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High-throughput LDPC Coder and Decoder FPGA Implementation

WANG Ying-zhe, WANG Zhen-yu, YAN Wei, SHI Guang-yi

(Institute of Software & Microelectronics, Peking University, Beijing 100871, China)

Abstract: IEEE 802. 11ad is an emerging 60 GHz wireless communication standard. The maximum transfer rate is
4.62 Gb/s, and the maximum processing rate is 1. 76 GHz, when using single carrier modulation schemes. The
standard use a quasi-cyclic LDPC code (QC-LDPC) in order to ensure a low error rate at a high transfer rate. For
the standard, this paper designs high-throughput LDPC coder and decoder. Implementation of the encoder use shift-
register as the basic unit. At the same time, compared to the different storage methods of generation matrix, paper
optimizes the coding structure. Decoding algorithm select modified minimum sum algorithms. Decoder hardware
architecture is compatible with four kinds of bit rates, and has three kinds of modulation method interface. In
accordance with the design of the structure, paper implements LDPC coder and decoder with the Verilog hardware
description language, and get the correct simulation results. It completes the comprehensive and analyses logic
resource consumption on V7-485t FPGA. As a result, when the FPGA clock frequency is 200 MHz, the
transmission rate is up to 1. 68 Gb/s.

Key words: QC-LLDPC; high-throughput; FPGA; parallel structure; minimum-sum

7 Gb/s, 4.6

! Gb/s?,
s (quasi-cyclic low-density parity-

, Wifi check QC-LDPC), 1/2.5/8.3/4.,13/16
IEEE 802. 11ad, , 672 bit.
’ ) ’ o 2 QC-LDPC
802. 11ad 60 GHz s

,OFDM LDPC , H

: 2015—01—21; : 2015—03—17



98 2015

. QC-LDPC LDPC . , 14 . c
L1802, 11ad L—‘ 1 | 2 | 3 | I 41 | 2 }J
1 ,LDPC Input 1 T T
) BPSK.

QPSK.16-QAM ) LDPC

Header& . LDPC . Spreading/
Payioad || Sombing |— | Mepping 1 Biocing 7 party |1 ]2 |3 | E1E

Encoder

L - 2 SRAA
Prependin;
e |2 | M . \ |

1 IEEE 802. 1lad ROM
5 14 , 14 ¢

G 0 13 s
LPDC , R SRAA (shift-register-adder-accumulator)
L1802, 11ad ,
’ ’ °°° @Aj I~
» SRAA 1

,
N\

| —
SRAA\

: (D). = LIJ
axXG, = (a;,a;,*,a,.) X (

SHIFT 0-13
I 0 - 0 \ G Gy, e Gy,
FSM-Encod:
o0 I - 0 : G Gro v G (D (ROMG_M) (RDMG_S/B) (ROMG_3/4) Ezom_m&)
0 0 e I | G Gew 0 Gt 3
802. llad .a 4 )
, 42 i 16. ¢ (6+ /14) s
) 1 . G 42 X 42
R s s G
1 ¢ .G 14 1,
C t=c 13 ’
1/2 8 8 G
5/8 6 10 s
3/4 4 12 s QPSK. 14
13/16 3 13 , (6+306/14) ,
2 y
1 ROM ,ROM

, 42 % (1) * ¢ ’



11 , LDPC

FPGA

99

2 . (2)
Lk(”j,‘)

GRIEB AL/
B giAr (IT)

0.5 -

( H sign(L*"!

J GV,',

Q"))

( Ii%i%%ﬁ’}\ min (L Q)
[ I I“&W@\ (3 LHQ) = y;+ D L () L(Q) <
[ I I Xﬁﬁﬁﬁﬁn}\ €5
0,.C;, = 1;
C X X )¢ D 4) H . {ers
4 Co s s Cg72 } * H) =0 . . ]
2) ,
6 1/2
b b [8] .
, APP
5 ’
2 , 8
ROM , 0 .
150 MHz , 1.26 Gb/s.
Number of Slice Registers 4024 3074
Number of Slice LUTs 6 411 5703 1o NMS 0.75 Bit Error Rate || BPSK code ratel/2
Number of occupied Slices 2 291 2 034
Number of LUT Flip Flop pairs used 6 814 5 734
RAMB 0 16
o
53]
m
4
’ BP 1093 1 13 3 23 3
’ (Eb/No)/dB
.LLR BP BP ) 6 1/2
LLR BP )
7 ,
’ A A CORE, ,
LLR BP . APP Post
(A Poste . INPUT
riori Probability) s
, OUTPUT
, APP (Normalized APP) ’ STATE
=1{5.0<y Jhy = ’
Vi=U0si<nhy . BPSK ., QPSK .
1 ’V,‘ 3 1 . . .
) . ! - 16-QAM . 4 bit.8 bit,16
= {101 9/,,21 , G / . .
P =0 i<mohy = 10.C J bit . LDPC
1 .L(r; .
(i) 16 bit .
L, L(Q) s
. R "G CORE 8§  .VNU
1 L°Q) = 1 ’ ’



100

2015

STATE

INPUT CORE OUTPUT

CNU ,
; Connection .

; Check y

| Control | | State |

QVNUO CNUO :
fat —

[¢] Connection (o]
[ o]
[} O

VNU671

C—"

8§ CORE

.DUT
, LDPC Decoder
TB LDPC Decoder

RTL ;
testbech;

N
testcase

9 ,

IEEE 802. 11ad
, QC-LDPC

[1]

2]

[3]

[4]

[6]

7]

(8]

14 s C
ROM ,

10 N
1. 26 Gb/s.

150 MHz ,

Sung-Woo Choi, Jun-Hyeong Kim, II-Gyu Kim. A
system design for IEEE 802. 11ad[C]// communica-
tions (APCC) 2012 18th Asia-Pacific Conference. Je-
julsland: IEEE, 2012. 668-671.
Balatsoukas-Stimming A, Preyss N, Cevrero A, et al.
A parallelized layered QC-LDPC decoder for IEEE
802. 11ad[C] // New Circuits and Systems Conference
(NEWCAS), 2013 IEEE 11th International. Paris:
IEEE, 2013, 1-4.
Amendment 3;Enhancements for Very High Through-
put in the 60 GHzBand, IEEE P802. 11ad/D5. 0,
Draft Amendment based on IEEE P802. 11REVmb
D10. 0 as amended by IEEE 802. 11ae D5. 0 and IEEE
802. 1laa D6. 0)[S]. 2011.
Mingchuan Meng, He Guan, Jing Li. Design QC-LD-
PC coder based on FPGA[C]// Electrical and Control
Engineering (ICECE), 2011 International Confer-
ence. Yidang:IEEE, 2011 1520-1522.
, LDPC [D].
., 2012,
s . LDPC [M].
, 2008.
Tanyanon I, Choomchuay S. A hardware design of
MS/MMS-based LDPC decoder[ C] // Electron De-
vices and Solid State Circuit (EDSSC), 2012 IEEE
International Conference. Bangkok:IEEE, 2012. 1-4.
Chiu-Wing Sham, Xu Chen, Lau F C Mm, et al. A 2.
0 Gb/s throughput decoder for QC-LDPC convolu-
tional codes[ J]. circuits and systems I. Regular Pa-

pers, IEEE Transactions , 2013,60(7) . 1857-1869.

.(1990-),

. E-amil; yingzhe wang(@sina. com.
, (1979, MEMS.
, (1978,

, (1980-) MEMS



