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Research on improving energy efficiency in intelligent reflective
surface-assisted wireless communication systems
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Tom tat

Trong bai bao nay, chung téi xem xét van dé giai quyét hiéu suat thu nang lwong cla hé thédng mang thu phat
khong day trong diéu kién dé bi &nh huédng béi cac chuwéng ngai vat va sw khéng chac chan cuia kénh truyén
khong day. Dé giai quyét bai toan vé hiéu qua thu néng lvong, md hinh mang duoc xem xét 1a mot mang truyén
théng nang lwong khdng day (WPCN) dua trén cac tAm c6 bé mat phan chiéu théng minh dé tiép ning Iucrng
cho nhiéu ngudi str dung. D&c biét, mét thuat toan téi wu héa hiéu qua nang lwong manh mé cho mang truyén
théng khéng day duoc dé xuat. Bau tién, hé thong xem xét nang lwgng thu hoach tdi thiéu, do dich pha IRS va
tbc do truyén thong tin tdi thidu. Sau d6, dwa trén dd khéng dam bao cla kénh bj gidi han, mét mé hinh phan b
tai nguyén phi tuyén, két hop da bién dwoc thiét 1ap dé cung téi wu hdéa chum nang lwong, dich pha va thoi gian
truyén. Bai toan khong 16i ban dau dwoc xem xét trong cac triwdng hop xAu nhat chuyén thanh bai toan téi wu
16i xac dinh, bang cach st dung phwong phap thay thé bién va thi tuc-S dé bién déi. Két qua la, mot thuat toan
t6i wu hoa hiéu qua nang lwong manh mé dwa trén phép lap dwoc dé xuét dé giai quyét ching. Cubi cling, mod
hinh tdn that theo khodng cach dwéng truyén dwoc st dung véi cac théng sé gia dinh cu thé vé khoang cach va
hé s6 ton that. Suy hao kénh truyén va cac tham sb khac nhw sb lwong ang-ten, s6 don vi phan xa va sd nguoi
dung dwoc xac dinh cling dwoc gia dinh dé khao sat. K&t qua mé phéng cho thay thuat toan téi wu hoa hiéu qua
nang lwong dé xuat cé do hoi tu tét va cai thién hiéu qua sir dung nang lwong, thé hién do tin cay cta hé théng.
Ngoai ra, cac tham sb nhw cdng suét tiéu thu va toc dé truyén dan ciing dat dwoc téi wu hoa khi truyén thong tin.

Ttr khéa: Bé mét phan xa théng minh; mang truyén néng luong khéng déy; truyén ndng luong va théng tin khéng
day; phan xa téi wu; hiéu qua néng lwong cuc dai.

Abstract

This paper considers the problem of solving the energy harvesting performance of a wireless transceiver network
system under conditions easily affected by obstacles and uncertainties in the wireless transmission channel.
To address the energy harvesting efficiency issue, the network model is designed as a wireless-powered
communication network (WPCN) based on intelligent reflective surface (IRS) panels to provide energy to multiple
users. Specifically, a powerful energy efficiency optimization algorithm for wireless communication networks
is proposed. First, the system accounts for factors such as minimum harvested energy, IRS phase shift, and
minimum information transmission rate. Then, based on the uncertainty of the constrained channel, a nonlinear,
multivariate combined resource allocation model is established. This model jointly optimizes the energy beam,
phase shift, and transmission time. The initial nonconvex problem is transformed into a deterministic convex
optimization problem using variable substitution and the S-procedure. As a result, a robust energy-efficient

Nguw&i phan bién: 1. PGS.TS. Bui Dang Thanh
2. TS. Pham Viét Hwng
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optimization algorithm based on iteration is proposed to solve the problem. Finally, a distance-based loss model
is utilized with specific assumptions regarding distance and loss coefficients. Channel loss and other factors,
such as the number of antennas, reflector units, and defined users, are also considered. Simulation results reveal
that the proposed energy efficiency optimization algorithm converges effectively, enhances energy efficiency,
and confirms the system’s reliability. Moreover, parameters like power consumption and transmission speed are

optimized for information transmission.

Keywords: Intelligent Reflecting Surface (IRS); wireless-powered communication networks (WPCN); wireless
information and power transmission, reflection optimization; energy efficiency (EE) maximization.

1. DAT VAN BE

Sé lwong thiét bi théng minh két néi mang internet
ngay cang tang nhanh, v&i tén goi internet két néi van
vat (loT-Internet of Thing) du kién sé& dat con sb cao
chua ting thay la 30,9 ty thiét bj trén toan cau vao
nam 2025, so v&i con sb wéc tinh 13,8 ty hién tai vao
nam 2021 [1]. Biéu nay chu yéu dwoc thic ddy bdi cac
&ng dung ngay cang phd bién cla ho trong céac linh
vc khac nhau clia xa hoi ching ta, chang han nhw
cham séc strc khde, sén xuét, giao thong van tai, nha
théng minh,... D& gidi phong toan bo tiém nang cla sy
bung nd cac thiét bi IoT nhw vay trong twong lai, cac
giai phap tiét kiém chi phi 1a can thiét dé cung cép cho
ho khong chi kha nang lién lac dang tin cay qua mang
ma con cung cap nang luong tiét kiém va lau dai. Vi
muc dich nay, viéc truyén tan sb vé tuyén cho phép
truyén nang lwong khong day tdm xa. Do dé, truyén
nang lwong khéng day da néi 1én nhw mét cong nghé
thuc t& hap dan dé cap ngudn cho cac thiét bi thu phat
thong tin trong hé théng loT ma khéng can day dan [2],
[3], [4], [5]. V&i sw hd tro cha IRS (Intelligent Reflective
Surface) trong hé thdng théng tin lién lac khéng day
vé mat nang lwong, viéc tap trung vao viéc cai thién
hiéu suat ndng lwong clia cac hé thdng thong tin dwoc
khao sat & nhiéu géc dd, nhiéu trudng hop khac nhau
va theo cac mé hinh hoat déng khac nhau nham tdi
da héa mure tiéu thu nang lwong cta hé théng. Vi du,
trong [6] d& xuat moét moé hinh khao sat nang lwong cho
hé théng thong tin lién lac MU-MISO véi IRS, tinh dén
sy khac biét tiéu thu nang Ilwvgng do trang thai bat-tat.
Viéc md hinh héa chinh xac tiéu thu nang lwong giup
thiét lap mot bai toan téi wu hoa EE chinh xac hon.
Bai bao [7] nghién clru thiét ké truyén thong bao mat
hiéu qua nang lwong véi sw hd tro ctia IRS cé thé didu
chinh pha. Bang céach tao ra cac mau phan xa mong
mudn trong méi trwdng khoéng day, IRS gitp cai thién
dang ké sb lwong bit dwoc truyén bdo mat dén dich
trén mdi don vi ndng lwong tiéu thy, dwoc goi la hiéu
qua nang lvong bdo mat. Ngoai ra, viéc phan bd tai
nguyén khong day la cong nghé then chét dé hién thuc
héa viéc lap ké hoach nang lwong va truyén thong tin,
WPCN da thu hat dwgre sy cha y rédng rai tir gi¢i hoc
thuat va nganh coéng nghiép. Cu thé, tai liéu [8] nghién
clru van dé téi da hoa viéc phan bd tai nguyén téc do
tbi thiéu trong cac WPCN ang-ten don. Tai liéu [9] d&
dé xuét thuat toan phan bé tai nguyén téi da hda téc

dd tbng c6 trong sé cho nhiéu ngudi dung béng cach
tdi wu hoa chung thoi gian thu thap nang lwong va
cong suét truyén tai. Dbi véi WPCN nhiéu ang-ten, tai
liéu [10] t6i da hoa hé thdng va tbc d6 bang cach toi
wu héa chung chum nang lwong, thoi gian truyén va
coéng suat. Tai liéu [11] xem xét cac rang budc nhw
thu nang lvong, thoi gian truyén va chat lwong dich
vu nguwoi dung, tlr d6 dé& xuét thuat toan phan bé tai
nguyén dé tbi da hoa hiéu qua st dung nang lvong
clia hé théng. Xem xét théng tin trang thai kénh khong
hoan hao, tai liéu [12] nghién clru van d& phan bd tai
nguyén manh mé dé téi da hda tbc do téng va xem xét
hiéu suat ctia mang trén dé bi anh hwéng bdi cac tré
ngai dwong truyén, dan dén suy gidm hiéu suét. Bé
mat phan chiéu théng minh (IRS) da nhan dwoc sw
chd y réng rai nhw mot céng nghé méi ndi véi mure tiéu
thu dién nang thap va hiéu suét nang lwong cao [13].
Cu thé, IRS tich hop mét bd phan xa thu déng quy mé
I&n co6 thé didu chinh ddc lap dd léch pha va bién do
clia tin hiéu thu duorc, tir d6 thay ddi hwéng truyén cua
tin hiéu phan xa. Béng thoi, IRS cé thé dwoc trién khai
dé dang va linh hoat trén cac bé mat tda nha, twong
trong nha, trn nha, v.v., gitip loai bé cac diém mu vung
phi WPCN va tang kha nang két néi mang [14]. Dé
giai quyét van dé hiéu suat hé thbng WPCN dé bj can
tr& b&i cac tréd ngai, viéc tich hop IRS vao WPCN hién
la mét gidi phap hiéu qua. Dwa trén WPCN duwoc IRS
hd tro, tai liéu [15] st dung t6i wu héa chung: téi wu
hoa thoi gian truyén va ma tran tao chum thu dong IRS
dé téi da hoa téc do téng. Tai liéu [16] da nghién ctru
van dé phan bd tai nguyén téi da héa téng trong sb cho
céac kich ban cong tac ctia ngwoi dung. Béi véi WPCN
da ang-ten dwoc IRS hé tro, tai liéu [17] xem xét viéc
thu thap nang lvong cla ngudi dung, thdi gian truyén
va cac han ché vé cong suét truyén, ddng thdi nghién
clru van dé téi da hoa hé théng va théng luong.

Tuy nhién, cac cong trinh trén khéong xem xét van dé
t6i wu hoa hiéu suét nang lwong. Dwa trén didu nay,
tai liéu [18] da nghién ctvu van dé tbi da hoa hiéu suét
nang luong cla hé théng bang cach xem xét rang
budc téc do tbi thiéu, han ché cong suét truyén tai va
han ché dich pha phan xa dbi véi IRS hé tro mang
truyén théng khéong day da ngudi dung. Trong [18] con
cung cap hwéng dan nghién ctu van dé ti wu hoa
hiéu qua ndng lwong clha hé thdng IRS. Nhwng co ché
phan b tai nguyén ctia né khong thé ap dung truc tiép
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vao mang WPCN, ngoai ra, cong viéc trén bé qua tac
doéng ctia sw khéng chac chan vé kénh.

Do d6, trong bai bao nay dwoc xem xét thém cac van
dé vé sy khong chac chan clta kénh nham dat dwoc
hiéu suat nang lweng chinh xac hon va hiéu qua hon,
két hop véi mé rong mo hinh khéo sat hé théng truyén
théng vé nang lwong va théng nham gidi quyét van
gidm tiéu thu nang lwong ddng thoi cai thién téc do
truyén va do tin cay cta hé théng. Do do, trong bai
viét nay dé xuét kién trac hé théng WPCN dat duoc
hiéu qua thu nang lwong cao va thuat toan dinh dang
chum tia manh mé&, gan hon véi yéu cau rng dung
thuc t&. Nhirtng dong goép chinh nhu sau: (i) Xem xét
murc tiéu thu nang lwong cla hé thdng va dwa trén do
khéng dam bao cla kénh gi¢i han, mét bai toan phan
bd tai nguyén phi tuyén két hop da bién nham téi wu
héa chum nang lwong, dich pha IRS, théi gian truyén
va cong suét phat cling nhau dwoc thiét 1ap. (i) Dé giai
quyét van dé nay, xem xét cac trudng hop xau nhét va
st dung phwong phéap Thi tuc-S dwoc dé bién dbi cac
rang budc manh chira cac tham sé nhiéu thanh céac
rang budc xac dinh, trén co s& dé s dung ly thuyét
quy hoach phan sb tbng quéat va phwong phap thay
thé bién; chuyén ddi bai toan khéng 16i thanh cac bai
toan téi wu 16i xac dinh. (iii) K&t qua mé phéng cho thay
thuat toan trong bai bao c6 dd hoi tu tbt, hiéu qua st
dung nang lwgng va dé tin cay cao.

2. MO HINH HE THONG

Tam phén xa théng minh

U, : Ngudi dung thir k thu nang lugng

Tram phat nang lugng Vat can va phat thong tin Tram thu thong tin

Hinh 1. WPCN da nguoi dung duoc IRS hé tro.

Bai viét nay xem xét WPCN truyén dan duéng xubng
dwoc IRS hd trg nhw trong Hinh 1. Mang nay c6 thé
cai thién van dé hiéu qua thu ndng lwong bi thap khi
c6 chwéng ngai vat ngan chin. Mang bao gébm mot
tram phat nang lwgng c6 M ang-ten t&i N don vi phan
xa cla bo IRS va sé& chuyén tiép phan xa ndng lvong
t6i thiét bi thu 1a K ngwdi dung (K User: Uy Mb&i ngudi
ding c6 mét ang-ten duy nhat dé thu nang lvong va
phat thong tin t&i tram thu thdng tin cling ¢é 1 ang ten.
Chu ky hoat ddng cua toan bo hé théng theo ché do
da truy cap phéan chia thdi gian dwoc thwe hién nhw
sau: tram nang lvgng sé phat nang lwong khéng day
cho K nguwoi dung théng qua IRS; K nguwoi dung st

dung nang lvong thu dwoc dé cé thé truyén div liéu
khéng day dén tram thu théng tin. Ngudi dung va bo
don vi phan chiéu dwoc dinh nghia lan lwot la vk € X £
{1,2,,K},yne N & {1,2,--,N}. Thoi gian truyén trong
mot chu ky |a T, thdi gian truyén nang lwong la t,duwoc
xem | giai doan |; tiép theo tat cd K ngudi dung truyén
thén tin t&i tram thu thdng tin dwgc xem la giai doan
II. Vi du: Nguwoi dung thé k cé thei gian truyén théng
tin 1a t,. Két qua thoi gian truyén ctia mét chu ky dwoc

K
xacdinhlat, + Z ty < T.V6i W € C"*M duwoc dinh
k=1

nghia la ma trén tao chum tia cda tram nang lwong va
W = E[sesf]

Trong do:

sg € CM*11a tin hiéu nang lugng;

pm™ dwoc dinh nghia 1a cong suét truyén téi da cla
tram nang lwong véi thda man diéu kién Tr(W)< pmax,
Dinh nghia He CV™ va h,, € CV' 13 xac dinh
sO lwgng kénh hé thong tr tram nang lwong dén
IRS va IRS t&¢i nguwdi dung, twong ng. Dinh nghia
0 = diag(e', &%, ..., e/%v) Ia ma trén dich pha clia IRS.
Trong d6 6, € [0,27] biéu thj sy dich pha cta don vi
phan xa th& n. Khi d6 nang lwvong dwoc thu thap boi
nguwoi dung thir k dwgc xac dinh theo biéu thire (1).

EEM = e Tr {W(nf', oH)" (nft, 0H)} (1)

Trong dé:

0<n<1: 1a hiéu suét chuyén déi nang lwong [19].

Dinh nghia p, la cong suat truyén cla ngudi dung k va

g, la hé s kénh truyén tr ngudi dung k dén tram thu

thong tin. Téc d6 truyén cla ngudi dung k 1a (2).
pkgk)

52

R, = t,log, (1 + (2)

Trong doé:
&% la dai dién cho cong suét nhiéu.
Két qua, trong giai doan Il tbng téc do truyén théng tin

K
clia hé théng 1a R = Z Ry.. Dinh nghta ¥ 1a mtc
k=1

tiéu thu dién nang cta phan cirng thiét bj nguwdi dung
the k. Khi dé tébng nang lwong ma ngudi dung k sé
phai dung théa man theo (3).

1 (ty + t,) +pyt, < EEH (3)
Pinh nghta PS va PS 1a muc tiéu thu dién nang cia
tram nang lwong va tram thu théng tin twong rng, téng
nang lwong tiéu thu cla hé thdng cé thé dwoc biéu thi
b&i biéu thire (4).

K
Etotal = tg(Pg + NPqC) + Z(to + tk)PI?
= @)

k
K K K
+t0Tr(W) - Z EEH + Z tkpk + Z tkpg
k=1 k=1 k=1
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Trong do:

PC la murc tiéu thu dién nang cia mdi don vi phan xa.
Xem xét mo hinh khéng chéc chan kénh giéi han [20]
dé xac dinh (5).

ERG = {AleGk = Gk + AGk; "AGk”F S (Uk},
Ry = {49klgk = gk + A9k, |Agk| < 0y}
Trong do:

Gy = diag(hfl )H Gy va Gk bidu thi bit woc lwong
kénh twong ng;

®)

AG, va Ag, biéu dién cho I6i woc lwgng kénh;

o, va o, dai dién cho gi¢i han trén cda tham s6 do
N 2 2 . - N AT jo io H

khéng chac chan. Binh nghia v = [e 1,e2,,e N]

va hiOH = MG, thi bidu thiee (1) dwoc bién ddi

thanh (6).

EZ™ = nto Tr{W(wHG, )" (vHGy) } (6)

Dwa trén (3) dén (6), van dé phan bd ngudn luc dé toi
da héa hiéu qua nang lwong manh mé cé thé dwoc mo
ta nhw (7).

Trong dé:

C1 va C2 la nhirng rang budc vé thu hoach néng lwong
va chat lvong dich vu ctia ngudi dung;

C3 tdng gi¢i han thoi gian truyén, rang budc cong suét
phat C4 cua tram nang lwong;
C5 diéu kién dich pha phan xa.

Twong tw nhw cdng viéc trong [17], [18], viéc dat bién
dod clia mbi don vi phan xa dwoc dat thanh 1 13 dé téi
da hoéa hiéu qua phan xa va thay di huwéng truyén tin
hiéu thédng qua t6i wu héa dich pha. C6 |a tap hop céac
tham sb khong chéac chan. Do ham muc tiéu va cac
diéu kién rang budc vé dd khong dam bdo, bai toan
(7) la bai toan quy hoach phan sé ghép nhiéu bién véi
tham sb kénh khéng chéc chén, rat khé giai truc tiép.
Tiép theo, chung ta can tiép can bai toan (7) theo cac
hwéng gidi quyét dwéi day.

3. VAN BE TOI WU HOA

3.1. Chuyén dbi van dé khong chan chan

P& x& ly E“@ sy khéng chéc chan cha kénh,
bién x, duoc dwa ra théa man diéu kién (8).

R Theo d6, biéu thirc (4) sé dwoc bién ddi thanh
Wtotepev Etoml (9). Duwa vao pyty + pEto + ty) < mingg EEY va
s.t. Cl ipty +pi(to + t) < EFR c ez Xz
1 th h
G il (1 +Pk9k) ~ pmin Y = pk,tk +pE(ty + ty) C co thé duoc ¢ u?/en c1’0|
K082 52 k @) theo biéu thirc (10). Va dé xir ly tinh khéng chac chan
C3 :t, +z te <T,to = 0,t;, =0 cta y, < minyg, E¢", tirc 1 thda man diéu kién (11).
k=1
C4 :Tr(W) < pmax Xx < minEEH 8
C5 vy =1 4Gy (8)
Cé6 :AGk € ‘RG,Agk € ERg
K K K K
Etotal = ¢, (PS + NPS) + Z(t0 + t) pe + tTr(W) — Z Xt Z te i + Z ty P§ 9)
k=1 k=1 k=1 k=1
Prtic + pr(to + ti) < X (10)

| rr}lln Tr{AGkntOWAGk va} + ZRe{Tr(GkntOWAGk va)} + Tr(ékntOWG,'gva) > Xk (11)
4Gy IEswf
A
oo o] el>0 2)
1 C2
ail + (vo @ nt,W) vec(G)H (vvH @ nt,W)
H Hyor( 6 5 VH(, ) H = 2| 70 (13)
(wv" @ ntoW)vec(G,)  vec(Gp)" (v @ ntoW)vec(Gy) — xix — arwi
DIk Pr(Gx + 49x) Pr(Gx — ox)
mlntklogz (1 + 52 ) = Mg:llgaktklogz (1 + — > tylog, (1 + — 5 (14)
PrJk
tilog, (1 + 52 ) > Rjpin (15)
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Yh=1 tilog, (1 +

plggk)

max
Wiotk, ty(Bs + NPS) + XK_; (to + ti)ps + toTr(W) — TX_, xie + K-, tipi + Xkt tiPS

Pr/ViXkAk
S. tClpktk + pk(tO + tk) < Xk»

C2: t,log, (1 + p:;'gk) > Rjpin

C3:t, +Z te <T,ty = 0,t, >0,
=1
C4: Tr(W) < pmax
C5: vy | = 1
a,l + (vl @ nt W)

(16)

vec(G )R (wvl @ n: t,W)

: H H ~ Heq H AN . 2|70
(" @ ntoW)"vec(G,) vec” (Gy)(wv" @ ntoW)vec(Gy) — xx — arwi

Dé dbi pho véi sy khéng chac chén kénh trong
phwong trinh (11), phwong phéap tha tuc-S trong bd
dé 1 dwoc st dung dé chuyén dbi né thanh mét biéu
thirc xac dinh. B6 dé& 1 tha tuc-S trong [20] c6 dinh
nghia la f;(x) = x"!A;x + 2Re{blx} + ¢;,i € {1,2}, trong
do x e CV*1,4; € CVV, b, € €V, ¢; € R, ¢O diéu kién
biéu thirc f1(x) <0 = f,(x) <0 dung khi va chi khi bién
phu o.>0, c6 bat déng thirc ciia phwong trinh nhw (12).
Dwa vao bd dé 1 dwoc str dung vao mé hinh hé thdng
cé cac hé sb:

A =1Lb;=0,c, = —(UIZ(,AZ = —(UUH ® T]toW),

b, = —vec(G) (v @ nteW),

c; = —vec(GHwvH @ ntoW)vec(Gy) + x«

Biéu thrc (12) co6 thé dwoc chuyén thanh dang rang
budc xac dinh ban dwong véi o, >0, duwgc thé hién &
bidu thirc (13).

Dwa vao phwong phap trong [17] v&i tiéu chi lwa chon
cac trwong hop xau nhét, biéu thirc tbc do co thé tré
thanh nhw (14). Do d6, C2 c6 thé dwoc chuyén ddi

(13) va (15) van dé té6i wu (7) c6 thé dwoc bién dbi
thanh van dé méi va dwoc thé hién bdi (16).

3.2. Chuyén dbi bai toan téi wu 15i

S dung co s& ly thuyét trong [10], 1ap chwong trinh
phan sbé tbng quat, tlrc la ham muc tiéu trong biéu thirc
(16) c6 thé dwoc chuyén thanh biéu thirc (17). Trong
sb6 dd, ¢>0 Ia hiéu qua s dung ndng lwong cha hé
théng. Dé tach rieng W va v, dya trén phwong phéap toi
wu hoa xen ké trong [17], bai toan téi wu héa dugc suy
ra d6i voi {W, t, t,, p,} va dwoc thé hién nhw (18). Voi
dinh nghta W = t,W va Px = tkPy, thi bai toan cua biéu
thire (18) c6 thé twong dwong van dé téi wu theo (19).
Biéu thirc (19) la bai toan tdi wu 16i va co thé giai truc
tiép béng hop coéng cu CVX [16]. Twong tw nhw vay,
bai toan téi wu phu dbi véi v 1a biéu thire (20).

Biéu thirc (20) van la bai toan tdi wu khong 16i va khong
thé giai truc tiép dwoc. D& xac dinh V = v/ va thda
man Rank(V) = 1, ching ta st dung phwong phap hoi
phuc 16i ntra xac dinh dwong nhw trong [16], khi d6 bai

theo biéu thirc (15). Trong do, G = Jk ~ 0k DWa vao  toan (20) c6 thé chuyén dbi thanh (21).
X to(P§ + NPE) + Z(to + t) pE + to Tr(W)
P
iz, o (14555 - o
Plev.Xiesie =1 2)(1( + z b + Z ty P5
X 3 to(P§ + NPE) + Z(to + t) DS + to Tr(W)
PrJxk
s, D telogs (1+5555) — g
Ple? Xt~ Z Xie Z be P + Z te Py
s.t. Cl:pktk + p,((:(to + tk) S Xk,
C2: t,log, (1 + p’gg") > Rmin (18)
K
C3:t0+2tk <T,ty=0,t >0,
k=1

C4: Tr(W) < pmax
a,l + (vv! @ nt,W)

_ vec(Gp)H (vt @ n:t,W) o
vt @ ntoW)vec(Gy)  vec™ (G (vvM @ ntoW)vec(Gy) — xi — axwi|
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K
Kk o to(P§ + NPE) + Z(t0 + t)ps + Tr(W)
PrIrk k=1
] (1 ) -
wrgii(k,z K082\t ¥ 52) T4 K K K
Prtioar ™! - Z Xkt Z Pr + Z ty Py

s.t. Cl:ﬁk + p;f(to + t) < Xk

C2: t,log, (1 + Z‘g;‘) > Rmin (19)
K
C3: ¢, +ztk <T,ty>0t,>0
k=1
C4: Tr(W) < to P™ax
~ | axl+ @v" @ nW) vec(G )R (vt @ nW) l 0
vl @ nW)Hvec(Gy)  vec(G)H (vv! @ nW)vec(Gy) — xi — arw?|
K
max Z Xk
U'Xk'akk=1
s.t. Clipgt, + p,((:(to +t) < xx (20)
C5: |y, =1
_ a;l + (v @ ne,W) vect (G,) (vvt! @ nt,W) l 0
vt @ nteW)Hvec(Gy)  vecH (G (wvt @ nteW)vec(Gy) — xi — axwi| ~
K
St.CL ippty +pE(to + t) < X 21)

5 Vo, =1LV30
— | al+(V&nt,W)

Biéu thirc (21) 14 bai toan quy hoach ban xac dinh
dwong 16i theo tiéu chuén trong [16], cé thé giai quyét
bang céng cu CVX. Do céac rang budc cla bai toan
nay dwoc ndi 16ng, nén ta cé nghiém tbi wu thu dwoc
clia bai toan (21) chi la can trén clta bai toan (20).
Vi vay, phuwong phap ngau nhién Gaussian dwoc st
dung dé dat dwoc nghiém duy nhat nhw trong [17].
Giad s nghiém thu dwoc thong qua biéu thic (21)
la V*, néu Rank(V*) = 1; sau d6 st dung phan tach
gia tri riéng c6 thé thu dwoc v*. Néu Rank(V*) # 1,
thi thu dwoc V* bang cach tién hanh phan tich gia tri

vec(G)H(V ® nt,W) =0
Ve UtOW)HVeC(Gk) vec(GHH(V® ntoW)vec(Gy) — xp — arwi -

riéng thanh v* = UAUY, trong d6 U € ¢V*N va A € VN
lan lwot [& ma tran don nhét va ma tran duwong chéo.
Khi d6 giai phap tbi wu c6 thé duoc thwe hién dudi
dang 7 = UAY?r, trong d6 r € CV*N 1a Bién ngéu nhién
Gaussian ddi xirng tron ctia GV (0,1). Do d6, giai phap
t6i wu cda biéu thirc (20) chinh 1 tim tbi wu ham muc
tiéu ctia bai toan trong tat ca cac bién ngau nhién. Vi
vay, thuat toan t6i wu dwoc thiét 1ap nhdm tang cuong
hiéu qua nang lwgng mot cach manh mé dwa trén
phép 18p dwoc thé hién trong Bang 1.

Bang 1. Thuét toan téi da héa hiéu qua ndng lwong manh mé duwa trén sw Iap lai

€20, s6 1an 1ap téi da L__, khdi tao 120;
(1) Trong khi |e—eV| 2 e hodc [ <[ _thithwc hién
(2)Patsblanlaplail=1+1;

Khi tao tham s6 hé théng: M, N, K, T, Pg, Py, pk, PS, Gy, Gk, i, 0, RI™, 1, P2, 69, 1(0); D3t 6 chinh xac hoi tu
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)
(4)
(5) Phan tach gia tri rieng VO = UAU, v® = UAG/Dr;
(6) Cap nhat hiéu qua nang lvgng:

oD —

PrJk
Yh=1ti l0g, (1 T 752

(3) C4 dinh 11, theo cong thirc (19) tinh toan {W®, ¢5”, ¢, p® }
4) C6 dinh fW®, ¢, ¢, pP}, theo cong thire (21) tinh v,

(7) Két thuc vong lap

to(BS + NPE) + Xio1(to + ) pk + toTr(W) = XK.y xye + Zhoq te o + Dhca te B

4. KET QUA MO PHONG

Trong phan nay, ching t6i cung cap cac két qua bang
s6 dé& danh gia hiéu suét cung clp nang luong cua
WPCN; cling nhw mirc d6 tiéu thu nang lwong va kha
nang phat thong tin ctia cac thiét bi c6 sw hd tro gitp
cla IRS; va théng qua két quéd md phdng dé kiém
chirng tinh hiéu qua cuta thuat toan dé xuét trong bai
viét nay. Tat cad mo6 phong duwoc xem xét trong moi
trwdng truyén dan do thi cé nhiéu tda nha, cong trinh
xay dwng,... v&i diéu kién méi trweng truyén tin hiéu
nhw vay, hé théng dwoc xem nhw 1am viéc c6 pha dinh
quy md nhé. Do d6, chung téi gia dinh réng tat ca cac
kénh déu hoat dong theo pha dinh Rayleigh va suy
hao dwéng dan phu thudc khoang cach dwgc mé hinh
héa nhw sau: I'(d) = I(d/dy)™*, trong do, I, = —22
dBm thé hién suy hao dwérng dan & khodng cach tham
chiéu d, =1 m; d cho biét khoang cach gitra may phat
va may thu théng tin, o la hé sbé tén that dwdng truyén
v@i pha dinh quy mé nhé tuan theo pha dinh Rayleigh
[17]. V&i khodng cach tir tram phat nang lwong téi IRS
la 4.5 m, thi hé s6 ton that dwong truyén 1a 2. Nguoi
dung dwoc phan bd ngau nhién thanh moét vong tron
cach IRS vé&i ban kinh 1.5m; hé s ton that dwong
truyén tir IRS t&i ngwdi dung la 2. Vi tri tiép nhan théng
tin cach nguwdi dung 28 m, hé sbé ton that dwdng truyén
tlr ngwdi dung dén tram thu théng tin 1a 2,8. Cac théng
s6 mo6 phdéng khac la:

M=4N=20K=4T=1sn=08w; =02,

o = 0.2, PM3X = 40 dBm, P§ = 10 dBm, P = 1 dBm,
: bit

P§ = 10 dBm, p{ = 5 dBm, R"™ = 1.5 o

82 = —80 dBm, Limay = 10%,& = 1075,

Hé théng dwoc khao sat véi cac tham sbé duoc lua
chon nhw gia s & trén, két qua trong Hinh 2 cho thay
so dd hién thi sw hdi tu hiéu suét nang lwong clia hé
thdng dwoc dwa ra. Tl Hinh 2, thuat toan dwoc dé
xuét dat dén sy hoi tu sau nhiéu 1an Iap, cho thay thuat
toan dwoc dé xuét cé sw hoi tu tot. V&i sy gia tang sé
lwong &ng-ten M va sb lwong phan t&r phan xa N, hiéu
qué nang lwong cla hé thdng tang 1&n. Bdi vi viéc tang
sb lvong ang-ten va sb lwgng don vi phan xa cé thé
nang cao hiéu qua truyén nang lwong, nhiéu tin hiéu

nang lwong hon cé thé duwgc phan xa cho ngudi ding
dé thu thap st dung. Trong d9, tén that truyén tai nang
lwong trong giai doan dau giam. Mat khac, kha néng
cobng suét truyén théng tin & giai doan Il ciing dwoc
tang lén.

o

4, M=2 - N=16, M=2
=4 = N=16, M=4

Hiéu qua néng luging hé théing (bit\Hz.1)

s s
1 2 4 6 8 10 12 14 16 18
56 fan lip

Hinh 2. Hiéu suét ndng lwong cia hé théng.

=3
—

14

12

10

8

6

Hidu qua néng lugng hé thdng (bit\Hz.J)

- K=4
-+ K=35
- K=0

4

~

30 3:2 3:4 3‘5 38 40
Cong sudt truyén t8i da cia tram ndng lugng P=e: (dBm)
Hinh 3. Quan hé giira hiéu qua nang luong
cla hé théng va céng suét truyén téi da cda tram
néng lwong véi s6 nguoi dung khéc nhau.

Tiép theo, khao sat tinh hiéu qua néng lvong cla hé
thdng dwa vao cong suat mirc ngwdng cuia tram phat
nang lwong. Cu thé, trong Hinh 3 thé hién mdi quan
hé gitra hiéu qua ndng lwong cia hé thdng va P, Ty
Hinh 3, chung ta cé thé thay hiéu qua nang lwong cla
hé théng tang lén khi P™* tdng theo mirc nguwdng tang.
Ciing vay, khi sé lwong nguoi dung tang I1&n, hiéu qua
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nang lwong cla hé thdng tang 1én. Diéu nay lam ting
hiéu qua nang lvong cla hé thdng bang cach téng
lwgng nang lvgng thu thap dwoc béi ngwoi dung. Do
do, cung cap céac diéu kién thuan loi cho giai doan the
hai cta viéc tang tbc do thong tin. Ngoai ra, viéc tang
sb lwong ngudi dung cé thé lam ting tdng lwong ndng
lwong thu dwoc trong giai doan 1 va ting tdng cong
suét truyén di» cGa hé théng trong giai doan 2, tr d6
dan dén tang hiéu qua nang lwvong cla toan hé théng.

5.0

4.0

35

Hiéu qua nang ludng hé thing (bit\Hz.J)

3.0
@
&

&
A

—

2.2 24 26 28 3.0 3.2 4.0
NguBing tdc d truyEn R™™ (bit/Hz)
Hinh 4. Quan hé giira hiéu qua ndng luong cda
hé théng va nguéng théng lrgng cua s6 nguwdi dung
khac nhau dwoc tang Ién nhiéu.

2.5

Trong Hinh 4, ching ta khao sat hiéu qua nana lvong
dwa vao mirc ngudng phat téc do thong tin R thuc
hién & giai doan hai. K&t qua cho thdy méi quan hé
gitra hiéu suét nang lwong cla hé thdng véi s lwvong
ngudi dung khac nhau véi mirc ngwdng R khac
nhau, s& c6 hiéu qua khac nhau. Nhw cé thé thay tir
Hinh 4, khi RJ*™ tang dan thi trong ca ba trwong hop
lwa chon sb lwong ngwdi dung nhidu hon déu cé sw
suy gidm dan. Cu thé, thi hiéu suét nang lvong cua
cac hé théng luc ban dau & mic nguwéng téc d6 nho
nén dwoc duy tri khdng déi; nhwng sau d6 suy giam
dan khi yéu cdu mirc ngwdng tang 1én, dac biét truong
hop s6 lwgng nhém ngudi dung Ién nhét thi mic do
suy gidm nhanh hon. B&i vi, khi R™™ nhé yéu clu
cong suét phat tin hiéu ctia méi ngwdi dung khéng Ién,
do d6 ddi héi cong suat phat div liéu théng tin va tiéu
thu dién ndng cGa mach thiét bj khéng nhiéu. Nhung
khi RIM™ tiép tuc tang, cong suét truyén can phai dwoc
tang 1én dé dap ng cac han ché duwong truyén, do
do 1am tang murc tiéu thu ndng lwong cla hé thdng va
gidm hiéu qua nang luvong. Tc 14, khi mirc RT¥™ dwoc
nang |&én dan, ddng nghia véi doi héi cong suat phat
clia mdi nguwdi dung ciing tdng cao va nhanh hon so
voi khi RI™™ & mirc ngudng thap. Vi vay, né lam cho
hiéu suat nang lwong bi suy giam, diéu nay dwoc thay
ré trong Hinh 4. Ngoai ra, khi sé lwong ngudi dung
tang thi tbc d6 suy gidm hiéu suét nang cua hé théng
cling nhanh, nhw thé hién ré trong Hinh 4 véi trwong
hop s lwong ngudi st dung K = 20 m&c suy giam

manh hon nhiéu so véi K = 12. Két qué cho thay can
c6 chién lwgc phan bd tai nguyén hop Iy khi xem xét
can bang gitra lwa chon: Sé lwong ngudi dung, toc do
truyén thong tin d& dat dwoc hiéu qua ndng lwong cua
hé théng tét nhat.

5. KET LUAN

Bai viét nay nghién cu van dé& phan bd nguén luc hiéu
qua vé mat nang lwvgng manh mé nho vao IRS hd tro
cho mang théng tin va truyén ndng lwong khong day.
Xem xét cac han ché cta viéc thu hoach nang lvong
va chét lwong dich vu nguoi dung, van dé phan bd
ngudn luc tbi da hoa hiéu qua nang lwong manh mé,
két hop nhiéu bién s6 da duoc thiét 1ap. Xem xét cac
trwdng hop xau nhat va phuwong phap Thi tuc-S duwoc
st dung dé chuyén bai toan ban dau thanh van dé
xac dinh. Dong thoi, st dung ly thuyét quy hoach phan
sb tébng quat, tdi wu héa xen ké va cac phwong phap
thay thé bién dwoc sir dung: Chuyén van dé can giai
quyét thanh bai toan téi wu héa 16i. Két qué mé phoéng
xac minh rang thuat toan dwoc dé xuat cé do chac
chan va hiéu qua khi xem xét téi wu hoa vé mat hd tro
nang lwong.
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