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Tom tat. Nham nang cao hiéu ning truyén thong hop tac, cac phuong phap lwa chon chuyén tiép da duoc
sur dung va mang lai hiéu qua dang ké. Trong bai béo nay, ching toi nghién ctru phuong phap lya chon thiét
bi chuyén tiép cho cum chuyen tiép trong mang hop tac hai chiéu két hop véi giao thirc da truy cap phi truc
giao (NOMA) véi co ché triét can nhidu tuan ty (SIC). M6 hinh dugc khao sat gom hai nguoi dung trong
diéu kién moi truong truyén c6 suy hao nhiéu do fading hoic cac chuéng ngai vat nén khong c6 duong truc
tiép, qua trinh truyén thdng tin chi dugc thuc hién théng qua mot cum thiét bi chuyén tiép hoat dong & ché
d6 ban song cong (HD), dugc goi la giao thirc HD-CNOMA. Bai bao thao luan va phan tich xéac suat dirng
Vi phuong phap Iya chon thiét bi chuyén tiép voi do loi 16n nhat. Bén canh dé, hiéu nang hé thong dwoc
khao sat theo ti I8 tin hiéu trén nhiéu (SNR). Cudi cung, cac biéu thuc toan hoc duoc kiém ching bing
phuong phap mé phong Monte-Carlo sir dung phan mém Matlab.

Tir khda. lra chon nat chuyén tiép, xac suat dung, da truy cap phi truc giao, chuyén tiép hai chiéu, giai ma
va chuyén tiép.

1. GIOI THIEU

Véi sy phét trién nhanh chong ctia mang truyén thong khong day, cac nghién ctiru v& phan tap hop tac da
thu hat duoc su chi y déng ké. N6 cho phép cai thién vé hiéu nang va do tin cay ciia mang khong day bang
cach dé cac thiét bi chuyén tiép tro gidp cho nhiém vu truyén nhan dir liéu. Pay 1a mot trong nhiing céch
hiéu qua nhat dé giam tac dong fading 1én céc kénh truyén khdng day. Cac ky thuat lya chon thiét bi chuyén
tiép cling tir d6 ma dwoc nhiéu quan tam nghién ctru [1, 2]. C6 nhiéu ky thuat lwa chon thiét bi chuyén tiép
khac nhau nhu chon béan phan (partial) [3], chon toan phan (full) va chon ngau nhi€u (random). Déi voi
phuong phép chon toan phan thiét bi chuyén tiép dugc chon khi cac thdng so ve duong truyen tin hiéu gitra
thiét bi chuyén tiép va ngudn ca duong 1én va duong xudng 1a 16n nhét. Céac théng sb nay c6 thé 1a do loi
kénh truyén hay ti 1¢ tin hiéu trén nhiu va véi chon toan phan thi tiém ning nang cao hiéu ning hé thong
1a rt 16n. Khac vai chon toan phan, chon ban phan trién khai chon thiét bi chuyén tiép voi cac thong sé
trén chi cho mot bén duong Ién hozc duong xubng, véi phuong phap nay co thé s& bo qua cac kénh truyén
t6t hon & bén con lai nhung qua trinh xtr ly tin hiéu s& don gian hon va gitp tang toc d6 xt 1y so véi phuong
phap chon toan phan.

Da truy cap la ky thuat cho phép nhiéu nguoi ding chia s¢ thong tin trén cing mot kénh truyén mot céch
hiéu qua. Pa truy cip c6 thé dua trén co ché da truy cap truc giao (OMA) va da truy cap phi truc giao
(NOMA). NOMA dugc xem la mét trong nhiing k§ thuét truy nhap vo tuyén véi hiéu qua truyen dan day
hira hen cho truyén thong di dong thé hé sau, 1a mot cong nghé can thiét cho cac Mang khong dong nhat vé
do tré thap, do tin cay cao, két ndi 16n va théng luong cao [4-6]. Trong NOMA, céc thiét bj c6 kha ning
chuyén cuing lc nhiéu tin hiéu khac nhau dén mét hoic nhiéu nguoi dung. Tinh chit quang ba cia NOMA
gilip nang cao toc do truyén dan cua dir lidu trong hé thong. Biém khac biét cia NOMA 1a c6 thé phuc vu
nhiéu thiét bj nguoi dung trén cling mot khdi tai nguyén (c6 thé la thoi gian, tn s6 hay ma) nhung duoc
phan bd cong suit khac nhau dya theo diéu ki¢n kénh truyén khéc nhau. Nguyén tac 1a phan bd cong suit
cao hon cho thiét bi c6 diéu kién kénh truyen yéu (hay ¢ xa nguon) va cdng suat thap hon cho céc thiét bi
ngudi ding c6 diéu kién kénh truyén tét hon (hay & gan ngudn) dé dam bao tinh cong bang glua céc thiét
bi nguoi dung. Tai cac thiét bj thu s& s dung k thuat triét can nhidu tuan tu SIC dé giai ma céc tin hiéu
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Pé thuc day hiéu qua su dung phd va cai thién hiéu suét truyen tai cho mang hai chiéu [8], trong bai bao
nay ching toi dé& xuat mot md hinh mang hop tac hai chiéu gom hai nguoi dung va mot cum chuyén tlep sur
dung hai khe thoi gian véi phuong phéap chon thiét bi chuyen tlep ban phan dya vao do loi kénh truyén giira
ngudi dung gan va thiét bi chuyén tiép twong tng Ion nht, két hop véi ky thuat NOMA. Trong khe thoi
gian tha nhét ca hai nguoi ding cung truyén tin hiéu dén cum thiét bi chuyén tiép. Mot thiét bj chuyén tiép
dugc chon va thiét bi chuyén tiép nay s& su dung SIC dé giai ma tin hiéu nhan duoc, sau d6 dung ma hoéa
xép chong dé tao ra mot tin hidu mai va truyén tin hiéu nay dén hai ngudi dung trong khe thoi gian thi hai.
Str dung hai khe thoi gian trong trao doi dir lidu két hop lua chon thiét bi chuyén tiép lam ting hiéu suat sir
dung bing thong va giam anh huong cua fading I&n tin hiéu dan dén giam xac suat dirng. Xéc sut dirng
cuia hé théng dugc phan tich va biéu dién ¢ dang biéu thirc dong chinh xac dé danh gia hiéu nang hé théng
va dugc kiém chiing bang phuong phap mé phong Monte-Carlo.

Mot sb ky hiéu toan hoc trong bai bao: f«(.) va Fx(.) twong ung la ham mat do xac suat (PDF) va ham phan
phdi tich lity (CDF) ctia mét bién ngau nhién X; Pr(.) 1a ham xéac suét.

2. PHUONG PHAP NGHIEN CUU

2.1 Mb hinh hé théng va gia dinh.

Mb hinh mang hai chiéu dwoc dé xuat gom 2 nguon S;, S, giao tiép voi nhau qua mot cum gom N thiét bi
chuyén tiép (R, v6i 1<i < N) nhu hinh 1. Cac nguén va cac thiét bj chuyén tiép hoat dong & ché do ban
song cdng. Puong truyén truc tiép gitta S;, S, duoc gia sir 1a khong ton tai do tin higu suy yéu manh boi
tré ngai vat ly [9] va lién két chi co thé thiét 1ap thdng qua cac thiét bi chuyén tiép [10]. Tai mdi khe thoi
gian, chi c6 mat thiét bi chuyén tiép R, (R, € R;) dugc chon dé hd tro cho viéc truyén dir lidu giira cac
ngudn. dy, d, 1a khoang cach chuan hoa giita nguon S;, S, va cum thiét bi chuyén tiép, dong thoi gia sir
S, gan cum thiét bi chuyén tiép hon S, tic 1a d; <d, .

—

Hinh 1: M hinh hé¢ thong HD-CNOMA.

2.2 Phan tich md hinh h¢ théng.
Chting t0i gia sir kénh truyen gitra cac thiét bi 1a md hinh fading Rayleigh voi hs g, hrs , Ns g, hrs 12

hé s6 kénh truyén tuong tng véi cac lienkét S, > R, R =S, S, > R, Ry = S,. Do loi kénh truyén
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|
nhét nén CDF tuong &ng:
N
N _x
()=ITF, ¢ (x)=|1-e™ 1)

i=1 ‘hisi

F

‘hisb‘z
X, X, twong ung latin higu truyén bsi S, S, . Gia sir cong sut truyén cta cac nguon va thiét bi chuyén
tiép bang nhau P .
Trong khe thoi gian tha nhat S; va S, truyén dong thoi tin hi¢u X, va X, véi cong suat P dén cac thiét bi
chuyén tiép. Tin hiéu nhan dugc ¢ cac thiét bi chuyén tiép dugc biéu dién bang cong thirc:
Yy, = \/Bhisi X + \/EhszRi X, + N, (2)
trong d6 N, 1a nhidu Gauss tring (AWGN) v&i gid tri trung binh 14 0 va phuong sai N, .
Thiét bi chuyén tiép R, duoc chon va giai ma tin hi¢u nhan duoc tin hiéu nhan dugc dya theo nguyén Iy
cua SIC, dau tién R, s& giai ma tin hi¢u X, do dugc truyén tir nguén gan hon nén ¢6 dd lgi I6n hon trudce va
xem tin hiéu X, 1a nhidu. Ta c6 SNR tai thiét bi chuyén tiép cho giai ma x, la:
2

‘hisb P

()

X —
Vs, 5Ry|dy<d, — 2
‘thSz ‘ p+1

Trong do, p = Ni dugc dinh nghia Ia ti 1& cong suat tin hiéu trén nhiéu. Sau khi giai ma X; va loai bo
0

thanh phan chtra X, trong cong thac (2), R, giai ma tin higu X, véi gid tri SNR Ia:
X _ 2

Vs, >Ry = P‘hssz‘ (4)
Tiép theo R, ding ma hoa xép chong tao ra mot tin higu x, 1 két qua tong hop cua hai tin higu X, va X,
va truyén tré lai hai ngudn véi hé s6 phan b cong suat a;,a, cho hai tin higu X, X, véi a +a, =1. Dé
dam bao cong bang giira S, va S,, cong suat cao dugc phan b cho ngudi ding & xa trong trudng hop nay

la S, nén a, >a, . Tin hi¢u nhan dwoc tai S; (j =1,2) dugc biéu dién bsi cng thirc:

Ys, :\/Ethsj (\/axl‘Hling)“Lnsj ®)

Tai S, theo nguyén ly giai ma SIC, tin hiéu X, duoc giai md va X, duoc coi la nhiéu, SNR nhan dugc tai
thiét bi chuyén tiép cho giai ma x, la:
2

aolh
410 ‘ RyS; ©)

YRy —>Sldy<d, = 2
azp‘thsz‘ +1
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Tai S; theo nguyén ly giai ma SIC, tin hi¢u X; dwoc giai ma va X, dugc coi la nhiéu. Sau d6 giai ma X,
bang cach loai bé tin hiéu X, vira dwoc giai ma. SNR nhan duoc tai S; cuaatin higu X, va X, lan luot dugc
biéu dién nhu sau:

2

% _ alp‘thSI @)
VRy>sjdi<d, = [ 2
azp‘thsl‘ +1

VR s jdy<d, = azp‘thsl 8

2.3 Phan tich x4c suat dirng hé théng.
Trong phan nay, ching t6i tim cac biéu thirc xac suat dung cua hé thong Chung toi gia sir rang cac thiét bi
chuyén tiép va ngudn chi giai ma thanh cong tin hiéu nhan dugc néu SNR cua ching 16n hon hoic bang

maét gia tri nguong y, [3, 11].

2.3.1  Xac suit ding cua duong truyén tin higu tir nguon Sy dén S: S; > R, — S, .

X&c suét truyén thanh cong duoc md ta nhu sau: thiét bi chuyén tiép phat hién va giai ma thanh cdng tin
hiégu X, va sau d6 S,cing phat hién va giai md thanh cong duoc X
P (751 SRbld,<d, > Yih1 VRoo>S,ldy<d, %) - Nguoc lai hé thdng s& xay ra hién tugng ding hoat dong. Ta c6

XAc sut dung cho duong truyén S, — R, — S, véi d; <d, va dugc biéu dién:

Oy, i, =17 PT(rs Srygid, > 7o PR o8 0di<0, > 7in) ©)
Thay gia tri SNR ¢ cong thirc (3) va (6) vao (9), ta co:
2 2
hse| o a0|Mg s
S2pdy<d, il ‘ : bZ > Y | % P ‘ : 22 > 7t
‘thsz p+1 azp‘thsz (10)
2 N 2 2 Vth
e e R e
Yth 2 5 2 Vth
‘ Rb‘ P ‘ b7 ' ‘ b (& —a,7)
Véi cac PDF va CDF di xac dinh, ta c6 thé tinh duoc:
Q%
Cq 1 q
T,=1- le# (11)
Q + 0y
y q}’th
th
ool —ar) Ch(-D% .
1-e P2m) | 1_Q) khi (8, —ay,) >0
T, = Z O+ 07, R (12)
0 khi (&, —a,74,) <0
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2.3.2 XA&c suit dung ciia duong truyén tin higu tir nguon S, &én S S, - R, — S,

Xéc suat truyén thanh cong cua dudng truyén tin hiéu tir ngudn S, dén Sy dugc mé ta nhu sau. Thiét bi
chuyén tiép str dung k¥ thuat SIC giai ma thanh cong tin hi¢u X, va giai ma thanh cong tin hiéu x, dong
thoi tai nguon S, giai ma thanh cong X, va X, . Ta c6 xac suat dirng cho dudng truyén nay nhu sau:

ORs e, =17 Pr(7sxi_>Rb >Vt 7§§—>Rb >7th)>< R (7%451 > Yt 7é§_>sl > 7/th) (14)
Thay gia tri SNR & cong thic (3), (4), (7) va (8) vao (14), ta cé:
S P 2
S o0t =1-Pr ‘ iR b‘ _>7th’p‘th52 > Vi | X
‘thSz‘ p+1
ap|hg s
x Pr ¢>7th’ azp‘thsl > 7t
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Véi cac PDF va CDF d xéc dinh, ta 6 thé tinh dugc:
N Q(1+7t )
Tth Jth Cq( l)q : le :
T,=e % e Qﬂpz (16)
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Sued, 1-(T5xTy)
. _7nd(+7)
1e$ﬁﬁlqzcwnq i khi (a,—a,7,)>0 (18)
1 8
= = AT arn t
1 khi (a,—a,p4,) <0
Vc’ric:max£ Zih ,7thj
P& —arn) ap

3. MO PHONG CONG THUC VA NHAN XET

Trong phan nay, ching toi thyc hién mo phong trén phan mém Matlab dé kiém ching cac két qua phan tich
X4c suat dirng cua hai ngu0n trong hé thong HD CNOMA.. Trong tit ca cac phan tich ching toi chon SNR

ngudng 7y, =1 va hé sé mil suy hao dudng truyén g =3.
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Hinh 2: Xéac sut ding ciia hé thong theo o vai s6 thiét bi chuyén tiép khac nhau.

Hinh 2 biéu dién xac suat dung cia hai nguon theo p véi cac thong sé duoc chon nhu saud;, =0.4,
d,=1-d;, 3 =0.7, a, =1—a, vasdthiétbi chuyéntiép N = {1, 5,10} . Céc két qua cho thay, thir nhat

x4c suét ding cua hai hé thong xap xi bang nhau dii khoang cach cua hai nguon dén cum thiét bj chuyén
tiép khac nhau, két qua nay c6 duoc do cach phan bd hé sé cong suit tai thiét bi chuyen tiép theo nguyén
Iy cia NOMA tao ra su cong bang cho hai nguoi sir dung. Bén canh d6 xac suat ding cua ca hai nguon
déu giam manh khi p tiang & viing o nho 0dB dén khoang 10dB, 20dB hoic 30dB ung véi cac sb luong

thiét bi chuyén tiép N = {1 5, 10} tuong tng, sau d6 roi vao gia tri bdo hoa & gidtri o 16n. Ta ciing thay

hiéu nang cua hé thong tang ti 1 thuan véi s6 lugng thiét bi Chuyen tiép, hé thong ¢6 sir dung nhiéu thiét bi
chuyen tiép tot hon han so véi hé thong chi sir dung mot thiét bi chuyén tiép. Cudi cung céac két qua ly
thuyét hoan toan trung vai két qua mé phong.

50



Tac gia: Tran Pinh Hing va Cong sw

d, =04, d, =0.6
a, = 0.6, a,= 0.4

Xac suét dirng
=
o
nN
)

© Mo phdng(S,)

d,=03.,d,=07
a, =07.a,=03

® Mo phéng(S )

—Phan tich(S,)
——Phan tich(S, )

-10 0 10 20 30 40 50
p(dB)

Hinh 3: Xac suat dirng theo o véi khoang cach va hé sé cong suét thay doi

Hinh 3 biéu dién xac suat dung cua hai nguon theo p Vvéi su thay doi cua cac gia tri khoang cach
d, ={0.3,0.4}, d, =1—d,, va thay déi c4c h¢ s6 cong suét tuong Gng & ={0.7,0.6}, a, =1—a,, Véi

s6 thiét bj chuyén tiép N =5. Keét qua m6 phong cho thay khi phan bo hé s6 cng suat hop Iy tai thiét bi
chuyen tiép theo khoang cach gitra thiét bi chuyén tiép va hai ngudn (khoang cach 16n thi tin hi¢u dugc
truyén voi cong suit Ién va nguoc lai) ta thu dugc xac suat ding cua hai nguon xap xi bang nhau tao tinh
cdng bang cho cac ngudi sir dung dan dén cai thién hiéu nang cua hé thong.

4. KET LUAN

Bai bao nay nghlen cuu viéc ap dung NOMA va phuong phap lua chon thiét bi chuyén tiép trong mang hop
tac hai chleu v6i kénh truyén Rayleigh. Cac két qua phan tich vé xac suét dirng hoat dong cuaa hé thong
dugc cung cip & biéu thirc dang dong va duogc kiém ching bing md phong Monte Carlo. Céc két qua tinh
toan, md phong cho thay hé mang hop tac hai chiéu st dung NOMA gidp giam sb khe thoi gian truyén dan
dén tang hiéu ndng hé théng SO VOi mang hop tac hai chiéu thong thuong. Bén canh d6 phuong phap Iya
chon thiét bj chuyen tlep giup giam xac suit dirng hoat déng cua hé thong so voi truong hop chi st dung
mot thiét bi chuyén tiép hd tro truyén dir liéu. Cudi cung viéc phan bd cong suat tai thiét bi chuyen tiép
bang cach lya chon cac hé s6 cdng suét thich hop tly theo khoang cach gitra thiét bi chuyén tiép va hai
ngudi ding tao ra tinh céng bang cho ngudi diing & xa gitp ting hiéu ning ciia mang hop tac hai chiéu.
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ENHANCING THE TWO-WAY COOPERATIVE NETWORK PERFORMANCE
USING NOMA AND RELAY SELECTION

TRAN DINH HUNG, VO MINH HAO, NGUYEN THANH LUAN, PHU TRAN TIN, THU-THUY THI DAO*
Faculty of Electronics Technology, Industrial University of Ho Chi Minh City
*Corresponding:daothithuthuy@iuh.edu.vn

Abstract. To enhance network performance in cooperative communication, the relay selection methods
have been used with significant effects. In this paper, we study two-way relay networks using the partial
relay selection and non-orthogonal multiple access protocol (NOMA) with successive interference
cancellation (SIC). In the paper, the investigated model includes two end-users in a transmission condition
with high loss due to fading or obstacles so there is no direct transmistion line between them, their
connectivity is only performed through a cluster of decode-forward (DF) relay in haft duplex mode (HD).
We discuss and analyze the outage probability of system by selecting a relay with the greatest gain. Next,
system performance is surveyed according to signal to noise ratio (SNR). Finally, mathematical expressions
in the paper are verified by Monte-Carlo simulation method using Matlab.

Key works. relay selection, outage probability, non-orthogonal multiple access, two-way relay network,
decode-and-forward.
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