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TOM TAT
Trong bai bao nay, van dé sai sé do wéc lirong théng tin trang thdi kénh (CSI) cho mang
thu nang lwong vo tuyén dwoe danh gid thong qua mé hinh chia sé » pho trong mang vo tuyen
nhan thuc. Trong mo hinh hé lhong ngueoi dimg thir cap dong vai tro la nit chuyén tiép cé
thé thu nang lwong tir tin hiéu so cdp nhan dwoc, sau dé dung nguon nang luong thu duwoc daé
chuyen tiép tin hiéu so cap con lai dén dich va phat théng tin thir cap cua minh dén nguoi ding
thir cap khac. Nut chuyén tiép sir dung ky thudt giai ma- chuyen tiép (decode and forward: DF)
dé truyén thong tin. Tai nit chuyén tiép ton tai nhiéu do sai s6 wéc lwong thong tin trang thai
kénh (CSI). Hiéu nang cua mo hinh dwoc danh gia thong qua xdc sudt dirng. Qua phan tich,
bai bdo dwa ra dwoe biéu thire chinh xdc cho xdc sudt dirng ciia ca mang so cdp va thir cdp.
Bén canh do, bai bao con cho thay sw anh hwong cua viéc phan bé nang lieong lén dung heong
truyén tin. Tir két qua mo phong cua xac suat dung, viéc phan bo nang lwong phu hop cho phép
giao thirc durgc dé xuat dat dwoc hiéu sudt tét hon so voi truyén tryec tiép ma khong can chia sé
phé, dong thoi khéng lam tiéu hao thém nding lwong dwoc cung cdp cho mit chuyén tiép.
Tir khéa: CSI; thu ndng lirong vé tuyén; chia sé pho,; voé tuyén nhdn thire; kj thudt gidi
md-chuyén tiép; xdc sudt dirng.

ABSTRACT

In this paper, impact of channel estimation error in wireless energy harvesting network is
evaluated through spectrum sharing model for cognitive radio networks. In the model system,
the secondary user acting as relay nodes can scavenges energy from the received primary
signal, then use the energy obtained to transfer the remaining primary signal to destination
and secondary information to other secondary users. Relay node uses decode and forward
(DF) to transmit information. In relay node exist interference due to channel state information
(CSI) error. Performance of the model was evaluated through outage probability. Through
analysis, the paper offers the exact expression of the outage probability for both the primary
and secondary network. Besides that, this investigation also shows the influence of the energy
distribution to signal transfer capacity. The result of the outage probability, the energy
distribution is suitable for the proposed protocol enables achieve better performance compared
with direct transmission without spectrum sharing, and do not consume more energy supplied
to the relay node.

Keywords: CSI; wireless energy harvesting, spectrum sharing; cognitive radio, decode
and forward; outage probability.

1. GIOI THIEU

Véi nhu cau ngdy gia ting cua cac Gng
dung khong day, su suy hao quang pho ngay
cang nghiém trong, trong khi do pho tan cho
phép lai khong dugc tan dung triét dé. bé tang
cuong viéc su dung dung pho tan, vo tuyen
nhan thirc 1a mot cai thién day hira hen bang

cach cho phép chia sé phé tuc 1a cho phép
nguoi dung khong duoc cAp phép truy cap
vao pho tan trong cua nguoi dung dugc cap
phép [1]. Hé théng vo tuyén nhan thirc co ban
duoc chia thanh hai loai mang: mang so cip
(PU) va mang tht cap (SU) [1]-[3]. Bén canh
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viéc chia s¢ pho  may thu thir cap dong vai tro
1a nat chuyén tlep con ¢6 thé thu ning luong
tir tin hiu so cép nhén dugc. Nang luong
thu dugc trong mang vo tuyén nhan thic c6
tiém ning 1a mot ngudn nang luong vo tan
ma khong can ndi véi cap bén ngoai hay thay
thé pin dinh ki, hon nira con cung cap co hoi
khai thac dung murc phd tan sd. Viéc thu ning
lugng dua trén chinh sach cam bién phé tbi
wu nham ti da hoa téng thong luong du kién
dudi dang quan h¢ nhan qua nang lugng va
cac lien két va cham [4]. Trong [5], phan tich
X4c suat truyén ciia bd phat thir cap va muc
thu nang luong ciing nhu trinh bay vé thlet ké
t6i uu nguon nang luong tan sb vo tuyen trong
mang vo tuyén nhan thire. Truyén thong tin va
thu ning luong dién ra ciing mot lic trén cac
kénh khong day c6 kha ning cung cip céc tién
ich cao cho nguoi sur dung thiét bi di dong.
Tuy nhién trén thuc té, viéc thiét ké may thu
doi hoi nhimng k¥ thuat vé phan cimg, cu thé
1a mach thu nang luong tir tin hiéu vo tuyen
chua thé giai ma cac thong tin trire tiép. Kién
trac thiét ké cho viée thu nang luong trong cac
hé thong vo tuyén point-to-point ciing nhu hai
phuong phéap thu ning luong 1a chuyén doi
thoi gian (TSR) va phan chia theo nang lugng
(PSR) di duoc dé cap trong [6]. Hai phuong
phap nay déu nhiam muc dich cho phép giai
ma thong tin va thu ndng lugng tai nat chuyén
tlep Trong TSR, niit chuyén tiép dung mot
s0 khe thoi gian dé thu nang luong va sé khe
con lai dé xur 1y thong tin, tiy thudc vao diéu
kién kénh. Trong PSR, céc nut chuyén tiép thu
ning luong tir mot phan ning luong so cap
nhan duoc, phan ning luong con lai dung dé
giai ma thong tin va truyén di. Nguoi dung thir
cap SU c¢6 thé thu ning luong ciing nhu truy
cap phd cua nguoi dung so cdp. Tuy nhién,
hiéu suat cua cac SU c6 thé khong hoan toan
t6t nhu mong muén. Ddi véi cac hé thong vo
tuyén hop tac, phuong phap truyén cho phép
thu ning luong vo tuyén va xir ly thong tin
bét budc [7]. Trong nhitng nim gan ddy, cac
cong trinh nghién ctru tap trung hon vao viéc
hop tac chat ché trong cac mang vo tuyén, tirc
1a gia sir tai nat nhan khong c6 nhiéu do CSI
[8]-[12], thém vao do viéc thu nang lugng
trong mang vo tuyén ciing thu hat sy quan tim
ctia cac nha khoa hoc. [13] dé xuit thu ning
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lugng va truyén tin hi€u nhan duoc tu nguén
dén dich, trong khi [14] phat trién giao thirc
thu nang luong va truyén thong tin vo tuyén
trong mang chuyén tiép. Hon nita, viéc chia s¢
phd trong trong mang nhén thirc chuyen tiép
hai chiéu ciing duogc céac tac gia dé xuét trong
[15], [16].

Bai bao nay phat trién giao thic thu
nang luong trong mang vo tuyen nhén thuec tai
nut chuyén tiép. Nut chuyén tiép sir dung ky
thuat DF cho viéc thu niang lugng va truyén
thong tin ¢6 sy anh huong cua nhiéu do CSI.
Céc giao thirc duoc dé xuét cho phep thu nang
luong trong mang thir cap de chia s¢ phd, hd
trg truyén so cap ma khong can ton thém nang
luong ctia mang thu cap. Hi¢u nang cua mo
hinh dwoc danh gia thong qua xac suét ding.
Muc tiéu cua bai bao 1a tim duoc biéu thire
chinh x4c ctia xac suat dimg. Thong qua phan
tich, bai bao c6 duoc biéu thirc chinh xac cia
xdc sudt dimg cta ca hai mang so cip va thi
cap. Két qua m6 phong cho thay, giao thuc
dugc dé xuat dat mot hiéu sudt tot hon so voi
truyén truc tiép néu co phan bd ning luong
phu hop. Bai bao cling danh gid sy anh huong
ctia hé s6 phan b niang luong 1én dung luong
truyén hé thong.

2. MO HINH HE THONG

Bai bao bit dau bang viéc mo ta kién
truc cho viéc thu nang lugng trong mang vo
tuyén nhan thirc. M6 hinh hé théng duoc thé
hién nhu trong hmh 1.

..........

C<+— R
‘ Mang tha cap ’

Hinh 1. Mo hznh thu nang luong vo tuyen cua
nut chuyen tlep trong mang vo tuyen nhan
thirc. Nut nguon S va nut a"zch‘D dai dién cho
nguoi dung so cap, nut chuyén tiép R va nut
vo tuyen nhan thire C dai dién cho nguoi dung

thir cap.
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2.1 M0 hinh vé tuyén nhén thirc thu ning
lwgng

Bai bdo xem xét mo hinh vo tuyén nhan
thirc bao gdm mang so cap va mang tht cip,
trong d6 nguoi ding so cap S mudn truyén
tin hiéu cua minh dén nguoi dfmg so cap D.
Bai bao nay gla dinh rang khong ton tai duong
truyen tryc tiép tir S dén D, tirc 12 D khong
nam trong pham vi truyén dan cia S, do d6
doi hoi niit chuyén tiép nao dé sé tao diéu kién
giao tiép gitra S va D. Trong md hinh ma bai
béo da dua ra thi nit thir cip R s& dam nhan
vai tro d6. Ngoai viéc sin sang truyén dan
so cp thi nut chuyén tiép R dong thoi con
c6 thong tin cua minh danh cho nguoi dung
thi cap khac 1a C. Gia st rang cac cac kénh
bét ki giita hai nut truyén va nhan déu duoc
mo hinh hoa thong qua kénh fading Rayleigh
phang va doc lap. Thong tin trang thai kénh
(CSI) ludn co san tai nit nhan. Mdi nit duge
trang bi mot anten don va truyén theo ché do
béan song céng. Ca hai nut thi cap R va C déu
c6 kha nang thu nang lugng tir tin hiéu nhan
dugc. Nat so cap S phat tin hidu dén nat thir
cap R, tuy nhién do tinh chat quang ba khong
day nén nat thit cip C ciing nhan dugc mot
phan tin hiéu do S giri dén. Nut thr cap C s&
phén chia nang lugng tur tin hi¢u nhan dugc
thanh hai phan, mot phan cho viéc thu ning
luong vo tuyén va phan con lai dung dé loai
b6 su can nhiéu so cap. Riéng vé nit R, sau
khi thu duoc mot phan ning luong tir tin hiéu
so cap ma S gui dén, R s& dung ning lugng do
dé chuyén tiép tin hiéu so cap con lai dén D va
phat thong tin thir cip ctia minh dén C.

Dat hy, hy,, bieu thi h¢ o kénh trong
ung gitta S va R, Rva D, g va g..1a h¢ s6
kénh tuong ung gitra S va C, R va C. Voi h,
~ CN(0, Q), h,,~ CN(0,L2, ), g.,.~ CN(0,
Qs by~ ON(O, ;g s Tl I8l Iggc
la céc d(f)‘l(_)’l cong suat dap tmg. Do h,, 1a
kénh truyén fading Rayleigh nén ham mat do
phan bd xac suit cia lh, > s€ c6 phan bd mii
va duoc cho boi:

foy (X) = Age ™™ (1)

Trong d6 Ay, = E{[h [} = df , diy, vOi d |
la khoang céch tir X dén'Y, B 14 h¢ so suy
hao kénh truyén, XY = {SR, RD, SC, RC?.
2.2 Giao thuc thu nang lugng

Trong bai bao nay, nut thir cap R dong
vai tro 1a nlit Chuyen tiép tin hiéu tir nut so cap
S dén nut so cap D. R sir dung k¥ thuat giai
ma - chuyén tiép (decode and forward: DF) dé
thuc hién nhiém vu nay. K¥ thuat DF dugc biét
dén nhu 1a k¥ thuat chuyén tiép tai tao, vé co
ban no6 thuc hién xur ly s6 tin hiéu. Trong mo
hinh mang vo tuyén nhan thic trén, R dong
vai trd nhu mét b lap (repeater) thong minh
va giai ma/giai diéu ché tin hiéu nhan duoc
tir nut so cap S. Tuy nhién, qua trinh xir 1y tin
hiéu s6 & niit chuyén tiép R chiu nhiéu anh
huéng ciia hiéu niang truyén dan nit nguon-
nut chuyén tiép. Néu ma CRC khong duoc str
dung, viéc gidi ma tin hiéu thu tir nguon dén
dich s& khong dat hiéu qua tot nhat. Rat kho
dé nut R giai ma tin hi¢u ma khong xay ra 15i
va 18i s& dugc tich liiy qua nhiéu ching, hay
n6i cach khac, chuyén tiép hé théng chiu anh
hudng cua thong tin trang thai kénh (channel
state information: CSI). Cu thé, cach thirc hoat
dong ctia DF h¢ thong nhu sau:

Ngu(‘wi dung so cdp S c6 ngudn ning
lu(yng o dinh la P, trong khi nat R khong ¢o
ngudn cung nang luong ¢ dinh ma phai thu
nang lugng tu tin hiéu nhan dugc dé duy tri
hoat dong. Nhu da noi, S giri tin hiéu so cip
dén R, dong thoi C ciing nhan dugc mot phan
tin hiéu tir S. Cac tin hi€u ma R va C nhan
duoc tir S ¢6 thé duge biéu dién bang cac cong
thtrc sau:

Yr = \/Fs(hsze +AhSR)xD +ng, (2)
Ye = \/Fsgscxb +ne (3)
voi

+ Yo ¥ 12 tin hi€u nhén duge tuong ng tai
RvacC,

+ X, la tin hi¢u so cdp ma S mudn guri dén D,

+ 1, N, biéu thi nhiéu Gaussian hep do céc
anten don tai R va C gay ra,

~CN (0,07 )va n. ~CN(0,07)
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+  Ahgpbidu thi sai s do uéce lugng kénh

v6i gia tri trung binh bang 0 va phuong

sai la oy

Ahg, ~CN(0,0%,)

Tt tin hiéu nhan dugc, nat R va nat C
c6 thé thu lay nang luong cho minh Cuthé, a,
Va o, biéu thi twong tmg cho hé sb chia cong
suét danh cho viéc thu nang luong cua R va C.

Ta dugc biéu thie thu ning lugng ciia R va C
nhu sau:

\/ZyR = P50 (heg + Mgy ) xp) +Jap iy (4)

VG Ve Psacgex, +iacn,

Trong do, 0 <a,<1,0<a.<1.

)

Muc dich ctia hé thong 14 thong qua R dé
glri tin hiéu dén D. Néu \Ja, v, 1a dai luong
dugc R dung dé thu ning luong thi tir (2), bai

bao c6 4/l -, y, 1a phan tin hiéu con lai tir

tin hiéu so cip ma R s& giri dén D. Tt ca ning
lugng ma R thu dugc cia S sé duge chuyén
doi thanh nang luong phat. Do do,

2
B =77aR1)S(|hSR| +652‘R) (6)
0 <n< 1 1a hiéu suét chuyén ddi nang luong.

Trong toan b nang lugng phat P, R
dung uP, dé chuyén tin hiéu so cap con lal
dén D, va (1- WP, duoc dung dé truyén thong
tin thir cAp dén C (p hé sé phan trim thu ning
nang lu. Nhu vy, sau khi thu nang luong, tin
hiéu phat di tai R s& bao gdbm phan tin hiéu
truyén dén D va phan tin hiéu thi cip dén C,
duoc cho boi:

xR:‘C“\/:UPR( l_aRyR+nR])+ (1_/1)PRXC (7)
Trong do:
1
J0=a)(R sl + ot +ai)+ai

1

) \/(l_aR)RS(|hSR|2 +O—§‘R) (8)

E =

33

+ ¢ 1a hé so khuéch dai tin hiéu cua R.

ng, ~ CN(0, o7,) biéu thi nhiéu Gauss
trang tai R.
+ X lathong tin thir cap guri dén C.
Tai C, phan tin hi¢u nhan dugc tr Slay.
va phan nang luong thu duge 1 /e, y,.. Phan

tin hi¢u con lai \/1-ac yc duge dung dé xir Iy
thong tin can nhiéu.

Tin hiéu truyén tir R dén C duogc viét
nhu sau:
Yre = &2Xr 1y

= \/(1 Qg ),UPRPsggRC (hSR + Ahg, )xD
+\/(1_aR)IUPR E8rcMy ®)
+4 l_ﬂ)PRchxc + ey + PR EG e Nigy

n., ~ CN(0, o, ) dai dién cho nhiéu tai C.

Do ¢6 su can nhicu tir tin hi¢u x; nén phan

thong tin \/1-a, yc +nc, s€ duge dung dé xur
ly can nhidu. Két qua thu
duoc:

y'c: (1_aR)/uPR€gRCnR
+ (l_ﬂ)PRchxc + Ry F PR EGpc gy

—(Jl—acnc +n62) /'lunz Ere 2R (hg, + Ahg

&sc

10)

véin., ~ CN(0, o¢,) biéu thi nhiu tring tai

C.

Trong truong hop . khac 1, tirc 1a C s&
thue hién x6a bo thong  tin so cip thi ty s6
cong suét tin hiéu trén nhidu SNR tai C duoc
viét nhu sau:

(1= 1) e, Py (hse|” + 030 |guc|’

T p (gl +a§R>] (1D
aR

2 2 2
Oy, T Uy, ‘gRC‘ [O_R + 1—

Ve =

Truong hop C du trit toan bo nang luong
va khong thuc hién xo6a can nhiéu thi SNR tai
C duoc cho bdi:

(1= 1) nee Py (hsa| + 050 |2ac|

ol Th +(‘hsk‘ +O—5R)[

1-a; |25 ‘

Ve =

2 )ja2)

Tai moi nat R va C déu c6 mot anten don.
Do cong suat nhiéu anten nhé hon rat nhiéu so
véi nhiéu nang lugng nén gia dinh nhicu anten

0-(2'1 +una, ‘gk("z [
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bang 0. Do d6, o; = o/ = 0 va dé don gian,

dat op= o = 0¢, =0y
SNR cho nut thir cap C dugc viét lai nhu
sau:

‘z

(1—u)nay Py (‘hsﬁ‘z + O-SZR)‘gS("z ‘gR('

,a. %1
e L o1 .1 .,
o lgsel” + s e g ﬁ‘gﬁ" *ﬁ(‘hw‘ +0g)
R c
Ve = 2 > 2
(=)o P (hse|” + 05| €e|

2
%

(13)

,a. =1

i+ Rl +a§,¢>]
-

o7 + nat g [
y

Tbc d6 dix liéu dat duoc cua nguoi dung
thtr cap C dugc biéu dién bang:

1
Re = log, (1+7c) (14)

Tai diém thu so cép D, tin hiéu nhan
dugc tir R s& bao gdm phan tin hiéu so cap tir
S d3 qua nGt chuyén tiép R va nhiéu. Cy thé,
tin hi¢u nhan dugc c6 dang:

Vp = hepxg + 1y,

= \/(1 — )IUPRPS &(hg + Mgy )y, x),
+J(1=atp ) uByeh + /(1= 1) P hgyxe (15)

+n, + 1P, Ehyyny,

v6i n,~ CN(0, 0, ) biéu thi cho nhiéu tai D.

Cong sudt tin hiéu trén nhidu cong SINR
tai D dé gidi ma ra tin hi¢u x_ nhu sau:

10ty 1By (hge| + 020 s |
“ az.jm; (16)
1-a,

Vb=

nag ‘hxo‘z (/"0—}2 +(l 7)”)PS(‘hSR‘Z +0-§R)+

Tbc d6 dit liéu tai D duoc cho boi cong
thire:

1
R, :Elog2 (I+7,) (17)

2 2 2 A 4 .
Do 0, _ 0, _ 0y nén ¥, dugc viét lai

nhu sau:

nog ik (‘hSR‘Z + O'SZR)V"RD‘2
MR
1-a,

Vp =

(18)

(1= ) ey Py (hg | + 03 ey | + || 07 + 07

C.  Ddnh gid hiéu ning hé thong

Hiéu qua stir dung nang lugng thu duogc
danh gia thong qua xac suét dimg. Trong phan
nay, bai bao tién hanh phan tich xac suat dimg
cua cac nut D va C.

Xac suat dung dugc dinh nghia 1a xéc
suat ma gia tri ty 1& cong suét tin hiéu trén

nhiu nhan duoc tai nat nhan nho hon mot gia
tri ngudng cho trude. Noi mot cach khac, nut
nhan s€ khong thé giai ma thanh cong dir licu
néu SNR tai nut d6 nho hon gid tri ngudng.
Nguoc lai thi nt nhan s€ giai ma dugc dir li¢u.

Trong bai bao nay, xac suit ding P .
duoc cho boi:

Vih

P, (R<X)=P(7,<7,)=] " Pr(z)dy,=Px(7,)
voi Y, 1a ty 1€ muyc ti€u datra. i = {D, C}.

4 Y 1a nguong SNR ma tai d6 thoa min chat
lugng dich vu.

bat

¥ =unay P fo; .y =(1-u)na, P /o;

§=una,l (1-ay),v=una,/(1-a.),

2 2 2 2
6 :|hSR .0, :|hRD , 0, =|gsc| ,0, =|ch >
t,=1/dy,t, =1/d,,,t, = 1/dye 1, = 1/dy,.
Tur (18), ta duogc:

Y, = 26+ 046,
? w(6 + O-éR )0, +60, +1

7p = —E— khi P, >0
1—u

(19)

*)

Ménh dé 1: Xac suat dimg cho ngudi
dung so cap D va nguoi dung thir cap C khi C
khong thyce hién x6a can nhiéu so cap.

P, =Pr(y, <y,)=1

u

néu 7y >z /v = (20)

diéu nay ludn xay ra do (¥).

, H
Néu 7 <Z/V=T"" thi theo dinh

nghia vé ham phan phdi xac xuat va mat do
(PDF va CDF) da duogc dinh nghia trong [13],
X4c sudt dung cta SNR tai C dugc cho bdi
cong thic sau:

P =F, (1) =Pr(yp <7,)

=ity <70 =[Py, = Pr(r,)

—l—ex 7 VPR N
-! p{ r,(z—u/%,.)}\fnfz(x—w,,,) ‘{\/rlrz(z—w,h)} e2y)

trong d6 ham Bessel K (.) duoc dinh nghia
trong [17].
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Tuong tu, bai bdo xac dinh céc biéu thirc 1 I4 ‘4 m
xac suat dung cho C nhu sau: B, J 1 oy ltew) 2| e p e 147 L
T 7 V 7 l\j L (29)
i V’Ts v 74 o v,
Paut Pr(}/C < yth) (22)
L - w6, +05)0, Nhan thiy:
c 2 1
' Z(Hl + O-SR )94 +594 + . (2;3) Pr(QB >%’Jzexp{_%’}:%1
khi C khong thuc hién loai bd nhi€u so cap, 4 42 (30)

ticla o, = 1.

1—u

Tt do ta duoc Y. —

Khi Vu 2 ,nhan thiy PS, =1 (24)

Quan sat nhitng biéu thirc trén, bai bao thay

rang P”

out

Mg¢nh dé 2: Xac suat dimg cua C khi C
thuc hién loai bo can nhiéu so cap.

tang, PC

out

giam khi x giam.

Trong cong thirc (15) khi . # 1, bai bao
CO:
‘//(|hs1z| +GSR)|gSC| |ch|
|gsc| +5|gsc| |ch| +V(|hs1e| +O'SR)|ch|
__ v(G+05)00,
0,+50,0,+v(6,+5,)0,

Theo dinh nghia vé CDF, tuong ty [9], bai bao

co:
2
Frc V)= Pr[ A GSR)03942 < }/zh]
0, +60,0, +v (6, +04)0,

= Pr{(y6, —v7,)(6 +03:)6; < 7,6, (1+36,)]

Ve

(25)

6,(1+ 50
=Pr| 6 +05, < 7}% s (1t )9 V}/’ Pr 6'3>%
0, (w6, -vy,)|” %
6,(1+50,
+Pr 0+aSR_“ (L+ )03<"7h pr| g, < n
0, (v, -vr,) v ) (26)
6,(1+ 50
N PR 7 G Y] P P PR
6, (w0, -vr,) % v
pr [9 L]
74
Ta lai co:
o ) ] f ot
94(‘/’0 ’V}/h) T\( vy Vyh)

xiexp[—lJiexp[ ]dydz 7exp[—7] v 7ex —7]dydz
& L)% W)vh

a2 o] | Ly i) (27
L 7, p[ 74]-[7 l{ my L; p{ 7, WT.(‘/’Y"%)]dyd ( )
Tiép tuc dit:
V¥V
R, =exp ——=
. p{ %} (28)

pr| o, <7 j 1—expd — 2 L1,
4 L4

Tt nhitng nhan dinh trén, biéu thirc xéac
suat dung cho SNR tai C khi C thyc hién loai
bo can nhicu so cap c6 dang:

Pam _1+€R2 SR12"%2_%1 (31)
3. KET QUA MO PHONG

Trong phan niy, phuong phap mo phong
Monte-Carlo dugc st dung dé kiém ching
tinh ding dan cua cac biéu thirc xac suat dimng
d3a dé xudt theo anh hudng cua dai lwong c6
trong biéu thuc. Bén canh d6, sy anh hudng
cua «glén dung lugng Ergodic cua D va C
cling dugc xét dén.

Trong hinh 2, x4c suat dimng cua nguoi
dung so cap D va ngudi dung thir cap C dugc
biéu dién théng qua céac gia tri SNR khi c6 va
khong c6 sy anh huéng ctia nhiéu do CSI,
05 =0.1. Gié tri xac suét dimg khi ¢6 mat
nhiu s& 16n hon gia tri xac suat ding khi
khong c6 mit nhiéu. Thém nita, ngudi ding
so cap D s& chiu anh huong ctia nhiéu do CSI
nhiéu hon nguoi dung thir cap C.

Dua vao gid tri x4, nut chuyén tiép R sé
ding mot phan ning lugng thu ciia minh
dé duy tri viéc quang ba thong tin phat di tir
bén so cip S va st dung mot lugng 1— 1 dé
phat thong tin cho bén thir cap C. Trong
hinh 3, nhan thay rang khi 4 ting thi x4c suat
dimg cta bén so cdp D giam con bén
thir cép C tang, boi vi véi gid tri nhé hon u,
¢6 su suy hao cong suat dé truyén thong tin
so cap. Khi z < 0.74, giao thirc duoc dé xuit
dat  dugc xac sut dimg bang 1.

Dung lugng ergodic cia C trén kénh
fading Rayleigh dugc cho boi:
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C.-E —log, (1+7 (32)
s 2 2 2 Og 2 ( C
‘hl‘ ,‘g|‘ ,‘gz‘ 2
Hinh 2. Xac suat dung voi Ps/cg
0
10 =
10" % \ :
o * I S
é 104 ‘(;\\EL L TRTI P
S [e] P([)’u| simulation. ‘& L
§ R PD swmulatlon csl
10’3 b Pgm exact analytical.
=] F’C t Simulation
........ C i
ot +: P, simulation CSI
Pgm exact analytical
i i it
0 5 10 15 20 25 30 35 40
Ps/c2

Hinh 2. Biéu dién xdc sudt dimg theo P, | o
tai dy=1/2d,,=1/4,y,=1

Hinh 3. Xac suat dung voi p, Ps/cg =35dB

P e—e—g
Y
X
Y
\
10" \ |
o ‘ |
] i i
° c l' -
§ ; T
x g ®” =
N _ ot E[/a .....
x 2 Q... i B PR
10 i
S
: —
10°
0.7 0.75 0.8 0.85 o5 L

n

Hinh 3. Xdc sudt dirng theo ti Ié phan tram
thu nang luong .

Dung lugng ergodic ctia nut so cip D
duoc tinh voi

1
Co=E s {5 log, (1+7, )} (33)

Dua trén cong thirc (32) va (33), thay
rang a.. chi anh huong dén dung luorng ergodic
cua mang so cap, tuy nhién, h¢ s6 phan chia

cong suét o, cua nut chuyén tiép R c6 anh
hudéng quan trong dén ca C, va C,. Hinh 4
danh gia sy anh hudng cua o, len C,vaC.C,
tang khi a, giam tr 0.9 xudng 0.4 nhu’ng sau

do no lai giam khi o, giam dudi 0.4. Gia tri
t6i uu cua o, cho  bén so cip 1a 0.4, bén
thir cap 1 0. 2 boi vi o, 1a nho trong suy hao
cong suét truyen dan, con khi 0, 10’n sé gay
suy hao cong suat cho thong tin so cap. Dung
luong C, khi ¢6 mat nhiéu do CSI s& nhd hon
dung luong C, khi khong c6 mat nhicu.

Hinh 4. Anh huong cua ap len Cp va Cs voi Ps/cg =20dB

r
oi=04
1.58 //&e} 4
1.56 4 702
Q * *
G 154 i
g 1. 2 ;
S * HY
; / (xg— 0.1
H 1.52 = i
w &
°© 15
5
E] 5| —e—ag= 112
g 148 =1/2khicoCsl| |
5 o = i co
1.46 —B—o. =34 J
. 4 a = 3/4 khi co CSI
1.44 ¥ +
1.42 ! ! |
0.7 0.8 0.9 1 1.1 1.2 13 14

Dung luong Ergodic cua Cs

Hinh 4. Danh gia sy anh huong cua o, lén
C,va C;

4. KETLUAN

Bai bao nay di phat trién giao thirc thu
nang luong tai nat chuyén tiép trong mang vo
tuyén nhéan thtrc. Nut chuyén tiép sir dung ky
thuat DF dudi sy anh hudng cia nhiéu do CSI.
Sau khi phan tich, bai bao c6 dugc biéu thic
dimg chinh x4c cho mang so cap va mang
thir cdp. Trong phan két qua mé phong, dung
phuong phap mo phong Monte-Carlo dé kiém
chung céc biéu thirc da dé xuat. Bai béo cling
cho thay su anh hudng cta hleu nang cap phat
1én dung luong clia mang so cap va thir cap.
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