BO THONG TIN VA TRUYEN THONG

HOQC VIEN CONG NGHE BUU CHINH VIEN THONG

VU DPUC HIEU

NGHIEN CUU GIAI PHAP MA HOA P-LDPC NANG CAO
HIEU NANG CUA HE THONG MIMO CG LON

LUAN AN TIEN ST KY THUAT

Ha Noi - Nam 2021




BO THONG TIN VA TRUYEN THONG

HOQC VIEN CONG NGHE BUU CHINH VIEN THONG

VU DPUC HIEU

NGHIEN CUU GIAlI PHAP MA HOA P-LDPC NANG CAO

HIEU NANG CUA HE THONG MIMO CG LON

CHUYEN NGANH: KY THUAT VIEN THONG
MA SO: 9.52.02.08

LUAN AN TIEN ST KY THUAT

Nguoi huéng dan khoa hoc:
1. TS. NGUYEN VAN THUY
2. PGS.TS NGUYEN HONG QUANG

Ha Noi — Nam 2021




LOI CAM POAN

T6i xin cam doan duédi day 1a luan &n tét nghiép cua riéng toi, dudi su huéng
dan cua TS. Nguyén Vin Thity — Hoc Vién Cong Nghé Buu Chinh Vién Thong va
PGS. TS. Nguyén Hong Quang — Hec vién K¥ thuat Mat ma. Tét ca nhitng két
qua va sd liéu trong luan an nay 1a trung thuc c6 dugc tir nhitng nghién ciru ma toi va

nhém thuc hién trong qua trinh lam luan an.

Ha N6i, ngay thang nam 2021

Nghién curu sinh

Vi buc Hi¢u



LOI CAM ON

Truéc hét tdi xin chan thanh cam on hai thay huéng dan 1a TS. Nguyén Vin
Thay va PGS.TS. Nguyén Hong Quang di tan tinh huéng dan sudt qué trinh toi thuc
hién d& tai nghién ctu ndy. Cac thay luén déng hanh tir qué trinh tim nguén tai liéu,
thao luan cac van dé nghién caru dén viéc cong bd céc bai béo tai hoi nghi va tap chi.
Véi kién thize chuyén sau ctia minh vé linh vuc vién thong dac biét 1a ma hda kénh,
cac thay da dan dit toi vuot qua nhimg kho khan dé tiép can nhitng chu dé méi nhu
ma hoa kénh LDPC, kénh truyén dan vé tuyén nhiéu dau vao nhiéu dau ra, va méi
nhét 1a cac hé thong vo tuyén véi bo chuyén ddi twong tu s6 co6 dd phan giai thap.

Khong cd sy tan tinh huéng dan cua céc thay, co 18 s& khong c6 quyén luan an nay.

Bén canh cac thay hudng dan chinh, téi con nhan duoc rat nhiéu sy gitp da,
tao diéu kién cua Ban lanh dao Hoc vién Cong nghé Buu chinh Vién théng, Khoa
Pao tao sau dai hoc — Hoc vién Cong nghé Buu chinh Vién thong, va dic biét 1a
PGS.TS Lé Nhat Thang. Toi xin bay té long cam on chan thanh vé su gitp d& nay.
Tbi cling xin cam on TS. Nguyén Ngoc Diép giang vién truomg dai hoc céng nghé
Sydney, Uc va TS. Nguyén Trung Hiéu giang vién truong dai hoc Dong-Nam, Nauy
d3 dong gop ¥ kién khich I ciing nhu phé binh nhitng han ché cua tirng bai bao dé
thay tro ching t6i hoan thanh nhiing bai bao dugc cong b trén cac hoi nghi va tap

chi chuyén nganh.
Cubi cling, tdi xin cam on gia dinh da ludn sat canh dong vién va tao diéu kién
t6t nhat dé toi co thé tap trung hoan thanh nhiém vu nghién cau da dé ra.
Ha Noi, ngay thang nam 2021

Nghién ctu sinh



MUC LUC

LOT CAM DOAN .....oviiiiiiiiesiesies st i
LOT CAM ON ...ttt i
IMIUC LIUC ..ttt ettt et e bttt e nb e snbeesane e ii
DANH MUC VIET TAT oottt testesaese st esa s s, vi
DANH MUC CAC KY HIEU TOAN HOC ... seeeeeeseeeeeeseeennn, ix
DANH MUC CAC HINH VE.....c.oooiiiiceieeee e Xiv
DANH MUC CAC BANG .......ooovieeeeeeeeeeeeeeeeeese s ssasnss s XVii
LOT MO DAU .....coooiviiiiiiiee s 1
0 (oI T4 0N =) o ol 4N 1
MUC AICh NEIIEN CUU.vuireiriirierserses bbb 3
DEi twrong va pham Vi NZRIEIN ClUL..eeeereeeeseseeeesseseesssssesessssssessessssesesssssesssssssssssssssssssssssssssssssssssssssssssees 3
Phurong phap NZHIEN CTU e ss s ss s s s st sssssssseens 4
Nhrng AONg ZOP CUA TUAN ANcoureeeeereeeieeesrensseesseesessseess s sss s sssssssess s ss s ss s s sess s sssesssas 5

(O 1V 0 ¥ ol 1D 1 Y- ) o OO 5
CHUONG L.ttt sttt sttt ss et et te st seste et atestenens 7
TONG QUAN VE KENH TRUYEN DAN MIMO .......ccooiiiiiiseeeeeeeeeersens 7
VA MA PROTOGRAPH LDPC.....coitiiiiiinrierissississsssssssssss s 7
1.1, HE thONG tNONG TN SO.vuuuureeeessmsressssmseesssseseessssesesssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 7
1.1, 1. MA ROQ NGUOI .oeevevveesseeeeessesssesesesssssssseesssssssssssse s ssssss s RS 8
1.1.2. ME h0@ RENN ...ttt s s s s 9

1.2. M4 kiém tra chdn 1é mat d6 thap (Low-Density Parity Check Codes LDPC) ...............co. 14
1.2.1. MA NOQ LDPC.ourieeeteeeeeeineeesssesesseessssessssssesssssessssssesssss s ssssse s s ss s ss s s s sssssesssssesees 16
1.2.2. Giai ma LDPC dung gian d6 Tanner (Thuit todn tdng tich) ......ereseesssssssssss 16
1.3. M3 ProtOZraph LDP . et ssesssessssssssssssess s sssssssessssssssssssssssssssss s sasesssesssssssseens 22
1.3.1. Cach tao tir ma Protograph LDPC......ssssssssssssssssssssssssssssssssssssssssssaens 22
1.3.2. M QUC [8..0uureereenssssseessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssssassssssssasssssssasnnes 26

1.3.3. M KNONG QUC 10....00uuuumrersreeeeeneeseeessssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 27



1.3.4. Hiéu nang ctia ma Protograph LDPC trén kénh AWGN ........cccomeemrenmeernmeessmssesessssessnnees 27
1.4. Hé thong da dau vao da dau ra (Multiple-Input Multiple-OUtput) ......oeeeeeeeeeerseeeesssesessenees 29
1.5 Cac nghién ctru lién quan dén A& tai TUAN AN ... ssssssssssssssssssssssssssssssssssenees 33

1.5.1 Nhitng nghién ClU trONZ NGC ... eureereereeereeeesreesesseisesseessessssssessssssssssssssssesssssssssssssssssssssssssasans 33

1.5.1.1 Tach sOdng tin hi€u MIMO €O 10N ..o seessee s ssesssesssesssseens 33

1.5.1.2 Gidi ma kiém tra chdn 18 mat dd thaAp (LDPC): vveeurrsreeessesssssseessssssssssesssssssssssnssssssssss 34

1.5.2 Nhitng nghién Clru NZOAT NIEGC c.uveuveereererreesseeeseseeesssessessssesssesssssssessssssss s sssssssesssesssssssssesssssass 35

1.5.2.1 M3 Protograph LDPC .ttt ses st ess s s ssssse s s sassssesans 35

1.5.2.2 Tach sONgG tin hi€U MIMO ... seeseessesssessssesssesssessseesssssss s sssesssesssesssssssssssseesass 37

1.5.2.3 Bo chuyén d6i ADC c6 d6 phan giai thap trong kénh MIMO ¢& 16n.....eceerrercernn. 38
1.6. KEL TUAN CHIPONE 1 .ooorererrerscsssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssmsssssness 39

CHUONG 2.ttt ettt ettt b ettt ettt ettt e st re st e e bestenens 41

TACH SONG TIN HIEU CHO KENH LS-MIMO DUA TREN THUAT TOAN

LAN TRUYEN TIN CAY oo 41
200 ) 12 T 1 11 PP 41
2.2 M6 hinh kénh LS-MIMO v&i bo chuyén d6i ADC c6 do phan gidi thap & phia thu............. 41
2.4 Thuit todn tach song tin hiéu dwa trén thuit toan lan truyén do tin Cay .....ceeeeereseeeeens 45

2.4.1 Cap nhat thong tin tai NUt qUAN SAt ON ... sees s sesssesssessees 46
2.4.2 Cap nhat thong tin & NGt KY hi€U SNttt ssessssesssesssssssssesaees 49
2.5 K&t QUA MO PRONG coorrevrrreernreesssessssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 49
2.6 KEL TUAN CHIPOMNIEG 2 coovvevverevrsesssssesssssessssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 55

(0] 8 L0102, €< J T 56

THIET KE MA PROTOGRAPH LDPC CHO KENH LS-MIMO........ccc..ceo... 56
31, GO HNIBUeoerseeseeseeseesessessess s s ses st 56
3.2. M6 hinh mdy thu két hop tach séng va giai ma LDPC dwa trén gian dé Tanner ............... 57
3.4. Thudt todn LS-MIMO-PEXIT .....rrcrrernerssenesnsesnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 61
3.5. Thiét ké ma Protograph LDPC cho K&nh LS-MIMO........ccoumeeeesmeesssmsessssssssssssssssesssssssseess 66
3.6. Hiéu nang cidc ma Protograph LDPC dé xudt cho cac kénh LS-MIMO .......cccoeeermmeeeeessmnneens 70
3.7. KEL TUAN CRIPONE 3 oooeveereerseessesesssssssssssssssssssssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 79

(0] 8 L0102\ SRRSO 80

PHAN TICH HIEU NANG CUA HE THONG LS-MIMO V31 BQ ADC CO PQ
PHAN GIAT THAP ..ottt 80



4.1, GLOT TNIBUL eeurreeseerceretsees et ettt s bbb b bR SRR SRRt 80
4.2. M6 hinh kénh théng tin LS-MIMO véi B6 ADC ¢6 d6 phan gidi thap......coeeceeeeeisereesssesesnnne. 81
4.3. Thuat toan tach séng va giai ma Protophraph LDPC cho kénh LS-MIMO véi bd ADC c6
A0 PRAN GIAT tNAD.c.uurrreererssseesssssssssesessssssssessssssssss s sssesssssssss s s s s sess s s s s s st snsssssensssas 82
4.3.1 Thong tin truyén tir nit quan sat d&n NUL KY hi€U ...cveeeeeeeiseeeeseseessesesssessssesessssssessesesens 84
4.3.2 Thong tin truyén tir nGt bi€n dén Nt Ki€M trau..eesesssesssssssssssssssssssssssssens 86
4.3.3 Thong tin truyén tir nat Kiém tra dén NUE DIEN......ceeereessneesssssssssssssssssssssssssssssssssnns 88
4.3.4 Thong tin truyén tir ndat Ky hiéu dén nUt qUAN SAt .....eeeecrnesssssssssssesssssssssssssens 88
4.3.5 Thong tin hdu nghi€m cla bit tlF MA ... essssessssssssesssssssseesssesssaes 88
4.4. Thuit toan tinh nguwdng giai ma cho kénh LS-MIMO v&i do phin gidi thap.....eeenn. 89
4.4.1 MIMO-LDPC Protograph HEN NOP ..t ssesisseessssssesssessssssssssssssssssssesssssssseens 89
4.4.2 Ludng thong tin twong h0 ChUYEN 8P ...uueeeeereesessssssssmssssseessssssssssssssssssssssesssssssssssssssssss 91
4.4.3 Ludng thong tin twong h0 NGUQC Lai......eeeeeseseessssssssssssssseesesssssssssssssssssssssssssssssssssssssssss 95
4.4.4 ThONG tiN TWONG NO APP.ooooveeevesesesesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssees 96
4.4.5 ThUuAt tOAN PEXIT G8 XUAT....imreeurerersmeeessesessssssssssssssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssssssns 96
4.5. Phan tich hiéu nang cta cidc ma protograph LDPC pho Difn ....eeeeenmreeessmsseessssnsseeeenns 100
4,6. KEL QUA MO PRONE covvvrrrrvrsrersmsessssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 106
4.7. KELTUAN CHONE 4 oovorevereetsesesssesessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 113
KET LUAN L.ttt ettt 114
Nhitng d6 1uanng gOP CUA TUAN ANttt bbb s s s aseees 114
Y nghia khoa hoc va thirc tién clia d& tai NGhIEN COU ...vvvvveeeeeeeessssssssssesssssesseeeessssssssssssssssssssseseee 115
Nhitng huwrdng phat trin tIEP thE0...reeereeeesseessssseesssssessesssssesessssssesssssssessssssssessssssssssssssssesseess 115
(i) Gidm do phirc tap cta thuit toan tim kiém ma Protograph LDPC code. ......cc.ccommreerennn. 115
(ii) Thyc hién viéc thiét ké ma Protograph LDPC cho b chuyén d6i ADC 1-bit.......ccceunne.. 115
(iii)Nghién ctru thiét ké ma Protograph LDPC cho cdc mé hinh kénh phic tap hon......116
DANH MUC CAC CONG TRINH CONG BOCUA TACGIA..........cc.c........ 117
TAI LIEU THAM KHAO .oocvtiertirtmrssrssssssssssssssssessssssessssssesssesssss s s sessssssesssessess s s sesssssessos 118
PHU LUC oo e seseseessessseessseesssesssesesesesseessseessese s s sessseseseseseesesesssesssessesessessseeesesessesesese 127

HAM PHAN BO MAT PQ XAC SUAT CUA L-value G PAU RA CUA BOQ
TACH SONG ...ttt 127



Vi

DANH MUC VIET TAT

T viét tat Nghia tiéng Anh Nghia tiéng Viét
3G 3 Generation Networks Mang di dong thé hé thi 3
4G 4™ Generation Networks Mang di dong thé hé thir 4
5G 5t Generation Networks Mang di dong thé hé thi 5
6G 6™ Generation Networks Mang di dong thé hé tha 6
ADC Analog To Digital Converter BO chuyeA’n doi tin hicu twong
tu sang SO
APP A Posterior Probability X4c suat hau nghiém
AQNM Addition Quantization Noise Model Mo hinh nhiéu lugng tir cong
AR3A Accumulate Repeat-3 and Accumulate | Ma tich liiy va tich Ity 13p 3
Accumulate - Repeat-4 - Jagged Ma tich Ity 1ap 4 va tich liy
AR4JA <
Accumulate rang cua
AWGN Additive White Gaussian Noise Nhiéu Gauss trang cong
BC Broadcast Channel Kénh phéat quang ba
BER Bit Error Rate Ty & 15i bit
BI-AWGN | Binary Input AWGN I;;;r? AWGN dau vao nhi
BP Belief Propagation Truyén lan tin cay
BPSK Binary Phase Shift Keying ?ﬁzﬁ che khoa dich pha nhi
CSlI Channel State Information Thong tin trang thai kénh
DNN Deep Neural Networks Cac mang no-ron sau
Digital Video Broadcasting — Satellite | Phat séng video k§ thuat s6 -
DVB-S2 o
2 VEé tinh 2
E-LLR Extrinsic Log Likelihood Ratio Ty 1¢ xac suat logarit bén
ngoai
FER Frame Error Rate Ty lé 16i khung
FIFO First In First Out B0 dém vao trudc ra trudc




Vil

GSM Global System for Mobile Hé thdng di dong toan cau
HD High Definition Do phan giai cao
|EEE Instl-tute of Electrical and Electronics Hoi Ky su Dién va Dién ti
Engineers
LDPC Low Density Parity Check Code m;pklem tra chan lé mat 4o
LLR Log Likelihood Ratio Ty lé xac suat logarit
LS-MIMO Large-Scale Multiple Input Multiple Hé t~hopg da dau vao da dau
Output ra co lon
. . Thuat toan truyén thong tin
LS-MIMO- Large-Scale Multiple In_qu Multiple bén ngoai db thi nhé cho he
Output Protograph Extrinsic % Ao A
PEXIT . thong da dau vao da dau ra
Information Transfer <11
co lon
MAC Multiple Access Channel Kénh da truy cap
MAP Maximum A Posterior Cuec dai xac suat hau nghiém
MIMO Multiple Input Multiple Output 'r_:': thong da dau vao da dau
ML Maximum Likelihood Udc luong hop ly cuc dai
MMSE Minimum Mean Square Error Lfl b_u;lh phuong trung binh
toi thieu
NCS Nghién Ctru Sinh
NOMA Non-Orthogonal Multiple Access Da truy cap khong truc giao
ON Observation Node Nut quan sat
PDF Probability Density Function Ham mat do xéac suat
Protograph Extrinsic Information Truyén théng tin bén ngoai
PEXIT X ths b
Transfer do thi nho
QAM Quadrature Amplitude Modulation Diéu ché bién do cau phuong
RF Radio Frequency Tan sb vo tuyén
SISO Single Input Single Output HE thong don dau vao don
dau ra
SN Symbol Node Nut ky hiéu




viii

SNR Signal To Noise Ratio Ty & tin hiéu trén nhiéu

STBC Space Time Block Code g?:nkhm khong gian tho

TDD Time Division Duplex Ghep kenh phan chia theo

thoi gian

UL-MAC Uplink Multiple Access Channel Kénh da truy cap duong Ién

V-BLAST V_ertlcal — Bell Labs Layered Space- P_han l6p kflong gian thoi
Time gian doc cua Bell Labs

ZF Zero Forcing Cudng buc khéng




DANH MUC CAC KY HIEU TOAN HQC

a Gia tri LLR bén ngoai tir nut bién dén nat kiém tra
Ai Tap hop tat ca cac bit trong hang tha i caa ma tran He
|A] binh thirc cia ma tran A

b Gia tri LLR bén ngoai tir nat kiém tra nén nat bién
b T ma dau vao bo ma hda

b Tur ma thdng tin giai ma ¢ phia thu

B Ma tran co s¢ cua mé Protograph LDPC

Bj Tap hop cac bit trong cot thir j cua ma tran He

c Tu ma dau ra bo ma hoa

C Gidi han dung luong kénh

cVM Khong gian phiic 2 chiéu

CN(0,1) Phan bb Gauss phtic véi trung binh khong va phuong sai don vi
Co S6 lwong ham rang budc trong bai toan téi wu

D Ham méo dang

€sp S6 canh két néi nat bit p dén nat kiém tra s

E,/N, Ty 1é nang luong bit trén mat do nhiéu

E(x) Ham trung binh xéc suat

E(i,j) Thong tin bén ngoai tai nat kiém tra

f(x) Ham rang buoc trong bai toan t6i uu

F S6 ma tran kénh trong thuat toan tim kiém

ggq Diém gisi han luong tir

Gc Ma tran sinh caa ma




h(n,m) Hé s6 kénh tir dng-ten phat m dén dng-ten thu n

H Ma tran kénh

HT Ma tran chuyén vi va lién hop phtc cia ma tran H

H(X) Ham entropy cua bién ngau nhién X

Hc Ma tran kiém tra chén lé

Iy Piém xap xi lugng tir

Lipp Ham thong tin twong hd cua x4c suit hau nghiém

I.p,s] Théng tin twong hd bén ngoai gitra gia tri LLR duoc giri boi nit bién
all’ thir p t6i nit kiém tra thir s va bit ma héa twong tng thi p

1[5, v] Thong tin twong hd bén ngoai giira gia tri LLR dwoc gui boi nit kiem
b5 P tra thir s dén nit bién tha p va bit ma hoa twong tng th p

Iy Ma tran don vi

Itet,qx S6 lwong vong lap téi wu giai ma

I [n,m] Thoéng tin twong hd bén ngoai giira gia tri LLR duoc gui boi quan sat
at” thir n ntit dén nut bién thir m va bit ma hoa tuong tng tha m.

I[m, ] Tin twong hd bén ngoai gitra gia tri LLR duoc gui boi bién tha m dén
BT n(t quan sat thir n va bit ma héa twong tng thi m

Im Phan 4o cua sb phic

I(X;Y) Ham thong tin twong hd

J(x) Ham tinh thong tin trong hd xap xi

J(x)! Ham nguoc tinh théng tin twong hd xap xi

Kc Do dai khéi thong tin dau vao bo tao ma

Lc S6 str dung kénh

L, Gidi han cat caa bo chuyén doi tuong tu $6

L(X) Ham log likelihood cua bién ngiu nhién X

M S6 ang-ten phét




Xi

M(i,j) Thong tin bén ngoai tai nat bit

N S6 ang-ten thu

Nc¢ Do dai khéi thong tin dau ra bo tao ma
N, Mat do phan bé phé nhidu Gauss

P S6 cot cua ma tran co s&

p(x) Ham mat do xac suat

Q Do phan giai cua bo chuyén doi trong tu $6
R Tilé ma

R(D) Ham ty 1é m& ngudn vai bién méo dang D
Re Phan thuc caa s6 phic

Ri Gia tri Log Likelihod cua nut bit i

R Ham lay phan thuc caa sb phic

S S6 hang ciia ma tran co s

s Ky hiéu dau ra bo diéu ché

sign Ham lay dau

t Chi s6 vong lap tach song

tanh Ham tanh

x Véc to ky hiéu phia phat

b4 U'dc tinh mém cua ky hiéu x

X Bién ngau nhién

X U'dc tinh caa mot bién ngau nhién

Xa Ky hiéu ma khong gian thoi gian cua Alamouti
w Véc to nhidu Gauss tring cong




Xii

Nhiéu luong tir

q
y Vector tin hiéu dau vao may thu
y Phién ban cit cua tin hiéu thu y
v Ty Ié tin hiéu trén nhiéu trung binh
o? Phuong sai cua bién ngau nhién
Y Tong nhiéu
r Gia tri LLR cua x&c suat hau nghiém
a Gia tri LLR bén ngoai tir nit quan sat dén nat ky hiéu
B Gia tri LLR bén ngoai tir nut ky hiéu dén nat quan sat
£ Hé sb suy giam cua bo tach song
n Ham muc tiéu téi wu ma
) Nghich dao cua ty I tin hi¢u trén nhiéu cua bo chuyén doi twong tu

SO

Hé s6 suy hao lwong tir trong mo hinh nhidu lugng tir cong




Xiv

DANH MUC CAC HINH VE

Théng ké s6 thué bao di dONG t0AN CAU [1]. cv.vvvevvveeeiereeeeeeeeees e 1
Hinh 1.1. M6 hinh truyén thong tin diém-diém. .......coceveeveeeieeeeeee e, 7
Hinh 1.2. Dung lugng KENh AWGN. .....ccoiiiiiii e 12
Hinh 1.3. Cau trdc ctia ma Turbo VGi ty 16 MAR = 1/3. .o, 13
Hinh 1.4. Két qua md phong ma Turbo véi cac do dai tir ma khac nhau................. 14
HINh 1.5. GIAn d0 TANNET. ......ovvvririiicieiieiese st 15
Hinh 1.7. Protograph ctia ma tran co sO (1.23). .ecceeiieiicieeceece e 23
Hinh 1.8. Sao chép protograph 3 1an dé c6 tir ma vi 6 dai 9. .......cevevvveeeeerirnns 24
Hinh 1.9. Protograph sau khi da hoan d6i két ndi cta cac canh...........c..cccevvvrvennees 24
Hinh 1.10. Ty I¢ 156i khung (Frame Error Rate - FER) cuia cac ma & (1.26), (1.27),
(1.28), (1.29) eeeeieeieieeieieee ettt aer e re e re st nnn 29
Hinh 1.11. Ty I 15i bit (Bit Error Rate — BER) cua cac ma & (1.26), (1.27), (1.28),
(1.29) oottt e ettt e s e e e re e renrenres 29
Hinh 1.12. Hé thong truyén dan da dau vao da dau ra (Multiple-Input Multiple-
OULPUL = MIMO). ... 30
Hinh 1.13. Dung lugng KENh MIMO.........cooiiiieeceee e 32
Hinh 2.1. M hinh kénh LS-MIMO véi bd chuyén d6i ADC c6 do phan giai thap.
................................................................................................................................... 42
Hinh 2.2. M6 hinh nhiéu ludng tir cong (AQNM). .....ccueveveeceeeeeeeee e 44
Hinh 2.3. Gian db Tanner tach song tin hiéu LS-MIMO dua trén BP.................... 45
Hinh 2.4. Biéu d6 cap nhat théng tin & nit quan sat ON thir 7.......cveveeveeevceeenne, 47
Hinh 2.5. Cap nhat thong tin & NUt Ky hi¢u SN ..., 48
Hinh 2.6. Hiéu nang BER 10 X 10 LS-MIMO, 3-bit ADC, hé¢ s suy giam € = 0,2.
................................................................................................................................... 51
Hinh 2.7. Hiéu nang BER: LS-MIMO 10 x 10, 2-bit ADC dén 5-bit ADC, € = 0,2.
................................................................................................................................... 52



XV

Hinh 2.9. Hiéu nang BER: LS-MIMO 10 x 30, 2-bit ADC dén 5-bit ADC, & = 0,2.

Hinh 2.10. Hiéu niang BER trong hé thng LS-MIMO va sé lan lap, € = 0,2. 54
Hinh 211. Hiéu ning cua BER trong hé théng MIMO: D6 phan giai thap va cao,

EE e 0 10/ 54
Hinh 3.1. M6 hinh truyén dan MIMO sir dung ma hoa kénh Protograph LDPC.....57
Hinh 3.2. Biéu d6 hai I6p cho tach séng tin hiéu LS-MIMO chung va giai ma
Protograph LDPC. .......oiiiie ittt 60
Hinh 3.3. Ham mat d6 xé4c suat caa thong tin LLR: Ma AR3A [13], toc d6 ma hoa
£ U S 65

Hinh 3.4. Minh hoa tac dong cia quy trinh hai budc: ma tran co sé B trong (3.19),
tbc do ma hoéa R = 1/2, @6 dai khdi thong tin 2400 bit, 20 lan l3p, 10 x 10 MIMO.

................................................................................................................................... 73
Hinh 3.5. Hiéu nang FER: d¢ dai khdi thdng tin 2400 bit, 20 lan lap, 10 x 10 LS-
Y 1LY TP 75
Hinh 3.6. Hiéu nang FER: d¢ dai khdi thdng tin 4800 bit, 50 lan lap, 10 x 10 LS-
IMIIIMIO .ttt ettt 75
Hinh 3.7. Hiéu nang FER: tbc d6 ma hoa R = 1/2, d6 dai khdi théng tin 2400 bit,
20 14N 13D, 100 X 100 LS-MIMO.....c..oiieieieiieceeeeeeeee et 77
Hinh 3.8. Hiéu nang FER: toc ¢6 md hoa R = 1/2, d6 dai khdi théng tin 2400 bit,
50 14N 13p, 100 X 100 LSMIMO. .....cooovviirieeieeeeeeeseesees st 78
Hinh 3.9. Hiéu ning FER: d¢ dai khdi thdng tin 4800 bit, 20 lan lap, 10 x 10 LS-
IVIIIMIO ..ttt ettt en e 79
Hinh 3.10. Hiéu nang FER: cuong do khdi théng tin 2400 bit, 50 lan lap, 10 x 10
IS 1LY, TR 79
Hinh 4.1. M6 hinh kénh truyén thdng ma h6a LS-MIMO. ..........cccoccvvevvreerrrrrrenen. 81
Hinh 4.2. So d6 hai 16p cta bo thu giai ma va tach song két hop. ........c..ccceveveeeenees 83

Hinh 4.3. Hinh Pdf cua gia tri L & dau ra cua bo tch song: md AR3AR, ADC 5-bit,
10 1an 13p, toc @6 ma R = 12, chiéu dai: 9600 Dit. ......c.coveeeeeieceeeeeeeeeeee e, 87



XVi

Hinh. 4.4. Protograph MIMO-LDPC liEn hop. ..ccocoveiiiiicceeeeceeeeeee e, 90
Hinh 4.5. So sénh BER: MIMO 10 x 10, 10 lan lap, ty 16 ma R = 1/2, d6 dai 9600
DI, 1 vttt ettt 107
Hinh 4.6. So sénh BER: MIMO 100 x 100, 10 lan lap, ty 1é ma R = 1/2, d6 dai 9600
0 | 108
Hinh 4.7. Hiéu nang BER va ADC 2-Bit: MIMO 10 x 10, 10 lan lap, ty 6 md R =
1/2, 30 A1 9600 DIt .......voeveeececeeeeesie ettt 109
Hinh 4.8. Hiéu ning BER va ADC X-Bit: MIMO 100 x 100, 10 lan lap, ty I¢ ma
R =1/2, 30 dai 9600 Dit. .....co.veveeerieeeeeeeeeie sttt 110
Hinh 4.9. BER va tc d6 m4: M& AR3A, MIMO 10 x 10, 10 lan lip, ty 6 ma R =
1/ 2 — 9/ 10, chiéu dai Khbi 9600 Dit. ..........cccoviveveririieeeeees e, 111
Hinh 4.10. BER va céc lan lap: Ma AR3A, MIMO 10 x 10, 10 - 50 lan lap, téc do
MA R = 1/2, chiéu dai KNSi 9600 Dit............ccrvvereereererereiieieeeseeesese s 112
Hinh 4.11. BER va Cau hinh MIMO: M4 AR3A, MIMO 10 x 10, 10 lan lzp, toc d6
mM& R = 1/2, chiéu dai KNoi 9600 Dit..........cc.ccveveeerrerieeieeieeesseceeeeeeessesesnes s 112
Hinh 4.12. BER va chiéu dai khdi: MIMO 10 x 10, 10 lan lap, ty 6 ma R = 1/2,
chiéu dai khdi 120 Dit - 9800 DIt .........c.vueveerireeereeeseesseeess et eseese s 113

Hinh 4.13. Ham phan bd mat do xac suat cua L-value ¢ dau ra cua bo tach séng: ma
AR3AR, MIMO 10 x 10, 10 lan lap, ty 16 md R = 1/2, chiéu dai khdi 9600 bit. 127
Hinh 4.14. Ham phan bd mat do xac suat cua L-value ¢ dau ra cua bo tach séng: ma
AR3AR, MIMO 20 x 20, 10 lan lap, tbc do ma R = 1/2, @6 dai khéi 9600 bit....128
Hinh 4.15. Ham phan b mat d6 xac suét cua L-value ¢ dau ra cua bo tach song: ma
AR3AR, MIMO 30 x 30, 10 lan lap, ty 1é m& R = 1/2, do dai khéi 9600 bit.......129
Hinh 4.16. Ham phan b mat d6 xac suét cua L-value ¢ dau ra cua bo tach song: ma
AR3AR, MIMO 100 x 100, 10 lan lap, ty 16 ma R = 1/2, d6 dai khdi 9600 bit. 129



XVii

DANH MUC CAC BANG

Bang 1.1. Bang ma hoa Kiém tra Chan €(3,2)...ccvevveeeieeeeeeeeeeeseeeseesesseessnseees 10
Bang 2.1 CAC tham S8 MO PhONG ........veeeeieeeeceeeeeeeeeee e 50
Bang 3.1 CAC tham S8 MO PRONG .......vvveieeeeeiieeeeeeiee et 70
Bang 3.2. Ngudng giai ma (Eb/No dB), 10 x 10 MIMO kénh, 20 Ian lap. ............ 73
Bang 3.3. Ngudng giai ma (Eb/No dB), 10 x 10 MIMO kénh, 50 lan lap. ............ 73
Bang 3.4. Ngudng giai ma (Eb/No dB), 20 lan lap) cho cac cau hinh LS-MIMO khéc
1] =T SRR USSP 76
Bang 3.5. Ngudng giai ma (Eb/No dB), 50 lan lap cho cac cau hinh LS-MIMO khéc
1] =T OO P PO P UPT PSPPI 76
Bang 4.1. Ngudng giai ma (Eb/No dB): MIMO 10 x 10, 10 lan lp, ty 1& ma 1a 1/2.
................................................................................................................................. 101
Bang 4.2. Ngudng giai ma (Eb/No dB): MIMO 100 x 100, 10 lan lap, ty Ié mi la
L2 et e b e e te e reeanns 102
Bang 4.3. MGi quUan N& Gita Q VA (. ....oeeveveeeeceeeeeeeeeeeeee e essee s 103
Bang 4.4. Ngudng giai ma (Eb/No dB): Cau hinh MIMO 10 x 10, m& AR3A véi ty
1EMEATA 1 /2,10 - 50 TAN TAP. ...t 103
Bang 4.5. Ngudng giai md (Eb/No dB): Ma AR3A, ty 16 ma 1/2, 10 lan lap, cdu hinh
LS-MIMO 10 X 10 - 10 X 80. c.uuutiiiiieeieeii ittt e e e e n e e e e e e 105
Bang 4.6. Ngudng giai md (Eb/No dB): M&d AR3A, LS-MIMO 10 x 10, 10 lan lip,
ty 18 0 MA 1/2 AN 9710....ceeeeeeeeeeeeee et 105

Bang 4.7 CAC tham S8 MO PRONG .......veeveeerceeeeeieeeeeees st ees s 106



LOI MO PAU

Ly do nghién ciu

Cong nghé vién thong (dac biét thong tin vo tuyén di dong) da va dang dong
vai trd quan trong trong doi séng x& hoi. Céng nghé thong tin da va dang lam thay
ddi cach con ngudi giao tiép va twong tac véi nhau trong xa hoi, vi du nhu cach vén
hanh va quan 1y nha nuéc, cach tiép can khach hang (hinh thac kinh doanh). Theo sé
licu thong ké hién trén thé giGi c6 khoang 5 ty thué bao di dong va s thué bao udc
tinh dén nam 2025 1a khoang 6 ty [1]. Trong do, s6 thué bao di dong ¢ khu vuc Chau
A - Thai Binh Duong chiém ty trong 16n nhat (Biéu do dudi day).
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Théng ké s thué bao di dong toan cau [1].

Céc dich vu ma mang thong tin v tuyén di dong cung cip ciing thay doi dang ké
trong vong 15 nim qua. Néu nhu cac mang di dong thé hé tht 2 - 2G dung cong

nghé GSM - duoc trién khai dau tién & Phan Lan vao nim 1991 cung cap chu yéu



dich vu thoai, thi dén nay (11/2019) dich vu dit liéu di ddng méi 1a dich vu chu chét

va mang lai phan 16n doanh thu cho céc nha mang 4G hién nay.

Xu huéng sap téi cia mang thdng tin vo tuyén di dong dé 1a: cac két ndi vo
tuyén khéng chi phuc vu giita con ngudi véi con nguoi ma con két ndi gitra con ngudi
va thiét bi, két ndi thiét bi vai biét bi. Mang thdng tin vo tuyén di dong s& hudng dén
két ndi bat ky thyc thé nao mién 1a nhirng thyuc thé dé co thé chuyén mach trang thai

thong qua thiét bi dién tir (Internet of Things).

Véi xu huéng phat trién caa mang vién thong nhu da néi o trén, nhu cau vé
téc do truyén din s& khong ngung gia ting dé dap wng cac dich vu thoi gian thyc va

dich vu yéu cau bang thong cao trong mang vo tuyén di dong.

Hién nay, mang 5G van dang trong giai doan dau thir nghiém va trién khai [2]
nhung cong dong nghién ciru da dua ra tim nhin cho viéc phat trién cong nghé tiép
theo cua mang vo tuyén khong day - mang 6G - vai nhiéu dé xuat vé céng nghé 16i

cho giao dién vd tuyén, yéu cau vé chat lugng dich vu, cau hinh mang luéi, v.v. [3].

Néu téc do truyén dan téi da cta 4G 1a 100Mbps, thi nguoi ta dang ky vong
téc do tdi da cua 5G 1én dén 20 Gb/s va 16n hon 1 Tb/s dbi véi mang 6G [3]. Bén
canh d6, tré xu Iy tin hiéu (latency) ciing dat ra yéu cau khat khe hon ddi véi mang
v tuyén di dong trong twong lai. Vi du nhu mang 4G yéu cau do tré xu Iy 10 ms thi
mang 5G yéu cau do tré xir ly giam xuéng con 1 ms. Pac biét, mang 6G yéu cau do
tré & mac 10-100 ps [3].

Nhitng yéu cau vé toc do va do tré xir ly kéo theo su thay doi 16n ¢ giao dién
v tuyén ciia mang khdng day thé hé méi. Néu nhu cong nghé da dau vao da dau ra
(MIMO) va m stra 16i kénh Turbo duoc dé xuit sir dung trong mang 4G thi hé thong
MIMO c¢& 16n (Massive/Large-Scale MIMO — véi sb ang-ten 1én dén hang tram [3])
va mi LDPC/ Polar Codes dugc dé xuat cho mang 5G. Ddi véi mang 6G, cong nghé
da dau vao da dau ra van tiép tuc 1a mot trong nhitng cong nghé 15i va nguoi ta dé
Xuit str dung hé théng MIMO cuc 16n (“super-massive MIMO) dé cd thé cung cap
téc d6 truyén dan 1én dén Th/s [3].



Nhitng thay d6i méi vé céng nghé vo tuyén nhu da noi ¢ trén doi hoi phai co
nhieng nghién cizu dé xudt nhing thudt toan méi ciing nhw dé cdi tién cac thudt
toan xz ly tin hiéu hién tai sao cho viéc truyén ddn trén kénh vo tuyén dwec hiéu
qud - tiét Kiém ndng lirong pin hodc ting dung lwong kénh. Tuy vdy, cac nghién
cieu vé vige két hep gisza ma Protograph LDPC véi kénh MIMO cé lén si dung bé
chuyén doi ADC cé dé phan gidi thdp chuwa diroc cac nha nghién civu trong nwéc
va thé gidi thuec hién. Vi vdy, NCS lwa chen cha dé nay 1am nghién ci#u trong lugn

an caa minh.
Muc dich nghién ctru
Muc dich nghién ctru cua luan an nay la:

1. Tim giai phap tach song tin hiéu MIMO c¢& 16n c6 do phic tap thap va hoat
dong cua thuat toan hiéu qua khi két hop voi ma Protograph LDPC. Viéc lya chon
mé Protograph LDPC trong luan an nay vi day la ho ma con ciia ma LDPC c¢0 hiéu
ning tiém can voi dung luong cia Shannon va do phac tap cua viéc thiét ké va tao
mia don gian hon. Loai ma nay da duoc dé xuat sir dung trong cac hé thong vo tuyén
thuc té.

2. Thiét Iap quy trinh thiét ké ma protograph LDPC cho kénh MIMO ¢4 Ién.

3. Dénh gia va phan tich hiéu ning cua hé thbng MIMO ¢& 16n véi bo chuyén
d6i twong tu s6 (ADC) c¢6 d6 phan giai thap. Nhitng két qua nghién ctu & phan nay
¢ y nghia thuc tién vi khi sb luong dng-ten thu ting cao thi ning luong tiéu thu cua
khdi cao tan cua may thu ty 1¢ voi d6 phan giai cua bo ADC. Tuy vay, khi giam do
phan giai dé cat giam tiéu thu nang luong ¢ khi cao tan thi méo dang tin hiéu cua bo
ADC lai gay anh huong dén hiéu ning cta céc thuat toan xir Iy ¢ bang tan goc. Hon
nita, 6 luong dng-ten ting cao ciing 1am cho nhitng thuat toan tach song tin hiéu cho

hé thdng MIMO thong thudng tré nén khdng con phi hop do do phuc tap tang cao.
Pham vi nghién ciru

Luén &n nghién ctu mé hinh kénh truyén din MIMO ¢& 16n diém — diém st

dung mo hinh kénh théng ké (Kénh pha dinh Rayleigh) gitp cho viéc xay dung cac



biéu thirc toan hoc duogc thuan lgi dé tir 46 c6 nhitng phan tich ly thuyét chit cha.
Trong ndi dung luan &n nay, sb luong ang-ten trong cac thi nghiém tir 10 d&én 100.
Tuy vay, cac két qua nghién ciru trong luan 4n nay hoan toan cé thé ap dung tric cho
cac cau hinh MIMO khéc nhau vai s6 luong ang-ten tly ¥ va da 16n. Bén canh do,
khéi diéu ché tin hiéu sé& chi sir dung phuong thire diéu ché khéa nhi nhan (BPSK) dé
thuan tién trong viéc xay dung céc biéu thuc toan hoc trong cac thuat toan cua luan
an. Viéc mé rong 1én cac phuong thie diéu ché bac cao khong duge dé cap trong luan

an nay vi d6 1a chii dé phtrc tap can duoc thuc hién & mot nghién ciru doc 1ap khac.

Poi twong nghién chu:

Luan &n tap trung nghién ctu ba céng nghé 16i d6 1a: Hé théng truyén dan
MIMO ¢& 16n véi sé lugng ang ten phat va ang ten thu tir 10 dén 100 ang ten, Vi
phuong thirc diéu ché BPSK; hé thong sir dung céc bo chuyén doi ADC c¢6 phan giai
thap tir 2 dén 5 bit; va dic biét 1a nghién cau thiét ké ma hoa tiém can dung luong
kénh P-LDPC, day la tap con cia ma hoa kénh LDPC nham ting hiéu ning cho hé
théng MIMO ¢4 lén.

Phwong phap nghién ciru

e Thiét1ap md hinh toan hoc: Bé c6 dugc mot giai phap xtr ly tin hiéu tong quat,
nhitng nghién ciru trong luan an str dung phuong phap mé hinh hoa cac thanh phan
trén tuyén truyén dan bang cac mé hinh toan hoc théng ké. Cu thé: M6 hinh qué trinh
bién d6i hé s6/do loi kénh truyén biang mot bién ngau nhién theo phan bé Rayleigh.
Nhiéu dau vao tai may thu do hé sb nhiét caa cac linh kién dién tr bang nhidu Gauss
trang cong. Tong nhidu cua cac ludng tin hiéu dwgc mo hinh bang nhidu Gauss trang
cong dua trén dinh luat s6 16n trong théng ké. Anh huéng cua qua trinh lugng tir ciing
dugc mé hinh hda bang hé sb suy giam tin hiéu va nhidu cong. Tat ca nhitng mé hinh
toan hoc dé da duoc 4p dung trong cac nghién ciru cua nhitng nha khoa hoc trén thé

gi6i khi nghién ciu cac giai phap xu ly tin hiéu I6p vat ly cua giao dién vo tuyén.

e M0 phong may tinh dé kiém nghiém cac két qua phan tich toan hoc: Cac mé



phong may tinh dwgc thuc hién dé kiém dinh lai nhitng phan tich ly thuyét.
Nhirng dong gép cia luan an

e Xay dung bo tach song tin hiéu MIMO ¢& 16n véi bo chuyén d6i ADC c6 do
phan giai thap. Két qua nghién cau da dugc cong bé tai [CT1] phan Danh muc céc

cdng trinh cong bé caa tac gia va dugc trinh bay ¢ Chuong 2.

e Xay dung gian 6 Tanner kép dé md hinh hoa su tuwong tac gitta théng tin cua
bo tach séng MIMO va thdng tin cia bo giai ma LDPC. Tur d6 tim kiém c4u tric ma
protograph LDPC tot nhat cho mdi cdu hinh MIMO dugc dé xuat. Pong gop nay cua
NCS duoc cong bé tai [CT3] phan Danh muc cé&c cong trinh céng b caa tac gia

va dugc trinh bay 6 Chuong 3.

e Thiét ké lai thuat toan xir ly tin hiéu trén gian d6 Tanner kép & Chuong 3 cho
truong hop kénh MIMO véi b ADC d6 phan giai thap. Thuat toan méi gitp danh
gia hiéu nang cac ho ma protograph LDPC khac nhau trong hé thong Massive-MIMO
v6i bo ADC c6 d6 phan giai thap. Két qua nghién ctru da duoc cong bd tai [CT2] va
[CT4] phan Danh muc cac cong trinh cong bd caa tac gia va duoc trinh bay ¢

Chuong 4.
Cau trdc luan an

Noi dung luan an bao gom phan mo dau, 4 chuong va két luan duoc bd cuc

nhu sau:

e Chuong 1: Trinh bay téng quan vé mé hinh théng tin s6, md hinh kénh MIMO
va ma tiém can dung luong Protograph LDPC.

e Chuwong 2: Trinh bay thuat toan tch song tin hiéu MIMO c¢& I6n dua trén gian
d6 Tanner va truyén lan do tin cay.

e Chuong 3: Trinh bay quy trinh thiét ké ma Protograph LDPC cho kénh MIMO
c& 16n dung gian d6 Tanner kép.

e Chuong 4: Trinh bay quy trinh ddnh gia hiéu ning ctia hé théng thong tin
MIMO c& I6n véi bd chuyén ddi ADC c¢6 d6 phan giai thap.



e Phan két luan: Téng két lai nhimg dong gop cua luan an ciing nhu huéng
phat trién tiép theo cua dé tai truyén dan MIMO ¢& 16n véi bo ADC c6 do phan giai
thap.



CHUONG 1
TONG QUAN VE KENH TRUYEN DAN MIMO
VA MA PROTOGRAPH LDPC
1.1. H¢ théng thong tin sb

Luén &n nay tap trung nghién citu mé hinh théng tin két néi diém-diém. Nhiing
két qua nghién ctu cho két nbi diém-diém s& 1a nén méng dé maé rong cho cac cau
hinh két ndi khac trong mang thong tin di dong bao gom: da diém-diém (Multiple
Access Channel - MAC) ciing nhu cdu hinh phat quang ba diém- da diém (Broadcast
Channel-BC).

M6 hinh hé théng thong tin diém-diém duogc trinh bay ¢ Hinh 1.1. Md hinh
truyén dan nay duoc xay dung duya trén dinh ly caa Shannon (Shannon’s separation
theorem). Ly thuyét nay néi rang ching ta hoan toan c6 thé t6i uu hé thdng truyén
dan diém - diém bang céch thiét ké hé thong ma hoa/giai ma nguon va ma hoa

kénh/giai ma kénh doc lap [4].

Nguonthéngtin |  Knéj mé hoa p| Khiimihoéa
nguon kénh
Kénh truyén
Phuc héi ﬂg‘uén
théng tir] 4 | Khéigiaimi |g— | Khéigidimi
) ﬂg‘uén kénh

Hinh 1.1. M6 hinh truyén thong tin diém-diém.

Pay 1a md hinh truyén thong diém-diém duoc st dung rong rai ¢ hau hét cac hé thong
thong tin s6 nhu cac hé thong chuyén tiép vi-ba dén mang thong tin di dong (Mobile

Network 2G) ciling nhu thong tin vé tinh. Nhu da trinh bay ¢ Hinh 1.1, phia phat



thuong c6 2 khéi xtr y tin hiéu chinh d6 1a khéi xir Iy ma héa/giai ma ngudn (Source
Encoder/Decoder) va khdi xtr Iy ma hda/giai ma kénh (Channel Encoder/Decoder).

1.1.1. M& hda nguén

Khdi chtre ning ma héa nguon dung dé loai bo nhimg thong tin du thira trong
ngudn tin hiéu cang nhiéu cang tét dé tiét kiém bang thong truyén dan cua kénh truyén
dan dé tang hiéu qua sir dung kénh. Vi du nhu mét ngudn video géc theo chuan HD
cd thé c6 dung luong 1én d¢én GB/s, nhung néu ching ta sir dung bd ma héa ngudn tin
hiéu video thi c6 thé nén dung lugng video xuéng vai tram tham vai chuc Mb/s. Ly
do 12 bo xu Iy tin hiéu ma héa ngudn di loai bo thong tin du thira theo thoi gian va
khéng gian dé tir d6 loai bo nhirng thong tin du thira trén cac khung hinh caa ludng
video.

Cau hoi dit ra 1a can it nhat bao nhiéu bit & ma hda mét mau ngudn tin hiéu
dé dam bao rang phia thu cd thé khoi phuc lai théng tin ciia phia phat? Shannon da
ding ly thuyét thong tin dé tra 16i cau hoi do.

D6i voi nguon théng tin roi rac ca vé thoi gian va bién d6 (vi du nhu sé lidu
tir cac thiét bi sd), tc d6 ma hda ngudn tdi thiéu dugce tinh nhu sau [5]

R > H(X)[bits / sample], 1.1)

trong d6, H(X) 12 ham entropy cua nguén tin hiéu X (1a mot dai luong ngau nhién).

Déi vai ngudn thdng tin roi rac theo thoi gian nhung bién d6 13 mot dai luong
lién tuc (vi du nhu tin hiéu thoai dugc ldy mau), tbc d6 ma héa ngudn téi thiéu duoc

tinh nhu sau [5]

R> _ min 1(X; X) [bits / sample], (1.2)
p(X|x):E(d(x,X))=<D
trong d6 1(X, X) 1a luong tin twong hd trung binh giita X va X (mau tin hiéu khéi phuc
tai phia thu). D4i v6i ngudn tin hiéu co bién do lién tuc, ching ta phai dinh nghia mot

ham méo dang tin hiéu d(x, y). E (X) 1a toan tir trung binh théng ké.



Néu ngudn tin hiéu 1a mét bién ngau nhién lién tuc Gauss véi phuong sai 12
0% va ham méo dang tin hiéu 1a d(x, y) = (x — y)? (sai s6 binh phwong). Ty 16 ma

héa tdi thiéu duge tinh nhu sau

1l o 0 <D < o?
R(D) = {209\ )" =¥ =9 (1.3)
0,D > o?

Téc d6 ma hoa nguon & (1.1) va (1.2) c6 thé dat dugc bang ky thuat ma hoa

trén vector véi do dai vo han (vector quantization).

Luan an nay khdng tap trung nghién ctru cac thuat toan ma hoéa ngudn (tin hiéu
thoai hoac nén anh). Nhung viéc cac bo chuyén doi twong ty s6 (ADC) véi do phan
giai thap dugc dé xuat st dung trong cac hé théng vo tuyén da dau vao da dau ra c&
I6n (Large-scale multiple input multiple output - LS-MIMO) thi dinh Iy m& hoa nguén
ctia Shannon ¢ Biéu thuc (1.2) va (1.3) ¢6 méi lién hé chat ché. Cu thé, néu ching ta
ding cac bo ADC véi d6 phan giai thap, nghia 14 s6 bit dé biéu dién tin hiéu thu 12 it
s& dan dén muc nhidu/méo bién do tin hiéu gay ra trong qua trinh chuyén doi s& 16n
va s& 1am anh hudng dén hiéu ning ctia may thu. Hon nita, bién d6 tin hiéu cua ting
mau tin hiéu thu mang theo mot ngudn thong tin doc 1ap. Chinh vi vay céac bo chuyén
d6i twong tu s6 trong luan an ap dung cho tirng mau tin hiéu thu chir khéng phai 1a
mat vector tin hiéu thu. Cu thé vé bo chuyén d6i ADC trong hé théng MIMO ¢& 16n

s& duoc trinh bay chi tiét & Chuong 2.
1.1.2. M3 hda kénh

Déi voi bat ky mot kénh truyén dan nao, tin hiéu thu s& bj anh huong bai nhiéu
trén duong truyén. Ty vao d6 Ién cua nhidu ma ching ta cé thé thu dugc bit tin hiéu
nguoc hoan toan véi tin hiéu phét (phét bit 0, thu bit 1 va nguoc lai). DBé giam hoic
loai b anh huang cua nhidu trén kénh truyén dan, ching ta phai sir dung mot khoi
chtrc nang & phia phat do 1a b ma hdéa kénh ¢ phia may phéat va bo giai mad hoa kénh

& phia thu nhu biéu dién & Hinh 1.1.
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Y tudng chung caa mot bo ma héa kénh d6 13 bén canh viéc truyén thong tin
ngudn di (information), chiing ta phai truyén thém mot sé bit du thira gidp phia thu
phét hién hoac/va stra 16i gay ra boi nhidu cta kénh truyén dan. Ty I¢ giita s bit thong
tin trén tong sb bit dugc phat di dwoc goi 1a ty 16 ma hoa

_Kc

R=- (1.4)

Trong d6, Kc 1a sb bit thong tin dau vao bo ma hoa, Nc 1a sé bit cua tir ma &
dau ra bo ma hoa (thuong goi 1a d6 dai tir ma).

M4 chan 1é € (3,2) (chin, Kc = 2, Nc = 3) la mét vi du don gian nhét cua
viéc ma hoa kénh vai ty 16 md R = 2 / 3. Cu 2 bit théng tin ngudn duoc truyén di,
ngudi ta & truyén thém mot bit du thira dé dam bao rang tong s bit 1 trong bat ky tir

ma nao trong ho ma €(3,2) lubn 13 mot s6 chan nhu ¢ bang dudi day.

Bang 1.1. Bang ma hda kiém tra chan C(3,2).

Bit thong tin Turma
(Kc = 2) (Nc = 3)
00 000
01 011
10 101
11 110

Gia sir & bén phét truyén di tir ma (codeword) 011 va do nhiéu trén duong
truyén 1am dao gié tri cta bit thi nhat tir 0 thanh 1. Nhu vay, may thu s& nhan duoc
tir md 111 cht khong phai tir ma 011. Lic nay, s6 sb 1 trong tir ma thu 1a 3 va 1a mot
s6 I - khong dung vai quy tic ma hoa kénh. Hay noi khéc di, tir ma thu duoc khong
thudc tap cac tir ma hop 1é cia ma € (3,2), do d6 phia thu biét c6 15i xay ra trén dudng

truyén tir phia phat dén phia thu.
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M4 chin Ié € (3,2) & trén chi c6 thé phét hién dugc mot bit 16i ma théi. Néu
nhiéu trén kénh truyén lam dao gié tri caa 2 bit trong tir ma phat thi ma nay khang cé
kha ning phat hién ra 15i trong tir ma nhan dugc. Vi du phia phat gui di tir ma 011 va
nhiéu trén kénh truyén 1am dao gia tri caa bit s6 1 va bit s6 2 nén phia thu nhin duoc
tr ma 101. Tir ma nhan duoc c6 tong s6 bit 1 1a mot s6 chin va day 1a mot tir ma hop
1& trong ho ma €(3,2). Nén may thu khong thé phat hién duoc sai 16i ¢ tir ma thu
duoc. Ma €(3,2) ciing khong ¢ kha ning sira 16i béi ty 1&é ma hoa cao va do dai tur

ma qua ngén (46 dai 3 bit).

Ciing giéng nhu trong trudng hop cia ma hda nguoén, d6i véi ma hoa kénh cau
hoi dat ra 1a véi mot mac nhidu caa kénh cu thé, chiing ta nén thyc hién ma héa o ty
18 nao dé may thu cd thé phat hién va stra duoc 15i Xay ra trén duong truyén?

Dinh ly ma hoa kénh cua Shannon chi ra rang phia thu hoan toan c6 thé sira
duoc 16i xay ra trén duong truyén néu nhu ty 16 ma hoa kénh nho hon thong tin tuong
hd (Mutual Information) téi da cua kénh — duoc goi 1a dung luong kénh truyén

(channel capacity -C). Cu thé

R < m(a§(I(X; Y) [bits / sample use] (1.5)
p(x

Trong d6 I(X;Y) la thong tin twong hd gitra dau ra va dau vao cua kénh, p(x)
la ham phan bé mat do xac suat cua tin hiéu dau vao cua kénh. Déi voi kénh nhidu
trang Gauss cong (AWGN), dung luong kénh (vé phai trong Cong thic 1.5) duoc

tinh nhu sau:

1
C = Elogz(l + y) [bits / channel use] (1.6)

trong d6 7 1a ty s6 tin hiéu trén nhidu cua kénh.
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Hinh 1.2. Dung lugng kénh AWGN.

Mic du, dinh Iy vé ma hda kénh ctia Shannon chi ra giéi han truyén dan cua
maot kénh thdng tin c6 nhidu. Nhung & cong trinh nghién ciru nim 1948 cua minh [4],
Shannon khéng chi ra bang cach nao dé c6 thé tiém can dén gidi han dung luong kénh

(capacity limit hoac Shannon limit).

Gidi han dung lugng kénh ciia Shannon dugc st dung nhu dich dén cho nhiing
nghién ciru vé ma hda kénh trong thong tin sé nhitng thap ky qua. Sau dinh Iy dung
lugng kénh rat nhiéu loai ma hoa kénh ra doi nhu ma Hamming, ma xoan, vv. Tat ca
cac ma d6 déu cd hiéu niang cach xa gigi han dung luong kénh duoc thiét lap boi
Shannon. Phai dén nam 1993 (hon 40 nam sau dinh 1y dung lugng kénh ctia Shannon
dugc cong bd), ma Turbo dugc cong b tai hoi nghi ICC’93 [6] va day 1a mi hoa
kénh dau tién da tiém can dén giéi han ma Shannon tim ra. Cau tric caa ma Turbo

duoc trinh bay ¢ Hinh 1.3 dudi day.
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Encoder 1

Channel

c =[b, P['}a p{QI]

— Interleaver —+ Encoder?2

. . N 1
Hinh 1.3. Cau tric cia ma Turbo véity IEMa R = §

M3 Turbo dugc hinh thanh bang cach dung hai bo ma hda thanh phan (cé thé
la m& khdi hoac ma xoan va thuong ¢ cau triic ma gidng hét nhau) dé tao ra hai luong
bit kiém tra chan ¢ khac nhau. Luong bit thong tin b duoc gui truc tiép dén dau ra
ctia bo ma hoa ciing nhu giri dén hai bo ma hoa thanh phan. Trugc bo ma hda thanh
phan tha 2 12 bo interleaver (bd hoan ddi vi tri) dé dao trat tu thong tin dau vao véi
muc dich 1a tao ra ludng bit kiém tra chin I¢ (p®) khac hoan toan vai ludng bit kiém

tra chin 1 (p™) mac du ludng théng tin dau vao va cu tric ma thanh phan giéng

. 1
hét nhau. Cau trac ma Turbo nhu Hinh 1.3 ¢6 ty I1¢ m& hoa la 3

Két qua md phong hiéu nang cua ma Turbo ¢ Hinh 1.3 duoc trinh bay & Hinh
1.4 cho thay: Khi d¢ dai cua khéi thong tin dau vao K¢ = 65536 bits va véi 18 vong
lip, ma Turbo dat dwoc BER = 107> & muc ty & tin hiéu trén nhiéu (Eb / NO) la
0,7dB - gi6i han Shannon 13 0 dB [6]. Nho kha ning sta 15i tét, ma Turbo di duoc

dé xuat dua vao sir dung trong cac hé thong thuc té, vi du nhu mang di dong 4G [3].
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Hinh 1.4. Két qua md phong ma Turbo véi cac do dai tir ma khac nhau.

Tuy nhién, quan sat thay duong ty 1¢ 13i bit (Bit Error Rate — BER) véi d6 dai
tir ma3 65536 bits cia ma Turbo ta thay c6 hai viing: viing thac 16i (waterfall) va ving

san 15i (error-floor).

e \Vung thac 15i 1a khu vuc ma mot thay doi rat nho ¢ chat lugng kénh (ty 18 tin
hiéu trén nhiéu E, /N, tang tir 0,5dB dén 0,7dB) s& giam ty 1¢ 15i xudng rat thap - do
déc cua duong hiéu ning BER 16n gan nhu mot duong thiang ding nhu thac nudc
(waterfall).

e Nguoc lai, & viing san 13i thi mic du ching ta thay doi 16n & chat lugng kénh
truyén (ting cong sudt phat) nhung ty 1¢ 15i giam di khong dang ké - khoang Ej, /N,
tir 0,7dB dén 1dB.

1.2. M4 kiém tra chin 1é mat dé thap (Low-Density Parity Check Codes
LDPC)
Su ra doi cia ma Turbo - ma ¢ hiéu nang tiém can véi gigi han Shannon -

danh thae gidi nghién ctu ma hoéa kénh vé viéc xem xét lai ho ma kiém tra chin 1é
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c6 mat do thap da duoc nghién ctru trude d6 boi R. Gallager vao nam 1962 trong luan

an nghién ctru sinh caa minh [7].

Ma LDPC cua Gallager thuc chat 1a mot ma khéi (block code) ma ma tran
kiém tra chin 1& H, ctia nd c6 mat do sé 1 rat thap (low-density). Mat d6 sb 1 thap
giup giam d6 phuec tap cua thuat toan giai ma vong lap (iterative decoding algorithm).
Ma tran kiém tra chin I H, & (1.7) dudi day 1a vi du cho mot ma LDPC c6 d6 dai tir
ma 1a 6 bit (S6 cot cua ma tran H,) va c6 s6 phuong trinh kiém tra chin 1¢ 12 4 (sb

hang cua ma tran H,.).

(1.7)

cCoOR R
RO RO
oo R
oORr RO
R oo

Ngoai viéc c6 mat do s6 1 trong ma tran chin 1é thap thi ma LDPC khong khac
gi cac ma khdi tuyén tinh khac nhu ma Hamming.

Ma tran H, c6 kich thuéc (Nc — Kc¢) hang twong duong v6i s6 phuong trinh
kiém tra chin 1¢ (check nodes trén gian d6 Tanner) va c6 N, cot twong duong véi sb
bit trong tir m& (bit nodes trén gian d6 Tanner). Ma tran H, nay cd thé biéu dién bang
biéu d6 Tanner nhu Hinh 1.5.

Nt kiém tra

Nt bit O O

Hinh 1.5. Gian d6 Tanner cua ma LDPC.
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Gian d6 Tanner & Hinh 1.5 ¢6 hai loai nat (node): ndt bit (bit node) va nat
kiém tra (check node) va cac canh ndi cac nat véi nhau. Phan tir & hang i va cot j cua
ma tran H, c6 gia trj 12 1 s& twong ng véi nat kiém tra i duoc ndi véi ndt bit j trén
gian dd Tanner. Gian dd Tanner nay dugc st dung dé xay dung bo giai ma LDPC
dwa trén thuat toan truyén lan do tin cay — do 1a thdng tin mém vé cac bit ma duoc
truyén qua lai giira nat bit va nat kiém tra.

Y nghia ctia ma tran kiém tra chin Ié H, 13, néu tir ma thu duoc ¢ (dang véc-

to hang) duoc goi la tir ma hop 1& néu va chi néu

H.cT =0 (1.8)

Trong d6: 0 la véc- to véi tat ca cac phan tir bang 0.
1.2.1. Ma héa LDPC
Céc bit thong tin duoc Ky hiéu by, b, .., by dugc viét duéi dang véc to hang b =
[bby, by, .., by, ] dwoc méd hoa béi mot ma tran sinh (generation matrix) G détaora
tor ma ¢ nhu sau:
c=baG, (1.9)
Phan ttr (i,j) cua ma tran sinh G, c6 gia tri 1a 1 néu nhu bit thong tin b; tham
gia vao viéc tao ra bit ma ;. MA4i quan hé giita ma tran sinh G, va ma tran kiém tra
chin I¢ H, nhu sau:
G.H'=0 (1.10)
1.2.2. Giai ma LDPC dung gian dé Tanner (Thuit toan tong tich)
Phan nay s& trinh bay thuat toan giai ma LDPC theo thuat toan téng-tich (Sum-
product). Pay 1a mot thuat toan truyén thong tin quyét dinh mém st dung gian dd
Tanner [8]. N6 twong tu nhu thuat toan lat bit (bit-flipping) nhung cac thong bao dai

dién cho tirng quyét dinh (bit gia tri 12 1 hozc 0) bay gid 1a x&c suat. Trong khi giai

ma lat bit chdp nhan maot quyét dinh cimg ban dau trén céc bit nhan duoc lam dau
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vao, thuat toan tong-tich 12 mot thuat toan quyét dinh mém chap nhan xéc suat cho
mdi bit nhan duoc & dau vao. Kénh dau vao, hodc xac suat bit nhan duogc con dugc
goi 12 x4c suat tién nghiém cho céc bit nhan dugc, vi chiing da duoc biét trudc khi bo

giai ma LDPC duoc van hanh.

Ddi voi bo giai ma tong tich, thong tin bén ngoai duoc truyén gitta cac nit
cling duge cho dudi dang xac suat chu khéng phai 1a cac quyét dinh cang. Théng
diép bén ngoai E;; tr nit kiém tra j dén nit bit thir i ma né dugc két ndi 1a ndt kiém
tra ciia j V& xac suat ¢; = 1, dua trén thong tin c6 sén tai nat kiém tra j. Tuc 13, Ej ;
cho xéc suat ¢; = 1 s& 1am cho phuong trinh kiém tra chin l¢ j dugc théa méan. Luu
y ring E; ; khong xac dinh néu bit i khong dugc bao gém trong nat kiém tra j vi khéng

c¢6 thong tin bén ngoai nao dugc chuyén giira cac nUt i va j trong trudng hop nay.

Xéc suat dé mot phuong trinh kiém tra chin lé dugc théa mdn néu ¢; = 1 1a

X&c suat dé mot sé Ié cac bit trong phuong trinh kiém tra chan le d6 1a 1 [8]:

1 1
PEYt = 275 1_[ (1-2pP;), (1.11)
i'eBj,i'#i
trong d6 P; ;s 1a uéc tinh hién tai ¢ sén dé kiém tra xac suat nit jrang c;; = 1. Bj 1a
tap hop cac bit trong & cot thi j cia ma tran H, (phwong trinh kiém tra chin 1¢ thir

J)- X&c suét dé phuong trinh kiém tra chin l¢ duoc théanéu ¢; = 0 1a 1 - P

Déi vai mot bién nhi phan x d& dang tim duoc p(x = 1) cho trudc p(x = 0),
Vip(x =1) =1 —p(x = 0), va do d6 chiing ta chi can luu trit mot gia tri Xac suat
cho x. Ty 1¢ kha nang xay ra (log likelihood ratios) duoc sir dung dé biéu dién cac sé
liéu cho mot bién nhi phan boi mot gié tri duy nhat

p(x =0)

L(x) = log m,

(1.12)

trong d6 log 12 log,. DAu cua L(x) cung cap mot quyét dinh ctiing vé x va do 16n

|L(x)| 1a @6 tin cay cua quyét dinh nay.
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Tir hé s6 ty 1¢ kha nang xay ra, chling ta c6 thé tinh xac suat khi x = 1 va

x = 0 nhu sau:

e—L(x)
p(x = 1) = m, (113)
eL(x)

Loi ich cua biéu dién logarit cua cac xac suat 13, khi x&c suat can duoc nhan
Ién, ti s6 log likelihood chi 1a phép cong; diéu nay lam giam do6 phic tap cua bo giai
ma tong- tich.

Théong tin bén ngoai tir nat kiém tra j dén nat bit i dudi dang ty s6 log
likelihood 12 [8]

ext
1 - P],l

— (1.15)
P

E;= L(Pf;‘t = log

Bay gio thay thé (1.11) vao (1.15), ta c6 [8]

1 1
5+ 5 lrewsir=i(1 = 2P;)
Ej,i = lOg 1 1

5= jl—[i'e\sj,i';ci(l —2P; ;1)

1+11 |
i’E\Bj,i’ii - 1+ e_Mj.i’

= log T
1 —Tlire\s;ir#i (1 —2 —M]L/>

-M ..
1—e it
1+ Hi’EBj,i’iim
= log P (1.16)
1= vesjirei =m0

Trong d6
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— Py
i 2 L(P) = log . (1.17)
Pj;
Str dung méi quan hé [8]
1 1-p
tanh=>1 (—):1—2, 11
anh > log > p (1.18)
ta co
E;; = 2tanh™* 1_[ tanh(Mj'ir/Z). (1.19)
i'eBi' #i

MJi nut bit cd quyén truy cap vao LLR dau vao, R;, va cac LLRs tir moi nut

kiém tra duoc két ndi. Tong LLR cua bit thir i 12 tong cua LLRs [8]

iEA;
Trong d6 A; la tap hop céc bit & hang thir i cua ma tran H..

Tuy nhién, cac thong tin duoc gui tir cac nat bit dén cac nat kiém tra, M;;,
khong 1a gia tri LLR hoan chinh cho mdi bit. Dé tranh giri lai tirng ndt kiém tra théng
tin ma n6 di co, thong tin dwoc guri tir NGt bit thir i dén nat kiém tra thir j 12 tong trong

Cong thic 1.20 ngoai trir thanh phan E; ; vira nhan duoc tir nt kiém tra thi j [8]

M;; = z Ej i +R;. (1.21)

J'€ALJ #]
Muc dich cua giai ma tong-tich 1a (a) dé tinh xac suat hau nghiém (APP) cho
mdi bit tir ma, p; = p{c; = 1|s = 0}, la x&c suat rang bit tir ma thir i 1a diéu kién 1
d6i véi sy kién s = 0 (twrc 1a tat ca cac rang budc kiém tra chan 1é déu dugc thoa mén)

va (b) dé chon gié tri duoc giai ma cho mai bit 1 gia tri c6 xac suat APP tbi da.

Thuat toan tong tich tinh toan maot cach lap lai mot gia tri gan ding cua gia tri

MAP cho mdi bit ma. Tuy nhién, c4c xac suat hau nghiém duoc tra vé boi bo giai ma
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téng tich chi 1a cac xac suit MAP chinh xéac néu d6 thi Tanner khong cé chu ky. Mot
cach ngan gon, thong tin bén ngoai thu dwgc tir rang budc kiém tra chin 1é trong 1an
lip dau tién doc 1ap véi thdng tin xac suat tién nghiém cho bit d6 (tat nhién 1a phu
thudc vao xéac suat tién nghiém cua cac bit tir ma khéac). Thong tin bén ngoai duoc
cung cap cho nat bit i trong cac 1an lap tiép theo doc 1ap véi xac suat tién nghiém ban
dau cua c; cho dén khi xac suat nay duoc tra vé dé nat bit i théng qua mot chu trinh
trong d6 thi Tanner. Mdi twong quan cua thdng tin bén ngodi véi xac suat bit tién

nghiém ban dau 14 th ngan can két qua xéac suat chinh xac.

Thuat toan tong-tich duoc thé hién trong Thuat toan 1.1. véi dau vao 1a ty 18

log likelihood ddi véi xé&c suat théng tin tién nghiém tir kénh truyén:

P(Ci = 0|Yi)

R; =1lo ,
LT %85 = 1)

(1.22)
ma tran kiém tra chan 1é H, va s6 lan 1ap téi da cho phép, Iter,,,,. Thuat toan dua ra
gia tri x4c suat bit hau nghiém udc lwong cua céc bit nhan duoc nhu 13 cac ty 1€ log
likelihood.

Bo6 giai ma tong tich ngay lap tac ding bat ca khi ndo mot tir ma hop 1é ¢6
duogc tim thiy bang céch kiém tra xem cac phuong trinh kiém tra chin Ié ¢ thoa mén

hay khong.

Thuit toan 1.1. Giai ma tong tich [8]
1. procedure
2. DECODE(R, Itetyqx)
3. I1=0
4. fori =1:N do
5. forj=1:mdo

6. Mj,i = Ri
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

end for

end for

repeat

forj = 1:mdo // Check messages

foriij do

1+ Hi’EBj,i’iitanh(

<

N

j,i’)

Ei; = log

j,i

end for

end for

fori =1:Ndo

Li = Yjea, Eji + R

end for
if I = Iter,,,, or HeT = 0 then
Finished

Else

M;;r
1_Hi’ij,i’¢itanh( ) )

N

/] Test

fori =1:N do // Bit messages

forj € A; do

Mji = Yjrea,jr=i Ejri + Ry
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27.  end for
28. end for
29. I=1+1
30. endif

31. until Finished

32. end procedure

M3 protograph LDPC c6 d6 phtc tap thap so véi ma LDPC thong thudng dong
thoi ¢6 thé c6 hiéu nang tiém can voi giéi han caa Shannon. Vi 1y do d6, ma
protograph LDPC dang thu hut dwoc su quan tdm ciia cac nha nghién cau vé méa hoa
stra 16i kénh [9] [10]. Pay la Iy do, luan &an nay tap trung nghién ciu ma protograph.
Noi dung thiét két ma protograph LDPC két hop véi truyén dan MIMO c& 16n s&
duogc trinh bay & Chwong 3; Hiéu niang cua ma protograph LDPC trong hé thng
MIMO c¢& 16n véi bo chuyén doi tuong tu s6 c6 do phan giai thap sé duoc trinh bay

& Chuong 4 cua luan an nay.
1.3. Ma Protograph LDPC
1.3.1. Cach tao tir ma Protograph LDPC
M4 protograph LDPC la mét tap con cua ho ma LDPC thudng duoc biéu dién
bang mot ma tran co s& (protobase) véi S hang va P cot. Vi du, mot ma protograph

LDPC véity Ie ma R = §(P = 3,5 = 2) c6 ma tran co s& nhu sau

1 1 1
B = 1.2
R (123)
trong d0, sb hang cua ma tran co sé 1a s6 nat kiém tra cua protograph va sé cot 1 s6
nGt bién (variable). Phan tir cia ma tran B(s,p) 1a sé canh ndi tir nat kiém tra thir s
dén nat bién thir p. DI vai protograph thi mot nat kiém tra c6 thé co nhiéu canh ndi
dén cung mot nat bién - két néi song song. Ciing giéng nhu ma LDPC thong thuong,

mi protograph LDPC ciing duoc biéu dién bang gian do goi la protograph nhu sau
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0 1

Photograph

Hinh 1.7. Protograph ctia ma tran co s¢ (1.23).

Nhu trinh bay & Hinh 1.7, protograph ciing ¢6 hai loai nat, d6 1a cac nut kiém
tra (vong tron véi dau cong) va cac nit bién (vong tron duoc phi kin mau den). Cac
nGt kiém tra va cac nit bién dugc ndi véi nhau tao thanh cac canh trén gian do6
protograph. Diéu khac biét ciia gian do protograph ¢ Hinh 1.7 so véi gian d6 Tanner
thong thuong dé 1a trén gian d6 protograph cho phép céc canh song song xuat hién.
Vi dy nhu nat bién 0 két néi vai nit kiém tra 1 bang hai canh song song (twong (g

V6i 6 2 6 hang 2 cot 1 ¢ ma tran co s¢ & Biéu thuc 1.23).

Tt protograph nhu ¢ Hinh 1.7, cr 1 bit thong tin dau vao caa bo ma héa ching
ta s& c6 thém hai bit du dé bao vé thong tin khoi nhidu kénh. Nghia 13, d6 dai tir ma
la 3 bitvaty lé mdhoakénhlaR = 1 / 3. Gia str chling ta mudn tao ra ma protograph
LDPC voi d6 dai tir ma 12 9 bits - gap ba 1an so véi do dai tir ma caa protograph &

Hinh 1.7 - chung ta phai thyc hién hai budc

e Buwéc 1: Sao chép (copy) protograph ¢ Hinh 1.7 ba lan nhu biéu dién ¢ Hinh
1.8.
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Hinh 1.8. Sao chép protograph 3 lan dé c6 tir ma véi do dai 9 bit.

e Budc 2: Hoén vi cac canh - cac canh c6 thé duoc hoén vi giita cac phién ban
khac nhau nhung phai dam bao chi s6 két nbi dugc duy tri. Vi du, trong protograph
goc, nGt bién 0 c6 mot canh ndi dén nat kiém tra 0 va hai canh néi dén nat kiém tra 1
va 2. Dé dam bao chi sé két néi nhu vay, & phién ban copy, ching ta c¢d 1 két néi ¢
nGt bién 0 vai n(t kiém tra 0 cua phién ban 1, 1 két ndi tir nGt bién 0 d&én nut kiém tra
1 cua phién ban 2 va mot két ni tir nat bién 0 dén nat kiém tra 1 & phién ban 3. Quy
tac nay duoc ap dung ddi véi tat cac nat bién con lai. Sau budc hoan vi canh ching

ta c6 mot protograph méi véi kich thudc 6 X 9 nhu sau

Hinh 1.9. Protograph sau khi da hoan d6i két ndi cua cac canh.

Hoan toan twong ty, néu ching ta muén tao mot méa protograph LDPC véi do
dai tir m& 900 bits, chiing ta s& sao chép protograph (Hinh 1.7) 300 lan sau d6 thuc

hién hoan doi cac canh véi quy tic dam bao chi sé két ndi da noi ¢ trén. Thuong khi
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s6 lan sao chép 1én dén hang tram 14n, viéc hoan vi canh & Buéc 2 duoc thuc hién boi

phan mém may tinh.

C6 thé thay wu diém ndi bat cia ma protograph LDPC 14 chiing ta chi can phai
t6i uu protograph véi kich thuéc nho (vi du kich thude 2 x 3) sau d6 chung ta thuc
hién sao chép va hoan vi dé dat dugc ma c6 do dai theo y muédn (c6 chiéu dai ma Ién

dén hang nghin bits).

Tbi wu protograph c6 kich thuéc nhé cat giam khéi luong tinh toan théng qua
viéc thu nho tap tim kiém cua bai toan tdi wu. O vi du trén, néu protograph c6 kich
thude 1a 2 x 3 véi s6 canh song song tdi da cho phép 1a 3. Chung ta & ¢6 tong cong
36 = 729 ung vién trong tap tim kiém va ching ta hoan toan co thé thuc hién bai

toan t6i wu v4i mot may tinh dé ban thong thuong.

Cau hoi dat ra la viéc thiét ké ma tran co sd ¢6 kich thudc nho sau d6 thuc hién
viéc sao chép va hoan vi dé dat dugc ma LDPC c6 chiéu dai tir ma [on (mé mé rong)
thi tir ma mé rong nay cé phai 1a mot ma sta 16i t6t? Thuc té cho thay chiing ta hoan
toan c6 thé c6 ma protograph LDPC tét va c6 hiéu ning tiém can vai gisi han cua
Shannon [11].

Pé thiét ké mot ma Protograph LDPC tot, nguoi ta thudng tap trung vao viéc
t6i uvu hoa ngudng giai ma lap lai, din dén nhiéu ma tiém can duoc véi dung luong
kénh Shanon. Tuy nhién, nhitng ma d6 thuong yéu cau mot sé lugng lén cac vong
l3p lai giai m& va chiéu dai tir ma rat I6n dé mang lai hiéu suét thoa dang. Diéu nay
dan dén do tré cao va tiéu thu dién nang 16n trong may thu.

C6 hai loai ma protograph LDPC: ciu triic ma duc 16 va khong duc 15. Ciu
tric ma duc 15 cha yéu dua trén cac nghién ciu cia nhém nghién ciru duoc dan dat
boi Divsalar. Cac cong trinh nay di dugc tom tit trong bai bao [12] sau khi thuc hién
nhiéu thiét ké biéu d6 khac nhau. Vi biéu do c6 cu trac don gian, nén can c6 mot nat
thing bac cao dé chuan hda céac két néi trong biéu do, diéu nay c6 tac dong tich cuc
trong bo giai ma truyén thong diép 13p lai, mang lai hiéu suét tot [12] [10] [13]. Tuy

nhién, c&c cau tric biéu d6 duoc ti wu hoa nay doi hoi nhiéu vong lap giai ma dé tao
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ra hiéu suét thoa dang. Trong cac hé thong thong tin lién lac thuc té ma sé lugng vong
lap giai ma bi han ché, nat bi thung bac cao co thé khéng phai 1a mot giai phap thiét
ké tét. Do d6, cau trdc biéu d6 khong duc 16 da dugc nghién ctru dé giai quyét van dé
thiét ké thyc té nay [14].

1.3.2. Ma duc 16

Mot trong nhitng thiét ké biéu d6 phé bién nhat da duoc dé xuat boi Divsalar
va cong su trong [12]. Ho da phat minh ra ho ma tich lay-1ap lai-4-rang cua-tich ldy
(AR4JA), c6 khoang cach téi thiéu tang tuyén tinh véi chiéu dai tir ma. Cac ngudng
giai ma lap dat dén giéi han Shannon trén cac kénh nhidu Gauss tring dau vao nhi
phan (BI-AWGN). Cau tric bao gdm maot nat bién bac mot duge két ndi vai mot nat
bién bi thing duogc két ndi cao. Mé rong cau tric nay, Nguyen va cac cong su [10]

dé xuat mot giai phap dé thiét ké ra mot ma protograph LDPC c¢6 hiéu nang tét.

M3 dé xuat co6 ngudng giai ma lap thap nhat va khoang cach tdi thiéu ting
tuyén tinh voi do dai tir ma do d6 ho ma nay cho hiéu suat 13i tuyét voi véi kénh
AWGN. Thiét ké nay tao ra mot trong nhirng biéu do c6 hiéu suat tot nhat cho dén
nay [10], [11]. Vi c&c m& nay chu yéu duoc téi uu theo cac ngudng giai ma lip, ching
y&u cau mot sb lwong 16n cac lan giai ma lip dé cd hiéu suat tét nhat. Mot ma ty 1é

1 / 2 tbi wu trong [10] c6 ma tran proto nhu sau

B1/2

Codel — (1'24)
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trong d6 cot thir hai bi thang. M protograph LDPC nay c6 7 bién va 4 nat kiém tra,
duogc goi la cau tric biéu d6 7 x 4. Ngudng giai m4 caa ma nay véi kénh AWGN la
0,395 dB cho thay khoang cach 0,208 dB so v&i dung lugng kénh cua Shannon, 1a
mét trong nhitng ma LDPC ty 16 1 / 2 ¢6 cau trdc tot nhat duoc thiét ké cho dén nay.
M4 nay c6 thudc tinh ting trueng khoang céch téi thiéu tuyén tinh véi do dai cua tur

ma. Do 14 1y do ma & biéu thic (1.24) c6 hiéu suat sira 13i tuyét voi.
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1.3.3. M khong duc 16

Trong cac ma Protograph LDPC duc 156 cac bit cua nut bién c6 bac cao s&
khong duoc truyén di do vay luong thdng tin cia cac bit ndy bang 0. Piéu nay lam
cham su hoi tu caa bo giai ma, din dén mot sb lwong 16n 1an 13p giai ma can thiét dé
giai ma thanh cong. Dua trén lap luan d6, Uchikawa [14] da nghién ctru phuong phap
thiét ké ma khong duc 15 ¢6 hiéu suat tét hon véi mot sb lwong nho cac lan lap lai giai
ma so v6i ma duoc thiét két trong cong trinh nghién ciu ¢ [10]. Y twdng cua thiét ké
dugc dé xuat trong [14] da sir dung cau tric biéu do khong duc 16i va duoc t6i wu hoa
dua trén ngudng giai ma giéng nhu trong [12] [10]. M4 biéu d6 ty I¢ 1 / 2 duoc béo

cao trong [14] c6 ma tran proto sau

3300100 0
12 _[2 3 010100
BCodez_32120011’ (1.25)
0 0202 2 21

trong d6 c6 8 nit bién va 4 ndt kiém tra, duoc goi 1a cau trdc biéu do 8 x 4. Ma nay
c6 ngudng giai ma 12 0,501 dB, cao hon ngudng giai ma duoc thiét ké trong trudng

hop mét s6 lugng Ion céc lan lap giai ma [10].
1.3.4. Hiéu nang cua ma Protograph LDPC trén kénh AWGN

Phan nay s& trinh bay hiéu ning ctia mot s6 ma Protograph LDPC duoc thiét
ké gan day cho kénh AWGN véi s6 vong lap giai ma thap [9]. Trong loat ma
Protograph LDPC nay c6 ma tran co s& & cac biéu thire (1.26), (1.27), (1.28), (1.29)
dué6i day. Dic diém chung caa cac protograph ma nay 1a c6 4 nat kiém tra va sé nit
bién duoc thay doi theo ty 1¢ ma (8 nit bién cho ty I¢ ma 1/2, 12 nut bién cho ty ¢
ma 2/3, 16 nGt bién cho ty 1é ma 3/4, va 20 nt bién cho ty 1é ma 4/5).

By, = ) (1.26)
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3 0 0 1
2 1 1 1
B2/3 = 3 0 0 1 B1/2 ) (1'27)
3 2 2 0
3 0 0 1
2 2 2 0
B3/4_ = 3 0 1 0 B2/3 ) (128)
31 0 2
3 0 0 1
3 01 1
2 2 1 1

Hiéu nang cta cac ma nay dugc trinh bay ¢ Hinh 1.10 va Hinh 1.11, trong d6
Hinh 1.10 biéu dién ty 18 15i khung va Hinh 1.11 biéu dién ty I¢ 15i bit. Hiéu nang cua
cac ma duoc thiét ké ¢ [9] duoc so sanh véi ma co cuing s6 nit kiém tra dugce thiét ké
trudc d6 [14]. Bén canh do, két qua mé phong o [9] dwoc thuc hién véi do dai tir ma
la 1024 bit va s6 vong lap 1a 25. Két qua md phong cho thay cac ma Protograph LDPC
duoc thiét ké cho kénh AWGN ¢ [9] va [14] déu dat duoc hiéu tng water-fall nhu &
ma Turbo. Bénh canh d6 cic mi Protograph LDPC khong ¢6 hiéu ¢ng 16i nén (error-
floor) & mac BER = 10~° (rat thap) ngay ca voi truong hop do dai tir ma ngan (chi
1024 bit) va s6 vong lap 1a 25. Viéc thiét ké ma théng qua mot ma tran c6 kich thudc
nhé nhung van dat dugc kha nang chdng 18i cao 12 Iy do ma cac ma protograph LDPC

duogc quan tdm va dugc nghién cau trong luan an nay.
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—8— R = 1/2, New Code
—-B-—R =1/2, Uchikawa's Code
107 [ | —%— R =2/3, New Code
=% =R =2/3, Uchikawa's Code
R = 3/4, New Code
R = 3/4, Uchikawa's Code
—&— R = 4/5, New Code
—-8-—R =4/5, Uchikawa's Code
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Hinh 1.10. Ty I¢ 15i khung (Frame Error Rate - FER) cua cac ma & (1.26), (1.27),
(1.28), (1.29), theo tai lidu tham khao [9]: Do dai tir ma 1024 bit s vong lap 25.

102

e 4k

—8—R = 1/2, New Code
—+B-—R=1/2, Uchikawa's Code
—%— R = 2/3, New Code
10°° £ |--5-~R = 2/3, Uchikawa's Code
R = 3/4, New Code
R = 3/4, Uchikawa's Code
—&—R =4/5, New Code
—+8-—R =4/5, Uchikawa's Code

100 F
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Hinh 1.11. Ty I¢ 15i bit (Bit Error Rate — BER) cuia cAc ma & (1.26), (1.27), (1.28),
(1.29), theo tai liéu tham khao [9]: D6 dai tir ma 1024 bit s vong lp 25.

1.4. Hé thong da dau vao da dau ra (Multiple-Input Multiple-Output)

Dua vao ly thuyét Shannon vé dung lugng ti da ciia kénh truyén dan diém-
diém ¢ biéu thic (1.6), mudn ting dung lwong kénh ching ta hoic ting cong suat
phat dé tang ty 18 tin hiéu trén nhidu hoic ting hé s6 str dung kénh (channel use) théng
qua viéc tang bang thong truyén dan. Lua chon thir nhat khong phai 1a mot giai phéap
t6t d6i Vi hé thong thong tin di dong vi 2 ly do: 1) céc thiét bi di dong dau cudi sir

dung pin 1am ngudn nudi do vay ngudn cdng sut cta pin 1a mot tai nguyén rat han
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ché; 2) khi d3 ting cong suit phat dén mot gia tri du Ion thi viée ting cong suét phét

dung luong kénh chi ting ty 1& vi ham log2 cia cong suat phat.

Lya chon thir 2 1a ting hé sb sir dung kénh théng qua viéc ting bang thong
truyén dan cho kénh ciing 1a mét giai phap khéng con phu hop trong nhiéu truong
hop. Trén thuc té, c4c mang thong tin di dong trude diy da dung giai phap nay. Vi du
nhu mang GSM (2G) khi téc d6 thoai yéu cau 13Kbps, ngudi ta chi can cip phat bing
thong cho kénh 200KHz 1a du. Sang thé hé 3G, nguoi ta dé xuat sir dung bang thong
1,25MHz/5MHz dé tang téc d6 truyén dan lén dén Mbps ding cong nghé trai pho
(spread spectrum). Tuy vy, bang thong hitu dung l1a mot tai nguyén hitu han va dat
d6. Thuong cac nha van hanh mang phai thuc hién viéc dau thau dé c6 duoc bing
thong cho hé thong di dong caa minh ¢ hau hét cac nudc trén thé gioi.

Dé giai quyét kho khin vé ting téc dung luong cua kénh truyén dan, ching ta
c6 thé str dung nhiéu dng-ten ¢ phia phéat va ¢ phia thu dé cd thé tang dung luong hé
théng nhu & Hinh 1.12.

jl 1 T
S i
May Phat May thu
MIMO MIMO

Y IMO channel ._T
|

M N

Hinh 1.12. Hé thong truyén din da dau vao da dau ra (Multiple-Input Multiple-
Output - MIMO).
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Hé thdng truyén dan da dau vao da dau ra don gian nhit dugc dé& xuat boi
Alamouti cach day 20 nam (vao nam 1998) [15]. Trong nghién ciu cta minh,
Alamouti sir dung hé thdng ¢ 2 an-ten ¢ phia phat va 2 anten & phia thu - goi 1a hé
théng 2 x 2 MIMO.

Bén canh ma hoa ludng ky hiéu diéu ché trén hai dn-ten phat, phuong phap
cua Alamouti con ma hoa ludng ky hiéu trén 2 khe thoi gian dé dat dugc ma khong
gian-thoi gian truc giao (Orthogonal Space-Time Block Code - STBC). Ky hiéu phéat

di ciia hé théng 2 x 2 STBC cuia Alamouti duoc biéu dién nhu sau:

1 xz) (1.30)

Xa = (—xé‘ X1

Giai phap cua Alamouti rat don gian vé mat toan hoc nhung rat hiéu qua va
cau hinh 2 x 2 MIMO ciia Alamouti nhanh chéng dugc dé xuat cho cac chuan di

dong cling nhu Wifi.

Sau d6, Tarokh va cac cong sy tiép tuc phat trién nghién ctiru cia Alamouti Voi
s6 lugng anten 16n hon 2 cho kénh suy hao va két qua cho thdy ma STBC cai thién
hiéu nang dang ké trong khi d6 phuc tap xu 1y tin hiéu gan nhu 1a khong dang ké [16].

Vé mit dung luong, dung luong kénh MIMO duoc tinh qua biéu thie dudi

day (cho kénh fading ergodic).

14
C=E [l Iy + —HH"?
H|108 |IN M

], (131)

trong do, N 1a sé ang-ten thu, M 1a sb ang-ten phat, ¥ |a tong cdng suat phat, H 1a ma
tran kénh MIMO kich thuéc N X M, [A| la dinh thuc cia ma tran A, Eyx, toan ta
trung binh théng ké theo bién ngau nhién H. Dung luong kénh duogc v& dudi biéu d6
sau day [17]
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Dung legng kénh (bps/Hz)
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Ty 1€ tin higu trén nhidu

Hinh 1.13. Dung luong kénh MIMO.

Khi ty I& tin hiéu trén nhiéu du 16n, dung luong kénh MIMO duoc uéc tinh

nhu sau

C ~ min(M, N) log, 7. (1.32)

Nghia 13, dung lwong kénh MIMO ting ty 18 tuyén tinh véi s ang-ten phét/thu.

Hay so sanh dung luong kénh cua hé théng 4x4 MIMO va hé théng don dau
vao don dau ra (Single Input Single Output -SISO or M = N = 1), chling ta thay (tur
Hinh 1.13) dung lugng ctia hé théng 4 x 4 MIMO gap 4 lan hé thong SISO. Cy thé,
& muc tin hiéu trén nhiéu I6n (SNR = 50dB), dung lwong hé théng SISO la 15
bit/channel use. Trong khi d6, dung luwong ciia hé thong 4 x 4 MIMO (¢ SNR = 50dB)
la 60 bits/channel use - gap 4 lan. Diéu nay phi hop véi uée tinh dung luong kénh &
Biéu thirc (1.32).

Vi dung luong kénh MIMO ty 18 tuyén tinh véi s6 an-ten phét/thu (Biéu thirc
1.32) nén hé théng MIMO dugc dé xuit st dung trong cac hé thdng thong tin di dong
tir 3G, 4G, dén 6G (mang trong tuong lai).

Khi sb ang-ten trong hé thong MIMO ngay cang tang 1én dén hang trim dng-

ten ching ta c6 khai niém hé théng MIMO c& 16n (Large-scale/massive MIMO) va
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hé thong MIMO cuc 16n (super-massive MIMO). Muc dich sir dung nhiéu dng-ten
van 1a dé c6 thé tang tbc do truyén dan 1én dén Gbps - tham chi Tbps - trong cac mang
thong tin vo tuyén di dong trong twong lai. Tuy vay, nhitng thuat toan xt tin hiéu cho
hé thong MIMO théng thuong thudng rat phirc tap. Trong luan &4n nay, NCS sir dung
thuat toan xir ly tach séng tin hiéu MIMO duya trén gian do Tanner dé giam do phuc
tap khi s6 dng-ten ting cao. Thuat toan tach séng s& duogc trinh bay & Chuong 2,

Chuong 3 va Chuong 4 cua luan an nay.

Khi s6 luong ang-ten ting 1én cac thuat toan xir 1y tin hiéu s6 da thiét ké cho
hé thong MIMO thong thudng khéng con phi hgp. Tham chi d6 phan giai cua cac bo
chuyén d6i twong ty s6 & RF module ciing phai giam di dé tiét kiém ning luong tiéu
thu cling nhu gia thanh phan cang [18]. Nghién citu hé théng MIMO ¢& 16n sir dung

bd ADC c6 d6 phan giai thap 12 mot cha dé ma cong déng nghién ciru dang quan tim.
1.5 Cac nghién ciru lién quan dén deé tai luan an

Luan 4n nay lién quan dén ba chu d& nghién ctu chinh d6 l1a: (1) Ma
Protograph LDPC; (2) Kénh MIMO ¢4 16n; (3) St dung bo chuyén doi ADC ¢ do
phan giai nho cho kénh MIMO ¢4 Ién. Nhirng chu dé nay thu hat duoc sy quan tam
trong nhitng nim gan day vi vay sé luong va pham vi nghién ctu rat rong va da dang
vi vay nhitng tém luoc chi tap trung vao mot s6 nghién ciu gan véi nhitng nghién
cau cua luan an nay

1.5.1 Nhirng nghién ctru trong nuwéc

1.5.1.1Té&ch song tin hi¢u MIMO ¢ lon

O Viét Nam, nhiéu nhém nghién ctru da tién hanh nghién ciru vé van dé tach
tin hiéu MIMO c¢& rat 16n (Massive MIMO). Tuy nhién, hau hét cac cong trinh déu
ding thuat toan thong thuong (tic 1 thuat toan dugc thiét ké cho mot sd it dng-ten
Tx/Rx va dua trén mot sé md hinh toan truyén thdng) dé cai thién thuat toan 1ap lich
(scheduling) va tong téc do (sum-rate) cua hé théng massive MIMO nhiéu ngudi
dung. Cac nhom nghién cru tich cuc trong bai toan tach song tin hiéu MIMO ¢& 16n

& Viét nam bao gom:
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e Tai trudong Pai hoc Lé Quy Don, mot nhém nghién ciru ding dau 1a Gido su
Tran Xuan Nam da c6 mot s6 cong trinh ky thuat lya chon ing ten, massive MIMO
va NOMA néi chung. Céac cong trinh céng bd c6 thé tham khao & dia chi
https://dblp.org/pers/hd/t/Tran:Xuan_Nam

e Tai Hoc vién Cong nghé Buu chinh Vién thong Ha Noi, nhém nghién cuau
dung dau 1 Tién si Truong Trung Kién di thyuc hién nhiéu cdng trinh quan trong cho
kénh truyén MIMO ¢& I6n. Mot cong trinh dang chu y 1a nghién ciru vé sy bién doi
cua kénh truyén MIMO ¢& 16n theo thoi gian. Gan day, nhém dang nghién ctiu vé hé
théng MIMO c¢& 16n phan kénh theo thoi gian (TDD Massive MIMO). Céc cong trinh
cdng b co thé tham khao ¢ dia chi:

https://scholar.google.com/citations?hl=en&user=MrojMnMAAAAJ&view op=list

works&sortby=pubdate.

e Tai Hoc vién Cong nghé Buu chinh Vién thong TP H6 Chi Minh, PGS.TS. V&
Nguyén Québc Bao da lam viéc véi hé théng Massive MIMO dugc mot khoang thoi
gian dai. Hién nay, nhom cua gido su Bao dang quan tdm nhiéu vé van dé bao mat
trong massive MIMO [19].

e Tai Pai hoc Ton Ptc Thang, nhém nghién ctu vién théng cua tién si Dr.
Miroslav Voznak dang nghién citu vé Power-Splitting Protocols of Non-Orthogonal
Multiple Access (NOMA) trong hé thdng 5G.
https://dl.acm.org/citation.cfm?id=3369677

e Tai Truong dai hoc Bach Khoa Ha Noi, phong nghién ctru vién thong, duoc
t6 chuc boi PGS.TS. Nguyén Vin Buc, Tién si Nguyén Tién Hao, Tién si Han Huy
Diing, dang nghién cttu vé c&c van dé cap phat pilot cho massive MIMO dé giam anh
huong caa 6 nhidm pilot va phan b6 cong suét cho hé thdng cell free massive MIMO
[20].

1.5.1.2 Giai ma kiém tra chin Ié mat do thap (LDPC):

e Tai truong dai hoc Nha Trang, mot nhom nghién cau do TS. Nguyén Ting

Hung dan dau c6 nhiéu 4n pham vé chi dé cai thién giai ma LDPC [21] va ang dung


https://scholar.google.com/citations?hl=en&user=MrojMnMAAAAJ&view_op=list_works&sortby=pubdate
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ma LDPC trong cac hé thong DVB-S2 [22]. Céc ¥ tuéng chinh cua cac cdng trinh
nay 1a d& xuat mot cau tric giai ma mai tir mot ma LDPC hién ¢6 ¢6 hiéu nang tét
hon mét chdt so véi cau trdc giai ma hién co.

e Tai truong dai hoc Lé Quy Pon, Viét Nam, mot nhém nghién ctru cua GS.
Tran Xuan Nam, PGS.TS. B Quéc Trinh, va nhiing ngudi khac ¢ mot sé 4n pham
vé LDPC giai ma cho cac may thu WiFi va WiMax [23] va ma hoa mang cho hé
théng MIMO chuyén tiép [24].

e TS. Nguyén bing Thanh va nhitng ngudoi khac trong truyén hinh Viét Nam,
Ha Noi da xuat ban cac bai bao vé thiét ké nhanh ma tran LDPC [25] va c4c ang dung
cua LDPC cho hé thong V-BLAST [25].

e Gan day c6 TS. Tran Phuong tir dai hoc Ton Puc Thing da xuat ban mot bai
khao sét [26] vé cac ang dung LDPC cho hé théng thdng tin hop tac.

e Mot nhém nghién ctru dén tir truong dai hoc Bach Khoa Ha Noi, PGS.TS.
Tran Quang Vinh va TS. Nguyén Hitu Phét, hop tac vai mot nha nghién ctu tir Vién
Cong nghé Shibaura, Nhat Ban, da nghién ctru tng dung ma LDPC trén cac mang
cam bién [27], [28].

1.5.2 Nhirng nghién ctru ngoai nwéc
1.5.2.1 Ma Protograph LDPC

M4 protograph LDPC va truyén dan LS-MIMO 14 hai cong nghé I8i cho mang
khong day trong twong lai (6G) [29] [2]. Nhd vao kha ning stra 16i manh mé& va cau
trdc bo ma hoa / giai ma do phuc tap thap, ma Protograph LDPC da thu hut sy quan
tam nghién ciru vao cac tng dung thuc té [18] [30] [31] [32].

Khi néi dén sy phat trién ciia ho ma Protograph LDPC, Divsalar va cac cong
sir 12 nhom dau tién da thiét ké nhiéu ma Protograph LDPC [12]. Nhitng ma d6 c6
khoang cach tbi thiéu tang tuyén tinh voi d6 dai khéi va cac ngudng giai ma lip caa
ching tiém can dén gigi han Shannon trén cac kénh nhiu Gaussian trang d¢au vao nhi
phan (binary-input AWGN). Nguyen va cac cong su [10] d& md rong cac y tudng cia

Divsalar va cac cong su [12] dé phat trién mot cau tric ma tong quét, cau trdc nay tao
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ra cac ma Protograph LDPC tt hon. Ma Protograph LDPC dugc thiét ké trong [12]
[10] c6 kha nang sta 16i manh véi mot sé luong 16n cac lan Iap giai ma. Nguoc lai,
nhitng ma d6 c6 thé khdng phd hop va téi wu cho nhiéu tng dung thuc té khi ma do
phtic tap va tré xir Iy duoc gidi han nghiém ngit (tic 1a sé lwong cac vong lap giai
ma nho). Gan day, nhiéu cbng trinh nghién ctu di cb gang dé thiét ké ma Protograph
LDPC cho mét sb lwgng nho cac 1an l1ap giai ma [14] [33] [34]. Két qua md phong da
chang minh rang cac ma duoc t6i wu hoa vai s6 1an 13p thap hoat dong tét hon ma toi

uu héa vai s6 1an ldp cao nhu ma NND [10].

Trong cé4c kénh pha dinh diém-diém, Fang va cac cong sy [35] da xem xét ma
Protograph LDPC cho céc hé théng thong tin lién lac tiét kiém bang thong, & d6 giai
ma Protograph LDPC va diéu ché ma hoa xen bit va giai ma duoc st dung. Pang chu
y, hé thdng thong tin dugc dé xuat nay tiém can hiéu ning gidi han qua cac kénh pha
dinh bang céach sir dung do dai khdi trong thiét ké dicu ché va két hop tinh ning bao
vé 13i bat binh ding vao lwgc db anh xa bit thanh ky hiéu. Cac ma Protograph LDPC
nhan dugc sy chu y trong linh vyuc Iuvu trir dit liéu (xem [36] va céc tai lieu tham khao
trong d6) va thiét ké ddng thoi ngudn va ma hda kénh trén mot biéu do kép 1a mot

céch tiép can thay thé dé tranh sy cb cua lién két thong tin dau cudi [37].

Thiét ké cac ma LDPC cho cac kénh vo tuyén pha dinh c¢6 nhiéu ang-ten duoc
sir dung & ca hai phia ctia kénh giao tiép duoc thuc hién 1an dau tién boi Brink va cac
cong su [38]. Trong nghién cuu nay, bo tdch sdng MIMO thuc hién tach song APP
bang cach xem xét tat ca céc gia thuyét cé thé c6 vé cac ky hiéu truyén MIMO. Sau
d6, phuong phap thiét ké nay duoc &p dung cho thiét ké cac ma LDPC khong déu cho
cac kénh LS-MIMO [39]. Mic du cong trinh nay da giéi thiéu mot quy trinh thiét ké
cho c4c kénh LS-MIMO, nhung yéu tb cot 18i cua thiét ké dya trén thuat toan PEXIT
chuan, thuat toan nay khéng ap dung cho thiét ké cac ma Protograph LDPC [40]. Vi
vay, mot phan quan trong trong luan an nay 1a nghién ciru thuat toan PEXIT cho céc
kénh LS-MIMO c¢6 bd chuyén d6i tuong tu sang sé véi ¢6 phan giai thap (ADC).
Cong trinh nay 1a n luc nghién ctru dau tién hudng dén xir ly su tac dong cua thdng

tin bén ngoai gitra tach song tin hiéu MIMO va giai ma Protograph LDPC. Két qua
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nghién ctru cho thiy hiéu ning cua cac hé théng LS-MIMO & cac muc phan giai khac

nhau cua cac bo ADC.
1.5.2.2 Tach song tin hi¢u MIMO

Hé thong LS-MIMO véi hang trim ng ten dugc st dung dé cai thién hiéu
nang ctia mang khdng day la chu dé nghién cau tich cuc gan day [41]. Khi sé luong
ang-ten ting tir hang chuc dén hang tram, tach song tin hiéu LS-MIMO I1a mét trong
nhitng thach thirc vé k¥ thuat. Thach thire dén tir thuc té 1a nhiéu ky thuat tach song
MIMO théng thuong, vi du, tich song cudng buc khong, tach song kha nang toi da
va céc k¥ thuat giai ma hinh ciu, c6 do phtc tap 1a ham bac ba cua sé luong ang ten
[42] hoic tham chi ham mil cta sb lwong dng-ten. Thuat toan tach song LS-MIMO
lan truyén d6 tin cay do Fukada va cac cong su [42] dé xuat cd thé duoc coi 1a mot
cach tiép can day hta hen dé giam d6 phuc tap cua bo tach song LS-MIMO xudng
tinh toan bac thi hai. Str dung tiép can nay, nghién ciau & Chuong 2 va Chuong 4 s&
gidi thiéu giai phap tach song tin hiéu LS-MIMO duya trén ki thuat truyén lan do tin
cay da dugc ma rong cho hé thong LS-MIMO véi bo ADC c6 d6 phan giai thap.

Cac ky thuat méi duoc sir dung dé giai quyét do phuc tap cua tach song tin
hiéu LS-MIMO (xem [43] va cac tai liéu tham khao trong d6). Bang cach mé ra cac
vong lap cua thuat toan giam d6 doc du kién, cau trdc caa DetNet duoc xay dung
trong d6 mdi 16p twong dwong véi mot 1an lap cua bo tach séng lip thong thuong.
Phuong phap tiép can cd thé dat duoc hiéu nang tot trong khi duy tri duoc yéu cau
tinh toan thap. Trong nghién ctu [44], Takabe va cac cong su di cb ging sir dung
thuat toan tach song lap cho céc hé thdng MIMO cuc 16n véi s6 luong anten phat 16n
hon s6 anten thu. D6 phirc tap cua bo tdch sdng mai nay ty 1& thuan vai tich cua sé
ang-ten phat va ang-ten thu. Pang chu y, s6 lugng cac tham sé can diéu chinh doc lap
V6i s6 luong ang-ten - diéu nay lam cho qué trinh huan luyén nhanh chéng va 6n
dinh.

Bang cach cho phép mang no ron sau hoc béan kinh giai ma siéu cau cua giai
ma cau thong thuong [45], mot thuat toan giai ma hinh cau méi duoc dé xuit dé giam
d6 phirc tap cua bo tach song tin hiéu LS-MIMO dang ké [46]. Thuc té cho thay viéc
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lam sau thém mang no ron khong dat duoc hiéu ning c6 ¥ nghia ngoai mot sé 16p
nhét dinh, mot mang hoc sau song song duoc phat trién dé co duoc hiéu ing da dang.
Két qua 13, hiéu nang ctia bo tach séng LS-MIMO véi cac kénh truyén MIMO thay

d6i theo thoi gian dwoc cai thién [47].
1.5.2.3 B§ chuyén d6i ADC c6 d phan giai thap trong kénh MIMO ¢ I6n

Trong mang thdng tin vo tuyén trong twong lai (5G va cac thé hé mang sau do)
s6 ang-ten dugc sir dung c6 thé 1én dén hang tram 13 mét trong nhirng cha dé duoc
quan tam rat I6n hién nay dé cé thé dat duoc hiéu qua sir dung bang tan, do tin cay
va tiét kiém nang luong tiéu thu cho céc thiét bi dau cudi [41], [2], [3]. Tuy vay, sb
luong 16n cac dng-ten duoc str dung sé tao ra nhitng thach thirc trong thiét két khoi
cao tan (Radio frequency module) [18] va tach song tin hiéu MIMO & khéi xtr 1y bang
tan goc [42].

O giao dién vo tuyén cao tan ciia may thu, sir dung sé lwong 16n cac b chuyén
d6i twong tu s6 (Analog-to-Digital Converter - ADC) s& lam tang gia thanh phan cang
cling nhu nang luong tiéu thy vi ning lugng tiéu thy cia bd chuyén doi ADC ting
tuyén tinh véi do phan giai cua bo chuyén doi ADC (s6 bit trén mot mau tin hiéu).
Dé giai quyét bai toan vé gia thanh thiét bi va nang luong tiéu thy, viéc thay thé céc
bd ADC c6 d6 phan giai cao bang nhitng bo chuyén doi ADC ¢6 do phan giai chi vai
bit 1a mét giai phéap c6 nhiéu trién vong [48], [49], [50], [51], [52], [53], [37], [54].

Khi sir dung cac bo chuyén doi ADC c6 d6 phan giai thap s& gay ra hién tuong
15i nén trong viéc udc tinh tin hiéu kénh truyén dan. Xu va cac cong su [53] di ching
minh rang ting s6 luong ang-ten & tram gbc c6 thé bu dap duoc viéc suy giam hiéu
nang hé thdng do bd chuyén ddi ADC c6 d6 phan giai thip gay ra. Nguyen va céc
cong su gan day da st dung ky thuat hoc may dé giai quyét tinh hudng khi théng tin
trang thai kénh (channel state information CSI) khdng chinh x&c hoac khéng c6 ¢
phia tram gdc [52]. Ciing str dung k§ thuat hoc may, Gao va cac cong su [51] giai
quyét bai toan udc tinh kénh cho hé théng MIMO ¢& 16n véi bo chuyén d6i ADC sb
hd hop (nghia 14 c6 mot phan nho cac bo chuyén ddi ADC c6 d6 phan giai cao con

lai 12 nhitng bo chuyén doi ADC c¢6 d6 phan giai thap).
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Lién quan dén tach song tin hiéu MIMO c& 16n, nhém tac gia [54] dé xuét giai
phap sir dung bo tach song tin hiéu 2 pha/giai doan (stage) bang céch két hop hai bo
tach song: Zero-Forcing (ZF) va Maximium Likelihood (ML) cho hé théng MIMO
vé6i bo ADC c6 do phan giai 1 bit. Giai phap ndy mang lai hiéu nang tét hon bo tach
song ZF nhung lai c6 6 phuc tap thiap hon bo tach song ML. Cho va céc cong su
[37] thiét 1ap cach tinh thdng tin mém cho bo tach séng MIMO ¢& 16n véi bd chuyén
d6i ADC 1 bit dé két hop véi may thu giai ma truyén lan d6 tin cay. Trong cong trinh
nghién ciru [55], cac tac gia da thiét ké bo thu 161 binh phuong trung binh nho nhat
(MMSE) cho cac hé théng LS-MIMO véi bd ADC c6 d6 phan giai thap. Trong céc
nghién ctru d6, anh huong cua nhidu luong tu tir bd ADC duge dua vao dé thiét ké
bo thu tuyén tinh nén hiéu nang hoat dong cua né tét hon so véi b thu MMSE théng

thuong khi ty I¢ tin hiéu trén nhiéu (SNR) cao.

Lién quan dén tinh toan gioi han ly thuyét cua kénh duong lén MIMO ¢& 16n
véi bo chuyén doi ADC thap, Fan va céc cong sy [18] thiét 1ap biéu thirc tinh tong
téc do cho trudng hop maot té bao vai kénh pha dinh nhanh va pha dinh ¢& 16n. Dya
trén biéu thirc toan hoc cua tong toc do, Fan tim ra rang su suy giam hiéu ning (toc
d6 truyén dan) c6 thé bu trir bang viéc ting sé dng-ten thu (Két luan nay ciing duoc
chang minh [53]). Bang cach tinh hiéu suat nang lugng tiéu thu (nang lugng phat tin
hiéu trén kénh va ning luong tiéu thu bai bo chuyén déi ADC), nhdm nghién ciru
[56] chi ra rang bo chuyén d6i ADC 1-bit va 2-bit cho hiéu ning tiéu thy ning luong
t6t nhét.

Nhitng nghién ctru trong luan an nay chi yéu tap trung vao viéc mé hinh hoa
bo tach song tin hisu MIMO véi bo ADC c6 d6 phan giai thip. Nhitng biéu thirc toan
dugc xay dung dé thiét 1ap mdi quan hé vé do tin cay thong véi do phan giai caa b
ADC dé tir d6 thiét lap thuat toan tach song tin hiéu truyén lan do tin cay. Nghién ctu

nay duoc trinh bay ¢ Chuong 2 va Chuong 4.
1.6. Két luan chwong 1

Chuong nay di trinh bay nhitng kién thirc co ban vé mé hinh théng tin sé diém

- diém ma ¢ d6 cac ma tiém can gidi han Shannon duoc trinh bay. Céch tao ma va



40

giai ma LDPC trén gian dd Tanner duoc trinh bay cu thé. Nhitng kién thirc nay sau
d6 duoc &p dung cho ho méa Protograph LDPC sir dung trong nhitng chuong tiép theo
cua luan &n. Nhitng céng trinh nghién ctru chinh lién quan dén luan an bao gom méa
hoa kénh Protograph LDPC, tach séng tin hiéu MIMO c¢& 16n va bo chuyén d6i ADC

c6 do phan giai thip duoc sir dung & khdi RF cua may thu.



41

CHUONG 2

TACH SONG TiN HIEU CHO KENH LS-MIMO DUA TREN THUAT
TOAN LAN TRUYEN TIN CAY

2.1 Gi6i thigu

Chuong nay nghién ctru bo tach song tin hiéu MIMO c¢& 16n st dung bo ADC
c6 do phan giai thap dua trén ky thuat truyén lan do tin cay (Belief Propagation) trén
gian d6 Tanner. Nghién ctu bao gom viéc thiét 1ap cac biéu thirc toan hoc dé tinh cac
ban tin mém dé xay dung bo tach séng vong lap (iterative detector). Két qua nghién
ctru trong chuong nay da dugc cdng bd tai [CT1] phan Danh muc cac cong trinh
cdng bé cia tac gia s& 1a nén tang dé xay dung nghién ctru cia Chuong 3 va Chuong
4 cta luan an nay.
2.2 M6 hinh kénh LS-MIMO véi bé chuyén déi ADC ¢é dd phan giai thap & phia
thu

Hinh 2.1 13 mé hinh hé thdng truyén dan LS-MIMO khéng st dung ma hda
kénh voi M ang ten phat va N dng ten thu. Dau tién khdi bit thong tin b dugc diéu
ché bang bo diéu ché dich khéa pha nhi phan (BPSK) tao ra chudi ky hiéu x. Mdi ky
hiéu x & dau ra bo diéu ché nhan céc gia tri {+1, —1}. Chudi ky hiéu diéu ché duoc
dua dén bo ma hoa VBLAST MIMO dé tao cac M ludng tin hiéu cho M an ten phat.
Nhu vay trong mot 1an sir dung kénh, M ky hiéu diéu ché dugc truyén trén M ang ten
su dung phuong phap ghép kénh khong gian V-BLAST [57].

M6 hinh toén hoc cua tin hiéu thu duoc viét theo cong thac sau
y=Hx+w (2.1)
Trong Cong thac 2.1, véc-to x = [x[1],x[2], - -,x[M]]T la cac ky hiéu dugc

truyén di voi cac phan tir 1a ky hiéu diéu ché BPSK. Ma tran H € C¥*M 14 ma tran

kénh c6 cac phan tir h[n][m] 1a d6 loi kénh tir ang ten phat thir n dén ang ten thu thi
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m. Cac phan tir nay duoc md hinh hoa 1a bién ngau nhién Gauss phuc i.i.d vai gié tri

trung binh bang 0 va phuong sai don vi, nghia 12 h[n][m] ~ €N (0,1).

ME hoa ) Tach o6
(] T VELAST AlEl - Tach song
— Dituche —
A MIMO
BPSK MIMO

Hinh 2.1. M6 hinh kénh LS-MIMO véi bo chuyén d6i ADC c6 do phan giai thap.

Nhitng nghién cau trong luan an nay gia dinh rang thong tin trang thai kénh
(CSI) bao gdm bién do va pha di biét & dau thu théng qua céc bo wée tinh kénh.
Vecto w = [w[1],w[2], - -,w[N]]T € CV*! 1a vecto nhiéu Gauss trang céng phuc
c6 céac phan tir tuan theo phan bé Gauss phuc i.i.d véi gia tri trung binh bang 0 va
phuong sai Ny v6i CV'(0, Ny). Cudi cung, y = [y[1], y[2], ...,y[N]]T € CV*1 Jatin
hiéu thu.

Trong cac hé théng LS-MIMO, tin hiéu RF tai mdi ang ten thu dugc lugng tir
hoa bang hai bo ADC c6 d6 phan giai thip (¢ hai kénh, kénh dong pha va kénh tryc
giao). Nhirng nghién ciru trong luan an nay sir dung bo luong tir vo hudng ddng nhat
Q-bitvdi Q = 2,3,4,5. Trong nhiéu cong trinh nghién cutru trude day, 1-bit ADC (Q =

1) da duoc nghién ctru nén luan an nay khéng nghién cau 1-bit ADC.

Trong thyc té, tin hiéu thu dugc 1a mét bién ngau nhién lién tuc véi khoang
bién thién vo han. Do d6, tin hiéu thu duoc trude tién duoc cit dé co khoang bién
thién hiru han trong pham vi [—Lg, Lg]. Gia tri cia L, duoc chon sao cho d6 sai Iéch

do qua trinh cit giGi han tin hiéu 1a khong dang ké. Trong nghién ciu ndy, giéng nhu
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dé xuat trong cong trinh [58], quy tic 3-sigma dwoc ap dung dé tim gidi han L, nhu

Sau

1
Ls[n] =3 X OyRe[n] = 3 X OyIm[n] =~ 3 X (05 + 0.5 % NO)E
= L. (2.2)

Trong do, Gyrefn] V& Oyimin twong Gng 1a 6 léch chuan cia tin hiéu thu.

Phan bén phai caa Bang thtc 2.2 12 hang sé. Do d6, ta chi can ¢6 mot gigi han
cat chung [—L, L] cho tat ca céc tin hiéu nhan duoc tir cac dng ten thu. Piéu dang
noi ¢ day 1a viéc sir dung quy tac 3-sigma khdng phai I lya chon t6i uvu. Nhung muc
tiéu cua Chuong 2 nay ciing nhu nhiing chuong ké tiép 1a thiét ké thudt toan tach
séng tin hiéu dira trén gidn do Tanner va viéc két hop gidn do tach séng tin hiéu véi
gidn do gidi ma kénh dé tir dé thiét ké va danh gid hiéu ning cua cdc ma Protograph
LDPC nén viéc toi wu héa Ls khong dwoc xem. Tuy vy, tai thoi diém viét luan an
nay, nhém nghién ciu [59] da c6 nghién ctru sau hon vé cach tim gidi han theo do
phén giai cua bo ADC.

Dit ¥ 12 phan bi cét di cua tin hiéu thu y, cac tin hiéu bi cit duoc tinh nhu sau

_LS' yl [n] < _LS'
win]l = {ylnl, — Ly < y[n] < L, (2.3)
LS’ yl[n] > LS

Trong d6 le{Re, Im} (Re phan thuc, Im phan 40). Cac bo ADC dugc trang bi tai cac
ang-ten thu s& luong tir thanh phan thuc va thanh phan 4o mét cach riéng biét sir dung
bo luong tir don dong nhat [60] (Uniform Scalar Quantizer). Goi r 1 phan luong tir

cua tin hiéu thu bi cit ¥, ching ta cd

nnl =17 ify,[n] € (921, 92q) 1 € {Re, Im}, (2.4)

Trong d6 diém dai dién I,%, & diém giira caa mdi khoang va dugc biéu thi nhu sau

I, = nqg = 12,..,2% (2.5)
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Céc diém gi6i han duoc biéu thi nhu sau

9d =-Ls+qd,q=12,..,2° (2.6)

Trong Cong thic 2.6, théng s6 A 1a kich thudc bude luong tir hoa duoc tinh bing

2L,
A= (2.7)
@ wqln]
D
y[n] L/ r[n]

Hinh 2.2. M6 hinh nhiéu luong tir cong (AQNM).

Str dung mé hinh nhiéu lugng tir cong (AQNM) (thudng duoc gia dinh trong
nghién ctru vé cac hé théng MIMO luong tir hda [18]) va duoc md ta trong Hinh 2.2,

bo lwong tir 6 thé mé hinh hda tin hiéu lugng tir nhu sau:

r=o9y+w, = @y+wg, (2.8)

Trong d6 @ = 1 — p va p la nghich dao cua ty Ié tin hiéu trén nhiéu luong tir,
va w, la vecto nhiéu luong tr hda Gauss cong (khong tuong quan vai y). Boi véi bo
luong tir vo huéng dong nhét, nhidu luong tr xap xi 14 A2/12, [61]. Chlng ta thu

dugc thdng s6 p va @ nhu sau

3 3

V6i ma tran kénh H, phuong sai cua nhiéu luong to w,[n],n = 1,2,.. ,N

duogc tinh nhu sau [62]

loZ,[n] = o (1 - ¢)<Z|h[n][m1|2 +No) (2.10)

m=1
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Tin hiéu thu duoc sau khi lugng tir hda r duge dua dén bo tach song LS-MIMO
dwa trén BP dé khoi phuc lai tin hiéu phat.

2.4 Thuit toan tach song tin hiéu dua trén thuit toan lan truyén dé tin cay

Khi s luong ang ten 1én dén hang trim phan tr, cac thuit toan tach séng
MIMO thong thuong nhu tach song cudng birc khdng (zero-forcing), tach séng 16i
binh phuong nhé nhit (MMSE) va giai ma cau (sphere decoding) rat phuc tap va
khéng st dung duoc vi d6 phic tap cao. Thuat toan BP 13 mot lwa chon da dugc dé
Xuat dé giai quyét van dé phuc tap d6 nhu dé xuat trong cong trinh [42].

Nut ky hiéu
#1 = #M

#1 #in #N

Nt quan sat

Hinh 2.3. Gian d6 Tanner tach song tin hiéu LS-MIMO dura trén BP

Hinh 2.3 1a gian d6 Tanner tach séng tin hiéu LS-MIMO dua trén viéc truyén
lan d9 tin cay gitra cac n(t qua cac canh cua gian do. Trong gian do nay c6 hai loai
nut: nit quan sat chinh 1a cac ang ten thu (ON) va nuat ky hi¢u chinh 1a dng ten phat
(SN). Mdi nit ON s& c6 N két n6i ¢én M nat SN. Piéu nay 1a do dic tinh quang ba
cua truyén song vo tuyén trén kénh LS-MIMO, d6 la tin hiéu phat di tir 1 dng ten s&
dugc thu nhan bai nhiéu dng ten trong ving phu song cia ing ten do. Tuy nhién,
cudng do két ndi bi thay doi ngau nhién theo thoi gian va theo do loi kénh gitra nat
ON va nit SN. Vi thé gian d6 tach song tin hiéu LS-MIMO duoc goi 1a gian d6 két
ndi day du.
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Trong phan nay, thuit toan cua bo tach séng LS-MIMO duya trén BP st dung
gian 6 Tanner nhu trinh bay ¢ Hinh 2.3 dwoc nghién ciu. Trong Hinh 2.3 céc ban
tin a[n][m] va B[m][n] dugc truyén qua lai gitra nit ON thi n va nit SN thi m. Qué
trinh trao d6i thong tin tach séng dua trén phuong phap BP duogc trinh bay cu thé dudi
day.

2.4.1 Cap nhat thong tin tai nat quan sat ON

Tai n(t quan sat ON thir n, cac ky hiéu truyén di dugc tach séng va thong tin
thém vao duoc truyén dén cac nat ky hiéu SN. Tin hiéu thu dugc luong tir hoa tai nit

quan sat ON (ang ten thu thir n) ¢6 thé dugc viét lai nhu sau

rln] = ¢ Z h[n][m]x[m] + ew[n] + w,[n] (2.11)

m=1

= @h[n][m]x[m] + 2 hin]lklx[k] + ew[n]

k=1k+m

Interference

+ wy[n]

Quantization Noise

Trong d6 x[m] la ky hiéu dugc phat di trén ang ten phat thir m/nat ky hiéu
SN, h[n][m] 13 d6 loi kénh tir dng ten phat di tht n dén dng ten thu tha m, wln]

va wq[n] l1a nhiu Gauss tring cong va nhiéu lugng tir hoa tuong ting.

i |rﬂllll r I.II

Blajfe]

#n
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Hinh 2.4. Biéu d6 cap nhat théng tin & n(t quan sat ON tha n.

Nhu biéu dién trong Biéu thuc 2.11, tin hiéu thu bao gdm nhiéu gitta c4c ludng
tin hiéu. K§ thuat khir nhiu xuyén kénh song song dé loai bo nhiu xuyén kénh giira
cac ludng tin hiéu khdng mong muén s& duoc sir dung dé tach song tin hiéu LS-
MIMO trong chwong nay ciing nhu 2 chwong ké tiép cua d6 an. Trong k¥ thuat nay,
trudc tién, ching ta wdc tinh ky hiéu mém cua x[n][m] dua trén LLR bén ngoai (E-
LLR) tir nit ky hiéu SN th m sang nat quan sat ON tht n. Ky hiéu mém £[n][m]
¢6 duoc bang cach stir dung LLR duogc truyén tir nat ky hiéu SN thir m dén nit quan

sat ON tha n. B4i véi diéu ché BPSK, ky hiéu mém dugc wdc tinh nhu sau:

Bin] [m])

(2.12)

X[n][m] = tanh( 5

Trong d6 B[n][m] 1a théng tin ngoai duogc truyén tir nat ky hiéu SN tha m
sang ndt quan sat ON thir n. Ky hiéu mém duoc tinh tir Cong thuc 2.12 s& duoc ding
dé loai bo nhiéu tir tin hiéu thu duoc lwong tir hoa tai ang ten thir n cho ky hiéu phat

thr m nhu sau

fln][m] =r[n] —¢ z hin][k]1x[n][k], (2.13)

k=1,k#m

trong d6 #[n][m] la tin hiéu thu duoc lugng tir hoa cua ky hiéu phat x[m] tai ang ten
thu tha n sau khi khtr nhidu. Ky hiéu mém duoc uéc tinh tir Cong thirc 2.12 1a mot
ban sao khéng hoan hao cua ky hiéu phat. Do d6 nhiéu du van con ton tai trong tin
hiéu #[n][m]. Trong nghién ctru nay nhidu du dé dwgc xap xi 1a nhiéu Gauss cong.
Dit z[n][m] 1a nhidu du cong véi thanh phan nhiéu khac ta cd

M

z[n][m] = ¢ Z hinllk](x[n][k] — Z[n][k]) + pw[n]

k=1,k#m

+ wqlnl.

Dua vao (2.14), ta c6 thé viét lai biéu thac #[n][m] ¢ (2.13) nhu sau
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f[n][m] = ¢ h[n][m]x[m] + z[n][m]. (2.15)

Cong suat cua nhidu du cong véi thanh phan nhiu duoc tinh theo cong thirc

Winllm] = ¢ > [R[AIIKI(L = [Rn)IK]I? + 92N,
k=1,k#m,
+o(1- ) (% > Infalim]f? + No> 2.16)

Trong d6, ¢ duoc tinh theo Cong thic (2.9). Thong tin duoc truyén tir nit
quan sat ON thir n dén nat ky hiéu SN thir m 14 ham loga LLR va dugc tinh bang
cong thuc sau:

Pr(#[n][m]|H, x[m] = +1)
Pr(#[n][m]|H, x[m] = —1)

a[n][m] = In

_ 4 " ,
= ] R(h*[n][m]#[n][m]). (2.17)

Qua trinh & nGt quan sat ON tht n dugc két thic bang cach truyén a[n][m]
t6i nat ky higu SN tha m.

a(1]{m] afNj{m]

Flnjfm]

Hinh 2.5. Cap nhat théng tin ¢ nat ky hiéu SN
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2.4.2 Cap nhat thong tin ¢ nat ky hiéu SN

Nhiém vy chinh caa ndt ky hiéu SN thi m 12 tinh todn xac suat hau nghiém cua
ky hiéu x[m] véi cac théng tin nhan dugc tir cac nlt quan sat ON. X&c suat hau nghiém
LLR I'[m] cua ky hiéu x[m] c6 dugc bang céach tinh tong tat ca cac E-LLR nhan duoc

tr cac nut quan sat ON nhu sau

Fiml = ) afnllm]. (2.18)
NneN
Budc tiép theo Ia tinh toan thdng tin EI truyén tir nat ky hiéu SN thir m sang
nGt quan sat ON thr n ¢6 sir dung Xac suat hau nghiém LLR, I'[m]. Théng tin bén
ngoai bao gom thong tin do nit ON cung cap khong bao gom ndt thi n dé tranh lap
lai thong tin nhu mo6 ta ¢ Hinh 2.5. Ban tin tur nat ky hiéu SN thi m sang nat quan sat

ON thtr n duoc tinh nhu sau

Blml][n] = I'lm] — a[n][m] (2.19)

Nhu ching ta thdy trong Hinh 2.3, d6 thi Tanner dung dé tach s6ng duya trén
BP ¢6 rat nhiéu vong l3p ngan chdng c6 thé anh hudng dén viéc hoi tu cua thuat toan
lap. Khi d6 tin cay khéng hoi tu chinh xac, cac gia tri LLR thuong dao dong lap lai
[62]. Hién tugng dao dong lap lai c6 thé giam bt bang cach sir dung hé s6 suy giam

€ nhu dudi day:

BPml[n] = eV [m][n]
+ (1 —&)(I'm] — a[n][m]), (2.20)

Trong d6, t 14 chi s vong lap. Cac ban tin duoc truyén lap di 1ap lai giita cac
nGt SN va cac nat ON. Sau mdi lan lip, do tin cay cua ky hiéu duoc ting 1én. Vao

cudi qua trinh 13p ky hiéu £[m] dugc wdc tinh nhu sau
x[m] = sign(I'[m]) (2.21)
2.5 Két qua md phéng

Phan nay trinh bay két qua md phong bang may tinh véi cac tham sé ¢ Bang
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2.1 dé danh gia hiéu ning cua bo tach séng tin dwa trén BP véi mot sé cdu hinh MIMO
va bo ADC co d6 phan giai thap khac nhau. Phuong phap diéu ché 1a BPSK va kénh
pha dinh Rayleigh duoc sir dung. Luu y rang md hinh kénh thong ké Rayleigh 1a mo
hinh duogc sir dung rong réi trong hau hét cac nghién ciru vé thdng tin v tuyén trén
toan thé giGi. Viéc tao mé hinh mo hinh kénh duoc thuc hién bang viéc tao 2 phan bd
chuin nhu da mé ta ¢ phan md hinh hé théng. Két qua mé phong trong Chuong 2 nay
va cac chuwong con lai dugc thuc hién trén ngbn ngir C++. Gia dinh rang bo thu c6
thong tin trang thai kénh va sb lan lap t6i da 1a 10. Hinh 2.6 dudi day nghién ctu ty
18 15i bit (BER) cuia hé théng voi cau hinh 10 dng ten phéat va 10 ang ten thu (goi Ia
cau hinh 10 x 10 MIMO) vai bo chuyén doi ADC 3-bit.

Bang 2.1 Cac tham sé6 mé phong

Phuong thic diéu ché B-PSK
P6 phan gidi by ADC 2-bit, 3-bit, 4-bit, 5-bit
JOTR 10x10, 10x20, 100x100, 100x150, 100x200,
Cau hinh MIMO 100x300
Kénh truyén dan Rayleigh
S6 vong lap tach song toi
10
da
Hé sb suy giam ¢ 0.2

Thong tin trang thai kénh Chi c6 ¢ phia thu
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Hinh 2.6. Hiéu ning BER 10 x 10 LS-MIMO, 3-bit ADC, hé sé suy giam & = 0,2.

Quan sat két qua tir Hinh 2.6 cho thay hiéu ning cua hé théng dugc cai thién
khi s6 vong lap tang 1én (tr 1 dén 10). Bo tach song duya trén BP duoc dé xuét cho
hiéu niang tot hon bo tach song tuyén tinh MMSE. Két qua nay phi hop véi két qua
duoc béo cao trong cong trinh [42]. Lién quan dén méi quan hé gitra hiéu nang BER
va s6 vong lap, hiéu niang cta bo tach song BP dé xuét duoc cai thién rd rét trong 5
lan lap dau tién. Sau d6, muc cai thién hiéu nang qua cac vong 1ap giam dan va gan
nhu muc cai thién hiéu ning rat nho tir vong lap 8, 9 va 10. So véi hé thong LS-
MIMO d6 phan giai cao, hé théng LS-MIMO véi bo ADC 3-bit ¢6 hiéu nang thap
hon nhiéu. Pac biét ¢ BER = 1073, chénh léch giira hiéu ning cua hé théng véi
3-bit ADC va hé thong c6 d6 phan giai cao la 2,5dB.

Pé nghién cttu méi quan hé giita hiéu nang va cac do phan giai khac nhau cua
bo chuyén d6i ADC, Hinh 2.7 trinh bay hiéu nang BER cuia hé théng LS-MIMO ADC
c6 do phan giai thip khac nhau. PAu tién ta cd thé thay rang c6 mot khoang céch Ién
vé hiéu ning giira hé théng ADC 2-bit va hé thdng ADC 3-bit. Sau d6 khi ting do
phén giai caa bo ADC thém mot bit, tac 1a bd ADC 4-bit, hiéu nang duoc cai thién
hon nita. Tuy nhién, su cai thién hiéu nang bi giam di khi tang d6 phan giai tir 4-bit
Ién 5-bit. Nhu quan sat thay trong Hinh 2.7, sy khéc biét vé hiéu nang giita hé thong
ADC 5-bit va hé thng d6 phan giai cao (unquantized) Ia rat nho véi BER = 4.107%.
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Vi du, tai BER = 1073, hiéu ning cua hé thong ADC 5-bit va hé théng phan giai cao
la gan nhu nhau. Khi di chuyén xuéng BER = 10~#, chénh léch 1a khoang 1dB.

—8— 2-hit ADC 10lter.
—==-=3-bit ADC 10lter.
=== 4-hit ADC 10lter.
—-@-=5-hit ADC 10lter.
==d== Linquantized 10lter.

whE"

107 F

SN
N
10 B T

BER
e

Hinh 2.7. Hiéu ning BER: LS-MIMO 10 x 10, 2-bit ADC dén 5-bit ADC, & =
0,2.

Két qua nghién ctu nay cho thay co thé sir dung bo ADC 4-bit hoic bo ADC
5-bit dé giam do phuc tap va muc tiéu thy nang luong cua qua trinh xu ly tin hiéu RF

ma chi chiu ton that hiéu ning khong dang ké.

Khi sb luong anten phat M duoc c6 dinh 1a 10 va sb lugng anten thu N 1a 10,
20 va 30, khoang cach hiéu ning giita hé thong ADC 2-bit va hé thong ADC 3-bit
duoc giam dang ké nhu duoc quan sét tir Hinh 2.8 - Hinh 2.9. Cu thé trong cdu hinh
MIMO 10 x 30 (Hinh 2.9), hiéu nang cua ADC 3-bit rit gan véi hiéu niang cia hé
théng MIMO vai bo ADC phan giai cao. Két qua nay rat c6 y nghia ddi voi cac hé
théng LS-MIMO véi tram goc duoc trang bi hang trim hoic hang nghin dng ten vi
ching ta c6 thé sir dung bo ADC d6 phan giai thip dé giam do phirc tap va muc tiéu

thu dién niang ma khong lam giam dang ké vé mit hiéu ning.
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\ L]
104 b |—8— 2.5t ADC 101ter. e"-“-:‘-.‘ 3
=== 3-bit ADC 100er. \‘Q}k‘
= === 4 bit ADC 100ter. RN
==@-=E5-hit ADC 10lker. \\.,\ N,
—=-+-—Unguantized 10ter. a
| ",
0 1 2 3 4 5 6 7 8
E, /N,

Hinh 2.8. Hiéu ning BER: LS-MIMO 10 x 20, 2-bit ADC dén 5-bit ADC, & =
0,2.

BER

oy
—B— 5-hit ADC 100ter. \“\\
—-4-= 3-bit ADC 100ter. e
b | === 4-Bit ADC 10iter.
b | =8 -=5-hit ADC 100ter.

107

=== Unquantized 10er.

i i 1 i i ] i
-2 -1 0 i 2 3 4 5 G
EN,

1078

Hinh 2.9. Hiéu nang BER: LS-MIMO 10 x 30, 2-bit ADC dén 5-bit ADC, £ = 0,2.
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10

1077

102
o
& 10° _
=-8-= 5-hit ADC 1 Iter.
==8== 5 -hit ADC 2 Iter.
4 L |7"%-=5bit ADC 3 tter.
10 —-#-— 5.hit ADC 4 Iter.
= === 5 hit ADC 5 Iter.
—-8-= 5 hif ADC & lter.
105 | |==€=— 5-bit ADC 7 er.
=== 5-hit ADC 10 Ifer.
—&— Unquantized
II:I_E i i
0 1 2 3 - 5 B 7 8 9 10
E bmu

Hinh 2.10. Hiéu nang BER trong hé thong LS-MIMO va sé lan lap, e = 0,2.

—=B-= 5-hit ADC/00100 MIMO
100 —&— Unquantized/100x100 MIMO | |
=== 4-hit ADC / 100x 150 MIMO
~—8— Unguantized/100x150 MIMO
| —eipem 4-hit ADC { 100x 200 MIMO
1013 —w— Unguantized/100x200 MIMO | 3
=il = 4-hit ADC / 100x300 MIMO

—ifr— Unquantized!100:300 MINO

1058, : - e R, e 3
Q - T, & E 2. ‘\b\‘
103 e - “s\ . i .‘_‘\’ -
e, \\\\ ; ‘\ =~

4 NS |
10 iy X \‘\‘ \

N \"\ \‘\
. \\ \\. .. ", .

'IDIE' 1 I I I I ‘_'& I b 1 1
8 8 10

Hinh 211. Hiéu nang cua BER trong hé thong MIMO: D6 phan giai thap va cao,
e=0,2.

Cudi cuing, két qua thir nghiém cac bo ADC c6 d6 phan giai thap trong céc cu
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hinh LS-MIMO khac nhau duoc trinh bay ¢ Hinh 2.10 va Hinh 2.11 trong d6 s luong
ang ten phat dugc dat 1 100 va sb lwong anten thu 1a 100, 150, 200, va 300. Hiéu
nang ctia bo tach séng BP theo sb 1an lap (iteration) dugc biéu dién ¢ Hinh 2.10. Két
qua cho thy rang hiéu ning cua hé théng dugc cai thién dang ké trong 5 lan lap dau
tién. Sau d6 do cai thién vé hiéu nang giam dan. Hiéu ning cia bd ADC 4-bit va ADC
5-bit trong cac cau hinh LS-MIMO khac nhau dugc biéu dién ¢ Hinh 2.11 so véi hiéu
nang cua bo ADC phan giai cao. Két qua md phong cho thay chénh Iéch hiéu ning
giita d6 phan giai thap (4-bit va 5 bit) va do phan giai cao ciing khong dang ké. Mot
lan nira khang dinh rang hé théng LS-MIMO véi bo ADC d6 phan giai thap chi bi
giam mot luong hiéu nang nhé co thé giam do phuc tap dang ké trong qué trinh xu ly
RF.

2.6 Két luan chuwong 2

Bo tach séng dua trén BP cho cac hé thong LS-MIMO s dung bo ADC d6
phan giai thap duoc nghién ciu théng qua tng dung thuat toan truyén tin BP trén gian
d6 Tanner. Sir dung md hinh nhiéu luong tir héa cong, méd hinh toan hoc caa viéc cap
nhat thong tin tai cac nut quan sat va xay dung bo tdch séng dwa trén BP cho cac hé
théng LS-MIMO st dung bo ADC c6 d6 phan giai thap duoc dé xuat. Dya vao nghién
ctru hiéu nang ciia bo tach séng BP, ching ta co thé st dung bo ADC 4-bit hoic bo
ADC 5-bit trong cac hé théng LS-MIMO dé cat giam muc tiéu thu dién ning va chi

phi phan ciing cho md-dun RF ma chi giam mot phan nhé hiéu nang.

Két qua nghién ctru thuat toan giai ma BP dwa trén gian dd Tanner 12 nén méng
dé nghién ctu viéc két hop gian do tach song tin hiéu LS-MIMO va gian do giai ma
kénh thanh mot gian do 2 I6p dé tir d6 hinh thanh thuat toan tim kiém céac ma
Protograph LDPC c6 y nghia quan trong. Noi dung nay sé dugc trinh bay trong

chuong ké tiép cua luan én.
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CHUONG 3
THIET KE MA PROTOGRAPH LDPC CHO KENH LS-MIMO

3.1. Gi6i thigu

Chuong nay nghién ctru Xay dung thuat todn gian do truyén thdng tin bén ngoai
protograph (PEXIT) cho céc hé théng LS-MIMO, duoc goi la thuét toan LS-MIMO-
PEXIT. Thuat toan duoc xay dyung dua trén cac ham thong tin twong hd cta cac ban
tin duoc truyén trén gian d6 kép — gian do két hop tach song MIMO va giai ma LDPC.
Thuat toan LS-MIMO-PEXIT mdéi nay dong mot vai tro quan trong trong qua trinh
xay dung mot giai phap thiét ké ma Protograph LDPC méi cho hé théng LS-MIMO
c6 do tré thap trong di dong 5G va va cac mang di dong hién dai khac. Cu thé, dua
trén do thi tach séng & Chuong 2 va thuat toan PEXIT [40] [63] [39], thuat toan LS-
MIMO-PEXIT dugc thiét ké va két hop vai quy trinh thiét ké hai budc dé tim cac ma
Protograph LDPC t6i vu cho kénh LS-MIMO. Quy trinh thiét ké ma Protograph
LDPC méi c6 nhitng tham sé dau vao nhu sau: 1) cac dac tinh lan truyén cua kénh
truyén LS-MIMO; 2) cAu tric ma tran co so cia mot mé Protograph LDPC; 3) s6 lan
l3p lai giai ma t6i da dé t6i vu héa hon nira ma Protograph LDPC cho céc kénh LS-
MIMO & ché do lap thap. Két qua nghién ciru trong chuong nay da duoc cong b tai

[CT3] phan Danh muc cac cong trinh cdng b caa tac gia.
Noi dung nghién ciru cia Chuong 3 bao gom:

e Xay dung thuat toan LS-MIMO-PEXIT méi dya trén gian do hai lép cho céc
kénh LS-MIMO duing bo tach séng MIMO truyén lan db tin cay loai bé nhidu song
song va cau trdc giai ma Protograph LDPC duoc sir dung.

e Thuat todn LS-MIMO PEXIT duoc sir dung dé danh gia mot cach c6 hé thong
hiéu nang cua cac ma Protograph LDPC vai cac tham sb dau vao khéac nhau bao gom:
ty 16 ma hda, sé luong tdi da giai ma 1ap lai va cau hinh LS-MIMO.

e Dung thuat toan LS-MIMO PEXIT dé thiét ké mgi ma Protograph LDPC cho
cac hé thong LS-MIMO cu thé cd sb 1an lap giai ma xac dinh.

e Cuthé, thiét ké ma Protograph LDPC mdi cho cac kénh LS-MIMO ¢ céc ty
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16 ma hda khac nhau (1 /2,2 /3,3 /4). Cac ma nay c6 hiéu ning tét hon cac ma
hién tai (vi du [64] [14] [63]), v6i do loi ma hoa thay ddi tir 0,2 dB dén 0,4 dB tai
muc FER = 1074,

e Dung kinh nghiém thiét ké thuc té va phan tich ly thuyét vé cac ham twong hd
dé xay dung quy trinh hai buéc téi vu ma Protograph LDPC khéng c6 san 13i tai mic
FER = 10~ hoic tai BER = 10~7. Ciing Véi d6 loi ma hoa dugc dé cap & trén, dic
diém khong san 18i cia cac ma Protograph LDPC duoc thiét ké trong chuwong nay vo

cling quan trong ddi véi cac mang khong day trong tuong lai yéu cau do tin cay.

B Y Y

Bo Bo VBLAST

Két hop tich

b [ 70 e [Didnchil s songvigiaimi | b
—| mihoa [FJTIERCNEL P4 om0 : ] -
PIDPC| |BPSK - i B ;-Ifggf

Hinh 3.1. M6 hinh truyén dan MIMO sir dung ma héa kénh Protograph LDPC.

3.2. M6 hinh may thu két hep tach séng va giai ma LDPC dwa trén gian dé

Tanner

M6 hinh truyén din MIMO c¢& I6n sir dung ma hoa kénh dugc nghién ctu
trong chuong nay duoc trinh bay ¢ Hinh 3.1 Trong d6 kénh MIMO c& 16n co
M #ng ten phét va N ing ten thu. Mot khéi Kc bit théng tin b dugc ma hoa boi mot
bo ma hoa Protograph LDPC dé tao ra cac tir ma ¢ co d6 dai Nc bit dugc ma hoa. Bit
dugc mi hoa sau d6 duoc diéu ché bang bo diéu ché khoa dich pha nhi phan (BPSK)
Vvé6i bang chix céi trong {41, —1}. Trong mét lan sir dung kénh, M ky hiéu dugc diéu
ché c6 thé duoc truyén qua M ang ten phat sir dung so d6 ghép kénh khdng gian. Do
d6, yéu cau L, = [Nc/M] kénh str dung dé truyén tat ca cac bit ma héa Nc. M6 hinh

tin hiéu nhan duoc nhu sau:
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y = Hx+w, (3.1)

trong d6 x = [x[1], x[2], ...,x[M]]T 1a vecto ky hiéu truyén ky hiéu c6 cac phan tir
thudc bang chir cai diéu ché BPSK. H € CV*M |a ma tran kénh c6 cac phan tir h[n, m]
¢ phan bd i.i.d Gaussian phuc véi gia tri trung binh bang 0 va phuong sai don vi
CN (0,1). Béi véi phan tich trong phan tiép theo, ching t6i gia dinh rang théng tin
trang thai kénh hoan hao (CSI) c6 sin tai phia thu. w = [w[1],w[2], ..., w[N]] €
CM*1 biéu thi vecto nhiéu cong c6 cac phan tir 1a cac bién ngau nhién phuc i.i.d
Gaussian véi gid tri trung binh bang 0 va phuong sai N, tic 1a CNV(0,N,). y =
[y[l] ,y[2], ...,y[N]]T € CV*1 13 vecto cua tin hiéu thu duoc tai N dng ten thu. Quan
sat y[n] tai ang ten thu tha n, tic 1a nGt quan sat tha n trong do thi Tanner, c6 thé

duoc viét Ia:

y[n] = h[n, mlx[m] + 2 hn, klx[k] + wn]. (3.2)
k=1

k+m

O trén, thanh phan can nhiéu d6i vé&i ky hi¢u phat x[m], X4, . R, Klx[k],

dugc loai bo bang cach si dung k¥ thuat loai bo nhidu song song [42]

M
gln,m] = ylnl = > hln, kI2[n, k], (3:3)
k=1
k+m
trong d6 y[n, m] 1a quan sat caa ky hiéu duoc truyén x[m] tai anten thu thir n sau khi
loai bo nhiéu. £[n; m] 1a ky hiéu mém cua x[m] tai ang ten thu thi n.
Dbi véi so d6 diéu ché BPSK, ky hiéu mém %[n, m] 1a phién ban wéc tinh cua
ky hiéu x[m] tai ang ten thu thir n duoc tinh bang cach sir dung ham tanh nhu dudi

day

(3.4)

%[n,m] = tanh (ﬁ [nz, m])}
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Trong d6 B[m,n] la ty sb log likelihood bén ngoai (LLR) dugc chuyén tir n(t
bién tha m sang quan sat the n nat. C thé mé rong quy trinh thiét ké nay cho céc
phuong phap diéu ché c6 gié tri phac. Vi du, ching ta c6 thé chuyén doi md hinh gia
tri phuc cua so dd diéu ché QPSK sang md hinh gia tri thuc twong duong cua so do
diéu ché BPSK sau d6 sir dung Cong thirc 3.4 truc tiép. Di Vi cac so dd diéu ché
bac cao hon nhu 8-PSK hoidc 16-QAM, uéc tinh ky hiéu mém sé& phic tap hon va

khong duoc xem xét van dé nay trong luan &n nay.

Do su tach song tin hiéu LS-MIMO va cau tric giai ma Protograph LDPC
duogc sir dung, cac ban tin 8[m, n] trong (3.4) bao gom thdng tin bén ngoai tir ca hai
nGt quan sat cua biéu do tach song LS-MIMO va céc nat kiém tra cua d6 thi giai ma
Protograph LDPC. Trong cac phan sau, khi thuat toan PEXIT méi dugc xay dung
cho cac kénh LS-MIMO, su tuong tac cua nhirng ban tin do6 s€ dugc nhan théng qua
cac ham théng tin twong hd. M6 hinh hda sy tuong tac cta tach séng tin hiéu LS-
MIMO va giai ma Protograph LDPC vao trong thiét ké 1a diém khéc biét cua nghién
ctru nay so vai nhitng nghién cau trude d6. Nhitng nghién ciru trude d6 chi st dung
gian do 1 16p. Hon nita, Vi cAc mirc do tin cay cua bit thdng tin tir nGt quan st va cac
nGt kiém tra duoc cai thién sau mdi lan lap, do dé udc lugng mém, x[n, m], ciing
duogc cai thién sau mdi lan lap. Két qua, lueong nhiéu xuyén kénh trong (3.3) sé bi loai

bo bot khoi tin hiéu quan tam sau mdi lan lap.
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Hinh 3.2. Biéu d6 hai I6p cho tach song tin hiéu LS-MIMO va giai ma Protograph
LDPC.

LLR cua ky hiéu truyén th m & ang ten thu th n duoc dwa ra boi

Pr(p[n,mH,x[m] = —-1) Wn, m] ,(3.5)

Trong do

Y[n,m] = z |h[n, k117 (1 = |Z[n, k]1%) + N,. (3.6)
k=1,

k+m

Ban tin a[n, m] duoc chuyén dén ndt bién trén gian d6 Tanner hai l6p dé dong
thoi tach song lap va thu giai ma trong [65], nhu trong Hinh 3.2. L6p dau tién la gian
d6 tir cac nut quan sat y két ndi véi cac nat ky hiéu x. Lop thir 2 1a cau trdc gian do

giai ma LDPC két ni cac bién nat v ¢én nat kiém tra c. Anh xa gitra x va v 12 anh xa
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mot-mot. Chi tiét co thé tham khao [10] vé cach xay dung méa Protograph LDPC tir

mot ma tran co s¢ nho B.

Lién quan dén tach song LS-MIMO két hop véi gian d6 giai md LDPC tac
dong thé nao Ién qué trinh loai bo can nhiéu, Biéu thuc 3.6 cung cip cho ching ta
mot sy giai thich rd rang. Nhu da phan tich ¢ trén, udc lugng cua x[m] tai ang ten
thu thar n ngay cang tré nén chinh xac hon sau mdi lan lip. Do d6, gia tri cua
|£[n, m]|? gan hon vé6i 1. Piéu nay c6 nghia 1a cong suat can nhiéu (tic 13, sé hang
dau tién trong (3.6)) tiém can véi khdng. N6i ngan gon, can nhiéu sé& bi loai bo mot
cach hiéu qua bang cach két hop su tuong tac dong cua cac thong tin trén gian 46 2
l6p vao thiét ké. Cubi cling, cac mirc do tin cay cua cac thdng tin hau nghiém ting
1én va cac bit thong tin duoc khoi phuc vai mot xac suat 13i thap so véi biéu dd mot
l6p trong d6 cac murc tin cay & dau ra cua bo tach song LS-MIMO 1a khong thay doi
/ tinh.

3.4. Thuat toan LS-MIMO-PEXIT

Pé thiét ké ma Protograph LDPC méi cho hé théng LS-MIMO véi M x N
ing-ten, ngudi ta can mot cong cu phan tich dé danh gia, sau d6 tim ma tran kich
thudc nho B (ma tran co s6) toi vu cua biéu dd co ban véi cac nat kiém tra S va céc
nGt bién P (tic 12 B ¢6 S hang va P cot). Trong phan ndy, mot céng cu phan tich ¢6
tinh dén cac dac tinh cua thuat toan tach séng va giai ma dong thoi duogc thiét lap.
Thuat toan nay duoc goi la thuat toan LS-MIMO-PEXIT. Y tudéng dang sau thuat
toan LS-MIMO-PEXIT la phan tich cac ham thong tin twong hd ctia cac ban tin truyén
qua biéu d6 hai 16p, nhu trong Hinh 3.2. Thuat toan LS-MIMO-PEXIT c6 thé dugc
st dung nhu mot ¢ong cu tot dé danh gia xem mot ma LDPC hoat dong tét hon ma

khéc hay khong, bang cach danh gia cac ngudng giai ma lap cua ching.

Thoéng qua bbn loai thong tin chung trong [38] nhu dugc hién thi trong Hinh
3.2

e I,[n,m] la théng tin twong hd bén ngoai giira gia tri LLR duoc giri boi quan

sat thir n nat dén nat bién thir m va bit ma hoa twong ung thir m.
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e I [p,s] biéu thi théng tin twong hd bén ngoai gitta gi tri LLR dugc giri bai
nGt bién thir p téi NGt kiém tra thir s va bit ma hoa twong tng thi p.

e [,[s,p] 1athdng tin twong hd bén ngoai giita gia tri LLR dwoc gui bai ndt kiém
tra thtr s d@én nGt bién tha p va bit ma hoa tuong tng thi p.

e Iz[m,n] la thong tin twong hd bén ngoai gitra gia tri LLR duoc gui bsi bién
thir m dén nat quan séat thir n va bit ma hoa tuong ang thir m.

e D¢ tinh toan nhimng thong tin tuong hd ndy, ching t6i sir dung ham J () va
J71() dudi day [38]:

a,,0°+b;0°+¢q0, 0<0 <o’

J(o) =41 - eaj’z"g+b1.202+cf'2"+d1'2 0"<0<10
1, o=>10
(3.7)
a;; =—0.042161, by, = —0.209 252 c;, = —0.006 400 81
a;, = 0.00181491, b;, = —0.142 675 c;, = —0.082 205 4,

d,, = 0.054 960 8.

-t ag1I? + byl +co NI, O0<I<I
- —Ug 2 ln[ba,z(l - I)] - Cg,zl, I'<i<i

(3.8)
(g, = 1.095 42, by = 0.214217, Cpq = 2.337 27
ay, = 0.706 692, by, = 0.386 013, Cpq = —1.750 17

Thuat todan LS-MIMO-PEXIT véi diu vao 1a méot ma tran co s& B, mot cau
hinh MIMO cu thé va sé vong lap cuc dai Iter,,,, va dau ra 1a ngudng giai ma. Thuat

toan duoc dé xuit nhu sau.

. L, A I BT G ‘A A - X E \
Bwaéc 0. Bat dau vai mot ti so tin hiéu trén nhieu (N—”) valg = 0.
07 ¢
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Bud6c 1. Tao F ma tran kénh truyén cia H: Hy, f = 1,2, ..., F. Tinh o3 = J72(I3)
theo (3.8).

2
Tao Blm,n] ~ ( B B) vm=12,..,M,vn=12,..,N. St dung B[n,m],
wdce lugng ky hiéu mém z[n, m] dugc tinh trong Céng thic 4.4.

Bu6c 2. V6i mot ma tran kénh kénh truyén cho truéc Hy, f = 1,2, ..., F, tinh

I f[n,m]

Ia,f[nr m] = ](O-a[n,m],f)r (3.9)

|hf[nm

VOi Gglnm)f = g (Wr[n, m] tir Cong thuc 3.6. I,[n, m] la trung binh cua

Q phién ban kénh truyén, I[n, m] = %2]5:1 I s[n,m].

Buoc 3. Tinh I, [p, s]

. — 2
trong do O-lf[p] = ZTENC(p)\s B[T: p] U ! (Ib [T: p])] ’ Uo%[p] =

Ynen, ol Ugln, pD]? trong d6 NV, (p) 14 tap cac nat kiém tra két néi vsi nat bién
tha p; IV, (p) la tap cac nat quan sat két ndi véi nat thir p. B[r, p] la phan tir tha

[r, p] cua ma tran nho B.

Buoc 4. Tinh I, [s, p]

Ib [S, p]

= Z B[s, 71/ "1(1 = Ioprs1)]” |- (3.11)
TEN(S)\p

trong d6 IV, (s) 1a tap cac nat két ndi téi nat kiém tra thu s.




64

Bwéc 5. Tinh Ig[m, n]

Ig[m,n] =] (\/crj[m] + crlf[m]), (3.12)

voi O-l?[m] = Zre]\fc(m) B[T‘, m] []_1 (Ib [T', m])]z va Oalm] =

Zre]\fo(m)\n[]_l(la [n: m])]z

Budéc 6. Tinh tong thong tin twong hd tir hai 16p két ndi véi nhau tai nat bién thir

P, Lypp [P]

Lypp[p] =]< Ué[p] + O'bz[p]), (3.13)

V6i 0511 = Zren. Bl plU 1 Up[r, pD1? va 031 = Zren, i~ Uelr, pD]?.

Buwéc 7. Lap lai cac bude tir 1 dén 6 cho dén sé lan lap cuc dai hodc thoa diéu kién
ding Lpp[p] = 1,¥p = 1,2, .., P. Ngudng giai mé lap la ti s6 (22) cyc tiéu thoa
07 ¢

Lipp[p] = 1,Vp = 1,2, ..., P, voi mot s 1an lap giai ma cuc dai cho trudc.

Thuat toan LS-MIMO-PEXIT & trén s& duoc sir dung dé tinh cac ngudng giai
ma lap, n(B, M, N, Iter;,, ), trong bai toan tdi wu ma tran ¢& nho trong phan sau. Luu
y rang ngudng giai ma lip cang thap, hiéu nang ma cang tot vi ngudng giai ma lap
duge xac dinh 1a chat lugng kénh truyén téi thiéu, chat luong nay hd trg giai ma lap
d6 tin cay cua cac ma LDPC Ién tiém can duoc xay dyng tir ma tran nho véi mot sé

luong lan I13p giai ma téi da nhét dinh qua db thi chung.

Nhgn xét 1: Thuat toan PEXIT dugc dé xuat cho cac kénh LS-MIMO khéc véi
thuat toan thong thudng & tat ca cac budc, ngoai trir Bude 4. Pac biét, cac tinh ning
tach séng truyén ban tin va giai ma va cac kénh LS-MIMO dugc xem xét dé tinh toan

cac ham thong tin twong ho.
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Nhdn xét 2: Tham s6 a2p,,) trong Cong thirc 3.10 déng vai trd 1a phuong sai

[p
cua ban tin LLR kénh trong thuat todn PEXIT théng thuong. Do d6, mot trong nhirng
gia dinh khong thé thiéu trong viéc phat trién thuat toan PEXIT 1a c4c ban tin LLR
cua kénh tuan theo phan bé Gaussian ddi xing. Gia dinh nay dwoc xac minh théng
qua md phong Monte Carlo va ham mat d6 xac suat (pdf) cua ban tin LLR kénh duoc

v¢ trong Hinh 3.3.

= = =Simulation
D.15¢ m— Theoratical

0.15

01r

pdf
pdf
=1

0.05 0.05

=10 0 10 20 =10 0 10 20
L-value L-value

(a) 10 = 10 (b) 100 = 100

Hinh 3.3. Ham mat d6 x&c suat caa thdng tin LLR: M4 AR3A [13], ty Ié ma hoa
R=1/2.

Sy khéc biét xay ra trong truong hop cau hinh MIMO 10 x 10. Tuy nhién, su
khéc biét xay ra trong mot khu vuc nhé xung quanh gid tri trung binh cua L. Trong
vung dudi, cac duong cong Iy thuyét va mé phong rat gan voi nhau. Trong trudng
hop cau hinh LS-MIMO 100 x 100, khong c6 su khac biét giira ly thuyét va cac
duong cong mé phong. Tém lai, gia thiét phan b Gaussian 1a hop 1y cho ca cau hinh
MIMO 10 x 10 va 100 x 100 (Xem Hinh 3.3a va Hinh 3.3Db).

Nhdn xét 3: Gid tri cua o,

| s& duoc thay doi tir 1an Iap nay sang lan Iap khéc.
Do d6, thong tin bén ngoai tir @ thi giai ma LDPC gilp cai thién thdng tin bén ngoai
cua do thi tach séng MIMO nhd cau tric gian d6 kép, va nguoc lai. S6 lugng d6 van

khong thay ddi trong thuat toan PEXIT thong thuong.
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Nhdn xét 4: Trong thuat toan LS-MIMO-PEXIT duoc dé xuat nay, ham théng
tin twong hd I, [n, m] dugc xir Iy khac nhau ddi véi cac cap (n, m) khac nhau, 1a céc
canh trén phan LS-MIMO cua gian d6 kép. Ly do 1a ham twong hd I,[n, m] nhan cac
phan khac nhau cua théng tin tuong hd tir cac canh dén, mdi canh c6 cac do loi kénh
khac nhau trong moi trrong suy hao. Pay la nhitng tinh nang dac biét caa thuat toan
LS-MIMO-PEXIT dugc nghién ctru trong chuong nay.

Nhdn xét 5: V/é viéc lua chon gié tri ban dau cua i—z & Bude 0, nguoi ta c6 thé

st dung k¥ thuat duoc dé xuat trong [63] bang cach chon gia tri ban dau cua i—” du
0

nho. Gia tri cua % sau d6 duogc ting 1én mot lugng 0.001 dB sau mdi lan lap. Nguoc
0

lai, NCS sir dung thuat toan tim kiém nhi phan, dbi véi bién i—” dé c6 duoc ngudng
0

giai ma lap. Pau tién, chon mot pham vi kha thi [(ﬂ)
0

() Tchot thigiatr

min 0/ max

ban dau cua z—” ban dau duoc dit ¢ diém gitta caa pham vi kha thi. Trong nghién cau
0

nay, Ep duoc tron trong pham vi [—8 dB, 8 dB]. Do d6, gia tri ban dau cua % 1a0dB.
Ny Ny

Je ~ 5 A 4 S = A A A s A E A A
Trong cac mo phong, thuat toan tim kiem ludn hoi tu vai bien N—b Do vay, viéc lya
0

chon gia tri ban dau cua % khong anh huéng dén hiéu nang cua cac ma LDPC duogc
0

thiét ké mai.
3.5. Thiét ké ma Protograph LDPC cho kénh LS-MIMO

Thiét ké ma Protograph LDPC lién quan dén viéc tim kiém ma tran kich c&
nho B c6 ngudng giai ma lap thap nhat trong khi duy tri dic tinh tang khoang cach
t6i thiéu tuyén tinh. Do d6, thiét ké ma Protograph LDPC c6 thé dugc cong thirc hoa
nhu mot bai toan tdi wu héa nhu sau

min n(B,N, M, Iter,,4,)
BEBz+ (3.14)
s.t. f.(B)<0 for c=1,2,..,Co,
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trong d6 B,+ biéu thi mot tap hop tat ca cac ma tran c6 cac phan tir khong am. Pau
ra cua ham téi wu, n(B, M, N, Iter,,,4,), 12 gié tri ngudng giai ma lap. Hon nira, ham
tdi vu dat duoc bang cach ap dung thuat toan LS-MIMO-PEXIT trong Phan 3.4.
f-(B) <0,c = 1,2, ..., Co dai dién tap hop cac rang budc theo huéng dan thiét ké ma

Protograph LPDC [10] (Co: 1a s6 ham rang budc cua bai toan tdi uu).
C6 ba tham s chinh lién quan dén viéc t6i wu hoa:
1) Ma tran co s B dai dién cho ciu tric ma cia mot ty 16 ma hda nhat dinh;
2) Cau hinh MIMO ¢& 16n véi mot cap gia tri M va N;

3) Iter,,q, dai dién s lan giai ma lap t6i da thuong bi gisi han do rang budc veé

d6 tré cia mot mang truyén thong khdng day nhat dinh.

Khéc véi céc thiét ké ma Protograph LDPC trude day, vi du [12] [10], trong
bai toan toi wu hoa (3.14) & trén, Iter,,q, lam tham sé thiét ké dé t6i vu hoa ma
Protograph LDPC cho céc trng dung bi gigi han do tré. Vi vay, nghién ciru tap trung
vao hé théng c6 sb vong lap giai ma thap (tuc 13, Iter,,,, < 50 la gia tri thuong dugc
ding hién nay [64]). Hon nita, duéi su gigi han nghiém ngat nhu vay vé sb lan lap
giai ma t6i da, cAc ma Protograph LDPC vai cau tric protograph khong bi duc 15
duoc sir dung trong nghién cau nay. Piéu nay 1a do ma duc 16 can sé lan lap giai ma
cao dé hiéu qua va hoi tu [14] [33]. Nhu trinh bay trong phan két qua thir nghiém bén
dudi, ma khdng duc 18, bao gom ma duoc dé xuat va ma trong [14], hoat dong tét hon
cac ma Protograph LDPC duc 16 chang han nhu ma AR3A [63] va ma LDPC 5G tiéu
chuan [64]. Trong cac tinh hudéng ma sé lan lap giai ma khéng gidi han, nguoi ta c6
thé 4p dung mot cach d& dang quy trinh thiét trong chuong nay dé thiét ké cac ma
Protograph LDPC duc 15.

Ngoai ra, ham téi wu trong (3.14) bao gém cau hinh LS-MIMO théng qua cac
tham s6 M va N tach song LS-MIMO do d6 thi caia phan tach séng LS-MIMO duoc
két nbi day du do ban chat caa sy lan truyén tin hidu vo tuyén, ma tran co so la ma
tran tat ca cac phan tir c6 gia tri baing mot. D6 1a Iy do bé qua ma tran co s cho gian

d6 LS-MIMO trong ham téi wu. Tuy nhién, su twong tac dong giira cac ban tin cua
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gian dd tach song LS-MIMO va cé4c ban tin cua gian d6 giai ma Protograph LDPC
van duoc ghi lai trong ham t6i vu théng qua cac ham thong tin trong hd trong Buéc
3, Budc 5, va Budc 6 cua thuat todn LS-MIMO-PEXIT & trén. Quan sat nay giai thich
va kiém chtng d6 loi cua ma Protograph LDPC méi so véi cac ma LDPC hién dai
nhat, nhu dugc hién thi trong Hinh 3.4.

Str dung cac hudng dan vé cac dic trung cia mot ma tran co sé tot [10], ching
ta c6 thé thu hep khong gian tim kiém cua bai toan téi vu héa & (3.14) va do vay cho
phép chiing ta sir dung thuat toan tim kiém toan dién véi do phuc tap hop Iy. Cu thé,
rang budc vé cau trdc cua ma tran co sé B, ¢6 3 hang va 6 cot (mot gian do6 biéu do
khong duc 16 vai 6 bién va 3 nat kiém tra), dan dén ty Ié ma hoa la % nhu sau.

€1 €2 €3 €eq 0 1

Bi=(e€1 €, €3 €4 1 0 : (3.15)
2

e e e e 1 0
3,1 3,2 3,3 3,4 36

trong d6 phén tir e, trong B1 1a 6 canh song song két ndi nit bién thir p va nit kiém
2

tra tha s trong phan giai ma LDPC cua biéu do két hop. Hai cot cudi cling dugc chon
trude theo hudng dan thiét ké vé s lwong cua cac ndt bién bac mot va cac nat bién
bac 2 [10].

Bon cot con lai c6 tong cong 12 bién chua biét, e, s = 1,2,3,p = 1, ... 4, dé
t61 wu hoa. Céc gia tri ciia chiing dugc chon & biéu d6 cudi cung. Cac bién d6 dugc
chon tir tap {0,1,2,3}. NGi cach khac, sé canh song song tdi da cho phép la 3. Cac

rang budc twong tng cua bai todn ti wu hoa trong (3.14) cho ma tran B1 dugc tinh
2

nhu sau [10]
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(£, (Bl) i—e;, <O0,Vs=123,p=1,..4
2
f2<B%> esp—3=<0,Vs=123,p=1,..4
f3<B1> 3 811+621+e31)<0
4 2 (3.16)
ﬁ_(Bl) 3 812+622+e32)<0
2
fs(Bl) 3 613+€23+e33)<0
2
kf6<B%> 2 (614+624+e34)<0

Cac rang budc f, (Bl)  fa (Bl) s (B1> duogc ap dat dé dam khoang cach téi
2 2 2

thiéu tang tuyén tinh va rang buoc f; (Bl) xuat phat tir thuc té 12 ma Protograph
2

LPDC c6 thé c6 s6 lwong céac nit kiém tra trir di 1 hodc cac nat biénbac2 (3 —1 =
2) cho phép trong biéu d6 cudi cung [66]. Can luu y rang rang budc vé sb lugng cac
nGt bién bac 2 trong ma tran co s& 1a diéu kién can chir khdng phai 1a diéu kién du
cho mot md LDPC tét. Tuy nhién, ap dat rang budc nay dé thu hep khong gian tim
kiém 1a mot phuong phap tét cho cac kénh AWGN trong tai liéu, [12] [10]. Ching
t61 da thuc hién mot thar nghiém cho céac kénh LS-MIMO bang céch tim kiém mot ma
tran co so tot nhat trén khong gian tim kiém day du (nghia 1a chung toi chi 4p dat hai
rang buoc f; (Bl) —esp <0 va fy (Bl) esp — 2 < 0). Két qua thtr nghiém cho
2

thay rang ma tran co s tot nhat tuan theo huéng dan trén. Nghia 13, ma tran co so tot
nhat c6 tdi da hai bién bac 2, mot bién bac 1, va tt ca cac bién con lai c6 bac cao hon
3. Do d6, nghién ctru nay sir dung hudng dan dé thiét ké cac ma Protograph LDPC
mai cho cac kénh LS-MIMO.

Dé thiét ké cac ma Protograph LDPC méi c6 ty 16 ma héa ma hoa cao hon, vi

du

wIN

g, mot ki thuat mé rong, [12] [10], duoc st dung dé khong gian tim kiém kha

& 1w

)

thi ngay ca khi kich thudc caa ma tran co so ting 1én. Cu thé, cu tric cua ma tran co

+1 , X ,
so cho cac ty Ié méd hda cao, R = Z— vn = 1,2, ... ¢0 cau truc sau:
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€11 €12 €13
Bn+1 = €21 €22 €23
n+1

n+2 €31 €32 €33

BL) ) (3.17)

3x(6+3n)

Va céc rang budc twong tng cia ching cho bai toan ti uu (4.12) nhu sau:

:3—(ey1t ey +e51) <0, (3.18)

Tham sé 7 trong rang budc f (Bn_—l—l) bang 2 néu sé nat bién bac 2 trong B » 13 1,

n+2 n+1

va n6 bang 3 néu sé nat bién bac 2 trong B » 14 2. Gia tri cua t dugc chon theo

i
huéng dan & trén dé dam bao rang so lugng tdi da ciia cac bién bac 2 1a 2 theo dé xuat
cua [66]. Str dung c4c ma tran co s ¢O cau truc trong (3.17) dan dén d6 phan giai tho
cua ty 16 ma hda (tac 1a 1/2, 2/3, 3/4, ..). Tuy nhién, nguoi ta c6 thé sir dung thuat
toan LS-MIMO-PEXIT trong Phan 4.4 va céc tiép can thiét ké duoc dé xuat trong

[10] dé c6 duoc d6 phan giai cao hon.

3.6. Hiéu ning cac ma Protograph LDPC dé xuat cho cac kénh LS-MIMO

Bing 3.1 Cac tham s6 md phong

Phuong thire diéu ché B-PSK

Cau hinh MIMO 10x10, 40x40, 40x100, 100x100
Kénh truyén dan Rayleigh

S6 vong lap tach song téi da 20, 50

Hé sb suy giam ¢ 0.2
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Thong tin trang thai kénh

Chi c6- ¢ phia thu

Ty 1€ méd hda

1/2,2/3, 3/4

hoda

Do dai khéi théng tin dau vao bo ma

2400 bit, 4800 bit

Kich ¢& ma tran co s¢

3x6, 3x9, 3x12

Trong phan nay kich ban nghién ciu 1a tim kiém ma protograph LDPC cho
kénh MIMO ¢& 16n véi Iter,,,, = 20 Va Iter,,,, = 50 vd M = 10,N = 10 (tac la

cau hinh LS-MIMO 10 x 10). Nghién ctu ndy quan tdm dén mot sé luong nho cac

lan giai ma lap vi do tré thap 1a mot trong nhitng cac yéu cau quan trong trong cac hé

truyén thong khong day trong twong lai [3] [2]. Vi du, Zhang va cong s, [3], chi ra

d6 tré cia mang khong day 6G 1a liy thira cia mudi micro gidy, ngan hon 10 va 100

lan so véi hé thong truyén thong 5G va 4G, tuong ung. C4c ma tran co s toi wu cho
ty I md hoa 1/2,2/3,3/4 dugc trinh bay ¢ dudi day

0 0 1
2 1 0 )
1 1 0/3x6

3

B%})Ziter — (2
3

3

%?ther 2
3

3

%%ter =2
1

w W w

1/2

50Lter
2/3

(
(
(

=N W

1
1
2

w

1

N

(=)

2

B

B

20iter
1/2 ’
3X9

20iter
2/3 ’
3x12

0 0 1
2 1 0 )
1 1 0/3x6

B

50iter
1/2 ’
3%X9

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)
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| 2 10
B3, =12 0 0
123

Bg%f”) : (3.24)
3x12

Cén luu ¥ rang cac ma tran co sé trong (3.19) - (3.24) khong nht thiét phai cac
cau trdc c6 ngudng giai ma lap thap nhat. T kinh nghiém thiét ké thuc té cho thiy ma
tran véi ngudng giai ma 1ap thap nhat doi khi c6 san 16i. Kinh nghiém thiét ké ma ciing
cho thay ton tai ma tran co s& B khong c6 san 15i tir mot tap hop 10 ma tran co sd VO
ngudng giai ma lap thap nhat. Do do6, nghién ctru ndy dé xuat mot quy trinh hai budc

dé t6i wu hoa ma Protograph nhu sau

e Budc 1: Budc thd, & budc ndy c4c ma tran co sé méi duge day vao bo dém
vao trudc - ra trugc (FIFO) néu ngudng giai ma lap caa no thap hon gia tri & cudi cua
bo dém FIFO. Khi mot ma tran co sé moi duge day vao bo dém FIFO, ma tran co s&
& dau bo dém FIFO bi day ra ngoai. Do d6, khi budc 1 nay két thic, ching ta nhan
dugc mot danh sach 10 ma tran co sé ¢6 cic ngudng giai ma lap thap nhat dugc sip
xép theo thir t giam dan.

e Budc 2: Budc chi tiét, trong do, tir 10 ma tran co s& & budc 1, thuc hién céc
mo phong chuyén siu dé loc ra cac ma tran co s khdng c6 san 18i. Cubi ciing ching
ta chon ma tran co s¢ dat duoc FER = 1075 tai mtc SNR thap nhat tir danh sach céc

rng vién khdng c6 13i nén & dau ra caa bo loc.

DPé minh hoa wu diém cua quy trinh thiét ké hai budc da dé cap o trén, ca hiéu
ning BER va FER cta ma Protograph LDPC ty I& 1/2 trong (3.19) duoc hién thi
trong Hinh 3.4. Nguoi ta ¢d thé thay ring ma Protograph LDPC dugc bao céo khong
c6 16i nén & FER = 1075 hoac BER = 10~7. Thuoc tinh nay cua ma duoc dé xuat

lam cho nd tré nén hitu ich cho thé hé mang khéng day maéi yéu cau do tin cay cao.
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G FER
=S==BER

b'™o

25

Hinh 3.4. Minh hoa tac dong ctua quy trinh hai buéc: ma tran co s B trong
(3.19), toc d6 md@ hoa R = 1/2, d6 dai khoi thdng tin 2400 bit, 20 lan lap, 10 x 10

MIMO.

Luu y: Can luu ¥ rang quy trinh hai budc ciing hitu ich khi thiét ké ma
Protograph LDPC cho cac kénh AWGN trong d6 s6 1an lap giai ma la han ché, chang
han [33]. Khi thiét ké cac ma Protograph LDPC méi, nguoi ta thuong quan tim dén
viéc biét khoang cach higu ning ciia ma Protograph LDPC mdi so véi diém chuan ly
thuyét (tic 1a gisi han dung luong). bé giai quyét cau hoi quan trong nay, ching fa
sir dung Ky thuat duge dé xuat trong [67] dé dat duoc dung luong gii han cho cau
hinh MIMO 10 x 10 théng qua mé phong Monte Carlo. Cac gigi han dung lugng dat
dugc, cung vai cac ngudng giai ma lap cho céc ty I1¢ md hoa muc tiéu khac nhau,

dugc dua ra trong Bang 3.2 cho 20 lan lap va Bang 3.3 cho 50 cac lan lap.

Bang 3.2. Ngudng giai ma (Eb/No dB), 10 x 10 MIMO kénh, 20 lan lap.

Gioi han Khoang cach dung lwgng
LS-MIMO Ty lé ma dunlzgé:]ur’]g’ng MA MA MA
maéi Uchikawa AR3A
10 x 10 R=1/2 0,822 0,994 1,127 1,322
10 x 10 R=2/3 1,842 0,728 0,825 0,919
10 x 10 R=3/4 2,420 0,685 0,787 0,833

Bang 3.3. Ngudng giai m

4 (Eb/No dB), 1

0 x 10 MIMO kénh, 50 lan Iap.

LS-MIMO

Ty 1€ ma

Khoang cach dung lwgng
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dG""'lhifr‘] Ma Ma Ma
ungwong | méi | Uchikawa | AR3A
kénh
10 x 10 R=1/2 0,822 0,580 0,686 0,703
10 x 10 R =2/3 1.842 0,396 0,536 0,643
10 X 10 R = 3/4 2.420 0.404 0,537 0,605

Nghién ctru nay chon hai ma Protograph LDPC thiét ké trudc d6 cho kénh
AWGN dé so sanh vai ma mai thiét ké trong chuong nay. D6 1a ma AR3A [63] (ma
duc 16) va ma Uchiwaka [14] (m4 khong duc 16). Ly do dang sau lya chon nay 1a ma
AR3A c6 ba nat kiém tra, gidng nhu s6 nat kiém tra caa ma maéi thiét ké. Ngoai ra,
mi AR3A duoc ching minh ¢6 hiéu nang tot nhat trong méi trudng pha dinh [63].
M4 Uchiwaka [14] duoc chon vi chiing 1a ma duy nhat, theo hiéu biét tét nhat cua
nhém nghién ctu, dép tng hai diéu kién: 1) thuoc ho ma khong duc 15; 2) duoc téi
uu héa cho mét s6 1an giai ma 1ap (20 1an 1ap) mac di ho ma nay ¢6 bon nat kiém tra.
Hai diéu kién d6 duogc ap dat dé co duoc mot sy so sanh cong bang véi cac ma moi
thiét ké trong chuong nay. Nhu thé hién trong Bang 3.2 va Bang 3.3, ma Protograph
LDPC mdi thiét ké c6 khoang cach nho nhat di véi gidi han dung luong tai ca ba ty
16 m& hoa va hai rang budc vé sb lwong cac lan giai ma lap. Ly do ma méi ¢ hiéu
nang tot hon ca 1a vi day 1a ma dugc thiét ké riéng cho kénh MIMO c¢& 16n va cho s6
vong lap tdi da cu thé. Ca md méi va ma Uchiwaka tot hon ma AR3A vi s6 luong céc
lan giai m& 13p bi han ché va do d6 cac ma khong duc 16 ¢6 kha nang stra I18i t6t hon.

Quan sat nay trudc ddy ciing duoc tim thay cho cac kénh AWGN [14], [33].

Cu thé hon, chung ta c6 thé thay rang khoang céch vé gigi han dung luong cua
ma Protograph LDPC méi thay d6i tir 0,685 dB dén 0,994 dB tai Iter,,,, = 20 lan
lap va tir 0,404 dB dén 0,580 dB tai Iter,,,, = 50 lan lip, twrong ing. Diéu nay nghia
la bang cach tang thoi gian xtu Iy 1&n 2,5 lan, ching ta c¢6 thé c6 duoc do loi ma hoa
tir 0,3 dB tai ty 16 md hoa 1/2 va 0,4 dB & ty 16 ma hda 3/4. Ching ta c6 thé dat duoc
d6 loi ma hoa nhu vay thdng qua cac mé phong mé rong vai cac tham sé mé phong
trong Bang 3.1, nhu trong Hinh 3.5 va Hinh 3.6 tai FER = 10~*. M6 hinh kénh théng
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ké Rayleigh nhu ¢ Chuong 2. Sy thdng nhét giita cac két qua phan tich va cac két
qua md phong chang minh rang thuat toan LS-MIMO-PEXIT duoc phét trién trong

Phan 3.4 cd thé 1a mot cdng cu khong chi d@é thiét ké ma Protograph LDPC méi ma

con dé toi wu gitra d6 lgi ma hoa va do tre.

L[ | aRsacede
107 | Uchiwaka Code|
—#— 55 Code
—8— New Code

15 2 25 3 35 25 3 35 4 3 38 4 45 5
EgNg E N EN,

(a) Coding rate R = 1/2 (b) Coding rate R = 2/3 (c) Coding rate R = 3/4

Hinh 3.5. Hiéu nang FER: d6 dai khdi thong tin 2400 bit, 20 lan lap, 10 x 10 LS-

1 109
10! 10 o
102 102 o2
103 103k o
-AR3A Code AR3A Code
Uchiwaka Cade Uchwaka Code
107 | =56 Code 10 |50 Code 107 | —#—56 Code
—6— New Cods. |—B—New Code —6—MNew Coce
18 18 2 22 24 28 24 26 28 3 3z a4 28 3 31 32 33 34 35 38 37 38 38 4
En'hu EE"N‘] EDNE
(a) Coding rate R = 1/2 (b) Coding rate R = 2/3 (c) Coding rate R = 3/4

Hinh 3.6. Hiéu ning FER: d6 dai khdi thong tin 4800 bit, 50 lan l3p, 10 x 10 LS-
MIMO.

Cau hoi tiép theo 1a liéu cac ma Protograph LDPC dugc dé xuat, duoc toi wu
hoa cho cau hinh MIMO 10 x 10 va cic ma tran co sé cta chiing duoc dua ra trong
(3.19) - (3.24), 1am tét hon cac ma Protograph LDPC tét nhat hién nay trong cac cu
hinh LS-MIMO khéc hay khéng.
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Str dung thuat todn LS-MIMO-PEXIT trong Phan 3.4, ching ta c6 thé danh
gia cac ngudng giai ma 1ap cua cac ho ma di chon khac nhau dudi cac cau hinh LS-
MIMO khéc nhau. Bang 3.4 va Bang 3.5 trinh bay cac ngudng giai ma lap cia ma
Protograph LDPC duoc dé xuat va ma tham chiéu cho cau hinh LS-MIMO 40 x 40,
40 x 100 va 100 x 100. Dya trén dir liéu dua ra trong Bang 3.4 va Bang 3.5, mé
Protograph LDPC duoc dé xuit ciing hoat dong tt hon cac ho ma khac trong tat ca
cac cau hinh LS-MIMO va trong ca hai cac truong hop rang budc lip (tac 1a
Iter,,q, = 20 lan lap va Iter,,4, = 50 lan lap). Két qua mo phong, nhu dugc hién thi
trong Hinh 3.7 va Hinh 3.8 cho cau hinh LS-MIMO 100 x 100, xac minh két qua
phan tich. Bac biét, cac ma Protograph LDPC duoc dé xuat dat dugce do loi ma hoa
0,2 dB so v&i ma Uchikawa va do lgi mé hoa 0,4 dB so voi Ma AR3A tai FER =
10~* (gan giéng nhu do6 loi ma hoa cua cau hinh MIMO 10 x 10). Quan sat nay co
nghia 13 hiéu suat cua cac ma Protograph LDPC duoc dé xuat khdng thay doi dang
ké khi cAu hinh MIMO thay dbi.

Bang 3.4. Ngudng giai ma (E, /N, dB), 20 lan lap) cho cac cau hinh LS-MIMO

khéc nhau.

LS-MIMO Tyléma | Maméi Ma Uchikawa Ma AR3A
40 X 40 R=1/2 1,705 1,832 1,992
40 X 40 R=2/3 2,322 2,423 2,488
40 X 40 R =3/4 2,783 2,877 2,908
40 x 100 R=1/2 -2,511 -2,413 -2,109
40 x 100 R=2/3 -1,959 -1,905 -1,704
40 x 100 R=3/4 -1,499 -1,467 -1,313

100 x 100 R=1/2 1,823 1,951 2,081

100 x 100 R=2/3 2,364 2,466 2,512

100 x 100 R=3/4 2,781 2,878 2,892

Bang 3.5. Ngudng giai ma (E, /N, dB), 50 lan lap cho cac cau hinh LS-MIMO
khac nhau.




77

LS-MIMO Ty lé¢ mé& Ma méi Ma Uchikawa | Ma AR3A
40 x 40 R=1/2 1,304 1,425 1,441
40 x 40 R=2/3 2,000 2,142 2,146
40 x 40 R =3/4 2,512 2,600 2,610
40 x 100 R=1/2 -2,822 -2,859 -2,861
40 x 100 R=2/3 -2,191 -2,218 -2,237
40 x 100 R =3/4 -1,699 -1,745 -1,773

100 x 100 R=1/2 1,427 1,566 1,586

100 x 100 R=2/3 2,053 2,201 2,217

100 x 100 R =3/4 2,519 2,601 2,611

100 -
m—f— AR3A Code
=y [Jchiwaka Code
=il 5 Code

107 ¢ == New Code

Hinh 3.7. Hiéu suat FER: toc d6 m4 hda R = 1/2, d6 dai khdi thdng tin 2400 bit,
20 lan lap, 100 x 100 LS-MIMO.
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109

: :
—f— 4R34 Code
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Hinh 3.8. Hiéu niang FER: ty 16 ma héa R = 1/2, d6 dai khéi thdng tin 2400 bit, 50
lan lap, 100 x 100 LSMIMO.

Pé lam noi bat hon nita nhitng wu diém cua cac ma Protograph LDPC méi,
nghién citu ndy so sanh cac md méi cia véi ma LDPC tiéu chuan st dung trong 5G
[64] bén canh md AR3A va Uchiwaka. Nhu da thay trong Hinh 3.7 - Hinh 3.10, cé4c
mA& méi vuot troi hon tat ca cac ma khac ma [64], [14], [63] véi do loi ma hoa 0,2 dB
tai FER = 10™* cho ty 16 md 1/2. O ty 1é ma cao hon, vi du 2/3 va 3/4, cac db loi
ma hoa tang 1én so véi md LDPC 5G lan luot 1a khoang 0,4 dB va 0,5 dB.

Can luu y rdng, md mai thiét két dat dugce d6 lgi ma hoa dd néu & trén so véi
cac ma khac duoc thiét ké trude d6 ma khéng can phai tra gia vé do phirc tap vi khi
thuc hién mé phong so sanh hiéu nang cua cac mé vai nhau, NCS da stir dung cung
mot bo ma hda va bo tach sdng va giai ma trén gian d6 kép. Do loi dat duoc 1a do dac
tinh kénh truyén MIMO ¢& 16n va giGi han sé vong duoc dua vao cac tham sé dau

vao trong bai toan téi wu.
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(b) Coding rate R = 2/3
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(c) Coding rate R = 3/4

Hinh 3.9. Hiéu nang FER: d6 dai khdi thong tin 4800 bit, 20 lan lap, 10 x 10 LS-
MIMO.

(a) Coding rate R = 1/2

|—b— Uchiwaka Code

E-|——8—New Code

[—+—5G Code

24 28 28 3 3z 34 38 3.8

(b) Coding rate R = 2/3

(c) Coding rate R = 3/4

Hinh 3.10. Hiéu ning FER: d6 dai khi théng tin 2400 bit, 50 lan lap, 10 x 10 LS-

3.7. Két luan chwong 3

MIMO.

Trong nghién cau trong chuong nay da dé xuat thuat toan LS-MIMO-PEXIT

dé khdng chi danh gia hiéu suat ma Protograph LDPC cd sin ma con dung dé thiét
ké ma Protograph LDPC méi cho cac kénh LS-MIMO. Két qua phan tich Iy thuyét
va md phong da chting minh tinh hitu dung cua thuat toan dé xuat. Cac méa Protograph
LDPC md¢i mang lai @6 loi ma héa tir 0,2 dB dén 0,4 dB so véi cac Protograph LDPC
da thiét ké cho kénh AWGN. D9 lgi mi hoa 1a dang ké, dac biét 1a d6i voi hé thong

truyén théng khong day toc do cao, noi toc do dit liéu 1én dén Gbps va ngudn dién

cua pin hoat dong thiét bi bi gii han nghiém ngit.
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CHUONG 4

PHAN TICH HIEU NANG CUA HE THONG LS-MIMO VOI BQ ADC
CO PO PHAN GIAI THAP

4.1. Giéi thigu

Muc dich ctia nghién ctru nay 1a dua ra mot thuét toan thong nhat dé phan tich
tac dong cua cac bo ADC c6 do phan giai thip 1&n hiéu ning cua ma Protograph
LDPC trong céac hé thong LS-MIMO thuc té. Ly do la tat ca cac cong cu phan tich
trude day dé danh gia ma Protograph LDPC déu khong tinh dén anh huang caa nhidu
lugng tir hda cia cac bo ADC co do phan giai thap va thuc té 1 nhidu luong tir hoa

phu thuoc vao d6 lgi kénh pha dinh.

Nghién cru s& xay dung biéu thirc nhan thdng tin bén ngoai cho b tach séng
LS-MIMO lan truyén d6 tin cay. Cac ham thong tin twong hd, 1a cac yéu té cot I6i
cua thuat toan truyén thong tin bén ngoai (PEXIT), va dugc phén tich dé tich hop voi
cac hé thong truyén thong LS-MIMO. Thuat toan PEXIT duoc dé xuat cho phép
chiing ta phan tich va du doan tac dong cua cac bd ADC c6 do phan giai thap I&n hiéu
nang caa ma Protograph LDPC, dya trén cac tham s6 dau vao khac nhau, bao gém
cau hinh LS-MIMO, ty I& ma va sé lan lap giai ma ti da ciing nhu cau tric cta ma.
Két qua nghién ctru trong chuong nay da dugc cong bd tai [CT2] va [CT4] phan Danh

muc cac cong trinh céng bé ciia tac gia.
Nhitng ndi dung nghién ciru trong chuong nay nhu sau:

e Ung dung md hinh nhiéu luong tir cong AQNM, nghién ctru viéc sir dung ma
hoa Protograph LDPC cho cac kénh LS-MIMO véi cac bo ADC c6 do phan giai thap
trong mo-dun RF va qua trinh tach séng két hop giai ma trong mé-dun xt Iy tin hiéu
bang gdc.

e Sir dung phuong phap gan ding Gaussian, nghién ctu s& xay dung biéu thirc
thong tin bén ngoai cua bo tach song lan truyén do tin cay, trong d6 hiéu &ng nhiéu

lwong tir héa va nhiéu du dugc tinh dén.
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e Phan tich cac ham thong tin bén ngoai va dé xuat mot thuat toan PEXIT mai,
day 1a mot cong cu hiéu qua dé phan tich hiéu ning tiém can cua cac ma Protograph
LDPC trong kénh LS-MIMO véi céc bo ADC ¢ d6 phan giai thap.

e Sir dung thuat toan PEXIT duoc dé xuat dé danh gia hiéu ning cua ca ma
Protograph LDPC duc 15 va khong duc 15 theo cac tham sé dau vao khac nhau bao
gom d6 phan giai ADC, ciu hinh LS-MIMO, sb lan lap tbi da va ty 16 ma.

e Thuc hién cac md phong Monte-Carlo dé xéc thuc thuat toan PEXIT duoc dé
Xuat. Cac dudng cong hiéu nang cua hé théng ADC 3-bit va 4-bit c¢6 chénh léch nho
so vé&i cua hé thdng c6 do phan giai cao. Pac biét 1a khi bo ADC 5-bit dugc sir dung,

hiéu nang giam khong dang ké.

x[1] ¥l1]

Ea

x[2] ) yizl

0-Bit ADC
08It ADC
g-Bit ADC

-

B mi ha P ] e 2
b |Bs mihéa < B{}_ﬂié‘t 5 TEIT:E.T?E Fium 2] Téch séng

x[M]

PR : MIMO & P-LDPC

Q-8it ADC

TrelN]

T [H]

Hinh 4.1. M6 hinh kénh truyén thong ma héa LS-MIMO.

4.2. M6 hinh kénh théng tin LS-MIMO véi Bd ADC ¢é dd phan giai thap

Danh gia kénh suy giam tin hiéu da dau vao da dau ra (MIMO) khong day véi
M ang ten phat va N dng ten thu véi bo ADC c6 do phan giai thip, nhu trong Hinh
4.1. Trudc hét mot khdi bit thdng tin b duoc ma hoa bai bo ma hda Protograph LPDC
tao ra mét tir ma c6 d6 dai cac bit dugc ma hoa N,.. Cac bit duwoc ma hda ¢ € {0,1}
dugc chuyén dén bo diéu ché pha nhi phan (BPSK) c6 dau ra theo cong thic s =
(—1)€ € {+1,—1}. Trong mét lan st dung kénh, st dung so dd ghép kénh khong

gian [57], cac ky hiéu diéu ché M duoc truyén qua M ang ten phat. Do do, can st
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dung L = |>¢| kénh dé truyén tit ca cac bit dwoc ma héa N. M hinh tin higu thu
duoc cho boi phuong trinh sau:

y = Hx+w, (4.1)

Trong d6 x = [x[1], x[2], ...,x[M]]T 1a ky hiéu dugc truyén c6 cac phan tu
thudc bang chir cai diéu ché BPSK. Nang luong ky hiéu trung binh E; = E(]|x]|?)
duoc chuan hda thanh 1. H € CV*™ [a ma tran kénh co6 cac dau vao h[n, m] trong
hang thi n va cot tha m cia H dugc mé hinh hoa la i.i.d Gaussian phuc véi gia tri
trung binh bang 0 va phuong sai don vi GV (0,1). Trong nghién cau nay, théng tin
trang thai kénh hoan hao (CSI) dugc gia str 1a ¢ sin tai bo thu, nhung khong co & bo
phat. Vecto w = [w[1],w[2], ..., w[N]]T € CV*! 1a vecto nhidu Gaussian trang cong
tinh phitc c6 dau vao tuan theo i.i.d Gaussian phuc véi gia tri trung binh bang 0 va
phuong sai N, (tic 13, €V (0, Ny). Cudi cing, y = [y[1],y[2], ...,y[N]]T e CV*1 13

vecto tin hiéu thu duoc c6 phan tir y[n] 14 tin hiéu thu duoc & dng ten tha n.

Tin hiéu thu dugc & mdi ang ten thu truéc hét dugc chuyén doi tir dang tuwong
tu sang s6 bang mot cap ADC Q-bit co d6 phan giai thiap: Mot ADC Q-bit danh cho
thanh phan cing pha (phan thuc) caa tin hiéu va ADC Q-bit con lai danh cho thanh
phan truc giao (phan 40) cuaa tin hiéu. Trong nghién cau ndy, bang cach ap dung mo
hinh nhidu lugng tir hda cong tinh (AQNM) trong cac hé théng MIMO véi bo ADC
c6 do phan giai thap [18], [68], coi nhidu lwong tir hoa 1a thanh phan nhidu cong tinh

cho tin hiéu dau vao nhu di trinh bay & Chuong 3

4.3. Thuat toan tach song va giai ma Protophraph LDPC cho kénh LS-MIMO
v6i bd ADC c6 dd phan giai thap

Pé mo ta thuat todn tach séng va giai ma két hop, ching ta s dung biéu db
hai 16p nhu trong Hinh 4.2 (tuong tu gian dd di str dung & Chuong 3). Biéu d hai
I6p nay c6 ba loai nit, cu thé 1a: 1) L X N céc nat quan sat dai dién cho chudi tin
hiéunhan duocr;2) N. = L. x M cac natky hiéu dai dién cho chudi ky hiéu truyén

x; 3) Cudi cing, c6 K = N, — K, cac n(t kiém tra dai dién cho phuong trinh kiém
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tra ciia cac ma Protograph LDPC da cho. Két ndi cua nat bién va nit kiém tra duoc

ma tran chin 1é caa ma LDPC diéu chinh. Trong mét lan sir dung kénh, cac ndt quan

sat N va céc nit ky hiéu M dugc két nbi day du dé tao thanh mot biéu do cho b tach

s6ng MIMO (tic 13, mot nat quan sat dugc két ndi vai tat ca cac nat ky hiéu M).

Trong biéu d6 cho phan giai md LDPC, c6 cac nat bién dai dién cho chudi bit tir ma

c. Vé6i so dd diéu ché BPSK, anh xa mot-mot duoc sir dung dé anh xa bit tir ma sang

ky hiéu truyén. Do dé, nait bién va nat ky hiéu duoc hop nhit trong mét nit trén biéu

dd hai 16p. Do d6, hai thuat ngit, nat bién va nat ky hiéu, dugc sir dung thay thé cho

nhau trong luan an nay.

Nt kiém tra

Nut ky hiéw/
Nt bién

Nut quan sat

Hinh 4.2. So d6 hai 16p cua bo thu giai ma va tach song két hop.

Trong thuat todn tach séng va giai ma két hop, co6 nam loai thong tin duoc

truyén qua biéu d6 nhu sau

a[n; m] la théng tin truyén tir ndt quan sét thi n dén nat ky hiéu tha m.
a[m; k] 1a thdng tin truyén tir nGt bién tha m dén nat kiém tra thir k.
b[k; m] 1athdng tin truyén tir nGt kiém tra tha k dén nat bién thir m.
B[m; n] la thdng tin truyén tir nat ky hiéu tha m dén nat quan sat thi n.

I'[m] la giatri ty I¢ hop ly loga hau nghiém (LLR) cua ky hi¢u x[m].
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4.3.1 Théng tin truyén tir nit quan sat dén nat ky hiéu
Ky hiéu nhan duoc tai nlt quan sat dugc biéu thi nhu sau

r[n,m] = py[n] + wyn]

=@ Z h[n, m]x[m] + pw[n] + wg[n]

m=1

= @h[n,m]x[m] + ¢ Z hn, t]x[t] + ew[n]

t+m
Interference

+ wg[nl]. (4.2)

So véi hé thdng do phan giai cao, tin hiéu thu dugc ¢ dng ten thir n cho ky
hiéu x[m] c6 thém mot thanh phan nhiéu (nhidu luong tir hoa) va cuong do tin hiéu

ctia N6 bi anh hudng béi qua trinh lugng tir hda véi hé s ¢.

Trong nghién ctiu nay, ky thuat loai bo nhidu song song [42] duoc sir dung dé
hity b nhidu xuyén kénh trong (4.2). Ky hiéu mém dugc udc tinh dua trén théng tin
bén ngoai duoc truyén tir nit ky hiéu thir m dén nat quan sat thir n. Gia sa £[n, m]
biéu thi ky hiéu mém thu duoc tir thong tin duoc truyén tir nit quan sat thir n d&én nit
ky hiéu tha: m. Déi voi so dd diéu ché BPSK, ky hiéu mém dugc dua ra nhu sau [42]

p ["21’ "]>, (4.3)

X[n,m] = tanh(

Trong d6 B[m, n] 14 théng tin bén ngoai duoc truyén tir nit ky hiéu thir m dén
nit quan sat tha n. Chang t6i gia st rang B[m,n],vn=1,2,..,LN,Vm =
1,2, ..., LM khong tuong quan va thoa mén diéu kién nhat dinh [69]. Ky hiéu mém
trong (4.3) duogc sir dung dé loai bo nhidu tir tin hiéu nhan duoc tai nlt quan st thi
n danh cho ky hiéu phéat thit m, x[m], nhu sau.

M

fln,m] =r[n,m] — ¢ Z h[n, t]x[n, t], (4.4)

t=1,
t+m
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trong d6 #[n; m] 1a tin hiéu nhan duoc cua ky hiéu dugc truyén x[m] tai nit quan sat
thi n sau khi loai bo nhidu. Nhu vay, ky hiéu mém £[n, m] 1a mot ban sao khéng
hoan hao cua ky hiéu dugc truyén x[m]. Do d6, nhiu con lai van nam trong tin hiéu
#[n, m] sau qua trinh triét nhiéu. Cho z[n, m] la nhiéu con lai cing véi cac thanh

phan nhiéu khéc. Chang ta co

z[n,m] = @ Z hn, t]1(x[n, ] — [0, ¢]) + owln]

t=1,
t¥m

+ wq[nl. (4.5)

Ta c6 thé viét lai #[n, m] nhu sau

7[n, m] = @h[n, m]x[m] + z[n, m]. (4.6)

U6c luogng nhiu con lai biang nhiu Gaussian cong sinh, cong suét cua nhiéu

con lai ciing véi cac thanh phan nhiéu, z[n, m], duoc tinh nhu sau

M
Wln,m] = @? Z Ih[n, t]12(1 = |2[n, £]12) + 9N,
t=1,
M
+o(1 —<p)<ZIh[n,m]I2 +No>. (4.7)

Thong tin dugc truyén tir ndt quan sat thir n dén nat bién m la ty 16 hop Iy log
(LLR) va dugc dua ra nhu sau

Pr(#[n,m]|H, x[m] = +1|)
Pr(#[n, m]|H, x[m] = —1|)

a[n,m] =In

__ 4
"~ Yln,m]

R(h*[n, m]#[n, m]). (4.8)

C6 tong s6 N thong tin duoc giri dén mot nat ky hiéu nhat dinh (hozc ky hiéu

truyén) va I tong cua tat ca cac thong tin twong dwong véi thong tin kénh (tec 13, Leh
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— db tin cdy bit thong tin tir kénh) trong thuat toan truyén thong tin thong thudng [38].
So véi biéu thuc rut ra trong [70], biéu thicc mai trong (4.8) co tinh dén hiéu tng
nhiéu lugng tir hda thong qua tham sé ¢ va W[n; m], phu thudc vao do phan giai caa
ADC va cac kénh suy giam tin hiéu nhu da néi ¢ trén. Khi cac bd ADC c6 d6 phan

4¢
Y[n,m]

trong (4.8) giam xudng ty 1é thuan véi o phan

giai thap duoc sir dung, hé sb

giai cua bo ADC. Théng tin kénh, a[n, m] dwugc giri dén cac nit bién trong (4.8) do
d6 giam theo. Cubi cing, hiéu ning cua bo giai ma kénh bi suy giam twong ung.
Trong pham vi giGi han d6 phan giai cao (nghia 14, Q — oo) trong d6 tham s6 ¢ — 1
va dai lugng tha ba cia (4.7) 1a rat nho, va do do, thong tin kénh ciia ADC c6 d6 phan
giai thip bang véi ADC c6 do phan giai cao trong [70]. Cac phan tich va mé phong
cho thay hiéu nang cua cac hé thong LS-MIMO véi bo ADC 5 —bit tuong dwong véi
cua vai hé théng LS-MIMO véi do phan giai cao.

4.3.2 Thong tin truyén tir nat bién dén nat kiém tra

Panh gia nit bién tha m, c6 hai loai thong tin dwoc gui dén nit nay. Loai
thong tin dau tién 1a tir c4c ndt quan sat N thuoc mot phan cua biéu d6 tach song
MIMO va loai thir hai Ia tir cac nat kiém tra thuoc mot phan cua biéu do giai ma
LDPC. Két qua 13, théng tin bén ngoai tir nat bién m dén nat kiém tra k 1a tong cua
tat ca cac thong tin tir cac ndt quan sat va cac nat kiém tra ngoai trir thong tin tir nat

kiém tra k. Ta co

alm, k] = z alt,m] + Z bt m], (4.9)

teENy(m) teN(m)\k

Trong d6 N.(m) 1a tap hop céc ndt kiém tra duoc két ndi vaéi nat bién m va

N, (m) 1a tap hop cac nut quan sat duoc két ndi vaéi nat bién m.
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L-value L-value L-value L-value

Hinh 4.3. Hinh Pdf cua gia tri L — value ¢ dau ra cua bo phat hién: ma AR3AR,
ADC 5-bit, 10 14n Iap, tbc do m& R = g chidu dai: 9600 bit.

So v6i PEXIT thong thuong, sé hang dau (phan tir thir nhat) ¢ vé phai cua
(4.9), tac 13, Yren, om) a[t, m], dong vai tro 1a thong tin LLR kénh. Trong pham vi
nghién ciu ndy, thong tin LLR duoc gia thiét tuan theo luat phan bé Gauss d6i xing
la mét trong nhitng gia dinh thiét yéu trong viéc phat trién thuat toan PEXIT [40]. Bé
chirng minh cho gia dinh Gauss trong nghién cttu nay, ma AR3A ty I¢ % duoc st
dung dé thuc hién cac mé phong Monte Carlo cho cac cau hinh MIMO khéac nhau véi
SNR = 5,6 dB. Ngoai ra, d6 dai va sb lan lap ti da duoc dit twong ng 1a 9600 bit
va 10. C4c ham mat do xac suat (pdf) cua gia tri L — value duoc thé hién trong Hinh
4.3 trong d6 cac duong cong lién mach 1a két qua Iy thuyét va cac duong cong nét
dut 1a két qua md phong. Luu y rang, Hinh 4.3 chi hién thi ham mat d6 xac suat cho
bo ADC 5-bit. i véi cac bo ADC d6 phan giai khac, ngudi doc c6 thé tham khao
hinh vé trong Phan phu luc 4.9.

Céc dudng cong pdf cho thiy gia dinh phan phdi Gauss thich hop véi tat ca
cac cau hinh MIMO 10 x 10, 20 x 20, 30 x 30 va 100 x 100. Su chénh léch I6n
nhat xay ra déi voi truong hop cau hinh 10 x 10 MIMO. Tuy nhién, sy chénh Iéch
gitra hai phan nay chi xay ra trong pham vi nho xung quanh gi4 tri trung binh cua gia
tri L — value. Hon nira, hién twong ndy xay ra vai tat ca cac ¢ phan giai ADC. Trong
cac phan duodi, cac duong cong ly thuyét va mé phong duoc gan chat véi nhau. Sy
chénh léch tro nén khdng dang ké khi sb luong ang ten phat ting 1én 20. Trong trudng

hop cu thé 1a 100 dng ten phat, thi khong co sy khac biét ndo gitta cac dudng cong ly



88

thuyét va md phong. Do d6, thuat toan PEXIT, duoc dé xuat trong phan sau, s& duoc

ching minh hiéu qua hon véi sb luong ang ten phat 1n.
4.3.3 Thong tin truyén tir nat kiém tra dén nat bién

Théng tin tir nGt kiém tra the k dén nat bién tha m gidng hét véi thuat toan

truyén thong tin thong thuong [38] va duoc dua ra

1 _ ea[t,k]

- | 1- HteNu(k)\m 1+ ea[t,k]
[k,m] = In 1 _ paltkl’ (4.10)

]

L+ Meemytonm T3 atent
Trong d6 NV, (k) la tap hop cac nit bién duoc két ndi véi nlt kiém tra k. Trong
thuc té, phép tinh b[k, m] duoc don gian hda bang cach sir dung ham tanh(-).
4.3.4 Théng tin truyén tir nGt ky hiéu dén nat quan sat

Nhu d3 dé cap ¢ trén, nat ky hiéu thi m nhan théng tin tir ca cac nlt quan sat
va c&c nat kiém tra. Thong tin bén ngoai dugc gui tir nat ky hiéu thi m dén ndt quan
sat thir n 12 tong cua tat ca cac thong tin ngoai trir phan tin tir NGt quan sat thir n. Két

qua 13, théng tin tir nat bién thir m dén nit quan sat tha n duoc viét nhu sau

Blm,n] = z alt,m] + z bt m], (4.11)

LEN (M)\n tEN (M)
trong d6 IV, (m) va V. (m) 1a tap hop cua tat ca cac ndt quan st va cac nat kiém tra
dugc két ndi véi nat ky hiéu thir m twong Gng.
4.3.5 Thong tin hau nghiém caa bit tir ma
LLR hau nghiém cuaa ky hiéu truyén thi m & cubi mdi lan lip 1a tong sé théng

tin tr ca cac nit quan sat va cac nut kiém tra, va duoc dua ra bang

[[m] = aln,m] + bk, m]. (4.12)
nENZO(m) keNZC(m)
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LLR hau nghiém dugc gui dén thiét bi quyét dinh ctimg dé tao ra phién ban duoc giai
ma cua bit tir ma theo quy tic sau

0, I'[m] > 0;

1, Otherwise. (4.13)

éfm] = {
trong d6 ¢[m] biéu thi phién ban duoc giai ma cua c[m]. Va do d6, ta thu dugc chudi
giai ma cua thong tin b. Qua trinh truyén théng tin ding lai khi tit ca cac phuong
trinh kiém tra dugc thoa man hodc dat duoc sé lan lap toi da. Mat khac, qua trinh
truyén thong tin 1ap lai voi viéc cap nhat thong tin tir cac nlt quan sat trong Phan
4.3.1.

4.4. Thuat toan tinh nguwong giai ma cho kénh LS-MIMO véi d¢ phan giai
thap

Thuat toan PEXIT da duoc str dung rong rai nhu mot cong cu hiéu qua dé du
doan hiéu nang cua ma Protograph LDPC cho cac mé hinh kénh khéc nhau [40], [63].
Tuy nhién, n6 duoc thiét ké cho cac hé thong c6 d6 phan giai cao, cac hé théng don
dau ra / vao (SISO) hoic hé théng MIMO thong thuong. Trong phan nay, c¢é tinh dén
tac dong cua cac bo ADC co do phan giai thap, chang t6i dé xuat mot thuat toan
PEXIT méi phi hop cho viéc tach song va giai ma thdng tin két hop trong cac heé
théng LS-MIMO.

4.4.1 MIMO-LDPC Protograph lién hep

Protograph MIMO-LDPC két hop duoc mé ta trong Hinh 4.4. Protograph nay
la phién ban thu nho caa do thi hai 16p trong Hinh 4.2. Bé thuan tién cho viéc phan
tich ludng thong tin bén dudi, ching ta tach cac nit bién va cac nat ky hiéu thanh hai
thuc thé va ching duoc lién két boi mot bo két hop chuyén tiép cho ludng thng tin

chuyén tiép va bo két hop nguoc lai cho ludng thong tin ngugc tuong ung.
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(a) Luéng thong tin chiéu thuan (b) Llléng thong tin chiéu nguoc

Hinh. 4.4. Protograph MIMO-LDPC lién hop.

Phan gian d6 MIMO caa MIMO-LDPC protograph két hop ¢6 N nit quan sét,
M n(t ky hiéu va cac canh M x N. Phan gian d6 nay dugc tang L lan dé c6 dugc phan
MIMO tuong tu cua do thi hai Iép trong Hinh 4.2. M6t lan nixa, L 1a s6 1an st dung
kénh. Trong khi d6, phan gian dd LDPC cua protograph MIMO-LDPC két hop c6 P
nGt bién, S nat kiém tra va mot tap hop céc canh két ndi cac nat bién va kiém tra véi
nhau. Két ndi canh dugc xac dinh bang ma tran co s& B ¢6 kich thuéc S X P. Phan
tir B[s, p] cho biét s6 lugng céc canh song song két ndi nat kiém tra thi s voi nat

bién thi p.

C6 5 loai thong tin twong hd chinh, tuong wng véi 5 ban tin trén do thi hai lop
trong Hinh 4.3, trén biéu d6 MIMO va P-LDPC két hop, nhu sau:

e [,[n,m] la thong tin twong hd bén ngoai giira gia tri LLR a[n, m] duoc gui

boi nat quan sét thir n dén nit bién thir m va bit dugc ma hoa twong tng thi m.

e I,[p,s] 1a thong tin twong hd bén ngoai giira gia tri LLR a[p, s] duoc giri b

nGt bién thir p dén ndt kiém tra thir s va bit dugc ma héa twong @ng tht p.
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e I,[s,p] 1a thong tin twong hd bén ngoai giira gia tri LLR b[s, p] duoc giri béi

nGt kiém tra thix s dén nat bién thir p va bit duoc ma hoa twong Gng thi p.

e Ig[m,n] la thong tin twong hd bén ngoai giita gia tri LLR B[m,n] dwoc gii

boi nat ky hiéu thir m dén nit quan sét thi n va ky hiéu twong tng tht m.

e I-[p] 1 thong tin twong hd hau nghiém giira gia tri LLR hau nghiém I'[p] va

bit tir ma twong Gng cua nut bién thu p.

Ngoai ra, goi P, bién duc 15 cua nit bién thir p. B, = 0 néu nit bién thi p bi
duc 16 (tic 13, cac bit tir ma twong ¢ng véi nat bién nay khong duoc truyén di) va

nguoc lai thi la B, = 1.
4.4.2 Ludng thong tin twong hd chuyén tiép

Ludng thong tin twong hd chuyén tiép 1a huéng di ma thong tin tuong hd bén
ngoai di chuyén tir cac nut quan sat, di qua cac nat ky hiéu va cac nat bién va két thuc
tai cac nat kiém tra nhu trong Hinh 4.4a. Duéi ddy 13, cac ham thong tin twong hd di

chuyén theo chiéu huéng chuyén tiép.

a. Thong tin tuong hd I, [n, m]: NGt Ky hiéu thar m nhan cac N gia tri LLR tir tat
ca cac nit quan sat N do dac tinh phat truyén cua tin hiéu vo tuyén trong cac kénh
LS-MIMO. Péi voi ma tran nhan dang kénh cb dinh H, cac thong tin LLR duoc

truyén tir n(t quan séat the n dén nat bién the m, a[n, m] xuat phét tir (4.8), duoc dua

ra nhu sau
aln,m] = qJ[L:pm] R(h* [n, m]9[n, m])
~ G Rl mD Pl + gzl m)
4

= Gy (@% I, miFxm]

+ eR(h*[n, mlz[n, m])) (4.14)
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Gia sir tir ma truyén di 1a tir ma ¢ cac bit bang 0. Va do d6, gia tri LLR a[n, m]
la

aln,m] = (¢2|h[n, m]|? + @R(h*[n, m]z[n, m])) (4.15)

Yn, m]

Vi E[z[n, m]z*[n, m]] = ¥[n, m] véi E() 1a toan tir ky vong, chiing ta c6

(@?|h[n, m]|? + R (" [n, m]z[n, m]))

2 h ) le )

. N<<p2|h[n, mpz, 1A m;' n m]>. (4.16)

Do do, ta co
agln,m]

a[n; m] ~N T)O-a [n)m] ) (417)

Vi
8¢?|h[n, m]|?
2 —
of[n,m] = P m] (4.18)

LLR a[n, m] théa man phan phbi Gaussian ddi xiing cho qué trinh thuc hién
kénh da cho [63]. Ching ta thu dugc két qua trong (4.17) véi gia dinh rang thanh
phan nhiéu cong z[n, m] 1a xap xi bang véi bién ngau nhién Gaussian phtrc. Boi véi
truong hop do phan giai cao, két qua md phong va phan tich biéu d6 EXIT d3 chiing

minh rang gia dinh nay 1a hop 1y véi sé luong ang ten thu 16n [71].

b. Thong tin tuong hd tir cac nut ky hiéu dén cac nat bién: NGt ky hiéu tha m
nhan duoc tong sé théng tin M tir cac nat quan sat M. Pat a[m] 1a tong thdng tin ma
nat ky hiéu thir m nhan dugc, ta co

N

a[m] = z afn,m]. (4.19)

n=1
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Theo (4.17), toan bo thong tin ciing tun theo phan phdi Gaussian véi gid tri

trung binh va phuong sai nhu sau

afm) ~ (“%"” 2 [m]), (4.20)
Vi
N N
g = Z g2[n,m] = z 8402}[17[1717’3]'2, (4.21)

va do d6, thong tin twong hd bén ngoai, I,,[m], thu dwgc bang biéu thuc sau

Io[m]
= J(o,[m]), (4.22)

Vi J(x) da trinh bay ¢ Chuong 3. Luu ¥ rang I, [m] dong vai trd twong ty nhu thong
tin twong hd cua kénh, dugc ghép tir kénh dén ndt bién, trong thuat toan PEXIT thong
thuong [40].

Tir (4.22) va (4.21), ching ta quan sét thay do phan giai ciia cac bo ADC anh

02
Yinm]

huong dén thong tin twong hd bén ngoai vai hé sé Khi d6 phan giai giam,
thong tin twong hd I,[m] s& giam. Do dé, ty Ié tin hiéu kénh t6i thiéu yéu cau trén
nhiu (SNR) cao hon dé 1am cho biéu @6 PEXIT hoi tu. Bang cach xay dung két noi
giita d6 phan giai cua bo ADC va thdng tin trong hd, ching ta co thé nghién ciu hiéu
nang ly thuyét cia cac ma Protograph LDPC khac nhau véi cac tham sé dau vao khéac
nhau. Pic biét, ¢d thé stir dung cac két qua phan tich dé dy doan tac dong cua cac bo
ADC c6 d6 phan giai thip ciing nhu tim ra d6 phan giai ADC nao ching ta c6 thé tiép
can véi hiéu nang cua hé théng do phan giai cao.

Theo gia dinh vé d6 dai ma vé han (tac 1a, N, — o), c4c bit ma thudc vé mot
nGt bién cu thé duoc truyén boi tat ca cac ang-ten phat/ nat ky hiéu co xac suat bang

nhau bang % Do d6, chirc ning cua bo két hop chuyén tiép 1a tinh toan théng tin
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tuong hd trung binh tir tit ca cac nat ky hiéu va sau d6 giri dén céc nat bién. Gan cho

1, biéu thi thong tin twong hd trung binh tir tat ca cac nat ky hiéu, ta c6

Iy = ! Z Iy[m], (4.23)

Trong d6 I,[m] dugc dua ra trong (4.22). Két qua 1a, thong tin tuong hd cua

kénh di chuyén tir cac nat ky higu dén nat bién thir p duoc viét nhu sau
Io[pl = Py1o,Vp = 1,2, ..., P. (4.24)

c. Ludng thong tin twong hd tir cac nlt bién dén nut kiém tra: Biéu thtc cho thdng
tin twong hd dugc truyén tir nat bién thar p sang nit kiém tra thir s, I, [p, s1, gidng hét

véi thuat toan PEXIT thong thuong trong [40] va dugc dua ra nhu sau

Lelp, sl =) (J U UalpDI? + 0 [p]), (4.25)
Trong do
2= ) BlLplU " UylepDP (4.26)
tEN:(P)\s

Trong (4.26), V. (p) la tap hop céc nat kiém tra két ndi voi nat bién the p.
Diéu dang cha y 1a [J~*(1,[p])]? trong (4.25) twong duong véi phuong sai cta do tin
cay kénh (¢2,) trong phién ban gbc cua thuat toan PEXIT cho cac kénh AWGN [40]
va phién ban sira d6i cho hé théng phan tap khong gian trong [63]. Trong [63], c4c
tac gia da minh hoa rang cac théng tin LLR kénh khdng tuan theo phan phéi Gaussian
d6i xtng trong truang hop kénh pha dinh Rayleigh SIMO. Tuy nhién, diéu nay khong
Xay ra vai cac hé théng LS-MIMO vi mdi thong tin LLR kénh, duoc thé hién trong
(4.21), 1a tdng cta N théng tin LLR tir N nat quan sat. Két qua 13, khi ap dung dinh
luat s6 1on, viéc gia dinh cac thdng tin LLR kénh tuan theo phan phéi Gaussian doi
xang 1a hop ly. Két qua nay da duoc chang minh thuc té nay théng qua md phong

Monte Carlo véi cac két qua dugc thé hién trong Hinh 4.3 va hinh & phan phu luc.
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4.4.3 Ludng thong tin twong hd ngwoc lai

Ludng thong tin tuong hd nguoc 12 huéng ma thong tin twong hd bén ngoai di
chuyén tir cac nat kiém tra, di qua cac nat ky hiéu va cac nut bién va két thic tai cac
nat quan sat nhu trong Hinh 4.4b. Phan duéi day trinh by cic ham thong tin twong

hd truyén lan theo huéng nguoc lai.

1) Ludng thong tin twong hd tir cac ndt kiém tra dén cac nat bién: Viéc tinh toan
thong tin trong hd duoc truyén tir n(t kiém tra tha s sang ndt bién tht p giéng hét véi
thuét toan PEXIT thong thuong trong [40]. Chung ta co I, [s, p]

I[s,p] =1 —J(o,[sD, (4.27)
Trong do
62[s] = Z B[s, t][J-1(1 — L[¢, sD]2. (4.28)
teNy(S)\p

2) Ludng thong tin twong hd tir cac nht bién dén cac nat ky hiéu: Cho I, [p] biéu
thi tong thong tin twong hd ma nut bién thir p nhan duoc tir cac nat kiém tra. Ching
ta c6 thé thé hién tong sb thong tin twong hd nhu dudi day

I[p] = z I[s,p]. (4.29)
SEN:(p)

Theo cuing mét gia dinh vé d6 dai ma vo han, xac suat ma mot nat ky hiéu

truyén bit tir ma tir nat bién thir p 1a . Do d6, chtrc ning cta bo két hop nguoc

Zp 1Pp
1a tinh toan thong tin twong hd trung binh trén tit ca cac ndt bién trudc khi chuyén
dén céc nat ky hiéu. Théng tin twong hd trung binh tir cac nat bién dén cac nat ky
hiéu duoc tinh boi biéu thire dudi day:

P

O p)ZPIb[p]. (4.30)
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3) Théng tin twong hd tir cac nlt ky hiéu dén cac nat quan sat: Thong tin tuong

hd dugc truyén tir nat ky hiéu tha m dén nit quan sat thi n, Ig[m,n], dugc tinh nhu

Sau
Ig[m,n] =]< oZ.[m] + alf),
Trong do
of = U UI%

Of = z U-tU,lt, mD]? = Z o2[t, m]
tEN,(m)\n tEN,(m)\n

8¢?|h[t, m]|?

Y[t m]

teEN,(Mm)\n
4.4.4 Thong tin twong hd APP

Tinh I:[p] cho nat bién thir p

Ir[p] =]< /00% + sz[p]>,

Trong do

ol = ) BlLplU~ Uslt,pDP,

teNc(p)

4.4.5 Thuit toan PEXIT dé xuit

(4.31)

(4.32)

(4.33)

(4.34)

(4.35)

Thuat toan PEXIT duoc dé xuat ¢ dugc bang cach ap dung cac ham thong tin

tuong hd trong & phan trén véi cac tham s cua cau hinh MIMO d3 cho, M X N, va

kich thuéc cia ma tran co s B, S x P, va tham s6 kénh % va d6 phan giai caia ADC,
0

Q. Thuat toan LS-MIMOPEXIT dugc m0 ta dudi day:

Buwoc O:

P-S
P .
szl Pp

Khgi tgoe Tinh ty I§ m& R =
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« Tinh Ny = —s
R

T—ﬁ)'
«Tinh ¢ =1 — 3 x 272,
- Thiét 1ap Iz = 0.
e Tao ma tran thuc hién kénh F LS-MIMO H1; H2; - - -; HF.
Buwéc 1: Cdp nhdt nat quan sét va nat bién
«Cho f =1,2,...,F.
-Chom=1_2,..,Mandn =1,2,...,N.
« Tinh ap = J71(1I).
* Tao Be[m,n] ~ (i%’%,aﬁz )
* Udc lugng thong tin mém £¢[m, n] = tanh (@)

* Tinh We[n, m]

Wr[n,m] = 2 Biy |l 1] (1= |2, [6,n]|") + 02N

t+m
M
2
+p(1 - @) (Z |hf[n: m]l + No)
m=1
—-Chom=1,2,...,M.
* Tinh I, ¢ [m]
N 2
8¢2|hs[n, m]|
I [m] = Z
xf J L Wnm]

« Tinh trung binh cta I, ; trén tat ca cc phién ban kénh truyén
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F
1
@m4=ﬁzywm¢Wn=LzmM.
=1

*Chop = 1,2, ..., P, tinh I, [p]

Llp] = P, (% > Ia[m])

Luu y rdng néu nat bién p bi hong, thi B, = 0.
Buwéc 2: Cap nhat nlt bién dén nit kiém tra
«Chop=12,..,Pvas=1,2,..,5 tinh I,[p, s]

—néu B[p,s] # 0

Lipsi=J( | D) BleplU-Gyle. DI + oZlp]
teNc(P)\s

Vi
aep] =] UalpD.
—Néu B[p,s] = 0,1,[p,s] = 0.
Buwéc 3: Cdp nhdt nat Kiém tra dén bién
«Chos=12,..,Svap=12,..,P

—néuB[p,s] #0

Llspl=1-J{ | D Bla.dy-( - LltqDP
LENY(S)\p

—Néu Bl[p, s] = 0, thi I, [s,p] = 0.
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Buwéc 4: Cdp nhdt nat ky hiéu d@én nit quan sat
«Cho f =1,2, ..., F.
—-Chom=1_2,..,Mvan =1,2,...,N.
Ig slm, n] =]< aj;[m] + a,f)

Vi

0 lm] =
tEN,(m)\n

Va

}I;=1 Zf]:l Ib [Sr p])

— -1 — 71
op =] p) =] < P Plp]

eChom=12,..,Mvan=12,..,N
F
1
Ig[n,m] = FZ Ig ¢[n, m]
=1

Buwéc 5: Tinh théng tin twong hé APP-LLR

«Chop=1.2,..,P

S

lpl =] | |o2Ip] + > Bls,plU=1Uy s, pDI?

Vi
oqlp] =7 UlpD

Buwéc 6: Lap lai buée 1 — Bude 6 cho dén khi Ir[p] = 1,vp = 1,2, ..., P.
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Thuét toan PEXIT duoc dé xuét hoi tu khi % duoc chon vugt qua ngudng. Do
0

d6, ngudng % |l gié tri thip nhit ma thong tin twong hd giira cac thong tin APP-LLR
0

va céc bit tir ma twong ng hoi tu dén 1. Nhu c6 thé thay, thuat toan PEXIT dugc dé

xuit cho cac bo ADC c6 d6 phan giai thap khac nhau tir thuat toan PEXIT théng

thuong [40] trong tat ca cac budc, ngoai trir Bude 3. Cu thé, tac dong cua cac bo ADC

c6 d6 phan giai thip duoc tinh dén (trong bude 1 va 4) dé tinh toan cac ham thong tin

tuong hd. Trong phan sau, ching tdi khai thac thuat toan PEXIT dugc dé xuat dé

phan tich hiéu ning cua cac hé théng truyén thong LS-MIMO véi cac ADC cé do

phan giai thap

4.5. Phan tich hiéu ning cia cac ma protograph LDPC phé bién

Phan nay sir dung thuat todan PEXIT duoc dé xuat trong Phan 4.4.5 dé phan
tich hiéu nang cua cac ma Protograph LDPC c¢6 san cho céc hé thong LS-MIMO. Cu
thé, bon ma Protograph LDPC ¢6 ma tran co s¢ duoc dua ra trong (4.36) - (4.39)

duoc lua chon.

1 2 1 0 0
BAR3A= 0 2 1 1 1 (436)
0 1 2 1 1/34
2 1.0 0 0 1 0
(301 1110
B’V”D_1022121 (4.37)
2 0 00 0 0 2/,
3300100 0
23 01 0 100
BU“H’_32100211 (4.38)
0 0 2 2 2 0 2 1/,.4
331000 0 1
[3 2 0 01 0 10
B’VTH_31012100 (4.39)
3 02 2 0111
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M4 AR3A trong (4.36) trude ddy duoc thiét ké cho kénh AWGN [12]. M4 nay
khéng chi sé hiru hiéu ning tét & ca khu vyc waterfall va error-floor trong kénh
AWGN ma con dugc chirng minh trong [63] 1a vuot troi hon cac ma LPDC khac bao
gom méi déu (3;6), ma LDPC khong déu [72] va md AR4JA trong kénh pha dinh
Rayleigh véi sy da dang vé khong gian. Trong cting mot I6p ma duc 15 véi ma AR3A,
ching tdi chon ma NND duoc thiét ké trong [10]. Protograph ciia mé nay cé bbn nit
kiém tra va bay nGt bién. Ca ma AR3A va md NND, bién c6 bac cao nhit duoc tao

hong dé c6 dugc ty 18 ma twong ung 12 Y.

Trong nhém khdng bi duc 16, chon hai ma la ma UCHI [14] va ma NTH [33]
c6 ma tran proto dugc dua ra trong (4.36) va (4.39), tuong tng. Céac d6 thi ciia ca ma
UCHI va m& NTH c6 bén nit kiém tra va tam nat bién. Hon nita, ca hai déu c ty 1é

ma la Y.

Trong nghién ctru nay, do phan giai caa ADC duoc gidi han tir 2-bit dén 5-bit.
Ly do nghién ctru nay khdng st dung ADC 1-bit ma du b ADC nay dugc sir dung
rong rai [37], [73] 1a vi b ADC 1-bit chi cho ra dau cia tin hiéu dau vao, khong phai
bién d6. Theo d6, n6 doi hoi phai c6 thuat toan xu ly tin hiéu dic biét dé tinh toan dau
ra mém trong thuat toan truyén théng tin [37].

Str dyng thuat toan PEXIT dugc dé xuat & trén tinh cac ngudng giai ma lap
cho bén ma dugc chon véi cac dd phan giai ADC va cau hinh LS-MIMO khéc nhau.
Cu thé, Bang 4.1 va Bang 4.2 trinh bay két qua phan tich cho cac kénh LS-MIMO
10 x 10 va LS-MIMO 100 x 100, trong ng. Nghién ctru ndy sir dung mot sé luong
nho cac 1an 13p phi hop cho céc hé thdng c6 do tré thap va do phuc tap thap. Két qua

Vi SO lan 1ap cao hon cling dugc bao cao dudi day.

Bang 4.1. Ngudng giai ma (E, /N, dB): MIMO 10 x 10, 10 lan lip, ty 16 ma 1a

1/2.
Ma NND Ma AR3A Ma UCHI MaNTH
2-bit ADC 4,83 4,03 3,62 3,41

3-bit ADC 4,11 3,40 3,04 2,86
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4-bit ADC 3,95 3,26 2,90 2,74
5-bit ADC 3,91 3,22 2,87 2,70
Unguantized 3,91 3,22 2,86 2,70

Bang 4.2. Ngudng giai ma (E, /N, dB): MIMO 100 x 100, 10 lan l3p, ty 16 ma la

1/2.
Ma NND Ma AR3A Ma UCHI M&aNTH
2-bit ADC 4,59 3,84 3,46 3,29
3-bit ADC 3,95 3,29 2,94 2,79
4-bit ADC 3,80 3,16 2,82 2,68
5-bit ADC 3,77 3,13 2,79 2,65
Unguantized 3,76 3,12 2,79 2,64

Két qua ngudng giai ma lap cho thay ma NND cd hiéu ning kém hon ma
AR3A trong tat ca cac truong hop thir nghiém cua d6 phan giai ADC. Luu y rang
ngudng giai ma lap 12 SNR kénh téi thiéu duoc yéu cau sao cho bo giai ma giai ma
tin hiéu nhidu vai 16i nho tiy y. Do d6, ngudng giai ma lap cang thap, ma Protograph
LDPC cang tét. O do phan giai ADC 2-bit, khoang cach ngudng giita ma AR3A va
m& NND lan luot 12 0,8 dB cho cau hinh LS-MIMO 10 x 10 va 0,75 dB cho c4u hinh
LS-MIMO 100 x 100. O d6 phan giai ADC 5-bit, cac khoang cach duoc giam xudng
con 0,669 dB va 0,664 dB. Dua trén cong thirc mirc d6 phuc tap, do phuc tap cia ma
NND cao hon 16,67% so véi ma AR3A. Thuc té ndy cho thiy néu ngudi ta chon ma
NND cho cac kénh LS-MIMO c6 bo ADC d6 phan giai thap so véi md AR3A ma
khong phan tich hiéu nang, thi s& dan dén viéc lya chon do phuc tap cao hon dong
thoi lam giam hiéu nang - so vai md AR3A. Muc d6 phac tap cua bo giai ma lap cho
ma protograph dugc biéu thi xap xi bang tich cua s lan lap giai m& va sé canh trén
biéu do [74].

Khi ¢6 dinh ma Protograph LDPC va thay doi cac muc do phan giai, vi du,
nhin vao m& NND trong Bang 4.1, c6 thé thiy rang viéc thay dbi tir 46 phan giai ADC
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2-bit sang do phan giai ADC 3-bit c6 thé cai thién ngudng giai ma Iap lai khoang 0,72
dB. Do ting clia ngudng giai ma lap khi thay d6i mirc do phan giai tir ADC 3-bit sang
ADC 4-bit 1a 0,16 dB. Ngoai ra, khoang cach ngudng giai ma lap lai gitra ADC 5-bit
va ADC khong lugng tir hda (hodc do phan giai cao) téi da 1a 0, 01 dB. Khoang céch
rat nho di véi truong hop cia ADC 5-bit va truong hop khong luong tir hda cho thay
ADC 5-bit 1a d6 phan giai tdi da nén dugc sir dung trong céc hé thong truyén thong
LS-MIMO trong khi sy suy giam hiéu ning 1a khong dang ke.

Bang 4.3. Mdi quan hé giira Q va ¢.
2 3 4 5 12 (B0 phén giai cao)

¢ | 08125 0,9531 0,9883 0,9971 0.9999

Bang 4.4. Ngudng giai ma (E, /N, dB): Cau hinh MIMO 10 x 10, m& AR3A véi
tylémdlal /2,10 -50 lan lap.

5-Ite 10-Ite 15-Ite 50-Ite
2-bit ADC 6,82 4,03 3,12 2,02
3-bit ADC 5,74 3,40 2,61 1,64
4-bit ADC 5,49 3,26 2,49 1,55
5-bit ADC 5,44 3,22 2,46 1,53
Unquantized 5,42 3,22 2,45 1,53

Viéc ha 6 phan giai bo ADC xudng 3-bit hoic 4-bit dan dén chénh léch hiéu
nang lén hon so vdi d6 phan giai cao. Vi dy, nhin vao md AR3A, céac chénh léch
ngudng lan luot 12 0,18 dB va 0,04 dB cho bo ADC 3-bit va bo ADC 4-bit. Két luan
tuong tu dugc ap dung cho ba ma khac cling nhu cac kénh LS-MIMO 100 x 100.
Chung ta hdy xem xét c4c biéu thtrc phan tich trong (4.7) va (4.8) dé hiéu sau hon vé
hién tuong nay. O do phan giai 5-bit, gia tri cua tham sé ¢ rat gan voi d6 phan giai
cao (xem Bang 4.3) va bang 1. Do d6, biéu thic thi ba trong (4.7) nhé hon dang ké
so véi nhidu con lai cing véi thanh phan nhidu Gaussian. Cudi cung, tac dong cua
qua trinh luong tr hda bién mat. Cung lic dé, chiing ta ciing ¢ thé quan sat hiéu ning
cua cac bo ADC 3-bit va 4-bit.
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Cb dinh cau hinh LS-MIMO thanh 10 x 10 vama AR3A Vi ty lé mala1 / 2
va thay doi s 1an lap. Ngudng giai ma lip cia md AR3A dugc dua ra trong Bang
4.4. Kiém tra lai sy cai thién hiéu nang khi thay ddi tir 5 1an Iap thanh 10 lan lap, c6
thé thiy chénh léch ngudng lan luot 12 2,79 dB va 2 dB ¢ do phan giai ADC 2-bit va
d6 phan giai ADC 5-bit. Piéu d6 c6 nghia 1a néu chiing ta ting gap do6i mirc d6 phirc
tap, ngudng lap tang khoang 2 dB. Tuy nhién, mic tang c6 xu hudng giam khi tang
s6 1an lap hon nita. Vi du, & d6 phan giai ADC 2-bit, néu tang tir 10 lan Iap 1én 20 lan
lip, khoang cach ngudng chi 1a 1,35 dB. Khoang cach nho hon khi sb lan lip ting
1én. Piéu nay cho thdy mirc ting hiéu ning bi giam khi tang s6 lan lap. That tha vi
khi quan sat rang tai bat ky s6 lan 1ap ndo, khoang cach ngudng téi da ctua do phan
giai ADC 3 bit va ADC 4 bit lan luot 12 0,332 dB va 0,07 dB. Hién tugng nay ching
minh riang viéc giam hiéu ning khi st dung d6 phan giai ADC 3-bit hoic 4-bit nim
trong mac chap nhan duoc. Trong do phan giai ADC 5-bit, khoang cach ngudng toi
da, xay ra ¢ 5 lan lap, 12 0,02 dB. Do d6, chung ta mong doi hiéu ning ctia bo ADC
5-bit bang véi cua cac bo ADC c6 d6 phan giai cao.

Bay gio chung ta xem xét cac ngudng cua md AR3A vaoi ty ¢ méd 1a 1/2 va 10
lan lip, nhu trong Bang 4.5. Nhu chung ta thdy, cac ngudng giam khi s luong anten
thu ting 1én. Can chd y dic biét dén cac truong hop khi sb lugng anten thu tir 30 tro
Ién. Trong cac truong hop nay, cac ngudng caa ADC 3-bit va 4-bit rat gan véi ngudng
cuia ADC khong luong tir. Do d6, chiing ta hy vong c6 thé dat duoc khoang céch rat
nho gitra ADC 4-bit va truong hop c6 d6 phan giai cao.

Véi su tro gilp cua thuat toan PEXIT da stra d6i, ching ta ciing c6 thé nghién
ctru hiéu nang cia ma Protophrah LDPC khi téc do ma thay d6i. Bang 4.6 cho thay
cac ngudng giai ma 13p cua ho AR3A véi te d6 ma nam trong khoang tir 1/2 dén
9/10. Khoang cach giita ADC 2-bit va ADC 3-bit tang khi toc d6 ma tang. Vi dy, &
tbc d6 ma 1a 1 / 2, khoang céch gitra ADC 2-bit va ADC 3-bit 12 0,63 dB. Trong khi
d6, khoang céch giira hai d6 phan giai ADC twong tng la 2,93 dB véi téc do ma la
9/10. Pay ciing 1a khoang cach giita ADC 5-bit va ADC khéng luong ti hoa ti da 1a
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0,03 dB (& toc d6 ma cao). Do d6, chiing ta hy vong s& thu duoc khoang cach hiéu
nang nho giita hé thbng ADC 5-bit va hé théng khdng luong tir hda.
Bang 4.5. Ngudng giai ma (E, /N, dB): Ma AR3A, ty 16 ma 1/2, 10 lan lap, ciu
hinh LS-MIMO 10 x 10 - 10 x 80.

10 10 10 10 10 10 10 10
Xx10 | Xx20 | xX30 | x40 | x50 | x60 | XxX70 | X80

2-bit ADC | 4,03 | 0,01 | -2,03 | -3,40 | -4,44 | -5,27 | -5,96 | -6,55
3-bitADC | 3,40 | -0,25 | -2,20 | -3,53 | -4,54 | -5,35 | -6,03 | -6,61
4-bit ADC | 3,26 | -0,31 | -2,24 | -3,56 | -4,56 | -5,37 | -6,05 | -6,63
5-bitADC | 3,22 | -0,33 | -2,25 | -3,57 | -4,57 | -5,38 | -6,05 | -6,63
Unquantized | 3,22 | -0,33 | -2,25 | -3,57 | -4,57 | -5,38 | -6,05 | -6,63

Bang 4.6. Ngudng giai ma (E, /N, dB): Ma AR3A, LS-MIMO 10 x 10, 10 lan
lap, ty Ié tir ma 1/2 dén 9/10.

1 2 3 4 5 6 7 8 9

/21 /3| /4| /5| /6| /7] /8] /9| /10
2-bit ADC | 4,03 | 506 | 592 | 6,63 | 7,22 | 7,76 | 8,22 | 8,64 | 9,04

3-bit ADC 3,40 | 402 | 453 | 493 | 524 | 551 | 5,74 | 594 | 611
4-bit ADC 3,26 | 3,79 | 4,23 | 458 | 4,86 | 5,08 | 527 | 5,45 | 5,60
5-bit ADC 3,22 | 3,74 | 4,16 | 4,49 | 4,76 | 4,98 | 517 | 5,33 | 547
Unquantized | 3,22 | 3,72 | 4,14 | 4,47 | 474 | 495 | 514 | 530 | 5,44

Véi viéc phan tich cac ngudng giai ma lap cia ma P-LDPC trong cac tham s6
dau vao khéc nhau, ching ta ¢ thé két luan rang ADC 3-bit va ADC 4-bit c6 chénh
léch nho so vai ADC khong lwong tir héa va hiéu ning cia ADC 5-bit ¢6 thé bang
v6i ADC khéng luong tir trong cac kénh LS-MIMO. Céac khoang trong ngudng giai
ma lip nho duoc 1am rd 1a cac chénh léch nhé trong cac duong cong ty 1€ 15i bit

(BER). Thyc té nay s& duoc chizng minh trong Phan 4.7.
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Bang 4.7 Céac tham s mo phong

Phuong thire diéu ché B-PSK

Cau hinh MIMO 10x10 + 10x80,

Kénh fading nhanh Rayleigh

S6 vong lap tach song téi da 5, 10, 15, 50

Hé sb suy giam ¢ 0.2

Thong tin trang thai kénh Chi c6 ¢ phia thu

Ty 1€ ma hoa 1/2, 213, 3/4, 4/5, 5/6, 6/7, 7/8, 8/9, 9/10
Do dai tir mé k2;‘;0 bit, 1200 bit, 2400 bit, 4800 bit, 9600
Ho ma Protograph LDPC NND, AR3A, UCHI, NTH

Do phén giai bo ADC 2-bit, 3-bit, 4-bit, 5-bit

4.6. Két qua mo phéng

Dudi day két qua md phong véi céc tham sé & Bang 4.7 va md hinh hé thong nhu
Hinh 4.1 dé xac thuc két qua phan tich va cung cip thong tin vé tac dong cua cac bo
ADC c6 d6 phan giai thip dén hiéu ning cua céc hé thdng truyén thong LS-MIMO.
Trong cac md phong, NCS sir dung md hinh kénh thong ké Rayleigh nhu da dé cap

”
¢ Chuong 2.
107 +
102 1021
o sl
L 3 w 10
10 e
—+—NND Code —+—NND Code
107 F|—e—AR3A Code 107 Fl—e—AR3A Code
—=— UCHI Code —a—UCHI Code
——NTH Code ——NTH Code
4 4.5 5 5.5 6 6.5 25 3 3.5 4 45 5
E /N, (dB) E/N,

(a) 2-bit ADC (b) 3-bit ADC
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A
——NND Code )
4| |~ AR3A Code | % |
107 Fl—=—UCHI Code | Y\ &
==NTH Code

—+—NND Code
107 | —e—AR3A Code
—=—UCHI Code
—+—NTH Code

=-===Unquantized

2.5 3 3.5 4 45 5 2 3 4 5

Eb/ND Eb/’N0
(c) 4-bit ADC (d) 5-bit ADC + Unquantized

Hinh 4.5. So sanh BER: MIMO 10 x 10, 10 lan lap, ty 16 ma R = 1/2, d6 dai 9600
bit.

Nhu trinh trong Chuong 1, mé Protograph LDPC (hoac ma LDPC tuong duong) duoc
xay dung bang thao tac sao chép va hoén vi trén protograph, mot qua trinh dugc goi
la nang protograph. M4 protograph ciia ching ta c6 ngudn géc tir protograph sau hai
buéc nang. Bude nang dau tién, protograph duoc nang 1én theo hé s 4 bang thuat
toan tang trudng canh lity tién (PEG) [75] dé loai bo tat ca cac canh song song. Sau
d6, hé s nang tht hai duoc chon dé phi hop véi chiéu dai khéi ma yéu cau. Vi du,
ma AR3A vdi kich thudc ma tran nho 3 x 5 vaty & 1/2, hé s6 nang thi hai 13 600 dé
dat dugc do dai khdi ma cubi ciing 1a 9600 bit. Thuat todan PEG dugc ap dung dé xac
dinh hoan vi tuan hoan cua tirng 16p canh dé tranh chu ky ngan. Bo giai ma 1a mot bo
giai ma truyén thong tin tiéu chuan, trong d6 sd lan lap téi da duoc dat thanh 10 trong
tat ca cac truong hop ngoai trir trudng hop nghién cau tac dong caa cac lan lap dén
hiéu nang cua céc hé thong truyén thong LS-MIMO. Phan cat cia LLR va cac tham

s6 giai ma khac duoc thiét 1ap theo [76].

Cac két qua md phong trong Hinh 4.5 - Hinh 4.8 xac minh cac két qua phan
tich trong Bang 4.1 va Bang 4.2. Chiing ta thay rang céac két qua mé phong phi hop
Vvé6i cac két qua phan tich trong Phan 4.5. Bac biét, nhu di phan tich & trén, ma NND
c6 hiéu nang kém nhat trong s6 bén ma dugc chon ¢ tat ca cac mirc d6 phan giai

ADC. Ngoai ra, khoang céch hiéu nang giita md NND va mi AR3A 4 16n nhat.
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Ngudng giai ma 1ap nhé cia mda UCHI va ma NTH duoc hiéu 1a mét khoang cach

nho trong cac duong cong BER, nhu trong Hinh 4.5 va Hinh 4.6

107!
1072
1072
o 4
L w
[an] a
5 107
1073 £ [——NND Code ——NND Code
—e—AR3A Code —e—AR3A Code r
—e—UCHI Code —a—UCHI Code
—+—NTH Code —+—NTH Code
107 : : 10 - : : ‘ :
3 4 5 6 25 3 35 4 45 5
E,/N, (dB) E,/N, (dB)
(a) 2-bit ADC (b) 3-bit ADC
1072 1072
0 0
m 104 m 104} A
—+—NND Code )
—+—NND Code —e—AR3A Code |
—e—AR3A Code —=—JCHI Code
—a—UCHI Code =—+=NTH Code
—+—NTH Code ==-=Unquantized \
10 . . . . 106 . . N
25 3 35 4 4.5 5 2 25 3 3.5

E,/N, (dB) E/N, (dB)

(c) 4-bit ADC (d) 5-bit ADC + Unquantized

Hinh 4.6. So sanh BER: MIMO 100 X 100, 10 I4n Iap, ty I¢ mi R = 1/2, d6 dai
9600 bit.

C6 mot su chénh léch rat nho vé ngudng giai ma lap caa bo ADC 5-bit va bo
khong luong tir nhu trong Bang 4.1 va Bang 4.2. Cac két qua mo phong xac nhan két
qua phan tich nay. Chung ta thay rang cac duong cong BER cua ca bén ma tai ADC
5-bit va khong luong tir hda rat gan véi ca hai cau hinh LS-MIMO 10 x 10 va
100 x 100.
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10 107
1072 1072
14 o
w 10 3 w 1073
—e—2-Bit ADC —e—2-Bit ADC
—=—3-Bit ADC —=—3-Bit ADC
1074 £|——4-Bit ADC 104 F|——4-Bit ADC
—e—5-hit ADC —e—5-hit ADC
----- Unguantized R\ —-—-——Ungquantized
I I \ | I . ]
3 4 5 6 7 3 4 5 6
Eb/N0 (dB) Eb/NO (dB)
(a) NND Code (b) AR3A Code
1072 1072
w10 w 10
—e—2-Bit ADC —e—2-Bit ADC
—=—3-Bit ADC —=—3-Bit ADC
——4-Bit ADC ——4-Bit ADC
107 £ |—+—5-bit ADC 1078 | ——5-bit ADC
———Unquantized| \\ '\ 3  pl|—- Unquantized
3 4 5 2 3 4 5
E,/N, (dB) E,/N, (dB)

(c) UCHI Code (d) NTH Code

Hinh 4.7. Hiéu nang BER va ADC =-Bit: MIMO 10 x 10, 10 Ian lap, ty I¢ ma
R = 1/2, d dai 9600 bit.

Hay xem xét hiéu nang cia mot ma don 1¢ trong Hinh 4.7 va Hinh 4.8, ching
ta thay rang khoang cach hiéu ning giira b ADC 2-bit va bo ADC 3 bit 1a khoang
1,4 dB 16n hon khoang cach ngudng giai ma lap, khoang 0,8 dB, thu duoc bang thuat
toan PEXIT d3 stra doi. Hién twong nay duoc biét dén nhiéu véi thuat toan PEXIT do
xap xi Gaussian trong cac thong tin LLR [40]. Tuy nhién, két qua phan tich c6 thé dy
doan chinh xac xu hudng hiéu nang cta méa theo cdc muc phén giai ADC khéc nhau.

Chung ta hdy xem xét kj hon cac duong cong BER cua ma AR3A trong Hinh 4.7 va
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Hinh 4.8, khoang cach BER cua ADC 3-bit va khdng luong tir 1a khoang 0,4 dB
(khoang cach ngudng la 0,18 dB) va khoang cdch BER cua ADC 4-bit va khoang
khong luong tu la khoang 0,1 dB (khoang cach ngudng la 0,04 dB). Cac quan sat
trong tu duoc nhin thiy cho cac mi duoc chon khac. Céac két qua md phong nay
chang minh cho céc két qua phan tich rang sy mat hiéu nang nho xay ra ¢ o phan
giai ADC 3-bit va 4-bit trong cac kénh LS-MIMO

102 ¢ 102 ¢
x e
4 ~ 5 \
1074 £{—e—2-bit ADC 107 £|—e—2-bit ADC
—=—3-bit ADC —s=—3-bit ADC
—+—4-bit ADC —+—4-bit ADC
—-—S-b:t ADC \‘-\ —-—5-b:1 ADC
----- Unguantized Y =-===Unquantized
10 i A : 10°€ : — :
3 4 5 6 3 4 5
E/N, (dB) E,/N, (dB)
(a) NND Code (b) AR3A Code
1072 1072 ]
i i
4| 4L 1
@ 10 —e—2-bit ADC | @ 10 —e—2-bit ADC
—=—3-bit ADC  |}) —=—3-bit ADC
L htane itaoe |
----- Unquantized =-===Unquantized|
106 — : - ' 10— : ‘ :
2 3 4 2 3 4 5
E,/N, (dB) E,/N, (dB)

(c) UCHI Code (d) NTH Code

Hinh 4.8. Hiéu nang BER va ADC =-Bit: MIMO 100 x 100, 10 Ian Iap, ty I¢
maR = 1/2, do dai 9600 bit.

Thuat toan PEXIT stra d6i ¢6 thé dua ra du doan chinh x4c hiéu ning ctia ma
protograph trong cac trudng hop hoat dong khac, bao gém cau hinh LS-MIMO va téc
d6 ma. Chang han, cac ngudng giai ma lip, nhu duoc thé hién trong Bang 4.6, c6 thé

du doan vé su chénh léch nho vé hiéu ning giira hé théng ADC 5-bit va hé thng
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khong lugng tir. Két qua md phong cho thiy cac dudng cong cua hé théng ADC 5-
bit gan voi cac dudng cong ciia cac hé thong khong luong tir trén tat ca cac ty 16 ma
tir 1/2 dén 8/9. Viéc du doan hiéu niang chinh xé4c cua thuat toan PEXIT sira doi diing
Vé6i cac truong hop c6 cac cau hinh va giai ma 1ap lai MIMO khac nhau, nhu trong
Hinh 4.11 va Hinh 4.10. Can chii y dén Hinh 4.11 trong d6 ngudi ta c6 thé thay rang
duong cong ADC 4-bit gan véi duong cong cia bo ADC khdng lugng tir hoa khi s6
lwong dng ten thu tir 30 dén 80. Hién tugng nay co thé duoc quan séat bang cach nhin

vao ngudng giai ma lap trong Bang 4.5.

T T T

= 5-hit ADC

————— Unguantized
R=1/2 E
R=213 1

35

&

Sxgd+eo0
e e e e w e
n nnu nn

=

[==]

<
L]

E,/MN

, (dB)

Hinh 4.9. BER va ty 16 m4: M4 AR3A, MIMO 10 x 10, 10 lan lap, ty I8 ma R =
1/ 2 —9/ 10, chiéu dai khéi 9600 bit.

Hinh 4.12 cho thay hiéu ning BER cua hé thdng ADC 5-bit va hé théng khong
luong tir theo nhiéu chiéu dai tir ma khéc nhau. Ta thay rang chénh léch hiéu nang la
rat nho o tat ca cac chudi ma tir 120 bit dén 9600 bit. Lwu y rang thuat toan PEXIT
stra ddi xuat phét tir gia dinh rang chiéu dai ma 1a vé han. Tuy nhién, két qua mo
phong x&c nhan rang do6 phan giai ADC 5-bit c6 thé bang vai hiéu nang cua loai

khong lwong tir véi chiéu dai tir ma ngan.
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5-bit ADC

————— Unguantized
O 3 lerations
O 10 Iterations | 7
#® 15 lterations
FaY
+

W02E

20 erations

50 Kerations
10°% E
o
[
m
107+ 1
0% 3
1[]4}. 1 1 1 1
4 5 6 T ]
E be o (dB)

Hinh 4.10. BER va cac lan lap: M AR3A, MIMO 10 x 10, 10 - 50 lan lap, ty Ié
ma R = 1/2, chiéu dai khdi 9600 bit.

108

4-hit ADC
S-bit ADC ]
=====|inguantized | 1
MIMO 10x10
MIMO 10x20 | 3
MIMO 10x30 | ]
MIMO 10x40 | ]
MIMO 10x50
MIMC 10x80
MIMO 1070 | 7
MIMO 1080 | 4

0%

xfdd+pP>e0o0

108

E /M, (dB)

Hinh 4.11. BER va Cau hinh MIMO: M3 AR3A, MIMO 10 x 10, 10 lan lap, ty
16 m& R = 1/2, chiéu dai khéi 9600 bit.
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107"

102

1072

BER

107

5-bit ADC
————— Unquantized
O 9600 bits
105 F O 4800 bits
#* 2400 bits
A 1200 bits
+ 240 bits

1075 L L 1 N 2
3 35 4 45 5 55
E,/N, (dB)

Hinh 4.12. BER va chiéu dai khi: MIMO 10 x 10, 10 lan lap, ty [E ma R =
1/2, chiéu dai khéi 120 bit - 9600 bit.

4.7. Két luan chwong 4

Mot phién ban méi cua thuat toan LS-MIMO-PEXIT cho cac hé théng truyén
thong LS-MIMO voi cac ADC c6 d6 phan giai thap duoc phat trién trong chuong
nay. Thuat toan LS-MIMO- PEXIT mai dé xuat nay c6 thé dy doan hiéu ning cua
cac ma Protograph LDPC theo cac tham s6 dau vao khéc nhau, bao gdom cau hinh LS-
MIMO, téc d6 mé, sb 1an 13p tbi da va cau tric ma. Nghién ctu cho thay su mat hiéu
nang nho khi sir dung do phan giai ADC 3-bit hoac 4-bit so véi hé thong sir dung bo
ADC d¢ phan giai cao. Hiéu ning cua hé théng ADC 5-bit trong duong véi ADC do
phan giai cao trong tat ca cac truong hop thir nghiém. Nghién ctu nay chieng minh
rang trong hé théng truyén dan véi cac bo ma hoa kénh cu thé va cac ciu hinh MIMO
khac nhau thi cac bo ADC cé d6 phan giai thap 1a mot giai phap rat tiém ning cho
kénh MIMO c& 16n trong cdc mang thong tin di dong trong tuwong lai nhu 5G hoac

6G dé tiét kiém gia thanh phan ciing va ning luong tiéu thu caa may thu.
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KET LUAN
Nhirng déng gop cua luan an

Lun an nay da thuc hién nghién ciu vé truyén dan diém-diém voi nhiéu ang-

ten phat ¢ dau vao va nhiéu dng-ten phat & dau ra. Cu thé:

(1) Nghién ctru xay dung thuat todn tach song tin hiéu ding gian d¢6 Tanner
dé giam d6 phac tap cho kénh LS-MIMO véi bo chuyén déi twong tu s6 ADC ¢ do
phan giai thap. Két qua mé phong chi ra riang viéc st dung bdé ADC c¢6 do phan giai
4-bit hoic 5-bit s& gan nhu khong 1am anh huong dé hiéu nang hoat dong cua bo tach
s6ng tin hiéu MIMO duing thuat toan truyén lan thong tin.

(2) Bénh canh do, luan 4n ciing xay dung gian &6 Tanner kép dé md hinh hoa
su tuong tac thong tin giita bo tach song tin hidu va bo giai ma LDPC. Gian d6 kép
nay la céng cu dé tim kiém méa Protograph LDPC gianh cho kénh LS-MIMO véi sb
ang-ten 16n va sé vong lap giai ma han ché. Nhimg ma duoc tim kiém trong luan an
nay cho thay viéc thiét ké lai ma Protograph LDPC cho kénh LS-MIMO mang lai lgi
ich vé hiéu nang hon 1a st dung cac ma da duoc thiét ké truée d6 cho kénh AWGN.

(3) Ciing dung gian d6 kép nay, luan an xay dung quy trinh danh gia va so
sanh hiéu ning ctia nhiéu ma Protograph LDPC duoc thiét ké cho kénh AWGN cho
truong hop cia kénh MIMO. Khi sé ang-ten duoc ting 1én & kénh MIMO thi bo
chuyén doi twong tur s6 c6 do phan giai thip dugc dé xuat trong nhiéu nghién cau gan
day. Luan an da thuc hién viéc danh gia anh huong nhiéu luong tir do d6 phan giai
thip cua bo ADC dén hiéu niang cua hé théng truyén dan diém-diém. Két qua phan
tich toan hoc dua trén gian d6 Tanner kép va két qua mo phong da tim ra rang khoang
cach giita hé théng diing bo ADC c6 d6 phan giai cao va hé théng c6 bo ADC c6 do
phan giai 4-bit hoac 5-bit 1a khong dang ké. Két qua nay cho thay dé xuat sir dung bo
ADC c6 d6 phan giai thap trong cac hé thong di dong trong twong lai 1a hoan toan
kha thi va c6 nhiéu trién vong — dé tiét kiém ning luong xir ly cao tan va gia thanh

phan cang.
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Y nghia khoa hoc va thuc tién cia dé tai nghién cieu

Viéc nghién ctu mé hinh truyén dan s dung cac ma tiém can dung luong
kénh nhu mi Protograph LDPC cho kénh MIMO ¢& 16n véi bo chuyén doi ADC c¢6
d6 phan giai thap chua duoc nghién ciu nhiéu & ca trong nudc va thé gisi. Vi vay
nhitng dé xuat giai phap cho viéc tach song tin hiéu ciing nhu quy trinh thiét ké ma
va danh gia hiéu ning cta kénh truyén dan s& tao nén tang co ban cho viéc nghién
ctztu mo hinh truyén dan phuc tap hon trong mang thong tin di dong té bao thuc té.

Y nghia thyc tién cia nghién ctu nay 1a nhitng quy trinh thiét ké ciing nhu
danh gia hiéu niang s& giup nhiing nha thiét ké tuyén truyén dan di dong tim ra ma
Protograph LDPC va do phan giai cua bo chuyén d6i ADC tbi wu voi kénh truyén

dan vo tuyén cu thé.
Nhirng hwéng phat trién tiép theo

Nhu da trinh bay ¢ trén, luan an nay da thyuc hién viéc nghién cuu giai phéap
tach séng tin hiéu cho kénh LS-MIMO véi bo chuyén dbi twong tir s6 ADC c6 do
phan giai thap ciing nhu thiét ké va danh gia hiéu nang cia ma Protograph LDPC cho
loai kénh nay. Tuy vy, dé viéc ung dung nhiing k¥ thuat tach séng va thiét ké ma
Protograph LDPC trong céc hé thdng v tuyén trong tuwong lai chiing ta ¢d thé can

tiép tuc phat trién cac hudng nghién ciru dudi day:
(i) Giam d phirc tap cia thuat toan tim kiém méa Protograph LDPC code.

Thuat toan sir dung trong luan an nay dé tim kiém ma Protograph LDPC co
cau hinh Massive-MIMO yéu cau do tinh toan kha cao trén gian dd Tanner kép. Mot
giai phéap c6 thé gidp giam do phuc tap va ting toc do tim kiém ung vién ma tot 1a sir
dung thuat toan Deep Learning d3 dugc quan tdm nhiéu gan day cho kénh Massive-
MIMO.

(i) Thuc hién viéc thiét ké ma Protograph LDPC cho b chuyén d6i ADC
1-bit.

Kénh Massive-MIMO véi bo ADC chi ¢6 1-bit dugc rat nhiéu nha nghién ciu

quan tdm vi d6 phuc tap cua né giam dén muc téi thiéu. Tuy vay, nhidu luong tir ¢
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d6 phan giai nay c6 thé anh hudng dén md hinh kénh tong thé. Vi vay, viéc tim kiém
ma Protograph LDPC cho trudng hop dit biét nay co thé sé tim duoc cau tric ma

Protograph LDPC c6 hiéu ning tot hon nhitng ma Protograph hién co.

(iii)Nghién cieu thiét ké ma Protograph LDPC cho cac md hinh kénh phiic
tap hon:

Trong thong tin v tuyén, mé hinh mét tram géc phuc vu nhiéu thué bao &
kénh duong Ién tao nén mo6 hinh kénh da truy nhap duong Ién (Uplink Multiple
Access Channel — UL-MAC). Vi vay, viéc mo rong nhitng nghién ciu trong luan an
nay cho kénh UL-MAC s& cung cip duoc nhiéu cau tra 15i vé hiéu nang cua kénh khi

str dung ma Protograph LDPC ciing nhu bo chuyén d6i ADC c6 do phan giai thap.
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PHU LUC
HAM PHAN BO MAT PQ XAC SUAT CUA L-value

O PAU RA CUA BQ TACH SONG
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Hinh 4.13. Ham phan bo mat d¢ xc suat cua L-value ¢ dau ra cua bo tach séng:
ma AR3AR, MIMO 10 x 10, 10 lan lap, ty I¢ md@ R = 1/2, chiéu dai khoi 9600 bit.
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mé AR3AR, MIMO 30 x 30, 10 lan lap, ty Ié ma R = 1/2, @6 dai khoi 9600 bit.
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Hinh 4.16. Ham phan bé mat do xac suat caa L-value ¢ dau ra cia bo tach song:
mé AR3AR, MIMO 100 x 100, 10 lan lap, ty ¢ md8 R = 1/2, d6 dai khoi 9600 bit.



