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TOM TAT

Hiéu ning ciia mang vo tuyén nhan thirc da truy cap khéng triec giao NOMA-CRN (Non-
Orthogonal Multiple Access Cognitive Radio Network) cho hai nguoi dung duogc phén tich va
danh gia trong bai bao nay sur dung ky thuét hoc sau. Huéng tgi muc tiéu nay, nhém tac gia
trude hét dé xuat cac biéu thie xac suat dirng chinh xac dang tuong minh cho NOMA-CRN,
tiép theo Ia thyc hién cac md phong Monte-Carlo dé kiém ching tinh chinh xac cua cac biéu
thirc duoc dé xuat. Ngoai ra, ki thuat hoc sau ciing dwoc wng dung dé xac minh d6 chinh xac
cua két qua wdc tinh vé xéac suit dimng cuia NOMA-CRN so véi ly thuyét va mé phong. Sau
cuing, bai b4o nay cung cap cac két qua dé cho thiy tac dong cua cac théng sé hé thdng quan
trong dén hiéu niang cia NOMA-CRN.

Tir khéa: K§ thuat hoc sau, vo tuyén nhan thac, NOMA, xAc suat dung.

1. MO DPAU

Hiéu suat str dung pho tan cao cia mang vo tuyén nhan thac da truy cap khdng truc giao
NOMA-CRN la do su tich hop cua ky thuat da truy cap khdng truc giao vao cac thiét bi vo
tuyén nhan thirc, tir d6 thoa méan duoc cac rang budc thiét ké nghiém ngat cua cac mang truyén
thong hién dai nhu 5G/6G. Pei va cac cong su da nghién ctu NOMA-CRN véi thiét bi chuyén
tiép va thiét bi dich c6 nhiéu ang ten [1]. Theo Arzykulov va cac cong su, anh hudong ciia nhiéu
nhiét va can nhidu d¢ong kénh Ién hiéu ning cia NOMA-CRN véi thiét bi chuyén tiép hoat
dong theo co ché khuéch dai va chuyén tiép (Decode and Forward - DaF) [2, 3], nghia 1a thiét
bi chuyén tiép s& nhan tin hiéu tir thiét bi ngudn, thuc hién giai ma va sau d6, ma hoéa lai trudc
khi truyén tin hiéu dén thiét bi dich. Bariah va cac cong su danh gia xac suét 18i bit cia NOMA-
CRN véi thiét bi khuéch dai va chuyén tiép tbi wu [4], trong khi Luo cuing cac cong su danh
gia xac suat dung vai b triét can nhiéu tuan tu SIC (Successive Interference Cancellation)
khdng hoan hao [5]. Chen va cac cong su di &p dung ly thuyét vé phan chia phé tai nguyén tdi
wu dé cai thién hiéu nang caa NOMA-CRN [6].

Ung dung ky thuat hoc sdu (KTHS) vao cac hé théng thong tin dang 1a xu thé nghién cau
méi hién nay. Theo nghién ciru ciia Ho va cac cong su, hiéu ning cua truyén thdng goi tin
ngan trong mang van vat IoT (Internet of Things) dugc danh gia bang KTHS [7]. K thuat hoc
sau DNN (Deep Neural Networks) da dugc Yang cung vai cac cong su eng dung cho viéc
quan ly tai nguyén trong mang NOMA [8]. Theo nghién ctru Shim cling cac cong su, k¥ thuat
gay nhiéu va lya chon ngudi dung duoc dé xuét dé tang cudong bao mat & 16p vat ly cho mang
NOMA. Ngoai ra, hiéu nang ciia mang nay ciing dwoc phan tich va danh gia bang ky thuat hoc
sau DNN [9].
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Trong bai béo nay, hiéu ning cia NOMA-CRN dugc phan tich va danh gia bang cach
ung dung KTHS vai cac dong gop chinh nhu sau:

- P& xuét tich hop ky thuat NOMA vao cac thiét bi vo tuyén nhan thirc dé hinh thanh
nén NOMA-CRN.

- D& xuit ing dung KTHS vao viéc du doan xac suét ding cia NOMA-CRN. Két qua
du doan xéc suat ding c6 the dap ung thoi gian thuc, tir d6 c6 the dung cac ket qua du
doan dé t6i vu cac tham s6 dau vao cia NOMA-CRN.

- Trinh bay da dang cc két qua dé c6 hicu biét twong tan vé anh huong cua cac thong
so h¢ thong nhu SNR, toc d6 truyen dir li¢u cua hai nguoi dung tha cap, hé s6 phan
b6 cdng suat.

Phan tiép theo ciia bai bao dé xuat md hinh NOMA-CRN. Tiép theo, Phn 3 s& phan tich
mot cach chi tiét xac suat dirng. Ké den, Phan 4 thuc hién péc md phong Monte-Carlo dé kiem
ching d6 chinh xac cua phan tich Iy thuyét. Hon nita, Phan 4 ciing trinh bay ket qua uéc tinh
Xac suat dirng ing dung ky thuat hoc sau. Sau cung, cac két luan dugce duc két trong Phan 5.

2. NOMA-CRN

Ngudidingso Ngudn phit so cép

chp Tin hié}z can
(PR) :((( ))) S nhiéu
. RN .}}Ptdz
“a D
Tin hiéu mong lﬂ F‘ :
mudn sprl ’sz Nguoi dulng xa thu
; cap
a D
((p) ( ( ) — oA @)
hId]
Nguoi ding gén thir
cap
Ngubn phat thir cip Relay phat thir cip (Dy)
(S) (R)

Hinh 1. NOMA-CRN duoc d& xuét

Xét NOMA-CRN duoc md ta trong Hinh 1. Ngudn phat thir cap S giao tiép voi hai
ngudi ding NOMA D, va D, véi su tro gitp cta thiét bi chuyén tiép R ma thuc hién DaF
va bi can nhidu dong kénh tir nguon phét so cap P7 dang phuc vu nhiéu ngudi ding so cap

={PR,}, ¢ gan nhau trong mang vo tuyén nhan thtc. Gia sir ring, cac thiét bj chi c6

mot dng ten va gitra nguon phét thir cap va may thu thir cap sé khdng cé két ndi truc tiép do
sur ton tai caa vat can hoac hién tugng che chan.

Xét cac kénh truyén fading Rayleigh. Trong Hinh 1, hé s6 kénh truyén
hyy €4y b N Mg Mg g Ry, Dy 3 trnguon phat X (S, R, va PT ) dén may thu

Y (R,PR, Dva D,) dugc biéu dién dudi dang h,, =/Q, h vi h 1a fading c& nho
(small-scale) duoc biéu dién véi phan bd Gaussian c¢6 phuong sai bang 1 va trung binh bang
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0, dwoc ky hiéu la CN(0,1), va Q,, 1ahé sé fading c& lon (large-scale).

Déi voi mang thir cap, ngUOn phat phai thuc hién diéu khién cong suat dé ¢am bao can
nhiéu trong mirc cho phép dbi véi cac ngudi ding so cip cua mang so cdp nhu sau:

P, =min P,I+h , 1)

V6i Ps la cong suat phat tirc thoi caa ngudn thi cap, P 1a cong suét phét téi da caa ngudn thu
cap, |, 1acong suit ngudng cho phép cia mang so cip. h,'1 1a hé sb kénh truyén wdc luong
khong hoan hdo tai Ijguén phét thir cdp dén nguoi dung SO cap |. Trong thuc té, hé s‘fr) kénh
truyen nay khong the duoc udce lugng chinh xac boi nguon phat thir cap. Do do, nguon phat
thar cap phai thuc hién uéc lugng kénh truyén bang cac ky thuat nhu Maximum Likelihood
Estimation, Linear-Minimum-Mean-Square-Error Estimation, hodc Least Square Estimation.
Chinh vi vay, khi xét khia canh thyc té nay thi

b = g[hL, [ +y2- 5 h,, [ @

trong do: hs'pr 1a hé s6 kénh truyén thuc, her 12 131 w6e luong kénh truyén, va g 1a hé sé miéu

spr

ta mirc d6 trong quan cta kénh truyén dwoc udc lwong va kénh truyén that véi B € [0,1] :

NOMA-CRN dugc dé xuét s& thyc hién truyén di liéu thong qua hai khe thoi gian. Ngudn
thir cap truyen tin higu dén thiét bi chuyén tiép trong khe thoi gian thir nhét. Tin higu nay s&
dugc gidi ma va ma hoa lai tai thiét bi chuyen tlep trude khi dugc phat téi cac ngudi dung thu
cap trong khe thoi gian th hai. Chi tiét cu thé vé qua trinh truyén tin s& duoc biéu dién trong
phan tiép theo bén dudi.

2.1. Khe truyén thir nhat

_ Trong khe thoi gian nay, S sé 'gruyén tin hiéu hon hop bao gom tin hiéu cua ngudi ding
gan x1 va nguoi dung xa x2 véi hé so6 phan chia cong suat tuong ung la a; va a, theo ky thuat
NOMA dén n(t chuyén tiép, véi a1 < as, a1 + a» = 1 va gi tri trung binh cua ‘xﬂ va ‘xzz‘ déu

bang 1. Do do, thiét bi chuyén tiép Vi can nhiéu tir may phét so cap P7 nhan duoc tin hiéu:

,/a Py x;h, +4/P s, +n, 3)

Vv6i Pr 1a cong suat phét cua nguon so cadp P7 , s la tin hiéu cia ngudi ding so cap Véi
2 \ \ 3 . . , -
E{|S| }:1 va Ny la nhidu Gaussian tai R véi n, ~CN(0,67).

Dua trén ky thuat NOMA, thiét bi chuyén tiép s& thuc hién giai ma tin higu cia ngudi
dung xa truéc khi giai ma tin hiéu cua nguoi ding gan theo nguyén tac khir can nhiéu tuan ty
SIC. Theo d6, gia sir qua trinh SIC 1a ly twong, ta co ty s tin hiéu trén can nhiéu cong nhiéu
SINR (Signal-to-Interference plus Noise Ratio) nhan dwgc cho giai ma x, va x; 1an luot 1a

a,P; |h

|2
sr (4)
a,P, |h5r| +P

2
+0

SINR% =

ptr
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— 81P |h5f|2 (5)

SINRY =
\h

ptr

2.2. Khe truyén thir hai

Sau khi thuc hién giai ma tin hiéu x; va x. hoan tat, thiét bi chuyén tiép bat diu ma hoa
lai hai tin hiéu nay theo ky thuat NOMA va sau d6 truyén tin hiéu hdn hop nay dén cac nguoi
ding thir cap. Tuong tu nguon phat thir cap, thiét bi Chuyen tiép ciing phai diéu khién cong
suit dé tranh tao ra can nhidu qua marc téi mang so cap. Vi vay, cong suat phat cua thiét bi
chuyén tiép dwoc biéu dién nhu sau

P,=min{aP,——", (6)

+«/1 ik |herr va a e (0 1] la ty s6 cong suat ciia thiét bi chuyén

tiép trén cong suét cuc dai ciia ngudn phat so cap.

I'pl’

trong do: ‘h,'z ‘2 =

C4c tin hiéu duoc phat tir thiét bi chuyén tiép dén nguoi dung thir cip ciing bi can nhiéu
bai cac tin higu phat di tir ngudn so cap. Do d6, ngudi dung thir cap D, véi i e {1, 2} s& nhan
duoc tin hiéu:

a. PRxJ S, +1/PTshptdi +Np, (7
voi Pg la cong sut phat cia nit chuyén tiép va n, la nhidu Gaussian tai D, véi
n, ~CN(O,02).

Boi vi D, ¢b hé s cong suét a 16n hon hé sb a; cia D, nén D, s& giai ma tryc tiép tin
hiéu X, va xem tin hiéu x; nhu nhidu nén. Khi d6, SINR nhén duoc tai D, cho giai matin hiéu
Xz €0 thé dugc biéu dién nhu sau

2
hrd‘
+P ‘h

azP

SINRY: = ®)

2 .

ptd, ‘

a,P; h

Nguoc lai, D, phai thyc hién SIC dé loai bo tin hiéu x, trudc khi giai ma tin hiéu xi. Vi

rd,

vay, SINR nhan dugc tai D, cho giai ma tin hi¢u X, va x; dugc biéu dién lan luot nhu sau

a, P,

o , ©)

SINRY; = .
a,P, |h g T‘hptdl‘ +o’
X aipR hrd1 i
SINR}; = (10)

.
I:?I' ‘hptdl‘ to
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3. HIEU NANG CUA NOMA-CRN

~ Céc biéu thuc xéac suat ding chinh xac dang tuong minh s& dugc suy ra trong phan nay
dé danh gia nhanh hiéu nang hé thong ma khong can cac md phong ton nhicu thoi gian. Xac
suat nay dugc dinh nghia nhu 1a xdc suat ma SINR nhan duoc tai may thu nhé hon mét gia tri
ngudng cho trude. Doi véi NOMA-CRN, x&c suat dirng duoc tinh toan véi hai sy kién chinh
nhu sau:
Sw kién 1: Thiét bi chuyén tiép khong giai ma thanh cong tin hiéu cua cac ngudi dung thi cap.
Sw ki¢n 2: Thiét bj chuyén tiép hoan toan giai ma duoc tin hiéu ciia cac nguoi ding thir cap
nhung nguoi dung thir cap khong gidi ma duoc tin hiéu, nghia la (i) nguoi dung xa khong gidi
ma thanh cdng tin hiéu x, va (ii) nguoi dung gan khdng giai ma thanh cong tin hiéu x, hoac tin
hiéu xi.
Dé thuan loi khi trinh by xéac suat dirng cua cac ngudi dung thu cip, ta ky hiéu

ax ‘h,'z ‘2 . Vi kénh truyén h dugc xem xét 1a kénh truyén Rayleigh

2 \
Al=max‘h,' ‘ va A, =m
1=1, 1 1=1,...,L

..... L
nén |h|’cé phan bé mii (ngoai trr A, va A,) véi ham mat do xac suét PDF (Probability

Density Function) va ham phan bé tich liiy CDF (Cummulative Distribution Function) lan luot
la

1 X
f L (X)=—exp| —— 11
Pl ( ) Qg p( QAB] ¢y
F .(x)=1-ex - (12)
e B P QAB
Khi d6, A,va A,c6 ham phan phdi CDF va PDF [10] lan lugt nhu sau
L—ll//(LJ) X
F, (x)=1- exp| —— 13
x (%) 2 P ) (13)
L-1 L,I
f, (-3 D exp(—ij (14)
g 2 P
(1+1-18%)2 L-1)2L(-1)
d6: L =——— V3 = _—
trong do: 4, 1 va w(L,1) ( | J 1

3.1. X&c suit dirng theo Sw kién 1

Str dung diéu kién bu dé tinh xac suat dung tai thiét bi chuyén tiép nhu sau:
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OP, =1-Pr(SINRY > y,,SINR: > 7, )

2 2
1P a,P, |hsr| o a,P, |hsr| -,
P |hy [ +P || +0? ‘hptr
2
% (P Ny 02)
~1-Pr| B, h,[> = i Pn > ( |+ ) (15)
(az_?/zal) &4

=1-Pr P5|hsr|2> maXL(a_y—j/ai) ai}( ‘hptr
2 2

trong d6: ¥, va y, 1a ngudng giai ma cho nguoi ding xa va ngudi ding gan véi y, = 227 —1

ie{1,2}, R latéc do bit cia nguoi dung D va &, — 7,8, >0 néu khong thi OP, =1.

)

2), 5<th (16)
Al
o). lmj
P>
Al
Tatinh Q, nhu sau

P 2 P 1
Q= [ h,, [—T h. +1j,—< u }
| | o ‘ pt o2 O'ZAl

Pin
+ 1) <=
Ps A, ]

Thay thé diéu kién cong suét & (1) vao biéu thuc trén, ta c6

OP, =1- Pr(min {5,'4“}|hsr|2> El( ‘hptr
Al

Q

=1- Pr[I3|hsr|2> 51( | +

+P

=

N LY

Q,

(17)
_ Pr[|h == (pT Iy

A P P Ly
trong do: pg =—, pr = 2,pth——
(o (o O
Céc bién ngau nhién |h, |, ‘hptr , A, 1a doc lap nén
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QI:Pr(x>El(pTy+1)]Pr(z<p““]
Ps Ps
_E | P E
_F“[ps !l:l Fhsr( :(pTy+1)Hfhwz(y)dy

L 1= E 1
{1 § D) o[ jexp[- ey + )J L el - Yy
L 1=0 2 psﬂ'/\l i 0 pSer thr thr

L-1 L,I 1 = o -
HPIR 3L A CL) PN M exp(_ : JIEXp (Bl 1y
L 1=0 2 psﬂ'/\l _thr pSer 0 pSer thr
YA =)
— 1_ (// 1 exp[_ ,Dth ] pS

_Qp ‘—‘lpT R 1
pSQ thr

(18)
Bay gio, tatinh Q, nhu sau:

Q2=Pr[|hsr|2>iA( ‘hptr +02),A1>L_“]
Ly P

y=0,_~n P ‘hptr
Ps
< % = L-1
_I ,[ exp{—ulx(pTerl)j W(L’I)exp - xf . (y)dy
y=0,_~n pther 1=0 2/11\1 A ‘ptr‘
Ps
SSPLUT o) [ E2EL L o (y)ay
1=0 2/1Al V=0, P P N g |
Ps

exp(_[ﬁﬁﬁ] y]
Ll‘/’(L D) Py exp[ _® pthj-[ PsLly Ly d
y=0

y (19)
225 Q4 Eypr ]

I
o
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B, 1
.
Pin€2 /1/\1

sr

trong d6: @, =

Tich phan trén c6 dang Iﬁdx =—exp(ab)Ei(—ab) trong [11] nén ta c6 thé
X

viét lai (19) nhu sau:

1 L,I Q
Q,=- —l//( )'Ot_“ r exp(—@lﬁjx

eXp &q)l_l_ pthQ:rq)l El pth q) pthQ (D
P S Q ptr ‘:‘1pT P S ptr ‘—‘lpT

3.2. X4c suit dirng theo Sw ki¢n 2

(20)

= XAc sudt tai nguwoi ding xa

Phan nay thyc hién tinh xac suat dung khi thiét bj chuyén tiép phét tin hi¢u dén nguoi
dung xa thir cap. Xac suat dirng nay duoc tinh nhu sau:

OP,, =1-Pr(SINR: > 7, )

a,P
=1-Pr — 2 7
2
hrdz T‘hptdz‘ to
=1-Pr| P, >L(P ‘hptdzZJrGZ)
(a-z_yzal)
f
Q;
2 2
o ol o
2
(21)
o 2 2 P
oo = o 1) > 22

Q

Dé c6 thé tinh dugc biéu thic xAc suat trén, ta can thuc hién tinh hai xac suat Q, va Q,
ma lan luot duge tinh nhu sau:

122



Phén tich va danh gid hiéu ndng cda NOMA-CRN s dung hoc sau
Q= Pr[ he,| >i(pT | +1)j Pr[Az < Pa j

“Ps aps
[Z)I A SCE
j ( P, (PTX+1)] thz exp[— dez de

C L T ~ exp(— =, J
— apsQ2 2 =
1= l//( ')exp(— o J Ps= 24, jexp[—{ 2,0 N 1 ]x]dx

II
/ﬁ\
Sp

L 1=0 2 (Zps/ﬁt/\2 | E,0r 1
P aps€ thd2
(22)
Q4_Pr(hrdz > AZ(pT‘hptd ‘ +1),A2 >&J
' aps
_I J' {1 F‘ z(ﬂx(pTyﬂ) } AZ(X)f‘ ‘z(y)dxdy
y=0 ,_ P el \ Pt putz
aps

y=0__ Pn th A,
aps
Sw(Ll): % = +1
RSLAl )I [ e PV ) 1ok ()
1=0 221\2 y=0,_ A pthg)rd2 A’AZ ‘hp‘“z‘
_aps
exp| —| T2Pr oy =2 PR 2"
L‘lly(L,l)T Q,aps P, Ay, JOPs ; d
- y)ay
o 24 = = 1 Mot |
2 =2Pr y o B
P lothQrd2 /1/\2

Il
LM
N
NS

[
o)
-g\./
RS
'\Es
RE
e}
|
VY
he)

o |
?)H
N—
Q

S P
N—e

2 y,
? Y+pLhQrd2 S 1
Eor P, Ay,
(23)

Vi (23) c6 dang tuong tu véi Q, nén ta co thé dé dang rut ra biéu thic cho Q, nhu sau:
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FACDLIS exp[—CD Lo ]x
2
aps

exp pthq)2+lotth2cD2 Eil — pth(D2+PthQEZq)2
aps thdz‘z‘sz aps thdzz‘sz

C 1
trong do: @, = 2+
pthQrd2 /1/\2

1=0 ﬂ“/\Zthd =201
(24)

= XAc sudt dirng tai nguroi dung ¢ gan

Phan nay tiép tuc thuc hién tinh xéc suat dung khi thiét bj chuyén tiép phét tin hi¢u dén
ngudi dung gan thir cap. Xac suat dimg nay dugc tinh nhu sau:

OP, =1-Pr(SINRE > 7,,SINRY, > 7,)

a,P, P. |h,
=1-Pr - - | >7

2 2 2 2 1
a Py [, +P ptd‘ +o PT‘hmdl‘ +o

02) 2y 2
P, |h, >—1(PT‘hptdl‘ +0'2)
&

2
, 72 (PT ‘hptdl
(az _7/2a1)

=1-Pr| P, |n

hrd

rd; 'S

—1-Pr| P,

hrd1

2 ?/ 7/ 2
>max(m’alJ(PT‘hptdl‘ -I—(TZ) (25)

=1

ma dugc rit gon nhu sau:
Qs

2 = |
>El(l3T ‘hptd1‘ +02),aP <A_thj
2

2 2 ) = |y
>H1(F’T‘hptdl‘ +o ),aP >A_2]

Qs

OP, :l—Pr(aIS ¥

— Pr(li
AZ

D¢ tim ra biéu thuc ciia OP,, , ta phai tinh céc bieu thuc xac suat Qg va Qg lan luot nhu

(26)
h

rd;

Sau:
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1 2> i(pT ‘hptdl‘z +1)J Pr[AZ < pth}
apPs aps

|
-
|

ptd;

[1]

Il
-
|
-
iR
<
—_
-
=
@D
x
=]
e}
=

- ! exp| — 1 X

L aps //i’Az Q ptd; aps Q rd,

K E.p0 1

exp| —| ——T—+—— |y dy

.([ [ { apSQrdl Q ptd, J }1
(L oo(-,% |
— Q,

:I:]__ l,//( ' )exp(_ P J:I Ps=2rd,

st )] B, 1
ptd;
6‘(psg)rdl gzptd1

y

L-1 © e
o 2 apshy, )| apsQy ) Qpy Q

ptd;

A

]dy

27)
va
2 =, 2 5 L,
Qs =Pr| |h4 >—A1(PT|hptd| +o ),A2>—_
' Ith ! aP
- Zx(p y+1)J
= 1-F | =222, (x)dxf, L (y)dy
y“—‘o>< ,L‘|: ‘h'dl‘ [ Phn :| AZ( ) ‘hptm‘ ( )
aps
T2 Ex(pry+1) |G w (L) X
= exp| —— exp| ——— [dxf ,(y)dy
yJ:-O J;’m p{ /)thglrd1 J; 2/1/\2 p ﬂ/\z ‘hptdl‘ ( )
X e
L-1 o 0 = =
= W(L'I)J J exp| — MJFL x |dxf . (y)dy
1=0 22/\2 y=0__ P Pir€ e, A’Az [
aps
L1 I exp[_ Elg yj
B - ® o
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3.3. Téng két xac suat dirng

Sw kién 2 tac dong tryc tiép dén hiéu nang cia NOMA-CRN nén ching toi tap trung xem xét
xac suat dung cho su ki¢n nay. Do d6, biu thic xac suat dimg tuong tmg cho hai nguoi dung thir
cap duoc xac dinh bai

= XA&c suit dimg toan trinh cho ngudi dung xa duoc tinh nhu sau:

OP;* =OP, +[1-0P, |OP, =1-Q,-Q, +[Q,+Q,][1-Q,-Q,]. (29)
= XA&c suit dirng toan trinh cho ngudi dung gan duoc tinh nhu sau:
OP;* =OP, +[1-0P, |OP, =1-Q,-Q, +[Q,+Q,][1-Qs - Q]. (30)

3.4. Du doan xac suit dirng bang ky thuit hoc sau

= M6 hinh dw dodn xdc sudt dirng bang DNN

Bai béo nay (ing dung KTHS DNN nhu bai toan hoi quy dé dénh gia xac suat dimg. Hinh 2
minh hoa DNN dugc tng dung véi mot [6p dau vao, nhieu Iép an va mot l6p dau ra.

Lop dau vao Lop in Lop diura

Hinh 2. M6 hinh DNN
Xét mo hinh véi gia st toa do cua ngudi ding D, 1a (30,30), toa d cua nguoi dung D,

la (80,5), toa do cuia thiét bi chuyén tiép la (25,0), toa do clia may phat so cap la (100,0), toa
d6 cta may thu so cap la (30,40), toa d6 cua tram phét thir cap l1a (0,0), hé s6 phén b6 céng
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suat & =0.2, hé s6 udc lugng S = 0.6, s6 lugng méy thu so cap L=5, va gia tri ngudng cho
phép p,, =20,30 dB dugc ding lam bién dau vao cho DNN. Cin ctr vao cac két qua trong

céc biéu thuc (29) va biéu thire (30), mét tap di liéu duoc tao v6i hon 500000 mau, trong do
80% danh cho huén luyén va 20% dung dé thir nghiém. Quan sat vé mit s6 hoc rang s6 luong
mau nay phl hop dé thu duoc cac du doan xéac suat dirng chinh xac cao trong hau hét cac
truong hop.

= Hudn luyén
Ham kich hoat don vi tuyén tinh ham mii ELU (Exponential Linear Unit) E(W) duoc st
dung cho mdi I6p an dé thuc hién viéc tao ngudng cho moi phan tir dau vao z, trong d6 bét ky
gia tri nao nho hon 0 déu duoc lam tron thanh 0, theo cong thuc sau:

=(w)= Ale"-1) ,w<0

w ,W>0
trong d6: A 12 gia tri khong ddi dugc khdi tao bang 1. So véi cac ham kich hoat Sigmoid hozc
Tanh thi ham kich hoat ELU mang lai loi ich déang ke hon, chang han nhu tinh todn don gian
va toi uu hoa dé dang hon, do dac tinh gan nhu tuyén tinh cua no, va ELU tranh duoc van dé

vé Gradient bién mat (Vanishing Gradients), nghia la khi dao ham qué nho thi :'( ) gan nhu

(31)

bang 0 trong [12] O day khong ap dung ham kich hoat & |0p dau ra vi bai toan hoi quy du
doan truc tiép cac gia tri s6 ma khong can bat ky bién ddi no nia.
Xem xét mot 16p trong md hinh duoc két nbi day du, trong d6 ham kich hoat uij cua

neural tht j trong 16p thir i dwoc két néi véi cac ham kich hoat trong I6p thir (i - 1) bang biéu
thuc sau:

Lo
u; :E[ZW}gu;Hc}J, (32)

trong d6: T, , 1as6 lugng neural trong 16p th (i - 1), Wijg 1a trong s két ndi véi neural thi g

trong 16p (i - 1) va Cij 1a hé sb bias & 16p thir i.

4. KET QUA VA THAO LUAN

Phan nay trinh bay céc két qua duoc lap trinh bang phan mém Matlab. Phuong phap
Monte-Carlo dugc ding dé tao cac két qua md phong nham xac thuc céc phan tich ly thuyét o
phan 3. Ngoai ra, phan nay ciing trinh bay két qua du doan xac suét dirng st dung KTHS. Qué
trinh huan luyén va thir nghiém caa DNN dugc thuc hién du trén TensorFlow phién ban 2.1.0
vé6i Python 3.7.9 két hop Keras 2.3.1.

Trude tién, hdly xem xét tac dong cia SNR dén xAc suat dimng cua moé hinh NOMA va so
s&nh véi moO hinh da truy cap truc giao OMA thong thuong (si dung nhiéu khe thoi gian
truyén) véi mirc cong suat phan phéi cho tin hiéu twong ung a;. Xét vé mat tai nguyén khe
thoi gian, mé hinh OMA tiéu tén tong cong bon khe thoi gian dé truyén tat ca dir liéu cua
nguoi dung D, trong khi d6 mo hinh NOMA chi can hai khe thoi gian. Do d6, dit liéu can sir
dung cho mang OMA sé& gap doi so véi mang NOMA. Bé md ta chinh xdc hon vé moi truong
truyén thuc té, nhom tac gia &p dung md hinh suy hao duong truyén trong khong gian tu do
véi kénh truyén fading Rayleigh nhu sau: Q,, = d;(5 , trong d6 d,, la khoang céach chuén
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hoa gitra ndat X va nt Y, & 1a hé sé suy hao duong truyén. Ké tiép, xem xét cac thong sé hé
théng nhu sau: khoang cach tir S — R 14 25, khoang cach tir R — D, 1a 5, khoang céch tir
‘R — D, la 30, khoang cach tr S — PR 1a 40, khoang cach tr R — PR la 50, khoang
cach tt P7 — R 1a 50, khoang cach tt P7 — D, 1a 40, khoang cach tx P7T — D, 1a 45
(céc khoang cach da duoc chuin hoa nén khong ghi don vi), sé lwong ngudi diing mang so cap
L 145, cong suat han muc |, 1a 30 dBm, cong suat ciia may phat so cap P 1a 10 dBm. Céac
tham sb quan trong chinh: & =0,2,a, =0,8, #=0,8,R, =1 bit/s/Hz, bang thong sir dung la
1 MHz, mét d6 nhiéu tai may thu 13 -90 dBm/Hz, tan sé séng mang sir dung la 2,4 GHz, cong
suat phat cua thiét bi chuyén tiép 1a P, = 0,8F;, R, =0,5 bit/s/Hz.

100 1
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|

|

|

|

1 |

» |

!O:D 10 :
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= I
- |
§ © Mbphéng D,: NOMA | |
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Hinh 3. X4c suét dung cua cac ngudi dung NOMA so véi OMA véi SNR O

Hinh 3 cho thay két qua mé phong va Iy thuyét trong mé hinh NOMA cho hai ngudi ding
D, va D, la hoan toan triing khép. Ngoai ra, ta cling c6 nhan xét I hiéu nang ciia nguoi dung
D, st dyng m6 hinh NOMA vuot troi so véi mo hinh OMA (d9 lgi 12 5 dB tai 10™), trong khi
d6 hiéu nang ctia nguoi dung D, c6 giam nhung khong déng ké véi ving SNR thap va trung
binh (khoang 1 dB). Mic du tai ving SNR cao cia D, c6 gia tri xac suat ding véi mo hinh
OMA nho hon so v6i mo hinh NOMA nhung xét trén phuong dién thyc té thi diéu nay khang
phu hgp cho mang voé tuyén nhan thac. Boi vi hé thong OMA tiéu ton qua nhiéu tai nguyén dé
truyén tin hiéu cho nguoi ding D, dudi mot mac nhidu nén ¢b dinh o”.

Xeét vé tong thé, NOMA van mang lai hiéu ning tot hon rat nhiéu so voi OMA vé mat tai

nguyén thoi gian va ca hiéu ndng. Ngoai ra, Hinh 3 cling cho thay & ca hai m6 hinh NOMA va
OMA @déu c6 cung do lgi phén tap giong nhau tai vung SNR cao va cung bang 0.
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Hinh 5. Xéc suit ding ciia cac nguoi dung D) va D, khi tée do dir ligu cua hai ngusi twong tng
thay doi R, va R, .

Hinh 4 trinh bay xac suét dirng caa ngubi dung thir cap D, va D, khi hé s6 phan b

cong suat a; thay dbi. Quan sét cho thay rang X&c xuét dirng cia nguoi dung thir cap giam khi
a tang tir 0 dén 0,4 va sau do ting trg lai. Biéu nay ching to ¢6 ton tai mot diém phéan bé cong

Suét t6i uu cho ca ngudi dung D, va ngusi dung D, .

Hinh 5 trinh bay xac suat dirng caa ngudi dung thi cap D, va D, khi tée do dir lieu R,
vaR, thay doi. Tir d6 rdt ra nhan xét la xac xuat ding cia cac ngudi dung tha cap giam khi
R, va R, giam dan vé giatri 0. Ly do chinh din dén xAc suat dirng giam nhu vay 1a do ngudng
dirng cua hé thong rat bé so véi SINR nhan duoc cho giai ma céc tin hidu x; va x» tai cac may
thu (R, D, va D,).
Két qua du dodn xdc sudt dimg bang DNN

Qua trinh huan luyén va thir nghiém st dung DNN dé du doan xéc suat dimg duoc thuc
hién du trén TensorFlow phién ban 2.1.0 vai Python 3.7.9 két hop Keras 2.3.1. Cong cu hd tro
t6i uu héa do chinh xdc Adam optimize va dugc thyc thi véi 70 epochs va 4 16p an trén Nvidia
GeForce RTX-2070 super GPU va may tinh AMD Ryzen Threadripper 3970X 32-core
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processor. Xét mo hinh véi gia st toa do caa thiét bi chuyén tiép 1a (25,0), toa d6 ciia may phét
so cap 1a (100,0), toa d6 ctia may thu so cip 1a (30,40), toa d6 cua ngusi dung D, 1a (30,30),
toa do ctia ngudi dung D, 1a (80,5), toa do ciia tram phat thir cap dugc 1a (0,0), hé s6 phan bo
cong suat & = 0,2, hé sé udc lugng B =0,6, 56 lugng may thu so cap L = 5, va gié tri ngudng
cho phép p,, =20, 30 dB. Hinh 6 trinh bay két qua du doan xac suat ding sir dung DNN so Véi

ly thuyét (bicu thirc dang twong minh) va md phong Monte-Carlo. Nhu quan sat duoc trong hinh
V&, gia tri du don gan nhu chinh xéc hoan toan so véi cac gia tri xac suat dung ly thuyet va mo
phong. Vi vay, hoc sau c6 thé dugc dung dé du doan xac suat dirng véi dap tng thoi gian thuc.

10"®

pin = 20 dB

© Mo phong D, N
10°F| O Méphéng D, \\(3}

Xic suat dimg

* Dy doan D,
*  Dydoan D,
el Ly thuyet D, -o—4
10 Ly thuyét D, N
< oo = 30 dB
107 1 1 . .
10 20 30 40 50 60
SNR (dB)

Hinh 6. Dy do4n xac suét dimg cho cac ngusi ding D, va D, bang DNN.

5. KET LUAN

Hé théng thong tin tich hop cdng nghé vo tuyén nhan thic véi ki thuat NOMA ma tao
ra NOMA-CRN di duoc d& xuét trong bai b4o nay. Xac suit dirng cia NOMA-CRN da duoc
biéu dién dudi dang tuong minh chinh xéc, tir d6 thuan loi cho viéc danh gia hiéu niang mot
cach nhanh chong. M6 phong Monte-Carlo va ki thuat hoc sau da dugc dung dé xac thuc do
chinh xac cua biéu thirc xac suat dirng. Hiéu qua cua viéc tich hop ki thuat NOMA va cong
nghé vo tuyén nhan thirc da dwoc minh hoa chi tiét. Hon thé nira, mang tht cap hoat dong tot
dudi tac dong cua ngudi ding so cap ciing duoc thé hién qua nhiéu két qua. Ngoai ra, bai bao
nay ciing da phan tich tac dong cua nhitng tham s Ién hiéu ning cia NOMA-CRN va cac két
qua dan dén nhan xét 1 hiéu niang caa NOMA-CRN c¢6 thé duoc téi wu khi chon hop Iy hé s6
phan b cdng suat cho nguoi ding.
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ABSTRACT

ANALYZE AND EVALUATE THE PERFORMANCE OF NOMA-CRN
USING DEEP LEARNING
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2MobiFone Corporation

®Industrial University of Ho Chi Minh City (IUH)
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The performance of Non-Orthogonal Multiple Access Cognitive Radio Network
(NOMA-CRN) for two users is analyzed and evaluated using deep learning in this paper. To
this end, we firstly recommend an exact closed-form outage probability formula for NOMA-
CRN. Next, we conduct Monte-Carlo simulations to corroborate the recommended formula.
Moreover, deep learning is applied to evaluate the exactness of the estimated outage
probability as compared to theory and simulation. Finally, we provide multiple results to
demonstrate the influence of crucial specifications on the performance of NOMA-CRN.

Keywords: Deep learning, cognitive radio, NOMA, outage probability.
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