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Tém tit

Trong bai bdo nay ching téi muon dwa ra gidi phdp truyén thong 16t nhdt cho mang di dong
5G, dé la su két hop phuwong thirc da truy nhdp phi truc giao voi truyen thong thlet bi dén thlet bi
dwa trén phdn tich vé xdc sudt dung hoat dong cua h¢ thong. Dé cé duwoc hiéu sudt dirng tot nhat
chiing t6i dwa ra mé hinh truyén théng két hop lra chon nhiéu relay va dwa ra thudt toan lya
chon relay hai glaz doan gia dinh woc tinh kénh truyén la hoan hdo dé tinh todn xdc sudt dirng
cua thlet bi va cdc yéu 16 tac dong dén hiéu sudt cia hé thong sau dé so sanh véi phwong thirc
truyén thong trude ddy dé thay dwoc hiéu qud ciia gidi phdp nay.
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Abstract

In this paper, we present the best communication solution for 5G mobile network by
combining non-orthogonal multiple access method with device-to-device communication based
on a probability analysis of the system pause. For the best pause function, we propose a
communication model of a multiple relay selection and a two-stage relay selection algorithm with
the perfectly assumed channel for calculating the probability of the device pause and the factors
affecting the system function in comparison to the previous communication method to show the
effectiveness of this solution.
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1. Pit van dé

Trong thoi gian gan day, da truy nhap phi
tryc giao va truyén thong thiét bi dén thiét bi 1a
mdt trong nhimng k¥ thudt quan trong trong
mang twong lai thu hat rat nhiéu sy quan tim
va 1a Gmg ctr vién hang dau cho mang di dong
5G. Mang di dong 5G véi cac tiéu chi khic
nghiét ITU-R WP5D (2017) doi hoi phal ap
dung cac cong nghé hién dai dé giai quyét van
dé tic nghén mang ciing nhu giam tai luu
luong cho mang di dong va tdng cuong hi¢u
qua pho dé dap tng dugc sé luong két ndi ting
vot cua cac thiét bi vao mang. Véi yéu cau do
chung t6i di dua ra giai phap 1a két hop da truy
nhap phi tryc giao NOMA (Non-Orthogonal
Multiple Access) voi truyén thong D2D
(Device To Device) dé giai quyét van dé trén
ctia mang di dong 5G.

Mot trong nhitng uu diém cia NOMA 1a
cho phép nhiéu thiét bi trong mang truy cip
cung tai nguyén bang thong vi viy NOMA
phuc vu cho s6 lugng ngudi ding cuc 16n nhd
su phan bo tai nguyén phi truc giao (Xu & cs.,
2016). Véi nhitng nghién ctru gan day dé cai
thién hiéu suit cta hé thong, Kim & cs. (2016)
da nghién ciu ky thuat NOMA két hop véi
mang da anten tuy nhién chi phi cho viéc st
dung da anten 14 rat cao nén Do (2016) da dé
xuit so d6 moi d6 1a mang C-NOMA dé t6i uu
tham s6 phan chia cong suat phat.

Zou & cs. (2019) c6 nghién ctru vé cai
thién cong sudt truyén trong cac mang chuyén
tiép. Trong thyc té hé théng LTE (Long Term
Evolution) hodc cac hé thong hién dai khac thi
khong thé nao thiéu cac k¥ thuat hién dai nhu
Ky thuat Iya chon thiét bi, k¥ thuat lya chon
relay, ky thuat chon so dd... Vi vay Duong
(2016) da thuc hién nghién ctru vé ky thuét
chon relay dwa trén NOMA két qua chimng
minh rang su két hop relay va NOMA rét hitu
ich n6 cai thién dang ké hiéu nang cua h¢
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thng, va Nguyen & cs. (2016) da dwa ra duoc
phuong trinh tinh x4c suat ding hé théng va dé
xuét bo chuyén tiép giai mi trong so do hai
giai doan. Luan & Do (2017) da dua ra md
hinh lira chon relay trong hé théng NOMA dwa
trén twong quan kénh Fading va phan tich xéc
xuét dirng cta hé thdng dwa trén hai giai doan.

Céc két qua cua nghién ctru trén cho thiy
phan tich x4c suit ding ciia hé thdng cé thé
danh gia dwoc mot phan anh huong cua ky
thuat chon relay lén hi¢u suét cua hé théng. So
dd déu ndi thiét bi dén thiét bi D2D dugc coi l1a
mot k¥ thuat hién dai dé giam tai dir lidu di
dong cho cac mang khong day.

Tan dung loi thé cia D2D va NOMA.
Trong bai bao nay chung t6i cung cap mot so
d6 D2D-NOMA & ché do cu thé 1a tin hiéu
truyén tir thiét bj phat dén cac thiét bi thu
thong qua tram gbc véi lya chon chuyén tiép
va anh huong cua cac kénh Fading Rayleigh
xéc dinh, voi muyc dich chinh 13 giai quyét van
dé tang hiéu qua phd, dua ra dugc biéu thirc
tinh chinh x4c cho xac suit ngimg hoat dong
va cac biéu thirc nay dugc kiém tra théng qua
md phong dé chung thyc tinh chinh xac cua
phan tich trong NOMA. Véi so d6 nay chung
t6i da khic phuc dugc han ché cia Kim & cs.
(2016) vi khi str dung so d6 da anten thi chi phi
cho hé théng 1a rat 16n va s& rat phuc tap dé
tach tin hiéu ¢ dau thu. Uu diém cua so do
trong bai bao nay 1a c¢6 thé tinh toan lya chon
dugc kénh truyén t6t nhat.

2. N¢i dung nghién ctru

Céc két qua cua nghién ctru trén cho thiy
phan tich xac suat dimg cua hé théng co thé
danh gia duogc chét luong cia mang. Vi vay
trong bai bdo nay ching t61 dua ra thuat toan
dé tinh xac sudt dimg ciia mo hinh dua ra la
D2D-NOMA v6i md hinh nay dugc xem la
mot ky thuat hién dai dé giam tai dir li¢u di
dong cho cac mang khong day.
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2.1. M hinh hé théng

Hinh 1. M6 hinh h¢ thong NOMA

M hinh h¢ théng NOMA bao gom mot
thiet bi di dong (U, ), hai thiét bi di dong khac
& xa (U, U,) va N thiét bi di dong déng vai
trd nhu 13 cac nit chuyén tiép AF (R,,R,,...,R,
v6i N >1). C6 nghia 1a U, mudn giri dir lidu
clia n6 dén U, va U, s& duogc giri thong qua
mot trong N bo relay. Trong so dd nay nod bao
gom hai giai doan lién tiép. Viéc lL,rav chon thiét
bi relay s€ duya vao mot so tiéu chi dé 11,12,1 chon.
Trong bai bao nay tac gia chon hai thiét bi di
dong dé tinh toan d6 la U, va U, thong qua
cac b relay bo qua kénh truyén truc tiép va
dqa ra anh hudng cua kénh pha dinh va nhiéu
trang gitra U, va Ry la h,; ~ CN(0,4, ) va
Mg, ~ CN(O,N;), twong ung anh hudng cua
pha dinh va nhiéu tring giita R, va U,, i=12
la ggy, ~ CN(0, 4 ,) va Mg, ~ CN(O, Ny).
U, va U, két hop véi nhau duya vao NOMA.

Trong truong hop phat hién x, —tai U,.
Ban dau n6 c6 thé phat hién tin hiéu ciia X, Vva

sau do ap dung SIC (Successive Interference
Cancellation) d¢ phat hi¢n tin hi¢u con lai. Vi

vdy xac sudt dimg hoat dong dé thu thap tin
hi¢u lién quan dén U, va U, c6 thé dugc tinh
nhu sau:
XSD = ﬂRN,uz,xUDZ <ﬂth’ﬂRN*Ul,xUm <ﬂth’ﬂRNU2_xUmioz < ﬂth}
= XSD, x XSD,. (1)
Trong d6 £, 5, 14 SNR tai bd chuyén tiép N.

2.2. Tinh toan x4c xuit dirng trong md
hinh hai giai doan

Trong giai doan thir nhat, U, s& gui dit
liéu cua n6 dén nit chuyén tiép duoc thuc hién
theo cong thirc sau:

Xy, = «fAlpuo Xy, T A, F)uO XUy, - (2)

Trong d6 A, va A, 1a cic hé s6 phan b
cong suit.

Xy, va X, ladixligu cho U, va U,.
R, 12 cong sut phat cia U,
Dya vao NOMA ta gid dinh A >A, v6i

A, +A, =1. Tin hi¢u nhan duoc tai R, la:
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Yry = hJcRN XU0 +M Ry
= hboRN ( /AlPUO Xy, + AZPU0 X, )+ Mg . 3

Gia dinh cong suat truyén cua U, va cua

cic bd chuyén tiép 1a nhu nhau,
R, =P, =..=FK, =R, =P. Tin hi¢u trén nhiéu

. P ...z x A
trung binh SNR g, = véi bién ngau nhién
0
\ 2 . 2, ,
2 Hy =g, [, | V8 Qu=p,|0sy[ cla tin
hiéu trén nhidu dai dién cho U, >R, va
Ry = U,.

Trong giai doan thir hai tin hiéu nhiéu va
ti 16 nhiéu tai R, cua duong lién két chon Xy,
duoc tinh nhu sau:

— AfI.H N
AH + 1

(4)

ﬂUORN XUy

Tuong tu SINR tai R, cua dudng lién két
Xy, c6 thé dugce tinh bang c4ch triét nhiéu lién
tiép va dugc tinh nhu sau:

ﬂuORN,xUO2 =A,Hy. ®)

Sau khi nhén dugc tin hiéu tor U, bo
chuyén tiép s& truyén Xz, =Gy Yr, dén U, va
U,. trong khe thoi gian thr hai d§ lgi cuia bo
chuyén tiép duoc tinh theo cong thirc sau:

P
Gy = (6)

2
N, | +No

Tin hi€u nhén dugc tai U, va U, dugc

R,

chuyén tiép boi R, nhu sau:
Tai U, :

YRNU1 = gRNu1 XRN +M RyY;

= GgRNuthORN «fA1PUO XU01 + GgRNuthORN Azpuo Xu02
+Gg o, Mg, + Mg - )
Tai U, :
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Yrwu, = Oru, %R, T MRNUZ

= GgRNU2 hdoRN \’Alpuo XU01 + GgRNuz hJDRN AZPUO XUoz
+GgRNUZMRN + MRNUZ' )

Tuong tu nhu khe thoi gian dau tién SINR
tai U, cua duong R, —U, duoc tinh nhu sau:

— AlHNcglN . (9)
AHQ +Hy+Q+ 1

ﬂRNUl,xU01

Con tin hiéu trén duong R, —>U,, SINR
tirc thoi tai U, dé loai bo X, , SINR tai U, dé
lay duoc dir liéu ciia minh dugc thuc hién theo
cong thtrc sau:

B _ AHQyy
Rt AH Qyy +Hy +Qy + i

ﬁ — A2HNQ2N .
WrNe  H 4+ Q, + 1

(10)

Yéu cau phai dam bao céac chat luong dich
vu vi vay phdi xem xét dén xdc suat dirng hoat
dong. Do vay céc thiét bi trong hé thong sé
dugc cung cap cac ngudong SNR riéng
By, 1=12. Ticp theo s& tinh todn xac suat
dirng hoat dong ctia hai thiét bi duoc ghép ndi
U, va U, D¢ don gian chung ta co thé gia
dinh rang tat ca cac ngudng SINR cia U, va
U, lanhu nhau £, = £, = /[

- Xéc suét dung hoat dong tai U, dé tach
tin higu X,

Trudc tién ta co thé xac dinh xac suit
duing hoat dong tai nut relay dé chon R .lién
quan dén tin hidu Xu,, Va X, -

Trong so d6 NOMA xac suat dimg hoat
dong xay ra néu qua trinh chuyén tiép khong

thanh cong, do d6 xéac suat ding hoat dong co
thé duoc biéu thi bang cong thirc sau:

XSD, = Pr(ﬁRNUM < ﬁth)zFﬁRNUWm (B,). (11)

Trong do:
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AHQ,

F Pr
”RNU«’Um([))‘“) AHQ +H.+Q, +1 <P

Pr(Hy Qe (A -88)- )< Qo+ ). €2

Tir cong thirc (12), ta co thé thay 1a néu
Qu. (A —A,B,)- B, <0 thi xac suit dimg hoat

dong luén xay ra, trong khi néu
< B _ 7
Qu, (A =4,8,)~ B, >0 hodc Q. > A~ B, =P

thi xac suit ding hoat dong c6 thé co ciing co
thé khong. Vi vay n6 co6 thé dugc tinh nhu sau:

F/J’RNui,xUm (ﬂth )

=Fo.. (ﬁm} [F.
s

th

[ 2By + By
v Z(AI_AZﬂth)_ﬂth

]f% (2)dz

~ z+1
=F [’8‘“) j F, fo . (z)dz
ﬂth

1
B
~ p z +1
=Fy . (ﬂmj j F ‘“—) fo . (2)dz. (13)
ﬁth Z- ﬂth
Trong d6 f, biéu thi ham mat do xéc suit

(PDF) cua kénh X, f, (x) :ie%

Ta duoc:
FﬁRNul.xUm (ﬂlh)

= FQIN, (/}m)* T{li[:j(l)nlxe)(p[d[ﬁj(;l)ﬂ leN* (2)dz

P
o L(Hl) exp LI
jUDRN* 7- ,Z;th /?’RN.Ul

e L

=1—ZN:[N](—1)“/{1x fexp

R
N By

nﬂth+ /Bth :Bth

oR * /IRN*U1

Trong d6 6 =

Sau cung ta c6 xac suat dimg hoat dong
tai U, dé tach tin hi¢u Xy,, €O thé dugc mo ta
nhu sau:

XSD, =1~ Z[ ] xex{ B,

ﬂL ! ﬂzﬁm(zﬁ). (15)

0RN. U
- X4c suat dimg tai U, dé tach tin hiéu x,_.

T U, trude tién s€ yéu cAu nhan va loai
bo tin hiéu cia U,, xéac suat dung hoat dong tai
U, s& xay ra néu xac suat dimg & giai doan thir
nhat va giai doan thir hai x4y ra. Nén xac suat
dung tai U, dugc tinh nhu sau:

XSD, = Pr(/}RNuz‘xUm?02 < ﬁm)Pr(ﬂRN*uz‘x{,m < ﬂth) (16)

Iy 1,

Tir x4c suat dimg cua U, dé phat hién tin
hiéu x, , 6 thé tinh x4c suat dimg cua U, dé

phat hién tin hi¢u X, nhu sau:

l,= F’I‘(ﬂRNUZ‘,UOH)2 < ﬂth)

3 { 2 ﬂf 5}

n?th-'_ :%th Ibth ,

Ry A’RN*UZ

Trong d6 ¢ =

|2 = F'BRN*UZvXuoz (ﬂth)

AH Q.
=Pr =2 NN gl (18
(ﬂﬁRN*UQ,XUOZ H . +Q +1 ﬂthJ ( )

N 2N"

FﬂRN«UQ e (ﬁth )
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B

4 . A—(z+1)
=F, |22+ |F | 2——|xf, (z)dz
LA G
AZ
ff
2
o % 4
+J 1—Z[nj(—1)“exp ——] 7 xfo (z)dz
B n=1 R Z—ith
A, A,
b
i[N] 1 *j’ n X:(Hl) z
=1- (=)™ ——x | exp| -= exp| -——— [0z
1\ N j'RN,UZ Bn AUORM Z—& ﬂ’RN.uZ
A A,
LINY il 1
=1- - xexp| - — 4= 28N (24, ). (19
;{nj() p Az[ﬂuom @N,uz] ).
n’it“(ui‘h
Trong d6 ¢, =—2~——2
’ ﬂUORN R U,
XSD, =1, x1,. (20)

- Phuong phép lya chon nat chuyén tiép

Dé lya chon nut chuyén tiép téi wu trong
mé hinh trén ta dya vao tham s6 A, va H,
v6i phuong phap chon ti vu theo mdi quan hé
nhu sau:

N =argmax 3, va H.= ma)§ H,.
n=12...,N

(21)

2.3. Két qua mé phéong

Dé tinh xac suét dung hoat dong va ti wu
trong viéc lua chon bd relay trong truyén thong
D2D dugc xac dinh thong qua mot sb mod
phong. Céc gié tri cu thé cta cac tham s6 duoc
dua ra dé cho ra cac két qua twong tng tir d6
¢6 su so sanh phu hop. Trong bai bao nay tat
ca cac két qua mo phong duogc thuc hién bing
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cach 1ay trung binh qua cac thir nghiém ngiu
nhién trong khoang 10°. Dic biét trong bai bao
nay cac két qua cua chung t6i dugc dung dé
danh gia hiéu suit dimg hoat dong cua hai thiét
bi ¢ xa trong so d0 NOMA véi cac két qua thu
duoc dya trén mé phong Monte Carlo.

Outage Probability

10°F [ @ ﬁiﬁf\'iﬂuﬂ
XSD1.N=1.ana O
0 XSD1N=4sim ‘
XSD1N=4ana ]
XSD1N=8sim
XSD1.N=8.ana
O XSDIN=15sim
XSD1.N=15.ana

0 5 10 15 20 25 30
SNR p,, (dB)

Hinh 2. Xéc sudt dimg tai U,, A, . =1,
Bry, =10, =1 A, =08

Trong Hinh 2 hién thi két qua xac suét
dimg theo SNR p,, khi thay doi s6 luong bd
relay gitp chuyén tiép tin hiéu dé giao tiép
giita thiét bi gan va thiét bi xa. O day chlng ta
phan bd cong suit cho cac thiét bi & xa trong
so @6 NOMA & Hinh 1 va két qua cho thiy so
d6 dugc dé xuat v6i nhidu nat chuyén tiép sé
vuot troi so v6i so dd chi su dung mot nut
relay. Tuy nhién khi s6 relay tir bon trd 1én thi
khong khac biét nhiéu, diéu nay cho ching ta
thiy rang sd luong relay nén dugc st dung
nhiéu hon mét nhung khoéng quéa bén. Khoang
cach hiéu suét s& 16n khi SNR 16n. Trong Hinh
2 ¢on cho ta thiy ring D2D NOMA c¢6 thé ting
cudng dang ké hiéu suit dimg hoat dong &
thiét bi dau tién véi SNR cao. Quan trong hon
la cac duong cong phan tich hoan toan phu hop
vé6i két qua mo phong Monte-Carlo.
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S
N

Outage Probability

<
&

XSD2N=1sim. |
XSDN=1ana. |
¥

04} [ o xsoex '
XSD2N 3
XSD2.N
XSD2N
108 n L " n "
0 5 10 15 20 25 30

SNR p,, (dB)
Hinh 3. Xac suét dimg tai U, A, , =1,
/BRNU2 =1 Sy =1, A, =08

Trong Hinh 3 xéc suat ding dé phat hién
tin hiéu ctia U, va khoang cach hiéu suat duoc
tang cuong O s6 lugng relay 16n cao hon trong
tat ca cac gla tri cia SNR & mot relay, didu nay
¢6 nghia 1a néu chiing ta str dung nhiéu relay sé
mang lai nhiéu loi ich, gitp cai thién do tin cay
trong mang NOMA. S luong nut chuyén tiép
trong mang s& c6 anh huong manh dén xéic
suat ding hoat dong & tit ca cac gia tri cua
SNR. Véi sb lugng nut chuyén tiép duoc chon
tai SNR cu thé cua thiét bi nguén, X4c sudt
dung hoat dong tai U, va U, la nhu nhau va
chi khac nhau tai SNR cao.

1004

A =0204,06

Outage Probability

——— Scheme I - NOMA - Ana
@ Scheme - NOMA - Sim

0 5 10 15 20 25 30 35 40
Py

Hinh 4. Xac suét dirng trong mé hinh NOMA
hai giai doan [2]

Hinh 4 m ta xac suat dimg trong mo hinh
NOMA hai giai doan véi cac gia tri A khac nhau
ta thdy A cang l6n thi x4c suat dimg cang lon.

1004
> 10"
=
[
Q
[
a
0]
=}
£ - )
2 OMA \R
.Y
© 102 | | —A— Previous case «D:Q o
= = =Case1 Simulation \D\
P> caset Analysis <
= = - Case2 Simulation
O Case2 Analysis
Case3 Simulation
Case3 Analysis

10°?
5 10 15 20 25 30 35

SNR [dB]

Hinh 5. X4c suit dirng trong ba mé hinh truyén
SNR (Ju & cs., 2019)

Hinh 5 13 két qua mo phong trong mé hinh
ba trang thai ciia nhom tac gia Ju & cs. (2019)
thé hién hiéu suét dung hoat dong dugc cai
thién hon so v6i mo hinh OMA va cho thiy
dugc sy twong quan ciia kénh truyén khi ting
do lgi kénh va ngudng giam trong ba truong
hop ta thay truong hop ba 14 té nhat. Tuy nhién
so v6i hé théng OMA thi ca ba truong hop déu
cai thién dang ké vé xac suat dimg.

10° T T
[ =@ D2D-NOMA K=1.
| e D2D-NOMA K=4.ana. |
| e D2D-NOMA K=8.ana
10}
Z
9 102}
Q
e
o
-
& 108}
-3
o
104
10.5, i " L A
0 5 10 15 20 25 30

SNR p, (dB)

Hinh 6. Xac suit dirng tong thé D2D-NOMA
ﬁUORN :]-vﬂRNU1 :1O’ﬂRNU2 =1, A =08

Trong Hinh 6 mé ta x4c suat dimg téng thé
cua hé thong D2D-NOMA va chung ta thay
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rang viéc diéu chinh sé lwong nut chuyén t1ep
trong hé théng D2D NOMA sé& anh huong dén
xéc sudt ding hoat dong cua ca hé théng va khi
SNR ting thi xac sudt dimg s& duoc cai thién
dang ké. Piéu nay noi 1én réng dé t6i wu hé
thong D2D-NOMA chiing ta can su dung nhiéu
bo relay dé c6 duoc kénh truyén tdi uu nhat.

So sanh voi Hinh 5 Ju & ¢s. (2019) ta thiy
x4c sudt dung tong thé cta hé thdng D2D-
NOMA trong hinh 6 dugc cai thién hon nhidu
so voi mo6 hinh cia nhom tac gia Ju va cs.
(2019). Chiing ta thy rang viéc ket hop D2D
NOMA sé& tdi uu hon rat nhiéu vé xac suat
dirng so v6i hé théng NOMA hai giai doan du
cho SNR nh6 hay SNR ting diéu nay cho thay
rang néu két hop D2D NOMA thi s& ti uu
duoc hé théng. Khi diéu chinh sb luong nut
chuyén tiép trong hé théng D2D NOMA s& anh
hudng dén xac suit dimg hoat dong cua ca hé
théng va khi SNR ting thi xac suat dimg s&
dugc cai thién dang ké.

3. Két luan

Trong bai bdo nay chung t6i dua ra so do
két hop D2D va NOMA vé6i muc tiéu chinh 1a
cai thién hiu qua phd cua hé thong va dua ra
biéu thirc tinh x4c suat ding cta tig giai doan
va cia ca hé théng tir d6 md phong va so sanh
v6i hé thong NOMA hai giai doan va da cho ra
dugc két qua 1a néu két hop D2D-NOMA s&
dat dugc hi¢u qua tdt hon. Hiéu suét cia méd
hinh dé xuét dugc danh gia bang cach xem xét
xé4c sudt ding trong cac biéu thic, hé s6 phan
b6 xac suat va xac suat dimg cta hé thong. Két
qua cua chung to61 dugc ching minh tr mo
phong. Tur biéu thirc xac suat dimg chinh xac
voi ket qua mo phong c6 thé d& dang nhan ra
rang s6 lugng bo relay s€ anh huong 16n dén
hiéu suit cua hé thong So d6 dé xuét cua
ching t6i c6 thé lam ting dang ké hiéu qua phd
ciia hé thong thong qua so d6 D2D-NOMA.
Vay dé cai thién xac suat dimg ctia hé thdng thi
so dd két hop D2D-NOMA 1a mét giai phap
hiru hiéu./.
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