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TOM TAT

Bai bdo nay nghién cvuu hiéu nang cua ky thudt da truy cdp khong truc giao (Non-
Orthogonal Multiple Access — NOMA) trong théng tin vé tuyén. Pay la ky thudt dwoc iing
dung hiéu qua trong mang 5G va hira hen sé la irng vién tiém nang dwoc sir dung trong mang
6G. Trong bai bdo nay, hiéu nang cua NOMA dwoc danh gia qua gia tri ti I¢ 16i bit (Bit Error
Rate — BER), toc d¢ dir liéu va xdc sudt dimg (Outage Probability — OP). Cdc gia tri nay thu
dioc thong qua mé phéng hé théng NOMA qua kénh truyén Rayleigh cé chiu anh huong ciia
nhiéu AWGN (Additive white Gaussian noise) ¢ cd hai truong hop SIC (Successive
Interference Cancellation) hoan hdo va SIC khéng hoan hdo. Nhin chung, cong sudt phdt
cang tang thi gia tri toc dp dir liéu sé cang cao dong thoi gid tri BER va OP sé dwoc cdi thién
dang ké Hon nita, két qua phan tich cho thdy mo hinh hé thdng NOMA cung cdp mét nén

tang 16t phuc vu viéc phat trién cdc kj thudt gop phan cdi thién chdt lwong dich vu cho cdc hé
théng truyén théng dwa trén NOMA trong twong lai.

Tir khéa: NOMA; SIC; BER; toc dé dir liéu; OP.
ABSTRACT

This paper studies the performance of Non-Orthogonal Multiple Access Technique
(NOMA), which is effectively applied in 5G and a potential candidate in 6G. The performance
of NOMA is assessed in terms of bit error rate (BER), data rate, and outage probability (OP),
which are obtained through various simulation results in Matlab considering Rayleigh fading
channels influenced by Additive White Gaussian Noise (AWGN) in both perfect Successive
Interference Cancellation (SIC) and imperfect SIC. In general, as the transmit power
increases, the data rate value increases accordingly while the BER and OP values are
significantly improved. The analytical results show that NOMA provides a good foundation
for the development of techniques that contribute to improving quality of service for future
(wireless) communication systems.

Keywords: NOMA; SIC; BER; data rate; OP.

1. GIOI THIEU

Nhu cau vé dung lugng mang, toc do va

phéap trién vong dé dat duoc hiéu suit hé
thong tot hon so voi céac ky thuat hién co.

thong lugng dir li€u cao ngay cang tang do sy
tang truéng manh mé trong luu luong di
dong. Mot trong nhiing giai phap dé dap ung
nhu cau nay 13 st dung k¥ thuat da truy cap
khong truc giao (Non-Orthogonal Multiple
Access — NOMA). bay dugc xem la giai

Doi: https://doi.org/10.54644/jte.65.2021.135

NOMA dugc phan thanh hai loai chinh
la ghep kénh mién cong suat va ghép kénh
mién mé [1]. Cu thé, ghép kénh mién ma co
tiém nang dé ting cudng hiéu qua phd nhung
ky thuat nay doi hoi bang théng truyén din
cao va kho ap dung vao cac hé théng thong
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tin hién tai. Mat khac, ghép kénh mién cong
suét c6 cach thyc thi don gian vi cac hé thong
mang hién c6 khong can phai trién khai
nhimg thay d01 dang ké. Ngoai ra, ghép kénh
mién cong suat khong yéu cau bang thong bd
sung dé cai thién hiéu qua phé tan [2]. Vi thé
NOMA mién cong suit da trd thanh mé hinh
hiéu qua va dugc nghién ctru phd bién nhét
trong s6 cac md hinh NOMA.

Do ghép kénh trong mién cong suit nén
hé théng dung ky thudit NOMA khong can
quan tdm tinh tryc giao gitta cac nguoi dung
trong VleC chla se ve tai nguyen ¢ mién thoi
gian, mién tan s6 hay mién ma. Dung lugng
hé thong NOMA duoc ting dang ké so véi
cac ky thuat cii do ky thuat nay c6 thé dé
dang duogc thuc hién cung voi cac chum tia
hep dé ghép kénh khong gian, cung cap su
két hop giita ghép kénh mién cong sudt va
ghép kénh khong gian. Ly do ma ky thuat
NOMA dép ung dugc yéu cau vé giam do tré
12 vi khi mdi ngudi dung st dung khdi tai
nguyén hoan chinh thi thong tin c6 thé truyén
ngay lap tic theo yéu cau [3]. Bén canh do,
mic du tai nguyén vo tuyén 1a co gidi han
nhung truéc day viéc cip phat tai nguyén
trong cac hé thdng sir dung k¥ thuat da truy
cap tryc giao (Orthogonal Multiple Access —
OMA) 1a riéng biét cho moi nguoi dung nén
ngudn tai nguyén dan khong dap ung du. Tuy
nhién, trong hé thong su dung ky thudt
NOMA mién cong suét, hai hodc nhiéu ngudi
ding c6 thé chia s¢ cing mot tai nguyén vo
tuyén, tin hiéu cia cac ngudi dung duoc gan
cac mirc cong suit khac nhau dé mdy phat
mi héa xép chong phuc vu cho viéc ghép
kénh va may thu gidi ma tin hi¢u ctua ting
ngudi dung bang cach sir dung k¥ thuét loai
b6 nhidu lién tiép (Successive Interference
Cancellation — SIC) [4], nho vay ma hé thong
co thé tan dung duoc tai nguyén vo tuyen ma
van dap tng dugc nhu cdu cua nhiéu ngudi
dung.

Véi muc ti€u ap dung k¥ thuat dap tng
dugc muc dich phuc vu nhiéu nguoi dung s
dung cung mdt ngudn tai nguyén, NOMA tré
thanh k¥ thuat truy cap vo tuyén dugc ung
dung trong mang 5G va la ky thuat duoc
mong doi s& gbp phan xdy dung nén sy tdi
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wu ctia mang 6G trong twong lai. Vi thé trong
nhitng ndm gan déy, ca trong 1an ngoai nudc
dd c6 nhiéu cong trinh nghién ctu dugc ra
doi dé 1am rd cac van dé quanh ky thudt
NOMA khi tng dung vao hé théng truyén
thong khong day. Trong nudc co thé ké dén
nghién ctu [5], tac gia da phan tich va danh
gi4 hiéu suit hé thong vé xac suit ding hoat
dong trong cac kénh Rayleigh fading. Trong
nghién ciru [6], tac gia da phan tich hiéu suét
NOMA khi truyén lién két xuong nhom don
vi bang tdn co s& (BBU) dén nhiéu bo phat
song tir xa (RRH) phuc vu nhiéu loai t& bao
(macro, micro, pico, femto). O ngoai nudc vi
du nhu nghién ctu [7], tac gid da x4c minh
tinh wu viét cua hé thbng MIMO-NOMA so
v6i MIMO-OMA vé cé ty 1¢ tong va su cong
bang cua cic ngudi dung trong hé théng
Trong nghién curu [8], tac gia dd cung cap
tong quan vé khai ni¢m, tiém nang va thach
thirc cia NOMA mién cong suét cho cac hé
théng 5G. Hay trong nghién ctru [9], tac gia
da chi ra sy khac biét vé trang thai kénh
ngudi dung da cai thién hiéu suat bang cach
tang cuong do loi phan tp nguoi dung trong
hé théng NOMA.

Mic du nhiéu khia canh cia NOMA da
dugc dao sau trong cac nghién clru trudce day,
tuy nhién chua cé nghién ctru tong hop vé
nhiéu théng sé hiéu ning ma hé thong dat
dugc khi d4p dung nhiing k§ thuat NOMA.
Do d6, bai bao nay téng hop lai nhiing khai
niém co ban trong NOMA, sau d6 danh gia
anh hudng cua cac thong sé quan trong 1én
hiéu ning ciia hé thong NOMA theo dang ti
1¢ 16i bit (Bit Error Rate — BER), xac suit
dimg (Outage Probability — OP) va téc do dir
liéu théng qua cac két qua mod phong thuc
hién trong Matlab.

Phan con lai cta bai bao nay duoc to
chitc nhu sau. Phan 2 trinh bay mé hinh hé
thdng va phéan tich cac biéu thirc toan hoc
lién quan t6i NOMA. Phan 3 giai thich
nguyén 1y hoat dong cua ky thuat SIC trong
hé théng NOMA. Phan 4 trinh bay cac két
qua mo6 phong va danh gid hiéu nang cua hé
thong dua vao thong sé BER, OP va toc do
dit liéu. Cubi cung, ching toi rut ra két luan
va dé xuat hudéng phat trién trong phan 5.
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2. MO HINH HE THONG

So v6i truyén truc giao truyén thdng,
muc dich ctia k¥ thuat NOMA khi st dung ky
thuat ma hoa xép chdng tai may phat 1a dé
tang hiéu qua phd va k¥ thuat SIC tai may
thu 1a dé loai bo cac tin hiéu gay nhiéu [10].
Pé dam bao chat lugng truyén thong thi
NOMA truyén khong truc giao tai cac dau
cudi, dua vao thong tin bi nhidu c6 chu y va
thyc hién giai diéu ché nham phat hién va
x6a nhiéu da nguoi ding.

Qua trinh truyén thong tin ctia hé théng
NOMA dugc mo td nhu sau. Tai may phat
ciia mang NOMA duong xudng, cac tin hiéu
mong mudn cia nhiéu ngudi ding véi cac hé
s6 cong suat duoc phan b khic nhau s&
duoc ma hoa Xép chéng trudc khi duoc
truyén di cho tat ca nguoi dung di dong. Tai
may thu ctia mdi nguoi dung, qua trinh SIC
dugc gia dinh thyc hién lién tiép cho dén khi
tin hi¢u cua nguoi dung dugce khoi phuc. Hé
s6 phan bd coéng suit ciia ngudi dung duge
phan bo ty 18 nghich v6i diéu kién kénh cua
ho [11]. Do @6, nguoi dung c6 cong suit
truyén cao hon s& xem tin hiéu ciia ngudi
dung khac 13 nhiéu nén no s& khéi phuc tin
hiéu ciia minh ngay lap tirc ma khong can
thuc hién bat ky qua trinh SIC nao, nhiing
nguoi ding khic co cong sudt truyén thap
hon thi can thuc hién cac quy trinh SIC. Dé
minh hoa cho qua trinh nay, ching t61 xet
duong xuong cua hé thong NOMA mién
cong sudt gom mot tram goc (Base station —
BS) va hai nguoi dung sao cho mot nguoi
ding gan BS va nguoi ding con lai ¢ xa voi
BS lan luot ky hiéu 1a UE-n va UE-f nhu
minh hoa trén Hinh 1.

; ~ UE-f
— z e -
Giai ma true tiép tin hiéu cia UE-f
’
h, y
’
,
BS ’ ——— Truyén truc tiép
——== Truyén hop tac

UE-n
SIC tin hiéu cia UE-f—Gidi ma truc tiép tin hiéu ctia UE-n

Hinh 1. M6 hinh dwong truyén xuong ciia hé
thong NOMA.

Trong Hinh 1, gia st rang tong cong sut
phat cua BS 1a Pr, hé thdng phai truyen dong
thoi tin hiéu x,, dén UE-n va Xf dén UE-f véi
cing mot tai nguyén vo tuyén, lac nay Py =
B, + Pf.Trong do, P, va Pr lan luot 14 cong
sudt dugc BS phan bd cho UE-n va UE-f
théa man P, < Pf dé tuan theo nguyén tic
phan bd cong suat. Luong coéng sudt ma
ngudi dung dugc phan b s& ti 16 thudn véi
khoang cach tir nguoi dung dé toi BS, nghia
la nguoi dung nao ¢ cang xa BS thi s€ dugc
phan bo cang nhicu coéng suat. Cac hé sd
phan bo coéng suit a,, va ay twong ung cho
UE-n va UE-f thoa mana, + af = 1, h¢
) nay dugc xac dinh khi ; = % vol I =
{n, f} [12]. Vi thé, tin hiéu ma héa xép
chdong tir BS dén hai nguoi dung dugc biéu
dién nhu sau [13]:

x = /Pr(Janx, + Jrxp). (1)

Tin hiéu nhan duoc & bat ky ngudi dung
i nao sau khi di qua kénh Rayleigh fading c6
su anh hudng cuia nhicu AWGN dugc biéu
dién nhu sau [13]:
yi = hix + w;. (2)

Trong d6, h; 1a hé sd kénh Rayleigh
fading & nguoi dung i va w 1a nhiéu AWGN
ciia nguoi ding (v6i w; ~ CN(0; o) tuan
theo phan phoi Gaussian cd gia tri trung binh
bang 0 va phuong sai 13 ¢?).

Do UE-n ¢ gﬁn tram BS nén s& co it
nhiéu va dugc phan bo cong suat thap hon so
vo1 UE-f. Vi thé, UE-n xem tin hiéu cua UE-
f 1a nhi€u can loai bo bang k¥ thuét SIC. Qua
trinh giai md ¢ hai nguoi dung dugc trinh
bay ti€p theo.

2.1. Gidi ma NOMA ¢ UE-f:

~ Thay (1) vao (2) v6i i = f dé thu duoc
biéu thirc (3) thé hién tin hi€u nhan duogc &
UE-f sau khi truy€n qua kénh hy:

vr = heVP(Janxy + Jarxs) + wy 3)

trong do hf\/ﬁ,/afxf 1a thanh phin mong
mudn nhén duoc do nd duoc gial ma truc
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tiép tur Xf, hf\/ﬁ a, X, 12 nhiéu va cé cong
suat thap.

Ty s6 tin hiéu trén can nhiéu va tap am
(SINR) tai UE-f duogc bi€u dién nhu sau:

9grPray
grPra, + of?

Ve = 4

trong d6 gr 1a do loi kénh cua UE-f va dugc
xéc dinh boi g = |hy|”.
Tir biéu thirc (4), tbe do dit lidu co thé

dat dugc tai UE-f duge biéu didn nhu sau
[13]:

Ry = log,(1 + yy)
(5)

9grPray >

=1 1
ogz( + grPray, + of?

2.2. Giai ma NOMA ¢ UE-n:

Twong ty nhu dbi voi UE-f, thay (1) vao
(2) voi i = n dé thu dugc bicu thuc (6) thé
hién tin hiéu nhan duwgc & UE-n sau khi
truyeén qua kénh h,,:

Vo = hn,/PT( ApXy + 1locfxf) + wy, (6)
trong d6 h,VP\/a,x, 1a thanh phin mong
mubén nhan dugc va c6 cong sudt thap,
hoVP.[a;x; 1a nhiu.

Thong s6 SINR tai UE-n dé giai ma tin
hi¢u cua UE-f trudc khi SIC dugc biéu dieén
nhu sau:

_ gnP T af
gnP T®n + an

Yin (7)

trong d6 g, 1a d6 lgi kénh cua UE-n va dugc
xac dinh boi g, = |h,|?.

Tir biéu thirc (7), toe do dit lidu c6 thé
da:[ duoc tai UE-n trude khi SIC duogc biéu
dién nhu sau [13]:

Ry = logz(l + yfn)
= log, (1 4 —InPror )

InPran + 0%/’

(8)

Trude khi giai ma tin hi¢u cua chinh
minh thi UE-n phai thyc hién SIC dé loai bo
tin hiéu cua UE-f, doi v&i UE-n thi tin hi€u
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ciia UE-f duoc xem 1a nhifu lién tiép can
duoc loai bd. Sau khi loai bo tin hi€éu cua
UE-f bang SIC, thong s6 SINR ¢ UE-n dé
giai ma tin hi¢u cua chinh né dugc biéu dién
nhu sau:

InPray
errgnPras + 0,2

Vn = ©)
trong d6 err 1a 1a hé s6 lan truyén 15i va co
gi4 tri trong khodang 0 <err < 1. Day la
phan tin hiéu ctia UE-f con sét lai & UE-n do
161 SIC.

Tir biéu thirc (9), toc do dir liéu co the
dat duogc tai UE-n sau khi SIC duoc bicu dién
nhu sau [13]:

R, = logz(l + yn)

gnPTan (10)
errgyPray + 0,2

= log, <1 +

Trong truong hop SIC hoan hdo thi
thanh phan err trong biéu thirc (7) va (10) s&
bang khong. Khi dé, biéu thirc (9) va (10) lan
luot biéu dién théng sé SINR ¢ UE-n dé giai
ma tin hiéu cta chinh no va téc do dit lidu cd
thé dat dugc tai UE-n sau khi SIC lan luot
duoc biéu dién lai nhu sau:

gnPTan
v, = 11
n Unz ( )
Ry = loga(1+ yp)
gnPTan> (12)
= 1
logz( + -2

Truong hop xau nhét xay ra khi err = 1,
diéu nay nghia 1a UE-n hoan toan khong thé
thuc hién SIC dé loai bé tin hiéu cia UE-f
nén UE-n xem c4 tin hi¢u thong tin can nhan
dugc cta chinh UE-n 1a nhiéu.

Pé xac dinh duoc thong s6 OP ching t6i
dat ngudng SINR ctia UE-f va UE-n lan luot
la yr va y,. Xac suit dimg hoat dong cua
UE-f va UE-n sau khi di qua kénh Rayleigh
fading 1an luot duoc biéu dién nhu sau [14]:

OP, = P{an< V_f”Vn< Yn)- (14)
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Xét hé thdéng trén kénh truyén Rayleigh
fading, ta c6 ham CDF ctia moi ngudi dung la:

Fy(x) =1 — e /%, (15)

q TfI~(13) va (15), ta c6 OP tai UE-f dugc
biéu dién nhu sau:

0P = P{yy < 77}

Pra
o)
ngTan + of

— 2
V£ Of }

=P < —
{gf Pray — yrPray

=Fy(T)=1-¢ """,

(17)

~ Tu (14) va (15), ta c6 OP tai UE-n duge
biéu dién nhu sau:

Opn=P{an< V_f”Vn< ﬁl}
_P{( grPray
gnPTan + an

<7¥r
gnPTan <7
errgnPray + 0,2 n

Vfo-n )
=Pilgn < —
{< " " Pray — yrPray,

< Ynon®
9n Pran — VnerrPrays))

bat. T, =
V_fdnz YnOn
PTaf - V_fPTan ! Pran —

(18)

2

max( —
YnerrPray

Suy ra:
0P, = P{g, <T,}
=F, (T,) =1—e %o,

3. KY THUAT LOAI BO NHIEU LIEN

TIEP (SIC)

C6 nhiéu ky thuat co6 thé giam nhiéu
trong mang khong day nhu cin chinh nhiéu
va tién ma hoéa Costa [15], nhung cac k¥
thuat nay thuong phu thudc nhiéu vao thong
tin trang thai kénh tai cdc may phat, do do
chung it c6 kha ning duoc trién khai vao cac
hé théng khong day thuc té trong tuong lai

(19)

gan. Trong khi d6, SIC 1a ky thuat dugc su
dung ¢ may thu trong truyén dir liéu Kkhong
day dé giai ma nhiéu géi dir liéu truyén dén
dong thot. Trong mot hé thong thong thuong,
nhiéu goi dén cung mot luc s& giy ra xung
dot, tuy nhién nho SIC ma may thu giai ma
tin hiéu t6t hon va tranh duge xung dot gitra
cac tin hiéu nhan duge. Y tudng cua SIC 1a
gial ma cac nguoi dung khac nhau mét cach
tudn tu, tirc 14 sy can thiép cia nhitng ngudi
dung dugc gidi ma s€ duogc loai trur trude khi
giai ma nhiing nguoi dung khac [15].

K¥ thuat SIC dugc phan thanh hai loai la
SIC hoan hao va SIC khoéng hoan hao [15].
Trong qué trinh thuc hién SIC, diéu quan
trong 1a phai xac dinh duoc thu ty gidi ma,
true tién nguoi ding gan BS hon s& udc
tinh dir liéu nhan dugc tai nguoi dung xa BS
hon. Néu udc tinh xay ra sai sot, thi 16i nay
s€ phan anh trong viéc gidi ma thong tin cia
chinh nguoi dung gan [16]. Néi cach khac,
ngudi dung gan phai gidi ma ca dir lidu cua
nguoi dung xa va dit liéu ciia chinh minh mot
cach chinh xéc, bét ky 18i nao trong viéc giai
ma dir liéu cia nguoi dung xa hodc dir liéu
cua chinh nguoi dung gén ciing s€ gy anh
huong dén hiéu ning ctia hé thong.

xiyra

Hinh 2. Quy trinh gidi ma SIC ciia hé thong
NOMA c6 hai nguoi dung.

Gia st xem xét hé thong gom hai nguoi
dung thi quy trinh SIC dwoc thé hién qua
Hinh 2 va dugc gidi thich nhu sau. Tai UE-f:
vi & xa BS duoc phan b cong suit 16n hon
nén nguoi dung nay s€ thuc hién giai ma tryc
tiép tir tin hiéu nhan duoc dé thu duogc tin
hiéu Iuc chura bi ma hoa xép chong ciia chinh
minh. Tai UE-n: nguoc lai so v&i UE-f thi
ngudi ding nay dugc phan bd cong sut nho
hon nén né xem tin hiéu cua UE-f 14 nhiéu va
can phai thyc hién SIC dé loai bo dir lidu
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nhicu nay, sau d6 méi giai ma dé thu dugc dir
liéu cua chinh minh.

3.1. SIC hoan hdo

Trong truong hgp SIC hoan hao, UE-n
duoc xem 13 d3 hoan tat giai ma va c6 day du
thong tin tin hiéu ciia UE-f. Luc nay, nhiéu tir
tin hiéu cua UE-f dugc xem la hoan toan bi
loai bo tai UE-n. D6i véi bo thu SIC ly
tuong, viec phat hién tin hi¢u cho UE-f va
UE-n lan lugt duge biéu dién nhu sau [17]:

Vr — Xny/ PTan

Y= F 2 (13)
% = (-2 14
h == (14)

Ly tuong nhét khi SIC hoan héo thi
bi€u thic (6) })iéu ~dién tin hiéu nhan duogc o
UE-n duogc biéu dién lai nhu sau:

Yn = hy (15)

3.2. SIC khong hoan hao

Trong thuc té, qua trinh xtr 1y SIC s& sot
lai mot lwong nhiéu cua UE-f giy ra truong
hop SIC khong hoan hao. Khi nguoi dung c6
phén b6 cong sudt cao bi giai ma sai, 161 s&
tiép tuc truyen sang nguoi dung c6 phan bd
cong suat thip hon, didu nay lam sai léch
thong tin tin hi¢u cua UE-f tai UE-n bang
cach thém cac hi¢u ung cua kénh Rayleigh
fading va AWGN [15].

L3i SIC c6 thé 1a két qua ciia nhidu Iy do
khac nhau nhu déng bo hoéa, 16i udc tinh
kénh, chit lwong may thu, diéu kién moi
truong tac dong, ... dan dén 16i SIC con sot
lai nhiéu hay it dé gy nén truong hop SIC
khong hoan héo.

4. MO PHONG VA PANH GIA HIEU
NANG

4.1. Ti 18 13i bit ciia hé thong NOMA
4.1.1.BER trong kénh AWGN

Ap dung cac gia su sau vao qua trinh mo
phong BER cua h¢ thong NOMA trong kénh
AWGN c6 hai nguoi dung:

e Hé théng dugc mo6 phong thue hién truyén
duong xuodng tir BS dén hai nguoi dung.

Pra,x, + wy.

e Khong 4p dung bit ky mo hinh mat
duong dan nao va gia dinh ring ca hai
ngudi ding déu & khoang cach bang
nhau tr BS.

e Sir dung diéu ché BPSK cho ca hai
ngudi dung nén chi xem xét thanh phan
thuc cua pha trong khi AWGN phuc.

V6i mo hinh hé théng di dé& xuat nhu
Hinh 1, ching t6i thiét 1ap cac thong sb mo
phong nhu sau:

Bing 1. Cdc thong s6 mé phong.

Théng s6 Pon vi | Gia tri
Mau Monte Carlo 105
Heé sb suy hao 4
Bing thong hé théng | MHz 1
He¢ sO phan b cong 0.25
suat cho UE-n ’
He¢ sO phan b cong 0.75
suat cho UE-f ’
Cong suat phat dBm | 0 dén 40
Xac suét 16i SIC 10715

Két qua moé phong BER cua hé th6r~1g
NOMA trong kénh AWGN dugc biéu dién
qua Hinh 3 nhu sau:

0 Bieu do ti le loi bit cua he thong NOMA trong kenh AWGN
10 T T T -

—#— UE{
—#— UE-n SIC hoan hao
=—#— UE-n SIC khong hoan hao

10—1 L

<
8

TILE LOIBIT

10° F

0 ; 1‘0 1‘5 2‘0 25
CONG SUAT PHAT (dBm)
Hinh 3. Két qua mé phong BER cia hé thong
NOMA trong kénh AWGN.
Két qué trén Hinh 3 cho thay do thi biéu
dién BER la duong cong c¢6 xu hudng thac
nudc. Trong d6, UE-n c6 BER cao hon so
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v6i UE-f dic biét 1a khi cong sudt phat thap,
diéu nay 1a do UE-n phai thyc hién SIC. BER
cua UE-n trong truong hop SIC khong hoan
hdo s& cao hon khi SIC hoan héao vi luc nay
tai UE-n phai chiu anh hudng cta phan nhidu
chua dugc loai bo hét tir UE-f,

4.1.2. BER trong kénh Rayleigh c6 chju anh
hwong ciia nhiéu AWGN

Gia dinh kénh AWGN thuc chit khong
kha dung trong cac ung dung thoi gian thyc
vi truyén thong hong ddy phtc tap hon do lan
truyén da duong va chiu anh hudng bai
fading. Tai may thu, do chuyén dong nhiét
cua cac hat mang dién nén khi hoat dong s&
sinh ra nhi¢t lugng, tao ra nhiéu tréng co
phan bd Gauss tac dong cong vai tin hiéu thu
dugc trong kénh. Trong mé phong hé thdng
dung k¥ thuat NOMA thi AWGN dai di¢n
cho nhiéu nhiét ¢ phia may thu. Vi thé, dé
nang cao tinh thuc té ctia mo hinh hé théng
thi can xem xét cac thong sd hiéu ning cua
hé thong NOMA trong kénh Rayleigh fading
c6 chiu sy anh hudng cua nhiéu AWGN.

Céc thong sé mo phong tuong ty nhu mo
phong BER trong kénh AWGN. Tuy nhién,
can thiét 1ap b6 sung cac thong s6 nhu: hé s6
suy hao la 4, khoang cach ctia cic nguoi
dung dén BS ctua UE-n va UE-f lan luot 1a
500m va 1000m, hé sb fading, nhiéu AWGN.
Két qua mé phong BER cua hé thing NOMA
trong kénh Rayleigh fading chiu anh huong
ctia nhidu AWGN duoc thé hién trén Hinh 4.

@ieu do ti le loi bit cua he thong NOMA trong kenh Rayleigh fading
10 T T T T T T T

' —#— UE-n SIC hoan hao
—#— UE-n SIC khong hoan hao

UE-f

TILELOIBIT

0 é 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 40
CONG SUAT PHAT (dBm)
Hinh 4. Két qua mé phong BER ciia hé thong
NOMA trong kénh truyén Rayleigh co chiu sw
anh huong cua nhiéeu AWGN.

Hinh 4 cho thiy thong sé6 BER cua hé
thong NOMA trong kénh Rayleigh fading
chiu anh huong ctia nhiéu AWGN ciing c6 xu
hudng giam dan khi cong sudt phat ting va ly
do cua su khac biét vé gia tri BER gitta UE-n
so voi UE-f trong truong hop nay tuong tu
nhu trong truong hop kénh cua Hinh 3 da
dugc giai thich. Cu thé, khi cong suit phat
tang thi BER cta UE-n trong truong hop SIC
khong hoan héo 14 cao nhit va BER cua UE-f
1a thdp nhat. Tuy nhién, khi xét tai cing mot
mirc cong sudt phat thi BER cua cé hai nguoi
dung trong kénh Rayleigh fading chiu anh
hudng cua nhiéu AWGN cao hon so vdi BER
cia cd hai nguoi dung trong kénh truyén
AWGN do céc tin hi¢u phai cong thém phan
nhiéu AWGN.

4.1.3.Ddnh gid két qua moé phéng BER ciia
hé thong NOMA trong kénh AWGN va
trong kénh Rayleigh co chiu sw dnh
hwong ciia nhiéu AWGN

Tt két qua md phong thong sé BER cua
hé thong NOMA ¢ Hinh 3 va Hinh 4, chung
to1 rat ra cac nhan xét chung nhu sau:

e Gia tri cua thong s6 BER ti 1¢ nghich véi
cong suat phat, cu thé la BER cua h¢
thong giam dan khi cong suat phat tang.

e Do thi dudng cong biéu dién BER c6 xu
huéng giam dan hinh thac nuéc. Khi
khoang cach tir cac ngudi dung dén BS
bang nhau thi do 16n cua BER phuy thudc
vao d6 16n cua hé sb phan bd cong sudt,
ngudi ding nao c6 hé s6 phan bo cong
sut 16n hon thi s& c6 BER nh6 hon.

e Khi SIC khong hoan hdo s€ lam gia tri
BER cuia UE-n cao nhét khi so sanh véi
truong hop khi SIC hoan hdo va gia tri
BER cua UE-f.

Téc @9 dix liéu ciia hé thong NOMA

Bén canh BER thi toc do dit liéu cua cac
nguoi dung trong hé thdng ciing 1a mot thong
sO quan trong dé danh gia dugc chat luong
cia hé thdng. Thong sé nay biéu thi cho
luong dir liu duoc truyén di trong mot don
vi thoi gian, gié tri cang cao thi d§ tri hoan
khi truyén thong tin tir BS dén ngudi dung
cang duoc khic phuc.

4.2.
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Céc gia tri md phong duoc thiét 1ap gidng
nhu md phong BER cia hé thong NOMA
trong kénh Rayleigh d3 trinh bay. Két qua mo
phong téc do dir liéu cia hé théng NOMA
dugc biéu dién qua Hinh 5 nhu sau:

Bieu do toc do du lieu trung binh cua he thong NOMA
T T T T T T T

—#— UE-n SIC hoan hao
~—#—— UE-n SIC khong hoan hao
UE-f

TOC DO DU LIEU TRUNG BINH (bps)

’ ’ " COl\}é SUA'IZ'OPHAT?SBm) * * “
Hinh 5. Két qua mé phong toc do div liéu ciia
hé thong NOMA.

Hinh 5 biéu dién téc do dir liéu cua céc
ngudi dung trong hé théng NOMA theo cong
sudt phat cua BS. Tbc @6 dit liéu cua UE-n
trong cé hai truong hop SIC déu cao hon han
so v61 UE-f do khodng cach tinh tor BS. Tuy
nhién, khi xem xét cu thé UE-n trong hai
truong hgp SIC thi ¢ truong hop SIC hoan
hao do khong chiu tac dong cua nhiéu tir UE-
n nén toc d6 dit liéu lac nay cao hon dang ké
so vo1 truong hop SIC khong hoan hao
(dudng cong d thi ting vai chiéu hudng dbc
dtng hon). Trong khi d¢, téc do dit liéu cua
UE-n khi SIC khong hoan hdo va UE-f tang
khong dang ké khi ting cong suit phat cia
BS va c6 xu hudng khong tdng nira khi cong
suat phat du 16n, vi du Py > 30 dBm.

4.3. Xac suit dirng ciia hé thong NOMA

Xac suat dimg dugc dinh nghia 1a xac
suat ma téc do dir liéu co thé dat duge tic
thoi nho hon téc d6 dit liéu ngudng dugc
dinh truéc dé dam bao chat lugng hé thdng
[18]. Néu gia tri tire thot 16n hon ngudng thi
chat lugng truyén thong tin duoc thoa mén.

Ngoai cac gia tri md phong duoc thiét
lap giong nhu mo phong BER cuia hé thdng
NOMA trong kénh Rayleigh da trinh bay, mo
phong nay chung toi thiét 1ap thém gia tri
ngudng SINR cho UE-f va UE-n lan luot 13 1
dB va 2 dB. Két qua phan tich 1y thuyét va

moé phong xac sudt ding cta hé thong
NOMA duoc biéu dién trén Hinh 6. Két qua
cho thdy do thi phén tich 1y thuyét va do thi
mo phong twong ddéng nhau, khi cong suét
phat cang ting thi OP cua hé thdng cang
giam. Tai UE-n, khi SIC khong hoan hao thi
gia tri cua OP s& cao hon khi SIC hoan hao
va gié tri chénh 1€ch cua OP tai UE-n trong
hai truomg hop nay phu thudc vao gia tri 16i
SIC con lai trong qua trinh giai ma.

Bieu do xac suat dung cua he thong NOMA

XAC SUAT SUNG

0 5 10 15 20 25 30 38 40
CONG SUAT PHAT {dB)

Hinh 6. Két qua mé phéng OP ciia hé thong
NOMA.

5. KET LUAN

Trong ndi dung bai bao nay, ching t61 da
tom tat lai nguyén 1y hoat dong cta hé thong
thong tin vo tuyén ung dung k¥ thuat
NOMA, xem xét ca truong hop SIC hoan hao
va khong hoan hao. Nhiéu két qua mo phong
da duoc trinh bay dé danh gia hiu ning cta
hé théng theo dang BER, toc do dit liéu va
OP. Bai bao c6 thé dugc xem nhu la mot
ngudn tai liéu tham khao cho sinh vién cac
nganh lién quan dén mang vién thong khi tim
hiéu k¥ thuat NOMA.

Hudng phat trién tiém nang cia nghién
ctru nay c6 thé 1a phén tich va danh gia hiéu
ning cia hé thong thong tin v0 tuyén tng
dung k¥ thuat NOMA véi s6 lugng 16n ngudi
dung, két hop véi cac ky thuat loai bo can
nhidu phirc tap hon. Ngoai ra, ¢ thé két hop
cong nghé bé mat phan xa thong minh
(Reconfigurable Intelligent Surface - RIS)
[19] vao md hinh hé théng st dung NOMA
dé cai thién téc do ludng thong tin ma nguoi
dung cé thé nhan dugc.
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