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TU KHOA

Internet két néi van vdt;
Mang vung phu song rong;
Mat phan Xa théng minh;
Chuyén tiép vé tuyén;
Théng lirong hé thong.

1. GIOI THIEU

TOM TAT

Bai bao dé xuat tich hop hai bé mat phan xa thong minh (IRS)
vGi mot tram chuyén tiép (relay) dé cai thién thong luong hé
thdng Internet két ndi van vat (IoT) duoc 4p dung trong mang
vung phu song rong, cong suit thip (LPWAN). Cu thé, d& xuat
nay tich hop hai IRS dé tang cudng lién két gitra cam bién loT
va tram chuyén tiép, cling nhu giita tram chuyén tiép va cong
loT. Biéu thirc Iy thuyét thong lwong hé théng dugc tim ra cho
LPWAN sir dung IRS va chuyén tiép qua kénh Nakagami. Sau
d6, pham chat hé théng dé xuét duoc so sanh véi hé théng truéc
day (khong co IRS) dé thay ro sy cai thién hiéu suat dang ké dat
duogc bang cach sir dung IRS. Cu thé, véi thong luong dich dit
ra, hé théng dé xuat giam cong suit tiéu thu 10 dBm so vai hé
thdng trude day. Cac két qua cho thay rang LPWAN véi IRS va
chuyén tiép co thé hoat dong hiéu qua & dai tan s6 cao (5 GHz)
vai pham vi rong (200 m). Ngoai ra, bai bao nghién cuu, khao
sat chi tiét anh huong cua cac yéu té nhu tée do truyén dir liéu,
vi tri IRS, sb lwong phan tr phan xa, tn s6 song mang va bing
thong 1én thong lugng hé théng. Tir d6, mot sé goi y dé nang cao
thong lugng hé thong dugc dé xut.

LPWAN Ia kha nang truyén tai dir liéu trén
khoang cach xa ma van tiét kiém niang luong

Mang ving phu song rong, cong suat thap  (Aphoud & Abdoun, 2024: Shao & Muta,

(LPWAN: Low-Power Wide-Area Network) la
mot phan quan trong cua hé thdng truyén thong
vO tuyén hién dai, dac biét 1a trong ngir canh cua
mang di dong thé hé th 5 (5G) va thé hé tiép
theo (6G) (Kietzmann, Alamos, Kutscher,
Schmidt, & Wihlisch, 2024). Buoc thiét ké dé
cung cap két ndi vo tuyén cho cac thiét bi c6 do
tiéu thu ning luong thip va hoat dong trong
pham vi rong, LPWAN dong vai tro quan trong
trong viéc hd trg Internet két ndi van vat (IoT:
Internet of Things) va cac ung dung mang cam
bién. Mot trong nhing dic diém quan trong cua

2024). biéu nay giup kéo dai thoi gian sir dung
pin cua cac thiét bi IoT va cam bién, 1am cho
ching tré nén ly tuong cho cac Gng dung yéu
cau su ddng bo kip thoi va lién tuc (Aira,
Olivares, & Delicado, 2024).

Trong ngit canh cua mang 5G, LPWAN
dong vai tro quan trong trong viéc mé rong kha
nang két ndi va cung cap dich vu cho cac khu
vuc ¢6 mat do dan sb thip va cac tng dung
cong nghi¢p (Mao, Tang, Kawamoto, & Kato,
2021). N6 giup nang cao kha nang truy cap va
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tao ra co hoi méi cho viéc trién khai cac dich vy
va ung dung loT. Khi néi dén mang 6G,
LPWAN dugc ky vong s€ dong vai tro ngay
cang quan trong hon trong viéc hd trg cac ung
dung médi nhu tri tué nhan tao (Al: Artificial
Intelligence), thuc té 4o va tang cudong (AR/VR:
Augmented Reality/Virtual Reality) (Kietzmann
et al., 2024; Mao et al., 2021). Sy két hop giira
LPWAN va cac cong nghé tién tién nhu truyén
thong song siéu cao, do tré thap va o6 ddng nhat
cao trong mang 6G s& md ra nhiéu kha ning
méi va d6i moi trong cac linh vuc khiac nhau
cia cudc séng va cong nghiép (Shao & Muta,
2024).

Mat khac, mat phan xa thong minh (IRS:
Intelligent Reflecting Surfaces) va tram chuyén
tiép (R: Relay) déng vai trd quan trong trong
viéc toi wu hoa hiéu suat caa LPWAN, mang lai
nhiéu vu diém va ung dung da dang (Phuong T.
Tran, Nguyen, Hoang, Nguyen, & Vinh, 2023).
Cu thé, IRS gitip ting cudng song vo tuyén, tiét
Kiém nang lugng va mo rong pham vi phu song.
Trong khi d6, tram chuyén tiép nang cao dang
ké pham vi két ndi, do phu song va giam do tré
truyén dan (Centenaro & Vangelista, 2019). Do
do, su két hop giita IRS va tram chuyén tiép
trong mang LPWAN mang lai nhitng loi ich
dang ké vé hiéu suat, tiét kiém ning luong va
mé rong pham vi két ndi, 1am ting cuong kha
ning uwng dung cia LPWAN trong nhiéu linh
vuc khac nhau nhu quan 1y ndng luong thong
minh, gidm sat méi trudng, quan ly hé thng
dén va giao thong thong minh (Khoshafa,
Ngatched, Gadallah, & Ahmed, 2024; Xu et al.,
2024).

Gan day, pham chat h¢ thong vo tuyén sir
dung két hop IRS va chuyén tiép di duoc
nghién ctru va khao sat (Di Renzo et al., 2020; Ji
et al., 2023; Lin, Mu, Guo, & Huang, 2023;
Nguyen, Manh Hoang, Le, Nguyen, & Tran,
2022; Nguyen, Pham, Thang, Hoang, & Tran,
2023). Trong nhitng nghién ctru nay, mot IRS
thuong duoc trién khai gitra tram goc va tram

chuyén tiép dé hd tro lién lac. Trong khi do,
chang lién lac tir tram chuyén tiép va tram dich
khong sir dung IRS. Xac suét ding (OP: Outage
Probability) va ti ¢ 16i ky hiéu (SER: Symbol
Error Rate) thuong dugc tinh toan va moé phong
dé danh gia pham chat hé théng (Nguyen et al.,
2022; Nguyen et al., 2023). Két qua nghién ctu
cho thdy, khi sé phan tr phan xa (RE:
Reflecting Elements) trén IRS ting 1én, pham
chat hé théng v6 tuyén duoc cai thién dang ké.
Tuy nhién, phdm chét hé thong s& bi bao hoa khi
s6 luong RE du I6n. Nguyén nhan cua van dé
nay 1a do ching tir chuyén tiép dén dich khong
sit dung IRS, nén pham chat hé théng s& phu
thudc vao ching nay thay vi chang tir ngudn dén
chuyén tiép. Do d6, viéc tang sé luong RE 1én
nhiéu hon nira ciing khong thé tiép tuc nang cao
pham chat (Ji et al., 2023; Nguyen et al., 2023).

Nhu vdy, mic du su két hop caa IRS va
tram chuyén tiép di dugc xem xét dé phat huy
wu diém cua hai ky thuat nay, cac két qua
nghién ctru trude day thuong chi st dung mot
IRS. Tir d6 dan dén su bdo hoa cua pham chat
hé thdng. Trong khi do6, ta co thé trién khai hai
IRS, mot cho chang tir ngudn téi chuyén tiép va
mét cho chang tir chuyén tiép t6i dich dé nang
cao pham chat, tranh hién tugng bao hoa. Mt
khac, ap dung ca IRS va chuyén tiép cho mang
LPWAN con chua dugc nghién ciru. Trong khi
day 1a nhitng ky thuat co uu diém néi troi, co
thé gitip nang cao ving phil song va tiét kiém
nang luong cho LPWAN.

Xuit phat tir nhitng van dé ton tai trén day,
bai bao ndy dé& xuét sir dung hai IRS va chuyén
tiép dé nang cao pham chat hé théng LPWAN.
Cu thé, mot IRS hd trg truyén tin tir cam bién
loT toi tram chuyén tiép, mot IRS hd trg tuyén
tin tir tram chuyén tiép téi cong 10T. Trén co s
mo hinh d& xuét, phuong phap giai tich dugc ap
dung dé tim ra biéu thuc thong lugng hé thdng.
Cu thé, chung t6i xac dinh biéu thuc tin hiéu thu
tai R va G, tir d6 xac dinh duoc ti s tin hiéu
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trén tap am (SNR) tuong ung tai R va G. Dua
vao SNR, biéu thirc x4c suit ding duoc tim ra,
tir d6 tim duoc thong luong hé thong LPWAN
dé xuat. Bé lam rd su khac biét gitra két qua
nghién cltu cia chung t6i so vdi cac cong trinh
trude day, Bang 1 tdng hop va so sanh két qua
nghién cuu.
Bang 1. Két qua nghién ciu.

Bai bao Thiétbi  Kétqua Ung
dung
(Abboud & Khongcd ~ Pham  LPWAN
Abdoun, IRS va chat bao
2024) chuyén mat
tiép
(Airaetal., Khongc6 Cacung LPWAN
2024) IRS va dung loT
chuyén
tiép
(Kietzmann Khéngco  Técddo  LPWAN
etal., IRS va truyén
2024) chuyén dan
tiép
(Linetal, MotIRS  Tdcdd Hé
2023) va mot t6ng théng di
chuyén dong
tiép
(Nguyenet MOotIRS  Xac suat Hé
al., 2022) vamot  ding, xac  thong di
chuyén suét 15i dong
tiép
(Nguyenet  Mo6tIRS  Xac suét Heé
al., 2023) vamot  dung, xac  thdng di
chuyén Suét 15i dong
tiép
(Shao &  Khéngcé  Pinh  LPWAN
Muta, IRS va huéng
2024) chuyén nghién
tiép chu
Bai bao Hai IRS Thong LPWAN
nay va mot lugng hé
chuyén thdng
tiép

Nhitng dong gbép mai cua bai bao dugce tom
tat nhu sau:

e D& xuit mo hinh méi sir dung hai IRS va
mot tram chuyén tiép dé nang cao thong lwong
hé thbng LPWAN. Hon nita, tram chuyén tiép
va IoT cong co thé két hop hoan hao tin hiéu
phan xa tir IRS va tin hiéu tryc tiép dé cyc dai
tin hiéu thu. Trong khi d6 cac nghién ctru trudc
day chi sir dung mot IRS va bo qua tin hiéu truc
tiép.

e Biéu thic thong luong hé théng LPWAN
duoc tim ra qua kénh truyén Nakagami thyc té,
trong d6 mo hinh kénh st dung 1a mé hinh duoc
dé xuat ap dung cho hé théng 5G va 6G. Mb
phong Monte-Carlo sir dung phan mém Matlab
duoc sir dung dé kiém chung sy ding dan cua
biéu thirc 1y thuyét.

e Két qua tinh toan s6 va mé phong cho
thiy thong luong hé théng LPWAN dé xuét
duogc cai thién dang ké so voi hé thong truyén
thdng (khong sir dung IRS). Dic biét, so véi he
théng truyén thong thi théng lwong cia LPWAN
dé xuat cao hon nhiéu. Mt khac, anh hudng cua
cac yéu té nhu téc do truyén dir liéu, vi tri IRS,
s6 lwong phan tir phan xa, tan s6 séng mang va
bing thong 1én thong lwong hé théng duoc khao
sat. Tir 6, mot sd goi y dé nang cao thong
luong hé théng duoc dé xuét.

Phan con lai cia bai bao dugc bd cuc nhu
sau: Phan II mo ta hé théng dé xuat, biéu thic
tin hiéu thu tai tram chuyén tiép va IoT cong.
Phan 11l danh gia pham chét hé thong LPWAN
bang cach dua ra biéu thuc thong lwong. Phan
IV trinh bay két qua tinh toan sd, md phong va
cac thao luan. Phan V két luan noi dung bai bao
va hudng nghién cuau tiép theo.

2. MO HINH HE THONG

Hinh 1 minh hoa so dd khdi hé théng
LPWAN sir dung IRS va chuyén tiép cho cac
tng dung l0oT. Cu thé, hé théng LPWAN goém
mot cam bién 10T (S) dé truyén tin dén cong
loT (G) thong qua kénh truyén vo tuyén. Sau
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do, tin hiéu tr G dwoc dua dén mot trung tAm
may chu (C). Do ving phu séng rong, mot tram
chuyén tiép (R) duoc trién khai gita S va G.
Mt khac, dé ning cao pham chat hé thong, hai
IRS (I3 va I2) duoc trién khai trong hé thdng
LPWAN: I1 hd tro cho truyén tin tir S dén R va
I2 hd tro cho truyén tin tir R d&én G. Trong do, I1
va Iolan lugt c6 N, va N, phan tir phan xa (RE:
Reflecting Elements). Tuong ty nhu nhiing
nghién ctru trude day su dung IRS, ching t6i gia
sir rang tin hiéu phan xa qua l; va I chi mot lan
(Di Renzo et al., 2020; P. T. Tran, Nguyen,
Hoang, Le, & Nguyen, 2022). Mt khac, do
pham vi lién lac rong, tin hiéu phan xa qua Iz
khong dén duoc G.

()

Gateway
IoT Sensor R) G)

(O]

Center (C)

Hinh 1. M6 hinh hé thng LPWAN d¢é xuét.
Tin higu thu tai R dugc xac dinh boi biéu
thirc sau:

N, _
Yr = (hsr —'_Z:gnhnej(pn st +Z, (1)

trong d6 x_ 14 tin hi¢u phat cia S véi cong suat
CN (0,57) la tap 4m tai
R; h, la kénh truyén tir S dén R, dugc biéu dién
chi tiét boi h, =|h, |exp(—j¢, ), v6i |h, | va 2
lan luot 1a bién do va pha cua h,; g, va h, lan

phat trung binh R,; z, :

r-

lugt 1a kénh truyép tir S dén phén tir phan xa thi
n cia I1 va tr phan tir phan xa tht n cua I1 té1
R; ¢, 1a pha cua phan tr phan xa thr n cua L.
Twong tu nhu h,, g, va hduoc biéu dién boi
0, =10, |op(-iy,) va h,=|h, lep(-j6,) trong
do |g,| va |h,| lan luot la bién 49, w, va 6,
|an luot la pha cia g, va h, .

St dung bién do va pha cta kénh truyén,
biéu thirc tin hiéu thu tai R duoc biéu dién lai
nhu sau:

Ny
= - r .n7.9n7. n
yr_[lhsrle Wty Iy Il g, (el ]Xs+zr

n=1

: @)
. 1 .
=g M @ hy [+ 10,11, |e“’ans +2,

n=1
voi Pn = Pa _Hn —¥h +¢sr'

Nhu da trinh bay trong cac nghién ctu
trudc day, voi su phat trién ciia ca phan cimg va
pham mém trong thiét ké ang-ten, xir 1y tin hiéu
tuong tu va s6, dic biét 1a su phat trién cua Al
cling nhu hoc mdy (machine learning), thong tin
trang thai kénh truyén (CSI: Channel State
Information) cua hé théng LPWAN dé xuat c6
thé dat dugc hoan hao (Wang, Liu, & Cui, 2020;
Zhou, Pan, Ren, Popovski, & Swindlehurst,
2022). Véi CSI hoan hao va by xt ly thong
minh dugc trang bi trén IRS, IRS c6 kha nang
diéu chinh pha t6i wu dé cyc dai tin higu thu. Cu
thé, pha cua IRS dugc tdi wu dé dat duoc £, =0
(P. T. Tran et al., 2022).

Do d6, pha t6i wu ctia phan tir phan xa tha n
cua I1 duoc xac dinh boi:

P = O H Y~ 3)

Ap dung (3), biéu thirc tin hi¢u thu tai R tré
thanh:

. Nl
Y, = e [l hsr |+Z| hn I 9n |st +7,
n=1

T (4), ti s6 tin hiéu trén tap 4am (SNR:
Signal-to-Noise Ratio) tai R dugc tinh toan nhu
Sau:

(4)

_ Ny ?
|e I |2 [l hge |+Z| h 1l g, |] P,
n=1
A = .

r 2
Oy

()

Do |exp(—jd, ) =1, (5) trd thanh:
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Ny 2 xem xét cho hé théng dé xuat, ham phan phdi

£| h, |+Z| h. Il g, |J P, tich Iiy (CDF: Cumulative Distribution

a = n=t . _ (6) Function) va ham mat do xac suat (PDF:
Oy Probability Density Function) ctia bién d¢ kénh

Tai R, giao thirc giai md va chuyén tiép (vidu |h |) dugc tinh boi:
(DF: Decode-and-Forward) dugc str dung. Do

vay, sau khi giai mi tin hidu thu duge, R mi hoa Fo ()= — y(ms, My yzj
lai va chuyén tiép tin hiéu t6i G. Tuong tu nhu i I(mg) Qy 1)
tin hi€u thu tai R, tin hi€u thu tai G c¢6 dang: 1 ( m,
w i ™,
Yy :[hrg +Zlikie‘3'Jxr +2, @) (M) o

. . . . 4 — 2m::sr str’l J?;:’

trong d6 x, la tin hiéu phat tai R vd&i cong suat f\hsr|(Y) = W y e : (12)
Sr Sr

phat bang P.; z,:

thu G; h,, biéu dién kénh truyén tir R t6i G; |

CN (0,07) 14 tap 4m tai may .

voi m, va Q. lan lugt 1a bac pha-dinh va d¢
' loi trung binh ciia kénh truyén. Tuong tu, bac
pha-dinh caa h , g,, h,, I, va k lan luot ky

higula m, , m, , m, m_ va m, . Trong khi do,
n 1 1

va k lan luot 1a kénh truyén tr R dén phan tir
H A 5 5 , - rgr i
phéan xa thtr i cua I va tu phan tir phan xa tha i

cia I> t6i G; 4 1a pha cua phan tir phan xa thi i 9y’ T
cia Iz. d6 loi trung binh cia h, g,, h,, || va k lan
Tuong tu nhu biéu thtc tin hi¢u thu tai R,  lugt ky hiéula Q, , Q, , Qy, Q vaQ, .
n n 1 1

thirc tin hiéu thu tai G dwoc biéu dién lai nhu

sau: Mit khac, dé pham chat hé théng LPWAN

. dé xuét sat véi diéu kién trién khai thuc té,
y.=e | |h | +22| Lk | % +2 ®) ching t61 xem xét do loi trung binh kénh theo
’ A R chuan 5G. Cu th¢, theo chuan 5G, d6 loi duoc

V6i ¢, 1a pha cita . xac dinh boi (P. T. Tran et al., 2022):

Tt (8), ta tinh dugc SNR tai G nhu sau: Q=G +G, —22.7-26log(f,)—36.7log(d), (13)
_ N, 2 VGi G, va G, lan luot 1a d6 loi ang-ten clia may
|e % |2 £| heg |+Zl:||i ki |J R phat va may thu; f_ 1a tan s6 séng mang; d 1a
Ay = — khoang cach giita may phat va may thu. Pong
O ) A . ’ ~ \
g 9) thoi, tap am tai may thu ciing dugc do luong
2 A 5 A A
Ny trén co s& tham so thuc té:
[ 1+ 11K T | P, 2
_ = o2 = N, +10log(BW) + NF, (14)
= > ,
% trong d6 N,, BW va NF lan luot bidu thi mat

V6i giao thue DF, biéu thirc SNR dau-cubi  do cong suit nhidu nhiét, bang thong va hé sb
(end-to-end) ctia hé thong LPWAN sir dung IRS  nhiéu.

va chuyen ticp duge xdc dinh boi: 3. PHAN TiCH PHAM CHAT HE THONG
Agze = MiN {/Irf/lg } (10) Thong luong hé théng (ST: System

o ) N . Throughput) la don vi do luong kha nang cua h¢
Chu y rang kénh truyén Nakagami-m dugc
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thong trong viéc xur 1y va chuyén dbi dir lidu
trong mot khoang thoi gian nhit dinh, duoc tinh
béi bit/s/Hz. Thong lugng hé thdng 1a mot chi
s6 quan trong dé danh gi4 hiéu sudt cua hé
thong va xac dinh kha ning xir 1y ciia n6 trong
moi truong st dung thuc té. Vé mit toan hoc,
thong luong hé théng LPWAN dé xuét duoc
tinh boi:

T = R(l_ Pout)’ (15)

trong d6 R 1a toc do truyén dan dinh trudc; P,
1a x4c suét ding (OP: Outage Probability) cua
hé thdng LPWAN dé xuit. Nhu vay, dé xéc
dinh thong lwong hé théng, ta can tim ra P,

P, duoc tinh nhu sau:

trudc. Trong khi do,

Pout = Pr{%logz(lJr e2e) <R } (16)
V6i Pr bicu thi phép lay xac suat; 4, la SNR
ciia hé thbng LPWAN dé xuat, dugc tinh toan
boi (10); tham sé 1/2 thé hién rang can 2 khe
thoi gian dé truyén tin hiéu tir S t6i G.

Tur (16) ta co:

ot = Pr{Aeze <2°F =B =Pr{i, <An},  (17)

trong d6 A, =2°% —1.

Tir (15) va (17), théng lwong hé thong
LPWAN st dung IRS va chuyén tiép duoc xéac
dinh thong qua dinh 1y sau.

Pinh 1y: Thong lwong hé thong LPWAN sir
dung IRS va chuyén tiép khi truyén tin qua kénh
Nakagami-m duwoc xdc dinh nhw sau:

T =Re o

a b (18)
Al 1A2 1 1 /,{1 ﬂ,[
—_— Zh )y, |2
22[ 1\/&}[ P
Trong do:

[itp, (D
4o, @)~ [t (OF

l:

Luto, (DT
5 = 5 (20)
110, (2) [t (D]
]_ (1) 21 (21)
,UD (2) [ﬂD D]
b, (1)
2 = (22)

Ho, (2) [:uD r-

po, (1)1 6, () i (1) VA p1p, (2) 1an lugt duoc
tinh toan boi biéu thuc (64), (65), (66) va (67)
trong phan phu lyc; 2, =P, /c? va A, =P, /o’
biéu thi SNR trung binh tai R va G.

Chirng minh: Thé (10) vao (17), P, duogc
tinh toan nhu sau:
Poue =Pr{min(4,, 4;) <4 }- (23)

Mit khéc, do 4, va 4, la hai bién doc lap,
(23) twong duong vaéi
Pout = Pr{4, <A} +Pr{A, <Ay}
—Pr{A, < A }Pr{, < Ap}.
Sir dung biéu thic cu thé ciia 2, va 4, &
(6) va (9), ta co:

(24)

N, 2
[| hg, |+Z| h, 11 9, |J P,

Pr{A <A, }=Pr “:102 <Ay b, (25)
r
N, 2
Ihg [+ Ik || R
{ oI J (26)
Pr{1, <An}=Pr 5 <Ay -
Ty
bat
Ny
Dl :| hsr |+Z|hn ”gn |i (27)
n=1
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Ny
D, = hy |+Z|Ii kil
i-1

Biéu thirc (25) va (26) tro thanh:

(]
o A HV A

Pr{Z, <An}=Pr{D} A < 4} = Pr{D2 f{h}

9

Kot

trong d6 F(.) 1a ham CDF.

Pr{Z, <An}=Pr{D A <A = Pr{DZ f{h}

St dung biéu thc CDF duoc tinh tai (68)

va (69) trong phu luc, ta co:
1
15, OF ]

4o, (2) = L1t OF

[ umor 415, @)
| o, (@)L, OF 110, (2) L1ty OF

= L }/{Al,‘l’l @],
I'(A) A

1
Lut, (DT
/102 (2)- [,UD (1)]2

{ [, (VP o, (D)

Pr{A, < Ay}= [

Pr{ﬂ“g < Z1h}= {

»”}

L@~ Lup, OF " 415, (2) =[5, OF

_ 1 i
- ') 7(A2,T2 /1_9 }

trong d6 T'() va () lan luot 13 ham Gamma va

ham Gamma khong hoan chinh dudéi.

(29)

(30)

Do I'(a,x)+y(a,x)=T(a) véi I'(,.) la ham

(28) Gamma khong hoan chinh trén, ta co:

Pr{/ﬁtr < ﬂ‘th}zl_

L N AT“J, (33)
r(A,) A

r

Pr{A, <An}=1- | A, W,

A
5 J (34)

1 v
r(a,) g

Mait khac, ap dung khai trién cua ham
Gamma khong hoan chinh trén, ta co:

a-1 Xt
t=0 1’

I(a,x)=T(a)e >’ (35)

St dung (35), biéu thic (33) va (34) tro
thanh:

—y, tn Al—l

Pr{i, <A, }=1-¢ fzal[ \/7J (36)
—y, 0 A,-1

Pr{A, < n}=1-e \Ezb( A‘“J .(37)
b=0

9

Thé (36) va (37) vao (24), ta duoc:

/ﬂm
= | (31) —y, [y, \/Z“
ir Pout =1-e \j: &

_ a b (38)
A1—1A2 1
XZ i lPl @ le i ’
a=0 b A A
Thé (38) vao (15) ta thu duoc thong luong
hé thong LPWAN st dung IRS va chuyén tiép

nhu trong biéu thic (18). Phan chiing minh chi
tiét dugc trinh bay trong phu luc.

Il

o
2
S

/ J( 2) 4. KET QUA TINH TOAN SO VA THAO

LUAN

Trén co s& biéu thic 1y thuyét dat dugc trong
phan trudc, phan nay s& danh gia thong luong
hé théng trong cac kich ban khac nhau. Mo
phong Monte-Carlo duoc sir dung kém véi két
qua ly thuyét ¢é chiang minh sy dung din caa
biéu thic 1y thuyét dua ra. Trong cac hinh vé
dudi day, ky hiéu “IRS-R” thé hién thong lugng
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hé théng LPWAN dé xuit (st dung IRS va
chuyén tiép). Trong khi d6, ky hiéu “Only R”
thé hién thong luong hé thong LPWAN truyén
thdng (chi sir dung chuyén tiép, khong c6 IRS).
Cha y rang, thong lugng hé théng LPWAN
truyén théng c6 thé coi 1a théng lugng dat duoc
trong cac két qua caa cac nghién ctu trude day
nhu ¢ (Abboud & Abdoun, 2024; Hoang,
Nguyen, Nguyen, & Tran, 2024; Ji et al., 2023).
Céac tham sd st dung cho mé phong duoc cai

dat nhu sau: B, =R, =R,; o =o; =0, NF=10

dBm, N,=-174 dBm/Hz (d tinh ra o? trong
(14)) va mg=mg=m,=m =m=m =2. De
tim ra gia tri do loi trung binh trong (13), cac
tham sé duoc dit nhu sau: G =G, =5 dB,
d, =100 m va d,, =100 m. Vi tri cua l1 va I
cling nhu tan sé duoc thay doi dé khao sat anh
huong cia chung dén thong luong hé théng.
Céac tham sb con lai cling duge diéu chinh dé
danh gia toan dién pham chat hé thong.

2 T T T

0 IRS-R (Md phong)
1.8 H——IRS-R (Ly thuyét)
- 9~ -Only R (M6 phong)
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o~
T

1:R =05
L2r 2:R=1
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4:R=2

o
0

e
2N
T

Thong luong hé théng [bit/s/Hz]

<
i
T

02F

15
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Hinh 2. Thong luong hé thong LPWAN dé
Xuat trong su so sanh véi hé théng LPWAN
truyén thong st dung N, =N, =40 RE, f =3
GHz, BW = 10 MHz va d,, =d,, =50m.

Hinh 2 biéu dién théng lugng hé thdng
LPWAN d¢ xuat trong su so sanh vai hé thong
LPWAN truyén théng s dung N,=N, =40
RE, f,=3 GHz, BW = 10 MHz va
dg, =d;, =50m. No6i cach khdc, 1 nam gitra S

25 30

va R, I nam gita R va G. Hinh 2 xem xét bon
téc do truyén dan: R =05, 1, 1.5 va 2 bit/s/Hz.
Cac tham sé khac nhu di dé& cap ¢ trén. Trén
Hinh 2, duong biéu dién két qua 1y thuyét s
dung biéu thuc (18). Sy trung khop cua két qua
Iy thuyét va mé phong ching minh sy ding din
cta biéu thirc dua ra. So véi hé thong LPWAN
truyén thong, hé théng LPWAN dé& xuit c6
thong lugng cao hon han, dic biét khi toc do
truyén dan cao. Cu thé, khi téc do truyén dan
thip, chang han R =05 va R =1 bit/s/Hz, ca
hé thdng LPWAN dé xuét va truyén théng déu
dat dugc thong luong dich khi cong suat phat 1a
30 dBm. Tuy nhién, hé théng LPWAN d& xuat
c6 thé dat t6i thong luong dich véi cong suat
phat nho hon hé thong LPWAN truyén thong 10
dBm. Noi cach khéac, bang cach sir dung hai
IRS, cong suat phat ciia hé¢ théng LPWAN c6
thé giam 10 dBm dé dat t6i thong lugng dich
dinh san. Véi toc d6 truyén dan cao hon, chang
han R =15 va R =2 bit/s/Hz, dac tinh thong
luong cua hé thing LPWAN dé xuit va truyén
thdng van nhu voi tée do truyén dan thap. Nhu
vy, bang cach sir dung hai IRS véi mdi IRS
duoc trang bi 40 RE, hé théng LPWAN c6 thé
dat t6i thong luong dich véi cong sudt phat thap
hon hé thbng LPWAN truyén théng 10 dBm.
Két qua nay la rat quan trong vi hé théng
LPWAN yéu cau pham vi rong va tiéu thu ning
luong thap.

O IRS-R (M6 phong)
1.8 H——IRS-R (Ly thuyét)
- <%~ -Only R (M6 phdng)
16 F
14
N =N, =20, 100
12F

o 5. 10 15 20 25 30
Py [dBm]

Hinh 3. Thong lugng hé théng LPWAN dé
xuat khi s6 lwong phan tir phan xa trén IRS thay
doi.

hong lugng hé théng [bit/s/Hz]
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Hinh 3 dénh gi4 thong hé thong dé xuat khi
sé6 luwong phan tr phan xa thay doi véi
N, =N, =20,30,40,50,60,70,80,90,100 RE wva
R =2 bit/s/Hz. Cac tham s6 khac nhu st dung
cho Hinh 2. Hinh 3 cho thy khi sb phan tir phan
Xa tang 1én, thong lugng hé théng LPWAN dé
Xuét tang 1én déng ké. Cu thé, khi N, =N, =20
RE, ta can st dung cong suét phat bang 30 dBm
dé dat dugc thong luong dich. Mit khéc, do loi
cua viéc sir dung IRS trong truong hop nay la
khong dang ké, vi thong lwong hé théng
LPWAN dé xuit cao hon thong luong hé thdng
LPWAN truyén théng khong nhiéu. Khi sé
lwong phan tir phan Xa ting 1én, loi ich ciia viéc
st dung IRS tang 1én 13 rét. Pac biét, khi
N, =N, =100 RE, hé théng LPWAN dé xuét dat
dén thong luong dich véi cong suat phat nho
hon 30 dBm so véi hé thong LPWAN truyén
théng.

0 IRS-R (M6 phong)
1.8 l——IRS-R (Ly thuyét)
- - -Only R (Mb phong)| |

=N

K
T

)

| d, =10,20,30,40,50

e
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o
>

Théng lugng hé thdng [bit/s/Hz]

=}
~
T

02

o s IPE] 2I0 2I5 30
Hinh 4. Anh hudng cia vi tri IRS dén thong
lwong hé théng.

Hinh 4 khdo sat anh hudng vi tri cia IRS
dén thong luong hé théng LPWAN dé xuit,
trong d6 vi tri ctia hai IRS thay ddi tuong ung
véi khoang cach dg =d,; =10,20,30,40,50. Noi

cach khéc, Iy di chuyén tir vi tri gan S dén vj tri
gitta S va R. Trong khi d6, I» di chuyén tir vi tri
gan R dén vi tri gitta R va G. Cac tham s6 con
lai nhu sir dung cho Hinh 2. Ta thay rang khi I
gan S va I> gan R (d,, =d, =10), thong luong

hé théng LPWAN dé xuét 1a t6t nhat. Trong khi
d6, thong luong hé théng LPWAN dé xuét 1a
kém nhét khi |1 nam giita S va R, I nam giira R
va G (dg =d, =50). Pac diém ndy cua IRS
khac voi chuyén tiép truyén théng, boi vi
chuyén tiép truyén thdng thuong cho chit lwgng
t6t nhat khi n6 nam giita may phat va may thu
(Basar et al., 2019). Cha y rang bén canh dit
IRS gan may phat (I1 gan S va I, gan R), ta c6
thé dat IRS gan may thu (I1 gan R va I, gan G)
dé dat duoc pham chat tuong tu.

Hinh 5 minh hoa thong luong hé thong
LPWAN dé xuit va truyén thdng véi cac tan sd
cua mang Wi-Fi f.=24 va f =5 GHz. Ta
thiy rang st dung tan s cao giam dang ké
thong lugng hé thng, két qua nay hoan toan
pht hop Vvéi biéu thirc toan thé hién ¢ (13). Cu
thé, tai B, =10 dBm, thong lugng hé théng
LPWAN dé xuat 1a 2 va 0 bit/s/Hz v6i f, =2.4
va f,=5 GHz.

2 T @
0 IRS-R (M phong) R
1.8} -  thuyd
IRS-R (Ly thuyét) ,

L6 - €~ -Only R (M6 phong) K4
¥ 1 2 %1
214t /
) II
e 1.2 1:f =24GHz
£
s 2:f = 5GHz p
<2» c 1
E" 2 'l
g, 0.8 ,'
e | ]
2 0.6 s
o4t /!

17
17
0.2 ‘5
0 o PSS o o001
vvvvvvvvvvv
0 5 10 15 20 25 30

Py [dBm
Hinh 5. Thong luqng[ hé] thdng LPWAN d¢
XUt va truyén théng sir dung cac tan s ciia Wi-
Fi.

T 1a khi cong suét phat c6 dinh & R, =10
dBm, tang tan s tir 2.4 GHz 1én 5 GHz, thong
lwong hé théng s& giam tir 2 bit/s/Hz xudng con
0 bit/s/Hz. Xét vé mat cong suét phat, h¢ théng
LPWAN dé xuit véi f =5 GHz can cong suat
phat cao hon gan 15 dBm so véi trudong hop
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f =2.4 GHz dé dat dugc thong luong dich.
Véi hé théng LPWAN truyén théng, dic tinh
ciing tuong tu. Pac biét khi f, =5 GHz, thong
lugng hé thong LPWAN truyén théng chi dat
1.1 bit/s/Hz tai P, =30 dBm. Tuc la khi st
dung tan s6 cao (f =5 GHz), hé thdng
LPWAN truyén théng khong thé dat t6i thong
luong dich du cong suat phat da 16n. Do do, st
dung tan sé phu hop cho ca hé théng LPWAN
dé xuat va truyén théng dé dat dugc thong
luong dich véi cong sudt phat thap 1a diéu quan

trong va can thiét.

Hinh 6 khdo sat anh hudng cia bang thong
lén théng luong hé théing LPWAN dé xuat va
truyén thong khi bang thong thay doi tir 1 MHz
dén 10 MHz. Ba gia tri cong suét phat dugc sir
dung, bao gém P, =10 dBm, P, =15 dBm va
P, =20 dBm. Céc tham sb con lai nhu st dung
cho Hinh 2. Do khi bing thong (BW) ting dan
dén cong suat tap 4m ting (theo biéu thuc (14)),
tir d6 1am giam dang ké thong lwong hé thdng.
Chang han, véi P, =10 dBm, thong luong hé
thong LPWAN dé xuét va truyén thong lan luot
giam tir 1.9 va 0.6 bit/s/Hz xudng con 1.0 va
0.05 bit/s/Hz khi BW tang tir 1 dén 2 MHz. Noi
cach khac, khi cac tham s hé théng cb dinh,
ting BW s& dan dén giam thong lugng hé thong
do nhiéu ting 1én. Pic tinh trong tu cling xay ra
cho théng lugng hé théng LPWAN dé xuat va
truyén thong véi R, =15 dBm va P, =20 dBm.
Nhu vdy, dé ning cao thong lwong hé thong
vung pha song rong, cong suit thap thi can sir
dung két hop tdi uu cac yéu té nhu téc do truyén
dan, sb lwong phan tir phan xa, vi tri mat phan

Xa, tan s6 song mang va biang thong.

2 2 4 \ 4 i &

RN 0 IRS-R (Mo phong) é\e\

——IRS-R (Ly thuyét)
- ©--Only R (M6 phong)| |

Thong luong hé théng [bit/s/Hz]

By [Hz] x10°
Hinh 6. Thong luong hé thong LPWAN d¢
XUAt va truyén thong khi bang thong thay doi.

5. KET LUAN

Bai bao dé xuat ap dung mat phan xa thong
minh cho hé thong IoT ving phii soéng rong,
cong suat thap. Bang bién d6i toan hoc chat chg,
bai bao tim ra biéu thic twong minh thong
lugng cua hé théng dé xuat qua kénh truyén
thuc té, d6 1a kénh duogc tinh toan cho hé thong
5G va thé hé tiép theo. Két qua tinh toan sé cho
thiy rang so véi hé théng LPWAN truyén
thdng, hé thong LPWAN dé xuat (sir dung hai
IRS) nang cao dang ké thong luong, dic biét khi
s6 lugng phan tar phan xa da 16n. Mat khac,
thong lwong hé thong LPWAN dé xuat duogc
danh gia toan dién, day di khi khao sat cac anh
huong cu thé caa sé lwgng phan tir phan xa trén
IRS, vi tri IRS, tan s song mang ciia mang Wi-
Fi va bang thong. Trén co s& d6, mot s6 dé xuat
va khuyén nghi duoc dua ra dé nang cao thong
luong hé théng LPWAN trong qué trinh khai
thac, s dung. Bong thoi, vi tri cua IRS va
chuyén tiép co thé duoc téi vu thong qua dé
xuat thuat toan nham cuc dai thong luong hé
théng. Py dugc xem 1a huéng nghién ciru, phat
trién tiép theo cua bai bao.

PHU LUC

Phan nay trinh bay chi tiét tinh toan dé tim
ra ham CDF ciia hé thdng LPWAN sir dung IRS
va chuyén tiép. Trén co s¢ CDF, xac suét ding
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dugc tim ra, tir d6 tim ra thong lugng hé thong

i 5 ; ) : 4 m, mhn mg mgn
LPWAN d¢ xuat. fAn (y) = h n
(47)

Trudc hét, ham mo-men cia |h, | va |h T (my JT(mg )| €, £,

|
rg
lan luot duoc xac dinh bai (P. T. Tran, Nguyen,
Hoang, & Nguyen, 2023):

2 2
y mhn _man

2m. -1 2m_ -2m, -1 ~ 2
h ® g h Q, x° Q
Xy n J‘O X n n e hn 9n dX,

M[m j_uz,(39) Cyye— b M N (mg
r(msr) er A y _r(mli )F(mki) Qli Qk

O D EQIR, 3=

w2 ‘ (48)
(t) q E{l h |t}_ F(m,g +t/ 2) mrg (40) — o o 1 _ym M X
/ulhfgl "9 B r(mrg) Qrg . xy Ii J-:X § L e Yy dx.
Tir (39) va (40), mo-men thir nhat va thu Ap dung cong thirc (3.478.4) trong tai liu
hai cta [hy | va [hy | duoc tinh todn nhu sau: (Jeffrey & Zwillinger, 2007) ta dugc:
r(m, +1/2) [Q ap G m, g 1
Hp () = ——=——— [ (41 f, (="t n 2 49
lhg | r(msr) m,, (y) r(m ) )l_,(m )y Km —mh ( pny) (49)
];—‘(mSr +1) er m, +m
T N . A Ky @0Y), (50
sr sr A r(ml )r(mk ) _ml Pi

(m, +1/2)

'”lhrgl(l) = r(m.) m_ 43) vei K(.) 1a ham Bessel va
g g
m, m
Mhr |(2) :Qrg' (44) - hn gn _— 51
9 Pn than Y ( )

Pé rat gon biéu thirc tinh toan, dat A, =h 19,
Tu ham PDF, ta tinh dugc ham mo-men cua

Ny N, \ ]
ZZAn’ A ALk | va BZZZAi' A, va A, nhu sau:
Ta tinh ham PDF ciia A, va A, nhu sau: ta, OO EEAY= [y fa (dy,  (52)
o0 1 0
fAn (y)= _[0 X f|hn| [%j f|gn|(x)dxv (45) Hp, ()0 E{A}= J‘o y' fAi (y)dy. (53)
Ap dung cong thirc (6.561.16) trong tai liéu
fa (¥) = j —f |[ j i O dx. (46) (Jeffrey & Zwillinger, 2007), biéu thirc (52) va
) (53) tro thanh:
St dung ham PDF ¢ (12), biéu thuc (45) va G +t/2)F(m +t/2)
(46) tr thanh: a, O = o5 —— . (54)

F(m, )r(m, )

T(m, +t/2)0(m, +1/2)

0= iy
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il N2 t) L E{(| h, | +B,)"
Vi B=)A, vi B,=) A, him mé-men cua #o, 1) BN | +8,)Y

n=1 =1 t t .
B, va B, duoc tinh toan boi: = {Z[ pjlhrg ” B, p} (63)

p=0
th 2 t t

o T EE=Y Y Z( j{ J [ J Z[ jum (P)tt, L ).
4060 ty, —o\l ty-1) (56) 0

Xt U= t)n, (4 =)t (1), Tir (62) va (63), ham md-men bac mot va hai
cua D, va D, duoc tinh toan boi:

tNZZ t )2
e, (01 E{B}}= ZZ Z[ J[ ] [ J(m oy O = @)+ g, O, (64)

Xt =)0, (=) 0, () o, (2) = iy (2 + 4t D)+ 21, Wt @), (65)

VGi (n] - Ho, 0=ty (D) + 4tg, (1), (66)
k) ki(n—k)!

Tir (54), (55), (56) va (57), ham mo-men cua Hp, () =ty |2+ pg, (2) + 214y, (1) 115, (1) (67)

B, va B, dugc dinh rd nhu sau:
Tu (64), (65), (66) va (67), ham CDF cta D,

Ny \ , .
va D, dugc tinh nhu sau (Dai, Zhu, Pan, &
pe, )= 1, (D), (58) 2 BH% ’ , ,
L~ Wang, 2023):

Ny Ny 1

e ()= Z,u @+23, 3 [un, T, (59) Fol(y)‘{ [u, OF J

ﬂDl (2)- [ND1 (1)]2

Ny (68)
LRV NS O [l 0r 415, )Y
“ 5, " o, (@)~ L1ty OF a1, )~ Ltto, OF |
Hg, (2) = Zu (2)+ZZZ[ﬂA @OF.  (61) .
i=li'=i+l ] (y)_ : .
Do D,Hh, |+B, va D,<h, |+B,, him mo- r[ L4, (U] 2}
men cua D, va D, duogc xac dinh nhu sau: #o, @) —[u ) @] (69)
40,0 EX(h, [+8)'} [“Dz or o, Y
t b, (2) —Lup, OF /uD (2) (4o, Or
=E{Z( ] } (62)
p=0 T ham CDF ¢ (68) va (69), ta tinh dugc xac
K- sut ding, tir d6 tinh dugc thong lugng hé thong
‘%( ]“ (), (1 ) LPWAN d& xudt nhu biéu thic (18). Phin

chirng minh hoan thanh.
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GENERAL INFORMATION ABSTRACT

Received date: 30/01/2024 This article suggests integrating two intelligent reflecting
) surfaces (IRS) with a relay to improve the system throughput of

Revised date: 23/02/2024 an Internet of Things (loT) applied in a low-power wide-area

Published date: 12/03/2024 network (LPWAN). In particular, the proposal incorporates two

IRSs to enhance links between the 10T sensor and the relay, as
well as between the relay and the IoT gateway. Analytical
expression for system throughput is derived for the IRS-relay
assisted LPWAN operating over Nakagami-m channels. Then,
the throughput of the proposed LPWAN is compared with that

KEYWORD

Internet of Things;

Long-range communication; of traditional LPWAN without IRS to clarify the significant
Intelligent reflecting surfaces; performance enhancement achieved by leveraging IRS.
Relay communication; Specifically, with a certain throughput, the proposed LPWAN

can reduce power consumption 10 dBm compared to the
System throughput.

traditional LPWAN. The findings have indicated that the IRS-
relay assisted LPWAN can effectively operate at high-
frequency bands (5 GHz) for long-range transmission (200 m).
Additionally, the article studies and explores detailly the impact
of factors such as the data transmission rate, IRS locations,
number of reflecting elements, carrier frequency, and bandwidth
on the system throughput. Then, some useful recommendations
to enhance the system throughput are proposed.
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