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Coded Modulation Scheme Using Iterative Decoding
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In this report, we propose a Turbo coded
modulation scheme, the proposed coding strategy is
first based on multilevel codes with interdependency
between consecutive levels of a given labeling. With
m-level partition structure, we combine the first

(m-1) consecutive levels as a single Turbo code, the

m-th level is encoded as a BCH code. The resultant

coded sequence is then sequentially processed by the
multiplexer, the multilevel delay processor and the

signal mapper. With proper choices of the

multiplexer, the delay processor and interdependency
between consecutive levels, we can design a coded
modulation with good performance. The proposed
coding scheme can be suboptimally decoded in
multiple stages wit'h component codes decoded
sequentally stage by stage. With some previously
recovered informations, the Turbo code can be
decoded by the iterative decoding, and then the BCH
code can be decoded by soft-decision decoding based
on ordered statistics. Simulation results show that the
proposed coded modulation has some attractive
performances with low decoding complexities. A
BER of 10 at an Ey/N, of 4.4 dB can be achieved if
the decoding delay is 4096 message bits.

—HENKHREN

% ¥ 7% (Turbo Code) & — MM &) — T4k &
# o BHBKBHFAESBREX A M ERSE
(recursive systematic convolutional code) e
LM R F I b — @480 S (interleaver) &
%% (B 1 ATREESL 13 RBINE) - LAREA
RN/ K& E (sof t-in/sof t-out)” ¢y
BMEmEH UARERAMREH T LRBRE(]] - &
AEREET AR GRS R % LR EE
TR BLARERBAHART B BRBOR
ARANGERR LA TERERAMGRF- 8
AR EEARRBRBSAMNSRANGE
FRAL CHAKATANMREHRKRERY 2
RENABE RHASKIATEEHAAEZT 4
ABRRGHEER -

1993 4 lHellstern$th —HMAALEREE G
#im (trellis code) - H ikt A — 18—




7% (binary code) $i&—EEBRESAHK
Ao BEBERERARBAGEA  HRBAE A
REFREAYEERE UEHFRAGULATRE
Kl 6 4 505 B A B R R o sa & g 6h IR H)
& & (constraint length) - st 45 A& T i & &
e et (Viterbi) BB b —ik 247
AN MERT AR ERBEE RGBT T AL S
RiFepsEME HaBA RS BRERY
-

EEXAREY > RINEA THRKBERE Hellstern
BAORES 3t E — AR AR EE  BiE4E
RERPEMREERZ SR RGEGER - LAY
ZEANBAERH RGO E S0 LGS
FE o RMESAT n-1 B —R%E  LAREFRER
—RABEERARREREE—BEERE B AR
WA B ERSR L RIMAE A A8 BCH
BRERBITIGE - HRBERGFro AEAMES
o9 8 KRR B R B Z B RAB T AMOGHER B LT
WM LLAR T A Ry tse FR & X TEE
AR KA AR G AR B8F RS R BN R
TGRS -

E-RRFTERBRR
A-ZARKRBREAREBZSARBGEME
RERBPEMGALT AR LR 2 AT - AN
RIS RXHARIBAEANBELRBEA
(8PSK) E » # A Ungerboeck st ey 5%l H ik
(Partitioning )R{EAf 4% oy i L ok A MK E
/& (Signal Constellation) - £%—, =& L &
A-EstufiimkECHagE E2517/32 48
B BB I BA R ARES
Rt - INRETALAR—, —A LBRESFTAN
£ B=RERBM%(16,15 ) EXBYHEC &k
MREBERLEARARFPRMTRAB =R LEAR
(128, 120,4) #% & BCH @& Rk Ut H ¥
ZROBSBHE - SRR EHRERELH_BAMT
HERs . AREeEa NEEZLEA NAE
RE&KE (blocklength) Z5 S S LB WmAE
A RRENABEIREIRERERRGF
K RINTHFEH TR E ERAGRSEHEE- T

w— B BKREE &M (nessage bit) E#
¥ —/ > #ixEma (parity check bit) EnNE
R OER_ARCARAENE A KikEw
AERF R ORBRZALRREF L —BARNS
HwiELM AR B ZRELAKIL S
(puncturer)®iFxe¥ » AW TLE LA AKENE =
B FRELMAEINE & -

B 3 RRGEZMRE S

ZRRE RN @ RAIMA Log-MAP X X ik fo
— L REBRG(soft )MNEAERRKA KK
BN/ BARERES - AR RIVEBRIRERA L
SRRGERRFPLES R —MEBERTS MER
BOBBEBR AR AR RMHE (error
propagation) RE MR A AAREHEERIR
FREZ BAAMEAAEIH ERREQAGE
A LR mAfEE - £ BCH GRERE N & 4 ¥
MRS R B SEHLAE - AMIRA — A 1995 £
& Fossorier and S. Lin frit ey — M@ ANE
W&z 4K ML soft decision decoding
based on ordered statistics [2] - & X #&
ERBWNLoEHMERASRABREFXTARF
BREREAMEZT M ARRKEARMEELE
g —1@ o

C-MMmst ®

ARBRBRZP RMANEARLGREHRSE
A EH AR L R ERAIT RS B W% BRANAT
A EAlsmBamk A Raki
@k E o KA R ARG EE R (generator
matrix) AN @A A FTH(S5/T) MAGMME S
ik #44 M & (pseudo random interleaver ) £
AMTFMRLBANBREMRKER B RHSE
(LIS/1T) » e @A H e $RK - B
SARM— - BEHM_ARRZARMMEEGLE -
M4 AR RAEM Attty dRRK
(iteration number) &y +k @ @ ML RFR 10
RERHCLRH BO ARM—RER=Lrosttd
EHAFEERKENAT -H 6 ARB=LEINE
- RZBKERENE =R 2 BCH &M@ 3%
ML - WM T AR S LAME KK ARSI




BT EBAMARIABBEA R AKX
BmREEHZ BHRNERANABE[3-5]0H
7 o B S RAT %o 0 245 A 18 5 o 8 XAk B
BB EEE R EREE P B RGT
WA RSEHME SRHBREPRTHINBE
AR AR LS MBI E 4R
B E -

W EBRES

RN BREHFRMEE  BRNCHREHEHR
BB ERANKESEAR A AT TR EHEOHK
fE o ERAMAERZRINE P K5 HES 168 &Mm
REHE  AREABRFLAAHRS HEAF RS
BAPREB TR EMKEEHRRE
8 ZARMT » M —MHAERSIHESE £
BE BB -

EXFARF  BRMARILELSTRRER
Hellstern H# &9 & RRXH— M A R%KBEA
BRA-BAMARBOHWBBE P9 AREE RS
PR RMMLEGT AN SERREARET
WA RSO ME - d BT THRT E2EEASD
18 R Ak KGR B 2 R INAE 0 AREEE A 4096 WA
B BFoRBERAE M ARH T LAroszsEL
Witk 4.4db (E,/N,) o > epTig s8R 210"
PR

& ~ Reference

{1] C. Berrou,A. Glavieux, and P. Thitimajshima,
“Near Shannon limit error-correcting coding and
decoding: Turbo-Code(1),” IEEE Int. Conf. On
Communications, 1993.

[2] M.PC Fossorier and S. Lin, “Soft-decision
decoding of linear block codes based on ordered
statistics,” [EEE Trans. Inform. Theory, vol. 41,
no.5, pp.1379-1396, Sept. 1995.

[3] S. Benedetto, D. Divsalar, G. Montorsi and F.
Pollara, ‘“Parallel concatenated trellis coded
modulation, ” IEEE Conf. on Commun., pp.
974-978, 1996.

[4] S. Benedetto, D. Divsalar, G. Montorsi and F.
Pollara, “Serial concatenated trellis coded
modulation with iterative decoding:design and
performance, ” Proc. IEEE Glob. Commun. 97,
pp. 38-43, 1997.

[S] U. Wachsmann and J. Huber, “Power and
bandwidth efficient digital communication using
turbo codes in multilevel codes, ” European
Trans. On Telecommun., vol. 6, pp. 557-567,

Sept./Oct. 1995.

2l .3
U > U
RSC1 —— p
]
interleaver
v RSC2 —— p

Fig.1: Turbo encoder structure
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Fig.2: Encoding structure of the proposed coded
modulation.
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Fig.3: Comparisons between Construction 1,
Construction 2 and Construction 3 at same
block length of 1024, 4-state Turbo code in the
first two levels, BCH(128,120,4) in the third
level, (R=2, NI=10)

1 v v v —— T — T

Construct. 1.NT=l —~—

0.1
0.01
0.001

0.0001

Bit Erv Rute

le-0S

le-06

le-07

108 4 4..2 4?4 4:6 4?8 5 StZ 5.4
EnNo : dB
Fig.4: The BER versus the number of decoding
iterations for Construction 1 and Construction
3. (R=2, block length=1024, NI:iteration

number).
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Fig.5: Comparisons between Construction { and
Construction 3 with different block size,
4-state Turbo Code in the first two levels,
BCH(128,120,4) in the third level, (R=2,
NI=10, N:block length)
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Fig.6: The BER of the individual levels for
Construction 3 , 4-state Turbo code decoded by
iterative decoding , BCH(128,120,4) decoded
by soft decoding based on ordered statistics ,
(block length N =1024, R = 2, NI=10)
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Fig.7: Comparisons between Cbnstruction 3 and the
coding scheme PCTCM([3], SCTCM([4] at the
same decoding delay of 4096 message bits

(NI=8, R=2).
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- Fig.8: Comparisons between Construction 3 with

4096 decoding delay and the multilevel coded
modulation code 1 [5] with 4000 decoding
delay. (NI=10, R=2)




