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ABSTRACT

A method is presented in this paper for the calculation of the true union bound on error performance of trellis
coded modulation in Rician fading channels. As oppose to previous analyses where the union bound is approximated

by the most common error events, or through the use of Chernoff bound on individual pairwise error events in the
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transfer function bound, our technique uses the exact probability of individual pairwise error events in the transfer

function of the code. Although more computationally intensive. the proposed technique produces the tightest bound

yet published. In addition, it is very general and is applicable to coherent, differential, and pilot-based detection,

and to PSK and QAM types of constellations.
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Trellis Coded Modulation(TCM)& Z#E & & 9 o
AEZFE &0l wohe A4 w &l o)E54 2 A4 o
FEAA A2 ALgE FeHlL o]F B4l Alde) A
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sh'd 24 7](Channel estimator)7} & 51, o]= o}
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Fig. 1 System Block Diagram
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T 2 [l2e1?] 5 lml* +o N (2 | g | +a',z)
&)
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k= IZI ™
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Hz77 add 02 $3s17) Y e AdEd
A vk)E uk)st & FARAE 7HAkRT B =
FollM e uloloj 257 & +4718 Mg @t &,

Elvl=Elul=m (8)

£ &3, uot ve] FEAHcovariance) D A A S

(correlation coefficient)¥= z}z}

2 _i * ___1_ 2

Tuw=" Elu(k) v*(k)] 2 |m ©®

p= e (10)
OuGy

2 289 954719 HFA52 A Hmean squard

error)
1
(;5:3 Ellu—vi?]=0) +0l—2Relcl,} 1)

, ol & o] Batolni, o] 4l AYFHY s 3¢
(perfect channel state information)| M+ u=1, ¢2=0
7t Aot mpxjgto 2 #(k)9} v(k)e] =AY FRA

(conditional covariance)& t}&4) 0 & o] 2},
1
She=g EARFBIB) -+ ImP=alx) (12

TCM t 3y e FAAE A2 R=(-, r(k), r(k
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Euclidean distance)®} §o] 27} Hl& 23018 A
Ehi=3
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[7(R) — () x(%) |

M(r(k), v(k), ()= — 13)
QA0 < & BRI [1)9) Astel ANE A
Aot

0. 25 Al #EB(Pairwise Error Probability
:PEP)

B HiMe BE4RFE o188 eRAAYE
(PEP)Z A4tk WHillel #alo) stz dok
Zol7t L 2 FA A tate] A4E ¥30) L 4
gol 77 C=(c(l), -, e(D), (1), -+, ¥(L)OI 2, &.
§ 25 @ AR C=(), . (L), (®(), -, #(L)
2t b kAl B Col EYo] o) MEdRT 7
Lo, uhy) 2aR WEGe] Aolst F5Y W ©F
b g Qo &,

2
D=3 d(r(k), v(k), c(k), ¢(R) <0 (14)
k=1

D dr,v, ¢, )=M@, v, ¢)—M@r, v, o)v= A& WE
go| 2E 9n|atz, H(13)2 dYstd &3 Lol
tA] £ 5 Qo

dr, v, ¢, é)=Alr > + Blv|* +2RelCrv*) (15)
1.
&, A=0, B=- (P —1x1?)
] .
e X2) i C‘—‘; (x*—x*)o]c}.

2(15)2) WEY 2}, de HFol gol ofd, 4ad
B 7h$A1gt @ ¥ =(non-zero mean, correlated,
complex Gaussian random variables)2] # =2}8(qu-
adratic) E¥ojc} A(15)2] AFHF&E U
3 et Am 3 & EA g <( characteristic func-
tion)& th&3} Zkol ¥ E & 2ATHEIII.

pile, €) pile, €)
s— pule, (s — prlc, )

pule, &) prle, €)
(s=puile, (s —prle, €))

Duls, ¢, )= (

-exp (16)
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wrle, &) =asle, OlIxlPal +1] 1)

oA AW A HALEE AYAFFE
EAHoZ Sgolw, 9.F A MEY He] Do
de B gsE

®p=(s,C, C)=T[1 Duls, clk), é(k) (22)
k=

= w¥E 4029 49 9L H9F Fuy T
Yok A2 Sy 2 Aold EAh Y
= ehmaps ouste] olste] FEURTSI} HE
o, 2 RAAEE % D7t £47 € BB gEUE
g 4uirezd FAAT. & oHAAES

oty l

PAC, C) =~§'—. [ @o(s, C, C)ds (23)

D
olm, & ¥ M(integration line)?) $1x o+ 0<Rels]
<HagmrIHowm FosHe FHFAWA EA
sjof ok, RAl6lold BAF] B4 duls, €, O
s7b oA Hold o wEA FadER 2(23)¢]
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EHARS AHE Aol FBLHHREOE A FH
=RET AAE 4L T Uk

1. O| & X{ QL. 2D FH 7| 2| & (Perfect CSI)
ol A MEFH 7, & vb)=ulk)E HET ¥
2(18)-2De th&3 7o) BHETH

Ps

pile, ¢) prle, €)= — TEaF (24)

we, &) =% @5)

wrle, &) = (e, )= EEPK 26)
P

@, P.= ‘;:K ol }.

push pa AYolol A A%e) sitol dhated 7 BB 45
% @uls, e, OF x5} 29 2 BA ol 5= A

A20) e 7HAT.

2. Differential PSK

Differential PSKe A= o] & 2 M &F r(k—1)S #
ol o15 u(k)e] FHAZ A&} F, k) =ulk—-1)
xk—1) +n(k—1)ol HH} x(k—1)=1E FA. ¥
Ul A A eH(Isotropic scattering) S 7t & 7%, u(k)o}

wR)S) FENE

J
2 gl = 28
al,=0lJ P, (28)

6l=1+gl= I;SP‘ 29
2 FojAH
N . Pl
ple e, =~ T 114 0
A JP,
wle, &) = P AN+ Pi—)) @D
—l2
wrle, )= ALK (32)

Ps

_ 211’2(0, E)

a(c, €) a+p—J) (33

A7NN J=JQrfT)olH, Joe WA 4, fiTE A
Tt3hd FHol=golnt.

N. 2fdeco T

TCMo M A, ol &8 vl =g il 713
WA Q] WYL FALH 88 (pairwise error probabi-
lity)S F8el2 HH3le Ao, EH QA Wy o
Chernoff v} = o]t} &, C=(e(l1), -+, (L)), o] A4
REolol3, C= (1), -, fL)] LFEZ U o
LFANGES bS5} ol RHERIT

P.=(C,C) < H Puelk), é(k) (34)

@, Pue(k), é(R)= 24 749 3HA(constituent upper-
bound)o|t}. A% 2] A&} (constellation)s] |37t &
#sl7] o] ah FATAY JFLe /T S 9
of flow o] HHL 718 & (elementary up-
perbounds)2} &} A& FA(transfer function
bound)& 317 HslMe FHF 2 FA}AE
2 HAei =] Ao|(transition)o] YFE F A
& T3he WY & ol &%t

£ A7 Agte AEds s e Ho s
fFALEARY, @ FEl 2] Z+ A o](transition)e]] 7]
A BAE AHEskE g4, ool HFEE e 54
¥ AMERTOE ol g2 AR Fd Aey
4 TUB(tigit upper bound)®l &4 ¥4r0]n] o]
A& STt JEEsw TUBE 78 & Ao

1. HgE

a8 28 TCM #3718 RAFE Zo|t}. AZ7)7t
M'=2" A% Aoz i MU d 4E ak)e m Y
EZ 745D, TCM $37)& 2t 484 &
9] g Me st B4 Ald 4 E(complex channel
symbol) »(k)& &8}t ¥371E H4HEDA, mE

m
m +1

Hol m+1 HEJ} @ F A3H ) FEFF(sub-

muEE X5 A ARE T 3t B3

1)
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constellation)& A& 3tn], Yo m—m v E= A3
F REFINY AEg AYsted o) &3t A7
m+1 HE?S 3o (k)7 % §(mapping func-
tion) x = f(c)ol) &3t x(k)E W B o] ¥ Aojg}.

AFRE 7)== N A B (0o, . on-1)E 7HAH,
29 3a9] A A X (trellis diagram)ol] ¢ 3}a] 2 {3 o]
Hedl, 7t deiel Aol(transition)= Y&EE HEZ)
afed} FFol WA Atk 7} R Y 2 &Y
e dele Fi= 2meoln] REguA Fe m—m
H E= W3 A ol(parallel transition)g WAl Ao}
o E859 4% A (union bound)E 7317] &)
ME BE 7HEe LRAZIE S aejsfof gt WA
o} 7bEdt LHF T HENT ¢t Age] Hug,
BE LHADNES dAse AHAJ WHE oF
A eE o)l g8ty Aolth. Agi-F o M 9
o, L RAEIEE F o5 del(esierror free state,
all-zero state)7} source®} sink & UipolXttes A&
Aol AYNY T e Yt 1Y e
19 3a9) Aol dl & e {FAdE el

an(K) cmi(k)
ot | mopper L
mel

am+ 1(K) - o
an(k) ——— " L
I i R
k) ——— ] el ci(k)
ao(k) ! Encoder colk)

O 2 TCM M z7)9] ¢
Fig. 2 General Structure for TCM Schemes

EAggo o gt 2 HAVHEE S FASH] 98
o, Ax @ FHIs) H(error transform matrux) G(s,
S A3t G(s, e)) 7, j YA

(G, e)]x, ;= : Duls, Cimj, Cinj B e) (35)

L
v
AN ey FH aolM g, 20 Heolo] BAE e

340

ololn}, ex= Q@ Fol(error word)olth, @ FATE] o A,
FEl enoll A e, 079 Aol tEd = Fs, 1, 09
label 3 H(label matrix)o] H A ¥ 8 ©}-&-3 7to] A o
e}

Fs, 1 emsn) =1 Y G, e) (36)

e,

@l B2 e b g dejd) ojat Ao
2 oAlg A& HE 989 sldo|r) 2w, Aty
el A £, 082 HolE 7|AF)E RE O AMRE
of 3H& Hgho} whebx, - G 3§ (matrix transfer
function) T(s, N7} . ¥4 =2] A2 ALs
o.M AW, @7 H 3 (error transfor)

s, D= T:/— 17 T(s, D1 (37)

o8 Fojuh o)A 1& ¢y PHo|th FHEYE H
&, Ks, D7F TUBSL "EA% S0 A8S e %
ojrt. 1}, o] & s=00A G FE #A For
2 A4 E4Year & £ ok

H3 7} FH A uniform) g 7HATHE, BE e off 3}
o, L FA#E Gs, Ne] zHa) o) Fo] BT Zholxith
o] A9, 2F W (s, D= LFAHES) label A Ho]
el oz Y dE F AMNE Aggrolth
guty o (s, N F o3 TE FEHZ HE
LIRS =

Hs, D=Y(s. DX(s, DZ(s, D) (38)
o,
X(s, D= fo_ H"(s, D=[1-H(s, DI™! 39

n=0

olt}. His, D (N—DX(N—-1)2] L FA R Hol
gHolH, (m, n) WA 34F 2(36) label 3 H F(s, /1,
em.n)2) WO Fro g FolAh o WE Y(s, ) H B
WE] Zs, D& H(s, D9 FAsHA el =9, mis
Qa7 2b2 e HAAHEANA goen] Mol F em—
€0°) Hololl FHA A= Hto] tpEc}

2. 2-&HEN 4 PAM
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o2 29 39 2-4H, 4 PAMS] 44 LejslE
2} A E AR 277 LA EHA & 7] B Fo, B
EAgsre s 2y A ek opu,
Azel Arlel ot AR E Jhsd oF WY
YHEL ot 2ok

1 [®(s, 00, 10) &(s, 10, 00)
== (40
G6s. 10) 2 |, 01, 11) (s, 11, O1) )
1 [®(s, 00, 01) @s, 10, 11)
== 41
GGs, 01) 2 |, 01, 00) (s, 11, 10) 1)
1 [®(s, 00, 11) (s, 10, 01)
== 42
s, 1D 2 |o(s, 01, 10) @(s, 11, 00) 42)
@ 0/00 @
0
/'
1/10
0/01
g o)
@ /11 @
(a)
11 10 01 00
@ L @ o—
-3A -A A 3A
(b)
G(s,11) 13-

G(s,0D) )
@ G(s,10) 1] Q (s,01) @

NG
)

718! 3. 2-4E] 4PAM 5 i (a) Treliis, (b) 218 233, (©
LR E
Fig. 3 2-state 4PAM Code: (a) Treliis, (b) Signal Consteliation
(c) Error State Diagram

RE P o gL AR, #Y F S (uniform

code)o] 3, Y(s, 1)=—;— (s, 00, 10) +@(s, 10, 00)),

H(s,I)= % 1(@(s,00,11) +(s5,10,01)) B Z(s, N =

0=

@(s, 00, 01) +@(s, 10, 11)E Fof R} o]u, L. FW

3Herror transform)&

% H@(s,00,10) +b(s, 10,00)) (s, 00,01) +d(s, 10,11))
s, D=

| ——; 1@(5,00,11) 0 10,01)
@3)

o2 gAY,

3. Ungerboeck?} 4-2tE 3 8-2HEH 8 PSK ££5

PSK ol X} & of 24 Ungerboeck 2] 4-AHef] & 8-AFe]
B31]o) tate] A L3t} gt o]l REES O F
Aei=Ee FH21e 29 6 2 29 8o 2 et
o, o714 whaakx] A A, di<di< -
<di& 8 PSK9 2t ATt AHajel HE, dols),
@1(5), -+, Da()E Z}7HS] ZAg AR BHE 7|8 &
el AL oq21M di=0 2 Pols)=1°]t}
Chernoff 3412 A%, 2AA5H 7} dig] B A oF
A}A(branch error evenhollE= DYE YY), 2
widME 718 BT 0)E Tt

FH200] 19 69 LHFAFEILAA, 438 F 5
X(s, Dot Y(s, N 24 4219 208)2] 3 AA &
25 oA gol g AAPFE FolI g BY F
qom,

Z(s, D=|ai3 ag ais)’ 44

o)1, J7M my= GA FH2]9 F 29 F oot 5o
o, B oA A TUB /1Yol Ae ohat
o] 5N Y E st of gk

W(001) =@, (s)
W(010) =W (110) =@ (s)
W(011)=W(111)=—; @:(5) +0s(9)  (45)
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W(100) = @,4(s)
W(101) = ds(s)

8-l X359 SFAHE =3 EB2S 27 8o M
B 0o, XGs, DY (s, D ZH2H £3[2]9] 4(20)
o X WA 8 2 F A ol g AANYL =z Fof
Ae Ry U 28y E9H ZGs, e

Z(S, 1)=[0 as 0 ayg 0 axn 0]' (46)

2 FolAY, ;e FA2]e] F 33 245) o}
RS

V. True Union Bound9] #j4t

LFEHUB L, DE LFADHE EE VELFHHE
& tahed AT & Atk /AN #ES

Pe= 271”~ j::: “;* l£(s, D]y=1 ds (47
oz ®Ho| s, Fol Ay LA RE 7te
T L FAD S e & FES S AT
3§ A(TUB)O| B Z TS BFo SRS
(error performance)ol] v g 3 7te}ksr & 4 Qv
HEQ F3go) e TUBE s, NE 1o tls) #H
nEE A g o] &5 ALY At

] a +jo ] 6
P = - — —— (s, I d.
b 2nj .[av/mv [ m ol (s )I—~l $
- - [H‘jm q(s)ds (4%)
27'[] Jo-jo

@, gs)e HIE 9 B 8E o) W Holu]

a9 =~ (¥ (9 X(5) Z(9) +¥(9) X(5) H'(5) X(9) Z(6)
+Y(s) X(s) Z'(s)) (49)

oz mAY & 3tk @M, B, Y(9) 2 Z(9)E

247t H(s, D, ¥(s. D) 2 Z(s, DE 1] thahe] Wo] 2

F 1=1% OUstal ALY JLSolt vpArA e
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X(s), Y(s) R Z()= 747t X(s, D, Y(s, D B Z(s, D&
I=104 A2tgt P go|c}.

1. g 58 H4(Series Region of Convergence)

A47) 2 H{48) s, D qu(9)°] % F % (region
of convergence) WollA MAES HFPoan AL
T vk FHEAYL NEEARr FEFIEY
e, vk e EA) §hok

LPoax < Re{st < RPpin (50)

R oM, Refst= so] AR, LPum 2 RPmins 7t
7t RE 7R B 54 & o kg 34 o
Ha b 23 & JepTh B=f ol % REe
(s, N9 qi(5)e] R AT G H(series region
of convergence: SROC)g} 3}xf. SROCU &} ¢J2]9] s
ol A, AE H(s)o] 2HEJNAHY 2Hx A
a2 3 1 B A g Ui, dH4He s
HGN X3 A H FHo] A E Aol
AE Eof, 443)2] PAME] 7§, SROC W2 sol| A
= [d(s, 00, 1) +d(s, 10, 01)| <22 A vkE=F o},

AHEE o) 83 S B S AL A4, SROC
o HARPG Yool ¥ Wy & qQirh x| MARS
A e AFF Ao AN Qo 73
ol A& el adFA 7|(perfect CSDe} A%, s7t A
A w s=1/200M HAghg 7HAH, o] He dldled &
-t A ot} whabA SROC7E &A1} wl=A] s=
1/20] £3H€ 3ot

s A3 PSKe A4, 718 54 59 AH
ol MbziA] 7hxl & ¢bv) 28 oo Agate B4
& o, 3-3%¥ SROCE =] A 78 + Act.dLs),
=0, 1,2 ... M/28 MPSK Azd 29 a4 H28 )
ot Azt 4791 %9 1R BA F5oly, di<d]
<o Ldyp B 7HE AL ©] A s=08) s=2wAto] 9]
(we 2199 Aelg) A5 sghollM, BE P98
& okl wUE AY 41<diY AF P> D(5)]
PAE dethe e 2Y 7 Avk ET, Ouls) k=
2,3 .. MP28 REO,()2 WA P& Hy(s)Et
s, Hy(s)e dalel Hs)Rtt 3 aAv 24e 2
ojt}. o] A& F&(11]e 65H X 2] A2 & o] &5t

Aol @ & Qvh,
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Theorem : If Hy(s) is a non-negative irreducible matrix
with a spectral radius of #,, H(s) is another non-negat-
ive matrix, and for all (i, j) pairs [Hy(s))i. ;> [H(S);, ;,

then the spectral radius » of H(s) satisfies » <7,.

A7VM, [Hu(, j9 [HO):, j2 22t Hy R [HEG)L
9 G ) WA faolth f9 Hele, B [Hu©$)),
7F 0<s<2wollA SROCE 7}A: Aohd, 23
[H(s);, 8 SROCe] H-EJfolte AL Inistn
Aom, ol &8, [Hy(s)), ;7 SROCE 7HATH, @,(s)
o] iAol WA EFATHE AL o 5 AUtk vt
#arsbd, DPSK 4 7§, SROCE & ¥Ale
z79 NBEAYTE 7ML HEPE e &4
2 R A Hed, o)A L 2had oy 2 7
st EAlol7] & ¢ 44 78 5 Atk A
7h 87 FAE FHAlE iR Ry AZdHES v
d daiME A 0<s<wl A $HFGL 2#AY
F ARt

2. Chernoff Bound2} True Union Bound2| ZA|

A4 APHSF De SHAJ] HFEY HolH,
D7} 471 & 8§ & Chernoff boundo) &8l o}-&
3} o] FojA 4 Urt.

PAo)=E@e~*®)=T] E(e~™) (52)
k=1

&, 5, =d(r(R), v(k), c(k), é(R)O1IL, o= ¥ HF0l
o} Chernoff bound AlFetdith. 713 2% dAe
2(52)& ool st Ha3 Fogd 78 5 e,
RE 718 498 (elementary upper bound), E[e™ %]
Eo] 742 gdllM HAUL ZE F9VEH Hage
st 2y 718 AR EAEol ME oHE oA
H248 zte A de e @A transfer func-
tion bound)& RBE ool tdl FHi3}s) o} sl 4
(528 AAF Aud, 7 7|2 FHSAE Ve 5
Aol s=o& YT AYE & F A} F,

Ele=*]=d o, c(k), é(k)) (53)

A3 4(52)2 B8 dojA = A ¥ -Chernoff g7
B OFHUB @) E s=od A ALE el B U
o} B =5 A #|2e TUB 714 & B Xo] SROC
o) S48k ), oo] Ao N7kl %o, Chernoff
A9 A oo A YL LETE FE AFHY
4 Ak

V. do o 2<%

o] MoHe & =% A7Z A, Ungerboeck?| 4-
Abe) 2 8-Abe] 8PSK R x[2, 11] 18] 2 2-43 8] 4PAM
F = 9] TUB(True Union Bound)¢} Chernoff $4 &
wlmate] g 3o veRiUTh ol FAHA Ad #3
71 (Perfect CSD9] 73-¢-¢} A5 %E 8= 3 +8 2
galg e, o] 4&Q Ad F3719 S, 4Q23)9
BN e g=1/201 $1H 33 Chernoff FA& gx(1/2)
o] gcte A& Ustth AFHAe] Aee HEALS
otz 718 EA g4 4 Hol| 94X 5, Chern-
off FAE 2L o3t-g A gi(0)E AT Zhol8
t}. B8, Chernoff EAjo] 3 A o RE 7+
T AA T B aFdae 28F 34L& FPEAXE
2dTh FF gs)E 7t A5 Fo2 FE ol
gt F58H G Fas] g, AP 4
(33), (34)8] F&H L) 2 [o—j, 0 +7]1] #T 4
oz hxdg F UL ¥sto). ¥lE Huang®} Camp-
bellf6]o] gko] 2 ol el Al DPSK Z =0 gt 3 7}
A LF FAANY L AAHA L, o|AEE TUB
of}7) W&ol ¥ @72 Ao}t v A 3Tt

o)A el sid %79 5482 Ad ALK @
ol 2 sol o)A 2] 4PAM R 3, 4-4E) 8PSK H-3.9}
8-4e] 8PSK R &of the L F AL Al Bl 2
HE 294, 52T 6o 2t eI BE AF
o], Chernoff #Al& A& ol A w8 2~3dB
Folz & vhH TUBE vl 238 A& 338
4 lth. DPSKo W& Azbe 21y 73 8o vhepd
Aok, LT=03% f,7=0.059 F 7}# #Heo|=&(fade
rate) 2 28 glen, 94 TUBZL vi¢ ZHEHe &
a8 £ AU of&d, HolEgo] E4F Cernoff

DEE 718 A9} §A (elementary upperbounds)7t & A elN HAuE e FHE:(1) gol2 Hojgdst oA HIFA7,
() @47 T4 ol PSK, 3) F A eolAH o] DPSK o) 458 &5 A
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K = 5dB, 2-states 4PAM
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Eellold A3 (K=5dB 2ol Heo|g, o429
7139

Fig. 4 Upper Bounds and Simulation Results for the 2-state

4PAM Code in Rician Fading with K =5dB and
Perfect CSI

K = 5dB, 4-states 8PSK
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Bit Efror Probability
>
3
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2! 5. 4% 8PSK ¥ 3.9] /2l gHAl(upper bound) 9 Al
Heold A3 (K=5dB o] #Heolyg, o]l
7125

Fig. 5 Upper Bounds and Simulation Results for Ungerboek’s

4-state Code in Ricain Fading with K = 5dB and Per-
fect CSI
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. K = 5dB, 8-state 8PSK
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Bit Error Probability

dot : Chernoff Bound
solid : New Bound

" : simulation

¢ L L

A ;
7 8 - 9 10 11 12 13 14 15 16
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18! 6. 824 e 8PSK -5.9] /49 € Al(upper bound) 2 4}
E#H o)Al H3 (K=5dB glo]2 #Holdg, o] A<l
7125

Fig. 6 Upper Bounds and Simulation Results for Ungerboek’s

7-state Code in Rician Fading with K = 5dB and Per-
fect CS1

K = 508, 4-states 8PSK Differential Detection
T

L v T . |

Bit Error Probability
=5

10}
dot : Chernolf Bound
solid : New Bound
* @ simulation

‘0‘! i I

8 10 12

1
Eb/No (dB},

18! 7.4 3E] 257 9} 8PSK H-35.9] 4391 3H4l (upper bound)

% AlEdeld A3 (K=5dB 2te] 2 Holg, 254 1)

Fig. 7 Upper Bounds and Simulation Results for Ungerboek'’s

4-state Code in Rician Fading with K =5dB and Dif-
ferential Detection
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K = 5dB, 8-states 8PSK Differential Detection

ool NN e
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Q¥ ke ot T NN T
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e S S SO
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Fig. 8 Upper Bounds and Simulation Results for Ungerboek’s

8-state Code in TRicain Fading with K =5dB and
Differential Detection

AE TUBSH B & dojd e & & Ut
B =R Aotg TUBY Al Wy e o /A
& vjZ Y3 o] M(decorrelation)dl & HHy o] w5
] 2 @ /b S aheEdd YUY B
1 gL Br1h0, A5, deldiAds 283
QAM3} PSKoll A &8 4 & w5 dubdl Aol
LB G o 2 (113 [6lol A A i R
A2 ge AME a7t oA, e ud Zsivr
&5 9 A8y A4 f71A e o] B&
, o)A e 20 Azhe el E ‘31‘4

N

[+

24
o @

el

12
oX

fo rL

I &

o EH

1. D. Divsalar and M.K. Simon, “The Design of trellis
coded MPSK for fading channels: Performance cri-
teria”, IEEE Trans. Commun., vol. COM-36, pp.
1004-1012, Sept. 1988.

2. R.G. McKay, P.J. McLane, and E. Biglieri, “Error
bounds for trellis coded MPSK on a fading mobile

satellite channel”, IEEE Trans. Commun., vol. 39,

«

. J. Huang, and L.L Canpbell,

. J. Cavers, J.H. Kim, and P. Ho,

pp. 1750-1761, Dec 1991.

. JK. Cavers and P. Ho, “Analysis of the error per-

formance of trellis coded modulations in Rayleigh
IEEE Trans, Commun., vol. 40,
pp. 74-80, Jan 1992.

K.Y. Chan and A. Bateman,
reference based M-ary PSK with trellis coded modul-
ation in Rayleigh fading”, IEEE Trans. Vehicular
Technol., vol. 41, pp. 190-198, May 1992.

S.B. Slimane, and T. Le-Ngoc,
the error probability of coded modulation schenes
in Rayleigh fading channels”, IEEE Trans. Vehic-
Vol. 44, pp. 121-130, Feb. 1995,
“Trellis Coded MDPSK
in Correlated and Shadowed RicianFading Chan-
nels”, IEEE Trans. Vehicular Technol., vol. 40, pp.
786-797, Nov. 1991.

fading channels”,

“The performance of

“Tight bounds on

ular Technol.,

“Exact Calcu-
lation of the Union Bound of Performancd of Trel-
lis Coded Modulation in Fading Channels”, sub-
IEEE Trans. on

accepled for publications,

Communications, Feb. 1996.

. J.G. Proakis, Digital Communications, 3rd Edition,

New York, NcGraw Hill, 1995.

. M. Schwartz, W. Bennett, and S. Stein, Communic-

ation Systems and Techniques, New York, McGraw
Hill, 1966.

10. E. Biglieri, D. Divsalar, P.J. NcLane, and M.K.

Simon, Introduction to Trellis-coded Modulation
with Applications, New York, Macmillan Publis-
hing Company, 1991.

. G. Ungerboeck, “Channel coding with multilevel/
phase signals”, IEEE Trans, Information Theory,
vo. IT-28, pp. 55-67, Jan 1982.

. F.R. Gantmacher, Matrix Theory, Vol. 2, Chelsea

Publishing Company, New York, N.Y., 1959.

345

www.dbpia.co.kr



BERBESERLEE '98-2 Vol.23 No.2

Z! X &(Jae Hyung Kim) A 3] 9

1983 29 : st F ol
& eI
b

19854 29 - wejdigta ofsdl A
A2 3 3HZ 844D

1989 8% - wejof 3t sl A
A3 8H(E shubab)

19943 39 ~1995'3 39 :Simon Fraser University(CANA-

DA) Visiting Professor
1991 39~ A FAh st AoAAFE e g
KETA RO B R, RTE, AN FTA, olFFA

346

Paul K. M. Ho
1981 : Saskatchewan Universityf(CANADA) 7|2
8 AH(F-sHA A
1985'd : Queen’s  University(CANADA) A7)z 3t3}
(Fstuta))
19853 ~& A} : Simon Fraser University, School of En-
gineering Science .
%4~ 4] B-oF:Coding and Modulation, Mobile com-
munication, CDMA, OFDM

www.dbpia.co.kr



