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A Study of an FPGA Design and Analysis of Low
Power High-Speed LDPC Decoding Scheme for

Efficient Satellite/Terrestrial Transmission System
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ABSTRACT

Efficient support for digital video broadcasting (DVB) services in mobile systems
is crucial issue for mobile operators and broadcasters. Currently several DVB systems
have been developed internationally, to meet the requirements of broadcasters. The
representative standards are DVB-SSP and DVB-S2 specifications for mobile and
broadband multimedia services by using hybrid satellite and terrestrial transmission
schemes. The standards for satellite and terrestrial transmission such as DVB-S2 and
DVB-T2 use the Low Density Parity Check(LDPC) code to correct transmission
errors.

In a long-term fading environment, the MPE-FEC(Multi-Protocol Encapsulation-
Forward Error Correction) scheme which adopts the erasure Reed Solomon (e-RS)
code and the virtual interleaver is used to compensate the fading effects.

The e-RS can correct more erroneous code symbols than the conventional non-
erasure Reed Solomon code, which is one of the advantages of e-RS code. The
erasure information can be obtained from CRC error detection. However, a critical
factor must be considered for dealing with a long-term fading channel. In fact, at the
end of every MPE-FEC section, there is a CRC-32 field calculated over the entire
section, to detect erroneous sections at the receiver side. If there is only one bit error
in an IP packet, the entire IP packet is considered as unreliable bytes, even if it
contains correct bytes. This implies that if there is one real byte error in a IP packet of
512 bytes, 511 correct bytes should be erased from the frame. This causes
performance degradation in erasure RS decoding scheme.

This paper has proposed new efficient decoding algorithms for MPE-FEC code and
the DVB-S2 LDPC code. A new MPE-FEC decoding algorithm based on LLR
infomation has been proposed to increase the decoding performance. This paper
proposed a new MPE-FEC decoding algorithm based on LLR. If the number of erased
bytes is less than the error correction capability, an erasure RS code is used, otherwise,
a non-erasure decoder that buffered another received symbol memory is used. The
main difference between the decoding methods based on CRC and LLR analyzed in
this paper in terms of performance, is the manner in which the erasure information is

obtained and it is utilized.
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In the study of LDPC decoding algorithm, two kinds of LDPC decoding algorithm
have been studied to reduce the computational complexity and decoding speed. There
are two kinds of low computational complexity algorithms such as early edge
detection algorithm and early stop algorithm. Also, in the high-speed LDPC decoding
algorithms,  Horizontal ~ Shuffle  Scheduling(HSS) and  Vertical  Shuffle
Scheduling(VSS) algorithm can be used. In case of CNU methods,SP (Sum Product)
method is often used in LDPC decoding. However SP needs LUT (Look UP Table)
that is critical path in LDPC decoding speed [4]. In this paper, a hew SC-NMS
method is proposed. The SC-NMS method needs only normalized scaling factor
instead of LUT, which reduces the complexity of computation for SP approximation.
As a result, the number of iteration can be reduced to the half of the conventional
algorithm, algorithm with the same performance of the SP algorithm.

Finally, in this paper, the hardware structure of high-speed LDPC decoder
impelementation has been proposed and its throughtput has been also investigated.
The LDPC decoder has been implemented based on HSS algorithm by using FPGA
chip xc5vIx155t model. A new memory structure and data permutation method has
been proposed and verified by real hardware experiment. This new structure has been
compared with conventional structure in the point of decoding speed. According to
the result, the decoding throughput of the proposed structure based on SC-NMS

algorithm has been improved by 40%.
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Fig 2.4 The performance for coding rates in according to iterations(N=64800)
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NG Fol FEIE 1291 A5 60815 70519 W] B FHE vlws
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o= 5032 A3
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Table 2.1 The optimal number of iteration according to code rates.
585 = A 9] iteration 4~

1/2 60

2/3 50

3/4 60

4/5 40

5/6 50

7/8 50

8/9 40

9/10 40

2.1.2 Short Size LDPC

Short size LDPCE AF-&3h= w3zl 71242 802.11n o|t}. xpAlt) F2d
@A 7]<21 802.11n9) 4] %= BCC(Binary Convolutional Code)$} T]&-o] A|7}%]
Wz 7y d 7HA FEs & aga AR FEo] dolE A E
LDPCH-5 =3 o744 Fo7]== A€y o] LDPCO i A7 &2
Aol == N=648%-E] 194474

=
SR Aol 2E Wma gov WEANLE 812818 8Ty ek 1

16




[57 -1 -1 -1 50 -1 11 -1 50 -1 79 -1 1 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
3 -128-10 -1-1-15%%17 -1-1-1090-1-1-1-1-1-1-1-1-1
3 -1 -1 -1243% -1-15% 14-1-1-1-1090 -1-1-1-1-1-1-1-1
62 53 -1 -1 5853 -1 -1 3 3% -1-1-1-1-1-10 0 -1-1-1-1-1-1-1
40 -1 -120 66 -1 -1 22 28 -1 -1 -1 -1 -1-1-10 0 -1 -1-1-1-1-1
o -1-1-18 -142 -15%5-1-18 -1-1-1-1-10 0 -1-1-1-1-1
69 79 9 -1 -1 -15% -15%2 -1-1-10 -1-1-1-1-10 0 -1-1-1-1
65 -1 -1 -13857 -1-172 -12 -1-1-1-1-1-1-1-10 0 -1 -1 -1
64 -1 -1 -114 5 -1-13 -1-132-1-1-1-1-1-1-1-10 0 -1-1
-14 -177°90 -1-1-179 -1-1-1-1-1-1-1-1-1-1-10 0 -1
2 % -15%73% -1-1-1-1-112-1-1-1-1-1-1-1-1-1-1-120 0

|24 -1 61 -1 60 -1 -1 27 51 -1 -116 1 -1 -1-1-1-1-1-1-1-1-1 0]

% 25.802.11n0l A A FElE] HAL 3 H(N=1944, Z=81, rate=1/2)
Fig 2.5 The parity check matrix of 802.11n (N=1944,7=81,rate=1/2)
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deo] 7tE Aol nyek dtal A&l dolE my2t 34, ky =n, —m,7t €
oh w3k, delH e J3 mo] F53t R4S A Fo dHolHE ¢zt

A S >~
D‘j-' Cb - [mO'ml' ’mkb—11p01p1; ---rpmb—l]i iLl-Qﬂ__ SEL T 93)\12}

ﬁd
op
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ANAoR PEHI Ho, =09 AL AAER, Bed o] A
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hg Rok s 1 17 1 Mo 7
h1 0 h1,kb—1 —1 -1 mb'k_1
: : : : p, | _
hx,O hx‘kb_1 0 | X 20 0 (2.6)
_hmb—l.ﬂ hmb—l.kb_1 1o o _pmb—l
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-1
ZhU,JmJ + H 1P + P = 0 (Oth row)
J=0

zh mj+px+pg+1:0 iz 0,x,m,—1
J

i
th,ij + Pt Pt P =0 (xth row)
Jj
thb’lvfmj +H 1P +Pmb,1 =0 ((m;,—l) th row)
j (2.7)

9o A@R.7S BF rlahd,

i=0 j=0 i-0 o (2.8)
% A% 5 Atk pe T, p P EE Oe ARYZ 7B & ATk

p1=%+H1po,
Py =4+ pi(I#0,x,m -1)
pi+1:ﬂf,+pi+po(i:x)7

Pry1 = Ama+] [ 1P (2.9)
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Z-bits
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Z1% 2.6.802.11n LDPC H-5.3}7]9] %

Memory for 2
(e, % Z) bits

Fig 2.6 The structure of encoder

Short size LDPC2] 33} A2 long size LDPCY H33} A3 7o)
IEEE 802.11n 3E<#2t 7|REe] Al=BlE 47]e] A2 thE Fosks 172, 203,
3/4 5/65 A A3, Z47te] o3t &olx= Al JHe] MR TE z Alo]=2E
A Qziet, 283 AsgAS 98 irregular LDPC B35 AF-g3%Hc} 802.11n
N At 7z gl w2 FFse] A7) N, R dojge 7] K
gl zh g3 del A 1ol AE YER = row weighte} column weight
o 7% obel ®22% 2tk a# 27% AWGNOA H58 BE Ajo]=
No] 1944 o] W% Whalo] BPSK, W35 8 o w A% 170},

a8 27 g F3skEol A BER A 4

RIS

Fig 2.7 The BER performance according to coding rate
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a9 233 a9 278 Hus] B Ay BE3 & 128 B 19 2.39
At 1dBol 4 W oesk wAgskA ki, Y270 A 3dB o]l A of
©7b MAs ereths A9 o 4 gtk ol LDPC $E9] BE Apo]x

725 Al d Fob Ax glolth B mReAL o ugom

cross layer H-o 3} H}2lof A PL-FECZ: 914 X9 DVB-S22] long size
LDPC F5.5 A-&AZth

3%2.2802.11n0 M Al-gsh= 2 F-oshgol we vt e

Table 2.2 The parameter according to code rate in 802.11n

Coding rate Coded Information Row weight column weight
R Word N Size K . &
648 324 8 12
1/2 1296 648 8 11
1944 972 8 11
648 432 11 8
2/3 1296 864 11 8
1944 1296 11 8
648 486 15 6
3/4 1296 972 15 6
1944 1458 15 6
648 540 22 4
5/6 1296 1080 22 4
1944 1620 20 4

Al 22 A eRS 23} )

Cross layer 533} W20l A UL-FECE e-RS H 357} Alg o] At} 7|&
o] dnk RS FoA Fzst #go] & HEE 2 A A&
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Aesn, AR dHolH A= Jesk, oA A eHS t2 o4
RS(nk,t)et 2ot o] wf, B35 gol A o7t & =9 5 xv} &, 4

(210)8 W A7IW, BE dEE 44 7hssith

n—-k

Erasure RS(e-RS)*+%.0] - nk 29l RS F-3.o] Hoop & 4l 4
gEo] & A

Ada. o1 F 58t B AR AES HshdA oeE 44
53 A AAE AEe] #E e} st ool e A

o FE xot 5HY, A 211)S WS Ag EE ddE AA 7Hssith
t=n—kx<t (2.12)

22 4 (21D AFse] RE o|dE 44 7] faAE BE o
qo] AA7} Hol A= QAL vge] wojof Frh.
eRS ®5: oel4e] n—k7} olgtel W BT 44F & orw,

ol g Bl Brid A9 44Rsold
_":_

A T BEe 9 Fe A, F RRoR P4e] Bk oR: Y
A MAStL, 1 A7) Ed Sds BEws] s Al 9

P

Fgth AAlE e Fek AR, AT A 1 A E 4 5 ke
o &roF tE A oltH11][12].

53A o BAAAE ob= Aol FH5AA Hojof sh= B 7HA o]
F7F Atk FA7 = AAAA S S dead-zoneo 2 A E AL &
AA gtk o]= RS HTol Slo] A YA A FHom T
A AAelr. i BY AEEo] AFHA &ks w, FAlV]dA=
I AEEC] AAEHAES APl dotofnt 617 wiiEelt

Wb 927k OF TS ez HAL 83, A B (02
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TS & u, 54 ggae A (212)9F o] mdA 4 gt}

r(x) =c(x) +e(x)+ f(x) (2.12)

21 f()E 2 (213)7 Zo] tEA 2dS & 5 Utk
F) =Y fix” (2.13)

i=1

of w AAl A 91X Jj = & JARE, AHAl 7] fiE gA XS
ool AL otgol gol MaHErk B Jhe] w7 prHe] AAIZE Avkar

7HgS o, A (2.14), 4 (215 o] F& F Uk

E =a"E,=a"%..E;=a" (2.14)
F=a"tF,=a’..F,=a% (2.15)

aela A 9A e 4 @169 2ol g = Aok

I ,1-Fx) v=0

r(x) = .
) 1 v#0 (210)

to

Fob 2HAE AAstr] 918 BME g5 ARE3kr}. Chien search &+l

EE ASE 9 St AMe] 28 FE 5 A, o) B 2R
A% @& & d Grh eRsh Ao AE AR AAAE 0A 2
T AAS 9H GgAe Agaor wu.
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¥(x) = A)T(X) 2.17)

Q(x) = AX)[L+ZE(x)]mod x** (2.18)

Formeys &4 AMgal¥l 059l Aol 2715 4 219, 4 2209 7ol

AR 5 Qe

T e (et '
-FO(F
f. = )
D) (2.20)

_%
3t Al UL-FECo| e-RS H 35 #Hg&A71 o= deinterleavinge] HE =
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LDPC packet size
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Virtual Interleaver size
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Fig. 2.8. MPE-FEC memory based on the CRC method.
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Fig. 2.8 Block diagram of two types of early-stop algorithm.

(a) Hard decision algorithm  (b) Parity check equation algorithm
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E41 4 dagE d W] Hat A EH v sl
Table 4.1 The average number of iteration according to E, / N, and speed
increment rate at the hard decision method.

Hard decision
Iterati
E, /N, eration(60 Increment of decoder
3]) speed

0.8 49.52 17.46%
0.825 45.88 23.53%
0.85 43.11 28.15%
0.875 40.53 32.45%
0.9 38.53 35.78%

F 42 e HAb 4 dads A wel B A vk sl
Table 4.2 The average number of iteration according to E, / N, and speed
increment rate at the parity check equation method.

Parity check equation
E,/N,
Iteration(60 21) Increment of decoder
speed
0.8 48.56 19.07%
0.825 45.04 24.93%
0.85 42.15 29.75%
0.875 39.86 33.57%
0.9 37.79 37.07%
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Fig. 4.3 BER curve of two types of early stop algorithm.
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Fig. 4.4 Bipartite graph.
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Fig. 4.5 Simulation results according to the change of T, .
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Table 4.3 Decoding complexity for conventional and early detected method.
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for conventional decoder | early detection method
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N o] 542 molZr} o w N=64800, K=32400, M=32400, °|v d, =7,
, =13 o]t} 44 oA E S gl%o] early detected WA o] AAES

71&0 WA T HuPS A AT == A2E A 50%, HIE == A A

¥ 4.4 early detected ®
Table 4.4 The number of early detected edges.

N, d; /M N
10 0.387 491.84
20 1.484 19048.59
30 2.619 62372.86
40 3.29 64334.73
50 3.6068 64335.46
60 3.852 64335.46

B Ao A= LDPC &3 79 1143} wieto] tis] A7fgkt). DVB-S2 7]k
©] LDPC #Z+= 0’3 ‘'S o] &g #AEE AT wWEZHZ Holl ojaf nt
Eo] Xtk H wEg 2o ‘1’9 9JX]= J7F3]| sparse, WHIA 3 H o
Utk olHd Ao &sf LDPC 3= F& Ao 7HAH, st=do] T
doll oM ZAZE HaL, & 55 Alol=9 B2 RbEslew Qi 153
7F dETE B AFdAE olE ZEE7] Y3  Horizontal Shuffle
Scheduling(HSS) &3 #H2], Vertical Shuffle Scheduling(VSS) &3 =210 off 3}
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Fig. 4.6 The structure of convectional LDPC decoder
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Fig. 4.8 The structure of node calculator
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7t AAFEATE, 18 49004 A WA HE »=tF S g sk, o] HE
wEoA AA wE=R 7= Al JHe] edge @S 47 vy, vy, vy, AT mEO

A HE == QulelE HE Al A edge T 7 ug, uy, up® AL
S, == LLR + u’O + u’l + ulz (46)
olgl & ulf, o7]M u'y,u'y,up = ol WHEA ] edge #holal, S'= o

A Wl A e MEwE grolth @Al WEAN w,B FEH7] el A W
A QA AD 2EZ N edge v, B FaA AL BET 2L Aol

S = LLR+uO +u1 +u’2 (47)

9 e B FElolA] HSS BAS Agade W e & Ak &

ARt 29 499 A- F 79 edgert 3 Wol A4 Hol A wi= fe

e Aol Ue & ok 28 w2 T A9 QA ZRAME AL

W, theat ol 7 R ATk A ZEAA F A 247 5,59 8,
vo =S —u'y, v, =S8 —u'y

Sl = LLR + u() +u,1 + u’2
52 = LLR +u’0 + Uuq +u,2
S=S8+5,—5 (4.8)
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Fig. 4.10 The comparison of convectional algorithm and HSS algorithm according

to number of iterations at 1/2 code rate
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Fig. 4.11 The performance comparison between conventional and HSS algorithm

for number of iteration(code rate = 1/4)
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Fig. 4.12 The performance comparison between conventional and HSS algorithm

for number of iteration(code rate = 2/3)
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Fig. 4.13 The performance comparison between conventional and HSS algorithm

for number of iteration(code rate = 3/4)
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Fig. 4.14 The performance comparison between conventional and HSS algorithm

for number of iteration(code rate = 4/5)
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Fig. 4.15 The performance comparison between conventional and HSS algorithm

for number of iteration(code rate = 8/9)
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Table 4.5 The number of iteration for HSS algorithm

o8 & 7= (3) HSS(%) A (%)
14 40 20 50
172 60 30 50
2/3 50 25 50
3/4 60 30 50
415 40 25 38
8/9 40 25 38
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Fig. 4.17 The bit node update of VSS algorithm
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Fig. 4.18 The check node update of VSS algorithm
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Fig. 4.20 The example of decoding flow for VVSS algorithm
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Fig. 4.23 The performance of SP and NMS algorithm
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Table 5.1. Code parameters

Size of LDPC 64800
Code rate 0.5
Max degree of check node dc 7

¥ 518 Fdol| Alg¥ LDPC H3 9 deidElo|tl. BF Alo]=:=
64800°] 3L, H-&3} &2 125 A-&3k3ltt o] o, row weight= 7¢]t}.

3% 52 7% FebdE

Table 5.2 Architecture Parameter

Level of parallelism P 360
Clock frequency (Mhz) 200
Latency of rotation 3
Max iteration 30
Bit size of message 6
Bit size of intrinsic 5
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Table 5.3 clock cycles and decoding throughput

Number of group check M 90

Number of group variable N 180

Number of group edges E 630

Nb cycle check node 660 clock cycles

Total iteration 662 clock cycles

Total nit iteration 19860 clock cycles

Decoding throughput 653 M bits/s
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211 wvalues displayed in nanoseconds (ns)

Timing constraint: Default period analysis for Clock 'clk'
Clock period: 3.941ns (frequency: 253.743MHz)
Total number of paths / destination ports: 3092805 / 126198

Delay: 3.941n=z (Levels of Logic = &)
Source: CNU182/mes LIFO2/1ifo reg 0 4 (FF)
Destination: CNU182/secon FLUT/cnu_data_4 (FF
Source Clock: clk rising

Deatination Clock: eclk rising
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Fig. 5.9 Maximum clock speed for SC-NMS
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Timing constraint: Default period analysis for Clock 'clk'
Clock period: 5.618ns (frequency: 177.99%MHz)
Total number of paths / destination ports: 17735635 / 132678

Delay: 5.618ns (Levels of Logic = 10)
Source: CHU353/secon FLUT/crnu data 3 (FF)
Destination: CHNU359/secon_FLUT/cnu_data 5 (FF
Source Clock: clk rising

Destination Clock: clk rising
9 510SP WAd B Ao 29 &=

Fig. 5.10 Maximum clock speed for SP
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Table 5.4 The clock speed and decoding throughput according to CNU.

SP SC-NMS
B35 sk 0.5 0.5
AY 29 &= 177.999MHz 253.743MHz
2.3 throughput °F 583Mbits/s °F 816Mbits/s
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