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Tom tit not dung—Truyen nang lugng thong qua
song vo tuyen (RF) la giai phap méi nham kéo dai
thoi gian hoat dong cua thiét bi cling nhu ciia mang
khong day Trong bai bao nay, chung toi khao sat hiéu
nang cta hé thong truyen thong hgp tac vm moét tram
nguon vira phat nang lu’dng RF viura truyen thong tln,
mot may chuyen tlep va mot may dich. May chuyén
tlep sit dung co ché khuéch dai - chuyen tlep hgp tac
véi tram nguon chuyen thong tin dén dich nham nang
cao hleu nang cua hé th6ng Tix dac tinh th()ng ké cia
ti s6 tin hiéu trén nhleu (SNR), chung toi xay dung
cong thu’c tinh xac suét dung hé thong, thong lu’ang,
xédc suit 16i ky tu trung blnh dung dé khao sat va
danh gia hiéu nang cua hé thong nay. Ngoai ra, chung
toi so sanh hiéu nang gitra cac phuong thite truyen
hgp tac, truyen chuyen tlep va truyen truc tlep aé
lam sing té6 vu di€m cta mang hgp tac. Cubi cung,
ching t01 sur dung mo phong Monte-Carlo d& klem
chu’ng két qua phan tich nay Su trung khdp gitra Kkét
qua phan tlch va ket qua mé phong da kiém chitng
tinh dung din cta két qua phan tich.

Keywords-nang lu’(mg VO tuyen, truyen thong hop
tac; khuéch dal-chuyen tlep, Rician fading; Rayleigh
fading.

1. G161 THIEU

Trai qua vai thap ky, v6i sy phat trién ctia mach
thu ning lugng RF, viéc truyén ning lugng thip cho
cdc thiét bi di dong trong hé thdng khong day da thu
hit su chu y ngay cang ting cta gidi khoa hoc [1-2].
Céc tac gia trong [1] da d& xuét ciu tric ctia mang
khong day cho cic tram sac RF chong 1én mang
té bao. Trong [2], mot giao thic thu ning lugng
va truyén (harvest-then-transmit) dugc d& xuit cho
mang khong day két hop vé6i truyén ning lugng.
Ngoai ra, c¢6 rit nhiéu ky thuat dinh huéng in-ten
méi dugc trién khai d€ cai thién hiéu qui cla viéc
truyén ning lugng khong ddy cho cic tng dung
di dong [2-4]. Cho dén ngay hom nay, viéc st
dung tin hiéu RF cho hai muc dich truyén ning
lugng ciing nhu truyén thong tin da dugce chip nhin
rong ri [5-6]. Hé thong truyén thong tin va ning
lugng vo tuyén dong thdi (Simultaneous wireless

information and power transfer — SWIPT) [7] dudc
dé xuét d€ truyén ning luong RF, thudng trong viing
ning lugng thip, vi du nhu mang cam bién khong
day. SWIPT cung cip mot wu diém vé viéc khdng
ché d&€ dam bdo yéu ciu vé truyén ning luong va
thong tin dong thdi véi gid thanh thip ma khong
can thay d6i nhiéu phan ciing clia mdy phat. Tuy
nhién, nhiing két qua nghién cttu méi nhit cho thiy
viéc tdi uu gilta truyén thong tin va ning lugng vo
tuyén phdi trd gia cho viéc thiét ké hé théng vo
tuyén [5, 8]. Nguyén nhan dudc cho la tin hiéu RF
quyét dinh chét lugng thong tin, trong khi d6 gia
tri binh phuong trung binh cta tin hiéu RF chinh
12 ning lugng truyén. Két qua 13, lugng thong tin
truyén va ning luong truyén khong thé dat cuc dai
ddng thai. Piéu nay din dén yéu cau phai thiét ké
lai hé thdng mang khong day hién cé.

Truyén thong hop tic 12 mot ky thuat méi véi
thiét bi dau cudi di dong sit dung mdt dn-ten hoat
dong trong mdi trudng nhiéu thué bao c6 kha ning
tao ra may thu phat da dn-ten do cho phép chiing
hop tic thuc hién viéc truyén phan tap rit hiéu qua.

Trong bai bao nay, chung tdi khao sat hiéu nang
cia hé théng truyén thong hop tic véi mot tram
nguodn vita phat ning lugng RF viia truyén thong
tin, mot mdy chuyén tiép va mot may dich. Thong
tin dugc truyén tif tram ngudn dén mdy dich thong
qua hai dudng: chuyén tiép va truc tiép. Dua vao dic
tinh thong ké ctia ti s6 tin hiéu trén nhiéu (SNR),
chiing t6i xdy dung cong thiic tinh x4ac suit diing hé
théng, thong lugng, xdc suat 16i ky tu trung binh
dung dé€ khdo sit va ddnh gid hiéu ning cia hé
théng nay.

Céc phan con lai clia bai bdo dudc dudc trinh bay
nhu sau: Phan II gi6i thiéu vé md hinh hé thong.
Phan III phan tich va tinh todn tinh xdc suit diing
hé théng, thong lugng va xac suat 16i ky tu trung
binh. Phan IV trinh bay két qui moé phong, phin
tich va thao luan. Cudi cling, phan V 1a phan két
luan.
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II. MO HINH HE THONG VA KENH TRUYEN

Trong bai bao nay, ching t6i khao sat mé hinh
hé théng nhu hinh 1. Trong mo6 hinh niy, mang
gdm mot tram nguodn (Source-S) vira truyén thong
tin vira truyén ning lugng, mot may chuyén tiép
(Relay-R) c6 nédng lugng gidi han bdi kha ning thu
dugc ning lugng vo tuyén tlf tram ngudn va mot
may dich (Destination-D). Trong bai bao nay, ching
toi d& xuét kich ban nhu sau:

e Gia st ton tai dudng truyén tryc tiép gilia tram
ngudn va mdy dich, tuy nhién dudng truyén nay doi
Iic x4u hoic tin hiéu yéu nén can thém sy gitip do
ctia mdy chuyén tiép R. Mdy thu D sit dung co ché
thu lya chon (selection combining - SC) dé thu tin
hiéu dén i S va R.

e Miy chuyén tiép R thu ning lugng tif tram
ngudn S bing cich st dung cdc giao thic chuyén
tiép phan chia theo thdi gian (time switching-based
relaying - TSR) [12] va gilp tram ngudn truyén
thong tin dén mdy dich theo phuong thiic khuéch
dai chuyén tiép AF.

e Tram ngudn truyén ning ludng va thong tin dén
may chuyén tiép trén kénh truyén pha-dinh Rician
(c6 tia truc tiép). Trong khi d6, mdy chuyén tiép
khuéch dai tin hiéu nhan dudc va truyén thong tin
dén mdy dich qua kénh truyén pha-dinh Rayleigh.
Gia thuyét nay 1a hop 1y vi cidc mdy chuyén tiép
c6 ning luong han ché thuong dén gan tram truyén
ning luong d€ thu ning lugng. Trong thuc té, cic
kénh giffa ngudn va mdy chuyén tiép c6 tia truc
tiép (LOS), trong khi c4c kénh giita cic mdy chuyén
tiép vi may dich c6 thé khong nhét thiét phai gidng
nhau. Chiing ti ciing cho ring trong mdi lan thoi
gian khéi T, hé s6 cac kénh nay 1a hiang s, doc 1ap
va c6 phan phdi dong nhit (iid).

e Tit ca cic mdy phat va mdy thu dudc trang bi
v6i mot dn-ten duy nhit.

e So v6i ning lugng dudc st dung dé truyén tin
hiéu tit mdy chuyén tiép dén dich, ning lugng dung
cho viéc xir Iy yéu ciu clia truyén/nhin tiéu hao
trén mach tai mdy chuyén tiép 1a khong dang ké.
Vi vay, n6 c6 thé dude bd qua.

Pau tién, mdy chuyén tiép thu niing lugng tif tram
phét ning lugng (tic tram ngudn) trong khoang thdi
gian oT. Tt d6, cong suit truyén tif may chuyén
tiép 1a [14]:

Eh 277R9|hsr|2a
1-a)T/2 (1—a)d,™
_ nPs|hsr|Pal
= 1alter @2

Pr - = aljs')/la (1)

trong do, £y 1a nang lugng thu dugc
tai mdy chuyén tiép, 0 < 1 < 1 1a hiéu suét chuyén

- = =>» Kénh truyén nang luong

S: Tram ngudn

D: May dich

———>  Kénh truyén thong tin chuyén tiép

..... » Kénh truyén thong tin truc tiép

Hinh 1: M6 hinh hé théng truyén théng hop tic
truyén ning lugng vo tuyén

nang lugng, né phu thudéc qua trinh chinh luu va
mach thu ning luong; P, 1a cong suit truyén cia
tram ngudn; T 12 thoi gian kh6i ma trong d6 thong
tin cta khdi dugc truyén tif tram ngudn dén mdy
dich; o 1a hé s6 bi€u thi ti 1& cla thoi gian khoi
diing dé truyén ning luong cho mdy chuyén tiép,
0 < o < 1. B6i véi kénh truyén tif tram ngudn dén
mdy chuyén tiép, |hs.|? 12 do 1gi cong suit kénh
truyén, d, 1a khoang cach truyén, o la glé s6 suy
hao dudng truyén; a = (1223); M= ‘Zf;‘l .

Trong khoéng thdi gian (1 — «)7'/2, tram ngudn
truyén tin hiéu z(t) dén mdy chuyén tiép va dén
may dich. Tin hiéu nhian dugc & may dich lic nay

la:
vV Pshsd
V&

trong d6, do va o 1an lugt 1a khoang céch va hé s
suy hao dudng truyén tif may ngudn dén mdy dich;
no 12 nhiéu tring phiic Gaussian c6 trung binh bing
0 va cong suét 1a Ny.

Ta dudc ti sb cong suit tin hiéu trén nhifu SNR
& may dich la:

y() z(t) + no, 2)

Ps|hsd|2
- = 3
Yd NOdOUO Y70, ( )
Py . ‘hsd|2

trong do, v = o 0 = goeg
Trong khi d6, tin hiéu nhan dudc & mdy chuyén

tiép 1a:
— V PShST T

y'(t) L (t) +n1, “)
trong do, dy va o lan lugt 1a khoang cach va hé
s6 suy hao dudng truyén tif mdy ngudn dén may
chuyén tiép; n; l1a nhiéu tring phiic Gaussian ¢

trung binh bing 0 va cong suét [a N;.

R: May chuyén tiép
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Trong khoang thoi gian con lai (1 — «)7T/2, may
chuyén tiép khuéch dai tin hiéu nhan tif tram ngudn
va truyén lai cho mdy dich. Gié st hé sb kénh truyén
tif nguon dén mdy chuyén tiép 1a h, dugc biét trudc
& may chuyén tiép. Tin hiéu nhan dudc & may dich
la:

o Pr hrd / n
=\ Byep Va0 e ©

trong d6, dy va o lan ludt 1a khoang cach va hé sb
suy hao dudng truyén tif mdy chuyén tiép dén may
dich. ng 1a nhiéu trang phiic Gaussian c6 trung binh
bing 0 va cong suit 1a N;. D& don gian, ching tdi
gida st Ny = Ny = Ny; E(.) la todn td ky vong
ctia bién ngiu nhién.

Chiing ta viét lai z(t) nhu sau:

() = Y0
P |h;1,| + N 01d202
P,
PSlhsr|2
d1°1

+ Trd_ 4 g, (6)

+N0 \/d20

Ti sb tin hiéu trén nhiéu tic thoi SNR & may dich
dugc tinh bdi Ye2. = max (7., v4). Trong do,

~ _ Prps”h%
' (P2 + Psyi)No + No®
_ aPy* 127 o
(aPsy172 + Psyi)No + No?
trong do, v, = ‘hf;‘l o IZ;dI Dbi véi ving

gia tri SNR cao (Ps/Ny > 1), ta dudc:
aPsy1y2
(ay2 + 1)No

Do kénh truyén truc tiép 1a kénh fading Rayleigh
nén ham mat do tich liy (CDF) cia bién ngiu nhién
(RV) 79 dudc tinh nhu sau:

®)

r

Fy(z)=1—e 0, 9)

P dy%0
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Tur day, theo (3) ta dugc CDF cida ~y:

F Yd (:C)

Do kénh truyén chuyén tiép tif nguén dén may

chuyén tiép 12 kénh fading Rician nén ham phan b
mit do xac suit (PDF) ctia v, 1a [16]

—1—e T, (10)
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K
trong do, p—%, = KH LA = %

K la tham so0 Rician dugc tinh b(51 ti s6 cong sult
gitta thanh phan LOS vé6i cic thanh phin tin xa
khac.

Ham CDF cua ~; la
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q

F(z) =

xMe9%(12)
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Tuong tu, véi fading Rayleigh & kénh truyén tir
may chuyén tiép dén mdy dich, ham CDF ctia RV
72 la

E,(z)=1—e 22" (13)

trong do, Ao = #ﬁjl)

Tu céc két qua (8), (12) va (13), ta tinh CDF
F,, (r) tuong ty nhu cong trinh [16], két qua cudi
cung nhu sau:

mo9 Kl /\ (n+1)/2
_1_222 . 2 [CE)
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III. PHAN TicH HIEU NANG HE THONG

Dé€ danh gia hidu ning ctia hé théng vo tuyén,
chiing t6i dung cac thong sb: xdc suét ding hé
théng, thong ludng va xac suit 16i ky tu trung binh.

A. Xdc sudt ditng hé thong

Xdc suét diing hé thdng dugc dinh nghia 14 xdc
sut ma ti s6 cong suét tin hiéu trén nhiéu tic thoi
dau cudi — dau cudi SNR, 7.2, thip hon gia tri
ngudng cho trudc ~yp,, dudc tinh bdi:

Pout = F,, (vn) = Primaz(y.,va) < vinl
= Pr(v, < vn)-Pr(va < vn)
= F, () nyd (ven)

moo9 Kl)\ (n+1)/2
- -y Yy I

—0m=0n= Oql'n' )
mf(wi;rl) 7Q’Yth
(q%h) -
Y
A by
K1 (24| 2200 ) (1_6— )
ary

5)
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B. Thong luwong hé thong

Chung t6i phan tich thong lugng (7) 6 may dich
cho phuong thiic truyén gidi han thdi gian tré. N6
dugc tinh toan bang viéc ddnh gia xdc suit ding
hé théng & téc do truyén cho trude clia tram ngudn
— R bits/s/Hz, trong d6 R = loga(1 + ~¢). Ching
t6i quan sat tram ngudn truyén thong tin & toc do
R bit/s/Hz va thsi gian truyén hiéu dung ti tram
ngudn dén mdy dich trong khoing thoi gian khoi
T 1a (1 — «)T/2. Khi d6, thong lugng & mdy dich
dugc tinh nhu sau:

7= (1 - Pout)(1 — a)R/2. (16)

Dua vao biéu thic cia Pout nhu dugc tinh
phan trude, ta dugc biéu thiic tinh 7.

C. Xdc sudt 16i ky tw trung binh

Xdc suét 16i ky tu trung binh (ASEP) 1a mot tham
s6 ding d€ danh gia hiéu ning mang vo tuyén va
dudc tinh nhu sau [15]:

t

w
=~ B (2
9 /27'1' ! 'YeQe(e)

ASEP = e 24124,

a7

Trong d6, w va # la cic hang s6 phu thudc vao
loai diéu ché (Vi dy, véi diéu ché BPSK: w =1 va
0 =2;,v6i QPSK: w =2va f =1).

Dua vao biéu thic F.o.(.) trong (15), ASEP
dudc tinh va c¢é két qua nhu Phu luc A.

IV. KET QUA MO PHONG VA THAO LUAN

O phan nay, ching t6i sé lam ro anh hudéng clia
nhiing tham sb hé théng nhu hé s6 thdi gian truyén
ning lugng () va vi tri ctia nit chuyén tiép (d;)
lén cdc dai luong dude danh gia 1a xdc suét diing hé
théng (OP), thong lugng (7) va xéc suét 16i ky tu
trung binh (ASEP). Pong thdi, chiing toi tién hanh
so sdnh cidc phuong thic truyén: truc tiép (khong
c6 may chuyén tiép), chuyén tiép (khong c6 kénh
truc tiép) va hop tac (két hop ca hai truc tiép va
chuyén tiép) d€ lam ro wu diém cda phuong thiic
truyén hop tic. PE don gian cho viéc thuc nghiém,
kich ban mé phdng cda ching t6i 1a 3 may S, R va
D nim trén dudng tron cé dudng kinh 1a SD.

Hinh 2, hinh 3 va hinh 4 md ta tic dong cla «
l1én OP, ASEP va 7. Két qua & hinh 2 va hinh 3
cho thy ring, khi « ting thi OP va ASEP gidm.
Diéu nay 1 do khi « ting, sé c6 nhiéu thoi gian
hon cho viéc truyén ning luong, din dén gia tri
SNR thu dugc cang 16n nén OP va ASEP c6 gia tri

nho hon tai niit dich. Déi véi thong lugng 7 & hinh
4, ta thiy ring c6 mot gia tri cu thé ciia o (chiing
toi goi la o*) gidp cho 7 dat gia tri dinh. Thong
lugng 7 ti 1& thuan vé6i o trong ving tir 0 dén o*
va ti 1& nghich trong viing con lai clia . Diéu nay
dugc ly giai nhu sau, khi « cang nhd hon o, thai
gian danh cho viéc truyén ning luong cang it, do
d6 ning lugng thu dugc cang nhd dan dén OP cang
cao. Vi vay, gia tri thong lugng quan sat dudc tai
nit dich sé cang nhd. Mat khac, khi o cang 16n
hon a*, nhiéu thoi gian sé bi ling phi cho viéc
truyén ning lugng trong khi thdi gian truyén thong
tin cang it di. Vi viy, thong lugng dat dudc tai nut
dich 12 nhd hon do su suy giam ctia ty sb (1 - a)/2.

100

Outage Probability
3

Phan tich

+ Mo phong: Truc tiep
+* Mo phong: Chuyen tiep
¢ Mo phong: Hop tac
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Hinh 2: X4c suit diing hé thng theo thdi gian thu
nang ludng o

QPSK

Plich BPSK: TT
¢ Mphong BPSK: TT s
O Mphong BPSK: CT T
4+ Mphong BPSK: HT
Plich BPSK: CT
Ptich BPSK: HT
= = = Ptich QPSK: TT
Mphong QPSK: TT
O Mphong QPSK: CT
4+ Mphong QPSK: HT
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Hinh 3: Xdc suét 16i ky tu trung binh theo thdi gian
thu nang lugng

Anh hudng ctia vi tri nidt chuyén tiép (d1) 1én
OP, ASEP va 7 dudgc md ta trong hinh 5, 6 (OP va
ASEP) va hinh 7 (7). O hinh 5, ta nhén thiy ring,
khi d; ting thi OP va ASEP ting. That su ring,
gi tri ctia d; cang cao sé dan dén ning luong thu
dugc ciing nhu cudng do tin hiéu nhan dude (y(t))
tai nit chuyén tiép cang nho. Vi vay, OP va ASEP
16n cling nhu gia tri dat dugc cia 7 giam nhu trong
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Hinh 4: Thong lugng hé théng theo thdi gian thu
nang lugng

hinh 7 do su suy giam cda cuong do tin hiéu nhan
dugc tai dich.

Qua cdc hinh trén, chiing ta nhan thy ring két
qua phan tich va két qua md phong 1a tring khdp
v6i nhau. Pong thdi, & phuong thic truyén hop téc,
OP va ASEP c6 gia tri nhd hon va thong lugng
cao hon so véi 2 phuong thic truyén truc tiép va
chuyén tiép. Piéu nay néi 1én vu diém ctia phuong
thic truyén hop tac.

Outage Probability

3,
Lvid

Phan tich

+ Mo phong: Truc tiep
O Mo phong: Chuyen tiep
Y Mo phong: Hop tac
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Hinh 5: Xd4c suét ditng hé théng theo khoang cich
mdy ngudn vd mdy chuyén tiép

——— Ptich BPSK: TT
¢ Mphong BPSK: TT
O Mphong BPSK: CT
4+ Mphong BPSK: HT

s Ptich BPSK: CT

——— Ptich BPSK: HT

= = = Ptich QPSK: TT
¢ Mphong QPSK: TT
O Mphong QPSK: CT
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= = = Ptich QPSK: CT

= = = Ptich QPSK: HT
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d,(m)

Hinh 6: ASEP theo khoang cach mdy ngudn va may
chuyén tiép
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Phan tich
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005 | Y Mo phong: Chuyen tiep
¢ Mo phong: Hop tac
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Hinh 7: Thong lugng hé théng theo khoang céach
may ngudn va mdy chuyén tiép

V. KET LUAN

Trong bai bao nay, ching t6i da thuc hién khao
sat mo hinh hé théng mang hop tac hai ching truyén
ning lugng trong moi trudng fading khong dong
nhét. Cic biéu thiic vé xdc suit ding hé thdng,
thong luong va xac suit 16i ky tu trung binh da
dugc ching toi dua ra dua trén dic tinh théng ké
ctia kénh truyén. Pong thdi, chiing toi cling da thuc
hién mo phdéng cic dai lugng nay trén mdy tinh dé
xdc minh tinh diing din ctia cac két qua phan tich.
T cic két qui nay, ching t6i da 1am rd nhiing
uu diém cta hé thong truyén thong hop tic so véi
hé thong truyén thong truc tiép ciing nhu hé thong
truyén thong chuyén tiép c6 xem xét dén yéu td
truyén ning lugng vo tuyén.

PHU LuC A

O phan nay, ching t6i sé cung cip nhiing tinh
todn chi tiét ddi v6i Fy(e) nhu (15) & dau trang
sau.
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