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Hinh 3.1. D6 phtic tap cta cac bd do A-CML, huén luyén, ban mu va SD duoc
dé xuat nhu cac ham cua Q khi tach song OSTBC ty 1& 1/2 trong hé thong (8,
4). B tach A-CML duogc dé xuét ap dung voi chom sao 64-QAM da duogc stra
d6i, cac bo tach song khac st dung chom sao 64-QAM thong thuong

Hinh 3.2. Pham chit BER ciia OSTBC ty 1é 1/2 trong hé thdng (6, 2), dugc tach
song boi A-CML dé xuét va cac bo tach sdng mu va ban mu hién c6. Cac ky
hiéu duoc truyén dugc 14y tir cac chom sao 16-QAM thong thudng va cac chom
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MO PAU

Céc hé thdng truyén thong khong day MIMO dat tdc do phat trién vuot bac trong
thoi gian gan day da dat ra nhu cau 16n vé cac k¥ thuat ma hoa tién tién dé tan dung tdi
da tai nguyén phd va ting do tin ciy truyén dan. K§ thuat ma hoa khong gian-thoi gian
(Space-Time Block Coding — STBC) dugc cong nhan la mt trong nhitng phuong phap
hang dau, gitip da dang khong gian va thoi gian nhim chéng lai hién tuong pha-dinh
mot trong nhitng ndi dung 16n cua truyén théng khong day. Dic biét, cac ma STBC truc
giao (Orthogonal STBC — OSTBC) dugc danh gia cao, bdi ngoai viéc mang lai day du
loi ich vé da dang, chiing con cho phép van dung céc thuat toan tach song tuyén tinh
don gian v6i hiéu nang t6i vu khi phia thu biét chinh xac thong tin trang thai kénh (CSI).

Tuy nhién, trong thyc té, viéc dua ra udc luong CSI tai phia diém thu 1a diéu
khong dé dang. Thong thuong, hé théng phai danh ra mot phan tai nguyén dé truyén céc
tin hiéu huan luyén (pitlot) gitp thu udc lugng kénh. Trong cac hé MIMO tdc do cao
hodc c6 nhiéu anten phat/thu, s6 luong tin hi€u huén luyén can thiét dé dam bao chat
lugng udce lugng kénh ting 1€n dang ké, kéo theo hé qua la lam gidm tdc d6 dit lidu thuc
su va hiéu qua phé cua hé théng. Dac biét, trong cac diéu kién kénh truyén bién thién
nhanh, hé théng can cap nhat CSI mdt cach lién tuc, kéo theo yéu cAu st dung $6 luong
tin hiéu huan luyén 16n hon. Vi vay, dé phuc hoi tin hiéu truyén ma khong can hodc can
rat it thong tin vé kénh tré thanh mot bai toan quan trong — d6 chinh 14 bai toan tach
song mu (blind detection).

Tach song mu khong chi gitip giam bot hao ton tai nguyén tin hiéu ma con mé ra
kha niang xay dung cac hé théng MIMO linh hoat, hiéu qua hon trong thuc té. Nhiéu
hudng nghién ctru vé tach séng mu cho OSTBC da dugc dé xuat tir trude. Mot sb phuwong
phap tach song bang cach trude hét ude luong mu kénh truyén (thong qua cac ki thuat
nhu phan tich gid tri ky di — SVD, khai thac cdu tric OSTBC) sir dung céc bd tach song
cuc dai hop 1y (ML) hodc gan t6i uu dé thu hdi ky hiéu truyén. Du c6 hiéu qua nhung
nhing phuong phap niy van gip han ché khi khong thé ap dung cho moi loai OSTBC,

dic biét 1a cac ma nodi tiéng nhu Alamouti khi khong ¢ sy hd tro tir phia phat.



Vén dé nhan dang mu ban chat cia OSTBC ciing dd dwoc phan tich siu rong.
Céc nghién ctru phan loai OSTBC thanh cic nhom nhu c6 thé xoay, khong thé xoay,
hozc khong thé xoay chit ché, chi ra ring mot s OSTBC — dién hinh 1a ma Alamouti
khong thé nhan dang duy nhat duoc bang tach song mu, ludn ton tai mo hd déu néu
khong c6 su ho tro cta tin hiéu huén luyén hoac tién ma hoa. Du ¢6 nhiéu nd luc, nhung
cac bo tach song mu van phai st dung it nhét mot vai ky hi€u tin hiéu huén luyén dé loai
b6 triét d¢ mo hd dau hodc hé s6 vo hudng.

Tir nhitng van dé dit ra, tac gia lua chon dé an “Nghién ciru phwong phdp tich
song mi trong hé thong MIMO-OSTBC” nham nghién ctru, danh gia vé cac k§y thuat
tach song cho hé thong MIMO-OSTBC. Tur d6, dé an dé xuat k¥ thuat tich song hoan
toan mu v6i do phir tap thap, hiéu qua vé pham chiat BER cho hé thdng MIMO-OSTBC



Chuong 1 - COSOLY THUYET VA

TONG QUAN PHUONG PHAP TACH SONG MU
Chuong 1 d& 4n trinh bay nhiing van dé 1y thuyét tong quan cho bai toan tach
song mu trong hé MIMO-OSTBC, trinh bay co so hinh thanh caa STBC tir thiét ké truc
giao, minh hoa bang ma Alamouti va cdc m& rong nhiéu dng-ten; phan tich anh huéng
clia tryc giao t&i kha nang tach séng tuyén tinh. Nguyén Iy ma héa khong gian-thoi gian
OSTBC, cic phuong phap tach song truyén thong va mu, cing nhitng wu nhuge diém
cta ting k¥ thuat. Pay 1a co so 1y thuyét quan trong gitip nghién ctru va dé xuat giai

phap tach song mu cho hé théng MIMO-OSTBC.

1.1. Mi khoi khong gian - thoi gian STBC va OSTBC

Déi voi hé thong MIMO, ma héa khong gian - thoi gian (STBC) ¢6 thé khai thac
da dang kénh va giam xéc suat 15i. Muc tiéu ctia STBC 1a ma héa cac ky hiéu dir lidu
trai qua ca khong gian (trén cac ang-ten phat) va thoi gian (qua nhiéu khoang thoi gian),
sao cho tai phia mdy thu c6 thé giai ma hiéu qua, dong thoi tan dung da dang khong gian

dé chdng pha-dinh.

1.1.1. Khai niém, mé hinh
Space-Time Block Coding (STBC) 1a mot k¥ thuat cot 18i cua truyén thong
khong day da dng-ten, dam bao viéc phan b dir liéu trén nhiéu chiéu khong gian—thoi
gian nham ting phan tap va cai thién hiéu qua phd. Thudc tinh chéng pha-dinh manh
mé khién STBC tr¢ thanh giai phap nén tang trong hau hét cac cau trac MIMO hién dai.
{x}
_tsdyl piduché |, kl?l\fﬁgh% ill>_<'> ll>—{<?}— kl?r?;;aan B} Gidi didu ché |15,
thoi gian X | P} .7 > thoi gian

A 4

Hinh 1.1: So 6 hé thong ma héa STBC
Mot cach tong quat, bd ma hoa (STE: Space-Time Encoder) ciia STBC c¢6 thé ¢

nhu mot phép anh xa ciia mot tdp /V_ ky hiéu phat phirc sang mot ma tran phat X véi

N, hang va N, ct. Nhin chung, phép anh xa



18158,,..,8y F > X (1.1)
c6 thé ¢ bat ky dang nao nhu tuyén tinh hodc phi tuyén. Tuy nhién, do STBC phi tuyén
it dwoc quan tAm, ndi dung dd an tap trung trinh bay trinh bay vao loai ma STBC tuyén

tinh. Vi ma STBC tuyén tinh thi phép anh xa (1.1) dugc trinh bay ngan gon [8]:

Ny
X=>(5A,+/5B,) (1.2)

k=1
trong 46 S, =R{s, } va s, = I{s,} twong tng biéu dién phan thyc va 4o cua s, con
A, va B, 1acicmatrin ¢d dinh cho trudc duoc goi 14 cac ma trdn phdn tan (dispersion
matrix). Ma tran X nay duoc truyén t6i may thu thong qua N ang-ten va NV, khe thoi
gian. Véc-to tin hiéu phat tir ang-ten n (thong qua NV, khe thoi gian) duoc biéu dién bai
hang n ctia X va véc-to tin hiéu phat déng thoi qua N ang-ten tai mot khe thoi gian t
duoc biéu dién béng cot thir t cia X . Nhu vay, mot phﬁn tr x,, biéu dién mot ky hi¢u
phat ma hoa dugc phat di tir ang-ten n tai khe thoi gian t. Do NV, ky hiéu truyén trong

khoang thoi gian NV, khe thoi gian nén téc do cia ma STBC la:

R= NS (1.3)

t

Gia str bo diéu ché duoc st dung c6 bac M thi s6 bit ¢6 thé truyén di trong mdi
ky hiéu phat 1a m, =log, M . Nhu vay, hiéu suat pho tan ciia ma STBC c¢6 thé tinh dugc
nhu sau:

n _rmR _mN,

B 7 N

s t

n= (1.4)
Véi 1, va I, twong tng 1a cac toc do bit va ky hiéu, B 1a bang tan.
Mot vi du dién hinh ciia ma STBC 12 bd mi do Alamouti [1] dé xuat v6i ma tran phat
X X S S*
X:|: 1,1 l,2:|: 1 2* (15)
Xor Ko S, =5

Cacmatrananhxa A, va B, ctia md Alamouti STBC ¢ thé biéu dién nhu sau [8]



Al:{l 0} Az{o 1} (1.6)
0 -1 10

B, {0 ‘1}. (17
I 0

Do N, = N,=2nén toc d6 truyén din ctia ma Alamouti STBC 1a R=1.

Nhiam dat duoc phan tap t6i da tir (full diversity) tr N dng-ten phat cung cip,
qua trinh thiét ké ma tran ma truyén phai tuan theo cau tric tryc giao. Diéu kién nay da
dugc trinh bay trong [21]

XX = Cibk 1, (1.8)

Véi C 1a mdt gia tri khong déki:;léo d6. Loai ma STBC tao ra trén co so truc giao
nay dugc goi la ma STBC tryc giao (O-STBC: orthogonal STBC). Theo d6 trong hé ma
OSTBC, tin hiéu tir mdi dng-ten dugc biéu dién dudi dang véc-to doc lap va truc giao
v6i tin hiéu tir cac dng-ten khac. Tuc 1a néu dinh nghia X, 13 cac véc-to (hang) phat tir

ang-ten n, twvong Gmg v4i hang thir n cua X, thi STBC dugc biéu dién bang:

N,

1

xx=>"x,x,=0, ije{l2,. N} (1.9)
Tinh chét tryc giatc;lcﬁa ma STBC nay cho phép dat duoc bac phan tip toan phan,
d6ng thoi cho phép may thu tach riéng cac thanh phan tin hiéu phét tir cac dng-ten phat,
va vi vay don gian hoa b tach tin hiéu thong qua tach song hop 18 toi wu dya trén cac

phép xir 1y tuyén tinh trén tin hiéu thu.

1.1.2. Phwong phap mi hoa khong gian—thoi gian dua trén cu tric true giao

1.1.2.1. Bo ma O-STBC 4p dung cho tin hi¢u dau vao 1a tap gia tri thuc

Mot vi du cua tin hiéu thyc 13 tap tin hiéu str dung phuwong phap diéu ché bién do
xung PAM, trong d6 bién do ciia mdi xung dugc diéu chinh theo gia tri ctia ky hiéu diéu
ché. V&i muc tiéu dat do phan tap cuc dai, cic ma STBC trén tin hiéu thyc dugc thuc

hién sao cho dam bao quan hé truc giao biéu dién & cong thire (1.5).

NS
X, XL =C>s, P 1, (1.10)
k=1

Dya dinh 1y Hurtwitz-Radon vé thiét ké truc giao, Tarokh, Jafarkhani va



Calderbank [21] d& chtrng minh dugc rang cac bd ma vudng (N =N, ) c6 thé dat duoc

d6ng thoi ca bac phan tap toan phan va tbc do toan phan cho tap tin hiéu thuc chi ton tai

v6i s6 ang-ten phat N =2,4,8. Ma tran truyén dan cua cic bd ma nay 1a [21]:

S5
X, = : (1.11)
S, 5
S =8, =8 =8,
S S N —S
2 1 4 3
X, = : (1.12)
S; =S8, A\ S,
A AN =S, AN
S -s, —85 —S, —S5 —S; —§; —S
Sy Sy =S, S3 Ss Ss Sg =8,
S, Sy S, —-s, =S, Sg S Se
S —S K S —S —S S S
4 3 2 1 8 7 6 5
X, = : (1.13)
Ss Ss Sz Sg Sy S, 83 T8,
—Sg  —Ss Sg S, S, S, Sy =S,
S5 —Sg  —Ss Se =S, N s, S,
| s S —Sg TS5 S, S, =S, S

Trong cac bd ma x,, x,, X, s0 lugng khe tho1 gian can thiét trung voi so ky hiéu

duogc phat, vi thé tbe do ma dat mirc tdi da R=1. Cac ma nay ciing giit nguyén tinh tryc

giao nho cach tao 1ap ma tran ma dac trung cua OSTBC

Nj

xx;' =I5 [ (1.14)
k=1

XZ.X? =0,i#J (1.15)

Téng quat hoa dinh 1y Hurtwitz-Radon cho truong hop ma tran khong vudng,
Tarokh, Jafarkhani va Calderbank [21] d4 tim dugc cac ma trdn phat X, cho bét ky sb

ang-ten phat N nao. Céc vi du ma tran phat cho N <8 dugc trinh bay dudi day [21]

X,=|s, s s, -S| (1.16)



(s, —s, =S, —S, —Sg =S, —S; =S|
S, S, =S, S, =S¢ S5 S —S,
X;=|85 5, S T8 T8 TS S Se |- (1.17)
S, =S, S, 8 =S¢ S, —S, S
S5 S s, s s =S, =8 =S,
s, =S, =S, =S, —S —S, —S, =S|
S, S, =S, S, =S, S5 Sg =S
X, = S300S8 S T8 T8 TS 8 S . (1.18)
S, =S, S, 8§ =S 8, —Sg S
So Sy S, S s =S, =S, —S,
| Sg =S =Sy =S, s, s s, =S,
s =S, =Sy =S, =Sy =S¢ =S, =S|
S, S, =S, S, =S¢ S5 S, —S,
Sy Sy S TS TS TS S S
X, =|s, -85 8, 8 —S 8§ -5 S5 | (1.19)
Ss S S Sy S TS, TS TS,
S¢ TS5 TS T8 S 5§ 5
S, =S =Sy Sg =S, S, S S,

So sanh (1.16) véi (1.12), (1.17) = (1.19) véi (1.13) thi bd ma X; dugc thuc hién
trén bd ma vudng X, bang cach ldy 3 hang dau tién. Twong tu, cac bo ma X,, X,, X,
tuong ung dugc xay dung tir 5, 6, va 7 hang dau tién ctia bo ma vudng X;. Thuc té ta co
thé xay dung duoc cac bd ma cho cac hé théng véi N’ dng-ten phat tir bo ma vudng X,
bang cach 1dy N' hang bat ky tir X, [8]. Ciing gidng nhu cac bo mi STBC truc giao
vudng cac bd ma khong vudng nay sir dung N, khe thoi gian dé truyén di N, ky hiéu
phat. Vi vay, cac bo ma nay cling c6 tdc do toan phén, tecla R=1, déng thoi cling cho
phép thu dugc do phan tip toan phan N

1.1.2.2. B6 ma O-STBC 4p dung cho tin hiéu dau vao 1a tap gia tri phirc

Céc chom tin hi¢u phuec, chéng han nhu A7-QAM hay M-PSK, dugc trng dung
pho bién trong cac hé thong thong tin vo tuyén so. Dé khai thac toi da phan tap khi hé
théng co N dng-ten phat, cac ma O-STBC ap dung cho tin hiéu phirc ciing phai tuén tha

diéu kién truc giao néu trong (1.8).



N,
X, Xy =CYls, 1, (1.20)
k=1
B ma Alamouti STBC v61 ma tran phat (1.5)
S S*
X=|" 2|
Lz _SJ (1.21)

day 1a dién hinh cho mdt ma phtc cho 2 dng-ten phat. Py ciing 12 bd ma O-STBC phiic
duy nhét c6 thé dat duoc ca tbe d6 va do phan tap toan phﬁn [21]. Vo1 cac hé théng co
nhiéu hon 2 dng-ten phat thi c6 thé xay dung dugc cac bd ma phtic cho bat ky sb ang-
ten N nao v6i toc do R=1/2 [21]. Mdt sé vi du vé cac bdo ma phirc téc do 1/2 cho

N=341a

s, =S, =S8, =S, S -8, —S, —S,
* * * *
Xy=|s S 8, =Sy 8, S S, —S | (1.22)
* * * *
Sy TS, S S, S S, s 8,
B * * * *
A% -5, =8 -5, 5 -5, =8 -8,
* * * *
S S S ) S S S )
2 1 4 3 5 1 4 3
X4 = * * * * * (1-23)
Sy =8, A S, 83 =S8, S, S5
* * *® *
S, Sy =S, S, S, S, =S, S

Tong qué{, c6 thé xay dung cac bd ma O-STBC phlasc toc 0 R=1/2 bang cach
xay dung mdt b ma O-STBC phtic c6 cAu trac tuong tu nhu mdt bo ma O-STBC thuc
6 tdc do toan phan rdi ndi véi ma tran lién hop phirc ctia no.

Véi toc d6 16n hon 1/2 c6 mot s6 ma STBC truc giao phirc véi tbe 40 R=3/4
cho cac hé thong 3 va 4 ang-ten phat dugc phat trién trén co so 1y thuyét thiét ké “thoa

hi¢p” (admicable design) nhu sau [21]:

* S
S =S,

Wk
]
Wk

S

(1.24)

|
* )
[\ * N
©
N *

* * *
S, =8, 8§ —8 +5,+8,

&
S



* 5 K
s —s —= —=
1 2
D 2
% s
. 85 S5
s, s —= -—=
3/4 2 \/E
X3 = ) ) (1.25)
S3 S3 Sl Sl S2 S2 Sl S1 —S2 +S2
NN 2 2
53 _ S3 Sl_Sl_S2+S2 _Sl_S1+SZ+S2
NN 2 2

Mot s6 mi co tde do 3/4 khac dung cho cac hé thong 3 va 4 dng-ten phat dugc

cho béi cac biéu thire sau [8], [23]:

s, 0 —S; S; ]
X;=10 s -5, -5, (1.26)
s, s 8 0]
s, 0 —s; s; ]
0 s -5, -s
X, = A 1.27
Yls, sis 0 (1.27)
-5, s, 0 s |

Cac mi nay don gian hon cac ma trong (1.24) va (1.25) & chd noé khong doi hoi

phai thuc hién cac phép cdng va nhan.
1.2. Tach séng trong hé thong MIMO-OSTBC

1.2.1. Truwong hop may thu biét chinh xac kénh truyén
1.2.1.1 Tach song O-STBC cho tap tin hi¢u thuc

Khi tin hi¢u s, 1a tin hiéu thyc, cdc ma tran ma O-STBC duogc trinh bay:

N.Y
X=ZSkAk (1.28)
k=1
A | 13 cac ma tran phan tan théa méan cac diéu kién sau:
AA =T, (1.29)
AA=-A Al k=n (1.30)

Vo1 k=1,2,....N.,n=1,2,...,N_,
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Gid thiét kénh pha dinh chim, tirc 1a h¢ s6 kénh truyén £, , khong thay doi trong
khoang N, khe thoi gian phat ma tran (mdi ma trin mot ma), ta co
h,(O)=h,,, t=12,.,N, (1.31)
va khéi tin hiéu thu duoc ung voi tor ma da truyén ¢ thé duoc biéu dién theo
cong thrc:
Y = HX+Z, (1.32)
H e C"" 13 kénh truyén MIMO, Y e C**™ 14 ma tran tin hiéu thu; Z e C** 1a
tap &m cong Gauss dugc gia thiét 1a tap Am trang c4 trong mién khong gian va mién thoi
gian véi gia tri trung binh bang 0 va phuong sai o> .

Do X chi bao g6m cac gia tri thuc, ta c6 thé biéu dién lai (1.32) béing:

Y =HX+Z (1.33)
VM:P{Y}}, H:P{H}}, z{*ﬁ{ﬂ.
3{Y} J{H} 3{Z}

Khi may thu biét chinh x4c kénh truyén H hay H, n6 thuc hién giai ma t6i uu

véc-to thong tin s nhu sau:

s =argming_,

|Y —HX||2F (1.34)

Trong do Il All . ky hi¢u d lon Frobenius (Frobenius norm) cua ma trén A.

Dua vao tinh chit truc giao cua ma tran X, ta c6 thé bién doi doi sb trong vé phai
cua (9.34) nhu sau:

v - HX||2F - ||Y||2F — 2R {trace(Y HX)}+ ||HX||2F N

B ) N, T ) T
=l Y. —22 trace(Y HA,)s, +trace(l sll; HI, H )

k=1

NV
= Z[—ztrace(YT HA,)s,+|s, I H IIIZV}L const.
k=1

Ny
=l HIIZ > (s, —5,)” +const. (1.35)

k=1

Trong do
. trace(i(TI:IAk)

- - (1.36)
TR

Sk
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1a bién thong ké quyét dinh (decision statistic) twong tng voi ky hiéu s, , trace(A) ky

hiéu vét cia ma tran A duoc tinh bang tong tit ca cic phan tir nim trén dudng chéo
chinh cua A.
Tir (1.35), ta biéu dién lai luat quyét dinh toi wu (1.34) nhu sau:

NS
s =argmin,_, > (s, —5,)". (1.37)
k=1
Biéu thuc (1.37) chimg to rang metric toi wu dugc tach thanh tong cia N_ thanh
phén, trong do mdi thanh phén phu thudc duy nhat vao mot ky hi¢u thuc s, . Do d6, viéc
giai ma ky hiéu s, khong phu thudc vao ky hiéu s,,k # n,, theo luat sau:
— . ~\2
s =argm1nSkEA(sk—sk) . (1.38)
1.2.1.2 Tach sobng O-STBC cho tép tin hiéu phtrc
Khi tin hi€u s, 1a tin hiéu phtc, cac ma tran ma O-STBC co6 thé duogc biéu thi

nhu trong cong thirc (1.2), v6i cac ma tran phan tan thoa man cac dicu kién sau [8]:

AA,=Cl,, B/B,=Cl,,véiClahang sb batky (1.39)
A’A =-A"A, B/B,=-B'B,, k=n, (1.40)
A'B, =BJA,. (1.41)

trong d6 £ =1,2,...,K, n=12,... . K.

Tuong tu trudng hop tin hiéu thuc, gia thiét rang kénh truyén H khong thay do6i
trong thoi gian truyén mdt tir ma, ta c6 thé biéu thi ma tran tin hiéu thu dugc nhu sau
trong (1.32).

Khi méy thu biét chinh xac kénh truyén H, né thuc hién giai ma tdi wu vécto
thong tin s nhu sau:

s=argmin, [V -HX| (1.42)

Khi cic ma tran phan tan A, and B, théa mén cac diéu kién (1.39) - (1.41), thi
ma trin matrix X thoa man diéu kién (1.8). Do do, taco thé bién ddi ddi sb trong vé phai
ctia (1.42) nhu trong biéu thirc sau:

Y -HXII7.=I YII7. 2R {trace(Y"HX)}+ Il HXII7.
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=Y —2% Ritrace(Y'HA,)IR(s,)

k=1

NS
+2Z S{trace(Y"HB,)}3(s,) +trace(C I s I HI ,H")
k=1
| 2R{trace(Y"HA, ) YR(s,)
= + const.
1| +23{trace(Y"HB,)}3(s,)+C s, Pl H ||12p

=

B
Il

NA'
=CIHI} Y Is, -5, [° +const. (1.43)
k=1

Trong d6

s Ri{trace(Y'HA, )} — jI{trace(Y"HB,)}
g CIHI2 '

(1.44)
12 bién ngau nhién quyét dinh (decision statistic) twong tng vai ky hiéu s, .

Tir cong thire (1.43), ta c6 thé viét lai luat quyét dinh t6i uu (1.42) nhu sau:

-_— NS
s =argmin__, Z'Sk -5 0. (1.45)
k=1
Tir biéu thirc (1.45) ta thay rang chi s6 do (metric) t6i vu dugc tach thanh tong
cia N, thanh phan, trong d6 mdi thanh phan phu thudc duy nhit vao mot ky hiéu phic

s, . Do do, ky hiéu s, dugc giai ma doc lap voi ky hiéu s, , k # n, theo luat sau:

5, =argmin_ _, |s, —5, . (1.46)

dbi véi tin hiéu QAM, ching ta c6 thé thuc hién tach mét cach doc lap phﬁn thuc va

phan 4o ctia mdi ky hiéu phtrc s, nhu sau:

5, =argmin,_[s; =5/ [". (1.47)

EkQ = arg minSQEN | SkQ —§kQ I . (1.48)
trong d6, N 1a tap cac s6 nguyén dé xay dung nén tin hiéu M-QAM,
R trace{ Y'HA
5= { e( : k)} (1.49)
Cl HIIZ
o —J{trace(Y"HB
o _ ~Sitrace(Y"HB,) 50

CIHIZ
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Cong thire (1.46) c6 thé duoc sir dung dé giai mi cho cac ma O-STBC véi cac ky
hiéu duoc diéu ché PSK. Tuy nhién, do céc tin hiéu PSK 1a cac tin hiéu c6 bién do khong
d6i (constant modulus), nén dé khoi phuc lai tin hiéu s, ta chi can thanh phan pha cta S, .
Bién do cua §, khong tac dong téi sy khoi phuc s, . Vi vay, thanh phan miu sd trong (1.44)
¢6 thé dugc bé qua va ky hiéu PSK s, duoc giai ma t6i vu dua trén cong thic:

<P

§, =argmin__, ‘sk -, (1.51)

‘2

Vi

sl = SR{trace(YHHAZ)} - jS{trace(YHHB,t)} (1.52)
12 bién thong ké quyét dinh twong tng voi ky hiéu s, .

Ta c6 thé thiy tinh chit truc giao ctia cac md O-STBC da bién bai toan giai ma
t6i wu phtrc tap trong (1.34) va (1.42) thanh cac bai toan giai ma ti wu cho timg ky hiéu
riéng biét nhu biéu thi trong cac cong thirc (1.38). (1.46) va (1.51), do d6 don gian hoa
mot cach dang ké qué trinh giai ma.

1.2.2. Uéc lwgng kénh truyén bing thuit toan LSE

Gia thiét may thu biét chinh xac kénh truyén 1a mot gia thiét 1y tuong. Trong thuc
té dé c6 duoc thong tin vé kénh truyén, may thu sé& phai thuc hién viéc udc luong kénh
(channel estimation). Tuy nhién, do tdc dong cua tap am, kénh thu dugc do udc lugng

khong phai 12 kénh truyén chinh xéac, dan t6i su suy giam pham chat BER cua hé thong.

GI:Q

\/

A

0-1 XQ,, +2 XQ,, +1 XQp X, X,

Tt ma thong tin Tt ma pilot

-t - il .
- - -

Hinh 1.2: Céu triic ciia khung truyén din dwec hinh thanh tir cic ma O-STBC
Véi gia thiét kénh truyén 13 cn tinh, tic 1a n6 khong thay ddi trén toan bo mot

khung tin hiéu G,, bao gdm © ma trin ma lién tiép, dé thuc hién viéc udc lwong kénh,
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ta st dung 0, ma trdn ma dau tién khung. 0, ma trdn ma nay dugc cd may phat va may

thu biét 15 va duge goi 1a cac ma tran ma pilot (xem Hinh 1.2). Ttr cdc ma pilot, ta co
thé uGe luong duoc kénh truyén mot cach kha dé dang nho cac thuat toan sai s6 binh
phuong tdi thiéu (LSE) hodc sai s6 binh phuong trung binh cyc tiéu (MMSE: Minimum
Mean Square Error). Mic di mang lai két qua uéc lugng chinh xac hon, phuong phéap
MMSE doi hoi phai biét trudc cong suat tap 4m tai may thu, va do d6 co do phirc tap
16n hon so véi phuong phap LSE. Tiép theo, chung ta s& tim hiéu cu thé phuong phap
LSE cho truong hop tin hi€u phat di 1a cac tin hiéu phuec.

Theo bd cuc khung tin hi¢u duogc thé hién trén Hinh 1.2, ta ¢6 thé viét tin hiéu

thu duoc ing véi toan by khung tin hiéu G, nhu sau:
Y=HG ,+Z (1.53)

trong d6 G, =[X,; X, ;...; X, ] 1a khung tin hi¢u phét di; x ,»-1,...,0 la th ma thir n; H 1a

ma tran kénh MIMO véi kich thuéec M x N ; Y:[Yp Y, ]1=[Y,: Y, ;...;YQ] la khung tin
hiéu thu dugce c6 kich thuge MxNQ; Y, 1a khung tin hiéu con tng véi toan bd 0, tir ma
pilot con Y, la khung tin hi¢u con img v6i O — 0, tir ma thong tin; va Z=[Z,;Z, ;...; Z,]
1 ma tran c6 kich thuéc M xN 0 chira cic mau tap 4m tai cac Ang-ten thu.

Theo phuong phap LSE, kénh truyén H duogc ude lugng dua trén biéu thire sau:

Y,-HG

Hise = argmin
Lo,

(1.54)

HE‘CMX N

Nghiém cta phuong trinh trén chinh 1 wéc lugng LSE cuia kénh truyén H dugc

cho béi biéu thirc sau [5], [9]:

Hie =Y,G),

{%YX

(G%G@f

ZXX

n=l

-1

(1.55)

n=1

Do cac ma tran X, thoa mén diéu kién (1.8), ta co:
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n=l n=l

0, 0, B
Hise =Y Y, X/ {Z Cllsl’ IN}

>y XY (1.56)

— n=1
Qp
2
sl
n=1

Néu cac ky hiéu phat di duoc chon tir biéu dd phan phdi diém tin hiéu (chom sao

tin  hiéu) M-PSK, tc 1a A =M vOi m=0,1,..M~-1,, thi
I's, I3=0's, I3=---=I's, I3=N,. Lic ndy, biéu thirc (1.56) dugc rit gon thanh:
Hisr = — %Ynx;’ (1.57)
CN,Q, S

Néu ta coi Huse 1a chinh xac, ta c6 thé ap dung ching vao céc biéu thirc (1.46) va

(1.51) dé khoi phuc lai cac tin hiéu da dugc phat di.

1.3. Tong quan cac phuwong phap tich séng mu

Mot phuwong phap dé phat hién mu cac ma OSTBC 1a trudc hét phai udc luong
mu cac ma tran kénh. Sau do, cac ma tran kénh da dugc udc lugng nay duoc st dung
trong mot bo phat hién, cé thé 1a bo phat hién ML két hop (coherent ML detector) hodc
mot phuong phap thay thé khong téi wu, dé hdi phuc cac ky hiéu dir liéu da truyén [24],
[2]. Trong [24]va [4], cac udc lwong kénh mu duogc ldy tir khong gian nhidu thong qua
phan tich gi tri riéng (SVD) ctia ma tran tin hiéu thu. Bang cach khai thac cac dic tinh
cu thé cia OSTBC, cic tac gia trong [17] dd phat trién mot phuong phap ude lugng mu
ma tran kénh MIMO ¢ dang dong. Tuy nhién, phuong phap trong [17] khong ap dung
dugc cho mot s6 OSTBC, bao gdm ma Alamouti OSTB, OSTBC thuc hodc OSTBC
phire tdc d6 1/2 cho bén dng-ten truyén, do hién twong khéng dinh danh kénh (channel
nonidentifiability) trir khi c6 str dung b tién ma (precoder) tai phia phat.

Mot huéng tiép can khac trong phét hién mu 1a dong thoi can bang kénh va khoi
phuc cac ky hiéu dir liéu ma khong can wéc lwong twdng minh ma tran kénh. Trong [18]

va [9], cac thuat toan phat hi¢n mu va ban mu dugc trién khai bang cach cuc tiéu hoa



16

metric ML theo ma trin kénh va cac ky hiéu truyén trong mét quy trinh lip, dan dén
phuong phap goi 1a ML tuan hoan (cyclic ML). Thuat toan cyclic ML c¢6 do phirc tap
tinh toan thp. Tuy nhién, trong trudng hop phat hién mu, nd hau nhu khong hoi tu vé
nghiém t4i vu toan cuc do viéc khai tao kém. Trong [12], [3] cac bd do mu va ban mu
khac dua trén néi 16ng ban xac dinh (SDR) va bo giai hinh cau (SD) da dwgc dé xuat
cho cac ma OSTBC. Két qua cho thiy cac bo giai nay vuot troi dang ké so véi cyclic
ML vé ty 1€ 16i bit (BER). Tuy nhién, by do dya trén SDR chi ap dung dugc cho cac
chom sao diéu ché BPSK va QPSK. Mic du SD ¢6 thé hoat dong voi bat ky chom sao
PSK nao, nhung né khong thé cung cap nghiém t6i vu d6i v6i cac chom sao diéu ché
QAM [3]. Mot han ché khéc cua bo do dua trén SDR va bd gidi SD 1a tai tinh toan cua
chung cao hon nhiéu so véi cyclic ML, dic biét khi ty s tin hiéu trén nhidu (SNR) ¢
murc thap hodc trung binh. Trong [16], mot phuong phéap phat hién mu cho cac ma STBC
c6 toc do day du (full-rate STBCs) dua trén 1ap trinh tuyén tinh (LP) da duoc trinh bay.
Bing cach khai thac cau triic ngam dinh ctia cac ma STBC véi cac chom sao diéu ché
QAM Cac tac gia trong [16] di c6 thé biéu dién bai toan dudi dang mot bai toan lap
trinh tuyén tinh va giai nd mét cach hiéu qua. Két qua trong [16] cho thay cac bo do dua
trén LP c6 thé hoat dong véi cac ma STBC co tbe d0 dﬁy du, vi du nhu ma Alamouti va
ma khong gian thoi gian gén truc giao, dé)ng tho1 hoi tu to1 nghi¢m tdi wu toan cuc. Tuy
nhién, ching yéu cau do dai khung 1én tirc 1a hon hang trim ma tir trén mdi khung dé
dat dugc BER thap. Hon nita, ching khong thé phat hién mu cac STBC st dung céc
chom sao diéu ché PSK. Trong [22], cac thuat todn mu khéc, dugc goi 1a binh phuong
t6i thiéu lap (ILS) va ILS cai tién (E-ILS), da dugc gidi thiéu ma khong yéu cau bat ky
ky hiéu pilot nao.

Mot van dé co ban ma tat ca cac bo do mu phai ddi mat 1a kha nang dinh danh
(identifiability) cia OSTBC—mdt dic tinh ¢b hitu trong phat hién mu cac md OSTBC.
Céc nghién ctru [12] ,[14] chi ra rang cac OSTBC c6 thé dugce phan thanh ba nhom
chinh: OSTBC c6 thé quay duoc (rotatable OSTBCs), OSTBC khéng quay dugc (non-
rotatable OSTBCs), va OSTBC hoan toan khong quay dugc (strictly non-rotatable
OSTBCs). Trong s6 d6, cac OSTBC rotatable chiu anh huéng ctia hién twong mo ho ky
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hiéu (symbol ambiguity), vi bd thu mu khong thé nhin dang duy nhat chiing ngoai trir
mot dau (uniquely up to a sign — U2S). Mot vi du dién hinh ctia nhém nay 13 OSTBC
v6i hai anten phat, tirc ma Alamouti ndi tiéng [12].

Céc OSTBC khong quay dugc cho phép dat duoc dinh danh duy nhéat (U2S) mot
cach chic chin khi do dai khung du 16n. Nguoc lai, cac OSTBC strictly non-rotatable
cho phép bd thu mu chic chin dat duoc kha nang nhan dang ky hi€éu mdt cach duy nhét
ma khong can bat ky gia dinh ndo vé dit lidu. Vi duy tiéu biéu ctia nhom strictly non-
rotatable 1a cic OSTBC thuc (real OSTBC) truyén s6 luong ky hiéu 1¢. Pang chi y, cac
tac gid trong [12] da xay dung mdt 16p con cua strictly non-rotatable OSTBC, goi la
OSTBC khong giao thoa dudi khong gian (nonintersecting subspace — NIS OSTBCs),
cho phép nhan dang ky hiéu mu duy nhit v6i moi kénh khac khong, nhung phai danh

doi bang viéc giam toc do truyen.

1.4. Tach song mu va ban mu trong OSTBC

Trong cac hé thdng MIMO-OSTBC, bo thu ML truyén thong gia dinh rang thong
tin trang thai kénh (CSI) duoc biét chinh xéc tai phia thu. Diéu nay cho phép tach song
doc 1ap theo tirng ky hi€u nho tinh tryc giao cua cdc ma trdn ma, tor d6 dat hiéu nang
BER t6i uu. Tuy nhién, trong hau hét cac hé thong thuc té, viéc thu thap CSI doi hoi
chén cac tin hiéu huan luyén (pilot) vao khung truyén din, gay lam giam hiéu suit phd
va phu thudc manh vao toc do bién thién kénh. Khi kénh truyén thay doi nhanh hoic khi
s6 luong ang-ten 10n, lugng pilot can thiét dé dam bao chit luong ude luong kénh ting
manh, din dén hiéu nang hé théng suy giam dang ké.

Dé khac phuc han ché nay, tach song mu (blind detection) va ban mu (semi-blind
detection) dugc xem 1a nhimg huéng tiép cin quan trong, cho phép khoi phuc dir liéu
ma khong can hodc chi can mot phan nhé thong tin kénh. Hai ky thuat nay khai thac dic
tinh thng ké cua tin hiéu ciing nhu cdu trac truc giao cia OSTBC dé dong thoi wéc
luong dir liéu va kénh truyén, giup giam chi phi huan luyén ma van duy tri hiéu ning

gidi ma cao.
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1.4.1. M hinh OSTBC cho nhiéu khéi
Xét hé théng OSTBC véi 1, dng-ten phat va n, ang-ten thu. Mot tir md OSTBC

co dang:

N,
X, =) 5., A, g=1l..M (1.58)
k=1
trong do:
St 12 ky hi¢u thtr k trong khéi thir g,
A, 12 ma tran phan tan OSTBC théa mén tinh chat truc giao:
A A =1, A A =—A A" ,k=n (1.59)
M 14 s6 khdi lién tiép ma kénh truyén duoc gia sir khong thay doi.
Tin hiéu thu tai khéi ¢ dugc mo ta:
Y =HX +Z, (1.60)
trong d6 H e C""1a ma tran kénh va Z_1a nhi€u AWGN.

1.4.2. Tach séng ML khi biét kénh truyén
Khi ma tran kénh H dugc biét chinh xac, luat quyét dinh ML cho timg ky hiéu

S; , duoc suy ra tur cac tinh chat tryc giao cia OSTBC:

§,, =argmin (3, —s)%, (1.62)
vOi statistic:
tr(H"Y,A,)
S -_—_
AT (1.63)

Pay 1a bo tach song ML “Clairvoyant”, dugc xem nhu chuan tham chiéu trong
toan bo cac phuong phéap giai ma.

1.4.3. Tiéu chuin ML cho tich sé6ng mu

Khi kénh H khong biét, bai toan tach song trd thanh bai toan ML két hop giira

ude luong H va udc luong cac ky hiéu s, ,. Voi gia thiét nhiéu Gaussian doc lap theo

thoi gian va khong gian, tiéu chuan ML cho toan bd M khdi la:

J(H,{s,ﬁq}):fll Y, -HX_II7. (1.64)
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Day la mot bai toan tdi wu song tuyén (bilinear) phi 16i do H va s, , cting xuat

hién trong tich HX . Vi vay, khong thé tim duoc nghiém dong truc tiép.

1.4.4. Van dé khong nhan dang va diéu kién chuin hoa
Mot diém quan trong trong tach song mu 13 bai toan khong nhan dang duy nhét.
Quan sat rang néu ton tai @ # 0 sao cho:

H
Spy = AS; s H—);, (1.65)

thi moi biéu thuc trong tiéu chuan ML khong thay d6i. Do do6, cip nghiém
. (H \
(H,{s,}) va [_’{ask"f}j la tuong duong.
a

Pé loai bé mo hd nay, mot diéu kién chuéin héa duoc ap dung: s, =1
Gia thiét nay khong 1am mat tinh téng quat nhung dam bao nghiém cua bai toan

1a duy nhat vé mit vo hudng.

1.4.5. Thuit toan tach séng mu tuin hoan (Blind Cyclic ML)

Do bai toan ML mu khong thé giai truc tiép, mot phuong phap hiéu qua 1a ap
dung thut toan toi wu hoa 13p xen k& gdm hai buéc:

- Tach ky hiéu khi biét kénh tam thoi;

- Cap nhat kénh khi biét ky hiéu tam thoi.

1.4.5.1. Khoi tao kénh

Dé an dé xuét sir dung phan tich SVD trén ma tran dir liéu ghép v =[v,,....Y

w1
dé thu duoc udce lugng ban dau H®, thudng dua trén singular vector (g voi gia tri ky
di 16n nhat. Mic du chwa chinh xac, bude nay giup thuit toan hoi tu nhanh hon.
1.4.5.2. Bu6c 1 — Tach ky hiéu véi kénh HY
Véi wde lugng kénh hién tai H?, statistic ML dugc tinh:

o t((H?Y,A,)
= o B = (1.66)

va viéc tach ky hi¢u thyc hién boi:

§,E’; =argmin_, (5;'; —5)2 . (] ,67)
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1.4.3.3. Budc 2 — Cap nhat kénh tir cac ky hiéu da tach

V6i §;) , ma tran ma udc lugng:

Ny ,
Xy =2 5 A (1.68)
k=1

Bai toan LSE theo kénh duogc viét:

Ny Ny =
H" = [; Y, (X)) J[; X(qi)(Xf]i))H} : (1.68)

Nho tinh truc giao OSTBC, ma tran nghich dao c6 dang ti 1€ v6i don vi, qua do
giam dang ké khdi lugng tinh toan.

Thuat toan dirng khi tap cac ky hiéu udc luong khong thay doi trong hai vong lap
lién tiép. Thong thudng chi cin 2—5 vong lip dé hoi tu trong diéu kién SNR trung binh
trg 1én.

1.4.6. Tach s6ng ban mu (Semi-Blind ML Detection)

Tach séng ban mu cai thién hiéu ning cua tach séng mu bang cach sir dung mot
tir ma huan luyén duy nhéat dé khoi tao kénh chinh xac hon, sau d6 ap dung cac budc lap
gidng thuat todn mu.

1.4.6.1 Uéc lugng kénh tir khoi pilot

Vé6i khéi pilot X, da biét:

H =YX/ (X,X/)", (1.70)

va do tinh truc giao cua OSTBC:

N\‘

Xlei :[me |2JL (171)

#
HY = % (1.72)
1.4.6.2 Vong 1dp ban mu k
Sau khi thu duoc wdc luong kénh ban dau H tir khi pilot, cac khdi dir liéu con
lai ¢ =2,..., M s& dugc giai ma theo vong lip t6i ru hoa xen k& (alternating optimization).

Vong lip ndy gdm hai budc chinh: Bude 1: Tach ky hiéu véi kénh hién thoi; Bude 2:



21

Cap nhat kénh tir cac ky hi€u da giai ma. Hai budc nay duoc 1ap lai cho téi khi hdi tu.
* Budc 1 — Tach ky hiéu cua cac khoi dir liéu
Véi uée luong kénh tai vong lap ther i 13 H? statistic ML cho khdi ¢ va ky hiéu
tho & duoc tinh theo:
N\ H
kg~ P )
1]

Statistic ndy c6 dang tuwong tu bd giai ML clairvoyant nhung st dung kénh udc

(1.73)

F

lugng thay cho kénh that. Sau d6, ky hiéu duoc wéc lugng bang cach chiéu statistic 1én
tap chom sao:
30 = argmin,_, (50 —s) . (1.74)

Nho tinh truc giao cuia OSTBC, mbi ky hiéu 8., duogc gidi ma doc 1ap véi cac
ky hi¢u khéc, do d6 do phuc tap giai ma thép va tdc do hoi tu thuong nhanh hon so véi
hé STBC tong quat.

Budc 2 — Cap nhat ma tran kénh theo LSE

Khi cac ky hiéu ctia toan bd céc khoi dir lidu (trur khdi pilot) da dugc udc lugng,

ta xay dung lai ma trin ma cua ting khbi:

X9 = zs;;;A G=2,..M (1.75)

Kénh méi dugce cap nhat bang cach giai bai toan binh phuong tdi thiéu:

X[ (1.76)

H"" = argmin
Giai theo LSE:
y -
H = [ZY (x?) }{Zx;“(x;”)}[} . (1.77)
o
Trong do, khoi pilot X, dung dé tang do on dinh khi cap nhat kénh. Nho cAu tric
truc giao ciia OSTBC, ma trdn X!, (x )H gan nhu 14 boi cua don vi, giap viéc tinh

nghich ddo don gian va tdc do cap nhat kénh nhanh.

* Budc 3 — Lap dén khi hoi tu
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Hai budc trén duoc thuc hién 1dp lai theo chi s6i=0,1,2... Qua trinh 1ap dung
khi théa man mot trong cac ti€u chi:

Céc ky hiéu tich duge clia hai vong ldp lién tiép khong thay doi: 87" =35\, Vk,q.

Hoic s6 vong lap dat ngudng t6i daN,, (thudng 5-15 vong).

Trong cac kich ban SNR trung binh va cao, vong lip ban mu thudng hoi tu rat
nhanh nhd viéc khai tao kénh chinh xac tir khéi pilot. Pidu nay giup giam dang ké sai
léch udc luong kénh so voi bd tach mu hoan toan, déng thoi cai thién BER 10 rét.

Nhu vay ta c6 thé thay thuat toan ban mu 1a sy két hop giita: Udc luong kénh
dua trén pilot 46 chinh xac cao, khai thac cau truc truc giao OSTBC (giam do phirc tap),
Tdi wu héa xen ké& gitra tdch ky hi€u va cap nhat kénh (tang do hoi tu).

Nho vy, bd tach ban mu thudng ¢6 BER gan voi bo thu ML clairvoyant nhung
chi phai tdn mot lugng nho tdc do dix lidu 1/ M , trong khi van duy tri d6 phuec tap tinh

todn & muc chap nhan duoc.

Téc do dir lidu hiéu dung: R zl—ﬁ,r?’lt gan toc do téi da R=1 khi M du 16n.

Bu lai, hiéu nang BER tiém can bd thu c6 CSI hoan hdo va vugt trdi so voi tach song

mu hoan toan.

1.5. Két luan chuong

Chuong 1 ctia dé 4n d3 trinh bay mot cach hé théng cac co so 1y thuyét va tong
quan nghién ctru lién quan dén bai toan tach séng trong hé théng MIMO str dung ma
khéi khong gian—thoi gian truc giao (OSTBC). Trude hét, chuong di 1am rd nguyén 1y
ma hoa khong gian—thoi gian STBC, déac biét 1a cac ma OSTBC dya trén cAu trac truc
giao, qua d6 chi ra kha nang khai thac phan tap toan phan va uu diém ndi bat trong viéc
don gian hoa bo tach song khi thong tin trang thai kénh dugc biét tai phia thu.

Tiép theo, cac phuong phéap tach song OSTBC trong trudng hop biét kénh va
truong hop ude luong kénh bang thuat toan binh phuong t6i thiéu da dugc phan tich chi
tiét cho ca tin hiéu thuc va tin hiéu phtrc. Két qua cho thay tinh truc giao cia OSTBC
cho phép phéan ra bai todn gidi ma ML thanh céc bai todn gidi ma doc l1ap theo ting ky

hiu, tir do gidam dang ké do phurc tap tinh todn ma van dam bao hi¢u nang to1 uu.
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Trén co s& d6, chuong di téng quan cac phuong phéap tich séng mu va ban mu
cho OSTBC, bao gém cac tiép can dua trén udc lugng mu kénh, ML tuan hoan, SDR,
SD, LP ciing nhu cac thuit toan ILS va E-ILS. Phan tich d3 chi ra nhiing vin dé mang
tinh ban chét cta tach song mu OSTBC, nhu hién tugng khong nhan dang duy nhat, mo
hd v6 hudng va pha, sy phu thudc vao d6 dai khung, cling nhu cac han ché vé do phurc
tap va kha ning ap dung ddi v6i cac chom sao didu ché bic cao nhu QAM.

Nhirng két qua phan tich trong Chuong 1 cho thiy rang, mic du tach séng mu
cho hé théng MIMO—OSTBC 13 mét hudng tiép can day tiém ning nham nang cao hiéu
suat sir dung phd va giam phu thudc vao tin hiéu hudn luyén, cdc phuong phap hién co
van chua dap ing dong thoi cac yéu cau vé tinh mu hoan toan, do phirc tap thap va hiéu
nang cao trong cac kich ban thyc té. Do do, can thiét phai nghién ctru va dé xuét mot
giai phap tach song mu méi, khai thac sau hon cdu tric truc giao cia OSTBC, dong thoi
khic phuc cac mo ho tin hidu va mé rong kha ning ap dung cho céc kiéu diéu ché QAM.

Xuét phat tir nhitg van dé dit ra trén, Chwong 2 ciia dé 4n sé tip trung dé xuit
giai phap tach séng mu hoan toan cho hé thong MIMO-OSTBC, v4i muc tiéu loai
bo nhu cau st dung tin hi¢u huén luyén, giam dd phuec tap tinh toan va cai thién hiéu
ning hé thong, 1am co so cho cac danh gia va kiém chirmg bang md phong trong chuwong

3 cua dé an.
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Chuong 2 - PE XUAT GIAI PHAP

TACH SONG MU CHO HE THONG MIMO-OSTBC

Dua trén co s& tong hop cac phén tich 1y thuyét & Chuwong 1, Chuong 2 hudng
t6i d& xuat mot giai phap tach séng mu hoan toan (fully blind) cho hé théng MIMO—
OSTBC, dua trén thuat toan Cyclic Maximum Likelihood (Cyclic-ML) duoc cai tién,
nham loai bo cac mo ho tin hiéu ma khong can tin hiéu huan luyén. Hai yéu té then chot
céu thanh nén tang ctia phuong phap dé xuat gom:

Thi nhat, ap dung bién doi chom diéu ché (constellation transformation) trén
QAM dé xay dung cac tap tin hiéu c6 tinh chit chu ky va bét bién pha, gitip loai bé6 mo
ho pha va ty 18 von ton tai trong cac thuat toan ML truyén théng.

Thir hai, tich hop co ché wéc lwong kénh l3p (iterative channel refinement) gitra
cac budc tach dir 1i€u va cap nhat kénh, gitip héi tu nhanh hon va tang do 6n dinh so véi

phuong phéap ILS hodc EM thong thuong.

2.1. Mot so6 han ché trong cic phwong phap tich song mu hién tai

Tach song mu, véi vai tro 1a mot phuong 4n quan trong, gop phan cai thién dang
ké hiéu suét sir dung pho trong cac hé théng MIMO. Tuy nhién, cic phuong phap tach
song mu ciing phai d6i mat véi nhiéu thach thirc nhu d6 phirc tap hodc kha ning ap dung
v6i cac kiéu diéu ché tin hiéu. Trong cac ngudn tham khao [13], [15], [10], cac tac gia
d3 dua ra cac bo tach song mu va ban mu khac nhau dya trén su phuc héi ban xac dinh
(SDR) va bo giai ma hinh cau (SD) di duoc dé xuit cho OSTBC. Két qua tinh toan va
mo phong cho thiy cac bd tach song mu hodc ban mi mang lai cai thién dang ké vé ty
1¢ 151 bit (BER) khi so sanh véi k§ thuat tach song ML tuan hoan. Mic du vy, mot bat
cap lon cua cac ky thuat tdich song mu va ban mu ndy d6 1a su gioi han trong viéc ap
dung ddi véi cac kiéu diéu ché, hay chi pht hop voi mot sé kiéu diéu ché nhat dinh. Cu
thé, bo tach song dua trén SDR chi 4p dung cho cac chom sao Khoda dich pha nhi phan
(BPSK) va Khéa dich pha vuéng géc (QPSK) cho céc bai toan tdch séng cua minh. Bén
canh d6, bd tach SD ¢6 thé hoat dong véi bat ky chom sao dich pha (PSK) nao, nhung

n6 khong dua ra cac phuong an t61 uu hodc timg dung cho cac chom sao di€u ché bién
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d6 vudng goc (QAM) [3]. Ngoai ra, cac thudt toan ndy c6 cdu tric xt 1i phuc tap kha
cao ciing 1a mot han ché. Nhitng nhugc diém nay khién cac ki thuat tach song mu hodc
ban mu da dé xuét kho dap tng duoc véi cac hé thdng co thé ap dung nhiéu kiéu diéu
ché khac nhau, hodc yéu cau do phirc tap thap.

2.2.Y twdng dé xuat giai phap méi

Trong dé 4n nay, tac gia xem xét, dé xuat giai phap tach song hoan toan mu trong
hé théng MIMO-OSTBC khéng st dung bét ky tin hiéu huén luyén ndo, nham tranh anh
huong dén hiéu suat str dung pho. Chung ta thiy rang, cac tir ma OSTBC dugc thiét ké
cho mét sb luong 16n dng-ten phat (N,), hé thong co toc do truyén bi gidi han boi

. /2+1

ny

do1 voi cac gia tri w, chan [11]. Do @6, viéc st dung cac tin hiéu huan luyén

trong hé théng nay lam giam dang ké téc do truyén, diéu nay khién cac hé thong trén
kém hap dan hon ddi véi cac ing dung thyc té.

Trong d¢ 4n ndy tac gia dé xuét viéc sira ddi cac chom sao tin hiéu diéu ché bién
d6 vudng goc (QAM) duogc truyén di dé giam thiéu sy mo hd vé ky hiéu. Bén canh do,
chung t6i phat trién bo tach song A-CML dé khoi phuc cac cac tir ma OSTBC vdi céc
ky hiéu dugc ldy ra tir cac chom sao di stra ddi. Bang cach tan dung cac chom sao di
stra d6i nay va léy trung binh cac ma tran tin hi¢u thu duogc, co thé thu dugc mot ude
tinh kénh ban dau méi, cho phép bo tach song duoc dé xuat dong thdi udc lugng trang
thai kénh va khoi phuc cac tin hiéu phat ma khong can bt ky tin hiéu huan luyén dan
nao. Pidu ndy cho phép b tach song dé xuat cai thién dang ké hiéu suét st dung pho.

B tach song mit A-CML dé xuat hoat dong theo hai pha: Trong pha dau tién, bd
tach song A-CML tao ra mot ude luong kénh ban dau bang cach 1y trung binh cac ma
tran tin hiéu thu duoc trén mot khung cac tir ma Q. Trong pha thtr hai, sir dung céac két
qua udc luong kénh ban dau dé khoi phuc cac ky hiéu da truyén va udc luong lai ma
tran kénh theo kiéu tuan hoan, twong tu nhu phuwong phép tach song ML tuin hoan duoc

dé xuat trong [18].
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2.3. M6 hinh h¢ thong va thuit toan dé xuat

2.3.1. M6 hinh OSTBC véi cac chom sao phirc

Xem xét tap ky hiéu phirc {s,,s,,....sy } duoc truyén di trong h¢ thong MIMO véi
n, ang-ten phat va n, ang-ten thu. s,,k =1...,N, c6 thé duoc ly ra tir chom sao QAM
v6i M diém tin hiéu, hay s, € Q. Chom sao Q duogc chuin hoa véi ning lwong ky hiéu

trung binh bang E =1. Phia phat tao ra mdét mid OSTBC

NS
S=> ARs, +2B,Js, tir cac ma trdn {A,,B,} co kich thuéc n,xN, 1a cic ma trdn phan
k=1
tan va truyén s qua kénh MIMO phéng tan so, gén nhu tinh tai cdc thoi diém 1, 2,..., N,
Déi vai cac bo ma OSTBCs phirc, cac ma tran phan tan A, .B, phai dap ung cac
diéu kién sau [20]:
A A!=CI, ,B,B =CI,,
A AT BB BB 2.1
AA=-AA BB =-BB,
AB! =B A, vbi k#l (2.2)
trong d6, C 13 hing sb.

Theo cac tinh chat trén, ma tran:

N,
S = Z(Ak‘}{(sk)+ B, 3(s,)) e C'™ (2.3)
cO gia tri phtrc va E(")a man diéu kién:
Ss” =cClsl*1, (2.4)
Gia sir ma tran kénh H e C™ khong d6i trong qua trinh truyén mot tir ma. Khi

d6, ma tran tin hiéu thu duoc c6 thé duge viét duéi dang:

Y:HS+V:H[i(Akm(sknjBkS(sk))]+V, (2.5)

k=1

trong d6 V biéu thi ma tran nhidu Gauss tring cong (AWGN), cac phan tir cia ma tran
nay co gid tri trung binh bang 0 va phuong sai bang o2.
Gia st H duge duge biét tai phia may thu, bd tich séong ML s€ gidi ma

{s,}.k=1,2,...,N,, (trén cdc chom sao) dé to1 thiéu theo biéu thirc sau:
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2

||Y—Hs||2 = Y—H[Z(AkiR(sk)+jBkS(sk))J . (2.6

Nho céc tinh chét cua § A,,B, } trong biéu thirc (2.1), ching ta thu duoc cac chom

sao tin higu QAM/PSK nhu sau [18]:

2

§, =argmin|§, —s,
5,€Q
R(tr(Y'HA,)) - j3(tr(YHB,))
= . , k=1,...,N,.
CIHI

; 2.7)

trong do: 3,

2.3.2. Tach song mu véi chom sao phire
Xem xét lai kich ban hé thdng voi H dugc gia dinh 13 hing sé trén mot khung
gdm © tirma OSTBC phtic (0 >1). Theo (2.5), biéu thirc h¢ thong phirc cho tir ma thi
q,q=1,..,Q dugc cho boi:
Yq = HSq +Vq (2.8)
Giasu v, va V, (v6i g # p) doc lap véi nhau, thi tdich song mu ML cho hé théng
phure hop dugc dua ra boi [20]:
9 2
{H,5, ,} = argmin ZHYq —HS |,

H,s,‘_qu gq=1

trong d6 H chua biét va s, , dugc uéc lugng s, , bicu thi ky hi¢u thtt x =1,...,~_, trong

trmathltg (¢ =1,...,0); va:

S, = iAk%(sk,q)ﬂBkS(sk,‘,l (2.10)

Trong bdi canh cta OSfl:IIBC, qua trinh giai quyét van dé tach song mu trong (2.9),
du toi wu hay khong co thé duge don gian hoa bang cach khai thac ciu tric phan tan
tuyén tinh va truc giao ctia cac tir md OSTBC. Mot s thuat toan dé xtr 1y (2.9), bao gdm
phuong phap ML tuan hoan [9 ; 18], phuong phap dang déng [2], sw phuc hoi ban xac
dinh (SDR) va tach song cau [13], [10], [3]. Tuy vay, diém mau chdt can luu ¥ 1a SDR
chi 4p dung cho kiéu diéu ché BPSK va QPSK, trong khi tach song ciu hoat dong t6t
nhét v&i cac chom sao PSK. Mot diém quan trong 1a vi dg phuc tap tinh toan cao, SDR

va giai ma hinh cau thuong khong thue té€ d6i véi cac hé thong MIMO.
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Dbi v6i phuong phap ML tuan hoan, udc lwong kénh ban dau cia H, tirc 1a H
thu dugc bang cach st dung mot tir ma thi diém hoic phuwong phén tich gia tri don nhat
(SVD). Sau d6, bo tach séng st dung H dé khoi phuc cac ky hiéu da truyén S, VOI
k=1,...,N, Vva (g=1,...,0). Sudung (7) vO1 H = H, sau d0, cac ky hi¢u truyén da khoi

phuc {5} dugc sir dung dé u6c luong lai kénh nhu sau [18]:

Y H
ZYqu
_ 4=l
. 2.11)

- Q
213,
g=1

H

trong d6 S, =[5,, §,, -+ 5, ], va S, dugc tao ra dva trén (2.3) v6i s, =5, ,. Qua
trinh tach tin hi€u va udc tinh kénh luan phién duoc lap lai cho dén khi tiéu chi dung dugc
thoa man. Can luu y réng, do viéc st dung mdt s6 luong nhé tin hi¢u huén luyén nhu da
gia dinh trong [18], can phai tinh chinh ldp lai cac udc luong kénh dé cai thién do chinh
xé4c cua viée tach song OSTBC. Khi c6 sian mot s6 luong 16n tin hi€u huén luyén, thong
tin kénh chinh xéc c6 thé duoc thu thap ma khong can phai tinh chinh 1p lai.

2.3.3. Sira d6i chom sao cho tich s6ng mu

Tir biéu thuc (2.9) ta ¢6 thé xac dinh (H,S,,) va (_H,_ Sq) bang phuong phap ML.
Hon nira, d6i voi cac tir ma OSTBCs c6 thé xoay nhu Alamouti OSTBC hozc OSTBC
thuc c6 ti 18 bang 1 v&i », 4 [12], ludn ton tai mot ma trin Q,(Q = =1, Q”Q = QQ” =1)
sao cho (H,Sq) , (HQH, QS., ) va (HQ’ Q" sq) déu la cac nghi¢m cua (2.9). Két qua nghién
ctru trong [12] d4 chi ra rang viéc xoay ma tran Q phai thoa man cac diéu kién sau:

(+AA A Al A, Al £ /BA £ /BA,.. =B, A"}
Mot vi du véi OSTBC Alamouti v6i kiéu didu ché 16-QAM, hay

Q={s, 1 k=12,....16}, trong d6 cac gia tri thuc va 4o cua s, duoc lay tu tap
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0 i
Chung ta dinh nghia Q = jB,A/ =[ . ﬂ , do do:
J

BRI P A e R U B e A S

Q\/E{—l—j —3+]] \/EL—f 1+ ) 2.12)
. . 1

Biéu thirc (2.12) da chi ra ring, ca hai véc to tin hiéu s = E[_3 —j,—=1-j1 va

~ 1 ~ \ .
$= ﬁ[l —j,1=7°T",s # £s déu c6 thé 1a nghiém cua bai toan tach séng mu (2.9).

C6 thé thiy rang, dé tach song OSTBC hoan toan mu ma khong can tin hiéu huan
luyén can phai giai quyét van dé kha ning xoay ctia OSTBC va su mo ho cua tin hiéu.
Trong [3], c4c tac gia di dua ra cac so d6 tach song chim kép va chong chap. Tuy nhién,
phuong phap chum kép lam giam tdc d6 truyén dén do str dung bac diéu ché thap hon.
Hon nira, n6 gay ra ton that 4 dB so véi bo tach song dua trén cac tin hiéu huan luyén &
BER=10". D¢ giai quyét nhiing ton tai da dé cap ¢ trén, dé an dé xuat sira doi cac chom
sao thong thudng va dua ra nhitng diéu kién thiét yéu dé co thé loai b sy mo hd cua tin
hiéu ma khong gy ra ton that 16n vé pham chat BER hé thong.

Thay vi str dung cac chom sao thong thudng dé truyén tin hiéu, dé an dé xuét sir
dung cac chom sao M-QAM da duoc cai tién, duoc xay dung dua trén cac chom sao

thong thuong, nhu sau:

s, ta
Q, =" 5, eQk=1..,.M¢,
m { 7. Sk € } (2.13)

, N A, A \ 1 & 2 > s 1A LA Z 1. a2k as
trong do, o 1a mot so thuc va y = EZM +af =+a”+1 1a h¢ s chuan hoa dé dam
k=1

bao rang nang luong ky hiéu trung binh ciia o, bang 1.

2.3.3.1. Buong bao trén theo |a|

Khi mot chom sao méi duge xay dung dua trén (2.13), ¢6 thé d& dang xac minh
dugc rang khoang cach gitta cac diém tin hiéu 1an can giam khi o 16n hon, do d6 lam
gidm hi¢u suét hé théng vé BER. Trong diéu kién bt loi nhit, a nén duoc chon sao cho
hiéu suit hé thong twong duong véi DUSTM [7]. Néi cach khac, dd suy giam hiéu suit
BER cua o phai nam trong khoang 3 dB (so v6i SNR) so vdi Q. Do d6, gii han trén
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cua |a| dugc xac dinh nhu trong sau:

Ménh dé 1: Gia sot Q 1a mot chom sao QAM théng thudng véi nang lugng ky
hi¢u trung binh va o 1a chom sao bién d6i trong ting duoc dinh nghia trong (2.13).
Mot ma OSTBC voi cac ky hiéu dugc rat ra tir o s€ bi suy hao trong pham vi 3dB vé
SNR so véi chinh n6 véi cac ky hiéu dugce rat ra tir Q cho ciing mot bac diéu ché néu o
duoc chon 1a |o| < 1.

Chitng minh: Xét hai diém tin hi¢u 1an can s,, s, € Q. Khoang cach Euclidean
gitra hai diém nay bang d(s,,s,) =|s, —s,|. St dung (2.13), ta cé:

_ s ta s ta

T Y \/az-l-l,

_ sta s +ta

e Vm \/a2+1.

Dé nhan thay rang 3 va §; ciing 1a hai diém tin hi€u 1an c4n trong o c6 khoéng

(2.14)

cach Euclid dugc dinh nghia 1a d(s,.s,) =|s, -5, .

Tu (2.14), ta suy ra:

|5, =5, | _ d(s;,s))

= : 2.15
Jai+1 o+l @15)
Phuong trinh (2.15) cho thdy khoang cach giita hai diém tin hiéu 1an cén theo o}

d(5,.5) =

giam di mot hé s6 Va’ +1 so véi theo Q. Do d6, dé dam bao suy hao trong pham vi 3dB,

chung ta phai co:

_ . _d(s,,s) .
d(sk,sl)S# hodc o? +1<2, (2.16)
tuong duong voi:
la|<1. (2.17)

2.3.3.2. Buong dudi theo ||
Gia str hé thong str dung cac chom sao da stra doi dé tao ra mot khung gom O

tir ma OSTBC phue, S 4= L...,0, va truyén tin hiéu dén may thu. Tai may thu, ma tran
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tin hi¢u thu dugc lai dugc cho béi (2.8). Léy trung binh cua © ma tran tin hi¢u thu

duoc, ta co:
1 9
E,=—>Y, (2.18)
Q q=1
1 1 g
= [ S ] A\ (2.19)
Q q=1 Q q=1
Chung ta dinh nghia:
1 Y
E;=—3>'S,, (2.20)
Q g=1
1 Y
E, =—3V, (2:21)
Q g=1

Biéu thtr (2.19) c6 thé duoc viét lai nhu sau:
E,=HE; +E,. (2.22)
Thay (2.10) vao (2.20), va xét dén cdu trac cta cac diém tin hiéu trong cac chom
sao d3 stra doi, ta co:

E, Q (iA %(skq)+a+jBkS(sk’q)}

m m

= ;AkgR,k +jBk é/I,k’ (2.23)
O day Spq €Q va
a 1 &
o, =—+—— ) R(s, ), (2.24)
“ oy, mQ; v

1 0
$rx = 0 D 3(se,): (2.25)

m -1

Véi gia dinh rang R(s, ) va 3(s, ) la cac bien ngau nhién doc 14p va c6 phan

phéi nhu nhau, ¢6 d6 dai khung © du 16n, ¢ ri €O thé dugc chimg minh tuan theo phan

L. 2 . \ « \ . , \
phdi chuan véi trung binh x, =— va phuong sai o) = 20,7 tic 1a
ym ym

Srs ~ N (#,,07) (trong Phy lyc A).
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Biéu thirc (2.23) chira rang E, 1a mot tir ma OSTBC véi cac ky hiéu duoc truyén
Crx +JC, 4. Do d6, néu Cri >0 hodc &y, <0 ,ticla |Gy, [> 0, voi xac sut
béng I,talubn cd6 E; # —Es va E; = QEs vo1 moi ma trdn Q thdéa man Q=+l va
Q"Q=0QQ" =1. Pidu nay ngu y réng van d& mo ho tin hiéu d3 duoc giai quyét hoan

toan.

Tir biéu thirc (2.22), ma trén kénh H va ma tran tin hidu g, c6 thé duge phuc hoi
hoan toan mu nhu sau:

{H.Es} = argmin,, , |[E, —HE ||2 . (2.26)

Néu thu dugc nghiém {H,Es} va |y, > 0 véi xac suat bang 1, thi khong co
kha ning (-H,-Es),(HQ"” ,QEs) hoic (HQ,Q"Es) ciing co thé 1a nghiém ciia bai toan
tach mu trong (2.26). Nghia 13 {H,Es} 1a nghiém duy nhat.

Véi oy ~N(u,,07), do do, dicu kién [ <y, [> 0 voi xée suat bang 1 c6 thé
dugc théa mén khi va chi khi |« |=. Diéu ndy mau thuin v&i Ménh dé I, trong d6
| < 1. Dé giai quyét mau thuin nay, diéu kién | £ , [> O vé6i xac suét bang 1 phai duoc
ndi 1ong, tir 46 dan dén gii han dudi ciia |« | nhu dugc dinh nghia trong Ménh dé 2.

Ménh dé 2: Gia six Ky la diém cat cho muc do tin cdy p, trong d6 0 < p <1, a can

K

. N . 2
dugc chon sao cho | |> o, va &, = @ la giéi han dudi cua |«|, dé tao ra

| S ri >0 vOi voi mie d6 tin cdy p, dugc chimg minh tai Phu luc B.

2.3.4. Thuit toan tach séng mu dé xuiat A-CML

Trong tiéu muc nay, chung toi dé xuat mot bo tach song mai, duge goi la bo tach
song ML tuan hoan trung binh (A-CML), sir dung cac chom sao da stra d6i, mot phuong
phap udc lugng kénh mdi va co ché ML tudn hoan dé tach song mu cac ky hiéu duoc
truyén di va udc lugng kénh ma khong sir dung bét ky tin hi¢u huan luyén nao.

2.3.4.1. K¥ thuat udc lugng kénh mai

Tir (2.23) va (2.24) ta c6 thé viét:



Eg :F+Es, (2.27)

trong do:

N, N,
F:ZAki:ZAkﬁ, (2.28)

: . (2.29)

Zrx Vva z;, duoc ching minh trong Phu lyc A.
Tir (2.28) va (2.29) c6 thé thay rang I' 1a mot OSTBC thuc dugc xay dung dua

. 1
trén tap hop cac ma tran phan tan {A,}va n x1 véc to tin hiéu a=—I[a a...al,

Vm
trong khi Es 1a mot OSTBC phirc duge xay dung bang cach sir dung {A,}, {B,} z,,
va z,,, Vo1 k =1,...,NS,,

Tir (2.22) va (2.27), suy ra rang;
E, =HI+ HEs +E,. (2.30)
Nhén ca hai vé cta (2.30) véi EZ = (' +Es)" ta dugc:
E,E/ = (H +HE;s +E, )(I' + Es)”

(2.31)

ES>

g = —H
:H(FF +EsES )+N
Trong do, N, = H(FE? +EsT” )+EV(F+Es)H duogc coi 12 ma tran nhiéu. Co
thé dé dang xac minh rang;
2
" =CN, (ij I, (2.32)

Va:

p— —_— NS
EsEs = C[Z (22, + z,{k)JInT, (2.33)
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D6i v6i OSTBC ¢6 w, 16n, vi du w7 = 4, biéu thitc (2.33) c6 thé dugc tinh gin

dang nhu sau:

— —y 1 2%
EsEs ~2CN, {E;zi,k}lnr.
CN
2 s
~ ZCNSE{ZR,k}InT = Q}/j’ InT’ (234)

Do ES chua biét, nén may thu ciing chua biét E . Mit khéc, dua trén (1.28),

(1.32) va (1.34), may thu ban dau c6 thé tinh ES nhu sau:

N
—_ 5 1
E[ZAJ_ "
k=1 Vm \/é
Véi gia dinh rang SNR 1a déng ké va d6 dai khung O du 16n, N, trong (2.31)

c6 thé dugc bod qua. Do d6, udc tinh kénh méi cé thé dugc thu duoc nhu sau:

2
H= 07,

_ E, Es.
T adg (2.36)

Trong do:

Es—r+Es—iAk[ﬁ+7 1@] (2.37)

k=1 Vi
Biéu thirc (2.36) ching minh 13 rang rang, bang cach stra d6i cac chom sao truyén

nhu trong (2.13), may thu c6 thé dé dang thu duoc ude lwong kénh ma khong can bat ky
tin hiéu huan luyén nao.

2.3.4.2. Thuat toan tach song A-CML

Do hé théng sit dyng chom sao o da dugc sua ddi, nén bd tach song A-CML
duoc dé xuat hoat dong nhu sau:

Trude hét, thuat toan tinh toan gia tri trung binh cua QO ma tran tin hiéu thu duoc
nhu trong (2.18). Tht hai, thuét toan sir dung ma tran Es trong (2.37) dé tao ra uwéc tinh
kénh ban dau nhu trong (2.36). Thi ba, bang cach gia dinh 1 13 ma tran kénh chinh xéc,
thuat toan thuc hién tach cac ky hiéu dugc truyén di cia cac tir ma thit ¢ nhu sau:

A . - 2
S, =argmin . |sk’q —sk| . (2,38)
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trong dé 5 - W v Ha, )) - /ol v, B, )

kg

. Thtr tu, thuat toan st dung cac ky hi¢u da

2

CHH

tach §,,,voi k=1,...,N_, g=1,...,0déudc lugng lai kénh bang theo biéu thirc (2.11).

Trong céc budc tiép theo, bd tich A-CML dugc dé xuét s& khoi phuc lai cac ky hiéu

Sk, theo biéu thirc (2.38) va udc luong lai kénh dua trén biéu thie (2.11) cho dén khi
cac vecto tin higu da khéi phuc khong thay ddi hodc cho dén khi hoan thanh . 1an lap.

Thuét toan nay c6 thé khai luoc nhu sau:

0

Tao cac tham s6 dau vao a,N,{Y, }_.{A ,C,Bk},i’;1 , chom tin hi¢u truyén duoc di¢u

chinh o  vo61 M diém tin hi€u, s6 vong lap téida w,.
Pam bao: Cac ky hiéu da truyén dugc phat hién §,,v6i x=1,...~, Vva

qg=1,...,0.

1: Tao vong lap

2: Tao ma tran Es theo (2.37).

3: Tinh ma tr4n tin hi¢u trung binh g, theo (2.18).
4: Tinh kénh ban dau H theo (2.36).

5:Gan 5, , =0 v6i k=1,...,N, vag=1,....0

6: Khoi tao vong lap dau tién (i :=1).

7. whilei < N, do

8. Sudung H détach Sk 4 theo (2.38).

9. if$,, =5, v6imoi(k g)then

10. break.

11. else

12. Gan s, =5, .

13.  Cap nhit viéc udc lugng M nhu biéu thire (2.11).
14. Vong lap tiép theo (i==i+1).

15. end if

16: end while

17: Output: S, , VOi k=1,...,N, va g=1,...,0.
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2.3.5. Phan tich do phirc tap tinh toan b tach song A-CML

D9 phurc tap tinh toan ctia cac thuat toan dugce tinh bé‘lng ) lugng dau phéy dong
(FLOP: Floating Point Operation). Quy wéc rang, mdi phép cong, trir, nhan, chia 2 sb
thuc twong duong 1 flop. Mdi phép nhan va phép chia phurc twong duong véi 6 va 11
flops [6].

2.3.5.1. Phéan tich d¢ phurc tap tinh toan bo tach song A-CML

Dua trén céc gia dinh trén, 4o phirc tap ctia A-CML co thé duoc danh gia nhu sau:
¢, = Cl,A + Cz,A

—[2n,N.Q+4n,n,N |+8N NO(N.n, + N> +n’n,) (2.39
~N[N.Q(2(N?+ N,n, +n))+4N, +2n, +5M +2] )

+0(8nyn, N, +4N, 1) +2 flops.

Trong d6 C, ,va C, , 1an lugt la d6 phirc tap ctia phép khoi tao va vong lap while.

Bang cach loai bo cac s hang bac thip, 6 phirc tap cia A-CML xap xi bang:

C,~2N,N.O[N,n,(4n, —1)+ (N> + n2)(4n, —1)] flops (2.40)

Déi voi bo tach song A-CML duoc dé xuat, do khong st dung tin hiéu huan
luyén, diéu nay c6 nghia 14 s6 bit thong tin trén mdi khung hinh bang voi ON_ log, (M)
. Do d6, @0 phtic tap trén mdi bit thong tin ctia bo tach song A-CML duge cho bei:
CA
Ab =
ON _ log,(M)
2.41
2N, [ Ny (4, =1)+(N} +np)(4n, —1) | (2.41)
~ ops.
log,(M)
2.3.5.2. Phéan tich dg phuc tap tinh toan bo tach song huan luyén

Déi v6i bo tach song huan luyén, mot tir ma OSTBC trong mot khung Q tir ma
OSTBC duogc str dung lam mau cho viéc udc luong kénh. Do do, sb bit thong tin trén
mdi khung 1a (Q -1 N, log,(M). Do d6, do phirc tap trén moi bit ctia bo tach song

huin luyén dugc cho boi:
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_ CTr

~ (Q-DN, log,(M)

N 80n, (NtnR + N7+ nfe)
© (0-Dlog,(M)
2.3.5.3. Phéan tich d¢ phuec tap tinh toan bo tach song ban mu

C'Tr,b

flops. (2.42)

Tuong ti nhu bo phat tach song huan luyén, sb bit thong tin trén mdi khung cua
bo tach song ban mu la (O -1 N, log,(M). Do dé, @ phirc tap trén mdi bit ciia bo
tach ban mu dugc cho boi:

C

Semi

 (Q-DN, log, (M)
2N, N,ny(4n, =1)+ (N} +np)(4n, —1) |

(Q-Dlog,(M)
2.3.5.4. Phan tich dg phuc tap tinh toan bo tach song SD

Semi,b

(2.43)

flops.

Gia su rﬁng, bo tach SD hoat dong trong diéu kién t6t nhat, do phtrc tap téng thé
clia n6 bao gom do phirc tap ciia giai doan tién xir Iy C, va do phtic tap cua giai doan
tim kiém trudng hop tét nhat (C s .best ) » AUQC biéu thi bang:

C,, =C+C;

'D ,best

8
~ (§Q3 N> +4Q°N2(4n,N? +8n,N, +1)+8N N n, j +(20N, 2L, + 2)? (2.44

8
~ (§Q3NS3 +40°N2(4n, N +8n, N, +2)+ SNfonTJ flops )

Khong giéng nhu cac b tach song huin luyén hodc ban mu, bd tach song SD co
thé hoat dong chi vo1 mdt hodc hai tin hiéu huan luyén thay vi toan bo mot tr ma OSTBC
cho tin hiéu huan luyén. Tuong tu nhu trudng hop ctia tach song A-CML duoc dé xuit,
chung ta c6 thé gia dinh rang khong can tir m tin hiéu huan luyén cho bo tach séng SD.
Do d6, s6 bit thong tin trén mdi khung duogc biéu thi bang ON. log, (M) . Do do, do phtrc

tap trén mdi bit thong tin ctia bd do dua trén SD duogc biéu thi bﬁng:
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C

— SD
SD,b
QNS logz (M)
8
(3Q3NS +4Q°N?(4n,N? +8n,N, +2)+ 8N§an,j

~
~

flops. (2.45)

ON log,(M)

2.4. Két luin chwong

Trong chuong 2, ching ti di trinh by qua trinh phan tich, danh gid va dé xuat giai
phép tach séng mi méi cho hé thong MIMO-OSTBC. Mit khac, & chwong nay, do 4n da
phan tich & nhiing diém con t6n tai cta cac phuong phap tach song mu tiéu chuan trudc
day, bao gdm: tinh phi 16i va da nghiém cua bai toan tdi uu song tuyén, hién trong mo hd
pha, ty 1¢ trong udc lwong dit liéu va kénh; d6 phic tap 16n khi mé rong sang cac kiéu diéu
ché bac cao hodc sb lugng ang-ten thu/phat tang 1én. Nhitng yéu t6 nay khién hiéu ning
BER cuia cac thuat toan hién tai kho ti€ém can gidi han ctia bo thu c6 CSI, dac biét trong moi
treong pha-dinh nhanh va khi khong thé sir dung tin hiéu huin luyén cho viéc ude luong
kénh truyén.

Trén nén tang d6, Chuong 2 da dé xuét thuat toan tach song mu hoan toan dua
trén tiéu chuan Averaged Cyclic Maximum Likelihood (A-CML) - mét huéng tiép can
m&i két hop gitra cdu trac truc giao ciia OSTBC va tinh chu ky ciia chom sao diéu ché
QAM. Céc két qua phan tich vé 1y thuyét trén day 13 nén tang ¢t 161 cho qua trinh thyc

hién cdc mo6 phong va danh gia trong Chuong 3.



39

Chuong 3- MO PHONG VA PANH GIA

HIEU NANG CUA PHUONG PHAP DE XUAT
Chuong 3 Trinh bay qué trinh xay dung mo phong va danh gia thuc nghiém cho
phuong an dé xuét. Chuong mo ta viéc thiét ké mo phong hé théng trén Matlab, cac kich
ban thir nghiém vé&i nhiéu cdu hinh khac nhau, va so sanh hiéu ning b tach séng mu
v6i cac phuwong phap truyén thong. Tiép theo, chuong phan tich 1y thuyét hiéu ning,
danh gia ngudng BER, khoang cach chom tin hiéu va dbi chiéu vai cac két qua trude
day. Phan két qua mo phong sé& thao luan vé hiéu qua, do phic tap, wu nhugc diém cia

phuong phap, dong thoi dua ra kha nang ting dung va mé rong trong thuc té.
3.1. Xay dung m6 phéng va danh gia thuc nghiém

3.1.1. Muc tiéu va pham vi mo phdong

Muc tiéu chinh ctia phan mé phong 1a kiém chig tinh ding dan va hiéu qua cua
bd tach song mu thich nghi A-CML dugc dé xuét, thong qua viéc so sanh véi cac bd
tach song truyén thong nhu tach séng huan luyén, ban mu va SD trong cac kich ban hé
thdng MIMO sir dung ma khéi khong gian — thoi gian truc giao (OSTBC). Cac chi tiéu
danh gia chinh bao gom: d phirc tap tinh toan, pham chat BER, hiéu qua sir dung phd
va kha nang mé rong khi s6 anten va bac diéu ché tang 1én.

Pham vi md phong tap trung vao cc hé thong MIMO ¢4 trung binh va 16n, cu thé
1a cac cau hinh (6,2) va (8,4), vn co y nghia thuc tién trong cac hé thong thong tin khong
day thé hé mdi nhu LTE-A va 5G. Viéc lya chon cac cdu hinh nay cho phép dénh gid rd

rang uu thé ciia phuong phap mu trong bdi canh sb lugng anten phat 16n hon anten thu.

3.1.2. M6 hinh hé thong va gia thiét

Hé thong MIMO duoc xét gdm Nt anten phat va Nr anten thu, hoat dong trén
kénh fading Rayleigh phang, bat bién trong suét mot khung truyén va thay doi doc lap
giita cac khung. Nhidu tai dau thu duogc gia thiét 1a nhiu Gauss tring cong (AWGN)
v6i phuong sai 62,

Tin hiéu phat duoc ma héa bang OSTBC ty 1é 1/2, cho phép khai thac d6 loi phan

tap khong gian — thoi gian trong khi vin dam bao cau tric truc giao, thuan loi cho viéc
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tach song. Cac ky hiéu diéu ché duoc ly tir chom sao 16-QAM va 64-QAM, trong d6
ddi véi bo tach song A-CML, chom sao dugc cai tién thong qua tham s6 diéu chinh o

nham pha v tinh d6i xing va ho trg qua trinh tdch song mu.

3.1.3. Thiét ké mé phéng trén Matlab

Toan bd qua trinh mo6 phong dugc thuc hién trén moi truong Matlab véi cac budce
chinh sau:

1. Sinh chubi bit ngdu nhién va anh xa sang cac ky hiéu QAM.

2. Ap dung ma hoa OSTBC tuong g véi s anten phat.

3. Truyén tin hiéu qua kénh fading Rayleigh va cong nhiéu AWGN.

4. Thyc hién tach song tai dau thu béng cac thuat toan khac nhau: A-CML, huan
luyén, ban mu va SD.

5. Giai ma OSTBC, giai diéu ché va tinh toan BER.

6. Lap lai qua trinh trén véi s lugng khung 16n dé dam bao do tin ciy thong ke.

Cac tham sd md phéng nhu SNR, do dai khung Q, s6 lan 1ap thuat toan va bac
diéu ché dugc thay doi linh hoat dé khao sat anh hudng cia timg yéu té dén hiéu ning

hé thong.

3.1.4. Kich ban danh gia do phirc tap tinh toan

Do phirc tap tinh toan dugc do bang s6 phép toan ddu phay dong (flops) trung
binh trén mdi bit thong tin. Kich ban md phong xem xét su phu thudc ctia do phuc tap
vao do dai khung Q, trong khi cac tham s6 khac duoc giit ¢6 dinh. Piéu nay phan anh
kha ning mé rong cta thudt toan khi hé thong yéu cau do tré thap va khung truyén dai.

Két qua md phong cho thdy bo tach song A-CML cé d6 phirc tap gan twong
duong bo tach séng ban mu va cao hon bd tach soéng hudn luyén, nhung thip hon rat
nhiéu so vai bo tach song SD. Pic biét, d6 phtic tap cia A-CML gan nhu khong phu
thudc vao Q, cho thﬁy tinh 6n dinh va phu hop cho cac hé théng truyén dan g6i dai.

Tai kich ban m6 phdéng dd phrc tap tinh toan, dé an tién hanh mo phéng do phirc

tap trén mdi bit thong tin so véi do dai khung Q cua cac bo tach song A-CML dé xuat,
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céc bo tach song huan luyén, ban mu va SD véi cac bd m OSTBC ty 1& 1/2 trong hé
thong (8, 4) cu thé r =6, "= = 8, ky hiéu phic va ¥+ = 16 chu ky ky hiéu [20].

Véi kich ban mé phong danh gia ti 16 161 bit (BER), dé 4n mo phong pham chét
BER ctia bo tach song A-CML di dé xuit trong chuong trude va so sanh voi cac bo tach
song nhu: B tach song ML trong diéu kién trang thai kénh truyén hoan hao, ciing nhu
cac bo tach soéng hudn luyén va ban mu [18]. Do khong c6 kha ning tach séng cac ky
hiéu diéu ché QAM va d6 phtc tap cao, pham chat BER cua b tach song SD khong
dugc dénh gia trong phan tiép theo. K thuat diéu ché duoc van dung trong cac kich ban
mo phong 12 16-QAM va 64-QAM. Bo tach song A-CML dé xuit str dung cac chom
sao da sira doi ma khong sir dung bat ky ky hiéu hudn luyén ndo, trong khi cac bo tach
song huan luyén va ban mu déu st dung cac chom sao QAM thong thudng voi mot tir
ma OSTBC huin luyén trén mdi khung. Ma OSTBC ty 18 1/2 cho "r =6 va "r =8, bao
gom V¢ = 8 ky hiéu phirc va V¢ = 16 chu ky ky hiéu, nhu dugc trinh bay trong [19],
dugc xem xét. Nang lwong ky hiéu trung binh cta cac chom sao phat dugce chuan hoa
bang mot. Poi véi ca bo tach song A-CML dé xuét va bo tach song ban mu, ¥ =15 1an
lap duoc ap dung. Tuy nhién, thuat toan s& két thuc khi hoan thanh 15 1an lap hodc khi
hai khung duoc khoi phuc lién tiép giéng hét nhau. Tat ca cc so sanh phadm chit BER
dwoc thyc hién tai BER =107

3.2. Két qua mo phong va thio luin

3.2.1. M6 phéng va danh gia do phirc tap tinh toan

Két qua mod phong do phtec tap tinh toan dugc trinh bay trong Hinh 3.1 cho thay
su khac biét rd rét gilta cac bo tach song. Bo tach song huan luyén co d6 phirc tap thap
nhét do cu trac don gian va dua trén thong tin CSI udc lugng tir tin hiéu huén luyén.
Tuy nhién, vu diém nay phai danh doi bang chi phi huin luyén va suy giam hiéu qua
phd.

Nguoc lai, b tach song SD dat hi¢u nang gﬁn ML nhung c6 d0 phtc tap tang
nhanh theo Q va béc diéu ché, khién né khong kha thi cho cac hé thong MIMO 16n. Bo
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tach song A-CML dat dugc sy can bang t6t gitta 6 phirc tap va hiéu ning, phu hop véi

muc tiéu thiét ké caa luan van.
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Hinh 3.1. P phirc tap ciia cic bd do A-CML, huén luyén, ban mu va SD
dwoge dé xuit nhw cac ham ciia Q khi tach séng OSTBC ty 1¢ 1/2 trong hé thong
(8, 4). Bd tach A-CML dwoc dé xuét ap dung véi chom sao 64-QAM da dwoc sira
ddi, cac bd tach séng khac sit dung chom sao 64-QAM thong thwong.

Hinh 3.1 thé hién két qua mo phong dd phuc tap tinh toan cho céc thuat toan da
mo ta trong kich ban Muc 3.1. Két qua mé phong trong hinh Hinh 3.1 cho thay rang, bo
tach song hudn luyén thé hién do phirc tap thap nhat, bo tach song A-CML dé xuat c6
dd phuec tap tinh todn tuong tu bd tach song ban mu. DS phurc tap cua bd tach song SD
c6 do phtrc tap 16n nhat va ting dang ké khi O ting. Diéu nay hoan toan trai nguoc véi
ba bo do con lai, v6i d6 phuc tap gin nhu khéng dbi. Vi du, tai O = 20,
Cyp, = 6.68x10° flops, Coemip = 5.45x10* flops, C,,~5.18x10" flops va

CT

i

» ~3.77x10*flops; trong khi tai Q = 40, C,,, ~1.36x10°flops, C,,;, ~5.31x10"
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flops, C,, ~5.18x10" flops va C,,, ~3.68x10’ flops.

3.2.2. Phan tich pham chit BER trong h¢ thong (6,2)

Truong hop 1: Thuc hién mé phong va tinh toan pham chit BER cua OSTBC ty
1¢ 1/2 trong hé thong MIMO 6 anten phat 2 anten thu, duoc tach song boi A-CML dé
xuét va cac bd tach song mu va ban mu hién cé. Cac ky hiéu dugc truyén duoc léy tur
cac chom sao 16-QAM thong thudng va cac chom sao 16-QAM cai tién voi a = 0,5 va
do dai khung: Q = 12.

Trong cau hinh (6,2) véi diéu ché 16-QAM, két qua md phong BER dugc trinh
bay trong Hinh 3.2 cho thay bo tach song A-CML vuot trdi so v6i cac bo tach song huin
luyén va ban mu. Viéc st dung chom sao cai tién giip A-CML hoi tu nhanh va tranh
cac nghiém mo ho thudng gip trong tach sdng mu.

Khoang cach SNR giita A-CML va b tach song huan luyén phan anh loi ich cta
viéc loai bo ky hiéu huin luyén, tir 6 ting toc d6 dir liéu hiru hiéu. Diéu nay dic biét

quan trong trong cac hé thong yéu cau thong luong cao.

10° . . . ‘
: —*—Trained
—a— Semi-Blind, Ni =15
; —&—ML with CSI
1071 £ —#—ML with CSI, a = 0.5
: ——A-CML, a=0.5N =15
102 .
x
L
o
107 E
10% E __
10° : '

0 3 6 9 12 15 18
SNR (dB)
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Hinh 3.2. Phim chét BER ciia OSTBC ty 1& 1/2 trong hé théng (6, 2), dugc
tach séng béi A-CML dé xuit va cac bd tach séng mi va ban mu hién c6. Cac ky
hiéu dwge truyén dwoc 1y tir cac chom sao 16-QAM théng thudng va cac chom
sa0 16-QAM cii tién véi a = 0,5, d9 dai khung: Q = 12.
Ta c6 thé thiy rd rang rang, bo tich song A-CML cho phép hé thdng c6 thé cai

thién khoang 9% vé toc dg dir li€u so véi ca by tach song huan luyén va ban mu.

3.2.3. Phan tich pham chit BER trong h¢ thong (8,4)

Truong hop 2: Thuc hién mé phong va tinh toan pham chat BER cia OSTBC ty
1¢ 1/2 trong hé théng MIMO 8 anten phat 4 anten thu, dugc tach song boi A-CML dé
xuat va cac bd tach song mu va ban mu hién cé. Cac ky hiéu dugc truyén duoc léy tur
cac chom sao 64-QAM thong thudng va cac chom sao 64-QAM cai tién voi a = 0,4 va

do dai khung: Q = 12.

100 T T T T -
—*—NML with CSI
y —&—ML with CSI, a = 0.4
8 —a—A-CML, o = 0.4, Ni =15
10™! —#*— Trained
—%— Semi-Blind, Ni =15
102 £ .
o
L
o
102 F 5
10 E
10-5 I | Il \
0 3 6 9 12 15 18 21

SNR (dB)

Hinh 3.3. Phim chit BER ciia OSTBC ty 1& 1/2 trong hé théng (8, 4), dugc
phit hién béi A-CML dé xuit va cac bd tach séng mu va ban bu hién c¢é. Cac Ky
hi¢u truyén dwoc lay tir cac chom sao 64-QAM thong thwong va ciac chom sao 64-

QAM cii tién véi o = 0,4, dd dai khung: Q = 20.
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Két qua mé phong trong Hinh 3.3, biéu dién phim chat BER cia OSTBC ty 18
1/2 véi cac ky hiéu duoc 1ay tir 64-QAM. Trong trudng hop nay, d6 dai khung hinh Q

dugc dit bang 20. Do d6, chi phi huén luyén cho cac bd tach song huan luyén va ban
mu la % = 5% . Diéu nay ngu ¥ rang, b tach song A-CML cho phép hé thong dat duoc

sy cai thién dang ké vé téc do dir litu khoang 1,05 14n so vé&i cac bo tach song huin
luyén va ban mu.

Hon nira, hiéu suat ctia bo tach song A-CML gan bang hiéu suat ctia ctia bo tach
song ML v61 CSI hoan hao voi a = 0,4. Khoang cach SNR gitra A-CML va bd tach song
huén luyén tang 1én gan 1,25 dB, trong khi khoang cach giita A-CML va bo tach song
ban mu giam xubng con khoang 0,8 dB.

Dbi véi cau hinh (8,4) va diéu ché 64-QAM, Hinh 3.3 cho thiy thach thirc 16n
hon do bac diéu ché cao va sb anten 16n. Tuy nhién, bd tach song A-CML van duy tri
hiéu nang BER gan véi b tach song ML 1y tudng khi CSI hoan hao.

Khoang cach SNR giita A-CML va céc bo tach song khac cho thay tinh hiéu qua
ctia phuwong phap dé xuét, dac biét khi chi phi huan luyén tré nén déng ké trong cac hé
théng c6 khung truyén dai.

Két qua mo phong tir Hinh 3.1 dén Hinh 3.3 cho thay rang, bo tach song huin
luyén c6 d6 phirc tap thip nhat nhung bi suy giam pham chat BER va tdc do dit lidu.

3.2.4. Théo luén tong quat

Tir cac két qua mo phong, ¢6 thé rat ra mot s6 nhan xét quan trong:

- Bo tach séng A-CML dat duoc su can b?mg tdi wu gitra d§ phuc tap va hi¢u
nang BER.

- Viéc khong str dung ky hiéu lai gitup cai thién dang ké hiéu qua str dung phd.

- Phuong phép dé xuat dic biét phi hop cho cac hé thong MIMO 16n va bac diéu
ché cao.

Nhitng vu diém nay mo ra kha ning ing dung A-CML trong cac hé théng thong
tin khong day thé hé méi, dong thoi 1a nén tang cho cac nghién ciru mo rong trong tuong

lai, chang han nhu kénh fading chon loc tan s6 hodc hé thdng MIMO phan tan.
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3.2.5. Anh huéng ciia dd dai khung Q dén hiéu ning hé théng

Do dai khung Q 13 mot tham sb quan trong anh hudng truc tiép dén ca do phic
tap tinh toan 1an phim chit BER cua hé théng. Khi Q ting, s6 luong ky hiéu dir liéu
trong mdi khung 16n hon, gitp cai thién hiéu qua thdng ké cho céc thuét toan tach song
mu nhu A-CML. Diéu nay din dén kha ning hoi tu 6n dinh hon va giam xac suit roi
vao nghi€ém cuc bo.

Tuy nhién, dbi voi cac bd tach song huin luyén va ban mu, viée ting Q dong thoi
1am ting chi phi hudn luyén tuyét d6i, do s6 ky hiéu lai thudng ty 18 thuan véi sd anten
phat. Két qua 12 hiéu qua sir dung phd bi suy giam rd rét khi Q khong du 16n. Nguoc lai,
b tach song A-CML khong yéu cau ky hiéu 14i, nén tan dung duoc toan bo khung truyén

cho dit li¢u, ddc bi¢t hi¢u qua trong céc kich ban Q trung binh va lon.

3.2.6. Anh huéng ciia tham sb o trong chom sao cai tién

Tham s6 o dong vai tro diéu chinh mitc d6 bat d6i xing ciia chom sao cai tién
dugc su dung trong bd tach song A-CML. Khi a qué nhd, chom sao tiém can chom sao
QAM théng thudng, dan dén hién tugng mo hd pha va suy giam kha nang tich séng mu.
Nguoc lai, néu a qua 16n, khoang cach Euclid t6i thiéu giita cac diém chom sao giam,
lam BER ting trong viing SNR thap.

Céc két qua mo phong cho thiy ton tai mot gid tri o t6i wu phu thude vao bac diéu
ché va cdu hinh anten. Vi du, v6i 16-QAM trong hé thong (6,2), gié tri o= 0,5 cho hiéu
nang BER t6t nhat, trong khi voi 64-QAM va hé thong (8,4), gi tri o = 0,4 mang lai su

can bang to1 uu gitra kha nang hoi tu va khoang cach chom sao.

3.2.7. So sanh hiéu qua sir dung pho

Hiéu qua str dung phd duoc danh gia thong qua toc do dir liéu hiru hiéu, co xét
dén chi phi huan luyén. Do b tach séng A-CML khong st dung ky hiéu 141, tdc do dix
liéu dat dugc cao hon dang ké so véi cac bd tach song huin luyén va ban mu, dac bi¢t
trong cac hé théng c6 so anten phat 1n.

Trong cac kich ban md phong, A-CML cho phép cai thién téc do dir liéu tir 5%

dén hon 10% so véi cac phuong phap truyén théng. Loi thé nay cang tré nén rd rét khi
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béc diéu ché ting cao, do chi phi huin luyén chiém ty 1 16n hon trong tong tai nguyén

truyén dan.

3.2.8. Panh gia tinh 6n dinh va kha ning hi tu

Mot yéu té quan trong khéac ctia bo tach song mu 14 tinh 6n dinh va kha nang hoi
tu cua thuét toan. Céac két qua mo phong cho théy thuat toan A-CML hdi tu 6n dinh sau
s6 1an 13p hitu han (t6i da 15 1an lip), va tiéu chi dung dwa trén su trung khép khung
lién tiép gitp giam dang ké do tré xur 1y.

So véi cac thuat toan mu cb dién, A-CML it nhay cam hon voi diéu kién khoi tao
ban dau, nho viée khai thac cau trac OSTBC va chom sao cai tién. Diéu nay lam ting

tinh kha thi ciia phuong phép trong cac hé thong thyc té.

3.3. Két luan chwong

Trong chuong ndy, luan vin di trinh bay chi tiét qua trinh xay dung mo phong
va danh gia thuc nghiém cho bd tach song mu thich nghi A-CML. Thong qua cac kich
ban mo phong da dang, phuong phap dé xuat duge ching minh 1a dat hiéu ning BER
gan véi bo tach song ML 1y tuong, trong khi van duy tri dd phtic tap tinh toan thap va
hiéu qua st dung pho cao.

Nhiing két qua dat duoc trong chuong nay 14 co s quan trong dé khang dinh tinh
dung din va vu thé ctia phuong phap A-CML, dong thoi tao tién dé cho viéc mé rong
nghién ctru sang cac mo hinh kénh phirc tap ho va cic ung dung thuc tién trong cac hé

thdng thong tin khong day thé hé méi.
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KET LUAN VA KIEN NGHI

Trong dd 4n nay, tac gia da nghién ctru bai toan tach song mu cho hé théng MIMO
str dung ma khong gian—thdi gian tryc giao (OSTBC) trong diéu kién khong sir dung tin
hiéu hudn luyén va khong biét trudc thong tin kénh truyén. Thong qua viéc phén tich
céc dic tinh ciu triic cia OSTBC va nhitng han ché ciia cac phuong phap tach song mu
hién c6, dd 4n d3 1am rd nguyén nhan gdy mo hd ky hiéu va khong dinh danh kénh trong
cac OSTBC c6 kha ning xoay, dién hinh 14 md Alamouti.

Dé khic phuc cac van dé trén, d6 an da dé xuat mot phuong phap tach song mi hoan
toan dua trén thuat toan Cyclic Maximum Likelihood cai tién (A-CML), két hop véi k¥
thuat stra d6i chom sao diéu ché QAM. Viéc dich chom sao bang mot hing s thuc gitp
pha tinh d6i xtng ctia chom sao, loai bé mo ho ky hiéu va cho phép udc luong kénh ban
dau mot cach mu, tir d6 cai thién kha ndng hoi tu va do 6n dinh cta thut toan A-CML.

Céc két qua md phong cho thiy bo tach song A-CML dé xuat dat dugc hiéu ning
BER tiém c4n véi bo tach song biét kénh trong viing SNR trung binh va cao, dong thoi cai
thién hiéu suat phd so véi cac bo tach song dua trén tin hiéu huan luyén do khéng can sir
dung pilot. Piéu niy cho thiy phuong phap dé xuét dic biét phtt hop véi cac hé thong truyén
thong khong day yéu cau tiét kiém tai nguyén huan luyén va téc do dit liéu cao.

Vé mit tng dung thuc té, phuong phap tich song mu dé xuit co thé duge ap dung
cho cac hé thong MIMO trong mang di dong thé hé méi, cac hé thong truyén thong trong
moi truong kénh thay d6i cham hodc cac kich ban truyén thong c6 han ché vé tin hiéu
huan luyén, nhu mang cam bién khong day va cac hé thong truyén thong IoT. Trong céc
nghién ctru tiép theo, phuong phap c6 thé duoc mé rong cho cac chom sao diéu ché
khac, cac ma khong gian—thdi gian c¢6 téc d6 cao hon, ciling nhu duoc tdi wu hoa dé giam

d6 phirc tap tinh toan trong cac hé thong thuc té.
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PHU LUC
Phu luc A
;Rk A é/l,k

Phan bo cua %% va

17 1 A A , N ;xS Ao s 1A
Xem xét ky hiéu duoc truyén thir & trong tir ma thir ¢, tirc 1a ~*¢ . Néu cac ky hiéu
R(se,) va 3(s,)

Ris,,) va S(Sk,q)

duogc truyén tir Q c6 xac suat nhu nhau, thi cling c6 xac suat dugc truyen

nhu nhau. Gia tr1 trung binh va phuong sai cua c6 thé duogc tinh bang:

ﬂ‘J%(Av,C,q) = :us(sw) = E{m(sk,q)} = E{S(Sk,q)} =0 (A.1)
1
Tty = Oy = EUR(s, == (A.2)

Chtng minh cho cac biéu thic (A.1) va (A.2) c¢6 thé duoc trinh bay nhu sau. Dé
don gian, ta xét mot chom sao M-QAM Q, trong d6 M =2>" v4i mot sé nguyén n>1.

Vi s, €9, R(s,,) va S(sk’q) c6 thé duoc rat ra tu tap hop

la hé s6 chuan hoa, véi

L={xy(IM 1), +y(IM -3),..., £y}, trong d6 y =

2AM 1)
xac suat phan bo déu p = ——. Néu ching ta dinh nghia /= 1,2,...NM , thi céc gia tri
M
tuong g cta R(s, ) hodc (s, )co thé dugc biéu dién nhu sau:
R(s,, (D) =7 (21 =M +1). (A.3)
Gia tri trung binh cua R(s, ) duoc danh gia la:

Hys, ) :E{m(sk,q)}_\/_zm(skq(l))

Jir
_ﬁlz_;(2l—(m+l)) (A.4)

\/7]/\7 2(@;1)%_(\/]‘74_1)% _

Vi iy, ,=0,, phuong sai ciia %(s,,) dugc danh gid la:
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O-‘f{(sw) = E{(m(sk,q))z} \/_Z(m(sk q(l)))

(A.5)
4t | &, & & WM+
S S N (/7S | E e S |
Sau mét sd thao tac phire tap, chung ta c6 duoc:
2 M (M -1
O, — \/j\7 12
3 4 [NMm-p| 1
oM - M 12 2 (A.6)
Chung ta dinh nghia cac bién ngu nhién méi Zips VA Zy,,nhu sau:
1 Y
Zps =—— 2 R(s, ), (A7)
m q=1
1 Q
Z, = M—Q;d(sk,q) (A.8)

trong d6 R(s,,) va 3(s, ) la cic bién ngau nhién doc lap va c6 phan phdi dong nhit.
Str dung két qua trong (A.1) va (A.2), ta c6 thé d& dang thu dugc gia tri trung binh,
;uz” = E{ZR,k}a,uzl’k = E{Z1,k}a 9 Vé phu‘o,ng Saia O-zz Rk = E{| Rk | } O-ZM = E{| Z1,k |2} Cﬁa Z{R,k}

va z;;;, nhu sau:

1 Q
'uZR,k - ’uzl,k = ZE{ER(SIHI)} =0 (A9)
q=1
y . 1 &, ]
Or =92, = V,in ;O'm(sk_q) = m (A.10)

Tir (2.24) ta c6 thé viét lai ¢, nhu sau:

o
Crn =7+ZR,k- (A.11)

m
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Do d6, c6 thé d& dang chimg minh rang ¢, 1a mot bién ngiu nhién c6 gia tri
trung binh va phuong sai nhu sau:

B a
= A.12
¢ v (A.12)

1

2

o, =

=30, (A.13)

Theo Dinh ly Gidi han Trung tdm (CLT), khi d¢ dai khung Q du 16n, &, gin

£ 2 [ \ a \ . 1 ,
nhu tuén theo phan phoi chuén véi trung binh ¢, = —, va phuong sai 0'2 = -, trc

m m

1a &y ~ N ,ug,aj) , vOi ham mat d6 xac suét (pdf) dugc dinh nghia boi:

2
(z) L exp| - 1| 224 A.14
z)= —= ,

P 0'4\/27r P 2{ o, ( )

Tuong tu, tir (2.25) suy ra ¢, ~ N (4,,07).

Phu luc B
Chung ta thay rang, ddi v6i phan phdi chuin ¢ i~ N (,ug,aé). , khodng tin cay
(CI) cho gia tri trung binh dugc dinh nghia la:
Cl=[p, —x,0,, 4, +x,0,], (B.1)
trong d6 x, xac dinh diém cét cho muc d tin cady p,voi 0< p<1. Péco ¢ x>0 v6i xac

sut p, ta phai tim a sao cho gidi han duéi cua khoang tin ciy p trong (B.1) 16n hon 0,

nghia la:
H=K,0,>0 (B.2)

Thay 4, trong (A.12) va o, trong (A.13) vao (B.2), ta dugc:

K
— B.3
v 720 ®3)

Cuoi cung, chung ta co:
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\/@ (B.4)
Tuong tu, dé c¢6 ¢ re <0 V6 xéc sut p, ta phai tim a sao cho gidi han trén cua
khoang tin cay p trong (B.1) nhé hon 0, tic la:
H +x,0, <0 (B.5)
Cubi cung ta co:

Ky

0 (B.6)

. . , K e
Nhin chung, a nén dugc chon sao cho |« |> ¢, , trong d0 o, = —2= 1a giéi han

20

o< -—

dudi ciia |af, dé tao ra | £, [> 0 véi mirc d9 tin cay p.
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