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Tom tat — Gan day, phu’dng thiic truyén dan two-way relay dugc
xem la moét g|a| phap dé mé rdng kha nang truy cap vo tuyén cho
cdc dich vu téc do dir liéu cao, 1a ky thuat dugc nhdm dén thuc hién
trong cac mang di dong thé hé sau. Trong bai b4o nay, ching ti
nghién ctiu ky thuat ma héa cho kénh truyén MIMO two-way relay
khuéch dai va chuyen tiép, trong dé, truyén din dudng xudng va
dudng 1én c6 thé dugc thuc hién trong hai khe thdi gian. Ngoai ra,
ky thuat tién ma héa & tram gbc va cac relay ciing duoc thiét ké két
hop dé dam bao nhiéu ddng kénh c6 thé dugc loai bd hoan toan. Mo
phdng Monte-Carlo ciing dugc thuc hién dé chiing t hiéu nang clia
giao thirc truyén dan két hop ma héa mang va tién ma héa dé xuét.

Tir khéa — thiét k& tién ma hod; dung luong; two-way relay;
SDMA; ZF.

1. Dit van dé

Trong cac hé théng truyén thong vo tuyén thé hé tiép
theo, relay 12 mot trong nhiing k¥ thuat then chdt d& mé rong
viing phii song dong thdi cai thién dung lugng mang [1][2].
Thoéng thudng, céc relay hoat dong & ché do ban song cong
v6i muc dich giam do phuc tap cua relay. Lic nay, relay
khong thé viia nhan va viia phat tin hiéu mot cach dong thoi
ma phai mét dén 4 khe thoi gian dé€ thu va phat. Diéu nay
lam gidm hiéu qua phé.

Dé khic phuc nhudc diém nay, phuong thifc truyén dan
two-way relay dua trén ¢ s ma héa mang da dugc nghién
clu trong rat nhidu cong trinh khdc nhau [3][4] do n6 c6 thé
trao d6i chuyén cac thong diép tif cac node ngudn dén céc
node dich véi s6 khe thsi gian nhé hon 4.

Trong nhiéu dé xut trudc day, [5][6], cic tac gid gia st
cdc ban tin dudc truyén tif 2 nguon dén relay 1a khong c6 mit
ctia bt ky ngudn nhiéu nio. Trong cic bai bao [7][8], relay
khong tién hanh diéu ché va gidi diéu ché ma chi chuyén
tiép ban tin hdn hop 1a chong chap cédc ban tin tif ngudn
cung v6i nhiéu kénh véi muc dich gidm sy phic tap cho
relay. Trong [9], ma héa mang dugc 4p dung cho dudng 1€n
va trong [10], ma héa mang dudc 4p dung cho truyén quang
ba. Trong nghién cifu [14], cic tic gia da thiét ké bo tién ma
ho4 cho dudng 1én 1dn dudng xudng, nhung véi diéu kién
ma trin kénh phai kha nghich.

Trong bai bdo ndy, ching tdi tdng quat hod nghién ciiu
[14] véi md hinh two-way relay trong cac hé thdng thong
tin di dong da ngudi ding (multi-user) gdm mat tram gbc
BS (Base Station) c6 M anten dé phuc vu cho M thiét
bi dau cudi di dong MS (Mobile Station) don anten do
han ché vé khong gian va ning lugng vd mot relay RS
(Relay Station) trang bi M anten. Giao thiic ma héa mang
SDMA (Space-Division Multiple Access) dudc phat trién
cho 2M dudng 1én va xudng trong hai khe thoi gian. Ky
thuét Zero-Forcing (ZF) dugc 4p dung dé ngin ngira nhiéu
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ddng kénh cho mo hinh nay.

2. Mé hinh hé théng
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G hvr :
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Hinh 1: M6 hinh hé thong

Xét kich ban v6i M thué bao di dong, mot tram gbc va
mot relay. M&i thué bao c6 1 anten con relay va tram gdc
dang hoat dong déu véi M anten. Gid sit cic kénh truyén
chiu fading Rayleigh dong nhit va doc 1ap gan nhu khong
ddi (quasi-static) va khong c6 dudng truyén truc tiép gitta
tram gbc va thué bao.

Trong khe thoi gian thif nhit, tram gbc truyén phién ban
tién ma héa cla thong tin mang cic ky tu Ps, trong do,
s = [s1,..,sm]T va P la ma tran tién ma héa MxM & tram
gbc. Gia si rang cong suit phat tai mi anten & tram goc
hoic céc thué bao bang 1. Nhu vdy, ma tran tién ma héa
phai thda man rang budc cong suit trace{PP"} < M. P
la phép ldy Hermitan ctia ma tran P. Ciing trong khe thdi
gian nay, cdc thué bao g&i ban tin ctia né u;, i€1, ..., M dén
tram géc.

Nhu vay, cudi khe thoi gian thif nhat, relay nhan tin hidu:

M
r=GPs+ Y hyguy +ng (1)

m=1

Trong d6, G 1a ma trin MxM giita tram gbc va relay,
h,,r 12 vector Mx1 kénh gitra relay va thué bao di dong thd
m, ng 1 vector Mx1 nhiéu tring cong.
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Trong khe thdi gian thi hai, relay truyén phién bén tién
ma hoa cua thong tin nhan dudc truée d6. Goi W 1a ma trin
tién ma hoéa & relay. Relay sé phat Wr dén tat ca cac thué
bao ciing nhu tram gbc. Tuong tu nhu & tram gbc, cong suét
phit ctia relay bi gidi han nén trace{ Wrr' H"} < M. Do
do, trong khe thdi gian thu hai, tin hiéu thu dudc tai tram
gbc la:

M
Yps = G'W <GPS + Z h,ruy, + nR> +nps. (2)

m=1

Tin hiéu thu dugc tai thué bao thi m la:

M
¥y, =hli,w (GPs + Z hpR U, + nR> + 0. (3)

m=1

Trong dd, n,, va ngg la nhiéu nhiét tai thué bao thi m
va tram gbc tuong ty nhu ng.

Tit (3) ta thiy ring d€ bt cip cho mdi thué bao véi mot
anten thi khé c6 thé gidi diéu ché chinh x4c do c6 su hién
dién ctia can nhiéu xuyén kénh. Vi du, s, va u, c6 thé gay
nhiéu 16n Ién tin hiéu thu dudc béi thué bao thd m, (i # j),
va anh hudng nghiém trong dén chit lugng thu ctia thué bao.
Vi vdy, phéi xt ly sao cho di liéu gdi cho thué bao khiac m
dén thué bao m bang 0. Trong khi d6, viéc xt Iy nhiéu xuyén
kénh tai tram gdc c6 thé dugc thuc hién bdi chinh tram gbc
nén do uu tién xi ly thap hon. Hon nita, do tram gbc biét
dugc tit ca ban tin n6 gti di nén nhiéu xuyén kénh trong (3)
dé dang dudc loai bé. Tém lai, ta chi cin quan tim dén viéc
xtt 1y céc nhiu xuyén kénh cho cdc thué bao sao cho thué
bao thif i chi nhan dudc duy nhét ban tin thi i.

2.1. Thiét ké ma trdn tién ma héa tai tram goc

Viéc thiét k& ma tran tién ma héa tai tram gbc va relay
phai thda man hai diéu kién. Mot 1a cong suit phat tai tram
gbc va relay phai thda diéu kién gi6i han, va diéu kién thi
hai d6 12 mdi thué bao khong thu dudc thdng tin clia cac
thué bao khac. Ngoai ra, y tudng chinh cda giao thic ma
hoéa mang dé xuét 1a relay c6 ging nhém céc ban tin dén va
tu cac thué bao (s, va u,y,) lai v6i nhau. Theo [14], ma tran
tién ma hoa sé& 1a bao gdm nghich dao ctia ma tran G. Tuy
nhién, khong phai lic nao ma tran G ciing kha nghich. O
day, ta x4c dinh dugc ma trn tién ma hoéa P:

P=G'HA “)

trong d6, phat vi GT la phép ldy ma trin gid ddo
Moore—Penrose ciia ma train G: Gt = GH(GGH)~1 |
H = [hyR,...hygr] va A 12 ma tran dudng chéo d€ dam
b4o cong sut phat tai tram gbc thda diéu kién hitu han cta
thiét bi (tram gbc). Khi do, relay c6 thé nhom cac ban tin
dén va tir cac thué bao duéi dang:

r = H(As +u) + ng 5)

véi u = [uy,..,uy|T. D€ tim ma tran chuin héa cong
sult A, ta sé tinh cong sut phat tdng cong tai tram gbc véi
ma tran tién ma héa P:
trace{PP"} = trace{GTHAZ(GTH)H} ©
= trace{(GTH)"GTHA?}
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Gia stt mdi anten c6 cong suit phat bang 1. Do d6, dé
thda yéu ciu gidi han cong suét phat, ta chi can chon:

1 1
A = diag s s
\/hII{R(G+)HG+h1R \/th(G+)HG+h2R

@)
1
/BB (GG
Téng cong suit phat tai tram gbc 1a:
Ppg = trace{ PP}
— trace {(G+H)HG+HA2} ®)

thoa yéu cau gidi han cong suit.
2.2. Thiét ké ma trdn tién ma héa W tai relay

DE triét giao thoa tai cdc node, st dung ma tran tién ma
héa W kich thuéc MxM tai relay. Sau khi 4p dung ma tran
tién ma hoéa P tai tram gbc, ban tin relay phat c6 dang:

Wr =W (H(As + u) + ng) )

Trong khe thi gian thi hai, relay sé phat phién ban tién
ma hoéa clia ban tin né nhan trong khe thdi gian thi nhét.
Tin hiéu thu dugc tai thué bao sé la:

Ym = hl. W (H(As + u) + ng) + ny,.

m

(10)

P& han ché giao thoa tai cdc thi ma tran tién ma héa W
phai théa diéu kién:

H"WH = diag{¢1, ..., {u} (11)

trong d6 gia tri ctia & phu thudc vao ma tran tién ma hoa.
Ma tran tién ma héa W dugc chon nhu sau:

w = (H"Y)"BH, (12)
v6i B 12 ma tran dudng chéo dung dé dat diéu kién gidi han
cong suét.

Tt (12), suy ra cong suit phat tai relay 1a:

Prs = trace {WH(A2 + Ly)H'WH + 1WWH}
P 13)

~ trace {(HH)+B(A2 + IM)BHH+}

trong d6, p 1a ti s6 tin hiéu trén nhiéu SNR, biéu thiic gan
ding khi ti s6 tin hiéu trén nhiéu SNR 16n. Vi trace c6 tinh
chét hodn vi chu ky nén:

Prg = trace {(HHH)+B2 (A? + IM)} (14)
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Do d6, d€ dat diéu kién gi6i han Prg < M, dé€ don gian,
ta chon:

1
trace {(HHH)Jr (A% + IM)}

bj = (15)

véi by 1a thanh phan trén ma tran dudng chéo B. Khi d6, tin
hiéu thu dudc tai mdi thué bao 1a:

Ym = hil; [WB(As + u) + Wng] + ny,
~ B (H) "B [(As +u) + (H) 'ng| + 0. (16)
~ (dsmSm + Um) 4 hyng + d;ing,

trong d6 dgm va d,m 13 phan t thi m cta dudng chéo chinh
ciia ma trdn A va B tuong ung; hy,la vector hang thd m cta
H'. Tit (16), ta thy ring thué bao thii m chi thu dugc ban
tin s, va u,,; con cdc ban tin khéc, s; va u; vdi j # m duge
loai bd bdi ma tran tién ma héa. Tin hiéu thu dudc tai tram
gbc la:
yBs = G"W(H(As + u) + ngr) + ngs
—g" ((HH)+B(AS fu)+ (HH)+BH+nR) + nps
a7
Hién nhién, viéc sit dung hai ma tran tién ma héa da lam
ting do phic tap tin hiéu thu dudc tai tram gbc, tuy nhién
do tram gbc biét dudc toan bo ban tin gii di s nén né co thé
d4dm béo dudc chit lugng giai diéu ché.

3. Phan tich hiéu nang

V6i mo hinh tin hiéu trong cong thiic tinh tin hiéu thu
dugc tai thué bao va tram gbc, cic phuong phap phat hién
dit liéu khic nhau déu c6 thé thuc hién dudc, trong bai bao
nay, ky thuat ZF dugc ap dung do tinh don gian cta né. Chu
y rang k¥ thuat zero forcing c6 thé dat dudc ciing hidu ning
nhu thuat ton phat hién MMSE khi SNR 16n. Ta thiy ring,
mo6 hinh tin hiéu tram gbc va thué bao di dong khac nhau,
diéu nay dan dén mot vai su khac biét trong trién khai két
qua phan tich.

T cac phuong trinh (16) va (17), ta tinh dugc dung
lugng hé thdng theo cong thiic sau

—1
R = log, |I + (H*(HH)%g n BHHUA*UHHB*IU?D)
M ~ o~ —1
+ Z log, [T+ (hmhgal%L + 031)
m=1

(18)

Trong d6, thanh phan diu tién 1a dung lugng dudng 1én

(ctia tin hiéu tlr tat cdc thué bao gdi dén BS thong qua relay)

va thanh phan thd hai 1a dung lugng dudng xudng (clia tin
hiéu tit BS g&i dén tit ca cic thué bao thong qua relay).

4. Két qua md phong
Phin nay trinh bay viéc dp dung ky thuit tién ma
héa dugc da dé xuét trong cic phin trén cho kénh truyén

two-way relay va danh gia hiéu nang qua mo phdng
Monte-Carlo. Céc kich ban dugc dua ra trong trudng hgp

hé théng two-way relay khong va c6 ap dung ky thuat tién
ma hoéa vé6i sd luong thué bao khac nhau véi tin hiéu dugc
didu ché 4-QAM, 16-QAM, 32-QAM va 64-QAM.
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Hinh 2: BER cua tin hiéu thu nhdn duoc tai user.

Hinh 2 m6 ta ty 1é 15i bit clia tin hiéu thu dudc tai user
dugc diéu ché 4-QAM khi khong va c6 4p dung ky thuat
tién ma héa. Tir hinh v&, ta thiy riang khi khong st dung tién
ma héa thi ty 1& 15i bit rat cao (~0.5), con khi c6 st dung
ky thuét tién ma héa ZF thi chit lugng tin hiéu nhan dudc
tdt hon nhiéu. BER c6 thé dat khoang 103 khi s thué bao
bing 2 va cao hon khi sb thué bao ting (M=3,4). Ky thuat
tién ma héa di loai bd dugc nhifu xuyén kénh tai thué bao.
Nhung khi ting s6 thué bao thi do 4nh huéng ma tran kénh
nhén véi nhiu tring (hy,ng) c6 mit trong cong thic (17)
lam gidm hé s6 tin hiéu trén nhiéu SNR cta tin hiéu nhan
dudc tai thué bao.
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Hinh 3: Dung lugng hé théng so vdi [13].

Hinh 3 biéu dién ty 1¢ bit 16i BER ctia tin hiéu thu dugc
tai user khi thay ddi kiéu diéu ché tin hiéu. Ta thdy ring,
khi ting miic diéu ché QAM thi ty 1¢ 18i bit ciing ting theo,
chét luong tin hiéu thu dugc giam do ty 1& ning ludng bit
trén nhiéu Ey, /N giam. Ngoai ra, khi ting mic diéu ché
QAM, khoéng cach giita cic diém cda tin hiéu gan nhau
hon, x4c suét nhan nhim ky hiéu cao hon nén BER giam.
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Hinh 3 bi€u dién dung lugng nhu 12 mot ham cia SNR
clia tt ca cdc node ctia hai hé théng khéc nhau (gid sit SNR
cac node 12 nhu nhau). Ky hiéu mo hinh anten ctia hé théng
(M:Np:Ng). Tit hinh vé nay ta thdy ring khi s6 anten ctia
toan bo hé théng ting thi dung luong ting. Ngoai ra, hinh
vé con thé hién dung lugng ctia phuong 4n dé xuit cao hon
so vdi phuong phép tién ma ho4 trong [13].

5. Két luan

Bai bdo di trinh bay m6 hinh hé thdng truyén thong tin
di dong multi-user two-way relay, thiét k& bo tién ma hoa
tai BS va RS dé€ triét giao thoa. Két qué phan tich dudc trién
khai dé€ kiém chiing hiéu ning ctia phuong thifc dé xuit.
Qua két qua phan tich ly thuyét 1in mo6 phong, ta thiy ring
ky thuat tién ma hod 13 can thiét trong hé théng two-way
relay ciing nhu phuong phap tién ma hoa anh huéng truc
tiép dén hiéu ning cta hé théng. Trén co sb clia bai bdo
ndy, ta c6 thé tiép tuc trién khai cho cc hé théng multi-user
multi-relay cling nhu multi-antennas.
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