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2. EeHR

In this project, the low-complexity decoding algorithm of nonbinary low-density
parity-check code (NB-LDPC) is studied and designed to correct multiple random
symbol errors for some applications whose prior soft information is difficult to obtain
from channel. The prior soft information, known as pseudo-soft information, required
for the soft-decision decoding of NB-LDPC code is provided from the error detector
output of RS code. Then this pseudo-soft information is used as the prior soft
information for the brief-propagation (BP) decoding of NB-LDPC code. Therefore,
we design the hybrid product codes in which NB-LDPC code is concatenated with the
Reed-Solomon (RS) code to obtain the pseudo-soft information.

NB-LDPC codes have better error correcting performance than binary LDPC

codes, but the decoding complexity is high. Since check node processing as part of BP
decoding algorithm has highest complexity, the method to lower the computational
complexity is studied in the project. The new designed decoding algorithm is mainly
based on the low-complexity Min-Max algorithm and the layered decoding scheme
which can improve decoding convergence speed.
The following objects of this project will be achieved. (1) A hybrid product code in
which NB-LDPC code is concatenated with the RS code is designed. (2) The
pseudo-soft information for the BP decoding of NB-LDPC code is derived
theoretically. (3) By using the pseudo-soft information as the prior soft information,
a low complexity decoding algorithm of NB-LDPC code is designed to achieve a
good performance and complexity trade-off. (4) To examine the true efficiency of
the proposed method, we perform simulations and analyze performances and
computational complexity of the proposed encoding and decoding method. The
comparisons with the existing methods are also provided. (5) A low complexity
FPGA hardware of the proposed decoding algorithm with pseudo-soft information
for NB-LDPC code is designed.



w

i

Lk E' 1% 44t NB-LDPC #5 7o 348 P > M A en® 5 go58 3 4 7 5 sl
FrEREFLZRY (i FELTA TR 3 RRATBEETESR)
LG OB E s Fi’—(multlple random symbol errors):c 4k it 4 2. (X4 Fe A fF
&2 « NB-LDPC ljm IR AT T g B S L #d RS B2 1
e Ef—* ' F 5 B #8507 3 L (pseudo-soft information) © NB-LDPC #§ % ¥ 41
VAL IFLE mlﬁj\;{\ ML EFERRE @;’,ﬁ,(BP)); BiF iR o A
B0 m A HRSKHIR & kA 48 (hybrid product code) UZ§ Bz mEc N L > A%
R E R FH G D S 4 e = 7% (component code) B B e & @ = P 45 (concatenated
codes) > 2 NB-LDPC #5 & ¢} 75 (outer code) » RS #% % p #5 (inner code) °
NB-LDPC 4§ fescdt fic + vt = = LDPC 48 { 4 B » & 3 245 47 32 B %
%0 AP EEFHEE NB-LDPCHE G BP f3B g8 i27 > AR &8 itk o8
/‘ TE—’.%’U’:\ FE Mg RR ™ 21 & v EA R ek }iifﬂ/»\% f378 > 2 e
ETJ}{ filin Max /ﬁ-ﬁ = P‘Bg?{ r/{ f§$%mﬁ*'€%/ﬁﬁ = °
PR E AT AILIATE 4R (1)K NB-LDPC 4 5 4% > RS /4 5 P 45
28 RSN ERAA (2);m At 0 NB-LDPC 48 f# 48 PF 7 % 2 #8955 3 4 o
Q)& HF RS BB F PBY - 7 BRESALTLETDHESAL - BF Y
32 R Y B ANA AP Ih NB-LDPC 75 f348 i & 4 o (4) 4 5 < 4% 28 % (symbol
error rate) |4 it & (7 HHEEA ¥7 0 L EF 5 2 s NB-LDPC 7522 RS 7§ 8 &2 & - (5)
G4rik I e NB-LDPC /8 2. 345 /7 B 2 £ FAffe R A 17 B RP LR 7 91k
M Rl e (6) 4497k 1 e NB-LDPC 75 2. 38 f B /% 38 (7 sodh Mie e A
150 TEBP PP TR D e 2 R TR D 2 0 kil o (T) 4T
BNRY LEMR L NB-LDPC B enfiF 52 > K25 MAFRR o
FPGA # %8 -

T

1% &R+ % & (low-density parity-check, LDPC)#g >t 1962 # d Gallager[l]
i - IR B B A s e p KUK 288 BT
1981 # 4 ¢ Tanner[2]4& !¢ * %]’W/E“’ 4 (graph theory)fﬁi* LDPC 78 2. S 38 >
A EATL TR F LA o 02 R34k LDPC B F REE LT B 5
ESEEN 1]§J<[4][5]\EB_F'g LDPC #5 ¢ é. v ¢ B E7ie i (additive white Gaussian noise,
AWGN)id i * ¥ if 1]4%837>" Shannon % € - LDPC E%“,’f £ 3 #i7 Shannon *T %
iR B AT b o W B G T S| BE T 2 Turbo £ 4R vt fRAS IH B 2 A FRR RS SR
75T K (error floor) i 5 B T 72 F REY oy f2md Al 2B EH
Hrpams i g e laim;x 515 LDPC i g A e G F fFar s
B mAEE A AR RGE 0 T LG R R Bavnk o R 2 L b
PEREGEOIHE TP W AFFT N AT B PR (EEE 802.11n)[6] - WiMax
(IEEE 802.16e)[7] ~ fi7 % #ci= AR50 A #h 1R 4 (DVB-S2)[8] ¥ i su¥ WAtk * » F)p
Ak B LDPC F el * #-dp g PR L o

Z ZLDPC#H &F %P ¢« S®@F 7 B Lng* » ¥ Bm2- 2 LDPC
(nonbinary LDPC, NB-LDPC)# e 5¢ +* = o LDPC# { #c i £ [9]> 1 & £ IR 14



TABE e % - INB-LDPCE 7 { 4% 0% 418 ¢ = 4% Z¥(multiple random symbol
errors)2- § 45 8245 it 4 o F *VH-GF(q) + FNB-LDPCHE th 2 § { M ieT
(error floor)frP-ig crfzactt ; % =  NB-LDPC#E 3 $15 s 3 45 3%(burst error)
it o RFEUE Y AL T F SV A AT TSRS em =
“LDPCH crfig s 45 o # 2 A fa% > Flpt af % sy @4 3 £ BRSAHE ¢
B o o - NB-LDPCAS ¥ 12 %1+ % 428 & & & 5 175 < (symbol)42 3% F
NB-LDPC# #x it $% 48 3% iy iRt - ~LDPC# ; % = : NB-LDPC# { if &
B ik ¥ a@%l R mHir-;'c‘iqu o NB-LDPCA§ 245 ** B FF "Lk 3 en > F]p 2t
KA 62 B A RY S 2SS b A REL R AT BE R F o1
Yok o F > 12 i NB-LDPCRS 1% f3 8 2% & & £ § 41 [10-13] - NB-LDPC
B v fpad 3‘?9;15 srTanner @) % & (girth) > ifAF M FHE EE R EF M 2 5 7
o R R LR FERREEE AR B ] TR B AR TR B
(brief propagation, BP)f##§ £ {of# i# & /2 (sum-product algorithm, SPA)it { 7 »x#
ABT B+ 12 ZX (maximum likelihood)f##8 /% & 2 o NB-LDPC#B i £ 43
FAA %2 o 0 A NB-LDPCH #7 fes G "V cnffdlicia AR E Rl # b
TR (% 5 R a%‘fiaﬂ’ A pen o Lg%i w% B i2as BE D nE oL (prior
information)£_7# 4p B ce & > 3 IR Rk 3 245 KA EF 9: 43 e gs M
Flpt > NB-LDPCRHE ¥ & 6" Ad AR 0 FRBHE mPJ{@%J &
B & b pFy P NB-LDPC#B T B L m § > &Y l__rﬁ' (el e B
& WRSH -

B >*NB-LDPCZ 2/ # 7 > 1998# DaveyfrMacKay % — =t #& | NB-LDPC#5
[14] > f® ¥ #4917 — fENB-LDPCA 2 q-ary{rf /245 ii & i# (QSPA) > iz £
BB ER A RBAAREEF BB A Z WAL ER L FEEY
FIC A R oo Flt o h— EPFEH N ONB-LDPCAB e 7 &2 g * # 7 if= = LDPC
IR R B BB RS X107 - TARR UG e i kgt 3 P > NB-LDPC
F&eiAg fe R H_V U ALE X ehe Fossorierdk ) e B B | 'fr(extended min-sum, EMS)
§248 7 ¥ 7% [15]fcLin Shu # % j& )¢ - <QC-LDPCH[16][17] » 4 % °4 -
NB-LDPCF 7% Moif 3¢ & [18] = < f&[19]#% 21 Min-Maxiw & i# > # § § & f8LLR
(Log-Likelihood Ratio)q 3= ;% » — A JREF M2 X > v g %’f@lﬁ; f’ AR, 2
FeBaT AT - ﬁ%ﬁﬁﬁﬁm**’wﬁﬁﬁﬁﬁﬁ*ﬁ’éﬁ?
T N g [ M SRR IMinMaxiF B A F SR S R AT 1R h
gl 4 o

& — %« 7|LDPC#H ¥ > .*ﬁél“ QC-LDPCA (F 3|7 B L * » iz & § 7]
5 QC-LDPCH &l W7 T 6 % (B » & 7 U @it (il » @ A K f245
(layered decoding) > ;= 2L-% if & 3 QC-LDPC#E cfiZf8 = % o o K fRFE = 2 3 &V
" ? 5|2 ALDPCR[20]21] » & 2 I fhif * % NB-LDPCB[22][23] - A & 5
R IRF NS lﬁ""’ A B v RS m‘i(gﬂ'}v BoJm R IFEBEATT B F Y Tk
< = "§ L) 1% I’*ﬁiﬁ%}‘:‘ EI T3 om T - TARR LT RBNE
we 0 FIEU GRS S 2 L‘%‘fﬁﬂ fra F* LI RS PR

- J@;’t Mm % » NB-LDPCH§ & {7 f2 75 P 3 & 5 # /¥ o 5 3% 3 4 (prior soft
information) > 12 i& (7§ 3N BPf#AG i 5 % o TR B R > HopFpwengi s
SRR KGT P E R R [24-33] 0 b o :‘g Bk PP R B }g;m
BT EF R ERY DALY G EEFE R E gt L%
EMREN P A Iﬁdmﬁ%ﬁ& iz‘“xig_ L BT B BB E A R A



[251[32] © % GR[33TP s s LR * 3 i A B I pF S A A AEES D 10°p% >
kB F (codlng gain)df £ 3dBe F]yt A F BAT Y AR B R B L F W a4
ST 0 PNB-LDPCA » B3 ¥ @ 7 gist 2 j—)‘&/E%(soft decision decoding)
2 BPiw & 2 > H41Z ehE g8 3 4 #-d Reed-Solomon (RS)#5 018 4% E?.(error
detector)fij M & ¥ > A 5 KEH 7 3 L (pseudo-soft information) ; FA > § £ F %
2+ I NB- LDPC'E% L0 g uRSE% = A2 B4R A %f\%g% s 1L jE R fb%{ﬁ}

?Fqb'g; o L WP 7}\—‘—1—%‘_—,—%’37‘—%,‘; y & usalyfgg%m B itdeT o
I AEAB B 5 o Ehas ¥ 1954 & 4% N[34]> e d BB fREAE R o PR e
AR i 4 347 2 g* 21993 #d C. Berrou & 4 3% 2! ¢ Turbo #[35]# *

THNAMLF REE ﬁ’*%% Sl 10 ST Y P 2 tgs i ¥ #51T Shannon R o
Flam o A %E%Aﬁf‘\'mﬁﬂ & 82k T?}t% AR NIETE G —frf—rﬁvxﬁ' = AFI-,P@ o e ¥
~ G N RAR R R i el B R BRI S KB R A T 2
7GR hEIE i B 4] - 1994 # > R, Pyndiah #- Turbo #5832 & F %8 5 i35
SRR TR/ Y o & DT 2 B Turbo #5 (block Turbo code » BTC) » ~
Turbo 3 ## #5 (Turbo product codes » TPC)[36] » &z i P3P B 4 { 5 HE  {oF”
§ B AT Lo A 1 Turbo M5 3 KA kK B
AR BT R TR (AFFd AT R L EFFHEM > Turbo
KB T URIIBBF OTHEFE B%rs”' (F =g R e gl e TR TN B G s ¥ 1
* iz ‘a‘?’u:“%%se it H A Tie- Bho AW E AL o ‘s‘fb\ 2% %@ Turbo
TRBET P B R FBOEA - it A B BEAEES &

B P E o

-t n; -
A A
- k> >
. Checks
1 Information symbols
n on rows
Checks
Check on columns on
v checks

W1 f:48P=COC,2 =

TR Bk RS B 285 (n,k,5) HC B 28 5 (n,,ky,5,)
Com > B4 m,n, 5 8% k,k, 5 TA# 5,0, % 7 B hd | FEH(minimum
distance) o 4Bl 1“7 ° Ff#4 COC H+4eT ¢

(1) #-(k xk,) T = k xk, €2 -

Q) * C,istk 787 % > 83 (kxn,) &L o

() 1 - H AT E Pk xny) L > * C $tn, (TEF G 93
(mxn,) i 5 ELP -



e 1F 5”%?}%5% P=C,®C,sh% ¥ i (n=nxn,, k=k xk,, 5=6,x6,) - # ¥
R =R xR ~>#2?® R 3 CAmaugsF-dxC,C 5 nm HABIELP S
3% n, 5']?“'5'\(72 Eﬂl,%—} AT ny (7TERELC BB TR F o

% BTC 275 BRI - 2T pF > 5 LRE m%ﬂwv%f@a B AR & -
BA B R o 4oW 2 %7 BTC 5% F BiEE A= & » 5 hF § ﬁe%%*rs,t
FABBLE TR - S P[RR > SRR R R B EGE 5 R B (T 40T A
R'=R+aW' > 87 W' & F = j2zg & ¥ c¢h 38 5 31 (extrinsic information) » %
o i § ] b IRE 2 soft-in soft-out (SISO)f!’ﬁHF%E?‘mE o bw Bk
B AR PR ART L aF P HE S EF
EE B o AR, T R R 0 R
TR LA U e ISR (T RS 7}5@%%/\’%"{%5‘«%_&’ 18R T RAG 0 B S
BmAEE LA R =R+aW m;tﬁ.hm - PF R E R -

iF
1
=i

‘F-\vm}}ﬁw‘ﬂ»%'

[W(m+1)]

[W(m)] [R(m)]
+ -

Decoding of rows or
columns of matrix

\J

[R] [R] [R]
> Delay line >

B8] 2 Block turbo decoder = 3. [§][3]

KT d B &% = 78 (component code) P i & @ = B 4% 48 (concatenated
codes) o d **LDPC#§ £ F #%iTShannon*IL } e B g ¢h » T ¥ ARG d § B H -
+ 1% ¥ % 75 (single parity-check (SPC) codes) 2 45 ¥ m = » F] ) LDPCAS ¥ F # %
A RF/EY 2 - eg

54 e

[1] R. G. Gallager, “Low-density parity-check codes,” IRE Trans. Inform. Theory, vol.
IT-8, pp. 21-28, Jan. 1962.

[2] R. M. Tanner, “A recursive approach to low-complexity codes,” IEEE Trans.
Inform. Theory, vol. IT-27, no. 5, pp. 533-547, 1981.

[3] M. P. C. Fossorier, “Iterative reliability-based decoding of low-density
parity-check codes,” IEEE J. Select. Areas Commun., vol. 19, pp. 908-917, 2005.

[4] D. J. C. Mackay, “Good error-correcting codes based on very sparse matrices,”
IEEFE Trans. Inform. Theory, pp. 533-547, 1981.

[5] S.-Y. Chung, G. D. Forney, Jr., T. J. Richardson, and R. Urbanke, “On the design
of low-density parity-check codes within 0.0045 dB of the Shannon limit,” IEEE
Commun. Lett., vol. 5, no. 2, pp. 58-60, 2001.

[6] IEEE P802.11 Wireless LANs TGn Sync Proposal: TGn Sync Proposal Technical
Specification, IEEE 11-04-0889-06-000n, May 2005.

[7] IEEE Std. 802.16¢ and IEEE Std. 802.16-2004/Cor. 1-2005, “Part 16: Air interface
for fixed and mobile broadband wireless access systems,” Feb. 2006.

9



[8] European Telecommunications Standards Institute (ETSI), “Digital Video
Broadcasting (DVB): Second generation framing structure, channel coding and
modulation system for broadcasting, interactive services, news gathering and
other broadband satellite applications,” EN 302 307, V1.1.2, www.dvb.org.

[9] W. E. Ryan and S. Lin, Channel Codes: Classical and Modern, Cambridge
University Press, Cambridge, UK, 2009, pp.592-633.

[10]C. Poulliat, M. Fossorier, and D. Declercq, “Optimization of nonbinary LDPC
codes using binary images,” in Proc. Int. Trubo Code Symp. Munich, April 2006,
pp- 93-97.

[11]C. Poulliat, M. Fossorier, and D. Declercq, “Design of nonbinary LDPC codes
using their binary images: algebraic properties,” in Proc. Int. Trubo Code Symp.,
Munich, April 2006, pp. 963-965.

[12]S. Song, L. Zen, S. Lin, and K. Abdel-Ghaffar, “Algebraic constructions of
nonbinary quasi-cyclic LDPC codes,” in Proc. IEEE Int. Symp. Information
Theory, Seattle, WA, July 2006, pp. 83-87.

[13]A. Voicila, D. declercq, F. Verdier, M. Fossorier, and P. Urard, “Split nonbinary
LDPC codes,” in Proc. IEEE Int. Symp. Information Theory, Toronto, Ontario,
July 2008, pp.955-959.

[14] M. C. Davey and D. J. MacKay, “Low-density parity check codes over GF(q),”
IEEE Commun. Lett., vol. 2, no. 6, pp. 165-167, 1998.

[15] D. Declercq and M. Fossorier, “Decoding algorithms for nonbinary LDPC codes
over GF(q),” IEEE Trans. Commun., vol. 55, no. 4, pp. 633-643, 2007.

[16] L. Lan, L. Zeng, Y. Y. Tai, L. Chen, S. Lin and I. Abdel-Ghaffar “Construction
of quasi-cyclic LDPC codes for AWGN and binary erasure channels: a finite field
approach,” IEEFE Trans. Inf. Theory, vol. 53, no. 7, pp.2429 -2458, 2007.

[17] S. Lin, S. Song, B. Zhou, J. Kang, Y.Y. Tai, and Q. Huang, “Algebraic
constructions of nonbinary quasi-cyclic LDPC codes: Array masking and
dispersion,” in Proc. 2nd Workshop for the Center of Information Theory and its
Applications, San Diego, 2007.

[18] J. Kang, Q. Huang, L. Zhang, et al., “Quasi-cyclic LDPC codes: An algebraic
construction,” IEEE Trans. Commun., vol. 58, no. 5, pp. 1383-1396, 2010.

[19] V. Savin, “Min-Max decoding for nonbinary LDPC codes,” in Proc. IEEE Int.
Symp. Information Theory, Canada, 2008, pp. 960-964.

[20] Y. Sun and J. R. Cavallaro, “VLSI architecture for layered decoding of QC-LDPC
codes with high circulant weight,” IEEE Trans. Very Large Scale Integr. (VLSI)
Syst., vol. 21, no.10, pp.1960-1964, 2012.

[21] X. M. Zhang and F. Cai, “Reduced-complexity decoder architecture for non-binary
LDPC codes,” IEEE Trans. Very Large Scale Integr. (VLSI) Syst., vol. 19, no. 7, pp.
1229-1238, 2011.

[22] Z. Shuai, S. Jin, L. Li, et al., “Layered decoding for non-binary LDPC codes,” in
Proc. IEEE Int. Symp. Circuits and Systems, Paris, 2010, pp. 481-484.

[23] L. U. Yeong, Y. L. Chen, J. Y. Chung, et al., “An efficient layered decoding
architecture for nonbinary QC-LDPC codes,” IEEE Trans. Circuits and Systems I:
Regular Papers, vol. 59, no. 2, pp.385-398, 2012.

[24] H. Kidorf, N. Ramanujam, and I. Hayee, et al., “Performance improvement in
high capacity ultra-long distance WDM systems using forward error correction
codes,” in Proc. Optical Fiber Commun. Conf., vol. 3, 2000, pp. 274-276.

[25] O. A. Sab, “FEC techniques in submarine transmission systems,” in Proc.
Optical Fiber Commun. Conf., vol. 2, 2001, pp. TuF1-1-TuF1-3.

[26] J. D. Andersen, “Product codes for optical communication,” in Proc. ECOC,

10



Copenhagen, Sept. 2002, vol. 3, pp. 1-2.

[27] J. Yuan and W. Ye, “A novel block turbo code for high speed long-haul DWDM
optical communication systems,” Optik-International Journal for Light and
Electron Optics, vol. 120, pp. 758-764, Oct. 2009.

[28] Y. Li, S. Lee, et al., “A 16Gb 3b/cell NAND flash memory in 56nm with 8MB/s
write rate,” IEEE J. Solid-State Circuits, vol. 44, no. 1, pp. 195-207, Jan. 2009.
[29] C. E. A. Trinh, “A 5.6mb/s 64gb 4b/cell NAND flash memory in 43nm CMOS,”
in Solid-State Circuits Conference - Digest of Technical Papers, 2009, pp.

246-247.

[30] J. Wang, T. Courtade, H. Shankar, and R. Wesel, “Soft information for LDPC
decoding in flash: Mutual-information optimized quantization,” in Proc. IEEE
Global Commun. Conf. (GLOBECOM), 2011, pp.5-9.

[311 C. Yang, Y. Emre and C. Chakrabarti, “Product code schemes for error
correction in MLC NAND flash memories,” IEEE Trans. Very Large Scale Integr.
(VLSI) Syst., vol. 20, no. 12, pp.2302 -2314, 2012.

[32] G. Bosco, G. Montorsi, and S. Benedetto, “Soft decoding in optical systems,”
IEEFE Trans. Commun., vol. 51, no. 8, pp. 1258-1265, Aug. 2003.

[33] T. Mizuochi, “Recent progress in forward error correction and its interplay with
transmission impairments,” IEEE J. Select. Topics Quantum Electronics, vol. 12,
no. 4, Aug. 2006.

[34] P. Elias, “Error-free coding,” IRE Trans. Inform. Theory, vol. IT-4, pp. 29-37,
Sept. 1954.

[35] C. Berrou, A. Glavieux, and P. Thitimajshima, “Near shannon limit error
correcting coding and decoding: Turbo codes,” ICC ’93, Conference Record,
Geneva, pp. 1064-1070, 1993.

[36] R. M. Pyndiah, “Near optimum decoding of product codes: Block turbo codes,”
IEEE Trans. Commun., vol. 46, pp. 1003-1010, Aug. 1998.

[37] S. Haykin, Communication systems, 4™ ed., John Wiley & Son, 2001.

[38] S. Lin and D. J. Costello, Error Control Coding, 2nd ed., Upper Saddle 292River,
NJ, USA: Pearson Education, 2004.

11



A3 EFE 2 SHHINB-LDPCAH B fafs pr > A Fen® o0 gi S 3 4 2 5 jGE i
FERETZRY (b4 BEKE N BLP Bl FRADBEETES)
B3 G SRS P BRI A 4 2 MG SRR fRAS W B % o NB-LDPCAS feii 3t
H AR AT e W g L ) RSAB 2 W BRI IR W 0 LS REE R
L o NB-LDPCASL ™ 1% %A #i L2 75 & & @ABP)F RE X j2rs -
PEFERBES AL AT LFRGAE KA TR LR 5 e
B R Wl £ @ %P 4AS 0 INB-LDPCAS 5 “h 25 > RSES 5 M AS o 7 2 3p 4r
T 1 (1)% 3 UNB-LDPCAS 5 *H% > RSAS 5 M 7B 2 # #2788 & 4148 - Qe
#NB-LDPCAS fi# 48 p= £ F chm 54055 3 & o (3)# % b i #TJk 8 ehm R0 31
AR L 0 B4 NB-LDPCAS f345 5% 8 % » 113 »et i B s 4%
Wit A TR T AfEAEN EE AR P B F o fr(trade-off) © (4)
TR ARSI N 2 EA Y 0 EF B 2 RS ENB-LDPCAE 2. 8 2 & o
(5)4- 4973k 3+ HNB-LDPCAS enfa b i B 4 e (F B N AT e R A 182202 » TR
PR R AT dan Rk e o (6)WEER A 174 2T 2 A1 3 e INB-LDPCAS .50 45 3
Fld o TERFPAFET AR D F R REAR D D E GG ke (A
PR TR L SRS R R G AR R 2 B N A A SR T gt
4T3 0 R & 3k #4452 NB-LDPC 245 % & 2 i& 7 (4F s2 B cnFPGAF # T i
Wit o BT B E A NEP AT .

5.1 8 #NB-LDPC# ZRSAH i & B2 K> 2

P #NB-LDPC#g 2 RSFG 2R & L fFABA7 L > Z 3P 4o o 3K (N,, K, )RSH
C.% 07 » (N,,K,) NB-LDPC# C, % i*¢+ % » ¢ N, N, 4 5% 7 RS &
NB-LDPC# %5 £ » K,,K, # %] % 7 RS# 2 NB-LDPC# chF i £ & » e £ 9
LAREPE G RVEGF(g=2") > B pan i iz e TR i &
KB P=C,OC, 4 R3#T77 o R & FHMBONLGHL PACRATT o e bhofb
P g % ¢hgg C, (7 PNB-LPDCAR)» #-K, 5 L2 TR 5| $ B E 5 N,
7 F (codeword) » ¥ N, # A E R A 5 K =|N, /K, |BB 7 & - B R 7|d
Ky Faprles F#REE - RBF2ZEEN =KK, -N, #~8AH 50 K R
P A w i NgE C (7 WRSEE ) AE s K FEF > AR5 N, o BB R-K 1B F
%5 #BiE o

BT IRAEPE > AT - BT hN, B A )RS C(F RS ) i35G
A2 K, T~ 3 #8525 NB-LDPCi2#5 %75 B > & A& (7 K, A 7245 (2
&SPk B (syndrome)*THE = chl B B B E S - B R E ik F
PP E BB L2 S RS E PN, AR5 NB-LDPCf2m ¥ 5 E -
B8 A E N, gL 4 i % ¢hgs C, (7 NB-LPDC#S ) 345 » 25+ K, T34
PR RRERSELK TR ABELERY ¥ o
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Outer encoder Inner encoder
(N, K1) —» (Vg Kg)
NB-LDPC code C: RS code Cy \ 4
< AWGN
channel
Outer decoder Inner decoder
(NL, KL) <_ (NR, KR) :
NB-LDPC code C: RS code C

Bl 3 ? 4% NB-LDPC #% &2 RS 7 2R & /5

< Ny B
A
< K =
Information symbols of outer code Checks

Check symbols of outer code
with length (N: —Kr)

B4 & AL LS
& - X fEFPF > b g5 (NB-LPDC) 45 #7 Z % % #K ;% 3 4 (prior soft
information) » #-d P 75 (RS #5)f%#8 B(& fﬁ%%)iﬁ%”"(ﬁ g ﬁiaa] hE - B2
R P )EE > FlEms ,\,(‘\fha-v FoAR L )ZEF xa’@w;}q_q{mq
Lo R BEES L HEE S R T EEP o S RSN
RE E e ba 0 R ERHFBK ’ifﬁi&ﬁ.’* PIERG mP\/F%(RS ) ¥ iE
R S & 1t 5 (NB-LDPC #§) » I 4% * 48 e B P i cndgio 38 2] 4275 o &
NB-LDPC # f#75 civi= 4% 3 > #-4% % d RS 78 (45 BT Nepm Bt &y
iT# - @ e = % F (prior probablhty) °NB-LDPC 7% 2. BP j§ & ;# ¥ i¢ * Tanner
Za(r® S HP ALy, 2 u,, ~ 54T Tk A & B(check node) m ¥t
f%ﬁs:rri"l‘!a(v.':lrlablenode)nJ 3 TRESBEn B LM N L AL ARk
G ELE e b 982 AT B o B 5 ¢ NB-LDPC 7 f#/8 B2 S#ca g Ly, o
n=1+(k-DK,, 24(k=DK,,..., Ky +(k—DK, #vi~4si %% 25 % k B RS 75
048 F A N PR ST Ry, 0 k=12 K dedt s RiE ALY
n=12,...,N, %#KNB-LDPCI%}?M%E?" A ST EHCR S BF T
BP /% & /% i& {7 NB-LDPC # ek § i85 245 -
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Variable node

Check-to-variable

messages [] g o [] e, .o e » messages
Check node

B 5 NB-LDPC #5 < Tanner 8] % 77 j#

EREARLLER
A8y it 0 RSFS 45 B eodiy 410 R W BB S ULyt 2 AR
ai%ﬁéMHDKmi—ﬁ%*iﬁﬁﬁﬂi°
¥ & (N, K R,dmm)RS o 29 d 457 5] EEdt(minimum distance) o 4-%
AWGN i 3 L 7 s, = [Sln,Szn, spn](sm eGF(2), i=1,2,...,p)s ¥ #ci R S
#(log-likelihood function) ™ # 7+ % [37]

is,)=——

(1)
n=1,2,..,N,

- "

Hoos, =[8,,5,5,1€GFQ2") % 1, =[,.15,,...7,,] € GF(2") & B & w31 & & ~

BT R | For M A s By A, F 2 Euclidean JE#E o

ﬁRS%CﬂW:%%%@ %,ﬁczmﬁwm%J,lz 27K @
ﬁCWM%seGHF)WﬂL,N,F%k@gz~pR [r,, v 1o
FEF C ¥t iR S ey &7 5
Nr
mm:lz r,-s,| i=12,...,27 (2)
20— n=l1

& * &~ 122 (maximum-likelihood)f2 46 P& » & i e 5 C 2. 2|47 /% &7 71 if

FC Y

, forje{l,Z,...,ZpK"} andj#i (3)

ZH S,
n—l

T g Coenv LR 0V T& 5 ¥ £ v (log-likelihood ratio, LLR) :
A=in| 2RI} (4
P(R|C)
He C 47542175 C g3 7 7 E_C ¢ C 2 @ ¢ Euclidean §E4t d(C,C)
T BF Y AR
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Je* Bayes ;% B & Bk Cp @ 2973 #6F % 353 A fie (uniformly distribution)
|

(4)5\‘ GG 5
I(M] 5)
P(C;|R)

EDAB)#FHF ALBFT BZEA k@ Adilp - kil £ R i3k
BAdE e ee{0l..,|(d, —D/2] - 19452 &3 X > D(R, C)>d  —e >
LR RN T B S a g o FrAPR Y T
D(R,C)=d, e > " KEABFATERA - BPLAFFEHAABTHA S
Hes o FO)R A BETRARAT A S

A:m[ (B)(1-R)" J

(Pe)dmin —e (1 _ Pe)NR —(din—€)

1-P
=(d . —2e)l <
( min e) n[ Pe j

Bk i * g-ary QAM (quadrature amplitude modulation)?? % @i 4, » & =
R A A BT PY &7 5[37]¢

ewlnLQ S| (g

Ja (g—DN,
He E A farathImigd  (WTHELTERE, =1)> ¢g=2" > s X4
H2ROoI=N,/2 c O-F ¥V L& L Q(z)zjw(l/\/2ﬁ)e’y2/2dy »H b

[38] > O(2)<(1/2)e™"” o &P Q- U S+ (NF > 7 W

1 -3E,,
f2z2(1_27=Jenq”“ ®)
q

(6)

IF L7 &

;;.:z_(g);t X »(6);‘ y ¥ Zéag

-3
1—2[1 —\He“q”%
A=(d.. —2e)ln 1
( J 2(q- l)No
< 3(dyy, —2€)
4(qg-1)o’

EO)F R EG Y > APER =N, /250 ¢
B3k 4 6 48 45 i i (stationary channel) > 3 7 2B A¥ 1% ¥ o’ /2 #-H
N A "Z%(g)}\"E%Jj’-ﬁ—ﬂ-—f,&mmlij"‘j;‘}i Z:t\'/__]’;; .

1 o°
y=——

N, 2
_ 1 3(dp, —2¢) (1o

NR 8(g—1)
H¥ e™d RS M4 BATERACT B A gk BT B RSB A e R
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FR(10)38 3 AR Py TR 0 S B L T R T
NB-LDPC £ & — # < ch% % 8 20 4 o

a2 (10)7% 530§ e m B L YR D A (10)50 ¢ ih
g=2 @ y=(3/8N)d . —2e) » AT ¢ - ~ LDPC 7%+ BCH 2 2 & %
%45 > @ i&{7 LDPC # 2 BP j# & ;2 (54 : SPA, MSA(min-sum algorithm) % )f%

5.3 NB-LDPC#5 cf3 8 % & /£ 2. K 3+ 2
FERBBFEZancEl B4R B30 0 5 - D fEEMELTHRE T

R RA AL E T U AR R RN IR E T St MRS % - 1 E
BAFRRR A MO GBS F R { R R B R A R
A& DR “’Smﬁ%“ CBAFFERF R 2 AR R ¢ G A 4 Fp MAR
FRRFEZEAFTERY AU T RO R 2 ﬁ*%%:ifim#irg C B R RE
S ERB mg@;ﬁﬁﬁ 2 i ﬁ_xﬁ,» wﬁg@« CPEREE Y 2 EE - NB-LDPC 5
SRl EY L SNSE R o O R B —F 3 J ﬂ E g AT F RS S/ T R
BP ;5 5 ;% 3| EMS 5% 5 2 [15] » 22 B AFfe B AL A 1E % 1 > A% MGF SRR ke pE D

R LA L F 2 5 L doK EMS ¥ % Pl A K 0 EMS i E 2 2k
BRAAAEHDE  a @EAFRE T S Fa e FEAFRR 0 FH B fRE
Berdk B gt £ ¥ L gk ehe § 2 )’%[19]#& AR D AF R R e Min-Max x5 2 0 #
24 A LLR FM A0 - BEEEFIRS X o T Hu R B VAR
B2 A ¥ - BEERMEFIRS TR SRR R R
9 g Mo F) gt 2 1 Min-Max jF B 2 AF % }ﬁ FE G ey 4 o

APEEFT AR AN S KR FE 2 Mm-MaX R iRRE R

— f5.% %% INB-LDPC ja78 i & % » & @R 1l chle 5 § 55% 278
AR L LR AT EZHRT AR BfEBER - AT DEBIF 2 RS
4 Min-Max /% & /% i&— # 222 > Min-Max J# 5 /2 ¥ 4530 B 5§ P9t Ao F 4%
S BLAEIE 0 B 1]?%[21]6 # & e forward-backward & 5 i f§§ 1t 12— AR 1@
FRAEE D0 @ i- F]@ L %3 F > forward-backward i B 2 BE R 1Y T ek o B
MLty s e § L0 7P B ks & Bk L 0 % JF % forward-backward j# &
FE R R GRET R BT R A RGBT A G I TEE
WP~ E U2 e d e H 97 £ (column weight) 2. 3 4c @ 3 40 0 F] L ¥ F
ez 3iRE2 3 BiAEL GREZERES SR chid & F)F o st 2
% 0 4% forward-backward 125k S BLEJSE 2 0V WEB T - L BV Foei 4
% %27 forward-backward A&J% i 4% e,jk—lé BEZREaE 7 ApEM, 274
B FREERE o AR E A FHR D DNBLDPC jREF L2277 > i o
i:i‘ﬁ Min-Max /F 5222 K2 2 iR A% BRERP AT EA T 25202
Min-Max 275 i% & i# °

o

(1) Min-Max ;¥ § ;2
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&7 'V INB-LDPC B end g &P 5 igt;u—%iﬁrs{o y 2£F A

AL B Al 0 B AT A F T "WFeh A & % (Primitive element) ¥
Il o AfRmBiEARY >V LHEF § Lﬁi@ﬁ_?} % & Tanner B]:uf + 7 788+ 3

B i @famn L end R E D Benpe s ) AT PE AR S s @ik LAx S
S TOR ORI L A S $PN RS g P U TR g BE RAAL K
2 A BAEOVEIR A o A¥EE Min-Max jg8 27 » v AN L
4 LLR %71 @ L(@)=In(P(B)/P(a)) » B ¥ BEF se b~ g % a7 A
7Y g BAEz- CLLR BV Y KR - BRAETAREG DR
mﬁ?ff&ﬁ’ 'MLJ RIFEZLAZ ] o

By BLLR & » 2 3B 4q» Pizg B LLR * 2 & %57 >
3 vf ¥ 4B S m AT RESE n 2o ¥EEE o0
SHILLR » & % u, %7 > A m BEF n A LLR e & * v, 7
B op Fﬁél’?ymm mﬁ;rJlS,(n)z\»fF 8 om MBan B EILS (m) AT 5
L(m|a,=c) 4 7 & &4 % "Zesm)\nhmz a,=h,a 3~ % a,(jeS,(m)\n)
SREFEE B B AR RRAELHY % % FhaF o 1y, TR
wﬁﬂﬁiﬁﬁﬁ%é’ﬂﬂ%ﬁ%&ﬁﬁnﬁﬁﬁ%mﬁﬁwﬁﬁ%+’¢?

o jwr

Yoo X
,at EEEY
m =n

xﬁs.fﬂ‘-ﬂ.{@%Jﬂ' 7/ c :(((Z,}t1§'1§$g ;L;L;}-E,mru ‘t‘mﬁp j\ﬁzr’,ﬁ%o
Min-Max f%#5 /% & ;2 m%b FrAeT [19] :
b L

Mm,n(a):yn(a) (11)
FRiEE &R
1) +esk & 2L A7
V,.(@)= min ( max u, (a, )) (12)

a;eL(mla,=a) \ jeS,(m)\n

u, @)=y, @)+ Y v, () (13)

ieS,.(n)\m

— ’ _ : ! 14
Uy, (@) =u,, (@)= min u, (w) (14)

3) ¥ {& 3 4 (posteriori information) { #7 :

7.(@)=y,()+ D v, (@) (15)

ieS, (n)
BETRESELATF ()5 B2 & AR LT 1 F
- # LLR = & 7 | 'E’\jko" ER N fg&—,-r\mka" A B P FE
JREE R E I Rk kR Boo#choh o A a(12)5% ¢ K51 LLR fg_,wr
7 Min-Max % 5 /2 §.=¢ d%_m’ Flp T o AEF S A BBE R MG
Ao sk E B L ATR ) R BRE SIS VIR Y, ha, =h,0 S
2B EE A RAF gy 50 "ut AF e R o [21]% )‘LF‘ # 41 forward-backward
FRZE R EZER Y ERFY Lonla,=a) > FIH 0 fREBEAR -

(2) & K f245 = &
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A FRAR T AR LA AR R AR TIA KRR 0 BT A K RS
O LDPCHAh i h L H "7, 5 AFHRS ZFFA - Lz 5 74 -3
L AT AR RHE - - ST A kR R T KRB 2N
o Amik A H oz Ta) ) 2 AR R ETFE > ML PL R E 2 AR
- G- FIRET oA BERWE 0 (TA KRG 2 tacE RE LK R 2
Feif o L AT AR R F OB B ATRR R F OIS R ) e
B AL LR R 2

% NB-LDPC 78 £ § 4] 7 #77 chig 4§ 1 $peph 95 (7 - H gL o 2 5
—1% » bl *"&:{FKiHlsxzs JP 15 7> 7%= 5 7| 4 — ﬁ] s LAERE T A A L 3
Koo BRI N s Kk a o #3042 LDPC 45 © Tanner B+ % — & h
RETS FEEE S I8 N EESF SR 1Y 2 18 CE R S L
- K- kaikso LA ?‘:"T}“KF‘ L i KRk SR L 0 RS E
g%*f&"%ﬁ‘”’%’ﬁ REFYAL TR IFEFLE - AR RFE 3 F
- B AR ETE o f - BMASLEE - KRR REN A
= r;\? ot - R IR ST RS TN LS AR P T - kS

BIRAEROT AT E Y AF - SRR ERIREERRLLITEETE P
;»_eh?é; s, FIL T ERT S TR (550 8 T B hjcacE B o

Layer 1 1 | I I I
Layer 2 I | I I I
Layer 3 I I I | I

10000

| 01000

I = 00100

00010

00001

Bl 7 Ak fRE et ik
- A %}’””[’ HYohk- k3 zehdadl(~F 25 0l » 4
AR HRT (7o R BB 5 ehy F ARV 0 € 1 fRAR A R MO B E T Ay
$HR PR BH B E AL L LAY L E o Rt EMS i B [15]5 6]
PR fRAS S % cPfR S B 4240 oNB-LDPC #§ thzb i & +0 EMS j#% 5 i fa sk & 8k
LATIFE 240

(k) (a) _ Z r(”k/l)(a ) (16)

(a )e m
eL’(r/n\fJ( ))jES (m)\n
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ﬁﬂﬁ%ﬂafﬁ L RE D RECH B0 R R RS E B om L v ()
Fm e E % k=K N 'UxEéEFr—&«m BRI R ES LI L 0 My (@) & T
FAE E R % n fL% W%m’m Lonmy(@)idm% k=xkFk REELET n BRES
BLend S L Mul) (@) fry,(a) it B 2 i 4o

uo (@ =y, @+ >, vi)(@ (7)

ieS,.(n)\m

P @)=y,(@+ Y vi(a) (18)

meS, (n)
EMS i@ B2 e* » K2 20 % S8l N & § 938 F 52 07 ek #io b
ot P 4 H kR F REE AN IR @S BT S L ot % S B
gt 4 FTALS i R 4

V(@)= min Z ( ;.(k’l_” (a;)- v,(f;l’” (aj)) (19)
’ @) resym | J€S, (m)n ’
eﬁ(m\a =

AR EMS iF B 2 enBlcS B L { 372 220 k EMS i 24k 0 ik E4
B EMS # B2 na g i a3 P AL 5

7@ =7 (@) =R (@) + R (@) (20)
H

RM(@)= 3 vy (@) 2D

meS.(n)
$ 9 o Tanner Bt @42 5] % HCH B n s B B0 E LR A o B
FREY B4 0 v (@) 2 R™ (a)#td=4ait 5 0o
R FREES T R 5| EMS B b 0 4 T %0 BP K i 2
Min-Max ;& & /£ o

(3) 3 F /A% 2 #x 2 Min-Max f3/5 % ¥ /2
ho byt K fiRag A Wi 7 fRAR e o @ D R R R D0k ek e
FP AFT 7 0 NB-LDPC 7B infd g i & 2 %L 2 g * Min-Max 7 & i 2 2 & 2
B R eniRBE > Al o B R enf3AR B AR A o 4ol 8 T o N R E
% T e d, 7 NB-LDPC #§ > % Tanner B} > & - BR%H S 2%-¢€ 5 d, B LES
gLyt 2 Apididn o & - lﬁ%ﬂtéﬁ%@iﬂh%%‘ﬂ%m. LA~ g e o R
- 'l?“%ﬁiié‘l:%?ﬁé—;" Fi(stage)’  — FE3td g Bl L gbe = FPt K 5 d, xq B
LB G d xqg B LB 5w s B LLR et g 3] 3] &
FI(Ar@ 8 2 (BRI A ) o i Min-Max j§ & 2 ¥ > (14);8 i@ & v 11 {8 0 &
7 LLR &% 0 et & 8> 4ot .45 s B i) LLR et L 818 > R - 1t
Tl F - BLLRELZ 0 L8 2Rk Fig- B oo v L 24k« LLR
Bt R o FIHiE- e SRR G R R et A R R eI A

v

% zero stage(4- M) 8 2 *ELIN A ) H v g 4 ,i%blfﬁf’b # % nonzero stage ° J& ¥ zero

\.
om

stage % nonzero stage '/ {$ > forward-backward JF & ;2 ¥ AL E- H 0 BR R
P& R_zero stage > 7R /E-§ forward A2 23| % [ H PF > d P EREFEEHE LLR
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EL 0l L8 de%k* o) 27 % PP LLR & 5 0 cun & ghor ¥t e~ & (@
7R max # FF AL L 0 FlE max(f, (a"),0) - 2 AE_f (a") > FPFF min 4
S ARLERFiaBE - q'eGF(q) HHrioR oo A0 fi() T L H B E
fi(e'+a))y » Bt fi7 g £ R f ch- B % (permutation) 0 3% % 3 Hd o &
z_ o

d. stage

g TOWS

N

-
forward backward

Bl 8 NB-LDPC #8 ¥& 5 & B8L27 % fic & B[R] 25 & o1

B_forward @ AEEL WAL 0 et FFEED S, 8 f, e Z7F B8
¢ ATF o Bheh Min-Max shig % 0 A3 E(12)50y, (@) FF > T2 1 Jg 5 i Fpen
AL a=a'+ta I Min-Max &% > i{-qfu"' Ay, (@)= f, (a'+a 0y 2+
@ Fpt 7R zero stage i A BED| R BT B LV OUEF B h B i
i@&ﬁﬁgﬂ’ﬁ@méﬁu%ﬁﬁd’*lﬂm ER I IV RLPAR U
PR RS FREaR S G it zero stage e % 0 0 BT EMARRR 0 B C TR G
Y PR 5 AT U E - BA A @ * k4 nonzero stage (i #c 0
T LLR 7 % 0 a3t & BA ) Bl A 5] 0 v B % X, X, FF 0 Aot @ B
7 Feihx, ¥ A B 0 3%t 1B nonzero stage ﬁ‘w‘?\ﬁyf*‘ . F T e nonzero stage ° ¥
$ ﬁ*‘u"” - HRSE R FESY B % o forward fr backward i A23E {7 pF AT
enim AR E IR ARE Dehs B LB 8@ R F 78 ¢ 1B nonzero stage #T¥ e Y
AR FRET K@ Y A 4 Kok &I L PF 0 B nonzero stage ¥R 0% B
BLik PR 23t E o H U i zero stage P n&:}fngd fjf‘u? [y j;ﬁ-ﬁg SoEEem 4 o
Pt 2B G LR d Rk 2n2d ) B L e R0 5 204 B4

......;\*\

®...000
.....;Q*
.--.00/

Yeo...000-

v

S it Min-Max f25 w52 » A PRHELS S LE 5 K
%.3"25% ERR RLE T S IE-S L e W N ARV O A A TR

kA F REE Y [k RS RI RS SRS L 7(k)z\/ S k5F B
TR EL QAT AR EEREI s B B

B B Lol K % B e R &

1
i FRLT - X EnE &Lﬂ,;@ﬁgo

-
D

o
B e
=
oy
—I
=
~h

X
% =
gg 3
!
B g



% % Min-Max f#45 /% 5 /% 9 Fpd4c™
HIF L A deit
B (@) o, (@=y,(@) c G P om 2 AT neS (m)
V(@) =0
HF 2 AR
HE B omo 35, (o) s Bio] @0 45 4 ¢ B nonzero sage & #
o4 - PrehLLR & 5 0 Auha & o
HA 3 FRELER
1) 0% k=F REE % [ > 3+ 5V () » £ ¢ forward-backward 3+
b2 deT

fil@)=u,;) (@)
Sle)=  min_ (max(f, ,(a).ulf) (@")), 1<i<d, (22)

a'+a'"=a,a"eQ,

b, (@)= ur(nknld) (@)
23
bl@)=  min (max(h(@)uly @), 1<i<d, )

L =3 28 4,(kD) Y.
‘:} 11' L Vm,n (a) .

Vo (@) = by ()

mnl

24
Vi (@)= f, (@) 29

Wi 1<i<d > 4% % i 1% E_zero stage > P
vl (@)= f (a+a) (25)
# ¢ o) k& ehE_zero stage i & 0 4o% % i ¥ €_nonzero stage » B
Vi , (@)= min (maX(f (@"),b,, (@) (26)
2) ¥ F k= F REE S Ik > FEETRERL
%ﬁk’”(a)=77,(,”_”(0!)+fo,;f)(0!)—v,ﬁf21’”(0!), (I-1)-n<m<l-n, (27)
Ho h ; ES ]é] m;l o
3) —gﬁ%’/ﬁ%;\:ﬁ IR F REE B REE > BRI S
g&,ﬁ‘y;‘% ,é; » T % u(kM) %‘é‘xif‘r?ﬁi@ ’ /%@;_\11_-% e P\»’")‘b«% 2o
u Wk, l+1)(a) — f(k,l) _v(k,l) (a)

k,l+1 k,I+1 : k,l+1
(@) =uty @)= min (w7 00)

(28)
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6. %%

O RFBATHR N Z D oo AR * 4 (N,K) LDPC % &
(N +1,K ) eBCH #8 *TH & e8¢ $48 38 (7 58 > #7411 ¢ LDPC-PSI 2.t #-
" % 3% (bit error rate (BER))% # — =X f2 45 2. T #5932 X = #i(average
number of iterations (ANI)):& {7 3% 1% ©

BB P * (1023, 781) EG-LDPC #5 # #:(16, 7)eBCH - LDPC 7§ 2_ j2 75
NMSA [4] > IMWBF [7] 2 PWBF [8] /# &/ B 3frll 4 » &P & * &
% Pl engi 3} T340 LDPC 248 % & 72 &2 #73% 41 & LDPC-PSI % & i ¢ BER
Mii 2 ANI * #2 o B ¥ &7 LDPC-PSI jF 5 i chjhap 27 & * 3% 7 chgi 30
T 1 LDPC f3 48 & 5 % chilt it < %4pF » b4t » LDPC-PSI j# & j2 &2 ¢
* 4R R Ileng st T LDPC 2457 & 2 chiii4pyt > @4p £ 0.1-0.2dB -
#x @ LDPC-PSI & IMWBF # & ;2 (LDPC(IMWBF)-PS)¥ -3 iz ar> 22
@ 4 Plendie T IMWBE GF 8 2 49t & — SR8 S ANLF 8> 40%
3 50% o

% { i&— %P LDPC-PSI ;% & ;2 22 ¢ * HIHO 245 0 TPC /% & i 2
i vt o AP * (4095, 3367)EG-LDPC, eBCH (32, 26, 4)* Closed-chains
TPC (CCTPC) [20] 4reBCH (32, 26, 4)" 1% HIHO (TPC) 24§ %+ $2-BER
MR v BT AR S B¢ P A e 24 CCTPC 2 TPC v v &
BER=10" #7#% J1 e j2 2 u|¥ £ ¥ 0.6dB fr 1.7dB 2B 3 & -

10’ —
1 —@— LDPC(IMWBF)-PSI
“ - -4 —¢— LDPC(PWBF)-PSI
10 & i e e o =1 —— LDPC(NMSA)-PSI
77777 ~ 31 @+ LDPC(IMWBF)
10201 _ LN __ | =@ LDPC(PWBF)
- NUfgy B LDPC(NMSA)
£ 10°L-
x &=
- -
'L o107E
[ =
10°L -
107, -
107
25

Eb/NO (dB)

3 @ % X Flendi s F 0 LDPC f#48 5% B 2 &2 “13% ) en LDPC-PSI i & 72
1 BER 2.7 1t
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)

e
Rt

i 5

—6— LDPC(IMWBF)-PSI-(1023, 781)

—B— CCTPC

—— LDPC(IMWBF)-PSI (4095,3367)
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¢ ANI

e e
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e e
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£ 3 ek 22 F 0 9 LDPC 248 %
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