuangliusasaunnnisazasiu

lainFauriu (asynchronous)
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0.12

0.08

i
Ll 006

0.04

JLLL T

1 2 3 4 S 6 7 8
virtual high rate user no.

__| Matched filter

| Standard PIC stage 2

|_| GW weighted PIC stage 2

|| Proposed PIC stage 2 with hard decision

B Proposed PIC stage 2 with Null Zone hard decision

717 4.8 BER 2294l4 high rate usiazpuiiialgirsesiulszinnsne 1 E/N = 7 dB ilans
© o | 1 c o ¥ ! =X dl o 1
paupumasdaiinlledinanysnl uazdtynmandldusazaunitaesasiuly

WiBNAU (asynchronous)
4.3.1.1.2.2 N4504 synchronous

317 4.9 uaz 4.11 wansA BER wwasnesildnaiie E /N, 195 dnauiaaul]
IPENINNIFUUNEUFZNINLATANU 4 T0A AD AT ULNATAAMAS, SPIC, GW-PIC UaY

LPTRNTLTNINALBINET9ANITUNINADA 1 stage UAT 2 stage ANNAFL LHENITATLIANAAY

dululilatinaanysnd deliuamumanaiu gun 4.1 uay 4.3 A 1ATEI3L SPIC, GW-PIC uaz

' '
A o A

rasiununaualiiAn BER AAndnlAzadstlustiamasineiasasiununaualiiAn BER

oo 1
a A

1RALTANgAUAT BER LaAT849LA38931 SPIC, GW-PIC uaA¥Aa7tNtaLe IHaTdANaTd MAI

1 1
= 1o A

2 stage (317 4.11) HAAINI1HDT9ALATD MAI 1 stage (317 4.9) Asnlananalusinde

U

4.3.1.1.2.1 (N3t asynchronous)

ANgUN 4.9 uar 4.1 WaNAINLATENTULATESFULNATAALAA NI BER 1895
14 high rate §94n uazaasild low rate g (@9msaduiuNgl asynchronous) LHasaN
Arandniusdnessiautsznd el ld low rate Aufldauau Hetes (Auinldtazes

dsngnisallnd-lnadsinanlwinden 153 HAnatesnin) Seasnsoiaisonliained
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[ dl U %\I/ o‘d‘ ai A o‘d‘
1]92 N BN A U RN UL FNADAN NN FUNIUE 1 AT (WAUN 4 VRIANNIN (3-7)) AR WALN

v o 0]

6 o/

4 989A99N 4.13 (WAUATY UUNINAaANNNIUNIUE A low rate) taaindwaiil 4 289

6 o

mﬁ"m‘ﬁl 414 (WAl mmquLmiﬂm@mﬁmaunqusﬁ% medium rate) LL@:;mam*ﬁl 4.15 (WA
Fyrunmsunsnaaniiansunaudld high rate) leRansoundl EJN, = 7 dB Gwmsnedle {14
low rate  gnsunaudaedtyynnumsngentennditdld medium rate uaz high rate uaziile
fi1907 EJN, =1 dB WAl 4 289M19971 4.19 Heendnaeaneed 4.20 uaz 4.21

=X ¥ % o/ ¥ 1 v . .
it \alRN B:ﬂﬁ low rate Qﬂ‘iﬂﬂqumﬂmytyﬂmum‘ﬂ@@muﬂﬂﬂmIiJﬂ‘IJ medium rate WAL high

1 = v a a v

! a o o ?\// < ¥ dl s o =
rate FILLAEIINY @Q‘HM"’Q&M‘H1® asnaulnafeLATasuLNATAaIRaF U

o

synchronous (317 4.9) laiamfluniansndul

4 [ 3

d a4 vae o
RNH Ll low rate avi@analivianngn (A

polS

v
A o

asunaluindan 1.5.3) mazddansigurndamnanimsseIn (orthogonal) WEaNAaY-
% [ Y °I [~3 o U v dl a d’f 1 £ [ %

wiusduafiansasinliinasesisngnisallnd-lnanifiatuannisdedayananadng
A BILRLUE RN ENNTUsTNANA (MUl Processing Gain 38 MPG) anadle B9n1 i
nsnuuesateimtniaminiudnsnisdedaya 33 GW-PIC) L lduamwiniunig

o o 1 %; o «dl ¥ dd‘ o
USuFRtaatin N ANNATY N ULNINARANITNNITLNY (3TNt LAUE)

] 1 1 1 v 1
\WalFeumay BER wag waldiazesiui 4 9t Tunstl asynchronous (317 4.1

1
=

WAz 4.3) WAL synchronous (31#1 4.9 UA¥ 4.11) Wu31 BER Leatlunstl synchronous AN

v
o =

Ol 1 = dl o o dl [ 1
R1N9N9EW asynchronous (YNNTIUNNINIIUIANATAY MAI 1 stage Uay 2 stage) Niiluidu

) o v TV

XA oy o o P o =
WLUANAN Gold code ‘VlslﬂLﬂu?ﬁ@LLNN@m@m‘uﬁlﬂ]ﬂﬂ@ﬁﬁuwum]’mﬁﬂuﬁﬂsluﬂim

synchronous [20] @indrusunniunsnaennuisuniuiidesnslddoy wavdanalsd BER

[

1 v

lunsel synchronous 189LATRIFUTN 4 THARINGINTEHL asynchronous

917 4.10 Uaz 4.12 BArsn lunstli E /N, HAI6N WL9n Multiuser receiver Y)niin

(o]

161N SPIC, GW-PIC LAZAaN1NLaUe 1A BER NAINILATa9sULNATAAAaSldNIntIn 1y
al [ = o dl v a dl dl o/
\ARaiUNIEl asynchronous (A9 lABRLNE1N 4.2 Uay4.4) IIBIANNATEIAT QNN

unnauaaesdyynniunInaan

717 4.13 ugA3A" BER Ladiiatin Null Zone hard decision (A9gL#1 3.3 (b)) 114

AnAULIAT stage 1 0 waz stage 71 1 (Vi7a stage NoUNTN stage gATing) Wid1 BER A1N9N

\Hald hard decision #NARAWMWIALATUNSY asynchronous (AsiadunelugLh 4.5)
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N3N 4.13-4.15 uanAn lulsaznaldneasannigi (3-7) Wafasud E /N, = 1
dB Fawusmaudn 2, 3, 5 war 7 NAdNlnd 0 Wwwheadunnen 4.1-4.3 (N6l

asynchronous) WAYA13197 4.19-4.21 uandanluusasnaitesannisf (3-7) Wanansan

1
=

N EYN, =7 dB  Winadnsuiduneiumngei 4.7-4.9 (N3l asynchronous)  LEFNST
WAl 4 wesfldusazau  (Andszannmasdnyonnunsnaaanidnunsunoug dusazaw)
289N3t  synchronous  1AEN91989NgEl  asynchronous  tHa9RNANENANNUSINNTol

P =2 o' ¥ [y
synchronous Nﬂ'\WWNWHE’NZNN@Iﬂ@ﬁym’]muﬂ?ﬂﬂ@muﬂﬂ@\ﬂﬂG]Qﬂ

A3 4.16-4.18 WARIA1 lLLARENALIB9aNNT5T (3-14) (NTE synchronous) T4
Ae  ArAcuLslsausndnn e eangadATasiuLN AT aRasIlan1N 1A ATy cyIn
unsnaanaey liusiazau 1 stage 1 E/N, = 1 dB leslWinadnwoziduimsaiunsal

asynchronous (A9N3LATIZHEATRIAI3199 4.4-4.6 (NTel asynchronous))

AT 4.22-4.24 udnaAlLAaENAIa9aNNIsN (3-14) (N3E synchronous) T4
Aa  AlANLLssusIndnyn neanaedATa LN ATRAm eI N9 Ad Ty 0l
unsnaenvedy [Musazal 1 stage 1 E/N, = 7 dB laalduadnwossidumaaiung

asynchronous (A97N3LATIZFNAL8IA3197 4.10-4.12 (N9 asynchronous))

317 4.14-4.16 wan9An BER 183K ldusiazAun E /N, = 7 dB an1sng dusias AU
A1 BER hwhiuidesanarauduiusdinsznd wldusiasauilanliwiniussnlsasune

Tunstil asynchronous

angUn-4.14 wudngld low rate AW 4 W BER £9714A LHeIAINNILNIUAIN

o ! ¥ dl a rdl dl A
N UMINEBANINNIE G low rate AUBY (HAM3TNANNNALT 4 289aNNT7 (3-7) 17D

29NN 4.19 Hengandnaessldauan) luansidld low. rate Aun-1 HANszainves

o ~ v A ol A = A =
@Eyq.}l’]mLW]?ﬂ@ﬂﬂVlﬁJq?UﬂquuﬂﬁlVl@‘m (WAUN 4 URIANNTIIN (3-7) NTRURIMTINN 4.19 |

' '
! ° ISP o

ANANNER) TINANIFRIaTUgLN 4.14 71 BER 1091 low rate Auil 1 HAAM4A

MuaameaniuaInglin 4.15 Tgld medium rate wudnAnLszanaesdtyyI

UWNINADATNNITLNY (WAL 4 2BIANNI9T (3-7) WTRUBIANTIN 4.20) R lFAUN 2 1N

-

4n uAzA9IAUN 1 Haenga vinTinaN 1Ansaiugn 4.15 Aa BER 19914 medium rate AU

2 AAnnign uazaees 14 medium rate ALY 1 HA1 BER Anign
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a1ngUn 4.16 WA high rate wudnelszannsesdtynnunnaeanuisunau
(WALT 4 29IANNTN (3-7) VFRRA9N9N 4.21) VA IFAUN 7 NINNQALATIBIAUN 1 Taei
4R TNai iRzl 4.16 Aa BER 204514 high rate Awn 7 HAuniign uazaeesld

high rate AWY 1 JA1 BER A4

10
"
e 3
m 4
1]
7 p
ai]
. ;
" N
! 3
— matched filter i
—  SFIC stage 1 !
- - GW-PIC stage 1 !
--- proposed method stage 1 !
10° : :
0 ) 10 15

B:ﬂ% low rate (-o0-) ;jﬂ‘ﬁ medium rate (-v-) [;;\TL% high rate (-*-)

317 4.9 BER 029894 14 low rate {14 medium rate-uazf 14 high rate 1ia’ld
iredFLuNATHARas, SPIC, GW-PIC UWAAENTNIAUINEIANATEY MA 1
stage lunstipauanindsaniulilagnsanysaliazdoyoyrousandldusiazanun

DalATaaFUNTaNiu (synchronous)
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107
r
L
o
a
fany )
[nu]
3 !
= :
i — matched filter i i i
X —  SPIC stage 2 ! ! '
2| - - GW-PIC stage 2 ! ! '
107 F--1--- proposed method stage 2|7 Z227T-CToooIaTIoIoIioni
- —— ) e I 2o
0s 1 15 2 i 3 36

o
w
|
i)
==
o]
2
i
10°
--- proposed method stage 2 with hard decision 77777
F--1 — proposed-method stage 2 with/Mull Zone hard decision r-----
10* : :
] 5 0 15

E/N, (dB)

iﬂ‘ﬁ low rate (-o0-) iﬂgﬁ medium rate (-v-) tﬂgﬁ high rate (-*-)

7171 4.13 BER 1080909814 low rate £14 medium rate uaz&l4 high rate i{lald
eIl rdnNaTad MAI 2 stage TagiinWsridu hard decision
LAz Null Zone hard  decision fnAudaf stage 0 WaY stage 1
Tunsiinnsaruguniiadalulietinsanysal uasdyoangldusazaunnig

WTRIFuNFaNi (synchronous)



dl ! ! Ly dl ' o di o o rdl A dll
F1379% 4.13 Atlszanasluusiaznaiaesanniei (3-7) (Araeinutlslsauaesdnnamneenainiesesiuunadiamasi stage 0 veaiile
Tlaadnnanas MAI i E/N, = 1 dB 2835 ldaiau low rate A110U 4 AW natinisatuanmasdeduliatsanysnd uay

o Y = 45 £ FISL
mmﬁm@qﬂé‘lﬁjLmeummmemwmmu (synchronous)

flfiailon low rate Wl | wal | owadli | wadi | wadl | s | e wna | A | S
AL 1 2 3 4 5 6 7 oyl | wilsdsou | uwedn

1 1 0.005633 | -0.00575 | 0.31706 | 0.004821 | 0.40006 | -0.00186 1 1.7217 | 0.54178

2 1 -0.00528 | -0.01079 | 0.32465 | 0.00574 | 0.39447 | -0.00154 1 1.709 0.54384

3 1 -0.00567 | -0.00288 | 0.33594 |0.000009 | 0.39507 | -0.00147 1 1.7227 | 0.54195

4 1 0.011169 | -0.00404 | 0.36157 | -0.00627 | 0.39426 | -0.00161 1 1.7568 | 0.53583

LL



AN999 4.14 AndszunaslulAaznalaeasauniai (3-7) (Aradnuudstlsuaesdnyninaneanainipresiuuundiainasi stage 0 visaila

% 1

feliadnnaves MA) 91 E/N, =1 dB #eefldiaiiaw medium rate 39491 8 AW natinsatuanindsdeiiulledeanysal uay

Fouounnusanng IfusiazAunnDwaTasiindaniu (synchronous)

o

glfiadouw medium Wl | wa | Wl | owed | e | owadd | oweddd e | A | fadeain
rate AL 1 2 3 4 5 6 7 fryounns | wilsdsau | widn
1 1 -0.01024 | 0.005484 | 0.32347 | 0.000151 [ 0.39458 [ -0.00156 1 1.7136 | 0.54398
2 1 -0.00229 | -0.00631 | 0.45681 | 0.001887 | 0.39385 [ -0.0014 1 1.8444 | 0.52236
3 1 -0.00717 | -0.00777 | 0.37208 | 0.004429 [ 0.39378 [ -0.00129 1 1.7558 | 0.53696
4 1 0.003432 [ 0.004152 | 0.38688 | 0.001655| 0.39943 | -0.00141 1 1.7959 | 0.52974
5 1 -0.00746 | 0.015016 | 0.38945 | -0.00658 | 0.39595 | -0.00165 1 1.7865 | 0.53167
6 1 -0.01013 | 0.008251 | 0.36981 | 0.005035 | 0.39566 | -0.00243 1 1.768 0.53439
7 1 0.003791 [ -0.01103 | 0.33473 | -0.00464 | 0.39705 | -0.00193 1 1.7197 | 0.54201
8 1 -0.00495 | 0.000454 | 0.39841 | 0.002449. | 0.39005 | -0.00168 1 1.7865 | 0.53124

¢l



A9 4.15 Adszanadluusiaznadaasannis (3-7) (ArAnuuilstlsanaesdynnaieananninTasduuuatiamasi stage 0 vidaLla

% 1o

feliadnnazes MAI) 91 E/N, = 1 dB 1o ldiaiiaw high rate a1uaw 8 AW natinismauAumasadulilasnsanysnl was

o

Fruunnsanng MusazAUNINgATaITUNTaNRY (synchronous)

AR~ Q

glfiadan high rate Wl | wad | vl | owedd | nedd | wed | owesdd awna | Aeen | Fageain
AL 1 2 3 4 5 6 7 Aoyoynnu | wilsdlsqu | uwidn
1 1 0.00797 | -0.00135 | 0.36384 | 0.001504 | 0.3988 | -0.0016 1 1.7709 | 0.53391
2 1 0.01045 | -0.00721 | 0.43269 | 0.005666 | 0.40122 [ -0.00219 1 1.8425 | 0.52363
3 1 -0.00805 | 0.002612 | 0.41495 | -0.00724 | 0.39667 | -0.00193 1 1.7988 | 0.52963
4 1 -0.00436 | -0.00644 | 0.39249 | -0.00582 | 0.3986 | -0.00117 1 1.7751 0.53315
5 1 -0.00066 | -0.00041 | 0.39024 | -0.00381 | 0.39305 [ -0.00177 1 1.7784 | 0.53279
6 1 0.015128 | 0.002429 | 0.45531 | 0.007291 | 0.39913 [ -0.00156 1 1.8796 | 0.51774
7 1 -0:00216 | ~0.00495| 0.46139 | 0.009347 | 0.39327 | -0.00151 1 1.8573 | 0.52086
8 1 -0.01407 | 0.004662 | 0.42838 | 0.001153| 0.39766 | -0.00138 1 1.8182 | 0.52629

€L



AN997 4.16 Atszanndluusasnailaasanniei (3-14) (Araanullstsauaesdyninaneanainipresiuuundiaimas e
24PHATEY MAI 1 stage) 11 E/N, = 1 dB 2835 iiaian low rate 819w 4 A natinispauanitdsaadullagnsanysol uay

Arynyrouanng lusiazauNniNtATasiunGaniil (synchronous)

fldaiau low rate waf | vl | owedd | war | wedd | wedd | weili | wedd | e awnn | A | Fageain
AL 1 2 3 4 5 6 7 8 9 Aoyoynd | wilsdsou | widn

1 1 0.005633 | -0.16358 | -0.00575 | 0.15357 | 0.004821 [ -0.06562 | 0.40006 | -0.00106 1 1.3291 0.63618

2 1 -0.00528 | -0.16687 | -0.01079 | 0.15543 | 0.00574 | -0.0689 | 0.39447 | -0.00094 1 1.304 0.64541

3 1 -0.00567 | -0.1643 | -0.00288 | 0.16297 |-9.29E-06 | -0.06982 | 0.39507 | -0.00083 1 1.3155 | 0.64167

4 1 0.011169 | -0.18835 | -0.00404 | 0.17319 | -0.00627 | -0.07104 | 0.39426 | -0.00104 1 1.3091 0.64355

V.



AN997 4.17 Andszanadluusiasnadaesgunied (3-14) (Anaanaidslsauansdyninaneanainimrasiuunndiamnas e
13ANAEY MAI 1 stage) 11 E/N, =1 dB 1834 lfiaiiaw medium rate A1u9% 8 AL nstinsatuAnnndsdailulleteanysnl

wazdnynyouanng lusar AN D9LATasFLINFaNY (synchronous)

fldaiauw medium rate wafi | warl | wal | wesd | wedn | wadd | e | wadd | wedddd awna | Aeen | fadaain
AL 1 2 3 4 5 6 7 8 9 Fryoynd | walsdsou | uedn

1 1 -0.01024 | -0.15375 [ 0.005484 | 0.15739 | 0.000151 | -0.0651 | 0.39458 | -0.00088 1 1.3288 | 0.63596
2 1 -0.00229 | -0.22878 | -0.00631 | 0.22232 | 0.001887 | -0.09335 | 0.39385 | -0.00078 1 1.2876 0.6527
3 1 -0.00717 | -0.17962 | -0.00777 | 0.18239 | 0.004429 | -0.07466 | 0.39378 | -0.00078 1 1.3117 | 0.64325
4 1 0.003432 | -0.19511 | 0.004152 | 0.19046 | 0.001655 | -0.08048 | 0.39943 | -0.00101 1 1.3237 | 0.63852
5 1 -0.00746 | -0.19754 [ 0.015016 | 0.19003 | -0.00658 | -0.07825 | 0.39595 | -0.00077 1 1.3113 | 0.64286
6 1 -0.01013 | -0.1821 [ 0.008251 | 0.18643 | 0.005035 | -0.07925 | 0.39566 | -0.00117 1 1.3234 | 0.63827
7 1 0.003791 | -0.16743 | -0.01103 | 0.16588 | -0.00464 | -0.06672 | 0.39705 | -0.00107 1 1.3167 | 0.64125
8 1 -0.00495 | -0.19838 [ 0.000454 [ 0.19239 | 0.002449| -0.08192 | 0.39005 | -0.00117 1 1.3001 0.64737

G/



A997 4.18 Antszanndluusasnailaasanniei (3-14) (A1aanullssauaesdyninaneanainipresiuuundiainas e
1AANATEY MAI 1 stage) 11 Ey/N, = 1 dB #aafldiaiiaw high rate 19w 8 A nstinispaupuidsaiuliasnsanysnd was

Anynyruanng sz AuNIDeLATasINEaNi (synchronous)

gldiadlanl high rate waf | vl | vl | wa | wed | wadd | weili | wedd | el awnn | A | Fageain
AL 1 2 3 4 5 6 7 8 9 Aoyoynd | wilsdsou | wiln

1 1 0.00797 | -0.17857 | -0.00135 | 0.17926 | 0.001504 [ -0.07428 | 0.3988 | -0.00102 1 1.3334 0.6348
2 1 0.01045 | -0.21587 | -0.00721 | 0.21541 | 0.005666 | -0.09058 | 0.40122 | -0.00121 1 1.3187 0.6401
3 1 -0.00805 | -0.20186 | 0.002612 | 0.20381 | -0.00724 | -0.08263 | 0.39667 | -0.00123 1 1.3032 | 0.64579
4 1 -0.00436 | -0.19046 | -0.00644 | 0.19208 | -0.00582 | -0.0747 | 0.3986 | -0.00058 1 1.3093 | 0.64457
5 1 -0.00066 | -0.19526 | -0.00041 | 0.18718 | -0.00381 | -0.0773 | 0.39305 | -0.00096 1 1.3029 | 0.64649
6 1 0.015128 | -0.23206 | 0.002429 | 0.22287 | 0.007291 | -0.09552 | 0.39913 | -0.00082 1 1.3197 | 0.64001
7 1 -0.00216 | -0.22483 | -0.00495 | 0.22505 | 0.009347 | -0.09582 | 0.39327 | -0.00069 1 1.3003 0.6471
8 1 -0.01407 | -0.2069 | 0.004662| 0.21362 | 0.001153 [ -0.08765 | 0.39766 | -0.00084 1 1.3087 | 0.64406

9.



AN997 4.19 Adszanadlunsiaznadaasannisi (3-7) (AnAnuuilatsuaesdynmaneenanninTasduuuptiawmas stage 0 viFaLle

% |

deliadnnazes MA) #1 E/N, =7 dB 2edildiaiiaw low rate 419U 4 AU nstdnsAauanindsdaiiulileteanysal uay

o

Arynyruanng lusiazauNnDaATasdLnGaNii (synchronous)

A

ldiadou low rate waf | warl | el | wadd | e | owed | weddd wna | A | fadaain
AL 1 2 3 4 5 6 7 Aoyoynd | walsdsou | uedn
1 1 0.005633 [ -0.00154 | 0.31706 | 0.002392 | 0.099249 | -0.00154 1 1.4227 | 0.60984
2 1 -0.00528 | -0.00248 | 0.32465 | -0.00019 | 0.10106 | -0.00127 1 1.4179 0.6097
3 1 -0.00567 | -0.00356 | 0.33594 | 0.002157 | 0.10105 | -0.0014 1 1.4299 | 0.60726
4 1 0.011169 | 0.002344 | 0.36157 | 0.003837 | 0.1012 | -0.00136 1 1.4802 | 0.59278

Yy



AN9799 4.20 AndszunaululAazwalnesauniai (3-7) (Aradnuudstlswaesdninaneanainipresiuuundiainasi stage 0 visaila
feliadhnaves MA) 91 E/N, =7 dB #eefldiaiian medium rate A7uau 8 AW natinsacuanindsdailulledeanysol uay

ANy MusarAuNDATeFLINGeNTW (synchronous)

Alfialenw medium Wl | wadl | wal | owedd | nad | wad | wedld e | Aeea | Fadaain
rate AL 1 2 3 4 5 6 7 Aoyoynos | wilsdsqu | widn

1 1 -0.01024 | 0.00156 | 0.32347 | -0.00079 | 0.099254 | -0.00167 1 1.413 0.6129
2 1 -0.00229 | -0.00155 | 0.45681 | -0.00158 | 0.099364 | -0.00102 1 1.5513 0.5769
3 1 -0.00717 | 0.00757 | 0.37208 | -0.00013 | 0.10042 [ -0.00111 1 1.4731 0.59698
4 1 0.003432 | -0.00229 | 0.38688 | 0.002876 | 0.09988 [ -0.00097 1 1.4913 | 0.59119
5 1 -0.00746 | -0.00253 | 0.38945 | -0.00099 | 0.10096 | -0.00152 1 1.4794 0.5944
6 1 -0.01013 | -0.00159 | 0.36981 | -0.00012 | 0.09927 [ -0.00176 1 1.4569 | 0.59968
7 1 0:003791 | -0.00751 | 0.33473 | 0.000329 | 0.1016 [ -0.00141 1 1.433 0.60549
8 1 -0.00495 | 0.005153| 0.39841 | -0.00433| 0.099513 | -0.0013 1 1.494 0.58982

o

Aty

[}

8.



A9 4.21 AndszunaslulAaznalnesauniai (3-7) (Aradnuudstlswaesdninaneanainipresiuuundiainasi stage 0 visaila

feliadhnaves MA) 91 E/N, =7 dB #e3fldiadiaw high rate 99uaw 8 AW nstintsAauAuntdsdaiiuliasing

anysnd uardyoynsangdusiacAunnnapTasfunFannu (synchronous)

fldaiaul high rate waf | warld | el | wadd | e | wedd | weddd e | Aeen | Fadaain
AU 1 2 3 4 5 6 7 Foyoynd | walsdsou | uen
1 1 0.00797 | -0.001 0.36384 | -0.00066 | 0.1007 | -0.00109 1 1.4712 | 0.59639
2 1 0.01045 [ 0.002007 | 0.43269 | 0.000912 | 0.10043 | -0.0021 1 1.5459 | 0.57982
3 1 -0.00805 | 0.004101 [ 0.41495 | -0.00382 | 0.099832 | -0.00177 1 1.5067 | 0.58789
4 1 -0.00436 | -0.00067 | 0.39249 | -0.00094 | 0.099647 | -0.00084 1 1.4868 | 0.59244
5 1 -0.00066 | 0.002846 | 0.39024 | -0.00185 | 0.099725 | -0.00151 1 1.4903 | 0.59198
6 1 0.015128 [ 0.002814 | 0.45531 | -0.00196 | 0.097417 | -0.0015 1 1.5688 0.5729
7 1 -0.00216 [ 0.002031 | 0.46139 | -0.00349 | 0.10056 | -0.0012 1 1.5587 | 0.57548
8 1 -0.01407 | -0.00475| 0.42838 | 0.000819 | 0.098487 | -0.0012 1 1.5092 | 0.58639

6.



A997 4.22  Atlszanndluusaznailaasannisi (3-14) (A1l slaauaesdyninaneanainiprasiuunndiainas e rdnnaans
MAI 1 stage) 7 E/N, = 7 dB 2845 ld@iau low rate 4019w 4 A nstinazaruAnnidsdaiiuliedeanysnd uazdtyeyrnsannild

WHAZAUNNDIATRIFUNFENAU (synchronous)

gl aiau low rate Wl | wald | v | owef | wad | owedd | nefl | owe | neddd awna | A | fadeni
AL 1 2 3 4 5 6 7 8 9 Aoynynd | wiladsou | win

1 1 0.005633 | -0.15734 | -0.001564 | 0.10973 | 0.002392 | -0.017 |[0.099249| -0.00112 1 1.0411 0.8314

2 1 -0.00528 | -0.16041 | -0.00248 | 0.11189 | -0.00019 | -0.01793 | 0.10106 | -0.00092 1 1.0267 0.8595

3 1 -0.00567 | -0.16184 | -0.00356 | 0.11675 | 0.002157 | -0.01905 | 0.10105 | -0.00095 1 1.0297 0.8529

4 1 0.011169 | -0.17731 1 0.002344 | 0.12099 | 0.003837 | -0.02086 | 0.1012 | -0.00068 1 1.0415 0.8308

08



A9 4.23 Andszanadluusiaznaidaasanni (3-14) (Araanuud sisauaasdniannaneanainiprasiuunndiaines e rdnnatns

MAI 1 stage) 71 E/N, = 7 dB 9844 llailan medium rate 47191 8 AL Nainnsarupuniasdaiiulileeinanysal uas

Aryynuanngliusiazaunniirzasiundeuiu (synchronous)

A lfiadiaw medium wali | wal | wadi | owed | owadi | weud | wedd | weidd | e awna | Aeea | Fadeain
rate AL 1 2 3 4 5 6 7 8 9 Aryynad | wilsdsou | wtdn
1 1 -0.01024 | -0.14033 | 0.00156 | 0.11383 | -0.00079 | -0.01486 | 0.099254 | -0.00099 1 1.0483 0.8198
2 1 -0.00229 | -0.21375 | -0.00155 | 0.16239 | -0.00158 | -0.02399 | 0.099364 | -0.00072 1 1.0188 0.8794
3 1 -0.00717 | -0.17293 | 0.00757 | 0.13381 | -0.00013 | -0.01908 | 0.10042 | -0.00076 1 1.0428 0.8286
4 1 0.003432 | -0.18959 | -0.00229 | 0.14065 | 0.002876 | -0.02194 | 0.09988 | -0.00074 1 1.0333 0.8457
5 1 -0.00746 | -0.18008 | -0.00253 | 0.13426 | -0.00099 | -0.01873 | 0.10096 | -0.00098 1 1.0255 0.8623
6 1 -0.01013 | -0.17318 | -0.00159 | 0.13695 | -0.00012 | -0.01972 | 0.09927 | -0.00087 1 1.0315 0.8493
7 1 0.003791 | -0.156945-{ -0.00751 | 0.11857. |.0.000329 | -0.01581.- 01016 | -0.00086 1 1.0416 0.8306
8 1 -0.00495 | -0.19479 [ 0.005163 | 0.14415 | -0.00433| -0.01985 | 0.099513 | -0.00107 1 1.025 0.8635

18



A999 4.24 Adszaunaslunsiaznadaesannied (3-14) (Anpenil sl sauaesdyminanaanannimrasiuunadiamas iaadnnaaas MAI 1
dl ¥ A . o = o o 1 o o ¥ '
stage) 7 E/N, = 7 dB 2845 If1aiiaw high rate A1uau 8 Al neminisasuanitdsdaiuliednsanysnd uazdtynuangldusiay

AUNNINLATEIFUNFBNY (Synchronous)

e high rate Wl | wadd | owal | owed | wad | owef | nefl | owedd | neddd ana | Aeea | Fadeai
AL 1 2 3 4 5 6 7 8 9 Arynynd | wilsdsou | widn

1 1 0.00797 | -0.1723 -0.001 0.13288 | -0.00066 | -0.0182 | 0.1007 | -0.00079 1 1.0497 | 0.83163
2 1 0.01045 | -0.19988 | 0.002007 | 0.15657 |0.000912 | -0.02319 | 0.10043 | -0.00104 1 1.047 0.83125
3 1 -0.00805 | -0.19081 | 0.004101 | 0.15089 | -0.00382 | -0.01947 | 0.099832 | -0.00148 1 1.0325 | 0.86424
4 1 -0.00436 | -0.17841 | -0.00067 | 0.14264 | -0.00094 | -0.0199 | 0.099647 | -0.00066 1 1.0385 | 0.84685
5 1 -0.00066 | -0.17567 | 0.002846 | 0.13113 | -0.00185 | -0.01882 | 0.099725 | -0.00112 1 1.0367 0.8508
6 1 0.015128 | -0.21975 | 0.002814 | 0.16507 | -0.00196 | -0.02184 | 0.097417 | -0.00067 1 1.0369 | 0.85454
7 1 -0.00216 | -0.21171 | 0.002031 | 0.16629 | -0.00349 | -0.02322 | 0.10056 | -0.00068 1 1.0287 | 0.87143
8 1 -0.01407 | -0.18759 | -0.00475 | -0.15375 | 0.000819 | -0.02167 | 0.098487 | -0.00101 1 1.0252 | 0.87757

Z8
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0.08

0.06

BER

0.04

0.02

ard PIC stage 2

e P C s \
wrthh eC|S|on
s g W|th rd decision

eanysnd I @‘?mlflml,mamummlmﬂwu

RS

i dasd %)

< Vv 7l o
g )E

[ | Matched filter
L] Standard PIC stage 2

|| GW weighted PIC stage 2

|| Proposed PIC stage 2 with hard decision

B Proposed PIC stage 2 with Null Zone hard decision

7171 4.15 BER 204514 medium rate wriazawialdinTasiulszinmsine 91 E/N= 7 dB
d; o o 1 c % ¥ ] =2
wanisaaupuiasdaiiuhleensanysnd uazdynrnuaindldusazaunnds

dll o % o
LATANTLWIANNY (Synchronous)
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0.1

0.08 = —

0.06
e

E

D004 H H

0.02

o AL

T T T T T T T

1 2 3 4 5 6 7 8
virtual high rate user no.

Matched filter
Standard PIC stage 2
'] GW weighted PIC stage 2
|| Proposed PIC stage 2 with hard decision
B Proposed PIC stage 2 with Null Zone hard decision

717 4.16 BER 20451 high rate usiazpuiialdiasesiudszinnsine f E/N = 7 dB 1ie
nsaruanmAsdafluliatssanysnd uazdtunuandldusiazaunnnaezes

o % o
TUNWTANNU (synchronous)

4.3.1.2 nsqinnsmauaniiasdaiiuliladndlianysnl

4.3.1.2.1 WIS1NLARSNAIUUA AD

1. Auang laseniIn19dadasa low rate, medium rate Ua high rate
il 4, 4 waz 2 Au muansy Seneadudlfiaiiau 4, 8 uay 8 A
AuanAL. Tnednsandsdedeyaresifld high rate iy 2 win veffld

medium rate uaziiln4 1via 289614 low rate

2. NAY ”mmﬁmﬁmﬁ«,ﬂ%ﬁmm;ﬁ% lowrate LU 16 dB
ARY ”mm&mmﬁmﬁuﬁ}@ﬁumm;ﬁ% medium rate 111 0 dB
NAY ”mtyﬂmﬁmﬁuﬂ%ﬁmmﬁﬁ% high rate 111 0 dB

3. finnnsanaeuunlunsdi meqmm@a;ﬁ%uﬁi@mumﬁaLﬂ?lms*u

v o = o ¥ 1 =K
WiaNAU (synchronous) UaENITIATY IR MUAATAUNITY
wizaeiulinFanmiu (asynchronous) TnaiAntlszdananaasy ldusias

AUNNNINszaeuuLgulutos 8 Tl
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43122 Nﬂﬁlﬁﬂ’]ﬂﬂ’liﬁ’]ﬂﬂ\‘l bl

431221 nsod asynchronous

37l 4.17 uaz 4.19 uaneA BER watveldnnawile E/N, veeildnnaunlaen
TUlneminnnsnRauifleuseninarsesiu 4 98n Ao WiesfUuNATAaIAeS, SPIC, GW-PIC
LaziressUTiiEua e rdAnisunsndan 1 stage WaY 2 stage AINANAL Lﬁfamimuaw
ffedadulietndlianysnl fle dndedunnndsuldaesdld ow rate geanindld rate au

ag) 16 dB @9 linaves BER wupeaiunstinisaruaniasdailulleteanysal (fagu

4.1 UaY 4.3) A LATASEU SPIC, GW-PIC uaziATasiuiaaua a1 BER 109 l4usiazaii

ANNILATRIFLUNATAALA R SAINTINAN13I9ANTUNINARA 1 stage WAz 2 stage

o o

Lﬁ@w’mwmﬁLm@'fﬁﬁmumslmmuﬁmmﬁﬁwumiﬁﬁﬁmﬁmiﬁmmé’l,% low rate
Q\mdﬁmﬁ medium rate AT high rate fﬁﬂﬁ’ﬂﬁﬁﬂgﬂpmmm@% medium rate LAz high rate
QNUNINABAAINANHNUINATY DI UEIH 1 low rate %ﬁmmmmmﬁd%ﬁmmmm “Usng
nsnflnd-lna” uavdenal¥ BER wAtveeieciins 4 wipresdld low rate flFrmndn

293¢ 1 medium rate ua high rate

A1n BER Wldanniesesiuunpdiamasnesifld medium rate uaz high rate wiian
gendng 1 low rate AeatndanAnARlFaNATaLENATNAm0 T IN14F MAT Wudn

MAI fia19auaesdf LA low rate Wanalaninndnaesild medium rate ua high rate

Tue3edliuuy SPIC aziinas1danatas MAL Na5stuaesdldauan usdain MAI

NaF192ueeld medium rate LAy high rate HAnuEANAAWIETATINNNEE MAT 1

1
a o

Y1_ANTANFRRUARELATaSLLNATNAAS LaviiaNanTNLATaasLILLIL GW-PIC 19 BER

'
A [

! v i ¥
AIN9LATEFLLLL SPIC gnednstinthutin  MAL Nasstusndngnsdedoya Tne

)

o o

Fotaetinuinaeddld low rate ANNga uazpesfld high rate gengn wsatinglefinnunig

1
°© o o =

° o . 3 e 4 AV i1 gy Ade A ~ o Wy o
NIURUARNININUINRUNLT U LLNu'\iVN@V]@uﬂ Lu‘ﬂ\‘iqqﬂsLUﬂ?mu (ﬂq@Q@ﬁqumm?U1@ﬂ@ﬂmﬂ

' [ 1

low rate gand1209Eldan 16 dB) MAI Naieueild low rate gniiesngausindulvisiagiag

%

5 o o A = oy Y N e g ve 8 o A
UINNUNATNGR Tuanen MAI VIZQ?W\‘IGLI@Q@? high rate Hananawsinau ot miind A

4N

a
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AatiRENUNLaueasliAY BER MAMNGNAE SPIC uay GW-PIC Liagainsaciagwin
winwansunandy unsngaaanuisunaug usasauizanaialddluanuaauin

A A A Ao 9 K A ° o 1 o 8y A o ,
ANAURIUFANUINIZATIN MAI 51]\1mﬂ’mﬂﬁ‘j‘ﬂﬂ‘wumﬁ]QﬂNuﬁﬁuﬂﬁlﬁﬂ\mﬁl’]&l'ﬂﬁl?'}ﬂ’i’a‘@\m'ﬂg@

wananiienFaumey BER sndnegiil 4.17 uaz 4.19 NANN3U9ANAT89 MAI 1
stage WA 2 stage MNATFL WUI1 BER 19A8U89LATEIFL SPIC, GW-PIC uagiininidue

[HadnNaTDd MAI 2 stage (317 4.19) HAENdHaIdaNAT89 MAI 1 stage (317 4.17)

o v a Gl

1 1 v 1 1
esanlun1srdnnares MAI 1 stage i MAI ig5133uldanndnnfndueanainipseasiy

|
A A

unATRAEeSNHAINRANAIAS AuTiuilatinunaing MAI Asdele W lfdn Tuaneiinng

13ANATEY MAI 2 stage Wil MAI 185199110 nT AN ARAUMAIANNITANATBINATES MAI

Tu stage 91 1 vinldlinAgangnsiasEaan uazidetnnaiaily MAI Asdelalduinndd

uazdanald BER 1a9anaqnna1ed MAI 2 stage ANNINUAIRINUIANITUNTNABALNEN
=

stage LAglQ

1
aaa

91l%1 4.18 uay 4.20 Warsanlunamil E/N, AAIAY NIINNNI9ITANITUNINADA 1

a
]
=

stage WAz 2 stage AINANAL WU BER 284K 1T low rate Arada 4 Tiiegien BER 7
Fnnd1 BER weefld medium rate waz high rate Talunniin asannnsddifl E/N, Seasin
tleymaasdynynsunauinaxinndnuanes MAL vinlidaynmaesd 14 medium rate uay
high rate gnunsnaanaIndeysu i ld low rate ladnaniin LLﬁi@Wﬂgﬂ‘ﬁl 417 uaz 4.19 7
E/N, frnge BER 209l low rate TueSessinia 4 siladlAisnninaesdld medium rate
LAz high rate atihafinlédda Wesanuases MAI Hunndanaresdtytunnisunauaunin
dnfifmAWlEa e 4 Tin 19911 medium rate WAL high rate gNUNINALAIN

dsngnisallnd-lnazesaesdld low rate

71#1 4.21 wansAn BER t@@eiiatn Null Zone hard decision (A4gu#i 3.3 (b)) 11l

1
=

AAudRTN stage N1 0 uaz stage N1 1 WUI1 BER Andnulald hard decision nsinaw 11

N

wenAunsinnsacuaniasdeiulledwanysaidimldesunaluiade 4.3.1.1.2.1 Tae
BER 1®11 Null Zone hard decision 8 l4ua4514 low rate §An6nd1Hald hard decision

o awve A a . ' da A - oo
ataiulidn Wemauriuwedld medium rate uaz high rate Mifwduiiliasaniansia
AUl medium rate wA¥ high rate QNUNINABARNALIEYINUURIL I low rate HINAWIN

1311911 Null Zone hard decision 8114 ld@nunsannlsf BER anaglaunniin
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R399 4.25-4.27 wandA1 luuAasnaltaagNnsf (3-7) WsarA1ANLlIUI91aNn

o o

fruru1nuaneanaeATeasLLLATAmesN stage 0 viralladsldlfadndtynniuninann
209 [ufazaunstinnizatuaninasdaiuliasdnelianysalilleWaisann E/N, = 1 dB
wudmwaili 2, 3, 5, uaz 7 AAdlng 0 TelinasiNeulanfasonluiaden 3.1.1 feilu
AANLU s uRsIuiuNAL 1 TeAe aunadynnnadans wallil 4 Ae wadlsun
Ay nnang@aaidnasuna Laznaili 6 Wuwailtlszannaesdyoyiusunau Iag
FN99T 4.25 LAAANTBNELE low rate WidanAilsEanasATy I uIMINAn (WAL 4)
a 4 1 rdl 1 d! =2 24 o/
HeAndlasndanaiin 1 Uszanns 10 Wi Teunensyld low rate gnaunauaINdynyniunsn
aanldunin Tuanenangsil 4.26 waz 4.27 LAASA99E1E medium rate waz high rate
o o dl e—dl a 1 rdl I 1 1 = 1 al/ = 2
FANAIAY w4 Heasnndanasin 1 adludes 4 wih e 6 Win sdunanaie §
medium rate 4a¥ high rate QRFUNIUANNATYEIUENINEBANNUAZASHA WF TN ming

J £ 1 ¥
AtiaendneaE L low rate

A137197 4.28-4.30 LAAIA TULAATNALUB9ANNN9T (3-14) TaAa ANANLLITUFIL
ANADY YN0 BNTBILATEIIL LN AT N ALATINENIN19IAR ATyt NN e AT 1T LAy
AU 1 stage N1 E/N, = 1 dB WuINAil 2, 4, 6 uaz 9 AN 0 Astaulannasounlu

o

Padiad 3.1.1

FIN9797 4.28 UARSAIDIE L low rate WLAWAN 3 taz 7 HA ki Ing 0 Mnlvian
ANLLTUIIBLAASLAAIENNNTT (3-15) BIUUAUNAIA 1 AB IUIANIAIRDT WAl 5 AD
waililszannesdnyainuwnsnaaanidnunsunaudnynnmiu ldaesldauiu - wailn 6
| L o rdl d‘ = dl :J/ 6\ dl 1
dunaifilszannaasdyyinusuniuw. waill 3 uaz 7. (Tedwisasvnnaauid 2 wail) fld
anunsndnielfasnanalgdneianuulalsuaesdld low rate MAIANIARNATDI MAI 1

o o |

4 v
stage Tl lAauiUdty o uunIndanmnmLiL

B399 4.29 Uaz 4.30 WaAANTa9E 14 medium rate WA high rate TIWLdWALR 3
uaz 7 Aadn1ng o Ailuduilitiesarnawadtynyiundulduedld medium rate uazang

{14 high rate tiaendnaesild low rate fanaulanldeduneluannisi (3-18) uazilils

U 49( o 6 o 6 o o dl
AN mmLL‘}Jiﬂmumuﬂuww@mmﬁmmmmmLmzwwu@mmﬁmﬁumumzmm:“m (3-22)

77

wazdanaliFntastiminlu stage 2 (@EeAunanAIAuulsluly stage 1) seffld

medium rate UAZ high rate HANYNFasNINNTe09E 1 low rate
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A13190 4.31-4.33 WAAIAN IULAATNAURIANNIN (3-7) WUAEIAUANTNA 4.25-

4.27 (E/N, = 1 dB) usiNa190u# E/N, = 7 dB WL IWALN 6 1896113799 4.31-4.33 WA
. N o el . . o4 o
NINNINVBIANTNA 4.25-4.27 Hasarnnaild 6 lualszunnmesdyninsunay T
E/N, = 1 dB Ana1994tyny nusunausnnndai E/N, = 7 dB asasna idanatinminaasy
THusazAulun1s9n 4.31 - 4.33 AAmnndrfanasdminaesnsed 4.25-4.27 el
i ldPAaiY nsnznarasdynusINAUg NIRRT nasTnAsaNnT (3-
28) widnAlszanuaesdyrnunngan (Wailhl 5) senaneeNTNd 4.25-4.27 ua 4.31-

4.33 AAlnAAsiuA NN

AN39N 4.34-4.36  LAANAN LUAATNALURIANANTN  (3-14) HULALAALMA1TIGN
4.28-4.30 (E/N, = 1-dB) WaiNanseu E/N, = 7 dB M1 Fntiasinminaeassnsen 4.34-
4.36 NANINNANBIANINNN 4.28-4.30 [WaaLNIdanaLaiy Wesanuaresdnyons

o a o/ 1 gg v o d. % 1 % dal e‘-ai dl
suNAUgNENINANTIUAFniasuuinasnlsina1axaude wanaintinaiin 3 uay 7 lumnsed
a

4.35 Uay 4.36 (199514 medium rate waz high rate mnatsL) JAwdIng 0 Aseulan

Aansadn luiadai 3.1.1

917 4.22-4.24 uanAl BER 204K IdURAZALAAN E/N, = 7dB T9n1shiildusiazau
= P e | o o o . Y N I = v
A1 BER lalwiniuislesandranduiuddnuszudaed lusazpuianlimniu Sefiansonls

ANANNIN (2-13) uaz (2-14) S ldndAanduAusiongiacdanaliinnsndulsain

1P3RF LN AT AT ANRANAIAAY UATINANANTUIRI99T 4.31 WUdNEld low rate

a

a a

P o o= R ya oo Y
ALY 2 HANLTTNARF U MUNINARRA (WAL 4) g9 FatiuAsdNa T ATARARlAAIN
wirasiuuNaTamasiauiianalagenmllfoy  lurneigldaun 4 Hendszunnuaeg

o dl & d‘ =K o Y d‘ v a % dl o A o=
ATYDYIUNTNARANHITUNIUUDLNEA m‘mﬂu‘ummmmmuimmnLm@\‘i:mu,umvdmmm

L A

PNRANAIATRETIAR TINATARITUgUN 4.22 71 BER 209614 low rate AuY 2 HAg

K1l

D

'
a

an uAzAANE LT low rate AWN 4 HANANNIGA

q

o

VNUBRALATUAINANI19% 4.32 HIF medium rate aui 4 HANUsznniuesdoyaun

unINaan (WAl 4) NusUNUNINNgaLazAUN 5 teaign M likanlAnsaiuglin 4.23
Aa BER 1a9i 14 medium rate AUN 4 AANINN4A uazpasild medium rate AUN 5 He

BER An71gn
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ANA979% 3.33 {1 high rate AuN 1 HANLUszanaeIdTy I IUIMINASA (WAl

&
4) ANNTLNIUNINAGAUAZAUTN 6 HaeNgn Tnanlfnseiuglhn 4.24 An BER 189414 high

rate ALN 1 WANNNTNER wazaa<tlid high rate AR 6 NA1 BER ANNAA

Awerage BER

1otL | — matched filter 1\ by 9
—  SPIC stage 1 e,
- - BW- PIC stage 1 ' s
- -~ proposed method stage 1 . o T o
5 [ !
10 : :
0 5 10 15

iﬂ% low rate (-0-) ;:ﬂgﬁ medium rate (-v-) Eifl,% high rate (-*-)

gﬂﬁl‘ 417 BER Lﬁaﬂﬂjﬂdﬁﬂ% low rate ;;TL% medium rate LL@zﬁﬂ% high rate Li'ﬂsﬁm??‘ﬂﬁu
wundTlawmes, SPIC, GW-PIC uasAafiiidue iWeadauazes MAI 1 stage Tu
nadlmrunairdedaduldadngliiauyenl heindednynniiifees 414 ow
rate N1NN91E 1 medium rate Uag high rate 9t 16 dB uazAryry1asany s

= dl o 1Y ar
ATALNNDNLATESU i nE a1 (asynchronous)



10" !
i :
L 1
Dj 1 :
T I 1
o I 1
[
z l !
I ! ;
i | — matched filter | | ““1:‘? “é\
gl V| — SPIC stage 1 | : | "‘:$\ N
V|- - GW-PIC stage 1 : : :
i | --- proposed method stage ; : : :
1 JnS 2 25 3 e 4 45 5
= ) ) A
719 4.18 dauzenglugag E /N.= 1 - 5 dB 28931319 4.17
10” : .
¥ T % == S s 3
w'E = ' |
e 107k
LUl 1
= l
E - : ~ S
0L : N B 3
: Lo © — ~4
; ESRRN
4| | — matched filter il |
& —  SPIC stage 2 o UR .
- - GW-PIC stage 2 8 ~.
--- proposed method stage 2 ! . e — -
10 ’ 2
0 5 10 15

;iﬂgﬁ low rate (-0-) ;:ﬂ% medium rate (-v-=) t?l,gﬁ high rate (-*-)

31/71 4.19 BER 128819314 low rate 14 medium rate uazfl4 high rate 1aldiAzae5y

[ %

wNAtHamas, SPIC, GW-PIC kaziantiduailaadnnatas MAI 2 stage T

|
o o

ArUUNUNTUY

[

nstupauAnnnasdalullasnaluianysnl Tnanids THueald low
rate H1NNF1E 1 medium rate Uag high rate @¢ 16 dB Laz&nyay AN IH WA

=2 dl o Yy o
azAuNNaLATeeFU linFaniu (asynchronous)
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-1

m oy !

- | |

z T P

T 1 1 [ 1 1

€ ! ! L TERE : '
| | | | | R |
| ' ' | | | r“.._‘-.h: . T '
i | — matched filter | b T L Y

0L 1 | — SPIC stage 2 ; ! AR P

v - - GW-PIC stage 2 | | ' T
E --- proposed method stage 2 E E E E
1 1.4 2 245 3 34a 4 4.5 A

9117 4.20 donagneliugag E/N.= 1 - 5 dB 9909317 4.19

--- proposed method stage 2 with hard decision
—— proposed method stage 2 with Mull Zone hard decision

Average BER

10

ﬂjﬂ,‘ﬁ low rate (-o0-) ;;TL% medium rate (-v-) t?l,gﬁ high rate (-*-)

gﬂﬁl 4.21 BER Lﬂgﬂm@d@% low rate &4 medium rate UazE\4 high rate fleldieiaasy
fiiniauafiardnuares MAI 2 stage TaaininWeridu hard decision wazHaridis
Null Zone hard decision Ap@udn? stage 0 uaz staget TWNIUAILANAIAIAN
duldetnlsiguysal Tnesndednyrynosisulfvesdld low rate unnndndld

medium rate WAz high rate agj 16 dB wAzATYrY AN I UFATAUNITNLATEY

5ulsinFannu (asynchronous)



AN99N 4.25  Antlszannslulsaznaiiaasaunisi (3-7) (ArraunilslsauaesdyananaanainiaTasiuunadiawmasi stage 0 vivalia

feliadnuanes MA) 71 E/N, = 1 dB 2098 Latadian low rate A7143u 4 AW nstinsrauANindsdaiullasing

o

1
o o

Tlanysal nafdsdryoyrnniulsaes 14 low rate uanndngld medium rate ua high rate @ 16 dB uarAtymyIaIn

[

|
G o

AlusiazaunntaAzesiylinianmi (asynchronous)

fldiaiian low rate Wl | wal | owad |owad | owed | v | e wna | A | fadead
AL 1 2 3 4 5 6 7 Ayoynau | wilsilequ | wiedn

1 39.8107 | 0.15013 | 0.16256 4.638 |[0.002229 [ 15.5589 [ -0.04726 [ 6.3095 | 60.3357 | 0.58321

2 39.8107 | 0.15557 | -0.156428 | 4.7948 | -0.03934 | 15.8562 | -0.04805 | 6.3095 | 60.4361 | 0.58234

3 39.8107 | -0.17164 | -0.00011 | 3.6999 | -0.17146 | 15.8784 | -0.03371 | 6.3095 | 59.0711 [ 0.59049

4 39.8107 | 0.17322 | -0.27851 3.865 | -0.02773 | 15.9797 | -0.04744 | 6.3095 | 59.5345 | 0.58737

6



AN99N 4.26  Atlszannslulsaznaiiaasaunisi (3-7) (Anpeulsilsauaesdny o nuanaananniaTasiuunaTHawmas stage 0 vivalia

feliadnuanes MA) 91 E/N, = 1 dB 909¢ Liaieu medium rate A7W3u 8 AU nstinsacuANindsdaiulilesing

o

'
o o v

Tlanysal nardsdryoyrnniuliaas 14 low rate #annangld medium rate uaz high rate @ 16 dB uaAtyryIan

[

|
i o

L usarauNDaATesiylinianmii (asynchronous)

{lfiadlow medium rate wafi | wad | el | owadd | e | wad | oweddd awna | A | fagaain
AL 1 2 3 4 5 6 7 Ayoynau | wilsdlsqu | widn

1 1 -0.00153 | 0.001875 | 6.1801 | -0.01452 | 0.006668 | -0.00496 1 7.5651 0.29068
2 1 -0.01007 [ 0.011615 | 5.7387 |0.001254 | -0.03173 | -0.00572 1 7.1386 [ 0.29456
3 1 0.02328 | 0.001665 | 5.7659 |0.029559 | 0.013822  -0.01172 1 7.2139 [ 0.29194
4 1 -0.00051 | -0.00676 | 5.4792 |0.000822 | 0.006936 | -0.00622 1 6.8756 [ 0.29807
5 1 -0.00847 | 0.001209 | 5.2896 | 0.006668 | 0.39817 [ -0.00665 1 6.6872 [ 0.30027
6 1 -0.04743°( 0.001251 | 6.2761 | -0.03173.0.39345 |-0.00365 1 7.5956 [ 0.28388
7 1 -0.00794 | -0.01512 | 5.586 |0.013822| 0.40157 | -0.00583 1 6.9795 0.2954
8 1 -0.02311. [.-0.00425 | 5.3898 | 0.006936 0.39431 | -0.00391 1 6.7665 | 0.29982

€6



AN 4.27  Atlsennnelunsasnaifansannish (3-7) (AnAnuulsdsuaesdnnnmnaananniaTasfuunadiama s stage 0 visallia

f9liadnnazes MA) #1 E/N, = 1 dB 1096 L4iaiia high rate 4119w 8 AW AstinspauANitdsdaulilaing

o

Tdanysnl Tnannasdrynyrauniuléues 14 low rate 1nnnangld medium rate uaz high rate @t 16 dB wazdnyayIUaIN

'
A [

¥ ! =X Y o
HldusazaunnfaaTesiulindaniu (asynchronous)

flfiailaw high rate Wi | warl | Wl | wed@ | wai | wed@ | nedd A | AvAaa | Fadaarin
AL 1 2 3 4 5 6 7 fryoynns | wilsdaau | widn

1 1 -0.02933 | -0.00334 | 5.744 | 0.002373 [ 0.39393 | -0.00456 1 7.1102 | 0.29539
2 1 -0.00634 | 0.003653 [ 4.4828 | -0.01178 | 0.39692 | -0.00453 1 5.8665 | 0.31923
3 1 -0.01136 | -0.00538 | 5.6812 |[0.002298 | 0.39974 | -0.004 1 7.0696 | 0.29901
4 1 0.010969 | -0.00205 | 4.8489 | -0.00301 | 0.3969 | -0.00427 1 6.2537 | 0.30975
5 1 0.023363 | -0.00024 | 5.5948 | -0.00971 | 0.39436 | -0.00712 1 7.0024 0.3005
6 1 0.030827 -0.01454 | 13:.9672 | -0.01239 |- 0.39541 | -0.00366 1 5.3683 | 0.33074
7 1 0.01006 | -0.00327 | 5.5193 | -0.00995 | 0.3986 | -0.00575 1 6.9159 0.3006
8 1 0.047024 | -0.00667 |~ 5.2053 | -0.02128| -0.3945 | -0.00328 1 6.6222 0.3052

v6



AT 4.28  Atlsznnnelunsasnaifansannisi (3-14) (ArAdnnLlstsuaesdninaneanainipresiuuuadiaines ilardnnatas

MAI 1 stage) #1 E/N, = 1 dB 2845 11601 low rate 4113w 4 AY naainnsasuAnnidedafiuliedingldanysal tne

o o o

TN Tatallallalaliy

1
A

=)
tNLATANTU

'
=

o

1 v [
lainFanu (asynchronous)

Suldaas 14 low rate Hann3aild medium rate UaE high rate 8¢} 16 dB wazdtyyiaanng lusdazauun

fldiadiaw low rate Wi | warl | wad | waef | wali | wesd@ | wal | wed | neddd awna | Aeea | Fadeain
AL 1 2 3 4 5 6 7 8 9 Aryoynad | wilsdsou | widn

1 39.8107 | 0.15013 | -3.2437 | 0.16256 | 1.9809 |0.002229 | -1.3073 | 15.5589 | -0.00072 [ 6.3095 | 53.1239 | 0.63415

2 39.8107 | 0.16557 | -3.3638 | -0.15428 | 2.0163 | -0.03934 | -1.2654 | 15.8562 | -0.001 6.3095 | 53.0252 | 0.63507

3 39.8107 | -0.17164 | -2.5855 | -0.00011 | 1.6171 | -0.17146 | -0.93593 | 15.8784 | -0.00058 | 6.3095 | 53.4651 | 0.63122

4 39.8107 | 0.17322 | -2.8096 | -0.27851 | 1.6813 | -0.02773 | -1.0604 | 15.9797 | -0.00086 [ 6.3095 | 53.4763 | 0.63105

G6



A9 429 Andszanasluisiaznadaesannisd (3-14) (Anaasndsdsuaesdninuaneananniazasiuunadiamas laadanaaes
MAI 1 stage) i E/N, = 1 dB 204§ Idlanen medium rate 2791 8 A nstinisaauauniasdaiuliatnqlianysnd ne
. o o

nasdtyaasniulines 14 low rate unnnanEld medium rate uaz high rate @ 16 dB wazdayayuang ldusazAumn

=X d‘ o 1 % o
aAzassulinFanty (asynchronous)

flfiadiew medium Wi | wal | wal | wad | el | wedd | waif | waf | neidd e | Aven | Fadaa
rate LA 1 2 3 4 5 6 7 8 9 Aryaynd | wilsdsouw | wiin

1 1 -0.00153 | -0.0859 |[0.001875| 0.65071 | -0.01452 | -0.02857 | 0.39657 | -0.00072 1 1.9191 | 0.51258
2 1 -0.01007 | -0.08386 [ 0.011615 | 0.65718 [ 0.001254 [ -0.0363 | 0.39568 | -0.00075 1 1.9361 0.5105
3 1 0.02328 | -0.09549 | 0.001665 | 0.58877 | 0.029559 | -0.05454 | 0.39806 | -0.00132 1 1.8904 | 0.51632
4 1 -0.00051 | -0.07792 | -0.00676 | 0.59916 | 0.000822 | -0.03951 | 0.40223 | -0.00086 1 1.8774 0.5184
5 1 -0.00847 | -0.07125 [ 0.001209 | 0.57653 | 0.006668 | -0.0328 | 0.39817 | -0.00096 1 1.8705 | 0.51877
6 1 -0.04743 | -0.04963 [ 0.001251 | 0.68342 | -0.03173 | -0.01114 | 0.39345 | -0.00068 1 1.9386 | 0.51112
7 1 -0.00794 | -0.09083 | -0.01512 |-0.60982 | 0.013822| -0.05134 | 0.40157 | -0.00119 1 1.8599 | 0.52067
8 1 -0.02311 | -0.07438 [ -0.00425 | 0.56226 | 0.006936 | -0.03442 | 0.39431 | -0.00105 1 1.8279 0.5251

96



AN9199 4.30  Atlszanneluusasnaifansannish (3-14) (ArAnaulsilawaesdynnmaneanainrsesiuuundiaines iardnuaanas

MAI 1 stage) i E/N, = 1 dB 2845 14iadau high rate 47191 8 AU natinsAuaninasdeilullednslianysnl Tng

o o ar

el StafaliaTlals N7

= -dl o Yy o
naereedyluindanii (asynchronous)

1
=

Suldans {14 low rate 19AN3 14 medium rate Uag high rate 8¢} 16 dB uazdtyyiasanng lusazauun

glfiailaw high rate WAl | owad | wad | wedd | owail | weild | wedd | weidd | e awna | Aeea | fadeain
AL 1 2 3 4 5 6 7 8 9 Aryynaud | wilsdsou | widn

1 1 -0.02933 | -0.04638 | -0.00334 | 0.57028 | 0.002373 | -0.02677 | 0.39393 | -0.00183 1 1.8604 | 0.52116
2 1 -0.00634 | -0.0657 {0.003653 | 0.50461 | -0.01178 | -0.01627 | 0.39692 | -0.00097 1 1.8052 | 0.52886
3 1 -0.01136 | -0.05458 | -0.00538 | 0.5825 | 0.002298 | -0.03462 | 0.39974 | -0.0016 1 1.8785 | 0.51858
4 1 0.010969 | -0.08205 | -0.00205 | 0.56427 | -0.00301 | -0.03111 | 0.3969 | -0.00095 1 1.8545 0.522
5 1 0.023363 | -0.0988 | -0.00024 |-0.64091| -0.00971 | -0.02434 | 0.39436 | -0.00135 1 1.9252 | 0.51404
6 1 0.030827 | -0.09126 | -0.01454 | 0.47539 | -0.01239 | -0.02006 | 0.39541 | -0.00081 1 1.7639 | 0.53669
7 1 0.01006 *| -0.09958. | -0.00327 |-0.64043 | -0.00995| -0.0329 | 0.3986 1 -0.00111 1 1.9032 | 0.51477
8 1 0.047024 | -0.11937 | -0.00667 | 0.54424 | -0.02128 | -0.01149 | 0.3945 | -0.00039 1 1.8275 0.5258

/6



AN997 4.31  Atlszunneluusaznaiiansannisil (3-7) (Arpauldsdsanaesdynnaneaananniasasfuunadiama s stage 0 viralila

feliadnuanea MA) 91 E/N, = 7 dB 2096 Litaiau low rate 4719w 4 A nstinsacuanindsdaiuliesing

[

Tanysnd Inennasdnynyrnunivldaes 14 low rate 19nn97ELd medium rate uaz high rate 8¢ 16 dB uazATyaIIRAN

|
=

b 1 = [ 1 v o
ﬁﬁmumamummLm@ﬁuium@mu (asynchronous)

gldiaiian low rate Wl | owal | owed | owedn | wad | wedl | e wna | Aeen | Fadeai
AL 1 2 3 4 5 6 7 frynynd | wilsdsau | uwedn

1 39.8107 | 0.15013 | -0.02458 | 4.638 | -0.02886 | 4.0201 | -0.04034 | 6.3095 | 48.5738 | 0.68407

2 39.8107 | 0.15557 | 0.087749| 4.7948 | 0.02928 | 3.9767 |-0.04153 | 6.3095 | 48.8121 | 0.68119

3 39.8107 | 0.17164 | -0.20415 | 3.6999 | -0.01271 3.983 |-0.02884 | 6.3095 | 47.5781 | 0.69991

4 39.8107 | 0.17322 | -0.34517 | 3.565 | -0.00879 | 3.9771 | -0.01951 | 6.3095 | 47.1233 | 0.70735

86



dl 1 ] Ly dl i o dll o e rdl A dll
AN99N 4.32  Atszunndluusaznaliasauniai (3-7) (ﬁ’]ﬂ’)’]ﬂJLLﬂﬁ‘ﬂ‘i')uﬁJﬂﬂ ﬂgﬂgqmmﬂﬂ’ﬂﬂﬂﬁﬂLﬂT’BQTULLNWHW@Lﬁ@?‘V} stage 0 N7BLND

d9liadnnazes MAI) 71 E/N, = 7 dB 1euldiaiiaw medium rate 49491 8 AL nstinsatuanindadaiulledi

o

Tdanysnd Tnanndsdrynyrauniuliues I low rate 1annangld medium rate uaz high rate ag 16 dB uazdryryiann

|
=

b 1 =& [ 1 v [
ﬁﬁmLLma:mumﬁnqLm@ﬁuium@mu (asynchronous)

gldiaiian medium Wl | owad | owed | owadn | wadi | wedl | e awnn | A | Faraein
rate LT 1 2 3 4 8 6 7 oyl | wilsdsou | uwedn
1 1 -0.00153 | -0.0029 | 6.1801 | 0.00792 | 0.099915 | -0.00476 1 7.286 0.29654
2 1 -0.01007 | 0.00266 | 5.7387 | 0.001217 | 0.099339 | -0.00525 1 6.8334 | 0.30069
3 1 0.02328 | -0.00031 | 5.7659 |0.006977 | 0.10039 | -0.01102 1 6.8921 | 0.29812
4 1 -0.00051 [ 0.001218 | 6.4792 | -0.00832 | 0.10071 | -0.00498 1 7.5739 | 0.28025
5 1 -0.00847 | 0.000939| 5.2896 | 0.007733 | 0.09995 | -0.00732 1 6.3888 | 0.30652
6 1 -0.04743 | 0.006571 | 6.2761 | -0.00322 | 0.099812 | -0.00395 1 7.3352 | 0.28829
7 1 -0.00794 | -0.00366 | 5.586 | 0.011629| 0.10003 | -0.00636 1 6.6864 | 0.30101
8 1 -0.02311 |.-0.00214 | 5.3898 |.0.000263 | 0.10166 | -0.00432 1 6.4686 | 0.30602

66



AN999 4.33  Atlsennnlunsasnaiiansannish (3-7) (ArpantlslsauaesdnnnmieananniAzasiuunaTHae s stage 0 viaLile

feluiadnnaaas MAI) 1 E/N

[o]

= 7 dB w83 Idfladlas high rate A14a1 8 AL NetinnsAtuANRAsdaluliating

1
v o o

Tlanysal Tnardsdryoynniuldaes 14 low rate 1ann39 14 medium rate ua high rate agj 16 dB uazAtynyIaIN

[

@%Lwi@mum'ﬁaLﬂ%ﬁuiﬁiw"f@mﬁu (asynchronous)

gl4iadlou high rate waf | ward | wald | wedd | wafd | wedd | weddd awna | A | Fagaain
AL 1 2 3 4 5 6 7 Aoyoynd | wilsdsou | uedn
1 1 -0.02933 [ 0.000057 | 5.744 | -0.00531 | 0.10058 | -0.00415 1 6.8127 | 0.30155
2 1 -0.00634 [ 0.004749 | 4.4828 -0.009 | 0.10092 | -0.00448 1 5.5742 | 0.32719
3 1 -0.01136 | -0.00318 | 5.6812 |0.001346| 0.10019 | -0.00332 1 6.7717 | 0.30592
4 1 0.010969 | 0.008759 | 4.8489 |0.000294 | 0.099223 | -0.0039 1 5.9702 | 0.31645
5 1 0.023363 | 0.000041 | 5.5948 |0.003656 | 0.09848 | -0.00735 1 6.7197 | 0.30708
6 1 0.030827 | 0.001314 | 3.9672 | -0.00465 | 0.10105 | -0.0034 1 5.0975 | 0.33891
7 1 0.01006" [ ~0:00453 | 55193 | -0.00484 | 0.10038 | -0.00584 1 6.6212 | 0.30707
8 1 0.047024 | 0.006078 | 5.2053 | -0.00323 | 0.098292 | -0.00327 1 6.3565 | 0.31142

00l



A9 4.34  Atlszanneluusaznailansanniah (3-14) (ArAnuudstlsnaesdniinaeanainipresiuunndiainas ardnnaans

MAI 1 stage) i E/N, = 7 dB 24§ ldlaiat low rate 4119w 4 A nadinnsasuAnnidsdaiiuliedneluianysnd Ine

o o

o

1
=

NNAdeyRyIUn

= o o 1 v o
DaAzassulindaniy (asynchronous)

Suldaas {14 low rate ¥9NN3E 14 medium rate ua% high rate a2l 16 dB wazAtyy ANy MusazAum

flfiaion low rate Wl | wal | wal | el | s | s | v | wedi | e wn | A | S
AL 1 2 3 4 5 6 7 8 9 Aoyayos | wilsilsou | widn

1 39.8107 | 0.15013 | -3.4226 | -0.02458 | 1.1562 | -0.02886 | -0.33807 | 4.0201 [ -0.00093 [ 6.3095 | 41.3244 | 0.85315

2 39.8107 | 0.15557 | -3.3818 | 0.037749| 1.0958 | 0.02928 | -0.35348 | 3.9767 | -0.0009 | 6.3095 | 41.3727 | 0.84467

3 39.8107 | -0.17164 | -3.0033 | -0.20415 | 0.99039 | -0.01271 | -0.32191 3.983 | -0.00054 | 6.3095 | 41.0834 | 0.85775

4 39.8107 | 0.17322 | -3.1439 | -0.34517 | 0.96127 | -0.00879 | -0.30692 | 3.9771 [ -0.00044 [ 6.3095 41.141 0.8622

Lol



A1979971 4.35  Atlszanndluusaznaiiaasanni (3-14) (Aradnuulslaanaesdyninaneanainiprasiuunadiainas e rdnuaand

MAI 1 stage) i E/N, = 7 dB 2e45lda@iau medium rate 119w 8 Al nssinispauanmasaniulilasndlianysnl tne

o o

NAIdeyyUn

o

1
=

=X dl o 1 % o
DaAzassulinFani (asynchronous)

5uldans g4 low rate Nnnqagld medium rate Az high rate 9¢j 16 dB uazdnyaunasanng lusiazauun

flfiadiew medium Wi | wal | wal | wad | el | wedd | waif | waf | neidd e | Aven | Fadaa
rate LA 1 2 3 4 5 6 7 8 9 Aryaynd | wilsdsouw | wiin
1 1 -0.00153 | -0.0893 | -0.0029 | 0.61925 | 0.00792 | -0.01524 | 0.099915 | -0.00087 1 1.6184 | 0.56347
2 1 -0.01007 | -0.08248 | 0.00266 | 0.62665 |0.001217 | -0.00991(0.099339 | -0.0008 1 1.6279 | 0.56233
3 1 0.02328 | -0.10148 | -0.00031 | 0.56461 | 0.006977 | -0.01595 | 0.10039 | -0.00161 1 1.5771 | 0.57197
4 1 -0.00051 | -0.07808 [ 0.001218 | 0.56324 | -0.00832 | -0.00157 | 0.10071 | -0.00089 1 1.5768 0.5726
5 1 -0.00847 | -0.07503 [ 0.000939 | 0.55053 | 0.007733 | -0.01818 | 0.09995 | -0.00103 1 1.6576 | 0.57594
6 1 -0.04743 | -0.05444 [ 0.006571 | 0.65432 | -0.00322 | -0.01033 | 0.099812 | -0.00047 1 1.646 0.55932
7 1 -0.00794 | -0.09568 | -0.00366 |0.58707 |0.011629| -0.01858 | 0.10003 | -0.00118 1 1.6724 | 0.57272
8 1 -0.02311 | -0.07766 | -0.00214 | 0.53725 | 0.000263 | -0.00656 | 0.10166 | -0.00097 1 1.53 0.58127

c0l



AN979%N 4.36  Atlszannsluisaznaiiaasanniei (3-14) (AaaauulstlsuaasdnyninaieenainiAsasiulundiaimnas llaadnnadad

MAI 1 stage) 1 E/N, = 7 dB 189l 1i@dau high rate 31101 8 A nstinisatuannidsaniulietnslianysnl tne

o o

ARty eyunun

o

!
=

=3 A [ 1 v o
AN EGR It Ea A lN (asynchronous)

Fulsiaes 14 low rate #MnN9IHLd medium rate uaz high rate 8¢ 16 dB uwazdayoyinuang dusiazauu

2

gl4iadlou high rate Wl | wad | wa | owadd | @il | we@ | wedi | wadd | owesdd WA | AN | Aacaen
AL 1 2 3 4 5 6 7 8 9 Aoyoynnu | wilsrlsqu | uwidn
1 1 -0.02933 | -0.05095 | 0.000057 | 0.54662 | -0.00531 [ -0.01113 | 0.10058 | -0.00094 1 1.5507 | 0.57904
2 1 -0.00634 | -0.06621 | 0.004749 | 0.48189 | -0.009 | -0.00389 [ 0.10092 | -0.001 1 1.5024 | 0.58843
3 1 -0.01136 | -0.05795 | -0.00318 | 0.5625 | 0.001346 [ -0.01305 | 0.10019 | -0.00123 1 1.5785 | 0.57409
4 1 0.010969 | -0.08438 | 0.008759 | 0.54671 | 0.000294 | -0.01063 | 0.099223 | -0.00116 1 1.5713 | 0.57469
5 1 0.023363 | -0.10122 | 0.000041 | 0.61757 | 0.003656 | -0.01263 | 0.09848 | -0.00108 1 1.6291 0.56584
6 1 0.030827 | -0.09676| 0.001314 | 0.45233 | -0.00465 |-0.00262 |0.10105 | -0.00077 1 1.4821 0.59785
7 1 0.01006 | -0.10252 | -0.00453 | 0.6124 | -0.00484 | -0.00801 | 0.10038 | -0.00116 1 1.6028 | 0.56589
8 1 0.047024 | -0.1259 .|10.006078 | 0.52136 | -0.00323 | -0.00485 | 0.098292 | -0.00061 1 1.5396 | 0.58115

€0l
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0.02

0.015 = ]

i N
L 0.01

1 2 3 4
virtual low rate user no.

Matched filter
Standard PIC stage 2
[ ] GW weighted PIC stage 2
|| Proposed PIC stage 2 with hard decision
B Proposed PIC stage 2 with Null Zone hard decision

71 4.22 BER 204414 low rate urinzpiialHATasiuLlszinnene 1 E/N,= 7 dB
Wansaauaninasdaiiuhleehelianysal lnanasdnyorouniulfaadld

low rate #9nn998 14 medium rate Waz high rate 8¢ 16 dB uazdnyayin

¥ ! =X dl o Ay a
ang LiusazAUNNDLATasiy lindaurii (asynchronous)

0.14

0.12

0.1 1= =

0.08

BER

0.06

0.04 = ]

Il Ty

1 2 3 4 5 6 7 8
virtual.medium rate user.no.

L] Matched filter

1l Standard PIC stage 2

| GW weighted PIC stage 2

| Proposed PIC stage 2 with hard decision

B Proposed PIC stage 2 with Null Zone hard decision

717 4.23 BER 2@4\f medium rate usiazauilalfiAresiuilszinnsinge 71 E/N,= 7 dB

Wanisaruanitdsdailuliatnslianysnd nandedoynnunivldaeedld

o

low rate 11NNAE L medium rate uaz high rate 2 16 dB wavda ey 1UaINE LA

[

wAazAUNNDLATaeFU liwEani (asynchronous)



[Tn

[

[T

[le

o LT | T

3

4

5

6

virtual high rate user no.

Matched filter

Standard PIC stage 2

GW weighted PIC stage 2
L] Proposed PIC stage 2 with hard decision
# Proposed PIC stage 2 with Null Zone hard decision

717 4.24 BER 104514 high rate uwiazauilaldipesiutlssinnsine 1 E/N,= 7 dB

Wanismauaniasdadlulilasaslianysnd nafiidedoynrnunivlsaeedld

105

low rate N1 medium rate Lag high rate a¢j 16 dB wavdryeyiadang Ld

\ = B P | Mg, o
WA ALNIDNLATAITL N Fan AL (asynchronous)
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431222 N5 synchronous

77 4.25 uaz 4.27 uaneAn BER tadzvesildvnawie E /N, saedldvnauan
1 TenanauFaumausendnaniasiu 4 9ia Aa AFasULNATAALIAAS, SPIC, GW-PIC

LAZLATRIFUNNAUeLNeNNNTIAANNTUNINARA 1 stage WAY 2 stage MNANAL LHaN1T

!
e A o o o =

poupninAsaiuhlecnglianysnl Aa idsdtyouniuliaesdld low rate ganangld

A

rate Buet] 16 dB A linawiwAaaiy gu7 4.17uaz 4.19 Ae WwIaeiU SPIC, GW-PIC uay

|
o a

rasiununaualiiAn BER MANd LAz ULdatiamasineiATassununaualiiAn BER

1RALNFNgALAT BER 12A8T1LATEN5U SPIC, GW-PIC LA¥Aa71NALe WaTdANaTas MAI 2
stage (3171 4.27) HAAINGLHO7NN3T9AKATD MAI 1 stage (3171 4.25) Asnlsinanalu

o

Wada 4.3.1.2.2.1 (ﬂiﬂj asynchronous)

a1ngURl 4.25 UAY 4.27 W91 BER lAsedduia 4 atinuadld low rate Tuunnsing
[ o A | 1 dg/ ~ d ot — o 1 1 = IS
AunntinduduililesanAanduinsdnuaessiawiszid1adldlunsal synchronous §
C e ae 4 y doae oo s 1y
AYANNAN Adana ATy N Inaaafinnsunaug 1 low rate (EaRnNAd oy iU lige

nIE 4 rate auet] 16 dB) HANHEENAN AN Multiuser receiver INANINAANATEY

MAI aquiuladaianiianauiunsas asynchronous (317 4.17 uaz 4.19)

angUlit 426 uaz 4.28 Mansaunlunsdiin E/N. Sfasn nsdlfidnsedanisunsn
aem 1 stage WAT 2 stage AINAIAL WLF1 BER 2896/ld low ratelulAIRFLIR 4 TTinTAn
BER 1f1n91 BER 29§14 medium rate waz high rate lisantin ilesannnsdidl E/N, flein
fn teyaesdynnsunIuinauanniTNaes MAI M ldtynunasaese I medium rate
uaz high rate gnunsnaanaN&nynyanuil L low rate ldsnniin Luﬁimngﬂﬁ 4.25 uay 4.27 7
E/N, fiAngq BER 289814 low rate luiriessunis 4-adladlAnsninaasdld medium rate
LAz high rate aehaliivl&dn asandated MAI SnauiN AR AdLF NI B
4 4iln 19914 medium rate UaT high rate gnuNINABAAMNANNUIATYEYIUIRE L low

rate

91I71 4.29 uan9A" BER LaAeILda1in Null Zone hard decision (A93171 3.3 (b)) 1l

o

AnALLInN stage 11 0 UAz stage 71 1 (W78 stage NBUNTIN stage §ATiNg) WL BER ANIN

WWa'ld hard decision H18RAW 312A131E Null Zone hard decision NFaAuTARazLn Tl
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a¥19 MAI ilunnsflasiuaanuiianainaes MAI Naf1elu Seasdanalidtyninuningan

2 X g : Z o o Ay a o v
Wnadu 2 winludunaunisannisunnann @\1‘1/11@@ﬁ‘].|’1ﬂ11$‘1)ﬂ‘l|@ 3.3

P17 4.37—4.39 udasAnluusasnarTraannnT (3-7) viaAmNuLlTIuann
Vtytyﬁmsmﬂ‘ﬂﬂﬂ@\‘]Lﬁ??l@\‘]%‘/‘]_ILLNmmﬁﬂ?\l@Lﬁlﬂﬁfﬁ stage 0 u’?‘ﬂLﬁ@ﬂ"ﬂiﬂﬁﬁ’mwﬁm@mﬂm
WNINADATLRIL ITUAATAL Elumtﬁﬁm?mmmﬁﬂﬁqmLﬂuiﬂ@ﬂ'whimga‘niLﬁ'@ﬁmimqﬁ
EJN, = 1 dB dewudmaslil 2, 3, 5 uaz 7 AAdnlng 0 dwienfumsed 4.25-4.27
(neeid asynchronous E/N, = 1 dB) LAY 4434 45 udacenluusaznatizesdunisd
(3-7) \flafiansoundi E/N, = 7 dB AN USRI UANT19T 4.31-4.33 (90
asynchronous E /N, = 7 dB) uAFNaR N 4 U UFAz AL (ANUszannuesdnya s
unsnaanfidansunaullldusiazem) aansdl synchronous (AN197 4.37-39 uaL 4.43
4.45) 1R8NI1289N96d asynchronous (mmaﬁ' 4.25-4.27 WAy 4.31-4.33) ingannanay

o

Py = =5 =e ool o Y
UDUINNTEU synchronous NV’ﬂmqlmﬂ@\?’&\iN@iﬂﬂﬁyﬁquuﬂ?ﬂ@@@u@ﬂ@ﬂﬂﬂqg

te

AT 4.40-4.42 BAASA1 LLARZNAIB9ENNNTT (3-14) (N3E synchronous) T4
Ae  ArANLLsdsueIndtynnaneanaedATas UL AT HaRe Slaa A Aty 1 NN
aanuedflfusiazAn 1 stage W E/N, = 1 dB Tnaldusdnuossiduwmeaiunsl

asynchronous (A9NRLATIZTEAL9713197 4.28-4.30 luvindae 4.3.2.2.1)

ANTNT 4.46-4 .48 BARSAT ILIARENANIBIANNTTN (3-14) (NTEl synchronous) B4
e ArAuLdslsauandtynnianeanaaATasiLLNATHARa Sla I A ATy 1 NN
aapnasildusiazAu 1 stage N E/N, = 7 dB Ieeldinadnwuzidwneniunsol

asynchronous (A9N3LATIZTHALRIANT T 4.34 ~ 4.36 Twiade 4.3.2.2.1)

717 4.30-4.32 uanIAn BER 199 lusiazaunen E/N, = 7dB @n1ang iusiazau
{1 BER liwinfuidiesainArandniusinusend wildusazauilarldminiusildesune

lunsil asynchronous

\NaWa90gLN 4.30 wudnfld low rate AWA 4 § BER geiiga Wagangnsunam
ANAEYIUUNINABANINNINE I low rate AWBY (HANITUNAINNALT 4 BBIaNNIIN (3-7)

WIaUaIAN9N 4.37 HAngandnaesydauan) Tuaneigld low rate Aun 2 HAndlszann
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WIATYIYIUUNINABANNITUNIULRLNGA (WAL 4 28941NT9N (3-7) VTOUDIANIWN 4.43

'
1 o

HANPNN4R) TINAT P99 UgLRN 4.30 71 BER 209514 low rate ALY 2 HAsN7ga
o a o 173 . 1 1 o/ dl
uasneaiuludld medium rate wudnAszaN ATy IUMUNINABATINATL
NIU (WAL 4 BBANNIGN (3-7) WITRBAIANTWT 4.44) BB LTAUN 4 NINNGA LATIBIALN
7 Hoangn v Wnan linseiuglin 4.31 Ae BER 109414 medium rate AW 4 HAmINTIgA

wazaeag 14 medium rate AWR 7 HAY BER 7146

ugld high rate wudnAszunuaaedynNMuNINADATINNTLNIL (WAL}l 4 289
aNn1IN (3-7) ¥i3eRN997 4.45) 209 AU 8 NANTIAAUAZIBIAUN 1 HoaTidn TIHAT LA
R3ariugLN 4.32 Ae BER 9895 1 high rate AWA 8 HAMNINTIAR Wazaasild high rate AT

1 #A1 BER A17140

Average BER
o

— rnatched filter

107 F | — SPIC stage 1

- - GEW-PIC stage 1
---proposed method stage 1

10° i
0 5 ‘

B:ﬂ‘?ﬁ low rate (-o-) iﬂ% medium rate (-v-) Eﬁ% high rate (-*-)

717 4.25 BER 1a@ea4i 14 low rate £14 medium rate uazi 14 high rate Waldirzesiy

wNATAALRES, SPIC, GW-PIC wazaaNinLawne Watannaaad MAI 1 stage T

1
o o

= o o ] 3| 1 1 e o o % b3
nstdpauAnnngsdluliatnqluianysal Tnanndsdnyaynamiulsaesd1d low

rate 1NNFE L medium rate waT high rate 8¢ 16 dB WazdtyeyInuanny Hus

v o Q

ATAUNNDNLATEIFUNSBNAY (Synchronous)



109

4t _Lo_cod

______________________________________

n

i)

Awerage BER

matched filter b [
—  SPIC stage 1 ! ' [
- - GW-PIC stage 1 ! ! '
107 b --- proposed method stage 1 | - - -~ A [ [
B T T L S ~ " " L L
1 1.5 2 23 3 3.5

10
't
o ok 3
: 5
@ 1
faz)
@ :
a 1
=i :
- —— matched filter N
10k — SPIC stage 2 : 3
- - GW.PIC stage 2 :
--- proposed method stage 2 E
10° : :
1] 6 15

tﬁ:ﬁ low rate (-o0-) tﬁ% medium rate (-v-) ;ﬂ% high rate (-*-)

7117 4.27 BER @@at9096 14 low rate {14 medium rate wazg{ld high rate e ldiAzesiy

[ %

wNATHAamas, SPIC, GW-PIC WAZAaNtnaue Watimuated MAI 2 stage lu

I
1% o

nstupanAnnnasdetiuliasnaluianysnl Tnandsdayayamivldaesd 4 low

rate NNIH 14 medium rate WaE high rate 2t 16 dB wazderysynauanne s

ATAUNNDLATEIFUNF BN (synchronous)
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x 10"
I
m
1]
fa)
m
g
o
matched filter 7777 Yoo 1
— SPIC stage 2 ' ' Lo ey
- - GW-PIC stage 2 : : |
1EI'2 || --- proposed method stage 2 | _____ FE . o]
1 14 2 25 3 345

10"

10

i

Awverage BER

T

--- proposed method stage 2 with hard decision
—— proposed method stage 2 with Mull Zone hard decision

10° : :

a 5 )" 14

;iﬂgﬁ low rate (-0-) ;:ﬂ% medium rate (-v-=) t?l,gﬁ high rate (-*-)

7117 4.29 BER 128899914 low rate {14 medium rate uazi{l4 high rate 1al4iAza95un

UNAUDLHBITANATRY MAI 2 stage laenindaridi hard decision waziaridi

'
a a A

Null Zone hard decision FnAULIATN stage 0 uaz stage! TunItlAILANANAIAY

%

Wiulhletinglsianysnl Taemdsdnyonnmdulanes Jld low rate unnangld

v o

medium rate Uaz high rate @¢ 16 dB uazAtyyiuang MusazaunnfaATes

FuwFanni (synchronous)



M99 4.37  Atlszanndluudasnailaasannisi (3-7) (ArpeuudsdsvansdyonnaneananniasasfuunaTiame stage 0 visaliia

feliadnnanes MA) 91 E/N, = 1 dB 203 latadian low rate 49131 4 A necinsatuanindsdaiullesing

[o]

1
o o

Tdanysal Tnannasdtyoyroniuléaes 14 low rate innnangld medium rate uaz high rate @t 16 dB wavAYLYIUAIN

|
o

¥ ] =2 s ¥ o
g liusiazauNDATesFUNTaNTI (Synchronous)

fldiadian low rate wafi | wall | wed | wedd | waul | wesd | wefd ana | A | fageain
AL 1 2 3 4 5 6 7 Arynynd | uilsilsou | wiln

1 39.8107 | -0.00183 | 0.019958 | 0.55426 | -0.06784 | 15.882 | -0.04857 | 6.3095 | 56.1949 [ 0.60963

2 39.8107 | -0.05712 | 0.33415 | 0.54465 | -0.0094 | 15.8693 | -0.06327 | 6.3095 | 56.4974 | 0.60734

3 39.8107 | -0.02687 | -0.55359 | 0.56154 | 0.063038 | 15.7858 | -0.04234 | 6.3095 | 55.6678 | 0.61345

4 39.8107 | -0.06936 | -0.22457 | 0.57814 | -0.01911 | 15.7286 | -0.06191 | 6.3095 | 55.7883 | 0.61257

LLL



A1979971 4.38  Atszunneluusiaznaiaasannisi (3-7) (Anaeuudsdsanaasdynnnaneaananniazasiuunadiama i stage 0 vivaiiia

feliadnnanes MA) 91 E/N, = 1 dB 203 ldaiian medium rate 4991 8 A ntinsAcuANindsdaiiulileting

!
v o = o

Tdanysnd Tnannasdrynraniuléues 414 low rate u1nnagld medium rate uaz high rate ag 16 dB wazdyryIUaIN

[

1
A

12 ] =® o % o
;;TlﬂjLmeummmemwmmu (synchronous)

A lfialou medium wailfi | wailn | waili | wadi | owedi | weifi | e Mwn | Feaw | Faraai
rate LA 1 2 3 4 5 6 7 Aoyoynd | wilsddsou | widn
1 1 -0.00914 [ 0.011347 | 2.4308 |0.002283| 0.3932 | -0.00251 1 3.8198 | 0.37782
2 1 -0.0415 | -0.00734 | 2.6303 | 0.000266 | 0.399 | -0.00385 1 3.9808 | 0.37342
3 1 0.031247 { 0.001905 | 2.9847 |0.023627 | 0.39252 | -0.00327 1 4.4351 | 0.35633
4 1 -0.03231 | -0.00767 | 3.6838 | -0.01342 | 0.39478 | -0.00353 1 5.0267 | 0.34123
5 1 0.012659 | -0.00038 | 2.5038 | 0.000595| 0.39213 | -0.00377 1 3.909 0.37741
6 1 0.009897 | -0.00307 |..2.6668 | -0.01858 | 0.39855 | -0.00438 1 4.0532 | 0.37285
7 1 0.018993 | 0.00057 | 2.4207 |0.004632| 0.40151 | -0.00402 1 3.8562 | 0.37802
8 1 -0.01049 [ 0.005021 | 2.7974 | -0.00666 | 0.39733 | -0.00531 1 4.1815 | 0.36617

45"



AT 4.39  Atlsennnelunsasnaifansannish (3-7) (AnAuidsdsuaesdinnnanaananniaTasfuunaTHama s stage 0 visaliia

, = 1 dB a9 ldiadan high rate 9191 8 AL netinsAauANnIdadailullating

feluiadnnanas MAI) 1 E/N

o o

Tdanysnl Tnannasdrynraniulives 14 low rate unnnangld medium rate uaz high rate ag 16 dB wazdyryIUaIN

|
A

173 1 =2 o % o
;ﬁhLmeummme@uwa‘@mu (synchronous)

i fialou high rate wailii | waili | waudli | wedi | owaili | weifi | wefd wn | AAa | S
AL 1 2 3 4 5 6 7 Arynynd | utlsilsou | widn
1 1 -0.00236 | 0.00995 | 3.2268 |0.009984 | 0.40174 | -0.00319 1 4.6475 | 0.34943
2 1 -0.03879 | -0.00756 | 4.4016 | -0.00162 | 0.39752 | -0.00525 1 5.7516 | 0.31884
3 1 -0.01953 | -0.01197 | 4.5465 |0.012962 | 0.40148 | -0.00659 1 5.9288 | 0.31496
4 1 0.00274110.002711 | 4.689 | -0.00862 | 0.39716 | -0.00674 1 6.0824 | 0.31357
5 1 -0.0083 |0.003622| 3.8588 | -0.00771| 0.39754 | -0.00612 1 5.2431 | 0.33217
6 1 -0.06304 | -0.01565/( 4.8189 | 0.006947 | 0.40067 | -0.00678 1 6.1472 | 0.31319
7 1 0.006549 | 0.004689 | 4.8702 | -0.02214 | 0.39342 | -0.00494 1 6.2541 | 0.30974
8 1 -0.02166 | -0.00239 | 5.2219_| 0.001335| 0.39727 | -0.00798 1 6.5951 | 0.30343

el



A1979971 4.40  Aszanndluusaznaiaasannii (3-14) (ArAdnuulslsanaasdyninaneanainierasiuunndiainas ardnuaana

MAI 1 stage) 1 E/N, = 1 dB #e9{ldiailan low rate a1uaw 4 A natinspauAuniasdaiiulilaeingldanysn Ing

o o

NRSATYY0Uh

=S
BN

'
A o ¥

ATANTUNT

]
=

aun (synchronous)

%

Sulsimas J14 low rate 4annangld medium rate uaz high rate a8 16 dB wATATYEYIUAIN

flFuAaz AN

flfialau low rate Wl | wal | wal | wali | owali | owedli | wali | weli | e e | Feaw | Faraai
AL 1 2 3 4 5 6 7 8 9 Aoyoynd | wilsdsou | wiln

1 39.8107 | -0.00183 | -0.93179 | 0.019958 | 0.37968 | -0.06784 | -0.35848 | 15.882 | -0.00062 | 6.3095 | 56.1949 | 0.62072

2 39.8107 | -0.05712 | -0.94763 | 0.33415 | 0.38127 | -0.0094 | -0.36416 | 15.8693 | -0.00101 | 6.3095 | 56.4974 | 0.61847

3 39.8107 | -0.02687 | -0.96649 | -0.556359 | 0.40176 | 0.063038 | -0.38777 | 15.7858 | -0.0012 | 6.3095 | 55.6678 | 0.62545

4 39.8107 | -0.06936 | -0.95453 | -0.22457 | 0.39469 | -0.01911 | -0.35901 | 15.7286 | -0.00119 | 6.3095 | 55.7883 | 0.62429

147



A9 4.41  Atlszanndluudasnailaasannisi (3-14) (ArAdnuulslsanaasdynnuaneanainipresiuunadiainas e rdnuaans

MAI 1 stage) 91 E/N, = 1 dB 1e3i{ldiailaw medium rate 1191 8 AW natinsrauguniasdaiiuhileengldanysnl Iog

o

NAAEY e

[ %

%

]
=

=2 dl o ¥ o
D9LATANFUNTANNU (Synchronous)

%

Sulsaas {14 low rate #annaild medium rate 4az high rate 82l 16 dB wazATymy AN

fldusazAnmn

flfiadiaw medium Wi | owali | wael | waili | ower | owaili | wad@ | vl | wadd ana | Aveen | fadaerin
rate AL 1 2 3 4 5 6 7 8 9 feyounau | wilsdsau | weln
1 1 -0.00914 | -0.08793 [ 0.011347 | 0.30433 | 0.002283 | -0.04325 | 0.3932 | -0.00095 1 1.5711 | 0.57044
2 1 -0.0415 | -0.04144 | -0.00734 | 0.29052 | 0.000266 | -0.02949 | 0.399 | -0.00066 1 1.5705 | 0.57046
3 1 0.031247 | -0.10291 | 0.001905 | 0.26353 | 0.023627 | -0.04812 | 0.39252 | -0.00103 1 1.5616 | 0.57211
4 1 -0.03231 | -0.05115 | -0.00767 | 0.30885 | -0.01342 | -0.01726 | 0.39478 | -0.00109 1 1.6819 | 0.56835
5 1 0.012659 | -0.09049 | -0.00038 | 0.29281 | 0.000595 | -0.03566 | 0.39213 | -0.00055 1 1.572 0.57011
6 1 0.009897 | -0.07751 [ -0.00307 | 0.29645 | -0.01858 | -0.01495 | 0.39855 | -0.00116 1 1.5908 | 0.56615
7 1 0.018993 [ -0.09546 | 0.00057 | 0.26188 | 0.004632 | -0.03266 | 0.40151 | -0.00072 1 1.6602 | 0.57259
8 1 -0.01049 | -0.07372 [ 0.005021 | 0.29597. | -0.00666 | -0.03014 | 0.39733-| -0.00091 1 1.5771 | 0.56919

Gl



A997 4.42  Atlszanndluudaznailaasannisi (3-14) (ArAnunlstsawaesdtyninaieanainesesiuuundiaines ilaadnuaans

MAI 1 stage) 91 E/N, = 1 dB 2046118801 high rate 1191 8 AW nstn1spruaNindsdailulilatnslianysnd Tng

°© o o

]
=

NNASAEY e

Sulsimas Jl4 low rate uannaneld medium rate uaz high rate agl 16 dB uazdtyryruanngldusiazaumn

=2 dl s % o
DUATANTUNTANAU (synchronous)

fldiaiiaw high rate WAt WAt WAt Watli WAt Wasi WasTh Watfi WAl e | A | dadesn
AL 1 2 3 4 5 6 7 8 9 Aoyoynd | wilsdsou | win

1 1 -0.00236 | -0.08364 | 0.00995 | 0.27802 | 0.009984 | -0.03953 | 0.40174 | -0.0007 1 1.5747 0.5698
2 1 -0.03879 | -0.05827 | -0.00756 | 0.30787 | -0.00162 | -0.03533 | 0.39752 | -0.00118 1 1.5639 | 0.57185
3 1 -0.01953 | -0.06386 | -0.01197 | 0.30797 | 0.012962 | -0.03899 | 0.40148 | -0.00151 1 1.5876 | 0.56687
4 1 0.002741 | -0.08685 | 0.002711 | 0.32178 | -0.00862 | -0.02976 | 0.39716 | -0.00097 1 1.5988 | 0.56459
5 1 -0.0083 | -0.10348 {0.003622 | 0.3102 | -0.00771 | -0.0343 | 0.39754 | -0.00127 1 1.5576 | 0.57343
6 1 -0.06304 | -0.04039 | -0.01565 | 0.33478 | 0.006947 | -0.03704 | 0.40067 | -0.00112 1 1.5862 0.56723
7 1 0.006549 | -0.08348 | 0.004689 | 0.29456 | -0.02214 | -0.01296 [ 0.39342 | -0.00125 1 1.5804 | 0.56834
8 1 -0.02166 | -0.06065 | -0.00239 | 0.30552 | 0.001335] -0.02494 | 0.39727| -0.00128 1 1.5936 | 0.56574

9Ll



A9 4.43  Adszanadlunsiaznadaesannid (3-7) (ArArnutlstlsanaesd o nnaneananniATessLLuAtiamasn stage 0 viFaLle
faliadananas MAI A E /N
Tdanysal Tnann

3 1 =S
HlfusazAuNIDL

o o

ANAUTUUNTU

v o

|
A

[¢]

1
o

ATRNFUNFRNAW (Synchronous)

= 7 dB 909 Lauaias low rate 413U 4 A nstinsatuANindsdaiiullacing

509 14 low rate 1NN ld medium rate waz high rate ag 16 dB uazA&tynynmann

gldiaiion low rate Wl | waul | el | e | owedi | el | e wnn | AAaw | Fareri
AL 1 2 3 4 5 6 7 Aryoynd | wlsdsau | uwedn

1 39.8107 [ -0.00183 | 0.15642 | 0.55426 | -0.02657 | 3.9936 | -0.03935| 6.3095 | 44.4795 | 0.7449

2 39.8107 [ -0.05712 | -0.251 0.54465 | 0.011322 | 3.9661 | -0.05117 | 6.3095 | 44.0294 | 0.75441

3 39.8107 [ -0.02687 | -0.156479 | 0.56154 | 0.000851 | 3.9914 | -0.04708 | 6.3095 | 44.1938 | 0.75085

4 39.8107 [ -0.06936 | -0.06723 | 0.57814 | -0.00636 | 4.0226 | -0.04018 | 6.3095 | 44.2626 | 0.7494

LLL



AN 4.44  Atlsennnelunsasnaifaasannish (3-7) (AnAuidsdsauaesdinnnanaananniaTasfuunaTiama s stage 0 visaliia

f9liadnnazes MA) 71 E/N, = 7 dB 1eefldiaiets medium rate A1171 8 Au nstnsatuanindsdaiulledig

[o]

1
o o

Tdanysal Tnannasdryoroniulives 14 low rate uannangld medium rate uaz high rate @ 16 dB wavAuLYIUAIN

1
A

1 1 =® o % o
iﬂmmmmummme?uwmmu (synchronous)

fldiadiow medium Wl | wa | wal | owed | el | wad | oweild ana | Aeen | fageain
rate AL 1 2 3 4 5 6 7 Aoyoynos | wilsdequ | widn
1 1 -0.00914 | -0.00389 | 2.4308 | -0.00744 | 0.10012 | -0.00223 1 3.5017 | 0.39343
2 1 -0.0415 | 0.001046 | 2.6303 | 0.001959 | 0.10078 [ -0.00339 1 3.6929 [ 0.38732
3 1 0.031247 | 0.001566 | 2.9847 | 0.005939 | 0.10042 | -0.00294 1 4.125 0.36896
4 1 -0.03231 | -0.00735 | 3.6838 | 0.003641 | 0.10014 | -0.00394 1 4.7487 | 0.35076
5 1 0.012659 | -0.00363 | 2.5038 | -0.00267 | 0.099919 | -0.00291 1 3.6108 | 0.39242
6 1 0.009897 | 0.000948 | 2.6668 | -0.00905 |.0.10025 | -0.00559 1 3.767 0.38697
7 1 0.018993 | 0.001357 | 2.4207 | -0.00134 | 0.099981 | -0.00435 1 3.5489 | 0.39344
8 1 -0.01049 | -0.00402 | 2.7974. | 0.000958 | 0.10042 | -0.00494 1 3.8832 | 0.37975

8Ll



AN 4.45  Atlsennnelunsasnaifansannish (3-7) (AnAuidsdsauaesdinnnanaananniaTasfuunaTiama s stage 0 visaliia

feliadnnanes MA) 91 E/N, = 7 dB 2e9{l9iadau high rate 37191 8 AU nstinisaruAnnndsdaluliasing

1
o = o

Tanysnd Inenndsdnynyrnuniulsues 14 low rate 41nn97E L4 medium rate uaz high rate 8¢ 16 dB uazATyEINRAN

1
A

¥ ' =X [ % o
H LU azAuNIDATEFUNTaN (synchronous)

i fialau high wailfi | waili | wedlf | wadi | owaii | weifi | wefd Mwn | AAaw | Faraai
rate LA 1 2 3 4 5 6 7 Aoyoynd | wilsddsou | widn
1 1 -0.00236 [0.000065 | 3.2268 | 0.002153 | 0.099175| -0.00203 1 3.5145 | 0.39281
2 1 -0.03879 [ 0.000128 | 4.4016 | 0.000154 | 0.09868 | -0.00355 1 3.6879 | 0.38743
3 1 -0.01953 [ 0.001968 | 4.5465 | -0.00534 { 0.09922 | -0.00228 1 4.1136 0.3694
4 1 0.00274110.000044 | 4.689 | -0.00776 | 0.099607 | -0.00417 1 4.7439 | 0.35085
5 1 -0.0083 [-0.00234 | 3.8588 |0.005146 | 0.10056 | -0.00335 1 3.6201 | 0.39172
6 1 -0.06304 | 0.000008/( 4.8189 |[0.005397 | 0.098841 | -0.00591 1 3.7788 | 0.38657
7 1 0.006549 | -0.00086 | 4.8702 | 0.006908 | 0.099407 | -0.00455 1 3.5541 | 0.39331
8 1 -0.02166 [ 0.002165 [ 5.2219 [ 0.000505 | 0.10055 | -0.00487 1 3.8892 | 0.37936

6Ll



M99 4.46  Alszanndluusaznailaasannisi (3-14) (ArAonuul sianaasdynnuaneanainirsasiuunadiainas ardnuaans

MAI 1 stage) #1 E/N, = 7 dB 2845 Mt@ilot low rate A9uats 4 An nsainnsasuAunidsdaiiuliesngldanysal tne

°© o o

NNASAtyeuNeun

1
=

ANGEGR L

s 4

axnY (synchronous)

o

Fulsinas §l4 low rate 1nanadagld medium rate uaz high rate g 16 dB wazdtynymann

A lduwsiazauun

flfialau low rate Wl | wal | wal | wali | owali | owedli | wali | weli | e e | Feaw | Faraai
AL 1 2 3 4 5 6 7 8 9 Aoyoynd | wilsdsou | wiln
1 39.8107 | -0.00183 | -1.8032 | 0.1542 | 0.33043 | -0.02657 | -0.15374 | 3.9936 | -0.00081 | 6.3095 | 42.3085 | 0.80303
2 39.8107 | -0.05712 | -1.8046 -0.251 0.32683 | 0.011322 | -0.16679 | 3.9661 | -0.00134 | 6.3095 | 41.8288 | 0.8221
3 39.8107 | -0.02687 | -1.9535 | -0.15479 | 0.35126 | 0.000851 | -0.18156 | 3.9914 | -0.00115 | 6.3095 | 41.8351 [ 0.82204
4 39.8107 | -0.06936 | -1.8342 | -0.06723 | 0.34373 | -0.00636 | -0.1569 | 4.0226 | -0.00111 | 6.3095 | 42.0449 | 0.81532

0clL



A9997 4.47  Atlszanndluusaznailaasannisi (3-14) (ArAdnuul sianaasdynnnaneanainiprasiuunndiainas ardnnaand

MAI 1 stage) 91 E/N, =7 dB 1e3i{ldiailaw medium rate a1ua 8 AW natinsrauguniasdaiiuileengldanysnl Iog

° o o

NNasAtyeuneun

=)
L

'
A [ v

ATANTULNT

1
=

aunu (synchronous)

Fulsiues J14 low rate 1annIagld medium rate uaz high rate 8t 16 dB wazAtyy AN IdusazALNN

flfiadleow medium Watl WAt WAt Watli WAt WAt Was T Watfi Watli gun | AAan | Fadaain
rate AL 1 2 3 4 5 6 7 8 9 fryounaus | wilsdsau | wildn

1 1 -0.00914 | -0.09769 [ -0.00389 | 0.28473 | -0.00744 | -0.00682 | 0.10012 | -0.00102 1 1.2599 | 0.66534
2 1 -0.0415 | -0.04512 | 0.001046 | 0.27342 | 0.001959 | -0.011 0.10078 | -0.00078 1 1.2801 0.65715
3 1 0.031247 | -0.11253 | 0.001566 | 0.24511 {0.005939 | -0.01291 | 0.10042 | -0.00126 1 1.2585 | 0.66613
4 1 -0.03231 | -0.05387 | -0.00735 | 0.28751 | 0.003641 | -0.00909 | 0.10014 | -0.00079 1 1.2887 0.6543
5 1 0.012659 | -0.09497 | -0.00363 | 0.27425 | -0.00267 | -0.00495 [ 0.099919| -0.0009 1 1.281 0.65556
6 1 0.009897 | -0.084 |0.000948 | 0.28216 | -0.00905 | -0.00203 [ 0.10025 | -0.00175 1 1.2973 0.65066
7 1 0.018993 | -0.10034 | 0.001357 | 0.24447 | -0.00134 | -0.00754 [ 0.099981 | -0.00089 1 1.2558 0.66606
8 1 -0.01049 | -0.0805 | -0.00402 | 0.27825 | 0.000958 | -0.00932 | 0.10042-| =-0.0009 1 1.2753 0.65946

x4"



An97991 4.48  Atlszanndluusaznailaasannisi (3-14) (A1l stswaesdtyninaneanainiprasiuunadianas ardnuaand

MAI 1 stage) 71 E,/N, = 7 dB 204¢ iadla high rate 3119w 8 Aw nstinspauanindsdaiiulilasnalianysal Ing

° o

NNAAtyeneun

1
.l

[ %

o v

NLATRITUNG

1
=

aunu (synchronous)

Sulsiwes J14 low rate 91nnaEld medium rate uaz high rate 8t 16 dB uazAtyryruangdusiazaumn

i lfialou high rate wailfi | wali | waili | waudll | wedi | owaili | waili | wefi | e wnn | Apaw | Farein
AL 1 2 3 4 5 6 7 8 9 Aoynynd | wilsilsou | wiln
1 1 -0.00236 | -0.08736 | 0.002377 | 0.26208 | -0.0037 | -0.00614 | 0.10077 | -0.00094 1 1.2655 | 0.66322
2 1 -0.03879 | -0.06406 | 0.003472 | 0.28771 | 0.000175| -0.01175 | 0.099996 | -0.00119 1 1.2765 | 0.65809
3 1 -0.01953 | -0.06798 | -0.001565 | 0.28427 | -0.00036 | -0.00754 | 0.098827 | -0.00143 1 1.2854 | 0.65451
4 1 0.002741 | -0.09378 | 0.00245 | 0.29972 | -0.00892 | -0.00172 | 0.099127 | -0.00081 1 1.2995 | 0.64925
5 1 -0.0083 | -0.11486 | -0.00081 | 0.28654 | -0.011 | -0.002430.099874 | -0.00153 1 1.2489 | 0.66974
6 1 -0.06304 | -0.04882 | 0.000477 | 0.30662 | 0.004133| -0.01113 | 0.099278 | -0.00108 1 1.2876 | 0.65348
7 1 0.006549 | -0.09067 | -0.00188 | 0.27253 | 0.004304 | -0.01212 | 0.099739 | -0.00118 1 1.2782 | 0.65831
8 1 -0.02166 | -0.06088 | 0.005659 | 0.28001 | -0.00175 | -0.00775 | 0.1004 | -0:.00159 1 1.2931 | 0.65238

ccl



0.002

0.0015

i 1
L3 0.001

0.0005

2 3
virtual low rate user no.

L] Matched filter

¥ Standard PIC stage 2

|| GW weighted PIC stage 2

|| Proposed PIC stage 2 with hard decision

& Proposed PIC stage 2 with Null Zone hard decision
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717 4.30 BER 204514 low rate uriazaidaldpaasiuilszinnene 1 E/N, = 7 dB \ie

nsarugNmAddlulilacineldanysnl Tnainasdnynraniuliues 14 low

rate N1NNFIK L medium rate UAZ high rate ¢l 16 dB Laz&TYaYIUANE 1WA

AYAUNNDNLATENTUN SN (synchronous)

04

0.3

[l e

The | [T

'] ]

3 4 5 6
virtual medium rate user no.

L] Matched filter

L| Standard PIC stage 2

|| GW weighted PIC stage 2

|| Proposed PIC stage 2 with hard decision

B Proposed PIC stage 2 with Null Zone hard decision

717 4.31 BER 2294\f medium rate usiazawuilelfiArasiuilszinnsinge 71 E/N = 7 dB

Wanisaruanindsdaiiuliadwlianysad Tnanndednynruniuldaes Jld

low rate §1nN41E 1 medium rate Wag high rate 8¢} 16 dB LA

WAAZAUNIDLATEIFUNTaNAU (synchronous)

o
o

o

Aryay1nuann

o4
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04

o
w 0.2
m

0.1

LSS S LSS

1 2 3 4 3 6 7 8
virtual high rate user no.

|| Matched filter

Standard PIC stage 2

|| GW weighted PIC stage 2

L| Proposed PIC stage 2 with hard decision
Proposed PIC stage 2 with Null Zone hard decision

717 4.32 BER 204514 high rate wsiazauiialdipaasivilszinnsine 1 E/N,= 7 dB
dl o o 1 | 1 1 [ 4 o o/ dln/ % k73
Hanisaauanniasdaulilasalianysnd Inefindadoyoyouniulives §l4
low rate ¥nNN1E 1 medium rate Waz high rate a¢j 16 dB wazdryryiasanng L4

WHAZAUNNDIATRIFUNTBNNY (synchronous)

4313 AAszunazdglranisatananLy

anuan1sanaedtuUlunsnnIsmuAnnIaedinllatnsanysniuazifluliating

Tdanysaiiansainnisdsdeyaifluludnenie asynchronous uaz synchronous wianazli

1
=

nandunIdueaiu fa wsasiuntaueayli BER fnga saeniiliu GW-PIC, SPIC

Aaa D

1 1 1 1 v
LAZLATANSLUNAT AT RINATAL @9 BER N lAannipzasiuis 4 aialunsmininisdeda

yAULL synchronous AHAIAINGA. NI asynchronous- HNiliiaannaIn A andniusda
2a9IWALNN I synchronous AANIANTEL asynchronous LAZEINaTHATUMUNTNAaAAN

173 dl a ¥ 1 = %4
ﬁhﬂu@uﬂim synchronous #agN9IMINT asynchronous »A2¢l

1
v a

A o o oA X o qoua A Py o -
[HaauaL stage TUN9dANATR9 MAI AW IDansnaulala g nsiasis
é’ ?:/ o o - Yo a a dl ) %
UINTL UANAINTUNTUNHeTE Null Zone hard decision 111 EFpAuTnNazinlla519 MAI
11130918 BER ammnadndniilald hard decision fiagdumaizidlunistoailaaiunigin

'
A o

v a a a o dl ¥ 1 ¥
ANWUANFAARAUNANANA mmimnmqmum
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WHameauAtaasdatasminnaiinisacuanindsdailuliat sanysaiiunsiinag

1
v o =

poupnnnasaauhlacinglianysnl (nafdsdryyuniuldaesdld low rate gandnaasy

14 medium rate WAz high rate) WudFRELNUENYRElE medium rate waz high rate
nstunMsALANNNAYES llanysnil A AININI NI AR LANNINAIdSANYsnlilasaN NNl
nspauANiasaslanysnldld medium rate uaz high rate gnaunausaadayoyiouanng

14 low rate 110

=

"Q’]ﬂﬂJ@ﬂWﬁ"‘%’]@ﬂ\iLLUUﬂ?Mﬁ

o

AA1 BER e E/N, ulasulllunsiindnismaunu

nasdailuliledwanysoiuarldanysalidednnnangldusasauunfansaeiuly

W¥aNu  (asynchronous) WLAZHIINLATEITUNGBNTY  (synchronous) &@1N1T0ALATIEN

wefifuinisanasaes BER WalfiazesfuisinaueNnn1sudmnuates MAI 2 stage Taenin

1
o

hard decision 8NFRAVLIANBY stage 4ATINY AIANISN 4.49 uaziilatinderidi Null Zone

v a a 1

hard decision ¥APAUTIANGY stage gaving AIRN39N 4.50 Taeiieuiupsesdutlszinm

'
= 1

U aanudesesiuntataus liiesiduinisanasaasdnsdatanaiaNINgn e

| |
Gl o o

AULATASULNATAALAAS 989111 SPIC WAy GW-PIC ANATSU Lazidaunwarddiu Null
Zone hard decision 1nsn@AnTAAew stage gavine WU ERIITARANAIAAARININ

AN ldWerif hard decision



A9 4.49 Wefidusn1sanasressnsinianainreamresiunind@uailamauiunresfurinau Tnaadnnisunsnaen 2 stage Tnatinwaridu

hard decision 8sindutinfian stage 4nvinelungalsings 91 E/N, = 7 dB

nsaauaninasdaiulilatsanisnl nspauaniasdaduliasnglianysnl
éﬂ% asynchronous synchronous Asynchronous synchronous
matched SPIC GW-PIC matched SPIC GW-PIC matched SPIC GW-PIC matched SPIC GW-PIC
filter filter filter filter

low rate 81.17673 | 58.83784 | 26.96027 86.94543 | 43.47753 399§ 86.90476 |63.89961 28.62595 17.64828 | 9.878735 | 7.211128

medium rate [ 75.74704 | 54.41176 | 29.14506 80.96041 | 45.16066 18.64077 75.74704 | 54.41176 | 29.14506 94.36061 | 62.36483 | 65.51683

highrate | 71.61361 | 50.08651 30.31771 78.62671 | 51.02187 36.07622 | 90.47975 [57.09959| 48.56836 94.33499 | 65.19275 | 65.67182

A9 4.50 Wefidusin1sanasressnsinianainreamrasiuniiauailamauiunresfurinau Tnaadnnisunsnaen 2 stage Tnatinwaridu Null Zone

hard decision 8sindudinnian stage aainelunsaising 91 E/N, = 7 dB

nspauaninasdaiulilasnanysnl nspauaniasdaduliagngliasysnl
éﬂ% asynchronous synchronous Asynchronous synchronous
matched SPIC GW-PIC matched SPIC GW-PIC matched SPIC GW-PIC matched SPIC GW-PIC
filter filter filter filter

low rate 83.47703 | 63.86807 | 35:88612 88.95383| 62.17333 21.64025 | 88.72549 |68.91892  38.54962 29.230562 | 22.55371 | 20.26129

medium rate [ 78.88498 | 60.31014 | 38.31254 83.88061 | 53.57164 31.11923 78.88498 [60.31014 | 38.31254 95.04091 | 66.90492 | 69.67668

high rate | 75.50414 | 56.92746 39.8681 82.13778 | 59.0677 46.57639 | 90.90742 |59.02677| 50.87879 95.18653 | 70.4248 70.83185

9cl
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432 anunumusalsingnisailnalng

4.3.2.1 WISTANLADSNNNNUA AD

1. Sunuldasefivinnnsdedaya low rate, medium rate ua high rate
4, 4 uaz 2 Ay madsy Saeaduddiadieu 4, 8 uaz 8 au
AINANAL dmsannsdadayareedld high rate W 2 win veelld
medium rate Waz 4 W12 18914 low rate

2. nAsAtyauInsaasy 1 medium rate Uaz high rate Fundaetesiud
AT E/N, 1l 10 dB  wsiAn E/N, 22951 low rate wWasuAAaus
~20.dB 111 20 dB

3. yinnAssnaeduULlunsdli Vaaltyﬂmm@qﬁjﬁﬁt,wi@mumﬁqLﬂ?’;m'ﬁ*ﬂlﬂ
W5aunu (asynchronous) IagAnlszRananuesdldusazauiing

nezanawilguluges 8 chip waznstudrynynuaedd liusazauNn

2y W S

DNLATANTUNWIANNY (Synchronous)
4.3.2.2 AN AAINNIFINABILLL

4.3.2.2.1 n0d asynchronous

o v Y dy 1 % ¥
mmimamLmﬂummﬂummmmmmmwumumﬂmﬂgmaﬁm‘iﬂ@—171@ Iﬁﬁla

[ %

1 low rate A uau 4 puRiAmEAUsL AWl Twaguendld medium rate wag high

1
1% Nal o

Ao A 2y o a a Y A = A o |

rate NN Wm’]mmﬁu?‘]_lmﬂLL@%W@WTW’]T]TMVIZQE]&IO&I’}MWW]ﬁmﬂLLm@tﬂuVlNf]mLﬂ‘i@\‘]ﬁ‘llhl
% [
NWIANNU

1 ] '
= = 1%

91IN°4.33 uany BER 12882095 14 medium rate, l1LA3ea3u-119-5 HA NIOINNIAIMN

'
o Ao

Fuldread 4 low rate Aee®) iinTw luaneRdld medium rate uazild high rate Afnashiy

©

Ifinantaadipn EYN, = 10 dB Tnaunu x illuAuasinaseidns E/N, 20961 low rate AuEld

medium rate uazi 14 high rate Ml ldnnARlAFuAI U MsUNUWINTBLAz ATy I s L
P A o o P ~ = A o o o )

NAURANANN AITiunNais EyN, Tunsiilinanafanisivaniasaesdnynyinaesd 1 low rate

wraLunaiudry ey nsunsnaannunsLNaug 1 medium rate waz §ld high rate
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Y 1 v [ D B 4
a K A o o a A a a KR o

\NanAeadnyy e 1 low rate LKA LATEIFLYN 5 THAN BER MIANTWIIY

1 '
o I

iunasnandyaunniunsnaaaniinauaeanasdnyoniniuldaedld low rate wueq

v o

a8l SPIC # BER #ANN3ATaSULNATAARa5ITasaInAnN1s19aNa1ad MAI way GW-PIC

1 BER #1091 SPIC manziinnsgastiniinges MAI fiaday uwdlugaafinngedouonniisy

v o

Wimasdfld low rate snnndnindedeyeyrniisulfeesdld medium rate waz high rate Haus

a

13 dB 2wl wudn BER 28995 GW-PIC NAUNA49N4135 SPIC Mifluduil iasanniiang

1
o o a ao a

o dlv % 2 = =® 2 ¥ dl A
nasdeyeunounduldvesdd low rate HANge unaeDs Tendaduldanndld low rate Wade

o

1 | |
= a 1o

Iinnngn wazaeey 1 medium rate uaz high rate Wanalftasngn wisanaeiminluis

'
X a

GW-PIC 19314 low rate #A7 +/0.4 @9viasndnaedild medium rate TeilAn 0.6 uaz
203514 high rate TeiA1 +/0.8  AsivAsunfstesinutinA N @ananesiny ligneas

1
adaa o 1

aznglsfinu AaNTlaualAl BER #15NN97178 GW-PIC 1llasannianiniauaazin
nsdfusadasthuinanudn naiunenaas i idanisuniuviTanNU el aresdaazin

114519 MAI wananilesafaidu Null Zone hard decision 1 l4An@udnneu stage 4n

q

|
o

el hard decision 1917 BER ﬁl’]ﬂﬂ1ﬂ’ﬂﬂL@ﬂu’ﬂﬂ Lummmﬂumiﬂmﬂuuﬁﬁm AR

o

Apnaie MAI Geagiinlfnnsedantsunsnaenll iisndyoounsnaendu 2 wih Seiild

nan9lusinte 3.3

71I7 4.34 uans BER L@@mmmﬂi medium rate mummnmﬂm 4.33 wenansan 1

dl [ dld o { o o o
LATRNTUNNNNTUAAKNAURY MAI 2 stage N@‘Vﬂﬁ‘W‘LI'J’]Lﬂulu@ﬂ‘]ﬂm%mﬁl')ﬂﬂLN@’].I"]@ﬂ’]ﬁ‘LW]?ﬂ

a a

48m 1 stage A8 LATBITUNINARe IR NSATU Null Zone hard decision NNtaaFA@UTn

1 BER sgnluaniilitessuunadilamesls BER fludign uenarntidluieiessuiianig
95HaT93 MAI 2 stage azil BER 12AEAARAINIIEleasnnIswdsndaniiien stage 1A
(gﬂﬁ 4.33) Wasan MAI Rghaauiieasnnisunangen 2 stage HANYNABININNGY
s ldanndATiFARLAINN11ANNTUNIN &R 1 stage JneAnfiiiunai MAI il

NINNTUIRAKATES MAI 1 stage VLélﬂﬁﬂ‘]_lﬁmﬁlm@u‘\]’mLﬂﬁ‘@\ﬁULLNW%W@LM@?GNNW]’JWNNQ

NAA

1
o o

wanaINiaIngli 4.33 waz 4.34 Wenasdtyayrouiniulduedld low rate Aoe
WNTW WU BER 2ediAresiuiiiiaualunstininisadanisuninasn 2 stage azAae]

o X ' A o ~ = = 2 A o oA o
ANAWTINITNTUNNNITURANITUNTNADALNEN Sstage AL BIRNIUDIATRITUNNNNTURA
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HATEd MAI 2 stage dnxnsanusiadsingnisndlng-lnalddndinisadnnisunsnaeniiies

=
stage LA&Q

717 4.35 uaz 4.36 uans BER 1adn1asld high rate lueiasfuiifinnsadanates
MAI 1 stage laz 2 stage ANNAIAL %'ﬂﬁmim“ﬂwm:LﬁuLﬁmﬁumtﬁmmtﬁfﬁ medium
rate (gﬂ‘ﬁ' 4.33 uay 4.34) Aa ArResUTaLeT BER AiRnndiesesiuainay wazidield
e Null Zone hard decision snfAALN1H BER miadhlan uenannthuiiaadmanis
UNINEan 2 stage WUINALEY BER ﬁﬂ'qrﬁ'ﬁﬂdqLL@zmmmmmmmﬂmﬂgm@aﬂﬂ&lﬂ@

v oA . - X A o o
VL@W’]’J’] (la9an BER mmmmu) WBNINITUAANITLNTNARA 1 stage

917 4.37 uay 4.38 UAAY BER WA89K 1 low rate TuLATasiunAN1s14nHA89

/IR B\ NN, Ny 5 S
MAI 1 stage uaz 2 stage MNAIAL WuduRRMAINILIFLeeld low rate AoerinTw
d o X o 4 o \ Y 4 v o
\PIaNFLTS 5 Tfinazdl BER fianad asaindmusyiniannd ldauaniinisunauiiagasasin

v a 4 ldl [ 4 ¥ L4 é/
Witadeyanmsaduldainild low rate gneasuINTL

R I NI O s = '3 el

-

Average BER of medium rate users

|| —— matched filter

| 1| =& SPIC stage 1
|| =7 GW-PIC stage 1
—&— proposed method stage 1 with hard decision [ -===~

—— proposed methad stage 1 with MNull Zone hard decision

I
-20 -15 -10 e 7 0 g 10 19 20

7107 4.33 BER \edemesld medium rate iilaldiAtesiuunndilaimes, SPIC, GW-PIC uay

FaNiLaue Wandnnavas MAI 1 stage Tae E/N, 289514 low rate 1ANau Tng

'
A o ¥

AN E/N, 284514 medium rate waz high rate {1 10 dB Tunsdindeysyinianng

TuAazmuundarraesulinfaniu (asynchronous)
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u
-
a
E

|

Average BER of medium rate users

[______1] — matched filter | _____
Lol ey 2 2 e, 0 | L
|| = GW-PIC stage 2

1| —&— proposed method stage 2 with hard decision

. E —+— proposed method stage 2 with Mull Zone hard decision
1D 1 1 1 1 1 1 1
-20 -15 -10 5 0 5 10 15 20

717 4.34 BER a0 ld medium rate ilaldiAsesiuunndiamas, SPIC, GW-PIC

Ty
a K

ULALABNILALE lardnNaT8d MAI 2 stage Tnel E /N, 209614 low rate 1ANTIY

%

TnaiAn E/N, 209814 medium rate uaz high rate 1flu 10 dB lunstindeyayns

[

angliusazannInpTasdLldndanmii (@asynchronous)

Average BER of high rate users

|| — matched filter
| —&— SPIC stage 1

-7 GW-PIC stage 1
|| —&— proposed method stage 1 with hard decision
| = proposed method stage 1 with Null Zone hard decision

10 h 1 1 1 1 1 1
-20 -18 -10 5 0 5 10 18 20

717 4.35 BER 1@@e109g 1 high rate i ldirsesfuuundiames, SPIC, GW-PIC uazis
Miaue Wardanaaed MAI 1 stage tne E/N, 209614 low rate 1inau TnaiAn

E/N, 299414 medium rate uaz high rate 1flu 10 dB lunstindryeyrouang g

wiazAuNNDOATaesL lunEanii (asynchronous)
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1

Awerage BER of high rate users

A — matched filter
"""" 7| &= SPIC stage 2
_______ 0| = GWAPIC stage 2
-------- —&— proposed method stage 2 with hard decision F==-=---
—#— proposed method stage 2 with Mull Zone hard decision

-20 -15 -10 5 ] 4 10 13 20

7171 4.36 BER wdnvelf high rate 1ile HiAiassuunnfiames, SPIC, GW-PIC uazia

1 1 1 14
Minaue 1WeadnNaIad MAI 2 stage tne E,/N, 199514 low rate 1@ Tnean

'
o

E/N, 98498 11 medium rate taz high rate (i 10 dB Tunstindnynyrauang 1

] =2 4 o Y o
WAALAUNIDNLATR5 L s RN (asynchronous)

______ t_____ I ______T_____ ]
| — matched filter F
—S— SPIC stage 1 ]
1 = GW-PIC stage 1 A
| —&— proposed method stage 1 M
______________ Ve with hard decision

—— proposed method stage 1

__________

Average BER of low rate users

A —dzEEE
—-d_a_LLL

[
[
Tl
J
o F----
'
[ s
[ Y
[y
—
O o=
—
oo --

20

31l7 4.37 BER 128819314 low rate ialdipsesduunndiawmas, SPIC, GW-PIC uazisy
WLaue Werdnnaaad MAI 1 stage Tne E/N, 289514 low rate 1ANaU TngiAn

E/N, 98495 14 medium rate wag high rate i 10 dB Tunstindnynyrauanng 14

] =X A o Y o
WAALAUNIDLATas U T aN T (asynchronous)
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—— matched filter ]
o] 5 SPIC stage 2 ]
o~ GW-PIC stage 2 .
1 —&— proposed method stage 2 b
with hard decision i
—4— proposed method stage 2
with Mull Zone hard decision

- ——t--F-F-H-

Awverage BER of low rate users

- Hd-d-Ff+tH

——d-

)
=

A

m

=

[ I
=]
o o
-

) I
-
ah----

20

71/7 4.38 BER 12ata09i1 low rate Waldirsesiuunndiamas, SPIC, GW-PIC uazdt

Hlaue WendnNavas MAL 2 stage tagl E/N, 99961 low rate tna Tnesn

'
A o

E/N, 2995\ medium rate wag high rate Liu 10 dB lunsaindayayrauangld

wAazAUNIRATRTL lnEanii (asynchronous)

4.3.2.2.2 nsd synchronous

nan1sanaesuuyuiadeliuaninazespanuninwsietsingnisallnd-lna  Tne

14 low rate a1 4 aulntdasesuiunlaswll Tuanendld medium rate uaz high

'
o 2 s =

o o = a A o ¥ A =2 A e
rate HNN QWNqﬂQﬂqu?Uﬂ\?VlLL@zW@q?m’]ﬂ?MW@ﬁyﬁy’]m@qﬂ@mLLm@:ﬁﬂuVIN’]ﬂﬁLﬂ?ﬂﬂ?U

% o
NTRNNU

9117 4.39 uazgiiN 4.40 uans BER @waziwasy 4 medium rate TuLAzasdy vis 5 1iin

o

IneATeafUARNITIAANTINTNAen IANN N3IeARaTes MAI 1 stage WAy 2 stage AN

T dy na y . By . A
Afu- A Asdryanuniuldaesild low rate Anee) iaau T dld medium rate uay

'
0 o Ao

{14 high rate IMAWiUlSaslngfAT E/N, = 10 dB Telvinadneoizimwmeniugln 4.33
WAz 4.34 (n3e asynchronous) Aantanaialuiaden 4.3.2.2.1 Ae wreeutduei BER
dd Ay e d 0y o _ v o o ay .

AAnIerrasiuaiinau uazilaldWesdi Null Zone hard decision afn&WNN 1A BER N
aqllan wanantiunaaes BER WATAANITUNINARA 2 stage NANAININNANINNIIAANIT

UWNINABALNEN stage LREY UATINBIAANITUNINAEA 2 stage WLFT BER Aaer iNTUaENS
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417 N9 1HeNINNITAANTTUNINGRR 1 stage TIUNNBTNNIITANITUNINARR 2 stage H

pEnuniwsiadsngnisadlng-lnalduanndn

UM 4.41 waz 4.42 uand BER Laanvasild high rate luieaesiuninistdnnates
MAI 1 stage uaz 2 stage Aua1AL G linaludnsuidumaiugii 4.39 uas 4.40 189§

14 medium rate

917 4.43 upy 4.44 uans BER @0A09H 1T low rate TuLA3eaduNEN1994AMATE

MAI 1 stage uaz 2 stage AINAIAU WUdHeMAiU Saasld low rate 1ANTY LATEFY
AR o ¥ y —— w4 s aue

¥4 5 1fiaazdl BER Mianad esaindnyannaing liauauiuisuniutiesas aeinliiade
yanmnadnldangld low rate gneiesuanaN iwRaiUN 4.37 uar 4.38 (N3nd

U

asynchronous)

v
-
.
'
e
1
'
'
=
puy
C
L

- -1-

Average BER of mediurn rate users

— matched filter

—5— SPIC stage 1

-7 EW-PIC stage 1

1| =% proposed method stage 1 with hard decision

| —#— proposed method stage 1 with MNull Zone hard decision
1 1 1 L

-20 -18 -10 -3 0 5 10 14 20

91l7 4.39 BER 1eata99gld medium rate ialdirsasiuunndiamas, SPIC, GW-PIC uay
Fan1aue IWardnNaTes MAI 1 stage Tael E/N, 199514 low rate taaw Tng
A Ey/N, 299614 medium rate uaz high rate 1flu 10 dB lunstindeyayrnsanng

THus azAuNDaATaaFUNFaNT (synchronous)
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=
2

Awverage BER of medium rate users

L

T L3 .9
matched filter
—o— SPIC stage 2
7 GW.PIC stage 2 [ illC

—&— proposed method stage 2 with hard decision i
—— proposed method stage 2 with Mull Zone hard decision
Il 1 1

1 1 :
-20 -15 -10 -5 ] 5 10 15 20

77 4.40 BER a@e1e9¢ 14 medium rate e ldlpsasiuunptiawmas, SPIC, GW-PIC
ULALABNNLANE IaI9ANATEY MA 2 stage Tnel E /N, 109514 low rate LANTIY
Tneien E/N, 909614 medium rate uaz high rate 1w 10 dB lunstindnyaunns

ANK Husaz AN D9 LINEaN U (synchronous)

Average BER of high rate users

H métched ﬂltelr
11 == SPIC stage 1
[T7-7771] = GW-RIC staget oo TTEns

—&— proposed method stage 1 with hard decision
_______ 11 =+ proposed method stage 1 with Mull Zone hard decision

1
=20 -15 -10 5 ] g 10 18 20

9171 4.41 BER 1@@s193fld high rate WaldiaTasiuunadiames, SPIC, GW-PIC uazis
Piaue WaIdnNaas MAI 1 stage tne E/N, 189514 low rate tina@w Tnean

E/N, 29314 medium rate uaz high rate 1w 10 dB lunstindryeynouang 14

WAAzAUNNDaATRFLINFaNU (synchronous)
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Average BER of high rate users

W0 zzzzf — matched filter

F=:222- o~ SPIC stage 2
....... 4 -~ GW-PIC stage 2

——————— 1 —&— proposed method stage 2 with hard decision

------- 1 —— proposed method stage 2 with Null Zone hard decision

T I i 1 1 i 1 I

20 -14 -10 5 1] & 10 15 20

717 4.42 BER @03l high rate e ldirsesiuuundames, SPIC, GW-PIC uazds
Niaue Wardnanaaad MAI 2 stage tae E/N, 909614 low rate 1inaw TnaiAn

E/N, 98495 1 medium rate waz high rate i 10 dB Tunstindnynyrauanng 1

WHAZAUNNDLATEITUNTRNAY (Synchronous)

— rmatched filter .

—=— SPIC stage 1 o

-7 GW-PIC stage 1

—&— proposed method stage 1
with hard decizion

—4— proposed method stage 1

with Mull Zone hard decision |27

.
"
'
'
1
'
'
-
|
'
|
'
|
'

_____________________________

'
'
'
'
]
'
]
'
]
'
-+
'
]
'
'
'
'
a-
[

[
'
|
1
|
1
'
W R
R

Average BER of low rate users

I 1
+
T T T
T-- - - T------ T
-——- - e et - - - - +
R 1 YO N W [ U U
] | 1
o - - len am _ M e -
' | 1
' ' ]
Y 4 1 i L N T -
' ' ]
' ' 1
1 | 1
1 1 1
5 10 15 20

31l7 4.43 BER 128899914 low rate ialdiesesiuunndiawmas, SPIC, GW-PIC uazisy

1Laue Wardnnaaad MAI 1 stage Tne E/N, 289514 low rate 1ANaU TngiAn

'
A o

E/N, 2995\ medium rate uaz high rate {4 10 dB lunseundeysyrasangld

o

WHAZAUNIDIATRIFUNFANAU (Ssynchronous)
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10

L L
J — matched filter
it =5 SPIC stage 2
1 -7 GW-FIC stage 2
1 —&— proposed method stage 2
------- R T A with hard decision
—— proposed method stage 2
with Mull Zone hard decision

-Ft++

e — - —

Awerage BER of low rate users

OfF---d--F-F+4-4+F

317 4.44 BER a9l low rate Waldirsesiuunninamas, SPIC, GW-PIC uazdt
Ulaue [eUdpNaTaY MAIL 2 stage tagl E/N, 989514 low rate ina Tnepn
dd‘ o

E/N, 224951 medium rate uaz high rate {4 10 dB lunsmndeyayrnuanng L4

WHAZAUNNDLATEITLNTRNAY (Synchronous)

4323 [esizinardgUranIsanaacuuy

a71NAN19RABNLLILAINNT9IAAT BER 1845 14 medium rate uas high rate 1lals

|
A )

Funarestsngnisndlnd-lnasingld low rate nannAe waniddnyaynmiuldaecdld

1
Nal o

low rate Aee" HNTW WuduWaltinees BER Tunstindtyayiaianngldusiazaunniiaeises

A

A o

FuldnFeniu (asynchronous) inludnwmzmsadiunstindanuangdusazauunia

dl o v o A dl o dl o v dl OI 1 dl o e
wraafundanty (synchronous) A8 wAgeesuNtnEueld BER 7RNNGATeeiULuAT
Waimas, SPIC", GW-PIC wazillaldWaridu Null Zone hard decision Wi hard decision #n
audni stage Aeunmiiynld BER NAtmnagiian wazilasanuiunisadnnisunsnaeniiu 2
stage Wud1 BER tWaauaeneda iwediauiunisadanisunsnasniey stage hen a9

=< A o o o X o 9o A o Ao - '

PN DAULNDINUILNITITANTUNINADAANTUNN LELATRIFUNTNAUDT AN NNUNIUGD

dsngnisallnd-lnannauiues
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ImaINgel synchronous Wu31 BER HANANNGINITE asynchronous WaiauimIas
o A o o P , XA ! o o e o \ ¥ ~
SuriiaAganiu Mifwuiiitiasaneanduiusinnaassiawang usazaulungi

a v 3 Y o g 1%
synchronous HAdasnTdtynnuninaaniAtanaslisae

. - c | ea I

ANHANIIANAULLATNTS A EIefidusinnsanasaas BER (e ldiAgasdun
WANeNNNNIIIANITUNINGBA 1 stage WAz 2 stage 1A hard decision NNFARUDA
riaw stage gAving AYEN9199 4.51 uazidatiaflaridu Null Zone hard decision N16aALTIA

' % o dl dl = (% dll o dl
naw stage 4ANIE ANANTINN 4.52 amaUiulAIesiulszinnau



AN919N 4.51

1
A

wWefidusnranasresdnsinianainreamrasiuniniauailaieuiunresfurinaundnnsadanisunsndan 1 stage uae 2 stage lagnindlaridi

hard decision 1AnAUTIANAY stage gaving IHaNA30N E/N, 289514 low rate 11131 E,/N, 199514 medium rate uaz high rate agl 10 dB

Lﬁ@ﬁmiﬁmﬂmmmmm 1 stage L:’j"aﬁmmﬁmﬂ’mtmﬂmm 2 stage
éﬁﬁ asynchronous synchronous asynchronous synchronous
Matched SPIC GW-PIC matched SPIC GW-PIC matched SPIC GW-PIC matched SPIC GW-PIC
filter filter filter filter
low rate 93.66343 | 87.40155 | 62.35406 58.69616 | 78.16138 64.81556 90.29703 [83.33327 | 55.45355 | 4591344 | 28.91624 | 0.480008
medium rate | 72.62632 |42.23462 28.2662 83.94937 | 45.96607 47.07527 92.73841 | 74.41561 57.8482 96.34128 | 70.88146 | 62.57399
highrate | 76.03795 [40.39952 | 29.20453 86.33603 | 52.09123 50.11833 92.49643 | 71.09942 | 56.39043 95.27731 | 71.85816 | 62.87395

AN 4.52

|
A

wefiduinnranasaesdnadnEaNa1A189ATR LN IANe N e LN LIATRTLRARUNNN1T19AN1TWNINARR 1 stage WAz 2 stage Taatinlaridu
Null Zone hard decision ¥1fnAuiinniais stage 4aTng WaNanInN E/N, 989614 low rate 1InNn91 EYN, 189514 medium rate uay

high rate 8¢ 10 dB

efinnsadanisunsngan 1 stage dlefinnsadanisunsnaen 2 stage
;:fl% asynchronous synchronous asynchronous synchronous
matched SPIC GW-PIC matched SPIC GW-PIC matched SPIC GW-PIC matched SPIC GW-PIC
filter filter filter filter
low rate 94.25749 | 88.58267 | 65.88339 58.69616 | 78.16138 64.81556 97.82183 [ 96.25857 90 76.08666 | 68.57167 | 55.99914
medium rate | 72.14047 | 41.20935 26.993 85.34744 | 50.67265 51.68524 94.59143 [80.94427 | 68.60456 98.30529 | 86.51236 | 82.66436 g
highrate | 74.98125 [37.77121| 26.08254 87.75203 | 57.05599 55.28755 95.18616 [81.45913 | 72.02273 97.95381 | 87.80704 | 83.91447
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433 AIN9URITEUL
4.3.3.1 e UL low rate 1laaull
4.3.3.1.1 WISTNLARSNANUUA

1. Srunuddadeiinnisdetesn medium rate uwaz high rate flating
Az 1 AW AINAAL %'qmm,ﬂu;ﬂ%mﬁ@u 2 UAT 4 AU ANATFL UaY
SvualFSmaud e low rate waewll Taadnsnsdedeyavacdld
high rate 0¥ 2 W1 28961 medium rate waziilu 4 win v ld

low rate

'
o o

2. namupumasaniuhlegneanysnl Aa fndednynruniuldanad
TinnauinAuadA1 E/N, = 10 dB
o o dd‘ o ¥ 1 =2 dl o 1
3. viannsdnaasuuulunstindnynyinedldusiazaunniaasesiuly
1% o { a ¥ ] =
wianri  (asynchronous) TnaiAtlardananaesdldusazauiinng
! ! a A o ¥ ] =2
nezanauuugilugas 8 Fil uaznsiidrynyiniaesy idusazauuni

LATRIFLINFRNAY (Synchronous)

4.3.3.1.2 Naﬁiﬁqqﬂﬂﬁlié'\@’ﬂquuu
4.3.3.1.2.1 N0 asynchronous

717 4.45 uandAn BER Ladaaasild low rate iaanuaugLd low rate Aael o) isau
Tnanismoupuinddailullagnanysniuazldusazauian E/N, = 10 dB uazdoyaunos
£ ] =) dl o 1 % o 1 dl o £
ang usiazaLafATedl lindenin (asynchronous) AnnaanwLE 1A WILE 14 low
QI 49{ dll [ 2’/ a 4‘ dll s dld o o o
rate NI BER 184LATR4TLI 5 THA (TLATBTLNANNTITANITUNINGBARZNINTTLIANA
R d o v X <. o
299 MAI'2 stage) aziaausag iasainiiliadnuawd 4 i@ sanuni g ity sy nsuwnan-
44V Vs LOWLN L] 0D kDC L L.0¥ Y U,
aaANNNNINTUANETUEY Tanudndaninauaiie 1wt hard decision 1178 Null Zone

hard decision d7MeARAUTA ¥ BER NANn91ATassuaiina

A1NgUN 4.45 fAN30u9 BER = 107 (WLIATRNFLUARTHAAINI0 9895 LA WU
1da3qlamsneen  4.53  Wanasaniuanuugfiadeuisaiuonlaain  aruaul b
ANEUIIN = AUIUE L33 low rate + 2*a1uauilda3e medium rate + 4*auaug a3

high rate



140

Average BER of low rate users

10

— matched filter
—=— SPIC stage 2

—7 GW-PIC stage 2

—&— proposed method stage 2 with hard decision

—— proposed method stage 2 with Mull Zone hard decision |~

10

10

15 20

Mumber of low rate users

7171 4.45 BER @Al low rate oAl low rate 1nawlunItinigAILAs

nnasasanysad uazdtynanannigliusazaunniaaTasiulinfauiu

(asynchronous)

P399 4.53 AUl ld low rate, medium rate WAz high rate AzasduusazTin

1 1 % 1 1
A0 L lHNeR UL low rate AR ANTY WWaasnu? BER

o

201 low rate AW 107 naaundnyournsangliusazauuinaazas

o 1 % o
5uldnsaniu (asynchronous)

ﬁﬁuqu@% matched SPIC GW-PIC proposed method with | proposed method with
filter hard decision Null'Zone hard decision
low rate 0 9 13 14 15
Medium rate 1 1 1 1 1
high rate 1 1 1 1 1
FINATUIU 2 11 15 16 17
AGEEN
9INATUI 6 15 19 20 21
Jldiadlon
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4.3.3.1.2.2 N0 synchronous

717 4.46 uAAIAN BER 1aataasild low rate Waduauild low rate Ag | N
Tnannsauanitasdailuliatwanysniuavd dusazauian E/N, = 10 dB uazdoymyin

¥ 2 A oy o =< g v o ;o o =
"Q’]ﬂéﬁlfﬁLLm@:ﬂquﬂﬂLﬂ?ﬂ\??UW?@Nﬂu (synchronous) sﬁ\ﬂﬂN@Iu@ﬂ‘]&’(m:muLQQQﬂUﬂ?m

asynchronous (3L 4.45) Weaus BER  289AIR95ULLARSIRANANAIRIRNNTEL

fap

dl | 1

\HasannAanduiusdnunsal synchronous AAnain ¥ty cunneunen-

v
%

asynchronous 3

he

Aa X o, = 4 o ' A A Y o
ARANINAAUNAIAARILAZ VNN BER @’mme‘j“i_lLmez‘ﬂumNmmmiﬂmﬂumm

ANgUN 4.46 WA19UIN BER = 107 wWLaMtAsedLusazalndusnsaeiuanuaug

E1eMamns199 4.54

— matched filter

—=— ZPIC stage 2
----------- 4 = GW-PIC stage 2 mmmmm- -
—%— proposed method stage 2 with hard decision

—— proposed method stage 2 with Mull Zone hard decision

iy~ “abeiaiaiol afeE ieie 0N iaielabeie) L--CC

Average BER of low rate users

Murnber of low rate users

91l7 4.46 BER 128193l low rate lasa1uaug 14 low rate tiNAWluAIAINIIAILAN
Masdeanysnd uazdnynyruanng liusiazausnfaATa T LINEaNiW

(synchronous)
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P399 4.54 AUl 14 low rate, medium rate WAz high rate Nesasdlusazalaguiem

1 1 v 1 1
095Ul U low rate Aee LANTW 1OHANIWNT BER 2895l

a0 -3 Ao ¥ = 4 o v o
low rate ¥R 10 mmma&lfyﬂmmnsﬁmmmummmea‘uwa‘ﬂmu

(synchronous)
@c’ﬁmu;ﬂ% matched SPIC GW-PIC Proposed method with | proposed method with
filter hard decision Null Zone hard decision
low rate 0 16 24 25 25
Medium rate 1 1 1 1 1
high rate 1 1 1 1 1
FINATUIU 2 18 26 27 27
A EEN
FINATUIU 6 22 30 31 31
fldiaiieon

4332 \ilesuaugld medium rate 1laall

RVUIUE L

AL ANNAGL

14 low rate

=

AN

b

TINBL

4.3.3.2.1 WISARLADRSNNNNRURA

TinAwWinAuEsiA E/N, = 10 dB

wzaeFunFaniu (synchronous)

7n9dedana low rate uaz high rate Hagnaay 1
Tudlfaion 2 sy 4 AW ANAIAL Ay
Aualiaaudld medium rate wWasulllnedmnsnisdedoya

Y4 I high rate 11 2 17 99495 1 medium rate WAz 4 Wi 1995

[

o o 1 1 e & O o o dl & ¥
ﬂ'ﬁ‘ﬁ'}ll@llﬂ'\@\m\iLﬂullﬂﬂﬁl’]\iﬁﬂuuﬁ‘m AR NIAN fymammmublmjm;ﬂ

o o dd‘ % ¥ ! =2 dl [ 1

NN19aaaLLL lungun EUEUNEUTBN Emﬂ] LARSALNINN Lﬂ?‘ﬂ\‘i?‘].lill
% o 1 a ¥ 1 =

Wiauiu  (asynchronous) InelAnlsrdvnanvesylfusiazauiingg

nszanawuuguluges 8 Tl uaznstidnynyiniaesyludarauniia
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4.3.3.2.2 Naﬁ"l,ﬁ’mnm'ifé’ﬂa'amuu
4.3.3.2.2.1 n0d asynchronous

UM 4.47 uaneAn BER w@Ae1e9ld medium rate iHasuwiaugld medium rate
| - X ° o 4 & | - [% | a
Ang < WA TnanisasuAninddaiiulledeanysniuas{liusazpuian E/N, = 10 dB

uazdryrynnsanng liusiazaunniiaaTasiulaingauiu (asynchronous)

ANNIMNLINHDAUIUELE medium rate 1NAW BER 19913095094 5 9l (49
ATRITUARNNTUAANTUNINARARZUTANATBS MAI 2 stage) AzinTuARe tHadanniie

AU AN TRt DN NN DA NN ABAMNNHINAUALTIEY  UAZWUANIBNUN

'
=

iduaia ldWaridi hard decision %38 Null Zone hard decision N1d2eIfiAAUTAN BER N6

T P A
NAILATANTUTUABU

ANgUN 4.47 Na130497 BER = 107 WUALATENTLULAAZTHARINNINI0F A UIUY

E1lFMamns199 4.55

Average BER of medium rate users

— matched filter
F 1 =& SPIC stage 2
————————— - GW-PIC stage 2 R

—5— proposed method stage 2 with hard decision
""""" —+— proposed method stage 2 with Null Zone-hard decision [=~7----

i 10 15 20 25
Mumber of medium rate users

91l71 4.47 BER 12@8193f 14 medium rate iaanuaugld medium rate inaulunsiingg
ALANANAIdsaNy sl uardtynang dusazaunnfaasesiuliniaui

(asynchronous)
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P399 4.55 AUl 14 low rate, medium rate Waz high rate Nesesdlusazalagunem
095U Al w1 medium rate AaENNAW HaNA190WNT BER 203614
. A @ 2 Ao ¥ = A o |
medium rate {ATu 107 necindrynyruangldusazaunntiaaseiuly

% o
WTANNU (asynchronous)

@c’ﬁmu;ﬂ% matched SPIC GW-PIC proposed method with | proposed method with
filter hard decision Null Zone hard decision
low rate 1 1 1 1 1
medium rate 0 8 5 6 8
high rate 1 1 1 1 1
FINATUIU 2 5 7 8 10
A EEN
FINATUIU 5 11 15 17 21
fldiaiieon

433222 N0l synchronous

91I7 4.48 uanAn BER 19881995 14 medium rate laawiug 14 medium rate Agtl
1 WA Tnenispaupunisedaiuliecanysniuazglduiazauiian E/N, = 10 dB uay
o/ v 1 =2 dl [ % v [ dl &Y [ % | =
anaangliusazauntATasiunTannu (synchronous) d9linaludnmnziduimeg
o = A = ' Ao ' a a4 o =
fiunstl asynchronous (317 4.47) ieNuwsl BER 199130950z 1HANAIANA9NNGTY
asynchronous A9iLHaIaIN AN NANNUS I N899 ALLENTEL_synchronous AANANN9INTEL
asynchronous ¥ W&ty 1adunInaanMAnIUIAIaAas LazUNI8De BER a1ntAIasLuLs

a a4 0 Y o
@mjumumm@ﬂﬂmauum

ANgUN 4.48 WANswil BER = 107 wudnesadliusazalng1usnsasiuanuaug

E 155919199 4.56




145

Ayerage BER of medium rate users

— matched filter
—=— SPIC stage 2
—7F= GW-PIC stage 2

—&— proposed method stage 2 with hard decision
—+— proposed method stage 2 with MNull Zone hard decision [---- 7

A 10
Murnber of medium rate users

15 20

1 1 1 1 v
717 4.48 BER wa@e1e9% 1 medium rate iaduaug 14 medium rate tis@ulunsiinis

AILIANNNAIANANLITR] wazdtynyinianid I udaraunDaATasiunTaniy

(synchronous)

B399 4.56 UL LA low rate, medium rate 4a high rate NeFeeFLLAAZTRAGINITD

095U lAleauInE 1 medium rate AaeisAw ilaNa19tun 7 BER 2096 14

medium rate #Alu 10° nsdindauauinangliusazauuniaaTasiunias

711 (synchronous)

ﬁﬁmuﬁm% matched SPIC GW-PIC proposed method with | proposed method with
filter hard decision Null Zone hard decision
low rate 1 1 1 1 1
medium rate 0 3 4 5 5
high rate 1 1 1 1 1
9INATUIU 2 5 6 7 7
G EEN
9INATUI 5 11 13 15 15
flfiaiion
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4333 laduaugld high rate wlasulyl

4.3.3.3.1 WISIRLADSNATNUA

'
a a g v

1. Auaug lfasendedaya low rate waz medium rate Hoteaz 1 A
° o AJ ¥ IS o o °

pnanAy Sanaiudlfialion 1 uaz 2 AN AINAIAL waziMUA
T g ld high rate wWasull Tnadnsnisdedeyazasifld nigh
rate 11U 2 i1 29914 medium rate uaziily 4 1vin 28914 low rate

2. neacupumasdainhleteanysnl Ae nndsdoyoyouniuldue
TnnAwWinAuEslAY E/N, = 10 dB

3. nsanaesuutlunsdindn e dusaraunnivaTasiull

v o 1 a ¥ 1 =
wianfiu  (asynchronous) IagAnilsrdananaasldusiazauiinis
! ] a A o ¥ ' ==K

nezangiuugalugos 8 @l waznstidryryrnswesd ldusiazAuniig

tﬂl [ % v o
LATANTLIWTANNL (Synchronous)

4.3.3.3.2 Nﬂﬁvlﬁqqﬂﬂq?ﬁqﬂﬂﬂuuu
4.33.3.2.1 n4atd asynchronous

U7 4.49 uandAd BER t0@zwesild high rate iwednuougld high rate

Aot o WAL Tnanigasuanniasdaiiulledeanysniuas §ldusasauian E/N, = 10 dB

wazdnynyrnuanng lusazauNnnansesiyliniannis (asynchronous)

1 1 4 ! v
AINNINNLI AU A high rate XU BER 1041A7893LMY 5 1iia
4 aoda o . . O
(BLATRITLNHNNITIANITUNINABAALTINNNTLIANALEY MAI 2 stage) AztsAUATE 1183
dl o ¥ P d’f 1 =f o dl QI d’f ¥ oI/ = 1 ad
AININBI WU L NN U NN DA TY Y NUUNINABATIANNINTUAETWEY  TIWLIIT
dl o dl ¥ o .. A . 1 v a a =
nauaieldWeridu hard decision %38 Null Zone hard decision 811qeifinduiin 3 BER

o iood . A
NAMNAVATANTUTUAR Y

A1ngU7 4.49 Wa190uW BER = 10° wudweaesiuwsiazating nnsnsesdy

Anuug 1 ifamnsen 4.57



147

Average BER of high rate users

3| — matched filter
107 bz 2223 =& SPIC stage 2

3| = GWPIC stage 2
[ -~ 277 -a| =% proposed method stage 2 with hard decision
_______ 4| —#—= proposed method stage 2 with Mull Zone hard decision o __ __ |

: 1 1 1 1 1 1
1 2 3 4 A 5 7 a8 9
Mumber of high rate users

9171 4.49 BER 1288189l high rate iaanuiIuild high rate 1NaWlWNIRiN19AILAN
nnasasanysad uazdtyqananng liusazauaniuarasiulinfauiu

(asynchronous)

B399 4.57 AUl 14 low rate, medium rate LA high rate ALAFa9FULAATIRAANNNID
1 1 % ] 1
7095U [Aiiaqnuang 4 high rate Aot iR IHANANT0UY BER 209514

high rate #A1Tlw 10° nesundayaynniann disiasaunntaezaed linda

i (asynchronous)

‘ﬁﬁmuiﬂ‘ﬁ matched SPIC GW-PIC proposed method with | proposed method with
filter hard decision Null'Zone hard decision
low rate 1 1 1 1 1
medium rate 1 1 1 1 1
high rate 1.3 2.2 2.3 3 3.2
FINATUIU 3.3 4.2 4.3 5 5.2
G EEN
FINATUIU 8.2 11.8 12.2 15 15.8
fldaiien
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4.3.3.3.2.2 N0l synchronous

7171 4.50 uAA9A" BER @@ 14 high rate laduauild high rate Aas

”"]Qd ) ° o < 1 I . zmv |g ISP — LL@:

o

Y =2 A oy o =< g v o A
38! Wﬁmfﬂ’mrﬁﬂmLLM@muN’m\imewW?@Nﬂu (synchronous) sﬁﬂiﬁmﬂlu@ﬂﬁmzlﬁulﬁﬂq

fiunstd asynchronous (UM 4.49) LiNeus BER 29913a95LuAaztHaNAIA1A99 NN

1
1 o o

asynchronous M4ILHE9ANN  ANANANNUSINT8939aLENTEL synchronous HANANNTE
[ % dl a d? a =2 dl o 1 a a 0I
AunnuunsndaesinaIuilAanad wazuNiaie BER animsasiuwsazainfiAinnasll

ANEINLLA

AN 4.50 Wagtu? BER = 10° Wuawezesiuusazating nnsnsesdy

Auang I ARIRN9199 4.58

Average BER of high rate users

10
— ratched filter
1ot oot =& SPIC stage 2 L_
¥izzze| = GW-PIC stage 2 E
£----F| —& proposed method stage 2 with hard decision I
[ ~-"-7| = proposed methad stage 2 with Mull Zone hard decision [~ 777"
e l I I l L
2 4 B 3 10

Mumber of high rate users

717 4:50 BER lafeiedild high rate \laanuauifld high rate ts@ulunsiinispouny
AnAsasaNysnl uazdnyoyrasanng lusazaunfaATasiunFaniv

(synchronous)
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FIN3199 4.58 AU 14 low rate, medium rate WAz high rate Nesasilusazalaguiem
1 ! v 1 1
095Ul w1 high rate AeeiNTY IHaWA1904171 BER 2095 1

'
aNa o

high rate HAflu 10° nscindyeyiuannildusiazaunndawesesdundaniv

(synchronous)
@c’ﬁmu;ﬂ% matched SPIC GW-PIC proposed method with | proposed method with
filter hard decision Null Zone hard decision
low rate 1 1 1 1 1
medium rate 1 1 1 1 1
high rate 0 1.4 1.5 1.6 1.9
FINANUIL 2 3.4 3.5 3.6 3.9
A EEN
FINATUIU 3 8.6 9 9.6 10.6
fldiaiieon

4334 AAszilazdslnanIsaIaasuLL

ANNANNTANADIMLTINAAAT BER LAWK IFusazanstwuaL wudn

dl o 7 al d’f o £ a al 49{ d‘ % al d’f
Wadnuaugdreaiinawinld  BER  HA1aawiiesa &ty niuninaaniiauniy
AU ld Tneiiefiangnni BER winiu wudles uaugld low rate Aeeiaaw 1iged
o | a 1% o 26 Y Aa | 96 ¥ A Z’/ 2 1 dl o 2
Fuuslazaina1nnnsesiuauang ldasensed ldiadauisuna ldunndndasauoud 14

. | C X , e Yo Xy 4 o oo
medium rate waz high rate Age) tsau tnelugeamanuang iinaulinin wesdunii
wualaeldWaridu Null Zone hard decision 19 BER dfigauazipasiuunadiamasln
BER 714940 usililadnuaug laee inaunudasesiuniinisadanaaes MAL Tiun SPIC,
GW-PIC “uazlpiasduitnanandn BER Milndarasiuuuadiamaiiiiuduiliiasan
-&I o i3 QI d? o Y o a d? 2 o va dl o a v dl
iWaanuu I iNawin Tidny i asunsnaa il Auinausasauin I ansnduldainieses
Fuuundiamesianuianainuazietirdniulia¥e MAI szt ldadanisunsnaanann
Ay iulsgeinlidtynrnuunsnaeaiauinauau BER Wnlndvzaaiagendnesesiy
wupTAamasle Annn9en 4.53-4.58 aun3nagUualffinn9Nn 4.5 uaz 4.60 TIuAn
o ¥ A dl dl o ] a [ ¥ d‘ o ¥ ]
AuuIINTeNy Mialauniesasiuusazainainnnesduld  Wedawiulldusiay  rate

wasuldnstl asynchronous Wafiansaun? BER = 107 waz synchronous Wanansud
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BER = 10° muandu (lu IMT-2000 fnmunlsh BER = 10°-107 efinsdedyaondes
(low rate) wax BER = 10°-10° Lﬁ@%’@g@ﬁmtﬂu ANaAle (high rate) sfusu [3] wilunng
SraeuuLiadaswouddfisrunsesiuld fnvuunld BER ael Taanseil synchronous &4
yinaugnA el BER = 107 uagnstil asynchronous fuunl BER = 10%dsnsfiisiua
A" BER mnndnanly IMT —2000 1iaaannsviaildluntssnaeuuond gold code fiflanny

g ALNARA NI e UsauEN 19l uszuuade  R9deua AN A AN USINNIE A9

sausiaesy [HNANN waziaduannuunsnaansiniiuliauinli BER HAg4)

AMNANINT 4.59 UAZ 4.60 WL BER winri iwasnuiugld high rate
1 QI d? o % dl o 1 a o O 2 A PR 1 dll o ¥
AotpNTuIN IATeiuLAazIiaa N30 0T LA WL I alaulftaandilaquoug
14 medium rate uaz low rate Agg 1N Mduduililesainindsresdoyoiuniuléan
gl high rate HA1gN9Eld medium rate Uaz low rate Adanaaientlsingnisallng-
Tna (@nnnaal3luiden 1.5.3 LULLNUEATIULNEN1TUIENIRNANALERTN) FaTiiiND

AuUE A high rate inawin il iiudyaunalunsnaangea

F19790 4.59 AuausaNYadE ialeniiaTasiuuss ratnannsnsesiulAiliaanuang 1
wsiae rate 1agnll Tunstindoynrmuanngldusazaunndaesesduliniay

4 (asynchronous) Iaea13a41? BER = 10°

ﬁﬁmuéﬂ% matched SPIC GW-PIC proposed method with | proposed method with
e Filter hard decision Null Zone hard decision
low rate 6 15 19 20 21
Medium rate 5 11 15 17 21
high rate 8.2 11.8 12.2 15 15.8

P399 4.60 ANWIUIINTANH MTaNeuATaST UL AT IHAA NI 09RS U IR A uE 1

' dl dd‘ o ¥ ] = dl o % o
WANT rate Lﬂﬂﬁluiﬂ slummmn&m&mm@fml:islml,mmummme?um@mu

(synchronous) Taaifiansauny BER = 10°

@c’ﬁmu;ﬂ% Matched SPIC GW-PIC proposed method with | proposed method with
e Filter hard decision Null Zone hard decision
low rate 6 22 30 31 31
Medium rate 5 11 13 15 15
high rate 3 8.6 9 9.6 10.6
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434 AUIULANANKABNITATUIN weight factor

o e 1

=1 [ 1 4
4341 nsainsauaniasdailuldadsanysal
43411 WISINHARSNAIUUA AD

1. Srunudda3eiiinnsdatesa low rate, medium rate ua high rate
{4, 4 uaz 2 pu sy Saeaduddiadieu 4, 8 uaz 8 Au
pnaau Tneansanisdeteyareagld high rate 1w 2 1vin 39614
medium rate WAzt 4 1 20914 low rate

2. mAdn nesdldusaraninntaesesiuvinfuiu 0 dB uazy

lnAudFA E/N, = 10 dB

q

=

3. nasanaesuuylunstindnyn e ldusiaraunniaazesiuly
% o 1 a 173 1 =
Wiannu (asynchronous) TaaAtlszdaanaesdliusiazauiinng

nIzaneLLLIgN U 8 Tl
43412 EANlARINNITINABILLIL

91N 4.51, 4.52 uaz 4.53 wAnsA1 BER @watwasy 1 low rate, medium rate uag
. o o A o ~ goo IR 4 o Ao =
high rate AMNAIAL memuummhmmmmmm\m’muﬂmmmﬁwmLmumﬂ@ﬂum

Tunsainnisrauruinddeiiulilasinanysnd

~ i A g0 =~ ~ A o o 8 o 4 o Ao
AN3UN 4.51 wudulalianuaudn 9 TAWAAIUIFAINNTINMEINTaLATEELNNN

iae (M9Ra9 i Waridi hard decision waz Waridu Null Zone hard decision) 11715 BER 284
{14 low rate HAWinU BER iald95 GW-PIC wenainiudaanuiuini ldaiuui A
wsitlszanow 15 U aullinliazasiuntinianeiipn BER f194m

ANgLN 452 wudnialdaruiuis 5 TawaAIue A tEIMINaeaATaF LN

v !
o =

AUD (YNAD7 MU hard decision baz WriFi Null Zone hard decision) %113 BER 124
{14 medium rate HAITL BER Wa'ldas GW-PIC uanantuiaswiuinildmAiuani
Angausitlszann 15 On aulilvinTiesasiuninauaian BER Annign

= i A gyo0 = a A o « 8 o 4 o oo
'ﬂ’]ﬂgﬂ‘V] 4.53 wuaalanuauds 3 TaWaAIUINAYNNTNUTEINTA9LATANSLNUN

£ 1
o ada

AU (Y9959 MRt hard decision waz Warid Null Zone hard decision) 11191 BER 284

1 v 1 1
{14 high rate {AwiniL BER Wald35 GW-PIC wanaintiuiasuwindai ldaimuonian
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pasitlszanne 15 On auhiinlifAresiuninauadiAn BER snfign uazidadanslugily
' dl o o 1 90/ v v a o & ISP 1o ad dl | !
4.51-4.53 wudnilaAuanidatasmtingay 1 Jevinlik BER Awinduds SPIC fifluuu
X 4o o, . I P N
Hiesaniaauauinminiy 1 azldaArauutlsdsmwiy 0 SenssiuReulavesannisd

v ] 1
(3-27) Al fadngrnmindeny 1 TeAa3a SPIC Wuled

Ayerage BER of low rate users

— SPIC stage 2

----- —= EWLPIC stage 2 ----

—&— proposed method stage 2 with hard decision

—— propoased method stage 2 with Null Zone hard decision
0 9 10 15 20 24

IMumber of bits for weight factar calculation

717 4.51 BER a@e1e9i 1 low rate iadawauiini lda1uansiadesimrin ladantiaue

a

wanulil iWeinsudnnasss MAI 2 stage Tunstinsaaupunnasaaiiulilaging

anysnd

Average BER of medium rate users

— SPIC stage 2
_____ —&— GW-PIC stage 2 | _____
-7~ proposed method stage 2 with hard decision

—— proposed method stage 2 with Mull Zone hard decision

u] 5I 1ID 1I5 ZID 25
Murmber of bits for weight factor calculation
7171 4.52 BER 12@g1095 14 medium rate iasnuaudaildaiunidaaasiininluign
auataaulil iWeiinsadnnaand MAI 2 stage lunsainisaaupunindsaaiuhl

ativaNysnd
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L — T
2
A .I; =S
2 : : : ' .
= | | | ‘
2 2 | | | :
=S Sebsbelebuleblsiutel febefutaleietulsbuisbeisbulsbsiutelstegulebs sbulspulsbuiefutstotetsputsfuisbalebuiebuton
e 1oooooo---- Q- oo b
i A
o i i ! :
S e, P R S
E 1 1 1 1
R Ry Y Nty Tt FTTTTTTTs
p : ) : A
— SPIC stage 2
_______ —&— GW-PIC stage 2 S
—7— propoged method stage 2 with hard decision
—4— proposed method stage 2 with Mull Zone hard decision
10'3 ! ! ! H
0 8 10 15 20 25

Mumber of bits for weight factor calculation

31/7 4.53 BER a0l high rate iaanuauiinnldaiuansanaminminlidsniaue
wasull Wedinnsadanazes MAI 2 stage lunstinisasuaningedaiullesng

anysnd

I o @ 1 @ 1 1 U4
4.3.4.2 nsainsAuANmasaaiulaseldanysal
43424 WISARRRTNTNUA AE

1. [uuK FA3aNNI9dadaa low rate, medium rate uaz high rate
4, 4 uaz 2 au uansu Teleadugdiaiiou 4, 8 uay 8 AU
pNaIay Tnednsnisdedeyaresdld high rate tlu 2 i v9g 14

medium rate WaY 4 0 ﬂjﬂqmgﬁ low rate

1
o o o P

2. MAYdryry NN DaLeTesFUTasiId low rate 1l 16 dB

|
o o =

NNAMRURUN NN DeATRF U209 1 medium rate 1 0 dB

7

1
o =

ArynyrounundaAsesiuaesi 1 high rate 1w 0 dB

R

il

g7

¥

wazi ldvnAulAY E/N, = 10 dB
o o dd‘ o ¥ ' =X dl o 1
3. vnsRnsesuunlunsaindnnnnedliudaraunnnaazesiuly
14 o { a ¥ ] =
wiaufiu (asynchronous) IneiAntlsydananaasyldusazauiinis

navaneuuug bt 8 T
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43422 N@ﬁlﬁ@ﬁﬂﬂ’]%“s’]ﬂﬂﬂuuu

717 4.54, 4.55 unz 4.56 uAAIAT BER 1@dnuedild low rate, medium rate uaz
high rate ANa1ey Wasnwauda ldawamndanaeainminlumressuniauanlasull

Tunsaiinnsaaupunasdaivlileeinglaanysnl

@fma‘ﬂﬁ 4.54 wudiie s uouda 5 TAMeALIMETTN TN T8 LA LTN
) %q 39 hard decision uag flaridu Null Zone hard decision) %1191 BER 284
{9 low rate rnwinfu BER a3 GW-PIC wenanduidleduaudnildsuanilen
Faustszanns 15 On Tului Wiedesiuiviiauesisn BER mian

- oA 990 = a A o o 8 o 4 o oo
”‘Wﬂﬁ‘ﬂ‘l’] 4.55 WU e e uaulin 7 JaeATH LA NNTNUINTa9LATaNELNIN

v
o ad

\ane (AIaT T hard decision waz Warfdi Null Zone hard decision) il BER 184
14 medium rate flAAlvinil BER deld3s GW-PIC wenaniiuiiednuauiaildfuan

Arstausiilszinn 15 Ja aulilinliesesiuiinguaiia BER A1nge

angu 4.56 wudamaldanuanuis 7 DawaAiuanfatainuinaedersesd Nt

d

AL (Y9959 Mt hard decision way Waridis Null Zone hard decision) %1191 BER 284

414 high rate RAnwinfu BER fleld38 GW-PIC uenannduileswaudnildauaniin

sausitlszann 10 On Aulilvinliiesasiuntaaueiian BER Anfign

wazilodanmlugiln 4.55 uaz 4.56 wudHaAmATaetingaY 1 Tnvin e
BER fAwinAuada SPIC Mifluduilitiesarnieatsnudauwingy 1 azldAiaannulslsou
W 0 FemseiuNenleaesannisi (3-27) ANl Aadaeunudniedly 1 @eAeds SPIC

UITON

uanNaINtiu BER ludanniauaaesifld medium rate uaz high rate angua 4.55

g

LAY 4.56 WUIMLEHDAN LTt MTAAQe 1 TRNAIAINGILHaAUIAng 2 TR 1HAYaNn

Tuesesduaas 14 medium rate waz high rate azdANATD MAI a3 19tuaai 14 low rate

|
o ¥ v = a o o o

PR a ¥ = ! £
sinsinduliaesld low rate HAugneeangn (wanzlnasdoynyugenanild rate

=%

o o

14) Fodulisnflugestaainminieivualisdomnuindandy 1 Sansasudad

()

o ¥ a ' -& o ¥ a o Yo 1 o v A v ! Sztﬁl (P |
ATUINIAILY 1 LB (EILNBATUINIAILY 2 ‘]_IWWWIMWQDQQuWﬁuﬂNﬂW‘H@ﬂﬂQW 1 DLWNWI”Iﬂ‘]_IL‘]Ju

nM3aANUNEane MAI 90961 low rate Nfn)



Average BER of low rate users

— SPIC stage 2

—=— GW-PIC stage 2

—=— proposed method stage 2 with hard decision

—— proposed method stage 2 with Mull Zone hard decision

i
5 10 15 20
Mumber of bits for weight factor calculation
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717 4.54 BER 1a@e209% |4 low rate tHadwauiianldaAuans weight factor Tuigniinaue

wanull iWadngdnnases MAI 2 stage Tunstinsmaupunindsaaiiulilasing

Tdauysnd

- L Ly

Average BER of medium rate users

SPIC stage 2

—2= GYW-PIC stage 2

—7— proposed method stage 2 with hard decision

—— proposed method stage 2 with Mull Zone hard decision

H
5 10 15 20
MNumber of bits for weight factor calculation

25

31l7 4.55 BER 12ata996 14 medium rate iladnuaudinfldaAuan weight factor 1W3s#in

wuailaeuly iWalinnsrdnnaaes MAI 2 stage lunstiinisrauanindsdaduly

g lianyand
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Average BER of high rate users

-rrie

-------- — SPIC stage 2 I
———————— —&— GW-FIC stage 2 ----A
—7 proposed method stage 2 with hard decision

—— proposed method stage 2 with Mull Zone hard decision

1] 5 10 15 20 2E
Murnber of bits for weight factor calculation

717 4.56 BER wa@e1049% 14 high rate LiadnuaudninldAiuans weight factor l13g7in
wuaulasull iedinsrdanaaay MAI 2 stage Tunsiinnsasugunndsdalulil

a1 lianyand

4344 Apsizvkazdsluanisdiansuuy

£ 1
AINNANNFANAIULILTINENNTsALANNNAsATn i atinvany sniuasiany ool
di dl o [ 3 1 o a dl ¥ o o 1 % o adai
\HaLATasuANN919AKATRY MAI 2 stage WLANA WU AT IE A WA taammingesisn
taueiiuasie BER Insaziipnludos 5-7 danialiilian BER winduas GW-PIC uaziiAnlu

G4 10-15 D wilupuldivalsd BER 1a9auntauadma s

q



unin 5
unggil

51  @gUnanisiae

anmatANsdstayauuuaadnnluszuy  DS-COMA  Taeldasnng

wWaguansaenanislszaana (Multi processing gain) WuInazdRamiaulsng-

74 % o = o a

= o [y [ o
nsndlndlng Ae §lindsdoyasadnaiingiazllsunoudlindsdoyasondnaian wan

U U

'
] Y [ % a A o o

v 1
antugldndefaudnaingeasidnsvanadnsnisszioananiamin liinasafau-

Ll

o o/ 57

Anusda (cross correlation) sxmdnei1dAng ATNIIUNLATEIFULLLASANNTUNINADA

¥

NMIF1U (Standard Parallel Interference Cancellation 198 SPIC) Mﬁﬁmwﬁuﬁmmgaé

1
£ a

TusiazauliinWnannin Wesanndadayanazin e MAI vesfliusazpudaau

u

]
o e

4 A =2y vy 40 £ A5 R\ o oL oA o o o .
Lﬁﬂﬂ@iﬂwnﬂu "NLLWNQL@u@Lﬂ?@ﬂ?uwmﬂqﬁ‘ﬂqququuﬂﬂmmuqmq@?q\‘] MAI AINBRTINITAN

Y A a v Y . = s A =2 o Yo 1 v o A
1HN AR Uﬁ]ﬂ]@ﬂ#ﬂ@ﬁl’ﬂ\imﬁ high rate 34mmmLm@ﬂfamﬂmqm\imuumlwmmqmﬁuﬂum

= a9 > = = B P B ve 0
unngm ”Lummmummjmm;ﬂm low rate 3~Jﬂ')’?ll‘lﬂLﬁﬂﬂﬂuﬂﬂﬂﬁﬂ@\iﬂ’?‘ﬁuﬁiﬂ[ﬂ']ﬂ')\‘]uq

' | 12
R a

! 14
windanteangaielldesdnmingesdnnazinunadne MAI winisivuaAaeesianioin

1
o =

wiinWeasenalinalipdniane il du a1aduldd {4 low rate aglndaniignuuinauwin
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Gold code

Gold code Qﬂzﬁ’mﬂ’m preferred pair 2989 m-sequence (Maximal Length

U o o oY

Sequence) GiR preferred pair R @'?J'm m-sequence AHAdnFNAUSIN (cross-

correlation) tiaeind1 m-sequence fau7 Ineiienu Gold code Aa%
e A uaz B iflu prefered pair 184 m-sequence
G ={A, B, A+B, A+DB, A+D’B, A+D’B,...., A+D" B}

de D' = nnaidew sequence 1 i Om

viradisiuannis 16sell G = {A+D'B}

1
o A %

1JuAe @519 Gold code 1 sequence l@annasuan A fiu B Taideuly k Ondwes InuAan

FuRugd1Nre9 Gold code ANNT1 m-sequence WARNERANANALS (autocorrelation) T
Winfiu m-sequence

ANGNANWUTI1NT99 Gold code HA1 3 32/l toa {-1, -t(m), t(m)-2}

AMEN2 L (odd m)

t f
(m) m+2)i2 4 -

2( (even m)

= A o - Aoy v
A m AR ANUAULRN shift generator IGHERN m-sequences
Gold code AANENT 31 @il

lunnsdaeauuunInua d Gold code’ ANENY 31 E @ya519ann preferred pair
MAnaN generator function g(x) = 1+x° WAZ 1+x+ X +X 478 M = 5 A9l ATANEGNAUS
al g

druilen 3 sxAulsiin {<1/31; ©9/31, 7/31} M4 Gold code NEluANI3Na89LIL AIANT19T

AN



AN919% N1 Gold code ANENT 31 31N 1459 Gold code AANNENT 32 Tl
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Tunnsanaauuy
Gold code 12 3 4 5 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1 1111111111111 -111111111111T-1-1-1-11-+-1
2 11111111111 111-11111111-111-1-11-1-1H-1
3 1111111111111 1111111T1T1T 111111111
4 11111111111 11-1-1-11-1111111 1111111
5 1111111111111 1-111-111T1T1111 111111
6 11111111 1111111111111 11111-1111-1
7 1111111111111 -11 1111111111111 1-11
8 1T 1111111111111 1-1111111T1 11111111
9 11111111 1+111-11111111T1T11111-11 11141
10 111111111 1111111111111 -11-111-1-1-11
11 1T -1t1t11 11111111111 -1-11-11-11T-1-1-1-1-111H1
12 1 1111111111111 -11 1111111111 1T-11-1-1
13 t1T-1t1t1111111111T1-1-11T-1-1-11T-1-1-1-11-111-11
14 1111111111111 -11 111111111111 1-1-1-1
15 11111111111 1-111-11T11T11111T11111-11
16 1111111114+ 11-11-11-1111111111-11-1-11
17 1111111111111 1-11111111T-11 1111111
18 1111111111111 1111 1111111111 1111
19 B T T e e, e e e e e e e [t [ N T O T [ B B B
20 S ey T R R R (R T =01 1 -1 1 1 -1 -1 1 -1 1 1
21 1111 1111111111111 11111T1 11111111
22 411111111111 111-1111111111-1111-1-1
23 1111+14++1-11-1+1+-1+1+1 1114 1-1-1-1+-1-11T1-1-1111
24 1111111111111 11111-11T-1-111 1111111
25 1111111111114+ 1T-11111111 11111111 1-1
26 111 +1-11+111T1111 1111111 11111111111
27 11111111111 111111-11-1-1-1-11-1-1-1-1-1-1H1
28 1111111111111 111111111T-11T-11T-1-11-1H1
29 1111111111111 1111111111111 11111
30 1111111111111 111111T1111 1111111+
31 1111111111111 1111111111111-1-1-1-1-1




Tsunsuas19 Gold code ANEN9 31 Tl

function gold seq = Gold_code;

global gold_seq
connections1=[10100];
connections2=[1110 1];
sequence1=ss_mlsrs(connections1);
sequence2=ss_mlsrs(connections2);
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 [seq]=ss_mlsrs(connections);

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

fori=2:L,

167
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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;

Gold code ANEN9 32 T4l

4319310 Gold code AYIHNENS 31 T Inenisun 1 Uldannnisguuuungnise
Nt Gold code A2 neN 31 @1 Tuusiazdm @9 Gold code mamzng 32 FuUildlunng

RNADILLIL (m?’wﬁ p2) 4529271 Gold code AANENT 31 Tl (mmqﬁ W)



AN919% N2 Gold code ANeNT 32 31 lFlun13an ALy
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Goldcode|? 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
1 4111111111111 11-111-11-11-1-11-1-1-1-11-:11
2 1711149111111 -11-1-11-111111-1-1-1-1-11-1-1-11
3 17111111111 11111111-11111-1-11-1-1-1111
4 1711114111111 14-1-11411-14-11111-1-11-1 -1
5 1711141111141 144-1114111-11-1111-11-111
6 4111111141144 1-11444-1111-1111-4111--
7 4111111141111 41 4114111111 1-11-11-11-
8 17191141111 11119491141111111111111-1-11
9 R REIEL P 7 R I i L U TR TR R R R TR I R
10 A1 11 e T AT N O s 1 1 -1 -1 1 11 -1 1o
11 119111 4141-11-14-111-1-11-11-11-1-14-1-111-:11
12 A1 1114441141111 11141-1-1-1-1-1-11-11-1-:1-
13 1719114114114 1941114-114-1-11-1-1-1-11-111-11-
14 4111111411114 1491111-111-1-11-1111-1-1-11
15 4111411141111 1111-41-111-11-1-1111-11-
16 4111141111141 4914111111111-11141-1411
17 1741141141111 1-11111111-111711141-11111
18 1741114111111 1411111-111-1-11111-111-
19 411111411+ 91141414114111111-1411-11111
20 A1 19421+ 4+ 1441441441141+ 4411111411111 1
21 171114949141 1-11-14-1-1-1111-4111-1141111-
22 4111191114911 14-111114141-11-1-111-1-11
23 4111111111111 111-11114104-1-111-1-1111-1
24 1111111414111 11114411-141111-111-1-111
25 4114111149111 1 111191919111 1-111-111-11
26 1111111111111 11111111-1-1-14-211111-1-
o7 NViaYaNR Ealwal RV iatal' Vi1 Yoty 3 EREEREE
28 T L L I T T T L B R e T T L (O L I I I [
29 4111411111111 4111111141-111111111
30 1719111111111 111-111-411-11411-11-11-11-1-1
31 A1 1141111111111 1-1111-11-11111-1-1-1-1-:1-
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Ny /2
B() = > AbUIINS (t 4T -7,) (3)
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Tae 1 A meﬂmﬁm%ﬁumm;ﬁ%muﬁ k T stage 7 n
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(n-1)

- AN
b ("™ [i] =tanh AV (4)
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AWGN i stage 11 n s o7, w1 lAaInaunisi (7)

2
} (7)

ot /gl iop

ARdduanivun
Ny /2
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= A 10
YT A ar(y ) AT o
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(Nonlinear MMSE Interference Cancellation %52 NMIC) ('&Nm‘i‘ﬁ (3)) An
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VMNUILAUBAEUN weight factor HNADUNU b, [i] WwaliauatAtdaandnuse
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Abstract
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Abstract -- The objective of this article is to propose a new
method to adapt weight factor applying for partial interference
cancellation in  multirate CDMA  cellular  mobile
communication systems. The proposed scheme in weight factor
decision utilizing matched filter output variance from previous
stage is compared with Groupwise Weighted PIC (GW-PIC)
and Standard PIC (SPIC). The simulation results show that
performance of the proposed method is better than those of the
GW-PIC and the SPIC.

I. INTRODUCTION

The third generation cellular mobile communication system is
expected to support a variety of services with different bit rates
ranging from a few kbps to as much as 2 Mbps [1]. Thus, it is
necessary for wireless mobile station to transmit variable bit rate
services such as speech, image and data. Code Division Multiple
Access (CDMA) is a promising technique for providing multiuser
access in future cellular mobile and personal communication
systems. One of the methods for multirate CDMA system is MPG
(Multiple Processing Gain) [2, 3] system in which the bandwidths
of all users are the same but the processing gains are different
according to their bit rates. The signals of low rate users are spread
using the entire spreading codes while those of higher rate users
are spread using only a part of the spreading codes. To have the
same desired energy, the powers of the high rate users are larger
than those of the lower rate users, thus, there exists an equivalently
constant near-far effect. Multiuser detection-is exploited to remove
the Multiple Access Interference (MAI) and near-far problems
using all users information. The interference cancellation is one of
the suboptimal cancellation that can be done in a successive
(Successive Interference Cancellation : SIC) or parallel (Parallel
Interference Cancellation : PIC) way. T. Ojanperg, et. al., analyzed
a wideband CDMA multiuser detector with qualitative comparison
criteria such as complexity [4]. It was shown that PIC was the
better systems with long codes, due to its characteristics of
reducing the increasing  detection delay. as compared to SIC.
Performance improvement of = PIC receiver in single rate 'is
proposed in [5-6] with partial interference cancellation.

For MPG scheme, the lower rate users are interfered from the
higher rate users, leading to less reliable regenerated signal of
lower rate users. To improve the performance, the regenerated
signal of each user should be cancelled partially according to bit
rate. GW-PIC [7] proposed to weight the regenerated signal with
fixed weight factors. The weight factor is differently assigned to
each group of users transmitting with different bit rates according
to the reliability of MAI estimated from users in each group.

However, when the environment is changed such as the increasing
number of users or near-far situation, applying weight factors in a
fixed groupwise is not optimal. This paper proposes a new method
to determine the weight factor that is adapted according to the
reliability of estimated signal from each user, utilizing matched
filter output variance from previous stage.

In section 2, system models of multirate CDMA system of SPIC
and GW-PIC are described. Section 3 presents the proposed weight
factor decision. Numerical results are given in section 4. Finally,
conclusion is drawn in section 5.

Il. SYSTEM MODELS

The MPG scheme is applied in the system model for multirate
CDMA system. This method is similar to the single rate CDMA
system. A real user, being an active terminal of communication
system, is considered to be some virtual users with different bit
rates. The symbol rate of real user is m / T corresponding to m

virtual users, where m is integer and T is the bit interval of the
lowest rate users. There are three bit rates: low, medium and high

bit rates in system model. The processing gains of low (N ),
medium (N, ) and high (N, ) rate users are N,, N,/ 2 and
N, / 4 , respectively. In addition, the signature waveform, S (t) ,
for each k virtual users has the following characteristics [2] :

T_[lSk(t)rdt =1

0

and S, (t) =0 if t ¢[0,T]

Thus, the amplitude of high rate user signal is increased by \/2_
and 2 times from medium and low rate users, respectively. The

received baseband signal in asynchronous case is of the form

((t)=Y, SAb [I1S(t ~iT —7,) +n(t) )

K Np/2
j=li=—Np /2
where K, A; b [i], Ny +1, z; and n are the total number of

virtual users, signal amplitude, thei th data bit, the number of bits
of data block, relative delay and Additive White Gaussian Noise

(AWGN) with zero mean and variance of o2, , respectively, of
the j th virtual user. The input data of the j th virtual user,
bi[ile {—1,1}, is antipodal. In synchronous case, z; is 0.



Standard PIC (SPIC): The estimated signal of the j th virtual user
in the p th stage is given by

- () Ny /2
P = >

i=—Np /2

Ajb Pl (¢ —iT) )

where AJ- is the estimated signal amplitude of the j th virtual user.

Assume perfect channel estimation then AJ- = A . The estimated

signals of all users except the k th virtual user cancelled from
received signal in the p th stage is given by

A =) - 800 ©
j=
2k

As the 0 th stage received signal is,
r® =r(t), kefl,2,. Kf (4)

the output from matched filter for the i th bit of thek th virtual
user in the P th stage and the 0 th stage is given by

o) ()T )
yPLlil= [ fPt)s, t —iT)dt (5)

iT

y D[l =Acb, [i] + nglA,- (b, [ -bP M [py + 7] (6)
#k

y O] = Acby il + ilAj (o, [N,y + il (7)
=

#k

T
where py = [S,(1)S ;(t)dt is cross correlation between the K th
0

virtual user and the ; th virtual user and

(i+1)T

[l = onoise f)n(t)S k(t =0T )dt
iT

The i th bit decision of the j th virtual user from the (p —1) th
stage is given by

b P [i]=sgn(y " VIi]) @)
where sgn[.] is the signum function.

Groupwise Weighted PIC (GW-PIC): The power difference
between groups of different bit rate users causes-an equivalently
constant near-far problem. The lowest bit rate users have the least
power, then their MAI estimates are the least reliable, leading to
increase MAI instead. GW-PIC is proposed to improve this
problem by assigning weight factor in each group. The weight
factor is determined according to the bit rate. GW-PIC assigns
weight factor user by user. In this case, equation (3) is changed to

equation (9), where w (%) is weight factor of the j th virtual user
transmitting bit rate R in the p th stage.
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~ K ~

FP =r ) - 2w R ) ©)
] =
#k

The weight factor of low rate user is the lowest and that of high
rate user is the highest. However, in this case, weight factors are
fixed, not adapted according to changing environment. This affects
the reliability of estimated signal. This paper presents the method
for assigning weight factor according to the reliability of estimated
signal of each user utilizing matched filter output variance from
previous stage.

I11. PROPOSED WEIGHT FACTOR ASSIGNMENT AND
ADAPTATION

Consider variance of the output from matched filter of the k th
virtual user in the p th stage (since time average is often the only

thing that is practical to compute in applications, the assumption of
ergodicity is favored [8]), defined by

o 09110 _[Nf v [i]]z

var(y”) = 3

10
=] Ngo (10)

i1 Ngp
where N, is the number of bits for weight factor calculation.

Information bits are considered as antipodal (with probability =
1/2) and information bits of each virtual user are generated
independently and are independent on zero mean Gaussian noise.

Consideration of the 0 th stage (no cancellation of MAI estimates)

From equations (7) and (10), variance of the output from
matched filter of the k th virtual user in the 0 th stage is given by

2
Var(yLEO)) = Akz + O-IE/I%,k + Oﬁoise (11)

2
where &)

K
vaik = 2 (A pjk)2 is interference variance estimated
i <

2k

from the other users (except the k th virtual user) before
cancellation of MAI estimates.

Consideration of the p th stage

From equations (2), (5), (9) and (10), variance of the output
from matched filter of thek th virtual user in thep th stage is
given by

2

Nsp | k ) 1y~ .
Vary ) =AC+ 3 | 2 A, [ PP [y | INg,
| =] j:]_
#k

Ngp K B Ad W) S
-2A Z‘i '21 Aj pyWw E?va)bk [i] bJ(p VL | INgp + Ogiee (12)
i= j=
2k

where

- K ~

B [l =sgn (4 11) + SAG, [ iz 260 2 [y +7,111) (13)
From equation (13), b (P*3 is dependent on b, , then the 3 th term

of equation (12) cannot be removed. However, if there exists high
interference situation, i.e.,

(1) strong near-far situation,



A << A (14)

(2) a lot of number of users and high cross correlation of
spreading code between users,

2 A T -wiE 780 i, >> AL -wi 50 [y (15)
Thus, equation (13) can be approximated by

BE-D [T = b Til+ S Al [i1-w®2bC-2Ti i
i [ =sgn (A j[l]+|§ Ay [ w5 b [)ay +m;[1)
#j,k
(16)
This means b (P™) is not dependent on b, , then the 3 th term of

(12) is zero. Finally, variance of the k th virtual user in the p th
stage is given by
2
Var (yk(p)) = Akz + O-r{/Ip/-\)I kTt Cyr?oise (17
where
2

K ~ 4
YA b; [ - V0P ey | N
s

#k

2 Nsp
(p) —
Omark = Z‘i

is interference variance estimated from other users (except the k
th virtual user) after the p th stage cancellation.

Equations (11) and (17) show that variance of thek th virtual
user from output of matched filter in the P th stage composes of

received power of the Kk th virtual user, estimated interference
variance of other users from the p th stage and the variance of

noise. However, Var (y,ﬁp)) in stage p >1 may be less than A?

because interference is removed in previous stage so that equation
(13) can not be approximated with (16). Consequently, the 3 th
term of equation (12) is not zero. Due to limited reliability of
interference and noise, the regenerated signal of users with-higher
interference and noise should be weighted more than those with
lower interference and noise. From the above reason, the weight
factor of the Kk th virtual user in the (p +1) th stage is formulated
as

(p+1) Ac
Wyr = (18)
A +WVar(y )= AZ)?
However, if Var(y P) < A? (19)

then estimated signals of the k  th virtual user are cancelled fully.
SPIC is then applied from this stage to the last stage. That is,

W Q’R”) =1 (20)

This situation in asynchronous case [9], can be formulated in the
same way as that in synchronous case analyzed above.

Because W-CDMA [1] is designed to transmit data bit in time
slot, this proposed method is appropriate to be applied in W-
CDMA where weight factor calculation is also adapted time slot by
time slot.
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IV. SIMULATION RESULTS

System models in section Il are used in this simulation. Reverse
link of asynchronous multirate CDMA is considered. Assume that
the bits of low rate, medium rate and high rate users are spread
with Gold codes of length 32, 16 and 8, respectively. Gold code of
length 32 is constructed from Gold code of length 31 with random
last bit [10]. Delay of each real user is uniformly distributed in the
interval [0,7/4]. In addition, it is assumed that base station knows
the signature sequences of all users. Also, perfect channel and
perfect synchronization are assumed. For GW-PIC method, weight
factors at the first stage of low rate, medium rate and high rate
users are Jp.4 , 0.6 and+o.8 , respectively, and the second stage is
SPIC. Fifteen bits are used in Figs 1-5 for weight factor calculation
in the proposed method.

It is obvious that the BER of proposed method is better than
those of SPIC and GW-PIC in perfect power control situation as
shown in Fig. 1. Fig. 2 depicts the BER performance under
condition of near-far effect from 4 varying power low rate users
while medium and high rate users have constant powers at 10 dB
of Eb/No. Proposed method achieves better BER than the others
owing to adaptive weight factors according to changing
environment. Figs. 3, 4 and 5 show BER performances as functions
of the number of low rate users (with fixed 1 medium rate user and
1 high rate user), medium rate users (with fixed 1 low rate user and
1 high rate user) and high rate users (with fixed 1 low rate user and
1 medium rate user) in AWGN channel at 10 dB of Eb/No,
respectively. For a BER of 0.01, the proposed PIC receiver can
support 15 low rate users, 6 medium rate users and 4 high rate
users, whereas GW-PIC can support 13 low rate users, 5 medium
rate users and 3 high rate users. Since real users are considered as
m virtual users when the symbol rate of real user is m /T , thus 1
real medium rate user and 1 high rate user is considered as 2 and 4
virtual low rate users, respectively. As a result, the proposed
method can support the number of real high rate users less than
those of medium rate users and low rate users at the same BER.
Fig. 6 shows the number of bits for weight factor calculation
(which is about 3 to 7 bits) for the proposed method to achieve
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Fia. 1: BER as function of signal to noise ratio with 4 low rate
us 1 lotted) and 2 high rate
us rrgies in an AWGN
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* Proposed method stage 2
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Fig. 2: BER of 4 medium rate users (dash—dotted) and 2 high rate users
(solid) affected by near-far effect from 4 low rate users in AWGN
channel
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Fig. 3: BER of low rate users as a function of capacity (number of low
rate users) with 1 medium rate user and 1 high rate user with equal
received energies in an AWGN channel (Eb/No=10 dB).
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Fig. 4: BER of medium rate users as a function of capacity (number of
medium rate users) with 1 low rate user and 1 high rate user with equal
received energies in an AWGN channel (Eb/No=10 dB).
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Fig. 5: BER of high rate users as a function of capacity (number of
high rate users) with 1 low rate user and 1 medium rate user with
equal received energies in an AWGN channel (Eb/No=10 dB).
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method in real system.

V. CONCLUSION

This paper proposes a new method to adapt weight factor
applying for partial interference cancellation in reverse link of
multirate CDMA cellular mobile communication systems. Weight
factor is assigned and adapted according to variance of output from
matched filter of each user and each stage which depends on the
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effect of interference and noise. From simulation results, the
proposed method shows a considerable improvement and increases
capacity when compared with SPIC and GW-PIC. The proposed
method achieves better performance under near-far effect,
consequently, reduces the complexity of power control.
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