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Gidl THIEU 

Cac he tfaSng feong tin thuy am ngay cane 
dirge phat trien dap iing nhu c5u truydn so 
Iicu toe do cao. Ky thuat truyen din da ang-
ten MIMO (Multiple hiput Multiple Output) 
sft dung ghep kenh phin chia tSn s6 true giao 
OFDM (Orthogonal Frequency Division 
Multiplexing) hien dang dugc nghien cuu iing 
dyng cho cac he th6ng tfaong tin vo tuyen va 
ca cac he th6ng thong tin thuy am, cho phep 
be thong dat dung lugng cao tren kenh pha-
dinh chgn Igc theo t in so. Tuy nhien, do kenh 
thuy am co dac tinh bi^n d6i nhanh theo thai 
gian, trai t r i da duong ldn, chin tac dgng ciia 
hi?u img Doppler nen se gay nen nhieu lien 
symbol ISI (Inter-Symbol Interference) va 
nhieu hen kenh ICI (hler-Channel 
Intereference). Viec triet nhieu ISI co thg thuc 
hien dugc nha sii dung giai phap chen tidp 
dau tuan hoan CP (Cyclic PreGx) voi dg dai 
f*u hgp voi b|ic ciia kenh truyen. Trong khi 
do hieu ling Doppler lam mit tinh true giao 
giua cac song mang con sinh ra nhilu ICI va 
hien tugng san loi nen doi hoi phai co mgt 
giw phap tri?t nhieu hieu qua. E>6i vm he 
ftoog MIMO-OFDM bg tach tin hieu pha'i 
lhuc hien ddng thoi 2 chiic nang la trie! nhilu 
ICI giua cac ang-ten phat va nhieu ICI do mil 
tinh true gjao giiia cac song mang con. 
Mgt so ket qua nghien ciiu truoc day v^ bg 
ti6c lugng va nen Doppler tren kenh thiiy am, 
nhu la sit dung LFM (Linear Frequency 
Modulation) truac va sau moi nhom dii iieu 
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de UOC Itrgng su thay doi cua dang song nha 
do UOC lugng dugc do dich tin s6 Doppler 
[1]. Phuang phap nay can phai luu nhom dii 
lieu vao bg dem truoc khi giai dieu che, dilu 
nay khong dap iing dugc yen ciu voi cac he 
thong Ihong tin thiiy am thoi gian thuc. Them 
chuoi huin luyen vao giiia tin hieu d l uoc 
Iugng true tiep do dich Doppler ciing dat 
dugc kit qua t i t [5], [3]. Tuy nhien, them 
chuoi huan luyen se tieu phi cong suit truyin 
dan, giam t ic do truyin dii lieu, va lam tang 
do phlic tap cho xii ly a may thu. Mgt giai 
phap dirge de xuit trong [4] su dung cho he 
thong OFDM tren kenh vo tuyin di dgng. 
Giai phap sii dung mgt bo san bing MMSE 
(Minimum Mean Square Error) kit hgp vai 
phuang phap triet JCI theo nhom cho pham 
chat he thong tot. 

Trong bai bao nay, chiing toi dua tren phuang 
phap triet ICI theo nhom cho he thing OFDM 
[4], he thing MIMO-OFDM M^ x M^ anten, 
K song mang dugc coi nhu he thing MIMO 
{M^xK)x{M^xK). Cac ky thuat triet 
xuyen nhilu cho he thing MIMO duoc sii 
dyng de Uiet ICI. Giai phip MMSE-SIC lhuc 
hien triet dong thai xuyen nhieu Iren kenh 
MIMO va nhieu xuyen _s6ng mang do Irai 
Doppler Uen mien tan s l , luong tu nhu ky 
thuat V-BLAST (Vertical Bell-Labs Layered 
Space-Time) tren mien thoi gian cho he thine 
MIMO. Giai phap MMSE-SIC cai thien dang 
ke pham chat cua he thing tren kenh thuy am 
bien doi theo thoi gian. 
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Hinb 1. Sadd khoi hf thing MIMO-OFDM cd bd tdch MMSE-SIC 
MO HiNH HE THONG MIMO-OFDM 

So do kh6i he thong MIMO-OFDM c6 M 

anten phat va M^ anten thu nhu tren Hinh I. 

ChuSi iu lieu phat [B[k)\ dugc diju ch6 

thanh cac symbol phiic {S{A:)}M-PSK hoac 

M-QAM. Chuai symbol {S(k)} di qua bo 

ghep kenh khong gian dugc chia thanh M 

lutag dgc lap. X^, p = {l ^ M,} biSu diln 

luong dtt lieu thu p sau khi di qua bp biln 

doi noi tiep/song song (S/P: serial/parallel): 

^-=[^,M.^.w.-.^,{jf-i)r (12) 
trong do X^(k) la symbol thong tin dugc phat 

tren song mang thii * 4 lu6ng thft p , if 14 s6 

dita biln ddi IDFT. Chu ky moi symbol 

OFDM Xfi) la r . Sau khi biln d6i IDFT, 

tin hieu tren lufing thil p co thS dugc bilu diln: 

x = F'X 

trong do P " la ma tran IFFT K; 

1 1 

(13) 

F' , 

1 ! !•(«-,) 

xK: 
1 

-•)(«-) 

(14) 

Be tranh trai tre do truyin lan da duong 
khoang bao ve GI (Guard Interval) duoc chen 
vao moi symbol OFDM, GI co do dai G Ion 
hon tiai tre cue dai cua kenh T 
miu dtt lieu thft n tren anteii' 
mpt symbol OFDM: 

> G. Ta CO 
lat p trong 

trong do, -<!<n<K va G mau dau « n 
{xfi),~G < r! < 0} la thinh phin tilp diu. 
Khi do chicu dai mdi symbol OFDM li 
r = (G + K)T. Sau do, cac symbol OKDM 
dupc truyin qua kenh thuy am biln dai theo 
thoi gian. Gia thilt kenh truyin 14 k«nh pha-' 
dinh CO phan bo dpc l̂ p va gilng nhau v6id$i 
•r̂  ^„„ ={L- 1)T . Kenh truyin dugc H16' 
hinh gom cac tia til co khoang each giija cas 
tia tre 14 T , cac he so kinh biln doi thep thgi 
gian h^^(n), mo hinh kenh roi rac: ' 

''„(") = £'',,.('.'•)«(»-<) (16) 

trong do, S(.) 14 him xung Dirac. Tin hiJn 

thu duoc tren anten ?, ! = {l -f Af^) tfu thtli 
diem n: 

';(") = EE*„ft")i (n -0 + z,(n), 

(17) 
trong do \^(l,n)lk tang ich dutag truyJn 
thft I giiia anten phat p v4 anten thu 5 t?i 
thoi dilm n, 2 (n) la tap am Gauss ttSng 
cpng tmh AWON (additive white Gaussian 
noise). Sau khi loai bo alp diu, thuc hien 
bien doi FFT tren tin hi|u thu dupc 
{'•,('i),0<B<.flr-l}, symbol thu dugc* 
anten q va s6ng mang thft k dugc bilu diln 
nhu cong thftc (6) duoi day. Trong do Z (it) 
la biln d6i DFT cua tap lm, «;..(t) ,4 ^ j ^ 
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mtn DFT cua kenh thfty am biln 46i theo thgi 

«.<*) = £ fEar (0 )e - " -^ ' ' l x (« : ) 

p=i 11=0 " 
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•' +£EE^,"(*-"»)^,(™)e""-l'"|(6) 

(18) 

+ 2(*) 

ff" {k) dugc xac dinh bgi: 

!ff,"'(*) = EA„(U)e-""*/' 

Min kSnh dugc gi4 thilt la khong biln dli 
Irong mat chu ky symbol, thi khong co ICI tft 
cic song mang con lan cJn, tin hieu thu dugc 
kiiong CO nhilu xuyta kenh. Tuy nhien, trong 
hau het cac tnitag hgp kenh co trai Doppler 

! gia thiet nay 14 khong dung. Do do, ICI phil 
} dugc tript trugc khi tin hieu dugc tach 
i (detecUon). Tin hieu thu dugc tren M, anten 

efi the dugc bilu diln g dang ma tran: 
R = XX + Z, (19, 

yi fl, la tin hieu thu dugc tren anten g: 

"."KW.fl.W RM-4. 
W 14 ma trSn kenh sau biln dli DFT: 

JFongdd 

H = 

H.. 
H 

if,, 

a.. 

Mj-l 

(20) 

(21) 

I vdi flf^^ 14 h? sa ICI dugc dinh nghia: 

" ." =E ' f f , " ( " -™>i ' "*" ' " , (22) 

Irong do 0 < (n, m) < *r - 1 . Voi each bilu 
dien tten, ma tran kenh X luc niy co kich 
thuoc (M,xK)x(M^xK), v4 he thing 
MIMO-OFDM dupc xem nhu he thing 
MIMO CO (M, xif) anten phat vi 
(M^ X K) anten thu. 

GIAI PHAP TRIET ICI THEO MMSE-SIC 
Nguyen ly cua giai phip ttist ICI theo 
MMSE-SIC li su dung phuong phip tach tin 
hicu vong lap, trpng dp tai mli vpng lap se 
chi CO tin hieu cua mpt Idp dupc tach ra Tin 
hieu tich dugc cua mpt lop sau do duoc phin 
hoi lai de hiet tieu khoi tm hieu thu nhim loji 
ba 4nh huong cua no din qua trinh tach tin 
hiSu cua cac lop con lai, qua trinh lap duoc 
thirc hien cho den khi tich hit cic lop tin 
hieu. 0 moi vong lap, Ipp tin hieu co sai s3 
binh phuong ttung binh nho nhit (MSE ) 
dugc tich tnrcrc, MSE cua cic Igp duoc tinh 
toan tft ma tt4n kenh ttuyin. Dl giim hot dp 
phftc tap tinh toan, viec tach tin hieu ciia tung 
ldp dupc ticn hinh dua ttta phuong phap 
tuyen tinh MMSE Nguyen ly hoat dong cua 
bg tach tin hieu MMSE-SIC dugc trlnh biy 
tdm tat dugi day. 

Tiugc het, dl tach d6ng thoi cic symbol ttSn 
cac luong du lieu song song thu duoc R, ta 
cin tun bp ket hgp hiyln tinh bleu diln bing 
ma ttin ttpng so W theo chuin MMSE, Sai 
s3 binh phuong ttung binh duoc tinh nhu sau-

E Ai-r -ElX-WRl' (23) 

ttong do, (.) v4 E { . } lin lugt bilu diln 
chuyin vi Hermit va phep liy ky vong Bl 
giai (23), ta co cic gia' thilf 
E{XX'}^(II,E{ZZ'} = N„I 
E ( X Z « } = Cttong da Ci virf, lin lugt 
la cang suit tin hieu ttung binh vi phuong sai 
t̂ p am. Thuc hien khai ttiln (23), sft dung cac 
gia tten, lay djo him theo bilu thuc (23) dico 
W vit cho bieu thftc bang 0, ta nhan dugc-
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w = [dmi" -I- NA~ cl^ (24) 

Qua trinh triet xuyen nhieu noi tiep (SIC) 
dugc thirc Men nhu sau. Tai vong lap thu i , 
tinh toan sai so MSE : 

( M S E j - d i a g | 7 f t ( j f f ) ' (25) 

vai j - l , 2 , . . . , ( M j . x / r - i + l )va chpn ra 

lop CO MSE nho nhat, tuc la: 

i_, =min{MSE^,j = l , 2 , . . . , ( M ^ x j r - j + l ) | 

sau khi da xac dinh dugc lop i vai 

MSE _̂ ^̂ , bp tach tin hieu su dung phuang 

phap tach tin hilu MMSE d l tach ra tin hieu 

ling vai lop da xac dinh: 

trong da to" l i cpt thu i,^„ cua ma ttin ttpng 

sa W cua bp tich MMSE ttong cang thftc 

(24). Tiep theo, tin hieu tich dupc X, dugc 

phin hpi ve bp tach tin hipu ttiyin tinh 3e ttiet 
lieu khoi vector tin hieu thu i i p vong lap 
tach tm hieu tilp theo: 

"1 _ D(') = R''-X h (27) 

trong do /i^ la vector dugc xay dung tir cpt 

" " ' ',«. "^ ma ttan J f . Cac thao tac tach v4 
triet tieu n4y dupc Ijp lai chp din khi tin hicu 
cua tat c4 cie lulng tin hieu dugc tach xong. 
KET QUA MO PHONG 
Cic tham s l ciia he thong 
He thing MMO-OFDM ttong me phong 14 
h? thang MIMO 4x4, dllu chl BPSK. D l 
giam thoi gian mo phang, ky thuat OFDM vgi 
16 song mang. Kenh thuy im su dung cho mo 
phang 14 kenh co phan b l Rayleigh 2 duong 
CO cong suit bang nhau, mo hinh n4y dugc su 
dung frong dieu kien ttuyin song am thanh p 
vung nudc nong [2], Gi i thilt may thu v i 
may phat hoin toin d ing bo, may thu da bilt 
thang tin ve kenh. Bai bio thuc hien ma 
phong, dinh gii phim chit BER cila he thing 
vdi cac do dich tin Doppler khic nhau it Hinh 
232 

2. Vdi oftng dp djch Doppler /^T = 5 • 10" ' , 

pham chit BER cua c i c bp tach tin hi£u khac 

nhau 6 Hinh 3 . 

Ket qua md phong 

0 Hinh 2, m i y thu khong sft dung bp tti^t 

ICI, khi tang dp dich t in Dpppler, tiic 14 tang 

he sc / ^ r , thi pham chat he th6ng giim 

nhanh dp xay ra ICI tang. Trpng c i c tnrtag 

hgp, dudng BER deu nam ngang n iu cft tang 

Eb/No, tuc l i x iy ra s i n lai. 

fe=s 

-^tt.HUS 

4:1;:̂  

- - , 1 1 1 
prrrr. 

"T"' "̂  
10 11 1 » 1 > ;-

Hinh 2. Pham chdt BER h? thong v&i Idnh co 
fdTs'khac nhau. 

^—J-l • " •» 

1 - * - MI,SE.5C 

X ^ 

-

Hinh 3. Phdm chdt BER cua he tho. 
cdc bd tdch khac nhau. 

-u ditng 

Hinh 3, miy thu sft dung cic giii phap trijt 
ICI bang cich diing bp tich MMSE, ZF vi bJ 
tich de^xuit MMSE-SIC. Bp lach ZF cii 
thien pham chat h? thing khang ding kl , viii 
£ , / J V . = 2 0 d B , B E R = 1 0 - ' Bp tich 
MMSE chp phim chit tpt hon, v i MMSE-
SIC cho pham chit t i t nhit. Vgi B E R = 1 0 " ' 
MMSE-SIC cho dp Igi bing 4dB so viM 
MMSE. 
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f K t T L U A N 

Bai b i o d l xuit bp t ich tin hieu MMSE-SIC 

thwc hiSn tich d ing thoi cac lulng tin hicu 

song song cua he thing MIMO-OFDM v i 

ttift ICI x iy ra do inh huong cua Doppler 

f .Jen kSnh bien d l i theo thm gian. Bg tach cho 

f phep cai thien ph im chit cua he thing voi dp 

' phuc tjp ttrong duong bp tich MMSE. 
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