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TOM TAT

Hé théng thong tin di dong thé hé thi 5 (5G - 5" Generation) phai dat duoc 3 tiéu chi
chinh 13 bang thong rong, do tin cay cao va do tré thap. Ma kiém tra chin lé mat do thap
(LDPC - Low Density Parity Check) da duoc chap nhan cho hé thong thong tin di dong 5G
vi md LDPC gan dat duoc dung lugng Shannon. Bai bao nay dé xuat ky thuat phan 16p dé
giam dang ké thoi gian giai ma va cai thién ty 18 15i bit (BER - Bit Error Rate). Hiéu ning
cua k¥ thuat dé xuat duoc danh gia theo nhiéu thong s khac nhau nhu ty s6 nang luong bit
trén cong suat nhiéu, do dai tir ma va ty 1é ma hoa.

Tir khoa: Ma LDPC, 5G, BER, sum-product, phan 16p.

1. MO DPAU

M3 kiém tra chdn 1é mat d6 thap (LDPC) lan dau tién dwoc Gallager dé xuat vao dau
nhirng nam 1960 va dugc MacKay & Neal xay dung lai vao nam 1996, da thu hut duoc
nhiéu sy quan tam tir ca cong dong nghién ciru 1an gidi cong nghé nhd kha ning sta 16i dat
duoc gan gisi han Shannon [1, 2]. Ngoai ra, ma LDPC ciing 1a mt trong cac loai ma sta 15i
thuan (FEC - Forward Error Correction) duoc st dung rong rii nhét trong cac chuan truyén
thong nhu mang cuc b khong day (WLAN, IEEE 802.11n), mang truy cap vo tuyén khong
day (WRAN, IEEE 802.22), k¥ thuat phat video sb (DVB) va hé théng truyen hinh tién tién
(ATS - Advanced Television System) [3-8]. Trong nhimg ndm gan ddy, hé thong thong tin di
dong thé hé thir 5 (5G) dugc nghién ctru, phat trién va trién khai. Ma LDPC déng vai tro
quan trong trong giao tiép 5G va dé dugc chon cho viéc ma hoa trong hé thdng thong tin di
dong 5G. Dé hd tro twong thich tdc do va truyén dit lidu co thé mé rong, Du an D6i tac Thé
hé thir 3 (3GPP - 3rd Generation Partnership Project) di dong y xem xét hai ma tran kiém tra
chin I¢ twong thich toc d6, BG1 va BG2, cho mi hoa kénh [9-15]. Can ctr vao BG1 va BG2,
mot s6 nghién ctru da duoc thuc hién trén cac ma LDPC cho hé théng thong tin di déng 5G.
Céac ma kiém tra chin 1é mat do thip gia vong (QC-LDPC - Quasi-cyclic LDPC) ¢6 nhiéu wu
diém so véi cac loai ma LDPC khac vé hién thuc phan cing cua viéc ma hoa va giai ma
bang cach sir dung thanh ghi dich don gian va cac mach luan 1y.

Bai bao nay c6 cac dong gép chinh nhu sau:

- He thong hoa cac ma LDPC cho h¢ thong thong tin di dong 5G.

- Thuc hién ma hoa va giai md ma LDPC ding phin mém Matlab.

- Mo phéng dugc BER cta mi LDPC theo cac diéu kién van hanh khac nhau.

- Cai tién giai thuat giai ma ma LDPC bang k¥ thuat phan 16p dé giam thoi gian
giai ma va cai thién BER.
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Bai bao tiép tuc nhu sau: Phan 2 trinh bay cu trac md LPDC trong hé théng théng tin
di dong 5G. Giai thuat ma hoa va giai ma duoc trinh bay véi cac cai tién trong phan 3. Tlep
theo, m6 phong Matlab duoc thuc hién dé kiém tra cac tinh chat cia ma LPDC trong phan 4.
Phan nay ciling cung cap cac két qua cua ca 2 loai ma tran kiém tra chan Ié cia ma LPDC
danh cho hé thdng thong tin di dong 5G. Cudi cung, phan 5 trinh bay két luan cua nghién
Clru nay.

2. CAU TRUC MA LDPC TRONG HE THONG THONG TIN DI PONG 5G

Cong nghé truy cap danh dau su chuyén ddi trong ma hoa stra sai thuan FEC cho 3GPP
cua cong nghé di dong [9-15]. Trong phan nay, cac md QC-LDPC dugc xem xét va cac dic
diém ctia ma QC-LDPC chuan cho hé thong thong tin di dong 5G dugc tom tit.

Goi Z 1a kich thudc ciia ma tran hoan vi tudn hoan va Pjj 1a gi tri dich chuyén. Véi bat
Ky gia tri nguyén nao Pij, 0 < Pij < Z, thi ma tran hoan vi tuan hoan c6 kich thudc ZxZ s&
dich chuyén ma tran don vi | ¢6 kich thudc ZxZ sang phai Pij l1an d6i véi phan tir (i, j)™ khac
khong trong ma tran co s. Ma tran hoan vi tuan hoan nhi phan nay duogc ky hiéu 1a Q(P;,)).
Vi du: Q(1) dugc cho bai

010 -0
00 1 -0

Q)= & . ! @
000 - 1
10 0 - 0

Dé don gian ky hiéu thi Q(-1) biéu thi ma tran rdng (tat ca cac phan ti bang 0).

M3 QC-LDPC nhj phan c6 thé duoc dic trung boi khong gian réng ctia mot mang tuan
hoan thua ¢6 cung kich thugc [9]. Ma trén kiém tra chan lé H cia ma QC-LDPC c6 thé duoc
xac dinh bang ma tran co so va hé sb dich Chuyen Pi;. Cac phan tir 1 va 0 trong ma tran co s&
dugc thay thé biang mot ma trén hoan vi tuan hoan va mot ma tran 0 c6 kich thuéc ZxZ
tuong ung. Déi véi 2 s6 nguyén duong My va N, V&I My < i, thi ma QC-LDPC duoc biéu thi
bang mang my Ny Caa ma tran tuan hoan c6 kich thudc ZxZ trén truong GF(2):

(Q(P) Q(R.) -~ Q(R.)]
QPa) Q(R) Q(Ffz,nb) @

_Q(Pmbvl) Q(Pmb,z) Q(Pmbv”b )_
Ma tréan ly thtra ctia H, duoc ky hiéu la E(H), c6 dang sau:
Pl,l Pl,2 SR

1,
PP, ... P
E(H)=| ™ ©)
Pmb 1 I:)mb 2 7 My,

MSi phan tir trong ma tran E(H) duoc coi 1a mot gié trj dich chuyén. Can luu y ring ma
tran kiém tra chan le¢ H trong phuong trinh (2) c6 the duge xdy dung bang cach khai tri€n ma
tran lity thira E(H) c6 kich thudc my xnp. Quy trinh nay dugc goi 1a xay dung biéu d6 [10].
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Hinh 1. Cau trac ma tran kiém tra chin Ié co s& cho ma QC-LDPC [12]

Mi QC-LDPC déng vai tro quan trong trong truyén thong 5G va da duoc chap nhan 1a
mo hinh mi hoéa kénh cho kénh dir liéu 5G trong cudc hop tiéu chuan 3GPP [10]. Hinh 1
minh hoa ciu tric chung cia ma tran kiém tra chin 1é co s cho ma QC-LDPC. Céc cot duoc
chia thanh 3 phan: cot thong tin, cot chan 1é bt 15i va cot chian 1é mé rong. Cac hang duoc
chia thanh 2 phan: hang kiém tra 15i va hang kiém tra mo rong. Nhu duoc thé hién trong
Hinh 1, ma tran co s& bao gém cac ma tran con, cu thé 1a A, B, O, C va |. Ma tran con A
tuong ng Voi cac bit ¢6 tinh hé théng. Ma tran con B twong wng véi tap hop bit chin I¢ dau
tién va 1a ma trdn vudng cé ciu trac duong chéo kép: cot dau tién cua né co trong sb 1a 3,
trong khi ma tran con bao gdom cac cot khac sau cot dau tién co cau trac dudng chéo kép trén.
Ma tran con O 1a mét ma tran bang khong. Dé hd trg nhanh chong yéu cau lap lai tu dong két
hop du phong gia ting thi phan m& rong dua trén kiém tra chan 1é (PC - Parity Check) duy
nhét duoc sir dung dé hd tro ty & thap hon nhu thé hién trong Hinh 1. Ma tran con C tuong
g véi cac hang PC, va | 1a ma tran nhan dang tuong (ing véi tap bit chan I¢ tha hai, tic 1a
phan ma rong PC. Su két hop caa A va B duoc goi 1a hat nhan, va cac phan khac (O, C va 1)
duoc goi 1a phan mé rong.

3GPP di ddng ¥ xem xét hai ma tran co sé, ky hiéu 1a BG1 va BG2, cho ma hoa kénh.
BG1 nham téi myc tiéu cho d6 dai khdi 16n hon va ty 18 ma héa R cao hon. BG2 nham toi
muc tiéu cho d6 dai khdi nhé hon va ty 1é ma hoa thip hon. Néu kich thudc khbi < 292 hoic
<3824 va R < 2/3 hoic R < 1/4 thi ma tran co s¢ 2, BG2, cia md LDPC dugc sir dung; néu
khong thi ma tran co s¢ 1, BG1, cia ma LDPC dugc st dung [11].

V6i BG1, matran H cia BG1 ¢6 kich thuéc m, xn, (m, =46,n, =68k, =n, —m, =22).
V6i BG2, ma tran H cia BG2 ¢6 kich thuéc m, xn, (M, =42,n, =52,k, =n, —m, =10).
Céc cot bit thong tin 1a ma tran co kich thude K, x Z .

Do v6i cac ma tran co s& BG1 va BG2 thi s6 lugng thiét ké hé sb dich chuyén 1a 8. Tat
ca cac kich thudc khac dugc chia thanh 8 tap dua trér} tham so a, trong do6 a dugc str dung dé
xac dinh kich thudc nang Z = a x 2. Tap hop cac hé s6 dich chuyén duoc liét ké trong Bang 1.
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Bang 1. M&i quan hé gitra ma tran Ly thira va tap kich thudc nang

Ma tran liy thtra Tap kich thudc nang
Tap 1 Z=2x2,j=012345,6,7
Tap 2 Z=3x2,j=0,12345,6,7
Tap 3 Z=5x2,j=0,123456
Tap 4 Z=7x2,j=012345
Tap 5 Z=9x2,j=012345
Tap 6 Z=11x2,j=01,2345
Tap 7 Z=13x2,j=0,1.234
Tap 8 Z=15x2,j=01234

Gia trj dich chuyén Pijco ghé duoc tinh bang cach sir dung ham Pi; = f(Vij, Z), trong do
Vij 1a hé so dich chuyén cua phan tir (i, j) trong thiet ké dich chuyén tuong ing. Ham f duoc
dinh nghia nhu sau:

1V, Z=-1
PV 2)= mod(V;;,Z) , khac )

ij?

trong do6: mod la toan tir modulo.

3. MA HOA VA GIAI MA MA LDPC

3.1. Ma hoéa

Thay vi sir dung ma tran sinh G, ma LDPC c6 thé dugc mé hoa truc tiép bang ma tran
kiém tra chin I¢ H bang cach chuyén no6 thanh dang tam giac thip va ap dung phép thay thé
nguoc lai. Phuong phap ma hoa RU, dugc dé xuit boi Richardson va Urbanke, 13 mot
phuong phap ma hoa co thoi gian ma héa tuyén tinh cho cac ma tran kiém tra chan Ié thua.
Nguyén tic co ban 1a phép bién ddi chi sir dung hoan vi hang va cot, dé dinh dang lai ma tran
kiém tra chin I¢ H thanh ma tran thua. Do d6, phuong phéap nay c6 thé giam do phuc tap so
V6i phuong phap nhan ma tran sinh G. Thuat toan RU bao gdm hai budc: budc tién xir 1y va
budc mé hoa thyc té [15].

Cho tir md C = [s pa pc], trong d6 s biéu thi phan hé thong, duoc chia thanh ks nhém
gom Z bits vi mo hinh co s& ¢6 ks = Ny - My ¢ot bit théng tin. Hon nita, S = [Sl, Syrear Sy :I,
trong d6 mdi phan tir cua s 1a mot vector co do dai Z. Cac ban tin nhan dugc bai bo ma hoa
dugc luu tri trong cac thanh ghi dugc sip xép theo khéi kv, ky hicu la si (i = 1, 2, ..., ky),
tuong ng Véi cac khdi hé thong, trong d6 moi khéi bao gom Z bit. Néu bo ma hoa duge
thiét ké dé doc Z bit trén mdi chu ky xung nhip thi can ky chu ky dé luu trit tat ca cac khéi
thong tin. Hon nira, chudi chin 1¢ c6 thé dugc nhom thanh cac tap Z bit. Gia sur rang phan
chan 1¢ ciia m&i thong tin p dwoc chia thanh 2 thanh phan nhu sau: g = 4 bit chan I¢ dau tién
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p, = [ Pas Pa s pag] va phan con lai gom (my-g) bit kiém tra p, =[pcl, Pe,ro- P, }

Cu thé, tir ma dugce mé hoa co thé duoc biéu thi nhu sau:

C=[81,8--18 s Pays Payreees Pa s Peys Py P, ®)
Ma tran kiém tra chan I¢ H ciia ma QC-LDPC c6 thé dugc chia thanh 6 ma tran va duoc
trinh bay ¢ dang sau:
A B 0
H= (6)
C, C, |

trong d6: A la ma tran c6 kich thudc gxkp, B 1a ma tran c6 kich thudc gxg, Ci la ma tran co
kich thudce (my-g)xks va Co 1a ma tran cé kich thudc (mp-g)*<g. Ngoai ra, | 1a mot ma tran don
Vi ¢6 kich thudc 1a (mp-g)x( my-g). Viéc ma hoa cac ma LDPC duogc thuc hién bang cach sir
dung phuong trinh sau:

HC™ =0' (7
Phuong trinh (7) ciing c6 thé dugc biéu thi nhu sau:
A B O °
p, |=0" (8)
C, C, |
Phuong trinh (8) sau d6 dugc tach thanh 2 phuong trinh nhu sau:
As" +Bp, +0p] =0" (9)
Cs' +C,p. +1p] =0 (10)

Thuat toan ma héa RU dugc thyc hién theo 2 bude. Trong budc dau tién, cac bit chan I
trong phan dau tién duogc tinh bang cach giai phuong trinh (9). Budc thir hai trong qua trinh ma
hoa bao gdm tinh toan cac phan chan Ié pe bang phuong trinh (10).

Budc dau tién trong viéc tflen khai bo ma hoa 1a xac dinh phan pa. Trudc tién, phuong
trinh (9) dwoc viét lai & dang khoi nhu sau:

8, &, Ay | 1 0 -1 1]/ Ps
A, {, - a s 0 0 0 -1y|P,
21 % ' 2k || %2 | P, -0 (12)
A 8, . Qg || - -1 -1 0 O P,
Qa1 Qp Ay Sk, 1 -1-10 P,
Sau d6, m¢ rong phuong trinh (10) thanh tép phuong trinh sau:
kb
23,8+ Py +p,, =0 (12)
=i
ZazJ [+ P, +Pp, +P, =0 (13)
za31 i+ Pyt P, =0 (14)
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kb
zazl,jsj+ paf)—'— P, =0 (15)
i

trong do p{*! biéu thi phién ban dich chuyén theo chu ky thir o (bén phai) cua p, véi 0<a < Z
Bang cach cong tat ca cac phuong trinh trén, ta thu duoc két qua sau:
4k

P, =248, (16)

i=L j=1

Cén Iuu y rang viéc trién khai don gian a; ;s; c6 thé dugc thyc hién vai viéc sir dung
bd dich tuan hoan Z bit. Vi &, ;s; 1a mot dich vong sang phai cua s; voi hé s6 dich chuyén
theo a; ; nén do phtic tap phan ctng 1a nhé. Dya trén dinh nghia

ﬂ,lziai,jsj fori=12,3,4 (17)
=
ta c6 thé dat dugc
Pa, = 241‘,/1 (18)
P, =4 +py (19)
Pa, =45+ Py, (20)
P, =4 +p{ 1)

Tir phuong trinh (17), mdi gia tri A duoc tinh bang cach cong don tat ca cac gia tri
a; ;S; - Trong phép toan modulo 2, 4i c6 dugc bang cach thuc hién cac phép toan XOR trén

tat ca cac phan tir cia 8; ;S; . Céc gia tri i c6 thé dugc wdc tinh trén mdi chu ky xung nhip

trong g = 4 chu ky. Khéi thir nhat cia cac bit chin lé P, dugc tinh bang cach tich liy tat ca
cac gia tri Ai. Cac cap bit chin Ié con lai c6 thé dugc lay bf‘ing mot phuong phap co thé dé
dang suy ra tir phuong trinh (19)-(21). Qua trinh nay c6 thé dugc thuc hién trong 2 chu ky
xung nhip vi ¢ s phu thugc gitra p, va p, . Tat ca céc bit chin 1¢ pa trong phan chan le
dau tién dwoc luu trix trong cac thanh ghi dich.

Trong budc ther hai, phan pe c6 thé dugc xac dinh d& dang dya trén phuong trinh (10),
trong d6 ma tran C; va C, dugc cho bai

Cia Ca1 o cl,kb Cl,kb+1 Cz,kb+2 o Cl,kb+g
C c ... C c c ... c
2,1 2,2 2.k, 2,k +1 2,k +2 2,ky,+9
C.=| . S Ll C=l e ’ (22)
Cmh—g,l Cmb—g,z T Cmb—g,kb Cmb—g,kb+l Cmh—g,kb+2 o Cmb—g,kb+g

Khi ap dung phuong trinh (10), cic phan tir ctia pe ¢6 thé duoc tinh bang cac phuong
trinh sau:
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Ky g
Po = D€+ 2 Cuke Py,
= =
Ky 9
P, = Zcz,jsj + Zcz,kb+j P, (23)
= =

ky 9
pcmb—g = Zcmb—gvjsj + Zcmb—gvkbﬂ paj '
=1 =1
Tuong ty, C;;S; bicu thi sy chuyén dich vong cua s; vai hé sb dich chuyén duoc xac
dinh boi cij va €\ P, biéu thi sy chuyén dich vong cua P, Véi hé sb dich chuyén duogc

xéc dinh bai ¢ Ngay sau khi thu dugc ¢, ;S; va C; ,; P, , ching c6 thé duoc sir dung

dé xac dinh gia tri caa cac bit chin 1é twong (ng trong phan chin I¢é thi hai pe. Budc nay c6
thé duogc thyuc hién trong mét chu ky xung nhip duy nhat. Do d6, tat ca cac bit chan 1é pe ¢6
thé dugc thu thap trong chu ky xung nhip (ms-g). Sau do, tir ma 1a su két hop cua thong diép
ban dau s va hai phan chin ¢ duoc tinh toan pa va pe.

iky+]

3.2. Giai ma

Sum-product 1a tén chung cho mét I6p thuat toan giai ma Maximum Likelihood (ML) [13].
Thuat toan sir dung thong tin kénh truyén va cac gié tri tir kénh truyén. Thuat toan tao ra mot
gia tri xac suat cho mdi bit nhan dugc va lam méi gia tri nay sau nhiéu lan lap dé tim wdc
lugng cho bit do.

Ma LDPC (N, K) la ma nhi phén dugc dac trung boi ma tran kiém tra chin I¢ thua Hwn
trong d6 M = N - K ¢6 thé dugc biéu dién bang do hinh Tanner cta cac nut bién

n e{l,..., N} va cac nat kiém tra m e{l,..., l\/l} . Biéu thj tap hop cac nut bién dugc két
ndi véi mot nit kiém tra m nao dé la N {m}. Mot nut bién n duoc két ndi véi nit kiém tra m
néu ne N{m} . Ngoai ra, tap N{m} \n biéu thi tap cac nit bién dwoc két ndi véi nat kiém
tra m khong bao gébm n. Tuong tu, tap cac nat kiém tra ndi voi mot nat bién nao do n duoc
ky hiéu la M{n}. Mot nit kiém tra dwoc két ndi véi nat bién n nao d6 néu meM{n}. Tap
hop M{n}\m biéu thi tap hop cac nut kiém tra duoc két ndi véi nit bién n loai trir m.
Thuat toan sum-product xtr 1y 1ap di 1ap lai cac bit nhan duoc theo cac budc nbi lién
nhau c6 thé dugc nhin thay trén d6 hinh Tanner dudi dang budc ngang ti€ép theo 1a budc doc
dé cai thién d6 tin cay cta moi bit dugc giai ma. Cac thude do d6 tin cay dugc tinh todn cua

cac bit & cudi bat ky 1an lap giai md nao duoc sir dung lam dau vao cua lan l3p tiép theo.
Thuéat toan giai ma 1ap nay tiép tuc cho dén khi théa man mot tiéu chi dung nao do.

Dé minh hoa, hay xét do tin cay cia mét bit da giai ma dugc do bang xéc suét posteriori
P(x,]Y): 1<n<N. Sau d6, Log-Likelihood Ratio (LLR) cta moi bit ma dugc tinh bai
P(x,=0|Y)

L(Xn): OQW (24)

Trong m&i lan Iap lai, mot gia tri . dugc tinh theo budc ngang tai mdi nut kiém tra

m va dugc chuyén cho tit ca cac nut bién n néu ne N{m} . Tuong tw, mdi nut bién n s& gui
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mot gid tri q,_,,, trong buéc doc dén tat ca cac niit kiém tram néu me M{n} :

Tir ma duoc ky higu la X =[X,X,,...,X ], trong d6 X, €{0,1}. Céc gi4 tri LLR cua

vector nhan duoc tuong (g duoc biéu thi bang Y =[y,, ¥,,..., Yy |-

Budce khoi tao

Bude ngang

Budc doc

Budc quyét dinh

Thoa diéu kién
ding vong lap?

Cac bit dugc giai ma

Hinh 2. Giai thuat giai ma sum-product

Qua trinh giai ma st dung thuat toan sum-product c6 thé duoc thuc hién theo cac buéc
lién tiép nhu Hinh 2.

Buréc khoi tgo: Céc gia tri ban dau cia LLR c6 thé nhan duoc tir dau ra cua bo giai diéu
ché yn. Céc gia tri ban dau nay dugc st dung lam q,_,,, cta lan l3p dau tién cho budc cap
nhat nat kiém tra (Budc ngang).

Buéc ngang: Budc ngang tai nit kiém tra m dugc danh riéng dé xu 1y cac gia tri dén tir
cho moi ne N{m}. Vi vay, déi voi

cac nut bien (|, ,,, de tinh toan cac gid tri tra loi r

mdi nat kiém tra m:

ron=| [] son@,.,) [x2tanh™| T tanh(@} (25)

n'eN(m)\n n'eN(m)\n
Buéc doc: Budc doc tai nit bién n duoc danh riéng dé xur 1y céac gia tri dén tir cac nat
kiém tra r, = dé tinh toan cac gia trj tra 15i q,_,,, cho moi m eM{n}. Vi vay, doi véi mdi
nut bién n:
qnam = yn + Z IFm'an (Xn) (26)
m'eM (n)\m

Bueéc quyét dinh: DI voi mdi nit bién, cac gia tri LLR dwoc cap nhat theo

L(%)=Yat D oo (%) 27)

meM(n)
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Céc gia tri LLR duogc ap dung cho quyét dinh cing dé quyét dinh vé gia tri c6 thé co
cua X, lal néu L(Xn)< 0 va 0 néu nguoc lai. Syndrome HR' sau dé dugc tinh toan va
kiém tra d¢ quyét dinh giai ma thanh cong néu Syndrome bang 0 hoac tién hanh 13p lai tiép
theo néu dicu kién Syndrome khong duoc thoa mén. Qua trinh nay tiép tuc cho dén khi tir ma
dugc giai ma thanh cong hoac so lan 1ap toi da da hét.

3.3. Ky thuat phan 16p dé xuat

Dé cai thién hiéu ning giai ma cua thuat toan sum-product, nhom tac gia dé xuat ki
thuat phan 16p. K§ thuat nay ting tinh bao mat cho quyét dinh cua bit x,. Uu diém cua ky
thuat dé xuat 1a hé sé hiéu chinh lam giam ton that hiéu nang va d¢ phirc tap cua viéc giai
ma. Trong Ky thuat nay, chiing ta xem 16p dau tién 1a mot tap hop cac nut bién c6 gia tri thap
cua thong tin ndi tai y, caa bit Xn.

Déi véi mdi lan lap, ching ta tinh toan nut kiém tra va nat bién ‘trong mot 16p. Viéc giai
mi sau d6 dién ra tuan tu. Piéu nay c6 nghia 14 ta s& tap hop mot s6 hang ciia ma tran kiém
tra chan 1& thanh mot 16p va thyc hién budc doc trong giai thuat giai ma sum-product. Ma
tran H s€ duoc phan 16p thanh nhu sau:

H=| 2 (28)
H N-K
trong d6 mdi khdi hang trong ma tran H 1a mot 16p.

Hinh 3 minh hoa so d6 giai ma cua ky thuat phan 16p dé xuat khi c6 2 16p trong d6:
C: la tir ma dugc ma hoa tir Hy va C; 1a tir ma dwgc ma hoa tir Hy. Viéc giai ma C; sé sir
dung LLR trong vong 1ap dau tién, sau do6 s€ sur dung LLR21 sau khi da cap nhat cot.

LLR

i

Gial ma cho C; g

LLRy;

Giai ma cho C,

Hinh 3. Thuat toan giai ma dé xuat vai ky thuat phan 16p

4. KET QUA MINH HOA

Phan nay trinh bay cac két qua mé phong cho hé thdng truyén thong duoc didu ché
BPSK (Binary Phase Shift Keying) vai nhidu Gaussian tring cong (Additive White Gaussian
Noise - AWGN). Ma LDPC st dung 2 loai ma tran kiém tra chin ¢, BG1 va BG2, cho hé
thong thong tin di dong 5G. Giai thuat ma hoa va giai ma da dugc trinh bay trong phan 3.
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—6—BG1: Proposed
—O0—BG2: Proposed
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—¥—BG2: Referred

1 1.2 1.4 1.6 1.8 2 2.2
E /N, (dB)

Hinh 4. BER theo Ep/Ng

Hinh 4 trinh bay BER theo ty s6 ning lwong bit trén nhidu Ep/No Vi d6 dai tir ma 1a
1024 bit, ty 16 ma hoa 1a 1/2, giai ma véi 20 vong 1ap. Hinh nay cho théy BER giam dang ké
khi Ew/No tang. Dac biét, thuat toan gidi ma vei ky thuat phan 16p dé xuat (dugc ky hiéu trén
hinh 14 “Proposed”) d4 lam cho BER giam nhanh hon nhiéu so voi thuat toan giai ma tmyen
thdng (duoc ky hiéu trén hinh 1a “Referred”) khi En/No ting. Ngoai ra, k¥ thuat phan 16p dé
Xuat di cai thién do tin cay dang ké so véi khi khong sir dung k¥ thuat nay.

—6—BG]1: Proposed
—0—BG2: Proposed

BG1: Referred
—d—BG2: Referred

BER

200 400 600 800 1000 1200
Codeword length (bits)

Hinh 5. BER theo d6 dai tor ma

Hinh 5 trinh bay BER theo d¢ dai tir ma v&i Eo/No = 1,5 dB, ty 1€ ma hoa 1a 1/2, giai ma
V6i 20 vong 1ap. Hinh nay cho thdy BER giam dang ké khi d¢ dai tir ma tang do6i voi giai
thuat giai ma vai ky thuat phan 16p dé xuét trong khi d6 BER ting khong dang ké khi do dai
tir ma tang ddi v6i giai thuat giai ma truyén thdng. Didu nay cho thiy hiéu qua cua k¥ thuat
dé xuat trong viéc cai thién d¢ tin cay truyén tin. Hon nira, k§ thuat phan 16p dé xuat da lam
giam dang ké BER so v&i khi khong st dung k§ thuat nay.
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Hinh 6. BER theo ty I1¢ ma hoa

Hinh 6 trinh bay BER theo ty I¢ ma hoa vai Ex/No = 1,5 dB va giai ma vai 20 vong lap.
Hinh nay cho thiy BER giam dang ké khi ty 1¢ ma hoa tang ddi voi giai thuat giai ma véi ky
thuat phan 16p dé xuét trong khi d6 BER giam khong dang ké khi ty 1&é ma hoa ting ddi voi
giai thuat giai ma truyén thong. Tuy nhién, ddi v&i moi gia tri cta ty 16 ma hoa thi ki thuat
phan 16p dé xuat déu dat BER nho hon dang ké so véi khi khong st dung ky thuat nay. Diéu
nay cho thay hiéu qua cia k¥ thuat dé xuat trong viéc cai thién do tin cay truyén tin.

Str dung cong cu do thoi gian thuc cua Matlab, chung t6i da khao sat thoi gian giai ma
cua thuat toan giai ma véi En/No = 1 dB, giai ma vdi 20 vong 1ap, ma tran kiém tra chin l¢
BG2 véi Z = 52, 100 khdi bit truyén. Két qua do duogc khi khong sir dung va st dung k¥
thuat phan 16p dugc trinh bay 1an lugt trén cac Hinh 7 va 8. Cac hinh nay cho thay thoi gian
giai ma giam dang ké tir khoang 45,383 gidy xudng con 27,811 gidy khi st dung k§y thuat
phan 16p.

Function Mame Calls Total Time @ Self Time* Total Time Plot
(dark hand = self time)

BESK_nrldpc_sim | 1 45383 s 41.268 s | I

Hinh 7. Thoi gian giai ma khi khong sir dung k§ thuat phén 16p. “Function Name” = “Tén
ham” dung d¢ tinh thoi gian thuc hién. Trong hinh nay thi tén ham 1a BPSK_nrldpc_sim.
“Calls” 1a s6 ham can thyc hién dé do thoi gian. “Total Time” la tong thoi gian thyuc hién.

Function Mame Calls  Total Time | Self Time*  Total Time Plot
(dark band = self time)

BFSK_nrldpc 1 27811 s 0.160 s [——
Hinh 8. Thoi gian giai ma khi st dung ky thuat phan 16p. “Function Name” = “Tén ham” dung
dé tinh thoi gian thuc hién. Tén ham 1a BPSK_nrldpc. “Calls” 1a s6 ham can thuc hién dé do

thoi gian. “Total Time” 1a tong thoi gian thyc hién.

Téng hop cac két qua & trén cho thay, ky thuat phan 16p da giam dang ké ca vé ty 18 16i
bit va thoi gian giai ma. Diéu nay cho thay vu diém cua kg thuat phan 16p dé xuit.
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5. KET LUAN

Bai béo nay da dé xuat ky thuat phan 16p dé giam thoi gian giai ma va ty 1& 13i bit cho
ma LDPC tung dung trong hé thdng thong tin di dong 5G. Nhiéu két qua da chimg minh cac
vu diém cua ky thuat dé xuat bang cach so sanh thuat toan giai ma sum-product khi sir dung
va khi khong sir dung k¥ thuat nay theo nhiéu théng sd khac nhau nhu ty & ning luong bit
trén nhiéu, d dai tir m, ty 1é ma hoa.

Bai bao nay da hién thyc thuat toan ma hoéa va giai ma cho ma LDPC ung dung trong
hé thong thong tin di dong 5G sir dung phan mém Matlab. Hudng phat trién tiép theo 1a danh
gia hiéu ning ciia ma LDPC trong diéu kién van hanh thuc té cua hé thong thong tin di dong
5G dé danh gia toan dién kha ning trién khai cua ki thuat phan 16p dé xuat.
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ABSTRACT

STRATIFYING TECHNIQUE FOR DECODING EFFICIENTLY LDPC CODES
IN 5G MOBILE COMMUNICATION SYSTEM

Nguyen Trong Duy, Ho Van Khuong*
Ho Chi Minh City University of Technology, VNU-HCM
*Email: hvkhuong@hcmut.edu.vn

The 5™ Generation (5G) mobile communication system must meet three main criteria:
wide bandwidth, high reliability and low latency. Low density parity check (LDPC) code
was adopted for the 5G mobile communication system because the LDPC code reaches
closely to the Shannon capacity. This paper proposes a stratifying technique to significantly
reduce the decoding time and improve the bit error rate (BER). The performance of the
proposed technique is evaluated in different system parameters such as energy-per-bit to
noise power ratio, codeword length and code rate.

Keywords: LDPC code, 5G, BER, sum-product, stratified decoding.
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