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Tom tat

Bai bao nay nghién ctru va phat trién mét giai thuéat woc lwong hdu nghiém cwe dai MAP (maximum-a-
posteriori) két hop giita dé léch tdn sé séng mang CFO (carrier frequency offset) va kénh truyén theo huéng
tiép cén Bayesian trong hé théng truyén dén ghép kénh phén chia theo tan sé truc giao OFDM (orthogonal
frequency division multiplexing) song céng da anten MIMO (multiple-input multiple-output). Trong truyén dan
OFDM, CFO lam xuét hién giao thoa lién song mang ICI (inter-carrier interference) va géy ra 16i san khéng
thé suy giam duoc. Trong hé thong truyén dan song coéng, giao thoa tu tuong tw tén dong Sl (residual self-
interference) sau khi duoc triét & tang vé tuyén sé tac déng nhw mot nhiu céng va gidm ty sé tin hiéu trén
nhiéu SNR (signal-to-noise). Bai béo con dwa ra cac phén tich va két qué bang s6 vé dé chinh xéac cua gidi
thuat wéc lwong dé xuét théng qua sai s6 binh phuong trung binh MSE (mean square error) va ty 16 16i bit
BER (bit error rate). Céc ké qud mé phdng cho théy giai thuat dé xuét c6 hiéu ndng tét (BER cua tin hiéu
mong mudn) va hiéu qua triét Sl va CFO tbt trong daéi rong ctia SNR va CFO.

T khéa: Full-duplex, CFO, MIMO, OFDM, self-interference, MAP, ML.
Abstract

This paper studies and develops the joint maximum-a-posteriori (MAP) estimation algorithm of carrier
frequency offset (CFO) and block-fading channel responses using the Bayesian approach in full-duplex
multiple-input multiple-output (MIMO) orthogonal frequency division multiplexing (OFDM) systems. OFDM
transmissions are highly susceptible to carrier frequency offset that also introduces inter-carrier interference
(ICl) and gives an irreducible error floor in receiver performance. In the full-duplex wireless system, residual
self-interference (Sl) after radio-frequency (RF) cancellation stage will act as an additional noise and reduces
the operating signal-to-noise ratio (SNR). This paper also provides analytical and numerical results of the
proposed estimation accuracy (mean square error (MSE) and bit error rate (BER)). The simulation results
show that, the proposed algorithm can offer good performance (BER of desire signal) and good Sl and CFO
cancellation performance for a large SNR or CFO range

Keywords: Full-duplex, CFO, MIMO, OFDM, self-interference, MAP, ML.

1. Gio6i thiéu

K§ thuét truyén ddn OFDM da khang dinh vi thé
clia né trong truyén thong vo tuyén bang rong, toe do
cao. Vi vay, hon vai thap ky qua, cac van dé trong hé
thng OFDM d4 lién tuc dugc nghién ctru va dé xuét,
trong d6 ndi troi 1a ky thuat ue luong kénh [1, 2]. Cac
ky thuat udc luong kénh trong hé théng OFDM nay
duoc dé xudt tir cdc hé théng don anten dén da anten,
tir mang don té bao dén da té bao, tir don ching dén da
chang [3] ... Tuy nhién, cdc nghién clru nay tap trung
trong cac hé thong truyén dan vo tuyén ban cong (half-
duplex) vdi tin hiéu phat va tin hiéu thu dwoc 4n dinh
trong hai khe thoi gian hodc hai dai tin khac nhau [1-
3].
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Gan day, truyén dan song cong (full-duplex)
dugce xem nhu mét ing vién day hira hen cho truyén
thong vo tuyén thé hé sau [4]. Trong nguyén ly song
cong, tin hi¢u phat va thu c6 thé dugc truyen ddng thoi
cung dai tan, diéu nay khlen hiéu qua phd dugc ting
gip d6i [6]. Tuy nhién, truyén dan song cong lai phat
sinh tin hiéu tu giao thoa (self-interference) rat 16n tai
anten thu [6] va thong tin trang thai kénh CSI (channel
state information) 14 can thiét dé triét giao thoa va tach
tin hiéu.

Mic dit ¢6 nhiéu wu diém ndi troi, k§ thuat truyén
din OFDM lai rit nhay cam véi d6 léch tan sé song
mang CFO (Carrier Frequency Offset) do s bién thién
vé tan s6 séng mang cua cic bd dao dong ndi [7]. Su
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hién dién cua CFO lam xoay pha trong mién thoi gian
va chuyén dich thanh giao thoa lién song mang ICI
(Inter-Carrier Interference) trong mién tan sb. Vi vy,
dé bu CFO va khéi phuc duoc tin hiéu thi CFO va dép
tmg kénh truyén phai duoc uéc lugng tai may thu.

Trong cong trinh [8], céc tic gia da phat trién k¥
thudt udc lugng kénh trén co sé ML (maximum-
likelihood) theo tiép can Fisher dé triét tin hiéu ty giao
thoa trong hé théng MIMO-OFDM song cong trén cac
kénh truyén block-fading. Cac nghién ctru trude cia
chung t6i [9, 10] ciing da dé xuat giai thuat udc luong
kénh bién ddi theo thoi gian véi sy hién dién cua nhiéu
pha.

Khac vdi [8, 9] va [10], trong bai bao nay, chiing
t6i d¢ xuédt ky thuat wéc lwong MAP (maximum-a-
posteriori) theo tiép can Bayesian két hop gitra dap ting
kénh truyén mong mudn, dép tmg kénh truyén tu giao
thoa va CFO cho hé thng truyén din MIMO-OFDM
song cong.

Luu y: Trong bai bao nay, XT va X¥ ky hiéu phép
chuyén vi va hermitian cua ma tran X, E(.) 1a toan tr
ky vong, tr(X) biéu dién phép tinh trace ctia ma tran X.
|X| va ||X]| 1& dinh thirc va Frobenius norm ctia ma tran
X, [X];; biéu dién phan tir thtr (i,j) cua ma tran X.
R, = E(xx™)1a hiép phuong sai ctia ma tran X. I, 1a
ma trdn don vi ¢ y dong. Re{.} va Im{.} 1 phin thuc
va phan 4o0. ® biéu dién toan tir Kronecker. p(x) la
ham mat d6 x4c sudt cua bién ngiu nhién x. diag() 1a
phép 1ay cac phan tir trén duong chéo.

Phan con lai cta bai bao duge td chic nhu sau.
Trong phan 2 va phén 3, chung t6i lan luot trinh bay
md hinh va dé xuat giai thuat uéc luong. Trong phan
4, ching t6i s& kiém chimg cac két qua phén tich bang
céc két qua mé phong bang phdn mém Matlab. Cudi
cung, chung t6i trinh bay cac két luan trong phan 5.

2. M6 hinh hé thong

Xét hé thong truyén thong vo tuyén song cong
MIMO-OFDM chiu anh huéng boi do 1éch tan s6 séng
mang nhu mo6 ta trong Hinh 1. Trong hé thong nay, gia
sur tin hiu tu giao thoa duoc loai bo mot phan tir tng
v6 tuyén RF (radio frequency) nhung van ton tai trong
tin hi¢u bang géc thu dugc tai may thu [8]. Vi vdy, viéc
triét tiu tin hiéu tu giao thoa trong tin hiéu bang gbe
yéu cau phai c¢6 dugc dap tng kénh truyén va do léch
tan s6 song mang gitra cac node.

Trong hé thdng truyén thong vo tuyén song cong
duge xét, mdi node trang bi N; anten phét va N, anten
thu. Truyén din OFDM st dung FFT (Fast Fourier
Transform) N diém. Gia sir cac kénh v tuyén giira hai
node (A va B) qua kénh fading da duong bién doi cham
(khoéng ddi trong 01 khung truyén OFDM). Sau khi
tién hanh IFFT (inverse FFT) va chén tién t6 vong CP
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(cyclic prefix) (CP), cdc tin hiéu bang gbc duoc phat
ctia mau OFDM thr m tai anten phat thir ¢ cﬁa node A

va node B duoc ky hi¢u 1an luot 1 x,[fln va xk m-

tin hi€u phat cé the biéu dién nhu sau:
J2mkn

Viy,

n m ZXA m N > (1)
J2mhkn
t ZX/[(tme N 2 (2)
" N k=0
véin € {—N,,...,0, ..., N — 1}, N, la d¢ dai CP,
X ,Etr]n,X 113 song mang con cua dit liéu (hoac pilot)

thir & trong ky tw OFDM thtr mtai anten phat th 7 cua
node B va node A mdt cach lan luot.

o h .
____*zg \\\\\\\\\\\igg; E;»____
L<] Rx Rx D_

Hinh 1. M6 hinh hé théng truyén dan vé tuyén song
cong.

Node A Node B

Khi c6 d6 1éch tan sé séng mang, mau thu thi n
cua ky tu OFDM thu m tai anten thu tha » cia node B
6 thé dugce biéu dién nhu sau:
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voi h Ir, t] la dap ung kénh duong tha / trong ky tu
OFDM thu m tir anten phat thlr ¢ cia node sang anten
thu thir » cia node B (kénh cua tin hi¢u mong muon).
Tuong tu, hgrmt] la d6 lgi dap tmg kénh cua tuyén tu
giao thoa (tir cac anten phét cuanode A v¢ lai cac anten

thu cua chinh no). Z 4, 14 nhiéu tring cong phan bd
Gauss AWGN (Addltlve White Gaussian Noise) cd ky
vong bang 0 va phuong sai N,. L va L biéu thi s6 duong
dan twong duong cua kénh mong doi va kénh ty giao
thoa. Af va € = AfNT lan lugt 1a CFO tuyét ddi va
CFO chuan héa (trong bai bao nay, chung toi tip trung
vao CFO chuin héa va goi tit 1a CFO). T'1a chu ky lziy
mau cua hé thng. Trong phuong trinh (3), ta thiy rang
tin hiéu thu tai node B gom 3 thanh phan: thanh phan
tht nhét 13 tin hiéu mong mudn nhan duge tir node A,
thanh phan thi hai 1a tin hiéu ty giao thoa tir chinh
anten phat cua node B quay vé anten thu cua chinh
node d6, va thanh phan thir 3 1a nhiu tring cong phan
bb Gauss.
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3. Uéc lwgng Bayesian cho dap wng kénh va do 1éch
tan so song mang

Trong udc luong Bayesian, dap img kénh va CFO
dugc xem la cac bién ngau nhién duoc ude luong voi
céc dac tinh thong ké dugc biét trudc. Tu (3), ta dat

T N,
= [Vl Vip) s Vg = [Vl ™|
tran tin hi€u thu ctia P ky tu pilot. Ta c6, Y dugc biéu

dién dudi dang ma trin nhu sau:
Y= ®XH+ Z,

la ma

“4)
Trong do:

¢ = [d, P (5)
& = diag(®,,,,.., Py ). P = diag(®y,,,.., Ppp).

T
2”8(7\7 LN+ N)
N

b

j@(OJrN +m N)

® =1, ®{ ey @
)24

Pa— @[eﬂ;(om do) e, )}T
a, o .
H = diag(H, H), (6)
vGiH = LR LAl A LA N
= | S ASALTI N ...,hL}llef]],
R = [hE,’"’]J [h”] }
i =[] iy )|
B = —[WT | B } ] HT
1 I,m1 2 I,mp 2 I,mP s ’
N O R HT
! I,m[ EARE] I,mp 2° I,mP s
X = diag(X,X), (7)
[xml,... X X0 xE
= (XL, X0 XD R
X[t [XOm yeos X[Lt]1mp]
th,]n —dlag(x([f_]llmp,.. x,[\,t]1 me)
X, = Rl X1 1
xgt,]n —dlag(x([f]lmp,.. xl[\,'t]1 lmp) va
Z= [zml,.. sz] , ®
VOi: Zy, = [zml[l], zmlN’]]

Tir cac mau thu dugce (4) trong mién thoi gian, ta
tién hanh phuong phap ude luong Bayesian két hop
cho dap umg kénh truyén va dé 1éch tan sé séng mang
s dung nguyén ly udc lugng MAP [11]. Uoc luong
MAP cua dap tmg kénh truyén va do léch tan so song
mang c6 thé duoc xac dinh nhu sau:

{h, g} = arghmax In p(h,ey), 9)
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p(y|h,&)p)p(e)
Py)
Nhu véy, ue luong MAP cia dap ing kénh va
d6 Iéch tan s6 song mang c6 theé duoc xac dinh béi:
{h,&} = argmax In[ p(y |0, &) p(W)p(e)],  (10)

trong d6 p(h,e|y) =

véi:
p(ylhe)=
—r—exp(~[y ~®Xh]" R;'[y - @Xh]),

1 _
p(h)= Wexp(—h”Rh‘h) , R, = E(hhH) ,

1 . . Lo
ple)= 5 va € ¢ phan bo dong nhat trong dai gia
g{)

tri ciia 6 1€ch tan sO song mang [—&,, &]-

Twr (10), ta tinh dugc:

{il, 2} = argmin fyp(h, €) (11
voi
1 )
Sror(,8) = V"y ~®Xh| +h"R;'h. (12)

Dao ham fy;4p (h, €) theo h™ va cho bang 0, ta tim
dugc udc lugng cia dap tmg kénh va d6 1éch tan so
song mang nhu sau:

h=(X"X+R;'N,) X ®"y. (13)

Thay (13) vao (12), d6 1éch tan sé séng mang co
thé duoc xac dinh béi bai toan sau:

& =argmax g,,,,(&), (14)
voi gy (&) =y ' oX'®"y va

X' =X(XX+N,) X"

Sau khi udc lugng d6 1éch tan s6 séng mang trong
cong thirc (14), thay vao cong thuc (13), ta tim dugc

ude luong dap Gng kénh truyén h.
4. Két qua mé phéng va thao luin

Theo céc thong s6 cua hé théng 3GPP-LTE, udc
lwong két hop dép ung kénh truyen va d6 1éch tan sb
song mang cho hé thdng truyén dan song cong MIMO-
OFDM duogc tién hanh mé phong. Hé thong truyén dan
da séng mang OFDM sir dung 256 song mang con
trong vdi tan s 1dy miu f; =3.84MHz va tn sb séng
mang f. = 2.11GHz. Do dai CP cho mdi ky ty OFDM
la 20 mau (N,=20) [12]. Gia tri d 1&ch tan sb song
mang dugc tao ngau nhién trong dai [—&,, £] v6i &, =
0.5. Trong mdi cum M=7 ky tw OFDM (dit liéu va
pilot) sir dung P=2 ky tu pilot. Hé thong st dung kiéu
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diéu ché 64-QAM. Ty s6 cong suat thu cuda tin hiéu
mong mudn va tin hiéu ty giao thoa ton dong 13 -20dB.

Céc két qua duoc ldy gia tri trung binh hon 1000 lin
md phong. Mic du k¥ thuat uéc lugng két hop CFO va
kénh truyén da dugc nghién ciru mot cach phd bién,
tuy nhién, trong hé thong truyén din song céng MIMO
cho dén thoi diém nay chi méi c¢6 vai cong trinh cu thé
la [8], [9] va [10]. Trong d6, cong trinh [8] chi wdc
lugng ML cho kénh truyén song cong ma khong tién
hanh udc lugng CFO, con cac cong trinh [9] va [10] 1a
clia nhom tac gia. Vi vay, dé thé hién tinh khach quan,
trong phan nay, chung toi chi tap trung vao so sanh vi
cong trinh [8] trong mot s6 truong hop.

Hinh 2 biéu dién ty 1¢ 15i bit BER theo ty sd tin
hi¢u trén nhi€u SNR véi tin higu diéu ché 64-QAM tai
bén thu sau khi da dwoc khoi phuc. Ta thay rang,
phuo’ng phap uéc lugng d& xuét co két qua rat tot véi
céc gia tri CFO khac nhau. So véi [8], do khong két
hop wéc lugng CFO nén khi ton tai CFO (CFO=0.5),
[8] cho két qua khong tét. Trong hé thong dong bo ly
tuong (CFO=0), phuong phap udc lugng dé xuét van
¢6 két qua tot hon do [8] 4p dung ky thudt udc lugng
kénh ML, con phuong phap dé xuat 4p dung k¥ thuat
udc lwong kénh MAP theo tiép can Bayesian. K§ thuat
wdc lugng MAP cho két qua tét hon uée lwong ML [8]
l1a boi trong udc lugng MAP cé su dung thong tin
thdng ké sai phuong ctia nhidu tring cong Gaussian tai
bén thu, trong khi d6 ML khong st dung thong tin nay.
Pay chinh 1a wu diém nhung ciing chinh 1a nhuoc diém
cua uéc lugng MAP. Viéce str dung sai phuong nhiéu
trang cong Gaussian tai bén thu cho két qua chinh xac
hon ML nhung doi hoi thiét bi phai tién hanh do sai
phwong nhidu tai tirng thoi diém thu tin hiéu.

Hinh 3 biéu dién MSE cia kénh tu giao thoa theo
SNR. Két qua cho thdy su sai biét giita dap ng kénh
truyén udc luong dwoc va déap mg kénh truyén thyc té
l1a kha bé, day chinh 1a co so dé khu tin hiéu ty giao
thoa trong tin hi¢u thu.

Hinh 4 biéu dién MSE cua dap tng kénh truyén
mong mudn nhan theo SNR. Trong hinh ta thiy ring
phuong phap dé xuét cho két qua rat tot va dic biét tot
hon [8] khi hé théng tdn tai CFO.

Hinh 5 biéu dién MSE cua CFO theo CFO. Hinh
v€ cho thay phuong phap ude luong CFO dé xuat cho
két qua rat tot va 6n dinh trén toan dai CFO. Vai CFO,
dap ung kénh cua tin hi¢u tu giao thoa ton dong va dép
Umng kénh cua tin hi€u mong muén da udc lugng dugc,
ta tién hanh khur va khéi phuc lai tin hiéu mong muén
mot cach dé dang.
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— — —CFO0=0.5, [8]
— & — CFO=0.5, giai thuat dé xut
CF0=0.0, [8]
—&— CF0=0.0, giai thuat d& xuét
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Hinh 2. Ty s6 bit 16i BER theo ty s6 tin hiéu trén nhiéu
SNR cua tin hiéu mong muon nhan.
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Hinh 3. Sai s6 binh phuong trung binh MSE theo ty s6
tin hi€u trén nhicu cua dap tng kénh truyén tu giao
thoa.
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Hinh 4. Sai s6 binh phuong trung binh MSE theo ty s6
tin hiéu trén nhiéu cua dép ung kénh truyén mong
muon nhan.
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Hinh 5. Sai s6 binh phuong trung binh MSE ctia do
Iéch tan s6 song mang CFO theo d¢ 1éch tan so song
mang gitra hai node.

5. Két luan

Trong bai bdo niy chung toi da dé xuat ky thuat

wdc lugng MAP két hop gitra d6 1éch tan sb song mang
va kénh truyén cho hé thong truyén dan song cong da
anten — da duong. Sau khi udc lugng va khur tin hi¢u
tu giao thoa ton dong cling véi CFO, kénh va tin hidu
mong mudn dé dang duoc khoi phuc va ¢ hiéu ning
rit tot (MSE, BER) dugc thé hién qua két qua md
phong.
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