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Tém tit. Bai bao nghién clru x4c suat dimg ctia mot hé théng mang hop tac mot chiéu, két hop thu hoach
nang luong thong qua giao thirc chia khe thoi gian va s dung ky thuét da truy cép phi truc giao. M6 hinh
bao gom mot nut ngudn va mot nat chuyén tiép AF co kha thu hoach nang luong dong thoi gitip khuéch
dai va chuyén tiép tin hiéu dén hai nut dich trén kénh truyén chiu tic dong cua fading Rayleigh. Nghién
ctru phan tich chi tiét qua trinh truyén tin hiéu dén hai nat dich va xay dung cac biéu thirc toan hoc cia Xac
sudt dimg. M6 phong Monte-Carlo dugc ding dé khao sat xac suit dimg theo cac thong sb nhu ty 16 tin
hiéu trén nhiéu, ty 1 phan chia thoi gian, cting mot sé thong sé khac, nham dénh gia anh huéng ctia chiung
dén hiéu suét hé théng. Qua d6, nghién ctru xac dinh duogc két qua tdt nhét, cung cép co sO cho viéc phan
tich va danh gia hi¢u qua hoat dong cuia m6 hinh. Blém mo&i cuia mo hinh 12 tan dung dugc cc uu diém cua
chuyén tiép AF nhu xir 1y tin hiéu don gian, do tré xir Iy thap va chi phi trién khai thap. Diéu nay cho thay
mo hinh ¢o thé tro thanh giai phap phu hop, dap tmg hiéu qua yéu ciu cua cac tmg dung IoT va giao tiép
thoi gian thuc.

Tir khéa. thu hoach ning lwong, khuéch dai va chuyén tiép, da truy cip phi truc giao, triét can nhidu tudn
tu.

1 GIOI THIEU

Trong bdi canh nhu cau ning luong ngdy cang ting va nhiing lo ngai vé méi truong, viéc tdi uu hoa sir
dung ning lugng trong cac thiét bi khong day 1a rat quan trong [1]. Thu hoach ning luong tir tin hiéu vo
tuyén (RF) da noi 1én nhu mot giai phap day hira hen, dic biét trong cac mang 5G va Internet of Things.
Phuong phéap nay cho phép cac nut mang, nhét 13 cac nit chuyén tlep bi gioi han nang lugng, tu thu thap
nang luong tir tin hiéu RF xung quanh dé hoat dong, gitip kéo dai tudi tho mang, tang hiu qua sir dung va
giam sy phu thugc vao pin ciing nhu tac dong moi truong [1, 2]. Tin hiéu vo tuyén c6 thé truyén tai dong
thoi ca thong tin va nang lugng, cho phép thuc hién truyén thong tin va nang lugng khong day dong thoi
(SWIPT). Cac giao thirc thue té, bao gdm phan chia cong suét (PS) va phén chia khe thoi gian (TS), dwoc
ap dung dé trién khai SWIPT [3-6]. Trong k¥ thuat TS, niit nhan luan phién giira xir 1y tin hiéu va thu hoach
nang lugng theo thoi gian, trong khi véi phuong phép PS, nit nay chia cong suit tin hi¢u nhan dugc dé
thuc hién dong thoi xir 1y tin hiéu va EH [7].

Bén canh EH, ky thuat NOMA dugc cong nhan 1a mot giai phap hiéu qua dé tang hiéu suat pho tan va hd
trg quan ly nang lugng hop 1y trong mang hop tac. Ky thuat NOMA mién cong suét 14 truyén nhiéu di liéu
cho nhiéu ngudi ding bang cach chia s¢ cac tai nguyén nhu thoi gian va tan sb trong cung mot 16p khong
gian & cac murc cong sut khac nhau. Trong d6 céng suit phan bd nhidu hon cho nguoi ding c6 d6 loi kénh
thap va thap hon cho nguoi dung c6 do loi kénh cao [8, 9]. Tai thiét bi thu, qua trinh triét can nhiéu tuan ty
(SIC) duoc str dung dé tach va giai ma tin hiéu téng hop, tdi uu hoa hiéu sudt va cong bang cho hé thong
[o- 11] Trong cac mang hop tac, nat chuyén tiép thuong hoat dong theo co ché giai ma va chuyen tlep (DF)
dé hd tro truyén thong tin [12]. Ngoai ra, chung ciing ¢6 thé sir dung co ché khuéch dai va chuyén tiép (AF)
dé tang cuong hiéu qua truyén thong tin, chuyen tiép AF c6 uu diém hon DF 1a chi khuéch dai tin hiéu va
chuyén tiép nén do tré khi xu ly tin hi¢u thip va chi phi trién khai thap [13, 14]. Viéc tich hop céc cong
nghé EH, NOMA, chuyén tiép hop tic va SIC tao ra mot hé thong ‘mang khong day manh mg, t6i wu hoa
viée st dung nang luong va tai nguyén, d6ng thoi nang cao hiéu suit tong thé, dap tmg yéu cau cia cac hé
thong truyen thong thé hé mai [15, 16].

Tiép ndi cac nghién clru trudce nham tdi ‘uu hoa vi€e sir dung nang lugng va giam thiéu cac thach thuc tir
mdi truong dang bién ddi. Bai bao dé xuat mo hinh hé thong mang hop tac AF mot chiéu cé thu hoach ning
lwong vo tuyén theo giao thire TS ddng thoi st dung k§ thuat NOMA. Sau d6, bai bao phan tich qua trinh
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truyén tin hiéu va tim xac suat dimg tai hai nut dich. M6 phong dugc sir dung dé danh gia hiéu nang cua
mo hinh dya trén cac thong s6 thay doi, tir do6 toi uu hoa hiéu nang hé thong. Bai béo dua ra cac két luan vé
chon lya cac thong s tdi wu cho mé hinh, cung cdp mot nén tang cho cac nghién ciru tiép theo trong linh
vuc hé thong v tuyén hop tac tiét kiém nang lugng.

Phén con lai ciia bai bao duoc to chirc nhu sau: Phan 2 md ta chi tiét mo hinh hé thong dugc dé xuat, qué
trinh thu hoach nang luong, truyén nhén dir liéu va khao sat hiéu nang ctia hé théng. Phan 3 cung cép cac
két qua mo phong Monte-Carlo va thao luan vé hiéu suat ciia cac hé théng. Cudi cing, Phan 5 1a cac két
luan chinh va huéng phat trién ctia nghién ctru.

2 MO HINH
XR h1 d1
Dich xa
X hd ( ) (DFar)
@) _ _ xna ()
EH
h2 d2
Nguoén NGt chuyén tlep
(S) (R)
Khe thei gian thenhat: o Dich gan
(Dnear)
Khe th&i gian thir hai: B — ——
Khe théi gian thir ba: >

Hinh 1. M6 hinh hé thong.
M0 hinh hé thong nhu Hinh 1 gdm mot nut nguon (S), mét nut chuyén tiép AF (R) c6 kha néng thu hoach
nang lugng, va hai nit dich Drar Dnear ,v6i gia dinh khong ton tai dudng truyén truc tiép tir ngudn dén hai
nut dich. Nguon S truyén tin hiéu x1 dén Dy va tin hiéu x2 dén Dyear. Tin hi¢u x; va Xz dugc S sur dung ma
héa xép chong theo nguyén ly NOMA duong 1én tao thanh tin hiéu x va truyén dén R. Tai R, tin hiéu nhan
duge tir S dugc khuéeh dai va chuyén tlep dudi dang tin hiéu xr dén hai dich Drar VA Dnear. Khoang cach
chuén hoa tir S dén R 1a d va khoang chuan hoa tir R d&én Drar, Dnear 140 luot 14 di, d2 (voi di+dz=1). Trong
md hinh NOMA hop téc, gia sir dich Drar & xa niit chuyén tiép R hon dich Dyear (di > dy). Cac kénh truyén
h, h1 va h; dugc gia dinh tuan theo mo hinh fading Rayleigh, trong d6 h twong ing vdi S—R, h1 va h, tuong

, L A1t 1A A W2 Ik 12 T 12 18 oz 1ecA X4 re 1 s Al an o K
ung voi R— Drar, Dnear. PO 101 kénh truyén |h| ,|hl| ,|hz| la cac bién ngau nhién, vdi ham mat d6 xac suat

X —-X

(PDF) va ham phan bé tich lity (CDF) lan luot 1a: f (x)= %ei , F(x)=1-e% véi A=d™” cho lién két

S—R, va 4 =d;? cho cic lién két R— Drar, Dnear, v6i £ 12 hé s6 mil suy hao dudng truyén.

Qué trinh truyén nhan tin hiéu gom ba khe thoi gian nhu minh hoa trong Hinh 2. Pau tién, R thu hoach
ning lugng RF tir tin hiéu do S phat ra. Sau d6, & khe thoi gian tht hai, S truyén tin hiéu x dén R. Cuébi
cuing, R dung ning luong di thu hoach duge dé khuéch dai va chuyén tiép tin hidu dén Drar VA Dyear. Thoi
gian ctia khe thir hai va thir ba duoc gia dinh bang nhau, voi o 1a hé s phan bo thoi gian (0 < a. < 1).
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1-a)T (1-a)T
aT 2 2
Thu hoach ning Iwong Truyén dén tin hiéu Truyén tin hiéu
XR
EH X R — DNear
S oomeeeees > R s ——> R -

R —— I:)Far

A
\ 4

T
Hinh 2. So dd thu hoach nang lugng va truyén nhan tin hi€u ctia mo6 hinh
2.1 Qua trinh thu hoach ning lwgng va truyén nhan dir liéu
Khe thoi gian thir nhit (aT): R thu ning luong tir tin hiéu phat ra boi S. Nang lugng thu hoach dugc tai
R dugc tinh nhu sau:
2
ER=77P|h| afl (1)
trong d6: 1 14 hiéu suat thu hoach ning luong; P 1a cong suat phat cua S; [h|? 1a d6 loi kénh truyén S—R;
oT la thoi gian thu hoach nang lugng.

) 1-a)T . . i \ i .
Khe thai gian thir hai [%J . S tao tin hi€u x va tin hi€u ctia dich xa Drar dugc truyén véi cong suat

16n hon so v&i tin hiéu ciia dich gan Dyear [8].

x:a/alxl+1/a2x2, (2)
v&i a1 va az 1a hé so phan bo cong suat, thoa man a; + a = 1 va a; > a.
Tinh hiéu nhan duoc tai R:

Yr=Phx+ng, 3)

V6i Nk 1a nhiéu tring Gaussian tai R ¢6 gia tri trung binh bang 0 va phuong sai No (0, No).
. 1-a)T \ . i . . . . .
Khe thoi gian thi ba (%J : R truyén tin hi¢u sau khi dugc khuéch dai Xg dén Drar Va Dnear bang

nang luong da thu hoach dugc.
Cong suat phat tai R la:
Eq _ 77P|h|2 al _ 2an
1-a)T (1-a)T (l-«a
2 2

P, - P = oPif @

2an

(1-a)

Str dung giao thirc khuéch dai va chuyén tiép ta c6 hé s khuéch dai Gy :

P
G, = R —
' \/P|h|2+NO

voi p=

®)
Tin hiéu sau khi dugc khuéch dai tai R:
Xg :Gf\/ai_Phx1 +Gf\/a2_Phx2+anR. (6)
Tin hiéu nhan duoc tai Dyear 12:
Yo, = G; \/ai_Phhzxi +G; \/az_PhhzxZ +Gshn, + o, » @)

trong do: np  1a nhiéu tring Gaussian (0, No) tai Dnear.
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Theo ky thuat SIC, tai Dnear 5& giai ma tin hiéu x; ctia Dear trudc, coi x2 1a nhidu, rdi loai bo x1 dé giai ma
X2. Ti 1€ tin hi¢u trén nhiéu va can nhicu (SINR) dé giai ma tin hi€u x1 tai Dyear la:
2n|'lh, [
a,07°|h| |, |
2118, |2 21, |12 2 '
a, o7’ h|” + py || |hy|” +¢|h[" +1

(8)

7 Dnear¥s

. P
Vol y=—.
0
Sau khi giai ma tin hiéu x1, dich Dnear loai bo thanh phan lién quan x; khoi tin hiéu tong hop theo cong thirc
(7), r6i tiép tuc giai ma xo. SINR dé giai ma tin hidu x»:

azp7/2|h|4|h2|2

- )
pr|h [hy[* +|h* +1

7 DnearX2 —

Tin hiéu nhan dugc tai Drar la:
Yo, =Gt +/aPhhx +Gsya,Phhvx, +Gihing +np_, (10)

voing la nhidu tring Gaussian (0, No) tai Drar.

Dich Drer giai ma tin hiéu x; VA coi X2 12 nhidu. SINR dé giai ma tin hiéu xu:

4 2
a,07° ] |hy|
21 A 12 20, 2 2 .
307 h[ [+ oy [ [ty[" +7[h[" +1

2.2 Khio sat hiéu ning ciia hé thong
2.2.1  Xdc sudt dirng (OP) tai dich Dyear
Pé giai ma thanh cong x1 Va Xz tai Dyear thi by, V@ 7b,.x, Phailén hon hodc bang gia tri ymp ngudng,

2Rn
Yo =25 =1 v6i Ry (bits/s/Hz) 1a toc do ngudng. Xac suat ding tai Dnear durgc tinh bang 1 trir di xac

(1)

7 Drarxy ™

suit giai ma thanh cong tin hiéu x1 Va X, tai Dear [12]. Cu thé, Xac suat dimg tai Dyear la:

Ok, =1- Pr(?”DNea,x1 2 VD1 YDy, = Vth,D) - (12)
Thay cong thire (8) va (9) vao (12), ta co:
a,o7’|h[hy | a,07°h[hy |’
P, —1-Pr > Vo > - (13)
Prear 2,070l + oy [P 0o 430 +1 """ oy |l [P+ |f +1 7D

Cong thuc (13) viét lai nhu sau:

N z
1—Iwe e %e dz , khi a, -y 08, > 8,
OP, '

DNear !

(14)

Y2 z
el o _
1—J.22e 2 Ze fdz , khi &, — 74 08, < 8,

7/th,D(7Z+1) Sy = 7th,D(7Z+1) S Yth,D - _ 7D
1 ’ 1~ ) -
pr2(87Z— Yo )

trong do: vy, = y = 2 :

P72(7Z(a1_7th,oaz)_7th,o) y(ai_ytthaZ) &
Dua vao cong thirc (14) ta c6 duoc hai truong hop xac suat dimg tai Dyear vOi hai cong thire (16) va (18).
V6i truong hop thi nhat, khi a, — Yoy > 8, Xdc suat dimng tai Dnear dugc tinh:

7o (72+1)
_pr2(arz—yinp) =
O, =1-[ 4, e ™ Ze’d. (15)

7(31*7th,Daz)

Sau khi thue hién phép tinh tich phan phirc tap ctia cong thire (15), ta cé gia tri xac dirng tai Dear [13, 14]:
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I )m+n n—-m+1 4 —m
oP, =1-2 I™n ,
oo

_B_
trong do: | = 7.0 Ny = V.0 ) VA J'oe 4t tht = ﬁKl(Jﬂ]/) la ham Bessel ctia cong
\l v

pragh, 7’(31_7’th,Daz Ay
thuce [3.324.1] trong [17].
V6i truong hop thir hai khi a, — 4, p@, <@, xéc suat dimg tai Dnear dugc tinh:

Y0 (72+1)
P}’Z(}’Z(ar}’th,aaz)*J’m,o) z
OP,,, =1 [1,8 o %e Az (17)
&y

Sau khi thuc hién phép tinh tich phan phirc tap ctia cong thirc (17), ta ¢6 gia tri xac dung tai Dnear [13, 14]:

—1_ J l)m+n my n—-m+1
Op;,, =1 2\/; (\/7}%%“”'” g ° " (18)

7th,D .+ _ Ymp
y Y0 T .
,07’(5‘1_7’th,Dé‘2)}Lh2 a, 1k
2.2.2  Xac suit dirng tai dich Dear , o
Do khong thuc hién SIC, Drar gidi ma tryc tiép tin hi¢u cia minh va coi tin hi€u ciia Dnear 12 nhi€u. Neéu ty
s6 tin hiéu trén nhiéu tai Drar (7p,, % ) thap hon ngudng yéu cau yinp, Drar s€ khong the giai ma tin hi¢u. Xac

trong do: j=

suét ding tai Drar:

OPDFar - Pr(j/DFarxl < }/th’D ) ! (19)
Thay cong thirc (11) vao (19), ta co:

a0 || J
=Pr <o |- (20)
£azﬂ72|hl4lhllz +pr Pl 1"

DFar

Cong thuc (20) viét lai nhu sau:
7,0 (72+1)
7P}’Z<?/Z(al_7th,Da2)_7th,D) 1 z
OPDFar :J‘ 7th,D 1-e . Ze & dz . (21)

}’(al—}’m,oaz)

Sau khi thuc hién phép tinh tich phan phuc tap cta cong thire (21), ta c6 gia tri xac dung tai Drar [13, 14]:

—_afo _ k 1)”‘*’“ m ¢ n-m+1
OP, =e {2\/; (\/7] mzo;nm'n'n m+1)kf Ay } (22)

7th.D . f 7th,D
v Tg

,07(5‘1_7’th,Dé‘2)}Lﬁ1 ) 7(a1_7/th,Da2)ﬂh .

3 MO PHONG VA NHAN XET

Trong phan nay, ching t6i tién hanh phan tich va danh gia xac sut dimg trong mang hop tic mét chiéu voi
thu hoach ning luong va NOMA. Dé xac minh tinh chinh x4c ctia cac biéu thire 1y thuyét, md phong Monte
Carlo dugc thuc hién véi sb 1an 1ap 16n hon 108, trong d6 cac diém danh diu trén biéu dd thé hién két qua
md phong. Cac tham sb hé théng cb dinh bao gom: #=0.35, Ry=0.35, &1=0.7, 8,=0.3, =2, d, +d, =1,

trong d6: k =
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2 , 7

Vi p= % . Céc duong cong mau do bidu thi cAc OP cita Drar, trong khi dudng cong mau xanh thé hién
—a

OP Cﬁa DNear.

100

P/N0=10 dB

A
! P/N0=20 dB

Xac suét dirng
>
%

OP, LT
Far

—_OP LT

Near H
OPDFar MP (P/IN,=10 dB)
OP,  MP(PIN,=10dB) 1

D
Near

OP, MP (PIN=20dB) ]
Far H
OP,  MP (PIN;=20dB)|;

Near

OP, MP (PIN,=30B) I

OO0 e e m =

OP,  MP(PIN,=30dB)

Near
| I I

0.7 0.8 0.9 1

Hinh 3. Xac suét dimg ciia hai dich theo khoang cach d v&i P/Np thay déi

Hinh 3 biéu dién x4c suat dimg ctia Drar VA Dnear theo khoang cach d khi P/Np = (10, 20, 30), a = 0.3, d; =
0.7 va d2= 0.3. Dau tién ta thay khi khoang cach d ting, xac suat dimg ctia Drar VA Dnear d8u ting, phan anh
anh huong ciia khoang cach dén chat luong kénh truyén. Xac suat dimng giam khi P/No ting cho ta thiy hé
thdng hoat dong hiéu qua hon trong diéu kién SNR cao. Khi d qua nho hodc qua 16n, xac suat dimg rat thap
hoic rit cao khién kho quan sat su khac biét giira cac thong s6 hé thdng. Do d6, khoang cach trung binh d
= 0.5 dugc chon dé mé phong trong cac hinh sau, vi day 1a gia tri du dai dién, gitp lam ndi bat rd hon anh
huéng clia cac tham s6 khac dén hiéu niang hé thong.
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10O T T T T T T T T T

Xac suét dirng
>

| | | | | | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
o

Hinh 4. X4c suit ding cta hai dich theo hé sb phén chia thoi gian o

Hinh 4 biéu dién cac OP cua Drar va Dpear theo o véi a1 = 0.7, ap = 0.3, d= 0.5, d; = 0.7, d, = 0.3, P/No =
20dB. Quan sat hinh 4 ta thiy x4c suét dimg ctia Drar luén cao hon Dnear. Khi o thay ddi x4c sut dimng cua
Drar V& Dyear thay d6i, phan dnh duoc tac dong cua sy phan chia thoi gian thu hoach ning luong va thoi
gian truyén tin hiéu dén hé théng. Trong khoang a<0.3, OP ctia Drsr VA Dnear giam khi a ting, do ting thoi
gian thu hoach nang lugng dan dén tiang cong suit truyén cua R. Tuy nhién khi 0>0.3, OP ctia Drsr VA Dvear
tang khi o ting, diéu | nay co thé giai thich 1a du ning luong thu thap nhiéu hon nhung thoi gian truyén tin
hi€u bi giam cung dan den giam hi€u nang cua hé thong Hinh 4 ciing chi ra rang tai tai 0=0.3, xdc suét
ding ctia Drar Va Dnea gan nhu dat muc t6i thiéu, diéu nay cho thay véi mot bd thong s6 cho trudc ta co thé
chon duoc hé sé phan chia thoi gian hop 1y dé hiéu ning cta hé théng dat tdi uu.
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10 ; -
107" .
- .
5
= {JPDFar LT
E oP, LT
w Hegar
2 OP. MP{d,=0.8, d.=0.2
PEE ' DFar E ! 2 }
102t @ GPU”W MP(d,=0.8, d,=0.2)
n OF’DF“ MP(d,=0.7, d,=0.3)
- Dﬁ%ﬂrmmdfﬁidfﬂﬂj
0O opﬂnr MP(d,=0.6, d,=0.4)
0O GF'D”EM MP(d,=0.6, d,=0.4)
107 ' ' ' ' ' '
-5 0] 5 10 15 20 25 30
PIN, (dB)

Hinh 5. X4c sudt ding cua hai dich theo P/Nov6i khoang cach d; va d; thay d6i

Hinh 5 biéu dién cAc OP ctia hai dich theo P/Ny (dB) véi 21=0.7, 2,=0.3, d = 0.5, 0=0.3, d;= (0.8, 0.7, 0.6)
va dz = 1-d;. Pau tién ta thiy duoc khi P/Npting xac suat dimg ctia Drar VA Diear gidm, chitng minh rang hé
thong hoat dong hiéu qua hon khi SINR cao. Ngoai ra, cac cip vi tri cua hai nat dich c6 anh huéng rd rét
dén hiéu nang. V&i hé sb phan chia cong suat 2,=0.7, a,=0.3 thi cap di= 0.6 va d, = 0.4 gitp cai thién tinh
cong bang vé hiéu ning ctia Drar VA Dyear tot nhit (tirc 13 xac suat dimg ctia hai dich gan bang nhau nhat).

Trong tit ca cac hinh, cac két qua tir phan tich ly thuyét va mé phong Monte Carlo, khi duoc biéu dién bang
do thi, hoan toan khop v6i nhau. Di€u nay khang dinh tinh chinh xéc cta cac bi€u thire phan tich trong danh
gia h¢ thong.

KET LUAN

Nghién ciru nay dé xuat mot mo hinh mang chuyén tiép mot chiéu tich hop thu hoach nang luong vo tuyén,
dung phuong phap phan chia khe thoi gian tai chuyén tiép AF Va ky thuat NOMA. H¢ thong dugc danh gia
thong qua xac suat dirng va phén tich tdc dong cua cac thong s6 nhu ty 16 tin hiéu trén nhleu ty 1& phan bd
thoi gian, va vi tri twong ddi ciia nat chuyén tiép. Két qua nghién ciru cho thiy xac sudt dimg tai hai nat
dich glam khi ti 1¢ cong suat phat cua nguén trén nhiéu P/ No tang. Bén canh do khi h¢ sO phan chia khe
thoi gian va phén bd cong suat hop 1y s& gitip giam xac sudt dimg va tang tinh cong bang cho hai nguoi
dung. Piéu nay c6 vai trd quan trong cua viéc toi wu hoa hiéu ning cua hé thong Cac m6 phong Monte
Carlo da khang dinh d6 chinh xé4c cta cac phan tich 1y thuyét. M6 hinh dugc dé xuat khac phuc duoc cac
han ché Vé d6 phirc tap va do tré cao cta chuyén tlép DF[3]. M® hinh tan dung dugc nhimg wu diém cia
chuyen tiép AF nhu do tr& xtr Iy thip va chi phi trién khai thap, ddng thoi két hop v6i thu hoach ning lugng.
Diéu nay gitip mo hinh tré thanh mot giai phap cho cac tmg dung trong cac hé thong IoT va giao tiép thoi
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gian thyc. Hudng phat trién tiép theo ctia nghién ctru 1a mé hinh st dung nhidu chuyén tiép AF hoic truyén
tin hi¢u cho nhiéu nguoi dung.
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EVALUATING OUTAGE PROBABILITY IN ONE-WAY COOPERATIVE
NETWORKS WITH ENERGY HARVESTING USING TIME SWITCHING AND NOMA
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Abstract. This paper investigates the outage probability of a one-way cooperative network incorporating
energy harvesting using the time- switching (TS) protocol and employing a hon-orthogonal multiple access
(NOMA\) technique. The system model consists of a source node and a relay node, which amplifies and
forwards (AF) the signal to two destination nodes. The model adopts a successive interference cancellation
(SIC) technique over Rayleigh fading channels. The study provides a detailed analysis of the signal
transmission process to both destinations and derives mathematical expressions for calculating the outage
probability. The Monte Carlo simulation method is utilized to evaluate the outage probability based on
various factors such as signal-to-noise ratio (SNR), time-switching ratio, and other system parameters to
assess their impact on system performance. Consequently, the study identifies the best performance
outcomes, providing a foundation for the analysis and evaluation of the model's operational efficiency. The
model's novelty lies in its ability to leverage the advantages of AF relaying, including architectural
simplicity, low processing latency, and low deployment cost. As a result, the model becomes a suitable
solution, effectively meeting the requirements of loT and real-time communication applications.
Keywords. energy harversting, amplify and forward, non-orthogonal multiple access, successive
interference cancellation.
Ngay nhdn bai: 26/5/2025
Ngady chap nhdn ding: 2419/2025

291



