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LOI CAM DOAN

Téi xin cam doan dué6i ddy 13 ludn an tot nghiép cua riéng toi, dudi sy huéng din
ctia PGS.TS. Nguyén Vin Thity — Hoc Vién Céng Nghé Buu Chinh Vién Thong va
PGS.TS. Nguyén Trung Hiéu — Trudng dai hoc Déng Nam Na Uy. Tat ca nhiing két qua
va sb lieu trong luan an nay la trung thuc va c6 dugc tir nhirng nghién ctru ma t6i va nhém

thuc hién trong qua trinh lam luén an.

Ha Noi, ngay thang nam 2021

Nghién ctru sinh

bang Ngoc Hung



LOI CAM ON

T6i tin rang luan 4n nay khong thé hoan thanh néu khong c6 sy giup d& tan tinh cia
nhirng c4 nhén, t6 chic sau day.

Trudc tién, toi xin bay to 10ng biét on sau sac nhét téi hai thay huéng dan cia toi la
PGS.TS. Nguyén Vin Thuy va PGS.TS. Nguyén Trung Hiéu vi sy hudng dan tan tinh,
nhing 16i khuyén, sy ling nghe va khich 1¢ trong qué trinh thyc hién luan an. Cac thay
khéng chi truyén cho t6i cac kién thirc chuyén mén ma con gitp toi cai thién nhiéu k§ ning
trong nghién ctru khoa hoc va cudc séng. Toi s& khong quén khoang thoi gian dai cung cac
thay thuc hién cac thir nghiém, thu thap két qua va mo phong. Cac budi thao luin thuong
Xuyén vao mdi tdi va cac budi dién tap cho bai thuyét trinh bang tiéng Anh. Cac thay da
dinh huéng, huéng dan va gip toi chinh sira cac bai bao cling nhu ban thao luan 4n tién si
nay. To6i da hoc hdi dugc rat nhiéu diéu, mot lan nira, toi xin gui 101 cdm on chan thanh téi
thay hudng dan cia toi.

Toi1 xin chan thanh cam on Lanh dao, cac théy, c0O giado cua Khoa Pao tao Sau dai
hoc, Hoc vién Cong nghé Buu chinh Vién thong da hudng dan, gitp dd, tao diéu kién thuan
lgi cho t61 trong thoi gian hoc tap, nghién ctru va thuc hién luan an.

T6i xin giri 101 cam on dic biét dén Quy d6i mébi sang tao VINGROUP (VINIF), Vién
nghién ciru dit liéu 16n (VINBIGDATA), di chap nhan ho so ng tuyén Va tai trg hoc béng
dao tao Tién si trong nudc cho tdi. Pay 1a ngudn kinh phi thiét thuc, gilp t6i tap trung vao
cong viéc nghién ctru va hoan thanh ding han chuong trinh nghién ctru sinh ctia minh.

T6i xin chan thanh cam on Lanh dao va cac dong nghiép tai Khoa Cong nghé thong
tin 1, Hoc vién Cong ngh¢ Buu chinh Vién thong, da giup do, tao diéu kién cbng tac thuan
loi, gilp toi tap trung hoan thanh luén an.

Cudi cung, toi Xin cam on gia dinh, dic biét 1a hai con nho Kent va Bon di ludn bén
canh gilp toi vuot qua nhitng kho khin, thach thic trong sudt qué trinh 1am luan 4n.

Ha Noi, ngay thang nam 2022

Nghién ctru sinh
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Tir viét tat Nghia tiéng Anh Nghia tiéng Viét
1G 15t Generation Networks Mang di dong thé hé dau tién
4G 4th Generation Networks Mang di dong thé hé tha 4
5G 5th Generation Networks Mang di dong thé hé thir 5
ADC Analog To Digital Converter ISSaér)Igth%yén doi tin hi¢u twong ty
APP A Posterior Probability Xéc suat hau nghiém
AQNM Addition Quantization Noise Model Mo hinh nhiéu luong tir cong
AR3A Accumulate Repeat-3 and Accumulate | Ma tich liy va lap 3
AWGN Additive White Gauss Noise Nhidu Gauss tring cong
BER Bit Error Rate Ty 1¢ 13i bit
BI-AWGN Binary Input AWGN Kénh AWGN dau vao nhi phan
BS Base Station Tram gbc
BP Belief Propagation Lan truyén d6 tin cdy
BPSK Binary Phase Shift Keying Diéu ché pha nhi phan
Csl Channel State Information Thong tin trang thai kénh
DAC Digital to Analog Converter i%ﬁggén doi tin higu s0 sang
DE Density Evolution Tang trudng mat do
EE Energy Efficiency Hiéu qua nang luong
EXIT Extrinsic Information Transfer Truyén thong tin ngoai lai
FER Frame Error Rate Ty 1¢ 16i khung
\EEE :Erwr?;iit:égrgf Electrical and Electronics Hoi K§ su Dién va Dién tir
LDPC Low Density Parity Check Code Ma kiém tra chin 1é mat do thap




LLR Log Likelihood Ratio Ty 1€ ham log d6 tin cay
LS-MIMO Large-Scale Multiple Input Multiple Hc thong da dau vao da dau ra co
Output l6n
LS-MIMO- Large-Scale Multiple Input Multiple Thuét toan truyén thong tin ngoai
PEXIT Output Protograph Extrinsic lai sir dung protograph cho hé
Information Transfer thong MIMO ¢ 16n
Mixed-ADC- | Mixed ADC Large-Scale Multiple a}ill;itctl?;n mrlgtzn illoﬁgc ltll(l)lﬁlégoal
LS-MIMO- Input Multiple Output Protograph thén MII\%Ig e %c’mpvdi ADC hén
PEXIT Extrinsic Information Transfer hop &
MIMO Multiple Input Multiple Output Hé théng da dau vao da dau ra
MIMO-MU MIMO Multiple User H¢ thong MIMO da nguoi ding
MIMO-SU MIMO Single User Hé théng MIMO don ngudi ding
ML Maximum Likelihood Tach song hop 18 tdi da
MMSE Minimum Mean Square Error L(.)I; binh phuong trung binh toi
thiéu
PDF Probability Density Function Ham mat d6 xac suét
P-LDPC Protograph LDPC M& LDPC dya trén do thi co s&
PEG Progressive edge-growth tTigrlllat toan tang truong canh Iy
PEXIT Protograph Extrinsic Information Truyén thong tin ngoai lai dya trén
Transfer protograph
QC Quasi-Cyclic Bén tuan hoan
RF Radio Frequency Tan s6 vo tuyén
SE Spectrum Efficiency Hiéu suit phd
SNR Signal To Noise Ratio Ty 1¢ tin hiéu trén nhiéu
T-ADC Ternary-ADC Bo6 ADC bac ba
Vertical — Bell Labs Layered Space- Phan 16p khong gian thoi gian theo
V-BLAST . A ,
Time chiéu doc cua Bell Labs
ZF Zero Forcing Tach séng cudng buc vé khong
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DANH MUC KY HIEU

a Gia tr1 LLR ngoai lai tir nat bién dén nit kiém tra
b Gia tri LLR ngoai lai tir ntit kiém tra nén nut bién
b Tl ma dau vao bo ma héa
b Tu ma thong tin giai ma ¢ phia thu
B Ma tran co sé ciia ma Protograph LDPC
c Tt mi dau ra bd ma hoa
C Dung luong kénh
cN M Khong gian phtic 2 chiéu
CN (0, Ny) Phan phdi Gauss phirc v6i trung binh khong va phuong sai N,
s S6 canh két ndi giira nut kiém tra s va nat bién b trong ma trn protograph
E,/N, Ty 1& ning lugng bit trén nhiéu
() Ham rang budc trong bai toan tdi uu
F S6 ma tran kénh trong thuat toan tim kiém
Gippc Ma tran sinh cua ma
h(n,m) Hé s6 kénh tir ang ten phat m dén ang ten thu n
H Ma tran kénh
HT Ma tran chuyén vi cia ma tran kénh H
H;ppc Ma tran kiém tra chén 1é
Lipp Thong tin twong hd cua xac suat hau nghiém
I(x,y) Thong tin twong hd ctia tin hiéu truyén di x va tin hiéu nhan duoc y
Lps] Tl}_l(ﬂ)n,g ti.n; tuong h§ ngqai lai g~iﬁ:a’ gia tri LFR du’(_’rc gui bai nat bién tha p
tai nat kiém tra thl;l’ s va bit ma hoa tuong tng thir p q
I,[s,p] Thoéng tin twong ho ngoai lai gitta gia tri LLR duoc gui bai nat kiém tra thi

s dén nat bién tht p va bit ma hoa twong tng th p

Vil



Thong tin twong hd ngoai lai giita gia tri LLR duoc giri boi quan sat thi n

lelm] | it @én ndt bién thit m va bit ma hoa twong tng thir m.
Iylm, ] Thong tin tuong hd ngoai lai gitta gid tri LLR dugc giri boi bién tha m dén
nat quan sat thar n va bit ma hoa tuong tng thae m
Iterax S 1an lap giai ma ti da
J() Ham tinh thong tin twong hd xép xi
J()H™1 Ham nghich dao tinh thong tin twong hd xap xi
K, Do dai khéi thong tin dau vao bo tao ma
L. S6 1an st dung kénh
Lg Gidi han cét ctia bd ADC
M S6 ang ten phat
N S6 ang ten thu
N, S6 ang ten thu d6 phan giai thap
Ny S6 ang ten thu d6 phan giai cao

N (0, Ny) Phan phéi Gauss véi trung binh khong va phuong sai N,

N, Do dai khoi thong tin dau ra bo tao ma
Ny Cong suat nhiéu nén
P S4 ¢dt ciia ma tran co sO
Q Toan tur lugng tir hoa
R Ti 1¢ ma hda
R Ham lay phan thyc cta sé phirc
S S6 hang cua ma tran co s&
s Ky hiéu dau ra bo diéu ché
tanh () Ham tanh tinh x4p xi thong diép truyén tir nat kiém tra téi nat bién
X Véc to ky hiéu duoc truyén di
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% U'dc tinh mém cua ky hiéu x

w Nhiéu Gauss tring cong
Wy Nhiéu lugng tir

r Vector tin hiéu dau vao may thu

r[n] Tin hiéu nhan dugc tai ang ten thir n

y Tin hiéu dau ra cua bo lwgng tir héa véi tin hiéu dau vao r
7 Phién ban cat cua tin hiéu thu r

o Do léch chuan

o2 Phuong sai ciia bién ngiu nhién

v To6ng nhiéu

r Gia tri LLR ctia x4c suit hau nghiém

a Gia tri LLR ngoai lai tr ntit quan sat dén nat ky hi¢u

B Gia tri LLR ngoai lai tir ntt ky hiéu dén niit quan sat

€ Mot s nho tuy

¢ Ham chi phi t6i wu ma

p Nghich dao ctia ty 1¢ tin hiéu trén nhiéu luong tir

@ Heé sb hiéu ning cta bo lugng tir trong md hinh nhidu lugng tir cong
> S bit sir dung trong bo luong tir hoa
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MO DAU

Trong mang khong day thé hé méi, hang ty thiét bi duoc khai thac dé cung cap két ndi
cho cac dich vu doi hoi toc do cao va do tré thap [1]. Theo thong ké, luu luong dit liéu mang
di dong da tang 46% trong khoang thoi gian tir quy 1 nam 2020 dén quy 1 nim 2021, dat
khoang 66 ExaByte [2]. Piéu nay cho thiy nhu cau vé téc do truyén dan sé khong ngimg gia
ting dé dap tng cac dich vu yéu cau bang thong cao. Bén canh do, mot sé dich vu mdi ciing
yéu cau thoi gian thyc v6i d6 tré thap hon gip nhiéu lan. Vi du: Néu nhu mang 4G yéu cau
do tré xir 1y 10 ms trong mot s6 dich vu thi do tré du kién yéu cau trong mang 5G s€ thép
hon 1ms [3].

S€ khong thé dat dugc cac muc tiéu trén néu chi dua vao kién tric va co sé ha téng cua
mang 4G hién tai va viéc ting quy mo cong suat phat. Diéu nay doi hoi can c6 nhitng thay
d6i vé cong nghé nham dap tng cac yéu cau vé tée do va do tré xir 1y trong mang khong day
thé hé méi. Gan ddy, cong nghé da dau vao da dau ra (MIMO) di dugc tng dung thanh cong
trong cac mang di dong hay mang khong ddy thé hé thit nim (5G) [4]-[10], ciing nhu trong
cac mang cam bién khong day tiét kiém nang luong [11]-[14]. Viéc trang bi hang chuc dén
hang trim dng ten & phia phat va phia thu gitip cac hé thong MIMO, goi 1 hé thdng MIMO
¢& 16m (LS-MIMO) c6 thé cai thién déng ké toc do truyén dir liéu va ting hiéu suit pho [4]-
[6], [15]-[18]. Tuy nhién viéc khoi phuc dir liéu dugc ma hoa tir cac tin hiéu nhan dugc boi
s6 lwong 16n ang ten phat doi hoi mot luong tinh toan rat 1on & phia thu, cu thé 13 thanh phan
tach song ctia may thu MIMO [19]. Hon nita, viéc sir dung mot s6 lugng 16n ang ten trong
cac hé thong MIMO ¢4 16n cling mang dén thach thirc vé hidu qua ning luong (EE) cho mé-
dun tan s6 vo tuyén (RF) [20]. Tai RF, cac bo chuyén d6i tin hiéu tuong tu sang tin hiéu sd
(ADC) 1a thanh phan chiém phan 16n tong murc dién nang tiéu thu ciia hé thong. Bén canh
d6, chi phi phan ctng va muc tiéu thu ning luong cua cac bd ADC ting tuyén tinh vé6i sb
luong ang ten va theo cap s6 mil v6i s6 luwgng bit ciia bd ADC [20]. Hién nay, mic tiéu thy
dién nang pho bién ctia cac bd ADC d6 phan giai cao (cu thé 1a 8-12 bit) trong cac hé thong
thuong mai téc do cao (voi toc do 1ay mau > 20 GSample/s) 1a khoang 500 mW [21]. Néu
tinh trén mot hé théng MIMO ¢ 16n vé6i 256 dng ten thu va 512 bo ADC, thi tong cong suit
tiéu thy ctia cac bdo ADC nay 18n t6i 256 W. Diéu nay 1a khong kha thi dé ap dung trong cac
hé thdng thong tin MIMO ¢& 16n trong thuc té.
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D3 c6 nhiéu nghién ctru vé ADC d6 phan giai thip cho cic hé théng LS-MIMO duoc
thuc hién [22]-[24], nhung viéc phan tich va tdi vu hoa hiéu nang cho chiing van con nhitng
han ché. Dau tién, cac nghién ciru thudng giit nguyén phuong phap truyén thng 1a 1iy gidi
han cét bang ba 1an do 1éch chuan (three-sigma) cho bét ké d6 phan giai ndo cta bo ADC
[22]. Piéu nay dan dén hiéu ning cta cac hé théng MIMO c¢& 16n véi ADC d6 phéan giai
thp s& bi suy giam, do luat three-sigma von duoc thiét ké t6i wu cho hé thdng v6i bd ADC
d6 phan giai cao (8 dén 12 bit). Hon nita, cac nghién ciru gan nhéat vé LS-MIMO st dung
giai phap méi héa P-LDPC véi ADC d6 phén giai thap [22] méi chi xem xét gidi han d6 phan
giai thap tir 2-bit téi 5-bit. Trong khi d6, nhu d3 chi ra trong [21], ADC d6 phan giai 1-bit
va 2-bit 1a lya chon phl hop nhat néu cac nha thiét ké co thé dam bao duoc hiéu ning hé
thdng vi hai mic do phan giai nay cung cap hiéu qua veé tét nhat nang luong.

Bén canh d6, mi kiém tra chin 1¢ mat do thap (LDPC) [25] 1a mot cong nghé ma hoa
kénh hién dai. V&i kha nang sira 13i tot va sir dung giai ma lap c6 do phuc tap thap [25]-
[27], ma LDPC ngay nay duoc sir dung rong rai trong cac hé thong truyén thong khac nhau.
Pa ¢6 nhiéu hoat dong nghién ciru lién quan dén viéc phan tich va thiét ké cac hé thong
MIMO sir dung giai phap ma héa LDPC véi cac dang co ché tach song va giai ma khac nhau
[28]-[32]. P4y duoc xem nhu 13 mot cach tiép can ty nhién dé ap dung ma LDPC c6 do
phtc tap giai ma thap vao cac hé théng LS-MIMO nham cai thién do tin cay dudng truyén
va tiét kiém nang luong.

Nhiing thay d6i méi vé cong nghé trong mang khong day thé hé méi, nhu di phan tich
& trén, doi hoi can c6 nhimg nghién ctru dua ra cic giai phap cai thién hiéu ning cua hé
thdng MIMO c¢& 16n sir dung ma P-LDPC. Tuy vy, theo khao sat & trén, chua c6 nghién
ctru chuyén siu nao vé thuat toan tach song MIMO va giai ma P-LDPC cho hé théng thong
tin MIMO ¢& 16n trong trudng hop st dung bo chuyén doi ADC c6 d6 phan giai thap tir 1

t6i 2 bit. Do vay, chil dé nay duoc lya chon 12 dé tai nghién ciru cta luan an.
a. Muc dich nghién ciru

Muc dich ciia luan 4n nay 1a nghién ciru cac giai phap thiét ké thuat toan tich song va
giai ma P-LDPC nham cai thién hiéu ning cua hé thong thong tin MIMO ¢& 16n véi cac bo
ADC d6 phan giai thép tur 1 to1 2 bit. Cac muc ti€u nghién ctru cy thé cta luan an dugc xéac

dinh gom:



Thir nhat, nghién ctru giai phap cai thién hiéu ning bd ADC ddng nhit do phan giai
thap tir 1 t6i 2 bit, gitp hoat dong hiéu qua cho hé théng LS-MIMO.

Thir hai, nghién ctru phuong phap thiét ké va dé xuat ho ma P-LDPC méi, phu hop cho
hé théng thong tin LS-MIMO c6 tmg dung bd ADC d6 phan giai thap dé xuét & trén.

Thir ba, nghién ctru, dé xuat thuat toan tach sdng va giai ma cho hé thong thong tin LS-
MIMO sir dung giai phap ma P-LDPC véi cac bd ADC ¢6 d6 phan giai thip khac nhau (do
phan giai hon hop).

b.  Déi twong nghién ciru

Luan 4n tap trung nghién ctru ba ddi tugng chinh, 4nh hudng téi hiéu qua nang lugng
(EE) va hiéu suat phd (SE) trong cac mang khong day thé hé tuong lai. Cu thé gém: 1) Bo
ADC do phan giai rat thap tir 1 ti 2 bit; 2) Giai phap ma hoéa P-LDPC c6 ti 1é ma thich tng;
3) Thuat toan tach song va giai ma két hop & phia thu.

C.  Pham vi nghién ciru

- Mo hinh kénh dugc st dung 1a m6 hinh kénh Rayleigh fading. Lua chon nay 1a béi
day 1a mo hinh kénh thong ké, gitp viéc trién khai cac biéu thic toan hoc duoc thuan
loi.

- B0 diéu ché duoc sir dung 12 b diéu ché pha nhi phan (BPSK), viéc md rdng 1én céac
phuong thirc diéu ché bac cao 1a mot chu dé phtrc tap va nén dugc xem xét ¢ cac
nghién ctru doc lap khac.

- S luong ang ten phat va ang ten thu duoc lra chon trong gidi han tir 10 dén 100. Lya
chon cau hinh ndy xuat phét tir so sanh vdi cac cong trinh nghién ciru co lién quan
khéc vé hé thdng thong tin MIMO ¢& 16n. Luu ¥ rang, cac phan tich va két qua nghién
ctru trong ludn an nay c6 thé ap dung cho cac cau hinh MIMO khac nhau véi s6 luong
ang ten tily bién va 16n hon nita.

- Trang thai thong tin kénh (CSI) 1a ¢6 ¢ phia thu nhung khong c6 & phia phat.
d.  Phwong phap nghién ciru
Phuong phap tiép can giai quyét cac van dé trong luan an nay duoc thuc hién thong

qua hai qua trinh: Thir nhat 1 phén tich vin dé va thiét Iap mé hinh toan hoc cta bai toan va
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qué trinh thir hai 1d mo6 phong cac phan tich nay trén may tinh dé x4c minh va kiém chuing

tinh dung dén cta cac mé hinh toan hoc di thyuc hién.

QUA trinh thir nhdt, thiét ldp mé hinh todn hoc. Vi bd ADC d6 phan giai thap,
nghién ctru trong luan 4n di xay dung biéu thirc toan hoc tinh toan gidi han cit tbi
vu nham giam bién dang luong tir tir d6 cai thién hiéu ning cua bd ADC nay. Véi
cac thanh phan trong hé théng thong tin truyén dan, hau hét déu duwogc mé hinh hoa
thong qua mo hinh toan thong ké. Vi du nhu hé s6 kénh truyén duoc mé hinh hoa
bang mot bién ngiu nhién theo phan b Rayleigh hoic nhiu dau vao may thu,
nhiéu luong tir duwge mod hinh hoa thong qua nhidu Gauss trang cong. Cac md hinh
toan hoc nay dugc ap dung phd bién trong cac nghién ctru ciia cac nha khoa hoc
trén thé gidi trong linh vuc xir Iy va truyén thong tin.

QUA trinh thit hai, xdy dung va thiét ldp chwong trinh mé phéng trén may tinh.
Budc nay duoc thuc hién béi ngon ngit 1ap trinh C++ nham kiém ching tinh dung
din cua cac két qua phan tich toan hoc. Cac mé phong dugc thuc hién dua trén
phuong phap Monte-Carlo. Pay 1a phuwong phap pho bién duoc sir dung dé danh
gi hiéu ning cta cac mo hinh mang, hé théng thdng tin, khi ma trong mé hinh dé
c¢6 nhiéu bién c6 xac suat ngu nhién. Piéu nay gitp dam bao do tin ciy ciia két qua
mo phong ciing nhu cho phép danh gia hiéu nang cua giai phap dé xuat trén cac hé

théng truyén dan thuc té.

€.  Nhitng dong gop chinh cua ludn dan

Nhu da trinh bay, muc dich cta luén 4n nay la nghién ctru cac giai phap cho thuat toan

tach song va giai ma phia thu nham cai thién hiéu nang téng thé ciia cac hé thong thong tin

MIMO ¢& 16n sir dung giai phap ma P-LDPC va b ADC d6 phan giai thap tir 1 dén 2 bit.

Trong déng gép dau tién, hiéu suit phd duong 1én cia hé théng thong tin MIMO c&

16n voi bd ADC do phan giai thap 1 dén 2 bit duoc nghién ciru. Mot biéu thire tinh toan gidi

han cit khong phu thudc sb luong dng ten phat dugc dé xuat dé tinh toan gidi han cit phu

hop cho cac bd ADC vo hudng dong nhat d6 phan giai thap va bo ADC ba muc (T-ADC).

Céc két qua md phong cho thiy rang su cai thién hiéu suat phd duong 1én cia cac bo luong

tir hoa dé xuat nay la rit dang ké cho céc hé thdng MIMO c¢& 16n, dic biét 1a trong trudng

hop bd ADC c6 d6 phan giai 1-bit. Cu thé, voi sb luong ang ten tai tram gé¢c N = 500, hiéu
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suat phd duodng 18én duoc cai thién 1én dén 9bits/s/Hz. Pong gbp nay dugc cong b trong
céng trinh [CT3] va dugc trinh bay trong ndi dung Chuong 2 cua luan an.

Trong déng gop thir hai, anh hudéng cia giai phap ma hoa va giai ma P-LDPC d6i voi
hiéu ning cua hé thong MIMO ¢& 16n v6i bo ADC d6 phan giai thap duoc nghién ciru. Mot
ho m& P-LDPC ¢ ti 1¢ ma thich mg méi dugc dé xuat cho hé thong MIMO ¢& 16n véi ADC
1 bit mang lai d6 lgi ma hoéa tir 0.3 dB téi 0.7 dB so véi cdc ma P-LPDC hién dai dugc céng
bd gan nhat. Nhiing do loi ma hoa nay 1a dang ké vé mat hiéu ning, dic biét 1a ddi voi hé
thdng truyén thong khéng day téc do cao, noi ma ngudn ning lwong cung cip cho cac thiét
bi hoat dong bi han ché mét cach nghiém ngit. Péng gop ndy cua luan an dugc thé hién
trong céc cong trinh [CT1], [CT2] vé phuong phap thiét ké ma P-LDPC tuong tich ti 1¢ va
trong [CT4], [CT5] vé thiét ké, danh gia cac giai phap ma P-LDPC cho hé thong LS-MIMO
c6 str dung bo ADC dé xuat d6 phan giai thap (1-bit). Noi dung chi tiét cua dong gop duoc
trinh bay tai Chuong 3 cta luén an.

Trong dong gop thir ba, anh huong cia thuat toan tach song MIMO va giai ma P-LDPC
dén hiéu nang cta hé thong MIMO c¢& 16n véi ADC d6 phén giai thip hdn hop duoc nghién
ctru. Thuat toan tach song va giai ma két hop dua trén do thi hai 16p va thuat toan PEXIT
tuong tng dé thiét ké cac ma P-LDPC cho cac hé thng truyén thong LS-MIMO véi bo
ADC hdn hop dugc dé xuat. Két qua thuc nghiém cho c4c cdu hinh MIMO (16 x 16 va 16 x
32) v6i bd cac bo ADC c6 d6 phan giai va ty 16 hdn hop dng ten khac nhau cho thay sy cai
thién vé hiéu nang cua hé théng va xac nhan tinh hitu dung, do chinh xac cta thuat toan
dugc dé xuit. Pong gop nay cua luan an duoc cong bé tai [CT6] va duoc trinh bay trong
Chuong 4 cua luén an.

Cubi cing, luan 4n trinh bay mot dong gop méi vé cong cu nghién ciru cac hé thong
thong tin MIMO c¢& 16n duge dit tén 1a; “Hé thong phan mém mo phong va thiét ké ma P-
LDPC cho h¢ thong MIMO c¢& 16n”. Day 1a mot dong gop co y nghia thyc tién cho cac nha
nghién ctru trong linh vyc thiét ké ma P-LDPC cho hé thong MIMO c¢& 16n néi chung. Boi
viéc thiét ké ma P-LDPC va mo phong trén cac hé thong MIMO c¢& 16n doi hoi mot s6 lwong
tinh toan 16n, d6i khi c6 thé mat vai thang dé hoan thanh. Cac két qua mo phong thuc nghiém
trong cac cong trinh da cong bd cua luan an duoc thuc hién sir dung hé thong nay véi mot

tai nguyén phan cing gidi han. Kién truc ctia h¢ thong va mo ta cac chirc nang ciling nhu



phan tich, danh gia tinh hiéu qua ctia hé théng nay duoc trinh bay trong Phu luc 1 cua luin
an.

Tom lai, lufin 4n ndy trinh bay cac giai phap tiét kiém ning luong (EE) cta cac hé
théng MIMO ¢ 16n véi cac bd ADC d6 phan giai thip tir 1 dén 2 bit. Cac phan tich Iy thuyét
va két qua thuc nghiém mé phong chi ra rang c6 thé cai thién hiéu ning chung cua hé théng
thong tin MIMO c¢& 16n thong qua nghién ciru, cai thién bd ADC d6 phén giai thap, giai phap

mé& P-LDPC va dac biét 1a thuat toan tach song va giai ma & phia thu.
f.  Bé cuc lugn dn
Ngoai phﬁn mo dau va phu luc, Luan an duoc chia thanh 4 chuong véi bd cuc nhu sau:

- Chuwong 1: Trinh bay cac 1y thuyét tong quan trong nghién ctru hiéu ning cia hé
thong thong tin MIMO ¢& 16n.

- Chuong 2: Nghién ciru anh hudng va thiét ké bo ADC dong nhat do phén giai thap
tir 1 dén 2 bit cho cac hé théng MIMO ¢4 16n.

- Chuong 3: Nghién ciru giai phap va thiét ké ma Protograph LDPC c¢6 ti 18 thich
g cho hé théng thong tin MIMO ¢& 16n voi bo ADC dong nhat d6 phéan giai thip
1 bit.

- Chwong 4: Nghién ctru va dé xuat thudt toan tach séng MIMO va giai ma P-LDPC
két hop cho hé théng MIMO c¢& 16n véi bd chuyén ddi ADC ¢6 d6 phan giai hon
hop.

- Két luan: Trinh bay nhitng dong gop mdi cia luan an ciing nhu hudng nghién ctiru
tiém ning trong twong lai ctia dé tai nghién ciru thudt toan tach song va giai ma P-

LDPC cho hé théng thong tin MIMO ¢ 16n véi bd ADC d6 phén giai thap.



CHUONG1. TONG QUAN VE HE THONG MIMO CO LON VOI BO
ADC PO PHAN GIAI THAP SU DUNG MA P-LDPC

Cong ngh¢ da dau vao da dau ra c¢& 16n (LS-MIMO) 1a mét trong nhiing k¥ thuat quan
trong cho phép trién khai mang khong day thé hé thir 5 (5G). Do sé hitu mét sb luong 16n
cac ang-ten tai tram géc (BS), cac h¢ théng MIMO 16n c6 thé mang lai nhitng cai thi¢én dang
ké vé hiéu suét phd (SE). Tuy nhién, sb luvong dng-ten ting 1én 1am ting dang ké muc tiéu
thu ning luwong trén mach tan sb vo tuyén (RF). Theo d6, mot hudng nghién ciru quan trong
1a 1am thé nao cai thién hiéu qua niang luong (EE) hay hiéu ning cta hé théng thong tin
MIMO ma van dam bao hiéu suat phd va yéu cau vé do tré xir 1y.

Phén ddu ctia chuong nay trinh bay céc 1y thuyét tong quan vé cac khai niém va van dé
hiéu nang cia hé thong thong tin MIMO c¢& 16n. Phan tiép theo ctia chuong trinh bay ngan
gon cac nghién ciru va 1y thuyét co so vé cac dbi twong nghién ctru chinh cta luan an. Trong
phan cudi, cac khao sat va phan tich vé cac cong trinh nghién ctru ¢6 lién quan trong va

ngoai nudc dugc xem xét dé lam rd cac muc tiéu cua ludn an.
1.1. Cong nghé¢ da dau vao da dau ra (MIMO)

Céac mang di dong thuong mai d3 phat trién nhanh chong dé dap tng nhu cau dit liéu
ngay cang ting trong nhiéu thap ky ké tir khi hé thdng di dong thé hé dau tién (1G) ra doi
vao nam 1980. Gan day, sach tring do Cisco phat hanh da khang dinh rang mang 4G hién
tai khong thé dap Gng nhu cau dir liéu khong day trong twong lai gan [33]. Mot trong nhing
thach thic chinh trong thiét ké hé thong di dong thé hé tiép theo (5G) nam & viéc cai thién
SE.

Cong nghé MIMO di dugc chuan hoa va thuong mai hoa trong mang 5G [34]. Pé cai
thién hon nita SE, k¥ thuat MIMO ¢& 16n (con duoc goi 1a hé thong dng ten quy mo 16n,
MIMO rét 16n, siéu MIMO, MIMO day du kich thudc) st dung sb luong dng ten BS 16n
hon nhiéu so véi trong cac hé théng MIMO truyén théng va da dugc coi 1a mét trong nhing
tinh nang chinh trong 5G [4], [5], [24], [35]-[37].

Tuy nhién, cho dén nay sé luong dng ten quy chuan cho mét hé thong MIMO ¢ 16n
van chua dugc quy dinh cy thé. Vi du, vao thang 8 nam 2016 Ericsson da trinh dién hé théng

MIMO c¢& 16n phién ban thwong mai dau tién trén thé gidi 1a Ericsson AIR 6468, voi 64 ang



ten thu [38]. Tiép d6, HUAWEI va Samsung ciing xem xét str dung 32 va 64 ang ten thu
trong cac ing dung 5G mdi nhat cta ho [39], [40]. Hon nita, dé cac két qua so sanh 1a cong
bang véi cac cong trinh nghién ctru gan nhit, s6 luong dng ten trong cac nghién ciru cua luan
an duoc lya chon trong khoang tir 10 cho dén 100, nhu d3 duge €161 han ¢ trén. Mot s6 khai
niém co s& trong mot hé théng MIMO c¢& 16n duge xem xét trong luan an nay dugc trinh

bay dudi day.
1.1.1. Dung lwgng kénh

Dung luong kénh duge dinh nghia 13 toc d6 t6i da ma thong tin c6 thé truyén qua kénh
mot cach dang tin cdy. Khai niém vé dung luong kénh dugc Shannon dua ra lan dau tién vao
nam 1948 [41], trong d6 chi ra rang c6 mot gii han 1y thuyét vé dung luong kénh. Gigi han
nay twong ng v4i muc tdi da cua thong tin twong hd (s, y) gitra tin hiéu truyén s va tin

hi¢u nhan duoc y:
C = maxy s 1(s,y) (1.1)

Trong d6, p, 12 ham mat d6 x4c suat cua tin hiéu truyén. Trong cong trinh [15], Telatar
dua ra biéu thuc 1y thuyét cho dung lugng kénh MIMO trong céc kénh Rayleigh Fading.
Ong chi ra rang dung luong ndy ting tuyén tinh voi sb luong tbi thiéu cua dng ten thu va ing
ten phéat. Dung lwong nay phu thudc phan 16n vao mé hinh kénh, do vay, dung luong kénh
turc thoi duge xem xét khi ma tran kénh H dugc xac dinh. Kénh Rayleigh Fading dugc st
dung trong cac mo hinh hé théng MIMO, dugc xem xét trong cac cong trinh nghién ciru cia

ludn an nay.
1.1.2. M& hinh h¢ théng MIMO

Xem xét mot hé théng truyén thong khong day duge ma héa MIMO, c6 M ing ten phat
(dau vao) va N dng ten thu (d4u ra) nhu Hinh 1.1 dudi day. Tai may phat, mot khéi bit thong
tin b kich thuéc L; dau tién dugc ma hoa boi bo ma hoa thanh mot tir ma ¢ véi do dai céac
bit dwoc mé héa 13 L,. Gia tri cta L, dugc biéu dién thong qua L; théng qua ti 16 ma héa R =
L; / L.. B ma hda kénh c6 thé 12 bo ma hoa chap, bé ma héa turbo hoic bo ma héa LDPC.
Céc bit dugc ma hoa ¢ € {0, 1} dugc diéu ché thong qua bo diéu ché pha nhi phan (BPSK)
VGi cac mire dau ra thudc tap s = (—1)¢ € {+1,—1}. Trong mét lan sir dung kénh, sir dung
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so d6 ghép kénh khdng gian [20], M tin hiéu dugc diéu ché s& duoc truyén thong qua M dng
ten. Nhu vdy, né doi hoi st dung kénh L = [L, / M] lan dé truyén tat ca cac bit dugc ma hoa
L,.

¥re[1]
Yim[1]
Yrel2]
Ghép kénh 7
b | mansa e | vituchs | s [ rnomg gian Yiml2] b
—| piwrc [—| BPsK VBLAST NPV B
MIMO Thuit todn tlac?h song
MIMO va giai mé P-
LDPC két hop
yrelN]
Yim[N]
Hinh 1.1. M6 hinh tong quan hé thong thong tin MIMO ma hoa
Nhu vay, kénh MIMO dugc mé hinh bang toan hoc nhu sau:
r=Hx+w (1.2)

Trong d6, x = [Xq,Xy, ..., X;m]T 12 tin hiéu MIMO dugc truyén di vai cac phan tir thudce

A . . <2 4 . . 2
mién gi4 tri ctia bd diéu ché pha nhi phan. Ning luong tin hi¢u trung binh E; = E(||x||)
duoc chuan hda vé 1. Matran H e C¥ *™ [a ma tran hé sé kénh chira cac thanh phan h[n, m]

tai hang n va c6t m cua matran H.

hll hlZ hlm
hpy hnz = hpm

Gia str gia tri h[n, m] 1a cac phan tir cuia ma tran H, ¢d gid tri tudn theo phan phéi Gauss

phtrc v6i d6 1éch chuan bang 0 va phuong sai don vi, duoc ky hiéu CV (0, 1).

Nhu duge gidi han trong phan pham vi ludn 4n, cac nghién ctru trong luan an nay dugc
thue hién vé6i gia thiét rang thong tin trang thai kénh (CSI) 1a c6 & phia thu nhung khong co
& phia phat. Theo @6, vector nhiéu W = [w[1],w[2],- - -,w[N]]TT e CN** duoc gia s Ia



vector nhiu Gauss tring cong véi cac phan tir tudn theo phan phdi chuan Gauss véi trung
binh khéng va phuong sai No, nghia 1a CNV (0,N,). Cudi cung, r = [r[1],7[2], -
,7[N]]T e CN*1 |a vector tin hiéu nhan duoc véi r[n] 1a tin hiéu nhan duoc tai dng ten tha
n.

Tai may thu, chiing ta c6 thé quan sat thay tong tuyén tinh cua cac ky hiéu dugc truyén
trong kénh MIMO bi nhiéu. Do vay, mét nhiém vu cua bo tach séng MIMO la khéi phuc lai
duoc vector x duoc truyén tr vector r chira nhiéu nhan duoc. Tiép do6, céc hoat dong nguoc
lai duoc thyc hién dé khoi phuc thong tin da truyén. Dau tién, tin hiéu nhan duoc tai mdi
ang ten thu, r[n] véin = 1,2, ..., N dugc chuyén doi tir dang twong tu sang dang s6 thong
qua mdt cap ADC tai moé-dun tan sd vo tuyén. Sau do, cac ky hiéu nay duoc giai diéu ché
va gidi ma LDPC. Qua trinh nay duogc thuc hién trong mat tién trinh 1ap lién tuc, nho vay
hiéu ning ctia hé thong duogc cai thién. Thuat toan tach song va giai ma phia thu nay s& duoc
trinh bay chi tiét trong cac ndi dung nghién ciru tai Chwong 3 va Chuong 4 ctia luan an. Phan
tiép theo s& trinh bay vé bd chuyén doi tin hiéu tuong tu sang sé (ADC) d6 phan giai
Y. bit tai phia thu.

1.2.  B® chuyén déi tin hiéu twong tw sang s6 (ADC)

Ngay nay, bd ADC duoc sir dung rong rii trong nhiéu tng dung khac nhau. Trong khi
d6, tan sd song mang ciing nhu bing théng ngdy cang mé rong, doi hoi toc do 1dy mau cao
hon va ting bang thong dau vao tin hiéu twong tw. Tuy nhién, hiéu ning cua cac bo thu ky
thuat s, con duoc goi 1 bd thu vo tuyén phan mém, bi han ché boi d6 méo (distortion) do
ADC tao ra va cc yéu cau vé dai tin hiéu dién hinh khé dap Gmg vé6i cac bo chuyén doi hién
c6 trén thi truong [42]. Cac bd ADC dugc st dung tai tram gdc dé chuyén doi tin hiéu twong
tu nhan duoc thanh tin hiéu s6. Mot bo tach song sau d6 duoc sir dung dé khoi phuc cac tin
hiéu da truyén. Hoat dong cua bg luong tr hdéa ADC dugc trinh bay sau day, dé giai thich
nguyén nhan sy anh huong nghiém trong ciia qua trinh luong tir hoa do phan giai thap ddi

v6i hidu niang cua cac hé thdng MIMO c& 16n.
1.2.1. Hoat dong ctiia bo ADC

Bo chuyén d6i ADC trong thuc té 1a mot thiét bi dién tir phire tap. Tuy nhién, ly thuyét
hoat dong ctia mot bo chuyén dbi ¥ -bit Iy thuyét tuong ddi don gian dé giai thich. Bo chuyén
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d6i c6 tin hiéu dau vao thoi gian lién tuc, duoc ky hiéu Ia s(t). Tin hiéu nay c6 thé gia dinh

bat ky gia tri thuc ndo, cd thé bi gigi han trong mién hiru han, tic 1a s(t) 1 lién tuc ca vé

bién d6 va thoi gian. Sau d6, chuyén doi trong tu sang sé 1a mot luong tir hda theo thoi gian

va bién do, sao cho moi thoi diém nTy, trong d6 T, 12 chu Ky ldy mau va n 1a chi s6 méu (sd
M

; -1 <,
nguyén), mot dau ra x; dugc tao ra tor mot tap hitu han {xj}] . O day, M = 22 |a s6 muc

lwong tir hda hoic sé ma dau ra cd thé co, véi ¥ 1a sé bit cua b lwgng tir. Phién ban dwoc
chuyén d6i A/D ctia dau vao s(t) c6 thé duoc biéu dién bang tin hidu thoi gian roi rac x,, €

M-1 . N . ~ < X . - J4 \ . A \ A cn
{xj }j=0 . Nguoi ta thuong chia mdt thiet bi ADC ly thuyét thanh hai phan: Thanh phan gii
va ldy mau va Thanh phan luong tir nhu trong Hinh 1.2. C4u tric nay khong chi thuan tién
vé mat ly thuyét toan hoc ma con phu hop vo1 mot s6 kién trac ADC thuec té.

Chuyén doi twong tw sang sd

| Luong tir héa |

s(t) | < s(n) | i(n) - x(n)
—— S () o) >

Hinh 1.2. M hinh bo chuyén d6i ADC Iy thuyét v6i qua trinh luong tir hoa hai giai doan

Thanh phan giit va lay mau (S/H) 1y tuong chi don thuan 1a mot thiét bi 1y mau tin
hiéu dau vao tai cac thoi diém nhat dinh. Thong thuong, cac hang thoi gian nay xay ra dinh
ky vé6i toc do £, tuong tng v6i chu ky ldy mau T, = fi , do d6 viéc 1Ay miu dAu vao xay ra
tai thoi diém nT, cho moi s6 nguyén n. Dau ra tir thanh phan S/H 12 s(nT,) véinT, <t <
(n+ 1)T,, cho dén thoi diém ldy miu tiép theo, khi no thay doi sang gia tri méi
s((n + 1T,). Pau ra co6 thé dugc biéu dién bang cac tin hiéu thoi gian roi rac s(n). Hoat

dong cua mot S/H |y thuyét dwge minh hoa trong Hinh 1.3.
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(a) (b)

Hinh 1.3. (a) Hoat dong cuia thanh phan S/H Iy thuyét vai tin hiéu dau vao lién tuc s(t) va

(b) Tin hiéu dau ra dugc thé hién bang céc tin hiéu roi rac s(n)

C6 thé thay gia tri cua tin hiéu dau vao s(t) tai thoi diém ldy mau duoc gitr cho dén
thoi diém lay mau tiép theo, dugc thé hién bang tin hiéu dau ra di ngang khong d6i theo ting

doan. Tin hiéu dau ra duoc biéu dién bang céc tin hiéu roi rac theo thoi gian s(n).

1.2.2. D¢ phan giii cia bo ADC

Trong chuyén doi twong tu sang ki thuat sd, s6 lwong mirc lugng tir hoa phy thude vao
d6 phan giai cia ADC [43]. Hinh 1.4 minh hoa hoat dong ctia thanh phan lugng tir hoa,
trong trueong hop nay 1a bd lugng tir 3-bit hay ndi cach khac d¢ phan giai cia b ADC nay
la 3-bit.

Mirc tin hiéu s8 ddura
(+)]

-1 . bl
’ ! Tin hiéu tvong ty diu vao

Hinh 1.4. Cac muc lugng tir hoa cua b Iugng tir hoa 3-bit

12



Nhin chung, luong tir hoa Y-bit thudng duoc biéu dién dudi dang anh xa hai budc, nhu
trong Hinh 1.3. Trong budc dau tién, gia tri tin hiéu duoc l1dy mau s(n) dugc anh xa théng
qua mot anh xa khong thé dao nguoc thanh mot chi muc i € {0, 1, ..., N, — 1}. Nhiing chi
muc nay duge xac dinh bai mot phan ving (partition) ctia mién gia tri thyc thanh mot tap
01 rac {S j}ijo_l, hay con goi la cac vung luong tir héa. Mot vung lugng tr hda dugce xac

dinh bai hai muc chuyén tiép lan can 1a:
S] = {S: Ti <s < Ti+1} (14)

V6iTy = —o0, Ty, = +0VaT; < Tiy; V6i moi i. Néu tin higu dau vao s(nTy) roi
Vvao ving S;, thi chi s6 i duogc tao ra. Phan 16n cac ADC thuc té dugc thiét ké dé c6 cac ving
lugng tir hoa co kich thudc bang nhau, tiét kiém cac ving cudi ban vo han, nhu trong Hinh
1.4. Cac bd luong tir nay thuong dugc goi 1a ddng nhat hodc tuyén tinh. Sy khac biét giira
hai mutc chuyén d6i ma 1an can dugc biéu thi 13 khoang lwong tir hoa A. Tuc 13, Ty, 12 muc
chuyén ma giita cac mathae k — 1vak,vaW, = T, — Ty, la d0 rong ctia khoang thir k.
Trong budc thtr hai, chi s6 i duogc anh xa thong qua mdt anh xa (co thé déo nguoc) téi mot
giatridiurax; € {xj}yz‘?o_l, trong do {xj}yfo_l la tap hop tat ca cac gia tri dau ra c6 thé co.

Déi khi gia tri ddu ra x; duoc goi 13 mirc tai tao va {xj} duogc goi 12 s6 ma (codebook).

Pé thudn tién co thé dat hoat dong lwong tir hoa Y-bit bang toan tir Oy [ .]. Nhu vay,
hoat dong lugng tir c6 the duge dinh nghia 1a las € §; = Qy[s] = x;, véi cac ky hiéu
dugc gidi thiéu o trén. St dung toan tir ndy, tin hi¢u dau ra ADC cling co thé duoc viét theo

~

cach rit gon 1a x(n) = Qy[ s(nTy)]

1.3.  Ma Protograph LDPC

Ngay nay, ma kiém tra chén 1¢ mat do thip (LDPC) duoc xem xét nhu 1a mot giai phap
m4 stra 16i hang dau cho cac hé thdng truyén thong khong day tuong lai. Cac ho ma LPDC
dugc mg dung rong rai trong cac hé thong truyén thong hién dai, nho hidu ning giai ma
hiéu qua, kha ning cai thién hiéu suit pho va tiét kiém ning luong. Ching da duoc ap dung
trong mot s tiéu chuan truyén thong, chang han nhu IEEE 802.11n (WiFi), IEEE 802.16e
(WiMAX), IEEE 802.15.3c (WPAN). Gan day hon, dé dap tng cac yéu cau vé hiéu suat
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phd ngay cang ting trong cac tiéu chuan khong ddy, ma LDPC di duoc chip nhan bai IEEE
trong 802.11ac (WiFi evolution) va IEEE 802.11ad (WiGig).

Céac mi kiém tra chin 1¢ mét d6 thap (LDPC) 1a 16p cac ma khdi sira 16i tuyén tinh,
dugc gi6i thiéu boi Gallager trong lun 4n tién si cua 6ng vao nim 1962 [25]. M& LDPC
dugc xac dinh thong qua mot ma tran kiém tra chén 1é thua va co thé duoc gidi ma voi do
phtc tap thip thong qua thuit toan giai ma truyén tin lip. Khac voi cac ma khéi tuyén tinh
dugc gidi thiéu cung thoi (vi dy nhu Hamming, BCH, ReedSolomon, ...) déu 1a cac mi
ngan, dya trén ciu tric dai sd, cac ma LDPC tt thudng c6 d6 dai 1on va duge xdy dung gia
ngau nhién. Sy khac biét ndy cong voi gidi han vé ning lyc tinh toan trong trién khai bo ma
hoa va giai ma tai thoi diém d6, cic ma LDPC bi lang quén trong mot thoi gian dai. Sau khi
ma Turbo xuat hién va ching to sitc manh cua cac k¥ thuat giai ma lap [44], ma LDPC bat
dau duoc chu ¥ tré lai voi nghién ctru ndm 1996 cuia Mackay [45].

Cac ma LDPC 1a mot ma khéi tuyén tinh duoc dinh nghia théng qua mot ma tran nhi
phan thua m x n, duoc goi 1a ma tran kiém tra chin l¢ H. Ma tran H dugc goi 13 thua néu
sO cac gia tri 1 trén mdi hang hodc cot 1a nho khi so sanh véi gia tri cia m va n tuong Gng.
Qua trinh gidi ma 13p s€ cai thién tirng budce gia tri LLR (Log Likelihood Ratio) cta céc bit
dugc mi hoa trong mot tién trinh giai ma lap [46], [47]. Cac ma LDPC c6 ma tran H kiém
tra chin 1é thua, tao diéu kién cho viéc giai ma lap hiéu qua va cho phép xay dung cac bod
giai ma c6 do phirc tap thap.

D3 c6 nhiéu nd luc nghién ctru dé thiét ké mot cau trac tot cho cac ma LDPC [46], ¢6
c4u tric tuan hoan (cyclic) hodc ban tuin hoan (quasi-cyclic). Cac ciu triic nay tao diéu kién
cho d6 phuc tap ma héa thip véi cac thanh ghi dich chuyén phan hoi don gian [48]. Phan
tiép theo trinh bay vé 16p ma protograph LDPC (P-LDPC) hién dai, thuoc ho ma ban tuin

hoan.

1.3.1. Ma Protograph LDPC

Mot protograph dugc xem xét 1a mot dd thi Tanner véi s6 lugng nlt tuong ddi nho,
dugc két ndi v6i nhau bang mot s6 lugng nhé cac canh, cho phép cac canh song song gitta
hai nat. Mot protograph thong thudng duoc mo ta bdi mot ma tran/dd thi co sd (protomatrix

hay protograph), vi dy, mgt ma tran chtra cac chi muc chi ra s6 canh két ndi tuong ung gilra
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cac nat bién va nut kiém tra. Mic du vay, khong gidng nhu ma tran kiém tra chin 1¢ ban
dau, mot protograph thuong khong & dang nhi phan.

Mot mé protograph LDPC (twong duong mot ma LDPC), 1a mot dd thi dan xuét 16n
hon dugc xay dung dua trén viéc “nhan ban-va-hoan vi” trén mot protograph ban dau. Pau
tién, protograph dugc nhan ban N 1an, sau d6 thu dugc mot dd thi ma LDPC 16n hon dugc
xdy dung bang cach hoan vi N cip canh giita nut bién két ndi t6i nit kiém tra, trong Gmg
v6i cung loai canh trong protograph ban dau. Mot vi du don gian cuia protograph ban dau va

hoat dong nhan ban véi N = 3 dugc minh hoa nhu Hinh 1.5 dudi day.

Protograph Nhan ban 03 lan

Hinh 1.5. Nhéan ban protograph dé thyc hién xay dung dd thi 16n hon

C6 thé thiy protograph ban dau duoc biéu dién thong qua mot d6 thi Tanner gdbm 3 nut
bién va 2 nut kiém tra va dugc két ndi v4i nhau boi 7 loai canh két ndi khac nhau. Gia sir
chung ta mudn tao ra ma Protograph LPDC vé&i do dai tir ma gép ba 1an so voi d6 dai caa

ma protograph ban dau thi trudc tién mot hoat ddng nhan ban 03 1an s& dugc thyc hién.

s o6 b b

Hoan vi céc canh

Hinh 1.6. Thyuc hién hoan vi cac canh sau khi thuc hién nhan ban

Sau d6, do thi dn xuat duoc xay dung bang thuc hién hoan vi cic cip canh nit bién

t61 nut kiém tra trong cing mot loai canh ctia protograph ban dau. Hay néi cach khac, viée
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hoan vi nay c6 thé cho ra nhiéu phién ban khac nhau nhung dam bao giit nguyén sd loai
canh nhu trong ma tran protograph ban dau. P thi dan xuat két qua duoc minh hoa nhu
trong Hinh 1.6. Hoan toan tuong ty, néu ching ta muén tao mot ma protograph LDPC Vi
d6 dai tir ma 2400 bits, ching ta s& nhan ban protograph ban dau 800 lan sau d6 thuc hién
hoan ddi céc canh véi quy tic dam bao bac két nbi da noéi & trén. Thuong khi sb 1an sao chép
1én dén hang tram 1an, viéc hoan vi canh duogc thuc hién bang cach st dung thuét toan ting
truong canh liy tién (PEG) [49]. Bang cach xay dung trén, d6 thi ctia ma protograph LDPC
s& giit nguyén dugc cac tinh chit ctia do thi Tanner nhé cia protograph ban dau.

Ma trn co s& cua dd thi co s& duoge st dung trong Hinh 1.5 duoc biéu dién nhu dudi
day:

111)

Hproto=(2 1 1 (1.5)

Trong d6, hang va cot twong tng md ta nut Kiém tra va nit bién trong do thi. Phan tir
h(i,j) ciia ma tran co so chi ra so canh song song dugc két ndi gitra nat kiém tra i va nit
bién j. P thi ma protograph dugc xay dung cé sb nut gip N 1an so véi protograph ban dau
nhung so sanh v&i protograph thi né c6 cung ti 1¢ ma ciing nhu ciing dac tinh vé bac do thi
cho ca nat kiém tra 13n nuat bién. Nhu vay, viéce tdi wu protograph co kich thudc nho cét giam
khdi lugng tinh todn théng qua viéc thu nho tap tim kiém cta bai toan téi wu. Trong khi cac
nghién ciu thue té cho thdy cdc md P-LPDC duoc dan xudt hoan toan co thé ¢6 hiéu ning
tiém can voi gidi han cia Shannon [50]. Cac mé protograph LDPC ¢4 thé dat hiéu nang dén

tiém can dung luong kénh véi do phirc tap ctia bd ma hoa thip ciing nhu ti 16 giai ma nhanh.
1.3.2. Hiéu nang ciia cac ma protograph LDPC

Dung lugng Shannon ctia kénh AWGN dau vao nhi phan (BI-AWGN) dugc xac dinh
1a ti 16 ma tdi da duoc hd tro vai mot SNR cho trude. Dung lugng kénh BI-AWGN mac du
khong c6 biéu thire, nhung 1a mot ham don diéu co thé giai nguoc, do d6 véi ti 1é nhét dinh,
ngudi ta ¢ thé tim thdy SNR tdi thiéu dé hd tro ti 18 d6. DAy thuong 1a cach gidi han kénh
Shannon duoc biéu dién trong ngit canh ma hoa: dudi dang mot gidi han SNR cho mdi ti 18

~

ma.
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10 Threshold Error floor
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Hinh 1.7. B thi duong cong hiéu ning dién hinh cia mot ma LDPC

Hinh 1.7 trinh bay mot dudng cong hiéu nang dién hinh mé ta hanh vi cia mot ma
LDPC trong hé thong thong tin MIMO. Mdi ma LDPC c¢6 mdt ngudng (threshold) giai ma
13p ndm trén gi6i han dung lugng kénh. Néu ngudng ctia ma gan véi dung lugng kénh, chiing
ta noi rﬁng ma tiém can dung lugng kénh. Hi€u nang cia cac ma LDPC duogc chia lam 02
ving, ving ¢6 do dbc 16n goi 1a ving thac (waterfall) va ving 18i san (error-floor). Ving
thac cho biét mién hoat dong ctia ma trong d6 ti 1¢ 16i giam dang ké khi SNR tang, chinh 13
do dbc 16n. O SNR cao hon, mot s ma cho d6 doc vé ti 18 15i thép hon do dat dén ngudng
gi61 han boi khoang cach ti thiéu ciia ma hodc do g161 han cua hi¢u nang giai ma 1ap do su
khong hoan hao cua d6 thi ma.

Céc nghién ctru trude day di cho thiy su phuc tap dé thiét ké mot ma LDPC c6 hiéu
nang t6t & ca ving thac va vang 18i san. Tir Hinh 1.7, hiéu ning ciia ving thac nudc cé thé
duoc cai thién boi cach tdi wu ngudng cua ma dya trén lya chon ma co6 céc két ndi dd thi
m&i cho phép giai ma tot hon va c6 ngudng giai ma nhé hon. Piéu d6 twong duwong véi viée
dich chuyén duong cong hiéu ning 15i sang trai, gan véi giéi han dung luong. Hiéu ning
vung 161 san khoé ¢6 thé duoc cai thién hon do phu thudc vao sy khong hoan hao cua dod thi
cac mi co do dai hitu han ciing nhu tip cac nut bay giai ma (trapping set), c6 thé giy nén
hién tuong lip gidi ma vé han hodc do cac chu ky lip ngin nhu duoc giai thich trong [51]

va cac tham chiéu trong do.
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Cai thién hiéu ning ving 15i san ciia cac ma LDPC 1a diéu rit quan trong d6i v6i nhiéu
hé thdng, chang han nhu thiét bi luu trit dir liéu va hé thdng truyén théng quang, nhirng hé
thdng yéu cau ti 18 18i cuc thap. C6 hai chién lugc chinh dé giai quyét van dé nay, thiét ké
mi LDPC méi hodc cai thién thuat toan dia trén bo giai ma. Chién luoc trude [52] lién quan
dén mot thiét ké can than dé cAu triic ma tranh duoc su khong hoan hao cua do thi trong cac
chu ky ngén tao thanh cac tap cac nit biy giai ma [51]. Chién lugc sau [53] lién quan dén
viéc thiét ké cac bo giai ma 1ap sira doi dé ching c6 thé tranh hodc phuc hoi khi gip tap cac

nut bay.
1.3.3. Thiét ké mi protograph LDPC

Khi thiét ké cac m& P-LDPC méi, c¢6 hai vin dé co ban can phai tinh dén: 1) Hoat dong
t6t trong ca ving thac va ving 13i san; 2) C6 do phirc tap giai ma thap. Trong cac cong trinh
truéc day, hau hét cac thiét ké protograph LDPC déu tap trung vao viéc tim cac mi co
ngudng giai ma lap cang gan véi gidi han dung lugng cang tot dya trén thuat toan tién hoa
mat d6 ma [27] hodc so dd truyén thong tin ngoai lai (EXIT) [54]. Piéu ndy din dén thuc té
la cac ma dugc cong bd thuong yéu cau sb 1an lap giai ma 16n [52], [55] dé mang lai hiéu
ning mé tuong tng. Do do, cac bd giai ma 1ap cho cac ma protograph LDPC dugc cong bd
trudc day thuong co6 d§ phirc tap cao vi mure do phuce tap cua bd giai ma 1dp ty 1€ thuan véi
sO 1an lap giai ma tdi da [56].

Ngoai do phtc tap, viéc st dung mot sb lugng 16n s6 1an gidi ma 1ap co thé dan dén
thoi gian xir 1y dai cho may thu tin hiéu, mot trong nhitng nguyén nhan gay ra do tré dai tong
thé cho cac hé thong thong tin lién lac. Do tré xir 1y kéo dai 1am cho cac ma LDPC dura trén
phuong phép thiét ké trude d6 khong phu hop voi mot sb hé thdng truyén thong hién dai, vi
du nhu mang 5G thé hé tiép theo, trong d6 do tré cuc thap 1 yéu cau chinh khi truyén thong
tin tir diém ndy dén diém khac [57], [58]. Vi nhiing ly do trén, viéc Gmg dung cua mi
protograph duoc t6i uvu hoa trude day bi han ché trong nhiéu tinh hudng thuc té khi ma do
tré va do phirc tap phan ctng thap 1a nhimg yéu cau thiét ké quan trong. Nhu viy, yéu cu
thyc té khi thiét ké ma P-LDPC mdi, ¢ hiéu ning tot hon cac nghién ciru trude d6 1a phai
cuing ¢d d6 dai khdi ngén va sb 1an lip giai ma nho, phi hop véi cac hé thdng c6 yéu cau do
tré thap va do phirc tap thap. Ngoai ra, cac thiét ké trong nghién ciru ctia luan nay ciing cho

phép dua ra nhiéu ma ¢ nhiéu ti 1€ khac nhau va dugc long trong mot so d6 ma hoda chung.

18



Diéu nay cho phép dua ra nhiéu ti 18 linh hoat thich tmg v&i diéu kién kénh truyén véi mot
nén tang phan cimg chung va c6 thé cung cap hiéu nang do tré cuc thap.
Tém lai, cac tham sb dau vao cho qué trinh thiét ké ma ho ma P-LDPC c¢o ti 1¢ thich

{rmg trong cac nghién ctru cta luin 4n goém:

1)  Ngudng (threshold) giai ma lap tac dong dén hiéu ning ving thac nudc (water-fall)
2)  Thudc tinh khoang cach tdi thiéu tuyén tinh ting truéng theo do dai ma. Tham sd
ndy c6 tic dong ting hiéu ning vung 16i hay ngin hanh vi 16i san (error-floor).

3)  S61an lap giai ma thip co tac dong cai thién d6 tré xir Iy cua hé thong.
1.3.3.1. Ngwong gidai md ldp cua cdc ma protograph

Nhu d3 dé cap trong phan 1.3.2, mot md P-LDPC s& c6 cung tinh chat db thi nhu
protograph ban dau. Do vay, ngudng giai ma lap cia ma P-LDPC gidng nhu cia protograph
ban dau. Piéu nay thé hién gia tri SNR tdi thiéu ma cho phép giai ma lap dang tin ciy cia
cac ma LDPC 16n dugc xay dung tir protograph. Ngudng giai ma c6 thé dugc tinh toan bang
cach st dung giai thuat tién hoa mat d6 ma (DE) [27]. Thut toan tién héa mat do theo ddi
phan phdi cac ban tin giai ma lan truyén trong do thi Tanner, nhung thuat toan nay rat phuc
tap vé mit tinh toan. Pac biét 1a cho cac phuong phap thiét ké ma ty dong, khi qua trinh tim
kiém, t6i vu ma P-LPDC méi di qua nhiéu giai doan thiét ké 1ap di 1ap lai dé dua ra ma duogc
t6i wu hoéa voi hiéu nang cao trong khon gian hiét ké cho phép. C6 mot s6 ki thuat gan dung
1am giam d6 phtc tap cta viéc tinh ngudng giai ma nhu: So dd truyén thong tin ngoai lai
(EXIT) [59] va sir dung x4p xi kénh ddi Gmg (RCA) [52]. So 6 EXIT va cac bién thé cua
n6 1a phuwong phéap phd bién hon dé tinh nhanh gia tri ctia ngudng trong cac cong trinh nghién
ctru va 1 cach tiép can duoc st dung trong luin an nay.

Dé xem xét ki ludng viée tinh toan ngudng giai ma lap st dung so d6 EXIT, mot danh
sach chira thudc tinh ctia mé protograph dugc xay dung. Sau d6 13 bude hoan vi dé xay dung
méi LDPC tir protograph ban du ctia né véi nguyén tic chi hoan vi cac canh giita ciing mot
loai nut tir cac ban sao khac nhau cua protograph. Do do, mac du ma LDPC duogc xay dung
¢6 cung dic tinh phan phdi bac nhu protograph ban dau, nhung cac canh c6 ciu triic nhiéu
hon dugc bao ham béi dic tinh phan phdi bac va ciu triic d6 duge quyét dinh boi protograph
ban dau. N6i cach khac, c6 thé c6 hai ma P-LPDC s& hitu ham phan phdi bac giéng nhau

dugc sinh ra tir 02 protograph khéc nhau; Hai ma P-LPDC nay c6 thé c6 cing mot ngudng
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giai mi. Két qua 13, ngudng giai mi ciia ma P-LDPC 1a mot ham chic ning phu thudc cua
ti 1& phan phéi bac cling nhu ma tran co s¢ ban dau cia né.

Do sy phu thudc nay cua so d6 EXIT thong thuong, von duoc thiét ké cho cic nhém
LDPC chung, khong thé dugc 4p dung chinh xac cho cac ma protograph. Cu thé 1a khong
thé tinh dén cc nat bién bac 1 cling nhu su phu thudc vao ma tran ban dau nhu trinh bay &
trén [54]. Bé giai quyét nhirg van dé nay, Liva and Chiani [54] dé xuit mot phuong phap
got la PEXIT. Thuat toan PEXIT tinh todn ngudng 1dp cuia mdt protograph dua trén phan
phéi bic canh cua chinh né thay vi dua trén phan phdi canh cia cac nut nhu trong so do
EXIT thong thuong [59]. Thuat toan PEXIT 1a co s¢ dé thuc hién cac nghién ctru md rong

trong ludn an nay.
1.3.3.2.  Thuéc tinh ting truéng khodng cdch toi thiéu tuyén tinh

Noi dung phan trudc da giai thich viéc tinh toan ngudng protograph duoc st dung dé
thiét ké cac ma dat hiéu ning tt & ving thac. Mic du vay, 1a khong dé dé kiém soat hiéu
nang vung 16i san vi gia tri 16i san lién quan t&i sy khong hoan hao cia do thi va su xuét
hién cua tap cac nut bay [51].

Viéc tim kiém cac tip cac nat biy c6 do phic tap ting din cung voi do dai cua tir ma.
Tuy nhién, cac thyc nghiém cho thay rang néu khoang cach tdi thiéu ctia moét ma LDPC ting
truong tuyén tinh cung véi do dai cta tir ma, ma LDPC d6 s& khong ¢ hién tuong 11 san
[60]. Trong [55], cac tac gia ciing chi ra rang néu cac ma protograph ban dau thoa mén thudc
tinh ting truong khoang cach tdi thiéu thi kich thudc t6i thiéu cua tap cac nut biy cia chung
cling ting tudng v6i do dai khdi ctia ma. Thudc tinh ting truéng khoang cach t6i thiéu cua
mot ma P-LDPC duoc xac dinh thong qua tinh toan liét ké trong s6 duoc xay dung tir mot

protograph co s ban dau [52].
1.3.3.3. 86 lan lap gidi ma

Dé thiét ké mot ma P-LDPC t6t, ngudi ta thudng tap trung vao viée toi vu hda ngudng
giai ma lap, tir d6 thu dugc nhiéu ma tiém can dung luong kénh [52]. Tuy nhién, nhitng ma
d6 thuong yéu cau mot sd luong 10n cac 1an lip giai ma va do dai khoi rit 16n dé cung cap

hiéu ning théa dang. Diéu nay dan dén do tré cao va tiéu ton dién ning trong may thu.
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Nhu vay, nhitng ma ndy co thé khong phi hop va tdi wu cho nhiéu tng dung thuc té
trong mang khong day thé hé twong lai khi ma d6 phuc tap va tré xir 1y duoc giéi han nghiém
ngit, tirc 1 yéu cau sb luong lip giai mi nho. Gan déy, nhidu cong trinh nghién ctru di ¢
ging dé thiét ké ma Protograph LDPC véi mot sb luong nho s 1an lap giai ma [57], [61],
[62]. Két qua md phong da chirng minh rang cac ma dugc t6i wu héa véi sé 1an lap thap hoat
dong tot hon ma t6i wu hoa véi s6 1an 1ap cao nhuw ma NND [55].

Do vay, nghién ctru thiét ké ma P-LDPC trong luan an nay lya chon s6 1an lap giai ma,
12 mot tham sb thiét ké dé t6i wu cac md P-LDPC cho truong hop cac hé thong khong day
ma héa MIMO vé&i ADC d6 phén giai cuc thap. Tham s6 nay thé hién sb 1an 1ap gii ma t6i
da trong thuat toan giai ma ldp, gia tri nay thuong bi giéi han dé dam bao yéu cau vé do tré
xtr 1y ciia mot hé thong truyén thong khong ddy nhat dinh. Piém khac biét nay so véi Cac
nghién ctru thiét ké ma protograph ton tai trude day [52], [55], giup cac ma P-LDPC tdi uu
duoc hiéu ning trén ca ving thac va ving 16i san ma van dam bao dugc do tré nam trong

gidi han cho phép cua hé thong truyén thong.
1.3.4. Panh gia hi¢u nang giai phap ma P-LDPC

Pé danh gia cac giai phap ma P-LDPC, thong thuong cac nghién ctru thuc hién bang
cach xem xét mire tin hiéu SNR can thiét cua giai phap giai ma do dé dat dén mot xac suit
16i gidi han. Giai phap ma P-LDPC t6t hon c6 thé chiu dugc mitc tin hiéu SNR thap hon. Su
khac biét nay (duoc tinh bang don vi dB) thudng duoc goi 1a d6 loi ma hoa. Néi cach khac,
d6 loi ma hoa duge xem 1a mirc giam ciia cong suat tin hiéu trong cac hé thong duge ma hoa
dbi voi mot cong sudt nhidu c¢d dinh hodc 13 mire ting ciia cong suat nhiéu cho phép dbi voi
cong suét tin hiéu c¢6 dinh, hay chinh 1a hiéu qua vé mit ning luong. Hinh 1.8 duoc trich tir
két qua nghién ctru trong cong trinh [CT5], minh hoa vé gia tri d 101 ma hoa. Trong d6 biéu
dién hiéu ning theo ti I¢ 16i khung (FER) theo SNR ctia mot s6 ma P-LDPC co ti [é ma R =
1/2 vd R = 2/3. Thong thuong dé dam bao FER 1a chinh x4c va dam bao d6 tin cay, qua
trinh mo phong can thyc hién khi xuat hién sb lwong khung 13i dat t6i thiéu 1 100. Diéu nay
c6 nghia la dé dat duogc giatri FER = 107° can phai thyc hién trén téng ) khung la: F, =

107.
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Hinh 1.8. Banh gia hiéu nang thong qua do lgi ma hoa

Quan séat Hinh 1.8 & trén, c6 thé thay do loi ma hda la khoang 0,4 dB khi so sanh ma
c6 dudng nét lién hinh tam gidc (ma NND) ¢6 d6 lgi ma so v6i mi c6 duong nét lién hinh

tron (md AR3A).
1.4. Cac nghién ctru lién quan

Vi 5G di va dang duoc trién khai trong tuwong lai gan, diéu quan trong 13 phai hiéu rd
hanh vi hiéu ning ctia cong nghé MIMO ¢& 16n va giai phap ma P-LDPC, hai trong s6 cac
cong nghé chinh trong 5G. Trong d6 d6, hiéu qua ning lwong (EE) va hiéu suit phd (SE) da
tré thanh c4c thudc do chinh vé hiéu ning trong cac hé thong truyén thong khong day [63]-
[66]. Nhu da trinh bay ¢ trén, ludn 4n ndy tap trung nghién ctu vé& hiéu ning cia cac hé
thdng MIMO ¢ 16n véi cac bd ADC do phan giai thap tir 1 dén 2 bit. Cac phan tich Iy thuyét
va md phong tip trung vao ba chi dé 1a: 1) B6 ADC d6 phan giai thap gi6i han tir 1 dén 2
bit; 2) Giai phap ma hoa P-LDPC va 3) Thuat toan tach song va giai mé & phia thu. S6 luong
va pham vi nghién ctru vé hiéu nang ctia hé thong théng tin MIMO ¢& 16n 14 rat rong va da
dang. Do vay, phan ndi dung tiép theo tap trung khao sat va phan tich vao cac nghién ctru

gan nhat vdi cha dé cua luan an nay.
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1.4.1. BY ADC a9 phan giai thap (1 dén 2 bit)

Viéc giam cong sut truyén tai duoc biét dén nhu mot loi thé cia cac hé thong thdng
tin MIMO ¢& 16n. Phan tich gin dang trong [4] chi ra ring ning luong truyén yéu cau trén
mdi bit giam khi sé luong ang ten trén tram gdc (BS) ngdy cang ting va cudi ciing bién mat
v6i vo sb dng ten BS. Tuy nhién, trén thuc té viée giam cong suét truyén tai khong phai luc
nao ciing cai thién hiéu qua EE. Vi cong suat tiéu thy cua mach RF ting tuyén tinh véi sd
luong dng ten tram gdc, tiép d6 viée st dung mot sé lwong 16n ang ten tai BS trong MIMO
16n ¢6 thé 1am ting dang ké murc tiéu thu dién ciia mach tan sé vo tuyén (RF) [17], [23],
[67]-[69]. Mrc tiéu thu cong suat mach RF ting 1én ndy c6 thé anh hudong dang ké dén EE
chung cua hé thong [17] [67].

Hon nira, viéc st dung mot $6 lugng 16n dng ten trong cac hé théng MIMO c¢& 16n
mang dén mot sé thach thirc k¥ thuat cho ca mo-dun RF [20] va bo tach song tin hiéu tai
tram co s& [19]. Tai giao dién tan s6 v6 tuyén, viéc str dung nhiéu cip chuyén doi tin hiéu
tuong tu sang tin hiéu sé (ADC) va chuyén doi tin hiéu sb sang tin hiéu twong tu (DAC) tai
phia nhan khong chi 1a van dé chi phi phan cting ma con 1 suy hao ning luong. Piéu nay la
do chi phi phan ctmg, muc tiéu thu ning luong cua cac bo ADC va DAC ting trudng tuyén
tinh v&i s6 lugng ang ten va theo cip sé nhan véi s6 luong bit duoc sir dung. Nham giai
quyét thach thirc ndy, mot giai phap tiém nang 13 thay thé cac bd ADC d6 phén giai cao, tiéu
tén nhidu niang lugng bang cac bd ADC d6 phan giai thap va tiéu ton it nang luong [22],
[70]-[77].

Str dung mé hinh nhiéu lugng tir cong (AQNM), phan tich trong [20] goi ¥ rang su mat
mat cua SE c6 thé dat dugc do sir dung ADC d6 phan giai thip c6 thé duoc bu dip bang
cach sir dung nhiéu ang ten BS hon. Piéu nay dugc nghién ciru thém trong [78] cho kénh
Rayleigh fading voi CSI khong c6 & phia thu. Két qua cho thay khi s lugng ky hiéu (symbol)
truyén va ang ten thu du 16n, van c6 thé dat duoc SE cao. Bén canh do, biéu thirc tiém cin
téng quat hon cia SE dugc dé xuat va két luan tuong ty nhu [20] dugc rit ra. EE c6 thé
duoc cai thién bang cach cling tdi wu d6 phéan giai ciia bd ADC va s luong dng ten BS [79],
[80], [81]. Két qua cho thiy rang cac bd ADC c6 d6 phan giai thap vira phai, vi dy, bd ADC
4-bit hodc 5-bit, c6 thé tdi vu hoa EE, trong khi s dung cac bo ADC c6 do phan gidi cuc

thap, vi du 1-bit, c6 thé 1am suy giam nghiém trong EE vi rat nhiéu ang ten tai tram gdc dugc
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str dung dé bu ddp ton that cho SE. Sau d6, phan tich duoc md rong sang viée so sanh cac
bd ADC c6 do6 phan giai thap véi kién trac bd ADC hdn hop trong kénh Rayleigh Fading
trong [82]. Két qua chi ra rang EE c6 thé duoc cai thién bang cach sir dung cac ADC c6 dd
phan giai thdp nhung kién tric bd ADC hdn hop c6 thé dem lai sy can bang t6t hon giira SE
va EE.

Cac ADC d6 phén giai thap, bén canh sy suy giam vé phan cimg, con co thé gy ra
hién twong 16i san khi udc tinh 13i trén kénh. Tuy nhién, Xu va cong su [75], thdng qua toc
d6 téng duong 1én dd ching minh rang viée ting sé lwong dng ten tai tram gbe co thé giup
giam thiéu su suy giam hiéu nang gay ra boi cac bd ADC do phén giai thap va su suy giam
vé ning luc phan cimg. Mot nghién ctru khac cia Gao va cong sy [73], da sir dung cac ki
thuat hoc sau dé giai quyét van dé ude tinh kénh, nhung cho cac hé théng MIMO quy mo
16n véi cac bd ADC hdn hop (nghia 13 hé thdng c6 sir dung mot phan nho dng ten €6 CAC
ADC d¢ phan giai cao trong khi phan con lai chita cic ADC d6 phan giai thap). Chién lugc
dugc sir dung ¢ day la nham loai b6 cac anh huong bat loi cta cac ADC ¢6 do phan giai thép
la str dung tin hi€u nhan duoc boi cac ang ten c6 ADC do phan giai cao dé du doan tin hiéu
ctia cac kénh khac ciing nhu cac kénh riéng ciia chiing. Cach tiép can nay dat dugc su cai

thién hiéu niang cho truong hop cac ADC hdn hop 1-bit.

Lién quan téi giéi han 1y thuyét cia cac hé théng MIMO-MU véi ADC do phan giai
thap, Fan va cong su [20], di dua ra biéu thirc téc do tong gan dung cho cac hé théng MIMO
don nguoi dung (MIMO-SU), trong d6 c6 tinh dén ca céc tac dong cho ca thanh phan fading
nhanh va fading cham. Tuong ty nhu nhitng phat hién trong [75], Fan va cong sy chi ra ring
nhitng ton that vé hiéu ning c6 thé duoc bu dap nho ting s ang ten phia thu. Hon nita,
nghién ctru chi ra rang ADC 1-bit va 2-bit cho hiéu qua ning luong tét nhat vé& cong suit

truyén qua kénh va cong suat hao hut bai ADC tai dng ten thu.

Vé mat xir 1y théng tin, co sy tham gia cia qué trinh lugng tir héa vo hudng khi chuyén
ddi tir tin hiéu lién tuc sang tin hi¢u ro1 rac & mo dun tan sb vo tuyén. Mot sb nghién ctru
gan day sir dung bo lugng tir hoa vo hudng khong dong nhét, véi cac muc luong tir hoa
khong bang nhau va duoc t6i wu hoa dya trén ham mat do xac suat ciia dau vao [20], [72].
B0 luong tir hoa khong ddng nhét duoc biét dén 14 cho hiéu ning tot nhung c6 do phrc tap

xtr Iy 16n hon bdi cac murc khoang luong tir A can dugc t6i wu theo ham phan phdi mat do
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xéac xuit (PDF) dau vao. Mot loai luong tir hoa khac 1a luong tir hoa vo huéng ddng nhat,
c¢6 wu diém so v6i luong tir hoa khong dong nhit 1 né6 manh mé hon véi cac phan phdi dau
vao khong biét trudc va 161 luong tir ti da dugc gidi han [22], [61]. Cu thé hon, cac tac gia
trong [61] d3 nghién ctru, 4p dung bd luong tir hoa vo hudng dong nhét cho cac hé théng
MIMO quy mé 16n véi ADC do phan giai thip. Tuy nhién, viéc can bang bién dang qua tai
va bién dang mém khéng duoc toi wu héa dé giam thiéu bién dang luong tir tong thé [61].
Nghia la, mQt gi61 han cat s& ludn dugc lya chon theo luat three-sigma bat ké do phan giai
ciia ADC [22]. Diéu nay dan dén hiéu ning cia cac hé thong MIMO quy md 1én véi ADC
d6 phan giai thap s& bi suy giam, dic biét 1a v6i trudng hop ADC 1-bit.

Xuat phat tir quan sat trén, chii dé nghién ctru dau tién cua luan an 13 1am thé nao dé
cai thién sy suy giam hiéu ning nghiém trong ctia hé thong thong tin MIMO c¢& 16n khi trién
khai bd ADC dong nhat do phan giai thap tir 1 dén 2 bit. Theo d6, thong qua viéc tim kiém
mot gidi han cat phu hop cho mdi muc d6 phan gidi ciia bo ADC, mot chién lugc dé can
béng bién dang qua tai va bién dang mém duge thuc hién, nhim giam bién dang luong tir
hoa tong thé. Bé kiém ching, toc do tong c6 thé dat duoc duong 1én cua hé théng MIMO-
MU duogc sir dung dé so sanh gitta bd ADC d6ng nhit duoc dé xuat véi cac bo ADC lién
quan. Cac két qua nghién ciru van dé nay duoc trinh bay tai Chuong 2 cta luan an va da

duogc cong bd trong cdng trinh [CT3].

1.4.2. M&P-LDPC cé ti 1¢ ma thich rng

Nhu ciu ngdy cang ting cta toc do dit liéu 1on trong cac hé thdng truyén thong khong
day thé hé moi, duoc hd tro boi viée st dung cac cong nghé cai thién bang thong 1én rat 16m,
s& dan dén cac yéu cau nghiém ngit vé ca hiéu suét phd va do tré xir . Cac yéu ciu ndy s&
doi hoi tdc do xtr 1y tin hiéu tai tram gdc cao hon déng ké so véi cac giai phap thong thuong,
diéu nay dic biét kho khin dbi voi cac giai phap ma hoa sira 16i (FEC). Do tinh chat cta cac
kénh truyén thong, cac co ché ma hoa sira 16i FEC 1a rat can thiét cho bat ky hé thong truyén
thong nao, bat ké cach thirc thong tin duoc van chuyén, lién két c6 day hodc khong day. Tuy
nhién, cac co ché stra 151 ndy doi hoi sb lwong tinh toan 16n, tiéu ton mot luong 16n tai nguyén
vé phan cling va nang luong.

Trong ngir canh d6, ma LDPC dugc xem nhu mét Iya chon hang dau va duoc tim théy

mg dung rong rii trong cac hé thong thong tin lién lac hién dai do hidu ning gii ma tuyét
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voi ctia chung [26], [57], cho phép dat dugc hiéu suat phd cao [83] va hiéu quéa ning luong
[84]. Do vdy, ma LDPC dang dan thay thé cac giai phap FEC da duoc thiét 1ap tt khac trong
mang khong day thé hé twong lai [85]. Chang han, chung d duoc thong qua trong mot sd
tiéu chuan khong diy gan day.

Trong hau hét cac hé théng truyén thong hién dai, vi du nhu mang thé hé 5G, c6 nhiing
yéu cau khong ddng nhat vé& do tré, hiéu suit phd va do tin cay [86]. Cac yéu cau da dang
nay c6 thé duoc chuyén truc tiép thanh cac yéu cau cu thé vé ti 1¢ 15i khung (FER) va ti 1
161 bit (BER) khi thiét ké ma [57]. Dé dap tmg duoc cac yéu cau da dang vé FER/BER, mot
giai phap thuc té 13 str dung cac cau hinh diéu ché va ma hoa kénh khac nhau pht hop cho
céc kich ban dich vu khac nhau. Tuong Gng voi giai phap nay, cin mot phuong phép thiét
ké ho ma LDPC c6 ti 1¢ ma thich ing dua trén cac protograph 10ng nhau. Khi d6, viéc thiét
ké chi can thuc hién trén mot cap cAu truc bo ma hoa/ gidi ma va cung dg dai khdi thong tin
cho tat ca cac ty 1€ ma duoc thiét ké.

Mic du ¢ rat nhiéu nghién cru v& ADC 1-bit cho cac hé thong MIMO ¢ 16n [22],
[73], [77] nhung viéc phan tich va tdi wu hoa hiéu nang cho ching van con han ché. Pic biét
13 v&i cac hé thong truyén thong khong diy duoc ma hoa boi giai phap ma hoa kénh P-LDPC
va sir dung cong nghé MIMO ¢& 16n. Cong trinh c6 lién quan nhat gan day t6i nghién ctru
nay 1a tir Vu va cac cong su [62]. Vi giai phap sir dung thuat toan trao doi thong tin twong
hd ngoai lai (PEXIT) dé xuét cho hé thdng MIMO ¢& 16n bd tach song MIMO, céc tac gia
da thiét ké cac ma LDPC protograph méi toi wu cho hé thong LS-MIMO. Mic du vay, co
hai gi61 han trong nghién ctru nay: 1) Nghién ctru chi xem xét gidi han do phan giai ADC tu
2-bit té1 5-bit; 2) Gioi han cat 1a c6 dinh béng cach st dung luat three-sigma. Bén canh do,

nhu duoc ching minh trong [22], luat three-sigma 14 tdi wu cho cac ADC dé phén giai cao.

Tir nhitng phan tich trén, van dé nghién ctru tiép theo ciia ludn an 1a tim kiém mat giai
phap thiét ké ho ma P-LDPC c6 ti 1¢ thich (mg linh hoat dap g cc yéu cau vé hi¢u suat
phd, d6 tré xtr Iy ma van dam bao hiéu qua vé ning luong, phi hop cho cac hé thong truyén
thong khong day thé hé méi. Hay néi cach khac, ho ma P-LDPC ¢ ti 1¢ ma thich (mg dugc
nay gitp cai thién hiéu nang cua hé thong thong tin MIMO c¢& 16n v6i cac bd ADC do phan
giai thap tir 1 dén 2 bit. Cac két qua nghién ctru chil dé nay dugc trinh bay trong Chuong 3
va dugc cong b trong cong trinh [CT1], [CT2], [CT4] va [CT5].

26



1.4.3. Thuit toan tach séng va gidi ma phia thu

Hién nay c6 nhiéu nghién ctru tap trung giai quyét anh huong ctia bd ADC do phan
giai thap va anh hudng ciia suy giam phan cing ddi véi hiéu ning hé théng [22], [73], [75]-
[77]. Trong d6, Nguyen va cac cong su [74] da dé xuat cac ki thuat hoc may (sir dung kiém
dir liéu duge giai ma dé huin luyén) cho cac trudng hop thong tin trang thai kénh (CSI)
khéng co tai BS phia thu. Phuong phap hoc may ndy mang lai sy cai thién hiéu nang va tiét
kiém ning lugng cho MIMO 16n véi ADC d6 phén giai thap [74]. Thong qua mot phuong
phap tuong tu, Gao va cong su [73], di st dung cac k¥ thuat hoc sau dé giai quyét cac van
dé vé udc tinh kénh, nhung d6i véi MIMO 16n ¢ ADC hdn hop (nghia 13, trong hé théng
nay mot phan nho cac dng ten cd6 ADC d6 phan giai cao trong khi phan con lai c6 ADC d6
phan giai thap). Xuét phat tir y tudong nay, mot cach tiép can dugc dé xut 1a sir dung tin hiéu
nhan duoc bdi dng ten ADC d6 phan giai cao dé du doan thong tin do tin cdy thap cua cac
ang ten do phan giai thap khac. Tir 46, giam cac tac dong bét loi cia ADC do phan giai thap,

chién lugc nay gitp cai thién hiéu nang d6i véi truong hop ADC hdn hop.

Pbi v6i cac thuat toan tach song tin hiéu trong hé théng truyén thong LS-MIMO véi
ADC d6 phan giai thap, cac tac gia trong [77] da nghién ciru bo tach so6ng tin hiéu hai giai
doan dya trén bo tch song cudng birc vé khong (ZF) va bo tach song hop 18 t6i da (ML)
cho cac hé théng MIMO 16n véi ADC 1-bit. B tch song duoc dé xuat nay hoat dong tot
hon b tach séng ZF thong thudng, trong khi d6 phirc tap ctia nd thap hon nhiéu so véi bo
tach song ML. Bén canh dé, véi hudng nghién ctru vé hé thdng MIMO véi ADC 1-bit str
dung bd giai ma truyén thong diép, Cho va cac cong su [76] da dua ra mot thuat toan dé tinh
todn gia tri thong tin mém (ty 1& log-likelihood) cho b tach séng tin hiéu MIMO. Uu diém
ctia cach tiép can nay 1a bo tach song MIMO va bo giai ma kénh truyén thong diép co thé
trao doi thong tin mém ciia c4c bit duge ma hoa véi nhau, va nhiéu gitra cac ludng ciing bi
loai bo. Do d6, bg tach song dau ra mém nay hoat dong tot hon b tach song loai ZF ¢ ca
truong hop CSI hoan hao va khong hoan hao ¢ BS. Chung hudng nghién ctru st dung bo
tach song MIMO dau ra mém, Nguyen Va c4c cong su [22] nghién ciru cac hé thdng MIMO
¢& 16n duge ma hoa trong d6 cac bd ADC do phan giai thap va ma protograph kiém tra chén
1¢ mat d6 thap (P-LDPC) duoc 4p dung. Trong d6, bo tach song MIMO va giai ma két hop
v6i thuat toan khir nhidu song song duoc sir dung tai may thu. Nghién ciru chi ra rang mot
sd luong 16n cac dng ten & may thu c6 thé bu dip cho do phan giai thap ciia bd ADC. Hiéu
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nang cua cac hé théng st dung ADC 4-bit co thé tiém can véi hiéu nang cua cac hé théng

sir dung ADC d6 phan giai cao trong nhiéu cau hinh LS-MIMO khéc nhau.

Viéc tach song tin hiéu anh hudng nhu thé nao dén hiéu qua ning luong cling da duoc
Lui va cong su nghién ctru [71]. Trong cong trinh ndy, cac tac gia tip trung vao viéc diéu
tra hiéu ning cua may tach song ZF va bién thé cta no, ¢ loai bo nhiéu lién tiép ZF (ZF-
SIC). Chién lugc phin bb ning lwong 1a dugc thue hién & dang phan tich bang cach xem xét
tdc do truyén bang nhau cho tt ca ngudi dung. Ngoai ra, Dai va cac cong su dd nghién ctru
tdc d6 co thé dat duge cho ca duong 18n va dudng xudng cia cac hé théng MIMO 16n song
cong véi cac bo ADC cd d6 phan giai thap [72]. Két qua cho thiy riang viéc sir dung luat
phan chia ty 1¢ cong suat thich hop va nhiéu dng ten hon tai BS c6 thé giam nhiéu va tap am.
Nghién ctru nay mét lan nita ching minh rang ting do phan giai cia ADC khong phai 12 lya
chon ding vi hi¢u nang hé théng duoc cai thién mot cach han ché trong khi chi phi tiéu thu
va dién nang ting mot cach bat hop 1y. Cudi ciing, nghién ctru cho rang sir dung ADC ¢6 do

phan giai thap 12 mét lwa chon thiét thuc cho cac hé théng MIMO 16n.

Céc nghién ctu trude day vé hé théng LS-MIMO str dung ADC hén hop chua yéu dya
trén 1y thuyét thong tin trong d6 gia dinh ma ngiu nhién voi d6 dai ma vo han. Rat it cac
nghién ciru chu ¥ téi cac hé théng truyén thong thyc té noi ma cac ho ma sira 16i kénh cu thé
duoc sir dung. Nghién ctru lién quan gan nhat vé hiéu ning ctiia ma protograph LDPC trong
hé théng truyén théng LS-MIMO véi ADC d6 phan giai thip duoc thyc hién bi Vu va cong
su [22]. Tuy nhién, nghién ctru nay chi ap dung vdi bd ADC co cung do phan giai va do
phan giai thap giéi han tir 3 dén 5 bit.

Tir nhitng phan tich trén, chu dé nghién ctu tiép theo cta luan an 1a nghién ctu, dé
xudt thuat toan tach song MIMO va gidi ma P-LPDC & phia thu cho hé thong thong tin
MIMO ¢& 16n véi cac bd ADC hdn hop. Pay 1a chi dé nghién ctiru méi, chua c6 mot nghién
ctru chuyén sau nao trén thé gidi thye hién. Hon thé nita, thuat toan méi duoc dé xuit sé su
dung cac két qua nghién ctru vé bd ADC dong nhat do phéan giai thip va giai phap ma P-
LDPC méi duoc dé xuat trong cac cong trinh nghién ctru ¢ trén. Piéu nay hi vong sé& gilp
cai thién dang ké hiéu nang cia hé thdng MIMO ¢& 16n voi ADC d6 phan giai hdn hop. Cudi
cung, thuat toan duoc dé xuat s& 1a co s& dé mé ra nhiéu huéng nghién ciru méi cho hé théng

thong tin MIMO c¢& 16n véi giai phap ma P-LDPC va cac bo ADC hdn hop. Két qua nghién
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ctru cht dé nay duoc trinh bay trong Chwong 4 cua ludn an va duoc cong bd trong cong trinh

nghién ctru [CT6].
1.5. Két luin chuong

Chuong nay trinh bay ngan gon vé van dé hiéu ning cta cac hé thong thong tin MIMO
c& 16m, mot trong cac cong nghé quan trong dugce trién khai trong mang khéng day 5G. Cac
thanh phan quan trong, c6 anh huéng, tic dong dén hiéu ning cia hé théng MIMO c¢& 16n
nhu bd ADC d6 phén giai thap, giai phap ma P-LPDC dugc xem Xét, phan tich. Trong do,
cac khai niém co s¢ co lién quan, sé dugc st dung trong cac phﬁn con lai cua luan an duoc
trinh bay. Phan cubi cua chuong gidi thidu cac khao sat, phan tich vé cac cong trinh nghién
clru trong va ngoai nudc co lién quan t&i chit dé caa luan an. Tir d6, 1am 13 va rat ra cac muyc

tiéu chinh cua luan an, s& dugc trinh bay chi tiét ¢ cac chuong tiép theo.
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CHUONG2.  PE XUAT BQ ADC PONG NHAT PQ PHAN GIAI THAP
CHO HE THONG MIMO CGO LON

Chuong nay nghién ciru thiét ké bo ADC ddng nhat d6 phan giai thap tir 1 dén 2 bit,
cho hé thdng thong tin MIMO c¢& 16n. Khéac véi cac nghién ciru trude day chi sit dung gidi
han cit theo luat three-sigma khi x4y dung bo ADC ddng nhét véi dd phan giai bat ky. Mot
biéu thtre tinh toan gidi han méi duoc nghién ctru, dé xuit va tng dung trong bd ADC do
phan giai thip 1 dén 2 bit, dwgc goi 1a bd ADC ddng nhit t6i wu d6 phan giai thap. Cac két
qua phan tich bang 1y thuyét va mé phong chi ra rang viéc sitr dung bd ADC tbi uu do phan
giai thap nay co thé cai thién dang ké téc do tong duong 1én cia hé thong MIMO-MU. Cu
thé voi truong hop ADC 1 bit, su cai thién nay 1a tir 5 dén 9 bits/s/Hz twong ung Véi sd
lugng ang ten trén tram goc 1a N = 50 dén N = 500. Hon nita, 6 phan giai tir 1 dén 2 bit
ctiia bd ADC dugce cho 1a ¢6 hiéu qua vé ning luong tt nhat cho cac hé théng MIMO c&
16n. Nhu vay, hiéu ning tong thé ctia hé théng MIMO c6 thé duoc cai thién bang cach st
dung cac bd ADC t6i wu d6 phan giai thap dugc dé xuat nay. Pong gop ciia nghién ciru trong
chuong nay cua luan an d3 duoc cong bd trong [CT3] va bd ADC t6i wu d6 phan giai thap
thiét ké trong chuong nay s& dugc sir dung trong céc cdng trinh nghién ctru tiép theo, duoc

trinh bay trong phan sau ctia luan an nay.

2.1.  MB® hinh h¢ thong
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Hinh 2.1. M6 hinh hé théng MIMO-MU
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Xem xét md hinh kénh duong 18n véi M ngudi dung sir dung dng ten don két ndi véi
mot tram géc dugc trang bi N dng ten, dugc goi 1a hé théng MIMO-MU nhu trinh bay &
Hinh 2.1.

Mo hinh kénh cho hé thdng nay dwoc cho boi biéu thuc:

r = p,Hx+w (2.1)

Trong d6, H € CV*M™ |a ma tran kénh giira ngudi dung va tram gdc, x 1a véc to kich
thudc [M x 1] cua ky hiéu duoc truyén boi tat ca nguoi ding, va w ~ €N (0, 1) 1a nhiéu
Gauss tring cong (AWGN). Cubi cung, r € C¥* 1 1a vector cua tin hiéu nhan dugc thong

qua tit ca cac dng ten trén tram goc.

Trong nghién ctru ndy, gia st rang hé sb kénh giita nguoi dung tht m va ang ten thir n
trén tram gbc 1a h[n, m]. Hé s6 nay goém cé4c cac hé sb doc lap 1a fading nhanh, suy giam
hinh hoc, va fading cham tuan theo ham log chuéan [20]. Hé s6 h[n, m] c6 thé duoc biéu dién

la:

hln,m] = gln, m]y @[m] (2.2)
Trong d6, g[n, m] 1a hé s6 fading nhanh tir nguoi ding thir m t6i ang ten tha n trén
tram goc va @[m] 1a thé hién ca suy giam hinh hoc va gia tri fading cham tuan theo ham log
chuan, duoc gia sir 1a khong doi trén qua tat ca cac ang ten [20]. O dang ma tran, (2.2) duoc
thé hién:
1
H = GQ2 (2.3)

Trong do6, G la ma tran kich thuéc N x Mcua kénh fading nhanh gitra ngudi dung va
tram gdc, va @ la ma tran duong chéo M x M véi cac phan tir trén duong chéo 1a @[m].

Tin hiéu nhén duoc tai mdi dng ten thu dau tién duoc chuyén dbi tir dang tudn ty sang
dang s6 béi mot cap ADC do phan giai thap Y -bit: Mot ADC Y -bit danh cho thanh phan
cuing pha (phan thwc) cua tin hiéu va ADC Y -bit con lai 1a cho thanh phan Iénh pha (phan
40) cua tin hiéu. Dat Q 1a toan tir lugng tir hoa, mbi quan hé gitra dau vao va dau ra cua khoi

ADC Y -bit dugc mo6 ta boi cong thirc:

y = Q) +jQ(rim) 24)
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Trong d0, 7, VA 73, lan luot 13 thanh phan thuc va ao cua tin hiéu thu dugc r. Hon
nita, bo luong tir hda Q 1a don hudng (nghia 1a mdi phan tir trong vector duoc lugng tir hoa

riéng biét).
2.2.  B& ADC dj phan giai thip

Nhu duge trinh bay & Chuong 1, s luong mirc luong tir héa phu thudc vao do phan
giai ciia bo ADC [87]. Vi du, ADC 3-bit c6 thé cung cip 8 murc khic nhau cho céc tin hiéu
dau ra luong tir hoa. Nhin chung, ADC ¢6 d6 phén giai cao dan dén sai s6 luong tir hda nho
hon so v6i ADC c6 d6 phéan giai thap. Véi hé théng mang LTE (4G), cac bdo ADC c¢6 do
phén giai cao, thuong dugc st dung rong rai 1a 15 bit [88]. Tuy nhién, vi¢c sir dung cac
ADC c6 d6 phan giai cao nhu vy co6 thé 1am giam EE tong thé [81], [89], [90]. Diéu nay l1a
do mtc tiéu thy dién ning téng thé cua cac hé thdng MIMO 16n phan 16n phu thudc vao mirc
tiéu thy dién ctia mach RF, trong khi ngudi ta biét raing ADC c6 d6 phan giai cao dong gop
dang ké vao murc tiéu thu dién cua mach RF [36], [87], [91]. Viéc st dung céc bd ADC cd
d6 phan giai thip dem lai mirc tiéu hao dién niang thip hon va di duoc nhiéu nguoi coi 1a
giai phap tiét kiém nang luong cho cac hé théng MIMO 16n. Tuy nhién mdt van dé 1a nhidu
luong tur hoéa ti 1€ theo ham mii voi ) luong bit dugc st dung dé dai dién cho mdi gia tri

trong murc luong tir va chiing c6 thé anh huong dang ké dén hiéu ning SE.

Vi hoat dong luong tir hoa trong (2.4) 1a mot qua trinh phi tuyén tinh va cac dau ra
lugng tir hoa twong quan voi cac tin hidu dau vao [92], nén viéc phan tich SE chinh xac cho
cac hé thong ADC c6 do phan giai thip co6 xu hudng kho khin. Pé nghién ciru hiéu Gng
nhidu lugng tir héa 1én hiéu ning cua hé thdng, mot cach co dién 1a xir 1y lugng tir hoa phi
tuyén tinh véi mot moé hinh x4p xi tuyén tinh [93]. Nghién ctru trong phan nay sir dung mo
hinh nhiéu lugng tir hoa cong (AQNM), 13 mot phép gan ding tuyén tinh cua luong tir hoa
ADC phi tuyén tinh, dé tinh toc d6 c6 thé dat duoc cho hé théng. Trong [36], [93]-[95] da
chi ra ring AQNM cung cap mot cach tiép can hidu qua va don gian dé phan tich anh huong
ctia nhiéu lugng tir héa ADC d6i voi hiéu ning cua hé théng. Mic du phan tich dung luong
chinh xac cho cac hé thdng MIMO 16n v6i ADC cé d6 phan giai hitu han duong nhu van
chua dugc biét dén [96], AQNM da duogc ap dung rong rii trong nhiéu nghién ctru dé hiéu
hoat dong ctia ADC c6 do phan giai thap va thiét ké bo thu cua cac bd do c6 do phuc tap
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thip hodc tdi uru hoéa hé théng. Theo bao cdo [97], AQNM hitu ich trong viéc cung cip udc

tinh hiéu nang nhanh so véi cac phuong phap phan tich khac.

¢ Wqln]

A 4

r|n| ) /\ ?’[n]
j\/ >

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

Xem xét mo hinh hé théng trong Hinh 2.1 va gia sir rang nang luong la ngang nhau
cho tat ca cac UE. Tai BS, st dung md hinh AQNM trong Hinh 2.2, ¢6 thé mé hinh hoa tin
hiéu nhan dugc r sau khi lugng tir hoa thanh cac tin hiéu dau ra Vg = Vg1, Yq2 1 Yqm]

nhu sau:
Vg = @r twy = (p\/EHx +ow + w, (2.5)
Véi hé s6 ¢ c6 thé thu dugc bang cach:
p=1-p (2.6)
Vi p 1a nghich dao cua ti 1¢ tin hiéu trén nhiéu luong tir hda (SQNR).

Trong thyc té, tin hiéu thu duoc 13 mot bién ngiu nhién lién tuc v6i khoang bién thién
v6 han. Do d6, tin hiéu thu dugc trude tién duogc cit dé cd khoang bién thién hiru han trong
pham vi [—Lyg, Lyg]. Gia tri cua Ly dugc chon sao cho d6 sai Iéch do qua trinh cat gioi
han tin hi¢u 1a khong dang ké.

Thong thuong véi bd lugng tir hoa vo hudng dong nhat c6 do phan giai cao, nhidu
luong tir xap xi khong tinh dén nhidu tai (do qua trinh cit giy nén) va dugc tinh gan dung

theo cong thurc [98]:
2
o2~ A /12 (2.7)

Trong do A = 2Z%vél &p dung quy tic three-sigma (nghia 1a Lyg = 30, v6i o 1a do léch

chuan cua tin hiéu thu), chling ta c6 thé tinh duoc gia tri cua p va ¢ nhu dudi day:
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3 3

Tir d6, gié tri cua p cua bd lwgng tir vo hudng ddng nhat sir dung gidi han cit theo quy

tac three-sigma, véi s6 bit ¥ < 5 dugc minh hoa trong Bang 2.1 dudi day.

Bang 2.1. Gié tri cua p twong ng véi cac luong tir hoa ddng nhét ¥ bit

3 1 2 3 4 5

pss | 0,75 | 01875 | 0,0469 | 0,0117 0,0029

Theo [20], [23], véi cac bo luong tir hda vo hudng khong dong nhat, gia tri gan ding

cua p co thé dugce tinh theo cong thic:

/3
pr—= 272X (2.9)

Gia trji cia p cta bo lugng tir vo hudng khong dong nhat véi s6 bit ¥} < 5 duge minh

hoa trong Bang 1.2 dudi day.

Bang 2.2. Gié tri cua p tuong tng véi cac lugng tir hda khong dong nhat ¥ bit

3 1 2 3 4 5

p | 03634 |0,1175 |0,03454 | 0,009497 | 0,002499

Ngoai ra, w, 1a véc to nhiu lugng tir héa Gauss trang cong va doc 1ap véi y. Can luu
y rang ching ta gia dinh rang tin hiéu mong muén x, nhidéu AWGN w va nhiéu lugng tir hoa
w, tuan theo phan phdi Gauss véi gia tri trung binh bang khéng va doc 1ap véi nhau. Hon
nita, chiing bao gdm c4c gid tri phuong sai doc 1ap, 1an lugt duge xac dinh bdi 02, 02 va o7
Trong d6, o 1a ma tran hiép phuong sai dudng chéo cia cac tin hiéu dugc truyén di, ma
duong chéo ctia n6 dai dién cho cong suét truyén dan twong tng [20] va phuong sai o7 phu
thudc vao loai lugng tir hda (thdng qua gia tri ¢) va ma tran kénh truyén tuong Gmg trong

modt md hinh kénh cu thé.

2.3. B tach séng tin hi¢u két hop ti 1¢ téi da (MRC)
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Sau qua trinh lugng tir hoa ADC, céac bd tach song tin hi€u duogc st dung dé khoi phuc
céc tin hiéu truyén ban dau. Viéc xtr Iy tin hiéu tai may thu dé giam thiéu nhiéu ndi tai giira
cac UE, von 1a yéu t6 anh huong dang ké téi SE va EE c6 thé dat duoc cua cac hé thong
MIMO c¢& 16n.

Trong tach séng tin hiéu tuyén tinh, mdi ludng dit liéu truyén x duoc wdc tinh tai may
thu nhu mot phép bién doi tuyén tinh caa cac ky hiéu quan sat duoc y. it may thu tuyén
tinh cho KUE 1a G = [g4, 93, ...,gx] € C¥*K_ T @6, tin hiéu dugc ude tinh boi cong

thire:
x= Gy (2.10)

Vi G 13 ma tran trong s tuyén tinh da duoc thiét ké san, trong ngit canh luan an nay
chinh 1a cac ma LDPC duoc thiét ké. Ma tran trong s6 G cho ba loai may tach song tin hiéu
duogc sur dung rong rai la: MRC, ZF va MMSE dugc dua ra nhu sau:

HY, MRC
G = < (H'H) ' HH, ZF (2.11)
(HH" + a?I,,)"* HY, MMSE

Trong xtr Iy tin hiéu, ¢ thé thdy MRC duoc xem 1a bo thu c6 do phire tap thap nhat vi
n6 khong lién quan dén bat ky sy dao nguwoc ma tran nao. Nhiéu cong trinh nghién ciru vé
SE trong cac hé théng truyén thong MIMO c¢& 16n v6i may thu tuyén tinh di dugc thuc hién.
Theo d6, gia sir vdi cac bd ADC 1y twong [4], [24], gia tri SE cao c6 thé dat duge véi cac
may thu tuyén tinh, ching han nhu may thu MRC, ZF hoic MMSE vi nhiéu trong mot 6
(intra-cell interference) c6 thé dugc triét tidu bang mot s luong rat 1on cac ing ten. NOi
chung, hiéu nang SE ciia MMSE t6t hon may thu MRC va ZF, trong khi ZF hoat dong tot
hon may thu MRC & SNR cao [24] véi cung sb luong dng ten. Khoang cach SE giira MRC
va hai may thu khac c6 thé duoc giam thiéu véi sé luong dng ten bd sung. SO luong dng ten
bd sung cho may thu MRC dé dat duoc cung hiéu ning SE cia MMSE di duoc nghién ctu
trong [6].

Theo cac thao luan & trén, nhin chung hiéu niang SE cao c6 thé dat dwoc khi thoa man
v6i mot s6 lugng 16n cac dng ten tai tram gdc. Tuy nhién, trong nghién ciru EE, mét s6 lugng
16n cac ang ten nhu vAy gay ra viéc tiéu thu qua mirc cong suat ctia chudi RE. Do vay, nodi
dung phan nay khai thac cac bd ADC v6 hudng ddng nhat véi bo tach song tuyén tinh MRC,
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str dung thong tin twong hd & phia thu va mé hinh nhidu luong tt AQNM dé xem xét van dé
trén.

Nhu vay, vector tin hi¢u dugc lugng tir hda va sau do gui di dén bo két hop ti 1€ tdi da

MRC), dé tao ra tin hiéu két hop yMRC duge biéu dién bai:
( opy

yMRC = HHy (2.12)

Trong d6 H 1a phién ban chuyén vi ciia ma tran H.
Téc d6 tong dudng 1én ctua kénh MIMO-MU dugc udc lugng gan dung boi cong thirc
[20]:

M
N 1
— Zlogz (1 + P (pw’"]( al )> (2.13)
m=1 "
Voi
M M
Iy = Dy @ Z Q)i + Py (1 - (P) <z Q)i + ®m> +1 (2-14)
i=1, i+m i=1

Trong (2.13), biéu thitc p, ®,,(N + 1) 1a nang luong nhan duoc ctia ngudi ding thir
m théng qua N dng ten gin trén tram gdc, v4i @,, 1a thanh phan nhiéu fading cham. Gia tri
biéu thirc nay ti & thuan voi véi gia tri cia ¢, chinh 1a s liéu dai dién cho hiéu ning cua
mot b luong tir, hay noéi cach khac gia tri ¢ cang cao thi bo luong tir hoa cang tot. Trong
khi d6, biéu thirc I,,, trong biéu thie (2.13) duogc tinh nhu trong biéu thirc (2.14), 1a tong hop
ctia nhifu dién tir giita cac ngudi dung, nhidu lwong tir hoa va nhidu Gauss tring cong. Xem
Xét toi tac dong cua nhidu luong tir, ta thdy rang gia tri cta ¢ cang 16n, va gia trj 1,,, cang
nho. Hai yéu té ndy chi ra ring gia tri tc do tong duong 1én dat duoc co thé duoc cai thién
néu hiéu ning cta bo luong tir hda ¢ ciing duge ting 1én véi mot do phan giai nhat dinh caa
ADC. Theo d6, thanh phan nhiéu lugng tir héa caa b lwgng tir can duoc giam thiéu dé toi
da hoa gia trj cua @. Day ciing 12 myc tiéu thiét ké ctia bo lwong tir hoa t6i uru vo hudng dong
nhét trong phﬁn sau cua ndi dung nay. Trong d6, ham mat dg xac suét dugc xac minh tuan
theo phan phéi chuan Gauss véi tap xac dinh v han. Sau do, biéu thirc tinh gidi han cat

dugc dua ra dé tinh toan gidi han cat tdi uwu cho cac mirc do phan giai khac nhau cia ADC.
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2.4.  T6i wu héa lwong tir ddng nhat

Chung ta xem xét mot b lwong tir chira mét lugng tir hda vo hudng vai mdt phan ving
va mot s6 ma dé chuyén doi bat ky mot mau tin hiéu du vao tuong tu nao sang dang s6. Cu
thé, phan vung 1a tip cac diém giéi han/bién, va sd ma 1a mot tap cac diém dai dién cho cac
phéan vung.

Dat I 12 phan ving cua bo lugng tir hda, mién gié tri cua tin hiéu dau vao r [n],n =
1,2, ..., N dugc chia thanh N, khoang riéng bi€t I, I, ..., INQ va mot tap cac diém dai dién
twong umg cho cac khoang ndy 1a 754,72, ... , Ton,- Theo do, tap cac khoang {I; } duoc
két hop véi nhau s& bao gdom toan bo mién gia tri cua tin hiéu nguon r [n]. Cac diém dai
dién 7 €6 gia tri hitu han. Bo luong tir vo hudng cung cip cac mau luong tir hoa theo biéu
thirc dudi day:

roln] = ror néurn] € I (2.15)

Sai s6 binh phuong trung binh (MSE) ctia bo luong tir vo hudng nay duoc dinh nghia

boi:
Ng

D[n] = E(|r[n] - rQ[n]|2) = 2 f (rln] — 1ox) f(rInDdr(n] (2.16)

k=1 I
Trong d6, f (r[n]) 1a ham mat do xac suat (PDF) cua tin hiéu nhan duoc r[n],n = 1,2, ..., N.
Nhu vay, ti 1¢ tin hiéu trén nhiéu SNR, cia bd lugng tir hoa dugc cho boi:

SNR.[n] = it
J[n] = B (2.17)

Véi o f[n] 1a phuong sai (c6ng suat) cua tin hiéu nhan dugc r[n]. Do vay, gié tri hiéu ning

¢ duogc cho boi cong thure:

1 D[n]
(p[n]zl—mzl—ﬁ[n] (218)

Vé mit Iy thuyét, voi mot tap cac khoang cho trude {I,, 1, ..., Iy 0 }, gi4 tri cta cac diém dai
dién t0i wu 79,1, 2, - » To, €O the gidm toi thicu MSE chinh 1 cac diém trung binh cia
mdi khodng I,. Ching dugc tinh toan béi:

flk rf(r)dr

= (2.19)
J, f@)ar

Tok
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Nguoc lai, doi v6i mot tap cac diém dai dién cho trudc a1y 1,792, ... , Ton o’ gia tri phan
vung to1 uu dugce cho boi:

L=1{r:go <r < g}
L={r: g, <7 < g5}

(2.20)
Ing = {7"‘ INg-1 ST = gNQ}
V6i gy, k =1,2,...,Ng la cac diém bién twong tmg duoc chon theo cong thic:
9o = L,
Ing = Lr (2.21)
Tok T Tok+1

I = k=1,2,..,Ny— 1

2
Vé6i L, va L, 13 gi tri cac diém bién bén trai va bén phai cia mién tin hiéu nhan duoc.
2.4.1. Lwong tir hoa téi wu dong nhat cho ADC dd phén giai thap

Trong phan nay, bd luong tir vo hudng dong nhat cho ADC d¢ phan giai thap duoc
thiét ké dé toi da tham sb dai dién cho hiéu nang & phan trudc 12 ¢. Qué trinh lugng tir hoa
nay gom hai giai doan: Giai doan thir nhét 13 cit tin hiéu dau vao dé chuyén tir dai tin hiéu
v0 han veé dai tin hiéu hiru han. Giai doan thi hai 1a thuc hién lugng tir tin hiéu da dugc cit
vé N, mtc tin hiéu.

0.6

s=eeeeen Simulation pdf
Theoretical pdf

o
3]
T

o
'S
T

Probability density function (pdf)
o o
() w

0.1

Received signal amplitude

Hinh 2.3. Him mat do x4c suat tin hiéu thu dugc cta ngudi ding véi: M = 10, N = 50
Str dung mé hinh hé théng nhu biéu dién trong (2.1), gia sir rang tin hiéu dau vao cua

cac ADC Y -bit c6 ham mat do xéac xuét (pdf) tuan theo phan phdi chuan nhu trong hinh 2.2.
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Theo d6, chung 1a cac bién ngau nhién lién tuc c6 mién gia tri vd han. Nhu vy, tin hiéu dau
vao r[n] dau tién dugc chuan hoa véi do léch chuan cua nd dé co phuong sai don vi. Sau
do, tin hidu chuan hoa nay dugc cat dé dam bao ring tin hiéu dau vao cua bo luong tir vo

huéng dong nhat c6 mién gia tri hitu han trong pham vi [—Lyg, Lye| nhu duéi day:

—Lyg, r*[n] < —Lyg ;
rln] = {7r7[nl, —Lyo < 77[n] < Lyg; (2.22)
Ly, r*[n] > Lyg -

Trong d6, r*[n] 1a phién ban duoc chuin héa cua r[n] va r[n] 1a phién ban da cit caa
tin hiéu nhan duoc r*[n], N, = 22 1a sb luong khoang gia tri roi rac.

Tin hiéu d3 duoc chuin hoa duge dua t6i bd luong tr vé hudng déng nhét c6 kich
thudc khoang luong tir hoa A = 2Ly, /Ny. Nhu dd mo ta, luong tir hoa gdm 02 tién trinh:
1) Tién trinh cat dé giéi han mién gia tri cua tin hiéu dau vao; 2) Tién trinh xap xi hoa (nghia
1a, thue hién gan mot diém gitra pht hop cho tin hiéu dau vao) dé chuyén d6i tin hiéu tir vo
han thanh hitu han. Tién trinh cit gay nén bién dang tai, 1a loai bién dang phu thudc vao gia
tri cua Ly oVa ham phéan phbi mat d6 xac suét (pdf) cia tin hidu dau vao. Nguoc lai, tién trinh
xép xi hoa gay nén bién dang mém, 13 loai bién dang phu thudc vao ) luong cua muc do
lwong tir hoa Ny, . Pé don gian hoa qua trinh nay, nhiéu nghién ctru 1am viéc voi cac hé thong
MIMO ¢4 16n ap dung cac bd luong tir hoa str dung luat three-sigma dé xac dinh gia trj cit,
tire 1a Ly, = 3 bat ke do phan giai cia by ADC. Tuy nhién, cac b luong tir three-sigma nay
c6 gié tri hiéu nang thap hon khi so sanh véi bo lugng tir khong dong nhat [20], dac biét 1a
cho truong hop ADC d6 phan giai thap. Nguyén nhan 1a bai ¢ do phan giai thap, bién dang
tai, do qué trinh cit gay ra, s& chi phéi bién dang mém.

e giai quyét van deé ndy, chling ta can tim gid tri cat Ly, cho méi mac do phan giai
cia ADC dé dam bao sy can bang giita bién dang tai va bién dang mém. Cudi cuing, bién
dang luong tir tong thé s& duoc giam, va nhu vay te do tong co thé dat duoc cia duong 1én
trong cong thire (2.13) s& tang. Vi mdi mirc d6 phan giai cua ADC thi s6 luong cac khoang
dugc lugng tir hoa Ny, 1a ¢6 dinh, nhu vay gid tri téi wu cta Ly o Phu thudc vao ham mat do
X4c suat cua tin hiéu dau vao. Rat may, vi tin hiéu nhan duoc tuan theo phan phéi chuan nhu

trinh bay & Hinh 2.2, chiing ta c6 thé sir dung két qua duoc thiét 1ap bai Hui va cong su [98]
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dé tim kiém gisi han cit téi wu nham giam nhiéu luong tir tong thé. Di véi tin hiéu phan

phoi chuan, gisi han cat toi wu Ly, gom gici han hai bién nhu dudi day [98]:

P il AR (2.23)
6N, Ne 6N '
Trong @6 K~ 1a ham nghich d4o cua ham sau:
11 y?
K(y) = ——ex <——> (2.24)
Y 2y P 2
bit
1+ ¢
Lt = K1 2.2
va
1—¢
u — -1
Yo = K (61\/5) (2.26)

Trong d6, € dugc lya chon 1a mot gia tri nhé tiy y va véi mdi cip € va No, chlng ta tinh toan

biéu thirc (2.25) va (2.26) dé twong tng tim ra gia tri tra vé cua LY, 0 va LY o+ Vai ddy, qua

trinh tim kiém gia tri cét téi uu Ly, dwoc thuc hi¢n voi nhiéu cdu hinh d6 phan giai khac

nhau. Cudi cuing, gié trj cét toi wu Ly, dé xuat la diém trung binh cua gisi han trén va gici
han dudi trong (2.23) nhu sau:

L =1(Ll + 1%,) (2.27)

No =™ o\ "Ng Nq :
Véi lya chon € = 0,001, thyc hién biéu thirc (2.23) va (2.27), két qua tinh toan cac gia
tri Ly, t6i wru cho cac mirc do phan giai khac nhau cia ADC duoc trinh bay trong Bang 2.3

dudi day.

Bang 2.3. Giéi han cit t6i uu cho bo lwong tir dong nhat

5 1 2 3 4 5

Ng 2 4 8 16 32
L y, 1,669 | 2,0912 | 24613 | 2,7909 | 3,0285
SNR, (dB) | 427 | 9,19 14,29 1933 | 2431
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Theo biéu thic tinh gia tri toc d6 tong (2.13), rd rang la gia tri ¢ cang 16n thi toc do
téng cang cao. Dé danh gia tac dong cua gisi han cit dén tdc d6 tdng co thé dat duoc cua
duong Ién, gia tri hiéu nang ¢ duoc mo ta trong Bang 2.4. Trong do, gid tri ¢ cua b luong
tir hoa khong ddng nhat ciing duogc trinh bay dé thiy duoc su cai thién cua bd lugng tir hoa
t6i wu. CH thé thay qua gia tri ¢: 1) Bo lugng tir hoa ddng nhét tdi vu dé xuat ¢ hiéu ning
tiém can vai bo luong tir hoa khong dong nhat & tat ca cac mic 6 phan giai va 2) Bo lugng
tir theo luét three-sigma thong thuong 1a t6i wu khi mirc d6 phan giai 1a 1én hon hoic bang
5 bit.

Bang 2.4. So sanh hiéu nang (¢) gitra cac bo lugng tir hoa

Y 1 2 3 4 5
Luong tir hoa khong dong nhat | 0,6366 | 0,8825 | 0,9654 | 0,9905 | 0,9975
Luong tir hoa three-sigma 0,1371 | 0,8135 | 09518 | 0,9878 | 0,9966
Luong tir hoa dong nhattéiwvu | 0,6261 | 0,8796 | 0,9628 | 0,9985 | 0,9963

Quan sat Bang 2.4, xem xét gia tri cua ¢ vai bo luong tir hoéa ddng nhat three-sigma
va bo luong tir hoa dong nhat téi wu. O ADC 1-bit hay n6i cach khéc chi géom 2 murc lugng
tir hoa, gia tri ¢ cua b luong tu hda three-sigma 1a 0,1371, trong khi gié tri ¢ nay vai bo
luong tir hoa t6i wu 1a 0,6261. Khoang céch hiéu ning nay 1a dang ké, hi vong rang gia tri
téc do tong cua bo luong tir hda téi wu s& duoc cai thién nhiéu hon & d6 phan giai 1-bit.
Khoang céch giira bo lwong tir three-sigma va bo luong tir hoa téi uu s& giam dan khi 4o
phan giai ting. Cu thé, khoang cach nay giam lan luot tir 0,0661 va 0,011 cho truong hop
ADC 2-bit va ADC 3-bit. Thyc té nay chi ra rang khi do phan giai cia ADC Ién hon hoic
bang 3 bit, bo lwong tir three-sigma 1a gan nhu t6i wu. Tuy nhién, nhu da chi ra trong [20],
ADC 1-bit va ADC 2-bit dugc lya chon vi hai mic do phan giai nay cung cap hiéu qua vé
ning lugng tét nhat — st dung do phan giai cao hon s& 1am giam hiéu qua ning luong téng
thé cua hé thdng. Do vay, bo lugng tir ddng nhét téi wu 1a rat quan trong khi trién khai cac

hé thong MIMO ¢4 16n trong thuc té.
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2.4.2. Lwong tir toi wu héa dong nhit cho T-ADC

Trong trudng hop cu thé ctia bd ADC béc ba (hay Ternary-ADC hoic T-ADC), phan
vung c6 hai diém bién dé chia toan bo mién cua tin hiéu dau vao thanh 03 khoang tin hiéu,
va s6 mi ciia T-ADC chira ba diém dai dién — 1a cac diém giita cua ba khoang twong ung
trong dai tin hiéu dau vao. Bén canh dé, cac bo lugng tir T-ADC ciing thudc nhém cac ADC
d6 phan giai thap, di dugc Zhang va cong sy cia minh chimg minh 1a ¢6 mot s6 1oi thé hon
s0 voi ADC 2-bit trong mét s kich ban chi phi thap [70]. Thuc té nay s& dugc kiém ching
mot 1an nita théng qua mot phan tich vé hiéu qua ning lwong EE dbi vé6i cac T-ADC trong
nghién ctru cua luan an duoc trinh bay ¢ Chuong 4. Trong [70], Zhang va cac cong su da
thiét 1ap mot cong thirc dé t6i uu hoa cac gidi han cat va cac diém bicu dién dé giam thiéu
hé s bién dang trong céac kich ban MIMO duong 1én. Tuy nhién, cong thirc ndy phu thudc
vao sb lugng ngudi dung tham gia vao lién két duong 1én. Diéu nay c6 thé dan dén yéu cau
rang mot phwong trinh phi tuyén tinh phai duogc tinh toan lai bat ctr khi nao s6 luong nguoi
ding tham gia duong 18n thay doi. Tir quan sat trén, nghién ctru ndy cta luan an s& dé xuét
biéu thirc tinh todn méi khong phu thudc vao sé luong dng ten phat dé tinh toan cac gidi han
cdt va cac diém biéu dién cua T-ADC.

Xem xét mot bo lugng tir T-ADC chira mét lwong tir hda vo hudng véi mot phén vung
va mot s ma. Bo lugng tir s€ thuc hién chuyén ddi bt ky mdt mau tin hiéu dau vao tuong
tu nao sang dang sd. Phan ving c6 hai diém bién dé chia toan bd mién cia tin hiéu dau vao
thanh ba khoang tin hiéu, va s6 mi ctia T-ADC chira ba diém dai dién — 1a cac diém trung
binh cta ba khoang twong tmg cua dai tin hiéu dau vao.

Dé& dang nhan thiy rang diém khac biét ctia luong tir hoa t6i wu cho T-ADC so véi
lwong tir hoa tdi vu cho ADC dd phan giai thap 13 dai gid tri sau khi cét s& dugc phan ving
thanh ba khoang bang nhau. Gia tri dai dién cho cic phan ving nay duoc cho béi biéu thic:

—2 LNQ/3 ) r[n] < _LNQ/g
relnl = {0, T/, < fn) < MY/, (228)
2 LNQ/3 ) r[n] > LNQ/g

Ap dung 1an luot cac biéu thic (2.24) - (2.27) nhu véi trudong hop luong tir héa tdi uu
cho ADC d6 phén gidi thap véi gi6i han cét Ly, = 1,9228 va N, = 3, ta duoc két qua
phan ving va s6 ma ctia bd lugng tir héa vo huéng dong nhat tdi vu T-ADC nhu sau:
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- Phéanvung = {-0,6409, 0,6409}
- S6mi={-1,2818,0,1,2818}

- SNR,=7,19 dB

- @ = 0,8095

Biéu thuc tinh toan gi61 han cat d3 duoc dé xuit dé tinh gi61 han cit toi wu cho cac
mirc d6 phan giai khac nhau ciia ADC, bao gdm ca truong hop dic biét 1a T-ADC. Tiép
theo, cac mo phong 1y thuyét cho mot té bao don véi MIMO-MU duong 1én duge thuc hién
nham x4c minh hiéu qua cua bd lugng tir hoa tdi wu duoc dé xuat so véi bd luong tir hoa

ddng nhét three-sigma.

2.5. MO phong va danh gia

Pé kiém chirng nhitng suy luan trong Phan 2.4 trén, mot md phong dugc thuc hién dé
danh gia gia tri toc do tong cho mot té bao luc gidc c6 ban kinh R, = 1000m. Sir dung ham
phan phbi dong nhat dé dat N = 10 ngudi ding ngiu nhién vao trong té bao ¢d ban kinh 7, =
100m, ngoai trir khu vyc trung tdm. Vi tri caa tat ca N = 10 nguoi dung duoc hién thi nhu

trong Hinh 2.4 va khoang cach t6i tAm cua té bao duoc liét ké trong Bang 2.5.

1000
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Hinh 2.4. Vi tri nguoi dung trong cell voi N = 10, Rz = 1000m va r = 100m
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Thanh phan fading chdm dwoc md hinh hoa str dung ham phén phdi log chuén trong

nghién ctru ndy nhu sau:

T\~ 7
B = Zpy X (—) (2.29)
T'C

Véi ,,, 12 khoang cach gitra ngudi ding tha m so véi tram géc, v 1a hé s6 mii mat mat
duong dan va z,, 14 bién ngiu nhién theo ham log chudn vai do 1éch o,. Tuwong tu nhu gia
st trong [20], nghién ctru nay gia sir rang @,,, 1a ¢6 dinh mdi khi ngudi ding tha m truy cap
vao trong té bao. Trong tit ca cac cau hinh mé phong dudi day, gia s rang o, = 8dB va
v =3,8.

Bang 2.5. Chi tiét khoang cach (m) cta 10 nguoi dung trong té bao

ID nguoi dung Khoang cach rc (m)
1 312
659
574
742
762
578
701
398
728
840

O| O | | G| | W N

=
(e}

Nhitng két qua trén gia tri toc do tong dudng 1én dugc minh hoa trong Hinh 2.5 dén
Hinh 2.7. Cu thé, Hinh 2.5 hién thi céc gia tri tbc do tong cia bd lugng tir hoa khong dong
nhat, bo luong tir hoa déng nhat three-sigma va bo lwong tr hda ddng nhat téi wu cho truong
hop ADC 1-bit. Quan sét thiy rang toc do tong cua bo luong tir dong nhat three-sigma thap
hon nhiéu so véi hai bo luong tir hda con lai. That tha vi khi thay rang gia tri khoang céch
gia tri toc @6 téng cang tro nén Ion hon khi ting sb lwong dng ten trén tram gdc. CO thé vi
du, khi s6 luong ang ten trén tram géc 1a N = 5, khoang céch téc do tong l1a khoang
2bits/s/Hz. Trong khi d6, khi N = 50, khoang céch téc do tong giita bo lwong tir hda ddng
nhét three-sigma so véi bo luong tir hoa ddng nhat téi wu xap xi 5bits/s/Hz. Khi s6 luong
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ang ten cuc Ky 16n trén tram géc, cu thé khi N = 500 thi khoang cach nay vao khoang
9bits/s/Hz.

Uplink Sum Rate (bits/s/Hz)
=

—+— 3-Sigma Uni Quant.
—8— Opti. Uni. Quant. q
—&— Non-uniform Quant.

0 50 100 150 200 250 300 350 400 450 500
Number of BS Antennas (M)

Hinh 2.5. So sanh tc d6 tong dudng 1én trudng hop ADC 1-bit
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Hinh 2.6. So sanh tc d6 tong dudng 1én trudng hop ADC 2-bit
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Hinh 2.7. So sanh tdc d6 tong dudng 1én truong hop ADC 3-bit
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Quan sat khi 6 phan giai cia ADC ting 1én 2 bit, dudng cong md ta gié tri téc do tong
cua ba bo luong tir hoa duoc trinh bay trong Hinh 2.6, ¢6 sy sut giam dang ké va khoang
cach vé téc do tong khac nhau chi khoang tir 1 t6i 2bits/s/Hz. Khoang céch nay bién mat
khi d6 phan giai cia ADC 1a 3 bit nhu ¢ Hinh 2.7. M6t lan nira c6 thé thiy rang, gia tri tbc
d6 téng cua bo luong tir ddng nhat t6i wu nhé hon mot chit so véi bo lwong tir khong ddng
nhat va bd luong tir dong nhat three-sigma & tat ca cac d6 phan giai ADC tur 1-bit téi 3-bit.
Do lgi vé hiéu suat phd duoc thé hién qua khoang céch téc do tong duong 18n trong mo
phong da phan &nh su twong déng véi cac phan tich vé khoang cach cua gié tri ¢ duoc trinh

bay trong Bang 2.2 va 2.4.

2.6. Kétluan chuong

Chuong nay trinh bay vé nghién ctru t6i wu gidi han cit ctia bo lwong tir hoa dong nhat
cho bd ADC d6 phan giai thap va bo T-ADC. Két qua mo phong cho thay bo luong tir hoa
ddng nhat t6i wu di cai thién dang ké hiéu suit phd duong 1én cua cac hé théng MIMO-MU,
dic biét 1a cho truong hgp ADC c¢6 d phan giai 1 bit. Hon thé nita, gia tri hiéu suat pho cua
bd luwong tir hoa ddng nhat tdi wu xap xi véi bo luong tir khong dong nhat ¢ tit ca cac mirc
d6 phan giai cia ADC. Bén canh d6, cac két qua mo phong ciing cho thiy rang sy cai thién
hiéu suat pho ctia bo lwong tir hoa t6i wu tai ADC 1-bit va ADC 2-bit 14 rat dang ké cho céc
hé théng MIMO ¢& 16n vi hai d6 phan giai nay di duoc chimg minh 1a cho hiéu qua ning
lugng tot nhat [20].

Két qua mo phong trong nghién ciru ctia chuong ndy dugc thu thip bang cach st dung
phuong phap phan tich theo 1y thuyét cho mé hinh hé théng MIMO-MU. Nghia 13, nghién
ctru gia dinh ring ma hoa kénh 1 ngiu nhién va c6 do dai khdi thong tin 13 v6 han. Do vay,
nén c¢6 mot nghién cru nham kiém ching d tin cdy ciia bd ADC dugc dé xuat nay trong
cac hé thong truyén thong ma héa MIMO ¢ sir dung cac giai phap ma kénh P-LDPC thuc

té. Noi dung nghién ctru nay sé duoc trinh bay chi tiét trong chuong tiép theo cua luan an.
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CHUONG 3.  THIET KE MA P-LDPC CHO HE THONG MIMO
CO LON VOI BO ADC PQ PHAN GIAI THAP

Nghién ciru trong chwong 2 dugc thuc hién voi gia dinh rang ma héa kénh 1a ngiu
nhién va c6 d6 dai khdi thong tin 1a v6 han. Mot cau hoi duge dit ra 1a b ADC tbi vu duoc
dé xuat c6 thé cai thién hiéu ning tong thé cta hé théng MIMO ¢& 10n, sir dung cac giai
phap ma hda kénh P-LDPC thuc té hay khong. Noi dung ddu cua chuwong nay tip trung tra
101 c4u hoi trén, cho truong hop hé théng ma hoa MIMO ¢ 16n, véi bd ADC do phan giai
1-bit t6i wu duoc dé xuat & Chuong 2 va giai phap ma P-LDPC thyc té ¢ phia thu. Thuat
toan tach song MIMO va giai ma P-LDPC két hop ¢ phia thu, dugc cong bd trong cong trinh
[CT2], duoc sir dung dé udce tinh 13i trén kénh. Cac két qua mo phong cho thdy hiéu ning
vuot troi ctia bd ADC t6i wu dugce dé xuat khi so sanh véi bdo ADC do phan giai thép st dung
luat three-sigma & tat ca cac cau hinh MIMO duoc lya chon. Piéu nay mot lan nita chi ra
gidi han cat 13 rat quan trong ddi v6i cac bd ADC do phan giai thap, dic biét 1a do phan giai
1-bit. Hay néi cach khac, bo ADC tdi wu do phan giai thap duoc dé xuat c6 thé dem lai
nhitng cai thién dang ké hiéu ning tong thé cia hé thdng théng tin MIMO ¢ 16n, c6 sir dung
giai phap ma P-LDPC thuc té. Két qua nghién ctru nay duoc cong b trong [CT4].

Mic dii, bo ADC tdi uu d phan giai thap dem lai nhimng cai thién dang ké vé hiéu ning
thong qua viéc giam cac tac dong tiéu cuc cua nhiéu luong tir, dic biét 1a trong truong hop
d6 phan giai 1 bit. Tuy nhién, nghién ctru ciing cho thy su suy giam hiéu ning cta hé théng
& ti 16 ma hoa cao va cau hinh MIMO thap. Diéu nay c6 thé 1a do cac ma protograph LDPC
chua dugc t6i wu. Do vay, phan sau ctia chuong tap trung trinh bay vé nghién ciru, thiét ké
cac ma protograph c6 ti 16 ma thich tng cho hé théng MIMO c¢& 16n véi bo ADC do phan
giai 1 bit. Trong d6, phuong phap thiét ké ma P-LDPC c6 ti 1é ma thich uang, da dugc cong
bé trong cong trinh [CT1], duoc str dung dé thiét ké ma P-LDPC tdivu ¢ tilé ma R = 1/2
va R = 2/3 cho truong hop MIMO ¢& 16n vai bd ADC do phan giai 1 bit.

Cac mé protograph LDPC méi duoc dé xuat mang lai do loi m& héa tir 0,3 dB t6i 0,7
dB so voi cac ma P-LPDC hién dai dwoc nghién ctru gan nhat. Do loi ma hoa nay 1a dang
ké vé mat hiéu nang, dic biét 1a ddi véi hé thdng truyén thdng khong day tdc do cao, noi ma

ngudn dién cung cap cho cac thiét bi hoat dong bang pin bi han ché mét cach nghiém ngit.
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Cac ma P-LPDC duoc dé xuét 1a dong gop chinh cua chuong nay va duoc cdng b trong
[CT5].

3.1. Hiéu ning mi LDPC trong hé thong truyén théng LS-MIMO

Xem xét so db truyén théng mi hoa khong day sir dung cac ma P-LDPC dd phtc tap
thap két hop so do truyén din LS-MIMO. So dd truyén théng nay ciing dugc sir dung dé

thue hién cac phan tich hiéu ning va thiét ké ma P-LDPC trong cac ndi dung tiép theo.

3.1.1. Mb hinh hé thong

Hé thong truyén thong khong day ma héa LS-MIMO st dung kénh fading, véi M ing
ten truyén (dau ra) va N ang ten nhan (dau vao). Trong do, & phia thu sir dung bd ADC t6i

uu do phan giai 1 bit (viét tit 1 ADC 1-bit) nhu duoc trinh bay trong Hinh 3.1.

yrel1]
Yim[1]

yrel2]

) ) Ghép kénh
M4 héa c biéu ché s khéng gian
=—| P-LDPC [ BPSK VBLAST
MIMO

=

Yiml[2]

Thuét todn tdch séng
MIMO va giai ma P-
LDPC két hop

yre[N]

yim[N]

Hinh 3.1. M6 hinh kénh hé thdng truyén thong ma héa LS-MIMO véi ADC 1-bit

Cu thé, mot khéi bit théng tin b kich thudc L; dau tién dugc ma hda boi bo ma hoa
Protograph - LDPC cho ra mét tr ma ¢ vai do dai cac bit duge ma hoa la L. Gia tri cua L,
duoc biéu dién thong qua L; thong qua ti 16 ma héa R = L; / L.. Cac bit duwgc ma hoa c €
{0, 1} duoc diéu ché thong qua bo diéu ché pha nhi phan (BPSK) véi cac mirc dau ra thuoc
tap s = (—1)¢ € {+1,—1}. Trong mot lan sir dung kénh, st dung so d6 ghép kénh khong
gian, M tin hiéu dugc diéu ché s& duoc truyén thong qua M ang ten. Nhu vay, can L =
[L. / M] lan sit dung kénh dé truyén tat ca cac bit dugc mé hoa L.

Kénh LS-MIMO trén dugc mé hinh bing toan hoc nhu sau:
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r=Hx+w (3.1)

Trong d6, x = [x[1], x[2], ..., x[M]]" 14 tin hiéu MIMO dugc truyén di voi cac phan
tir dugc diéu ché pha nhi phan. Nang lugng tin higu trung binh E; = E(||x| |2) dugc chuan
hoa vé 1. Ma tran H € GV *M [a ma tran truyén chtra cac thanh phan h[n, m] tai hang n va
cot m ciia ma tran H. Gia sir gié tri h[n, m] 1a gia tri Gauss phuc véi thanh phan do léch
chuan bang 0 va phuong sai don vi CN'(0, 1). Nhu d3 gidi han, gia sir rang thdng tin trang
thai kénh (CSI) c6 ¢ phia thu nhung khong co6 & phia phat. Theo dé, vector nhiu w =
[w[1],w[2], ..., w[N]]" € ¢¥*1 1a vector nhifu Gauss tring cong, dugc gia sir rang cac phan
tir tudn theo phan phdi chuan Gauss voi do léch 0 va phuong sai No, nghia 1a GV (0, N).
Cubi cung, r = [r[1],7[2], ..., r[N]]" € €¥** la vector tin hiéu nhan duoc véi r[n] 14 tin
hi€u nhan duoc tai ang ten thi n.

Tin hiéu nhan duoc tai mdi ang ten thu, r[n] véin = 1,2, ..., N, dau tién dugc chuyén
doi tir dang tuong tu sang dang s thong qua mot cip ADC 1-bit tai mo dun tan s6 vo tuyén.
Cu thé, mot bd ADC 1-bit danh cho thanh phén tin hiéu cing pha (hay 14 thanh phan thuc)
va b ADC 1-bit khac 1a cho thanh phan tin hiéu ngugc pha (hay 14 thanh phan 40). Sau do,
phién ban dugc luong tir hoa cua tin hiéu thu duogc cudi cung duoc dua vao bd giai ma P-
LDPC va tach song tin hiéu MIMO két hop dé khoi phuc lai cac bit thong tin ban dau. Hoat
dong cia ciia bo luong tir hoa to6i vu do phan giai 1 bit va thuat toan tach song va giai ma
két hop & phia thu duogc st dung trong danh gia hiéu ning hé thdng duogc giai thich trong hai

nodi dung tiép theo cta chuong.

3.1.2. Bo ADC ddng nhit 1-bit tdi wu

Nhu di trinh bay, bo lugng tir hda trong md hinh 13 bo lwong tir hda dong nhat tdi vu
d6 phan giai thap dugc nghién ctu trong Chuong 2. Véi Q 1a toan tir lwong tir hda va ¢ 1a
tham s6 vé hiéu ning cta bd lugng tir hoa da cho nhu trong (2.3), (2.4). Theo biéu thirc
(2.13), (2.14) gia tri cua ¢ cang 16n thi hiéu ning ciia hé thong truyén thong duoc ma hoa
MIMO c& 16n cang tdt. Nhu vay, dé cai thién hiéu nang cua mot h¢ théng ma hoa MIMO co
l6m, nguoi ta phai toi vu dé dat gia tri cao hon ctia ¢ cho mot bd ADC 1-bit cho trudc bang
cach giam nhidu luong tir cia bo luong tir hoa. Nhu da chi ra trong phan trude, bang cach
tdi wu gia tri cit cua bd luong tir héa, nhidu lugng tir hoa s& giam dang ké. Rat nhiéu cac
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nghién ctru trude day vé cac hé thong MIMO ¢ 16n duoc luong tir hoa sir dung luat three-
sigma, nghia 1a gia tri cit Ly, = 30 cho bat ky ADC mirc d6 phan giai nao. Theo [20], bd
luong tir v6i luat three-sigma so hiru hiéu nang kém hon so véi bo luong tir khong dong
nhit, dic biét 1a véi d6 phan giai thap cua cac bd ADC. Nguyén nhan hiéu ning suy giam
ctia bo lugng tir hoa theo ludt three-sigma d6 14 do bién dang qua tai va bién dang mém
khong can bang. Cu thé, bién dang mém 13 nhiéu hon nhiéu so véi bién dang tai & do phan
giai thap.

Bang 3.1 dudi day vé luong tir hoa toi wu dong nhat duoc trich rat tir Bang 2.4, Phan
2.4.1, cung cap gi tri toi uu cua Ly,cho cac ADC 1-bit va gia tri ¢ twong ung. Ching ta
thdy rang gidi han cat tdi wu cia ADC 1-bit 12 1,669, nho hon nhiéu so véi gia tri cia luat
three-sigma cho ADC 1-bit. Gié trj t0i wu clia Ly,, nén nho dé dat mt can bang tot gitra bién
dang qué tai va bién dang mém. Twong Gng, gia tri caa tham sé hiéu ning cua bo luong tur
@ duoc cai thién nhiéu cho b luong tir téi wu 1-bit. Cu thé hon, & ADC 1-bit, hay chi hai
murc luong tu, gia tri ¢ caa lugng tir three-sigma la 0,1371, trong khi d6 gia tri ¢ cta bd
lugng tir duogc t6i wu 1 0,6261. Pay 1a mot khoang tang hiéu nang dang ké, va hi vong rang
hiéu nang ciia ADC 1-bit tdi uu s& tot hon nhidu so voi cac ADC 1-bit theo luat three-sigma.
Mong doi nay s& dugc xac minh trong phan sau thong qua phan tich ngudng giai ma lap va

hiéu nang BER dudi nhiéu mé phong khac nhau vé cau hinh MIMO va ti 1¢ ma.

Bang 3.1. Gidi han cat va gia tri ¢ ctia cac bd ADC 1-bit

Luong tir hda dong nhat Luong tir hoa ddng nhat Luong tur hoa khong
three-sigma toi uu dong nhat
Ly, 3 1,669 -
© 0,1371 0,6261 0,6366

Mot két qua an tuong 14 hiéu niang caa ADC 1-bit dugc t6i wu la rat gan so véi bo
lugng tir khéng dong nhat, vén phic tap hon boi s6 lwong cac mic khoang luong tir A can
duoc toi ru theo ham phan phdi mat do xac xuét (PDF) dau vao. Su khac nhau cua gia tri ¢

chi 14 0,01 nhu trong Bang 3.1 1a mot khoang cach rat nho.
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3.1.3. Thuit toan tich séng va giai ma P-LPDC két hop

Thuat toan tach song MIMO va giai ma P-LDPC két hop [22], [62] 1a mot giai phap
tuyét voi cho cc hé thdng truyén thong ma héa MIMO c& 16n béi hai 1y do: 1) D6 phc tap
ctia bo thu tin hidu 14 thap; 2) Hiéu nang 1 dang chu y vi thong tin ngoai lai dugc lan truyén
giita thanh phan tach song MIMO va thanh phan giai ma P-LDPC. Bén canh d6, khi sb luong
ang ten 1a dang ké, tir hang chuc téi hang trdm dng ten, cic thuat toan tach song MIMO
truyén thong nhu 1a ZF, MMSE va ML c¢6 nhitng han ché vé tinh toan [19]. Ngoai ra, thuat
toan truyén tin 1 mot giai phap htra hen dé giai quyét cac van dé phire tap. Céc tac gia trong
[22], [62] da gidi thidu bd giai ma lan truyén do tin cdy két hop cho cac hé thdng truyén
thong duoc ma hoa MIMO c¢& 16n. Trong d6, Vu va cong su [62] da sir dung mot d6 thi hai
16p dé tim kiém, thiét ké cac ma protograph LDPC t6t cho kénh LS-MIMO. Con Nguyen va
cong su [22] trién khai bo thu tin hiéu lan truyén do tin cay hai 16p két hop dé phan tich hiéu
ning ctia cac ADC do phan giai thip (tir 2-bit dén 5-bit). Py 1a hai nghién ctru rat gan, tuy
nhién khong nghién ctru nao trong sé dé6 xem xét véi hiéu ning cia cac hé thdng truyén
thong mé hoa cho ADC 1-bit. Do vay, ndi dung nghién ctru nay cua luan an sé thyc hién
mot diéu tra vé hiéu nang ciia hé théng MIMO ¢& 16n v6i bd ADC d6 phan giai thap 1 bit
sir dung b thu tin hiéu lan truyén do tin cay hai 16p. Nhiing két qua thu dugc s& cung cap
cac hiéu biét chuyén sau vé cach thuc lam thé nao danh gia hiéu ning va thiét ké cac hé

thong truyén thong ma héa MIMO khong day ¢& 16n véi ADC 1-bit.

Dé giai thich thuat todn giai ma va tach song két hop, mot so do hai 16p két hop duoc
st dung, nhu dugc minh hoa trong Hinh 3.2. So dd hai 16p nay s€ c6 3 loai nit, dugc dit tén

nhu sau:

1) L X N cac nut giam sat dai dién cho chudi tin hiéu nhan duoc y
2) L. =L x M cac nat ky hiéu dai dién cho chudi tin hiéu duoc truyén x
3) Cudi cung, c6 K = L. — L; cac nut kiém tra dai dién cho cic phuong trinh kiém tra

cua ma P-LDPC da cho

Duong két ndi ctia nat bién va nat kiém tra duoc quy dinh béi ma tran chin 1é cia ma
LDPC. Trong mdt lan st dung kénh, N cac nut gidm sat va M cac nat ky hi¢u dugc lién két
day du dé tao nén mot so d6 cho thanh phan tach song MIMO (nghia 14, m&i mot nit giam
sat duoc lién két voi tat ca cac nut ky hiéu).
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Nut ki€m tra

Nt ky hiéu
/ Niit bién

Nut giam sat

Hinh 3.2. B6 thu lan truyén do tin cay hai 16p két hop

V& phan giai md LDPC trong so dd, c6 L, nat bién dai dién cho chudi cac bit cua tir
mé c. Vi bo didu ché BPSK, mét anh xa 1 — 1 dugce sir dung dé anh xa mot bit tir ma sang
mot tin hiéu/ky hiéu truyén di. Hé qua 13, cac nit bién va cac nat ky hiéu duoc két ndi lai
trong mot nit don trén so d6 hai 16p. Vi vay, hai thuat ngi, nit bién va nut ky hiéu c6 thé

dugc str dung hoan ddi cho nhau trong cac ndi dung dudi day.

Trong thudt toan giai ma 1ap va tach song két hop trén so do hai 16p, c6 5 loai thong
diép duogc truyén trén so do nhu sau:
- af[n, m] 13 thong diép duoc truyén tir nt giam sat thir n t6i nat ky hiéu tha m
- a[m, k] 13 thong diép duoc truyén tir nat bién thir m t6i nat kiém tra k
- blk, m] 14 thong diép duogc truyén tir nit kiém tra k t6i nat bién tha m
- B[m, n] 1 thong diép duoc truyén tir nit ky hiéu m téi nit giam sat n
- T[m] la gié triti I¢ log-likelihood hau nghiém ctia ky hi¢u x[m]

Nguyén tic hoat dong cta bd thu giai mi va tach séng két hop st dung thuét toan
truyén tin voi khir nhidu mém duoc trinh bay dudi ddy. Chi tiét hoat dong cua thuit toan
nguyén thity c6 thé tham chiéu tai [22], [62], [99].

1)  Théng diép dwoc truyén tir cdc nit gidm sdt toi cac it ky hiéu.

Nhu trinh bay ¢ trén, tin hiéu thu dugc tai nt giam sat thir n sau qua trinh luong tir

hoa duoc cho bai:
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yln,m] = @r[n] +wy[n] (3.2)
= @ Ym=1 hln,mlx[m] + ow[n] + wy[n]

= @hln,mlx[m] + @ Xl wmhin, tlx[t] + owin] +  wy[n]

p P el
Nhiéu xuyén kénh Nhiéeu lvong tw

Trong d6, x[m] 1a ky hiéu dugc phét di trén dng ten phat tha m, h[n][m] 1a hé s6 (do 10i)
kénh tir dng ten phat di tht n dén dng ten thu tha m, wln] va wg[n] twong tng 1a nhiéu Gauss
trang cong va nhidu luong tr hoa. Tin hiéu thu duoc ¢ ang ten tht n cho ky hiéu x[m] c6
thém mot thanh phan nhiéu (nhiéu luong tir héa) va cudng do tin hiéu cua nd bi anh huong
boi qua trinh luong tir hda véi hé s6 ¢. Pay chinh 13 diém khac biét khi so sanh véi hé théng
LS-MIMO str dung do phan giai cao.

Tiép theo, k¥ thuat loai b nhidu song song [19] duoc st dung dé khir nhidu xuyén
kénh trong (3.2). Pat £[n, m] 1a ky hiéu mém thu duogc tir thong tin dugc truyén tir ndt quan

sat thir n t6i nat ky hiéu tha m, va dugc udce tinh théng qua biéu thirc [19]:

(3.3)

%[n,m] = tanh (ﬁ m, n])

2
Trong d6, f[m, n] 14 thong tin ngoai lai dugc truyén tir ndt ky hiéu tha m dén nat quan sat

thir n. Sau dé, ky hiéu mém £[n, m] duoc s dung dé loai bé nhiéu tir tin hiéu x[m] nhan

duoc tai nut quan sat thir n cua ky hiéu phat thr m nhu sau:

9[n,m] = y[n,m] — ¢ z hin, t]2[n, ¢ (3.4)

t=1, t+m

Vé6i 9[n, m] 1a tin hiéu nhan duogc caa ky hiéu dugc truyén x[m] tai nat quan sat thr n sau
khi loai bo nhidu. C6 thé thdy nhidu van con lai trong tin hiéu y[n, m] sau qua trinh kht
nhiéu boi £[n, m] duge wdc tinh dya trén thong tin ngoai. Dt z[n, m] 1a nhiéu con lai ciing

v6i cac thanh phan nhidu khéc, ta c6 thé thé viét lai $[n, m] nhu sau:
y[n,m] = @h[n,m]x[m] + z[n, m] (3.5)
Vi
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Znml= ¢ Y hinlGeln el - 26D + gwlnl + wlnl (3.6)
t=1,t #m
Tir d6, thong diép duge truyén tir nut gidm sat n toi nit bién m 1a gia tri ti 16 log-likelihood
(LLR) dugc cho bdi cong thirc:
Pr(9[n, m]|H, x[m]= +1)

afn,m] = in Pr(§[n, m]|H, x[m]= —1) (B.7)

= —2_R(h*[n, m]y[n, m])

Y[n,m]

Trong dé

M M
Wln,m] = ¢ Ihln, ¢]12(1 = [%[n, 111%) + ¢ No + <p<1—<p)<2|h[n.m]|2 +No> (38)
m=1

t=1,t #m

C6 tong so N thong diép giri toi mot niit ky hiéu da cho (hodc ky hiéu truyén), va téng
clia tat ca cac thong diép nay la twong duong véi thong diép cua kénh (1a L, - d6 tin cay bit
thong tin trén kénh) trong thuat toan truyén tin thong thuong [29]. Trong dé, biéu thirc trong
(3.7) da tinh dén ca anh hudng cua nhiéu lugng tir thdng qua tham sé ¢ va W[n, m], hai
tham s6 phu thudc d6 phan giai cua bdo ADC 1-bit va hé s6 kénh nhu d trinh bay & trén.

4
Y[n,m]

Khi cac ADC 1-bit theo luat three-sigma duoc st dung, hé s6 trong (3.7) giam

do ¢ cua cac ADC 1-bit theo luat nay rat thip nhu trinh bay trong Bang 3.1. Do vay, théng
diép a[n, m] gui t6i cac nat bién trong (3.7) ciing giam. Cudi cuing, hiéu ning cta bo thu lan

truyén do tin cay hai 16p két hop ciing suy giam theo.

2)  Théng diép dwoc truyén tir cdc nit bién t&i mit kiém tra

Xem xét n(t bién thir m, c6 02 loai thong diép duoc gui téi nGt ndy. Loai thong diép
thir nhat 12 tir nat gidm sat N thudc phan do thi thé hién bo tach song MIMO, loai thong diép
tiép theo 1a tir nGt kiém tra thudc phan do thi giai ma LDPC. Két qua 13, thong diép ngoai tir
nGt bién m t&i nat kiém tra k 1a tong cua tat ca thong diep tir ndt giam séat va nat kiém tra

ngoai trir thong diép tir nut kiém tra k. Chlng ta co:
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almkl= ) altml + ) blem] (3.9)
t € Ng(m) teN:(m) \k
Trong d6 N.(m) 1atap cac nat kiém tra c6 két ndi téi nit bién thir m, va Ny(m) la tap

cac nat giam sat két ndi téi nat bién tha m.

3)  Théng diép dwoc truyén tir cdc it kiém tra téi cde mit bién:

Thong diép tir nat kiém tra thir k ¢én nat bién thir m 13 giéng nhu thuat toan truyén tin,

duogc cho boi biéu thuc [29]

1 _ ea[t,k]

1= Tlee v, G0vm T galeAd
Lt e (3.10)

]

1+ Hte Np(k)\m 1+ ea[t,k

blk,m] = In

Trong d6 N, (k) 1a tap cac nit bién cd két n6i dén nat kiém tra k. Trong trién khai thuc

té, tinh todn cua b[k, m] duoc don gian hda bang cach sir dung ham tanh (.).

4)  Théng diép duwoc truyén tir cac nat ky hiéu (nat bién) dén nat giam sat

Nhu duoc trinh bay ¢ trén, nit ky hiéu m nhan thong diép tir ca nit giam sat 1an nat
Kiém tra. Thong diép ngoai lai duoc gui tir nGt ky hiéu m dén nGt giam sat n 12 tong cua tat
ca cac thong diép ngoai trir thong diép dugc gui tir nut giam sat n. Nhu vay, thong diép tur

nGt bién m t&i n(t giam sat n duge cho nhu sau:

Blm,n] = Z alt.m] + Z b[t, m] (3.11)

tENg(m)\n t € Nc(m)
Trong d6 N.(m) va N,(m) lan luot 14 tap cac nat kiém tra va n(t giam sét c6 két ndi
dén nat bién tha m.
5) Mgt thong diép hau nghiém cua cac bit tr ma

Gia tri LLR hau nghiém cuaa ky hiéu truyén thir m, khi két thtic méi mot vong lap 1a

téng cac thong diép tir ca cac nlt giam sat va nat kiém tra va duoc cho bai cong thic:
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Mml= > alnml + ) blem] (3.12)
n € No(m) k € N.(m)
Giéa tr1 LLR hau nghiém dugc gui toi thiét b lua chon cung dé duara phién ban da ma

hoa cua bit tr ma st dung luat sau:

0, T[m]>0

¢ [m] = {1, Nowoe iai (3.13)

Trong d6 ¢ [m] 1a phién ban ma héa caa c[m]. Va nhu vay, chudi ma hda cua thong

tin b dugc thu thap.

Tién trinh truyén tin ding lai khi tat ca cac biéu thuc kiém tra dugc thoa man, hoac khi
dat dén s lan lap t6i da cua hé thong. Nguoc lai, tién trinh truyén tin sé tiép tuc qua trinh

lap tir budce 1) vai thong diép duoc cap nhat tir cac nut giam sét.

3.1.4. Mé phéng va danh gia két qua

Trong phan nay, thuat toan PEXIT cho cic hé théng MIMO c¢& 16n (LS-MIMO-
PEXIT), duoc gidi thiéu trude day trong [22], [62] duogc sir dung dé danh gia sy cai thién
hiéu ning cta bd luong tir hoa (ADC) ddng nhat tdi wu 1-bit. Do viéc ap dung thuit toan
LS-MIMO PEXIT cho cac ADC 1-bit 14 twong ddi don gian, chi tiét ¢6 thé tham khao & hai

tham chiéu & trén.
a. Nguong giai ma lap

Thuét toan LS-MIMO PEXIT di dugc chirng minh 1a mét cong cy hitu ich dé danh gia
va thiét ké cac ma P-LDPC thong qua ngudng giai ma lap. Pay 1a ti 1& tin hiéu trén nhidu
SNR thap nhat ma bo giai ma c6 thé giai ma ludng bit nhidu. Nhu vay, véi ngudng giai ma
1ap thap hon c6 thé dat duoc cac hé théng truyén thong tot hon.

Pé tinh toan ngudng giai ma lip, cac ma P-LDPC di duogc t6i wu trude day cho kénh
LS-MIMO va bo thu lan truyén do tin cay hai 16p két hop [62] dwoc lya chon. Cac ma
protograph LDPC nay duoc trinh bay trong (3.14), (3.15), (3.16)
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311001
p2oiter _ 1212210 (3.14)
330110

Y, T~
3 X6
300
20iter — 230 20iter
82/3 302 B% (3.15)
3 X9
300
BZOiter — 222 BZOiter 1
3/, 11152 (3.16)
3 X12

Céac ngudng giai ma lap cho ti 1é ma hoa R lan luot 12 1/2, 2/3 va 3/4 duoc cung cap

trong bang 3.2, bang 3.3 va bang 3.4.

Bang 3.2. Ngudng giai ma lap voitilé ma hoa R = 1/2

Céu hinh MIMO Luogng tir hoa Three-sigma Luong tir hoa tdi vu
10 x 10 5,47 dB 3,07 dB
40 x 40 5,03 dB 2,84 dB
100 x 100 5,21dB 2,97 dB

Bang 3.3. Ngudng giaima lap voitilé mahéa R = 2/3

Céu hinh MIMO Luong tir hoa Three-sigma Luong tir hoa tdi uu
10 x 10 14,09 dB 4,89 dB
40 x 40 11,52 dB 4,39 dB
100 x 100 11,71 dB 4,42 dB

Bang 3.4. Ngudng giai ma lap voi ti lé mad héa R = 3/4

Céu hinh MIMO Luong tir hoa Three-sigma Luong tir hoa tdi uu
10 x 10 15,99 dB 6,46 dB
40 X 40 15,99 dB 5,71 dB
100 x 100 15,99 dB 5,67 dB
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Nhu mong doi, cac ngudng giai ma 1ap khi st dung bo lwong tir hda téi wu 1a thap hon
dang ké so véi bo luogng tir hda three-sigma thong thudng o tit ca cac cau hinh MIMO.
Khoang cach vé ngudng chénh léch tir 2 dB (¢ ti 16 ma hoa 1/2) téi gan 10 dB (6 ti 16 ma
hoa 2/3). Do vy, hi vong rang khoang cach hiéu ning cua hai b luong tir hoa 1a déng ké.
Cu thé, bo ADC 1-bit tdi wu s& c6 gia tri hi€u ndng cao hon hodac BER rat thép ¢ cung mirc
tin hiéu SNR. Phan tich ndy s& dugc xac minh bang cac két qua mé phong hiéu ning trong

phan tiép theo dudi day.
b. Hiéu nang (BER)

M6 phong dugc thuce hién st dung mé hinh hé théng duoc mo ta tai Hinh 3.1 va cac

tham s6 mé phong duoc trinh bay trong Bang 3.5 duéi day.

Bang 3.5. Tham s6 mo phong danh gia bo lugng tir hoa t6i wu

STT Tham s6 Thiét lap
1 Céu hinh MIMO 10 x 10 | 40 x 40 | 100 x 100
2 Kénh truyén Kénh Rayleigh fading
3 Ti 16 ma R12 | R23 | R34
4 Do dai ma 2400 bit
5 Thong tin trang thai kénh Chi ¢6 ¢ phia thu
6 D6 phan giai bd ADC 1-bit

Céc két qua md phong dugc trinh bay trong Hinh 3.3 - Hinh 3.11 nham x4c minh céc
két qua phan tich trong muc 3.1.3 (a) & trén. C6 thé thdy ring duong cong ti 18 1i bit (BER)
ctia b lwong tir toi wu 1a thap hon nhiéu so vdi bo lugng tir three-sigma ¢ tat ca diém SNR
dugc xem xét. Hién tuong ndy 1a phu hop v6i nhitng két qua vira phén tich & trén. Luu y
rang cac khoang cach BER 1a khong giéng nhu khoang cach ctia ngudng giai ma lap vi thuat
toan LS-MIMO-PEXIT duoc thiét ké st dung phuong thic xap xi [22], [62]. Do vy,
ngudng giai ma 1ap chi giup chi ra xu hudng hanh vi cia ma, khong phai mot s6 liéu tuyét
ddi dé danh gia hiéu nang. Day ciing 1a dong luc dé luan an thyuc hién phﬁn mod phéng danh

gia hiéu nang hé théng dudi déy.
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Quan sat cac két qua mo phong hiéu ning, bd luong tir three-sigma c6 hiéu nang thap
& tat ca cac ti 16 ma hoa va cdu hinh MIMO. Ngay ca khi sd dng ten truyén va sb ang ten
nhan 13 100, dudng BER hiéu ning ctia bd lugng tir three-sigma van xdy ra hién tuong 16i
san. Nhu vay co nghia 1a giéi han cat 1a dic biét quan trong voi cac bd ADC 1-bit. Diéu nay
cling da dugc chimg minh tir cac phan tich, nghién ciru 1y thuyét trong Chuong 2. Tuy nhién,
d6i voi d6 phan giai cao hon (tir ADC 2-bit tGi ADC 5-bit), cac bd lugng tir three-sigma s&
hoi ty trong ca cac hé thong truyén thong ma hoa va khong ma hoa [22], [99].

Nhin vao riéng dudng hiéu ning cua bd lugng tir hoa tdi vu, nhitng duong déc cua
duong cong BER tai ti 16 ma 1 1/2 12 déc nhat, va hiéu nang BER 1a min va 6n dinh nhat ¢
tat ca cac cau hinh MIMO. Tuy nhién, ¢ ti 16 ma R = 2/3, hiéu ning bi suy giam dang ké
khi cAu hinh MIMO 12 10 x 10 va diéu nay cang rd rét hon ¢ ti 16 ma cao hon. Cu thé,

duong BER & ti 16 ma R = 3/4 xuat hién hién tuong 16i san & BER = 1072 véi cau hinh
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MIMO 10 x 10. Khi s6 lugng ang ten ting 1én 40 hodc 100, duong cong BER cho thay su
cai thién vé hiéu ning. Céac két qua quan sat duoc chi ra rang, ADC 1-bit nén duge sir dung
trong cac hé¢ théng MIMO c¢& 16n, nhu vay cac anh hudng cuia bién dang lugng tir dugc lam
giam di boi sb luong 16n cac dng ten thu. Hanh vi ndy 1a phu hop vé6i nhirng két qua phan
tich thong qua 1y thuyét thong tin cho kich ban MIMO-MU d3 duoc trinh bay trong Chuong
2 va trong cong trinh [CT3].

Nhu viy, b luong tir vo hudng t6i vu dem lai nhimng cai thién dang ké vé hiéu ning
va chung ta nén sir dung mot sb lwong 16n dng ten dé lam giam céc tac dong tiéu cuc cla
nhiéu luong tir cia ADC 1-bit, dic biét 1a cho ti 16 ma hoa cao. Tuy nhién cac ma protograph
LPDC nén duoc thiét ké lai hodc toi uu lai cho timg truong hop cu thé cia ADC 1-bit dé
ngan chin su suy giam hiéu nang & ti 16 ma hoa cao va cau hinh MIMO thép, tir d6 cai thién
hiéu ning tong thé cia hé thong. Noi dung tiép theo trinh bay nghién ciru thiét ké ho ma
protograph LDPC ¢ ti 1¢ ma thich ing cho hé thdng truyén thong ma hoa MIMO ¢& 16n véi
bd ADC d6 phan giai thap 1 bit.

3.2. Thiét ké ma P-LDPC cé ti 1¢ ma thich ing

Trong hé thdng truyén thong ngay nay, mot diéu thuong xay ra 1a mot nén tang lién lac
dugc str dung dé cung cép nhiéu loai dich vu va tng dung khac nhau. Méi trong sb6 d6 thuong
¢ tap cac yéu cau chat lugng dich vu (QoS) riéng, bao gém do tré, toe do truyén bit dir liéu
va ti 1¢ 15i bit [86]. Cac giai phap ma P-LDPC c6 ti 1¢ ma thich tng 1a mdt trong nhirng thanh
phan thiét yéu cho phép hd tro nhiéu dich vu trong mot nén tang phan cimg nhu vay. Trong
[55], Nguyen va cong su di tim thay cac ma protograph cé ti 16 ma thich tng cho maot loat
c4c ti 16 ma khac nhau. Tuy nhién, ho ma nay duoc t6i vu hoa cho trudng hop do dai khoi
dai va sd lan lap giai ma 16n. Mac du ¢6 mot bo ma duc 16 ¢6 ti 1é thich ung mo1 da dugc
bao céo trong [50] cho d6 dai khdi hitu han, no lai chi duoc ti wu hoa cho sb lan lap giai
ma 16n. Bén canh d6, cac mé protograph ti 1¢ thich tng, khéng duc 16 ¢6 do phirc tap thap
cuing sb 1an lp giai ma han ché cho cac kénh truyén thong, da khong duoc bao cao trong
C4c cong trinh nghién ctru nay. Tuy nhién, nhu cau vé cac ma nay la cao, dac biét 1a doi voi
mang di dong 5G, véi cac tng dung va dich vy c6 do tré cuc thép. Diéu nay doi hoi can ¢6

mot phuong phép thiét ké ho ma protograph LDPC méi, ¢6 ti 16 ma thich tng linh hoat va
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thoa mén s 1an 1ap giai ma thap. Cac ma méi dugce dé xudt can dam bao hoat dong tét & ca
vuing thac va viing 16i san.

Trong ndi dung ndy, phuong phap thiét ké ho ma P-LPDC ¢ ti 1& ma thich tmg duoc
str dung trong nghién ctru cia chwong nay sé duoc trinh bay tom lugc. Qua trinh thiét ké cac

ma protograph c ti 1¢ thich (mg, c6 d6 dai khbi thong tin c¢b dinh, bao gdm hai giai doan:

- Giai doan thiét ké mi con: La giai doan thiét ké mot mé con co sé ¢6 ti 1é cao bang
ky thuat kéo dai md (lengthening). Ky thuat nay da duoc sir dung rong rai trong cac
thiét ké protograph, nho cau tric xay dung protograph don gian cta nd, nhung tao ra
cac ma hiéu ning cao [55]. Pé bat dau, ngudi ta phai chon mét protograph co sd,
thuong c6 ti 16 ma thap, chang han véi ma co ti Ié R = 1/2. Dua trén protograph co
sO' NAy, ma tran proto kiém tra chin 1¢ cia ma ti 1é cao hon duoc xay dung bang cach
thém mot hodc nhiéu nat bién (cot) vao ma co sé trong khi van gitt nguyén sb lugng
nat kiém tra (hang).

- Thiét ké ma c6 ti 1¢ ma thich wng: DS thi protograph ctia ma con ti 16 ma héa cao
duogc tim thay & trén lan luot duge str dung dé thiét ké cac protograph ti 1¢ ma hoa thap
hon bang cach thém cing mot s6 lwong nit bién (cot) va nat kiém tra (hang). Cac ma
c6 ti 16 ma hoa thap hon nay duoc xay dung trong mét cau tric 1dong tir ma protograph
con, ¢6 cung khoi bit thong tin. Ciu triic ma c6 ti 18 thich tng nay lam cho cac ma phu
hop véi nhiéu img dung thyc té, ma van giit dugce do phirc tap thap, von 13 mot yéu cau
k¥ thuat quan trong.

O giai doan tht nhat, thuc hién viéc tim kiém ma protograph tét nhat ¢ ti 16 ma hoa

R = 1/2 duoc goi 1a mi protograph ban dau. Trong k¥ thuat kéo dai ma (lengthening), mot

ma protograph ti 1é cao hon dugc xay dung tir ma protograph ti 1¢ thap hon bang cach thém

mot hodc nhiéu nat bién (cot) trong khi gitt nguyén sé luong nut kiém tra (hang). Cau tric

téng quat cia ma tran proto cia mot ma con biét true duge cho béi:
Hy = [Hg | H;] (3.15)
Véi H;, 1a ma tran kiém tra chin 1é cua ma ti 1é ma hoa thép, Hg 12 ma tran mo rong va

Hj; 12 ma tran kiém tra chin 1¢ mat do thap c6 ti 1¢ ma hoa cao hon.
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O giai doan thir hai, thuc hién thiét ké mot s6 ma con, bit dau tir ma ban dau cd ti 1é
R=1/2vacé biéu thire ti 16 ma duge cho nhu sau:
n+1

R = 3.16
n+2 ( )

Véin =1,2,3,.. Dé dat duoc ti 16 md nhu biéu thuc (3.16), dit m 1a sé nut kiém tra
(hang) clia ma trdn ma con ban dau, véi mdi gia tri cua n, ma tran mo rong Hy phai c6 m nut
bién cho mdi ti 18 ma. Piéu nay c6 nghia 1a mot ma protograph mdi ti 1é thap hon dugc xay
dung bang cach thém sé luong nat bién (cot) dang bang sb nat kiém tra va gitr nguyén sé
lwong nat kiém tra nhu 1a sé luong nat kiém tra cia ma protograph con. Céu trdc cia ma

tran proto chotilé R = Z—:; duogc cho bai cong thire (3.17)

X1 X(mx(m-1))+1
X e X _
Hown = |0 0 T2y (3.17)
n+2 . . . n+1
Xm Xm xm

3.2.1. Bai toan thiét ké ma P-LDPC

Ban chat ctia viéc thiét ké cac ma protograph LDPC 13 viéc tim kiém cac ma trén co so
B thoa mén 02 diéu kién 1a c6 ngudng giai ma lap thap nhét trong khi van dam bao duoc
thudc tinh ting trudng tdi thiéu tuyén tinh. Diéu nay c6 thé duoc trinh bay nhu mot bai toan

to1 uu hoa nhu sau:

min & (B,N, M, Itery,y)

€6+ £(B) <0, r=1,2,..,R (3.18)

Véi B+ la mot tap tat ca cac ma tran chira cac phan tir khong am, dau ra caa ham chi
phi & (B, N, M, Iter,,,,) 14 gia tri ngudng giai ma lap can tim kiém. Luu ¥ rang ham chi phi
thu duoc bang cach ap dung thuat toan LS-MIMO-PEXIT nhu dugc trinh bay trong Phan
3.1 ¢ trén. Cudi cung £.(B) <0, r = 1,2, ..., R 1 tip cac rang budc tuin theo cac chi dan

thiét ké cac ma P-LDPC [55].

Xem xét (3.18), 03 tham sé dau vao cua bai toan tdi vu gdbm: 1) Mot cap M va N thé
hién cau hinh LS-MIMO (twong tng Véi s6 dng ten thu va nhan); 2) Mot ma tran co so B
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thé hién ciu tric ma & mot ti 16 ma hoa cho trudc; 3) Iter,,,, thé hién sb 1an lap giai ma t6i
da, gia tri ndy thudong bi gi6i han do d6 tré ciia mot hé thng truyén thong khong day nhat
dinh. Khong giéng cac thiét ké ma protograph ton tai trude day [27], [52], [55], trong bai
toan t6i uu (3.18) & trén, viéc bod sung thém tham s Iter,,,, 12 dé ngan chin hiéu tng suy
giam hiéu ning nghiém trong ctia hé thong do str dung bd ADC d6 phan giai 1-bit. Nho do,

ma P-LDPC t6i wu dugc thiét ké cho hiéu ning tbt trén ca ving thac va ving 15i san.

Str dung cac huéng din vé dic tinh ctia mot ma trén co so tot trong [55], nghién ctiu
nay cé thé giéi han mién tim kiém cua bai toan t6i vu (3.4) & trén. Diéu nay cho phép thuc
hién viéc tim kiém vét can (tim kiém tat ca cac ma tran c6 thé xay ra) voi mot do phuc tap
va thoi gian hop 1y. Dé bat du, cac rang budc trén cau tric ctia ma tran co s& B khai dau ¢

ti 16 ma hoa 1a 1/2 duoc thiét 1ap.
€11 €12 €13 €14 0 1
B1/2 = (€21 €22 €23 €4 1 1 (3.19)
€31 €32 €33 €34 1 0/5,4

Trong d6, phan tir e; j trong ma tran B1 A 1a s6 canh song song két néi gitta niit kiém tra thir

i va nut bién thit j trong thanh phan giai ma LDPC thudc d6 thi tach song va giai ma két hop
dugc trinh bay ¢ trén. Hai ¢t cudi cung duoc lya chon trude tuan theo hudng dan vé sb

lugng cac nat bién co bac mot (degree-one) va bac hai (degree-two) trong [55].

Bdn cot con lai trong ma trén c6 tong cong 12 bién tim kiém can t6i vu 1a e;; VoI [ =
1,2,3vaj = 1,2,3,4. S6 canh song song t6i da duoc cho phép 1a 3, nhu vay gi tri cua cac
bién nay nam trong tap {0, 1, 2, 3}. Cudi cling, cac rang budc twong tng £-(B) cua bai toan

t6i wu cho ma tran B1 /, & trén nhu biéu thic (3.20) dudi day:
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(Bl/ ) €ij = Vi=1,23  j=1..,4 (3.20)
fo(By,)t ey <3, ¥i=123  j=1..4
< f3 (Bl/z) t(ep1+ ep1 + €31) <3
fa (31/2) i (e12+ €32+ €35) <3
fs (31/2) t (€13 + €g3+ €33) <3
\ fe (B 1/2) t(eps+ ex4t+ €34) <2

Cac rang budc f; (Bl/z), fa (B1/2), fs (Bl/z) duogc thiét 1ap dé dam bao dic tinh ting
trudng khoang cach téi thiéu tuyén tinh va rang budc f; (Bl /2) xuat phat tir thuc té rang mot
ma P- LDPC co s& tot ¢6 thé ¢ tdi da cac nut kiém tratrir di 1 (cu thé o day1a3 —1=2)
cac nut bién c6 bac hai duoc phép trong ma tran co so cudi cung [52]. Can luwu ¥ rang rang
budc vé sé luong nat bién bac hai trong bai toan toi wu 1a can thiét, nhung khong phai 1a
diéu kién du dé c6 mot ma P-LDPC tét. Tuy nhién, viéc thiét 1ap rang budc nay gidp thu hep
khong gian tim kiém. Mot diéu tra véi cac kénh LS-MIMO bang cach tim kiém ma tran co
s& tot nhat trén toan bo mién khéng gian tim kiém, hay ndi cach khéac chi c6 rang bugc
fi (Bl/z) va f, (Bl/z) duoc thuc hién [52]. Céc két qua cua nghién ctru nay cho thy rang ma
tran co s& (protomatrix) tét nhat tuan theo nhitng hudng dan o trén. Nghia 1 protomatrix t6t
nhat cé tdi da 2 nat bién bac hai, 1 ndt bién bac mot va tat ca cac nat bién con lai c6 bac ba
hoic cao hon nita. Do d6, huéng dan nay duoc sir dung dé thiét ké cac ma protograp LDPC
cho céc hé théng MIMO ¢ 16n véi bo ADC do phan giai thap ADC 1-bit trong noi dung
dudi day.

3.2.2. Thiét ké ma P-LDPC cho LS-MIMO véi by ADC tdi wu 1-bit

Qua trinh tim kiém ma duoc thyuc hién véi sb 1an lap ti da Iter;,,, = 50 va cau hinh
MIMO 1a M = 10 va N = 10 (nghia 1a cau hinh MIMO 10 x 10). Viéc lya chon sb lan
lap giai ma t6i da Iter,,, = 50 la dua trén hai yéu t: 1) Do tré thap 1a mot trong nhiing
y&u cau quan trong trong nhirng hé théng truyén thong khong day trong tuong lai [34]; 2)
Gid tri s6 1an lap giai ma phai du 16n dé giai quyét gisi han vé hiéu nang caa ADC 1-bit.

Luu ¥ rang Iter,,,, chinh 1a s6 1an lap t6i da ma bo thu tin hiéu phai thuc hién néu van con
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13i va bo thu tin hiéu s& dirng ngay khi tir ma dung duoc tim thay ma khong can thuc hién

tién trinh cho t6i khi dat dén sé lan lap tbi da.

Str dung céc thiét 1ap tham sb thiét ké ¢ trén, cac ma tran co s6 toi vu ma P-LDPC &

cactilé ma héa 1/2 va 2/3 dugc dua ra dudi day:

(3.21)

NN W
NN
N RO
== O
== O
O R R

N——

50 iter __

3 X6

1
1) (3.22)
0 3 X9

Cé4c ma tran co s (3.7) (3.8) khong phai 1a nhitng ma tran c6 ngudng giai ma lap thap

ocooN
N = O
— NN
NN W
_ NN
N = O
_ = O
S )

B g});ter — (

nhat. Mot thuc té rang cac ma tran co s& v&i ngudng giai ma lap thap nhat doi khi van cé
thé ¢ hanh vi 16i san . Do vay, viéc tim kiém dugc chia 1am hai giai doan, bat dau tir ngudng
giai ma lap thap nhat, sau d6 ting dan cho dén khi tim duoc ma tran tot nhat & mot ngudng
mong muén. Nghién cru trong luan an nay st dung mét quy trinh thiét ké gdm hai buéc dé
t6i vu héa ma P-LDPC nhu dudi day:

e Giai doan 1: Budc tim kiém thd, mot tap hop cac ma tran co sé méi duoc xéac dinh
va dua vao bo dém néu ngudng giai ma lap caa né khi sir dung thuat toan LS-MIMO-
PEXIT thap hon ngudng mong doi. Két thiic giai doan ndy, danh sach ma tran & c6
ngudng giai ma lap thap nhat dugc xac dinh.

e Giai doan 2: Budc loc, cac m6 phong chuyén sau duoc thuc hién trén danh sach cac
ma tran & trén, nham loai bo cac ma tran co s& ¢ hanh vi 13i san. Cudi cing, ma
tran tét nhat dat duoc FER = 10 voi mac SNR thap nhét tir danh sach khdng cé

hién twong 13i san & trén duoc lya chon 1a ma tran tdi uu.

3.2.3. M0 phéng va danh gia két qua

Pé minh hoa nhitng wu diém caa quy trinh thiét ké hai budc duoc trinh bay ¢ trén, mo
phong hiéu nang FER duoc thuc hién vai cac ma P-LDPC (3.21) va (3.22) bén trén, goi la

cac mi “New Code”. Bé so sanh cdng bing, hai ma P-LDPC tir cac cong trinh nghién ctu
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c6 lién quan gan nhat duoc lra chon dé so sénh véi ho ma méi dugc dé xuat. Cu thé, hai ma
duoc lya chon la: 1) Ma AR3A [52] thudc nhém ma duc 16 (punctured code) va 2) Cac ma
P-LDPC duoc t6i vu hoa cho cac kénh LS-MIMO va bé thu lan truyén db tin cay hai l6p két
hop [62], dit tén 1a md NND. Nguyén nhan dang sau sy lya chon nay 1a cic md AR3A ciing
c6 xuat phét 3 nat kiém tra, gidng sé nat kiém tra cua cac ma dugc dé xuat trong nghién ciu
cua luan &n. Ngoai ra, cac mid AR3A duoc béo c4o 1a ¢6 hiéu ning tt nhat trong méi trudng
kénh AWGN [52]. Tuong tu, ma NND [62] duoc lya chon vi ching 1a nhém ma duy nhat
dap rng ca hai diéu kién: 1) Thudc nhom cac ma khong duc 16 (non-punctured code); 2) Co
cuing sb nat kiém tra va da duoc t6i vu cho cac ADC d6 phan giai thap véi s6 lan lap giai
ma gidi han. Hai tiéu chi nay duoc dua ra nham dam bao c6 sy so sanh cong bang véi cac

ma duoc dé xuat trong nghién ciu nay.

M6 phong duoc thuc hién véi mé hinh hé thong duoc trinh bay trong Hinh 3.1 va cac

tham s6 mé phong duoc trinh bay chi tiét trong Bang 3.6 dudi day.

Bang 3.6. Tham s6 mo phong danh gia hiéu nang cac ma P-LPDC dé xuat

STT Tham s6 Thiét 1ap
1 Céu hinh MIMO 10 x 10| 100 x 10010 x 40|10 x 100
2 Kénh truyén Kénh Rayleigh fading
3 Ti 1¢ ma R12 | R23
4 b6 dai ma 2400 bit
5 Thong tin trang thai kénh Chi c6 ¢ phia thu
6 Do phan giai b ADC 1-bit
7 Ma P-LPDC New Code | ARA3 | NND
8 S6 lan lap tach song va giai ma 50

Céc két qua md phong dugc thé hién trong Hinh 3.12 — Hinh 3.15. C6 thé thay rang
ma P-LDPC méi dugc bao cao khdng co hién twong 16i san & FER = 10~%. Pac diém nay
ctia cac mé duge dé xuat gitp ching hitu ich cho thé hé mang khéng day mai, noi thudng

yéu cau do tin cay rat cao.
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Hinh 3.12. Hiéu niang FER & ti 1&¢ R = 1/2 va 2/3, cau hinh LS-MIMO 10x10
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Hinh 3.13. Hiéu niang FER & ti 1&¢ R = 1/2 va 2/3, cau hinh LS-MIMO 100x100

Quan sat Hinh 3.12 va Hinh 3.13, cdc ma duoc dé xuat hoat dong tot hon cac ma AR3A
va NND. Cu thé d6 loi ma héa dat dugc tir 0,3 dB t6i 0,7 dB tai FER = 10~* khi so sanh
gtilémdhéaR = 1/2. O tilé ma hoa cao hon R = 2/3, do loi mé hoa Ia tir khoang 0,5
dB tsi 1,0 dB khi so sanh lan luot véi ma NND va ma AR3A. Po loi ma hoa nay la gan

tuong ty nhau vai cac cau hinh MIMO 10 x 10 va 100 x 100. Quan sat ndy c nghia 1a
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hiéu ning cua cac ma P-LDPC duogc dé xuat 1a hiéu qua vai cac cau hinh MIMO c6 ti 1¢
M/N = 1.
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Hinh 3.15. Hiéu ning FER & ti 1& R = 1/2 va 2/3, cau hinh LS-MIMO 10x100

Quan sat Hinh 3.14 va Hinh 3.15, khoang céch vé hiéu nang FER bién mat ¢ cau hinh
MIMO 10 x 40 va 10 x 100. C6 thé thay rang hiéu ning ctia cic ma dugce dé xuat maoi 1a

rat gan so véi cac ma AR3AvamaNND dcahaitilé mdhéalaR = 1/2vaR = 2/3. Noi
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cach khéc hiéu ning cua cdc ma P-LDPC duoc dé xuit 1a chua thuc su hiéu qua véi cau hinh
MIMOco tilée M/N < 1.

3.3. K&étluan chwong

Phan dau cta chuong nay nghién ctru va kiém chimg db tin ciy ciia bo ADC tbi uwu
dugc dé xuat thong qua viéc danh gia hiéu nang ctia bd ADC nay ¢ d6 phan giai 1-bit voi
bd lugng tir three-sigma va bo luong tir vo hudng ti uu. Két qua mo phong xac minh rang
bo ADC v6 hudng t8i wu 1a hitu ich va dem lai nhirng cai thi€n dang ké vé hiéu nang cho hé
théng thong tin MIMO c¢& 16n. Bén canh d6, nén str dung mot $6 lugng 16m ang ten dé lam
giam cac tac dong tiéu cuc cua nhiu lugng tir, gay ra boi d6 phan giai thap 1-bit ciia bo
ADC, dic biét 1a cho ti 16 ma hoa cao. Cudi cung, xuit phat tir quan sat rang hiéu ning cia
hé thong suy giam nghiém trong & ti 16 ma cao va ciu hinh MIMO thép, nghién ctru trong
luan an dé xudt thiét ké lai cac ma protograph LDPC ¢ ti 16 ma thich Gng cho timg cau hinh
cu thé cia ADC 1-bit trong céc hé thong thong tin ma hoa MIMO ¢& 16n.

Phan cudi ctia chuong giai quyét khuyén nghi & phan dau vé viéc thiét ké lai cac ma P-
LDPC cho hé théng LS-MIMO ADC 1-bit. Cac ma protograph LDPC méi duge dé xuat
mang lai do loi ma hoa tir 0,3 dB téi 0,7 dB so vai cdc ma P-LPDC hién dai dugc nghién
ctru gan ddy. Nhitng loi ich ma hoa nay 1a dang ké, dac biét 1a ddi vai hé thdng truyén thong
khong day tdc do cao, noi ma ngudn dién cung cap cho cac thiét bi hoat dong bang pin bi
han ché mot cach nghiém ngat. Tuy nhién cac lgi ich vé ma hoa dudng nhu bién mét véi cau
hinh LS-MIMO ¢6 M/N < 1, hay c6 thé n6i rang viéc thiét ké lai cac ma P-LDPC cho cac
hé thong LS-MIMO véi ADC cau hinh cyuc thap van con ¢ nhitng diém han ché. Xuat phét
tir ¥ tuong do, co 18 can mot hudng tiép can maéi khac dé giai quyét triét ¢é hon van dé hiéu
qua ning luong va cai thién hiéu suat phd cho céc hé thdng truyén théng ma hda LS-MIMO
v6i ADC do phan giai thap. Pay chinh 1a noi dung nghién ciru dugc trinh bay trong chuong
4 dudi day.
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CHUONG 4.  THUAT TOAN TACH SONG VA GIAI MA P-LDPC CHO
HE THONG LS-MIMO VOI ADC HON HQOP

Hiéu ning tong thé cta ciia hé thdng MIMO ¢ 16n véi ADC d6 phan giai thap da duoc
nghién ctru cai thién thong qua cai thién hiéu suit phd (SE) va tiét kiém ning luong (EE)
nhu d3 duoc trinh bay 1an luot trong chuong 2 va chuong 3 & trén. Su cai thién vé hiéu ning
nay dat duoc 1a nhd viée tdi wu bd ADC d6 phan giai thap va thiét ké lai giai phap ma P-
LDPC cho hé théng thong tin MIMO ¢& 16n. Noi dung chuong nay tap trung nghién ctru vé
hiéu ning ctia hé théng MIMO ¢& 16n véi ADC d6 phan giai hdn hop théng qua thuat toan
tach song MIMO va giai ma P-LDPC két hop. Cac két qua nghién ctru trude day gom: 1)
Bo ADC tdi wu d6 phan giai thap va 2) Giai phap ma P-LDPC tbi vu cho hé thong MIMO
cd 16n vdi do phan gidi 1 bit cling dugc st dung trong thudt toan nay. Trong nghién clru nay,
mot thuat toan tach song MIMO va giai ma P-LPDC méi sir dung do thi hai 16p ¢ phia thu
dugc dé xuat cho trudng hop cac bo ADC hdn hop. Khac voi thuat toan tach song va giai
ma nguyén thay chi 4p dung cho cac b6 ADC cé cung mirc d¢ phan giai, thuat todn moi
dugc dé xuét ¢ thanh phan d6 thi tich song MIMO duogc chia thanh hai d6 thi con, twong
g v6i thanh phan ang ten c6 do phan giai thap va do phan giai cao. Hon nita, trong thuat
todn nay, do phan giai cao nhat cia cac bd ADC duoc xem xét chi 1a 5 bit. Pay ciing 13 mot
diém méi so vai cac nghién ctiru vé bd ADC c6 dd phan giai hdn hop trude day [82], [89],
str dung do phan giai cao la 8-12 bit.

Pé kiém chung tinh dang dan ctia thuat toan méi duge dé xuat, mot phién ban mai cua
thuat toan truyén thong tin ngoai lai cho cac hé théng MIMO c¢& 16n (LS-MIMO-PEXIT)
cling dugc xay dung, dugc dat tén 1a MIXED-ADC-LS-MIMO-PEXIT. Céc két qua phan
tich thong qua ngudng giai ma ldp st dung thuat toan MIXED-ADC-LS-MIMO-PEXIT va
két qua mo phong str dung thuat toan méi duoc dé xuat da ching minh tinh chinh xac cta
thuat toan dugc dé xuat. Sau do, thudt toan tach song MIMO va giai ma P-LPDC duoc dé
xuét duoc st dung dé thyc hién mo phong cho hé théng MIMO c& 16n voi bo ADC do phan
giai thap véi nhiéu ti 1¢ hdn hop khac nhau. Céc két qua cho cho thiy hiéu ning tong thé ctia
hé thong duogc cai thién dang ké & tat ca cac ti 16 hdn hop do phan giai so v6i st dung duy

nhat mot mirc do phan giai.
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Thuat toan tach song MIMO va giai ma P-LPDC cho hé thong thong tin MIMO ¢& 16n
véi bo ADC do phan giai hdn hop 1a dong gop chinh ciia chuong nay trong luan 4n va da

duoc cong bd trong trong [CTE].

4.1. MB® hinh hé théng

Mo hinh hé théng duoc str dung trong nghién ciru ciia chuong dugc trinh bay chi tiét
trong hinh 4.1. Trong d6, sit dung céc gia thiét va thanh phan twong ty nhu d3 trinh bay trong
mo hinh hé thng tai Hinh 3.1 trong Chuong 3.

rli]  Ps phan giai thap

Q,-Bit ADC
Q,-Bit ADC
yrel2]

Q.-Bit ADC

vrel1]

Vim[1]

vim[2]

Ghép kénh j

khéng B6 tich song MIMO | __
b | Mahéa | €| Bodieuché |s gian vagidima P-LDPC | b
p-LDPC [ ] BPsK VBLAST két hop
MIMO
x[M] vre[N]
¥im[N]

Hinh 4.1. M hinh kénh hé théng truyén thong LS-MIMO véi ADC hén hop

Quan sét phia thu, diém khac biét trong nghién ciu phan nay 1a sir dung 2 X N cip
ADC c6 d6 phan giai hdn hop thay vi str dung cac ADC dong nhat vé do phan giai. Trong
khuon khé luan 4n nay, cac ADC hdn hop gdm cac ADC d6 phan giai thap (1a cac ADC 1-
bit va Ternary-ADC) va cac ADC d¢ phan giai cao (la cac ADC 3-bit t6i ADC 5-bit).

Vector tin hiéu thu dugc r gdm hai vector con 12 r;, véi d6 dai N, va ry, voi do dai Ny,
véi N = N, + Ny. Vector r, vary lan luot 12 céc tin hiéu thu duoc tai diu vao cua cac
nhom dng ten dd phan giai thap va d6 phan giai cao. Chlng ta c6 thé phan ra vector tin hiéu
thu duoc r thanh hai thanh phan con nhu sau:

TL = HLX + WL (41)
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ry = Hyx + wy (4.2)
Trong d6, H; va Hy; 1an luot 13 ma tran kénh thuoe CV2*M va CV#*M _ Tiép theo, w, va wy
1an luot 1a vector nhidu Gauss tring cong thude CNLX1va CVHX1,
Dé rt gon, dat ¢ 1a thé hién cua mic d6 @6 phan giai va ¢ € {L, H}. Nhu viy cac biéu
thirc (4.1) va (4.2) 6 trén c6 thé viét lai:

re = H;x + wy, { €{L,H} (4.3)

VéiH; € €M vaw, € CVo,

Theo mo hinh hé théng, cac vector con r;, tin hi¢u thu dugc dua véi N;, cap ADC do
phan gii thip trong khi d6 vector con 7 tin hiéu thu dugc dua t6i Ny cap ADC do phan
giai cao. bat Q 1a toan tir lwong tir hoa, mbi quan h¢ gitra dau vao va dau ra cua bd luong ti

héa ADC d¢ phan giai hon hop Q¢ — bit dugc cho boi:

Ve =Q(rere) +jO(reim) » ¢ €{L,H} (4.4)

V6i 17 e VAT, 1y 1an luot 1a thanh phan thyc va do ciia tin hiéu nhan dugc tai dng ten c6 do
phan giai ¢ — bit. Luu ¥ rang, ham lwong tir hda Q trong khuon kho ludn 4n nay 13 vo hudng,
nghia 12 moi phﬁn tur trong vector s& dugc luong tir hda doce lap.

Nhu di gi6i han trudce ddy, nghién ctru ndy st dung mo hinh nhiéu lugng tir hoa cong
(AQNM) [20], nghia 14 xem nhiéu lugng tir 13 thanh phan nhiéu cong thém vao tin hiéu dau
vao. Theo md hinh AQNM, mbi quan hé giita dau vao va dau ra ctia bo luong tir trong (4.4)

c6 thé duoc viét lai bang toan hoc nhu sau [20]:

Véigp; =1-p; va p; 1a ham nghich ddo cua ti 1€ tin hiéu trén nhiéu lugng tir ctia cac bo
ADC d9 phan giai Q, — bit; va w; o 1a vector nhiu Gauss trang cong, gia sir rang weo la
doc lap voi tin hi¢u thu 1.

Vi mot ma tran kénh (realization) cho truée Hy, ¢ € {L, H}, gia tri phuong sai cta

weolne] ne =1,2,...,N; dugce cho boi cong thirc [20]:
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o] = 01 = 00 )l + ) 6

m=1
Trong do, h; [n(-, m] 1a phan tir ctia ma tran H, tuong mg va N, 1a phuong sai cta nhiéu

Gauss trang cong. Luu ¥ rang gia tri phuwong sai phu thudc vao do loi ciia kénh fading

h; [an m] va nhiéu Gauss tai dng ten thu.

Nghién ctru ctia luan an trong phan nay sir dung cc bo luong tir ddng nhét, nhung luu
¥ rang CAC phan tich sau day ciing c6 thé ap dung cho cac bd lugng tir khong déng nhat. Vi
gia dinh vé mo hinh kénh nhu trong (4.3), cac tin hiéu dau vao cia ADC Q, — bit va ADC
Qy — bit trong Hinh 4.1 1a cac bién ngﬁu nhién lién tuc ¢6 mién gia tri vo han. Nhu viy, cac
tin hiéu dau vao, 17 [nz] trude tién duoc cat dé thu duoc gia tri hiru han trong khoang [T ,

Tt 51 Tién trinh cat nay dugc mo ta thong qua biéu thirc toan hoc dudi day:

—Tzs relne] < —T;s
i [nf] =\ [nq] , —Tps < Tc[nc] < Tes (4.7)
Tes relne] > Ty

Voi m 1a phién ban duoc cit cua tin hiéu thu duoc g [nq] Gia tri toi wu cla T;s,C €
{L, H} phu thudc phan phdi mat do xac suat cua tin hiéu dau vao va sé mirc luong tir hoa.
Luu y rang, gia tri cua tham sd @¢ phu thudc vao do phan giai cua cac bd ADC va gidi han
cit Iyra chon. Trong d6, d6 phan giai cang thap thi giéi han cit cang nhoé. Gidi han cét theo
luat 3-sigma thuong duoc st dung dé luong tir hoa trong cac hé thdng truyén thong LS-
MIMO [22] va chi ti uu cho cac bd ADC c6 mitc d6 phan giai 16n hon hoic bang 5-bit. Gia
tri cat toi vu va sb liéu hiéu ning ¢ t6i wu tuong tng cho cac mirc dd phan giai khac nhau

cua b lugng tir hoa tdi wu duge liét ké trong Bang 4.1.

Béng 4.1. Gi4 tri cat toi uu va tham so hiéu nang ¢ cia cac bd ADC d6 phan giai thap

1-ADC T-ADC 2-ADC 3-ADC 4-ADC 5-ADC
Lg 1,699 1,922 2,091 2,461 2,791 3,028
Q@ 0,6261 0,8095 0,8796 0,9628 0,9885 0,9963
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4.2. Thuit toan tach séng va gidi mia P-LDPC cho LS-MIMO véi ADC hén hop

Khi s6 lwong dng ten 1én dén hang chuc hodc hang trim, cac thuat toan tich séng
MIMO théng thuong nhu cudng birc vé khong (ZF), loc khong gian sai sd binh phuong
trung binh tdi thiéu (MSME), giai ma hinh cu va bo tach séng hop 16 t6i da (ML) c6 nhiing
gidi han trong tinh toan [19]. Bo tach séng tin hiéu két hop ty 1¢ t6i da (MRC) duoc sir dung
rong rii trong cong trinh nghién ctru vé chu dé truyén tai LS-MIMO st dung ADC d6 phan
giai thap [75]. Tuy nhién, so dd tach séng nay cung cap hiéu ning hé théng thip do nhiéu
noi tai gitra cac ludng. Gan day, thuit toan lan truyén do tin ciy 13 mot giai phap hap dan dé
giai quyét van dé phirc tap va cai thién hiéu nang hé thong bang cach loai bo nhiéu giita cac
ludng thong qua giai ma lap va tach song MIMO két hop [22]. Tuy nhién, thuat toan nay
duoc dé xuat cho cac hé théng LS-MIMO trong d6 toan by Cac ang ten thu dugc trang bi bd
ADC c6 cung mirc d6 phan giai thip. Dua trén quan sat nay, mot thudt toan tach song va
giai ma két hop dua trén do thi hai 16p véi bd ADC d6 phan giai hdn hop duoc nghién ciru,

dé xuat.

Nut kiém tra

Nt ky hidu
/ Niit bién

Nut gidm sat

b6 phan giai thap P o6 phan giai cao

Hinh 4.2. D5 thi hai 16p thuat toan tich song va giai ma cho ADC hén hop

Thuat toan giai ma va tach song két hop v6i hai nhém ang ten do phan giai thap va do

phan giai cao duoc minh hoa théng qua mot do thi hai 16p trong Hinh 4.2. Trong d6, do thi
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hai 16p c6 ba loai nit, d6 1a: 1) L X N nut quan sat biéu dién chudi tin hiéu thu duoc r. Tap
hop cac nat quan sat dugc chia thanh hai tp con - mot tap con danh cho cac dng ten thu co
d6 phan giai thap N, va mot tip hop cho cac dng ten thu c6 do phan giai cao Ny, lwu ¥ rang
N=N, +Ny:2)N. = L x M cac nut ky hiéu hay nat bién dai dién cho chudi ky hiéu
truyén x; 3) Cudi cing, c6 K = N, — K, nuat kiém tra dai dién cho cac phuong trinh kiém
tra cia md P-LDPC da cho. Két ni cua nut bién va nat kiém tra duoc quy dinh bd1 ma tran
chén 1 cuia ma LDPC. Trong mot 1an str dung kénh, N nat quan sat va M nit ky hiéu dugc
két ndi day du dé tao thanh phan do thi tdch song MIMO (nghia 1 mét nat quan sat dugc
két ndi vai tat ca cac nat ky hiéu M). Trong dd thi cho phan giai ma LDPC, ¢ cac nut bién
N, dai dién cho chudi bit tir ma c. Véi so dd diéu ché BPSK, anh xa mot-mot dugc sir dung
dé anh xa mot bit tir ma sang mot ky hiéu truyén. Do vay, nat bién va nat ky hiéu dugc hop
nhat trong mot niit duy nhat trén d6 thi hai 16p.
Trong thuat toan 13p giai ma va tach song két hop cho ADC hdn hop, ¢6 bay loai thong
diép duogc truyén gitra cac d6 thi nhu dudi day:
- a,[n,, m] 1a thong diép dugc truyén tir nat giam sat d6 phan giai thap thir n, t6i nlt
Ky hi¢u thae m
- ay[ny, m] la thong diép dugc truyén tir nlit giam sat do phan giai cao thr ny tdi nat
ky hiéu thr m
- a[m, k] 1a thong diép duoc truyén tir n(t bién thir m toi nat kiém tra thi k
- b[k, m] la thong diép duogc truyén tir n(t kiém tra tha k téi nat bién thi m
- B.[m,n;] 1a thong diép duoc truyén tir nat ky hiéu tha m t6i nat giam sat d6 phan
giai thap thu n;,
- Bu[m, ny] 1a thong diép duogc truyen tir nat ky hiéu thir m téi ntt giam sat c6 do
phan giai cao thu ny
- ['[m] 1a gia tri hau nghiém cua ti 1€ log-likelihood (LLR) cta nut ky hiéu x[m]
Céc thong diép nay duoc truyén qua lai gitta cac nut trén d6 thi hai 16p va cac cong

thirc chi tiét dé tinh toan chiing dugc trinh bay trong phan tiép theo.

4.2.1. Thong diép a dwoc truyén tir nit giam sat téi nat ky hiéu

Tin hi¢u thu dugc tai nut giam sat thir n,, véi { € {L, H} la do phan giai van =

1,2, ..., Ny dugc cho boi:
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elng,m] = @ere[ng] + weglne]

= ¢ z h([ng,m]x[m] + (pZW[nZ] + WZ:Q[n(]

m=1

= (pzhz[nz,m]x[m] + ¢ Z hg[nz, t]x[t] + <pgw[n¢] + WZ'Q[YI(] (4.8)

t=1,t+m

Thanh phan nhiéu giao thoa

Khi so sanh véi cac hé thong LS-MIMO khong tinh dén luong tir hoa hodc d6 phan
gidi cao, tin hiéu thu dugc tai ang ten thi n,, véi ¢ € {L, H} cuatin hiéu x[m] c6 thém déng
ké thanh phan nhiéu (cac thanh phan nhidu nay phu thudc vao do phan giai va giéi han cét
cua cac ADC). Céc mtrc tin hi€u nay chiu d&nh hudng boi qué trinh luong tir thong qua céc
tham s 1a @¢, twong (g cho cac ADC d6 phan giai thap va do phan giai cao.

Tai day, k¥ thuét loai bé nhidu song song [19] dugc khai thac dé giam anh hudng cia
cac thanh phan nhiéu giita cac giao thoa nhu trong (4.8). Pau tién, cac ky hiéu mém dugc
wdc lugng dua trén cac thong diép ngoai lai dugc truyén tir nat ky hiéu tha m dén nGt giam
sat thir n,. Dat £ [ng, m],( € {L, H} 1a cac ky hiéu mém thu duoc tir cac thong diép duoc
truyén tir nlit gidm sat thit n, dén nit ky hiéu thd m. Doi vé6i so do diéu ché BPSK, ky hiéu

mém duogc dua ra boi bi€u thire:

Belm, n¢]

), CelLH) (48)

f[n(, m] = tanh(

Vi B, [m, ng] |a théng tin ngoai lai duoc truyén tir nit ky hiéu thd m ti nat gidm sat
ne. Gia su rﬁng B; [m, n(] voimoi ng = 1,2,..., Ny 1a doc 1ap va théa mén cac diéu kién vé
tinh nhat quan [27]. Cac ky hiéu mém trong (4.8) duoc loai bd cac anh hudng cta nhiéu giao
thoa tir cac tin hi¢u thu dugc tai nit gidm sat n, cho ky hiéu x[m] duoc truyén bai nat thir
m, nhu dudi day:

M

Velne,m] = ye[ng,m| - o Z he[ne, t]&[ne, ] (4.9)

t=1t+m
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Trong do, ¥, [”Z' m] |4 tin hiéu thu duoc cua ky hiéu truyén x[m] tai nut giam sat thir n; sau

khi da duoc loai bo nhiéu giao thoa.

Vé k¥ thuat, ky hi¢u mém 55[115, m] nhan dugc tai nit giam sat n; la cac ban sao khong
hoan hao cta ky hiéu dugc truyén di x[m]. Do vay, cac thanh phan nhiéu con lai van ton tai
trong tin hiu nhan duoc la y, [n(, m] sau qua trinh khir nhiéu trong (4.9). Dit Z; [ng, m] la

nhicu con lai cong véi thanh phan nhiéu cua tin hi¢u nhan dugc. Ching ta co:

z¢[ng,m| = o z he[ng, t]Celng, t] = £[ng,t)) + oewlng] + weolne] (410)

t=1t+m

Nhu vay chung ta c6 thé viét lai Ve [ng, m] nhu dudi day:

Yelng.m| = @ghg[ng, mlx[m] + z;|ng,m] (4.11)

Bang cach x4p xi cac thanh phan nhiu giao thoa con lai nhu 13 nhiéu Gauss cong thém,
phuong sai ctia nhidu giao thoa cong véi thanh phan tap 4m cua Z; [ng, m] dugc tinh nhu

sau:
M

Welngm] =92 D helng,]"( = [2lng, ]| + 0FNg

t=1,t+m
M
+wdl—¢d(§]%homW+NQ (4.12)
m=1

Thong diép duoc truyén tir nat giam sat n t6i nat ky hiéu thae m 1a gid tri ti 1¢ log-
likelihood (LLR) va dugc cho béi cong thuec:
Pr(j‘/{[n, m]|H<, x[m] = +1)
Pr(9,[n, m|H, x[m]= -1)

(re'[ngmlp [ngm]), ¢ € (LH) (4.13)

aln,m] = In

4
We[ng, m]
4.2.2. Théng diép a dwoc truyén tir nit bién t6i nut kiém tra
Xem xét nat bién tha m, c6 hai loai théng diép dugc giri ti nat ndy. Loai thong diép
thir nhat 1a thong diép a tir cac nut giam sat thuoc phan d thi tach song tin hiéu MIMO va
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loai thong diép con lai 1 tir cac nat kiém tra thuoc phan do thi giai md LDPC. Do vay, thdng
diép ngoai tir n(t bién thir m ti nat kiém tra thir k 13 téng cua tit ca cac thong diép tir cac

n(t giam sat va cac nat kiém tra ngoai trir thong diép tir nat kiém tra thir k. Ching ta c6:

a[m,k] = Z as[t,m] + Z b[t,m], (4.14)
t €Ngo(m)va {e{L,H} teN:(m) \k

Trong d6 N.(m) 1a tap cac nat kiém tra két néi toi ndt bién thi m va Ny, (m) 1a tap
cac nit giam sat (gdm ca nut giam sat 46 phan giai cao lan do phan giai thip) két ndi t6i nut
bién thir m. Piém khac biét so véi thuat toan trong [22], thdng tin ngoai lai tir cac nit bién
t6i cac nat kiém tra gdm cac thanh phan tir ca nat giam sat d6 phan giai thap va d6 phan giai
cao. D¢ tin cdy vi mic do cao hon duoc cung cip bai cac nut giam sat do phan giai cao
khong chi gitip cai thién hiéu ning cua phan tach séng tin hiéu ma con cai thién hiéu ning

cua thanh phan gidi ma nho cau tric gidi ma va tach song két hgp cia bd thu tin hi¢u.

4.2.3. Thong diép b dugc truyén tir cac niit kiém tra téi niit bién

Thong diép tir nat kiém tra thir k téi nat bién thtr m duoc xac dinh bang thuét toan

truyén thong diép truyén thong [29] va duoc cho boi cong thirc:

1 _ ea[t,k]
: 1- Hte]\fv(k)\mm

blm] = In e (4.15)
]

1+ Hte Ny(k)\m 1+ ea[t,k

Véi NV, (k) 1a tap cac nat bién duoc két ndi t6i cac nat kiém tra thir k. Trong cai dat
thuc té, viéc tinh toan thong diép b[k, m] dugc don gian hda bang cach st dung ham
tanh(.).

4.2.4. Thong diép B dwoc truyén tir cac nat ky hiéu téi nit giam sat

Nt ky hiéu thir m nhan thong diép tir N, nit giam sat do phan giai thap, Ny cac nit
giam sat d6 phan giai cao va cac nit kiém tra. Thong diép ngoai duoc giri tir nit ky hiéu tha

m toi nht giam sat tha n, 13 tong cia tit ca cac thong diép ngoai trir thong diép duoc gui tir

79



nat giam sat dé phan giai thap thir n,. Tir 46, thong diép dugc giri tir nat bién thr m t6i nat

giam sat thir n; duogc cho boi:

B,[mn,] = Z a,ltm] + Z aylt,m] + Z bt.m]  (4.16)
tENLo(M)\ny t € Nh,o(m) t € Ne(m)

V6i NV, o (m), Ny ,(m) va NV, (m) lan lugt |4 tap cac nut giam sat do phan giai thap,
d6 phan giai giai cao va cac nat kiém tra co két ndi ti nat ky hiéu tha m.

Tuong tu, thong diép ngoai dugc guri tir nat ky hiéu thir m téi nit giam sat thir ny la
tong cla tat ca cac thong diép ngoai trir thong diép dugc gui tir nut giam sat do phan giai
cao thir ny. Nhu vay, thong diép tir nlit bién thtr m tdi nut gidm sat thir ny duoc cho boi

cong thic:

Bulm, ny] = Z a,tm] + z ayltm] + z blt.m] (417

teENL (M) t € Nyo(m)\ny t € No(m)

Vi N, ,(m), Ny ,(m) va N.(m) lan luot 14 tap cac nht gidm sat do phan giai thap,
d6 phan giai giai cao va cac nat kiém tra co két ndi ti nat ky hiéu tha m.

Quan sét (4.16) va (4.17), c6 thé thay do tin cdy cao hon cua cac thong diép ngoai lai
clia cac nat giam sat dd phan giai cao By [m, ny| cai thién mac do tin ciy cta cac thong diép
ngoai lai B, [m,n;] cta cac nit giam sat d6 phan giai thap. Co dugc diéu nay 1a nhd co ché
tu nhién cta thuat toan truyén tin va tinh chat truyén tin broadcast ctia cac hé thong truyén
thong khong day (cac thong diép tir mot nt giam sat duge lan truyén t6i tat ca cac nat ky
hiéu va thong diép nay duoc giri tr lai toi tat ca cac nut giam sat khac trong lan lap tiép

theo).

4.2.5. Thong diép hau nghiém T cuaa cac bit tir ma

Gia tri hau nghiém LLR cuia ky hiéu dugc truyén thir m khi két thiic mdi 1an 13p 13 tong
cac thong diép tlr ca cac niit giam sat (ca do phan giai cao va do phén giai thip) va nut kiém

tra. Gia tri nay dugc cho bai biéu thic:
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I'[m] = Z Z a[ng,m] + Z bk, m] (4.18)
¢e{L,H} ng € Ny o(m) k € N.(m)
Gia tri hau nghiém I'[m] nay duogc giri toi thiét bi lya chon cting dé sinh ra phién ban

ma hoa cua bit tr ma st dung luat dudi day:

0 I'[m] >0
C =1 4.19
élm] {1, rfm] <0 (4.19)
Vi é[m] la phién ban dugc ma hoa cua c[m]. Va nhu vay, chudi bit dugc gidi ma cla
thong tin b truyén di ban dau duoc khoi phuc.
Tién trinh truyén thong diép va giai ma ding lai khi tat ca cac biéu thirc kiém tra dugc
thoa mén hodc dat dén sb lan lap giai ma l6n nhat. Nguoc lai, tién trinh duoc 1ap lai véi

thong diép dugc cap nhat tir cac nit giam sat va bat dau tir phan 4.2.1.

4.3. Thuit toan PEXIT dé xuit cho hé thong LS-MIMO véi ADC hén hop

Thuét todn PEXIT trudce day da dugc phat trién nhu mot cong cu manh mé dé du doan
hiéu nang ctia ma Protograph LDPC cho cdc md hinh kénh khac nhau [22], [54], [55], [62].
Trong [54], thuat toan PEXIT duoc phat trién cho cac kénh Gauss trang cong (AWGN) vai
mot ddu vao mot dau ra. Tir d6, cac phién ban sira ddi cua thuat toan ndy duogc phat trién dé
thiét ké nhiéu ma protograph LDPC hiéu qua cho cac kénh AWGN va kénh fading [50]. Gan
day, VU va cac cong su [62] da phat hién ra rang hai phién ban trudc d6 cua thuat toan
PEXIT khong thé 4p dung truc tiép trong trudng hop hé thong truyén thong LS-MIMO noi
viéc tdch song va gidi ma tin hi¢u két hop duogc sir dung dé cai thién hiéu nang hé théng va
mot phién ban maéi ciia PEXIT, dugce goi 1a thuat toan LS-MIMO-PEXIT, dugc dé xuét cho
c4c hé thong MIMO ¢& 16n. Thuat toan LS-MIMO-PEXIT duoc sir dung dé thiét ké ma
Protograph-LDPC mdéi cho cac kénh LS-MIMO. M6t phién ban khac cua thuat toan PEXIT
cho cac hé thong truyén thong LS-MIMO véi cac ADC do phan giai thap da duoc dé xuét
boi Nguyen va cac cong su trong [22]. Thuat toan PEXIT duoc dé xuat di duoc ching minh
1a mot cong cu hiéu qua dé danh gia anh huong ciia do phan giai thap d6i v6i hidu ning cia
hé thng truyén thong LS-MIMO. Phién ban cia thuat toan PEXIT trong [22] c6 lién quan

chit ch& véi thuat toan duoc trinh bay dudi day. Tuy nhién, mot lan nita phién ban nay khong
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thé dugc 4p dung mot cach don gian cho trudng hop st dung cac bd ADC hdn hop. Do vy,
noi dung tiép theo nay ciia chuong dugc danh dé trinh bay thuat toan PEXIT méi duoc dé
xudt, pht hop cho hé théng LS-MIMO trong d6 cac bd ADC hén hop dugce st dung tai cac

ang ten thu.

4.3.1. Do thi hai 16p MIMO va Protograph LDPC két hop

Thuat toan dé xuat duoc minh hoa thong qua mét do thi hai 16p, 1a phién ban thu nhé
ctia d6 thi hai 16p trong Hinh 4.2. Trong trudng hop nay, cic nat bién va cac nat ky hiéu
duogc phan tach thanh hai thanh phan riéng biét dé thuan tién cho viéc phan tich ludng théng
tin twong tmg. Ludng thong tin twong hd trao doi trong do thi duwoc mo ta chi tiét nhu trong
Hinh 4.3 (a) va Hinh 4.3 (b). Trong d6, c6 sir dung mot bo két hop thudn cho ludng thong
tin di va mot bo két hop nghich cho ludng thong tin tré lai.

Thanh phan MIMO cuia d6 thi MIMO-LDPC két hop bao gém: N, nat giam sat do
phan giai thdp va Ny nat giam sat d6 phan giai cao; M nit ky hiéu va M x N canh. Thanh
phan nay dugc nhan ban L 1an, tuong Gng véi sb 1an st dung kénh, dé thu dugc thanh phan
MIMO ciia d thi hai 16p trong Hinh 4.3. Mat khéc, thanh phan giai ma LDPC cua d6 thi
giai ma va tach song két hop c6 P nat bién, Q nit kiém tra va mot tap canh két néi gitra nut
bién va nat kiém tra. Cac canh két nbi nay duoc dinh nghia bang mot ma tran proto B voi
kich thudc Q x P . Céc phan tir B[q, p] chi ra s6 luong cac canh song song két ndi giita nut
kiém tra thtr q va ntt bién tht p. Nhu vay, dé c6 thanh phan LDPC trong db thi hai 16p trong

Hinh 4.3, thanh phan LDPC ciia d6 thi MIMO-LDPC két hop trudce tién duoc nhan ban § =
N¢

LM N , . A A , . A~ - X Lo on , X ;. <R
> = 5 lan va sau d6 thuc hién viéc hoan vi trén § cap canh két noi gitra nut bién-tdi-kiém

tra. Di€u nay ddm bdo rang ma sinh ra cé cung loai canh v41 ma tran protograph ban dau

[61]. Luu ¥ ring sb luong cac nit kiém tra Q = =X

=(1—R) XP,véi R1atilé¢ ma

tuong ung.
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D06 phan giai thap Do phan giai cad D6 phan gidi thap
SR — —_— SR —

Hinh 4.3. Ludng thong tin thuan (a) va Ludng thong tin nghich (b) trong db thi hai 16p

Tuong tmg vé6i bay loai thong diép ngoai cta d6 thi hai 16p trong Hinh 4.2, trong d6

thi ndy ciing dinh nghia bay loai kiéu thong tin twong hd chinh trén do thi giai ma P-LDPC

va giai ma MIMO két hop nhu sau:

Iy, [ny, m] la thong tin twong hd ngoai lai gitta gia tri LLR a;[n,, m] dugc gii boi
nat giam sat d6 phan giai thap tha n;, t6i nt bién tha m va bit duoc ma hoa tuong
ung thir m.

Iy, [ny, m] 1a thong tin twong hd ngoai lai giita gid tri LLR ay[ny, m] dugc giri bsi
nat giam sat 6 phan giai cao ny t6i ndt bién thir m va bit dwgc ma hoa tuong (ng
tha m.

1,[p, q] 1a thong tin twong hd ngoai lai gitra gia tri LLR a[p, q] dugc giri bai nat
bién thir p toi nat kiém tra thir ¢ va bit ma hoa twong wng thi p.

I,[q, p] 1a thong tin twong hd ngoai lai giita gia tri LLR b[q, p] duoc giri bai nit
Kiém tra thtr g téi nat bién thir p va bit ma hoa twong ung thir p.

Ig, [m,n, ] la thong tin twong hd ngoai lai gitta gia tri LLR £, [m, n,] dugc gui boi
nat ky hiéu thir m téi nat giam sat do phan giai thap thi n, va ky hiéu trong tng
tha m.

I, [m, ny] la thong tin twong hd ngoai lai giira gid tri LLR S [m, ny] duoc guri bsi
nat ky hiéu the m téi nht giam sat do phan giai cao thir ny va ky hiéu tuwong ing
thir m.

Ir[p] 1a thong tin twong hd hau nghiém giira gia tri LLR hau nghiém I'[p] va bit tur
ma tuong Gng cta nit bién thi p.
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Trong d6, nhan bi duc 16 P, cia nit bién thi p 1a 0 néu nat bién tha p nay 1a nit duc
16 (nghia 1a cac bit tir ma twong Gng v&i nat bién nay s& khéng duoc truyén di) va 1 cho

truong hop con lai.

4.3.2. Ludng thong tin twong hd thuin

Ludng thong tin trong hd thuin 14 huéng ma thong tin twong hd ngoai dugc truyen tir
cac nut giam sat, di qua cac nut ky hiéu va cac nit bién, cudi cing két thic ¢ nat kiém tra
nhu trong Hinh 4.3 (a) . Dé mé ta chi tiét qua trinh ndy, cic ham tinh toan théng tin twong
hd theo hudng nay duoc trinh bay chi tiét dé thé hién su twong tac giita dd thi ADC d6 phan
giai thap va d6 thi ADC d6 phan giai cao.

a.  Théng tin twong hé 1, tir cdc mit gidm sdt t6i cac nit ky hiéu

NUt ky hi¢u thir m nhan N, gia tri LLR duoc gui tir tat ca cac nat giam sat (géom N,
gia tri tir cac nit d6 phan giai thap va Ny gia tri tir cac nat c6 do phan giai cao) do ban chat
truyén broadcast cua tin hiéu vo tuyén, nhu dugc mo ta boi do thi két ndéi MIMO dﬁy dua
trong Hinh 4.3. V&i mot ma tran kénh stra 16i ¢d dinh H;, cac thong di¢p gia tri LLR
az[ng, m] duge truyén tir cic nit giam sat ¢ phan giai thap thu ne toi nat bién thi m, nhu
dugc suy ra trong (4.13) trudce day:

WER (hc*[nc»m]?g[nom])

a¢ [”zl m] =

4 2
S o] (02 1hz[ng, m]|"xim] + @zc[n, m])

4 2 .
= Sl m] (211e g, m]|*xlrm] + @ (e [ng, m)z [, m])

Khong lam mat tinh tong quat, gid sir rang tu ma dugc truyén vdi tat ca cac gia tri bang

0. Nhu vay gia tri LLR cua a, [nq, m] dugc rat gon bdi cong thire:

4

ag[ng,m| = ¥, [ng,m] (‘P<2|h<[nz'm]|2 + ‘Pcm(hz*[nc'm]zc["om]))

Vi E [Zg [nq, m]zg* [n(, m]] = ¥, [n(, m] véi E(.) 1a toan tir ki vong, chung ta co:
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(02 Ihcln m][* + 9 R [ng,m] zelng, m]))

2
2 @ |he[ng m]|"We[ng, m]

~ N | @2 |he[ng,m][", > (4.20)
Tur do, chung ta co6:
2 Ine,m
ac[ne,m| ~w (% g [ne, m]> (4.21)
Véi
89¢”|he[ng,m]|”
oz [ng,m] = (4.22)

W [ng, m]

Giatri LLR a, [ng, m] thoa mén phan phdi chuan d6i xting Gauss cho mét kénh sira 16i
nhat dinh. Cac két qua trong (4.21) thu duoc véi gia dinh riang thanh phan nhiéu giao thoa
cong thanh phan tap 4m 27 [n(, m] duoc tinh gan dung 14 cac bién ngiu nhién tuan theo phan
phéi Gauss phirc. Di voi trudng hop d6 phan giai cao, né d duoc xac nhan bang ca phan
tich sir dung d6 thi EXIT 14n cac két qua mo phong rang gia dinh nay 1a hop 1y khi s6 luong

ang ten nhan 1a 16n.

Tir cac suy luan trén, cac ludng thong tin twong hd tir nhit gidm sat thi n; t6i nat ky

hiéu thr m duoc cho boi:

(8o |relne m]|”
Iaz[n{,m]— ] j TR E— ,{ €{L,H} (4.23)

Vi ham /() duge cho bai [29].

b.  Théng tin twong hé I, tir cdc mit ky hiéu téi cac it bién
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NGt Ky hiéu tha m nhan tit ca N = N, + Ny thong diép tir N, nut giam sat d6 phan
giai thap va Ny nat gidam sat do phan giai cao nhu minh hoa trong Hinh 4.3. Pit a[m] 1a

téng thong diép ma nat ky hiéu thir m nhan duoc. Chung ta co:

Ng
alm] = Z Z aq[nq,m] (4.24)
CE{LH} nz=1

Theo (4.21), tong théng diép nhan dwoc ciing tuan theo phan phdi Gauss voi gia tri

trung binh va phuong sai nhu sau:

o?[m
0 () i) oz
Voi
N( N( )
8¢p¢*|he[ng, m]|
ozlm] = z Z at[ng,m] = Z z ip [; cm] (4.26)
(e{LH}nz=1 {e{LH} ng=1 gL'+

Nhu vay, thong tin twong hd ngoai lai I, [m] s& thu duoc thong qua biéu thirc sau:

N¢
80,2 he[ng, m]|”
W, [ng, m]

Io[m] =] (4.27)

Je{L,H} n<=1

Tir biéu thire (4.27), chung ta c6 thé thay anh hudng cia cac ADC do phan giai cao
dén téng thong tin twong hd duoc truyén tai tir cac nat giam sat tdi cac nat ky hiéu. Bac biét,
cac ADC do phan giai cao co gia tri ¢y cao hon va gia tri Wy thap hon. Do vay gilp ting
tong phuong sai ctia 62. Nho vy, thong tin twong hd dugc truyén tai tir cic nat giam sat toi
nat ky hiéu cao hon so vé6i cac hé théng ADC chi st dung cling mot loai ADC d6 phan giai
thap.

Tiép theo, gia st rang d6 dai ctia tir ma 14 vo han (nghia la N, — o0), cac bit ma thuoc
mét nit bién cu thé dugc truyén boi tat ca cac ang ten (1a cac nit ky hiéu trong d6 thi) voi
mot X4c suat bang nhau va bang 1/M. Nhu vay, chic ning ciia bo két hop thun 1a tinh toan
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thong tin twong hd trung binh tir tit ca cac nut ky hiéu va sau dé giri dén cac nat bién. Dat

1, 1a théng tin trong hd trung binh tir tit ca cac nat ky hiéu. Chung ta c6:

M
[= Z 1 [m] (4.28)

Trong d6, I,[m] duoc cho béi cong thire (4.27). Tir d6, thong tin twrong hd cua kénh truyén

tir cac nat Ky hiéu toi n(t bién thir p duoc cho boi cong thuc:
I[p] = Pl,,¥p =1,2,..,P (4.29)
Luu ¥ rang, gia tri ciia P, = 1 khi nit p khong phai l1a nit duc 16 va P, = 0 khinutp lanat

duc 16.
c.  Théng tin twong hé I, tir cdc nit bién t6i cdc nit kiém tra
Thong tin twong hd duoc truyén tir nut bién tha p t6i nat kiém tra thi q 1a I, [p, q].

Biéu thuc tinh toan I,[p, q] gidng trong thuat toan PEXIT thong thuong [54] va duoc dua

ra boi cong thue:

llp.q]l =] (J[I_l(la[p])]z + 05[1?]) (4.30)
Vi

oll= ) Bltpl U UltpDP
te Ne(p)\k

Trong d6, ham J~(x) duoc cho baéi [29].

4.3.3. Luong thong tin twong h nghich

Ludng thong tin tuong hd nghich 1a huéng ma thong tin twong hd ngoai lai trd vé tir
céc nut kiém tra di qua cac nut bién, nat ky hiéu va két thuc tai cac nut quan sat nhu trong
Hinh 4.3 (b). Trong phan tiép theo, cic ham tinh toan thong tin twong hd theo luéng thong

tin nghich s& duoc trinh bay chi tiét.
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a.  Thong tin twong hé I, tir cdc niit kiém tra t6i cdc niit bién

Biéu thirc tinh toan thong tin twong hd duogc truyén tir nat kiém tra thir g d¢én nat bién

thtr p dugc st dung nhu trong thuat toan PEXIT thong thuong [54]. Chang ta ¢6 1, [q, p]

Lilq,r]l =1—](o,lqD (4.31)

Voi

odlal= ) Gladl (1 — LltaDP
teMy(@\p

b.  Théng tin twong hé 1, tir cdc nit bién téi cdc nit ky hiéu

Dit I, [p] 1a tong thong tin trong hd ma nit bién thi p nhan duoc tir tt ca cac nut kiém

tra. Chung ta c6 thé tinh toan tong thong tin twong hd nay nhu dudi day:

Lipl= ) 1y la.p] (432)

qeN(p)
Véi gia thiét trong tu vé do dai ma vo han, xac suat dé mot nat ky hiéu nhan cac bit tur
ma tir nat bién tha p 1a 1 /Z P p - Do vy, chitc ning cta bo két hop nguoc 1a tinh toan
p=17p
thong tin twong hd trung binh trén tit ca cac nut bién trudc khi giri ndé dén cac nuat ky hiéu.

Thong tin twong hd trung binh tir cac nat bién dén cac nit ky hiéu duge cho boi:

_ Z§=1 Pplb [P]

b — P
p=1Pp

(4.33)

C.  Théng tin twong ho Ig tir cac nuit bién téi cdac mit kiém tra

bat I [m, n,] 1a thong tin twong hd duoc truyén tir nat ky hiéu thir m t6i nat giam sat

d6 phan giai thap thi n;, théng tin ndy duoc tinh toan béi biéu thirc:

Ig,bmn] = J ( [o2.[m] + 02, [m] + o) (4.34)

Véi
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op = [J71Up)]?
ogiml= ) [ lem)]
tEN L o(m)\ny,
8¢f|h, [t, m]|?
Y, [t,m]

og, [t,m] =
tEJ\fL,O(m)\nL tENL,O(m)\nL

Tuong tu, dat Ig, [m, ny] 1a thong tin twong hd dugc truyén tir nGt Ky hiéu thi m toi

nut giam sat d¢ phan giai cao ny, thong tin nay dugc tinh toan boi:

Ipulm ) = o2, [m] + 02, m] + of ) (4.35)

Véi
Oy [m] = z [~ (L [t D)

tEN H o(M)\ny

_ 2 _ 8¢ | hy[t, m]|?
= z Oaylt,m] = z Pylt,m]

tEN g o(M)\ny tEN o(m)\ny

Biéu thirc trong (4.34) va (4.35) da thé hién rd su twong tac gitta cac ADC d6 phén giai
thap va cac ADC d6 phan giai cao. Nho d6 thi 1 két ndi day du, thong tin twong hd cua cac
nat c6 do phan giai cao s& dugc truyén téi cac nut giam sat c6 do phan giai thap thong qua
cac nut ky hidu dé cai thién muac d6 cta thong tin twong hd & cac nit co do phan giai thap
va nguoc lai. Su trao d6i ndy 12 nén tang dé cai thién hiéu ning ctia hé thong truyén thong
LS-MIMO véi ADC hdn hop. BJ lgi nay cia hé théng ADC hén hop s€ dugc xdc minh

trong cac phan ti€p sau cua chuong.

4.3.4. Thong tin twong hé APP

Tinh toan thong tin twong hd hau nghiém Ir[p] cho ndt bién tha p

Ivlp] = ju-l(la[p])]z + o2[p] (4.36)
Voi

Gl = ) Bltpl U GlepDP?
teNc(p)
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4.3.5. Thuit toan PEXIT @& xuit cho cic hé thong truyén théng LS-MIMO véi ADC

hén hop

Thuat toan PEXIT dé xuit trong nghién ctru ndy cua luan an duge xay dung bing cach

khai thac cac ham thong tin twong hd trinh bay & ndi dung trudc véi cac tham sd dau vao

nhu sau:

Hé théng LS-MIMO cho trude véi cau hinh 1a M x N

Mot ma tran co so B ¢6 kich thuéc Q X P

Murc tin hi¢u kénh E, /N,

Céac muc do phan giai cia bo ADC hdn hop 1a Q, (46 phan giai thip) va Q,(do

phan giai cao)

Thuat toan Mixed-ADC-LS-MIMO-PEXIT duogc trinh bay nhu dudi day:

- Buwoc 0: Khoi tao

(@)

(@)

Lwa chon ma tran co so: B

. A P-
Tinhtoantil¢ ma: R = = 2
szlpp
; . cr Al an A A A - X M
Tinh toan gia tri mat d§ pho cong suat nhieu N, =
R(Ep/No)

Gan gia tri cho @ Va @y lan luot tir Bang 4.1 twong (mg v4i mirc d6 phan giai

QLva Qy
Thiét 1ap gid tri ban dau cho Ig, =0valg, =0

Sinh F c4c ma tran kénh stra 16i LS-MIMO {Hg;, H, ..., He ), C € {L, H}, cac ma
tran sinh tuan theo phan phdi Rayleigh

- Buwéc 1: Cip nhdt théng tin tiv nit gidm sdt t6i niit bién

(@)

Forf=12 .., F
. Form=1,2 . Mvan; =1,2,..,N;véi{ € {L,H}
® Tinh 0"34. = ]_1 (IB()
op
e Sinh B [m,n;] ~N (£ Tc, aﬁc)

o Udc lugng xap xi thong tin mém cho Xf [m, n (] = tanh(M)

e  Tinh ¥, ;[n;, m] st dung bicu thirc (12)
. Form=1,2,..., M
e  Tinh I, s[m] st dung bieu thtrc (4.27)
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o Tinh gi4 tri trung binh cua I, r trén tat ca cac kénh sira 15i (realizations)

F
1
Lelml = % Zla,f[m], vm=1,2 .M
=1

o Forp=1,2,..,P, thuc hién tinh I,[p] qua biéu thirc
L M
Ia[p] = Pp M z Ia[m]
m=1

Luu ¥ rang néu nat bién tha p 1a nat duc 16 thi gid tri P, = 0 vanguoc lai thi P, = 1..

- Buwdc 2: Cip nhdt théng tin tiv nit bién téi nit kiém tra
o Forp=1,2,..,Pvaq=1,2,..,0Q, thuc hién tinh gia tri 1,[p, q]
= Néu B[p, q] # 0, thyc hién tinh gia tri I, [p, q] str dung biéu thuc (30)
=  NéuB[p,ql=0,gangiatril,[p,q] =0
- Buwdc 3: Cip nhdt théng tin ti niit kiém tra téi nit bién
o Forq=1,2,..,Qvap = 1,2,..,P thuc hién tinh gia tri I,[q, p]
= Néu B[q,p] # 0, thuc hién tinh gia trj I, [q, p] st dung biéu thirc (31)
=  NéuB[q,p]l =0, gan giatri I,[q,p] =0
- Buwoc 4: Cap nhdt thong tin tir nut ky hiéu toi nut giam sat
o Forf=12..,F
. Form=1,2,..,Mvan, =1,2,3,...,N,, thuc hién tinh gia tri Ig, s[m,m]
sir dung biéu thirc (4.34)
. Form=1,2,..,Mvany =1,2,3, ..., Ny, thuc hién tinh gia tri I, ¢[m,ny]
str dung biéu thirc (4.35)
o Form=1,2,..,Mvan, =1,2,3,...,N,, tinh

1 F
Ig,mn,] = < zf=1lﬁbf[m' ]

o Form=1,2,..,Mvany =1,2,3,..., Ny, tinh

1 F
Igylmnyl = < ZlelﬁH,f[m» ny]

- Buwéc 5: Tinh théng tin twong hé APP-LLR
o Forp=1,2,...,P, thuc hién tinh gid tri It[p] sit dung biéu thirc (4.36)
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- Buwdc 6: Kiém tra gid tri It[p] va ldp lai Buwéc 1 — Budc 5 cho dén khi I[p] =
1,vp=1,2,..,P

Thuat toan PEXIT dugc dé xuét s& két thiic khi ton tai E, /N, nam trén ngudng giai ma
13p mong doi. Do d6, ngudng (E,/N,)* 13 gia tri thap nhit ma tai d6 thong tin twong hd giira
cac thong diép xac sudt hau nghiém (APP-LLR) va cac bit tir ma turong tng hoi tu vé& 1. Nhu
c6 thé thay, thuat toan PEXIT duoc dé xuat cho cac ADC hdn hop khac véi thuat toan PEXIT
cho ADC d6 phén giai thip [22] trong moi budc, ngoai trir Bude 3. Theo dé, su twong tac
cia ADC d6 phan giai thap va ADC d6 phén giai cao dugc tinh dén dé tinh toan thong tin
turong hd trén dd thi hai 16p. Trong phan sau, thut toan PEXIT dé xuét ndy duoc st dung
dé phan tich hiéu ning ctia hé thong truyén thong LS-MIMO véi ADC hdn hop. Céac két qua
phan tich thong qua sé lidu vé ngudng giai ma lip, s& chi ra do loi hiéu ning 1y thuyét cho

hé théng MIMO ¢& 16n sir dung b ADC hdn hop.

4.4. Danh gia thuat toan ADC-Mixed-LS-MIMO-PEXIT

Trong md phong nay, thuat toan ADC-Mixed-LS-MIMO-PEXIT duogc dé xuit & phan
4.3 duogc str dung dé tinh todn ngudng giai mi 1ap cia mi Protograph LDPC dugc t6i wu cho
hé théng LS-MIMO véi ADC 1-bit trong [CT5]. Ma trén co s& (proto) ctia ma P-LPDC:

320001
B1/ =1221110 (4.37)
2 212110

3 X6

Ngudng giai ma lip va do phan giai trung binh cta hé théng 1-ADC va hé thdng hdn
hop-ADC véi cdu hinh MIMO 16 x 16 duoc dua ra trong Hinh 4.4. Trong mé phong nay,
sd lwong ang ten c6 do phan giai thap ADC thay d6i tir 8 dén 15. Tuong tGng, s6 luong dng
ten c6 ADC d6 phan giai cao dao dong tir 8 dén 1.

Quan sat Hinh 4.4, ngudng giai mi ldp cta hé thong ADC hdn hop trong d6 két hop
cac ang ten ADC 1-bit cho d6 phén giai thap va ADC 5-bit c6 d6 phan giai cao 1a dudng
cong voi diém danh dau hinh vuéng. Ngudng giai mi lap cia hé théng ADC hdn hop thap
hon ctia hé théng 1-ADC véi khoang cach nho nhat tai diém N, = 15 va N, = 1 va khoang
cach 16n nhat tai N, = 8 va N, = 8. Cuy thé, khoang cach nho nhat 0,55 dB duoc quan sat
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khi s6 luong ang ten co6 1-ADC 1a N, = 15 va s6 lugng dng ten c6 5-ADC la Ny = 1, hay
tuong duong 6,25% sb ang ten thu duoc trang bi ADC do phan giai cao.

6 16x16 LS-MIMO

16x16 LS-MIMO

[} O O o o o O

—©— 1-ADC System
—+—1-ADC + 3-ADC System | |
—#— 1-ADC + 4-ADC System

w
T

“~.e —8— 1-ADC + 5-ADC System
~o. =—=+-=T-ADC + 3-ADC System | |

—=%¥-=T-ADC + 4-ADC System

—=B-=T-ADC + 5-ADC System

34

----- ﬁ;':::::F:=:===i=======i-----'

—&8— 1-ADC System

—#%— 1-ADC + 4-ADC System
—&— 1-ADC + 5-ADC System
1r ==4-=T-ADC + 3-ADC System |
—--=T-ADC + 4-ADC System
==B-=T-ADC + 5-ADC System

Average Resolution (bits/sample)
Iterative Decoding Threshold (dB)

0.5

8 é 1‘0 1‘1 1‘2 1I3 1‘4 15 8 9 10 11 12 13 14 15
Number of low-resolution antennas (NaL) Number of low-resolution antennas (NaL)

Hinh 4.4. B§ phan giai trung binh va ngudng giai ma 1ap cia cac ADC hon hgp ¢ cau hinh

MIMO 16 x 16

Khi tang ti 16 s6 luong ang ten c6 d6 phan giai cao (5-ADC) Ién dén 50%, khoang cach
ngudng giai ma lap tang dang ké 1én khoang 2,843 dB nhu trong Bang 4.2. Sy cai thién hiéu
suat dang ké nay bat ngudn tir thuc té 1a thong tin twong hd la, trong (4.27), duoc ting 1én
khi s6 lwong dng ten c6 d6 phan giai cao ting 1én. Tuy nhién, viéc ting s6 lugng dng ten cO
do phan giai cao nén dugc thuc hién can than dé dam bao khia canh chi phi ti€u thu dién

nang.

Bang 4.2. Ngudng giai ma 13p v6i cu hinh MIMO: 16 x 16 va ti 16 ma R = 1/2.

N, =15Ny=1 | N =12Ny=4 | N, =8N, =8
1-ADC 5,62 5,62 5,62

Hén hop: 1-ADC + 3-ADC 5,131 4,019 2,985

Hén hop: 1-ADC + 4-ADC 5,086 3,901 2,823

Hén hop: 1-ADC + 5-ADC 5,070 3,866 2,777

Hén hop: T-ADC + 3-ADC 2,878 2,569 2,200

Hén hop: T-ADC + 4-ADC 2,856 2,496 2,077

Hén hop: T-ADC + 5-ADC 2,850 2,474 2,040

Mot xu huéng tuong tu duoc quan sat trong Hinh 4.5 v6i ciu hinh MIMO 1a 16 x 32.

Tai diém cyc tri ma sé luong dng ten ADC 1-bit 1a N, = 31 va sb luong ang ten ADC 5-bit

la Ny, = 1, hay ndi cach khéac chi 3,125% tong s dng ten thu duoc trang bi ADC do phan
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giai cao, d6 loi vé ngudng giai ma lap 1a 0,152 dB, chi tiét dugc trinh bay trong bang 4.3.
Khi ting ti 1¢ phan trim cua dng ten c6 do phan giai cao 18n 12,5% tic 1a N, = 28 va Ny, =
4, khoang cach thu duoc 13 0,562 dB. So sanh do loi ma hda nay véi trudng hop 6,25% sd
ang ten thu duoc trang bi cac ADC do phan giai cao ¢ ciu hinh MIMO 16 X 16, c6 thé thay
d6 loi ma hda ciia hé thong LS-MIMO 16 x 32 v6i ADC hén hop giam xudng.

16x32 LS-MIMO 16x32 LS-MIMO

@ @
E. 2
hod
@ 2
a2 7]
5 £ -
= =
c [
o o
=1 £
2 2
L o]
% 0.5 —©— 1-ADC System Q-15f —©— 1-ADC System
g —+— 1-ADC + 3-ADC System 2 —+— 1-ADC + 3-ADC System
5 OF ~—a— 1-ADC + 4-ADC System | w 2h —— 1-ADC + 4-ADC System | |
z —=&— 1-ADC + 5-ADC System 8 —&— 1-ADC + 5-ADC System
==4==T-ADC + 3-ADC System - ==4==T-ADC + 3-ADC System
05F —-%-=T-ADC + 4-ADC System | | 25 ~-#-=T-ADC + 4-ADC System | |
—8— T-ADC + 5-ADC System ==B-=T-ADC + 5-ADC System
-1

22 23 24 25 26 27 28 29 30 31 22 23 24 25 26 27 28 29 30 31
Number of low-resolution antennas (NalL) Number of low-resolution antennas (NaL)

Hinh 4.5. D6 phéan gii trung binh va ngudng giai ma lap cua cic ADC hdn hop & ciu hinh
MIMO 16 x 32

Mit khac, cac hé thdng ADC hdn hop st dung ADC-Ternary (bac ba) cho c4c dng ten
c6 d0 phan giai thap va 3-bit, 4-bit hozc 5-bit cho cc ang ten d6 phan giai cao ciing dugc
xem xét. Thong tin vé ngudng giai ma lip va cac mirc d6 phan giai trung binh dwoc trinh
bay trong Hinh 4.4 — Hinh 4.5. Ly do sir dung ADC Ternary trong cac hé thong truyén thong
LS-MIMO la cac Ternary-ADC chi v6i ba mic da ching minh 13 ¢6 hiéu qua dé st dung
trong nhiéu ung dung khac nhau [70]. Quan sat tir Hinh 4.4 (a) va Hinh 4.5 (a) cho thay viéc
st dung cac Ternary-ADC cho nhdm ing ten c¢6 do phan giai thap dat duoc do loi cao hon
s0 v6i hé thong két hop ctia ADC 1-bit va ADC 5-bit. D6 lgi cao nhét tai diém cuyc trj noi
s6 lwong dng ten c6 d6 phan giai cao 1a téi thiéu Ny = 1. Cu thé, khoang cach giai ma lap
ctia hé thong ADC hdn hop str dung ADC-Ternary 1 khoang 2,77 dB va 1,759 dB lan luot
cho cau hinh MIMO 16 x 16 va 16 x 32. Cac khoang cach nay duoc thay d6i voi do loi
tang 1én twong tmg 1a 2,22 dB va 1,607 dB bang cach ting mic d6 phan giai tir 1 bit I&n
1,58 bit (T-ADC).
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C6 thé thay do loi duoc cai thién bang cach st dung Ternary-ADCs trong nhom ing
ten dd phan giai thap co6 thé duoc giai thich bang cach nghién ciru ddi sb cua I, trong (27).
Bing cach sir dung cac Ternary-ADC c6 thé dat duoc tham sé dai dién cho hiéu ning ¢, t6t
hon, nhu dugc trinh bay trong Bang 4.1. Diéu d6 1am cho tham s ciia I, ting va gia tri cia
I, cling tang, tir 46 J(+) ciing 1a mot ham ting. Néi cach khac, do tin ciy cua bit truyén dugc
cai thién bang cach sir dung Ternary-ADCs trong nhom ing ten c6 do phan giai thap. Két

qua 1, hi€éu nang tong thé cuoi cung dat dugc cling cao hon nira.

Bang 4.3. Ngudng giai ma lap v6i cAu hinh MIMO: 16 x 32 va ti 16 ma R = 1/2.

N, =3L,Ny=1 | N =28N,;=4 | N, =22 Ny =10
1-ADC 0,976 0,976 0,976

Hén hop: 1-ADC + 3-ADC 0,841 0,468 -0,159

Hén hop: 1-ADC + 4-ADC 0,830 0,429 -0,242

Hén hop: 1-ADC + 5-ADC 0,824 0,414 -0,265

Hbn hop: T-ADC + 3-ADC -0,775 -0,887 -1,101

Hén hop: T-ADC + 4-ADC -0,781 -0,912 1,162

Hén hop: T-ADC + 5-ADC -0,783 -0,921 -1,179

Quan st thay rang ADC 4-bit c6 vé 1a lwa chon tSt nhat cho nhom ang ten c6 do phan
giai cao dé dat duoc muc tiéu thu dién nang thap hon cia chudi RF trong khi hiéu ning giam
1a khong dang ké. Hé thong két hop giita Ternary-ADC va ADC 5-bit c¢6 d6 loi khdng khac
biét khi so voi hé théng két hop Ternary-ADC va ADC 4-bit. Ngudng giai ma lip cta sy két
hop gitta ADC-Ternary va ADC 3-bit cao hon mot chut khi s6 luong dng ten c6 ADC do
phan giai cao tang 1én. Nguoc lai, khi phan dng ten c6 d6 phan giai cao nho, khoang cach 1a
khong dang ké, nhu trong Hinh 4.4 (a) va Hinh 4.5 (b). Dic biét, khi N, = 15va Ny = 1,
ngudng giai ma 1ap cua hé théng véi su két hop cua bo ADC-Ternary va bo ADC 3-bit chi
bi suy giam hiéu ning khoang 0.028 dB so v&i hé thdng két hop giita bd ADC-Ternary va
bd ADC 5-bit cho cau hinh MIMO 16 x 16. Khoang cach nay giita hai hé théng duoc giam
xudng dang ké xudng 0.008 dB, nhu trong Bang 4.3 cho cau hinh MIMO 16 x 32.

Nhin vao Hinh 4.4 (a), c6 mot sb diém trong d6 gia tri d6 phan giai trung binh hé théng
ADC hén hop véi ADC-Ternary va hé théng hdn hop véi ADC 1-bit giao nhau. Piéu nay
c¢6 nghia 12 d6 phan giai trung binh cta hai hé thong 13 nhu nhau. Tuy nhién, khi quan sat
Hinh 4.4 (b), cac hé théng hdn hop v6i ADC-Ternary ludn c6 ngudng giai ma lap thap hon.
N6i cach khac, hé théng ADC hdn hop véi ADC-Ternary cho hiéu ning hé théng tot hon &
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cung do phan giai trung binh. Vi du, tai N, = 12 va N, = 4, d6 phan giai trung binh cta hé
thong véi su két hop cua ADC-Ternary va ADC 4-bit ciing giéng nhu do phan giai trung
binh cuia hé théng véi su két hop cia ADC 1-bit va ADC 5-bit, khoang gan 2bits/mau.
Nhung, tai diém N, = 12 va Ny = 4 trong Hinh 4.4 (b) va trong Bang 9, c¢6 thé thay ngudng
giai mé ldp cua hé thong trude 1a 2,49 dB va ngudng giai ma lip cua hé thong sau 1a 3,86
dB. Diéu nay cho thiy rang, do loi cong suét 1a vao khoang 1,37 dB néu bd Ternary-ADC
duoc lua chon.

Dbi voi mot 6 phan giai trung binh nhét dinh, viée ting phan dng ten c6 d6 phan giai
cao s& hiéu qua hon 1 ting d6 phan giai ctia cac dng ten c6 do phan giai cao. Vi du, khi két
hop N, = 15 T-ADC va Ny = 1 ADC 5-bit cho két qua d6 phan giai trung binh 13 1,25 bit
/ miu véi ngudng gidi ma lap 1a 2,850 dB. Trong khi véi ciing ¢ phan giai trung binh, su
két hop ciia N, = 13 T-ADC va Ny = 3 ADC 4-bit ¢6 ngudng giai ma lap 1a 2,66 dB,
hodc murc cai thién do lgi ma hoa twong duong 1a 0,19 dB.

Trong phan tiép theo, cac md phong duge thuc hién dé xac minh cac quan sat 1y thuyét
& trén bang ma protograph LDPC (4.37) duoc thiét ké cho cac hé théng truyén thong ma hoa
LS-MIMO véi ADC 1-bit.

45. Mo phéng hé thong véi bd thu tach séng va giai ma P-LDPC két hop

Trong phan nay, ma trdn co s& ciia ma protograph LDPC trong (4.37) dugc st dung dé
tao ma LDPC dan xuét béng cach thuc hién thao tac sao chép va hoan vi, dugc goi la qua
trinh thiét ké ma P-LDPC. Qua4 trinh thiét ké nay ndy gém hai budc. Budc thir nhat, d6 thi
co s& dugc nang 1én theo hé sd 4 bang cach sir dung thuit toan ting trudng canh liy tién
(PEG) [49] dé loai bo tat ca canh song song sd nhiéu. Budc thir hai duge xac dinh tuy thudc
chiéu dai khéi thong tin duoc chon. Trong md phong ndy, protograph c6 3 nit kiém tra va 6
nut bién, budc nang th hai 1a 200, tir d6 chiéu dai khbi thong tin 14 2400 bit va do dai ma
trong duong 13 4800 bit & ddu ra cia bd ma hoa. Trong bude thiét ké thir hai, ma LDPC
cubi cung dugc xdy dung bang cach str dung thuat toan PEG dé xac dinh hoan vi tuan hoan
ctia mdi 16p canh dé tranh cac chu ky ngén xdy ra trong chiéu dai khoi thong tin duoc thiét
ké. Chudi bit dwoc mi héa sau d6 duge didu ché bang bo diéu ché BPSK, nhu trong Hinh
4.1. Bo giai ma protograph LDPC str dung thuat toan truyén thong diép chuan véi sb 1an lap
toi da 1a 50.
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Mo phong dugce thuc hién theo mo hinh hé théng nhu trinh bay tai Hinh 4.1 vé1 bo thu

tach song va giai ma P-LDPC két hop o phia thu. Cac tham sé mo phong duoc thiét 1ap nhu

trong Bang 4.4 dudi day.

Bang 4.4. Tham s6 mo phong danh gia hiéu nang hé thong LS-MIMO véi ADC hén hop

STT Tham s6 Thiét 1ap
1 Céu hinh MIMO 16 x 16|32 x 32
2 Kénh truyén Kénh Rayleigh fading
3 Tilé ma R12
4 Do dai ma 4800 bit
5 Thong tin trang thai kénh Chi c6 ¢ phia thu
6 D6 phan giai bd ADC Hon hop
7 M3& P-LPDC (4.37)
8 S 1an lap tach séng va giai ma 50
9 B thu tin hiéu B0 thu tach séng va giai ma két hop
10 B¢ diéu ché BPSK

Két qua mo phong ciia ciu hinh MIMO 16 x 16 duoc trinh bay chi tiét trong Hinh 4.6

- Hinh 4.8

16x16 MIMO

102
w10
4| [—e—1-Anc
107 F | —-atx=- Mixed: 1-ADC + 3-ADC

===== Mixed: 1-ADC + 4-ADC
=-#A=- Mixed: 1-ADC + 5-ADC
10° | |—#— Mixed: T-ADC +3-ADC
=——+— Mixed: T-ADC+4-ADC

—&A— Mixed: T-ADC +5-ADC

—6— 1-ADC
~-#=-Mixed: 1-ADC + 3-ADC
===+=-Mixed: 1-ADC + 4-ADC
| |==dA=- Mixed: 1-ADC + 5-ADC
—#— Mixed: T-ADC +3-ADC
=+ Mixed: T-ADC+4-ADC

—A— Mixed: T-ADC +5-ADC

Hinh 4.6. Hiéu nang BER va FER véi cdu hinh MIMO: 16 x 16, ti 16 mé: R = 1/2, d6 dai
ma 4800 bit, sd 1an lap giai ma 50, ADC hén hop: N, = 15 VAN, = 1

Pau tién, quan sat su két hop ciia N, = 15 ang ten d6 phan giai thdp va Ny = 1 ang

ten d6 phan giai cao, c6 thé thdy phan 16n cac dng ten thu c6 ADC 1-bit va sé lugng tbi thiéu
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ang ten thu c6 ADC 5-bit c¢6 thé cung cap do loi ma hoéa khoang 0,5 dB, nhu duoc thé hién
trong Hinh 4.6 (a) va (b) tai mc BER hodc FER 10™*. Vi cdu hinh hdn hop nay, néu cac
Ternary-ADC dugc sir dung trong nhom dng ten c6 d6 phéan giai thap, do loi ma hoa cia hé
thdng ADC hdn hop 1a khoang 2,8 dB so voi hé thong chi sir dung ADC 1-bit va 2,2 dB so
v6i hé théng ADC hén hop véi su két hop caa ADC 1-bit va ADC 5-bit. B loi thu duoc
bét ngudn tir sy gia ting do phan giai trung binh ctia hé thdng ADC hén hop véi cac Ternary-
ADC. Dic biét, su két hop ADC hdn hop cia ADC- Ternary va ADC 3-bit c6 d6 phan giai
trung binh 1a 1,66 bit/mau. Nguoc lai, t6 hop ADC hén hop ciia ADC 1-bit va ADC 5-bit
c6 d6 phan giai trung binh 13 1,25 bit/mau. Diéu d6 nghia 1a véi sy gia ting 0,41 bit trén
mdi mau & d6 phan giai trung binh dé ddi lai duogc d6 loi vé cong suét 1a 2,2 dB. Do loi vé
cong suat duoc thé hién thong qua két qua mo phong 1a phu hop véi quan sat duogc tir cac
tinh toan ngudng gii ma lap trong phan trudc. Didu nay c6 nghia la thuat toan Mixed-ADC-
LS-MIMO-PEXIT dugc dé xuét ¢ thé cung cap du doan hiéu niang ciia ma P-LDPC véi

muc do chinh xac cao.

16x1G‘MIMO : ) 10° ———

[—e—1-aDC
| [==#A=-Mixed: 1-ADC + 5-ADC | i
—#— Mixed: T-ADC +3-ADC \
—+— Mixed: T-ADC+4-ADC e
—A— Mixed: T-ADC +5-ADC

—6— 1-ADC
=A== Mixed: 1-ADC + 5-ADC
109 | |—#— Mixed: T-ADC +3-ADC
—+— Mixed: T-ADC+4-ADC

—&A— Mixed: T-ADC +5-ADC

Hinh 4.7. Hiéu nang BER va FER vdi cdu hinh MIMO: 16 x 16, ti 1¢ mé: R = 1/2, do dai
ma 4800 bit, s6 1an lp giai ma 50, ADC hdn hop: N, = 14 va Ny = 2

Xem xét ciu hinh MIMO 16 x 16 véi ty 18 phan ving ang ten 13 1:1 (tc la N, = 8 va
Ny = 8), cac dudng cong hiéu ning BER va FER cua cac hé théng ADC hdn hop khéc nhau
duoc trinh bay trong Hinh 4.8 dué6i day. Hé théng véi ciu hinh ADC hdn hop: ADC 1-bit
véi ADC-5 bit hoat dong tt hon hé théng chi sir dung ADC 1-bit véi do loi ma hoa xap xi

98



3 dB, va cao hon 2,5 dB so voi cdu hinh trude d6 1a N, = 15 va Ny = 1. Do loi quan sat
duogc tir ngudng giai ma lap trong Bang 4.2 14 2,85 dB. Su khac biét 0,15 dB giira két qua
phan tich 1y thuyét va két qua mo phong mét 1an nira xac nhan tinh hiru dung ctia thuat toan

Mixed-ADC-LS-MIMO PEXIT dé xuét.

16x16 MIMO

FER

|—e—1-ADC '
| | =A== Mixed: 1-ADC + 5-ADC k ¢
—#— Mixed: T-ADC +3-ADC
—+— Mixed: T-ADC+4-ADC
—A— Mixed: T-ADC +5-ADC

——1-ADC
==\~ Mixed: 1-ADC + 5-ADC
10 | | —#— Mixed: T-ADC +3-ADC
—+— Mixed: T-ADC+4-ADC

—A— Mixed: T-ADC +5-ADC

Hinh 4.8. Hiéu nang BER va FER véi ciu hinh MIMO: 16 x 16, ti 16 ma: R = 1/2, d6 dai
ma 4800 bit, sd 1an lap giai ma 50, ADC hén hop: N, =8 vaNy = 8

Hon nita, hé théng ADC hdn hop dua trén Ternary-ADC van c¢6 loi thé tiét kiém ning
lugng hon so vai hé théng hon hop ADC dua trén ADC 1-bit trong khi c6 d6 phan giai trung
binh thap hon. So sanh hai hé théng ADC hdn hop d6 & mic BER 107#, d6 lgi ma hoa cia
hé thong ADC hén hop dua trén Ternary-ADC 14 0,6 dB so véi hé thong ADC hdn hop 1-
bit trong khi d phan gidi trung binh ctia hé thong thir nhat 1a 2,765 bit / mau (hdn hop cia
bd Ternary-ADC va bd ADC 4-bit) thap hon 0,235 bit/miu so voi do phéan giai trung binh
clia mau sau. Tham khao két qua 1y thuyét trong Bang 4.2, khoang céch giira hé thong dua
trén Ternary-ADC va hé théng dua trén 1 bit-ADC 12 0,72 dB, rit gan v6i két qua mo phong.
Sy phu hop giita két qua Iy thuyét va mo phong mét 1an nita lai xac nhan phan tich 1y thuyét
da trinh bay trong 4.4.1.

Két qua md phong cho cau hinh MIMO 16 x 32 véi ba ty 1¢ tron dng ten hdn hop khac
nhau dugc thé hién trong Hinh 4.9 - Hinh 4.11
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16x32 MIMO 16x32 MIMO,

107
102 £
1072
o
i 103 i W
w
107

—6— 1-ADC | [—e—1-aDc
==d=-Mixed: 1-ADC + 5-ADC 4 | |=-dA=- Mixed: 1-ADC + 5-ADC
PR ea 10 :
10 | |—%— Mixed: T-ADC +3-ADC 3 [ |—#— Mixed: T-ADC +3-ADC

——+— Mixed: T-ADC+4-ADC
—&A— Mixed: T-ADC +5-ADC

[ =——— Mixed: T-ADC+4-ADC
| | =f— Mixed: T-ADC +5-ADC

4 L 4 A L 1 1 1 1
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 -2 15 -1 05 0 05 1 15 2
E/N, E /N

Hinh 4.9. Hiéu nang BER va FER vdi cdu hinh MIMO: 16 x 32, ti 1é mé: R = 1/2, do dai
ma 4800 bit, sd 1an lap giai ma 50, ADC hén hop: N, = 31 vaN, =1

16x32 MIMO
10° T T T 10— — @Oy 3
g R o) e AR S ey
10 107!
1072
102}
[N -
w10 &
103
10 f
—6— 1-ADC t |—e—1-Apc
=A== Mixed: 1-ADC + 5-ADC 104 £ | =A== Mixed: 1-ADC + 5-ADC
10 | | —#— Mixed: T-ADC +3-ADC | f | —— Mixed: T-ADC +3-ADC
—+— Mixed: T-ADC+4-ADC [ |—+— Mixed: T-ADC+4-ADC
—&A— Mixed: T-ADC +5-ADC } | —#&— Mixed: T-ADC +5-ADC |
10~6 L L L L L - SN S 1 - Al
-2 -15 -1 -0.5 0 05 1 15 2 -2 15 -1 -0.5 0 05 1 15 2
E,/N, Eo/No

Hinh 4.10. Hiéu nang BER va FER v&i cAu hinh MIMO: 16 x 32, ti 1é mé: R = 1/2, d6 dai
ma 4800 bit, s6 1an lip giai ma 50, ADC hdn hop: N, = 28 va Ny, = 4

Xem xét ty 1¢ ang ten hdn hop N, = 31 va N, = 1, két qua hiéu ning duong BER va
cac FER duoc vE trong Hinh 4.9. Quan sat théy rﬁng do loi dat dugc cua hé théng ADC hén
hop dua trén 1-bit so v6i hé thong ADC 1-bit ddng nhét 1a khong 16n. O mirc BER cu thé
1a10~*, d9 loi chi khoang 0,1 dB. D9 loi ly thuyét khi so sanh hai hé thé)ng nay la 0,135 dB,
nhu dugc trinh bay trong Bang 4.3. Khéac voi hé¢ théng ADC hdn hop duya trén 1-bit, hé théng
ADC hdn hop duya trén bac ba (T-ADC) c6 thé dat duoc do loi 13 1,6 dB so v6i hé thong
ADC 1-bit d6ng nhit. Do loi ndy mot 14n nira théng nhat véi d6 loi 1y thuyét 1 1,76 dB suy
ra tr cdc ngudng gidi ma 1ap dugce bdo céo trong Bang 4.3.
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16x32 MIMO

0% e
107! =
107
102
1072
14 x
w 1073 w
o w
1073
10
—— 1-ADC , —6— 1-ADC
==d=-: Mixed: 1-ADC + 5-ADC 4 | |=-#A=-Mixed: 1-ADC + 5-ADC
5L |—s— Mixed: T-ADC +3-ADC 10 i
10 ixed: T- +3- —i— Mixed: T-ADC +3-ADC
=——+— Mixed: T-ADC+4-ADC ——t— Mixed: T-ADC+4-ADC
—&— Mixed: T-ADC +5-ADC —A&A— Mixed: T-ADC +5-ADC
10~6 L L ! 1 ! I L I I L
25 2 -1.5 -1 -0.5 0 0.5 1 1.5 2 25 2 1.5 4 05 0 0.5 1 1.5 2

E,/N, E/N,

Hinh 4.11. Hiéu nang BER va FER véi cau hinh MIMO: 16 x 32, ti 1é mé: R = 1/2, d6 dai
ma 4800 bit, s6 1an lp giai ma 50, ADC hdn hop: N, = 22 va Ny = 10

O ty 18 hdn hop ang ten cao hon N, = 22 va N, = 10, hé thong ADC hdn hop dua
trén 1-bit c¢6 thé dat duoc do 1gi ma héa 16n hon khoang 1,0 dB so véi hé théng ADC 1-bit
ddng nhat, trong khi do loi 1y thuyét 1a 1,241 dB nhu trong Bang 4.3. Mit khac, hé théng
ADC hén hop dya trén bac ba c6 thé thu dugc do loi tang thém la 1,0 dB so vdi hé théng
ADC hén hop 1 bit. Mtc ting hiéu qua ning luong bd sung ndy ciing duoc xac nhan bing
cach xem xét cac két qua ly thuyét trong Bang 4.3. Riéng hé thong c6 hdn hop bd ADC bac
ba va bo ADC 3-bit c6 do loi Iy thuyét 1 0,836 dB so v6i hé thong c6 hdn hop ADC 1-bit
va ADC 5-bit. Pang cht y, ¢ phan giai trung binh cua sy két hop ciia bd ADC bac ba va
bd ADC 3 bit 14 1,99 bit/mau, thip hon 0,26 bit/mau so véi sy két hop do phan giai trung
binh ctia bd ADC 1-bit va bd ADC 5-bit. Quan sat ndy chimg minh rang c6 thé t6i uu hoa
ty 1€ tron ang ten dé dat duoc do lgi ma hoa & do phan giai trung binh nhét dinh b@ing cach

st dung Ternary-ADC.

Cubi cing, mot nhan xét quan trong 1a viéc ting muc do phan giai cho nhém ang ten
c6 d6 phan giai cao s& lam giam hiéu tng quay tré lai. Cu thé, quan sat tir ca hai dudng cong
BER va FER tir Hinh 4.6 - Hinh 4.11, sy khac biét khi tang mtrc d6 phéan giai cia nhom ang
ten do phan giai cao tir 3-bit 1&n 4-bit hodc 5-bit 1a rat nho. Vi du, khoang cach giita dudng
cong ctia by T-ADC két hop véi bd ADC 3-bit va duong cong ciia bo T-ADC va bo ADC
4-bit 12 khdng dang ké. Khoang cach 1y thuyét thu duoc tir ngudng giai ma lap trong Bang
4.2 120,022 dB, mot khoang cach rat nho. O mot khia canh khac, vi du cau hinh MIMO 16

101



x 32 véi ty 1€ tron ang ten la N;, = 22 va Ny = 10 trong Hinh 4.11, khoang cach gitra hai
hé théng duoc xem xét 16n hon mot chat, nhung né van rat nhé. Dit liéu 1y thuyét trong
Bang 4.3 cho thdy khoang cach kha nhé 1a 0,061 dB. Nhén dinh ndy chi ra ring 4 hoic 5-
bit dudng nhu 1a mic do phan giai tot nhit cho nhém ang ten do phan giai cao, diéu nay trai
nguoc voi cac cong trinh nghién clru trude day not 8 - 10 bit thuong duge st dung trong
nhom ang ten do phan giai cao. Déng thot, T-ADC nén dugc str dung dé dat duoc hiéu qua
ning luong (EE) trong khi van giit d6 phan giai trung binh ctia hé théng ADC hdn hop &

mirc mong muon.

4.6. Kétluan chwong

Trong chuong nay, hai thuat todn méi dugc dé xuat 1a thuat toan tach song va giai ma
két hop trén d6 thi hai 16p va thuat toan PEXIT twong dwong dé phan tich hiéu ning ciia ma
protograph LDPC cho cac hé théng truyén thong LS-MIMO st dung ADC hdn hop. Pé
kiém chung, thuat toan PEXIT m&i dé xuat nay duoc st dung dé phan tich hiéu niang cua hé
thdng LS-MIMO sir dung ma protograph LPDC véi bd ADC hdn hop trong nhiéu cac cau
hinh két hop ADC hdn hop khac nhau. Céc két qua thu dugc trong hai ciu hinh MIMO dugc
lya chon (16 X 16 va 16 X 32) ¢ cac ty 1¢ ang ten héon hop khac nhau xac nhan do chinh
xac cta thuat toan Mixed-ADC-LS-MIMO-PEXIT duoc dé xuat. Hon nita, két qua md
phong sir dung thuét toan tach song MIMO va giai ma P-LDPC két hop cho thay rang hé
théng MIMO ¢& 16n véi ADC hon hop dat duoc dd loi cao nhét tai diém cuc tri noi chi c6
mot ang ten thu dugc trang bi voi cac ADC do phan giai cao. Ca két qua phan tich va mé
Ngoai d6 phan giai ndy, mirc ting thém 13 nho trong khi mirc tiéu thu dién ning co thé ting
1én theo cap s6 nhan. Pang chu ¥, hé thong ADC hdn hop dua trén Ternary-ADC ludn cung
cap d6 loi vé hiéu ning tot hon so v6i hé théng hdn hop ADC duya trén ADC 1-bit & cung
d6 phan giai trung binh hodc tham chi thap hon. Cudi cliing, dya trén cac két qua mo phong,
dé cai thién hiéu ning hé thong hon nita, ma protograph LDPC nén duoc thiét ké lai cho
tirng tham s ty 1¢ ang ten hon hop dé phu hop giita bic cua nut bién trong ma tran protograph

v6i mue do phan gidi cia nhom ang ten c6 do phan gidi thap va do phan giai cao.
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KET LUAN

Muc dich cua luan an nay la nghién ctru thuat toan tach song MIMO va gidi ma P-

LDPC nham cai thién hiéu ning téng thé cta hé thong thong tin MIMO ¢ 16n véi cac bo

ADC d6 phan giai thap tir 1 t&i 2 bit. Pé thyc hién, luan an tap trung giai quyét 03 van dé

chinh ¢6 lién quan téi hiéu ning cua hé théng théng tin MIMO ¢ 16n v6i bd ADC do phan

giai thap, gdm: 1) Nghién ctru, cai tién bo chuyén doi ADC ddng nhat 6 phan giai thap tir

1 t&i 2 bit; 2) Nghién ctru giai phap va thiét ké ho md P-LPDC c6 ti 1é ma thich ung linh

hoat dap ing céac yéu cau vé hi¢u suat pho, do tré xur ly ma van dam bao hi€u qua vé nang

luong; 3) Nghién ctru va dé xuat thuat toan tach song MIMO va giai ma P-LPDC & phia thu

pht hop cho hé théng thong tin MIMO ¢4 16n véi cac bd ADC hén hop.

Nhirng dong gop chinh

Nhitng dong gop chinh trong luan an nay gom:

1)

2)

3)

Nghién ciru cdi tién bé chuyén déi ADC dong nhdt, dg phdn gidi thap phit hop cho
hé thong MIMO c6 I6n. Pé xudt gidi phap tinh nguéng gi6i han cdt khéng phuy thudc
s6 lwong dng ten phdt dé thiét ké cdc bo ADC dong nhdt véi do phan gidi thép tity
bién. Cac két qua mo phong cho thiy rang su cai thién hiéu suit phod dudng 1én cua
bo lugng tir hoa ti uu nay l1a rat dang ké cho cac hé théng LS-MIMO.

Pé xudt gidi phdp va thiét ké ma P-LDPC phit hop cho cdc hé thong MIMO c¢é I6n
véi bg ADC dj phan gidi 1 bit cho phép cdi thién hiéu nang hé thong. Cac ma P-
LDPC méi duoc dé xuat mang lai mac cai thién niang lugng ma hda tir 0,3 dB téi
0,7 dB so voi cac ma P-LPDC hién dai duoc cong bb gan day. Nhitng loi ich ma
hoa nay 1a dang ké, dac biét 1a cho hé thong truyén théng khong day toc do cao, noi
ma ngudn dién cung cip cho céac thiét bi hoat dong bang pin bi han ché mét cach
nghiém ngat.

Pé xudt thudt todn tich séng va gigi ma P-LPDC két hop cho hé thong MIMO cé
[6n véi cdc bé ADC dé phan gidi hon hop. Cac két qua phan tich va mé phong cho
hai cAu hinh MIMO duoc lya chon (16 x 16 va 16 x 32), & cac ty 1 hdn hop ang
ten khac nhau xac nhén tinh hiru dung va dé chinh xac cua thuat toan duogc dé xuét.

Hon nira, cac két qua ciing cho thay hiéu ning tong thé ctia hé théng MIMO ¢& 16n
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duogc cai thién dang ké & tat ca céac ti 16 hdn hop do phan giai cua bd ADC so véi st

dung duy nhat mot mirc do phan giai.

Nghién ciru trong twong lai

Mot s6 chu dé tiém nang dugc mo rong tur cac nghién ctru trong luan an nay, st dung

giai phap ma P-LDPC v6i bo ADC c6 do phan giai hon hop, dugc liét ké dudi day:

1)

2)

3)

Nghién ctru co sd 1y thuyét cho bai toan tdi wu phén chia ti 1& sé lwong dng ten co
d6 phan giai thap va cic dng ten c6 d6 phan giai cao. Trong nghién ctru dugc trinh
bay trong churong 4 cua luan 4n, ti 1& Ang ten hdn hop duoc lya chon véi rang budc
s6 lugng ang ten do phan giai cao chiém ti 1¢ nho. Hay néi cach khac 1a gia dinh
rang tiéu hao ning lugng cua cac dng ten c6 do phan giai cao chiém ti 1 thap 12 nho
dé nhan dugc vé su cai thién hiéu nang 16n hon. Két qua mo phong 14 rat kha quan,
tuy nhién van can c6 nghién ctru chuyén sau dé danh gia sy danh doi giira ning
luong (EE) va hiéu suat pho (SE) nhan dugc thong qua cac phan tich bang toan hoc
va cac mo phong trén hé théng thuc té. Bén canh do, ti 1& ang ten hon hop nao 1a
t6i vu dé can bang gitta EE va SE, tir 6 dem dén cai thién hiéu ning tong thé t6t
nhat cho hé thng.

Nghién ctru thiét ké cac ma protograph LDPC cho céc ty 1¢ ang ten hdn hop khac
nhau dé phu hop giira bac ciia nut bién trong ma tran co sé v6i mirc do phan giai
cia nhom dng ten c6 do phan giai thip va do phan giai cao, nhim cai thién hiéu
nang hé thong hon nita. Hudng nghién ciru ndy xuat phat tir quan sat rang giai phap
ma P-LPDC dugc st dung trong nghién ciru 1a duoc t6i wu cho hé théng MIMO ¢&
16n vdi ADC d6 phan giai dong nhat 1 bit. Viéc thiét ké giai phap ma protograph
PLDC t6i uu cho hé théng MIMO ¢& 16n véi bo ADC dd phan giai hdn hop 1a rat
tiém ning theo nhitng phan tich trong nghién ciru cta luan an va ciing chua c6 cdng
trinh nghién ciru ndo trén thé gidi thyc hién chu dé nay.

Quan sat cac phan tich hiéu ning trong chuong 3, chuong 4 déu cho thiy su suy
giam hiéu nang ctia hé thong thong tin MIMO ¢& 16n v6i cau hinh MIMO c¢6 ti 18
ang ten phat trén ang ten thu nhé hon 1 (M /N < 1) khi so sanh v&i ciu hinh MIMO
¢6 cung s6 lwong dng ten phat va ti 18 twong ing bang 1 (M/N = 1). Hanh vi nay

ctia hiéu nang hé thong MIMO c¢& 16n v6i bd ADC d6 phan giai thap 1a chua duoc
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1y giai trong cac cong trinh da duoc cong bd. Trong khi d6, viée xac dinh cdu hinh
MIMO phu hop 1a mot yéu cau quan trong trong trién khai cac hé thong truyén
thong khong day hién dai. Do viy, day ciing 13 mot hudng nghién ctru tiém ning

lién quan t61 chu dé nghién ctru cta luén an trong tuong lai gan.
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PHU LUC 1

KIEN TRUC HE THONG PHAN MEM MO PHONG VA THIET KE MA P-LDPC
CHO HE THONG LS-MIMO

Trong phu luc ndy, déng gop cua ludn an vé cong cu nghién ctru 14 hé thdng phan mém
duoc xdy dung dé tr dong hoa qua trinh moé phong va thiét ké ma P-LDPC cho hé thong LS-
MIMO duoc trinh bay. Hé thong phin mém ndy giai quyét van dé vé tinh toan cho bai toan
t61 wu khi thiét ké ma P-LDPC (vén phtic tap, v6i tdp ma tran protograph dau vao co thé 1én
dén hang triéu Gng vién) va bai toan ty dong hoa qua trinh mo phong két qua. Tur do, rat
ngan thoi gian tim kiém, mod phong dé t6i wu ma ciing nhu ting tinh chinh xac cua viéc
truyén cac tham sd gitra cic qua trinh. Hé thdng c6 y nghia quan trong, thuc tién cho cac nha

nghién ciru doc 1ap trong thiét ké ma P-LDPC cho cac hé thong LS-MIMO.

M3 nguén ciia phan mém mod phong va thiét ké ma P-LDPC cho hé thong LS-MIMO
duogc cong bd tai dia chi: https:/github.com/hungdn1701/CDSS

1.  Gidi thiéu

Nhu duoc trinh bay ¢ phan 3.2.1, ban chat cia viéc thiét ké cac ma protograph LDPC
t6t 12 viéc tim kiém cac ma tran co so B thoa ma céac diéu kién 1a c6 ngudng giai ma lap thap
trong khi van dam bao duoc thudc tinh ting trudng tdi thiéu tuyén tinh. Qua trinh nay dwoc

thuc hién thong qua mot tién trinh hai budc, gom:
- Giai doan 1: Budc tim kiém tho dé loc ra tat ca cAc ma tran ing vién c6 ngudng giai
ma4 lap thap hon ngudng mong doi. Tai day, ham chi phi nhu trong (3.18) thu dugc
bang cach &p dung thuat toan LS-MIMO-PEXIT nhu duoc trinh bay trong Phan 3.1.
Mic du di ap dung cac hudng dan vé dac tinh cia mot ma tran co s tét [55] dé gioi
han mién tim kiém cua bai toan. Tuy nhién, tiy thudc vao ti 1é ma, sé luong ma tran
tng Vvién vai ti 16 ma R = 1/2 thi tap ma tran By = 4% = 16.777.216 trudng
hop. Theo kinh nghiém caa nhém nghién cau, véi npe = 1 may tinh ban théng
thuong dé giai duoc bai todn téi wu cho 1000 ma tran dau vao, thoi gian trung binh
khoang 180s (nghia 1a mdi ma tran can t; ~ 0,18 s). Thoi gian dé hoan thanh giai

doan nay c6 thé dua ra bai biéu thic:
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tsearch = n (5.1)
PC

Nhu vay v6i mot may tinh ban, dé thiét ké duoc ma P-LDPC ti 16 R = 1/2, véi
cac diéu kién 1y tuong, ciing s& can khoang hon 01 thang (tsearch Totar = 35 NQAY)
dé hoan thanh.

- Giai doan 02: Budc loc, tai day cac mo phdong chuyén sau s€ dugc thuc hién dé loc
ra ma tran cac ma tran co s& ¢ hanh vi 15i san. Tir d6 thu dugc ma tran t6i vu dat
dugce ngudng ti 18 13i trén khung FER = 10™* v6i mic SNR thip nhat. Thong
thuong dé dam bao FER 1a chinh x4c, qué trinh mo phoéng can thuc hién khi xuét
hién sb luong khung 15i dat dén 100. Piéu nay c6 nghia 1a can phai thyuc hién trén
tong s6 khung la: F, = 10°. Tuy thudc vao sd luong ma tran tng vién duoc luya
chon Bg khi két thiic giai doan 01, thoi gian thyuc hién cho qué trinh ndy duoc cho
béi biéu thrc:

Bs X F, Xtp

tritter = n (5-2)
PC

Trong d6, t; 1a thoi gian can thiét dé thyc hién xong mot tién trinh mo phong trén
mot khung duge truyén di. Vé mat 1y thuyét, néu lya chon Bs = 10, F, = 10°,
npe = 1 va voi tp = 0,3 s, giai doan nay can ., = 58 ngay hay khoang 02
thang.

Nhu viy, khé khin & day d6i voi bai toan thiét ké ma P-LDPC 1a thoi gian tim kiém,
t6i vu ma qua 1on, chua ké dén cac van dé rui ro c6 thé xay ra trong qua trinh thuc hién. Pac
biét 1a khi can phai thuc hién lai qua trinh nay tir dau bdi cac sai sot trong lap trinh, cdu hinh
tham s6 hodc diéu kién khach quan nao dé.

Nhin vao biéu thirc 5.1 va 5.2, mot phuong an c6 thé dé dang nghi dén dé giai quyét
van dé nay do6 1a tang s6 luong may np., tir 46 giam thoi gian thuc hién. Cach nay t6 ra hiéu
qua khi c6 mot phong lab voi sb luong npe = 30 may, qua trinh thiét ké co thé giam thoi
gian thyc hién xuéng khoang 01 ngay cho giai doan 1 va 02 ngay cho giai doan 02, v6i diéu
kién phong lab hoat dong lién tuc. Pay 13 mdt con sé chip nhan dugc, tuy nhién cach lam
nay c6 mot s6 han ché va thuc té thoi gian thyc hi¢n thuong mat khoang 07-10 ngay. Cu
thé, viéc thu thap két qua trén timg may, tong hop két qua ton rat nhiéu thoi gian, chwa ké

dén doi khi co6 thé co sai s6t dan dén viéc thuc hién lai hodc giam d0 tin cdy cia dir liéu. Hon
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nita, can phai st dung phong lab lién tuc trong thoi gian dai va day 1a diéu kho thyuc hién
dugc véi mot nghién ciru doc 1ap. Mot sb cach giai quyét khac nhu mé hinh phan tin ma
thue thi cho cac may doc 14p hodc thué dich vu may chu 4o cling vuéng phai nhirng han ché
tuong tu, bén canh do 1a chi phi qué lon.

Mot hé théng phan mém ty dong hoa s& 1a mot giai phap hira hen dé giai quyét tinh
trang nay. Trong do6, cic tién trinh tim kiém, t6i wu ma thay vi dugc thuc hién don tién trinh
trén mot may, c6 thé duge thuc hién da tién trinh tiry thudc vao ning luc phan cing ctia may
tram. Hon nita, cc tién trinh nén dugc chia mién thuc hién dé thyc thi phan tan trén np.
may tinh v&i cau hinh tity ¥, tin dung ti da tai nguyén ranh rdi. Qua trinh phan phdi nay sé
duoc tinh toan bai nha nghién ctru tiy thudc vao tai nguyén hién c6. Cudi cung ddi voi cong
viéc t6n nhiéu nhan luc, thoi gian va dé sai sot d6 1a thu thap, tong hop dir liéu va vé cac két
qua mo phong ciing s& duoc thuc hién tr dong bang phan mém.

Kién tric phan mém, cac khéi chirc ning, nguyén tic hoat dong va cac tham sé hé
thng dugc xay dung cho bai toan thiét ké mé phong ma P-LDPC cho hé thdng thong tin
MIMO ¢& 16n duge trinh bay trong phan tiép theo.

2. Kién tric hé thong

Kién truc tong quan cta hé thong mo phong va thiét ké ma P-LDPC cho hé théng LS-
MIMO duoc trinh bay trong Hinh 5.1, trong d6 c6 04 khéi chinh:

e Khbi diéu khién: Khéi nay cung cap giao dién dé thiét 1ap cac thong sd, thuc hién
giao tiép, diéu khién cac khdi chirc nang con lai va thu thap két qua.

e Khbi tim kiém ma: Khdi ndy thuc hién viéc tim kiém cic ma c6 ngudng thip hon
ngudng mong mudn va véi tham sé dau vao duge thiét 1ap boi khoi diéu khién.

e  Khoi t6i wu ma: Khéi nay thuc hién giai doan loc trong thiét ké ma P-LDPC dé cho
ra ma tot nhat tir danh sich ma tran co s& ung vién, la két qua cua khdi tim kiém ma
o trudce do.

e Khéi mb phong mi P-LDPC: Khéi nay thuc hién viéc mo phong ma P-LDPC véi
tham s6 dau vao cho trudc, két qua dau ra 13 gid tri cic muc tin hidu SNR, ti 18 16i
bit BER hoic ti 18 161 khung FER. Céc két qua nay chinh la dau vao cua chuong
trinh Mathlab dé dua ra cac két qua mé phong duoc trinh bay trong cic cong trinh
nghién ctru ¢ trén.
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B HE THONG MO PHONG VA THIET KE MA

KHOI TiM KIEM MA KHOI TOI U MA
B BB
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B—<- BB -2
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Danh sach eng vién M3 protogtraph téi wu
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Hinh PL.1. Kién trac cta hé thong thiét ké ma va mo phong
Mot sb ddc diém k§y thuat va yéu cau chung d6i voi hé thong gom:

e Cac tién trinh dugc thuc thi khong duoc vuot qua ngudng gidi han cho phép cia vi
XU 1y CPU,,,, va bd nhé so cap RAM,, 4, trén may tinh.

e Céc tién trinh dugc khoi chay mot cach tuan tu sau mot khoang thoi gian T; dugc
thiét 1ap san va sau d6 thuc thi doc 1ap voi nhau.

e (Céc tham sd dau vao, két qua dau ra cua céac khdi thuc thi, cling nhu céc budce trung
gian dugc ghi xudng tép vian ban (.txt) dé luu vét. Cac tép nay duoc sir dung dé hd
tro viéc thuc thi tiép hodc kiém tra lai khi cac két qua c6 xung dot.

e Két qua cudi cung ciia mot khéi chirc ning chi c6 dugc khi tit ca cac tién trinh phan

tan cua khoi chirc ndng do hoan thanh.
2.1. Khoi dieu khiéen
Khoi diéu khién dong vai tro 1a mdt giao dién tiép nhan yéu cau cia ngudi dung, cac

tham s cdu hinh va tir d6 thiét 1ap viéc thuc thi cac thao tac tim kiém, thiét ké m3 hodc mo

phong. Ngoai ra, khéi diéu khién nay con hd tro lam viéc véi bat ky mot tép thuc thi (.exe,
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hoic .bat) khac néu duoc yéu cau. M6 hinh tong quan cta khéi diéu khién duoc trinh bay

trong Hinh PL.2 dudi day.

PC (1)
s ©
B B =
| ég—mﬁpc‘éumnh Gen va thyc thi E I—FB @

Ir Téi céu hinh KHOI DIBU KHIEN -

m o

Hinh PL.2. Kién trtic tong quan khéi diéu khién

Khdi diéu khién 14 thanh phan chiu trach nhiém trong viéc phan phéi cac chuong trinh
chtic ning dén n cac may tram PC;, PC,, ..., PCy khéac nhau. Trong mé hinh nay, cac may
tram PCy, PC,, ..., PCy c6 thé c6 cdu hinh tuy bién khac nhau, va tiy thudc vao ciu hinh,
néu dap tmg du diéu kién vé tinh kha dung cua tai nguyén, mdi may tram c6 thé chay lan
lugt duge Ty, Ty, ..., Ty tién trinh. Biéu thirc (5.1) va (5.2) ¢6 thé duoc viét lai nhu sau:

lsearch = <N PCe X T
n=1 N N

(5.3)

Va
Bs X F, Xtp

Lritter = SN
n=1PCy X Ty

(5.4)

Trong d6 PCy va Ty lan luot 13 may tram tht N va sd tién trinh chay trén may tram d6. C6
thé thay khi mau sb tang thi thoi gian tong thuc hién cac giai doan s& giam.

Dé thuc hién duge dicu ndy doi hoi can phai c6 su tich hop giira khoi diéu khién va cac
khdi chure nang. Trong do6, viéc thiét ké tham sb dau vao cac khdi chirc nang va dir liéu dau
ra clia cac khoi 1a rat quan trong. Can phai dam bao khong anh hudng dén két qua thiét ké
ma hoic mé phong nhu trong truong hop chay don tién trinh cac khdi chirc ning.
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bé bat dau khoi diéu khién, can c6 02 nhém tham s6 dau vao gom:

e Tham s tur tep cAu hinh, 13 c4c tham sb hé théng duge cau hinh mic dinh va cho
phép nguoi ding c6 thé hiéu chinh néu can thay d6i. Danh sach cic tham sd tuy
thudc vao loai tién trinh can thuc thi 1a thudc khoi thiét ké ma hay khdi mé phong
hé thong. Chi tiét cac tham sé ndy s& dugc gidi thiéu khi trinh bay cac khdi tuong
mg. Tép ciu hinh duogc luu trit dudi dang tép XML.

e Tham sb thiét 1ap tir nguoi dung, 13 cac tham sb tiy chinh khi lam viéce véi cac khoi

chtrc nang. Céc thong tin nay c6 thé chi ton tai trong phién lam viéc hodc co thé

duoc luu lai cho céac lan lam viéc tiép theo.

KHONG

ai nguyén con kha dung?
(CPU, RAM)

Thuc hién tién M~

trinh

N=MN-1 Kiém tra lai v&i chu ky 30s va

tai nguyén chi kha dung khi
Két thic N

viéc kiém tra ding 5 |an lién
Hinh PL.3. Luu d6 thuét toan ti dong thyc thi cac tién trinh mé phong va thiét ké ma

tiép

Hai tham s6 bat budc trude khi bat dau khéi diéu khién la:
1. Pudng dan t6i phan ving thuc thi cla céac tién trinh trén may tram Ppatn
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2. Gia tri ngudng st dung CPU va RAM, dugc ky hiéu 1an lugt 1a CPU,, 4, V& RAM 4,

Khi khéi diéu khién dugc bt dau, thudt toan mé ta hoat dong chi tiét ciia khdi diéu

khién duoc trinh bay trong Hinh PL.3.

e Budc 1: Thuc hién kiém tra trong duong dan P,q¢n €6 bao nhiéu tién trinh nao chua
thuc thi hay khdng (N > 07?). Néu “CO” gan gia tri cho N va chuyén sang thuc
hién Buéc 2, néu “KHONG” két thic.

e Budc 2: Mdi 30s thuc hién kiém tra tai nguyén may tram con kha dung hay khong
néu thoa ma dong thoi 02 diéu kién
o  Diéukién 1: CPUnjan tai < CPUpgy && RAMpjan tai < RAM oy

o  Diéukién 2: Diéu kién 1 thda man 05 lan kiém tra lién tiép.

Néu thoa mén 02 diéu kién trén nghia 14 diéu kién tai nguyén con kha dung 1a
“CO”, chuyén sang thuc hién Budce 3. Néu khong théa man 02 diéu kién trén, thuc

hién lai Budc 02.

e Budc 3: Thuc hién chay tién trinh can thyc thi va thuc hién gan laiN = N — 1.

Quay tré lai Budce 1.

Qua trinh nay lap di 1ap lai cho dén khi N = 0, hay néi cach khac khong con tién trinh
nao can thue thi. Khéi diéu khién st dung thuat todn nay mdt cach doc 1ap va khong phu
thudc vao tién trinh can thuc thi 1a cua khéi chirc nang nao.

Giao dién cua khéi diéu khién duoc minh hoa & Hinh PL.4 dudi ddy, cac phan hé chirc
nang chi tiét s& duoc trinh bay & cac ndi dung tiép theo khi giao tiép vi timg khdi chic ning

cu thé.
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® Code Design and Simulation System
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Generate Input
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Save

Generate Folder And Input Find Candidate + Simulate
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Load
00
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Search
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Start Auto
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100/100

4 x |8 N-M 172
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Save Generate Input

- O X
Run + Collect Search Data
Running Folder |C:\lsers\mam'\Desktop\temp\test Choose
Run Search Collect Raw Data Sort Data
Simulation Folder | Choose
Source Copy | Choose
Matrix List || choose

Run + Collect Find Best Candidate + Simulate Data

Line 1
1 7 9 8 Collect Simulate Best Candidate
Run Simulate Collect Simulate Data Collect Curve Data
THRESHOLD AUTOMATION
Rate Folder | Choose
Source Copy | Choose
MIMO |10 x |10 | Max keration [20
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Generate Input Collect Threshold Data

Hinh PL.4. Giao dién khéi diéu khién

2.2. Khéi thiét ké ma P-LDPC

Khéi thiét ké ma P-LDPC 1a khéi chirc ning thuc hién viée tim kiém va t6i wu ma

protograph LDPC. Qua trinh thiét ké gdm 02 giai doan nay dd duoc trinh bay trong Phan 3.2

& trén. Noi dung tiép theo s& trinh bay chi tiét qua trinh thuc hién va tuong tac ciia ching

trong tong thé hé théng mo phong va thiét ké ma P-LDPC. Mo hinh téng quan ctia khi thiét
ké ma P-LDPC dugc trinh bay trong Hinh PL.5 duéi day.

D¢ minh hoa qua trinh nay, st dung cac mo ta va yéu cau dau vao cua bai toan thiét ké

ma P-LDPC d3 duoc trinh bay chi tiét & Phan 3.2.1. Trong d6 cac tham sd dau vao gom:

1.

I4

Mot cap gia tri M va N thé hién cu hinh LS-MIMO (twong tng véi s6 dng ten thu

va ang ten nhan

Mot ma tran co s& B thé hién cau truc ma hoda cho trudc véi cac rang budc tuan

theo biéu thirc (3.19) va (3.20)

S6 1an lap giai ma toi da Iter,,q,
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Hinh PL.5. Khéi thiét ké ma P-LDPC

Giai doan 1 vé tim kiém mai, cac tham s dau vao & trén duoc nhap vao giao dién truc
quan trén khéi diéu khién nhu Hinh PL.6 du6i day. Quan sat Hinh PL.6, ngodi céc tham sb
nhu da trinh bay ¢ trén, dugc thiét 1ap trén giao dién hodc thong qua cai tép dir li¢u dau vao
(.txt), c6 mot nhom tham sb duoge sir dung giup chuyén tién trinh tim kiém tir don tién trinh
sang da tién trinh. Cac tham sd ndy gom: tong sb bién e, , 56 bién dugc sir dung dé chia
mién tim kiém €fix Va gid tri giéi han rang budc tap gia tri la efiy max- Y tuong ¢ day la
thay vi thuc hién don tién trinh trén mot mién tim kiém duy nhat, chung ta s€ chia nho mién
tim kiém thanh cac mién nho hon theo nguyén tac va thyc hién da nhi¢m, phan tan trén nhiéu
thiét bi khac nhau.

Str dung ma tran B co s& ban dau nhu trong biéu thirc (3.19) ta ¢ eypq = 12, gia st
chon er;, = 1Va gy, max < 4, nghia la chling ta s& stir dung mot bién dé chia mién va bién
nay co tap gia tri 1a {0, 1, 2, 3}. V&i thiét 1ap nay, thay vi thyc hién tim kiém don tién trinh
v6i mot mién duy nhat véi tong s6 bién can t6i uu 13 e,y = 12, ta s& chi va thuc hién nd

tim kiém da tién trinh véi 04 mién {0, 1, 2, 3} va mdi mién can toi wu e,pq; = 11, duoc minh
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hoa trong Hinh PL.7. Sy tiy bién s6 luong bién erix Va gia tri tuong tng cho cac bién nay
thOng qua ef;y, max JiUP Cac thir nghiém thiét ké ma duoc thudn loi, linh hoat vé tai nguyén
phan cting ciing nhu vé thoi gian. Day 1a yéu to rit quan trong boi qua trinh thiét ké, cu thé
1a tim kiém cdc ma tran g vién c6 ngudng giai ma thoa man mong doi, d6i khi phai thir

nghiém nhiéu 1an v&i cac thiét 14p khac nhau dé tim ra cu hinh phu hop nhét.

Generate Folder And Input Search
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Load Save Generate Input

Hinh PL.6. Giao dién thiét 14p tham s6 tim kiém ma P-LDPC

' €11 €12 €13 €14 0 1
gBl/zz €21 €22 €23 €24 1 1

€31 €32 €33 €34 1 0/5,.

¥

0 e, €3 €4 0 1 1 e3 €13 €4 0 1
B1;2 0= | €21 €22 €23 €24 1 1 31/21 = |ez1 ez2 €23 €24 1 1
e31 €32 €33 €34 1 0 €31 €32 €33 €34 1 0

/3 x6 | 3 x6

=
[y

2 ey €13 €4 0 1 3 e» €13 €14 0 1
= e e = e €
31;212 €21 €22 €23 €24 1 31}/213 €21 €22 €23 €24 1
3 %6 i 3 %6

e31 €37 €33 €34 1 0 €31 €32 €33 €324 1 0

Hinh PL.7. Mién tim kiém ma trin voi gid tri erq = 12, €riy = 1 VA €5y, max = 4
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Khdi diéu khién s& sinh ra cac thu muc chia céc tép can thiét va thuc hién qua trinh
thuc thi ty dong nhu dugc mo ta & phén 1.1 cta Phy luc. Giai doan 1 chi két thuc khi tat ca
cdc mién tim kiém d3 hoan thanh. Diéu nay goiy réng viéc lua chon sb luong céc bién duge
thiét 13p san ey, nén duoc xem xét voi hién trang tai nguyén hién co. Cubi ciing, & mdi mién
tim kiém s& co céac tép dir liéu luu két qua tim kiém 13 cac ma tran Gng vién thoa man ciing
ngudng giai mi 1ap twong Gmg ctia chung. Khdi didu khién s& thyc hién viée thu thap dit liéu
tai tit ca cic mién va tong hop lai thanh mot danh sach g vién cudi cing. Danh sach nay
s& duoc sap xép va gan dinh danh (ID) theo thir ty giam dan ngudng giai ma lap, nghia 14
céc ma tran c6 ngudng giai ma ldp thap nhat s& nam ¢ cudi danh sach. Qua trinh nay chi don
gian la viéc thu thap, doc tép van ban (.txt) va thuc hién sép xép dé dua ra tép két qua cudi
cung, 1 danh sach ing vién cho giai doan 2 ciia viéc thiét ké ma.

Giai doan 2 thuc hién tim kiém ma tran t6i wu dya trén danh sach cac ma tran ung vién
c6 ngudng giai ma lap thap nhat. Qua trinh nay dé dam bao rang ma tran Gng vién khong c6
hanh vi 15 san tai mot muc ti 16 16i nhat dinh tuy thudc vao tng dung ciia mi P-LDPC. Dé
thuc hién viéc nay thi can phai moé phong ma tran co s¢ ing vién trong mot mé hinh kénh
cu the, voi cac thong sd dau vao twong tu nhu cac két qua mo phong di trinh bay & Chuong
3, Chuong 4. Do viy, ndi dung ndy chi gi6i thiéu cac tham sb dic trung cho bai toan thiét

ké ma va da nhi€ém cac tién trinh toi vu.

Generate Folder And Input Find Candidate + Simulate
MxN |3 | x [6 | NM (3 2
Lift1 - L2 [4 | - [200 | Frame Size |2400
D [1-100 @
SNR |55 | e

Input LOPC || |

Input simulate I |

Load Save Generate Input

Hinh PL.8. Giao dién thiét 1ap tham sé t6i vu ma P-LDPC
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Thong thuong tai budc nay cac ma tran Gmg vién c6 ngudng giai mi nim trong nhoém
10 gi4 trj thap nhat s& duoc lwa chon dé xem xét hanh vi san 16i. Luu ¥ rang viéc ¢ nhiéu
hon mdt ma trdn ¢ cung ngudng giai ma 1ap hoan toan binh thuong. Do vay, tai budc nay
nha nghién ctru s& thuc hién xem xét, quyét dinh s lugng ma tran tng vién s& thuc hién md
phong bang cach thiét 1ap cac gia tri 1D cta ma tran co s¢ ¢ng vién va mac céng suat SNR
nhat dinh nhu minh hoa trong Hinh PL.8. Gia tri caa tham sb ID c6 thé duoc nhap bang
khoang gi4 tri (st dung -) hoic liét ké (sir dung ,). Khéi diéu khién s& sinh ra cac thu muc
tuong tng vai ting 1D dugc lua chon, thuy muc nay chira cac tép can thiét va thuc hién qua
trinh ty dong. Trong qu4 trinh ndy, modi tmg vién s& duoc thuc thi cho téi khi xuét hién mot
s6 lugng khung 15i nhat dinh, thuong dat 1a 100. Tuy nhién, do thoi gian dé dat dugc dén
gidi han nay 1a twong d6i dai nhu di phan tich trong phan mo dau cia phu luc ndy, c6 thé
lén dén 58 ngay néu chay don tién trinh cho 10 ung vién. Trong khi thuc té dé tim ra dugc
ma P-LDPC tbt nhét, thuong con sd Gmg vién can xem xét 16n hon 10 rat nhiéu. Do vay,
ngoai vi¢c thuc thi da tién trinh va phan tan trén nhiéu may tram, khdi diéu khién trong hé
thdng con thuong xuyén thyc hién kiém tra dé giai phong cac g vién c6 két qua kém hon
rat nhiéu dé tiét kiém thoi gian va tai nguyén tiép tuc thyuc hién céc tién trinh khac.

Két thac giai doan 02, két qua s€ phan tan & nhiéu thu muc, trén nhiéu may tram khac
nhau, lac nay khdi diéu khién s& thuc hién thu thap va tong hop két qua thanh mot danh sach
cubi ciing. Qua trinh thiét ké ma két thac khi nha nghién ciru dua ra quyét dinh cudi cliing vé
viéc ma trén nao s& 1a ma tran t6i wu. Nghia 13, khong phai ma trin co s& c6 két qua tot nhat
lac nao cling 13 ma tran toi vu.

Tiép theo, dé c6 thé thiét ké cic ho ma P-LDPC c6 ti 1é thich ung tr ma tran tdi wu vira
tim duoc & trén. Toan b qua trinh thiét ké ma duoc thuc hién lai tir ddu v4i tham s6 ma tran
co sé dau vao B, /3, Ma tran nay dugc xay dung sir dung cdu triic trong (3.17) tir ma tran t6i

uu B, /, vira tim dugc.
2.3. Khéi mé phéng mi P-LDPC

Khbi md phong ma P-LDPC c6 chiic niang xem xét hanh vi cia mot ma P-LPDC, cu
thé & day 1a cac gia tri BER hoic FER & cac muc cong suét tin hidu khac nhau. Dy 1a cach

pho bién dé chimg minh mot ma P-LPDC dugc thiét ké 1a hoat dong tot va dé thé hién do
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loi ma khi so sanh véi cac ma khac. Kién triic hoat dong khéi chic ning mé phong ma P-
LDPC dugc md ta trong Hinh PL.9 dudi day.

Mot giao dién sé dugc cung cép trén khdi diéu khién dé thuc hién tuong tac véi khdi
chtrc nang mé phong ma nhu trong Hinh 5.10. Twong tu nhu cac khdi chire ning khac duoc
trinh bay ¢ trén, cac tham s6 s& duoc thiét lap dé chi ra mai truong thyc thi ctia cac tién trinh
mo phong nhu phan ving, may tram. Tiép theo 13 cac tham sb lién quan téi mé hinh mé
phong ciia h¢ théng nhu cau hinh MIMO, d6 phéan giai b ADC .... Cubi cung la cic tham

s6 dic trung cho chirc ning moé phong ma P-LDPC.

Gen va thwe thi

&

Mathlab Két qua mé phéng

KHOI BJEU KHIEN

Gen va thwc thi

Hinh PL.9. Kién traic khdi chirc ning mé phong ma P-LDPC

V& ban chat viéc md phong md P-LDPC duoc thuc hién twong tu nhu viéc md phong
trong giai doan 2 cua qua trinh thiét ké ma. Diém khéc biét thi nhat, véi mdi ma P-LDPC
dugc xem xét thi cac tham sé dic trung dau vao ID 1a mot gi tri c6 dinh va SNR 1a mot
mién gia tri. Trong do, tham s6 SNR c6 thé nhap theo dinh dang mién gia tri (st dung “-”)
cung véi tham sb SN Rgtep dé thé hién cho cac budc nhay hay khoang cach giita cac diém
trong mién nay. Diém khac biét thtr hai, két qua dau ra cua qua trinh mé phong duoc luu trix
dudi dang tép van ban, sau d6 khdi diéu khién s& thuc hién viéc thu thap, trich rit dé lay ra

cac dit liéu can thiét cho viéc mo phong trén Mathlab. Dt li¢u ndy dugc luu dudi dang tép
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v6i phan dudi mo rong . m, tir d6 c6 thé md va thao tac tryc ti€p trén cong cu Mathlab va
xuat ra cac hinh vé két qua twong ing. Pay 1a mdt chirc nang rat hiru ich, boi cong viée thu
thap dit liéu va vé& két qua md phong 1a cong viéc ton nhiéu thoi gian, cong stc va dé gy ra

nham lan.

Generate Folder Simulate

Simulation Folder

Choose
Source Copy | Choose
Input Simulation |1{0} 101001101013 _ Save
Range Step |2

Generate Input

Hinh PL.10. Giao dién khéi diéu khién twong tac véi khéi chirc ning mo phong ma

3. Pdnh gid hé thong mé phéng va thiét ké ma P-LDPC

Nham x4c minh tinh hitu ich cta hé thong moé phong va thiét ké ma dé xuat, ndi dung
nay trinh bay mot tinh huéng dién hinh dugc 4p dung trong qua trinh nghién ciru. Cac sd
li¢u tinh toan mang tinh dinh tinh s€ minh hoa cho hi¢u qua thiét thuc ma hé théng mang lai.

Tinh hudng duoc xem xét 14 sir dung mot tai nguyén cu thé cho bai toan thiét ké ma P-
LDPC nhu mé ta trong Phan 3.2.1 cho 2 truong hop: C6 sir dung va khong sir dung hé théng
mo phong va thiét ké ma.
O giai doan 1, tién trinh tim kiém ma trin ma duoc thue hién véi cdc tham sd nhu sau:

e Thoi gian xtr 1y trung binh cho mot ma trén 1a t; = 0,18 gidy va gia st 1 bang nhau
& tat ca cic may tram

e Tong so bién egypq; = 12, nhur vay tong sO ma tran can xem xét 1a By = 412
O giai doan 2, tién trinh md phong loc ra ma tran tot nhat trong danh sach cac trng vién duoc
thuc hién vo1 cac tham so:

e SO ma tran xem xét mo phong Bg = 100

e SO khung xem xét cia mdi ma tran F, = 10°

e Thoi gian xtr Iy mot khung trung binh tz = 0,3 s
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Mo ta chi tiét vé tai nguyén duogc sir dung trong tinh hudng nay duogc trinh bay trong

Béng PL.1 dudi day.

Bang PL.1. M0 ta tai nguyén may tram

Tén may tram Ngudng su dung tai nguyén S6 tién trinh
PC, CPU; max = 90%, RAM; 10, = 80% T, =8
PG, CPU;z max = 75%, RAM; 1ax = 80% T, =12
PC; CPU3 max = 80%, RAM3 0, = 80% T; =14

3.1. Khéng sir dung hé thong

Dit tsogren VA trier 140 luot 12 thoi gian thyc hién giai doan 1 va giai doan 2 trong
qua trinh thiét ké ma duoc mo ta o trén. Trong trudng hop don tién trinh trén mot may tram,
ap dung biéu thtrc (5.1) va (5.2), chung ta c6:
Bg X tg _ 4'?x 0,18 giay

Npcs 1

= 3019898,88 (838,8608 gio)

tsearch =

Bg X F, Xtz 100 x 10° x 0,3 ; B
tritter = = =107 (2777,77 gio)
Npc,r 3

Luu y rang, so luong may tram c6 thé dung cho giai doan tim kiém chi la np. ¢ = 1, do day
la mot tién trinh nguyén khoi véi mdt dau vao duy nhat 1a tdp ma trdn co s¢ ban dau. Boi
v6i giai doan loc, do B 1a tdp cac ma tran ung vién roi rac nén hoan toan cé thé chia nho

dau vao dé thyc hién trén tat ca may tram, cu thé & day la Npcs = 3.
3.2. C6 sir dung hé thong

Trong trudng hop c6 sir dung hé thong moé phong va thiét ké ma, hai kich ban lya chon
khac nhau s€ dugc xem xét cho giai doan tim kiém trong thiét ké ma P-LDPC . Su khac biét
1a & viéc lya chon sd bién duoc thiét 1ap trude epy, nhu thé nao dé phu hop, tdi wu véi tai
nguyén hién co. Trong d6, mot rang budc can tuan thi 14 két qua cudi cung cua khéi chirc
ning chi co duoc khi tit ca cac tién trinh phan tan, da nhiém déu di hoan thanh. Véi Bang
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PL.1 mb ta vé tai nguyén may tram c6 thé stir dung ctia hé thdng, thi tai mot thoi diém sb

lugng tién trinh c6 thé thyc hién dong thoi:
YN_ PCyxTy=1x8+1x12+1 x14 =34

Kich bén 1: S5 bién thiét 13p trudc epi; = 2 va mién gié trj ciia bién epiy max < 4.
Nhu vy mién tim kiém s& dugc chia thanh 42 = 16, trong tng tong sb bién tdi vu cho ting
mién 13 eroza; opr1 = 10 VA By gpe1 = 410 cho mdi tién trinh.

Dit t5 oper Vaty, oper lan luot 13 thoi gian thuc hién giai doan 1 va giai doan 2 cia
qua trinh thiét ké ma c6 str dung hé théng. Do s6 mién tim kiém 14 42 = 16, nho hon s6 luong
tién trinh kha dung tai mot thoi diém cua tai nguyén 1a 34 nhu tinh ton & trén. Nhu vay 1a

thot gian thyce hién giai doan 1 tim kiém ma sé& giam di 42 = 16 lan.

t
ts, opt1 = Sefgc" — 188743,68 (52,4288 gi®)

Kich ban 2: S6 bién thiét lap trudc ey, = 3 va mién gia tri cta bién rix, max < 4
Nhu vay mién tim kiém s& duoc chia thanh 43 = 64 va tong s6 bién t6i uu cho ting mién la
ere = 9, twong tmg v6i By = 4° cho mdi tién trinh.

Dit t5 ope2 Vaty, ope2 1an luot 13 thoi gian thuc hién giai doan 1 va giai doan 2 cua
qua trinh thiét ké ma c6 sir dung hé théng. Do s6 mién tim kiém 13 43 = 64, 16n hon s6 luong
tién trinh kha dung tai mot thoi diém cua tai nguyén 13 34 nhu tinh toan & trén. Nghia 1a
chidng ta s& can 02 1an str dung tai nguyén dé c6 thé hoan thanh hét 64 mién tim kiém. Nhu
vay thoi gian thuc hi¢n giai doan 1 tim kiém mai la:

tSearch

X 2
ts, optz = T4 = 94371,84 (26,2144 gi®)

Ca Kich ban 1 va Kich ban 2 déu cho thoi gian thuc hién giai doan 2, loc cac ma tran
{ng vién dé tim ma trn co s6 tt nhat 14 giéng nhau. Bdi nhu da giai thich trong phan trudc,
day la cac trng vién ro1i rac co thé thuc hién mé phong doc 1ap. Cu thé, chuing ta sé can 03
1an sir dung tai nguyén dé c6 thé hoan thanh viéc mo phong hét Bg = 100 ma tran Gng vién.

Thoi gian thuc hién giai doan 02 cua cé hai kich ban la:
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tr, opt1 = tF, opt2 = 31

tFilter X 3

= 882352,94 (245,09 gio)

Két qua tong hop cua tinh hudng dién hinh nay duoc trinh bay trong Bang PL.2 duéi

day.

Béang PL.2. So sanh thoi gian thyc hién thiét ké ma P-LDPC

Cong viéc Khong sir dung hé C6 sir dung hé théng | C6 sit dung hé thong
théng Kich ban 1 Kich ban 2
(gio) (gio) (gi0)
(1)Tim kiém ma 838,86 52,428 26,21
(2) Loc tng vién 2777,77 245,09 245,09
Tong 3616,63 299,51 271,3

Quan sat vao Bang PL.2, vi mot tai nguyén nhat dinh (cu thé 3 may tram) cac nha
nghién ctru trude day can phai rat kho khin dé c6 thé thuc hién viéc thiét ké ma P-LDPC.
Téng thoi gian dé thuc thi hét toan bd qua trinh nay 1én dén khoang 3616,63 gio, hay khoang
150 ngay. Piéu nay din dén trong mot sb tinh hudng, cac y tudng nghién ciru bi bo dé hodc
cac két qua co thé chua phai 1a két qua t6t nhat ma chi 13 cac két qua dat dugc theo mong
mudn va can dbi voi ngan sach vé thoi gian. Nguoc lai, khi str dung hé théng, du voi kich
ban nao thi tong thoi gian thyc thi ciia toan b qua trinh chi tr 271,3 t&i 299,51 gid, hay
khoang 11 — 12 ngay. Piéu nay cho phép cac nha nghién ctru c6 thé c¢6 két qua nhanh hon
dé kiém chimg cac suy luan 1y thuyét cling nhu thue hién thtr nghiém nhiéu ¥ tudng, cau

hinh khac nhau.

C6 thé thay, hé théng mo phong va thiét ké ma da dem lai nhimng hiéu qua déng ké vé
thoi gian nhu trinh bay & trén. Bén canh d6, cac qua trinh tiéu ton nhiéu thoi gian, cong s,
dé gay nham 13n va khoé dinh luong mot cach chinh xac nhu thu thap dir li¢u, téng hop, trich

xuat bao cdo ciing duoc hd tro.
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4.  Két lugn

Noi dung Phu lyc 1 trinh bay vé hé thong mé phong va thiét ké ma P-LPDC cho hé
théng LS-MIMO dugc xiy dung trong thuc té qua trinh nghién ctru cta luan an. Y tudng
chinh trong thiét ké cua hé thdng 1 ap dung k¥ thuét 1ap trinh phan tan ma 1énh cua cac chire
ning tiéu tén nhiéu tai nguyén, thoi gian xir Iy. Tir d6, cac cong viée trude day doi hoi can
phai c6 phong lab du manh, du 16n vé sé lwong méi c6 thé thuc hién duoc thi nay c6 thé
thuc hién dugc voi cdc may tram két hop vo1 hé théng duogc xay dung mai ndy.

Trong thiét ké tong thé cua hé théng, khdi didu khién va cac khdi chice niang 1a doc 1ap
v6i nhau ca vé cong nghé 1an chirc ning nhiém vu. Cu thé, khéi diéu khién duoc xay dung
trén ngdn ngir 1ap trinh C#, cac khéi chirc nang nhu tim kiém, mo phong dugc phat trién
bang C/C++ dé tan dung ti da uu diém trong xtr Iy va 1am viéc voi phan cling clia ngon ngit
nay. Piéu nay ciing cho phép khi ¢ cic huéng nghién ciru, chirc ning mai thi viée tich hop
vao hé thong chi don gian 1a khai bao cac tham sé cho phép chwong trinh nay hoat dong &
cac phan vung va may tram khac nhau.

Cubi cing, mét tinh hudng dién hinh trong thiét ké ma P-LDPC ¢ ti IR = 1/2 va
céu hinh LS-MIMO 10 x 10 dugc thuc hién véi cac kich ban khac nhau. Két qua ¢a minh
chtng cho wu diém vuot trdi vé thoi gian thuc hién cua hé théng mé phong va thiét ké ma

P-LDPC cho hé théng LS-MIMO duoc dé xuat.
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