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ABSTRACT

The LDPC(Low-Density Parity-Check) code, which is one of the channel encoding methods in IEEE 802.11n wireless LAN standard, has
superior error-correcting capabilities. Since the hardware complexity of LDPC decoder is high, it is very important to take into account the
trade-offs between hardware complexity and decoding performance. In this paper, the effects of LLR(Log-Likelihood Ratio) approximation on
the performance of MSA(Min-Sum Algorithm)-based LDPC decoder are analyzed, and some optimal design conditions are derived. The parity

check matrix with block length of 1,944 bits and code rate of 1/2 in IEEE 802.11n WLAN standard is used. In the case of BER=10"%, the
E/N, difference between LLR bit-widths (6,4) and (7,5) is 0.62 dB, and E,/N, difference for iteration cycles 6 and 7 is 0.3 dB. The

simulation results show that optimal BER performance can be achieved by LLR bit-width of (7,5) and iteration cycle of 7.
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Table 1. LDPC parameters in IEEE 802.11n WLAN

LR LDPC information LDPC codeword
(R) block length(%) block length(n)
12 972 1,944
12 648 1,296
12 324 648
2/3 1,296 1,944
2/3 864 1,296
2/3 432 648’
3/4 1,458 1,944
3/4 972 1,296
34 486 648
516 1,620 1,944
5/6 1,080 1,296
5/6 540 648

IEEE 802.1ln (59 B3 4o
R=1/29 PCM& 218 13} 22
a719 F3Eg vepdch 4
(muty—matrlx)é Foix %l =y
EANZ §EE Ve, &
eldict o] 9} 2& F38kd 3
SETIARISHE T &

3
9S4 T 5 Yok gebd o
=7

1

“_E‘_l
ﬁ

ol &AM T4 @ B0l 18 PCME
st A4 dulE 7|We LDPC 535 ¢1EF
& Matlabo. 2 28l 5 A Beo]d& Sl LLR &
A}:z} HlE Z3} Ao 5235 357} LDPC B357]9]

3% HAE JFE BA8L, ol & F3 LDPC



IEEE 802.11n 41 &8 LDPC £5 719 3 dA=A

1=}
24

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
0 |57 50 11 50 7% 110
13 28 0 5507 0
2 |30 24 )37 56 | 14 00
3 6253 53 3135 00
4 |40 20 | 66 22128
590 8 42 50 8 0
6 |69 7979 56 52 0 090
7 |65 38 | 57 72 27 040
8 |64 14 | 52 30 32 oo
9 45 700 7] 9 0
10 | 2|56 57 35 12 0
11 (124 61 60 27151 16 | 1

12 1. |EEE 802.11n WLAN

EZ&°| LDPC PCM (n=1,944, R=1/2¢2 #=)

Fig. 1. LDPC PCM in IEEE 802.11n WLAN standard (for n=1,944, R=1/2)

2579 A1 AAZD L ES o)

I. LDPC =5 &1g|

on

LDPC %% 9] B3 pCMe] el = 8y 2=
(Tanner graph) “32} ¥ 9~ S (variable node)$} AAl ==
(check node) A}o]oll A] BEE.H o] Wl A]2] AL &
& o] Foioh By 2P ZE=PCM H 9] AH B & 7}
ZF ey 2z o] Wee =9t AANRER wf P A7) o]
¥ 712 Z(bipartite graph) ©]#, A4S 9} AR A}
o]2] AL pCMolA 1] ¢ x]o] &8 ARt o
W He] A4 g =109, ey 2 oA W
=E i€ AARE j o dA9E vehdn 17 2
(d, d,)=(3,6) ] LDPC ¥-3.¢] PCMZ} Bfj1] g
o] v}3] o] & Ho)x g},

LDPC H &0l 3t 3= 28 39 A o2 49
th Ad g 58 FAE ZEYo) hE FEge o
I E oA FREA S} FATA Aol HkE
el A ATt w3 E3 8 ZEQ = g
ANE F8ste ¢« HT=0S W53, A
T SFMax_iten) & THE517] Yol B AT
st 5 E FE

— 0=

2
to = > [0 Mr o

ol H
2 Jm o

1111011000
0011111100
H=(0101010111
1010100111
1100101011

(@

v9

a8 2. PCM3} B J2=of ofm A
{a) PCM (b) Tanner graph
Fig. 2. Mapping between PCM and Tanner graph
(@) PCM (b) Tanner graph

NEF AAE BEeA) o B4l BE 8 s
(en7t AT WEEE 950tk A4E AE A5
oW FHWAZ HEH B8 B5E ST
o MEEE 950 Zop A HEAE A
T2 Fad

941



FRAYAREAS LA A147 A4 L

Code word 324

Decoder X 7|3}

a2 3. LDPC #3529 u=E=235 11y
Fig. 3. lterative decoding of LDPC code

¥ LDPC B3 dngFo 2 &g d38E
(sum-product algorithm; SPA)!'Y, SPAQ] A2+ B2
722470 LLR-SPA™, 78] 7 LLR-SPAS ZA}3}s}o]
EXEE o 74N HAY <38 E(min-sum
algorithm; MSA)!' 5-0] 3it}.

o

21 ¥-F 418 E(SPA)

s daFL HY THZ A HAeE

A& Apo]o] gEA Q] WA|R] e}y -& 3l
3o coll i A2 el FALE FAs ¢« HT=0(Y,
H=PCM)E W53hs dE4 02 71 23 8 20
cg Fohlle HAAeltt FAleEs}t T = Aol 9|
HA A BE oM A, AR FAsE T 59
Aidol + T

4u<z

i) THGA QAEA == A F28)

11 tanh( w) (1

i Ew( N

L= 2tanh™! .

(i) A GA AR F =S =3)

L,=F+ Y L, )
JEQUNG

942

,\.
HeEnr o

azx 747 o] wiete] vk} o]
¢=le] & 83 ¢« HTE AT

n=F+ Y L, ?)
FE€Q6E)

~ |0, 2,20

= {1, 2, <0 @

TE 2837, ¢
o7t vtBE 5 2 S s}

2.2 LLR-SPA™

SPAE FH g AN A et tanh () 9k 74
of o}8) dite] BTt 2ng, 2ASE o) 431y
B3 dis AA} dxE]go] LLR-SPAOlTh
LLR-SPAY] AAI=E9 Wy Tojjio] date 4
(G)~(6) 2.2 o] FojZ T}

() FHEA A3 (AA 2 A = 3)
L., =( a;;) #(By)) )
AR Y u@(EJ\m J

ioj T i ©)

7] A
o —szgn(LHJ) @)
=1z, ®)
. ) l _ e’ +1
¢(z)=—1In [tanh( 21” In o1 ©9)
olH, &4 ¢(z)E look-uptableZ T+ Ft},
2332 gudFMsa)?
B4 olo)s 1 45t o] 27t #2452 2 G2
7 A, 27k AAE 00 2= SHS e 4
G)lA ¢lz) TF FED FL 2zt AEFE 2 94F
€722, 36(X) = ¢(min(X)) 2 2488 5 2



IEEE 802.11n ¥4 &l X&& LDPC ¥35.7)9 & AAxA B4

. S 4O 2ol 499D 270
iy oz uﬂ G4 s & gad gl vonw
$(6(min(X))) = min(X) 2 AH 2 4(10)3} o]
A3 & Qo

a8 4 8 ¢(z) el M
Fig. 4. Characteristic of function ¢(z)

[,m%/’( )]z [¢[,23m’3~]) minf;

T H(10)F 183 Ay Aan T 2ol 24
shd & Utk ol @ 2AA 02 A F1e) ES A
A%t a7 Eo)g} 3ol

L--z(

g

min
IT o). . 8, an
feGNm Y iEeN

1% 5% MSAH LLR-SPAZ A%t L, gko) vl
 Bo|I Ut 100719} Y Lol djaf ARk A,
T Aoz AAHE L& AsH 79 45
E 232 8o]3 9tk MSAE LLR-SPAS) 1] &) x&
zHe] gk Aol 7} 2| vrehuu, o] & 243t g o)A
A AEE A7) dEolth MSAE ¢(z) o) B3t
FAtE YT 5 93, LUTE AHgshA] ooz it
HREst stE o7t A el Aok

A1
K

1 +

15}
2f

-25
3} —+ MSA ||
s —o LIRSPA
_35 1 h 1 I
0 20 40 60 80 100

a8 5 MSAZt LLR-SPAS| L; , @ H|m
Fig. 5. Comparison of L, ,; values in MSA and
LLR-SPA

. AlZ2o|M #ot & B4

LDPC 537]9] A dAZAE 27 e 29 69
HAE FHLLR HIE £ QHEE G 5o & HIE
2 & (Bit Error Rate; BER) 5 & Matlab Al & & o] 0.
2 Frtetgnh 92 v EZ 7449 AR m & dddt

Al A& F, LDPC F-27|= 49 #AIA & HeE
AN E fE o] 48l ¢« HT=09 21L& WZE3
T IAEHE cE FI3} o F3std A=
QPSK ¥ZE 7A 71499 QPSK A EE ¥z
Mz ‘%8 ‘&‘*“ THEAIRE Z5- A ol A 303 2l

:.‘2

A n
o

rir

M ot

X3E F=9=E=LDPC izﬂ 3 %vﬂ
3 BER A E# oA & B3] Ao Hridn,
3 2% Matlab A B8] o] 41 9 &t 9}eke|E) & Yehd
Zolch. A g 271 dio] el & AJ4d 3lo] LDPC ¥ 3.3}3+ 5,
QPSK ® - BZ3}a WA 7Lt g A Sl A
E/N,Z05~3dB ¥ ¢lo14 05dB &) 2 ¥ 7 sk A
Al & o] A 3 th IEEE 802.11n WLAN X 3¢] &2
o] N=1,944, 23 & R=1/2¢9] PCM& A+451
o}, LLR H]E Z-2 (6,4)914 8,174 <] 6743 % $-9}
HAY WHEE S 315 6~10 Mo tish A B o)A 3t

7} 73 e

§Z
o

943



el G B EAEE) =B 4] 149 45

Stk m)2) EANA n& FA| ME & hehyel, m
& 257 0|39 M F& Uehuich.

1111060011110001100...

. . K
LDPC Encoder Modulation

Random Data

BER Simulation AWGN

| T Channel

N Matlab Model
1 LDPC Decoder QK
—

{Fixed-point) Demadulation

1101101 1116101 10.01..

Simulation vector

1% 6. BER AlE20|Md B &R
Fig. 6. BER Simulation flow

LY

E 2 AlE8o|M mejolH

Table 2 Simulation parameters
sejo g A ¥
271 random data
AWGN
A E/N,=05~3dB
(0.5 dB step)
N) 1,944
R) 12

3 3% 6~10
(6,4), (6,5), (7.5),
(7,6), (8,6), (8,7)

Source Generator

e He | e
2 fov | J
o
o

LLR H|E 2

Bl

S=dlo] TS fl8) IA ATHeR
< A4 (integer) F23} A (fraction) &
O AFREL I £FHeR2 ﬂm LLR
/K/" Z‘] 0] o]-

o (g
)
—
%

41
o,

-1>lm;z;1_i~
M o B
o qz 1o
o [0 oy do uy

oy

o 4

o};ﬂ iiféi?—i

o

oif

_sz

)

é

g

;L

&

i)

_\:

ra

o

og M
03‘7‘1 oy jo @

n o

IR A=, JIOM UW °l z7}0}741 EJ —6] T
& AFste dny &
AgHez *7}6}7ﬂ %E} wetA] 5 35.7] 5 e

o] HRE ALolo] E&A 4 trade-off HAE FH 3L

2

944

3t7) Y& &t=29)

1 A3}E LDPC B3| 3
A58 Abol el AratE Aol ik 24

ol ¥4 % 2 /A
o] g g3}t

B a4doz ndagy #H4§ 7]4ke] LDPC &
37194 B384 B¢ AAHE LIRS BYe 297
3} g},

% 500 1000 1500 2000
% 7. BHE5% YoM MMEl= LR 2
Fig. 7. LLR Iues generated in iterative deoodmg
process

OPT7REEH, —2< LLR< 2 ¥ Uo] tlFE 9
LLR #tEo] WehaL, o] ¥4 dhel vehvtes ilEs
o4 25 EAE 5 AUTH LLRS AR E 20| E9}
AFEE SHER FAHE THIEZ 24 §tE
—2< LLR < 19688 ¥ HolA £¥o] 7}55hH,
webA] 21 704 QR R LIR BHES Bd T 5 )
. AFEEES 3WERZ e AfdEe
—4< LLR<39688% W& W99 s TEH &
£ QAR BE gl A B she B9 LLRE |

HEZ 389 5 = 1Y E HolvA et witd
ArHE HE & HEZ A8 st=dof
e #AaAZ ¢ UAT 29 LIR &8 28T
FRoER AN GGy o] A HoR) A drh ot
ZhA - 2 W= WAEE Z LLR &S A%
AR gEH R St A S HAT T A= ATH
T HE e 20 Edta & 4 Q)

a9 82 Hd Wi ES A5 E 72 YNNI, 7}



IEEE 802.11n F4# $#8 LDPC B 57]9) H & A2 £4

LLR Y| EZ (6,4), (6,5), (7,5), (7,6), (8,6) 13 1 (8,7)°l
3 B EL & A5 A BT Aoo|t). A5y
£ol 20 EQ Z7HIMIES] B4R} 953 £ &
3% S YER Aok o] E O R B =R A

LLR H|EZ (64),(75),86° & 45¢ THo2 ¥
Astgich N EQ &0] 107°Q) 7 9o LLR ¥ E % (6,4)

% (7,5)9] E/N,=062dBS] 3% #Hol & B4tk LLR
HE Z (7,59} (8,6)9] E/N,= 002dBe] 4% Aol
YEbt e web LLR W E 2 (7,57 3= 54 = U
Hl 53 4% 0] 713 58 Ao g FrrE

LDPC(1844.872)
AWGN Channel. Rate 172, lterstion 7. Maxerrors:40

- LR M7 8

ver LLREL T R(T 8
~—e— LLRu; " ¥(8,6)
Lo MRBIE(8.7)

i

e W U ke LiRUIE **(75)

L |e-LLRUIE ¥ (86)

102.2 23 24 25 26 27 28 23 3
EbMNo (dB)
a3 8 LR H|E ZFof| g HERE Ms

(Eoh 2225 347t 79 EP)
Fig. 8. Simulation results of BER vs. Eb/No for
various LLR bit-widths(maximum iteration cycle is 7)

IY9=LIR HE Z& (752 LA AMeo A, 4
o NHEE T JFE 6~1008 MEA 7 HA NEL S
-‘éaﬂow & Astolnt. ) BHEES S0 6
Z5-& vlastd, °F0.3dBold o] 4% 3
E}. H 5T 357} FIME5E AN E A
H*d°l HEREAI T 6914 72 SR W)

L >
«4

o
oX,
off

N

*g% AN Bohe Agch web Ao BREE A5
@gs}b Aol AakAI dlw] Aol Mg 4
375 e,

LOPC(1944,972)
AWGN Channel, Rate:1/2, maxerrars .40, LLR! &

—-—“‘“RCIIQSA? 1.
{ | =¥~ Rerstion 7
»*b ltarstion 8
@ | o= lterauon 8
o § — Uerstion 10|

o
o
: -
~

25 3

[ .
s 1

T
~.

i 745d8

't 4—*{4—-—-—-'roaa
R R VT T 0‘31655‘ '*\‘ 0.088¢BY ¢ :

——iteration§ |:
~%~lteration 7 |:
b fteration 8
«©= lteration §
—& Iteration 10

i i ; ; i H H b
24 245 25 255 26 265 27 275 28 285 28 295 3
EbMNo (dB)

a8 9. ] B S35 Ego U2 HERE HS
(LLR H|E Z (752 &)
Fig. 9. Simulation results of BER vs. Eb/No for
various maximum iteration cycles(LLR bit-width is
(75)

V.2 B

ZALB R LIR # Y HIE Z2& S FRA A5 =
o} F3mel] d¥-& vt upebr 582 <] LDPC
5719 HAE AsiM e Badest stedol B3
E Abo] ] trade-off HAE F4stx, 1 AAE vige
2 A HAZAE B2 03t B =AM s HA
g 7]ute) LIR 2AH3}7 LDPC B57) Aol plA &
FEE TAG, A AAZAE H7HstE T Matlab
S ol & 2dy Y AIBY ol ARETH, H vk
B3 34ET,LLRHE £& (75) (5, AFFE2H]|E,

945



B 7= 20099 5 HHEA A A IS A E (IDEC)
2] CAD Tool Aol 9J&}e] o] Fojx AF2A, T
AR el A =dy)

D23

[ 1] R.G. Gallager, Low-Density Parity-Check Codes, MIT
Press, Cambridge, MA, 1963.

[2] T.J. Richardson and R.L. Urbanke, “The capacity of
low-density parity-check codes under message-passing
decoding,” IEEE Trans. Inf. Theory, vol. 47, pp.
599-618, Feb. 2001.

[3] °ol&Z, o|FA, o &%, LDPC(Low-Density Parity-
Check), 3= 3}8t7] =4 HAT4,2005. 11,

[4] C. Berrou, A. Glavieux, and P. Thitimajshima, “Near
Shannon limit error- correcting coding and decoding :
Turbo- codes(1)”, Proceeding of IEEE ICC’93,
Geneva, Switzerland, pp. 1064-1074, 1993.

[5] D.J.C. MacKay and R. M. Neal. “Near Shannon limit
performance of low density parity check codes”, IEE
Electronic Letter, vol. 32, no. 18, pp. 1645-1646, Aug.
1996.

[6] 843, vdd, A7, “LLR Ao w&
LDPC 3t o] A5 24, #Fa¢Y L5
3] FAFFF= 3] =EF, pp. 405- 409, 2009.
10.

[ 71 IEEE P802.11r/D3.07, “Draft Amendment to Standard
for Information Technology- Telecommunications and
information exchange between systems-Local and
Metropolitan networks-specific require- ments - Part
11: Wireless LAN Medium Access Control (MAC)

946

and Physical Layer (PHY) specifications:
Enhancements for Higher Throughput,” 2008.
[8] “Digital Video Broadcasting(DVB)-Second
generation framing structure, channel coding and
modulation systems for Broadcasting, Interactive
Services, News Gathering and other broadband
satellite applications,” European Telecommunica-
tions Standards Institute EN 302 307 v1.2.1, April,
2009.
IEEE Std. 802.16¢, 1EEE Standard for Local and
metropolitan area networks Part 16: Air Interface for
Fixed and Mobile Broadband Wireless Access
Systems Amendment 2: Physical and Medium Access
Control Layers for Combined Fixed and Mobile
Operation in Licensed Bands and Corrigendum 1,
2005.
{10] IEEE Std 802.2an, IEEE Standard for Information
Technology Telecommunica- tions and Information

[9

p—

Exchange Between Systems Local and Metropolitan
Area Networks - Specific Requirements Part 3: Carrier
Sense Multiple Access with Collision Detection
(CSMA/CD) Access Method and Physical Layer and
Management Parameters for 10 Gb/s Operation, Type
10GBASE-T, 2006.

[11] $9E, SUFS ¢ P82 AIEFL,
Mar., 2008.

[12] FR. Kschischang, BJ. Frey, and H.A. Loeliger,
"Factor graphs and the sum product algorithm,” JEEE
Transaction on Information Theory, vol. 47, pp.
498-519, Feb., 2001.

[13] J. Chen and M. Fossorier, “Density evolution for two
improved BP-sased decoding algorithms of LDPC
codes,” IEEE Commun. Lett., vol. 6, pp. 208-210, May,
2002.

{14] M. Fossorier, M. Mihaljevic and H. Imai, “"Reduced
complexity iterative decoding of low-density parity
check codes based on belief propagation,” IEEE Trans.
Commun., vol. 47, pp. 673-680, May, 1999.



IEEE 802.11n #A & £& & LDPC 379 A HA =

a2

20103 1€ ~8A 1%
b Eoe P A1 e
LDPC

2138 Z(Kyung-Wook Shin)

198411 29 &=

&
El

>
-ﬁ—|>i

off £ ol o

ok
>
=

e

>
o
N’

Gl
19864 29 <3
B

BEEa

1% 1% 1% ofy
ok £ of

Jok 1

1990\3 89 A4 ohstal of 34l (3t

1990 99 ~1991d 62 &= HAHF A1
SHEAATHALATH)

19913 78 ~ @A F 3o et W A-F (L)

19953 84 ~1996'd 79 University of Illinois at
Urbana-Champaign(*-- nl )

20033 1¥ ~2004d 1Y University of California at San
Diego(*}# L

MEAEOF: S L AT SoC AA, ARKR T

SoC A7, vHA| 1P A A

of

offt ot
r>' 1=
g
<
[

947



