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Tom tat

Bai bao nay khao sat mot mé hinh mang dién toan bién di dong sir dung co ché da truy cap phi tryc giao (NOMA) dugc
su hd tro ctia bé mit phan xa théng minh. Dua vao céc déc tinh thdng keé cua kénh truyén vo tuyén, chung t6i xay dung
cac biéu thirc dang twong minh ciia xac sudt tinh toan thanh cong va xac suit ning luong tiéu thu dé khao sat va danh
gia hiéu nang ctua hé théng. Dua trén cac biéu thirc nay, chung t6i thu dugc cac két qua s6 hoc vé xac suét tinh toan
thanh cong va xac suat nang luong tiéu thu theo cic tham sb chinh ciia hé thong 1a cong suit phat, ti 1é phan bd cong
suét phat, d6 dai cua tac vu va $6 luong phén tor phan xa dugc cung cép dé danh gia su hoat dong cua hé théng. Cudi
cung, chiing t6i kiém chtng tinh dung dén cta cac biéu thirc phan tich bang mé phong Monte-Carlo.

Tiwr khoa: Mang dién toan bién di dong, NOMA, bé mit phan xa thong minh, xac suit tinh toan thanh cong va xac sudt
nang luong tiéu thy.

Abstract

In this paper, we investigate a mobile edge computing (MEC) network using non-orthogonal multiple access (NOMA)
scheme with the support of intelligent reflecting surface (IRS). The closed-form expressions for the successful
computation and power consumption probabilities are derived based on the statistical characteristics of the transmission
channels. Numerical results in terms of successful computation and power consumption probabilities according to
transmit power, transmit power allocation ratio, task length, and number of reflecting elements are provided to evaluate
this proposed system performance. Finally, we verify the correctness of the analytical expressions by Monte-Carlo
simulation.
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1. Gié6i thiéu

Mic di mang thong tin di dong thé hé tha
nim (5G) van dang trong qua trinh budc dau
trién khai thuong mai trén toan thé gisi, nhung
hién nay giéi hoc thuat va céng nghiép da bat
dau cudc dua nham dén mot thé hé mang thong
tin di dong cua tuong lai nhu mang sau 5G
(B5G), mang thé hé thir sdu (6G) nham dap ng
t6t hon nhu cAu nguoi ding voi cac yéu cau dat
ra nghiém ngat hon so voi mang 5G hién nay
nhu téc d6 truyén dir liéu va hiéu qua sir dung
nang lugng cao, vung phu séng rong, do tin cay
cuc cao va do tré thap [1-4].

Cung voi mang thong tin di dong, nhing
nam gan day, mang két ndi van vat (Internet of
things — IoT) da tré thanh khai niém rat thinh
hanh. IoT di va dang duoc trién khai ung dung
& nhiéu linh vyc khac nhau trong thuc té nhu
cdng nghiép, néng nghiép, an ninh quc phong,
giao thong van tai, gido duc... [1],[4].

Diém chung cua mang thong tin di dong thé
hé twong lai va IoT d6 1a ca hai c6 nhiéu ung
dung yéu cau xu ly dir lidu I6n va phai dap ung
yéu cau thoi gian thuc voi do tré thap. Bé dap
g nhiing yéu cau nay, giai phap sir dung hé
théng dién toan bién di dong (MEC) di dugc dé
XUit nhu mot phuong an kha thi va c6 tiém
nang [1-4]. Trong mang MEC, cac may chu
duoc bd tri dén vung bién cua mang dé hd tro
nguoi dung thuc thi cac tdc vu thdng qua cac
kénh truyén khdng day (vi du nhu cac hé théng
tu tri hoic cac hé thong thoi gian thuc...).

Song song vai giai phap st dung mang
MEC, phuong thirc da truy cap phi truc giao
(non-orthogonal multiple access - NOMA) da
duoc gisi thiéu véi giai phap cho phép nhiéu
nguoi dung thuc hién da truy cap s dung
chung ngudn tai nguyén tan so, thoi gian va
phan biét v&i nhau bang nhitng mac cdng suat
khac nhau qua dé giup tang sé luong két néi,
nang cao hiéu suat phd va hiéu qua ning luong
[5-9]. CAc tac gia trong [8] da dé xuit mot mo

hinh hé théng voi hai diém truy cap va mot
ngudi dung nhiéu ang-ten, trong d6 thu ning
luong RF va NOMA duoc st dung dé cai thién
hiéu suat mat dién cua hé théng. Cong trinh [9]
da dé xuat mot md hinh hé théng véi hai nhom
ngudi ding NOMA va diém truy cap da ang-
ten, trong d6 co ché lya chon ang-ten tdt nhét
va nguoi dung tét nhit duoc sir dung dé nang
cao hiéu suét cua hé théng MEC.

Ngoai hai giai phap ndi trén, trong thoi gian
gan day giai phap s dung bé mit phan xa
thdng minh (intelligent reflecting surface - IRS)
cling da ndi 1én nhuy mot md hinh tiém ning dé
tao ra cac kénh truyén khéng day thong minh,
c6 thé ciu hinh lai dé ap dung cho hé thong
truyén thong khéng day B5G/6G [10-13]. Mot
cach tong quét, IRS 1a bé mat phing duoc tao
ra tir mot sb lwong 1on cac phan tir phan xa thu
dong, mdi phan tir trong s6 d6 co thé dé thuc
hién su thay d6i bién d6 va/hoic pha mot cach
chu dong trén tin hiéu dén mot cach doc lap.
Bang céch trién khai cac IRS trong mang khong
day véi mat o phu hop va diéu phéi hop Iy céc
phan tir phan xa ciia chung, viéc truyén tin higu
khéng day gitta may phat va may thu co thé
duoc cu hinh lai mot cach linh hoat nham dat
dugc cac muc tiéu mong muébn khac nhau tiy
theo nhu cau nguoi s dung. N6i cach khac,
IRS cung cdp mét cach thirc co ban giai quyét
dé van dé suy giam va nhidu séng cua kénh
khong day va tir d6 c¢6 kha nang tao ra dot pha
trong viéc cai thién dung lugng va do tin cay
cua truyén théng khong day.

Viéc tich hop IRS vao céc hé thong NOMA-
MEC mé ra mot hudng nghién ciru tiém ning,
g6p phan hién thuc hda mang thé hé tiép theo
[14-16]. Cong trinh [14] d& xuit mo hinh IRS-
NOMA-MEC hai ngudi dung véi co ché chia
sé thoi gian NOMA cho phép hé théng chuyén
ddi gita NOMA hoic TDMA. Céc tac gia
nghién ctu hé théng véi hai kich ban trong d6
kha nang tinh toan cua may chu MEC la hiru
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han va vd han. M6 hinh loT NOMA-MEC da
ngudi ding Véi sy trg gidp caa nhiéu IRS duoc
nghién cuu trong cbng trinh [15]. Cac tac gia
néu van dé téi da hoa hiéu qua ning luong va
dé xuit mot thuat todn thu gidn 1ap trinh bén
xac dinh (semidefinite programming relaxation
algorithm) dé giai quyét bai toan khong 16i nay.
Trong cbng trinh [16], mot mb hinh mang
NOMA MEC IoT thu nang lugng khéng day
IRS duoc dé xuat. Cu thé, céc thiét bi loT (ID)
c6 thé thu nang luong tir mot tram phéat truc
tiép va théng qua mot kénh phan xa IRS. Sau
d6, ID st dung ning luong thu dugc nay dé
giam tai cac tac vu dén diém truy cap bang giao
thicc NOMA duong 1én. Két qua md phong da
lam rd anh huong cua sé phan tir phan xa IRS
dbi véi hiéu nang hé théng so sanh véi trudng
hop khong su dung nd.

Khac vdi cac cong bd néu trén, trong bai bao
nay chung t6i phén tich hiéu ning ctia hé thong
dwa trén dic tinh thong ké cua kénh truyén
bang cach tim ra cic biéu thic dang tuong
minh cia x4c suat tinh toan thanh cong va xéac
sudt niang luong tiéu thu. Pong gop khoa hoc
cua bai bao nay nhu sau:

e Pua ra mot mo hinh hé théng MEC sir
dung da truy cap NOMA duogc hd tro boi
mot IRS. Pé xuat giao thirc hoat dong cua
hé théng.

 Xay dung biéu thirc dang déng cia xac
suat tinh toan thanh cong va xac suét tiéu
thu nang luong dé danh gia hiéu ning cua
hé thdng trén.

e Thyc hién khao sat, dua ra két qua sd va
danh gia sy anh hudng cua mot sb thong
sO nhu cong sudt phat, sé luong phan tir
phan xa cta IRS, hé s6 phin bd cong
suat... dén hiéu ning cta hé thong. Qua
d6 khang dinh hiéu qua cua giai phap su
dung IRS trong mot hé thong khong day.

Phan con lai cta bai viét nay duogc td chuc

nhu sau: Phan 2 trinh bay mé hinh hé thong;

phan 3 trinh bay phan tich hiéu ning cia hé
thdng theo x4c suat tinh toan thanh cong va xéc
suat tiéu thu nang lugng ctia nguoi dung; phan
4 cung cip két qua sb va thao ludn; cudi cung,
chung t6i két luan ndi dung nghién ciru trong
phan 5.

2. M6 hinh hé thong

Chung t6i khao sat mot mo hinh hé théng
mang di€n toan bién di dong co6 su hd trg cua
bé mit phan xa théng minh nhu Hinh 1. Hé
thdng nay bao gdm maot diém truy cap AP, mot
cap nguoi dung Ui véi i e {1, 2} va mot bé mat
phan xa thong minh (IRS) v6i N phan tir phan
xa thu dong. Do kénh truyén tir ngudi ding Uz
dén diém truy cép c6 chat luong kém va khong
on dinh nén can sy hd tro tir IRS dé cai thién
hiéu ndng mang. Bo diéu khién (controller)
trong Hinh 1 chiu trach nhiém kiém soat cac
phan tor phan xa ciing nhu diéu chinh bién
dd/pha phan xa cia ching theo thoi gian thuc.
Dé don gian, ta gia dinh rang khong c6 sy anh
huong tin hiéu twong hd trong phan xa cla céc
phﬁn tir IRS 1an cén, tic 1 tat ca cac phén to
IRS phan xa cic tin hiéu dén mot cach doc
lap. Do anh huong ctua suy hao, ta chi xem xét
cac tin hiéu dugc IRS phan xa lan dau tién va
bo qua nhiing tin hi¢u d6 dugc phan xa boi nd
hai hodc nhiéu 1an. Nhu vy, tin hiéu nhan duoc
tir tit ca cac phan tir IRS c6 thé dugc mo hinh
hoa nhu mét sy két hop cia cac tin hiéu phan
xa tuong ung cua chung; do d6, mé hinh tin
hiéu bing tan co s tinh toan cho tit ca N phan
tu IRS nhu sau:

N
y(t) = (Zﬂne”" hz,ngnjx(t) =hjegx(®), (1)

n=1

Trong d6, x(t) bi€u thi tin hiéu truyén bing
gbc ¢6 gid tri phic, 92[0, 0, 0,]
hy £[h,.h,,. 0] v6i g, va h,, lan luot 1a
hé sb kénh truyén tir AP dén IRS va IRS dén
ngudi dung Uz, dong thdi chung tuan theo phan
b6 Nakagami-m voi tham sé tuong ung 1a m,
va m,. ®édiag[ﬁlei@,ﬁze‘”z,---,ﬂNe‘”N], véi

A
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j=v-1, B, 1a hé sb phan xa bién d6 va o, la
bién dich pha ctia phan tir phan xa thir n c6 thé
dugc hiéu chinh thong qua bo diéu khién IRS.

B didu khién
l IRS
| -
h,
h,
Diém truy cap
(AP)
User 1 User 2
Uy (Uy)

Hinh 1. M6 hinh hé théng mang di¢n toan bién di dong
st dung IRS

Gia thiét, tat ca cac may déu la thiét bi don
dng-ten va hoat dong ¢ ché do ban song cong.
Tai AP, b thu sit dung mach tri¢t tiéu nhiéu
nbi tiép (successive interference cancellation
SIC) dé giai ma tin hiéu thu dugc. Ngoai ra,
chung t6i con gia thiét Us va Uz c6 tac vu Li-bit
va tac vu Lo-bit tuong ting.

Chung t6i dé& xuét giao thirc cho mé hinh
Hinh 1 nay nhu sau:

Bude I: Nguoi ding giam tai cac tac vu dén
cho may chu tai AP bang cach giri tac vu/dit
liéu dén diém truy cap. Trong d6, IRS hd tro
cho U, bang cach phan xa tin hiéu dén chuyén
tiép dén AP.

Budc 2: Diém truy cap AP nhan cic tac
vu/dir liéu nay va tién hanh xtr Iy tai may chu.

Bude 3: Két qua xtr Iy duoc gii tra vé cho
cac ngudi dung bang cach ap dung co ché
NOMA cho dudng xudng.

Noi dung tiép theo, chung t6i trinh bay cac
budc cua giao thirc trén bang cac mo hinh toan
hoc cu thé nhu sau:

Budc 1. Hai nguoi dung U: va Uz ap dung
co ché NOMA duong 1én dé truyén tin hiéu dit
liéu twong tng s1 va sz cho AP trong khoang
thot gian t1. Tin hiéu thu duoc tai AP nhu sau:

, P ,1— P
y=h ’Zalosl+h';®g %sz+w, 2)
1 21 Y22

trong d6, h, 1an luot 1a hé sé kénh truyén tir AP
dén nguoi ding Ui va tuan theo phan b
Nakagami-m vé6i tham sé twong tmg 1a m,; Po
1a tong cong sudt phat ciia ngudi dung; p 1a hé
sO phén chia cong suit; o 1a hé s suy hao cong
suat theo khoang cach; di, va dz1 lan luot la
khoang cach Euclidean tir U va Uz d¢én AP va
IRS; d2 1a khoang cach Euclidean tir AP dén
IRS; w 1a nhiéu trang cong Gaussian (AWGN)
c6 trung binh bang 0 va phuong sai 1a 6°.

Buoc 2: Tai AP stt dung bd khu nhiéu SIC,
trong d6 AP gidi ma tin hiéu cua U; trude trong
khi xem tin hiéu ctia Uz 1a nhiéu. Sau khi c6
duoc s1, ta léy tin hiéu téng thu duoc trir cho s1
thi thu dugc sz. Ti s6 tin higu trén nhiéu tai AP
duoc tinh nhu sau:

2
Proth | PrMY (o

Y (- P)ory [NOF 41 (- p)ypuV +1

75, = A= P)rott, |NF OgP=(1- p)yorsV, (4)

, A P x .

trong do, 7, =—; la ti so tin hiéu trén nhicu phat
o

trung binh; U &h

V 5 hiogl.

H 2 d,y gy =0d;7d,",

Thoi gian truyén cac khéi dit liéu cua Us va
U2 1an luot duge tinh nhu sau:

tsl = #, (5)
W log, (1+ 7s, )
D ©)
W log, (1+ 7s, )
trong d6, W 13 bing thong ctia kénh truyén.
Thoi gian truyén tdi da ciia hé thong la:
7, =max(t ). )

Thoi gian tinh toan hai tac vu cua Uz va Uz
tai AP la:

f (8)
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trong d6, ¢ 1a sb chu ki CPU can thiét dé xir ly
dit lidu tai AP, va f1a tin sd hoat dong ctia may
chu tai AP.

Bude 3. Sau khi tinh toan thanh cdng, AP
giri tra két qua vé cho Ui va Up. Két qua sau
qua trinh tinh toan & AP thong thuong la céc
thong tin diéu khién, nén c6 d6 dai bit rat thap,
vi vdy, thoi gian phan hoi thong tin 73 s& rit nho
so voi 71 ciing nhu 72 nén c6 thé duoc bd qua
[61, [7].

V6i fading Nakagami-m, ham phan b tich
lity (CDF) va ham mat d6 xac suit (PDF) cua
U =/ h [ nhu sau:

mix T

FU (X):l_k=0 k'/llk e . ! (9)
mlmlxmrl 7%

£ (x)= , 10

trong do, 4 =E[|h[] véi E[.] 1a toan tir ky
vong.

Pé hd trg cho Uy truyén dir liéu, IRS duoc
lap trinh c4u hinh thoi gi%n thye sao cho t6i da
hoa gia tri V 5hf@g=|>p,9,h, .| . Thc la,
gia tri dich pha HnNduqc Bjéu chinh sao cho dat
duoc V=5 Zgnhzn‘ véi  gia  thiét
B, = B.vn. "

Theo két qua ctia cong trinh [17], ham phan
bb x4c suét tich lily (CDF) va ham mat do xac
sudt (PDF) cia X =|> g.h,,

n=1

c6 duoc nhu sau:

_m"(4mgm,) ™"
Fy ()= T2mN) y(ZmSN,Z msm,x), an

N

m _
f — 2mN-1q 2. fmgm; x

Chuing t6i c6 dugc B6 dé 1 nhu sau:

trong do, m5=min{mg,m2}’ m, =max{mg,m2},

7 mm)™ T(2m,)r@m, ~2m,)
- L(m,)I(m)T(m, —m, +1)

Tir két qua trén, ta suy ra duoc ham CDF va
ham PDF cua Vv, = 2X? lan luot la:

N4 —msN 21/m m X
vaax (x) = wy[ansN ,—5'], (13)

r'(2m,N) Jij

1 72‘fmsm|x

mN XmSN—
7o (14)

fVmax (X) = Zr(zm N)ﬁzmSN e

3. Phan tich hiéu ning

Trong phan nay, ching toi phan tich hiéu
nang hé thong bang cach dua ra xac suét tinh
toan thanh cong va xac suat tidu thu ning luong
ctia hé théng mang dé xuét.

3.1. Xdc sudt tinh todn thanh cong

Xéac suét tinh toan thanh cong (®) duoc dinh
nghia 1a xéc sudt tat ca cac tac vu dugc hoan
thanh dang thoi gian tré t6i da cho phép T > 0.
Trong hé thong dé xuat, ® duoc cho bdi cong
thuc:

O =Pr(r,+7,+7,<T)

Yo :(L1f+ Lz)j (15)

=Pr(y, > "7, >73),

= Pr[max{tsl A,

trong do, y, va y, dugc tinh theo cong thire (3)
L L

va (4), ylth —owr -1, 7;'1 —owr -1,

T-ZT_;<L1f+ L)

Bé dé 1. Bi v6i hé théng mang MEC dé xuét, xac suét tinh toan thanh cong dugc tinh theo biéu

thirc dang tuong minh sau:
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-mh vy 2, fmsmy,
= ﬂ-mNe A - rnlk i(aﬁ +b1)k mgN l ml/h - B 1—(0(] ) (16)
2Q, 4™ T (2m,N) = k!4 = 1+,
i h +1)e™@ _
Trong dO al_w’ = - ’ 1= 72 ’ Vq =-In ((Dq ) 1 @y :COS(Zq 17[]1
Pty PYoth A= P)7oit 2 2Q,

Q1 13 hé sb can bang giita 6 phuc tap va do chinh xéc.

Churng minh: Xem Phu luc 1.

3.2. Xdc sudt néing lwong tiéu thu

Xéc suat tiéu thu ning lugng (W) dugc dinh
nghia 13 x4c suét ning luong tiéu thu dung cho
truyén giam tai nho hon ngudng cho trudc
(Eth).

trong d6, E1 va Ez 1an luot 13 ning luong tiéu
thu khi truyén giam tai ctia Uz va Uo.
Théng sé nay cho thidy murc do tiéu thu ning
luong khi tién hanh truyén tac vu/dit liéu cho AP.
Bo dé 2. Béi voi hé thong mang MEC d&é
xuat, biéu thirc x4c suat tiéu thy ning luong cia

T:Pr(maX{El'EZ}<Eth)' (17) hé théng nhu sau:
myb,
_T -1 k 9 mlazuq_Z ¢m5m|uq 1_
”sze Y S (au, ) umtte & 7 [P (18)
2Q2ﬁ "Er(2mN) kA &= 1+,
PRL (1=p)RLy theq th th
Trong do, o"=2"% -1, &f=2 " -1, =M, bzza)—l, - %
Pty PYoty 1= P)7otty

2

+1)e™® _
u, =—In[M], ?, =Cos(2q !
2 2Q

Churng minh: Xem Phu luc 2.

4. Két qua s va thao ludn

Trong phan nay, chiing t6i trinh bay két qua
sO clia x4c suat tinh toan thanh cong va xéac suat
tiéu thu ning lugng ctia hé thong mang da dé

Béng 1. Cac thong s6 mo phong

ﬁ] , Q2 12 hé sb can bang giita 6 phirc tap va do chinh xac.

xuat. Chung t6i st dung phwong phip md
phong Monte-Carlo dé kiém tra tinh chinh xac
ctia viéc phan tich hé théng. Cac thong s6 ding
trong viéc mo phong chi tiét nhu tai Bang 1.

Théng sb Ky hiéu Gia tri str dung
Moi truong Nakagami - m
Thong sé fading m,m,,m 2.0,2.5,3.0

S6 lugng phan tir cia IRS N 2,4,6

Tin hiéu trén nhiéu phéat trung binh Yo 30-60 dB
Khoang cach d,,d,,d,, 10m, 20m, 10m
Hé s suy hao dudng truyén a,0,, 25,2525
Tan sb chu ky xu ly caa CPU tai AP f 1GHz

S6 chu ky ciaa CPU/1 bit ¢ 2
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Bing théng kénh truyén w 500MHz
Thoi gian xt ly tGi han Tih 0.05s
Nang luong tiéu hao tGi han Etn 2]
Hé sé can bang giita do chinh xac va do phuc

. . : 100. 1
tap cua phuong phap Gaussian — Chebyshev Qu Q2 00, 100

4.1. Anh huwéng ciia SNR trung binh va so
lwong phan tir phén xa ciia IRS

O Hinh 2, chung t6i khao sat anh hudng cua
ty sd tin hiéu trén nhidu phat trung binh va sb
lugng phﬁn tr phan xa dén hiéu nang cua hé
thong thong qua xac suit tinh toan thanh cong
ctia hé thong. Tir @0 thi, ching ta co thé thay
rang khi SNR trung binh ciing nhu sé lugng
phan tir phan xa cta IRS ting 1én thi x4c suét
tinh toan thanh cong cua hé théng ciing ting
1én. Piéu nay co nghia 1a ching ta co thé ting
hiéu ning cta hé thong bang cach ting sb
luong phan tir phan xa cua IRS hodc ning cao
cong sut phat.

Tuy nhién, & Hinh 3, khi khdo sat xac sudt
tiéu thu nang lugng cua h¢ théng, chung ta lai
thdy rang trong trudng hop nang cao cong suat
phét dé taing SNR trung binh thi xac sudt ning
luong tiéu thy cua hé thong ciing s& giam di. Vi
vay, chiing ta phai chap nhan sy danh doi giita
hiéu suét hé thong va nang luong tiéu thy khi lya
chon cong suat phat ctia hé thong. Ciing trong
khao sat & Hinh 3, v6i cung mirc SNR trung
binh thi viéc tang s6 lwong phan tir phan xa N
cia IRS ciing giup ning cao xac suit tiéu thu
nang luong cua hé théng, dong nghia véi viée
lam giam nang luong tiéu hao cua hé thong.

100 3
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=
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Ti so tin hieu tren nhieu phat trung binh Y

Hinh 2. X4c suit tinh toan thanh cong theo SNR
va s0 phan tu phan xa
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-8 Analysis
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O SimN=6
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Ti so tin hieu tren nhieu phat trung binh %

Hinh 3. Xac suét’tiéu‘thu nang luong theo SNR
va s0 phan tir phan xa

4.2. Anh hwéng ciia dj dai tic vu

Tuong ty, Hinh 4 va Hinh 5 trinh bay két
qua khao sat anh huong cia do dai tac vu dén
hiéu nang cta hé théng thong qua hai thong sb
xé4c sudt tinh toan thanh cong va xac suat ning
lwong tiéu thu. Qua két qua thé hién trong ca
hai truong hop, chung ta co thé thay rang viéc
su dung tac vu c6 do dai cang 16n thi hi¢u nang
ctia hé thong cang giam va nguoc lai.
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Hinh 4. Xac suit tinh toan thanh cong theo SNR
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Hinh 5. X4c suit tiéu thy nang luong theo SNR
va do dai tac vu

4.3. Anh hwéng ciia hé sé phan bo cong suit

Hé théng c6 sit dung co ché da truy cap
NOMA nén chiing t6i khdo sat anh hudng cia hé
sO phan bd cong suat o dén hiéu ning cla hé
thong. Theo két qua thu duoc tai Hinh 6 va Hinh
7, chiing ta c6 thé thay rang khi hé s phan b6
cong sut o ting dan thi xac suét tinh toan thanh
cong ciia hé thong giam dan va xac sudt ning
luong tiéu thu cta hé théng s& tang dan. Két qua
nay cho chung ta thdy c6 su danh doi giita hiéu
ning va murc nang luong tiéu thu. Didu nay din
dén twong g voi mdi mire cong suét phat khac
nhau s& tOn tai mot giatri p t6i wu dé hé théng
c6 thé dat dugc hiéu ning/ning luong tiéu thy t6i
vu. Gia tri p tuong tng co thé xac dinh dugc
thong qua diém giao cit cua hai duong cong @ -
WY trong cac Hinh 8 va 9. Trong Hinh 8 va 9,

duong nét lién mau den 14 gid tri cia x4c suét tinh
toan thanh cong cua hé thdng bién thién theo gia
tri p, duong nét dut mau xanh duong la gia tri
cla xac suat tiéu thy ning luong bién thién theo
gia tri p, voi cac muc gia tri SINR tuong ung
lan luot 14 35dB, 40dB.

Tir cac két qua thu duoc & trén, chung ta c6
thé thdy két qua thu tir cong thirc 1y thuyét
trang khop véi mo phong hé théng. Piéu nay
da kiém chung tinh dung din ciia cong thic 1y
thuyét. Tuy nhién, mirc d6 chinh xac cia két
qua thu dugc con phu thudc vao hé sé cin bang
gitta do phuc tap va do chinh xé4c ctia phuong
phap Gaussian — Chebyshev dugc ap dung
trong qua trinh tinh toan.
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PHU LUC A: Ching minh B6 d¢ 1.

o — Pr( PYott
(1_ p)yo/'lZVmax +1

h
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PrYoth
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mNe *

= 2 EmN) k'ﬂi

mll
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5. Két luan

Trong bai bao nay, chung toi da dé& xuit mot
mo hinh mang di¢n toan bién di dong s dung
phuong thirc da truy cap NOMA duogc hd tro
béi mot bé mit phan xa thong minh. Ttr md
hinh nay, chiing t6i di xay dung duoc biéu thirc
x4c sudt tinh toan thanh cong va xac suit tiéu
thu nang luong nham khao sat hiéu nang cua hé
thdng. Cudi cing, tir cong thirc xay dung dugc,
chung toi da trinh bay két qua sd cua viéc khao
sat anh huong cia nhitng tham sé chinh Ién
hiéu niang cua hé théng. T nhitng két qua thu
duoc, chung toi két luan rang hiéu ning ctia hé
thdng dé xuit co thé duoc cai thién bang cach
tang s6 lugng phan tir phan xa hd trg cho ngudi
dung. Néi cach khac, viéc 4p dung bé mit phan
xa thong minh s& giup nang cao hiéu nang cia
mot mang dién toan bién di dong.
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Pt Proth

Trong d6, a =

CA-P)roty |

th +1)e™ -
72 qu—ln[M], (l)q:COS(Mﬂ'\].
2Q

2 1

Luu y, Budce (1) ¢6 duge bang cach dit t=e; Budc (2) ¢6 duge bang cach 4p dung lai phuong
phap truc giao Gaussian-Chebyshev voi Q1 1a hé s6 can bang gitra d6 phuc tap va do chinh xéc.

B6 dé 1 da duoc chting minh.
PHU LUC B: Ching minh B6 dé 2.

¥ =Pr(max{E,,E,} <E,)

= Pr(max{p%tsl,(l—P)Potsz } < Eth)

PYoiU

(B-1)

- ( A= P) Vo btV e +

1 > a)lthv (1_p)7/0/u2\/max > C();hj

Céc budc con lai dugce tinh tuong tu nhu Phu luc A dé dugc két qua cudi cing. B6 dé 2 da duogc

chung minh.
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