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dinh v& x& hoi, gitp nghién ctu sinh dat duge nhitng két qua nhu hom nay.
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MO DAU

V6i su phéat trién khong ngiing ctia nganh dién t@ truyén thong trong
nhitng nim qua, ciing véi nhitng nhu cau vé dich vu ngay cang da dang cia
con ngudi, dang 14 nhitng dong luyc phat trién manh mé trong linh virc thong
tin di dong. Cac nhu cau veé lien lac, cong viéc cling nhu gidi tri clia con ngudi
ngay cang c6 nhitng doi hdéi khat khe hon vé chat luong, tinh on dinh va sy
linh hoat dé tdi da héa trai nghiém ctia ngusi ding. Bén canh d6, nhu cau
vé pho tan la rat 16n. Tuy nhién, yéu t6 dé md rong pho tan lai rat han ché
va ¢6 chi phi cao. Dé dap ting yéu cau do, cac nha nghién citu, thiét ké vién
thong phai tim ra cac gidi phap ky thuat dé xay dung cidc mang vién thong
khong day co6 tdc do truyén tai dit lieu cao hon, chat lugng dich vu t6t hon
va dung luong hé théng mang phai 16n. Mot trong nhitng gidi phap dé nang
cao hieu qua st dung tai nguyeén tan so6 1a cong nghé truyén thong vo tuyén
stt dung da &ng-ten, hay con goi 1a he théng da dau vao, da dau ra (MIMO:
Multiple Input Multiple Output) [2], [3]. K§ thuat nay cho phép khai thac
tang ich phan tap dé lam ting do tin cay truyén tin vi tang ich ghép kénh
dé gia tang dung luong cia hé théng thong tin.

Ky thuat MIMO da dugc nghién citu rong rai trong hai thap ky qua va
dugc ap dung cho nhiéu chuan khong day, kj thuat nay cho phép cai thién
dang ké vé dung luong va do tin cay ctia hé théng. Nhitng nghién citu ban dau

tap trung vao cidc mo hinh MIMO diém - diém (Point - to - Point MIMO),



trong d6 cdc may phat va may thu duge trang bi da dng-ten [2], [3]. T cac
két qua nghién cttu tréen mo hinh don gidn MIMO diém - diém, cAc nghién
cttu tiép theo tap trung vao mo hinh thuc t&¢ MIMO da nguoi dung (MU-
MIMO: Multiuser Multiple Input Multiple Output). Hon nita, do dic tinh
phan tap da ngudi dung, hieu suit cta hé thong MU-MIMO it nhay cam
véi moi truong truyén thong hon so v6i hé théng MIMO diém - diém. Két
qua 13 mo hinh MU-MIMO tré thanh mot phan ctia cac chuan nhu 802.11
(WiFi: Wireless Fidelity), 802.16 (WiMAX: Worldwide Interoperability for
Microwave Access), LTE (Long Term Ewvolution) va dang dugc trién khai
tren khip thé giéi [2]. Tuy nhién trong hau hét cac hé thong MIMO dang
trién khai, cAc tram gbc (BS: Base Station) thuong chi trang bi mot s6 it
ang-ten (thuong it hon 10 [2]), vi vay hiéu sudt st dung pho tan va dung
luong hé thdng chua thuce sy dap ting duge nhu cau ngay cang cao clia ngudi
dung.

Dé giai quyét van dé nay, mot he théng méi da duge dé xuat, dude goi la
he thong Massive MIMO [3] - [6]. Massive MIMO 1a cong nghe st dung mang
ang-ten, v6i s6 lugng cac phan ti trén mang cé thé lén t6i hang tram, nhim
muc tiéu tang dung lugng truyén dan va cai thien do tang ich clia dng-ten
len rat nhiéu lan. Massive MIMO md rong khai niem MU-MIMO béang cach
gia ting dang ké s6 luong ang-ten dudc trién khai tai tram gbc BS dé tang sb
luong ngudi dung dudc phuc vu dong thoi trén cing mot nguon tai nguyén
tan s6. So véi cac hé thong MIMO truyén thong, hé thong Massive MIMO
cho phép tang hiéu suit sit dung phd c6 thé lén dén 10 lan, thong qua viée st
dung hang triam dng-ten dé phuc vu cho hang chuc ngudi ding ¢ tdc do cao

[T1T]. Bén canh d6, he théng Massive MIMO cho phép cai thien dang ké dung



lugng kénh truyén ciing nhu ty 1¢ 161 bit (BER: Bit Error Rate) hée thong [3].
Massive MIMO 1a mot ki thuat day trién vong cho cac hé théng thong tin vo
tuyén thé he ké tiép (5G: Fifth Generation Cellular Network) [3], [12], [11].

Tuy nhién, viéc trién khai s6 lugng rit 16n cic dng-ten thu/phat tai mdi
BS dan t6i 6 chudi cao tan vo tuyén (RFC: Radio Frequency chains) tai BS
tang len, van dé dong bo gitta cic dng-ten phat trd nén phtc tap hon.... Bén
canh d6, cac thiét bi phia trude giao dién vo tuyén rat phic tap, cong kénh
va dat tien va ty le véi so lugng ang-ten duge st dung. Bang cach st dung
cic ki thuat lua chon dng-ten phat sé 1am gidm chi phi 1ap dit va do phic
tap ma van c6 thé dat pham chit BER cao. Thay vi tin hiéu dugc truyén
di trén tat cA cdc ang-ten phat, chi nhitng dng-ten nao to6t nhat sé duge lya
chon dé truyén tin hieu. Ky thuat lua chon ang-ten phat da dugc nghién citu
rong rai trong nhiéu thap ky qua, trong d6 cac dé xuat trong [53] va [54] 1a
nhitng cong trinh dit nén moéng cho huéng nghién cttu nay trén cac hé thong
MIMO. Theo d6, trong [53]|, Heath cling cac cong su dé xuat thuat toan lya
chon #ng ten phat bang cach phan tich ty s6 cong suat tin hiéu trén tap am
(SNR: Signal to Noise Ratio) trén ting dng-ten phat trong su két hop voi
cac bo tach séng tuyén tinh. Dé gidm do phic tap tinh todn, trong [54], tac
gid dé xuat thuat toan luya chon dng-ten phat cho hé thong MIMO dua trén
tinh tang ich kenh biang phép tinh norm cac cot ma tran kénh truyen.

T nhitng nghién ctu trén hé thong MIMO, ki thuat lya chon dng-ten
phat tiép tuc duge nghién citu phét trién trén cac hé théng da ngusi dung
(MU-MIMO va Massive MIMO). Trong [49], cic tac gid dé xuat thuat toan
lua chon #ng-ten phat cho heé thong MU-MIMO béang cach phan tich tham

s sai s6 binh phuong trung binh (MSE: Mean square error) tuong ing vdi



cac bo tién ma hoa tuyén tinh. Véi dé xuat nay, nhitng dng-ten ddm bao diéu
kien MSE nhd nhét sé 13 nhitng dng-ten phat duge Iyga chon. Trong tai lieu
tham khao [45], Bing Fang va cac cong sy dé xudt phuong phap lya chon
ang-ten phéat cho he théng Massive MIMO song cong phan chia theo thoi
gian (TDD: Time Division Duplexing) bang cach cyc dai héa he s6 dinh thic
(determinant modulus) ma tran keénh truyén. Céc dng-ten phat duge lua chon
bang phép lap hoan vi thoi gian thyc trén co sd phan tich dung lugng kénh.
Tuy nhién viéc ap dung dé xuét trong [49] vao thuyc té hé thong Massive
MIMO ciing nhu dé xuét trong [45] dang 1a mot thach thite. Béi 18, cac thuat
toan nay déu lya chon lan lugt ting dng-ten qua mdi budc lya chon. Diéu
nay dan t6i do phiic tap tinh toan ctia cac dé xuat 1a rat 16n va mat nhicu
thoi gian khi s6 lugng ang-ten phat tai mdi BS ting lén hang tram dng-ten,
trong khi thai gian tré danh cho viéc xit 1y tin hiéu trong Massive MIMO 1a
rat nho. Do d6, nhitng nghién ctu, dé xuat cac ki thuat Iga chon ang-ten
phat c6 do phiic tap thip cho hé thdng Massive MIMO 1a can thiét va c6 ¥
nghia.

Kho khin chinh trong truyén dit liéu tir cac tram goc t6i cac thiét bi dau
cudi & qué trinh tach nhitng tin hiéu cta nhiéu nguoi dung da bi tron 1an &
phia may thu, dé mdi ngudi dung lic nay chi nhan dude phan tin hiéu mong
mudn, thanh phan xuyén nhiéu ti nhitng ngudi dung 1an can can dugc loai bo
[9]. Mot trong nhitng phuong phap thuong duge st dung 1a ky thuat tién ma
hoa (Precoding). Trong phuong phap nay, tin hiéu ctia cac ngusi dung khac
nhau duge ma hoéa va xit Iy trude khi truyén. Trong hé thong Massive MIMO,
viéc trang bi s6 lugng 16n cdc dng-ten tai cdc BS va s6 lugng 16n nguoi dung

duge phuc vu dong thoi 1am cho véc-to tin hiéu thu, phat va ma tran kénh



truyén co6 kich thuéce 16n hon rat nhiéu so véi hé thong MU-MIMO. Diéu nay
dong nghia v6i qua trinh xit I tin hiéu phat va tin hiéu thu trong hé thong
Massive MIMO tré nén phiic tap hon. Cac quéa trinh xit Iy phiic tap nay dugce
uu tién thue hién tai phia BS trong Massive MIMO [3], [12].

Khi s6 luogng dng-ten tai phia BS 16n hon rat nhiéu sb lugng ngudi dung, cac
bo tién ma hoa tuyén tinh nhu cudng bitc bang khong (ZF: Zero Forcing), sai
s6 binh phuong trung binh cyc tiéu (MMSE: Minimum Mean Square Error)
dé xuat trong [7], [8], [9] dugc xem nhu 1a nhitng gidi phap can t6i uu. Ben
canh d6, cac thuat toan tién ma héa phi tuyén nhu ma héa gidy ban (DPC:
Dirty Paper Coding) dé xuat trong [10] va tién ma hoa Tomlinson Harashima
(THP: Tomlinson Harashima Precoding) dé xuat trong [9] cho ty 1¢ 161 bit
BER t6t hon cac thuat toan tién ma héa tuyén tinh. Tuy nhién do phic tap
clia cAc thuat toan phi tuyén nay 1a rat 16n khi s6 lugng ang-ten tai BS va s6
lugng ngudi duing tang leén. Vi vay, viec ap dung cac thuat toan tién ma hoa phi
tuyén vao hé thong Massive MIMO dang 1a mot thach thitc. Bén canh do, dé
loai bé nhiéu tu nhitng ngudi dung 1an can va cai thien dung luong hé théng,
thuat toan chéo hoa khoi (BD: Block Diagonalization) dé xuat trong [18] dugc
ap dung. Tuy nhién do phtc tap cta thuat toan BD la khong phu hop cho
hée thong Massive MIMO do phai thic hién rat nhicéu phép toan phan tach
gi& tri don nhat (SVD: Singular Value Decomposition) ma tran kénh truyén.
Trong bdi canh nay, ton tai cic dé xuat khac nhau dé gidm do phic tap
ctia thuat todn BD nhu thuat toan phan tach QR trén co s chéo hoa khoi
(QR-BD: QR decomposition based on Block Diagonalization) va thuat toan
chéo hoa khdi gid ddo (PINV-BD: Pseudo Inverse Block Diagonalization) dé

xuat trong [15] va [17] tuong tng. Viec thiét ké cac bo tién ma hoa c6 do



phiic tap thip cho duong xudng hé thong Massive MIMO dang 1a mot hudng
nghién citu thu hit duge nhiéu sy quan tam ctia cac nha khoa hoc.

He théng Massive MIMO 1a mot bude dot pha hieén nay, hita hen 1a mot
ky thuat day tiém ning, phat huy hét kha ning cia cong nghé truyén dan
MIMO. Véi nhiing Iy do trén Massive MIMO dang 1a mot huéng nghién cttu
méi cho rat nhiéu cic hoc gia trong va ngoai nude. DA c¢6 nhiéu cong trinh
nghién ciu lién quan dén ki thuat lya chon #ng-ten phat va k§ thuat tien
ma hoéa trong cac hé thong Massive MIMO dugc cong bd. Tuy nhién con rat
nhiéu van dé vé 1y thuyét can tiép tuc nghién cttu va gidi quyét. Chinh vi vay,
nghién cttu sinh da lga chon va thice hién dé tai “ Nghién ciu ki thudt lua
chon dng-ten phdt va tién ma hoéa cho hé thong Massive MIMO”
mang tinh cip thiét, c6 ¥ nghia khoa hoc cao va phit hop véi xu thé thoi dai.
Dé tai tap trung vao hai huéng nghién cttu chinh dé 13 dé xuat cac ky thuat
lita chon dng-ten phat va ky thuat tién ma héa cho duong xudng trong he
thong Massive MIMO. Nhitng két qua dat dugce ciia luan an sé gép phan xay
dung vitng chic co sé 1y thuyét vé xi 1y tin hiéu trong Massive MIMO, gop
phan dua hé théng vdo ing dung trong thyc té.

Muc tiéu nghién ctu

Luan 4n gom ba muc tiéu nghién ciu:

1. Nghién cttu nhitng van dé co ban vé diac diém, vu diém, nhuge diém,

nguyén ly hoat dong ctia hé théng Massive MIMO.

2. Nghién cttu dé xuat thuat todn lga chon ang-ten phat c6 do phic tap

thap cho duong xudng he théng Massive MIMO.

3. Nghién citu dé xuat cidc thuat toan tién ma hoéa c6 do phic tap thap,



pham chat BER cao trong su két hop giita cac thuat toan tién ma hoa
tuyén tinh v6i cac k§ thuat rat gon gian (LR: Lattice reduction) va ki
thuat phan tich thanh phan chinh (PCA: Principal component analysis)
cho hé thong Massive MIMO.

Déi tugng nghién ciu

e Cac ki thuat lua chon &ng-ten phét trong cidc hé théng MIMO, MU-
MIMO, Massive MIMO.

e Cac k¥ thuat tién ma hoa tuyén tinh.

e Cac ky thuat rat gon gian LR.

e K7 thuat phan tich thanh phan chinh PCA.

Pham vi nghién ciu

Heé thong Massive MIMO song cong phan chia theo thai gian.

Phuong phap nghién ctiu

Két hop giai tich véi mo phéng Monter-Carlo trén Matlab:

e Phuong phap giai tich dudc sit dung dé thiét 1ap cac biéu thiic toan hoc

xay dung thuat toan, tinh toan do phtec tap.

e Mo phong Monter-Carlo duge 4p dung dé mo phéng lai cAc cong trinh
ma ludn an c6 tham chiéu ciing nhu cac dé xuat dé kiém ching, phan

tich 1y thuyét, so sanh va danh gia chat lugng hé thong.

Doéng gép cua luan an

Mot s6 déng gop chinh ctia luan 4n c6 thé duge tém tit nhu sau:



1. Trén co s6 thuat toan lya chon dng-ten phat t6i wu trong [9)], nghien ciiu
sinh dé xuat cac thuat toan lga chon dng-ten phéat theo nhém, do phiic
tap thap dya trén co sd phan tich dung lugng kénh truyén cho hé théng
Massive MIMO, trong di¢u kién thong tin trang thai kénh truyen (CSI:
Channel State Information) tai BS 1a hoan hdo. Dung lugng kénh truyén
cia mdi nhém ang-ten duce lya chon duge tinh bang phép phan tach
SVD va phép tinh dinh thic ma tran kénh truyén. Nhitng nhém #ng-ten
c6 dong gop nhiéu nhat vao tong dung luong kénh truyén 1a nhitng nhém

ang-ten phat dugc lua chon.

2. Dé xuat cac thuat toan tien ma hoéa theo nhém LR-LGP va ZF-GP-LR
trén co sé cac bo tién ma hoa tuyén tinh két hop véi ki thuat t6i thiéu
véc-to dai nhat rat gon gian trén co sd phan tit (ELR-SLV: Element-based
lattice reduction shortest longest vector [56]) va ki thuat tdi thiéu co sé
dai nhat rat gon gian trén c¢o s6 phan tt (ELR-SLB: Element-based lattice
reduction shortest longest basis [56]), hoat dong trong cac diéu kién kenh
truyén hoan hao va kénh truyén c6 tuong quan. Két qui mo phong cho
thay rang do phic tap tinh todn clia cac bo tien ma héa dé xuat thap
hon dang ké, trong khi pham chat BER ctia dé xuat 13 gan tiém can vdi
dé xuét trong [16] khi s6 lugng nhém tang len. Bén canh d6, trong viing
SNR cao, bo tién ma hoa dé xuat ZF-GP-LR cho pham chit BER t&t
hon so v6i dé xuat trong [16]. Két qua mo phéng ciing cho thay ring,
kénh truyén tuong quan cé anh hudng xau dén pham chat BER ciia hé

thong doi v6i tat ca cac bo tién ma héa dude 4p dung.

3. Trén co sd k§ thuat phan tich thanh phan chinh PCA, dé xuat bo tién



ma hoéa c6 do phitc tap thap trong diéu kién kénh truyén tit BS dén tat ca
ngudi ding 14 khong hoan hio. Két qua mo phéng cho thiy ring pham
chat BER ctia hé thong khi st dung tat cd cic bo tién ma hoa déu phu
thuoc vao sai s6 udc lugng kénh truyén. Bén canh do, thuat todn dé xuat
cho pham chiat BER tuong duong, trong khi do phiic tap tinh toan cia

thuat toan dé xuat thap hon so véi cac dé xuat trong [16] va [21].

B6 cuc luan an

Luan an duge tO chiic theo 3 chuong, b cuc cu thé nhu sau.

e Chuong 1: TONG QUAN VE HE THONG MASSIVE MIMO.

Noi dung trong Chuong 1, Luan an trinh bay nhiing van dé téng quan
vé he thong Massive MIMO. Bdi canh nghién citu lien quan dén cac ky
thuat lya chon #ng-ten phat va kj thuat tién ma héa ciing dude trinh
bay trong chuong nay. Trén co sé nhitng van dé con ton tai ciia cic cong
trinh da cong b6 dé xac dinh bai toan Luan an can gidi quyét. Nhiing
noi dung trong Chuong 1 1a co sé cho cic nghién ciu, dé xuit trong cac

chuong tiép theo.

e Chuong 2: KET HOP KY THUAT LUA CHON ANG-TEN PHAT VA
KY THUAT TIEN MA HOA THEO NHOM CHO HE THONG MAS-
SIVE MIMO TRONG DIEU KIEN KENH TRUYEN HOAN HAO.
Trong chuong nay, Luan an trinh bay dé xuat cac ki thuat lya chon
ang-ten phat theo nhém trén co sé phép phan tach SVD va phép tinh
dinh thic ma tran cho hé thong Massive MIMO. Bén canh d6, bo tién

ma hoéa theo nhom dudce thiét ké trén co sd cac bo tién ma hoa tuyén
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tinh két hop véi thuat toan rat gon gian ELR-SLV ciing dudge trinh bay

trong Chuong 2.

Chuong 3: KY THUAT TIEN MA HOA CHO HE THONG MASSIVE
MIMO TRONG DIEU KIEN KENH TRUYEN CO TUONG QUAN VA
KENH TRUYEN KHONG HOAN HAO.

Trong Chuong 3, trinh bay dé xuat bo tién ma hda theo nhom co sy két
hop gitta cac ky thuat tién ma hoa tuyén tinh va ki thuat rat gon gian
ELR-SLB trong diéu kién kénh truyén c6 tinh tuong quan theo ham mi
gifta cac ang-ten thu/phat. Dong thoi, bo tién ma hoa dé xuat trén co
sd sut ho trg ctia ki thuat PCA trong diéu kién kénh truyén khong hoan

hao cling dugce trinh bay trong chuong nay.



Chuong 1
TONG QUAN VE HE THONG MASSIVE MIMO

1.1. Qua trinh chuyén tiép tit MIMO dén hé théng Massive
MIMO

Trong nhitng ndm qua, thé giéi dang chiing kién sy ta ting khong ngiing
ve 86 lugng cac thiét bi dau cudi di dong. Theo béo cao cua Ericsson [1],
thué bao st dung dién thoai thong minh trén toan cau vao khoadng 3.4 ty vao
nam 2015, va du kién tang lén 6.1 ty vaho nam 2021; Iuu luong data trén mdi
dién thoai thong minh ciing tang tu 1.4 GB/thang/thiét bi ndm 2015 dén
khoang 8.5 GB/thang/thiét bi vao nam 2020 . Trong khi d6 tai nguyén vo
tuyén cho thong tin di dong la hitu han. Mt khac vin dé md rong pho tan
lai rAt han ché va c6 chi phi cao. Mot trong nhitng giai phap dé nang cao hiéu
qua st dung tai nguyén tan sé 1a cong nghé truyén thong vo tuyén st dung
da ang-ten MIMO [2], [3].

Bén canh d6, nhu cau ngdy cang cao clia ngudi st dung doi hdi cac he
thong khong day thé heé tiép theo phai c6 chat luong t6t hon, an toan hon,
hiéu qua vé cong suat, dudc trién khai trong cac moi truong khac nhau. Dong
thoi, cac thiét bi di dong cam tay phai nhd gon. Hon nita, ching phai hoat
dong dang tin cay trong cac loai moéi truong khac nhau. Cac hé thong thong
tin di dong thé he 3 (3G) va thé hé 4 (4G) da duge chuan hoa viéce ting dung
cong nghé MIMO dé tang téc do hay do tin cay khi truyén dit licu. Tuy nhién,
cac tieu chuan hién tai méi chi quy dinh viec st dung cac cau hinh MIMO c¢6

11
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nhé. Diéu nay chua cho phép phat huy hét nhitng tiém ning ma cong nghe
MIMO mang t6i [2], [22].

He théng Massive MIMO 1& mot bude dot pha hien nay. N6 hita hen 13
mot ki thuat day tiém nang, phat huy hét kha ning clia cong nghé truyen
dan MIMO. Qu4 trinh chuyén tiép tir hé thong MIMO dén Massive MIMO
trai qua céc giai doan phat trién va ké thita nhitng wu diém tit cac hé thong

MIMO diém - diém dén hé théng MIMO da ngudi dimg.
1.1.1. He théng MIMO diém - diém

Hé théng MIMO diém - diém dude quan tam nghién citu tir cudi thap nién
nhitng nam 1990 [23] - [26]. Hién nay da tré thanh chuan trong cic hé thong
thong tin bang rong, chang han nhu chuan LTE [27], [11].

Xem xét mo hinh he théng MIMO diém - diém dudng xuéng dugc mo ta
trong Hinh . Trong mo6 hinh nay, BS dugc trang bi Ny ang-ten phat, tai
mbi thdi diem BS chi phuc vu duy nhat mot thiét bi dau cubi. Thiét bi dau

cudi dude trang bi K dng-ten thu.

CSI
1 p . ‘.‘:..“
Cic ludng dit ligu | X ly ' . Ty h
——»| tin [ . \ .
hidu oL Xurly | Céc luong dit liéu
.| higu
&
K ang-ten tai nguoi
dung

Nr ang-ten tai BS

Hinh 1.1: M6 hinh kénh dugng xubng hé thong MIMO diém - diém [6].
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Theo Iy thuyét Shannon, hi¢u quéi st dung pho tan (tinh theo bit/s/Hz)
dudng xubng ctia hé théng MIMO diém - diém khi c6 nhiéu Gauss tai phia

thu duge mo ta nhu sau [6]:

Cdl = 10g2 <IK + @HHH)
Ny

— log, (IK + @HHH> . (1.1)

Trong d6 H 13 ma tran kénh truyén gitta tram goc va thiét bi dau cudi co
kich thuée K X Np, pg 1a ty s6 tin hi¢u trén nhiéu (SNR: Signal to Noise
Ratio) duong xudng, ty s6 ndy ty & v6i tong cong suit biic xa v duge chuan
héa theo Ny va K nhim dam bao téng cong suit bitc xa khong phu thuoc
vao s6 ang-ten. Hi¢u qua stt dung pho tan nhu trong cong thiic yéu cau
phia thu phai biét ma tran kénh truyén H nhung khong phai 14 yéu cau bat
buoc doéi véi phia phat.

Trong moi trudng giau tan xa nhu mo hinh kénh pha dinh Rayleigh, khi
SNR di 16n thi hieu qua st dung phd tan cho ci dudng len va dudng xudng
tang tuyén tinh theo min(Nrp, K) va ting theo ham logarit ddi v6i SNR. Vi
vay, ve ly thuyét, vdi cling mot cong suat phat c6 thé ting hicu qua st dung
phd tan bang cach gia tang dong thoi s6 dng-ten thu va s6 ang-ten phat. Tuy
nhién, trong thyc té, khi s6 lugng ang-ten dudce st dung tai BS va thiét bi
dau cudi ting len thi he théng MIMO diém - diém van bi giéi han bdi 3 yéu

t6 sau [6]:

e Thiét bi dau cudi trd nén phiic tap hon do yéu cau cac chudi cao tan RF
doc lap trén mdi dng-ten ciing nhu viéc st dung cong nghée xit 1y s6 tien

tién dé tach cac ludong dit lieu.
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e Vé ¢d ban moi trudng truyén dan phai hd trg min(Nr, K) cac luong doc
lap, diéu nay rat kho ton tai trong diéu kién cAc mang dng-ten siéu nhd
dugc st dung ho#c gitta phia thu va phia phat ton tai duong truc tiép

(LOS: Line-of-sight).

e Cac dau cudi ¢ gan bién cia cac té bao thuong c6 SNR thap do suy hao

duong truyén va higu qua st dung phd tang cham theo min( Ny, K).
1.1.2. Hé théng MIMO da nguoi dung

Trong hé théng MU-MIMO, méi BS ¢6 thé phuc vu dong thai nhiéu ngusi
ding. Xem xét mo hinh MU-MIMO dudng xudng dugc mo ta trong Hinh
, trong do6 tram BS duogc trang bi Ny dng-ten phuc vu dong thoi K nguoi
dimng. Mdi ngudi ding c6 thé dude trang bi mot hoac nhid¢u ang-ten thu. Dé
don gian ching ta xem xét mo hinh MU-MIMO c¢6 ban, moi ngusi dung dugc

trang bi mot ang-ten duy nhat.

CSI
N A . . Ludng dir lidu 1
N . “. Y., Nguoidung 1 CSI
Luodng dit liéu 2 3y g €
A —4—— Lubng dit liéu 2
— i
Ludng dir liéu K Ngudi ding 2
R by .
SR CsI
‘ a
i S
Nguoi dung K

Ny ang-ten tai BS

Hinh 1.2: M6 hinh kénh dudng xudéng hé thong MIMO da nguoi dung [6].

Y tuéng K ngudi dung ddng thoi phat tin hicu dén tram gbc trén cling

mot tan s6 da duge dé xuat tir rat sém trong cdc cong trinh [28] - [34]. Tuy
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nhién, sau nay 1y thuyét day da vé hé thong méi duge tiép tuc nghién ciiu,
phat trién va khai quat hoa trong cac cong trinh [35] - [39].

Qué trinh truyén dan duong xudng, tai BS, thyc hién tién ma hoa trude
khi phat tin hi¢u dén tat cd cac ngusi dung. Tong dung lugng kénh truyén

duong xubng bicu dién nhu sau [3], [6]:

Cdl s ,n{,ila,].?ﬁ' 10g2 (INT + pleDHH> . (]_2)
k

dy >0, 25:1 dp<1

Trong biéu thic , H c C*"7 ]a ma tran kenh truyén giita BS va tat
cA nguoi dung, pg 1a ty s6 cong suat tin hiéu trén nhidu SNR dudng xudng
trén moi ngusi dung, D 1a ma tran duong chéo c¢é kich thuée K x K, véi céac
phan ti thuoe dudng chéo théa man d; > 0 va S dy < 1.

Tit bidu thitc (1.2) ching ta ciing dé dang thiy ring, hiéu qua sit dung phd
cho dudong xudng he thong MU-MIMO phu thudc vao kénh truyén. Diéu nay
¢6 nghia rang: D6i v6i duong xudng ci tram gbc va cac nguoi dung déu phai
biét CSI [6].

Dé cac ngudi dimg c6 duge CSI thi doi héi gitta cAc ngudsi diing phai co st
hop tac (cooperate) v6i nhau. Day 1a yéu cau khong thuyc té trong hé thong
MU-MIMO, béi vi mdi ngudi ding duge phan b6 ngau nhién trong té bao va
c6 khoang cach dia 1y c¢6 thé rat xa nhau.

So sanh véi he thong MIMO diém - diém ching ta thay ring, du khong c6
su hop tac giita cac ngudi dung thi hiéu qua st dung pho tan duong xudng
trong MU-MIMO van t6t hon MIMO diém - diém vi BS biét duge CSI [6].

Nhu vay, heé thong MU-MIMO cho phép chiing ta thu dugc ting ich ghép
kénh theo khong gian du cho mdi ngusi ding chi stt dung mot ang-ten [40].

Day 1a wu diém 16n nhat ctia hé théng MU-MIMO béi vi chiing ta khong thé
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b tri nhiéu dng-ten tai phia ngusi ding do sy gidi han vé kich thuée va gia
thanh ciia cac thiét bi dau cudi. Ngudc lai, tram goc BS 14 ndi ¢ thé trién
khai nhiéu #ng-ten mot cach dé dang. He thong MU-MIMO khong chi khai
thac tat cd cac diém manh cta hé thng MIMO ma con khic phuc hau hét
st han ché vé kénh truyén MIMO, chang han nhu MU-MIMO it nhay cdm
hon MIMO trong moi trudong truyén tin c6 dudng truc tiép gitta ngudsi ding
va tram goc [6]. Tuy nhién, hé théng MU-MIMO ton tai hai nhuge diém lén
do la:

e Dé nang cao hiéu qua st dung phd tan, cd duong lén va duong xudng can
thyc hién cac khau xi 1y tin hieu rat phic tap & ca tram gbc va nguoi

dung.

e D61 v6i duong xudng trong hé thong MU-MIMO, yéu cau cd tram goc
BS va cac ngusi dung phai c6 duge CSI, do dé phai thuyc hién udc lugng
kénh cho ca duong len va duong xuéng. Nhitng han ché nay lam cho viéec

md rong he thdng theo Ny hodc K khong thé thie hien dugce [6].
1.1.3. Hé théng Massive MIMO

Trong thic té, hau hét cac he théng MIMO dang trién khai, tai cdc BS
thudng chi trang bi mot s6 lugng nho dng-ten (thuong it hon 10 [2]). Vi vay,
hiéu suét stt dung pho tan va dung lugng hé thdng chua thuce sy dap ting dudc
nhu cau ngdy cang cao cia ngudi dimg. Dé gidi quyét van dé nay, mot he
thong Massive MIMO [5] da duge dé xuat. Trong hé thong Massive MIMO,
s6 lugng dng-ten tai tram gbc c6 thé len dén hang tram dng-ten phuc vu dong
thai cho hang chuc (tham chi hang tram) ngudi ding trén ciing mot pho tai

nguyéen tan sé |2, 3, 4, 6l [11].
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Massive MIMO dé cap dén viéc trién khai mot s6 luong 16n dng-ten tai cac
tram gbc. Cong nghé nay cai thién dang ké hiéu qua st dung ning luong va
hieu qua st dung pho tan. Massive MIMO 14 mot hinh thiic cia MU-MIMO
khi s6 luong cic ang-ten tai cac BS va s luong nguoi dung ting len.

Xem xét mo hinh he thong Massive MIMO duge mo ta nhu trong Hinh
va Hinh . Trong mo hinh nay, méi tram BS trang bi Np ang-ten thu/phét,
phuc vu dong thoi K nguoi dung, tat cd K nguoi dung cung chia sé nguon
tai nguyen tan s6. Dé don gian, gia thiét méi ngusi ding dude trang bi don

ang-ten.

CSI
Ludng dit lidu 1
Luongdliéul | | v ., M T T -
2 . v, Ngudidung 1
Luong dir ligu 2 Téch . RO )
- 3; Ludng di ligu 2
] (Je—
. hiéu -
Ludng dir liéu K Nguoi dung 2
' R
’ Ludng dit ligu K
(=0
Ngudgi ding K

Ny ang-ten tai BS

Hinh 1.3: M6 hinh kénh tdng quat dudng len he thong Massive MIMO [6]
Higu qua st dung phd tan ddi vai dusng lén trong hé théng Massive MIMO
trong truong hop moéi ngudi dung duge trang bi 01 ang-ten duge cho béi [3]:
Clum = logy det (I + p Nrlg) = Klogy (1 + Nzp,) . (1.3)

Trong bidu thitc (1.3), K la do 1gi ghép kenh theo khong gian va Ny la

hé s6 tang ich ciia mang. Ching ta thiy ring c6 thé thu dugce hieu suat phd
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Hinh 1.4: Mo hinh kénh tong quat dudng xudng hé thong Massive MIMO [6]

va hiéu suat nang luong 16n khi N v K rat 16n. Néu khong ting cong suat
phat & cac dau cudi nhung ting Ny va K ching ta c6 thé dong thoi xi 1y
nhiéu thiét bi dau cudi hon trén cting mot bang tan. Hon nita, pham chit cta
hé thong van khong bi suy gidm. Do s6 lugng rat 16n cac ang-ten tai moi BS,
nén cac véc-to ¢ot ciia ma tran kénh truyén sé truc giao ting doi mot theo
luat s6 16n. Vi vay, cac ki thuat xit 1y tuyén tinh gan dat dugc pham chét
toi wu [5], [6]. Mt khac, khi tang s6 lugng dng-ten tai tram goc BS, chiing
ta luon thu duge do lgi phan tap thu ho#ic phat cao, dong thoi ting do tin
cay ciia hé thong. Tuy nhién, s6 luong dng-ten tai moéi BS tang lén, diéu nay
dong nghia v6i qua trinh x 1y tin hiéu cho ci duong len va duong xudng sé
tréd nén phic tap hon.

C6 ba diém khac biét chinh gita Massive MIMO va MU-MIMO thong

thuong [6]:

e Chi c6 tram gbc c6 duge thong tin vé trang thai kenh truyeén.
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e S6 lugng dng-ten tai tram goc Ny thuong 16n hon so véi sé lugng ngudi
ding K. Tuy nhién, day khong phai 1a dic diém mang tinh chit bat
budc va khong mang tinh quyét dinh su khac biet gitta MU-MIMO thong

thuong va Massive MIMO.

e Qua trinh xt Iy tuyén tinh dugc 4p dung cho cd duong len va duong

xudng,.

Can Iuu y ring, dic diém thi hai néu trén (tuy khong phai 1a bat buoc)
nham dam bao cho he thong thu duge s6 bac tu do (degree of fredom) rét
160, tit d6 gitp cho pham chat 16i bit cia cac bo tach song va cic bo tién
m4, hoa tuyén tinh don gidn nhu ZF hay MMSE gan dat pham chét t6i uu.
Mbi quan hé nay, trong Massive MIMO, thuong duge dinh nghia thong qua
he s6 tai A (load factor), xdc dinh bdi ty s6 giita tong s6 dng-ten trang bi
tren tat cd K ngudi dung va sd dng-ten tai tram gbc. Trong [41], Mazetta
va cic cong su da chi ra 10 lam tudng quan trong vé Massive MIMO, trong
dé6 khing dinh r6 khong c6 méi quan hé rang buoc cu thé nao vé ty sb giita
s6 Iugng dng-ten trang bi tai BS va s6 nguoi dung dude phuc vu béi BS do.
Céc tac gid dong thoi ciing khing dinh c6 thé dinh nghia hé thdng Massive
MIMO véi cau hinh #ng-ten bat ky (diéu d6 c6 nghia la gom ca truong hop
A = 1) tiy thuoc vio moi trusng truyén tin, pham chat 16i bit va do phic

tap ctia hé thong [41].
1.2. Nguyén ly hoat dong trong hé théng Massive MIMO
Hé thong Massive MIMO duge chia lam hai loai: Hé thong song cong phan

chia theo thoi gian TDD va hé thong song cong phan chia theo tan s6 (FDD:

Frequency Division Duplexing).
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Trén thyc té, hé thng TDD va FDD c6 nhitng wu diém va nhude diém
rieng. Ca hai ky thuat nay da duge ap dung trong cac mang di dong khong
day dugc thuong mai hoa trong mot thoi gian dai tir mang 2G dén 4G. Trong
[3], cac tac gid da chi ra ring, ky thuat TDD dugc st dung nhiéu hon so véi
k§ thuat FDD trong he thong Massive MIMO. Nguyén nhan, trong hé thong
FDD, s6 luong ang-ten trang bi tai tram goc bi giéi han bdi thoi gian dong bo
ctia kénh truyén (12 khodng thai gian ma kénh truyén duge xem 14 khong ddi).
Bén canh d6, trong [65] cic tac gid ciing chi ra ring, c6 su quan tam ding ké
d6i véi cac phien ban Massive MIMO song cong phan chia theo tan s6 FDD
do cac van dé vé quy dinh phd. Ngoai ra, hoat dong TDD phu thuoc vao tinh
tuong hd clia kénh. C6 thé cidc kénh dudng xudng va dudng lén khong hoan
toan tuong ho trong thiuc té do chudi phan citng khong khép. Tuy nhién, viéc
hiéu chuan chudi phan ciing khong phai 1& mot van dé nghiém trong véi céc
giai phap hiéu chuan da duge thik nghiém ¢ mot mitc do nao do6 trong thuyc
té. Vi viéc higu chudn thich hgp nhu trong céc tai lieu tham khao [66]-[69],
tinh khong tuong hd gitta kénh truyén duong len va kénh truyén duong xudng

c6 thé dugc loai bé.

di liéu
dir lidu
-
L~
dir lidu D D D
Pilots duéng lén Truyr.?n du”heu Pilots duong xuéng Tru‘yeu duh_lleu
duong lén duong xudng

Hinh 1.5: Giao thic thyc hién TDD trong Massive MIMO [3]

Trong mot khoang thoi gian dong bo, hé thong thuc hién 3 hoat dong bao
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gom: Udc lugng kénh truyén (cho ca dudong len va duong xudng), truyén tin
higu duong lén va truyén tin higu dudng xuéng. Hinh 1a mot vi du cho

giao thic truyén dan TDD trong Massive MIMO.

1.2.1. Uéc lugng kénh truyén trong hé théng Massive MIMO
e Uéc luwong kénh truyén trong hé théng TDD:

Trong hé théng song cong phan chia theo thoi gian, kénh truyén duong lén
va, dudng xudng c6 tinh tuong hd. Do d6, thong tin vé trang thai kénh truyén

CST ¢6 thé thu duge nha sit dung mo hinh nhw Hinh [1.6]

2 K (ky hiéu) _ 2 K(kyhiéu)
Pilt?ts duong l.én Truyén dﬁ'-liéu Pilots duémg xuéng Truyén dit liéu
(K pilots truc giao) duong 1én dwong xubng
T (ky hiéu)

Hinh 1.6: Cau tric khung va udc lugng kénh truyén trong hé théng TDD [3].

Duong lén: BS can biét CSI dé tach tin hiéu phat tit K ngudi dung. Dé
c6 duge thong tin vé trang thai kénh truyén, cac ngudsi dung sé truyén chudi
pilot tric giao nhau bdéi duong lén, sau dé6 BS sé st dung chudi pilot thu
duge dé uée luong keénh truyen. Qua trinh nay yéu cau st dung tdi thiéu
Nr = KN, ky hiéu (symbol).

Duong xubng: BS can biét CSI dé thuc hién tién ma hoéa cac tin hiéu can
truyen, BS c6 thé st dung gia tri u6c luong kénh truyén dudng lén dé xay
dung ma tran tién ma héa cho dudng xudng. Dé gidi diéu ché, thiét bi dau
cudi phai c6 duge thong tin trang thai kénh truyén CSI, cac thong tin nay
c6 duge nhd BS phat Ny pilot tryc giao nhau dén céc ngusi dung. Qua trinh
nay yéu cau st dung it nhat Ny ky hiéu. Nhu vay, qua trinh uéc lugng kénh

yéu cau st dung it nhat 2Ny k¥ hieu. Ta gid thiét rang kénh truyén khong
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ddi trong khodng thoi gian T'. Vi vay, s6 lugng ky hieu pilot duge st dung
phai théa ma diéu kien 2Ny < T.

Nhu vay, trong hé thong song cong theo thoi gian chi c¢6 s6 ngusi ding bi
gi6i han bdi khoang thoi gian dong bo clia kénh truyen. Do do, c¢6 thé tiang

s6 ang-ten trang bi tai tram gbc dé md rong hé théng.
e Uéc luwong kénh truyén trong hé théng FDD:

Khac véi hé thong TDD, trong he thong FDD duong lén va duong xudng
stt dung cac tan s6 khac nhau, CSI tai BS va cAc ngudi ding c¢6 thé thu dugc

thong qua mo6 hinh uw6ce w6e lugng kénh mo ta trong Hinh .

T (k§ hiu)
>Ny (ky hiéu) -
. . Pilots duong xuéng
Budmg lén (Nr pilots tryre giao) //////// /// /// /
. B Pilots duong lén Phan hdi Ny K cac
Buang xuong (K pilots trye giao) gid tri woe leong
z K (ky hi¢u) 2 Nr (ky hiéu)

Hinh 1.7: Ciu trac khung va udc lugng kénh truyén trong hé théng FDD [3].

Dudng len: Mot cach don gidn dé wéc luong keénh 1a ngusi ding sé phat
Ny chudi pilot tryc giao nhau dén BS, sau d6 BS sé ude lugng kénh truyén
dua vao cac pilot thu duge tuong tur nhu trong hé thong TDD. Qua trinh nay
yéu cau st dung it nhat Ny ky hieu.

Dudng xudéng: Dé thu duge CSI trude hét BS sé truyén cac pilot triyc giao
tréen duong xudng, sau do cac ngudi dung sé udc lugng kénh va truyén ngucc
lai cac gia tri uéc lugng kénh nay. BS sé stt dung CSI thu dugce tit ngusi dung
dé tién ma hoéa cac ky hieu. Nhu vay, he thdng phai st dung it nhat Ny ky

hiéu dé truyén pilot cho duong xudng va Ny ky hiéu dé truyén thong tin CSI
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phan hoi tit nguoi dung vé BS.

Chiing ta c6 thé thay ring, trong hé théng FDD, qua trinh u6c lugng kénh
doi héi phai sit dung it nhat Ny + Ng ky hieu cho duong len (gom Ny ky hieu
phan hoi va Ng ky hi¢u cho pilot) va N ky hi¢u cho dudng xudng. Gia thiét
rang khodng thoi gian dong bo ctia kénh truyén dudng len va dudng xudng
14 nhu nhau va bang T, ta can ¢6 Ny < T va Ny + Ny < T. Nhu vay, ta
can phai lwa chon Ny va N sao cho Np + N < T'. Day 14 diém han ché co
ban ctia hé thong FDD béi vi s6 luong dng-ten bo tri ¢ tram goc BS bi gidi

han do khodng thai gian dong bo clia kénh truyen.
1.2.2. Qué trinh truyén tin hiéu duong xudng

Xem xét mo hinh kénh duong xudng cho hé thong Massive MIMO song
cong phan chia theo thoi gian dugec mo ta nhu trong Hinh .

Trong mo hinh nay, mdi BS dudc trang bi Ny dng-ten phat phuc vu dong
thoi K nguoi dung, moéi ngusi dung duge trang bi NV, dng-ten thu. Do do,
tong s6 ang-ten thu cho tat cd ngusi dung dudce biéu dién bing Ny = KN,,.

Trong truyén dan dudng xuéng (downlink hay forward link) 1a truong hgp
BS phat tin hicu t6i tat cd K nguoi ding. Dat x 1a vector tin hiéu phat tu
BS t6i tat cd nguoi dung. Tin hiéu truée khi phat xuéng cho tat ca cac ngudi

dung sé dugc nhan v6i ma tran trong so6 (ma tran tién ma hoa) W:

S = Wx, (1.4)

T
trong d6 X = | x;, x5 -+ Xg | € CVRlva W e CNrx VR,

Tin hiéu nhan dugc tai tit cd nguoi dung dudc biéu dién nhu sau:

ya = HWx +n (1.5)
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Nrang-ten-BS

J
D ﬁng-;;-glﬁi
ngwoi dung
E] 0 0
J

Hinh 1.8: M6 hinh kénh truyén duong xudng hé théng Massive MIMO

Dé giam do phiic tap ctia hé théng, lya chon dng-ten phat 1 mot trong
nhiing gidi phap quan trong. Theo d6, nhitng dng-ten phat tot nhat sé duoc
lira chon dé truyén tin hi¢u. Diéu nay sé lam gidm sb luong céc bo cao tan &
phia phét, dong thoi lam gidm chi phi cho viec thiét ké hée théng. Vé co ban,
mot s6 tieu chuan lya chon dng-ten phat bao gom:

e Lua chon dng-ten phat dua trén co s chuan (NORM) hay tang ich kénh.

e Luya chon ang-ten phat dua trén ty s6 cong sudt tin hiéu trén tap am

SNR.
e Lya chon ang-ten phat dya trén hiéu qua sit dung nang lugng.

e Lua chon ang-ten phét duya trén co sé phan tich dung lugng kénh truyén.
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Trong duong xudng clia hé thong Massive MIMO, tai mdi BS phai thiét
ké dugc ma tran tien ma hoéa. Sao cho, khi dit lieu duge truyén téi cac thiét
bi dau cudi, mdi thiét bi dau cudi chi nhan duge thanh phan tin hiéu mong
mudn. Nhitng thanh phan xuyén nhiéu tir nhiig thiét bi dau cudi lan can
can dudc loai bo. Theo d6, ma tran trong sé clia ki thuat tién ma hoa tuyén

tinh don gidn nhu ZF vA MMSE dugc biéu dién nhu sau [7], [9]:

W, = H(HH") ™. (1.6)

WMMSE == HH(HHH + O'iINR)_l, (17)

v6i 02 = 0/ FE, va E, la nang lugng ctia mdi symbol phat.
Dé dam bao cong suat phat khong thay doi, tin hiéu trude khi phat di sé
duge nhan véi hé s6 chuan hoa cong suat. He s6 chuan hoa cong suat Bzp

cho ZF va Byarse cho MMSE duge tinh nhu sau:

Ny
— 1.8
Pzr \/ Tr(W,rWH,)’ (18)
Ny
p— . ]_.9
Prnse \/ Tr(Wanse W o) (1.9)

Céac biéu thic ti (1.6) dén (1.9) dugc ching minh chi tiét trong phan Phu
luc. T nhitng van dé co ban vé 1y thuyét, cac dé xuat cho k§ thuat lga chon
ang-ten phat va ky thuat tién ma hoa sé dugc trinh bay chi tiét trong cac

Chuong 2 va 3.

1.3. Uu diém va mot sé thach thitc trong hé théng Massive
MIMO

1.3.1. Nhimg vu diém chinh ctia hé théng Massive MIMO

Mot s6 wu diém chinh ciia he théng Massive MIMO bao gom [3], [11]:
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e Massive MIMO c6 thé tang dung lugng gap 10 lan, dong thoi cai thien

hiéu suat ning lugng bitc xa t6i 100 1an so véi hé théng MIMO thuong.
e Cho phép gidm dang ké do tré trong mai truong khong khi.

e Thuyc hién thu phat song cong phan chia theo thoi gian TDD, diéu nay

gitip viec mé rong hé thdng mot cach dé dang.

e Xii Iy tin hiéu tuyén tinh (mo hinh két hgp tuyén tinh cho duong len va

tién ma hoa cho duong xudng) gan nhu dat t6i wu.
e Don gian héa 16p da truy nhap.
e TAt cA cAc qua trinh xtt 1y phiic tap déu duge thuc hién tai BS.
1.3.2. Mot s6 thach thiic trong hé thong Massive MIMO

Mic dit ¢6 rat nhiéu nhitng vu diém, tuy nhién hé thong Massive MIMO

dang ton tai nhiing van dé thach thic nhu sau [2], [3], [11]:

e Nhiéu pilot (Pilot Contamination): Nhiéu pilot 1a nhiing han ché ¢6 hitu
lam gidm dang ké hieu suit ciia he théng Massive MIMO. Anh huéng

nay van xay ra ngay ca khi s6 luong cac ang-ten tai BS tién tdi vo cung.

e Tré ngai trong truyén dan: He théng Massive MIMO dudgc gia thiét
lam viéc trong cdc moi truong truyeén soéng thuan lgi. Tuy nhién trong
thuce té, c6 theé moi truong truyén khong thuan lgi nhu s6 luong téan xa
nho hon so véi s6 lugng ngusi dung, kénh truyén tit nhitng nguoi dung
khac nhau t6i cdc BS chia sé mot s6 tan xa thong thuong [42]. Mot gii
phap dé khic phuc van dé nay la phan b6 cac ang-ten ctia BS trén mot

dién tich 16n.
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¢ Yéu cau thiét ké va chuan méi: Tinh hic¢u qua sé tiang lén néu Massive
MIMO c¢6 thé trien khai trong hé thong hién tai nhu LTE. Tuy nhién,
cc titu chuan LTE chi cho phép 8 cong dng-ten tai BS [43]. Thiét ké

phan cting c¢6 lien quan ciing can dugc xem xét.

1.4. Bb6i canh nghién citu

Nhu da trinh bay trong cac phan trude, trong mot he thong Massive MIMO,
s6 luong dng-ten phat tai phia BS 1a rat 16n. Diéu nay mang lai cho Massive
MIMO nhiéu Igi thé. Tuy nhién, viéc trién khai nhidu ang-ten phat tai mdi
BS ciing khién cho Massive MIMO phai doi dién véi nhitng trd gia nhat dinh
nhu: S6 lugng cac bo cao tan RF tai mdi BS ciing tang lén, qué trinh xt ly
tin hieu cho duong lén ciing nhu duong xudng tai moi tram gdc trd nén phiic
tap hon....Dé khic phuc vin dé nay, ki thuat lya chon ang-ten phat dang la
mot gidi phdp quan trong nhim lam gidm cac bo cao tan RF ciing nhu qué
trinh x1t Iy tin hiéu tai mo6i BS. Diéu nay sé gop phan lam gidm dudc chi phi
cho hé théng khi trién khai trong thuc té.

Trong tai lieu [9], tac gid dé xuat thuat toan lya chon #ng-ten phat cho
cac he thong MIMO béng cach phan tich dung lugng kénh. Theo d6, nhiing
ang-ten c6 déng gép nhidu nhat vao tong dung luong kénh truyén sé 14 nhitng
ang-ten phat dudc lua chon. Dé xuit clia cic tac gia 1a mot gidi phap t6i uu
cho cac he thong MIMO kich thuée nhd. Trong tai ligu tham khéo [44], B.
Lee, L. Ngo va B. Shim dé xuat phuong phap 1ap lich nhém dng-ten (AGS:
Antenna group scheduling) két hop luya chon dng-ten cho ngudi dung trong
hé thong Massive MIMO. Mdi nhém ngudi dung duge phuc vu béi mot nhém

ang-ten. Trong dé xuét nay, he thong Massive MIMO dugc chia thanh cac he
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thong con, mdi hé thdong con duge tao ra sao cho dung lugng kénh ctia nhom
ang-ten phuc vu cho nhém ngudi dung do 1a cye dai, moi nhém dng-ten phuc
v duy nhat mot nhom ngusi diing. Dé xuat ciia Lee va cac cong sy c¢o ¥
nghia rat 16n trong viéc gidm do phic tap tinh toan cling nhu gidm do phtc
tap clia hé thong. Dé xuat ndy clia cac tac gid hoat dong trong hé thong
Massive MIMO song cong phan chia theo tan so.

Trong [46], Jingon Joung va cic cong sy dé xuat thuat toan lya chon cac
ang-ten phat trong hé thong Massive MIMO theo hai buéc: Bu6e thit nhat,
tac gid dé xuat gidi phap lua chon dng-ten phat trén co s6 mdi tuong quan
khong gian gitta cac dng-ten. Buc thi hai, thuc hien cyc dai héa hiéu suat
hé théng bing cac gia tri don nhat ma tran kénh da dugc lya chon trong
budec mot. Bang cich diéu chinh s6 lugng cac ang-ten phat dugc lya chon
trong mdi bude, thuat toan c6 thé ddm bao sy can bing vé do phiic tap tinh
toan ciing nhu pham chit ctia hé thong. Trong [47], trén co s6 ky thuat phan
tich cac thanh phan chinh PCA, M. T. A. Rana va cic cong su dé xuat thuat
toan Iya chon #ng-ten phat cho cac he thong Massive MIMO. Bang k§ thuat
PCA dé phan tich dung lugng kénh truyén, nhitng dng-ten c6 dong gop it
nhit vao tong dung luong kénh ctia hé théng sé dude loai bo.

Theo huéng phan tich hiéu quéa st dung niang lugng (EE), Tzu-Hao Tai
ciing cac cong su da dé xuat thuat toan lua chon dng-ten phéat cho hé thong
Massive MIMO [48]. Theo d6 nhitng dng-ten ¢6 hiéu qua st dung nang lugng
t6t nhat sé duge Iga chon cho viec truyén di lieu trong duong xudng ctia he
théng Massive MIMO.

Mot diéu dé nhan thay ring trong cac dé xuat [9], [46], [47] va [48] 1a cac

dé xuat nay van con kha phiic tap do viéc Iya chon #ng-ten trong cac dé xuat
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nay dude thyc hién 1an luot ting dAng-ten mot. Diéu nay sé rat kho khan khi
s6 luong dng-ten tai BS trong hé thong Massive MIMO 1a rat 16n va mét
nhiéu thoi gian trong khi thoi gian tré cho phép trong viéc xit 1y tin hieu
la gi6i han. Do do6, giam do phic tap cling nhu thoi gian xi 1y cho viéc lya
chon nhitng ang-ten tot nhat dé truyén dit lieu duong xudng trong hé théng
Massive MIMO 1a can thiét. Day ciing 13 mot huéng nghién citu tiém ning.

Bén canh van dé gidm thiéu cac bo cao tan sit dung phia BS ciing nhu do
phic tap trong xit 1y tin hicu. Ky thuat tién méa héa ciing dudec quan tam
nghién ctfu trong hé thong Massive MIMO. K¥ thuat nay dudc ap dung cho
qué trinh truyén dit licu duong xuéng dé dam bao hai muc tieu tai mdi ngudi

dung:
e Thit nhat: Chi nhan duge thanh phan tin hiéu mong mudn.
e Thtt hai: Loai bé duge thanh phan nhiéu tit nhitng nguoi dung lan can.

Chiing ta thiy ring, kich thuéc ma tran kénh truyén tit BS dén tat ca
ngudi ding, ciing nhu véc-to tin higu phéat 1a rat 16n. Cac kich thudc nay
tang tuyén tinh véi s6 luong dng-ten phat va s6 luong ngusi diing. Do d6, cic
thuat toan tién ma hoéa c6 do phiic tap thap dude wu tién ap dung tai phia
tram goc.

Trong [50], Z. Xiao va Z. Li tién hanh phan tich so sdnh, danh gid cac
k§ thuat tién ma hoa tuyén tinh cho duong xudng hé thdng Massive MIMO,
dong thoi tac gid cling phan tich chi r6 duong tiém can cla ty s6 tin hicu
trén tap am cong véi nhiéu (SINR: Signal to Interference plus Noise Ratio)
tai may thu c6 phu thuoc vao ty s6 SNR, mo hinh m tac gid xem xét 13 mo

hinh don t& bao. Trong tai ligu tham khao [51], X. Li cliing cdc cong su da
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xem x6t tién ma hoa trong he thong da té bao (multi-cell). So v6i tién ma hoa
don té bao chi st dung dén dap ting kenh trong he théng don té bao. O day,
tac gia dé xuat phuong phap tién ma héa MMSE c¢6 stt dung dén tat ci céac
trang thai kenh truyén tit cdc té bao khac. Dé danh gia hiéu suit, tac gid c6
dé xuat mot gidi phap xap xi SINR duong xudng theo quy mo 16n (large-scale
approzimation) cho gidi phap tién ma héa MMSE. Tuy nhién trong [50] va
[61] cac tac gid thic hien tién ma hoa véi gid thiét thong tin vé trang thai
kénh truyeén (CSI) duge biét mot cach hoan hdo ¢ phia BS. Trong tai lieu
tham khao [52], Rahman va Siddiqui d& phan tich hi¢u suat ctia cac phuong
phap tién ma hoéa tuyén tinh trong truong hop CSI la khong hoan hio & ci
may phat va may thu. o) day, tac gia chi gid dinh mot phan dap tng kenh 1a
khong ro rang, cac thong tin con thiéu trong ma tran kénh truyén thu dugc
bing cach sit dung cac tinh chat théng ké hay gia st kénh khong c6 nhiéu.
Dong thai tac gia ciing dé xuat ba gia dinh dé tim cac thanh phan con thiéu
trong ma tran kénh va phan tich hiéu suat ciia cadc bo tien ma hoa. Cac két
qud md phong cho thiy ring, phuong phap tién ma hoa truyen ty lé cuc dai
(MRT: Mazimal Ratio Transmission) tot hon trong ving SNR thap, va ZF
thuc hién t6t hon trong viing SNR cao. Tuy nhién cac phan tich clia tac gia
chi dimg lai ¢ mic gid dinh, chua dua ra duge biéu thic tinh toan cu thé
dé tim nhitng thanh phan con thiéu trong ma tran kénh truyén. Trong [19],
Wang dé xuat thuat toan tién ma hoéa gom hai thanh phan st dung cac ky
thuat phan tdch LQ vd SVD ma tran kénh truyén.

Két hgp ky thuat rat gon gian LR vA cac k§ thuat tién ma hoéa 1a mot
giai phap hiéu qua dé cai thien pham chat BER ctia hé théng. Theo huéng

nghién cttu nay, trong [13|, cac tac gid dé xuat két hgp thuat toan rit gon
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gian Seysen (SA: Seysen’s algorithm) véi cac thuat toan tién ma hoa tuyén
tinh cho hé théng MU-MIMO. Dé xuit ciia cac tac gid cho phép cai thién
dang ké pham chit BER ctia hé théng so vdi cac thuat toan tién ma hoa
tuyén tinh truyén théng ciing nhu sy két hop gitta thuat toan tién méa hoa
tuyén tinh véi thuat toan rat gon gian Lenstra Lenstra-Lovasz (LLL: Lenstra
Lenstra-Lovdsz algorithm) trong cing mot kich ban. Trong [14], Simarro ciing
cac cong sy dé xudt bo tién ma hoa gom hai thanh phan. Thanh phan tha
nhat duge thiét ké trén co sd thuat toan PINV-BD dé xuat trong [17]. Thanh
phan ma tran tién ma hoéa thit 2 dugce thiét ké trén co sd thuat toan tién m3
héa THP két hop véi ki thuat rat gon gian LLL cho ting nhém. Dé xuét cia
Simarro cho phép cai thién dang ké pham chat BER ctia hé théng so véi cac
thuat toan ZF va THP truyén théng. Tuy nhién do 4p dung ki thuat tién
ma héa THP cho titng nhém va s6 lugng rat 16n cac phép phan tach QR lam
cho do phiic tap clia dé xuét tang len dang ké. Trén co s dé xuit trong [20],
trong [16] K. Zu ciing cac cong sy dé xuat thuat toan tién ma hoa c6 do phiic
tap thap trén co sd cac thuat toan tién ma héa tuyén tinh két hop véi thuat
toan rat gon gian LLL cho hé thong MU-MIMO. Ma tran tién ma hoéa cia

dé xudt gom hai thanh phan:

e Thanh phan tht nhat dugc thiét ké trén co s6 phép phan tach QR ma
tran kénh truyén mdé rong dé loai bo di cac thanh phan xuyén nhiéu tir

nhitng ngusi dung lan can.

e Thanh phan ma tran tién ma hoéa thit 2 duge thiét ké trén co s thuat
toan tién ma hoa tuyén tinh két hop véi thuat toan rat gon gian LLL

nhim nang cao pham chat BER ctia hé thong.
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Két qua mo phong cho thiy rang, cac dé xuat trong [16] cho phép cai thien
dang ké ca hai tiéu chi vé do phiic tap tinh toan va pham chat BER hé thong
so vdi dé xuat trong [20]. Tuong tu nhu dé xuat ctia K. Zu, trong [21] Priya
cing cac cong su dé xuat thuat toan tién ma hoa c6 do phiic tap thap trén
co s6 ky thuat PCA két hop véi cac thuat toan tién ma hoa ZF va MMSE.
C6 thé thay rang cac dé xuat trong [14], [16], [21] d& dugc ching minh 13 rat
hiéu qua cho hé thong MU-MIMO. Tuy nhién viéc 4p dung cac dé xuit nay

vao he théng Massive MIMO dang 1a mot thach thic bdi cdc nguyén nhan:

e Thit nhat: Cac dé xuat nay sé trd nén rat phiic tap trong mot hé théng
kich thudc c6 thé lén t6i hang trim Ang-ten nhu Massive MIMO. Khi do,

s6 lugng cac phép toan QR 1a rat l6n.

e Thit hai: Cac dé xuat nay xem xét hé thong trong diéu kién thong tin
trang thai keénh truyén CSI tai phia BS 1a hoan hao. Diéu nay 1a rat kho

x4y ra trong hé thong Massive MIMO.

Xuat phat tit nhitng yéu cau thyc té ciing nhu boi cAnh nghién citu trong
va ngoai nudc. Trong Luan an nay, nghién citu sinh tap trung vao hai huéng
nghién citu: 1) Nghién ctu, dé xuat ky thuat lua chon ang-ten phéat c6 do
phiic tap thap cho hé thong Massive MIMO; 2) Nghién ctiu, dé xuat cac bo
tien ma hoa vé6i do phiic tap thap, pham chat BER cao hoat dong trong cac

diéu kién kénh truyén khac nhau trong hé thong Massive MIMO.

1.5. Két luan chuong

Trong Chuong 1, Luan an trinh bay nhitng van dé téng quan vé hé théng

Massive MIMO. Quan trong hon, trong chuong nay, nhiing van dé con ton
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tai lien quan dén ki thuat lya chon ang-ten phat va ki thuat tién ma hoa
clia cic cong trinh nghién citu da dugce trinh bay. Nhitng kién thiic co ban
nay sé dugce sit dung lam co sé 1y thuyét hé tro cho cac van dé nghién citu,

dé xudt dugc trinh bay trong cac chuong tiép theo.



Chuong 2

KET HOP KY THUAT LUA CHON ANG-TEN PHAT VA

KY THUAT TIEN MA HOA THEO NHOM CHO HE
THONG MASSIVE MIMO TRONG DIEU KIEN KENH
TRUYEN HOAN HAO

Trong Chuong 2, Luan 4n gidi thiéu tong quan vé mo hinh hé thong Massive
MIMO dugc xem xét cho nhitng dé xuat. Noi dung tiép theo sé trinh bay tom
luge nhitng kién thic tong quan nhat vé kj thuat lya chon dng-ten phat tdi
uu, ky thuat rat gon gian trén co s6 phan ti (ELR: Element-based lattice
reduction). Tt nhitng van dé dit ra cla cac ky thuat lya chon dng-ten phat
va k¥ thuat tién ma hoa, cdc dé xuat k§ thuat lya chon #ng-ten phat va ky
thuat tién ma hoéa theo nhém cho hé théng Massive MIMO hoat dong trong
diéu kién kénh truyén hoan hio tai phia BS duge nghién ctiu sinh trinh bay
trong chuong nay. Cac két qud nghieén ctu trong Chuong 2 dudc cong bd

trong cic cong trinh nghieén ctu s6 1 va s6 2.
2.1. M5 hinh hé théng

Xem xét mo hinh kénh dudng xudng he thong Massive MIMO song cong
phan chia theo thoi gian dugec moé ta nhu Hinh . Trong mo hinh nay, moi
BS dugc trang bi M ang-ten phat phuc vu dong thoi K ngusi ding, mdi
ngudi dung dude trang bi N, ang-ten thu. Do d6, tong s6 dng-ten thu cho tat

ca ngudi dung dude biéu dién biang N = K N,,. S6 luong ang-ten phat dudc
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lita chon tai BS 1a Ny, trong d6 Ny théa man diéu kien Ny < Np < M.

M ang-ten-BS

NHD_

D ang-ten-moi

ngﬂriﬁ dung

Hinh 2.1: M6 hinh kénh lia chon ang-ten phat duong xudng hé thong Massive MIMO

Mbi quan hé giita véc to tin hieu phat x € CV#*! va véc to tin hieu thu

y € CN»*! quge biéu dién nhu sau:
y = HWx +n. (2.1)

Trong d6 H € CY#*M7 13 ma tran kénh truyén tit nhitng fing-ten phat duge
liya chon tai tram goc dén tat cid nguoi dung. Gia thiét rang, thong tin vé
trang thai kenh truyén dudc biét mot cach hoan hao tai phia BS. n € CV&x!
12 véc-to tap am tai phia thu, dau vao la cic bién ngdu nhién phan bo doc lap
dong nhét, c6 gia tri trung binh bing 0 va phuong sai bing o2, W € NNz

12 ma tran tién ma hoéa tit nhitng ang-ten phat duge lya chon dén tat ca nguoi

dung.
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2.2. Ky thuat lya chon fing-ten phat téi vu

K¥ thuat lya chon dng-ten phat t6i vu dugc mo ta trong tai licu [9], thuat
toan nay Iyga chon dng-ten phat trén co s phan tich dung lugng kénh truyén.
Theo d6, nhitng dng-ten phat c6 déng gép nhiéu nhat vao tong dung luong
kénh sé 1a nhitng dng-ten phat dugc lya chon.

Trén co s6 diéu kién rang budc trén, ang-ten phat dau tien duge lya chon
trong tap M ang-ten phat 13 #ng-ten c6 dung lugng kénh truyén lén nhét,

dugc biéu dién nhu sau [9]:

w; = arg max C'{w, }
w1
= arg max log, det <INR + NLHM(:,wl)Hﬁ(:,wl)> . (2.2)
w1 T

Trong d6 w; (i = 1,2,---, M) 1a chi 86 clia cac cot trong ma tran kenh
truyen H,;, € CV»*¥_H,, 14 ma tran kenh truyén tit M dng-ten tai BS dén
Npg ang-ten thu phia nguoi ding, p 1a ti s6 tin hiéu trén nhiéu trung binh tai
phia may thu. Hy,(:, w;) duge dinh nghia 14 cot tht w; trong ma tran kénh
H,,.

Sau khi #ng-ten phét thit nhat dugce lya chon, thic hién ghép 1an lugt timg
ang-ten con lai véi ang-ten phat dau tien da dugce lya chon, dong thoi tinh
dung luong kénh truyén tuong tng véi timg 1an ghép. Ang-ten phat thd hai
dugc lya chon 1a dng-ten ma ghép v6i ang-ten lya chon dau tién c6 dung

lugng kénh truyén 16n nhét, duge biéu dién thong qua biéu thic sau [9]:
wy = arg max C{w;,ws}
woFw1

= arg max log, det(A), (2.3)

woFw1
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trong do:

A=Ty + NLHM[:, (wr, wo)JHA[:, (w1, ws)]. (2.4)

Quaé trinh nay dugc lap lai va két thace khi Ny ang-ten phéat duge lga chon.
Thuat toan lya chon ang-ten phat dya trén phan tich dung luong kénh truyén
cho hiéu suat hé thong dat t6i vu, thuat toan nay hoan toan phit hgp véi cac
hé théng MIMO ho#c MU-MIMO véi s6 lugng nhé cac dng-ten phat tai BS.
Tuy nhién do phtic tap ciia thuat todn nay 1a rat 16n va mat nhiéu thoi gian
khi 4p dung vao hé thdong Massive MIMO véi s6 luong ang-ten phat tai BS
c6 thé len dén hang tram ang-ten.

2.3. Ky thuat lva chon ang-ten phat theo nhém trén co sé
phan tach SVD ma tran kénh truyén

2.3.1. Xay dung thuat toan

Trong dé xudt nay, ma tran kenh H,, € CY2*¥ duge phan chia thanh
G (G = |4]) nhém nhé (ma tran kenh con) Hy, = [HY”, HS?, . HE"],
H?P e CNe*¥° (g =1,2,---,@G). Trong d6 § 1a mot s6 nguyen duong lén
hon 1, ¢ ciing 1a kich thuée ctia mdi nhém. Nhom dau tien, HS” bao gom
cac cot tit cot dau tien dén cot thit  trong ma tran kénh Hj,; nhém thi hai
HS?”| bao gdm cac cot tit cot thit (0 + 1) t6i cot thit 20 va nhém cudi ciing
HEE ) tir cot thi (M — §) t6i cot tha M.

Chiing ta thiy ring, phép phan tach SVD ciia mot ma tran kénh bat ky

H, € CY»¥ dugc biéu dién nhu sau:
H.=U,D, V", (2.5)

0 day D, 14 mot ma tran duong chéo, kich thuée cia D, phu thudc vao

kich thu6éc ma tran H,. Trong truong hgp Nr < N, D, ¢6 dang nhu sau:
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A1 0 . 0 0.+ 0
0 Ao.. 0 00

0 ..0XAwy, 0---0

TV

Ngugc lai, khi Nz > N, D, dugc biéu dién béng:

Aa 0 .. 0
0 Apz...0
> NV
Dr — O 0 )\7-7]\[ Y (2 7)
3\
0 0...0
\ N, — N
0 ... 0...0
L ) .

Trong céc biéu thic (2.6) va (2.7) thi \,,, dugc dinh nghia 1a cdc gia tri
don nhét clia ma tran D, thoa man dieu kien (A1 > A2 > ... > A, n,, hodc

ArN)-
Trén co s6 phép phan tach SVD ma tran kénh truyén nhu trén, dung luong

kénh truyén ctia ma tran H, dudc biéu dién lai nhu sau:

C, = log, [det (Ly, + %HTHf ) (2.8)

Thanh phan H,H? trong biéu thic dude tinh bing:
HH/ = U,D,V/(U,D, V)"
= U,D, Vv, DAUf
= U,|D, U/ (2.9)
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Thay Vao ta co:
C, = log, :det (UTINRUy{{ + %UT\D,«FU?{{)}
= log, :det (Ur <INR + %’DTP) Uf)}

= log, [det(U,) det(U!) det Ty, + %|Dr\2>] . (2.10)

Vi det(U,) det(U¥) = 1 nén:
_ P 2
C, = log, [det (INR + 1D, )] . (2.11)
Tt biéu thic ta co:

ot (T 2D) = (14200, (14 2o (14 202

N N
B min(Ng,N) P\
-1 (1+ N)‘“”) . (2.12)

Suy ra:

C, = log, [det (Ty, + %\DQP)]
— log, {min(ﬁ?m (1+ %Ain)] . (2.13)

n=

Khai trién biéu thic (2.13)) ta dugc:

C, = log, (1 + %A%) + log, (1 + %)\372) + ... +log, (1 + %)&TJ
) miniZNi,N> s, (1 . % /\3,71)- (2.14)

Ching ta dé dang thay ring, dung lugng kénh truyén cho mot ma tran
kénh bat ky H, hoan toan phu thudc vao cidc thanh phan trén duong chéo
cua ma tran D,

Trén co s6 dung lugng kénh truyén dude tinh toan thong qua bicu thic

(2.14)), trong dé xuat lya chon dng-ten phat clia Luan an, nhom ang-ten phat
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dau tién trong G nhom #ng-ten phat duge lga chon 1a nhém Ang-ten ¢6 dung

litgng kénh truyén lén nhat, dude bicu dién nhu sau:

g = argmaxC’ = argmaleog (1 + F)\Q ) (2.15)

Sau khi nhém ang-ten thi nhat duge lya chon, nhém dng-ten thi hai trong

(G — 1) nhém con lai duge lya chon qua cédc bude nhu sau:

e Két hop lan lugt ting nhém trong (G —1) nhém con lai v6i nhom dng-ten

phat da dugc Iya chon dé tao ra ma tran kénh mdi H[ o] = [HSPHSY,

HEP e CVo % g =1,2..G — L

[91,9]

e Tinh dung lugng keénh truyen Cp, ) tuong tng véi H[g Nk

e Nhom dng-ten thit hai duge lywa chon tuong tng véi dung lugng kénh

Clgy.q 160 nhit:

26
go = arg mgax Clgrg = A maxz log <1 + —)\[ghg > (2.16)

Qua trinh nay dugce lap lai va két thic khi Ny dng-ten phat dude lya chon.

Thuat toan dé xuét nay dugc mo ta tom tit trong Bang [2.1]
2.3.2. Phan tich do phiic tap tinh toan

Trong phan nay, Luan an thuc hién phan tich do phtc tap tinh toan cia
thuat toan dé xudt va so sanh véi thuat todn lya chon dng-ten phat tdi uu
[9]. D6 phiic tap tinh todn dugc tinh bing s6 lugng hoat dong dau phay dong
(flops: floating point operations). Ching ta gid thiét rang, mdi phép cong,
trit, nhan, chia s6 thuc tuong duong véi 1 flops. Mdi phép nhan, phép chia s6
phiic tuong duong véi 6 va 11 flops. Theo tai lieu tham khao [55], mdi phép

tinh dinh thtc ma tran phitc vuong kich thude n xn can §n3 flops. Ciling theo
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Bang 2.1: Thuat toan lya chon ang-ten phat theo nhém trén co sé phan tiach SVD
kénh truyén.

(1) Déu VaOZ NT,M, 6, HM
(2) Tinh toan: G = |¥], Q = [&F]; thiétlapg=1,¢=1,va A, = 0.
(3) Tinh toan véc to clia cac chi $6 cot: i= (g —1)d +1: gd va tao ra
HSP =[ A, Hy(d) ]
(4) Tinh SVD ctia HS”:
[U D V7] =svd(HSP).
Tinh dung lugng kénh C,:

qo
C, = 2—31 log(1+ =27 ).
(6)  Thiét lap: g = g + 1, néu g < G, sau d6 quay vé budc 3.

Xéac dinh nhém tht ¢ v6i dung lugng kénh 16n nhat:
(7) gq = argmax Cl.
g

(8) Xéc dinh A, = ng; loai bo cac ¢ot (g, — 1)d +1: g,0 tit ma tran

kenh Hj;; va thiét lap G = G — 1.
(9)  Thiét lap: ¢ = ¢ + 1, néu ¢ < Q, sau d6 thiét 1ap g = 1 va quay vé budc 3.
(10) Xé&c dinh H = A, va dau ra: H € CVrxNr

tai lieu tham khao [55], m6i phép toan SVD mot ma trén phic kich thuée
m x n can (4n*m+ 8nm? 4+ 9m?) flops v6i m < n va (4m?*n+ 8mn?*+ 9n?)
flops khi m > n. Trén co s6 nhitng gid thiét trén, do phiic tap tinh toan ciia
thuat toan lua chon dng-ten phat t6i wu va thuat todn lga chon dng-ten phat
dé xuat dugce tinh toan nhu sau:

2.3.2.1. D6 phiic tap tinh toan ctia thuat toan liza chon Ang-ten phat t6i uu

S6 flops trong lan chon Ang-ten phéat dau tién trong tap M &ng-ten phat

dugc tinh bang:
2
FF=M <§NR3 + 11Nz + 2) (flops). (2.17)

Biéu thic (2.17) duge tinh chi tiét trong phan Phu luc. S6 flops can thiét

dé chon dng-ten phat thit hai trong tap (M — 1) phan ti dng-ten phat con
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lai duge bidu dién nhu sau:
2
Fy=(M-1) <§N33 + 19N> + 2) (flops). (2.18)

Tuong tu nhu trén, s6 flops can thiét dé tim ang-ten phat thi Np duge

tinh bang:
2
Fyy = (M — Np+1) <§NR3 + 8Ny Np” + 3Ng* + 2) (flops). (2.19)

T nhitng phan tich trén, tong sb flops can thiét cho thuat toan lya chon

ang-ten phat t6i uu dude biéu dién bing:

=Y (M —-n+1) (%Nﬁ + 8nNg* + 3Nz + 2) (flops) (2.20)

2.3.2.2. Phan tich do phic tap tinh toan cua thuat toan lya chon ang-ten
phat theo nhém trén co sé phan tach SVD ma tran kénh truyén

Trong thuat toan dé xuit, sd flops can thiét dé lwa chon nhém dng-ten

phat dau tién trong G nhém duge bic¢u dién bing:
P, = G[(4Ng’0+8Ngd*+98%) + (66+1)] (flops), (2.21)

Biéu thitc (2.21) duge tinh chi tiét trong phan Phu luc. S6 flops dé tim
nhém ang-ten phat thi hai trong tap (G — 1) nhoém #ng-ten phét con lai

dudgc cho béi:
P, = (G — 1)[{4NR*25+8Ng(26)*+9(26)%} + (106+1)] (flops). (2.22)

Tuong ty, sé flops trong lan chon thi (%) dé dam bao rang sé luong



43

dng-ten phat bing s6 dng-ten thu (H € CY#*Vr) duge tinh todn nhu sau:

N
PNR/5 == (G - TR + 1) [(4NR2NR+8NRNR2+9NR3)+(6NR—1)] (flOpS)

(2.23)
Do d6, trong trudng hop Ny = N, tong sb flops can thiét dé tim H duge

tinh bang:

Z —n + 1)[{4Nz"0n + 8Ng(0n)* + 9(6n)*} 4+ 66n — 1] (flops),

n=1

(2.24)

trong d6 ) = % = %. Trong truong hop Np > Np, s6 flops dé tim nhém

ang-ten phat tiép theo trong lan chon thi (22 + 1) la:
N
Pinpsy+1 (G - %) [4(Nyg + 6)2Ng + 8(Ng + §)Ni? + 9N
+6Nr — 1] (flops). (2.25)

Tuong tu, s6 flops trong lan chon thit @, ¢ day (Q = %), dé tim nhém

ang-ten phat cudi ciing trong G — @ + 1 nhom con lai duge bicéu dién:

Py = (G —Q+ 1)[4M*Ngz +8MNg* 4+ 9Ny’ + 6Ny — 1](flops).
(2.26)

Chiing ta c6 thé dé dang thay ring, tong sb flops tit 1an chon thit (% +1)

dén 1an chon thi ) dugce tinh bang:
Q
Z (L —k+ 1)[{4(6k)*Ng + 8(0k)Ng" +9Ng’} + 6N — 1] (flops).

(2.27)

Do d6, do phtic tap tinh toan ctia thuat toan lya chon #ng-ten phat deé
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xuat P,,, trong trusng hgp Ny > Ny dude cho bdi bicu thic ([2.28):

Ngr/d

Pyo=>_ (G —n+1)[{4Ng*n + 8Ng(6n)* + 9(6n)*} + 66n — 1]

n=1

+ EQ: (G — k + 1)[{4(6k)*Ng + 8(6k) Ng* + 9N’} + 6Ny — 1]

(2.28)

~ O(Ny’)

Do phitc tap ciia thuat toin dé xuit vd thuat toan lya chon dng-ten phat

t61 uu, duge tom tit trong Bang [2.2]

Bang 2.2: So sanh do phiic tap tinh toan ctia thuat toan t6i wu va thuat toan dé xuat

Bac phuc t
Thuat toan Do phic tap tinh toan (flops) ac phuc tap
Thuat toan Nrp 5 ) ) O(MNR3)
t61 wu S (M —n+1)(2Ng* + 8nNg® + 3Np” +2)
n=1
Thuat toan Q ) ) O(NR
: - R
deé xuat voi ngl (G —n+1)[{4Ng"n + 8Ng(dn)
Np = Npg +9(6n)3} + 66n — 1]
NR/5 5 )

Thuat todn 2 (G =n+ D[{4NR"0n + 8Nr(on) O
dé xuat voi +9(5n)3} +66n — 1]

N7 > Np Q ) 5

+ > (G-k+ 1)[{4(5k)2NR +8(0k)Nr“ + 9NgR°} + 6N — 1]
k=" +1

2.3.3. Két qua mo phéng

Trong tiéu muc nay, Luan an thuc hien mé phéong danh gia pham chat
BER ctia hé thong Massive MIMO khi 4p dung cic ky thuat tién ma hoéa

tuyén tinh ZF vA MMSE trén nhitng dng-ten phat duge lya chon bang thuat
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toan dé xuat va thuat toan t6i wu. Bén canh d6 do phic tap ciia thuat toan
lita chon #ng-ten dé xuat va thuat toan tdi wu ciing dude so sanh, danh gia

trong tiéu muc nay.

11
x 10
5 T T T T T T T

—+— Thuat toan dé xuét véi § = 2 p
4.5 H—©— Thuat toan téi wu [9] 4
—+ - Thuéat toan dé xuét vai 6 = 3

40 60 80 100 120 140 160 180 200
S6 lwgng ang-ten phat

Hinh 2.2: So sanh do phic tap tinh toan ctia thuat toan lya chon dng-ten phét deé
xuat (v6i d =2 va § = 3) va thuat todn lua chon ang-ten phét t61 uu

Hinh biéu dién do phic tap tinh toan ctia thuat toan lua chon ang-ten

phat dé xuat va thuat toan lya chon dng-ten phat t6i wu. Trong kich ban nay,

M thay ddi tir 40 dén 200 #ing-ten phat. Cac tham s6 khac gom: Np = M —5,

N, =1va K = Nﬁf’. Két qua thé hieén trong Hinh [2.2| cho thay ring, do

phic tap tinh toan ctia thuat toan dé xuat thap hon rat nhiéu so véi thuat
toan lya chon ang-ten phat t6i vu, dic biet 14 khi s6 lugng dng-ten phat ting
len. Cu thé, khi § = 2, M = 120, 140 v& 160 #ng ten, do phiic tap cta thuat
toan dé xuat xap xi bang 30,2%, 29,7% va 29,3% so véi thuat toan t6i uu.
Khi § = 3 do phtc tap thuat toin dé xuat gidm hon 50% so véi trudng hop

0 = 2 va bang 13,6%, 13,5% and 13,3% so vdéi thuat toan téi wu véi M =
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Hinh 2.3: Phim chit BER ciia he théng véi § = 2, M = 70, Ny = 66, K = 60, N, = 1

120, 140 va 160 dng-ten phat tuong ting.

Hinh [2.3) t6i Hinh [2.5) thé hién phdm chét BER ciia he théng khi cac bo
tien ma hoa tuyén tinh ZF va MMSE dugc a4p dung. Kenh truyén ti BS dén
tat ca nguoi dung trong cac kich bAn mo phong 1a kénh pha dinh Rayleigh
can tinh, it bién doi trong khodng thdi gian 200 symbol. Tin hiéu dude didu
ché 4QAM. Trong Hinh. thyc hién mo phong véi cac tham s6 M = 70,
d =2, Ny = 66 va K = 60 nguoi dung don ang-ten. Két qua mo phdong cho
thay ring, pham chat BER ctia bo tién ma héa MMSE luon t6t hon ZF trong
ciing mot cau hinh hé théng. Bén canh d6, v6i cing mot bo tién ma hoéa trén
cac ang-ten phat dude lya chon, tai BER — 1073, thuat toan dé xuat bi suy
gidm hieéu suat khoang 0.7dB trong SNR so v6i thuat toan t6i uu.

Hinh va Hinh thuc hién thay doi cac gia tri cia M va ¢, cac tham



47

107 E
[ng
L
m AN
-3 s |
10 N
\::l
— ZF v6i5=3 . 1
[ |[~A—MMSE v&id=3 \
104 F ZF v&i thuat toan téi wu [9]

F |=+-MMSE véi thuat toan téi wu [9]
[ |-&-ZF khong lwa chon
r |~ MMSE khéng lwa chon

0 5 10 15 20
SNR [dB]

Hinh 2.4: Phim chit BER ciia he théng véi § = 3, M = 72, Ny = 66, K = 60, N, = 1

s6 mo phong khac khong thay ddi. Két qua mo phéng trong Hinh cho
thiy ring, vdi cing mot bo tién ma hoa, khodng cach giita cac dudng cong
BER ctia thuat toan dé xuit va thuat toan ti vu tang len. Cu thé, tai BER
— 1073 thuat toan dé xut bi suy giam khoang 1.2dB trong SNR so vé6i thuat
toan t6i uwu. Két qua mo phong trong Hinh cho thay rang, khi 6 = 6,
khodng cach dudng cong BER clia thuat toan dé xuat cang xa hon véi thuat
toan t6i wu v gan tiém can véi duong cong BER trong truong hop khong lua
chon dng-ten phat. Trong trudng hgp nay, thuat toan dé xuat hoat dong dan
kém hieu qua. Cac két qua mo phoéng tir Hinh [2.2| dén Hinh [2.5| ciing cho thay
rang, khi tang kich thudc cia mdi nhom (§ ting len) dan t6i do phic tap
clia thuat todn dé xuat gidm xudng. Tuy nhién, diéu ndy phai tra gia bang

sit suy gidm vé pham chit BER ctia hé thdng. Dé can bing gitta do phiic tap
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Hinh 2.5: Phim chit BER ciia he théng véi 6 = 2,3,4,6, M = 72, Ny = 60, K = 54,
N, =1

va pham chat ciia he thong chiing ta nén lya chon § trong khang [2 — 5].
Bing viéc phan chia ma tran kénh truyén thanh cdc nhém nho, ky thuat
lya chon ang-ten phat theo nhéom trén co sé phan tach SVD cac nhom ma
tran kénh cho phép giam dang ké do phiic tap so véi thuat toan téi wu. Do
phiic tap tinh toan ctia thuat toan dé xuat tiép tuc gidm khi kich thuée cia
mdi nhom ting lén. Tuy nhién, su tra gia cia do phic tap dé 1a pham chét
BER ctia hé thong sé bi suy gidm khi kich thudc nhom tang len.
2.4. Thuat toan lua chon dng-ten phat hé trg tién ma héa tuyén
tinh theo nhém trong hé théng Massive MIMO
Trong tiéu muc nay, Luan an dé xuét bo tién ma héa theo nhom lam viec
trén nhitng #ng-ten phat da lya chon bing k§ thuat lua chon dng-ten phat

theo nhém (TA-GS: Transmit antenna group selection) trén c¢o ¢é phan tich
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dung lugng kénh truyén trong he thong Massive MIMO song cong phan chia
theo thai gian. Bo tién ma héa dé xuat c6 do phiic tap thap, dudce phat trién
dua trén cac bo tién ma héa tuyén tinh thong thuong két hop véi ki thuat

rat gon gian.

2.4.1. Tong quan vé ky thuat rit gon gian ELR va ky thuat tién ma héa
LC-RBD-LR-ZF

2.4.1.1. Ky thuat rat gon gian ELR
K7 thuat rat gon gian trén co s phan t ELR duge dé xuat béi Qi Zhou
va Xiaoli Ma trong [56]. Thuat toan nay thic hién t6i thiéu cAc phan ti trén

duong chéo chinh ciia ma tran hiép phuong sai 16i [56]:
C = (H"H)™, (2.29)

trong d6 H € CY4*V5 3 mot ma tran kenh bat ky. Luu ¥ ring ma tran
kénh truyen dé c6 thé ap dung dude thuat toan LR phai thoa man diéu kién
N4 > Ng, v6i Ny vi Np tuong ting 1a s6 hang va s6 cot clia ma tran H bat
ky. Nhu da chi ra trong [56], thuat toan ELR cho pham chit BER t6t hon
cac thuat toan rat gon gian truyén théng LLL va SA trong cung kich ban.
Hon nita, do phiic tap tinh toan ciia thuat toan ELR thap hon dang ké so véi
cac thuat toan LLL va SA. Do do, thuat toan ELR 14 mot dng vién phu hgp
cho cac hé thong MIMO kich thudc 16n.

Thuat toan ELR gom hai phién ban d6 1a: 1) Téi thicéu co s dai nhat riat
gon gian trén co s& phan ti ELR-SLB; 2) T6i thiéu véc-to dai nhat rit gon
gian trén co sd phan tt ELR-SLV. Trong d6, thuat toan ELR-SLB thuyc hién
t61 thidu tat ca cac phan tit trén dudng chéo ciia C, thuat todn nay két thic

khi tit ci cdc phin ti tren dudng chéo ctia C khong thé giam dude nita.



20

Ngugce lai, thuat toan ELR-SLV lga chon phan tit 16n nhat trén duong chéo
dé t6i thiéu. Thuat toan két thic khi phan tit 16n nhat trén duong chéo ciia
C khong thé rit gon duge nita. D& can biing giita do phifc tap tinh toan vi
hiéu ning ctia hé thong, trong dé xuat tiép theo, luan an ap dung ky thuat
ELR-SLV nhu mot phan cia bo tién ma héa dé xudt. Thuat toan rat gon

gian ELR duge tom tit trong Bang [2.3]

Bang 2.3: Thuat toan rat gon gian ELR.

(1)  Dau vao: H € CNa*N5,

(2)  Tinh: C = (H7H)' va thiét lap T/ = I,,.

(3) Do

(4) a): Tim Cpx 16n nhé}t trong Np gi{? tri cia C cho ELR-SLV
b): Tim Cy 16n nhat clia C ¢6 the rit gon cho ELR-SLB.

(5)  Tinh: Ay = — ‘ék i £ k.

Tinh: A“g = _‘)\i,k| Cm’ — /\;kC@k — /\i,kC;k va ChQIl chi Sé
6 = argmax A, .

i=1:Np, ik
If:
(7) a):  max A;; =0 thuc hién buéc 12 cho ELR-SLV
i=1:Npg, i#k

b): Aix =0Vi,k=1: Np thuc hién buée 12 cho ELR-SLB .

’

( T, =T, +X;T; % T, 1acot thi k ctia T’
( Ci=Cr+XxCi % Cy la cot thit & ctia C
(10) CF=Ck+A;,C' % C* la hang thit k ctia C
(

(

11) While (true):
12) Daura: T = (T "7 va H/F= HT.

2.4.1.2. Thuat toan tién ma héa LC-RBD-LR-ZF

Thuat toan tién ma hoéa trén co sé ki thuat rat gon gian do phtc tap
thap hd trg tien ma hoa BD st dung ZF (LC-RBD-LR-ZF: Low-complexity
Lattice Reduction-aided regqularized Block Diagonalization using Zero Forcing

precoding) dugce dé xuat ap dung cho hé thong MU-MIMO [16]. Ma tran kenh
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T
truyen tit BS dén tat ci cac ngudi dung 1a H = [(Hl)T (HQ)T...(HK)T] €

CNe*Nt_Theo d6, ma tran tién ma héa duge biéu dién nhu sau [16]:
W = W'W’, (2.30)

trong d6 W* = [W{, W4, ..., W%] € CN KNt We (y = 1,2,...,K) 1a
ma tran tién ma hoéa cho nguoi dung tht u va dugc tao ra bang cach ap
dung ky thuat phan tiach QR ma tran kenh H, = {pINu, ﬁu}, véi ﬁu =
T T T T e N ) C e
[(Hl) (Hy) ...(H, 1) (Hy1) ...(Hg) ] thu duge bang cach loai bo cac
hang (Hu)T trong ma tran kenh truyén H. p = Ng;saz; N, = Ny — N, v

E, 1a nang lugng ctia moi symbol phét.

Phan tach QR trén ma tran I:IuH duge bidu dién nhu sau:
H” = Q.R.. (2.31)
Ma tran tién ma héa W9 cho ngudi dung thit u thu duge bang cach:
W!=Q,(N,+1:N,+ Np,N,+1:N,+ Np). (2.32)

Sau khi tao ra ma tran W, ma tran kénh hiéu qua cho ngusi dung thit u

dudgce tinh nhu sau:
H, = H W, (2.33)

Thue hieén chuyén ddi H, sang midn LR biing cach sit dung thuat toan

LLL trong [57] nhu sau:
HF = UTH,, (2.34)

trong d6 U? 1a ma tran don (unimodular) v6i cac phan tit 1a cAc s6 nguyén
thoa man det |[U”| = 1; H-® 13 ma tran kenh trong mién LR ciing kich thude

vél H,,.
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Ma tran tién ma hoa W cho ngudi ding thit u duge tao ra bing cich sit
dung thuat todn ZF trén ma tran kénh IzliR. Cubi cling, ma tran tién ma hoa

W? cho tat ca cac ngudi diing duge biéu dién bing:

Wll’ 0O ---0
0O W?!...0
W' = ? e CHNrxNr, (2.35)
0 0 Wi

C6 thé thay rang, bo tién ma héa LC-RBD-LR-ZF lién quan dén rat nhiéu
hoat dong phan tach QR. Bén canh do, kich thudc cia cadc ma tran tién m3
héa tang tuyén tinh véi s6 luong cac ang-ten phat tai phia BS va s6 luong
nguoi dung. Bo tién ma hoa ndy da dude chitng minh hoat dong rat hieu qua
trong cac hé thong MU-MIMO (véi s6 lugng dng-ten phat va s6 lugng ngudi
dung khong nhiéu). Tuy nhién, véi cadc hé thong c6 s6 lugng rat 16n ang-ten
phat va ngusi dung nhu Massive MIMO, do phtc tap cua thuat toan nay sé
tré nén rat phitc tap va rat kho co thé ap dung.

2.4.2. Lita chon adng-ten phéat theo nhém bang cach tinh dinh thifc ma
tran

Mot diéu dé dang nhan thiy ring, do phic tap tinh todn ctia thuat toan
lya chon ang-ten phat theo nhém trén co s phan tach SVD ma tran kénh
truyén dé xuét trong muc 2.3 phu thudc chii yéu vao s6 flops cho cac phép
tinh phan tach SVD ma tran kénh truyén. Dé giai quyét van dé nay, thuat
toan lya chon dng-ten phat theo nhém trén co sé phép tinh dinh thitc ma
tran duge dé xuat. Trong dé xuat nay, viec chia nhém duge thiyce hién tuong

tu nhu trong dé xuat ¢ muc 2.3. Ma tran kénh truyén ti BS dén tat ci cac
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ngudi ding dude biéu dién lai nhu sau:
H, = [H" HY ..., HS). (2.36)

trong do H?P (g = 1,2,...,G) dugce dinh nghia 1a cdc ma tran kénh con
clia ma tran keénh truyén H,;. H,; dugc phan chia tuong tu nhu trong muc
2.3. Theo d6, nhom ang-ten dau tien duge lya chon 1a nhém dng-ten c6 dung

luong kénh truyén 16n nhat trong G nhém:

g1 = arg maxC' {g}

ge(L...’G)
= arg max log, det |Iy, + LH?D (HEP)H , (2.37)
96(17"'7G) NT

¢ day, HS” 1a nhom thit g ciia Hyy, g 1a chi s6 ciia cdc nhom.

Sau khi nhém #ng-ten thit nhat dugc lua chon, thuc hién ghép lan lugt
G — 1 nhém ang-ten con lai v6i nhém dng-ten da duge lwa chon va tinh dung
luong kénh truyén tuong iing véi mdi lan ghép. Nhom dng-ten thit hai duge
lita chon 13 nhom dng-ten ghép v6i nhom #ng-ten thit nhat c6 dung luong
kénh truyén 16n nhit. Dung lugng kénh truyén trong méi 1an ghép duge biéu

dién nhu sau:

= ar max  CY{g,
gz ggE(l,m,G),g#gl {gl g}

= arg max log, det(Q) (2.38)

96(17"' 7G)7g7£gl

H
trong do Q = Iy, + NLTH[(;fD,g] (H[Ggfg]) . Qua trinh nay dudc thuyc hién
tuong tu cho cic 1an lya chon nhém ang-ten phat tiép theo va két thic khi
Np ang-ten phat duge lya chon.

Thuat toan ndy duge tom tat trong Bang :
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Bang 2.4: Thuat toan lya chon dng-ten phéat theo nhém TA-GS trén co sé phép tinh
dinh thitc ma tran kénh truyén.

(1) Diu Vao: M, NT, NR, 6, HM S (CNRXM.

(2) Tinh: G = |4 | va tao ra Hy, = [HF?, HFF, ..., HEF).
Liya chon ang-ten phat dau tién bang:

(3) g1 = arg max log, det [INR + NL;HL?P (H?P)H].

Tao ra ma tran kénh H[GlD = [HgGlP , ng | va lya chon nhém #ng-ten thi hai
91-.9
nhu sau:

4 = ar max log, det
(4) 9o 8 o max log, (Q)

H
vi Q = Iy, + £ HO (HEP )

[91,9] l91,9]

(5) Lap lai buéc 4 dén Np dng-ten phat duge lya chon.

(6) Dau ra: H € VrxNr

2.4.3. Thuat toan tién ma héa tuyén tinh theo nhém trong s hé tro cia
ky thuat riut gon gian do phiic tap thap LR-LGP.
Dé can bang giita do phtc tap tinh todn va pham chat ciia hé théng, bo

tien ma hoa dé xuat dugce thiét ké gom hai thanh phan:

e Thanh phan thi nhit duge thiét ké dé loai bo xuyén nhiéu tir nhitng

nhém ngudi dung lan can.

e Thanh phan tht hai duge thiét ké dé cai thien pham chat BER cia hé

thong bang cach 4p dung ki thuat rat gon gian ELR-SLV.

Bo tién ma hoa dé xuat duge thiét ké theo nhém, trén co s cac bo tién ma
héa tuyén tinh trong sy hd trg cia thuat toan rat gon gian c6 do phic tap
thap va duge goi 1a LR-LGP (Low-complexity lattice reduction-aided linear

group precoding). So do khéi bo tién ma hoa dé xudt duge mo ta nhu trong

Hinh [2.6]
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Hinh 2.6: So dd khéi ctia bo tién ma hoa dé xuat LR-LGP.

Ma tran tién ma hoa cho dé xuét nay dude biéu dién nhu sau:

véi 3 1a he sb chuan hoa cong suit, W; vd Wy 14 cac ma tran tién ma hoa
tht nhat v thi hai tuong tng. Trong d6, W, dudc thiét ké nhiam loai bo
xuyén nhiéu tit nhitng nhém nguoi dung lan can, W, dugc thiét ké nham
nang cao pham chat BER ctia hé théng. W, dudc tao ra bing cach sit dung
ma tran tién ma héa tuyén tinh truyén thong MMSE va phép phan tich QR
cac thanh phan trong ma tran MMSE. W, dudc tao ra trén co sd thuat toan
tien ma hoéa tuyén tinh c¢6 sy hd trg ctia thuat toan rat gon gian ELR-SLV
trong he thong kénh truyén mdé rong.

Trong buc thit nhat, ma tran kénh truyén H tir tit cd cAc dng-ten phat
da Iya chon tai BS dén tat ci ngusi dung dude chia thanh L (L = %) nhém
Hf" € CNr ([ =1,2,..., L), 8 day « 1a mot s6 nguyen duong va [a ude sb
16n hon N, ctia Ng. Cu thé, nhém dau tien H” bao gdom a hang dau tién
ctia ma tran H, nhém thi hai HS" bao gom hang thit o + 1 dén hang thi

2cr, nhom cudi cing HY? bao gom cac hang tit hang thit Nz — a dén hang
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thit Ng. Do d6, ma tran kénh truyén c6 thé duge viét lai nhu sau:
o
H;

HGP
H=| > |. (2.40)

| HiT
Trong budc thi hai, thyc hién thiét ké ma tran tién ma hoa dau tien W,
trong bicu thic . Ma tran trong s6 Wy ge € CN*VR cho tat ca céc
ngudi diing duge bicu dién bang:
Wirnse = HY(HHY + 021)7!

- [ %D\ZSEaWz?ﬁ\QJSEa ---aWJC\ZI}ISE] g (2.41)
trong d6 02 = 0?/E, va W]C\Z%SE € CN7* ]a ma tran trong s6 cho nhém
ngudi dung th .

Ap dung k§y thuat phan tach QR cho W]C\JZ[%SE ta co:

Wiitise = QRy, (2.42)

§ day Q,€ CV7N7 13 mot ma tran don nhét véi cac cot truc giao, R;€ CN7>@

14 mot ma tran tam gidc trén. Ching ta thay réng:

Ry,

0

QlRl = [Ql,l QZ,Q]

— Ql,lRl,l (243)
trong d6 Q1 € CNrxa R;; €e C*™ Qo € CNr*(NT=2) u3 ma tran véi tat ca
cac phan tit bing khong c6 kich thuée (Ny — o) x a. Sit dung Wi = Q4

nhu 14 ma tran tién ma hoéa cho nhém thit [. Sau khi tat ca cac WlGPl dugc
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tao ra, khi d6 ma tran tién ma héa dau tién trong biéu thitc (2.39) cho tat

ci cac nhom W, € CVN7Ne qugce thiét ké co cau tric nhu sau:
W, = [Wfpl, WGP | W?PL} . (2.44)
Trong budc tiép theo, ma tran tién ma héa tht hai Wy, € CVN=*Vr duge
tao ra bang cach két hop thuat todn tién ma hoéa tuyén tinh va ky thuat rat
gon gian dé cai thien pham chit BER ctia hé thong.
Dau tién, ma tran kénh hiéu qua cho nhém nguoi diing thit [ dudc tao ra
nhu sau:

H, = H"W", (2.45)

H; sau d6 duge st dung dé tao ra ma tran kénh mdé rong I:Ilm e Cox2e

nhu sau:

_ _ Noo?
3 (e [Hl, %“Ia] . (2.46)

véi I, 14 mot ma tran don vi kich thuée o X .
) — T e are . B
Tiép theo, ma tran kénh mé rong (Hl@‘”) duge chuyen doi t6i H; trong
mién LR béang cach st dung ky thuat rat gon gian ELR-SLV trong [56]:

H, = U'H (2.47)
trong d6 U; 1a ma tran don v6i cdc phan tit 1a cdc s6 nguyén thoéa méan
det |U;| = 1. Khi d6, ma tran tidn ma héa W5 ' € C*** cho nhém thit [
duge biéu dién bing:

Wit = AT (HHAT) (2.48)

vii A; = [I,, 04], 0, duge dinh nghia la ma tran véi tat cd cdc phan ti

khong, ¢6 kich thuéec a x a.
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Cubi ciing, ma tran tién ma hoa thit hai W, trong (2.39) va ma tran don

cho tat ca cac nhom nguoi dung dude thiét ké co cau tric nhu sau:

WS o .0
0 WS .0
0 0 WSt
ur 0 -0
0 UL...0
Uep = : (2.50)
0o o0 Ut

Hé s6 chuan hoa cong suit duge tinh bing:

N
7= Tr {(W1W2) (W1W2)H} | 220

Thuat toan tién ma hoa dé xuit LR-LGP dugc tom tét trong Bang [2.5]

Véc-to tin hieu thu cho tit ca ngusi diing dude biéu dién nhu sau:
y = HWx + n. (2.52)

St dung y trong (22.52)), véc-t6 tin hiéu phéat duge uée lugng tai phia thu nhu
sau [70], [71]:

" 1 y _ _
X = UGP; (Qz {ME + B.(Ugp) 11L — B:(Ugp) 11L> ) (2.53)
trong d6 p = 1/2, B, = ™=(1 + j), m la s6 bit trong mot symbol phat,

1, € RV 1a mot vée-to cot véi Ny phan ti 1. Q.[.] biéu dién cho phép

lam tron dén s6 nguyén gan nhat. Tir biéu thic (2.52) va (2.53), ching ta
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Bang 2.5: Thuat toan tién ma hoa dé xuat LR-LGP.

(1)  Dau vao: Ny, Ng, H.
2) Quyét dinh s6 luong nhém ngudsi diing L va tinh toan kich thuée clia
tirng nhom
Tao ra cac ma tran H = [H?, HZ ..., HZ]" va
GP GP GP
Wumse = [WMJ\ZSEa Wiinise: - WMJ\?SE} :
(4) Ap dung ky thuat phan tach QR t6i WAGJF;(/[SE,
vidu WS op = QR forl=1,--- L.
(5)  Tao ra cac ma tran trong so Wfpl =Q(,1:a)v6il=1,---,L.
Tao ra ma tran trong s6 W, bing cach sip xép W
(6) !
nhu trong bicu thic (2.44).
Tao ra cac ma tran H; = HFPWS and Hy = [I:Il, \/NE:’Q IGP}
VGil=1,--- L
Chuyén déi (He=t " thanh A, véil=1,--- L, bing cach ap dung
) !
thuat toin ELR-SLV trong Béang ({2.3).
) Tao ra cac ma tran trong s6 W5 = A HT(HHAT) ' véil=1,--- L.

(
(
(10) Tao ra ma tran trong s6 Wy bing cach sip xép W5, [ =1, L,
(

nhu trong biéu thitc (2.49).
11) Paura: 8= \/Tr[(wlwi\;?wlwg)H] va W =W ;W,.

suy ra:

X

x + 2UqpQ. FE} . (2.54)

T biéu thiic (2.54), ching ta c6 thé thiy ring x dudc giadi ma chinh x4c
néu Q, [%%] = 0. Diéu nay c6 nghia ring, déi v6i mot cong suat tap Am nhat
dinh thanh phan 1/8 s& quyét dinh dén pham chat BER ctia he théng. Trong
Hinh [2.7] va Hinh [2.8]1a ham phan bé tich liy théng ke (ECDFs: Empirical
cumulative distribution functions) ctia 1/ trong cho cac thuat toin
LC-RBD-LR-ZF va thuat toan dé xuit LR-LGP trong cac truong hop he
thong khong c6 va c6 lya chon dng-ten phat tuong tng. D61 véi cling cau
hinh hé thong, két qud mo phoéng cho thiy rang, bo tién méa héa LC-RBD-
LR-ZF tao ra thanh phan 1/ nhé hon bo tién ma héa LR-LGP. Diéu nay c¢6
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1
091 ]
0.8 r ]
0.7r ]
0.6 .
a
U O 5 [ T
w
0.4 .
03 .
0.2 LC-RBD-LR-ZF [16]
/|——LR-LGP v&i L=4, 60 x 60 khdng Iwa chon
0.1r /| ==~ LR-LGP v6i L=6, 60 x 60 khong Iwa chon ||
0 _J_;’/ e LR-L?P v@i L=10, 60 x ?0 khéng lwa chon
0.35 0.4 0.45 0.5 0.55
1/beta

Hinh 2.7: Him ECDF cua 1/ cho cac bo tién ma héa LC-RBD-LR-ZF va LR-LGP
v6i Np =M =60, N, =1, K =60, L =4,6 va 10.

nghia ring, bo tién ma héa LC-RBD-LR-ZF sé cho pham chit BER t6t hon
so v6i bo tien ma hoa LR-LGP cho ciing mot cAu hinh hé théng. Hon niia,
két qud mo phdéng cling cho thiy rang, khi s6 luong cdc nhéom ngudi dung
L tang len dan t6i thanh phan 1/5 gidm dan. Khi he théng ¢6 ap dung k¥
thuat lya chon #ng-ten phat tai phia BS thanh phan 1/ ciing s& nho hon so
véi truong hop khong ap dung ki thuat luwa chon dng-ten phéat. Do d6, pham

chat BER ciia hé thong sé duge cai thien.
2.4.4. Phan tich do phic tap tinh toan.
Trong phan nay, luan an thiyc hién phan tich so sanh do phtc tap tinh toan

ciia thuat toan LC-RBD-LR-ZF trong [16] va thuat toan dé xuat LR-LGP.

Do phiic tap cia cac thuat toan dugce tinh bang don vi flops. Luu ¥ ring mdi



61

09

0.8

ECDF
o
o1

—— LC-RBD-LR-ZF [16] Vi 6 =2
7 |——LRLGPv6iL=4, § =2
G —-—=LR-LGP v6i L=6, § =2

,_,»_";_/—LR-LGP v6i L=10, 6 =2

0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46
1/beta

Hinh 2.8: Ham ECDF cua 1/ cho cac bo tién ma héa LC-RBD-LR-ZF va LR-LGP
v6i M =90, Nr =60, N, =1, K =60, L =4,6 va 10, § = 2.

hoat dong phan tdch QR ciia mot ma tran phic kich thuée r X ¢ yéu cau
6rt? + 4rt — 2 — t flops. Do d6, do phiic tap tinh toan ctia bo tién ma hoa
LC-RBD-LR-ZF va bo tién ma hoa dé xuit LR-LGP dudc tinh toan chi tiét
nhu sau:

2.4.4.1. Do phitc tap tinh toan caa thuat toan LC-RBD-LR-ZF.
Do phtc tap tinh toan cia thuat toan LO-RBD-LR-ZF dugc tinh bing:
F=F,+F+F. (flops). (2.55)

trong do F, va F}, 1a s6 flops can thiét dé tim W va WP, F. 1a s6 flops can

thiét cho phép nhan hai ma tran W va WP, F, va F, dudc tinh toan va thé
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hién trong cac biéu thic (2.56) va ([2.57).

F=K {6(NR — N,)(Ng + Ny — N,)* + 4(Ng — N,)(Ng + Ny — N,.)

— (Ng+ N = N,)* =(Ng + Np — N,)] (flops). (2.56)

F, = K(8N2N, — 2N;N,) + K(16N>Ny — 2N, Ny + 8N?
—2N2 + Fopaate—ron) + K(8N? + 16N2Ny — 2N? — 2N, Nr) (flops)
(2.57)

Cac biéu thitc (2.56) va (2.57) duge tinh chi tiét trong phan Phu luc. Can

luu ¥ réng, trong biéu thic (2.57), Fpdare—rzr 14 chi phi tinh toan cho cac
hoat dong cap nhat ctia thuat toan LLL, n6é thu duge bing cach thém vao
cac bién dém trong qua trinh mo phong.

F, dugc tinh toan bang:

Tit cAc két qua tinh toAn chi tiét trong cac bicu thic (2.56) dén (2.58)),
tong s6 flops can thiét cho bo tién ma héa LC-RBD-LR-ZF dugc tinh nhu

sau:
F = K [6(Ng = N)(Ng + Ny = N.)* +4(Ng = N)(Ng + Ny — N,)
—(Np+ Np = N,)* = (N + Nr = N,)| + K(8NEN, — 2N7,)
+ K(16N;Ny — 2N, Ny + 8N, — 2N + Fpiate-111)
+ K(8N? + 16NNy — 2N? — 2N, Ny) + 8K N2 N — 2Ny Ng (flops)
(2.59)

~ O(KN2Np).
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2.4.4.2. D6 phitc tap tinh toan caa thuat toan LR-LGP.
Do phiic tap tinh toan ctia thuat toan LR-LGP dugc tinh bang:
Fy=F,+ Fg+ Fo (flops). (2.60)

G day Fy va F la s6 flops can thiét dé tim W, va W, tuong ting. Fy 1a s6
flops cho phép nhan hai ma tran W, va W,

F4 duge tinh nhu sau:

Fy= Fyuse + For  (flops), (2.61)

trong d6 Fysysp 12 86 flops can thiét dé tim ma tran Wy s va Fop 1a 0
flops cho cac hoat dong phan tach QR trén cac ma tran WAGﬁQSE trong bicu

thuc 1} Fyrvse va Fgr dude tinh toan nhu sau:

For = L(6N;a + 4Npa — o® — «)  (flops). (2.63)

Biéu thitc (2.62) duge phan tich chi tiét trong phan Phu luc. Do d6, tong

s6 flops can thiét dé tim ma tran W, dugc tinh bang:

Fa= Fuuse + For
=8N} +16NzNy — N3 — 2NNy + Np + 1

+ L(6NZ2a + 4Npa — o — ) (flops). (2.64)
Fp duge tinh toan nhu sau:

Fp=F+ F;+ F, (flops), (2.65)
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véi Fy, Fy va Fy 1a sb flops dé tim cac ma tran H;, H; va W5 tuong tng.

Fy va Fy duge tinh bing:

Fy, = L(8Npa? — 20%)  (flops). (2.66)

F3 - F5 + FG + Fupdate—SLV (flOpS) (267)

-1
7z i = e T H el T A
trong do6 Fy5 va Fjg 1a s6 flops dé tinh C = [{ (Hlm) } (Hf”) ] vaH, =
UTH* tuong tng. Fypgae_szv 12 86 flops can thiét cho cac hoat dong cap
nhat cta thuat toan rat gon gian ELR-SLV, né thu dudc ti két qui mo

phoéng. Do d6, F3 dugce tinh bang:
Fy = L(240” — 20°) + L(160° — 40°) + LFpgare_siv (flops). (2.68)
S6 flops can thiét dé tim tat ca cac ma tran W5'! duge tinh nhu sau:
Fy, = L(56a° — 8a®)  (flops). (2.69)

Biéu thic (2.69) duge phan tich chi tiét trong phan Phu luc. Do do, téng
s6 flops can thiét dé tim ma tran tién ma hoa thit hai W, duge biéu dién

bang:

Fp = L(8Nya® — 2a°) + L(24a” — 20°) + L(160°

— 40°) + LF, pgare—sv + L(56a° — 8a2)(flops). (2.70)
Fo duoe tinh nhu sau:
FO = 8N]2%NT - 2NRNT (flOpS) (271)

T nhitng két qua phan tich trén, tong sé flops can thiét dé tim ma tran
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tién ma hoa cho thuat toan dé xuat LR-LGP dugce tinh bang:

Fy =8N} + 16N2Ny — N2 — 2Nz Ny + Ni + 1 + L(6N2a 4 4Ny«
—a? — a) + L(8Npa® — 20°) + L(24a* — 20%) + L(16a° — 4a?)
+ LF\paate—scv + L(56a® — 8a?) + 8NNy — 2NNy (flops).
(2.72)
~ O(NrN3).
Do phiic tap tinh todn clia thuat toan tién ma héa dé xuat LR-LGP va

thuat toan LO-RBD-LR-ZF dugc tom tit trong Bang [2.6|

Bang 2.6: So sanh do phitc tap tinh todn ciia thuat todn dé xuat LR-LGP véi thuat
toan LC-RBD-LR-ZF

K¥ thuat Bac phtc
tién ma Do phitc tap tinh toan (flops) tap
hoa

% K [G(NR_Nu)(NR+NT—Nu)2 +4(Ng — Ny)(Ng + Nt —

2
RBD— | M) —(Np+Np—N,)’ = (Np+Nr— Ny)| + KENEN, - | OBENTNR)
LR—-ZF | 2NrN,)+ K(16N2Ny — 2N, Ny +8N2 — 2N2 + Fypaate—rLL) +
K(8N2 + 16N2Nr — 2N2 — 2N, N7) + 8K N2Ng — 2N1 Ng
8N} 4+ 16NANy — N3 —2NgNr + Ng + 1+ L(6NZ2a + 4Npa — O(NyN2)

LR—LGP | a2—a)+ L(8Nra? — 202) + L(24a® — 202) + L(16a® — 4a?) +
LFupdate—srv + L(56a° — 8a2) + 8NZNy — 2Ngr Ny

2.4.5. Két qua mo phdng.

Trong phan nay, luan an thuc hién so sanh pham chat BER va do phiic tap
tinh toan ctia bo tién ma hoa dé xuat LR-LGP va thuat toan LC-RBD-LR-ZF
duge dé xuat trong [16]. Xuyen sudt két qui mo phdéng, nghién citu sinh gia

thiét ring kenh truyén gitta BS dén tat ca cac nguoi dung 1a kénh pha dinh
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Rayleigh can tinh, it bién do6i trong khoang thai gian 200 symbol.

]_00 T T
107" E

10 ¢ E

BER

103 :

10" H—8— LC-RBD-LR-ZF [16] E
F|—A— LR-LGP voi L=4 ]
r| —&— LR-LGP v6i L=6
[|—6— LR-LGP v6i L=10

I I

1 1 1

0 5 10 15 20 25 30
SNR [dB]

Hinh 2.9: Pham chidt BER ctia hé théng v6i Np = M = 60, N, = 1, K = 60,
L = 4,6, 10.

Hinh minh hoa pham chit BER ctia hé théng cho thuat toan dé xuat
LR-LGP va thuat toan LC-RBD-LR-ZF trong [16]. Cac tham s6 mo phong
chinh nhu sau: Ny = M = 60, N, = 1, K = 60, tin hi¢u dudc diéu ché bang
4QAM. S6 lugng nhém ngusi dung cho bo tién ma héa LR-LGP L = 4,6, va
10 nhém. Két quad mo phéng trong Hinh cho thay ring pham chat BER
ctia thuat todn tién ma hoa LR-LGP la tiém can véi thuat toan LC-RBD-
LR-ZF khi s6 luong nhom ngudi dung L tang len. Cu thé, tai ty lé 16i bit
BER = 1072, thuat toan dé xuat bi suy gidm khoang 0.5 dB, 0.8 dB va 1.1
dB trong SNR tuong tng v6i L = 10,6 v 4 nhém khi so sanh vGi thuat
toan tien ma héa LC-RBD-LR-ZF. Tuy nhién, do phtc tap cia thuat toan

dé xuat thap hon rat nhiéu so véi thuat toin LC-RBD-LR-ZF, diéu nay duodc
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thé hien trong Hinh 2.12]

BER

Hinh 2.10: Pham chat BER ctia he thdng véi M = 90, Ny = 60, N, = 1, K = 60,

Trong Hinh va Hinh thé hien pham chit BER ctia he théng khi
ki thuat TA-GS dugc ap dung. Trong cac két qui mo phong nay, cidc tham
s6 mo phong dugde stt dung nhu sau: M = 90, Ny = 60, N, = 1, K = 60,
L = 4,6, 10, tin hieu duge diéu ché 4QAM, § = 2 cho Hinh[2.10]va § = 3 cho
Hinh . Két qua mo phéng cho thiy ring pham chiat BER ciia hé théng
dugce cai thien dang ké khi ky thuat TA-GS dudce 4p dung. Cu thé, tai BER
— 1072 cho cling mot bo tién ma hoa, he théng cai thien khoang 2 dB va
1.5 dB trong SNR tuong tng véi 0 = 2 vi & = 3 khi so sanh véi truong hop
khong ap dung ki thuat lua chon #ng-ten phat. Bén canh do, cic két qud mo

phong trong Hinh va, Hinh ciing cho thiy riang su cai thién pham

10°

10t

107

10

i —A - LR-LGP vGilL=4, 5 =2
=& -LR-LGP v6i L=6, § =2 \J
[|—© - LR-LGP v6i L=10, § =2

H —A— | R-LGP voi L=4, 60 x 60 khong Iwa chon
H —©— LR-LGP v&i L=6, 60 x 60 khéng lwa chon

—B& -LC-RBD-LR-ZF [16], v&i § =2

0

L=4,610vk§=2.

chat BER ctia hé thong ty lé nghich vdéi 6.

R
| —6— LR-LGP v6i L=10, 60 x 60 khang Iwa chon BN
—8— | C-RBD-LR-ZF [16], 60 x 60 khéng Iwa chon AN
T T T T Il AN AN
5 10 15 20 25
SNR [dB]

30
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100 T T T T T
10t F E
S
-2 L 4
107 N :
[0 F \\\\
Ll N
m N
3 N
107 | =A -LR-LGP v6iL=4,5 =3 X E
[—¢ -LR-LGP v6i L=6,§ =3 "D
[|—© -LR-LGP v6i L=10, § =3 M
, || ~B -LC-RBD-LR-ZF [16], v6i 6 =3 N
10™ F|—A—LR-LGP v&i L=4, 60 x 60 khéng Iwa chon \\\\ E
F|—&— LR-LGP véi L=6, 60 x 60 khong Iwa chon \1\\ X
[|—©— LR-LGP v&i L=10, 60 x 60 khong lwa chon \\ N
—E— LC-RBD-LR-ZF [16], 60 x 60 khéng Iwa chon \\\\\\\
T T T T 1 A\
0 5 10 15 20 25 30
SNR [dB]

Hinh 2.11: Pham chat BER ctia hé théng v6i M = 90, Np = 60, N, = 1, K = 60,
L—4,6,10va d = 3.

1010 F T T T T T
F| —B— LC-RBD-LR-ZF [16]

[| —A— LR-LGP véi L=4
[| —6— LR-LGP v&i L=10

P

So flops

1 1 1 1 1

108
40 50 60 70 80 90 100

S6 lwgng dng-ten phat

Hinh 2.12: So sanh do phtc tap tinh todn ctia thuat toan dé xuit véi thuat toan
LC-RBD-LR-ZF trong [16].
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Hinh biéu dién do phtc tap tinh toan ctia thuat toan dé xuit LR-
LGP va thuat toan LC-RBD-LR-ZF. Trong kich ban nay, Np dudc thay déi
tir 40 t6i 100 ang-ten phat, Nz = Np, L = 4 va L = 10. Tit két qua the
hién trong Hinh chiing ta c6 thé dé dang thay ring, do phtc tap tinh
toan clia bo tien ma hoa dé xuat thap hon rat nhicu so véi bo tién ma hoéa
LC-RBD-LR-ZF. Cu thé, tai Ny = 80 ang-ten phat, do phiic tap ctia bo tién
ma héa dé xuat LR-LGP vé6i L = 4 vd L = 10 nhém xap xi bing 6.25%,
13.54% so véi bo tién ma héa LO-RBD-LR-ZF tuong ting. Két qua bicu dién
do phtc tap trong Hinh ciing cho thiy ring, do phic tap tinh toan cta
bo tién ma hoa dé xuat LR-LGP tang khi L tang leén va ngugc lai.

Tu cac két qua tinh todn va mo phoéng cho thiy ring bo tién ma hoa
dé xuat LR-LGP c¢6 do phiic tap thap hon dang ké so v6i bo tien ma hoa
LC-RBD-LR-ZF trong khi pham chit BER gan tiém can v6i bo tién ma
héa LC-RBD-LR-ZF khi L tang léen. Pham chat BER ciia hé théng dudc cii
thién khi ky thuat lga chon dng-ten phat theo nhém TA-GS duge ap dung
cho bét ky bo tién ma hoa ndo duge ap dung. Tuy nhién mot diém han ché
clia thuat toan tién ma hoa dé xuét l1a: Khi L qua nhd, khoang cach dudng
cong BER ctia thuat toan dé xuat LR-LGP sé cang cach xa so vdi thuat toan
LC-RBD-LR-ZF.

Dé can bing giita do phiic tap tinh toan v pham chat BER ctia hé théng,
L néen duge lya chon bang Ni/2N, la higu qua nhat khi K 14 mot s6 chdn.
Trong truong hop K 13 mot s6 1é, L hiéu qué nhat khi L 13 u6c s6 lien ke

uwée 6 16n nhat cua K.
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2.5. Két luan chuong

Trong Chuong 2, Luan 4n da trinh bay chi tiét cdc budc trong thuat toan
liya chon dng-ten phat theo nhém véi do phic tap thap trén co sé phan tich
dung lugng kénh truyén bang phuong phap phan tach SVD va tinh dinh thic
ma tran cho hé théng Massive MIMO. Theo d6, nhitng nhém #ng-ten phat
c6 déng gép nhiéu nhat vio tong dung luong kénh truyén sé 1a nhitng nhém
ang-ten phat dugc lya chon. Trén co sé nhitng dng-ten phat dugce lua chon,
trong Chuong 2, Luan an da trinh bay dé xut thuat toan tién ma hoéa theo
nhém gom hai thanh phan: Thanh phan thi nhat duge thiét ké dé loai b
xuyén nhiéu tit nhitng nhém ngudi ding lan can. Thanh phan tht hai dugc
thiét ké nhim cai thien pham chit BER ciia hé théng. Bo tién méa hoa dé
xuat c6 do phiic tap thap hon dang ké trong khi pham chat BER gan tiem
can véi thuat toan LC-RBD-LR-ZF khi s6 lugng nhoém nguoi dung ting len.
Pham chat BER ctia hé théng duge cai thien khi s6 lutong nhém ang-ten phat
G hoac s6 luong nhom nguoi dung L tang len. Tuy nhién sy trd gid cla cac
thuat toan nay la do phtc tap tinh toan ciing tang tuyén tinh véi s6 luong
cdc nhém G hosic L. Cac k§ thuat lua chon #ng-ten phat va bo tién ma hoa
dé xuat hoat dong trong diéu kién thong tin vé trang thai kenh truyén CSI

dugc biét hoan hio tai phia BS.



Chuong 3

KY THUAT TIEN MA HOA CHO HE THONG MASSIVE

MIMO TRONG DPIEU KIEN KENH TRUYEN CO TUONG
QUAN VA KENH TRUYEN KHONG HOAN HAO

Trong Chuong 3, Luan 4n gi6i thiéu nhitng van dé co ban vé mo hinh hé
thong Massive MIMO trong céc diéu kién kénh truyén cé tuong quan va kénh
truyén khong hoan hdo. Trén co sd d6, bo tién ma hoa theo nhom dé xuat
trong diéu kién kénh truyén c6 tuong quan sé dugc trinh bay trong chuong
nay. Bén canh d6, bo tién ma hoéa dé xuit c6 sy hd tro cha kj thuat phan
tich thanh phan chinh PCA hoat dong trong diéu kién kénh truyén khong
hoan hdo ciling dudc trinh bay chi tiét trong Chuong 3. Két qud nghién ctu
trong Chuong 3 dugce cong bo trong cic cong trinh nghien citu s6 3 va s6 4.
3.1. Ky thuat tién ma héa tuyén tinh theo nhém cho hé théng

Massive MIMO trong diéu kién kénh truyén tuong quan
theo ham mi.

3.1.1. M6 hinh hé théng.

Xem xét mo hinh hé théng Massive MIMO nhu Hinh v6i Np dng-
ten phat duge trang bi tai phia BS phuc vu dong thoi K nguoi diing, moi
ngudi ding ¢6 N, ang-ten thu. Tong sé ang-ten thu tai phia ngusi ding 1a
Nrp = KN,. Hon nita, gia thiét thong tin trang thai kénh truyén 1a hoan
héo tai phia BS. Trong thuc té, mac du khodng cach gitta cic dng-ten theo

ly thuyét dugc ddm bdo. Tuy nhién, gitia cac dng-ten phat hoic cac dng-ten

71
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thu luon ton tai mot luong tuwong quan nhat dinh do giéi han vé khong gian
trién khai. Dé tinh dén anh huéng ctia mbi tuong quan khong gian, mo hinh
kénh luan 4n xem xét duge dua ra theo biéu thic sau [58]:

H.,, = R}/"HR}”, (3.1)

p T T T T NpxN N ~
trong do H,,,, = [(me) (Heorry) - (Heorry) ] € CYR*NT |3 ma tran

kénh truyén c6 su tuong quan giita cdc dng-ten phat va ang-ten thu. Ry 13
ma tran tuong quan phat kich thuéc Ny X Ny, Ry 1a ma tran tuong quan
thu kich thuéec Np X Np. H 1& ma tran kénh khong tuong quan trong dé céc
phan tit by 1a cac bién Gauss phitc ngdu nhién c6 gia tri trung binh bang 0
va phuong sai bang 1. Trong luan an nay, nghién citu sinh khao sat hé thong
Massive MIMO trong diéu kién kénh tuong quan st dung mo hinh ma tran
kénh tuong quan theo ham mi [59]. Trong mo hinh nay, cdc phan tit ciia Ry
va Ry dude biéu dién nhu sau:

<wv
Tuw = ] <1, (3.2)
U > v

v
§ day 0 < r <1 la he s6 tuong quan gitta hai ang-ten phat hodc hai ang-ten
thu canh nhau. Dat x, € CY*! biéu dién véc-to tin hieu phat cho ngusi
ding thi u. Véc-to tin hieu nhan dudce clia ngudsi dung thi w duge biéu dién

nhu sau:

K
Yu = Hcorr,u E Wcorr,uxk‘ + n,

k=1

K
= Hcorr,chorr,uXu + Z Hcorr,chorr,uXk + n,, (33)

k=1,k#u

trong d6 Hepp,, € CVN7 13 ma tran kénh truyén tit BS dén ngusi ding

tht u, Wipu € CN*Nu dquge dinh nghia 1a ma tran tién ma héa cho ngusi
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ding thit u. n, € CY>*! 1a véc-to nhidu tai ngudi ding thi u. Luu ¥ ring,
trong biéu thic (3.3), Heorru WeorruX, 13 thanh phan tin hiéu mong mudn
clia nguoi dung thit u, f H. oo W eorr 1 X, bicu dién thanh phan tin higu
khong mong mudn (Xu;grll’kr?lqltiéu) clia ngudi dung tha u.

Dity = | y7 y7 ... yZ | € C"**! la véc-to tin hieu thu clia tat ca

ngudi dung. Khi d6, moéi quan hé gitta véc-to tin hiéu thu y va véc-to tin hicu

phat x = [x] xI..x%]" € CVr*! duge bidu dign nhu sau:
y = (Hcorrwcorrx + n), (34)
Trong bicu thic (3.4), thanh phan W,,,, 1a ma tran tién ma hoa cho tét
cd cac nguoi dung can dudgc thiét ké tai phia BS.
3.1.2. Thuat toan tién ma héa dé xuat ZF-GP-LR.
Trong tiéu muc nay, bo tién ma héa theo nhém c6 do phic tap thap két
hop v6i ki thuat rat gon gian ELR-SLB hoat dong trong diéu kién kénh

truyén st dung mo hinh kénh tuong quan theo ham mi duge dé xuat. So do

khéi qua trinh thic hien thuat toan dudec mo ta trong Hinh .

1 b4
=H_ | o [ H,

lora)| ... [ora)]

Hinh 3.1: So d6 khéi ctia bo tién ma héa dé xuat ZF-GP-LR.

Bo tien ma hoa dé xuat dugce thiét ké nhu sau:

Wcorr = ﬁGPWaGPWg*Pa (35)
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& day W, € NXINT quge thiét ké dé loai bo nhiéu tit nhitng nhém ngudi
dimg lan can, W&, € N7Nr duge tao ra nhim ning cao pham chéat hé
thong, Bep 14 hée sb chuan hoa cong suit.

Trong budc tht nhat, ma tran kénh tuong quan H,,,, dudc chia thanh L

(L = %) nhém (cac ma tran con) H', € CNr (1 = 1,2,..., L), v6i v la

corr
cac s6 nguyen duong 16n hon N, v dong thoi 1a u6e sé cia Ng. Nhom dau

tien H!  bao gom tit hang dau tien dén hang thit v clia ma tran kenh H,,,,;

corr

Nhém thit hai H2  tit hang thi (7 + 1) dén hang thit 27; va hang cudi cling

HZ  tit hang thi (Nz — 7) t6i hang thit Nz. Theo cach phan nhém nhu

corr

trén, ma tran kénh tuong quan tit BS dén tat ci cic ngusi dimg dude bicu

dién lai nhu sau:

_ \ _
h), h, e thT
> HIIZOTT
hvl hw2 ) h’YNT J
hiiy heane - heanw
H, = (v+1) (v+1) (y+1)Np . (3. 6)
\
hivg—1 hvg—2 - Dy,
> HcLorr
hNRl hNR2 T hNRNT )

Trong budc thi hai, ma tran tién ma hoéa thi nhat W¢, trong biéu thitc
(3.5) duge thiét ké c6 dang nhu sau:

a a a a 3.7

GP — |: GP1 GP2 GPL:| Y ( : )

v6i W¢p la ma tran tien ma héa tuong tng véi nhom ngusi ding thi .

Dé thu dugc &p, dau tien thyuc hign xay dung ma tran kénh ﬁlcorr €
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CWNr=1x(NT) hao gdm tat ca cac thanh phan trang thai kenh cia céc nhém

trir di trang thai kenh truyén ctia nhém ngudi dung thit [ nhu sau:

corr corr corr corr corr

i, = [, ) ) mE )] (3.8)

l

worr €O dang nhu sau:

Tiép theo, ma tran kénh mé rong ctia H

H' , = {\Iy H, ]}, (3.9)

corr

trong do6 ﬁfaxt € CWr=XNRHNT=) " N} = Np — v va A = |/ Nao?

By

) ) ~ H
Ap dung k¥ thuat phan tach QR doi v6i ma tran kénh md rong <Hfm> ,
ching ta co:
- \H
(..) =QR, (3.10)

§ day Q, € CWNHNr)x(NtNT) 13 ot ma tran don nhdt va R, 13 mot ma tran
tam giac trén. Tit Q;, ma tran tien ma hoa W¢,p cho nhom thi [ ¢6 cau tric

nhu sau:
ngl :QZ(NZ+1 . Nl—{—NT,Nl—{—l . NZ—J’—NT) (311)

Sau khi tao ra tat cd cic ma tran trong s W, ma tran kénh hi¢u qua

cho nhém ngudi dung thi [ duge tinh bing:

ﬁl:Hl

corr

W (3.12)

Ma tran kenh (H,) trong (3.12) dugc chuyén vi va bién déi thanh HFR

trong mién LR bang cach st dung thuat toan ELR-SLB:
H' = UTH,, (3.13)

trong do I:IZLR e Cr i,
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Ma tran trong so WbZFl cho nhém thit [ dude tao ra bang cach ap dung

thuat toan ZF cho I:IZLR nhu sau:
b o\ [ (gee (goe)]
wi, = (B7)" | (f7) (87) "] (3.14)
Cudi cting, ma tran tién ma héa W2, va ma tran don U%, cho tat cd céc

nhém nguoi dung duge sap xép nhu sau:

Wy, 0 -0
0 Wt oo 0
W, = e (3.15)
K 0 W
U’ 0 0
, 0 ul ... 0
UL, = . (3.16)
00 Ul

Dé dam bao cong suit phat khong thay doi sau khi tin hiéu phat duge
nhan véi ma tran tién méa hoa, hé sé chuan héa cong suit Sgp dude tinh nhu

sau:

Ng
a b a b "y
Tr {( trWep) (WepWep) }

Bep = (3.17)

Thuat toan tién ma héa dé xuat ZF-GP-LR dugc t6m tit trong Bang [3.1]

Tai phia ngudi diing, véc-to tin hiéu thu cho tat ca cac nhém duge biéu

dién nhu sau:

y = (Hcorrwcorrx + n)/ﬁGP- (318)
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Bang 3.1: Thuat toan tién ma hoa dé xuat ZF-GP-LR.

(1)  Dau vao: Ny, Ng, Heorr-
Quyét dinh s6 lugng nhém ngudi diing L va tinh toan kich thuée cia
tirng nhom

- T
Tao ra ma tran HY, = [(H ). (HE )TW :

corr corr corr

Ap dung k§ thuat phan tach QR t6i H! ,.

)
)
) TaO ra ma tran W?;Pl = Q1<N1 +1: N1 + NT,Nl +1: N1 + NT)

) Lap lai budc 3 dén bude 5 cho tat ci cadc nhém con lai dén khi cdc ma tran
)

)

)

GP, dugce tao ra.
Tao ra ma tran W, nhu trong (3.7).

5 T _ 1 a
Tao ra ma tran Hy = H_, W¢p .

Chuyén ddi (H;)” thanh H® bing cach ap dung thuat todn ELR-SLB
trong Bang ﬂ

- H[ /. _ ] T
(10) Tao ra ma tran W, = (H5R> RH%R> <H1LR> w

Lap lai budc 8 dén bude 10 cho tat ca
cac nhom con lai dén khi cAc ma tran WbGPl dugc tao ra.

(12) Tao ra ma tran W2, nhu trong (3.15)).

13) Daura: fgp = N . Weorr = Bap W&, WY .
(19) o =\ E T e arWerWer

St dung y trong (3.18)), véc-to tin hiéu uée lugng tai phia thu duge tinh

nhu sau [70], [71]:
X = UZ‘P% QNY + ﬁz(Ulép)_lle - ﬁz(Ulg;P)_llL)

= x +2U%,Q. Fi] , (3.19)
2 Bap
trong d6 p = 1/2, . = 22(1 4 j), 1, € R¥™! 1a mot véc-to cot véi Ng
phan ti 1, @Q.[a] duge dinh nghia 14 hoat dong ctia phép lam tron a dén sb
nguyén gan nhat, m 1 s6 bit trong mot symbol phét.
Tit bidu thite (319) cho théy ring x gidi ma ddng néu Q. [%BGLP} — 0.
Diéu nay c6 nghia rang, d6i v6i mot cong suat tap am nhat dinh, thanh phan

1/Bap 1a yéu t6 quyét dinh dén pham chit BER ctia hé théng. Trong Hinh
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1 :
—— LC-RBD-LR-ZF [16] v&i r=0.5 /ﬁ
0.9 H —— ZF-GP-LR v6i L=4, r=0.5
ZF-GP-LR v6i L=6, r=0.5
0.8 H—— ZF-GP-LR v&i L=10, r=0.5

0.7

0.6 [

05

ECDF

0.4

03[

0.45 0.5 0.55 0.6
15 gp

Hinh 3.2: Him ECDF of 1/8¢p cho cac bo tién ma héa LC-RBD-LR-ZF va ZF-GP-
LR v6i Ny =60, N, =1, K =60, L = 4,6 va 10, r = 0.5.

va Hinh [3.3] ham ECDF ciia 1/Bgp bidu didn cho thuat toan LO-RBD-
LR-ZF trong [I6] va thuat toan dé xuat ZF-GP-LR trong diéu kién kénh
truyén tuong quan theo ham mi tai phia BS (H,,, = HRlT/ 2). Két quid mo
phéng trén cac Hinh [3.2) va Hinh 3.3 cho thiy ring, thanh phan 1/54p ting
len khi he s6 tuong quan tang. Cho ciing mot cdu hinh hé thong, bo tién
mé hoa LC-RBD-LR-ZF tao ra thanh phan 1/85p nhé hon bo tién ma hoa
ZF-GP-LR. Hon nita, thanh phan 1/55p gidm dan khi s6 lugng nhom ngudi
ding tang lén. Nhitng két qua nay cho thay ring, pham chat BER ciia he
thong sé bi suy gidm khi hé sd tuong quan gitta cac dng-ten ting len. Bén
canh do, bo tién ma hoa LC-RBD-LR-ZF sé cho pham chat BER t&t hon
ZF-GP-LR. Tuy nhién, bo tién ma héa LC-RBD-LR-ZF bi tra gia rat 16n ve

do phiic tap ciia hé thong.
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1 T T
— LCRBD-LRZF [16]véi =07 |
0.9 {—— ZG-GP-LR v&i L=4, r=0.7 4
ZG-GP-LR v&i L=6, r=0.7
0.8 |——2ZG-GP-LR v6i L=10, r=0.7 i
0.7 ]
0.6 ]
a
S 05r T
L
0.4 F -
03[ ]
0.2 ]
0.1t 1
0 L L
0.6 0.65 0.7 0.75 0.8 0.85

V5 e

Hinh 3.3: Ham ECDF ctia 1/8gp cho cac bo tién ma héa LC-RBD-LR-ZF va ZF-GP-
LR vé6i Np =60, N, =1, K =60, L =4,6 va 10, r = 0.7.

3.1.3. Phan tich do phiic tap tinh toan.

Trong phan nay, Luan an tién hanh phan tich va so sinh do phtc tap
tinh toan ctia thuat toan dé xuat ZF-GP-LR va thuat toan LC-RBD-LR-ZF.
Tuong tu nhu cAc phan truée, do phiic tap tinh toan ctia cac thuat toan dugc
tinh bang don vi flops.

Do phiic tap tinh toan ctia thuat toan ZF-GP-LR dugc tinh bang:
F=F,+F+F.  (flops). (3.20)

trong d6 F, va F}, 1a s6 flops can thiét dé tim cac ma tran tién ma hoa W,
va W2, tuong ting; F,. 14 s6 flops can thiét cho phép nhan hai ma tran W&,
va W,

Trong thuat toan de xuat, dé tim ma tran tien ma hoa W¢, cho nhém
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nguoi dung dau tién can thyc hién phép phan tich QR t6i ma tran kénh
tuong quan I:Ilm € CWr=xWNe+tNr=7) D d6, do phic tap tinh todn cia
thuat toan nay duge tinh bang:
Fy = 6(Ng —7)(Nr+ Nr —7)° + 4(Ng — 7)(Ng + Nr —7)
— (Ng+ Np — )" = (Ng + Np —7) (flops).  (3.21)
Chiing ta thay rang, hoat dong QR dugc thuc hien L lan. Do d6, tong sb
flops can thiét dé tim ma tran tién ma hoa thit nhat F, duge tinh nhu sau:
F,=L x F;
= L[6(Np =) (Nn+ Nr =) + 4(Ng = 7)(Na + Ny — 7)
— (Nr+ Np—7)* =(Ng + Nr — )] (flops).  (3.22)
S6 flops can thiét dé tim ma tran tién ma hoa tht hai WL, duge bidu
dién nhu sau:

Fy=F+Fy+F  (flops), (3.23)

trong d6 Fj 1a s6 flops dé tim H, Fj 1a s6 flops can thiét cho tat ca cAc hoat
dong khi thuat toan ELR-SLB dudc ap dung dé tim I:IZLR. F 13 s6 flops can
thiét dé tim ma tran tién ma héa WY .
Trén co s6 nhitng phan tich trén, F, duge tinh bang:
Fy = L(8 N2y —2Nry)  (flops). (3.24)
Trong dé xuat nay, luan an ap dung thuat toan ELR-SLB trong Bang
dé chuyén déi ma tran kenh (H,)” thanh HX® ¢6 cing kich thude. Do d6, Fy

duge tinh bang:

F3 - F5 + F6 + FupdatefSLB (flOpS), (325)
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-1
v6i Fy va Fy la s6 flops dé tinh C = {(I:IZT>H <I:IZT>} va I:IZLR — UlTI:Il
tuong ing. Fipaae—srp 1a 6 flops can thiét cho cac hoat dong cap nhat ctia
thuat toan ELR-SLB. Fpgae—srp dude tinh bang cach them vao cac bién
dém trong mo phéng. Luu y rang, mdi hoat dong cap nhat trong thuat toan
ELR-SLB can (16 + 8) flops. Cac thanh phan A;; va A, trong bude 5
va buée 6 ctia thuat toan ELR-SLB trong Bang can 4 flops va 10 flops

tuong tng. Do d6, Fdate—srp dude tinh nhu sau:

Fupdate—SLB = CUpdate X (16’7 + 8)
+ C'Lamda x 4 + CDelta x 10 (flops), (3.26)
trong d6 C'Lamda la s6 lan cap nhat Ay, C'Delta 1a s6 lan cap nhat A,
CUpdate 1a s6 1an cap nhat T, C,, va C* tit budc 8 t6i bude 10 trong Bang
2.3
Do d6, tong sb flops can thiét dé chuyén ddi ma tran (I:IZ)T thanh ma tran
I:IZLR dugc tinh bang:
Fy = L(8y* 4+ 167*Np — 29 — 2yNy

+Fupdate—SLB) (flOpS) (327)

S6 flops can thiét dé tim cdc ma tran W cho tat ca cdc nhém dugce tinh

nhu sau:
Fy = L(8y* 4+ 167*Np — 29* — 2yNy)  (flops). (3.28)

Biéu thiic (3.28) duge phan tich chi tiét trong phan Phu luc. Téng sb

flops dé tim ma tran tién ma héa thi hai WY, duge thé hign trong bidu thic
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(3-29).

Fy,=F,+ F35+ F),
= L(8 N7~y — 2Nry) 4+ L(8y’ + 167’ Ny — 29 — 2yNr + Fopgate—sr)

+ L(8%* + 167> Ny — 29° — 2yNy)  (flops). (3.29)
S6 flops can thiét cho phép nhan hai ma tran W&, va W2, 1a;

Tt nhitng phan tich trén ching ta c6 dude tong s6 flops can thiét cho
thuat toan tién ma hoa dé xuadt ZF-GP-LR dudc biéu dién nhu trong biéu

thic (3.31) nhw sau:

F=F,+F+F,
= L [6(Na = 7)(Na+ Nr = 7)° + 4(Ng = 7)(Na + Ny = 7)
—(MHJW—VV—U%+AG—w]+M&ﬁv—ﬂww
+ L(8y* +167° Ny — 29° — 29Nr + Fipgate—sip)
+ L(8y® + 167* Ny — 29* — 2yNy) + 8LN;Ni — 2NNy (flops)
(3.31)

~ O(LN%NR)

Do phitic tap cta cic thuat toan tién ma hoa ZF-GP-LR va LC-RBD-LR-
ZF dugc tom tat trong Bang . T bang so sanh do phiic tap tinh toan cia
cac thuat toan chiang ta thiy ring, bac phic tap tinh toan clia cac bo tién m3
héa dé xuat ZF-GP-LR va LC-RBD-LR-ZF la cung bac tuong tng véi Ny va

Npg. Tuy nhién, chiing ta nhan thiy ring L < K, do d6 LN2Np < K NZNp.



83

Bang 3.2: So sanh do phtc tap tinh todn thuat toan dé xuat ZF-GP-LR véi thuat
toan LC-RBD-LR-ZF

K§ thuat Bac phic
tién ma Do phic tap tinh toan (flops) tap
hoa

K [G(NR — No)(Ng + N — Nu)? +4(Ng — N,)(Ng + Ny —

LC — 2
RBD — Nu) =(Ng + Ny = No)* = (N + Nr = Ny)| + K(SN3 N, - O(KN;NR)
LR—ZF | 2NgN,)+ K(16N2Ny — 2N, Ny + 8N2 — 2NZ2 + Fypdate—rLL) +
K(8N2 +16N2Ny — 2N2 — 2N, Nt) + 8K N2ANr — 2NrNg
L [6(Ng = 7)(N& + Np =) + 4(Ng = 3)(Ng + Np = 7) -
P 2
25 (Ng + Np —7)* = (Ng + Nr — 7)} + L(8NZy — 2Ng7) + L(sy® + | OENTNR)

GP - LR 2 2 3 2 2
167 NT727 72’7NT+Fupdate—SLB)+L(8ﬁy +16’7 NT72'7 -

Q’YNT) + 8LN12~NR - 2NTNR

3.1.4. Két qua mo phéng.

Trong phan nay, thuc hién so sanh pham chat BER ctia hé théng va do
phiic tap tinh toan cho cdc thuat toan tién ma hoa dé xuat ZF-GP-LR va
thuat toan LC-RBD-LR-ZF thong qua cac két qua mo phong.

Hinh biéu dién do phiic tap tinh toan ciia thuat toan dé xuat ZF-GP-
LR va thuat toan LC-RBD-LR-ZF. Trong kich ban nay, Ny thay doi tir 40
dén 100 ang-ten phat. Ching ta c6 the dé dang thay ring, do phic tap tinh
toan ciia thuat todn tién ma hoa dé xuat ZF-GP-LR thip hon dang ké so véi
thuat toan LC-RBD-LR-ZF. Cu thé, tai N = Ny = 60 ang-ten, do phic
tap ctia thuat toan ZF-GP-LR véi L = 2,4 va L = 10 xap xi bang 3.04%,
5.52% va 15.21% so véi do phic tap clia thuat toan LC-RBD-LR-ZF tuong
ting. Khi s6 lugng nhém ngusi dung L tang lén dan t6i do phiic tap clia thuat

toan dé xuat cling tang lén. Tuy nhién, gidm do phtc tap ciing dan t6i su
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1010 F T T T T T
f|—8— LC-RBD-LR-ZF [16]
=% - ZF-GP-LR with L=2
[|—©— ZF-GP-LR with L=4
—A— 7F-GP-LR with L=10

A

SO flops

40 50 60 70 80 90 100
S6 lwgng ang-ten phat

Hinh 3.4: So sanh do phiic tap tinh toan ctia thuat toan dé xuat ZF-GP-LR va thuat
todn LC-RBD-LR-ZF trong [16].

suy giam vé pham chat BER ciia hé théng, di¢u nay duge thé hien & két qua,
mo6 phéng pham chat BER ciia hé thong.

Tiép theo, luan an tién hanh so sanh thai gian chay mo phong dé tao ra ma
tran tién ma hoa cla cac thuat toan. Theo do, thoi gian chay mo phdng dé
tao ra dugc ma tran tién ma hoa ctia thuat toan dé xuat ZF-GP-LR (tit budc
3 dén buéc 13 trong Bang v6i L = 2,4 va 10 hét khoang 4.4995 x 103
(s), 5.7311 x 10? (s) va 6.5892 x 10° (s). Trong khi d6, thuat toan LC-RBD-
LR-ZF can khodng 3.1806 x 10* (s) dé tao ra cic ma tran tién ma héa. Luu
y rang, thoi gian chay mo phéng nay dude thuc hién cho cAu hinh Massive
MIMO vé6i Ny = 60, K = 60, N, = 1, ty s6 SNR — 0:3:30 dB va thoi gian
chay mo phong nay duge thyc hién trén cing mot may tinh.

Pham chiat BER ctia thuat toan tién ma hoa dé xuit ZF-GP-LR va thuat
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100 3 I I ] ! : b
i —B— LC-RBD-LR-ZF [16] |]
—6— ZF-GP-LR véi L=4 |]
£ ) ZF-GP-LR v6i L=6 |
10k R —A— ZF-GP-LR v&i L=10 |
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m
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Hinh 3.5: Pham chit BER cta hé théng v6i Ny = 60, N, =1, K = 60, L = 4,6 va
10 trong dieu kién kenh truyén khong c6 twong quan gitta cdc ang-ten

toan tien ma hoa LC-RBD-LR-ZF dudc mo ta trong cac két qua mo phong tir
Hinh [3.5] dén Hinh [3.7, Trong Hinh B.5| mo ta phim chit BER ctia he théng
Massive MIMO lam viéc trong diéu kién kénh truyén khong chiu &nh hudng
clia hién tugng tuong quan gitta cac dng-ten thu hodc dng-ten phat. Trong két
qua nay, cac tham s6 mo phong duge thiyce hien nhu sau: Ny = 60, N, = 1,
K = 60, tin hieu duge diéu ché 4QAM, kénh truyén tit BS dén tat ci cac
ngudi dung 1 kénh pha dinh Rayleigh can tinh, it bién déi trong khodng thoi
gian 200 symbol. S6 lugng cac nhém nguoi dung cho bo tién ma hoa dé xuat
la L = 4,6 va 10 nhém. Két qud mo phong trong Hinh cho thay ring,
trong viing SNR thap va trung binh, duong pham chat BER cta thuat toan
tien ma hoa dé xuat ZF-GP-LR gan tiém can véi thuat toan LC-RBD-LR-ZF

khi L tang len. Cu thé, tai ti 1é 16i bit BER = 1073, thuat toan dé xuat bi
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suy giam khoang 0.6 dB, 0.7 dB va 0.9 dB trong SNR tuong tng L = 10,6
va 4 nhém so v6i thuat toan LC-RBD-LR-ZF. Tuy nhién, tai viing SNR cao

thuat toan dé xuét cho pham chat BER t6t hon thuat toan LC-RBD-LR-ZF.

10°

BER

103

10 f—&— LC-RBD-LR-ZF [16] v6i r=0.5
H —&— ZF-GP-LR v6i L=4, r=0.5
ZF-GP-LR v6i L=6, r=0.5
| —A— ZF-GP-LR v&i L=10, r=0.5

T T

1

0 5 10 15 20 25 30
SNR [dB]

Hinh 3.6: Pham chét\BER ciia hé thépg v6i Ny = 60, N, = 1, K =60, L = 4,6 va
10 trong diéu kién kénh truyen c6 tuong quan theo ham mi v6i hé s6 tuong

quan r = 0.5
Hinh |3.6{ v& Hinh [3.7] thé hien pham chat BER clia hé théng trong trudng
hop kénh truyén c6 tuong quan phat theo ham mi tai phia BS (H,,,, =
HR)/?) véi cdc he s6 tuong quan 7 = 0.5 vi - = 0.7. Céc tham s6 mo phéng
khac tuong tu nhu cac tham so st dung trong két qua mo phong ¢ Hinh [3.5]
Tuong tur nhu két qua mo phéng trong hinh , cac két qua mo phong trong
cac Hinh 3.6 va Hinh [3.7] cho thay ring, pham chit BER ctia thuat toan dé
xuat ZF-GP-LR gan tiém can vdi thuat toan LC-RBD-LR-ZF khi L ting len

trong viing SNR thap va trung binh. Bén canh d6, thuat toan dé xuat cho
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Hinh 3.7: Phidm chit BER ciia he théng véi Ny = 60, N, = 1, K = 60, L = 4,6 va

10 trong diéu kién kénh truyén c6 tuong quan theo ham mi véi hé s6 tuong
quan r = 0.7

hiéu qua BER t6t hon so vé6i thuat toan LC-RBD-LR-ZF trong ving SNR
cao. Két qud mo phong trong Hinh va Hinh ciing chi ra ring, moi
tuong quan khong gian anh huéng xau dén pham chat 16i bit ctia hé théng
cho dit st dung bat ky bo tién ma hoéa ndo. Luu ¥ ring, khi s6 higng ang-ten
tai moi ngudi dung 16n hon 1 (N, > 1), ma tran kénh tuong quan tré thanh
H., = R}{zHRlT/ ?. Trong truong hop nhu vay, pham chat 16i bit ciia tat
cA cac bo tien ma hoa dugc xem xét déu tiép tuc suy gidm. Tuy nhién dang
duong cong BER clia cidc bo tién ma hoa van tuong tu nhu cic két qui mo
phong trong cac Hinh 3.6/ va Hinh .

Dé can bing giita do phiic tap tinh toan v pham chat BER ctia hé théng,

L néen duge lya chon bang Ni/2N, la higu qua nhat khi K 14 mot s6 chdn.
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Nguge lai, khi K 1a mot s6 18, L nén duge lga chon tring véi ude s6 lien ke
u6ce s6 s6 16n nhat cia K 1a hieu qua nhat.
3.2. Ky thuat tién ma héa tuyén tinh trong hé théng Massive

MIMO trong diéu kién kénh truyén khong hoan hao duéi
su ho trg ctia thuat toan PCA.

3.2.1. M6 hinh hé théng.

Xem x6t mo hinh he théng Massive MIMO nhu hinh [L.8 Ching ta thiy
rang, trong thic té viec BS c¢6 duge thong tin vé trang thai kénh truyén hoan
héo 13 diéu tuong do6i kho khan trong hé thong Massive MIMO. Néi cach khac,
hé thdng phai hoat dong trong diéu kien CSI khong hoan hdo. Do chinh xac
cua CSI ¢6 dugce tai BS phu thudc vao cac cong cu uée lugng kénh duge sit
dung. Gia thiét ring, ma tran kénh truyén khong hoan hao thTBS dén tat
ca nguoi dung duge biéu dién bang H= | H H? ... HL | € CV&r

thu dugc bang bo u6c luong kénh MMSE, c6 thé duge mo hinh héa nhu sau

601, [61]
H=+/1-¢H + ¢E,,,, (3.32)
_ T
trong d6 H = 1:11T I:IQT I:Iﬁ € CVr*N1 13 kenh truyén pha dinh

Rayleigh hoan hdo tit BS dén tat cd nguoi dung, cac dau vao iLij 14 cac bién
Gauss phiic ngdu nhién cé gia tri trung binh bang 0 vA phuong sai bang 1.
E.., € CY#*N7 13 ma tran 16i udc lugng kénh. ¢ € [0,1] 14 mot tham s6 dé
danh gid do chinh x4c ctia bo wéc lugng kénh. Tit bidu thite (3.32) ching ta
thay ring, néu ¢ = 0, diéu nay c6 nghia rang khong c6 16i udc lugng keénh va
CSI tai BS 13 hoan hdo. Ngudc lai, néu ¢ = 1, kénh truyén bi uéc lugng sai

hoan toan.
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3.2.2. Tong quan vé kj thuat phan tich thanh phan chinh PCA.

K¥ thuat phan tich cdc thanh phan chinh PCA dudc trinh bay trong céac
tai lieu [62], [63] va [64]. PCA 1a mot cong cu toan hoc st dung mot phép bién
doi true giao dé chuyén doi mot tap cac bién c6 tuong quan thanh mot tap
cac gia tri khong tuong quan tuyén tinh, dudc goi 14 cAc thanh phan chinh.
Dat U € CM*V 1a tap dit lieu goc va Y € CM*N 15 biéu dién lai ctia tap
dit lieu d6. Tréen co s6 k§ thuat phan tich gia tri rieng cia UU7 trong dai s6

tuyén tinh, mdi quan hé gitta Y va U dugc biéu dién nhu sau [21], [62):
Y — BU. (3.33)

trong d6, B € C**M dugc dinh nghia 14 thanh phan chinh ctia U. Do dé,

biéu thic (3.33) c6 thé duge bicu dién lai nhu sau:

[Y1 Yo YN] — . [111 U ... uN], (334)

G day b, € CM (4 = 1,2...M) 1a cac hang ciia B, dong thai 1a cac véc-to
co 86 tuong ing véi cac véc-to rieng clia ma tran hiép phuong sai UUT. Ma,
tran B dugc dinh nghia theo cach trong d6 thanh phan chinh dau tien b, ¢6
phuong sai 16n nhat, méi thanh phan tiép theo c6 phuong sai gidm dan trong
su rang budc clia n6 14 tinh tryc giao véi cac thanh phan phia trude.

Theo [21], [62] va [63] k§ thuat PCA trén co s phan tach gia tri rieng cia
UUT? ¢6 thé duge tém ludge qua nhitng bude chinh nhu sau:

Dau tien, méi hang ctia U dude chuan hoa t6i gia tri 0 va dude bicu dién
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nhu sau:
U=U- U, (3.35)

trong d6 U,,ean € CY*Y biéu dién gia tri trung binh ciia cac hang trong ma,
tran U. Dinh nghia v, = (vi, vy, ..., v,,) € CM*! 13 tap cac véc-to rieng
duge lien két voi cAc gid tri rieng 4, clia ma tran hiep phuong sai UUT. Do
do ta co:

(UUT)Vk = MUk Vi, (3.36)
trong d6 u, = (1, fas .oy fm) € RM*' Ap dung ky thuat phan tach QR
d6i v6i ma tran U, ching ta c6:

U = QR, (3.37)
véi R € CM*N [3 mot ma tran tam giac trén, Q. € CM*M 13 mot ma tran
don nhat. Do d6 ching ta c6 thé bicu dién:

UU” = QR(QR)". (3.38)
Ap dung kj thuat phan tach SVD, ma tran R¥ ¢6 thé dugce biéu dién nhu
sau:

R” =UXV”Y, (3.39)

Thay biéu thic vao (3.38)), ching ta thiy ring
UUT = QuzvhH(uzvhHQ!
= QVX*(QV)". (3.40)
Hoac tuong tu, ching ta co:

(UUN(QV) = (QV)x2. (3.41)
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Tit biéu thite (3.36) va (3.41), chiing ta c¢6 thé dé dang thiy ring, cic

véc-to riéng va cac gia tri riéng ctia ma tran hiép phuong sai Uu’ tuong ing
v6i cAc ma tran QV va X2 tuong itng. Do d6, ma tran thanh phan chinh B

dugc tinh bang:
B =QV. (3.42)
3.2.3. Thuat toan tién ma héa dé xuat PCA-LP.

Trong tiéu muc nay, Luan 4n xay dung mot thuat toan tién méa hoa tuyén
tinh trén co s6 ky thuat PCA, dugc goi tat 14 bo tién mi hoéa PCA-LP
(Principal component analysis aided Linear Precoding). So d6 khoéi bo tién

ma hoa dé xuat PCA-LP dugc mo ta nhu trong Hinh [3.8)

Hinh 3.8: So dd khoi ctia bd tién ma hoa dé xuat PCA-LP.

Trong dé xuit niy, ma tran tién ma hoa ducc thiét ké c6 dang nhu sau:
WPC’A_LP - BPCA—LPWaWba (3-43)

véi W, € CNt>*Ne W, € CVNr*Nr v Bpea_pp 13 he s6 chuan héa cong suat.

BPCA—LP dlIQC tinh béng:

Nr
trace [(WaWb) (WaWb)H} ‘

Broa-Lp = (3.44)

Ma tran tién ma héa dau tien W, trong biéu thitc (3.43) thu dugc bang
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cach sit dung k§ thuat MMSE truyén théng nhu sau:
W, = HY(HH" 4 0%1,)""

= [W, W2 .. WX, (3.45)

trong d6 02 = o*/E,, E, la nang lugng cltia mdi symbol phat va W* €
CNr>*Nu (4 = 1,2, ..., K) 1 ma tran tién ma hoa cho ngudi dung thi u.

Ma tran tién ma héa thi hai W, duge xay dung trén cd sé ki thuat phan
tich thanh phan chinh PCA nhu sau:

Dau tién, st dung W trong , ching ta ¢6 dugc ma tran kénh hiéu

qué cho ngudi ding thit v duge biéu dién nhu sau:
sz =H,W,, (3.46)

trong d6 H,, € CV* 7 13 ma, tran kénh truyén titr BS dén ngusi dung thit u.

Tiép theo, ma tran kénh HY,; dugc chuan hoa téi H* € CNoxNu véi

nor

trung binh bang 0 nhu sau:

HY = v HY

nor eff mean’

(3.47)

§ day H* € CM*M duge dinh nghia 14 ma tran trung binh, mdi phan ti

mean

ctia Hy ., 1a gid tri trung binh ctia hang tuong tng trong ma tran HY, .

mean

Ap dung k¥ thuat phan tdch QR d6i v6i ma tran HY  ta co:

nor

Hu — u R’u

nor nor nor’

(3.48)

voi RY € CM*Me 13 mot ma tran tam giac trén, Q¥ € CY*M 13 ma tran

don nhat véi cac cot truc giao.

Sau do6, thuc hién phan tach SVD ap dung trén ma tran (R*, ) nhu sau:

nor

(R ) =U" s (Ve )i (3.49)

nor nor nor nor
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trong d6 U" € CNwMNu vy V¥ € CNo*Ne 13 cAc ma tran don nhéit ¢ cac

nor nor

cot truc giao, X% € RM*Nu 13 mot ma tran duong chéo.

Ma tran hé s6 thanh phan chinh A%, € CY*"« cho nguvi ding thit u

duoc tinh nhu sau:

u o U u
PCA — V

nor nor*

(3.50)

Sit dung A%, va HY, ma tran kenh két hop HY, , € CY*N cho ngudi

com

dung tht u dugce tinh bang:

He,,, = ApcaHeyy (3.51)

com
Tit biéu thite (3.51)), ma tran tién ma hoa W € CY*™ cho ngusi diing
thit w trén co sé thuat toan tien ma hoa ZF truyén thdng dude biéu dién nhuw

sau:

b = (H,,) " [Hy,, (H,, )" (3.52)

com com com

Cubi cling, ma tran tién ma hoa thit hai W, vA ma tran hé s6 thanh phan

chinh A pcy € CVR*NE cho tat cd ngusi dimg duge thiét ké c6 dang nhu sau:

W! 0 0
0 W2 0
W, = . (3.53)
0 0 WK
AbL., 0 0
0 A%, O

Apca = . S . (3.54)

0 0 AL,
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Bang 3.3: Thuat toan tién mi hoa dé xuat PCA-LP.

(1)  Dau vao: Ny, Ng, H.

(2)  Tao ra ma tran W, = [W}, W2, .. WE] nhu trong

(3) Tinh cac ma tran HY;, = H,Wy va H}; = HY,, —H ..

(4) A dung ky thuat phan tach QR tsi HY,: H*, = Q¥ RY, .

(5)  Ap dung k¢ thuat phan tach SVD téi (R¥, )7 (RY,, )T = U 3¢ (Ve ),
(6) Tao ra cdc ma tran Apq, = Q;, V,, and Hy, = Ap. HY, (.

(7)  Tao ra ma tran tién ma hoa W¥ = (H )4 [H, (HY, )]t

(8) Lap lai bude 3 t6i bude 7 cho dén khi thu duge cdc ma tran W} cho tat ca

cac nguoi dung.
(9) Ta? ra céf: ma/tran 7Wb va AEAPCA bing cac sip xép W}j and A%, 4 t(ji,céc
dudng chéo chinh cia W, vd Apca nhu trong (3.53) va (3.54) tuwong tng.
Dau ra: W, = (W}, W2 . WK],
W, = diag(W}, W2, ..., WK),
(10) Apca = diag(A}DCAa A%DCA» s AgCA);

ﬁPCA—LP ¢trace(WPcA7LPW§CA7LP) '

Thuat todn tién ma hoa dé xuat PCA-LP dugc tom tét trong Bang [3.3]
Tai phia ngudi dung, véc-to tin hiéu thu dugc cia tat cd nguoi dung co

thé dugc biéu dién nhu sau:
Yy = HWPCA_LPX + n. (3.55)

St dung y trong biéu thic (3.55), khi d6 véc-to tin higu wéc lugng c6 thé
biéu dién béng:
X = Apcay/Broa-rp = Apca [HWpea rpx+n)/Broa-rp] .  (3.56)

Diat Wpey = W, W, tit biéu thitc (3.56)), ma tran hiép phuong sai ciia
16i duge biéu dién trong biéu thic (3.57)). Biéu thic nay dude ching minh
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chi tiét trong phan phu luc.

Q=F {tmce [(5{ —x) (X — X)H] }
= trace {Es (ApcaHWpos —In,) (ApcaAHWpoy — INR)H

0.2

T oy APCAAgCA} (3.57)
EPC'AfLP

Hinh [3.9)mo t4 két qua ham ECDF ctia gia tri phan t 16n nhat trén duong
chéo ctia Q trong cho cac bo tien ma hoa PCA-LP va kj thuat PCA
hé tr¢ tien ma hoa MMSE két hop véi BD (PCA-MMSE-BD: PCA-aided
Minimum Mean Square Error combination with Block Diagonalization) dé
xuat trong [21] tai cdc mic do chinh xac khic nhau cta cac bo ude lugng
kénh. C6 thé nhan thiy tit két qua mo phéng ring, cac phan tit 16n nhat trén
cac duong chéo ctia ma tran hiép phuong sai 16i cho ca hai bo tién ma hoéa
déu tang khi 16i u6c lugng kenh tang len. Ngoai ra, bo tién ma héa PCA-
MMSE-BD cung cap phan tit 16i 16n nhat nhé hon mot chit so véi bo tién
ma hoéa PCA-LP trong moi truong hop.

Trong Hinh mo t4 ham ECDF cho tong tit ci cac phan tit trén dudng
chéo clia cac ma tran hiép phuong sai 16i cho bo tién ma héa PCA-MMSE-
BD va bo tién ma hoa dé xuat PCA-LP. Nhu c6 thé thay trong két qua mo
phéng, tong tat ca cac phan ti trén dudng chéo c6 dang tuong tu nhu phan
ti 16n nhat trén duong chéo. Tuong tu nhu két quid mo phong trong Hinh
, sai s6 binh phuong trung binh (MSEs: Mean square errors) clia ca hai
bo tién ma hoa tang khi 16i u6c luong kénh ¢ ting lén.

Do c4c phan ti trén duong chéo clia ma tran hiép phuong sai 16i xac dinh
sai s6 binh phuong trung binh MSEs giita cac symbol phat vA cic symbol

duge phuc hoi, pham chat BER ciia bo tién ma héa PCA-MMSE-BD va bo
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max(diag(Q))

Hinh 3.9: Him ECDF cho phan ti 16n nhat trén duong chéo clia Q v6i Ny = 64,
N, =2 va K — 32.

tién ma hoa dé xuat PCA-LP gidm khi 16i u6c lugng kénh ¢ tang len. May
man thay, MSEs cao hon mot chiit clia bo tién ma hoa dé xuat khong phat
sinh sut suy giam pham chit BER so véi bo tien ma héa PCA-MMSE-BD.

3.2.4. Phan tich do phiic tap tinh toan

Tuong tu nhu cdc phan truée, do phiic tap tinh toan duge tinh bang don
vi flops. Trong phan nay, thiyc hién phan tich chi tiét do phiic tap tinh toan
cho bo tién ma hoa dé xuat PCA-LP, dong thai so sanh véi do phic tap ciia
cac bo tien ma hoa dé xuét trong [16] va PCA-MMSE-BD dé xuat trong [21].

Do phiic tap tinh toin ciia bo tien ma héa PCA-LP dude tinh nhu sau:
Fpea_pp = Fi+ Fy + F5  (flops) (3.58)

trong d6 F; and F, 14 s6 flops dé tim cac ma tran W, va W, Fj 1 s6 flops
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1
09t
08t
07+t
06
&
U O 5 ™
I
04
031 ! [——PCAMMSE-BD [21] véi 6 = 0
¢ ;| ——PCALPVGi =0
02r A - = - PCA-MMSE-BD [21] v6i ¢ = 0.5 |
s —-=-=PCA-LP v6i ¢ = 0.5
0.1r Ay PCA-MMSE-BD [21] v6i ¢ = 0.7 |
il ——PCA-LP v6i ¢ = 0.7
0 | - L $
5 6 7 8 9 10 11 12 13 14
sum(diag(Q))

Hinh 3.10: Him ECDF cho téng tit ci cac phan ti trén dusng chéo clia Q véi
Ny =64, N, = 2 va K = 32.
can thiét cho phép nhan hai ma tran W, va W,.

S6 flops dé tim dudc ma tran W, dudc tinh bang:
Fy, =8N} + 16NNy — N;z —2NgNy + N + 1 (flops) (3.59)

Tuong ti, s6 flops can thiét dé tim dude thanh phan ma tran tién ma hoa

thit hai W, duge tinh toan nhu sau:
F2:F4+F5+F6+F7+F8+Fg (flOpS) (360)

§ day, Fy 1a s6 flops can thiét cho phép nhan hai ma tran H, va W¥; F; 1a s6

w oo,
nor?’

flops cho cac hoat dong phan tach QR cho cac ma tran H" : Fg 1a s6 flops

cho cac hoat dong phan tach SVD trén ma tran (RY,,.)"; F; 14 s6 flops can

nor

thiét cho phép nhan hai ma tran Q% va V" : tuong tu Fy 1a s6 flops cho

nor nor?

phép nhan hai ma tran Ap,, va HY; ;. Cudi ciing, Fy la s6 flops can thiét
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dé tim céc ma tran W}. Nhitng thanh phan nay dugc tinh toan chi tiét nhu

Fy = K(8N2Nyp —2N?)  (flops) (3.61)
Fy = K(6N? +3N2—N,) (flops) (3.62)
Fs = 21KN? (flops) (3.63)

F, = K(8N? —2N?) (flops) (3.64)
Fy = K(8N? —2N?) (flops) (3.65)
Fy = K(24N? —4N?)  (flops) (3.66)

Bén canh do, sb flops can thiét cho phép nhan hai ma tran W, va W,

dugc tinh bang:
F3 = SNJ%NT — QNRNT (flOpS) (367)

T nhitng phan tich trén, do phtc tap tinh todn clia thuat toan tién m3
héa dé xuat PCA-LP dugc biéu dién nhu trong biéu thic (3.68)).
Fpoa—rp = F1 + F5 + F3
=8N} +16NsNy — N — 2NgNp + 1 + K(8N2Ny — 2N?)
+ K(6N? +3N? — N,) + 21K N} + 2K (8N, — 2N?)
+ K(24N? — 4N?) + 8NzNy — 2Ng Ny (flops) (3.68)
Do phitic tap clia cic bo tien ma héa LC-RBD-LR-ZF, PCA-MMSE-BD
va bo tién ma héa dé xuat PCA-LP dudc tom tét trong Bang [3.4] Tit béng
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so sanh do phic tap tinh toan ching ta thay ring, bac phic tap tinh toan
ctia bo tién ma hoa dé xuat PCA-LP 1a Np N3, cling bac phtic tap véi thuat
toan PCA-MMSE-BD. Trong khi do, do phiic tap tinh toan ctia thuat toan
LC-RBD-LR-ZF 1a K N2Np. Bén canh d6, ching ta thiy ring Ny > N,
do d6 bac phtc tap ctia thuat toan dé xuidt PCA-LP luon luon théa man

NyN2 < KN2Np.

Bang 3.4: So sianh do phtic tap tinh toan ctia thuat toan dé xuat véi cic thuat toan
LC-RBD-LR-ZF va PCA-MMSE-BD

Ky thuat Bac phiic
tién ma Do phitc tap tinh toan (flops) tap
héa

L K [6(NR ~ N)(Ng + Ny — N)? + 4(Ng — No)(Ng + Ny —

RBD — No) —(Ng + Nr — No)? — (Ng + Ny —Nu)} + K(8N2N, —

LR—-ZF | 2NrN,)+ K(16N2Np — 2N, Nr + 8N3 — 2N2 + Fyupdate—rrr) +
K(8N2 +16N2Np — 2N? — 2N, N7r) + 8K N2Ng — 2NrNg

O(KN2Ng)

[8N} + 16NZ Ny — N3 — 2Ngr Ny + N + 1] + K(6NZN,, +

PCA—
MMSE - AN7N, — N2 = N,) + K(8N2Ny — 2N2) + K (24N3 + 4N2 — O(NrN3)
BD 2N,) + 41K N2 + K(8N3 —2N2) + K(16 N2 — 4N2) + K(56 N2 —

8N2) +8NiNp — 2Ngr Nt

8N} +16N3Ny — N2 —2NgNr + 1 + K(8N2Ny — 2N2) + O(N7N2)
PCA—LP | K(6N2+3N2—N,)+21KN2?+2K(8N? —2N2) + K(24N3 —
4N2%) +8NZNyp — 2NNy

3.2.5. Két qua mo phéng.

Trong tiéu muc nay, Luan an tién hanh so sanh ca hai tiéu chi do phrc
tap tinh toan va ty lé 16i bit BER ctia bo tién ma hoa dé xuat PCA-LP so
v6i cac bo tien ma hoa LC-RBD-LR-ZF va PCA-MMSE-BD thong qua céac

két qui mo phong.
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Trong Hinh thé hien do phiic tap tinh toan ciia cac bo tién ma hoa
PCA-LP, LC-RBD-LR-ZF va PCA-MMSE-BD. Trong kich ban nay, tham
s6 Np dugc thiét lap bing Nz va thay doi tir 40 t6i 100 ang-ten, N, = 2,
va K = Ng/2. Két qua bicu dién do phiic tap tinh toan cho thay ring, do
phic tap tinh todn ctia bo tién ma héa dé xuidt PCA-LP 1a thap hon bo
tién ma hoa PCA-MMSE-BD va thap hon dang ké so v6i cac bo tién ma hoa
LC-RBD-LR-ZF. Cu thé, tai Np = Np = 80 sng-ten, do phtc tap tinh toan
clia bo tién ma hoéa dé xuat PCA-LP xap xi bang 2.58% va 84.07% so véi do
phtc tap tinh toan ctia cac bo tien ma héa LC-RBD-LR-ZF va PCA-MMSE-
BD tuong tng. Chiing ta c6 thé thiy ring, do phic tap ctia bo tién ma hoa

LC-RBD-LR-ZF tr6 nén rat 16n béi hai nguyén nhan:

e Thit nhat: S6 luong hoat dong QR dude Ap dung cho ma tran kénh mo
rong la qua 16n. Khi ma tran kénh duge mé rong lam cho kich thuée tang
len, dicéu nay dan t6i s6 flops can thiét cho mdi hoat dong QR ciing tiang

~

lén.

e Thit hai: Kich thuéc clia cidc ma tran W¢ € CNr*ENt y3 Wb ¢ CENrxNr
tang tuyén tinh véi N va Np. Do do6, so6 flops can thiét cho phép nhan

hai ma tran nay ciing ting lén.

Ching ta thay ring, do phitc tap tinh toan c6 dnh hudng truc tiép dén thoi
gian chay mo phéng ciia cac thuat toan. Cu thé, thoi gian chay mo phéng
dé tao ra dugc ma tran tién méa hoéa dé xuat Wpea rp (4 bude 2 dén bude
10 trong Bang hét khoang 1.3912 x 10? (s). Trong khi dé, cac thuat
toan LC-RBD-LR-ZF va PCA-MMSE-BD cin khoang 1.9994 x 10* (s) va

2.1975 x 10? (s) dé tao ra cic ma tran tién ma héa tuong tng. Luu ¥ ring,
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thoi gian chay mo phéng nay ducc thyc hién cho cAu hinh Massive MIMO
voi Ny = 64, K = 32, N, = 2, ty s6 SNR — 0:3:30 dB va thai gian chay mo

phong nay dugce thyc hién trén cing mot may tinh.

1010

| —&— LC-RBD-LR-ZF [16]
| —#— PCA-MMSE-BD [21]
|—B— PCA-LP

rs

SO flops

40 50 60 70 80 90 100
S6 lvgng ang-ten phat

Hinh 3.11: So sanh do phtc tap tinh toan clia thuat todn dé xuét vdi cac thuat toin
LC-RBD-LR-ZF va PCA-MMSE-BD.

Céc duong cong pham chat BER ctia bo tién ma hoa dé xuat PCA-LP ciing
nhu cac bo tien ma hoa LC-RBD-LR-ZF va PCA-MMSE-BD duge minh
hoa trong cac két qua mo phong tit Hinh dén Hinh [3.15] Trong Hinh
, hé thong duge gid thiét lam viéc trong dicu kien CSI hoan hdo tai
phia BS (¢ = 0 va H = H) v6i cc tham s6 mo phong khac nhu sau:
Np = Nr =64, N, =2, K = Ny/2, tin hieu dugc diéu ché 4QAM, kenh
truyén tu BS dén tat cAd cac nguoi dung gid thiét 1a kénh truyén pha dinh
Rayleigh can tinh, it bién ddi trong khoadng thaoi gian 200 symbol. Két qua
mo6 phoéng trong Hinh cho thiy ring, cac duong cong BER clia cac bo
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tién ma hoa gan nhu tuong duong nhau khi SNR < 27 dB. Véi ti s6 SNR
16n hon, bo tién ma hoa LC-RBD-LR-ZF cho pham chat BER t6t hon céc

bo tién ma hoa con lai.

100 F 3
' —6—LC-RBD-LR-ZF [16] | ]
—— PCA-MMSE-BD [21]| |
—&—PCA-LP |
10t F E
102§ ]
% x10™
2
1073 ¢ 1.8 E
i 1.6 N ]
14 T N

10 3 1.2 3
F 23.6 23.8 24 24.2 24.4 1

0 5 10 15 20 25

SNR [dB]
Hinh 3.12: P}}ém chat BER ctia hé théng v6i Ny = Ng = 64, K = 32, N, = 2 trong
didu kien CST hoan ho tai phfa BS.

Trong Hinh [3.13] thyc hien mo phéng ty 1¢ 16i bit ciia he théng trong didu
kien CSI khong hoan hio (H = /I — ¢?H + ¢E,,,) véi ¢ = 0.5 va ¢ = 0.7.
Céc tham s6 mo phéng khac tuong ty nhuv cac tham sé trong Hinh [3.12]
Tuong ty nhu két qui mo phong trong Hinh [3.12] két qué trong Hinh
cho thay ring, cac bo tién ma hoéa cho pham chat BER 13 tuong duong nhau.
Trong viing SNR dt 16n, bo tién ma héa LC-RBD-LR-ZF cung cap phat chat
BER t6t hon cac bo tién ma héa con lai. Két qua mo phong ti Hinh dén
Hinh cho thiy ring, bo tién ma héa LC-RBD-LR-ZF c6 thé cung cip
ty 1e 16i bit tot hon cic bo tién ma héa PCA-LP va PCA-MMSE-BD & viing
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BER

| |-e—LC-RBD-LR-ZF [16] v&i ¢ = 0.5 %105 *

—v—PCA-MMSE-BD [21] v&i ¢ = 0.5

4L 6.5 i
107 £ |—=—pCA-LP v6i ¢ = 0.5 6 < | s ]
[ fi o 55 t . 1

- |-©-LC-RBD-LR-ZF [16] v&i ¢ = 0.7 2 . ]

| |-¥-PCA-MMSE-BD [21]v6i 6 =0.7| , ¢ g, 1

-8 -PCA-LP v6i ¢ = 0.7
|

0 5 10 15 20 25 30
SNR [dB]

Hinh 3.13: Pham chit BER cta hé théng v6i N = N = 64, K = 32, N, = 2,
¢ =0.5va ¢ = 0.7 trong diéu kien CSI khong hoan hao tai phia BS.

SNR dti 16n. Tuy nhién, né chiu sy phiic tap 16n hon rat nhiéu so véi cac bo
tién ma hoa con lai, day 1a mot van dé can luu .

Hinh , bi¢u dién pham chit BER hé théng v6i Ny = 128, N, = 2 va
K = 64 cho cac bo tién ma hoa trong cac diéu kien CSI hoan hio v khong
hoan hao tai phia BS. O day, didu ché 4QAM duoc ap dung. Két qua mo
phong trong Hinh cho thiy ring cac duong cong BER cua bo tién ma
héa dé xuat PCA-LP gan nhu trung khép véi tat ca cac bo tién ma hoa con
lai trong cting mot kich ban. Hon nita, ¢6 thé quan sat cac két qua mo phong
tit cac Hinh [3.12] dén Hinh [3.14) khi Ny tang len tit 64 dén 128 dng-ten phat,
pham chat 13i bit ctia bo tién ma hoa LC-RBD-LR-ZF khong con tét so véi
bo tién ma hoa dé xuat PCA-LP & cac khu viuc SNR cao. Ro rang, khi s6

lugng rat 16n Np ang-ten duge trién khai, pham chat BER ctia bo tién ma,
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3 | ©—LC-RBD-LR-ZF [16] v6i ¢ = 0
10" | —#— PCA-MMSE-BD [21] v&i ¢ = 0
—B—PCA-LP v&i ¢ =0

- © -LC-RBD-LR-ZF [16] v&i ¢ = 0.5
4 | =7 ~PCA-MMSE-BD [21] vdi ¢ = 0.5
10" -8 -PCA-LP vGi ¢ = 0.5
~+@-LC-RBD-LR-ZF [16] v&i ¢ = 0.7
-Xf+ PCA-MMSE-BD [21] v&i ¢ = 0.7
g PCA-LP vGi ¢ = 0.7

0 5 10 15 20 25 30
SNR [dB]

Hinh 3.14: Pham chiat BER ctia hé théng v6i Ny = Np = 128, K = 64, N, = 2
trong diéu kien CSI hoan hdo va khong hoan hao tai phia BS.

hoa dé xuat PCA-LP cang dugc cai thien.

Trong Hinh minh hoa cac dudng cong BER clia cdc bo tién ma hoéa
tai cic ty s6 SNR = 24 dB va SNR = 27 dB. Cac tham s6 mo phdéng khac
duogc st dung tuong tu nhu cac tham sb st dung trong két qua mo phong &
Hinh nhu Ny = Ny = 64, K = 32, N, = 2, tin hieu dugc diéu ché
4QAM. Két qud mo phéng trong Hinh ciing cho thiy ring, pham chat
BER ctia bo tién ma héa dé xuat PCA-LP 1a tuong dong véi cac bo tién ma
héa con lai. Bén canh d6, 161 u6c luong kénh c¢6 4nh hudng xau dén ty lé 16i
bit ctia hé thong. Khi 16i u6c luong kénh ¢ tang len lam cho hiéu suat ci he
thong gidm di nhanh chéng cho du sit dung bat ky bo tién ma héa nao.

Can Iuu ¥ réng, cac két qua mo phong tit Hinh dén Hinh duoc

thue hién cho truong hgp xau nhat khi Ny = Np, tidc 1a hé thong lam viec
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Hinh 3.15: Pham chit BER ctia hé théng theo ¢ tai SNR — 24 dB va 27 dB véi
Ny = Np—=64, K =32, N, = 2.

trong diéu kien day tai. Khi s6 luong ngusi diing nhé hon, ty e 16i bit cia
hé thdng chic chan sé trd nén tot hon.

T cac két qué tinh todn vA mo phong cho thiy rang bo tién ma hoa dé
xuat PCA-LP cung cap do phtc tap thap hon so v6i cac bo tién ma hoéa co
cau hinh tuong ty nhu PCA-MMSE-BD va LC-RBD-LR-ZF. Bén canh do,
pham chit BER ctia bo tién ma hoa dé xuat PCA-LP 1a tuong duong véi cac
bo tién ma héa con lai ké ca trong diéu kién kénh truyén la khong hoan hao
tai phia BS. Cac két qua nay cho thiy ring bo tiéen ma hoa PCA-LP 13 mot
ing vién tiém niang cho k§ thuat dinh dang chiim tia trong mién s6 clia cac

hé théng Massive MIMO.
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3.3. Két luan chuong.

Trong Chuong 3, Luan an dé xudt bo tién ma héa theo nhém bang su
két hgp gitta thuat toan tién ma héa tuyén tinh va k§ thuat rat gon gian
ELR-SLB hoat dong trong diéu kién kénh truyén cé su tuong quan giita cac
ang-ten theo ham mii. Két qud tinh toan va mo phong cho thay ring, bo tién
m4 hoa theo nhém dé xuat LR-LGP c6 do phic tap thap hon dang ké so vdi
bo tien ma héa LC-RBD-LR-ZF. Trong khi d6, pham chat BER ctia thuat
toan tien ma hoéa dé xuat LR-LGP 1a tiém can so v6i LC-RBD-LR-ZF trong
viing SNR thap khi s6 lugng nhom ngudi dung ting len. Trong ving SNR
cao, bo tién ma hoa dé xuat cho phat chat BER t6t hon so v6i thuat toan
LC-RBD-LR-ZF. Bén canh d6, trong chuong nay, luan 4n ciing dé xuat bo
tién ma hoa c6 do phiic tap thap PCA-LP. Thuat toan nay dugc thiét ké trén
co 56 két hop giita ki thuat tién ma hoa tuyén tinh va ki thuat PCA hoat
dong trong diéu kién kénh truyén khong hoan hao tai phia BS. Két qua tinh
toan va mo phong cho thay rang, bo tién ma héa dé xuat PCA-LP ¢6 do phiic
tap thap hon cic bo tién ma héa LC-RBD-LR-ZF va PCA-MMSE-BD, trong
khi pham chat BER ctia bo tién méa hoa dé xuat PCA-LP 1a tuong duong vdi
cac bo tién ma hoéa con lai. Cac két qud mo phong tit nhiing dé xuat cling
cho thiy rang, tinh tuong quan gitta cic ang-ten va 16i udc luong kénh déu
anh hudng xau dén cic bo tien ma hoa. Khi hé sd tuong quan hoic sai s6 udc
lugng kénh truyén tang len din t6i pham chat hé théng suy gidm va ngudc
lai. Két qua tinh todn v mo phoéng ciing cho thiy ring, cdc bo tién ma hoa
dé xuat LR-LGP va PCA-LP la nhiing ting vién sang gid cho ky thuat dinh

dang chtim tia trong duong xudng ciia cdc hé thong Massive MIMO.



KET LUAN VA HUONG NGHIEN CUU TUONG LAI

Trong Luan 4n nay, nghién ctu sinh da tién hanh nghieén citu nhitng kién
thiic co ban vé ki thuat tien méa hoa, k§ thuat lua chon ang-ten phat, ky
thuat phan tich thanh phan chinh ciing nhu cdc cong trinh nghién citu lien
quan dén k§ thuat rat gon gian. Trén co s6 cac nghién ciu, luan an dé xuat
ki thuat Iyga chon #ng-ten phat theo nhém c6 do phic tap tinh toan thap.
Bén canh d6 nghién citu sinh ciing dé xuit cic bo tién ma héa theo nhém c6
do phiic tap thap trén co s6 két hop gitta ky thuat rit gon gian va k§j thuat
tien ma hoa tuyén tinh truyén théng. Cudi cling, luan an dé xuat bo tién ma
héa trén co sd sy ho trg ctia ki thuat phan tich thanh phan chinh PCA. Tém
tat nhitng dong gép clia luan 4n ciing nhu dé xuat mot s6 huéng nghién ciiu
tiép theo trong tuong lai duge nghién citu sinh trinh bay dudi day.

A. Mot sd két qua dat dudc ctia luan an

1. Trén co s ki thuat lya chon dng-ten phat toi wu, Luan an dé xuat thuat
toan lya chon ang-ten phat theo nhém dya trén ky thuat phan tach SVD
va phép tinh dinh thidc ma tran kénh truyén véi do phic tap thap hon so
v6i thuat toan t6i uu. Theo d6, nhitng nhém #ng-ten c6 déng gép nhiéu
nhéit vao tong dung luong kénh truyén sé la nhitng nhém ang-ten duge

lua chon.

2. Dé xuat bo tien ma hoa theo nhém LR-LGP duéi sy hd tro ctia thuat

toan rat gon gian ELR-SLV cho hé théng Massive MIMO hoat dong trong

107
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diéu kien kénh truyén hoan hao. Thuat toan tién ma hoéa theo nhém deé
xuat c¢6 do phiic tap thip hon dang ké so véi thuat toan tién ma hoa
LC-RBD-LR-ZF, trong khi pham chat BER ctia thuat todn dé xuit gan

tiem can véi thuat toan LC-RBD-LR-ZF khi s6 luong cdc nhém tang len.

3. Dé xuat bo tien ma hoa ZF-GP-LR trén co s6 su két hop gitta cac thuat
toan tién ma héa tuyén tinh véi thuat toan rat gon gian ELR-SLB hoat
dong trong diéu kién kénh truyén c6 tuong quan theo ham mi. Do phic
tap ciia thuat toan dé xuat thap hon dang ké so v6i thuat toan LC-RBD-
LR-ZF, trong khi pham chat BER ctia thuat toan dé xuat gan tiém can
véi thuat toan LC-RBD-LR-ZF trong vimg SNR thap. Tai ving SNR
cao bo tién ma hoa dé xuadt cho pham chat BER t6t hon thuat toan

LC-RBD-LR-ZF.

4. Dé xuat bo tien ma hoéa c6 do phic tap thiap PCA-LP trén co s6 két
hop gitta ky thuat phan tich thanh phan chinh PCA va cac thuat toan
tien ma hoa tuyén tinh truyén théng cho hé théng Massive MIMO hoat
dong trong diéu kién kénh truyén khong hoan hio. Bo tién mi hoa deé
xuat PCA-LP cho pham chit BER tuong duong vdi cAc bo tién ma hoa
LC-RBD-LR-ZF va PCA-MMSE-BD, trong khi do phiic tap tinh toan

thap hon cac bo tien ma hoa con lai.

B. Hudéng phat trién tiép theo

Maic du luan an da tap trung nghién ctu ly thuyét co ban ciing nhu dé
xuat cac ki thuat lya chon dng-ten phat va cac bo tién ma hoéa c6 do phiic
tap thap cho hé thong Massive MIMO. Tuy nhién, theo nhan dinh chii quan

clia nghién citu sinh thi van con mot s6 van dé can tiép tuc duge nghien ciu
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va thue hién trong tuong lai:

e Md rong huéng nghién cttu dé xudt cac bo tien ma hoa phi tuyén theo
nhom két hop véi cac ki thuat rat gon co sé gian va ki thuat phan tich

thanh phan chinh.

e Nghién cifu dé xuat cdc bo tien ma hoéa cho he thong Massive MIMO

song cong phan chia theo tan so.

e Nghién citu, dé xuat cdc bo tién ma hoa trong diéu kién c6 anh hudng

nhiéu ti nhitng té bao lan can.

e Phan tich, danh gia pham chat ctia hé théng bing cac biéu thic toan

hoc.
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PHU LUC

Phu luc A

Xay dung cong thitc (1.6)

Gia thiét: E{xx"} = E,Iy,, E{nn”} = o’Iy,, F{nx"} = F{xn”} =
0. Trong d6 Iy, 14 mot ma tran don vi, véi cac phan tit trén dudng chéo bang
1 ¢6 kich thuée Np X Np.

Trong k¥ thuat tién ma hoéa, tin hiéu phat di khong phai la tin hiéu goc x

ban dau ma la tin hieu da qua xit 1y, v6i phuong trinh:
§ = Wypx. (A.1)
Bo tién ma hoa ZF dya trén nguyén tic tim ma tran W dé dam bao ring:
§ = argmin{||x — HS|[5}. (A.2)
Dat ||Ax||3 = ||x — HS|[5, khai trién ||Ax]|3 ta c6:
1A%l = [x — HE][x - Hg
= x"x — §"H"x — x""H§ + s"H"HS. (A.3)

Lay dao ham cta biéu thic trén theo § va cho dao ham béang 0 ta co:

o]l Ax|[3

2 _0e —x"H+s"H'H=0
08

— § = (HH) 'H"x
o § = H(HH") 'x. (A4)
Két hop biéu thic va (A.4) ta co:

W, = HY(H"H)". (A.5)



111

Dé bio dam cong suat phat khong thay doi, tin hieu phat dudge nhan véi
hing s6 chuan hoa cong suat [8;x. Khi dé, tin hiéu phat duge bicéu dién bang
s = B,r W zrX chiing ta thiy ring:

E{SSH} = E{BZFWZFX(ﬁzFWZFX)H}
= E,87:W2r W (A.6)

Hing s6 chuan hoa cong suat duge xac dinh nhu sau:

tr[E{ss"}] = tr[E{xx"}]

N N

2 R R

= = = = . (AT
Bzr tr(WzrWZp) Pzr \/tr(W 2rW5p) (8.7)

Phu luc B

Xay dung cong thitc (1.7)

Nhu da trinh bay trong cac phan trudce, tin hiéu truée khi phat di sé dugc
nhan véi mot hing s6 chuan héa chuan héa cong suat, diéu nay dé dam bao
rang cong suat phat khong thay doi. Do do, tai phia thu, tin hiéu nhan dudc
ciia tat ca ngudi diing sé dude chia cho hing sé chuan hoéa cong suit nay, no

duge bidu dién nhw sau:

y = HWynrseX + 0/ Buuse- (B.1)

Ma tran trong s6 ctia bo tien ma héa MMSE duge dinh nghia nhu sau:
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Winse = arg minE[Hy - XH2]

= arg min E[||[HW ;55X + — x|%]

ﬁMMSE

= arg min E{tr{[(HW y;ys5x — X)+ -

MMSE]

3 (B.2)

n

6MMSE

V6i Baraise = \/TT( Ni 7 khai trién bi¢u thic (B.2)) ta co:

yig
WrinseEWiyvsE

WMMSE = arg min E{tr{(HWMMSEX — X)<HWMMSEX — X)H

H
n
+(HWMMSEX_X)( ) + (HWMMSEX—X)H

Bumse
1

BMMSE

BMMSE

_|_

nn'’}}. (B.3)

Ching ta dé dang thay ring:

E {(HWMMSEX - x)( = )H} = 0. (B.4)

6MMSE

E { 2 (HWysex — x)H} — 0. (B.5)

BMMSE

Do do:

Wirvse = arg min E [tr{(HWMMSEX — x)(HW 58X — X)H

1
+

B%MSEnn }] . (B.6)

Khai trién biéu thiic ta co:
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WMMSE = arg mlnE {tl" {(HWMMSE — INR)XXH(HWMMSE — INR)H

1
Birarse '}
— tr{(HW sz — Iy, ) E{xx"}(HW 313165 — In,) "}
1
Biuse
= tr{ (HW ynse — In,) EsIn, HW yysg — INR)H}

tr(Warnise Wiiarse)
+
Ng

=tr{ E(HWnarse — In) HWynarse — In,) "}

+ tr{ E{nn"}}

]\TRO'2

Hr(Wanise Wiagasp) o
= tr{ E,[HW sy 0152 (HW yrsp)” — HW s
— (HWanse)” = In 3 +tr(Wanise Wigase) - (B.7)
Lay dao ham biéu thic theo Wsrse (4p dung tinh chat dao ham
ctia mot ham Trace) va cho dao ham bang 0 ta co:
EH"HW 1155 — EH'+W 550 = 0

2
& B, (HHH + J—INR) Wonse — BH? =0

E
o? !
< Warmse = (HHH + EINR> H"
) -1
= WMMSE = HH <HHH —+ Z—INR> . (B8)

Phu luc C

Xay dung cong thic (3.57))
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Chiing ta thay ring, ma tran hiép phuong sai duge biéu dién nhu sau:

Q=F {trace [(f{ —x)(x — X)H} } : (C.1)
vOi X = Apcay/Brca-—rp vay = HWpey ppx+n. Dit Wpey = W, W,
khai trién biéu thiic (C.1) ta co:
Q=F {tmce —x)(x — X)H] }

{trace [ ApcsHWpog + APCAL — x>

BPCAfLP

H
n
<APCAH Wprea + Apca——— — X)
Brca-Lp

{trace [( APC’AHWPCA - INR) X + APCAL)

BPCAfLP

N

H
n
(ApcaAHWpey — Iy,) x + APCA—) ] }

EPC’AfLP

=F {t?"CLC@ [(APCAHWPCA — INR) XXH(APCAHWPCA — INR)H

H n
H H
BPCAfLP

Ao} ©

+ (ApcaAHWpoa — Iy, ) x
Bpca-Lp

(ApcaHWpey — INR)H + Apca

n n’

BPCA—LP BPCA—LP

H

Tu bléu thl/I’C m ta théy I'%il’lg E {(APC’AHWPCA - INR) Xn—AH } =

Bpca-pp” PCA
0va FE {APCA (APC’AHWPCA — INR) } = 0. Do dé, biéu thuc
(C.2) dugc bicu dién lai nhu sau:

ﬁPCA LP

Q =F {tTCLCG [(APCAHWPCA — INR) XXH(APCAHWPCA - INR)H

H

n n
+ APCA AgoA] }

5PCA—LP BPCA—LP

= trace {Es (ApcaAHWpcy — Iy,,) (ApcaAHW poy — INR)H

o’ i
T ApcaApey (C.3)

BPCA—LP
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Phu luc D

Thuat toan rat gon gian ELR

Nhu da dé cap trong muc , thuat toan ELR di thuc hién tbi thidu
héa cdc thanh phan trén dudng chéo clia ma tran hieu phuong sai 161 C =
(HH)™! dé tim ra ma tran don T. Dat T =1y, va T = (T1)”, do T la
mot ma tran don, nén T’ cling 14 mot ma tran don. Trong thuat toan ELR,
tai mdi bude rit gon sé chon ra cap chi s6 (i, k), dong thoi cap nhat T’ nhu

T, k) =T, k) + AT, i) (D.1)

V6i moi phép cap nhat nhu trén, ma tran C chi thay doi cot thit k& va hang

thid k& nhu sau:

C(:, k) =C(, k) + \iC(:, 9) (D.2)

C(k, :) = C(k, :)+ X\.C(, ) (D.3)
Khi d6, thanh phan thid &k (é(k, k)) trén duong chéo clia C trd thanh:
C(k, k) = C(k, k) + [Mal’C(i, 1) + A\,C(G, k) + XiC(k, i) (DA)

trong d6, C(k, k) va C(i, i) la céc sb thuc duong va C(i, k) = C(k, 7).
Do dé, bidu thic (D.4) dugc viét lai nhi sau:

Riit gon biéu thiic (D.5) ching ra c6 dugc:
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—2{ROWR [C6 K]+ 3003 [C6 B} @)

~

Chiing ta mong mudn rang, C(k, k) can gidm sau mdi lan cap nhat. Noi
cac khach, ching ta phai di xac dinh \;; dé dam bao A, > 0 va A;;, dat gia
tri 16n nhat.

Lay dao ham riéng ciia Ay, theo R(\;;,) va I(\;1,), dong thoi cho cac dao

ham riéng bang 0 ta co:

d(Ay) N _%{é(i, k)}

d{R(N\i)} 0& Rh) = C(i, i) (D)
L BN (< CRO):

d{Sw)} 06 S0u) = C(i, 1) (D)

Do R(Aix) va $(Aix) phai nhan cac gia tri nguyen trong qué trinh rit gon.
Do d6, A;;, phai ¢6 phan thuc va phan 4o dude lam tron dén s6 nguyén gan

nhat nhu sau:

Am—{§@’@w (D.10)
C(i, 1)

Thuat toan ELR gom hai phién ban 1a ELR-SLV va ELR-SLB. Trong ci
hai phién ban nay tai mdi vong lap déu xac dinh gia tri A, 16n nhat dé tdi

thidu.
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Thuat toan ELR-SLV: Thuc hién lya chon phan ti é(k, k) 16n nhat,
chon chi s6 7 sao cho A, = Iggcx A,,. Thuat toan két thac khi phan ti 16n
nhat trén duong chéo ciia C khong giam dugc nita.

Thuat toan ELR-SLB: Tim phén tit 16n nhat C(k, k) ¢6 thé rit gon
duoc, chon chi s6 7 sao cho A, = nil#akx A;x. Qua trinh lap két thuc khi tat

cd cac phan t1t trén duong chéo ciia C khong giam dudc nita.
Phu luc E

Phan tich do phic tap

e Xay dung biéu thic (2.17).

Trong thuat toan lga chon dng-ten phat téi wu, s6 flops can thiét dé lya
chon dng-ten phat dau tién bao gom chi phi cho cdc hoat dong sau: 1) phép
chia - tuong duong 1 flop; 2) céc phép nhan NLTHM(I,M)HAHAZ,M) can
10NR? flops; 3) phép cong hai ma tran Iy, + NL;HM(:, wi)HE (:, w;) can Ng?
flops; 4) phép tinh dinh thiic ma tran det (INR + NLTHM(:;WI)H]\H4(:7W1)>
can 2Ng*/3 flops; phép tinh log chi phi 1 flops.

Do d6, mot phép toan log, det (INR-I-NL;HM(:,wl)HAHA:,wl)) sé can
(%NR3 + 11Nz 4 2) flops. Miit khac, trong 1an chon dau tien, thuat toan toi
wu phai thue hien M phép tinh log, det (INR + - Har ( w) H wl)). Tu
nhitng phan tich trén, s6 flops can thiét dé tim dugc ang-ten phat dau tién

duge biéu dién bang:
2
F = M(gNR3 + 11NZ* +2) (flops). (B.1)

S6 flops can thiét dé tim cac ang-ten phat tiép theo dugce tinh tuong tu.

e Xay dung biéu thic 1' .
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Tit bidu thiic (2.15), trong thuat toan lya chon nhém dng-ten phat dé xut,

s6 flops can thiét dé lya chon nhém #ng-ten phat dau tién bao gom chi phi

cho cac hoat dong sau: 1) phép phan tach SVD ma tran kénh H?P can

(ANR*04+8Nr6%>4+96%) flops; 2) céc phép nhan, phép cong va phép tinh téng

clia illog(l + 3= A;,) can (66+1) flops. Mat khac, thuat toan de xuat can

thu’cnilién GG phép tinh SVD va G cac phép toan nhan, phép cong va phép
5

tinh tong cta Y log(1 + NLTA;H). Do d6, tong s6 flops can thiét dé chon dugc

n=1

nhém ang-ten phéat dau tien duge bicu dién bang:
P, = G[(4Ng*5+8Ngd*+95%) + (65+1)]  (flops) (E.2)

S6 flops can thiét dé tim cAc nhom ang-ten phat tiép theo duge tinh tuong

tu.
e Xay dung biéu thic (2.56).

Nhu phan tich trong muc [2.4.4.1] F, 1a s6 flops cAn thiét dé tim ma tran
tien ma héa W trong [16]. Theo do, s6 flops can thiét dé tim ma tran W*
phuc thudoc hoan toan vao phép tinh phan tich QR ma tran kénh mé rong
H,c CWr=N)x(Nr+Nr=Nu) Theo [55], méi hoat dong phan tach QR clia mot
ma tran phtc kich thuée r x ¢ yeu cau (6rt* + 4rt — t* — t) flops. Do do, s6
flops can thiét dé cho tit cd K hoat dong QR tren ma tran H, dé tim W¢

dugc tinh bang:
F, = K [6(Np— N.)(Ng+ Ny — N,)° + 4(Ny = N) (N + Ny — N,)

— (NR + NT — Nu)2 —(NR + NT - Nu)] (flOpS) (E?))

e Xay dung biéu thiic (2.57).



119

S6 flops can thiét dé tim ma tran tién ma hoéa thit hai W° gdm: 1) phép
nhan hai ma tran H,W¢? can (8N7N, — 2N N,) flops; 2) hoat dong riit
gon gidn LLL déi v6i ma tran H, vd phép nhan UTH, cin K (16NN —
2N, Ny +8N2 —2N2+ F,pgate—rrr) flops; 3) S6 flops can thiét dé thiét ké ma
tran W? = (HLR)" [HﬁR(HﬁR)H] ' can K(8N3+16N2Ny—2N2—2N, Ny)

flops. Do d6, s6 flops can thiét dé tim ma tran W? dugc tinh bang:
F, = K(8N2N, — 2N;N,) + K(16N2Ny — 2N, Ny + 8N°

— 2N3 + Fupdate—LLL) + K(8N3 + 16N3NT — ZNE — 2NUNT)(fl0pS)
(F.4)

e Xay dung biéu thic |D .

S6 flops can thiét dé tinh todAn ma tran tién ma hoéa MMSE bao gom: 1)
phép nhan o1 yeu cau (Ng + 1) flops; 2) phép nhan HH? can (8NZNy —
2N3) flops; 3) phép cong (HH? + ¢2I) yéu cau N3 flops; 4) phép nghich déo
ma tran (HHY + 2I) ™" yeu ciu 8 N3 flops; 5) phép nhan HY (HH? + ¢21)~"'
yeu cau (8 N3 Ny — 2Nz Ny) flops. Do d6, do phiic tap tinh todn ctia thuat

toan MMSE dugc tinh bang.
Fyse = 8Np + 16 NaNp — N — 2NgNp + N+ 1 (flops). (E.5)
e Xay dung biéu thic (2.69).
Da phan tich trong muc [2.4.4.2, F 1a s6 flops cin thiét dé tim ma tran:
Wit = AH(HH)! (E.6)

S6 flops can thiét dé tim W5'! gdm: 1) phép nhan I:IZI:IZH yéu cau (16a° —

|
2a%) flops; 2) phép nghich ddo ma tran (HlHlH> can 8a? flops; 3) phép
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~ ~ A -1 N n -~ !
nhan HY (HleI) can (160 — 4a?) flops; phép nhan AHY <HZHZH)
can (160° — 2a?) flops. Mt khac, ching ta cAn tim L ma tran W5, do d6
tdng o flops can thiét dé tim tat ca cac ma tran WS duge biéu dién nhu

sau:

Fy = L (160” — 20 + 8a® 4 160 — 40” + 160° — 2a°)

= L (56a° — 8a”) (flops) (E.7)
e Xay dung biéu thic (3.28).
Nhu da phan tich trong muc (3.1.3)), F} 1a s6 flops dé tim ma tran:
b ~LRH rTLR ~LRH71
W, = (BF7) | (BF2) (B | (E.8)
Z N Z ? N nd nd H
S6 flops can thiét dé tim WY r, bao gom: 1) phép nhan (HZLR) (HZLR) yéu
~ ~ H™
cau (8v2 Ny — 2+?) flops; 2) phép nghich ddo ma tran [(HZLR) (HZLR) }

can 82 flops; 3) phép nhan (I:IZLR)H [(I:IZLR> <I:IZLR> H] h yéu cau (892 Ny —

2vNr) flops. Do d6, tong s6 flops dé tim tat ca cac ma tran WY, can:

Fy = L(87’ 4+ 167* Ny — 2v* — 2yNy)  (flops). (E.9)
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