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CHUONG 1 GIGI THIEU

1.1 Su can thiét ciia nghién citu
1.1.1 Xu hwéng ting trudng luu lugng dit liéu di dong

Su phét trién bung nd ciia céc dich cu chét ludgng cao nhu: truyén hinh dnh, phim chét
lugng cao, video 3 chiéu (Three-dimensional: 3D), theo ddi stic khoe, y té tir xa, thiét
bi khong ngudi 14i,.. da ddt ra yéu cau cap thiét phai nAng cao hon nita hiéu suit phd va
hiéu suit ning lugng cla cdc mang vién thong. Theo bdo cdo mdi nhat ctia Ericsson
[1], vao thdi diém cudi nim 2022, s6 lugng thué bao di ddng trén toan ciu c6 thé dat
dén 8.4 ty, va con sd nay ti€p tuc ting nhanh qua mdi quy. Du béo sd thué bao di dong
vao khoang 9.2 ty vao nam 2028, trong dé thué bao 5G khoang 5 ty. Bén canh dé luu
lugng dit liéu cling dang ting 1én manh mé do su phat trién nhanh chéng ctia cac thiét
bi thong minh. Theo [2], tdng Ivu lugng dif liéu toan cau dén nidm 2030 dudc du dodn
12 5016 EB/thédng, ting hon 80 1an so v6i nim 2020. Luu lugng dit liéu trén mot ngudi
dung ciing tdng dot bién, du dodn ndm 2030 1a 257.1 GB/thdng cao gip 50 1an so véi
nam 2020.

1.1.2 Miic tiéu thu ning liuong trong nganh vién thong

S6 lugng thiét bi di dong trong nganh vién thong dang ting 1én manh mé trong thdi
gian gin diy din dén viéc tiéu thu ning lugng sé ting 1én d4ng ké. So v6i 4G, mang
5G dudc du bdo sé tiéu thu ning lugng cao hon 2-3 1an, va con s6 nay con tiép tuc
tdng 1&n khi phét trién 1&n hé théng mang 6G [5]. Bén canh dé, viéc xit Iy mot luong
16n pin do cdc thiét bi di dong thai ra ciing 12 thach thiic 16n vé miit kinh phi va diic
biét 12 van dé 6 nhiém mdi trudng.

1.2 Pit van dé va huéng nghién ciu

Tu nhitng vin dé néu trén, viéc dép ting dudc cdc yéu ciu vé ning cao t6i da hiéu ning
ciia hé thdng, trong khi van dam bdo tiét kiém ning luong tiéu thu 1a mot bai todn can
dudc xem xét va tinh todn cin than. Trén thuc té bai todn d6 c6 thé giai quyét dugc
thdng qua ba gidi phdp chinh. Thit nhdt, céc hé thong can dudc thiét ké mot cach t6i
wu, quan ly t6t va phan bd hiéu quéa cdc ngudn tai nguyén ctia hé thdng. Thir hai, céc
thiét bi phan cting tiéu thu it ning ludng can dudc wu tién st dung trong cdc hé thdng
vién thong (vi du: cdc mit phan xa thong minh (Intelligent reflecting surface: IRS)).
Thit ba, céc hé thdng vo tuyén cin dugc diy manh hon nita viéc Ging dung va phat
trién cdc cong nghé thu thap ning lugng nhim tdi tao ning ludng, bu dép céc tiéu hao
trong qua trinh st dung va kéo dai thdi gian hoat dong cta cdc thiét bi. Chinh vi cdc



nguyén nhan cip thiét nhu trén, ludn 4n nghién ctiu dé xuét c4c thuat todn t6i uu nhim
nang cao hiéu ning ctia cdc hé thdng vo tuyén truyén thong tin va thu thip ning ludng
ddng thdi c6 su hd trg cia mit phan xa thong minh.

1.3 Céac nghién ciu lién quan

1.3.1 Thu thap ndng luong tan so vo tuyén (RF-EH)

1.3.2 Truyén thong tin va ning liwong dong thoi (SWIPT)

1.3.3 SWIPT trong hé thong théong tin vé tuyén sit dung mdt phan xa thong minh
1.4 Phuong phap nghién citu va nhitng déng gép chinh

Lun 4n tién hanh khdo sat, phan tich, tong hdp, va danh gid uu nhudc diém cia cic
cong trinh c6 lién quan, sau d6 dé xuit cdc mo hinh hé thdng va céc thuit todn nhdm
nang cao hiéu ning ctia hé thdng.

C4c déng gbp chinh ctia luan 4n dudc tém tit nhu sau:

« D& xuit thuit todn cho bai to4n tdi da tdng ning Iuong thu thap (SHE) theo mo
hinh phi tuyén ctia cdc ngudi diing trong hé thdng MU-MIMO SWIPT st dung
IRS. Két qua mo6 phdng thé hién su hoi tu tot ctia thuat todn dé xuit. Ddng thdi,
SHE ctia hé thong ¢ IRS véi cdc ma tran TPC, hé s6 PS va ma tran dich pha
dudc thiét ké tdi wu da cai thién dang ké so v6i md hinh c¢6 ma trin pha c6 dinh
va mo hinh khong cé IRS.

D& xuat thuat toan tdi da hiéu suit phd (SE) va hiéu suat niing luong (EE) ctia
mang thi cip trong hé thdng vd tuyén nhan thic dang nén (CR) MU-MIMO
SWIPT sit dung IRS v6i CSI khong hoan héo cta cdc ngudi dung so cap (PU).
Thong qua két qué mo phdng, thuat todn do luan 4n dé xuét duge ddnh gid 1a
dam bao su hdi tu. Ngoai ra, SE va EE ctia mang thi cip v6i mo hinh c6 IRS
vugt troi so v6i mod hinh khong c6 IRS. Dic biét, két qua mod phong ciing cho
thdy, vGi thuat toan thiét ké bén viing dé& xuit, hiéu ndng ctia hé thong ludn dat
dudc hiéu qua tdt véi cdc miic 16i kénh truyén khdc nhau.

D& xuét thuat todn ti da téng toc do dif liéu (SR) ctia cic SU trong hé théng
MU-MIMO SWIPT CR st dung IRS tich cuc v6i CSI khdng hoan héo cia cac
PU. Két qud mo6 phong khéing dinh su hdi tu ca thuit todn dé xut. Ngodi ra,
SR ctia cdc SU ctia hé thdng st dung IRS tich cuc ludn tdt hon hé thdng st dung
IRS thu dong.

P& xuét thuat todn t6i uu da muc tiéu (MOOP) nhim t6i da dong thdi SR va
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SHE ctia cdc ngudi dung trong hé thdng MU-MIMO SWIPT st dung IRS. Két
qué mod phong cho thiy thuét todn dé xuit hdi tu tot. SR va SHE ciia hé thong
¢6 IRS déu nang cao 1o rét so v6i md hinh khong c6 IRS va mo hinh c6 IRS
v6i ma trn pha ¢d dinh. Dic biét, su tuong nhugng gitta SR va SHE trong hé
thdng dé xuat dudc khao sat diy du, toan dién thong qua céc két qua md phdng
bai todn t6i vu da muc tiéu.

1.5 Cau tric caa luén an

CAu triic cta luin dn dugc xay dung thanh cdc chuong nhu sau:

* Chuong 1: Gidi thiéu.

e Chuong 2: Téng quan cdc van dé nghién ctu va ly thuyét lién quan.

e Chuong 3: Tdi da tong niing lugng thu thap trong hé thdng MU-MIMO SWIPT
c6 su hd trg IRS.

* Chuong 4: T6i da hiéu suét ph6 va hiéu suat ning lugng trong hé théng vo tuyén
nhén thitc MU-MIMO SWIPT c6 su hd trg IRS.

e Chuong 5: Tdi da hiéu suit pho trong hé théng vo tuyén nhan thic dang nén
MU-MIMO SWIPT c6 su hd trg cia IRS tich cuc.

e Chuong 6: Téi vu da muc tiéu trong hé thdng MU-MIMO SWIPT c6 su hd tr¢
IRS.

e Chuong 7: Két luan chung va huéng phit trién.

CHUONG 2 TONG QUAN CAC VAN PE NGHIEN CUU VA LY
THUYET LIEN QUAN

2.1 Ky thuat da ngo vao da ngé6 ra MIMO

K§ thuat MIMO 1a k¥ thuat sit dung nhiéu antenna trong dong thdi ca cac thiét bi phét
va cdc thiét bi thu. K§ thuat MIMO la mot phuong phdp quan trong trong ning cao
dd 1¢i phan tap, tir d6 cai thién ddng ké hiéu ning ctia hé théng. T nhiing wu diém
ciia ky thuat MIMO va su phét trién clia cong nghé, cdc thiét ké lién quan MIMO
dudc phat trién m& rong va nhanh chéng hon. Trong ti€u muc nay, luan 4n trinh bay
mdt s6 dang MIMO co bén bao gdm: MIMO diém-diém, MIMO nhiéu ngudi dung (
Multiuser MIMO: MU-MIMO) .



2.2 Vin d@ thu thap ning lugng v6 tuyén

Thu thap ning luong vo tuyén (RF-EH) 12 mot gii phép tiém niing gitp tdi tao ndng
ludng, kéo dai thdi gian hoat ddng cla c4c thiét bi. Nho su phét trién trong cdng nghé,
viéc tng dung cic k¥ thuat RF-EH ngay cang trd nén hi€u qué va kha thi hon. Do do,
RF-EH hién dang ngly cang thu hit dugc su quan tAm rit 16n trong cong dong hoc
thudt cling nhu trong cong nghiép. Trong phan ndy, luin 4n trinh bay céc Gng dung
cua RF-EH va céc k¥ thuat RF-EH trong SWIPT.

2.3 Cong nghé vé6 tuyén nhan thic
2.3.1 Khdai niém vo tuyén nhan thiic
Cong nghé vo tuyén nhan thdc 1a cong nghé ma trong dé thiét bi vo tuyén hodc hé

thdng vo tuyén c6 thé cdm nhan dugc moi trudng trudng dién tif clia né va c6 thé tu
hiéu chinh céc tham s6 hé thdng dé chit lugng va hiéu niing ctia hé thong.

2.3.2 H¢ thong vé tuyén nhan thiic

Trong mot hé thdng CR c6 hai mang (hodc ngudi diing): mang (hodc ngudi ding)
s cip va mang (hodc ngudi dung) thit cAp. Mang (hodc ngudi dung) so cap 1a mang
dudc cap phép sti dung phd tan, trong khi d6 mang (hodc ngudi dung) thi cap khong
dudc cip phép st dung phd tan. Dua vao nguyén ly hoat dong, hé thong vo tuyén nhan
thtic dudc chia 1a 3 loai chinh: hé théng v6 tuyén nhan thiic dang nén (underlay), dang
chong chép (overlay) va dang dan xen (interweave) [37].

2.4 Mt phan xa théng minh trong thong tin v6 tuyén
2.4.1 Khai niém va wu diém IRS
2.4.1.1 Khai niém IRS

Mit phan xa thong minh (IRS) 1a mot mit bao gdm nhiéu phan ti phan xa, mdi phan
tli phan xa dudc ciu tao tif c4c vat liéu dic biét cho phép thay ddi pha va bién do séng
phan xa qua mdi phan ti dé.

2.4.1.2 Uu diém IRS [48,49]

- Céc phan tif phan xa chi phan xa mot cach thu dong céc séng truyén dén ching ma
khong yéu ciu ngudn dé tao ra cdc phét xa tan s6 vo tuyén.

- IRS hoat dong & ché dd FD nhung lai khong khuéch dai nhiéu va cling khong gy ra
hién tugng tu can nhiéu nhu c4c hé théng FD truyén thng.

- IRS ¢6 céu tao nhd gon, trong luong nhe do d6 d& dang trién khai, 13p dit.



2.4.2 Nguyén ly hoat dong ciia IRS

Chu tric dién hinh cia mot IRS duge 8]
minh hoa nhu trong Hinh 2.1. Khi tac
dodng 1én cdc phan tif phan xa dé 1am thay
ddi mot sb tinh chit ctia cdc phan tii nay
(dang hinh hoc, kich thuéc, huéng, hay
trat tu sap xép, v.v. ) thi s& lam thay déi
dac tinh phén xa cia IRS, tit d6 cho phép
céu hinh lai mo trudng truyén mot cach
thong minh. Hinh 2.1: Céu tréc IRS [48].

2.4.3 Ung dung ciia IRS

Phan ti phan xa

- IRS ¢6 thé dudc trién khai dé hd trg cdc ngudi dung khdng ¢6 LOS do bi che chén,
hay & cdc canh ria cla céc té bao.

- IRS c6 kha niing hd trg ning cao tinh bdo mat cho hé théng vo tuyén
- IRS hd trg cdc mang SWIPT.
2.4.4 Thach thitc doi véi IRS

- C4c phén ti IRS phéi dudc thiét ké mot cich cin than dé dat dudc muc dich ting
cudng tin hiéu c6 ich, dong thdi loai bo can nhiéu. - IRS khong ¢6 cdc chudi phat tan
sd cao tan, do d6 dé dat dugc CSI 1a kh4 kho khin.

2.5 Ly thuyét co ban vé toan tbi uu
2.5.1 Bai todn toi wu co ban

Xem xét mOt bai todn tdi uu cd ban nhu sau:

min  f(x) (2.24)
X
st. x €. (2.24b)
Trong d6 ham s6 f : R” — R 1a ham muc tiéu mong muén dudc tdi thi€u. Vector x
1a vector chita n bién doc 1ap: X = [z1, 22, -+ ,2,]7 € R™. 8§ € R™ a tip kha thi

(tAp rang budc). Bai todn tdi wu (2.24) la bai todn di tim gid tri vector x € § sao cho
ham muc tiéu f(x) dat gid tri nho nhat, ldc ndy vector x dugc goi 1a nghiém tdi vu.

2.5.2 Téi wu loi

Bai todn cuc ti€u ham muc tiéu 18i ho#ic cuc dai ham muc tiéu 16m véi tap kha thi 1a
tap 10i thi dugc goi 1a bai todn t6i vu 16i.



2.5.3 Mot s6 phuong phap giai bai todn toi wu khong loi
2.5.3.1 Phuong phdp téi thiéu cdn trén (Majorization-Minimization)
Phuong phdp tdi thiéu cn trén dudc thuc hién qua hai budc. Bude thi nhat 1a tim ham

chita dudng bao trén (Majorization). Budc thit hai 1a thuc hién t6i thiéu (Minimization)
ham thay thé d6 [62].

2.5.3.2 Phuong phdp téi da can duéi (Minorization-Maximization)

Tuong tu phuong phép tdi thiéu cin dudi, phuong phép tdi da can dudi (Minorization-
Maximization: MM) dugc dp dung cho bai todn cuc dai. Trinh tu thuc hi€én dang nay
ngudc v6i dang tdi thiéu can trén, cu thé: budc thi nhat 12 tim dudng bao duéi xap xi
(Minorization), va bu6c thit hai 1a tdi da (Maximization) dudng bao duéi dé.

2.5.3.3 Phuong phdp toi uu ludn phién

Phuong phdp tdi uu ludn phién (Alternating Optimization: AO) 1a mdt phuong phép
13p 4p dung dé tim 15i gidi cho c4c bai to4n t6i uu nhidu bién bing cach 1an ludt gidi
bai todn gdc theo tiing bién trong khi ¢d dinh cdc bién con lai.

2.5.3.4 Gidi thudt Dinkelbach cho téi uu phan sé lom-16i

Giai thuat Dinkelbach bién déi tuong duong bai todn dang phan s6 thanh mot mot
dang trir da thiic nhu sau

F()\,) = max f(x) = Ang (x). (2.26)
xeF

2.6 Két luan chuong
Chuong nay da trinh bay tong quan ly thuyét cdc vin dé chinh bao gdm: ky thuat
MIMO, thu thip ning lugng tin sd vd tuyén (RF), truyén thong tin va ning ludng

dong thai (SWIPT), cong nghé vo tuyén nhan thiic (CR), mit phan xa thong minh
(IRS) va ly thuyét co ban vé céc bai todn tbi wu.

CHUONG3 TOIPA NANG LUONG THU THAP TRONG HE THONG
MU-MIMO SWIPT SU DUNG IRS

Noi dung ciia chuong nay duoc trinh bay trong cong trinh sé 1.

3.1 Giéi thiéu

Chuong nay dé xuat thudt todn cho bai todn tdi da SHE theo md hinh phi tuyén cda
céc ngudi dung trong hé thong MU-MIMO SWIPT IRS vdi cdc diéu kién rang budc



dam bao céc yéu cau chét ludng dich vu cla tiing ngudi dung vé miit téc do dir liéu
va ning lugng thu thap t6i thiéu. Cdc ngudi dung st dung k§y thuat chia cong suét
(Power splitting: PS) dé dong thdi nhan thong tin (Information decoding: ID) va thu
thap ning lugng (Energy harvesting: EH).

3.2 Mo hinh hé thong va bai to4n thiét ké

Xem xét mot hé thdng nhu trong Hinh
3.1v6i K UE, X = {1,---,K}. BS,
céc EU dugc trang bi N;, N, antenna.
IRS gdm M phan ti phan xa. Hé s6
phan xa cla phan t phén xa thd m-th
la ¢, = 3,,¢% véib, € (0,2r] va
B, €10,1],meM={1,---, M} lan
lugt 12 pha va bién do phéan xa. Dé dat
dudc cudng dd phan xa tdi da, gia thiét
thudng duge sit dung 1a 8, = 1 [67]. Hinh 3.1: M6 hinh hé théng MU-MIMO
® = diag (¢, 09+ ,¢y) 1a ma trdin  SWIPT c6 sit dung IRS.
pha ctia IRS. Vector dit liéu dén SUy 1a
s € ChX1 v6i d < min{N;, N} 1a s6 ludng dit lidu ctia UEy. Ma tran TPC tin
hiéu s cho UEy 1a Fy, € CNt ¥ Khi d6, tin hiéu nhan dudc tai UEy 1a:
K
yi =HFusg+ > HyFjsj+n, ke X, (3.1)
j=1.j#k

véi Hy £ Hyy +H, ) ® G 1a kénh truyén hiéu dung tit BS va BS-IRS dén UE,
van,, ~ €N (0,02 Iy,) lanhidu tring cOng phan bd Gaussian (AWGN) tai UE.
Tin hiéu thu tai cdc mach ID ciia UEy dude 1a y{P = |/p yy +1ne, v6i n, ~
CN (O, agk I NT) 12 nhiu do mach ID tao ra tai UE [75]. Toc do dit liéu dat dugc tai
UEy c6 thé dudc xdc dinh nhu sau

Ri(F, p, @) = log, L+ H  F FTHI J.Y| (3.3)

Miit khéc, tin hiéu nhin dudc & dau vao cdc mach EH tai UEy c6 thé dudc biéu dién
layft = T=ppyi.
Véi cac md hinh EH phi tuyén, ning lugng thu thip dudc tai UE, c6 thé dudc biéu
dién [20]

[y

SNL F7 ) =
@) = + exp (—cx (Ex(F, p, @) — bx))
Vi E(F, p, ) = (1 — p) Tr (zjf:l Hy F,; F/ H{j) I« = B/ (1 — 2). Luin
dn gid str CSI 1a hoan héo tai BS.

— 82, (3.4)



Bai todn thiét ké c6 thé dudc xay dung 1a i
Vv6i P 12 qui cOng suat

K
max ENL(Fa P, d)) = Z gkNL(Fa P, d)) (37&) phét téi da té_li BS’ rmin,k la
k=1

F.pd yéu ciu téc do ngudi ding
K t6i thi€u va ek 12 yéu
s.t. Z Tr (F FY) < Prga, (3.7b) ' ciu niing luong thu thap t6i
k=1 thiéu tai UEy. C6 thé thay
Rk (F, p, @) > rpink, k€ X, (3.7¢) ring ham muc tiéu trong
ENL(F, p, d) > emini k € K, (3.7d) bai todn (3.7) 1a phi tuyén

va khong 16m theo céc bién
ma tran TPC, hé s6 PS va
céc pha.

|| =1, me M, (3.7¢)
0<p <1, keX, (3.7f)

3.3 P& xuit thuit toan cho t6i da tong niing luwgng thu thap

Trong phan nay, cich tiép can AO dudc dp dung dé tich bai todn ban dau trong (3.7)
thanh hai bai todn con. Pau tién, cdc ma tran TPC va cdc hé s6 PS dugc t6i uu trong
khi céc pha cd dinh. D€ gidi quyét kho khiin vé tinh khong 16m va khong tuyén tinh
ctia ham muc tiéu va céc rang budc, cdc ham xip xi dudc xdc dinh dua trén nguyén ly
ctia phuong phap MM dé chuyén bai toan thiét ké thanh mot bai todn 13i. Sau d6, véi
céc ma tran TPC va cdc hé s6 PS di cho, pha clia cdc phén tif phan xa sé dudc tdi uu.
Cudi ciing, dua trén Thuat todn 3.1 va Thuat toan 3.2, luin dn dé xuét Thuat todn AO
3.3 dé 1an lugt tdi uu cdc ma trin TPC, cdc hé sd PS va céc pha dé t6i da SHE dugc
miéu ta sau

Thuét to4n 3.3 Thuit todn AO cho tdi wu cdc ma trin TPC, céc hé sd PS va cdc pha
cho t6i da SHE
Céc dau vao: S6 vong lip t6i da t,,,4,, ngudng dung sai cho phép e.
Khéi tao: F(O), p(© () kha thi va dit ¢ = 0.
V6i ¢ = ¢'¥ ¢6 dinh, gii Thuat todn 3.1 dé dat dugec F*), va p();
Lap
V6i F = F®) va p = p®*) ¢6 dinh, giai Thuat todn 3.2 dé dat dugc ).
V6i ¢ = ¢ ¢6 dinh, giai Thuat todn 3.1 dé dat duge F™), va p(*);
Capnhatt + t+ 1, FO = F) p®) = p*, M = ),

< . |8NL (F(t) ,P(t> ’¢(t))_ENL (F(tfl)’p(t—l),d)(t—l))‘
Cho den khi ENTE0T -1 g0 1)

Cic du ra: Céc gid tri t6i uu F(PY) = F() plort) — p(+) ghlort) — g(+),

< ehodct > tyas
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Hinh 3.2: M6 hinh m6 phong cho hé théng ° * Nomwotiestons =
MU-MIMO SWIPT IRS. Hinh 3.3: Su hdi tu ctia Thuit toan AO.

3.4 Két qua mé phong

BS dugc dit tai toa dd (0, 0), IRS tai toa d0 (1, 2), va ¢6 K = 4 UE phan bd ngiu
nhién trong ving (zpy,0) c6 ban kinh 12 2 m, nhu trong Hinh.3.2. C4c tham s mo
phéng dugc thiét lapl1a N, =4, dp =2, N, =2, ap;r = 2.2, ajy = 2.2, agy = 3.6,
or =0z =107 W, P, = 24 mW, ¢, = 150 va by, = 0.014. Hé s6 suy hao dugc dit
1a Lo = 1073 tai dy = 1 m. Ngoai trir cdc thiét 1ap khdc, cdc tham s6 mo phdéng dugc
dét Ia Pmax =40 dBl’Il, rBr = 4 m, rpy = SmvaM = 40, €mink = ©min = 0.01
mW, Tpin k = Tmin = 1 bps/Hz.

1. Khdo sat ddic tinh héi tu ciia thudt todn dé xudt: Tu Hinh 3.3 ¢6 thé thiy rdng OF ctia
SHE khong gidm qua cic vong 1dp va nhanh chéng dat gia tri hoi tu chi sau khoang
dudi 10 vong. Ngoai ra tit Hinh 3.3 da cho thdy riing s6 vong 1dp dé dat dudc dén gid
tri hoi tu ctia Thuat todn 3.3 thi khong thay ddi nhiéu khi sd phan tif phan xa thay doi.

2. Khdo sdt trung binh SHE theo s6 phan ti phdn xa: Qua két qué trong Hinh 3.4 ¢6
thé théy réng trung binh SHE dugc ting theo s6 phan tif phan xa tai IRS. Hinh 3.4 cho
thiy ring mo hinh véi cdc pha tdi wu c6 thé dat dugc SHE cao hon dang ké so v6i md
hinh No-IRS hoic Fixed phase. Cac két qué nay da cho thdy su hiéu qua khi trién khai
IRS trong hé thdng MIMO SWIPT.

Average sum harvested energy (W)

8 8

I 1 1 o
20 30 40 50 60 34 36 38 4
Number of reflection elements M Transmit power Py,,, (dBm)

Hinh 3.4: Trung binh SHE theo M. Hinh 3.5: Trung binh SHE theo P, .
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3. Anh hudng ciia cong sudt phat t6i da Pyay tai BS 1én trung binh SHE: Hinh 3.5
cho thdy trung binh SHE ting 1én ddng ké khi P, ting Ién. Thém vao d6, Hinh 3.5
ciing chi ra ring hiéu ning ctia hé thdng vé mit ning luong thu thap vé6i cdc pha dugc
thiét k& t6i wu thi tt hon nhiéu so v6i cdc mo hinh khong c6 IRS hodc mo hinh ¢
IRS v6i pha ¢d dinh.

4. Khdo sdt sy tuong nhuong giita t,,;, va trung binh SHE: Hinh 3.6 biéu dién trung
binh SHE theo r,,,;,,. Theo két qué trong Hinh 3.6, trung binh SHE gidm xudng khi
Tomin tdng 1&n. Diéu ndy 13 do céc rang budc cla bai todn tdi vu thi tré nén nghiém
ngit hon khi r,,;, ting 1én. Khi d6, cdc gid tri ti wu ¢6 xu huéng ning cao toc dd
ngudi dung dé thda man didu kién rang budc vé téc do bing viéc hi sinh ning luong
thu thap.

254

Average sum harvested energy (W)

Average sum har

1 2 3 5

4
Minimum user rate requirement R, (bps/Hz) apy (m)

Hinh 3.6: Trung binh SHE theo r,,r,. Hinh 3.7: Trung binh SHE theo z gy .

8

5. Nghién citu su dnh hudng cua vi tri cdc nguoi dung lén trung binh SHE: Tu Hinh
3.7 ¢6 thé thdy ring trung binh SHE gidm xuéng khi cdc ngudi dung cdch xa BS va
IRS. Mo hinh dé xuét véi cdc pha t6i uu van c6 hiéu ning vé mit SHE cao hon hai
mo hinh con lai.

3.5 Két luan chuong

Trong chuong nay, viéc tdi da SHE ctia cdc ngudi dung trong hé thdng MU-MIMO
SWIPT c6 st dung IRS dudc khdo sat mot cach day di. Cac két qua md phdng di cho
thay su hdi tu clia thut todn dé xuét dudc dam béo tdt. C4c két qua mo phdng thé hién
ring hé thbng MU-MIMO SWIPT IRS véi céc pha tdi uu c6 thé cai thién SHE mot
céch déng ké. Do d6, viéc stt dung IRS va hé théng MU-MIMO SWIPT la mot cich
tiép can hiéu qua dé nang cao hiéu ning ciia hé thdng vé& mit thu thip ning luong.
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CHUONG 4  TOI PA HIEU SUAT PHO VA HIEU SUAT NANG

LUONG TRONG HE THONG VO TUYEN NHAN THUC MU-MIMO
SWIPT SU DUNG IRS

Noi dung ciia chiong nay duoc trinh bay trong céng trinh s6 4 va s6 5.

4.1 Gidi thiéu

Chuong nay xem xét mot hé thdng vo tuyén nhan thic (Cognitive radio: CR) dang nén
MU-MIMO SWIPT ¢6 su hd trg IRS, trong do, cdc ngudi dung thi cip (SU) dung
ky thuat PS dé thuc hién ID va EH ddng thdi. Muc tiéu clia chuong nay nhim t6i da
SE va EE cta cdc SU duéi diéu kién rang budc ning luong thu thap t6i thiéu tai mdi
SU 16n hon mic yéu cau tdi thiu va cong suit can nhiu do SBS gay ra tai cdc ngudi
dung so cip (PU) phai ddm bdo khdng vudt qua miic ngudng cho phép.

4.2 Mb hinh hé théng va bai toan thiét ké

Xem xét mot hé thong nhu trong Hinh
4.1 v6i K SU va L PU, tap cdc SU va
PU lan lugt 2 K = {1,--- K} va
L = {1,---,L}. SBS, cdc SU va céc
PU dugc trang bi Ny, N, va Npy an-
tenna. IRS tich cuc gdm M phan tif phan
xa. Hé sd phén xa ctia phan ti phan xa
tht m-th 1a ¢, = B,,¢e/ véi 0, €
(0,27] va 8, € [0,1], m € M =
{1,---, M} lan lugt 1a pha va bién d0 Hinh 4.1: M6 hinh hé théng MU-MIMO
phén xa. ® = diag (¢1,d5 -+ ,éy) 12 SWIPT CRIRS.

ma trin hé sd phan xa (RCM) cia IRS.

Vector dit lidu dén SUy 1a s, € C%*! v6i dy, < min{Ny, N,.} 1a s6 ludng dit liéu ciia
SUk. Ma tran TPC tin hiéu sy cho SUy 1a Fy, € CNt Xdk

Lu4n 4n gié st CSI hoan hdo cta céc kénh truyén trong mang thi cap, trong khi gié st
CSI khong hoan héo cta cdc kénh truyén PU. Céc 16i kénh truyén PU dugc md hinh
bién do sai s6 gidi han (NBE). Khi d6, tong cong suit can nhiéu tai PU, 1a
K
P, (F.p,¢) = || LeFrlf = | LeF, (4.6)
k=1
VOiF 2 [F,Fy,...Fg],F e CN¥K 1, =1y, + L, ®G.
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V6i Pyaz 12 cOng suét phét
t6i da tai SBS, epink 12
ning luong yéu ciu tbi

Bai toén t6i da SE (SEM) dudc xay dung nhu sau

K
max R(F,p,¢) = Z Rk (F, p, @) (4.7a) thi€u can thu thap dugc tai
F.pd k=1 SUy, va Y, la ngudng IP
K cho phép tai PU,. Luu y
st Y Tr(FFY) < Praa, (4.7b) riing bai todn (4.7) khong
k=1 16i do tinh khong 16m cla

ENL(F, p, p) > emink, Vk € X, (47c) ham muyc ti€u, cdc rang

| =1,YmeM (4.7d) budc khong 16i. Bic biét,
m ) ) :

0< p <1,VkeX (4.7¢) rang budc (4.7f) 1a cac rang

budc ban vo han rat khé dé
sz (F, P, (b) < TZ,VE cl. (4.7f) giﬁi quyét.

Bai toén t6i da EE (EEM) dugc xay dung nhu sau
K
> i1 Rk (F, p, )

U (F, p,¢) = 4.8
I > ST R
st (4.7b) — (4.75). (4.8b)

Bai todn 4.8 1a bai todn khong 106i do ham muc tiéu 12 mot ham phén sd va céc rang
budc 1a cdc rang budc khong 16i.

4.3 P& xuat phuong phap cho t6i da SE

Bing cdch khai thac su tuong duong giira ham tdc do dit liéu va MMSE, ham muc tiéu
trong bai todn gdc ban dau dudc chuyén thanh mdt ham tuong duong dé c6 thé dugc
phén tich dé dang hon [105]. Sau d6, lun én tdch bai todn thanh ba bai todn con bao
gdm: Bai todn con s6 1 - Pong thoi t6i uu {U, W} véi {F, p, ¢} dugc cé dinh, Bai
toan con s 2 - Bong thoi t6i uu {F, p} véi {U, W, ¢} dugc c¢é dinh va Bai todn con
56 3 - T6i uu {¢} véi {F, p, U, W} ¢6 dinh. Cudi cing,ludn 4n dé xuit Thuét todn
4.3 1an lugt tim cdc ma trAn TPC, céc hé sd PS va céc pha cla cdc phan tit phan xa t6i
uu cua bai todn (4.7).

4.4 Pé xuat phuong phap cho tbi da EE

Trong phan nay, ludn 4n 4p dung phuong phap MM d& tim cdc ham thay thé phu hop
cho ham toc do dit liéu va ham thu thp ning lugng phi tuyén, dong thdi, 4p dung
phuong phdp Dinkelbach dé gidi quyét ham muc tiéu phan s6 EE. Ngoai ra, luan 4n
st dung k¥ thuat P-CCP dé x{i ly cdc rang budc khong 16i UMC ctia IRS. Bai todn 4.8
dugc téch thanh hai bai todn con: Bai todn con s6 4: Téi uu dong thoi {F, p} véi ¢
0 dinh va Bai todn con s6 5: Téi uu ¢ véi {F, p} ¢6 dinh. Theo d6, thuét toan 13p t6i
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Thuat toan 4.3 Thuat toan AO dé t6i uu céc ma tran TPC, cdc hé sd PS va céc pha
ctia IRS cho t6i da SE
1: Pau vao: S6 vong Lip t6i da ty,4,, ngudng dung sai thuit todn e.
2: Khéi tao: F©O, p© ¢ kha thi va dit . = 0.
3: Lap:
4. C6dinh {F, p( M} tinh U®) va W) sit dung (4.11) va (4.12);
5. C6 dinh {p®W, U® WY tim {F®), p*)} bing cich giai (4.28) sit dung
Thuat toan 4.1;
6:  COdinh {F™) pt) U WM} tim ¢ bing cach gidi (4.34) st dung Thuat
toan 4.2;
7. Capnhat. H(‘)L FO® (T F(*)Ep(:) = p®) ’(¢,(L)) = oM,
. D p©) G _F (R —1) pl—1) plt—1
8 Cho dén khiz 7"~ 3(’]’?“_)”,?;5 71>,¢’571>) 2
9: Paura:FP) = FO) plort) — p(0) glort) — g(0),

) < ehodc t > tmaz.

vu dé dat dugc ma tran TPC, céc hé sd PS, ma tran dich pha t6i uu dudc mo ta chi tiét
trong Thuat toan 4.6.

Thuit to4an 4.6 Thuit toan tdi vu ldp dé tim cdc ma trAn TPC, hé s6 PS, ma tran dich
pha tdi uu cho bai todn tdi da EE

1: Pau vao: S vong lip t6i da ty,4,, ngudng dung sai 15i ¢.
2: Khéi tao: F©, p©_ 4O thiét1ap . = 0.
3: Lap: B
4: Cbdinh {¢)}, im {F, p} biing cach giéi (4.38) sir dung Thuat todn 4.4;
5. Cddinh {F, p}, tim ¢ bﬁngﬁcéch gidi (4.43) st dung Thudt todn 4.5;
6:  Capnhit,« 1+1,FY) =F, pl) = p ¢") = ¢.
z 76 AOIAORSOMNER 76 Gt It DA CESY) .
7: Cho dén khi: Rl pw(i(ll)’p(u_l)y(bg—n) ¢ ) < ehodc t > tmaz-
8: PAura: F(P) = F() plort) — p() glort) — 4(),

4.5 Két qua mé phéng

Vi tri ctia SBS, IRS, vi tri trung tdm ctia cac SU va vi tri trung tdm ctia cadc PU dugc dit
1an lugt tai céc toa do (0,0) m, (4,4) m, (zpy,0) m, va (zpp,0) m. Céc gid tri thanh
phan khong chic chdn NBE dugc dit 1a e, 0 = v||Ly || p va &, 0 = v||Ly¢|| r v6i moi
¢ e Lvav € [0,1) [104]. Ngoai trit ¢6 cac phat biéu khéc, luan 4n dit P, = 40
dBm, zgy =5m, M =20, N; =4,v =0.05,d, =2,Vk € X, N, = Npy = 2,
o2 2 = _60dBm, Yk € K, P. = 24 mW, va a, = 150,b, = 0.014,Vk € K

ax = O'Ck =
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[110], € = 1073, Kmaz = tmaz = tmaz = 100. Trong md phong bai todn SEM, cic
tham sd 1a apr = 2.2, ary = 2.2, apy = 3.6, a;p = 2.4, K = 4SU, L = 2PU,
xpp = —150 m, M = 20, eypinx = 0.02mW,va Y, = T = —70 dBm. Trong
md phdng bai todn EEM, ludn dn dit apr = ajy = arp = 2.2, apy = 3.75,
xgp = —50m, K =2SU,L=2PU, M =30,T;, =T = —60 dBm, w = 10,
Wmaz = 1000, 7 = 5[108], P =1 W, pp =5 mW, P; = 100 mW, P; = 0.33 mW
[112].

1. Su héi tu cia cdc thudt todn dé xudt: Hinh 4.2 va Hinh 4.3 cho théy thuét todn SEM
va EEM dé xuit déu hoi tu tot.

2. Ddnh gid tinh hiéu qud ciia thudt todn thiét ké bén viing: Céc két qua trong Hinh
4.4 cho thiy IP tai cdc PU gay ra bdi SBS véi thuat todn thiét ké bén viing da dugc
d& xuét ludn ddm béo dudi miic ngudng can nhi€u cho phép (Y = —70 dBm) véi céc
mtc 18i CSI v khac nhau. Két qud mo phéng da chiing minh thut todn thiét ké bén
vitng cho trudng hgp CSI khong hoan hdo trong chucng nay ¢6 hiéu qua rit cao. Diéu
nay gitp cho hé thdng hoat dong 6n dinh va bén viing.

D
o
2

4/ |—+ —Non-robust IRS, v = 0.3 | |
‘ — Perfect CSI IRS

1 1.5 2 -75 -70 -
Interference power at PUs (W) L1010 Interference threshold Y (dBm)

Hinh 4.4: Ham CDF cda cong suit can Hinh4.5: Trung binh SR ctia cdc SU v6i T
nhiéu tai cdc PU. khéc nhau.

-55

3. Banh gid SE ciia hé théng véi cdac ngudng IP Y : Céc két qua trong Hinh 4.5 chi ra
ring khi midc ngudng IP ting 1én céc tdc do dit liéu ca tit ¢ cdc mod hinh khéo sét
ciing tang 1én. Ngoai ra, SR ctia cdc md hinh cling ting I1én khi 16i CSI khong hoan
hdo gidm xudng.

4. Panh gia EE cia cdc mé hinh EEM: Hinh 4.9 cung cp EE trung binh cho hai
trudng hgp ctia hé thdng c6 IRS va khong c6 IRS theo Py, EE trung binh c6 su thay
ddi khé4c nhau Ging vdéi su thay ddi ctia cong suit phat tai SBS. Khi cong suét phét tai
SBS dudi 38 dBm thi EE trung binh ting rd rét khi cong suat cia SBS ting 1én. Tuy
nhién, khi ting P4, tU 38 dBm trd 1€n thi EE trung binh khong dudc céi thi€én dang
ké, va tién dén gid tri bio hoa khi cong suét phat 16n hon 42 dBm. 5. Ddnh gid EE ciia
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—#— Robust IRS (EEM), v = 0.02 il —#— Robust IRS (EEM)

2 —0—Robust IRS (EEM), v = 0.05 g —o0— Robust IRS (EEM).
£ 3 —0o— Robust No IRS (EEM), v = 0.02 ] g 35 —s— Robust TRS (SEM;
: —A—Robust No IRS (EEM), v = 0.05 | | (:

—O— Robust IRS (SEM), v .05

34 36 38 40 44 46 34 36 38 40 44 46

42 42
Transmit power P, (dBm) Transmit power Py, (dBm)

Hinh 4.9: Trung binh EE theo cong suat Hinh 4.10: EE trung binh theo P, cho
phét Pqz. EEM va SEM.

EEM va SEM: Nhu dugc thy trong Hinh 4.10, EE ctia bai todn SEM giam kha manh
khi cong suit phat ting 1én. Ngoai ra, EE cia bai todn EEM ludn cao hon bai todn
SEM, dic biét 1a khi cdng suét phat 16n. Ly do 12 bai todn SEM tap trung st dung hét
quy cong suit phat nhiim cai thién hiéu suit phd, do d6 dan dén EE bi giam xudng.

4.6 Két luan chuong

Chuong nay da dé xut thuit todn t6i da SE va va thuit toén t6i da EE ctia hé thong
MU-MIMO SWIPT CR ¢6 st dung IRS. Trong bai toan SEM luén 4n st dung mdi lién
hé gitta MMSE va ham tdc d6 dit liéu dé chuyén ham muc tiéu thanh mot ham c6 thé
phén tach dudc. Véi bai toan EEM, luén dn ap dung phuong phdp MM va Dinkelbach
dé giai quyét khé khin trong ham muc tiéu phan s6. Sau d6, thuat todn AO, xap xi 16i
lién tiép va cdc rang budc LMI da dugc két hop dé tim ducc 15i gidi tdi uu cho céc
ma trAn TPC tai SBS, ma trin dich pha tai IRS va cdc hé sd PS tai cdc SU. Két qua
md phong da cho thdy hiéu nidng ctia cdc hé thdng c6 IRS dugc thiét k€ tdi uu tdt hon
nhiéu so v6i cdc hé thdng khong sit dung IRS.

CHUONG5 TOIDA HIEU SUAT PHO TRONG HE THONG VO TUYEN
NHAN THUC MU-MIMO SWIPT SU DUNG IRS TiCH CUC

Néi dung ciia chuong nay duoc trinh bay trong céng trinh so6 2.
5.1 Gigi thiéu
Chuong nay dé xuit thuat todn t6i da SR ctia cic SU trong hé théng vo tuyén nhan thic

dang nén MU-MIMO SWIPT dugc hd trg bsi mot IRS tich cuc (MU-MIMO SWIPT
CRIRS tich cuc) véi céc SU st dung k§ thuét PS dé thuc hién ID va EH cung ldc. Bai
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todn t6i da SR dugc thuc hién biang céch thiét ké t6i uu dong thdi cdc ma tran TPC tai
SBS, ma tran hé s6 phén xa (reflection coefficient matrix: RCM) tai IRS va cdc hé sd
PS tai cdc SU duéi céc diéu kién rang budc quy cong suét phat tai SBS, rang budc IP
tai cac PU nhd hon mot ngudng cho phép, rang budc cong suit khuéch dai trén IRS,
rang budc bién do trén cdc phin tif phan xa cia IRS, va yéu ciu HE t4i thiéu cia tiing
SU.

5.2 M6 hinh hé théng va bai to4n thiét ké

Xét mot hé thdng MU-MIMO SWIPT CR c¢6 su hd trg ctia IRS nhu trong Chucng
4, tuy nhién, IRS trong Chuong 5 nay Ia IRS tich cuc gdm M phan ti phan xa. Do
d6, hé s6 phan xa clia phan tif phan xa thi m-th 1a ¢,, = 3,, &’ Om v6i 6, € (0, 27]
va 3,, € (0,80, m € M = {1,---, M} lan lugt l1a pha va bién do phén xa.
® = diag (¢py, ¢y -+ , ) 1a ma tran hé s6 phan xa (RCM) cta IRS.
Tin hiéu nhan dugc tai SU dugc viét lai
K
ye=HyxFisc+ Y HypFjsj+Hyy®nj+n,,YkeX, (5.1
Jj=1,j#k
véi Hyx £ Hpyx +Hiyx ® G 1a kénh truyén tdng tir SBS dén SU, va n; ~
CN(0,071y,),n4, ~ CN (0,02 Iy,) 12 nhiéu cong tring tai IRS va SU [118].
Khi d6, tin hiéu nhan dudc tai SUy cho ID 1a y{P = |/p yy +1ne, v6i ng ~
€N (0,02 Iy,) la vector nhidu mach ID [75]. Do d6, téc do dit liéu (nats/s/Hz) tai
SU 1a
Ru(F, p, ®) = In|[I+Hy Fy FY HY 3!

VkeX. 5.2)

Tuong tu, tin hi€u nhan tai SUy cho EH la ny = /T = py yi. Cong suit nhiéu ng
rat nhd so v6i cong suét tin hiéu nhan dugc nén cong suét nhidu ¢ thé dudc bd qua.
Khi d6, nang lugng dau vao mach EH tai SUy 1a & (F, p, ®) =
(1—py) Tr (Zj}'; Hyx F; Ff Hgk) + (1 —px) U?Tr (HIU,k X H?U,k)
HE tai SU), theo m6 hinh phi tuyén 1a [20]
Ik
ENL(F, p, ®) =

) = o (o 9, ®) — i)
voi O = (1+exp (peqr)) ™ Tk = B/ (1 — Q). O day, Py 1a cong sudit bio hoa
ctia mach EH SUy, céc tham s6 py va ¢y 12 cdc tham sd mach EH.

— D, (5.6)

Tdng IP tai PU, gay ra bi SBS dudc biéu dién nhu sau
P, (F,p,®) = |Hp F|% + 07| Hipe @ |7,V L € L, (5.7)
v6i Hpy = Hppy+Hipy® G, F 2 [F,Fy, ..., Fg] € CVxd g = 5K gy
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Luan 4n gia stt CSI hoan hdo ctia cdc kénh truyén trong mang thi cip, trong khi gia st
CSI khong hoan héo cta cdc kénh truyén PU. Céc 16i kénh truyén PU dugc md hinh
bién do sai s6 gidi han (NBE).
Cong suét tin hiéu dau ra ctia IRS tich cuc 1a [111].
K

> Tr (2 GFFY G" ®") + o7Tr (@ ") < PIYY, (5.11)

k=1
trong d6, P7j§ 1a cong suét khuéch dai tdi da.
Bai todn thiét k& dugc biéu di&n nhu sau

trong d6 P4 12 quy cong
max R (F,p,® Zﬂzk (F,p, ® (5.12a) sudt phdt cia SBS trong
F.p.® khi e’ 1a yéu ciu HE t5i
thiéu tai SUy. Luu y ring
s.t. ZTr (FuF) < Praa, (5.12b) bai toan (5.12) khong 15i
do tinh khong 16m ctia ham
Sk (F,p,®) > e Vke X, (5.12c) muc tiéu va cdc rang budc
16, | < BT Ym € M, (5.12d) khong 10i. Ngoai ra, rang
0<p <1, VkeX (5.12¢) budc ban V(t) han (5.10) déE
— k=" ’ ' ra thém nhiéu théach thic dé
(5.10), (5.11), (5-12f)  oiai quyét bai todn(5.12).

5.3 Pé xuét phuong phap cho t6i da SR

Thuit toan 5.3 Thuit todn AO dé xdc dinh cdc ma tran TPC, c4c hé s6 PS vi RCM
t6i vu

Pau vao: I,,,,, €.
Khdi tao: F(©) p(© &) kha thi va thiét 1ap ¢ = 0.
Lap:
V6i {F, p(0) &1} ¢6 dinh, tim U va W sit dung (5.16) va (5.17);
V6i {®), U, W} c6 dinh, tim {F, p} biing cich giai (5.44) theo Thuat todn
5.1;
Véi {F, p, U, W} cd dinh, tim ® béng céch gidi (5.50) theo Thuét todn 5.2;
Capnhat. < 1 +1,FW =F, p0) = p, ") = &.

2 . g(F(b)’p(L)7¢(L)),§(F(ﬂ—1)7p(b D e-1 .
8: Cho dén khi: | FECD 0D a0 ) | < ehodct > Igz.

9: Paura: FoP' = FO)_port — p(0) vt — (),

RN e

A

D& giai quyét van dé gdc ban dau khong thé giai truc tiép, luan 4n tin dung phuong
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phdp MMSE dé chuyén d6i OF thanh mot ham c6 thé giai quyét dugc (bai todn da
bién ddi) [105]. Sau d6, luan 4n tich bai todn da bién dbi thanh ba bai todn con, bao
gdm: Bai todn con 1: Téi uu dong thoi {U, W } véi {F, p, ®} cé dinh, Bai todn con
2: Téi uu dong thoi {F, p} véi {U, W, ®} ¢6 dinh va Bdi todan con 3: Toi uu {®}
vdi {F, p, U, W} ¢ dinh. Cudi cung, thuit todn AO dé xdc dinh cdc ma tran TPC,
céc hé sd PS va RCM t6i vu cho bai todn (5.12) dugc trinh bay trong Thuét todn 5.3.

5.4 Két qua mé phong

Tham s6 md phong dugc thiét 1ap nhu sau K = 3SU, L = 2PU, 02 =02 =0} =
—70 dBm, dk = 2, Nr = NPU = 2, app = 3.6 va ajp = 2.4, Pk = 24mW,
p = 150, qx = 0.014, apr = ajy = 2.2, kpr = Kjy = Kjp = 3, € = 10_3,
Iimaz = 100. SBS dit tai vi tri (0,0) m va IRS tai (xpr,4) m. Cic SU trong viing
(zpy,0) m véi bdn kinh 2 m, cdc PU phén bd trong ving (—150, 0) m v6i bén kinh
10 m. Sai sd c6 gi6i han dugc ditla n, , = v|Hppe|lF va Trp = UHI:I[R[HF, Vee Ll
v6iv € [0,1) [104]. D€ dat dugc su cong bing trong so sdnh véi IRS tich cuc, ludn dn
dit cong suat phat SBS trong hé thdng dugc hd trg bdi IRS thu dong 1a Pp,q, + Py v6i
Py = P/p&. Ngoai tri ¢6 quy dinh khdc, luén dn dit Pp,q; = 40 dBm, zpy = 7m,
zpr =4m, M = 20, N; =4, eieq =0.01mW, YT, =71 = —-70dBm, agy = 3.6,
v =0.05, 7% =1.9,Vm € M.

1. Khdo sat su héi tu ciia thudt todn AO: Hinh 5.1 cho thdy ham muc tiéu SR cia tat
cé cdc mod hinh khéo sit khong gidm qua cic vong ldp.

2. Khdo sdt SR cé thé dat dwoc theo cdic mitc dd khong chic chdn vé CSI: Hinh 5.5
cho thay SR c6 thé dat dudc giam khi mic do khong chic chin vé CSI ting 1én. Diéu
ndy 1a do v6i méic do khong chic chén 16n hon, hé thdng phéi phan phdi nhiéu bac tu
do hon dé giai quyét cdc rang budc bén viing IP. Két qua trong Hinh 5.5 ciing cho thiy
rang hé thdng v6i IRS tich cuc vuot trdi so v6i hé thong véi IRS thu dong. Khodng
céch hiéu ning 16n hon khi mic d6 khong chic chin vé CSI nho hon.

35 50
RS, Pyji¢ =20 dBm
S, Py =10 dBm 45
RS, P; =20 dBm |

RN — % - Robust passive IRS, Py = 20 dBm
AN — % —Robust passive IRS, Py = 10 dBm

Average achievable sum rate (bps/Hz)

o o

0 0.05 0.1 0.15 0.2 5 6 7 8 9
Uncertainty level v 2py (m)

Hinh 5.5: SR trung binh theo cidc mic Hinh 5.7: SR trung binh theo vi tri trung
khong chic chin vé CSI. tAm cta cdc SU.
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3. Khdo sdt SR trung binh theo vi tri trung tam ciia cdc SU: Hinh 5.7 cho thiy khi
khodng céch giita SBS va cdc SU ting 1én, SR trung binh gidm déng ké trén tit cé céc
md hinh. Tuy nhién, di v6i bat ky vi tri SU nao, cdc mo hinh IRS tich cuc cho thiy
hi€u ning vudt trdi so véi cdc md hinh IRS thu dong.

4. Khdo sat SR trung binh theo vi tri ciia IRS: Trong Hinh 5.8, ¢6 thé quan sét thdy
riang SR cia hé théng dudgc hd tro bsi IRS tich cuc tdt hon so v6i hé thong duge hd
trg bai IRS thu dong cho bat ky vi tri ndo cta IRS.

28 T T T 45

N
3

N
R

n
N

N
3

Average achievable sum rate (bps/Hz)

Average achievable sum rate (bps,/Hz)

—o— Perfect CSI active IRS.
—#— Robust active IRS, 0 dBm
18 —»#— Robust active IRS, Pjj¢ = 10 dBm S
3 5 |— % = Robust passive IRS, P; = 20 dBm S3:
— % = Robust passive IRS, P; = 10 dBm A
© ‘ ‘ ‘ 6 : : ‘
2 3 4 5 6 32 34 36 38 4
xpr (m) agpt
Hinh 5.8: SR trung binh theo vi tri cia IRS Hinh 5.9: SR trung binh theo hé s6 suy hao
TRBI. dudng truyén apgy.

5. Khdo sdt SR c6 thé dat dwoc theo hé sé suy hao dwong truyén giita SBS va cdc SU:
Hinh 5.9 cho thiy ring SR ctia tit ca cdc md hinh gidm nhanh chéng khi hé s6 apy
tdng Ién. Diéu nay chii yéu 1a do suy gidm tin hiéu trd nén nghiém trong hon khi agy
tdng. K&t qua 13, cdc tin hiéu nhan dugc tai cdc SU trd nén yéu hon. Ngoai ra khi suy
hao céc dudng truyén giita SBS va cdc SU tré nén nghiém trong hon, vai tro ctia IRS
tich cuc trd nén quan trong hon.

40 | —o— Perfect CSI active IRS
—#— Robust active IRS, v = 0.05

—»— Robust active RS, v = 0.1
35 [ |~ % —Robust passive IRS, v = 0.05 //
— # —Robust passive IRS, v = 0.1

Average achievable sum rate (bps/Hz)

Average achievable sum rate (bps,/Hz)

+ — % —Robust passive IRS, P; = 10 dBm
N ‘ : : ‘ ‘ |
¢ Nﬁmhcr of z\n((‘m?as at the SBS ‘e, ” ° I‘\fsumbcr of rcﬂci?ing elements %7 %
Hinh 5.10: SR trung binh theo s6 antenna Hinh 5.11: SR trung binh theo s6 lugng cac
ciia SBS. phan tf phan xa IRS.

19



6. Khdo sdt SR c6 thé dat duoc theo sé antenna ciia SBS: Hinh 5.10 cho thiy khi s6
antenna ctia SBS ting 1én, cdc SR trung binh ting ddng ké. Diéu nay la do sd lugng
antenna ctia SBS cang nhiéu, cang cung cip nhiéu do 1¢i ghép kénh khong gian, diéu
nay ting cudng SR cia hé théng. Ngudc lai, nhu c6 thé thay tir Hinh 5.10, SR cia
hé thdng dudc hd trg bsi IRS tich cuc ludn vugt troi so v6i hé thdng dude hd trg boi
IRS thu dong. Tuy nhién, su chénh 1éch hiéu ndng nay gidm di khi s6 lugng antenna
ctia SBS ting 1én. Su gidm ndy 1a do vai trd ctia IRS tré nén khong quan trong khi s
lugng antenna ciia SBS téng 1€n.

7. Khdo sdt SR c6 thé dat duoc theo s6 RE ciia IRS: Hinh 5.11 cho thiy SR trung binh
v6i Pid = 20 dBm cta cdc SU ting 1én theo s6 lugng RE M. Hon nita, véi ciing
miic do khong chic chin, SR trung binh ctia cdc SU theo mé hinh st dung IRS tich
cuc cao hon so v6i m6 hinh st dung IRS thu dong.

5.5 Két luan chuong

Trong chuong ndy, luan dn da nghién ctu hé théng MU MIMO SWIPT CR dudc hd
trg bai IRS tich cuc, trong d6 mdi SU sit dung k§y thuat PS dé thuc hién ID va EH dong
thoi. Luin 4n da t5i uu dong thdi cdc cdc ma tran TPC ctia SBS, RCM ctia IRS va cic
hé s6 PS ctia SU dé t6i da SR c6 thé dat dugc clia cdc SU, trong diéu kién rang budc
quy cong suit tai SBS, HE yéu ciu tdi thiéu tai mdi SU, rang budc IP bén viing tai
céc PU, va cdc rang budc bién do trén cac RE ctia IRS va rang budc cong suét khuéch
dai cta IRS tich cuc. Két qua md phéng da xdc minh su vugt trdi ctia hé thdng MU
MIMO SWIPT CR v6i su hd trg cta IRS tich cuc so v6i mo hinh sit dung IRS thu
dong. Ngoai ra, két qua md phong chitng minh tinh bén viing ctia thuat toan dé xuit
ddi véi cdc CSI khong hoan hdo. Cac két qua md phdng da cho thiy su 4nh hudng cla
s0 luong RE cta IRS, quy cOng suit phét, sd lugng antenna ctia SBS, va ngudng can
nhiéu cho phép ddi véi SR c¢6 thé dat dudgc.

CHUONG 6 TOIUUPA MUC TIEU TRONG HEE THONG MU-MIMO
SWIPT SU DUNG IRS

Néi dung ciia chuong nay da duoc trinh bay trong céng trinh so 3.

6.1 Gidi thiéu

Trong chuong nay, luan 4n nghién ctu t6i wu da muc tiéu (Multiple-Objective Opti-
mization Problem: MOOP) ciia tdc do dit liéu va ning lugng thu thap tai cdc ngudi
dung trong hé thdng MU-MIMO SWIPT st dung IRS, trong d6 mdi ngudi dung sit
dung k§ thuat phan chia cong suét dé dong thdi thuc hién gidi ma thong tin va thu thap
ndng lugng.

20



6.2 Mo hinh hé thong

Hinh 6.1: M0 hinh hé théng MU-MIMO SWIPT sii dung IRS.

Xem xét mot hé théng nhu trong Hinh 3.1 v6i K UE, X = {1,--- , K}. BS, cdc EU
dudc trang bi Ny, N, antenna. IRS gdm M phén ti phan xa. Hé s6 phan xa cta phin
tir phan xa tht m-th 1a ¢,,, = 3,, ¢’ %" vé6i 0,, € (0,27] va B,, € [0,1], m € M =
{1,---, M} 1an lugt 1 pha va bién do phan xa. D€ dat dudc cudng do phan xa t6i da,
gié thiét thudng dugc st dung 1a 3,, = 1 [67]. ® = diag (¢;, Py -+ , ¢)s) la ma tran
dich pha ctia IRS. Vector dit liéu dén SUy 1a s, € Ch*1 vé6i dy < min{ Ny, N, } 1a
s6 ludng dit liéu ctia UE,. Ma trin TPC tin hiéu sy cho UEy 1a Fy, € CNt X4k,

6.3 T6i wu da muc tiéu

D& thuc hién dudc muc tiéu ctia chuong nay la dong thoi tdi da SR va SHE tai cic
ngudi dung, dau tién, luin dn xay dung hai bai todn SOOP, sau d6 x4y dung bai todn
MOOP tir hai bai todn SOOP dé.

6.3.1 Baitoan don muc tiéu SRM

Bai todn SRM c6 thé dugc biéu dién nhu sau

SOOP 1 : min F; (F Ry (F
min Fy (F.p,¢ Z x(F,p.9),
(6.12) 6i P, 4z 12 quy cOng
suat phat tdi da tai
s.L. ZTr (FxFi) < Praa, (6.1b) BS, 7 va &/ Ia

tdc do dit liéu va ning
.’Rk (F,p,¢) > keX, (6.1c) lu’cj}lg thu thap t6i
81]{VL (F,p, ¢) > e£6q7 ke X, (6.1d) thieu tai UE. R'E'H:lg
budc (6.1b) yéu cau
=1 M A T
@l , m M, (6.1e) cong suat phat tai BS
0<p <1 keX, (6-15) phai nhé hon Py
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6.3.2 Bdai toan don muc tiéu SHEM

Bai todn don muc tiéu thit hai SHEM dugc luan 4n xéy dung nhu sau

SOOP2: min F(F )2 N eN(F 6.2
1‘9;1;25 2 p7 Z pv ) ( a)

s.t. (6.1b) — (6.11). (6.2b)
6.3.3 MOOP cho SRM va SHEM

Chd y ring cdc ham muc tiéu clia céc bai todn SRM trong SOOP1 va SHEM trong
SOOP2 thi trai ngudc v6i nhau. Viéc t6i da hiéu ning SR c6 thé din dén su suy gidm
ning lugng thu thap trong bai toan SHEM. Do d6, can thiét phai xay dung bai todn
MOOP dé ddng thai tdi da SR va SHE. Bai todn MOOP dudc biéu di&n nhu sau
MOOP : ];1’1;1’(11) F3 (vav ¢)) £ [Fl (F)p) ¢)7F2 (F7P7 ¢)]7 (633)

s.t. (6.1b) — (6.11) (6.3b)

trong d6 ham muc tiéu trong bai toan SOOP1 va SOOP2 Ia céc thanh phan trong
vector ham muc ti€u trong (6.3).

6.4 De xuit giai phap cho SRM va SHEM

Luan 4n d& xuét thuat todn AO d€ phan tdch tiing bai todn SOOP1, SOOP2 va MOOP
ban dau thanh c4c bai todn con c6 thé xii 1y dudc. Dau tién, luan 4n thiét ké c4c ma
trAn TPC va céc hé sd PS t6i uu v6i cdc pha ¢d dinh. Sau d6, v6i cac ma tran TPC
va cdc hé s6 PS c6 dinh, lun 4n tim céc pha tdi wu. Trong mdi bai todn con, dé gidi
quyét cdc muc tiéu va cdc rang budc khong 13i, luan 4n tim cdc ham thay thé phi hop
bing cé4ch 4p dung phuong phap MM dé xay dung lai céc bai toan thiét ké thanh céc
bai todn 10i.

6.4.1 Dé xudt giai phap cho bai todn don muc tiéu SRM

Trinh tu c4c budc tdi uu cic ma tran TPC, cdc hé s6 PS va cdc pha dé t6i da SR dugc
trinh bay trong Thuét todn 6.1.

6.4.2 Dé xudt giai phap cho bai toan don muc tiéu SHEM

Chi tiét thut todn AO dé tim cdc ma trAn TPC, cdc hé s6 PS va ma tran dich pha t6i
uu cho bai toin SHEM dudgc trinh bay trong Thuét toan 6.2.
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6.4.3 Dé xuat giai phap cho bai toan da muc tiéu ciia SRM va SHEM

V6i Fy va Fy 1a céc gid tri toi uu cia SOOP1 and SOOP2, bai toan MOOP trong (6.3)
dudc viét lai thanh

F, (F,p, . (F,p, Fr
min max_ wp (F,p. ) + T Z P ®) — 1 (6.4a)
F.p,¢ pe{1,2} |F*‘ o2} ‘F*‘
s.t. (6.1b) — (6.11), (6.4b)

v6i 7 1a mot sd duong di nhd duge chon trong khodng 0.0001 va 0.01 [135]. Céc trong
s6 wp € [0,1] v6i wy +wo = 1 dugc dit véi cdc gid tri khdc nhau d€ khao sét su tuong
nhugng gitta SR va SHE.

Biing viéc gidi cdc bai todn tdi uu 16i trong (6.39) va (6.41), thuat todn 1ip dé tim céc

ma tran TPC, cdc hé s6 PS va ma tran dich pha tdi wu dugc miéu ta trong Thuat todn
6.3.

Thuat toan 6.3 Thuit toan AO cho bai toin MOOP

1: Pau vao: 1,4z, €.
2. Khdi tao: FO = F ¢ = 69 p0 = 5 khi thi va dit « = 0;
3: Thiét 1ap céc trong sd wy va wg = 1 — wyq, ¢ = 0;

4: Lap:

S: Kmaz VA K = 0F® = FY pe) = pl0).

6: Lap:

7 Véi ¢p = ¢\ ¢6 dinh, gidi bai todn (6. 39) dé dat dugc F va p;
8: Cap nhat k <+ Kk +1, F) = Fp()

| F3(F () p(x))— g (F(m —1) ple = 1))‘
9:  Cho dén khi: (R =D pr 1)

10: PatdugcF =F, p = p;
11: ¢(t) = ¢>(~<L)a tmaz» 5 > 0, Bmax >0,0>1,¢t=0;

< e hodc k > Kmaz;

12:  Lap: i
13: V6i F, p c6 dinh, giai bai todn (6.41) dé dat dudc @;
14: Cap nhit ¢ < t+1, 8 = min (88, Bnaz), ¢ = @

|[Fs (@)~ F3(¢ V)|

15:  Cho dén khi: — HBET)

16:  Pat dudc ¢ = ¢;

17: Capnhate « +1, FY = F, plY) = p oV _¢

‘FB(FQ,pQ) ol)— Fg(Fff D ple=D = 1>‘
Fg(FiL71>,p£L 1)7¢£L 1))

19: Dau ra: F) — Y plort) — ) glort) — p1),

< ehodc t > tmaz;

18: Cho dén khi:

< ghodc t > Lmaz;
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6.5 Két qua mé phéng

BS dugc dit tai toa do (0,2), IRS tai toa do (3,4), va ¢c6 K = 3 UE phéan bd ngiu
nhién trong viing (5, 2) c¢6 bédn kinh 12 2 m. C4c tham sd md phong dugc thiét 1ap 1a
Ny =4,d, =2, N, =2, apr = 2.2, a;y = 2.2, apy = 3.75, 02, = 02 = —60
dBm, P, = 24 mW, ¢}, = 150, b, = 0.014, 8 = 10, Bynaw = 1000, = 5 Kymax =
tmaz = tmaz = 100 va e = 1073, Hé s suy hao dudc dit1a Lo = 1073 tai dg = 1
m. Ngoai trir c4c thiét 1ap khdc, cdc tham s6 md phéng dugc dit 1a P, = 40 dBm,
va M = 30, enink = emin = 0.0l mW, 1,5, 1« = T'pmin = 1 bps/Hz.

1. Khdo sat ddc tinh hdi tu cua thudt toan MOOP:

Luén 4an khdo sat tinh hdi tu cta thuit
toan MOOP dé& xuit ciia mot kénh 0z
ngau nhién v6i Py,q, = 40 dBm va céc
gid tri wy khac nhau trong Hinh 6.2.
Két qué tit Hinh 6.2 ciing cho thiy ring
su hoi tu cia MOOP nhanh hon véi wq

o
o

)
o

MOOP objective function

nho, diéu nay 1a do bai toan MOOP uu o1
tién t6i vu SHE trong ham muc tiéu,
ma ham muc tiéu SHE 132 ham tuyén 005
tinh do d6 15i giai tdi wu dé dang dat S
n R Number of iterations
dudc higu qua hon. Hinh 6.2: Su hoi ty cia thudt todn MOOP.

Hinh 6.3 cho thiy su ting 1én ctia SR va SHE ctia cdc bai todn don muc tiéu va bai todn
MOOP. C6 thé quan sét thiy ring, SR va SHE khong gidm qua cdc vong 13p. Thém
vao do, do bai toan MOOP phdi luén ddm bdo su tuong nhugng gitta SR va SHE, céac
gid tri toi wu ctia bai toin MOOP v6i cdc wy khéac nhau ludn nho hon gid tri tdi uu cla
céc bai todn don muc ti€u SOOPs tuong Gng.

oA A A AN A A s N
45 o ast

—&—S00P 1 5 —=—SOOP 2
—&—MOOP, w; = 0.1 £ —&—MOOP, w; = 0.1
sl —#%—MOOP, w; = 0.5 < o5 —+—MOOP, w; = 0.5
! —46—MOOP, w; = 0.9 —6—MOOP, w; = 0.9
0 0
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Number of iterations Number of iterations
(a) (b)

Hinh 6.3: SR va SHE cia thuét toan SOOP va MOOP.
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2. Danh gid SR trung binh va SHE trung binh clia tat cd nguoi dung véi cdc miic cong
sudt phat Pypq,: Hinh 6.4 va 6.5 cho thiy SR va SHE cta tit ¢4 cdc mo hinh déu ting
Ién khi P,,,, tang. Tuy nhi€n, m6 hinh “Optimal phase" cé hi€u ndng vudt trdi hon
so v6i cdc md hinh con lai. Thém vao d6, két qua ciing chi ra ring SR va SHE ctia hé
théng v6i md hinh “Fixed phase” khong t6t hon déng ké so v6i md hinh “No-IRS". Do
d6, viéc tbi wu cdc pha cta IRS trong hé thdng MU-MIMO SWIPT Ia hét stic quan
trong nhdm ning cao hiéu ning ctia hé thdng.

x10°

o

—0— Optimal phase
—0— Fixed phase
—»— No-IRS

o
@

arvested energy (W)

B
%02
=

34 36 38 40 42 34 36 38 40 42
Maximum transmit power Py, (dBm) Maximum transmit power Py, (dBm)

Hinh 6.4: SR theo cong suét phat ctia BS Hinh 6.5: SHE theo cong suat phét ciia BS

3. Khdo sat su tuong nhuong giita SR va SHE ctia cdc nguoi dung:

Két qué trong Hinh 6.6 cho thidy SR giam khi
SHE ting 1én. Diéu nay da chiing minh ring
SRM va SHEM la céc bai todn dbi 1ap nhau. Do
d6, két qué trong Hinh 6.6 mo ta day da vé su
tuong nhuong gitta SR va SHE, tit d6 cho phép
céc nha thiét ké hé thdng c6 thé diéu khién hiéu S s S
niing ctia hé tl}éng phit hgp véi yéu cau cu thé o+ e 6. ASugt{I(;hghnhdm;ﬁg glﬁa SR
bing céch thiet 14p cdc trong s0 mdt cich phu o g daﬁ duge bﬁné thudt todn
hdp. MOOP.

sum rate (bps/Hz)

Average achievable

3

6.6 Két luan chuong

Trong chuong nay, luan 4n da xem xét su tuong nhugng gitta SR va SHE clia cdc ngudi
dung trong hé théng MU-MIMO SWIPT duéi cdc diéu kién rang budc vé cdng suit
phat tdi da tai BS, yéu cau téc do dit liéu va ning lugng thu thap t6i thiéu tai cdc ngudi
dung béing cdch dong thai thiét ké tdi wu cdc ma trin TPC tai BS, cdc hé s6 PS tai cdc
ngudi ding va ma tran dich pha tai IRS. D€ dat dugc diy du su tuong nhugng gitta SR
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va SHE, lu4n 4n da x4y dung bai todn thiét ké thanh mot bai todn t6i uu da muc tiéu
MOOP, sau d6 4p dung phuong phép Tchebycheff bién thé c6 trong s6 dé chuyén bai
toan MOOP thanh mot bai todn tdi uu don muc tiéu SOOP.

CHUONG 7 KET LUAN CHUNG VA HUGNG PHAT TRIEN

7.1 Két luan chung

Luan 4n da cung cip cdc ndi dung cd béan vé cac cong nghé tién tién trong thong tin
vO tuyén va cdc van dé vé bai todn tdi uu. Trong d6, bao gdm céc ly thuyét co s& vé
k¥ thuat da ngd vao da ngd ra (MIMO), k¥ thuét thu thap ning lugng vo tuyén, cong
nghé vo tuyén nhan thiic (CR), mit phan xa thong minh (IRS). Pic biét, IRS 12 mot
cong nghé day hia hen gidp ning cao hiéu ning cta cdc hé thong thong tin vo tuyén
hién dai. Ngoai ra, lun 4n cling cung cip cdc ndi dung téng qudt vé bai todn t6i wu
va cdc phuong phédp giai cho cdc bai todn t6i uu khong 16i. Tur d6, luan 4n da dé xuét
céc mo hinh hé thdng va cdc gidi thuat tdi vu héa hiéu ning cla cdc hé thong truyén
ddng thdi thong tin va ning lugng c6 su hd trg ctia IRS. Céc déng g6p chinh ctia luin
4n cu thé nhu sau:

D& xuit thut to4n tdi da téng ning luong thu thip dudc tai cdc ngudi dung
trong mo hinh hé théng MU-MIMO SWIPT sit dung IRS véi céc rang budc vé
cong suét phat ctia BS, QoS va ning lugng t6i thiéu thu thap dudc tai mdi ngudi
dung. Bing cach st dung giai thuat AO, MM, va céc phuong phép xap xi khéc,
bai toan ti uu da dudc gidi quyét hiéu qué cho viéc thiét ké cdc ma tran TPC tai
BS, céc hé s PS tai cdc ngudi dung va pha ctia cdc phan tif phan xa tai IRS. Két
qua mo6 phdng cho thdy hiéu ning ctia hé théng MU-MIMO SWIPT sit dung
IRS d ting 1én d4ng ké so véi hé théng khong st dung IRS va hé thdng c6 IRS
v6i cdc pha c6 dinh. Qua d6 c6 thé khing dinh ring, viéc ting dung IRS vao
céc hé thdng thong tin vo tuyén 12 rit cd y nghia va diy trién vong. Két qué clia
déng gép nay dude cdng bd trong cong trinh sd 1.

o D@ xuét thuat todn t6i da SE va EE ctia mang tht cip trong mo hinh hé théng
IRS MU-MIMO SWIPT CR. Nhdm nghién cttu md hinh hé théng dé xuit trong
diéu kién sat thuc t€ hon, luan 4n da st dung mo hinh NLEH va gia stt CSI ciia
céc kénh truyén lién quan dén cdc PU 1a khong hoan héo. C4c bai todn thiét ké
1a céc bai todn tdi uu khong 16i, do ham muc tiéu la khong 16m theo céc bién
thiét ké. Ngoai ra véi viéc xem xét mo hinh NLEH va CSI khong hoan héo cta
céc PU da 1am cho cdc rang budc ning luong thu thap t6i thiéu va rang budc IP
tai cdc PU trd nén vo cling phiic tap va khdng thé gidi truc tiép. Do d6, trong bai
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todn tdi da SE, luan 4n da xdy dung lai hAm muc tiéu ban diu thanh mot ham
c6 thé phan téch dugc bing cdch 4p dung mbi lién hé gitta MMSE va ham toc
dd dit liéu. Trong bai todn tdi da EE, luan 4n da st dung phuong phdp MM va
gii thuat Dinkelbach d€ gidi quyét khé khin do bai todn t6i uu phan s6 gay ra.
Tiép theo, cdc bai todn t6i uu ban dau dudc tdch thanh cdc bai todn t6i uu con.
Cudi cung, trong mdi bai todn tdi vu con, ludn dn dé xuit thuat todn AO dua
trén viéc d4p dung c4c phuong phap xap xi 13i lién tiép va phuong phdp chuyén
céc rang budc IP khong 16i thanh cdc LMI dé tim 18i giai tdi wu cho tiing bién
thiét ké bao gdm cdc ma trin TPC tai SBS, cdc hé s6 PS tai cdc SU va ma trin
pha tai IRS. Két qud mo6 phong di chiing minh su hiéu qua ctia thuat todn thiét
ké bén viing dé xuat cho hé thdng c6 CSI khong hoan hao khi ddm béo mic can
nhiéu tai cdc PU ludn nhd hon miic cho phép. Pong thai, cdc két qua cling cho
thdy SE va EE ctia cdc hé thdng c6 IRS vugt troi hon so véi cac hé thdng khong
st dung IRS. Két qué ctia déng gép nay dugc cong bd trong cdc cdng trinh sd
4 vasb 5.

D& xuit thuit todn t6i da SE trong hé théng MU-MIMO SWIPT CR st dung
IRS tich cuc v6i CSI khong hoan héo ciia cac PU bang cdch thiét k€ t6i vu dong
thdi cdc ma tran tién ma héa TPC tai SBS, ma tran dich pha tai IRS va cdc hé sd
PS tai cdc SU. Bai todn thiét k& gdp rat nhiéu théch thiic vé mit todn hoc do ham
muc tiéu khong 16m. Ngoai ra, cdc rang budc ning luong thu thap phi tuyén tai
mdi SU, rang budc IP véi diéu kién CSI khong hoan hdo tai cac PU déu 1a cdc
rang budc khong 16i. Nhitng thach thiic nay da Iam cho bai todn thiét ké khong
thé gidi truc tiép. D& tim dudc 18 gidi t6i vu cho bai toan thiét k&, luan 4n da tim
céc ham x4p xi thay thé va cdc tap 10i trong cta céc rang budc. Ngoai ra, cdc
rang budc IP khong 16i tai cdc PU da dudc chuyén thanh cac LMI. Cubi cung,

e A

luan 4n da dé xudt thuat todn AO dé 1an ludt tim cac 15i gidi tdi uu cho cdc bién
thiét ké. Két qua md phdng cho thiy thuat todn thiét ké bén viing ddm béo hiéu
qué v6i cdc mic 16i CSI khdc nhau, dong thsi SE ctia hé thong ¢6 IRS tich cuc
dudc céi thién hon rit nhiéu so v6i hé thdng c¢6 IRS thu dong, diéu nay khéng
dinh su hiéu qua ctia viéc trién khai IRS tich cuc trong hé thong MU-MIMO
SWIPT CR. Két qué ctia d6ng gbp nay dudc cong bd trong cdng trinh s6 2.

Dé xuét thuit todn tdi uu da muc tiéu (MOOP) dong thai tdi da SR va SHE
trong hé théng MU-MIMO SWIPT sii dung IRS, trong d6 céc ngudi dung st
dung k§ thuat PS d& thuc hién ID va EH cling ltic. Ham muc tiéu ctia bai todn
MOOP Ia mdt vector hai thanh phan bao gdm SR va SHE, do d6 khong thé gii
truc tiép. Dé gidi bai todan MOOP nay, diu tién luan 4n di 4p dung phuong phap
Tchebycheff trong s& bién thé dé chuyén bai toan MOOP thanh mdt bai todn
SOOP. Sau d6, luan 4n da 4p dung phuong phap MM dé tim cdc ham thay thé
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pht hgp va chuyén céc bai todn tdi wu khong 16i thanh cdc bai todn ti uu 16i.
Cubi cung, thuat todn AO di dudc dé xuét dé 1an lugt tdi uu cdc bién thiét ké
bao gdm cdc ma tran TPC tai BS, cdc hé sd PS tai cdc ngudi dung va ma trin
pha tai IRS. K&t qua md phong da ddnh day du su tuong nhugng gitta bai todn
t6i da SR va bai todn t6i da SHE clia cdc ngudi dung. Két qua ctia dong gép nay
dudc cong bd trong cong trinh sd 3.

7.2 Hudng phét trién

Dua trén céc két quéa nghién cttu da dat dudc va ké thita cdc nghién ctu ¢6 lién quan,
luan 4n dé& xuit cdc hudng nghién ciiu phat trién trong tuong lai nhu sau:

* Trong cac nghién cttu luan dn da thuc hién, cac pha ctia IRS dugc gia st 1a lién
tuc. V6i gia st nay, hiéu niing ctia hé thdng c6 thé dat dugc 1a 16n nhit. Tuy
nhién, trong cdc hé thong thuc té, viéc tao ra céc pha lién tuc 1a kho, tdn nhiéu
tai nguyén va khong kha thi. Pay 12 mot han ché ctia luin 4n khi phét trién hé
thdng trong thuc t€. Do d6, dé toan dién hon, cdc huéng nghién ciu tiép theo
c6 thé dudc phat trién véi viéc xem xét céc pha cta IRS 1a rdi rac. M6 hinh tin
hiéu va bai todn thiét ké dugc xy dung tuong tu nhu trong mo hinh hé thdng
st dung IRS véi pha lién tuc. Tuy nhién, phuong phép gii cdc bai todn tdi uu
cho cdc IRS ¢6 pha r3i rac dugc thuc hién thong qua cdc gidi thuat t6i uu roi
rac hoic t6i uu két hop rdi rac va lién tuc.

e Viéc ting dung cdc IRS vao cdc mo hinh hé thong thong tin vo tuyén dugce nghién
ctu trong Chuong 3, 4, 5 va 6 da cho thiy su hiéu qué cta IRS khi gitp cho
hiéu ning cta cdc hé thdng dudc cai thién rd rét so v6i hé thdng khong c6 IRS,
tuy nhién pham vi phii séng ctia céc hé thdng nay chi tap trung vé mdt phia ciia
IRS. Trong khi do, trong thuc té ngudi dung cé thé phan bd ngau nhién trudc
hoic sau IRS. Day ciing 1a mot han ché cia IRS, lam gidm kha niing hd trg cla
IRS trong c4c hé thdng thdng tin vo tuyén hién nay. Do d6, dé nang cao do rong
phti séng trong hé thdng vo tuyén, ddm béo thong tin cho céc ngudi ding ci
trudc va sau IRS, hudng phat trién 1a nghién ctu tng dung STAR-RIS vao céc
md hinh hé thdng da dé xuit trong luan 4n nay. Phuong phap thiét ké pha t6i uu
cho cdc STAR-RIS la tap trung thiét ké cdc hé s6 phan chia cong suit tin hiéu
cho tiing phan tit cia STAR-RIS theo giao thic chia ning lugng (ES), cic hé
s6 phan chia thdi gian cho tiing phan tif cia STAR-RIS theo giao thiic chuyén
mach thdi gian (TS) hodc s6 lugng phan tit cia STAR-RIS danh cho ché do phat
hoic ché do truyén theo giao thiic chuyén mach ché do (MS).
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