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LOI CAM DOAN

T6i xin khing dinh rang luin 4n nay 1a cong trinh nghién ctru do chinh t6i thuc
hién, dudi sy hudng dan khoa hoc ciia PGS.TS. Nguyén Trung Hiéu (Truong dai hoc
Pong Nam Na Uy) va PGS.TS. Lé Nhat Thing (Hoc vién Cong nghé Buu chinh Vién
thong). Toan bo két qua va sb liéu duoc trinh bay trong ddy déu phan anh trung thyc qua

trinh nghién ctru cua ban than t61 va nhém trong suot thoi gian thyc hién luan an.

Ha Noi, ngay thang nam 2026

Nghién ctru sinh

Hoang Anh Dtic



LOI CAM ON

T6i tin rang viéc hoan thanh luin 4n nay 1a két qua cua su hd trg quy bau tir nhiéu
c4 nhan va to chic.

Trudce hét, toi xin gui 16i cam on tri 4n sdu sic t6i hai thdy huéng dan PGS.TS.
Nguyén Trung Hiéu va PGS.TS. Lé Nhat Thiang, nhitng nguoi di luén dong hanh, dinh
hudng va hd trg téi mot cach tan tim trong sudt qué trinh thyc hién luan an nay. T6i ciing
tran trong cam on PGS.TS. Nguyén Vian Thuy, nguoi di cung cip nhiéu ¥ kién nhan xét
va giup t6i cung c¢d nhitng kién thirc nén tang can thiét cho nghién cru. Sy chi din cua
cac thay khong chi gitp toi tiép thu chuyén mon ma con rén luyén cho t6i tu duy nghién
ctru, thai d¢ lam viéc nghiém tic va k¥ ndng trinh bay khoa hoc. T6i tran trong nhirng
budi trao d6i chuyén mén, nhitng budi thao luan ban dém, qua trinh chinh stra bai bao
khoa hoc ciing nhu luyén tap thuyét trinh tiéng Anh cuing cac thiy. Nhiing kinh nghiém
quy gia d6 s& mdi 13 hanh trang quan trong ddi voi t6i trén con dudng nghién ctru khoa
hoc. Mot 1an nita, t6i xin chan thanh cam on su tan tim va hudng dan nhiét tinh cta cac
thay.

T6i xin bay té 1ong biét on téi Ban Lanh dao ciing toan thé giang vién Khoa Pao tao
Sau dai hoc, Hoc vién Cong nghé Buu chinh Vién thong, nhitng ngudi da tan tinh ho tro,
dinh hudng va tao moi diéu kién thuan loi cho toi trong subt qua trinh hoc tap va trién
khai ludn an. Téi ciing xin giri 10i cam on sdu sic dén Lanh dao va cac thay ¢ cua Khoa
Vién thong 1, Hoc vién Cong nghé Buu chinh Vién thong, vi su hd tro va giup d& quy
bau da gdp phan quan trong dé t6i hoan thanh cong trinh nghién ciru nay.

Cudi cung, toi Xin cam on gia dinh — dac biét la vo va ba con nho Linh Anh, Gia
Khanh, Bao Quan — nhitng ngudi da ludn bén canh dong vién, chia s¢ va tiép thém nghi
luc dé t6i vuot qua moi khé khin trong sudt ching dudng hoc tap va nghién ciru.

Ha No6i, ngay thang nam 2026

Nghién clru sinh
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DANH MUC KY HIEU

Trong so diéu che xép chong

a
b Tl ma dau vao bo ma héa
b Tir ma thong tin gidi ma & phia thu
B Ma tran co sé cua ma Protograph LDPC
c T ma dAu ra bd ma hoa
C Dung lugng kénh
CNr*Ne Khong gian phtc 2 chiéu
CN(0,Ny) | Phan phéi Gauss phtc véi trung binh khong va phuong sai N,
Ey,/N, Ty 1 ning lugng bit trén nhidu
F S6 ma tran kénh
G S bit song song
h[n,m] Hé sb kénh tir ang-ten phat m dén ang-ten thu n
H Ma tran kénh
HT Ma tran chuyén vi ctia ma tran kénh H
H;ppc Ma tran kiém tra chan 1¢
Ir Thong tin twong hd ctia xac suat hau nghiém
I(x,y) Thong tin tuong hd cua tin hidu truyén di x va tin hi¢u nhan duoc y
L[v.c] T,t_l()n,g tip; trong h§ ngqai lai g~ifra, gia tri LLR duqc gui boi nat bién thir v
toi nat kiem tra thlf ¢ va bit ma hoa tuong tng thir v ﬂ
1, [c, v] Thé;ng t,in t}r;ong 1,16 ng‘oai. lai ~gifrf'jl gia tri L’LR du:QC gui baoi nat kiem tra thu
¢ dén nat bién thir v va bit ma hoa tuong tng thir v
I, [n,m] Th@ng tin,tuqng hc’), ngoa! Ia.i giﬁ:a gié tri LLB duqq gui boi quan sét tha n
nut dén nut bién tha m va bit ma hoa twong tng thir m.
Iylm, ] Théng tin twong hd ngoai lai gitta gia tri LLR duoc giri boi bién tha m dén

nat quan sat thar n va bit ma hoa tuong tng tha m




Iterax S 1an lap giai ma ti da
J(O) Ham tinh thong tin tuong hd xap xi
J()H1 Ham nghich déo tinh thong tin tuong hd xap xi
K, Do dai khéi thong tin dau vao bo tao ma
Ly Gia trj LLR ngoai lai tir ntt bién dén nit kiém tra
Ly Gié tri LLR ngoai lai tir nat kiém tra nén nut bién
Lo Gia tri LLR ngoai lai tir nat quan sat &én nat ky hiéu
Lg Gié tri LLR ngoai lai tir nat ky hiéu dén nat quan sat
Ly Gia tri LLR cua xé4c suit hau nghiém
L. S6 lan sir dung kénh
N, S6 ang-ten phat
N, S6 ang-ten thu
Ngp, S6 ang-ten thu d¢ phan giai cuc thap
N, S6 ang-ten thu d¢ phan giai thap
Ny S6 ang-ten thu do phan giai cao
N(0,N,) | Phan phdi Gauss v6i trung binh khong va phuong sai N,
N, Do dai khéi thong tin dau ra bo tao ma
N, Cong suat nhiéu nén
P Sd cOt cua ma tran co so&
Q Toan tu lugng tir hoa
R Ti I¢ ma hoa
R Ham 14y phan thyc cta sd phtic
S S6 hang ctia ma tran co s
s Ky hi¢u dau ra bo diéu ché




S.(m) tap hop cac nat kiém tra duoc két ndi véi nat bién thie m
S,(m) tap hop cac nut quan sat dugc két ndi véi nat bién thir m
tanh(.) Ham tanh tinh xap xi thong diép truyén tir nit kiém tra téi nit bién
T Gi6i han cét ctia bd ADC
4 Véc to ky hiéu song song duoc chuyén dbi tir ndi tiép
Ve Ky hiéu mém thu duoc tir thong diép truyén tir nit quan sat dén nut ky hiéu
We Tdong nhiéu du va nhiéu nén
X Véc to ky hiéu duoc truyén di
% U'dc tinh mém cua ky hiéu x
z Nhiéu Gauss tring cong
Zo Nhiéu lugng tir
y Vector tin hi¢u dau vao may thu
y[n] Tin hi€u nhan duogc tai ang-ten thir n
Yo Tin hiéu dau ra cua bo lwong tir hoa véi tin hiéu dau vao r
y Phién ban cat cua tin hiéu thu y
o Do 1éch chuan
o’ Phuong sai cia bién ngiu nhién
Yy Cong suét tong nhiéu
€ Mot s6 nho tiy ¥
& Ham chi phi t6i ru ma
p Nghich dao cua ty 1¢ tin hiéu trén nhiéu luong tir
Q Hé sb hiéu ning cua bo luong tir trong mod hinh nhiéu lugng tr cong
D S4 bit st dung trong bd lugng tir hoa

Xi
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MO DAU

Tir nhitng nim dau thap ky 2020, cac cong nghé mang khong day thé hé méi da tre
thanh tim diém cha ¥ cta cong ddng nghién ciru cling nhu cac nha mang trén thé gidi. Su
ra doi va phat trién cua cac hé thong truyén théng khong day hién dai khong chi danh dau
mot budce tién quan trong vé cong nghé, ma con mé ra ky vong vé viéc dinh hinh lai cach
con ngudi két ndi va trao d6i thong tin trong bdi canh chuyén ddi sb ngdy cang manh mé.
C6 thé ké dén nhu cong nghé mang di dong thé hé thtr naim (5G) voi myc tiéu chinh 1a dat
duoc nhiing tiéu chuan chét luong dich vu (QoS) rat cao, trong dé cé yéu td toc d6 dit lidu
duogc truyén di 1én dén 20 gigabit mdi gidy (Gb/s), d tré dau-cudi cuc thap chi khoang 5
mili gidy, va muc d6 tin ciy gan nhu tuyét dbi véi ty 16 99,999%. Nhitng dic diém nay dic
biét phit hop véi cac tng dung yéu cau truyén thong theo thoi gian thuc, chang han nhu xe
tu hanh, thuc té 4o tang cuong, va mang ludi cam bién cong nghiép thdng minh.

Song song v&i su trién khai rong rdi cua 5G, cac nha nghién ctru va to chirc tiéu
chuén hoa trén thé gidi da bat dau hinh dung va xay dung nén tang cho thé hé tiép theo -
mang di dong thé hé thtr sau (6G). Mang 6G duoc ky vong s& xuat hién sau nam 2030,
nham dép tng cac nhu cau truyén thong vuot xa nhiing gi 5G c6 thé cung cap hién nay.
Vo1 cac muc tiéu déy tham vong hon nira, 6G dugc xem la thé hé mang co thé mang lai tdc
d6 truyén dan dir liéu dinh & muc terabit mdi gidy (Tb/s), do tré cuc thap chi con vai trim
micro giay, déng thoi hd tro mat do két ndi siéu cao vai hang triéu thiét bi trén mdi km?.
Ngoai ra, 6G con hudng t6i viée tich hop cac cong nghé tri tué nhan tao (Al), truyén thong
vil try va cam nhan méi truong, mé ra ky nguyén két ndi théng minh va toan dién cho moi
linh vuc trong doi séng x4 hoi.

Hé thong da dau vao da dau ra quy mo 16n (LS-MIMO), duoc dic trung béi sb luong
16n cac phan tir Ang-ten & ca phia truyén va phia thu, 13 nén tang thiic day su phat trién cua
cac mang khong day thé hé méi trong twong lai. Bang cach khai thac k¥ thuat da ludng
khong gian (Spatial multiplexing) va tao chum tia (Beamforming), LS-MIMO nang cao
hiéu qua sir dung pho tan, pham vi pht séng va do tin cdy cta lién két truyén thong, cho
phép dat duoc tdc do truyén dit liéu cao hon va d6 tré thép hon so vo1 cac hé théng MIMO

truyén théng [1].



Trong cac mang khong day thé hé méi, LS-MIMO hd tro nhiéu yéu ciu khac nhau
nhu truyén bang théng di dong md rong (eMBB), truyén thong do tré thip va do tin cdy
cuc cao (URLLC), va truyén thong loai may moc quy mé 16n (mMTC), tir d6 dap Gmg nhu
cau da dang cua ngudi dung va cac diéu kién kénh thay doi [2]. Khi nganh cong nghiép
chuyén sang thé hé 6G, LS-MIMO s& dong vai tro then chdt hon nita, tin dung cac chién
lugc tao chum tia dya trén Al va xur 1y tin hi¢u ti€n tién dé phuc vu cho cac ung dung di
liéu chuyén sau nhu truyén thong anh ba chiéu (Holographic communications) va mang
van vat két néi (IoT) phd bién [3]. Théng qua nhirng tién bd nay, LS-MIMO tiép tuc 1a luc
luong cdt 16i thuc day sy tién hoa cua cac hé thong truyén thong khong day thé hé méi.

Céc bd chuyén doi tuong tu sang s6 (ADC) d6 phan giai thap di noi 1én nhu mot giai
phap day hira hen cho nhiing thach thirc vé dién nang va chi phi ning luong trong viéc
trién khai mat do cao cic dng-ten trong hé thong mang khong day thé hé méi. Bang cach
giam so bit luong tir hoa, cic ADC nay gitp giam dang ké muc tiéu thy dién ning va do
phtc tap & dau thu, diéu nay dic biét c¢6 loi trong cac kién trac MIMO quy mé 16n [4]. Tuy
nhién, viéc ldy mau voi do phan giai thap lai lam gia tang nhidu lugng tir hoa va gay ra cac
méo phi tuyén, diéu ndy c6 thé anh hudng xau dén hiéu ning tong thé cuia hé théng [6]. Do
d6, cac chién luge xur 1y tin hiéu tién tién — bao gdm udc luong kénh manh mé, tach song
tin hiéu c6 tinh dén luong tir hoa va cac thuat toan bu nhiéu — duoc ap dung dé giam thiéu
su suy hao hiéu ning, qua d6 cho phép hé thong hoat dong hiéu qua ma van dap tng duoc
cac yéu cau khat khe vé tdc do dix lidu, do tré va do tin cdy cua cac mang khong day thé hé
tiép theo [7]. Khi 6G hudéng dén mot ha ting mang tham chi con day dic hon va két ndi &
khap moi noi, cac ADC d6 phan giai thap dugc du bao s& dong vai tro then chdt trong viéc
hién thuc héa cac cong nghé truy cap vo tuyén mang lai hiéu qua vé ning luong va cé tinh
mo rong cao trong nhitng thé hé ké tiép.

M4 Protograph LDPC (P-LDPC) — vén tao ra cdc ma tran mi kiém tra chan 1é mat
d6 thap (LDPC) day du tir cac ma trin co sé nho hon— duoc cong nhan rong rii nhd kha
ning sira 16i manh mé, kha nang thich @mg linh hoat véi cac toc d6 ma va do phuc tap giai
ma thap [8]. Trong chuin 5G New Radio, cac ma LDPC déng vai tro 1a phuong phap ma
hoa kénh chinh, str dung cau tric protograph dé t6i wu hoa hiéu niang cho nhiéu do dai khéi
va ty 1é ma khac nhau, dac biét trong cac kich ban nhu bang thong di dong mé rong va

truyén thong siéu tin cay v6i do tré thap. Khi cac nd luc nghién ciru dang dugce day manh
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huéng t6i cac mang khong day thé hé méi, ma P-LDPC tiép tuc giit virg vai tro quan
trong nho tinh linh hoat trong thiét ké va tiém nang dat dugc hi€u nang phé cao hon, tir do6
hd trg cac tng dung truyén dir liéu cudng d6 16n nhu giao tiép dang anh ba chiéu va mang
may - may théng minh [9]. Chinh nhiing loi ich vé& mit cu trac nay di gitp cic mi P-
LDPC tré thanh tmg vién 1y tudng cho cac hé thdng thé hé tiép theo, hd trg truyén thong
manh mé& va hiéu qua trong diéu kién yéu cau hiéu ning ngay cang khit khe.

Phuong phap diéu ché bac cao nhu 16-QAM va 64-QAM, dong vai trd then chét
trong viéc ning cao hiéu ning phd bing cach ma hoa nhiéu bit hon trén mdi ky hiéu, tir d6
dat duoc téc do truyén dit liéu cao hon trong cling mdt bang thong [10]. Kha ning nay dic
biét quan trong dbi voi cac hé thong khong day tién tién thé hé mai, von phuc vy nhiéu
mg dung da dang nhu bang thong di dong ting cudng va truyén thong siéu tin cy véi do
tré thap [11]. Vuot ra ngoai cac phuong phap diéu ché truyén thng, diéu ché xép chong
(SM) — duogc st dung trong cac 16p hoac khung lam viéc da truy nhap khong truc giao
(NOMA) — cung cép thém mot hudéng di nham cai thién hiéu qua st dung bing thong
bang cach cho phép nhiéu ngudi ding truyén dong thoi trén cling mot tai nguyén tan sb —
thoi gian [12]. Thong qua ghép kénh mién cong suat va ky thuat xu 1y tin hiéu tién tién tai
may thu, diéu ché xép chong giup phan bo tai nguyén linh hoat hon va dap tng cac QoS
khac nhau ctia ngudi dung. Nho vay, cac ky thuat diéu ché nay dong gop dang ké vao viéc
dap ung cac muc tiéu khét khe vé thong luong, do tré va do tin cady ma cac mang khong
day thé hé tiép theo dit ra.

Céc thanh twu cong nghé trong linh vyc mang khong day thé hé moi, nhu da dé cap ¢
cac phan trudc, cho thiy nhu cau cap thiét trong viéc phat trién nhitng phuong phap nang
cao hiéu sudt cho hé théng MIMO quy md 16n tng dung ma P-LDPC. Tuy vdy, theo két
qua tong hop tai lidu, hién chua c6 cong trinh ndo tap trung nghién ciru su két hop giita
diéu ché xép chong va ma P-LDPC trong boi canh hé théng MIMO quy mo 16n sir dung
diéu ché bac cao va ADC c6 do phéan giai thap. Pay 1a mot hudng tiép can hoan toan mdi,
chua dugc khai thac trong cac nghién ctru trude, mac di nd cé tiém ning truc tiép cai thién
hiéu qua phd trong diéu kién hé thong bi giéi han boi lwong tir héa tin hiéu. Chinh khoang
tréng nghién ciru nay da tré thanh dong luc dé luan 4n Iya chon va theo dudi hudng nghién

clru noi trén.



a. Muc dich nghién curu

Luan 4n hudng téi viéc khdo sat va phan tich kha ning két hop gitta diéu ché xép
chdng va md P-LDPC trong cc hé théng MIMO quy mé 16n st dung bo chuyén d6i ADC

do phan giai thap. Trén co s¢ do, luan an xac dinh cac muc ti€u nghién ctru cy thé nhu sau:

Thi nhdt, nghién ctru mo hinh tich hop diéu ché xép chong M-QAM véi mi P-LDPC
trong hé théng thong tin v6 tuyén MIMO c& 16n st dung cac bd ADC do phan giai thap.
Trén co s& do, luan an danh gia hi¢u ndng toan di¢n cua h¢ théng, bao g@)m kha nang
chéng 151, d6 hoi tu giai ma va hiéu qua phd trong diéu kién luong tir hoa thd, nham lam rd
tiém nang ung dung ctia phuong phap nay trong cac hé théng khong day thé hé méi.

Thir hai, nghién ciru dé xuat thuat PEXIT cai tién dé phan tich va dy dodn ngudng
giai mad nham cai thién hiéu ning cta hé thong thong tin v tuyén MIMO c¢& 16n sir dung
cac bd ADC d6 phéan giai hdn hop tai phia thu, hudng t6i t6i wu hoa hiéu ning BER va tiéu

thu nang luong.
b.  Doi twong nghién ciru

Luan 4n tap trung phén tich ba thanh phan chu dao c6 tac dong truc tiép dén hiéu qua
ning luong (EE) va hiéu qua phd (SE) trong cac hé thong thong tin khong day thé hé méi.
Ba thanh phan nay bao gom: (1) ADC véi d6 phan giai thap trong khoang tir 1 dén 5 bit;
(2) K§ thuat diéu ché xép chong két hop ma P-LDPC véi kha ning thay doi ti 16 ma; va (3)
Thuat toan tach song va giai ma két hop tai phia thu.

C.  Pham vi nghién ciru

- M5 hinh kénh Rayleigh fading duoc sir dung d¢ mé phong méi trudng truyén dan
khong c6 duong truyén truc tiép, dién hinh trong cac hé thdng MIMO quy mé 16n
va mang khong day day dic. Vi dic trung moé hinh hoa hiéu ing da dudng bang
bién ngau nhién phtrc Gauss, m6 hinh Rayleigh cho phép danh gia hiéu ning hé
thong trong diéu kién kénh bat loi, dong thoi thuan tién cho phan tich 1y thuyét. Pay
cling 14 md hinh chuan tham chiéu trong nhiéu nghién ctru, gitp dam bao tinh khach
quan va kha ning so sanh két qua voi cac cong trinh lién quan.

- St dung bo diéu ché bac cao 16 QAM, viéc md rong Ién cac phuong thire diéu ché

bac cao hon nhu 64 QAM, 256 QAM ciing c6 dugc xem Xét.



d.

Sb lugng dng-ten phat va thu trong cac moé phong duoc lwa chon trong khoang tir 10
dén 100. Trong pham vi luan an, viéc moé phdng voi cu hinh hang tram hodc mot
nghin anten 13 khong kha thi v& mat thoi gian xtr 1y, boi mdi vong md phong yéu
cau khdi luong tinh toan rat 16n. Do d6, dé dam bao chwong trinh c6 thé chay trong
thoi gian hop 1y, luan an budc phai don gian héa mo hinh, cu thé 1a sir dung sb
anten thu nho hon thyc té. Can luu ¥ rang cac két ludn rat ra trong luin 4n mang
tinh khai quat va hoan toan c6 thé dwoc mé rong cho cac md hinh MIMO véi s6
lwong adng-ten thay ddi, ké ca khi quy mé hé thdng duoc mé rong 18n cac ciu hinh
16n hon.

Trong khudn kho ludn 4n, gia thiét trang thai thong tin kénh (CSI) dugc biét & phia
thu trong khi phia phat khong c6 thong tin nay. Nghién ctru cha yéu phan tich hiéu
ning hé thdng khi may thu st dung cac bd ADC do phan giai thap, tir d6 danh gia
moi quan hé gilta mirc luong tir hoa, kha ning giai ma tin hiéu va hiéu qua ning
luong tong thé. Cach tiép can nay cho phép luan an tap trung 1am rd anh hudng cua
dic tinh luong tir hoa ADC ddi v6i qua trinh tach song va giai ma tin hiéu, dong
thot tranh phu thudc vao céac yéu t6 nhu mo hinh udc luong kénh, thiét ké tin hiéu
tham do, cac anh hudng lién quan dén do tré xtr 1y hay t6i wu hoa thoi gian thyc,

dam bao tinh tap trung va doc 1ap cua nghién ctru.

Phwong phap nghién ciru

Trudce hét, luan an tién hanh phan tich bai todn nham dé xuat mot mé hinh toan hoc

phtt hop véi ban chat cta hé thong. Tiép theo, md hinh dugc kiém nghiém bang cac phép

mo phong trén mdy tinh dé danh gia d6 chinh xac ciing nhu kha ning 4p dung trong thuc

tién.

QUA trinh thir nhdt lién quan dén viéc xdy dung mé hinh todn hoc cho hé thong.
Nham nang cao hi¢u nang cua cac bo ADC do phan giai thép, luan an dé xuét thuat
toan dung dé xac dinh ngudng luong tir hoa tdi wu, qua d6 han ché tic dong cua
nhiéu luong tir 1én qua trinh thu tin hiéu. Viéc phan tich hé thdng truyén thong trong
luan 4n duoc thuc hién dya trén cac md hinh xac suit — théng ké. Cu thé, kénh
truyén dugc biéu dién bang cac bién ngiu nhién tuan theo phan bd Rayleigh, trong

khi nhiu & may thu ciing nhu sai léch do lugng tir hda duoc mo hinh dudi dang
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nhidu Gauss tring cong (AWGN). Day déu 1a nhitng mé hinh chuan di duogc kiém
ching va str dung rong rii trong cc cong trinh nghién ciru qubc té thude linh vuc
xtr 1y tin hiéu va truyén thong sd.

- Giai doan thir hai bao gom viéc phdt trién va trién khai hé thong mé phong trén
may tinh. Trong phan nay cta luan an, nghién ctru sinh (NCS) tién hanh xdy dyng
moi trudng mod phong bang ngdn ngir 1ap trinh C++ nhim kiém chtrng mtc do phu
hop gitra cac két qua thu duogc tir phan tich 1y thuyét va hoat dong ctia hé thong
trong thuc té. Phuong phap Monte-Carlo dugc lua chon lam cong cu danh gia
chinh, boi ddy 14 k¥ thuat pho bién va cé do tin cdy cao trong viéc phan tich cac mo
hinh truyén thong cé chira nhiéu thanh phan ngau nhién. Viéc str dung Monte-Carlo
gitip tai hién mot cach thong ké cac diéu kién kénh khac nhau, tir d6 cho phép danh
gia toan dién hiéu ning cua giai phap dé xuat trong nhitng kich ban gan v6i moi
truong van hanh thyuc té. Cach tiép can niy vira dam bao tinh khach quan cia két
qua, vira tao diéu kién dé kiém nghiém muc do 6n dinh va hiéu qua cua hé thong

dudi nhiéu cu hinh va ché d6 hoat dong khac nhau.
€.  Nhiing dong gop chinh ciua lugn dan

Trong dong gop dau tién, luan an da dé xuat mo hinh tich hop diéu ché xép chong
M-QAM vé6i mi P-LDPC trong hé thong thong tin vo tuyén LS-MIMO sir dung cac bd
ADC @6 phan giai thép. Trén co s& do, luan an danh gia hiéu nang toan dién ctuia h¢ théng,
bao gém kha ning chdng 16, do hoi tu giai ma va hiéu qua phd trong diéu kién luong tir
hoa tho. Cach tiép can nay khai thac dong thoi uu diém cua diéu ché xép chong nham ting
hiéu qua truyén dan, dong thoi két hop voi kha ning ma hoa manh mé cua P-LDPC dé cai
thién do tin cdy trong moi truong phan cimg han ché. Ludn an d3 dé& xuit mot kién tric
tach séng tin hiéu méi v6i do phire tap thap, dua trén k¥ thuat anh xa xép chong va phén ra
tin hi€u ngay tai khdi diéu ché. Kién trac nay tan dung thuat toan lan truyén do tin cay trén
d6 thi Tanner, d0 thi hai phia giita cac nat bién va nit kiém tra dé lan truyén thong tin theo
cach phan tan, nho d6 chuyén bai toan tach song tir dang toan cuc sang cac phép tinh cuc
bd voi cac phép tinh toan thap hon dang ké, cho phép qua trinh tach song tin hi¢u dat do
phuc tap bac hai, phu thudc vao tich sé giita bac diéu ché va sé luong ang-ten truyén.

Nghién ctru cling x4¢c minh rang so do di€u ché xép chong tin hi€u véi trong s6 bang nhau



(EW) dat hiéu ning ty 18 13i bit (BER) tét hon so v6i so do khoang cach déu nhau (ED),
dic biét trong cac hé thong sir dung lwong tir hoa thd. Pong gop nay dugc cong bd tai cong
trinh [CT1], [CT2], [CT4], [CT6] va dugc trinh bay trong ndi dung Chuong 2 cua luan
an.

DPoéng gép thir hai, luan an dé xuat thuat toan PEXIT cai tién dé phan tich va dy doan
ngudng giai ma nham cai thién hiéu ning cia hé thong thong tin vo tuyén LS-MIMO str
dung cac bd ADC d6 phan giai hdn hop (Mixed-ADC) tai phia thu. Viéc két hop linh hoat
gilta cac bd ADC d6 phan giai cao va thip, vira giam dugc dang ké cong suit tiéu thy va
chi phi phan cimg, vira duy tri hiéu ning phat hién tin hiéu va giai ma gan véi hé théng
ding ADC d6 phan giai cao truyén théng. Cac két qua mo phong thu dugc trén cac cau
hinh MIMO khac nhau (10 x 40,10 x 60va 10 x 80) da chimg minh rd rang su cai
thién vé hiéu ning cua hé thong. Nhitng két qua nay dong thoi xac thuc do chinh xac va
kha ning ung dung cta thudt toan ma luan an dé xuat. Nhitng dong gop lién quan da dugc
cong b trong cac cong trinh [CT3], [CT5] va duogc trinh bay chi tiét trong Chuwong 3 cua

luan an.
f.  Bo cuc ludn dn

Bén canh phén mé dau va phén phu luc, né1 dung ludn an dugc to chirc thanh ba

chuong v6i cau triic nhu sau:

- Chwong 1: Tong quan vé hé théng MIMO c¢& 16n két hop bdo ADC do phan giai
thap sir dung ma P-LDPC.

- Chuong 2: Phan tich va danh gia hiéu niang cua diéu ché xép chong M-QAM ma
hoa P-LDPC cho hé théng MIMO ¢& 16n véi bd ADC do phan giai thap.

- Chuong 3: DBé xuét thuat toan danh gia hiéu ning cta hé thong thong tin vo tuyén
MIMO c& 16n sir dung ADC d6 phan giai hon hop.

- Két ludn: Luan an tap trung lam rd cac dong gop khoa hoc méi trong nghién ciru,
dong thoi dé xuét nhitng hudng phat trién tiép theo lién quan dén bai toan tach
song cho diéu ché xép chong va giai ma P-LDPC trong hé théng thong tin MIMO
quy md 16n st dung bd ADC do phan giai thip/hdn hop.



CHUONG 1.  TONG QUAN VE HE THONG MIMO CO LON KET HQP
BOQ ADC PQ PHAN GIAI THAP SU DUNG MA P-LDPC

Hé théng LS-MIMO di tré thanh tru cot cua cac hé théng truyén thong khong day
hién dai, mang lai nhitng cai tién dang ké vé hiéu ning phd tan va do tin cay[16].Nhiing
yéu cau ngay cang cao ctiia mang khong day thé hé moi da thuc ddy cac nghién ciru vé LS-
MIMO va nhitng thach thirc trong xtr 1y tin hiéu kém theo [17]. Mot yéu té then chdt dé
khai thac tron tiém ning ciia LS-MIMO 1a chuyén ddi hiéu qua tin hiéu twong ty nhan
duoc sang dang s, trong d6 bo cdc ADC déng vai trd cha dao [18]. Chuong mét cia luan
an khao sat cac ky thuat chinh lién quan dén hé théng MIMO, nhdn manh anh huong va
cac tién bo trong cong nghé ADC, dic biét 1a xu hudng ap dung rong rai cac ADC d6 phan
giai thap cho trién khai thuc té.

Chuong nay mé dau bang viée trinh bay tong quan vé cac nguyén 1y co ban va nhimng
thach thic lién quan dén hiéu ning cia hé théng thong tin LS-MIMO. Ké tiép, chuong
cung cap cac khai niém nén tang ciing nhu co so 1y thuyét phuc vu truc tiép cho huéng
nghién ctru chinh cta luan an. O phan cudi, cac cong trinh nghién ciru tidu biéu trong va
ngoai nudc duoc ra soat va phan tich co hé théng, tir d6 lam rd nhitng van d& con bo ngd

trong linh vurc va xac lap khoang tréng nghién ciru ma luan an hudng toi giai quyét.
1.1. M6 hinh may thu va may phat trong cac mang khong day thé hé méi
1.1.1. Hé thong truyén thong so

Vao cudi thap nién 1940, Claude E. Shannon da cong bd mdt cong trinh mang tinh
nén tang trong linh vuc 1y thuyét thong tin [54]. Ong da chimg minh riang ton tai mot ma
sao cho xac suat 18i c6 thé nho tiy ¥ néu toc do6 truyén nhé hon dung lugng kénh. N6i cach
khac, Shannon d3 xac 1ap mot giéi han 1y thuyét vé hiéu ning tdi uu cta bat ky hé théng
truyén thong nao.

Phat hién nay d3 mé ra mot ky nguyén méi trong nghién ciru va thiét ké cac hé thong
truyén dan, trong d6 mot muc tiéu quan trong 13 tim ra cac mé hoa kénh hiéu qua — hay con
goi 1a cac k¥ thuat ma hoéa sira 16i (Error correction coding) — nham dén gan hoic dat dugc
dung lwong kénh do Shannon mé ta. Ké tir thoi diém d6, cac nha khoa hoc va ky su trén

khap thé giéi dd khong ngimg phat trién cac dang ma héa méi, tir cic ma tuyén tinh don

8



gian dén cac ma tién tién nhu Turbo codes, LDPC codes, va gan day la Polar codes, véi
muc tiéu vira ddm bao do tin cay truyén din, vira toi vu hoa hiéu nang sir dung bang thong
va cong suét truyén. Day ciing 1a tién dé cho sy phat trién manh mé cia cac hé théng
truyén thong k¥ thuat sé hién dai.

Hinh 1.1 trinh bay cac khéi co ban ctia mot hé thong truyén thong sé. Trong so dd
nay, dir liéu k¥ thuat sé tir ngudn s& thong qua cac budec ma hoa ngudn, ma hoa kénh va
diéu ché dé truyén qua kénh thong qua cac ang-ten phat. O phia nhan, dit liéu duoc trich
xudt tir cac dng-ten thu bang cach giai diéu ché, giai ma kénh va giai ma ngudn.

o e e e e e e e e e e e e e e e e e e e e e e e e e e = e e e e e e e e e e e e e e e = e e e = e = e = = e = = = = = =,y

Bén gui

A B6 ma hoéa | BO mi hoa - £ Ang-ten
Nguon \ A B6 diéu ché ,
ngudn kénh phat

Kénh

el Y e e e e e ¥ i g

Bén nhan

nhan) nguodn kénh Giai diéu ché

I

I

1 - : .8 . ~ Eoff e L ,

1| Dich (no1 B06 g1a1 ma BO6 g1a1 ma Bo tach séng
] j—] ~ N j[—] ~ | — -~
I

I

I

Hinh 1.1. Céc thanh phan co ban cua hé thong truyén thong sb

Trong mdt hé théng truyén thong sb, qua trinh xtr 1y dir liéu trude khi truyén di
thuong duge chia thanh hai bude chinh: ma hoa ngudn va ma hoa kénh, mdi bude c¢6 muc
dich va vai tro riéng biét trong viéc t6i vu hoa hiéu ning truyén théng. Muc tiéu ¢t 16i cla
mi héa ngudn 13 giam thiéu luong dir liéu can thiét dé biéu dién mot thong tin gbe nao do
— chang han nhu vin ban, am thanh, hinh anh hodc video — sao cho van giit nguyén muc
do trung thuc hoac chét luong mong mudn. N6i cach khac, ma hoa nguén giup loai bd su
du thura théng ké hoac nhan thuc trong dir li€u, tor d6 lam gidm tdc do bit trung binh can
thiét dé truyén noi dung d6 qua kénh truyén thong.

Nguoc lai, ma hoa kénh khong tap trung vao dic diém cua dit liéu ngudn ma hudng
dén viéc bao vé thong tin khoi cac 18i xay ra trong qua trinh truyén, thong qua viéc chén
thém céc bit du thira c6 kiém soat. Nhitng bit ndy dong vai tro nhu "bd kiém tra", giup bd
giai md & dau thu co thé tch song va stra chira 16i do nhiu, suy hao hodc méo tin hiéu giy
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ra. Nho d6, ma hoa kénh gop phan nang cao do tin ciy va tinh chinh xac trong viéc phuc
hoi thong tin dau cudi. Mot muc tiéu quan trong ctia ma hoa kénh 13 tdi da hoa thong luong
thong tin thuc té — hay con goi 1 bing théng hiéu dung — ma kénh truyén c6 thé dam bao
véi mot xac suét 16i chép nhan duoc.

Shannon [54] d3 chi ra mot két qua hét stirc quan trong: giao dién gitra khdi ma hoa
nguén véa khdi ma hoa kénh co thé duge triru tuong hoéa thanh mot lué)ng bit, bat ké dit liéu
dau vao co6 thudc loai nao (Am thanh, hinh anh, tin hiéu lién tuc...) va bt ké tinh chat cu
thé cua kénh truyén ra sao (c6 nhiu, suy hao...). Két qua nay khong nhitng don gian hoa
viéc thiét ké hé thong truyén thong ma con dit nén mong cho nguyén Iy phan tach ma hoa
ngudn va ma hoa kénh — mot nguyén 1y quan trong dugc tng dung rong rii trong tat ca cac

hé théng vién thong va truyén thong s6 hién dai.
1.1.2. Dung lwgng kénh

Shannon dinh nghia [54] dung lirong kénh C 1a toc do tdi da ma thong tin co thé dugc
truyén qua mot kénh nhidu. Ong phat biéu rang néu c6 thé phan biét mot cach dang tin cdy
M céac ham tin hiéu khac nhau cia thoi lugng T trén mot kénh, chung ta co thé néi rang
kénh c6 thé truyén log, M bit trong thoi gian T. Khi d6, toc d6 truyén tai 1a (log , M (T))/
T va dung lugng kénh dugc dinh nghia la:

log, M(T
C = lim log, M(T) (1.1)

T—co T

Nhu vay, tdc d0 t6i da cua kénh truyén cac s6 nhi phan [55] dugc tinh bdi:

P
C = Wlog, (1 + N) (1.2)

Trong do
+ C dugc tinh v6i don vi 1a bits/gidy
+ W 1a bang thdng cua kénh bat dau tai tan s6 0 va c6 don vi la Hz

+ P/, 1a ti 1¢ tin hi¢u trén nhidu (SNR), don vi 1 ti 1¢. Cong thirc chuyén ddi tir dB

sang ti 16 bang cong thuc:

SNR (dB)

P/y=10" (1.3)
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Thong thudng, khi ta ting W, cong suat nhidu N trong dai cling s& ting twong ung
theo N = N,W, trong d6 N, 1a cong suat nhiéu trén mdi chu ky. Trong truong hop nay,

chung ta co:

P ) (1.4)

= Wl (1
C og,(1+ NoW

Néu ta dat W, = P / Ny’ nghia 1a W, 12 bang tdn ma cong suat nhiéu bing cong suit
tin higu thi 1.4 c6 thé duogc viét lai:

C 14 W,
— = —log, (1 + —0) (1.5)

w, W, w
Qua biéu thire 1.5, ¢6 thé thay rang khi chiing ta ting bing tan, dung luong kénh ting
nhanh chéng cho dén khi tong cong suat nhiéu duoc chap nhan xip xi dén cong suét cta
tin hi¢u. Sau do, mirc ting cham dan va né dat dén gia tri tiém can dung lugng log, e cho

W — oo,
1.2.  Heé thong MIMO véi ADC d9 phan giai thap

Hé thong MIMO quy md 16n 1a mot trong nhitng lua chon then chdt trong céc hé
thdng truyén thong khong day hién dai. Bing cach st dung sb luong dng-ten rat 1on tai
tram géc, LS-MIMO mang dén kha nang cai thién vuot tri ca vé hiéu nang su dung phé
tan 1an hiéu nang lugng qua viéc khai thac dugc tinh da duong khong gian gitra tram gbc
va nhiéu thiét bi ngudi ding dong thoi [13]. Tuy nhién, mot trong nhiing rao can 16n trong
viéc trién khai thyuc té cong nghé nay chinh 1a chi phi va do phirc tap phan cing, dic biét
dén tir viéc phai trang bi hang trim bd ADC c6 d6 phén giai cao cho mdi dng-ten tai phia
thu. Nhitng b0 ADC nay khong chi dit d6 ma con tiéu tbn mot luong 16n nang luong, anh
hudng 16n dén thiét ké hé théng va ngudn cung cip [14].

Nham khéc phuc thach thire nay, nhiéu nghién ctru da tich cuc tim kiém cac giai phap
thay thé kha thi. Mot hudng tiép can ddy hta hen 1a st dung cac ADC d6 phan giai thap,
chang han nhu ADC mét bit hoic ADC ba murc lwgng tir héa (T-ADC), dé giam thiéu dang
ké mirc tiéu thy nang luong ciing nhu chi phi phan ctng trong hé théng LS-MIMO [15].
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Mic du ADC d6 phén giai thip c6 thé anh huéng dén hiéu nang hé théng, song véi cac ky
thuat xtr 1y tin hiéu thich hop va thiét ké hé thdng phu hop, nd van co thé dat duoc hiéu

qua truyén dan chip nhin duoc trong nhiéu kich ban tmg dung thyc té.

Thong tin trang thai kénh (CSI) chinh x4c 13 yéu t6 bét budc dé dam bao hiéu ning
ctia cac hé théng MIMO [19]. Trong hé thong LS-MIMO két hop ADC d¢ phan giai thap,
viéc udc lugng kénh tré nén dac biét khé khan do tin hi€u thu bi méo [20]. Nhiéu nghién
ctru di duoc thuc hién nham dé xuit cc phuong phap nhu k¥ thuat dya trén hoc sau dé
udc luong kénh trong cac hé théng sir dung Mixed-ADC [21], va cac phuong phap Bayes
dé thyc hién udc luong dong thoi kénh va dir lidu trong diéu kién ADC d6 chinh xac thap
[22]. Bén canh d6, cac phuong phap hinh hoc thong tin (Information geometry) cling dang
nhan dugc sy quan tim trong viéc udc luong kénh cho hé thong LS-MIMO [13].

Céc k¥ thuat tién ma hoa tai phia phat 13 rat quan trong dé kiém soat nhidu va nang
cao hiéu ning truyén xudng trong cac hé théng MIMO da nguoi dung [23]. Pac biét, cac
phuong phap tién ma hoéa lai giita twong tu va sé (Hybrid analog and digital precoding) dic
biét pht hop véi hé thong LS-MIMO sir dung séng milimet (mmWave) [23]. Viéc thiét ké
b tién ma hoa can tinh dén tac dong cua qua trinh lwong tir hoa, nhat 1a khi bo chuyén d6i
so—tuong ty (DAC) d6 phan giai thap ¢ phia phat va ADC d6 phan giai thap sit dung &
phia thu [24]. Tién mi héa tach song cudng birc vé khong diéu chuan (RZF) ciing da dugc
nghién ctru trong bdi canh cac kénh phat MIMO sir dung ADC 1-bit [25].

Téch song tin hiéu trong cac hé thong MIMO, dic biét 1a LS-MIMO, dit ra thach
thire tinh toan dang ké [26]. Cac nha nghién ctru di khao sat nhiéu thuat toan tach séng
khac nhau, tir cdc phuong phap tuyén tinh nhu két hop ty 18 cuc dai (MRC) va tach séng
cudng buc vé khong (ZF) dén cac phuong phap phtc tap hon nhung c6 tiém ning gan t6i
wu nhu lan truyén d6 tin cdy (BP) va lan truyén ky vong (EP) [26]. Su hién dién cta céc bd
ADC @6 phan giai thap 1am gia ting nhiéu luong tir hoa, diéu nay can dugc xir Iy can than
trong ca khau thiét ké va phén tich hiéu ning cua cac bo thu. Céc thuat toan xap xi, ching
han nhu lan truyén chon loc d0 tin cay (BsP), da dugc dé xuét nham giam do phuc tap cua
BP [16], trong khi cac nghién ctru khac tap trung vao cac thuit toan tach song hop 18 ti da
(ML) duoc tiy chinh cho cac hé thong str dung ADC 1-bit [20]. Mic du d3 c6 nhiéu cong
trinh nghién ctru vé thiét ké bo thu cho hé théng LS-MIMO véi ADC d6 phan giai thap ¢
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phia thu, vAn con thiéu cac nghién ctru vé thiét ké két hop giita khdi tach séng tin hiéu va

khéi giai ma kénh—dic biét trong viée sir dung diéu ché xép chong.
1.2.1. M& hinh h¢ théng MIMO

Xét mot mé hinh truyén thong khong diy MIMO duoc ma hoa, trong d6 hé thdng bao
gdém N, dng-ten phat va N, ang-ten thu nhu minh hoa trong Hinh 1.2. Tai phia phéat, khéi
bit thong tin ban dau b kich thuéc L; s& duoc dua qua bd mi hoa kénh dé tao thanh mot
chudi mé ¢ c6 do dai L.. D6 dai nay lién hé véi sb bit dau vao thdng qua ti 16 ma héa
R =1L; /L. Bo mihoa co thé thudc mot trong cac ho ma thong dung nhu méi chap, ma
Turbo hoac ma LDPC. Sau khi m& hoa, cac bit ¢ € {0,1} dugc anh xa sang cac ky hiéu
diéu ché theo so dd diéu ché pha nhi phan BPSK, véi gia tri tin hi¢u twong Gng s =
(—=1)¢ € {+1,—1}. Trong mdi lan sir dung kénh, sir dung so d6 ghép kénh khéng gian
N, tin hiéu duoc diéu ché s& duogc truyén thdng qua N, ang-ten. Do d6, dé truyén toan bo

chudi ma c6 d6 dai L, sé lan sir dung kénh can thiét 1a L = [L. / N,].

Vrel1]

Viml[1]

Yrel2]

Ghép kénh

b Mihéa |c Pidu ché s khé?g ;:n ¥im[2]
P-LDPC . BPSK . VBLAST Thuét todn tadch séng
MIMO MIMO va giai ma P-

LDPC két hop
¥re[N]
Yim[N]
Hinh 1.2. M6 hinh tong quan hé thong thong tin MIMO ma héa
Do d6, kénh MIMO duoc mé hinh bang toan hoc nhu sau:

Y=HX+7Z (1.6)

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

thudc mién gia tri cia bo didu ché pha nhi phan. E; = E(|x|?) 12 nang luong tin hiéu trung
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binh dwoc chuan hda vé 1. H e C¥*Nt |4 ma tran hé sé kénh chira cac thanh phan h[n, m]

tai hang n va cot m ctiia ma tran H.

h[1,1] h[1,2] - h[1,m]

[ h[2,1] h[2,2] .. A[2,m]
H= : :

h[n,1] h[n,2] -+ h[n m]

Gia sur gia tri h[n, m] 12 céc phan tir cia ma tran H, c6 gié tri tuan theo phan phéi

Gauss phuc véi do léch chuan bang 0 va phuong sai don vi, duoc Ky hiéu CV (0, 1).

Trong pham vi ludn 4n, nhu d3 néu & phan xéac 1ap gia thiét, cac nghién ctru trong
ludn 4n nay dugc thyc hién véi thong tin trang thai kénh (CSI) 1a c6 & phia thu nhung
khong c6 & phia phat. V&i mo hinh d6, vector nhiéu duoc ky hiéu Z = [z[1],z[2], - -
,z[N]]TT e CV*1 quoc gia sir 1a vector nhidu Gauss trang cong véi cac phan tir tuan theo
phan phéi chuan Gauss véi trung binh khéng va phuong sai N, nghia 1a CV (0, N,). Tin
hiéu thu tai dich duoc biéu dién bai vector Y = [Y[1],Y[2], -+, Y[N,]]T € CVr**, trong d6

Y[n] dai dién cho tin hiéu nhan tai ang-ten thu tha n.

Tai phia thu, tin hiéu y nhan duogc 1a két qua cua to hop tuyén tinh cac ky hiéu truyén
qua kénh MIMO kém theo nhiéu. Do d6, nhiém vu chinh cua bo tach song MIMO 1a uéc
lwong va khdi phuc chinh xéac vector ky hiéu truyén x tir vector tin hiéu thu y d bi nhiéu.
Tiép d6, cac hoat dong nguogc lai duoc thuc hién dé khéi phuc thong tin di truyén. Ban
dau, mdi ang-ten thu nhan duoc tin hiéu y[n] véin = 1,2, ..., N, thong qua mét cip ADC
chuyén doi sang dang s6 tai md dun tan s vo tuyén. Tiép theo, cac ky hi¢u thu dugc dugc
dua vao khoi giai diéu ché va giai ma LDPC. Hai qua trinh ndy dugc thyuc hién theo co ché
lap giita bo tach song va bo giai ma, giup dan cai thién do chinh xac udc luong va nang
cao hiéu ning toan hé thong. Mo ta chi tiét vé thuat toan két hop tach soéng — giai ma sé
dugc trinh bay trong Chuong 2. Phan tiép theo ciia chuong nay s& tap trung lam rd vai tro

va cAu trac hoat dong cua ADC d¢ phan giai ), bit dugc sur dung tai phia thu cua hé théng.
1.2.2. Cong suit tiéu thu ciia b ADC
Trong qué trinh chuyén ddi tin hiéu tuong ty sang $6, s6 mirc luong tr hda duogc xéc

dinh boi do phan giai ctia bd ADC [56]. Trong cac hé thong truyén thong khong day thé hé

14

(1.7)



moi, dic biét 1a hé thong MIMO quy mod 16n, bd chuyén doi ADC giit vai trd then chdt
trong chudi thu phat tin hiéu. Tuy nhién, cong suét tiéu thu va chi phi phan cing cia ADC
ting tuyén tinh theo bang théng va ham mii theo sb bit lugng tir hoa. Mdi nha san xuét cé
thé toi vu thiét ké theo cong nghé va muc tiéu tiéu thu ning lwong khac nhau, song nhin

chung, xu huéng nay 1a khong thé tranh khoi.

Trong khuon khé luan an, NCS st dung mé hinh ADC tc d6 Nyquist (Nyquist-rate
ADC) dé tinh toan cong suat tiéu thu. Pay 1a loai ADC ldy mau tin hiéu ¢ téc do gap doi
tan sb cao nhit cta tin hiéu dau vao. Nghia 13, véi tin hiéu c6 bang thong B, ADC can hoat
dong & tc do it nhat 2B. ADC tdc d6 Nyquist 1a loai ADC tdc d6 cao, c6 kha ning xir Iy
tryc tiép tin hiéu bang rong ma khong can giai doan xtr 1y dai con hodc ldy mau vuot tan.
Do d6, loai ADC nay duoc xem 1a dai dién phu hop nhat d¢ mé phong va danh gia cong
suét tiéu thu thuc té trong cac hé théng thu MIMO hién dai.

NCS str dung mé hinh uéc tinh duoc dé xuat trong [127] dé danh gia muc tiéu thy

dién nang ciia ADC tc d6 Nyquist. Két qua 13, gia tri Pype 6 thé duoc tinh nhu sau:

N 3VdZdLmin(ZB + fcor)
ADC ™~ 10~0-1525b+4.838

(1.8)

Trong do:

+ V4 12 ngudn cung cip.

+ Loyin 12 d0 dai kénh tdi thiéu cho cong nghé CMOS da duoc dua ra.
+ B 1a bang thong cua tin hiéu ban dau.

+ f.,, 12 tan s6 g6c cua nhidu 1/f [128].

+ b 14 s6 bit lugng ttr hoa.

Tat ca cac tham sd d6 dugc xac dinh cu thé trong tai liéu [128] véi Vy, = 3V,
Lyin = 0.5 um, B = 20 MHz, f.,,, = 1 MHz.

Cong thtc (1.8) duoc xay dung dwa trén md hinh ADC CMOS téc d6 Nyquist, thé
hién rang cong suét tiéu thy ting theo ham mii cua so bit luong tir hda b. Mbi quan hé nay
dd dugc xac nhan qua nhiéu nghién ciru thue nghiém va dugc st dung lam co so danh gia
ning lugng cho cac hé théng Mixed-ADC. Trong qué trinh phan tich hiéu qua ning luong,
cong suat ADC 1a thanh phan chiém ty trong dédng ké trong tong cong suat hé théng. Do
do, viéc ap dung mo hinh ADC tdc d6 Nyquist gitp so sanh truc tiép cac cdu hinh 1-8 bit
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trong cing nén tang cong nghé, dam bao tinh nhit quan va giam sai s6 do khac biét kién
trac phan cing. Ta c6 bang so sanh cong suit tiéu thu ADC téc d6 Nyquist theo dd phan

giai nhu sau:

Bang 1.1: Cong suét tiéu thu dién nang cho cac mirc do phan giai ADC tdc do

Nyquist khac nhau

Do phan giai Cong suét tiéu thu (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

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

1.3.  Mé sira 16i Protograph LDPC

bé tdng cuong dg tin cdy cho cac hé théng MIMO, dac biét 1a nhitng hé théng sur
dung bd ADC d6 phan giai thap — vbn c6 thé dan dén ty 1& 16i cao hon — cac nha nghién
ctru da khao sat cac so dd két hop tach song va giai ma tin hiéu (JDD) [21]. Cac ma P-
LDPC, nbi tiéng v&i hiéu ning tiém can dung luong kénh va do phirc tap giai ma thap, da
dugc nghién ciru nham danh gia tinh hiéu qua trong cac kénh MIMO quy md 16n sir dung
ADC 46 phan giai thip. Bén canh d6, phan tich biéu do truyén thong tin ngoai lai (EXIT)
da duoc sir dung dé thiét ké va phan tich hiéu ning ciia cac bo tach song dua trén thuat
toan BP trong hé thong MIMO quy mé 16n [27]. Gan day, cac tac gia trong [50] dd nghién
ctru thiét ké bo thu phat cho diéu ché phan cap sir dung ma P-LDPC véi dé xuat vuot troi

0 rét so vai cac thiét ké truyén thong & ba khia canh quan trong: hi€u nang 161, do tré giai
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ma, va kha ning thich tmg téc do truyén. Ngoai ra, Yang va cong su [51] dd dé xuit mot
phuong phap thiét ké hai giai doan dé xay dung mot 16p chom sao diéu ché méi, dong thoi
phat trién mot cong cu dé danh gia hiéu ning tiém can cho ca hai truong hop hdi tiép lip
va khéng co hoi tiép (iterative-feedback va non-feedback). Ho ciing gi6i thiéu thuat toan
MS-EXIT, mdt cong cu phan tich hi¢u nang nham du doan nguong gidi ma cua hé théng
diéu ché phén cap st dung ghép ndi theo khong gian ma P-LDPC két hop véi ky thuat didu
ché ma hoa xen bit va giai ma lap.

Cac mi LDPC thudc nhom ma khéi tuyén tinh dung dé sta 16i, duoc Gallager gidi
thiéu lan dau trong luan an tién si nim 1962 [58]. Pac tinh quan trong cua ma LDPC nam
& ma tran kiém tra chin 1¢ thua, qua d6 cho phép trién khai cac thuat toan giai ma lap dua
trén truyén thong tin v4i do phuic tap giam dang ké [39], [126]. Khac véi cac loai ma khoi
tuyén tinh ¢6 dién nhu Hamming, BCH hay Reed—Solomon, von c6 d6 dai ma ngan va cau
tric dai sb chit chg, cac ma LDPC hiéu qua thuong c6 do dai 16n va dugc thiét ké theo
hudng gia ngau nhién. Trong giai doan dau ra doi, do gi6i han vé niang luc xir Iy va diéu
kién phan ciing, ma LDPC khong dugc trién khai rong rdi va dan bi bé quén trong nhiéu
nim. Chi dén khi cac hé théng xir 1y tin hiéu s phat trién manh mé va k¥ thuat giai ma lip
chtng minh hiéu qua vuot troi thong qua sy xuat hién ciia ma Turbo [59], su quan tim ddi
v6i LDPC méi duge khoi day tré lai. Cong trinh cua Mackay nam 1996 [60] dong vai tro
quan trong trong viéc dua loai mé nay tré thanh mot chu dé nghién ciru ndi bat tré lai trong
cong dong khoa hoc.

M& LDPC thugc nhém ma khdi tuyén tinh va dugc mé ta théng qua mot ma tran
kiém tra chan I¢ nhi phan kich thuéc m x n, Ky hiéu 1a H. Ma tran nay dugc xem la
“thwa” khi s6 lwong phan tir bang 1 trén mdi hang hodc mdi cot chi chiém mot ty 1& nho so
v6i tong sd phan tir ciia hang hodc cot twong tmg. Nho cdu trac thua ndy, thudt toan giai
mi 13p c6 kha ning cap nhat dan cac gia tri ty 1¢ log-likelihood (LLR) cila ting bit ma
trong qua trinh trao ddi thong tin qua lai gitta cac nut, tir 46 cai thién do chinh x4c ctia qua
trinh giai ma [61], [62]. Chinh dic tinh thua ctia ma tran H gitp cac bd ma LDPC c6 thé
duoc giai ma hiéu qua bang cac thudt toan 1ip véi chi phi tinh toan thip, lam cho ching tré
thanh lya chon hap dan trong nhiéu hé thong thong tin hién dai.

Nhiéu nghién ctru da dugc trién khai nham xay dung cic ciu tric toi wu cho ma
LDPC [61], trong d6 dang cha ¥ 1a ma tudn hoan (cyclic) va ban tuan hoan (quasi-cyclic).
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Céc dang cau triic nay cho phép giam dang ké d6 phirc tap khi ma héa, nhd kha ning hién
thuc héa bang cac thanh ghi dich c6 phan hdi don gian [63]. Tiép theo, luan 4n s& gidi
thiéu ma P-LDPC, mdt bién thé hién dai thudéc nhém mi LDPC ban tudn hoan, v&i nhiéu

vu diém trong thiét ké va ing dung thuc té.
1.3.1. Ma Protograph LDPC

Protograph cé thé duoc hiéu nhu mot dd thi Tanner thu gon voi ) luong nut bién va
nat kiém tra it, duoc lién két thong qua mét s6 canh gidi han, trong d6 cac canh song song
gifta hai nat dugc phép ton tai. Ciu tric ciia mot protograph thudng duoc biéu dién bing
ma trin co sO (protomatrix) — ma trdn nay mo ta s6 luong canh két ndi gitra ting cap nat
bién va nit kiém tra. Khac v6i ma tran kiém tra chin 1¢ cia cic ma LDPC thong thuong,
protomatrix khong nhat thiét phai 1a ma tran nhi phan, ma cac phan tir ciia n6 c6 thé 1a sd
nguyén khong am, phan anh sd luong canh két néi twong tng.

Mbt ma P-LDPC thuc chat 13 mét dang ma LDPC duogc tao ra tir viéc mo rdng mot
protograph ban dau thong qua qua trinh sao chép va hoan vi c6 cau truc. Cu thé,
protograph goc duoc sao chép N lan dé tao thanh N ban gidng hét nhau. Sau d6, cac canh
tuong g gitta cac nit bién va nat kiém tra trong ting ban sao s& dugc hoan vi theo cling
mot quy tic, dya trén cdu tric cia cac canh trong protograph gbc. Nho do, ta thu duoc mot
d6 thi Tanner quy mo I6n hon, biéu dién ma LDPC dan xuat tir protograph. Vi du minh
hoa véi N = 3 cho thdy cach nhan ban va két ndi lai cac canh tir protograph co s dé xay

dung ma P-LDPC c6 kich thudce 16n hon nhu Hinh 1.3.

Protograph Nhan ban 03 lin

Hinh 1.3. Nhan ban sé luong protograph
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Protograph ban dau gdm 3 nat bién va 2 nut kiém tra, duoc lién két thong qua 7 loai
canh khac nhau trong d6 thi Tanner. Pé xay dung mot ma P-LDPC c6 do dai 1on gép ba
1an so véi protograph gdc, trude hét ta tién hanh nhan ban protograph 3 lan. Sau d6, do thi
dan xuit duoc hinh thanh béng cach hoan vi cac canh ndi gitra cac nut bién va nat kiém tra
trong timg nhém canh twong Ung ciia protograph gbc. Qua trinh hoan vi nay co thé tao ra
nhiéu ciu trac ma khac nhau nhung van béo toan sb luong va loai canh dung nhu ciu tric
ban dau trong ma tran protograph. Két qua thu dugc mot ma P-LDPC 16n hon, dugc minh

hoa trong Hinh 1.4.

Hoan vi céc canh

Hinh 1.4. Hoan vi cac canh sau nhan ban

Tuwong tu nhu vi du truéc, néu can xay dung mot ma P-LDPC c6 do dai 2400 bit, ta
tién hanh nhan ban protograph géc 800 lan, roi thyc hién hoadn vi cac canh theo dung
nguyén tic bao toan bac két ndi da néu. Khi sé 1an nhan ban 16n (hang trim 1an tro [én),
viéc hoéan vi canh thuong duoc thyc hién ty dong bang thuat toan PEG [47] dé téi vu cau
trac dd thi va han ché xuat hién chu trinh ngan. Vi cach xay dung nay, db thi dan xuat cua
ma P-LDPC van duy tri cac dic tinh ciu tric quan trong ciia protograph ban dau, bao toan
cac vu diém cua do thi Tanner géc.

Ma tran co s& mo ta do thi co s& duogc str dung trong Hinh 1.3 duoc mo ta nhu sau:

111)

HpTOtO = (2 1 1 (19)

Db thi ma P-LDPC sau khi dan xuat c6 s6 lwong nit 16n hon N lan so véi protograph
ban dau, nhung van giit nguyén ty 16 ma va céu trac bac két ndi cua ca cac nat bién va nit

kiém tra. Nho d6, viéc toi wu hoa trén mot protograph nhé gitip giam dang ké khéi luong
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tinh toan, vi khéng can tim kiém trong khong gian thiét ké quéa 16n. Cac két qua nghién ctru
d3 chi ra rang m3 P-LDPC dan xudt c6 thé dat hiéu ning gan voi gi6i han Shannon [65],
ddng thoi duy tri do phtrc tap ma héa thap va tde do giai ma cao, nén dic biét phu hop cho

cac hé théng thong tin hién dai yéu cu hiéu ning cao va kha ning trién khai thyc té.
1.3.2. Hiéu nang cta cac ma protograph LDPC

Trong linh vec ma hoa kénh, giéi han Shannon thuong dugc trinh bay dudi dang
SNR giéi han tng véi timg ty 16 ma, nham lam chuan tham chiéu danh gia hiéu ning cua
cac mi stra 16i. Hinh 1.5 minh hoa dudng cong hiéu ning dién hinh ctia mot md LDPC
trong hé théng thong tin MIMO. M&i md LDPC déu ton tai ngudng giai ma lap
(threshold), gi4 tri nay luén nam phia trén giéi han dung lugng kénh Shannon. Khi ngudng

nay cang gan véi dung luong kénh, ta ndi rang ma c6 kha nang tiém can dung luong.

FER
100 —
Water fall
4
10 Threshold Error floor
/
Capacity limit SNR(dB)

Hinh 1.5. D6 thi thé hién dic tinh hiéu ning ctia ma LDPC dién hinh

Puong cong BER ciia ma LDPC thuong gdm hai ving dic trung:

e Vng thac (waterfall region): Trong khoang SNR trung binh, ti 1¢ 1i bit giam rat
nhanh khi SNR ting, tao nén d6 dbc 16n ciia duong cong. Pay 1a ving thé hién
hi¢u qua chinh cua qué trinh giai ma Ip.

e Vung san 15i (error floor): Khi SNR ting cao, toc d6 giam 16i cham lai va duong
cong co6 xu huéng nam ngang. Hién twong nay xuat hién do khoang cach
Hamming tdi thiéu ctia ma bi gi61 han hoac do cAu trac do thi Tanner ton tai chu

trinh ngan, 1am han ché hi¢u ning cua qua trinh giai ma lap.
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Nhu vdy, hinh biéu dién khong chi mé ta hiéu ning tong thé cia md LDPC ma con
phan anh kha nang hoi tu va giéi han clia qua trinh giai mi trong cac hé théng truyén thong
hién dai.

Céc nghién ctru trude day chi ra rang viée thiét ké mot ma LDPC dat hiéu ning cao
dong thoi & ving thac va ving san 16i 1a mot thach thirc 16n. Nhu minh hoa trong Hinh 1.5,
hiéu ning & ving thac c6 thé duoc cai thién théng qua tdi wu hoéa ngudng giai mi, bang
cach Iya chon cdu trac d6 thi ma hop 1y giup ting kha ning trao d6i thong tin trong qua
trinh giai ma 1ap. Khi ngudng giai mad duoc giam xudng, dudng cong BER s& dich sang
trai, tién gén hon gidi han dung luong Shannon. Nguoc lai, cai thién hi¢u nang & vung san
161 phtrc tap hon nhiéu, do né phu thudc manh vao cAu tric d6 thi ma LDPC véi d6 dai hitu
han. Cac hién tugng nhu nut biy (trapping set) hay chu trinh ngan trong d6 thi Tanner ¢
thé gay ra hién tugng hoi tu sai hoac gidi han kha ning stra 16i ctia bd gial ma, dan t4i hiéu
g san 18i. Nhitng nguyén nhan nay da duoc phan tich chi tiét trong [66] va cac tai licu
tham khao lién quan..

Viéc nang cao hiéu ning & vung san 15i cua cac md LDPC dong vai tro then chét
trong cac hé thong yéu cau do tin cdy cuc cao nhu luu trir dir liéu hay truyén thong quang,

noi BER phai dat murc rat thap. C6 hai huéng tiép can chu dao dé khac phuc han ché nay:

e Thiét ké lai cdu tric md LDPC: Cach tiép can nay tap trung xay dung cic ma c6
d6 thi Tanner it chu trinh ngan, han ché sy xuat hién cia trapping set — nguyén
nhan chinh giy san 16i. Piéu nay doi hoi thiét ké ma tran kiém tra chin 16 mot
cach c6 kiém soat nhiam loai bo céac cu trac do thi bat lgi [67].

e Cai tién thuat toan giai ma lap: Thay vi thay d6i ma, phuong phap nay diéu chinh
hoat dong cuia bd giai ma nham phét hién va vuot qua trapping set, gitp thuat toan
khong bi hoi tu sai trong qua trinh giai ma. Cac bién thé thuat toan giai ma cai tién
da duoc dé xuat nham dat hiéu qua t6t hon trong vung san 18i [61].

Ca hai chién luoc déu nhdam muc tiéu giam dang ké BER ¢ ving san 15i, tir d6 nang

cao d9 tin cay cta hé théng trong cac (mg dung thyc tién yéu cau hiéu ning cao.
1.3.3. Phan tich két qua hi¢u ning ciia ma P-LDPC

Pé d4nh gia hiéu qua cia ma P-LDPC, cac nghién ctru thuong so sanh SNR can thiét

dé dat duge mot ngudng xac suét 15i nhat dinh. Mot ma P-LDPC duoc coi 13 tdi wu hon
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khi né dat dugc cing muc 16i voi SNR thip hon. Phan chénh léch v& SNR giira cac
phuong an ma hoa, thudng do bang don vi dB, duoc goi 1a d6 loi mi héa. Hiéu mot cach
khac, do loi ma hoa phan anh muc tiét kiém cong suét tin hiéu dbi véi cung muc nhiéu,
hodc kha nang chiu nhiéu cao hon véi cing murc cong sut tin hiéu, tir d6 thé hién hiéu qua
ning luong ciia hé thong ma hoa.

Trong ludn 4n, ty 1& 18i bit (Bit Error Rate — BER) duoc chon lam tham sé chi tiéu
danh gia chinh cho hiéu ning hé thong, boi day 1a tham sb phan anh tryc tiép kha ning
phuc hoi théng tin chinh x4c tai bd thu sau qua trinh truyén qua kénh chiu nhiéu va luong
tir hoa. Viée sir dung BER cho phép danh gia toan dién sy tac dong cia cac yéu tb vat 1y,
bao gom do phan giai ADC, cdu trac mi P-LDPC, so d6 diéu ché xép chong, va sd lugng

ang-ten, dén do tin cay cta hé thong truyén thong.

100 T T T T T E
== EW 1-bit ADCs [
= (3 ED 1-bit ADCs ||
s 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 |
: a EW 5-bit ADCs |]
{’E ® ED 5-bit ADCs ||
D & 5
4 1

=

2 V 4 6 8
Eb/NO Coding Gain

Hinh 1.6. Banh gia hiéu nang dua trén d6 lgi ma hoa dat dugc

Hinh 1.6 trinh bay mét phan két qua thu duoc trong nghién ctru ciia luan an, thé hién

d6 loi ma hoa théng qua duong cong BER theo SNR d6i véi ma P-LDPC c6 ty 16 ma
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R = 1/2. Trong cac md phong danh gia hiéu ning, dé dam bao tinh chinh xac va do tin
ciy thdng ké, sd khung 13i thu dugc can dat tdi thiéu 100. Diéu nay dong nghia véi viée
néu muc tiéu BER 1a BER = 107° thi tong s6 khung can mé phéng phai dat dén: F, =
107. Tur két qua thé hién trén Hinh 1.6 c6 thé nhan thdy muc cai thién khoang 1,2 dB vé
d6 loi ma hoa khi so sanh giita hai ciu hinh: dudng biéu dién bang nét lién véi ky hiéu
hinh tron (ng v6i truong hop st dung ADC 1 bit va trong sd bang nhau) cho thdy hiéu
nang vuot trdi so véi dudng dit nét cé ky hiéu hinh tron (trudng hop khoang cach déu véi

ADC 1 bit).

Xét trén phuong dién tng dung, cac két qua BER thu dugc trong nghién ctru dong vai
trd nhu mot co sé tham chiéu quan trong gitup xac dinh do phan giai ADC t6i vu tai phia
thu, ddc biét trong bdi canh cac hé théng truyén thong thé hé méi phai can bang giita hiéu
nang va muc tiéu thy nang luong. Nhitng mé hinh phéan tich va dir 1iéu mé phong dugc
trinh bay khéng chi mang ¥ nghia vé mat 1y thuyét, ma con c6 thé dugc van dung trong
thuc tién dé hd trg qua trinh thiét ké, t6i wvu cdu hinh va trién khai cac hé théng mang
khong day c6 yéu ciu cao vé hiéu qua ning luong va do tin cdy. Nho vay, cac két qua cia
luan 4n goép phan tao ra co sé khoa hoc viing chic cho viéc xay dung céc giai phap phu

hop cho mang 5G/6G trong tuong lai.
1.4.  Phwong phap di¢u ché bic cao

Piéu ché bac cao 1a mot k¥ thuat trong truyén thong s, trong d6 mdi ky hiéu diéu
ché dai dién cho nhiéu bit dir liéu hon so véi cac so d6 diéu ché bac thap nhu BPSK hoic
QPSK. Cac so d6 diéu ché bac cao phd bién bao gom 16-QAM, 64-QAM va 256-QAM,
gitip ting hiéu ning sir dung bing thong bang cach truyén nhiéu thong tin hon trong cting
mot khoang thoi gian. Tuy nhién, diéu ché bac cao thudng yéu cau tin hiéu truyén c6 SNR
cao hon dé dam bao d6 chinh xac.

Trong cac hé thong MIMO, diéu ché bac cao két hop vdi cac ky thuat ghép kénh
khong gian gitip taing manh toc do truyén dir lidu tong thé ciia hé thong, ma khong can mé
rong thém bang thong. Diéu nay dic biét hiru ich trong cac tmg dung nhu 5G, truyén video
d6 phan giai cao, va cac dich vu yéu cau bang thong 16n. Su két hop giita MIMO va diéu
ché bac cao 1a mot yéu td then chdt trong viéc nang cao hiéu niang phd va dap ung nhu cau

ngdy cang ting vé toc do trong cac hé thong thong tin hién dai.
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1.4.1. B® diéu ché bac cao dung phuwong phap diéu ché xép chdng

Piéu ché xép chong tin hiéu (SM) 1a mét so d6 diéu ché khong song 4nh, trong d6
nhiéu ky hiéu nhi phan d6i xtmg duoc két hop tuyén tinh v6i nhau thong qua cic hé sd
trong s6 cu thé. Qu4 trinh nay bao gém viéc chia dong dit liéu nhi phan thanh nhiéu ludng
song song, anh xa mdi bit thanh mot ky hiéu nhi phan ddi xtng (+1 hodc —1), ap dung céac
hé s6 trong s6 co gia tri phirc (thuong 14 gia tri thuc trong trudng hop tin hiéu mot chiéu),
va tong hop cac thanh phan nay dé tao ra mot ky hiéu dit liéu ¢ gia trj phitc duy nhit ding
cho qua trinh truyén dan [28].

Céc nghién ctru trude ddy di chi ra nhiéu loi ich cua diéu ché xép chdng tin hiéu.
Mot loi ich quan trong la kha nang tang tbc d6 dir licu. Chéng han, mot so dd diéu ché xép
chong nhiéu 16p (MLSM) dua trén diéu ché pho trai bang song quét tan do doc nhiéu 16p
(MSK-CSS) di duoc dé xuat nhim nang cao téc do dit liéu cia phuong phap diéu ché
LoRa trong cac ing dung truyén thong IoT. Bang cach gan cac hé sb diéu ché (MFs) khac
nhau cho ting 16p, nhiéu théng tin c6 thé duoc truyén trong cing mot chu ky ky hiéu [29].
Bén canh d6, so d6 MLSM cling cho phép diéu chinh linh hoat gitra tbc d6 dir liéu va hiéu
ning BER, co thé tinh chinh bang cach thay doi s6 luong 16p [29].

Mot loi thé then chét khac cia diéu ché xép chong 1a kha ning tiém can dung luong
kénh trong méi trudng nhidu AWGN ma khong can sir dung k¥ thuét tao hinh tin hiéu chu
dong. Nho dinh 1y gi6i han trung tdm, khi sé lugng di 16n cac ky hiéu ngau nhién duoc
chéng 1én nhau, cac thanh phﬁn vudng pha cua tin hi€u s€ tiém can phan bd Gauss, qua do
mang lai loi ich tao hinh thu dong [28].

Ngoai ra, diéu ché xép chong tin hiéu con co6 thé hiéu qua hon vé mit tiéu thu ning
luong so véi cac so d6 diéu ché song anh truyén thdng nhu didu ché sé theo bién do tin
hi¢u (ASK), khi cung dat mot mirc hi¢u nang sir dung bang thong twong duong, nho vao
viéc khoang cach Euclid gitta cac ky hiéu dir lidu lién ké 16n hon. Piéu nay giup mang lai
loi ich nén tin hiéu, trong khi bo thu c6 thé hoat dong véi do phtic tap thap hon. Chéng
han, khi sir dung phuong phép tach song xéac suat hau nghiém (APP), diéu ché xép chong
c6 thé dugc hién thuc hoa théng qua thuat toan Bahl-Cocke-Jelinek-Raviv (BCJR), tir d6
giam d6 phuc tap tinh toan so véi cac so do anh xa song anh. Tuy nhién, d6 phuc tap cua

b tach song xac suit hau nghiém t6i da d6i voi diéu ché xép chdng van ting theo ham mil
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v6i tai bit, khién cho cac bo tch séng xap xi nhu thuit toan di truyén thich nghi phan phbi
mot phan (PDAGA) tré thanh mot lua chon hip dan hon [28], [30].

Mot diéu tha vi 1a diéu ché xép ché)ng tin hiéu c6 kha ning hd tro ty nhién cho truyén
thong da ngudi dung va truyén thong hop tac, khién no tré thanh lya chon phu hop trong
cac kich ban ma ngudi dung chong dit liéu riéng ctia minh véi dit liéu dugce chuyén tiép tir
cac nit hop tac, tir d6 dat duoc loi ich vé da dang kénh. Cac k¥ thuat nhu ma hoa braid -
mot dang ma LDPC tién tién, ¢ cdu trac dan chéo gitp lan truyén thong tin hiéu qua hon
trong giai mi lip, tin dung viéc xép chong tin hiéu dé thuc ddy qua trinh hop tac tién dan
trong cac hé théng da ngudn — don dich [28], [31]-[33]. Cu thé, mi braid cho phép thiét
1ap mdi lién két chat ché gitta cac chudi ma cua timg ngudn théng qua cu tric dan xen,
trong d6 mdi nut khong chi ma hoa dir liéu riéng ma con dong vai tro hd trg truyén thong
tin phu lién quan dén cac ngudn khac. Khi duogc tich hop véi k¥ thuat diéu ché xép chong
tin hiéu, cac ngudn c6 thé chong 16p dit liéu ca nhan cung thong tin hd trg (ma hoa braid)
trong cung mot tin hi¢u phat. Qué trinh gidi ma tai dich dugc thuc hién theo co ché 1ap,
dua trén méi twong quan giira cac 16p tin hiéu va ciu trac braid, tir d6 cho phép khoi phuc
thong tin mot cach hidu qua ngay ca khi tin hiéu dén khong day du.

Phuong phap nay gitp giam do phitc tap xtr 1y, han ché tré truyén, dong thoi nang
cao x4c suat giai ma thanh cong trong cac diéu kién kénh bat lgi. Qua d6, ma hoa braid két
hop diéu ché xép chong tin hiéu duoc chimg minh 13 mot giai phap tiém ning trong viée
t6i wu hoa hiéu niang hé thong hop tac da ngudn — don dich, dic biét trong cic mang khong
day thé hé méi. Khi dugc két hop véi cac ky thuat ma hoa kénh nhu LDPC hodc mi turbo,
cung véi quy trinh thu nhan lip, diéu ché xép chong co6 thé mang lai cai thién déng ké vé
hi€éu nang. Pac biét, ma lap — von duge xem la khong t8i wu trong cac kénh Gauss — co thé
tré nén c6 loi trong st dung diéu ché xép chong, vi ching gitip giai quyét sy mo ho bi gay
ra boi anh xa khong song anh [28], [29], [34]. Pang cht ¥, Yang va cOng su [48] da nghién
ctru thuat toan PEXIT két hop dé thiét ké ma P-LDPC dudi so d6 diéu ché chi sd co tao
hinh cho hé théng st dung moment dong luong quy dao (OAM). Tuy nhién, cong trinh cia
ho sir dung cach tiép can khac dé thiét ké khdi tach song tin hiéu, thay vi phuong phap khtr

giao thoa dya trén dd thi dugc trinh bay trong luan an nay.
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1.4.2. Nguyén Iy ctia diéu ché xép chong

Diéu ché xép chong tin hidu 1a mot k§ thuat didu ché phi song anh, trong d6 nhiéu
chudi dit liéu nhi phan duoc 4nh xa thanh cac ky hiéu diéu ché théng qua qua trinh cong
tuyén tinh véi cac hé sd trong sb xac dinh [71]. Bé minh hoa nguyén Iy hoat dong, gia sir
c6 hai chudi ngau nhién doc 1ap véi cac phan tir thude tap {+1, —1}, chang han chudi thi
nhit 1a [+1,- 1, +1, - 1] va chudi tht hai 1a [+1, -1, - 1, +1]. Mdi chudi nhu vay dugc coi
1a mot 16p dir liéu. Khi hai chudi duoc két hop vai trong sd bang nhau (vi du, trong sb
bang 1), ta thu duoc chudi tong 13 [+2, - 2,0, 0]. Vi gia tri nhan duogc 1a +2, qua trinh anh
xa tir bit dén ky hiéu c6 thé duoc dao nguoe mot cach rd rang va duy nhét. Tuy nhién, doi
v6i gia tri ddu ra 1 0, qua trinh tach s6ng tré nén khong xac dinh, vi khong thé phan biét
duoc giita hai t6 hop +1 —1 va —1 + 1. Biéu nay minh chting rang, khi sir dung céac trong sé
thuc bang nhau, so 6 SM khong con dam bao tinh song anh gitra tap hop bit dau vao va
tap hop diém tin hiéu dau ra. Trong vi du cu thé trén, véi N = 2 bit dau vao, chi thu duoc
M =3 diém tin hiéu khac nhau tai dau ra, thay vi 2V = 4 diém nhu cac so d6 diéu ché
truyén thong. Do d6, xét vé kha nang tach song chinh xac, viéc sir dung so dd phi song anh
tiém an nguy co gy mo ho khi giai ma, trir phi c6 co ché hd tro bd sung. Dé khic phuc
van dé trén, c6 thé sir dung cac phuong phap nhu phan bo cong suat khong dong déu, dicu
khién pha, hoic két hop v6i ma hoa kénh du thira dé hd trg khoi phuc chinh xac cac bit dir
liéu. Trong qua trinh tach song tin hiéu, bat ky 16p dit liéu nao khac dugc truyén trong
cung khe thoi gian s& dong vai tro nhu nhidu giao thoa néi tai, anh hudng dén viée tach
song dang xét.

Tuy nhién, tir goc d6 hiéu qua ning lugng, cac trudng hop tin hiéu dau ra bang 0 lai
mang lai loi ich dang ké, vi khdng yéu cau phat ning lugng. Hon nita, mot hé qua r rang
cua viéc giam sb luong diém tin hieu M < 2V 1a khoang cach Euclid giita cac diém chom
sao diéu ché co thé ting lén, gitip cai thién kha nang chdng nhiu trong mot sb truong hop
nhat dinh.

Can luu y rang phuong phap diéu ché nay c6 thé duoc mé rong dé dang bang cich
xép chdng nhiéu hon hai 16p dit liéu, goi 1a bit-loading, nhdm ting thong luong hé thong.
Tuy nhién, khi s6 lugng 16p ting 1én, mirc d6 phirc tap trong qua trinh tach song tai bo thu
cling ting theo, do s6 lwong céac to hop tin hiéu xép chong ting nhanh chong dan dén su sai
1éch két qua. Do d6, trong cac hé thong sir dung SM da 16p, can thiét ké cac thuat toan tach

26



s6ng hiéu qua va c6 kha nang khir nhidu tot dé duy tri hiéu ning giai ma trong khi vin dam

bao murc do phirc tap phu hop.
1.4.3. Tinh chit ciia diéu ché xép chong

Dua trén nhitng nhan xét so by ¢ trén, luan an cé thé dinh nghia mdt cach chinh thirc
diéu ché xép chong tin hiéu bang cach sir dung ky hiéu phirc ¢ dai tin co s& [6, 10]. Nhu
dugc minh hoa trong Hinh 1.7, mot ludng dir liéu nhi phan ban dau duoc chia thanh N
ludng dit liéu nhi phan song song. Goi b, € {0,1} 14 bit thong tin thir n tai mot thoi diém
cu thé, véi 1 < n < N. Tit ca cac bit b, dugc anh xa sang cic ky hiéu nhi phan d6i xing
d,, € {+1,—1}. Sau d¢, cac ky hiéu d,, dugc nhan vdi mot tip hop cac hé sé trong s6 phirc
a, € C dé taora N tin hiéu song song c,,.

Viéc gan trong s6 nay twong tng v6i phan bo cong sut va pha, va déng vai tro then
chét trong hiéu niang cua so d6 SM. Cudi cuing, mot ky hiéu dit lidu c6 gia tri phuc duy

nhat x € C dugc tao ra tai moi khe thoi gian thong qua phép cong tuyén tinh:

N N N
x=2 C"=Z an-dn=z a, - (1 —2b,) (1.10)
TR e T3 £ |
i b1 d1 Q1 E
| ——>» BPSK —> :
i a, |
: by dy Cn X
—E—> S/P ———>{ BPSK —> by ——>
i ay i
i | Ow Mgpsk |, &

Hinh 1.7. So db khéi cta bo diéu ché xép chong
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Viéc chudn hoa cong suit thuong dugc gia dinh sao cho ning lugng trung binh cua
mot ky hiéu 13 bang 1. Can luu ¥ rang, cac 16p nhi phan khong gy ra gidi han nao, boi vi
diéu ché bac cao hon c6 thé duge dat duoc bang cach phan bé cong suat va pha thich hop
cling v&i viéc lra chon sé 16p N

Trude khi di vao chi tiét vé phan bd cong suit va pha, can luu ¥ rang diéu ché xép
chdng tin hiéu 1 thanh phan cbt 13i trong nhiéu k§ thuat lién quan nhu ghép kénh phan
chia xen k& [68, 69] va ma hoa da tang. Trong ghép kénh phan chia theo chi s6 (IDM), qué
trinh ma hoa dugc thuc hién riéng biét theo ting 16p (mdi 16p sir dung mot bd ma hoa), sau
d6 4p dung cac bo hoan vi khac nhau cho timg 16p. Tiép theo, qué trinh diéu ché xép
chdng tin hiéu co trong sé duoc thyc hién, va d6 chinh 13 diéu ché SM. La mot phan 16i
trong cac hé thong phic hop, SM c¢6 thé dugce tich hop v6i nhidu so do ma hoa khac nhau.
Pang chu y 1a sy két hop giita SM voi mi hoa xen k& theo bit (BICM), trong d6 chi st
dung mot bd ma héa va mot bo hoan vi trude khi chuyén doi ndi tiép-song song. Trong
kién trac nay, SM thay thé cho céc so d6 anh xa truyén thong nhu ASK, QAM, va PSK
[70].

Lién quan dén phan bd pha, trong huéng din nay, luan an chi tap trung vao tin hiéu
mdt chiéu, tirc 1a cac hé s trong sb a,, € R véi moi n € {1, ..., N}). Hiéu ning bang thong
¢ thé dugc ting gip d6i mot cach dé dang bang cach ap dung SM doc lap trén ca hai
thanh phén tryc giao (tuc la truc thyc va tryc 40). Tuy nhién, mot s6 tinh chét toan hoc hép
dan chi dugc duy tri khi str dung t6 hop c6 gia tri thyc. Viéc phan bd pha thudng gy phirc
tap khong can thiét.

Véi SM trong mot chiéu tin hiéu, hiéu nang chi phu thudc vao cach phan bod cong
suat hay chinh 13 trong s6 a,,. Hai kiéu phan bo cong suat s& duoc phan tich trong phan
tiép theo gom:

« Phan b6 cong suat khoang cach bang nhau

« Phan b cong suét trong s6 bang nhau

Viéc két hop giira diéu ché xép chdng & truong hop diéu ché bac cao va ma hoa kénh
hira hen s& cho thay két qua rat tot vé hidu ning va van dam bao giam thiéu dugc sy phirc

tap trong tinh toan, tir d6 ning cao chét luong duong truyén ciing nhu d6 bén cua thiét bi.
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1.5.  Tinh hinh nghién ctru trong va ngoai nuéc

Ngay nay, viéc két hop ma LDPC véi h¢ thong MIMO sir dung ADC d6 phan giai
thip dang thu hut nhidu sy quan tdm trong cong ddng nghién ciu truyén théng khong
day[72], [75], [83]. Trén thé gidi, cac nghién ctru da tap trung vao thiét ké bo thu hiéu qua,
tach song tin hiéu mém, ciing nhu chién lugc JDD[37], [72], [96], [97], [99] nham cai
thién hiéu ning BER trong diéu kién lugng ttr hoa thd. Bén canh do, cac kién trac Mixed-
ADCJ[73], [88], [72] va st dung diéu ché bac cao két hop k¥ thuat diéu ché xép chong
cling duoc khai thac nhim cén bang gita d6 phrc tap, tiéu thu ning luong va do tin ciy hé
théng. O Viét Nam, mot sd cong trinh gin dy budc dau nghién ctru mi hoéa LDPC tmg
dung trong hé thong MIMO luong tir hoa thap[28], [102-106] song con thiéu cac phan tich
két hop toan dién giita tach song tin hiéu, giai ma va md hinh luong tir héa. Do do, viéc
nghién ctru sdu hon vé hiéu ning ciia ma LDPC trong bbi canh MIMO véi ADC ¢6 do
phan giai thap 1a can thiét, dic biét trong xu thé phat trién mang khong didy manh mé nhu

hién nay.
1.5.1. Cac nghién ciru ngoai nudc

Trong nhitng nim gan day, cac hé théng LS-MIMO str dung bd ADC do phan giai
thap da thu hat sy quan tdm 16n tir cong déng nghién ciru nho kha ning tiét kiém ning
lugng va chi phi phan cing trong cac mang khong day thé hé méi nhu 5G va 6G. Tuy
nhién, viéc lugng tir hoa thd gy méo tin hidu dang ké, dit ra thach thirc trong thiét ké bo
thu ¢6 hiéu ning cao va do phtic tap thap. Trong bdi canh dé, nhiéu cong trinh da tap trung
nghién ctru hiéu niang va dé xuit cac k¥ thuat xa 1y tin hiéu phu hop. Cu thé, tac gia B.
Zhao va cong su [72] da dé xuat sir dung k¥ thuat két hop dong mirc khuéch dai (EGC)
nham don gian hoa b thu uplink LS-MIMO véi ADC d6 phan giai thap trén kénh Rice,
mang lai giai phép tiét kiém niang lwong voi hiéu ning pho kha thi. Trong khi do, tac gia T.
Younas va cong su [75] di phén tich hiéu ning phd va ning luong cta cac thudt todn ZF
va RZF dudi mo hinh AQNM, chi ra rﬁng thuat toan RZF dat hi¢u nang vuot trdi trong
diéu kién lugng tir hoa sir dung ADC d6 phan giai thap. Tir goc nhin 1y thuyét, T. Liu va
cong su [85] da st dung mo6 hinh AQNM két hop 1y thuyét ma tran ngau nhién dé danh gia
vai trd cua d6 phan giai ADC va sé lugng ang-ten trong hé thong LS-MIMO véi fading

Rician. Két qua chi ra rang ADC 3-bit ciing bo thu ZF c6 thé dat hiéu ning gan t6i uu voi
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mirc tiéu thy ning luong thip. Gan day hon, Y. Xiong va cong su [87] dd mé rong nghién
ctru sang md hinh Cell-Free LS-MIMO, két hop giai ma suy giam theo mo dan quy mé 16n
(LSFD) va t6 hop 15i binh phuong trung binh tbi thiéu (MMSE), dong thoi dé xuét chién
lwge phan bo d6 phan giai ADC t6i vu giita cac tram truy cap. Cac nghién ctru trén déu c6
diém chung 1a huéng t6i téi wu hoa hidu ning hé théng LS-MIMO sir dung phan cimg
luong tir hoa thip, thong qua thiét ké cac thuat toan t6 hop tin hiéu va chién lwgce phan bd
tai nguyén phi hop, nham dap tmg ddng thoi cic yéu cau vé hiéu ning, do phirc tap va chi

phi trong cac hé thong khong ddy thé hé tiép theo.

C6 lién quan dén viéc thiét ké bo thu va tach song tin hiéu trong hé thong MIMO st
dung cac bd ADC d6 phéan giai thap, dic biét 1a ADC 1-bit, nhiéu cong trinh nghién ctru
gan day da tap trung dé xuét cac kién trac thu méi nham can bang giita hiéu ning hé thong
va chi phi phan ctng. Cu thé, A. Khalili va cong su [76] da gidi thiéu hai kién tric Hybrid
moi 1a Blockwise va Adaptive-threshold danh cho hé thong MIMO véi ADC 1-bit, hudng
t6i toi wu dung luong kénh trong didu kién sé luong ADC gi6i han. Céc két qua mo phong
cho thay hiéu ning dat gn muc t6i vu & ving SNR cao, khang dinh tiém ning trién khai

thuc té cho cac mang mmWave va LS-MIMO tiét kiém nang luong.

Cung hudng nghién ctru nay, X. Bai va cong su [81] da phan tich hi¢u nang duong
lén cua hé thong Cell-Free LS-MIMO str dung ADC d6 phan giai thip va bo thu ZF.
Thong qua mo hinh AQNM, nhém tic gia danh gia duoc tac dong cia luong tir hoa dén
chi sb ty 1& tin hiéu trén nhiéu cong véi nhiéu (SINR) va tbc do dat duoc, tir d6 chi ra réng
hé théng van duy tri hi¢u nang truyén din 6n dinh néu ciu hinh ADC duge lya chon phu
hop. Bén canh d6, A. Radbord va cac cong sy [93] da dé xuat bo thu tuyén tinh téi thiéu
hoa trung binh do phan tan (LMMD) cung phuong phap tach song két hop, gitip tan dung
hiéu qua thong tin “udc lugng mém” tir tin hiéu két hop trong hé théng LS-MIMO sir dung
ADC 1-hbit.

Trong bbi canh cac hé théng LS-MIMO sir dung bo ADC d6 phén giai thip dé giam
thiéu chi phi va tiéu thy nang luong, nhidu cong trinh nghién ctru gan day da tap trung khai
thac cac k¥ thuat nham duy tri hiéu ning hé théng trong khi van dam bao tiét kiém phan
cung. Cu thé, P. Dong va cong su [83] da dé xuat mot kién trac relay hai chang cho hé¢

théng LS-MIMO duodng 1én da ngudi dung, két hop k¥ thuat khuéch dai va truyén tiép
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(AF) voi bd thu MRC tai tram chuyén tiép. Két qua cho thdy hé thong van dat hiéu suét
phé cao va hi¢u qua nang lugng vuot troi, dac bi¢t khi sb lugng ang-ten tang, du s dung

ADC d¢ phén giai thap.

Tiép ndi hudng tiép can trén, Y. Guan va cong sy [86] dd nghién ciru kha ning uéc
luong vi tri trong hé thdng LS-MIMO uplink st dung ADC vai bit. Nhom tac gia dé xuat
chuyén tin hiéu sang mién goc 4o va ap dung mé hinh AQNM dé phan tich tac dong cua
nhidu lugng tir hoa, tir d6 phat trién hai thuat toan hiéu chinh huéng dén (DOA) va CSI
gitip giam dang ké sai s6 dinh vi. Két qua dat duoc cho thiy tiém ning 16n trong viéc Gng

dung cac hé thong dinh vi tiét kiém ning luong trong IoT va truyén thong di dong.

Trong khi d6, Y. Xiong va cong su [91] di tap trung vio bai toan két hop udc luong
kénh va tach song dir liéu cho hé thong LS-MIMO c6 hd tro bé mat thong minh phan xa
(RIS), dudi diéu kién str dung ADC d6 phén giai thip. Nghién ctru da phét trién cc thuat
toan dua trén phuong phap Bayes x4p xi nham han ché sai léch tin hiéu do lugng tir hoa
tho. Két qua thuc nghiém cho thy giai phap dé& xuit khong chi nang cao d6 chinh xac

truyén thong ma con phu hop véi kién tric truyén thong hién dai hudng toi mang 5G/6G.

Lién quan dén céc gid1 han ly thuyét, cu thé 1a toc do téng 6 thé dat duoc trong cac
hé théng MIMO nhiéu ngudi dung (MU-MIMO) sir dung luong tir hoa thod, Fan va cong sy
[35] da dua ra mot cong thie xap xi dang dong mo ta dong thoi hién tuong fading quy mé
16n va quy mo nho. Phu hop véi cac nhan dinh trong [119], phan tich cta ho cho thiy ring
viéc ting s6 lwong dng-ten thu co thé gitip giam thiéu ton that vé toc dd do ADC d6 phan
giai thdp gy ra. Ho ciing xem xét dén hiéu nang ning luong, dugce dinh nghia 1 bao gdm
ca cong suat phat va ton hao ning luong do cac bo chuyén doi ADC gy ra tai mang ang-
ten [121], va chi ra rang kién trac st dung ADC 1-bit va 2-bit dat duwoc hiéu ning ning
lwong t6i wu nhat. Gan day hon, Dang va cong su [5] da cung cip cac cong thirc 1d rang dé
xéac dinh ngudng cit téi wu cho ADC d¢ phan giai thip, qua d6 cai thién téc do tong duong
1én trong cac hé thong MU-MIMO.

Mo rong hon nita mé hinh ddu ra mém, Nguyen va cong su [37] da nghién ctru cac hé
théng LS-MIMO c6 mi hoa, st dung ADC vai bit cing v6i ma P-LDPC, trién khai
phuong phép tach song va giai ma két hop vé6i ky thuat khir nhiu giao thoa song song tai

bd thu. Phan tich cta ho cho thiy rang viéc ting sb lwong dng-ten thu co thé bu dép hiéu
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qua cho ton that d6 phan giai cua cac bd chuyén ddi, va ciu hinh sir dung ADC 4-bit c6 thé
tiém cén hiéu ning cua cac hé thong sir dung ADC do phan giai cao trong nhiéu kich ban

LS-MIMO khac nhau.

Liu va cong sy [115] d3 nghién ciru cach ma cac chién luge tach song tin hiéu anh
huong dén hiéu nang nang lugng cua cac bd thu LS-MIMO dugc trang bi ADC d6 phan
giai thip. Phan tich cta ho tap trung vao phwong phap tach song truyén thong ZF va bién
thé cai tién ciia n6 1a ZF két hop véi triét tiéu nhidu ké tiép. Véi gia dinh rang tat ca ngudi
dung déu c6 cung tc d6 muc tiéu, ho dd xay dung cac quy tic phan bd cong suat dang
dong nham t6i da hoa hiéu ning nang luong. Trong mot nghién ctru bd sung, Dai va cong
su [116] da danh gia cac toc d6 co thé dat duoc cia cac lién két LS-MIMO song cong hoan
toan véi ca dudng 1én va duong xudng, trong diéu kién lugng tir hda do phan giai thap. Két
qua cua ho cho thay rang viéc 4p dung cac quy tic diéu chinh cong suat hop 1y cing voi
viéc mo rong mang ang-ten tai tram géc c6 thé hiéu qua trong viéc triét tiéu nhiéu. Nguogc
lai, chi don thuan ting do phan giai ctia b chuyén dbi mang lai muc ting thong luong
khong dang ké, trong khi chi phi va tiéu thy ning luong ting 1én mot cach khong twong
xtng. Tong thé, cac tach song nay cing cb két luan rang kién tric st dung ADC d6 phan
giai thép 1a mot lya chon thuc tién va hép dan cho cac hé théng LS-MIMO tiét kiém nang

luong.

Nhom nghién ctru A. Shrivastava [84] va cong su di cong bé mot cong trinh nghién
ctru 4p dung hoc siu cho bai toan tach song tin hiéu trong hé théng MIMO sir dung ADC
mdt bit. Nghién ciru dé xuat kién trac Auto encoder end-to-end nham tdi wu ddng thoi bo
phat va bo thu dudi diéu kién luong tir hoa thd, gitp khac phuc méo tin hiéu do ADC 1-bit
gay ra. Két qua cho thiy phuong phap hoc sau ndy dat hiéu ning vuot troi so véi cac ky
thuat tach song tuyén tinh truyén théng, mé ra hudng tiép cdn mdi trong thiét ké bo thu

MIMO théng minh va thich nghi v&i gidi han phan cing.

Cong trinh nghién ctru vé so d6 diéu ché vi sai trong hé thong LS-MIMO sir dung
ADC d6 phan giai thap ciia D.-R. Emenonye [89] tap trung phat trién cac bd thu ML va
giam do phirc tap dé giai ma thong tin pha va bién d6 ma khong can wdc luong kénh.
Nhom tac gia dé xuét giai phap két hop dinh 1y Bussgang, dinh 1y gi6i han trung tdm va
thiét ké ADC 1-bit v6i cap luong tir bién thién (VQL), cho thay hiéu nang BER cai thién
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dang ké trong diéu kién thuc té. Nghién ctru mo ra hudng tiép cin hiéu qua cho thiét ké bo

thu trong hé thong LS-MIMO tiét kiém ning lugng.

Lién quan dén huéng nghién ctru vé k¥ thuat ma hoa xép chong tin hiéu (SPC) nhim
t61 uu hiéu ning truyén thong trong cac hé théng MIMO thé hé méi, nhidu cong trinh gan
day da dwa ra nhirng giai phap thiét ké va ma hoa day tiém ning. Cuy thé, L. Liu va cong su
[77] d4 trién khai co ché SPC trong hé thong Cell-Free LS-MIMO dé dong thoi hd tro hai
dich vu c6 yéu cau khac nhau 1a eMBB va URLLC. Nghién ctru ndy tap trung t6i vu hoa
phan bd cong suét va thuat toan beamforming thich nghi, nhdm can bang hiéu ning phd va
do tin cay. Két qua cho théy SPC mang lai hi€u qua vugt tro1, mo ra hudng rng dung SPC
trong mang 6G phtic hop. Song song d6, J. Fang va cong su [79] da huéng dén mot giai
phap ma hoa cu thé cho MIMO bang cach phat trién cu tric ma Globally-Coupled LDPC
(GC-LDPC) sir dung k¥ thuat xép chong tin hiéu. Phuong phap ma hoa nay cho phép ting
dang ké thong lwong ma van duy tri do tin cdy cao va do phiic tap giai ma thap. Két qua
thuc nghiém chi ra ring md GC-LDPC dat hiéu niang gan muc giéi han Shannon, phu hop

v6i yéu cau truyén dit lidu toc do cao trong cac hé thong truyén thong hién dai.

Trude do, 1. Krikidis va S. T. John [78] da nghién ctru ap dung SPC trong hé thong
MIMO hai chiéu qua relay, dic biét dudi diéu kién co sai s6 trong wdc luong kénh (CSI).
Nhom tac gia dé xuat mo hinh lva chon relay t61 wu theo tiéu chi max-min nham dam bao
d6 da dang va hiéu ning hé thong, ké ca khi st dung diéu ché co ban trong méi trudng
kénh khong 1y tuéng. Cong trinh nay dit nén mong cho viéc ap dung SPC vao cac hé
thdng MIMO thyc té c6 CSI khong hoan hao. Nhém tac gia H. Xu [100] va B. Bai di cong
bd mét phuong phap xdy dung mia LDPC QAM duya trén k¥ thuat xép chong tir ma nhi
phan quasi-cyclic, vdi muc tiéu dong thoi toi wu chu vi va sb chu trinh ngan nhét trong d6
thi Tanner. Nghién cru dé xuét thuat toan lya chon phan tir truong GF(q) nham giam 15i
san va nang cao hiéu ning giai ma lap. Két qua cho thdy cac md QAM x4y dung theo
phuong phap nay c6 hiéu ning stra 16i vuot trdi, pht hop voi cac hé thdng truyén thong

yéu cau dg tin cay cao.

Mot hudng nghién ciru mé rong ma LDPC trong chuan 5G bang cach ap dung k¥
thuat xép chong mot phan tin hi¢u dé xay dung mi Spatially Coupled LDPC (SC-LDPC)
da duogc tac gia J. Yang [101] cung cac cong su di cong bd vao nam 2025. Phuong phap
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nay gitp cai thién ngudng giai ma va hiéu ning BER ma van giit nguyén ciu tric tuong
thich véi ma LDPC-NR gbc. Két qua md phong va phéan tich EXIT chart cho thay SC-
LDPC dat hiéu ning vuot troi voi do phirc tap khong dbi, mo ra tiém ning ing dung trong
cac hé thong truyén thong trong tuong lai. CAC nghién ctru trén cho thay k¥ thuét didu ché
xép chong tin hiéu khong chi hitu ich trong viéc chia sé tai nguyén giita cac dich vu c6 yéu
cau khac nhau (nhuv eMBB/URLLC), ma con déng vai trd quan trong trong thiét ké bo ma
hiéu qua va kién trac hé théng MIMO hoat dong t6t dudi cac diéu kién kénh va phan cimg

khong ly tuéng—hudng té1 hién thyuce hoa hi¢u nang cuc han trong mang 5G/6G.

Nhitng ndm gan ddy, hudng nghién ctru két hop hé thong MIMO va ma LDPC ciing
c¢6 nhiéu két qua rat tét, nhiéu cong trinh da tap trung phat trién cac giai phap nham t6i uu
hiéu nang truyén thong, do tin cdy va chi phi tinh toan cho cac mang khong diy thé hé
moi. Cu thé, A. S. Mubarak va cong su [80] dd dé xuat mot kién trac MIMO st dung diéu
ché voi bién do6 khong ddi (Constant-envelope) két hop ADC 1-bit va md LDPC, hudng
dén giam tiéu thu nang luong va ting hiéu ning BER trong diéu kién SNR thap. Trong khi
do6, loat cong trinh ctia H. J. Park va J. W. Lee tir nam 2022 dén 2023 [96], [97], [99] da
tap trung phat trién phwong phap (JDD) c6 dd phtrc tap thap trong hé thong LS-MIMO da
ngudi ding ma héa LDPC. Nhom tac gia st dung cac cong cu nhu EXIT chart ba chiéu,
d6 thi nhan t6, va cac thuat toan BP xap xi Gauss (FG-GAI BP) hoic MMSE-PIC, dé t6i
vu hoa ddng thoi cdu tric ma va chién luge giai ma. Cac thiét ké nay déu dat hiéu niang
BER vuot trdi va tdc do hoi tu nhanh, phu hop voi diéu kién tinh toan han ché trong thuc
té. Ngoai ra, nghién ctru cua D. Benzid va M. Kadoch [98] cung cac cong sy dd md rong
ung dung ciia ma LDPC vao linh vuc bao mat vat 1y, khi két hop véi kién tric Ultra-LS-
MIMO va st dung md Raptor (dua trén LDPC duc 15) trong mé hinh nghe 1én. Két qua
cho thay hé thong vira dam bao do tin cay truyén dan cho ngudi dung hop phép, vira tang
kha niang chong nghe 1én hiéu qua—mot hudng di thiét thyc cho truyén thong an toan

trong mang 6G.

Trong nhimg nim gan day, kién tric Mixed-ADC (két hop giita cac bd ADC d6 phan
giai cao va thip) ngdy cang thu hut sy quan tdm trong nghién ctru hé thong LS-MIMO,
nho kha nang cin bang giira hiéu ning truyén thong va tiéu thu niang luong. Nhiéu cong
trinh tiéu biéu di duoc cong bd dé khai thac tiém ning cta kién trac ndy. Cu thé, B. Shi va
cong sy [73] da phan tich anh huong ciia Mixed-ADC dén d6 chinh xac DOA trong hé
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théng LS-MIMO, sir dung mé hinh CRLB va thuat toan Root-MUSIC. Két qua cho thiy
Mixed-ADC van dam bao hiéu niang dinh hudng tot véi murc tiéu thy ning luong thap. Z.
Zhen va cong su [88] tiép tuc phat trién hudng nghién cru ndy bang cach tdi vu phan bo sb
bit lwong tr hoa trén timg dng-ten, nhim cai thién dong thoi hidu ning phd va hiéu qua
ning luong trong kénh Rician. Trong khi d6, H. Gao va cong su [90] dé xuat thut toan
JBQA phdi hop giita thiét ké beamforming va diéu chinh d6 phan giai ADC, dat hiéu ning

ning luong vuot troi trong hé thong mmWave.

Mot khéi lwong 16n cac cong trinh nghién ciru di xem xét anh hudng cua luong tir
hoa thd va cac 16i phan cimg dén hiéu ning hé théng [64], [117], [119-120]. Nguyen va
cong su da dé xuat cac phuong phap dua trén hoc may — tan dung du thira kiém tra chan
1¢ hodc phan dir liéu can dugc giai ma — nham khac phuc cac trudng hop thong tin trang
thai kénh tai tram gdc khong chinh xac hoic khong co san; phuong phap cia ho cai thién
r0 rét ca hi€u nang va do bén vitng cuia bd thu LS-MIMO st dung cac bd ADC dé phan
giai thap [118]. Theo dudi y tuong twong tu, Gao va cong su [117] di ap dung k¥ thuét hoc
sdu vao bai toan udc lugng kénh trong cac hé théng LS-MIMO c6 kién triic Mixed-ADC.
Phuong phép cua ho khai thac cac quan sat tir dng-ten c6 do phan giai cao dé suy luan
thong tin kénh ciia cac ang-ten sir dung bd ADC d6 phan giai thap, dat dugc murc cai thién

hiéu nang dang ké ngay ca trong diéu kién khat khe cuia hé théng Mixed-ADC 1-bit.

Vé uée luong kénh, R. Zhang va cOng su [94] két hop thudt toan OMP véi
Beamspace transform cho hé théng mmWave str dung Mixed-ADC, cho thay hiéu qua gan
trong duong véi cdu hinh toan ADC d6 phan giai cao nhung giam dang ké chi phi phan
cting. Cung huéng téi vu tai nguyén phan cing, Y. Xiong va cong sy [92] trién khai md
hinh Iuong tir hoa bién thién trong hé thong Cell-Free LS-MIMO véi két ndi giao dién vo
tuyén phia trudce (Fronthaul) gi6i han, cai thién rd rét hiéu ning phd. Vé mit ning luong,
A. Musa va cong su [71] da khang dinh Mixed-ADC 14 giai phap thuc tién dé giam cong
sut tiéu thu ma van duy tri chat luong truyén tin. Pong thoi, A. Arfaoui va cong su [74]
da (mg dung hoc siu két hop cau trac Mixed-ADC trong hé thong MU-MIMO st dung
ADC 1-bit, dat hiéu ning gan tiém can cac hé thong dung ADC nhiéu bit. Téng thé, cac
cong trinh trén da chimg minh Mixed-ADC 1a mot giai phap can bang tdi wu gitta hiéu
ning, do chinh xac va chi phi nang luong trong thiét ké hé théng MIMO quy md 16n—mot
huéng nghién ciru day hira hen cho cic mang 5G/6G tuong lai.
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Trong bdi canh yéu cau ting toc do truyén va tiét kiém ning luong cia cac hé théng
truyén thong thé hé méi, ludn an nay hudng dén khang dinh tinh kha thi ctia viéc trién khai
kién trac tiét kiém ning luong cho hé théng MIMO hién dai. Cac két qua nghién ciru cho
thdy: cu hinh ADC/DAC thip-bit hoan toan kha thi trong mang 5G/6G néu dugc tdi uu vé
thuat toan t6 hop va sb luong dng-ten; viéc két hop ADC d6 phan giai cao va thap gitip
giam dang ké cong suat tiéu thy ma van duy tri hiéu ning truyén tin gan twong duong voi
c4u hinh toan ADC cao bit. Nhiing bo tach song ndy mo ra hudng thiét ké thyc tién, can
bing gitra hiéu ning, do chinh xac va chi phi phan ctmg cho cic bo thu trong hé théng LS-

MIMO.

Tir thyc tién trén, nghién ctru dau tién cta luan an tap trung danh gia hiéu ning cia
ma P-LDPC két hop véi diéu ché xép chong trong hé thong MIMO sir dung ADC d6 phan
giai thdp. Muc tiéu 13 1am 6 tiém ning cua diéu ché xép chong trong cac hé théng MIMO
16n, hudng t6i mg dung trong mang khong day thé hé méi. Noi dung nay duogc trinh bay

tai Chuong 2.
1.5.2. Cac nghién ciru trong nudéc

Tai Viét Nam, mot s6 nhom nghién ctru da budc dau khai thac tiém nang cia ma
LDPC trong cac hé théng MIMO hi¢n dai, véi muc ti€u cai thién hi€u nang truyén dan, toi
wu d6 phtc tap va chi phi phan ctmg. Cac cong trinh chi yéu nghién ciru tng dung wu
diém vé hiéu ning cuia ma LDPC cho cac hé thong thong tin khac nhau, hoidc 13 nghién ctru
cai thién hi¢u nang ctia bd giai ma st dung mot ma LDPC hién cé nao d6. Duéi day, luan
an xin duoc gi6i thidu mot sb hoat dong nghién ctiru dang chu ¥ trong linh vuc mi hoa sira
16i méi cuia cong dong nghién ciru ¢ Viét Nam:

Nhom tac gia Nguyen Thi Bao Tram [103] cung cong su dén tir Han Qubc va Viét
Nam di cong bd cong trinh nghién ctru tap trung phat trién kién tric giai ma QC-LDPC c6
d6 phuc tap thip va thong lugng cao, phu hop véi chuan truyén thong 5G New Radio.
Bang cach két hop thuat toan Min-Sum cai tién va thiét ké kién trac Pipelined layered,
nhém nghién ciru da toi wu dang ké tai nguyén phan cimg ma van dam bao hiéu ning giai
mi, qua d6 dé xuit giai phap kha thi cho cac thiét b truyén thong thé hé méi.

Mot huéng céi tién trong gidi md LDPC danh cho hé thong 5G New Radio da dugc
tac gia Tran Thi Bich Ngoc [104] cong bé tai Hoi nghi ISEE 2021. Nghién ctru gidi thiéu
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thuat toan Improved Offset Min-Sum (IOMS), gilp nang cao hiéu nang giai ma véi do loi
0.1 dB so véi thuat toan OMS truyén thong ma khong lam ting dang ké d phirc tap phan
ctimg. Hudng tiép can nay cho thiy tinh kha thi trong viéc trién khai cac bo giai ma LDPC
hiéu qua, phu hop voi yéu cau tée do va tiét kiém tai nguyén trong cac hé théng 5G hién

dai.

Trong nghién ctru [105] tac gia Nguyen Van Thanh Loc va Do Duy Tan da trinh bay
mot phuong phap thiét ké ma LDPC ngin hiéu qua danh cho cac tng dung IoT. Nghién
clru tap trung vao viée ing dung thuat toan di truyén (Genetic Algorithm) két hop cing bd
giai md Min-Sum dé t6i wu ciu trac md ngan (64—128 bit), loai bo chu trinh girth-4 va cai
thién chat lugng truyén thong qua kénh BI-AWGN. Két qua cho thay phuong phap dé xuat
mang lai hiéu ning vuot trdi, voi muc cai thién hon 11% vé BLER so v6i cac phuong phap
GA truyén thong, dong thoi gitr chi phi phan cimg thap — phi hop véi yéu cau cia céc thiét

bi IoT nang lugng thap va gidi han tai nguyén.

Tac gia Vu Duc Hieu [27] cung cac cong sy dén tir Viét Nam da cong bd trén tap chi
IEEE Access mot cong trinh nghién ciru thiét ké cac ma P-LDPC t6i uu cho hé théng
MIMO quy mé 16n sir dung ADC d6 phan giai thap. Nghién ctru dé xuét thuat toan PEXIT
cai tién nham phan tich chinh xac hiéu ning giai ma khi hé thong bi anh hudng béi nhiéu
luong tir do ADC gy ra, tir d6 thiét ké cAu trac ma phu hop. Két qua chi ra rang P-LDPC
duogc tdi uu hoa 6 thé dat hiu nang gan twong duong hé thong sir dung ADC do phan giai
cao, voi chi phi phan ciing thip hon, dic biét hiéu qua trong cac cau hinh MIMO 16n véi
d6 phan giai ADC tir 3 dén 5 bit.

Tac gia Dang Ngoc Hung [106] cung cic cong sy dén tir Hoc vién Cong nghé Buu
chinh Vién thong da cong bd hai cong trinh trong nam 2021, lan luot trén cac tap chi REV
Journal on Electronics and Communications va IEEE Access, tap trung nghién ctru hé
thong LS-MIMO st dung ADC d¢ phan giai thip két hop voi ma hoa Protograph LDPC.
Cong trinh dau phan tich hiéu ning ctia hé théng véi ADC 1-bit, chi ra rang viéc st dung
giéi han luong tir héa tiy chinh thay cho quy tic 3-sigma co thé cai thién dang ké BER,
dac bi¢t trong cac cAu hinh nhé hodc ma ty 1€ cao, dé)ng thoi nhin manh sy can thiét cua
viéc tai thiét ké ma LDPC. Cong trinh thi hai dé xuat kién trac Mixed-ADC va mé hinh

JDD trén db thi Tanner hai 16p, cho thdy hiéu ning gan tuwong duong v6i hé théng ADC do
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phéan giai cao ngay céd khi chi st dung 20-30% ADC d¢ cao, qua d6 mang lai gidi phap
hiéu qua vé chi phi va niang luong cho hé théng LS-MIMO hién dai.

Cong trinh nghién ctru [102] dd dwogc tac gia Nguyen Thu Nga cong bd tap trung
danh gia hiéu qua cac thuit toan giai ma LDPC (BP, OMS, LAMS) trén hé théng MIMO-
OFDM 5G chiu anh huong cua twong quan khong gian. Nghién ctru lam 1o vai tro cua
khoang cach giira cac dng-ten phat trong viéc cai thién hiéu ning giai mi, dong thoi
khuyén nghi thuat toan LAMS nhu mét giai phap toi wu cho hé théng 5G sir dung ma ty 18
cao trong moi trudong khong c6 dudng truyén truc tiép. Gan day nhat, hai nghién clu
[107], [108] lién quan dén hé thong MIMO — OFDM sir dung ma hoa LDPC ciing da duoc
cong bd. Cong trinh dau tién ing dung hoc sau (LSTM) dé dy doan dic tinh kénh theo thoi
gian, tir d6 nang cao hiéu qua giai ma LDPC trong truyén thong V2X, dic biét trong moi
truong dudng ham phirc tap. Cong trinh thtr hai so sanh hiéu ning giita ma LDPC va ma
Polar trong hé thong MIMO — OFDM — NOMA diéu ché bac cao, cho thdy LDPC c6 uu
thé vé téc d6 va kha niang xtr Iy trong méi trudng da nguoi ding, con ma Polar phu hop

v6i cac tng dung yéu cau do tin ciy cao hon du do phic tap 16n hon.

C6 thé thdy, chu dé nghién ctru ma NCS lya chon dang thu hat sy quan tAm manh mé
tir cong doéng khoa hoc qubc té trong nhitng nim gan day. Tuy nhién, tai Viét Nam, cac
nghién ctru vé ma LDPC van con han ché, chii yéu tap trung vaio cai tién thuat toan giai ma
hoic danh gia hiéu ning trong cac hé thong truyén thong on dinh va phd bién. Mic du viéc
nang cao hiéu qua ciia ma LDPC 1a hudng di quan trong, song van con khoang cach dang
ké so véi cac xu hudng nghién curu tién tién trén thé gid1. Pac biét, hién chua c6 cong trinh
nao trong nudc khai thac sy két hop gitra diéu ché xép chong va ma hoa protograph LDPC
trong hé thong MIMO quy mo 16n, sir dung diéu ché bac cao va ADC d6 phan giai thap —
mot hudng tiép can tiém ning gitp cai thién hiéu ning phd trong moi truong bi gidi han
boi luong tr hoa. Do d6, nghién ciru nay duoc lya chon nham gop phan b sung tri thic
trong linh vyc ma sira 16i hién dai, dong thoi thu hep khoang cach nghién ctu gitra Viét
Nam va thé giéi.

1.6. Két luan chwong 1

Chuong nay cung cip mot cai nhin toan dién vé nén tang 1y thuyét va bbi canh tng

dung lién quan dén van dé t6i vu hiéu ning trong cac hé thong MIMO dung luong 16m —
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cong ngh¢ dugc xem la tru cot trong viéc nang cao thong lugng, do tin cdy va hi€u qua st
dung phd cho mang 5G va huéng téi 6G. Noi dung chuong tip trung lam rd cac thanh
phﬁn then chot quyét dinh hiéu nang hoat dong cua hé théng, dac biét la vai tro cua bd
chuyén d6i ADC c6 d6 phan giai thap — giai phap gitp giam tiéu thu ning lugng va chi phi
phan cimg — két hop cing cac k¥ thuat diéu ché hién dai va ma hoa kénh dya trén ma P-
LDPC, vbn dugc danh gia cao nhd kha ning sira 16i manh mé& véi mire do phie tap tinh

toan twong ddi thap.

Bén canh d6, chuong ciing 1am rd mot sé khai niém nén tang quan trong nhu mo hinh
luong tir hda AQNM, céc dic trung ctia kénh fading, va nguyén 1y hoat dong cua hé thong
truyén dan ma hoa, tinh cht cta diéu ché xép chong tin hiéu nham cung cap co sd 1y luan
vitng chic cho viéc phat trién mo hinh va thuat todn duoc dé xut trong cac chuong tiép

theo.

Phan cubi chuong danh dé khao sat, phan tich hé thong cic cong trinh nghién ctu
tiéu biéu trong va ngoai nudc lién quan dén chu dé. Tur d6, ludn 4n tién hanh so sanh, tong
hop va chi ra nhiing khoang tréng hién van chua dugc khai thac day du — dic biét 1a sy
tich hop giita diéu ché xép chong va ma P-LDPC trong hé¢ thng MIMO sir dung ADC d6
phan giai thip va hon hop. Pay chinh 14 co s& dé xac 1ap cic muyc tiéu nghién ciru cu thé

ctia ludn an, s& duoc trinh bay chi tiét hon trong cac chuong sau.
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CHUONG 2.  PHAN TiCH VA PANH GIA HIEU NANG CUA PIEU
CHE XEP CHONG M-QAM MA HOA P-LDPC CHO HE THONG MIMO
CGO LON VOI BO ADC PQ PHAN GIAI THAP

Trong chuong nay, trude hét luan an xay dung so d6 truyén thong khong ma héa véi
diéu ché bac cao cho hé théng LS-MIMO str dung ADC dé phan giai thip. Trén co s& do,
hé théng duoc md rong bang cach tich hop ma héa P-LDPC két hop véi didu ché xép
chdng, nham danh gia hiéu ning va khai thac tiém niang ctia phuong phap nay trong cac hé
théng MIMO quy md 16n — nén tang ctia mang khong ddy thé hé tiép theo. Noi dung chinh

ctia chuong gdm:
e  Giéi thidu khung tach song va giai ma két hop cho diéu ché xép chong tin hiéu:

Luan an xdy dung mot khung két hop tach séng — giai ma dua trén thuét toan truyén
thong tin dugc diéu chinh dic biét cho diéu ché xép chong tin hidu. Bang cach phan i cac
ky hiéu diéu ché bac cao thanh tong ciia cac thanh phan BPSK, qué trinh tach s6ng van gitr
duogc tinh kha thi ngay ca khi s6 luong ang-ten 16n. Khung lam viéc dya trén d thi théng
nhat nay tich hop muot ma giita tach song MIMO va giai ma LDPC, cho phép trao doi
thong tin 1dp hiéu qua nhim giam thiéu nhidu, can nhidu chéo va sai léch do qué trinh
lugng tir hoa tho gy ra boi ADC d6 phan giai thap.

e  Thuat toan PEXIT cai tién dé danh gia hiéu ning 1y thuyét:

Luan an giéi thiéu mot phién ban cai tién cta thuét toan truyén thong tin ngoai lai
trén do thi Protograph (PEXIT), c6 tinh dén anh hudng tong hop cua suy hao kénh MIMO,
d6 phan giai cia ADC va cu tric ma protograph LDPC (P-LDPC). Khac véi cac phuong
phap dya trén EXIT truyén thong — vén chu yéu gidi han cho hé théng 1 dng-ten hoic
ADC d6 phan giai cao — khung PEXIT cai tién c6 kha ning:

e Dy doan ngudng giai ma lip ctia mot ma P-LDPC cho cac céu hinh dng-ten

MIMO khac nhau.

e  Dinh luong anh hudéng cia nhiéu thiét 1ap ADC do phan giai thip dén hiéu ning

tong thé.
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e  Tich hop céc chién luoc phan bd céng suit khac nhau (tirc 1a cac hé sb trong sb
khac nhau trong diéu ché xép chong tin hiéu) dé danh gid cach chang anh
hudéng dén ngudng hiéu nang.

e D¢ xuét phuong phap PEXIT trd thanh mot cong cu hé thdng dé thiét ké ma va
t6i wu hé thong trong pham vi rong cac thong s6 hoat dong.

e  Kiém chimg hiéu ning giita diéu ché xép chdng tin hiéu cung trong s6 (EW) va

khoang cach bang nhau (ED)

Thong qua ca phén tich 1y thuyét (dwa trén PEXIT cai tién) va mo phong, ludn an
cling x4c minh loi thé hiéu ning cia diéu ché chdng tin hiéu v6i phan bd EW so voi thiét
ké chom sao ED truyén théng. Mic du anh xa ED dam bao cac diém chom sao cach déu
nhau, nhung viéc phan bo cong suat dong déu EW cho timg 16p bit mang lai hiéu ning
BER vuot tri, dic biét trong cac hé thong sir dung ADC do phan giai tir thip dén trung
binh. Khoang céch hiéu ning nay van rd rét trong nhiéu loai ma LDPC va cdu hinh MIMO
khéc nhau, 1am nbi bat loi ich nhat quan cua diéu ché EW trong cac hé théng co luong tr
hoa tho.

2.1.  Hé thong MIMO c& 16m khéng ma hoa
2.1.1. M6 hinh hé thong

Xét hé théng truyén thong khong day khong ma héa sir dung so do LS-MIMO véi
N, ang-ten phat va N, ang-ten thu trong d6 4p dung diéu ché xép chong 16-QAM nham
nang cao hiéu qua bang thong (xem Hinh 2.1). Chudi bit thong tin b dugc dua vao khéi
chuyén ddi tuan tu sang song song thanh céc khéi gdm 2G bit, trong d6 G = %logz 16
tuong ng véi bac cua diéu ché 16-QAM. Véi bac diéu ché do, ta thu dugc G = 2, va do
d6 mdi khdi mang tong cong 4 bit, 2 bit dugc phan bd cho thanh phan dong pha va 2 bit

duoc phan bo cho thanh phan vudng pha cua ky hiéu dugc diéu ché.
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Hinh 2.1. So d6 khéi ctia bo phat trong hé théng truyén thong MIMO khong ma hoa
v6i ADC c¢6 d6 phan giai thap
Ludng bit phu dong pha bao gdm hai bit, Vi1 vaV,,, trude tién duoc diéu ché BPSK
dé tao ra hai phan tir tin hi¢u, S, ; VA& S, ,. Thanh phan déng pha ctia diéu ché 16-QAM thu
duogc bang cach nhan S;1Vva S, voi trong s6 tuong tng 1a a;,vaa,. Biéu thirc toan hoc
duoc tinh toan nhu sau:
St =aaVia+a;,V (2.1)
Tuong tu nhu vy, chung ta ¢6 biéu thirc cho thanh phan vudng pha:
So = ag1Vp1 + ag2Vo2 (2.2)
Céc h¢ s6 trong s phdi 1a s6 khong Am va thoa min rang budc nay: a?; + a?, = 0.5.
va ag, + af, = 0.5 Do do, tin hiéu 16-QAM duoc diéu ché c6 két qua:
§S=5+jSo (2.3)
Ky hiéu MIMO dugc truyén trén ang-ten tha m do d6 dugc dua ra
X[m] =Vi[m] +jVylm] m=12,--,N, (2.4)
trong do V;[m] va Vy[m] la cac phan tir dong pha va vudng goc cua diéu ché 16-
QAM.
Trong mdi lan st dung kénh truyén, cac ky hiéu diéu ché 16-QAM duoc phat dong
thoi tr Ny ang-ten phat thong qua k¥ thuat ghép kénh phéan chia theo khong gian (V-

BLAST). Tin hi€u thu nhan tai phia may thu c6 thé dugc mo ta boi mé hinh toan hoc sau:

1
Y—\/;tHX+Z (2.5)
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o Taiday, X = [X[1],X[2],---, X[N,]]” 1a tir ma dugc truyén.

e H e CVNt |3 ma tran kénh. Céc phan tir d6 duoc md hinh héa la Gauss phuc
i.i.d véi gia tri trung binh bang khong va phuong sai don vi CNV'(0,1). Trong khuon khé
luan an, NCS gia dinh rang thong tin trang thai kénh hoan hao (CSI) chi ¢ sin & bo thu.

e Z=1[Z[1],Z[2],-,Z[N,]]" € CNr*! 1a vecto nhidu Gauss tring phirc hop cong
c6 cac muc theo Gauss phirc voi gia tri trung binh bang khong va phuong sai N,
CN(0,N,). Cudicung, Y = [Y[1],Y[2],---, Y[N,]]" € C¥*1 1a ky hiéu nhan dugc.

Tai may thu, mdi thanh phan cua vecto tin hiéu Y trude tién duoc s6 hda biang mot
cap ADC 2-bit trudc bat ky qué trinh xtr 1y bang tan co s nao tiép theo. Méi quan hé giira
dau vao luwong tir hda Y va dau ra Yy cta no duoc biéu thi nhu sau:

Yo = Y+ Zy (2.6)

trong d6 ¢ =1 — p, va p 1a nghich d3o cta ty 1& tin hiéu trén nhiéu luong tir
(SQNR), phu thudc vao do phan giai ADC X (tinh bang bit trén méi mau). Vecto Zg biéu
thi nhiéu Gauss cong dugc cho 1a khong twong quan voi Y.

D6i v6i mot kénh thyc hién H nhat dinh, phuong sai ctia thanh phan nhiéu luong tir
hoa Zg [n] tai dang-ten thu thir n (d6i véi n = 1,2, ..., N,) [36] duoc tinh 1a:

N

o = 01— @) Y 1HInmIP” + Ny 27)

m=1
trong d6 H[n, m] biéu thi d6 loi kénh gita ang-ten phét thir m va ang-ten thu thi n,
va N, 1a phuong sai cua hang tir nhiéu AWGN trong (2.5). Do d6, phuong sai nhiéu lugng
tir hoa tong thé phu thudc vao ca hé sd fading va cong sut cia thanh phan AWGN.
2.1.2. B ADC ddng nhat 1-bit t6i wu
Theo md hinh kénh trong (2.5), cac tin hiéu dau vao cho ADC Z-bit tuan theo céc
ham mat do xac suat chuan (Gauss) [21]. Bé phl hop vai hd tro hitu han cua bo lugng tur
hoa v6 huéng dong déu, tin hiéu nhan dugc Y [n] trudce tién duoc chuin hoa dé dat duoc
phuong sai don vi. Sau khi dugc chuan hoa, tin hiéu s& dugc giéi han trong mot mién bién
d6 x4c dinh nhim phu hop vai dai dong cua bd lugng tir hda. Qua trinh nay thyc hién vige
cat ngudng tin hiéu sao cho gia tri ctia nd ludn nam trong khoang [—TL o 1L Q]. Biéu thirc

mo ta cé thé duoc viét lai dudi dang:
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—T, ifY'[n] <-Tp,
Y[n]=<Y'[nl, if =T, <Y'[n] =T, (2.8)
TLy» ifY*[n] > Ty,

Tai day, Y*[n] biéu thi phién ban chuan héa cua Y[n], trong khi Y[n] 1a tin hiéu bi
cit. Ngoai ra, Ly = 2% dai dién cho sb luong murc lwong tir ma bd luong tir hda vo hudng
ddng nhit Z-bit co thé phan chia khong gian tin hiéu. Sau khi thuc hién budc cit bién do,
tin hi¢u thu dugc dugc dua vao bd lugng tir héa vo hudng, trong d6 cac mirc lugng tir
duoc bd tri déu nhau véi kich thude bude xac dinh boi:

2T
A =22 (2.9)
Lo

Bang 2.1: Gia trj t6i wu clia Ty, cho cac mirc do phéan giai ADC khac nhau [5]

z 1 2 3 4 5

Lo 2 4 8 16 32

TL*Q 1.669 | 2.0912 | 2.4613 | 2.7909 | 3.0285

) 0.6261 | 0.8796 | 0.9628 | 0.9885 | 0.9936

Duya trén md ta vé qua trinh s6 hoa véi mot lugng tir hoa dong nhat, quy trinh lugng
tir hoa bao gém hai budc chinh. Pau tién, mot qua trinh cat gi61 han dai tin hiéu dau vao
trong khoang [—TLQ, TLQ], tr do sinh ra dd méo qua tai. Do méo nay phu thudc vao ca gia
tri ngudng T}, 0 va ham mat do xac suit (PDF) cua tin hi¢u dAu vao. Th hai, budc xép Xi
anh xa moi gia tri dau vao lién tuc thanh mot trong cac muc lugng tir hitu han (hoac trung
diém ctia cac murc nay), gay ra do méo hat. Loai dd méo nay chu yéu duge xac dinh béi s6
lwgng muc lugng tu, ky hiu la L,. Cac gisi han cit ngudng toi vu tng véi cac do phan
giai khac nhau, duoc thiét lap trong [5], trinh bay trong Bang 2.1.

2.1.3. Bo tach séng MIMO lan truyén d tin ciy dwa trén do thi Tanner

Trong phan nay, ludn 4n mo ta chi tiét bo tach song MIMO dua trén thuat toan lan
truyén do tin cay (reliability propagation) ap dung cho diéu ché nhi phan BPSK. Pay la
mot phuong phap di duoc phat trién va kiém chimg trong cac nghién ctru trude day [95],
va s& dong vai tro nén tang cho cic thuat toan tach séng — giai ma dugc dé xuat trong cac
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chuong tiép theo. Phan trinh bay khéng chi nhic lai nguyén Iy hoat dong cta thudt toan ma
con 1am 13 cach thire tich hop cta nd trong cau tric MIMO, qua d6 tao co s dé trién khai
cac k¥ thuat mo rong phu hop véi diéu ché bac cao va cac hé théng st dung bo ADC d6

phan giai thap.

Nl.’lt bléu tu’O’ng LA o000

LolN,ILN:] 2 La[NIN,]
\
Nt quan st (#) oo () .
Yol1] Yoln] Yo Ny]

Hinh 2.2. D6 thi Tanner cho qua trinh tach s6ng tin hiéu MIMO st dung

thuat toan lan truyén do tin cay

Gia str rang hé thong thong tin MIMO sir dung diéu ché BPSK c¢6 mé hinh kénh nhu

sau:
Y, = HX, + Z, (2.10)

Trong d6, mdi phan tir ctia vecto tuong dwong X, thudc vé ky hiéu diéu ché BPSK
(vi du: X,[m] € £1), va ma tran kénh H, c6 kich thudc N, X N,. Do do, bd tach song
MIMO dura trén d6 thi Tanner dugc biéu dién trong Hinh 2.2, trong d6 ¢6 N, ndt quan sat
tuong tng v6i N, ang-ten thu va N, nut ky hiéu twong Gng véi N, ky hiéu diéu ché BPSK.

Tin hi€u sau lugng tir hdéa do d6 dugc cho boi:

Yoo ~ @Y +Z (2.11)

va phuong sai ctia thanh phan nhiéu do luong tir héa duoc viét lai nhu sau:
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o3 In = p(1 =) 2= " IHInlmll? + Ny (212)

Trong phuong phap tach song MIMO dua trén do thi Tanner, cac gia tri thong diép
ngoai lai duoc lan truyén qua lai gifta cac nut quan sat va cac nat ky hiéu. Cac cong thirc
tinh toan cac thong diép nay s& dugc tom tit nhu sau.

Trong thuat toan két hop tach song va giai ma lip, ba loai thong tin riéng biét dugc
trao d6i qua do thi:

- L, [n, m]: thong diép duoc truyén tir ndt quan sét thir n dén nit ky hiéu tha m.

- Lg[m, n]: thong diép duoc truyén tir nit ky hiéu ther m dén nit quan sat th n.

- Lp[m]: ty 1 LLR cta ky hiéu Vg [m].

e Budc 1: Tinh toan thong dié€p tai cdc nat quan sat:

49R(H;[n][m]Y,,[n][m])

Ly[n][m] = N, nlim] (2.13)
Trong d6
Poglnllm] = Yoolnl = —=x > H[nllkI%[nllk] (2.14)
t k=1k#m
Va
X.[n][m] = tanh (%) (2.15)

Véi ky hiéu B,[n][m] 1a lugng thong tin ngoai lai duoc truyén tir nat ky hiéu tha m

té1 nt quan sat thir n trong qua trinh giai ma lap

¥, [n][m N z |H,[n][k]|? ( —| e[n][k]lz)

k=1,k+m

(2.16)
FNo+ 91— )| 3 D UHel][m] 4 N
m=1
e Budc 2: Tinh toan thong di€p tai cac nut ky hiéu
Lglm][n] = Lr[m] — Ly [n][m] (2.17)
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Vi
Llml = ) Lylnlim] (2.18)

NEN,
Nhu thé hién trong Hinh 2, d6 thi Tanner c¢6 nhiéu vong lip ngin, diéu nay cé thé
lam suy giam hi€u nang hoi tu ctua thuat toan ldp [10]. pé giam hién tugng dao dong, cac

gid tri clia Lg [n][m] dwoc cap nhat dan dan thong qua mot hé sé giam dao dong & nhu sau:

Ly [ml[n] = &Ly [ml[n] + (1 — &) (Lr[m] — Ly [n][m]) (2.19)
trong d6 i 1a chi sé lap.
e Budc 3: Khoi phuc ky hiéu di truyén
X,[m] = sign(Lp[m]) (2.20)
Dua trén X,[m],m = 1,2,--, N, chudi nhi phan giai diéu ché b duoc khoi phyc lai.
2.1.4. B tach séng md hinh hé thong MIMO 16-QAM khong mé hoa
Trong muc nay, ludn an phét trién cic biéu thirc toan hoc cho phép chuyén d6i mé
hinh kénh ciia hé thong diéu ché 16-QAM sang mot dang biéu dién twong duong dua trén
cac ky hiéu BPSK. Viéc quy doi nay giup hé théng c6 thé ap dung truc tiép k¥ thuat tach
song MIMO dua trén lan truyén do6 tin cay da duogc trinh bay ¢ Muc 2.1.3.

Y[1]
i Yoll]
Y[2]
i Bo chuyén | Y,[2] Yo _
doi Mo dun B9 tach song lan b
Q-ADCs tién xur ly Hp |tuyéndotincay[—
Y[N,]
i YolN,]

Hinh 2.3. B tach song lan truyén do tin cay

Nhu thé hién trong Hinh 2.3, kién trac tach song bao gdm hai giai doan — giai doan
dau tién 1a phan ri mo hinh kénh 16-QAM thanh mé hinh kénh BPSK, va giai doan thir hai

1a ap dung thuat toan lan truyén niém tin 1ap tiéu chuan.
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a. Giai doan 1: Phan ra kénh
Thay (2.5) vao (2.6), ta co

\/ﬁt s

Bay gid ching ta chuyén tir chom tin hiéu hai chiéu sang hé thdng chom tin hiéu

ASK 4 mtrc mot chiéu bang cach viét lai phuong trinh (3.18).

Yo = \/iN—t(Hl +jHq)(X; +jXq) + Zz (2.22)
Hoac
Yo = s (H,;X; — HyX,)
0 VM (2.23)
+j \/_ﬁt (HoX; + H/X,) + Zs
Dit

X
Xsasx = Xé] (2.24)

Trong do X, va X, la cac thanh phan bién do vudng pha va vudng goc pha ctia chom
tin hiéu 16-QAM, va chung 14 tin hiéu diéu ché ASK 4 mic nhu da dé cap trudc dé6 — mot
tin hléu dléu Ché mét Chléu K}” hléu H4ASK,T = [HI’ _HQ], Vé. H4ASK,i = [HQ, HI], ChL'Jng

ta co thé viét lai phuong trinh (2.23) duéi dang phuong trinh (2.25) nhu sau:

@ )
Yo = \/_ﬁ (H4-ASK,T +]H4ASK,L') Xyask + Zs (2.25)
t Haask
Hoac
9
Yo = —HyasXsa5x + Zs (2.26)

vV Nt
b. Giai doan 2: Chuyén d6i tir mé hinh kénh 4-ASK sang mé hinh kénh BPSK

Véi diéu ché xép chong, vecto X, 5 trong (2.24) co thé duoc viét nhu sau:

X _ XI] _ [ ariVip + a2V ]
AKXl T lagiVoa + ag2Vo2

Trong d6 V; 1,V 4, Vo1 VaVy, déu thudc vé cac tin hiéu BPSK. Coéng thuc (2.27) ¢6

(2.27)

thé dugc chia thanh hai chi s6 ky hiéu BPSK
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Vl,l VI,Z
X4—ASK = a1 VQ1 + az VQZ (228)

~—— ~—
Chiso 1 Chi s0 2

Thay X, 4sx trong (2.28) vao (2.26), ta co

aH V a,H V
_M[m]+w "2]+z2 (2.29)

Y. =
® JN,  Woa JN: e
bat
]
Vo
Xppsk = [V | (2.30)
1,2
VQ'Z
Va
Hppskx = [a1H4ASKr a2H4ASK] (2.31)
M6 hinh kénh trong (2.29) duoc viét lai nhu sau:
@
Yo = —HppsxXppsk + Zy (2.32)

NOA
trong d6 Y4 Va Zy, cung 1a ma tran c6 kich thude N, X 1. Nguoc lai, kich thudce cta
Hgpsk 12 N, X (4N,) va kich thudc cia Xgpsi 12 (4N;) X 1.
Khi quan sat biéu thie (2.32), ¢6 thé thdy day 1a mé hinh kénh tiéu chuin noi mot so
dd diéu ché nhi phan dugc st dung. Do d6, thuat toan tach song tin hiéu MIMO dya trén
lan truyén do tin cay & Muc 2.1.3 c¢6 thé duoc ap dung truc tiép, chi can diéu chinh phuong
sai cia nhidu Zs. Vi kich thudc cia ma tran twong duong Hppsx 13 N, X (4N,), do thi

Tanner gio day nén c6 N,. nut quan sat va 4N, nut ky hiéu.
2.1.5. Két qua md phéng

Trong phan nay, NCS trinh bay cac két qua thuc nghiém thu duoc tir mo phong may
tinh nham minh hoa hiéu ning cta so d6 diéu ché xép chong tin hiéu da dugc gidi thidu &
phan trude. Kénh truyén Rayleigh fading duoc sir dung va gia dinh rang thong tin trang
thai kénh (CSI) duogc biét hoan toan tai phia thu. S6 1an lap tdi da duoc dat 1a 10. Trong
pham vi nghién ciru, luan 4n khong chi xem xét mo hinh diéu ché co ban ma con phan tich
su tdc dong cua trong sb diéu ché 1én hiéu nang h¢ théng, dic biét 1a ddi véi cac cu tric

chom sao tin hiéu mo rong. Cac hé s trong s nay duoc sir dung dé anh xa tin hiéu theo so
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dd xép chdng, qua d6 hinh thanh 16 diém chom sao khac biét nhu minh hoa trong Hinh

24.

06 1
04r 1

02 1

Hinh 2.4. Chom sao hé s trong s diéu ché khac nhau cua diéu ché 16-QAM

lﬁ T T T . T ‘ T - T T T
@ Equal Weight
=

0.8 Il Equal Distanc

0.6 .
0.4 i

02 [ g

-0.8 | 5

s s e N = =

Hinh 2.5. Khoang cach bang nhau (ED) so véi trong s6 bang nhau (EW)
cta diéu ché 16-QAM
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Hinh 2.5 minh hoa mot trudng hop dic trung trong d6 cac diém lan can ctia chom sao
diéu ché duoc bd tri voi khoang cach bang nhau, NCS goi ddy 1a so d6 diéu ché ED. Péi
v6i so dd didu ché EW, thay vi duy tri khoang cach ¢ dinh giira cac diém, mdi bit duoc
gan ciing mot hé s trong sb, din tdi cdu trac chong 16p dic thu cua tin hiéu.

Bang 2.2 trinh bay chi tiét tap hé s6 xép chong twong tmg cho ca hai phuong phap
diéu ché, qua do cho théy su khéac biét vé mit to chuc tin hiéu dan dén cac dic tinh gidi
diéu ché va hiéu ning khac nhau trong hé thdng. Vi cac kénh thanh phan cing pha va
vubng pha co6 cung dic tinh, do do, trong trudng hop trong sé bang nhau, cic hé sd xép
chdéng 1a a; = a, = 0.5, diéu nay dan dén cac diém tin hiéu bi xép chong 1én nhau nhu thé
hién trong Hinh 2.5, khién chom sao tin hiéu chi con lai chin diém. Trong bdi canh nay,
khoang cach hinh hoc gitta cac diém trén mit phang khong con cung cap du thong tin dé
tach song chinh xac, ngay ca khi str dung ADC phén giai cao. Do d6, nhiém vu giai quyét
su mo hd nay khong dugc thuc hién tai tang diéu ché hay noi cach khac hé thong khong
mi hoa s& khong hoat dong dugc trong trudng hop trong sd bang nhau. Pé c6 thé hoat
dong trong trudng hop nay can phai chuyén sang tang ma hoa kénh va giai ma lap, noi c¢6
thé khai thac cau tric ma dé hd trg qua trinh phan giai cac diém tin hiéu bi trung. Mat
khéc, khi chon a; = 2 X a, v6i a, = 0.316 ta thu dugc cac khoang cach bang nhau giita
bat ky hai diém lién ké ndao. Tuy nhién, anh xa tir mdi t6 hop bit dén mot diém tin hiéu

trong truong hop nay khong phai 1a anh xa Gray.

Bang 2.2: Cac hé s6 xép chong cho diéu ché 16-QAM

So d6 diéu ché a, a,

Pituché 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 s6 diéu ché xép chong ED a; = 0.629 va a, = 0.311 va hé s6
trong sb toi wu cho trudng hop diéu ché xép chong khong ma hoa 4-ASK dugc chon nhu
Bang 2.3 ¢ dudi. Hé s6 trong s6 t6i uu cho diéu ché xép chong khong ma hoa 4-ASK 13 b
sd (ay,ay) théa man a; + a,? = 0.5 gilip xac suat 16i dat gia tri nho nhat tai mot cau

hinh MIMO, SNR va mtc ADC cuy thé. Gia tri t6i wu bd (ay, a,) phu thudc vao do phan
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giai ADC, tirc mdi mic ADC c6 mot b hé s6 tbi uu riéng. Gia tr1 ndy dugc xac dinh b'fmg

thuat toan tim kiém dua trén mo phong BER theo két qua da duoc nghién ciru [109].

Bang 2.3: Hé s6 trong s6 toi wu voi timg do phan giai ADC diéu ché xép chong

khéng ma héa

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 2.6 va Hinh 2.7 thé hién hiéu ning ti I 13i bit (BER) cua hai kién tric phan bd
cong suat tin hiéu hé sé trong s6 diéu ché xép chong ED va hé so trong sd tdi wu cho

truong hop diéu ché xép chong khong ma hoa 4-ASK.

) ED 1-bit ADCs
)~ OP 1-bit ADCs
—=d= ED 2-bit ADCs
107 || === OP 2-bit ADCs
== ED 3-bit ADCs
== OP 3-bit ADCs

5 ED 4-bit ADCs
105 -
OP 4-bit ADCs
ED 5-bit ADCs
OP 5-bit ADCs
10'6 1 | 1 1 |
0 2 4 6 8 10 12 14 16

Eb/N0
Hinh 2.6. Hi¢u nang BER: H¢ thong LS-MIMO 10 x 60, diéu ché 16-QAM khéng
ma hda
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BER

3 ED 1-bit ADCs
107" f| === OP 1-bit ADCs
| ==f==ED 2-bit ADCs
(| == OP 2-bit ADCs
10 f{==X="ED 3-bit ADCs
| === OP 3-bit ADCs

ED 4-bit ADCs
10 H OP 4-bit ADCs
g ED 5-bit ADCs
OP 5-bit ADCs
10-7 | | | |
0 2 4 6 8 10 12 14 16

Eb/NO

Hinh 2.7. Hiéu nang BER: Hé thong LS-MIMO 10 x 100, diéu ché 16-QAM khéng

ma hoa

C6 thé thay rang khi ADC c6 d6 phan giai thap (1-2 bit), so d6 ED dat hiéu ning
tach song tot hon so voi so 6 OP. Nguyén nhén 1a do & mirc luong tir hoa thé, tin hiéu dau
ra ADC bi méo luong tir nghiém trong, khién qua trinh téi wu trong s trong so do OP
khong con hiéu qua. Trong khi d6, so dd ED — voi khoang cach bién do giita cac tin hiéu
ddng déu — gitp duy tri kha ning phan biét tin hiéu rd rang hon, giam hién twong chong
chdp muc va suy hao nang luong.

Nguoc lai, khi do phan giai ADC ting (tr 3 dén 5 bit), lugng méo lugng tir giam
dang ké, cho phép hé sb trong sd toi wu trong OP phat huy hiéu qua phan bd cong suat hop
Iy hon gitra cac téng tin hiéu chéng. Nho d6, so dd OP dan vuot troi so voi ED, dat BER
thip hon ¢ cung gia tri SNR. Diéu nay chimg minh ring su lya chon phuong phap phan bb
cong suat phai phu thudc vao do phan giai ADC, tirc 1a & murc luong tir hoa thap, can uu
tién sy 6n dinh tin hiéu, con & murc lwong tir héa cao, co thé khai thac lgi thé hiéu ning.
Nhu vay, hai két qua mé phéng ndy khang dinh mdi quan hé danh doi gitta d6 phan giai
ADC va chién lugc diéu ché xép chong: khi phan cimg thu bi gidi han bai do phan giai
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thip, mot so d6 diéu ché 6n dinh, khoang cach déu s& hiéu qua hon cac k¥ thuat tdi wu
phuc tap. Nguoc lai, khi hé théng dat du d6 chinh xac lugng tir hoa, viéc tdi wu héa trong

) cong sudt méi thuc sy cai thién hiéu nang BER mot cach dang ké.
2.2.  H@é théng MIMO c¢& 16n ma hoa P-LDPC
2.2.1. Mb hinh hé théng

Mo hinh hé théng dugce str dung trong chuong nay duoc moé ta chi tiét trong Hinh 2.8.
Céu tric tong thé va cac gia thiét co ban cia mo hinh déu dugc xay dung dya trén nhiing
thanh phﬁn then chdt da néu tai Hinh 2.1 trong muc 2.1.1, bao gém dic ta tin hiéu dau vao,
dic tinh kénh truyén, cdu trac bd thu va cac khéi xir 1y tin hiéu lién quan. Viéc tai trinh bay
mo hinh nham dam bao tinh thong nhat vé mat 1y thuyét, dong thoi tao nén tang ro rang dé

trién khai cac thudt todn tach song va gidi ma dugc dé xuat trong cac phan tiép theo.

X[1]
V/,I
BPSK : .j
-l X[2]
ap;
- df: BPSK —®J J
b M hoéa ¢ Chuyén doi M
3 IMO
—p t tu sang a6 I\L
P-LDPC uan tr sang VQ ; I 1,C Tx
song song . BPSK —?— X[N]
So T
VQ G o ﬁ -
. BPSK —?— j
ap.c
(a) By phat tin hi¢u
YILI swsserusessRee Y SRS RS RRFRRR AR
i Yoll]
Y[2]
i Bo chuyén | Y[2] _ i
déi Mb dun Yo i |Bo tach song lan B6 gidi i b
Q-ADCs tién xir Iy T |truyén do tin cdy o .
Y[N,] LDPC :
i Yo[N,]
B¢ phat hién va giai ma tin hiéu
(b) B9 thu tin hi¢u

Hinh 2.8. So d6 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 thap.
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Gia st b 13 mot ludng bit thong tin dau vao co d6 dai K, trong hé thdng truyén thong
khong day MIMO. Ludng bit ndy trude tién duoc dua vao bo ma hoa P-LDPC, tao ra mot
ludng bit duoc ma hda ¢ co d6 dai N,.. Sau do, ¢ dugc phan ving tir tuan ty sang song song
thanh cac khdi gom 2G bit, trong d6 G = ilogz M va M 1a bac diéu ché. Trong so 2G bit
nay, G bit dugc anh xa vao kénh dong pha (1) va G bit con lai vao kénh vudng goc (Q).
Trong khudn khé didu ché xép chong, mdi bit Vik ddi voi k = 1,2, ..., G trude tién dugce
diéu ché thong qua khoa dich pha nhi phan (BPSK), sau d6 duoc nhan véi hé sé xép chong
a; ., voi rang budc Y5_; af, = 0.5. Mot quy trinh twong tu dwoc ap dung cho G bit trén
kénh vudng goc bang cach sit dung cic hé sb agr,k =12,..,G, phai théa man
Yo . aé}k = 0.5. Thiét 14p nay dwoc minh hoa trong Hinh 2.8.

Céc ky hiéu M- QAM két qua sau d6 dugc dua vao bd ma héa MIMO, thyc hién nhu
mot so dd truyén V-BLAST, trong d6 mdi ang-ten phat N, giri mot ky hiéu diéu ché riéng
biét. Do dé, c6 N, ludng dit liéu song song twong tmg voi N, ang-ten phat. Cac tin hiéu nay
duogc truyén qua kénh MIMO dén may thu c6 dng-ten N,..

Kénh truyén thong nay dugc mo hinh héa vé mit toan hoc nhur sau:

Y=HX+Z (2.33)
trong do

e X € CY*! I3 tir md MIMO duogc truyén di

e H e CM*Nt |3 ma tran kénh

e Z € C"*11a mdt vecto nhidu Gauss tring cong (AWGN) véi gia tri trung binh
va phuong sai N, bang khong.

Khong mat tinh tong quat, gia sit tin hiéu diéu ché duoc S[m] (véi = 1,2, ..., N, )
duoc anh xa truc tiép t6i X[m] trong tir ma MIMO X dugc truyén di. Nang luong tin hiéu
trung binh

E; = E[|X|?]
dugc chuan hoa bang 1.
Tir phuong phéap diéu ché xép chong dugc mo ta trong Hinh 2.8, ky hiéu truyén X[m]

c6 thé dugc bicu thi 1a:
G G
Xim) = ) apVidml +7 ) aguVoulml, (2:34)
k=1

k=1
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trong do6 a;j va ag lan luot 13 cac hé s6 phan bd xép chong (cong suat) cho cac
thanh phin déng pha va vudng pha, va V; [m] va Vox[m] la cac ky hiéu duoc diéu ché

BPSK trén mdi nhanh. O day, j biéu thi don vi ao.
2.2.2. Mb dun tién xir ly

Khdi nay chuyén ddi so d6 diéu ché bac cao thanh mét so do diéu ché BPSK tuong
duong, tir d6 cho phép 4p dung thuit toan tach s6ng lan truyén niém tin trén d6 thi Tanner
kép [27], [37]. Cach tiép can nay tao nén mot loi thé then chdt cua diéu ché xép chdng tin
hiéu trong cac hé théng MIMO c¢& 16n st dung diéu ché bc cao, vi n6 don gian hoa déng
ké do phtc tap ctia bo tach song tin hiéu MIMO.

Pé bat dau, luan an biéu thi ky hiéu MIMO duoc truyén X[m] tai dng-ten thad m &
dang phirc hop ctia no, trong d6 thanh phan thuc twong tng véi ky hiéu diéu ché pha dong

pha X;[m] va thanh phan 4o twong Gmg véi ky hiéu diéu ché vudng goc X olml:

X[m] = X;[m] + jXo[m], (2.35)
O do:
G
Xi[ml =) ayyelm] (2:36)
k=1
Va:
G
Xo[m] = z aoVoxlm] (2.37)
k=1
Ta co:
X,
Yo, = ¢[H; —Hg] [XQ] t 9L+ 1y, (2.38)
Va
X;
Yo, = ¢[Ho Hi] [XQ] t+ QL+ 1y, (2.39)

0 dé X, = [X,[1], X,[2], -, X, [M]]" va X, = [XQ[1],XQ[2],.~,XQ[M]]T
bat:

— [Yay
Yo = Y¢,Q]

Ta c6 thé viét lai:
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— [HI _HQ] XI] 0z + Zd),l]

2.40
H, H, |[Xol T lozg + 2o, (2.40)

Véi:

[Vm [m]]
|

| VI,Z.[m]

X;[m] = [ Q2 - Qg (2.41)

[v, o]

Vi[m]

[Vealm]]

|VQ2m

Xo[m] = [@e1 Qg2 - Qqg] (2.42)

1|

|

VQ c|lm] J
VQ[m]

,——

Dang r(t gon cta ky hiéu MIMO truyén di duoc dua ra dudi day:

X; a, 011V,

[XQ] B [0 aQ] VQ] (2:43)
Tai day, a; va a,, mdi ma trdn ¢ chiéu M X G, 13 cac ma trdn chtra cic hé sb xép

chong cho kénh dong pha va kénh vudng goc.

ajn Q2 -t Qg
a, = [ : : : ]
ajn Q2 Qg
o1 Qg2 ** Qog
a, =[ : : : ]
g1 Qg2 *° Qgg

Va 0 12 ma tran toan sb khong co kich thuéc M x G.
N HI _HQ d; 0 VI (pZI + ZCI),I
Yo=¢ [HQ H, ] [0 aQ] [VQ] + 0Ly + Z(D,Q] (2.44)

Hoac viét dudi dang:

Yo = pHo Ve + Zg (2.45)
Véi:
- HR _HI] [aR O]
Hs = 2.46
®71H, Hi[l0o a (2.46)
Va:
— Vg
Vy = VI] (2.47)



Theo dinh nghia, vecto Vg bao gdm 2 X N, X G phan tir dwoc rat ra tir so d6 diéu ché

BPSK, bao gdom hai diém tin hiéu {—1, +1}.
2.2.3. T4ach song va giai ma két hop trong hé théng MIMO

Khi s6 lwong dng-ten tiang 1én hang chuc hoic hang trim, cic phuong phap do tin
hiéu MIMO truyén théng — ching han nhu ZF, MMSE, giai mi hinh cau va do tim xac
sudt cyc dai - tré nén khong kha thi vé mit tinh toan [38], [39]. Do do, cac thudt toan
truyén tin dua ra mot giai phap thay thé day hta hen [27]. Vu va cong su [49] d3 x4y dung
thuat toan lan truyén thong tin cho cac hé théng thong tin khong ma hoa. Tuy nhién, cac k¥
thuat lan truyén thong tin hién c6 chi yéu dugce thiét ké cho cac so dd diéu ché nhi phan.
Trong phan nay, luan an dé xuat mot thuat toan lan truyén thong tin méi, dugc thiét ké dac
biét dé xir Iy khong chi cdc anh hudng cua luwong tir hoa trong ADC do phéan giai thap ma
con ca so do diéu ché xép chong tin hiéu bac cao, vén co thé chuyén doi thanh hé thong
diéu ché nhi phan twong duong. Pé minh hoa thuat toan két hop tach song va giai ma, luan

an str dung d6 thi hai 16p, dugc hién thi trong Hinh 2.9.

Nt kiém tra

NGt ky higu
/Nt bién

NUt quan sat

Hinh 2.9. D6 thi hai 16p cho bo két hop tach séng va giai ma ctia may thu

D6 thi nay bao gdm ba loai nut:

- Céc nat quan sé&t L, X N,., biéu dién chudi tin hiéu nhan duoc Y.
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-N, = 2 x L. x N; X G nit ky hiéu, biéu dién chudi ky hiéu duoc truyén V.

- Cac n(t kiém tra K = N, — K, twong tng voi cac phuong trinh kiém tra ciia ma P-
LDPC duoc chi dinh.

Céac mdi lién hé giita cac nut bién va cac nit kiém tra trong hé thong duoc quyét dinh
boi clu trac ciia ma tran kiém tra chén 1é thuéc bo md LDPC. Khi tin hiéu duge truyén qua
kénh, tap cac nut quan sat co kich thudc N, cung véi nhom 2 X N, X G nut ky hi€u tao
thanh mot d6 thi con chuyén dung cho qua trinh tach song MIMO, trong d6 mdi niit quan
sat duoc lién két véi toan bd cac nit ky hi¢u 2 X N; X G. Bén canh do, trong dd thi con
danh cho giai ma LDPC t6n tai N, n(t bién, mdi nat dai dién cho mat bit trong chudi mé c.
Giira cac bit mi va cac ky hiéu diéu ché ton tai quan hé anh xa mot-mot, khién cho mdi
cdp nit bién va nit ky hiéu tuong tng c6 thé dugce hop nhat thanh mot niit chung trong cau
trac dd thi hai tAng. Vi vay, trong sudt phan trinh bay ctia luan an, hai khai niém “nit bién”
va “nat ky hiéu” s& dugc str dung luan phién tity theo ngit canh ma khong gay nham 1an.

Trong thuét toan két hop tach song va giai ma lip, nim loai thong tin riéng biét duoc
trao doi qua do thi:

- L, [n, m]: théng diép duoc truyén tir nlt quan sat thir n dén nat ky hiéu tha m.

- Ly[m, k]: thong diép dugc truyén tir niit bién thir m dén nat kiém tra thir k.

- L[k, m]: thong diép dugc truyén tir n(t kiém tra thir k dén nat bién thi m.

- Lg[m, n]: thong diép duoc truyen tir nt ky hiéu ther m dén nit quan sat thi n.

- Lp[m]: ty 1 LLR ctia ky hiéu V[m].

Trong phﬁn tiép theo, luan an s& mo ta chi tiét co ché van hanh cia bo thu thuc hién
ddng thoi hai chirc ning tach song va giai ma duwa trén thudt toan truyén thong tin. Tai day,
ciu trac bo thu dugc xay dung theo hudng tich hop thém k§ thuat triét tiéu ky hiéu mém
nham nang cao do chinh xac cta qué trinh uéc lugng va cai thién hiéu ning giai ma trong
diéu kién kénh truyén phtic tap. Cach tiép cin nay cho phép bo thu khai thac t6i da thong
tin mém thu dugc tir ca cic nut quan sat va cac nut kiém tra trong dd thi, ddm bao qua trinh

13p hoi tu nhanh va on dinh.
a. Thong diép dwoc truyén tir cdc niit quan sdt dén cdc nit ky hi¢u

Tin hiéu nhan duoc tai nut quan sat thir n duoc dua ra nhu sau:
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Nt o

Folnml = @ ) HalnmlValm] + Zolm] =

= oo mllalml+¢ > Aaln tVolt] + Zo[m).

t=1,t+m

(2.48)

Interference

Trong A0 Ny gy =2 X N, X G

So véi hé thdng khong lugng tir hoa (@6 phan giai cao), tin hiéu thu duoc tai dng-ten
thir n ing v6i ky hiéu Vg [m] s& gap phai chiu thém mat thanh phan nhiéu bd sung (nhidu
lugng tir h6a) va bi suy giam thém bai hé s6 ¢ do qua trinh lugng tir hoa gay ra.

Trong luan an nay, k¥ thuat khir nhiéu song song [39] dugc st dung dé loai bo nhidu
gitta cac ludng con trong biéu thirc (2.48). Ky hiéu mém duoc udc luong trude tién dua
trén thong tin ngoai lai dugc truyén tir nat Ky hiéu tha m dén nit quan sét thi n. Gia st
Ve [n, m] 1a ky hidu mém thu duogc tir thong diép truyén tir ndt quan sat tha n dén nat ky
hiéu tha m. Béi véi so dd diéu ché BPSK, ky hiéu mém duoc tinh nhu sau:

Lptm. ] [rzn' n]> (2.49)

Vo[n,m] = tanh(

trong do Lg[m, n] 1a thong diép ngoai lai dugc truyén tir nat ky hiéu thir m dén nat
quan sat tha n. Ludn an gia dinh rang cac thong diép Lg[m,n],vn =1,2,---, L N,,Vm =
1,2,+-+, L.N; ¢ 1a khong tuong quan va thdéa man diéu kién nhat quan [40]. Ky hiéu mém
trong biéu thuc (2.49) hién duoc sir dung dé khir nhiéu tir tin hiéu thu tai nat quan sat tha n

db6i vai ky hiéu truyén tha m, Vg [m], nhu dudi day:

Nto
Plnm] = Vy[n,m] — ¢ z fyln, t]Vs[n t] (2.50)
t=1,t+m

trong d6 Yp[n, m] 14 tin hiéu nhan dugc cua ky hiéu truyén Vg[m] tai nit quan sat
thir n sau khi loai bo nhiéu.

Thong thuong, ky hiéu mém Vg[n, m] chi 1a mot x4p xi cia ky hiéu truyén Vg [m].
Do d6, mot ph?ln nhiéu du van con ton tai trong tin hi¢u Yq, [n, m] sau khi khu nhiéu. Goi

Wg [n, m] 1 phan nhidu du cong véi nhidu nén. Khi do, ta co:
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Nto

Welnm] = ¢ 2 Holn, t](Vo[n, t] — Voln, t]) + Zo[n] (2.51)

t=1,t+m

Ta c6 thé viét lai Y [n, m] nhu sau:
Yo[n, m] = Hg[n, mVe[m] + We[n, m] (2.52)
Nhu thé hién trong phuong trinh (2.51), nhidu du 13 tong cia N; ¢ bién ngiu nhién,
trong d6 N, ¢ thuong rat 16n trong cac hé théng MIMO quy mé 16n sir dung diéu ché xép
chéng tin hiéu. Do d6, theo dinh luét s 16n, ta Xép xi nhiéu du nay l1a mot nhiu Gauss
cong thém. Két qua 13, cong suét cua thanh phan nhidu du cong v6i nhidu nén Wy [n, m],

duoc tinh nhu sau:

Nto
_ A 2
Ualnml =¢> > sl (1 [Velncl]")
t=1,t+m
Nt
+?No + (L= @) | Y [Hglnm]? + N, (253)
m=1

Thong diép duoc truyén tir nGt quan sat thir n dén nat bién tha m 1a ty 1é log-
likelihood (LLR), dugc dua ra boi:
Pr(Yp[n, m] | He, Vo [m] = +1)
Pr(Yp[n,m] | He, Vo [m] = —1)

Ly[n,m] =1n

_ 49
B Yo [n,m]

R(Hy[n, m]Ve[n,m]) (2.54)

C6 tong cong N, théng diép duoc giri dén mot nat ky hiéu cu thé, va tong cua tat ca
cac thong diép nay twong dwong véi thong diép kénh (L., ) trong thuat toan truyén thong
tin truyén théng [41]. So véi biéu thirc dugc dua ra trong [38], biéu thic méi trong phuong
trinh (2.54) da tich hop thém anh hudéng cua nhiéu luong tir thdng qua cac hé sb ¢ va
We[n, m], von phu thudc vao do phan giai ADC va kénh fading nhu da dé cap trude do.
Khi st dung ADC c¢6 d6 phan giai thap 4¢/We[n, m] trong (2.54) bi giam di do ¢ ty 1&
thuan véi do phan giai ADC, din dén thong diép kénh L,[n, m] bi giam. Do d6, hiéu ning
cua bd gidi ma kénh s€ bi suy giam.

Trong gidi han d6 phén giai cao khi (£ — o0) thi, ¢, — 1 va thanh phan thir ba trong
phuong trinh (2.53) trd nén khong dang ké. Do do, thong diép kénh trong hé théng st dung
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ADC d6 phén giai thap sé& tién gn dén thong diép kénh cua kich ban st dung ADC dd
phan giai cao nhu trong [38].

b. Théng di¢p dwoc truyén tiv cdc niit bién dén cdc nit kiém tra

Xét nat bién thi m, nit nay dong thoi tiép nhan hai nhém thong diép: cac thong diép
guri tir N, n(t quan sét thudc dd thi con tach song MIMO va cac thong diép phat tir cac nat
kiém tra trong d6 thi con LDPC. Khi tao thong diép ngoai lai truyén téi nat kiém tra thi k,
nGt bién m s& tong hop tat ca cac thong diép dén tir cc nat quan séat va cac nat kiém tra
khac, nhung loai trir théng diép xuit phat tir nat kiém tra k dé tranh hoi tiép thong tin. Do

do6, thong diép ngoai lai gui di tir nat bién m duoc xac dinh nhu sau:

L,[m k] = z L,[tm] + z L,[t, m] (2.55)
tes,(m) tesS.(m)\k

trong d6 S, (m) biéu thi tap hop cac nit kiém tra dugc két ndi véi nat bién tha m va
S, (m) biéu thi tap hop cac niit quan sat duoc két ndi voi nat bién thir m.

So v6i phuong phap PEXIT thong thuong, hang tir dau tién ¢ vé phai ciia phuong
trinh (2.55), tic 1 Ytes, (m) Le[t, m], dong vai tro la thong diép LLR tir kénh truyén. Gia
dinh rang thong diép LLR tir kénh nay tuan theo phan phéi Gauss d6i ximg 1a mot yéu cau
then chét trong viéc phat trién thuat toan PEXIT [42]. Dbi v6i kénh MIMO st dung cac bd
chuyén d6i ADC, cong trinh trudc dy [37] da ching minh rang diéu kién Gauss nay thuc
su duoc thdéa man.

c. Tin nhdn dwec truyén tiv cdc nit kiém tra dén cdc nit bién

Thong diép tir nat kiém tra thir k dén nit bién tht m gidng hét nhu trong thudt toan

truyén thong diép thong thuong [41] va duoc cho bai:

1 — elaltkl
1- Hteé‘v(k)\m 1 + elak]
Ly[k,m] = In T oLaGA] (2.56)

1+ HtESv(k)\m 1+eL—a[t,k]

trong d6 S, (k) dugc hiéu 1a tap cac nat bién c6 lién két truc tiép voi nit kiém tra thix
k. Khi trién khai trong cac hé thong thuc, viéc tinh toan gia tri L[k, m] thuong dugc rat
gon bang cach st dung dang biéu dién théng qua ham tanh(-), gitp giam d6 phuc tap va
tang tinh 6n dinh s6 trong qua trinh thyc hién thuit toan truyén thong diép.
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d. Tin nhin dwoc truyén tir cdc nit ky hiéu dén cdc nit quan sdt

Xét nat ky hiéu thr m, nat nay dong thoi tiép nhan thong tin tir cc n(t quan sét trong
d6 thi con tach song va tir cac nit kiém tra trong do thi con giai ma LDPC. Khi hinh thanh
thong diép gui t6i NGt quan sat tha n, nut ky hiéu s& tong hop tat ca cac thong diép nhan
duogc, ngoai trir thong diép dén tryuc tiép tir nlt quan sat n. Vi vdy, thong diép duogc truyén

tir NGt bién m dén nat quan sat n ¢ thé dugc mo ta dudi dang:

Lglm,n] = Z L,[t,m] + Z Llt,m] —Lnm]  (257)
teSo(m)\n tesS.(m)
trong d6 S,(m) va S.(m) lan luot biéu thi tap hop cac ndt quan sat va nat kiém tra
két ndi véi nat ky hiéu thir m.
e. Cac thong diép hdu nghiém cua cdc bit ma hoa

LLR hau nghiém cua Ky hiéu truyén thir m sau khi hoan tat mot vong lip duoc xac
dinh bang cach cong don toan bo cac thong diép duge giri dén nat ky hiéu nay tir phia cac

nUt quan sat cling nhu cac nut ki€m tra, dugc biéu dién nhu sau:

Le[m] = z L,[n,m] + Z L[k, m] (2.58)
nes,(m) keSc(m)

LLR hiu nghiém sau cing dugc chuyén toi bo quyét dinh ctng (hard decision) dé
suy ra gia tri woc lugng cua bit ma. Viéc dua ra quyét dinh dugc thuc hién dua trén quy tac
so sanh ddu cua gia tri LLR: néu gi4 tri ndy mang ddu duong, bit duoc giai doan 1a “0”;
nguoc lai, néu LLR am, bo quyét dinh s€ gan bit “1”. Co ché nay dam bao lya chon bit
theo x4c sudt hau nghiém 16n nhat, dong thoi két thiic quy trinh giai mi sau toan bd cic
vong 13p lan truyén thong tin.

élm] = {2: Lt;[rzlr}gz(?p con lai (2.59)

O day ¢[m] 1a phién ban da duoc giai ma cia c[m]. Do do, chudi thong tin giai ma b
s& duoc thu nhan. Qua trinh truyén thong tin s& két thuc khi tat ca cac phuong trinh kiém
tra déu duoc thoa min hodc khi dat dén sb vong lap tdi da. Néu khong, qua trinh s€ 1ap lai

v&i viéc cap nhat thong tin tir cac nut quan sat nhu da trinh bay trong Muc 2.2.3.a.
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2.2.4. Do thi hai 16p MIMO va Protograph LDPC két hop

Biéu d6 protograph két hop giita MIMO va LDPC dugc minh hoa trong Hinh 2.10,
thé hién mot phién ban thu nho ctia biéu dd hai 16p dugce trinh bay trong Hinh 2.9. Bé don
gian héa qua trinh phén tich ludng thong tin tiép theo, luan 4n phan tach cic nut bién va
nut ky hiéu thanh hai thyc thé riéng biét, duoc két ndi v6i nhau thong qua mot bo két hop
phia trudc dé xtr 1y ludng thong tin xudi va mot bo két hop phia sau dé xir Iy ludng thong

tin nguogc.

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

Hinh 2.10. Tach s6ng tin hiéu MIMO két hop va b¢ giai ma P-LDPC

Phan MIMO trong protograph ciia hé théng két hop MIMO-LDPC bao gém N, nt
quan sét, N, o niit ky hidu, cliing véi tong s6 lién két bang N, ¢ X N,.. Cau triic dd thi con
nay duogc lap lai L, lan twong (ng véi s6 l1an sir dung kénh truyén, tao nén phan doan
MIMO trong d thi hai 16p nhu minh hoa & Hinh 2.10. Bén canh d6, phan LDPC trong
protograph két hop gdm V ndt bién, € nat kiém tra va hé théng cac canh nbi gitra hai tap
nat nay. Su két ndi giita cac nut duoc mo ta thdng qua ma tran proto B ¢ kich thudc
V x C trong d¢6 mdi phan tir B[c, v].

Pé thu duoc phan doan LDPC cua db thi hai 16p trong Hinh 2.10, d6 thi con LDPC

N¢ LCNt,CD

ctia protograph MIMO-LDPC két hop trudc tién dugc sao chép &, = i lan. Sau
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do6, mdt phép hoan vi dugc ap dung cho cac cdp canh ndi tir nht bién dén nut kiém tra
8. ndy, twong ng véi cling maot loai canh trong protograph géc [44]. Luu ¥ rang sb luong

nGt kiém tra duoc tinh bei: € = % = (1—=R,V.

Luan 4n dinh nghia nim loai thong tin twong hd (Mutual information) chinh, twong
g véi nam loai thong diép dugc trao ddi trén dd thi hai 16p trong Hinh 2.10 cta két hop
MIMO va P-LDPC, nhu sau:

+ I,[n,m] 1a thong tin twong hd bén ngoai giita gia tri LLR L, [n, m], duoc gui boi
nGt quan st thr n dén nat bién thir m va bit duoc ma hoa twong tng véi nat bién thi m.

+I,[v, c] 1a thong tin tuong hd bén ngoai giira gia tri LLR L,[v, c], dwgc gui boi nit
bién thir v dén nit kiém tra thir ¢ va bit duge ma hoa tuong wng voi ndt bién thi v.

+ I, [c, v] 1a thong tin twong hd bén ngoai giita gia tri LLR L, [c, v], duoc giri boi nit
kiém tra tha ¢ dén nit bién thir v va bit dugc ma hoa twong ung véi nit bién thir v.

+ Ig[m,n] la thong tin twong hd bén ngoai gitta gia tri LLR Lg[m, n], dugc gui boi
nGt ky hiéu tha m dén nat quan sat tha n va ky hiéu twong @ng vai nit ky hiéu thir m.

+ Ir[v] 1a thong tin twong hd hau nghiém giita gia tri LLR hau nghiém Lp[v] va bit
ma tuong tng véi nit bién thi v.

Thém vao d6, P, biéu thi nhan bi bi duc 15 cua nat bién tha v, duoc dat bang 0 néu
nit v bj thung (tirc 14 cac bit tir mi twong tng cua nd khong dugc truyén) va thanh 1 néu
khong bi duc 16.

2.2.5. Ludng thong tin twong hd thuin

Ludng thong tin twong hd theo chiéu thuin mo ta qué trinh lan truyén cta cac gia tri
thong tin ngoai lai tir cac niit quan sat, sau d6 duoc chuyén tiép qua cac nut ky hiéu va nut
bién, trude khi t6i cac nat kiém tra trong d6 thi hai 16p. Qua trinh lan truyén nay duoc
minh hoa trong Hinh 2.10.a va dong vai trd quan trong trong vi¢c hinh thanh cac udc
luong tin cdy & phia thu. Trong phan tiép theo, luan 4n s& phan tich cic ham théng tin
tuong hd lién quan dén dong truyén thong tin hudng thuan nay.

a. Théng tin twong hé 1,[n,m]

Do ban chét phat song cua tin hiéu vo tuyén trong cac kénh LS-MIMO, nit ky hiéu

th m nhan dugc N, gia tri LLR, mdi gia tri dén tir mot trong cac N, nat quan sat. Doi voi
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ma tran thyc hién kénh cb dinh Hg, thong diép LLR L,[n, m] dugc truyén tir ndt quan sat
thit n dén nat bién tha m (hay con goi 1a nat ky hiéu), nhu duoc suy ra trong phuwong trinh
(2.55), dugc cho boi:

Ly, m] = —22 S R(y n, ]y [n,m)

Yp[n,m

4 _ _
= Wﬂq(qﬂmq, [n, m]|?Ve[m] + Wy [n, m])

AT (9| Hop[n,m]|2Ve[m] + oR(H[n, mWeln,m])) (2.60)

trong d6 Hj[n,m] 1a lién hop phitc cia Hg[n, m], va W [n, m] 1a phuong sai cua

thanh phan nhiéu trong Yy [n, m].

Khong lam mét tinh tong quat, ta gia sir raing ma tir toan sd “0” duoc truyén di. Do

do, gia tri LLR L,[n, m] duoc biéu dién nhu sau:

_ 4¢9*|He[n, m]|? + R(Hy [n, m]Wo[n, m])
B Yy [n, m]

Ly[n,m] (2.61)

Vi E [zg [nz, m]z(*[ng, m]] = ¥ [ng, m] véi E(.) 1a toan tir ki vong, ching ta co:

(¢*1Ho[n,m]I* + pR(Hg [, MW [n,m])) ~

?|Hg [n,m][*¥s[n, m])
2

N <<pzlﬁq>[n, m][2, % (2.62)

trong d6 ~ N (x,y) chi ra ring mot bién ngau nhién tuan theo phan phéi chuan véi
Ky vong x va phuong sai y.

Tu do, ta co:

of,[n,m]

5 ,of[n, m]) (2.63)

Ly[n,m] ~ N(

Vi
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8¢?|Hg[n, m]|?
Yy n, m]

2
O-La

[n,m] = (2.64)

Gia tri LLR L,[n, m] tuan theo phan phéi Gauss d6i xing d6i voi mot ma tran kénh
da cho [43]. Két qua trong (2.63) duoc suy ra dudi gia dinh rang thanh phan nhidu cong

can nhiéu W [n, m] 13 mot bién ngau nhién Gauss phirc doc lap va phan phdi dong déu.
b.  Théng tin twong hé L, tir cdc nit ky higu téi cdc niit bién

NGt ky hiéu tha m nhan dugc tong cong N, théng diép tir cac nat quan sat N,. Goi
L,[m] 1a théng diép tong hop ma nut ky hiéu tha m, ta co:

Ny

L,[m] = z L,[n,m] (2.65)

n=1
Theo phuong trinh (2.63), tong thong diép ciing tuan theo phan phdi Gauss véi ky

vong va phuong sai nhu sau:

2
Ly[m] ~ N (GL“Z[m] o7, [m]) (2.66)
O do:
Ny
ot fml = ) of,[nm] (267)

va do d6 thong tin twong hd ngoai lai, I,[m], duoc tinh theo phuong trinh sau:
Io[m] = J(oq[m]) (2.68)

Vi J(x) dugc dua ra trong [41].

Luu ¥ rang I, [m] twong ty nhu thong tin twong hd kénh I, vén dugc truyén tir kénh
dén nut bién trong thuat toan PEXIT truyén thong [42]. Luén an dién giai I, [m] nhu mot
phién ban tong quat cua I, c6 kha nang tinh dén ca nhiéu du va nhiéu do lugng tir hoa.
Trong giéi han do phan giai cao cua cac bd chuyén doi ADC va khi triét tiéu nhidu 14 hoan
héo, I,[m] s€ trung khép v6i I,

Gia st do dai ma tién t6i vo han (N, — o), khi d6 mdi bit trong tng vi mot nat
bién duoc truyén qua tit ca cac dng-ten phat véi xac sut dong déu bang 1/ N; . Trong bdi
canh nay, chirc ning chinh ctia bo twong hd thuan 1a tinh todn gia tri trung binh ctia thong
tin twong hd do toan bd cac nut ky hiéu giri t6i, roi chuyén gia tri tong hop nay dén cac nat
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bién. Goi I, 1a gia tri trung binh cta thong tin twong hd duoc két hop theo co ché trén, ta

thu duoc biéu thire sau:

I Nmz I, [m] (2.69)

trong d6 I,[m] dugc dua ra trong (2.53).
Do d6, thong tin trong hd tir kénh truyén truyén tir cac nit ky hiéu dén nat bién thir p
duogc cho boi
I,[v] =B, Vv =12,V (2.70)
c. Théng tin twong hé I, tir cdc niit bién t6i cdc nit kiém tra
Biéu thirc mo ta luong thong tin tuong hd duoc chuyén tir ndt bién thir v sang nit
kiém tra tht ¢, ky hiéu 1a I, [v, c], tudn theo cing nguyén tic nhu trong thuat toan PEXIT

co dién di dugc trinh bay trong tai liéu [42]. Gia tri ndy c6 thé dugc xac dinh theo cong

thirc sau:

v, c] = (\/[/ 11, D] + o [v]) @.71)

Vi

05 [v] = Zies.onwe BLEvIT T Uplt, vD]? (2.72)

O d6, ham J~*(x) duoc cho boi [41].

Trong biéu thuc (2.72), S-(v) biéu thi tap hop cac nit kiém tra dugc két ndi vai nit
bién thir v. Can luu y rang [J~1(I,[v])]? trong biéu thirc (2.71) tuong duong véi g2, trong
ca thuat toan PEXIT gbc cho cac kénh AWGN [42] va phién ban diéu chinh cho cac hé
thong da dang khong gian. Trong nghién ctru [43], cac tac gia chi ra rang d6i voi mo hinh
kénh SIMO chiu fading Rayleigh, cac gia tri LLR sinh ra tir kénh khong tuén theo phan
phéi Gauss dbi xtng. Tuy nhién, két luan nay khong hoan toan ap dung cho hé théng LS-
MIMO. Nguyén nhan 14 trong kién tric MIMO quy mé 16n, mdi thong diép LLR dau vao
thuc chit duoc tao thanh tir viée tong hop N, thanh phan LLR riéng biét do N, ndt quan
sat cung cap. Theo luat sb 16n, c6 thé hop 1y gia dinh rang cac thong diép LLR tir kénh
trong truong hop nay tuan theo phan phdi Gauss dbi ximg, diéu da duoc xac minh trude d6
trong [27], [37].
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2.2.6. Ludng thong tin twong h nghich

Ludng truyén thong tin trong hd theo hudng nguoc mé ta co ché lan truyén cua cc
thong diép ngoai lai bit dau tir cac nut kiém tra, sau d6 di qua cac nit ky hiéu va nat bién,
trede khi quay tro lai cac ntt quan sat. Qua trinh nay dugc moé phong trong Hinh 2.10.b,
thé hién 6 cau tric trao d6i thong tin giira cac 16p nat trong d6 thi hai 16p két hop MIMO—
LDPC. O phan ké tiép, ludn an s& tap trung phan tich chi tiét cac biéu thirc dic trung cho
thong tin trong hd trong nhanh truyén nguoc ndy, qua d6 1am rd vai tro cta ludng thong

tin tir bo giai ma ddi v6i qua trinh cap nhat do tin cdy trong bo tach song MIMO.
a. Théng tin twong hé I, tir cdc niit kiém tra t6i cdc niit bién

Viéc tinh toan thong tin tuong hd duoc truyén tir nit kiém tra thir ¢ dén nat bién thir

v giong nhu trong thuat toan PEXIT truyén thong [42]. Ta tinh toan I, [c, v] nhu sau:

Ilc,v] =1—](a,lc]) (2.73)
Véi
oilel= ) Ble (1~ Lt D @74)
tes,(c)\v

b.  Théng tin twong hé I, tir cdc niit bién tdi cdc nit ky hi¢u

Goi I, [v] | téng thong tin twong hd ma ndt bién thir v nhan duoc tir cac nit kiém tra.

Ta co:

I,[v] = Z I [c, v] (2.75)
ceS:(v)

Dua trén gia thiét ¢6 dai ma tién téi vo han, xac suat d& mot nit ky hiéu lra chon
truyén bit ma tuong ung véi nut bién the v 1a 1/(XY_, P,). Vi gia thiét nay, bo két hop
theo huéng nguoc dong vai tro tong hop va lay trung binh lugng thong tin twong hd nhan
dugc tir toan bo cac nut bién trude khi chuyén thong tin nay tré lai cac nat ky hiéu. Nhu
vay, gia tri thong tin twong hd trung binh lan truyén tir tap cac nit bién t&i cac nut ky hiéu

trong pha truyén nguoc dugc xac dinh theo biéu thirc sau:

74
1
Ib = m; Pvlb [U] (276)
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c. Théng tin twong hé I g tw cdc nut bién t6i cdc nit kiém tra

Théng tin twong hd duogc truyén tir nit ky hiéu thi m dén nat quan sat thi n, ky hiéu

la Ig[m, n], dugc tinh theo cong thirc sau:

Ig[m,n] =]< ol [m] + ab2> (2.77)
Véi
oy = [7*Up]? (2.78)
oiiml = ) U UltmDP?
teSo(m)\n
_ _ 8¢*|Holt, m]|?
= 2 a2[t,m] = z Ve ] (2.79)
teSo,(m)\n teso,(m)\n

2.2.7. Thoéng tin twong hd APP

Tinh toéan gia tri Ir[v] cho ndt bién thir v

Ir[v] = ]( 02 + aj [v]> (2.80)
Voi
o= ) BlLvl[ Ul vD? (2.81)
tes:.(v)

2.2.8. Thuit toan PEXIT dé xuat cho cac hé thong truyén thong LS-MIMO véi ADC
c6 d6 phan giai thap

Thuat toan PEXIT 1a mot cong cu da duogc kiém chirng rong rai trong viéc du doan
hiéu ning ctia cic ma LDPC dang protograph duéi nhiéu mé hinh kénh truyén khic nhau
[42], [43]. Tuy nhién, phién ban gdc cua thuét toan nay chu yéu duoc thiét ké cho cac hé
thdng c6 do phan giai cao, bao gém ca cau hinh don dau vao don dau ra (SISO) hoic
MIMO truyén thong. Trong phan nay, ludn 4n giéi thiéu mot thuat toan PEXIT méi ¢ kha
ning tinh dén cac anh huéng cia bd chuyén ddi ADC c6 do phan giai thdp, nhd d6 phu
hop voi qua trinh tach séng va giai ma dong thoi dua trén truyén thong tin trong cac hé
thong LS-MIMO.

70



Thuat toan PEXIT duoc dé xuét duoc xay dung bang cach ap dung cac ham thong tin

tuong hd tir cac muc nho trudce vao cic tham sé ciia mot cau hinh MIMO cu thé, gom:

H¢ théng LS-MIMO cho trudce véi cau hinh 1a N, ¢ X N,
Mot ma tran co s& B co kich thudc € X V
Murc tin hi¢u kénh E, /N,

D0 phan giai cia ADC X va céc hé so trong so di€u ché xép chong

Thuat toan LS-MIMO-PEXIT dugc trinh bay nhu sau:

(@]

Bwoc 0: Khoi tao

, A V—C
Tinh todn ti 1é ma: R, = o7——
217:1 P’U
’ r A A X Nt
Tinh toan cong suat nhieu Ny = ————
Rc(Ep/No)

Gan lan luot cAc gia tri cho ¢ twong Gmg v6i mirc d6 phan giai T tir Bang 2.1
Cau hinh hé théng MIMO v6iN, o dng-ten phat va N,. ing-ten thu

Thiét 1ap gia tri ban dau cho Ip =0

Pit cac tham s6 cho diéu ché xép chong véi s6 bac M

Gan gia tri cho cac hé s6 thanh phan tin hiéu thuc a1 Q12,5 A 3777
Gaén gia tri cho cac h¢ sb thanh phén tin hi€u 40 ag 1, a92, "+, Ao, /42
Sinh ra F, cac ma tran kénh LS-MIMO H,,H,, ---, Hg

Buéc 1: Tién xir Iy

Hinh thanh ma trdn a; va a,

Véi mdi f = 1,2, -+, F, tinh todn ma tran kénh tuong tmg: Hy, ;

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

Chof =12, ,F,

Chom=1,2,--,N,go van =1,2,-+,N,

Tinh oz = J71(I5)

5 . 0'2
Khoi tao Lg, f[m,n] ~ N <i 7[’, Jﬁz)
U6c luong xép xi thong tin mém cho ch, +[m,n] = tanh (Lﬁ,f[zm,n])

Tinh Wy, £[n, m] str dung biéu thirc:
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Nto

Yorlnml = > > |Hoslntl]* (1= Vo lon]]")

t=1,t¥m
Nto

_ 2
+@*Ny + o (1 — @) |Ho s [n.m]|” + Ny

m=1
o Chom=1.2,,N.o

o  Tinhtoan I, f[m]

I =
(Z.f [m] lpq)'f [n, m]

[ 1 82t mf*
'\ )

n=1

O

Tinh gia tri trung binh cua I,  trén tat ca cac kénh stra 16i

F,

1 c
I(Z[m] = E(Ia,f[m]) = FE Ia,f[m]lvm = 1;2) “';Nt_QD-
c
f=1

o Chowv=1,2,-,V, thuc hién tinh I,[v] qua biéu thirc

Nto

1
Lalv) = B | 5= ) lalm]

m=1
Luu y rang néu nit bién thir v 1a nat duc 16 thi gia tri P, = 0 va nguoc lai thi P, = 1.
- Bwéc 3: Cip nhdt théng tin tiv nit bién téi nit kiém tra
o Chov=12-,Vvac=1,2,--,C,thuc hién tinh gia tri I, [v, c]

= Néu B[p, q] # 0, thuc hién tinh gia tri I, [p, q] st dung biéu thirc

Lv,c] =] j Z B[t, v][J71U,[t, vD]? + oZ[v]
tesc(v)\c

Véi
oo[v] =] Ua[vD.

=  NéuB[v,c] =0, gangiatri I,[v,c] =0

- Bwéc 4: Cip nhdt théng tin tiv nit kiém tra ti nit bién

o Choc=12,-,Cvav=12,--,V thyc hién tinh gia tri [, [c, V]

= Néu B[c,v] # 0, thyc hién tinh gia tri I, [q, p] sir dung biéu thic
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levl=1~] J > Ble U - L[t cDI?
teSy(c)\v

=  NéuB[c,v] =0, gan gia tri I,[c,v] = 0

- Bwdc 5: Cdp nhdt thong tin twr nut ky hiéu toi nut giam sdt

o Chof=12-F

= Chom=12,,Ngvan=12-,N,, thuc hi¢n tinh gid tri I ([m,n] st

dung biéu thirc
Ig slm,n] = ]( cfj;[m] + 05)
Véi

_ 2
8¢? |H¢,'f [t,m] |
lqu'f [t, m]

O-a} [m] =
teSo(m)\n

Va

Vo1 XS, L[c,v]

o =) Up) =] ( e )
’ ’ vt PLv]
= Chom=12-,N;,gvan=12,-,N,, thyc hién tinh gia tri Ig[n, m] st dung

biéu thirc:

1 &
Ig[n,m] = ]E(Iﬁ'f[n, m]) = Fz Ig f[n, m]
f=1

- Buwéc 6: Tinh thong tin twong hé APP-LLR
o Chowv=1,2,--,V, thyc hién tinh gia tri I-[p] st dung biéu thirc

Cc
vl =J{ [ozlv]+ ) Ble, vl Uyle, vDI?

- Buwéc 7: Kiém tra gid tri I.[p] va ldp lai Buwéc 2 — Buwde 7 cho dén khi
Irlvl=1vv=1,2,---,V

Thuat toan PEXIT duoc dé xuét s& hoi tu khi gia tri E, /N, dat dén hodc vuot qua
ngudng giai mi lip yéu cau. Vi vy, ngudng (E,/N,)* dugc dinh nghia 13 gia tri nho nhat

tai d6 thong tin twong hd giita cac thong diép xac sudt hau nghiém (APP-LLR) va céc bit
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mi turong Gmg cua chiing hoi tu vé 1. C6 thé nhén thiy ring quy trinh PEXIT duoc dé xuét
cho cac hé thdng st dung ADC d6 phan giai thip c6 su khéac biét dang ké so voi thuat toan
PEXIT chuin [42], ngoai trir Budc 3. Su khéc biét nay chu yéu nam & viéc md hinh hoa
tac dong cua qua trinh lugng tir héa tho trong Bude 2 va Budce 5, noi cac ham thong tin
tuong hd dugc diéu chinh dé phan anh chinh xac anh huong cia cac muc phan giai ADC.
Muc phan giai nay duoc ky hiéu boi bién ¢, tham gia truc tiép vao qué trinh tinh toan
phuong sai nhiéu Wg, ; tai Nt quan sat n. So voi cac cong trinh gan day vé tach song va
giai ma két hop [21], [27], diém méi cua thuat toan PEXIT dugc dé& xuit ndm & Budc 1,
noi tin hiéu thu duoc duge xtr 1y so bd dé phu hop véi bo tach song tin hiéu dya trén dd
thi. Hon nita, cac hé sb trong s trong so dd diéu ché xép chdng ciing dugc tich hop vao

qua trinh tinh ngudng.

2.3.  Danh gia hiéu niing ciia ciac hé thong truyén thong diéu ché xép chong ma hoa

P-LDPC

Trong phén nay, luin an st dyng thuat todn PEXIT dugc dé xuét dé danh gia hi¢u
ning ctua ba md P-LDPC d3 dugc thiét ké trude d6 cho cac kénh AWGN va kénh fading
v6i cac truong hop diéu ché bac cao 16-QAM va 64-QAM. Cac protograph twong tng
duoc biéu dién trong cac ma tran (2.82), (2.83) va (2.84): ma tran dau tién (2.82) va ma
tran thtr ba (2.84) c6 kich thudc 6 x 3 duoc thiét ké toi wu cho kénh LS-MIMO trong mot
nghién ctru truée d6 [27], trong khi ma tran thtr hai (2.83) c¢6 kich thudc 8 x 4 duoc thiét
ké cho kénh AWGN [47].

3101 0 1
Bes=12 1 2 2 1 0 (2.82)
321010
3300100 0
123010100
B8X4_32100211 (2.83)
0 02 2 20 21
3100 0 1
Bz =(3 0 1 2 1 0 (2.84)
322 110
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Trong budc dau, luan 4n tién hanh danh gia hiéu ning cua hai ma P-LDPC (2.82) va
(2.83) trong kich ban mdi ky hi¢u diéu ché mang bdn bit thong tin — hai bit cho thanh
phan ddng pha (I) va hai bit cho thanh phan vudng pha (Q). Cu triic nay twong Gng voi so
dd diéu ché 16-QAM thong thuong, trong d6 mdi diém chom sao biéu thi t6 hop cua bdn

bit dir lidu.

Bang 2.4: Ngudng gii ma lip: Ma P-LDPC 6 x 3 (2.82), MIMO 10 x 40, 10 x 60,
10 x 80, 16-QAM

. 5 . \ . Do 1oi higu

Do phan giai ADC | Cau hinh MIMO | Dbicu ché¢ EW (dB) | Bicu ché ED (dB) ning (dB)
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

Quan sat Bang 2.4 d6i véi ma 6 X 3 dudi cau hinh MIMO 10 x 40, ta thdy rang
chom sao tin hiéu véi EW dat dugc ngudng giai ma lap thip hon dang ké so v6i chom sao
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tin hiéu ED. D6 chénh 1éch giita hai so d6 chom sao nay x4p xi 1,2 dB trong trudng hop do
phan giai cuc thip voi ADC 1 bit. Khi do phan giai cia ADC tang 1én, khoang cach nay
van duy tri trong khoang tir 0,98 dB dén 1,02 dB, diéu nay cho thiy rd wu thé cua phuong
phap EW so véi ED.

Mot mé hinh ting cudng cong sudt twong tu ciing co thé duoc quan st trong ciu
hinh MIMO 10 x 60, nhu thé hién trong Bang 2.4. Mic du khoang céach gitta hai phuong
phap hoi thu hep hon & mirc do phéan giai thap caa ADC, sy chénh 1éch van duy tri khoang
0,99 dB, tuong ty nhu trong truong hop MIMO 10 x 40. Thiét ké bo tach song nay cho
thdy viéc ting s lwong dng-ten thu la rit quan trong khi sir dung so d6 ADC 1 bit, boi vi
s6 lwong tin hiéu thu 16n hon giup trung binh héa nhidu luong tr héa. Bén canh loi ich
nay, viéc tang so luong ang-ten thu con gitp giam ngudng tir 0,26 dB xuéng —1,81 dB d6i
v6i ADC 1 bit va tir —2,53 dB xudng —4,33 dB ddi voi ADC 5 bit, twong duong véi viée
tiét kiém cong suat khoang 2 dB va 1,8 dB tuong mg.

Mot cau hinh MIMO khac, 10 X 80 cling dugc lua chon dé khao sat xu hudng nay,
v6i cac ngudng giai ma lip duoc liét ké trong Bang 2.4. Dit liéu cho thiy rang viéc tiét
kiém cong suat tiép tuc ting khi s6 lugng dng-ten thu ting, trong khi wu thé cia chom sao
EW van rd rang, v&i khoang cach dao dong tur 0,98 dB dén 1,09 dB. bang chu y, khoang
cach nay giam nhe tir 1,12 dB xudng con 1,09 dB khi sd lwong ang-ten thu ting tir 60 1én
80 & ADC d¢ phan giai 1-bit.

Tiép theo, luan an phan tich hiéu nang cua mdt ma P-LDPC dugc thiét ké cho kénh
AWGN, vé6i ma tran gdc c6 kich thudc 16n hon so vi ma da st dung trong cac nghién ciru
trude d6. Cac ngudng giai ma 1ap d6i voi ma nay, dudi cidu hinh MIMO 10 x 40, duoc
trinh bay trong Bang 2.5. Nhin chung, cac gia tri ngudng nay cao hon trong moi kich ban
s0 v4i cac gia tri trong Bang 2.4, cho thdy rang ma P-LDPC nay kém hiéu qua hon trong
moi trudng fading so véi ma duogc thiét ké riéng cho cac kénh fading. Cu thé, véi ADC 1-
bit, ngudng ctia phwong an hé s6 EW cao hon 0,27 dB, trong khi ctia phuong an hé s6 ED
cao hon 0,35 dB.
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Bang 2.5: Ngudng giai ma lap: M& P-LDPC 8 x 4 (2.83), MIMO 10 x 40, 10 X 60,

10 x 80, 16-QAM

Do phan giai ADC | Cau hinh MIMO | Diéu ché EW (dB) | Piéu ché ED (dB) Do loi hicu
nang (dB)
MIMO 10x40 0.53 1.81 1.28
ADC 1 bit MIMO 10x60 -1.57 -0.37 1.20
MIMO 10x80 -2.98 -1.82 1.16
MIMO 10x40 -1.61 -0.53 1.08
ADC 2 bit MIMO 10x60 -3.48 -2.39 1.09
MIMO 10x80 -4.76 -3.70 1.06
MIMO 10x40 -2.13 -1.08 1.05
ADC 3 bit MIMO 10x60 -3.94 -2.90 1.04
MIMO 10x80 -5.22 -4.17 1.05
MIMO 10x40 -2.28 -1.24 1.04
ADC 4 bit MIMO 10x60 -4.08 -3.04 1.04
MIMO 10x80 -5.35 -4.30 1.05
MIMO 10x40 -2.31 -1.28 1.03
ADC 5 bit MIMO 10x60 -4.11 -3.07 1.04
MIMO 10x80 -5.38 -4.33 1.05

Chuyén sang cau hinh MIMO tiép theo ciing trong Bang 2.5, cau hinh nay st dung

60 ang-ten thu. Viéc bo sung thém cac ang-ten mang lai mac tiét kiém cong suit khoang

2,1 dB ¢ d6 phan giai ADC 1-bit va 1,8 dB ¢ cac do phan giai cao hon, twong tu nhu muc

cai thién thu dugc véi ma protograph 6 X 3. Khoang cach hi¢u nang gitra hai chom sao

diéu ché ciing thé hién xu huéng tuong tu, dao dong tir 1,04 dB dén 1,2 dB. Trong khi do,
su khéc biét gitta hai ma tai do phan gidi ADC 1-bit 1a 0,24 dB, so v6i 0,22 dB tai d§ phan

giai ADC 5-bit.
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Cubi cung, ngudng giai mi lap cho ma protograph 8 X 4 thiét ké cho kénh AWGN
dué6i cau hinh MIMO 10 X 80 ciing duoc trinh bay trong Bang 2.5. Mot xu huéng twong
tur xuat hién nhu v6i ma twong tng trude do, trong d6 so do EW tiép tuc vuot tréi hon so
v6i so @6 ED, va khoang cach nay hoi 16n hon so v6i Bang 2.4 danh cho mi 6 x 3. Sy
chénh 1éch gitta hai m tai d6 phan giai ADC 1-bit 12 0,23 dB, phu hop véi cac két qua thu
dugc trong cac ciu hinh MIMO khac.

Trong tit ca cac cau hinh MIMO duoc thir nghiém, so do diéu ché chong tin hiéu EW
ludn vuot tréi hon so véi so d6 diéu ché thong thuong ED. Hién tuong ndy co thé duoc
giai thich béng cach xem xét cidc chom tin hiéu cua hai so dd diéu ché dugc minh hoa
trong Hinh 2.10, trong d6 cac cham mau xanh biéu thi cac diém tin hiéu cta so dd diéu ché
xép chong tin hiéu EW, con cac hinh vudng mau do biéu thi cac diém tin hidu cia so do
diéu ché ED thong thuong. Khi cac hé s6 EW, chi ton tai 9 diém tin hiéu phan biét, véi 8
diém trong s6 do6 bi chéng lén nhau tai géc toa do. Su Xép chéng tin hi¢u lam tang khoang
cach hiéu dung giita cac diém chom sao, dong nghia véi viéc nang luong mdi bit ting 1én,
gitip giam x4c sudt sai bit. Du dic tinh nay c6 thé gy ra hién twong nhap nhang tin hiéu
trong cac hé thong khong ma héa, khdi ma kénh lai c6 kha niang giai quyét su nhap nhang
d6 ddng thoi tan dung loi thé khoang cach tin hiéu 16n hon dé cai thién do tin cdy.

Khi 4p dung so dd diéu ché xép chong EW, hiéu ning hé théng duoc cai thién rd rét
so v6i so d0 ED. Trong so d6 EW, céc 16p tin hiéu dugc gan trong sb bién do bang nhau,
gitip phan b ning lugng dong déu va giam méo phi tuyén do luong tir héa. Nho do, tin
hiéu sau ADC c6 phan bd can béng hon, 1am cho ham LLR 4n dinh va hdi tu nhanh trong
cac vong giai ma lip, tir 46 ning cao ngudng BER va tbc d6 hoi tu cua mi P-LDPC.
Nguoc lai, so 6 ED véi phan bd ning lugng khong dong déu dé gay suy hao & cac mic
bién d nhd khi lugng tir hoa, lam méo tin hi¢u va giam kha nang phuc hdi chinh xé4c tai bo
thu. Hon nita, so d6 diéu ché xép chong tin hiéu con gitp don gian héa qué trinh tach séng
tin hi€u, vi hé théng 6 thé dugce tai cdu tric thanh mot mo hinh diéu ché nhi phan tuong
duong, cho phép 4p dung thuit toan tach séng tin hiéu dya trén dd thi Tanner. Dic biét,
dang chu y 1a so do diéu ché xép chong tin higu c6 thé giup giam dang ké do phirc tap tinh
toan & phia thu. Cu thé, d6 phirc tap cua thuat toan lan truyén niém tin [53] 1a O (NN, M),
trong d6 M 1a bac cta so d6 diéu ché, N, 1a s6 dng-ten phat, va N, 1a sb ang-ten thu. Trong

khi d6, @6 phuc tap cua thuat toan max-log-MAP [52], thuong dugc sir dung trong cac hé
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théng BICM-ID véi cac so do didu ché bac cao truyén thdng, lai ting theo cap s mil
O(MNY).

Trong nghién ciru tiép theo, NCS d tinh todn ngudng giai ma cho diéu ché 64-QAM,
st dung hai cAu hinh: mot ma P-LDPC theo biéu thirc (2.82) va mot ma tran da duogc ti uu
trong [27]. Két qua ngudng giai ma lap ciia ma P-LDPC 6x3 (2.82) dudi cac ciu hinh LS-
MIMO 10x40, 10x60 va 10x80 véi ADC d6 phan giai thap duoc trinh bay trong bang 2.6.

Bang 2.6: 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 phan giai ADC | Cau hinh MIMO | Diéu ché EW (dB) | Piéu ché ED (dB) Do lot hicu
nang (dB)
MIMO 10x40 2.49 3.42 0.93
ADC 1 bit MIMO 10x60 0.19 1.03 0.84
MIMO 10x80 -1.3 -0.5 0.8
MIMO 10x40 0.12 0.86 0.74
ADC 2 bit MIMO 10x60 -1.81 -1.08 0.73
MIMO 10x80 -3.14 -2.41 0.73
MIMO 10x40 -0.46 0.24 0.7
ADC 3 bit MIMO 10x60 -2.32 -1.62 0.7
MIMO 10x80 -3.62 -2.91 0.71
MIMO 10x40 -0.63 0.06 0.69
ADC 4 bit MIMO 10x60 -2.47 -1.77 0.7
MIMO 10x80 -3.76 -3.06 0.7
MIMO 10x40 -0.66 0.03 0.69
ADC 5 bit MIMO 10x60 -2.5 -1.8 0.7
MIMO 10x80 -3.79 -3.08 0.71
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O cAu hinh 10x40, so d6 tin hiéu EW cho théy hi€u nang vuot troi so voi so dd ED,
v6i muc cai thién ngudng giai ma 1én dén 0,93 dB khi dung ADC 1-bit. Trén dai d6 phan
giai tir 1 dén 5 bit, mirc chénh 1éch van 6n dinh trong khoang 0,7-0,8 dB, cho thiy tinh bén
vitng cta so d6 nay trong méi trudng luong tir hoa tho.

Xu hudng twong ty dugc quan sat trong cau hinh 10x60, noi khoang cach giira hai so
dd thu hep d6i chut ¢ d6 phan giai thap, nhung van duy tri loi thé tir 0,7 dén 0,8 dB. Diéu
nay cho thiy tang sd luong ang-ten thu gitp cai thién dang ké hiéu ning, nhat 1a khi st
dung ADC 1-bit. Cy thé, ngudng giai mi giam tir 2,49 dB xubng 0,19 dB v6i ADC 1-bit
va tir —0,66 dB xubng —2.5 dB v6i ADC 5-bit, twong tng v6i mic tiét kiém cong suét
khoang 2,3 dB va 1,8 dB.

CAu hinh 10x80 ¢ Bang 2.6 tiép tuc cung cb xu huéng nay: hiéu nang cai thién khi s6
luong dng-ten thu ting, ddng thoi so dd trong sd bang nhau van duy tri loi thé 6n dinh
trong khoang 0,7-0,8 dB. Pang cha y, khoang cach giita hai so do & do phan giai 1-bit
giam nhe tir 0,84 dB (trudng hop 60 dng-ten thu) xudng con 0,8 dB (trudng hop 80 ang-ten
thu).

Bang 2.7 trinh bay cac ngudng giai ma lap cho ma P-LDPC 6 x 3 (2.84) dugc danh
gia trong cac kich ban LS-MIMO khéc nhau, str dung diéu ché 64-QAM va ciac bo ADC
d6 phan giai thip. Trong cau hinh MIMO 10 X 40, chom sao tin hiéu EW ludn cho hiéu
nang vuot trdi so vai chom sao ED, vdi mue cai thién ngudng giai ma 1én tdi 0,84 dB khi
sir dung ADC 1-bit. Trén toan dai ADC tir 1 dén 5 bit, loi thé hiéu ning cua lugc do EW
duy tri on dinh trong khoang 0,7 dB dén 0,8 dB, cho théy tinh bén virng va hiéu qua ctia no
trong moi trudng luong tir hoa d6 phan giai thap.

Xu huéng hiéu ning tuong ty cling duge quan sat trong cau hinh MIMO 10x60. Mic
du khoang céach hi¢u nang gifra cac chom sao tin hi¢u EW va ED thu hep nhe ¢ d§ phan
giai 1 bit (khoang 0,83 dB), nhung viéc ting so lugng dng-ten thu mang lai nhitng cai thién
dang ké. Cu thé, ngudng giai ma lap ddi voi ADC 1 bit giam tir 2,6 dB xudng con 0,3 dB,
va d6i véi ADC 5 bit, cai thién tir -0,58 dB xudng -2,4 dB. Nhirng muc giam nay twong
g vai tiét kiém cong suat khoang 2,5 dB va 1,8 dB. Cac két qua thu duoc voi cdu hinh
MIMO 10%80 tiép tuc cung cd xu huéng di quan sat. Mic du khoang cach ngudng giira

hai loai chom sao tin hiéu van nam trong khoang tir 0,72 dB dén 0,83 dB, song c6 sy giam
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nhe & ADC c6 d6 phan giai 1-bit khi sé luong dng-ten thu ting Ién, tir 0,87 dB ¢ cAu hinh
10x60 xubng 0,83 dB trong cau hinh 10x80.

Bang 2.7: Ngudng giai ma lap lai: Ma P-LDPC 6 x 3 (2.84), MIMO 10 x 40, 10 x 60,
10 x 80, 16-QAM

. ; . . . Do 101 hiéu

Do phan giai ADC | Cau hinh MIMO | DBiéu ché¢ EW (dB) | DBiéu ché ED (dB) ning (dB)
MIMO 10x40 2.59 3.57 0.98
ADC 1 bit MIMO 10x60 0.31 1.18 0.87
MIMO 10x80 -1.18 -0.35 0.83
MIMO 10x40 0.21 0.97 0.76
ADC 2 bit MIMO 10x60 -1.7 -0.96 0.74
MIMO 10x80 -3.02 -2.28 0.74
MIMO 10x40 -0.38 0.34 0.72
ADC 3 bit MIMO 10x60 -2.22 -1.5 0.72
MIMO 10x80 -3.51 -2.78 0.73
MIMO 10x40 -0.55 0.17 0.72
ADC 4 bit MIMO 10x60 -2.37 -1.65 0.72
MIMO 10x80 -3.65 -2.93 0.72
MIMO 10x40 -0.58 0.13 0.71
ADC 5 bit MIMO 10x60 -2.4 -1.68 0.72
MIMO 10x80 -3.68 -2.95 0.73

Mot luu § cudi cung lién quan dén phan tich ngudng giai ma dé 1a: khi sé luong ang-
ten thu vuot quéa s luong dng-ten phat, hiéu qua ting thém s& dan suy giam néu do phan
giai dat tr ADC 3-bit tr¢ [én. Trong tat ca cac kich ban, viéc tang do phan giai tut ADC 1-
bit 1én ADC 2-bit mang lai sy cai thién déang ké trong ngudng giai m lap, trong khi chi c6
mdt mic cai thién rat nhé khi vuot qua do phan giai ADC 3-bit. Hanh vi nay phu hop voi
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cac nghién ctru 1y thuyét va Iy thuyét thong tin trude ddy, cho thiy rang ADC 1-bit va 2-bit
dac biét hi¢u qua trong cac hé théng MIMO quy m6 16n hoac MIMO rat 1omn.

2.4. Mo phéng h¢ thong

Trong phan nay, luan 4n tién hanh phan tich va mé phong hiéu ning cia cic mi P-
LDPC trong cac cau hinh hé théng LS-MIMO khéc nhau, nham danh gia tac dong cua diéu
ché xép chdng tin hiéu va ADC d6 phan giai thap dén hiéu qua truyén thong. Mo hinh
kénh Rayleigh fading duoc Iya chon dé moé phong méi truong truyén dan khong cé thanh
phan truyén thang, phan 4nh dic trung phd bién cia cac hé théng MIMO quy mé 1én va
mang vo tuyén mat do cao. M6 hinh nay sir dung bién ngu nhién phirc Gauss dé biéu dién
hiéu tng da dudng, cho phép danh gia hé thong trong diéu kién kénh bét loi, dong thoi duy
tri kha nang so sanh v&i cac nghién ciru hién c6 nhd tinh chuan hoéa.

Bo diéu ché duoc su dung la 16-QAM, dai dién cho nhom diéu ché bac cao thuong
ap dung trong cac hé thong truyén thong thé hé mai; dong thoi, viéc mé rong 1én 64-QAM
dugc xem xét dé kiém chimg kha ning mo rong bang thong va danh ddi d6 chinh xac. Cac
cAu hinh MIMO duogc lua chon trong pham vi 10 x 40, 10 X 60 va 10 x 80, twong Gng
v6i quy mo LS-MIMO tir 10 dén 80 ang-ten, bao dam kha ning danh gia hiéu ning theo
quy md va mat do hé thong. Trong toan bd mo phong, trang thai thong tin kénh (CSI) duoc
gia dinh chi kha dung tai phia thu va khong c6 tai phia phat, phan anh diéu kién thyc té
trong cac hé théng truyén théng khong day da ngudi dung. Cac tham sb nay duoc lwa chon
nham tai hién chinh x4c dic tinh vat 1y ctia hé théng MIMO hién dai, dong thdi dam bao
tinh nhat quan giira két qua mé phong va cac phan tich Iy thuyét trong lun an..

Mot ma P-LDPC, hodc ma LDPC tuong duong, dugc xay dung thong qua qué trinh
sao chép va hoan vi dugc goi 1a “nang protograph” (protograph lifting). Trong luan an sur
dung phuong phap nang hai budc. Pau tién, protograph dugc nang véi hé sé 4 bang thuat
toan ting truong canh lily tién [47], nham loai bo tat ca cac canh song song lap lai. Tiép
theo, mot hé sb nang thr hai dugc chon dé dat duoc d6 dai khdi ma mong mudn. Vi du,
v6éi ma duge mo ta trong phuong trinh (2.82), c6 protomatrix kich thude 3 X 6 va ty 1€ ma
1a 1/2, hé s6 nang thtr hai duoc dat 13 100, ddn dén d6 dai khdi ma cubi cing 1a 2400 bit.

Qua trinh giai ma st dung bd giai mi truyén thong tin tiéu chuan, véi téi da 10 vong lip
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duoc ap dung trong tat ca cac kich ban, ngoai trir cac truong hop phan tich anh hudng cua

sd vong lap dén hiéu ning ctia hé théng théng tin LS-MIMO.

T 3
== EW 1-bit ADCs |i
= (> ED 1-bit ADCs |]
—— EW 2-bit ADCs ||
= o= ED 2-bit ADCs |}
=¥ EW 3-bit ADCs ]
= %= ED 3-bit ADCs |

EW 4-bit ADCs |
- ED 4-bit ADCs |
EW 5-bit ADCs |-
ED 5-bit ADCs |1
O
1
1
6 8

Hinh 2.11. Hiéu nang BER: Ma P-LDPC 6 x 3 (2.82), B¢ dai ma 2400 bit, MIMO
10 x 40, 16-QAM, ADC 1-5 bit.

Hinh 2.11 minh hoa sy so sanh hiéu ning giira hai so d6 diéu ché xép chong tin hiéu,
cu thé 1a so @6 EW va ED, du6i cau hinh MIMO 10 x 40 vé6i d6 dai ma 1a 2400 bit. Do
d6, hé thdng can 60 1an st dung kénh dé truyén mot ma tir. PO phéan giai cia ADC dao
dong tir 1 bit dén 5 bit. Nhu du doan, hé thong sir dung ADC 1 bit c6 hiéu nang kém nhét,
yéu cdu ty 18 tin hiéu trén nhiu (SNR) lan luot 13 2,5 dB va 4,0 dB dé dat duoc x4c suat
16i bit (BER) 12 10~*. Pang chu ¥, so d diéu ché EW c6 hiéu ning vuot trdi hon so véi so
d6 ED khoang 1,5 dB, cao hon khoang 0,2 dB so v6i mic ting duoc du doan bai ngudng
gidi ma 1ap lai trong Bang 2.4.

Khi d6 phan giai tang 1én 2 bit mdi mau, cac duong cong BER dich chuyén déng ké
sang trai, khoang 3 dB, vuot qua muc cai thién 2,3 dB duoc chi ra trong phan tich ngudng
giai mi lap. Hon nita, nhu phan tich d6 di chi ra, khoang cach hi¢u ning giira hai so do
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diéu ché thu hep lai mot chat, mac du so dd EW van gilr duoc loi thé vuot troi. Uu thé cua
so d6 diéu ché ED nay ciing tiép tuc duoc duy tri & cac d6 phan giai ADC cao hon.

Khi d6 phan giai ciia ADC dao dong tir 3 dén 5 bit mdi mau, mic cai thién hiéu ning
chi con & murc nho, dic biét 1a dbi v6i cac do phan giai 4 bit va 5 bit, noi ma khoang cach
giita hai dudng cong BER gin nhu bang khong. Diéu nay hoan toan phu hop véi cac két
qua vé ngudng giai mi lip duoc trinh bay trong phan trude, qua dé xac nhdn rang phuong
phap PEXIT duogc dé xuit 1a mot cong cu dang tin cay dé du doan va danh gia hiéu ning
hé thdng & cac muc d6 phan giai ADC khac nhau. Cac xu huéng hiéu ning twong tu ciing
c¢6 thé duoc quan sat khi cdu hinh MIMO thay d6i tir 10 X 40 sang 10 x 60 va 10 x 80,
nhu duoc minh hoa trong Hinh 2.12 va Hinh 2.13. Hon nita, cac két qua md phong phu

hop chét ché véi cac phép tinh ngudng duogc trinh bay trong Bang 2.4.

100 T T T T T T T T
A E
i
107 £ ¥ 3
102
o
L 10-3 E P '-,'-_.g -
m - | ==& EW 1-bit ADCs O E

- |=-(~ ED 1-bit ADCs
- | m—f— EW 2-bit ADCs
1074 £|=— ED 2-bit ADCs
- | === EW 3-bit ADCs

- |== %= ED 3-bit ADCs ¢ \

[ EW 4-bit ADCs ; ®
107 F|=€Q= ED 4-bit ADCs \ =

i EW 5-bit ADCs é‘; q’m ]

ED 5-bit ADCs -
10-6 1 1 1 | 1 1 1 1
-8 -7 -6 -5 -4 -3 -2 -1 0 1
Eb/N 0

Hinh 2.12. Hiéu nang BER: M& P-LDPC 6 x 3 (2.82), B§ dai ma 2400 bit, MIMO
10 x 60, 16-QAM, ADC 1-5 bit.
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EW 5-bit ADCs
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10
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E/N,

Hinh 2.13. Hiéu nang BER: M P-LDPC 6 X 3 (2.82), Do dai ma 2400 bit, MIMO
10 x 80, 16-QAM, ADC 1-5 bit.

Dé xac minh tinh hiéu qua ctia phuong phap PEXIT duoc dé xuit, luan an da tién
hanh cac mo phong trén mot ma P-LDPC khac di duoc thiét ké trude d6 cho kénh AWGN
[46], voi proto-ma tran duoc cho trong biéu thirc (2.83). Ma nay c6 s6 luong nit kiém tra
va nut bién nhiéu hon so voi ma duogc thiét ké cho cac kénh fading. Hiéu ning ctia ma nay
d6i voi cac cau hinh MIMO va d6 phéan giai ADC khac nhau duge minh hoa trong Hinh
2.14-2.16.
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wf= EW 1-bit ADCs
= (3= ED 1-bit ADCs
s EW 2-bit ADCs
== o= ED 2-bit ADCs
=—3¢=— EW 3-bit ADCs
= %= ED 3-bit ADCs

EW 4-bit ADCs

- ED 4-bit ADCs
EW 5-bit ADCs

- ED 5-bit ADCs

Hinh 2.14. Hiéu nang BER: Ma P-LDPC 8 x 4 (2.83), B¢ dai ma 2400 bit, MIMO
10 x 40, 16-QAM, ADC 1-5 bit.
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| s EW 2-bit ADCs
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t | ===~ EW 5-bit ADCs
~ ED 5-bit ADCs

Hinh 2.15. Hiéu nang BER: Ma P-LDPC 8 x 4 (2.83), B¢ dai ma 2400 bit, MIMO
10 x 60, 16-QAM, ADC 1-5 bit.
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Hinh 2.16. Hiéu nang BER: M4 P-LDPC 8 X 4 (2.83), Do dai ma 2400 bit, MIMO
10 x 80, 16-QAM, ADC 1-5 bit

Trong phan nay, NCS ciing tién hanh mé phong véi truong hop diéu ché bac cao 64-
QAM véi ma tran P-LDPC duoc cho trong biéu thirc (2.82) va (2.84). Cac két qua md
phong nham danh gia hiéu ning cta hé thong truyén thong LS-MIMO ciing duoc thyuc hién
dudi nhiéu cau hinh khac nhau, bao gém cac mang ang-ten 10 x 40, 10 x 60 va 10 x 80.
Trong tim cta phdn md phong 13 so sanh hai chom sao diéu ché 64-QAM duya trén ky
thuat diéu ché xép chong tin hiéu. Cau hinh thir nhat tuan theo phuong phap phan bd cong
suat theo ED, v&i cac hé sé phan bo cong suat dugc dit 12 a; = 0.316, a, = 0.316 va as =
0.548. C4u hinh thir hai str dung thiét ké EW, trong d6 tit ca cac hé sb cong suat duoc gan

déu nhau 1a a; = a, = a; = 0.4082.

Hinh 2.17 trinh bay so sanh hiéu niang gitta hai so d6 diéu ché xép chong tin hiéu —

EW va ED — trong cau hinh MIMO 10x40 v6i d6 dai ma 2400 bit va ADC ¢6 do phan giai

tir 1 dén 5 bit. Két qua cho thiy, hé théng véi ADC 1 bit dat BER = 10 & mirc SNR 12 2,8

dB dbi v6i so dd EW va 3,8 dB ddi v6i so dd ED, tire chénh léch 1,1 dB. Muc cai thién

nay cao hon 0,2 dB so véi ngudng giai ma lap dugce trinh bay trong Bang 2.5, cho thay loi

thé rd rét ctia so d6 EW trong moéi truong lugng tir hda thd. Nhu phan tich do6 di chi ra,
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khoang cach hi¢u nang gitra hai so dd diéu ché thu hep lai mét chut, mac du so dd EW van
gitt duoc 1oi thé vuot troi. Uu thé ciia so do didu ché EW nay ciing tiép tuc dugc duy tri &

cac do phan giai ADC cao hon.

10° . . . ] : ;
EW 1-bit ADCs
3 ED 1-bit ADCs
e T « N —+— EW 2-bit ADCs
107 F VR = — 4= ED 2-bit ADCs
—3¢— E\W 3-bit ADCs
= %= ED 3-bit ADCs
102k EW 4-bit ADCs
- ED 4-bit ADCs
EW 5-bit ADCs
v ED 5-bit ADCs
w103 4
m
10 £ .
10° ¢ ;
10-6 1 I I
4 4 6 8

Hinh 2.17. Hiéu nang BER: Ma P-LDPC 6 X 3 (2.82), B¢ dai ma 2400 bit, MIMO
10 x 40, 64-QAM, ADC 1-5 bit

O mirc d6 phan giai ADC tir 3 dén 5 bit, dic biét tai 4 va 5 bit, sy chénh léch hiéu
ning giira hai so dd diéu ché tré nén khong dang ké, véi cac dudng cong BER gin nhu
trung nhau. Két qua nay hoan toan nhat quan véi cac ngudng giai ma lap da trinh bay trudc
d6, khang dinh tinh chinh x4c va do tin cdy cta phuong phap PEXIT trong viéc du doan
hiéu ning hé thong & cac muc luong tir hoa khac nhau. Xu hudng twong tu ciing dugc ghi
nhan khi mé rong cdu hinh MIMO tir 10x40 sang 10x60 va 10x80, nhu minh hoa tai Hinh
2.18 va Hinh 2.19. Cac két qua mo phong thu dugc hoan toan tuong thich véi ngudng giai

ma trong Bang 2.5.
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EW 4-bit ADCs
- ED 4-bit ADCs

EW 5-bit ADCs

ED 5-bit ADCs

Hinh 2.18. Hiéu nang BER: Ma P-LDPC 6 X 3 (2.82), B¢ dai ma 2400 bit, MIMO
10 x 60, 64-QAM, ADC 1-5 bit.
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Hinh 2.19. Hiéu ndng BER: Ma P-LDPC 6 X 3 (2.82), B¢ dai ma 2400 bit, MIMO
10 x 80, 64-QAM, ADC 1-5 bit
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Ludn 4n d3 tién hanh cac moé phong trén mot ma P-LDPC (2.84). Hiéu ning ciia ma
nay ddi v6i cac cdu hinh MIMO va d6 phan giai ADC khac nhau dugc minh hoa trong
Hinh 2.20-2.22. Céc két qua cho thiy rang luoc dd diéu ché xép chdong EW mang lai hiéu
ning cao hon dén 1 dB so v&i phuong phap phan bd cong suit ED trong cac kich ban st
dung ADC d6 phan giai thap, ddng thoi van duy tri duoc hiéu ning phd cao va do phirc tap
bd thu ¢ mirc hop 1y. Khung phan tich duoc dé xuét 1a nén tang virng chic cho viéc phat
trién cac ma P-LDPC méi c6 kha ning chdng chiu tét trude cac méo tin hiéu do luong tir
hoa gy ra va phu hop v6i cac hé thdng didu ché bac cao trong mang khong day thé hé tiép
theo.

1 00 T T T T T T T T T i
E ~E— EW 1-bit ADCs
= (3 ED 1-bit ADCs
s EW 2-bit ADCs
= == ED 2-bit ADCs
=——3%— EW 3-bit ADCs
= %= ED 3-bit ADCs
EW 4-bit ADCs
- ED 4-bit ADCs
EW 5-bit ADCs
ED 5-bit ADCs

E/N,

Hinh 2.20. Hidu niang BER: M4 P-LDPC 6 X 3 (2.84), D¢ dai ma 2400 bit, MIMO
10 x 40, 64-QAM, ADC 1-5 bit
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Hinh 2.21. Hiéu nang BER: Ma P-LDPC 6 X 3 (2.84), B¢ dai ma 2400 bit, MIMO
10 x 60, 64-QAM, ADC 1-5 bit
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EW 5-bit ADCs
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Hinh 2.22. Hiéu nang BER: Ma P-LDPC 6 X 3 (2.84), B¢ dai ma 2400 bit, MIMO
10 x 80, 64-QAM, ADC 1-5 bit
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Viéc quan sat cac hinh nay cho thiy rang két qua mé phong phu hop chit ché véi cac
két qua thu duoc tir phan tich ngudng giai ma lap trinh bay & phan trudc. Hon nita, cac két
qua mé phong xac nhan hiéu ning kém hon ciia mi ndy, mic du c6 sé luong nut kiém tra
va nut bién nhiéu hon, cho thiy rang mot thiét ké ma mai c6 thé 1a can thiét khi mé hinh
kénh thay ddi dé khai thac t6i da loi ich tir ma hoa. Nhan xét ndy lam ndi bat tinh hiéu qua
ctia khudn kho két hop tach song va giai ma (JDD) duoc dé xuit, duoc hd tro boi thuit

toan PEXIT mdi phat trién trinh bay trong muc 2.2.8.
2.5. Kétluin chwong 2

Trong chuong nay, lun an da nghién ctru, danh gia hiéu ning cta so d6 diéu ché xép
chdng tin hiéu trong mot hé thong thong tin vo tuyén MIMO c¢& 16n sit dung ma héa P-
LDPC, két hop véi sb luong 16n ang-ten va cac bd chuyén doi ADC c6 do phan giai thap
nham t6i uu hoa tiéu thu dién ning. Bang cach thiét ké mot mo dun xir Iy dé chuyén doi
diéu ché xép chéng tin hiéu bac cao thanh so dd diéu ché nhi phan tiéu chuan, thuat toan
két hop gitra tach song tin hiéu va giai ma kénh dya trén dd thi Tanner c6 thé duoc ap
dung, gitp tranh duoc do phurc tap xir Iy khong thé kiém soat tai bo thu khi s6 luong ang-
ten thu tang 1én trong cac hé thong khong day hién dai.

Luan an ciing di phat trién mot thuat toan PEXIT méi dé phéan tich hiéu ning ly
thuyét cua hé théng ma hoa, va xac minh d6 chinh xac cia nd théng qua cac két qua mo
phong. Str dung khuon khd nady, luan an di kham pha kha ning tiét kiém cong suét cua so
d6 diéu ché xép chong EW so véi so do ED. Cac nghién ciru cta luan 4n cho thay rang
diéu ché xép chong tin hiéu 1a mot phuwong phap day hta hen dé nang cao téc do truyén
trong cac hé thong thong tin khong day trong twong lai.

Noi dung duoc gidi thiéu trong chuong nay cung cAp mot nén tang vimg chic cho
viéc thiét ké cac ma protograph mdi nham xtr Iy hiéu qua cac suy hao do bo chuyén doi
ADC d6 phén giai thap va diéu ché bac cao gy ra. Hon nita, khuon kho nay cé thé duoc
mo rong dé ap dung cho cac mo hinh suy hao kénh khac, chang han nhu suy hao Rice, vén
rat quan trong ddi v6i cac hé théng thong tin 5G/6G thé hé tiép theo. Cudi cing, viéc phan
tich sy suy giam hiéu nang cta hé thong thong tin nay khi udc lugng kénh khong hoan hao
c6 thé mang lai nhimg hiéu biét k§ thuat méi cho cong dong nghién ciru va cung cap cac
huong dan thiét thuc cho viéc thiét ké hé théng thuc té. Noi dung cua chuong dugc cong
bd ¢ nhitng cong trinh [CT1], [CT2], [CT4], [CT6] ctia NCS.
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CHUONG 3. THUAT TOAN TACH SONG VA GIAI MA P-LDPC CHO
HE THONG MIMO CGO LON VOI BO ADC CO PO PHAN GIAI HON
HOQP

Hé théng LS-MIMO két hop v6i ADC do phén giai thap va so d6 diéu ché xép chong
da dat duoc su cai thién rd rét vé hiéu suit phd (SE) va hiéu qua ning luong (EE), nhu
trinh bay trong Chuong 2. Nhitng cai thién nay chil yéu nho vao viée lya chon hé sb trong
s6 phu hop trong so dd diéu ché xép chong va phat trién mot thuat toan PEXIT chuyén biét
cho hé théng MIMO ¢& 16n. Tuy nhién, hé thong LS-MIMO véi hang trim dén hang nghin
ang-ten thu phai ddi mat véi bai toan tiéu thu dién nang cuc 1én, chu yéu do s6 luong
chudi RF tang Ién dang ké [35]. Vi du, mot mang mmWave vé&i 256 chudi RF va 512 ADC
d6 phan giai cao (8—12 bit) c¢6 thé tidu tén gan 256 watt [57]. Nguyén nhén 13 chi phi phan
cling va murc dién nang tiéu thy cua cac bd chuyén ddi nay tiang tuyén tinh theo bang thong
va theo cap s6 nhan voi do phan giai.

Trong bdi canh truyén thong mmWave dugc hd tro boi bé mit phan xa thong minh
(IRS), cac nghién ctru [122], [123] d4 phat trién cac thuat toan udc luong kénh méi co kha
ning chéng chiu tét véi cac méo phi tuyén do ADC do phan giai thap gy ra. Tuong tu,
[94] d3 nghién ctru cac k¥ thuat cai tién vé tach song va ude luong tin hiéu cho cac hé
théng mmWave st dung phan ctng véi cac bd ADC c6 do phan giai hdn hop (Mixed-
ADC). Hon nita, [124] ching minh rang viéc két hop ADC nhiéu bit va ADC 1 bit trong
lién két 1én cua hé théng LS-MIMO c¢6 thé dat duoc sy can bing hiéu qua gitta hi¢u ning
va chi phi. Trong khi d6, [125] da dé xuit mot so dd tach song tin hiéu viing chic cho hé
thong LS-MIMO nhiéu nguoi dung st dung Mixed-ADC. Nhitng cong trinh ndy ciing
nhau nhan manh tinh kha thi va hiéu qua cua thiét ké Mixed-ADC trong viéc hd tro cac
tmg dung da dang, dong thoi thiic diy nhu cau nghién ctru thém vé cac so d6 ma hoa va
diéu ché dudi cac rang budc lugng tir hoa lai.

Ngoai ra, viéc trién khai s6 lugng 16n dng-ten thu (tir hang chuc dén hang trim) gitp
khic phuc nhiéu lugng tir hoa thong qua hiéu Gmg trung binh khong gian. Khi s6 luong
ang-ten ting, tin hiéu tong hop tir nhiéu ADC 1 bit khac nhau c¢6 xu hudng x4p xi phan bd
Gauss nho dinh ly gioi han trung tdm, giap hé théng tai tao bién do hi€u dung va cai thién
dd chinh xac cua udc luong kénh. Do do, mac du mdi ADC 1 bit riéng 1¢ bi gio1 han
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nghiém trong, su két hop dong thoi cia hang trim phan tir thu don gian lai tao nén hiéu
nang tap thé vuot troi, dic biét khi di kém vdi cac so d6 diéu ché can bé‘lng nang luong nhu
EW. Nhu vy, su phdi hop hop 1y giita cu tric mixed-ADC, so d6 diéu ché EW, va sd
lwong 16n dng-ten thu cho phép duy tri hiéu ning giai ma cao voi chi phi ning lugng thip,
ddng thoi mo ra hudng thiét ké hidu qua cho cac hé thong LS-MIMO thé hé méi hoat dong
trong diéu kién phan cing gidi han va yéu cau tiét kiém ning luong nghiém ngit.

Chuong 3 trinh bay thuat toan PEXIT cai tién dé phan tich va du doan ngudng giai
mi nham cai thién hiéu ning cua hé thdng thoéng tin vo tuyén MIMO ¢& 16n st dung cac
bd ADC d6 phan giai hdn hop tai phia thu. So do diéu ché xép chong bac cao duoc ap
dung dé ting hiéu qua bang thong, trong khi b thu sir dung kién trac Mixed-ADC (dang
kép va ba cap) nham can bang giira hiéu nang BER va tiéu thu nang luong. Viéc két hop
linh hoat giira cac bd ADC d6 phan giai cao va thip, vira giam duoc dang ké cong suét tiéu
thu va chi phi phan ciing, vira duy tri hiéu nang phat hién tin hiéu va giai ma gan voi hé
thong ding bd ADC d6 phan giai cao truyén théng. Mot khung phan tich hiéu ning téng
quat duoc dé xuat, xét dén kich thudc mang MIMO, tham s6 ma LDPC, hé s6 xép chong,
va su két hop giita cac mirc luong tir hoa nhu trong kién trac Mixed-ADC ba cap. Mic du
viéc dung ADC do phan giai thap c6 thé anh huong dén cac khoi xtr 1y tin hiéu nhu wdc
lugng kénh va tach sdng tin hiéu, cac nghién ctru trude [119], [209], [120], [64], [212] da
chi ra céc giai phap kha thi dé giam thiéu anh huong nay. Hé théng Mixed-ADC kép —
chu yéu gdm ADC 1 bit két hop véi mot sé it ADC c¢6 d6 phan giai cao hon — di dugc
chtng minh hiéu qua trong [68], [21], trong d6 [21] cho thdy viéc st dung mot luong nho
ADC 5 bit van c6 thé cai thién dang ké hiéu ning hé thong.

Duya trén cac két qua kha quan tir hé thong Mixed-ADC kép, nghién ciru niy mé
rong sang cau trac Mixed-ADC ba cap, gdm ba mitc phan giai: 1 bit, 2 bit va 5 bit. Lua
chon ADC 2 bit nham khai thac hiéu ning tot trong nhéom ADC d6 phan giai thap [35],
trong khi ADC 5 bit dugc st dung chon loc cho cac dng-ten quan trong dé tdi vu dién ning
thay vi ding ADC 8-12 bit truyén thong. Mot thuat toan lan truyén niém tin dugc phat
trién phu hop véi cau triic d6 thi hai 16p cua hé thdng. Thuat toan nay dic biét hiéu qua khi
ap dung cho MIMO 1én véi cdu hinh Mixed-ADC ba cap, trong d6 do thi MIMO dugc
tach thanh ba 16p twong Gng véi timg loai ADC (1 bit, 2 bit va 5 bit). Pay 1a diém khac

biét dang cht y so véi cac nghién cuu trude d6 su dung ADC do phan gidi cao hon [110],
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[111]. Hon nita, ludn 4n kiém tra hiéu ning cua mi P-LDPC két hop véi so d6 xép chong
trong bdi canh truyén MIMO hién dai, lién quan dén cac hé théng khong day thé hé ké
tiép. Mot phién ban thuat toan PEXIT cai tién dugc phat trién dé danh gia hiéu ning 1y
thuyét, cho phép du doan ngudng giai mi, lwong hoa anh huéng ADC va danh gia cac

chién lugc phan bo cong suat khac nhau.
No6i dung chinh cua chuong bao gom cac ndi dung:

Thuat toan PEXIT cai tién dé danh gi4 hiéu nang 1y thuyét cho hé théng MIMO
16n v6i cau hinh Mixed-ADC ba cap.

e Dy doan ngudng giai ma lip ctia mot md P-LDPC cho cac cdu hinh dng-ten
MIMO khac nhau.

e  Dinh lugng anh hudng ciia nhiéu thiét 1ap ADC do phan giai thap dén hiéu ning
tong thé.

e  Tich hop céc chién luoc phan bo cong suit khac nhau (tirc 1a cac hé s6 trong sb
khac nhau trong diéu ché xép chong tin hiéu) dé danh gid cach chung anh
hudng dén ngudng hiéu nang.

e  Kiém chiing hiéu ning giita diéu ché xép chong tin hiéu diéu ché EW va ED.

Bang viéc két hop giita phan tich 1y thuyét (dua trén cong cu PEXIT cai tién) va két
qua mé phong, luan an dd chting minh dwoc vu thé hiéu ning cua diéu ché chong 16p EW
so v6i ED. Mic du anh xa theo khoang cach déu giup cac diém chom sao phan bé cach déu
nhau, viéc ap dung chién lugc phan bd cong suit bang nhau cho ting 16p bit trong so dd
EW lai cho théy hiéu suat BER vuot trdi, dic biét khi ap dung trong cac h¢ théng su dung
bd ADC c6 d6 phan giai thip dén trung binh. Su chénh léch hiéu ning nay van dugc duy
tri rd rét trén nhiéu cdu hinh ma LDPC va hé théng MIMO khéac nhau, qua dé6 nhan manh

tinh 6n dinh va loi ich ctia so @6 EW trong moi trudng lugng tir hoa tho.
3.1. Hé thong MIMO c& 16n khéng ma hoa
3.1.1. M6 hinh hé thong

Xét mot kénh truyén khong day MIMO suy hao voi N, dng-ten phat va N, ang-ten
thu, trong d6 c6 2N, cip Mixed-ADC nhu minh hoa trong Hinh 3.1. Mot khéi gom 26 bit

thong tin dau vao s& duoc diéu ché bang bo diéu ché QPSK, véi dau ra thuoc tap ky
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hieu: S € {1 —j,1+j,—1—j,—1+j}, d tao ra G ky hiéu da diéu ché. Trong mbi lan sir

dung kénh, theo so dd ghép kénh khong gian [69], G ky hiéu diéu ché nay s& duoc truyén

ddng thoi trén N, ang-ten phat.

Mo hinh tin hiéu thu vé6i cac thanh phan gidng nhu nhu coéng thic (2.5) muc 2.1.1.

Diém khac biét 1a trong thiét ké nay, NCS dé xuét st dung ba loai bd chuyén ddi tin hiéu
ADC véi d6 phan giai khac nhau: ADC cuc thap (1 bit), ADC do phan giai thip (2 bit) va
ADC do¢ phan giai cao hon (5 bit), nhu minh hoa trong Hinh 3.1. Ly do Iya chon ADC 1

bit va 2 bit 13 vi hai loai ADC nay mang lai hiéu qua ning luong t6t nhat. Bén canh d6, dbi

v6i khdi ADC c6 do phan giai cao, luan an dé& xut sir dung ADC 5 bit thay vi ADC do

phan giai day du nhu trong phuong phap truyén thdng, boi vi nghién ctru trong [5] da chi

ra rang ADC 5 bit ¢ thé dat hiéu nang twong duong véi cac ADC do phan giai day du.
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Hinh 3.1. Hé théng LS-MIMO khéng ma hoa diém-diém véi bo Mixed-ADC ba cap

Vector tin hiéu thu Y bao gdm ba vector con: Yz, c6 do dai Ng;, Y, co do dai N, va

Yy c6 d6 dai Ny = N, — N, — Ng tuong Gng véi céac tin hi¢u thu dugc tai dau vao cua

nhém dng-ten sir dung ADC cuc thap, d6 phéan giai thip, va d6 phan giai cao, twong tmg.

Chung ta co thé phan tach vector tin hi¢u thu Y thanh ba vector con nhu sau:



Yp, = Hp X+ Zg
Y, =H, X+ Z; (3.1)
YH = HHX + ZH

trong d6: Hg, € CNer*Ne H, € CNu*Ne Hy, € CNEXNe 7, € CNELX1 7, € CNLX1 va
Z, € CNuxL,

Vector con tin hi€u thu Yz, dugc dua vao 2 X N, cap ADC d¢ phan giai cuc thap.
Vector con Y, dugc dua vao 2 X Np, cip ADC do phan giai thap. Trong khi d6, vector con
Y,; duoc dwa vao 2 X Ny cap ADC do phan giai cao, vi dd c6 ching minh rang hé théng st
dung ADC 5-bit c6 hiéu ning tiém cin voi hé thong sir dung ADC dd phan giai day du.

Goi Q(+) 1a ham luong tir hoa, khi d6 mdi quan hé gitra tin hiéu dau vao va dau ra cia
bd ADC Qg -bit duoc biéu dién boi:

YorL = Q(YEL,re) +jQ(YEL,im) (3.2)

Trong d0, Yg; re Va Y im 1an luot 12 phan thuc va phan 4o cta tin hiéu thu duoc Yy;.
Tuong tu, mbi quan h¢ gitra tin hi¢u dau vao va dau ra cia bd ADC Q,-bit duogc biéu dién
boi:

Yor = Q(Yire) +jQ(Yiim) (3.3)

Trong d0, Y, e Va Yy i lan lugt 12 phan thuc va phan 4o cua tin hiéu thu duoc Y.
Cudi cung, mdi quan hé giira tin hiéu dau vao va dau ra cia bd ADC Qy-bit duoc biéu dién
boi:

You = Q(Yire) +jQ(Yirim) (34)

Trong do, Yy 1o Va Yy im 1an luot 13 phan thue va phan 4o cta tin hiéu thu dugc Y.

Ap dung m6 hinh AQNM cho céc hé théng MIMO tich hop bd ADC c6 d6 phan giai
thap [35], [112], tin hiéu sau luong tir hoa duoc biéu dién nhu mot dang tin nhidu cong
thém vao dau vao cua bo thu. Trong khuon khd md hinh ndy, nhiéu luong tir hoa dugec mod
ta twong duong véi mot thanh phan nhiéu tuyén tinh phu thudc vao dic tinh ciia bd ADC.
Do d6, mdi quan hé giita tin hiéu trude va sau luong tir hoa trong cac biéu thirc (3.2), (3.3)
va (3.4) c6 thé duoc dic ta dudi dang cic phuong trinh toan hoc phan 4nh tac dong cua
qua trinh lugng tir hoa 1én tin hi¢u thu nhu sau:

Ye, = @ Rp, + ZEL,cb
Y, =R, +Z, 4 (3.5)
Yy, = ouRy + ZH,<I>
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Trong d6, @z, = 1 — pg, VA pg; 12 nghich dao cua ty sé SQNR d6i véi cac bdo ADC
1-bit; ¢, = 1 — p, va p, 1a nghich déo cua ty s6 nay ddi véi cac ADC 2-bit; ,; = 1 — py
va py 1a nghich ddo cua ty s6 nay dbi véi cac ADC 5-bit. Ngoai ra, Zeio Lo Valygla

cac thanh phan nhiéu Gauss cong thém.

Trong nghién ctru nay, cac bd luong tir hoa dong déu duge st dung [113], tuy nhién
cac phén tich sau day ciing c6 thé ap dung cho cac bd luong tir hoa khong dong déu. Véi
gia dinh mé hinh kénh nhu trong biéu thuc (3.1), cac tin hiéu dau vao cua cic bd ADC cho
d6 phan giai cuc thap Q- bit, d6 phan giai thdp Q,-bit va do phan giai cao Q-bit trong
Hinh 3.1 1a cic bién ngiu nhién lién tuc v6i mién gia tri v6 han. Do d6, cac tin hiéu dau
vao Yg; [n], Y, [n] va Yy[n] dugc cat bt dé gidi han trong mién hiru han lan luot la
[—TEL,Q, TEL,Q], [_LL,QJ TL,Q] va [—TH,Q, TH'Q] dugc tinh toan twong ty nhu cong thuc (2.8)
phan 2.1.2.

Gia tri tdi vu cta céc ngudng cit Terq TLq va Ty o phu thudc vao phan bd mat do
X4c suat cua tin hiéu dau vao va s6 muc luong tir hoa [114]. Trong nghién ctru [5], Dang
va cac cong su da dua ra cong thirc tinh todn cac ngudng cat t6i wu ciing nhu cac chi sd
hiéu nang @g;, @, Va @, twong Gng véi cac mirc dd phan giai khac nhau, duoc liét ké

trong Bang 3.1.

Bang 3.1: Cac gia tri t6i wu cla T¢, ¢ € {EL, L, H} A6 phén giai ADC khéc nhau.

D6 phan giai 1 2 3 4 5
T 1.669 | 2.0912 | 2.4613 | 2.7909 | 3.0285
P 0.6261 | 0.8796 | 0.9628 | 0.9885 | 0.9936

3.1.2. Bd tach séng sir dung thuit toin lan truyén dd tin ciy cho bd thu sir dung bd
ADC c6 d9 phan giai hdn hop ba cip.
Trong phan niy, bo tach song cta hé thong LS-MIMO dua trén dd thi Tanner [49]
duogc xay dung cho bd thu st dung bd Mixed-ADC ba cép. Nhu minh hoa trong Hinh 3.2,
dd thi dung dé tach s6ng cac bit thong tin dugc truyén di bao gdm hai loai niit: nut quan sat

va nat ky hiéu. V&i mot cadu hinh MIMO quy md 16n ¢6 kich thude N, X N,, ching ta co
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N, nlt quan sat twong tng vdi N, ang-ten thu va 2N, nat ky hiéu nhi phan tuong ung vaoi
N, ky hiéu phat QPSK.

Khéng giéng nhu cac hé théng st dung ADC don d6 phan giai thap hoic hé thong
Mixed-ADC hai cép, tp cac nut quan sat trong mo hinh ndy dugc chia thanh ba nhom
nho: Nhém dau tién gdm Ny, nat quan sat c6 do phan giai cuc thap, duoc trang bi ADC 1-
bit. Nhém thir hai gdm N, niit quan sat c6 do phan giai thap, st dung ADC 2-bit. Nhém
con lai gdm Ny nit quan sat c6 do phan giai cao hon, st dung ADC 5-bit. Do tinh chat
phat séng vo tuyén, cac nut quan sat thudc ca ba nhom — tir d6 phan giai cuc thap dén cao
— déu duogc két ndi ddy du véi tat ca cac nat ky hiéu. Do d6, mirc do tin cdy tir cac nut
quan sat co6 do phan giai cao va thap c6 thé lan truyén dén cac nut quan séat cuc thap thong
qua 2N, nit ky hiéu sau mdi vong lap. Ciu triic ndy cua so dd tach song dua trén dd thi
cung cip mdt 1oi giai thich 1d rang vé 1y do tai sao chi cAn mot s it dng-ten thu sir dung

ADC d6 phén giai cao ciling c¢6 thé cai thién hiéu ning tong thé cta hé thong Mixed-ADC.

Symbol node

Extremely Low-resolution High-resolution
Low-resolution

Hinh 3.2. M hinh Tanner-graph cho tach song tin hiéu trong hé théng LS-MIMO st
dung bd Mixed-ADC ba cap

NCS chuyén mé hinh kénh QPSK sang mé hinh kénh BPSK tuong duong dé tan
dung thuat toan BP trong [49]. Ta c6 thé viét lai cac phuong trinh (3.5) nhu sau:

YorL = @ Hp X+ @, Wi, + ZEL,cb
Yoo =9 H X+ oW, +7Z 4 (3.6)
You = oyHyX + @y Wy + ZH,cb
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Trong d6, X van 1a ky hiéu diéu ché QPSK duoc truyén. Do do, ta ¢ thé biéu dién
X = X, + jXim, trong d6 cac phan tir ciia X, va X,,,, duoc ldy tir bang ky hiéu BPSK.

bat:

% =[] 57)

Trong d6, Xz 1a mot vecto tin hiéu truyén twong duong, trong d6 cac phan tir thudc
bang ky hiéu cta b diéu ché BPSK, vi cac phan tir trong ca X,., va X;,,, déu duoc lay tir
bang ky hi¢u BPSK.

Biéu thi

HE,E,re = [Hf, re Hf,im] (3.8)

H€,E,im = [HE,im Hf,re] (3-9)
Véi & € {EL, L, H}. Ta c6 thé thu dugc mé hinh kénh BPSK tuong dwong nhu sau:

YErE = HE,EXE + ZErE (310)

MJi vong lap bat diu bang viéc cAp nhat théng tin ngoai lai, d6 13 ty sé6 LLR:
Loy, [ng ][m] tai cac nit quan sat c6 d6 phan gidi cuc thap, L, [n,][m] tai cac nit quan
sat co do phan giai thap va L, 4 [Ma][m] tai cac nit quan sit c6 d6 phan gidi cao hon. Cu
thé, cac dai luong nay c6 thé duge tinh theo cong thirc [3.11]:

Pr(?glE[ng,m] | He g, Xg[m] = +1)
Pr(Y g[ne, m] | Heg, Xg[m] = —1)

Laf [n;, m] =In

4‘(p{: . R
B W%(H&E [ng, m] % g [ng, m]) 3.11)
Trong d6
Ny
2 > 2
We[ng, m] = ¢} Z |He g [ne. t]| (1 — | %g[ne t]| )
t=1,t+m
M
+@ENo + 9 (1= ¢¢) (Z |He g [ne, m]|” + N0> (3.12)
m=1
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Va

Ve p[ng, m| = Ye g[ng, m] — o x

Ny
> Heglne the[ne ]
t=1,t+m

(3.13)

Trong do, Y’f’E [nf, m] 1a tin hiéu thu duoc cua ky hiéu truyén X;[m] tai nut quan sat

thr ng sau khi da khir nhi€u giao thoa. Xz[ng, m| biéu thi ky hiéu mém dugc thu nhan tir

cac thong diép duoc truyén tir nat quan sat thir ng dén nat ky hiéu tha m. Dbi voi so dd

diéu ché BPSK, ky hiéu mém duoc xac dinh béi:

Xg [nsc, m] = tanh 5

(3.14)

Khi cac nut ky hiéu nhan dugc cac thong di€p ngoai lai tir tat cd cac nat quan sat, cac

thong tin ngoai lai mai sau do6 s€ dugc tinh toan nhu sau:

Ly, [mllng,] = Lr,,[m] + Ly, [m]
+Lrg, [m] — Loy, [ng][m]

[

[

LBL[m][nL] = LFH[ ] + LFEL m]
+Lr [m] = Lg, [n,][m]
Va
LﬁH[m] [nH] = Ll"L [m] + LFEL [m]
Lry[m] = Loy [ngl(m]
Trong do

Leglml= )" Lag, [ng]im]

NngLENEL

Leyfml = > Ly [nglim]
NnLENp

LFH[m Z LaH Ny [m]
nHENH

~

Xg[m] = 51gn(L1~H I+ L, [m] + LFEL[m])
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Dua trén Xz[m] véim = 1,2,---,2N,, chudi nhi phan sau giai diéu ché b, s& duoc
khéi phuc.
3.1.3. Két qua mé phéng

Trong phan ndy, cac md phong trén may tinh duoc thue hién cho hai cdu hinh MIMO
quy mé 16n — 16 x 32 va 16 x 64 — nham minh hoa hiéu ning va dic tinh hoat dong ma
hé thdéng Mixed-ADC ba cip mang lai. Cac chi s hiéu ning ctia hé théng ADC don 1-bit
va hé théng Mixed-ADC hai cip (két hop giira ADC 1-bit va 5-bit) ciing dugc trinh bay

trong cac biéu d6 nham muc dich so sanh doi chiéu.

BER

== Single 1-ADC: N =32,N, =0
s Dual Mixed-ADC: NL =28,N, =4

+ Triple Mixed-ADC, NEL = 20, NL =8, NH =4

-2 ! ! ] L L L ! ! L
0 1 2 3 4 5 6 7 8 9 10
Eb/NO

10

Hinh 3.3. Hiéu ning BER: N, = 16, Ny, = 20,N, = 8, N, = 4

Kich ban dau tién 1a 32 ang-ten thu duoc chia thanh mot nhém gdm 20 dng-ten sir
dung bd ADC c6 d6 phén giai cuc thap (1 bit), 8 dng-ten sir dung ADC do phan giai thap
(2 bit) va 4 ang-ten con lai sir dung ADC (5 bit). Hinh 3.3 cho thiy rang hé thong Mixed-
ADC kép truyén théng — két hop giita ADC 1 bit va ADC 5 bit — chi mang lai mét cai
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thién nho so v6i hé thong chi sir dung ADC 1 bit. Trong khi d6, hé théng dé xuit sir dung
ba loai ADC cho thiy hi¢u ning vuot troi rd rét so véi ca hé théng ADC don va hdn hop
kép.

BER

1072 |

: == Single 1-ADC: N =32,N, =0
. |==f3==Dual Mixed-ADC: N, =24, N =8
L + Triple Mixed-ADC, NEL =16, NL =8, NH =8

| | | | |

0 2 g 6 8 10 12
Eb/NO

Van trong cAu hinh MIMO 16 x 32, mot kich ban khac duoc xét dén, trong do sb
lugng ang-ten sir dung ADC do phan giai cao duoc gitt ¢d dinh & mic Ny = 8 cho ca hé
thong hon hop kép va hdn hop ba cap. Trong hé thong hdn hop ba, ¢ 8 ang-ten st dung
ADC 2 bit va 16 ang-ten stir dung ADC 1 bit. Ty nhién, hé théng hdn hop kép van co hiéu
ning tot hon hé théng ADC don, nhu thé hién trong Hinh 3.4. Tuy nhién, h¢ théng Mixed-
ADC ba cép dugc dé xuit van cho thdy mot khoang cach hiéu ning dang ké so voi ca hai

hé théng con lai.
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BER

102 |

1073

- | =& Single 1-ADC: N =64,N_ =0

: =f— Dual Mixed-ADC: N, =60, N, =4
| + Triple Mixed-ADC: NEL =52, NL =8, NH =4
- + Triple Mixed-ADC: N, =40, N, =20, N =4

| | | | | | | | |

1 2 3 4 5 6
Eb/NO

Hinh 3.5. Hi¢u nang BER: N, = 16, Ny, = 40, N, = 20,Ny; = 4
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- | === Single 1-ADC: N =64, N, =0
| | ==fE=—= Dual Mixed-ADC: N, =56, N, =8

+ Triple Mixed-ADC: N, =30,N =28,N,_ =8

—— Triple Mixed-ADC: Ng =48,N =8N, =8

| | | | 1 | |

1 2 3 4 5 6
Eb/NO

Hinh 3.6. Hiéu nang BER: N, = 16, N;, = 30, N, = 26, N; = 8
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CAu hinh MIMO thtr hai dugc dua vao thi nghiém 1a trudng hop sé luong dng-ten thu
duogc ting gip d6i so v6i cau hinh d xét trude d6. Ca Hinh 3.5 va Hinh 3.6 déu xac nhan
vu thé cua hé théng Mixed-ADC ba cip so véi hai hé thdng con lai. Mic du viée ting sd
lwong dng-ten thu c6 thé giup bu ddp cho méo tin hiéu gy ra bdi ADC d6 phan giai thip,
c4 hai hé thong Mixed-ADC kép va hdn hop ba cip van duoc wu tién sir dung dé cai thién
hi€u nang.

Hinh 3.5 cho thiy rang hé thong Mixed-ADC kép c6 thé tiét kiém gan 4 dB cong suat
so voi hé théng chi st dung ADC don khi BER & mirc 1072. Pang chu ¥, hé théng hdn
hop ADC ba cap dugc dé xuit co thé mang lai thém 3 dB hiéu qua khi giir nguyén sb
luong dng-ten d6 phan giai cao & mirc Ny = 4. Khi ting s6 lwong dng-ten d6 phan giai cao
lén N, = 8, hé théng hdn hop ADC ba cap véi 30 dng-ten cuc thap va 26 ang-ten d6 phan
giai thap c6 thé dat duoc muc cai thién gan 8 dB tai BER = 1072,

3.2. Hé thong MIMO ¢& 16n ma hoa

Nghién ctru nay thuc hién thiét ké va phan tich cac lién két LS-MIMO hiéu qua vé
ning luong va bing thong, bang cach két hop so d6 diéu ché xép chdng tin hiéu, ma hoa P-
LDPC, va kién tric bo chuyén doi Mixed-ADC ba cap. Nhitng dong gop chinh bao gdom:

i) Kién traic Mixed-ADC cho LS-MIMO két hop véi so do diéu ché xép chong tin
hi¢u.

Luan 4n d& xuat mot kién trac dau vao thuc tién gom Mixed-ADC kép va ba cap, chia
mang dng-ten thu thanh nhém d6 phan giai 1 bit (cuc thap), 2 bit (thdp) va 5 bit (cao).
Cach phan chia nay giup can bang giira hiéu ning va muc tiéu thy dién ning, vi sy suy
giam chét lugng tin hi¢u do 6 méo 16n & cac ADC cuc théip va thép — vbn tiéu thu it dién
va c6 dg phuc tap thép — ¢6 thé duge bu lai boi do trung thuc cao cuia tin hi¢u thu duoc &
nhom c6 do phan giai cao.

ii) Bo thu két hop tach song/giai ma hai 16p.

Luan an ciing phat trién mot bo thu truyén tin dua trén thuat toan truyén thong diép,
két hop bo tach séng dua trén d6 thi hai 16p v6i k¥ thuat khir nhidu mém giao thoa song
song mém, dugc thiét ké riéng cho cac ADC d6 phan giai hdn hop, diéu ché xép chong tin

hi€u bac cao, va gidi ma P-LDPC.
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Ngoai viéc chuyén ddi hé théng diéu ché bac cao sang mot so d6 diéu ché nhi phan
chuan — gitp viéc 4p dung thuat toan tch song dua trén d6 thi Tanner tré nén kha thi —
luan 4n con dua ra cac biéu thic dang dong cho cac gia tri xac sudt do tin cdy thong tin
ngoai lai dugc trao doi khong chi giita cac nut quan sat va nat ky hiéu nhu thong thuong,
ma con giita ba d6 thi MIMO tuong tng v&i nhom do phan gidi cuc thap, do phan giai
thip, va do phén giai cao twong tng.

iii) Phan tich PEXIT cho diéu ché xép chong tin hiéu sir dung kién trac Mixed-ADC.

Lu4n 4n x4y duyng mét thuat toan PEXIT cho hé thong LS-MIMO sir dung Mixed-
ADC ba cap, c6 thé dé dang diéu chinh dé 4p dung cho cac so d6 Mixed-ADC kép hoic
chi st dung ADC d6 phan giai thap don 1é. Thuat toan nay theo ddi qua trinh truyén thong
tin twong hd trén do thi két hop giira bd tach séng va bo giai ma. Phuong phap dé xuét
cung cip ngudng giai ma lip twong doi chinh xac, nhu 13 ham sb cua cac hé sb chong tin
hiéu, ty 1¢ pha tron d6 phan giai ADC, ty 1é phan chia dng-ten, va cac tham s clia ma tran
gbc LDPC. Khung phan tich nay dit nén mong cho viée thiét ké cac ma P-LDPC méi, phu
hop voi nhiéu kiéu phan chia d6 phan giai ADC khac nhau va nhiéu cap d6 diéu ché xép

chéng tin hiéu, bao gém céc so d6 bac cao nhu 64-QAM va 256-QAM.
3.2.1. Mo hinh h¢ thong

Xét mot hé théng thong tin MIMO c6 b phat tin hiéu twong tu nhu hé th6ng Hinh
2.8 trong Chuong 2. Ciing can luu ¥ rang khung kién tric ndy c6 thé dé dang diéu chinh
thanh c4u hinh Mixed-ADC kép bang cach dat ¢ phan giai cia ting cuc thap va ting thap
gidng nhau, hodc chuyén thanh kién trac ADC ddng nhat mét ting bang cach gan d6 phan
giai mot bit cho ca ba tang.

Vector tin hiéu nhian duoc Y bao gém ba vector con: Y, ¢6 d6 dai Ngp, Yy, c¢6 do dai
Ny, va Yy ¢6 d6 dai Ny = N, — N, — Ngp.. Ba vector nay tuwong ung véi cac tin hiéu nhan
duoc tai cac tap ang-ten c6 do phan giai cuc thap, thip va cao, tuong tng. Do do, ta c6 thé

phén tach vector tin hi¢u nhan Y thanh ba vector con twong tu nhu cong thirc (3.2).
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- BPSK —?— X[N;]
e K
ol
Voo ;
BPSK —? j
@6
(a) Bo phat tin hiéu
Y[1]
i Y¢[l] §------------------------------------------------------§
Y[N
[Ng] EL-ADCs E
i Yoo [NgL]
Y[1]
i Yoll] :
. Y: Bo téch‘séng 5 g b
Y[N.] L ADCE Mo dun '3 : | tan truyén o Bo gidi ;
tién xir ly . it &8 ma ;
Yo[N.] - ay LDPC :
Y[1]
i Yo[1]
Y[N,
Vel H-ADCs
Yo[N : o amE ks e ir g
M : B phat hién va giai ma tin hiéu :
(b) B6 thu tin hi¢u

Hinh 3.7. So d6 khéi ctia b thu-phat trong hé thong thong tin MIMO dugc mi hoa
bang P-LDPC véi b ADC do phéan giai hon 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) Bo thu ¢6 ba nhom bd ADC d6 phan giai thap nham giam tiéu thu dién ning.
3.2.2. Thiét ké bd thu
3.2.2.1. M6 hinh chuyén déi twong tw sang sb

Bang cach ap dung mo hinh AQNM trong cac hé thong MIMO st dung bd ADC do
phan giai thap nhu da néu & Muc 3.1.1, nhiéu luong tir dugc biéu dién nhu mot thanh phan
nhiéu b sung tdc dong Ién tin hiéu thu dugc. Theo khuon khd caa mo hinh AQNM, mbi
quan hé gitra dau vao va diu ra cua bd luong tur hoa co thé dugc mod ta mot cach toan hoc

[35] hoan toan twong ty nhu cong thirc (3.6). CAc tin higu Yg; [n], ¥y, [n] va Yy[n] s€ dugc
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cit b6t dé thu duwoc mién gia tri hitu han trong cac khoang [—TEL’Q, TEL’Q], [—TL’Q, TL’Q] va
[T, Tho| twong tng. Trong d6, Vg, [n], ¥, [n] va V[n] biéu thi cdc phién ban di cat bot
ciia cac tin hiéu thu dugc Yg[n],Yy[n] va Yy4[n] twong tGng. Cac gia tri téi uu cua
TgL0, T Va Ty ,o phu thudc vao ca ham mat do xéac sudt cua tin hiéu dau vao va sd muc
luong tir hoa [114]. Trong nghién ctru [5], Dang va cong sy da dua ra cac biéu thirc dé xac
dinh cac gi6i han cit b6t t6i wu ndy va cac chi sb hiéu ning tuong ng @i, @ VA @y cho
nhiéu murc d6 phan giai khac nhau, duoc tom tét trong Bang 3.1 & Muc 3.1.1 di néu.
3.2.2.2. Chuyén dbi tir mé hinh diéu ché chong ghép M-QAM sang mé hinh diéu ché
nhi phan

Trong mo6 dun nay, so dd diéu ché bac cao duge anh xa hiéu qua sang dinh dang
BPSK tuong duong, cho phép thuat toan tach song theo phuong phap lan truyén do tin cay
hoat dong trén do thi Tanner hai 16p [37], [27] twong tu nhu myc 2.2.2. Ta ¢6

H —H X ¢0Z, + 17
¢ §.Q I I &l
Vo= ] | 321)
¢ $[Hgp, Hep [[Xg 0Ly + Zg
Hodc c6 thé viét
Véi
H —H a 0
&l £.Q 1
H: = ] ] 3.23
§ HE:Q Hf,l 0 aQ ( )
Va
Vv

Theo dinh nghia, vecto Vg chira 2 X Ny X G phan tir, mdi phan tir duoc 13y tir chom
sao BPSK {—1,+1}va ¢ € {EL,L,H}.
3.2.2.3. Két hop giai mi va tach song tin hi¢u

Nhu duoc minh hoa trong Hinh 3.8, db thi tdch séng dung dé khéi phuc cac bit da
truyén bao gom hai loai niit: niit quan sat va nit ky hiéu. Vi mot cau hinh MIMO quy mb
16n c6 kich thuéc Ny X N,., s€ c6 N, nut quan sat va Ng, = 2 X G X N, ntit ky hiéu nhi

phan, cac nut quan sat trong mé hinh nay dugc chia thanh ba tap con.
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Hinh 3.8. D6 thi hai 16p cho bd thu sir dung Mixed-ADC

Lép duéi xu 1y viée tach song tin hiéu MIMO thong qua ba do thi con riéng biét—
mdi dd thi twong Gmg véi mot mic do phan giai ADC (cuc thap, thip va cao). Lép trén
thie hién truyén thong tin thong qua thuat toan truyén thong diép dé giai ma kénh.

Tap con thtr nhit gom N, nut quan sat c6 do phan giai cuc thap, str dung cac bod
chuyén d6i ADC 1-bit. Tap con thir hai gdm Ny, nit quan sat c6 do phan giai thap, dung
ADC 2-bit. Tap con con lai 1a Ny ntit quan sat c6 do phan giai cao hon, st dung ADC 5-
bit. Do tinh chét truyén tin cta truyén thong vo tuyén, cic nut quan sat do phan giai cuc
thap, thap va cao déu duoc két ndi day du voi cac nat ky hiéu. Nho d6, thong tin do tin cdy
tir cac nit ¢6 do phan giai cao va thip sé lan truyén dén cac nit c6 do phan giai cuc thap
thong qua cac nat ky hi¢u Ng, sau mdi vong lap. CAu trac nay truc quan cho thdy rang:
mot sd lwong nho cac dng-ten c6 d6 phan giai cao ciing c6 thé gitip cai thién dang ké hiéu
nang tong thé cua hé théng Mixed-ADC.

Trong thuét toan két hop tach song va giai ma lip, chin loai thong tin riéng biét duoc
trao d6i qua db thi:

- Lo gy [ng, m]: thong digp duoc truyén tir nat quan sat thi ng, dén ndt ky higu thi

- Lg 1 [, m]: thong diép dugc truyén tir niit quan sat thir n, dén nat ky higu thir m.
- Lg y[ny, m]: thong diép duogc truyén tir nut quan sat thir ny; dén nat ky hiéu thir m.
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-L, [np, nq]: thong diép duoc truyén tir nut bién thir n, dén nut kiém tra thr Ng.

- Ly [nq, np]: thong diép duoc truyén tir nat bién thir ng dén nut kiém tra thir n,.

- Lg g [m,ng,]: thong digp dugc truyén tir nit ky hiéu the m dén nit quan sat thu
Ngp.-

- Lg,[m,n,]: thong diép dugc truyeén tir nit ky hiéu thir m dén nat quan st tht n,.

- Lg y[m, ny]: thong diép duoc truyén tir nlt ky hiéu thir m dén nit quan sat thir ny,.

- Lp[m]: ty 1€ LLR cua ky hi€u Vg[m].

Cong thuc tinh toan cac thong diép tuwong tu nhu trong Muc 2.2.3 4p dung Vai
£ € {EL, L H}.

Gia tri LLR hau nghiém twong tng véi Ky hiéu truyén thr m sau mdi vong lip duogc
hinh thanh bang cach két hop toan bd cac thong tin dugc lan truyén tir hai loai nut trong dd
thi Tanner: cic nut quan sat va cac nat kiém tra. Qua trinh tong hop nay tao ra mot udc
lugng mém phan anh muc do tin cdy cap nhat cua ky hicu tai thoi diém cubi vong lap, va

6 thé duge mo ta dudi dang biéu thurc sau:

Lp[m] = 2 2 La'g[ng,m]+ z Lb[nq,np] (3.25)

§€{EL,LH} neSyg(m) ng€s.(np)
LLR hiu nghiém duoc gtri dén b quyét dinh cimg dé tao ra phién ban giai ma cua bit
mi bang quy tic sau:

0, Le[m]>0

1, truong hop con lai (3.26)

éfm] = {
trong d6 ¢[m] la phién ban di dugc giai ma ciia c[m]. Do d6, chudi thong tin giai ma

b s& duoc thu nhan.
Qua trinh tinh toan s& dimg lai khi toan bd cac phuong trinh kiém tra dugc théa méin
hodc s6 vong lap dat dén gidi han t6i da. Néu chua dat mot trong hai diéu kién nay, thuét
toan tiép tuc 1dp lai, thyc hién cip nhat thong tin tir cac nat quan sat theo co ché d3 mo ta

trong Muc 3.2.2.3.a.
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3.2.3. Thuit toan PEXIT @& xuat cho diéu ché xép chdng tin hi¢u v6i ADC @6 phan
hén hop ba cé‘ip

Thuat toan PEXIT tur lau da dugc cong nhan 12 mot cong cu manh mé dé danh gia
hiéu ning cta cac mi P-LDPC duéi nhiéu mé hinh kénh khéac nhau [37], [27], [42], [43].
Vu va cong sy chi ra rang cac bién thé PEXIT truyén théng khong phu hop dé ap dung truc
tiép trong bdi canh hé thong LS-MIMO, noi tach song va giai mi can duge thue hién két
hop dé ting cuong hiéu niang. Mot cach tiép can khic cua thuat toan PEXIT danh cho céc
hé thdéng LS-MIMO trang bj bo ADC d6 phan giai thap da duogc Nguyen va cong sy trinh
bay trong c6ng trinh [37].

Phuong phap nay mang lai nhitng phan tich gia tri vé tac dong ciia luong tir hoa tho
d6i v6i hidu nang cta hé théng MIMO c¢& 16n, dong thdi cung cap cai nhin chi tiét vé co
ché lan truyén thong tin trong qua trinh giai ma lap khi tin hiéu dau vao bi han ché boi sb
bit lwong tir héa. Mic di ¢6 nhiéu diém twong dong voi hudng tiép can ma luan an dang
phat trién, thuat toan trong [37] duoc xdy dung dua trén gia thiét toan bd cac nhanh thu
déu stir dung ADC c6 d6 phan giai dong nhat. Vi vay, né khong thé duoc ap dung truc tiép
cho cac kién triic Mixed-ADC — noi ton tai su két hop gitta cac ADC d6 phan giai cao va
thap nham tdi vu hoéa hiéu ning—nang lugng. Piéu ndy tao ra mot khoang tréng nghién ctru
va dong thoi khang dinh su can thiét cua viéc xdy dung mot mo hinh danh gia thich hop
cho hé thong Mixed-ADC trong pham vi ciia ludn 4n ndy. Vi vay, NCS s& trinh bay trong
phan tiép theo mot bién thé méi cua thuat toan PEXIT, duoc thiét ké dic biét cho cac hé
théng LS-MIMO str dung Mixed-ADC & phia thu, két hop v6i khung tach song va giai ma
ddng thoi.

So dd trao d6i thong tin cua bo thu két hop tach séng va giai ma duge mé ta trong
Hinh 3.9 va Hinh 3.10. Protograph nay chinh 13 dang thu gon cta cau tric d6 thi hai 16p &
Hinh 3.8.
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Hinh 3.10. Ludng thong tin nghich

Thanh phan MIMO ciia protograph két hop MIMO-LDPC bao gdm: Ny, nit quan sat
c6 do phén giai cuc thip, N, nit quan sat c6 d phan giai thip, N nt quan sat c6 do phan
giai cao, Ngy = 2 X N, X G nuat ky hi¢u, va Ng, X N, canh két ndi. Cau trac nay duoc lap
lai L, 1an dé tao thanh phan MIMO ctia d6 thi hai 16p trong Hinh 3.8. Trong khi dé, thanh
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phan giai ma LDPC cta d6 thi két hop tach song va giai ma bao gdm: Np nut bién, N, nat
kiém tra, v mot tap hop cac canh ndi giita cac nit bién va nat kiém tra. Céc két ndi canh
nay duoc xdc dinh bai mot ma tran proto B cé kich thuéc Ny X Np, trong do phan tir
B[nq, np] biéu thi s6 lwong canh song song két ndi nut kiém tra thir ng voi nit bién thir ny,

Pé thu duoc phan doan LDPC ciia do thi hai 16p trong Hinh 3.8, d6 thi con LDPC

LCNE,t

ctia protograph MIMO-LDPC két hop trude tién duoc sao chép 8, = g— = lan. Sau

P Np
d6, mot phép hoan vi duoc ap dung cho céc cap canh ndi tir nat bién dén nat kiém tra

Andy, twong tng véi cing mot loai canh trong protograph goc [44]. Luu ¥ rang sb luong

roo1 A , I Nc—K, , \ 2 1A o ~
nut kiém tra dugc tinh boi: Ny = % = (1 — R,) X Np, trong d6 R, la ti ¢ ma cua ma

LDPC.

Luan 4n dinh nghia chin loai thong tin twong hd chinh, twong ng véi nim loai thong
diép duogc trao d6i trén d6 thi hai 16p trong Hinh 3.8 cua protograph két hop MIMO va
LDPC, nhu sau:

+ Iy, [ngr,m] 14 thong tin twong hd bén ngoai gilta gia tri LLR L, ., [ng, m], duge
giri boi nat quan sat th ng; dén nat bién tht m va bit duge ma hoa twong tng véi nt bién
tha m.

+ Iy, [n,, m] 1a thong tin twong hd bén ngoai gitra gia tri LLR L, [ny,m], duge gui
boi nit quan sat thir n; dén nat bién thtr m va bit duge ma hoa twong ng véi nat bién tha
m.

+ I, [ny, m] 1a thong tin twong ho bén ngoai gitta gia tri LLR L, [ny, m], dugc gui
bdi nut quan sat thir ny dén nit bién thir m va bit duoc ma hoa twong ang vai nit bién thir
m.

+1, [np,nq] 1a thong tin twong hd bén ngoai gitta gia tri LLR L, [np,nq], dugc gui
boi nut bién thir n, dén nut kiém tra thi ng va bit dugc mé hoa twong tmg vé1 nat bién thr
ny.

+ I, [nq,np] la thong tin twong hd bén ngoai giita gia tri LLR Lb[nq,np], duoc gui
boi nat kiém tra thtt n, dén nat bién thit n, va bit dwge ma hoa twong g véi nut bién thir
n

p*
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+ Ig., [m,ng;] 1a thong tin twong hd bén ngoai giita gia tri LLR Lg,, [m,ng, |, dugc
giri boi nut ky hiéu th m dén nit quan sat thir ng; va ky hiéu twong ang voi nit ky hiéu
tha m.

+ Ig [m,n,] 1a thong tin tuong hd bén ngoai giita gia tri LLR LBL[m, n, ], duoc gui
boi nGt ky hiéu thir m dén nat quan sat thr n, va ky hiéu twong @ng véi nit ky hiéu thi m.

+ Ip, [m,ny] 1a thong tin twong hd bén ngoai gitra gia tri LLR LBH[m, ny|, duoc gui
boi nat ky hiéu thir m dén nat quan séat thir n,; va ky hiéu teong ang véi nat ky hiéu thi m.

+Ip [np] la thong tin twong hd hau nghiém giita gia tri LLR hau nghiém F[np] va bit
ma tuong tng v4i nut bién thi ny,.

Bén canh d6, Pybicu thi nhan bi bi duc 16 cta nit bién thir n,,, duge dat bang 0 néu
nut n,, bi thing (tirc 1a céc bit tir ma twong mg cua n6 khong dugc truyén) va thanh 1 néu
khong bi duc 16. Cong thirc tinh toan dugc dua ra twong tu nhu trong Muc 2.2.5, 2.2.6 va

2.2.7 trong chuong 2
3.2.3.1. Ludng thong tin twong hd thuin

Ludng thong tin twong hd theo chiéu xudi mé ta 16 trinh ma thong tin tuong hd ngoai
lai di chuyén tir cac nut quan sat, sau do di qua cac nut ky hiéu va cac nat bién, va cudi

cung dén cac nat kiém tra, nhu duge minh hoa trong Hinh 3.9.
a. Thong tin twong hé tir cdc nit quan st dén cdc nit ky higu.

Thong tin twong hd tir nit quan sat thir ng dén nat ky hiéu tht m duge cho boi:

2
8¢ |He[ng, m]|
ng [n;, m]

Iog|ng,m| =J ,§ € {EL,L,H} (3.27)

Trong d6 ham J(x) duogc dinh nghia ¢ [43].
b. Théng tin twong hé tir cdc nit biéu twong dén cdc nit bién.

Thong tin twong hd ngoai lai Iy :[m] duoc tinh bang phuong trinh sau:

Ng 2
[ 8¢ Helne ]|

laglml =J (3.28)
\ ge{ELLH} ng=1 e [ng,m] /
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Tir phuong trinh (3.28), ta ¢ thé quan sat dugc cach cac bd ADC do phan giai cao
anh hudéng dén tong luong thong tin trong hd truyén tir cac nit quan sat dén cac nat ky
hiéu. Cu thé, cac ADC d6 phan giai cao mang lai gia tri @, 16n hon va Wy [ny, m] nho
hon, hai yéu t6 ndy cliing gép phan lam ting phuong sai tong thé JLZa, ¢~ Do d0, lugng thong
tin trong hd duoc truyén tir cic niit quan sat dén cac nat ky hiéu s& cao hon so véi cac so
d6 ADC d6 phan giai thap théng thudng — noi chi sir dung mot loai ADC d6 phan giai
thip. Gia str 46 dai mi 1a v6 han (N, — o0), thi cdc bit cia bt ky ndt bién nao ciing s&
duoc truyén qua tat ca N, ang-ten phat (nut ky hi¢u) véi xac suit bang nhau 1a 1/ Ng .. Vi
vay, vai tro cua bd két hop hudng xudi 12 tong hop thong tin trong hd nhan duoc tir tat ca
cac nut ky hiéu va chuyén tiép dén cac nut bién. Goi I ¢ 12 lugng thong tin twong hd trung

binh tir tat ca cdc nat ky hi¢u. Khi do, ta co6:

LN
log =5— 2 lolm] (3.29)
Nf,t m=1

Trong d6 I, ¢[m] duoc duara ¢ (3.28).
Vi vay, luong thong tin tuong hd cia kénh duge truyén tir cac nat ky hiéu dén nit
bién tha n, dugc biéu dién nhu sau:
Ine[ny] = Ploe, Vo = 1,2, ..., Np (3.30)
Trong do, P, = 1 néu nit n, khong bi duc 19, va h,=0 néu nguoc lai.
C.  Théng tin twong hé tir cdc nit bién dén cdc nut kiém tra.
Biéu thirc cho lugng thong tin twong hd dugc truyén tir nit bién thi n, dén nat kiém

tra thir ng, ky hi¢u la I, [np, nq] duoc cho boi:

el el =1 (U Celm DI + 531 ) (31

O do:
02 [1p] = Zmeere(myyiny Bl )17 ([0, ])]° (3.32)
Va ] 1(x) dugc dua ra trong [43].

3.2.3.2. Ludng thong tin twong hd nghich
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Dong thong tin twong hd ngugc mo ta quing duong ma thong tin twong hd ngoai lai
di chuyén tir cac nat kiém tra, di qua cac nat bién va nit ky hiéu, va cudi cing dén cac nit
quan sat, nhu dugc minh hoa trong Hinh 3.10.

a. Théng tin twong hé tir cdc nit quan sdt dén cdc nit ky hiéu.

Qua trinh xac dinh luong thong tin twong hd truyén tir nGt kiém tra thir g dén nat bién

thir p twong tu nhu thuat toan PEXIT truyén thong trong [42]. Tac I, [nq, np]

Ih[ngn,] = 1—J(04]n,]) (3.33)
Trong do
2 -1 2
Rl = > By ] (1= fufneng))] (3.34)
n€Ny(ng)\np

b. Théng tin twong hé tir cdc niit bién t6i cdc nit ky higu

Goi I, [np] 1a tong luong thong tin twong hd ma nat bién thir n, nhan dugc tir cac nat

kiém tra. Ta c6 thé bicu dién tong luong thong tin twong hd nay nhu sau:

Ll = > Llngmy) (3.35)

ng€N(np)
Véi cung gia dinh vé d6 dai ma vo han, xac sudt ma bat ky nat ky hiéu nao truyén
Np

p1 Pp). Do d6, bo két hop nguoc s& tong hop

mot bit ma thudc vé nat bién n,lal/ (Z
thong tin twong hd tir tat ca cac nat bién trude khi chuyén tiép dén cac nut ky hiéu. Luong

thong tin trong hd trung binh tir cac nit bién dén cac nut ky hiéu duge biéu dién nhu sau:

N
ZnZ:l Pl [np]

b= Ny
an=1 PP

(3.36)

c. Théng tin twong hé tir cdc nit bién téi cdc nit quan sat

Luong thong tin twong hd duoc truyén tir nit ky hiéu thi m dén nat quan sat c6 do

phan giai cuc thap thir ng,, ky hiéu 1a Ip_ [m, ng, ], dugc tinh theo cong thirc sau:

I, [m,ng ] =] (\/ajh [m] + 02, [m] + o2, [m] + Jlf) (3.37)
Trong do
o = 7 Up)]1° (3.38)
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= Y [ e -
nt€NELo(M)\NEL
U(%EL [ng, m] =
ntENELo(M)\NEL
8¢%, |Hgy [, m]|?
Wg, [ng, m] '

(3.39)

nt€NELo(M)\NEL
Luong thong tin twong hd duoc truyén tir ndt ky hiéu the m dén nat quan sat c6 do

phan giai thap tht n;, ky hiéu 1a Ig [m,n,], duge tinh theo cong thire sau:

Ig,Imn ] =] (\/aji [m] + 02, [m] + 02, [m] + alf) (3.40)
Trong do:
ap = U] (3.41)
2
o-jz [m] = Z []_1(I(ZL [nt) m])] = z O-(EL [ntlm]
neENL o (M)\ny NENL o (M)\ng,
8w?|H, [n,, m]|?
_ Z (qulj [L[ t ]]| (3.42)
teENL o (m)\ng, LU, T

Luong thong tin twong hd duoc truyén tir nut ky hiéu thi m dén nat quan sat c6 do

phan gidi cao thit ny, ky hiéu la Ig, [m, ny], dugc tinh theo cong thirc sau:

I, [mny] = ( \/aé;i [m] + o2, [m] + 02, [m] + ag) (3.43)
Trong do:
2
O-j;_l [m] = z []_1(1061.1 [nt, m])] = z O-c%H [nt)m]
NEN g o(M)\ny N€EN g o(M)\ny

_ 8(p12-I|HH[nt!m]|2
_ z ] (3.44)

NnEN g o(m)\ny
3.2.3.3. Ludng thong tin twong hd APP

Tinh toan gia tri I [np] cho nut bién thir n,

iely) = (U= Gl D + o3l (345

Véi
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_ 2
o2[n,] = z B[ne, n, | )72 (I [0, m, )] (3.46)
ne€Ng(np)
3.2.3.4. Thuit toan PEXIT @& xuit cho cic hé thong théng tin LS-MIMO véi kién
triic bd Mixed-ADC ba céip

Thuat toan PEXIT dugc dé xuat duoc xay dung bang cach tich hop cac ham thong tin
tuong hd tir cac tiéu muc trude véi cac tham sb cia mot cau hinh MIMO cu thé, bao gém:
sd luong dng-ten truyén va nhdn N, X N,., kich thu6c 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 cap do, cu thé 1a Qg;, Q;, va Q. Thuat toan PEXIT cho hé théng LS-MIMO véi kién
trdc Mixed-ADC ba cap d6 thu dugc dugce trinh bay nhu sau:

- Buwdc 0: Khoi tao

o  Lua chon kich thudc ma tran co s¢ B

, f ot 1A Np—-N
o Tinh toan ti I¢ ma: R, = Tpf
np=1
7 r A A - X Nt
o  Tinh to4dn cong sudt nhiéu Ny = ————
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  Thiét1ap gia tri ban dau cho I, = 0,15 =0vals, =0

o Tao ra 3 X F ma tran hién thyc kénh LS-MIMO {Hg,l, Hep, o, HE,F}, e
{(EL, L, H}, tuan theo phan b6 Rayleigh.

o Thiét lap céc tham sb cho bac diéu ché xép chong ky hiéu 1a M, sau d6 tinh
G =log,(M)/2.

o  Gan gia tri cho cac hé s6 thanh phan tin hiéu thuc A1, A2, A1 g

o  Gén gia tri cho c4c hé s6 thanh phan tin hidu a0 a1, @ga, -, Ao ¢

- 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: Cip nhdt théng tin tiv niit gidm sdt t6i niit bién
o Chof=12-F
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o Chom=12-,N; vans = 1,2,-+, Nz, € (EL, L, H}
O Tinh O'BZ = ]_1 (IBZ)

o Khéi tao ﬁglf[m, ng] ~ N(i T’Ul§§>

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

o Tinh W, [ng, m] st dung biéu thire (3.15)
o Chom=12-,M
o Tinhtoan I, f[m] bang cach st dung cong thirc (3.35)

Tinh gia tri trung binh cua I,  trén tat ca cac kénh sura 16i

(@)

F
1
I(Z[m] = Fz Ia,f[m]:vm = 1121 '”;Nf,t
f=1

o Chon, =1,2,-, Np, thuc hi¢n tinh I, [np] qua biéu thirc
Né,t

1
Iyn,] = B, N—az 1,[m]

m=1
Luu y rdng néu nit bién thtr n,, 1a nat dyc 15 thi gié tri B, = 0 va ngugc lai thi B, = 1.
- Bwéc 3: Cip nhdt théng tin tiv nit bién téi nit kiém tra

o Chon,=12,,Npvan, =12,-+,N,, thuc hién tinh gié tri I,[n,, n,]

Néu B[n,,n,] # 0, thuc hién tinh I,[n,, n ] st dung biéu thirc (3.38)

Néu B[n,,n,| = 0, gén gié tri I,[n,,n,] = 0

Buéc 4: Cip nhdt thong tin tiv nit kiém tra t6i nit bién

o Chon,=12,-,N, va n, = 1,2,--+, Np thuc hién tinh gia tri I, [nq,np]

Néu B[nq, np] # 0, thuc hién tinh gia tri I, [nq, np] str dung biéu thire (3.40)

Néu B[nq,np] # 0, gan gia tr1 [, [nq,np] =0

Buwdée 5: Cdp nhdt thong tin tir nut ky hi¢u toi nut giam sdt
o Chof=12..F

ChO m = 1,2, ”.’Nf,t Vé. Ngp, = 1,2, "',NEL, thu’C hlén tinh glé. tI‘l IﬁEL‘f[m, TlEL]

sir dung biéu thuc (3.44)
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(@)

Chom =1,2,---,Ng, van, = 1,2,---,N,, thyc hién tinh gia tri Iy, [m,n,] st
dung biéu thirc (3.54)
Chom =12,--,Ng, vang = 1,2,+:+, Ny, thuc hién tinh gia tri I[;H,f [m,ny] st
dung biéu thire (3.50)
Chom = 1,2,++,Ng, vang, = 1,2,---, Ng;, thyc hién tinh gia tri I [m,ng,] st

dung biéu thuc:

IBEL[minEL] = FZ IBEL,f[m’ nEL]
f=1

Chom =1,2,-+-,Ng, van, = 1,2,---,N;, thuc hién tinh gia tri I [m,n;] s

dung biéu thuc:

Ig,[m,n,] = z I[;Lfan]

Chom =1,2,--,N;, vany = 1,2,--, Ny, thuc hién tinh gia tri I, [m, ny] sa

dung biéu thuc:

1
Ig, [m,ny] = Fz IBH_f[m, Nyl

Buéc 6: Tinh théng tin twong hé APP-LLR
Chon,, = 1,2, Np, thuc hién tinh gia tri Ir[n, | sir dung biéu thirc (3.52)

Buéc 7: Kiém tra gid tri It|n,| va lip lai Buéc 2 — Buéc 7 cho dén khi

Ir[n,] = 1,vn, =12, ,Np

Thuat toan PEXIT dugc dé xuat dat dén trang thai hoi tu khi gia tri Ej, /N, dd 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 giita cac thong diép APP-LLR va céc bit mi héa twong

ung hoi tu dén gia tri 1.

D@ thay rang phién ban PEXIT cho kién triic Mixed-ADC khac véi cac phién ban sir

dung ADC d¢ phan giai thip dong nhat [37] va Mixed-ADC kép [21] & tit ca cac budc,
ngoai trr Budc 3. Dac biét, sy tuong tac lan nhau gitra ba loai ADC — cuc théip, thép va

cao — duoc tich hop vao qua trinh tinh toan thong tin twong hd doc theo db thi hai 16p.
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Trong phan tiép theo, ludn 4n s& st dung thuat toan PEXIT duoc dé xuit nay dé khao
sat hiéu ning cia cac hé thong LS-MIMO str dung Mixed-ADC, véi hai ma protograph
LDPC di duoc thiét ké tir trude. Thong qua cac gia tri ngudng giai ma lip, NCS ching

minh dugc cac 1oi ich tiém ning ciia phuong phép st dung Mixed-ADC ba cip.
3.2.4. Phan tich hiéu niing 1y thuyét

Trong phan nay, luin 4n st dung thut toan Mixed-ADC LS-MIMO PEXIT duoc dé
xudt ¢ phan trudc dé tinh toan ngudng giai ma lip ciia mot s6 ma P-LDPC cu thé: mot ma
duoc thiét ké cho kénh LS-MIMO (biéu dién & cong thie (3.47)) theo [27], va mot ma
khac duoc xay dung cho kénh AWGN (biéu dién ¢ cong thire (3.48)) theo [46]. Cac ma
tran proto ctia cac ma nay dugc trinh bay trong (3.47) va (3.48).

Luan an st dung thuat toan PEXIT nhu mdt cong cu manh mé dé phan tich ly thuyét
hiéu ning giita hai phuong phap diéu ché xép chong: ED va EW. Quan trong hon, luan an
chting minh dugc loi ich dang ké khi sir dung kién tric Mixed-ADC so vé6i hé thong six
dung ADC d6ng nhét duy nhat.

3101 0 1

Bi:=12 1 2 2 1 0 (3.47)
321010
3300100 0
12301010 0

BBX4_32100211 (3.48)
0 0 2 2 20 2 1

Trong thi nghiém nay, NCS xét mot hé théng MIMO 10 x 40 v6i ciu trac mad 6 x 3
va khao sat bén ché d6 do phan giai khac nhau: ADC 1-bit don, Mixed-ADC kép (N, =
35,Ny = 5), Mixed-ADC ba cap (N, = 25,N, = 10, Ny = 5), va ADC 5-bit don. Bang
3.2 néu bat nhirng loi thé twong ddi cua cic cau hinh ndy vé ngudng giai m, so sanh giira
hai phuong phap diéu ché xép chong: ED va EW. Pang chu y, phuong phép diéu ché xép
chong EW luén dat ngudng thap hon so véi diéu ché xép chong ED, phan anh loi thé
khoang 1 dB trong tat ca cac ché do phan giai. Khoang cach hiéu ning nay thu hep nhe khi
do phan gidi dugc cai thién, voi chénh Iéch ngudng gidm tr 1.19 dB (trong trudng hop
ADC 1-bit don) xudng con 0.97 dB (trong truong hop ADC 5-bit don). Hon nira, viéc
chuyén tir hé théng ADC 1-bit don sang céac kién trac Mixed-ADC kép va hon hop ba cép
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mang lai cai thién dang ké, gitip giam yéu ciu ngudng dé giai ma thanh céng hon 1.15 dB
va 1.03 dB lan luot ddi véi cac phuwong phap diéu ché xép chong ED va xép chong EW.
Tuy nhién, ciu hinh Mixed-ADC ba cip van con cach biét 1.66 dB va 1.76 dB so véi hiéu
ning cta hé thng str dung ADC d6 phan giai cao (5-bit), 1an luot ddi véi hai kiéu diéu ché
xép chong. Piéu nay din dén mot cau hoi quan trong vé sy danh doi giira tiéu thu ning

lwong va hiéu ning, ciing nhu cach phan chia tdi vu gitra ba nhom d6 phan giai khac nhau.

Bang 3.2: So sanh hiéu nang BER d6 phan giai cia ADC: Code 6 X 3 MIMO 10 X 40:

Do phan giai Diéu ché ED (dB) | Diéu ché EW (dB) | D6 loi hiéu nang (dB)
ADC 1 bit don 1.34 0.15 1.19
ADC hén 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

Béang 3.3: So sdnh hiéu nang BER céc d6 phan giai cua ADC: Code 6 X 3 MIMO 10 X
60: Dual ADC ( N, = 40,Ny = 20), Triple Mixed ADCs (Ng;, = 40,N, = 10,N,; = 10)

Do phan giai Diéu ché ED (dB) | Piéu ché EW (dB) | Do 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 hdn hop 3 cip -1.72 -2.77 1.05
ADC 5 bit don -3.35 -4.34 0.99

Trong két qua mo phong duoc tom tit & Bang 3.3, NCS khao sat mot hé théng
MIMO 10 X 60 véi cdu tric md 6 x 3 dudi bon ché d6 phan giai khac nhau: ADC 1-bit
don, Mixed-ADC kép (N, =40, Ny = 20), Mixed-ADC ba cip ( Ny, = 40,N, =
10, Ny = 10) va ADC 5-bit don. Tuong ti nhu cdu hinh 10 x 40 trude do, dit lidu cho
thdy 16 rang phuong phap didu ché xép chdng EW trong sb tiép tuc mang lai loi thé dang
ké so véi phuong phap diéu ché xép chong ED, véi chénh léch ngudng gidi mi trong

khoang tir 0.99 dB dén 1.12 dB.
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Pang chu ¥, kién trac Mixed-ADC kép va ba cip mét 1an nita thé hién hiéu ning co
ngudng giai ma tot hon dang ké so véi cau hinh ADC 1-bit don, twong ty nhimng cai thién
dugc quan sat trong bang trude, noi cac moé hinh Mixed-ADC ciing vuot trdi so voi hé
thong sir dung ADC d6 phan giai thdp duy nhat. Vi du, ngudng giai mi lip cua cau hinh
Mixed-ADC ba cép trong phuong phap dicu ché xép chong ED la -1.72 dB, so véi -0.79
dB ddi v6i hé théng ADC 1-bit don, tirc chénh l1éch 13 0.93 dB.

Trong mot két qua mo phong khac, duoc tom tat trong Bang 3.4, NCS xét mot hé
théng MIMO 10 x 80 vdi cau triic mi 6x3 dudi bén ché d6 d6 phan giai khac nhau: ADC
1-bit don, Mixed-ADC kép (N, = 60, Ny = 20), Mixed-ADC ba cip (N, = 60,N, =
10, Ny = 10), va ADC 5-bit don. Nhu d3 quan sat trong cac bang trude (vi du cdu hinh
10 x 40 va 10 x 60), phuong phap diéu ché xép chong EW tiép tuc thé hién ngudng giai
ma thap hon so voi phuong phap diéu ché xép chong ED trong moi cAu hinh ADC, duy tri
loi thé khoang 1 dB. Hon nita, khi chuyén tir cAu hinh ADC 1-bit don sang cac kién tric
Mixed-ADC kép hoic ba cip, ngudng giai ma lap dugc giam tir -2.22 dB (véi dicu ché xép
chong ED) xudng con -2.63 dB va -2.87 dB, tuong Gng. Pay 1 nhiing cai thién hiéu ning

dang ké, phan anh xu hudng da duoc bao cio trong cac thi nghiém trude do.

Bang 3.4: So sanh hi¢u nang BER cac do phan gidi cia ADC: Code 6 X 3 MIMO 10 X
80: Dual ADC ( N, = 60, Ny = 20 ), Triple Mixed ADCs (Ng, = 60,N, = 10, N, = 10)

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

Trong két qua moé phong duogc tom tit tai Bang 3.5, NCS danh gia ngudng giai ma
1ap cia mé protograph 8 x 4 — vdn dugc thiét ké ban dau cho kénh AWGN — trong cling
cau hinh MIMO 10 x 40 nhu d4 sir dung trudc d6 cho ma LS-MIMO 6 x 3.

Nhu thé hién trong Bang 3.5, cac xu huéng tong thé vé tinh toan ngudng van nhat

quan véi nhitng gi d3 thdy ¢ Bang 3.2: phuong phéap diéu ché xép chong EW tiép tuc duy
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tri ngudng thap hon so voi phuong phap xép chong ED, va cac kién trac Mixed-ADC (ca

hai va ba cdp) mang lai nhiing cai thién dang ké so véi cdu hinh ADC 1-bit don.

Bang 3.5: So sanh hi€¢u nang BER céac d6 phan giai cua ADC: Code 8 X 4 MIMO 10 x
40: Dual ADC ( N, = 35,Ny = 5), Triple Mixed ADCs ( Ng, = 25,N, = 10,Ny =5)

Do phan giai Diéu ché ED (dB) | Piéu ché EW (dB) | D6 loi hiéu ning (dB)
ADC 1 bit don 1.68 0.41 1.27
ADC hén hop kép 1.09 -0.09 1.18
ADC hdn hop 3 cip 0.49 -0.64 1.13
ADC 5 bit don -1.29 -2.33 1.04

Tuy nhién, mot diém khéac biét dang chu y xuat hién & gia tri tuyét d6i ciia ngudng
giai ma. Cu thé, m3 AWGN 8 X 4 cho thdy ngudng giai mi cao hon & tat ca cac ché do
phan giai so voi ma LS-MIMO 6x3. Vi dy, ngudng giai ma cia ADC 1-bit don trong
phuong phap ED déu tiang tir 1.34 dB Ién 1.68 dB. Nhiing két qua nay cho thiy rang, mic
du ca hai thiét ké déu c6 xu hudng hiéu ning tuong ty khi chuyén tir ADC d¢ phan giai
thap sang cao hon, mi duoc thiét ké riéng cho kénh LS-MIMO luén dat duge ngudng giai
ma thuan loi hon trong cting mot ciu hinh MIMO — diéu nay nhan manh tdm quan trong

ctia viéc thiét ké ma LDPC phu hop véi ting loai kénh truyén théng cu thé.

Bang 3.6: So sanh hi¢u nang BER céac d6 phan giai cia ADC: Code 8 X 4 MIMO 10 X
60: Dual ADC ( N, = 40,Ny = 20), Triple Mixed ADCs (Ng;, = 40,N, = 10,N,; = 10)

Do phan giai Piéu ché ED (dB) | Piéu ché EW (dB) | D6 loi hiéu nang (dB)
ADC 1 bit don -0.47 -1.66 1.19
ADC hén hop kép -1.09 -2.22 1.13
ADC hdn hop 3 cip -1.43 -2.54 1.11
ADC 5 bit don -3.08 -4.12 1.04

Hiéu ning ctia ma protograph 8 X 4 trong ciu hinh MIMO 10 x 60 duoc khao sat va
ngudng giai ma lip thu duoc duoc trinh bay trong Bang 3.6. Mic du van theo xu hudng

tyong tu vé cai thién ngudng khi chuyén tir cdu hinh ADC 1-bit don sang cac ché do
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Mixed-ADC hai va ba thanh phan (ciing nhu khi chuyén tir diéu ché xép chong ED sang
EW), van c¢6 mot su chénh 1éch dang ké vé gia trj tuyét d6i cua ngudng so v4i mi duoc
thiét ké dua trén hé théng LS-MIMO.

Vi du, trong c4u hinh st dung ADC 1-bit don, ngudng ctia phuong phap ED 1a -0.47
dB, cao hon so v&1 ma protograph 6 X 3 (véi ngudng la -0.79 dB) duogc trinh bay trong
Bang 3.3. Diéu nay cho thiy rang ma duoc thiét ké cho kénh AWGN c6 ngudng giai ma
cao hon 0.32 dB khi hoat dong trong cung diéu kién van hanh.

Bang 3.7: So sanh hiéu nang BER céac d6 phan giai cia ADC: Code 8 X 4 MIMO 10 X
80: Dual ADC ( N, = 60, Ny = 20 ), Triple Mixed ADCs ( Ny, = 60, N, = 10, Ny = 10)

Do phan giai Piéu ché ED (dB) | Piéu ché EW (dB) | D6 loi hiéu nang (dB)
ADC 1 bit don -1.91 -3.06 1.15
ADC hén hop kép -2.33 -3.45 1.12
ADC hén hop 3 cép -2.58 -3.69 1.11
ADC 5 bit don -4.35 -5.39 1.04

Cudi cing, NCS khao sat ma 8 X 4 trong cung cdu hinh MIMO 10 x 80 da duogc
phan tich cho thiét ké mi 6 x 3 trong Bang 3.4. Mot xu hudng nhat quan xuét hién, theo
do cac ngudng giai ma ngay cang gidm khi d§ phan giai ADC tang, va khoang cach hi¢u
ning gitta diéu ché ED va EW dao dong tir 1.04 dB dén 1.15 dB. Hiéu ning cai thién cia
ciu hinh Mixed-ADC ba cip giam tir 0.96 dB trong trudng hop MIMO 10 x 60 xudng con
0.67 dB trong ciu hinh MIMO 10 X 80.

3.2.5. Két qua mé phong

NCS thuc 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 phan trudc, bao gdm ba cdu hinh MIMO: 10 x 40, 10 x 60 va
10 x 80, cung v6i hai md P-LDPC d3 dugc thiét ké tir truéc — c6 ma trin mau dugc cho
trong phuong trinh (3.47) va (3.48). B dai ma la 2400 bit dugc xay dung thong qua hai
budc sao chép va hoan vi, hay con goi 1 qua trinh nang cép. Trong giai doan mé rong dau

tién, protograph dugc nang theo hé sé 4 bang thuat toan PEG [47] nham loai bé hoan toan
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cac canh song song trung lap. Tiép d6, hé sb nang th hai dugc lya chon dya trén d6 dai
khéi théng tin mong mudn. Vi protograph gém 3 nut kiém tra va 6 nut bién trong thi
nghi¢m nay, hé $6 nang thur hai dugc dat 1a 100, tao ra khdi thong tin c6 do dai 1200 bit va
téng do dai ma 2400 bit sau ma hoa. Trong budc mé rong nay, thut toan PEG tiép tuc
dugc st dung, qua d6 han ché sy xuit hién cua cac chu trinh ngén trong cAu trac do thi ma,

giup cai thién hiéu nang giai ma lap.

T 1 I 4
)= EW 1-bit ADCs
~{J= ED 1-bit ADCs
s E\\/ Dual Mixed ADCs
=== ED Dual Mixed ADCs
== EW Triple Mixed ADCs
=== ED Triple Mixed ADCs
EW 5-bit ADCs
ED 5-bit ADCs

Hinh 3.11. Hiéu nang BER: Kich thudc ma P-LDPC 6 x 3 (3.47), Do dai ma 2400
bits, MIMO 10 x 40, 16-QAM, 1-5 bit ADCs

Trude tién, Hinh 3.11 trinh bay hiéu nang BER clia cac cau hinh ADC khac nhau
duéi hai dang diéu ché xép chong EW va ED, sir dung mad P-LDPC dugc xac dinh béi ma
tran mau 6 X 3. Cac két qua dugc thu thap cho mot hé thong MIMO 10 x 40 hoat dong
v6i so d diéu ché xép chong 16-QAM. Két qua mo phong nay phi hop véi cac du doan 1y
thuyét dd dugc trinh bay trong Bang 3.2. Pang chu y, so d6 diéu ché EW luén cho hiéu

nang vuot trdi hon so vdi so do ED trén tat ca cac cau hinh ADC, véi muc cai thién hi¢u

126



ning dao dong tir khoang 1.0 dén 1.8 dB tai ngudng BER 13 107°. Loi thé vé& hiéu ning
nay tuong thich chat ché véi sy chénh 1éch ngudng gidi ma dugc bdo cdo trong Bang 3.2,
noi diéu ché EW cho thay cac ngudng thip hon & moi cau hinh.

Xét vé kién trac ADC, ciu hinh Mixed-ADC ba cép (gdm 25 bd ADC 1 bit, 10 bd
ADC 2 bit va 5 bd ADC 5 bit) dat dugc muc cai thién hi¢u nang BER 1én dén 1.8 dB so
v6i hé thdng chi str dung ADC 1 bit. Cau hinh Mixed-ADC kép ciing cho thiy su cai thién
dang ké so voi hé théng 1 bit, tuy nhién lai ¢6 hiéu ning hoi kém hon so véi cdu hinh
Mixed-ADC 3 cap. Cac két qua mo phong xac nhan rang thiét ké bo thu Mixed-ADC duoc
dé xuét dat duoc su can béng manh mé gitra hi¢u nang va hi€u qua nang luong, nhu da
duoc du doan qua phan tich ly thuyét dua trén thuét toan PEXIT. Cu thé, hé théng Mixed-
ADC ba cip két hop vé6i diéu ché EW hoat dong chi cach 1.8 dB so véi ngudng chuan sir
dung hoan toan ADC 5 bit, trong khi hé théng dung toan bo ADC 1 bit c¢6 khoang cach
hon 3 dB so v&i cau hinh 5 bit, diéu nay xac thuc hiéu qua cta viéc trién khai Mixed-ADC
trong cac hé thong LS-MIMO. Ngoai ra, ciing quan sat thay rang khoang cach hiéu ning
gitra diéu ché xép chong EW va ED giam dan khi d6 phan giai ADC tiang. Xu hudng nay
duogc thé hién rd ca trong ngudng giai ma 1y thuyét (Bang 3.2) va két qua mo phong BER
(Hinh 3.11), cho thiy rang cic ADC c6 do phan giai cao hon giup giam loi thé trong ddi
clia viée str dung trong so toi wu trong diéu ché xép chong, nhd d chinh xac luong tir hoa
duoc cai thién.

Hinh 3.12 minh hoa hiéu nang BER cho ma P-LDPC dugc xac dinh bdi ma tran so
cip 6 x 3, dudi cAu hinh hé théng MIMO 10 X 60 v6i so dd diéu ché xép chong 16-QAM.
Nhu d3 quan st & cau hinh trude (Hinh 3.11), so dd diéu ché chong déu trong sé (EW)
ludn vuot trdi hon so v4i phuong an chong déu khoang cach (ED) trong tat ca cac cu hinh
ADC. Xu huéng nay ding cho ca ADC 1-bit don, Mixed-ADC kép, Mixed-ADC ba cép,
va ADC 5-bit 6 phan giai day du, tiép tuc khang dinh tinh 6n dinh cta diéu ché EW trong
nhiéu méi truong lugng tir hoa khac nhau.

Pang chu y hon, khi tang s6 luong dng-ten thu tir N, = 40 Ién N, = 60, hé théng cho
thy su cai thién dang ké vé hiéu nang BER trong tat ca cic cAu hinh. Cac duong cong gidi
mi ctia moi kién traic ADC déu dich chuyén sang trai khoang 2—4 dB, cho thiy ring da
dang khong gian bd sung tir nhiéu dng-ten thu hon giup ting kha ning tach séng tin hiéu

va bl dip hiéu qua cho nhidu luong tir hoa. Sy cai thién nay dic biét rd rang trong cac cau
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hinh d6 phan giai thip, vi du nhu hé théng ADC 1-bit v6i diéu ché ED hién hoat dong tai
0.4 dB cho muc BER 107° trong c4u hinh 10x60 MIMO, so v6i 4 dB ¢ cau hinh 10x40
MIMO.

E|

I

{5~ EW 1-bit ADCs
- (3 ED 1-bit ADCs
wefp= E\V Dual Mixed ADCs
== o= ED Dual Mixed ADCs
=3 EW Triple Mixed ADCs
== %= ED Triple Mixed ADCs

EW 5-bit ADCs
— ED 5-bit ADCs

BER

Hinh 3.12. Hiéu nang BER: Kich thudc ma P-LDPC 6 x 3 (3.47), b6 dai ma 2400
bits, MIMO 10 x 60, 16-QAM, 1-5 bit ADCs

Hinh 3.13 trinh bay hiéu niang BER ciia cac so d6 lugng tir hoa khac nhau trong cu
hinh MIMO 10 x 80, sir dung ma P-LDPC 6 x 3 va cung so do diéu ché 16-QAM. Két
qua mo phong cho thiy su twong dong manh mé véi cac ngudng giai ma Iy thuyét da trinh
bay trudc do, dac biét 1a véi cAu hinh Mixed-ADC ba cép. Su nhat quéan nay xac thuc do
chinh x4c va gid tri thuc tién ctia khung phan tich PEXIT dya trén thong tin twong hd danh

cho cac hé thdng c6 lugng tir hda khong dong nhat.
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=== EW 1-bit ADCs
~+£)= ED 1-bit ADCs
s E\\V Dual Mixed ADCs
e == ED Dual Mixed ADCs
== E\\V Triple Mixed ADCs
== = ED Triple Mixed ADCs
EW 5-bit ADCs
== ED 5-bit ADCs

s 1 3 tasai

Hinh 3.13. Hiéu nang BER: Kich thudc ma P-LDPC 6 x 3 (3.47), Do dai ma 2400
bits, MIMO 10 x 80, 16-QAM, 1-5 bit ADCs

Khi s6 lugng dng-ten thu ting tir N, = 40 Ién N, = 80, hé thdng tiép tuc hudng loi
tir da dang hoa thu, cho phép truyén thong tin mot cach dang tin cay ¢ cac muc Ej, /N, thap
hon dang ké. Hiéu ung nay duoc thé hién rd qua su dich chuyén sang trai cua tat ca cac
duong cong BER. Tuy nhién, du c6 su cai thién ndy, khoang cach hiéu ning giira hé théng
ding ADC 1-bit don 1¢ va cac kién traic Mixed-ADC van rat dang ké. Cu thé, thiét ké
Mixed-ADC ba cip két hop véi diéu ché xép chong EW dat duogc loi thé hon 2.2 dB tai
BER = 107° so v6i hé théng chi dung ADC 1-bit.

Ngoai ra, ciing ddng luu ¥ rang khoang cach hiéu nang gitta hai so do diéu ché xép
chdng EW va ED giam nhe d4i v6i hé théng str dung ADC 1-bit, tir 1.27 dB trong cu hinh
10x40 xudng con 1.15 dB trong cau hinh 10x80. Diéu nay duogc 1y giai 1a do su da dang
hoéa thu ting 1én da 1am giam anh hudng twong ddi ctia viéc phan bo trong s6 cho cac ky
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hiéu. Nhan thiy ddi véi ca hai hé théng Mixed-ADC kép va ba cip, loi ich cua so 46 EW

van duy tri on dinh & muc khoang 1 dB, bat ké sb lugng ang-ten thu.

T T

== EW 1-bit ADCs

- (3 ‘ED 1-bit ADCs
== E\W 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 3.14. Hiéu nang BER: Kich thudc ma P-LDPC 8 x 4 (3.48), b6 dai ma 2400
bits, MIMO 10 x 40, 16-QAM, 1-5 bit ADCs

T T

w3 EW 1-bit ADCs

= (3 ED 1-bit ADCs
e E\/ Dual Mixed ADCs
== 4= ED Dual Mixed ADCs
=3¢ EW Triple Mixed ADCs
= %= ED Triple Mixed ADCs
»— EW 5-bit ADCs

={) ED 5-bit ADCs

Hinh 3.15. Hiéu nang BER: Kich thuéc ma P-LDPC 8 x 4 (3.48), b6 dai ma 2400
bits, MIMO 10 x 60, 16-QAM, 1-5 bit ADCs
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wfS== EW 1-bit ADCs
= (3 ED 1-bit ADCs
mf—= EW Dual Mixed ADCs
== o= ED Dual Mixed ADCs
=3 EW Triple Mixed ADCs
= M= ED Triple Mixed ADCs

EW 5-bit ADCs
- ED 5-bit ADCs

Hinh 3.16. Hiéu niang BER: Kich thuéc ma P-LDPC 8 x 4 (3.48), b6 dai ma 2400
bits, MIMO 10 x 80, 16-QAM, 1-5 bit ADCs

Pé minh hoa hiéu ning ciia ma LS-MIMO va md AWGN, Hinh 3.14-3.16 trinh bay
hi¢u ndang BER ctia ma LDPC protograph 8 X 4, von duoc thiét ké cho kénh AWGN [50],
du6i nhidu cdu hinh MIMO va kién tric ADC khac nhau. Mic du ma nay cé cau tric khac
voi ma protograph 6x3 dugc str dung trong Hinh 3.11-3.13, nhung xu hudng hiéu nang
van giir duoc su nhat quan vé tong thé. Cu thé, loi ich ctia so d6 diéu ché xép chong EW so
voi ED duoc quan sat ro rang trén tt ca cac cAu hinh bd thu. Tuong tu, cac kién tric
Mixed-ADC tiép tuc cho thy s cai thién dang ké so v6i cau hinh chuan chi st dung ADC
1-bit, va viéc ting sb luong ang-ten thu tir N, = 40 1én N, = 80 dan dén viéc giam déang
ké mtrc E, /N, can thiét d¢é dat duoc cing mirc BER, qua d6 khang dinh loi ich cta da
dang hoa khong gian.

Hon nita, cac két qua mo phong cho thdy su phu hop tot v6i cac ngudng 1y thuyét
duoc suy ra tur thuat toan PEXIT cho h¢ théng Mixed-ADC dugc dé xuét. Su nhat quan
nay gitra cac cu trac ma khac nhau xac nhan tinh 6n dinh va kha nang thich @ng cao cua

cong cu phan tich 1y thuyét trong viéc dinh hudng thiét ké hé théng va du doan hiéu nang.
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Diéu thh vi 13, mic du ma 8 X 4 ¢ nhiéu nit bién va nat kiém tra hon—thuong duogc
lién két v6i hidu ning tt hon trong cac moi trudong AWGN—nhung lai thé hién hiéu ning
kém hon so véi mi 6 X 3 dugc thiét ké chuyén biét cho cac kénh MIMO quy mé 16n voi
ADC d6 phan giai thip. Vi du, dudi cung diéu kién hé thdng, ma 6 x 3 luon dat BER thap
hon tai cung muc Ep, /N, so véi ma 8 X 4.

Quan sat nay cho thiy rang viéc thiét ké cac ma LDPC duoc t6i uu hoa dic biét cho
cac dic diém cua kénh MIMO d3 luong tir hoa 13 mot hudng nghién ciru dang dau tu trong

tuong lai.
3.3. K&étluan chwong 3

Chuong ba giai quyét thach thirc vé han ché niang lugng trong cac bo thu LS-MIMO,
mot yéu t6 then chdt dbi véi cac mang khong day twong lai nhu 5G/6G va loT. Chuong
nay da gidi thiéu mot kién trac bo thu méi két hop ba ky thuat chinh: ADC do phan giai
hdn hop, diéu ché xép chong va ma hoa P-LDPC. Mot diém d6i méi quan trong 1a viée
phat trién bo tach song dya trén do thi hai 16p cung v6i bo giai ma LDPC tuy chinh, dic
biét hiéu qua khi ¢6 hon hai loai do phan giai ADC dugc st dung tai bo thu.

Luan an cling dé xuit mot thuat toan PEXIT cai tién dé phan tich va dg doan ngudng
giai m3 nham cai thién hiéu ning cta hé thong thong tin vo tuyén MIMO c& 16n voi
Mixed-ADC. Nho d6, cac nha nghién ctru c6 thé danh gia hiéu ning hé théng voi nhiéu
cap diéu ché khac nhau va cau hinh MIMO khéac nhau. NCS ciing di xac minh d6 chinh
xéac ctiia n6 thong qua cac két qua md phong. Trong chuong nay, luan an da kham pha kha
nang tiét kiém cong suét cia so do diéu ché xép chong tin hiéu EW so véi so ¢6 ED. Cac
nghién ctru cia ludn 4n cho thay rang diéu ché xép chong tin hiéu 1a mot phuong phap day
htra hen dé nang cao tdc do truyén trong cac hé thong thong tin khong day trong tuwong lai.

Khung phan tich nay ciing mé ra nhiéu hudng nghién ctru tiém nang nhu:

e  Tbi uu héa viéc phan bd ba mirc do phan giai ADC dé can bang giira hiéu ning

va do phuc tap.

e Mo rong ung dung sang cac md hinh truyén din hop tac (Cooperative

transmission) — mot linh vire ma didu ché xép chong dic biét phu hop. Day 1a mot

hudng di htra hen cho cac nghién ctru trong tuong lai.
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Trong chuong nay, luin 4n da tién hanh danh gia hiéu ning cua so d6 diéu ché xép
chdng tin hiéu trong hé théng truyén thong st dung ma P-LDPC, noi cac bo chuyén doi
ADC c6 d6 phan giai hdn hop dugce trién khai cing véi sb luong 16n dng-ten. Hudng tiép
can duoc trinh bay trong chuong nay khong chi gitp tang cudong kha nang xu 1y tin hi¢u
trong diéu kién luong tr hoa thd, ma con dat nén tang vimg chic cho viéc phat trién cac
ma P-LDPC moi. Nhitng mé nay duogc thiét ké nham thich tng tot hon vé6i cac yéu td bt
loi nhu suy hao do ADC d6 phan giai thap hay su phirc tap ciia so d6 diéu ché cao bac.
Thém vao d6, khung phén tich hiéu ning nay con c6 kha ning mo rong dé ap dung trong
nhiéu méi truong kénh khac nhau, chang han nhu mé hinh suy hao Rician, von giit vai tro
quan trong trong cac hé thong truyén thong khong day thé hé mdi nhu 5G va 6G.

Cubi cung, luan an con dé xuat mot huéng nghién ctru tiém nang lién quan dén anh
hudng cia sai sb trong wéc lugng kénh dén hiéu ning tong thé cua hé thdng. Viéc xem xét
cac truong hop kénh khong hoan hao c6 thé cung cip céi nhin siu sac hon vé tinh thuc tién
clia cac md hinh dé xuit, déng thoi mo ra cac hudng dan c6 gia tri cho viéc thiét ké va
trién khai cac hé théng truyén thong hiéu qua trong méi trudng thuc té. Noi dung chuong 3

duoc cong bd & nhitng cong trinh [CT3], [CT5] ciia NCS.
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KET LUAN

Muc dich cta ludn an nay 1 nghién ctru viée tich hop diéu ché xép chdng voi ma hoa
P-LDPC trong cac hé thong MIMO quy mé 16n véi bd chuyén doi ADC cé do phan giai
thip va hdn hop. Dé dat dugc muc tiéu nay, luin an tip trung giai quyét hai huéng nghién
clru trong tim lién quan tryc tiép dén hiéu nang hé théng LS-MIMO trong diéu kién luong
tir hoa tho: (1) Phan tich va danh gid hiéu ning truyén dan cua so do diéu ché xép chong
M-QAM két hop ma P-LDPC khi str dung ADC d6 phan gii thip; (2) Dé xuét thuét toan
tach séng MIMO va giai md P-LDPC hiéu quéa cho bé thu hdn hop Mixed-ADC, nham cai
thién chat lwong thu nhan tin hiéu trong khi van dam bao giam chi phi phan ctng va nang

luong tiéu thy.
Nhirng dong gop chinh
Nhitng déng gop chinh trong luin an ndy gom:

1) Ludn dn dé xudt mé hinh tich hop diéu ché xép chong M-QAM véi md P-LDPC
trong hé thong théng tin vé tuyén MIMO cé I6n sir dung cdc bé ADC dg phan gidi
thap. Trén co so d6, ludn dn ddnh gid hiéu nang toan dién cia hé thong, bao gom
kha ndng chéng 16i, d6 héi tu gidi ma va hiéu quad phé trong diéu kién lrong tir
hoa thd. Két qua phan tich va méd phong cho thiy so dd diéu ché xép chdong tin
hiéu véi trong sé bang nhau vuot troi hon vé hiéu nang BER so véi so d6 khoang
cach déu, dac biét I trong cac hé thng sir dung ADC do phan giai thap. Cach
tiép can nay khai thac dong thoi wu diém cua diéu ché xép chong nham ting hiéu
qua truyén din, ddng thoi két hop véi kha ning ma hoa manh mé cua P-LDPC dé
cai thién do tin cdy trong mdi trudng phan cting han ché.

2) Ludn dn dé xudt thudt todn PEXIT cdi tién dé phan tich va du dodn nguéng gidi
md nham cdi thién hiéu nang ciia hé thong thong tin vé tuyén MIMO c& Ion sir
dung cdc b¢ ADC dé phdn gidi hén hop tai phia thu. Viéc két hop linh hoat gitra
cac bd ADC d6 phan giai cao va thip, vira giam dugc dang ké cong suét tiéu thu
va chi phi phan ctng, vira duy tri hiéu ning phat hién tin hi¢u va giai ma gan véi
hé théng dung bd ADC do phan giai cao truyén théng. Cac két qua phan tich 1y
thuyét két hop vdi mod phong cho ba cau hinh MIMO da khao sat (10 x 40,
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10 x 60 va 10 x 80), twong tmg voi céc ti 16 phdi hop do phan giai ADC khac
nhau, déu cho théy thuat toan dé xuét hoat dong on dinh va chinh xéc. Déng thoi,
cac md phong ciing minh ching rang hé thdng MIMO quy mé 16n dat hiéu ning
vuot troi khi sir dung cdu hinh ADC hdn hop so v6i trudng hop toan bd cac nhanh
thu déu str dung cing mot mic do phan giai. Viéc két hop nhiéu mirc phan giai
ADC giup khai thac dugc vu diém cua ting loai bd chuyén d6i, toi vu héa mbi
quan hé danh d6i giira ning luwong tiéu thu va hiéu ning BER, qua d6 nang cao

chat luong toan hé théng mot cach dang ké.
Nghién ctru trong tuwong lai

Mic du luén 4n d3 dat duoc mot s két qua dang ghi nhan, van con ton tai mot sd han
ché can duoc khic phuc trong cac nghién ciru tiép theo. Cu thé, chua xay dung duoc chién
lugc Iya chon ty 18 hdn hop giita cac ang-ten sir dung ADC do phén giai cao va thip — mot
c4u hinh tiém nang giup can bang hiéu ning va chi phi phan ciing. Bén canh d6, b ma P-
LDPC hién tai dugc thiét ké t6i vu cho hé thong MIMO véi ADC ddng nhat 1 bit, chua
phtt hop véi cac ciu hinh st dung ADC hdn hop. Ngoai ra, ty 18 t6i vu giita s6 lugng dng-
ten phat va thu ciing chua dugc xac dinh 13, trong khi day 14 yéu t6 quan trong anh hudng
tryc tiép dén hiéu ning va kha nang trién khai thyc té ctia hé thng.

Tuy nhién, c6 thé thdy tuy mirc cai thién hiéu ning & ngudng 0,8-1 dB c6 vé nhd,
nhung lai mang ¥ nghia dang ké trong thuc té. Trong thiét ké link budget, mdi dB cai thién
déu co6 thé mé rong ving phi séng, giam cong sudt phat hoic ting kha ning xuyén qua
moi truong truyén dan phuc tap. Pac biét, trong cac hé théng su dung diéu ché bac cao,
viéc vuot qua mot ngudng SNR nhat dinh ¢6 thé cho phép chuyén sang ché do diéu ché co
tdc do cao hon, tir d6 nang cao thong luong. Hon nira, khi cac cai tién nho nhu téi wu trong
sO diéu ché xép chong tin hiéu, thiét ké bo ma P-LDPC twong thich vdi cau hinh hé thdng,
bb tri ty 18 dng-ten hop 1y va phan bd hiéu qua cac mirc d6 phan giai ADC duoc tich hop
lai, téng thé c6 thé mang lai cai thi¢én dang ké vé BER va toc do truyén. Do dé, viéc theo
dudi cac hudng nghién ctru nham téi cai tién vi md nhung c6 tinh tich liiy 1a hoan toan hop
1y va mang lai gia trj thuc tién cao trong bdi canh thiét ké cac hé thong truyén thong khong
day thé hé méi.

Xuat phat tir nhitng han ché di duoc chi ra, luan an dé xuat mot s6 hudng nghién ciru
tiép theo co thé dugc phat trién dya trén nén tang cic két qua hién tai. Cac chu dé nay déu
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lién quan dén viéc khai thic ma P-LDPC trong hé thong sir dung bo chuyén d6i ADC dd

phan giai hon hop, va co tiem nang mo rong dang ké vé mat hoc thuat 1an ung dung. Cuy

thé, mot s6 dinh huéng dang quan tim dugc khuyén nghi nhu sau:

1)

2)

3)

Phan nghién ctru 1y thuyét tip trung vao viéc tdi wu héa ti 16 phan bo giita cac
ang-ten sir dung ADC d¢ phan giai thip va cac ang-ten c6 do phan giai cao. Trong
chuong 3 cua luan an, mot chién luoc lua chon ti 1& hdn hop da duoc xay dung,
trong d6 chi mot phan nho cac ang-ten dugc trang bi ADC d6 phan giai cao. Gia
dinh dit ra 1a ty 1 thip cta cac dng-ten c6 d6 phan giai cao s& gitip tiét kiém dang
ké nang lugng, trong khi vin ddm bao muc cai thién hiéu nang hé thong. Cac két
qua mo phong ban ddu mang lai tin hiéu tich cyc, tuy nhién can tiép tuc nghién
ctru sdu hon dé phan tich dinh lugng mdi quan hé danh d6i gitta hiéu suat ning
luong (EE) va hiéu qua phd (SE). Ngoai ra, viéc xac dinh mét ti 16 hdn hop tbi uu
giita cac loai dng-ten 13 can thiét nham dat duoc hiéu ning tong thé tot nhat cho
hé théng, can bang giita tiét kiém ning luong va chat luong truyén dan.

Nghién ctru tap trung vao viéc xay dung, thiét ké cac ma P-LDPC twong thich véi
ting ti 16 phan b gitta cac dng-ten sir dung ADC do phan giai thip va cao. Muyc
tiéu 1 diéu chinh bac cta cic nut bién trong ma tran co sd sao cho phu hop véi
dic diém luong tir hoa cla ting nhoém ang-ten, tir d6 gép phan ning cao hiéu
ning hoat dong cta hé thong. Huéng phat trién ndy bat ngudn tir thuc té rang bd
ma P-LDPC str dung trong nghién ctru hién tai von dugc thiét ké t6i uu cho cau
hinh hé théng MIMO c¢& 16n v6i ADC ddng nhat ¢ phan giai 1 bit va diéu ché
xép chong bac cao. Viéc nghién ctru va téi wu ma P-LDPC danh riéng cho cac ciu
hinh Mixed-ADC van 13 mot khoang tréng trong cong ddong nghién ctru qudc té.
Theo cac phan tich trong luan an, day 1a mot hudéng di giau tiém ning, c6 thé dem
lai cai thién 1d rét vé hiéu qua gidi ma va chét luong tin hi€u trong hé théng
MIMO st dung nhiéu cip do luong tir héa khac nhau.

Qua cac két qua phan tich trong chuong 2 va chuong 3 va cic nghién ciru trude
d6 c6 thé nhan thiy rang hiéu ning cta hé thong thong tin MIMO ¢& 16n ¢6 xu
huéng suy giam dang ké khi sir dung céu hinh véi ti 18 s6 lugng dng-ten phét trén
sd dng-ten thu nho hon 1 (M/N < 1), so v6i cau hinh c6 cung sd lugng dng-ten
phat nhung ti 18 (M/N = 1). Hién twong nay dic biét rd rét trong bdi canh hé
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théng tich hop bo ADC d6 phan giai thap, tuy nhién dén nay van chua c6 cong
trinh nao coéng b 1y giai cy thé cho hanh vi hiéu ning nhu vy trong moi trudng
MIMO quy mb 1én. Viée xac dinh ty 18 t6i wu gitra s6 lwong dng-ten phat va dng-
ten thu dong vai tro then chdt trong qua trinh thiét ké va trién khai cac hé thong
truyén thong khong day hién dai. Cdu hinh MIMO khéng chi anh huéng truc tiép
dén hiéu ning thu phat tin hiéu, ma trong bdi canh sir dung bd ADC dd phén giai
thap, nd con tac ddng manh dén mirc suy hao luong tir hoa, chat luong ude luong
kénh ciling nhu kha nang tach song ctia bo thu. Do do, viéc phan tich mot cach hé
thong anh huong ctia cau hinh MIMO dudi didu kién luong tir hoa tho 14 hét strc
can thiét. Nhitng dénh gia nay khong chi gop phan 1y giai 16 nguyén nhan dan dén
su bién thién hiéu ning ma con cung cap co s quan trong cho viéc téi uu hoa
thiét ké trong cac nghién ctru twong lai. Pay 1a mot huéng nghién ctru mo day
tiém nang, hira hen mang lai cac két qua c6 gia tri trong viéc phat trién cac k¥
thuat xt 1y tin hiéu thich tmg v6i diéu kién phan ctimg han ché cua cic hé thong

v tuyén trong tuong lai.
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