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A Study on Soft Multipath Interference
Cancellation Techniques for MC-CDMA
Systems

Student: Tzu-Hao Huang Advisor: Dr. Chia-Chi Huang

Institute of Communication Engineering
National Chiao Tung University

Abstract

In spread spectrum systems, system performances are limited by multiple access
interference, which is the result of two mutually interactive factors: one is the
cross-correlation of spreading codes, another is the multipath effect introduced by
channel. Hence, we proposed a MC-CDMA (Multi-Carrier Code Division Multiple
Access) system with walsh codes which has perfect orthogonality for data spreading.
In the receiver, soft multipath interference cancellation technique is used to combat
the multipath effect induced by channel, and to reduce the possible performance loss
resulted from imperfect interference cancellation due to hard data decision. An
optimized partial equalization combining channel matching method was also
proposed, named optimum partial equalization combining. Meanwhile, as an
extension, these techniques were applied to CDMA system. The performances of
these techniques were evaluated by computer simulation in multipath fading

channels..
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SR S|SB Nd o B n BT OFDM 2 14 » £ #-2 =

Fokt TR A H RS S REAE Ap e 0 T T R R B h

ERER L d - BB 3 by 5 OFDM 3 %12
AR il 2 b TR G AR DB AR E 1T o piR e
Je A e — & TR A L (Information) #-F] 0 §7# *2 975 b=t Uk oo 2

b oy v i FE 5 4 B (Diversity) ek o
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2.4 R AR R HATH 4

B AR ST S TR PR -
ﬁﬁﬁ@ﬁﬂ%ﬁ&ﬁﬁm%w@ﬁﬁikﬁ’iﬁyﬁﬂﬁﬁﬁﬁﬁﬁ
A7 5 < & {4 (Frequency selective) srdi tg33 B (7% ;& pds b k5 > 5
PIUEE A 3 5 RSl R Bjes el 5 L4 A FRCHBE %
Nl E B P B A A T SRS TR R BB K
Kk Sk o EAE iR R AT

HRNR I - f&%‘l#&iﬁ’%fﬁ* . ‘éﬁﬁé [71-[12) > e R % 5 252

R

A BRI — R oo A| ] Y E - BAADA L o

P RRAL 4R BAETE R e g ﬁ’ﬂiﬂ%ﬁ%iﬁmwﬁﬁ
WEL Y e s g (pilot signal) et et 3f w3t 0 M i Bt R e 1
gMp gL e 2 2 B ’}’1’ FEA 5 F A = 1#}% = aE AN LA

1% 3 el i T ¢ U SRR EL i A i 15 A S
Mg A P B O B #r“f LS F AR
BoRFD FRNEER TS A(Symbol)» ppEA e AT R4
Tt B3t o 52 BHBP LR R OTRP AHRLE B3P
B FiE EiF L 5 E RSNl MEL” o SR B
?iﬁﬁﬁﬁiﬁ’ﬁﬂﬁﬁ*ilﬁ%%pJﬁ B $ e Bl U
BRSSP TR YR T B TR
WE o R MR H - BAORRARREE L E R B
FIB AT A B aocd o FA PR L RAESGUELGT 3 0 P F i i

v % TP B 27 £ o
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i Data |
Detection [~

Recoverd data

Estimation

Multipath

Interference
Reconstruction

Channel )
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A/

C - >
= X

Y\

?%@%% B ks
B 3 4 2 foid i B0

fi %z % OFDM & CDMA £ > i i & 3P 4o #5 X % £ {5
AR WEP A @ I MC-CDMA k¥t 3% =f ende 2238 1%

:‘_

Wi TH ARR Y DERBETL AR BAL
3.1 B:i%> ﬂ.ﬁ;

kv & % ¢ MC-COMA e 4 % #[10]40™ F Bl 3.1 #757 o
Ay L@ KA TR & - menfr s u kB 58 QPSK # % &
BAE g (T 5% L Rt K BAgsg i cnFoflfpdede k> 548 IFFT %
XAHE S AP R AT s Uk F o gt U BLALAR

Bl BB 4 P - R SR B AR B (T ep
Jﬁm%,u%aﬁﬁ%@rﬁﬁﬁ¢m%w,#i&&l%ﬁ%%

B o Efs o = B Fﬁjl;u‘%‘ 25 ﬂm?mﬁi v m FH r:’rv -,ufr;(Framey
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data 1o OQFSK Spreading H S/P - —

modulation
Guard
1'st code symbol sovm| . |rrT | | P8 T interval
: insertion |
data k— K'th code symbol .

Pilot —-| PN spreading I

Bl 3.1 MC-CDMA i ¥e 18 i% = % % ]

7 KL enf A slie 7 QPSK 4 % » 7 @ 1 K i QPSK
o gt QPSK & g & e

d.=a,+jb, , k=1,2:K,, ake{i \/E}'bk G{i}/ﬁ} (3.1)

H¢ a5 QPSK # And Fhaughs b s B 3Rag o j A 1o mEFLK
B QPSK & ~d-4 |11 % b BiEARFR T EARE 07 0 Agh e AP *
X 75 (Walsh code) i® & 3 e 4 B € AT - o] & skt o
BARLE {5 cnk B FALE P ST 51538 (7 dp e s 17 o e IFFT chiy
RS RE 3 Sl A L

K
IFFT input = (deckJ , C, =[ck’1,ck12,...,ck,N ]T Cie{-11} (3.2)
Nx1

k=1

Hec s ¥k BFRRY BB NS EEHBALR o @ 5 IFFT

K K
IFFT {deck} =F*, .\ {deck} (3.3)
N x1 N x1

k=1
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ﬂﬂFW@JWT%@oﬁ?ﬁﬂ%ﬁﬁﬁiﬁ1j@fﬂ+$gﬁ

7 e1 M- B 7| (m-sequence) & 47 {5 AR FGLELC AP 4 0 s 4

K

1

Fluon {deck} +C,
k=1 N x1

.
c, =[Cp,1'Cp,2,-~-’Cp,N} . C,e{-11

(3.4)

Bofd o Mgt UBLE e b op e chipTRat B (TR IR > 0t ksl
FE Ao EFRERG BFLBENL 2 GERFF o

Rk v Aidk e MC-COMAH B0 % 5 A R 4148 > A ] 5 47
SELELR T mM-R 2 TASREL R FNER A - A ERHES R

R - G

3.2.1 m-5 7]

m-5 5| ¥ 41 % — 2T # #7 B(Shift Register) & # » & & N &2
W BEAMG FN=2"-1chM %> 4o TR 3247 o@ - LGB
BaERY > §FRYRMB/BOIAPH ER ) R ot T AN EE
RenFARFEA 1T 5 E il a BAEBap AP M E T LB
R oo M-F A AR K R AR 0 RV R R E R m-A
BeP G AR RRTRABEEBILESAI R 2 Ny kF
FARRUBLAEAERS 0 A B A S FROFE S RRLET R TRAL
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B 3.2 m-AFA 2 B

3.2.2 =B

-

EAR/T A - A5 5 185 a2 (Hadamard matrices) sh% 78 =
A c FFRERL NHENHPZELES - BRAENEN

drg BB EEH, 0 HEAS R MR R hE G o A B LT

i PRheT anfiie A A

(3.5)
11 1 1 .
H _{Hz kg}_ 1 -1 1 -1 H [HWZ HNQ}A h,
4 = = _
H, H, 1 1 -1 -1 N IHy, Hy,
1 -1 -1 1 h,
ﬁﬂthHN:fE'KE_\J%:k;l]rf’];ljraa—g"ﬂr’—- f@‘{)i]:z Nm*tj\&:%or‘ﬁf{

hhT =S hoh, - {N =] (3.6)

= 0 i#]

U SN RS T RS L = A
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EN R A RETT U k(TR R 5L B BES o &
R AFa e P EART REY SFHREATE LR o 7

I

B E SR M MRS 0T 4p M
S I RN S S S STy

‘?ﬁ"‘/%ﬁﬁ‘f"«‘ﬂ'%iiﬁ Bt R RESH L

ke bR GHRE R Y AT AR A N BEREAT
P ERT R R 0 A B MAP 0 I il ) -

FREF LY

Brp i F) w3 i (Twospath.fixed channel) 5 - # 68 g > v el i

BRI S

h(t) =a,6(t) +a,0(t—17) (3.7)

RS

He a&a, i d R Eaif i B E > AH R TARIBLF i

VOS5 » T 5 % 2 ERTAPE I H — IERL S P R A & o

£l

BB T i i (Two-path fading channel) 5 — #5518 i » U el i
i

h(t) = /0.5 x a, (t)5(t) + /0.5 x a, (t)5(t — 7) (3.8)
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He o7 % FRAARET Y - FRLETal s a(t) 2 a,) i
B E BT cAE %‘ﬁdﬁw » VA NBszdipie > A Bd A Bl
(independent) s-3#¢ 5. % 7% -3 (Jake's fading model)[17]#7 &2 2 - H #ic & 3¢

e F o

n=1

a ()= FZEXp(]Zﬂft—F@) k=12 (3.9)

27N

s = B % B0 B4AE 5 (Doppler frequency) » ¢, , €%

K iEBa IS % n B 52k = 45 4p 1 o

B ix e WL B 3 T 0 BF P T gL i g o
#% e 55 s (Impulse response) £ 224y (Convelution) s 1% » & ftp 3 5 o
ST o PSS A 38 el iE 2L HLEE S el 3 25k (Frequency response)
faAp 3k s 17 o F AP poeR B AR R R FR IR E ~ B2 B “fﬁv
T Pl E (e B AR T * FeBF 4 7 40T !

K
Channel output=H (Z dec, +C, j +N
k=1

H =diag(H,, H,,....,Hy) ;
T
C,=[C.C,....Cy]

]T

3.10
HCyls ( )
SNyl

N=[N,N,,..
Hoe HE A o 5800 > Hy RIS &7 e S 9k o 5 34
j;f’Cpfié%&tﬁfﬁ%ﬁﬂéﬁéagm%fu%NE'J?N%F%i*_ feafte ¢ B A

21 (Additive White Gaussian Noise » AWGN) s & AdE 5 F B ] o
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!
el

Lk

& 2 /“-—<
y BIS T
> A

$5 pe
FAN- AR

o

o % ke o 22 MC-CDMA i sfafcsh it & » 53wt 38
[ A it A

4.1 #le %4

P § B 4E )% 2 MC-CDMA i sifi o 4e™ Fl 4.1 5

> Gl >
- Reimovel To next stage
—
—» | B
SP | ICR ———» ICR [—0
: |FFT Pl tpel ——» tpe2 —PO
‘;"rm fu:-
fal2,...L =12, .L
>
— 1st stage 2nd stage

*\

&\

B 4.1 457 5 i iy 5 i MC-CDMA i Sk foy
d A B Rk T UL B R SR AR R

B 15 A8 17 FFT 02 fU305E Al o GRSE « S LR 4% -

U I R R A R R R S A
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A

(Interference Cancellation and Reconstruction > ICR) = # o % — &+ 3

"fﬁiﬁ"iﬁumﬁi@] R RMEGRREZDIRETHE M ¥ &

ﬁn/‘—»a,_,]}u l‘*ﬁ‘i*m—‘«'—%b"igaﬁxﬂ—@“mﬁ? 2B R gia?lx\ ,_i’g.f%-l%

WripR e v LG ORI P A FF PG

- &m@?} » o i#ﬁ@ﬁlﬁéiﬂ'% g T F] 5§ R I $fiE

%ﬁﬁ%%ﬁ’%@%ﬁﬁiﬁﬁﬁiﬁiﬁﬁﬁﬁﬁﬁ,ég@%
FEiR B 4k kit (Performance)» &bk = o T oG St TF“TIAG K~

U HHA S PR EE S B IUE TR -

A - ent g i)k 2 € @5 R HB Ao ] 4.2 S0

K
» Despreading »{——
’ " N
O = : :
» Despreading ||
K
| A A 4
_ Pilot PEC Transmitted
mterferenc_e coefficient data
reconstruction processing reconstruction
7y T l
L 2 (1)
Channel a\ Data I
— 'u' interferenqe 38 i L(l)
reconstruction

L:Path number

K:Orthogonal code number ICR type 1

I: Reconstructed multipath data interference

Bl 42 F il g £ s p 3054 © a7l
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BV B G A SO e B (TG B AR EGUEL
TG A TR R TRAR  BETREEE SRES
%iéiaﬂ’uﬁﬁéﬁiﬁﬁlﬁ@ﬁf—&@%,uwamﬁ

AR 1T BJP cE (T P U EE N A T2 o

;}_&1(’% 4 :Ef: 3 gﬁ—%’/i_l ;}E‘—‘F%%ﬁb F{:\) ;FT T/E'zé’ E‘E l-’-)_L 27 ﬁ';g‘ilé
A 0 BRI A BE B - PR FEG AR
#rean 5 (Pilot signal) o Hejesd P E E g FU ts » {7 B §

’ 2

o ) R A PGB RO B BLBL G AT PGLILE S e i FE

=

v ie- HAF s o LR

dOH G Ak Bk £ R R & B bk g
FRURLEEF § AT SGURL T 5 4 B TR F o ARG
(EESERE ST RIS e

& d v (e b TS H M R AT F o s ¢
fig F FORUBLBCE 0 3 > At I RS AT SO  JE R 2

d AT dotf o ﬂ”%hﬂ%_%ﬂﬁéék’ﬁﬁﬁiéﬁ

%’i%&ﬂ%éﬁﬁﬂ%ﬂk%,%ﬁﬁﬁa%&lﬁﬁ%@ﬁ,

mﬁ%;iéﬁ@ﬁgﬁgﬁHﬁﬁﬁa%Cﬁﬁﬁ’ﬁﬁﬂ%&ﬁ



k=1

H(idkck+cpj+N-HCp:H(idkcijrN (4.1)
4.2.2 0 i 7 fie

PR AT HGLELT ) f e TS R L T T
(Channel matching) » 2 4% & =t § L b el sg 4p it R R > 2 448
HERFRE TR o Ay R P T N T A 4

1. &% &) & 3 2 3% (Maximum Ratio Combining © MRC)

BB E TR N AL e st ELE o P R R
A EAE IR F AP AR PR o G BT 0T P B B e
Z 1L (Signal to Noise power-Ratio > SNR). > & — B #3235 © g I 52
PG FHEOERT o RKAGRL RN L T E RE S D

BRI AR 7 Wt MRC e Lt Dl 3 TR 50

2. 5 ilkF F & B = 3% (Zero Forcing Combining » ZFC)

2
H,|

PREET R AREIPR PP EIERELF o D AL
EAE SR E &) en T 2 et Rt (Normalize) > 4t Bl 42 =2 2B R
HEHFT RG> EXNBL NI AL 220G - - B
FEWEL RN BAEB BRI

M

SR T o gt U
g BT ey o $Elpm T RpE FHIE B ﬁ-']}:ii\‘/ﬁ»*};ﬁ‘—-ﬁiﬂim
ol Bl U UL g AR - B i e @ (Weighting) 0 i B

R

26



S P egeile FIR A R 3F S 0 A 4 Ari) engesa 3 5e (Noise

enhancement) < i » "% X % SLeisay o

3. I3 F & & > ;% (Equal Gain Combining » EGC)

H|

PR TR MR Sk b g ISR S R 0 T R A
O R S ] R AT o gt VL S gy B MRC

81 ZFC ehiF S H o TR A AR drn A Ml S R E 2 2B R -

o

Rix & i & & 3 ;% (Partial Equalization Combining)[18]

Vvi*:Hi/|H

PO e SV A i o R 0 B s Uk
WETRNM RG> P3N T A Sl APV UFRF =1
PR SRR R e JERFERC RS Y MRC A B=1 PR %
iRg %,wﬁwﬁmﬁ#<\qwc’aﬁdﬁmwmﬂ%’*vi“

AR RAE AR T E S AT LR
AT PlEFREE AP R R M APERAFT TR EARA

SR o B R e B R PR T ok 2R o

4.

T\

, ‘l<p<1

W =diag (W,,W,, ..., W)

R B ES L NS R Rs 1Az
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AT T e (T E 0 R F R AT FRR A B (FR TR
AR TR A TR ATERY 2 R PES g o M

R AR B RAR TR A 5 BT Ak

o
1

—~ * K *
;=ct {W HEdeckj+W N}
k=1

i H,+ > d, (Zw Hic ,,ck,)+ZW HieiNi (4.3)

i=1 k=] i=1

Re{de}zsgn[Re{dAjH : Im{d}}=sgn[lm{dﬁ-ﬂ

é’—p&?y}lﬁ—ﬁif& - '\.(43)"’;:—1;?;& S j—%ﬁm%%{ﬁ%
- TR D d Wi R 2 7 op il M2 0t % 2 3R T

| B ES TR 2 B 21 i



H=H,+H,+.+H_ (4.4)

K ~
l, :Hp[deckj , p=1,2,...L (4.5)

&i@ﬂ%&L%?%?%EJ%%é%—&J%W%iéiﬂﬁﬁ
*

o BT - B HITF R f

L3 T p o EE S -

WA S TR e £ S BN 3N T W 4.3 47T

£ » Despreading |-
o »o—f ol ;
| » Despreading ||
z ~(1) L K
Zm &
P - x '3 H . -
0 _ Pilot Frequency Transmitted o
interference domain data
reconstruction MRC reconstruction
! I
T PL
Channel al . :unl Ty
ExtnEton H mterierenc_e i@
reconstruction L

L:Path number

1} Orthogonal code number I C R type 2

I: Reconstructed multipath data interference

FIA3 4B ko~ s 30 A1

ﬁﬂ:—lﬁigﬁv”ﬁﬁﬁ?ﬁﬂ—ﬂﬁﬁﬁu,@@%ﬁ
Ul FEEFET B - s R R s R R

= e
FURAuE T ot - Rt d Ao T o5 AP A AR R 2 P o
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1.3.1 0 B AT AGURLT )

e — BTG B3PE o o N RMEL - m A AP R

B R ITHE R R F S ﬁ‘*éwi",f
TARFCARLE SR > & 6 R0 S P TR R B TR
O A RGUSLfR B (TR B 0§ P Rt
oo A d At TR TR T IR 0 A PR R T R
d FFT (2 U gl e doif o fIARemh 3 473 Jo sDAf S0t sl 351 (7 %

3

’E‘L?\'} *E’ MEAM FEE £4F) 0 il lﬁ w2t amngy @ o Flet koo

d arA e & F 3T ilﬁ 53t o AR S ﬂjﬁ?#iﬂ/;& -+ ;}é@
TR LR S EAPT R - s 2 AR SU BT 3 o §

KOG FRT (& sy doi o v iflm deerin o 0 i 35 PEFER 3
)

= ARG R £ Mo e AR 0 B 155 TR B
RpFent Rl o MBS RGBS m AL o 1 d L E e

1.3.2 5 BT G H BT L

Lw%:w Aipd v e Ar L RS T AT IR T

b=
¢
%
|
3
~
N
w
N
_:xﬂ
1]
P}
==y
Jy
(=
4
4
T
OJ
4
Hep
W
=
:%—‘
¥
o
(“
o3
=
<!
TE
.\‘E\



1 & Kho AP R &R MRC & REODTRIFEE 7 fRIr e
SFP BT REOERIETHAP S TR AT R RS £ o
BF uaE DS A & (Path diversity)sisc % o P i i@ (T E O i1 4 o7
S ady
K L
D,= H[deck}t N->1,
k=1 gq=1
q#p
K L K .
:H(deckj-ZHq(deCk]+N
k=1 gq=1 k=1
g#p
ZK:A
= Hp( dkc j+|\| , p=1,2,...L
= (4.6)
Data before despreading
L
=2 W,D;
p=1
L = 21
=> Hy Hp(deckj+N
p=1 k=1
Hd D GFEPA#N ks p BRIESTR Wp: AR p B
B S A 2 i T e il LR S 8 TR
AR G e ’éﬁé&}i‘_la‘%iﬁ"‘, Y TRERETREEERS AL
fhls (F 21 A B3GR 0 FOt Rt BT o
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WS R Y AE T

SR B K,éft FATRE AR T U ) R i A et
AL FAR L e g AR S TR
T s P> & 72 8 R AR
ARG FH SRR EINE M e
T;rsz H AT R L e R MARA R DT RS L > AP AR 2

A L R S EE N E R SRy A TR

ol S RS %E‘Jﬁ"‘ﬁ AR I E A1 REAR S e T
7 & (Reliability) et & » A P ¥ria L TR av LR RE > 708N
:rﬂ)rup MR R G S enid e T R i ;}J'K;Tf L))

AT FR i > FRAA S e ;Ui‘%’a MEF RRBEHEE
oo dp R i R RET en RSB o A SR en T 3R T * K
eﬁ%ﬂ%ﬁ“ﬁthiﬁ%ﬂﬂ?$5?”%ﬁéj%ULiﬁ%ﬂ@w
(Soft decision) k 5 = - A k= 04 5

* 7 -3 (Hard decision)® & 7 #

c\“
i
"
3
5
&
(dﬂ
A
34
=
o]
bl

T b el B TR R AR T LR TS Feing o

¥

1B

B EAPER AR T AT AR ST R TR

SRR A e h S e (3RS TR T A
E{—,—\;J._;g_; ,l? ’f ﬁi‘ﬁ\m—%/i‘°

LA FREAR S RES -

LRSS AT R F A

~
N\
oy
‘il_\\
=
3
T
ﬁm
~ml
=
3
%

32



35T 3o (Mean) £ % £ #c(Variance) » #x v i g J;,)IL BB 15 hE
ALETARRE Tl o AR AP R PECHE TRAN > I HY | B
iR EAE > K(4.3)58 ¢

d,=c {W*H (i dkckJ+W*N}
=d, ZW H;+> d, (ZW Hic ],ck,]+ZW Hic;:N;;

k#j =1

N IH P N
:djz | |1|+,H+Zd £21|||‘| |1|+,E JICKIJ+ZCJ|N | |1+ﬂ

(4.7)

|H.|”+i[|H e, ]ZN

l+ﬂ
[ k=] |

N
- | [ ﬂ+2(¢//|2d c“ck,j+ZcJ,N H |l+ﬂ

=1 i=1 k# j

where y, =|H,[” <&, x=h_[d], heq[n]leFT{|Hi|1*”}

KT8

P R AT 15 TR A 208 U R e T e e
& Ff(Desired data) ; % = WA GBI P TR kp BAEAEA S

AR EF I Rt - MR AR B E T e iR o H P

EEARPES - Fehy AR ABEET I RAS - [H [T

PG SRR R e R R R AR § - BH

JE AR FE iR B PE T A é}i £ —‘La‘% VALY - BREASEINE A

. NIy s », 1-5 S 2, 2 v [
AP T L I},‘]”{F#&@‘KB |Hi| v jf,n//f » 7R R R z]}:xi\-;ﬁ‘m'ﬁ\ﬁ‘il

BEF R Fyd a2 4w AR PRT kP LA T %8k
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Iﬁ,ﬂ;\lirﬂ,iﬁ;g/,} 135 @478 %=

fu
>y
3
2
[
0]
J=t
%
A
g
a

BANPEE E oy Z R A

Bt -t
Va{Re[lzN:c“ 'IH?IEMH Va{lm[ic“ 'IH?IEMH (4.8)

2
‘V[z I J %S JH| Y, where o?=E[N?]

i 2 i=1

B¥EH> LI ES omanst Tme R AP - Birn
X =) d,C ., FHA PR LM S HLATUR Bl SR

% 7 Rl B ted ¢ c  HliEs, H 10 @ Xi,j%‘uzu S R R

k=g, ki

& # (Random walk) =g s 8 » B @ fld d c ¢ EF3M+1 -1 et &

kK= j,0 ki

jPE I %”i&dkcj C, AT o TE %~ 15 (Binomial distribution) 5 % 5%

gl p o (K-1)70 3 = 38 S R GRS (Trail) i p o £

Hm et

i=1 K+ i=1

- (ziw. Y —sz.j ] . where k=(k-) (4.9

gl o)

:4E:¢2]_K.2 (_ZN:%) ,  Where (0=ZN:Wiyi

i=1




Ak 4 & 4 5 fic(Moment-generating function) s 4 k3t ¥

Elo |t - F 2 - BUEB RN L2 2 Sl MO § & #Hi
(Nature logarithm) 7 3] & #cR(t) > £ 5 % 48 A 2 & #ic(cumulant-generating
function) ) » B R(t)& M(t)z fFF 5 e B % !

R()2I[M(1)] , R (t):l\l\i'—((tt))
M(t)M"(t)-[M"(t)] (4.10)

) (4.11)
o= M(0)fMI@)] = R'(0)
Ao B A i T e yarb A A e g @
M, (0)=( 3 ) e
M, (t)=M, (t//it)z(%j (1+ewit)l<' 4.12)
w011 (3] e |- (3] Tl
M, (0):
BF
R(t)=InM, (t)= NK'ln@jJr K'iZ::In(He"’it)
' _M;o(t) ey
R(t)= M) K §1+e‘”i‘ (4.13)
R (t) = K'i'/’ e (1+e'”“)—.:/fie‘”“(wie‘”)
i=1 (1+e"" )
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LV

IRAAPEIRLE BRGIDN A N (LIA T T 5

var| 3-(v1) - E{(zw )”

)

AR
(3l

P g 8RR de B A e gk d S +1emusl

(4.15)

Furd plER A L +1/N2 FEEL S A A T R d Fm

FAMR A FanP e L E el SR R AL - B b

Var Z(l//ixi )}%Var [ZCL.N. H—‘iﬁ] (4.16)
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AN
BEL S APENG LRATRT ) T LR X
W o A AT LR AP E 2 G 0 AP L R
1v ;% (Log-Likelihood Ratio » LLR) » B je3lenit =~ 5d =a t]b >

FOER B EATA L Ll S A S R E T R E AT (RS S B)

LLR, = log P(bj :+1‘lij) log P(li‘bj =+1)
) P(bjz—lbj) P(bj‘bjz—l)
G
P(bj‘bj=+l)= — exp| — >
- " dj 2 (4.17)
b.
O | 12 Gm)

where m; =-mJ.=m
J i
AN

Aemid st Ling o ¥ EAT) 512|H_|1’” ca LT AR R
Hig o d b4 f_ﬁ;ﬁ"%]ﬁ]?pﬂ&{ﬁ é _‘{g_‘r’%," ’\TI’EC’{\“TFBEI‘&#?'J% F%Ik*?
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£ F R IR & & (guard interval) 12.8 us
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& #7 F)#c(spreading factor) 256
& 3% (vehicle speed) 120 km/hr
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B~ 2t ¥ PH 47 (max delay spread) 3.2us
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