Tap Chi Khoa Hoc Gido Duc Ky Thudt (31/2015)

Truwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh 51

PHAN TiCH XAC SUAT DUNG VA TI LE LOI Ki TU TRONG MANG
HQP TAC AF HAI CHIEU DUNG KENH TRUYEN FADING RAYLEIGH

OUTAGE PROBABILITY AND SER ANALYSIS OF TWO-WAY AF
RELAYING NETWORKS OVER RAYLEIGH FADING CHANNEL

P4 Pinh Thuin
Truong Dai hoc Su Pham Ky Thudt TP. HCM

Ngay tda soan nhan bai 03/11/2014, ngay phan bién danh gia 17/11/2014, ngay chap nhan dang 28/11/2014

TOM TAT

Gan day, cac cong trinh nghién ciru vé mang chuyén tiép tdp trung vao mang chuyén tiép hal
chéng béi vi wu diém vé phan tip khong gian qua viéc hop tac cua cac nut mang va mo rong tam
phii song ma khong nang cong sudt phat 0 cdc tram goc. Trong bai béo ndy phan tich chat heong
mang chuyén tzep hai chiéu kiéu khuéch dal va chuyén tiép ding kénh fadmg Rayleigh. Cong
thire tinh xdc sudt dirng qua hai chdng truyén dan dwoc tinh dwa trén ti s6 tin hiéu trén nhiéu ciia
moi chang Ngodi ra, bai bdo ciing phén tich ti 1é 16i ki tw véi nhiéu tin hiéu diéu ché khdc nhau.
Cic két qua thi nghlem theo cong thurc chmh xdc va bang mé phéng chimg minh chdt lwo'ng cua
mang chuyen tiép hai chiéu véi wu diém vé hiéu sudt sir dung bang théng so véi mang chuyén tlep
mét chiéu théng thiwong. Cudi ciing, nhitng két qua mé phéng nay da chieng minh tinh ding din
cua cdc cong thire phan tich.

ABSTRACT

Recently, the two-hop relaying networks in cooperative communications fields has received
considerable attracted reseachers due to spatial diversity through node cooperation and extending
coverage without requiring the large transmit power at base station. In this paper, we investigate
the performance of two-way amplify-and-forward relaying networks over Rayleigh fading
channel. The overall outage probability of two-hop relaying networks, which exact calculated
based on signal noise rate of each hop in relaying systems, is analyzed carefully. In addition,
the paper also examnined symbol noise rate with different modulation schemes. The theoretical
and numerical results provide acceptable performance of two-way relaying networks which
have better bandwidth efficiency compared with traditional one-way relaying wireless network.
Finally, we use these numerical simulations to verify the tightness of our analytical results.

I. GIOI THIEU

Kénh chuyén tiép dugc gidi thiéu bai Van
der Meulen nam 1971 [1]. Cac hé thong vo
tuyén ‘hop tac hay vo tuyén chuyen tiép co
mot so rru diém so véi cac mang truyen thong
truyén théng, chang han nhu van dé thyc thi,
két ndi, va dung lugng trong khi Va~1n t6i thiéu
hoa kinh phi dau tu xdy dung ha tang mang
cb dinh. Ky thuat mang chuyén tlep tang kha
nang két ndi tai cac noi ma ha ting mang
truyen thong bi giéi han tam | phu song, va c6
thé ap dung mang chuyén tiép nay vao mang

di dong té bao, mang v tuyén cuc bd WLAN,
cac mang lai khac.

Mot 1y do khac nita 13 nhu cau gia tang tbe
d6 dir liéu cua cac img dung vo tuyen hién tai
va tuong lai da thuc day su phat trién ctia cac
k¥ thuat phan tdp hop tac. Truyén thong hop
tac cling da thu hut su cha y manh vi tang do
tin cdy cho cac tuyén truyén thong vo6 tuyén.
Cong ngh¢ mang hop tac co thé cai thién hiéu
qua ctia tuyén truyén din vai viée dung thiét b1
& nat trung gian chuyén tin hiéu tir nat ngudn
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dén nut dich. Co rat nhiéu giao thuc truyén
thong mang hop tac di dé xuét trudc day,
trong d6 c6 hai giao thirc phd bién va duoc
nhic dén nhiéu trong cic nghién ctru 1a giao
thirc khuéch dai va chuyén tiép AF (Amplify-
and-Forward ) va giao thirc giai ma va chuyén
tiép DF (Decode-and-Forward ) [2]. Cu thé
hon, trong nguyén ly mang hgp tac dung giao
thirc AF, nut trung gian chi don gian khuéch
dai tin hiéu thu tir nat ngudn trude khi phat
t6i nat dich (ma khong thuc hién bat ki ky
thuat giai diéu ché hay giai ma tin hiéu di thu
dugc nao). Mit khéc, ki thuat chuyén tiép AF
c6 do phuc tap khi thyc thi thép va duoc du
doan s& duoc ng dung trong mang cam bién
va mang truyén thong giita cac phuong tién
giao thong trong tuong lai. Vi ly do nay, bai
béo s& tap trung danh gia chat luong ciia mang
chuyén tiép AF. Phu thudc vao viéc c6 duoc
thong tin trang thai kénh & nut trung gian, hé
thdng chuyén tiép kiéu AF chia thanh hai loai:
chuyén tiép c6 hé sd khuéch dai ¢b dinh va
chuyén tiép c6 hé s6 khuéch dai bién doi. Boi
vi loai chuyén tiép dd loi ¢ dinh khong yéu
cau gi tri tirc thoi thong tin trang thai kénh
nén noi chung sé c6 do phirc tap thap nén co
nhiéu cong bd tap trung phan tich [3, 4].

Khi ap dung cac giao thirc AF va DF, céc
mang hop tac chiu suy hao hi¢u suat pho do
kiéu truyén dan ban song cong. Dleu nay dan
dén cac nghién ciru méi vé tmyen dan mang
hop tac hai chiéu s& giai quyét duoc han ché
nay va s¢ dat hiéu sut str dung phd tan tang
gap doi so voi mang chuyen tiép truyen thong
[5]. Trong giao thic chuyén tiép hai chiéu
nay, hai ngudi dung giao tiép véi nhau qua
nut chuyén tiép trung gian cing mot luc. Khai
niém mang hop tac hai chiéu 1a & chiéu thu
nhét tin hiéu tir nit ngudn va nat dich giri dén
nut trung gian va chiéu thr hai nat trung gian
cing giri tin hiéu dén ndt ngudn va nuit dich
[6]. Cac tac gia trong [7], 44 phan tich x4c suét
dimg va xdc suét 16i ki tu ctia h¢ thong gidi
han vé nhiéu qua cac kénh fading Rayleigh.

Tuy nhién trong vién thong, tin hiéu tai
mot nut truyen trong mang chuyen tlep AF hai
chiéu phat dén mot nat mang khac vira 1am
chtrc nang phat va thu hay vira 1am nat nguén
va nuat dich. Trong bai b4do nay dua ra mdt mo

hinh phan tich mang don gian, phu hop ng
dung thuc té va danh gia qua hai loai h¢ )
khuéch dai c6 dinh va h¢ s6 khuéch dai bién
doi voi gia st o déu nay c6 mot nut ngudn va
mot nut dich truyén den nut trung gian 6 gita,
phia dau xa cing s€ gom mot nit nguon va nut
dich khac. Ngoai ra, van dé lya chon cac nut
trung glan AF t6i uu trong mang chuyen tiép
hai chiéu bang cac ham téi wu tuyén tinh nhu
trong [8]. Ngoai ra viéc lya chon nit chuyén
tiép, danh gia xac suat dimg véi xap xi hoa
ngudng dung dua trén thong tin trang thai
kénh khong dugc cap nhat thuong xuyén ciing
dugc quan tam trong [9]. Do do, trong bai bao
nay, tac gia tong hop va phan tich hiéu nang
mang chuyen tiép hai chiéu trong mot sd ngir
canh cu thé dua trén két qua cac cong b da
co.

Phén con lai cta bai béo trinh bay tin hiéu
va md hinh hé thong mang chuyén tiép AF
hai chiéu trong phan 2 va cac phén tich xéac
sut dimg trong phan ké tiép. Cac két qua mo
phong va bién luan dugc néu ra trong phén 4
va mot sb y thao luan cho két luan trong phﬁn
cudi cling.

IL. TIN HIEU VA PHAN TiCH MO HIiNH

HE THONG MANG CHUYEN TIEP AF

Trong vo tuyén mdi thiét bi déu nhan ca
hai chirc nang phat tin hi¢u va xtr Iy khoi phuc
tin hiéu thu vé nén thudng goi 1a thiét bi thu
phat. O hinh 1 trong bai bao ndy xem xét mo
hinh mang v6 tuyén gém thiét bi phat c6 hai
anten phat, thiét bi & dau xa c6 hai anten thu,
kénh truyén tir cac anten gia st 1 kénh fading
Rayleigh doc lap.

Bai bido nay tip trung vao moéi truong
truyén ¢ day 1a kénh fading Rayleigh phéng
dung trong truyén thong mang hop tac 2 chiéu
v6i giao thire khuéch dai va chuyén tiép AF.

Hinh 1. So do khdi ‘mang vO tuyen chuyén
tiép AF hai chiéu, gdbm nit ngudn mang tin
hiu s, nat trung gian R do loi G, va nut dich
o tin hi¢u thu y
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Theo mé hinh truyén tin hiéu mang chuyén
tiép hai chiéu trén s& co hai pha truyén tin hiéu
hay hai buéc xir Iy. Trong budc dau tién, ca
hai thiét bi phat giri dir lidu dén nut trung gian
dong thoi. Trong bude thir hai, nat chuyén tlep
phat t6i ca hai thiét bi thu & dich ban khuéch
dai tin hiéu vira nhan dugc tir thiét bi phat.

Bai bdo gia su rang mang chuyen tiép hai
chiéu hoat dong ¢ ché do truyén song cong
phan chia theo thoi gian, nghia 1a ca kénh
duong 1én va kénh duong xudng chlem cung
tan s6 nhung khac vé thoi gian truyén thong
tin.

Tin hiéu thu & nuat trung gian R trong khe
thoi gian dau tién dugc tinh boi

Yy =hs +hs, +v,
6]
voi 5,0 CN(0,B) cho i=1,2 1a cac ki tu tin
tuc phat tr cac anten
khac nhau c6 phan bd Gauss phirc d6i xtng
vong trung binh bang khong va cong suit P.
Bén canh do, v, CN(0,N,) la nhiéu
Gauss phuc cong & cac
nat ngudn va nat trung gian véi i =1,2,3 . Hé
s6 kénh truyén tir nat ngudn thi i
dén nut trung gian ki hiéu 1a 4.,i=1,2.
M&i kénh truyén nay duoc md hinh
hoa theo phan b fading Rayleigh doc lap vai

do loi trung binh Q, =E, {|h| }
toan tinh ki vong,

1a 7,00 CN(0,€,). Ngoai ra, ham mét do xac
suat (PDF) va ham mat do
xac suat tich lily (CDF) cua céc gia tri do loi

laphep
nghla

kénh p, [ | 1| duge cho twong tmg la

" )

Gia su rang tat ca cac nat mang c6 thong tin

kénh fading hoan hao #,,4,. Vi thé, nat trung
gian c6 thé dp dung hé s6 khuéch dai
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bién d6i, con nguge lai khi chua biét thong tin
trang thai kénh thi hé s6 khuéch dai cb dinh
dugc ap dung, gia tri hé s6 khuéch dai trong
bai bao nay chon 14 loai hé sé bién d6i nhu
sau.

\/ o) F) o) -l)
G_

trong do, P, 1a cong suat phat trung binh ctia
nat trung gian. Khi do, tin hi¢u nhan duoc
(xtr Iy & khe thoi gian thir hai) ¢ cac nut dich
duoc bicu dién la

v, =hGy, +v,
- hiG(hlsl +h2S2 +V3)+VI. (4)

G odaylahé s6 khuéch dai tai nat trung gian,
co thé la loai khuéch dai bién doi. Tai nat
dich thtr i khi c6 thé chon khéi phuc tin hiéu

2 : .
phit s ( 0=, i=12) bt ki tir tin hicu
! l

thu y;. Gia thiét trong
truong hop t6i wu khi c6  dugc tin higu s, ,
gia tri kénh truyén, do khuéch dai G, phia

thu c6 thé loai bo hoan toan thanh phan tu

nhiu G#h's, . Trong truong hop t6i uu nay,

biédu thirc tlnh ti sO tin hiéu trén nhiéu
(SNR) tr ngudn dén dich s& Ia
(Ghh, ) P,
SNR. = S
[(Gn) +1]N,
2
_(Wh) B peB (s
WN,+—~  pN,+ N,
G G

vOi P, la cong suét thu tin hiéu S,
RO rang, trong cong thu:c tinh
SNR tir nut nguon dén nut dich phy thude vao



Tgp Chi Khoa Hoc Gido Duc Ky Thudt (31/2015)
Truong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

SNR ctia doan tir niit nguon dén niit trung gian
(ki hi€u Ia y,) va SNR cua doan tur nit trung

gian dén nut dich (ki hiéu 1a 7,). Biéu
thirc tong quat xac dinh cac SNR  nay la

PR
y =———, vOi Pla cong suat tai nit phat tin

. hiéu dang xem xét, la kénh
truyén tor nat phat dén nat dang xem xét
SNR, N 1a ham mat dJ cong suit nhiéu.

I11. PANH GIA BIEU THUC TINH XAC
SUAT DUNG VA SER

1. X4c suit dirng

Xéc sut ding 13 mot trong céc tiéu chi do
ludng pham chat cua cac hé thong vo tuyén
qua kénh truyén fading. Xac suat dimg duoc
dinh nghia 14 x4c sut ma gia tri SNR tuong
duong tirc thoi s€ nhé hon muc an toan xac
dinh trudc. Néu xéc suat dimg & trén gid tri an
toan nay, chét luong dich vu s€ dugc théa man
va gia tri xac suat dimg dugc tinh theo gié tri
ngudng cua SNR tinh theo biéu thirc bén dudi

P, . =Pr{SNR, <x}
(©) ‘

Gié tri SNR tac thoi cua hai ching truyén
dan trong hinh 1 khi d6 sé& 1a cac bién ngiu
nhién phan bd theo ham mi, phu thudc vao
kénh truyén fading Rayleigh.

1 .
Dat B, =— , ap dung ly thuyét 1 trinh bay
trong 7i[11], ta c¢6 cong thirc tinh xac
suat dung

Pr{SNR, <x} =1-x/B B¢ "I (x5,

()

trong do, K, (x)lél ham Bessel stra d6i bac 1
cua loai 2.

Di c6 rat nhidu cong bd trude day phan
tich xac suat ding theo hudéng tim cac cong
thirc tinh xdp xi, tim tiém c4n trén, tiém can
duoi, nén trong bai bao nay, tac gia khong co
y dinh phén tich sau hon van dé nay.

2. Ti 18 16i ki tw SER (Symbol Error Rate)

Trong phan nay, bai bdo xem xét ti 1& 15i
ki tw SER cua hé théng, dung cac ky thuat
diéu ché co ban nhu BPSK (binary phase
shift keying) va QPSK (quadrature phase shift
keying) dugc mo {é nhu sau

SER, =E Q(ﬂ/bSNRZ.

)} i=1,2

®) .
trong d6, O (x '[e” 2dt 1a ham 15i vé6i
b la cac VZ” x hing sb theo

d ac tinh cua k§y

thuat diéu ché nhu sau: BPSK (b =1), QPSK
(b=2)

Su dung phuong phap tinh tich phan
ting phan, biéu thtc trén c6 thé viét lai dudi
dang sau:

SER, = x)dx

\/—j \/— Fong, ©)

Trong d6 ham phan b tich lity cua ti s6 tin
hi€u trén nhiéu c6 quan h¢ véi xac suat dung
la FSNR ( ) Pnutl(x)'

IV. KET QUA MO PHONG

Trong phan ndy, bai bao trinh bay cac két
qua mo phong dé minh hoa cho cac 1y thuyét
da phan tich ¢ trén qua mo6 phong Monte-
Carlo v6i s6 1an lap 1a 20000 lan. Céc gia tri
mo phong vé cong suat tin hiéu & cac nut
ngudn, dich va trung gian dugc chon Ia
P,=0.5B=05P, va P =09F =09~P,.

Trong cac md phong xem xét hé thong tdc
do cao v6i x=2°—1, hay noi khac hon 1a 5
bit/kénh. V6i md hinh mang
chuyén tiép AF c6 hé s khuéch dai bién doi
trong Hinh 2 cho thdy khi chon ti 1& phan bé
cong sudt nhu P, =0.5F =0.5P,thi xac suét

dung cao hon SO voi
P, =09F =09P,, nghia lfiq néu chon ti 1,é
phan b0 cong  suat

P,=0.9P, =0.9P,, pham chét ctia h¢ théng s&

t6t hon. Qua cac két qua mo
phong cho théy tang cong suat phat thi xac
suat dimg t6t hon, nhung bai toan tang cong
suit s& din dén tiéu hao ning luong nhiéu hon
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v6n 14 van dé khong mong mudn khi phat trién
cac cong nghé vo tuyén chuyén tiép co dung
cac nit trung gian cau hinh don gian hon va
tiéu thu cong suat it hon cac nut chinh.

Trong két qua mod phong tiép theo ¢ Hinh
3 va Hinh 4, bai bao dé cap dén ti 1& 15i ki
tu SER cta phuong phap tinh qua md phdong
va dung cong thtc tinh chinh xac qua cac k¥
thuat diéu ché khac nhau. Qua mé phong cho
thdy SER dung diéu ché BPSK it 16i hon so
voi QPSK. Luuy rang trong pham vi bai bao
nay ciing chua dé cap dén ti s6 SER trén mb
hinh hé thong thuc té hoan chinh ma chi dua
vao cong thirc tinh 1y thuyét. Trong giGi han
ctia kién thirc ma tac gia c6 duoc, cac danh gia
vé SER chi theo cong thirc 1y thuyét chinh xac
cling 14 han ché ciia cac cong bd khac vé mang
chuyén tiép cho t6i thoi diém hién nay.

V. KET LUAN

Bai bao nay da dan ra biéu thirc tinh ti sd
tin hiéu trén nhidu SNR cho mé hinh truyén
din mang chuyén tiép AF hai chiéu dua trén
cac phan tich biéu thic toan hoc tinh xac suat
dimg. Céac két qua md phong cho thiy mot
lya chon ti 1¢ phan b6 cong suét giira cac nut
ngudn, nut trung gian va nat dich phu hop sé
cho gié tri xac suat dimg t6i wu, tir 6 xac dinh
ngudng pham chét ciia toan hé théng phtt hop
cho cac trién khai san xuét thiét bi vo tuyén
mang chuyén tiép hop tac trong twong lai.
Ngoai ra, bai bao cling néu cac cong thic tinh
ti s6 161 ki ty véi cac k¥ thuat diéu ché phd
bién gdm BPSK va QPSK.

Trong hudng phat trién tiép theo cua bai
b4o 12 md ra hudng két hop MIMO va mang
chuyén tiép AF theo dang thiét bi ngudn dung
hai anten phat hai anten thu va nat trung
gian dung 1 anten thu, 1 anten phat, tin hi¢u
duoc khuéch dai ¢ nat trung gian theo hai hé
s6 khuéch dai va truyén dén nat dich dung 2
anten phat, 2 anten thu. bdi v6i MIMO, viée
xtr 1y tin hiéu phat ciing nhu tai bd cén bang
kénh rat phirc tap khi ting s anten phat va
thu, nén viéc chon s6 anten phat va thu la 2
anten s& phu hop voi diéu kién san xuét phan
cung thyc té. Viéc két hop nay s& tin dung uu
diém mang MIMO va mang chuyén tiép.
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