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Toém tat - Trong bai béo nay nhémtac gid nghién ctu hé théng vo
tuyen Bai bdo nay phan tich hiéu nang cla hé théng vo tuyen
ch uyen tlep véi nutchuyén tiép song cong (full- duplex) gidima va
ch uyen tiép (DF) duwdi dang xac suét ding va théng luvgng hé
thong & kénh truyén Nakagami-m. M6 hinh mang bao gom mot
nguonvamotnutch uyen tiép, vamoétnutdich, VoI tAtcacac nut
hoat ddngdwa trén nanglwong thu thap vo tuyén tr mét ngudn
ngoai (B). Trong bai bao, chung t6i da phan tich thanh cong biéu
thirc dang déng clia xac suét dung hé théng va théng luong hé
théng hoat dong trén kénh truyén fading Nakagaml m. Sau do,
khéo satmdtsé thamsbd anh hudng hiéu nang ctia hé théng nhw
hé s6 fadingkénh truyén va ty sb thoi gian thu thap nang luong.
Cuoi cung nhémtéac gia st dung mé phéng Monte-Carlo dé khang
dinhtinh ding dan nhirng phantich.

Tirkhoéa- Chuyéntiép; song cong; xacsuatdirng hé théng

1. Gio6i thi¢u

Trong thoi dai cua cac thiét bi két ndi van vat Intemet
of Things (I0oT), hau nhu céc thiét bi ca nhan duge két ndi
v6i Internet dé trao d6idi liéu va xurly thongtin [1, 2]. Két
ndi trao dbi dir liéu khong chi giéi han giita ngudi véi
ngudi, ma con mé rong cho nguoi voi thiét bi va thiét bi
v6i thiét bi, hd trg nhiéu nén tangdich vu, vi dunhu thanh
phé thong minh, nha thongminh, xe hoi ty hanh. Cac dich
vunaytaora nhiéu thach thic vé tdc do truyén dit liéu cao,
do tré tha‘ip, $6 lugng két ndi 16n, hicu qua phé tAn cao va
hiéu qua nianglwong. Dé dap ing nhiing thach thirc nay, rat
nhiéu cong nghé méi duge nghién ciru va dé xuatap dung
vi du nhu da truy cap khong tryc giao (Non-orthogonal
multiple access) [3-5], MIMO c¢& 16n (massive MIMO)
[6-9], v6 tuyén nhan thuc (cognitive radio) [10-14], thu
thap ning lugng vo tuyén (energy harvesting) [15-19] va
truyén song cong (full duplex) [20-24].

Trong cac cong nghé ké trén, truyén song cong voi uu
thé cai thién hiéu suat ph6 tAn dugc xem xét 1a k¥ thuat
tiém nang cho hé théng thong tin di dong (5G) va sau 5G
[21, 25]. Bén canh k¥ thuét truyén thong song cong, k§
thudtthuthap nangluong vo tuyén la motky thudthtra hen
dé cung capning luong hoatdong va kéo dai tudi tho pin
cua thiét bi khongday [26, 27].

Cho dén nay da c6 nhiéu nghién ciru da tap trung vao
phan tich hiéu ning ctia cdc mang chuyén tiép song cong
vi du nhu [28-30]. Cac tac gia di xacdinh duoc biéu thirc
toan hoc cho xac suat dimg hé thong (OP) ciing nhu chimg
minh ring dudi tic dong nhidu noi doi du (RSI), hidu ning
hé thongdat dén mirc bao hoa trén mién tin hiéu trén nhiéu
(SNR) cao. Cac nghién ctru ciing chi ra ring, st dung
phuong phap tiuu nang lugng cho ché do FD c6 thé cai

Abstract - In this paper, we investigate the performance of full-
duplex (FD) decode-and-forward (DF) relay systems exploiting
wireless power transfer in term of system outage probability and
throughtput over Nakagami-m fading channels. Against with
published works, we consider the network all nodes including the
source node, the relay node, and the destination harvest energy
from power beacon (B) for transmitting and receiving operations.
We derive the exact closed form expresion of the system outage
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channels. From these expressions, the system performance is
analyzed invarious scenarios, such as the impact of m parameters
and energy harvesting ratio. Finally, we use Monte-Carlo
simulationsto verify ouranalysis.
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thién hiéu ning hé théng nhu cac bai bao [31]. Ngoai ra,
bangcach sit dungky thuatloaibo nhidundi (SIC) cho cac
thiét bj FD, hé théng chuyén tiép FD c¢6 thé c¢6 hiéu nang
cao hon so véi hé thdng chuyén tiép truyén thong [32].

Gan day, c6 mot sb nghién ctru két hop wu diém cia
k§ thuat truyén chuyén tiép song cong voi k§ thuat thu
thap nanglugng vo tuyén, vi du nhu [33], [32, 34], véi gia
thiét ringcac nat mangvira thu thap thong tin vira thu thap
nanglugng.

Trong bai bao nay, nhém tac gid nghién ctu mang
chuyén tiép mot chidu song cong thu thidp nang luong ma
& d6 nhit ngudn va nat chuyén tiép thu thap ningluong tir
ngudn ngoai on dinh B. Phan tich cong thic dang tuong
minh cia x4c suit dimg va thong luong hé théng & kénh
truyén tong quat Nakagami-m va dong thoi khao sat anh
huong cia cic tham s6 hé thong va kénh truyén Ién hiéu
ningcua hé thong.

2. Mb hinh h¢ thong

Mo hinh hé thong xem xét 1a bao gdm nut ngudn (S),
nat dich (D) va nat chuyén tiép sir dung k¥ thuat giai ma
va chuyén tiép hoat dongoche d9 song cong, nhu trinh bay
0 Hinh 1. Qué trinh truyen thong tin tir nat ngudn dén nat
dich théng qua nut chuyén tiép véi gia sir ring S va D duoc
trangbi dondngten va hoatdongo ché d6 don cong(Half-
Duplex). Nut chuyén tiép dohoatdongo chédo song cong
thu va phattrén cung mot tin sd, nén s& ¢ haianten, mot
anten thu tin hiéu tir S va motanten phattin hi¢u toi D.

Trong baibao nay, chingta gia st raing cc niit trong
manghoat dong dya trén niang luong thu thap vo tuyén tir
ngudn ngoai (Power beacon),dugc ky hi¢u la B nhu trong
Hinh 1) dé phuc vu cho hoat dong truyén phat thong tin.
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CAu hinh mang st dung r}guén ning luong cip ngoaiphu
hop véicac mangcam bien khong day.

Hinh 1. M6 hinh hé thong chuyén tiép song cong
thu thdp nang luong

Goi T1a chuky truyén thong tin tir nguon S t6i D. Khi
st dungcong ngh¢ thu thap nanglwong véiky thuat chuyén
tiép, hé thong chia chu ky truyén thong T thanh hai phin
thoi gian theo ty so phén chia thoigian a véi 0 <a <1.Cuy
thé, phan thoi gian dau aT danh cho hoat dong thu thap
nangluong va phan thoi gian con lai (1-0)T danh cho hoat
dong truyén va nhan thongtin. Goi o 1a ty s6 phan chia thoi
gian, ta c6 thoi gian 1an lugt cho pha thoigian daula aT.

Xem xét trong p’hﬁn thoi gian dau a7, cac nitthu thap
nang lugng vo tuyén tor B d€ phuc vu hoat dong truyén
nhan. Goi Ef va EhR lan luot 1 ningluong thu thap taiS
vaR,taco:

ES = aTP, |hy| @)
EF = £aTP, |y’ @)

véoi Py 1a cong sudt phat cia B; & 1a hiéu suat thu thap
ning lugng vo tuyén va c6 gia tri 0<e<1, hy, véi
X e{S,R}vaYe{R,D} la hé¢sé cia cackénh truyén vo
tuyén tr X — ). Tir (1) va (2), ching ta c6 thé xac dinh
cong suat phatcua S va R tir ndng lugng thu thap la nhu
sau:

P
R =ji_;|hss|21 3)

PR :ia_PB|hBR |2- 4)
-

Xem xét trong phan thoi gian sau (1-a)T, S phat
thong tin t6i R va dong thoi R chuyén tiép thong tin t6i D
dung k¥ thuat DF khi ma R hoat dong theo ché do song
cong. Tin hiéu nhidntaiR va D 1An luot nhu sau:

Yr :hSRXs"'ﬁRRXR"'nR’ 6)

Yo =PgpXg +Np, (6)
V6i X VA Xg lan lugt 14 tin hi¢u sau diéu ché taiS va R.
Khi hé théng str dung k¥ thuat DF, X, 14 tin hi¢u ma natR
didu ché lai sau khi giai didu ché tin hiéu nhén tai nat
ngudn. Trong (5), ﬁRR 13 hé sb kénh truyén ty can nhidu tir
anten phatdén anten thucuaR giy ra do ché d6 truyén song
cong. n, la nhidu tring (Additive White Gaussian Noise)

tai may thu Y c6 trung binh bangkhdng va phuong sai

bang N . Tir (5), chungta c6 thé xdc dinh dugc cong suét
cua tin hidu tu cannhifu (Self-Interference) tai R nhu sau:

B{P, [} =572 B e e | ¢

voi B{.} 1a toan tirky vong théng ke.

Chiing ta gia sir ring, nt R dugc trang bi k¥ thuat loai
b6 tin hiéu tu can nhiéu (Self-Interference Cancellation -
SIC). Tuy nhién, trong thuc té tin hi¢u tu can nhifu tai sé
khong bi loai bo hoan toan do tinh khong hoan hdo cua
phﬁn cung ma s€ con ton taimot phﬁn, goi la can nhidu ndi
doidu (Residual Self-Interference - RSI), goi la 1, . Theo

[35], g 1a bién ngdu nhién tuan theo phan bd Gauss cd

RSI

phuongsaila:

caP.
2 _ B
O gs) =K

®)

1-o'
véi & 1a hidu suat SIC tainutchuyén tiép R.
Két hop (5) va (8), chiing ta x4p xi tin hiéu nhantai R
nhu sau:
Yr = SRXS+IRSI+nR' ©)
Tir (6) va (9), ching ta ¢6 thé xac dinh ty s6 tin higu
trén nhicu cong véi nhicunditai gdyrataiR va Dnhusau:

PB |hSR

Vs =
Ot + Np

~ gaPB|hBS|2|hSR|Z

T (1-a)(o%g +N,)'

|2

(10)

va

_ PR |hRD|2
NO

_ £aPy e | Mo’
(1-a)N,

7rD
(11)

D6i voi hé théng chuyén tiép giai ma va chuyén tiép cd
dinh, hiéu nangcua hé théng phuthudcvaochangco ty $6
tin hiéu trén nhidu nhé nhét, do d6 ta c6 thé moé hinh hoa ty
s6 tin hiéu trén nhidu tuong duong cua hé théng nhu sau
[36, 37]:

Ve =MiN(ysr, Vrp)- (12)

Xem xét & kénh truyén fadingNakagami-mva gioi han
cho truong hgp M nguyén, ta c6 ham CDF va PDF cua
Yy lan luot c6 dangnhu sau [38]:

ApyM )™
o (V) =%y o texp (-Mydny),  (13)
o~ D!
my-1( 2 k
F._ O :l_exp(_lxym(\yy) Z Mv (14)

7.
Xy = k |

trongd6 My, 1a tham sd Nakagamiva Ay =11 ]E{|h/w|2}
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3. Phan tich xéc suit dirng hé thong
Trong phan nay, ching ta s& phan tich xac suat dimg
ctia hé thdng & kénh truyén fading Nakagami-m. T ty 1&

tin hiéu trén nhidu twong duong cia hé thong Ve »Xac sudt
dung cua hé théng theo dinh nghia nhu sau:

OP =Pr[(1-a)log,(1+7,) <R]
:Pr(j/e <7/th)’

voiRIa téc do truyén mong mudn cia hé thong va

(15)

Vo = 2% —1.Kéthop (11)va (12), OP dugc viét lainhu sau:
OP:Pr[min(7sR’7RD)<7m] (16)
Quansat yg, Va yg, O congthic (10) va (11), tacd thé
thdy ring, ye, VA yg, d0c lap thongkeé voi nhau khicéac
nit mangthu thp nang luong tur ngudn phatbén ngoaiB.
Do do, ta c6 thé trién khai(16) nhu sau

OP =1—-Pr[min(ys 7ro) > 7 |
=1-Pr(ys > 7 )P' (Yo > 7un)
:1_[1_ FVSR (yth):Hil_ F?RD (j/lh):|

v6i F,_ () 1a hamphanboxacsuattichliy cua y,,.

a7

Chung ta ciing thay ring, Vsr VA ¥gp O cOng thire (10)
va (11) c6 cung mot dang, nén chung ta c6 thé tim ham
CDF cua yg, vatir do suy ra dangcua yqp .

Ham CDF cua yg, F_ (7)., viét lai nhu sau:

] (18)
<7

Str dung xac suatcé didu kién, ta viét lai F. (7s) nhu

7SR (rn) = Pr(7SR < 7th)
P[ 5Py s s

- a)(O'ZR& +No)

sau:

ySR(7th) Pr(75R<7th)
P, || [hes
—pr| X 3 BZS| | <
(1_0()((7 RSI+N0)

(|hss|

[(1_a)(02R5I + No)7

eaPyX

(1_a)(02RSI + No)yJ , (X)dX
saP,X Insa |

(19)
Thay thé (13) va (14) vao (19) va st dung bién ddi s6
(3.351.3) va (3.471.9) cua [39], ta cé

Mgs mgg -1
(ABSmBS o SR 1

= Aee Mo X,
er (rn) = r(my) & kl( sriTlsR )
« Z(mSRﬂ’SRXl )m%ik K. |2 XMy A
Mgs Ags e \A Mgs Ags

(20)

A-a)(ogs + No)74 _
sa Py

voi X, =

St dung phuong phap tuong ty, ta c6 thé tim duoc
(7,) nhusau:

VRD

gaPB\hBR\Z\hRD\Z <
(1-a)N, "

F. (7w) = P{

-1- (lBRmBR s mRD 1 (m (21)

Ao X
r(mBR) |0 I' RD7*RD )
’X}L m
KmRDI[Z 2°RD RDJ
ﬂ“BRmBR

Thay thé (20) va (21)vao (17), ta s& c6 dugc dangdong
chinh x4c ctia xac sudt dimg hé thong.

% 2(2’RDmRDXZ )%7'

/’i’BR mBR

(d—a)Nyyy,
ea Py

véi &, =

4. Thong lwgng hé thong

Théng lugng (Throughput) cua hé thdngla gia tri quan
trong khi danh gid hiéu nanghé théng. V6i hé théng xem
xét, thong lwong hé thong dugce xac dinh nhu sau:

r=R@1-a)(1-0P),
(22)

v6i R 1a toc d¢ truyén dit lidu (bit/s/Hz) va OP 14 xac suét
dung hé thongtai(17).

5. Kiém chirng két qua phan tich va thao luan

Phan trudc da xay dungmo hinh toanvadatim dugcbiéu
thirc dang dong chinh xdccua xac suét dunghé théng OP trén
kénh truyén fading Nakagami-m. Trong phan nay, nhém tac
gia thuc hién mo phong Monte-Carlo dya trén phan mém
Matlabdé: (i) kiém chimglaitinh chinh x4c ciia két qua phan
tich va (i) tim hiéu d4c tinh ctia hé thong. Chung ta thiét p
cdcthamsd héthongnhusau: & =0,85va R =1bit/s/Hz.

S
o

Xac suét dirng hé thong

S
&

o Mé phdéng
Ly thuyét

107 : - y ¥ y y
0 5 10 15 20 25 30 35
SNR [dB]

Hinh 2. Khdo sdt OP theo SNR véi tham sé m khdc nhau

Trong Hinh 2, chung ta khdo satanhhudngcua dac tinh
kénh truyén 1én hiéu ningcua hé thong, Xem xét 3 truong
hop cta gia tri fadingla [1 11 1],[2222],va[3 33 3]vdi
tham s6 hé théng chon 1d @=0,3; £=0,85,«x=-30dB .

Xem xét Hinh 2, chiing ta thay ring khi m ting thi hi¢u
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ningcua hé théng ting. K&t qua mé phong tring lap véi
kétqua phantichly thuyét chimgt6 phuongphap phantich
1y thuyétla hoan toan dingdin.

© Mo phong
Ly thuyét

Xac suét dirng hé théng

1072
102 + = -40, -30, -20, -10 dB
[ [Mggr Mg Mg, Mppl =2, 2,2, 2]
10-4 L L L i L
0 5 10 15 20 25 30 35

SNR [dB]
Hinh 3. Khdo sdt anh hiedng ciia SIC t6i hiéu ndng hé thong
Trong Hinh 3, chiingta khao sat anh hudéngcua SIC toi
xacsudtdimghéthongbangcachxem xét4 gid tricua K tir
-40 dB, - 30 dB, -20 dB, va -10 dB. Cac tham s hé thong
thiét lap cho Hinh 31a & =0,5 va [mgs, Msr, Mer, Mrp] =2
22 2]. Quansattrén dd thi ta thiy, can nhidunoidéi du co
anh huongrat 16n dén hiéu ning hé théng. Vi du nhu, khi
nhidu du bang-10 dB hoic -20 dB, xac suatdimghé thong
gin nhu bio hoa & gia tri 20 dB. Tir két qua nay ta co thé
nhén dinh ring, dé dam baohiéu nanghé théngthi viéc thiét
kéhé thdngFD can thiét phailwa chon congsuat truyén phu
hopvabdloaibo can nhiéu (SIC) cinco phém chét tét.

10°¢

Xac sudt dirng hé thdng
o

o Mo phong SNR=15dB |
Ly thuyét
102 g - . :
0 0.2 0.4 0.6 0.8 1

Hinh 4. Khdo sdt anh hudéng ciia tham sé m dén gia tri OP ciia
hé thong véi SNR = 15 dB.

Hinh 4 trinh bay két qua khao sat xac suat dimg hé
thong theo hé so phan chia thoi gian a. Xem xétba tru’ong
hop ctia hé sé fadlnglan lwot la [1212],[2221],v
[2222]. Hinh 4 chira rang, ton tai gia tri a lam cho xac
suatdimg hé thongnho nhat Véi cing mot ty s SNR, khi
m canglon, diém cuc tiéu OP cangnho, haynoicach khac
pham chétcua hé thong cang tét. Hinh 4 ciing chira ring,
dé hiéu nanghé thong tdt nhat, gia tri hé so0 phén chia thoi
gian t&i vu xdp xi 0,5 trong ca 3 trudng hop.

Trong Hinh 5, chung ta khdo sat anh hudng cta ty so
tin hiéu trén nhidu lén gia tri o voi ~cung mot tham )

=[2 2 22] bangcich thay ddity so tin hi¢u trén nhiéu
trung binh. Tir Hinh 5 ta thay, xac suat dimg hé thong cai

thién khi ty sé tin hiéu trén nhidu trung binh tang, nhu
mong doi. Tuy nhién, két qua mo phong chi ra rang hé 5O
phén chia thoi gian tdiwu ¢ gia tri xdpxi 0,5.

10°9

SNR = [10, 15, 20] dB
ol 7 12,2,2,2] 4

s _[Mes Msp' Mare ™

e

=
S

Xac suét dimg hé théng (OP)

o Mo phédng
Ly thuyét

10-3 L L 1 L
0 0.2 0.4 0.6 0.8 1

Hinh 5. Khdo sat OP khi thay d6i SNR ciia hé thong

0.7 T
© Mb6 phéng
Ly thuyét

0.6
[Mgs: Mg Mg, Mep
=[2,1,21]

bl
13

o
kS

o
w

”SNR = 10dB

Thong lwong (bit's/Hz)

e
[N}

01 o———6—g__
® SNR=5dB ~

0 0.2 0.4 0.6 08
(23

Hinh 6. Khdo sdt théng heong hé thong theo o

Trong Hinh 6, chung ta trinh dién mdi quan hé giita
thong lugng hé théng va a. Két qua trén do thi thé hién
ring, khi ty sb tin hi¢u trén nhidu trung binh ting s& cho
thong lugng hé théng cao. Tir Hinh 6, ta c6 thé quan st
motkét luan quan trong 1 gia tri o tdi wu cho thong luong
hé thong khong con 1a 0,5 ma c6 xu huéng giam vé 0 khi
ty s6 tin higu trén nhiéu trung binh ting. Hién tuong nay c6
thé giai thichIa khi ty s tin hiéu trén nhidu cao, hé thong
can it thoi gian thu thap ninglugng hon dé cung cap théng
luong hé thénglén nhat.

6. Két luin

Trongbaibao nay, nhom ticgid da khaosathi¢u ninghé
thong chuyén tiép mot chiéu song cong, trong do6 nutnguon
va nut dich thu thdp nang lugng tir ngudn ngoai trén kénh
truyén Nakagami-m. Nhém tac gia da phan tich dugc hiéu
nangcua hé théng duéi dang xéc suat dimg va khao sat cac
dac tinh cua hé thong Két qua phén tich cho thay, hiéu sudt
cua bo SIC, hé s0 phén chia thoigian o, va ty s6 tin hiéu tren
nhiu 13 cac tham sé quan trong, quyét dinh hiéu ning chinh
cua hé thong va cin xem xét khithiétké va caidithé théng.

Loi cam on: Nghién clru nay dugc tai trg boi Quy Phat
trién Khoa hoc va Cong nghé Quoc gia (NAFOSTED)
trong dé taima s 102.02-2018.320
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