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Toém tat - Gan day, ky thuat truyén dan song cong da rat duoc
quan tdm bai tiém nang tang hiéu qua phd gép déi cia no. Tuy
nhién, mét trong nhitng thach thirc quan trong nhat cla truyén
dan song cdng chinh la phai triét bd dwoc ty giao thoa (SI) gitra
cac anten phét va thu cung mot thiét bi. Trong bai bao nay, chung
tdi tap trung thiét ké cac ma tran tién ma hoa dé téi da hoa toc do
tdng co xét dén anh hwéng cta Sl cho hé théng truyén dan song
cong (full-duplex) da anten MIMO (multipleinput/multipleoutput)
diém — diém (point — to — point). D& loai bd thanh phan SI, ky
thuét ZF (zero-forcing) dwgc ap dung. Két qué cho thay rang, Sl
dé dwgc loai bé gan nhu hoan toan voi diéu kién téng sb anten
phat clia hai node I&n hon bang sd anten thu tai mot node. Ty é
I6i bit BER (bit error rate) cling dwoc danh gia trong két qua mo
phong. Ngoai ra, bai bao cling da xay dwng bai toan tdi wu trong
didu kién thuc té, do la cong suét phat tin hiéu trén cac anten
phat nhé hon cong suét phat ti da ctia mot node.

Twr khoéa - zero-forcing; block-diagonal; pre-coding; MIMO; full-
duplex; beam forming; water-filling.

1. Pat vin dé

Su bung nb vé nhu cau dit liéu khién cho dung lugng
la mot trong nhitng tinh ning quan trong nhit ciia cac
mang truyén thong vo tuyén thé hé sau. Cac k¥ thuat then
chét trong cic mang vo tuyén tién tién cai thién duoc
dung lugng bang cach tang hiéu qua su dung phd, giam
tré. Ky thuat truyén dan vo tuyén phd bién 1a ban song
cong (haft-duplex); trong dé, tin hiéu phat va thu duoc
phan bd hai dai tan riéng biét. Uu diém cua phuomg phap
ndy la tin hiéu phat va thu khong giy ra giao thoa lan
nhau, tuy nhién, hiéu qua sir dung pho thip. Mot dang ban
song cong nira cling da dugc ap dung, do la tin hiéu phat
va thu dugc phan bd trong hai khe thoi gian khac nhau,
diéu nay ciing tranh dugc giao thoa nhung gay tré [1].

Truyén dan song cong dugc xem 1a mot trong nhirng
k§ thuat dem lai hiéu qua sir dung gap doi so v6i ban song
cong. Trong ky thuét nay, tin hiéu phat va thu duoc truyén
cung 1 dai tan trong cliing thoi diém. Tuy nhién, k¥ thuat
nay ton tai tin hi¢u tu giao thoa SI (self- interference) tur
anten phat quay vé anten thu cua chinh thiét bi d6. Vi vay,
truyen din song cong phai tién hanh triét ty giao thoa
bang nhiéu hinh thirc & nhiéu 16p khac nhau [2], [3].

Ky thudt truyén ddn da anten MIMO
(multipleinput/multipleoutput) dem lai hiéu qua phd cao
trong cac hé thdng truyén thong vo tuyén [4]. Cac cong
trinh [5] - [7] tap trung nghién ctru 2 van dé chinh trong
hé thong truyén dan vo tuyen da anten, d6 la: t6i da hoa
thong lugng va didu khién cong suat. Ky thuat tién ma
hoa zero-forcing 1a mot trong cac ky thuat co so dé giai
quyét bai toan nay [8]. Block-diagonal 1a ky thuat tién ma
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doubling the spectrum efficiency. However, one of the most
critical challenges of FD communication is to cancel the self-
interference (Sl) between transmitting and receiving antennas
from one device. In this paper, we focus on the pre-coding
design for sum rate maximization while considering the effects
of residual Sl for point - to - point multiple input/multiple output
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selected to cancel the Sl. The results show that, the self-
interference cancellation is done by matrix pre-coding at the
transmitter if the total number of transmitting antennas of two
nodes is greater than the number of receiving antennas of one
node. The Bit Error Rate (BER) is also evaluated in the
simulation. In addition, this paper presents optimal problem
when the transmission power of all antennas is smaller than the
maximum transmission power of a node.

Key words - zero-forcing; block-diagonal; pre-coding; MIMO; full-
duplex; beam forming; water-filling.

hoé budc céc tin hi€¢u giao thoa ngoai duong chéo cia ma
tran bang 0 dé loai bo cac thanh phan nay.

Céc cong trinh [9] — [12] nghién ctru vé k¥ thuat tién
mi hoa cho hé théng truyén dan song cong sir dung bd
chuyén tiép tap trung vao viéc triét tin hiéu ty giao thoa.
Khong nhu nhirng cong trinh trén, bai bao nay tap trung
nghlen ctru hé théng truyen dan song cong diém — diém,
thiét ké cac ma tran tién/hau ma hoa dé tdi da hoa dung
luong hé thong.

Luru y: Trong bai bao 6 sir dung mot sé ky hiéu toan
hoc sau: X € €™ biéu dién ma tran X 1& ma tran phiic c6
kich thude r hang c cot, ||X|| 14 phép tinh dinh thic cua
ma tran X, rank(X) va trace(X) 1an luot 1a hang, tinh trace
clia ma tran X, blkdiag(X,Y) biéu dién phép tao ma tran
duong chéo khdi tir ma tran X va Y, X" 1a phép
hermitian ciia ma tran X.

2. M6 hinh hé théng
Xét hé thong truyén thong VO tuyén song cong nhu mo
ta trong Hinh 1, v&i nt va ng 1an lugt 1a s anten phat va
thu ctia moi node.
Tin hiéu thu tai node 1 va node 2 dwoc biéu dién lan
luot nhu sau:
1'1 = H1V1X1 + G2V2X2 + Zl, (1)
1'2 = H2V2X2 + G1V1X1 + ZZ. (2)
V6i x4, X, € C'T*" 1an luot 1a cac vector tin hiéu phat
tir node 1 va node 2; V;,V, € C"""' lan luot 1a cac ma
tran tién ma hoa tai node 1 va node 2; G,, G, € C"®*"7T 13
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ma tran dap tmg kénh tir node 1 dén node 2 va nguoc lai;
H,, H, € C"®*"7 [a cic ma tran dap ing kénh tu giao thoa
tai node 1 va node 2z,,z, € C"®' 1an luot 1a vector
nhiéu tring cong thu tai node 1 va node 2 co ky vong
bang 0 va phuong sai lan luot 1a 6215, 6215.

Trong céc cong thirc (1) va (2), thanh phan dau tién
bén ve€ phai 1a tin hiéu ty giao thoa, thanh phan thtr hai
bén v& phai la tin hi¢u mong mudn. Ky thuat tién/hdu ma
hoa duogc &p dung d¢€ loai bo thanh phan thir nhat nay.

Tai céc node, tin hi¢u mong mudn duoc tién hanh khoi
phuc bang cach nhan véi ma trdn hdu ma hoé nhu sau:

y1 = Tirp = Ti(H{Vix; + G,Vox, +24),  (3)
y2 = Tor, = T,(HVox, + G Vixg +23). (4)

Hinh 1. M6 hinh hé thong truyén dan song cong

3. Thiét ké cac ma tran tién/hdu ma hoa
3.1. Thiét ké ma trdn tién ma hod
Céc ma tran tién ma hoa phai dugc thiét ké sao cho
triét duoc tin hiéu ty giao thoa, ddng thoi, phai dam bao
rang budc cong suat phat tai mdi node. O déy, ta tap trung
xtr 1y tai node 1, cac budce xir Iy & node 2 dwoc tién hanh
mot cach tuong tu.
Phuong trinh (1) dugc viét lai don gian nhu sau:
r, = HVs + n,, (5)
V(’Yi H = [H1 ) Gz], V= blkdlag(Hl ) GZ)’ s =
[xT,x7]7, blkdiag 12 phép ghép cic ma tran thanh phan
thanh ma tran duong chéo khoi.
Tin hiéu ty giao thoa c6 thé loai bo bang cach dat:
V= WP, (6)
trong  d6, W =[W,W,]W,, W, € C"" " Pp=
diag(P; ,P,),P;,P, € C""™ |a ma tran phan bd cong
suat dugc chon sao cho rang budc cong sudt phai duoc
thoa man, nghia la:
trace(P;P) < P,i=1,2, (7
voi P 1a cong suat phét'téiﬂ da cua mdi node. Trong bai
bao nay, P;, P;duoc thiét ké dé toi da dung lugng hé thong
trong khi rang budc (7) van dugc thod man.
Céc ma tran tién ma hoa W;, W, duoc thiét ké sao cho
tin hiu tu giao thoa dugc triét ti€u, nghia la:
H,V, = 0vaH,V, =0. (8)
Pé thoa min phuong trinh (8), ta tién hanh phan tich
gia tri riéng SVD (singular value decomposition) cdc ma
tran dép ung kénh:
H, = 0,5 VOV, )

H, = Uzzz[vz(”vz“’)]H. (10)

wrong d6, VV,VY gdbm I, =rank(H,), L, =
rank(Hz)vector gid tri riéng bén phai dau tién,
Vl(o),VZ(O)gomnT — L;va ny — L, vector bén phai cudi

cung ctia H, va H,. Nhu vay, Vl(o), Vz(o)cé dang co s¢ truc
giao cho khong gian khong ctia H,; va H, va cic cit cua
chiing 1a cac ing vién cho ma tran tién ma hoa.

bat:

¢, =GV = U VOVOE, )
&, = G,V = UL VOV, (12)
Ma trén tién ma hod c6 dang:
w, = vOV©p, (13)
W, = v?)vgﬂ)Pz (14)

3.2. Thiét ké ma trdn hiu ma hod
Ma tran hdu mi hod duoc thiét ké dé loai bo giao thoa
da truy cap MAI (multiple access interference). Céac ma
tran nay duogc thiét ké nhu sau:
T, = (G.V2)"(G;V,(G,V,)")™*,
T, = (G, V)" (G V(G V)!) ™.
3.3. Téc dé tin hiéu
Khi tin hiéu tu giao thoa dugc loai bé nho ma tran tién
ma hod, toc do tong tin hiéu thu tai node 1 va 2 dugc xac
dinh nhu sau:

(15)
(16)

G,w;p;pHwlHnl

R =X log, ||+ =51
j

j=({mod?2)+1. a7

~Bai toan t6i da hoa dung luong hé thdng dwoc phat
bieu nhu sau:

Tbi da hoa: R, (18)
Sao cho: trace (P;P/) < P. (19)
Dé gidi bai toan ndy, 4p dung k¥ thuat water-filling
nhu trong [13], ta tim duoc P; toi vu.
3.4. Thudt todn thiét ké cdc ma trin tién/hiu ma hod

Thuat toan thiét ké cac ma tran tién/hdu ma hoa dugc
trinh bay trong Thuit todn 1.

Thudt todn 1. Thuat toan thiét ké cac ma tran tién /
hau ma hod trong hé thong truyén dan song cong

Diu vio:

Sb anten phat nr, sd anten thu ng, cong suét phat tbi
da P, ty s6 tin hi¢u trén nhi¢u SNR.

Piu ra:

Ma trin tién, hiu ma hoa: V;, T;, i=1,2.

Rang bugc:

Cong sut phat cia tin hiéu nhé hon bang P.

Cic bude tién hanh:

Budéce 1: Khoi tao

- Khéi tao ngau nhién cic ma trgn ddp img kénh
H;, G,
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- Phdn bé cong sudt déu [Pilir = ni.
T
BuGe 2: Tién hanh SVD theo cdc cong thire (9), (10),
(11) va (12).
Buée 3: Tinh ma tran tién md hod theo cong thirc
(13) va (14) voi cac ma tran P; dwoc xdc dinh bang thudt
toan water-filling.

Buéoc 4: Tinh ma trdn hdu ma hod theo cong thirc
(15) va (16).

4. Két qua va thio luin

Trong phin nay, ching toi tién hanh mo phong de
danh gia phuong phap tién ma hoa va phan b cong sut
dé xuat trong phan 3. Qua trinh mo6 phong dugc thuc hién
qua 10000 Ian thir va két qua nhan duoc bang cach lay gia
tri trung binh cua céac 1an thir. Trong khi thuc hién, cong
sut phat tdi da cua mdi node duoc chuin hoa P=1, sb
anten phéat va thu Ny, Ngr ctia cac node dugc xét trong cac
truong hop khac nhau. Céc kiéu diéu ché bao gdm BPSK,
QPSK, 16-QAM va 64-QAM. Pap tmg kénh truyén giita
cac node va giita anten phat va thu cta chinh node d6
dugc gia dinh 1a block-fading.

Bing 1. Ddp iing kénh truyén tir giao thoa ciia node 1 (Ha)

0,6926 + 0,6930i |-0,3878 — 0,3097i|-0,9763 — 0,6171i{1,3336 + 0,1751i
-0,1878 - 0,8427i|-0,0681+ 0,9662i |-0,5150+ 0,0632i |-2,0799+ 0,2878i

Bing 2. Ma trgn tién ma hod tqi node 1 (V1)

0,2520 + 0,4062i

0,6762 + 0,2474i

0,2885 + 0,7854i

-0,2597 — 0,1601i

-0,1786 + 0,0457i

0,4873 - 0,0212i

-0,1797 - 0,0721i

0.0552 — 0,3841i

Bing 3. Tién ma hod tai node 1 (HiV1)
(0,0243 + 0,0971i)105 (0,2776 + 0,3088i)10"5
(0,0555 + 0,2637i)10°5 (-0,2776 + 0,0173) 1015

Bing 4. Bdp irng kénh truyén ti giao thoa ciia node 2 (Ho)

0,4583-1,2513i |0,5738+0,3501i |-0,9122-0,2799i |0,4614-0,2632i

-0,1163+0,3108i {0,2887+0,4841i |0,6814+0,0347i |-0,2905+0,1817i

Biéng 5. Ma trn tién ma hod tai node 2 (V)

-0,2634- 0,4331i|-0,1251 - 0,4269i
0,1304 - 0,2556i [0,1419 — 0,2825i
-0,0771+0,0037i|-0,7032+ 0,0380i

0,7435+0,3193i |-0,3841 — 0,2422i

Céc Bang 1-6 1a cdc ma tran trong hé thong truyén
dan song cong diém-diém véi cdu hinh anten (Ng =
2,Ny = 4). Cac ma tran dap Ung kénh truyén duoc tao
ngdu nhién trong cic vong lap, tir cic ma tran tim cac tién
mé& hoa theo cong thirc (13) va (14), sau d6 kiém tra xem
rang budce (8) c6 thoa mén hay khong. Bang 1, 2 va 3 bleu
dién cac ma tran tai node 1 gdm: dap ung kenh Hy, tién
ma hoa Vi va tich HiV1. Tuong tu, cdc Bang 4, 5 va 6
biéu dién cac ma tran tai node 2 gom: dap tng kénh Ho,
tién ma hoa V2 va tich H,V,. Tir Bang 3 va 6, ta thiy rang
tin hiéu tu giao thoa gﬁn nhu duoc triét tiéu hoan toan.

Bing 6. Tién ma hod tai node 2 (HaV2)
(-0,1665 + 0,0000i)10%5
(-0,0278 — 0,0278i)10"5

(-0,0555 + 0,1665i)10°%5
(-0,0555 + 0,0000i)10°%5

Hinh 2 biéu dién téc do tong trung binh ciia hai hé
thdng v6i cau hinh anten 1an lugt 1a (N; = 4, Ny = 8) va
(Ng = 2,Ny = 4) voi ky thuat tién ma ho co phén bo
cong suat dung water-filling (ZF+WF) va phan b6 cong
sudt déu (ZF). Theo quan sat trén hinh, ta thiy: a) Cau
hinh anten cang cao, toc do tin hiéu cang 16n, viéc ting sb
luong anten phat hodc thu s& lam tang d6 loi ghép kénh
(multiplexing gains) va lam cho tong dung luong cua hé
thong ting; b) K¥ thuat phan bd cong suét cai thién dang
ké toc do tin hiu.

Hinh 3 biéu dién ty 1¢ bit 16i BER theo SNR vd&i cac
kiéu diéu ché lan luot 1a BPSK, QPSK, 16-QAM va 64-
QAM. Ta thiy rang, BPSK cho két qua tot nhat va 64-
QAM cho két qua xau nhat. Chom sao cang nhiéu diém
cang dé bi anh hudng béi nhiéu va giao thoa.

80 T T T T T

—&— ZF+WF (N =4,N_ =8)
TOF | e = =

o ZF (N =4,N_ = 8)
—©— ZF+WF (N =2,N_ =4)
| X ZF (N =2,N =4)

)

o
S
T

Mean Sum Rate (bps/Hz,
8 S

N
o

=)
T

0 5 10 15 20 25 30
SNR (dB)

Hinh 2. Téc dé téng trung binh theo SNR

10°

& 02
o 10

103k [ 64-QAM (N =2,N_ = 4) |
—#— 16-QAM (NR =2, NT =4)
—8—QPSK (N =2,N =4)
—©—BPSK (N, =2,N_=4)
10 . - ; ; ;
0 5 10 15 20 25 30

SNR (dB)

Hinh 3. Ty I [6i bit BER theo SNR

5. Két luian

Bai bao da nghién ctru ky thuat tién ma hoa, két hop
v6i phan bd cong sut trong hé thong truyen dan song
cong da anten. Tu cac két qua nhan duoc, ta thiy rang ky
thuat tién ma hoa da loai bo duogc tin hiéu ty giao thoa
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trong hé thong truyén dan song cong; ngoai ra, két qua mo
phong con cho thay rang viéc két hop k¥ thuat tién ma
hoa véi phan bd cong suit da cai thién tde do cua hé
thdng mét cach dang ké so véi phan bd cong suit déu.
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