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Két hep tach tin higu va lya chpn anten
cho heé thong STBC-OFDM da ngwoti dung

Combination of Signal Detection and Antenna Selean
for Multiuser STBC-OFDM Systems

Lé QuangPirc, Bui Thanh Tam, Tran Xuan Nam

Abstract: OFDM and MIMO are the two OFDM cho phép chidn mit kénh Ira cton theo &n
transmission technologies which are recently beingh thanh nét s kénh con pling. Trong khidé ky
studied intensively. Combination of both technaegi thuat MIMO st dung phanap khéng gianié cho phép
enables higher transmission rates over frequen@yt duoc do loi phan fp co kic twong duong Wi tich
selective fading channels. Alamouti’'s STBC is ohe &) caa g anten phat va anten thu.oMtrong cac k
MIMO technologies selected for mobile radio systemg,at MIMO cho phépdat dwoc d6 loi phan p nay 1a
This paper presents a method of multiuser detectiqry khong gian @i gian [2}-[4]. Trong céc lai ma
for combined radio systems STBC-OFDM. By USi%()ng gian thi gian da duoc d& xut thi ma kidi

the antenna selective technology proposed in trl‘(%()ng gian thi gian (STBC: Space-Time Block

pape.r, the signal detection quality is enhancegode) Ga Alamouti [2] cho teong hop si dung hai
considerably. The paper’s results also present &hognten phéthroc biét dén 13 phrong phép ma héa duy
two methods, SNR-based and MSE-based antennrh'zllt cho ph épdat duoc ddng thii ca tc do va bic
selection, providing the best performance. . ; T - N ’
phan ép day du. Viéc ket hop ma STBC wi OFDM,
_ _vi vay, la ty nhién, vada dugc dé xuit ngay sau khi
Keywords:STBC, OFDM, detection, antenna selectloré_l_BC radoi [5]-[7]. Viéc Kt hop STBC-OFDM cho
phép thutuoc dong thyi do loi phan p khéng gian va
I. GIGI THI EU do loi phan fp da duong nénda duoc coi latng ar
B ) ~ vién sang gia rit cac 1§ thdng truyén din vo tuyén
Thoéng tin vc? tugn dang bréc vao k nguyén @ téc d6 cao.
cho phép cungap cac dch w truy nhip vo tuyn toc - ’
d6 cao. Cac chin théng tin vo tugn di dong gin day bé ap ding STBC-OFDM cho cacéhthong da
da cho giaang tc do tir vai Mbps i 3G, lén & Nguoi dung thi véc tim kiem cac I tach tin h¢u hiéu
hang tim Mbps i LTE (Long Term EVolution), va 9t cho phép tit nhidu dong kénh la rat bai toan én
tham chi c6 th dat duoc Ién i Gbpsdéi vei chuan  thict. Bai toan tach tin Bir da ngroi dung cho cacé
LTE-Advanced [1]. Hai k thut then clét cho phép thong STBC va STBC-OFDMia duoc de cap den
dat dugc téc do gia ting nhr vay la ghép kénh phan trong cac cong trinh [8]13] . Cac K thuat tach tin
chia fin s truc giao (OFDM: Orthogonal Frequencyhiéu da ngroi dingda dugc dé xuat trudc d6 bao gm:
Division Multiplexing) va trugn din qua kénkiadau tach tin hgu theo plrong phap sai & binh phrong
vao da diu ra (MIMO: Multiple Input Multiple trung binh nb nhat (MMSE: Minimum Mean Square
Output). Thong qua ¢ sr dung cp bién déi  Error) [9], ket hop MMSE \6i triét nhidu tuan tu (SIC:
IFFT/FFT va tép diu tuin hoan (CP: Cyclic Prefix), Sequential Interference Cancellation) [12Ft Kiop
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MMSE wvoi tach tin h¢u hop 1€ cuc dai (ML:
Maximum Likelihood) [11], hay & hop MMSE i
suy gam dan [13].

Céac I thuat tach tin h¢u trénday [11]-[13] chi
yéu tp trung theo tong dra trén B tach tin héu
tuyén tinh MMSE Kt hop vi cac thit toan tach tin
hiéu khac nBim dat duoc can king gira chit lugng
tach tin héu vado phac tap tinh toan. Gn day, not
xu huéng moi vé tach tin hgu MIMO ciing cho phép
dat dugc can lng gira chit lugng tach tin Hiu vado
phac tap tinh toan l1a & hop tach tin Hu tuyén tinh
véi lya chon anten [14], [15]. \c ap ding tach tin
hiéu tuyén tinh \6i lya chon anten Hn méi chi dugc
biét dén cho & théng MIMO ghép kénh phan chia
theo khéng gian (SDM: Spatial Division Multiplexing
va, Vi Wy, viéc d& xuét két hop tach tin hdu tuyén tinh
két hop V6i lya chon anten cho cacéhthong da ngroi
dung \an 1a mbt chi && mo va @én thiét. Vi vay, trong
bai bao nay ching taté xuit st dung he théng két
hop nay cho B thong STBC-OFDMda ngroi dung.
Chung t6i ap dng bn tiéu chi fra cton anten 1ado
loi kénh, gia ti riéng, t sb céng st tin hiéu trén cong
suit tap am (SNR: Signal-to-Noise Ratio) va sai s

binh phrong trung binh (MSE: Mean Square Error).

Két qua md phong sr dung phrong phép Monte-Carlo

cho thiy sir dung lya chpn anten cho phép nang cao

dang K chit lugng aia by tach tin hiu da ngroi ding
trong khi chi yéu éu thém nat luong phic tap tinh
toan nld cho thidt toan i{ra ctpon. Hai phrong phéap
lya chon c6 clit lwong ©t nhit duoc ch ra dra trén
SNR va MSE.

Phin con hi cua bai baoduoc t chic nhr sau.
M6 hinh I thong STBC-OFDMda ngroi ding duoc
trinh bayo Muc Il. Muc Il gidi thiéu cac that toan
lya cton anten. M6 pbng Monte-Carlodugc tién
hanh va phan tick Muc IV, va cwi cung Kt luan
duoc rat raé Muc V.

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

. MO HINHH E THONG

Chung t6i xét rat hé théng truyén din sr dung két
hop ma STBC @¢a Alamouti va trugn din OFDM cho
duong 1én nle ¢ Hinh 1. M6 hinh & théng & Hinh 1
tuong tr md hinhda dugc sr dung & cac céng trinh
[11]-[13]. Hé théng nghién @u trong md hinh bao
gom mot tram goc (BS) vaQ ngudi ding.

User |
date

<] 1

> User!
——»{ STBC-OFDM 1>+ estimatec
_<]; R —>» date
: L Space-time
receiver
—>» User ¢
U c estimatec
2;';" <1 ¢ > M [>— —>» date
—» STBC-OFDM
&

Hinh 1. So d6 ciu hinh & théng xem xét

Kénh truy@n giita cac ngoi dung (MS) va BS
dugc mb hinh hdéa nh mét kénh phadinh chon loc
theo &in 9 vai P tia giir chim. Gia thiét kénh phadinh
bién ddi cham, ting kénh thanh gim giita anten thu
tht m aaa BS va anten phatithn aia MS thr g [
{1,2,...Q} c6 thé duoc biéu dién nhr sau:

P-1
4] = ;afﬁ,ﬂg - pl, 1)

P ( ) N A . A A , A .
trongdd o 1ado loi kénh trugn twong ang trén tia

i

h(f})

mn

tré thir p va dugc mo plong sr dung mo hinh Jakes;
§(.) biéu dién ham xung Dirac.

Céac MS g dung phrong phap mé hoa STBGia
Alamouti @& ma héaing khung @ liéu c6do daiK
symbols theo quyit mé & sauday. Tai khe thyi gian
t=1, anten tir nhat truyén X“[k] trong khidd anten
tha hai truyn X“[k] trén séng mang thk. Tai khe
thoi gian t=2, anten tir nhét truyén—Xx'""[k] trong khi
anten tf hai truyn X'"[k], trongd6 ciu hoa th *
biéu dién phép toanay lién hop phic. Tiép theo bén
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d6i Fourier ngroc nhanh (IFFT: Inverse Fast Fourier
Transform) & duoc ar dung dé chuyén cac khung co

chra K symbol & nhin duoc cac rdu tin héu trén
mién thoi gian. Sau IFFT cac khundidiéu s dugc

bd sung nét tiép diu tuin hoan CP (Cyclic Prefix) cé

d6 dai C symbol bo dai CP tlrong dugc chpn théa
man tiéu chi & P d dam bao loai bo hoan toarinh
huong aia tei tré cia kénh trugn.

Tai BS tin héu thudugc tai anten thk m va khe
thoi giant duoc biéu dién nhr sau [11}[13]:

N=2 P-1

Zzamnp qut l_ ]+

qg=1 n=1 p=0

trong do- [l]la

mt

i)

cac mau tap am ai antenm va thoi
giant. CAc miu tap amdugc mé plong hyi cac bén
ngau nhién i ky vong king 0 va plrong sali o’. Sau
khi loai bo CP va thec hién bién d6i Fourier (FFT:
Fast Fourier Transform), tinéi giai diéu ch duoc
trong mén tn $ c6 tt biéu dién nhr sau:

Q N=2
K= > SUKH? [k]+Z

q=1 n=1

L)

trong 6 S“[k]biéu dién tin héu sau khi gii ma
STBC conH'" [k]la dap ting tin $ cia kénh trugn

V6i Cac 1§ s tuonging nhr d gii thich phan trén

27rkp
H [k] = Za” ()
binh ngha cac vécd sauday:
.
2 (K] = | X{" (8], X} (8]
T
RO (k) = [HO k), HO [k, ..., B, [k]
T (5)
y,[k] = Ym[k],Y;J[k],...,YM’t[k]} ,
T
2 [k =2, [k, 2, [K),.... Z,, [K]| -

Dé xay drng mé hinh & théng, tép tuc nhém cac
véc-b tréndé dinh ngha cac vece sau:

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

ylk] = [y [k y) (k]
2[k] = [z k],z2 k’r (6)
o | MUk B[R]

S S

Saudé dinh ngha cac véce dau vao va ma @in
kénh nhr sau:

()

Do chi s séng mang cok la chung nhau nédé
don gian cho béu dién, chidng tdi & luoc bo chi s
nay trong cac Bu dién tr day ¥ sau. & dung cac
dinh ngha trén cho chdng ta pbng trinh 1& thong
sau:

y=Hz + z.

8
ll. TACH TIN HI EU TUYEN TiNH
Céc  tach tin hdu tuyén tinh thrc hién ti thiéu
héa sai é binh plrong trung binh (MSE) gia cac
symbol phéat varéc lwrong dugc theodinh ngha sau
day
A =zx— 9)
Ma trin twong quan @a sai $ udc lrong duoc
dinh ngha nhr sau
2
Bl -4 |

r, =niaf)-

trong d6 E{} ky hiéu toan & lay ky vong. Gia ti
MSE trung binh #n V6i u6c luong symbol phétx
dugc dinh ngha nhr sau

(10)

MSE = trace {RA, } (11)

Cac I tach tin hiu tuyén tinh arsng hrc khdng
(ZF: Zero Forcing) va MMSE trc hign giam thiéu
MSE king cach nhan véetin higu thuy véi mot ma
tran két hop W nhr sau

z=W"y. (12)

Ma tran két hop cho hai b tach tin hdu co té

tinh duoc nhr két qua dudi day [14],[15]

W% = HH"H)" (13)
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by

va

W = (HPH" +0°I,,) HP (14)
trongdo |,y biéu dién mdt ma tén don vi c6 M hang

va M cot; P:diag{P P P} la ma tan céng

17727

Suit phat \6i P =E I, va E = E{|X"[k]’} & ning

lugng symbol phét. Vémtudc lugng aia s dugc cho
boi

z=Q{w"y} (15)

trongdd Q{.} bi éu dién ham quit dinh (lwong tr hoa)
va

T = [)W X0 . X

1 7772

(16)

IV. L UA CHON ANTEN

Hé thong truyén din st dung hra chon anten thu
s dung M, anten thu trong khidstuyén cao én (RF)
la M<M,. Gia thiét cac anten c6 thdat cach nhawtu
I&n thi viec ar dung M, anten thu cho phépd nénM
nhanh phanap thudoc lap. Do cac nhanh phaap la
doc lap nénanh hrong aia phadinh dén cac kénh nay
la khac nhau. Viay, hoan toan cé thlya cton raM
nhanh phanap tt nhit tr M; nhanhdé dwva i M
chubi cao @in thec hién viéc tach tin hu. Bai toania
chon anten thrc hién tim ra ® hgp M anten ét nhét tur
tit ca P = ¢ t6 hop. Cac plwong phapia clon anten
pho bién da dugc cong 16 cho cac B thong MIMO-
SDM bao ém: hra chon trén @ 5 do loi k&nh (norm-
based selection),ud clon trén © sy gia ti riéng
(eigenvalue-based selectionjalchon trén @ s6 SNR,
va hra chon trén @ sv MSE. Tuy nhiénddi véi hé
thong STBC-OFDMda ngroi dung thi theo pdm vi
hiéu biét caa nhém tac @i hién tai vin chra c6 cong
trinh nao Kt hop dong thoi tach tin héu va kra chon
anten. Trong pin sauday ching téié xuit 3 phrong
phéap tra clon anten cho & thdng tach tin Hiu da
nguoi dung STBC-OFDM.

A. Lwa chon trén @ so do loi kénh
Lua chon anten trén® ss dd loi kénh tinh toan va
so sanhio lgi kénh trong duong

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

2

h") (17)

m=1 ¢g=1 n=1

Do hé thbng STBC-OFDM thrc hién xir ly tin
hiéu trén mén tin $, néndo loi kénh trén té thanh

m=1 ¢=1 n=1

H [k]r

mn

(18)

Viéc tinh toan kénhung duong trén yéu &u £
phép tinh toand, nén co thay dmg thuit toan tinh
norm (chdn) cia ham trugn dat kénh trugn vsi do
phac tap tinh toan thp hon. Diéu nay trong duong
vai tinh gié ti

2

. M
H, Z:lh

m
m=

(19)

trong dé A la hang tikr m cia ma tén kénhH. Dya

trén gia tr d6 loi kénh trong duwong nay, that toan {ra
chon raM anten thutongng Wi M gia ti 16n nhit.

B. Lwa chpn trén @ s¢ SNR

Lua clon trén © s SNRdugc thec hién dra trén
tinh toan SNR saudc huong sr dung o tach tin hiu
tuyén tinh ZF hay MMSE. Céng fit SNR sawréc
lwong Hng quatdugc cho i cong thic sau [14]

E |lw"h ’
SNR_ = F (20)
g |w

n

Déi voi truong hop ZF st dung (13) va MMSE &
dung (14) c6 th tinhduoc gia ti SNR nhr sau [14]
E

SNRMF = ——1 (21)
NUZZ |:HPH:I + %:‘ IZJW :|TIVL
va
E
SNRY = ————— (22)
No?|H H|
z PP

trong d6 ky hiéu [.] biéu dién phép tinh4y phan tir
thir n trénduong chéo. Do gia imhd nhit cia SNRda
dugc cho thy bi chan durdi boi [14]

SNR . > X

min — ° min (Hp) N(;'Z (23)

z
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trongdd A’, (H )biéu dién gia ti nho nhit cia gia ti
don di¢u (singular value) i@ ma tén tng ar H, nén
c6 thé két luan 1a chit lwong uéc lwong aia by tach tin
hiéu ting khi gia ti don diéu nh nhit tang. Diéu nay
dan dén thuat toan lra chon nhr sau:véi méi tap con
cia CAc antenp € P, tinh ma tfin trong $ W va
SNRunin twong izng cho ting bg tach tin héu, lya chon
tdp con c6 gia tr SNRyn.
C. Lua chyn trén o so gia tri riéng

Twong tr nhr treong hop lva clon dra trén SNR
chdng ta c6 thtinh »ip xi (22) theadinh ly Rayleigh-
Ritz nhr sau [14]

&

< max y/[HH "'y (24)
y| =1
= Am:u; <[H]1:1Hp }71) = Ai’lil} (Hp)'
Thay (24) vao (22) thduoc két qua (23)
7F 2 s
SNR’min Z )\min (Hp) N 0_2 (25)

trong d6 A(A) biéu dién cac gia trriéng dia ma tén
A, g la ot thr k caia ma tén don vi. Tir cbng thirc
(25) c6 tit nhan thy ring cHit luong aia may thu
tuyén tinh co té duoc ci thién khi gia ti rieng @a
kénh trugn ting Ién. \W6i may thu MMSE véc xac
dinh tiéu chén lya chon trén © s gia ti rieng da
kénh khéng th &p ding dé dat chit luong ®i wu do
khi d6 anh hrong aia tap &m ¢ bi bo qua. VEc lya
chon theo gi& trriéng cho tach tin Bu MMSE vi \ay
S8 ¢6 chit lugng trong dwong Wi tach tin héu ZF. Vi
vay, tiéu chidn lya chon theo gia trriéng $ la:

V4i tdt cd cac tip con @a anten thu co thed p P,
tinh Amin twong #ng Wi Hp ,chpn tgp anten co6 gia ir
Amin asc dal.

D. Lwa chyn trén w s¢ MSE

Lva chon trén © so gié ti trung binh binh plong
MSE dra trén tinh toan saibsudc lwong duoc cho
ting loai bo tach ZF va MMSEDGi véi bo tach tin

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

hiéu ZF, MSE ¢n v6i tach symbol th n dugc cho
bdi [15]
MSEY = o (w]'w, ) (26)
Con Wi bo tach tin htu MMSE, MSEduoc biu
dién nhr sau [15]

2
MSEMS = 2= (1 - p/ ) 27)
n N n n

Trongdd w, va h tuong tng biu dién ot thi n cia
W va H. Thuit toan lra chon anten theo MSE c6 &h
phat béu nhr sau:véi mdi tgp con @a anten thu
p € P, tinh gia tf cuc dai cia MSE (MSE,,.y, lva
chon tdp con CAMSE, ., thi thiéu.
V. KET QUA MO PHONG
A. M6 hinh mé pling

D¢ danh gia cht lugng aia cac phrong phéap ra
chon két hop voi cac b tach tin hdu, ching téia tién
hanh cly cac clwong trinh mé plng Monte-Carlo
v6i cac tham & sauday. He théng truyén din bao ém
hai ngroi ding, ndi nguoi Sir dung phrong phap ma
héa STBC da Alamouti Kt hop v6i OFDM. Kénh
truyén duoc mé phding sr dung mbt bién Gauss pinc
véi ky vong bing khéng va pihong saidon vi. Kénh
truyén dugc gia thiét 1a bién doi cham sao chaid loi
cua kénh khong B thién trong khang thyi gian not
OFDM symbol. Chiing tdiing gi thiét k&nh trugn
chiu anh hrong aia hign twong tri tré voi 6 tia gir
chim cé suy hao gm theo ham rin nhe mé & ¢ Bang
1. Hé théng OFDM duoc gia thiét s dung tiép dau
tuan hoan c&io dai trong dwong 6 symbol. Gi thiét
nay dam biao h¢ thong khéng ciu anh hrong aia
nhiu 1SI va cac kénh cormia OFDMdéu chi chiu anh
huong aia phadinh phing. Vi viy, cac mé pbng sau
day € chi thuc hién danh gia trén @t kénh con. Ct
lwong i s6 16i bit (BER) aia toan b hé thong 1a trung
binh aia cHit luong trén cac k&nh con nén hoan toan
trong dwong. May thuduoc gia thiét sir dung 4 anten
va sr dung cac phong phap a chpn dé tim ra 2
anten ét nhit dua vao tach tin k. Trong mé phng
ching toi & dungdiéu ché dich pha 8 mc (8PSK).
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Bang 1.M6 hinh kénhia duong st dung trong moé pbng

Path | Path | Path | Path | Path Path ] —=—MSE-based [

#1 #2 #3 #4 #5 #6 i | |
Tré 1 2 3 4 5 6 o
(symbol) g
[
boloi | 1.2674| 0.4663 0.1715 0.0631 0.0232 0.0085 kS

B. Phan tich Kt qua

Hinh 2 va 3 kiu dién két qua md phong chit
lwong BER cho hai &ithbng tach tin kiu tronging 1a
ZF va MMSE.

Tir két qua hai Hinh & ching ta cé thnhan thiy
ré la cac phrong phap ra clon anten cho phép nang
cao dang K chit lwvong BER @a h thdng so i
truong hop truyén thdng @uong No selection)Biéu
nay chirng minhduoc tinhuu viét cua phrong phap
lya clon anten. So sanh caétlqui tng Wi cac thut
toan kra chon co thé thiy pheong phap ka cron dra
trén chidn cia ké&nh khéngtem ki do loi vé phan ép
ma ch dem hi d6 loi vé& ning lrong. CO6 ti thiy dbi
véi ca hai tnong hpp ar dung b tach tin h¢u ZF
(Hinh 2) va MMSE (Hinh 3)1s dung lyra chon theo
chuin aia kénh cho phépatthién ti 6 E,/N, vao

khoang 2 dB. Trong khid6 phrong phap ka chon
theo gia tr riéng d@ia kénh chaté loi phéan fip ting I1é€n
dang K so i truong hop khéng tra chon. Viéc co
dugc bac phan 4p lon hon cho phép & thién ti S5
BER mjt cachdang K. Vi du, tai E,/N, =15dB,
BER aia tnrong hpp sr dung lya clpn theo gia tir
riéng kénh cho phépan tr 5x10~° véi truong hop
khoéng lra chon, va 2x107°voi truong hop luva chon
theo chén aia kénh xéng cH con 2x10~*. Diéu nay
twong duong Wi viéc giam ti 1¢ 15i xudng 10 kn. Hai
pheong phap ka ctpn con ki dya trén SNR va MSE
cho chit lugng nhr nhau vadat dugc do loi phan ép
va chit lugng BER 6t nhit.

BER af 2-user 2x4 Alamouti STBC-OFDM using 8-PSK modulation and ZF detector

............................................

——No selection f
—+—Norm-based ||
—o—Eigen based ||
{——SNR-based f

10"

10 15
E,/MN, [dB]

Hinh 2. Chit luong BER s dung tach ZF: 2 users,
2x4 STBC-OFDMdiéeu che 8-PSK

20

g BERof 2-user ¢4 Alamouti STBC-OFDM using 8-PSK modulation and MMSE detector
0 T T T

—o—No selection
—#—Norm-based
———Eigen based
—+—SNR-based §
——MSE-based f

Average BER

15

Eb/N100[dB]
Hinh 3. Chét lrgng BER & dung tach MMSE: 2
users, 2x4 STBC-OFDMicéu cre 8-PSK

20

Mot diém nhan xét quan tng khac co té thay tir
hai Hinh & la hai plwong phap da cton dea trén
SNR va MSE cho ¢t lugng nhr nhau khi & dung c
hai may thu ZF va MMSEDAay ding la hai plrong
phéap cho cft lugng $Ht nhit. Tuy nhién, chang toi
ciing thra nHin ring di lai voi chit lwong BER,d6
phic tap cia hai plrong phap naydn hon so i
phueong phap ra clon dea trén gia trriéng va norm

cua kénh do &n phii tinh ma tan trong $. Do phic

tap tinh toan a@a phépdiao ma tén dé tinh toan ma
tran trong < ti 18 véi ham kic 3 @a kich thrgc ma
tran.
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