TAP CHI KHOA HQC VA CONG NGHE DAl HOC CONG NGHE PONG NAI

S6: 01-2024

DANH GIA PHAM CHAT TRUYEN TIN GOI NGAN CUA
HE THONG UAV-NOMA PUONG XUONG

Nguyén Thi Thai Hoa, Nguyén Vin Quyét?, Poan Vii Giang®, Tran Manh Hoang'”

THONG TIN CHUNG

Ngay nhan bai: 11/07/2023
Ngay nhan bai stra: 04/09/2023
Ngay duyét dang: 20/09/2023

TU KHOA

UAV;
NOMA;
BLER;
EE;
LoS

YTrwong Pai hoc Thong tin Lien lac
*Truong Bai hoc Cong nghé Dong Nai
*Truwong Cao Pang nghé Cong nghiép Ha Noi

*Tdc gia lién hé: Tran Manh Hoang, email: tranmanhhoang@tcu.edu.vn

TOM TAT

Trong bai bao nay, chiing toi dé xuat va khao sat pham chat cua
hé thong da truy nhap khong tryc giao (NOMA: non-orthogonal
multiple access) dudng xudng tir thiét bi khéng ngudi 14i (UAV:
unmanned aerial vehicle) dén cac nguoi dung mat dat. S6 1an sir
dung kénh cua hé théng d& xuat dugc thiét ké co giéi han.
Pham chét hé thong duoc dénh gia thong qua tham s ti 18 15
khéi block error rate (BLER) va hiéu qua niang luong. Sir dung
phuong phéap phan tich toan hoc dé xac dinh cac biéu thic dang
dong nham chi ra anh huong cia cac tham sé dén BLER, sau d6
str dung mod phong Monte-Carlo trén phan mém Matlab dé kiém
ching cac két qua phan tich va thao luan pham chét hé théng
UAV-NOMA dé xuit. Cac két qua phan tich va mo phong trong
bai bao chi ra rang, hé thong dé xuat dap tmg dugc yéu cau do
tin cay siéu cao, va do tré rat nho (URLLC: Ultra-reliable low

latency communications) va cac phan tich hoan toan chinh xac.

1. GIOI THIEU

Ngay nay, str dung thiét bi khong nguoi 1ai
(UAV: unmanned aerial vehicle) hd tro truyén
thong da duogc trién khai. Bac biét, UAV hd tro
chia s& dir liéu hé thong giao thong, thay thé cac
tram gdc ¢ dinh do qué tai hodc hu hong tir cac
tham hoa thién nhién, chién tranh (L. Wang, Che,
Long, Duan, & Wu, 2019). Bén canh d6, yéu cau
nghiém ngit vé do tin cay rat cao, do tré cyc nho
(URLLC: ultra-reliable and low latency) trong hé
thong truyén thong tuong lai (6G: sixth
generation) cac goi tin voi kich thuéc 16n khong
dap ung duoc (Durisi, Koch, & Popovski, 2016).
Tir d6, phuong phap truyén tin goéi c¢6 kich thuéc

ngan (SPC: short packet communication) duoc dé
Xuit boi cac nha khoa hoc trong va ngoai nudc
(Agarwal, Jagannatham, & Hanzo, 2020). Mat
khac phuong thirc da truy nhap khong truc giao
(NOMA: non-orthogonal multiple access) dugc
xac dinh 1a k¥ thuat nham tang hiéu qua st dung
phd bién va hira hen thay thé cho phuong thirc da
truy nhap truc giao (OMA: orthogonal multiple
access) hién co (Dai et al., 2018). Khi sur dung
UAV hd tro truyén thong goi tin ngin trong cic
hé théng NOMA s& dap tmg duoc yéu cau hiéu
qua str dung phé tan, mo rong ving phu song, do
tin cdy cao va do tré cuc thap. Tuy vay, cac dé
Xuit hién nay dang nghién ctu cac ky thuat néu
trén con roi rac, chua tich hop thanh mot hé théng
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UAV-NOMA-SPC. Khéac voi cac cong trinh
nghién ciru trudc ddy. Cu thé trong (Yin, Liu,
Gui, Gacanin, & Sari, 2022), cac tac gia nghién
ctu két hop UAV-NOMA véi kich thude géi tin
dai. Cac tac gia trong (Raut, Singh, Li, Alouini,
& Huang, 2021) khao sat BLER va goodput cua
hé thong UAV-OMA hoat dong ¢ ky thuat SPC.
Trong (Agarwal et al., 2020) va (Xiang et al.,
2020) cac tac gia xem xét BLER, thong lugng
cua hé théng NOMA truyén théng c¢6 st dung Véi
phuong thic truyén SPC. Do dé, trong bai bao
nay nhom tac gia dé xuat sir dung thiét bji UAV
hd tro truyén thong géi tin ngin cho hé thdng
NOMA dudng xubng. Dé danh gia do tin cay bai
bao trinh bay két qua khao sat, tinh toan tham s6
ty 18 16i khdi (BLER: block error rate), thong
lugng cua hé théng, mo hinh hoa va giai quyét
bai toan t6i wu hiéu qua niang luong (energy-
efficiency) truyén thong. Cac dong gop cua bai
béo duoc tom tit nhu sau:

e Cung cép biéu thirc tinh BLER, thong luong
cua hé thdng UAV-NOMA-SPC di dé xuat.

e Mo hinh hoa va giai quyét bai toan tdi wu
EE bang phuong phap tim kiém diém tbi wu,
so sanh v6i két qua 1y thuyét. Téi uu sd bit
truyén va do cao UAV nham dat pham chat
t6t nhat cua hé théng.

e Sir dung md phong Matlab dé kiém chang
cac két qua tinh toan giai tich va khao st
pham chit hé thong bang minh hoa d6 th.
Céu trac bai bao duoc trinh bay nhu sau:

Phan 1 gigi thiéu nhitng uu nhuoc diém cua cac
nghién ctu trude day, Phan 2 mo ta hé théng dé
xuat, Phan 3 trinh bay chi tiét cac tham s6 pham
chat hé théng, Phan 4 so sanh két qua phan tich 1y
thuyét va két qua mo phong, Phan 5 cua bai bao
1a nhitng két luan va huéng nghién ctu tiép theo.

2. MO HINH HE THONG
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Hinh 1. M6 Hinh Hé Thong UAV-NOMA dudng
xuéng

Mo hinh hé thdng dé xuit dugc mé ta nhu
trong Hinh 1, trong d6 mot UAV mang may phat
v tuyén, phat cac goi tin ngan dén N ngudi ding
mat dat ki hiéu boi D, nefl,---,N}, toa d¢ cia
D, dugc dat tai (x5 ,Yp ,0) . UAV bay ¢ d6 cao h,
theo quy dao tron, (rcosé,rsiné,h) voi ban kinh r,
va @la goc hop boi truc x vai doan cung di
chuyén caa UAV. Tur d6, khoang cach truyén
théng cua UAV dén D, c6 thé duoc tinh nhu sau:

d, =\/(rcos¢9—an)2 +(rsinf—yp, )? +h*. (1)

Pit hé sé kénh truyén suy hao theo khoang
cach gita UAV va D, 1a L, =4/ﬁ0 /d; , trong do
B, 1a cong suat tham chiéu cua do lgi kénh truyén
v6i khoang cach 1 m, «la hé sé suy hao phu
thudc vao méi truong hoat dong cua UAV. Hé sb
suy hao co thé tinh toan thong qua xac xuat co tia
nhin thang (LoS: Light-of-sight) (Hoang, Tran, &
Hiep, 2022) a=[a(x/2)-a(0)]R s +«(0), trong
do a(7/2)va a(0)la gia tri suy hao khi UAV ¢
diém thang ding trén ngudi dung, va «(0)Khi
UAV ndm sat mdt dat, do d6 a(z/2)=2, va
a(0)=35. Ngoai ra, dinh nghia ¢, 1a goc hop
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boi mat phang ngang voi duong thang tr UAV
dénD,, do d6 goc ¢4 duoc tinh boi cong thic
¢, =180° / zarcsin(h/d,;). Can ctr vao goc ¢ va
moi trudong hoat dong cua UAV, xé4c suit LoS
dugc tinh bdi cong thire nhu trong (Hoang et al.,
2022),

-e
RL(h) =6 -— S
1+(7n 3)“'5

€

’F%d(¢%) =1- PL(¢%)' (2)

trong d6, e, iefl---,54la cac hang s6 phu thudc
moi truong. Trong nghién clru ndy, gia sur rang
UAV duoc trién khai trong méi truong Uban (B.
Wang, Ouyang, Zhu, & Lin). Khi d6, d¢ loi kénh
trung binh bi chi phdi béi xac suit LoS co thé
duoc biéu dién 12 Q, =L,P,(¢,). Mt khic, kénh
vo tuyén dugc thiét 1ap tr UAV d&én D, con bi
anh huong béi hién twgng pha dinh ngiu nhién,
thong thuong thanh phan nay dugc mo hinh hoa
theo cac dang phan bd Rician hozc Nakagami-m.
Trong bai bao nay, sir dung kénh pha dinh ngau
nhién tuan theo phan bd Rician dé phan tich cac
tham s6 pham chat hé théng. Do d6, kénh truyén
tong quat cua hé théng UAV duoc biéu dién boi
g, = fn@ , trong d6 thanh phan pha dinh ngau

nhién dugc tinh boi:

f = Ko giv, |1 CN(0,62), (3)
K, +1 K, +1

V6iK, =P (4)/(1-P_(¢,))1a h¢ s Rician. Cac
thiét bi trong hé théng gia sir dugc trang bi mot
ang-ten va thong tin trang thai kénh nhan duoc tai
may phat 12 hoan hao. Ngoai ra, phan cang cua
viéc thiét ké hé théng 1a hoan hdo, thong tin diéu
khién UAV khéng 15i, khong tré.

Pt X =| f_*, ching ta nhan duwoc ham phan b
tich Ity (CDF: cumulative distribution function)
va ham phan bd xac suit (PDF: probability
density function) ciia bién ngau nhién X dugc dua
ra nhu sau (Chen & Tellambura, 2004)

Fy (00 =1-Q (2K \[28,%), (4)
f () = Be ™ exp(-)1o (2K Brx),  (5)
do, Q) 1a Q-Marcum,
B, =K, +)/ A, Vvoi A =E{X}la gia tri trung
binh cia X. Gia st diéu kién kénh truyén duoc
biét tai UAV théng qua uéc luong kénh va dugc
sip xép theo the ty ting dan theo chi sb
|9, <<l g, P<lg¢[P<---<l gy [*. Khi UAV phat
g6i voi kich thuéc | bao gdm b bit theo phuong
thie NOMA, tin hi¢u nhan dugc tai cac nguoi
dung mit dat co thé duoc biéu dién nhu

N
Yp, =0n a,R, %, +9, Z \/akPV Xg + Wy, (6)

k=n+1

do,n<k,x,vaxla tin

trong ham

Trong hiéu
caaD, va D, theo cac hé s6 phan bo cong suat
a,va a, tuong ung; w,la tap 4m trang cong tinh
phan bd chuan (AWGN: additive white Gaussian
noise) tai D, . Dé cho don gian, trong bai bao nay
gia str phuong thtrc tach tin hiéu khir nhiéu lién
tiép tai cac D, 1a hoan hao, do do6 ty sb tin hi¢u-
nhiéu duoc thiét 1ap bai cac biéu thic
a,R 19, I n<k

N :
D aR g, [ +on (7)
k=n+1

yw=ayR lgy /o, n=N.
Biéu thuc SINRs trong (7) duoc sir dung dé
tinh toan cac tham s danh gia pham chat h¢
thong dé xuat.

n

3. PHAN TiCH THAM SO PHAM CHAT
3.1. Ty I8 16i hé thong

Khéc voi cong thirc dung lwgng Shannon, toc
d6 phat dit liéu cua SPC duoc tinh trong diéu kién
c6 xac suat 16i o khi sb lan st dung kénh (s6
symbol) la hitu han va mic d¢ phan tan kénh
truyén V(y,) da st dung khi phat s bit di liéu b.
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R0) =7 =CO) - Lo, (@)
Chu y rang biéu thirc (8) dung khi sb 1an sir dung
kénh I, (1=100) du 16n va | dén v6 cing thi chinh
la cong thac Shannon (Polyanskiy, Poor, &
Verdd, 2010). T biéu thic (8) c6 thé tinh xéac
xuat 13i tc thoi (BLER: block error rate) thong
qua ham Q Gaussian nhu sau:

& ~Q(Ct)-RYIWNGIT). (9

Tir (9) nhan dugc BLER trung binh tai mdi D, 1a
5~ [ Q(IVGIC(,) R, ()dx, (10)
trong do, f, (x)la PDF cua y,. Tuy nhién tir (10)

dé tinh duoc cong thirc BLER trung binh gap rat
nhiéu khé khan. Do d6, theo xap xi di duoc tinh
trong (Yu, Chen, Li, Ding, & Vucetic, 2018)
thong qua phép xap xi ham Q, nhan duoc

L Yo SPL

(?/5/72)7)7) ——;cn(m—rn), P <7 <pu,(11)
0, Yn 2 Ph

trong do, y, =[2z(2* -D/1]Y?, 7 =21,

pL=1,-112y,)va p, =7,+1/(2y,). Trén co s&
(10) va (11), biéu thirc BLER trung binh duogc
viét lai

§(@)~ ] Fu(xl@)dx (12)

V6i F, (x| @)la CDF cua y,. Dé nhan dugc biéu

ale
thirc twong minh trong (12), trude hét can c6 biéu
thic CDF F, (x| ). Tir biéu thiac SNR da dua ra

Yolo
trong (7) va sau it phép bién ddi ching ta nhan
dugc F, (x) nhu sau:

F, (X) Plosli + Putes!2: (13)
trong do,
o | 2 n _M
(K+D)xo R, (a,-b,x)
l,=1- —— T | e V&I (14
' 1=0 nz_(;ﬁlvn{Qn R/ (a, —b,X) (14)

It (K+Dxo? ) —#fjx)
l,=1 ;;ﬂ""[aﬂnpv(an—bm} e .(15)
Thay thé (13) vao (12) va ap dung phuong phap
Xap xi tich phan Chebyshev-Gauss (Vu, Nguyen,
Pham, da Costa, & Kim, 2022) véi tong hiru han
phan tir, nhan duoc biéu thac BLER trung binh

Sau

G (@) = PLos@h Los + Puosh nios » (16)
va BLER trung binh trong diéu kién LoS va
NLoS duoc tinh toan l1a

LM 780 (K+1Duo? jn
Lo 1 n L
0> e )
(K +Duc?

exp| —————— [\1-y?
: p[ QnR/(an_bnu)j v

N j Bin(  (K+uo?
Oh,NLos =1_Zn222” : [ J
é = M { @Q,R, (a, —b,u) (18)

2
Xexp(_ (K +Duc jl—wz,
Q) R, (a, —b,u)
: K/ Pu—PL. . Puth
Trong do0, ;. = ,u="H Ty, e L
&40 fin =1k 2 VT

= cos(%) . =Y ava Ml s

phan tir hitu han trong phép xap xi tich phan
Chebyshev-Gauss. Ngoai ra, dé d& thdy anh
huong cua cac tham sé dén pham chat hé théng,
chung ta c6 thé rat gon biéu thuc BLER trung
binh bang cach str dung Xap xi tich phan Riemann
bac 1. Khi d6 BLER c6 thé duoc xac dinh boi
biéu thirc sau

Put P

G, (@) = 7 (P4 _pL)Fynlw( |a)) (19)

~F, 1o(70 | @).

Tic 1a BLER trung binh trong diéu kién LoS va
NLoS dugc viét lai

Ly

ax  J  Nmax 1/1
Q,Loszl—zzz( )ﬂjn£

H!

(K +1)r,6°
Q,R(a, -b,7)

JV (20)
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. e & e (1) B, (K +1)7,0° ’

O, NLos zl—zz | = ( (21)
j=0 n=0 u=0 M: anPs(an _bnTi)

Tir cac biéu thuc trén thay rang, BLER cua

hé théng xem xét phu thudc vao s6 1an st dung

©1va hé sé phan bd

kénh 1, @6 loi kénh truyén
cong suat &,

3.2. T6i wu bit phat va dd cao UAV

Khi sé 1an str dung kénh 1a ¢6 dinh, trong d6

kénh truyén str dung cho bit thong tin va bit huin
luyén kénh 14 riéng biét, gia sir 1a ! 1a kénh truyén
l: 12 kenh hudn luyen, (1=hi+ky 56

blVé be’ (b:bl +be).

thong tin va
bit truyén twong Ung 1a
Thong lwong cua hé théng UAV-NOMA-SPC
dugc xac dinh thong qua biéu thac BLER da
duoc xac dinh.

(b,h) = i?(l-@(w)).

n=1

(22)

Tur (22) thay rang, khi ¢6 dinh |, ting b, dan
dén giam ty s6 (b—b,)/1, két qua 1a giam BLER
nhung thong luong ciia hé thong ciing giam theo
vi s6 bit thong tin b bi giam. Diéu nay c6 nghia la
ton tai mot gia tri bit thong tin va bit huan luyén
hop 1y ma & d6 t6i vu déng thoi BLER va thong
lugng. Ngoai ra d6 cao bay cuia UAV cling anh
hudng dén pham chat hé thong, do khi UAV bay
cao xac suat ¢ tia LoS 16n nhung murc suy hao
tin hiéu cling 16n theo khoang cach. Nguoc lai khi
UAV bay thip, suy hao theo khoang cach nho
nhung xac suit LoS ciing nho theo. C6 nghia 13
ton tai mot do cao t6i wu ma tai do thong luong
cua hé théng dat 16n nhat. Do do, chung ta c6 bai
toan tdi wu thong luong theo do cao h va s6 bit
truyén b

P): rrg%x 7(b, h),

st o (w) <4,
b, <b<b

min — max

0<h<h

(23)

max
trong d6, ¢,1a BLER muc tiéu cua hé théng,
b
t6i da. Dé d& dang st dung thuat toan tim kiém
gia trj téi wu cia ham mot bién, ching ta co thé
chia bai toan ¢ (23) thanh 2 bai toan nhé nhu sau:
Truéc hét ¢6 dinh h, tim cuc dai thong lugng theo
rang budc s bit truyén va rang buéc BLER muc
tiéu cua hé thong.

. vab__ tuong tng 14 s6 bit truyén t6i thiéu va

P): méix 7(b, h),

st o (w) <9, (24)

bmin <b< bmax’

Tiép theo, ¢ dinh sé bit truyén, tim thong lugng
cuc dai theo rang bugc d¢ cao va BLER muc tiéu

P): mﬁx 7(b,h),

s.t. ¢, (w) <4, (25)

0O<h<h,,,,

Pé cho chat chg, can thiét phai chitng minh
cac ham muc tiéu trong (24) va (25) ton tai mot
nghiém va dam bao diéu kién 1a ham 16m
(concave function) vai cac bién h va b.

Bo dé 1: Biéu thirc théng lwong Ciia nguoi
ding D, la ham 16m don tri Véi cdc bién h va b.

Chtng minh b & 1, s& dugc cung cap chi
tiét trong phan Phy luc I.

3.3. Hiéu qua nang lwgng
Trong phan nay cta bai bao trinh bay tdi uu
cong suat phat dé dat hiéu qua nang luong (EE:

Energy efficiency) cuc dai voi BLER muc tiéu
cho truéc. Tir dinh nghia vé hiéu qua nang lugng
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va thong luong hé théng toc do dir liéu, ching ta
¢4 thé mo hinh hoéa bai toan cuc dai EE 1a

o Ra1-8,(0)
R anR/ + Pc
st:0<a,R, <P,
& (@) <0,

(26)

trong d6, P_ 1a cong suat phat cuc dai cia UAV,
P.la cong suét chi phi tiéu ton bén trong ciia cac
mach dién (gdy ra boi phan cang hé thdng). T
(8) va rang buoc cua (26) dan dén R, 1a

A 1/~
R>2 =t A_Q @), g

a,lg,F" 2t T

Dé giai bai toan (26) trudc hét dung phuong

phap tim kiém 2 chiéu dé dat duoc cuc tiéu cong
suit phat caa UAV bai thuat toan sau:

(27)

Algorithm 1 Optimization of Py .

I: Data: (IDnayDn-O)’ (.TU,yL’,H), r, bmim bma)u hmaxv
€, error tolerance § = 1072

2: Result: Minimum transmit power of UAV

3: Initialization: @ 4 0, @ & Prnax, Py 252,

4 Compute BLER £,(w) in

5. while |€,(w) — €| > ddo

6: if €,(w) > &y, then

T: Set a; + Py

8: else
9: Set ag + Py
10: end

1: Set 4392 Py and update €, (w) again
12: end
13: Return Pj).

Sau khi dat dugc R, chung ta st dung lai
thuat toan dé xac dinh cuc dai EE. Ngoai ra sau
khi nhan duoc R, tir Thuat toan 1, téi wu thong
luong theo d6 cao va sb bit truyén duoc thuc hién
boi hai thuat toan sau day:

Algorithm 2 Calculation of  based on with fixed b
1: Initialization: q = 0, g = hmax, # = qu — qrL, ¢
@ (Golden ratio), error tolerance § = 1072,

xi=L&a=q+5% &= - %,

3: repeat

4: if T(&l) < T(fg) then

5w =&G=Gn=m&=w+tiFn=
7(&1)

6: else

o =G =Gn=n&=g+tikn=
7(&2)

8: end if

9:i=1i+1

10: until [gy — gr| < ¢ (the solution converge)
11: Return h* = (qu +q1.)/2.

Algorithm 3 Joint optimization of b and h

1: Initialization: byin, bmaxs Pmaxs @ = 1,b;, h; and &
2: repeat

3 Using Algorithm 1 to find h;4, for given b;

4:  Using bisection search to find b;, for given h; 4
55 i=i+1

6: until ‘bmax - bulin‘ <0

7: Return h* = h;yy and b* = b;14.

Cac thuat toan st dung o trén su dung
phuong phép tim kiém gi tri toi uu ctia ham muc
tiéu, do d6 ching c6 do phac tap rat nho, don
gian trong viét chuong trinh, va chi sir dung khi
ham muc tiéu dam bao c6 mot nghiém téi wu.
Thuat toan 1 va 3 chi phu thudc vao sb phép lap
tim kiém dén gia tri hoi ty, do d6 d6 phuc tap
tuong ung cua chung la [log(s/P,,)/log(q,) |va

[10g(5 / he) /10g(g) ]. DSi v6i Thudt toan 2,
b"ndm trong khoang [ by, <b”<by, |, va dugc
chia thanh | khoang nhé, tai mdi budc lip co
khoang cach 27 (b, —b.;), co nghia 1a s lan lap
dé dén gia tri hoi tu 1a [10g, ((Byex —bmin) / 5) ],

trong d6 ki hiéu [ e |1a phép toan lam tron xudng.

4. KET QUA MO PHONG VA THAO LUAN

Trong phan nay, bai bao trinh bay két qua mo
phong nham muc dich danh gia twdng minh pham
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chat hé théng da dé xuét tir anh hudéng cua cac
tham s6 va kiém chung lai cac két qua da phan
tich. Tham s6 mé phong hé théng UAV hd tro
nguodi dung NOMA theo phuong thitc SPC dugc
thiét 1ap nhu sau: S6 1an mau ngau nhién duoc tao
1a 2**, kénh truyén cia mdi khe thoi gian 1a pha
dinh phang, c6 nghia 1a bién d6 khong thay doi &
mdi khe thoi gian nhung s& thay doi ¢ nhiing khe
thoi gian ké tiép. S6 bit truyén tir UAV dén ting
nguoi dimg b = 300, s6 kénh truyén si dung | =
128, cong suat tham chiéu cua UAV g, =20dB,
phuong sai cong suit nhidu tai D, duoc chuan
hoa o2 =1, diéu kién hoi tu cua cac thuat toan
5=10"7, BLER muyc tiéu &, =107,
cong suat cho cac tin hiéu cua nguoi dung lan
luot a =05, a,=0.3va a,=0.2. UAV bay theo
quy dao tron c¢6 ban kinh r = 100 m, dugc thiét
lap tir dau va diéu khién bai phi cong mat dat, vi
tri cac nut mat dat dat ¢d dinh theo cac toa do nhu
sau: D, (-250,-250,0) , D, (250,-100,0) va
D,(0,500,0) . Mdi truong trién khai UAV trong
khu vuc nong thon do d6 anh huong cia cac tham
s6 truyén vo tuyén nhu xac dinh trong bang II,
(Hoang et al., 2022).

hé sb phan bd

102 ¢
| b= 300;/= 128
[ 0= nl4;w=07
103, ¢ D,-MP
| @ D,-MP

o D,-MP

1074 E ——Ly thuyét

BLER trung binh

20 25 30 35 40
SNR (dB)

Hinh 2. BLER trung binh cua cac nguoi dung
theo SNR, d6 cao UAV h =150 m, hé so6 Rician
khac nhau.

Hinh 2 trinh bay két qua mé phong BLER
cia cic ngudi dung twong ¢ng cua hé thdng
UAV-NOMA SPC dudng xudng. Tir két qua thé
hién trén Hinh 2 ching ta thdy rang, hé s6 K anh
huong dang ké dén BLER cua hé théng, cu thé
khi tang gia tri K, BLER giam. Diéu nay c6 thé ly
giai rang, K dai dién cho gia tri LoS cua kénh
truyén tir UAV dén D, K l6n tuong duong nhu
gia tri LoS lon, BLER duoc cai thién. Ngoai ra
két qua 1y thuyét trang voi két qua mo phong, xéc
minh rang cong thirc BLER dé dua ra trong (16)
hoan toan chinh xéac. Tir két qua ching ta thdy hé
thng dat dugc BLER muc tiéu 1a 10*tai SNR =
35 dB va hé s6 K = 7, tirc 1a do tin cay cua hé
thdng dat 99, 99%. Piéu d6 c6 nghia rang, hé
thdng dé Xuat co thé trién khai duoc trong thyc té.

Diém dau quy dao{ 100, -100
DFém CLJ%I quy dao {100 100}

1 b =300,1=128, 0 = n/4
10 w=07,h=150,K=4
=
[=
RN
(=2}
=
2107
x
[}
)
o ¢ D,-MP
103 o D,-MP Tra
o Dy-MP
- - - -Quy dao thdng
Quy dao tron
10 : :
20 25 30 35 40

SNR(dB)

Hinh 3. BLERSs trung binh cua cac ngudi dung
theo SNR, d6 cao UAV h =150 m, quy dao khac
nhau.

Hinh 3 cung cép két qua mé phong BLER
theo 2 dang quy dao caa UAV, nham muc dich
khang dinh tinh wu viét cua thiét 1ap quy dao tron
so voi quy dao bay thang cua UAV. Tur két qua
trén do thi thdy ring, BLER cua D,va D,khi
UAV bay thang kém hon BLER cua tat ca cac
nguoi dung khi UAV bay vong. Tuy nhién khi
UAV bay thing dén diém cudi thi BLER cua
D,vuot troi hon so voi BLER cua cac nguoi
dung khi UAV bay tron. Nguyén nhan cua két
qua nay la do khodng cach khac nhau tor UAV
dén D, cua tirng dang quy dao.
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Ly thuyét

--=-- Xapxi
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Kénh truyén st dung, /

Hinh 4. BLER trung binh cua cac nguoi dung
theo I, h =150 m, K khéc nhau.

250

Hinh 4 trinh bay két qua mé phong BLER
trung binh theo s6 kénh truyén sir dung. Két qua tir
do6 thi thay rang sir dung 2 phuong phap xap xi
cong thire tuong minh BLER cho két qua gan nhu
nhau. Ngoai ra khi 116n thi 2 cong thirc da xap xi
bang nhau vé gia tri. Mat khac, khi sb kénh truyén
stir dung tang 1én, BLER c6 xu hudng giam nho, tuy
nhién mac giam cia BLER theo | it hon so vdi
BLER giam theo SNR, tuc 1a khi ting | h¢ thong
chi tang do loi ma hoa, trong khi d6 d6 loi phan tap
bi giir nguyén do SNR ¢6 dinh. Do khoang cach tir
UAV dén céc nguoi dung khac nhau dan dén BLER
caa D,nho nhét trong cac D, , trong khi d6 D, cho
két qua BLER kém nhit.

(a) (b)

57 ' " ' 1
1=128 K=50=n/4, © =07 SNR=230dB
O Maximumt |

b=300,1=128 K=56=n4, 0=07,
SNR = 30 dB O Maximum t©
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Hinh 5. Thong luong cua D1, D2, D3 va cua hé
thdng (a) theo s bit truyén, (b) theo d6 cao bay
cua UAV

Hinh 5 biéu dién thong lugng cia D1, D2, D3
va cua hé théng thong qua sb bit truyén va do cao
bay UAV, cac chim tron 13 thong luong cuc dai
trong wng Voi cac gia tri tdi wu b*va h"nhan
duoc tir cac thuat toan st dung & phan trén. Tur
Hinh 5 thiy ring, cac gia tri téi vu b’ va h"ma
thong luong D1, D2, D3 va cua hé théng dat cuc
dai 1a khac nhau. Ngoai ra thong lugng la ham
16m mot diém ddi voi h va b nhu duge phat biéu
tr B6 dé& 1. Cy thé d6i véi Hinh 5(a), thong
luong cua D,va D,dat gia tri cuc dai twong ung
1a 2 (bpcu) va 1.5 (bpcu) tai s6 bit truyén 1a 80,
trong khi do thong lugng cua D, dat duoc 1
(bpcu) tai s6 bit truyén 1a 60. Thong luong cuc
dai cua hé thong 16n hon 4 bpcu. Hinh 5(b) ciing
chi ra rang thong lugng ciia D,va D,dat gia tri
cuc dai twong ng tai h = 110 m va h = 120 m,
trong khi do thong luong cua D, dat cuc dai tai h
=150 m.

90 1
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Hinh 6. (a) Cong suit phat theo do cao cia UAV
va rang buoc BLER muc ti€u; (b) EE cua Dy, Do,
D, va ctia h¢ théng theo SNR
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Hinh 6. (a) tac dong cua do cao bay dén
cong suat phat cua UAV theo rang buoc BLER
muc tiéu 14§, =10°. Tir d0 thi trén hinh thiy
réng, cac do cao tbi vu cia UAV ma tai do cong
Suét phat cuia UAV dat cyc tiéu 1a khac nhau.
Nhin chung khi h<100m vah>150 m thi yéu cau

cong suat phat 16n dé¢ BLER dat &, =107, Cu thé
D,yéu ciu UAV phéat 40 dB va bay ¢ do cao
130m dé dat dugc BLER &, =107, trong khi d6
D,va D,yéu cau cong sut phat la 30 va 20 dB
tuong ung tai d6 cao 120 va 100 m. Nguyén nhan
do do cao UAV quyét dinh dén xac suat LoS va
suy hao tin hiéu phu thudc vao khoang cach.

Hiéu qua ning lwong cua hé thong duoc
trinh bay trong Hinh 6. (b). Tir két qua trén hinh
thiy rang, EE ting khi ting SNR va dat dén gia
tri cuc dai, sau d6 giam dan khi tiép tuc ting
SNR. Nhu vay hé théng ton tai mot gia tri cong
Ssudt phat ma tai d6 EE dat I6n nhat, tic 1a can
bang mirc cong sut tiéu ton va pham chat 15i s&
cho EE 16n nhat. Ngoai ra, quan sat trén do thi
thdy rang vai hé théng dé xuat cho hiéu qua niang
luong gan 80% khi cong suit hé thong & 20 dB
(chua tinh cong suat tiéu thu phan ctng).

5. KET LUAN

Bai bdo da dé xuit mot hé théng UAV-
NOMA duong xudng véi kich thudce géi tin ngan.
Trinh bay cic tham sb chat lugng hé thdng bao
gém BLER va thong lugng, bén canh dé bai bao
dd mo hinh hoa bai toan téi wu do cao, sb bit
truyén va EE. Giai bai toan t6i wu bang phuong
phap tim kiém nghiém cia ham muc tiéu, kiém
chung két qua thong qua mé phong Monte-Calor.
Str dung phuong phap phan tich toan hoc va mo
phong dé khao sat anh huong cac tham sb dén
pham chat hé théng. Két qua cho thay rang, hé
thdng dé xuit dat duoc BLER muc tiéu (d6 tin
cay 99, 99%), str dung sé liéu dé thiét ké do cao

t6i wu cia UAV tai 100-150 m; sb bit truyén toi
vu cia hé thong UAV-NOMA dudng xubng véi
kich thudc goi dir lieu ngan nam trong khoang
70-90 bit. Uu diém caa phwong phap st dung
trong bai bdo cung cap truc tiép cho nguoi doc
nhitng anh huéng cua tham sé dén pham chat hé
thdng, tiét kiém dugc thoi gian thyc hién chuong
trinh mo6 phdéng. Ngoai ra phuong phap phan tich
toan hoc két hop voi mé phong ngau nhién co do
tin cay tuyét ddi. M6 hinh nay s& duoc mo rong
cho truong hop nhiéu cip ngudi ding NOMA.

Phu luc |

Phan nay cung cap cac budc ching minh bd
dé 1 da duoc trinh bay & phén trén.

Pit R =b/I1a toc d¢ dit ligu dat dugc cia
D,, tir (9) théng lwong ciia D, c6 thé dugc viét
lai boi cong thirc sau.

z-(Rn):Rn(l_Q(fO/n’Rn)))! (28)

trong do, f(7,,R,) =~1log,1+7,)—R.1/ W (7,) .
Thuc hién dao ham cip mot (R )theo bién
R,ching ta nhan dugc

aT(R) R Aj_ _fZ(anRn)
) 21-Q(f(7,,R)) - —te 2
R GRY) -2

trong d6, A =12/ 1-(1+y,)?2. Biéu thic

(29) c6 thé nhan gia tri 4m hodc gid tri duong,

(29)

diéu d6 co nghia rangz(R )1a ham khong ting
hoic giam tuyén tinh theoR . Pao ham cap 2
cuar(R,)theo bién R ching ta nhan dugc

PRy ,
522'(Rn) :_ZAie 2 RnA12 e_f (yz"’R") .(30)
oR? 2r J2r
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Cht y rang, A >0va f(y,,R)=0, co nghia la
*c(R,)/éR? <0, ching ta két luan riang thong
lugng cua D,la ham 1dm don tri (concave
function) theo R hodc b khi I 1a ¢6 dinh. Két qua
dd duoc trinh bay bang dd thi trong phian mé
phong & trén. Tiép theo, ching ta chung minh
o (h) 1a mot ham 16i theo bién h, khi o (h) 14 15i,
thong Iugng sé 1a ham 10m. Thuc hién dao ham
cap 2 caag, (h) voi bién h chiing ta nhan dugc

Q) _ () gy, 0% 24 () 4y
on? g2 oh  oh? og,

og, 2B+h 25, A e_@

oh  (B+hWB—h2+h Ooff 2r

V6i B = (rcosd—x, )> +(rsind -y, )20 va

0, _4B°(h-1)+Bh(8h-5)+h’(2h-1)

oh? 2(B+h)?(B+h—h?)?

anh __ A o

o4, 2z

tdn tai mot h*thoa man,

<0. Chung ta gia st rang

2
T4AM) g e 1a
ah
0°q,(h) o4, _ 0°, 2a,(h)
o¢ oh  oh? 0og,

Tir biéu thic (32) va cac diéu kién trén cho thay
vé trai 1a ham giam trén h, con vé phai 1a ham
tang theo h. tirc 14 g, (h) 16i.

(32)
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KEYWORD

In this paper, we propose and analyze the performance of a non-
orthogonal multiple access (NOMA) system, where the
downlink signals are transmitted from unmanned aerial vehicles
(UAVs) to ground users with finite block length. The block
error rate (BLER), throughput, and energy efficiency (EE) are
used as metrics to evaluate the proposed system performance.
Mathematical analysis is employed to derive closed-form
expressions that indicate the impact of influential parameters on

UAV;
NOMA;
BLER;
EE;
LoS

the BLER, throughput and EE. The accuracy of the derived
expressions is verified by presenting that numerical results are
perfectly matched with analysis results. The analysis and
simulations in the paper demonstrated that the proposed system
can meet the requirements of ultra-reliable low-latency
communications (URLLC).




