KET LUAN VA HUONG PHAT TRIEN CUA LUAN AN

Mot sé két qua dat dude ctia luan an

1. Dé xuét thuat toan lya chon dng-ten phat theo nhém dua trén kj thuat
phan tach SVD va phép tinh dinh thitc ma tran kénh truyén. Nhitng
nhém #ing-ten c6 déng gép nhiéu nhat vao tong dung lugng keénh truyén
sé dugc lya chon.

2. Dé xuét bo tién ma hoa theo nhém LR-LGP cho hé théng Massive MIMO
hoat dong trong diéu kién kénh truyén hoan hdo. Bo toan tién ma hoéa
theo nhém dé xudt c6 do phiic tap thap hon dang ké so véi thuat toan
tién ma héa LC-RBD-LR-ZF, trong khi pham chit BER ciia thuat toan
dé xuét gan tiem can véi thuat toan LC-RBD-LR-ZF khi s6 lugng cac
nhém tang lén.

3. Dé xuat bo tién ma hoa ZF-GP-LR hoat dong trong didu kién kénh truyén
c6 tuong quan theo ham mii. Do phitc tap clia thuat toan dé xuat thap
hon déng ké so véi thuat toan LC-RBD-LR-ZF, trong khi pham chét
BER ciia thuat toan dé xuat gan tiém can vé6i thuat toan LC-RBD-LR-
ZF trong viung SNR thap va t6t hon thuat toan LC-RBD-LR-ZF trong
viung SNR cao.

4. Dé xuét bo tién ma héa c6 do phiic tap thip PCA-LP hoat dong trong
diéu kién kenh truyén khong hoan hdo. Bo tién ma héa dé xuat PCA-LP
cho pham chiat BER tuong duong véi cac bo tién ma héa LC-RBD-LR-
ZF va PCA-MMSE-BD, trong khi do phitc tap tinh toadn thap hon céc
bo tién ma héa con lai.

Huéng phat trién ctia luan an

1. M4 rong huéng nghién ciu dé xuit cac bo tién ma héa phi tuyén theo
nhom két hop véi cac ky thuat rit gon co s§ gian va ki thuat phan tich
thanh phan chinh.

2. Nghién cttu dé xuét cdc bo tién ma héa cho hé thong Massive MIMO
song cong phan chia theo tan sb.

3. Nghién citu, dé xuat cac bo tién ma hoéa trong diéu kien c¢6 d&nh hudng
nhiéu tit nhitng té bao lan can.

4. Phan tich, ddnh gia pham chit clia hé thong bing cac biéu thitc toan
hoc.
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1. Dong luc nghién ctu:

V6i st phét trién khong ngiing ctia nganh dién tit truyén thong trong nhitng
niam qua, ciing véi nhitng nhu cau vé dich vu ngay cang da dang ciia con ngudi,
dang 13 nhitng dong lic phét trién manh mé trong linh vic thong tin di dong.
Cac nhu cau vé lien lac, cong viec ciing nhu gidi tri clia con ngudi ngdy cang
c6 nhitng doi héi khit khe hon vé chat luong, tinh én dinh va sy linh hoat dé
t6i da hoa trai nghiem clia ngudi diing. Dé gidi quyét nhu ciu tat yéu nay, ki
thuat MIMO da dugc nghién ctu rong rai trong hai thap ky qua va dugc ép
dung cho nhiéu chuan khong day, ki thuat nay cho phép cai thien ding ké veé
dung lugng va do tin cay ctia hé thong.

Trong hau hét cac he théng MIMO dang trién khai, cc tram gbc thuong
chi trang bi mot s6 it dng-ten (thuong it hon 10). Vi vay, hiéu suat st dung
pho tan va dung luong hée théng chua thiyc sy dap tng dude nhu cau ngay cang
cao clia ngudi diing. Tru6e van dé thite té néu trén, mot hé thong mdéi da duge
dé xuét, duge goi 1a hé thong Massive MIMO. Massive MIMO 13 cong nghé sit
dyung mang ang-ten, véi sé luong cac phan ti trén mang c6 thé len t6i hang
tram, nhim muyc tiéu ting dung lugng truyén din va céi thien do tang ich clia
ang-ten lén rat nhiéu lan.

Khi trién khai s6 lugng rat 16n cdc dng-ten thu/phat tai méi tram gbc. Didu
nay dan t6i s6 chudi cao tan vo tuyén tai tram goc ting lén, van dé dong bo
gitta cidc dng-ten phat tré nén phitc tap hon.... Bén canh d6, cac thiét bi phia
tru6e giao dién vo tuyén rat phitc tap, cong kénh va dit tién va ty lé véi s6
lugng dng-ten dudc st dung. Bén canh d6, kho khian chinh trong truyén di lieu
tit cac tram gbc t6i cac thiét bi dau cudi 1a qué trinh tach nhing tin hiéu cla
nhiéu ngudi diing da bi tron 1an ¢ phia may thu, dé mdi ngudi diing lic nay chi
nhan duge phan tin hiéu mong mudn, thanh phan xuyén nhiéu tit nhitng nguoi
ding 1an can can dugc loai bo. Dé gidi quyét van dé nay, mot trong nhitng
phuong phap thudng duge sit dung 1a ky thuat tién ma hoa.

Heé théng Massive MIMO 1a mot bude dot pha hién nay, hita hen 1a mot ki
thuat day tiém nang, phéat huy hét kha ning ctia cong nghé truyén din MIMO.
Vé6i nhitng 1y do trén, Massive MIMO dang 1a mot huéng nghién citu méi cho
rat nhiéu cac hoc gid trong va ngoai nude. Do d6, dé tai “ Nghién citu kjj thudt



lwa chon dng-ten phdt va tién md héa cho hé théng Massive MIMO” mang tinh
cap thiét, c6 ¥ nghia khoa hoc cao va phit hgp véi xu thé thai dai. Dé tai tap
trung vao hai huéng nghién citu chinh d6 la dé xuét cac kj thuat lya chon
ang-ten phat va ky thuat tién ma héa cho duong xudng trong hé thong Massive
MIMO. Nhitng két qud dat dugc clia luan an sé gép phan xay dung vitng chic
co 86 1y thuyét vé xit 1y tin hieu trong Massive MIMO, gép phan dua hé thoéng
vao tng dung trong thyc té.

2. Cac doéng gbp caa luan an:

1. Dé xuét cac thuat toan Iia chon #ng-ten phat theo nhém, do phic tap
thap dya trén cd s§ phan tich dung lugng kénh truyén cho hé théng
Massive MIMO, trong diéu kién thong tin trang thai kénh truyén tai BS
12 hoan hdo. Dung lugng kénh truyén ctia mdi nhém dng-ten duge lya
chon dugc tinh bang phép phan tdch SVD va phép tinh dinh thic ma
tran keénh truyén.

2. Dé xuét cac thuat toan tién ma hoéa theo nhém LR-LGP va ZF-GP-LR
trén co s cac bo tién ma hoéa tuyén tinh két hgp véi ki thuat riat gon
gian ELR, hoat dong trong cac diéu kién kénh truyén hoan hdo va kenh
truyén c6 tuong quan. Két qua mo phdéng va tinh toan cho thay ring, do
phtic tap tinh todn ctia cac bo tién ma héa dé xuat thap hon dang ké,
trong khi pham chat BER ctia dé xuét 1 gan tiém can véi dé xuat trong
[16] khi s6 lugng nhém tang len. Két qua mo phong ciing cho thiy ring,
kénh truyén tuong quan c¢6 anh hudng xadu dén pham chat BER clia he
théng d6i v6i tat ca cac bo tién ma héa duge dp dung.

3. Trén co s6 ky thuat phan tich thanh phan chinh PCA, dé xuit bo tién
ma hoéa c6 do phitc tap thip trong diéu kién kénh truyén tit BS dén tat ca
ngudi ding 14 khong hoan hio. Két qui mo phong cho thiy ring pham
chiat BER ciia hé thong khi st dung tat ca cac bo tién ma héa déu phu
thugc vao sai s6 uéc lugng kénh truyén. Bén canh d6, thuat toan dé xuat
cho pham chit BER tuong duong, trong khi do phitc tap tinh toan ciia
thuat toan dé xuat thap hon so véi cdc dé xuat trong [16] va [21].

3. B6 cuc luan an:
Luan 4n dugc t6 chic nhu sau: Mé dau; 3 chuong noi dung; Két luan va
hwéng nghién cttu tuong lai; Phu luc vd Danh muc cac cong trinh nghién ciu.

o LC-RBD-LR-ZF [16]
|~ PCAMMSE-8D [21]
-=-pcaLp
1 L|-e-LC-RBD-LR-2ZF [16]
|-¥ -PCA-MMSE-8D [21]
|-=-PcALP

10? SNR=27dB

SNR =24 dB

Hinh 3.5: Pham chit BER ctia hé théng theo ¢ tai SNR = 24 dB va 27 dB
VéiNT:NR:64, K:32, Nu:2

hiténg xau dén ty lé 16i bit ciia hé thdéng cho tit cd cac bo tién ma héa.
3.3 Két luan chuong 3

Trong Chuong 3, Luan an dé xuat bo tién ma héa theo nhém bing sy két
hop gitta thuat toan tién ma hoa tuyén tinh va ki thuat rit gon gian ELR-SLB
hoat dong trong diéu kién kénh truyén cé su tuong quan gita cic ang-ten theo
ham mi. Két qua tinh todn vd mo phéng cho thay réing, bo tién méa héa theo
nhém dé xuat LR-LGP c6 do phtic tap thap hon déng ké so v6i bo tién ma
héa LC-RBD-LR-ZF. Trong khi d6, pham chidt BER ciia thuat toan tién ma
hoa dé xuat LR-LGP la tiém can so véi LC-RBD-LR-ZF trong viing SNR thap
khi $6 ltgng nhém ngudi ding téng lén. Trong viing SNR cao, bo tién ma héa
dé xuat cho phat chdt BER t6t hon so véi thuat toan LC-RBD-LR-ZF. Bén
canh d6, trong chuong nay, luan &n ciing dé xuat bo tién ma héa c6 do phiic
tap thip PCA-LP. Thuat toan nay dugc thiét ké trén co s§ két hgp gitta ky
thuat tién ma hoéa tuyén tinh va ki thuat PCA hoat dong trong diéu kién kénh
truyén khong hoan héo tai phia BS. Két qua tinh toan vA mo phéng cho thay
rang, bo tién ma héa dé xuat PCA-LP ¢6 do phiic tap thap hon cac bo tién ma
héa LC-RBD-LR-ZF va PCA-MMSE-BD, trong khi phdm chat BER cfia bo
tiéen ma hoa dé xuat PCA-LP 1a tuong duong véi cac bo tién ma hoa con lai.
Cac két qua mo phdng tit nhitng dé xuét cling cho thiy ring, tinh tuong quan
gitta cac dng-ten va 16i u6c lugng kénh déu dnh hudng xéu dén céc bo tién ma
héa. Khi hé s6 tuong quan hodc sai sé udc lugng kénh truyén tang len dan tdéi
pham chat he théng suy gidm va nguge lai.
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K = Ng/2. Két qua biéu dién do phitc tap tinh toan cho thdy ring, do phic
tap tinh toidn clia bo tién ma hoa dé xudt PCA-LP 13 thip hon bo tién ma
héa PCA-MMSE-BD va thap hon dang ké so véi cAc bo tién ma héa LC-RBD-
LR-ZF. Cu thé, tai Ng = Nr = 80 dng-ten, do phtc tap tinh todn ciia bo tién
ma hoéa dé xuat PCA-LP xap xi bing 2.58% va 84.07% so vdi do phitc tap tinh
toan ctia cac bo tien ma héa LC-RBD-LR-ZF va PCA-MMSE-BD tuong tng.

Trong Hinh 3.3(b) va Hinh 3.4 thé hién pham chat BER ctia hé thong trong
diéu kien kenh truyén hoan héo (¢ = 0) va khong hoan héo (¢ = 0.5 va ¢ = 0.7),
tin hieu dugc diéu ché 4QAM, kénh truyén tit BS dén tat cd cac ngudi ding
gi4 thiét 13 kénh truyén pha dinh Rayleigh can tinh, it bién do6i trong khodng
thoi gian 200 symbol. Két qué mo phong trong Hinh 3.3(b) va Hinh 3.4(a) cho
thay ring, cac duong cong BER clia cdc bo tién ma héa gan nhu tuong duong
nhau trong viing SNR thap va trung binh. Véi viing SNR d 16n, bo tién ma
héa LC-RBD-LR-ZF cho pham chidt BER t6t hon cac bo tién ma héa con lai.
Két qua mo phong trong Hinh 3.4(b) cho thiy ring cac duong cong BER ciia
bo tién ma hoéa dé xudt PCA-LP gan nhu tring khép véi tat ca cdc bo tién
ma hoéa con lai trong cling mot kich ban khi Nr ting lén tit 64 dén 128 dng-ten
phat. R rang, khi s6 luong rat 16n Ny ang-ten dude trién khai, pham chat
BER ctia bo tién ma hoa dé xuat PCA-LP cang dugc cai thien.

95 {"1’1.,
S 22 “3 of
= Ry, %

S48, 24 042 268

, [ LeRepRZF r61vGn
10° | PCAMMSE 8D 21) v
—e—PCALP V61 0=0

—o~LC-RBO-LR-ZF [16] o1 0 =
o| |e-PcamMmsE-8D 21

107 |epCALP voi 6= 05
- © -LC-RBD-LRZF [16] voi =07
-9 -PCAMMSE 8D (21
|-8-pPcaLPveio=07

5
266 27 274

0 5 10 15 20 S 0 0 5 10 15 20 2 30
SNR [dB]

a) Phém chit BER clia he thng véi  b) Phim chat BER cita he théng véi
Ny = Nr =64, K =32, N, =2, Ny =Nrp =128, K =64, N, =2,
¢ =05va¢=0.7. $=0,¢=05va¢=0.T.

Hinh 3.4: So sanh pham chit BER ctia hé thong
Hinh 3.5 minh hoa cic dudng cong BER ctlia cac bo tién ma héa tai cac ty
s6 SNR = 24 dB va SNR = 27 dB. Két qua mo phdng trong Hinh 3.5 ciing
cho thay riing, pham chit BER ciia bo tién ma héa dé xuat PCA-LP 1a tuong
dong v6i cac bo tién ma hoéa con lai. Bén canh d6, 16i uéc lugng kénh c6 dnh
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Chuong 1

Téng quan vé hé théng Massive MIMO

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

Qué trinh hinh thanh va phét trién len dén he théng Massive MIMO 1a qua
trinh ké thira nhitng wu diém tit he thong MIMO diém - diém dén hé théng
MIMO da nguoi diing ciing nhu céc yéu cau trong thyc té. Massive MIMO dé
cap dén viec trién khai mot s6 lugng 16n dng-ten tai cdc tram gdc. Cong nghe
nay cai thien déng ké hieu qua st dung ning lugng va hiéu qua s dung phd
tan. Massive MIMO 14 mot hinh thtc cia MU-MIMO khi s6 lugng cac dng-ten
tai cac BS va s6 lugng nguoi diing tang len.

Ba diém khéc biét chinh giita Massive MIMO va MU-MIMO thong thudng:

e Chi ¢6 tram gbc c6 duge thong tin vé trang théi kénh truyen.

e S6 lugng dng-ten tai tram gbc Nr thuong 16n hon so véi s6 lugng ngudvi
ding K. Tuy nhién, day khong phai la dic diém mang tinh chat bit
bugc va khong mang tinh quyét dinh sy khéc biet gitta MU-MIMO thong
thudng va Massive MIMO.

e Qué trinh x 1y tuyén tinh dugc ap dung cho cd dudng lén va dudng
xubng.

1.2 Nguyén ly hoat déng trong hé théng Massive MIMO

Trong mot khodng thoi gian dong bo, hé thong thyce hién 3 hoat dong bao

gom: U6c lugng kénh truyén (cho c& dudng lén va dudng xudng), truyén tin
hiéu duong lén va truyén tin hieu duong xudéng. Hinh 1.1 14 mot vi du cho giao
thitc truyén dan TDD trong Massive MIMO.

1.2.1 Ué6c lugng kénh truyén trong hé thong Massive MIMO

Ty vao ki thuat TDD hosc FDD duge 4p dung cho hé thong Massive
MIMO ma k§ thuat uéc lugng kénh truyén cho ting ki thuat 1a khac nhau.

1.2.2  Qua trinh truyén tin hiéu duong xuéng
Didt x 1a vector tin hiéu phat tit BS t6i tt cd nguoi dung. Tin hiéu trudc

khi phat xudng tat ci cdc ngudi dung sé dugc nhan véi ma tran trong s6 W.
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di liéu

S]]
i
i
4N ditiéu
P

d liéu

Pilots duong lén

Truyén di¥ liéu
dudng lén

Pilots duong xudng

Truyén dit liéu
duong xubng

Hinh 1.1: Giao thitc thyc hién TDD trong Massive MIMO

2 K (k¥ hieu)

> K (ky hiéu)

Pilots duong len
(K pilots tryc giao)

Truyén di liéu
dudng len

Pilots duong xuéng

Truyén dir liéu
dwong xudng

T (ky higu)

7 (ky higu)

Hinh 1.2: Cau tric khung va udc lugng kénh truyén trong hé thong TDD.

=Nz (ky hiew)

Puong lén

Pilots duong xubng
(N7 pilots trye giao)

Puong xubng V

Pilots duong lén
(& pilots truc giao)

Phan héi N7 K cic
gid trj wée luong

> K (ky hiéu)

> Ny (ky hiéu)

Hinh 1.3: Cau tric khung va udc lugng kénh truyén trong hé théng FDD.

Tin hiéu nhan dugc tai tit cd ngudi ding duge biéu dién:
ya =HWx+n (1.1)

Dé gidm do phiic tap ctia he théng, lya chon ang-ten phéat 13 mot trong
nhitng giai phap quan trong. Theo d6, nhitng dng-ten phat tét nhat sé duge
la chon dé truyén tin hieu. Didu nay sé lam gidm s6 lugng cac bo cao tan &
phia phat, dong thoi lam gidm chi phi cho viéc thiét ké hé thong. Vé co ban,
mot s6 tieu chuan Iya chon dng-ten phat bao gom:

e Lua chon @ng-ten phat dya trén co s chuan NORM hay tang ich kenh.

e Lya chon dng-ten phat dua trén tj s6 cong suat tin hiéu trén tap am

SNR.
e Lya chon dng-ten phét dya trén hiéu qud st dung ning lugng.
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e Ma tran tién ma hoéa thit hai W, dugc thiét ké c6 dang:

W p = diag (W}) (3.26)

Heé s6 chuan héa cong sudt. Bpca_rp duge tinh bing:

Bpca-Lp = N Ik (3‘27)
trace [(WaWb) (WoWy) ]

3.2.4 Phan tich do phitc tap tinh toan

Qua cac phép tinh chi tiét, do phitc tap clia thuat toan tién ma héa dé xuit
PCA-LP dugc bidu dién nhu sau:

Fpoa_rp =8Np +16NiNy — N — 2NNy + 1+ K(8N2Np — 2N7)
+ K(6NJ 4+ 3N2 — N,) + 21K N + 2K (8N — 2N?)
+ K(24Nj — AN2) + 8NzNr — 2NrNr  (flops) (3.28)
~ O(NrNpR).

3.2.5 Két qua mo phéng.

1010 10°
—6— LC-RBD-LR-ZF [16] ——LC-RBD-LR-ZF [16]
| —— PCAMMSE-BD [21] |~7—PCA-MMSE-BD [21]
—&—peaLp |-e-PcaLP

x10%

2
18

16 |

14 T\
12

236238 24 242244

2
5 1)

10°
40 50 60 70 80 % 100 0 s 0 15 20 %
SNR [d8]

S6 lugng ang-ten phat

a) So sanh do phtc tap tinh toan cla
thuat toan dé xuit vdi cac thuat toan
LC-RBD-LR-ZF va PCA-MMSE-BD.

b) Pham chat BER ciia hé thong véi
NT :NR :647 K:32, Nu =2 trong
diéu kien CSI hoan héo tai phia BS..

Hinh 3.3: So sanh do phitc tap pham chit BER ciia hé théng

Trong Hinh 3.3(a) thé hien do phitc tap tinh todn ciia cac bo tién ma hoéa
PCA-LP, LC-RBD-LR-ZF va PCA-MMSE-BD. Trong kich ban nay, tham sb
Nr dugc thiét 1lap biing Nx va thay déi tit 40 t6i 100 #ing-ten, N, = 2, va
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2: Thiét ké ma tran Wy:

St dung W trong (3.18), ching ta ¢6 dugc ma tran kénh higu qua cho
ngudi dimng thit v duge bidu dién nhu sau:

HY;; = H,W, (3.19)

Ma tran kenh HY,;, duge chuan héa t6i HY,, € CV*Me v6i trung binh
bang 0 nhu sau:

H:‘::O’r‘ = H:ff - H:'Ln,eany (320)

& day HY,,, € CN«*Nu duge dinh nghia 14 ma tran trung binh, mdi phan
t cia HY.., la gia tri trung binh cia hang twong @ng trong ma tran
Hepy )

Ap dung k§ thuat phan tach QR do6i v6i ma tran HY,, ta co:

H:fbo'r = Q:’I:OTRZOT7 (3.21)

Thuyc hién phan tach SVD ap dung trén ma tran (R%,,.)” nhu sau:
(Roor)” = Unor Zror (Vi)™ (3.22)
Ma tran hé s6 thanh phan chinh A%o, € CV«*Ne cho ngudi dung thi «
dugce tinh nhw sau:
A;’C’A = QZOT'VZOT' (323)
St dung A%, va HY;, ma tran kenh két hop HY,,, € CV«*N« cho ngudi
diing thit v duge tinh bang:

H’g‘om = A’l;:vCAH’:ff (324)

Ma tran tién ma héa W{ cho ngudi diing thit v duge biéu dién nhu sau:

Wi = (Hiom) " [Heom (Hm) "] (3.25)
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e Lia chon ang-ten phat diya trén co sé phan tich dung lugng kénh truyén.

Trong duong xudng ctia hé thong Massive MIMO, tai mdi BS phai thiét ké
duge ma tran tién ma hoéa. Sao cho, khi di lieu dudc truyeén t6i cac thiét bi
dau cudi, mdi thiét bi dau cudi chi nhan duge thanh phan tin hiéu mong mudn.
Nhitng thanh phan xuyén nhiéu tit nhitng thiét bi dau cudi lan can can dugc
loai bo. Ma tran trong s6 ciia ki thuat tién ma hoéa tuyén tinh don gidn nhu
ZF va MMSE dugc biéu dién nhu sau:

Wzr = HY (HH") ™" (1.2)

Wirnse = HY(HH” + 071n,) 7", (13)

v6i 02 = 6% /FE, v E, 13 ning lugng ctia moi symbol phét, o2 14 phuong sai ciia
nhiéu.
1.3 Uu diém va mot sb thach thitc trong hé théng Massive
MIMO
1.3.1  Nhimg uu diém chinh ctia he théng Massive MIMO
e Massive MIMO c¢6 thé tang dung lugng gap 10 lan, dong thoi cai thién
hiéu suit nang lugng biic xa téi 100 lan so véi hé thong MIMO thuong.
e Cho phép gidm déng ké do tré trong moi truong khong khi.
e Thyc hién thu phat song cong phan chia theo thoi gian TDD, diéu nay
gitip viec md rong hé théng mot cach dé dang.
e Xit ly tin higu tuyén tinh (mo hinh két hop tuyén tinh cho duong lén va
tién ma hoa cho dudng xudng) gan nhu dat t6i wu.
e Don gidn héa 16p da truy nhap.
e Tat cd cac qua trinh xit Iy phitc tap déu duge thyc hien tai BS.
1.3.2 Mot s6 théch thitc trong hé thong Massive MIMO

Mic dit ¢6 rat nhiéu nhitng wu diém, tuy nhién he théng Massive MIMO
dang ton tai nhitng van dé thach thic nhu: Nhiéu pilot, trd ngai trong truyén
dan, yéu cau thiét ké va chuan mdi.

1.4 Két luan chuong 1

Trong Chuong 1, Luan 4n trinh bay nhitng van dé tdng quan vé hé théng
Massive MIMO. Quan trong hon, trong chuong nay, nhitng van dé con ton tai
lien quan dén k§ thuat lia chon #ng-ten phéat va ki thuat tién ma héa clia cac
cong trinh nghién citu da duge trinh bay. Nhitng kién thic co ban nay sé dugc
st dung lam co s 1§ thuyét hd tr¢ cho cac van dé nghieén citu, dé xuat dugc
trinh bay trong cac chuong tiép theo.



Chuong 2

K§ thuat luwa chon fing-ten phat va ky thuat tién
ma héa theo nhém cho hé théng Massive MIMO
trong diéu kién kénh truyén hoan hao

2.1 M5 hinh hé théng

Xem xét mo hinh kénh duwong xudng hé thong Massive MIMO song cong
phan chia theo thoi gian dugc mo td nhuw Hinh 2.1. Trong mo hinh nay, moi
BS dugc trang bi M @ng-ten phat phuc vy dong thoi K ngudi dung, mdi ngudi
diing dudgc trang bi N, ang-ten thu. Do dé, tdng s6 ang-ten thu cho tit ci ngudi
diing duge biéu dién bing Nz = KN,. S6 luong sing-ten phat duge lya chon tai
BS 1a Nz, trong d6 Ny théa man diéu kién Ng < Ny < M.

M ang-ten-BS

Hinh 2.1: Mo hinh kénh Iita chon dng-ten phat duong xuéng hé thong Mas-
sive MIMO

2.2 K% thuat lya chon dng-ten phat téi vu

K§ thuat Iyga chon #ng-ten phat t6i wu duge thyce hién dya trén co sé phan
tich dung luwong kénh truyén. Theo d6, nhitng dng-ten phat c6 déng gép nhidu
nhat vio tong dung lugng kénh sé 1a nhitng @ng-ten phat dugc lya chon. Qua
mdi budc, chi duy nhat mot ang-ten duge lya chon.
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BS ¢6 dugc thong tin vé trang thai kénh truyén hoan héo la diéu twong doi
kh6 khan trong hé thong Massive MIMO. No6i cach khic, hé thong phai hoat
dong trong diéu kien CSI khong hoan hdo. Do chinh xac ctia CSI c6 dudgc tai
BS phu thuoc vao céc cong cu udc lugng kénh duge st dung. Gid thiét rang,
ma tran kénh truyén khong hoan hao tit BS dén tat cd ngusi ding thu dugce
bing bo uéc luong kenh MMSE, c6 thé dugec mo hinh héa nhu sau:

H=\/1-¢*H+ ¢Ec,,, (3.15)
trong d6 E.,. € CV2*N7 13 ma tran 16i u6c lugng kénh. ¢ € [0,1] 14 mot tham sb
dé danh gid do chinh xéc ctia bo uéc luong kenh.

3.2.2 Tong quan vé ki thuat phan tich thanh phan chinh PCA.

PCA 1a mot cong cu toan hoc sit dung mot phép bién déi tryc giao dé
chuyén doi mot tap cic bién c6 tuwong quan thanh mot tap cac gia tri khong
tuong quan tuyén tinh, dugce goi la cdc thanh phan chinh. Dat U e c**V 1a
tap dit lieu gbc va Y € CM*N 13 biéu dién lai clia tap dit lieu d6. Trén co s6
k¢ thuat phan tich gia tri rieng ctia UU7 trong dai sb6 tuyén tinh, mdi quan hé
giita Y va U duge biéu dién nhu sau:

Y = BU. (3.16)
trong do, B € CM*™ dugc dinh nghia la thanh phan chinh ciia U.
3.2.3 Thuat toan tién ma héa dé xuat PCA-LP.
Trong dé xuét nay, ma tran tién ma héa dugc thiét ké c6 dang nhu sau:
Werea 1p = Brca-rWoWo, (3.17)

Buée 1: Thiét ké ma tran W,:

e Ma tran tién ma héa dau tien W, thu duge bang cach st dung k§ thuat
MMSE truyén théng nhu sau:

H H —
W, = H"(HH" +o21n,) "

- [W}“ w2 . Wff] , (3.18)

trong d6 o2 = 0?/Es, Es la nang lugng ciia mdi symbol phat va W4 ¢
CNT>*Nu (4 =1,2,...,K) la ma tran tién ma héa cho ngudi dung thit u.
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¢6 tuong quan (r = 0.5 va r = 0.7). Trong d6, tin hieu dugc diéu ché 4QAM, kénh
truyén tit BS dén tat ci cdc nguoi ding 14 kénh pha dinh Rayleigh can tinh,
it bién ddi trong khoang thdi gian 200 symbol. Két qua mo phéng trong Trong
Hinh 3.1(b) va Hinh 3.2 cho thdy ring, trong viing SNR thap va trung binh,
pham chit BER ciia thuat toan tién méa héa dé xuat ZF-GP-LR gan tiem can
v6i thuat todn LC-RBD-LR-ZF khi L tang lén. Tuy nhién, tai viing SNR cao
thuat toan dé xuit cho pham chit BER t6t hon thuat toan LC-RBD-LR-ZF.
Két qud mo phdéng trong Hinh 3.2 ciing chi ra rédng, moi tuong quan khong
gian anh hudng xau dén pham chit BER ctia ha théng cho du sit dung bat ky
bo tién ma héa nao.

5 LcreD R ZF 110

—e— zF-GP-LR i L=4
—8 ZF-GP-LR v6i L=6

101 S & ZF-GPRvoiL=10

10 15 20 25 30 0 5 10 15 20 25 30
SNR [dB]

a) Pham chat BER ciia he thong véi  b) Phdm chat BER ciia he théng véi
Ny =60, N, =1, K =60, L =4,6,10 Ny =60, N, =1, K =60, L =4,6,10
va r = 0.5. var=0.7.

Hinh 3.2: So sanh pham chit BER ctia hé thong

Dé can bing gita do phitc tap tinh toan v pham chat BER ctia hé théng, L
nén duge lga chon bing Nz/2N, 1a hiéu qua nhat khi K 14 mot s6 chén. Nguge
lai, khi K 13 mot s6 18, L nén dugc la chon tring véi wde so lien ké wde s6 s6
16n nhét ctia K 13 higu qua nhét.

3.2 Ky thuat tién ma héa tuyén tinh trong hé théng Massive
MIMO trong diéu kién kénh truyén khéng hoan hao duéi
su hd trg ctia thuat toan PCA.

3.2.1 Mo hinh hé théng.

Xem xét mo hinh hé thong Massive MIMO v6i Nr ang-ten phat dugc trang
bi tai phia BS phuc vy dong thoi K nguoi dung, mdi ngudi ding c6 N, dng-ten
thu. Tong s6 ang-ten thu tai phia ngudi diing 14 Nz = KN,. Trong thyc té viéc
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2.3 Ky thuat lya chon ang-ten phat theo nhém trén cg s&
phan tach SVD ma tran kénh truyén
2.3.1 Xay dung thuat toan

Dé xay dung thuat toan, trudc hét ma tran kenh Hy € C¥N=*M duge phan
chia thanh G (G = |2 |) nhém nhé. § 1a mot s6 nguyén duong 16n hon 1, § ciing
13 kich thuéc ctia mdi nhém. Dung lugng kénh truyén véi mot ma tran kénh
H, € CV*N bit ky duge biéu dién nhu sau:

min(Ng,N)

Cr = Z log,, (1 + %)\En) (2.1)

n=1

Theo d6, nhém ang-ten dau tién dugc lya chon trong G nhém la nhém
ang-ten c6 dung lugng kénh truyén 16n nhét:

§
g1 = argmgang = arg m;axngllog <1 + NLT>\§’">' (2.2)

Sau khi nhoém #ng-ten thit nhat duge lya chon, nhém ang-ten thi hai trong
(G — 1) nhém con lai duge Ira chon qua céc biée nhu sau:

e Két hop lan lugt titng nhém trong (G —1) nhém con lai véi nhém dng-ten
phat da duoc lya chon dé tao ra ma tran kénh mdéi Hgf o = HSPHST),
H{P e CVR¥ g =1,2..G—1;

e Tinh dung lugng kénh truyén C,, 4 tuong ting véi HE

e Nhom &ang-ten thd hai dugc lya chon tuwong tUng vdi dung lugng kénh
Clgy.q 160 nhat:

25
P N2
go = arg mgax Clg,,9) = arg mgaxnz:;log (1 + NiT)\[gl’g]’") (23)

Qua trinh nay dugce lip lai va két thiic khi Ny ang-ten phat duge lia chon.
2.3.2 Phan tich do phiic tap tinh toan

Do phitc tap tinh toan duge tinh bing s6 lwong hoat dong dau phdy dong
(flops: floating point operations). Ching ta gid thiét rang, moéi phép cong, tri,
nhan, chia s6 thiyc tiong duong véi 1 flops. Mdi phép nhan, phép chia sé phiic
tuong duong véi 6 va 11 flops.



D6 phitc tap tinh toan ctia thuit toan luva chon dng-ten phéat tdi wu
Téng s6 flops can thiét cho thuat toan Iya chon #ing-ten phét t6i wu dudc
biéu dién bing:
Np

Fo = Z (M —-n+1) <§NR3 +8nNg” +3Ng” + 2) (ftops) (2'4)

n=1

~ O(MNRg®).

Phan tich d6 phic tap tinh toan cta thuit toan lya chon ang-ten phat theo
nhém trén cd sd phan tdch SVD ma tran kénh truyén
Trong truong hop Nr = Ng, tong s6 flops cho thuat toan dé xuat duge biéu

dién:

G —n+ 1)[{ANr>5n + 8Ng(6n)> + 9(5n)*} + 6dn — 1] (flops), (25)

i M@

Nr
=

Trong trudng hop Nr > Ng, tong s6 flops cho thuat todn dé xuit duge tinh
bing:

trong d6 Q = & =

Ng/é
Ppro= Y _ (G—n+1)[{4Ng’6n + 8Ng(n)* + 9(6n)’} + 65n — 1]

n=1

+ Z (G — k+ 1)[{4(5k)* N + 8(6k) N> + IN*} + 6Ng — 1] (2.6)

Npr
k==f 41

~ O(N&?)

2.3.3 Két qud mo phéng

Két qua thé hien trong Hinh 2.2(a) cho thiy ring, do phtc tap tinh toan
cia thuat toan dé xuit thap hon rat nhiéu so véi thuat toan Iiga chon dng-ten
phét t6i wu. Cu thé, khi 6 =2, M = 120, 140 v& 160 #ing ten, do phtc tap ciia
thuat toan dé xuat xap xi bing 30,2%, 29,7% va 29,3% so v6i thuat toan toi
uu. Khi § = 3 do phiic tap thuat toan dé xuét gidm hon 50% so v6i trudng hop
6 = 2 va bang 13,6%, 13,5% and 13,3% so v6i thuat toan toi wu véi M = 120,
140 va 160 dng-ten phat tuong tng.

Hinh 2.2(b) va Hinh 2.3 thé hién pham chat BER hé théng khi céc bo tién
ma héa tuyén tinh ZF vA MMSE dugc 4p dung. Tin hiéu duge diéu ché 4QAM,
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3.1.3 Phan tich do phiic tap tinh toan.

Qua cac budc tinh toan chi tiét, do phic tap clia thuat toan ZF-GP-LR
duge tinh bang:

F =1L [6(Nr —7)(Nr+ Nr —7)” +4(Ng —=7)(Ng + Nz — 7)
— (Nr+ Nr —%)? = (Nr + Nr — 7)) + L(8N7y — 2Nzv)
+ L(87* + 169°Nr — 29° — 29Nr + Fupdate—sLB)
+ L(8+® + 164> Ny — 27* — 2yNr) + 8LNZNg — 2NrNr  (flops) (3.14)
~ O(LNFNr)

3.1.4 Két qui moé phéng.

—6— LCRBDLR.ZF [16] —6— LC-RBDLRZF [16]
% - ZF-GP-LR vilth L=2 —6— ZF-GP-LR voi L=4
—6— 2F-GP-LR wilh L=4 ZF-GP-LR v6i L=6
| —A— ZF-GP-LR with L=10 107 | —A— ZF-GP-LR v6i L=10

40 50 eo ™ 80 % 100 0 5 10 20 25 30
'ong ang-ten phat [dB]

a) So sanh do phufc tap tinh toan cla b) Pham chat BER ciia hé théng véi
thuat toan dé xudt ZF-GP-LR va thuat Np =60, N, =1, K =60, L =4,6,10
toan LC-RBD-LR-ZF. var=0.

Hinh 3.1: So sanh do phic tap vd pham chiat BER ciia hé thdng

Hinh 3.1(a) biéu dién do phiic tap tinh todn ctia thuat todn dé xuat ZF-GP-
LR va thuat toan LC-RBD-LR-ZF vé6i Nr thay ddi tit 40 dén 100 sng-ten phat.
Chiing ta c6 thé dé& dang thiy ring, do phitc tap tinh todn clia thuat todn tién
ma héa dé xuat ZF-GP-LR thap hon déng ké so véi thuat toan LC-RBD-LR-
ZF. Cu thé, tai Nz = Ny = 60 sng-ten, do phic tap clia thuat toan ZF-GP-LR
V6i L = 2,4 va L = 10 xAp xi bing 3.04%, 5.52% va 15.21% so v6i do phitc tap
ctia thuat toan LC-RBD-LR-ZF tuong tng.

Trong Hinh 3.1(b) va Hinh 3.2 mo t& pham chit BER ciia he thong Massive
MIMO lam viéc trong diéu kién kénh truyén khong chiu &nh hudng clia hién
tugng tuong quan giita cac dng-ten thu hodc dng-ten phét (r = 0) va kénh truyén
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e Xay dung ma tran kénh H,,, € CVr=V*(N1) hao gom tat ci cac thanh
phan trang thai kénh ciia cac nhém trit di trang thai kénh truyén clia
nhom ngusi dung thi [ nhw sau:

i, = [, ) T E ) ms, ) (34)
e Ma tran kénh mé rong ctia H.,,, c6 dang nhu sau:
A, =\, f.,. ), (3.5)
e Ap dung ky thuat phan tach QR déi véi (ﬁért)H, ching ta co:
(AL.)" = QR (3.6)

e Ma tran tién ma héa Wgp, cho nhém thit I ¢6 cau tric:

We&p = Qi(Ni+1: Ny + Np, Ny +1: N, + Nr). (3.7)

e Ma tran tién ma hoéa thit nhat W¢, dugce thiét ké c6 dang nhu sau:

ng = I:Wé'Pl W8P2 ...ngL] 5 (38)

Bude 3: Thiét ké ma tran W2 .:
e Ma tran kénh hiéu qua cho nhém ngusi dung thit I duge tinh bing:

ﬁl = chor'rW?;Pl' (39)

e Ap dung ky thuat ELR-SLB bién d6i () thanh FIL® trong mién LR:

H/" = U'H,, (3.10)
e Ma tran trong s6 WYy, cho nhém thit | dugc biéu dién:
b ‘TLR H ‘TLR ‘TLR H -t
WZFL = (Hl ) (Hl ) (Hl ) . (311)
e Ma tran tién méa héa thit hai W%, duge bidu dién:
Wop = diag (W, ) (3.12)
Hé s6 chuan héa cong suat Bep duge tinh nhu sau:

_ Nr
ﬁ”‘JTﬁ( . (3.13)

WerWhp) (We W)

16

s=2
ZF v6i thust toan 61 uu [9]

—+-MMSE v6i thuat ton téi wu [9]

|-=-ZF khong Iy chon

| —w—MMSE khong lya chon

4 60 80 100 120 140 160 180 200 0 0 20

S6 lwgng ang-ten phat o j SNR [dB] . ” R P .

a) So sanh do phiic tap thuat toan dé b) Pham chit BER cia hé thong véi

xuat (v6i 6 = 2 va § = 3) va thuat toan d=2,M =70, Ny =66, K = 60,
lya chon &ng-ten phat téi wu. N, =1.

Hinh 2.2: So sanh do phic tap va pham chit BER hé théng

10 1
SNR [dB] SNR [dB]

a) Pham chat BER clia he thong v6i  b) Pham chit BER ciia h¢ théng véi
0 =3,M =72, Np = 66, K = 60, §=2,3,4,6, M =72, Ny = 60,
N, =1. K =54, N, = 1.

20 4 5 10

20

Hinh 2.3: So sanh pham chat BER hé thong

kénh truyén tit BS dén tat ca cac nguoi dung gid thiét 1a kénh truyén pha dinh
Rayleigh can tinh, it bién ddi trong khodng thoi gian 200 symbol. Két qua mo
phéng cho thay ring, véi cing mot bo tién ma hoa trén cic dng-ten phéat dugc
lira chon, tai BER = 1072, thuat todn dé xuat bi suy gidm hiéu suit khodng
0.7dB trong Hinh 2.2(b) va 1.2dB § Hinh 2.3(a) trong SNR so véi thuat todn
t61 wu. Két qud mo phéng trong Hinh 2.3(b) cling cho thiy ring, khi § = 6,
khodng cach duong cong BER clia thuat todn dé xuit cang xa hon véi thuat
toan toi wu va gan tiem can véi duong cong BER trong truong hgp khong liya
chon dng-ten phét. Trong truong hgp nay, thuat toan dé xuat hoat dong dan
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kém hieu qua. Dé can bing giita do phiic tap va pham chat ctia hé théng chiing
ta nén lya chon § trong khang [2 — 5].
2.4 Thuat toan lya chon dng-ten phat hd trg tién ma héa
tuyén tinh theo nhém trong hé théng Massive MIMO
2.4.1 Tong quan vé ky thuat rit gon gian ELR va ky thuat tién ma
héa LC-RBD-LR-ZF

Ky thuat rat gon gian ELR

Thuat toan nay thyc hien t6i thiéu céc phan ti trén dudng chéo chinh ciia
ma tran hiép phuong sai 16i C = (H”H)~'. Thuat toan ELR gom hai phién ban
d6 1a: 1) Téi thiéu co s dai nhét rit gon gian trén co sé phan ti ELR-SLB; 2)
T6i thiéu véc-to dai nhat rit gon gidn trén cd s6 phan tit ELR-SLV. Trong do,
thuat toan ELR-SLB thyc hien t6i thiéu tat ci cac phan tit trén duong chéo
ctia C. Ngugc lai, thuat toan ELR-SLV lyga chon phan ti 16n nhét trén duong
chéo dé t6i thiéu.

Thuét toan tién ma héa LC-RBD-LR-ZF

Ma tran tién ma héa ctia thuat toan LC-RBD-LR-ZF dugc biéu dién:

W= W'W’, (2.7)

trong d6 We e CNT*ENT duge thidt ké dya trén phép phan tdch QR ma tran
kénh truyén. Wb e CKNT*Nr duge thiét ké trén co sé ky thuat rit gon gian
LLL va cac ky thuat tién ma hoéa tuyén tinh.

2.4.2 Lua chon dng-ten phat theo nhém béng cach tinh dinh thitc ma
tran

Chiing ta thay rang, do phic tap tinh toan ctia thuat toan lya chon ang-ten
phat theo nhém trén co sé phan tach SVD ma tran keénh truyén da dé xuét
phu thudc chii yéu vao s6 flops cho cac phép tinh phan tach SVD ma tran kénh
truyén. Dé gidm tiép do phiic tap, thuat toan lya chon sing-ten phét theo nhém
trén co sd phép tinh dinh thitc ma tran duge dé xuét. Trong dé xuét nay, viec
chia nhém duge thite hién twong ty nhu trong dé xuat § muc 2.3. Nhém dng-ten
dau tien dugc lya chon 13 nhém ang-ten ¢6 dung lugng kénh truyén 16n nhat:

H
g1 = arg max log, det |In, + NLHg;P (pr) ] , (28)
ge(1,---,G) T
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Chuong 3

K¥ thuat tién ma héa cho hé théng Massive
MIMO trong diéu kién kénh truyén cé tuong quan
va kénh truyén khéng hoan hao
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 mii.
3.1.1 Mo hinh hé thong
Xem xét mo6 hinh hé thong Massive MIMO vé6i Nr ang-ten phat dugc trang
bi tai phia BS phuc vy dong thoi K nguoi dung, mdi ngudi ding ¢6 N, dng-ten
thu. Tong s6 #ing-ten thu tai phia ngudi diing & Np = KN,. Trong thuc té,
mic dit khodng céach giita cac dng-ten theo 1y thuyét duge ddm bdo. Tuy nhién,
gifta cic ang-ten phat ho#ic cac &ng-ten thu luon ton tai mot lugng tuong quan
nhat dinh do gi6i han vé khong gian trién khai. Dé tinh dén anh huéng ciia
méi tuong quan khong gian, mo hinh kenh luan 4n xem xét duge bidu dién nhu
sau:

Heorr = R}/ "HR}/?, (3.1)

trong d6 Rr 1& ma tran twong quan phat, Rg 1a ma tran tuong quan thu. Céac
phan t& clia Ry va Ry duge biéu dién:

Tuv = { Tv_u’ B S ! ) |T| S 17 (32)

Tou, US>V

vOi 0 < r <1 1a he s6 tuong quan gitta hai dng-ten phét hodc hai dng-ten thu
canh nhau.

3.1.2 Thuat toan tién ma hoéa dé xuat ZF-GP-LR.
Bo tién m4a hoa dé xuit duge thiét ké nhu sau:
Weorr = ﬁGPWaGPWIéP7 (33)

Bu6e 1: Ma tran kénh truyén H.,,.. dudc chia thinh L nhém nhd.
Bu6c 2: Thiét ké ma tran Wgp:
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tién ma hoéa dé xuat thap hon rat nhiéu so véi bo tién ma héa LC-RBD-LR-ZF.
Cu thé, tai Np = 80 ang-ten phét, do phtc tap clia bo tién ma héa dé xuét
LR-LGP véi L = 4 va L = 10 nhém xap xi bang 6.25%, 13.54% so v6i bo tién
ma héa LC-RBD-LR-ZF tuong ing.

86 flops

N
o 5 10 15 20 25 30 40 50 60 70 80 90 100
SNR [dB] S6 lwgng ang-ten phat

a) Pham chat BER ctia hé théng véi b) So sanh do phtic tap tinh toan clia
M =90,N7 =60, N, = 1, K = 60, thuat toan dé xudt véi thuat toan
L=4,610va6=3. LC-RBD-LR-ZF.

Hinh 2.5: So sanh do phiic tap va pham chit BER hé théng

Dé can bing giita do phitc tap tinh toan va pham chit BER ciia he théng, L
nén dude lira chon biang Nz/2N, la higu qua nhat khi K 14 mot s6 chin. Trong
truong hop K 1a mot s6 18, L hiéu qua nhat khi L 1a wdc sb lien ké u6e s6 16n
nhat clia K.

2.5 Két luan chuong 2

Trong Chuong 2, Luan an da trinh bay chi tiét cdc budc trong thuat toan
lita chon ang-ten phat theo nhém véi do phic tap thap trén cd s§ phan tich
dung lugng kenh truyén bing phuong phap phan tdch SVD va tinh dinh thic
ma tran cho hé thong Massive MIMO. Trén co sé nhitng dng-ten phat duge lia
chon, trong Chuong 2, Luan &n da trinh bay dé xuit thuat todn tién ma hoa
theo nhém gom hai thanh phan. Bo tién ma héa dé xuat c6 do phiic tap thap
hon déng ké trong khi pham chiat BER gan tiem can véi thuat toan LC-RBD-
LR-ZF khi s6 lugng nhém ngusi dung tang len. Pham chiat BER ctia hé thong
dugce cai thién khi s6 lugng nhém #ng-ten phéat G hodic s6 lwgng nhém ngudi
dung L tdng lén. Tuy nhién sy tra gid cia cac thuat toan nay la do phtc tap
tinh todn ciing ting tuyén tinh vdi s6 lugng cdc nhém G hodc L. Céc ki thuat
lta chon ang-ten phat va bo tién ma héa dé xuit hoat dong trong diéu kién
thong tin vé trang théi keénh truyén CSI dugc biét hoan hao tai phia BS.
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6 day, HS” 1a nhom thi g clia Hyy, g 1a chi $6 clia cdc nhém. Nhom dng-ten
thit hai dugc lya chon 14 nhém ghép véi nhém dng-ten thit nhat c6 dung lugng
kénh truyén 16n nhat.

= ar max log, det 2.9
g2 g o max | log, Q) (2.9)

trong d6 Q = Iy, + NL;HGP (= )H. Qué trinh nay dugce lap lai v két thic

l91,9] [91,9]

khi Nr dng-ten phat duge lyga chon.

2.4.3 Thuat toan tién ma héa tuyén tinh theo nhém trong su hé trg
ctia ky thuat rit gon gian do phitc tap thap LR-LGP.

Ma tran tién ma héa cho dé xut nay dugc biéu dién nhu sau:

W =W, Wy, (2.10)

voi B = \/Ty-[(wlwi\;}?wlwgff] 13 he s6 chuan héa cong suit, Wy vi W 1a céc
ma tran tién ma hoa thit nhat va thit hai tuong tng.
Bu6c 1: Ma tran kénh truyén H dudc chia thinh L nhém nhd.
Buéc 2: Thiét ké ma tran W,
e Ma tran trong s6 Waarse € CNT*Nr cho tat ci cac ngudi diing duge biéu
dién bing:

GP GP, GP,
Wynmse = [WMI\IISvaﬂﬂszSE?"’7WMJ\§SE} ) (2'11)

Ap dung ky thuat phan tach QR cho WSH .. ta co:

Wilse = QiR (2.12)
e Chiing ta thiy rang:
QR; = Q1R 1 (2.13)

St dung W& = Q,, nhu 13 ma tran tién ma héa cho nhém th i.
W, dugc thiét ké c6 ciu tric nhu sau:

W, = [wff’l, woP waL] ‘ (2.14)
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Budc 3: Thiét ké ma tran W,
e Ma tran kénh hiéu qué cho nhém ngusi dung thi I duge tao ra nhu sau:

H =H"W{H, (2.15)

e H, dudgc sit dung dé tao ra ma tran kénh md rong Hy* € Co*2e,
o (H{*")" dugc chuyén ddi t6i H; trong mién LR béng cach sit dung k§
thuat rat gon gian ELR-SLV:

1, = U7 E (2.16)

trong d6 U; 1a ma tran don véi cac phan tit 14 cdc s6 nguyén théa mén
det |Ul| =1.
e Ma tran tién ma héa WS cho nhém thit I dugce biéu dién bing:

wih = A | (A AT (2.17)
e Ma tran tién ma hoéa thi hai W, duge bidu dién:
W = diag (W) (2.18)

2.4.4 Phan tich do phiic tap tinh toan.
Do phic tap tinh toan cua thuat toan LC-RBD-LR-ZF.
S6 flops can thiét cho bd tién ma héa LC-RBD-LR-ZF dugc tinh nhu sau:
F =K [6(Nr — Nu)(Nr + Nr — Nu)* + 4(Ng — No)(Ng + Nr — Nu)
—(Nr + Nr — Nu)> = (Nr + Nr — N,)| + K(8N7 Ny — 2N7N.,)
+ K(IGNSNT - 2]\ru]VT + SNS - 2N5, + EzpdatE—LLL)
+ K(8N2 + 16N2Nr — 2N2 — 2N, Nr) + 8K N7 N — 2N Ng (flops)  (2.19)
~ O(KN;Ng).
Do phic tap tinh toan cua thuat toan LR-LGP.
S6 flops can thiét cho thuat toan dé xuat LR-LGP dugc tinh bang:
Fy =8N} 4+ 16NiNr — N —2NgNr 4+ Ng + 1 + L(6N7a + 4Nro
—a® —a) + L8Nra® — 20%) + L(240° — 20°) + L(160° — 4a?)
+ LFupdate—srv + L(56a° — 8a%) + 8NE Ny — 2NgNr (flops). (2.20)
~ O(NrNR).
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2.4.5 Két qui mo phéng.

Hinh 2.4(a) minh hoa pham chat BER ciia hé théng cho thuat toan dé xuat
LR-LGP va thuat todn LC-RBD-LR-ZF trong trudng hgp ky thuat lya chon
ang-ten phét khong duge 4p dung. Tin hieu duge diéu ché biang 4QAM. Kenh
truyén gitta BS dén tat ci cac nguoi diing 1a kenh pha dinh Rayleigh can tinh,
it bién doi trong khoang thoi gian 200 symbol. Két qua mo phdng trong Hinh
2.4(a) cho thay ring pham chiat BER ciia thuat todn tién ma héa LR-LGP
la tiém can vdéi thuat toan LC-RBD-LR-ZF khi s6 lugng nhém nguoi ding L
tang len. Cu thé, tai ty le 16i bit BER = 1073, thuat toan dé xuét bi suy gidm
khoang 0.5 dB, 0.8 dB va 1.1 dB trong SNR tuong ting véi L = 10,6 va 4 nhom
khi so sanh v6i thuat toan tién ma héa LC-RBD-LR-ZF.

10 f —8— LC-RBD-LRZF [16]
6iL=4

61 L=10, 60 x 60 ki
|—8—LC-RBD-LR-ZF [16], 60 x 60 khong lua chon

o 5 10 15 20 25 30 0 5 10 15 20 25 30
SNR [dB] SNR [dB]

a) Pham chat BER ctia hé théng véi b) Pham chat BER ctia hé théng véi
Ny = M =60, N, = 1, K = 60, M =90, Ny = 60, Ny, = 1, K = 60,
L =4,6,10.. L=4,610va6=2 N, = 1.

Hinh 2.4: So sdnh pham chit BER hé thong

Hinh 2.4(b) va Hinh 2.5(a) thé hien pham chat BER ctia he thong khi ki
thuat lya chon dng-ten phat duge ap dung v6i § = 2 cho Hinh 2.4(b) va 6 = 3 cho
Hinh 2.5(a). Két qui mo phéng cho thay ring pham chit BER ctia hé théng
duge cai thien dang ké khi ky thuat Iya chon ang-ten phat dugc 4p dung. Cu
thé, tai BER = 1072 cho cling mot bo tién méa hoéa, hée théng cai thien khoing
2 dB va 1.5 dB trong SNR tuong tng véi § =2 va § = 3 khi so sanh véi trudng
hgp khong ap dung k§ thuat lya chon dng-ten phat.

Hinh 2.5(b) biéu dién do phitc tap tinh toan clia thuat toin dé xuit LR-
LGP va thuat todn LC-RBD-LR-ZF. Trong kich ban nay, Ny dugc thay ddi tit
40 t6i 100 ang-ten phat, Np = Ny, L =4 va L = 10. Tt két qud thé hien trong
Hinh 2.5(b) chiing ta c6 thé dé dang thay ring, do phitc tap tinh todn clia bo
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