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KET LUAN VA HUGNG PHAT TRIEN CUA LUAN AN

Két qua déng gép chinh ctia luan an

1. Dé xuét phuong phéap tach tin hi¢u theo nhém (GD) va tach tin higu theo
nhém 13p (IGD), trén co sd d6 ap dung cho 3 loai bo tach co ban 1a ZF,
MMSE, V-BLAST tao thanh 6 bo tach ZF-GD/IGD, MMSE-GD/IGD,
BLAST-GD/IGD.

2. Dé xuat phuong phap tach tin higu theo nhém mé rong (GGDex) va
theo nhém mé rong c6 siap xép trude (Presorted GGDEX), trén co sG
d6 dé xuat ap dung cho 2 loai bo tach co ban la ZF, SQRD (tao thanh
cac bd tach ZF-GGDex, SQRD-GGDex, ZF-Presorted GGDex, SQRD-
Presorted GGDex).

3. Dé xuét phuong phap téch tin hi¢u theo nhém song song (PGD), trén
co 86 d6 ap dung cho 3 loai bd tach co ban la ZF, QRD va SQRD (tao
thanh cdc bo téch ZF-PGD, QRD-PGD va SQRD-PGD).

4. Dé xuat két hgp phuong phap suy gidm SLV va SLB véi phuong phap
tach tin hiéu theo nhéom (GGD) va téch tin hiéu theo nhém song song
(PGD) (tao thanh bo tach MMSE-GGD-SLV; va ZF-PGD-SLB, QRD-
PGD-SLB).

Huéng phat trién tiép theo

1. Danh gia pham chét 1561 bit ctia cac bo tach tin hieu dé xudt khi trang
thai kénh truyén dude uée luong khong hoan hio hoac khi c¢6 sy tuong
hé gitta cac ang ten tai cAc ngudi dung/tram goc.

2. Chting minh pham chat BER ctia cac bo tach tin hieu duge dé xuit bang
toan hoc xac suat thong ké va 1y thuyét vé ma tran ngau nhieén.

3. Phan tich hiéu qua st dung nang lugng ciia cidc bo tach tin hieu dé xuat
cho cac he thong Massive MIMO than thién v6i moi truong.

4. Thyc thi cdc bo tach tin hieéu dé xuat trén phan cing, dong thdoi danh
gi4 do tré trong x1t 1y tin hiéu ciia ting bo tach.
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MG DAU

1. Bong luc nghién ctu:

Dé dap tng yéu cau ting nhanh ca vé sé lugng thué bao ciing nhu luu lugng
dit lieu thi yéu cau cd ban déi véi cac hé thong thong tin di dong tuong lai phai
c6 dung lugng 16n, téc do cao va phai tng dung nhiéu cong nghé méi, trong do6
phai ké dén ki thuat truyén dan da ang ten Massive MIMO (MM).

V6i nhitng wtu diém noi bat nhu (1) hieu suat st dung phd tan va do tin
cay cao; (2) higu suét st dung ning lugng 16n va (3) do phic tap trong xit ly
tin hieu thap [1], MM da buéc dau duge ting dung trong cac hé thong thong
tin di dong 5G [29, 30]. Tuy nhien, s6 lugng &ng ten tai tram goc trong cac hé
thong 5G hién nay chi 1a 64 [29] nén hiéu qua sit dung pho tan s6 cia MM bi
gi6i han dang ké. Gan day khai niem MM 2.0 da dugce dé xuit nhim tiép tuc
nghién citu va phat trién ky thuat MM cho cac hé théng thong tin di dong sau
5G, Rada, MM thong minh...[30].

Tt nhitng phan tich néu trén cho ta thiy MM di, dang va van sé 1a mot
trong nhitng n6i dung nghién cttu trong tam vé thong tin vo tuyén, thu hat rat
nhiéu sy quan tam ciia cdc nha khoa hoc trong va ngoai nude. Chinh vi thé,
Nghién cttu sinh chon va thyc hién dé tai "Nghién cttu ky thuat tach tin hiéu
dudng 1én trong hé théng Massive MIMO”. Nhitng dong gép ctia luan an gop
phan cling ¢b co s6 1y thuyét nham ting buée itng dung MM vao cac hé thong
thong tin di dong sau 5G.

2. Muc tiéu nghién cttu cta luan an:
1. Nghién cttu xay duyng cac giai thuat tach tin hiéu trong cac hé théng
Massive MIMO cho phép hé théng thu dugc pham chat 16i bit tét, do
phiic tap thap va hieu qua st dung phd tan cao.

2. Nghién citu két hgp cac thuat toan dude dé xuat véi cac ky thuat tach
tin hiéu truyén théng dé tao ra céc bo téch tin hieu hiéu qua sit dung
trong cac hé théng Massive MIMO.

3. Cau tric luan an:
Luan an dugc trinh bay trong 140 trang gom: 4 chuong noi dung, két luan
va huéng phét trién, phu luc, cong trinh cong bd va tai lieu tham khao.



Chuong 1

Téng quan vé hé théng Massive MIMO

1.1 Mo hinh hé théng

Xét he thong MM don té bao nhu Hinh 1.1. He thong gom 01 tram goc (BS)
duge trang bi N, ang ten dong thoi phuc vu K ngudi dung (user), mdi ngudi
diing dudc trang bi Nr dng ten sit dung chung mot tan sob.

Hinh 1.1: M6 hinh hé théng Massive MIMO
Gi st mdi ngusi dung st dung may phat ghép kénh theo khong gian (SDM:
Spatial Division Multiplexing) v6i véc to tin hi¢u phat clia tat cd K nguoi dung,
x € CN*' N = KNy, dugc biéu dién nhu sau:

x=[xd xf oxk ] (1.1)

trong do6 x; € CNV7*1 1 =1,2,..K, 1a véc to tin hiéu phat clia ngudi dung thi .
Véc to tin hiéu thu tai tram goc, y € CVN**!, dugc biéu dién béi:

_ p
y_1/KNTESGx+n, (1.2)

trong dé p la tdng cong sudt phat ciia tit cd K ngudi dimg; G € C¥*N | 13 ma
tran kénh truyén; n € CV-*! 1a véc t6 tap am; E, 1a ning lugng trung binh ctia
céc ky hieu diéu ché M-QAM. Ma tran kénh truyén c6 thé duge biéu dién béi:

G =HD'"’. (1.3)

O day, cac phan t1t cia ma tran H 1a cac bién ngdu nhién ¢6 trung binh bing 0
va phuong sai bang 1, bieu dién céc hé s6 pha-dinh pham vi hep; D 14 ma tran
dudng chéo véi cac phan tit thuoc duong chéo chinh mo ta cac hé sd pha-dinh
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4.4.3 So sanh pham chat I6i bit

Cac thong s6 mo phdéng dude thiét 1lap nhu Chuong 3. Quan sat Hinh 4.9
ta thay, tai BER = 107* vA N, = 64, K = 16, Ny = 4, bod tach ZF-PGD-SLB va
QRD-PGD-SLB t6t hon MMSE khoang 11.9dB va 13.4dB. Hinh 4.10 1a pham
chit BER trong 2 cau hinh hé théng 14 N, = 120, K = 8, Ny = 4 va N, = 120,
K =32, Nr = 4, (ttic 81 = 0.26 vi > = 0.8). Tai BER= 107 va he sb tai la
B> = 0.8 thi pham chat BER ciia ZF-PGD-SLB va QRD-PGD-SLB tét hon
ZF-SLB khoadng 0.3dB va 1.2dB nhung lai kém hon bo td&ch MMSE-GGD-SLV
khoang 2dB va 3dB. Khi 8, = 0.26 thi pham chat BER ciia cac bo tach tin hieu
gan nhu tuong dong.

1

0.9

flops x 10°
flops x10°

~__ N=2NF120 o
T 86 ang ten

Hinh 4.8: D% phic tap theo 3,.

N=96, N =120

o 5 10 15 20 25 30 35 40 45
plo? (dB) (p, /o) dB

Hinh 4.9: N, = N = 64,4QAM.
4.5 Két luan chuong 4

Chuong 4 dé xuét cdc mo hinh tach tin higu két hop gita SLV/SLB vdi cac
thuat toan tach tin hieu theo nhém GGD va PGD nhim cai thién pham chéat
BER ctia hé théng. Dita trén cAc mo hinh nay, Luan an xay dung 3 bo tach tin
hiéu méi dam bao t6t sy can bing giita do phiic tap thap va pham chat 16i bit
cao dugce dit tén 1a MMSE-GGD-SLV, ZF-PGD-SLB va QRD-PGD-SLB.

Hinh 4.10: 8 < 1, 64QAM.

23



hai cAu hinh hé théng 1a N, = 64,N = 48 v& N, = 128 N = 48 ting véi 41 = 0.75
va B2 = 0.375. Bo tach dé xuat c6 do phic tap tuong duong véi ZF-GGDex va
MMSE khi 8 = 0.75 nhung cao hon MMSE khi g2 = 0.375.
4.3.4 So sanh pham chat 16i bit

Cac thong s6 mo phong dude thiét 1lap nhu trong Chuong 3. Két qua mo
phéng trong Hinh 4.5 cho ta thiy tai BER=10"*, bo tdch MMSE-GGD-SLV
cho pham chat BER t6t hon ciia bo tach MMSE khoang 13.2, 13.9 vA 14.2dB
tuong tng v6i L = 2, 4, 8. Tiép theo, NCS khdo sat N, = 64, K = 12,Ny = 4, vi
N, =128, K = 12,Nr = 4, (tiic 81 = 0.75 va B2 = 0.375 ),16—QAM nhu Hinh 4.6.
Tit két qua mo phéng thay, tai BER=10"* va N, = 128, bo tach MMSE-GGD-
SLV t6t hon MMSE khodng 1.2 va 1.6dB ting véi L = 2, 4.. Do 1¢i nay tang va
lan lugt dat gia tri khoang 4.1 va 5.1dB khi N, = 64.

Hinh 4.5: N, = N = 64,4QAM. Hinh 4.6: 8 < 1, 16QAM.

4.4 Xay dung cac bo tach tach tin hiéu dua trén moé hinh
két hop PGD-SLB
4.4.1 B¢ tach ZF-PGD-SLB va QRD-PGD-SLB

Bo tach ZF-PGD-SLB va QRD-PGD-SLB dugc tao thanh khi 4p dung ky
thuat tach tin hieu LR trong c& 2 hé théng con trong thuat toan PGD. Trong
céc bo tach séng nay, thuat toan rat gon dan SLB duge st dung dé tim dudc
UL" va T. Sau d6, ap dung phuong phap tach tin hieu ZF/QRD trong mién
LR dé khoi phuc tin hiéu phat.

4.4.2 Phan tich do phiic tap

Quan sat Hinh 4.7 va Hinh 4.8 ta thay cac bo tach tin hieu ZF-PGD-SLB va
QRD-PGD-SLB ¢6 do phiic tap tinh toan cao hon cac bo tach MMSE, QRD,
QRD-PGD, ZF-PGD, ZF-SLB v MMSE-GGD-SLV nhung thap hon rat nhiéu
so vdi bo tach BLAST.
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pham vi rong. Gia thiét cac hé s6 pha-dinh pham vi rong gitta mot ngudi ding
cu thé va tram gbc 1a bang nhau. Ta cé:

G=HB®Iy,)"%. (1.4)

Cac phan tit thuoc duong chéo chinh clia B, b, i = 1,2,...K, biéu dién hé s6
pha-dinh pham vi rong gitta ngudi dung thi i va BS nhu sau:
.
bii = ———) 1.5
T (di/do)” (1.5)
v6i z 1a bién ngdu nhién phan b6 déu mo ta hién tugng che khuat véi gia tri
trung binh bang khong va phuong sai 0%,,40w; do va d; 1an lugt 14 khodng cach
tham chiéu va khodng céch tit ngudi dung thi ¢ t6i tram gdc; v 1a hé sd suy
hao dudng truyen. Dat U =, /524-G, p, = £, va viét lai (1.2) nhu sau:

y =Ux+n. (16)

Luu y: Trong trudng hgp kénh truyén chi chiu su tac dong ctia pha-dinh
pham vi hep thi D = Iy vd G = H. Khi d6, y dugc biéu dién theo ty s6 SNR &
mdi dng ten thu, ¢, nhu sau:

y:’/KNCTE Hx+n (1.7)

:I_{ern, (18)

v6i H =/ x5 H
1.2 Nguyén ly lam viéc

Baéi vi hé théng MM c6 kich thuée rat 16n nén cic thao tac xit Iy phitc tap
déu dugc thyc hién tai BS. Cac hoat dong cd ban trong hé théng MM gdm:
- Tach tin higu duong 1én.

- Tién ma héa (precoding) cho dudng xubng.
- Uéc lugng kénh truyén.

Luu y: MM c6 hai kiéu song cong dé la: song cong theo thsi gian (TDD)
va song cong theo tan s6 (FDD). Trong hé thong MM TDD thi kénh truyen
duong lén va duong xudng c6 tinh thuan nghich v6i nhau nén trong méi khoang
dong bo ctlia kenh thi BS chi can uée luong kenh 1 1an dé c6 duge CSI, sau do
stt dung CSI nay dé tach tin hieu duong lén va tién ma hoa cho dudng xudng.
Tuy nhién, néu hé théng 13 FDD thi kénh truyén dudng lén va dudng xudng 1
doc lap v6i nhau. Do d6, phai thite hien dong thai viec wde lugng kénh cho ca
duong lén va dudng xudng riéng ré.



1.3 Phan biét MM véi MIMO da ngusi dung
Heé théng Massive MIMO phan biét véi MU-MIMO thong thuong & 3 dic
diém chinh sau [3]:

o Chi BS can phai biét cac thong tin vé trang thai kénh truyén CSI.

e SO ang ten trang bi tai tram goc va s6 ngudi ding duge phuc vu béi BS
dé 1a rat 16n.

o C& duong lén va duong xubéng déu st dung cac ky thuat xi 1y tin hieu
c6 do phiic tap thap.

1.4 Tach tin hiéu tai BS

TAch tin hiéu duge ap dung d6i véi duong len ctia hé théng MM bing cach
stt dung bo tach thich hop. Dé danh gia mot bo tach tin hieu ngusi ta thudng
dya vao 2 thong s6 la: (1) pham chéat 16i bit (BER) va (2) Do phiic tap tinh
toan. Thong thuong céc bo tach tin hieu c6 pham chat BER cao thi do phiic
tap 16n va ngudce lai. Trong nghién citu Iy thuyét, do phiic tap duge tinh bang
cach dém sb lugng dau cham dong (Flop) can thiét dé tach thanh cong 1 véc to
tin hi¢u phat [38, 39]. Trong luan 4n, mdi phép toan trong mién s6 thic duge
tinh 13 01 flop. Khi d6, 01 phép nhan phiitc va 01 phép chia phtic lan lugt duge
tinh 1a 06 va 11 flop.

Baéi vi hé théng MM c6 kich thude rat 16n nén ching thudng st dung céc
bo tach tin higu c6 do phiic tap thap nhu cac bo tach séng tuyén tinh (ZF,
MMSE) hay tach tin hiéu dya trén phan rd QR (QRD, SQRD). Bo tach tin
hiéu pham chat cao nhu VBLAST chi dugc sit dung trong cac hé théng MM
¢6 kich thuée nhé do do phiic tap clia né rat cao.

1.5 Cac cong trinh nghién citu vé tach tin hiéu cé lién quan

Trong céc cong trinh [25] va [47], cdc tac gid da dé xudt cac bo tach tuyén
tinh gom MRC, ZF va MMSE cho MM véi pham chat 16i bit gan dat dugc
pham chat t6i wu, hieu qua st dung nang luong va hieu qua phd tan 16n.

Nam 2016, Kobayashi va cac cong sy da dé xuat cac bo tach SQRD cho hé
thong MM khi kénh truyén cé sy tuong quan khong gian trong [53]. Cac bo
tach tin hiéu nay c6 do phiic tap rat thap va pham chat 15i bit cao.

Nhugc diém co ban ciia cac bo tach tin hieu tuyén tinh vd SQRD la pham
chét 15i bit ctia ching bi suy gidm manh trong cac hé théng c6 hé sb tai cao
(dac biet la khi g = N/N, =1).

4.3.2 Bo tach tin hiéu MMSE-GGD-SLV

Vaé 1y thuyét, ta c6 thé ap dung phuong phap MMSE-SLV cho tat ca cac hée
théng con ¢ Bude 2 tuong nhu Muc 4.2. Khi d6, ma tran hiép phuong sai 16i
clia tang tach séng thi k, &,k =1,2,..., L, 1a:

—1
o=T; (GG + 21,) (1) (4.7)

1 ps o
Hg thing con thir 2 khong o ST —
- w
-

P s L
" Héthéng con thir nhit c6 SLV

0.9 [Hg thng con thir 2
6 SLV

Sipxép |5 |
cic phin
cicviet |5 |

§i=12,.L]

Hg théng con thir 4 c6 va khong 6 SLV

He théng con this nhit khong c6 SLV

Hinh 4.1: So d6 khoi thuat toin GGD  Hinh 4.2: ECDF ctia max (®y, ;).
B6 qua anh hudng ctia hién tugng truyen 16i gitta cac tang tach tin hieu
trong GGD va khdo sit ham ECDF ctia maxz (®k, ;) khi N, = N = 64, L = 4,
trong Hinh 4.2. Két qua 1a MMSE-SLV da cai thien dang ké pham BER ctia
hé théng con dau tién vA gidm nhanh cho céc tang tach tin hieu ké tiép. T d6
cho phép ta xay dung b tdch MMSE-GGD-SLV nhu sau: Sit dung MMSE-SLV
cho hé théng con thi nhat, cic tang tach tin hiéu con lai sit dung MMSE.

4.3.3 Phan tich do phiic tap

flops x 10°
Flops x10°

N=48, N =64 N=48, N, =128
S6 ang ten

Hinh 4.3: Do phic tap theo N,. Hinh 4.4: D6 phiic tap theo 5.

Két qua trong Hinh 4.3 cho thay khi N, = N = [60 : 20 : 160] thi do phiic tap
ctia MMSE-GGD-SLV thap hon ZF-GGDex (L = 4) tham chi thap hon MMSE-
SLV va tuong duong v6i MMSE khi L = 2. Hinh 4.4 so sanh do phic tap véi

21



CRHGeR\ " yERH
WER _ {(U v ) v ' 7 (4.3)

(U(LR>HU(LR> + ELTHT) TuER” M MSE

Luu y: Néu cac tin hieu phat x duge diéu ché M-QAM thi ching can dugc

dich chuyén va lay ti 1é [34, 62, 64] nhu sau: x = ax+n v6i m = log (M), a = 1/2,
n=(m—1)(1+j4) /2. Khi d6, tin hiéu phat trong mién LR trd thanh:

é:T_li:ac+nT_11N. (44)
Dira vao mdi quan hé trong cong thiic (4.4), quyét dinh ciing ciia € la:

&= é ([e€ + 9T '1x] — T '1x). (4.5)

Khi & da dugc xac dinh thi ta dé dang tinh toan dudc % 1a X = Té. Cudi
cing X tiép tuc duge lugng tit héa va thu duge £ = Q(X). Sai s6 u6c lugng la
cac phan t1t thuoc duosng chéo chinh ctia ma tran hiép phuong sai 15i:

(4.6)

T (UTU) " (T )", ZF — LRA
T (UfU+ ELSIN)_1 (T™)", MMSE - LRA
Nhu vay, ® phu thudc vao T vd ham 18i wde lugng ciia bo tach tuyén tinh.
Thuat toan riat gon dan SLV v SLB [64] xac dinh T bing cach tdi thiéu cac
phan ti thuoc dudng chéo chinh clia ma tran hiép phuong sai 16i ciia bo tach
tin hiéu ZF, <I>:(UHU)_1. Trong SLB, T dudc xac dinh sau khi rat gon tat ca
cac phan tit thuoc duong chéo chinh ciia ® trong khi dé SLV chi t6i thiéu duy
nhat mot phan ti ¢6 gia tri 16n nhat. Cac bo tach tuyén tinh mién LR s dung
SLV/ SLB dugc goi 1a ZF-SLV/MMSE-SLV, ZF-SLB/MMSE-SLB.
4.3 Xay dung bo tach MMSE trén mé hinh k/hgp GGD-SLV
4.3.1 'Thuat toan tach tin hiéu theo nhém suy rong GGD
Thuat toan GGD dugc xay dung nhu trong Hinh 4.1 gom 4 buéc:
e Buéc 1: Sap xép lai cac cot clia U trong (1.6) va thu duge ma tran U,

2 2
théa man Hugl)H < Huff) <. < HugN)H va véc to hoan vi p.

e Buéc 2: Tao L hé théng con va tach tin hiéu trong cac hé théng con Aay.

e Budc 3: Sip xép cac ky hieu da dude udc lugng tit cac hé théng con dé
tao ra véc to tin hiéu wéc lugng toan cuc %s.

e Buéc 4: Sap xép lai thit tr cac phan tit clia &, theo véc té hoan vi p.

Cac buée ké trén dugce tién hanh hoan toan tuong ty nhu trong Muc 3.1.

20

Trong cong trinh [54], cic tac gid da dé xuat phuong phap tach tin higu sai
s6 thua (Sparse Error Recovery) cho MM c6 tai cao. Bo tach dugce dé xuat cai
thien khoang 10 dB so véi bo tdch MMSE truyén théng. Tuy nhién, do phiic
tap clia cac bo tach theo phuong phip nay cao hon nhiéu so vé6i cac bo tach
tin hiéu tuyén tinh. Hon nita, phuong phap nay chi ap dung cho tin hiéu phat
diéu ché QRSK/BPSK nén hiéu qua pho clia hé théng bi han ché.

Nam 2014, Chockalingam va cac cong sy da xay dung cac bo tach tin hiéu
c6 do phiic tap thap trong [52], phit hgp dé ap dung trong MM nhu tach tin
higu dya trén lien két xac suat dit lieu (PDA: Probabilistic Data Association),
hay Chudi Markov Monte Carlo (MCMC:Markov Chain Monte Carlo)... Céac
phuong phép tach tin hieu nay c6 pham chat BER cao v6i do phiic tap thap.
Tuy nhién, cdc bo téch tin hieu duge dé xuét dé tach cac tin hieu diéu ché
BPSK nén hiéu qua st dung pho tan ciia toan hé thdng bi han ché.

Nam 2017, Liu v& cac cong sy da dé xuat st dung bo tach VBLAST cho
Massive MIMO trong cong trinh [56] nham thu duge higu qua st dung ning
lugng 16n. Tuy nhien, cac bo tach VBLAST vé6i do phiic tap bac 4 theo tong
s6 ang ten phat tir cic ngusi ding 1a rat cao trong MM.

1.6 Cac thach thic can tap trung gidi quyét ctia luan an

Trong cac he théng MM c6 tai cao (tiic f = N/N, =~ 1) thi can thiét phai
xay dung cac bo tach tin hieu dam bao t6t sy can bing giita pham chat BER
cao, do phiic tap thap va hieu qua st dung pho tan 16n. Cu thé la:

e Dé xuat cac thuat toan mdi cho phép gidm do phiic tap clia cac bo tach
tin hiéu c6 pham chéat cao nhu bo tach ML, SD hay VBLAST mé khong
lam gidm dang ké pham chat BER ctia hé thong.

e D& xuat thuat toan nhim cai thien manh pham chat BER ciia cac bo
tach tin hiéu tuyén tinh truyén théng v6i do phic tap dude gitt & mic
chap nhan dudc trong hé thong MM.

1.7 Két luan chuong 1

Chuong nay trinh bay mot s6 van dé chung vé MM nhu mo hinh tin hiéu
clia hé thdng, nguyeén 1y lam viéc va mot s6 bo tach tin hiéu thong dung trong
MM. Trén co sé khdo sat cac cong trinh da cong bd gan day vé tach tin hieu
trong MM, NCS khai quat mot so6 thach thitc can tap trung gidi quyét cta
Luan an. Nhitng noi dung trinh bay trong Chuong nay 1a co s ly thuyét quan
trong dé phét trién cac y tudng nghieén citu trong cdc Chuong tiép theo.



Chuong 2

Pé xuat cac bd tach tin hiéu dua trén thuat toan
tach tin hiéu theo nhom

2.1 Y tudng dé xuit

Xuét phat tit thuyc té 1a: (1)Do phiic tap ctia bo téch tin higu ting theo kich
thuéc clia he thong va (2) Pham chat BER cang kém khi hé s6 tai ciia he thong
cang cao. Tit thyc té d6, NCS nhan thiy néu bién déi hé théng MM nguyén
ban c6 kich thuée 16n, hé s6 tai cao thanh céc hé thong tuong duong cé kich
thude va hé sé tai nhé hon thi do phiic tap va pham chat BER luon t6t hon.
2.2 Deé xuat thuat toan tach tin hiéu theo nhém GD

Xét duong len he thong Massive MIMO véi kénh truyén chi chiu tac dong
cuia pha-dinh pham vi hep trong (1.8) nhu sau:

yzﬁx—&—n. (2.1)

Dé thuc hién thuat toan GD, trudc hét ta viét lai phuong trinh hé théng
trong (2.1) dudi dang:

y = [ G: Go ] [ Zl +n=Gis; + Gasz +n, (22)

2

trong d6 G, € CVr*le va, Gy € CN*(V=la) 13 cac ma tran con dudc tao ra bang
cach 1ay 1an lugt 1, cot dau tien (I, = INy v6i 1 <1< K, 1€ N) va (N —1,) cdt con
lai ctia ma tran kénh truyén H. Tuong ti nhu vay, s; € ClaX! va s, € CVla)x!
14 hai véc to tin hiéu con gom I, hang dau tién va cic hang con lai clia véc to
tin hiéu phat, x.

Tiép do6, ta nhan hai vé clia phuong trinh (2.2) v6i ma tran gid ddo bén trai
clia Gy, tiic la G} = (GFFG1) ™' GY, va thu dugc:

Gly =s1 + G{Gas, + Gin. (2.3)

Rit s, tit (2.3) va thay vao (2.2), sau mot sd phép bién ddi ta thu duge he
théng con dau tién nhu sau:

y2 = ézsz + na, (2.4)

6

Chuong 4

Xay dung cac bo tach tin hiéu cé sy hod trg cua
rut gon dan

4.1 Y tudng dé xuit

Cac thuat toan tach tin hieu theo nhém cé nhuge diém co ban la dic tinh
thong ké bac hai ctia thanh phan tap am trong cac hé thong con ctia bi bién
ddi lam gidm pham chat BER ctia hé théng. Rit gon co sé dan hudng dudc
goi ngan gon 13 rit gon dan LR 14 mot gidi phap rat hitu ich lam gidm syt dnh
hudng clia tap am. Vi thé két hop cac thuat toan tach tin hiéu theo nhém véi
LR la vAn dé nghién cttu kha thi dé cai thien pham chit BER ctia hé thong.
4.2 Tong quan vé tach tin hiéu cé sy hd trg cua rit gon dan
4.2.1 Dinh nghia dan va riit gon dan

Dan £ c6 kich thuée N, duge dinh nghia la tap hop tat ca cac t6 hop tuyén
tinh nguyén céc véc to cot clia ma tran U co kich thuée N, x N nhu sau [64]:

L£L=L(U)= {iaiui,aiGZ}, (4.1)

trong do6 tap hgp cac véc to ¢dt ciia U duge goi la c¢o s§ ctia dan £.

Rit gon gon dan LR 1a phép bién ddi mot co sé cho trude U thanh mot co
sd m6i ULH ma khong lam bién déi dan [64]. Méi quan he gitta U va U la
UR = UT v6i T 1a ma tran don modula c¢6 dinh thic det (T) = £1. Ma tran
T dugc xac dinh nhd cac thuat toan rat gon dan déi véi U.

4.2.2 Thch tin hiéu tuyén tinh c6 su hé tro cia rit gon dan

Xét duong len he thong Massive MIMO trong (1.6) (ttic y = Ux + n). Tu
dinh nghia dan ta dé dang nhan thiy néu bo qua thanh phan tap am, n, thi
Ux duge xem nhu dan £ véi co s6 U. Dé thuc hién tach tin hiéu cé sy hd tro
clia it gon dan, ta viét lai phuong trinh mo ta he thong (1.6) nhu sau:

y:Ux+n:UTT_1x+n:U(LR)c+n, (4.2)
trong d6 ¢ = T 'x vA UL® = UT. Gia st phuong phap tach tin hiéu tuyén tinh
dugc st dung trén (4.2), thi ¢ duge u6e lugng nhu sau: € = WERy véi WLE I3
ma tran trong s6 ciia bo tach tuyén tinh trong mién LR, xac dinh béi:
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tach BLAST. Khi s6 ang ten dudc trang bi trong hé théng cang cao thi do
phtc tap ctia cac bo tach tin hiéu ZF-PGD, QRD-PGD va SQRD-PGD c6 xu
huéng cao hon bo tach MMSE truyén thong va ZF-GGDex.

3.2.4 So sanh pham chat 16i bit

Chuong trinh mo6 phong khéo sat 02 cau hinh hé thong nhu sau: 1) N, =
64, K = 16, Ny = 4 vA N, = 128, K = 32, Ny = 4. Kénh truyén dugc thiét lap
giébng nhu Muc 3.1. Két qud mo phéng cho ta thay khi SNR du 16n thi cac bo
tach ZF-PGD va QRD-PGD dat dugc pham chat BER gan nhu tuong dong véi
bo tdch ZF-GGDex (tuong tu nhu vay cho trudng hgp SQRD-PGD va SQRD-
GGDex). Tai BER=10"%, b tach QRD-PGD va SQRD-PGD lan lugt thu dugc
do 1gi vé SNR 16n hon 8dB va 15.5dB so vdi bo tach MMSE truyén théng. Khi
so sanh véi bo tach SQRD thi do lgi SNR thu dugce tit hai bo tach tin hiéu nay
xap xi 6.5dB va 14dB.

(Y S
Vb
\ * \
o 5 10 15 20 25 30 3 40 45 o 5 10 15 20 25 30 3 40 45
plo? (dB) pylo? (dB)

Hinh 3.8: Pham chat BER ctia cdc bo Hinh 3.9: Pham chit BER ctia cac bo
tach tin hiéu khi N, = 64, K = 16, tach tin hiéu khi N, = 128, K = 32,
Nr =4, 4-QAM Ny =4,4-QAM

3.3 Két luan chuong 3

Chuong nay dé xuat hai thuat toan tach tin hiéu theo nhém 1a Thuat toan
tach tin hiéu theo nhém suy rong GGDex va Thuat toan tach tin higu theo
nhém song song PGD. Trén co s& hai thuat todn nay, Luan an xay dung va
dé xuét 7 bo tach tin hieu méi c6 tén goi lan lugt 13 ZF-GGDex, SQRD-GGDex,

ZF-Presorted GGDex, SQRD-Presorted GGDex, ZF-PGD, QRD-PGD va SQRD-

PGD. Két qua phan tich do phitc tap va mo6 phéng BER cho thiy cac bo tach
tin hieu dude dé xuat c6 do phiic tap tuong duong va pham chat 16i bit cao
hon déng ké so v6i cac bo tach tin higu tuyén tinh truyén théng. Chinh vi vay,
cac bo tach tin hieu nay phit hop dé tng dung trong cac hé théng MM.
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trong d6 y» = P1y, G2 = P1G2 Vi n; = Pin, véi Py = (I— GlGI) dudce goi 1a
ma tran trigt tiéu (projector matrix) ctia Gi c6 tinh chat PG, = 0. Dé dang
thay riang s, c6 thé duge khoi phuc (tic ;) bing cach 4p dung phuong phap
tach tin hieu MIMO truyén théng cho hé thong con thit nhat trong (2.4). Sau
khi 8, dugc tach thanh cong va gid thiét rang 8, 1a chinh xac thi hé théng con
con lai duge xac dinh nhu sau:

yi=y — G282 = Gis; +n. (25)

Stt dung bo tach tin hieu MIMO truyén théng mot lan nita trén hé thong
(2.5) ta thu dugc véc to u6e lugng ciia s; 1a ;.

Cubi cling, tin hieu dau ra ctia thuat toan la: & = [ s &l }T.

Luu ¥ rang, c hai he thong con trong thuat toan GD c6 kich thudc lan Iugt
14 N, x (N —1,) v& N, x I, tuong tng v6i hé s tai 1a g = (N];il“) va s = g&-. Nhu
vay, s6 cot trong cdc ma tran kénh truyén con nhé hon sé cot trong H trong
khi s6 hang dugc giit khong doi va vi thé do phiic tap clia cac bo tach khi dugce
stt dung trong thuat toan GD c6 thé duge giam xudng. Hon nita, hé s6 tai clia
céc hé thong con nhé hon trong hé thong nguyén ban, g = £-, nén thuat toan
GD con cho phép cai thien pham chat 16i bit ctia hé théng. Tuy nhién, thanh
phan tap am n, trong (2.5) tuy van c6 trung binh béng 0 nhung phuong sai ctia
n6 da bi bién ddi thanh E [nani’] = o?PJ # oL
2.3 Xay dung cac bo tach tin hiéu dua trén thuat toan tach

tin hiéu theo nhém

2.3.1 B9 tach ZF-GD va MMSE-GD

St dung phuong phép téch tin hieu ZF va MMSE dé khoi phuc cac ky hieu
da phéat trong cac he thong con (2.4) va (2.5) ta tao ra hai bo tach méi 1a ZF-GD
va MMSE-GD. Bo tach ZF-GD va MMSE-GD xac dinh §; va 8, nhu sau:

81 = Q(Waiy1), (2.6)

8o = Q(W2y2)7 (27)
trong d6 W, € ClaXNr v Wy € CV—1)XNr 13 c4c ma tran trong s6 dude xac
dinh béi céc cong thitc dudi day.

(GIG,) ' GI, ZF —GD
W1 = —1 (28)
(Gf’c:,1 + Eislla) GI, MMSE—GD
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~ L~ -1 ~
_ {(G§G2) G, ZF - GD (2.9)

~ ~ ~ —1
GH (G§G2 T E%P{{) , MMSE —GD
Luu y rang thanh phan (éﬁlég + E%Pf’)trong cong thitc (2.9) gan don dieu

nén khong thé thic hien phép nghich déo. Dé thyc hién duge phép nghich dao
ma tran, dong thit hai trong cong thic (2.9) dude gan ding héa nhu sau:

-1
W, = (éféz + ELI(N,M) GY, MMSE — GD. (2.11)
2.3.2 B¢ tach ZF-IGD va MMSE-IGD

Y tudng xay dung cac bo tach nay 1a céc véc to s; va s, trong cong thic
(2.2) sé dugc tach tin hiéu hai lan, sau mdi vong lip cip véc to ude luong 8, va
8, sé duge ding dé tinh khoang cach Euclide tuong ing. Cudi cling cap véc to
uée lugng 8 va 8, tng vdi vong lap c¢6 khodng cach Euclide nhé nhit sé duge
chon lam tin hiéu dau ra ctia bo tach. Noi dung chi tiét cAc bude tach tin hieu
trong ZF-IGD va MMSE-IGD nhu sau:

Vong 1ap thit nhat, tin hieu duge khoi phuc nhdg sit dung céc bo tach ZF-GD/
MMSE-GD. Sau vong lip nay, ta xac dinh duge %, = [ st &T ]T va khoang
cach Euclidean d; nhu sau:

dy = |ly - B[ (2.12)

Trong vong lip thit hai, thit tu tach s; va s, sé thay ddi so v6i trong thuat
toan GD, ttic 1a s; sé dudc tach trude s,. Dé lam duge nhu vay, nghién citu sinh
thye hién tuong ty nhu cac bude trong thuat toan GD ta thu dugc:

§1 = 6;151 =+ ﬁl, (213)

trong d6 y, € CN"*1, Gy € CV*E vam; € CV*! dugce xéc dinh nhu sau: ¥, = Pay,
G, =P,G; vi i = Pyn, v6i Py = (I - GQGE). T6i day, ta st dung phuong phap
tach tin hieu tuyén tinh ZF/MMSE dé uéc lugng &,. Sau do, 8, dugce ding dé
khtt &nh hudng clia n6 1én viéc tach tin hiéu tuyén tinh 8,. Cudi vong lap thit
hai ta xac dinh dugc %2 = [ §T &7 ]T va khoang cach Euclidean tuong tng la:

ds = |y - Hs|f?. (2.14)

Tin hiéu dugce chon tai dau ra ctia bo tach 1a gia tri &; tuong tng v6i khodng
cach d; nhé nhat.

bxl, V6il, = N/2, b= (N, + N).

Budc 3: Ap dung céc k§ thuat tach tin hieu MIMO truyén théng trong méi
hé théng con dé udc luong cac ky hiéu tin hieu phat tit cac ngudi ding.

Budce 4: Sip xép lai cac tin hiéu da tach & buéc 3 theo dung thi tir ma
ching duge phat di.

Yex | Tao hérthélzg MRED tich sing i
con thir nhat | ~ | con thir nhat

Chuyén A GI oz

sang hé Sa!) xep| AT
Y.U| théng l@,' e 1 X=1§) sz]
™ mo ron, ey

ong S vas,
twong
duong

B0 tich song | "2
con thir hai >

Yex | | Tao h¢ thng
"] con thir hai

T Vx| — %

¥
—™
G,

Hinh 3.6: So d6 khdi tach tin hiéu bang thuat toan PGD

Cac Buéc trén duge thyce hién tuong ty nhu trong Muc 3.1. Sau khi hai hé
théng con dudc tao ra, ta 4p dung cac bo tach MIMO truyén théng trén moi
nhanh ctia PGD dé udc lugng cac ky hieu da phat. Khi ta 4p dung lan lugt
phuong phap khoi phuc tin hieu ZF, QRD va SQRD truyén théng cho ca hai
hé théng con thi 3 bo tach tin hieu méi tuong tng dude tao ra va dude dit tén
ngan gon la ZF-PGD, QRD-PGD va SQRD-PGD.

3.2.3 Phan tich do phic tap

flops x 10°

N=N_

Hinh 3.7: Do phiic tap ctia céc bo tach tin hiéu khi N, = N = [60 : 20 : 200]
Quan sat két qua tinh toin do phitc tap trong Hinh 3.7 ta thiy cac bo tach
duge dé xuat c6 do phiic tap gan bing nhau va nhé hon rat nhiéu so véi bo
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Quan sét két qua mo phoéng trén Hinh 3.4 va Hinh 3.5 ta thay cac bo tach dé
xuat da dang ké pham chat BER ctia cac bo tach tin hiéu tuyén tinh, SQRD,
BLAST truyen théng va ZF-GD. Dic biét khi kénh truyén duge sap xép lai thi
bo tach ZF-Presorted GGDex/SQRD-Presorted GGDex cho pham chat BER
cao hon ZF-GGDex/SQRD-GGDex. Pham chat BER ctia bo tach ZF-Presorted
GGDex vé6i L = 8 va SQRD-Presorted GGDex tiém can v6i pham chéat ciia bo
tach BLAST. Két qua trong Hinh 3.5 ciing cho ta thiy pham chat 15i bit ctia
bo tach SQRD-GGDex suy gidm manh khi L tang. Két qua nay ching minh
nhitng phan tich vé hién tuong truyén 18i khi L ting trong Muc 3.1.3.

100 10°
10" 101
107

«
&
&

107

10

10°

0 5 10 15 20 25 30 35 40 45
plo? (d@8) /o 2 (dB)

Hinh 3.4: Pham chat BER ctia ZF- Hinh 3.5: P.chat BER ctia SQRD-
GGDex va ZF-Presorted GGDex GGDex va SQRD-Presorted GGDex
3.2 Xay dung cac bo tach tin hiéu dua trén thuat toan tach
tin hiéu theo nhém song song PGD
3.2.1 Y tudng dé xuat
Céac thuat toan tach tin hiéu theo nhém GD va GGDex c6 nhuge diédm la

do tré do x1t 1y tin hiéu cao do st dung k¥ thuat SIC khi tao ra cac hé théng
con. Thuat toan PGD dugc dé xuat nhim khic phuc duge nhuge diém nay.

3.2.2 Xay dung cac bo tach tin hiéu dua trén thuat toan PGD

Thuat toan PGD tién hanh chia hé théng MM thanh hai hé théng con c6
kich thudc nhu nhau sau d6 tach tin hiéu trong cac hé théng con d6. Qua trinh
khoi phuc tin hieu trong PGD dugc biéu dién trong Hinh 3.6.

Thuat toan PGD gom 4 budc sau day:

Buéc 1: Chuyén hé théng Massive MIMO nguyén ban sang hé théng mé
rong tuong duong.

Budce 2: Tao hai hé théng con song song c6 kich thuéc bang nhau va biang
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2.3.3 Bo tach BLAST-GD va BLAST-1GD

Khi phuong phap tach tin hieu MMSE-BLAST truyén théng (viét tat la
BLAST) thuat toan GD thi hai bd tach tin hiéu mdéi duge 14 BLAST-GD va
BLAST-IGD. Tién trinh tach tin hiéu ctia cac bo tach nay tuong ty nhu trong
cac Muc 2.3.1 va 2.3.2 chi khac 1a phuong phap téach song BLAST dugce sit
dung trong cic hé théng con thay cho phuong phap tach séng tuyén tinh.

2.3.4 Phan tich do phiic tap

Hinh 2.1 so sanh do phtic tap tinh toan ctia cidc bo tach tin hiéu trong hai
cau hinh ctia he théng la: 1) N, = 70,N = 60 va 2) N, = 170, N = 160. Cac bo
tach tin hieu duge dé xuat c¢6 do phic tap tap thap nhat khi | = [1K]. Dac
bigt 1a cac bo tach ZF-GD/MMSE-GD c6 do phitc tap thap hon MMSE va
BLAST-GD/BLAST-IGD thap hon BLAST truyén thong.

24
etz Il e
N 0 =l o= e

%%{% Ve ‘,vvvb s
10% BD‘%BDDPD?DW
I

N, =170, N=160

02

flops x 10°
"
flops x 10°

g

—b— BLAST-GD

— -¥— - BLAST-IGD o
100 10

| N=N,

Hinh 2.1: D6 phiic tap theo . Hinh 2.2: Do phiic tap theo N,.

Hinh 2.2 biéu dién do phrtc tap ctia cac bo tach tin hiéu theo N,, véi N, =
N =1[60:20: 200], Nr =4 va | = [1K]. Két qua tinh toan cho thay khi s6 dng
ten ctia hé thong cang 16n thi cac bo tdch BLAST-GD, BLAST-IGD c6 do phric
tap cang cao hon so v6i bo tach MMSE. Do d6, BLAST-GD va BLAST-IGD
chi phit hgp dé tng dung trong céc hé théng kich thude trung binh.

2.3.5 So sanh pham chat 16i bit
Thong s6 mo6 phéng: N, =70, K = 15, Ny = 4,,4-QAM, | = 2, 8, 12. Gi4 thiét
rang kénh truyén 1a kénh pha-dinh phéng, it bién doi trong 200 ky hieu.
Quan sat két quad mo phéng trong cdc Hinh 2.3, Hinh 2.4 va Hinh 2.5 cho
thay, tai BER=10"°, bo tdich MMSE-GD c6 pham chét tuwong duong bo tach
MMSE, trong khi ZF-IGD va MMSE-IGD cai thién pham chiat BER so véi
MMSE lan lugt 1a khoadng 1.2 dB va 2dB. Tuong tu, BLAST-IGD t6t hon
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BLAST truyén théng khoang 1.4dB. Ngugc lai, véi | cang 16n thi pham chat
BER ciia bo tach tin hicu BLAST-GD cang kém. Nhu vay, dé bao ddm pham
chiat BER cao nhat v6i do phiic tap thap nhat thi gid tri ctia I can duge chon
1a 1= [K/2] = 8.

Két qua trong Hinh 2.6 cho ta thiy, v6i ciing gia tri BER thi cac bo tach
dé xuat cho phép hé théng c6 8 cao hon khi st dung bo tach tuyén tinh. Tuy
nhién, nhuge diém ctia ching la pham chat BER kém hon MMSE khi 8 = 1.

o
10 —— ZF
—A— MuSE
—

BLAST
—H— BLAST-GD, I-2
8L =8

10t

D)
BLAST-IGD, I=2,8,12

104

— B — MMSEGD, I-12 105
5 10 15 20 25 o 5 10 15 20 25
¢ (@) ¢ @By

Hinh 2.3: Pham chiat BER ctia ZF- Hinh 2.4: Pham chit BER cua cac
GD (IGD) va MMSE-GD (IGD). bo tach BLAST-GD, BLAST-IGD.

10°

X = MMSE-IGD

BL/
= =¥ - BLAST-IGD

5 10 15 20 25 05 06 07 0.8 0.9 1
¢ (dB)

Hinh 2.5: Pham chat BER khi / =8  Hinh 2.6: Pham chat BER theo 3

2.4 Két luan chuong 2

Chuong 2 dé xuat thuat toan tach séng theo nhém GD va tach séng theo
nhém lap IGD. Tiép d6 xay dung 6 bo tach tin hieu gom ZF-GD, ZF-IGD,
MMSE-GD, MMSE-IGD, BLAST-GD va BLAST-IGD. Cac bo tach tin hiéu
dé xudt c6 pham chat 16i bit cao, do phtic tap tinh toan thap hon cac bo tach
tin hieu BLAST va MMSE truyén théng nén chiing la ing vien phit hgp dé ting
dung trong céc hé théng MM.
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Khi U, da dugc xac dinh, ta st dung quy trinh tach tin higu ZF-GGDex
hay SQRD-GGDex dé uéc lugng véc to tin hiéu phét, x. Cudi ciing cac phan
ti clia % dudc sap xép lai theo véc to hoan vi p nhu sau:

% =X(p). (3.18)
3.1.4 Phan tich do phic tap

flops x 10°
flops x 10°

—

2 a 6 8 10 12 14 16 80 100 120 140 160 180 200

Hinh 3.2: Do phiic tap theo L. Hinh 3.3: Do phiic tap theo N,.

Hinh 3.2 mo6 t& do phtc tap tinh toan ciia cac bo tach tin hieu dé xuat
vdi cac bo tach séng tuyén tinh, BLAST va ZF-GD (MMSE-GD) khi N, = 64,
K =16, Nr = 4 va L = [2, 16]. Két qua trong Hinh 3.2 cho thay, cac bo tach
tin hiéu dugc dé xuat c6 do phiic tap cao hon cac bo tach tuyén tinh, SQRD
truyen thong va ZF-GD nhung thap hon nhiéu so véi BLAST véi moi gia tri
ctia L. Do phiic tap ctia bo tach dude dé xuat 13 tuong dong véi nhau va chiing
c6 gia tri thap nhat khi L = 2.

Hinh 3.3 trinh bay do phic tap cta cac bd tach tin hiéu néu trén khi
N, = N € [60, 200] va L = 2, 4, 8. Quan sat Hinh 3.3 ta thiy do phic tap ctia
cac bo tach tin hieu tang ti lé thuan véi sd ang ten trang bi trong hé thong.
Khoang cach giita cac duong cong biéu dién do phic tap tinh toan ciia cac bo
tach duge dé xuat cang 16n khi N, va/hodc L tang.

3.1.5 So sanh pham chat 16i bit

Cac thong s6 mo phéng duge thiét lap nhu sau: N, = 64,K = 16,Nr = 4;
4-QAM; s6 tang tach tin hieu dude chon 1a L = 2, 4, 8.. Kénh truyén dudc thiét
lap bdéi: r = 1000, mét va do = 100 mét; dj € [200, 990] mét. v = 3.5 va phuong sai
che khuat 62,4, = 84dB. Gia thiét réng kénh truyén gitta cac ngudi ding va
tram goc 1a khong ddi trong khoang mdi 200 ky hiéu. Ngoai ra, cong suit clia
céc ngudi ding 14 bang nhau va cac dudng cong BER dude vé theo ti s6 cong
suat tin hi¢u trén nhiéu p,/o? (dB).
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Trude hét, ta 4p dung ki thuat phan rda QR c6 sip xép cho ma tran kénh
truyen con, G, k=1, 2, ..., L, vd thu dugc ma tran Unita Q, € CV*+N)xla g
tran tam giac trén Ry € Cle*!a va véc to hoan vi p, € R%*!, Tiép theo, nhan
hai vé ctia phuong trinh ¥, = Ggsi + 0, v6i QF ta co:

vi = Qi'Yr = Rysy + Qi 1y (3'12>

Luu §, G, = GL_1 = G, va y. = y.. B6 qua thanh phan tap am Qfa, va
Q¥ nex trong (3.12) sau d6 I, phan tii cta sx (ky hieu 1a 4, i = 1,2,..,1,) dudc
khoi phuc lan lugt ting phan tit theo luat sau:

Vg, .
rkvlv7 Z:la

8, =Q W , (3.13)

(Uki_ > (rki,jgkj))/rki,w i # g

j=it1
Cubi ciing, sap xép lai cAc phan tit clia §, nhu sau:
sk = 81(p™). (3.14)
Xéac suat dé hien tugng truyen 16i 1a nhd nhét, Pr(A), la:
L—1

pPrA)=1] _r (3.15)

o [ N—fl )
la

Cong thitc (3.15) cho ta thay khi L cang 16n thi &nh hudng ctia hién tugng
truyen 16i cang cao va ngugc lai.

c) B6 tach ZF-Presorted GGDex va SQRD-Presorted GGDex

Duya trén phuong trinh (3.7), tong cong suat tin hiéu trén tap am ctia he
thong con thit & (ky higu 1a TSNR™) duge xac dinh nhu sau:

H 2
w < (I.EB,) )GkHH2 . (3.16)
l(Pw)ll 7 F
Cong thitc (3.16) cho ta thay chuan Frobenius clia ma tran Gy giit vai tro
quan trong quyét dinh giéi han trén ctia TSNR™. Mit khac, pham chét tach
tin hiéu tai tang thi nhat c6 dnh huéng lén nhat dén viéc giam anh hudéng cia

TSNR® =

hién tugng truyen 16i. Nhitng nhan xét trén cho phép ta dé xuat mot quy trinh
sap xép lai ma tran kénh truyén mé rong U.,. Trong quy trinh ndy, cic cot clia
ma tran U, dugc sip xép theo thit tu chuan Frobenius ciia ching giam dan.

Cac cot ctia ma tran U,, sau khi dugc sap xép lai theo thit tu gidm dan vé
do 16n sé tao ra ma tran mdéi, U, s, va mot véc t6 hoan vi p nhu sau:

[Uex,s P] = Sort (Uw) 5 (317)
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Chuong 3

Pé xuat cac bd tach tin hiéu xay dung trén hé
théng mé rong tuong duong
3.1 Xay dung cac bd tach tin hiéu dua trén thuat toan tach
tin hiéu theo nhém suy rong GGDex

3.1.1 Y tudng dé xuat

Xuat phat tit nhitng nhuge diém co ban ciia GD la: (1) Pham chét 151 bit
kém hon bo tdch MMSE khi 8 ~ 1 va (2) Thuat toan xay dung véi kénh truyén
chi chiu tac dong ctia pha-dinh pham vi hep. Nhitng nhudc diém nay duge khic
phuc trong thuat toan GGDex nhu sau: Thit nhat, s6 tang tach tin hiéu trong
GGDex dudc lga chon bat ky cho phép cac hé thdng con c¢6 hé sb tai thap hon
nhiéu so vé6i trong thuat toin GD. Hon nita, GGDex xay duyng trén hé théng
md rong tuong duong nén phuong phép triét nhiéu ZF tuong duong véi MMSE
lam gidm dang ké hién tugng truyén 16i giita cac hé thong con. Ngoai ra, anh
huéng clia che khuat va suy hao dudng truyén dugce tinh dén khi xay dung
thuat toan lam cho GGDex sat véi thue té hoat dong ctia hé thong MM.

3.1.2 Dé xuat thuat toan tach tin hiéu theo nhém suy rong

Xét duong lén hé thong Massive MIMO trong cong thiic (1.6) la:
y =Ux+n. (3. 1)

Goi L (K > L>2) va n lan lugt 1a s6 he théng con va s6 ngudi dung trong
mdi hé théng con. Dat Gi = Uex (s, (k — Dla + 1 : klo), G® = Uex(:, kla +1: N) ,
sk = x((k— Do +1: kl,:) vas® =x(kl, +1: N,:), v6i k = 1,2,..L. va l, = nNy.
Thuat todn GGDex dudc mo ta trong Hinh 3.1 gom 3 budc:

Buéce 1: Chuyén hé théng (3.1) sang dang md rong tuong duong [62]:

Yex = Uezx+nez, (32)
P T T _ T
trong do ye, = [}’T 0%] 3 Uez = [UT ﬁIN] Va Ney = [nT \/ELSXT]

Budc 2: Tao cac hé thong con va tach tin hiéu trong cac hé thong con. Trude
hét, ta dit y, = yex VA viét lai cong thiic (3.2) dudi dang:
L
Y1 =Yex = Gis1 + Z Giskg + nex = Gis1 + GWs® 1 n,. (3.3)

k=2
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Tiép do6, nhan hai vé clia (3.3) véi P, = (I - GGV, ta xac dinh duge he
théng con dau tién nhu sau:
§1 = 611S1 + ﬁl, (34)

trong d6 y1 = Piy1, G1 = P1G1 VA iy = Piney. Ap dung phuong phap khoi phuc
tin hieu MIMO truyén théng phit hgp trong hé théng con thit nhat dé tach ;.
Gia st s; duge khoi phuc mot cach hoan hdo va do d6 dnh hudng ciia nd lén
y1 dude loai bé hoan toan bdi:

L
& (1) (1)
y2=y1 — G181 = G"s" + nex = Gisk + Nex- 3.5
k=2
y :y v n
ex 1 T30 hé théng Y1 [ Tach tin higu S
thirnht [ &™| trong he théng 1 T
1
G 4 Loai b anh
G1 e huong ciia §, | ¥,
Y.y )
g:.“yﬁs HER Taohé théng | Y2 [ Tach tin hign S, sip xép
y.U |h6gn' ma trin |G(2 thir 2 G | trong h¢ thing 2 laicic | §
—» mﬂé > con 2 vécto
U by Loai b anh §i_
awong |“od GG Tocim cin v §i=1.2..1]
suy rong 2 2 2
%,
Yo N
G Tich tin higu | SL
L w trong h¢ théng L

Hinh 3.1: So d6 khéi thuat toan tach tin hiéu theo nhém tong quat GGDex
Téi day, ta st dung y» dé tao ra hée théng con thit hai nhu sau: Viét lai cong
thic (3.5) duéi dang:
L
y2 = Gasa + Z GiSk + Nex = Gass + GPs®@ 4+ ngy (36)
k=3
Ap dung céch lam tuong ty nhu he théng con dau tien, nhan hai vé cta
(3.6) Vi Py = (I - G@G®T) dé tao hé thong con thit 2, sau d6 ude lugng 8, va
loai bé 4nh hudng ctia né dé xac dinh ys. Qua trinh nay tiép dién cho dén khi
tin hiéu phat ng véi toan bo (L — 1) tang tach séng duge xac dinh. Mot cach
tong quat, hé théng con thit k, k =1,2,..., L — 1, dudc xac dinh nhu sau:

Ve = éksk + ng. (37)

6 day ?k = Pkyk, ék = Pka Va ﬁk = Pklflex7 Pk = (I— G<k)G(k>T). VéC to
tin hiéu thu dugce tai tang tach tin hiéu thi & sau khi da loai bo thanh phan
giao thoa Gys, duge xac dinh béi:

Vit =¥ — Gidp=G"s™ 4 ngy. (3.8)
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Luu ¥ khi thanh phan G._i1s._; dudc triét tieu khoéi y,_; tai tang tach tin
hiéu thit L —1 thi hé théng con cubi ciing dong thai ciing dudge tao ra nhu sau:

Yo =yr—1 — Gr_18r-1 = GrSL + Nex. (39)

Vi thé, tin hiéu da phat tit cAc ngudi dung con lai dé dang dude xac dinh
bang cach sit dung cac bo tach tin hieu MIMO truyén théng trong hé théng
con cudi cling trong (3.9).

Budc 3: Sap xép cécT véc to tin hiéu khoi phuc duge & buée hai nhu sau:
%= [ & g ... &7

He s6 tai cho bdi méi he thong con 1a By = l./ (N, + N). RO rang la g, nho
hon rat nhiéu he s6 tai ciia he théng MM ban dau (tic 1a 8 < 8 = (N/N,)) va
clia cac hé théng con trong thuat toan GD. Do d6, thuat toan GGDex c6 thé
cai thien dang ké pham chat 18i bit cia hé théng. Tuy nhién, dac tinh théng
ké bac hai ctia thanh phan tap am trong (L — 1) hé théng con dau tién bi bién
ddi, tiic 1a E [menf] = o?PyPH, k =1, 2,..., L — 1. Hién tuong nay sé lam gidm
mot phan pham chat BER ciia cac bo tach xay dung trén thuat toan GGDex.

3.1.3 Xay dung cac bo tach tin hiéu dua trén thuat toan GGDex

a) B0 tach tin hiéu ZF-GGDex

Bo tach tin hieu ZF-GGDex dudgc tao ra bang cach ap dung ky thuat tach
tin hieu ZF dé xac dinh cac véc to con §, nhu sau:

Sk =

G (R)T5(k)y — (k) t=(k)
{Q(G ) = Qs+ GV k<L (3.10)

QGLy ™) = Q(sy, + Gl nex) k=1L

Khi d6, sai s6 wdc lugng 8, 1a cac phan tit thuoc dudng chéo chinh ciia ma
tran hiép phuong sai 161 ®®:

o _ {(é(k)H@(k))l k<L (3.11)
(GZGr) ™" k=1L

Bo tach ZF-GGDex dudc k¥ vong sé cai thien dang ké pham chéat 161 bit so
v6i cac bo tach tin hiéu tuyén tinh truyén thdng nho vao hé s tai trong cac
hé théng con thap hon rat nhiéu so v6i hé théng nguyén thiy.

b) B tach tin hiéu SQRD-GGDex

Bot tach tin hisu SQRD-GGDex khoi phuc cac tin hiéu phat bang ky thuat
tach tin hieu SQRD trong thit k, k= 1,2, ..., L,, 5 = Gxsk + iz, nhut sau:
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