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Abstract

This paper describes a multi-mode LDPC decoder which supports three block lengths(648, 1296, 1944) and four code
rates(1/2, 2/3, 3/4, 5/6) of IEEE 802.11n wireless LAN standard. To minimize hardware complexity, it adopts a block—serial
(partially parallel) architecture based on the layered decoding scheme. A novel memory reduction technique devised using
the min-sum decoding algorithm reduces the size of check-node memory by 47% as compared to conventional method.
From fixed-point modeling and Matlab simulations for various bit-widths, decoding performance and optimal hardware
parameters such as fixed-point bit-width are analyzed. The designed LDPC decoder is verified by FPGA implementation,
and synthesized with a 0.18-um CMOS cell library. It has 219,100 gates and 45036 bits RAM, and the estimated
throughput is about 164~212 Mbps at 50 MHz@2.5v.
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I. LDPC &=

1. IEEE 802.11n EZ=9| LDPC &35!

LDPC #3%+ #2lelfd AL E (parity check matrix;
PCM) Hell &l Aojs= AE 5557359 dFolH,
PCMQ] Tl wet o] THA FEE FEEnh PCM

A frfo] 002 AYAa, dRrEuk 1S 2t

cE}. 20081 zol 70l AAld) 74 W EF IEEE
802.11n Draft 30™el= % 13} o] 374 Z=2Zo]
B, =648f (9, 1<f<3)9‘r 47HA 9 H5&S A dst
S5 Aol Qo] F 127149 FHEREE ZheTh
IEEE 802.11n°ll ¥ LDPC ¥3& E5Z0] B,
¥ 1. IEEE 802.11ne| LDPC #3% ulzjolg
Table 1. LDPC code parameters of |[EEE 802.11n.
Parameter IEEE 802.11n
E520] (B)) 648f (&, 1< f<3)
FHE A7) (2) 27f (& 1< f<3)
158 (R) 1/2, 2/3, 3/4, 5/6
PCM9] #8E + (N Jr ¥
gojojg FPd 5 (ip) 4 (&, i,=B/z)
R=172 | 2/3 | 3/4 | 56
Jolol 4= (jp)
12 8 6 4

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
0 (157 50 11 50 79 110
103 28 0 5| 7 010
2 1130 24| 37 56 | 14 010
31162 |53 53 313H 0]0
4 1140 20 | 66 22128 01]0
510 3 42 50 8 010
6 1169|7979 56 52 0 010
7 165 38|57 72 27 0]0
8 (164 14| 52 30 32 010
9 45 7010 7709 01]0
1002 |56 57135 12 00
11 || 24 61 60 27| 51 16| 1 0
a3 1. IEEE 802.11n X2 LDPC £3 PCM (E5Z0l: 1944, £35&: 12
Fig. 1. PCM of IEEE 802.11n LDPC code (block size: 1944, code rate: 1/2)
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128x24d 0] Hyda FAEY 2zt Hﬁﬂaﬂ—% 81 x 81
o] A7 Zteth A ESo] AE 2 81x81 A
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BAY BA ozl o]Fozint By e Z= PCM9
7 E& ey 2] CNeoF VNZE wjgA|Zl o]
¥ Z(bipartite graph)e]™, VN9 CN Ajo]e] A2
PCMellA 1] $1x]ol &3] A4 €t LDPC F35.9 &
= &9 a8 S(sum-product algorithm; SPA)
SPAY 4k EHxZ2 7144171 LLR(og-likelihood
ratio)-SPA"", LLR-SPAS A}8}slo] it HRes
0L 724aA71 4% dag]E(min-sum algorithm;
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IEEE 80.11n LDPC
AWGN, QPSK(BS=1944, CR=1/2)

Sz Integer

w 10 \’(
Y. <,
0° [N
10°)-e-1944, (5.3) / 2 ?}\
-=-1944, (4.4) Integer part: 5 bits [(56.3),(5.4).(5.5)] == N
107l toas, (45) , , i
o 1944, (5.5) S
fEsrhpriE | | | 3
10 1.5 1.8 21 24 27 3
Eb/NO (dB)
(a) block length: 1944, code rate: 1/2
IEEE 80.11n LDPC
10° AWGN, QPSK(BS=648, CR=1/2)
10{ Integer part: 4 bits [(4.4),(4.5).(4.6)]
= ¥
T
107 =k
W 10‘3E -
10" / 3
et Ei:ig Integer part: 5 bits [(5.3).(5.4).(6.5)]
5| 648, (5.4)
10 —648, (4.5) \x =
-=-648, (5.5) ‘
o/ ~648, (4.6) : : ‘ ‘
10 1.5 1.8 21 24 27 3
Eb/NO (dB)
(b) block length: 648, code rate: 1/2
a8 2. I¥ASHE HE Zof mE BER Ms
Fig. 2. BER performance for fixed—point bit-widths.
v A E54olet Bagd daiM e fAkgh Axrt
dojAtt ole} e AE EUR, B =79 324
A E 144554 HE % (8.5)F 243tk

2. 8y 1z ¥ OskE 7
= ]*1 & 74]5] LDPC 2357 Z&AME two-
3 FHERT ek, o=
< layered 534S #8319
a9 3JJr Zom FHAagh darglw 7|9
48)3}+= DFU(Decoding Function Unit)
W3, PCM B2 A48 H-ROM, PCM| w2} o)
oJHE <3} o] FA]7|E permuter, A== S AF
sk CON vl=g], A4Ws ghS A48k APP vl=e,
agjal AolEEe R A Eh
PCME 7d3te 732 & B2 §
H=2 o]FolA 9™ non-zero F-3 =

o wat 7T~2/1= JpHAe|th o FHE AAL

mt

% (zero) 3

M
o

o=

(637)

M1 = 21

cr frame_num

o

n=27, 54, 81

—

CN
memory

Ik rst data_in din_en

| o
—l

0

UX

APP
memory

[

Permuter [¢-

Control

i
¥

DFUL DFU2 DFU27

DFU Arrayl

| DEU Array2
| DFU Array3

E DEM@

~In

dec_out

MA=E LDPC &357(2 M +=
Architecture of designed LDPC decoder.

ke
FN
lo,
OJ
L
N

i
JH“

N
o
G
N
o

&(R=1/2, 2/3, 3/4, 5/6)2 127}A

v /Mg RE AAE] 8 e s
( ) E54old m& Rago A7) 37}
glojo] 7 4714, (i) E54
PCM AX. 12744 Seolt}. §-d<
o 27 zf:27f (& 1= f=3)= =52 we}
2, =27, 2,=54, z,=81°|E= 817]¢] DFUE 37]¢|
DFU WA=z faste] EZ4old| wel DFU ¥Wart
Mg oz Fastes AAS G Fagd] g o
olo} F=(jp) 4, 6, 8, 12 T4 #ojo} ¢Iike] HkEA g
o o3 FAHE=E AA A

[EEE 802.1In ¥Eell 4% 374 &5l 47t
2 Fogo wE 12704 2] PCM2 H-ROMell A %-#
oh 1% 1e4 Bi= wpe} Zo] PCMS T4k 53
dE59] ot 40) BER o]FojA 9lon oFE
S0 R=1/2011 B,=1944 WEQ Zg-ol= 2027012 <

%aug
o=
7], (i)
oje} H



22 IEEE 802.11n8 CHERE layered LDPC 237 L3l ol
ggo] x3tuo] 9t & =iodlAe= PCMe e 4 o} FAA W72 FAE= CNV E52 Mag_type
HE Aste dialel, 9 dES Al9e non—zero F- 2o oal] CNM HEglol #7d¥ %3 (min0) 2 &
PEE9 9 AHe} 3 AZE AHTES H-ROM FH 4 gk(minl) 5 shHE AEste] 29 B4 JEo A
of Aetes WS A8ForM st=dolrt HAstE A= FL o MEs ANtE HAbeE gL,
T5 3ttt ¢k ol ¢ ]OH AAME g 2w WAANS 53
Hews gL = WSy, ol FAA Wik
3. DFU9 7= % 3% (TC.SMDZ 58] 359 272 ey, 235 ¢
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Fig. 6. Comparison of check node memory size.
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24 IEEE 802.11n& CIEZE layered LDPC 235 7| LEE 2
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Fig. 8. Functional verification results.
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3. ds=4

NsAFo] ¢5%d LDPC 2357 0.18-m CMOS
A golHe g g olget =EdS 9 ﬂl o|JE ¢}
& S25 Frketnh =g A, F 21910070
o] Aol Eg} 45036 HIES] RAMO.Z ?—fﬂﬂ“v} A7

of & mx > &

Bl Aow didd
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E 2. LDPC 37| Z2MAM e H|w
Table 2. Comparison of LDPC decoder processors.

[18] [19] [20] R1] | B =%
EE270]| 1944 |648~1944 | 648~1944 | 648 | 648~1944

258 | 1/2 |1/2~5/6|1/2~5/6| 1/2 |1/2~5/6

AC)E | 439K | 231K 281K | 313K | 219K
L Rake) 502K
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