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ABSTRACT

This thesis proposes a simulation model for wireless communications by focusing on
multipath fading’s combating methods. Frequency selective fading, or in the form of Intersymbol
Interference (ISI), is one of major impairments in wireless communications channel. Therefore,
several methods of error control coding and equalization have been investigated and utilized.
Modified turbo codes scheme and applied precoding methods are those main techniques which
considered in this work. Consequently, pre-equalization by using Spiral curve and Dimension
partitioning method are investigated and modified to work with improved detection of that turbo
decoding schemes. The concatenation of this powerful error control coding and potential pre-
equalization techniques results to the better performances of lower Bit Error Rate (BER) at high
signal-to-noise ratio (SNR). These compare to the similar model when post-equalization of
Viterbi equalizer is used and it trends to obtain more of gain when optimal system condition is
found and adopted in the future. F inally;athis proposed wireless communication model performs

successfully and it could be improved to achieve more performance accordingly in further works.
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A [ d' v o) d
mtﬂﬂsamiumemamszuuammsmmaummm

° 3 4 9 a o aca & 4
mstraesmsianvesszuudoms laoldlilsunsuneuiunes Tu3Emsniladegn
Ifenaaouniednseigluuuniondnnmmeu  resnathugduuumsduiduem
v ¥ t 4
ndwguazannsoh lsegndldluoumasgduoy daiu Tuiadeiife1deTineds
o o Qs b4 ° 4 oo ar &
wanmidmivaiellsunsudnessuudemsilinanssnunndyanasuni Judu
} 4 k) [
uuuiugmvesszyuemsngminimadsy Taslimsnanteiiouuesdl SNR #1E/N,

t 4 3
i1 E/N, uaz vanmsidesdudmivadsllsunsudransszuudoas

2

oy L2 ‘1‘ o
w1 Henuveealsnanw

) da b J Ve ' a
‘1ummﬂmﬁwmﬂﬂmﬁmmmmmumﬂmﬂu%m’diyﬁuntu U INEN 9 veHuney

oo

TudnyaizvesmdnsadmsznIndds (Power) 3o WA (Energy) vosdayanadoyady
s é = i ed ‘ b & 1 U
Fyanusuniu 49 ltimsdewmaus Signal-to-Noise Ratio (SNR) 1 E/N, 102 i1 E/N,
3 0 (. ¥ ol A ¥ 1 ! o w a
vunldom  dmsve sNR dudanlssegaifiienSoudiouseninamdswesdyaia

doyaluwasmufiuhdaesdyanausuniu TasgaitonIdTisuiiu 18] [19]

SNR =£ (v.1)
N

e § Wumsdsdwvesdyanaudoyn Smirniu Joulesec 3o Watt waz N Sl

L]

. < ada o Lo dday
voadganusumuilunsdiidudygasuniuiun White Noise Fan q anudfldome:

v v

[
1 o

fimsifadygausuniudsvnnaivhdudsunsodnam ldsnaunts
N=N,B .2)
e N, dumanuduvesdoyanusuniy (Noise Spectral Density) #ouuudadan 1 Hz &

il Joule/sec/Hz uaz B Whiuuddannldon dmiue E/N, waz i E/N, Hhiin

wlshimsdnnudeyafieglugvesnmasnu  Tasdlumsasdaussuhadaudmsy
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t 9 4 a - o o o LK 1] o o 3 1 a’:
daoyanilata (E) n3e wnavnudmiudsdygadeya (E) awdauaen N, Taonsaw
t 4 » [
sulsilszlinnuduiusiuviheveddyanasini dmbiugu Tunsdivesssuudensii
MINOYAAILY BPSK tag QPSK midasnnuAawaiaiia (BER) uag swdniieziilufi

a - J °
Joyavsifiannuianataiu (P, ) sansedmanldnaums [19]

1 ,E
P, = BER = —erfc | (v.3)
E 2 erf N,

dnd'd 4

dwmiunsdiiiimsueqaaiuy BPSK f1 E, uaz E, wliawiiiu udlunsainimsuesian

uuv QPSK udez1dh

E,=2E, (1.4)

s

o o o o P = J 4 1 ° [}
dmiuiandu erfe(x) Wuaumsdegnionanuiesolumssmuam Sandu

erfe(x) = 2Q(«/§x) (v.5)
Ok)= \/2% e (1.6)

=

e x woz & udunlslag figndudrgiledumemmsfmnn dmsud SNR i EYN,

9

] ¥
uaz M E/N, ngnldauiu deudoueglugiiuuvesdiaslumiiundiua (Decibel; dB)

M38 IFUalaaIn (dBm) NUNNUAITUATS

SNR,; =101log(SNR) (V.7)
SNR,,, =10log(SNR/10™) (v.8)
v.2 MINUHATYINIUNIY

ad e P ‘3 1 o o a 9 o
Tunsdindyanusuniungnadiiu egluzdvesdunlssmudadounsaums

n=ng,+n,, (v.9)
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[ = [ 3 a é o @
Taodsznouludesmausds n,, uaz $wmusnm n,, Hlumssnesdnyuzues
) o ' L iopsY Y 9 ', 4 4 . .. .
dyanusuniuaanar awseiila lasmsdmsdidaulisuuumd (Gaussian Distribution)
Ao = o o . o o 3
finunado (Mean) Wugud uaz fimnmuudsdsin (Variant) fitnlsiuam SNR vos

A o @ 14 ! @ = ar ° s
ssupdeats dmSvlfilumdunls n,, uas n,, Taolidnuaslumsdnnudeaums

n, ; = o.gauss(U)

n,; = o.gauss(U) ' (4.10)

g (R 3 do o [
dle o rflummmﬁuamummgw (Standard Deviation) 4% gauss(U) Li’luﬂaﬂwmnm
o =& w 1 4 @ 9 e 1 < [ Y ° @ o a o 1
fudiadudsquuuummd Tavlwirdedald dumsadtndnmsdmuduidadudsdu
wuumd wazmssnamausauunas g

das o A o v d
v.2.1 Hanvusudanusguuuuma
dmumsduiadusguuummnd awsei 1a lasmsdouudasgluuulums
@ { ¥ a o
nszodoyavesdulsnldninnszuaumsguuuuyinesy (Uniform Random Variable; U)
Tavldaumsan q weldminldvnmsda fdwazmsnsznoteyanuumd dmsy

oy A A ° 9 - £ @ ot dv A o Ao o A 4
FEmsnisdgminnlsausslinsldaunsdas lllivesudadudsquuumnd
gauss(U)=,/2lni1/(l—U)i (v.11)

¥.2.2 MIANOIUMTINTBAUUINATGIY
1 ~ o ~ & a 1 e v o do
srdudisauunasguvesiualsiuassdadyapusuni  dlusflinnuduiussy

Adsnuvssdyyudeyaunzdygusuniuaiaunms

="t (v.12)
N, N, 20°
HAZINATIUAURYS
E, ST
N, (N/B)
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= SNR{E) (%.13)

Ts

4 o ] o v P
dio T Wumuvesdyanadoya B Dunuvudialumsdsdoya F, uez 7, dunnuduaz
4 .
aulunmsdndyin (Sampling) AMWAIAY  AMUMAINTHAVUYIATFIUYBININTLIIY

doya amsafnnnldannaums

(v.14)

»
v o

aotu lunsdifszsuudeaisiimsidhadadudasimsidisie R uazlinisueqianuuy M-PSK

3.

] o &

9 o [ 2 v an o = gt
mmazﬁagtmm\mgagnhﬂmsnuﬁmnwagﬂmmammu n U %z"lﬁm

1
0 =—F—— (0.15)
v2.SNR.n.R
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° o o i - ar @ @ ' v Y & o
dmiudnuazyss Tlsunsun 1Fuese selidnuaisdsdesiene lut Fatluldsunsundn

=t

dmiviasaszuufoaisNinisusgianuuy BPSK

void maintvold)

{
double error, BER,BER_total; /fused to find BER
Sloat ebnoloup, averagelvop: Heounting in EbNo and Average loop
int count; /ffor counting BER Inop

Sloat ebno_stri,ebno_step.ebno_stop,average;/fkeep daa for EbNo loop
double EbNo.STDDEV;

int source{BLK_SIZE]:

douhle modulate_signal{2][TRANS_SIZE]://modulated signal

double recv_signal{2][TRANS_SIZE]; /freceive signal

double recv_data[BLK_SIZE]: Mreceive signal

/*Receive External Purameter®/

cout<<"nINPUT PARAMETER FOR SIMULATION:"<<"";
cour<<” START Eb/No (dB) : *; cin>>ebno_strt;
cout<<” STEP Eb/No (dB) : *; cin>>ebno_step;
cour<<” STOP Eb/No (dB) : *; cin>>ebno_stop;

cout<<*Number of Average :"; cin>>average;

cout<<endl<< "-memmemmmeecmeee. START TO SIMULATE- "<<endl;

/*Open File to keep result from simulation®/

/*Write Header that describe about simulation parameter®/

ofstream outfile("RESULT.txt”); /lean change file to save all data from simulation
outfile<<*Simulation Result Document”<<endl;

outfile<<*Program : Precoding: Dimension Partitioning under ISI+AWGN Channel"<<endl;

outfile<<n’;

outfile<<"PARAMETER:"<<n’;

outfile<<” BLOCK SIZE = :"<<BLK_SIZE<<"n" //Write Block size Parameter in file
outfile<<® MODULATE > QPSK*<<endl:

outfile<<endl;

outfile<<"Number of average = "<<average<<endl;

outfile<<endl;
Outfile< < e e e, SIMULATION RESULT e "< <endl;
outfile<<endl;
/*Start Simulation*/
Jor(ehnoloop=ebno_stri;ebnoloop<=ebno_stop; ebnoloop=ebnolovp+ebno_step)
{

BER_tutul=0; /finitialize counting BER

Jor(averagelvop=0:averageloop<=average:averageloop++)

{
EbNo=pow(10.ebroloop/10); Meonvert EbNo from Log domain to normal
STDDEV=1/syrt(2*2*EbNu)./ffind standard deviation that used for generate nofse

/*Transmitter®/
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Data_gen{source); Mgenerate binary data
maodulate(source.modulate_signal): Amoduluate
/*Channel*/

AWGN(nurdulate_signal recy_signal STDDEY);

/*Receiver®/

Detector(recy_signal recv_data);

/*Find BER*/
error=0);

Sorfcount=0:count<BLK_SIZE:count++)

{
iftsourcefcount]!=recv_datafcount])
error++;
/
/*keep BER in total BERY/

BER_total=BER _total+error;

M/End average Session

/*Find BER for each EbNo*/
BER=BER_total/(BLK_SIZE*average):

/*Show on screen and keep in file*/
cout<<"EbNo :"<<ebnoloop<<® BER :"<<BER<<endl:

outfile<<"EbNo :"<<ebnoloop<<" BER :"<<BER<<endI;

M/End ebnoloop Session
outfile< < "rsoeeonseeseo END SIMULATION RESULT-——-——meeee- "< <endl;
outfile.close();

MEnd main Program

=

Tavndnunzvosndasiananaiai lasnminaaeulunsfindivnualiar Ebno RlFau

fifsznd1e 0 049 8 dB Tidnuazawnsmluglii v.2
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' ' ' ' " | -e- BPSK Uncoded
107 b :
10° 3 5
i 3
TR
© E
‘l[]'5 1
10.0 1
E D
10’7 3 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8

Eb/MNo
1l 1.2 AretnmdasnnuAanamiaf laninnisnadey
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MANUIN A,

A 9 At Y L) d
mqugmnm‘umﬂmﬁmsmiﬂmmnmaﬂ‘u

Al NMIINNIUYBINIATBATHAUUY MAP
dmiumsimesnnoeasiafiegniolwseeasimuumesTy Humnaooasia
#ifins 1955 nsneas iy MAP Figawannaensndimsasasauuy BCIR Algorithim
07 TeolumsinuvesnnensiassiimmiWoyafignduduniinmosasimimins
Wisudsuiudnsazvesdoyaiiiulyld ifedmame1 Logarithm of Likelihood Ratio
Ald) wwoteenliliunadnsveamnnoasia Tasmansednnaidninmnnninad

Joint Probability A¥(m) fiffiowie
X(m)=pld, =k,8, =m|R) (.1

A < Y ' A - o ¥ Iy,
1o S, WAAIDITDTUSVDINLTIVITNT O I I, ’lﬂ 9 ﬂaumzumsswagawwﬂmaw

»
uazlunsimaamim Ald]) iu aansosmnaidon

> 2 (m)
( ) IOgZ}U’(m)

(n.2)

Tasmisdmuadanys Forward State Matric a; (m) Reverse State Matric ﬂ,(m) uas

3 -
Branch Matric ¥(R,,m',m) Yunuieldnulaviifiswne

_ — N
atk(m)= p@l — k’SIN m R )P(dl =k:S1 = m/Sl-l =m') (1.3)
( P(Rl ))
_p Rlll,l /8§, =m
ﬂl(m)'— p R,{‘:l /RN (ﬂ-4)
(R, m',m)=p(R 1d,,S, =m,S,, =m)ald, =k/S, =m,S,, = m)e(S, = m/S,_, =m)
(A.5)

dmSudls Branch Metric y(R,,m',m) uns fifiaesi1amutuiuy Deterministic

o ] a ¥ @ 1Y 1 []
fuvuTunsdiverransdsouds smamniwaiu g( ) Qn'l‘lmui)"umrflu “0” 30 “1”
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iy uazdmiviwaninziu 2( ) fgmimnlfmulunsdivialy eelisudu 12
dissvnamanninuilu p(d, =1) uaz p(d, =0) sy 12 dwmFumsiemveanin

1 d t 4 1 4
poasHaiu Tvuaoulunsiinunae il

ALl AeuGuAITYIMMITIRAsHE Bnsdmuamisuduvesduls af (m) uaz

B,(m) Wiiswidy

af(0)=1at(m)=0 ;Ym=0,k=0,]
By0)=1,8,(m)=0 ;vm=0 (R.6)

4 3 ' 4 o ' ° o '
n.12 dislideyangnduduinesesasda a nari q selimsimsfuaumsn

Ay ¥(R,,m', m) uaz a*(m) muddusinaums

Zin (R,,m,m)erl_, (')
ay(m)=—"12 o

TS Rt mat ()

m m k=0 f=0

[ ) si o : ’ .’,' 3 o
7.1.3 mondsnnideyaiidisdmiimualundasassgndannlunces dauls 8, (m)

sxgniinisiuan Tasldeuns

Zi}'ﬁ (Ri’m’m' B, (m)

B, (m) = — 4= (7.8)

33 S 14 R )B4 (m)

m m k=0 j=0

.14 Mmsdwnummnamieziiu Joint Probability A% (m) 910

2 (m)=a} (m)B, (m) (1.9)

f.1.5 Az Joint Probability 2* (m) M1ldninnszuaumssurannidly

3AIUIUAT Logarithm of Likelihood Ratio 910auN15
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AL
( ) logz,l°(m)

(n.10)

1 ' ° 9/
a2 mIaannududeulumsinnalumsesasiatoya
FMTUATLVIUNINBATHALLY Iterative Decoding NUMFUIMANNIS TUMsRBAIHRULY
° o ¢ A . 13 1] .ye
MAP unimsdsegaaidau HiagulseaiiNesiinsAulamif a Posteriori Probability
4 . o : .
(app) iovinnlfdmivmsdatule Taadiofiorsantagptuuulumsiama q vesdisns
poAINAILY MAP ud? wun asimneen 9 AlFlumsiuiinsdmnsiinnm
v ¥ o : < <y o o * Y v ¥ s
Fudoumn aniudelaimstannglusnlumsdinnan q Mianududeuanas 35ms
P ° Ly ° (R v ' . A 3
nitaigminn1lFldunmsnnsannsfouain q ogluglusift Logaritm tenldou
. Y 1 4 o ay P . -
stuvuasdnunnasgaldeglugdvesnsuainuny Faihldesildlunsdinond
» »
Aanududouanas  uennmiu  Hdwwalideyai ldninarsdurndinaniidasinig
3 3 A L4 - 1 \ - 'A '
nasumasfiaaas amsaflesdumsinadeyaniinunuynannisrsanla Overflow) ua
° 1 A‘l o ? ! 4 : o =t o o ﬂ‘d
Tunrsdminae q WensswImeylugves Logaritm vy Himlidnvuzaisiiuiunl
awdudousgifiosnmniimsfmualugluyvesmsmimenilaidu Inte * +... +e *)
#idoaldes lumsdnnanfinswdudou dmividedeld swiinsnandgluuulums
. 4 ; J
ATUIUIUY Max-Log-Map 10¢ Log-MAP [20] #uiluismsn1Flunsannnududeoulums
funuveamaneasianiianvazlumssmnuieglugdvesilaidudnanliiovas Tavil
- o B0
F1waBYA UMM
n.2.1 I8nsaensaluy MAX-Log-MAP
ansAnyanyas Tlumsfaum Logarithm of Likelihood Ratio 1ta¥ Extrinsic
. LY ] et o« A o oy o
Information VBANINROATHA  WUNNNIS 1FITMsaeasHangniaNINItMsneasid
» v
oy MAP Taswunlumsdmiauds 9 veanineeasimiy Fudusnmsfiiaumim
- 4 ] [ o 1 A
Branch Metrics ¥,(R,,m',m) toviwldlunsduammuesdunlsan q oo
fivrsandaanuue 1unsAIUINNIAT Branch Metrics wm’ﬁ'ﬂymmmﬁumiﬁ'h’f'ﬁm%'ums
f112IUMIA1 Branch Metrics szlidnyauzvesaumsagluzilves K, e~ : Tauf K, uaz K, Yy
Husdwn q 7ldenmsdmas wazlun1sthint Branch Metrics i1 lunisdnnumaives

et (m) waz B,(m) viu Uuvulumsdmnaniu ssaglugdiuuuvesaunis

St e
'a'_ Bi(m) = 7

alk (m) =

(n.11)
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" 3 b4
die &, Wudwlsiildnnmsdnnn wazdunls o, uaz B, 1 Juswaswvesm
k » P 1 o w4 ° A4 o q VY '
! (m) uaz B,(m) vesdoyafignaan u nat ¢, awdidy Sgminnmsmerilidoynsy
Tugtuesl Normalize uazdmiumaiwmives af (m) uaz 8, (m) nldlunmsinaume
N\ 4 ) o ' .. . o o §
Ald)) weldunsdnduloniefuamin Exinsic Information 1fu Hdnuuzvenuntsf

i 4
Fdmsumsammuasil

Z Z 4 (R, ,m', m)eA""("")eB"('")
ZZ?’:(R,,M m)e -1t gBu(m

A(d ) log-= (n.12)

IﬂUlﬁuiﬂllllu‘llﬂdﬂ'liﬂ’lu’lilﬂlﬂ\?ﬁllﬂ'liﬂ (n.10) llJOWi)'lSﬂl’lﬂQﬂ'lﬁu'lﬂ’l a; (m) iae
B,(m) m’h’f‘luﬂﬁmmm'lugﬂuuu-umm Logarithm mwmmanumz'lumsmmm
-] 1 o ]
l‘lﬂllﬂU’JﬂUﬂim'ﬂ‘BQﬂ’liﬂ'lﬂ’l Qa; (m) uas ﬂ,( ) e zmu"lﬁ"n“lumsmmmme ] Y93INN
» )
ﬂﬂﬂ‘iﬂﬁuu umsmmm‘nummmwau mﬁu%’ﬂﬁ'ﬁmiﬁmmgﬂlmu'lumsﬁmvmﬁﬁ
v ¥ Sy s w v Y o v Y ¥
ANUPUVFOUNUBY ﬁ’lﬂﬂJﬂ'lSﬁﬂﬂ‘l‘l&l"ﬂ’ﬂ%ﬂ'uhlﬂ'liﬂ'l'u’ml‘UENﬂ'lﬂflf)ﬂ‘iﬂﬁ‘lli))gﬁTﬂUﬂl‘!f
¥
ﬁﬂ'li MAX-Log-MAP uy ﬂzﬁlun‘uﬂa’s’n‘asﬂs:mmﬂﬂunﬁﬁm'mwm 9 HRUMITAIUIN

J - o 1 o d’
aums laease Faesliansas lunsdssuismiveaunisaail

In(e® +..+e™ )~’rﬁax)5 (n.13)

naaumsh 0.13) dugduuylumsdsznudvesaumsitinssnnaidudoulti

° aa o Y 9 o [ ' [y -
msmuanlinnusudeuliosas ﬁmsugﬂlmwmﬁnmsmnanxi‘luaﬂymwmanms-n
v deadinsinnlumsnmidalsan q Tunszuiunsosasia Lta~1u0un1su1naﬂn1s
Tumslszanasiiuinsido sedunsilfassuaamswig q Yu annnududou
“lumsﬁm';mmmﬁo1ﬁuqufimsmmmmmqaqmawagmmﬁ’u uaziiioRvrsandans
° ' o o ° ’ o P ' - o
fnnama lasinszuaunsilFlumsdnnuan q fu dudswsmsdsznanms faiu

[ »

dszdniamlumshinuvenassooasianiinistiniinmg MAX-Log-MAP wldanniu &
t A ' ada ° Y  aq
AMANINTANTNITAUINAWITAIT MAP

f.2.2 F5MI08ATHANIUY Log-MAP

iHoanniimsannimdudoulumsiinuoinnaonsiadwitns  MAP-Log-MAP
n’: o o d' ~ I o’: o : A.l =4 o Ay
wu Banvazlumsdannandudisimsdsanamsmniu snfwdlelinniitms Max-

»
Log-MAP inlFlunisdinmee dewamidilszansnmlunisvinveininosasimiuiin
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o : ° ) - (] [ 4 : < ' ; =S\
anas saiy lumsi iuseaniamlumainuveaninasasimiu igediu ezdesding
o ° v o v A a 4 4 a o
PYupapuuulumsdmraldiimilndifissmiiuisannti Tasnsiumsinouly
» ]
72U Jacobi Logarithm lumums dnfugduvyvessrumsilgdmivnsiminlunsd

v94 Log-MAP aeiidnunizdad
In(e® +e%) =max(5,,5,) + 1n(1 +¢ 1574 )= max(6,,6,)+ £.(6, - 5,) (n.14)

Taufinisannaludmhovossumsiunudedadnud £,()  dudwiigminmi
° A t4 . a A s ' A Y a .: o 3 4 a °
s inmssnniiniindfeamfuissanniu  dniudelinnigduuyves

aumsaananniFlumsdmnn s lddnuaslunsdaudaruns

In(e® +...+e%)
=In(A+e>)
=max(InA,8,)+ £.(InA-6,) (A.15)

=max(5 ,8,)+ £.(6-3,,)

do A Hewihfue® + ..+ e’ Fawafildnnmsihnuveanaceasialaoldiims
LogMAP 1fu wﬁﬂszﬁm?mw‘luﬂﬁﬁmuﬁqqﬁutﬁalﬂ?uunﬁuuﬁunsﬂﬁﬁmsh’;’?ﬁms
MAX-Log-MAP tdlun1sfiiinan 4 wfimusudeunniu Hoewndintsdnaumm
Jacobi Logarithm #ansoannamdudoulunisianludiuvesmssuinimian Jacobi
Logarithm 18Tagns1dmsvssinamitidvinnsdnnusniladdu £() wazimstiuin

Hunvasanusiluaens

A.3 N3111914Y930 A Interleave

35M5 Interleave Hlunszuaunsdmiunidsunasnmsdadvadoyadtnea idnuus
4 A - o g A - -
funnanoenlinady  sunseihnlfluszuudemsveteadunisiawarnvesdoyalu

y

sihiuuves Burst Error 14 uddmunsdivenseshsdauuumesTuiu finsiins
Interleave 1N 1Fanuieilidoyaiildvnnmdisiasinnesdisdasn q Tdnyuzves
Y] A o o & . 2 o o o ¥ a A °
Foynfiianuduius  (Correlation) Fatunazfuanas  Taudlumsifeyaduiiosins
haalusesidsiadn q mHINIZIIUMT Interleave 1M INMINIAUNa3UILVYES

s A Yy a ¥ [ XY P ' o . @ ac a9 Y
Yoya eolidoyangnidsalidnumziuandniu  dmiuiEmsnlélums  Interleave
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8/ H - ° 3 et (9 t e -4 4 Y
foymiu  Hyluuplumsinuegnawiimsdiedu  Taousazizasnes inadwiluns
v . »
wafiuanaeiu dmiugduuuveanszuaums Interleave HigminnlFluinoiinugi
Usznovldau38n1s Block Interleave Uy Pseudo-Random Interleave lnuiisiwazibun
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/*find the select region®/
iflYi_new<=ytempl&&Yi_new>=ytemp2)

*select =4, //select region B2 right
else

*select=3; /lselect region BI right

/*if Xi_new< 2L-(A-L) The region is Bl right*/
iflXi_new<2*var_L-(var_A-var_L))

*select =4, //select region B1 right
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Pre-Equalized QPSK-Signal with Turbo Codes for Wireless-ISI Chaxlllnlel
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Abstract: In this paper, a proposed wireless-
transmission model by concatenation of turbo code and
precoding of Spiral curve and Dimension Partitioning
techniques on QPSK signal through multipath fading
channel is introduced. It is a novel method to decrease
ISI effect in wireless communications. Simulation
results show that Spiral curve precoding with turbo
code achieves the best gain at high SNR compared to
those of considered equalizations with the same turbo
code scheme.

Keywords: Pre-Equalization, Intersymbol Interference,
Turbo Codes

1. Introduction

Efficient equalization techniques have been devised
to decrease ISI effect in wireless communications such
as the Viterbi or maximum likelihood equalizer (VE),
optimum or sub-optimum soft output equalizer
(OSE,SSE) [1], decision feed back equalizer (DFE), and
pre-equalizer by using precoding technique. The first
well known version of that precoding is Tomlinson-
Harashima (TH) precoding which precoded on only
amplitude modulated signal [2][3]. Consequently,
Spiral curve-phase precoding [4] has been devised to
avoid the disadvantage of TH-precoding of dealing with
only that amplitude. This was done by proposing Spirai-
based phase precoding method. Its performance and its
application on M- PSK. signal have been shown recently
in [5] which achieving better performances than those of
classical post-equalization techniques. Recently, another
precoding technique, Dimension Partitioning [6], has
been published with the same purpose. The results
applying  these  precoding  techniques  show
improvements in the slow varying fading channels.

In the previous works [5], Spiral precoding has been
concatenated with error control coding of Trellis Coded
Modulation (TCM). They have presented an efficient
ISI-combating method using this combined model.
Considering precoding as an ideal DFE equalizer at the
transmitter [5], it can be expected of achieving a further
outcome by proposing Turbo code [7] in this model in a
straightforward way. To decode this turbo precoded-
signal, it should has no effect of the error propagation
and inherent decision delays as it occurred when using
DFE. Morever, the combination of this turbo code and
precoding is expected to improve the overall

performance substantially compared to results of the
previous works.

In this paper, a proposed wireless-transmission
model by concatenation of turbo code and precoding
(Spiral and Dimension Partitioning) on QPSK signal
through multipath fading channel, is introduced. In
section two, system description of this concatenation is
presented. Next, details of soft-detection method of each
precoded signals is shown in the section three.
Simulation is carried out for verifying this proposed
model. Its performance is compared to another well-
known post-equalization technique of VE/SSE with the
same code in section four. Finally, conclusion and
discussion of this work is shown at the last including the
investigation for further works.

2. System Description

In Figure 1, the proposed transmission model with
full-duplex two signal links is presented. Initially, in the
forward link binary turbo encoder transfers encoded
signal of input sequence d; with rate % and to be the
codeword (c° ) by using the method from [8]. This

1
pJ’cpJ
codeword is passed to QPSK mapper in order to provide
related format of signal for each precoding method. As a
result, a complex coded symbol §, = 4¢/* with Gray-

codes mapping is obtained, where 4 is a constant
amplitude and g, is phase of the /* information signal.

After interleaving to avoid burst error of fading, signal
symbol §, cooperating with the channel-estimated

parameters [, of the reverse link from slow fading

channel in the same data frame of TDD multiplexing
systems, are used to compute precoded signal
P, = Ae’” (where g, is the precoding phase). This is
done with the same assumption as in [5]. That is the
channel fades so slowly such that it is assumed to be the
time invariant over two adjacent frames of the forward
and reverse link. In addition, the chamnnel impulse
response can be modeled as a linear and time-invariant
over two adjacent data frames so that the radiation
patterns are reciprocal in both forward and reverse links.
Moreover, channel parameters are estimated perfectly
on the reverse link. Due to the limitation of size and
power consumption of the mobile unit, precoding is
used only at the transmitter of base station.
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Figure 1: Proposed Model of Turbo Codes on Precoded-QPSK Signals

At the receiver, signal R that passed from the

multipath Rayleigh fading channel is detected and
computed for the Logarithm of Likelihood Ratio
(LLR); A(d,)- It is defined as

/\(d,.)=log[P{d’ ="R;}] M

Pld, =0|R}

Subsequently, LLR A(d,) is deinterleaved and

transmitted to the turbo decoder to recover information
data 4;. In order to have the proper information for

turbo decoder, soft-detection of each precoding method
will be defined in the next section. Obviously, this pre-
equalization technique is done similarly to those of the
classical post-equalization (VE or SSE) but this pre-
equalization is processed on the transmitter instead of
working at the receiver.

3. Pre - Equalization

In this section, main equalization techniques that
used in this paper are presented. Specially, the
computation of LLR for detection of precoded signals
is discussed in detail.

3.1 Modified Spiral Curve-Phase Precoding

Pre-equalization by Spiral curve phase precoding
[4] has been devised to combat ISI for phase modulated
signal based on Spiral curve technique. This Spiral has
been modified and improved for achieving the
optimum performance in the previous work of [9].
Therefore, that latest version is used in this work.

To consider Spiral precoding detection, the received
signal R, =r/e’ is then computed having the
received information carrying phase g’ from [5]

B =4 +wy+(r - Chr @

where ' is the received signal amplitude with phase
#,» w, is the ISI vector’s phase, and C is the Spiral

curve constant. Because ISI is combated by precoding
prior to transmission to the channel, an equivalent-

AWGN channel assumption from [5] is used in the
detector. Then, g’ is a simplified Gaussian random

variable with zero mean and variant o ;. As aresult, a

posteriori probability p(§i =% ﬂ,) can be calculated
by

p5=%18)= 11233 Jexe( |5 - 5.

where X and g, are the referenced QPSK-signal and

3 /(20;)) 3)

its phase respectively. Thus, LLR is computed by

2

Zp(S,. =18y, =14 |'81)
Ald,,)=log| £*

ép(sl L Sd,,:o_j | /Bl)

2,\I—I

S 1\f2a05 yexe( - |6, - . 1293))
j=1

Z(I / "2”0‘,2, )CXP(— Iﬂ, r- ﬂd,ﬁo.j
=

@

= log

i /(20;))

S
and 8 4,1, ) Tepresent the received data signal which

the k" data bit of this signal equal to “0” and “I”
respectively. Finally, the variant o, of g, is then

where § '

50" signals (with phases f oy

diy=.j

calculated from

;(lﬂ;L— s[) -

0'/,=

where L is the number of blocksize and B, is the
nearest signal phase to each of g'.

3.2 Soft Detection of

Partitioning-Precoded Signals
Dimension partitioning is another generation of
pre-equalization method [6]. Generally, it is devised

Dimension
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Figure 2: Performance of Uncoded-QPSK with Pre and
Post-equalization

for only QPSK signal. In order to apply it with turbo
code as mentioned previously, soft detection of this
precoded signal is required at the detector. In this
section, a calculation technique for soft output detection
is described.

A posteriori probability of each signal in  QPSK
constellation p(S'I = 2|R,') can be calculated from the

comparison of that received signal with all possible
center of the region in dimension partitioning. This
signal is named as X. To simplify this method for
simulation, the nearest center of received signal is used
in above calculation. Hence, p(SI =% R,) is computed

by

P(—; =x| —t.)= . : Z:CXP(—IR; _é.?,=i
N

2/20,’,) ©)

where C'i,ﬁ is the nearest center of the region which

represents the information signal X . Finally, LLR of
Dimension Partitioning-precoded signal is taken by

51270, Joxe{ |8 - €. 20

A(di.l)'_' lo 2 ;
Z(l/‘[i;;;)exp(— Iﬁ, -Gy, =o|2 /(20',?,))

_ )

where C -8 A and C‘d o is the nearest center of the
(N ik

region that shows the received data k” bit of the signal
S,. They are “0” and “I " respectively.

4. Simulation Results

The simulated ISI channel of this paper is modeled
by two equal strength rays of Rayleigh fading on the 7 -
spaced discrete-time model where the delay
T=|T. (t)—ro(t)| is one symbol period T. In this work,

Doppler effect is not taken into account.
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with Pre and Post-equalization on QPSK Signals
(Iteration : 15)

Equalization/Precoding | Parameters

Spiral Curve A=1, C=1/ay
Dimension Partitioning A=1, Lo=1/1.3

SSE Decision delay = 10
VE -

Table 1: Initial Parameters
(4 is the normalized signal amplitude, C and Lb are constants,
and ay is the first path fading amplitude)

In this section, the performance of the modified
spiral curve precoding, Dimension Partitioning
compared with those of VE/SSE is presented including
their concatenation with turbo codes. Initially, necessary
parameters for these simulations are set in Table 1.

To consider on pure equalization performance, the
comparison of each precoding and equalization method
on uncoded-QPSK signal is shown first in Figure 2. At
high signal to noise ratio (SNR), precoding by Spiral
curve method gives the best performance compared to
VE/SSE while precoding with Dimension Partitioning
shows the lowest efficiency.

Next, performances of turbo code with precoding
and classical equalization method are presented in
Figure 3. Turbo code for this simulation is (37,21), rate
1/2 (throughput 1 bit/sec/Hz) with 1024 bit / block and a
pseudo-random interleaver. The external interleaver
works in block style. Results at fifteen iterations show
that they are all much better than those of without
coding from Figure 2. Similarly, Spiral precoding with
turbo code achieves the best gain at high SNR compared
to those of other equalizations with the same turbo code
scheme. However, its performance is still poor at low
SNR.

Finally, simulation results to find the optimal
solution of using of soft-decision spiral curve with turbo
codes are shown in Figure 4 and Figure 5. Their
performances by using various constraint length K and
block size are discussed. Results show that the better
performance can be obtained by increasing constraint
length or having better codes as mentioned in [10].
Due to the effect of estimation of o'; in equation (5),
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larger block size also gives better performance as
general.

5. Conclusion and Discussion

In this paper, a proposed model by concatenation of
turbo code and precoding on QPSK signal is
introduced. This is to combat ISI effect for signal
transmission through the multipath fading wireless
channel. For turbo decoding of each precoded signal,
soft detection method is described in detail. At high
SNR, simulation performances show that Spiral
precoding with and without turbo code gives the best
performance compared to those of other illustrated
equalization techniques with the same turbo code.
However, it still performs poor at low SNR. Generally,
this confirms the success of the proposed model to use
for combating ISI in wireless communication channel.

In the future, improvement on Spiral precoding
performance at low SNR will be considered. In
addition, other ISI combating techniques under the
same condition will be investigated and compared.
Specially, the joint transmitter of turbo encoder with
precoder compared to those joint receiver or turbo
equalizer will be studied at the next.
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Abstract

In this paper, a proposed wireless transmission model by
concatenation of turbo codes and Spiral curve phase
precoding is introduced. It is a novel ISI-combating method
for BPSK signals through multipath fading channel.
Simulation results show that Spiral curve phase precoding
with binary turbo codes achieves the better gain at high SNR
compared to that of Viterbi equalizer with the same turbo
code scheme.

Keywords
ISI, Turbo Code, Wireless Communications

I. Introduction and Background

In wireless communications, intersymbol interference (ISI)
is one of the major impairments which reduce system
efficiency dramatically. Efficient equalization techniques have
been devised to decrease this ISI effect such as Viterbi or
maximum likelihood equalizer (VE), optimum or sub-
optimum soft output equalizer (OSE,SSE)[1], decision
feedback equalization(DFE) and pre-equalizer by using
precoding technique. The first well known version of that
precoding is Tomlinson-Harashima (TH) precoding [2][3]
which precoded on only amplitude modulated signal.
Consequently, Spiral curve phase precoding [4] has been
devised to avoid the disadvantage of TH-precoding of dealing
with only that amplitude. This is done by proposing Spiral-
based phase precoding method. In this paper, a proposed
wireless-transmission model by concatenation of turbo codes
[5] with Spiral curve phase precoding on BPSK signal through
multipath fading channel is introduced. This proposed method
is a novel combined technique of powerful coding and pre-
equalization method. It aims to decrease ISI effect in wireless
communications.

'D. Chumchewkul is a scholar of Thailand Graduate
Institute of Science and Technology (TGIST), National

Science and Technology Development Agency (NSTDA),
Thailand.

I1. Proposed Method

The binary transmission model with full-duplex two signal
links is proposed in Figure 1. In the forward link binary turbo
encoder transfers encoded signal of input sequence d and to
be the binary codeword. As a result, a complex coded symbol
i, = Ae’” is obtained, where 4 is constant amplitude and

;is phase of the i information signal. After interleaving to
avoid burst error of fading, signal symbol S‘l co-operating
with the channel estimated parameters 7, of the reverse link

from the slow fading channel in the same data frame of TDD
multiplexing systems, are used to compute precoded signal
P, = Ae’® (where g, is the precoding phase). The channel

fades so slowly such that it is assumed to be the time invariant
over two adjacent frames of the forward and reverse link. In
addition, the channel impulse response can be modeled as a
linear and time-invariant over two adjacent data frames so that
the radiation patterns are reciprocal in both forward and
reverse links [4]. Moreover, channel parameters are estimated
perfectly on the reverse link. Due to the limitation of size and
power consumption of the mobile unit, precoding is used only
at the transmitter of base station.

At the receiver, signal R’ from the multipath Rayleigh

fading channel is detected. The received information carrying
phase g is re-generated by using the detection regarding

spiral curve precoding. To have a proper information for turbo
decoder, this paper also presents a technique to calculate soft-
decision data in the Logarithm of Likelihood Ratio (LLR)
format, A(d;)' from g . Finally, this data is de-interleaved

and passed to the turbo decoder to recover for the original
binary data d,'.

I11. Modified Spiral Curve Detector

Pre-equalization by Spiral curve phase precoding [4] has
been devised to combat ISI for phase modulated signal based
on Spiral curve technique. This Spiral has been modified and
improved for achieving the optimum performance in the
previous work of [6]. Therefore, that latest version is used in
this work.
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Figure 1 Proposed Model of Turbo Codes on Precoded-BPSK Signals

The operation of the ordinary Spiral curve detector to
calculate the received information will be done by using the

relation of the received signal R, =r,e’* in Spiral curve

equation [4] to compute the received information carrying
phase 3’ by

B =9 +vi+l-Ch M

where "1. is the received signal amplitude with phase ¢, y/;

is the ISI vector’s phase, and C is the Spiral curve constant.
However, the output of the ordinary Spiral curve detector will
be in g -form of the information signal and it must be

modified to generate the soft-decision data in the LLR
format for turbo decoder which defined by

(2)

From the assumption as in [6], If C is equal to 1/ay, then
p, can be always detected at the detector perfectly.

Moreover, ISI is combated by precoding prior to passing
signal to the channel. Hence, g, is a simplified Gaussian

random variable with zero mean and variant o’f,- As a result,
a posteriori probability P(§: = X5, ) of the BPSK-signal
(Sd‘_o, Sd,-l) with amplitude 4 and phase p“o or Bd,-l
can be calculated by

o8, = %18)= 11 {273 Jexo{ - 1= B[ 1253)) @

where X is the reference of BPSK-Signal. Thus, LLR is
computed by

/\(d )___ log[ P(Si =Sd,-l |ﬂ1)j|
PS5, =5,.018)

1/ \2707} )exp(— 18, - B[ /(202)) )
(11270} )exp(—|,3,. ~Bul /(205,))
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Figure 2 Performance comparison of uncoded-BPSK with
different equalization techniques

The variant 0'; of g, is calculated from

 X(a-al)
e e, L

(5)
7 L

where L is the number of blocksize and B is the nearest

signal phase to each of .

1V, System Performance

In this paper, simulation is carried out to study the
performance of the proposed model. The simulated ISI
channel is modeled by two equal strength rays of Rayleigh
fading on the 7 - spaced discrete-time model where the delay

r=|r, (¢) - 7,(r)| is one symbol period T. Doppler effect is

not taken into account.

First, performance comparison of pure equalization (VE
and SSE) and precoding on uncoded BPSK signal is presented
in Figure 2. At high signal-to-noise ratio (SNR), it is obvious
that Spiral curve phase precoding gives the best performance
compared to those of VE and SSE which 9 dB of gain is
achieved at BER of 10E-5. Next, in Figure 3 system
performance with the potential of turbo codes is presented.
Constitution codes is [37, 21] with rate of ' and its parameters
are 1024 bit-block size, and with block-external interleaver.
Results confirm that the proposed technique of Spiral
precoding with turbo code is the best case compared to
those of the conventional equalization technique (VE).
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Furthermore, they are also much better than performances of
pure equalization in Figure 2. However, because a'; is

computed from g of the ordinary Spiral curve detection

which assumed to be equivalent-Gaussian random variable,
then the system performance might be poor at low SNR. This
effects shows in Figure 4. In this case, constitution code of
[23, 35] is used. Results present to the poor performance of
spiral curve compared to those VE with the same turbo code
scheme, specially, at low SNR. Therefore, system conditions
of constitution code, blocksize, precision of computing crf, in

Figure 4. should be re-designed optimally in the future works.

V. Conclusion

In this paper, a proposed transmission model by
concatenation of turbo code and Spiral curve phase precoding
on BPSK signal is presented. It is a successful method to
combat ISI effect for signal transmission through the
multipath fading of wireless communication channel. In the
future, the optimum condition using turbo codes with Spiral
curve precoding including the extension to work with higher
M-ary PSK signaling will be considered.
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