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TOM TAT

Bai bao nay thuc hién phan tich théng lwong cua mo hinh mang hop tac chuyén tlép song
cdng, mét trong nhizng md hinh mang dwoc quan tdm nhiéu trong thoi gian gan ddy. Dé thuc
hien muc dich trén, bai bao nay su dung phuong thic la chon nut chuyén tiép, mang chuyén
tiep hai chieu kiéu khuéch dai va chuyén tiép dung kénh Rayleigh fading, si dung giao thuc thu
nang lirong vo tuyén dira trén chuyén doi thoi gian. Bai bao nay tdp trung vao dén viéc lya chon
nGt chuyén tiép dé thu nang lwong toi wu, tinh todn xdc suat dieng sir dung c&c cdng thizc tinh xac
suat. Cac két qua phan tich tinh toan trén sé duwoc kiém chiing bang phwong phdp mé phong
Monte-Carlo .

Tir khéa: Giai ma va chuyén tiép, thu ning hrong; chuyén mach theo thoi gian TSR; lva chon
chuyen tiep.

ABSTRACT

In this paper, we investigate relay selection for decode-and-forward (DF) Full-duplex (FD)
wireless energy harvesting relaying networks. Considering time-switching based relaying (TSR)
protocol, we are concerned with the performance of maximum harvested energy relay selection
(MHE-RS) scheme. We analyze the system performance in terms of outage probability (OP) and
throughput over Rayleigh fading channels. We derive the integral-form for exact expression and
closed-form for approximal expression. This analytical expressions are validated by the
Monte-Carlo simulation.
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1. GIOI THIEU

Ngay nay véi hé théng truyén théng
khong day c6 ngudn ning luong khong doi,
né ¢ mot thoi gian hoat dong nhét dinh va
dé duy tri cac két ndi thi phai thuc hién
thay thé ngudn pin 13 van dé bét tién va doi
khi khédng thé. Tur d6 viéc tu thu gom ning
lwong ciing nhu st dung c4c ngudn ning
lugng sach cé tir cac ngudn tai nguyén
thién nhién bén ngoai nhu nang lugng mat
troi, gio... da nhan dwoc rat nhiéu sy quan
tam. Vi n6 cung cap mot giai phéap hiéu qua
dé kéo dai hoat dong mét cach lién tuc cho
c4c thiét bi truyén théng khong day [1].

Phuong thuc truyén tin hiéu song cong FD

cai thién hiéu qua pho mang vo tuyén [2, 3].

Cung tiép can véi nhitng nghién cau méi
dé bat kip xu huéng chung cua thé gioi, bai
viét nady giéi thieu mot mé hinh mang
truyén dong thoi ning luong va thdng tin
(SWIPT) [5,6]. O day, ching t6i nghién
ciu mang st dung phuong phép lya chon
nat chuyen tlep t6i wu, mang chuyen tlep
hai chiéu kiéu khuéch dai va chuyén tiép
dung kénh fading Rayleigh, str dung giao
thic dua trén chuyén doi thoi gian. Phan
tich va tinh todn xac suit dung ciing nhu
thong luong cua mang. Pac biét, trong bai
bdo nay, ching toi tap trung vao hé thng
lya chon nit chuyén tiép va st dung md
hinh truyen song cong. Trong h¢ thong, co
rat nhiéu tin hiéu truyén tir nguon dén nat
chuyén tiép sau do nut chuyén tiép s& thuc
hién so sanh va chon ra ndt nao 1a tét nhat
dé thyuc hién truyén tin hiéu toi dich. Pong
g6p chinh cua bai viét nay dugc trinh bay
nhu bén dudi

i)  Dé xuét giao thic lya chon chuyén
tlep, ¢ d6 no s€ dua ra mgt nit chuyen
tiép thich hop d& ho trg qué trinh truyén
tai tin hiéu tu nguon téi dich su dung
mang chuyen tiép 2 chiang véi nhiéu nut
chuyén tiép thu ning luong khong day.

ii) Tinh toan, phan tich xac suat dimng
dua trén ty s6 tin hi¢u trén nhiéu ciing
nhu st dung tinh x4p xi trong truong
hop nhiu cao. Dya trén cac biéu thirc
nay, thoi gian thu nang luong va xac
suat dimg t6i wu dugc dua ra.

Noi dung cua bai viét gdm nhiing phan
nhu sau. Trong phan 2, trinh bay vé md
hinh hé théng va d& ra cau hinh lya chon
nat chuyén tiép. Phan 3 c6 noi dung la cac
biéu thirc tinh toan dé dua ra xac suat dung
va thong lugng, phan 4 1a phan trinh bay
két qua mo phong, phan cudi cung Ia phan
két luan cua bai viét.

2. MO HINH HE THONG
2.1 Cau hinh mang

— Signal link

— — — Self Interference link

Hinh 1 M& hinh hé théng

Trong bai bao nay, ching toi trinh bay
mang lya chon chuyen tiép thu nang luong
song céng mot chiéu voi cau hinh mang
giai md va chuyén (DF) nhu hinh 1. Hé
thdng bao gém mat nit nguon mot nit dich
dugc ki hiéu l1a S, D tuong Gtng va N nut
chuyén tiép dwoc ki hiéu 1a R,i=1..N.
Gia sir rang, & ndt ngudn va nut dich moi
nut duoc trang bi mot anten va nit chuyén
tiép duoc trang bi 2 anten. Khi dugc trang
bi 2 anten thi chinh ban than no s€ gay ra
nhiéu tai nut d6 goi la tu nhiéu. Kénh giam
ty nhiéu tai Ri dugc ki hiéu la fi, giam tu
nhidu va gigi han hiéu suét truyén 1a mot
diém chinh cua bai nay.

M®d hinh chuyen tiép: bugc gia su rang,
o nat Chuyen tiép cO ngudn ning luong
cung cap bi han ché va tai d6 no c6 thé thu
ning lwong tir c&c ngudn tin hiéu cao tan
RF truyén dn tir cac tram phét séng [6, 7].
Thém vao d6 nut chuyén tiép c6 thé xem
nhu 12 mot b dém dé truyén thong tin dén
tram dich.



2.2 Céu hinh lya chen nat chuyén tiép

Lya chon chuyén tiép 1a mot phuong
thire hiéu qua dé nang cao hiéu suat cua hé
thdng truyén thong da chuyén tiép voi do
phtic tap thap, so vai md hinh c6 mot nat
chuyén tiép duoc trinh bay trong [5]. Trong
bai nay, ching t6i dé Xuét md hinh mang
thu ning luong chuyén tiép song cong mot
chiéu véi mo hinh lya chon nat chuyen tiép
thu néng luong t6i wvu (MHE-RS). O @6, niit
chuyén tiép nao c6 ning lugng 16n nhat s&
dugc chon dé thuc hién qua trinh truyén
thong va dugc thé hién nhu biéu thic bén
dudi

b =arg max (Ei) 1)
2.3 Phan tich md hinh tin hiéu va ty s6
tin hiéu trén nhiéu (SINR)

Trong mot khoan thoi gian thu néng
lugng, nQUOn S truyén mot cong suat dén
ndt chuyén tiép R théng qua tin hiéu RF, vi
vay tin hiéu nhan duoc tai R la

yi = \/p_sm xh, ><Xs(t)+nri (t)
dy; ()
Véi i=1..,N
tiép.

la s6 lwong nat chuyén

Vi thé, chiing ta ¢6 thé tinh dwoc tong
nang luong thu dugc trong suot trang thai
thu nang luong nhu trong [3]

B =75 || T ©)

dy"
Vai 0<p <1 lakhoang thoi gian phan

chia giai doan thu nang lugng va théng tin.

Nhu trong bai [3, 4] , chdng ta gia su
rang nang luwong thu duoc trong sudt
khoang thoi gian thu nang luong duoc luu
trir trong bo tu 16n va ngudn ning lugng
sau d6 s& duogc tiéu thu boi qué trinh
chuyén tiép théng tin tir nguon t6i dich. Vi
vy, cong suit truyén tai nGt chuyén tiép
duoc tinh nhu sau

E. p 2
P = I =H sm hi (4)
' (-7 dy; g

Véi pulnal(l-a)

Trong giai doan truyén thong tin (IT),
tai nguon S, tin hiéu truyén dugc ki hiéu la
Xs(t) dén Ri. Tuong ty nhu vay ¢ nut
chuyén tiép s& phat tin hiéu x, () dén nat
dich 1a D. Vi vay tin hiéu tai Ri duoc tinh
nhu sau

Jps
Y (t)= xhj x Xs (t
(t) o (t) 6
+ erfiXXri(t)+nri (t)

Trong cau hinh chuyén tiép DF, tai R;,
x, (t) dwoc ma hoa cta giai doan nhan tin
hiéu
X, (t) =% (t) (6)

Va ¢ nut dich D, tin hiéu nhan duoc la
yq (1), dugc biéu dién nhu sau

%g X ()+ng(t) (7

V6i ng(t) 12 phan nhidu tring Gaussian
AWGN c6 trung binh la 0 va phuong sai la
No. Theo cdng thuc (5) va sau mot so pheép
bién doi, ty so tin hiéu trén nhieu tuc thoi
SINR cua chang S — R

Yo (t)=

2
i _ 7/s|2hi| . ®)
/u7/s|hi| ‘fri‘ +1

Tuong ty, dya trén (7) ty so tin higu trén
nhieu tac thot SNR cuaR — D

yia =g i)l 9)
ps/NO

Trong truong hop thong sé SNR &
khoang gia tri 16n, cu thé, y; — o, cu thé
7s[0 1, cdng thie(8), (9) c6 thé duoc viét
lai

Vol s =

1

y 7 = —— (10)
| fil
va
y17 0 = gl |ai? (11)



Dua trén cau hinh chuyén tiép DF, SINR
2 dau cudi cua hé théng dugce xac dinh 1a
gia tri nho hon cua SINR tai tung chang.
khi d6 chang ta cd thé mé hinh théng sb
SINR tir phia ngudn dén phia dich nay theo
toan hoc nhu sau

7/é2e = min(y;’r , 7/|i',d ) (12)

3. PHAN TiCH HIEU NANG

Trong phan nay, chlng t6i s& dua ra
X&c suat dimg va thong lwong cua hé thong
sua dung kénh Rayleigh fading. Xac suat
dimg duoc ki hiéu 13 “OP” va “ ” 1a thong
lugng.

3.1 Phan tich xac suat dirng

Trong ché do truyén tré gigi han
(delay-limit), chat luong cua hé thong dugc
danh gia dua trén xac suit dimg. Do do,
trong phan nay ching toi phan tich xéac suét
dirng ciia md hinh, mot trong cac thdng s6
quan trong dé danh gia chat luong hé théng
truyén thong.

Xéc suat ding cua hé théng duge dinh
nghia 1a xac suat ma khi gia tri ty sb tin
hiéu trén tong nhidu nhan duoc tai nit
chuyén tiép SINR nho hon ngudng SNR
7o cho truédc.

OP =Pr{7%. <70 (13)
Thay (12) vao (13), xac suét ding

duoc vieét lai nhu sau

OP = Pr{min(}/gr,;fﬁ"d ) < }/0}

=Pr{yPa <70} +Pr{rPa > 70.78r <70} =OP, +OP,

(14)

Ké dén, thay (3) vao (1) dé dua ra chi
s6 lya chon tt nhat ¢ nat chuyén tiép
b= arg_max (|h| ) (15)
~ Mgnh dé 1: B6i vai hé thong chuyen
tiep lua chc_)n’tc‘)i uvu MHE-RS thi xac suat
dung dugc viet lai la

N
1)kt k k
OP, 1-S —
MHE-RS szj Qh{ [ Qg QhJ

+exp| - L lg| 2o _
1y o2 Hy sy WSQ Qh

(16)

Véi S(u,v):J':O/y exp(—u/x—vx)dx , Xem
chung minh ¢ phan phu luc A

Ménh dé 2: Khi SNR cao,

Vs >0

twong
VA yly7" X&c suat dung

-1
17
NN k-1 f k7o ’ k7o
-1 — K| 2 [———
kz—l{kj( ) ﬂ7ngQh 1{ ,Ll)/SQth

Chirng minh: O ché d6 SNR cao, véi
Y177 VA pli7” Xac suat dimg dugc viét

duong véi y{s
duoc viét lai

OP/ie rs =1- 2{1 exp[

(17)

lai nhu sau

OP7+7% =1-|1-Pr{y[s7"" <y}
)

oP/s™"

(18)

X 1—Pr{7r75d_’°°b < 70}
%"—/

op/s™*

Véi phan OP; dugc xac dinh nhu sau

oP/ ™" = Pr{|f| >L}
HYo

:1_Ffz(ij:exp_ 1
o 1270

VaOP; la

N (N
PJs7* =1-2 —1)t

k=1

k}/O K]_ 2 k7/0
ﬂ7ngQh :u;/ngQh

(19)

(20)



Cudi cuing la thay (19) va (20) vao (18).

3.2 Phan tich thong luwgng

Trong bai dé tai nay, thong luong cua

md hinh dugc danh gia thong qua dai luong
X&c suat dirng. Xac suat dung tai nat dich
V6i ning lwong thu duoc tai nit chuyén tiép
tir tin hiéu ngudn va sau d6 su dung né dé
chuyén tin hiéu nguon téi dich. Xac suat
dung trong cdng thic 1a mot ham theo thoi
gian thu nang lugng a va «tang giam
trong khoan tir 0 dén 1. Véi toc do truyén
dan 1a R (bits/sec/Hz) va thoi gian mot lan
truyén tir nGt ngudn dén nat dich 1a T (s).
Ta 0 thé tinh duoc thong lugng ngd ra
Twre-rs = (1- ) x(1-OPypgps )X Re

Trong truong hop SNR cao, tuong
duong v6i yIy7va yl5 " xéc suét dung

thong luong cua hé théng duge xac dinh
nhu sau

TUinERS = (1_0")(1_0%74?;3 ) R

(22)

Thoi gian chuyén mach téi uu co thé
tinh toan dé giai quyet van de trén

(23)

apRieps =2rg maX{TMHE rs (@ )}

O<a<l

4. KET QUA MO PHONG

Trong phan nay s& trinh bay két qua
tinh toan bang dé minh hoa cho cac giai
phap cho cac van d€ toi uu hoa thong luong
cua cau hinh thu ndng lugng. Thong qua
phuong phap tinh toan s6 hoc, thong lugng
toi uvu ty 1€ vaéi thoi gian thu nang lugng
trong giao thirc TSR. Trong md phong nay,
chang toi thiet 1ap thong so nhu sauy, =25
(dB), d,=d,=1, suy hao duong truyén
m =3, hiéu suit thu ning lugngz, =0.9, toc
d6 truyén cd dinh R =2 , suy ra
7o =22-1=3. Trong tat ca md phong Q,
va Q, dugc xac dinh la gia tri trung binh
cau cac bién ngau nhién theo phan b4 ham
mi |h|* and |g;|°, twong Gng, @, =d;"

(21)

va Q,=d,"

4.1 Tac dong cia thoi gian thu ning
lwgng
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Hinh 2 Xac sudt ding (hinh trén), théng
lwong (hinh dudi) theo thoi gian thu nang
lwong Véi s6 lwong nlt chuyén tiép
N=24,10, A;=-15(dB).

X&c suat ding thay doi theo thoi gian
thu nang luong. Véi thoi gian dung dé thu
ning luong a=0.4 d&én a =0.7 thi x&c suat
dirng gan nhu khong xay ra.

Song song do, khoang thoi gian dung dé
thu nang luong anh huong rat nhiéu dén
thong lwong cua hé théng Cu thé 1a khi o =
0 hoic a =1 thi thong lwong la bing 1 va
nhu vay thi qua trinh truyén khdng thé xay
ra d6 1a diéu hién nhién vi khi o = 0 thi
khong c6 qué trinh thu nang luong xay ra
hoac khi a = 1 thi toan khoang thoi gian st
dung dé thu ning luong ma khéng co thoi
gian dé truyén thong tin.

Bén canh d6, xac suat ding va théng

1



lugng con phu thudc vao sé lwong nit
chuyén tiép. Khi sé lugng nat chuyén tiép
nhiéu nhat trong mot md hinh thi théng
lwong cua hé thong 1a tét nhat.

4.2 Hiéu suit ciia hé thong thay doi
theo s0 lwgng nut chuyén tiép
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Hinh 3 Xac sudt dirng (hinh trén), théng

lwong (hmh dudi) theo so hrong nit
chuyén tiép véi«=0.2, i, =-15(dB)

Ciing tuong tu nhu vay, khi cang nhleu nat
chuyén tiép thi thong luong cang tét. Tuy
nhién chdng ta co the thiy ring, khi sb
luong nat chuyén tiép dat duoc khoang
N=15 tré 1én thi théng lwong gan nhu
khong c6 thay d6i nhiéu. Nén dé téi wu va
tiét kiem chi phi cho nut chuyén tiép chi
can dung téi da 15 nat chuyén tiép 1a dam
bao théng luong tot dbi vai md hinh nay.

5. KET LUAN

Trong bai viét nay, ching toi dé xuat
cau hinh lva chon nat chuyén tiép cho md
hinh mang truyén thdng chuyén tiép khong
day 2 chang va phan tich hiéu suat hé thong
véi giao thuc FD-DF. DPay la mot trong
nhitng yéu té dugc quan hang dau cua md
hinh mang chuyén tiép dé dat dugc thdng
luong tét.

Két qua md phong thé hién rang, c6 cang
nhiéu nat chuyen tiép trong quéa trinh
truyén thi chat luong cang dugc nang cao
1én.

PHU LUC A

Duya trén c4u hinh lya chon nut chuyén tiép (15), cdf ctia kénh |hb|2 la nhu sau

Véi, gia tri dau tién(14) duoc xac dinh nhu sau

OP:Pr{,u;/ h 2g 2<7}: E [7_0
1 s| b| | b| 0 ‘(‘)‘ ‘gb‘z ,U}/SX

(24)

j f‘hb‘z (x)dx (25)

Thay thé pdf cﬁa|hb | 2 trong (24) va cdf cta | Jy | % vao (25). Két qua thu dugc 1a

OP, =1- Z[ J “QL exp[_—yo——
ho

ﬂ7ngX Qh

de (26)



Tuong ty nhu vdy, ta tinh duoc thanh phan thi 2

Opfpr{lw% NPT S }
47 || HYo  py |y

70/7s y
I T e P
0 |ob| y}/ngX Ihy|

+ [ |1-F o Lo |]x1-F Z[L—Lj x o (x)dx
B UL W7 T 6 are prsx)) I

(27)
V('yi| f; |2 cling c6 dang ham phén bd mii, vi thé (27)c6 thé viét lai
N (N Yol7s _
Opzzz[ J(_l)HL I exp K v dx +exp| — 1
ik Qp Qp  uyQgX 1Yo (28)

xi(’:j(—l)klgix T exp( 1 Yo ﬁ]dx

h 70/7s X,u)/sQf X;U}/ng Qh
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