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Abstract PA (Product Accumulate) codes achieve perfomance near the Shannon limit for BPSK, have low en-
coding and decoding complexity, and have flexible rate adaptivity for all rates above 1 /2. In this paper, we propose
a new method of application of PA codes to multilevel modulation with multilevel coding and BICM-ID(Bit Inter-
leaved Coded Modulation with Iterative Decoding). First, to adjust code rate flexibly. we investigate perfomances
of PA codes and GPA (Generalized Product Accumulate) codes that have two different single parity check codes
as component codes, and we show a procedure to design PA codes or GPA codes with different component codes
for wide range of code rate. Next, we identify labeling methods that give the lowest decoding error probability for
BICM-ID and multilevel coding. Computer simulation demonstrates that multilevel coding systems and BICM-ID

systems with PA codes or GPA codes designed with our procedure give performances near the Shannon limit.
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TORREERRLD, GPAREERAVWEZZ LXK 2SR
Shizwn. ik, REFLERSLROBETIL4ASK DT v /
CEBRREDESH 1.3dB BN, SPSK DT v ) VERAEDES
A5 1.0dB AR &> THD, BRFEMNENHEEZFLTY
B ENbN5.

MLC/R 8% MSD & BICM-ID 28R L 2 BHED Y
Tal—valERERETSE, MLO/KEERYIE MSD %2iH
ALEBEDHN BICM-ID 2EA LB AL D OPORIFIRK
BERLE. —7%, MLOREEHE MSD iIZBVF 28 SRED
REEXKE, BICM-ID I2B1F2 PAEERET Iy NHORE
BEHEENSELITNE, HEOESOHERIIZERLTHS.
IhonZEMS, MLO/REEHEIE MSD TR ATRERAFSL
RTHNE MLC/REEHKIE MSD %, R AARELFSLE
TIIBICM-ID 2B T2 E WS FELRIGECEZERSIL
HBOBWAFETSET, KVEBEARSERTY Y />
BRARICHET MR E OB BILATETSHS.

F 3 1EHIRLEE DI, BICMIDIZT LA SR T %
AWEBAICIE, PAEBSRETF Iy \BIOREEFICLSE
BEVBOPBINVFNIEERELIBNIEBHBALTVWS. £
TT, HEOHERICHBASZBEAITE, REEHETDR
WEiSHZE BICM I/ LA SR 2B EbE kI k-
T, BIFRREEBZIENTEREEALNS.

5. ¥ & 08
FHRXTIE, PARBESEERANEATZLHOLRER

L, REFRDEHBEORBET v/ VBRICHEATS
BN-MEEEH DI L BRLE. FOB2 DORILS SPCHE
ZHEAEDYE, PAREDH D NII GPA FEDHBLREFTHIC
EETH0OFEERL, FETIHEREFOATER
HIBEODRFIFIEEHEELE. B PARSZRARS L
L7z BICM-ID & MLC/REEHIE MSD IZDWT, HERDHE
RBEBMITEL VRIVEADINY YT AEREHSM L.

FhiIal—TalERED, BELULARHFIEES LS
Bt %M\ BICM-ID kU Ungerboeck DI\ > 7 %A
7= MLC/REECHIE MSD %, BFBERIIECTEVWSITZZ
ET, XOEHEERFBLERTY v/ VBRICEIET 2HEEE
BORBINFRETHD L ERLE.

4813, PA B H 53 GPA S D 4ASK, 8PSK LSO
BB NEAFRNOEHAORNEZFELTWVS.
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