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JOINT ITERATIVE DECODING / CORRELATED FADING
PARAMIN ~ SANGWONGNGAM : TURBO-CODED DIFFERENTIAL SPACE-TIME
MODULATION FOR TEMPORALLY CORRELATED FADING CHANNELS. THESIS
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In this thesis, two new techniques for joint iterative decoding of serial concatenation
of turbo codes and differential space-time modulation based on unitary space-time group
codes are proposed and evaluated, under temporally correlated fading channels, assuming
no Channel State Information (CSl) at both of the transmitter and the receiver. The first
approach which is referred to as Scheme 1 takes advantage of the conventional system by
exploiting the unitary space-time group codes which possess trellis structure of differential
modulation. The extrinsic information of modulation symbols is calculated from this trellis
structure by using a detector called an a posteriori probability (APP) demodulator which has
to be accordingly derived. The second approach which is referred to as Scheme 2 further
applies proposed rules of bit arrangement which is defined as arranging systematic and
parity bits in the way that can overcome rapidly correlated fading to the first one.

According to_the computer simulation results, both of the proposed methods are
superior to the conventional one at high to medium-bit-error rates, -at the expense of more
complexity. However, from the simulation results, Scheme 1 cannot provide better
performance under rapidly fading, whereas. Scheme 2 can consistently perform well.
Moreover, the effect of a range of system parameters is investigated in a systematic fashion,

in order to evaluate their performance influence over our two proposed techniques.
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feedback generating polynomial
feed-forward generating polynomial
puncture

error floor
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quasi-static fading

block fading

temporal correlated fading

flat fading

channel metric

group code

error-correcting code
concatenated code

space-time code

unitary space-time code
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13xna1A8 IATIAFNUDINIAFILAZNTATLABITZLLAUANINUNAINN [15]

4 4 . Y . . 4 Y 2

LN 4 32UUNLARD: NAIDIATIAE19URINIARIUAZNIATULD TEULN LAUD WEANTIY
AN9ALATIEAAINNTLTAUNIINFANUI UTBIT LML ALAL e AU AU LU AR

UNN 5 HANIINARAL: IUUNTAzluNTWAASEANITANAR9LLL (simulation results)

Ao vaa Yy a aal = o - - A - =

2097 UUN I AN12AUANLALAIT NI NLAUA A ARNNI AR IN LT LN UANTIOULTINDY
NANTENLANNNIITHADFUBITZULLNNNITIR AT N1 7L HUANENATRIN IR IADFLNANT
\ g saal = > ax
ARANTITOULABITTLLN M EN1INAUBTIIABII D

v
o %

dl dgl [ a nzll =R a a '8
UNN 6 ZQ‘%“]JZ umu%mummgﬂmmmwvﬂ,mﬂﬂmw\mum@\mmmuwuﬁ bR

[ %

LAUA UL LUINIINIIN IR Aaa1Na1LdTe T et AR
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NOHYNUFIUNLNEITRS

AneninusetiuiduRus AU dang1funanaintateaniusasaiuigsntazian e

o

TudleeAunauNaznaIaNrzuUIINTINuN AN g AnILazAan199 Iaaua luundaly Wamn

'
a %

luunilasGususaanisnataisanuidilanaadudesdyoyin MIMO duiludasdnynyio

1
a R

2035z ULNANE lwiadan 2.1 aanduluiaden 2.2 nanalsarnatasdoyyin MIMO Liie

wassddaaiuayulunisldszuuaaeniAdanaziauauasataainia dasnluiode

'
o

4:4‘ 1 =® o a a R v A k%3 a a '8 -él
2.3 %ﬂmqmmaﬂ?gu—mmimL@Wﬁumugmmm\ﬂmLmﬂﬁlmmmmwmuwuﬁﬂuuu

v Y b4 | = o o 3| v o 1 dl A =®
LL@&'?V]Q?J@Z@@VI’]FJQZH@’VJG\‘I?V@L‘V]@fﬁ:‘l.l@uLﬂuﬂ’]ﬁ‘mWiMWﬂ’Nﬁﬂgﬁyﬁmm LRBANANEN

A9 “daedtyyans MIMO” Haanuunngdn wludesdnyo naesszuudiaainiAgs
A ALMANEANERINALAZANE BN A LA MILMANEE g AT AN s RA s T &
BUNATBITIATY YU UIUNGIRUN A LAZITRERILIEWE TneiFendeedtyn iy
angeniAdLaruatnazarteni Asuunsdiiallifle nFeufeuRudesdy o
MIMO 41 ga3&tynyans SISO (Single-Input Single Output channel) NANTRNLLILANADS
m@qsxuﬂugﬂﬁ' 2.1 1awz ludanresdasdyasniinlagd dssnaudae anaanidgs
AU M @18a1nA Lazanae1n1ATuanal N anaainiasuiadiudesdynyo
MIMO mammﬂiﬁﬁmmﬁmwﬂﬂ'wmmmuLﬁ@lﬁﬁmmﬁmmmﬁﬂivmﬁﬁLLWé@ﬂﬂm

o

senanepaNsaInNAwsaze I audNwusdny (cross-correlation) il nanfiansAnmlu
seAUR I sNeREn (single user) ez BadaauNFdn mm*uﬁmﬁq‘imiwﬁﬁmumﬁmu #14
NN m%ﬁuﬁmammﬂé’uLwi@mwmmﬂmmmﬂizmmmﬁ”ﬂ;mﬁmﬁmqm
AneRiAAdLRaTANEa AT 9N 08 AT en AL ANNTOUAASTRNA Y TR
MIMO Iumﬂmmﬁzﬁummmuﬁ(baseband representation) IAFasaNnITAMAAARS

UULLTLAY piatl
Zh X+ W, i=1..,Nuazj=1.., M (2.1)

TgNsnnanssaegLivedrasiansinanudinlalasegly 2.2 Tnam



Space-Time N Transmit Receive
Encoder Antennas Antennas
51U 2.1 uLUA1A892RITTUL
h, ",
Tx Ant. No.1 xu;’é :({l} » ¥, RxAnt. No.1

Tx Ant. No.M x
Mt

519 2.2 LuyAaeTesATy I MIMO lnstieNanInnane a1 AFLa 81N AR

1%

Y, Wi &younoiuldl (received signal) figasaanaAduaidui i uazioan t ugdues

ANUIULTIT RIS

hi uwnu duilse@ndiade  (fading coefficient) szudne@naa N AdIRNAUT | U

'
o o a

ANERINIATLAALT | ad e t lugtlresusuiaedau

X, WU doyyanizedoydnuningndenn (ransmitted signal or symbol) i@1e@1nAiL
o o t:ll - o a v
a2eun j wazaan t lugluesanuaudeden

W, WY AT eTUNAULLLIAN (additive | noise) AAEBINIATURIAUN | LazlIan t

Tugtlragauandetan
NAfEunLAuAL MIMO STndnaes hi uaz w, liinisuanuasmieats
A o A | o ! a ! a v . .
wiauiuAe Wusulsguainin dATs e ulLLANNIATNNAN (circularly  symmetric
. . dld ' t:ll | e 1
complex Gaussian random variable) AXALaae (mean) LHuAuduazAtANLL Tl
(variance) {lunils Hatnnsiaanisseyguanwuziiutanudsaminaanfarunsona 1y

gt [1]
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a v

a a 1 1 & ) I n | & ) a 1 a v
ULTINN 2.1 LTINANIIN LINLFAAYT VNANLTINTGRU Z € C Lﬂummmmzﬁmummz{mmsn@u

wuuaNunasnanntAeasdy 4, uazAAuulsdsiusan (covariance) i Cov(z)

z

%

o
Re(2)

1.7eRMd9 7=
3Im(z)

} dunniwmesduatianid uas

2. ANANLLTUTUI N9 2 HIATNAE1969Tl

{ERe(Cov(z)) - Sm(Cov(z))}

c:ov(z)—1
~ 2| 3m(Cov(z))  Re(Cov(z))

2

TnaiariduaauuuLLueIaNUIaz Ly (probability density function) nessiaLLlsg

a 1 a £ aa 4#‘ [ 1
FUANIFANTITULLLANNIATNNANN T ATLAL LTI M, wazArAul sl sauLtlu

Var(z) a unsouanalasai

p(2) = (7Var(2)) " exp(—(z - u,)" Var(z) ™ (z - 11,)) (2.2)
Tnefi
() unudagna

oeud hi uaz wazdinnsuanuadwiiauiuud b ddnanduiuglivatagluuy
Tnganunsautiveantiiiu 3 wuunan < fe
1. WARMUWLLAANEADNA (quasi-static fading) ANUI=@NBARIEILEUNILAAS

a dl 1Y d‘ dl 1 1 ] 1Y o
Eunelirasninaeamsunisdedeyanii 7 uazilasueietnsgulumsunisdedoyadnly

u

&

2. WaRauuuuAan (block fading) @NU3e@nsmnaeaeaduniaumiasiduniad
LA . e - e T . 4
ANANNAARATIIANINN 7] 1ean1sdsdayauazitaguateeneguludaunainmiiueesnis

Tl

3. WnpvhuuRandniusioan (temporally correlated fading) 4n1lsz@nsinmpeaas

EQ

dedaya

Eunnsusazidunnailanlasuutlasluadoniaan (time slot) usiazafanaasnisasdaya
1 ] aalld I v a G a vatﬂl i’/ -QII 1

adeguiuunnedt Indiagsdsngnisadasslun1edguiangalugduuuisiuanngaun

Faasindwiy anaeslFma AUl anduiusinaning lduuuaiansaaa Jake (Jake's model)

AT

Tuaneidutlsga w, Nnawsiazioandiniuaeeinieaiule o dudassseiunisanuas

WanuAaaLuilauiis (independent and identically distributed) uanainidsanaasliian w,

U AEAINTASULARZA1AINA I N AU AN RN US TN eI A LAz Ui gL N ASLAMAS
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QI % ada % dl 1 1 1 ] dl o 1
wniindeanumandaniledn nnadeldnsudiaannifaadudesdyyiuiae
tﬂl tﬂl I o A o t:ll 1 1
wwansnNzanngalunsunsdynyreanlilae nszatsndsaunanaeiniAgausay
AE8RINTALYIN ] N YIRITENIN NITIAATINAIULLLANNAND (uniform power allocation)

o o = & P o \ ¥ @
satiugnunraeluannisuansanlusanann sty

1Y ,
> E[lX; 1= Poa NNANIAT t (2.3)
M &

Tnef

P WNUNNASUsINnN1Ags o aanle T

E[] unu ANANAIAUNNE (expected value)
|-] i Arduysndvsenun (absolute value)

~ o ! = P , A g ve \ o =
@Wﬂl&]'ﬂﬂﬂfﬂﬂﬂ@ﬂq RAMNNNT0LULLUANNTN (21) ELVNLWﬂsL‘WWQLLﬂ?LLmﬂzmQNTu’]WI@ﬂ

d w4 X
At Aell
M
Yie = 20X 4/ o + Wy i=L..,Nuwzj=1,., M (24
j=1

e

Py WU pl M iHa p uni anadaudnnnsadnny1nusunau (signal-to-noise  ratio,

o

SNR) N@181an1ASULAAZAIE 8 NA lugilre99nuuaseAILan wazladndoe

We9anANazaan lun1ua A9s28inasinIsAtAAIA ATLAZN1TANEAUNN TN

ptlaAnans audauanni (2.4) lugtluuuwmsndlunsaina i ldaesialiil

Yi =+ Pwm HtXt +W, (2.5)
Toeid
Vo=[Ve Va0 Vi o Yl W wesesvang ()7 unu naualng
by hy hyy
t t t
Ht — h21 h22 hZM
h\ hy M
.
X, [Xlt Xot Xt XMt]
§
Wy = [Wlt W Wi WNt]
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' v Ul
= 1% ! o v !

aila Tudqausn o Wniquaudesdayayins MIMO InsadeauumINuLANGN

@

¥

dasdtyounedeadunuuafaiuusy (flat fading) tHeasanliadndu1snuanaNansiae

| o

andeedturunsanana bl dedesd s aluLiaanaAINN (frequency-selective

v @ v @

fading channel) Tnalszgnsnumatiandagmnlilunauds i lunstidnunisdeansls

a

Y o a

g8 luLaUANNDRLLLAUNANY (wideband) mmmﬂizqﬂﬁmﬁﬂumﬂuﬁ Orthogonal
Frequency Division Multiplexing (OFDM) TRgNAN TN LAMNDLLLLILNS1991 Useney

AUANALALANNDLULLALLAL (narrowband) giagl ) ATUIUNAE °] WALAIND

2.2 AMNATRIATY UM MIMO

7 v
o o

NUIRENINFUIANTINABATUUANRYUUNG B N19T19817 ANNITUAAIAIINA

o

dasdryyroniudamtsninidaldmand1Adean il wileussd C. E. Shannon Anm
WAZIINIINGIUNG B N19919819 A1 TUArINeInE a0 naeuzendenalisiand

UnidevanayinuneNgTNARAUTTAT I U T aela I UReWA N1 TnaA TR aNN NuNaLN e LT L

'
] o =

AN RIATEUNOURNT C. E. Shannon uansl3

a o

nasniinaiiialuaesaonuqdesdmynnssiudull1dean 9uidanniunnasdias
wanAnmgduuuaesdeasdnyannaniziatzaddoanisfedeaunminaoiunuAn e
desdryryrninazszAuANIINIAdILaznIATuRINaAudesdry iy ouiiu o) Tneanie

wWaAeluguTadNIZRanad (distribution) LAZANANNLS LUNN9TaZLAZLIAN (spatial and

i
o o o 1

v 1
temporal correlation) A nuuAIItNaLazdeaglndAy Faatinaunaund Aty

1 1% a

[1]-4] luntaanaafsnanisAnsimnuqdesdyoyranialfideannandAnyine liuana

v o
1
=

W3 Feedtyry 1 nauL MIMO Huilaanuqge uastivaliidnlananqaesssuuiindipesiu
Aﬂla a [ P tif ¥
naneninusatuilly
a v v ISP d’ =) a :I/ 17 a o '
1. DIMYeITYANMIMAINTIADA UINFAITRANNAIN NIATUNIILL1IEIFAUE

A0t ed Ty YN NANY NN D Mauan H azlidn [1]

C =maxI(y;x)
X
= max I t(l, + py, HCov(X)H" its/ch | 2.
Cov(x):Tr(Caov(x))=Pma| og, det(l, + p,HCov(X)H ) bits/channel use (2.6)
Tneid
C WU ANANNYTRIAEYTYNTU (channel capacity)

[(y;X) unu 419819394 (mutual information) $e1iNg y AU X



13

o © a

Tr() wnu 91 (Trace) Faflusanuiiunisilduirisiniaesresnaunaesanndn’y
WUANLENHNUANYRNNTNE

I, Wi wvisndlanansnilm N x N

1
A o a

()" wnu @efNEe (Hermitian) Tauunada nanualnauazdsgalunstiianiiunisiu

wEnduaziludaaniiunisdegalunsainanfiunisiuanans (scalar)

E. Telatar [1] l&lduannis SVD (Singular Value Decomposition) LAZN1TIAATINAINL
289 X laeld water-filling Lang N

min(M,N)

C= > (log,(uc?)) 2.7)

i=1
Tne
M U waterfill level

o, Wnu AN (singular value) A1ALT | TeayIndmnge H

()" unu max(0,a)

1
¥ d =

daagUndAryannstitipe aanannian (2.7) wanslimiugn arunmldiselagdain H

Q

' |
] o =

fine N1SNAIEaINARSLATSL el AIAINA Tty e

v o

v %

\ 74 = o v al

A A ~ ao w X o
2. ﬂﬁﬂ!‘n‘l‘@ﬂﬁmm1muﬂ1i!ﬂﬁﬂu!!ﬂﬁﬁ ﬂ?muuﬂ’)@ﬂﬂquuﬂqﬁuﬁﬁlﬁﬂﬂq?

o o

L%

wasuwlasuunufenia lavinunelunsta ldeusia B -natuuuusen (Wodetesd 2.3)

1 dl = oA a = [ o 6 dll = a dlagl’ % 1
LAZLLLADLIEIMTRN AR ARNULUHANANNUTIIANNDANNUNEUATI MNTIRLNAIBLN

9 o o o a = o/ o 6 dl v a o tilJ

2199782430 AMFLULLRNMEUNARSUUUNANENAUTINIRINLNAIN [20] TAHTRANNE A9l

1. ANAGILAZANATUNIILNENNITUANLASTBLNNING I ARY H

2. Adnavduiusasannaaziainiugudidanaiiiuiugeunaauduiusang

waRs (correlation time of fading) 7

3. AwpReiALReutlaimaanioa t e

-ilj Y 1 % k% o = a [~3 % o/ o e =£I a
uananil sruulinisdedeyanousiadsni-eariuuuaanunusoadyanenl X Tl
AMUIUARBFLIA WAL T

% a4 = &

B. M. Hochwald uaz T. L. Marzetta [20] lfiauanguinanads 2 dsziiuiiiiaula
110 wenaninedailan

1. ANANNATRIANUIUANERINIAZAS (Limit on Number of Transmitter Anten-
nas) &mFuAtaaanduiug ¢ Ale o uazAtauINaIEeINIATLAIAY LA ] ANAYINY

, A gy | o . Y A 4 e e
5].|ﬂ\'1°ﬁ‘ﬂ\‘1Z&QEQWMLN@Im@qﬂﬂqﬂqﬂ@\‘]qququ M > mln(T,T) UU HANNINUNLATAIINYURN
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| o =~ . | = P | 9 !
dasdyryrunsid M =min(z,T) nanama N9LRNAIUIUataINIAZ9 I NINNGD
min(z,T) Wuil lftdosinAIANqaestasdnynnusiatiele

2. Tassa¥rvaesdynyrnsdelaiAiaauqaesdnyaunns (Structure of Signal that

1 1%

Achieves Capacity) tyrynauniasaantyl X wdaaiuisnlaiuainanuqd N OILTLLT
awnsneanuuu gy naesagainiAdeusiazarsain Al gniasiRseR NIy Y

“ﬂ‘ﬂ\‘m’?ﬂ‘ﬂ’]ﬂﬁﬁﬁﬂﬁm&ﬂ

a

9 t:ll tg 1 tﬁl [~ zﬂl o a 1 o = a [~1 a a a
ﬂ@@ﬁ;ﬂ‘ﬂLﬂﬂ‘ﬂu@’)uﬂuﬁﬂLW@@MU@HMLLHQV’WW}W ?MZQ‘]J?QN-L’J@’]LLUUU@@ﬂﬂu@%uLLVI?

(unitary space-time block code) TNATINABBNANANIARSUARZ AN AN AIANITR

o o ] %

FeaINfudyynaessauaInIAdaniiaetiua NI liiuAta e tasdnynaslanne s
¥ ay L%
daanuAdnasiu

ails wnaulaAnEIUNuFNa i AUAT AN INIaNa T8 19BaNnaea [19] 14

1 o

o X = A oM v = o
UV]ﬁQqﬂJ'ﬁUUHU??ﬂqﬂﬂ\iﬂqW?rJNﬂ@ﬂL?@\?ﬂqqﬂrﬂsﬂﬂ\?@ﬂéﬁqu MIMO VL’JI@@:?L@E@LL@:ﬁLﬂu

UNIAUYANIN WFDNIIEAZIDUALANATTEINBININHE

2.3 sHaf3gi-nm

nesuRs lun1slddasduayans MIMO lunstinnnadalainsiudnaansannuzaes

14
Yo A a =

a9 meﬁmﬁuLﬂuﬂﬁﬁﬁﬁﬁiﬁuﬂq@ﬂmmﬁmﬁmﬂ?gﬁ-mmmu Tnasiailsgi-rnanliaus

=2

uNHaguaneglLuuaINNIIaenuLILINinddNENe  atislafinin anananaA1anin

a

=20

ANRssalig e lAdmnnane taseadianisaednnanstnutesdtyanslFanaild

dezlagiainnineinsianaiuazilznanies < fiunanama wanainnisldlanefaanig
wasuLnfudadsldlaeefianieligideanisldaruuaiaainiadanaisaiaenia
dl u/ o ¥ 4:4 ¥ v ! o a <3 a a a A |
\anieuunleaviadiell ”Lmuuslummmwmﬂ?qu-mmLmum@ﬂfﬂumgmmimmmnLﬂu
stunisiaiBni-nanlsiaenans luanainusaiuil InsBudusoanisnananainges
o B a 1 Adl LG o 2 a Z’/ =2 { =2
siatEgaananaunaliiuninsanaavaial3gi-laan antduasnataanasllly
= o a <3 a a = Y 1 =2 a
28AZ188AT9IWALTY NI WLLLABNTUALULYT LATEATINENA1ININITNEALARLT
UigH-nauuuanieswdaaniaima (single differential space-time modulation) dulu

'
0 o A

wmaag1Aunleaancne ludnandnusaliun

o

2.3.1 dilprassualsni-1aan

a o

-dl ¢ﬂl o a % A aa o a al 10 z£|
AU EI‘VILﬂil’]ﬂ‘]_lﬂ’]?ﬂﬂﬂugﬂLL‘LI‘].I‘VI?@’Jﬁﬂ’]?'ﬂ’rJﬂLL‘]_I‘]_I?WZQTF?QN-L’JZ‘]’]QJ@H@’]H’J‘HWH\?

kTl

TeaunInuLNTinressialiR-nateendu 3 ngulug) o Ia dall
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1. gontlmanssulFnd-toaiuuy BLAST (Bell Labs Layered Space-Time
Architecture) l@ualng G.J. Foschini [21] 1l a.a. 1996 Tasaadaily sail

Tudquaasnadartii wasannanntinanssnillasunisAnsuauunaldiumaiia

Y o Aa 4y o ) y - Ao
ﬂ’]‘a‘mﬁﬁ“w’aLL@Zﬂ’]‘a‘Nﬂ@jL@W}NﬂQLLm Iﬁ?\ﬁ@?’]\‘imﬂﬂﬂqﬁ@\?ﬂﬁ\:ﬂ@lﬂyﬂﬂrJﬂ@\‘]ﬁﬂﬁ‘tﬂﬂUWN@%

o a 3 1 !

uwdn Ae FapsaRwand gaatsudayasanilu M ardutes arduiindeyatiasusazaisiy

a

¥ v v o 4 o o

gnidnsiadaasadsiausazdouansaniuine doawnninisinauienidy M

duRailununaesAndn “ayer” e araudnsia M anduazgndasiuaiaenidga M

a

anea1n1Aaenaly sausaAy (periodically cycled) Waldaduinsiasaauiazansuls
Tfarean1AdeATLINNALAZ AN AN

ANUFUTURBAUNITATIALTA (detection) NTATLABINTILINIAITANIWIUD

1
cala =

dasdnyyrnat wanysnilaenisldasunisiln Genssdudngilszassnanunwaldiuszuy

[

Fananialusiaisuazegiud (fixed and indoor wireless system) Taaldudnnisnsaadn

mﬁ@uﬁwﬁﬂmm@qn’mmsf;@f?mluizuuumag’ﬂ%ﬁmu (multi-user detection) Aa8NT

o

y . ,
NANLLULABLAY (successive)

o

o A o ° o o P AN we . oA, o A
AAAR AITN Usﬁ‘ﬂquﬂﬂ’]?ﬁunQAﬂﬂ\?ﬂq?M?Q’Q')ﬁﬂl@ﬁ?ﬁ@ﬂ@‘ﬂuﬂ@‘lﬂqq HANRLNA

¥

~ v o oo v o | v o
EUNUTUANQINDU WAZLABATIUBHAGININ mﬂ@qmﬂ‘lmLdfauimmaﬁxu"luuwmw

a

o/

IpEaNIZNNIMI AR N sE RN FT A U uFam A A9asinan NAagEe NN A T LR LT 1

v o q)

~ Ao o o A
Lx‘i@ﬂﬂ%@’]ﬂﬁﬂ’]ﬂﬂN’MﬂJ’]ﬂ%Lﬂm

2. sWAUTOH-L1IRIUULLNTAAA (space-time trellis code) Lauaiiluniausning V.

Tarokh uazanuy [22] Tull A.A. 1998 Lun13998N1308NLLILTATESATY QU DILAZN IR
Frydnunideriuansenniageinuaurangangen At doeiudein 9l Eranns1é s Tamd
d9lanef@n (diversity advantage) Lasens1e18n159199a (coding gain) fawdingsiasiia
dlsznanludae nyuusanLila (generator: polynomial) AuAnFNeTUAIY M fa e
m’fwﬁﬁym'\mﬁ'%mé’qmmﬁﬂmmﬁmLwi@zmﬂmmﬁﬁﬂmu M @neennnd aiadaeniad
ﬁlfﬁwwmuﬁqﬁﬂLﬁmmﬁﬁiﬁm‘ffmLﬂu‘ﬁ'mmmﬁqdﬁ “NINAA"

TugauzesnisnensianniAiiy FRNNTILAIN24198 0 ULABNTAA Ty Y1 TUuaLiNg
zﬁs\l‘i_lm‘mj warMinnsnansialuy MLSE (Maximum Likelihood Sequence Estimation) viga 14
VA (Viterbi Algorithm)

A ¥ o

fanne vnldausuaniue (state) 10an1aidnsviags ) azlddnaanenisidisia

a

P '
=2 ! ¥ =<

491 dana W ldAnanssouzAnduuuudenuin danandaniieme lidnsdayagadaimay

o [ =2 zj/ 3 o a d’jd% a A = A o
NUULLUADN DNNTEUUNATN IUATUAUNTDLALIAD mmmumﬂummmwma
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a a [ . | Z//
3. iuﬂﬂ?QN-Lfamtmuuaﬂﬂ (space-time block code) auaduaiansniag S. M.

Alamouti [23] utl A.A. 1998 Tassaivaassiariiatilsznavllsaagtuuunisuesani
AeaInnsaiialluiuansainiadeuaziuniliguas liadaniangs (Audyaneniuil
ANL) UL U A8 NI ARSI UIUNAILANERINIALAS T ARDALIANA N UIUNANLARD A

| A:ll o 1 < » uI/ o a < Var Y o t:ll
wunnnaesaian “udan” Wueg ?M@ﬂ?ﬂmﬂ—m@qLLUUU@@ﬂiﬁ?UﬂW?@@ﬂLL‘]_IUGLMZQQ_/IE‘IO_,IWMV]@Q

4

AREANERINIARILARZANERINTA TUud29A NE19NTIUA NN AMANTRAYR N

|
% =

Aryrynunidesnaanaeniadaniiiae fuiuduneunisnadaninIAuiuasaINAANTTH
ANNAIRINAINANRYIN IR aNNSuLILAINA29a LT UgedA (Maximum Likelihood) Wiadiex
tiadn ML aaspanilullfresgasiauuuuaanianue angilinaalinaenisnsoadauuui
ardryanend (au1dnuanaasuaen) M ldanpududaulun1snsIadnasuINaINTE AL
ndiwigeaiugadu

» o - v 7 o A~ o oA P

fo1duve9nquilae dpmdsdayanilameuiungnay o wazlaiddnsvananis
v o 1 [3 % dl | =3 1 dgl o % | o v o 1
wdinsvia atinalsfinnu sragtluunmiduusenauiing Wazaansanisin sz uuwiusie
v o o ¥ e 4 o | AP A A o |
Aunusdsiadesdtyyin 4enRe syuuluLAanulanss0uc A luansAin g udaulyl
ealy

Fogp g NNt BAeNANEINIININIIN Tuaassiadaedty U uazsia
Yigi-natuuuudenaingBunidanadndudauninaesngusialuden 3 41esuasue

naDNIasanatntlumaazidanluindatiann 2.3.2 auliluindednld
v a (=3 a
2.3.2 sualsgi-Lauunufangiung

ianelng B. Huges [13] WAz B. M. Hochwald wazAtue [20], [24] tNedzaanuninig

o ¥ =2 1 dil | ! 1 =2 14 o a Ail/l = 4

vinpnidnladsutiaianeeniiudou o) Ingaznainislaseaireressianiintinawive Lo

no1uilguidaa daaintiuainaiafagesaoduiasiuassaonuidanainlanize
1 2

. . . dl 5| a 1 1% a [~ a :I/
(pairwise probability” of" error) sﬁ\aLﬂummmmmmummm@ﬂ?‘gu-mmLmum@ﬂ ANNY

\unuiaaunmeinaseanuuy (design criterion) 1848 AL BNN-108MLLLABNE HUYE

2.3.2.1 TA59d914

=

nsiundednynynaulildsniaiudoasiaiBgi-auunuden dyoungndesn

panannazasnsadiau e lugismsnd LFasi
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Henad 2.2 138190 wasialini-nawuuuden U e o idlugliuns dreiansgi-a

N 7 stluuuanTRdasialili
Uu =T-1, m=12,..,|U/, vU, eU (2.8)

Tne |A| UM LATEINNNEIANRTUAUANITNTR9TEA (cardinality of set) Al y

Aﬁl = o ‘i’l % a a = . . = o
BILTENTUALLLILIUIN iM&ﬂ?QN—LQ@WLLﬁJU%uLLVI? (unitary space-time code) N®8/91

y . 1
dagyaiiu R :?I092|U| bits/channel use

1 @3 a 1
2.3.2.2 ﬂ'J']Nu']"lzLﬂU"ll’r]Qﬂ'J"INNﬂW@qﬂLQWWZQ LLﬂSLﬂm‘V‘I‘ﬂ"ﬁﬂ’fJﬂLLUH

=3 o a o

n1seanuuUINALEYR-wa uuuuAanandufeslfaTdnanssauy ananaalaan

an o

ANTTDUZUDITTLUNITADENT L3 AELULAAN AN U LUD9A2739390 AR §RFIAIN

' [

Ranarndyanend (Symbol Error Rate €891 SER) @eA18ns1ANRANa1AdtyanEnll

ANNANRUTAUAINNEIA L] 189ANURANAIALRNIZATUNNIDY ANUNAL T

a

I

- v A A=t - Y A T
AINHANAIATBINIATLIINATIAIATRATIgNASNT U, iussiadu U, wazidusimniinad

Py ! - o A g oun v Ao a -
1®Qqﬂﬂ'}’1 mmmm?'ﬂ@mmumaL‘W@WimmmimuzwmmmuﬁmMW’muW@ummm’m
. o) a My @ = co o I
ihaziilurasauianatnnizgle adslsinan nasmtinatissnanaluginlihiluizeh
o ¥ o [ L% o 2 a a S| 3 j:ﬂl tﬂl o o
21N ‘V]']EL‘VI’Q"]Lﬂumﬂﬂﬂqﬁu@ﬂl'ﬂ@ﬂﬂm’)q AR LLUARN u@nmnuu@uﬁmmnu%mu

dnqdsanusanstesdyniniafunsua liudensiansanaanidu 2 nacl fail

s ]

1. NFANIAFUNIIUTIIEITHDIUSVRITAIR AN A EiNIAN YT

o =

INANNI9N (2.5) mmmL%ummﬂmeﬂ'@mmmﬁmmmszuwﬁﬁﬁﬁmﬂ?qﬁ—mm

oo

wuLuaanlAd
Y, = py H X, +W, (2.9
Toed
Y, unu wvsnddyonuniuldadanidnge yE aunanete dyoiniiulsnaiaeinie
8, Vi) Q o = 4 ™~ /™ QA B I
SUaAUR | o &deRIAIAALN t TRUAANTRBAAUN K

1
X =

W, untd ivsndanyeunnisunauiuuuangelgluuuaesansuasnn@n wh wwineaiy Y,

A

1
=

AINANNIIN (2.9) A1NITOULAAITIATUAIMNULNLULARIANENAZIT WA

|
o <3 =

Fourynne Y, ilaliian ae X, indeniaiu Aansuudeni k 16 el

exp(=Tr((Y —+/py HU )(Y — /o, HU,)"))

T

p(Y |HU,)= (2.10)

¥

tﬂl a e o o o < tﬂl lﬂl ¥ o z
WwamNazanlunsuanstinail 1aazmauilsansuudann k iﬂugmwm%mmmmu
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#128LLaR (bound) '?memﬂmiwmﬂummmmﬁmwmmL@Wﬂ:ﬁﬁ'umuﬁfm Pr{}
Lﬁ@mqﬁmﬁaﬁgﬂzﬁqm UiLﬂmﬁmfﬁlu U, lidaanisdszunns Inenasdsvendldgmns
22UL2AU9L 105U NA (Chernoff Bound) (‘Emﬁﬁm%mﬂﬁ;mmumemm@af‘ru@vdﬂslu

BNANTENIRINNIEILAT [26]) [22] Ko
Pr{U; > U, |H}<exp(-(p, /4)d*(U;,U))) (2.11)

e

d’(U;,U)=Tr(HU,-U )U;-U;) H") (2.12)

anuULUaNaaan ldarauaddulsz@namasaatnisnanuaatduisdanafg 10
1 dl | [~ a 1 al o a Qr a dl
AR IB9ANNINATITUIBNANNEANAI AN ZANE LN LR ATEIdNLsE AN ARY LD
Wnadasulsdn s dananlafene anuinasre L annINeaNn19n (2.11) aznaneniiliy
[13]
1
«\\N
(det(1+(py 4V, ~U U, -U)’))

ANANATUIALLIRAINAANNIIN  (2.13) @aN1afiensinasainisaanwuulaiie

A
co A

W@wmﬂmmw Pwm ummﬂ ] MW’QMWWQ%QW%@QHW@M%@UWﬁl’lﬂ\?[ﬁlu@”@L?IW@MW@M@\?H

Pr{U; U }< (2.13)

Pr{U, > U }<(det(U, -U )U; -U )" p,, /4)™ nsal p,, Hewmn <)

~Nvp (Ui Uj)

<(A,U;,U))py 14) (2.14)

(Msavias p unu NEnsLEiNadIsanIuzaastasdtya neteaNysal) lned
1. v, (U, U)) Aa nalsidselamiiielanes@n (diversity advantage) 1944saL3ni-1aan

U;,u)) Aileudn A (rank) sesiuvisnduaay U, -U,
vy (U ,U;) =rank(U; =U;) (2.15)

2. A;UU) Aa n2lads s laaili3aga (coding advantage) 1947 ALUTHN-19a0

U, U,) FailunuazAN TSI TENE T 7 9Ta (coding gain) uazianulasal

Uv, (U U))

A,UU))= \(u ~U U, -U))" (2.16)

y . , A L 4% .
e A, U HARAMIBIANIATTAY (sigenvalue) ANANN 7] miuLﬂu@uﬂ’Tmﬂ@wmﬁmm fupns
PRILNNTNE A

Tunsd v, (U, U ) =M azFandt Manaenieifiad (full rank) dezefianunislé

c o A

Uselamiifesviavasgsviadini-nan (U;,U,) Indaadoydnmal Asil
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AU )=

(2.17)

TuN19MaNTINUE0IINALINH-1981 Az NANTNTA I 1GATDAUNUTINITBONULIL

NRANTIIUETNaaNeTluaTTAgN gasiauuLlalanssourgedn annsndwuannig

£
Y o A

wananeN e sail

1. v,2 rnrllirpvp(Um,Um.) (2.18)

2. A2 min  A,U,,U,) (2.19)

P mzm v, (U Up)=v,
e m =1...JU|

a A Y, s & P '
qu?mqluﬂ?mwLﬂuﬂq?ﬂlm@qﬂ‘ﬂqﬂqﬂLMNm NI Vp =M AZURADLNTUNLNESLA

o

o a A % ca o = | a ¥ agl/
inoiipeanAe N9 iddselendidesva anunsadeuiduannisuaneiana s sl

Ays minALU,U,,) (2.20)

p

2. nsainasuladngiudnigsanuzaastasR

o

A ngmstuumn 3 luenaisdsBesunneiad [27] aaunsnuanalsdn

exp(=Tr(Y='Y"))

p(Y |U,) = det(z, )" (2.21)
Tnefi
T.o=k+p,UU, (2.22)
aNAEANNIIINATIAAERS AINIIaIENAIe SR uas (2, | 16 it
1. X
AnANNIT (2.22) Lmzmﬁm_gmﬁfjﬁ
(A+BCD) = A-1-A1B(C-!+ DA-LB)-LDA-L
azle =171, (U +U 1T, ) 'U I
ANALANLIRE ﬁmmﬂummm 2.8) aglfida U, =TU )™ Fath
siol-—Pu_yry, (2.23)

Tpy, +1

Aty dunmdn WesnaanaNiRgluvzdsnalinisuntnal S anaududauad
1N Tne llFiasnAINNE (inverse) 10mTENGR9S

2. det(z, )

ﬁlz-
o
o

AN@NNsT (2.22) azlddn det(z )=det(l; + p,U U, ) BNAEAANT]

det(l + AB) = det(l + BA) uazpnuaniimgiug azls
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det(z, ) = det(l,, + p,Tl,,) = det(@+Tp, )1, ) = L+Tpy, )" (2.24)

fansoun@ungTi (2.24) wuan det(z,,) 1ﬂ§u@gjﬁu U,
AnANN3T (2.21) WUANNTN (2.23) waz (2.24) asll LL&’q@mgﬂmLﬁﬂ"lﬁumi
naaadnazléidn
m=argmax p(Y |U,)
=arg mngr(Yu;U Y (2.25)

Tned arg unu enfawudninliflargean (Wsasgn)
é’wium@um?mﬁvwﬁmuLmmmmwm@uﬂmmmmﬁmwmmwwz@j
wideuiunsiiniAfuns1ug1naisanuzaasdesdyunueteanysnl (dArasunaetly

lN&138N9BInNNeLaT [22]) azladn

Pr{U;, - U }< (2.26)

212 N
det 1+ M (- 2UU ‘U
A+p,T) T

[ AYAAUNIMNIILUN4194 01U T09d Ry Y uatiNeaNy sl A nFunsiin

Py HANAN ] Nai9 TR iNATeLIARANEANN 19T (2.26) avnaneili
Nva (U; U;)
PHU, - U }<(A, (U, U)p, 14) , (2.27)

Tnafnisldsaves a iNaunu nazlunsnudigrsdnuzaastasdyynnd (daann

absence) uazausndanuinouinisaanuuuls Ael

1.v,(U;,U)) Aa usarfaes | - (1/T*)U,UUU] (2.28)

« [Lva(UpU))

2. A, (U, U)=[TI=@/T)u,uuU; (2.29)

TunsalldateenniAfLR anaunned (2.29) anunsafeannisladselamdidasia

©

189A39ALERHE-1981 (U, U,) naldasdeydnwnl fsil

« |1/M

AL, U, )_\Tl @/T)U U UU;

(2.30)
LﬁuLaﬂfJﬁUﬂiﬂjLL‘iﬂ ﬁ’]ﬁl'}’eﬁﬂﬂjﬂ\‘imm%ﬂ’}ﬁ‘@ﬂﬂLLUUVI’]Q@N??QM%VI/\M‘N ATN1TD
= [~1 a Y o ;lj
LﬂﬂuLﬂuﬁNﬂ’W‘iLL@ﬂ\‘luﬁl’miﬂ AN
1. v,2 minv,(U_,U_) (2.31)
m=m'

a

2. A2 min AU U (2.32)

m=m v, (U, Uy )=va

dam=1 .. Ul
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2.3.3 msnagaadslFad-nanuuaniasuidaansanan (Henlaadaulng
(FEIUFHRNNLANA1 I BINNEIAT [13])
Toawinll nsueganuaznsAnagen 4 uAe WuLSINTR (coherent) NaN9Aa D1
1 o 1 a Qﬂ‘ a gldJ ) dl b4 1 1
41 npfua Nt uALWaIesdul sy Ansmaaslaganiatsunddaunudn ldatunem
mldinaldReulauiwuy faednadu daedyyuiinnndasuulasmaalefiauiy
pnengrasAudtyaneal iy visednsiaiiinlsyasdddyaesnisdesnslianalugail
A M ldAunlfldfdsc@ninn Aaadrsidaaune duiunisdeuunldataainimds
o o 1 N6 ¥ o a v = dl <
wazfuanuIuNnatnensidldsialsgi-nan uddesdynruinisdasunlasunanad
1 di aid o 6 o ] ] V4 ¥
ANNUALEBIAINNITNNAN U LLAUN T BIDIALTZNALNIIATNATUIUNN taNganaliisas
ANAUNITHNANUIUNINAIUTLNITNINUI1208198 01 UL LB T IR TY Y1 TDILEUNNITD
- > <y & ey ) o D
a9AlsznaunemsiINaiamaununsiilda1aa1naadsuar SuNeNALRE ANLARA
pananan IRin3deaneviananamaAinnIsuagLanLa Ao LA ALLLANIWaLI LTS
AuFusiaini-antieafiatsnin tedn unstlaanasainisue e ndnniWe T

|

WUUALAN 11 NiadlAmadnmatswdsa (Differential PSK, DPSK) lusin V. Tarokh [11]

Fennuziudann AT&T uiinddaviiuusnildfuni A uiuasunaaiunisneganid
3nH-natwuuawialsnidgs wiauadanisnagianlunsiildanaainiAgeaIuau 2
anganAlazeAusiaLiH-naiuuuLAanaed S. Alamouti aenalsfinxdan1sundul

=

daainne g u190u1 g lpasinaftlsz@nsa 1 nansulunsiNi AaudLAaLaty

1
aAaal

(constellation) uANTITALLAZ FEANUIUAILBINIAGININNLT 2 AN1LBINIA WAZNTNH
AU RaLaT UL T LAY TILAL TR UARAN A1 8DINIARININNGT 8 A1LANNIA LA MAIAN
InfiAseiuiiuies B. Hughes [13] lilauanainuiadnqnaaussnatsaan bl lfsaanisin
s9an%1 (group code) 1l lunnsdedeyauuuaniawidas iwamdnliaznaiadaiade

o Y v 1 a o 23 Z’/ a a a = 2'/
4 vindin Toun Bennaeesianil dunaunimmeglaniilsgi-naiuuuaninesudiaanss
e ANNNTAINFUNNTATIATA LaTNIIU N NNTeanLU LN wAA iU aa NTT U
anAd 3 dB A1NN19ATIATALLILNI LTI aN IR N W e TaATy Iy uatingaNsal denas s

asuneAe LN
2.3.3.1 swan51 (group code)

UguN 2.3 AasaunszuuRiaeen1Ads M d@nee1nid Apeuanaaduiiuandedan

C = {L-1j,—j} dwiunsid T>M W G 1fluniila - 2eqmisnd®i T xT uunispns

a o

wisndaadAnIaNTRY LS 69

g
G,G,=G,G,=T-1 m=12..|G| (2.33)

*
m
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o M XT ° o
fwun D wvBndaelin M xT il DG, € C Aty VG, e G
L?W%G‘ﬂﬂﬂ@umﬂﬁummLw?ﬂeff(collection of matrices) DG ¢ {DG,, :VG,, € G} 91
“sanFUuLLNARLTUILA (multichannel group code) ANEND T laAauALAaLaTY C

ANRLNITY AN nsL M =T =2

G - i{é ﬂ{é —Oj}i{—ol ﬂiﬁ ‘ﬂ

4 1 -1 o e @ A , 1 0|10
lne D= 11 DG fusianitwniie QPSK 1w D - 0 1 wae

1 0 1
O jl (-1 1| « »
D-{_ J}:{ _J J} W6
J O ] )

2.3.3.2 TUABUNMSNAALEALTILEYR- AL LUAN WAL UL T aaATILRE

sinliaznanaiis “nasnegand@Bnd-nauuuanivasudsaniunes” Tnaldsia
(2] dl 1% é’ o o o ' :// a y i// IS dl Y o o a
n3u? B. Hughes léaueTn §1uiumndn “afuien” tudiiapnuiausn lidnauiumaiia
= a dl dl =l 1 a a a = ?/
anwmAlANINAEENIT N1suaRmAEIti)H-natLuuAhineLsTeagesnse (double

{ [

differential space-time modulation) Felallgngnadalunil zﬁqmmumumimmmmmu
AlinaisueaniaRtaT B, Hughes 1&1a [13] il
W G uwnu waresinaansTiiullla (set of possible messages)

C, unu daansufent k ﬁé”lmmmzmmwﬁmﬁm@ﬁm%q C.eG

Xy wnu ﬁ?ﬁmlﬁalﬁmﬁ-mmuﬁ@ﬂﬁ k %w:qﬂdaﬂ@ﬂ@’]ﬂmﬂmmm

. dedayadneda (reference) X, = D

=)

SN

TN 2. [WN9FAUINR1FFANNNT

X, =%,iC, k=L, K (2.34)
T93an91 “anniadnsiauuuAinalsudta’ waziigatlaliannda X, e DG e
Xk_le DG
dgl Yo dl = 1% a A =
wananni dunalidn auniai (2.34) HlAsaainzesinaadaniiaunsdinisuagian

:vtad

a a  agy | o o | e A Ny oo
LL‘LI‘]_lmV\ILW@L?uL‘ﬂﬂ@V]h@wmmﬁmLL@Z?ULWM@L@EQLfﬁuﬂu ﬂfﬂiﬂqq Lﬂuﬂm@NUMWWLﬂH
dl Y o :’/ aa o a v 1 1 [~3 ]
N’]ﬂLL@xLVﬂth'V]@z‘ﬂﬁ\tﬂqﬂ[ﬁﬂmﬂumum@uquﬂ’]?ﬂ@mﬁ\uﬁLV]?@@@1® LLW@H’Ni?ﬂﬁ]’]Mﬂ’]‘im

wuuaniaswdsaludnsurdrssuidinalidnsinisuegian (modulation  rate) 1l

R, =~ R=—K 1og2|(3|
K+1 K+1T

mmq@uiwmmmmumﬁuﬁ azl@dn faenvua DG 40 Lﬂu‘iﬂ@ﬂ?‘ﬂﬂ LIAN

u

WUUE T A
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DG, (DG,) =TI VG, eG
Nansunatinetnefliaaasannisazlidn DG (DG,) =DG,G D" =DI,D"=DD’
Favha
DD =T-I (2.35)

-dl L2 1 o o =X o % o [ % tal A
LL@EZL‘W’PJEL‘VI\?’]EI[ﬁlﬂﬂq?ﬂ’]u’]mu@ﬁi@ﬁgﬂ@Nﬂ’]? QQﬂWMH@ﬂI@@WﬂﬂLWN@\?VLﬂ AR

1
o o

sl M =T Gailunstinirengaiiasarniuvisndaziiludnia

q

2.3.3.3 ANAUAIATIAIA

nagslddadayaduanau [X, - X, ] lagaadu 1 msunisuesaauuusn-
wlalsuimas  nAFy aunarassanNaguanunusaily Y =Yg :---: Y, ] anunsoisau

UNUAEANNTIAIN
Yo = [y HX, +W, k=1..K (2.36)

23’1‘1)1§‘1.|ﬂ?ﬁ°ﬂ@<1ﬂ’]§‘ﬂ@@L@MLLUU@WLW@L?HL’?H@&H NIUIHNAUIIBINITATIAT AT
nasuazdnalaniudeesdaaunidn dudsy@ns maaadanliAsuulamaeadas 1
wsunsuaganuuuAtiaisudsauazazienfeuuaslumsudaly fadanmlidn T
aunnan (2.36) lallddaties k Misaudls H
Weanaududeulunisniaadnas nasuazamadn G, laaldiiias 2 ufen
ani e firuswinTl
Anuua 1
Y, 2 [Y,:Y, ] dhuansndds N x 2T
X0 e [X, 4 X6, ] dluavzndda M x 2T
Bensdaniudesamunesifenineutiagluiadedend 2.3.3.2 ndnaie
DD =T -1 uay M =T vinlsladn
1, XX =27 a4y, (2.37)
Finlfarnnsnfiansainsn X angatusialinf-nauuugiisnaasnssmasswfendy
2T 18 uay
2. X Xy =X X, =T-1,,k=1..K (2.38)
I aunn (2.25) 199F0ms9AdARLIL ML angl azlédn
C, =arg maxTr{Vk()Tkm)* XY} (2.39)

niwat] (X)X Ineldaunnsi (2.38) azlé
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()Tm)*_|: xljfl :|_|: lefl :|
k - = | — * *
(XGn) | [GaXi

cmysen [ XiaX X; 1 XesGy | [TI TG
(X'in) Xlin . k—i k-1 ’ k—i k-1m | _ ) m (2.40)
G xk lxkfl Gmxk—lxk—le_ TGm Tl
unuasluaunsd (2.39) azld
2 . T TG, Yk*il_
C, =arg gr:géTr{[Ykl 'Yk]{TG; 0 }[ v _}
=argmax TH{(TY, Y, + TY, Y # TV, G, + TV, G ¥ )} 241)

N7 1 uaz 2 TeANNISh (2.41) 13J%u@ﬂﬁu G, waziansnaiii 3 uaz 4 14
dunauanveeadae At ifhud oy dadu
Ck =arg E’l@éme(Tr{kaleYk 1 (2.42)
FoaAniaNiR Tr(AB) = Tr(BA) azlsdn
C, =arg max Re(Tr{G, Y, Y, ,}) (2.43)

%

annne (2.43) Daluanniandrdmnga luwiadail nszesluglnmunzassanis

[

@eniludunetnaninmadnuasn1ASL
[ [~ a [
2.3.3.4 ANNUNAZIUARIANNAANRIALRNIZE LAZINUNNITRRNRLL

= a = 16) & 1 | =<
nshnaganuuLAWWasIEaa g9 urrestesdny oo AsanNIem

ﬂa‘wﬂm‘“ﬁﬁmumﬁﬁ (2.26) 14 WarreunUNIedAINLNAz T IRIANRANANALA NN

A
wazinusinnseanuuLtslaenacsmun U2 [X, X, G, 1=[X, U, ] {usiaifsgd
AEMFUEN413 C, =G, u@ﬂmnumnﬂmmumﬂmma (2.40) a4

-2 GOU0 =1-21-Luu-Luy
(2T) 2 47 4T
AL U -U)U,-U)
—E( i J)( i j)
vy Pr{U, > U }< L S (2.44)

pm@T) 4y Uy
‘|+4(1+pM(2T))(2(Ui U, U,—))‘

o o z:ldl A a L tﬂl ¥ ¥
ANUTUNTUN py, HAEINN ] UNAUNWNANUANANNTN (2.44) Fafuaznanedy
Ny Ui,U' % 1 | a a
(Ad U,,U))py /4) «Gr) (dsaden d unuanEmEngdn dlun1sueganidaigi-
LQ@WLLUU%WLW@L?ML%H@ L?W@’Wﬁdqﬁ‘ﬂﬁﬁmmsﬁﬂ’]?ﬂ@ﬂLL‘LI‘LIﬂﬁ‘Eﬁﬂ’]ﬁ%‘/‘]JV]‘;T'W‘]J“li'W'JZQ’]?ZQﬂ’]MZ

Petasdnyanuetsanysniuaznsiiniafulinsuinarsanuzaestesdnygyu Tne
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adugasanviadadend 2.3.2.2 avlfinaiaeinisls leniidalanefifuazni sl
ﬂﬁ‘tiﬂ’ﬂﬁﬁ\ﬁﬁ@ﬂ?ﬂjﬂ’]m@@L@ﬂL?ﬂﬂﬂ?Qﬁ—anﬂLLuuaWLW@L?HL?ﬂH@ﬁgﬂLaHQLﬂuﬁQﬁ

1. msladscTamldslnna e
1.1 NITUNIATLINIILINATAD UL IBITBIATY Y19 ANT0T
Vd(Ui'Uj):Vp(UilUj) (2.45)
1.2 natinasuldnaudnaansanuzaestasdoy oo
ve(U,U)=v,(U;,U;) (2.46)
Feanaunnst (2.44) Azl ve(U,,U;) whibussedaes U, —U,

2. n7l@se lemiliF a99ia

1vg(U;U))

Ay (UsUg) s

%(Ui _Uj)(Ui _Uj)*

=1A,UU)) (2.47)

1UAS ANTIDUZIBINNITND Y LAALATANDAAALLILIAN WAL UT AN ZAIUN 1IN 9)-
= a 12 I ar ' o d‘ d’ 9/:&‘ t:ll o o
LAFILLASANBALARNANABENTIINITATINIALLUTINUE ATIV LN mﬂmm@uiwmmqmm

suuAWauEaaltn1agaada L llsnilaninnnaa i luindasiasi 2.3.3.3
2.4 SUAWAsLY (turbo code)

TUEI9IN AN 79790 LT UAUN Da LA NIFAAARNITNI S I UN1TLTLAL DA AT A

o 1 '

davdynyrniilssinninaiAGendn “eiawmeslu” g C. Berrou A. Glavieux Wag P.
Thitimajshima [25] 1wl A.A.1993 ilunsAnfunisdrAynganiamilaaefionld  fanadn

=& o o o é’ o 9 ] A o ©o aa A a 9
NAMNANATUURITUAY mmmmmmimimmﬂﬂmmﬁmwmmummuLuﬂmmmmm

Fuswawasiu Ta e aws lus1wanuade g dausuludiungldauase iamasiusd

1
o o A

IFunas@enliiuaiadesdryandiniuninsgaunisaeansliangainesAnsdndnysing

1 HunFaniesuds anantmnunvinldvamesiuliiurnnaulavivaziiluacinanngm

o

Tunisinanuldauddesdyyrnazdanadou E /N, Ae1u0n wazidAyae danssnusidn

7 QII o al o/ 9 o A:II 1o Y
ﬁlﬂ@mwmwumquwgmm C. Shannon Iﬂﬁlﬂ’]ﬁﬂﬂiﬁiuquﬂ’]ﬂﬂl’]LL@ZQ@@?M@WiNGﬂUGﬁ@u
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d, d,
Fr—— "~~~ ~~=~=—=—=———-— I
| D I
| ¥ |
, I
VA !
—> » D b |
O ;
' ! >
: A >
| constituent encoder 1 |
- Q- J
v

Nk
=S

v

7. interleaver

D: unit delay constituent encoder 2

519 2.3 fadswawme slugaldsadngia RSC (5,7), aauau 2 fadneia

2.4.1 ARINSHALNASIL

Tasvafrenugiusesniadasiamesiuidnsnsidunindisiasuusesuiy
(parallel concatenated encoding) TaeldFauisianeulagduiuuiszuuninisilaundu
W3aAaLdnWa RSC (Recursive Systemmatic Convolutional encoder or RSC encoder)

praws 2 Fiaaulyl NAerRINTHLATRAEAUAALUN9MN3WA (coding interleaver) m Fiae

e®_

gnuntinsidnsia RSC anaun 2 ilusiuhl (e Aadsia RSC fausn) 317 2.3 uang

1 v
finatinalaaairanisdingiamasiulunsminldaadnsidsiasaaassioiiusadisianania-

giunnudszuundntstlaundundnyuinsondauuutlaulildrenin (feed-forward
generating  polynomial) wardwyuINaanlauiuileundy (feedback  generating

polynomial) ewiu Ae 1+D° waz 1+D+D° vize@aulrieg luszuuinagiuudaliiiy

5 = o o o O va £ |
(1,7 )s U178 (5,7) AIUAIAU Tmﬂmmuumiuumw@mﬂu L SB(Least Significant Bit)

242 AanansHALNasLU

é’ ' dgl 4&‘ Y v = ¥ o o !
WavnTugauilaa FufualenisuansmeaziaeaaadinNaisAnaniamasiunau

anilAsesuedunan BCIR duiluudanildlunisuasuiraziluassdindeyaiive 4l

o

NAAAUIUNLTAY ARAINTUAINAINDNTLATR9119817 TN aATTAmNasTL Laziinda

1%
= [ % o o

AATNBTANANDN A8 UANNITNBAIVALLILIAWTN (iterative decoding) 184FRnaMITds ae

Q

¥

a ao o t:ll o @ 1
\{ugsndrAryngauessiamasiuaefidn i
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T e
1
Bld) P.d) P(d) Pld)
—> > 7T > .

X 3 constituent decoder 1 . constituent decoder 2 S R

! P (d) » TP, (d)
) .

» TT

51" 2.4 Fanensiawmeslunuuaynsy

2.4.2.1 TAS9AS 19U RIAINDATHR L NDA b1

1A798519045200AI T ANaF LN UN IE A 13 i e lLUTUWNTINWIU 2 67 44

v
%

doyarisunnlaaliinsiaaes (puncture) wazldaauainaiaduiilu BPSK natildnsaudn

WULBYNINANTDLARS LRag17 2.4

o

a1l 280518 AN BT aiauUsuaTAtyanLRisng o) luiadedaly

7

2.4.2.2 dunauds BCJR (BCJR algorithm) [28]

a a a

Wedyungndsdnsdindesdnimanuuuliaoinanidanansn (discrete

memoryless channel) N1TNANATUAYZLIT 2.4 FonemsidtiasusazfoluiniaAuanmAn
ANUNAzLiuNas (a posteriori probability 6891 APP) aasiindeya d, tnelddunenas
BCJR #72LUNATLTEN AUAAUIT MAP (Maximum A-Posteriori algorithm) saitiavnsialuil

Hansunfnensvidtesviungiae T @rmisaigasidnatnnuihandunds P (d,)

[0}

16imail

Pl (d) =Pr(d, [ X1 Y1) = Y Pr(S,S .| X1.Yy) (2.48)

(SiSjgq):d;

d, wnu dndeya wean i dedesnisaznansia tned d dudadeyaluanduis

v
o ]

[ N i Yo o U o ~ oA o o =&
daya dy ngnilewlidumaiinsiiades NN ARIEEmINAALFNLA 1 D9 N

N ° o o ealo »Ls,d' o o o o
X BNU AMATRTUTUIUNTDATU AN EUNTU pNNIATLLAYGNNEATaNNaATTAtiaa A

N
R
L -
N

N [ o o‘t:llo/ 9/::4‘ o/ % ! o dll o 1
Y wu aneudtynyiossedyaneninsulinniafuudadsnndariasnansiadanlnag
farsumseiunussurasdaunwsRaindadnsiateaunneas 1 pl ps,.., P,

1 = 1 o s a ada 1
vy Py BATHAITNUNIEDN z@mwm Yi UTTIURAUNTE
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S, WU AnNUE (state) TevsadnTataanawn d; axgnidnsia

S, wny - annuzaessadnsiatesndsany d; gnidnsauda

(S,1,S,):d; wuede wignisninsdnsvateslasuaniuzain S, lihily S, Wedn

daya d; gnilewdrgradnsviatias

u

Tunisauratataziiludeuinazinnsulasglasuduiug uazanliag lu

stunumAulsinelaaldissinas@n (recursive) fasia iy

Z & _4(Si4)7i (5.1, S)B.(S)

Pr(d, | X3, Y:) = Z‘:”Z’f’al 6 G S (2.49)
di (Si1,8i):d;
ned
(S, =s)=Pr(S, =s| X}) (2.50)
A(S; =8) =Pr(Xiis, Y1 S, =5, X1,Ys) (2.51)
LAz 7(S  =95.S =) =Pr(X,)Y,,S, =5|S,_, =, X; .Y, ) (2.52)

~ ! q & o ¥ o P

a,(S, =s) Hanuvanedyr annazfuresaniue S = s sassainsiatanila
v 1 1

NANALNUNINNTARE (trellis diagram) Lldreusinsausaniuzinan 0 luauds i Naanue

a 1 1 (% % o ] -dl
s uay B(S, =s) dpnunangdn Antaziivaesaniuy S, = s aassadnsiadesiile
NI1ALEUATWINTARE b IMAIAIRARDTNZNNAT N nALNNaude | Adnuy s @9
anunsap s ludnesTinefanwuLllg19usin (forward recursive) warsiAasan Ly

¢faulid191as (backward recursive) ligail

Zai—l(sifl =975, ,=5,S,=5)
B 3 VR e

(S =5 (2.53)

27i+1(si =5, Si+l = Sl)ﬂm(sm = Sl)
Gi=s)=3 , , (2.54)
ﬂ( ) Zzyiﬂ(si :s’SM :S)ﬂm(sm :S)

o dl ¥ ¥ gn// A 1 dl g o . .
ﬁ]@ﬂ’]ﬁ‘ﬂﬂﬁ‘ﬁﬂ{]luﬁﬂﬂqiﬂﬁﬂﬁ]u%\‘i’&ﬂﬂﬁﬂﬂ’}‘i AR mmwumumimmu (normalization

o &

dl t:ll v A & o = o=l & a =3
constant) GIN‘V]’1‘1)11&’1‘1/]‘13@@ﬂuNIﬁﬂ’]?ﬂ’]uQMLLUU?Lﬂ@?Gﬁﬂ/\lﬂﬁ‘ﬁi’ﬁu‘ﬁmﬂ,ﬂ’]uﬂﬂmumu

%

(underflow) 16
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AuFurngaving (S, =5.5 =) Ao ANUIazIduLNIUTFY (transition
probability) unefle A nUnaziduaasantunisainlasuainanuy S, =s' lids
4 y o &
anue S, =s daAuan 1A

7i(si—1 = S"Si = 5) = Pr(si =S | Si—l = s’)Pr(Xi ’Yi | Si—l =5, Si = Sliil_lliil_l) (2.55)

IneidunauN1IAUIL AD
1. Mfaun199 (2.55) AMUItnA 7, (S,_,.S,) Heuuanau
2. Mdann9h (2.53) uay (2.54) ABIMIA o (S;)  uar  A(S) %N ) A

pua1nuTnefReunlareuius (boundary condition) 91

1 s=0 1 s=0
%) =10, s 20 0¥ A =15 Lo

TpaRan a9 MUAIINIAIANIFNA17041AINNA AN N9 ULBA LT 35T @R N1 1A 19F
a Na I o tal £ z b7 o Qll 3| e
FnsFAALRe YN ENRuLasAUg AN s ananur i uALiane

3. Maunsf (2.49) AmmnmiAiAnaziiiuaesdadaya d,

4. Andudnsengn1sAnaula A N1311AIAN YAz UNAgegm (MAP) AN
putnaziilundsnAualaainda 3 aziann 4 lunnsdnduladnindeya d; unazifluis

Tngz19198im 0 Auds 1 Banszuunissedwladlullsed

d, =0
Prd, =0 X Y 7 Pr(d, =1/ X} Y1) (2.56)
=

d. =il

Tnaazsindulidn d, dailu 0 Wadiprudiasiunasininualy d, =0 JAmanndn

A NUIazdunAsInMualA d-=1 uazsnduli-d dandu1 lunsdinsaiuduiy
=
natiuan

2.4 2 3 4UnUa3219819

©

1 dl tzll v o a v o 1 ] a o
°1|’VJZQ’TJ“VILﬂﬁlrm‘]_l‘i_l[fl?]’mﬂ@ﬂ‘ﬂ\‘]ﬁ‘ﬂ@LW@ﬁU@W@LLUQ@@ﬂiﬁLﬂu 3 dUA AN

o

nend

A | = ¥ | L% -2 aa ] ° [
P, (d;) An d1ndnsvesdndayanaunisnansdia lnannanuvasdeyandldainansuses
4
4

1. 910@191lesusn (@ priori information) wasiindaya d; unusludny

u
[ %

o [ % e‘t:llv v A % a o Y o 1 :I/ é’
Z\m_lw@ﬂ‘iﬂm‘ﬂ?‘]_liﬁﬂﬁ‘@@qﬂiﬁﬁ@?’mLVI?@@@‘LI@QIF]"JHI’]?V@EI@EIMH LLZWNi ANU

P,i(d) =Pr(S, =s|S,_; =5)=Pr(d) (2.57)
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2. 4198NITARUNTN (systematic information) wasiindaya d, Ae 1104199 1650
=
i

17

o/ o r&llv 4 -QII a 1
andrydneniniulfaniziiindeys d; ot

3. U19@N9ENEYITUTEN (extrinsic information) Aaslindeya d;, unudaudnyanmnl

P

ext i

& Y v & T | = | o o
(d) AR mqm‘imimumnmeam@mmmﬂmum ] Fan1anNANUIazLuna1ag

'
o 1 =

dndaya d, Ineinidandiaaisildaindinansidesusn uazdnaansdamuuinanizaasis

a
% | oA e oA X o P ¥ o Y vo
daya d, eanneu na1nanieAe auiulasadvresnisdneis Ay unliiu uas
1 é{/ a dll t:ll 1 1 a < 2 1 < T a A %’/ 3| 1
d1ansitiawsnaesingy <) Nlaldresde d; azwiulédn doaadndvizuiniududieans
Tnsinlfansanensiatasddndnalsnindanuas lignldudaeantyl
2.4.2.4 BANNISODATUALLLIUT

n1sneniamasiuiiiliendandnnisneansidwiiaugn (iterative decoding) 284
o o 1 o 1 o o % ¥ o 1 dl Ut b s [~] s o
fananIRdtagaNuauIniuaIuIuaq st aan g lunasdiswaduialananlunng
. . -4 AL E . = o4
11971 NANNNINeATTALLILANG N e nauisean iaduiinaunuuaziuuaynsy luntiae

1 =) a dl o 1 a o &I

NANRINULLaYNININENANTNgLN 2.4 1usnaeneisznaunisasung Al

Tuseuusn AanansidtasFanienensian nduneuis MAP  Aqlusiadadesd

2.4.2.2 lneidarinvua ilddinanstieuwsnaesdndeya d; Judsil
P,i(d; =d)=05 we d e{0,Juwazi=12,.,N (2.58)

-dl o 3 ] 9 o ' 3 T a a q. 1 o o O o -dl vl 0 o
WAANLIULATA AZANAIAUUNANTLENTNTUTEN P (dl) HUARALANALLNE IR AN ALIASY

ext

fussuteyaaesdadasiadesvunaia 1 neuastleulidonensiatasunieia 2 iivald

iiuanaansitiesusnduiufanensiateanuiead 2 Wedaninasdndvsudniianagn

a v

#ansun lian udieaisaesindeyalaansunineuassuinaindonansiatasso

PR 1 T9gaN 1T ey afanandidtasnuisial 2 nansiaRINTUARLWAT MAP

wianazde P2 (d,) Al il Winneasviatevanuing 1 nariusaaduafundy
naw o m@@mf‘:ﬁ@dq LECH muwmu%’umum,‘mm NI ULNATBNTNFUTNTTNTI
FurediAseanan AL At e AU daRe (reliability) ABINITNBATHA LB
azsaUilANATY NsneamiaRAuglUdsnaunszisiuaLsaLTe s neATHAT 1A
G fmni%u%ﬁﬂmmﬁmiw:l,ﬂwﬁqﬁlﬁﬁmmvl,mua‘@uzgm?’fwiﬂiﬁum?ﬁmaudﬁﬁm%’ma

d; lagndasn
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a a a o a v o I
nsuageALuLLEgR-Iadsdiasudsaninsianasiu

AN AT UNILTUN1TNAIIMLNIUSIIAZIDEANTNBALAALLLIEH-1981
Faanasumaasauiusiamasiuieludauaaaln a5 9naznss NI N1 19y Tasii

Ai/ | | A % ] | v [
Wavaaniilu 3 daume Tasadwaasniads dasdynin uaslasadisaasniaiu
3.1 TAs9ds1999NAR

Tn99851920901AR 929952 LN1900ALEALLILYEN H-1a TR IWaIwT sasaniY
samaiiuliuaneldlugil 3.4 naadadenldaiaainiddedaiuory M araena uaz

o O A ¥ o a dl a ey °
angeIn1AfuAauIn N aagiaanaad wenldgnsialsni-nan U daladennansiuou T
o o . 1 /
afon Inaddnsdayaiiu R :—_I;Iogz[Ul bits/channel use

dumnaunIInUENAdaINNsdnsadndeyasiia lunisanuau N, 16 fouso

Wnsiameslundlaseasreseluuny 2 M3nizasinasnNeuinninnan (memory length)

o Aa @ 6O 0" L Jor

i v udnaglsansuinnasnsaIuy 3 a1 aaulasaad1esindnsiamasiuuuusialy s
Tuunit 2 adudaiearndnduldun adudndeya d; sardudnundizesdadtsvades

A o

WNNELAT 1 p; LazaAudAuNs AreesatdisiataaunIeLa 2 [} T#5un1swaland

o ]

(puncture)  iNaliladnsnsdaliu R, (Warseudmilade) Teluuaaiilu information

v v
o o < 1 o

bits/coded bits W¥auNIdasflnand (multiplex) faa1nduatALdANAANEaINN1T

[
o o A o o o a ! =

anmandwanildsunisaauarsudnlaefigduarsuainguiianidedsingue (uniformly

q

o £ o o o [ 1

pseudorandom. interleaver, UPJ), T4 antiniiusnaauansuansdasdnyeynos (channel

v '
= 0 o a

interleaver) unugnadyansnl A andutlaussuiasiadclssunsaduarsuds ¢, i

Tlfasmulasfiuuiyaynss b fluauiu (seral-to-parallel converter) TqviautianuLanaza

a o

nanidndayanfntuiungs o az TR, T unusoadrydneal ©, daani ¢, usazngs

[ 1 o o 4

Tnansun k azldfunisding (map) fusiaiini-nan C, =G, Wa G, € G lagsindng

k1)
99ial3nN-1981 (space-time mapper) AeuaNN1TdNARLLLNGE (Gray mapping) TuRay
aavinesdnsiauuuAWeLsuTea (differential encoder) ANLfiuNNsds AT AW WA LIU-

\TeaunRAUIHALRN-1981 C, AuATy 1 sN 311U K +1 URanaINnannis luuni 2

! o ¥

wAAded Y udnaanaa N AdeRugesd oy nauy MIMO Tidsnnasy
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d, Turbo pllr Puncturer ¢, ¢ | Space- | C, | Differential

Encod ) MUX S/P » Time >
ncoder | p Mapper

Encoder

51U 3.1 ununuuLudenaealaNaF e g

3.1.1 AIRAUAALUDITAIA YU

o o v a a ] =

IR, lufaduaALTATIAdNINENITS

inf c q

Wusaaduansuinaingaa N, =N

oI A 1 1 Q; A a d” zﬂl dl va o tﬂl ] 1 —_ a o

aNaNe viradadn UPI weidanaiintiiiasainitalidnsianuieg lungs €, iweaaiul
a o nzll dl £ % b 73N o o v 1

ANBATTANNAIBNINAgANa 1N 17a Y1949 A D8 ATTAN B FlUNI 4519119419

L‘ﬁmLLiﬂmmﬁ‘ﬁ@ﬂ?‘qﬁ-mmiﬁﬁumummﬁm@m‘ﬁmm:‘m@L@m (modulation decoder)

(Aesunenaniufnensianisnaganilsnges luisdatesh 3.3.2) 16

3.1.2 m‘n‘fﬁ@ (mapping)

A 1 dl o =Y a a =l a ] A v Aa o tﬂl v
ﬂ’)’]Nﬁ@llLﬂi‘@ﬂﬁqu‘iﬁu\‘i"ﬂ@\??M@ﬂﬁ‘ﬂuﬂ-m@’]LLUUﬂuuLLVI?’ﬂuﬂﬂﬁ;ﬂﬂ’ﬂ um@m‘wim

1 '
= = ] o

untauasia [13], [24] ls@ueudannisdigsiauazindayanazdsdasiieainsiaisn-

WARLLLABNTRI S. M. Alamouti [23] WAZ V. Tarokh WAZANLY [31] NULARAIUANNITENA

a

w1l atglafingluuuvessiaiiaonuuansaeiy asliaunmdszandldiusiaisni-
nauuy giunsriandUld ludadenasnaiefeudnnisdngsiaSgi-nauuugiuns

#ianFUAE lunsdeuuuavinesges

1
o d a

uinauiugn nmsdinguuunsdauinannishe seygluuuluwstinligsianag

b

1 14 '
o a = % | o Y a

Tnanungadnuin (weight) 28992812 ULENNY (Hamming distance) mmuummw‘?@

q

Weanile iundannisiilitihdsyged I laAanaandaaz iy ulanaiain (bit error

probability) - ANgaTunsdNunadayandansuradtane lunnliauisnilseyneld

o ¥ J KX a o | ¥ a = o é’
wannadduuuinsd ilaanss Asdarananiudasiaranilunsdianas fall
Adunsidingszud WiaRuAANENINNINeRARANNNIDAILANN 1T UAAS BER 16
plail [29]
o 44 (6.C)) ~
Prid =U, |U =U,)PrU,) (3.1)
3N
1
o7
P, unu AonNtnazLiiupNRANa1IATA

d, (C,C;) wnu srazlanderenanaanaasiuwis ¢ iy C,
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PriU =U, |U =U,) unu anuhaziluiiniaiunmadalfidu U wWenindeldda U wn
o a =
n uwnu Aurulinzesanmesluns n =log,|U|
i, j uni Artlessvialsni-nanlaed i, j €{0,1,...|U[ -1}
n1suansiinaidzes PrlU =U, |U =U,) dwiuszuudeaisiuneudtegeenn aeilauld
Pr{U, - U} dureunuuaedsn P, unu glail [30]

>

&, (c.T))
2 log |U|

J:
j#i

Pr{U; - U ,}Pr(U,) (3.2)

1
=l

aaa d'é’ dld % a 1 v o o a 1 o
nstifasaun luntilunsdinddeanuncgn aeaqlidesialigi-nanusazsia
saamaminaziiluin o) A (equally likely) Wudia  Pr(U;)=1/|U| dou Pr{U, ->U }
ANNNTUAAIAEENATA NI NA AL ARNAENNIN (2.38) TIN1ANNFAIATIATAURINT

nageAENBNE-nauuuanewdsa wanainiagladn
d,(c,c;)Pr{U;, »U }=d,(C;,c)Pr{U;, ->U;}

iWasann dy, (6,¢;) =d,(C,,C) uae Tl PH{U, > U }=Pr{U; > U} aniindnaun
agl/d 1 dl dl [« = | é’
HAIAINNIDLAAILIALUIBIAY B, ANeaxnnia (3.2) Tuginidlunstiianiziazdneau
Tondlu
5 Iz
> > dy(€.c,)Pr{U; > U }=R, (3.3)
|U||092|U| i=0"" j=i+1
Tnemalddryanmal Py wnuiinatueuaauunneaunian (3.3) 4195

AA@E9N 3.1 NAsINI9dAULLINIT899MALS)H-1a N aF19anaian U Fend

o - . = o M ye X
INAANNATIULU (quaternion code) SﬁﬂLmegﬂmemezﬂmmu

1 0 j 0 01 0] 1I--1| & 4
G =<t \Er NE Air N war D= UUAD
01 0 - =10 j 0 11

U ={U; U, 0,05 U U U U Taed

1 - i 1 1
Uoz_l 1 'Ulz_Uo’Uzz J -'U3:_U2’U4: 1 1’U5:_U4’

U, = __J J},U7 =-U, tupaudnaatuLuy QPSK
|

WansunNsinIsauazAmadaLLUAN e Tad MTUTae Aty iU UL LN A RS AR B4 TIA

ldtinataauanineannie (3.3) Aunmal Py, fengalugduuunisdngisunn 8!
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A9199 3.1 oatianilamiiuhllfaasnsdngnguinliidusiaBnd-nandmiuly

Finatinei 3.1

stuuureInguin 9 LTNH-1941
000 U,
111 U,
001 u,
110 U,
010 u,
101 U,
011 U,
100 u,

dl 1 dl v a 6 O a 6 o 1 Y1 !
suiuy AN p=5uar N=2 WaldaaNNatAasATUIANNENAUAINEN9 "ﬂtllﬂrm A1

a

IS 1o

P 7AngalAwinGL 0.1074 Gsfiansnsudndigluuuilaraeuannigassnanaia 384

sluunlnsudarglunudansousimieniupe gaiaiiden Tr(U, -U,)(U, -U,)") (214

'
o

Warsunlaan luAnsrazyAdpLLIadAIA) NINTNIgATIAD

o

saNTuAAUIRI BLAL Y
3

D _

1y Andusiaadigiunninesluunsniriszecuaniegegn Aa 3 guluuunilenduld s
wanal3lumnsnen 3.1

3.2 BRI ULILWARY

o pRp ° A a9y e L A =k g

Ty RMLL MIMO idnnsanaeivaldnaseuduiinaisgtuuumuinanaiiaudn
Tuunn2 ausuaneninusaliuil iweanAnsdesdoyyan MIMO An
1. WUUAAEATs

1 1% = t:ll 1 < ' 24 g [ % % o &
2. uwuudesdyniinmaldsuudasszudufanlunsiazadenoan TnadAdnandunis

Namaradnamaulln LU aesa99 Jake [18] Aa

R,(r) E[h" ]=J,(248,T,7) (3.4)

ij i

4‘
bR

b

o A

Jo () Aa Warfdu Bessel duaufaueniini 1 (zero-order Bessel function of the first kind)

u
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B, wnunsusiuunatinaaiuastasdeyoyiad (Doppler spread)

o

T, unu Auaednydnsainisuesanngdeinutasdoions Xt

S

TuananinufaiuilFuuuananduad Jake WUUAIANANNANAITE1NDINNIEILAT

[18] WeniilaA AR h AAdnanduiuinivaaideannisi (3.4) Ineiaan’ld
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[ & E | 1 o zil’
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=
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Mk(Ck :Gm)é Pr(Yk |Ck :GmlHk) (36)
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T’: ML(C) I{e)
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Turbo A
Decoder - d’
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5% 3.2 unuaaniuLLdenyedlasvaiwesn ALyl

= o

o Ao o '
ol WunNgun QﬁN@ﬂLﬂmiN

74 a

2. neclnnasuldnanudingnsanauzaaatasd
annTaNIILALNaNasdNL s AnadasdunnlaneAtaunauaziva
VAN
M (C, =G, )= Pr(Y,,Y,.|C, =G,)
exp(const Re(Tr(G,Y, Y, ,))) (3.7)

Il

\ila const Aa 2Mp,, /(1+2Mp,, )
lunlauladneianaznsiiniaiuldnsudinansannuzansd aed ooy
3.3.2 ﬁ%nﬂmiﬁ'ﬂms‘u@@mm (modulation decoder)

ARNBATTANITH AR R LTI NTITNT AN A Ty 1WA N UL ATUIDILNYITNT A Ty ey U

wazanansiliesusnuessiatini-nad P, (C,) andanansiamasiuieldaiurnngiy

pri
wraziilugan (joint probability) Pr(Y,,Y,1,C,) Tunsaluunlaisanile
Pr(Y,.Y1,Cy =Gy,) 2 Pr(Yy. Y. |G =G,)Pr(C, =G,,)
= M, (C, =G,))P,;(C, =G,) (3.8)

pri

3.3.3 AILRIU19415 1 (information transformer 1)
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N1908ATIATIN FIaUA19819 1 FULIA1IRNAINAATTANITHERIAR uAIULIAIT1ANT T
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FNLINNTNNATIALAZNNTUNT Fail

Fi(Ci)é A zpr(Yk'Yk—l'Ck)/Vi(Ci)

A2 MC) [Vice) (3.9)
Cyc ¢ I#i:Cy
Toeid
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dl a o o - ¥ 1 o Z//
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¢ Cy 1 #iiCy

a [~ (4

3.3.4 AARNARLNANG (demutiplexer 3 atad1 DEMUX) WAzAIANILARS (de-
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¢ a
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= o v a 1
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Finat19 I uNIUARINdfsaTasIAadnsiamasiuLiu 1/2 Aaandaafasimant1aans
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7 3.3 NINENANUIUINNATENTYFUTNIAITATANA TALNTAIAIFINAATTAL AL UN1LILAY
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S ~ |
L) — § J | ld)
: [ 75'1 |
| |
| { i |
o |
Vi) v V@)
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daun1sAuInntNaansdndvisuinaesindeyauarinunsfaausnuanssos

aunnsldsaseluil
V() =B, (sédja?-l(S')Prii CRIMCHYHS (3.13)
Vi(py) = S Z)]?}_l(S')PSn (d,)7(d))B}(s) (3.14)
$'S)P]
Ay vj(r)f)zDj(z)?f_l(s')P;,i(Jj)rj(d”j)/xf(s) (3.15)
)P}
Tned
B;, C; wav D; LN ﬁqmﬁuﬂil,mimﬁuﬁﬁlq
B, =1/;(s§dg?_l<s'>Ppii CRIMCRVHO!

Cy =1 Sl (sHPh (A (d;)Bs)

P (s\s):p
way D, =1/ > & (8)P2(d,)1;(d,) B2 (5)
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Pl.(d,) vise P2(d,) wnu m*wmiw:t,ﬂmﬁmLLiﬂmmﬁm%’ﬂH@ d, dwiun1snensvia
10aFIN0ATRALRLNIE LAY 1 vTeaesdndeayas Jj dmiy
FLNBATVALIDLUNIELILAT 2 ATNAIAL

Z W SuradNSIles AL Z lisunsasusnsudalaesady

APUTATRIA NI FAIMasL 7

3.3.6 AILLURIA19415 2 (information transformer 2)

ninAwnAAanaziuieunuesialigi-nan P, (C,) adslidl

v a a

Fanansianisueglan laspiAuuannisnnindslddoaduaisuinaiaguiends

o

asnane v lidasianuneglungu €, thaaiuilanudaszainiuuiniign Fanu

P.i(C,=G,)= T]Vi(c) (3.16)

¢;:C,=G,,
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output: X
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r K
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R1UIUNITAN (multiplication) N191419 (division) WAENITUAN (addition) Al luudaz

fupeuNI e RN TR RN LAZAE 9T L

st aumsAniunsuldneastannisiatsandsnisreddunennis

FruusiazTuneuRfaainais 1 FailEuanliudaluunii 3 uaz 4 nadwsaesduaunig

A nsnsuasnsand luuasdunennsieuasBEnssaAuanisludauiifeii
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K unu @‘hmummuﬁ@ﬂLfawwmuﬁ@gmimﬁqW\Immﬁ‘vﬁ%‘ﬁaLLuuﬁV\IW\I@La‘uﬁm%q

K =N /(R log,|G|)

MD KN FIn8ATHANITNDRLAR

IT1 WAY T2 Un Akl asn947s 1 uazmautladainegns 2 AMuaNAL
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A1519% 4.1 A1UIUABINN9ANS (multiplication) N4 luuAaz 81990199 UG 19893509

:I/ a as Aﬂl
ASLANLAZITNNTN 1

Scheme
Conventional method Scheme 1
Block
MD -
Ninf
G|(log, |G| -1) (3.9) N, .
IT1 R, 2 |G|(log,|G|-1) (4.8)
APPD . 4G[* +[GPK @4.1)-(4.4)
a 2" N (N, +Vv) (2.47) 2" Nee (N, +V) (2.47)
B 2" Nee (N, +V) (2.48) 2" Nge (N +Vv) (2.48)
0 y 8N (N, +v) (3.11) 8N (N, +v) (3.11)
P.() 2"* NN, (3.12) 2" NN, (3.12)
3- 2 [(Neg +DN; +2N.v] 3:2""[(Nge +DN +2Nev]
V(-
0 (3.13)- (3.15) (3.13)- (3.15)
IT2 - G|(log,|G|-DK (3.16)

A1519% 4.2 ANUIUARIN19UNT (division) N 1T IULARZIAUIRINITIUTIVBIITNNTAIAN LAY

as -dl
A9N19N 1

Scheme
Conventional method Scheme 1
Block
MD -
2Ninf
(3.9) 2Ninf
IT 1 R, (4.8)
RC
APPD - 2G|K (4.1)- (4.4)
o 2VNCE(Nmf +v) (2.47) 27 NCE(Ninf +v) (2.47)
p 2VNCE(Ninf +v) (2.48) 2”NCE(Ninf +v) (2.48)
™ Y ] )
Poe () 2NeeNiy (3.12) 2NN, (3.12)
2(NCE +1)Ninf +2NCEV 2(NCE +1)Ninf +2NCEV
V(-
0) (3.13)- (3.15) (3.13)-(3.15)
IT?2 - -
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A15199 4.3 ATUIUUBINITLIN (addition) AT LLLAAZIELIRINFIUTIVDIAITNTAILAHN

as QII
LAZATNITN 1

Scheme
Conventional method Scheme 1
Block
MD -
Ninf
(|G|_1) (3.9) Nios
IT1 R, - (G|-1) (4.8)
APPD 2 @3G|" -|G|-2)K (4.1)-(4.4)
a (2" =N (N, +Vv) (2.47) (2" =N (N, +Vv) (2.47)
B (2" =DNge (N, +v) (2.48) (2" =N (N, +v) (2.48)
p y )
™| P, (2 YN N, . (3.12) (2" =N N, (3.12)
v (2V+1 _1)[(NCE +1)Ninf +2NCEV] (2V+1 _1)[(NCE +1)Ninf +2NCEV]
©) (3.13)= (3.15) (3.13)- (3.15)
IT 2 h -

A9199 4.4 ATUIUTDINITAU NTANTUAZNITLINT LT TUUAALIDLABIN99UEN 0935019

Y a aa A aal a o Ao X
ANLAN 98NN 1 LLAZIENITN 2 (GlugﬂLLi.l‘Uﬂ’]ﬂN’]‘LW]ﬂWMHMM)

Scheme

operati

Conventional method
(2:47), (2.48), (3.9),
(3.11)—(3.15)

Scheme 1
(2.47), (2.48), (3.11)-
(3.16), (4.1)-(4.4), (4.8)

Scheme 2
(2.47), (2.48), (4.1)-
(4.4), (4.7), (4.19)—(4.26)

Number of

multiplications

(48+34-2")N,;
+(64+32-2")v

(2342 +34-2")N,;
+(344+32-2")v

(208+32-2")N, ,
+(294+ 242" )y

Number of

divisions

(14+4-2")N,,
+(14+4-2%)v

(242+4-2")N;
+(30+4-2")v

(262+4-2")N;,
+(24+4-2")v

Number of

additions

(5+18-2")N,
+(13+16-2")v

(1261+18-2")N,,
+(195+16-2")v

(1361 +20-2")N,,
+(198+16-2")v
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A5 4.5 A1 UL ADLN 1 1L LAAL I LIAINITIUENUBIATNITEIAN FTN1IN 1 LAY

[

1 1 1%
3501979 2 (lugtuuunisldanunnivunau)

Scheme
Conventional method Scheme 1 Scheme 2
complexity
Number of (109 +68-2")N, (4592+68-2")N, (451+68-2")N,
FLOPs +(133+64-2")v +(659+64-2")v +(588+56-2")v

NANTUIAITI9N 4.1-4.3 WLT1 ANNTUEaUIR99TN197 1 Tudauaasdaulag

1 o o Y

119819 1 AAviduAdudauastanisaufnlududinansianisueganLazFoullag

1196819 1 AsludeAnsauiuandLdeuludiuaesanNeganiafiuarfaulagtnnans 2

v
o

4‘ | dl ¥ o a [ 2 a )\ o/ ad dl 1 o Y
gt udunaunfAesa1tilunig M1 1HANNTUTaUIRIIENITN 1 NINNFIAINTUTaULR

ABN19AuANAUTUNI AN TN NEHAT AN IAtIA N UE D UM NAUAIN A 10T UaE]

UMIAINEN918N TN L83 A LA AU LA ALETYH-1281
AmiunianfFeueununisldenaseenuuulngdsnie 2 Huansldluansm

4.4 Taglduungiaaannisn dnanson iniani 19 181e10995017 LANANTUIA19NN 4.4

o

AU FIANTUNNINIATATIARYAIBLIUAS AT 113 Lazuan Mnldeanuninig

wWisuweupandudeanaesiznissae - asldiaenldnisiundey (FLOP Gtian1ain

¥

floating point operation) tanFaLiAgUAMNGUEaNINIBITEN96119 7] WnWNNIUTLAIUIY

1 5
alPLQJ [ % e R [ %

109f9a1 81N nedunaeududgnisdan lanaansnauiunis iU nTnuesa
o a 1 dl-cil/ A £ :’/ % a 1 go’ o o O a QII

ANHUNI9A9 7 TuiRiaenldn1saedeaunAgadAIianingesina nHUN1TAINR J. L,
Hennessy Wae D. A. Patterson t@ua b3 land1s819aanaineia [33] nanqAe n1suInise
meamld 1 Wastlsanigauidunisuinesa uazn1vazld 4 Waelsan1saiduN1suiNATS

FoedeaaNNAAINg 12 ANNF0LEANANT LT UIINLEITEN1960 ] AINANTIN 4.4 TAAT

4
o  a o Y o

F13799 4.5 Teanunsaagletnendig o lidn aduresandudeuainuanludesnduisi
A2 38N099 1 38M371 2 WALAENIEAAN
A Y o ' Azll S| o 1 A aa
il 2alidaunndn m3en 4.4 uaz 4.5 Wusetsresnndudeusintesdsnig
| 73 dl o d? [ ] al v « o VY aal ]
e ) Tugtuuunisldauiimunaudunsiifing Sldduaududeurnaedanisii
| 2e9nsTda /et amsneh 4.1-4.3 aeelafinnneed 4.14.3 liseazigen1ed3sniei

2 agjilasanniinnassiinans linauguudnluiade 4.2
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WALIUBASATY QUUILNIUVTaUNUARE AtyA NI alan E/N, fuAtAutaziiluaaspanu

o

nawanadia (bit error probability) WaalEENINaRIANRANAATRLAIN BER HRAanA#alL

1 ¥
a

| A o o= PP A o @ o o
sruvuwtasdy g runidunnigamanand B T, 7859619 7 N wanannus
NAABUNANTENUANNNNIAEUATNIS AT LALA A1uIuataINIATY TUIATEILASN
daya A1urusasuNNI0eATIALLILIANG) ANUIUIUIATBINUIEAINANTDITNFTAd AT

UALTNAURNF0TNT AL ag MU A ANIINUABITZULNAATHANLAUD

51 N19AN8BITETUL

1
Gpererei v A

Auiuaneinusedull §AdunenldNaulauarnisdimasluniseiaedseuiie

be

£

neReLANsTIuzSanaT i lwiadae 5.2 Fail

1. auipeasudandaga: 3000 in

2. Aadnswanasiu: usuuluuanilasa¥eiagui 2.3 Inadssneudansa
\ingvia RSC  (21,37), AndouRusIuL 2 FdnsiaTafad T auAa LTI
winzA Ay 4 Anpuisileulidramidiuansdfidu 1+ D* waznyuinilaundy
wandlfiiu 14D £D%+ D + D* Tneidssduaadunisdnsviaainguifinadagivedu

3. newalans: Waiaae e il denanevaiu 1/2 (azn13iangnntmany)
sanannBudaluindaseni 42,1 2

4. sual3ga-1aan: denldaialii-natuuusiaaimesitay folusaatneg

3.1 unil 3 wazidenldnsdngnguinluilusialigfi-nainumesd 3.1

5. dasdn MIMO: & 2 uLuAe

1. wuWpRIAREATA

2. uwuutedyniinisiddeuulasrndneudenluusazaseninanlae A

o

snanduiusnianatraannfaduldmuiuuanaeanes Jake [18] sannandldluuni 3
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seAUAD 41 159 wazifauan na1ame Wa BT, AAWAL 0.01 0.05 Laz 0.09 laeiiila
B, T, Wiy 0.01 anuzaesdesdyniuazitlasuulasetnedi o) uazduidasuulas
s9m1591U 1ia BT, HAwvniy 0.05 Tuaniefingtin B, T, iy 0.09 devdtyqynnuasi
o a A I o
naulasuilassmdannningaiden Faunauiums 3 naol
6. ArnansuALNasIL: Usznausiusinansiadetanuai 2 fa Nutifnensia

WULIUEN AR EId1MR1RE MAP

5.2 NANISNAFAUANTIDNUL

o o X ) | = L@ = = ' @ |
Windetutveanitlu 2 491 Ag BuuTesdal Endas Ll asssudnauaenluus
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1
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threshold) 1luqanidunsanBaRaIArEAMNTUNgATABNANTNTNFOUNTIUT NG LAY
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1.0E+00 1 1 T
4&——4——- o 7
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1.0E-02 .
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= \ L} L N
=) \ iter. no.# 4
£ 1.0E-03 - A RN _
= Y == —x—iter. no.#5
[a Y
S 1.0E-04 \§Y \ —e—iter. no.# 6
w NEERN —+—iter. no.# 7
- BN e oss
1.0E-05 \N \ iter. no.
A\ ———iter. no.#9
L\ LY !
1.0E-06 A\ —e— iter. no.# 10
kN LN
1.0E-07 : — 8 & T \-
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= 1.08-02 1 =*_ | _, iter. no.#3
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ABSTRACT

A modified technique for joint iterative decoding of
serial concatenation of turbo code and unitary space-
time group code is proposed and evaluated under
temporally correlated fading channels. This approach
further takes advantage of the system by exploiting
the unitary space-time group code which possesses
trellis structure of differential modulation. The
extrinsic information of modulation symbols is
calculated from this trellis structure by using a
detector called an a posteriori probability (APP)
demodulator. The simulation results show that our
modified method is superior to the conventional one
at the expense of more complexity.

1. INTRODUCTION

Next generation wireless networks are expected to
support broadband multimedia services for- highly
mobile users. In order to meet such a demand, it is
important to develop new wireless communication
techniques that achieve a higher spectral efficiency
given a power constraint. Space-time processing is
currently considered an effective and promising
method to improve wireless- channel bandwidth
efficiency, thereby increasing system capacity.

Most research on the space-time processing in
wireless communications has adopted a common
assumption that channel state information (CSI). is
perfectly known at the receiver. This is reasonable
when fading path gains change slowly with respect to
the symbol rate. In this situation, training sequence or
pilot symbols can be added and transmitted to the
receiver so that an‘estimate of CSI can be obtained.
However, reference [1] has indicated that under
rapidly fading - conditions, channel estimation
becomes difficult, and to achieve accurate CSI
estimates, many training symbols are required. This
causes a large portion of overhead, and it becomes
significant, particularly in systems using multiple
antennas, resulting in low spectral efficiency.

For such situations, space-time processing
techniques using differential modulation schemes

This work was supported by the Thailand Graduate institute of
Science and Technology, the National Science and Technology
Development Agency under Grant No. TGIST 01-45-015.

become useful and can be advantageous. Recently,
differential space-time modulation for multiple-
antenna schemes has been proposed in [1]-[3],
illustrating how temporal and spatial diversity can be
simultaneously exploited without knowledge of
perfect CSI. Further gains can be achieved by
incorporating the use of error-correcting codes,
leading to a concatenated code with space-time codes
as an inner code and error-correcting codes as an
outer code. This approach has opened up many
possible configurations of concatenation. Therefore,
it is interesting to examine what combination of
space-time codes and error-correcting codes is most
effective and suitable for specific channel
characteristics of interest. Since decoding scheme at
the receiver also plays an important role for overall
system performance, it must be carefully designed.
Many studies in this area such as [4]-[5] have
selected turbo code as an outer code because of its
impressive near-Shannon-limit error-correction capa-
bility achieved by iterative decoding, and an inner
code used in their investigations is based on unitary
space-time block codes [1], [2]. The decoding
structure is adopted from [6], [7].

In this paper, we propose the scheme which
exploits unitary space-time group codes inherently
possessing trellis structure of differential modulation
so that the BCJR algorithm can be applied to the
modulation decoder. The receiver using this detector
called an.a posteriori probability (APP) demodulator
yields performance improvement over conventional
detector in [5].

The remainder of this paper is organized as
follows. In Section 2, we introduce our mathematical
channel 'model. " In -~ Section.. 3, 'we review the
differential space-time turbo modulation in detail. Our
modified system is described in Section 4. In Section
5, simulation results are given to support our ideas.
Finally, conclusions and suggestions are provided in
Section 6.

2. ACHANNEL MODEL
A typical channel model consisting of M transmit and

N receive antennas is depicted in Fig. 1, and can be
expressed as
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Fig. 1. MIMO channels
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where y;; is the received signal of the ith receive
antenna, i =1, ..., N, attimet=1, 2, ..., T. T is the
number of time slots per one space-time block code.
Here pu = p/M where p is the signal-to-noise ratio
(SNR) per receive antenna. Let x; denote the
constellation point of the jth transmit antenna, j = 1,

2, ..., M, at time t. All fading path coefficients hitj

and noise variables w;; are modeled as circularly

symmetric complex Gaussian random variables [8]

with zero mean and unit variance. The noise is
assumed to be temporally and spatially white.

In this paper, we have chosen the unitary space-
time codes [1] having the following property

XX =TIy » ¥XeX 2)

where X = {x;;} is the MxT unitary space-time code

belonging to a set X, “*’ is the Hermitian transpose of
a complex matrix or vector, and Iy is the MxM
identity matrix. The modulation rate is defined as
Ry, =1/T -log,|X| bits per channel use where |X| is
the cardinality of the set X. In addition to the property
in (2), we have further restricted that the space-time
codes are constructed from a group structure [1].

Let Y ={y;;} be the NxT received matrix of X,

corrupted by the NxT noise matrix W-= {w;,}..\We can
rewrite (1) as follows

yt:VpMHtXt+Wt (3)

where X,, Y;,and w, are respectively the tth column
of X, Y, and W, and H' ={h{} is the:MxN fading

matrix for x, . It should be noted that unlike most

previous works, the fading in (3) is more realistic
because it varies within each space-time code. The
fading coefficients: are ~assumed to be spatially
uncorrelated ‘and  have the ' same temporal
autocorrelation function as in [5] or

Ry (z)=exp(-T, /T -7) )

where 7 is the time difference index, T is the
sampling period, and T; is the fading time constant.

3. DIFFERENTIAL SPACE-TIME TURBO
MODULATION

In this section, the overall operation and structure of
differential space-time turbo modulation in [5] is
reviewed.
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3.1. Differential space-time modulation

In this paper, we adopt the differential modulation
proposed in [1]. This technique is based on unitary
group codes which can be differentially encoded in a
way similar to DPSK modulation. To send a message
Gy in block kth, which is selected from a group G of
TxT unitary matrices, we send the MxT matrix

X=X a6k, k=1.,K (5.1)
where K is the number of space-time block codes per
frame. We initialize the matrix X, as a reference
symbol (matrix) which is known at the receiver, and

restrict XoXo =T Iy . Then, X, Xe =T -ly.u »
k >1. From (5.1), one can formulate

X = X¢GiGy -Gy, k=1..,K (5.2)
and, then X, € X, G. This means that the possible
number of X, is limited and equal to that of the
codes Gy . In the modulation, we can avoids the

actual matrix multiplication in (5.1) by preparing the
multiplication table of X, and GeG.

3.2. Transmitter structure

— C. C, | Space- |G =
k k
—> E-Ir—]lé;kéoer —» Puncturer I Time Y
P Mapper L

Fig. 2. A block diagram of the transmitter

The transmitter structure is shown in Fig. 2. In this
structure, a typical turbo encoder is used as an outer
code. In encoding process, a binary input stream of
Nin bits is encoded by the turbo encoder, and its three

output streams, d;, p% and pf, are then punctured,

as well as being multiplexed. Next, these coded bits
are interleaved by a uniformly pseudorandom bit-
wise interleaver performing as a channel interleaver
A. Then, the interleaved coded bit stream c;, is fed to
a serial-to-parallel converter. After the converter
divides and collects the stream into groups of TR,
bits, denoted by €, , each of them is mapped into the

corresponding space-time code Gy from the set G by
the space-time mapper based ‘on the Gray mapping.
Finally, -these - space-time codes ~are differentially
encoded by the differential encoder (DE) before
transmitted through the MIMO channels.

3.3. Receiver structure

The block diagram of the receiver is depicted in Fig.
3. In demodulation/decoding process, the channel
metric computation unit receives the observations Yy,
Yy, ...,Yy ..., Yc and calculates the channel metric
[

M (Gy) = Pr(Y, Y1 |Gy)

= exp(const - Re{Tr{G, Y, Y, ,}}) (6)
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Fig. 3. A block diagram of the receiver

where const is 2Mpy /(1+2Mpy), Re{} denotes the
real part, and Tr{} denotes the trace. Next, the
modulation decoder uses the channel metric and the
extrinsic information of coded bits Vj(c;) from turbo
decoder, to calculate the joint probabilities Pr(Yy,
Y.1,Gk). Then the information transformer converts
this symbol-level information of each space-time
code to the appropriate bit-level channel metrics for
the turbo decoder by marginalization and division as
follows.

I(c) :Ai'Gzpr(kaYk—l’Gk)/Vi(Ci)
K:Gi

=A - 2 M (G )Py (G 1Vi(ei)

Gk : ¢
=A- 2 [M(Gy) 2Vi(e)] (1)

Gk Cj ], I#i:Gk

where Gy : ¢; means all possible codes G, of the set G
into which the coded bit c; at time index i is mapped,
Ci . Gx means all possible coded bits c; which are
mapped into the code Gy, A; is the normalization
constant, and P,(Gy) is a priori information of the
space-time code Gy. After this bit-level information is
deinterleaved, the deinterleaved extrinsic information
stream is fed to the turbo decoder which comprises a
de-puncturer and a module of two constituent
decoders. Then, the turbo decoder generates the
extrinsic information V;(-) of data and parity bits back
to the modulation decoder. To compute the extrinsic
information of data bits as well as parity bits, it is
necessary to remove the a priori information of the
bits received from the modulation decoder. The
extrinsic information will be used as the a priori
information of coded bits for the modulator decoder in
(7). The extrinsic information of the data.and parity
bits can be expressed as

V;(d;j) =B, Zaj—l(s|)P’eri(dj)F(p]z),Bj(S)v 8

(s5):dj
Vi(p))=Cj X aja(s)Pui(d)I(d;)B;(s), (9)

(s'5):

and _ _

Vi(p?)=D; ¥ Za,-,l(s')P,ii(d,-)r(d,-)ﬂ,-(s) (10)
(s'9): P

where B;, C; and D; are normalization constants; s'
and s are respectively the starting and ending states of
a branch of the considering constituent decoder,
associated with the data bit d;; p; is the parity bit; the
superscripts ‘1" and ‘2’ indicate the number of the
constituent decoder. It should be noted that the
extrinsic information of data bits for the modulation
decoder is calculated by the second constituent
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decoder in (8). The ¢.4(s) and the g(s) are the
recursive  forward and backward probabilities
respectively in the BCJR algorithm. A sequence A is
an interleaved version of the sequence A performed
by the parallel concatenation interleaver (PCI) of the
turbo encoder.

4. OUR MODIFIED SYSTEM

In this section, we demonstrate our modified system.
The modulation decoder in Fig. 3 is replaced by the
APP demodulator. This block calculates the a
posteriori probabilities Pr(G |Y0K) of all space-time
codes Gy for the turbo decoder, based on the trellis
structure of the differential encoder. Because
differential encoding can be represented by the trellis
diagram, the BCJR algorithm can be applied in this
system.

The formulae of this APP demodulator consisting
of the recursive forward probabilities a(Xy), the
recursive backward f(X,) probabilities and a

posteriori probabilities of the message Pr(G, |Y0K)

are given as follows
a (X)) = B¢+ Do (Xy) Ppri (G M (Gy)

Xk-1
Pr(Xy | X1, Gy) (11)
Bi(Xy) = F 'XZﬁk+1(Xk+1)Ppri (Giia)M 1 (Gya)
k+1
Pr(Xy .1 | X, Gyia) (12)

and

Pr(G1Y0) = Le- X oy a(Xe)My (Gy)
(Xk-1,Xk)

B (Xi)Ppri (G ) Pr(Xy [ Xy_1,Gx) (13)
where E,, Fy and Ly are normalization constants, Y

is the sequence of observation, and

1, possible transition,

Pr(X, | X,_1,G,) = . 14
Xl X160 {0, otherwise. (14

It is suitable to assign the values of recursive forward
probabilities and recursive backward probabilities at
the boundaries as follows

et 0\ {1, if X, isthe reference matrix,
m 0, otherwise;
(15)
B (X = Xp)=1[X, VX, eX. (16)

After we obtained the a posteriori probabilities,
we can use (7) to compute the bit-level information
I7(ci) by replacing term Pr(Y,,Y,_;,G,) with these
values. The other parts remain as the conventional
method previously described.

5. SIMULATION RESULTS
In this section, the performance of our modified

technique is evaluated in comparison to the
conventional one.
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The two component codes of the turbo code are
identical recursive systematic convolutional codes
with the forward polynomial as 1+D* and the feedback
polynomial as 1+D+D*+D%*+D*. The turbo encoder
employs a uniformly pseudorandom interleaver as a
PCI. The block size N;ys is 3000 information bits, and
the encoding rate is 1/2. The channel interleaver is
also uniformly pseudorandom interleaver with size
6012. We use the quaternion code [1] as our space-
time code. The performance was evaluated in two
cases: normalized fading time constant 1) Tg /Ty =

0.06 and 2) Ty /T; =0.1.

Figs. 4 and 5 demonstrate the BER of our
modified technique and the original technique. When
fading is slow , i.e., T4 /T = 0.06, given in Fig. 4, it

can be seen that in high value of E,/N, our graphs fall
steeply than the original ones. However, the
performance of our technique doesn’t have significant
improvement comparing to that of the conventional
technique in fast fading Ty /T; = 0.1. The reason is

that the metric calculation (6) doesn’t take advantage
of the time diversity efficiently. It also shows that with
the increase of iteration times, the performance is
enhanced and exhibits steep slope as turbo principle.

6. CONCLUSION

The turbo coded space-time modulation system was
investigated. We proposed the modified technique for
iterative decoding of concatenation of turbo codes and
unitary space-time group codes. This approach takes
more advantage of the system by deploying the space-
time codes having trellis structure of differential
modulation. The extrinsic information of modulation
symbols is computed from the trellis diagram by using
the APP demodulator. The simulation results show
that our modified technique performs better than the
conventional method at the expense of more
complexity. Our decoding module should have
performed much better, if we had made use of the
prediction like the linear prediction. Hence, the next
step in our study is to examine how we can efficiently
exploit it in the multiple-antenna system, ‘and also
involve it in our decoding method.
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