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Tém tit: Bai bao nay khao sat anh hudng cia
kénh truyén khong hoan hao 18n xac suat ding hé
thdng truyén gia ting thu thap ning luong véi ky
thuat Iya chon nut chuyén tiép. Ching t6i da dé
Xuét phuong phap phan tich méi cho phép danh gia
X4c sudt dung ctia hé thdng & kénh truyén fading
Rayleigh. Két qua moé phong Monte Carlo xéac
nhén tinh chinh xac ctia phuong phap phan tich dé
xuat va md hinh dé xuét c6 vu diém so voi phuorng
phép truyén tryc tiép & ving ty 1é tin hiéu trén nhiéu
trung binh va cao. Pong thoi, bai bao ciing chi ra
rang hi¢u ning ctia h¢ théng TS va PS 1 nhu nhau
néu ty s chia sé thoi gian va ning lugng 14 i uu.

Tir khéa: Truyén gia ting, giai ma va chuyén tiép,
thu thap nang luong, kénh truyén khong hoan
héo.

I. GIOI THIEU

Thu thép nang lugng va tai st dung nang luong la
mdt trong nhitng huéng nghién ctru trong nhiing
nam gan day goi 1a “nang luong xanh* [1], [2], [3],
[4]. Trong xu hudng nay, cac nha khoa hoc da e
xuat nhidu k¥ thuat dé thu thap niang luong ty nhién
tor moi truong xung quanh, vi du nhu thu thap nang
luwong mat troi, nang lugng gio, thuy triéu, hodc dia
nhiét [5]. Uu diém cua cac k¥ thuat thu thap ning
luong nay 1a ngudn nang luong doi dao, nhung
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nhuoc diém 1a doi hoi cac hé théng va ky thuat
thu thap phuc tap, va nang luong thu thap khong
6n dinh, phan nao phy thudc vao diéu kién thién
nhién. Do do, k¥ thuat thu thdp ning lugng tu
thi€n nhién khoé c6 kha nang ap dung vao trong
cac hé théng thong tin ddc biét 1a thong tin vo
tuyén di dong [5], [6], [7].

Dé gidi quyét nhimg han ché cua cong nghé thu
thap niang lugng tir ty nhién va tién dén 4p dung
cho hé thong thong tin di dong, cac nha khoa hoc
gan day quan tam dén cong nghe thu thap tu tin
hiéu v6 tuyén véi tudng xudt phat tir Tesla [8],
[9]. Cac bai béo nay da lan dau tién dé xuit mo
hinh cho phép may phat truyen nang lugng va tin
hiéu ddng thoi [10], [11]. Gan day, Zhou di dé xuit
nhitng mo hinh cy thé cho cac may thu v tuyén sir
dung k¥ thuat thu thép nang luong [12].

Tuy nhién, mot trong nhitng nhuoc diém cua ky
thudt thu thap ning luong vo tuyén hién nay la
hiéu suét thu thap va nang luong thu thap qua kénh
truyén fading thudng khong cao dan dén ving phu
song clia cac mang nay rat han ché [13], [14] [ 5].

DPé g1a1 quyet bai toan nay, k¥ thuat chuyén tlep va
truyén thong hop tac thuong duogc st dung dé mo
rong ving phi séng ciia cac mang vo tuyén sir dung
ky thuat thu thap nang lugng, vi du nhu [16], [17],

[18], [19], [20], [21], [22], [23], [24], [25], [26]. Tuy
nhién nhugc diém cb hitu cua ki thuat chuyen tiép
va truyén thong hop tac 1a hiéu suat pho tan khong
cao, can it nhét hai khe thoi gian cho mét don vi dit
liéu, ngay cé khi kénh truyén tryc tiép tir nat nguon
dén nut dich 1a du t5t dé giai diéu ché ding dit liéu.
Mot trong nhiing giai phap cai thién hi¢u suat pho
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tan cho ky thuat chuyén tiép va truyén thong hop tac
la k¥ thuat truyén gia tang [27], [28].

Dé van giit vu thé ciia k¥ thuat chuyén tiép va cai
thién hiéu suat phd tan, nghién ctu nay dé xuét
ap dung ky thut truyén gia tang (incremental
relaying) cho mang vo tuyén thu thap nang luong.
Cu thé, md hinh mang bao gém nut nguén, nut
chuyén tiép va nut dich. Nat ngudn va nat dich st
dung ning lugng san co tir pin hay tir dién ludi,
trong khi nit chuyén tiép st dung ning lugng thu
thap [29], [30]. Tuy nhién, két qua phén tich cia
xac sudt ding hé théng trong [29] khong dugc biéu
dién & dang déng va két qua trong [30] dugc biéu
dién & dang chudi vo han va ca hai déu gia sir kénh
truyén 14 hoan hao.

Trong bai bao nay, toi d& xuat phuong phap phan
tich m&i dé phan tich hi¢u nang ctia hé thong truyén
gia ting v6i k¥ thuat lwa chon nut chuyén tiép timg
phan trong didu kién kénh truyén khong 1y tuong.
Ca hai m6 hinh chia sé nang Iuvong theo thoi gian
va theo cong suat déu dugce xem xét. Két qua phan
tich s6 da chi ra vu diém cta hé thong nghién ciru
& vung ty 18 tin hiéu trén nhidu trung binh dén cao.

Phan con lai cua bai bao dugc td chire nhu sau:
Trong phan II va phan III, chung t6i 1an lugt trinh
bay md hinh va phan tich hi€u nang cta h¢ théng.
Trong phan IV, ching toi s& kiém ching cac két
qué phan tich bang cac két qua mo phong trén phan
mém Matlab. Cubi cing, chiing t6i két luan bai bao
trong phan V.

Il. MO HINH HE THONG

Hinh 1. M6 hinh hé théng truyén gia
tdng thu thdp ndng lugng
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Xem xét hé théng truyén gia ting thu thap ning
lugng c6 mot nut nguén (S), mot nut dich (D) va
N niit chuyén tiép thu thap ning luong, lan luot
ky hiéu 1a R,...R,. Khic v6i mang chu’yén tiép
gia tang truyén thong, cac nit chuyén ti€p ¢ day
thu thap niang luong tir nit ngudn va sir dung ning
lwong nay dé hd tro dudng truyén truc tiép. Goi
h,.. 1a hé s6 kénh truyén tir nat ngudn dén nat
chuyén tiep R . Céac nuat chuyén tiép thuong su
dung k¥ thuat diéu ché hd tro k¥ thuat chudi huan
luyén (pilot symbol assisted modulation) dé wdc
luong [31], [32]. Gia tri thuc cua hé sb kénh truyén
tr S — R ky hi¢ula hsr,, lién h¢ voi hg ~thong
qua mo hinh sau:

ilSRm = ptheg +1- e €))

v6i u 1a hé sb twong quan kénh truyén ddng thoi
thé hién chat lugng clia qua trinh wéc lwong kénh
truyén. Trong thyc té, p phy thudc vao ty sb tin hiéu
trén nhiéu trung binh va chiéu dai cua chudi udc
luong. Trong (1), € 1a sai Iéch trong qua trinh uwdc
luwgng dugc mo hinh hoa 1a bién ngau nhién Gauss
phirc v6i phuong sai la Agg, .

Khi c6 nhiéu nut chuyén tiép, hé théng s& sir dung
k¥ thuat chon nut chuyén tiép timg phan dé chon nut
chuyén tiép co ty 18 tin hiéu trén nhidu tot nhit bang
ky thuat dinh thoi duge dé xuit boi Bletsas trong
[33]. Sau khi nhan tin higu tir nat ngudn, thoi gian
dinh thoi ciia moi nut chuyén tiép sé ty 1¢ nghich véi
d6 loi kénh truyén tir nat ngudn dén chinh né. Nut
chuyén tiép c6 thoi gian dinh thoi ngén nhét s& phat
trudc tién va ciing 1a nat chuyén tiép cua hé thong
trong pha chuyén tiép trong khi cac nat khac s& gitt
im lang. Tuy nhién, do anh hudng cia kénh truyén
khong hoan hao, nén nit chuyén tiép dugc chon, ky
hi¢u la R , ky hi¢u nhu sau [34]:

Ry = o 2
b afgmgjc}fMVSRm ()
vGi
3 Pslhsr,, |2
— m . 3
SR, N 3
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Trong (3), P 1a cong suét phat trung binh cua nut
nguodn va N la phuong sai ciia nhidu tring tai may

thu. Can chi y ring arg max M y sr, 7 VSR, vOi

m=1°...

Ps|hsg,, |2

N ©

TSR, =

nén hi¢u nang cta ky thut Iya chon nit chuyén
tiép ting phan sé€ bi suy giam.

Véi ky thuat tmyen gia tang, qua trinh truyén dir
li¢u tir nuit nguon dén nut dich dlen ra trong hai pha:
pha truyén quang ba va pha truyén gia tang [27],
[35], [36], [37]. Trong pha quang ba, nut ngudn sé
truyén quang ba dit lidu, dir liéu nay s& dugce nhan
tai nat dich va nat chuyen tiép. Tai cudi pha nay,
nut dich s& klem tra ty so tin hiéu trén nhidu nhan
dugc, néu ty sé tin hiéu trén nhiéu 16n hon gia tri
cho truge, nut dich s€ thyc hién glal didu che ma
khong can pha truyen gia tang va sau do tiép tuc
voi khung dir liéu ke tlep Nguo’c lai, nat dich sé
gu1 tin hiéu hoi tlep yéu cau pha chuyen tlep tr
cac nut chuyen tlep Trong pha tmyen gia tang, nut
dich s€ st dyng tin hi¢u hoi tlrep yéu cau nut chuyen
tiép duoc lya chon chuyén ti€p tin hi¢u ma né nhan
duoc tir nut nguon. Tai nut chuyén tiép, ta xem xét
hai kién truc thu thap ning lugng, theo thoi gian va
theo nang luong [38], [39].

A. Chia sé nang luong theo thoi gian

Ta dat T la khoang thoi gian truyén ciia mot
symbol va 14 ty 18 thoi gian ding dé thu thap ning
lwong. Qua trinh truyén thong tin tir nit ngudn dén
nut dich s& dién ra trong hai pha: pha quang ba va
pha truyén gia ting véi ty 18 thoi gian lan luot 1a
(1 - @)/2 va (1 + a)/2 . Do ban chét cua hé thong
truyén gia tang, pha quang b 1a pha bt budc va
pha truyén gia tang la pha tuy chon phu thugc vao
chat luong cua kénh truyén truc tiép.

Trong pha truyén gia ting, nut chuyén tiép s&
thuc hién thu thap ning luong trong khoang thoi
gian T va sau d6 thuc hién chuyén tiép tin hi¢u

1-
trong khoang thoi gian —=r, Nang lugng ma nat
chuyén tiép thu thap dugc nhu sau:

Ej, = nPs|hsg,|*aT. 5)
1 14 hé s6 thu thap nang luong.
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T (5), ta c6 thé tinh cong sudt phat cia nit chuyén
tiép khi thyc hién chuyén ti€p tin hiéu nhu sau:

2a ~

Pr = Ps|hsg, |*. 6
R = 17— Pslhsw, | (6)

Gia st nut chuyén tiép sir dung k§ thuat giai ma va

dicu chg, ty so tin hiéu trén nhicu twong duong cia

hé thong nhu sau:

s = min(jsg,, 7r,D), (7

voi sk, va Vr,p lan luot 1a ty sb tin higu trén
nhicu tir kénh truyén S — R, va R, — S.

Ta c6 thé viét Vs, va 7®r,D lan luot nhu sau:

~ Ps
YsRr, = Ny m 1aXM’YSR (8

PR|thD|2

WD =T

va a Ps
=17 |hsr<b| ’lhg,pl?. )

B. Chia sé nang lwgng theo nang lugng

Khéc v6i kiéu phan chia theo thoi gian, kiéu phan
chia theo nang lugng s€ cho phép chia ning luong
tin hiéu thu dwoc thanh hai thanh phan: phin dé
giai diéu ché tin hiéu va phan thu thap dé chuyén
tiép tin hiéu. Khi d6, mot nira thoi gian dau T/2, nat
ngudn s& quang ba dit liéu trong khi cac nut chuyén
tiép dugc lya chon nhén tin hi€u va nang luong.
Néng lugng thu thap tai nut chuyén tiép duoc lua
chon la:

~ T
Ey, = 77,UPS|hSRb|2§7 (10)

v6i p 1a ty 1€ phan chia nang lugng cho b thu thap.
Trong khe thoi gian sau T/2, nat chuyén ti€p sé€

chuyén tiép dit liéu vdi cong suat.

(1D

~ 2
Pr = UMPS’hSRb

Ta c6 thé viét )N/SRb nhu sau [12]:
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(L—mPs max |fL5R |2
(1 — M)Na,o -+ Nb,O m=1,...,M m

(12)

YsR, =

bé don gian, ta gia surang N, =N, /=N dan dén

B 1—p Ps
=—"" 2 m
TSR 2 — 11 Ny m:l?.).c,]\l

7 2
lhsr,,. |- (13)
Vi kénh truyén cia ching hai, ta c¢6 ty s tin hiéu
trén nhiéu tuc thoi nhu sau:

TR,D :L{'h"b"'z
b NO
- 2
U ‘hSRb

No

lhr,ol? - (14)

Két hop (8) va (12), ta viét lai }SRb trong ca hai
truong hop TS va PS nhu sau:

Asr, = Xl%mg?‘?’(’MﬁlSRmF- (15)
véGi
1, TS
X1 :{ 5:_57 PS (16)

Quan st (9) va (14), ta thiy R,D c6 cung dang nhu
sau

R,D = X275R, |hR,D|? (17)
véi
2
_ ) ni=s TS |
w={ LS a8)

Tiép theo, t6i sé phan tich xdc suit diing cia
hé théng. Ta bit diu véi ham do phan bd xdc suat
két hgp gitta Ysgr, va Ysr, Vi YR, = X1%
& kénh fading Rayleigh cé dang nhu sau

zt+y
T A=Ak 2 A/ X1
f’YSRM,’YSRm(x’y): ¢ 2\~ 2 IO( - 2‘1/!{ )’
(1 - pH)¥er (1 - p?)Fsr
(19)

Io(z) = 2 [ €” cos 66 1a ham Bessel diéu chinh

-7
bac mot clia loai mot (the zeroth-order modified
Bessel function of the first kind) [40].
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O day, gia st ring cdc nut chuyén tiép do qud
trinh gom nhém (cluster) nén c6 khoang cach déi
v6i mit ngudn 12 nhu nhau, cy thé 1a Jsg, =
—XIP]SV);SR’” = YsR vm.

Ap dung nguyén tic théng ké quy nap, ta c6
ham PDF clia Jsg,, ky hiéu 1a f, (7)., duge viét
nhu sau [41]:

fﬁst (2) = /0 f’?st [Ysry ($|y) f:YSRb (y)dy7 (20)

VO f5er, |, (%]y) 12 ham PDF diéu kién ciia Jsg,
trén ysg,, dugdc viét lai nhu sau:
5 x
f:)'SR [ysr (xly) = f’YSRb,’YSRb( |y)
b b f')’SRm (y)

Thay thé (21) vao (20), ta viét lai ham PDF ciia
f4se, (2) nhu sau:

2D

f:YSRb (x) = f:YSRm "ys;tli;ix’(gj/))f’mm (y)

dy,

(22)
Khi do6, ta c6 ham PDF cla vsgr, ¢6 dang nhu sau

f’)’SRb (7) - M [F’YSRm (7)] M_lf’YSRm (’7)7 (23)

VO Foe(7) VA frse(7) 1an lugt 1a ham CDF
va PDF clia vsg,. Xem xét kénh truyén fading
Rayleigh, ta co

(24)

f”/srzm (7) = —— €& (25)

1
Lo (-22)
TSR TSR

Thay thé (24) va (25) vao (23), sau do st dung
biéu thic nhi phin Newton, ta co

MM 1 m my
Fraa = 3 (M)t e (27

m=1 TSR
(26)

Thay thé (19), (25), va (26) vao (22) va thuc hién
tich phan theo 7, ta tim dugc ham PDF cta Asg,
nhu sau:

=3 (M)

m=1
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m

Fsr [1+ (m —1)(1 — p?)] o
my

X exp <_’7SR 14+ (m-1)(1- P2)})

Gi4 st ndt chuyén tiép st dung ky thuat gidi ma
va chuyén tiép, ty 1¢ tin hiéu trén nhiéu ctia kénh
truyén chuyén tiép 13 nhu sau [42], [43], [44]

YR = min(ysR,, 1R,D)- (28)

OP:Pr[l_

(5

8]
logy (1 +7sp) < Rt]

10%2 (1+r) < Rt|

Ill. PHAN TiCH XAC SUAT DUNG HE THONG

Trong phan nay, t6i s& phén tich xac suit dimg hé
thong trong hai truong hop: phan chia nang luong
theo thoi gian va phan chia nang lugng theo cong

. N l-a A
suat. Trong truong hop dau tién, khi —— phan

thoi gian sir dung dé truyén dit liéu, ap dung dinh
ly tong xac xuat, ta c6 thé viét xac suat dung cua
hé thong nhu cong thire (29) Vi truong hop thi
hai, x4c sudt dung ctua hé théng duoc viét nhu sau:

— X
logy (1 +vsp) < R)

1—
=Pr [ logQ( +vsp) < Rt] Pr [ alog2(1 +vr) < Rt]
—F,, <2Hi - 1) Py, (2172 - 1) (29)
1 o0
OP =Pr [210g2(1 +7vsp) < Rt] =1 / |thD‘ )} fsr, (@) da
Y
(32)

1
x Pr [210g2(1 +Rr) < Rt}

=F,, (2% - 1) F,, (277 -1).

Ysp

(30)

D€ tinh dugc (29) va (30), ta dé dang tinh dudc

Khi Fy,
B Ry, D
theé (27) vao (32), ta co

Frl)=1-3 () o

2 (7v) c6 cung dang véi F,, (), thay

Y =
Fr(y) =1 —exp (—%D> (31) m=l
X
Ysr [L+ (m — 1)(1 — p?)]
Véi . (7), ta c6 X7 ( 7 mz ) ;
exp | — —= T
Py (7) =Pr[min(isr, . 7r,0) < 7] / Prroz Jsw [1+(m—1)(1=p")
=1 —Pr [jsr, > 7, TFsr, [hR,0|* > 7] (33)
M
M m Ysr[L + (m —1)(1 — p?)
FVR('V):l_Z(m) 1 1)1 = p2 2\/ [ A }
1 Ysr [1+ (m —1)(1 = p?)] XARDM
ym
X BesselK |1, 2 — (34
{ \/X)\RD'YSR 1+ (m—1)(1 - PQ)J
7y chi KHOA HQC CONG NGHE _;
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Cén chu y rang tich phan (33) khong ton tai & dang
dong. Khi 6 ving ty 1¢ tin hiéu trén nhiéu cao, nén
ta ¢ thé xp xi F, . (y) nhu (34) ¢ déu trang tiép
theo voi BesselK[ ] 12 ham Bessel diéu chinh cua
loai hai [40].

Cudi ciing, thay (31) va (34) lan luogt vao (29) véo
(30), ta ¢6 dugc dang tuong minh mong muébn cua
xac suat dimg hé thong cho hai truong hop TS va PS.

IV. KET QUA MO PHONG

Trong phan nay, t6i s& thuc hién mé phong hé théng
TS va PS trén phan mém Matlab nham kiém chimg
phuong phap phéan tich dé xuét va chung minh uu
diém ctia mo hinh dé xuat trong truong hop kénh
truyén khong hoan hao. Kénh truyén xem xét 1a
kénh truyén fading Rayleigh véi do loi trung binh
cua cac kénh truyén lan lug’t la:hg =1, A, =1, A
=2 valg, = 3. Céc tham so cua hc thong duoc chon
nhusaw: R =1,1=0,6,0=0,3, p=0,5,vap=0,7.

Trong Hinh 2, chung t6i khao sat x4c suit dimg cua
hé théng TS va PS khi s6 lwong nut chuyén tiép
thay d6i tir 1 dén 3. Chiing ta c6 thé thay riang hiéu
ning cua hé thong duoc cai thién khi sb lwong nut
chuyén tiép tang 1én trong ca hai truong hop. Tuy
nhién, mirc d6 cai thién s& giam khi sb lugng nut
cang ting. Dé tham chiéu, ching t6i ciing v& xac
sudt dirng ctia hé thdng truyén truc tiép. Luu y ring
nat ngudn trong ca hai truong hop déu sir dung
cing mdt mic cong suat phat va toc do truyén
dir liéu mong mudn . Hinh 2 chi ra rang mo hinh
truyén gia ting dé xudt chi hiéu qua & ving ty s tin
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hiéu trén nhiéu trung binh dén cao, nghia 1a khong
hiéu qua & ving nhiéu thap. Cu thé, mé hinh TS va
PS s& t6t hon mo hinh truyén tryc tiép lan luot &
xap xi 12 va 14 dB. Két qua nay duoc 1y giai 1a do
md hinh truyén gia tang sir dung nhiéu hon mét pha
truyen khi ma kénh truyen tryc tiép khong dam bao
téc do truyén mong mudn.

Trong hinh 3 va hinh 4, t6i khao sat anh huong cua
kénh truyén khong hoan hao 1én hé thong TS va
PS bang cach thay ddi gia tri p tir 0 dén 1. Trudng
hop p= 0 va p = 1 tuong ung vdi truong hop kénh
truyen udc lugng hoan toan khac véi kénh truyen
thuc té va kénh truyén udc luong 1a kénh truyén
thuc té. Ta thdy khoang cach giira hai trudng hop
nay 1a 3 dB va anh huong cia kénh truyén khong
hoan hao 1én hiéu niang hé théng TS va PS 1a trong
tu nhu nhau.

Hinh 5 khéo sat gi tri toi wu cta a cho hé thong TS
va gi tri toi vu p cho hé théng PS. Toi xem xét hai
truong hop ty s6 tin hi¢u trén nhidu trung binh cta
nat ngudn d6 1a 10 dB va 20 dB. Hinh 5 chi ra ring
gid tri t&i wu cia o va u 1a khong giéng nhau. Cu thé,
trong cung mot didu kién kénh truyén, gia tri toi uu
clia o 12 0.21 va gia tri t6i wu cta u 13 0.59 va dic
biét 1a khong phu thude vao ty s6 tin hiéu trén nhidu
clia nit nguon.

Hinh 6 so sanh xac suit dimg hé théng TS va PS
trong cung diéu kién kénh truyén voi gia tri tdi uu
ctia o va u. Ta thdy rang xac suét dimg ciia hé thong
trong c hai truong hop véi s6 lwong niit chuyén tiép
1a 3 12 hoan toan bang nhau.
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V. KET LUAN

Trong bai bao nay, t6i di dé xuat phuong phap
phan tich hiéu ning hé thdng truyén gia ting thu
thap nang lugng vo tuyén voi k¥ thuat lya chon nit
chuyén tiép va kénh truyén khong hoan hao & kénh
truyén fading Rayleigh. Ca hai truong hop TS va
PS déu dugc xem xét. Két qua phan tich chi ra raing
hé théng dé xuat t6t hon hé théng tmyén tryc tiép
& vung ty 1é tin hiéu trén nhiéu trung binh va cao
va gia tri t6i uu ctia « va u 1a khac nhau trong cting
diéu kién kénh truyén. Va xéac suit dimg hé théng
vGi gia tri toi wu ciia a va u 1a giéng nhau.
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EFFECT OF IMPERFECT CSI ON
WIRELESSLY POWERED TRANSFER
INCREMENTAL RELAYING NETWORKS

Abstract: This paper is to investigate effect of
imperfect channel state information on the system
outage probability of wirelessly powered transfer
incremental relaying networks with partial relay
selection. We propose a novel derivation approach,
which allows to derive the closed-form expression
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for the system outage probability over Rayleigh
fading channels. Monte-Carlo simulation is used to
verify the correctness of the derivation approach
and the advantages of the proposed protocol as
compared with the direct transmission system over
the medium-to-high SNR regime. In additions, this
paper also confrms that the time splitting (TS) or
the power splitting (PS) provide the same outage
performance if the time or power slitting ratio is
selected optimally.

Keywords: Incremental relaying, decode-and-
forward, energy harvesting, imperfect CSI
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