] v
n3ess v Iunuiiaesnaneeda luiadmsulssnasesdynna lusesdyn

a L= a ~
¥iasgamaauuG oy

W18 N NARYFITI

%aﬁwuﬁﬁyﬂudmwfjwmmiﬁﬂymmwﬁﬂqmﬂ?mmﬁmmimmmumﬁmcﬁ@
awnImnssu i sadndaanssullih
AUZAAINTTUANAAT  PNINTAINMIINGSE

Umsdne 2547
ISBN 974-17-6142-2

4
ﬁ‘llﬁ‘ﬂ‘ﬁ‘ll’t‘)\‘]ﬂWWﬁQﬂiﬂIﬁJWWTV]EJ'mEJ



AN ITERTIVE RECEIVER USING AUTOREGRESSIVE MODEL FOR ESTIMATION
RAYLEIGH FLAT-FADING CHANNEL

Mr. Tuchsanai Ploysuwan

A Thesis Submitted in Partial Fulfillment of the Requirements
For the Degree of Master of Engineering in Electrical Enginnering
Department of Electrical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2003
ISBN 974-17-6142-2



Pl aaNeNUNUE AT ULLLAUEN [T LA aa9D AnR S A TR AN NS UL Tz N0

] o

dasdtynosludesdyynnaiasdamanuuuFay

Tne UNe AE NABEIRITIEU
4121730 AAanssn i

ol t3 a £ a a
a1a13efAUTNEN 29ANARINANTE A9, UTLANT NN

ADIZIAINITHANARS AN1AINIINAINAE alR AN wusariul

WudounilsnaanisAnepanmangnssoy o unings

.................................................. ANLLIAADIZAAINITNANART

(AN4MT1907E] AT.AA ANEUEIAT)

AUZNITNNITADLAINYNUNUS

................................................... 1928711N99NN"T

(389AGRINANIET MT.ANTIE ARSIUENA)

................................................... 81a198NLFN1EN
(s09ANARTIA9E A9, Usz@na ﬁmwm’i)
................................................ n331NNT
(8n4198]. A3, 4N19A BIINANE)
................................................ N334N13

(5R9ANAMNTIANTE AT.NIAN FNEHINTIIA)



o o

WAy waengessy wAsesiuuuuaudn lduuudnaesnanednluiEdmiuszann
dasdrycynnelutesdynnaiaedamanuuu@ay AN ITERTIVE RECEIVER USING
AUTOREGRESSIVE MODEL FOR ESTIMATION RAYLEIGH FLAT-FADING CHANNEL

91A19EMLEN 26,03, 1svANS N, 67 win. ISBN 974-17-6142-2.

o a

samasiuilunilslunssudinisnensviantsdesdynnns  delitss@nsniwniaineudn

@

Tndlndninaesaiua (shannon limit) tagaunzanieuldluszduaauiianainegfn 10° AAn
EbNO =0.7 dB Tutesdyaanifiiduuuumdideu@anquuuuan {unidusnsianssoucgegn

wasnsnansiautLmasiuludesdnnatasdamassuiuEay IuiuA1AINTIaIAIARUAINA

|
o o a

mmﬁmmﬁmmm?ﬁLmuL’?ﬂmmﬁmﬁmmﬂmﬁﬂﬁﬁm@Jmnummmﬁmw‘?ﬂé’ Tnunnasuifienndn
NATRIATY N AR A AL LT Sauffuinrie sSuLLLIWEN T AT mesiuLaznns LN
ﬁmﬁﬂwdﬂﬁéﬂﬂuﬁmmﬁmmm@m%m?ﬁm?u N1INNTUTINAUITUINNIIDDATHALAZNNG
Uszanniteednynynagni @ NINaun Tmﬂmﬁﬁ%ﬁqﬁmwmmﬁﬁﬁmmf;‘i'ﬁzgmzmmm

UszanuAdsdanaesdynaaianunuGFauludesdyonnld  widedaaadsnisdinanine

a o

wizaaFuailugasandtAnaninisat AuesdnninanawasAAN s suBe ety
o sl 1 o ada 1 a ) o oI 1 ai ) a oA
vinlimensdssanndesdynalaeisaiianainindsaesnnga lumnnzazinn i lunnedl jom

2 ]
Tianentinusiguaaueaiduguuuzesasasiulnanisunsndoydneniinsesludynyin

%

NeARRTULATHULILANE RN e LR IR e Ib iGN P ST S E v Ul ¥t Lo N Vo T oY)

[~

[ % o

Tnataue 2 Asnnsressilssanndesdynnulnaendaluuanansnnnasdn s iHunaanig

|
a g

ARANAIANNAIARIANgALATAB NI ANRAENAsassAgangnuaiunalad  Taaludouaesnanis

a

NARDIEINALETININNIL R ELELANITINEIadATadLNULNuTN Ins e Arf szanaulaedFan

HANANANAIADIANAARAZITATRNANAIATAIABIANGARAT  3BN19ANRALNNAIABIAGANYN

U

UasuNA a0 AN a R T1ueTR

AT, AN INH L R TEN G 2NN 1
A3, AN WA ANENATARNANTENUTNE oo



AN ABSTRACT

##4570719721 © MAJOR ELECTRICAL ENGINEERING

KEY WORD: TURBO CODE / CHANNEL ESTIMATION / ITERATIVE DECODING /

AUTOREGRESSIVE MODEL
TUCHSANAI PLOYSUWAN : AN ITERTIVE RECEIVER USING AUTOREGRESSIVE
MODEL FOR ESTIMATION RAYLEIGH FLAT-FADING CHANNEL. THESIS ADVISOR :
ASSOC.PROF.DR. PRASIT TEEKAPUT , 67 pp. ISBN 974-17-6142-2.

Turbo code is one of the most powerful channel decoding that the demonstration of
the performance close to shannon limit by taking bit error rate (BER) at 10° over EbNO =0.7
dB over additive white gaussian channel. Unfortunately ,the full potential of turbo decoding
over rayleigh-flat-fading channel requires knowledge of fading conjugate for multiply with
received signal for destroy the effect of complex rayleigh-flat-fading. Although the iterative
receiver using turbo code and pilot symbol assisted modulation (PSAM) for joint channel
estimation and decoding was proposed by using minimum mean square error (MMSE), the
disadvantage of previous channel estimation is that the receiver must known fading statistic
and noise variance of system. These limitations lead to previous work was not appropriate
for practical system.

In this thesis, the researcher uses pilot symbol assisted modulation for receiver .The
autoregressive model is applied to. channel estimation model. Two types of channel
estimation both MMSE-based and NLMS-based over autoregressive model are proposed in
this thesis. Simulation results demonstrate the comparative performance of iterative receiver
by using the previous channel estimation and two types of proposed channel estimation by

using autoregressive model.
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Itertive decoding
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turbo encoder

turbo decoder

frequency-selective fading
maximum propagation delay spread
variance

channel estimator

correlated rayleigh fading

pilot symbol assisted modulation

autoregressive model

minimum mean square error : MMSE
normalized least mean square : NLMS
random process

ricean distribution

uncorrelated scattering

multipath intensity-profile

coherent bandwidth

coherenttime

doppler effect
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pbandwidth

multipath channel

propagation delay

feedforward polynomial
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feedback polynomial
block interleaver
log likelihood ratio
signal to noise ratio
expected value
cost function

upper decoder
lower decoder
systematic bit
parity bit

trellis diagram
forward recursive

backward recursive
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——————————— :———————————:——————————:————————— —<— lteration=3 | -
I ! ! —4&— lteration=4
—+— Iteration=5

BER
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EbNO in dB
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ANHNENENNAT NI A AT LN M Tt Inaennzatinedialuszuunsdnyiiaaaun

gan 3 svawmesluasgninanldlunsddunndn luudaesnisanadndudanaes

1o

% dlv o v o % dlv
nszuaunsnensia  Tuaneideansnsarinauldlndipasiunisnansiandalilialgan
. 5 ad e 2y . s o o
AN LT AL Tunsiinnisdedayanmnudaligaunnin unisdedanaui@esi
= o | v all o 1% aa o o .
gniudadanaiullls  faginisdszanananedyonnfasia  (digital  signal
i v [y o o ' Al y P %

processing ) N1lfFanlunszuaunisdiiauarnensvia  wilunstinsedanisdeansdeya
puEageludumdudtynnnl video uwazdnyryand Multimedia AM3Tgesinge] nsld
technology FPGA Haouandulunisiseanunaiieananudutden  aqluilaqiiuiinig
Wanaiaweasluuy FPCA  TNaINNTananIdala lenfuinndn 160 Mbits d&msyu

single ship FPGA %ﬂ@’mm@ﬁ‘ﬂﬂ@u’aﬂmimu http://www.icoding.com
The Jet Propulsion Lab (JPL) luandgauiinalévinnisimunsiamesiu
o o W y - e a
waldlunnsdeansszndaanuluecnia - asilnyuiaasnisgdynnniseudneiuluaanidae
221z 19N INA T UNNTZNINILATANTLILALLATRNAY UAZHATAINNITLNAUIMNAILIAADN
nelueaniAin inAsnunmaeaNATasfuN AEeENIN A0 ANTB9A) Y IITLINIUEAY
genn deriunasidsvame Siuieuilaaaalianainlungiindl C/N a1 Asdiaanady
ageEs  sawmeslungnimuiain JPL ldgadeyauwuy 16 Om Block code A1n91enu
289 JPL WuInnsdanusiamesiudviuganeanid Voyager 1l 16384 4m Interleaver
WAZNITLIUNNIMTNRLATIANTanansidaz Iilae i BER=10" m AuvilsiAnaes

S/N=0.7 dB

'
aa

\Hasaansiamasiy (Turbo code) QNARIENNIAINNITANADITANATEYIU

7

ARN2runulwnN @ u@unqusuuan (Additive white Gaussian noise :AWGN) n1911

k%4 PO

samaslunn i udesdyunmanareanansanily | fesiAireswannaqn  (amplitude)

a

uazila (Phase) aeawnsvatinagnaeslunsinfumpssuuuiEay (flatfading) wazlu

neeuiilumaRanLLaanAIND (frequency-selective fading) 'ﬁﬁLﬂum”mim (amplitude) ,
Wa (Phase) WarAINITuWHULILILTLANIA1g9gA TR Ta9dE e N0 (maximum propagation

delay spread) IlnsnArwisdwasuesdesdnyoinuiugninllldnndnuavesdnyanns

'
a o o a o o

waRsandtynnsmesdeyananands  taadtynruignnidnuaresanaiugnasdise

u

]
[ %

1y ' o o = o o o o Ao A A
LﬂqiﬂQIﬂQﬂfﬂﬁ?ﬁ@LVI@ﬁUSﬁQQﬂ@?’NN’]@’]M?Uﬂﬂﬂ?u@@mmqmmﬂﬂq??UﬂQuLLUULﬂ"lﬁmﬂu'&

[

2ALULUIN (AWGN)



TunsdifidesdynouiameiuunBey  dedyanainieilunsdifids

fryrynndliuL BPSK (binary phase shift keying) lagn1slfubiusamisatinaanslis [8]
way [9] a5uneliAe

r,o=a.Xx +n, (1.1)

Tneft r. Aedynodisuldfinnesy, a AednddeuseanpuuunGey, x e{-13 Ao

[ % Ly

o  , ' A o =< Ao = o A
UANBOUNAIRNNATIAANLAT N,  AD fyﬁqu?‘]_lﬂqusﬁqm@ﬂ‘]ﬂ’mzl,ﬂul,ﬂ’]ﬁlfﬁﬂu@mqgLLL]_l‘U‘]JrJﬂ

7

a [

TadAANLLsUU (Variance) 1w o? = Ny /2E, Inafl N, ADAYIAINMUNLLUTENNNAS

Nuedy N TUNIUNNANRDINALL  (single-side noise power spectral density)
WAy E, ARATWANTUIENATAnEIiNiIN74s
QARIUNILTBININILANHARNBITNATYIM IAmRRIuLLGEUAS
dl o o o 1 o a v o dlv % [ % ° Yo
WannInIaaAe AT dsiausasdynamitlsainnaiu danmueliAndszann
1 o a v o a = I~ 1 o j
ANEMIIVENEILTNT R UV RNATY U W ARNKLILFEL &, ATl ua lugLsatl
8, =& el (1.2)
Tnedag, = 6, -6, PeAIRaNAIALEINTLszEN A NAT IR sy DU AR ULILIG LI 1EY
tnAnlssinnunaReunnGEULe4 o, llanideannian (1.1) azwuan
r =%(& )
r. =[a |[a. [cos(A8)x, +%R(Gn,)
K= ux, +n, (1.3)

¥

Fadn Ag, —»ouaz. [a]=laf=1 azarmisndszanniArdnarvenamnianan =1

AutiugnannInanAtsiamesTu (Turbo code) T [7] @vdnlszunoudnny Lﬂuﬁmmﬂmﬁﬁ

nssunaudluuuimd@eudanununandesiAnaansusaudly o
Tunsditedniynoufinmnuuuidennansd (frequency-selective

fading) ”ﬁytyﬂmﬁmm‘?ﬂuﬂmiﬁmMﬂ%ﬂ’wm&fmmﬂml,l,uu BPSK (binary phase shift

keying) arunsnlduunananaad [9] was [10] asunalasail
L
e 578X+,
n=0

L
f :aOXk+ZanXk—n+nk (1-4)
n=1
181

o o/ a L Q/ o/
Tnel L +1 Ananuadunisaasdyonuvagdnuas >a X, AANNITUNIURUTRIATY LY
n=1
1 % o ca 1 . . o %'/ dl Qi % o o
sl,uLmeq;am:rmmmq (inter symbol interference : ISl) AatiiNanaz AN TN

waflulildasfasinnisdaalacdis  (Equalization)  Atynununiuldneuinanazinli



o

. 4 . . N . 4 9 c o A
ayunazidngeanansiamesiudgluuuasluannisn  (1.3)  duswiusinaulaly

guns? (14)  BlunamesTaails r=[h o Tamal =[N - Nemal s
b=[bi - Bema] $AZVENTRIYRYIN H HANYL
a a, .. a 0 .. 0
He 0 a a, a, O 0 (1.5)
0 . 0 a a4 ... q (e Led)

[ %

ANANNNIT (1.4) mmmmL%u‘lugﬂLmummmm??ﬂ%mﬁ

r=Hb+n (1.6)
Tuan1dse [9] waz[10] IHauaasn1sN9aNusINi ez nINemiLfuwnuazn1snensidmne sy
Fadeanlagsudnnsiuminmesty (turbo equalization) TuyNNBITBIANNANAIANIAIAD
fﬁlf]@'m (minimum mean square error: MMSE) ol r' {ALL

r=w" [r—Hb(k)]:,ukarn; (1.7)
et b® =X Xa 0 X1 Xomal PeAszInnidtyansniansiamefiulusey
AauntiuasANresnmaFadst AT ey w AanAEsl

w = argmin|x, —w" [r—Hb(k)]”2 (1.8)

dl -1 dl A 1 ' rdl a 1 o/ 1 o
Tael w=Rh, nef h, AeA1luAednidfl L+1 209umIngesdtyyin H LasAanaens
ANAANANA 1 = E{rk'x;} LAY R = E{rrH } FTiANN (1.7) azNuIn
u=w" E{r x:}
4! 1 o/

waznuaAANuLTsIusr LD e T oy ' WY o @nunsndeulaiilu

o

o = E{n?} - E{ g o]
=wH Rw=—1? (1.10)

dl v v J [ | 1% a a = A
anReuladrsunuanldddesdyyin - asiurtnmasuuuFauvie
WARLLLEAaNAND  NNInaLANIIRinestestasdynulanudAyednedelunis
TlsznnuAndnsasaanuianatawazanuulslmussuuaesdyyine o' iafiag
aunan N nindynuniunnmnannasaanafeaq unldeusauiusiasiamnas
Tuldludesdaynnuniuareanmsnagisos
o ae Ho o e e d .
Weasaneuideilaniurenanegyn  anwourdesdaynnaiilumnamanuy

= dl a o Y a v o o 1 .
TR NANNNIUALaNas [11] ToinauefnlsrinTag tUtUnnd (channel estimator)

o



'
[ % v o o

ludesdyaaiiidneundusdamnfuuuBauRfandniusiu  (correlated Rayleigh
fading) %'afmmimﬁqmv‘mméqmﬁmﬁmmfaﬂu‘imﬂmWT?Jmmﬁﬂmmmﬂﬁmﬁﬂwaﬁqém
Tudnyayrnunengiadis ( pilot symbol assisted modulation : PSAM) ﬁﬁlqgﬂiﬁﬂuﬁqﬁfmiu
nsdszanniAdasdynnulasandauuianain 7] FansUssunnrmaRuuL G Uth
a1fEA3NNIARANANARSIAR9ANgR (minimum mean square error: MMSE) husiadatlu

aFi 2 Nglal!

1.2 LUINNNUILEUD

\He9aNgAsauTadnIs I dANANAIATIAI489A14A  (minimum  mean

A

square error: MMSE) - lunisiszanauanveaslautu@aunianduiusiy Inedgunsn

o

Arydnwniindasudyoanuengadu ( pilot symbol assisted modulation : PSAM) LiVe

Y A

g lunidszunuAlWaANaINUIRaaNEs  [11]  fadszannidesdyoyine (channel

% a

v
estimator) A¥fRI@NALIAINITNNATALIARY U AR lunYIMANRe fRanagtuin

77

ANTITaLIa909aTNTad  (filter)  DNUSUdIRNAASFENUTN AT T UUR9993TNTD

AuNsnilszinniAIaaL (sub optimum) 1843BAIRANAIANAIEe9AgA At 1E35 (moving

]
=

average) Tgnuuaualy [7] WAL ERANANINABFAR D29 UTINANTIT A ULRI4ATNID
(filter) azlANANLAZAUALAUALIRI29930984 (order of filter ) ludnanmuzaesdtyoyin
wamazilasuasinelsfiniu N1 NN zan Nl NN A AR UN A NANF 329N

dl o dl 1 Al dl o Z’/ a o g& o/ a k%
wraasuLavArasdannnlasuwlaenanninan  setulueuidsiasendamaianig g
wULRNaenAnessmluds C(autoregressive model)-([121,[13],[14]) ienaniaganisgan
AN AT ATBATY N ARSTSLATASFURBINN3AZIN TagAngdnusiiiiauaand

AnnslunsdszunaiAnAdynnaians 4 - uRlUUsIaesnaneanludAEselaun

i
=

1. '?ﬁmm'ﬁﬁmwmmﬁ'}ﬁmmﬁ@ﬂmm (minimum mean square error : MMSE) UAY

'
= g

2. FEnsAneAEnNdaeRngangnuesuualad  ( Normalized least mean square :

a

NLMS) TasifFeiinaunanimaaadiueninaadeds [11]  aldandaluusnansnnnas

[ % o

5143



1.3 g UssRIALRINISIAE

1. WWAANHILAZINLEUE  channel estimation Ipsanduulvianaasnanassm iR
(autoregressive model) @ nFuilszannuAsTaARILL FU AR ANANA U

(correlated rayleigh fading)

1 1 1 v 1
2. INAANHILAZLNIALALATANSUBIANN 19D NN ULL LW TN 19U E NN UANN AR
AEUAINAAINTE 1 NIMNIUIINAUTUINANDTIL (turbo code) WEaNYaIN19TA

1 v
BER (bit error rate) TagiaFe e fiimsaa5t wuL 1m0 U3 de 81984 [17]

1.4 YRULAAYDINIFIAE

nnnsAneasnuuLtazliulsesinlssnnnutesdnyoynnmes wisesduuLL

i ludesdty it aRSWLL T UNNanaNRUSIW (correlated rayleigh fading) Tagl

]
o

AVAEUUIAARNNNNUASERNNEY  [11]  BesaulasuinAnaNiain [7] Tesdinlssunn

1 o 1% o o

fasdrynIneAanuLRIaesnanesdnludd  etAumalianisunsndyanenitindasly

|
o

drurynineng ATy uay m"nJa:mmmmz@ﬁﬂwaﬁgﬂﬂizmmmimLﬂ?’?@ﬁuﬁﬁiﬁmwﬁ
11U ( turbo code) Twsaunauwiin wndusadealunisdssunniAresdy nuWARLLL
FavresTasdty il feluauddeiineus 2 A8n13diusaLss TR Ty YL
WULANABIDADDENHLTR bobkA '?J'Ema?m'ﬁﬁmwmmﬁﬁﬁa@@qﬁ@ﬂﬁqm (minimum  mean
square error : MMSE) WaY E‘Emiﬁ'qL@?{ﬂﬁqﬁmmﬁwzgmﬁgﬂuﬁm@i@ﬁ ( normalized
least mean square : NLMS) TneannmaansazymsBaudiauAeasae s fianans

v o a

nnd9aes (mean square error @ MSE) sendndnycyrnamsaseiudeysyraimlnmiangn

sz laafadszunmdesdyynluisazaiin uaz Wisuauansnuzaaspasiy
gOl dl dl a Qo 1 o/ = o/ d’l o

wuuawiNeasnulasatisressnilseinndesdnynndassnundeininaue lussu

TDMA (time division multiple access )

1.5 A8ALUWNISIAE

'
a o ¥

1
1. AnwanFugiuneaiunisdnisiauas nensiazesiame iy

o [

=] o 1 o dl [~ o=l a = dld
2. ANHINITANNAITAN E]G_IIEIQ_JI’]ELWILﬂuLLi_IllLﬁ‘ﬂ@LWﬂﬂ\‘ILLUUL?HUV]N@M HNWUEINY

(correlated rayleigh fading)



AN TAT9aF19289ATLLLLANTN TN LA A D Raasdty N aReann

INUAAIE1989 [17]

=3 o o o e dl dl o 1 o= a
ANHILLLANARIRNANnANa R lLUANaNaz NN szin At AN ARILLIL
=l dld o/ [ 6 o

FEUNNANFUANUSU

ANHIUATEENULLINSENRAENIARANAIANNAIANTRE R  LATANRALNIAIA8Y
4 dl dl [y s ¥ o o o A 0 [
taeqengnueinealad anlfeuuniuLANaeanaeInanesdn ulRA I

Uszunnuasdamnc

) o o axadl U aal U o U I ol a
TNLUINADNDADBEAAIUNAT I 2 7807190 98 5. W1 lTUszantuAta i n R
Taainun 1danudnn L ama s ULagNIN1sae N LT ULYanN A 19T 1n1991911

W11

= ) d‘ o 901 o aa % o dl o
Lﬂ?ﬂ‘i_lmﬂ‘]_lﬂ’ﬁﬂ’]\‘]”luﬂﬂ\‘]Lﬂ?@ﬂﬁ‘llLLUU‘Jusﬁ’WI@ﬂ@’]ﬂH’Jﬁﬂqﬂu 49 5. NULATANTU

WULARTN eN1aaE [11]

a7t a190d LarARNIANENTENUT

1.6 Uszlaginaindnazlasy

1.

ATNNTOUNLLLATARULL VNN T ugaNn L sramasluluaneaeidunig
v
NUBLUHANTENINN Fadseinaidasdynnniaznisnansianluuiuin  (joint

channel estimation and decoding)

v P

arunsnth lldnuiuesesgniieviseaniiguldingliandudacganisatfes

4

AU NP AT N WA EIEN9BS [11]



[t
=
=b.
N

ANSNUFIUUAENOHY NN

[

X LR o aX A @ o o a P -
SLu‘]J'V]uQ:ﬁﬂ@']"Jﬂ\?ﬂqugLL@gﬁﬂﬂﬂgwuﬁqquqLﬂu@qﬂiﬂqmﬂ’]uwuﬁ I@ﬂ@gﬁ

NANDNNE NI ABITEIF YN UINLARBUT (Mobile Radio Channel)

TutlaaiiumelulatinnsdearsuuniFaredsndumum - wnauludsangea
tlaqiiuiunanali nenIsimurzuLinsdnfinaauiaunsndedynudasuay
Aryrynns naneanluie msmaludiusesaNamIneee)  NazsesiuiEnisnasiay
luaunAm tymdrAudwiunisaeans Fane lussuulnsauunanaanisnan wwng

o dld dl 1 . dI dl 2
anaasfanaNnInslasulamenanaaal  (nonstationary)  @eNRiazAALAT LA
a o4 i e U A . . .
wileuiunsdessNifiensesasadt lun1sdeansingaauil (mobile radio communi-
cation ) AauswAN A Adeeananniadelliinnady  lddrasduainaniiiglydl
o A A . . = P o = o Ao v s
anntlAReuN  (Mobile station) ueannanIipfeuiunganiiign  dymiomiulin
anea AU ssINiuYeImaTee] PAUTINAANNMAETIANI  FUledNIAINNg
aviau (Reflection), n13tagqiui (Diffraction), WAZA1INIZAY (Scattering) MAAaN An
= Y W s o dl o Xy ) ) ax
w3ee1A13 Ul 17 war Reine19ewr UsingnisaliduliGandinisunsnszanavanedn
. b’ = [ % d’ 4 | dl dl a dl dl dlv A
(multipath propagation) wardniladamilsldunnisindaunaesingpaaun M NiuTe

o o [ %

deviseiudynyunauanalugiin 2.4

o

1 o

917 2.1 fatiadnsuznisdeiudnynnluszunmsdniiiaaaun



1"

1
=

Tda9dtyeUUNAANTUNTNIZANaMAEA I HAZ FENINTad Ty (U AN R D

(Multipath channel) 18NaINTLAINTTIARDUTNYBED TIARELALAZNNTARRUNTRTARR

q

aa

agneludesdynn deinlitesdgnumansininadasuulasenunan  (time

Lo a v
variation) anA2¢

v
| o a o

dLdenNad (Pulse) NiTaIdunInT W lddedesdynnnmanadnng
nslasuulasmiuna dgaianivldnniaiuazdengiduauauiad (Pulse train) /3

1 %3
gﬂm‘wﬁ 2.2 \Wunannlfinianisuel (spread) N9RainT

= o L e PONPR I < !
g‘ﬂ‘ﬂ 2.2 [ﬂ%ﬂﬂ%ﬁ]ﬂ\‘]N@ﬁl’ﬂﬂﬂuﬂﬁﬂjﬂﬂ%ﬂﬂﬁﬂ&lfyﬂmu@’m']m’lLl]@EILLLLﬂ@\W]']NL’JZ\]”] TINHNAFD

o dl 1 1 o/ ! o
AWadunurgnadseantylutesdoyain o nansineiu

UANAMNNITUENIAIUEY a1ngtn 2.2 wudndusdeiadunuimnesnly
Yoo oad » o PO N n R o V
417 fiu(iuRefiauazaniv) auaniadniulinnpfuiassaiuiaaun auauiad uay

nsszdanan (delay)  gevanewad  sduwAelunanna NNl AsuklamnNiianTeg

'
aal o s

desdtypnnivianeinuiies | Sendiduninlaguidasaiunataesdesdnnnnmataangs

(%

Tdamasamawenls Aiuaadunismunzasnaziansnniauifrastasdny oy nmaneang

[

Anrnilasunlaspunaninal425n19ans

LNEINNINNANTUNDNHANTZNL BT Ay U uman eI NN Aadty Ui

gnaseanannagalstaan el [17]

s(t) = Re[s, (t)e"z’”ct] (2.1)
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Toedl  st) Wudtynrauuusniangndsaanainniagdesnamnufadunnd  f uazs )

[ 1 % a v o a dp v A
fuveviuidateu (Complex envelope) wesdtyaunauass  st) uazlneugIuuadAe

Vﬂ&m&nmmuﬁ’mugﬂ (equivalent low-pass signal)

o—

o/ d‘v Q/dl o Vo o aa dl
e s@) Asuldnnafuasldfunansenuanndynnmanein Inad
wiiazAndnanlsrianisundnszany (Propagation delay) WAZNIAANEUFNS|ALBNTINET

= N v v e T o o o = .
nasuulasmunananaateag muumym’]mmuimwmmmzmmmLmﬂuﬂgiugﬂmm

xX(t)=> e, ®s[t=7, ()] (2.2)

a

e o, ) Wunisaanauaasdyouniuld ol 307 n ouaz 7@ Wunanissienig

UNFNTLANLURIIDN N WNUANNIT (2.1) agluanng (2.2) azle

x(t) = Re [{z a,(t)e 2 Os [t—7, (t)]} gl J (2.3)

Tugunisil  (2.3)  nudduannusinuenanyatesduanamiuls x  Wewsuniy

auneh (2.1) An
[ =) a,t)e #a0s [t—7 (1)] (2.4)

WaNansuaungf (2.4) WAL 1 () LHUNATINARINKARDLIALANTAITaATY U URIY

|
aa

ANANYANNARATYIENWANANYA 5 ()  ANEUIIRINITIRAAINARBLAUBIFRa NN AT

7

(Impulse response) AtllaguutlaenunaIaeTaIdTy o R U ANy A 1HTY
()= a, t)e 057 -7, (1)] (2.5)

aun1In  (2.5)  wnzdwiutesdysnnitdaulssnauaesdryunaiianad niduuoy
FaLilag (discrete) ANnSLILTaedTNM Wivdesdrynnnaninszannszanalulnging
= '8 . o aa a Yo | o A
WeiF (Tropospheric scatter channel) tycyﬁmummmmmmwma?mﬂmﬁLﬂumytyﬂm‘w
= 1 dl [ 2 % :’/ 1A o dl dl ] o

fanwsadlesiuld  Avlunanevuauesreduiadnlaaullasmunanaaseasdynyio

HuANaNY AN TLAnS 16Ty
c(r;t) = a(r;t)e 1275 (2.8)

el c(r;t) dunaneuauesrestesdnyayiniingt tla o iesainauiad o a0
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t—z AInannn (2.4) 19 s 1) =1 YnAe3 t udadryrynunsulanniaiuazuansls
Wl
B0 = e, (e 0

W o, (t)=27f.z(t)

N => a,t)e " (2.9)

2
%

tudtynyaunivldnnieiuazdsznausogamesnulaauudaswmnunaiman s e s

R

¥

10 o, (1) waza 6,(t) 290U AnNNTAUNAdNnIh (2.9) 61 ¢, waswld 1/ 1, az

=)

n

Ml o, Wasuld 27 whaw adaglatmulaadnfnan 1/ f, AAuanuIn WuAe 0, d1un9m
= = P A S Ly % = = , o
waeull 2z peulddaanspaaui il esrazdupizaniadasuutlasestesdoyon
Weiantiaawinty aeldndidunaissfenisuningzans 7 (t) 2098 UUARZANEN
1 [ ] £ [~ 1 ] o v dla/ B./dl s
wansieiuuazldannsamawals  (duengu) dnlTidonamsulannei re o
ANNN9T (2.9) AMMNINNAZNAITUN3TIUNIZUAUNNIAN (Random process) LHa lafANAT
AUIUTRADNINNE 131878030 g AiRAINAN4 (Central limit theorem) 16 il r, t)
anunsnanaasuLulfgilunssuaunIsguuuIN AN ANT et e (Complex-valued
Gaussian random process)  BHUNIEAINGT AalTNan t URNARALAUBIANNAGN

a‘l | 1 dld I a v %
wWasuulawmnna o(zt) WunssuounisguiuundnaAdeiaunas

HAUANATSUNINZANEANERADAsANNNaT (2.9) audunarinlFiAannTans
wavesdtyny1ns (Signal fading) NFUlA dsangnisninizaemnavesdtyayioil tnemdn

v @ A ' | aa o
LL'ZWLﬂuN@N’]qqﬂﬂq?Lﬂ@ﬂuLLﬂ@\‘]WWNLQQWLLUU@‘NTQ\?LV\I@ {Hn(t)} IuLLmﬂerﬂ UUABDNIT

adi‘

wasuulasmnnatsesauuugy- (6,0} Tuwiazatfunaudesiumaimed (o)
dl o v o dl o Y a v v A a o < ¥ [ ° V%
\Hagauiuuds (AeaNnIsi (2.9)) enraasynlfiianisindsvisaianiuesils uuavinli

1aned N ldinslasnulasatiasann aegiln 2.3
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Received signal (dB)

Bela g™ i

o5 4

30 L L L L L L L L L
] 0.0s 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Time, t (5]

9117 2.3 Anwouziislivesdnynaniuld aelasunansznuainnisunsnszanaanenn

v o £ a o 1 [ dld
fusanaeuuulinanauauas@uiad o) 1estesdyannuilunssuaunisuuuinidnd
1 a v a dl 3| Ca dl dl = =
AefauuazilAnedsiugud taunlad |e(nt)  Namilejazinimratauuniada
(Rayleigh  distribution)  lunsamiilianazizandniudesdynuninisaresunauusiseda
(Rayleigh fading channel) uaztnliinapaLauasd@Niad c(zr;t) estasdrynyinaiu
T - = = i - ~ ~
nezuaunsuin @At e nusitidueaaliidugud wwnlal |c(nt) aimils 9

A = A - y : ~ X a ) | o aa
aziinnanszaeuuuladew (Ricean distribution) lunstiilianazFandniudasdymyiuni

n13a1avewuLlad@e (Ricean fading channel)

wanaeaLLgaLazn 2 eenLulagey - Apdudunisanamnad
A | 3 . Ao .~ = < A
wlasuulaganemmidd  (Fastterm fading) UANAINRENNAIIANUNLDNRLLNINNNNIT
waguulasaeinedn (Slow-term fading) TuiAaNNsAdtyyIuaInnIAdelldaniaiy
UNdugnUATNEIMzAaInAIwIndaNIT e A svERELIEN  AaTiuszALaesdynuniuls
. A : Q] D | 4 Vi .
dnavidasuulaglutnssazmiiuaunaesd@snaany. dslaainliudazatilsyunumans

v v
Auung atnelsfmuluangidnusiazlinansnuaaasnisanane ludnenizil

'
o

anmnaaesineunlatesdygaiivliane i luman e iunugg
1 dal dl o A A dl o dlo/ del
wudn luundalewazauiies nsasuulaseseunlalaasdyoyraniuldnnan
a7 aziinaasuilaslndmesiunszatewuuieda doulununsuun nswasuudaseu
nlatlasdyoruniuldnnanlaasinalaswidasndimasiunimnasanawuy ladey

[17]
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2.1.1 Wanduandunustasd uauuazdlnasunigg [17]

tnaivun AnENTRIa9NTLaUNISgN c(r;t) luamduuglugundie

(wide-sense stationary) AU U RandNRUsI09 o(z;t) a1m17nuane iy
¢.(z,,7,, At) :%E[c*(q;t)c(rz;tmn] (2.10)

aillu o/ 1 1 U = a dl 1 o/ o o
wananidasdyynndasdaulungudaasinnmneziasi Wl andusiusiu
(Uncorrelated  scattering)  lAaAINITaAN2RLAZNNTADKIBUNAT89NUIERe  (path

= = @ o o 1 -dl aa a dl
delay) N ¢ @ziﬁJﬁJﬂQ’]MﬂﬁquﬁﬂUﬂqﬂ’]ﬁ‘@ﬂﬂ@uLL@Zﬂ’]ﬁ‘L@’ﬂu“ﬂﬂﬂLV\I@?.I@Q’JG‘]J?Z?’J\W] 7,

pasinazlgian

%E [C*(rl;t)c(rz;t + At)] =¢,(r;A)5(r, - 7,) (2.11)

o v o &

§1% At=ouaZr=r, -7, ALIRANTIUSRANANAUS 4. (r;0)= 4 () T4
= 1 S| 1 1 aa i k . . = o O o
Fandniularasiapnuunnuidumanedn (Multipath intensity profile) viragilnafunnaang
152349 (Delay power spectrum) 2499A7 7 @9 ¢, (r) WifluAudaziFandanisuranedn

Aete94yny U (Multipath spread of channel) uazdnuua i T, Asgili 2.4

Tm

91 2.4 1A39s AN LUWUANIAT [17]

¥

uananil dsnnsuLlaeies (Fourier transform) YedNaAR@LANENEHN
Wad c(r;t) Inedaudusauls « wiazldiersdunialen (Transfer function) Aasuuilas

dl A o/ dl 1 6o o o/ [ & 4
FINLIAN C(f;t) Ineid f ARFaLLIAND Lmzmﬁmmuam@muwuﬁmmmmeimL‘flu

. (f,, fz;At)=%E[C*(f1;t)C(f2;t+At)J (2.12)
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wanzaesdny il ansasiRduamnduniz luyundng aetiuainaunie (2.12) azlson
go (1, T, A1) = g (AF; AD) (2.13)
Taaf  Af =f,—f,

v o L% b2 dj [~ '8
dnmualid at=0 azld g (af) Tedunsresnisudassiestes  4()

1
o

199 anuaANdRiusranIsulaEiesilies wazldanuduiusssudnanisuwsinane

AN99TRA Ty U ULAZLLIUAL AYTIIANYE (Coherent bandwidth) aadasdnyry1medn
i
(Af ), » — (2.14)
Tm
Tnedl (af), ABuLIUAIAYISaNITE A93LlN 2.5
AN @.(7)
A A
,__|..
& 2 . , -
/ ‘ aniulaaiheg
J | L AN —>¢.(7)
.\‘ .
# / e b
- 3 : - A o ., -7
- (AF), = —_— e - -

9UN.2.5 ARANANAUTITNIN 4 (AL MRS ¢ (7) [17]

T [17] wuandn (Af), waLnduuumiaiaesdy oy ndsaanldainnings

dasdrynasiuasFanindudesdynniuunidenaaiud - (Frequency-selective) WAL
% 1 L 6 dl 1 1 o %’/ = 1 [~]

(af), ndwndanuumisiuesdtynaidieanlldainnads dasdnynnsiuazFanad

dasdtycynneuuuliiaanmanud (Frequency-nonselective)

uanantiuLdonailasullasnnnainestesdny o mdsdenali
= L8 6 dj o v o o/ v é/
Wialsngnisadaeilinaad (Doppler phenomenon) TN A naiuaasdy oynndnemu
A dl dl dl dl 'S o dl
viralaawlil LW@‘V]%m@u‘ﬁmﬂﬁﬂ{]m?mm@ﬂL‘W@m‘ﬂu N9UALRLLAIAINIA DS

dasdtyryrnsaazinuualin s, (af; 1) Wunarasnisudassiesues 4 (af;at) aemsuiy

AaLkls At

S.(Af;4) = f d. (Af; At)e 177 d At (2.15)
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W af =0 azlddn s, (1) Wuadnefunndsuanstepuminuiduaasdyonuinduientdu
aspnudnatlinans 4 aAadwsazBan s (1) duanlnaiunndanalnaas (Doppler

power spectrum) 189945 eUN04

dograeAn 2 A s (1) liflugudazFandinisuiaailinass (Doppler

e : 4 . .

spread) 1NTRNRTYTUN (B,) WATINIIZIN Sc(2) mealeniy ¢.(at) Tnenisurlasysies
AITIULIIANNT0U Iz UANaNTINTI] (Coherent time) (At), Tvdasdtynyrnuldannnis

wineilwans B, 109ta9dtynu (@auanslifagili 2.6)

1
(At),m— (2.16)
Bd
S.04)
|#- (Ar) :
. '
.j' ’ \.
R . anmelaadd it
7 X S ana——550
ry | A, ! ,
. 5 .
g i P .
[ Y r_.—' g
- o 7 7 Y - 5 -
- (Ar) &— - ‘.,.' R -

917 2.6 ANNANTUSTZNIN g (At) WAz S (1) [17]

aI/ A 1 o dld dl ¥ A A 1 &V [~3 IS I %
UUABTAN Q_,Ify'ﬁm‘m\lﬂ’]ﬂﬂ@ﬂuLLﬂ@ﬂﬂ]ﬁﬁi‘ﬂﬂﬂﬂ’]ﬁ‘LLN patlinaadiias) NATHINITIHULIG

waz lun19nauiuael

Tudesdtynudearsinegndeuidiuluginazarassanaiunidsnanl

waafias ldiaaesaad Jake S9N npiunIasnadwaasitl

SN (4]< ,)
S.() = {7t JI-(F11,) (2.17)
0 (f]>f.)

Toed £, iluaaudeelinasingengn

q
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= AT

1
a

dl o I8 [ % o o 1 (% dl =
317 2.7 wuuanaeszesnelinaedailnmn indmiudesdyanaanginaauin [17]

a 1

2.2 nMsAnaastasd g TlasgatNARLL LTI

a o=l a = dld o/ o & o
EUEL BUALTTANARIUL LT UNHANFUNUTAU

o

FTR IO L I RN eNe L R it

(correlated rayleigh fading) setusiazaulalunstin  (af), ndunduuusinyiaag

[

]
A

o dl ] ] o aa a dl ISP
Fuoongeeanldainningds Aeiunisideuaealaseailszis (path delay) 91 7, (t) NAn

tpandiainisdsasdeyanana T, sedunnaiudmauniuldannsamsulely

sULLLNNANIAAS n5AR
) =Y a,t)e 05t -7, (t))s (t) +n(t) (2.18)

Tnef n(t) AeAed usLNIUEsEaneduindd@audnawusuan (AWGN) Liasann

1
o o =

waululunstiil 7 () <7, seiudayanudnnungndsaiunsnaulsiiy

T @ 17

5 (1) =) X (t—KT,) (2.19)

P A o o el A o 2 o Te
Taen x, = {+1,-1} Aedryanuoindenngn t =kT, Lmzmuum"mammummjo p(t)dt=1

'
o =

uaztinin1AFu NN sgNATYrY I (sampling) ARt =kT, Iaed k ={0,1,2,.. } A NANN5H

77

(2.18) Wanuum I 7, (t) << T, L3Rz WL

0 08 005 05000

®
R (KT,) 0 akT,) D" X (KT, —KT,) +n(kT,)
k
r. 0 ax +n, (2.20)
e fsdamnnunGey a afwlnsaAunLLRNae9189  Jake Tnefisnmaudiniuges

o ol a = a 3|
o alsdampRaLLLEaL a, JAndly



first kind)
f A 1

m

ABANGIEA

f Vv

m J—

A
i Audocorralation Funclion v= 120 kmMour
¥ —_— 1
!
]
o
0.5
il ' o
ke o !
e E s
& fﬂ;‘*
II"'. ! ‘ﬁl
° B i AY
e Y
i ]
o B
A s et
\
.D_ja Eﬁj y A &6&‘

Sutocorrelation lak | k

nMuENITUELLUARLInaafIas ety Tl AN

)l A =J o A @ o o o ' AJ [ ]
ARAITHNENIARUIBIACUCUTIEUNINS LA Vv (m/s) ABAITHLIVIANANEILNINNLATDITLIAN

31U 2.8 BRTVANANAUTNINO B UATERINAUANRUTULLA1A23283 Jake [17]

R.InNI=E{aa,,}= %JO (27 £,T,n)

1 v ! !
Tnem J () PeWleridi Bessel Fuansuguemiininila (zero order bessel function of the

19

(2.21)

[

U

(2.22)

| — theory

Joake s model

Ande (Red)

number of sample

(n)

1000
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Ande (Red)

numble of sample

(1)
917 2.9 daatinenisulasnilasmesyy (Angle) Ta9tiaNARILLLE L 3 A1 f, =900 MHZ
wazdnsniedednyavasusazdnyantniagi 13 koits (n) drsnsiaauudaanadn

AN 60 Km/hour () 8m3nn13ilasuuaamanaaiuida 120 Km/hour

a

2.2.1 MsanaastasdauInagdassaiinnswuuiaulaeld Jake model

a o d” o o 3 d‘ % = a = dld
AREtefuLLLR eI jake WNadiasdamaRLULEEY a, N

ANFNRUSU  (correlated rayleigh fading) Ingienfeianansdnada [17] deandesianiiiia
aeadalamasANia (low frequency oscillator) ARAIUAL N, FRTNUARZFAEAND

Wiy

w, = o, cos[—j Tae?  n=12...N, (2.23)
wazleaadalaimafiavikndanunmnuaetnass o, lngagninisudsandedauans
Aoynyrndiaaaitlu

a(t)=x (t)+ixy (t) (2.24)

Tem x @) fudnsnaenevesdesdryryinsduuny in-phase wazx,t) udnsenaae

1 o

ta4 Anyry1nlulnu quadrature-phase WazaINONAN9E198S [17] azlaan

NO
X, (t) = 2> cos B, cos a,t +~/2 cos a cos o, t (2.25)

n=1
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No
X, (1) = 2> sin B, cos a,t +~/2 sina cos w, t (2.26)
n=1
et a=Z, =70 N LN
R 0

IAENNUINLTNLAUBNNTANAY MIZUL TDMA (time division multiple

| 1 4
access ) taeaanldAn N = 34 ilawanAn N>34 azyinlddyonuvppdanaasauiian

o o

dnnddyounnanafease [17] wazAaNDAAWNI f, =900 MHz 8R3innsdednyaanqus

o o 1

sryanwniegn 13 koivs Wesanlilugasanindvesdesdoyonns GSM uazdnsnisds

>

doyaresdny 1nudeog 13 kbits Wlewluwszly GSM uazdtyrynns x () WAz x,() 619
@ ' = . =<~ =
uAszanmresnssuaunagaiuuinIdidsi (Guassian random process) TNHAAALE
|dl Ca 1 1 o dj o/ dl v s a v
AnautuarAtAuulslsaniadunislaadnnns  a(t) nldandudynyinudeteaunuy

A

! dld I o=l I dl a 'y :I/ ] =2

gundaug fa(t)| Iniguanuasuin s wazianuanuanuuuginadusious 0 D9 27
zl o/ o/ o 'S o 1 o/

uananiAdnsandniusuesdryrynns a(t) nlagadAvinAuaNnig (2.21)
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£
=
=b.
w

TASIAS19UDINTARY

dal z 1 =X % ! dj % ! ¥ o
Wainluunitaznananelaseaisaasniags G A I L AICTR B 1

waflu (turbo encoder) waz@IULNINATYANENINNTAY (pilot symbol insertion) Inziay

%

nanatumatAnIsunIndtydnenitides Sﬁwvmmﬂm%m\mmwmm@ﬂm@mmﬂj

o

mmmwmummmmmm Wy L ummmﬂmqm@mmam (8] way [11] Gﬁ\iﬂ’] M, 1/]

c

La@ﬂﬁu%mmmz‘@ﬁuﬁﬁummm@uwm f Lmzmmmﬁuﬁuﬁi:udﬂmmugmlm:

dl 1 dj 1 =X v v
Lﬂﬁ“ﬂ\?@ﬂ“ﬂ’]ﬁlsﬁ\?'ﬂZﬂﬂ']’)ﬂ\ﬂuﬁrm@ Sl

3.1 TAS99919209NIARINLAUD

u
: Y Channel Yi Pilot symbol X
———1 Turbo Encoder . .
Interleaver insertion
A
XIO
-« Mp_]_ »
[ & Jddd Jodd [ d ]
L d [ d [ d [ %7 d | dJod |
-t |\/| »

‘]Jﬁ 3.1 TAgeadvreennnds

Tasva¥rarasnipgeduiveresiuuutawin  ludesdniunaiifanams

= a o g [ a a o Y a dl o 4‘
wuuFanluenuRsefiendaiunfAnaaniuisednsasigniinanely  [7] waz  [11] @9
Usznavsiag 3 daulun) A 1. dauaasisasdnsiamasiu (turbo encoder) 2. dausnaay
ANAUTANATYTUNTU (channel interleaver) WAz 3. dauunsndryanuniingas (pilot symbol
insertion) A1NgU7 3.1 arduLAendeya (data block) {u.} Tneh 1<k <L u, e{+1-1)
gnileulidursesdsiamesiuge aznanmusvidaalwinde 3.2 Tnadnaniadnaia

4

(coding rate) r = 1/2 Awluudandeyangnidnsialaersesdisiamesiuae {3 taedh

a

1<k<L/r uazsiann {y} gnilaulilfsfraduanduaesdesdnyoyind (channel interleaver)
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TneiqmilszasAaadnslFad A ALIasTasdTy N0 NeILHasaINNIaie

WARIULILFEUNRandNRUETY (correlated fading) azin il lanngiinANNEANAIALLL

¥
=)

wauena (bust error) AaTUlENANNd I ARULLGHUT TanduRusAY (uncorrelated

. = o ° vl i a & -~
fading)  waziesanniiamesiuazineuldn  Wesudananaduiuunszanei il
andniusiu (uncorrelated error) [18] AvusadAUAALIBITRIATYYIUAIAINUTINA LR
NANITNILANEIBIAMNEAANAIALT AL

soxnudandeya {y} gnilewselhldwounsndydnwnlinges  (pilot

o

symbol insertion) Inaudendaya {y,}azgnuthufluudendeyatesauin M, -1 Auans

Tugn 3.1 antiuazyinnisunsndtydnmniinded x i lldenenansaesudendeyatasm

@z%’ué’@n%mﬂ@mﬂmﬁﬁmmm M, T9F289 M, tuazirnduduauAuanideainas

nlWrnreskoydnwalinses x,  funsndnlesssmdnnanesufendeyatosivail

p

Aaumisagipsanatawaalneal M, Azl uduiusiu Nyquist sampling theorem Tog

dn9InITunsnTesATyAnEndinIes x, assesiAag ey 2 Win1e9ANNg9289A

3

LUUAIAY (bandwidth) 2B9NFZUARNNINAMNARIA9LAN [18] WL

1

31
P of T, (3.1)

wiulunstd® f,T,= 0.005 Aetiuazldan M, < 100 vaadn f,T.= 0.02 Astiuazldan M, <

=K < 2 dd‘ (=1 a (3 U o o o ZJ/ =3 P
25  deaziiulianlunsainiduinaraiuuisaan M, RZAAAINTNAAL patiaziinl@anen

M., LlsenduannuaduingacninaaTe iy

o o < v 1 dld Y v o % =3 ¥
NAIANNINITIINUABNTVRHRLBENNIUIA M, mmmmﬂmmmmg@

¥ 5N o

sonlual {x} el 1<k<LM, /r(M, -1 sexnudendeyafx} avgndadngddesdnynin

a v o
4
o

dl o :j/ dl o = I a Yo A
ARAITANUUN Eym&nmmmummmLﬂmu@g‘lugﬂmmmmmmmﬂmmu

lo= @y X+, (3.2)

Taeih J PeATyUNTUlANNIATL &, ARANTSTAUIDAUWARULILIEE

x ef-11 Redtydnuaiidennniadeuay n Aedoynnnsunauisiidnsnsdundidend
\ & . 2 Ql' A

guLLLn  SeRAnAuueewtly (variance) o2 =Ny /2E, Ineil N, AAAIANY

UUUUIDINAI T UIATY YT LN ANDd19ReY  (single-side  noise  power

[ %

spectral density) Waz E, ARANNANIUIIAYANHOINNINNTES

o
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3.2 29a5LI5RALNAS 1L

nadnsiamesTuiuendaniadnsda  evAsevdnsianeulagiuluLni

g

NN9TAUNAL (recursive systematic convolutional encoder : RSC encoder) FauA 2 Fntiu

TdsiunseruuiuLasifiaduAN AUINITENaWMasu  (turbo  interleaver)  Fi®

e®_

v

% v dl v o ] dl v o 1 1 o/ 1o | % A o :j/ aa ¥
snumiesasdnsiates Inaiasasdnsiatesusazsnlidnfufeaniowiu welidndeys
dl Y o dl 12 o 1 ' v & a v = [ = ] @ O o
nllauliiueseadnsiadesusavdafugaiindoyamaoiu  iesusignaduansulunig
floudngirsaadinsviasdusadudisy

Tugl 32 waswAsesdnsiamesiudalsznaudeadndeya v, e{+1,-1)

Tneiudandaya (data block) {u }HANagszndns 1<k <L lnefinszuadeys {u} gnadu
o [ o o o o ¥ o 1 dl ¥ o dl v o 1 a
adulasaaduaAuaesnsdisiamesiu  neunazgnilewdnldduasaaudrsvadenaiin
pauligdunuudszunilasnaumdapaanuaadnyuinilanlldemid  (feedforward poly-
nomial) 1l 1+D? uazinuuINtlaunal ( feedback polynomial) 1w 1+D+D? 1HaaN

= Y o 1 A Y -; = ) o v Y o , !
wisaadnaiatiasiniadaialunuudszun (systematic) AtiuwAsaadnsiatiaadauang

1
] =

(lower encoder) agzlidanflusiasdstoyadouiiduisyaiinuasszuy  (systematic  bits)
Hasanniinnnagndauiy %’@Hmﬁ?‘wﬁwﬁ@ﬂ@mmuuu (upper encoder)  @19949
multiplexer Suazrinadaniian (puncturing) Tuaaudayansaiin (parity bits) 1899943
dinswasTasiaduLULLAYANY  ARAARRINNTAN VAN (coding rate) 1/3 flu 1/2
TnevilufTinnsltiaensndntias 14 puncturing matrix #i% sz daRall [17]

laun

(3.3)

g'U
]
o B P
=R

[ o v o’ v =3 F 780 o/ o/ e ¥ o v [
MavdsaIniinaadsiaudeaziulisnlungn t = k dydnunl u, azgnidisiasedna
asdngat/2 W {y@, y©1 deaziulddn u, = y©

uaeaINNansaLAandayalaiaudn anduseainnsiiidnung (tail bit)
dnldnsnenazinlianuzaasdodnsiatesusazsianavliganiucausd  (zero  state)
p & o A Y Jo Y o \ o - = o o , oA o
uazilasanuaandayandngidnsiadesudazda  AnnsBassnaesdayaldivilaniu
v 1
FatiiNNAN TN DNAN LT AsuaD N AalunssuaunnInnsdnianie lungas

Wnsiatiasufaviitasarlimiausy  setiudniiAedouineadusazasastasasaz iy
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A [ a QI a ¥ dl ° V% % o 1 o 1
wReuiulnaaazidaarasn s davnadnld LWﬂVHIV’J\W?L?J"]ﬁ‘W@EI@EIﬂ@ULLﬂZﬂZm’]uz

AudaNsnantiuEn bl ([6],08])

(0)

U, Yy
' e -
)
m @ Upper Encoder s Vi
& o
[}
i
Turbo ylgl)
Interleaver l Multiplexer
an D -
Lower Encoder ; |l |/
+
91171 3.2 1Agavdinswamasiu ( turbo encoder)
3.2.1 2951119 Vidsias
~ E oW A 8 & = di Y o A
Lu‘ﬂ\‘]"W’]ﬂQ\‘]"ﬂ?Lﬂl"lﬁ‘ﬂ’&ﬂ@ﬂsﬂﬂ\‘lLﬂ?‘ﬂ\‘]L‘ll'ﬁﬂ@LV]@ﬁU LUULV’]?@QL%W?M@?UQ

ﬂfaufqz_ﬁmmuﬁﬂ’ﬁﬂﬂuﬂﬁuLL‘LI‘UfI??JUU ( recursive systematic convolutional encoder :

RSC encoder) s lfifnuilasuaann isesdinsianaulgduiaduwiuluinistleunduuuy

= ¥

H7zUU (non systematic convolutional encoder : NSC) Faldaiilaunau (feedback loop)

U

1A dl 1 U o o o v dl 2 v a 9ul/ dJ dgj s
ZN‘LIﬁl%@%iﬁ')ﬂ@ﬂ‘ﬂ’]iﬂﬁﬂ@uﬂ@ﬂiﬂﬂﬁﬂL?IW?J@QLF]?@\?L?I’]?VZQ@H ATNNUN UBNAMNUEN

° o - [y = = > — SN 4 e oa P v A Y o oA e
ﬂ’]'ﬂu@lﬁL‘ﬂ’]mwmmquuu\?ﬂ@\uﬂ?@ﬂm’]?ﬂ@ NﬂWLWqﬂUﬂumeIﬂ@uLm’]QLﬂ?@QLﬂ’]?u@@ﬂﬂﬁ‘ﬂ

oK)
(0)
k
'
uk
= D 1 D )
:—T— k>

(M) LAFRaEN9a NSC



26

(0)
Uk yk

[
-

2
&2

Y

D—1D

Y
e

(1) LA3RIEN99H R RSC

717 3.3 tAsasidnsviananlagdis [6] uaz (8]

3.2.2 AARAURIAUNISETNS VA

stunnaassadauaAuNI9dia (turbo interleaver) HdaudnAnylunng

AMVUARNIIDULADITANDTL  1HA9AINTATIAF19URIFNFAUANA LN I RAL AR

]
o

ARANMNIENITNTEAL ARITHAN DS L1 FINLAFARN1IN U AN ALTIWNNS

o o o o v

1AtyIIAARLAALNN TN Td AR

o

nansvaLULIUd1eesamesiy  lngqnilsvasn:
NM9NTEEU9ANgA (minimum distance) 189udandayanawdng  wasdnsvatas

o A4 qya Ao o I Y T D I B
S NER IO EAN LW@IM‘LIGWIEI\‘]@\?N@W@’]ﬁ‘ﬂ%ﬂ@ﬂ“\’]ﬂﬂ’]?ﬂﬂﬂ?ﬂ’&‘ﬂLﬂ?“ﬂ\‘]m’]ﬁ‘ﬁ@ﬂ@ﬂﬁm

|
=

usn gnuilalvignaeclaepsesnensiadessonall  wananilfaaduansudsasnasie

a dl ¥ ] o ¥ o 1 ] o a %
gﬂLL‘LI‘LI?J@Q‘LIﬁ]ﬂ’]\‘l‘l’]ﬂ‘ﬂuﬂl’]ﬂmLﬂ??ﬁ@ﬁl‘ﬂﬂLLﬁ]@ZlﬂQ@ﬂW)ﬂ

u

&

TunstiaeFadtIRALTasTasdtyau1as (channel interleaver) HqatlsyasA

ArAtyanleniainauRaNaIALLLLALLIY (bust error). IngvinliAdnuEANaIATIaE)
a o |4 di 1 dl ¥ o % o . a o v %

Anfunszataenaniuiedanaldsiawmeslu lunsddeyasiaununaunilagnsies
1NN luntresnfiasnFaduaNsULLULAEN  (block interleaver) Aaugnglis

917 3.4



27

Readout code bits

A
[ 1 m+1 | —
EEm— 2 m+2 ,,,,,,,,,,,,,,,
py)
2 m rows
o
= 1 e S
o
o
@D
o
=4
7
E—— m 2N | g e - mn
v

ncolumns

91/ 3.4 N1391197114284 Block Interleaver

lugllil 8.4 uandlfifiufunisadudeya (Data Interleaving) Tnsiande
Block Interleaver #11A mxn ﬁaffummﬁu%gaimwiam%%ﬁﬁﬂ%@@z mxn bits 493A
wdNNTRLTRY block Interleaver Buannnnsgudagadinanussyluusiazuns (rows) au
Lﬁmu,@:V‘hmil,&“'@uvl,ﬂﬁwﬁn(column) dnlluaziinisussqlunsazinaauasl  mxn bits
daya  nseudeyasanazyiipniuituiuaeazeudeyseanluusasnanAUMNALATY
nedeullfunadaliaunsy mxn bits aNgaL IagensmresFassuaduuLLLFand

FUu1m mxn wana 979 3.1

1 | 2 ‘ ‘ m | ‘ (m-1)n ‘(m—1)n+1 ‘ ‘ mn

9117 3.5 1OFNAIIFIARLRIALILLLILAEN
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unn 4
TASIASI9URINASL

o

X X, Y . 9 L
Wavn luuntiaznanaielanaiaesniaiu dedsznaudas 3 daudndAny
IAun  dousinilssannetasdtyiyine (channel estimator)  dauilssanuAdnadnsaes
anaaauaudniuaslunaiians (log likelihood ratio :LLR) war@iusionansiamnasiy

(turbo decoder)

4.1 TASIAS19URINIARINULAUD

%
I |
reaten, [ ” V; [ _._J_' ) ¢ i
-l C hannel - L yE | ikt symbod BN e Chasne #
‘ |. bstimais I insertiom Inierleaver
moalincar
il
C-': f!l b uictio
i i & y [R] | ] « i
‘ 3w | g l ; bl Channed - Tsbor -
L S L)L — L —
bl | Ao g Bmumie d =3 deimerever Decnder
C e
v’ s fla Joosf . +50E ) . 1;;:]-1_"[!{"';'7 ..,.]j--i.- ro=agnafu)
‘ i Ar'los+l] 2" LT =
Py 1] .....Ils. 'HJ:‘_‘L P Byl Rrllp=-D) &
7 AAL=) & oL

917 4.1 TnsedienesnAsy

dl % o o o dl o % 1 o dl a
7UN 4.1 1R99457999901ATURIMTLLATETULLILIWE Y Tudesdeyy asiin
a al dy a o d’l [ a a o Y a dl o
waRsnuuzay e lwanuidseiianAuiuiAnainauidganasigninaualy [11] Iae
andauudAnuazilanssadsmiauiinuddadwgs < (7] TaaamlszasAaasinlszanng
1 o/ [~ dl 1 1 a v a = -dl
Tasdrynynuiine tssunniaIvesAn o uandlaAwLLIE 8, Taad
a, =|a/e'* % (4.1)
WAL A, = 6, - 4, PaAHANAATEINTTLsT eI ATe A AMLLIEEY a, Fuei
1 1 a = o o dln/ 9/&1‘ o
AARLgINATaYATLsTINWARSILILELeY 8, Mguiudtyunsulanaady . an
, o e
31N 4.1 azwuddoyeynd 1 HAwiniy
=R r)
r. =[a|[a.|cos(A8)x, +R(En,)

I = ux, +n, (4.2)
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¥ o :% 1 1 o a
01 A0, > 0uaz 4]z [a )= 19 WsnainsndszunaidnANERINTEEIBIANEANAA

= 1

ES

{
aa

\agannsiamasiu (Turbo code) QNARFIENNIAINNITIANABITRIA YYD

o

nansunauidunddisuganauuunan (Additive white Gaussian noise :AWGN) #9iiis
nsisiamasiuun 4 ludesdyyiuninasesnemsuunGauaniugesy  Adszunn

wasdnyraunppsiuuirasanaztin g lunnsmidnuaaasdynanane tnanivuald

o o %

A (% dl a v d! a o = al
PadtynunagnindnnasasdynnainafsludodaariansuenissunauuLLIN g id A

! v
UULUINTINAWINAY n) 151

periilugaunian  (4.2) aaRnsn idanyRgnuinidiseulnaanyadn

'
= e

n, =Re(@n,) AnsnszasiuunadidauanouiuaninadAefsdus (zero mean) Uay

o

Haonuudsieautlu &2 Aetiuann (4.2) duonns 1 Annanasanaiilusieil

: 1 (v £)°
P(rklxk:il):\/ggz exp(- 552 ) (4.2)
Inenansgaunnuiiuasalunatives (log likelihood ratio :LLR) Hanuing
P(r' | x, =+1)
A =In| —Kk "% "7 4.3
bl ”[P(rk'|xk=—1>J 3
AMNANNIT (4.2) way (4.3) azlean
2r/
Afx ] =N 4.4
[Xk] &2 ( )

4.2 patlszanutasdnann

devnTudouiiaueisnistszunntes ”m;a&nmﬁﬁlqﬂ@zﬂ@ué’fm MmAseRlE
dawarudaly [11] Geasnanluiade 4.2.1 lngeadendasnsesiuy Wiener fiter uay
mﬁwﬁﬂmﬂ@ﬁ’%mimﬁmwmmﬁﬁﬁmmrﬁimm (minimum mean square error :MMSE)
TunnsdszanniAraedyrunninany &, wazAullsdeunesdasdtyyind n, = Re(dn,)

TneqpaauawLaae [11] As

o o

1. MIWIATL9ENUIRIRTY YN AR &, AZFBBNARIAINNITIATN NAT AT UALIADS

(second order statistic) 1B4&TUTUNU a,
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! o , - 2 A e - ° R

2. Adslsuaesdyoine n) =Re(En,) WEAWNAL 62 Teaninisiseunnien i
wirduALsdsauaesdoyon nf = xn HesanAzes x| = [a =1 Tu [(17] 16

I~ . E o 1 o ' . . .
i 62 = 23 M IFRININUAIEAIIEIULAS SNR (signal to noise ratio ) 1899LIL

0

dl = = 9/00/2:/ 9/dl 1 degj ¥ o
WANANLAENUARANNATNABNTBANNATIINN Tuanuadeilag lfuuuanans

nanaadn Ul (autoregressive model) Tunislszunnuaasmdyyine Ak 4,

%

dl o aa 1 1 a ~ 4 1
TerLaue 2 annslunsdszunnAdunnanang & 1w

7

1. aﬁﬂﬁﬁﬁﬁamW@ﬂmﬁﬁﬁﬁmﬂﬂﬁﬁqm(nﬂnwnumlneansquamaewor:MMSE)
2. TannsAnedninAvaesngaignuesinalad ( Normalized least mean square

: NLMS)

v
% Qi 6

Feis 2 ApillanilusasenAaniniaasAnNaDRaUALARY (second order statistic)

AU a BAZAINIAUI  (expected value) aRNATYRIM  E[ra | uaz

3
= o

o/ 1 E a a a o
@mmmuN—b 1893200 TR8 2 F8N19eNAE LU ARAININUINE [13]-[14]

0
421 eadszanudasdnnn [11]

Zy

Adaptive weight
control mechanism -
p=E[z[kla; |

" MMSE
R.. = E[zIk~1z[k ~1]" | Algorithin T 1T o

A
91l9 4.2 Farlszannitesdynnuilaeis

a

ANHANAIANIAIADIAIGA 1UTRE [11]

dl 1 ] ¥ o o 1 o/
ialdnasianisdnlalun1ineusessndsruntesdynyins - (channel

estimation) Asuludauliazanymdnddndeys x BuipGusuwaInnAiy (lunedjos

UuliFilasanissiasnismdndeys x ) €9un19911911439 7] 2e9atlszinntesdnynin
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'
=

lszannigesdnynyialugin

o

Tne/lai¥An x, tuazesuneludauseld FodudnisRansand
4.1 waznuua lddtyone z, JAwindu
4 = X;rk
=a, + XN,
—a +n/ (4.5)

3501915z A W AR InE ANNAIN AN A D AAF LAY (second order

3

9y Ao

statistic : SOS ) aasdryryInumaRsiuiainnafulaaeAasnisssunnuTadunangn

(optimum linear estimation) ﬂ@ﬂaﬁmamwmmﬁ’]ﬁmmlﬁmm (minimum mean square
error : MMSE) fatjuann [11] daadnsaidenlagn
2
W, =argmin E["ak —w z[k]”] (4.6)

AatiuazLiulAaNaInannan (4.6) ANNNAATANNUINTINANTINTOUTA4NATNIAS W, W

I#annnisinldawesieduqnilszass (cost function) J(w, ) AN (4.7) AANANNgA
J(wg)= ["a —W, z[k]"] (4.7)
Toedian wy=[w, w .. w,,] Funniresiadastnmind ddawilefiansnnainingn

N k waz wnwesdynand zikl=[z -z, .. zkaﬂ]Tﬁqm M {ludusy (order) 1899943

o
23

nraalmeAneninusilldan M = 5 wileuluauisueede [11]
foduannaunsi 4.7 Lﬁ@ﬂimwﬁﬁuﬂmﬂi:mﬁ(cost function) J(w,) !
I(wy) = & ||Z—W§ p—p" w,+w! Rw, (4.8)
Taeiien R = E[z[k]z[k]” Juaz p=E[z[K]a; |
flansngauasieiuqatlszasd (cost function) I (w, ) @1mnsnldTneldaaun gradient
vector 7avilviuqailszasd v . J (wk)mmmmuﬂuﬂmuummmmi (4.8) azl@an
VWIJ(WO)z—p-f—RWO:O (4.9)
uaz

w, =R 'p (4.10)
{ o by - dl ISP I o ~2 1A 1o ~2 Eb
Aussnaasdyaind 0! = x;n, BIHAWINY 62 BavilssInINNAIINAL & =2

0

4.2.2 mlszinudassuununinigua

1
%

panlsnananiudaluinda 421 aedeusessuddy [17] Aldlunng

Uz ANWARNIY  LATENSLAZABINIIUAIANANIY (expected value) TBNATYLYIDL

* (¢ ! ~ E J o 1o ! 1 | a
p=E[z[kla, | UATANIIAIUIDG G = ZN—b WenN1TU TN uANE T dauA NN AT

0
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o

Tunatiaag (log likelihood ratio :LLR) wazdssialilfvnzasnansiamesiy  Aeiuanalugll

4.1
4.2.2.1 WULANADIDANDLUDALUNR

lunuddeiifasnisiiaus  fadszunniAndesdnyynnaesdnyynnanang

¥ o o

&, waziszanuaudslsvaesdyonn n =Re@@n,) taglianiudesianisatfdusiu
@89 (Second order statistics) WANATUNNINS a,  1AEAIARUUININIDINIT T ULILAIAAS
nanaudnluilF (autoregressive model) [12],[13] wax [14] Lﬁ@uﬁmﬁmmmﬂﬁmq
anmesdtyoounafe a, Na1sensas [12], [13] uaz [14] Tiduauauuadndndniu

% = A

Ay a, NNAuANTIRLIN stationary process az@NsavinunaAnaasuilalaenng
A . . dl a dl v 1 2 % o/
\aan white noise process v, BeilAuilatlsaunwanzanlaun o2 uangudilliunasns
nsutlaadieduaesan luahndeunull M dn Taenisdenaw, =[w, w, ... w,]" ey
NEAFFMONUTINAN I aUIMNNZANAIaTn [18]

a, =w; a[k-1]+v,

A =Wy 3 +Wody_p +...+ Wy &y (4.11)

s T

Tned alk-1]=[acs &, - acw]

di/ 1 ¥ % o o/ [ * [ o i’/
uanaIntaznudninefiasnisndnaandnnusiaanisgns a,, wazlaAimiandallvi
A099199981N199 4.11 AzWL4T

E|:akak_| :| = E[Wlak_lak_| +W2ak_2ak_| +“‘+WM ak_M ak_|:|

Ry [1]= WiR, [1~1] + W,R, [1 = 2] +...+ Wy Ry [1 =M ] (4.12)

1 %
=S

azwiulddnisdandiw, =fwy w, ... w,]' dafluanimesfdaniminandeiend
MNNZANUBNAINALATNITONN UL ANRNUTA LF LA AN TR NS T @ NE NN US
At lidag
Twanansansds [18] 10 AUEARNN IV AT RS RV AN T e
wo=[wow, ow, ] Tmﬂ?ﬁﬁ%ﬁ’lamwmmﬁ’]ﬁmm[ﬁl’lzgm (minimum mean square error :
MMSE) ﬁ\‘lﬁmmzﬁumi (4.11) ez le
w, = argwmin E[”ak —w;,' a[k —1]||]2 (4.13)

& o

wilauduinanluaunis? 4.6 AnmessdasminA @ dauaeamses w, azm

Tannnisinliaaesiieduqmilszasd (cost function) J(w,) luannisi (4.13) HAage
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J(w,)= E[" a, —w, a[k —1]"]2 (4.14)

FatuazlgnAnaes
w, =R p, (4.15)

a *
lneh R, =E[ak-1a[k-1]" [ua p, = E[a[k 1] |
4.2.2.2 aﬁﬁi’lamwa’mﬁ’lﬁdﬂ’mﬁﬁﬁqm Minimum mean square error

Tudutlaznanaian19t e 8890 A0 a8 5 1145 (autoregressive
model) 1ngqeluniinunadinaians 4 Wefinasaenissuniulaadyyinsuniui
3| = al R 4 " A d} 1 A o o Y
dunndd@auananuuuan (Additive white Gaussian noise :AWGN) Feldwmdauduinde

dl 1 =X = 1 e o o o O o/ =
4.2 2 AAnananaiasuAnis LA aesnanessn ludfinuedniu a Teeldlinases
nMasunauandryEumEidundi@au@anowuauon . AeduRasnauniai (4.5)

ay (4.11

~

WUANIANNTDAT WA 7, ANuLLRANaasnanaadnTudslnaande 2

[ %

v
AUNDAUAY

&he

v
TURDLN 1
af Ay a, Inee1ALLLAN A0 AN R WA [t 4.2.2.1

ak == Wlak_l +W2ak_2 a0y +WM ak_M +Vk

a, =w;' a[k-1]+v, (4.16)

1
=

a¥dynnu z, InaaiAuannisnmg 4.5

D

Z, =4, +Xn, (4.17)
A
fuRaLun 2
Tnannsanduannief 4.17 fasiaenasdsudtyainns 2, lugtuuusiaesonneadsn udiiae
AAEANANINIABSARTNUNINANTETOW w, =[w, w, .. w, | wiuBeeiuludsn 1

Z, =q + XN

*

a

Z, = WAy g +Woy ...+ Wy dy_py +Vy + XNy (4.18)

3

M
YNILINUAZALAUINUIANNNT (4.18) Fomard D w x 0y
i=1
M M
Zy =Wy 4 +Woay o +.. Wy TV T X N ZWi Xi—iMk_i —ZWi Xi_iMk_i
= =

8
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% *
Z =W [ak_} +X 1 ] oot Wy [aan X My ] +&, {(4.19)

b ;

z; -1 z M

H M
= g * *
[GEEERE TN & =V Xy — E WXy

i=1

-4
.4 o 4 i
FaTlRNANNIIN (4.19) 1w1azlsidn
Zk = wlzk——l +W12k_2 +"'+WMZk—-M +8k
z =wy z[k-1]+5, (4.20)
Toaif z[k -1} =[zk_, Zyy e zkﬁM]T

poulpanisandalpedBAianaInMAEessnga  (minimum  mean

1 H M 1
square error : MMSE) ianazinlinad > waxp i, , - 0 Seaziinaynliies

i=1

M M M
*
Z WiZk-i = z WiGpl i+ Z Wi
i=1 i=1 ;
T o & & |

ey "W WL W
L3 0
a, =w{ z[k-1] (4.19)
FeildAanmediadeimindudiedew wo=[w w, .. w,] wildan

W, = argwllnin £ [”gk “:}2
= argmin E[“ z, —wi z[k-1] "]2 (4.20)

wiautuinanluaunisd 4.6 AanmaiFndisiminAndetauaeieamsas w, azm

1
[

WannnsinlfFaasiieiuantssass s(w,) luaunasi (4.13) femige

(%)= E[| 2. ~w” 21 ] (4.21)
feuazlfinnaes

w,=Rp, (4.22)

Tnefi R, = E[alk-1lzlk 11" |uaz p, =E[ z{k 1]z, |

FvaziiulddnisrzunniatreadafcdnanislduuustasenanesdniudRAnuiedny i

9

1 0 ) k24 A
a, Wandusiadansninresdnyg i o,

Clumstseinomn Atudsdmuresdasdynlsebiauiudemeuen

o - E Y i = g L [ ° ]
ARTIRIUTD 0'2=2—A—;’— wiaulash 421 luendsuildnnsdsznnenineingn

0

a, =wl 2[i-1] Tuasinia® (4.19) unuaeluluannis® 4.17) alsd
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xem =z, —w, z[k-1] (4.23)
2 ] Wil 2 Freamaanntsazgan
£ in |- £[Ja - wi 2] |
& = B[ |, - wi' 2[c1][ |

6-2 =“Zk“2 —WIH pz —pf W1+WkH—l Rz—l W

RINANNTN (4.23) T E[ .

_E[nzku ]+w R w-2%{w, p,} (4.24)
WsaanwauileAulsUsouaastasdynnnsinsalszanaldlinafeiugntlssaed  J(w,)
Tuawms® (421)  Teegduuunisinauresisrfanananndsaeenniigauanisg
Tuguln 4.3

Zy 2y Zy Zp-p1 Zp-M

® 9

7

Adaptive weight :{/\

control mechanism

R, = E[zfk-1lzfk-1" ] - MMSE

717 4.3 srdssnntasdyanniaeisAiananaindsaastiasige

E[z[k 1z, ]

(PR AUUULRNA AN 11435

. { o e ] =4 .
4.2.2.3 IEmeAneRatiawmashgangnuaiuualad ( Normalized least mean

square)

Wasannanududeusaenislssunuaiirasdynne weke & uazen
wilslsuaesdesdynrnlaedtiianainindeaassinga (minimum mean square error :
MMSE) Traanduuuusnaasnnanesdnlud® (autoregressive model) aviiarindudauatilu
szl O(m?) [19] dasansiasmnen B = E[ zlk-1]z[k-1]" ] auuarluntelfiminmm

3 4 k73 o H ] 4’ ]
A1 R, azviinmsuilagldnnsdusaesnaludanainiiadu

R_, =—1—iz[k~1]z[k~1]” (4.25)
Ni=
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iNeanANFLITaUIBRTANEIANAIANAIREIANTNgR  AEN1TARARNIAT

|
|- ¢

mmm"qﬁ@mﬁ AuBFNA Lt ( normalized least mean square : NLMS) agtian 1l
LuuANaesnAneednluA1e9134el 1HesanANsnE ludnsnegudn llgderney
aca I a o o ¥ d‘ o VY d‘ [ %
29TEN1IARANAIAN AvaseENgakarA T UFaungnanasN lusEAL O(M) [19]
aa 1 dl o o v dl dl o o o o o
TannsvesAeAtinAsaesipangangnuasiealad  luluuanaeinanesdnluls
IneaAanannisaeeanisniuusadenlutisAy (constrained optimization) wileuaaialdaes
6 G 1 -dl o [ %3 °| v a o dl a '
uasuealatAeauindaeingn luenansdneds [19] tnanmuateulalnfvwennes
FotaetiinAN@Tau w k] =[wk] wk] .. wy,[k]] Asilae
RUNNNAF1NTZUINANINLARTAA N TLNUTN AT R
Sw, [k +1]=w,[k +1] - w,[K] (4.26)
TuaaonmefdadasiauinAdsdaudr inddArresa nanluisnisAtanaIAn1aIaes
ANGAREWLIF
Effowk+1f | >0 (4.27)
Amua liReuivAvesisiuandssasd I (k=1) mamdudeiduaes k-1 udai
z, =W [k +1]z[k-1] (4.28)
IMaN171N38N19289 Lagrange multiplier mﬁlﬂuﬂmmﬁmm fdevlatisdy annaunsi
(4.27) uaziiaulTaduluanntgd (4.28) ﬁqﬁummmmauﬁqﬁﬁuammﬁ J(k—l)‘llmﬂ%?i
Y o dsj
284 Lagrange IReail
)= Jowlk+ 1 + %A (2~ wi' [k + 2z [k-1]) (4.29)

dl dl I 6 o 1 % % J a v Td‘dd dlo
WBNAZMNANINARTAIONUUUNANTTYW  w,[K]=[w[k] w[k] ... w,[k]] nANganni

el

TiarituqnasdiAtiasngaazianigld gradlent vector Tuiariduantszasd J(k)Ine

o J

GRETGN VW*[M]J(k) ALy ﬁﬂuﬂuﬂ“lu@mm(k) ”nmfm safuannasnsii (4.29) azldan

VWI[k+1]J (k) = 2(wy[k +1]_W1[k])_ﬂ* Z[k'l] (4.30)

Ifaunnafi (4.30) Biinrugudisnaglidn

w, [k +1]:w1[k]+%/1*z[k-1] (4.31)

{NBNAZMNANFIA 4 18495 Lagrange multiplier unuaxnish (4.31) asluaunisi (4.28)



z, =w; [k +1]z[k-1]
=[w1[k]+%ﬂ*2[k-1]j 2[k-1]
—w [k]z[k-1]+%/12” [k-1]2[k-1]

H 1 ’
=w! [k]Z[k-1]+E/1||Z[k'1] "

AINANNIN (4.32) Aatiuazleian
28,

|20t

e

e =1z, —w; [k]z[k-1]

WALAN 4 ANNANNIN (4.33) Tf9aunian (4.31) azlsian

Wik 1] = Wi [K]+ = — 25

2|z

=w1[k]+e—2 2[k-1]

|2 -]

z[k-1]
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(4.32)

(4.33)

(4.34)

(4.35)

Walidesenisraupndnsnisilasuulasaesannesiaasiming,

Tetauainsaud k lldsseud k+1 Ineldiasuulasianisdasiinmasldanae g agllu

A1N7 (4.35) AT

w,[K 1] = w, [k] +— 2 pe. 2[k-1]

J2 (k1]

(4.36)

uazitlegandauaesa 1|z k-1 | azilidnmnislasunlasdizes

=

wnpasFnMtinA Tt auluanns? - (4.36) Amnnlig

fasdle lz[ka[ =0 v

1 1 v 1
azinslden s saiuanang Auldinetlasiudowmaiugudaaiuainaunii (4.36)

3azlfan

w,[k+1] = wl[k]+Lz[k-1]

o+|zfc]f

(4.37)

‘EmmﬂLmumimmmﬁmimLa@ﬁm@mmm"ﬁﬁ inngnuefuna lafuuuLLaIaeInAnas

G m‘ﬂqslugﬂw 4.4
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Adaptive weight
control mechanism

NLMS
Algorithm

= o — - A y & A - -
g‘ﬂ‘l’] 4.4 fqezannigas ﬂn_,lﬂq_,lqmtﬂﬂfmﬁ’]L@@ﬂﬂ’m\‘]@@QH@HW@@WQHH@?N@@1@%

1ALIANAILLILANADID ADDEID F 1IN R

4.3 L1ATRINDATHALNDS L

08)
A S Y N l
v B T ©
- [ Upper L(yk ) .
A1) Decoder
o ALy
)= b — _ Ay
;‘» Demultiplexer Ay@] _ Multiplexer >
i
E= 2y
© i
A Ly,,(0) L(yk )
Al
-~ Lower
ALyl |, Decoder  [AT[y0] ‘
| ()

317'4.5 laseaiwaesdonansiamasiy

NNINNIUUBILATRIDAATHA N T TL 1NN UL UT AT

AUszanauensdanminiduazelunaiiaed  (log = likelihood  ratio. :  LLR) @aiiAn

o 2[" o o ' a . . . .
Wy Ay, ==& nFaLszueRTaIRANLTINA3Y (log likelihood ratio approximator)
o

o

ﬁummﬂugﬂ‘ﬁ' 4.1 Tl demultiplexer ﬁwﬁﬁﬁuﬂﬂﬁmmqm Aly] vl Ay uez
A [yP] dwiudanensiauu (upper decoder) wasiilu A4 [y ] uaz A-[y® ] dmiusi
N8MIdaY (lower decoder) AN AR I00 ATHAEID L AR FAS AN TAT LI AN AT
1nazLilunas (a posteriori probability : APP) Tuwailaas (log likelihood ratio :LLR) Fauy

HALIINIAN ANT194NIENEVTUTNALAT194190ENUIN (a priori information ) L(y®) Inaay
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o ELQJ (0) — 5L o dJ 1 = 1 (0) dJ ﬂ a o
NIUUA L L(y, ") 0 AN WIUTAULLTNDY LUNTRIANINIIRTUR Yo TR URAUBRNTSUU
(systematic bit) azl#d1A1284 a posteriori log likelihood ratio Az AN
1. Tunstlaes Aaneaswadauuu (upper decoder) azléidn posteriori log likelihood
ratio NAWNAL
1.1 d1usuiinaeeseuy (systematic bit)

. PU” = +1I% i)
ALy 1= Py =-117]r)

ATyO1= A1+ Ay ] + LoP) (4.38)

extrinsic information  cpannel information  Priori information

1.2 @ wFudani3a (parity bit)
Py =+117]10)
P (4 =—1ix]")

AYPT= A+ ALY (4.39)

extrinsic information channel information

Ailyd1=

2. lunstlred FnamIriddiuans (lower decoder) azl@dn posteriori log likelihood
ratio AL

2.1 &UFLTAURITZUL (Systematic bit)

P(ylﬁo’ < 41| rk’|t:0)

P(yIEO):_llrkllll(_:O)

AYOT= AET + A0 |+ L) (4.40)

extrinsic information  pannel information  Priori information

Adly1=

a

2.2 @WFUDRANIA (parity bit)

- P(yﬁ“=+1|rk’|kio)

Ad[Yl(() 3 ) AL
P(Yk :_1|rk|k:0)

AYT= A1+ A ] (4.41)

extrinsic information  nannel  information

ANANNRNTBNTYITUEN (extrinsic information) @Mdi19aNnfanansiadtasuAazsiaannlaann
UAREN9Ba [6], [18] waz [19] AufumAtnaansaesiinueessuyl (systematic bit) w1 l&

AINANNIN (4.42)
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O(n—l(s')]/,.s, (S',S)ﬂn (S)
0y — (s8)—>y” =+1
Aa(y") =In > a,.(8)7:(549)8,(5) (4.42)

(s",8)->y 0 =-1

a ad

ANNFUTANITH (parity bit) ldann

s ()72 (5.9)5, )
(OA . (s'5)—>yH=+1
/Id (Yk ) =In Z anil(s’)},np (5'15)[3” (S) (4_43)

(s',8)->yM=-1

2o o © . o P o e o .
TIAVAANIL (s.5)- >y 21 WAY (su5)- >y 21 ABLUANITINLATRAIN WAt iR AEUANUE

%
an s U8y s Waiiadeya 42 waz ,© MeluluwasnInmsada (Trellis diagram)

neAes o, (s)=P(s,r/[X,) uaz S)=P(s, | ApANUazidunsdnIue
k k | k=0 k k | k=k+1

189LATRaN T AL R NANALNUNININTARE (Trellis diagram) lddnamiinuazndanan t = k
InagnunraaunnsldannsresinwLLlldremiin (forward recursive) warmasanuuylyl

4191A4 (backward recursive) dauanli [6] way [8] 91

Z a, (8, (S” S)
a4 (5) = == (4.44)

Z Z o, (S )y, (S" s)

alls all s’

AT

PWACTACE)
Lei(s) == (4.45)

z Z a1 ()7 (SI, S)

all sall s’

v 1
o 1A % o o !

[HasanniezadidnsiaFusunanueAuiiazaunanaus AL AIUA ENAUA MI LA T8

a,(s) uaz B(s) azamnily

©) 1 fors=0
a, =
0 0 for others

() = 1 fors=0 (4.46)
As)= 0 for others '
o
1 1
7 (8'9) =e><|0(§[L(y£°))+/?1 [V ]+ 4 [yé)m (4.47)
LAy

7 (ss)= EXpe[L(yF’) +4 [yé”m (4.48)
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7 (s's)= eXp@[L(yﬁ‘”) + 4 M”]D (4.49)

Tneilaninisnensiawdasia multiplexer AENIN1359NANI1VANTLENTNTU
#nlusnumbsniflulinaesszuy (systematic bit) uay TeWsA (parity bit) Uy A[y,] e
aqld I lusadszunoudesdiyounns (channel estimator) e ldlunistszanuannmalu

sauiall

4.4 NSV ULBILATAITULLLLIIUTN

Tudnuiiazna209an139191Iae1399 a9LATasSULL LN Inel 14
LULANAADANAE A IuFTIa 85118 N1 9N UTIN A UTIIUN AR AUFnszHn

a9ty rU10u (channel estimator)  @nuilszanaiA1annansuesdnsgauaniiluagy (log
likelihood ratio : LLR) Wa¥ @qufanensidmesiu (turbo decoder) Tmen19nnanuues

AT ULLLNUEN RN 9 waaniily 2 wuylen

441 NTINNULBILATAITUULLAINT ISR UL
M

p

=3, +n,

51I7 4.6 Medrundrunynnslusnumisunsndtydnenitingas

nsinewluseufinilelsenaudan  seesUAziInsds Fruouou o luels
ntszannigasdtyaunad (channel estimator) - WazALssaIng sty Az iIN1947LU0
foyoralusukdafinnsunsndydneaiises (Gezegnsnanseean 1 udendeya
1n M, dn) VLUlﬁﬁQUZ%@ﬂﬁﬂNﬂ@ﬂW]ﬁ M, ﬁqﬁ'mmﬂugﬂ 4.6 ﬁqﬁuﬁmmﬂm Z, AY
afwlfanihdnydnsnlunnidises x; M@mﬁaﬁmmﬁmﬁﬁﬁm@éﬁmeélw,wi@:uﬁ@ﬂ

Toyauuin M,

*

p

=a, +X;n, (4.50)

Z, =X I
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1%

satlsznnnutesdtyyinssiinasldudaluinde 4.2 azvinnistsznnns & =[&[e"“ % uaz
~2 dl o o o dl v o
&% et W guiudtynnir, ea¥1edyan

=R(a -r)

r. =[a[a.|cos(A8)x, +R(En,)

=M%+ (4.51)
ndszannidnanaauaniiua azyNTlszanniAfTnan st asdtynynddaein
Aol 1 LAY &2 faazilAminiu

Ax )2 (4.52)

Fa demultiplexer azninnisuenanadauauiduaslusundsiunandydnsniinseuay
FNARLANALUSTANATYaY T (channel deinterleaver) AgNINNTAALANLULNUAIERATNEIU

o = . gl S . g ooy
Auiluassnastasdny o edslildwinnansiamesiulaadnsdsunnnuiluasanidng
FananIvianasiuazLil

A1) (4.53)

442 NSHIULRILATRITULULIUTT LUFAUNNINNINNLY

' '
= a

AN NN IUTAUANINATTIUINAZEUAN AT UULLIUENRZ TN AN12479

Aly] Twseuneuntihuvinnasdszanoudndtyaneal g, 1<k<L/r Taglilenu nonlinear
function  tanh() wiHauiLNuIdudeas [11] - uazud@aslugin 4.1 aeenaes g,

1<k<L/r azmlapaiiann [18] lnad
Alyi]
2

maldANUszanmiaasdyaneal % Lk L/ azgndslliasansadudesdoyoons

¥, = tanh( ) (4.54)

(channel interleaver) uazgndssialidsdauunsndtyaneniindesninasu eanaza¥i

vaendegalud | {3 Taed 1<ki<LM IrM, =0 Tepfxy azgnadldadssunn

a

¥
o o

Ha&TYRUIs (channel estimator) Atiudtynyins z, azadwliannistihuaandeyaluy

[~ [

o o

xyunaiudnyaynsfr, ) Aeiuazly

o

=a,+%Xn, (4.55)

fatlsznnnudesdnynnssinansldudaluiode 4.2 azvinnistsznnns & =|&[e" % lu

soudnliuaziinldgmuivdtynyinir, ieasednyoo
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=R(& r)
r. =[a|[a.|cos(A8)x, +R(En,)

r, = uX, +ng (4.56)

FinLlszuNUB NI A21ANNLINLTINA3Y (LLR approximator) asNInN13U3N1ANL19@79 L

sau lvdrasdasdynyndaeindyoind  ae

2r,
Alx ==X 4.52
[ k] &2 ( )
salUsnansiamasiuasiudmioons A[x]  AInsauneuntiien)

]
A o a

tsrinnipalugatil ANt IIuvaaazwilauiunaiuieluiade 4.4.1 Teazisiuls

JAT9a1sresT eyl A x, ] aziin1etFutlgslumn 9 saunisineusLLauEILaTnIg

¥

o IS o 1 dl 49( | dl I =
naAMAMasiLAzd miﬂiuﬂgqﬂ’mmmmmnmﬂuumm@uLum@fmm ﬂ,[Xk] N7

u

wasuuwlasnaanlunsazsall
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unn 5

Nan1snAdal

TUUNTRENAIITNHNATAINITANABITELL  INANARALANTIIDULADITLULN

%

ﬁnLmumﬁlmmmﬂmﬂuwﬁ&mﬁqLLuuﬁ‘ﬂ‘u ﬁﬁﬁmﬁmmL?qrfmjﬁu‘ﬂmmzﬁﬁmiwmmu
Use@ninmaassadsvunnutdasdyoyins  (channel  estimator)  Taglfuniusaiaasnanas
FlusTiva 2 Aame Mfiﬁ%m?ﬁﬁamwmmﬁﬁz‘ﬂv\‘mﬂ\‘iﬁ%ﬁﬂ (minimum mean square error :
MMSE) LLﬂmﬂﬁ%ﬂ’]?ﬁ’]L@ﬁlﬂﬁﬁﬁﬂmmﬁiﬁzﬁ‘mﬁgﬂuﬂﬂm@i@‘ﬁ (normalized least mean
square : NLMS) ‘EmﬂLﬂ?ﬂuLﬁﬂuﬁuﬁdﬁmimamwmmﬁ’]ﬁmm[ﬁ'ﬁ@m AlianduLuinans
nanaadn TudF lun1sdszuinamniamc e 1taee19as [11]

luumil 5 tazutiananissnaeseenitly 3 vindeRe 1. NssrasdussaLy
ntsrunnidesdyryiiann  lanasaness [11] 2. nNg[naesaNssousAalseunngay
”ﬂgﬁyﬁmﬁlﬂﬁmu@ 3. M9NARANITIURIRNLAR UL Tne B iiannaise

N
5.1 aNgTauzAdlszNIMTasR I [17]

3
ludnuilazinguenisananeniainevaessalszunndasdoyoyn (channel

1
o aa o o o

estimator) MMNUARYEN9E [17] %amﬁm_ﬁmﬁmwmmmm@mm@m (minimum mean

v 1 v
o 1A v

square error : MMSE) @sdquilazanyfianen x, BugAENFAuaInN1Afy (e iimiu
[ dl U o ?/ 7
Tdfilasannisfiasniemn x, ) As azlaan

Z, =X 1, (5.1)
=a, -+,

dj 1 o/ a = £

TaAnszanaudyanauaiauuEaun laann

a =w} z[k] (5.2)
FIN1TUNANINLFADTFA NN AN AT A ULRII9AINIAIUN LAAINA AT HANANANIAIAD
ﬁ@ﬂﬁqm (minimum mean square error : MMSE) %qgﬂﬁmuﬂlu [17] Ing
2
w, =argmin E["ak —-w z[k]”] (5.3)
DA wo=[wy, W . wy.] L ZKI=[n 2 e Zowa] WElwNUIdEilAenldeA M =5

widauluanuRsagneda [11]
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at relative velocity = 60 km/hour

le of a,

ang|

at relative velocity = 60 km/hour

of z,

le

angl

(pey) 8Buy

1000

angle of estimated a, at relative velocity = 60 km/hour

angle of estimated a, at relative velocity = 60_km/hour

=: | | |
= | |
— |1 L _ _
— | | |
= | |
—_— - - - - — -
= | |
= | | |
== —t - — - =~
e ——— | |
—= | | |
= — — |

(pes) ajbuy

1000

900

Iteration (n)

1%

900 MHz , am?1N19

= =
ANLELLLTE a, N f,

a9t AN AR
ANNNLEY

(angle)

HIUATHH

2191 5.1 A191ls

u

q

AnaLansaLlsn

60 Km/hour Lag

<

8#1 13 kbit/s

JANEOIA

A4

JUDHANUDILLEA

d k4

0.00385

T f,T,

a

LULUATLHA

=

=6 dB

19199u E, /N,

NATAITNLL

n, Ioel

*

Rz, =8, + X

2

(N) ANYNTRA

(@) AryNvevdale10uNARY- a

a

TR INITEPN

NEslal

q

CHIUATNND

) ALsg

()

(m

NANRALIUDY

1
=

=[]a -w! z[|<]||]2 Tne

1%

[

a

ANLRRLLBIANNANAIANIAILD MSE[K]

(average mean square error :AMSE) FaAn

1%

[

a

ﬂ’]L’ﬂaﬂ‘ﬂ@\‘]ﬂ’]NﬁW@Wﬂﬂ’]@\iZ\iﬂ\‘l

999
1

Winfiy AMSE

> MSE[k]= 0.2919 vFawinfiLl -5.347 dB

1000 £

=0
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=120 km/hour

angle of a, at relative velocity

=120 km/hour

angle of z, at relative velocity

(pe) aibuy

(pes) aibuy

3
£
£
g
W

=
2
2
2
%
e
%
B

1000

900

elative velocity = 120 km/hour

at re

«

estimated a,

t t
e H A E

of

le

angl

(pes) ajBuy

1%

900 MHz , an?1ne

- o
PNMLILILTEIL &, N f,

a4LeT AR
R LEINED

(angle)

5.2 nMsusranapys

2119

u

<

87113 Kbit/s

¥

zAnaLinansailsn

120 Km/hour L&

ATADJANHOIA

LRHANURILLEA

N

0.00769

des m

lad

LULUBTNAR

6 dB

0z, =2, +xn dagANANLL s E /N,

dadeun

(1) AyNTIRIFTYENUNARY 8,

a,

WHEGTENTTTRINTI R

SHIATUA

(A)-AL3

NANDALIUD

1
=

= [" a, —w, z[k]|H2 JGH

ar

[

a

ANLRRLUBIANNANATIANIAIEB MSE [K]

()

(average mean square error :AMSE) TINAN

[ %

o

a

mmﬁwmmmmwmmmmmm

999

WIBWINAL -3.27 dB

=

=0.471

1
—= " MSE[k
1oookZ d

[

WMINU AMSE

0
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angle of a, at relative velocity = 180 km/hour

angle of z,  at relative velocity = 180 km/hour

(pe) aibuy

(pes) aibuy

1000

900

tive velocity = 180 km/hour

g

angle of estimated a, at rel

(pes) ajBuy

800 900 1000

700

1%

900 MHz , an?1ne

- o
PNMLILILTEIL &, N f,

a4LeT AR
R LEINED

AYN (angle)

5.3 n19Uszunny

P
N

u

71

inaasailsn

ANAD

o
[

180 Km/hour L&

<

713 kbit/s

yanening

41

dadnyarausiay

0.01154

des m

lad

LULUBTNAR

=

=6 dB

UsHlgau E; /N,

WU 2, =8 XN, SALNAIAIIHLL

ey

AN a,

aTala¥IRA e

dry

HUBN

a,

LU AR

o

q

FELITaNIAL

SHIUAN

(@) ALs

NANDALIUD

1
=

= [" a, —w, z[k]"]2 Gl

ar

o

a

ANLARLUBANNANAIANIAIAR MSE [K]

()

A8 (average mean square error :AMSE) TINAN

1%

o

a

ANLARLIAIANRANAIANNAY

1.084 dB

o

= 1
uIanINu

999
0

Z MSE[k]=0.7791

1
1000 4

Winfiy AMSE
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F19799 5.1 A3UANRAETBIANNEANAIANAIE891993U7 5.1 119 5.3

- | } 999
AINALTI ANDALIUBIANDALUDIANIANANANIAIADY AMSE = ﬁz MSE [K]
k=0
60 km/hour -5.347 dB
120 km/hour -3.27 dB
180 km/hour -1.084 dB

nstlszannAnanslng ITARANAIARAIA0AIGA  (minimum mean
square error : MMSE) a1ndnRaeidnada [17] azmiuliananudainasedss@naninees
Falszaunnudasdyniouiiasainannaiaiiindy - azinlinaninlasuilaaananigi

=X

A linnsUszunuAmlnAsiinangnéiasanas Aauansliviugeglin 51 7953
5.2 ANTITAULURIAIUFTTNITAIA U U IUNULAUD

Tudauilaznaniienis Muuuanassnanes s nius (autoregressive
model) ANMNIURAEAN9aY [12] , [13] uaz [19] lunisdszanniaesAdtyyniwasg &
d’ v Y 1 =2 o/ 1 o dl a1 a o o
Faluiada 5.2.1 aznanaisanInuzaasmalszunuasdn oy 9IS ANRANA AN RIADY
ANNgA (minimum mean square error : MMSE) UniiiAaaInaneadnluds wazluiode

' =® o | A o o (2 = = s I .
5.2.2 azNa1aiNns LnnNsARALRIAIdeNtasngangnuasunalad ( normalized least

mean square : NLMS) LuluLANaasnanaga s s
521  waradmalszinudasdyanulngldismianaan1aigasgn

nanimaaadluindetiadlwinde  4.2.2.2 Tneinisld38n196n

o

Hananafndsdeseengnlunissziinamaferes  desdtynynalaeniiualiriges

Arynnuz, —a, +xn, wazdnynoumags a Wudyanandaatiuiuiade 5.1 deiulugly

5.4, 5.5 1Ay 5.6 LansAUssNlnaRg a azA MSE
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angle of estimated a, at relative velocity = 60 km/hour angle of estimated a,_at relative velocity = 60 km/hou

Angle (rad)

ST

100 200 300 400 500 600 700 800 900 1000
Iteration (n)

(n) (1)

917 5.4 nstsznnnudanu (angle) TeusANARIMLILIGEY 3 71 f, =900 MHz , 85131013
deloyavesusiazdrydneniagh 13 kbit's , ALY 60 Km/hour waz Ainatlinaasaiilsn

wuuuefuealad f,T =0.00385

() AtszrnniANNLRREUR AN ARN &,
| = | a o o H 2 A =
(1) ANRALURIATNANAIANIAIZAY MSE[k]:[" a, —w' z[k]|H IneNALRAETAY

ANLRRLIBNANNANAIANTAIAES (average mean square error :AMSE) BqiAn

999
WU AMSE = —— )" MSE [k]=0.3235 viewini -4.901 dB
1000 £

t relative velocity = 120 km/ho

angle of estimated a, at relative velocity = 120 km/hour angle of estimated

iw

Angle (rad)

-
_a
|

|
|
|
|
|
|
|
|
[
I
|
|
|
1
0

|
1
300 400

0 100 200 300 400 500 600 700 80 900 1000
tteration (n)

(n) (1)

917 5.5 nstlszunnuyu (angle) TeusTAMARILLILIENY a, W1 f, =900 MHZ , §R19N19
detayarequsiazdrydnuniagi 13 kbit's , A9INLFY 120 Km/hour waz Arnatlinaasiailsn

uuuvasuealad f,T, =0.00769
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() Atz e AR &,

' i I Aa o o 2 | i
(1) ANLRALABIARANAIANIAIAD MSE[k]:[" a, —w! z[k]"] IneNA QAL IRIAINN

999
NANAIANAIARINAT ASE :ﬁz MSE[k]= 0.6238 i3awiniu -2.049 dB
k=0

imated 3, at relative velocity = 180 km/hour angle of estimated & at relative velocity = 180 km/hour

I
<
E
T
ES
T

. Nl 1

:

B

g - - -+ - - — - ————

[
|
|
|
|
I
|
I
|
|
L
0

|

|

|

|
600 700 80 900 1000
Iteration (n) Iteration (n)

(n) (1)

917 5.6 nstszunnuAnyy (angle) 199TAMARILLILIEEY a, W1 f, =900 MHZ , 8R19N19
dsdayaresusardryaneniaghn 13 koit/s , AIINIEY 180 Km/hour uazAnailinaasailsn

wuuvasuaalad f,T, =0.01154

(n) Atz NNLRNAE N ANAAY &,
] n:ll 1 = o o H 2 d‘ ] dl
(1) ANDALLRIANNANAIANIAIAD MSE[k]:[" a, —w! z[k]"] TeNARALYRY

1 dl 1 a o o d‘ a
ALRRLIABNAINANAIANIANADN (average mean square error :AMSE) TNNAN

999
Winfiu AMSE =Lz MSE[k]=1.1 %7811 0.0452 dB
1000 &

5.2.2 parassassanadasdygulagldi sananeinasgasiasngangnuas

Naalad

widauiuinde 5.2.1 nanimeassluiadatialuiade 4.2.2.3 Taanisld
ad 1 dl o [ % v d‘ dl 'y ! a 1
AEnnsANRALNAIaITRNgaNgNuasaa lad uNLsnuA ARy IasTasd Tyt
TaetvunliAraesdynin 2, =a, +xn, wazdyoiumess a, udtyoynunaainy

¥

indin 5.1 T9g191 5.7, 5.8 Uay 5.9 wansAn Uszunnunnse a, LazAn MSE



angle of estimated a, at relative velocity = 60 km/hour

Angle (rad)

MSE = || a-wz[K] | (rac?)

10°

10°

107

10*

10°

10°

107

T T T T T T T
| | | | | |
| | | | | |
R N I S R R |
| | | | | |
\ | | | | |
[ [
| i Dl ‘,‘ML‘L\
;‘|1|‘ }“h il
| |
\ | | |
| — + —+ = -
\ | | | | | |
| | | | | | |
| | | | | | |
L a7 I
| | | | | | |
| | | | | | |
(R T A R N R R
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
1 1 1 | | | | |
0 100 200 300 400 500 600 700 800 900 1000
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angle of estimated a, at relative velocity = 60 km/hour

917 5.7 nstlszannuan (angle) YaardanRaLLLEaL a A f, =900 MHz , 8R31n"3

dadiay ZWJ’NLLM@ mmmﬂﬂm@m 13 kbit/s ANINLFY 60 Km/hour Laz Aaatliwansalilen

wuuuefuealad f,T. =0.00385

(n) AtszrnniAyNrRRtUR AR &,

1 ] A ° o 2 ] ' i
1) ANRALLRIATHANAIANIAIHE MSE[k]=| | a, ~w' 2[k]]] TrefAeALUR9

ANLRRLIBNANNANAIANTAIAES (average mean square error :AMSE) BqiAn

999

WU AMSE = —— )" MSE[K]=0.3686 Vizewiniu -4.37 dB
1000 £

angle of estimated a, at relative velocity = 120 km/hour

Angle (rad)

|
T e -
I I I I

=

9
o] E—
8
N
5L — —
8

2 (ad?)

MSE = || a,w'

angle of estimated

t relative velocity =

I I T

0 100 200 300 400 500 600 700 800 900 1000

917 5.8 nstlazannuAy (angle) waardaARLLLEaL a A f, =900 MHz , 8R31N"3

dadiay ZWJ’NLLIE]Z\] mm@mﬂm@w 13 kbit/s , ANNIFY 120 Km/hour Lay Anpallinaasalsn

uuuvasuealad f,T, =0.00769
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() Atz NSt AR &,

'
a

| ] I a o o 2 ]
(1) ANLRALABIANRANAIANIAIAD MSE[k]:[" a, —w! z[k]|H InefiARALIR9A9NN

999
RANANANIAIGBINAN ASE =ﬁz MSE[k]= 0.6984 ¥3awinfiu -1.559 dB
k=0

angle of estimated a,_at relative velocity = 180 km/hour angle of estimated a, at relative velocity = 180 km/hour
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5.3 NMSANTTOULUDILATDITU LU LIWTEN
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Velocity = 120 km/hour
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Abstract: The full potential of turbo decoding over
Rayleigh flat-fading with AWGN channels for coherent
detection is based on channel parameters such as a noise
variance, fading amplitudes and phases, known from
receiver. In this paper, the authors suggest and propose the
low complexity least mean square algorithm (LMS) and the
(KALMAN) Filter for estimation CSI. In section (2-D) we
illustrate that the channel estimation both Kalman-based
and LMS-based taking closely efficiency in tracking mode.
For that reason, we select LMS for channel estimation
(lower complexity) .In section (2-C) we present joint
channel estimation and turbo decoding. We are supplement
ENP (estimation noisy parity bit) for cooperative working
with LMS and for improving preciseness of estimation CSI
that take efficiency lower BER at the same EbNO when we
are not employ ENP .We simulate over two classes of turbo
code both SOVA and MAP algorithm on hypothesis that the
receiver don’t have information about fading characteristics
and noise variance distribution of wireless communication
channel.

1. Introduction

In wireless communication coding play an important role to
combat with adversary of multipath propagation and
scattering environments. Turbo code [1] is one of the most
remarkable channel coding for operating at low signal-to-
noise-ratio (SNR) environments and is paying an attention
for many applications in mobile communication for instance
the W-CDMA [2] and cdma2000 [3], standards of the third
generation mobile communication system .Unfortunately in
view of the fact that the full efficiency of turbo decoding
rely on the channel characteristics or CSI .The imperfect
channel estimation on the works of ([4], [5]) leads to a
significant hindrance, especially for ‘estimating  CSI in
fading environment, for full potential of decoding.

The channel estimation for turbo decoding that rely on
known symbols PSAM (Pilot Symbol Aided Modulation)
publicized by Valenti and Woerner [6] that worked on
comparative study both Wiener Filter and Moving Average
Filter as channel estimation to track fading amplitudes,
phases and estimation noise variance .The inconvenience of
the Wiener Filter method that , takes many complexity to
calculate and requires a knowledge of the channel
autocorrelation and the noise variance [6] .In the same way,
the weakness of Moving Average Filter method is the
constant filter’s weights all the computations that is not
appropriate for adaptive computation .In our work, the
authors take an advantage of adaptive LMS’s channel

estimation for tracking fading amplitude, phase and noise
variance for the reason that it lowers complexity than
Wiener Filter and self adaptable filter’s weights taking
more appropriate than Moving Average Filter .We
supplement ENP for improving the preciseness of
estimation fading process that take efficiency lower BER at
same EbNO when we do not apply ENP.

2. System Model

A. Transmitter Model

u
K Turbo v'l Channel iv] xk S(t}
™ Encoder Interleaver | Multiplexer - —
";I
Pilot Symbols

M-1

.c.o_ID_'DiD_'D:D_'D'\_.oc-

J Pilot Spacing _
e+ ee s D[D[D[P[D[DI[D]

Figure 1. A transmitter block diagram

A Transmitter block diagram is depicted in Figure 1.The
sequence of random binary u; ={+1,-1},1 < i< L, that
associate with a priori probability of each positions P(u;) are
fed into turbo encoder for encoding by code rate r .The
encoded bits ,vj={+1,-1}1 < j < L/r, are passed into a
random channel interleaver in order to disperse the channel
burst errors that highly take effect in fading channel .

The interleaved bits ,ivi={+1,-1}1 < j < L/r, are grouped
every M-1 bits per a group. Each groups is multiplexed by
the known pilot symbol x, to output groups of size M,

where x,"is placed in center of each output groups. This

process is illustrated in Figurel. M is the pilot symbol
spacing that is assumed to be odd and must satisfy with
Nyquist sampling criterion [6] as
1
1aT)

where f, is a relative Doppler between transmitter and

M <

ey

receiver that is depicted in [7] and 7 is a symbol period .At
the last transmission process the sequence of symbol
x;, ={+1,-1},1<j< LM/r(M-1), are sent into pulse Shaping
Filter and Modulator .We focus on BPSK modulation
technique to generate the modulated signal s(¢) that is
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sent to the wireless communication channel which is model
in next section.

B. Channel Modeling

A generally statistical model for studying in fading wireless
communication channel has been introduced by Jake’s
fading model [7].In this paper we assume that the received
signal at receiver after matched filter is modeled by

T = @pXy g ()

For Rayleigh fading , a, = a, |ej'9" =X, +JjY, ,the X,

and Y,

uncorrelated zero-mean Gaussian process and the autocorre-
lation properties of each dimensions are

Ra[n]=E[Xka+,,]=E[YkYkM]:%Jo(zmnn) 3)

are modeled by Jake’s fading model as mutually

A function J,;() is the zero-order modified Bessel function
of first kind (note that the fading process is normalized to
unit energy). For complex additive white Gaussian noise,
(AWGN) {ny =ny + jn }, have the variance propertie

o’= N, o/2E, per dimensions. The E; is the energy per
symbol and Nj is the one sided noise power spectral density.
When there are pilot symbols, the E; =rE, (M-1)/M, which
E, is an energy per bit. When there are no pilot symbols the
energy per symbol E;=rE,.

C. Receiver Model
¥, PlolSymbol
e iy a
ry k
Maichad Pilot Symisoi Channgd |
Filbar Tt ?C"‘_"' beberhaave? [T ]

N iy B s
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Figure 2. A receiver block diagram

In this section we will describe about the procedures of
receiver block diagram. From figure 2 , the received signal

s'(¢) is passed through the demodulator and the mathed

filter with impulse response g(T,-t) .The output signal of
mathed filter{r}, that is expressed and modeled in the
previous section, is sampled at the symbol rate Rs
=1/T, .The channel estimation are expressed in next section .
For improving estimation of CSI, we break up the
estimation in two modes. In mode one at the first iterations
of turbo decoding, we add the noisy version of pilot sym-

bolx,, { r; }, where is in middle of output group size M to

others noisy bits in its group for every groups. The
signaling z, is the multiplication of e, and r, which is
respectively from above assumption (in this case ¢, = x,
for all bits in each groups)
Zp =X, 0T 4)
=ag +x, ny (5)
In mode two at iterations > 2 , we bring the turbo decoder
output, the log-likelihood ratio ( LLR; ), to calculate the
average soft bit for estimation systematic bit X; as
Xp=1-P(x; =1)-1-P(x, =-1) (6)
Where the P(x;) is

o LR 12 Lk s
Plag) = 1+ e HR e )
Thus the estimating systematic bit X; 1S
X’ = tanh(LLR, /2) (8)

After we calculate the estimating systematic bit X, and we

replace x; to each systematic bits for every position k and

we add the parity bits in each positions to zero, we sent
this signal to Channel Interleaver and then we insert the
pilot symbols x, to each groups for making signal e, .Like

the first iteration, The signaling z, is the multiplication
between e, and 7, .if the turbo decode can precisely
estimate the systematic bit X} ,the signal z, is

=, ©)
(10)

Due to the non-smooth of signaling z, in position of setting

=da; +ek *hy

zero value in parity bits, the ENP (estimation noisy parity
bit) serve as estimating the signaling z, in position of zero

point parity bits by average two non-zero points nearest the
zero point parity bits and replacing it into zero point parity
bits to the signaling zj . At the simulation result section, the
receiver that includes ENP has the lower BER at the same
EbNO.Considering later ,The channel estimation attempts to

2 . . .
generate the output as ?ak for multiply with 7, to 7; in

order to degrade fading effects.{ a, Z‘Ek ‘ej(‘g"_wk) }isa
complex conjugate estimation of a, . A8, is phase

estimation error of a, . &2 is an estimated noise variance.

Ther; is real value of Gaussian Random variable as

rl :%Re(ﬁ;~rk) (11)
"
;= §;|~{|ak|cos(A9k)xk+ﬁk} (12)

Where 71, is zero-mean Gaussian random variable with noise

variance o”. For the perfect channel estimation, we assumed

that |ak|:|5k|, AG, ~0 and 6% ~o?® The signal 7| is
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extracted noisy pilot symbol X , for every groups and is

deinterleaved by the Channel Deinterleaver to signal
r¢ .The probability distribution of 7/ is

1 r—cx,)?
' exp(— 12
2o 20

Where ¢ = 2/ o?ando'? =c?c” . In the following, we use

) (13

P(r |ag,x;) =

the symbol y, that consists of y; and y} which are noisy
version of systematic x; and parity x/ bit .\We set y; by
7" in position of systematic and set y/ by r"in position of
parity bit .We lay down y/ by zero in position of
punctured bits. Like the noisy version, the symbol x, that
consists of x; and x; is a transmitted symbol of
noisy y, .The translation metric y,, (s',s) [8] that cooperates
with noisy y, and set of order pairs (s",s) which are the
state translation from s,_;= s’ to s, = s can be shown in
(14) as
7k(s'ss) = P(yg |s'.9)P(uy)

1 ) 1
=exp[5uk(L(uk)+Lcy,i)+ELcy,f’xlf} (14)

Where L, is the channel reliability as %2 !
o

D. Channel Estimation

Considering at tracking problem of channel gain a, over
AWGN like eg.5 and 10
!
zZ, =a,+n, (15)
We assume that the linear estimator attempts to estimate
complex channel gain a, by tracking back set of the past
discrete samples Z,'c with memory M as{ z;_,, Z,'(_2 o

Z;(_ v +-thus the estimation complex channel gain a;, is
i=M

a, =
i=1

wiz, , =w'z (16)

Where (-) denotes complex conjugate and 0k conjugate

vector transpose. In addition, we denote the complex
coefficient vector and the complex signal vector as

(17)
(18)

T
W= Wi, Wy WM]

_ ’ ] ] ]T
Z= 10 %k22,, Zk-u

.....

D.1 Kalman-based Channel Estimation

From eq 15 and 16, we can write the measurement equation
of z, by
’ H
z, =w z+Aa, +n, (19)
where Aa,=a,-a,
For more concise we can write eq 19 by

H
z,=w' (k)z+v,
zi =z"wi (k) +v, (20)
Where v, = Aa, +n, and we assume that the process
equation of w(k) is

w(k+1)=w (k)+v,

The noise vector Vv, and VvV, we assume

€2y
statically

independent , zero-mean and white noise process with
correlation matrix Q1 and Q2 difference .From state-space

equation using kalman equation in [9] and set Q1= 10’
(I=Identity matrix) and Q2 =1.

Kalman Tracking
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Figure.3 Kalman tracking
Figure 3 is the performance of phase tracking of Kalman
filter for a; , E[a, ]/ E[n,’]=2.5dB, 1.9GHz, 19.2
kbaud relative velocity = 80km/hour with filter order =30
D.2 LMS-based Channel Estimation
o :
z ;{ > Z_l = »( FIR Linear Filter ak_ @ f 3 > Nﬂﬁlsscu‘l:;‘:::cc _O-i
(=

| ¥ Adaptive Weight
Adjustment

LMS Algorithm

Figure4. LMS-based Channel Estimation

The object of estimation is the selecting the complex vector

coefficient W to estimation 5k by assumption that the

cost function J is close to noise variance o> when we select

w' that making w” z close to a, as

ot=J= E‘Z;{ —wz (22)

‘2
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From the LMS algorithm in [9] is demonstrated that the
method to find complex coefficient vector w in iterative
solution as

wk+1)=wk)+u-z-err, (23)
In this paper, we initial the complex coefficient vector w by
the constant filter coefficients of Moving Average Filter in
work [6] for fast convergent as
1
K
Where K is the filter size.The prediction error denotes by
err; is

W = Wo=... Wy 1= Wy = (24)

err,=z; —W(k)HZ (25)

Because the err, is complex value, the estimated noise vari

-ance can be computed by the average of sample variance of
each dimension as

For real axis
— 1¢ , | /
oy = —Z Re(err,)” - —Z Re(err;,) (26)
L3 L=
For imaginary axis
o 1 , |1 ’
G; = zZlm(errk) - ZZIm(errk) (27
k=1 k=1

The average variance is

2, ~2
_, 0.+0,
=0 28
) (28)
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Figure.5 LMS tracking
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Figure 5 is the performance of phase tracking of LMS for
ay, Ela,’1/ E[n,’]=2.5dB, 1.9GHz and 19.2 kbaud

relative velocity = 80km/hour and 22 = 10" with filter
order =30

3. The Decode algorithms

In the section Decode algorithm, the authors will revise the
theoretical background only for MAP algorithm .The SOVA

algorithm can theoretical

information in [8].

study more background

A .The Maximum A Posteriori Algorithm (MAP)

The symbol-by-symbol estimation or MAP algorithm was
genesis in 1974 by [10]. This algorithm differentiates from
Viterbi algorithm (VA) that VA attempts to find a posteriori
probability of state sequence for minimize the probability of
codeword error .In MAP algorithm attempts to find a
posteriori probability of each bit for minimizing the
probability of symbol error, the output log-likelihood ratios
has shown in eq.(29) as

_ L
g | yb) —h{””“—*”yl)] (29)

P(ug ==1] ()

Where v ={ y,,,,...y, } are the noisy symbols that
corresponds to the encoded symbols {x,,x,,...,x; } of input
bits (ul,uz,...,u L).Because the u; relates with the

translation state form s,_,= s’ to s, = s, the eq(29) can
be written as

L(uy |J’1L)
S Plsys = s'sp = .0t )/ o)

(s"8)—>up=+1

S Pl =55 = st ) P

(s',)—>up=—1

=1n

The joint probability P(sk_1 =55, = s,ylL) or P(s',s,ylL)
can be divided into three term products as

plstss vt ) = Pl PGy 159 P@ )Pk | 5)
= 2"yt i (57, s)PW L 1)

= a1 (s (s',5)By (s) (1)
Where a(s) = Pls, vt ) and g, ()= Pls.yE, ) are
computed recursively by
a(s).= T (i (55) (32)
Bi(s) =a§gk+1(s)yk+1(s',s) (33)

The probability of noisy received symbol P(ylL ) can spits
_ L

P(ylk 1) P(vi) P()’k+1 |Yk)-

From (29) a joint probability P(s',s,y!) is divided by

P(ylL ) as

to three terms as P(ylL) =

P(S’asaylL )/P(ylL) = @ (i (s%5)Bi () Pyy)  (39)
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Where & (s)=a; (s)/ Py )and B (5)= B, (5)/ PvEs 1 v ).

A term P((vlkfl) is the summation of joint probability of all

state s as
Plyt) = §P(s,y{‘) - oyl (35)
So
Sa (s e (ss)
a(s) =12 R (36)
Y Sap (s ls’s)
all sall s’
and
N ;ﬁk(s)ﬂfk(s'»s)
(s 22 ~— (37)
fials) % %?k—l(s Wi (s'.s)

Assuming the zero state as start state and stop state, the
initial condition of & and f are

- 1 for s=0
ay(s) =

0 for others
~ 1 for s=0
Pr(s) = {O for others

Replacement egs. (37)(36)(34) in eq. (29), The output log-
likelihood ratios is

Y1 (s i (s.5)B (5)

(s'8)—>u,=+1

Sy (s i (s"5)B(s)

(s",s)>uy=-

L(uy | y) =In

(38)

A term yy (s’,s) in q(16) can be spits as

1 \ 1
Yk (S’,s) = exp|:5uk (L(uk )+ L.y; ))} exp[ELCy,fx,f} 39)

. 1
And we give 7% (s,s)= exp{chy,fx,f}

Replacing (39) in (38)
Ly | yi)=
P (S')Vek(s,aS)Nk (s)
s (s',s)—>uk=+1
Llu )+ L.yi+In _ (40)

Y a0k (s",5)B (s)

(s'58)-Sup==1

Consider at right of equation (40),The first term which is
called intrinsic information or priori information is
information known before decoding. The third term called
extrinsic information which is information providing by
receiver without noisy systematic bit.

4. Simulation Result

A. Simulation Description

A Simulation study bases on large frame sizes with setting
at random 65536 bits per frame .The turbo encoder is
composed of two code rate % recursive convolution (RSC)
encoders ,each constraint length 3 , feedback generator
polynomial ~ 1+D+D? , and feed forward generator

polynomial as 1+ D? The trellis of upper encoder is
terminated at 2 tail bits while the trellis of lower encoder is
left open. The interleaver of turbo encoder and the channel
interleaver are set to randomly interleaver . The fading
operate 1.9GHz and 19.2 kbaud. The relative mobile
between transmitter and receiver in section B is setting to
120 km/hour and In section C are varying the velocity from
0 km/hour up to 250 km/hour with step size 10 km/hour for

studying in BER at each velocities. The LMS channel
estimation-based consist of the FIR filter order = 30 and
the pilot symbol spacing M = 11.

B. The performance of MAP and SOVA algorithm

The simulation in figure 6 and 7 accomplish by varying
E,[/N, as [1,1.4 , 1.8 ,...,10] and varying number of
Iteration by [1,2,5].

Iteration =1
; + iteration =2 with ENP
!iw‘_g..;g;_ Sy —+— iteration =5 with ENP
T 5 iteration =2 with non ENP
) &\E a- iteration =5 with non ENP

10"

107
o
w
om

1071 .!. e

1 I
1 2 3 4 3 B T 8 a8
EbNO

Figure 6. The performance of MAP algorithm

The simulation in figure 6 illustrates that the performance of
turbo decoding using MAP algorithm with supplemental
ENP attain lower BER at the same EbNO than non using
ENP. Considering at the same iteration = 5 the ENP
supplement has taking BER =107 faster than non-ENP
approximately 0.4 dB
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Figure 7. The performance of SOV A algorithm

In Figure 7,Like the figure 6 ,the performance of turbo
decoding using SOVA algorithm with ENP supplement
attain lower BER at the same EbNO than non ENP
supplement.

C. Influence of Velocity

In this section, we simulate by fix £, /N, = 5.5 dB and

varying the relative velocity from 0 km/hour upto 250
km/hour with step size =10 km/hour for each velocity points.
At the each velocity points, we vary the number of iteration
and notice the BER performance.

| =5 Reration=1 |
4 lteration=2 with non ENP |

I & Iteration=3 with non ENP |

| <~ lteration=4 with non ENP |

| | =+ Iteration=5 with non ENP |

| - Iteration=1 | i

| =% lteration=2 with ENP | 3

| = lteration=3 with ENP o SRR

| i~ Meration=4 with ENP = e

107} | —+— lteration=5with ENP |/ Py e

o

=]

BER

| A

! oy y \
42 8 & & % e 8 5 8 & 2 2 4 % 5 6 5 2 4 4 28 o8 o2 4

10°L - :
0 50 1 50 200 250

oo b
Velocity (km/our)

Figure 8. Difference Velocity of MAP algorithm

In Figure 8, the ENP supplement are taking BER =10~ at
Iteration 2,3,4,5 from velocity 0 to 250 km/hour and taking
approximate bit-error below 10 at velocity 130 and 200
km/ hour at iteration =2 . For non ENP supplement are
taking BER =107 at iteration 3 ,4,5 from velocity 0 to 250
km/hour.

) —&— iteration=1
107 — | —— iteration=2 with non ENP
' | =& iteration=3 with non ENP
| —+— iteration=4 with non ENP
| =5 iteration=2 with ENP =
-— iteration=3 with ENP P Gt et |
| —+— iteration=4 with ENP & — BBy -

T S T

Velocity (km/hour)
Figure 9. Difference Velocity of SOVA algorithm
In Figure 9, Like figure 8, The ENP supplement are taking

BER =107 at Iteration 3,4 but the non ENP supplement are
taking BER =107 at Iteration 4 .
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