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Proposal of A Novel Decoding Algorithm
for V-BLAST MIMO-OFDM Systems
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Abstract: In this paper, we propose a new V-
BLAST (Vertical-Bell Labs Layered Space-Time)
decoding algorithm for MIMO-OFDM

V-BLAST trong [4] da st dung d6 loi ghép arc
dai dé xu 1y 1am ting hiéu qua bing thdng nén nang
(Multiple— cao dungtong cua b8 théng. Bong thyi V-BLAST
Input Multiple-Output-Orthogonal Frequencytrong [4] ciing c6 khd nang triét nhiéu nhy thyc hign
Division ~ Multiple-xing) systemto improve thetach cac ky hiéu (symbol) Kt hop ki thuat tuyén tinh
spectral efficiency of very high speed channels. Tha phi tuyén: treée tién trist tiéu nhéu tir cac tin hiéu
proposed algorithm considers the decision errorshua duoc tich va sau dé khir nhidu king cach st
caused by error propagation and a linear signatiung cac tin higu da duoc tach. Tuy nhién phong

detector using probabilistic
The results of calculations and simulations in terofi
SER ratio indicates  thatthe  proposed

schenbe

data associationphap nay ton tai 2 van dé can dugc cai thién:

+ Trong qua trinh giai ma, mic du cé triét nhiéu
ang cach loai tin hiéu chra dugc tach tir tin hiéu hiéu

improves the system performance significantl%udwc dé giam lan trugn I3i. Tuy nhién lan  trugn

compared to the proposed scheme in [4] (7 dB g&in
4-QAM modulation) without

SER = 10 for
increasing the complexity of computing.

l. GIOI THI EU

Cac cbngtrinh nghién @¢u [1-3] da chang té ky
thuat MIMO (Multiple-Input Multiple-Output)co thé
taing dang k& hiéu qua st dung pto cua kénh trugn
trong mdi torong truyén din da duong. Ky thuat ma

hoa khéng gian thi gian (Space-time coding) trong h

thong MIMO-OFDM c¢6 thé cai thien dang ké dung
luong kénh trugn. Thut toan khong gian thi gian
phan bp theoduong chéo D-BLAST (Diagonal-Bell
Labs Layered Space-Timéyoc dé xuét trong [1] i
Foschinilam ting @ ban mot phan dung lrong kénh
véi d6 phac tap tinh toan cao. Myt phiénban khac
BLAST c6 do phirc tap thip hon ddng thyi ciing cho
hiéu qua sir dung pto cao hon da duoc dé xuit trong

[4], [5]-

15i van ton tai trong qua trinh thyc hign hoi tiép quyét
dinh nénanh hrong dén chit luong cua ko tach tin
hiéu. Vi vay can phai bu lan truyén sai $ trudc khi
thuc hién giai ma.

+ Thyc hién trigt nhiéu don gian nhang héu ning
hé thong chra dugc cai thién nhidu vi da xu 1y cac ky
hiéu chra duoc tach nhr la tap am.

Trong [6] dd xem xét dén van dé tha nhit nhung
chwa giai quyét van dé thir hai. Ngroc lai trong [7] dé
xuit bo tach tin hiéu tuyén tinh LSD (Linear Signal
Detector) & dung Kt hop xic suit di liéu
(Probabilistic Data Associatiorp xét dén van dé thu
hai nhrng khéngdé cap dén van dé thir nhat.

Trong bai bao nay, chiing t6i dé xuat thuat toan
méi dé tach tin hiéu sr dung V-BLAST cho 1§ thong
MIMO-OFDM giai quyét 2 vin d& da néu ¢ trén.
Tru6c tién xac dinh ma thn triét tiéu theo ti€uchi
MMSE trong trong hop co xét dén cac sai $ quyét
dinh do lan trugn 13i, xac dinh thr tu tach ©i vu. Tiép
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theo xr 1y cac ky hiéu chratach va tap m »ip xi nhur
1a qua trinh Gaussté thuc hién 1am tring (whitening
filter) saudo thuc hién tach tin hiéu tuyén tinh nhr da
dé xuat trong [7].Cac két qua tinh toan va mé phong
cho thiy thuat toan dé xuat c6 kha nang khir nhiéu 6t
hon nén Kt qua SER (Symbol Error Ratiojuoc cai
thién dang k& so Wi thuat toan giai ma thdng throng,
dong thyi mirc do phic tap tinh toan ciing don gian
hon.

Bai baodugc chia lam 4muc. Muyc | gioi thiéu
nhue di trinh bay, cadc mic con hi dwoc t chec nhr
sau: nuc Il dé xuit thuat toan V-BLAST méi cho cac
hé thong MIMO-OFDM, muc Il 1a cac Kt qua tinh
toan va mé pbng, cwi cung la pln két luan trong
muc 1V va tai liéu thamkhao.

. PE XUAT THUAT TOAN V-BLAST MOl
CHO CAC HE THONG MIMO-OFDM

1. MO hinh tin hi¢u V-BLAST MIMO-OFDM

X n1

biéu Giai diéu o
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Hinh 1. So db khdi hé théng MIMO-OFDM V-
BLAST

Xét mo hinh ke théng MIMO-OFDM V-BLAST
c6 Ny antenphat va N, anten thu nin Hinh 1. Libng bit
théng tin dugc chuyn déi thanh N, ludng con song
song, ndi ludng dugc diéu ché va anh xa dén cac
antenphat twong ung. Tin hiéu thu, sau khiiai diéu
ché OFDM duoc dua dén b tach V-BLAST. Goi
vector cic ky hiegu cn truyn 1a  vector

X = [xlxz...xN‘]Tcé kich thréc N, x 1, X" 1a ky hiéu
phat trén anterphat tha n, ()" 1a toan tir chuyén vi.

Phrong saicua tin hiéu phat 1a 07 va tdng cong sk
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phat 1a khdng doi. Gia sir théng tintrang thai kénh
truyén duoc biét tai phia thu. Vectortin hiéu thuduoc
viét dudi dang ma tén:

y=Hx+n (1)

trong do, y:[yl,...,ny]Tcé kich thréc N, x 1,

n= [nl,...,an]Tcé kich thréc N, x 1 1a vectortap am

AWGN c6 trungbinh khéng, ptrong sai ling Uf.

htt i
H=[ht ke, )= '
hVL

th I\

véi h" 1a cot thir n cua ma thn kénhH kich thréc N, x
N, cac phin tr cua no gia st la thanh phin Gauss
phic phan 6 doc lap c6 phuong sai Bng don vi,
trungbinh bing khéng.

Gia st X" 1a tin hiéu ky hiéu tai may thuda duoc
tach tr 16p n theo thit toan V-BLAST. Dé don gian
chang ta gia sir raing thr ty cac quyét dinh
{)A(l)A(Z...)A(i_l} duoc thrc hién twong Gtng Wi tht ty
tach ©i uwu trong [4]. Cac ky hiéu dugc sr dung
X E[)d' x‘”...x”‘]T,H‘:" =|h'h*t.h']

s*(i—l = [5\(1)'22 )?i—l

Trong thdt toan V-BLAST thong throng, vector
ky hiéu da tach tnrgc X' chodén budc i -1 triét tiéu

tir vectortin hiéu thy do d6 vector thutai buéci la:

yi - y _ H:L'i—ls‘(i—l = Hi:NtXi +n

(2)
trong d6, chung tagia s rang tt ca cac quyét dinh
truéc d6 1a chinh xac (X" =x"khin=1,2,...,i-1).
Tai budc i, cac ky hiéu tin hiéu chra tich con lai
[Xi X x N ] duoc xem nhx 1a nhidu.

Phrong trinh (2)chi xdy ra réu cac vectorky hiéu
da tach trgec do X 'la chinh xac. Khi xét dén lan
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truyén 13i thi s& c6 cac sai 8 trong quyét dinhtach, (2)
tro thanh:

®3)

A1
yi =HiZNIXi +H].'i—1éi—l+n =H { . :|+n
X|

trong do: &7 :[el,...,e"l]T duoc dinh nghia Wi
e"=x"-X".

Khi khong xét sai $ quyét dinh thi ma tén triét
tiéu theo tiéu chin MMSE &:

Wose = [HPH + Nl [ H 4)

2. Tim ma tgn trigt tiéu trong tmeong hep cé lan
dwong 16i [6]

Ma tran triét tiéu G theo tiéu chéin MMSE c6 xét
dén cac sai  quyét dinh (do lan trugn 15i) trong béu
thirc (3) duoc thiét 1ap theo tiéuchi téi thiéu gid tri
binh phrong trungbinh cua sai 8 dugc dinh nghia:

e=x -X =x' -Gy’

(5)
G c¢6 thé tim duoc bing cach van dung nguyénly
truc giao [8]. Theatld taco:
iH [ iyy,iH
Eley 1=E[(X' -Gy')y' 1=0
Tu do taco:
G=Q,,Q,;
Véi dinhnghia ma tan hiép bién:

(6)

()

Que = E[AB"] v Q, =E[AA"], dit 5= %

q

Tir (3) va (7) taco thé tim duoc G bing:

-1
; Qu 0
G=aH™"|H|F 7 H"+0?,
0 JS' Ne-is ’

-1
- Hi:N[H(H BN iN H +%Hxi—1QéHH 1i-1H +al Nrj

(8)

Ky hiéu () 1a phép toan chuyén vi lién hop phc.
Ma tran hiép phrong sai sai & quyét dinh Q,, duoc

ma ta trong [9]. Q. duoc viét ngin gon bing:

5(1},...,E[ei'12>“<i'lﬂ

2

Qs = diag[ EDG;1

(9)
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trongdo, diag(.) 1a ky hiéu ma tén chéo.

D& dang thiy ring ma tén G don gian hon so \6i
ma tan MMSE thong tirong. Khicac quyét dinh tach
truéc d6 duoc gid sir 1a chinh xac khongxay ra i
duong truyén, tic 1a Q- =0trong (8),vi vay ching

taco:

G - HiZN‘H (Hi:N‘Hi:N‘H +a,| N )1HiSN‘H
L ' (20)
— i:NlH i:N; i:NlH

- (H H +a| NH+1) H

Tuc 1a trung Wi biéu thirc (4).
Pé ting hiu nang t¢ théng chung taap dung giai
ma mém [10]. Voi mot S5 gia dinh tréndau racia b
can ling MMSE & nhan dugc ma tén bit mém i vu

trong trrdng hop c6 tinh dén cac sai $ quyét dinh.

Theods ma tén hiép bién g_cua sai § uéc luong

e=x -Gy' ¢ thé duoc tinh king:

Q. =E[ed']=0c?(l, - GH™) (11)

Cé4c phin tir trén dudng chéo cua Q. biéu hién gia
trj sai $ binh phrong trungbinh (MSE)dbi véi mdi
ky hiéu da duoc tach. Vi vay, tht tu tach dugc xac
dinh bing cach xac dinhvi tri phan tir trén dudng chéo
cia Q. nhé nhit, didu nay tuong duong Wi vi tri cua
phin tir dwong chéo I6n nhit ciaa GH ™ trong (11).

Gia sir t 1a vi tri ma & d6 MSE c6 phin tir nhé nhit
ddi v6i Qe. Mit khac, X 1a tin higu ky higu quyét dinh
tai bugc i (i <t < N,). g 1a hang thr t cia G tuong

tngtin hiéu dugc tach X . Nhang, vao 2 v (3) taco:
i{. - gtyi - ngi:N,Xi +ng:L'i—léi—l +gn

=ghix + igth"xj +gH @ +gn (12)
E
:ﬁxt +WwW
trongdo:
. N L. . .
B=ghvaw=3Ygh'x +gH" & +gn
j=i

j#i

-92 -



Ca4c cong trinh nghiénu, phat trén vaing cung CNTT-TT

Nhu trinh bay trong [11],x4c stt 16 ddi vai bo
tach MMSE c6 thé duoc xap xi bang cach xemw nhu
1a phan b Gauss. Thedo, ching taco thé xem cac
thanh pHin trongw xap xi phan b Gauss phc. Vi cac
thanh phin trongw dugc gia s doc lap ddi véi cac
thanh pHin khac, phrong saicuaw dugc tinh nhr sau:

2

oi = Sano? + SJan'[ gl |+ ot (23
j=i i=

j#i
Biéu thic phrong saié trénda xét dén anh hrong
cia sai 8 lan truyn trén thanh phin nhéu ang
(interference-plus-noigeTu (5), (12), (13)chung ta
c6 thé tinhtoan g2 don gian boi [12]:

oL =0i(B- )

Cha y rang $ hang thr 2 trong (13)lam cho
phueong sai ing do Bi quyét dinh chodén buoci - 1,
sb hang nay duoc hing khéng trong V-BLAST théng
thuong.

(14)

Pé thyc hién budc tiép theoi + 1 cn phai tinh
ﬁ‘}trong 9)

toan gia tri ky vong c6 didu kien EDet 2

nhu sau:
el leJ¢ |-

a. N L i A A \
trongdé6 ¥ bao @m cac diém trénchom sao xung

Y \s—fc\zp(x‘ =s4>‘<‘) (15)

SO0

quanhdidm quyét dinh amng X . Xdc sut c6 didu

kign P(x' =g&)co thé duoc tinh toan bing Xip xi

Gauss trong [9]. Gimg han ddi vé6i diéu ché 4-QAM,
P(x' = #)A(t) duoc tinh king [14]:

1-2P +P? (a)

P(X =gR)={R-F’  (b)

P (c)

(16)

(@) Néu s=X'

(b) Néu s1a mét trong haitin hi¢u 1an @n gan nhit
cia X'

(c) Cac treong hop con lai

amV-1, $ 7 (27), thang 5/2012

trong d6 P, 1a xac suit 16i dbi véi (12) va duoc tinh
bang [14]:

2 .2
Bo; ] (17)

VoI Q(X) = | (L/2) expu? /2)du.Su Xép xi chinh xc

cia ham Q dugc trinh bay trong [15]. TR (14) vao
(17) taco biéu thirc don gian d6i véi 4-QAM la:

B
1-p

Sau khitinh (15), ti vao ma tan hiép phrong sai
(9) @é thuc hién budce tiép theoi + 1.

P =Q(

3. Loc lam trang va lpc phsi hgp (Whitening filter
and Matched Filte)

Truéc khi tach tin higu X, dé tang arong kha
nang triét nhidu, nhBu Gauss &p xi w dugc lam
phing ptb bing b loc 1am tring (Whitening) teéc
khi dua qua  loc phdi hop (Matched Filter). B loc
lam tring sr dung phrong phap dy doan tuyén tinh
nghich dao da trinh bay trong [13]. B loc nay thuc
hién chuyn déi tin hiéu trong quand dau vao thanh
tin hi¢gu khéng trong quand dau racé pho tin higu
phing. Bj loc phbi hop 1a bd loc i uu ddi véi nhidu
trang dod6 s& cho SNR¢ ngd ra arc dai.

Dé thyc hién 1am phing phd, nhan hai § (12) wi
0' = (02)*[7] chung tacé:
0'%; = 0% +0'w (18)
Sy bién dbi trénla tuyén tinh nén hdu ning ©i wu

cia (12)duoc bao toan. Vi cac thanh phtin nhiu la
khéng trong quan,tin higu qua B loc phdi hop

o =(p'h )" tace:
(ni) o'z = gloni) o'x + (o) o'w
Hay

(19)

r'=p'x+n' (20)
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r=om;) o,
Vi 0 =ﬁ(0ihi)H 0 =(eihit)(0ihi)H =Heihit 2
/7i = (e'h't)H eiW.

Thanh pHin nh&u ;' = (o'hi)"e'w ciing la phan &
Gaussco trung binh king khéngva phuong sai ng

for o <Jony [

4. Tach tin higu ding phwong phdp gin ML (Near
Maximum Likelihood)

7' dugc xem niw 1a nhidu Gauss pinc, ham hop Iy
(likelihood function) p(xit‘ri,p‘) duoc xac dinh hoi
[10]:

2

. [ _pixti
on

1
o

Pl

)= (21)

Vi viy, tit ca cac ky hiéu tin hiéu cin tach
X dugc xac dinh bing:

= argmin‘ri —,oixt“2

Biéu thrc (22) cho thy ring, may thu MIMO c6

thé duoc xir 1y twong duong nhr hé théng mdt dau vao

mot dau ra SISO, trongé mdi mau tin hiéu dugc thyc
hién tach riéng tri = 1 dén N..

(22)

5. Tém tit thudt todn V-BLAST mvi dé xuat

Khoi tao, k = 1
B1. Tir biéu thic (15)tinh ma tan higp phrong sai
Qy- (9).

B2. Tinh ma tén tri¢t tiéu G (8).

B3. Chon vectorhang g« cia ma tén G sao chazia tri
MSE cua njt phan tir cia (11) nho nhat.

B4. Xac dinh ky hiéu diu racua b can king MMSE
G va thyc hién xap xi Gauss (12).

B5.Tinh phrong sai %p xi Gauss (14).

B6. Sr dung b loc 1am tring (18)va loc phdi hop
(29).

amV-1, $ 7 (27), thang 5/2012

B7. Thyc hién tachky hiéu theo (22).

B8. Thyc hién triét ti€uky hiéu da tach (2).
B9. Thec hién lap quaylai budc 1.

6. Phantich dp phirc tap

Do phuc tap tinh toan ciia kb giai ma dé xuat co
thé phantich nhr sau:

Thuat toan dé xuat thiec hién tach tin higu tuyén
tinh trong béu thrc (22), k& théng MIMO tuong
duong e théng mdt dau vao mot dau ra SISO (Single
Input Single Output), da@o6 giam dugc do phac tap
tinh toan.

Tinh toan dai lugng @' = (Uv% )_1/2 c6 do phac tap
giam bic 2 king cach sr dung ma tan Lemmanghich
dao [18].

Ma tran triét tiéu khicé xét dén lan trugn 13i
trong béu thrc (10) don gian hon ma tén triét tiéu
MMSE thdng tlrong trong biéu thic (4).

Tir cac phantich trén, so &i d6 phic tap tinh toan
cua thiiit toan V-BLAST MMSE théng tlxong [4] va
cac sosanh da duoc trinh bay trong [19-22]thi ¢6 thé
thdy ring do phic tap cua thuit toan dé xuat don gian
hon.

ll. K ET QUA TiNH TOAN VA MO PHONG

Cac tinh toan md phong sr dung phin mém
Matlab. M&hinh kénh &ong quan khéng gian MIMO
bing 1ong, dap ung kénh cortir anten phap dén
anten thug duoc xac dinh king [16]:

L N,
hq,p (T!t) = leﬁnzzllan,p,lbn,q,l X (23)

ei (27, t+6, )5(1. -1, )

trongdo, a, ,,,b,,,. f,, va g, 1a cic tham §, 5(7)la

na,l?
ham Delta DiracL 6 lugng duong truyén din, 7, va
G la thoi gian té€ va hé sd suy haoctia duong truyén

thir |, N & $5 phan tr phan tan haydscac song i.
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Trongbai bao thyc hién mé phong theokich ban:
cac phin tir anten thwa antenphat dat vudnggoc voi
phrong nganggéc nding cua anten thwa phat bing
nl2.

Sy twong quan khéng giaduoc xac dinh king:

o) 0% 4

Vi 9,9, 1a khoang cach gira hai pln tir anten

(24)

phat va anten thud 1a budc song cua song mang,A la
goc lech arc dai, Jo(x) 1& ham Bessel b mot bac
khoéng.

Cac tham & md phong ddi voi mé hinh kénh
twong quan khéng giawo o/ 1 = 5,6,/ 4 = 0.5, trong
rng k& sb twong quary = 0.371, 4n & Doppler f, =
50 Hz, goc léch arc dai bing 2 do. Cac tham 6 hé
thong MIMO-OFDM chon nhr HiperLAN/2 [17] Wi
N;= N; = 2, $ song mang corN = Neer = 64, chuky
ldy mau T, = 50ns do dai ky hiu OFDM Ts= N.T, =
3200ns tan & song mangf. =5 GHz.

Hinh 2, 3la két qua mé phongty sb SER (Symbol
Error Ratio) theo SNR (Signal to Noise Ratid) voi
chom sao 4-QAMva 16-QAM. Péi véi chom sao 4-
QAM trén Hnh 2,chung ta thy rang thut toan V-
BLAST d¢ xuét c6 SNR tingkhoang 7 dB so i thuat
toan théng throng trong [4]tai SER king 107 tuong
tu mirc do taing khoang 8 dBtai SER king 10" d6i véi
chom sao 16-QAM, khh 3.

SER V-BLAST MIMO-OFDM %Ol DIEU CHE 4-0AM

——— T
| —#F— wblast de xuat
| —F— whlast thong thuong

SER

SR in dB

Hinh 2. SER Wi diéu ché 4-QAM

amV-1, $ 7 (27), thang 5/2012

o SER W-BLAST MIMO-QOFDI %Ol DIEU CHE 16-GIAM

L —  E—  E— ) E— | —
---| —#=— w-blast de xuat

| —— w-blast thong thuong

SMR in dB

Hinh 3. SER Vi diéu ch 16-QAM

Chua y rang trén méhinh kénh trong quan khéng
gian, cht lwong ke théng cang ting khi ting khoang
cach giracac phin tir anten thua antenphit [16].

Thoi gianchay (running timesyua modhinh Vi sb
ky hiéu 20.000, 4n lwot dbi véi thudt toan V-BLAST
trong [4] va thuat toan dé xuat trénmay tinh ¢ chip
Intel core 2 Duo CPU T7100 @ 1.80 GHz 10 giv
24 phat, 8 giv 52 phut. Nhu vay thoi gian chay thuat
toan d& xuat ngin hon.

IV. KET LUAN

Bai bdo di d& xuit sv @6 V-BLAST méi cho ¢
thdng MIMO-OFDM c¢6 xét dén cac sai $ quyét dinh
do lan trugn 15i va tach tin hiéu tuyén tinh sr dung
két hop xac suit dir ligu. Cac két qua mé phong trén
md hinh kénh trong quan khéng gian choa ring
hiéu ning ke théng déi voi so dd d& xuit méi ting
dang k& ma khdnglam ting d6 phuc tap tinh toan.
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