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GIAM CAN NHIEU GI(A CAC SONG MANG CON
TRONG HE THONG MIMO-OFDM BANG CAN BANG MU
MIEN TAN SO KET HOP VOI PHUONG PHAP LAP

|CI CANCELLATION IN MIMO-OFDM SYSTEM BY FREQUENCY BLIND EQUALIZER

AND REPETATION TECHNIQUE

TOM TAT

Bai béo trinh bay mot giai phap mdi dé giam can nhiéu gira cac séng mang
con trong hé thdng MIMO-OFDM. Gidi phap dugc xay dyng dua trén viéc két hop
b can bang mu mién tan s6 voi tiéu chi cuc dai héa d do tinh doc Iap tuong ho
gilta céc song mang con bang ky thuat phén tich céc thanh phan doc lap va
phuong phap I3p tuan tu dé giam can nhiéu. DAc diém clia gidi phap nay la
khoing st dung c&c tin hiéu thir & phuc vu cho viéc giam can nhiéu va do do tiét
kiém dung lugng duong truyén. Cac két qua md phdng cho thdy gidi phap dat
hiéu qua giam can nhiéu cao trong mdi truang kénh fading cham.

Tlr kh6a: Can nhiéu giira cac séng mang con, phén tich cAc thanh phan ddc
ap, 1dp gidm tuan ty

ABSTRACT

This paper proposes a solution to reduce Inter-Carrier Interference in the
MIMO-OFDM system. The solution is built from combination of frequency blind
equalizer and sequence repetition. The blind equalizer is objective to maximize the
independent metrics between subcarires by Independent Component Analysis
Technique. The solution does not use trial signals in order to reduce interference.
So, the transmission capacity is reduced. The simulation results show that this
solution is more effective for slow fading transmission environment.

Keywords: MIMO-OFDM, Inter-Carrier Interference, Independent Component
Analysis, sequence reducing repetition.
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1.GIOI THIEU

Codng nghé MIMO v6i viéc sir dung nhiéu anten & ca dau
phat va dau thu da cho phép tang dung lvgng duong
truyén [5] ma khdng can tang cong suat phat hoac tang
bang théng. Cong nghé ghép kénh phan chia theo tan s6
trwc giao cho phép truyén dir liu dong thoi trén nhitng
s6ng mang con bang hep, qua d6 giam thi€u hiéu ng
fading lva chon tan sé va fading da duong [4]. Hé qua, la
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vén dé can nhiéu giita cac ky tw vén 1a mot van dé nan giai
vé co ban duoc giai quyét [6]. Hon niva, khéc véi ki€u diéu
ché da song mang truwéc day, OFDM diéu ché tin hiéu trén
c&c sbng mang truc giao nhau nhung cho phép phé cla
chdng chom Ién nhau la mét giadi phap hiéu qua dé tan
dung phé tan. Hé thdng st dung hai cong nghé két hop
MIMO va OFDM dugc goi la hé théng MIMO-OFDM, mot hé
thong hira hen nhiéu tiém nang trong théng tin vo tuyén
hién dai. Trén thuc té, hé thong nay duoc lya chon cho
nhiéu loai hinh mang, dich vu truyén thdng vo tuyén hién
nay nhuv mang di dong 4G LTE, WiMax, truyén hinh sé mat
dat DVB-T...[7].

Bén canh nhi*rng wvu di€ém ndi bat nhv da néu trén, hé
thong MIMO-OFDM ciing dét ra nhitng thach thirc khéng
nhd. Bé dam bao truyén va nhan dir liéu mot cach chinh
xac, hé théng MIMO-OFDM doi hai tat ca cac séng mang
con phdi duy tri tinh trvc giao nghiém ngat. Tuy nhién
trong thuc té, khi truyén qua kénh vé tuyén, mdi séng
mang con chiu &nh hudng clia kénh truyén sé bi dich tan
s0, pha v tinh truc giao véi cac song mang khéc, tir d6 gay
ra can nhiéu. Can nhiéu giita cac séng mang con nhu vay
nguoitagoi laICl [1, 11].

DA c6 nhiéu giadi phap giam ICI dwgc nghién ctu, dé
Xudt va dudc &p dung trong thuc té€. N6i chung, cac giai
phéap nay cé thé duoc chia thanh hai loai nhu sau [12]:

- Loai thit nhat 1a ty giam nhiéu, tirc [a phat di liéu mot
cach du thira sao cho cac kénh con cé can nhiéu sang nhau
nhung nhitng can nhiéu nay cling lai loai trir nhau.

- Loai tht hai 1a wéc lwvgng yéu t6 gay ra ICl bang cac tin
hiéu tht, chdng han nhv nhw woc lvong do dich tan sé
séng mang, woc lwgng trdi Doppler hodc wéc lwgng anh
hwang cha phi tuyén dé tlr dé dua ra cac giai phap giam ICI.

Du la thudc loai nao thi nhitng giai phap nay déu cé
mot dac diém chung la phai st dung mot phan dung lvong
dudong truyén dé phuc vu cho viéc giam ICI.

Trong bai bao nay, tc gid mong mudén dé xuat mot giai
phap méi nham giai quyét bai toan giam ICI trong hé théng
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MIMO-OFDM sao cho khéng lam tiéu tén thém dung luvong
dwong truyén, nang cao hiéu qua truyén thdng vo tuyén.
Xudt phat tir viéc can nhiéu gilra cac séng mang con da
lam cho tin hiéu tai cac séng mang con dé mat di tinh doc
lap twong hd véi nhau nhu ban dau ching von co, bai bao
dé xudt y tudng giai phap can bang mu mién tan s6 dua
trén tiéu chi cuc dai hoa tinh doc 1ap clia cac tin hiéu tai cac
séng mang con. Nham hién thyc héa y twdng, bai bao da
xay dyng may thu MIMO-OFDM véi can bang mu dya trén
ky thuat phan tich cac thanh phan doc 1ap (ICA) [2] va két
hop bd can bang nay vai phuong phap 1ap giam can nhiéu.
Dé xay dung may thu co can bang dua trén ICA, bai bao da
ké thira va phat trién tlr may thu MIMO dua trén ICA dugc
dé xudt trong [14]. Bang cach xay dwng can bang dua trén
ICA cho mdt sdng mang con tham chiéu va can bang MMSE
cho céc séng mang con khéc, hé thong MIMO-OFDM sé ¢6
mot bd can bang mu mién tan s6 va tir do, két hop voi
phuwong phap lap dé giai quyét bai toan giam ICI ma khéng
lam tiéu ton dung lvong dwdng truyén,
2. XAY DUNG MO HINH MAY THU MIMO-OFDM CO CAN
BANG MU MIEN TAN SO DUA TREN ICA

2.1. May thu MIMO ¢6 can bang dua trén ICA
Theo [14], hé thng MIMO khéng day véi M, anten phat
va M, anten thu dwgc mé ta tai hinh 1.
s, (n.p) x(n.p)

A A

L

d(n.p)| TN A DICH f(g GNIéI
— Hl\g?\ s, (n,p) > PHA > | g -
3(n.p) d(n,p)
s(n.p) d(n,p)
>
CAN BANG ICA QUYET
%y (np) PINH d(np)

Hinh 1. M6 hinh hé thang MIMO véi méy thu ¢6 can bang dua trén ICA

Dong di lieu ndi ti€p duwoc chia vao M, dong dir liéu
song song, dit liéu duoc diéu ché QPSK va dugc t6 chiic
duéi dang cac khung gbm N, ky tw dé truyén di. Bap (ng
xung cda kénh gitt khong doi trong khoang thoi gian clia
mot khung va thay doi tir khung nay sang khung khac. Cac
ky tw thu dugc I&;

x(n,p)z[xl(n,p),x2 (N,p),- Xy, (n,p)]T (1)

Trong dé, x(n,p) la tin hiéu thu duwoc tai thoi diém thi n

claky ty thi ptai antenthuthvrjjp=1,2,,N;j=1,2,.., M.
Ta c6 phuong trinh ctia hé théng nhu sau:
x(n,p)=h(n)s(n,p)+n(n,p)

h, (1) hy(l) hyy, (1) s,(n.p) @
= : : : : |+n(n,p)
hM,,l(I) by, 2 (1) By, (1) Sw, (n.p)

Trong do, s(n,p) cé kich thuwée M, x N, va x(n,p) ¢ kich
thuéc M, x N, la céc tin hiéu phtic bang g6c twong duong,

h(n) cé kich thuéc M, x N, la dap r’ng xung cutia kénh fading
phang. C4c phan ti ctia h(n) cé gia tri phic c6 phan phéi la
i.id. n(n,p) cé kich thudc 1a M, x N, la nhiéu cdng Gauss

tréng c6 gia tri trung binh 0 va phuong sai la %anz .

Di¥ liéu gdc trude khi phat di s& dugc tién ma héa bang
cach thém vao mot di¥ liéu tham chi€u nhu sau:

p)= J;?[d(n,pﬁadref (n.p)] ©)

Trong do6, d.{n,p) la dit liéu tham chi€éu ma ca bén phat
va bén thu déu da duoc biét trwdce. DI liéu tham chiéu nay
duoc Iya chon mdt cach ngau nhién, co kich thrdc va cau
trac giébng nhu dit liéu ngudn, cac thanh phan clia d«(n,p) la
doc 1ap véi nhau; a 1a mot hang sé tién ma hoavéi0<a< 1.

Trong md hinh may thu MIMO dua trén ICA dugc trinh
bay tai hinh 1, ngoai cac khéi gidi ma va quyét dinh, con cé
ba khdi khac 1a khéi ICA, khéi dich pha va khéi sdp xép lai.
Cac khéi nay dugc xay dyng dé thuc hién ICA va khéc phuc
cac nhugc diém cla ICA 1a nhap nhang vé tinh hoan vi va
nhap nhang vé nhan vé huéng. Hoat ddng ca cac khdi nay
duwoc mo ta nhu sau:

Khéi ICA

Khai ICA thuc hién tach dir liéu goc tir mot tron tuyén
tinh dya trén so6 liéu thong ké clia cac ky tv thu nhan duoc.
Dé lam duwoc diéu nay khi khong biét thong tin trang thai
cla kénh thi can phai dap (rng dugc cac gia dinh sau day:

1. Céc di¥ liéu ngudn phai doc lap thong ke.

2. Di¥ liéu ngudn phai cé phan phdi phi Gauss (ttc la
khong c6 phan phoi Gauss).

3. Dit liéu ngudn ¢ trung binh bang 0.

4. 56 anten thu phai Ion hon ho#c bang s6 anten phat.

DPé thuc hién tach tron, trwdc hét vecto tin hiéu thu
duoc x(n,p) can dugc lam trdng dé nhan duoc mot vecto
méi 1a y(n,p) ma cac thanh phan cla né l1a khdng twrong
guan v@i nhau.

y(np)=V(n)x(n.p) @
(

Trong d6, V(n) la ma tran lam trang. Sao cho:
E{y(n.p)y" (n.p)f =l (5)
Trong do, ly, la ma tran don vi kich thuéc M, x M,

Mot cach thuong dugc dung dé tim ma tran lam tréng
V(n) [8] |a thwc hién phén ra tri riéng trén ma tran ty twong
quan clia x(n,p) la R (n).

R, (n)= IfiE}{x(n,p)x“ (n,p)}
Khi do, V(n) dugc xac dinh nhu sau:;
V(n)=E(n)D(n) "*E(n)' (6)

Trong d6, E(n) la ma trdn cla cac vecto riéng
(eigenvector) va D(n) la ma tran dudng chéo cla cac tri
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rieng clia R, (n). Tin hiéu thu dwgc sau khi dd dwgc lam
tring sé& duoc dwa dén bo tach cac thanh phan doc lap dé
nhan duoc véc lvgng cda tin hiéu da phat di:

§(n,p)=W(n)y(n,p)=W(n)V(n)s(n,p) @)

Tuy nhién, do tinh chat nhap nhdng ctia ICA, §(n,p) c6
thé co thi tv va pha khéc véi tin hiéu phat s(n,p) ban dau.
Diéu nay c6 thé biéu dién bang biéu thic sau:

§(n,p)=D(n)P(n)s(n,p) (8)

Trong d6, ma tran dwong chéo D(n) thé hién cho su
nhap nhing vé pha va ma tran P(n) thé hién cho sy nhap
nhang vé tinh hoan vi. Cac nhap nhang nay sé duoc xt ly
tiép bang khéi dich pha va khéi sap xép lai sau day:

Khéi dich pha

Nhap nhang vé pha co thé giai quyét bang cach quay
vecto tin hiéu §(k,p) .

a(n)

S(np)=5(np)— )
|ai (n)|

Trong do, i = 1,2,.., M, la chi s6 anten phat, o;(n) la wéc

lvgng do dich pha tai anten thi i, véi diéu ché QPSK thi
a;(n) xac dinh béi;

T

o (0)-B{(5 (n) * "

Tuy nhién, biéu thic (10) lai dwa ra mot nhap nhang vé
g6c quay pha 6 d6i véi § (n,p). DGi voi dieu ché QPSK thi
0e {0,1,3—7[,

2 2
cling véi viéc gidi quyét nhap nhang vé tinh hoan vi bang
khoi sap xép lai nhu sau:

Khéi xap xép lai

Viéc sap xép lai thir ty cac dir lieu nhan dwoc s& duoc
thwe hién bang cach tim ra mot cach sap xép m, cla M,
dong di¥ liéu ngudn (twong (ng véi M, anten) sao cho voi
cach sap xép nay thi gia tri tuyét déi clia woc luvgng tuong
guan chéo p(i,n,n) gitta cdc dong dir liéu do dwgc voi div
liéu tham la I&n nhat. Tte la:

z(k)=arg mfxﬁ:|p(i,n,;z)|

(10)

7[} . Nhap nhang nay c6 thé dugc giai quyét

(11)

Uéc lvgng cha dit liéu a(n,p) sau khi sip xép lai sé la:

4(np) =D(K)[d, y (P).--sd, ) (nP)]

Trong d6, ma tran duwdng chéo (k) dugc xac dinh béi:

D(n)=diag je’j’”“sign plinz) e/t
| (|,n,7z)|
Trong do, sign(.) la ham dau. Cudi cung, wéc lvgng mém
clia di liéu ngudn nhan duoc bang cach gidi mé:

(12)

(13)
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d,(n.p) =V1+25 (n.p) - ad,, (n.p)

Uéc lugng mém nay dugce dura toi bd quyét dinh dé nhan
duogc uoc lwgng cirng d, (n,p) cliadit liéu ngudn di(n,p).

(14)

2.2. M6 hinh may thu MIMO-OFDM c6 can béng ICA-MMSE

Duva trén md hinh hé théng MIMO [14] da néu & phan
trén, xady dung mo hinh hé théng MIMO-OFDM cé may phat
va may thu dugc trinh bay tai hinh 2.

A
—3 ps |} FFT |} CHE
N CP
s mienma| (AP
d(/“’) HOA I
s g 5 (k.p) j
—>1 ps | = FFT |} CHE
N CP
a) May phét
X (0) - )
49 SP —>| GoBOCP [ 1 BC;\[}ING > i@
ICA
Ls| Glar QUYET
MMSE MA PINH >

=
YK d(Kf1)

1 sp f—>| coBocr |
b) Méy thu

Hinh 2. Md hinh hé théng MIMO-OFDM v6i ¢&n bang ICA-MMSE

Tai phan may phat, chon di liéu tai mt sbng mang con
nao do (trong hinh 2 da chon k, = 0) lam dit liéu tham chiéu,
ky hiéu song mang con do la k.. Ky hiéu d(pK + k) la vecto
tin hiéu nguon tai séng mang con tht k va dwgc dinh nghia
nhu sau:

:
d(pK +k) =[ d, (pK +k),d, (pK +k),....d,, (PK+k) ]| (15)
Trong do, d;(pK + k) la tin hiéu nguén cta ky ty thi p tai

séng mang con thit k & anten thv i.

Tin hiéu ngudn nay sé& duoc tién ma héa dé tao thanh
tin hiéu phat di tucmg tw nhu (3) nhu sau;

J_

Trong do: S{(pK + k) la tin hiéu phét tai séng mang con
thir k (k # k) ctia ky t OFDM th( p tai anten thit i, k, l1a séng
mang con tham chiéu, a 1a hdng s6 titn mahéavoio<a<1.

Luu y rang, riéng tin hiéu ngudn tai sbng mang con
tham chiéu khdng duwgc tien ma hoa, tie la;

S (PK+k, ) =d. (pK+k,)
Tai phan may thu, chi gitr lai mdt bd can bang ICA cho

séng mang con tham chiéu k, con d6i véi cac séng mang
con khéc, st dung can bang MMSE dé tach tron cac tin

S, (PK +k)=—=[d, (pK +k)+ad, (pK +k, )] (16)
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hiéu. Bai bao sé chirng minh rang mé hinh nay sé& tach tron
duwoc tin hiéu mot cach chinh xac tat ca cac séng mang con.
Chung ta sé lan lugt xem xét lan lugt cac thanh phan cuia
mé hinh nay nhu sau:

Bo can bang ICA
B6 can bang ICA cho séng mang con tham chiéu k, cling
twong tw nhu bd can bang ICA clia may thu MIMO [14] d&
néu & trén va duoc trinh bay tai hinh 3.
X (pK +k,)

Dich Sép xép
pha lai

H >
—

ICA

S( pK+k.)

S(pK+k)  S(pK +k)

X, (pK+k)

Hinh 3. B c&n bang ICA cho song mang con tham chiéu k.

Pau tién, lam trang vecto tin hiéu X(pK + k) bang ma
tran lam trang V(pK + k) dé nhan duoc mot vecto mai 1a
Y(pK + k) ma cac thanh phan ctia né la khéng tvong quan
V@i nhau:

Y (pK +k) = V(pK +k)X(pK +k) 17)

Buéc ti€p theo tim ma tran tryc giao G(pK + k) sao cho
ma tran tach dé tach tron W(pK +k) = G(pK +k)V(pK +k)
6 thé tach tron céc tin hiéu:

S(pK+k) =W (pK+K) X (pK +K) (18)

Vecto tin hiéu §(pK +k) sé tiép tuc duoc x Iy cac nhap
nhang vé pha va tinh hoan vi nhu trong [14] d€ nhan duoc
wéc lwgng tin hiéu phat S(pK+k, ), d6 cling chinh 1a tin
hiéu géc tai séng mang con d(pK+k, ) vi tai séng mang
con tham chiéu, tin hiéu géc khéng dwoc tién ma hoa.

B0 can bang MMSE

M6 hinh may thu c6 can bang ICA-MMSE tai hinh 2 duoc
vé lai duti dang so do khéi nhw hinh 4.

Cac ma tran tach tin hiéu W(pK + k) d6i véi cac song
mang con k khac véi séng mang con tham chiéu
ke{0,1..K-1\k, s&xac dinh bang MMSE c6 si dung ciu
tric tvong quan tin hiéu nhu dé trinh bay tai (16).

X(pK +k,.) S(pK +k,)
CAN BANG ICA »

v Gidi ma

d(pK +k)

—

ke{o,l,...K -1}

I > MMSE
X(pK+k)  ke{0l.K-1]\R

I

g(pl\#/;)

Hinh 4. So dd kh6i méy thu MIMO-OFDM c6 can béng ICA-MMSE

So dd bd can bang MMSE [3] cho séng mang con k dwoc
trinh bay tai hinh 5.

S(k) ‘EB e=S(k)-S(k)

+

S(k)= ;/(/(.l')\V:'(/\')X(r)

X(r)

o W

Hinh 5. So d6 MMSE cho séng mang con
Khi ma tran can bang ctia khdi MMSE 1a W(pK + k) thi
wéc lugng S(pK +k) clia S(pK + K) duoc xéac dinh boi:

S(pK +k) =W (pK+k)X (pK +k) (19)
Dinh nghfa vecto 16i tai séng mang con k nhu sau:
e(pK +k)=S(pK +k)— BS(pK +k) (20)

Phuong phap MMSE [3] latim W, (PK +k) sao cho:
. ~ ~ 2
Woee(PK k) =arg min E{|S(pK +k) - A3(pK +k,) } (21)

Khi d6, W,z (PK+K) duoc xac dinh nhu sau:

WMMSE (pK + k) = /BR:s (k> kr)R;(;( (k)

Trong d6, R,,(k) la ma tran tu twong quan clia X(pK + k)
va R (k, k;) 1a ma trén twong quan chéo gilra X(pK + k) va

S(pK+k, ), B la mot hing s6 s& duoc d& cap dén sau day:
Ry (k) = B{X(PK+K) (X (K +K))"}

Rys (kok, ) = IE}{X(pK+k)(§(pK+kr))H}

Sau day,bai bao ching minh rang can bang MMSE cho
séng mang con k ¢6 ma tran can bang dvoc xac dinh tai
(22) sé tach tron duoc tin hiéu tai song mang con thit k voi
cung thi ty va pha nhr séng mang con tham chiéu k, néu
nhu hang s6 B duoc lwa chon mot cach phu hop.

V1+a?

B= trong d6 a duwgc tinh ti
a

(22)

(23)

Néu chon

(24)

Wpise (pK + k)X(pK +k) = S(pK + k)W(pK +k,) l, (25)

Diéu nay c6 nghia rang bd can bang MMSE cho s6ng
mang con thit k sé tach tron dugc tin hiéu véi thi ty va pha
giéng nhu tai séng mang con tham chiéu k..

Nhu vay md hinh véi mot bd can bang ICA cho séng
mang con tham chiéu va cac bd can bang MMSE cho cac
s6ng mang con con lai ddm bao tach tron tin hiéu tai tat ca
cac sng mang con v@i cung mot thi ty va do dich pha.

Giaima

Sau khi tach tron, wéc lwogng mém é(pK+k) s duwoc
giai ma dé nhan d(pK +k) dugc xéc dinh béi:

d, (pK +k) =+1+a’S, (pK +k)—aS, (pK +k, ) (26)

Liru y rang di¥ liéu tai séng mang con tham chiéu khéng
duoc tien ma hoa, tire la:
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d (pK+k, ) =S, (pK +k,)

d(pK +k) sau dé duoc dua qua bd quyét dinh dé nhan
duoc wéc lugng ciing a(pK +k) duoc dinh nghfa boi:

d(pK+k) =[ d, (pK +k),d, (pK +K),....dy, (PK+K)| (27)

v6i d (pK+k) duoc xéc dinh béi:

d, (pK +k) = Q[ d, (PK +k) et |

Trong do6, Q[.] la ham wéc lwgng cirng clia dit liéu.
3. GIAM ICI BANG MAY THU DUA TREN CAN BANG ICA-
MMSE KET HOP VOl PHUONG PHAP LAP

Nhu vay, sau phan trén da xay dung duoc mo hinh hé
théng MIMO-OFDM c6 may thu dva trén can bang ICA-
MMSE. Tiép theo, sit dung két hop céac bd can bang nay voi
phuong phéap 13p [10] dé giam ICl. Y twdng cha phuong
phap 13p nham giam ICI dwoc dé xudt béi [10] la cac quyét
dinh vé tin hiéu trén cac song mang con dugc cai thién mot
cach lap di 1ap lai. Nhitng céi thién nay dwgc thyc hién tw
viéc xac dinh va trir di sy can nhiéu cla tit ca cac song
mang con khac, dva trén cac quyét dinh cta lan Iap lai
truéc do. O day, c6 thé phan biét hai loai giam ICI dva trén
phuong phép lap la: gidm song song (PIC) va giam tuan tw
(SIC) tuy thudc vao cach thirc ma cac quyét dinh tin hiéu tai
cac song mang con dugc thyc hién.

Viéc két hop gitra can bang ICA-MMSE voi phuong phap
phap lap dugc trinh bay tai hinh 6 va dwgc mé ta nhu sau:

Voi mdi song mang con k, bang can bang ICA-MMSE,
chling ta cé duoc wéc lvgng ban dau cla dir liéu phat nhw
da trinh bay & trén, ky hiéu uéc luong nay 1a d (k).

(28)

véi d'¥ (pK +k) da wéc lugng duorc, tir (16) chling ta s&
c6 woc luong S (pK +k) . Gia thiét réng kénh khong thay
déi trong khoang thoi gian truyén N, ky tw. Tl cac woc
luong S"Y(pK+k), tién hanh xay dung khéi dit ligu
S (k) c6 N, ky tu. Tvong Gng véi N, ky ty phat nay ta c6
N, ky tu thu duoc, ky higu la X(k).

X (k)= [ X (K), X (K+K),.. X ((N, = 1)K +K)|

a(m(k) U'6c luong kénh _’a“-l)(/\')é I 11

ﬁ(/)(k) A
a® (k) 1=1,..., L
Giam tuan tu >

X(k

Hinh 6. Giam ICI bang may thu ICA-MMSE két hop 13p tuan ty
Uéc lugng kénh theo phuwong phap binh phuong t6i
thiéu nhu sau [13]:

A (k) =X (k)5 (k)|

(29)
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) s . ; 5
Trong do, [S (k)] la nghich ddo Moore-Penrose clia
S (k) va dugc xac dinh béi:

5] <[5 0] f8 0[5 ]|

St dung wéc lvgng kénh nay, & cé dugc uéc lvgng mém
nhu sau:

80 (pk-+k)=[ 0 ()| X(pK +K)

Trong d6, g (k) 1a vecto can béng clia MMSE déi voi

(30)

(31)

dong di¥ liéu tht i i€{12...M,} tai vong Idp thi | duoc
xac dinh nhu sau:

o (<) =[R" ()] 'h (6

Trong d6, h{” (k) la ky hiéu ctia cot thiri ctia HY (k) va

(32)

R” (k) Ia ma tran tu trong quan cda bo tron thu duoc xéc
dinh béi:

R (k)= {Z ! (k)(h" (k))H} +oll, (33)
Tht tv trich tir bé nhat téi lén nhat MSE:
MSE! (k) =1 (" (k)[R (k)] "h (k) (34)

Cudi cung, di¥ liéu duoc giai ma theo (26) dé nhan duoc
wéc luong mém d (pK +k).

Uéc lwgng mém nay duoc dwa téi bd quyét dinh dé thu
dugc wéc lvgng cing:

d"(pK +k) = Q [a§'> (PK + k)]

Trong do, Q[] la ham wéc lwgng cing. Trwdce khi thyc
hién I4p ti€p theo, phan can nhiéu ICI dugc trir di tir tin hiéu
thu tai mbi séng mang con:

X(pK +k) = X(pK +k)—h{"S" (pK +k) (36)

M hinh téng thé hé théng MIMO-OFDM c6 can béng

mién tan s6 két hop véi lap gidm tuan ty ICI dugc trinh bay
tai hinh 7.

tm%

(35)

cosoce LS T

N CAN BANG DUA TREN ICA-MMSE

a (k)

UGC LUONG KENH
2
—> ps | comoce 2 FFT a")(k)

Giam can nhidu
tuan tu

LAP GIAM TUAN TV

Hinh 7. M hinh tng thé clia gidi phap giam ICI d& xuat
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4. KET QUA MO PHONG

Mot kich ban md phéng dugc xay dyng nham danh gia
hiéu qua cua giai phap trong truong hop ICI sinh ra do dich
tan s6 séng mang gitta bén phat va bén thu. Trong kich ban
nay, mé phong duoc thuc hién nhdm phan tich danh gia ty
& 16i bit (BER) theo ty Ié tin hiéu trén nhiéu (SNR) v&i nhitng
do dich tan s6 chudn hoa khac nhau lae =0,15vae=0,3 va
v6i hai phrong phap diéu ché la BPSK va QPSK. Két qua mo
phéng ciing dugc so sanh véi két qua cla giai phap “Tw
gidm can nhiéu”, 1a mot trong nhitng giai phap phd bién
nhat hién nay, da dwgc trinh bay tai [9].

Cac tham s6 mo6 phang duoc trinh bay tai bang 1.

Bang 1. BY tham s6 md phdng giai phap giam ICI béng can bang mu mién
tan s6 két hop Ip giam can nhiéu

56 s6ng mang con K=64

D dai CP Ke=12
Phurong phap diéu ché BPSK hodc QPSK
Kénh Rayleigh

g daikénh L=5
S6ng mang con tham chiéu k=0
Héng s0 tién ma hoa a=06

56 anten phat M,=2

S0 anten thu M, =2
Chiu dai khdi ky tu N, =200

K&t quéa phan tich BER theo SNR cho thdy rang néu chi
st dung can bang ICA-MMSE ma khodng két hop véi 1ap
gidm ICI tuan tv hodc c6 két hgp nhung véi s6 vong lap it
(nhé hon hodc bang 2) thi hiéu qua gidm can nhiéu kém so
VvGi gidi phap “Tw gidam nhiéu” (Self Cancellation-SC). Tuy
nhién, néu thyc hién gidi phap voi s6 vong lap thich hgp
(cu thé & day 1a 4 vong I3p) thi hiéu qua giam can nhiéu clia
giai phap da tré nén tét hon so vai SC. Can luu y rang, trong
khi SC tiéu tdn rat nhiéu dung lvong duong truyén [14] dé
phuc vu gidm can nhiéu thi giai phap dé xuét dya trén
phéan tach mu céc thanh phan doc lap hau nhu khéng lam
anh huong dén dung lvong dwong truyén. Mac du giai
phéap doi hoi phai thuc hién khéi lwvgng tinh toan I&n hon
nhiéu so véi SC (dac biét la khi sd lvgng cac vong lap tang
Ién) nhung voi tée do tinh toan clia cac may tinh hién nay,
diéu nay khong phai la mot tré ngai lon.

Self Cancellacion
ICA-MMSE
—— =2

—o— =4

o é 1‘0 15
SNR(dB)
_Hinh 8. BER theo SNR cla giai phap dé xudt va giai phap “Tu gidm can
nhiéu” khi d dich tan s6 chudn héa € = 0,15 va diéu ché BPSK

100
1071
1072
(14
L
m
- \
104 & Self Cancellacion
ICA-MMSE
—%— =2
1=4
1078 '
o 5 10 15

SNR(dB)

Hinh 9. BER theo SNR clia giai phap d& xuat va giai phap “Ty giam can
nhiéu” khi 6 dich tan s6 chuan héa € = 0,30 va diéu ché BPSK

100
1071
1072
[1'
L
o
1073
\
\\
\
104 Self Cancellacion \
ICA-MMSE \
—— |=2 N
—o—|=4
10-5 L L i L L
o 2 4 6 8 10 12 14 16 18 20

SNR(B)
_Hinh 10. BER theo SNR clia giai phap d& xudt va giai phap “Ty gidm can
nhiéu” khi dd dich tan s6 chuén hoa e = 0,15 va diéu ché QPSK

100
107"
1072 +
[1'
[IT}
o
102+
10-4 L SelfCar
ICA-MMSE
—¥— |=2
—Oo—1=4
10-5 L L L L
0 5 10 15 20 25

SNR(dB)
_Hinh 11. BER theo SNR clia gidi phap d& xudt va giai phap “Ty gidm can
nhiéu” khi dd dich tan s6 chuén hoa e = 0,30 va digu ché QPSK A
5.KET LUAN
Bai bao da dé xudt mot gidi phap gidm can nhiéu gitra
cac séng mang con ma khoéng lam tiéu ton dung lvong
duwong truyén nhr nhitng giai phap dé cé trwée day. Giai
phap duoc xay dyng dua trén can bang mu mién tan s6 két
hop l&dp gidm can nhiéu. Giai phap nay to6 ra hiéu qua dé
gidm ICI do dich tan s6 s6ng mang, la mét trong nhitng
nguyén nhan co ban gay ra hién tugng ICI trong hé théng
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MIMO-OFDM. Tuy nhién, nhwgc diém cla gidi phap nay la
khong phu hop vai moéi treong kénh bién déi nhanh va do
dé chi phl hgp véi nhitng moi treong vo tuyén di chuyén
téc dd cham (nhu Wireless LAN) ma khéng phu hgp véi méi
trwdng thdng tin di dong.
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