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MO PAU
GIOI THIEU

Tir dau thap nién 2020, cing v6i sy trién khai ciia 5G va dinh hudng phat trién 6G
nham dap trng nhu cau két ni ngay cang cao voi tdc do 16m, do tré thép, do tin cay cao va
kha ning tich hop trf tué nhan tao, hé thdng MIMO quy md 16n di tré thanh nén tang quan
trong nho kha ning nang cao hiéu qua sir dung pho va chat luong lién két. Tuy nhién, viéc
trién khai MIMO quy mé 1én gip nhiéu thach thirc vé tiéu thu ning luong va do phuc tap
phan cimg, trong d6 viéc str dung ADC d6 phan giai thip dugc xem 13 giai phap tiém ning
dé giam cong suat va ting kha ning mo rong hé théng. Pong thoi, ma Protograph LDPC
két hop voi cac ky thuat didu ché bac cao, dic biét 1a diéu ché xép chong, cho thy tiém
ning cai thién hiéu ning phd va do tin cdy truyén dian, nhung hién van thiéu cic nghién
ctru toan dién vé sy két hop nay trong hé théng MIMO quy mé 16n sir dung ADC d6 phan

giai thap, du day 1a huéng tiép cin hira hen trong méi truong bi gidi han boi luong tir hoa.

MUC TIEU CUA LUAN AN

Muc tiéu chung:

Luan 4n hudng t6i viéc khdo sat va phan tich kha ning két hop gitta diéu ché xép
chdéng va ma P-LDPC trong cac hé théng MIMO quy mé 16n st dung b chuyén d6i ADC
d6 phan giai thap.

Muc tiéu cu thé:

Thir nhdt, nghién ctru mé hinh tich hop diéu ché xép chong M-QAM véi mi P-LDPC
trong hé théng thong tin vo tuyén MIMO c¢& 16n sit dung cac bdo ADC do phan giai thap.
Trén co s& do, luan an danh gid hi¢u ndng toan di¢n cua h¢ théng, bao gém kha nang
chéng 161, do hoi tu gidi ma va hi¢u qua phé trong diéu kién lugng tir héa tho, nham 1am o
tiém ning Gmg dung ciia phuwong phap nay trong cac hé thong khong day thé hé méi.

Thir hai, nghién ctru dé xuit thuat PEXIT cai tién dé phan tich va dy doan ngudng
gidi ma nham cai thién hiéu ning cia hé thong thong tin vo tuyén MIMO c¢& 16n str dung
cac bd ADC do phén giai hdn hop tai phia thu, hudng t6i t6i wu hoa hiéu ning BER va tiéu

thu nang lugng.



PHUONG PHAP NGHIEN CUU

Luén an tap trung phan tich bai toan va xay dung mo hinh toan hoc phu hop vdi ban
chat cua hé thdng, sau d6 kiém ching mé hinh thong qua cac méd phong trén mdy tinh
nhim dénh gia d6 chinh xac va kha ning ap dung thuc tidn. Trén co sé cac mo hinh xac
sudt — thong ké chuan, kénh truyén va nhiu hé thong duoc mé ta bang cac mo hinh ngau
nhién pht hop, qua d6 1am nén tang cho viéc phan tich va dé xuat giai phap ning cao hiéu
ning hé thong.

Bén canh phén tich Iy thuyét, luan 4n phat trién hé théng mé phong bang ngén ngit
C++ va st dung phuong phap Monte-Carlo dé danh gia hiéu niang trong cac kich ban gan
v6i diéu kién van hanh thyc té. Cach tiép can nay cho phép kiém ching sy phu hop giita
két qua 1y thuyét va mo phong, dong thoi danh gia tinh on dinh va hiéu qua cia giai phap
dé xuét dudi nhiéu ciu hinh va ché d6 hoat dong khac nhau.

CAC PONG GOP CUA LUAN AN

Luan &n c6 hai dong gbop chinh do la:

Pong gép thir nhat ciia ludn 4n 1a dé xuat mo hinh tich hop diéu ché xép chong M-
QAM véi ma P-LDPC trong hé thong LS-MIMO sir dung ADC d¢ phan giai thap, dong
thoi danh gia toan dién hiéu ning hé thong trong diéu kién lugng tir hoa tho. Cach tiép can
nay khai thac hiéu qua pho ciia diéu ché xép chong két hop vai kha nang stra 16i manh cua
ma P-LDPC nham cai thién d tin ciy truyén dan. Trén co s& d6, luan an phat trién kién
trac tach song tin hiéu méi co6 do phirc tap thap, dua trén anh xa xép chong va lan truyén
thong tin trén dd thi Tanner, gitip chuyén bai toan tich séng tir dang toan cuc sang cic
phép tinh cuc bo va dat do phirc tap bac hai. Két qua ciing cho thiy so dd diéu ché xép
chdng véi trong s6 biang nhau dat hiéu ning 13i bit tot hon so voi so d6 khoang cach déu
trong cac hé thong str dung luong tir hoa thé.

Pong gép thir hai ciia luin 4n 13 dé xuat thuat toan P-EXIT cai tién nham phan tich
va du doan ngudng giai md cho hé thong LS-MIMO sir dung cau hinh ADC d6 phan giai
hdn hop tai phia thu. Giai phap nay cho phép can bang gita hiéu ning va muc tiéu thy
ning luong bang cach két hop linh hoat cac ADC d6 phan giai cao va thap, dong thoi duy

tri hiéu nang phat hién va giai ma gan voi hé thong truyén théng. Cac két qua mo phong



trén nhiéu cdu hinh MIMO khéac nhau d3 x4c nhén rd rang hiéu qua va tinh kha thi cua

thuat toan dé xut.
BO CUC CUA LUAN AN

Chuong 1: Tong quan vé hé thong MIMO c& 16m két hop b ADC d9 phan giai
thép sit dung ma P-LDPC.

Chuong 1 cung cap nén tang 1y thuyét va bdi canh nghién ctru cho viée téi wu hiéu
ning cac hé théng MIMO dung luong 16n, nhdn manh vai tro cia ADC do phan giai thap,
cac k¥ thuat diéu ché hién dai va mi hoa kénh P-LDPC trong vi¢c can béng gitra hi¢u
nang, d0 phuc tap va ti€u thu nang luong.

Chuong 2: Phan tich va danh gia hi¢u ning cia diéu ché xép chong M-QAM mé
hoa P-LDPC cho hé thong MIMO ¢ 16n véi by ADC d phén gidi thap.

Chuong nay nghién ctru va danh gia hiéu ning cta so d6 diéu ché xép chong trong hé
thong MIMO ¢& 16n str dung ma P-LDPC va ADC d6 phén giai thdp, nham nang cao hiéu
qua truyén dan dong thoi kiém soat do phirc tap xtr 1y tai bo thu. Luén an dé xuét kién trac
xtr 1y cho phép két hop tach song va giai ma dya trén d6 thi Tanner v6i do phirc tap thap,
ddng thoi phat trién thuat toan P-EXIT dé phén tich va duy doan hiéu ning, qua d6 1am rd
tiém nang cai thién toc do truyén va tiét kiém nang lugng cua dicu ché xép chong, ciing
nhu tao nén tang cho céc thiét ké va mo rong hé thong trong cac kich ban khong day thé hé
tiép theo.

Chuwong 3: D¢ xuit thuit toan danh gia hiéu ning cia hé thong théng tin vo
tuyén MIMO c& 16n sir dung ADC d9 phan giai hon hop.

Chuong 3 tp trung giai quyét bai toan tiét kiém ning luong cho bd thu LS-MIMO
bang cach dé xuat kién trac méi két hop ADC d6 phan giai hdn hop, diéu ché xép chong
va md P-LDPC, cung vdi bo tach song dua trén dd thi hai 16p va bd giai ma LDPC tuy
chinh nham nang cao hiéu nang trong diéu kién luong tir hoa thé. Bén canh do, luan an
phat trién thuét toan P-EXIT cai tién dé phan tich va du doan ngudng giai ma, danh gia
hiéu qua tiét kiém cong suét ctia so do diéu ché xép chong EW so véi ED trén nhiéu cau
hinh MIMO.

Phan cubi cung cua ludn an chinh 1a mét s6 két luan va dinh hudng phat trién nghién

ctru tiép theo.



CHUONG 1.

TONG QUAN VE HE THONG MIMO CO LON KET HQP BQ
ADC PQ PHAN GIAI THAP SU DUNG MA P-LDPC

M4 hinh mAy thu va mAay phat trong cac mang khong day thé hé méi

H¢ thong truyén thong sé

Hinh 1.1 trinh bay cac khéi co ban ctia mot hé théng truyén théng sd.
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Hinh 1.1. C4c thanh phan co ban cuia hé théng truyén thong so
Hé thong MIMO véi ADC dd phén giai thap
M6 hinh hé théng MIMO
Kénh MIMO dugc mé hinh bang toan hoc nhu sau:
Y=HX+1Z (1.1

Trong d6, X = [X4,Xy, ..., Xy ] 12 tin hiéu MIMO duoc truyén di voi cac phan tir

thudc mién gia tri cia bd didu ché pha nhi phan. E; = E(|x|?) 1a ning luong tin hiéu trung

binh dugc chuan héa vé 1. H e C¥*Vt 13 ma tran hé s6 kénh chta céc thanh phan h[n, m]

tai hang n va cot

m cua ma tran H.
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Hinh 1.2. M6 hinh tong quan hé théng thong tin MIMO ma3 hoa

Cong suit tiéu thu ciia bo ADC

Trong khuon kho luan an, NCS st dung mé hinh ADC tbc d6 Nyquist (Nyquist-rate

ADC) dé tinh toan cong suat tiéu thy. Két qua 13, gia tri Papc c6 thé duge tinh nhu sau:

_ 3VdZdLmin(ZB + fcor) 1.2
ADC ™~ 10—0.1525b+4.838 (1.2)

Trong do:

+ V4 1 ngudn cung cap.

+ L 12 0 dai kénh tbi thiéu cho cong nghé CMOS di duoc dua ra.
+ B 1a bang thong cua tin hiéu ban dau.

+ f.,, la tan s6 goc cua nhidu 1/f [128].

+ b 14 s6 bit luong tir hoa.

Tat ca cac tham s6 d6 duoc xac dinh cu thé trong tai liéu v6i Vyy = 3V, Ly, =

0.5 um, B = 20 MHz, f,,, = 1 MHz.

Cong suit ADC ting phi tuyén theo sé bit, xip xi theo hé s6 107915250 tirc 13 ctr
tang 1 bit thi cong suét ting khoang 1.42 1an. Khi bing thong 16n (20 MHz), mtc tiéu thy
mach ADC c6 thé dat dén hang tram mW & 8 bit, diéu nay giai thich vi sao hé théng LS-
MIMO thuong dung ADC d6 phan giai thap (1-5 bit) dé tiét kiém ning luong.



Bang 1.1: Cong suit tiéu thy dién ning cho cac mirc dd phan giai ADC tdc do
Nyquist khac nhau

D0 phan giai Cong suit tiéu thy (mW)
ADC 1 bit 11.42
ADC 2 bit 16.22
ADC 3 bit 23.05
ADC 4 bit 32.74
ADC 5 bit 46.52
ADC 8 bit 133.39

Ma sira 16i Protograph LDPC
Ma Protograph LDPC

Mot ma P-LDPC thuc chat 1a mot dang ma LDPC dugc tao ra tir viéc ma rong mot
protograph ban dau théng qua qua trinh sao chép va hoan vi c6 cau trdc. Cu thé,
protograph gdc duoc sao chép N lan dé tao thanh N ban gidng hét nhau. Sau dé, cic canh
tuong Gng gitta cac nit bién va nat kiém tra trong ting ban sao s& dugc hoan vi theo cling
mot quy tac, dua trén cAu tric cua cac canh trong protograph géc. Nho do, ta thu dugc mot

d6 thi Tanner quy mé 16n hon, biéu dién ma LDPC dan xuit tir protograph.

Protograph Nhan ban 03 1in

Hinh 1.3. Nhéan ban s luong protograph



Hoan wi cac canh

Hinh 1.4. Hoan vi cac canh sau nhan ban

Phin tich két qua hiéu ning ciia mi P-LDPC
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=== EW 1-bit ADCs
(3~ ED 1-bit ADCs
= EW 2-bit ADCs
= 4= ED 2-bit ADCs
=—¥— EW 3-bit ADCs
= M= ED 3-bit ADCs
EW 4-bit ADCs |/
- ED 4-bit ADCs
EW 5-bit ADCs
ED 5-bit ADCs

Eb/No Coding Gain
Hinh 1.5. Banh gia hiéu nang dua trén d6 loi ma hoa dat duoc

Hinh 1.5 trinh bay mét phan két qua thu duoc trong nghién ciu caa luan an, thé hién
d6 loi ma hoa théng qua duong cong BER theo SNR d6i voi ma P-LDPC c6 ty 1é ma
R=1/2.

B§ diéu ché bic cao dung phwong phap diéu ché xép chong

>

Piéu ché xép chong tin hiéu (Superposition Modulation) 1a mét so d6 diéu ché khong
song anh, trong d6 nhiéu ky hiéu nhi phan d6i xtmg duoc két hop tuyén tinh véi nhau

thong qua céac hé so trong so cu thé.



Nguyén ly ciia diéu ché xép chong

Diéu ché xép chdng tin hiéu 1a k¥ thuat diéu ché phi song anh, trong d6 nhiéu chudi
dir liéu duoc két hop tuyén tinh thanh cac ky hiéu truyén, giup ting hiéu qua ph6 nhung co
thé gy mo hd trong qua trinh tach séng khi str dung cac trong sd bang nhau. Mic du dic
tinh ndy c6 thé lam giam kha ning phéan biét tin hiéu, n6 lai mang dén lgi ich vé hi¢u qua
ning luong va c6 thé cai thién khoang cach giira cic diém chom sao trong mot sb trudng

hop.

Tinh chat cia diéu ché xép chong
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Hinh 1.6. So d6 khéi ctia bo diéu ché xép chong

Véi SM trong mot chiéu tin hiéu, hiéu nang chi phu thudc vao cach phan bo cong
sudt hay chinh 13 trong sé a,,. Hai kiéu phin bo cong suit s& duoc phan tich trong phan
tiép theo gom:

« Phan b6 cong suat khoang cach bang nhau

« Phan b6 cong suit trong sb bang nhau

Két luan chwong 1

Chuong 1 trinh bay nén tang 1y thuyét va bdi canh Gng dung cta viée tdi vu hiéu
ning trong cac hé thong MIMO dung lugng 16n, nhan manh vai tro cia ADC d6 phén giai
thép, cac ky thuat diéu ché hién dai va ma héa kénh P-LDPC trong viéc nang cao hi¢u qua

str dung phd, do tin ciy va hiéu qua ning lugng cho cic mang khong ddy thé hé moi.



CHUONG 2. PHAN TiCH VA PANH GIA HIEU NANG CUA PIEU CHE
XEP CHONG M-QAM MA HOA P-LDPC CHO HE THONG MIMO CO LON
VOI BO ADC PQ PHAN GIAI THAP

Mo hinh hé thong khong day khong ma hoa

Xét hé théng truyén thong khong day khong mi hoa st dung so dd LS-MIMO véi
N, ang-ten phat va N, ang-ten thu trong d6 ap dung diéu ché xép chong 16-QAM nham

nang cao hiéu qua bang thong (xem Hinh 2.1).

BPSK
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a

I q><| E
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Chuyén déi BPSK
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song song 0.1
S0ng;song BPSK

So
R ag g
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Hinh 2.1. So d6 khéi ctia bo phat trong hé thng truyén thong MIMO khong ma hoa
v6i ADC ¢6 d6 phan giai thap

Bo tach song MIMO lan truyén d tin ciy dwa trén do thi Tanner

Nut biéu twong cee cee

A 4
Lo Nr]ING] i LalN,1[N;]
Nut quan sat @ e @ e @
Yol1] yo[n] Yo N;]

Hinh 2.2. B4 thi Tanner cho qua trinh tach s6ng tin hiéu MIMO st dung

thuat toan lan truyén do tin cay
9



B tich séng mé hinh h¢ thong MIMO 16-QAM khéng ma hda

=

Bo chuyén
doi
Q-ADCs

[ rer

Yoll]
Yol2]
M6 dun
tién xir ly
YolN]

B0 tach song lan
tmyén do tin cay

o)

Hinh 2.3. B tach séng lan truyén d6 tin cay

Trong muc nay, lun an phat trién cac bi€u thirc todn hoc cho phép chuyén do61 mo

hinh kénh ciia hé thong diéu ché 16-QAM sang mot dang biéu dién twong duong dua trén

cac ky hiéu BPSK.

Két qua md phong
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Hinh 2.4. Khoang cach bang nhau (ED) so véi trong s6 bang nhau (EW)

cta diéu ché 16-QAM

Hinh 2.4 minh hoa mét trudng hop dic trung trong d6 cac diém 1an can cia chom sao

diéu ché dugc bd tri véi khoang cach bang nhau, NCS goi day 14 so d6 diéu ché ED. Déi

10



v6i so dd didu ché EW, thay vi duy tri khoang cach cb dinh gifta cac diém, mdi bit dwoc
gan cung mot h¢ sb trong s6, dan t&i cau trac chéng 16p ddc thu cua tin hi¢u.

Bang 2.2 trinh bay chi tiét tap hé sé xép chong twong tmg cho ca hai phuong phap
diéu ché, qua do cho théy su khac biét vé mit té chtrc tin hiéu dan dén cac dic tinh giai

diéu ché va hiéu nang khac nhau trong hé thong.

Bang 2.1: Cac hé s6 xép chong cho diéu ché 16-QAM

So do diéu che a, a,

Piéuché ED | 0.632 | 0.316

Diéu ché EW 0.5 0.5

Do d6, & truong hop hé thong khong ma hoa luan an thuc hién mé phong voi cac
truong hop cac hé sé trong sd diéu ché xép chong ED a; = 0.629 va a, = 0.311 va hé sd
trong sb toi wu cho trudng hop diéu ché xép chong khong ma hoa 4-ASK dugc chon nhur
Bang 2.3 ¢ dudi. Hé s6 trong so tdi uu cho diéu ché xép chong khong ma hoa 4-ASK 13 b
sO (ay,ay) théa man a,? + a,? = 0.5 gitip xac suat 16i dat gia tri nho nhat tai mot cau
hinh MIMO, SNR va mttc ADC cuy thé. Gia tri téi vu bd (ay, a,) phu thudc vao do phan

gidi ADC, tirc mo6i mire ADC ¢6 mot bo h¢ so to1 vu riéng.

Béang 2.2: Hé sb trong so t6i wu do phan giai ADC diéu ché xép chong khong ma hoa

D0 phan giai a, a,
ADC 1 bit 0.175 0.684
ADC 2 bit 0.207 0.675
ADC 3 bit 0.224 0.948
ADC 4 bit 0.219 0.670
ADC 5 bit 0.170 0.686

Hinh 2.5 thé hién hiéu nang ti 1¢ 15i bit (BER) cuia hai kién trdc phan bo cong suat tin
hiéu hé s trong s6 diéu ché xép chong ED va hé sd trong s6 téi wu cho truong hop diéu

ché xép chong khéng ma hoa 4-ASK.

11
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Hinh 2.5. Hiéu nang BER: Hé thong LS-MIMO 10 x 60, 16-QAM khong ma hoa

Hé thong MIMO c¢& 16n ma hoa P-LDPC

Mo hinh hé théng dugc str dung trong chuong nay dugc mé ta chi tiét trong Hinh 2.8.

VI,I
BPSK .j

s
a, @ ! X[2]
o Vic
b Ma héa Chuyén déi BPSK

— tudn ty sang = a,g S| MIMO

P-LDPC Vo Tx
song song : BPSK R X[N]

0
a,
VQ,(; e! g ;
BPSK ]

apG

L]

(a) B§ phat tin hi¢u

i
Yoll]
Y[2]
B chuyén | Y4[2] i -
doi M() dun Yo i |Bo lf'ich song lan[ | B§ gidi b
Q-ADCs tien xur ly : Jtruyén d§ tin ciy mi ——

— LDPC

Y[V
i Yo[N]

B{ phat hi¢n va giai ma tin hi¢u

(b) B thu tin hiéu

Hinh 2.6. So do khdi cua bo thu phat trong hé thdng truyén théng MIMO méa héa P-
LDPC diéu ché M- QAM véi ADC c6 do phan giai thip.
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Téach song va giai ma két hop trong h¢ théng MIMO

Pé minh hoa thuat toan két hop tach song va giai ma, luan an sir dung d6 thi hai 16p,

duoc hién thi trong Hinh 2.7.

Nt kiém tra

NUt ky hi¢u
/Nut bién

NUt quan sat

Hinh 2.7. D6 thi hai 16p cho bd két hop tach song va giai ma ciia may thu

D6 thi hai 16p MIMO va Protograph LDPC két hop

Biéu do protograph két hop gitra MIMO va LDPC dugc minh hoa trong Hinh 2.8, thé
hién mot phién ban thu nhé ctia biéu d6 hai 16p duoc trinh bay trong Hinh 2.7.

L[] B e

(a) Forward Mutual Information Flow (b) Backward Mutual Information Flow

Hinh 2.8. Tach song tin hiéu MIMO két hop va bd giai mi P-LDPC
13



Panh gia hi¢u ning hé thong truyén thong diéu ché xép chdng mi héa P-LDPC

Trong ban tom tat ndy, ludn 4n st dung thuat toan PEXIT duoc dé xuit dé danh gia
hiéu nang cua ba méd P-LDPC da duoc thiét ké trudc d6 cho cac kénh AWGN va kénh
fading véi cac trudng hop didu ché bac cao 16-QAM. Cac protograph tuong tng duoc biéu

dién trong cac ma tran (2.82).

Bang 2.3: Ngudng giai ma lap: Ma P-LDPC 6 x 3 (2.82), MIMO 10 x 40, 10 x 60,
10 x 80, 16-QAM

Do 1213% gdl | Cx i MIMO Diéu(gléé) EW Diéu( J’Sf’ ED fI)lZ nlgi(gii?)é)u
MIMO 10x40 0.26 1.46 1.2
ADC 1 bit MIMO 10x60 -1.81 -0.69 1.12
MIMO 10x80 -3.21 -2.12 1.09
MIMO 10x40 -1.84 -0.82 1.02
ADC 2 bit MIMO 10x60 -3.69 -2.83 1.01
MIMO 10x80 -4.98 -3.97 1.01
MIMO 10x40 -2.35 -1.37 0.98
ADC 3 bit MIMO 10x60 -4.16 -3.17 0.99
MIMO 10x80 -5.44 -4.44 1.00
MIMO 10x40 -2.50 -1.52 0.98
ADC 4 bit MIMO 10x60 -4.30 -3.31 0.99
MIMO 10x80 -5.57 -4.58 0.99
MIMO 10x40 -2.53 -1.55 0.98
ADC 5 bit MIMO 10x60 -4.33 -3.34 0.99
MIMO 10x80 -5.59 -4.61 0.98

Trong budc dau, luan 4n tién hanh dénh gia hiéu niang cua hai ma P-LDPC (2.82) va
trong kich ban mdi ky hiéu diéu ché mang bdn bit théng tin — hai bit cho thanh phan dong
pha (I) va hai bit cho thanh phan vuéng pha (Q). Cu trac nay tuong tng voi so dd didu
ché 16-QAM thong thuong, trong d6 mdi diém chom sao biéu thi t6 hop ciia bon bit dir

liéu.
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31010 1
Bes=[2 1 2 2 1 0 (2.82)
321010

Mb phéng hé thong

Trong phan nay, luan an tién hanh phan tich va moé phong hiéu ning cua cic mi P-
LDPC trong cac cau hinh hé théng LS-MIMO khéc nhau, nham danh gia tac dong cua diéu
ché xép chong tin hiéu va ADC d¢ phan giai thap dén hiéu qua truyén thong. BO diéu ché
dugc st dung 1a 16-QAM, dai dién cho nhom diéu ché bac cao thuong ap dung trong cac

hé thong truyén thong thé hé méi.

E .
: S EW 1-bit ADCs
A ” = 3 ED 1-bit ADCs
= o N 2
o i*ﬂ_:i}gu.. —=8- o. _ ——EW 2-bit ADCs ||
T Ve - S © == ED 2-bit ADCs
f —¥— EW 3-bit ADCs
= %= ED 3-bit ADCs
102+ EW 4-bit ADCs ]
={~ ED4-bit ADCs
EW 5-bit ADCs
ED 5-bit ADCs
w 103 g
107
107
10®

Hinh 2.9. Hiéu nang BER: Ma P-LDPC 6 x 3 (2.82), D¢ dai ma 2400 bit, MIMO
10 x 40, 16-QAM, ADC 1-5 bit.

Két qua mo phong cho thiy so dd diéu ché xép chong EW ludn dat hiéu ning BER
t6t hon so dd ED trong cdu hinh MIMO 10x40, dic biét rd rét khi sir dung ADC d6 phan
giai thap, vi murc cai thién khoang 1,5 dB & ADC 1 bit. Khi d6 phan giai ADC ting 1én 2
bit, hiéu nang hé théng duoc cai thién dang ké va khoang cach giira hai so do thu hep lai,
du EW van duy tri loi thé. Véi ADC tir 3 dén 5 bit, mirc cai thién hiéu ning trd nén khong
dang ké va su khac biét giira hai so d6 gan nhu bién mét, phu hop chit ché véi cac du doan
ngudng gidi ma lip. Xu hudng nay ciing dugc quan sat nhat quan trén cac cdu hinh MIMO
thay doi tir 10 x 40 sang 10 X 60 va 10 x 80, qua d6 xac nhan do tin cdy clia phuong
phap P-EXIT trong viéc du doan va danh gia hiéu ning hé thong theo do phan giai ADC.

15



) === EW 1-bit ADCs
~(3 ED 1-bit ADCs
s EW 2-bit ADCs
404 b|=+= ED2-bit ADCs
== EW 3-bit ADCs
= %= ED 3-bit ADCs

EW 4-bit ADCs
105 E|=Q= ED 4-bit ADCs
EW 5-bit ADCs
ED 5-bit ADCs

10-6 1 L Il | I ! L Il

Hinh 2.4. Hi¢u nang BER: Ma P-LDPC 6 x 3 (2.82), B¢ dai ma 2400 bit, MIMO
10 x 60, 16-QAM, ADC 1-5 bhit.

=~ EW 1-bit ADCs
= =ED 1-bit ADCs
4| =+ EW 2-bit ADCs
107 — 4 = ED 2-bit ADCs
= EW 3-bit ADCs
= % =ED 3-bit ADCs
105 EW 4-bit ADCs
= ED 4-bit ADCs

EW 5-bit ADCs
ED 5-bit ADCs

; ;

-8 7 -6 5 4 -3 2 = 0

Hinh 2.5. Hi¢u nang BER: Ma P-LDPC 6 x 3 (2.82), B¢ dai ma 2400 bit, MIMO
10 x 80, 16-QAM, ADC 1-5 bit.

Két luan chwong 2

Chuong nay nghién ctru va danh gia hiéu ning cta so d6 diéu ché xép chdng trong hé
thong MIMO c¢& 16n sir dung ma P-LDPC va ADC d6 phan gidi thap, véi muc tiéu nang

cao hi¢u qua truyén dan va gidm tiéu thu nang luong.
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CHUONG 3. THUAT TOAN TACH SONG VA GIAI MA P-LDPC CHO HE
THONG MIMO CO LON VOI BQ ADC CO PO PHAN GIAI HON HQP

Hé théng MIMO ¢ 16n ma hoa

Lu4n an dé xuit kién trac Mixed-ADC kép va ba cip cho hé théng LS-MIMO, trong
doé mang ang-ten thu dugc phan chia theo cadc mirc d0 phan gidi khac nhau: 1 bit (cuc
thap), 2 bit (thap) va 5 bit (cao) nham can bang giita hiéu ning va tiéu thy ning luong,
ddng thoi phat trién bo thu dya trén thuat toan truyén thong diép két hop tach séng dd thi

hai 16p va giai ma P-LDPC cho diéu ché xép chdng béc cao.

A LY A A
Mo hinh h¢ thong
X[1]
Vi T
BPSK & §
Sy 2
. a,, @ X[2]
5i tul BPSK b4
b Ma hé ¢ | d6i tuan s
— ! \oa‘ =] (U sang = [ 7 P, Sl MIMO
P-LDPC Tx
song X[N,]
song
Y[1]
i Yb[l] ------------------------------------------------------- é
Y[N,
(Wee) EL-ADCs E
i Yo [NeL]
Y[1]
i Yo[l] E
i Y, i | Botichsong ] o g b
Y[N,] L-ADCs Mo dun 3 i | tan truyén do B§ L:uu ;
" tien xu 1y - — ma :
Yo[N,] : in cdy LDPC :
Y[1] :
i Yo[l]
Y[N
Nal H-ADCs
i Yo [Nyl : o i v mgs o swey B
IR : B0 phat hién va giai ma tin hi¢u :

(b) B9 thu tin hi¢u

Hinh 3.1. So d6 khéi ctia b thu-phat trong hé thdng thong tin MIMO dugc mi hoa
bang P-LDPC véi b ADC d6 phan giai hdn hop ba cap

(a) BO phat sir dung so d6 diéu ché xép chdng tin hiéu bac cao nhim ting hiéu qua
st dung bang thong.
(b) B thu c6 ba nhom bd ADC d6 phan giai thap nham giam tiéu thu dién ning.
17



Thuit toan PEXIT dé xuit cho cac h¢ thong théng tin LS-MIMO véi kién tric
bé Mixed-ADC ba cép

Thuat toan PEXIT dugc dé xuat duoc xay dung bang cach tich hop cac ham thong tin
twong hd tir cac tiéu muc trude véi cac tham s ciia mot cdu hinh MIMO cu thé, bao gém:
$6 lugng ang-ten truyén va nhan N, X N,., kich thuéc ma tran proto B c6 kich thudc
Ny X Np, tham s6 kénh E, /Ny, va cac muic phan giai cia cac bd chuyén doi Mixed-ADC
ba cép d0, cu thé 1a Qg;, Q;, va Q. Thuat toan PEXIT cho hé théng LS-MIMO véi kién
tric Mixed-ADC ba cép d6 thu dugc duoc trinh bay nhu sau:

- Buwdc 0: Khoi tao

o  Lua chon kich thudc ma tran co s6' B

, F 1A Np—Ngq
o  Tinhtoan ti 1¢ ma: R, = —x;p,
np=1
’ r A A - X Nt
o  Tinh to4n cong suat nhicu N, =
R(Ep/No)

o LAy céc gia tri ciia @z, @, VA @y tir Bang 1 trong tng v4i cac mic do phan giai
QgL, QL va Qy cua ching.

o Thiét 1ap gia tri ban dau cho Ig., =0,Ig, =0valg, =0

o Tao ra 3xF ma trdn hién thuc kénh LS-MIMO {H¢; Hey, - He ), € €
{EL, L, H}, tuan theo phan bd Rayleigh.

- Buwéc I: Tién xiv ly

o  Hinh thanh ma trdn a; va a,

o Vé&imdi f =1,2,-,F tinh toan ma tran kénh tuong tmg: Hg s

Buéc 2: Cdp nhdt théng tin tiv niit gidm sdt t6i niit bién

o Chof=12-F

o Chom=12--,N;,vang =12,-+,N¢, & € {EL, L, H}

Tinh a5, =7 (I,

O

2
5 . O-Bf 2
Khoi tao ﬁg,f[m, ng] ~N (i — a&)

O

o  Uéc lugng xép xi thong tin mém cho V;[m, ng| = tanh (ﬁf,f[;n,nf])

Tinh gié tri trung binh cua I, s trén tat ca cac kénh stra 15

O
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F
1
Lalm] =% ) lgglm], ¥m = 12, N,
f=1

o Chon, =12,-,Np, thuc hién tinh I,[n, ] qua biéu thic
Né,t

1
I|n,| = P, N—“Z I,[m]

m=1
Luu ¥ rang néu nut bién th n, la nat duc 16 thi gia tri B, = 0 va nguoc lai thi B, = 1.
- Bwéc 3: Cip nhit théng tin tiv nit bién téi nit kiém tra

o Chon, =12, ,Npvan, =1,2,+, Ny, thuc hién tinh gia tri I,[n,, ng]

Néu B[np, nq] # 0, thyc hién tinh I, [np, nq] str dung biéu thire (3.38)

Néu B[np,nq] = 0, gan gia tri Ia[np,nq] =0
- Bwéc 4: Cip nhdt théng tin tiv nit kiém tra ti nit bién

o Chon,=12,,Nyvan, =12,-,Np thuc hién tinh gia tri I, [ng, n, |

Néu B[nq, np] # 0, thyc hién tinh gié tri [, [nq, np] sir dung biéu thire (3.40)

Néu B[nq,np] # 0, gén gid tri [, [nq,np] =0

- Bwdc 5: Cap nhdt thong tin tur nut ky hiéu toi nut giam sdt

o Chof=12..F

= Chom=12,,Ng, vang, = 1,2,:+, Ng,, thuc hién tinh gia tri I, ¢ [m,ng ],
Ig, rlm,n. ], Ig,, Im, ny]

= Chom=12,,Ng,vang, = 1,2,---, N, thuc hién tinh gia tri I [m, ng,] st

dung biéu thirc:

F
1
IﬁEL[m’ nEL] = FE IﬁEL,f[m’ nEL]
=1

Tinh gia tri Ig [m,n,], 15, [m, ny] twong tu
Buéc 6: Tinh thong tin twong hé APP-LLR

o Chon, =1,2,-, Np, thuc hién tinh gia tri I [np] stt dung biéu thuc (3.52)
- Budc 7: Kiém tra gia tri It[n,| va lip lgi Buéc 2 — Budc 7 cho dén khi

Ir[n,] = 1,vn, =12, ,Np
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Thuét toan PEXIT duoc dé xuét dat dén trang thai hoi tu khi gia tri E, /N, da vuot
qua ngudng nhat dinh. Do d6, ngudng (E,/N,)* duoc dinh nghia 13 gia tri nho nhit cua
E, /N, ma tai d6 thong tin twong hd giira cac thong diép APP-LLR va cac bit mi hda tuong
mg hoi tu dén gia trj 1.

Phan tich hi¢u ning ly thuyét

Trong phan ndy, luan an sir dung thuat toan Mixed-ADC LS-MIMO PEXIT duogc dé
xuét & phan trude dé tinh toan ngudng giai ma lip cua mot s6 ma P-LDPC cu thé: mot ma

dugc thiét ké cho kénh LS-MIMO. Céc ma tran proto ctia cic mi nay dugc trinh bay trong

(3.47).
31010 1
Beo=12 1 2 2 1 0 (3.47)
321010

Bang 3.1: So sanh hiéu nang BER d¢ phan giai cia ADC: Code 6 X 3 MIMO 10 X 40:

Do phan giai Piéu ché ED (dB) | Piéu ché EW (dB) | D6 loi hiéu nang (dB)
ADC 1 bit don 1.34 0.15 1.19
ADC hdn hop kép 0.77 -0.34 1.11
ADC hén hop 3 cép 0.19 -0.88 1.07
ADC 5 bit don -1.57 -2.54 0.97

Bang 3.2: So sanh hi¢u nang BER céac d6 phan giai cia ADC: Code 6 X 3 MIMO 10 X
60: Dual ADC ( N, = 40,Ny, = 20), Triple Mixed ADCs (Ng, = 40,N, = 10,Ny; = 10)

Do phan giai Diéu ché ED (dB) | Diéu ché EW (dB) | P9 loi hiéu ning (dB)
ADC 1 bit don -0.79 -1.91 1.12
ADC hén hop kép -1.39 -2.46 1.07
ADC hén hop 3 cép -1.72 -2.77 1.05
ADC 5 bit don -3.35 -4.34 0.99
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Bang 3.3: So sanh hi€éu nang BER cac dd phan gidi cuia ADC: Code 6 X 3 MIMO 10 X

Do phan giai Piéu ché ED (dB) | Piéu ché EW (dB) | D6 loi hiéu ning (dB)
ADC 1 bit don -2.22 -3.30 1.08
ADC hén hop kép -2.63 -3.69 1.06
ADC hdn hop 3 cép -2.87 -3.92 1.05
ADC 5 bit don -4.62 -5.61 0.99

Trong ban tom tit nay, NCS xét mot hé théng MIMO 10 x 40, 10 x 60, 10 x 80 véi
ciu tric mi 6 X 3 va khao sat bon ché do6 do phan giai khac nhau. Bang 3.1, 3.2, 3.3 néu
bat nhitng loi thé twong d6i cua cac cau hinh nay vé ngudng giai ma, so sanh giira hai
phuong phap diéu ché xép chong: ED va EW.

Két qua md phong

NCS thyc hién mo phong trén may tinh dé thu dugc két qua nham kiém ching cac
ngudng giai ma 1y thuyét da duoc béo céo trong phan trude. Nhin chung, cdu hinh mé
phong twong tu nhu phin trudc, bao gdm ba cdu hinh MIMO: 10 x 40, 10 x 60 va

10 x 80, cung véi hai ma P-LDPC di dugc thiét ké tir trudc.

T T
=)= EW 1-bit ADCs
—(J)= ED 1-bit ADCs
s EW Dual Mixed ADCs
=== ED Dual Mixed ADCs
=3¢ EW Triple Mixed ADCs
=—=¥= ED Triple Mixed ADCs
EW 5-bit ADCs
ED 5-bit ADCs

Hinh 3.2. Hi¢u nang BER: Kich thuéc ma P-LDPC 6 X 3 (3.47), B¢ dai ma 2400
bits, MIMO 10 x 40, 16-QAM, 1-5 bit ADCs
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El

T
= EW 1-bit ADCs
= (3 ED 1-bit ADCs
=== EW Dual Mixed ADCs
== o= ED Dual Mixed ADCs
=—3— EW Triple Mixed ADCs
= = ED Triple Mixed ADCs
EW 5-bit ADCs
o ED 5-bit ADCs

BER

Hinh 3.3. Hi¢u nang BER: Kich thudc ma P-LDPC 6 X 3 (3.47), B¢ dai ma 2400
bits, MIMO 10 x 60, 16-QAM, 1-5 bit ADCs

=== EW 1-bit ADCs
~4)= ED 1-bit ADCs
s EW Dual Mixed ADCs
===t == ED Dual Mixed ADCs
=3¢ EW Triple Mixed ADCs
== = ED Triple Mixed ADCs
EW 5-bit ADCs
== ED 5-bit ADCs

Hinh 3.4. Hiéu nang BER: Kich thudc ma P-LDPC 6 X 3 (3.47), B¢ dai ma 2400
bits, MIMO 10 x 80, 16-QAM, 1-5 bit ADCs

Két luin chuwong 3

Chuong ndy tap trung giai quyét bai toan tiét kiém ning luong cho bo thu LS-MIMO
bang cach d& xuat kién trac méi két hop ADC d6 phan giai hdn hop, diéu ché xép chong
va mi P-LDPC, ciing véi bd tach song dua trén do thi hai 16p va bd giai ma LDPC tiy

chinh nham nang cao hiéu ning trong diéu kién lugng tir hoa tho.

22



KET LUAN

Muc dich cta luéin 4n nay 1a nghién ctru viée tich hop diéu ché xép chong véi ma hoa
P-LDPC trong cac hé thong MIMO quy mé 16n v6i bd chuyén d6i ADC c6 d6 phan giai
thip va hdn hop.

Nhirng dong gop chinh

Nhitng dong gop chinh trong luan an nay gém:

Thir nhdt: Luan an dé xuat mé hinh tich hop diéu ché xép chéng M-QAM véi ma P-
LDPC cho hé théng MIMO c¢& 16n sir dung ADC d6 phan giai thap va tién hanh danh gia
toan dién hiéu ning trong diéu kién luong tir hoa thd. Két qua phan tich va mo phong cho
thdy so d6 diéu ché xép chong véi trong s6 bang nhau dat hiéu ning BER vuot trdi so v6i
so d6 khoang cach déu, qua d6 khang dinh tinh hiéu qua ciia viéc két hop diéu ché xép
chdng va ma P-LDPC nham nang cao do tin cdy va hiéu qua truyén dan trong cac hé théng
v tuyén c6 rang budc phan cing.

Thit hai: Luan an dé xuat thuat toan P-EXIT cai tién dé phan tich va dy doan ngudng
giai mé cho hé théng MIMO ¢4 16n str dung ADC d6 phan giai hdn hop tai phia thu, qua
d6 can bang hiéu qua giita tiéu thy nang lugng va hiéu nang BER. Két qua phan tich 1y
thuyét va mo phong trén nhiéu cau hinh MIMO cho théy thuat toan hoat dong on dinh,
dong thoi xac nhan rang kién traic ADC hdn hop mang lai hiéu nang vuot troi so véi cac
ciu hinh ADC dong nhit, gop phan nang cao hiéu qua tong thé cta hé thong.

Maic du dat dugc nhitng két qua tich cuc, luan an van con mot sd han ché can tiép tuc
nghién ciru, bao gdm viée t6i wu ty 16 phan bo giita cac ang-ten sir dung ADC d6 phan giai
cao va thip, thiét ké ma P-LDPC phu hop v6i cAu hinh Mixed-ADC, ciing nhu xac dinh ty
1¢ t6i wu giita s6 lugng dng-ten phat va thu trong hé thong MIMO ¢4 16n. Trén co sé do,
cac hudng nghién ciru twong lai duge dé xudt tap trung vao tdi vu hoa danh ddi giira hicu
quéa ning luwong va hiu qua phd, thiét ké ma P-LDPC thich ing v&i nhiéu murc lwong tix
héa ADC, va phén tich c6 hé thong anh hudng cua cdu hinh MIMO dudi diéu kién lugng
tir hoa tho, qua d6 mé ra cac hudng phat trién tiém ning cho cac hé théng truyén thong

khong day thé hé méi véi rang budc phan cing nghiém ngat.
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