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T6ém tdt: Bai bao nay gioi thigu mot khung truyén
théng khong day tién tién, tich hgp bé mat thong minh kha
cau hinh (RIS) va bo giai ma-va-chuyén tiép (decode-and-
forward) vao kién trac truyén dan phéi hop truc tiép va qua
bo chuyén tiép (CDRT) dua trén da truy nhap khong truc
giao (NOMA). Hé thdng hoat dong trén cac kénh fading
Nakagami-m, sir dung can chinh pha roi rac cho RIS, cung
cap kha nang tang cuong hiéu qua truyén tin higu giira mot
nit ngudn va cac thiét bi dau cudi nguoi ding bao gom
ngudi ding gan va ngudi ding xa. Céc biéu thirc xap xi
dang dong cua cac chi s6 hiéu ning quan trong, nhu xac
suit dung, dung luong ergodic, duoc xay dung dé phan
tich hiéu nang hé théng. Cac két qua phan tich ly thuyét
duogc kiém chang théng qua md phong Monte Carlo, cho
thay hiéu niang hé thong duoc cai thién dang ké khi sir dung
bé mat thdng minh c6 thé tai cau hinh (RIS) két hop véi bo
giai ma va chuyén tiép.

Tir khoa: Truyén thong khong day, truyén dan phdi
hop truc tiép va qua bo chuyén tiép (CDRT), da truy nhap
khong truc giao (NOMA), bé mat thong minh c6 thé tai
cau hinh.

I. INTRODUCTION

Internet van vat (10T) va cc hé théng khong day thé hé
tiép theo dbi mat voi nhu ciu ngay cang ting vé két néi lon,
do tin cay cao, va do tré thap, dac biét trong cac tng dung
nhu ty dong hda cong nghiép va lai xe tu dong [1], [2].
Nhirng y&u cau nay, ciing véi han ché vé phd tan va ning
luong, gay kho khan trong viéc cai thién chét lugng tin higu
va hd tro két ndi quy mo Ién [3]. DBé khic phuc, da truy
nhap khéng truc giao (NOMA) di ndi 1én nhu mot giai
phép quan trong, cai thién hiéu suat phd va dung luong hé
thdng nho ghép kénh mién cong suat va ma héa chong lap
[4], [5], [6]. Tuy nhién, NOMA yéu ciu kha ning khir giao
thoa lién tuc (SIC), gay phtrc tap trong quan ly giao thoa
gitra cac nguoi dung [7].
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Bén canh d6, phuong phap truyén dan phdi hop truc
tiép va thong qua bo chuyén tiép (CDRT) ndi Ién véi tu
cach 1 giai phap hiéu qua dé mé rong vung phu song, cai
thién hiéu suat phd va dung luong trong cic méi truong
phtrc tap bang cach két hop nhiéu ludng truyén théng va su
dung céc nit chuyén tiép hd tro [8]-[10]. Tuy nhién, CDRT
gap han ché do giao thoa giira cac ludng, 1am giam hiéu
nang hé théng. Dé khic phuc, NOMA cung cap giai phap
tiém niang nhd mé héa chdng lap, cho phép ngudi ding c6
diéu kién kénh tét giai ma tin hiéu gay nhidu truéc khi giai
ma tin hiéu cua minh, ma khong can trao doi dir liéu thém
[5], [6]. Ngoai ra, NOMA str dung khtr giao thoa lién tuc
(SIC) dé loai bo nhiéu hiéu qua. Do d6, hé théng CDRT
dua tren NOMA, két hop uru diém cia ca hai phuong phap,
da dwoc nghién ctu rong rai dé nang cao ving phu séng,
dd tin cay, va tinh linh hoat cho hé théng khong day [11]-
[13].

Céc nghién ciru vé hé théng CDRT duya trén NOMA da
tap trung vao truyén dan dong thoi cho nguoi ding gan va
xa, ap dung k§y thuat huay giao thoa va khdm phé tinh thich
nghi trong céc kich ban nhu chuyén tiép da dang, hop tac
ngudi ding, truyén nang lwong khong day, va truyén thong
duong 18n [14]-[19]. Tuy nhién, hau hét cac nghién ctu chi
giéi han & kich ban chuyén tiép don véi gia dinh kénh
fading Rayleigh hoc cac cau hinh don gian héa [14], [16],
va it xem xét kénh fading Nakagami-m [20]. Diéu nay chwa
phan anh ddy dii cic moi truong fading da dang trong thuc
té. Trong méi truong nhiéu chuyén tiép, lya chon chuyén
tiép 12 giai phap hiéu qua dé nang cao hiéu suat hé thdng
[21]. Bbi vai hé théing NOMA hop tac st dung CDRT, viéc
chon chuyén tiép khong chi anh huéng dén hiéu suat cua
ngudi dung truc tiép ma con dén mirc giao thoa ma ngudi
dung xa gap phai.

Mt khac, bé mat théng minh c6 thé tai cau hinh (RIS)
da va dang thu hat sy chi y dang ké nhu mot budc phét
trién dot phé trong cac hé théng truyén thong khong day,
cai thién truyén tin hiéu va hiéu suat hé thong. Nhiing bé
mat nay c6 thé diéu chinh dong pha va phan cuc cua séng
dién tir, tao diéu kién téi wu cho viéc truyén tin hiéu, ting
cuong dé6 manh cia tin hiéu, ving phu séng va hiéu qua
phd [22]-[24]. Cong nghé nay gidp giam thiéu hiéu qua cac
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van dé phd bién trong méi truong phuc tap nhu mét tin hiéu,
fading da dwong va nhiéu. Cac nghién ciru da ching minh
rang cac bé mat 1on véi hang tram phan tir c6 higu suat vuot
troi hon so vai cac bo giai ma-va-chuyén tiép (DF) [25] va
cac bo khuéch dai-va-chuyén tiép [26]. Céac phan tich gan
day chi ra rang viéc tich hop RIS cai thién dang ké hi¢u suat
cua hé thong chuyén tiép, bao gom ca xac suat gian doan
(OP) va dung luong ergodic (EC) [27]. Téi wu hoa trién
khai RIS d3 1a trong tdm cta cac nghién cau, tir viéc tim vi
tri toi uu ctia RIS dé t6i da hoa toc do dat dugce [28] dén toi
wu hoa cong suat truyén va vector tao chiim trong hé théng
hop tac [29], [30]. Céc biéu thirc phan tich ciing chi ra rang
dung lugng RIS ¢6 thé mé rong tuyén tinh khi tang s6 luong
phan tir RIS [31].

Trén co so d6, trong khudn khé bai béo nay, ching toi
tap trung nghién ciru va phan tich hiéu ning duong xudng
cua hé thong CDRT dua trén NOMA trang bi mot bo giai
ma va chuyén tiép va mot bé mat théng minh ¢ thé tai cau
hinh hoat dong trén kénh fading Nakagami-m, trong do
xem xét dich pha roi rac tai RIS. Hé théng mé rong cac kién
tric CDRT truyén théng bang céch tich hop va khai thac
loi thé caa viéc sir dung bo giai ma-va-chuyén tiép va RIS
dé cai thién truyén tin hiéu gitra mot nit ngudn va hai ngudi
dung dau cudi (nguoi diing gan va ngudi dung xa). Cac biéu
thirc xap xi dang dong cho cac chi sb hiéu nang chinh, bao
gom xac suat dung (OP) va dung lugng ergodic (EC) dugc
dan xuit va xac minh bang phuong phap méd phong sé
Monte Carlo.

I1. MO HINH THE THONG NOMA-CDRT SU’ DUNG
BE MAT THONG MINH CO THE TAI CAU HINH VA
BQ GIAI MA VA CHUYEN TIEP

A. Cdu hinh h¢ thong

Trong nghién ctru nay, chiing t6i dé xuét va khao sat mo
hinh hé théng CDRT dua trén NOMA dudng xudng sir
dung bé mat thong minh cé thé cdu hinh lai duoc va bd
giai md dwoc minh hoa trong Hinh 1. Hé thdng truyén
thong duong xubng dugc hd trg boi mot bd giai ma-va-
chuyén tiép, ky hi¢u 1a R, va mét bé mit thong minh co thé
c4u hinh lai duoc véi M phan tir phan xa, ky hiéu 1a 1, dé
hd tr giao tiép giita mot nut ngudn, ky hiéu 1a S, va nhiéu
thiét bi dau cudi ngudi ding bao gdm ngudi ding gan (goi
la N) va ngudi dung xa (goi 1a F), trong d6 hai ngudi dung
déu truy cép kénh sir dung ky thuat NOMA. Tét ca cac nut
duogc gia dinh c6 ciu hinh don dng-ten va giao tiép & ché
d6 ban song cong qua hai khe thoi gian (71 VA ). Trong
d6, bo giai mi va chuyén tiép, R, v M phan tir phan xa
dugc sir dung dé tang cuong chét lwong tin hiéu cho ngudi
dung xa, F, bang cach giai quyét van dé khoang cach xa va
cac tac dong ti€u cuc cua moi trudng.
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Hinh 1. M6 hinh hé thong NOMA-CDRT duea trén RIS va bo

gidi ma va chuyén tiép.

Trong h¢ thong nay, dich pha RIS trong thoi gian 7
dugc sir dung cho ngudi dung F dé uu tién dam bao ngudi
ding nay trudc, sau d6 chuyén sang nguoi ding N trong
thoi gian 7. Ngoai ra, dé dam bao tinh tong quat ciia hé
thdng, khac véi cac nghién ctu trudc [14], [16], lien két
tryc tiép giira ndt nguon S va ngudi ding xa F duoc xem
xet trong nghién ctu nay. Do loi kénh tir cdc may phéat 7
e {S I, R} dén cac may thu twong tng V € {I, N, F, R}
qua kénh Nakagami-m dugc mé hinh héa l1a gry ~
N (Mgy, Q) v6i tham sb fading myy va tham sé ti 18
Qry = (dyp/do)™® Vv6i dyy =
Jxy — x7)% + (yy — y7)?, trong d6, do 1a khoang cach
tham chiéu, va e 1a hé sb suy hao. Trén co s& d6, ham mat
d6 xéac suat (PDF) va ham phén phdi tich lity (CDF) cia
|g7v|? co thé dugc tinh theo cac cong thirc sau:

Qry, , trong do

o xmvt _ mgyx
Fiary2(®) = I (mzy) Q7" o ( QTV)) 0
, Q
o) = (i) @

B. Truyeén dan tin hiéu

Trong khe thoi gian dau tién 7, S st dung NOMA dé
truyén tin hiéu dén N, R va F vai sy hd trg ciia bé mat phan
xa thong minh c6 thé cau hinh lai dugc I v6i M phan ti
phan xa, trong do tit ca cac dich pha duoc téi uvu hoa cho
nguoi dung xa. Khi do, tin hiéu nhan duoc tai thiét bi thu
V ¢6 thé duoc biéu dién nhu sau:

M
v, = (2 9a9p0sv + gsv> x+wy,.  (3)

m=1

Trong cong thic (3), tham s6 x = /p(Vayxy + Varxr) Vi
diéu kién ay+ar =1 V& ay < ap,wy ~ CN(0,02) , VA

mo=e7 (cosr=cg5i-281p+9") |3 sy thay ddi pha tai phan
tir thir m ciia RIS | véi ¢ ~ CN(27Pm, 2P70) V6i p > 1,
p duoc gidi thiéu nhu 1a mot bit dinh luwgng cho qua trinh
dich pha roi rac tai cac phan tir RIS [33]. Do d6, SINR
nhan dugc cho bo chuyén tiép R and nguoi dung xa F dé
giai ma x; trong 7, c6 thé dwoc bicu dién 1an luot nhu sau:
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M 2
S aFP|Zm:1 99 R0k + 95R| @
R 2
aNP|Zm 1 gglg[RQSF + gSR| +1
2
TIXF aFP|Zm 1 95191F95F +gSF| 5
F - ( )

aNPlz -1 95,97:05i +gsp| +1

V6i P = p/o?. Trong khi do, SINR nhan dugc cho ngudi
ding gan N dé giai ma x va xy c6 thé dugc biéu dién lan
lugt nhu sau.

2
yTl,XF _ applz‘rMn=1 gzg;;lvegnN + gSN| (6)
N - 2
aNP|Zm 1 951911\] SN +gSN| +1
y‘[rvl,xN — aNP|Zm 1 gSIg[NGSN + gSNl (7)

51“FP|Zm 1 9ughOsy +95N| +1

véi 8, € [0,1], 6,14 mirc d§ nhiéu ty can thiép du (RSI)
do qué trinh loai bo nhiéu tu can thi¢p khong hoan hao gay
ra.

Trong khi d9, trong khe thoi gian thit hai 7,, bd giai ma
va chuyén tiép R da chon chuyén tiép tin hiéu da giai ma
dén nguoi dung xa F, trong khi nat ngudn S dong thoi giri
mot tin hiéu méi dén nguoi ding gan N. Dé dam bao chit
lugng tin hi€u cho ca hai nguoi dung, sy dich pha RIS
trong 7, duoc t6i wu hoa cho ngudi ding gan N thay vi cho
nguoi dung xa F nhu trong thoi gian 7;. Do d6, tin hiéu
nhan duoc tai thiét bi thu V ¢6 thé duge biéu dién nhu sau:

W= JasP (Z 9519105y + 9517) Xs + wy

m=1

M
+ “RP<Z IrigOsn +gRV>xF 3

m=1

véi as € (0,1] , ag € (0,1] va O =
e/ (“os=2551=29i*9"") | Trong 1, nguoi ding gin N
nhan cé tin hiéu chinh tir S va nhiéu tir R. Hon nita, tin hiéu
da giai ma x dugc sir dung dé loai bo mot phan nhiéu tir
R, dong thoi R ciing chuyén tiép x dén nguoi ding xa F
trong cting mot thoi gian. Do d6, SINR nhén dugc tai N va
F ¢6 thé dugc biéu dién 1an lugt nhu sau:

2
TN aRSPlzm 1 gSIglNQSN + gSN| 9)
N - 2 )
62“ Plzm 1 gnglNesN +gRN| +1
aRP|Zm 1 g 9705y + g |
T2XF RIZIF RF
F - 4 (10)

“sP|Zm=1 gughOsy +95F| +1

I11. PHAN TiCH HIEU NANG
Trong hé thdng CDRT tich hop NOMA véi bé mat
thdng minh cd thé tai cau hinh RIS va bo giai ma va chuyén
tiép, viéc phan tich higu nang duong xudng déng vai trd
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quan trong nham tbi wu hoa cac giai phap mang trong cac
tinh hudng truyén théng khac nhau. Gidng nhu cac hé
thong truyén théng khac, phan nay phan tich hi¢u ning hé
thong dudi do dai khdi vo han. Do do, cac biéu thirc xac
sudt mét tin hiéu (xac suit ding - OP) va dung luong
ergodic (EC) dugc dan xuét dua trén dinh Iy Shannon nhu
sau.

A. X&c xudt ding

Trong hé théng duoc nghién cuau, thoi gian truyén dan
tin hiéu duoc chia thanh hai khoang thoi gian nho lan luot
la 71 va 2. Su ¢ gian doan/ding (outage) cua hé thong
thdng tin xay ra khi ty s6 tin hi¢u trén nhiéu (SNR) nhan
dugc giam xudng dudi mot ngudng xac dinh (yy) tai thiét
bi thu 1, dwoc goi la xac suat ding (OP). Ngudng nay
duoc tinh bing cong thuc y;, = 228 — 1 véi Ry 1a toe 46
truyén dir liéu muc tiéu. Do vay, sy ¢b dirng tai thiét bi thu
V trong thoi gian ; voi i € {1,2} ¢6 thé duge woc lugng
nhu sau:

= Pr[y," < yy] (11)

Bén canh d6, dé thuan tién va ngian gon hon khi trinh
bay va chung minh cbng thuc, chang téi dat Gy =
Ym=19719 07 + grv-

Tir cong thire (11), x4c suat dirng OP cua ngudi ding
xa F ¢6 thé duoc tinh la:
= |Gsp|> < A/P. (12)
Trong khi d6, vé6i viéc xem xét thiét ké dich pha roi rac
tai | cho nguoi ding xa F va nguoi ding gan N trong
khoang thoi gian 7, va T, tuong (ng. Biéu thuc tong quét
cho kénh thu duoc cé thé duogc viét lai nhu sau:
Gry = |hgyl + Sim_1|RFi | [hflef®e (13)
Theo [38, 39], CDF/PDF cua |Gy |? c6 thé duoc xap xi
theo phan phi Gamma khong diy du, véi cac tham sé hinh
dang va ty 1é duoc xac dinh boi gié tri trung binh va
phuong sai cia |Gyp|? nhu sau: Ky = E[|Gry]%]%/
V[|Grv|?*] va Bry = V[|Gry|*1/E[|Gry|?]. Dua vao d6 va
trién khai tinh toan cho mdi thanh phan, cac ham PDF va
CDF lan luot c6 thé biéu dién nhu sau:

x¥rv—1 x
f|cﬂ,| 2(x) = —l? exXp (E)’ (14)
_ Tlerv)—v(x/Brv)
FlGTvlz(x) = TTV) . (15)

Thay vao (12), ta dwoc biéu dién cong thire xap xi dang
dong cua OP ddi véi nguoi ding xa F trong T, nhu sau:

11 _ T(ksp)-T(ksr.Ar/[PBsF])
Pt = [(ksF) ' (16)

V6i Ap = up/[ap — upay], ksp = E[|Gsr|*]?/V[|Gsr|?],
va g = V[|Gse|*1/E[|Gsr|?].
Bén canh do, tir (3) va (11), cdng thirc OP tai bo giai

ma va chuyén tiép c6 thé dugc tinh theo cong thirc nhu
sau:
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Pt = Pr[|Gsgl? < Ap/P]. (17)

Trong khi d6, trong trudng hop pha cua I dugc ti wu hoa
cho F-t, va N-7,, cac tin hiéu nhan duoc tai N-t;, R-7,, va
F-t, dugc xem xét dudi cac kénh c6 pha khong xac dinh.
Khi d0, |Gyp|? tré thanh phan bé Gausian cé trung binh
bang 0 véi M 16n, phti hop véi kich ban str dung RIS. Nhur
vy, PDF va CDF tai kénh thu c6 thé duoc xap xi tuong
ung nhu sau:

f|GTV|2(X) = exp(—=x/Qzv) /Qzv, (18)
Flgrpz(0) =1 — exp(—=x/Qqv). (19)

Theo d6, cong thirc xap xi dang dong OP cua R tai T,
¢6 thé biéu dién nhu sau:

Pt =1—exp (-2 (20)

PQsIR

Vé'l QSIR = MQSI‘QIR + QSR'

Dan xuat va chimg minh tuong ty, ta thu dwoc cong
thirc xap xi dang dong OP ciia N trong thoi gian 7, ¢6 thé
tinh nhu sau:

Pyt =1—exp (— A—N), (21)

PQsIN
Vé" AN = maX(AF, uN/[aN - 6“}:‘“—1\]]) Vé ‘Q‘SIN = ‘Q‘SN +
MQg;Q,y; va cong thic xap xi dang dong OP cua F trong
thuoi gian 7, dugce tinh twong (mg nhu sau:

Pr=1 —%exp ( —url ) (22)

aROR[F+asurl arPQRIF

Vé’l QRIF = QRF + MQRIQIF Va QSIF = QSF + MQSIQIF'

Cudbi cing, cong thie xap xi dang déng OP cua N trong
thoi gian T, duoc biéu dién nhu sau:

Py = V(s ——%—)

Uy
asBsyP

Wiuy
r(;cSN, 7 ) (23)

I'(rsy)
1
e (7p)

(ks ) BasV W, sy

Where QRIN b QRN + MQRIQIN' l'pl = 1/QSIN + a’s/
[uvarQriv]  Ksyv = E[lGsn 212 /V[IGsh|?], va Bsy =
V[IGsnI?1/E[IGsn|?].
B. Dung luong ergodic

Theo nghién ctu trong [32], dang tong quat dé danh
gi4 dung lugng ergodic, EC, ctia yy c6 thé trinh bay nhur
Sau:

1[i1Gsy?+1

E(log, (Rles )

Ellog, (Qu[i]lGsyI? + 1] 24
—E[log,(Q.[i]|Gsy|?* + 1],

véi  Qq = [(ar + ay)P, (ay + Sap)P] va Q=
[ayP, SagP ] trong d0, i = 1 va 2 lan lugt twong &ng Véi
Ve {F,R}vaV = N.

CV:
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Duya vao (24), biéu thuc xap xi dang dong cua dung
lugng ergodic cho ngudi dung xa F trong khoang thoi gian
T, VAT, , CptvaCp?, ciing nhu cho ngusi ding gan N
twong tng trong khoang thoi gian 7, Va 15, Cy! va Cy? lan
lwot dugce tinh nhu sau:

cnL  Gran 11BsrlL, SF "
Fo In ()T (xsF) (25)
633 (el11Bsrlis M)
In(2)C(xcsF) ’
1 0,1,1
T1
¥ = 5y 05 (@ 12105 7 )
1,3 0,11
- 2ln(2) 632 (Qz [Z]QSIN 1,0 ) (26)
72 =1- aRQRIF
CF 2In (2)(arQRIF—AsQSIF)
) 1 ) 1
% El(_‘lRPﬂRIF) _ El(_asﬂsu-‘l’) @
L 1
e B )
arpB 0,1-k 1
v _ 0.5log, (8)6333(0,1;13;1\\,”0 ,CSNRON ) (28)
N [ (xsn)T(kRN)
voi kpy = (Qpiy +1/P)?/Qfy VA& Py = Qiin/

(Qrey + 1/P).

IV. KET QUA MO PHONG

Dé danh gia hiéu nang cta hé thong khao sat trong bai
bao va xac minh tinh chinh xac cta cic cong thirc xap xi
dang dong dugc dan xuét cua xac suit dimg OP va dung
luong ergodic tai cac thiét bi thu trong hé théng, mo phong
Monte Carlo duoc st dung v6i cac tham s mo phong
chinh dugc tong hop trong Bang I. Trong md phong nay,
chung t6i ciing khao st hai kich ban bao gdm:

% Kijch ban 1: RIS va bo giai ma va chuyén tiép duoc b
tri tai cac vi tri twong ng 1a (25, -5) va (30, 10). Pay
1a kich ban ma bo giai ma va chuyén tiép duoc b tri
gan voi ngudi dung xa hon dé khuyén khich tin hiéu
dugc chuyén qua bo giai ma va chuyén tiép.

% Kich ban 2: RIS va bo giai ma va chuyén tiép duoc bd
tri tai céc vi tri twong tng 1a (35, -5) va (20, 10). Pay
la kich ban ma bo giai ma va chuyén tiép dugc bb tri
xa nguoi ding xa hon so véi bé mat thong minh c6 thé
tai cau hinh.

BANG |. THAM SO MO PHONG

Tham s chinh Ky Gid tri
hiéu i

Vi tri ntt ngudn S (0,0)

Vi tri RIS I ((2355__?)/

Vi tri b chuyén tiép R (30,10)/(20,10)

Vi tri nguoi dung gin N (15,5)

Vi tri nguoi dung xa F (50,10)

Sb phin tir phan xa trén RIS M 50

Tbc d6 truyén dir liéu muc tidu Ry 0.5

Tham sé tuong quan tin hiéu N ay 0.2
Tham s0 twong quan tin hiéu F ar 0.8
Tham so6 fading mry 2
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Hé s6 suy hao € 3
Monte-Carlo 106

Hinh 2 thé hién xéac suét dung, ky hiéu 1a OP, cua céc
duong xudng trong hé thdng NOMA-CDRT su dung mét
bo giai ma va chuyén tiép va mot bé mat théng minh ¢6
thé tai cau hinh trong kich ban thir nhat. Két qua dat duoc
cho thay su chinh xac cua céc cong thuc xap xi dang dong
ctia Xac suat dimg dwoc dan xuat trong phan I11. Céc xac
suat dimg c6 xu huéng giam dan khi SNR dau phat (ky
hi¢u 14 Transmit SNR) tang dan. Déi véi khe thoi gian 7,
mirc d6 giam ciia x4c suat ding ciia ngudi dang gan N va
xa F giam dan khi SNR déau phat dat gia tri nhat dinh. Diéu
nay cho thiy viéc ting SNR dau phat khong gitp tang chat
lwong hé thdng. Ly do 13 vi khi SNR da dat dén mot gia tri
nhét dinh, sy cai thién cua tin hiéu khong con dugc thic
day manh mé nira, vi cac yéu to nhu nhidu nén va fading
c6 thé chi phdi qué trinh truyén lam cho xac suat dung cua
ngudi ding gan va xa khong thay doi dang ké nira, ké ca
khi SNR tiép tuc tang.

O Sim. It
O Sim. N-4y
% Sim. R-t;

Sim. F-t,
¥ Sim. N-f;
Ana.

-5 C‘) .;) 1‘0 15 éO 25
Transmit SNR (dB)
Hinh 2. Xdc sudt dimg ciia hé théng trong kich ban thir nht.

Bén canh d6, nhu thé hién trong Hinh 3, ngoai tinh
chinh x4c cua cac cong thire xap xi dat dwoc trong Phan 111
duoc thé hién rd nét, hiéu nang hé thong theo xac suat dirng
giam di khi vi tri d6i véi kich ban 2. Bidu nay cho thiy anh
huéng caa vi tri cac bo giai ma va chuyén tiép va RIS trong
viéc duy tri hiéu nang cua hé thong.

O Sim. F-#;
¢$  Sim. N-¢,
% Sim. R-t;

Sim. -ty
Y% Sim. N-,

Ana.

-5 é) .;) 1‘0 1‘5 2‘0 25
Transmit SNR (dB)
Hinh 3. Xéc sudt dirng ciia hé thong trong kich ban thir hai.
Cudi cung, Hinh 4 va 5 twong g thé hién dung luong
ergodic thu dugc cua hé thdng trong hai kich ban mé
phong. Trong kich ban dau tién, dung lugng ergodic thu
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duoc cua ngudi ding gan trong thoi gian 7, 1a cao nhit,
dung lugng ndy trong thoi gian 7, ¢6 xu hudng tang nhanh
khi SNR dau phat tang 1én. Trong khi d6, d6 ting cua dung
lugng ergodic cua nguoi dung xa trong thoi gian 7, lai cé
xu hudng giam dan vai cac gia tri SNR dau phéat 16n. Trong
kich ban thir hai, do vi tri cia RIS va b giai ma va chuyén
tiép xa hon ddi véi cac ngudi ding, hidu nang cua hé thong
¢6 chidu hudng giam sut & nét. Pay 1a do vi tri cac bo RIS
va bo giai ma va chuyén tiép c6 anh huong dén kha ning
hd trg tin hi¢u trong hé thng.

Sim. F-t, =
Sim. N-#;
Sim. R-#,

Sim. F-f;
Sim.

* OO

05|
N

L L L L
-5 0 5 10 15 20 25

Transmit SNR (dB)

Hinh 4. Dung hrong ergodic ciia hé thong trong kich ban thir
nhat.

O Sim. F-t;
¢$ Sim. N-,
% Sim. R-t

Sim. F-i,
% Sim. N-t,
Ana.

2 —

0.5

5 0 5 10 15 20 2
Transmit SNR (dB)

Hinh 5. Dung hrong ergodic ciia hé thong trong kich bén thir
hai.

V. KET LUAN

Bai béo tap trung vao hé théng NOMA-CDRT sir dung
mot bo giai ma va chuyén tiép két hop véi mot bé mat théng
minh c6 kha nang tai cau hinh hd trg cho truyén thong gitra
nGt ngudn va cac ngudi ding gan va xa qua trén kénh
fading Nakagami-m, mé hinh hoa va phén tich hiéu nang
duong xudng cua hé thong. Cac ham mat do xac suat va
ham phan phéi tich lity cho cudng do kénh nhan ciing dugc
woc lugng xap xi. Cac CDF cho SINR dau phét va céc biéu
thic dang dong ciia xac suat dung OP va dung luong
ergodic EC ciing dugc dan xuét dé danh gia hiéu nang cua
hé théng. M6 phong Monte Carlo ciing dugc sir dung dé
danh gia do chinh xé4c cua viéc phan tich. Cac két qua mo
phong sé cho thiy cac cong thirc dan xuét cua ching toi
pht hop véi cac két qua mod phong, cling véi bo giai ma va
chuyén tiép, viéc sir dung RIS vai sb lugng phan tir phan
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xa lon c6 thé cai thién dang ké OP, EC cho ngudi ding xa
trong pha dau tién va nguoi ding gan trong pha thir hai.
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PERFORMANCE OF NOMA-CDRT DOWNLINK
SYSTEMS EXPLOITING RIS AND DECODE-AND-
FORWARD RELAY

Abstract: This paper introduces an advanced wireless
communication framework that integrates a reconfigurable
intelligent surface (RIS) and a decode-and-forward (DF)
relay into the cooperative direct and relay transmission
(CDRT) architecture based on non-orthogonal multiple
access (NOMA). The system operates over Nakagami-m
fading channels, utilizing discrete phase alignment for RIS
to enhance the signal transmission efficiency between a
source node and user terminals, including near and far
users. Closed-form approximate expressions for key
performance metrics, such as outage probability and
ergodic capacity, are derived to analyze system
performance. The theoretical analysis is validated through
Monte Carlo simulations, demonstrating significant
performance improvements when combining RIS with
decode-and-forward relays.

Keywords: Wireless communication, coordinated
direct and relay transmission (CDRT), non-orthogonal
multiple access (NOMA), Reconfigurable Intelligent
Surfaces.
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