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Tom tit: Bai béo nghién ctu mang chuyén tiép hai
chiéu str dung ky thuat ma hoa mang sé6 (DNC) va khu
nhiu tuan tu (SIC), dudi anh huong cua kiém khuyét
phan cang. Trong mé hinh dé xuat, hai ndt nguén trao doi
dir liéu véi nhau théng qua sy hd tro cua mot tap nit
chuyén tiép. Khe thoi gian dau, hai nat nguodn cing ldc
phét dir liéu toi tap cac nat chuyén tiép va céc nat nay
dung ky thuat SIC dé giai ma cac dir liéu nhan duoc.
Trong khe thoi gian thir hai, mot trong cac nat chuyén
tiép giai ma thanh cong ca hai dit liéu nhan dwoc s& dugc
chon dé truyén dir liéu dén ca hai nat ngudn. Bai bao
nghién ciu phuong phap chon lya nt chuyén tiép, bao
gom chon lya nat chuyén tiép ngau nhién (RAN), chon
lya nGt chuyén tiép don trinh (PRS) va chon lya nit
chuyén tiép téi vu (ORS). Hon nira, ndt chuyén tiép dugc
chon s& thuc hién XOR hai di liéu nhan dwoc, rdi gui dir
liu da XOR vé hai nt ngudn. Bai bao dua ra cac cong
thirc dang twdng minh (closed form) dé danh gia hiéu
nang xac sudt dung hé thdng caa ciac mé hinh dé xuit
trén kénh fading Rayleigh, dudi sy anh huong caa khiém
khuyét phan cing. Cac biéu thic toan hoc dugc kiém
ching bang mé phong Monte Carlo.

Tir khéa: Chuyén tiép hai chidu, khiém khuyét phin
clig, da truy nhap phi tryc giao, k¥ thuat khir nhién tuan
tu, xac suét dimg hé thong.

I. GIOITHIEU

Chuyén tiép hai chiéu (two-way relaying) 1a giai phap
hitu hiéu trong truyén théng khong day [1]-[5]. Trong
chuyén tiép hai chiéu, hai thiét bi v tuyén (con goi la hai
ndt ngudn) ¢ thé trao dbi dir lidu vai nhau thdng qua mot
hodc mot nhém nat chuyén tiép trung gian. Véi cach thic
chuyén tiép thong thudng [3], mang chuyén tiép hai chiéu
phai sir dung 04 khe thoi gian dé giri cac dir liéu dén céc
ndt nguon. Nham nang cao toc do truyén dit lieu (hay 1am
giam sb khe thoi gian st dung), cac cong trinh [3]-[5] va
[6] dua ra m6 hinh chuyén tiép hai chiéu dung ma hoa
mang s6 DNC (Digital Network Coding). Trong md hinh
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nay, hai nat ngudn sir dung 02 khe thoi gian dau dé guri dir
liu dén nat chuyén tiép. Sau do, nat chuyén tiép sau khi
giai ma thanh cdng céc di liéu nhan duoc, sé XOR cac dir
liéu lai, va gui dén ca hai nat ngudn trong khe thoi gian
thir ba. Nho qué trinh xir Iy XOR tai nat chuyén tiép ciing
nhu tai 02 nGt ngudn, moé hinh chuyén tiép hai chiéu st
dung DNC chi can chi can sir dung 03 khe thoi gian dé
thuc hién viéc trao ddi thdng tin. Céc cong trinh [1], [7] va
[8] dé xuat md hinh mang chuyén tiép hai chiéu ding ky
thuat ma hoa tuong tu (ANC: Analog Network Coding),
trong d6, cac nat chi can sir dung 02 khe thoi gian dé
truyén dir liéu. Trong ky thuat ANC, céc nat nguon phat
tin hiéu ddng thoi téi nat chuyén tiép trong khe thai gian
tha nhat, va trong khe thoi gian thir hai, nit chuyén tiép
thuc hién khuéch dai tin hiéu nhan dugc, va giri téi ca hai
ngudn [8]. Bé c6 thé giai ma dir liéu, cac nat ngudn phai
khir dugc thanh phan ty nhidu (self-interference) trong tin
hiéu nhan duoc. Vai viéc chi st dung hai khe thoi gian,
ky thuat ANC dat dwoc gap doi toe do truyén khi so sanh
v6i ky thuat chuyén tiép hai chiéu thong thuong. Tuy
nhién, dé cac nat ngudn co thé khir thanh phan tu nhiéu,
hé sb kénh truyén gitta cac ngudn va nit chuyén tiép duoc
gia sir 1a khong thay d6i sudt hai khe thoi gian truyén. Bén
canh do, sy ddng bo con duge doi hoi cao trong thoi gian
thuc hién truyén phat dong thoi cua hai ndt ngudn dén nat
chuyén tiép. Nguoc lai, ky thuat DNC c6 thé &p dung
trong truong hop cac hé sé kénh truyén thay déi sau mdi
khe thoi gian truyén. Bong thoi, viéc dong bo trong DNC
ciing dé dang thuc hién hon so véi ANC.

Céc cong trinh [9]-[12] nghién cau su tac dong caa
khiém khuyét phan cimg (HI: Hardware Impairments) Ién
hiéu ning cua mang chuyén tiép hai chiéu. Khi phan ctng
cua céc thiét bi 1a khong dat tién thi sy anh husng cua cac
yéu t6 khiém khuyét phan cimg (nhu mét can bang 1/Q,
nhidu pha, by khuéch dai khong tuyén tinh, ... [13]-[15])
Ién hiéu ning ctia mang la dang ké. Do do, viéc danh gia
hiéu ning cua mang chuyén tiép hai chiéu dudi su téc
dong cua khiém khuyét phan cang s& cho nhing két qua
s&t voi thyuc té hon. Céc cong trinh [11]-[12] da Ian luot
dua ra nhimg phuong phép chon lya nit chuyén tiép va
nGt ngudn, va ky thuat chuyén t_|ep st dung MIMO
(Multiple Input Multiple Output) dé nang cao hiéu ning
mang du6i sy anh hudng cua phan cing khong hoan hao.
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Gan day, da truy cap phi truc giao (NOMA: Non-
Orthogonal Multlple Access) [16]-[20] dang nhan dugc
nhiéu su chl y cua céc nha nghién cuu trong va ngoal
nuéc. NOMA nang cao déng ké téc do truyén dir liéu va
dang tro thanh mot trong nhiing k¥ thuat tiém nang cho
cac hé thong mang truyén thong v tuyén thé hé mai. That
vay, mot thiét bi phat st dung NOMA c6 thé két hop
nhiéu tin hiéu khac nhau va cung ltc giri &én cac may thu
khac nhau trén cing tan s6 va ma. Do d6, NOMA dat
dugc do loi ghép kénh, ciing nhu ting téc do truyén dir
liéu dang ké khi so sanh véi céc ky thuat da truy nhap truc
giao théng dung. Tuy nhién, dé lay duoc dir liéu mong
mudn, cac thiét bi thu phai st dung ky thuat khir giao thoa
tuan tu (SIC: Successive Interference Cancellation).
Trong do, tin hiéu duoc phan bd véi cong suat 16n hon s&
dugc uu tién giai ma trude, va tin hiéu nay sé dugc loai bo
ra khoi tin hiéu nhan duoc trude khi giai ma tin hiéu tiép
theo. Cac cong trinh [21]-[24] cho thdy wu diém cua
NOMA khi so sanh vai céc k¥ thuat da truy nhap truc
giao. Hon nita, cic cdng trinh [23]-[24] ciing da khao sat
sy anh huong cua khiém khuyét phan cang Ién hiéu ning
ctia cc mang chuyén tiép khac nhau sir dung NOMA.

Cac cong trinh [25]-[28] da 4p dung NOMA vao mang
chuyén tiép hai chiéu dé giam s6 khe thoi gian truyén, do
d6 nang cao duoc tdc d6 truyén ciing nhu théng lwong cho
mang. Trong cong trinh [25], hai nat ngudn s& cang lic
giri dit liéu ciia minh dén nat chuyén tiép trong khe thoi
gian thir nhit, va nat chuyén tiép s& sir dung SIC dé lan
luot gidi ma cac dir liéu. Trong khe thoi gian thi hai, nit
chuyén tlep lai str dung NOMA d¢é giri cac dix ligu dén hai
nat nguan CAac tac gia cua cong trinh [26] d& xuat mo
hinh két hop gitra DNC va SIC, ciing vay, n(t chuyén tiép
s& sir dung SIC dé lan luot giai ma cac dir liéu ma ca hai
nGt ngudn da giri dén trong khe thoi gian tha nhat. Tuy
nhién, khéc véi [25], nat chuyén tlep trong cong trinh [26]
s& XOR céc dit ligu lai va giri dén ca hai ngudn trong khe
thoi gian thr hai. Hon nira, cic tic gia trong cdng trinh
[26] da dua ra cic phuong phap chon nit chuyén tiép dé
néng cao hiéu nang cua mang. C4c tac gia trong tai liéu
[27] da 4p dung md hinh két hop giira DNC va SIC da dé
xuat trong [27] vao mang vo tuyén nhan thac dang nén
(Underlay Cognitive Radio). Trong [27], hai ndt ngudn va
cac nat chuyén tiép déu 1a cac nat thir cap, do do, ching
phai higu chinh cong suat phat dé dam bao chat lwong
dich vu cho mang so cap. Céc tac gia cua cong trinh [28]
da danh gia sy anh huong cua khiém khuyét phan cing
Ién hiéu ning cua md hinh chuyén tiép hai chiéu sir dung
DNC va SIC. Khéac voi cac cong trinh [25]-[27], cbng
trinh [28] khao sat sy anh hwong cua phan cing khong
hoan hao (HI) 1én hiéu ning xac suit diung OP (Outage
Probability) cua hai nat ngudn.

Bai bao nay phat trién md hinh trong cong trinh [28]
vé6i nhiéu nit chuyén tiép. Hon nira, ching toi dé xuat cac
phuong phap chon lya ndt chuyén tiép khac nhau dé nang
cao do tin cay cua viéc truyén dir lidu trong khe thoi gian
thir hai. Khac voi [28], bai bdo nay nghién ciu hiéu ning
xac suat dimg hé thong (SOP: System Outage
Probability), trong khi cong trinh [28] dénh gia hi¢u ndng
X&C suét dumng tai cac nat ngudn riéng ra.

Sau day, nhitng diém méi va nhiing doéng gop chinh
cua bai bao s& duoc trinh bay:

- Nang cao téc d6 truyén voi hai tin hiéu truyén

trong hai khe thoi gian trong mé hinh chuyén tiép
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hai chiéu duoc dé xuat véi ky thuat SIC va DNC
duwoc ap dung. That vay, viéc ap dung SIC vao
mang chuyén tiép hai chiéu DNC gitp hé thong
giam dugc 02 khe thoi gian truyén, khi so sanh vai
mod hinh chuyén tiép hai chiéu théng thuong (sir
dung 04 khe thoi gian truyén); va giam dugc 01
khe thoi gian truyén khi so sanh véi md hinh
chuyén tiép hai chiéu sir dung DNC thong thuong
khong str dung SIC.

- Mic du mé hinh chuyén tiép hai chiéu sir dung ANC
[1], [7]-[8] ciing str dung 02 khe thoi gian dé truyén
dr liéu, tuy nhién, trong md hinh nay, cac nut
chuyén tiép s dung khuéch dai va chuyén tiép
[17]. Hon nita, cA&c md hinh [1], [7]-[8] ciing ap
dung k¥ thuét khir giao thoa, nhung dugc thyc hién
tai cac nat ngudn. Khac vai [1], [7]-[8], mé hinh dé
XUuét trong bai béo nay ap dung ky thuat DNC va ky
thuat khir nhiéu tuan ty tai cac nat chuyén tiép.

- Dic diém phan bd coéng suat phéat ciing duoc
nghién ctu trong bai bao nay. Tuong ty nhu [28],
hai nGt nguon s& duogc phéat véi cong suat khac
nhau dé& nat chuyén tiép c6 thé ap dung ky thuat
SIC vé6i mong mudn giai ma thanh cong céc dit liu
nhan duoc tir hai nguon.

- Bai bao nghién cau 03 phuong phép chon lya nat
chuyén tiép khac nhau, bao gbm RAN, PRS va
ORS. Trong phuong phap RAN (RANdom) mot
trong nhitng nit chuyén tlep da giai ma thanh cong
ca hai dit liéu s& dugc ngau nhién chon lra dé gui
dir liéu da dugc XOR dén ca hai ngudn. Trong
phuong phdp PRS (Partial Relay Selection), nat
chuyén tiép giai ma thanh cong ca hai di liéu va
dat duoc do loi kénh truyén (dén nat ngudn xa hon)
I6n nhat s& dwoc chon. Cudi cung, phwong phap
ORS (Opportunistic Relay Selection) chon nut
chuyén tiép tot nhat dé hiéu nang xac suat dimg cua
mang 1a nho nhit.

- Tuong tu [28], bai bdo ndy xem xét su tac dong cua
phan cing khéng hoan hao (HI) ludn xuit hién
trong thyc té. Véi céc thiét bi khong dit tién, sy két
hop tac nhan gay can nhiéu nay tac dong dang ké
Ién hiéu ning cua hé thdng. Hon nira, sy danh gia
hiéu nang véi su anh huong cua HI cho ta céc két
qua sét véi thuc té hon.

- Bai béo phan tich xac suat ding hé thong théng
qua cac cong thuc toan hoc dang dong chinh xéac
trén kénh fading Rayleigh. Két qua phan tich cua
bai b4o s& dugc kiém ching qua qua trinh thuc
hién md phong Monte-Carlo.

Céu triic bai bao duogc trinh bay nhu sau: phan 11 1a mo
ta va nguyén ly hoat dong cua hé théng mang chuyén tiép
hai chiéu dung ky thuat khir nhiéu tuan ty dudi anh huong
cua nhiéu phan cting. Phan 11l phan tich hi¢u ning qua
biéu thirc toan hoc dé danh gia higu nang ding trén kénh
truyén fading Rayleigh. Két qua phan tich va mo phong
dugc dua ra trong phan V. Cac nhan dinh vé két qua dat
dugc ciing thé hién trong phan nay. Phan V sau cung la
két luan va huéng trién khai cua bai béo.

. MO HINH HE THONG
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Hinh 1. M6 hinh chuyén tiép hai chiéu st dung DNC
va SIC.

Mang chuyén tiép hai chiéu sir dung DNC va SIC
dudi anh hudng ctia HI duge miéu ta & Hinh 1. Trong do,
hai ngudn S va S; trao d6i tin hiu X1 va Xz cho nhau. Gia
su, khoang cach gitra hai ngudn 14 16n va khong co duong
truyen tryc tiép giita chung. Vi véy, hai nut ngudn S; va
Sz can sy trg gitp boi tap M nat chuyén tiép. Cu thé hon,
mdt trong cac nut chuyen tiép nay s¢& duoc chon dé
chuyén tiép dir liéu dén ca hai ngudn (trong Hinh 1, ky
hiéu nut chuyén tiép dugc chon 1a R, ). Ciing gia sir réng
cac niit mang dugc trang bi v6i mét anten va hoat dong ¢
ché d ban song cong. Gia sir cac nut chuyen tiép & gén
nhau nén khoang cach gitra cac ngudn dén cac nut chuyen
tiép c6 thé duoc xem la twong dwong. Do do, ta c6 thé ky
hiéu d, va d, lan lugt 1a khoang cach giira cac lién két
S,-R, vaS,-R,, véi m=12,...,M. Khong mat tinh
tong quat, ta co thé gia si: d, <d, [28].

Hé thong hoat dong trong hai khe thoi gian. Khe thoi
gian dau, hai nit nguon s& phat tin hiéu toi tap cac nut
Chuyen tlep Tin hiéu nhan duoc tai nat chuyen tlep thir m
(R n ) , nhu trong [28]:

R =\/Elhlm(xi+771m)+\/52h2m(x2+772m)+an' 1)
voil, m=12,...,
ndt nguon, X, V& X, lan luot 1a dir lidu dugc gii di boi
S, vas,,

M, P va P, 1a cong suit phat cua hai

N la nhidu Gauss tai Ra , 6 gia tri trung

binh 0 va phuong sai la 05 (gia st tat ca nhidu Gauss tai
céc thiét bi thu déu c6 gia tri trung binh 0 va phuong sai
la 6), 1, VA 1, 1an luot 1a nhidu do HI giy ra trén
cac lienkét S,—R, va S,— R, . Nhu da dua ra trong cac
cong trinh [9]-[11], 7, V& 7,, dugc md ta bang nhimng
bién ngau nhién c6 phan phdi Gauss véi gia tri trung binh
bang 0 va phuong sai 1a 7 = x> = x°, & day ta da gia sir
phén cting cua cac thiét bi S,R,, va S, gidng nhau.
Tiép dén, dé g() thé thuc hién quy trinh khir nhidu tudn
tu SIC, c‘6ng suat phat cua hai nguon phai khac r}h&l}. Cu
thé, nguon S, s& dugc phat véi mic cong suat toi da
P

ax » trong khi ngudn S, phai giam cong sudt phat. That
vay, ta c6 thé viét (xem [28]):

P =P P =aP.. (a Sl). )
vol « la hé sp hlre;u chinh cong suét phfit va gia tri cua
a sé dugc thiét ke trude khi cac nat truyén dir ligu.

Ta luu ¥ rang, trong truong hop d, >d, , hai nat
nhau, véi

nguon s& d6i nhiém wvu cho
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P,=P... P =aP,.,. Tuy nhién, phuong phép va trinh tu
cac budc phan tich s€ hoan toan tuong tu nhu truong hop
duogc xét trong bai bao nay. ‘

Do d, <d, va B >P,, nat chuyén tiép R, s& giai ma
dit ligu X, trudc, rdi sau d6 thuc hién SIC dé gidi ma X, .
Do d6, ty s tin hi¢u trén giao thoa va nhidu (SINR:
Signal-to-Interference-plus-Noise) dugc tinh nhu sau:

A
. Yim . ’ 3)
KA +0(A(1+K‘ )7/2m +1

X p—
P =

VO Vi = |Mn|” V& Yo =|Pom|” 140 Tuot 1a céc 0 loi kénh
truyén, va A=P_ /c?.
Néu nat chuyén tiép R, c6 thé giai mi thanh cong
tin hi¢u X, thi thanh phan \[Rh, % s& duoc loai khoi tin
hiéu thu yg . Sau do, tin hiéu X, s& duoc tiép tuc giai

M4, v&i cac thanh phan con lai cia Yr, la

= \lapmax m (Xz +7hm )+mhlmnlm +Ng, - 4)
Tir cong thire (4), ty s& SINR dat duoc theo tin hiéu
X, s€ la:
AAY o

XZ — . 5
@ K’ aly,, + K Ay, +1 ®)

Tir cac cong thic (4) va (5), ta ¢6 nhan xét rang s& c6
02 truong hop xay ra ddi véi mdi nat R d6 1a: i) nat
R, c6 thé giai mi thanh cong ca hai tin higu X, va X,,
i) nat R,
hodc khong thé giai ma thanh cong tin hiéu nao.

Ta luu ¥ rang néu nit chuyén tiép R khong thé giai

chi c6 thé giai ma thanh cong tin hidu X,

ma thanh cong ca hai dit liéu thi trong khe ‘th(‘yi gian thr
hai, s€ c6 mt nguon nao do (cu thé la nguon S, ) khdng
thé nhan duoc dir liéu mong muép. Nhu da dé’ cap, bai
bao nay danh gia hiéu nang xac suat dimg h¢ thong SOP,
la xac suat ma mot trong I}ai nguodn bi d&ng. Do do, trong
truong hop nat chuyén tiép R,, khong thé giai ma thanh
cong ca hai dir liéu nhan duoc tir ngudn thi hé thdng xem
nhu bi dung. ) i

~ Vi vy, sau tién trinh gidi mg, ta chia cac nit chuyén
tiép thanh 02 nhom: nhém 1 la nhém cac nut gidi ma
thanh cong ca X, va X, va nhém 2 13 nhom nhiing nat
chuyén tiép con lai. Khong mit tinh tdng quat, ta c6 thé
ky hiéu tp cac nut chuyén tiép giai ma thanh cong ca X,
va X, la D={R;,R,,..,Ry},v6i 0SN<M .

Néu D= {@} hay N =0 thi hé théng bi ding vi chic
chin mot trong hai nut S, hodc/va S, s€ khong thé nhan
duogc dir liéu mong mudn.

Néu D= {&} hay N0, mot trong nhiing nut thude
tap D s& dwoc chon dé giri dir liéu vé hai nat S, va S,
trong khe thoi gian thtr hai. Gia str, nit chuyén tiép dwoc
chonla Ry(b=12,...,N), R, s& XOR cac dit liéu X, va

X, (X5 =% @®X,), va gii X, dén S, va 'S, trong khe
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thoi gian thu hai. Trong truong hop nay, tin hi¢u nhén
dugc tai hai nguon S, vas, lan luot 1a:

Ys, =\ Prox O (Xo 77 ) + 115,
¥s, =/ Prax gzb(x® +772b)+n52'

voi @y, VA g,, 14n lugt 1a hé sb kénh fading trén cac lién
két R, =S, vaR, —S, trong khe thdi gian tht hai, 7,
va 77,, lan lugt 1a tong nhiéu HI coa cic lién két
R,-S,, R, —S, (déu co trung binh bang khong va

(6)

phuong sai ), Ny va ng 1an lugt 1a nhiu Gauss tai

S, va S,. Ta ciing ky hiéu z, = Gy, [* VA 25, 9 9, [* 12
cac d6 loi kénh trong khe thoi gian thir hai nay.
Str dung cong thure (6), ty so SINR tai hai nguodn sé la:
Ax Ax
% _ 1b o _ 2
| - Y 7
& K* Ay, +1 P K2 Ay, +1 ()
Tiép dén, bai bao trinh bay cac phuong phap chon lya
nat chuyén tiép nhu sau:
- Phwong phap RAN: Trong phuong phdp nay, mét
trong nhimg nit chuyén tiép thudc tdp D s& duoc chon
mot cach ngau nhién. Uu diém cua phuong phap RAN la
don gian trong trién khai thuc t€. Ngoai ra, RAN con dat
duge su can bang tai gilta cac nut chuyén tiép. Ta ciing
quan sat rang hi¢u ndng SOP cua m6 hinh RAN tuong
duong véi hiéu nang SOP cua mo hinh da d¢ xuat trong
cong trinh [28]. Cudi cing, ta ky hiéu R, 1a nit chuyén
tiép duoc chon. .
- Phuwong phap PRS: Phuong phép chon lya nat chuyén
tiép don trinh [29] dé xuat s€ dugc viét nhu sau:

Rp 22 = ,ax (ZZU) (8)

Cong thirc (7) noi ring néu R, 1a nut chuyén tiép

dwoc chon thi d6 lgi kénh gitta R, va S, trong khe thoi
gian thir 2 ndy s& dat gid tri 16n nhat. o
Ly do bai bao nay dé xuat chon lya nat chuyén tiép
t6i wu dwa vao do loi kénh gitta R, (R, €D) va S, lavi
khoang céach gitra cac nat chuyén tiép d@;n ngudn thi hai
16n hon khoang cach den nguon thtr nhét. Do do, ta can
chon nut chuyén tiép theo cac do loi kénh nay dé nang
cao chét lugng kénh giita R, va S, .
- Phuwong phap ORS: Dé dam bao chat lugng kénh cho
ca hai lién két R, —S; vaR, —S,, bai bao dé xudt mo
hinh chon lya nut chuyén tiép t6i wu nhu sau:

Viée thyc hién phuong phap ORS s& phuc tap hon cac
phuong phap khac rat nhiéu boi cac nat chuyén tiép
thudc tap D can blet dugc hé s6 kénh truyén giita ching
va ca hai nuat ngudn. Phuong phap PRS s& don gian hon
vi chi can u6c lucmg hé s0 kénh truyen gilta cac nut
chuyén tiép va nguon S,. Tuy nhién, vé mit hiéu ning
SOP thi phuong phap ORS s& dat hi¢u nang t6i uu vi
ORS quan tdm dén chat luong kénh cta ca hai 1ién két.

Cudi cling, cac ndt ngudn S, va S, s& cb gang giai ma
X, va lay chinh dir liu cua minh XOR véi X, dé dat
duoc dit liu mong mubn (X DX, =Xy, X, DXy =X ).
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Ciing vy, néu mot trong hai ngudén S, va S, khong thé
gidi ma thanh céng X, thi hé thong xem nhur bi ding.

Ill. PHAN TICH HIEU NANG SOP

A. Chudn bi toan hoc
MG hinh h¢ théng dé xuét hoat dong trén kénh truyén
fading Rayleigh, do d6, ham phéan phéi tich liy (CDF:
Cu’mmulative Distribution Function), ham mat d6 xac
suat (PDF: Probability Density Function) cua do loi kénh
¥ gitra hai nGt bat ky s& lan luot la:
F, (x)=1-exp(-4x),
f, (x)=2exp(-4x),
véi A=d” , trong d6 d 1a khoang cach giira hai nit, va
[ 1ahé sb suy hao duong truyén [30].
Do d6, ham CDF va PDF cua cac do loi kénh y,, va
7,m trong khe thoi gian thir nhét s Ia:
P, (X)=1-exp(=4X), F, (x)=1-exp(-4X),
Fow () =A0XP(=4X), T, (X) =2, exp(=2x),
voi A =d/ va i, =d/.
Tuong tu, trong khe thoi gian thi hai, ham CDF va
PDF cua cac d¢ lgi kénh y,, va y,, séla:

F,, (X)=1-exp(=2x), F,, (x)=1-exp(-2x),
Fo (X)= A exp(=2x), T, (X) = 4, exp(~4,),
véi v=12,..,.M
Tu cong thuc (9), ta c6 dugc ham CDF cua y,, nhu
trong tai liéu [29]:

F (0=Pr( max, ()< ):ﬂPr(;{2u<x)
=(l—exp(—/12x)) :

B. Xdc sudt dirng hé thong (SOP)

Trong bai bao nay, ching ta c6 hai dinh nghia xac suét
dumng. Pau tién, xac Suit dirng tai mot thiét bi thu I xéac
suit ma ty s6 SINR nhén dugc nho hon mot ngudng dimng
xac dinh truéc, ky higu 6, . Nguoc lai, néu SINR nhan

(10)

11)

(12)

(13)

dugc 16n hon ngudng 6, , ta c6 thé gia sir rang thiét bi
thu giai ma thanh cong di liéu nhan duorc. Tiép dén, ta xét
dén dinh nghia x4c suat dirng hé thong, & xac suat ma mot
trong hai nat nguon bi dung. i

Tir c&c dinh nghia trén, ta ¢6 thé dua ra cong thuc tinh

x4c xuit dung hé théng cho md hinh X
(X €{RAN,PRS,0RS}) nhu sau:
SOP, =Pr(N =0)
+2Pr N =K)Pr(pk <6, uel <6,)
:Pr(N=O) (14)

+Zpr N =K)(1-Pr (gl 26,0 >0, )
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véi  be{r,po}. Trong cong thuc  (14),

Pr((psxlf > 60,05 2 9m) la x&c sut ca hai nguon giai ma
thanh cong dir ligu X, trong khe thoi gian thir hai.

Pau tién, ta xét Pr(N =k) Ia xéc suat c6 k ndt chuyén
tiép giai ma thanh cong ca hai dit liéu trong khe thoi gian
thir nhat. That vay, xét ndt chuyén tiép R, sir dung cac
cong thac (3) va (5), ta cd thé viét xac suat ma R, giai
ma thanh cong ca hai dir ligu X, va X, nhu sau:

Pm = Pr(¢’x1 2O, 0 = gth)
_pr (1_K201h )A71m 2 aemA(l"‘Kz)?/zm +01h} (15)
a(l_Kzeth)A72m > K0y Ai + Oy, |

Quan sat tir (15), ta thdy rang néu 1-x6, <0 thi
0, =0 va hé théng ludn bi dimg. Do d6, ta chi xét truong
hop 1—x°6, >0 va viét lai cong thirc (15) duéi dang sau:

P =P @110 > Vo + @3 Vo 2 01 + @), (16)
Vi

1-x°6,, K6,
“s ab, (1+K2) = a(l—/czé’th)’
1 O
At ) T a1 ,)
Hon nita, tir (16), & p, # 0, ta can co6 diéu kién sau:

O<@, <o =K° < (17)

TN o4
(6) +26,

Mot khi cac dieu ki¢n trong (17) théa man, ta c6 the
biéu dién p,, trong cong thuc (16) dudi dang sau:

po=[[F. (@x-0)-F, (ox+a,)]f, (x)dx (18)

voi g =(w, +w,)/(o - ,).
Thay cac ham CDF va PDF trong (11) vao (18), sau
khi thuc hién tinh toan tich phan, ta dat duogc két qua sau:

P =
J~+oc {[EXP (_ﬂzwzx - j’za)4 ) —exp (_/12601)( + 2.2603 ):|

x A, eXp(—AX) )
19
i P o))

- i '312601 exp(—(ﬂ1 + Ao ) wy +ﬁza)3).

Tiép theo, d& thdy ring xéac suat ma nat chuyén tiép
R,, khong thé giai ma thanh céng ca hai dit ligu X, va X,
la: 1-p,,.

Hon nira, do cac nit chuyén tiép c6 vai tro nhu nhau,
nén xéc suit Pr(N =k) trong cong thirc (14) duoc tinh

dx

s

nhu sau:
k

Pr(N=k)=Cl (2,) (1-pn)" " (20)

Hon nita, trong truong hop khéng c6 nit chuyén tiép

nao giai ma thanh cdng ca hai dir liéu nhian duoc
(N =0), taco:
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Pr(N=0)=(1-p,)". (1)
Tiép dén, ta xét dén  xac  suét
Pr(gogfb > Op, 05 2 6y, ) trong cong thuc (14).

D4i vai mo hinh RAN, str dung biéu thirc SINR trong
cong thuc (7), ta dat duoc:

Pr(g 26,0 26,)=Pr((1-6,x*) Az, > 6,)
Xpr((l_eth’fz)Alzr Zé’m)

(22)
=Pr M 2 eth Pr Xor 2 eth
(1- 6 ) A (1-6x)A

=Pr( z, 2Wg)Pr(z, >w,)
Vi @ :ch/[(l—ﬁthicz)A].
Xét mo hinh PRS, su dung ham CDF F, (x) trong

cbng thuc (13), ta dat duoc cong thirc (23) nhu sau:
Pr((osxi 2 gthlws)?p 20, ) = Pr(llp 2 we)Pr(Zzp 2 a’e)

= exp(—21a)6)><[1—(1—exp(—/12w6 ) J

Déi voi md hinh ORS, tir thuat toan trong cong thirc
(9), ta dat duoc:

Pr((os)ﬁ 2Oy, 05 Ze‘h)

23)

N
=HPr(;(lu >, )Pr( 2 > @) (24)
u=1

=exp(-N (4 +4,), ).
Cudi cuing, thay céc xac suat Pr(N =k) trong (20),
Pr(N =0)
Pr(ps > 0,,05 26,) trong (22), (23) va (24) vao

(13), ta dat duoc biéu thuc dang dong tinh chinh xac SOP
caa cac mo hinh RAN, PRS va ORS.

Tiép dén, ta xét hiéu ning SOP cua cac md hinh khi
cdng suét phat 16n (hay A — +0). Pau tién, d& thay ring
khi A 16n va cac didu kién trong (17) thoa man, ta co:

A—>+0
Pr(g 26,08 26,) ~ 1, (25)
véi Vbe{r,p,o}.

Hon nita, khi A—+00, SINR trong cac cong thic (3)
va (5) lan luot dugc Xap Xi nhu sau:

trong (21), va cdc Xxac  suét

A—>+x0
(p:ql ~ 5 Y1m - , (26)
K Yim +a(l+1< )7/2m
A—>+0
g~ e (27)

K'ZO!}/Zm +K2}/lm .

St dung (26) va (27), ta c6 thé tinh xap xi p,, trong
(19) nhu sau:

(A + 20 ) (A + A0,

Thay két qua dat duoc trong céc cong thue (25) va (28)
vao cong thirc (14), ta thay rang khi A du 16n, SOP cua
cac md hinh RAN, PRS va ORS la giéng nhau va khong
phu thudc vao A, cu thé:

Pm
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—>+00

SOP, '~ Pr(N=0)

_ j1/12(5‘)1_5‘)2)
(4 +240) (4 + A0,)

IV. KET QUA MO PHONG VA PHAN TiCH

Trong phan nay, chiing t6i thyc hién mé phong Monte
Carlo dé¢ kiém chimg cac két qua phan tich 1y thuyét,
cling nhu dé danh gia hiéu nang SOP cua cac md hinh
RAN, PRS va ORS. Bé don gian trong viéc phén tich xu
hudng hiéu nang SOP, gia sir cac nut nam trén hé tryc toa

) (29)

A—>+o0

~

dd6 mot chiéu, trong d6 toa do cua cac nut nguén la Sl(O) ,
S, (1), trong khi cac nat chuyén tiép c6 cing toa do 1a
R(Xs), véi 0< X5 <0.5. Trong tit ca cac hinh v&, h¢ sb
suy hao duong truyén ¢b dinh bang 3 ( b= 3) va ngudng
dimg ¢ dinh bang 1 (ch =1). Str dung cong thuc (17),
didu kién cia mic khiém khuyét phan cing s& la:
x? <1/3. Trong cac hinh v&, cac két qua mé phong duoc
ky hiéu la Sim, cac két qua phan tich Iy thuyét chinh xac
duoc ky hiéu Exact, va cac két qua phan tich tiém cén khi
A —+00 duge ky hiéu 1a Asym. Céc hinh v& ciing cho
thdy cac két qua mé phong va 1y thuyét tring v6i nhau,
va khi A—+o0, gia tri SOP hdi tu vé gia tri tiém can.
Diéu’ nay khang dinh sy chinh xac cua cac phan tich ly
thuyét trong phan III. )

Hinh 2 v& xdc suat dung hé thong (SOP) cua cac md
hinh RAN, PRS va ORS theo A (dB) khi h¢ s0 phéan chia
cong suat bang 0.5 (a =0.5), s6 nut chuyén ti€p bang 3
(M=3), vi tri ciia niit chuyén tiép 1a 0.35 (X, =0.35) va

mute khiém khuyét phan cing bang 0.01 (x° =0.01).

om

B RAN-Sim

O PRS-Sim

*  ORS-Sim

RAN-Exact
PRS-Exact
ORS-Exact

- - - - RAN,PRS,0RS-Asym

0 16 2I0 36 40
A (dB)
Hinh 2. X4c suét dtrng hé théng vé theo A (dB)

khi & =0.5, M =3, x, =0.35, x* =0.01.

Hinh 2 cho ta thdy SOP ctua ORS la thip nhat boi vi
day la phuong phap chon lya nut chuyén tiép téi wu. Mic
du SOP cua PRS cao hon SOP cia ORS, tuy nhién SOP
clia ca hai mé hinh chéch léch khong nhiéu. SOP cia
RAN 14 16n nht béi vi su chon lya nut chuyén tiép ngiu
nhién khong dat dugce d6 loi phéan tap cho ca hai lién két
R-S, vaR-S,. Tiép dén, Hinh 2 cho thiy rang SOP
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ctia ca 03 mo hinh déu giam khi A ting. Tuy nhién, khi
A di16n (Alén hon 35 dB), ta thay rang SOP cua ca 03
mo hinh déu hoi ty vé mot gia tri. Diéu nay phu hop véi
két qua da dua ra trong cong thirc (29).

10°

B RAN-Sim
& O  PRS-Sim
AN *  ORS-Sim
10 RAN-Exact
PRS-Exact
ORS-Exact
- - - - RAN,PRS,0RS-Asym
o
01072
on
103 ¢
10-4 L | L
0 10 20 30 40
A (dB)

Hinh 3. Xac suét dirng hé théng vé theo A (dB) khi
a=0.8, M =5, x, =0.25, * =0.005.

Hinh 3 v€ SOP cua cac m6é hinh RAN, PRS va ORS
theo A (dB) khi =08 M=5 x,=025 va

x* =0.005. Tuong ty nhu Hinh 2, ORS van dat gia tri
SOP thap nhat, vi RAN dat gia tri SOP cao nhét. Khac
véi Hinh 2, SOP cta RAN 16n hon rat nhiéu khi so véi
PRS va ORS. Hon nira, Hinh 2 va 3 cho ta thiy rang SOP
ctia hai mo hinh PRS va ORS kha gidng nhau khi A nho.
Khi A 16n, nhu da chung minh trong cong thirc (29), mét
l4n nita, SOP cta ca ba mé hinh s& hoi tu vé chung mot
gia tri. Tuy nhién, ta cin luu y tir Hinh 2 va Hinh 3 ring
hiéu ning cua cic mo hinh chi giéng nhau khi A dat gia
trj rat 16n. Trong thuc t&, A & nhitng khoang gié tri trung
binh va cao, va nhu ta c6 thé thdy, cac mé hinh chon luya
nat chuyén tiép ORS va PRS dat hiéu ning tot hon rat
nhiéu khi so sanh v6i mé hinh chon Iya ngau nhién RAN.

10°
107 F
1072
o
(@]
n
10-3 L ] RAN-Sim
O  PRS-Sim
* ORS-Sim
RAN-Exact
10-4 L PRS-Exact
ORS-Exact
3
10-5 L L L L | L
1 2 3 4 5 6 7 8

M
Hinh 4. Xac suét dirng hé théng vé theo M khi
a =05, A=15(dB), x, =0.3, «* =0.01.
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Hinh 4 vé& SOP cua cac md hinh RAN, PRS va ORS
theo sO nut chuyén tiep khi
=05 A=15(dB), x; =0.3 va x°=0.0L Ta thiy
rang khi s6 niit chuyén tiép tang, SOP cua ca 03 mo hinh
giam manh. Tuy nhién, khi gia tri cia M du 16n thi SOP
ctia cac mo hinh RAN va PRS khong giam nita. Nguyén
nhénﬂd(') la khi M 16n thi xac suat c6 it nhat mot nat
chuyén ti€p giai ma thanh cong ca hai dir liéu ngudn
trong khe thoi gian dau hau nhu bang 1. Do d6, SOP cua
cac mo hinh khi gia tri M 16n chi phu thudc vao xac suat

dimg (OP) ¢ khe thoi gian thr 2. Do RAN lwa chon nat
chuyén tiép ngiu nhién nén OP cia RAN ¢ khe thoi gian
thir hai s& khong phu thudc vao s6 nit chuyén tiép. Doi
v6i mo hinh PRS, thi khi M 16n, OP ¢ khe thoi gian thi
hai s& phu thugc vao OP cua lién két Rp —S,, va do d6
cling khong phu thudc vao gia tri cua M. Nguoc lai, do
mo hinh ORS quan tdm dén ca hai lién két R —S, va
R —S, khi chon lya niit chuyén tiép tot nhat, do ¢6 SOP
cua ORS luén giam khi M tang.

Hinh 5 v& SOP cta cac mé hinh RAN, PRS va ORS
theo vi tri cia cac nat chuyén tiép khi
=05 A=10(dB), M =6 va x*=0.01. Hinh 5 cho
ta thdy rang vi tri cia cac nut chuyén tiép ciing anh
huong dang ke 1én gia tri SOP. Hon nira, khi X; quéa nho
(hay céc nut chuyén tiép qua gan nguén S;) (X, <0.15),
SOP cua ca 03 mo hinh déu rat 16n. Nguyén nhan [a vi
cac nut chuyén tiép ¢ cach xa véi nguon S, , trong khi
cong suat phat ciia S, chi bing mot nira cong suét phét
ctia S, . Pidu nay dan dén sy truyén dir liéu gitra S, dén
céc nat chuyén tiép trong khe thoi gian dau va gitra nat
chuyén ti€p dugc chon dén S, trong khe thaoi gian thir hai
¢b xac suat dimg cao. Tuy nhién, khi cac nut chuyén tiép
cang tién gan vé phia nguon S,, thi ty s SINR dung dé
giai ma tin hi€u ctia S; (xem cong thirc (3)) s€ giam boi
vi nhiu do ngudn S, giy ra cang tang. Diéu nay ciing

10°
107"
o
O1072
(7))
u RAN-Sim
O PRS-Sim
103 %  ORS-Sim
RAN-Exact
PRS-Exact
ORS-Exact
10 . . ! ]
0 0.1 0.2 X 0.3 0.4 0.5

R
Hinh 5. Xac suét ding hé thdng vé theo X, khi
=05, A=10(dB), M =6, * =0.0L.
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lam tang gi4 tri cua SOP, va day 1a 1y do tai sao ton tai
gia tri cia X, d€ SOP ctia cac mo hinh dé xuat dat gia tri
nho nhat. That vay, nhu ta quan sat trong Hinh 5, vi tri t6i

wu cta cac nut chuyén tiép trong cac mo hinh RAN, PRS
va ORS 14n luot 14 0.45, 0.3 va 0.4.

®  RAN-Sim
2@ O  PRS-Sim
10” *  ORS-Sim
RAN-Exact
PRS-Exact
ORS-Exact
o
O103t
(75}
10™ ¢
10°° ' ' * .
0.1 0.2 0.4 0.6 0.8 1

(0%

Hinh 6. X4c suét dirng hé théng vé theo a  khi
X =0.2, A=10(dB), M =5, x* =0.

Hinh 6 v& SOP cua cac m6 hinh RAN, PRS va ORS
theo hé s6 hiéu chinh cong suat phat o Kkhi

X, =02, A=10(dB), M =5 va” =0. Trong Hinh 6,

=0 ¢6 nghia rang phan cimg cua tat ca cac nut duogc
gia sir 1a hoan hao [13]-[15]. Ta ciing quan sat rang hé sb
hiéu chinh cong sudt a khong anh huéng nhiéu dén SOP
cia md hinh RAN. D4i v6i mé hinh PRS, khi & >0.4 thi
SOP chi giam nhe khi o tang. Chi riéng m6 hinh ORS,
SOP giam manh khi o thay ddi tir 0.1 d&én 1. Do d6, md
hinh ORS s& tot hon khi nguon S, co thé phét véi cong

suét 1on.
10°
107"
o
O 1072F
wn B RAN-Sim
O  PRS-Sim
%  ORS-Sim
RAN-Exact
10734 PRS-Exact
ORS-Exact
10—4 L L | \
0 0.02 0.04 2 0.06 0.08 0.1
K

Hinh 7. X4c suét dimng hé théng vé theo x* khi
X, =04, A=75(dB), M =5, =05,
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Hinh 7 vé SOP cﬁa cac mod Vhinh RAN, PRS va ORS
theo muac khiém  khuyét phan cung  khi
Xg =0.4, A=7.5(dB), M =5 va ¢ =05. Hinh 7 cho ta
thdy su tac dong dang ké ciia muc khiém khuyét phan
cung ‘)KZ Ién gia tri SOP cua cac mo hinh. Nhu ching ta
cO thé dg doan, SOP cua tat ca cac md hinh sé tang khi
murc khiém khuy¢t tang do nhi€u tang. Quan sat tir Hinh
7, ta thay rang trong 03 m6 hinh RAN, PRS va ORS,
SOP ctia md hinh ORS ting nhanh nhat khi x? thay ddi
tir 0 dén 0.1. Va khi x* =0.1, SOP ctia ca ba md hinh
kha gan nhau.

V. KET LUAN

Trong bai béo nay, hiéu ning xac suit dimg SOP ciia
mang chuyén tiép hai chiéu dung ky thuat DNC va SIC
da dugc phan tich va kiém chimg bang mé phong Monte
Carlo. Hon nita, bai bdo dé xuat 03 phwong phap chon
lwa nut chuyén tiép dé nang cao hiéu nang ciia mang dudi
su anh huong cta khiém khuyét phan cimg, fading kénh
truyén va nhidu déng kénh giira cac tin hidu. Trong céc
mo hinh dé xuét thi mé hinh ORS dat hiéu ning t6t nhét
va RAN cho hiéu ning x4u nhat. Tuy nhién, viéc thuc thi
mo hinh ORS ciing phirc tap nhat. SOP ciia mo hinh PRS
c6 thé so sanh duoc voi md hinh ORS, va viée thuc hién
mod hinh PRS ciing don gian hon. Cac két qua ciing cho
théy réng, dé nang cao hi¢u ning mang, cac thong s6 hé
thdng nhu vi tri ntt chuyén tiép, sé lugng nit chuyén tiép,
hé s6 hiéu chinh cong suat phat can dugc thiét ké mot
cach t6i uu.
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PERFORMANCE ANALYSIS OF TWO-WAY
RELAYING NETWORKS USING SUCCESSIVE
INTERFERENCE CANCELLATION AND RELAY
SELECTION METHODS UNDER IMPACT OF
HARDWARE IMPAIRMENTS

Abstract: This paper studies two-way relaying
networks using digital network coding and successive
interference cancellation, under impact of hardware
impairments. In the proposed scheme, two sources want
to exchange their data with each other via help of
multiple intermediate relays. In the first time slot, both
the sources send their data to the relays that use
successive interference cancellation to decode the
received data. In the second time slot, one of successful
relays that can decode both the received data correctly are
selected for the data transmission. We propose three relay
selection methods, including random relay selection
(RAN), partial relay selection (PRS) and opportunistic
relay selection (ORS). In addition, the chosen relay
combines the decoded data with XOR, and broadcast the
XOR-ed data to both the sources at the second time slot.
We evaluate system outage probability for the proposed
scheme over Rayleigh fading channel. We also perform
Monte Carlo simulations to verify the derived formulas.
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