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##4470253421 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: MULTI-CARRIER CDMA (MC-CDMA) / FREQUENCY OFFSET / PARALLIE

INTERFERENCE CANCELLATION RECEIVER (PIC)
JIRAPA SONGTHANASAK: PARALLEL INTERFERENCE CANCELLATION
RECEIVER WITH ADAPTIVE FREQUENCY OFFSET CORRECTION FOR MULTI-
CARRIER CDMA SYSTEMS. THESIS ADVISOR: ASSOC. PROF. SOMCHAI
JITAPUNKUL, Dr.Ing., THESIS CO-ADVISOR: NISACHON TANGSANGIUMVISALI,

Ph.D., 93 pp. ISBN 974-17-3691-6.

MC-CDMA is a multiple access scheme based on a combination of code division and
OFDM technique. For high data rate communication, as compared to DS-CDMA, MC-CDMA is
less sensitive to frequency selective fading channel, needs much lower chip rate at the same
processing gain and is capable of handling diverse multimedia traffic. However, MC-CDMA is
much sensitive to carrier frequency offset. This thesis proposed a parallel interference
cancellation receiver (PIC) with adaptive frequency offset correction for MC-CDMA systems. By
using blind adaptive frequency offset estimation technique and PIC, the proposed receiver can
jointly correct the frequency offset and the multiple access interference (MAI). The Maximum
Likelihood technique and the Virtual carrier are used for blind frequency offset estimation. Since
the value of frequency offset for each user is usually not the same in the uplink, therefore; the
desired user’s signal is needed to be separated from the mixed signal in order to be able to
estimate the frequency offset. The PIC is used for signal separation. As compared to the
conventional PIC and matched filters, the proposed receiver can improve the performance of the

receiver in term-of BER.
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Adaptive algorithm

Additive White Gaussian Noise (AWGN)
Attenuation

Bandwitdth

Bit decision

Bit error rate (BER)

Capacity

Cross-correlation
Correlation matrix
Decision feedback receiver
Decorrelator

Delay time

Doppler effect

Downlink

Frequency offset

Guard Band

Harmonic frequency

Input data symbol

Integrator

Inter-Carrier Interference (ICI)
Iterate

Matched filter

Minimum Mean Square Error Receiver

Multi-carrier CDMA (MC-CDMA)
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Multiple Access Interference (MAI)

Multiple access technique
Near-far effect

Noise

Optimal receiver
Orthogonal

Oscillator

Parallel Interference Cancellation Receiver

Partial Parallel Interference Cancellation
Perfect power control

Pilot signal

Phase offset

Random code

Reference symbol

Rotation

Sensitivity

Signal to noise ration (SNR)

Spreading code
Spreading factor
Step size

Subcarrier
Sub-optimal receiver

Successive Interference Cancellation Receiver

Uplink

Virtual carrier

Virtual channel

Weighting factor
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1. daneiiudmivniossulaagdiaesamadu e ldlunisud lvilymianud
poWIrAv0ITZUUNITAOEITUUY MC-CDMA oaailynimsunsnaonszning
tﬂ' EA
AAUN I EDY
A I Ay o Y [ A
2. werdluuumalumsidedmsumsidsuilgeaussouzvesssuumsdeans MC-
CDMA @o h/
L11 YuneunazdsmMIautiuu
= Yy 9 A = = o dy
1. APHIAUANIZUUNMSAFI5HUY MC-CDMA lngiisiuazidannill
= = = 4’ [ d‘
1.1 AngwazilSaumeussuumsaea1siuuy MC-CDMA AUSSUUMSTES
1 os/l = A o a T A 9 A 2
LUV 9 TINNAABUATES VY HAA q N1 lumsdeasuuy CDMA 14
1t MF 1tag PIC
1.2 AnpwavesanudeayadeszuumMIFe AU MC-CDMA
= ¥ Y o AR Ag Y 1 A o o
1.3 AnpuazAuAoanos NN 15 lumsissnamanudeelsadvsuszuy

M3 ADENIIUY MC-CDMA g5 DUMIA 154D multicartier 8U )

as A

a o [ 9 U A d‘dﬂ)
2. ’JlﬂﬁigﬁLLE‘I%‘VIﬂﬁ’f]‘]_li’]ﬂﬂf’)i‘ﬂllVlsl,slf(luﬂ"liﬂigll1mﬂ1ﬂ31ﬂﬂﬂ®ﬂl“]ﬂ@]ﬂ1ﬂﬂ1u%ﬂZj
RILIGE!
A [ v A SR Ya v 9 [ ~
3. 1’1ﬂﬁfJ‘ULﬂi’E'NﬁULLUUNﬁ@]QﬁL%’@i“ﬁQi%’JﬁﬂWiWﬂﬁN UYIULUNTNADALVUVUIUN
= Y o asR Y A
3Jﬂ"lialclf'f]flﬂ'f]ﬁTI%JiuﬂTi!Lﬂllsllﬂ'J"lﬂJﬂﬂ@V\ll“]f@

a L4 v o o 4
4, ’ﬁiqﬂ INTUUAZIAM TGN URVUTUYITU
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a d
L12  /INSINVDINENUNUE
o [ dy a =Y J dy ] I A
dmsuiilerveIngwusRuinieeniy 5 un Ao
A o A g A @ < a a 4 o
Un 1 unii BirenunenuaNuuuIveIInelnu s, anudidyveilyni,
a o 4 @ s av a
U3 AII558N351 (Literature review) QUL @A YO UIYAUDINUITY AINTIVVDIING]
a J a v W Iaq Y
HNUs tazHemduydnyalin ey
A aA A Y dy dy ' =2 a A
NN 2 NYERNNIV o Tuuniiaznandaaumgyesmsinanudooisanay
1 A
MAL 1UU$189952 VY052 WY MC-CDMA FH99nii (spread) R85 WaLHIUDT AU (short
code), NOHRININVIATOITVFUARNA A YA IUUNTNADAUVUYUIU HAZINAUANTHNAI
H A
LUVIUIUUWEIULAZITNIEIAA1A19 9 DlFlunssiaeeszuy sauReAuLIevDq
1 1 d'QJ
A998 ) 1A
A A [ a v Y [ L] A 9 A
UNN 3 193095 UFUARNANTYANIUUNTNADABEVUIUNTNTUA TuanuDoo e
[ 9 zﬂy dy 4 =2 a zﬂl [ a v 9 [
puudiuaa 1 e luunilaznantunaaveuniosiuytiarnandya s ndoau Ly
d‘d 9 d‘ [ % Y a d‘ (% a v 9 [
uninmsud lvanudeeranunuliua 1a tuiAaveunsesiusiaindedyauunsn
[] c!'d 9! d' (% [ 9 9 4’ [ a
AOAULUVUL WA UNTMIun o udeemanunlsuala Tassaseveuniossaiia
o 9 o A 9 A v o Y Y
Wndndyaraunsnaeauuuviiuninsed lvanudesauuuliuaa1d waz Tnseadn
YoUATOIT UFHANNA N ALMInEeAtUDVIUId Ul uAa 18
A Ay dy I [ av a 4 A
NN 4 HaN5398 TuumiaztluaIuueIHaNITILAZNTINTUANITOULVDUAT O
@ a v Y @ A A 4 = v W 9
Suiladndndyaruunsngeauubyiiuidmsud luanudeewaunuliuaala uag
A @ a v 9 o 1 A Y A @
INTITUFUANNA T IUUNT DARALUDYUIUUNEIUATMsuA lvanudeovsaunul Ty
@ o [ [ @ J
a2 18 dmsuszuy MC-CDMA lTugosdannas unaumdiFouu1uuuuan (Additive White
Gaussian Noise: AWGN)
Y 4

A = [ dy a a J o v 9 A
UNN 5 Uﬂﬁ"]:'l] i]3ﬁ‘iq1J!ﬂﬂ?ﬂﬂll&ﬂﬂWiU?ﬂﬂWHWUﬁ‘ﬂ\?ﬂMﬂ FINMNUDLTUBLUSINY

funmsddelueuinaae il

a

%3

1.13 - Henudsyanyd
[ [ J o < = @ 2K o v A a
doanyuaNaAN I ULTUAIVISHUBDIT Y1 I uHAazIal #IounuauIFn

HABZAIUDAUNAT NFHT0IINIADS
Y] o A 4 a Y v A S 3 ] o o A
dyanyalnunuMeesIzgNNNHAEAMUTIANUU DALY tazdydanyalluny

a 4 a <Y v A ¢ [l [

AT NFILYNNUNAIIAINUN I UV VAN

a @ @ <Y dy ) a a 4
uazuEmJatyaﬂymwuuuﬂzgﬂi%"lﬂmaﬂnﬂumamwmu‘wu‘ﬁ



Y 9 1
o luuniiagna 1w usIaeaueIszUU MC-CDMA F99NUHAI0T W elFILU Y
9 v ]
sWadu nuHNeIn Lo UBHATNANT YA IUUNTNTOALLUYUIY MATANTHNA 1LY
PUDWAIU T UNQUDIANUD0IHA (frequency offset) Mud luanudoovliza azoan
AR A 9 1 = o [ A A
a3nunlFlunisdszunaninnudeonsndsuszuunIsAoa151UU MC-CDMA n

A 9
LNYIUDN

2.1 UUU1A09VD9IIZUY MC-CDMA [2, 3]

HUVS1809015R 1V YDUATOIT DY MC-CDMA uaneagdi 2.1 sinuali

[ [ 4 o @ ¥ § 3 . 3 . .
wanyaivoyavudd 19N i veIr 1¥AuN K (input data symbol) d,[i] 114 binary antipodal
Y

) 4 1 J a 4 v o 4 v @ J

GUHGIﬂuﬂWﬁﬂWQ’]uﬂl@Q!ﬂ?ﬂQﬁulﬂU MC-CDMA 1 %L’imﬁ@ﬁiyaﬂym%’@ymm% 1 dyanyal
o 3 9 o ] [V g Y [ A g .

Qﬂmam!fﬂuﬂlauﬁmmumummu’m N ganyavdya LaasAaunNIvigay (subcarrier) wWHYN

9 a v Y o A 1 Ao ' A P 9
AUNIY G]ﬁJ Cy [n] !,Laﬂilﬂﬂmmmﬂ BPSK UINUAAUHNINIDYINUILILHINITNAAUNTIH DYV

U

Aoy F/T e F uag T Ao F-parameter HazA1Uv0I00yan wa1ay d1msy f, Ao

1
S 1

A A 7 A @ 3 o @ A 7
ANMUDUDIAAUNTINYDYAAULLID ﬁﬂgﬂﬂﬂ! m%!fﬂuwammmwaawmammauwmaeﬂ

o

; q([]] ;ej(zmt)
X >(X) >
d.[i] P oo ¥ jona o $(t)

[N] ej(ZzszHZHF(#t)

oy
317 2.1 nuU$109M31HUYBAATOIAWY MC-CDMA

HENITU MUV 1a09MT NNV UATEIAWUY MC-CDMA Tugilil 2.1 wudh inFesdau
usal 9 . d‘ g 1 d‘ =\ a
MC-CDMA 11115z no 11428 bank of oscillator TagaduN i dogAazndNIziooaFaa

s 4 o o 1A a 9 A . yg ¥y A A o v
1993 11030350351 Taedgyaundaina t andadeyan i voadlsaun k etmmuali

Dyl
E4

v W J @
F-Parameter: F =1 delidyanyaniluacil
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2-1

4

4 9 [ o 1 e a 4 ] a . ay LY VY
Lﬁ@lﬁﬁ%ﬂ?ﬂ@]ﬂﬂ?iunﬁu@ G]’EJiﬂﬂﬁi]g’llﬂiWZWmW13°lf’J\1‘]J@ﬁ | Iﬂﬁ]ﬁ]gag‘ﬂﬂﬁﬁlﬂﬂ I ANUU

aumsn -1) aunsaeu iy

N ' 27zfot+2”(n_l)t
s(t)=2_ 6 [n]dkeJ( Y (22)
n=1
lilo ce[n] e =11} (2-3)

Taw ¢ [1] ¢ [2] ....c [N] unussaurvasdldaud k uag f, Ao Anudvesnaunnises
dwmsusi ¢, [1]

Tunsainfiglsluszuued K au dynnunsvldnnios

) +n(t) (2-4)

1o n(t) A0 additive white Gaussian noise (AWGN) 13 one-side power spectral density (1111
NO
A Y & A 4 . 3 A o
INTDITULUUVUNAY (Matched filter: MF) ¥19® conventional receiver S TG ERRER IS IRY,

s35umn I uszuy MC-CDMA [2] Tagez 195 iavesd Idauiidosns lumsuendyanuves

=

[ v ] k4
doyandosmsesnunnduyanuiiuisuldnniosiuniua tuudiassnsiinuaes

u

A

im0 ULV DIMAT N1F U501 MC-CDMA Haadlugii 2.2

; —i(2nfqt) ;c [

e k
I‘(t) ; 2t 27zFt ; _/Vk User k 'sinformation
—_ A °+?) Ck[Z] Z »| INTEG — J-—b bit
—j(zﬂfot+2”F(TN_l)t)Ck[N]

A o o A [ saq Y
Eﬂﬂ 2.2 !,!,‘]J‘]Ji]mfNmi‘VIN1WU€NL?]5ENi‘lJLL'U'ULLiJG]“]mGl%‘Iuiz‘]J‘]J MC-CDMA
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ag Y o d‘ﬂ} A ] 9Jq 9 A A A g 1 A
auna YIUNADINIITAND ﬁ@mﬂmﬂ]@ﬂﬁﬂ%ﬂuﬂ k TasNnaumivigoguaaznau

L
= a s A = A J b4 v a a . 9
U AYALAADINUANINDUBIAAUNINYDIUY LAZAIDUNINTA (integrator) uaglyaam

v
% (%

A9RINAU (orthogonal) ¥oIsHAUHYDIR 19 Tumsuenuez dygrmuidems Tunisneasia

A =

a0 4 a { o ] {
AduWIMgesh n e n=12,..,N v 19F1Un n vessWauivesdldaundesms ¢ [n] gu

Y Y o Ao Yy v ' ¥ @ A
L"lﬂllﬂ ﬂWﬁﬂlﬂﬂﬂ!‘i/lilI"lﬂ]lllgﬂﬁﬂTI@uIﬂﬂ%@dﬁi‘gﬂﬁm NAUDINITUNTNTHDAD UIUDINIINNIT

g 9

] k4
FUNIUAUTZNINE1H (Multiple Access Interference: MAI) 929NH1901H18991NANAIRINGY

@ [ Ay Y A [ 4 '
You AN dyaa v, Nldanniessuuuunuatizeglugll

1 K N
v =—>. > dyc [n]+7 (2-5)

7T k=1 n=

9 [}

A A [ Jaly ya o Jq 4 o Y
Ll!f’]\?ﬁnﬂlﬂﬁ@ﬂiﬂllﬂﬂllﬂ@cﬁﬂqﬂuﬂ"lﬁﬁﬂa"lﬁﬁflluillu']ﬂlleﬁﬂﬁi’]ﬂ’ﬂ']ﬂﬁj(lslfﬂuﬂu ‘VI"IGI,‘W
E4

'
v v A A

@ J qaj [ o o3| o
dygraunsnaeamaniuduaiioudyanausvniu aviudeld1d luszuuiuswauiin

wihlimsdaduiadoyall lomananaiags dewaliaussous Tassiuvesszuvanas Tag

U
v

4

4 o w [l I~ ] 1 o [
mwziemsniuaumasnnnduiiulleds liauysaiildsz vy laSunavesdsingmsel
9 4! 1 o 9 a a v A a 9 d? 2K A
1nd-1na (Near-Far Effect) #9zdanai liinaanuaanaralunmsaaduiadoyaniniu 3

] P4 ] ] F4
msinauemiessunuulafgmyeivuiieaanandya uumsnaoalina Ty

2.2 5095 urliavnd1ed e I auNINaANDUYMIY (Parallel Interference Cancellation
Receiver: PIC) [4]
A Y o w A [ S & A [ A v W
(HBI91NVDINAVDAUATBIT VUV VUNAY FINITAU T Y1 MAT tMlpUNUTYY 9
o o Y

o . o J 1 a 1 { v v A J. g
sunau shldnsessunuuiigninadie MAI denaldinamsiauuniessuliadgasoesyu

A [ a v Y @ 3 g A [ 2 A [
IATDITUSUANNANTUUIUUNTNEDALUUUYUIU (PIC) ﬂﬁJULﬂiﬁ]\‘lﬁULlﬂﬂﬂuﬂiulﬂﬁﬂ\15ﬂ

2]

o A

v A £ Ay a A o 9 awa A A [
uuuNangmyes Feldod luGesnnumangauiz il s lunal §ia iesannTessy
dy = v 9 A v = 1 . A o A = ~ o
U PIC Haglanudusouniosuintazina1uiag (delay time) Ndla)Toumeudy
A o v A J A
IATRITVLUITAAYABOTHUUDY ) [4]
4 @ A S 4 o a @ @
Tasead e unioesunuy PIC uaaslugli 23 Wumiessurtandedygyn
d’d 3 :J} = v Y [ 1 1 1 9
UNINABAUVVVUIUNT 2 TU (stage) Taoduusn iimsindrvesdyananaediala udez 1y

1 1 F4
wiessuuuuuaF lumsszanadateyaved 1¥mnauiei 1 15 ududa )
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Received Signal : r(t) to next stage
l Userl's | l Userl's |
DataBit | sy
» Decisition :: Regenerate > > M'?fl‘ihed » Decisition —I_)DalaBlt 1
ilter
[P | 1
User2's User2's |
» Decisition &“:» Regenerate > —> M:ﬁ(;hed » Decisition —r,DataB't !
ilter
1 H
User3's | User3's 1
Matched » Decisition M}» Regenerate Interference —> M'?fl(ir:d » Decisition M{,
1 . 1
Filter 1 : Cancellation :
1 I
! 1
1 I
1 I
! 1
UserN's : UserN's :
» Decisition DABIL_ypi Regenerate > Matched » Decisition |....DataBit
1 Filter 1
! 1
Stage 1: Matched Filter : Stage 2: PIC with first stage of Interference Canecellation :

A 9y A [ a v 9 (% QEJ}
?l‘lh/'l 2.3 IAs9as AT oS UFHANNAN UUIULUNINFDALU VYUY 2 9)

=

luns

A v

UNADINITAL

A

11a

T0N7

9

v

A

= A A o o/
UFUAUNITUIUY

v 9 dgl 3 A )
HUDINITHNANUINYU DIWIIUN

o R o A ] A Ay A, &
v Iassadanmiouduludunasanae liises S ANUNADINTT NITIWNITUIUVUUD

v 9 Y :22‘ 1 9 d‘ 1 a dyd = 3 ddg} Y
Msrna1auniu veadwwaliimsossustalilszansnmaIua e

115 unT0T UL PIC v luanmaiinufemsdszmnaazmiindndny

I

g

MIUNTNADASUITOINIVINMITUNIUNUTEUINA I uszuuBUVVIIURRUNIZR NS HD

Yy o S A qunve Y9y Ay & Ay aq A !
andyaraunsnaeaiiuie i ladynimvesdldaundeosns ¥eazidonluisosvosa

o

] A AY A = ~ [ A o a o 9
‘W‘Ll'NL')a’l"l]@ﬂﬂ'li'lj5853J'li1!'1_|GI‘VI‘L!'E’]‘EJL?JE)!‘]JiﬂU!ﬂﬂUﬂUlﬂﬁﬂﬂﬁﬂ%u@Wﬂa’N

ﬁ'ﬂ]uiy'lml,!%iﬂﬁﬁlﬂ
HUVABLHDINN
Received Signal : I'(t) to next sage
\ 4 am i] g il
L |
—» Decision | 3 Regenerate —>@—> MF (—» Decision —152
2all] g [I]
—» Decision | 3 Regenerate ®_> MF [—»| Decision —iz
sl d [i]
% —» Decision [~ 3| Regenerate ®—> MF _|—»| Decision _3‘2
i
i
{
P
K,l.I.L..........‘ e a [I]
= Decision {...p Regeneratel L ('.+\:....> MF L Decision j=

= 9 o A [ a o 9
sUn 2.4 Iﬂi\iﬁi%ﬂﬂ"ﬁﬂ"ﬁ"ﬁ!ﬂTﬂslULﬂﬁ@QﬁU%uﬂﬂﬂa%i

U

ﬁmﬂﬂﬁmlﬁliﬂﬁﬂml‘ﬂ‘]ﬂlu"m
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TugUf 2.4 naasanyue Inssadumsinumeluniessuuuy PIC Tagansoiag

9 1] 9
Weuduaoumitinuveuniessurianndndyaaunsnasauuuyuv laast Ao

1.

A 9 A [ J o [ o Y A Y 09//

weldaTessunnuuuasdrmsumsdszanaudyniuvestoyaNdoants luduusn (first
a { < N ) Y { [ QEJ}

stage) 9% laiadoyaniszinaldidy d,, dmsudldaun k =12,..,K daivaimnise

AWeuaumsvesmsaaduledadoyavesdldaui k 14

ak,l N Sgn(‘/k ) (2-6)

F4 ~
vy hmsadedyanalnilesldsiaud o [n] vesdldudazaugaudhiudoya d,,

g g QU

= Y Y o 1 a Ay Y Y A A J A
VITJ§$1]1ﬂlllﬂ LL?ITL!']L@']!Lﬁagclfﬂsll@\Twaﬂﬂ!ﬂ‘lﬂ‘lﬂuaﬂlﬁﬂﬂUﬂQWNﬂm@\iﬂQUWWW'(’J’E)EWI

€

[

9
witusruFIi sz ld Iddyapalmidu § () Tasewisom Idanauns

(2-7)

o 'oA Ay g o yq9 A 1 o o
dayauIny gyl(t) nlavzgnaaunudaanavesdldauou q meluszun deaintiuii

4 o 4 < '
aauie 14 Iddyanavesdldauin k Tasazmiun

o

ﬁaumunmwaifmu"lﬂmmiﬁ’ﬂ 194
<

pesmsdyauved lsaula nuzihdyanuvedsaudug imas liwnavesnain

).
[e0)]
SBe

faynaiisu IginTesdu 1(t) daaumsaelaii

Rat)=r(t)=>5,.(t) (2-8)

polv}

‘H’ﬁﬁﬁﬂﬂ‘ﬂ1ﬂﬁﬂﬂaNﬁﬂJﬂﬂm L‘Wf]slﬁhl ﬂJmWﬂ!ﬂJ@ﬂWi%ﬂﬁ@ﬂﬂWilLﬁ’) widay Wﬂ!ﬁll

TliuaTeasunuunund udrhmsdaduladeal diidszinald d, , Wudoyaiing
9 =

"lﬂiumuﬂﬁaqmaawl%ﬂuw k LL@]!“]J'L!"U?J?JQUG]"UNI,LiﬂGUENﬂﬁ‘l’iﬂa%‘]"ll’t)\uﬂiﬂﬁiﬂlmﬂ PIC

E4

Horaiiszinaldfvzgmit 1§ ududa T ve undoss iy pIC
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2.3 MANAMSHNAIUVUVMIUVIEIU (Partial Parallel Interference Cancellation) [4]

ﬁmimﬂmm%’nm?mﬁ"mm‘u PIC ﬁi%tﬂﬂﬁﬂﬂ1§ﬁﬂgWQLLUU%u1UU1QﬁJH

Received Signal :  r(t) to next stage

d, g.4i]
+@_> MF > Decisition—»l'g !
d

2gull]

MF ¥ Decisitionf—»

dy ]

MF —»{ Decisition—»

d“il Regenerate —»| 7“1
dz'g[AI]D Regenerate —p| 7\,2

ds,gLiL Regenerate — 7\.3

!

A i
M dy .01
(1 ‘|"',""‘> MF $eecpf Decisitiongeeed |

K'9-[ Regenerate == A
Kyg “

517 2.5 Tassadumsinuueuni e Uriaind Ndy N snaALUUYLIY

Almaiiams i na1auUUYLIULNNEIU

= [ 9 A o 1 o w A 9
W‘U'Jnlﬂ’3111Lmﬂ@]N%"IﬂTﬂi\iﬁﬁNLﬂi@\iﬁ‘ULlU‘U PIC 11!@1'31!‘1]ﬂﬂﬂ?iﬂWﬁNyﬂJTﬂ!ﬂﬂﬁ%hTﬂﬂﬂ

~ 4 < { ) \ o
5, (t) 1o k=12..K dludldaun K uag g=12,... JuduveunTossuuuy PIC gaud

v
v 1 [ [

1 A o v Y v o Ao YA =~ o
fuanei A, Aeuieziiliindwiudyapamsulananiiig r(t) aumsvesdyyia

o Y o o v 9 o yq ¥ A A Y 031' ~ 9
i‘]Jllﬂ‘HaﬁmﬂVI"lﬂTi‘HﬂiﬂNﬁiytfg”lﬂlLmiﬂﬁﬂﬂmﬂﬁﬂﬂfﬂuﬂuﬂﬂi313J"Imulﬂalusllu1fl g‘ViﬂWMﬂ

Res(0)=7(t)= 25 25.684(t) (2-9)

= 1w 1 uaj A 1 3 Y a v 9
"7"K,g lawmnulunaazvun g dulumslematansina19u19

k4 1
1A

1 o & A 9 1 A ' o A [ ' A o Y Yo
AIULVVVUIU Fl]'lL“lJU'I/H]$G]’ENW'Iﬂ'I 7“kg Tlllﬁag"llu"llﬂﬂmiﬂﬂiﬂﬂ@uﬂﬂgu'lﬂ'lﬂhlﬂll'lgl“]fﬂﬂ

JEIGEN Sy S
d' [ v Y dy = d‘ [ a v 9 [
IATPITULLURNANMSUNI NEoALLDYUIY taz1ni laziSonnTessuriannaedaynu
UNTNADALUVVUIU (PIC) N1t AnNIT ALY MUV IUINATBIS VST AN NA1
Gt WUIUUNTOE DALULYUIUDIEIY (Partial Parallel Interference Cancellation Receiver: PPIC)

us/‘ a a o
"lﬂmaﬂmamnuwuﬁ
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2.4 AUKRAVOINITUNINTBATUIHDINININNITFIUNIUNUIZHIIGIY (Multiple Access

Interference: MAI)

[

luszuy MC-CDMA gldmnauszdedygraeonuilugisnnuduaznandernu

o 9

AUV I FUAZAUTITUNIUFINULAZAU N1TTUNIUAINGIF 811 Multiple Access

1 o

Y Y
[ (K% [ 4 '
Interference (MAI) 3¢AUUDI MAI ﬁ%zﬁuagﬂumﬁwmwuﬁ%’m (cross-correlation) 3¢ 1314

9Jyq ¥ 1 1 A 9 = A Ao 1 1 % @ <Y [ 1 ~
o Uﬂlﬂﬂ‘lﬂlﬁ]\‘ifﬂi%l!@m%ﬂu’ﬂﬂﬂﬂﬁ3@1!@&1"!8\‘]61@] INUHNAADANTHTAUNUTUVINAINANININNEG A
A o ' yq ¥ 1 )
NADd swmmmm;flﬁmmazﬂumﬂiuiwuuum

]

241 Usingmsailng-lna (Near-Far Effect)

o S [ [ 1 1
Usingmsailnd-1na fie Usingmsaidszavvesdyanmvesd lduaazauluszuni

'
@ A

[ ya A 1 slamod J Y @ a Jq 9 1 =~ 1
suldnsossulian lumiinu Usingmisailna-lnadnazinanindlduaazauiiszeziignn
~ T v 1 A > o Y o Jq ¥ 1 a A T
aomiguliming szezei lushnui Iddyapavesdldudazaumnamsaanoud Tuw
v o Yq ¥ 19 ¥ A o ' 9 ' o 9q 9=t
nu dyaavesdldnegloanisssuminninazgnaanautiosni Tuvagndya v lsn

ag Inandnvzgnaaneuuanii vegili 2.6

A

)

ANMUITIVBITYRNY ANUUTIVOIT YYD

=

Mobile # 1 [=8 |4_
L

ﬁﬂ1ﬁ§1u Mobile # 2

—_—

TTHENN
FLYSNN

51%1 2.6 Usngmisailng-lna

[y o o o w 1 1
msun luilgywilsingmsel 1nd-Tnai ld Taensaauguiidsdevesdldudazau
A Yo o Y] 9q Y 1 Ao Sldl A = oW 1 S o w
e laiasvesdyanuvesdlduaazauisu ldnnseslinuminy sdielsna nisaruguiig
1 dyd [ 9
defitianududougaun
242 sHaue (Spreading Code)
a L Yy Y oA o ' o 1A
uen1n MAI azinaa1ns1ingmsel 1nd-Tnauda ellaunquininsWaun sWeausdfe
Y ' '

2 A Yq Y 1 o o A v
danaglduniwendlsudazaulussuy MC-CDMA oonIniu sHauHNAYzgnoonuLUINIH

1 v o JY 1 v 1 @ (] == | g/l @ L4
f’ﬂfﬁ’iﬁ‘TiJ‘W‘L!‘ﬁsll'llli$‘ﬂ’N\ﬁﬂﬁlmluﬂgﬂﬁﬂﬁumﬂuﬁuEJ maummmmﬂﬂui@ﬂauuﬁm

g}

' I @ "o 1 Y ~ o o 19 99 I Yo o 3 3
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2.6 Mm3unluanudeelisn (Frequency Offset Correction)
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2.7 msdszamnnudeslisnveIna UK VD VA (Blind Carrier Frequency Offset
Estimation)
a a c’dy = an ~ A 4 an A
AN UnuUsH 3ANYIITNMTUTLIUANUD 0B WIFAVDIAAUNIHLULLVDA 2 1T Ao
a a 4 4
MNANA Maximum Likelihood [13] HAZINANANAUNIHIEIOY (virtual carrier) [13]
d' d‘ d Y a . . .
271 msdszanamnuasevisavesnauintinuuvealagly¥imailn Maximum Likelihood
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+n(t) (2-17).
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Parallel Interference Cancellation Receiver with Maximum Likelihood
Frequency Offset Estimation for Uplink MC-CDMA System

J. Songthansak, S. Kunaruttanapruk, N. Tangsangiumvisai and S. Jitapankul
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Abstract

In this paper, we propose a technique that jointly
corrects the frequency offset and suppresses the multiple
access interference (MALI). Since the value of frequency
offset of each user signal is usualy not the same in the
uplink, therefore; we need to separate the desired user
signal from the mixed signal in order to be able to
estimate the frequency offset. We use the paralle
interference cancellation technique for the signal
separation. Performance of our purposed scheme in term
of BER comparable to conventional PIC and matched
filter

Keywords: MC-CDMA, parallel interference
cancellation receiver (PIC), frequency
offset

1. Introduction

MC-CDMA is a multiple access scheme based on a
combination of code division and OFDM techniques,
which was developed by N. Yee and J-P. Linartz [1]. For
high data rate communication, as compared to DS
CDMA, MC-CDMA is less sensitive to frequency —
selective fading channel, needs much lower chip rate at
the same processing gain and is capable of handling
diverse multimedia traffic [2]. However, MC-CDMA has
some disadvantages. Its peak-to-average power ratio is
quite large, as result, it will reduce the efficiency of RF
power amplifier. Beside, MC-CDMA is difficult to
synchronize, and is sensitive to frequency offset and
phase noise [3].

The frequency offset results from a mismatch of the
carrier frequencies between -the transmitter and the
receiver. In addition, the Doppler shift due to the mobile
movement can cause the frequency offset. This leads to
inter-carrier interference (1Cl) because the orthogonality
between carrier frequencies is lost. Several approaches
have been proposed, which is investigated the
performance sensitivity to the frequency offset [4, 5]
and the estimation technique for frequency offset in MC-
CDMA systems [6-8]. Most of the frequency offset
estimation techniques require the transmission of the
reference symbols every certain time. The transmission
of the reference symbols will reduce channel efficiency
[6]. Q. Tian and K.B. Letalief [8] developed a blind
freqguency offset estimation technique based on
Maximum likelihood principle without using reference
symbol or training sequence. This blind frequency offset
estimation method works well in the downlink.

Another problem in wireless communication is
multiple access interference (MALI) due to the utilization
of the same communication channel by many users at the
same time. This event considerably degrades the
performance of the system even in the presence of small
frequency offset. Since this effect becomes significant in
the uplink due to different value of frequency offset from
those users. Therefore, the frequency offset and the MAI
should be considered together. Hence, in this paper, a
receiver that can estimate the frequency offset and
eliminate MAI will be proposed.

This paper is organized as follows. Section 2 briefly
describes the system model of the MC-CDMA scheme,
parallel interference cancellation receiver and frequency
offset estimation using Maximum likelihood principle.
In section 3, the proposed receiver is discussed.
Simulation results are given in Section 4, fallowed by
conclusionsin Section 5.

2. System Model of MC-CDMA
The block diagram of a MC-CDMA transmitter is
shownin Fig. 1.
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Fig. 1 MC-CDMA transmitter block diagram

At the transmitter side, the user k's information bit,
dk[i ], is _spread across the frequency by user's
spreading code of length N. Then it is BPSK modulated
to subcarriers. Thefirst subcarrier frequency is f,. Each
subcarrier is spaced apart from their neighboring
subcarriers by 1/T. The orthogonality between
subcarrier frequencies is maintained if the subcarrier
frequencies are spaced apart by multiples of F/T where

T isaninformation bit's duration and F is an positive
integer. The transmitted signal consists of the sum of the
outputs of these subcarriers.

The block diagram of an MC-CDMA receiver is
shown in Fig. 2.
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Fig. 2 MC-CDMA receiver block diagram

The received signal, r(t), is first demodulated

with frequencies corresponding to the frequencies of the
particular BPSK modulated subcarriers. To extract the
desired signal’s component, the desired user’s spreading
code is multiplied to decode. The output signals from
each subcarrier are summed together to make a decision
of the desired user’ s information bit.

2.1 Parallel Interference Cancellation Receiver: PIC

For PIC, the estimate of MAI is evaluated from the
decided bits of all usersin the previous stage. Then, it is
cancelled from the mixed signal. The bit detection will
be performed after.

The concept of parallel interference cancellation
receiver (PIC) is that each user is simultaneously cancel
their interference (MAI). PIC is placed after a matched
filter that firstly estimates each user’s information bit
[9]. The block diagram of a parallel interference
cancellation receiver (PIC) isshown in Fig. 3.
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Fig.:3 PIC block diagram

The initial stage is a matched filter. It is then
cascaded with the first stage of PIC, The information bit
decision of the previous stage is employed with the
known spreading codes to regenerate the received
signals of al users. For each user, the MAI is estimated
asthe sum of al other user signals. The original received

signal, r(t), is subtracted by the corresponding

estimated MAI for each user, and is finally fed to the
matched filter to obtain an improved decision for each
user. Both the error signal of previous decisions will be
contributed to the MAI estimation error.

Vi
User k 'sinformation
S
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2.2 Maximum Likelihood Estimation of the

Frequency Offset in MC-CDMA

In this section, the frequency offset estimation
technique based on the Maximum likelihood principle
will be explored. The system is assumed to be BPSK
modulated with K users and the processing gain of N .
Moreover, the receiver is assumed to be perfectly
synchronized with the transmitters. The likelihood
function for the frequency offset for a MC-CDMA
systemisfully derived in [8], and given by

A= i} Relr (t)s" (t)jdt 1)

where the received signal, r(t), isobtained from

27z(n-1)

IJ +n(t) @

n(t) is additive white Gaussian noise having a single
sided power spectrum density of Ny, and s’ (t)is the
estimate of the received signal, r(t), with the form of

j[z;zfguz”(:‘l)t]

S [1)=>"3 dfile, [kl

k=1 n=1

©)

Let f, denote the estimation of the carrier frequency,
fo, thefrequency offset istherefore given by

Af =f,—f, (4)

The mean value of the likelihood function, A, becomes

E[A]= 12 ZN: N, 1 cos(27Af )

= ®)
No m=1 1=1 (Af + m—:l.)Z

In Fig.~4, the normalized mean vaue of the
likelihood « function is plotted ~against normalized
frequency offset Af. It is clear that the likelihood

function reaches an absolute maximal value at Af =0.
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Fig. 4 Normalized mean value of the likelihood
function versus frequency offset
From the local convexity of the likelihood function
between —0.5< Af <0.5, as shown in Fig. 4, in order to

find the frequency offset, the likelihood function, A, is
therefore minimized by using the gradient method; i.e.
by tracking the derivative of the likelihood function with

respected to f, asfollowing:

A 2CQ (R
oA _ ZZRe{qm}L*qm}) ‘m=1.,N
= of

(6)

*

o

;
where (= Ir(t) x @ 1) o @ 1@ gt (7)
0

M?m}): 27;% d,}tcos[Zn( fi —f+AF)T] (8)
oy =1 0

and C is a non zero multiplicative positive constant
which isindependent on f, .

Hence, an iterate algorithm for the optimization of
f, isobtained as

fO*,i+1 = f(;,i + ag; 9)

where a isapositive constant and

& = i Re{qm}x% (10)
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3. Paralld Interference Cancellation Receiver with
Maximum  Likelihood  Frequency  Offset
Estimation
A pardld interference cancellation receiver with

Maximum Likelihood frequency offset estimation

technique is therefore proposed to improve system

performance. In the uplink, the received signal from each
user in the system has different value of frequency
offset. It is necessary to estimate users’ information bit
by matched filter. Consequently, a multi-stage PIC is
employed to eliminate the MAI before the estimation of
frequency offset of each user, asillustrated in Fig. 5.

Received Signal : 1 (t) to next stage

A A,

Decision Regenerate

Decision

Regenerate

Decision Regenerate

MF

Decision Regenerate

Fig. 5 Proposed PIC with ML frequency offset
estimation technique

The initial stage is a conventional matched filter
that is used to estimate all of the users’ information bit
without any consideration of the frequency offset. Next,
the first stage of PIC is used to regenerate al of the
users received signals from the estimated information
bit. The original received signal is then subtracted by the
MAI, which is considered to be the other users' received
signals. The subtracted signal, which is considered to be
MAI free, is used to estimate the user’s frequency offset.
The estimated frequency offset and the MAI free signal
are then fed to the matched filter to detect information
bit. Finally, the estimated frequency offset is fed to the
next stage of PIC in order to adjust the frequency of the
oscillator at.the modulator.

In_the uplink,. the value of frequency offset from
each user is not usually the same: It is therefore not
possible to estimate all of users’ frequency offset from
the receiver signal by using only matched filter at the
receive as in the downlink. PIC is suggested to be
employed in order to separate the desired user signal
from the original received signal. In this case, the value
of the desired user’s frequency offset can be estimated.

4. Simulation Results

The performance of the proposed MC-CDMA
receiver was compared with that of a matched filter and
a multi-stage PIC without the frequency offset
estimation correction techniques. The simulation model



was a synchronous MC-CDMA with BPSK modulation

in AWGN, no fading channel and the number of users
was K =10. The power was perfectly control and the

number of sub-carriers (processing gain) was N =32.
The spreading code was chosen to be random code,
which is normaly used in the uplink, in order to

examined the MAI cancellation performance of the

receivers. The values of normalized frequency offset for
each user were randomly generated within the range of
-0.5 to 0.5.

The distribution of detected information bits from
conventional PIC and PIC with frequency offset
estimation was compared at stage 1. The result in Fig. 6
shown that PIC with frequency offset estimation
technique which corrected the effect of the frequency
offset from the received signal. And it achieved in better
performance of information bits decision. While in
conventional PIC, the information bit detection still had
the effect of frequency offset.

o | * Camsraans] BIC | ik

= PIC Leftigs vl Frigasey
it Evtiatinn

I

Fig. 6 Comparison between the distribution of detected
information bits from conventional PIC 1-stage and PIC
1-stage with frequency offset estimation

Next, the performance of matched filter,
conventional PIC and PIC with frequency @ offset
estimation technique were compared between them at
stage 1, 3 and 5 in term of bit error rate (BER). It was
depicted in Fig. 7 to Fig. 10 that PIC with frequency
offset estimation yielded better performance than the
conventional PIC and matched filter. The performance of
conventional PIC was quite the same as matched filter
although the number of stage in conventional PIC was
increased.
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Fig. 7 Comparison between conventional 1-stage PIC
and 1-stage PIC with frequency offset estimation
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Fig. 8 Comparison between conventional 3-stage PIC
and 3-stage PIC with frequency offset estimaiton
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Fig. 9 Comparison between conventional 5-stage PIC
and 5-stage PIC with frequency offset estimation
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Fig. 10 Comparison between conventional multi-stage
PIC and PIC with frequency offset estimation



5. Conclusions

A pardlel interference cancellation receiver (PIC)
with frequency offset estimation technique has been
proposed in this paper in order to improve the
performance of an MC-CDMA system. The proposed
technique employs the Maximum Likelihood estimation
method.

As the frequency offset has been corrected, the
inter-carrier interference (ICl) is reduced and thus the
received signals distort less than those in the
conventional PIC. Simulation results have shown that
improved performance in terms of BER can be obtained
by using the PIC receiver with the applied frequency
offset estimation technique, as compared with the
conventional PIC and the matched filter.
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