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Khao sat cac giai thuat cho bg giai ma LDPC wng dung
trong mang 5G

Review of low-density parity check codes for 5G new
radio
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Trudng Pai hoc Giao théng van tai Thanh phé HS Chi Minh

2Trudng Pai hoc Bach khoa, Pai hoc Quéc gia Thanh phé H6 Chi Minh

“Email lién hé: ngoc.tran@ut.edu.vn

Tom tit:

Mang vién thong dwoc xem 1a Iy twong néu dit lidu truyén t6i thiét bi ddu cudi dang tin ciy c6 nghia khong
bi 16i. Nhung thuc té dir liéu truyén qua hé thdng thong tin c6 thé xay ra Ii boi sy ton tai nhidu trong kénh
truyén. Dé tang d tin cdy khi truyén dit liéu ta phai tng dung phwong thirc didu chinh 18i. M4 sira sai mat do
thap (LDPC) d duoc lya chon sir dung cho nhiéu chuan vién théng va mang 5G vi kha ning toc do xu ly
cao, hiéu suét vé dién tich va nang luong cao. Trong bai bao nay, nhirng dic tinh co ban caa ma tran LDPC
duoc gidi thidu va két qua khao sat cac thuat toan caa bo giai ma LDPC duoc md phong nham chirng minh
kha nang dap ng véi yéu cau ang dung chiéu dai khéi 16n trong mang 5G. Két qua mé phong cho thay thuat
toan, chidu dai ma va s6 vong lap s& anh hudng dén két qua sira 16i cua ma.

Tw khoa: LDPC; giai thuat min-sum (MS); mang 5G; b¢ giai ma, BP.

Abstract: Low-Density Parity-Check Codes (LDPC) as the codes for forwarding error correction have
already been adopted into many other wireless standards. Due to the capacity-approaching performance,
higher coding gains, and impressive throughput, Low-Density Parity-Check Codes have been adopted in the
5th generation mobile communications (5G). In this paper, LDPC matrix structural features and algorithms
for LDPC decoder are presented in use for large blocklength in 5G.The simulations show that algorithm,
blocklength, and number of iteration influence the decoding error correction performance.

Keywords: LDPC; Min-Sum algrorithm; 5G, decoder, BP.

1. Giéi thiéu tuyén tinh voi d6 dai khéi cua ma. Nho dic tinh
wu viét dy, dd co nhiéu nghién ctu vé thiét ké
phan cang cho bd giai ma [3]-[5] va sir dung ma
LDPC vao cac ung dung rong rai trong cac
chuan vién théng khac nhau nhu IEEE 802.6,
IEEE 802.20, IEEE 802.3, DVB-RS2, ngoai ra
con dung trong viéc luu trir caa bo nhé. LDPC
c6 toc d6 xtur ly cao, hiéu suat vé dién tich, ning
luong cao va dugc ding cho chuan 3GPP 5G
New Radio (NR). M4 LDPC thyc hién dbi voi
cac chiéu dai khéi dai. Do do, trong chuan
3GPP NR mi LDPC duoc dung trong khdi xi ly
dr ligu (eMBB data). Vé6i phuong thuc phat

Vao khoang dau nam 1962 Robert. G. Gallager
da dé xuat ma sira sai chin 1é mat d6 thap (Low-
density parity-check - LDPC) [1]. Nhung cong
trinh nghién ciu cia Gallager da nhanh chong
bi 1&ng quén vi kha nang tinh toan ciia may tinh
con kha han ché nén céc két qua mod phong
khéng phan anh duoc kha niang kiém soét 13i
cao cua ma nay. Nam 1995, MacKay va Neal
mot lan nira tai phat minh ma nay [2]. Nho tinh
chat mat d6 thap cua cac ma tran stra sai chan 18,
c4c ma LDPC c6 thé dat dwoc két qua mong
muédn bang cach giai ma lap véi do phuc tap
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hién va ty sta 16i (FEC), mang 3G va 4G da st
dung cac ma turbo nhung mang 5G duogc thay
thé boi ma LDPC. Uu diém cua cac md NR
LDPC 14 toc d6 cao hon va do tré thap hon so
véi cac ma LTE turbo bai kién tric phan ctng
cho bo giai ma LDPC duogc thuc hién song song
toan phan. Ti 1& ma thap nhat cua ma tran co so
5G la 1/5 — thap hon nhiéu so véi ti ¢ ma su
dung cho mad LTE turbo (1/3) [6]. Cac ma 5G
LDPC con dat muc taing ma hoda (coding gain) &
nhitng ti 16 ma thip, cho nén chdng cd thé sir
dung cho céc trudng hop yéu cu dé tin cay cao.
Tuy nhién, ca&c ma LDPC c6 thé can thiét so hiru
cac ma tran sua sai chan ¢ phu hop hon cho
g dung nhiing két ndi siéu tin cay. Vi du, néu
yéu cau ty 1& 15i khéi bit (BLER) l1a dudi 1077
cho co s6 ha tang cua hé thdng giao thong thong
minh, trong khi d6 véi cc ma tran sira sai chan
I hién co chi dat Ia 10 t6i 10° [6].

Céc bo giai ma LDPC duoc thuc hién dua
trén thuat toan giai ma Iap. Thuat toan nay duoc
goi la giai thuat truyén do tin cay (belief-
propagation (BP) decoding) hay giai thuat
truyén thong tin qua lai (message-passing (MP)
decoding) [7]. Mic du thu4t toan BP cho két
qua stra 13i tién toi gigi han Shannon [8], nhung
cac phép todn dung trong giai thuat nay kha
phtc tap, khdng phi hop thuc thi trén phan
ctmg. Dé giam bét do phic tap cua giai thuat
BP khi thuc thi trén phan cing, cac tac gia trong
[9] da dé xuat thuat toan xap xi, duoc goi la
thuat todn Min-Sum (MS). Tuy nhién, do s
dung cac phép toan xap xi nén nhuoc diém cua
thuat toan MS la kha nang sira |6i bi giam so véi
thuat toan BP. C4c tac gia trong [9] chi ra rang,
trong trudng hop chiéu dai ma ngan hai thuat
toan MS va BP cho céc két qua chénh léch
khdng nhiéu, nhung vé&i chiéu dai ma dai su sai
léch nay c6 thé bang mot phan mudi decibel
hoac tham chi 1én dén mot decidel (dB). Nham
cai thién kha nang stra 16i cho giai thuat MS, céac
tac gia trong [10] da dé& xuat hai thuat toan 1a
Normalized Min-sum (NMS) hay Offset Min-
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sum (OMS). Qua d6 cac tac gia ciing chi ra rang
ca hai thuat toan NMS va OMS déu cho ty 1¢ 16i
bit (Bit-Error-Rate, BER) ttng véi céc gié tri tin
hiéu trén nhiéu (Signal-to-Noise ratio,SNR)
thap tét hon so vé6i thuat toan MS.

Cac tac gia trong [11] da d& xuat céac thuat
toan Threshold Attenuated MS (TAMS) va
Threshold OMS (TOMS) cho bo giai ma LDPC.
Ban chét cua cac thuat toan TAMS (hay TOMS)
la gid tri cua check-node sé dwoc hiéu chinh
(giam bét hay bu thém) tuy thuoc vao gia tri
variable-node so véi mic ngudng cho trudc.
CAac tac gia nay da chung minh thuat toan dé
xuat ndy cho két qua tot hon mot cach dang ké
so Vi cac két qua caa OMS va NMS. Céc tac
gia trong bai bdo [12] di dé& xuat thuat toan
Enhanced Offset Min-Sum (EOMS) vé&i muc
dich cdi thién phuong thuc stra 16i cho méa
LDPC dung trong mang 5G. Vi céac variable-
nodes c6 bac 1 rat dé xay ra I3i, cac tac gia da
dé xuét nguyén tic xu ly cac check-nodes. Két
qua md phong chi ra rang bd giai ma EOMS cho
kha nang sta 16i tét hon so voi thuat toan OMS,
Tuy nhién, kién trdc phan cang cua giai thuat
EOMS c¢6 phan phirc tap hon so véi cua giai
thuat OMS. Trong hau hét cac nghién ctu vé
thuat toan giai ma cho ma LDPC, c4c tac gia tap
trung vao céc giai thuat BP, MS, NMS, OMS, vi
vay trong bai bao nay chung téi sé khao sat su
anh huong cua cac giai thuat giai ma dén kha
ning sta 16i cia md LDPC dung trong mang
5G. Phan tiép theo cua bai bao dugc ciu trlc
nhu sau: Phan 2 trinh bay vé cac buéc tao ma
tran kiém tra chin ¢ ung dung cho mang 5G va
vé cac thuat toan cho bo giai ma LDPC. Phan 3,
chung tdi s& kiém chang phan phan tich bing
céc két qua md phong trén phan mém MatLab
va mot s6 két luan duoc trinh bay & phan 4.

2. Céac khai niém va ly thuyét
2.1. Cac bwéc tao ma tran kiém tra chin lé

Cac ma Quasi-Cyclic (QC) LDPC [13] la mét
dang cua ma LDPC dugc ung dung rong rai
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trong thuc té. Cac ma QC-LDPC dugc nghién
ctru va tng dung trong cac hé théng khac nhau
boi ching dé thuc hién phan cang, giai ma
nhanh, c6 error-floor thap va hd tro cac chiéu
dai khdi mot cach linh hoat. Cac ma QC-LDPC
véi cau tric céc khéi song song dugc tng dung
trong cac hé thong thdng tin khong day khac
nhau nhu WiFi [14] v WiMAX [15].

Va gan day cac ma LDPC hay QC-LDPC da
duoc lya chon st dung cho mang 5G [16], [17].
Trong mang 5G, cac ma LDPC dugc m0 ta mot
ma tran co s& (base matrix) B c¢6 kich thudc
R x C véi R va C lan luot 1a s6 hang va sb cot
ciia ma tran B. C4c phan tir cia ma tran 1a céc
s6 nguyén 16n hon—1. Ma tran kiém tra chan I¢
H duwoc mé rong tir ma tran B nhd hé s6 ma
rong Z.

< Cic cot thong tin ——{ Céc cot 161 chan 1é

..... 1

1{1]1

11 1|1 0

Céc cot chin 1é mé rong

1
1
1
1
1

1

. Céc cot tin
i punctured

4— Cac checks mo& rong —»| Cic checks 161

1

&

Chiéu dai ma N

- ¥

Hinh 1. Cau tr(ic ma tran co sé cho mang 5G [18].

So d6 ma LDPC trong 5G NR [16], [17] duoc
mo ta bang hai ma tran co so (BG1 va BG2) Vi
cau trdc gan gidng nhau va dugc minh hoa nhu
hinh 1. Ma tran co s6 BG1 va BG2 gém bén
phan: Ma tran 18i H,,y., Ma tran mo rong Hyyy,
ma tran don vi I vd ma tran khdng 0. Déi Vi
ma tran co so¢ BG1, hai cit ngoai cung tuong
ng 2 * Z punctured bit truéc khi truyén. Moi
phan tir trong ma tran co sé dwoc ma rong bang
ma tran hoan vi kich thuéc Z X Z.

Mot trong nhimg wu diém cua thiét ké ma
tran co s& mang 5G la chi sir dung mot ma tran
co so voi nhiéu gia tri mo rong $ Z$ 6 thé cho
nhiéu chiéu dai khdi ma khac nhau. Céc gia tri
cua Z dugc cho bai cong thirc:

Z=Ax2) vsi A=1{235,6911,13,15} va
j =1{0,1,2,3,4,5,6,7 }. Két qua caa hé s6 Z duoc
chi ra ¢ bang 1.
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Bang 1. Céc gi4 trj cua hé sé mé rong Z [16].

z J

o 1 2 3 4 5 6 7

2 2 3 8 16 32 64 128 256
3 3 6 12 24 48 96 192 384
5 5 10 20 40 80 160 320
A 7 7 14 28 56 112 224
9 9 18 36 72 144 288
11 11 22 44 88 176 352
13 13 26 52 104 208
15 15 30 60 120 240

Céac budc co ban dé tao ma tran kiém tra chan I¢
QC-LDPC (N, K) véi N la chiéu dai khdi ma, K
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kich thugc khéi tin: K = Z x ky, véi k;, 1a sb
lwgng cot tuan hoan tin vati IE ma R = %

Xac dinh ma tran BG1 hay BG2 va xac dinh
gia tri k, khi biét K va R. Véi BG1: k, = 22.
VaBG2:

e NéuK > 640 thik, = 10;

e Néu560 <K < 640 thik, = 9;
e Néu192 < K <560 thik, = 8;
e NéuK < 192 thik, = 6.

Hé s6 mé rong Z duge xac dinh bang cach
chon gié tri nho nhit caa Z trong bang 1 sao cho
 kp X Z = K , gia tri nay duoc goi la Z.. Khi
d6, vé6i BGL ta ¢6 K = 22 - Z. va BG2: K =
10 - Z,. Sau khi xac dinh dwgc hé s6 mé rong Z,
ta c6 thé dé dang xay dung duoc ma tran chin I¢
H. Ma tran BG1 c¢6 kich thudc 46 X 68 , con
BG2-42 x 52. BG1 sir dung cho chiéu dai khdi
I6n 500 < K < 8448 vatil¢ ma cao hon 1/3 <
R <8/9, con BG2 danh cho chiéu dai khéi
ngan hon 40 < K < 2560 va ti 1¢ ma thap hon
1/5<R<2/3. Khoang gia tri k, =
119,22] cho BGL1 va k;, = |6,10] cho BG2. Gia
tri cuc dai cia Z cua BG2 tién tgi 256 con véi
BG1 la 384.

2.2. Cac giai thuat cho bg giai ma LDPC

Trong phan nay, nhém nghién ciu s& mo ta mot
s6 thuat toan dung dé giai md cho ma LDPC:
Thuéat toan MS va cac thuat toan cai tién caa no.
Céc th3uat toan giai ma nay duoc goi chung la
giai thudat truyén thong tin qua lai (Message
Passing-5MP).Thuat toan giai ma MP [7] thuc
hién gui tin qua lai gitta variable-nodes va
check-nodes lip di 13p lai nhu minh hoa bang
Tanner graph ¢ hinh 2.

n variable nodes

2 C3
m check nodes

Hinh 2. Minh hoa Tanner graph cho thuat todn MP.
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Gia st chiéu dai khi ma va bit thong tin lan
luot 1& N va K. Ma tran sira sai chan Ié cho ma
LDPC la H c6 kich thuéc M x N. Trong ma
tran H Ky hiéu cot thir n (variable node) va dong
tha m (check node) lan luot 1a v, VA ¢ Py -
bac cua check node. Tu ma
Wy, Wy, ..., wy| duoc didu ché BPSK sang
chudi nhi phan x = |x4,x,, ..., xy], theo cong
thuc x, =1 — 2wy, n = [1,N]. Sau d6 duoc
qua kénh nhiéu tring AWGN, tai ngd ra tin hiéu
nhén duoc c6 dang y = |yy, 2, .., yn] dO Yy, =
X, +z,, n =|1,N] Véi z, phan bd Gauss véi
trung binh (mean) bang 0 va phuong sai 1a g2 =
No/2 minh hoa nhu hinh 3.

w =

Wn

Xn
BPSK Vu

n
Hinh 3. So d6 khéi hé thong thong tin.
Cac budc co ban cua thuat toan MP dugc mo ta
nhu sau:

Khéi tao: Théng tin ban dau y, dugc xac
dinh cho cac gié tri variable-node v,,. Tur d6, co6
thé tinh duoc tin khai tao tir variable-to-check
Amn -

Vvong lap: M&i vong lap giai ma duoc thiét
Iap theo trinh tu sau:

e Xir ly check-node (CN): Céc tin chuyén tir
check node tei variable node £, ,, duoc cap nhat
tr cac tin hi¢én thoi a,,,, VOi v, € H(cy)\
(wn). 7

e Xur ly variable-node (VN): Céac tin chuyén
tir variable-node toi check-node a,,, duoc cap
nhat tor cac gia tri y,va B, VoI cp €
H(vn)\{cm}-

e Cap nhat thong tin variable-node sau moi
vong lap: 7, duoc cap nhat tir céc tin y, va
.Bm,n Vél Cm E H(Un)\{cm}

Cac budc tinh toan chi tiét va tha tu thuc
hién caa thuat toan duogc viét cu thé nhu trong
Algorithm 1.
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Algorithm 1 Thuit toan gidi ma: MS, OMS va NMS.

1: Ngb vao 1y = (Yo, yt, - yn—-1) € YV (Y ky g

ngo ra cua kénh truyen)

2 Ngdra: @ = (&,....,2n) € {0, 1}

3: Initialization

4: for all (’U'n)u.=142‘ N do

. o Pr(z,=0|y,)

5 Y =log priri s

6: end for

7: for all (vy,)p=1,2,.. .~ and ¢,, € H(v,) do
8: Ymon = Tn

9: end for

10: Iteration loop
11: for all {¢,n}m=1.2.. .~ and v, € H(c,,) do

12:
*fjm.n =v- H Sm.n’ -A
v, €H (em)\{vn}
13: where
14: A= -ma;r{(min“:.EH(,.M)\{.,,“} Qo) — 6,0}

3. Két qua md phéng

Trong phan ndy, nhdm mé phong bd giai ma
LDPC sir dung phan mém MatLab véi muc dich
kiém chting cac thuat toan da néu o phan trén.
Ma tran BG2 s& duoc sir dung voi chiéu dai
théng tin K = 2080 ti I¢ ma R = 1/4 véi va ma
tran BG1- K = 8448 vé4iti Il ma R = 3/4.

BER

0.-2 0.4 l 0.6 ‘ 0.8 ‘ 1.0 l 1.2 J 1.4 ‘ 1.6 l 1.8
Eg/Np
Hinh 4. Ty I¢ 15i bit (BER) tng véi cac gia tri tin
hiéu trén nhiéu cua bo giai ma LDPC
K=2080,R = %Vdi cac thuat toan khac nhau.
Hinh 4 trinh bay vé két qua md phong bo giai
ma LDPC véi ma tran BG2 véi cac thuat toan

khac nhau BP, NMS (¢ =0.7,§ = 1), OMS
(e = 0,8 = 0.4) va MS véi s6 vong lap 1a 10.
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15: Sm.n = Sigﬂ(’?m.n’) and @ = ‘nrn:'rl’l
16: end for

17: for all {'“n.}n:l.‘z .....
18: Mmn = Yn + Z(-’mgH(u“)\{r"i} B’ n)
19: end for

20: for all {v,},—12. .~ do

21: Yn = Yn + z(.fmeH(.ﬂ”) .51"-.”)

22: end for

23: for all {v,},—12 .~ do

24: T, = (1 — sign(v,)), 2

25: end for

26: if 7 1a t ma then

27: thodt vong lap

28: end if

29: For MS decoder: v = 1;6 =0

30: For OMS decoder: v =1;4 > 0

31: For NMS decoder: v € [0,1],6 =0

T hinh 4 ta thiy, tai BER bing 1075 thuat toan
dat do loi khoang 0.23dB so véi thuat toan
OMS, va thuat toan OMS dat khoang 0.37dB so
véi thuat toan MS. Thuat toan OMS va NMS
cling cai thién hon so voi MS khi st dung cho
mad LDPC c6 ma tran BG1 véi chiéu dai ma
8448 nhu két qua mé phong & hinh 5.

(F ¥ ¥ ¥y v- -
a1 Y
107 b =
B 8- :
[ i“‘un\;lst‘ v
10* = x-
10° b
x E \l
LIJ r \\
m F \ N \
N —
i \x \\\\ ‘\\_\
10° L | —=—NMS . » \
E | e OMS Vo
[ —a— BP x \n\\ .‘\-\.
10°F| —v—Mms
E1 . PR . PR Y R B d
12 10 -08 -06 -04 -02 00 02 04
Eg/Np

Hinh 5. Ty I¢ 16i bit (BER) ung Vi cac gia tri tin
hiéu trén nhiéu cua bo giai ma LDPC
K= 8448, R = 3/4 véi cac thuat toan khac nhau.
Tur cac hinh 4 va 5 ta thdy dé c6 cung BER
1075 thi phai clng thuat toan giai ma, chiéu dai
khéi ma 16n hon s& cho gia tri SNR thap hon.
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---m-- BP (iter=10)
—e— NMS (iter=10)
—— OMS (iter=10)
BP (iter=15)
OMS (iter=15)
NMS (iter=15)
- - BP (iter=20)
—»— NMS (iter=20)
—e— OMS (iter=20

0.2 0.4 0.6 0:8 1.0 1:2 1.; 1.6 1.8
Eo/Np

Hinh 6. Ty 1¢ 13i bit (BER) ttng v&i sb vong lap

khéac nhau cua b6 giai ma LDPC

K= 2080, R = 7 voi thuat toan BP.

Hinh 6 trinh bay su phu thuoc cia BER so véi
sb vong lap su dung cho bo giai ma LDPC &p
dung cho thuat toan BP véi diéu kién gia tri
SNR = 0.1dB. Két qua mé phong chi ra rang khi
cang tang sd vong lap bo giai ma cho két qua
stra 16i t6t hon. Cu thé tai BER bang 107 gia tri
coding gain gitta vong lap thir 10 va vong lap
thr 15 cua thuat toan NMS, OMS dat khoang
0.45dB, gitra vong lap tha 15 va 20 gia tri
coding gain cua hai thuat toan nay dat khoang
0.3dB. Nhu vay, s6 vong lap ciing anh huong
kha lon toi qué trinh hoat dong cua bo giai ma
LDPC.

4. Két luan

Trong bai bao nay, nhdm da mo phong cac thuat
toan BP, MS, NMS, OMS sir dung cho ma
LDPC cua mang 5G. Két qua mé phong cho
thdy kha nang stra 15i cua céc thuat toan OMS
va NMS tot hon so véi thuat toan MS. Va két
qua nhan duoc c4c thuat toan NMS va OMS tién
gan véi két qua nhan duoc tir thuat toan BP.
Ngoai ra, cac két qua mé phong chi ra rang
chiéu dai khéi ma, sb cac vong lap khi str dung
ciing anh huong dang ké dén kha ning sira 15i
cua cac thuat todn st dung trong bo giai ma
LDPC.
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