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Abstract

Space-time block codes (STBC) have no coding gain but they provide a full diversity gain with relatively low encoder/decoder
complexity. Therefore, STBC should be concatenated with an outer code which provides an additional coding gain.

In this paper, we consider the concatenation of multiple trellis-coded modulation (MTCM) codes with STBC for achieving
significant coding gain with full antenna diversity. Using criteria of equal transmit power, spectral efficiency and the number of
trellis states, the performance of concatenated scheme is compared to that of previously known space-time trellis codes (STTC)
in terms of frame error rate (FER). Simulation results show that MTCM codes concatenated with STBC offer better performance

on fast Rayleigh fading channels, than previously known STTC with two transmit antennas and one receive antenna.

Key words: STBC, MTCM, STTC, fast fading, rayleigh fading
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<Fig. 1> 8—PSK signal constellation and trellis

diagram of 8—PSK MTCM code with code rate
4/6 (kx=2), 4—state.

<1¥ 1> Divsalar 5°| AIFgH 4%, 8-PSK
A% A3HE AHEShE MTCM 59 EdEs A
ot} [6]

2 7he] FAl el =2)9} 170e] Al Qe
(ngx =15 AH&TH 7H3IH MTCMZ} STBCE 2
S Al&Ele <" 2>9F 2o <Td 2>°ﬂ/\i
&t} she R MTCM Priﬂ Oﬂ
3l Maary AEo] &89 & %

TAA717] Ssl 271 N Q) E%
o3 A= w9l o] sy
AEEE STBC F357]9 ofsf A3t
3} Hui, o Aol e shte] FAlt Eﬂﬂr%
AAE MICME ©5 eyl AHeE 5
o Zh _tEluel A Al % NEE A9 @%ﬂ%
o] 1249 A%
3 AEE N5

BHBEE SEsHA g
1
binary| mMTCM | M-ary | Y¢
data | encoder [SYMbO|  Symbol STBC
% | Interleaving Encoder _Ycz
t
TX.
binary [ MTCM soft
data | pecoder |OUPUYl symbol stec | Y
% h Deinterleaving Decoder Rx.
<32 2> S|t p7| 2L
<Fig. 2> Transmitter and receiver model.
3 g 2=
FTA7Y olFd AFAZE W] WE
o A AlHFe] "ot AEe 5o FFA17
o 91A)0] eJEHo|mR A7 Wolk & 3
2 Wol7}h flrk, mukle] £EF v, A& HFL
A&} 319, &2 E4HDoppler spread) f, =v/A

Vol.8 No.6(2009. 12)

The Journal of Korean Institute of Intelligent Transport Systems 143



+0|
w
_'
@
(@)
mu
m\.l
]Iol
s
>
|>
it
1o
0x
or
0!
N

N
lo_w_
AC)

N
-

o #ANCE 7& ok T FFAY
7} 7R E W
A, "= W
A o] Azl 54
o} wE wHojge
Folgd& Ade] FAA e 540l #4
o] Mg AEe] F7] vls] 21 79l
g slolg AEdM= AEol AEH
5740l 7o A FAHEH
W2 Ho|gde do) )J-sl]-ﬂ
ol A& F71 wis) d-2 4
A e solg AddM = Z1A- S
Fo Ade 540 3 HE 77 5
HE 5 gtk B =ReMe @ Y A
(5, 241%) &RFE ol SAo] AA WA
€ dold A=z rHgsiglen, SdFdes
2GHz, EAte] £2% v=120km/h 2 2HSATE
<" >0l DS Fa 2 eyl alE A
= A ()F 2ol 49 & 5 ok

OSL‘
(o
fru
o
offt
o
4,
="
rr
o2
&
)

_L,N_4
N
=
fru
-
ilﬂ i e
ot £ — et dlo
X, ¥
T 4 2y
g
oz 1 o 1
:I:,‘l‘-?ﬂ e 2 [r N
nﬁ'_ﬂlll‘rﬁrlrm
o rm s 2

ar 4 2
)
T

°§’l
tlo
TEI_‘
3
2 1

Qﬂ,mg{-"ol-ﬂm

¢

i)
v

> 2
o 1l 2
~ g o
tr & i

o T S

s

|

=

Ny
r=> he\JE +1, (1)
i=1

A7 by = WA A dE A HEH AE
o] B4 7h-AQE Ade] Ao
AF el A WA 4 VS B dAE
H35351% STBC A&ES YehH, E= 2
AUAE Hehdtt = ARE ¢ oA &

FFL FE AL FeO

I
o
o
me
rIr
>

O

o]N

o)
=

o o

Ak
ol

pl
gk

4 o
o,

M. =2 gde so|gdzAda4 MTCM
B39l STTC H&9o AAWHS

AWGN A9} el Qe eld Aol Az o 3
ol gt Agelea Bath, elAlet selg
Ade 2 FaB AN Aoy B &

=3

TCM Z& MTICM §-359] AA7|ES Adritt
T2tk AWGN AdoX e AfAE 4, & HAd
s} sk Aolw, Hde dojd AddAe HAi F
& A (effective length, 6, )2 A9 AF(pd,,;,)
< Hdigl st= Aolth #A #Hold AdolA A
A d}%m% agA Fagk AAT|IEe] HA X
St [12]. °]l= MICMF-59| &4 7]yke] Hrh
Ungerboeck TCME &}, 5 AAVIE2E Akgton,
MTCMF-S= #del #Hold Adelxe] 4A &
A Sin pdyi T AAZIFLE AUTE ol ARb
o]y Ajdo|u} SNR(Signal to Noise Ratio)o] %3t
#d W 6, pdy, Ao 4, = TS F 1
t}. o] 95t Periyalwar 5 4
Alsaatt [13].

MTCM¥-% 9} STBCE ZA3EH Al2=dl7 wlad)
Ql STTICH-5.¢8] AA7IEE weE Fo|ga =3 3
oldd w7} o2t} TarokhsS =3 H Y #Ho|d
Adz wE gy sold Ad Aol tisto
=39t wE #Hde
Holg AIoAM pairwise L& 22 o3
tH3, A1(17)].

rﬂ
o
Z
g

pairwise ©& p(x—%)F

p,(x>%) <H[ 4N] ' 2

ten

Foll sk Ix,
WEahe 1o] R bl s
@A nE T3 ZE 949 H?% & A
g sotn Aetn [N A2lEEroduct dis-
tnc) & pd 2 B9 S 4 @ A @)t 2ol £
Ho}.

2 QA neE 1<r<1A 7 —%|20&

Al
-

144 FHTSEH3] =8

A8, A62(2009 12¢)



e 2Lzl HolgxdolA MTCM &

T359t STBCE Z&et A2l el 4587t

p,(x—)f()ﬁpc?"”x[éj\}oj R )

21 3)91A STIC ¥3e= md 59| tho|WAJE]
oj5S A& F doH A AY 7t FFF F39
THo|HATE] o]5o] 3das & & it webA 7hs
& 2E Boo] & xo} xo Uisty A4 FEA
Omin °l 3] TOIHATE] o]5o] AR HM F& A5

Ha

= SNRY] 57 &95 YepEZ §3§ o]502
EL h=13
=T A=<}

o
T
k)
TR
N

T35 o5& 7Fed Be X
of HA29 AF pdyin ol 3l 2R
o] Uil F5= pdyip©] Ho7b He F

weba we g de] sHeold AEoA MICMT-&
o} STICH 5] AA7|ES A2 TY3t Ha #
EAY (G2 A2 A (pd,y,,)s AU s

AL B T 5 Ak

LEECR B

wirdA 18s Al2E Bl J5S Hrhst
HEH W Pd] Hold Aol MICM F-3
9} STBC #-57} Agd A2~y mdd 3 HFE
AlEYo)AS ST Y Zol& 20msZ 3}
Hom g xdule] ol HIE F= 192bits 2
ARt B9 12x8 EZQIEH I} A

H9oH, FTAFIFE 2GHz, EHlYe &Ee
v=120km/h °lt. FATANE A AR

7 A 4l A dvka ZHgskith s vl
wak7] g HegA ZE Y LES(FER)S AHESHA
o} STBCY &JFHEEZ ALgs TCM ¥35 52
MTCM F359] g2t E <& 1> F2stsich

Code 13} Code 2= Ungerboeck TCM [7], Code 3
7} Code 4= Divsalar 52 MTCM [6], Code 5&
Periyalwar 52 MTCM [11]= A3t} <™ 3>
< wE g Held AdelA STBCY fFF5

2 AMEE <# 1>9 TCM % MTCM #3559 FER
Pasaneks te Code Rate Thtoug hput (7)
e | e[ E [bt?pﬂ-l] D3 | O [P
TCHMTCH m B
- TERE 1 1 1 THIERE
R P 1 2 a1
ERE 4ig 2 1 w2 e
MICM | 4 |4 |8 g 2 1 w2
ERE 43 ) 2 3] 2|
<E 1> Zoa&o| AREEl TCM 222 MTCM £52
Ii2{HE.
<Table 1> Parameters of TCM or MTCM codes for
simulations.

S AZ Blug Zoltk <1¥ 4>= STBCO 24
MTCM F-& 57} Hlatd<l STTC ¥&9] FER
S yehd agoln, <ad 5> STBCS 2
TCM B3 &3} vl t)Q] STTC 359 FER A%<
YJehd 1dolth <18 459 <13 55904 Code T
= Tarokh 59 STTCH 3 [3]8, Code_F= Firmanto

oX E?l‘ oX
off it o

59 STICH = [4]15 YEpdth A3 4% HluE
At FESF HAE A
(throughput) 181 L Je] =& HAst, 1
St Al 2H5l7) STTCHS9] 435 HIaE AAsHth
Code 1 A$+= Ugd% 8 1
A 2Hlol] 28 Fole
S A3 STBC A2H 9] EAET vud
o] Z7tghel wre} 1 Apol7h Zolete A <18
3>0 A Bl Qlt. o] 712 STBC Al=¥lz A%
A e ol Yehd Ao} vl&d A Aol
Yeh i vk 2E]a g E §80] 291 TCM
BEE L3 STBC A|2EHS Code 2¢] HIEH
Code 49} Code 57} FER=10"29|4 < 5[dB] A% %
F3HAl YAl ok
<13 4>9) 4 STBCS} A7} 491 MTCM #35
(Code 4, Code 5)2 A3 79 STTC F-3o Hl3)
FER=10"2°lA] <} 7[dB] °]} €53 == A
& 5 Aok o] o]52 3 A|2Flo] HIt
Q) tho|HAJE] o537 F 50|58 42 A wjFof
WHAEE Aolth 18]al Code 49F Code 59 A% 1L
B Z7F SNR=21[dB] THNA AMZ wApshe AS

il

Vol.8 No.6(2009. 12)

The Journal of Korean Institute of Intelligent Transport Systems 145



e 2Lzl HolgxdolA MTCM &

£52t STBCE Z

£ 4 ok welA STBCS ZAjs|A MTCM H-&
£ AREslHElE, SNRO| £ Wo|= Periyalwar &

2] MTCM £3.(Code 5)7} Divsalar 52 MICM #35
(Code 4) HT} o8] A50] B skt S
IR fFAEYE As ¢ F AUtk %3 Firmanto
9 STICH 2= wWE dFHo|gd Ado|A Tarokh &
o] STICH3 Bt AAWs7E o & #s 7HA17]
W&ol FER 4% E£3 o $Fsivhs Faed [4]
o] ARE oA g F2l & 4 Qi
<% 5>% Code 2] Ungetboeck TCM ¥ 355 4
43+ STBC Al2¥]9] 759 STTC_TO| Hlste] °F 5
A%, STTC_Fol HI3}e] 2k 2 [dB] AX {3 9]
Ko 3 0t} Gong $[9]- Tarokh 5¢] STTC
| o2 Aot AsHlnE PARE TCM
o2 AR A|2Fl9] Ad50] STTC
B} fsitte 23 Gong 59 A

100E+00

100E-01

100E-02

Fast Rayleigh Fading __
0, v=120km, with STBC) =

100E-03

1=
S
m

=)

Frame Error Rate

=}
S
m

=}

100E-06

100E-07

3 6 9 12 15 18 21 24
SNR(dB]

{SIz|
=21

<72l 3> = g|2z| Ho|E! xiZojM STBC 2+ &
TCM 22 MTCM £359| FER M.
<Fig. 3> FER performance of the TCM or MTCM codes
with STBC on fast Rayleigh fading channels.
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