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Théa hiép pham chat BER-d6 phitc tap trong cac
hé thong chuyén tiép vé tuyen MIMO-SDM-AF
st dung tach tin hiéu ket hop riut gon dan

BER Performance-Complexity Trade-off in MIMO-SDM-AF
Relay Systems using Lattice-Reduction Aided Detectors

Abstract: Relay communication systems have
attracted great attention recently due to their
advantages in coverage extension, improved signal
quality as well as increased end-to-end throughput. In
the multiple-input multiple-output (MIMO) spatial-
division multiplexing (SDM) amplify-and-forward
(AF) relay communication systems, the bit error rate
(BER) performance of the system depends significantly
on the signal detector at the destination. However,
optimal detectors which provide the minimum BER
often require probitive complexity. In order to make it
possible for practical implementation, we propose to
apply the lattice reduction (LR) to the linear detectors
at the destination receiver in order to balance the
trade-off between their detection performance and
computational complexity. Our analysis shows that the
LR-aided (LRA) linear detectors using zero forcing
(ZF) and minimum mean square error (MMSE) can
achieve signifcant improvement in BER performance
over the linear ZF and MMSE detectors while
requiring the same complexity order.

Key words: MIMO systems, SDM, AF, linear
detectors, ZF, MMSE, LRA, relay selection, MSE,
trade-off.

I. GIOI THIEU

Tiém ning cua cac hé thong chuyén tiép vo tuyén
truyén dan da dau vao, da dau ra (MIMO: Multiple-
Input Multiple-Output) [1] da thu hat dugc su quan

Tran Vin Canh, Tran Xuin Nam

tam dang ké cta cic nha nghién ctru va day ciing la
dong luc thuc déy manh mé€ cac hoat dong nghién ctiru
ctia cac nha khoa hoc trong nhitng nim gan day. Céc
hé théng chuyén tiép v6 tuyén nho sir dung k¥ thuat
phan tap khong gian va sy hd trg clia cic tram (nut)
trung gian co thé cho phép cai thién déang ké dung
luong hé théng [2], mé rong pham vi ving phu, nang
cao phém chét tin hiéu va do tin cay cac duong lién
két [3], giam thiéu cong suét tiéu thu [4].

Tuy nhién, khac véi cac hé thdng truyén thong hop
tac, cac hé thdng “chuyén tiép vé tuyén” do khong co
su hién dién ctia duong lién két truc tiép ngudn-dich vi
vdy pham chat hé thong thong qua ti 18 1i bit (BER:
Bit Error Rate) tai may thu nut dich bi suy giam dang
ké. Khic phuc nhuoc diém d6, dén nay, giéi nghién
ctru khoa hoc khéng ngirng nghién ciru va dé xuit cac
giai phap t6i uu khac nhau cho cac hé thong nay,
chang han: toi uu phan bd coéng suit; téi wu hoa lua
chon ang-ten [5]; t6i wu lya chon chuyén tiép (RS:
Relay Selection) [6-8]; va t6i uwu cac nit ngudn,
chuyén tiép, dich [9], [10].

Pham chat cta cac hé théng chuyén tiép vo tuyén
MIMO lai phu thudc vao nhiéu yéu td, trong d6 c6 thé
n6i yéu té quan trong anh huong dang ké dén ca chét
lugng tin hi€u nhan dugc cling nhu d6 phirc tap trong
tinh toan, xtr 1y 1a k¥ thuat tach tin hi€u tai may thu
nuat dich [11]-[13]. Van dé then chdt va ciing 1a nhiém
vu thach thirc dat ra ddi voi viée thiét ké cac bo tach
tin hiéu 1a sao cho tin hiéu nhan duoc tai nut dich sau
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tach song dat dugc pham chét theo yéu cau trong khi
do phtc tap tinh toan cé thé chép nhén dugc. Tuy theo
yéu cau vé do phirc tap tinh toan, yéu cau vé pham
chat tin hiéu dat duoc sau tach song ma may thu s& st
dung cac bd tach tin hi¢u voi cac thuét toan phu hop
khac nhau.

Trong cic hé thong MIMO ghép kénh phan chia
khong gian (SDM: Spatial Division Multiplexing), c6
thé n6i hai bo tach tin hidu tuyén tinh cudng bic
khong (ZF: Zero Forcing) va sai s6 binh phuong trung
binh nh6 nhit (MMSE: Minimum Mean-Square Error)
duogc sir dung phé bién do cac bo tach nay co do phirc
tap tinh toan, xtr 1y thip dong thoi chiing d& dang thuc
hién nho cac thuat toan thich nghi [1]. Tuy nhién,
phém chét tach tin hiéu cua cac bd tach nay con thép,
dac biét khi cac may thu, phat sir dung ) luong ang-
ten 16n [11], [12]. Khic phuc nhugc diém nay, cac bo
tach thuong dugc dé xuat dung két hop véi nhau [13]
hodc két hop vé6i thuét toan phu hop [14], [15]. Pic
biét, & nang cao pham chit hon nita cho cc bo tach
tin hi¢u, phuong phap rat gon dan (LR: Lattice-
Reduction) [16], [17] dd duoc dé xuat sir dung két hop
vé6i cac bd tach tin hiéu. Trén thuc té, cac may thu véi
bo tach tin hiéu c6 sy hd trg rat gon dan (LRA:
Lattice-Reduction Aided) cho phép mang lai phiam
chat BER vuot troi so véi cac may thu st dung cac bd
tach tin hiéu tuyén tinh thong thuong [14], [15], [18]-
[22] trong khi d6 phtc tap ting khong dang ké. Piéu
nay da thu hat duoc sy quan tim dang ké trong gidi
khoa hoc gin day. Tuy nhién, theo hiéu biét cua chung
t6i thi viéc ap dung LR vao cac bo tach tin hiu tuyén
tinh cho hé thong chuyén tiép vo tuyén MIMO-SDM
van con 1a chu @& md va can thiét duoc nghién ciru.

Xuét phat tir vin dé mo trén, trong cong trinh nay,
chung t6i dé xuét sir dung cac bo tach tin hiéu tuyén
tinh két hop véi LR tai nat dich cho hé théng chuyén
tiép vO tuyén MIMO-SDM nhim dat duoc su thoa
hiép tdt gitta phim chat BER va do phuc tap tinh toan.
Mot sb dong gop cuia bai bao co thé duge tom tit nhu
sau.
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e D¢ xuét sir dung hai bo tach tin hiéu LRA-ZF va
LRA-MMSE tai nut dich cho bai toan RS theo
tiéu chuén sai s6 binh phuwong trung binh (MSE:
Mean-Square Error). Két qua md phong BER
theo phuong phap Monte-Carlo minh ching, giai
phap dé xuat cho phép cai thién pham chat BER
cua hé théng r0 rét so voi nut dich st dung cac bo
tach tin hiéu ZF va MMSE thong thuong.

e Phan tich sy thdéa hiép (trade-off) gitta BER dat
dugc voi do phuc tap tinh toan gia ting. Két qua
tinh toan va mod phong cho thiy, cac b tach tin
hiéu LRA-ZF va LRA-MMSE d xuét c6 do phirc
tap ting khong dang ké va vin cung béc phirc tap
v&i cac bd tach ZF va MMSE thong thuong.

e Pham chat BER cua giai phap dé xuat ciing duoc
cai thién khi ting sé nat trung gian tham gia RS.
Loi ich BER mang lai nay ciing biao dam tbt sy
thoa hiép voi do phuc tap tinh toan gia ting.

Phan con lai cua bai bao dugc to chirc nhu sau:
Muc Il trinh bay mé hinh hé thong khao sat. P& xuit
giai phap dugc trinh bay & Muc . M6 phéng Monte-
Carlo va phan tich cac két qua dugc 1am rd trong Muc
IV. Muc V 12 két luan va hudng nghién ctru dé xuit.

Trong bai bao nay, chung t6i thong nhat st dung
mot s6 ky hiéu nhu sau: chir thuong, in nghiéng biéu
dién bién sd; chit thuong va chit hoa, in nghiéng, ddm
lan luot biéu dién véc-to va ma tran; cac ki hiéu viét
bén phdi phia trén ()T , ()H lan luot biéu thi chuyén
vi va chuyén vi lién hop (Hermitian) cia ma tran;
E{}, ||||§ lan luot biéu dién toan tir ky vong va
chuén Frobenious cua ma tran; £, det(-), CN ( ,u,az)

lan luot biéu thi phép toan dinh nghia, phép toan dinh
thirc va phan bd Gauss phirc ¢6 ky vong x va phuong
sai ¢°; C™, 1, va A=diag{a,; n=12,..,K} lan
luot biéu dién ma trdn véi cac gia tri phic kich thudc
uxv, ma tran don vi bac K va ma tran duong chéo
kich thude (K xK).
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11. MO HINH HE THONG

Mo hinh ching t6i d& xuat khao sat trong cong
trinh nay co ban nhu mé hinh trong [7]. Tuy nhién,
trong cong trinh nay chung t6i dé xuat mo hinh cho hé
thdng “chuyén tiép vé tuyén” & d6 khong cé sy hién
dién cua duong lién két truc tiép ngudn-dich, voi su
gia dinh khoang céch giita ngudn va dich 13 xa va tin
hiéu nhan duogc tai dich ctia duong truc tiép tur nguén—
dich 1a rat nho coi nhu khong dang ké.

Trung gian1
v v

Hld
AN Dich
1y
w0 .
- S
. 1 w
HE N,

——» Khe thoi gian thir nhat

***** : Khe thoi gian thir hai

Hinh 1. M6 hinh mét hé thdng chuyén tiép v6 tuyén
MIMO—-SDM mét chiéu, hai chang.

Cu thé, trén Hinh 1, mot hé théng chuyén tiép vO
tuyén MIMO-SDM mdt chiéu hai chang, tuyén tinh,
mdt nut ngudn, mot nat dich va K nat trung gian. Cac
nat ngudn, dich va mdi nat trung gian lan lugt dugc
trang bi N, =N, =N, =N ang-ten. Phuong thic lam
vi€c ban song cong, k¥ thudt xir Iy tin hiu tai cac nit
trung gian 1a khuéch dai chuyén tiép (AF: Amplify-
and-Forward).

Chung toi dinh nghia, véc-to tin hiéu phat tir ngudn
12 s=[s,s,...5] , trong d6 s, (i=12,.,N) 1a
symbol duogc phat di tir ang-ten thir i cia nat ngudn.
n, e C"* 1a véc-to tap am tai nat trung gian tha r
trong khe thoi gian thir nhat, n, e CM* 1a véc-to tap
am tai nat dich trong khe thoi gian thir hai. Gia thiét
cac véc-to tap 4m nay 1 cac bién ngiu nhién Gauss
phtrc doc 1ap va phan bé dong nht (i.i.d.: independent
and identically distributed), c6 gi4 tri trung binh bang
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0 v&i phuong sai don vi, nghia la: n ; ~CA(0,1) va
ng; ~CN(0,1). Ma tran hiép phuong sai cia véc-to
tin hi¢u phat 1a R, =E{ss"}=c?l, =21, véi E,
1a ning lugng symbol, I/N 1a hé s6 chuan hoa cong
suat phat. Theo phuong thirc ban song cong, dir liéu
truyén tir nguon dén dich dién ra trong hai khe thoi
gian, cu thé:

Trong khe thoi gian thiz nhdt, véc-to phat s tir
nguodn phat quang ba dén K nat trung gian. Véc-to tin
hiéu nhan duoc tai nit trung gian thie r dugc cho boi

X, =HYs+n,. 1)

Gia dinh rang sau khe thoi gian tha nhat, K nut
trung gian hop tac voi nhau thanh cong dé chon ra mot
nat trung gian t6t nhat déng vai trd chuyén tiép [6],
[7]. Trong bai bao nay, chiing t6i gia dinh nit trung
gian tot nhat dugc chon 14 nit trung gian thir k .

Trong khe thoi gian thi# hai, ntit nguon dimng phat
trong khi nat chuyén tiép thir k khuéch dai véc-to tin

higu nhan dugc x, bsi ma tran khuéch dai

G, =diag{g;,g5,... g%} trudc khi truyén dén dich,
v6i g, (i=12,..,N) 1a hé sb khuéch dai twong Ging
cho nhanh trén ang-ten thir i coa nut chuyén tiép tha
k, g duoc tinh nhu trong [7]

(2)

Véc-to tin hiéu nhan duoc tai nat dich cua duong
qua nat chuyén tiép tha k sau khe thoi gian thir hai 1a
y=H“G x, +n,
=H“G H*s+HYG,n, +n,.

St dung cac dinh nghia H2HYG H™ va

©)

n=HYGn +n, cing véi bo qua tap am n trong bo
tach ZF, phuong trinh (3) c6 thé viét gon nhu sau
y=Hs+n. 4
Theo nguyén 1y tach tin hidu tuyén tinh, véc-to tin
hiéu uéc lugng dugce tai nat dich cia duong qua nut
chuyén tiép tha k 1a
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S=Wy, ®)
trong d6 W 13 ma tran trong sé két hop tai nut dich
cho dudng qua nat chuyén tiép tha k

o?H" (oHH" )" cho ZF

W = 6)

o?H" (62HH" +R,,)" cho MMSE
Va R, 1a ma tran hi¢p phuong sai cua véc-to tap am
N tai nat dich cho dudong qua nut chuyén tiép thir k
R =07H9GE (H )" +621,. )
Twong tu tinh toan trong [7], ma tran MSE cua bd
tach ZF/MMSE * tinh dugc la
E=0Z(1,—HW). 8
Gia tri MSE cua dong dit liéu phét thi s, 1a phan
tir thir i trén duong chéo chinh cia E va dugc cho
boi
MSE, =o? (1, —HW).. ©)
Theo tiéu chuan RS phan tin MSE, mdi nut trung
gian s& chon gia tri MSE,__ trong s6 N gi4 tri MSE
trén duong chéo chinh cua E,

ek=m§x[Ek]“:miaxEs[lN—Hka] (10)

Nut trung gian tét nhat dugc chon lam nut chuyén tiép
la nat twong tmg c6 MSE | trong K gia tri MSE_, .

I1l. PE XUAT SU DUNG CAC BQ TACH LRA-
ZF/LRA-MMSE CHO CAC HE THONG
CHUYEN TIEP MIMO-SDM-AF

I11.1. Y twdng b tach tin higu két hgp LRA

Xuit phat tir ban chét ctia phuong phap rat gon co s¢
dan hay goi ngén gon 1a phuong phap LR 13 bién dbi mot
co so cho trudc B thanh mdt co s mbéi B’ ¢6 cic cot
gin tryc giao v6i nhau. Piéu nay tuong duong véi viée

! Trong bai bao, dé cho gon trong dién dat tir nay vé sau
chung t6i thdng nhit thay cum tir: “cac bo tach tin hiéu ZF
va MMSE théng thuong” biang cum tir “cac b tach
ZF/MMSE" va thay cum tur “cac bd tach tin hi¢u LRA-ZF
va LRA-MMSE” bfmg cum tir “cac b tach LRA-ZF/LRA-
MMSE”.
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tao nén mot co so mdi B’ ¢6 cac vée-to co sé ngin nhat.
Nén tang ctia phuong phap LR dya trén thuat toan tryc
giao hoa Gram-Schmidt. Trén thuc té, toan bo thuat toan
LR c6 thé dugc mo ta bang mot phép bién doi tuyén tinh
B’ =BT, trong 46 ma tran chuyén d6i T 1a mot ma tran
don c6 det(T)==+1. Trong céc bd tach tin hi¢u két hop
LR, ma tran chuyén d6i T duoc dung dé luong tir hoa
cac udc lugng tin hi¢u vé chom sao tin hiéu.
111.2. Nguyén ly rut gon dan

Nguyén 1y LR ma chiing tdi sir dung cho giai phap dé
xudt duoc xdy dung dua trén nén ting cua thudt toan LR
phd bién LLL (Lenstra Lenstra Lovisz) do A. K.
Lenstra, H. W. Lenstra va L. Lovasz dé xuit trong [16].
Thuét toan LLL cho phép chuyén doi ma trdin H co
s& cho trude thanh mot ma trn co s6 méi H' ¢6 cac
cot gén truc giao vdi nhau, cu thé

p-1
hy=h, - ergpq Iny, (11)
g=.
trong do
h(;H
&y = T, (12)
" In

va [-] biéu dién phép toan lam tron riéng biét cho
phan biéu  kién cho
H'=[h,h;,....h(] duoc rat gon dan theo phuong
phap LLL ¢ day la

|gpq|£%, trong d6 1<q< p<N,

thee va phidn  4o.

(13)
Voi

S| < + et (14)
cho bit ky pe{2,...,N} niao va 1<d<1. Thong

pa-1

thuong 6 =2 hay duoc sir dung ¢ thuat toan nay [16].

Phép rut gon trong (11) duoc goi 1a phép rat gon co
s yéu. Tuy nhién, phép rut gon co so yéu nay khong
dam bao tat ca cac véc-to co s& co do dai ngan nhét do
cac véc-to ¢ phia trude trong day [h,h;,....h(] co
thé dai hon cic véc-to & phia sau. Khac phuc van dé
nay, thuat toan LLL duoc Stra ddi cho phép nhan dugc
ma tran chuyén déi T m&i phu hop hon.
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Béang 1. Thuat toan rut gon co sé dan LLL.
BEGIN: Nhap H,dat p=2, f=% va T =1,

1
2 while p<N

3 forg=p-1...,1

4 tinh ¢, theo (12)
5: h, =h, e, Ih,
6 T, =T, -le, T,
7

8

9

end
Capnhat h),e,,,...,e,,, St dung (11), (12)
H ’ 2 ’ ’ 2
if (5||hp —14| < ||hp +gpp71hp4||
10: Hoan ddicaccot p—1va po H vaT
11: p:=max{p-12}
12: else
13: p=p+1
14: end
15: end

16: END: Xuit H'=H va T.

111.3. P& xuit cac b taich LRA-ZF/LRA-MMSE

Str dung ma tran chuyén d6i T, 4p dung thuit toan
LLL, phuong trinh hé thong ctia may thu sir dung cac bd
tach LRA-ZF/LRA-MMSE tai nut dich twong tmg véi
(4) duoc biéu dién

y'=(HT)(Ts)+n=Hu+n. (15)

Trong d6, H'=HT va u=T"'s lan luot 1a cic ma
tran kénh truyén va véc-to tin hiéu phat sau khi da LR.
Lac ndy, ma tran trong sé cua cac bd tach LRA-
ZF/LRA-MMSE c6 dang

o2H™ (a?HH™)” cho LRA-ZF

W= (16)

GPH™ (a?HH™ +R, )" cho LRA-MMSE

St dung mo hinh méi trong (15), cac by tach LRA-
ZF/ILRA-MMSE thuc hién wéc lugng u trude, sau do
ding T dé tinh lai s thay vi udc lugng s nhu & cac bo
tach ZF/MMSE. Do ma tran chuyén d6i T chi chta
cac sb nguyén, nén néu s dugc chon tir mot tap cac )
nguyén phuc thi U ciing la mft véc-to nguyén phuic. Vi
vay, thao tac luong tir hoa udc luong U, tir d4u ra bo tach
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tin hiéu tuong dwong véi phép 1am tron riéng biét phan
thuc va phﬁn 40, nghia la

g =l R{a}1+3{a}],
Voi: jZﬁ; R va I lan luot biéu dién phép lay

(17)

phan thyuc va phan a0. Khi d6, véc-to tin hiéu phat goc
dugc khoi phuc nho ma tran chuyén d6i T 1a

§=Ta. (18)

Cudi cung, véc-to tin hiéu ude luong tai nut dich khi

str dung cac bo taich LRA-ZF/LRA-MMSE dugc cho béi

§=0(8}. (19)

Gia tri MSE gén véi dong dir lidu phat thir s, cia
cac by tach LRA-ZF/LRA-MMSE luc nay c6 dang

MSE; =o? (1, —HW') (20)

IV. KET QUA TiNH TOAN VA MO PHONG
IV.1. Phim chit BER ciia cic bd tich
e Mo hinh mé phong

Dé chimg minh hiéu qua ciia giai phap dé xuét, ching
t6i thuc hién mo phong Monte-Carlo cho mé hinh dé
xudt & Muc Il véi diéu ché M —QAM, N =4 ang-ten,
cung su gia dinh may thu biét ddy du thong tin trang thai
kénh cua tit ca cac ma tran kénh truyén va dong bo giira
cac may thu-phat dat dugc. Tap am tai cac nut trung
gian, tai nut dich trong hai khe thoi gian déu co dang
~CN(0,1) va i.id.. Kénh truyén giita cc nat mang 1a
kénh MIMO khéng tuong quan, pha-dinh Rayleigh
phing, gia tinh c6 dang ~CA/(0,1). M6 phéng cho bai
toan RS theo tiéu chuin MSE khi nut dich str dung;

(i) Cécbo tach ZF/MMSE;

(i) Cac b tach dé xuat LRA-ZF/LRA-MMSE.

Mo phéng dugc thuc hién cho hai truong hop:

(1) Khong lya chon nut, nghia 1a chi ¢6 1 nat trung
gian dong vai tro chuyén tiép;

(2) C6 lya chon nut, nghia 1a sé nut trung gian
tham gia thay ddi va thuét toan s& lya chon ra
mot nut chuyén tiép tot nhat 1am nat chuyén
tiép (ky hiéu 1a “ K niit chon 17).

e Phan tich két qui mé phéng BER
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Tir céc két qua trén cac Hinh 2 - Hinh 5, chung i rit
ra mot sO nhén xét sau:

—O— ZF, khéng Iua chon nat
) —D—ZF_,Zr]L]lchon1 vy
f| —®— be xuat LRA-ZF, khong Iwra chon nit minmon
—B— Pé xuit LRA-ZF, 2 nit chon 1 NN
+=V-MMSE, khéng lra chon nut
- =4—- MMSE, 2 nut chon 1 -
=¥- - Dé xuat LRA-MMSE, khéng lwa chon nat | e [P
—A~ - Pé xuit LRA-MMSE, 2 nit chon 1
1] 5

10 15
E,/N, (dB)

Hinh 2. BER khi nuat dich sir dung cac bd tach tin hiéu
khac nhau, di€éu ché 4—QAM, N =4.

20

BER

—&— LRA-ZF, khéng lwa chon nat |-----
—®— LRA-ZF, 2 nat chon 1
| —*— LRA-ZF, 4 nut chon 1
—&— | RA-ZF, 6 nut chon 1
—4— LRA-ZF, 8 nit chon 1
—»— LRA-ZF, 10 nut chon 1 : :
& 1 1 1 1
0 5 10 15

E,/N, (dB)

Hinh 3. BER khi ”Ill'lt dich sir dung bd tach LRA-ZF,
véi K thay doi khi co RS, 4-QAM, N =4.

25

Trén Hinh 2, d& dang nhan thiy nhu mong doi, phim
chit BER khi nut dich sir dung cac by tich LRA-
ZF/LRA-MMSE @ xuét tt hon han so véi truong hop
nut dich st dung cac bo tach ZF/MMSE, tuong ung. Cu
thé tai BER =7x107 cho cac b tach ZF/LRA-ZF va
BER =3x107 cho cic b tach MMSE/LRA-MMSE,
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khi khong RS cling nhu khi c6 RS véi 2 nat chon 1
(nghia 1a trong 2 nut trung gian chi chon ra 1 nut trung
gian t6t hon lam nat chuyén tiép), nut dich sir dung cac
bo tach LRA-ZF/LRA-MMSE cai thién khoang 5dB so
voi nit dich sir dung cac bo tach ZF/MMSE. Két qua nay
thé hién rd tinh wu viét clia giai phap dé xuat.

Déng thoi, BER cua cac bo tich MMSE t6t hon so
vai cac bo tach ZF ciing da phan anh dung ban chét ctia
cac bo tach tuyén tinh [1], [12] ZF/MMSE ca trong
truong hop nit dich st dung va khong stir dung LRA.

Xem xét trudng hop RS, két qua BER trén Hinh 3
va Hinh 4 cho théy, nat dich st dung cac bd tach
LRA-ZF/LRA-MMSE khi ¢6 RS déu cho phim chat
BER t6t hon so véi khong ¢6 RS. Cu thé, RS véi 2 nit
chon 1: b tach LRA-ZF cai thién khoang 2,2dB tai
BER=10?; con bd tich LRA-MMSE cai thién
khoang 0,8dB tai BER =10 so véi khong c6 RS.
Pham chit BER duoc cai thién cho thdy, bai toan RS
phan tan trong cac cong trinh [7], [8], [10] ma nhém
chung t61 da thuc hi€n thanh céng cho cic mang
truyén thong hop tac ciing dat dugc két qua kha quan
dbi voi dé xuat nay cua chung t6i cho cac hé théng
chuyén tiép v6 tuyén.

BER

—O0— LRA-MMSE, khéng Iwa chon nut
—O— LRA-MMSE, 2 nut chon 1

*t| —#— LRA-MMSE, 4 nut chon 1

—&— LRA-MMSE, 6 nut chon 1
——LRA-MMSE, 8 niit chon 1

—P— LRA-MMSE, 10 nut chon 1

107 1 1 1 L
1] 5 10 15

Ebi'ND (dB)

Hinh 4. BER khi nut dich str dung bo tach LRA-
MMSE, K thay d6i khi c6 RS, 4-QAM, N =4,

25
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Khi sb nut trung gian K tham gia RS thay di
trong tap {1, 2,4,...,10} ta th?iy, K tang phém chét
BER cua tit ca cac may thu nut dich sir dung cac bd
tach khac nhau déu duoc cai thién. Tuy nhién, co thé
nhan thiy xu thé cai thién pham chit BER khong ting
theo ham tuyén tinh va c6 xu thé giam dan. Diéu nay
c6 thé 1y giai dwa trén dic tinh phan bd Rayleigh cua
d6 loi kénh truyén. Do xac suit dat dwoc do loi kénh
truyén cao giam dan nén muc d6 cii thién vé pham
chat BER ciing giam dan. Khi s nat dat dén mot
ngudng nhat dinh thi mirc do cai thién hdu nhu khong
dang ké va vi vay, cac dudng cong BER c6 xu thé gin
nhu hoi ty trén d0 thi pham chat BER.

Mot diéu dang cht ¥ ma ching ta ciing d& dang nhan
thay 1a trong truong hop khong c6 RS, nut dich st dung
cac bo tach LRA-ZF/LRA-MMSE cho pham chit BER
tt hon han so véi sir dung cac b tach ZF/MMSE. Tuy
nhién, trong trudng hop c6 RS, nit dich sir dung cac bo
tich LRA-ZF/LRA-MMSE lai cai thién BER it hon so
voi khi str dung cac bo tach ZF/MMSE. Két qua nay cho
phép chung ta rat ra mot két luan quan trong 14 BER
chui sy anh hudng ctia phuong phap LR ddi vdi cac may
thu str dung cac bd tach tuyén tinh 16n hon nhiéu so véi
su anh hudng cua giai phap RS. Két qua nay cang thé
hién rd tinh wu viét cua viéc giai phap su dung LRA
trong cac bd tach ZF/MMSE tai nut dich.

Trén Hinh 5, khi xem xét pham chéat BER tai Ey/N, =
15 dB va Ey/N, =25 dB voi K tham gia RS thay doi,
cung v6i nhitng két qua ma chung t6i da thuc hién mo
phéng, ching t6i nhan thay tai ving E/N, thap hon 20
dB ting K pham chat BER it duoc cai thién, BER chi
duoc cai thién tai ving Ep/Ng > 20 dB va tai viing Ey/Ng
> 20 dB bo tach LRA-ZF cai thién BER tét hon b¢ tich
LRA-MMSE.

Hinh 5 biéu dién pham chat BER khi s luong cac
nat trung gian tham gia lya chon nut va gia tri Ey/Ng
thay doi. Dé thuan tién cho biéu din hai gia tri Ey/N,
dién hinh tai vang gi4 tri trung binh (15 dB) va cao (25
dB) duoc Iya chon dé minh hoa. Tir cac két qua trén
hinh v& c6 thé nhan xét thay ngay rang viéc su dung
bo tach co hd trg suy giam dan (LRA) cho phép cai

Tdp V-1, S6 15 (35), thang 6/2016

thién dang ké pham chat BER ddi véi tat ca cac truong
hop. Tuy nhién, muac d6 hiéu qua dat dugc cho cac
truong hop khac nhau lai c¢6 xu thé khac nhau. Di voi
treong hop Ex/Ng = 15 dB (cling nhu tai cac gia tri
nho hon khong biéu dién trén hinh v&) thi hiéu qua dat
duogc thip mac du sé nut trung gian tham gia tang 1én
dang ké.

BER

—0—ZF
—O— MMSE
—8—Pé xuat LRA-ZF
—8— Pé xuat LRA-MMSE
i

10°

107

I L
1 2 3 4 5 6 7 8 9 10

Sé nut trung gian tham gia lua chon chuyén tiép (K)
Hinh 5. BER tai E,/N, = 15 dB va Ey/Ny = 25 dB, v6i
K tham gia RS thay d6i, 4—-QAM, N =4.

Diéu nay c6 thé giai thich théng qua mic do anh
hudng cua tap am dén bién quyét dinh cta bo tach. Tai
ving Ey/No thap thi mirc d6 anh huong cua tap am 16n
vi vay mic du c6 st dung LR dé dat dwoc dan tin hiéu
trugc khi quyét dinh gan vudng nhung do cuong do
tap am 16n nén bién quyét dinh bi thu hep lai dan dén
ti I¢ BER Ion. Khi tang sd nit trung gian tham gia lya
chon K cho phép chon ra dugc niat c6 do loi kénh
truyén tot nhat dé chuyén tiép. Tuy nhién, do Ey/N,
nho nén cuong do cua kénh truyén lya chon dugc ciing
khong bu duoc anh huong cua tap am dan dén pham
chat BER hau nhu khong thay ddi. Voi truong hop
Ew/No = 25 dB (ciing nhu cac gia tri tir 20 dB tré 1én
nhung khong biéu dién trong hinh v&) thi cai thién
pham chat BER ting 1én dang ké. Diéu nay co thé thiy
duoc 1a do lac nay anh huong caa tap am khong con
dang ké nén bién quyét dinh cia bo tach tin hidu da
duoc Mo rong hon.
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Viéc str dung LR s€ gitip cho dan tin hi¢u trudc khi
tach gan vudng hon, dan dén bién quyét dinh déu cho
tat ca cac hudng va vi vay cai thién dang ké pham chat
BER. Trong truong hop d6 néu s nat tham gia lya
chon tang 1én thi gia tri kénh truyén lya chon dugc tot
hon s& gitip m& rong thém bién quyét dinh va vi vay
cho phép cai thién hon nira pham chat BER. Pham
chat dat dwoc cua truong hop tich MMSE dat duoc tot
hon so voi truong hop tach ZF 1a do b tach ZF chiu
anh huong cua hiéu ung khuéch dai tap am. Tuy
nhién, & ving Ey/Ny cao va khi kénh truyén lya chon
duoc tét thi mién quyét dinh cua ZF va MMSE nho str
dung LR 13 gin nhu nhau va vi vay, pham chit dat
duoc s& c6 xu thé tring nhau.
1V.2. Dy phirc tap ciia cac bo tach

Tinh toan dugc do phuc tap cho phép xac dinh duogc
chi phi gia thanh, thiét k& phan ctng, dic biét 1a x4c dinh
duoc chit luong dich vu (QoS: Quality-of-Service) ciing
nhu tinh chat thoi gian thuc (real time) ciia hé thdng.
Thoa hiép giita do phirc tap tinh toan v6i pham chit BER
ctia mot sd bo tach dugc 1am rd trong [11] va [23]. Mic
du chua c¢6 mot sy théng nhit thue su trong cong déng
truyén thong vé biéu dién chinh xac khai niém do phic
tap, tuy nhién, trén thuc t& do phirc tap trong tinh toan xir
Iy tin hiéu truyén thong thudng duoc tinh thong qua cac
phép toan dau phay dong (floating point operations) nhu
cOng (addition) va nhan (multiplication) hoac thoi gian
chay thuat toan [12], [15], [22], [24]-[26]. Trong cong
trinh nay chiing t6i thyc hién tinh toan d¢ phuec tap cua
cac bo tach theo cac phép tinh dau phdy dong, don vi
tinh 1a flop, két qua duwoc mé phong Matlab theo
phuong phap Monte-Carlo.

Pé xac dinh phép tinh 1a nhan hay cong chung toi

ciing théng nhat biéu dién M, M_, A 1an lugt 1a phép
tinh nhan hai sd phtrc; nhan mot $6 phirc v&i mot $6
thuc; va phép cong hai s6 phirc. Thong qua phan tich
ching t6i rit ra mot s6 cong thirc tong quét tinh ton
d6 phurc tap nhu sau:
— S6 phép tinh cua tich hai ma trdn phuc bt ky
AeC”EB e CHF duoc dinh la

DF[EM+(E-1)A];

xac

Tdp V-1, S6 15 (35), thang 6/2016

- Sé phép tinh cua tich mdt ma tran phuc véi mot
ma tran thuc bat ky Ae C”EB e C™* dugc xac
dinh la DF[ EM,, +(E-1)A];

— S6 phép tinh cua tong hai ma trdn c6 cung kich
thuéc € C™* 1a DEA,;

- S6 phép tinh nghich ddo mdt ma tran vudng cod
kich thuéc N 1a N°M+ N°A;

- Sé phép tinh xac dinh mdt gia tri cuc tiéu trong

N giatrila N-1. i )

S6 cac phép tinh s€ duoc quy doi tuong tng voi s6
flop, cu thé: phép nhén hai sé phuc 14 6 flops; nhan s6
phuc voi s6 thuc 1a 2 flops; cong hai ) phuc la 2
flops; cong ciing nhu nhan hai sé thuc 13 1 flop. Véi
chom sa0 M —QAM phan thyc va phan ao duoc tich
riéng biét, mdi phan dugc chia déu thanh JM khoéng.
D¢ phirc tap cia mdi phan tuong duong véi log, WM,
vi vy, do phuc tap tong cong ciia phuong thirc didu ché

M —QAM sgla 2log, <M .

Chiing t6i tién hanh phén tich, so sanh va danh gia do
phirc tap ciia giai phap dé xudt cho cé hai trudong hop co
va khong c6 RS nhu sau:

(i) Xay dung cong thirc tong quat tinh do phuc tap cua
cac bo tach cho hé théng M —QAM , sb ang-ten tai
cacnit N va sb nat trung gian K tham gia RS.

(if) Tinh toan dinh lugng va mo phong Monte-Carlo do
phrc tap cua céc bd tach.

Tir céc két qua tinh toan va mo phong trong Bang 2,
Hinh 10, ta théy d6 phuc tap cua tit ca cac bo tach déu
c6 cing ti 186 v6i ham bic ba cua s6 ang-ten

C~(’)([N31). Do phic tap cua cac bd tach

MMSE/LRA-MMSE cao hon ZF/LRA-ZF cung loai.
o Truong hop khong cé lwa chon chuyén tiép

May thu nut dich st dung cac bo tach LRA-ZF/LRA-
MMSE c¢6 d¢ phtic tap cao hon so voi st dung cac b
tach ZF/MMSE mot luong 16N° +10N* —2N, do cac
bd tach LRA-ZF/LRA-MMSE phai thuc hién thém thuét
toan LR. Cu thé, cac b tach LRA-ZF/LRA-MMSE phai
thyc hién thém: 01 phép chuyén d6i ma tran kénh
H' = HT'; 01 phép nghich dao ma tran T '; va 01

mdt phép nhan ma tran T~ 's .
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x10°
5 ; : ;

——7zF

Ll —&—MMSE i
—O— Dé xuat LRA-ZF

S6 phép tinh dau phay déng (flops)

o
1

2 3 4 5 6 7 8
S6 ang-ten st dung (N)

Hinh 6. D6 phtic tap theo N khi khong RS, nut dich
st dung cac bd tach khac nhau, 4— QAM.

May thu nut dich stir dung céac bd tich LRA-ZF/LRA-
MMSE c¢6 d6 phuc tap cao hon so véi st dung cac bd
tach ZF/MMSE mot luong 16N° +10N? —2N , do cac
bo tach LRA-ZF/LRA-MMSE phai thyc hién thém thuat
toan LR. Cu thé, cac bd tich LRA-ZF/LRA-MMSE phai
thyc hién thém: 01 phép chuyén d6i ma tran kénh
H' = HT'; 01 phép nghich dao ma tran T~ '; va 01
mot phép nhan ma tran T 's .

Két qua trong Bang 2 cho thdy, khi N ting thi sb
phép tinh cling ting twong tmg. Su thda hi€p nay 1a hoan
toan 14 hop 1y va dugc ching t6i giai thich nhu sau, xuét
phét tir md hinh dé xuét 1a hé théng MIMO-SDM, theo
nguyén Iy MIMO-SDM, tai mdi khe thoi gian s& co N
symbol phat duoc truyén dong thoi trén N ing-ten do
vay khi sé dng-ten N ting ddng nghia véi sb symbol
phét duoc truyén di trong mét khe thoi gian ting, tirc 1a
thu dugc loi thé vé tde do truyén, tuy nhién mot hé qua
tit yéu 1a qua trinh xir Iy tach tin hiéu tai nut dich ciing s&
phte tap hon.

Tdp V-1, S6 15 (35), thang 6/2016

Bang 2. DBic tinh cia mot sé bo tach khi khong co RS,
di€u che M —QAMva so ang-ten N .

B tich P phirc tap tinh toan xir ly
ZF B8N + 4N’ — 4N + 2log (M )
LRA-ZF 74N® +14N? —6N +2|og(ﬁ)
MMSE 76N° + 20N2 — 4N +2|og(ﬁ)
LRA-MMSE 92N°® +30N? —6N +2|og(W)
S6 phép tinh
N (flOpS) Ti I& so sanh
M =4.

EEA-ZF 1 g?l Cuanze =140 Cor
MMSE 94 Clrammse =126 Cypyse
LRA-MMSE 118
ZF 474 C__ ~135C
LRA'ZF 2 638 LRA-ZF ZF
MMSE 682 Cirammse =124 Cypyse
LRA-MMSE 856
ZF 29922 C_ ~129C
LRA_ZF 8 38738 LRA-ZF 4 ZF
MMSE 40162 Crrammse =122 Cyyse
LRA-MMSE 48978

x10°

7
(1) zF
| I (2): Dé xuat LRA-ZF
|| I (3): MMSE
I 4

z

Sb phép tinh dau phay dong (flops)

Sé ang-ten st dung (N)
Hinh 7. B¢ phuc tap theo N =2,3,4 khi khong RS, nut
dich sur dung cac bd tach khac nhau, 4—QAM.
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e Truong hop cé lwa chon chuyén tiép

Bang 3. Dac tinh cia cac b tach LRA-ZF/ LRA-
MMSE khi c6 RS.

Khi s6 nat trung gian K tham gia RS ting d6 phuc
tap cta céac bd tach ciing tang. Giai thich cho ly do nay,
chiing t6i cho rang khi K ting, diéu nay s& dan dén co
hoi 16n dé chon duoc dudng qua mét nit trung gian co
do loi kénh truyén tét nhat (pham chat BER duoc cai
thién). Tuy nhién, hé qua tat yéu 1a su tra gia vé do phac
tap tinh toan ciing tang theo do thuat toan RS theo tiéu
chuan MSE can thyuc hién tinh toan ham chi phi MSE
cho tat ca cac nit.

Trén thyc t& ddi véi cac hé thong truyén thong
MIMO-SDM néi chung, cac hé théng truyén thong
chuyén tiép MIMO-SDM-AF noi riéng, viéc tim mdi
quan hé tuong minh qua lai giira pham chat BER cia
hé thong vai do phic tap tinh toan thong qua cac tham
s6 nhu: d6 loi kénh truyén; sb ang-ten; bac diéu ché;
va sO nit trung gian tham gia lya chon chuyén tiép 1a
quéa kho. Hién tai theo sy hiéu biét cua tac gia thi bai
toan nay van chua co 10i giai cu thé, vi vay, Viéc xac
dinh méi quan hé giira cac dai lwong nay 1a khong thé
thuc hién.

B§ tach Do phikc tap tinh toan xi ly
N® (80K +74)— N?(12K —14)
LRA-ZF
+N (K =6)+K?+ 2K +2log(VM)
N3(108K + 92) —N? (12K —30)
LRA-MMSE
+N(K -6)+K?+2K +2log(«/ﬁ)
S6 phép
tinh
K (flops) Ti I€ so sanh
M=N=4
LRA-ZF . 9873 Corammse, . =132 Cinr |
LRA-MMSE 13073
LRA-ZF 14810 Cornzr, . =150 Cprn, .
LRA-MMSE | ° 10802 |Crmammse, . =152 Cirammeel.
C ~551C
LRA-ZF 54378 LRAZFy 10 LRAZFR,
10
LRA-MMSE 73706 | Crammsecs, =564 Curammse, .

Tdp V-1, S6 15 (35), thang 6/2016

S0 , _
—0— LRA-ZF.K=2 L
—0—LRA-ZF,K=4

| —— LRA-ZF.K=6

—e— LRA-MMSE, K=2
—8— LRA-MMSE, K=4
3| —A— LRA-MMSE, k=6

S6 phép tinh dau phay déng (flops)

A 2 3 i s s
S6 ang-ten st dung tai cac nit (V)

Hinh 8. D6 phuc tap theo N khi ¢6 RS, véi

K =2,4,6, nut dich stir dung céac bg tach LRA-

ZF/ILRA-MMSE, 4-QAM .

<k
©

x 10"

8 T T T

—&— | RA-ZF
—~— | RA-MMSE

S6 phép tinh dau phay dong (flops)

S6 nut trung gian tham gia la chon chuyén tiép (K)
Hinh 9. b6 phttc theo K tham gia RS, voi N =2,3/4,
nut dich sir dung cac bd tach LRA-ZF/LRA-MMSE,
4—-QAM.
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x10*

| I I:lLRA—ZF e ........................................... -
7t | I LRA-MMSE|- - - - - -

N

Sé phép tinh d&u phay déng (flops)

ikl

S nut trung gian tham gia Iwa chon nut (K)
Hinh 10. B¢ phic theo K tham gia RS, nut dich su
dung cac bo tach LRA-ZF/ LRA-MMSE, N =4,
4-QAM.

[ 8

V. KET LUAN

Trong bai bao nay, chung t6i di dé& xuét sir dung
hai bo tach LRA-ZF/LRA-MMSE tai nat dich cho giai
phap RS trong hé théng chuyén tiép vo tuyén MIMO-
SDM-AF mot chiéu, hai ching, tuyén tinh, lam viéc
trén kénh pha-dinh Rayleigh phang, gia tinh. Giai
phap d& xuat chang minh rang, két hop thuat toan
LRA v6i cac bd tach tuyén tinh tai may thu nat dich,
LRA-ZF/LRA-MMSE cho phép thoa hiép tét giita do
phtc tap tinh toan va phiam chat BER trong ca hai
truong hop cé ciing nhu khong c6 RS, cu thé, cac bo
tach LRA-ZF/LRA-MMSE c6 pham chiat BER vuot
troi trong khi d phtc tap tinh toan ting khong dang
ké 50 v&i cac bo tach ZF/MMSE théng thuong.

Giai phap dé xuat cua chung toi, khong nhitng gop
phan giai quyét triét ¢é hon bai toan RS trong cac hé
thdng chuyén tiép vo tuyén MIMO-SDM, cung ¢b va
hoan thién 1y thuyét tach tin hiéu cho cac hé thdng
MIMO, nang cao pham chit cho cac hé théng chuyén
tiép vo tuyén MIMO, ma con mé ra cac hudng nghién
clru trong tuwong lai, chang han nhu sir dung cac b
tach LRA-ZF/LRA-MMSE cho céc bai toan téi uu cac

Tdp V-1, S6 15 (35), thang 6/2016

hé théng MIMO ciing nhu cac bai toan RS trong cac
hé thong MIMO trén kénh chon loc tan sb.

LOI CAM ON

Nghién ctru nay duoc tai tro bai dé tai nghién ctu
khoa hoc va phat trién cong nghé cia Hoc vién Ky
thuat Quan su.
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