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Tém tit

O bai bdo nay, mot thudt todn chia sé phé 16p 16t chuyén tiép toi wu ¢ mang vé tuyén nhdn thire (CR,

Cognitive Radio) dwgc nghién civu va phan tich. Néi dung bai bdo dwoc dé cdp théng qua giao thirc gidi

ma 16i wu, phdn tich hiéu ndng mang ciia ngwoi dimg nhdn thire, anh hwong ciia nhiéu chia sé phé dwgc

coi la su két hop véi hoat ddng ciia ngieoi dimg chinh. Va mot giai phdp téi wu kiéu chuyén tiép néi tiép

xac suat ton hao cong suat lam giam anh huong cua nhiéu lén hiéu nang cua mang dwoc phdn tich,

khcfng dinh tinh chinh xdc vé Iy thuyét va dwoc minh chirng thong qua két qua mé phong Matlab.

Tir khéa: Vo tuyén nhan thire, Toi wu héa, Chia sé phéd

1. Mé déu

O mang v tuyén nhan thirc, nguoi ding nhan
thirc dugc phép twong tac voi nguodi dung chinh
mién 14 viéc truyén tai thong tin ciia nguoi ding
nhan thic nhan duoc dap tmg cac giéi han vé
mirc d9 gay nhiéu tir nguoi dung chinh ngay ra,
nghia 1a mic do nhidu cua nguoi dung chinh
khong cao hon gia tri nhiét do gay nhiéu cu thé 1a
nguoi dung dong thoi sir dung bang tin dwoc cép
phép cta ngudi dung chinh dé thuc hién phan
chia phd dudi dang 16p 16t (underlay) [1, 2].
Trong nhitng niam gin day, mot s6 lugng 16n cac
nghién ctru da chi ra rang viéc dua cong nghé
chuyén tiép hop tic vao mang nhan thirc chia sé
phd duya trén 16p 16t c6 thé cai thién hiéu ning
truyén dan cua nguoi ding nhan thirc dong thoi
dam bao chit luong truyén théng cua nguoi sir
dung chinh [3-9]. Két qua cai goi 1a mang vo
tuyén nhan thirc chuyén tiép da xuét hién cho
phép chia sé khoang cach 16p dudi dang hop tac
[10]. O mang nay, ngudi dung nhan thirc nhan
ngudn truyén thong tin véi sy tro gitp clia ngudi
dung nhan thirc khic chuyén tiép va chuyén tiép
gidi han cong sudt truyén cua ho trong qua trinh
truyén dan dé dam bao ring giéi han ngudng
nhiéu clia ngudi sir dung chinh 1a khéng bi anh
hudng.
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Mang v tuyén nhén thirc chuyén tiép nhan
dugc nhidu sy quan tam, dé y ctia cac nha nghién
ctru. Nhiéu hoc gia tdp trung vao van dé ngudn
phan bd cong suat va chuyén tiép trong cac mang
hop tac nguoi dung nhan thire [13-15]. Trudce day,
Leila Musavian va cong sy da chi ra ring cong
sudt dinh giéi han va cong suét trung binh cia
nguoi st dung nhédn thic dugce gidi han trong ca
hai truong hop kénh Rayleigh va kha ning c6 thé
st dung suy ludn giai phap khép kin [10]; tai liéu
[11] nghién ctru dudi tién d& han ché cong suat
dinh, viéc lya chon mang nhén thtrc phéi hop hoat
dong gian doan truyén; thoi gian gan day & tai
lidu [12], cac tac gia ciing cho rang han ché cong
suat dinh nguoi dung chinh c¢6 thé 1a mot trong
nhiéu phuong phap téi wu cho mang vo tuyén
nhan thirc 16p 1ot.

O bai bao nay, két hop cac gidi han vé mirc
d6 nhidu va cac van dé can thiép chia sé¢ phd dé
xay dung mot mo hinh mang tiép nhén nhan thirc
hoan chinh va phan tich hiéu suét cua mang. Noi
dung cy thé dugc d& cap dén cac giao thirc hop
tac dua trén lya chon chuyén tiép tdi wu, c6 tinh
dén anh huéng hoat dong ctia nguoi ding chinh
d6i voi mang nhén thic, va tim ra mot giai phéap
hinh thirc déng cta xac suat bi gian doan. Thong
qua viéc phan tich cac két qua mé phong, do
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chinh xéc cta cac két qua phéan tich 1y thuyét
duge xac minh, va hiéu ting can thiép quang phd
ddi véi viée thue hién mang tiép nhan nhan thirc
truc tiép duoc phan anh truc tiép, diéu nay tiép
tuc khing dinh ring mé hinh mang dugc xiy
dung & bai bao nay la hoan chinh hon va hi¢u
nang ctia mang tt hon.
2. Mo hinh mang

Mo hinh mang dugc st dung & day la mot
mang tiép nhan nhdn thic kiéu 16p 16t, noi ma
nguoi dung chinh va nguoi dung nhéan thuc cung
ton tai, Hinh 1.

()

P1 PD Mang
_— — —» nguoi
'4 dung
chinh
Mang .
nguoi @ @
dung / @
R,
nhan @ \:
thire S D

Hinh 1. M6 hinh mang nhan ‘g‘ht'rc,chuyé)n tiép underlay
da chuyen tiép

Su khac biét 1a trong mang nguoi dung nhan
thitc ¢6 M chuyén tiép g véi cic tng cir vién
R={R=1, 2, ..., M} cb thé duoc chon dé hoan
thanh qua trinh truyén hop tac. Tuong ty, gia dinh
rang cong suét truyén tai bi gidi han va kénh bi
md, ngudn va chuyén tiép khong thé thiét 1ap lién
két truyén truc tiép, bat ky kénh truyén thong nao
gitta hai nguoi dung 1a kénh Rayleigh mo dan doc
1ap va kénh |/s° thu dugc tuan theo phan phdi
mii tham s6 A. Truyén tai nguoi dung nhan thirc
st dung giao thirc hop tac chon loc hai khe: Trong
khe thoi gian dau tién, thong tin phat song ngudn
va tat ca chuyén tiép ung vién nhan va c¢b ging
giai m tin hiéu, mot bo chuyén tiép dugc giai ma
chinh x4c cdu thanh mot bo giai ma, ky hiéu Ia
D(s); khe thoi gian thir hai, chuyén tiép trong tap
hop "t6t nhét", c6 nghia 1a cho phép dich thu dugc
tin hiéu toi da toi nhiéu va nhidu Relay chuyén
tiép cac két qua giai ma cua no.

Hinh 2, mo ta viéc truyén tai nguoi dung
nhan thire van can dép tmg giéi han ngudng nhidu
clia ngudi ding chinh, vi vay cong suét t6i da cho
phép dbi voi ngudi ding nhan thirc va ngudi ding
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chuyén tiép duoc chon dé tmyén la P = I,/
\hs pl’, Pri= 14/ |h; pl” twong tmg.

o

P ~¢ T TN

1-r :'l |'/ Hy \' .'?/ H, \li \': 1-4
' Loo(dle) \ (Busy) | /
\\,ﬂ____}h___,<_ ___,./&“-—-/‘{----'/

g

Hinh 2. M6 hinh‘kénh cua nguoi dung chinh

Mat khéc, truyén tin hiéu nguoi dung nhan
thirc ciing ¢6 thé bi nhidu chia sé phd, va tin hiéu
nhiéu tir ngudi dung chinh ¢ thé nhan dugc ¢ ca
chuyén tiép dugc chon va ngudi dung dich. N6
dugc gia dinh & ddy rang nguoi ding chinh khong
phai luc nao ciing chiém phd duoc iy quyén cua
n6. Chi khi ngudi ding chinh chiém quang phd
thi viéc truyén tai mang nhan thirc co thé bi x40
tron. Do d6, dé danh gia tic dong cua nhidu déi
v6i hiéu ning ngudi dung nhan thire, can mé hinh
trang thai hoat dong cta ngudi dung chinh trong
hai khe thoi gian. Gia sir rang Hp(i)=H, (i=1, 2)
dai dién cho nguoi dung chinh khong hoat dong
trong khe thoi gian thir i va Hp(i))=H,; (i=1, 2) dai
dién cho hoat dong cua nguodi dung chinh, xac
suat cua hai s6 nay 1a Pr(Hp(i)=H,) = p, va
Pr(Hp(i)=H;) = 1-p,. Ngoai ra, nhu trong Hinh 2
mo hinh chudi nhi phan Markov duoc sir dung dé
md ta sy chuyén do6i trang thai ngudi dung chinh,
a 1a xac suit ma kénh ngudi dung chinh chuyén
tir nhan rdi sang ban va # 1a xac suat ma kénh
ngudi ding chinh chuyén tir trang thai ban sang
trang thai cho. Tuc la

Pr(H ,(2) = H||H () = H,) =

Pr(H ,(2) = Hy[H (1) = H,) = M

3. Phén tich hiéu suat

Nhu da mo ta ¢ trén, mang nguoi dung nhén
thire thong qua giao thuc hop tac lua chon DF hai
khe. Vi vay, phan tich x4c sudt ton that cong suét
can xem xét kha nang truyén tai khe thoi gian thir
hai bi gian doan trong tit ca cac tinh hudng giai
mi co thé xay ra trong khe thoi gian dau tién.
Cong thirc tinh toan xac sudt cong sudt ton that
dugc dua ra boi tiéu chi xac suat day du:

P, = > Pily, <1,|D()]Pt[D(s)] )

D(s)
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trong do yp 1a tin hi¢u nhan dugc véi nhiéu cong
voi ty s6 tin hi€u trén tap am (SNR, Signal Noise
Rate) tai nat dich. Dya trén cong thic trén, xac
suat ton that cong sudt co thé duoc giai quyét
trong hai phan: xac suit bo giai ma (Pr[D(s)] va
xac suét ton that cong suét trong diéu kién bo giai
ma cy the (Pr(yp < yu| D(s)]).

3.1. Xac suit bd giai ma

Pr [D(s)] dai dién cho x4c suit ma bd chuyén
tiép mg vién c6 thé dugc giai mi chinh xac sau
khe dau tién 1a D(s). Dya trén trang thai cia
nguoi dung chinh trong khe thoi gian dau tién,
xac suat nay c6 thé duoc thao luan trong hai tinh
hudng.

1) Khi Hp(1)=H;, nguoi dung chinh khél}g
hoat dong va s€ khong can thi¢p vao viéc t‘iép
nhénqtin hiéu cia nguoi dung cam onhan’ bang
chuyén tiép . Do d6, SNR tai chuyén tiép cua
nguoi dung cam nhan thi i 12‘17/”1 = ps‘h”"z /5%,

trong d60°1a coéng suit nhidu Gaussian tring

chuan. Dit thay thé P, =1, /s‘hsze Z,VS’RI_ cua
CDF c¢6 thé duge biéu dién la:
Fy ) =P s | s < 7’5} 3)

trong @6, 5 =0 /1. Xac dinh bién ngiu nhién
X-= Uh” i /\hwﬂ , X la ty Ié cta hai bién chi

muc dich va CDF cla nod la
F,(x)=x/Ax+g), x>0, trong do

Cri = Asp/ Ag g - Nhu véy co

Yo

F __ 7
o (7 VS + Vs “4)

Néu SNR nhan dugc ciia nguoi ding nhén
thirc R; cao hon SNR ciia ngudng ngit, nd duoc
coi la R; va dugc giai ma mot cach chinh xac, do
1A R e D(s). Do d6, xac suat giai ma bd D(s) 1a

Pr [D(S)] = H Pr(]’s,m =1,)

ReD(s)

x H Pr(}/s‘m <1,)

ReD(s)

-1 p{l_L] ()
R eD(s) VO + G g

71}15
R;eD(s) }/th5 + é’Ri

X
2) Khi Hp(1)=H,, nguoi dung chinh khong
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hoat dong va tat ca chuyén tiép nguoi nhan thirc
s& nhan tin hiéu nhidu tir bo phat cia ngudi ding
chinh. Do d6, SNR tai chuyén tiép ngudi nhén
thirc thtr i c6 thé dwoc biéu thi bang

By s,

2
2
PP|hS,Ri| + o

|2
Vs.ri =

Q)
__ Vs
Yine, 1
trong d6, Pp la cong suit truyén ciia ngudi ding

2 ]
chinh vé;/,NFR’_ :PP‘hS,R,‘ /ot 73’13,' cua CDF la

E, 0=[F, o+l 0d

O cong thirc trén, ¥ INF,, tuan theo phan phdi

mil ciia tham s6¢, =0'22P,Rl. /P,, do d6 PDF cua

n6 1a f. (y)=Cpe ™, y>0. Bién doi biéu
Vs Ri !

thirc 4 va fy, () duoc

[y +ys Cay
= I o Y ®

Ap dung cong thirc xac dinh giéi han trén va
dudi cua ty 1€ 10i symbol trung binh chiing ta co
th¢ nhan dugc bi€u thitc cudi cung cuia

f?/'s o (y) nhu sau:

F. ()= Sl T (LG By )e +

©)
+ Gl DOI(0, &, By, Yet
trong do, [, =14 & / 70 va theo (5), ching ta
¢6 thé nhan dugc xac suat thiét 1ap giai mi trong
truong hop nay la
Pr[D@)]= [ [1-F,, () |
ReD(s) ’ (10)
<1 E.

Vs Ri
ReD(s)

3.2. Xac suit ton thit trung binh c6 diéu kién

Véi bo giai ma D(s) co xac suat diéu kién
Pr[;/D =< }/th‘ D(s)], do vy viéc truyén thong tin
ctia ngudi ding nhan thie bi gian doan ciing cin
dugc chia thanh hai truong hop theo trang thai
cua nguoi dung chinh trong khe thir hai va dugc
thao luén riéng.

1) Khi Hp(2)=H,, nguoi dung chinh & trang
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thai khong hoat dong va s€ khong can thiép vao
viéc tiép nhén tin hiéu cia ngudi dung dich. Gia
sir R; dugc chon lam chuyén tiép, SNR tai dich 1a

2, trong d6 p, =] ’. CDF

th ‘hRi,D‘

Vrip =

cia g, c6 thé thu dugc thong qua qué trinh dén

Xuét tuong tu Fy (»)

7o

7:«0(7/)_m (11)

trong s6 d6, W, = A, ,/ A, ;. Giao thic yéu
cau Iya chon thong tin chuyén tiép tot nhat, do do

X4c sudt gian doan cé diéu kién cho mot bod giai
ma D(s) da cho co6 thé dugc tinh nhu sau
Py, <7,|D(s)]= Pr[ aX Vi < m}
)y (12)
ReD(s) Yl T+ Ve,

2) Khi Hp(2)=H;, nguoi dung chinh & trang
thai hoat dong va nguoi dung dich sé nhén tin
hi¢u nhiéu tir by phat ciia nguoi dung chinh. Do
d6, SINR tai dich c6 thé dugc biéu thi bang

2
PR, |hRi,D|

2 2
PP|hP,D| +o

Vir.p = (13)

Cong thirc trén twong ty nhu cong thire (6), do
do CDF cua Yp; p ¢ thé thu dugc thong qua

cling mdt qua trinh dan xuat ton hoc.

F. (y)=0B8,T(QT(~1,04, )"
Vri.p ' .’ (14)

+Or(HT(0,68, )e™
trong d6, O =074,/ Pps fy =14y /15

Theo phuong trinh (12), cong thiue dé giai
quyet xac suat gian doan cé didu kién duoc biéu
thi bang
Prly, < 7,/D)]= [T

RieD(s)

e B ()

3.3. Xdc sudt ton thit trung binh

Tom lai, theo trang thai hoat ddng cta nguoi
dung chinh trong hai khe thoi gian, ¢6 bén truong
hop hoan toan dugc 4p dung cong thirc nhan xac
suit, va xac suat xuat hién cua bon diéu kién nay
¢6 thé thu duge
Case I:

Pi{H, (1) = Hy, H,(2) = H, )= p(1-a)  (16)
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Case II:
Pr[H D=
Case III:
Pi[H,(1) = H,, H,(2) = Hy]= p,(1-)
Case IV:
Pi{H, (1) = H,, H.(2) = H,]|= p,x
Sau @6, ap qung céqg thirc xég sudt day du dé
c6 dugc xac suat ton that cong suat cia mang nhu
sau
P, = P(—a)P., + PaP”

out out out

Hy, H,(2)=H,]=p

+(1—R)BPL (17
+(A=R)A-PF,,
Theo (2), outco thé tinh bang phuong trinh

(5) va phuong trinh (12); phucmg trinh (5) va
phuong trinh (15) dé tinh P”

out’

phuong trinh (10)
va phuong trinh (12) ¢6 thé tinh p"

Ly vV phuong

trinh (10) va Phuong trinh (15) c6 thé tinh P .

out *

4. Két qua md phéng va phan tich

Phan nay st dung mo phong Monte Carlo dé
xac minh tinh chinh xac cua giai phap dang dong
xac suit ton thdt cong sudt va phan tich anh
hudng ciia nhidu chia sé¢ phd dén hiéu ning ngat
clia mang nhan thirc da nguoi dung. Gia sir rang
tat ca cac diéu kién relay cic ing vién déu bang
nhau, cac tham sb can thiét cho mé phong nhu
sau: Agp= Agip=1, Asp= Aps™ Arip= Apri=3, Y13,
po=0.5, 5°=-10dBm. Céc gia tri dugc so sanh gitra
cac gia tri 1y thuyét véi cac gia tri mo phong thu
nghiém dé xac minh tinh chinh xac vé phén tich
1y thuyét. Phuong phap 1ay gié tri thir nghiém cho
md phong trude tién duge thiét 1ap cac thong sb
co ban cua mang nguoi dung chinh va mang
nguoi dung nhdn thic, diéu khién cong sudt
truyén dinh ctia nguoi dung nhan thirc theo gidi
han nhiét d6 nhiéu, sau d6 thuc hién lya chon va
lya chon chuyén tiép trong mang ngudi ding
nhan thirc. Sau khi truyén, mo hinh kénh Rayleigh
v6i phuong sai di cho di dugc sir dung dé tao ra
10 kénh va ty 18 s6 1an gian doan trong kénh cho
tong s mo phong duoc ghi lai, 1a gia tri thi
nghiém mo phong twong ing véi xac suét ton that
cong suat. Ngoai ra, so do méd phong tic dong
cong suit phat P, ctia ngudi dung chinh 1én hiéu
sudt cling c6 thé phan 4nh truc tiép tac dong cua
nhiéu chia sé phd.
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Hinh 3 cho thdy mdi quan hé giira xac suat ton
that trung binh giira nguoi dung nhan thirc va
ngudng nhidu ciia ngudi dung chinh trong diéu
kién s6 lugng chuyén tiép ung vién khac nhau
duoc mo phong trong diéu kién nguoi ding chinh
truyen tai co cong suét P, =5dBm. Tur hinh v& c6
thé thay cac két qua cta giai phap phén tich dang
khép kin dang véi cac két qua mod phong, didu
nay xac minh tinh chinh xac cua dao ham ly
thuyét. Ciing c6 thé thiy rang khi nhiét do giao
thoa ting 1én, kha ning trao ddi giam, do sy gia
tang nhiét do glao thoa cho phép nguoi dung
nhan thire va chuyén tiép truyén dir heu véi cong
suat 16n hon, do d6 giam xac sudt gian doan
mang. Ngoai ra, viéc ting sb luong tng cir vién
chuyén tiép co thé mang lai sy da dang va cai
thién hi€u ndng mang.

Xdc suitt gidn doan trung binh
3 E‘-
/
=]
7
/
/
7
/
£
/

5
| N
2

e —_—

Iy (dBm) v

&

Hinh 3. Gid tri xdc sudt gidn doan va ngudng nhiéu I,

107 ¢

£
= E
) a2
m 107 1
£ S
g 10 3
-
5 ¢
ERTS ]
& - i
2 [
2 10°} - =1 i
N i - —= =
t e —— M=3
i —& M=5 1
R = & M-8
i
Wil 1
1 2 3 4 5 6 T 8 9 10
P, (dBm)

Hinh 4. M6i quan hé giita xdc sudt gidn doan vd céng
sudt phat cua nguoi dung chinh
Hinh 4 cho thdy mdi quan hé giita xac suit
ton thit trung binh ngudi ding nhan thirc va cong
0dBm.
Két qua cho thiy sy gia ting cia cong sut phat

suét truyén tai ngudi dung chinh khi 7, =

ctia ngudi dung chinh s& dan dén giam hiéu suat
gian doan cua nguoi dung nhan thirc, d6 1a do su
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can thiép ting tin s chia sé¢ kinh nghiém cia
nguoi dung nhén thirc. Nhu trong Hinh 3, két qua
phan tich 1y thuyét phu hop véi két qua mo
phong, sb lwong chuyén tiép ung cir vién cang 16n
thi hiéu suat cia mang cang tot.

Xac suft gian doan trung binh
3

10° 4
—6—  Ar=1 ‘3\_‘\
S w3 =
0% —e- m=5 | I
B M-8 | {
107 . —
1 2 3 4 5 [3
2
ARi, P

Hinh 5. Méi quan hé giita xdc sudt gidn doan trung
binh va Ag; p

Hinh 5 va Hinh 6 cho thiy mdi quan hé giita
xdc sudt ton that cong suat cuia mang nguoi ding
nhan thirc va chit luong lién két gitra nguoi st
dung chinh va phu trong diéu kién P,=5dBm va
I,=1dBm khac nhau. Trong Hinh 5, tang Ag;p co
nghia 13 chat lugng cua lién két giita nguoi ding
nhan thac tiép nhan va nguoi dung chinh bi suy
giam va nguoi ding chinh nhan chuyén tiép c6 thé
sir dung cong suét truyén 16n hon dé dap tmg gidi
han ngudng nhidu va cong suét truyén dan cao.

B e o
10"
wh e
e
drk-r\" —
S

Xéo subt gisn doan trung binh
E
/

Ap ki
Hinh 6. M6i quan hé giita xdc sudt gidn doan trung
binh va Ap p;

Trong hinh 6, su gia ting vé Apg; c6 nghia la
chat luong cua lién két gitra ngudi dung chinh va
nguoi ding tiép nhan nhan thic bi suy giam, su
can thi¢p cua nguoi dung chinh téi nguoi ding
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tiép nhan nhan thic bi giam va hiéu sudt gian
doan dugc cai thién; No cling co thé dugc nhin
thdy tir hai biéu dd rang hiéu qua cua chét lugng
ctia hai lién két vé s6 lugng chuyén tiép tmg vién
tham chi con 16n hon.
5. Két luin

Bai bao nghién ciru dua trén co s chia sé phd
16p 16t chuyén tiép kiéu co lya chon va phan tich
hiéu suét cua mang khi su dung hai giao thuc
truyén dan khac nhau. Thu nhét, dya trén giao
thirc chuyén tiép va chuyén tiép don, hiéu suit
ngét va hiéu suét toc do 15i symbol dugc phan tich
va biéu thuc dang dong cia gidi han trén va dudi

clia x4c sudt ton hao cong suét va ty 18 151 symbol
dugc suy ra; Mang nhdn thic c6 tinh dén anh
hudéng do hoat ddng cua ngudi dung chinh va
nguoi dung nhan thic; phan tich toan dién hi¢u
sudt gian doan ciia mang ngudi ding nhén thirc.
Mo hinh mang dugc xay dung dya trén quy trinh
phéan tich hiéu sudt hoan chinh, véi mé hinh
nghién ctru hién tai khong chi xem xét anh hudng
cua nhiét do giao thoa ctia nguoi dung chinh ma
con xem xét tic dong cua nhidu chia sé phd toi
hiéu sudt mang cua ngudi dung nhan thirc va nd
ciing chi ra rang nhiéu chia sé phd c6 anh hudong
dén hi¢u suit ciia mang.
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THE ALGORITHM STUDY SHARED TRANSITIONAL UNDERLAY SPECTRUM
OF COGNITIVE RADIO NETWORK

Abstract:

In this paper, an algorithm for sharing the optimal transition primer spectrum in cognitive radio
network (CR, Cognitive Radio) was studied and analyzed. The content of the article is mentioned through
the optimal decoding protocol, analyzing the network performance of perceived users, the effect of
spectrum sharing noise is considered to be associated with the operation of the main user. And a floating
forward optimization solution that relies on the probability of power loss reduces the influence of noise
on the performance of the network being analyzed, confirms theoretical accuracy and is demonstrated
through simulation results Matlab.

Keywords: Cogitive radio, Optimization, Share spectrum
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