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TOM TAT LUAN AN

M3t phan xa théng minh c6 thé cau hinh lai (RIS) 1a mét mang nhan tao gdom
nhiéu phan tir phan Xa, trong d6 mdi phan tir ¢6 thé diéu chinh duoc cac dic tinh dién tur
cua séng t6i. Trong thoi gian gan ddy, RIS dugc xem 1a mét trong nhitng cong nghé then
chét dugc wng dung trong mang khong day thé hé thi 6 (6G). Bén canh d6, mang khong
day 6G s& ting cudng cac dic tinh tiém ning hién c6 cia mang khong day thong thuong.
Dic biét, cac chi s6 hiéu nang chinh cua mang khong day 6G da dugc lién minh vién
thong qudc té (ITU) thong qua vao nam 2023, tap trung vao viéc toi da hoa toc do dir
liéu, giam thiéu muc tiéu thu nang luong va do tré hé thong, ting cuong ving phii séng
ciia mang, cai thién trai nghiém ngudi dung, ...v.v. Tir nhitng van dé trén, luan an nay
xem xét tich hop RIS dé cai thién hiéu suat duong xuong cia mang di dong té bao don
ngd vao don ngd ra (SISO) va hé thong dién toan bién di dong (MEC) duoc tich hop
trong mot tram goc nhiéu ngd vao nhiéu ngd ra (MIMO) ¢& 16n, phuc vu nhiéu nhém

ngudi ding véi sy hd tro ciia may bay khong nguoi 1ai (UAV) dugc trang bi RIS.

Pau tién, luan &n xem xét mot md hinh truyén thong khong day co su hd tro cia
RIS, trong d6 nhiéu RIS duoc trién khai dé hd tro duong xudng cho cic nhom ngudi
dung khac nhau. Pi voi mo hinh dé xuat nay, bai toan ti vu dugc xay dung véi muc
tiéu tbi da tong thong lwong mang vai cac rang budc vé cong suat tiéu thu tai tram gdc
va chat lugng dich vu (QoS), viéc xem xét rang budc QoS s& lam bai toan tro nén phuc
tap hon, cu thé 1a viéc phai duy tri QoS trong truedng hop xau nhat. Bai toan dé xuat toi
da tong thong lwong mang 1a khong 16i do ham muc tiéu c6 dang 16-ga-rit. Vi vay,
phuong phap xap xi va bién d6i bat dang thuc 16-ga-rit duoc sir dung dé bién doi ham
muc tiéu vé dang 15i. Lac nay, bai toan dé& xuat duoc chia thanh hai bai toan con ti vu
theo tirng bién khac nhau. Bai toan thir nhat, diéu khién cong suét vai cac gia tri hé sb
dich pha duoc ¢ dinh, do bai toan téi wu ¢ dang 16i, s& d& dang tim dwoc 10i giai nho

vao cac cong cu hd trg CVX. Mat khéc, bai toan con thir hai phuong phap tim kiém hé
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s6 dich pha duoc dé xuat dé giai quyét bai toan khong 16i nham tim ra cac hé sb dich pha
t6i wru ctia cac phan tir phan xa. R rang, phuong phép téi uu tong thong lwong cua hé
thng dugc dé xuat tét hon hon han cac phuong phap khéac khi xem xét tong thong luong

hé thdng trong trudng hop xau nhat véi didu kién rang buoc chat luong dich vu QoS.

Thi hai, luan 4n d& xuit mot bai toan tdi vu cho hé théng MEC, duoc dit trong
mét tram gc MIMO (MBS) ¢4 16n, dugc hd trg boi UAV mang theo RIS ¢6 kha ning
bay trong viing phu séng cua mang. Ddi véi hé thdng dé xuat nay, bai toan téi wu nham
muc tiéu giam thiéu tong do tré cua hé thong dugc dé xuat, dya trén téi wu phan bo cong
suit cua timg ngudi dung, lién két ngudi dung, cau hinh dich pha cua céc phan ti phan
xa RIS va phan b tai nguyén tinh toan tai MBS theo cac rang budc vé tai nguyén tinh
toan va yéu cau QoS cua MBS. Bé giai quyét bai toan nay, thuat toan lap da duoc thiét
ké dé giai quyét mot cach hiéu qua bai todn téi wu duge dé xuat bang cach ap dung mot
s6 phuong phap xap xi va bat dang thire, theo duong di chuyén va phuong phap giam
toa do khbi (BCD). Ngoai ra, dé xac dinh quy dao bay cia UAV dua trén mat ¢ nguoi
ding mat dat ciing duoc dé xuat trong luan an. Két qua mo phong cho thay phuong phap

dugc dé xuat co hiéu qua vuot troi hon han cac phuong phap hién co.

Chinh vi vay, tich hop RIS c6 thé cai thién hiéu suat mang trong kich ban dau tién
ciia mang khong day di dong duong xudng SISO va ting cudng pham vi phu séng cia
mang truyén thong khong day trong kich ban thir hai cua hé thdng truyén théng MEC c6
sur hd tro cua UAV-RIS. Bé dam bao cac yéu cau vé chat luong dich vy (QoS) cia ngudi
ding, tong thong lwong mang va tong do tré mang da duoc t6i wu hoa trong kich ban dau
tién va kich ban thir hai. Hon nita, ngay ca khi xem xét trong trudng hop xau nhét (worst-
case) cua kich ban truyén thong dé xuat, cac phuwong phap dé xuat van chizng minh higu

suat tot hon khi so sanh véi cac phuong phap thong thuong.
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ABSTRACT

Reconfiguration Intelligent Surface (RIS) is a man-made array composed of a
large number of reflecting elements, wherein each element can adjust the
electromagnetic properties of incident waves. Recently, RIS has been promising the key
technology enabling the sixth generation (6G) wireless networks. Particularly, 6G
wireless networks will enhance the potential properties of the conventional wireless
networks. Moreover, the key performance indicators for 6G have been approved by the
International Telecommunication Union (ITU) in 2023, which focused on maximizing
the data rates, reducing both the energy consumption and the latency, enhancing the
coverage of networks, improving the user experience, and so on. Motivated by the
mentioned above, this dissertation investigated how the integration of RIS can the
network performances of Single Input Single Output (SISO) downlink cellular wireless
networks and Mobile Edge Computing (MEC) system hosted within a massive Multiple
Input Multiple Output (MIMO) base station, serving groups of users with the assistance

of RIS-equipped Unmanned Aerial Vehicle (UAV), respectively.

Firstly, the dissertation considered a RI1S-aided wireless communication scenario
where different RISs are deployed in order to provide downlink service to a group of
users. For such scenario, an optimization problem was formulated aimed at maximizing
the total network throughput under the power consumption and quality-of-service (QoS)
constraints. Due to the non-convexity nature of the proposed problem, the original
optimization problem has been divided into two subproblems. The first one, for power
control with fixed phase shift values, is a convex problem that can be easily solved.
Subsequently, a phase shift searching procedure to solve the non-convex problem of RIS
phase shift optimization has been adopted. To this end, the proposed joint optimization
method outperforms in maximizing total network throughput and the worst-case mobile

unit throughput compared to conventional methods.



Secondly, the dissertation proposed a novel optimization framework for a MEC
system, hosted within a massive MIMO Base Station (MBS), assisted by the usage of a
RIS-equipped UAV able to fly within the coverage area. For such a system, an
optimization was formulated aimed at minimizing the system latency by jointly
optimizing the power allocation of each user, user association, phase shift configuration
of RIS reflecting elements, and computing resource allocation at the MBS subject to the
MBS’s computing resource constraints and QoS requirements. To tackle this problem,
an iterative algorithm was designed to efficiently solve the proposed optimization
problem by applying some approximation and inequalities, path following, and Block
Coordinate Descent (BCD) methods. An algorithm for determining the UAV trajectory
based on the density of ground users is also provided. The simulation results show that
the proposed method outperforms the benchmark strategies indicating the effectiveness

of the proposed method.

As a result, the integration of RIS can improve the network performances in the
first scenario of the SISO downlink cellular wireless networks and enhance the coverage
of the wireless communication networks in the second scenario UAV-RIS assisted MEC
system. To ensure the Quality of Service (QoS) requirements of users, the total network
throughput and the total network latency have been optimized in the first scenario and
the second scenario, respectively. Furthermore, even in worst-case of communication
scenario, the proposed methods demonstrate superior performance when compared with
the conventional scheme. Moreover, the proposed methods from this dissertation will be
the strong foundation for the future works to enhance the key performance indicators of

the 6G wireless networks.
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CHUONG 1
TONG QUAN

Noi dung chuong bao gdm gidi thiéu téng quan vé thyc trang chung cia mang
thong tin vo tuyén, va cac nghién ciru trong va ngoai nudc lién quan dén mat phan xa
théng minh, muc tiéu va noi dung nghién ctu, nhiém vy nghién ctu, déi twong va
pham vi nghién ciru, ¥ nghia khoa hoc va thyc tién cua dé tai nghién cau.

11 Giéi thigu

Sy phat trién tat yéu caa cong nghé truyén thong khong day trai qua nhiéu thé he
khac nhau tir hé thong thong tin di dong 1G, 2G, 3G, 4G, khdng dung lai & d6 cong
nghé 5G dang trong qua trinh hoan thién va dugc thuong mai hda & mot s6 nudc trén
thé gioi. Hé thong thong tin di dong 5G 1a chia khoa dé ma ra canh ctra mang két néi
van vat IoT, dé dap (mg duoc cac yéu cau khat khe vé toc do, bang thong va sb lugng
ngudi ding rat 16n. R3 rang, sé luong ngudi ding va thiét bi trong mang két néi van
vat tang lién tuc, theo s liéu bao cao vao thang 02 nim 2019 cua Cisco thi s6 lwong
cac thiét bi dugc két ndi vao mang co thé dat 28,5 ti thiét bi vao nam 2022 [1]. Mt
khac, voi muyc tiéu ting dung lwong mang cua truyén thong khong day 1én 1000 lan
nham dap ung sé luong it nhat 13 1 ty thiét bi duoc két ndi trong mang khong day 5G,
dé dat duoc cac muc tiéu dit ra cac cdng nghé nén tang, chu chét duoc tap trung
nghién cau va phat trién nhu mang siéu day dic (UDN) ky thuat MIMO c¢& 16n
(Massive MIMO), séng mi-li-mét (mmWave). Thuc té, viéc trién khai cac hé thong
can xem xét danh gia dén d6 phuc tap caa hé thong va chi phi lap dat, cling nhu van
hanh, vi du khi trién khai mang UDN cac tram co s& BS hoic cac diém truy cap AP
1am ting chi phi mang va bén canh d6, véi s luong tram qua nhiéu cang 1am van dé

can nhiéu tré nén tram trong hon. Ngoai ra, vin dé xay dung mot mang truc



(backhaul) c6 thé dap wng viéc xay dung va mé rong UDN 1a kho khin can phai xem

xét dén khi trién khai thuc té.

Bén canh d6, cac cong nghé 16p vat Iy 5G cho thiy kha ning thich nghi tt vai sy
thay d6i khong gian va thoi gian ciia moi truong vo tuyén. Nhu ching ta d biét, moi
treong vo tuyén duoc dinh nghia 1a mot tap hop cac dbi tuong (objects) 1am thay doi
dang ké sy lan truyén cua song dién tir (EM) giita cé4c thiét bi truyén thong [2]. Su
thay d6i cua song dién tir lan truyén c6 thé 1a suy giam hoic tn xa nhung sy thay doi
nay 1a khong thé tinh toan va kiém soat duoc trir nhitng trudng hop don gian hoac
dugc xem xét Iy teang. Chinh viéc khong kiém soat moi truong truyén dan khién cho
hiéu qua cua viéc truyén thong bi giam dang ké. RO rang, su suy giam tin hiéu lam
gigi han ban kinh gitra cac node trong mang, hién tugng da duong lam anh huong
dén chat luong va cdng suét caa tin hiéu nhan duoc, dic biét sy suy giam tin hiéu 1a
van dé& dang duoc xem xét khi trién khai truyén thong song mi-li-mét sip téi
(mmWave). Chinh vi vay, viéc xem xét tic dong vao moi trudng truyén khong day
dé thay d6i cac dic tinh theo hudng cd loi cho hiéu ning ctia hé thong 1a mot van dé

dang quan tam [3] [4].

Trong mang truyén thdng vo tuyén hop tac, dé cai thién hiéu ning céc ky thuat
giai ma — chuyén tiép (DF) va ky thuat khuéch dai — chuyén tiép (AF) duoc sir dung
dé xtr ly tin hiéu nhan duoc. Trong d6, cac bd chuyén tiép tich cuc s& khuéch dai tin
hiéu nhan duoc truge khi truyén lai mot tin hiéu duoc khuéch dai [5]. Tuy nhién,
trong ky thuat AF duogc thuc hién don gian nhung qua trinh thyc hién 1a khuéch dai
lubn ca nhidu trong tin hiéu tai cac relay sau do tiép tuc truyén. Bén canh dé, cac ky
thuat AF va DF xir ly tin hiéu mot cach chu dong (actively) nén sé khong tranh khoi

viéc tiéu tén niang luong khi danh gia hiéu ning cua toan hé théng.

Céc nghién ciu trong khoang thoi gian gan, chi yéu tap trung vao xem xét va dé

Xuit cac giai phap khic phuc cac vin dé han ché khi trién khai thuc té cac hé thong.



Bén canh d6, cac nghién ciru V& méi truong vo tuyén théng minh sir dung cac mat
phan xa théng minh hay cac mat phan xa cau hinh dugc (RIS) dang dugc nghién ciu
dé xuat nhiéu mé hinh vai cac vu diém ndi bat khi so sanh véi moi trudng vo tuyén
hién tai va cac ky thuat AF hay DF.

1.2 Tinh hinh nghién ctru trong va ngoai nwéc

1.2.1 Tinh hinh nghién ciru trong nwéc

Nhom nghién citu Nguyén Thanh Tung, Nguyén Thi Thanh Binh, va Vii Chién
Thing (Truong Pai hoc Céng nghé Thong tin va Truyén théng — Pai hoc Thai Nguyén)
da cung cap trong [6] cac thong tin co ban vé mat phan xa théng minh bao gom cau tao,
nguyén Iy hoat dong, va cac wu diém vuot troi cia mit phan xa thdng minh ¢ng dung
trong hé théng thong tin vo tuyén. Hon nita, nhdm nghién ciru con dé xuat day du hai
muoi sau hudng nghién ciu tiém ning cua mat phan xa théng minh trong céc hé thong
thong tin vo tuyén thé hé 5G, va 6G. Tuong tu, trong [7] Nguyén Xuan Kién, Nguyén
Thanh Tung, va Bui Phuong Thao da nghién citu va tong hop cac mé hinh suy hao cua
kénh truyén vo tuyén cé sy hd trg ctia mat phan xa théng minh dya trén cac dic tinh
chung vé nguyén ly phan xa anh sang, dién tir cia mat phan xa thdng minh. Bén canh
d6, cac khao sét vé nguyén Iy hoat dong va tng dung caa mat phan xa théng minh trong
di dong sau 5G va 6G con dugc thuc hién boi cac nhdm nghién ciru caa Vi Thi Nguyét
(Truong Pai hoc Cong nghé Thdng tin va Truyén thong — Pai hoc Thai Nguyén), va
nhém nghién cau cia Van Pha Tuan, Lé Thi Anh, va Pham Thanh Duy (Trudng Dai hoc
Pong A, Phong thi nghiém trong diém an toan thong tin, va Trudng dai hoc Ton Buc
Thang) trong [8] [9]. Tuy nhién, cac nghién ctu tap trung vao nguyén ly hoat dong, khao
sat nhitng cong bd ngoai nude lién quan dén mat phan xa théng minh. Cac nhém nghién
ctru trén chua phan tich mot mé hinh truyén théng vo tuyén co su hd trg cua mit phan

xa thong minh.



Dic biét, hiéu ning cia mang thdng tin vd tuyén c6 sy hd trg cua mat phan xa
thong minh dugc phan tich va danh gia trong cac cong trinh nghién ciru cua cdc nhom
tac gia Tran Trung Duy (Hoc vién Cong nghé Buu chinh Vién thong co s& Tp. HCM),
Tir Lam Thanh (Truong Pai hoc Tén Buc Thang) va cong su (Hoc vién Céng nghé Buu
chinh Vién thong co s Tp. HCM), nhém cua tac gia Ho Vian Khuong va cong sy
(Truong Dai hoc Bach khoa Tp. HCM). Cu thé, trong [10] céc tac gia di xem xét sy hd
trg ctia RIS trong md hinh hé théng truyén thdng tan xa nguoc xung quanh (AmBC),
mét trong nhitng cong nghé noi bat dang thu hut dwoc su quan tdm caa nhiéu nha nghién
ctru trén thé gisi nho vao kha ning dap tng cac yéu cau cap thiét vé van dé hiéu qua phd
va hiéu qua ning luong cua mang thdng tin v tuyén. Trong d6, moé hinh kénh truyén
duoc gia st 1a kénh Nakagami-m, ham mat o xac xuat (PDF), va ham phan bd xac xuat
tich lity (CDF) duoc phan tich tir mé hinh mang d& xuat. Ngoai ra, nhom tac gia da danh
gia ti s6 tin hiéu trén nhiéu tuac thoi twong duong tir dau dén cudi (e2e), cling véi xac
xuat ding (OP), va ti 1& 13i bit trung binh (ASER) str dung phuong phap Monte-Carlo.
Tuy nhién, két qua nghién ctru chua xem xét dén truong hop da ngudi ding, va trudng

hop nguoi dung ton tai trén dudng truyén truc tiép.

Mt khéc, trong [11] tac gia Tran Trung Duy va cong su da dinh nghia giao thtc
truyén thong, dua trén viéc tng dung mat phan xa théng minh cho truyén théng goi tin
ngan trong mang vo tuyén nhan thic. Trong hé thdng dé xuat, mat phan xa thong minh
s& diéu chinh pha dé pha tich liy thu dugc bang 0 tai tram thir cip dé ting ti s6 tin hiéu
trén nhidu dau cudi. Pac biét, cong suat phat cua nguon thir cap duoc téi vu myc dich
tang hiéu nang, va théa man cac han ché vé phan ciing, cac rang bugc vé cac can nhiéu.
Két qua mo phong va phan tich cho thay hiéu suét cua hé théng dé xuat c6 thé duoc nang
cao hon bang cach tang s luong IRS, ting chiéu dai cua khdi, giam sé luong cua bo thu

so cap, hoic guri di it bit théng tin hon.



Bén canh d6, nhém nghién cau Ha Hoang Kha va cong su di dé xuat ¢ng dung cua mit
phan xa thdng minh trong hé théng chuyén tiép nang lugng va théng tin vé tuyén lién
tuc (SWIPT) trong [12] [13]. Cu thé, trong [12] tac gia da d& xuat mé hinh ¢tng dung mat
phan xa théng minh trong hé thong v tuyén nhan thirc nhiam ting cudng hiéu qua phd
va hiéu qua niang luong cta hé thdng. Bai toan cuc dai hiéu qua ning luong cua hé thong
MIMO SWIPT hd tro nhiéu ngudi ding trong diéu kién thu hoach ning luong phi tuyén
va trang thai kénh khong hoan hao dwgc xay dung vai cac rang budc phai thiét ké dong
thoi cac ma tran tién ma hda tai tram géc thir cap, ma tran dich pha cua IRS, va cac hé
s6 phan chia céng suét thu hoach ning lwong tai ngudi dung. Thach thirc dat ra trong
viéc giai bai toan téi vu do cac ham muc tiéu 1a cac ham khong 151, doi hoi tac gia phai
st dung cac phuwong phap bién doi, sau d6 sir dung thuat toan téi wu luan phién va
Dinkelbach dé tim ra cac gia tri tbi vu. Mat khac, trong [13], c4c tac gia da ti uu toc do
dit liéu va nang luong thu thap tai nguoi trong hé théng MIMO SWIPT da ngudi ding
c6 su hd tro cia mat phan xa thdng minh véi céc rang budc bao gdm cdng suét cuc dai
tai tram gbc, chat lugng dich vu QoS, va ning luong thu thap téi thiéu tai mdi ngudi

dung.
1.2.2 Tinh hinh nghién ciru ngoai nwéc

Mt phan xa théng minh RIS 1a mot trong nhitng cong nghé then chdt duoc xem xét
rng dung trong mang thdng tin 6G, chinh vi vay RIS thu hdt sy quan tm caa nhiéu nha
nghién ctu, va ké ca trong cong nghiép. Cac huéng nghién ciu vé RIS phan chia theo
hai dinh hudng chinh hoac dua trén cac dac tinh vat ly cia RIS, hoac dua trén kha nang
g dung trong truyén théng. Dua trén cac dac tinh vat ly, cac nha nghién cau tap trung
vao phan tich dic tinh vé dién tir, nguyén ly chuyén doi cong suat, cac nguyén 1y diéu
khién va diéu chinh hé sb phan xa caa RIS, va viéc thuc nghiém cac phan cimg RIS nhu
trong [14] [15] [16] [17] [18]. Cu thé, trong [14] Wu va Zhang di xem xét phan tich

nguyén ly phan xa cia RIS théng qua phan tich mé hinh tin hiéu caa mang truyén thong



cd su hd tro caa RIS. Bén canh do, tac gia tap trung vao kién tric phan ciing cua RIS va
c4c thach thuc thie khi thuc hién thi cdng phan cing trong thuc té. Trong [15] Di Renzo
va cong su da phan tich chi tiét cac van dé co ban nhat vé mat phan xa théng minh bao
gom dinh nghia mit phan xa théng minh, siéu bé mat, nguyén ly 1am viéc, méi trudng
v tuyén théng minh, sy dung hoa giira cac Iy thuyét caa C.E. Shannon , G. Green, va J.
C. Maxwell vé mat ly thuyét todn hoc va truong dién tir. Hon nita, cac tac gia ciing da
xem xét dén thuc trang nghién ciru lién quan mat phan xa théng minh, cling véi cac thach
thirc va tiém ning cua viéc tng dung mat phan xa thdng minh trong thdng tin vo tuyén.
Tuong tu, Ozdogan va cong su da dya trén cac ky thuat vat ly quang hoc dé ching minh
md hinh suy hao kénh truyén & trudng xa caa hé théng truyén théng vo tuyén cé su hd
trg cua RIS trong [16]. Bén canh do6, trong [17] Liaskos va cong sy da dé xuat mot khai
niém truyén théng méi théng qua céc siéu bé mit dugc diéu khién bai phan mém. Trong
d6, cac 6 siéu bé mat c6 thé duoc sir dung ngoai troi hoac phi 1én tuong, cac d6 vat trong
nha nham diéu khién duoc cac song dién tir theo nghia diéu hudng, hap thu hoan toan,
hodc phan cuc song. Pac biét, moi truong vo tuyén 2.0 duoc gisi thiéu trong [18] boi
Gacanin va cong su, la mot khéai niém noi bat va tiém ning ung dung trong c4c mang
truyén thong khong ddy twong lai, nhd vao su két hop hoan hao caa RIS va cong nghé
tri tué nhan tao (AI), gitip méi trudng vo tuyén co thé tro nén lap trinh dugc va thdng

minh hon.

Trong mang thong tin di dong té bao, RIS cho thay duoc tinh wu viét khi dwoc ciu
hinh lap dat trén vach tuong cia cac toa nha, voi myc tiéu ting cudng d6 manh cua tin
hiéu phan xa dén céc thiét bi bay khong nguoi lai, nhd d6 ma ving bao phi va thong
luong cua mang duoc cai thién dang ké [19]. Su ting 1én nhanh chéng cua cac dich vu
dit liéu trong mang di dong té bao dan dén yéu cau cac tram goc phai phuc vu ngay cang
nhiéu hon cac thiét bi cua nguoi dung, dé giai quyét van dé trén tuyén thdng gitra cac
thiét bi (D2D) duoc dé xuat. Tuy nhién, viéc truyén thong khoang cach ngan giira cac

thiét bi xuat phat tir viéc chia sé chung tai nguyén phd véi ngudi dung khac trong mang.



Tir nhitng van dé ton tai trén, trong [20] Shaoyou va cong su di dé xuat sir dung md hinh
mang di dong phtic hop & bing tan séng mi-li-mét c6 sy hd trg mat phan xa théng minh
RIS. R& rang, RIS gitp giam thiéu van dé can nhiéu giira cac thiét bi va cai thién van dé
dich pha da duong, hon nira bai toan tdi da tong toc d6 cua hé thdng véi rang budc 1an
luot duge xem xét bao gom chét lugng dich vu (QoS), cong suat cuc dai, pha cia cac
phan tir phan xa trén RIS, va ché do 1am viéc cua thiét bi trong mang D2D. Két qua cho
thdy viéc két hop RIS trong mang di dong phtic hgp D2D ¢ bang tan song mi-li-mét c6

tong toc do hé thdng vuot troi so vai truong hop khdng o su hd tro caa RIS.

Trong thoi gian gan day truyén thong ¢ bang tin THz thu hat duoc nhiéu sy quan
tam cua cac nha nghién ctu nhd vao wu diém dap ung duoc nhu cau truyén thong voi
tdc do cao va bang thong rat Ion. Tuy nhién, van dé suy hao 1a nhuoc diém I6n nhét cua
truyén thong & bang tan THz. Chinh vi vay, trong [21] [22] cac tac gia dé xuat sir dung
mat phan xa thdng minh RIS gidp cai thién dang ké nhuoc diém caa truyén théng THz.
Cu thé, trong [21] mot mé hinh suy hao kénh truyén THz c6 su hd tro cia RIS dugc cac
tac gia phan tich, sau d6 kiém chung thong qua md phong thong qua dién tir truong. Mat
khac, trong [22] Cheng va cong su da tdi da hoa cong suit thu dua trén viéc dinh dang
blp song tai tram phat, cac hé sb dich pha caa c&c phan tir phan xa caa RIS, va vi tri dat

mat phan xa théng minh RIS.

Ky thuat da truy cap khong truc giao (NOMA) 1a mot ky thuat cai thién dang ké hiéu
qua pho tan, va giup dat duoc sé luong két néi rat 16n cho cac mang v tuyén thé hé
tuong lai. Su két hop gitra RIS va NOMA trong [23], cho thay hiéu suat mang dat duoc
vuot troi so véi cac ky thuat hién co. Cu thé, mot hé thdng hd tro ngudi ding NOMA
trong mién cdng suét cé sy hd trg caa RIS, dac biét cac trong sé dinh dang bap song tai
RIS di duoc thiét ké va &p dung trong mé hinh trén. Trong [24], hiéu suat Iy thuyét cua
duong 1én trong hé thdng truyén théng duge phan tich trong truong hop sir dung ba ki

thuat da truy cap khac nhau lan luot 1a ki thuat da truy cap khdng truc giao NOMA, k§



thuat da truy cap phan chia theo tin s FDMA, va k§ thuat da truy cap phan chia theo
thoi gian TDMA. Két qua phan tich cho thdy hé théng truyén thong NOMA c¢6 su hd trg
cua RIS dat duoc hiéu qua vuot troi hon cac ki thuat con lai khi dat duoc sé lugng nguoi
dung du 16n. Trong [25], RIS-NOMA duoc dé xuat st dung trong truyén thdng ¢ bang
tan THz, cy thé hiéu qua ning luong cua mang duoc tdi da hoa dua trén viéc két hop tdi

ru phan bb cong suat va téi vu dinh dang bap séng RIS.

Bén canh nhitng nghién ctiru va md phong trén ly thuyét, RIS con duoc thuc nghiém dang
c4c san pham mau trong cac nghién ctu gan day. Trong [26], Tan va cong su da phat
trién mot mang phan xa théng minh gdm 224 don vi phan xa dugc b tri trén mot bé mat
rng dung cho truyén théng trong nha ¢ bang tan song mi-li-mét. Trong [27], RIS véi
256 phan tir phan xa, cac phan tir duoc thiét ké véi 2 bit dich pha dé hd trg cho viéc dinh
dang bup séng thu dong cua cac phan tir trén RIS. Nguyén mau RIS 256 phan tir dugc
thue nghiém vai tan sé 1am viéc tai 2.3GHz va 28.5 GHz cho thay dat dwoc do loi ang-
ten lan luot 12 21.7 dBi va 19.1 dBi. Bén canh d6, trong [28] nhiéu nguyén mau RIS duoc
thiét ké dé thar nghiém trong cac kich ban caa mang 5G, véi sé lugng phan tir phan xa
|an It 12 400, 1024,va 16384, tan s6 lam viéc 1an luot 14 2.6 GHz, 4.9 GHz, va 26 GHz.
Dic biét, cac RIS duoc trién khai thir nghiém trong cac vai trd khac nhau cua mang 5G
bao gém nguoi ding 5G, cac tram goc 5G véi cac tin hiéu tham chiéu duoc dinh nghia
theo tiéu chuan 3GPP cho 5G.

1.3 Muc tiéu nghién ciru
Muc tiéu cua luan an tap trung vao cac noi dung nghién ctru chinh nhu sau:
= Xay dung md hinh toan cho hé thdng thong tin vo tuyén cé su hd tro cia
mat phan xa théng minh RIS va danh gia hiéu qua cua viéc st dung mat
phan xa thong minh RIS trong cac hé théng truyén théng vo tuyén nhu

mang di dong va hé thdng théng tin dién toan bién di dong c6 sy hd tro cua
UAV.



= D& xuét thuat toan tdi wu tong thong lugng mang cua hé théng thong tin di

dong don ngd vao don ngd ra cd sy hd trg cua mit phan xa thdng minh
RIS.

= D& xuat thuat toan ti thiéu tong do tré va giam tai tinh toan trong hé thdng

thong tin dién todn bién di dong MEC ¢6 sy hd trg caa UAV va mit phan

xa théng minh RIS.

1.4 Nhiém vu nghién ctu

Céac anh huong cia moi truong vo tuyén trong hé thong théng tin vo
tuyén va cac mé hinh toan dang sir dung phan tich, mé phong, va tng
dung.

Xem xét va danh gia cac loai mat phan xa thong minh dang dugc nghién
chu.

Xay dung mé hinh toan cho hé théng thdng tin vo tuyén sir dung mat
phan xa thdng minh: md hinh truyén song, suy hao, vat ly.

Panh gia hiéu qua nang luong va pho cua cac hé théng co sir dung mat
phan xa théng minh.

Pé xuat tng dung bé mit phan xa théng minh trong céc hé théng théng
tin vo tuyén st dung cac cong nghé khac nhau.

Nghién ctru t6i wu phan bo cong suit trong hé théng thong tin vo tuyén
O stir dung mat phan xa théng minh.

Nghién ctu téi vu hé s6 dich pha cua cac phan tir phan xa caa mét phan
xa théng minh.

Nghién ctru téi wu d6 tré cua hé théng dién toan bién di dong co su hd

tro cua UAV va mat phan xa théng minh.

1.5  Poi twong va pham vi nghién ciru



Mang thong tin vo tuyén va méi truong vo tuyén thdng minh sir dung céc bé mat
phan xa théng minh, théng qua viéc dé xuat mé hinh toan va phan tich, danh gia hiéu

nang cua mang.
1.6 Huwéng tiép cin va phwong phap nghién ctru

Tiép can nghién ctiru tong quan hé thdng tir cac van dé co ban, thuc trang, sau d6
xem xét dé xuat 4p dung mé hinh méi vao hé théng dang duoc nghién ctiu théng qua

céng vu mo phong toan hoc.

Nghién ciu co s ly thuyét dua trén nguon tai nguyén cac cong bb khoa hoc co
lién quan dén linh vuc nghién ctru, danh gia tinh hinh nghién ciru va cac van dé con
t6n tai. Tir d6, dé xuat md hinh toan phu hop cho céac hé théng trong thuc tién va phan

tich, danh gia hiéu qua cua viéc 4p dung mo hinh da dé xuat.
1.7 Y nghia khoa hoc va thuc tién cia dé tai nghién ciu

Luan an tap trung nghién ctu g dung cua mat phan xa théng minh trong hé
théng thdng tin vo tuyén 1a mot trong nhitng chi dé mang tinh cap thiét cao trong
nhitng nam gan day lién quan dén mang vé tuyén néi chung, va mang vo tuyén thé
hé thir 5G, va thé hé thir 6G ndi riéng.

a. Vé khoa hoc

Dé xuit dugc md hinh RIS ung dung trong céc hé thong truyén thdng vo tuyén
bao gom mang di dong té bao, va hé thong dién toan bién di dong MEC trong mang

vO tuyén c6 su hd tro cua UAV.

Pé xuat va giai bai toan cuc dai tong thong lugng mang trong mang di dong té
bao c6 su hd trg ciia RIS, va phan tich thong lwong mang ciia nguoi ding trong trudng

hop xau nhat dya trén su rang budc cua chat lwgng dich vu QoS.
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Dé xuit va giai bai toan cuc tiéu tong do tr& ctia mang vo tuyén co su hd tro cua
UAV trong hé théng dién toan bién di d6ng MEC.

b. Vé thuc tién

Céc dé xuat dugc nghién ctiu trong luan an hoan toan phu hop véi xu hudng phét
trién va trién khai thyc té cua mang truyén thong vo tuyén, dac biét 12 véi su ting 1én

khdng ngung cua cac dich vu, va sé lugng thiét bi két néi.

Bén canh d6, mé hinh d& xuat hoan toan phu hop véi chuong trinh trién khai mang
5G trong giai doan hién nay ciia Bo Thdng tin va Truyén thong, cling véi cac tap

doan vién thong 16n trong nudc nhu Viettel, VNPT,
1.8 Cau tric caa luan an
B cuc ciia bao cao duoc chia thanh 5 chwong, véi ndi dung chinh nhu sau:

e Chuong 1: Noi dung chuwong 1 bao gom giéi thiéu tong quan vé thyc trang
chung ciia mang thong tin vo tuyén, va cac nghién ciru trong va ngoai nudc
lién quan dén mat phan xa théng minh, muc tiéu va ndi dung nghién cuu,
nhiém vu nghién ctru, d6i twong va pham vi nghién ctu, y nghia khoa hoc
va thyc tién cua dé tai nghién cuu.

e Chuong 2: Noi dung chuong trinh bay vé co sé ly thuyét lién quan dén
mat phan xa théng minh RIS, cac md hinh kénh truyén vo tuyén c6 hd tro
cua mat phan xa théng minh, cac (rng dung mat phan xa théng trong mang
thong tin vo tuyén 6G. Bén canh do, co sé ly thuyét lién quan dén hé thong
truyén thdng vo tuyén cé su hd trg cia may bay khong nguoi lai UAV, va
hé théng dién toan bién di dong MEC. Ngoai ra, cac thdng sé hiéu ning
trong mang thong tin vo tuyén 6G, va cac k¥ thuat téi uu hiéu ning mang

thong tin vo tuyén ciing duoc gidi thiéu trong chuong nay.
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Chwong 3: Noi dung cua chuong trinh bay tng dung cta mat phan xa
théng minh trong mang théng tin di déng té bao, cu thé, bai toan tdi wu
dugc dé xuat dé cuc dai tong thong luong mang, va phan tich thong luong
ngudi dung trong trudng hop xau nhat dwa trén giai quyét bai toan két hop
t6i wu phan bd cdng sut va tdi wu hé sé dich pha caa phan tir phan xa RIS.
Chuong 4: Noi dung cua chuong trinh bay su két hop cua UAV va RIS dé
hd tro trong hé théng dién toan bién di d6ng MEC nham hd tro cho qué
trinh giam tai tinh toan tir thiét bi dau cudi. Cu thé, bai toan téi uu giam tai
tinh toan va phan bo tai nguyén trong hé théng MEC dua trén két hop toi
uu quy dao bay cho UAV, tdi uu phan bo cong suat, toi vu hé s6 dich pha
cua RIS, va téi uu giam tai tinh toan.

Chuwong 5: Noi dung chuong trinh bay két luan vé céc két qua da thyc hién
duoc trong luan an tién si, cac han ché con ton tai, va dé xuat hudng phat

trién, ciing nhu dinh huéng nghién ciu tiép theo.
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Chuong 2

CO SO LY THUYET

Noi dung chuong trinh bay vé co s& ly thuyét lién quan dén mat phan xa théng minh
RIS, cac mo hinh kénh truyén vé tuyén cé hd trg cia mat phan xa théng minh, céc tng
dung mit phan xa thdng minh trong mang thong tin vo tuyén 6G. Bén canh dé, co sd ly
thuyét lién quan dén hé thong truyén thdng vo tuyén cé su hd trg ctia may bay khong
nguoi lai UAV, va hé thong dién toan bién di dong MEC. Ngoai ra, cac thong sé hiéu
nang trong mang thdng tin vé tuyén 6G, va cac k¥ thuat t6i wu hiéu ning mang thong tin

vO tuyén ciing duoc gigi thiéu trong chuong nay.

2.1 Mat phan xa théng minh RIS

2.1.1 Giéi thiéu mat phan xa thong minh

RIS 1a bé miat nhan tao gdm mang 2 chiéu cac phan tir phan xa véi cu trac vat ly
duoc thiét ké dac biét nhu Hinh 2.1. Trong d6, mdi phan tir phan xa gom phan tir thu
d6ng hoac phan tir tich cuc co thé thay dbi thugc tinh dién tir nhu pha, bién d6 dan dén
thay doi tinh chat cua tin hiéu v tuyén téi nham tao ra cac hiéu tmg da duong mong
mudn. Hon nita, cac tin hiéu phan xa tai cac phan tar RIS con co thé gilp cai thién cong
suét tin hiéu thu hodc giam can nhiéu cua thanh phan khac 1én ngudi ding mong mubn
[29].

Dic biét, nho vao kha nang phan xa mot cach thu dong ma khdng can ngudn cung
cap gilp cho viéc ang dung mat phan xa thdng minh RIS tiét kiém ning luong va giam
chi phi van hanh dang ké. Bén canh d6, mat phan xa RIS con gilp cai thién kha ning
pht séng diéu chinh va phan xa séng vo tuyén sao cho tin hiéu cé thé truyén dén duoc
nhitng khu vuc tin hiéu thu bi yéu, hodc bi che chin bai cac vat can nhu toa nha, d6i ndi,

moi truong trong nha. Hon nita, cong nghé truyén théng ¢ tan s cao nhu song mi-li-mét
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hoic séng té-ra-hét (THz) tin hiéu d& bi hip thu bai cac bé mat, nén viéc tng dung mat

phan xa théng minh RIS 1a hét sirc cap thiét.

Lép dong

Mach diéu khién

Phan t&r phan xa

NP Bl b
R:——L Off pha =1

- B didu khién RIS  Mach tuong duong

Hinh 2. 1 Céu trtc cua RIS va mach tuong duong ctia cac phan tir phan xa

2.1.2 Cau tao mit phan xa thdng minh

Trong Hinh 2.1 [14], mat phan xa théng minh RIS ¢6 ciu tao gom 3 16p va mot bo
diéu khién. Trong d6, 16p ngoai cung la cac phan tir phan xa duoc in trén bé mat dan
dién c6 chirc ning twong tac truc tiép véi tin hiéu vo tuyén dén. Lop th hai 1a bang ddng
gilp tranh viéc mat mat nang lwong tin hiéu dén. Cudi cing l1a 16p c6 chirc ning diéu
chinh cac bién d6 cua tin hiéu phan xa hoic diéu chinh dich pha cua tirng phan tir phan
xa [14]. Mach tuong duong ctia phan tir phan xa twong (ng 1a cac mach dich pha Vi
trang thai dong va ngat tuong tng véi gid tri dich pha lan luot 12 0 va 7. Trong thyc té,
bo diéu khién théng minh RIS ¢d thé duoc thyc hién 1a cac phan cing nhing hoic mang
céc cong co thé lap trinh duoc FPGA véi kha ning dap ing véi cac tan so lam viéc khac

nhau cua tin hiéu.

Trén cac mat phan xa théng minh, hé sé phan xa ciia mdi phan tir c6 thé thay doi

dugc nho vao thiét ké dic biét & cac phan tir ¢d thé 1a cac PIN diode, FET hoic céac
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chuyén mach MEMs. Viéc thay dbi dién ap phan cuc caa PIN diode c6 thé gilp tao ra
cac dich pha cua tin hiéu phan xa trong khoang gia tri tir 0 &én 27 hoic viéc thay doi
dién ap trén dién trg ciing c6 thé dan dén thay d6i bién d6 cua tin hiéu phan xa trong
[0.1].

2.1.3 Nguyén ly hoat dong cia mat phan xa théng minh

Trong Hinh 2.2, gia st mot hé thdng théng tin vo tuyén gdm mot tram phét BS va
ngudi dung, dudng truyén truc tiép gitra ngudi ding va BS bi chin bai vat can. Mot mat
phan xa théng minh gdm N phan ti phan xa duoc sir dung dé hd tro duy tri két néi thong
tin gitta BS va nguoi dung.

Lac nay, kénh truyén gdm cac thanh phan BS — RIS, va RIS — nguoi ding. Khi

do tin hiéu phan xa y,, béi mat phan xa thong minh RIS s€ ¢6 dang nhu sau:

yn = ﬁnejenxn n= 1; !N (21)
Trong d6, x,, 1a tin hiéu dén cac phan tir phan xa, 8,, € [0,1] 1a hé s6 phan xa va
diéu khién bién d6 cua tin hiéu phan xa, 6,, € [0,2m) 1a c4c gia trj dich pha tin hiéu phan

xa do cac phan tir phan xa tao ra.

Mot cach 1y twong, cac mat phan xa thdng minh vai cac phan tir phan xa thu dong
thi gan nhu khong can ngudn nang luong cung cap. Chinh vi vay, tin hiéu nhiéu thu duoc
s& khéng anh huang dén tin hiéu mong muén dugc phan xa, nhd vao viéc khdng sir dung
cac bo chuyén doi tuong tir s6 hoidc nguoc lai, cling nhu 13 trén mat phan xa théng minh

khong sir dung dén cac bo khuéch dai tin hiéu.

Bén canh d6, mat phan xa théng minh c6 thé dap tmg duoc toan b bang thong,
va c6 thé 1am viéc ¢ cac tan s6 bat ky néu cac mat phan xa théng si dung céc phan tir
cha dong hodc cac di-6t bién dung, viéc nay gilp cho pha tin hiéu c6 thé thay doi lién

tuc. Hon nira, mat phan xa thong minh c6 tinh linh dong cao c6 thé dt ¢ nhiéu vi tri khac
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nhau nhu: vach cia cac toa nha, tran nha cia cac vin phong, cac khong gian trong nha

hoic ca trén quan &o.

Hinh 2. 2 Ung dung RIS trong hé thong thdng tin vé tuyén

2.1.4 Céc cong nghé cua mit phan xa thong minh RIS

Theo nguyén ly hoat dong, RIS bao gom thu dong (passive RIS), chi diéu chinh
pha va bién d6 séng ma khdng khuéch dai, va chu dong (active RIS), tich hop bo khuéch
dai dé tang cuong tin hiéu. Ngoai ra, STAR-RIS hd trg dong thoi truyén va phan xa tin
hiéu. V& ciu tao, RIS c6 thé 1a phan ciing cb dinh véi cac phan tir nhu diode PIN hoic
siéu vat lidu, va phan mém diéu khién (software-defined RIS), sir dung thuat toan dé téi
uu hoa cau hinh. Su da dang nay cho phép RIS thich &ng vai céc kich ban truyén thong
khéc nhau, tir 5G dén 6G.

RIS cha déng (Active RIS) hoat dong nhd vao viéc tich hop cac bo khuéch dai
tin hiéu hoac linh kién chi dong vao cac phan tr phan xa. RIS chu dong c6 kha ning
khuéch dai tin hiéu nhan duoc trudc khi phan xa, gitp ting cudng cudng do tin hiéu va
cai thién hiéu suat truyén thong trong cac méi treong c6 suy hao cao. Cac phan ti cua
RIS chi dong duoc diéu khién bai cac bo diéu ché thich nghi, cho phép thay doi pha,
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bién d6 va doi khi ca tan sb cua song dién tir phan xa, kha ning nay gilp mé rong ving
phu s6ng va cai thién chat lugng két néi trong céc hé théng truyén thong hdn tap. Tuy
nhién, n6 yéu cau ngudn cung cip nang luong lién tuc dé van hanh céc bo khuéch dai,
dan dén muc tiéu thu ning luong cao hon so véi cac giai phap thu dong. Bén canh do,
phan cang sé& phuc tap hon do phai tich hop cac linh kién chu dong, va doi hoi cac thuat
toan diéu khién phuc tap dé tdi wu hoa hiéu suat. Chinh vi vay, RIS chu dong duoc xem
Xét ung dung trong céc hé thdng truyén thdng khdng day thé hé mai nhu 6G, dic biét
trong cac mang truyén thong siéu day dac ¢ cac khu vuc d6 thi, hoic cac hé théng truyén
thong doi hoi cac két néi xa. Hon nira, RIS cha dong ciing hd tro cac tng dung doi hoi

d6 tin cdy cao nhu truyén thdng vé tinh hodc mang cam bién loT ¢& Ion [30].

RIS thu dgng (Passive RIS) hoat dong dua trén viéc diéu chinh pha va bién d6
cua song dién tir dén ma khong khuéch dai tin hiéu. Cac phan tir phan xa thuong 1a cac
siéu vat liéu hodc cau trac don gian nhu diode PIN, dugc thiét ké dé phan xa tin hiéu
theo hudng mong muébn dua vao viéc thay ddi cac thong s dién tir. RIS thu dong khdng
y&u cau ngudn niang luong dé khuéch dai, chi can nang luong tdi thiéu dé diéu khién cau
hinh phan xa. RIS thu déng c6 wu diém 16n nhat 12 tiét kiém nang luong, dé dang trién
khai va chi phi thap do khdng st dung cac linh kién cha dong. Tuy nhién, hiéu suat cua
hé thdng phu thudc nhidu vao cuong d6 tin hiéu dén, dan dén han ché trong cac moi
truong c6 suy hao 16n hodc khoang cach truyén xa. Viéc diéu chinh pha thuong bi gioi
han boi do phan giai cua cac phan tir phan xa, anh huéng dén d6 chinh xéac caa dinh
huéng bup séng. RIS duoc sir dung rong réi trong cac hé théng 5G va 6G dé tang cuong
viing pha séng, cai thién hiéu qua pho va hd tro truyén théng trong cac moi truong khdng
c6 dudng truyén truc tiép (NLOS). RIS thu dong pht hop cho cac tng dung nhu mang

noi d6, nha thong minh va truyén théng xe tu hanh [31].

RIS phan xg va truyén dong théi (STAR-RIS) 1a mot bién thé tién tién cua RIS,
cho phép thuc hién dong thoi ca hai ché do truyén va phan xa tin hiéu. STAR-RIS chia
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tin hiéu dén thanh hai phan: mot phan duoc phan xa vé phia ngudi ding ¢ cling phia véi
ngudn phat, va phan con lai dugc truyén qua mit dén phan xa dén nguoi dung. Piéu nay
dugc thyc hién théng qua viéc diéu chinh doc lap pha va bién d6 cua cac phan tir ¢ hai
ché d6. STAR-RIS cung cip kha ning phu séng toan dién hon so voi RIS théng thuong,
do kha ning phuc vu dong thoi cac ngudi ding ¢ ca hai phia cia bé mat. Tuy nhién, viéc
diéu khién dong thoi hai ché do doi hoi thuat toan tbi wu phirc tap va phan ciing phai c6
d6 chinh xac cao. Ngoai ra, hiéu suat cia STAR-RIS cd thé bj anh huong boi su phan
chia nang luong gitra hai ché @6 truyén va phan xa, dan dén giam hiéu qua trong mot s6
kich ban. Do d6, STAR-RIS phul hop cho céc wng dung yéu cau pha song da hudng, nhu
mang khong day trong cac tda nha cao tang, san bay, hoac cac khu vuc c6 mat do nguoi
ding cao. STAR-RIS ciing hd trg cac kich ban truyén théng hai chiéu hoic mang tich

hop khong gian-v¢ tinh [32].

RIS cé lon (Large-RIS) 1a cac mat phan xa thong minh c6 kich thuéc 16n véi s6
lugng phan tir phan xa rat 1on (hang nghin dén hang triéu phan tir). Nguyén Iy 1am viéc
tuong tu RIS thu dong, nhung nho vao sé luong phan tir I6n, Large-RIS ¢d kha nang tao
ra cac chim song c6 do dinh huong rat cao, gan gidng véi hiéu ung cua ang-ten mang
I6n. Picu nay duoc thuc hién thong qua viéc diéu chinh pha chinh xac trén toan bo bé
mit dé tdi wu hoa hudng truyén tin hiéu. Large-RIS cho do loi dng-ten cao, cai thién
dang ké hiéu suat duong truyén va hiéu qua pho ciia mang. Tuy nhién, Large-RIS doi
hoi do phuc tap tinh todn 16n khi diéu khién mot s6 lugng 16n phan tir, chi phi san xuat
va trién khai cao. Ngoai ra, Large-RIS yéu cau cac mé hinh kénh truyén chinh xac hon
dé dam bao hiéu qua t6i wu. Large-RIS duoc tng dung trong céac hé théng truyén thdng
tan sé cao nhu mmWave hoac THz, can dinh hudng blp séng chinh xac giam thiéu dic
tinh suy hao dudng truyén 1on cua cac hé thong truyén thong tan sé cao. Large-RIS ciing
phu hop cho cac mang khéng day quy mé 16n nhu thanh phd théng minh hoic truyén
thong vé tinh [33].
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RIS dwoc diéu khién dwa trén phan mém (Software-Defined RIS — SD-RIS) tich
hop c4c giao thire diéu khién dya trén phan mém dé quan 1y va tdi vu hoa hoat dong cua
mat phan xa théng minh. SD-RIS st dung céac thuat toan may hoc hoac tri tué nhan tao
dé tu dong diéu chinh cdu hinh phan xa dwa trén thong tin tir méi trudng truyén thong,
chang han nhu trang thai kénh hoac vi tri ngudi dung. Nho d6, SD-RIS thich @ng nhanh
chéng voi cac thay doi trong mang ma khong can can thiép vao phan cang. SD-RIS néi
bat vai tinh linh hoat va kha ning thich @ng cao, gilp giam d6 phic tap trong viéc trién
khai va van hanh. Tuy nhién, SD-RIS doi hoi ha tang phan mém manh va kha niang xu
ly tinh toan cao, diéu nay dan dén chi phi van hanh tang. Ngoai ra, hiéu suat caa SD-RIS
phu thudc vao chat lugng dit liéu dau vao va do chinh xac cua cac thuat toan diéu khién.
Do d6, SD-RIS dugc tng dung trong cdc mang khong day dong nhu mang 6G, 10T, hoac
truyén théng xe ty hanh, noi can thich @ng nhanh véi cac diéu kién thay d6i. SD-RIS
cling hd tro cac kich ban quan Iy mang thong minh, nhu téi wu hoa tai nguyén hoic giam
thiéu nhiéu [34].

2.1.5 M0 hinh truyén séng qua mit phan xa thdng minh RIS
2.1.5.1 Mo hinh da dwong hai tia

Xem xét mot mo hinh truyén thdng vo tuyén gdm mot tram phat va mot thiét bi
thu lan lugt c6 do cao bén phat va bén thu nhu trong Hinh 2.3. Su lan truyén séng vo
tuyén trong khéng gian ty do theo md hinh quang hoc, gia sir khoang cach trén mat phang
dat Ién hon rat nhiéu so véi budc song, va mat dat dong vai tro nhu gwong phan xa. Bén
canh d6, gia sit md hinh truyén song lan truyén theo dudng thang va trong mdi trudng
d6ng nhat. Duya theo dinh ly Fermat cho qué trinh truyén séng theo tam nhin thang LoS,
va dinh luat phan xa Snell ta c6 dugc cong suat tai thiét bi thu nhu sau [35]:

2 (2.2)

)

1 Rxe /2¢
_+—

Py = P.(L)?
70 |2 T, + 1y
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Trong d6, P, 1a cong suat phat tir nguon, A 13 budc soéng, z 1a khoang céch giira
ang-ten ngudn va dng-ten dich, i, 12 khoang cach tir ing-ten ngudn dén diém phan xa,
la khoang céch tir diém phan xa dén ang-ten dich, R 1a hé s6 phan xa cua mat dat, A ¢ =
21 (rg

+rqg— Ny 1A -y 9 ‘ -~ A N 3r \ A A ’
%Z) la gid tri léch pha. Gia su, khoang cach giita ngudn va dich 1a v6 cung 16n,

d >» hg+ hy,vadd = z = 1, + 14 lGc ndy ta c6 duoc biéu thirc trong dwong nhu sau:

(2.3)

/1 2
Py = Ps(ﬁ) )

Hinh 2. 3 M6 hinh kénh truyén vo tuyén gom hai tia LoS va NLoS
2.1.5.2 M0 hinh truyén séng qua mit phan xa théng minh RIS

R6 rang, mo hinh truyén séng trong khdng gian tu do nhu trong Hinh 2.3 cho thay
viéc phan xa 1a hoan toan khdng thé kiém soat duoc, va tin hiéu tai phia thu s& bi suy
hao theo khoang cach. Xem xét mé hinh c6 su hd tro mit phan xa thong minh RIS gia
str gdm N phan tir phan xa nhu trong Hinh 2.4, RIS dong vai trd hd trg truyén thdng gitta
ngudn va dich. Theo dinh luat Snell, mdi mat phan xa thdng minh c6 thé diéu chinh goc
phan xa va pha cua cua tia dwgc phan xa. Luc ndy, cdng suat tai phia thu qua phan tu

phan xa thir i nhu sau [36]:
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duoc viét lai nhu sau:

Dinh luat Snell

|
Goctédi  |Goc phan xa

V'

|
L
I
|
1

\

DOOEEOEE
I
OOO0008O
) o o

Mat phan xa théng minh
RIS

2 /1 2
Py~ (N+1) Ps(ﬁ) ,
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bich

Hinh 2. 4 Nguyén ly lam lam viéc cua mat phan xa theo dinh luat Snell

(2.4)

Véi muyc tiéu dam bao tin hiéu tai phi thu dugc 6n dinh, cac hé sé phan xa cta cac
phan tr phan xa duoc gia sir 1 khdng gay ton hao bién d6 tin hiéu, théng tin géc pha cua
c4c phan tir phan xa xem nhu 13 hoan hao. Do d6, mdi gia tri R; duoc tdi wu dé hiéu chinh

tin hiéu twong (ng vai tin hiéu cua dudng truyén tim nhin thang. Cong suét tai phia thu

(2.5)

Biéu thirc (2.5) cho thay cong suat tai phia thu ti & thuan véi binh phuong s6
luong pha duoc diéu khién doc 1ap boi mat phan xa théng minh RIS va ti Ié nghich véi

binh phuwong khoang cach gitra ngudn va dich. R& rang, mat phan xa thdng minh cho thé



hién r6 tiém ning trong mang thdng tin vo tuyén, véi do loi cdng suat dat dugc nhu mot

ham cua s6 lugng phan tir phan xa [1].
2.2 Cac hwéng nghién cwu va wng dung caa mat phan xa théng minh RIS

Khéi niém méi trudng vo tuyén thong minh (smart radio environment) dwoc st dung
dé dé cap dén su hd tro cua RIS trong céc hé thdng thong tin vo tuyén. Su két hop cua
RIS trong cac ngit canh cho thay kha ning cai thién dang ké tin hiéu nhan duoc tai phia
thu, mé rong ving bao phi cia mang, tang dung lwong két ndi, ting cudng hiéu qua pho,
giam thiéu céng suét can thiét tai phia phat, giam thiéu can nhiéu lién té bao nho vao ki
thuat dinh dang blp s6ng. RS rang, vai nhitng wu diém trén RIS hira hen 1a ky thuat then
chét trong 6G va ma ra cac huéng nghién ciu méi. Cu thé, cac phuong phap hoc hd tro
cho dinh dang bup séng thu dong tai cac RIS, viéc két hop cac phuong phap hoc gitp
tiét kiém duoc tai nguyén hé thdng théng qua viéc giam thiéu céc thong tin vé kénh
truyén. Ldc ndy, cac ki thuat hoc ting cuong (RL) duoc xem xét giup dwa ra quyét dinh
cho cac bo diéu khién RIS dé thay doi thich nghi cac cau hinh pha caa cac phan tir phan
xa [37].

Bén canh d6, RIS hd tro trong truyén théng D2D, do sy ting 1én khong ngirng cua s6
luong thiét bi két ndi trong mang két néi van vat 10T 1am cho viéc nghién ciru va t6i wu
truyén thong giita cac thiét bi D2D tré nén cap thiét. Vai sy da dang két ndi trong truyén
thong D2D, su két hop cua RIS gilp ting cuong duoc cac két ndi riéng gitta cac thiét bi
trong mang D2D [38]. Pac biét, RIS c6 thé thay thé cho cac bo chuyén tiép trong céc
nghién ctru truéc nho vao nhitng vu diém ndi bat 1a khdng sir dung ngudn dién va khong
khuéch dai nhidu. Ngoai ra, RIS hd trg truyén thdng mmWave va THz; truyén thong
budc séng ngan va cuc ngin véi su hd trg cua RIS s& gilp cai thién dang ké ving bao

pht ciia mang [39], [40], giam thiéu anh hudéng va suy hao ctia méi truong vat can [41].
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Hinh 2. 5 RIS tng dung trong mang truyén thong vo tuyén

Trong Hinh 2.5 [42] mé ta cac ung dung da dang va tiém ning cuia mat phan xa thong
minh RIS trong mang truyén théng khong day hién dai. Cu thé, RIS c6 thé cai thién dang
ké hiéu suat thdng tin trong mang di dong bang cach thiét lap cac dudng truyén phan xa
gitta tram gdc va ngudi dung trong trudng hop dudng truyén truc tiép bi che khuat, tir
d6 ning cao chit luong dich vu QoS trong c4c mang khong dong nhat. Bong thoi, viéc
sir dung RIS gop phan giam do tré trong cac hé thong dién toan bién di dong MEC nho
vao kha ning kiém soat linh hoat duong truyén tin hiéu. Ngoai ra, RIS c6 thé hoat dong
nhu mét trung tm phan xa tin hiéu hiéu qua, hd tro nhiéu két néi dong thoi thdng qua
viéc giam thiéu nhidu trong cac mang truyén thdng thiét bi dén thiét bi D2D, hoic hd trg
tang cudng bao mat 16p vat Iy PLS bang cach thiét ké cac bap song phan xa c6 kha ning
triét tiéu tin hiéu khdng mong muén. Trong cac mang tich hop truyén théng va truyén
nang luong khdng day SWIPT, RIS gilp khuéch dai cong suit tin hiéu nhan dugc cho
ngudi ding ¢ ving bién, giam nhiéu xuyén 6 va bu dap tén hao tin hiéu trén cac lién két

truyén dan khoang céch xa.
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Bén canh d6, RIS con mang lai nhiéu loi ich trong cac méi treong tng dung dic tha
khac nhau. Trong cac mang khong day trong nha, RIS gidp cai thién dang ké kha ning
pht s6ng va hiéu suat truyén dit lidu. Trong cac hé théng hd tro bai may bay khong nguoi
lai UAV, RIS c6 thé duoc str dung dé tao ra cac lién két truyén théng tam thoi gitra UAV
va ngudi ding mat dat, tir d6 giam thiéu viéc di chuyén khéng can thiét va tiét kiém nang
lwong cho UAV. Hon nira, RIS duoc tng dung hiéu qua trong céc hé thdng Internet két
ndi van vat IoT nhu néng nghiép thdng minh, nha may théng minh va mang cam bién
khong day thong minh, gidp t6i wu két ndi va tiét kiém niang luong. Trong linh vuc giao
théng thong minh, RIS hd trg cai thién tinh én dinh cua lién két truyén théng gitta cac
phuong tién va ha ting duong bo, tir 46 gop phan nang cao an toan va hiéu qua van hanh
giao thdng. Ngoai ra, trong cac ting dung thuc té 40 VR va thuc té ting cuong AR, RIS
dong vai trd quan trong trong viéc dam bao do tré thap va do tin cay cao URLLC cua
duong truyén khong day, vén la yéu cau can thiét dé duy tri trai nghiém nguoi ding mot

cach muot ma va nhat quan.
2.3 Bai toan t6i wu 19

Bai toan toi uu bao gom t6i da hodc téi thiéu ham thuc (ham muc tiéu) bang cach tim
c4c gia tri ngd vao tir tap kha dung cua cac bién va tinh toan dwa trén céc gié tri caa ham
rang budc. Bai toan tbi wu duoc wng dung trong nhiéu linh vuc khac nhau nhu: tai chinh,
théng ké, kién tric, may hoc, anh y té, xt ly tin hiéu, va truyén théng. Trong d6, nhin
chung viéc tim 10i giai cho céc bai toan téi uu 12 hoan toan khong don gian, vi nhiéu bai
toan t6i vu khong c6 dang bai toan 16i, IGc nay can phai thuc hién bién d6i vé dang bai
toan 19i.

2.3.1 Tap loi

Mot tap hop € 1a tap 16i khi mot doan thang néi hai diém bt ky trong tap hop €

déu nam trong C.
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X1, %, EC,0<0<1=0x;+(1—0)x,, (2.6)

Tap 13i Khong 1i Khong 15i

Hinh 2. 6 D6 thi minh hoa tap 15i va tap khong 16i
Nhu mo ta trong Hinh 2.6, mét tap 16i c6 thé duoc dinh nghia 1a moi diém trong tap
hop d6 c6 thé dugc nhin thay boi moi diém khac nhau, doc theo duong thang khong bi
can gitra chung.
2.3.2 Ham loi
Gia st mot ham £ : R™ — R 1a mot ham 16i, khi dom f 13 mot tap 16i, va véi moi

gidtrix,yedomf 0 <6 < 1taco:

fOx+ (1 —-0)y) <0f(x)+ (1 —-0)f(y), (2.7)
Xét vé mit hinh hoc, d6 thi caa bat dang thtc (2.7) duoc biéu dién nhu Hinh 2.4 cho
thay, doan thang giita hai diém (x, f(x)) va (y, f(y)) 1a mét day cung nam trén db thi

cua f.

Hinh 2. 7 D4 thi ham 15i

25



2.3.3 M@t s6 bai toan téi lwu 15

Bai toan trong (2.8) va (2.9) lan luot 1a dang tong quét cua mot bai toan tbi uu bao
gom bai toadn cuc tiéu, va bai toan cuc dai. Mot bai toan téi wu cuc tiéu ham muc tiéu 16i
hoac cuc dai ham muc tiéu 18m véi tap kha thi 13 tap 16i thi bai toan d6 duoc goi la bai
toan toi wu 10i. Bai toan tbi wu 16i chuan co thé dugc giai mot cach hiéu qua dua trén

cong cu CVX.

minimize  f(x)
s.t x €X (2.8)
hj(x)=0,j=1,2,..,m
maximize  f(x)
s.t x €X (2.9)
hi(x)=0,j=1,2,..,m
Trong d6, f 1a ham muc tiéu, x 1a bién toi wu, h; 1a dang thirc rang budc, va X 1a tap
kha dung. Lic nay, x* dugc xem 1a diém téi wu khi x* 12 kha dung véi gia tri x* € X.
Gia tri cua x* = oo néu bai toan 1a khdng kha dung, 7,V x € X. Nguoc lai, gia tri cua
x* = —oo néu bai toan la khdng co gigi han.
2.4 Céc dang bai toan l4ap trinh toi uu
2.4.1 Lap trinh tuyén tinh
Lap trinh tuyén tinh hay t6i wu tuyén tinh 14 phuong phap duoc sir dung dé tim duoc
cac ngd ra tot nhat khi cac yéu cau c6 mai lién hé tuyén tinh véi nhau bao gdm céc ham
muc tiéu, cac rang budc 1a cac dang thic hoic bat dang thirc tuyén tinh, dang tong quét
cua bai todn tuyén tinh nhu sau:
minimise ¢Tx + d (2.10a)
X

s.t Gx <h (2.10b)
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Ax =b (2.10c)
Vé6i G € R™™ A € RP*™ vac,x € R"™.
2.4.2 Lap trinh bac hai
Lap trinh bac hai 12 mot trudng hop dic biét cua toi vu mot ham bac hai, va bai toan
t61 wu 161 bac hai khi ham muc tiéu 14 ham 15i bac hai va cac rang bugc Ia tuyén tinh,

dang tong quéat cia bai toan nhu sau:

minimise (1/2)x"Px +q"x +r (2.11a)
X
s.t Gx <h (2.11b)
Ax=b (2.11c)
Trudng hop ham muc tiéu va cac rang buoc 1a ham 16i bac hai ta c6 bai toan QCQP
nhu sau:
minimise (1/2)xTPyx + qlx + 1, (2.12a)
X
s.t (1/2)x"Px+qlx+1,<0, i=12,..,m (2.12b)
Ax=b (2.12¢)
Voi P, € S©

2.4.3 Lap trinh ban xac dinh
Lap trinh ban xac dinh 1a mot linh vuc cua tbi vu 16i, lién quan dén t6i vu ham muc

tiéu tuyén tinh trén giao diém hinh nén cac ma tran ban xac dinh duong véi khdng gian

afin.
minimise c”x (2.13a)
X
s.t xF, + x;F;++ x,F, <G (2.13b)
Ax = b (2.13¢)

Cac bat dang thuc rang budc duoc goi 1a cac bat ding thic ma tran tuyén tinh. Bai

toan 16i khi ham muc tiéu tuyén tinh va céc rang budc bat dang thirc ma tran tuyén tinh.
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2.5 Mot s6 bai toan téi wu trong théng tin vé tuyén

Trong truyén thdng vo tuyén, dic biét 1a hé thong thong tin té bao, kha ning tai sir
dung phé tan 1a hét sic can thiét dé dam bao chat lwong dich vu caa hé thdng. Chinh
viéc tai sir dung phod tan dan dén anh huong cua can nhiéu giira cac ngudi ding trong
cuing té bao va nhidu cua cac nguoi dung & canh té bao. Do d6, viéc quy hoach va téi vu
cac thdng sb cua mang 1a hét sic can thiét [43]. Gia sa xem xét mot hé théng gom K
may phat/thu, véi P; 1a cdng suat phat cua may phat tht 1, va G,; 1a d6 loi kénh truyén

tir may phat thir k dén may thu th i.

+— —— =G — — — @
v
— /S
611 piki y
- o
@ T G22 TX2
4
D f

Hinh 2. 8 M hinh mang truyén théng gdm nhiéu may phat va may thu
Ldc nay, ta co SINR cua may thu thir i nhu sau:
G..P:
S 214
ki GeiPr + 0

Thong thuong cac bai todn téi wu hudng dén giam thiéu cong suat phat can thiét

tai mdi may phat ma van dam bao rang budc vé SINR caa mdi may thu nhu trong biéu
thae (2.15a) va (2.15h).

K
PE?},II};( ,Z: P, (2.15a)
=1

G P;
S.t
Yk#i GriPr + 0

_>y,i=1,..,K (2.15b)
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Trong d6 cac bai toan tdi wu c6 thé thay doi ty theo muc tiéu ma ngudi thiét ké

va nguoi dung mong mudn dya trén cac thong sb trong mang nhu trong Bang 2.1.

Bang 2. 1 Cac bai toan tbi wu trong mang truyén thdng di dong

Théng sb Biéu thic
K
Max SR(Py, ..., Pyx) = Z log,(1 + SINR;) (2.16a)
Tbi da téng toc do i=1
s.t Z P; < Phax (2.16h)
i
, , , Max MMF (P;, ..., Pr) = min SINR; 2.17a
Téi da — téi thiéu (P e, i) l (172)
cong bang s.t Z P; < Prax (2.17b)
i
SR(Py, ..., P
o Max EE(P,, .., Py) = (P, ., Pr) (2.18a)
Toi da hiéu qua YiPi + Pracn
nang luon
i
2.5.1 Phan tich hiéu niing ctia md hinh thong tin vo tuyén véi RIS

Moi truong v tuyén théng minh hay vé tuyén 2.0 duoc st dung dé chi vé tinh thong
minh va linh hoat cua RIS khi duoc két hop trong hé thdng thong tin vo tuyén. Vai su
c6 mat cua RIS, cac ki su thiét ké truyén thong khi thiét ké hé thong vo tuyén co thé
xem xét la diéu khién duoc cac thong sé dé dat duoc hiéu nang mong mudn [44]. Trong
thoi gian gan day, cac nghién ciu phan tich va danh gia hiéu nang cua hé théng théng
tin v tuyén véi sy hd tro cia RIS duoc xem xét twong dbi nhiéu. Trong [5], nhom tac
gia da so sanh hiéu qua cua viéc st dung RIS so véi cac ki thuat s dung DF vai mo

hinh hé théng duoc dé xuat nhu trong Hinh 2.9.
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RIS gdm N phin

W i’
tir phan xa
hyea
Vat can

;

(a) RIS hd tro thong tin trong trudng hop ¢o vat can

w

-

Wit can

(b) B chuyén tiép hd tro thong tin trong truong hop 6 vat can

Hinh 2. 9 Mé hinh h¢ théng so sanh truong hop st dung RIS va Relay.

Trong md hinh hé théng dé xuat & Hinh 2.9a, gia sir hé théng cé st dung 1 mat
phan xa théng minh vai N phan t phan xa. Véi kg, € CY¥ va h,; € CV lan luot 12 kénh
truyén tir ngudn tin dén mit phan xa va tir mat phan xa dén ngudi dung. Luc ndy, ma
tran pha cta mat phan xa thong minh duoc xay dung nhu sau:

0 = adiag(e’’, ..., /%) (2.19)

Trong d6, a € (0,1] 12 hé sé phan xa bién do; 6, ..., 8y 1a cac bién dich pha cua
RIS, théng s6 nay co thé toi wu duoc. Tin hiéu thu duoc tai ngudi dung nhu biéu thirc
(2.20).

y = (hL®Oh)/ps +n (2.20)

Trong biéu thic (2.20), s la tin hiéu thdng tin, p 1a cong suat phat va n~Ng(0, %)

la nhiéu tai phia thu.
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Két qua nghién ctru cho thay truong hop c6 st dung mat phan xa théng minh cho

tdc d6 cao hon rat nhiéu so véi trudng hop sir dung DF va trudng hop hé théng SISO.

Trong [45], tac gia dé xuat mé hinh hé théng SISO nhu Hinh 2.10 gom mét tram

g6c BS, mot mit phan xa thdng minh va mot ngudi ding. Xac suat dirng OP cua hé théng

duge danh gia dung phuong phap x4ap Xi va phuong phap phan tich Monte Carlo. Trong

d6, SNR cuc dai caa hé théng trong trudng hop gia sir thong tin trang thai kénh truyén

1a hoan hao tai RIS nhu biéu thic (2.21).

14

2
max=yop (Zg=1|hrd,n | | hsrn | + |g|)

V6iy, = P/N, la SNR phia phat.

Pour = PrOb(Vmax < yth)

o .
i E-":; :T h,
I{L' "{. .
Mo ._,-"'-'r
A . RIS
S
Phia phdt
~ h
ir M" L i
N
b
Phia thu

Hinh 2. 10 RIS hd trg hé théng truyén thong truong hop ¢6 vat can

2.5.2 K¥ thuat két hep dinh dang bup séng chi dong va thu dong
2.5.2.1 Pinh dang bap séng (Beamforming)

(2.21)

(2.22)

Khi s6 lugng thiét bi két ndi trong mang két ndi van vat tang 1én dang ké, voi hang ti

thiét bi duoc két v6i nhau lam gia ting ving bao pht va hon nita can nhiéu gitra cac thiét
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bi 1am cho chat lugng tin hiéu thu anh huong dang ké. K thuat dinh dang bup song tai
cac tram phat 12 mot ky thuat giup lam ting hé sé dinh huéng ctia mang ang-ten. Pic
biét hon, ky thuat nay sé gilp lam giam cac bup séng phu va bic xa nguoc lam anh
huong dén cac nguoi dung khdng mong mudn trong mang. Cac bai toan téi wu cho dinh
dang bup soéng dugc xem xét trong [46], véi muc tiéu tao ra cac bo dinh dang bap séng
cho chum btic xa hep hon trong cac diéu kién khic nghiét hon. Trong nghién ctiru nay,
nhom tac gia xem xét bai toan dinh dang bup séng trong trudng hop xau nhat (worst-

case) Vi cac trong so khdng chac chan.

Trong cac hé théng thdng tin 5G, ky thuat dinh dang blp séng beamforming ngay
cang duoc chu trong, dic biét trong bdi canh trién khai MIMO quy md Ién (massive
MIMO) trong cac té bao nho (small cells) ¢ thé din dén muc tidu thu ning luong cao
khong can thiét. Khi do, viéc st dung cac mang ang-ten quy md nho két hop voi
beamforming tai céc tram phat duoc xem la giai phap hop ly va tiét kiém ning luong
hon [47]. Bén canh d6, cac nghién ctu gan day da chi ra rang ky thuat beamforming
trong moi trudng truyén thong 5G co thé cai thién dang ké hiéu suat hé théng va giam ty
1 15i bit BER [48]. Véi su hd tro ciia mat théng minh RIS, ki thuat beamforming tiép
tuc dugc mé rong ca vé mat khai niém Ian phuong thic trién khai, tir d6 dat ra nhu cau

phan tich chuyén sau hon vé cac hudng tiép can hién dai trong thiét ké va téi uu hé thdng.
2.5.2.2 Két hop dinh dang bap séng chi ddng va thu dong

K§ thuat dinh dang bup séng dugc xem xét trong hé théng thdng tin vo tuyén cé su
hd tro cua bé mat phan xa thdng minh RIS bao gém: dinh dang bdp séng chia dong thuc
hién tai phia phat la cac tram goc BS hoic céc diém truy cap AP, tai cac mat phan xa
théng minh RIS 1a dinh dang bap séng thu déng vai bién d6 phan xa 16n nhat duoc gia
sir 1a 1. Mot s6 nghién ciru noi bat sir dung ki thuat két hop dinh dang bap séng cha

dong va thy dong dugc tom tat trong Bang 2.2.
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Bang 2. 2 Ky thuét két hop dinh dang bup song dé cuc dai dung lugng va tde do hé

dung

théng.
TLTK Téi wu M6 hinh hé théng | Phan loai Két qua
Do lgi dinh dang bap
[49] Cuc dai cbng MISO duong Phalién | song ti I€ véi binh
Suat xuéng tuc phuong s6 phan tir phan
Xa
] . Hiéu nang cta hé théng
Cuc dai dung Pha lién o , ]
[50] MIMO mmWave cai thién dang ke so véi
luong tuc
chi s dung RIS
o MISO duong » ,
Cuc dai tong , ) Pha lién | Thong lugng hé¢ thong
[51] . xuong, da nguoi .
toc do . tuc tdng dang ké
dung
o, MISO duong ] ] ,
Cuc dai tong , ) Pha roi Hiéu nang tang dang ké
[52] , Xuong, da nguoi o
toc do . rac véi vai gia tri dich pha
dung
_ MIMO dudng _ Triét duoc can nhiéu
Cuc dai cuc . ) Pha lién o .
[53] | . Xxuong, da nguoi khi so luong phan ti
tieu SINR tuc

tang dan dén vo clng.

Trong Hinh 2.11, mé hinh duoc dé xuat bai Wu va cong s dit trong ngit canh

hé thdng truyén thong da ngudi dung, ¢6 su hd trg caa RIS [31]. Hé thong géom mot AP

cO M ing-ten truyén thong tin dén K thiét bj nguoi dung don ang-ten, va mit phan xa

théng minh gom N phan tir phan xa. Gia st tin hiéu dai nén phuc tai AP nhu sau:
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(2.23)

K
X = Z WkSk
k=1

Véi s;, 1a dix lieu duogc truyén boi nguoi dung tha k. w, € C¥*! 13 vec-to dinh
dang blp song tuong ung. Xem xét s, 1a doc 1ap ngau nhién, c6 phuong sai don vi. Tin

hié¢u thu duoc tai nguoi dung tha k s€ la:

K (2.24)
Vi = (hTI:IIkOG + hg,k) z wkSk + Ng, k = 1, ey K
k=1
Trong d6, n,~CN (0,2) 1a nhidu Gauss tring cong tai nguoi dung thir k. Tir

biéu thuc trén ta c6 SINR tai ngudi dung thi k nhu sau:

|(r06 + R w|” (2.25)
Z¥¢k|(hf,k96 + h’;,k)wj|2 + o '

SINR, =
Dinh dang blp song tai AP duoc thuc hién dwa theo MMSE nhu biéu thuc (2.26),

K
: 2
min w
1in > [|w |
k=1

hiw,|? 2.26b
n I( z k|2 >y, vk ( )
Zj;tk'(hkwj| + 0

(2.26a)

s.t

Bén canh dé, dich pha tao ra béi cac phan tir phan xa cé thé duoc téi vu dua theo
biéu thuc (2.27).
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K (2.27a)

max E te|[vf @, + hf{"k”2
v
k=1

s.tlv,l=1,n=1,..,N (2.27b)

1

2
YkOj.

Trong biéu thuc (2.27), ta c6 t;, = k=1,..K, v=[e, m’e]'@N]H € VYL V3

®, = diag(h,)G € C"*, vk

-« - Wireless control link IRS controller

—=  Desred signul e Interlerence
Hinh 2. 11 Hé thdng truyén thong da ngudi dung c6 sy hd tro cua RIS
2.6 Truyén thong vo tuyén véi su hd tro ciia may bay khong ngudi l1ai UAV

Trong thoi gian gan day, UAV da thu hit s quan tdm dic biét nho vao nhitng uu
diém vuot troi nhu tinh linh hoat, kha ning trién khai nhanh chong va kha niang hoat
dong trong nhiéu diéu kién méi trudng khéc nhau, ké ca cac mai treong nguy hiém hozc
kho tiép can. Chinh vi vay, UAV dang duoc khai thac manh mé trong nhiéu linh vuc nhu
quan sy, cdng cong va dan sy, dic biét trong cac ung dung truyén théng vo tuyén. Su két
hop cua UAV véi mang v tuyén gidp cai thién dang ké pham vi phu séng nho vao kha
nang thiét 1ap két ndi tim nhin thang, 1am giam suy hao tin hiéu va tic ngh&n mang ma

cac hé thong truyén thong thudng gap phai. Bén canh d6, UAV cd thé diéu chinh d6 cao
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linh hoat, tir d6 t6i wu hoa chat lwong dich vu (QoS) dua trén cac yéu té nhu mat do
ngudi dung, toc do dir liéu yéu cau va cac yéu to moi trudng tic dong nhu nhidu hoic
tac nghén. Kha ning di dong cua UAV cho phép chung thay doi vi tri nhanh chéng, gi
két ndi 6n dinh, dic biét trong cac khu vuc ¢6 mat dé ngudi diing cao hoic trong cac tinh
hudng khan cap. Hon nita, UAV c6 thé bd sung mang v tuyén trong cac khu vuc khong
c6 ha tang mang sin ¢, chang han nhw trong céc sy kién 16n hozc khu vuc kho tiép can,
noi cac co s& ha ting mang truyén thong khong thé dap ang. Véi nhitng dic diém nay,
UAV dang tré thanh mot thanh phan quan trong trong cac mang vo tuyén thé hé mai,
dic biét 1a trong cac mang 5G va 6G, noi yéu cau vé bing thong, do tré va do tin cay

ngay cang khit khe hon [54].

Tuy nhién, truyén théng véi su hd tro cia UAV co thé gap phai mot s6 han ché
va thach thic khi hé théng chua hoan thién. Cu thé, do cao cua UAV yéu cau tram géc
di dong phai cung cap vuing phua séng trén khong 3D, diéu nay co thé dan dén viéc chuyén
giao thuong xuyén hon va duong lén/duong xudng thay doi theo thoi gian véi tram
goc/nguoi dung mat dat. Do dé, van dé quan trong nhat 12 tong nang luong tiéu thu can
thiét cho UAV duy tri viéc bay hodc dang yén & mot vi tri 1a han ché do duoc cung cap
boi pin. Do d6, truyén théng UAV thudng dugc cung cap tam thoi trong mot sb truong
hop khan cap nhu canh béo tham hoa, day nhanh céc hoat dong cu ho ciu nan, van
chuyén vat tu y t& dén cac khu vuc kho tiép can, hoic cac tham hoa chay ring, theo doi
dong vat hoang da & cac khu vuc héo 1anh [55]. Bén canh d6, nhiéu k¥ thuat t6i wu ning
luong bao gom viéc kiém soét chiéu dai canh, do cao caa UAV, hoic kiém soat UAV
chi bay ngang vai muc tiéu giam thiéu mic tiéu thy nang lugng cia UAV nham kéo dai
thoi gian duy tri hoat dong truyén thong di liéu. Ngoai ra, cac ngudn ning luong tai tao
nhu ning lugng mit troi, nang lwong gié cling duoc xem xét 1a nhiing nguén nang luong

bd sung cho qué trinh 1am viéc cua UAV [56].

2.7 Dién toan bién di dong MEC
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Dién toan bién di dong MEC (dién toan bién da truy cap) duoc gidi thiéu lan dau tién
vao ndm 2013 khi Nokia Siemens Networks va IBM da phat trién mot nén tang dich vu
ting dung mang cho phép cac nha khai thac mang di dong c6 thé trién khai, thuc thi va
tich hop cac dich vu tng dung ¢ bién (Edge) cua mang. Khac véi mo hinh dién toan tap
trung truyén thong, MEC dua ra kién trac dién toan phan tan, trong d6 céc tai nguyén
tinh toan va luu trit dwoc trién khai truc tiép tai hodac gan céc nit bién trong RAN, gidp
rit ngan khoang céach truyén dan giita nguoi ding cudi va hé thong xir ly. Viéc dat tai
nguyeén xu ly tai bién khong chi giam d6 tré tong thé ma con lam giam luu lugng truyén
dan nguoc (backhaul), tir @6 han ché tic nghén tai mang truc va ting hiéu qua st dung
bang thong. Cau tric MEC dic biét thich hop vai cac tng dung yéu cau do tré siéu thap
va do tin cay cao nhu URLLC [57], dong thoi hd tro hidu qua céc dich vy theo ngit canh
va céc tng dung twong tac theo thoi gian thuc nhu thyc té ao/ting cudng, phuong tién
ty hanh, va loT cdng nghiép. Ngoai ra, nho kha nang tich hop lién mach véi cac cong
nghé mang truy nhap thé hé méi nhu 5G va dinh huéng téi 6G, MEC déng vai tro then
chét trong viéc tai cau trac kién tric mang di dong hién dai, gop phan xay dung nén tang
ha tang s linh hoat, thich ung va dap wng cac yéu cau ngay cang cao cua hé sinh thai

dich vu trong ky nguyén dién toan bién va két néi van vat [58].

Trong bdi canh hé sinh thai s ngay cang mé rong va nhu cau xt ly di liéu thoi gian
thuc gia ting manh m&, MEC dong vai tro trung gian chién lugc giita 16p thiét bi dau
cudi va hé théng dam may tap trung. Cac (ng dung dir liéu 16n cuing véi hang ty thiét bi
IoT duoc trién khai phan tan ngay cang c6 xu hudng két ndi truc tiép ti ha ting mang
bién, noi MEC xir Iy cuc bd céc tac vu tinh toan hoic luu trir trude khi truyén tai 18n hé
thdng trung tim. Pong thoi, mang bién di dong duoc tich hop véi cac nén tang dam may
riéng (private cloud), noi luu trir co s¢ dit liéu va ang dung trung tam dé phuc vu céc tac
vu xur Iy c6 quy md 16n va it nhay cam vé do tré. Tuy nhién, do céc dich vy va eng dung
trén nén tang dam may thuong dugc trién khai tai cac trung tam dir liéu cach xa nguoi

dung di dong, d6 tré truyén dan va gidi han bing thong trong mang 16i ¢6 thé anh huéng
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tiéu cuc dén chat luong trai nghiém. MEC giai quyét van dé nay bing cach trién khai cac
chtc nang xir Iy va tng dung phan tan ngay tai 16p bién, chang han nhu tai tram géc,
may cha bién, hoac gateway ciia mang truy nhap vé tuyén. Nho do, nguoi ding co thé
truy cap truc tiép vao ha tang mang khong day gan nhét dé khai thac cac dich vu c6 do
tré thap, hiéu ning cao va kha ning phan hdi theo thoi gian thuc. Khong chi dung lai ¢
viéc cai thién trai nghiém nguoi dung, MEC con t6i wu hiéu qua mang va tai nguyén
thong qua cac co ché nhu phan b dong tai nguyén tinh toan, luu trir dém (edge caching),
va lap lich thdng minh. Nhitng tdi wu nay gop phan tiang hiéu suat toan mang, giam tai
cho dam may trung tdm, dong thdi nang cao tinh bén viing va kha nang mé rong cua hé

théng mang khdng day thé hé méi [59].
2.8 Két luan chwong

Trong chuwong nay, cau tric ciia mat phan xa théng minh, nguyén ly hoat dong, phan
loai mat phan xa thdng minh dua trén nguyén ly hoat dong, va irng dung cua mat phan
xa théng minh trong cac hé thdng thong tin vo tuyén khac nhau da duoc gisi thiéu. Bén
canh d6, cac khai niém co ban lién quan dén tap 16i, ham 16i, va céc dang bai toan chuan
vé t6i uu 16i duoc trinh bay. Hon nita, viéc ung dung bai toan t6i wu 10i vao trong céac hé
thng thong tin v tuyén c6 sy hd tro ciia mat phan xa théng minh ciing dugc xem xét
tong hop va phan tich. Mat khac, mot s6 céng nghé truyén thdng tién tién nhu mang
truyén théng co su hd tro ciia may bay khong nguoi 14 UAV, mang dién toan bién di
d6ng MEC, cé4c (ng dung tiém ning cua RIS trong céc hé thdng truyén thdng hién dai

cling da duoc trinh bay ngan gon.
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Chuong 3

TOI UU THONG LUQNG MANG DI PONG CO SU HO TRQ
CUA MAT PHAN XA THONG MINH

Trong bdi canh mang théng tin vo tuyén phét trién manh mé trong thoi gian gan day,
s6 lugng ngudi dung ting 1én khéng ngirng, cac dich vu méi lién tuc phét trién vai cac
yéu cau khac khe vé chat luong dich vu QoS. Hién trang, cac hé théng thong tin di dong
dugc quy hoach véi s6 lugng ngudi ding nhiéu, dan dén viéc dam bao céc tin hiéu dén
khu vuc cia nguoi ding bi che chan gap nhiéu kho khin, hodc ngudi ding tai khu virc
nay s& thu dugc tin hiéu yéu hon. Chinh vi vy, ndi dung trong chuong ndy dé xuat ¢ng
dung mat phan xa thong minh RIS vao kénh truyén trong mang di dong gom maot tram
gdc don dng-ten phuc vu nhiéu nhém nguoi dung bi che khuat bai céc vat can gilp ting
cudng chat luong tin hiéu tai phia thu. Cu thé, tong thong lwong mang duoc téi da dya
trén cac rang budc vé cdng suat tiéu thu cua hé thdng va chét luong dich vu QoS cua
mang di dong. Bai toan tdi uu dé xuat Ia bai toan khdng 16i do ham muc tiéu c6 dang 16-
ga-rit, chinh vi vay phuong phap xap xi va bién d6i bat dang thic 16-ga-rit duoc &p dung
dé bién doi bai toan téi wu dé xuat vé dang téi vu 16i. Lc ndy, phuong phap phan bd
cdng suat nhu trong Thuat todn 1, dugc dé xuat dé giai bai toan t6i wu hé sé diéu khién
cong suat khi gia tri caa hé sé dich pha cac phan tir RIS duoc thiét 1ap ¢b dinh va phuong
phap tim kiém hé sé dich pha ti wu dugc dé xuat trong Thuat toan 2, dé giai bai toan toi
wu hé s6 dich pha caia cac phan tir trén mat phan xa thdng minh RIS khi hé sb diéu khién
cong suét duoc thiét 1ap ¢ dinh. Sau cuing, két qua tbi wu cua bai toan dé xuat dugc giai
dua trén két hop Thuat toan 1 téi uu hé s6 phan bd cong suat va Thuat toan 2 téi wu hé

s6 dich pha cua phan tir phan xa trén RIS dua trén Thuat toan 3.
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3.1  Giéithigu

M3t phan xa théng minh RIS 12 mét trong nhitng cdng nghé then chét duoc dé xuat
cho mang thé hé thir 6 (6G) trong tuong lai gan. Trong truong hop, bé mat chi phan xa
tin hiéu t&i thi RIS c6 thé hoat dong khdng can ngudn cung cip, va RIS c6 thé phan xa
toan bang thong ma khong bi anh huéng boi nhiéu tai bo thu. Trong thoi gian gan day,
RIS duoc quan tdm nhiéu khdng nhitng trong nghién citu ma con trong cac tng dung
thue té [60].

Trong [31] tac gia dé xuat mot mo hinh hé thong théng tin vo tuyén don té bao co sy
hd tro cua RIS, gom AP duoc trang bi nhiéu ang-ten va nhiéu nguoi dung don ang-ten.
Dic biét, RIS dugc trang bi bo diéu khién va cé thé chuyén doi gitra cac ché do lam viéc
hoac bo thu hodc phan xa. Tong cong suat phat cia AP dugc cuc tiéu dua trén két hop
bai toan tbi uu dinh dang blp séng cha dong tai AP va dinh dang blp song thu dong tai
RIS vaéi rang buoc SINR cuaa ngudi dung. Tuong tu trong [61], [62] cac tac gia ciing xem
xét ung dung bé mat phan xa thdng minh RIS trong hé thdng thdng tin v tuyén nhiéu
ngudi ding. Lan luot, phuong phap ADMM va phuong phap tinh toan d6 phirc tap thap
dugc xem xét ung dung dé t6i vu ti 6 tin hiéu trén nhidu SNR va toc do trong trudng

hop Xau nhat (worst-case) ciia mang.

Dic biét, sy két hop cua bé mat phan xa thdng minh RIS va UAV hira hen sé gitp
cai thién dang ké chit lugng cua truyén théng. Hon nita, cac (ng dung caa UAV trong
thue té ngay cang tré nén phd bién trong nhiéu linh vuc khac nhau nhu; quan sy, gidm
sat, ciru ho ciru nan, kham pha dia ly. Chinh vi vay, hiéu ning caa mang va chat luong
dich vu can ludn duoc dam bao va su linh dong cia UAV cung véi su hd tro cua RIS ¢6
thé thuc hién duoc céc yéu cau trén. Trong [53], tac gia két hop téi wu quy dao bay cua
UAV va dinh dang bap song thu dong tai RIS gilp cuc dai tbe d6 dir liéu dat duoc tai
ngudi dung. Trong [63], phuong phap hoc sau cung ¢6 dugce dé xuat dé giai quyét bai

toan t6i wu vGi muc tiéu cuc dai hiéu qua ning luong cia mang UAV.
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Véi cac wu diém ndi bat vé hiéu qua sir dung phé tan va hiéu qua ning luong, NOMA
dugc xem 13 mot trong nhitng k¥ thuat truy cap tiém ning trong cac hé théng théng tin
di dong 5G va 6G [64]. Pic biét, su két hop giita NOMA va RIS di cho thay kha ning
cai thién dang ké ving phu song ciing nhu hiéu qua ning lugng cia mang. Hon nita, Sy
két hop gitra NOMA va RIS di giap cai thién dang ké ving bao phu va hiéu qua ning
lwong cia mang. Cu thé, hé thong RIS-NOMA dé xuit trong hé thdng thong tin MISO
trong [65]. Nhom téac gia da ap dung cac giai thuat SCR va SDR dé cyc dai tong toc do

dir liéu tai phia thu va cuc tiéu cong suat tiéu thy caa hé thong.

Bén canh d6, cac nghién ctru [66], [67] da wng dung RIS trong cac hé thdng truyén
tai thong tin két hop thu ning luong v tuyén lién tuc. Cu thé, trong [66] tac gia dé xuat
phuong phap t6i wu két hop giita dinh dang bip song cua RIS va phan b khe thoi gian
cho ngudi dung trong truong hop két hop NOMA va TDMA, véi muyc tiéu cuc dai thong
luong mang. Trong khi d6, nghién ciru [67] tap trung vao viéc cuc tiéu cong suat phat
ctuia AP dudi cac rang budc dong thoi vé SINR phuc vu théng tin va mic ning luong thu

duoc tai cac nguoi dung c6 nhu cau thu thap nang lugng.

Trong [68], [69], [70] cAc tAc gia xem xét cuc dai CAc trong s6 tong toc do va tong
cng suat cua ngudi dung trong hé théng thong tin vo tuyén co su hd tro cua bé mat phan
xa thong minh RIS. Cu thé, bai toan két hop tdi wu dinh dang blp séng chi dong tai cac
tram goc va hé sé dich pha caa cac phan tir phan xa. Lan luot, trong [69], [70] céc tac
gia da dé xuat cac phuong phép lap trinh phan doan tuyén tinh (FLP) dé giai bai toan tdi
wu dinh dang bap s6ng tai tram géc MBS. Bén canh do, cac giai thuat c6 do phtc tap
thap (low-complexity) duoc sir dung dé giai bai toan dinh dang bdp séng thu dong tai

c4c phan tir phan xa.

3.2 M0 hinh hé thong mang thong tin di déng co sw hd tro ciia mit phan xa

thong minh
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Trong mang di dong, cac nghién ciru gan day cho thiy bé mit phan xa théng minh
RIS duoc két hop trong mang dé giai cac van dé con ton tai nhu: cai thién ving bao pha
cua cac tram gdc, phan bd cong suat phat caa tram géc, thong lwong va tée do dir lidu
thu tai phia ngudi ding, bao gom ca dudng 1én va dudng xudng bi gian doan bai vat can
[71, 72, 73, 74, 75]. Cu thé, ngudi dung bi che khuat bai cac vat can trén duong truyén
dan dén chit lwong tin hiéu thu tai ngudi dung bi suy giam, hoic khong thu duoc tin hiéu

tr tram géc.

Tir nhitng van dé cap thiét trén, mot mo hinh duong xudng trong mang té bao SISO
phuc vu nhiéu nguoi ding véi sy hd trg caa mit phan xa thong minh RIS dugce dé xuat
trong Hinh 3.1. Hon nita, van dé ting cudng tong thong lugng mang duoc dé xuat giai
quyét dua trén cac rang budc vé chit luong dich vu QoS, cong suat phat caa tram géc.
Cu thé hon, mé hinh dé xuat gdbm mat tram goc don dng-ten phuc vu M = {1,..., M} &
nho, tap hop nguoi ding 1A K = {1,..., K}, vdi 6 luong ngudi ding khac nhau trong

mdi nhom 1a K, = {1,..., K,,,} va gia sir duoc phan bd dong déu trong ving phu séng.

Hinh 3. 1 M6 hinh mang té bao v&i su hd tro cia bé mat phan xa théng minh RIS
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3.2.1 Keénh truyén vo tuyén va théng lwong thong tin

Xem xét hé tryc toa d6 gém tram géc BS va nguoi dung nhu sau:
(%0, Yo, Ho)» (s Yim» Hy), M € M (X, i, 0), k € K trong d6 H, va H,, lan luot I

chiéu cao cua tram gdc va do cao dat mat phan xa théng minh RIS.

Luc nay, nhu trong Hinh 3.1, tir tram gdc BS dén ngudi ding gom: kénh truyén
tir tram goc BS dén RIS va kénh truyén tir RIS dén ngudi dung. Ta c6 mé hinh kénh
truyén trong khong gian tu do (duong truyén thang LOS) tir tram gdc BS dén RIS nhu
sau [76], [77]:

BO,m = BOR(;,TZYU m = 1) "';M; (31)

Trong biéu thic (3.1), B, 1a do loi kénh truyén xem xét tai vi tri tham chiéu, va

Ry, 12 khodng cach tir tram goc dén mit phan xa thdng minh thir m.

3.2
RO,m = \/d(%m + (HO - Hm)zr (3:2)

Voi dO,m = \/(xO - xm)z + (yO - ym)z-

Tiép theo, duong phan xa tir mat phan xa thong minh RIS dén ngudi dung (NLoS),
duong truyén nay thuong bi anh hudng bai vat can, cac hién tugng bong ram [78], suy
hao dudng truyén tir mat phan xa thdng minh RIS thit m dén nguoi dung thir (m,k) nhu
sau:

ﬂm,k = PLm,k + ULOSPrﬁ?zf + nNLOSPrIrVL,%cOS

(3.3)
= 10alog( dz . + le,’m) + AP + B,
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Trong d6, n%°S va nV°S lan luot 12 hé sb suy hao dudng truyén LoS va NLoS,

Vi A = ntoS —qNLoS \a B = 10alog (4ﬂchRm,k) + nNLos

Suy hao duong truyén theo khoang cach nhu trong biéu thic (3.4):

AT R i\
PL,,, = 10log (@) (3.4)

Véi f. 1a tan sé séng mang, don vi 12 Hz, ¢ 1a van téc anh sang tinh theo don vi

m/s, a > 2 1a hé sb suy hao theo ham mii. Xé4c suat cia LoS va NLoS [79] nhu sau:

— 55
1+ aexp [—b (arctan (dU'm) — a)] (3.5)

mk
Pies = 1 Pl 6)

Véi a va b 12 hang s6 méi trudng.

Thuc té, khi xem xét dén hiéu (ing dich pha cua tin hiéu trén cac phan tir phan xa
cua mat phan xa théng minh RIS ®,, = diag[d1m, Goms ) Pyml]. Trong d6 ¢y =
®ymel®m véi ay,,, € [0,1] va 8, € [0,21](Vn = 1,2,...,N,m € M) lan luot I bién
d6 va goc pha cuaa tin hiéu phan xa tai phan tir phan xa thi n cia mat phan xa théng minh
RIS tha m. Gia st bién d6 cua tin hiéu phan xa khong bi thay d6i bai phan tir phan xa
cua RIS, nén ta dit a,,,, = 1 [80]. Bén canh do, gia sir pha-dinh trong duong truyén tir
tram géc BS dén RIS 1 c&c bién ngiu nhién doc 1ap va co phan phéi ¢ong nhat (i.i.d)
V6i ho ., € CV*1va m € C™N Trong d6, H la toan lién hiép Hermitan.

Bén canh d6, hy ., € CV*1va ht,, € C™V lan luot 12 ma tran kénh truyén giira
tram géc BS va miat phan xa théng minh RIS thir m va kénh truyén gitra mat phan xa

théng minh RIS thir m va nhém ngudi ding tha m. Mit khac, ta c6 ma tran kénh truyén

giita tram g6c BS va nguoi dung thir (m,k) duoc phan xa qua RIS thir m [81] nhu sau:
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gm,k = hi—ln’k(pmho'm,m € M,k (S j(m (37)

Trong (3.7), ta ¢0 hom = /Bomhom VA R . = \/Brihfh .

Xem xét k¥ thuat da truy cap phan chia theo thoi gian TDMA trong mang di dong,
trong d6 tin hiéu dugc phat tir tram goc BS dén bé mat phan xa thir m va tin hiéu duoc
phan xa tir bé mat phan xa dén nhom nguoi dung thi m, gia st rang can nhiéu giita cac
ngudi dung hodc gitra cac nhém ngudi dung khdng xay ra tai ciing mot thoi diém nho
vao nguyén ly hoat dong cua ki thuat TDMA. Cu thé, trong mdi khe thai gian, chi mot
nhom ngudi ding duoc phuc vu, tic 13 chi nhom dé thuc hién truyén nhan di liéu, trong
khi cac nhom con lai tam thoi khéng hoat dong. Diéu nay khong chi giap don gian hoa
md hinh ti wu, ma con loai bo nhu cau xét dén céc thanh phan lién quan dén nhiéu chéo
trong mé hinh toan hoc, tir 46 lam giam déng ké do phuc tap tinh toan trong qué trinh ti
uu hoa cong suat phat va thiét ké ma tran dich pha cua bé mat phan xa théng minh RIS.

Tir d6, ta c6 duoc biéu thic tin hiéu thu tai phia ngudi ding nhu biéu thic (3.8):
Ymk = \/Pmek9mikSmk + ny, m e M, k € Ko, (38)

Gia str kénh truyén c6 nhidu Gauss trang cong AWGN va tram géc phat véi cong

suat p,, xdén nguoi ding tha (m,k) va s, la thong tin dwoc truyén tir tram goc BS.
”Sm,k”Z < 1; ng ~ CN(0,02)1a nhidu Gauss tring cong AWGN tai ngudi dung thi
(m, k).

it Po = [Poml ., V6i Pom = [Dmcs ", VA @y = [@,1%_,. Biéu thic ti s6 tin hiu

trén nhidu SNR tai phia thu nhu trong biéu thirc (3.9):

2
Ym,k(pm,k! (Dm) = pm,kl_#; (39)
Kk
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3.2.2 Bai toan tdi wu téng théng lwgng mang

Thong lugng théng tin cua nguoi dung thir k tai nhém thir m theo bps/Hz nhur sau:

Rm,k(pm,k: (Dm) = 10g2 (1 * Ymk (pm,kl (Dm))» (310)

ta c6 tong thong luong cua tit ca ngudi dung trong mang nhu trong biéu thire (3.11):

M Km

Rtotal (pO' (DM) = 2 Z Rm,k(pm,kr q)m): (311)

m=1k=1

Lic nay, bai toan téi uu xem xét cho hé thong mang thdng tin di dong ¢6 sy hd
trg ciia mat phan xa thdng minh RIS nhu trong (3.12). Muc tiéu cyc dai tong thong lugng
mang (3.12a) theo bién cong suat phat cuc dai tai tram gc BS va hé s6 dich pha caa cac
phan tir phan xa ciia bé mit phan xa théng minh. Rang budc duoc xem xét trong bai toan
t6i uu tong thong luong mang la cdng suat cuc dai, chat luong dich vu QoS, va pha cua

cac phan tir phan xa RIS.

ggg’; Riotar (Do, Pu), (3.12a)
M Km
s.t Z z Pmx < P, m € M,k € Ky, (3.12b)
m=1k=1
Rk (Pmjer Pm) = T m € M, k € Ko, (3.12¢)
0<0,,<2r,yn=1,2,..,NmeM, (3.12d)

Cu thé, trong (3.12b) téng cdng suét tiéu thu cua tit ca cac RIS khong lén hon
cdng suit phat cuc dai cua tram géc BS (PF%). Trong khi d6, (3.12¢) la rang budc vé
chat luong dich vu tai ngudi dung tha (m,k). Va (3.12d) cho thay bién trén (upper bound)
va bién dudi (lower bound) cua goc dich pha tai phan tir phan xa thir n cia mat phan xa

thong minh RIS tha m.
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3.3  Bai toan két hop téi wu téng théng lwgng mang

RO rang, trong bai toan duoc dinh nghia trong biéu thuc (3.12) 1a cac ham khéng
15i (non-convex), do tinh chat phi tuyén caa ham muc tiéu (3.12a) dya trén cong thic
Shannon va sy phu thudc 1an nhau giita cac bién téi wu trong (3.12b), (3.12¢). Chinh vi
vay, bai toan c6 do kho cao va khdng thé giai truc tiép thong qua st dung cac cong cu
nhu CVX. Do d6, bai toan t6i uu s& dugc chia thanh hai bai toan con lan luot téi wu theo
cac hé sé diéu khién cong suit cua BS va dich pha cua cac phan tir phan xa trén RIS

duoc giai theo cach dung phuong phap lap.
3.3.1T6i wu hé sé6 phan bé cong suit tai tram phat géc BS
Xem xét hé théng vai gia tri hé sb dich pha da cho bat ky ®,,, l4c nay ta cé bai
toan ti wu hé sé diéu khién cong suat nhu biéu thire (3.13a). Trong dé, diéu kién rang
budc duge xem nhu da dé xuat trong (3.12b) va (3.12c) theo cong suat cuc dai tai tram
phat va chit lugng dich vu QoS:
rrlllf)lx Rtotal (pO)' (3.138.)

s.t.(3.12b), (3.12¢), (3.13b)

Dua trén phuong phap xap xi va bién doi bat dang thic logarit [82] s dung ham

16i f(z) = log, (1 + é) > f(z) ta c6 dugc phuong trinh nhu trong (3.14):

_z (3.14)
(1+2)7

R 1 1
=1 (1 + —) +
f(z) 092 > 1+ 2
Trong d6, Vz > 0,Z > 0, ta ¢ thé viét lai biéu thirc nhu sau:

P

Ronic(Pmic) = RY (i), Yk € K, YM € M, (3.15)
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2 2
Gk _ . Gk
z=——+—, Z=z(‘)=ﬁ,
pm,k|gm,k| pmk|gm.k|
1 1 z (3.16)
NON
oga (1Y) e 2
Rse(Pmie) = log: (14 3 )+ 5~ 5 757
Ta cd thé viét lai biéu thirc (3.13) nhu sau:
max Rg))t o Po) (3.17a)
s.t.(3.12bh) (3.17b)
R(l) n(Do) 2Ty meM, k€K, (3.17¢c)
trong do, Rgogal(po) =yM T R(Kk(Pm k)-

Biéu thtrc (3.17) duoc giai bang Thuat toan 1 dugc trinh bay trong Bang 3.1 va
ngd ra cua thuat todn 1a cac hé sb diéu khién cong suat toi wu. Cu thé, céc gié tri dugc
thiét 1ap lan luot bién dém sé lan lap ban dau i = 0, ®,; ma tran hé s6 dich pha duoc cb
dinh, va ngwdng hoi tu cho bai todn e = 1073, Bén canh d6, s6 lan lap tbi da duoc thiét
1ap 1,4, = 20 dé dam bao cho thuat toan khong xay ra trudng hop 1ap v han. Thuat
toan lap lai cho dén khi mot trong hai diéu kién hoi tu hoic dat sb lan lap tdi da xay ra,
muc tiéu giai phuong trinh (3.17) dung cong cu CVX [83] dé tim duoc véc-to hé sé cong
suét cyc dai p{*tai vong lap i + 1.

Bang 3. 1 Thuat toan ti uu hé sé diéu khién cong suat

Thuét toan 1: Phan bé cong suat

Ng0 vao:
i=0®y6=10"3
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Imax = 20
While ham muc tiéu trong (3.17) chua hoi tu hodc (i < I,,,45)
Giai phuong trinh (3.17) tim (p{*™") diing CVX
i =1i+1
End while

Ngo ra: pg

Thuat toan 1 duoc dé xuat nhiam giai bai toan téi wu 16i trong (3.17), véi muc tiéu
cuc dai tong thong lugng mang R,.¢q; (Po). Bai toan cd s bién téi uu va sé rang buoc
tuyén tinh lan luot vao khoang O(K) va O(K + N), trong d6 K 13 s6 ngudi ding va N
la s6 phan tir phan xa cua RIS trong hé thong. Nho dic tinh 16i va lién tuc caa ham muc
tiéu, thuat toan dam bao kha nang hoi ty nhanh dén nghiém t6i wu toan cuc, dac biét khi
gia tri khai tao gan véi nghiém mong muédn. Qua trinh giai duoc thyc hién bang cong cu
CVX, véi diéu kién dung la sai s6 hoi tu nho hon € = 1073 hodc dat s6 vong lap tbi da
Lnax = 20.V&i do phuc tap tinh toan xap xi 0 (K?3), thuat toan co thé trién khai hiéu qua
trong cac hé thong véi sé ngudi ding khéng qué Ion va khong doi hoi tai nguyén phan

cang qua lon [84].
3.3.2 Téi wu hé sé dich pha ciia cac phan tir phan xa ciaa RIS

Tuong tu, khi hé s6 diéu khién cong suat p, dugc xem xét voi gia tri cd dinh, bai
toan ti wu hé sb dich pha cua RIS cd thé dugc md ta nhu (3.18), véi cac rang buoc vé

chat lugng dich QoS va gigi han gdc dich pha caa cac phan tir phan xa.

rgix Rtotal (q)m) (3.188.)

s.t.(3.12¢),(3.12d) (3.18h)
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Bai toan t6i wu trong (3.18) 1a phi tuyén, va phu thudc vao bién &, théng qua
SNR, thanh phan nay lién quan dén ma tran kénh truyén nhu trong biéu thtc (3.9). Ldc
nay, dé ham muc tiéu trong bai toan (3.18) don gian hon, dit hi @ hom = Uhxmk
Voi Uy, = [UL,, o, UN T VAR, = /% (vn = 1,2, .. N), Xpi = diag(hf ) hom, VA
a, = Py/0%, gia st |7, |? = 1 d& dam bao cac phan tr phan xa cua RIS chi diéu chinh

pha cua tin hiéu dén, gié tri bién d6 khong thay ddi, ta c6 biéu thic sau:

M Km
Lmax > > 108, (1+ Qcltmioth ) (3192)
m=1k=1
s.t UnmXimkXmjeWm = (2Tmk — 1) /ay, (3.19b)
Wh2=1vn=12..,N, meM (3.19¢)

Tuy nhién, bai toan (3.19) khdng phai la bai toan 156i (nonconvex) va
U X i Xt W €O dang bac hai phl hop dé ap dung ky thuat SDR. Ta dat X, =
X Xew k VGi X i 12 ma tran Hermitian ban xéac dinh dwong biéu dién thong tin cho kénh
nguodi dung, va biéu thac bac hai dwoc Viét lai WX, Uy = tr(Xp WmWl) =
t7(X i W), trong d6 Wy, = Y, Wk, 12 ma tran Hermitian, phai thoa diéu ki¢n ¥, > 0

varank(¥,,) = 1 cd thé dugc nsi long do dic tinh khdng 16i cua rang budc don vi [62].

M Km
wﬂr?%)éM Z Z log, (1 + aktr(Xm,kle)), (3.20a)
m=1k=1
sit tr(X,,w,) = 2™k —1)/a,, (3.20b)
q’m(n,n) = 1,Vn= 1,2,...,N, me M. (3200)
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y, > 0. (3.20d)

Sau khi bién dbi ta c6 duoc bai toan téi vu (3.20), voi ham muc tiéu (3.20a) toi
uu trén ma tran ¥,,,, phu hop véi phuong phap SDP [31]. Vi rang budc (3.20b) 1a rang
budc tuyén tinh, (3.20c) 1a rang budc md-dun don vi, (3.20d) 1a rang budc ban xac dinh
duong dé chic chin rang ¥, 1a ma tran ban xac dinh duong.

Bai toan téi vu (3.20) duoc giai quyét dya vao Thuat toan 2 trong Bang 3.2, sir
dung thu vién CVX. Céc théng sé dau vao dugc thiét 1ap lan luot, gié tri cta sé vong lap
i=0,p, fr(r?{( va ngudng hoi tu cua bai toan € = 1073, Ngd ra cua thuat toan la ma tran
pha t6i wu cua RIS ®;,. Khi thuat toan chua hoi tu hoic chua dat dén s 1an lap toi da,
tai mdi lan Iap trong khoang m = [1: M] gi4 tri twong ¢ing cua ¥,,, sau d6 s& duoc khoi
phuc lai gia tri cua CIJISH)cho nhom nguoi dung tuong ng vai mat phan xa thong minh

RIS sir dung cong cu CVX.

Bang 3. 2 Thuat toan t6i wu hé s6 dich pha

Thuat toan 2: Tim kiém hé sé dich pha

Ng0 vao:

i =0,py,e=10"3
Imax = 20

Lap lai

for m = [1: M]

Giai phuong trinh (3.20) tim (@{*") ding CVX

end for

i =1i+1

Cho dén khi ham muc tiéu trong (3.20) héi tu hoic (i = I,4,)

Ngo ra: @y,
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Thuat toan 2 thuc hién qua trinh lap qua M bai toan con (3.20), trong d6 mdi bai
toan tuong (ng voi mot ma tran dich pha W,,, € CV*N_ vai N 12 s6 phan tir phan xa cua
RIS trong hé théng dé xuit. Mdi bai toan con c6 sb bién téi vu vao khoang O(N?) va
bao gom O (K,, + N) rang budc tuyén tinh, trong d6 K,,, 1a s6 ngudi ding bi anh huong
boi phan tir phan xa thir m. Do dic tinh 13i, tirng bai toan con cd thé duogc giai hiéu qua
bang cdng cu ti wu 16i CVX. Tuy nhién, viéc lap tuan ty theom = 1,2,..., M c6 thé
lam ting dang ké thoi gian hoi tu tong thé, dic biét khi M hozdc N 16n. D6 phic tap tinh
toan toan bo thuat toan udc luong vao khoang 0 (20. M. N°) [84].

3.3.3 Thuat toan téi wu lap

Sau cuing, bai toan cuc dai tong thong lwong mang trong (3.12) duoc giai quyét
bang céch 13p xen k& hai budc téi vu, thong qua Thuat toan 3 trong Bang 3.3. Cu thé, tai
mdi vong lap i, thuat todn thuc hién giai bai toan (3.17) bang cong cu CVX dé tim véc-
to cong suét téi wu p{*® theo Thuat toan 1, va sau dé gidi bai toan (3.20) dé cap nhat
ma tran pha téi wu @Y ciia RIS theo Thuat toan 2. CAc tham sb dau vao dugc khai tao
V6i i = 0, nguong hoitu e = 1073 va s lan lap téi da I,,,,,, = 20 nham tranh hién tuong
lap vo han. Thuat toan ding lai khi diéu kién hoi tu duoc thoa man hoic khi dat dén gisi
han sé vong lap. Két qua cudi cing la cap nghiém téi wu (pj, ®;;), thé hién sy hoi tu
hiéu qua va tinh kha thi caa phuong phap ti uu dé xuat trong bdi canh hé thong truyén
théng co su hé trg caa RIS.

Bang 3. 3 Thuat toan t6i uu 1ap giai bai toan két hop

Thuit toan 3: Toi wu Lip dé giai bai toan (3.12)

Ng6 vao:

i =0,pge=10731,, =20

Lap lai

Thyc hién Thudt toan 1 dé giai (3.17) tim (p{*™") ding CVX.
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Thye hién Thudt toan 2 dé giai (3.20) tim (@) ding CVX.
i=i+1

Cho dén khi ham muc tiéu trong (3.12) hoi tu hodc (i = I,,4,)

Ngo ra: (po, ®y)

Thuat toan 3 trong Bang 3.3 két hop giai quyét bai toan ti wu gitra diéu khién
cong suét va diéu chinh pha RIS thong qua cac budc l3p qua Thuat todn 1 va Thuat toén
2. Do phic tap tinh toan caa thuat toan nay 13 O (1,4, M. N®). Véi tinh chét 16i cua cac
bai todn con, thuat toan dam bao hoi tu nhanh chéng vé nghiém tdi uu toan cuc, dic biét
khi gia tri khoi tao gan véi nghiém mong muén. Tuy nhién, thoi gian hoi tu c6 thé kéo
dai trong truong hop s6 vong 13p I,,,,, 160, hoic s6 phan tir phan xa cia RIS 16n va s6

lwong mat phan xa théng minh RIS nhiéu [84].

3.4 Két qua mo phéng va thao luan

Dua trén mé hinh dé xuat, bai toan tdi wu duoc phan chia thanh hai bai toan con
chinh: t6i wvu hé sb diéu khién cong suat va téi wu hé s6 dich pha cta cac phan tu trén bé
mat phan xa théng minh RIS. Sau cing, bai todn cuc dai tong thong lwong mang trong
(3.12) duoc giai quyét bang cach lip xen k& hai budc tdi vu, thong qua Thuit toan 3
trong Bang 3.3. Chuong trinh mé phong duoc thuc hién trén phan mém Matlab, véi su
hd tro cta cong cu CVX dé giai quyét bai toan ti uu 16i chuan. Cac théng s6 md phong
dugc thiét 1ap nhu trong Bang 3.4. Cu thé, két qua mo phong dugc thuc hién va danh gia
qua cac trudong hop bao gom: (1) OOP téi wu hé sé diéu khién cong suat — ti uu hé s6
dich pha; (2) EOP cdng suat phat bang nhau — t6i wu hé s6 dich pha; (3) ORP t6i uu hé
s6 diéu khién cong suat — hé sé dich pha ngau nhién; (3) ERP cong suat phat bing nhau
— hé s6 dich pha ngau nhién. Cac két qua nay duoc so sanh dé danh gia hiéu qua cua
phuong phap toi wu dé xuit trong viéc cai thién téng thong lwong mang va hiéu suat caa

cac ngudi dung trong hé thdng. Cac thir nghiém cho thay sy cai thién rd rét vé tong théng
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lwong khi &p dung téi wu ddng thoi cong suét va hé sé dich pha, dic biét trong cac diéu

kién mang phic tap voi nhiéu ngudi ding va phan tir phan xa.

Bang 3. 4 Thong sb st dung trong mé phong

STT Théng sb Gia tri
1. | Sb ang-ten cua tram géc 1
2. | Vi trf caa tram gdc (0,0, 30) m
3. | Ban kinh vung bao phu gan 500m
4. | Ban kinh vung bao phu xa 1500m
5. | Mat d6 cbng suat nhiéu trang -130dBm/Hz
6. | Ngudng QoS e=10"3
7. | S6 bé mit phan xa théng RIS lan luot [4, 8, 12, 20]
8. | S6 phan tr phan xa trén RIS [100, 150, 200, 250, 300]
9. | S6 nhom nguoi dung dugc xem xét [20, 30]
10. | Bang thong kénh truyén 10 MHz
11.| Cong suat phat tram géc BS [43:46] dBm

3.4.1. Sw hdi tu cia thuat toan dé xuat

Hinh 3.2 trinh bay qué trinh khao sat kha nang hoi tu cua thuat toan dé xuat, bao
gom hai thanh phan: Thuat toan 1 toi uu phan bd cong suat va Thuat toan 2 toi uu hé sd
dich pha cia cac phan tir phan xa trén bé mat phan xa théng minh RIS. Trong kich ban
mo phong, sb lugng RIS duoc thiét 1ap 1a M = 4, s6 luong nguoi dung trong mdi nhém
la K = 20, va mdi mat phan xa théng minh RIS bao gdm N = 100 phan tir phan xa. Két
qua cho thay, véi tap kha thi dugc lva chon phi hop, Thuat toan 1 héi tu sau 6 vong lip
véi thong lugng cuc dai dat duoc 1a 47.3 bits/Hz, trong khi Thuat toan 2 dat dugc thong
lwong cuc dai 92.2 bits/Hz chi sau 2 vong lip. Diéu ndy cho thay ca hai thuat toan déu

dat hiéu qua hoi tu tot, dac biét 1a trong viéc thuc hién tdi wu hiéu suat hé théng théng

54



qua diéu khién hé sé dich pha cta cac phan tir phan xa cho gi4 tri thong luong mang dat

dugc cao hon so v6i truong hop t6i wu phan bd cong suat.

Total Network Throughput (bits/Hz) vs Iteration

‘34?,26 Algorithm 1
=
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Hinh 3. 2 Sy hdi tu cua thuat toan dé xuét

3.4.2. Tong théng lweng mang cue dai

Trong Hinh 3.3, két qua danh gia tong thong luong ciia mang dat duoc Véi gia tri
cdng suat phat caa tram gdc thay doi trong khoang tir 43dBm — 46dBm, sé bé mat phan
xa thdng minh RIS M = 4, s6 nhom nguoi ding K = 20 va sé phan tir phan xa ¢ dinh N
= 200. Két qua cho thay tong thong luong dat duoc cia mang khi ¢6 su hd tro cua mat
phan xa théng minh RIS, va c6 tbi wu vé hé sé dich pha cua cac phan tir phan xa cho gia
tri cao hon xap xi 1,5 lan so véi truong hop co sir dung bé mat phan xa nhung khong t6i
wu hé sb dich pha. Hon nita, khi gia tri cong suat phat tai tram gdc ting, tong théng luong
mang sé tang lién tuc. Dya trén két qua, ta thay khi khéng xem xét tdi uu hé sé dich pha
cuia cac phan tir phan xa, téng thong lwong mang thay d6i khong dang ké trong 2 trudng

hop ¢6 &p dung t6i wu hé s6 phan bd cong va khong ap dung.
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Hinh 3. 3 Tong thong lwong mang truong hop M=4, K=20 va N=200

Tuong ty, Hinh 3.4 trinh bay két qua md phong trong trudng hop giit nguyén cong
suat phat tai tram goc va sb phan tir phan xa cua RIS. Trong kich ban nay, s6 luong mat
phan xa thong minh dugc dat 1a M = 8 va sd lugng ngudi ding 1a K=30. So véi Hinh
3.2, tong thong lwong mang tiép tuc ting khi cong suat phét tai tram gdc ting, cho thay
xu huéng tich cuc cua hiéu suat hé thong theo cdng suat phat. Hon nita, khi so sanh véi
truong hop s dung M=4, viéc ting sé mat phan xa l1én M=8 cho thay hiéu qua rd rét,
mac di sé luong ngudi ding ciing déng thoi tang tir K=20 18n K=30. Cu thé, tong thong
lwong mang van dat gia tri cao hon déng ké, phan anh vai trd quan trong cua sé luong
phan tir phan xa trong viéc cai thién hiéu suat truyén théng. Bang cach ting cuong kha
nang diéu khién hudng s6ng va tdi wu hoa qua trinh phan xa, hé théng c6 thé tan dung

hiéu qua hon tai nguyén truyén tai, dac biét 1a trong méi trudng c6 nhiéu ngudi dung.

Ngoai ra, két qua trong Hinh 3.4 mét lan nita khang dinh hiéu qua cua viéc tbi wu

hé s6 dich pha, voi muc cai thién tong thong luong mang xap xi 3 1an (tai cong suat phét
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43dBm) so véi truong hop khong thuc hién tdi wu hoa pha. Diéu nay cho thay rang tdi
uu hoa hé s dich pha khéng chi gidp nang cao hiéu qua phd tan ma con giam thiéu sy
can thiép gitra cac kénh, tir d6 t6i wu hoa kha ning truyén dan thong tin. Rd rang, viéc
tang s6 lwong mit phan xa khdng chi gép phan nang cao chit lwong tin hiéu tai phia

ngudi ding ma con gidp cai thién dang ké chat lugng dich vy (QoS) trong toan hé théng.

’-‘2(){} ..----n---.---.
............,......+.....

150% +00P

Total network throughput (bps/Hz

0 ' - ' '
43 435 44 445 45 455 46

Transmit power at BS (dBm)

Hinh 3. 4 Tong thong lugng mang trudng hop M=8, K=30 va N=200

Khi xem xét dén sé lugng phan tir phan xa trén cac bé mat phan xa théng minh
RIS, vai cac thong sé6 md phong lan luot 12 s6 bé miat phan xa théng minh M = 8, sb
ngudi ding K = 30, cong suat phat cuc dai tai tram goc BS 46 dBm. Két qua trong hinh
3.5 cho thdy, khi ting sé lwong phan tir phan xa trén bé mat phan xa théng minh RIS
gilp cho tong thong lwong mang ting dang ké, trong tat ca cac truong hop. Mit khéc,
duong mo phong OOP cho thay phuong phap dé xuat két hop ti wu hé s6 dich pha cua
phan tir phan xa va tdi uu phan bd cdng suat cho hiéu qua tét hon so véi cac truong hop

con lai.
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300

Hinh 3.5 Tong thong lugng mang véi sé phan tir phan xa cta RIS thay d6i N =
[100:300], M = 8, K =30, P*** = 46 dBm

Cudi cung, cac két qua trong Hinh 3.6 cho thiy tong théng lugng mang cua
phuong phap dé xuat khi s6 lugng mat phan xa théng minh RIS duoc diéu chinh, cu thé
1aM =4, M= 12 va M = 20. Trong trudng hop nay, tong thong lugng mang duoc ghi
nhan ting 1 rét khi sé lwong mat phan xa théng minh RIS tiang tr M = 4 [én M = 20.
Dic biét, tong thong luong mang trong truong hop khi M = 4 va M = 20 thay ddi rat 16n
khi cOng suat phat tang tir 44 dBm 1én 46 dBm, tuong duong khoang 56 bps/Hz tai gia
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Hinh 3. 6 Tong thong luong mang dat dugc trong truong hop sb lugng RIS khéac nhau
M=4 M=12, M=20

3.4.3. Théng lwong mang clia ngudi dung trong diéu kién xau nhat

Ngoai danh gia tong thong lwong cuc dai dat duoc cia mang khi 4p dung bai toan
t6i wu véi cac rang budc dé xuat. Trong luan an danh gia thong lugng ngudi ding trong
truong hop xau nhat nhét véi céc gia tri khac nhau cuaa sé luong ngudi ding MU, sb
phan tir phan xa cua RIS [85]. Trong d6, truong hop xau nhat dugc dinh nghia 1a truong
hop ciia MU dat dugc thong lwong thap nhat trong trudng hop c6 ap dung bai toan téi
vu dé xuat. R rang, két qua md phong trong Hinh 3.7 cho thiy wu diém cia phuong
phap duoc dé xuat OOP so véi cac phuong phap khac bao gom OPH, EOP, va ERP,
truong hop théng luong ngudi dung trong diéu Kién xau nhat véi cac gia tri duoc ¢b dinh
lan lugt M = 8, K = 30 va N = 200. Cy thé, thong lugng ngudi dung trong diéu kién xau
nhat cia OOP la 1 bps/Hz khi gia tri céng suat phét caa tram géc lan luot 1a PI** =
43 dBm, P"** = 44 dBm, khi cong suat phat P"** = 45 dBm gia tri tong thong luong
tang 1én gip d6i, va khi cong suat phat PJ"** = 46 dBm gia trj tong thong lugng dat gia
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tri dinh. Bén canh d6, ORP dat duoc thong luong ngudi ding 1 bps/Hz khi cong suat
phat cia tram gdc tang tir P"* = 43 dBm dén PJ"** = 46 dBm, trong khi dé thong
lwong ngudi dung trong trudng hop xau nhat cia EOP ting khi céng suat truyén ting,
dat xap xi 2.5bps/Hz tai gia tri céng suat phat cua tram goc PI*** = 45 dBm va
PI"%* = 46 dBm. Tuy nhién, khi khong t6i wu ERP thong luong nguoi ding trong
truong hop diéu kién xau nhat nho hon 0.5 bps/Hz, vi vdy khéng dap ¢ng rang budc
QoS nguoi dung trong (3.12c¢).

I ERP
B ORP
[ JEOP
B OOP

ot
tn

(9]

]
3]
|

3]
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—

Worst-case MU throughput (bps/Hz)
o
3] n

43 44 45
Transmit power at BS (dBm)

Hinh 3. 7 Thong lugng trong trudng hop xau nhat voi M = 8, K =30, N = 200
Trong Hinh 3.8 cho thay anh huong cua sb lwong phan tir phan xa tac dong 1én
thong lugng cta nguoi dung trong diéu kién xau nhat. Cu thé, véi cac tham sé dau vao
¢ dinh PI"** = 46 dBm, M = 20, va K = 30, trong khi s6 lugng phan tir phan xa dao
dong tir 100 dén 300. Két qua cho thiy thong luong dat dwoc trong truong hop xau nhat

phan Ién dap tng duoc cac rang budc QoS ngudi dung trong (13c), Vi gia tri vuot qué
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1 bps/Hz, ngoai trir treong hop cong suat truyén téi thiéu P = 43dBm. Nguoc lai,
khi khong duoc tdi wu hoa, nhu trong so do6 ERP, théng luong cua trudng hop xau nhat

gan nhu bang khong, di sé lwong phan tir phan xa cé tang 1én.
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Hinh 3. 8 Thong luwgng nguoi dung trong truong hop Xéu‘nhét véi 6 luong phan tir
phan xa thay doi tr 100 dén 300 phan tu

Tiép theo, Hinh 3.9 cho thay su thay d6i cua thong lwong x4u nhat theo s6 lugng RIS (M
=4, M =12, M = 20), trong khi sb lugng phan tir phan xa duoc giir ¢é dinh & N = 200
va sb lugng nguoi ding trong mdi té bao nho 1a K = 30. Tir két qua trén, co thé thay rang
trong hau hét cac truong hop, thong lwong caa phuong phap duoc dé xuat ludn 16n hon
1 bps/Hz, va théng luong ciing tang khi sb luong RIS, va céng suat phét cua tram gbc
BS tang. Bac biét, thong lwong tai M = 20 cao hon khoang 2.5 lan so véi thong lugng
MU tai M = 12 khi cong suat truyén duoc thiét 1ap ¢ P*** = 43dBm.
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Hinh 3. 9 Thong lugng ngudi dung trong tredng hop xau nhat véi sé luong RIS lan
luogt M =4,M =12, M = 20.

3.4.4. Thao luan

Tir cac két qua mo phong trén cho thay viéc st dung bé mat phan xa théng minh
RIS vao giup ngudi dung bi che khuat cd thé nhan duoc tin hiéu tir phia phat. Mat khac,
cac mo hinh toan dé xuat vao hé théng gilp cai thién dang ké tong thong luong cua hé
thong giup dam bao chat luong dich vu QoS cho ngudi dung. Mat phan xa théng minh
duogc sir dung trong hé thdng véi s6 lugng cang nhiéu s& giup ting dang két chat lwong
hé thong va dic biét, viéc tang s6 lwong phan tir trén bé mat phan xa théng minh s& gidp
cho chét lwong hé thng tét hon rat nhiéu. R6 rang, viéc ap dung bai todn téi wu cho hé
s6 dich pha cua phan tir phan xa 12 tién dé cho viéc &p dung k§ thuat dinh dang blp séng
tai c4c RIS gilp cho chét lugng tin hiéu tai phia thu tét hon va vung bao phu cua céc

tram gbc BS s& duoc cai thién hon.

62



So sénh hiéu suat tdi da ctia phuong phap dé xuat voi cac phuong phap thuc hién

t6i vu hiéu nang ctia mang di dong trong cac cong trinh khac bao gdbm [70, 86, 87]. Trong

d6, hiéu suat ti da 1a ti 1& phan tram cta gia tri cuc dai dat dugc trong trudng hop thuc

hién téi wu va khong thuc hién t6i wu. Cu thé, truong hop khdng tdi wu 1a khi hé théng

¢6 RIS nhung goc pha dugc chon ngau nhién va cong suat dugc phan bd déu cho céc

nguoi dung khac nhau, tuong tng vai truong hop OOP so vai ERP trong phuong phap

dé xuat. Trong d6, gia tri hiéu suat téi da duoc danh gia theo

opt noopt
Rmax' Rmax

opt _,moopt

max”_ “max .
opt noopt Vol
max™ “max

lan luot 1 gia tri thong luong cuc dai dat dugc khi c6 toi uu pha, t6i vu

phan b cdng suat, va gié tri thong luong cuc dai khi co RIS c6 gia tri goc pha la ngau

nhién, cdng suat bang nhau cho mi ngudi dung.

Bang 3. 5 So sanh hiéu suat phwong phap dé xuat vai cac nghién ciru khac

TLTK Phuong phap Hiéu qua toi da
- T6i wu xen k& (Alternating Optimization - AO).
- T6i wu hoa cong suat BS va goc dich pha RIS riéng biét. .
) . ) ~ 45% (S0 véi
[70] |- Ap dung lap trinh phén so (fractional programming) dé xu 1y | RS khong t6i
bai toan khong 16i. uu)

- Dam bao QoS 1 bps/Hz qua rang budc SINR.

- Duya trén to1 uu phan tan vdi xap xi 101 lién tuc (successive

concave approximation).

~ 50% (so voi

[86] |- MSJicip BS-RIS t6i wu cuc bo thong lwong nhém ngudi ding. | RIS khong tbi
- Diédu chinh goc pha RIS bang thuét toan gradient-based. wu)
- Rang budc QoS tich hop trong bai toan t6i uru.
- Phan tach bai toan thanh dinh dang bup séng va cau hinh RIS

[87] | phu hop voi mmWave. ~ 40% (so voi

- Tim kiém phén cép cho goc pha RIS va tim kiém cuc bd cho

cong suat.

RIS khong toi
uu)
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- Pam bao QoS qua lap trinh tuyén tinh.

~ 60% (so voi
[85] | Phuong phap dé xuat OOP RIS khong tdi

uu)

Nhu trong Bang 3.5, két qua cho thay phuong phap dé xuat OOP tét hon xap xi
10% - 20% khi so séanh véi cac phuong phap giai bai toan téi vu khac, diéu kién thuc
hién kiém chang phuong phép t6i vu dugc xem xét ¢ diéu kién chi gan twong tw nhau vé
s6 luong phan tir phan xa, s6 luong mat phan xa, va so lugng nguoi ding. Tuy nhién,
viéc khoi tao cac gié tri ban dau, tai nguyén tinh toan, va cac gia tri cai dat mé phong la
khoéng hoan toan giéng nhau. Chinh vi vay, két qua so sanh chi phan nao ching minh

duoc tinh hiéu qua cua bai toan tdi wu va phuong phéap giai dé Xuat.
3.5 Kétluan chwong

Mot 1, d& xuat mot mé hinh mang di dong c6 su hd tro caa mit phan xa théng minh.
Trong d6, mang di dong hd tro nhidu nguoi dung dugc chia thanh nhiéu nhém tai cac vi
tri bi che khuat khac nhau trong viing bao phu cua tram goc BS. Hai 13, phan tich mo
hinh truyén séng cho mang véi gia thiét 1a cac nhom nguoi ding bi che khuat boi céc
vat can nhu toa nha. Lac nay, bé mit phan xa théng minh RIS dwgc xem xét s dung dé
hd tro qua trinh truyén song, gidp tin hiéu cd thé lan truyén dén ngudi dung mot cach dé
dang. Ba 1, dé xuat va giai bai toan t6i wu hé sé diéu khién cong suat tai tram phat dwa
trén phuong phap phan b cdng suat, véi cac rang budc 1a tong cong suat phat cuc dai
tai tram gdc va QoS cho tirng ngudi ding tai tirng nhdm khéc nhau. Bén 1, xay dung va
dé xuat bai toan ti uu hé sé dich pha cua cac phan tir trong bé mat phan xa théng minh
RIS. Trong do, cac rang budc cua bai toan tdi wu dua trén cdng suat phat cuc dai cua

tram gdc va diéu kién dich pha cua cac phan tir phan xa. Nam 13, két hop bai toan téi wu
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cdng suit phat cua tram gdoc va téi wu hé sb dich pha cua phan ti phan xa trén cac mat

phan xa thdng minh RIS. Muyc tiéu t6i vu tong thong lwong cia hé thong.

R6 rang, két qua bai toan duoc giai dua trén céng cu hd tro giai bai toan téi vu 15
CVX sir dung phan mém Matlab véi cac truong hop khac nhau lan luot 1a: két hop téi
wu hé sb diéu khién cong suat va tdi wu hé s dich pha ciaa RIS OOP - téi wu hé s dich
pha cua c&c phan tir phan xa, cdng suat la biang nhau ORP — hé sb dich pha ngau nhién,
t1 wu hé sé diéu khién cong suat EOP — hé s6 dich pha 1a ngau nhiéu, céng suat la bang
nhau EOP. Két qua cho thay, tong thong luong mang dat dugc trong cac trudng hop
khac nhau déu cho thay viéc két hop t6i wu cong suat va téi wvu hé sb dich pha cua phan
tr phan xa ludn cho két qua tong thong luong mang dat duoc 1a cao nhat, tiép theo 1a
truong hop ¢6 t6i uwu hé s6 dich pha. Hon nita, khi tang sd lugng phan tir phan xa cua

RIS ciing gitp cai thién hi¢u nang cua mang va dam bao chat luong dich vu QoS.

Tuy nhién, trong cac cong trinh nghién cau [85, 88] cua nghién ctu sinh da cong bd
chi xem xét trong hé théng thong tin di dong hd trg da ngudi dung, véi RIS dit ¢b dinh
dé hd tro truyén thong, tram goc BS phuc vu mang duoc trang bi don ang-ten. Trong xu
hudng nghién ctu hién nay, cac hé thong thong tin vo tuyén thé hé sau nhu 6G duoc
xem xét véi tram gbc duoc trang bi da ang-ten ¢& 16n, khdng nhing vay dé hd tro duoc
cac dich vu doi hoi thuc hién céc tac vu phuc tap, cac tram gdc con duoc trang bi cac
may chu hd trg cong nghé dién toan bién di dong MEC. Do d6, nghién ctru sinh d& xuét
huéng nghién ctu tiép theo lién quan dén t6i uu thong sé hiéu nang ctia mang dua trén

nén tang bai toan da thuc hién, két hop vai cac cong nghé nhu da dé cap o trén.
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Chuong 4

TOI UU PHAN BO CONG SUAT VA GIAM TAI TiNH TOAN
TRONG HE THONG MEC VOI SU HO TRQ CUA UAV-RIS

Mang thong tin vd tuyén 6G dang trong giai doan nghién ctu va phat trién véi
nhitng yéu cau vé chi sb hiéu nang rat khic khe duoc lién minh vién thong québc té 1ITU
thong qua vao nam 2023. Trong d6, dwa trén nhiing ha ting vién thdng hién co két hop
véi cac cong nghé tién tién cot 16i duge dé xuat cho 6G nhu: MIMO c¢& Ién, dién toan
bién di dong MEC, may bay khong nguoi 1ai UAV, mat phan xa thong minh RIS gilp
cai thién dang ké hiéu nang hé thong mang. Cu thé, cac cong nghé nay gilp giai quyét
van dé che khuit va cai thién viing phu séng cua mang, gilp tdi vu hoa tai nguyén phd
tan, nang luong trong mang hon tap, va dac biét gidp hd tro thong luong cuc cao, do tré
cuc thap trong cac ang dung doi hoi thoi gian thuc nhu thuc té 4o, thuc té ting cuong,
xe tu hanh, va cac hé thdng 10T trong céng nghiép. Trude cac dong luc trén, noi dung
chuong nay tap trung vao xem xét (ing dung bé mat phan xa théng minh RIS vao trong
hé thong truyén théng UAV c6 sy hd tro MEC tai tram géc MIMO ¢& Ion. Trong do, gia
sir cac nhom ngudi ding can thuc hién cong viéc tinh toan phirc tap va phai giam tai tinh
toan vé cho tram goc MBS c¢6 chira MEC nho vao su hd trg cia UAV-RIS dé dam bao
két ndi ciia nguoi dung vé tram géc MBS. Bai toan ti wu duoc dé xuat tng dung vao
trong hé théng véi muc tiéu cuc tiéu tong do tré cua hé thong theo cac bién phan bo cong
suit ngudi dung, lién két nguoi ding, ma tran dich pha cua RIS, va phan bé tai nguyén
tinh toan tai tram goc MBS, véi cac rang budc bao gom tai nguyén tinh toan MBS va
chat luong dich vy QoS. Bén canh d6, bai toan t6i wu quy dao bay (trajectory) cho UAV
cling duoc xem xét, véi muc tiéu tim duoc duong bay ngan nhat cho UAV mang theo
mat phan xa théng minh RIS tir diém gdc dén vi tri nhém c6 ngudi diing can giam tai bi

che khuat. Do tinh chat khong 16i ciia ham muyc tiéu trong bai toan téi uu dé xuat nén
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phuong phap giam toa do khdi BCD duoc &p dung dé thyuc hién ti vu cac bai toan con
theo tirng bién riéng biét. Sau cing, két hop céac bai toan con sir dung phuong phap 1ap
dé tim ra gia tri toi vu. Két qua md phong danh gia tong do tré cua mang va do tré nguoi
ding trong trudng hop xau nhat, theo cac théng s6 do phuc tap tinh toan va tai nguyén
tinh toan téi da ciia may chu MEC va UE.
4.1  Gioi thiéu

Trong Ky nguy@n van vat két néi vao mang, diéu ndy 1am cho téng luu lwong dir
liéu ting 1én khung khiép, theo du doan cua Cisco tong dung luong dit liéu c6 thé dat
dén 77 exabyte trong nim 2023. Bén canh d6, sy ting 1én khong ngiing cua cac thiét bi
két ndi cung véi cac dich vu doi hoi viéc tinh toan phuc tap va tée do dit liéu cao hon
nhu: thyc té 40, thyc té tang cuong, ban sao sd. Trong thoi gian gan day, cac nghién cau
tap trung vao mang di dong thé hé thir 6 (6G), véi muc tiéu giai quyét cac van dé kho
khan trén nhu; van dé vé s6 luong thiét bi két ndi quéa nhiéu trong mang IoT, ting d6 tin
cay va giam do tré truyén dir liéu trong mang, ting dung tri tué nhan tao, mang hoc cang

cb dé giai quyét van dé phan bé hiéu qua nang luong trong mang [89] [90] [91] [92] [93].

Gan day, dién toan di dong bién (MEC) 1a mét trong nhitng cdng nghé méi ndi,
dwa trén cdng nghé dién toan dam may sin c6, MEC huéng dén ap dung trong céc kich
ban ciia mang di dong & bién hoic nguoi dung cudi. Bac biét, MEC la mét trong nhitng
thanh phan quan trong caa kién tric 5G va 6G, nhiam hd trg cho nhirng dich vu doi hoi
do tré thap [94]. Trong [95] cAc tac gia da khao sat va cho thay tinh vu viéc caa MEC so
Vé6i céc kién tric mang tap trung truyén thdng. Trong d6, cac mang tap trung gan nhu
gap kho khan khi cac yéu cau cua cac dich vu dit liéu ting cao dan dén viéc tap trung

lugng dit liéu 18n mang duong truc 16n, lac d6 do tré s& cao.

Tir cac van dé néu trén, mot hé thdng MEC c6 tinh bao mat va do tré thap duoc

dé xuat trong [96]. Trong do, kich ban dit ra 1a nhiéu nguoi ding cd thé giam tai cac tac
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vu sang tram géc trong khu vuc ¢é sy hién dién cua déi twong nghe 1én. Dé giai quyét
bai toan dit ra, cac tac gia da dé xuat két hop téi uu cbng suat truyén caa nguoi ding,
phan b6 dung luong tinh toan, va lién két ngudi ding véi muc tiéu cuc tiéu do tré tinh
toan va do tré truyén, voi cac rang budc vé bao mat va tai nguyén tinh toan. Ngoai ra,
trong [97] cac tac gia da dé xuat mé hinh UAV két hop vai tro 1a MEC nham hd tro céc
thiét bi dau cudi trong hé thdng 10T. Muc tiéu giam thiéu tong muc tiéu thu ning luong
bao gom nang luong cho truyén thong, ning lugng cho viéc tinh toan, va nang luong can
thiét cho hoat dong bay ciia UAV. Tuy nhién, vi bai toan dit ra khong phai dang t6i wu
15i, nén tac gia da dé xuat phan tich thanh 2 bai toan va két hop phuong phap ddi ngau

Lagrange va phuong phap xap xi 10i lién tiép.

Ngoai ra, trong [98] [99] c4c tac gia dé xuat hé théng MEC c6 sy hd tro cia UAV
trong cac kich ban xem xét lan luot 1a mang két ndi van vat 10T va mang két ni céc
phuong tién giao thdng loV. Bai toan dat ra van tap trung vao cac van dé cap thiét cua
viéc thiét ké cac hé thdng truyén théng cé su hd trg cia UAV bao gdm thoi gian hoan
thanh nang lugng tiéu thu cia UAV. Tuong tu, trong [100] [101] mét lan nira kich ban
céc thiét bi két ndi trong hé thong ToT dugc xem xét. Van dé lién quan dén nang lugng
can thiét dé duy tri viéc bay trén khdng cua UAV, thoi gian va do tré tinh toan, ciing nhu
la chat luong dich vu QoS dugc xem xét trong hé théng dé xuat. Bén canh do, trong
[102] nhém tac gia dd xem xét dén cuc tiéu do tré trong viéc giam tai tinh toan cia mang
khong day bién ban sao s6 trong méi truong 10T bang cac két hop t6i wu cong suat phat,
lien két nguoi dung, phan giam tai, toc d6 xur 1y cua ngudi dung va may cha bién.

4.2 M0 hinh h¢ thong MEC két hgp UAV-RIS
4.2.1 M0 hinh h¢ théng dé& xuat
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UAV - RIS o0 Stops — = UAV trajectory

Hinh 4. 1 Md hinh dé xuat két hogp UAV va RIS trong hé théng MEC

Trong Hinh 4.1, mot md hinh hé théng truyén thong MIMO duoc xem xét, hé
thdng c6 su hd trg cia bé mat phan théng minh RIS véi muc dich mé rong ving bao pha
giita tram goc MBS va cac nhém nguoi dung (vi du nhu: nguoi ding di dong, phuong
tién giao thong, cac nat trong hé thdng 10T) [103], [104]. Viéc st dung RIS nham dam
bao do tin cay cua hé thong truyén thong va chat luong dich vu QoS trong céc truong
hop hé thong bi gian doan do cé4c vat can trong sudt qué trinh truyén théng [81], [105,
106].

Trong d6, MBS duoc trang bi mot mang 16n gdm nhiéu ang ten dé truyén thong
cho K ngudi dung don dng ten. Gia str, tit ca ngudi dung dugc phan chia thanh M nhom
khac nhau, dugc ky hiéu nhu sau Ky = {K, ..., Ky} voi K, ={1, ..., K}, m=
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1,..., M. Trong hé thong, dé dam bao truyén thong cia M nhom ngudi dung, hé thong
UAV két hop véi bé mat phan xa théng minh RIS dwgc dé xuit. Trong d6, UAV-RIS
dong vai tro nhu mot tram géc phuc vu cho mot té bao nho (small-cell). Cu thé, RIS gdm
N phan tir phan xa doc lap, giup phan xa tin hiéu tir ngudi dung vé tram géc MBS. Ngoai
ra, trong mod hinh dé xuat c6 mot nhom nguoi dung két ni truc tiép véi MBS 1a K, va
cac nhom con lai s& nhan dugc su hé trg tr UAV-RIS M = {1, ..., M}. Luc nay, nguoi
dung (m, k)th twong ng v6i nguoi dung kth tai nhom themthvéim =1,...,Mvak €

K.

U 12 Ky higu dugc st dung cho trudng hop xem xét ¢6 can thiét phai chuyén
tiép dé giam tai tac vu tinh todn cua ngudi dung thar kth tai nhom thi mth cho may cha
MEC nhu trong biéu thic (4.1).

S {1 giam tai tinh toan (4.1)
™k o khac

J K \ pY z -A A =~ ) b ~
Trong d6, u,, = [um,k]k;n1 vau = [u,,|¥_, la cac lién ket gifta cac ngudi dlng.

4.2.2 Mb hinh kénh truyén

Trong md hinh dé xuéat nhu Hinh 4.1, gia s MBS duoc b tri trong hé truc toa do
3 chiéu xyz, bé mit phan xa thong minh RIS va ngudi dung lan luot tai cac vi tri toa do
nhu sau: (x, Yo, Ho), (¢» Vi Hy), M € M, VA (X, Vi, 0), k = 1,2, ..., K. Chiéu cao dng
ten cia MBS va caa bé mat phan xa théng minh RIS lan luot 1 H, va H,,,. CAc vi tri toa
d6 duoc xac dinh dua vao hé thong dinh vi toan cau GPS va luu trit tai MBS. Ta c6 suy
hao duong truyén giira MBS va bé mat phan xa thong RIS tha mth nhu sau [76]:

4.2
; il —,m=1,..M, 4.2)
dm,O + (HO - Hm)

Bm,O =
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Trong d6, B, 14 d6 loi cong sut cia kénh truyén tai vi tri tham chiéu d, va d,, , =

\/(xo - xm)z + ()’0 - ym)z-

Nguoc lai, do anh hudng ciia cac vat can trén duong truyén nén cac kénh truyén
gitta UAV va nguoi dung s& phirc tap hon. Biéu thic suy hao giira nguoi ding tht
(m,k)thvaUAV (m=1,..,M,k =1, ...,K,,) nhu sau [78]:

Bk = Pl + NiosPik + NnvosPric s (4.3)
Trong biéu thuc (4.3), LoS la dudng truyén truc tiép nhin thay duoc giita MBS
va RIS, NLoS la duong truyén bi che khuét, Véi 1,5, Nyzes 130 luot 12 hé s6 suy hao
trung binh cua cac duong truyén LoS va NIoS. Hé s6 suy hao duong truyén theo khoang

cach duoc tinh nhu sau:

Anf.D,, \"
PLy. = 10log (@) :

(4.4)

Trong d6, f. 1a tan s6 song mang (Hz), ¢ 1a van téc anh sang (m,/s), hé s6 suy hao

duong truyén o > 2, Dy, = /d,zn'k + H2, 1a khoang cach Euclid gitra UAV-RIS va
nguoi dung (m, k)th. Xac xuat cua LoS duoc tinh nhu sau [79]:

1
1+ aexp [—b (arctan (H—m) — a)] (4.5)

dm,k

LoS __
Pm,k -

a va b la cac hang s phu thudc vao moi truong, va PNAS = 1 — PL¢. Déi voi
cac ngudi dung nhan tryc tiép tin hiéu tir MBS, ta ¢6 ma tran kénh truyén tir nguoi ding
thtr (0, k)th dén MBS dugc tinh nhu sau: Gy o = /Bk,Ohm € CM1, trong d6 hy , la cac

hé s6 pha dinh trong pham vi nho (small-scale fading).

72



Mt khéc, d6i voi nhdm nhitng nguoi ding can sy hd tro caa bé mat phan xa

thong minh RIS dé dam bao truyén thong dén MBS ¢ hé sé pha-dinh trong pham Vi
nho, cho kénh truyén tir ngudi dung th (m, k)th dén UAV-RIS va tir UAV-RIS dén
MBS lan luot 13 h,,, € CY¥ va bl , € CV*L voi (m € M, k € K,,,). Gia sir cAc bién
ngiu nhién 1 doc 1ap va c6 phan phéi gidng nhau, vai trung binh khong va phuong sai
don vi. Ma tran kénh truyén tir nguoi dung thir (m, k)th dén UAV-RIS va tir UAV-RIS
dén MBS lan luot 13 H,p,, € CV*" va HE, , € CP*N V6i H,py e = \/Brschmy V& HY o =
Bmoht o. Ta cd ma tran kénh truyeén tir ngudi ding thir (m, k)th dén MBS véi G, €

C* nhu sau [81]:

Gm,k = HrFrIl,Oq)mHm,k» m e M, (46)

Trong d6, ®,, = diag[d1m, P2m, ---» D] 1a matran dich pha tai UAV-RIS, b, =
omel®m o, € [0,1] va 8, € [0,21](Vn = 1,2, ..., N,m € M) lan luot 13 bién do
va hé s dich pha cua phan tir phan xa thtr nth. Gia st trong qué trinh phan xa chi c6

thanh phan pha cua tin hiéu bi thay doi, do d6 o,,,,, = 1 [107].
4.2.3 Mb hinh tin hiéu thu va théng lweng hé théng

Xem xét truong hop ngudi dung thi (m, k)th trong nhém thir mth can giam tai
(offloading) chuyén tiép sang MBS, Itc nay tin hiéu c6 thé duoc truyén tryuc tiép dén
MBS hoac thong qua UAV-RIS. Ta cg, tin hiéu thu dugc tai MBS tir nguoi dung thu
(m, k)th nhu sau:

Km
Ymk = Pm,kagl,kfm,ksm,k + z Y, Pl,m G{,Imfl,msl,m + ny, (4_7)
1=1,l#k

intra-cell interference
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Trong biéu thi (4.7), Py, , 1a cng suat phat ctia nguoi dung thir (m, k)th, f,, . €
€21 13 véc to dinh dang bap song caa MBS dén ngudi dung thir (m, k)th, s,, 1 thong
tin giam tai dwoc truyén boi ngudi dung thir (m, k)th voi ||Sm,k||2 <1, va ny ~
CN (0, 62) 1a nhidu Gauss trang cong tai MBS. D¢ loai bo can nhidu trong biéu thirc 4.7,
ta 4p dung ky thuat ép vé khong ZF (Zero-Forcing) [108]. G, =[Gy, ) Gk, | €
CEm(m = 0,1, ..., M).

Dua trén cac diéu kién cua hé théng MIMO c¢& 16n, ta ap dung k¥ thuat ZF cé

duoc véc-to dinh dang bap soéng nhu sau:
fm =Gn(GHG)™, (4.8)

Trong 46, fm = [Fm1 o Fmky,] € COKm, Fre € CY m=0,1,..,M,k€

K,,. Tachuan hoa £« = i/ | Fouk | vatinh fo, . nhu sau:
Fk = Pmsfmiem=01,.., M,k € K, 4.9)

Trong (4.9), pm 12 hé s6 diéu khién cong suét cia ngudi dung tha (m, k)th. Do

do, tir (4.7) ta duoc:

Ymk = +/ Pm,k pm,kGrI;IL,kfm,kSm,k + Ny, (4-10)

Céc hé s6 diéu khién cong suat lan luot 1a p,, = [pm,k]:;"l, P = [pmlm=o, va® =

[®,,, 1M _,1a goc dich pha cta RIS. Thong luong dat duoc (bits/s) tai MBS nhu sau:

(4.11)

2
0

P G .. .I°
Rm,k(pm,k! (Dm) = Wlng (1 + m‘kpm'k| m,kfm,k' >,

Véi W 1a bang thong duoc phan bd cho ngudi dung tha (m, k)th.
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4.2.4 MO hinh giam tai tac vu

Goi 3, 4 (bits) la kich thuéc cua tac vu duoc giam tai (offloading) va F,, , la s6
chu ky CPU can thiét dé tinh toan trén méi bit cua tac vu 7, 4. Lac nay, ta dinh nghia

do tré (latency) cyc bo tai nguoi dung thir (m, k)th va dé giam tai tac vu J,n, nhu sau:
4.2.4.1 Tinh toan cuc bg

GOi Cpp, i |2 dung lurgng tinh toan tai mdi ngudi dung thi (m, k)th, néu nguoi dung

nay thuc hién viéc tinh toan cuc bg, thi thoi gian tinh toan duoc xac dinh nhu sau:

s F
Thy = 222 o = 04,..., M,k € Ky,

Cmk
4.2.4.2  Giam tai tinh toan sang MBS

(4.12)

Thoi gian truyén tac vu can giam tai tr nguoi dung thi (m, k)th (m = 0,1, ..., M, k €
¥K,,) sang MBS nhu sau:

:74%,4’&
Rm,k (pm,k: q)m)’ (4-13)

Luc nay, thoi gian tinh toan tai MBS cho tai da dugc chuyén sang nhu sau:

Tk (P Pm) =

F
com(< —M’mzo’l’ ...,M,kEKm,

mk

(4.14)

V6i 2%, 1a dung luong tinh toan cia MBS duoc phan b dé xir I tac vu clia ngudi
dung thi (m, k)th. Dé don gin hon, ta dat {,,, = [{&5 k]:ml val = [, _, dai dién cho

phan b dung luong tinh toan caa MBS. Tur (4.12) - (4.14) tong d tré cho viéc thyc thi

tac vu ctia nguoi dung thir (m, k)th.

75



b
Trf{?l’é (pm,kl um,k' q)m' erfk)

= (1= Uy )T + u (fo( D,,) + T (T ) @1
mk ) mk m,k mk pm,ki m mk Zm,k i

Thoi gian can thiét dé truyén két qua tinh toan cua tac vu da duoc thuc hién boi
MBS vé nguoi dung cé thé dugc bo qua, Vi rat nhé so véi tong thoi gian thyc thi tac vu
[96] [109].

4.2.5 Quy dao bay ciia UAV phian nhom ngwai dung

Dé giai quyét bai toan thiét ké quy dao bay cho UAV, gia st UAV s& bay qua M
diém dung lién két véi M nhom nguoi ding can giam tai tinh toan. Trong bai toan dat
ra, gia sir UAV s& bay trén mit phang dang luéi c6 thé bao pha dugc hét tat ca cac nhém
ngudi ding trén mat dat, sao cho kha nang bao phu cia UAV 1 tét nhat. Gia str, cac
nhém ngudi dung di dugc phan cum sao cho viéc trién khai UAV duoc tdi wu nhét, giam
thiéu duoc nhiéu noi 6, tiét kiém tai nguyén, va dam bao chat luong dich vu QoS [84].
Gia sir, UAV sé bay tir diém gdc (0,0, H,) theo quy dao bay ngan nhat dé dén nhom
ngudi dung gan nhat can thyc hién giam tai tinh toan, sau d6 UAV s& thay d6i d6 cao
H,, trong khoang (H™", H™4%) d¢¢ dam bao rang bugc vé chat luong dich vu QoS, theo

nhu mo ta trong thuat todn & Bang 4.1.

Bang 4. 1: Puong bay ngan nhat caa UAV

Thuit toan 1: Tim quy dao ngan nhat
Yéu cau: (0,0, H,,), (Xp Yoo Him) Ainax

Rang bugc: T
Vi tri cac diém dirng caa UAV

for R in M
Tinh khoang cach d tir UAV dén diém dung cudi
If d <d,.then
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T« R
dmax = d
end if

end for

Thuat toan 1 thuc hién tim qui dao bay qua vi tri cac diém dirng ¢ dinh véi khoi
tao ban dau lan luot: (0,0, H,,) 1a toa d6 va do cao ban dau cua UAV, (x,,, Vm, H,,) 12
toa do va do cao cua diém dung cudi, d,,, 1a khoang céach téi da cho phép UAV c6 thé
bay duoc, véi rang budc quy dao bay ngin nhat 7. Ban dau, tao ra tat ca cac hoan vi cua
vi tri diém durng dwa trén s6 nhom nguoi ding, véi mdi hoan vi 1a tap hop cac vi tri ma
UAV sé di qua, va la mot hang trong ma tran M hang va M! cot. Thuat toan s€ duyét qua
tat ca nhitng quy dao tiém ning, twong ng voi mdi hang trong ma tran, khoang céch tur
UAV dén diém dirng cudi s& duoc tinh toan va luu trong d, néu d < d,,,, Qid tri d,,,, S8
duogc cap nhat lai thanh d tuong Gng vai quy dao bay ngan nhat voi hoan vi dang thuc
hién. LGc nay, quy dao T s& dugc cap nhat, qua trinh s& duoc 13p lai cho dén khi duyét

hét cac hoan vi va tim ra quy dao ngan nhat.

Nhu mé ta trong Bang 4.1, Thuat toan 1 c6 d phic tap tinh toan chu yéu do viéc
tao ra toan bo hoan vi cua tap hop cac diém ding cia UAV tuwong ung Vvéi tiing nhom
nguoi dung va danh gia do dai cua quy dao tuong tng cho tirng hoan vi. Chinh vi vay,
twong tng v&i M diém dung, s6 luong hoén vi can xét 1a M!. Bbi vi mdi hoan vi, thuat
toan thuc hién M phép tinh khoang cach giira cac cip diém lién tiép theo cong thic
Euclid trong khéng gian ba chiéu, mdi phép tinh c¢6 do phic tap 0(1). Do d6, tong do
phuc tap tinh toan cua thuat toan 1a O(M! x M). Rd rang, day la do phuc tap mang tinh
t6 hop, phan anh toan bo khdng gian tim kiém céc kha ning quy dao cd thé xay ra [110].
Céch tiép can nay dam bao rang thuat toan c6 thé xac dinh chinh xac quy dao tbi wu trong

khong gian cau hinh day du cua cac diém dung.
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4.3  Toi wu a9 tré dya trén bai toan phan bé tai nguyén va tdi wu giam tai tinh

toan

Muc tiéu cua bai toan (4.16) la cuc tiéu do tré caa mang khi phai thuc hién tat ca
C4C tac vy cua ngudi dung trong khu vire dugc bao phu. Cu thé, bai toan tdi wu theo cac
bién bao gdm phan bd cdng suat nguoi dung (p), lién két nguoi dang (w), cau hinh dich
pha cua cac phan tir RIS (@), va phan bd tai nguyén tinh toan tai MBS (0) véi céc rang
budc vé tai nguy@n tinh toan va chit luong dich vu QoS. Bai toan téi vu (4.16) co do
phirc tap cao do tinh chat phi tuyén va khéng 16i (nonconvex), véi s6 lugng bién Ién phu
thuoc 1an nhau. Cu thé, ham muc tiéu (4.16a) 1a ham tong do tré phu thudc nhiéu vao céac
bién t6i wu va cd dang phi tuyén. Tuong tu, rang budc chat luong dich vu QoS trong
(4.16¢) nham dam bao téc do truyén dir ligu tdi thiéu cho timg nguoi ding 1a ham phi
tuyén, phu thudc vao cau hinh dich pha cua céc phan tir phan xa RIS ®,,, va cong suat
truyén ctia ngudi ding p,,, - Bén canh d6, rang budc cau hinh hé s6 dich pha trong
(4.16d) 1a rang bugc lién tuc. Do tong tai nguyén tinh toan tai MBS 1a ¢ gigi han nén
viéc phan bo tai nguyén cho ngudi dung giam tai tac vu can phai hop 1y va dam bao
khong vuot qué tai nguyén tinh toan cuc dai tai MBS ,,,,, nhu trong biéu thuc (4.16e).
Chinh vi tinh phirc tap cua bai toan khong 16i va phu thudc cua céc bién lién tuc, bién
nhi phan nén viéc giai bai toan truc tiép bang phuong phap tbi ru toan cuc c6 do phic
tap rat cao. Do do, bai toan tdi uu (4.16) s& dugc phan tach thanh céc bai toan con, dé toi
vu theo ting bién khac nhau va giit cac bién con lai ¢é dinh, str dung phuong phéap giam

toa d6 khéi 1a phi hop nham giam do phuc tap va ting tinh linh hoat.

M Km
min > > Tk Pkt P ), (4.162)
T m=0k=1
Rk (Pmi @) =70, m=0,1,..., M, k € Ky, (4.16¢)
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0<0,,<2mVn=12,..,NmeM, (4.16d)

Km
Z um,kzgf,k < Zmax (4166)
k=1

43.1  Téiwu phian bd cong suat

Dua trén dé xuit 4p dung phuong phéap giam toa do khéi dé tim gia tri tdi vu cua

hé s6 phan bo cong suét, vai cac gid tri cb dinh cua @, u, T thi biéu thirc (4.16) nhu sau:

M Km (4.172)
min > )" T4k ()
P m=0 k=1
st (4.16b), (4.16c) (4.17b)

Bai toan ti wu trong biéu thirc (4.17) ¢6 ham muc tiéu (4.17a) 1a ham khong 1i,
rang budc chat luong dich vy trong (4.16¢) 1a ham khong 16i do ¢ dai lwong ham 16-ga-
rit trong R,y x. Do d6, bai toan (4.17) can duoc bién doi vé dang bai toan téi wu 16i dé c6
thé dé dang tim ra nghiém téi vu.

Truéc hét, bat dang thuc 16-ga-rit va xap xi duoc sir dung dé bién ddi dang caa ham

thong lwong R, , Sir dung ham 16i £ (x) = log, (1 + %) véix >0

f(x) = log, (1 + %) > f(x), (4.18)
voiVx > 0,x > 0, ta co:
f() = log, (1 + %) + (afa Oz)) -3 (4.19)

=1 <1+1)+ ! a
- %) Ty A+ 0%

Tuong Gng, tai 1an lap thi i — th, lan luot dat cac bién x va X nhu sau:
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og

~ 2
Pm,kpm,k|G-,I;Il,kfm,k| ,

o

Pmkpy(rll)k|G kfmk|

Thong lwgng tai MBS dé truyén thong tin dén ngudi dung (m, k)th trong (4.11) nhu sau:

Rk (Pmi) = R(l)k(pmk) VmeM, Vk € K, (4.20)

Véi thong luong xap xi nhu sau:

R(l)k(Pm k) =W (logz (1 + 1) n i e -:Cf)f)' (4.21)

LGc nay, ham muc tiéu van chua phéi la dang ham 16i, ta dit bién phur £ {1, ,}

(Ym € M,Vk € X) thoa diéu kién < Tyx- HAM muyc tiéu T2 (1) €0 thé

R, k( Dm, k)
dugc viét lai theo diéu kién bién trén (upper-bound) khi thay thé do tré truyén tac vu can

giam tai tir nguoi dung T2, bing dai luong tuyén tinh 7y, ;. 7,,, » nhu sau:

Tk (i) < T2k (Tnge) = (1 = winge) T + Umpe(TgeIme + T),  (4.22)

L0c nay, ta c6 thé viét lai biéu thic (4.17) nhu sau:

M Km (4.233)
HEDIPRHHC
m=0k=1
St Dmgx < 1,Ppy < P (4.23b)
(1) (pmk) > 7 (4.23¢)
1
—<r, =01,..,M, k€K, (4.23d)

R(l)
Do bai toan (4.23) c6 dang bai toan ti vu 16i chuan, véi ham muc tiéu (4.23a) la

ham tuyén tinh, rang budc (4.23c) 1a ham tuyén tinh, rang budc (4.23d) 14 ham 16i. Do
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d6, bai toan co thé giai bang cach sir dung thu vién CVX [83]. Phuong phap phan b

cong suat toi vu duoc dé xuat dé giai bai toan (4.23) nhu trong bang 4.2:

Bang 4. 2: T6i wu phan bo cong suat

Thuit toan 2: Phan bo cong suat tdi wu

Ngd vao: u, @, , va khai tao p@, e = 1073, s6 lan Iap téi da dé dung thuat toan
Lpax = 20.
form=1toM
Thiét lap giatrii = 0
repeat
Giai phuong trinh (4.23) tim tap kha dung p@+?;
Capnhatgiatrii =i+ 1
until ham muc tiéu trong (4.23) hoi tu hoac i = I,,4y;

end for

Ngd ra: cac hé sé diéu khién cong suat téi wu p*

Trong bang 4.2, bién u c6 gia tri nhi phan quyét dinh viéc c¢d giam tai tinh toan
tac vu tir nguoi dung hay khong trong tng vai gia tri ¢6 giam tai 1a 1, va chi tinh toan
cuc bo khi gia tri 12 0. Ma tran dich pha & anh huong dén kénh truyén duogc cb dinh, tai
nguyén tinh toan phan bo tai MBS T dugc ¢b dinh. Gia tri nguong hoi tu duoc cai dat
e = 1073 vasb lan lap téi da 4, = 20 dé dam bao thuat toan khong lap vé tan. Vong
l3p for duogc sir dung dé tdi wu theo timg nhom ngudi dung twong wng tir 1 dén M. Trong
vong lip repeat gia tri cua bién i = 0 duoc thiét 1ap va sir dung p©@ dé bat dau qué trinh
giai bai toan téi wu (4.23) str dung céng cu CVX tra vé gia tri p* Y, sau do tang gid tri
i + 1. Qua trinh duoc 13p lai cho dén khi thuat toan hoi tu theo diéu kién thay doi giira 2

lan lap lap lién tiép caa ham muc tiéu nho hon & = 1073, hodc dat s6 lan lap ti da
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Lyar = 20. Ngd ra la tap hop cac gia tri cong suat toi vu p*, gdm céc gia trj toi vu p+D

cho tat ca nhom nguoi ding.
4.3.2 T6i wu hé sé dich pha

Tuong tu, khi cac gia tri p, u, { ¢ dinh dé t6i wu ma tran dich pha RIS, biéu thirc

(4.16) c6 thé duoc viét lai nhu sau:

M Km

mqin Z Tk (@) (4.24a)
m=0 k=1

s.t (4.16¢), (4.16d) (4.24b)

Bai toan toi uu trong (4.24) 1a ham khong 16i véi ham muyc tiéu (4.24a) va rang
budc chat luong dich vu QoS (4.24b) déu 1a ham khong 16i. Do do, bai toan tdi uu (4.24)
can duoc bién doi sang dang 16i dua trén bién dbi 16i hoa, str dung bién phy, va néi long
rang budc don vi, dé cd thé dé dang tim nghiém téi wu sir dung céng cu hd trg CVX. Véi
véc-to dinh dang bap song phia phét ¢ dinh (., Y1 = 1,2, ..., N,m € M), ta can tim
tap gié tri tdi wu cac gié tri hé sé dich pha cua RIS. Cho cac hé sb dich pha cua véc-to
V= [Vh, ..., VN 1Y, trong d6 v = e/%m (vn = 1,2, ..., N). Llc nay rang budc ¢ 4.16d
la rang buoc md-dun don vi nhu sau |v%|?=1. Pit bién moi Xmk =
diag(H® o ) H i frmse Kt qua la HE (@, Hy o e = VEX0n - Ta €0 thé dp dung xap xi
trong (4.20) — (4.21), ta c6 duoc bat dang thic nhu sau:

Ry (@) = RY (@), vm € M, Vk € K, (4.25)

Trong do,
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~(i 1 1 y
RO (@) =W (logz (1 + 5) L 5T y)y), (4.26)

a5

y = - 5
Pm,kpm,k |Vme,k|

o

; 2
Pm,kpm,k |Vf]n(l)Xm.k |

y=y® =

Dit bién méi # 2 {7, .}, (vm € M, Vk € K) sao cho théa diéu kign

<
Rm,k(q’m)
foni- LUC NAY, ham muc tiéu T %L (7, ) dugc dinh nghia dya trén diéu ki¢n bién trén
(upper-bound) nhu sau:

Trgffﬁ (fm,k) < Trflolf: (fm,k) = (1 - um,k)Trln,k + um,k (Fm,kjm,/a + Trff,’in ) (4-27)

tir d6, biéu thuc (4.24) duoc viét lai twong dwong nhu sau:

M Km
i D ) T 4259

m=0 k=1
S.t VE XX Vm = (27 — 1) /ay, m € M, k € K, (4.28b)
Vi2=1,vn=1.2,..,Nme M, (4.28¢)

1
— 5 < Tmeo m=20,1,..,M, keXx,, (4.28d)
Rm,k

Ldc nay, rang bugc & (4.28b) s& tuong duong véi (4.16¢), va ay, = Pk Pm /06

Tuy nhién, biéu thirc (4.28) 1a dang bai toan khong 16i QCQP vai rang budc chat luong
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dich vu QoS (4.28b) 1a rang budc bac hai khdng 16i, rang budc (4.28c) tao ra tap hop
khong 16i, bai toan nay khong thé giai bang cach sir dung thu vién CVX. Chinh vi vay,
dé don gian hon bai todn ti wru (4.28) c6 thé dugc bién déi vé dang SDP, lan lugt dat
Xk = XmaXihk VAVE X v = tr( X Vi Vi) = (X Vi), VS Vi, = vV, phai
thoa diéu kién ban xac dinh duong V,, > 0 varank(V},,) = 1[31], [62]. Do d6, biéu thiic

(4.28) dugc bién doi nhu sau:

Vi, ' MEM
m=0

M Km
min 2 Z ot (7 ), (4.292)
k=1

st tr(XpmiVm) = 0 —1)/a, meMkeX,, (4.29b)
Vinnmy = LYn=12,...,Nym € M, (4.29¢)
V, = 0, (4.29d)
Rg?,k < fpwo m=01,..,M, k€ X, (4.29)
a3

Véiy = Biéu thurc (4.29) 1a bai toan 16i 1ap trinh ban xac dinh

Pm,kpm,ktr(xm,kvm).
SDP [31] [49], bai toan nay co thé duoc giai dua vao cac bo cong cu cua CVX. Trong
Thuat toan 3, phuong phap giam toa d6 khdi dugc dé xuat dé giai bai toan tim hé sé dich

pha téi wu trong biéu thirc (4.29).

Bang 4. 3: T6i wu hé s dich pha

Thuat toan 3: Tim hé sé dich pha tdi wu

Ng6 vao:

Cai dat gid tri u, ¢, p, va khoi tao fffi,)k
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Cai dat gia tri sai s6 € = 1073, s6 lan lap tdi da I,,,, = 20 dé dirng thuat toan
form=1to M do

Caidati =0
repeat

Giai bai toan (4.29) tim tap kha dung d+"

Cap nhatgiatri f00, i=i+1
until ham muc tiéu trong (4.29) hoi tu hoac i > 1,4,

end for

NQ0 ra: @,

Trong Béng 4.3, bai toan SDP duoc giai dya trén phuong phap giam toa do khoi
dé tim hé sb dich pha téi wu. V&i ngd vao lan luot gom u, g, p duoc thiét 1ap co dinh,
(0)

khei tao gia tri ban dau f,,), va diéu kién dé dung thuat toan dé xuat ¢ = 1073 hogc
Imax = 20. Tuong ty nhu thuat toan 2, trong thuat toan 3 bai toan ciing duoc thyuc hién
theo tirng nhom nguoi dung. Trong vong lap repeat bai toan SDP (4.29) duoc giai su
dung cong cu CVX dé tim ra gia tri tdi vu & ", Thuat toan dung khi dat didu kién hoi
tu hodc sb 1an 13p toi da. Ngd ra cua thuat toan 13 ma tran ciu hinh pha ti wu cho céc

phan tir phan xa cia RIS.
4.3.3 T6i wu giam tai qua trinh tinh toan

Ti uu phan bo tai nguyén tinh todn ¢ voi cac gia tri toi uu cua p, u, ® co dugc
tir c4c bai toan téi vu con duoc mo ta trong cac nodi dung trudc, biéu thirc (4.16) co thé

duoc viét lai nhu sau:

M Km
min z Z TLo (g55,) (4.30a)
m=0 k=1
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st (4.16¢) (4.30b)

Vi ham muc tiéu trong bai toan (4.30) 1a ham 16i va rang budc tai biéu thirc (4.16e)
cling 1a mot ham 16i theo bién ¢, bai toan duoc xac dinh 1a mét bai toan téi wu 16i. Do
d6, bai todn cd thé dugc chuyén vé dang 16i chuan va giai bang thu vién CVX trén
Matlab. Viéc sir dung CVX trong truong hop ndy cho phép bao dam riang nghiém thu
duoc 1a nghiém ti vu toan cuc cta bai toan da cho. Qua trinh giai duoc thyuc hién théng
qua mot phuwong phap 13p, nham tim ra phuong 4n phan b6 ¢éng suat t6i wu cho cac thiét
bi dau cudi trong hé thong 10T va may chu MEC. Nho tinh chat 16i caa bai toan, qua

trinh lap dam bao hoi tu d¢én nghiém tdi wu toan cuc.

Bang 4.4 Thuat toan tbi uu lip

Thuat toan 4: Thut toan toi wu Lip giai bai toan (4.16)

Ng6 vao:
Cai dat gia tri u, @, {va khai tao p©@, &, 7 ©
Cai dat gid tri e = 1073, s6 1an lap t6i da I,,,,, = 20 dé dirng thuat toan
Caidatgiatrij=0
Lap lai:
Giai (4.23), tap kha dung pU*?
Giai (4.29), tap kha dung £t
Giai (4.30), tap kha dung ¢ U+V
Cap nhatgiatrij=j+1
Cho dén khi ham muyc tiéu trong (4.23), (4.29), va (4.30) hoi tu hodc j > I4y
Ngo ra: p*, fomu: G°

Cubi ciing, bai toan tbi uu 1ap dugc dé xuat dé xac dinh dong thoi céc gid tri phan

b cong suit tdi wu, tim kiém hé sb dich pha va giam tai tinh toan. Trong Thuat toan 4,
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ngd vao lan lugt duoc khai tao p©@, ffg?k, va ¢ D13 céc gia tri ban dau dé thyc hién toi
wu voi gid tri chi 6 1an lap j = 0, va diéu kién dé thuat toan dimg khi dat s6 1an lap ti
dal,,,, = 20 hoac hiéu s6 cua ham muc tiéu gitta hai lan lap lién tiép nho hon e = 1073.
Trong vong lap repeat lan luot cong cu CVX duogc st dung dé giai (4.23) dé ti wu cong
suat tra vé gia tri pU+D, (4.29) dé tdi uu hé sb dich pha RIS tra vé gia tri f,(flﬁcl), va (4.30)
dé tdi wu tai nguyén tinh toan tra vé gia tri ¢ UV, Két qua cua qua trinh thuc hién tbi vu
duoc & mdi vong lap sé 1a diém khai tao cho vong lap tiép theo. Ngb ra caa Thuat toan

4 1a cac gia tri toi wu p*, fi e .
4.4  Swhdi tu va @ phirc tap tinh toan ciia phwong phap dé xuat

Bai toan (4.16) cuc tiéu tong do tré bang cach tdi uu cong suat truyén p, dich pha
RIS & va tai nguyén MEC ¢ duéi céc rang budc QoS va tai nguyén. Do tinh khong 16i
(dic biét & khdi RIS), phuong phap t6i wu ludn phién theo tirng bai toan con duogc ap
dung. Tai vong lap i, thuat todn lan luot giai khdi cdng suat théng qua bai toan (4.23)
VGi xap xi 16i cua (4.18) - (4.21), khéi pha cua phan tir phan xa RIS thong qua bai toan
SDP (4.29) dugc chuyén tir QCQP (4.24) bang k¥ thuat SDP véi V,,, = v,, v, va khéi
MEC théng qua bai toan (4.30). Thuat toan ding khi thay d6i ham muc tiéu nho hon & =

1073, s lan lap téi da I,,,,, = 20.

Dit ham muc tiéu tong do tré 13 F (p, ®, ), véi nghiém tbi vu cua ting bai toén
con & vong lap i 1a p, ®, T, nho dic tinh cua xap xi SCA trong bai toan (4.23), ta c6
Fp®, @D, 7D) > F(p, @D, 7®). Tuong ty, t6i wu bai toan con cho RIS (4.29) va bai
toan con cho MEC (4.30), ta ¢6 dugc F(p, @D, 1) > F(p, ®,{D) > F(p, ®,0). Khi
cap nhat gia tri  (pWY, @@V Dy = (p,®,7), ta c6  dugc
FpttD, D ti+Dy < F(p®, &®, ) tic 12 gia tri ham muc tiéu giam don diéu

qua cac vong lap. Do mién kha thi déng va bi chan (do 0 < p, <1, V4|2 =1,
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Y U iP5 < Tnax), ddy F(p®, @D, 7W) hoi tu va moi diém giéi han cta ddy
(p®, @D, 7®) 13 diém tinh cua bai toan néi long rang budc rank (V,,) = 1 trong (4.29)
[111].

Vé do phuc tap tinh toan, véi M tuong ¢ng véi s6 nhdm nguoi ding, K nguoi
dung trong m&i, N s6 phan tir phan xa cta RIS. bai toan (4.23) O (MK) (bao gom ca 1y, )
va do phirc tap cua phuong phap diém noi 1a @((MK))3. Bai toan con cho RIS (4.29)
chaa bién 1a ma tran xac dinh duong tirng phan, V,,, € CV*¥nén sé an 1a O(N?), va véi
MK rang budc vét. Do phic tap tinh toan dé giai bai toan SDP tong quat 1a O(MKN®)
va thuong chi phdi khi N 1én. Bai toan MEC (4.30) c6 d6 phuc tap twong duong
O((MK)?) Do d6, & phuc tap tinh toan mdi vong lip 1a O (MK N°) va tong do phuc tap
tinh toan khi thuat toan hoi tu sau I vong lap (thuc té gidi han boi I, = 20):
O(I.MKN®). Viéc luu trir cac ma tran SDP {V,,} chiém phan I6n dung luong bd nhd,
¢6 kich thuéc O(MN?) [84, 112].

45  Két qua mé phéng

M6 phong duoc thuc hién trén phan mém Matlab véi str dung cdng cu CVX va
cac thdng s6 mo phong duoc thiét 1ap nhu trong Bang 4.4, dé kiém ching bai toan téi vu
téng do tré mang sau khi duoc bién d6i thanh cac bai toan con (4.23), (4.29), va (4.30).
Trong d6, két qua md phong so sanh phuong phéap dé xuat véi truong hop khéng ap dung
t6i wu. Cu thé, két qua so sanh gdm md hinh dé xuat (proposed scheme) va md hinh
khong téi uu (conventional scheme). Trong d6, mé hinh dé xuét 1a két hop t6i wu phan
bd cong suit, téi wu hé sé dich pha, va téi wu giam tai tinh toan dua trén phan bo tai
nguyeén tinh toan caa MBS. M6 hinh khdng téi wu véi cong suat dugc phan bo dén nguoi
dung tai cac nhom la nhu nhau, cac phan tir phan xa ngau nhién tin hiéu dén, va khong

xem xét dén t6i uu phan bd tai nguyén tinh toan cua MBS. Trong d6, cac thong sb vé
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tong do tr& cua mang duoc xem xét bang téng do tré cua tat ca ngudi dung trong hé

théng.

Tram thu phat goc da dng-ten MBS duoc gia dinh dit tai thm cua mot khu vic
hinh tron, phuc vu ngudi dung trong ban kinh 500 m thong qua két ndi truc tiép. Bong
thoi, gia str rang s& can phuc vu nhitng ngudi ding cach xa dén 2000m tinh tir MBS.
Trong kich ban dugc xem xét nay, toa d¢ Cartesian 3D cua MBS la (0, 0, 30), trong khi
tat ca céc thiét bi nguoi dung UE dugc phan bé ngau nhién trong toan bo khu vuc bao
phu cua tram thu phat géc MBS. Gia sit UAV dugc trang bi RIS bay trong khu vuc bao
phu véi do cao trong khoang (H™, H™**) tir 50m dén 150 m. Trong d6, cac tham sb
truyén dan vat ly, va théng sé mé hinh kénh truyén dugc tham khao tir [37], méi UE c6
thé st dung téi da P"4* = 30 dBm cho cac dudng I1én (uplink) qua kénh truyén c6 tan
sé trung tam £. = 2.4 GHz, bang thong W = 1 MHz va chiu anh huéng caa nhidu Gauss
tring cong o? = —130 dBm/Hz.

Vé yéu cau chat lugng dich vu QoS, tdc d6 téi thiéu cd thé dat duoc cho mdi UE
trong duong 1én duoc dit & mic i; = 1 Mbps. Gia sir rang mdi UE can thyc hién cong
viéc tinh toan, cd thé 14 tai chd hoic tai MBS, véi kich thudc Dy, = 100 kB va d6 phuc
tap tinh todn ngi b 1a F,,, , = 600 cycle/bit. Tai nguyén tinh toan toi da (tan sé chu
ky CPU) ctia may chit MEC va cac UE lan luot 14 {,,q, = 30 Giga Cycles/s Va cp, ), =
0.5 Giga Cycle/s [43].

Dua trén nhitng gia thuyét dugc dat ra, mo phong duoc tién hanh dé danh gia hiéu
suit caa phuong phép ti wu dugc dé xuat so voi phuong phap khong tdi wu nhu da trinh
bay, theo hai tiéu chi sau: (1) kha nang giam thiéu tong do tré mang, duoc dinh nghia
boi TM_o Tx™ TE0L; va (2) kha nang giam thiéu do tré tong trong truong hop xéu nhit,

duoc dinh nghia boi ¥M_, max {Tf°t}. Hai tiéu chi (1) va (2) duoc str dung dé so sanh
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mot cach toan dién hiéu nang cta cac phuong phap trong cac kich ban mé phong vai cac
thong s6 duoc gia st khac nhau, ca vé mat hiéu suat trung binh va kha ning dam bao

chat lugng dich vu trong diéu kién bat loi.

Bang 4. 4: Céc thdng s sir dung md phong

STT Thong s6 Gia tri
1 | Sé tram goc MBS 1
2 | Béan kinh viing bao phu gan 500m
3 | Ban kinh vung bao phu xa 2000m
4 | Vitricaa MBS (0,0,30)
5 | Db cao UAV (H™n, gmax) (50,150)m
6 | Tan sb sng mang 2.4GHz
7 | Bang thong kénh truyén 1 MHz
8 | Cong suat phat cuc dai Py, 30 dBm
9 | Ngudng QoS 7o = 1 Mbps
A A A A A =X 4 dB
10 | Mat d6 pho cong suat nhicu trang o? = —130 m
Hz
11 | Kich thudc cua tac vu duoc giam tai [113] D,, = 100 kB
12 | B¢ phuc tap cia tac vu giam tai [113] F_ . =600 cyc.les
’ bit
13 | Tai nguyén tinh toan téi da cia MEC [113] ¢ 30Giga cycles
14 | Tai én tinh toan téi da cua UE [113 cycles
ai nguyén tinh toan t6i da cua UE [113] ek = 05 Giga y

4.4.1 Phan tich do hgi tu

Céc dic diém hoi tu cua phuong phap téi vu dé xuat duge danh gia bang cach

thay d6i so lwong ngudi dung trong md hinh truyén théng MEC véi kich ban duoc xem
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Xét nhu trong Hinh 4.2. Nhin chung, xu huéng téng do tré trong ba trudng hop vai s6
lwong ngudi ding lan luot K = 80, K = 100, va K = 120 giam dan qua mdi lan lap, diéu
nay hoan toan phl hop véi dic diém cia phuong phap giam toa do khéi khi ham muc
tiéu giam dan va hoi tu tai diém dirng. R& rang, khi s6 luong ngudi dung ting 1én, trong
g véi cac bién can t6i wu ciing tang 1én, tic 12 s6 lwong cum, hé s cong suat tai tram
g6c (MBS), cac bd hé sé dich pha tdi wu va phuong thuc tinh toan téi wu tai may chu
MEC. Cu thé, K = 80 d tré giam tir 5.58 x 10*ms xudng khoang 5.5775 x 10*ms va
dat 6n dinh sau ba lan lap; trong tu Vvéi gia tri K = 100 do tré ciing dat xap xi
3.85 x 10*ms sau ba lan I3p va 6n dinh; tuy nhién voi K = 120 thuat todn can sau lan
lap dé dat duoc on dinh tai gia tri 9.367 x 10*ms. Nguyén nhin nhu di dé cap trude do,
viéc tang sé lwong ngudi ding twong (ng Vai Viée tang sb bién tdi vu, didu nay doi hoi

nhiéu thoi gian hon dé thuat toan hoi tu.

Mt khac, ta ciing d& dang nhan thay rang viéc tang sé lwong ngudi dung ciing
tuong UNg Vi viéc tang tong do tré cho ngudi ding & truong hop xau nhat. Piéu nay c6
thé giai thich bai thuc té véi mot lwgng tai nguyén phuc vu cho truyén théng cb dinh tai
MBS va tai nguyén tinh toan tai MEC, néu cang nhiéu nguoi ding giam tai tic vu dén
may chi MEC thi tai nguyén duoc phan bo cho mdi ngudi diing sé cang it, tir d6 yéu cau
nhiéu thoi gian hon tai may chu MEC dé nhan tac vy, hoan thanh va truyén lai cho nguoi
dung. Ngoai ra, trong bai toan dé xuat cac bién ti wu c6 su lién két 1an nhau, diéu nay
khién cho khong gian nghiém s& ma rong hon khi tiang s6 lugng ngudi ding. Chinh vi
vay, thuat toan doi hoi nhiéu vong lip hon dé dat duoc nghiém ti wu. Piéu nay ciing
lam cho thai gian hoi tu caa thuat todn bi kéo dai, vi phai diéu chinh nhiéu tham s hon
dé dam bao hiéu qua sir dung tai nguyén va chat luong dich vu QoS cho tét ca cac ngudi
dung. Do d6, viéc md rong quy md hé théng nguoi ding khong chi lam gia ting do tré

ma con tao ra sy danh do6i vé tai nguyén giira cac ngudi dung, dan dén phai xem xét dén
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su trong nhuong trong viéc duy tri su phan b tai nguyén hiéu qua va dam bao QoS

d6ng déu trong toan hé thng.
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Hinh 4. 2 D6 hoi ty ciia phuwong phap dé xuat khi sé nguoi ding K thay doi

4.4.2 Tong d tré cia cia ngwdi dung UE trong hé théng véi @ phirc tap
tinh toan F,,, , thay doi.

Hinh 4.3 minh hoa tong d6 tré cua tat ca cac ngudi ding UE véi cac gia tri khac
nhau caa F,,, 4, trong bdi canh K = 80 VA {,,,, = 30 Giga cycle /s. Tong d¢ tré duoc
danh gia dva trén cac gia tri khac nhau cua chu ky CPU, F,,, 4, thay d6i tir 600 dén 602
cycles/bit, véi sé luong phan tir phan xa cua mat phan xa théng minh RIS lan luot 1A N
=80 va N = 100 phan tir.
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Hinh 4. 3: Tong do6 tré mang véi cac md hinh phan bé tai nguyén khac nhau F,,, ,, véi

K =80, {;nar = 30 Giga cycles/s.

Cu thé, Hinh 4.3(a) va 4.3(b) cho thay hiéu suat ciia phuwong phap dé xuat so véi

phuong phap khong t6i uu vé tong do tré ciia mang. Ching han, véi N =80 VA F,, , =
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600, tong do tré cua phuong phap dé xuat 1a 5.632x10*ms, trong khi cua so do truyén
thdng 12 5.635x10*ms. Hon nita, khi s6 lwong phan tir phan xa ting 1én, tong do tré cua
mang s& giam xudng. Pang luu ¥ rang nhitng két qua nay chi hop 1é trong khoang cac

phan tir phan xa duoc xem xét va khong phai 1a quy tic chung [44].
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Hinh 4. 4: Tong d6 tré mang trong trudng hop xau nhit theo cac md hinh phan b tai

nguyén khac nhau F,, z, v6i K = 80, (., = 30 Giga cycles/s.

Ngoai ra, trong Hinh 4.4, tong do tré dugc danh gia trong trudng hop xau nhat
V6i cac gia tri khac nhau ciia chu ky CPU, F,, 4. Tir két qua mo phong trén cho théy,
tong do tré trong trudng hop xau nhat ting 1én ciing véi s6 chu ky CPU can thiét dé tinh
toan madi bit cua tac vy, tirc 1a do phiic tap cua tic vu can tinh toan. Do d6, cac UEs can

giam tai tinh toan cuc bo ciia minh dén may cha MEC dé giam do tré.

Bang cach thuc hién phan bb cong suat, hé sb dich pha va giam tai tinh toan mot

céch t6i uu, phuong phap dé xuat c6 thé cung cap hiéu suat tt hon so v6i phurong phap
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truyén thong vé tong do tré trong trudng hop xau nhat. Mit khac, khi F,, ,ting tir 600
lén 602 Giga chu ky/s, voi N = 80, tong d6 tré trong truong hop xau nhit cua phuong
phap dé xuat tang tir khoang 3997 ms 1én 4001 ms, trong khi véi N = 100, tong do tré
trong trudng hop xau nhit ting tir khoang 3953 ms 1én 3958 ms. Diéu ndy cho thdy, viéc
tang sd lwong phan tir RIS trong khoang xem xét mang lai cai thién hiéu suat hé thong

vé viéc giam do tré.

4.4.3 Tong dp tré cia nguwoi dung UE trong hé théng véi tai nguyén tinh

toan tdi da ciia may chit MEC {0,

Trong Hinh 4.5, tong d6 tré ciia mang duoc danh gia va so sanh v6i phuong phap
khac trong mot khoang kha ning tinh toan cua MBS (Mega Cycle/s), {ax. SO luong
nguoi ding UE va chu ky CPU duoc thiét 1ap lan luot 1a K = 80 va Fop =
600 cycles/bit. Bong thoi, s6 phan tir phan xa cia RIS, N dugc xem xét véi hai gia tri
khac nhau 12 80 va 100 phan tir nhiam phan tich anh huéng caa sé lwong phan tir phan xa
ctiia mat phan xa thdng minh RIS dén tong do tré. RG rang, két qua cho thay viéc ting sd
luong phan tir phan xa cua RIS va kha ning tinh toan cua MBS gidp cai thién rd rét tong
d6 tré ciia mang. Quan sat cho thay tong do tré giam khi kha nang tinh toan cua MBS,
{max- tang 1én. Cu thé, véi N = 80, khi kha ning tinh todn ctia MBS tang tir 4.5 x 10*
(ms) 1én 4.53 x 10* (ms), tong do tré giam tir 1.826 x 10* (ms) xudng 1.816 x 10%(ms).
Tuong tu, voi N = 100, tong d6 tré tiép tuc giam tir 1.819 x 10* (ms) xudng con 1.809 x
10* (ms) khi ¢,,4, ting trong cing khoang gia tri. Két qua nay cho thay ré rang rang viéc
tang s6 lwong phan tir phan xa ctia mét phan xa thdng minh RIS gép phan cai thién hiéu
qua truyén thong va giam tong do tré, dac biét khi duoc két hop véi kha nang xu ly tinh
toan cao hon tai MBS. Piéu nay khang dinh tinh hoi tu tét va hiéu qua tinh toan cua
phuong phap dé xuat, dong thoi chirng minh tinh kha thi khi trién khai trong céc hé thong

thuc té yéu cau do tré thap, kha ning mo rong linh hoat va tai nguyén tinh toan han ché.
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Hinh 4. 6 Tong do tré trong truong hop xau nhét véi K = 80, F,, , = 600 cycles/bit
VA gid tri {4, thay doi

Mt khac, trong két qua md phong ¢ Hinh 4.6 nhiing vu diém ciia phuong phap
dé xuat cho hé théng MEC hd tro UAV-RIS Vé tong do tré trong truong hop xau nhat.
C6 thé thay rang, tong do tré trong trudng hop xau nhat giam dang ké khi kha ning tinh
toan tang 1én. Quan trong hon, phuong phap dé xuat luon dat hiéu suat do tré tot hon so
Véi tiéu chuan. Diéu nay lai mot 1an nira ching minh hiéu qua cua phuong phép tdi wu
hoa dé xuat, tac 12 phan bd cong suét téi wu dong thoi, dich pha va giam tai tinh toan cho
hé théng MEC hd tro UAV-RIS.

4.4.4 Tom tat két qua mo phéng

Dua trén nhiing két qua mo phong va thao luan vé tong do tré caa hé thong trong
cac truong hop do phuc tap tinh toan thay doi va kha nang tinh toan khac nhau, phuong

phap tdi wu hoa dé xuat c6 kha nang dat hiéu suat cao hon vé viéc giam do tré mang so
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vé6i phuong phap thuc hién truyén thong, khi khdng thuc hién phan bé cdng suit téi wu

tai MBS ciing nhu t6i wu hoa cac hé sb dich pha cho RIS.

Thuc té, phuong phap ti wu hoa dé xuat da duoc thir nghiém trong cac cau hinh
khac nhau bang cach thay doi cac tham sé anh huong chinh cua céc kich ban truyén
thong da xem xét, chang han nhu sé lwgng phan tr phan xa N tai RIS, d6 phic tap tinh
toan cia tac vu F,, , ma mdi nguoi ding yéu cau, va tan sé CPU tai may chit MEC ¢,
Dua trén cac két qua thu duoc c6 thé khang dinh mot s6 diém chinh cua nghién ciru nhu

Sau.

« Trong tat ca cac kich ban da xem xét, phwong phép toi wu dé xuat co thé tim ra
cac cau hinh téi wu cho phan bo cong suat tai MBS va céc hé s6 dich pha cho RIS, ciing
nhu duong di t6i wu cho UAV, cho phép dat dugc mic do tré truyén thong thip hon,
d6ng thoi dam bao cac yéu cau chat luong dich vu (QoS) cho timg ngudi ding trong

mang.

« C6 gia tri minh chang rd rang rang do tré truyén thong tang 1én khi do phuc tap
cua tac vu F,, , ting, trong khi dé giam khi s lugng N ciia cac phan tir RIS hozc tan sb
CPU tai may chit MEC ¢,,q,. ting. Trong moi trudng hop, phuong phap dé xuat cd thé

dat dugc phan bo tai nguyén téi wu, tdi thiéu tong do tré truyén thong.

« Pi véi kich ban dd xem xét, khung toi uu hoa dé xuét ciing c6 thé cung cap
mtic d6 tré truyén thong thap hon cho ngudi ding trong truong hop xau nhat. Biéu nay
nhan manh tim quan trong cua viéc sit dung UAV duoc trang bi tam RIS va ti uu hoa
d6ng thoi dudng di cia UAV, phan bé cong suét tai MBS, va cac hé sb dich pha cho céc
phan tir phan xa, nhu mot giai phap manh mé& dé thic day trién khai cac dich vu dinh

huéng 6G véi yéu cau do tré thap.
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Bén canh d¢, trong bang 4.5 cho thay so sanh d6 hiéu qua cua phuong phap dé
Xuat véi cac nghién cau khéc l1an luot [114, 115, 116, 117] véi cac ham muc tiéu va céac
thong so t6i uu, rang budc khac nhau. Ngoai ra, do diéu kién thiét 1ap ban dau cho bai
toan t6i wu la hoan toan khac nhau, va cac ham muc tiéu duoc thiét ké khac nhau, nén
viéc so sanh duoc danh gia dya trén sb 1an lap dé so sanh d6 on dinh cua thuat toéan 1a
phu hop nhét. Két qua cho thiy phuong phap dé xuit co do hoi tu tét véi s6 1an lap twong
trng 1a 3 1an, va cac nghién ctu con lai can s6 1an 13p nhiéu hon dé dat dugc d6 6n dinh
cua thuat toan.

Bang 4. 5 So sanh d6 hoi tu caa phuong phap dé xuat va mot s6 két qua nghién ciu
khac

. iy Hoi tu
TLTK Muc tiéu toi wu Thong so .
(lan 1ap)
Tbi vu phan bo céng suat tirng ngudi
[114] Téi thiéu tong do tré hé | dung, lién két ngudi ding, dich pha 5
théng (ms) cua RIS, va phan bd tai nguyén tinh
toan MBS.
T6i wu vi tri, phan bo tai nguyén,
Tbi thiéu do tré he théng | phan doan tac vu.
[115] |trong trudng hop Xau | THi wu cong sudt truyén, vec-té dinh 5
nhat (s) dang bup song thu, hé sb dich pha
cua RIS
[116] Tbi da hiéu qua tinh toan | Téi wu hiéu ning luong tiéu thy, vi 6
bao mat (Bits/Joule) tri cia UAV, sb lugng phan ta RIS.
) ) _ T4i vu lva chon RIS va dinh dang
Toi da ti so tin hi¢u trén | . ] o
[117] . bup song, toi vu lugng tinh toan, va 30
nhicu SNR
dich pha cua RIS.
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46  Kétluan

Trong ndi dung chuong nay, mot hé thong MEC duoc xem xét gdm mot tram gbe
MIMO c¢& 161, phuc vu M nhém ngudi dung véi sy hd tro caa UAV duoc trang bi RIS
nhdam nang cao ving phu séng cua toan bo hé thdng truyén thdng. Véi gia thuyét nhu
trén, bai toan cuc tiéu tong do tré trong viéc thuc hién cac tac vy cua tat ca nguoi ding
trong hé thong duoc dé xuét. Cu thé hon, biéu thtc cuc tiéu d6 tré cho tit ca UE bing
cach téi wu dong thoi phan bo cong suat cho ngudi dung, su lién két cia nguoi dung, hé
s6 dich pha cuia cac phan tir phan xa trén RIS, va phan bo tai nguyén tinh toan tai MBS,

Vvé6i diéu kién 1a dam bao QoS va kha ning tinh toan ctia MBS.

Bén canh d6, quy dao caa UAV ciing dugce xem xét dén nham tiét kiém tong thoi
gian bay qua M diém ding twong wng véi M nhém nguoi ding UE dé giam tai tic vu
tinh toan. Hiéu qua cua phuong phap dé xuat da duoc danh gia thong qua cac két qua mo
phong, diéu nay cho thdy phuwong phap dé xuat tét hon trong viéc giam tong do tré cua
mang va tong do tré trong truong hop xau nhat cua tat ca cac UE so véi phuong phap
truyén thong. Tom lai, tir két qua md phong cua giai thuat da dé xuat dé toi vu phan bo
tai nguyén va giam tai tinh toan cho hé théng MEC c6 sy hd trg cua UAV-RIS t6t hon
truong hop cdng suat phat 1a bang nhau va goc pha ctia bé mat phan xa théng minh 1a
ngau nhién. Bén canh do, két qua md phong ¢ cac hinh 4.3 va 4.5 khi xem xét tong do
tré cua tat ca nguoi ding trong mang so véi do phuc tap tinh toan, va tai nguyén tinh

toan téi da cua may chu chua cho thay su vuot troi caa giai thuat téi vu dé xuat.

Tuy nhién, mot han ché quan trong cia mé hinh dé xuat 1a chua xem xét anh
huong caa van toc di chuyén UAV-RIS dén chat luong thdng tin trang thai kénh CSI.
Khi UAV-RIS di chuyén véi van téc cao, kénh truyén thay doi nhanh theo thoi gian, gay
ra hiéu ang dich tan Doppler, dan dén giam do twong quan kénh va do chinh xac caa CSI

do thong tin wéc lugng nhanh chdng bi 18i thoi. Biéu ndy c6 thé dan dén suy giam hiéu
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suit beamforming va phan bé tai nguyén trong hé théng. Trong pham vi luan an, dé han
ché van dé nay, tac gia gia dinh UAV-RIS hoat dong theo ché do dirng — bay va van téc
dugc gidi han, bao dam thoi gian dung da 16n tai mdi diém dé dam bao on dinh, va dé

udc luong va cap nhat CSI chinh xac.

Bén canh d¢, cac két qua danh gia trong luan an chua xem xét tong thoi gian bay
can thiét d& UAV-RIS hoan thanh viéc di chuyén qua tat ca cac diém ding trong pham
Vi €0 su hién dién ctua cac nhom nguoi dung. Qua trinh xdy dung bai toan ciling chua xét
dén yéu t6 gay nhiéu giira cac nhom nguoi dung lan can ciing nhu rung (jitter) cia UAV
trong qua trinh truyén thdng voi nguoi ding. Cac yéu td ndy cd thé 1am giam d6 6n dinh
lien két truyén thong, gay tang ty I& 15i goi tin va suy giam chat luong dich vu QoS.
Ngoai ra, viéc bo qua cac rang budc vé gigi han nang luong va dung luong pin caa UAV
c6 thé khién mo hinh chwa phan 4anh day du tinh thuc tién trong trién khai. Day sé la
nhitng hudng nghién cau mé quan trong trong tuong lai nham ma rong mod hinh sang
kich ban UAV-RIS di chuyén lién tuc véi van tc cao, co xét dén cac yéu té nhidu, sai
s6 CSI, ning luong gidi han va rung dong, tir d6 dé xuat cac thuat toan bt Doppler va
udce lugng thdng tin trang thai kénh truyén CSI bén viing hon dé nang cao hiéu ning hé

thdng.

(J2) Bai bdo dwec xudt ban trén tap chi IEEE Access xép hang Q1 (SCIE)

P. Q. Truong, T. Do-Duy, A. Masaracchia, N.-S. Vo, V.-C. Phan, D.-B. Hava T. Q.
Duong, “Computation Offloading and Resource Allocation Optimization for Mobile
Edge Computing-Aided UAV-RIS Communications,” IEEE Access, tdp 12, pp.
107971 - 107983, 2024.

101



Chuong 5
KET LUAN

Noi dung chuong trinh bay két luan vé cac két qua da thuc hién duogc trong luan an
tién si, cac han ché con ton tai, va dé xuat hudng phét trién, ciing nhu dinh huéng nghién

ctu tiép theo.
5.1 Kétluan

Luan an tap trung xem xét tng dung mat phan xa théng minh trong mang truyén
théng vo tuyén lan luot 1a mang di dong té bao va hé théng MEC ¢ sy hd tro cua UAV-
RIS. Luan an da hoan thanh cac muc tiéu dé ra trong dé cuong tong quan vai cac két qua

chinh nhu sau:

Dau tién, luan &n xem xét mot mo hinh truyén théng khong day co su hd tro cua RIS,
trong d6 nhiéu RIS khéac nhau dugc trién khai dé hd trg duong xudng cho cac nhom
nguoi ding khac nhau. Doi véi mo hinh dé xuét nay, bai toan téi wu dugc xay dung Voi
muc tiéu tdi da tong thong lwong mang véi cac rang budc vé cong suat tiéu thuy tai tram
g6c va chat lugng dich vu (QoS). Vi bai toan dé xuat cd tinh chat khong 16i, nén bai toan
t6i wu ban dau duoc phan chia thanh hai bai toan con. Bai toan thi nhat, diéu khién cong
Suat véi cac gié tri hé s6 dich pha dugc cb dinh, Gc nay bai toan cé dang 16i, s& dé dang
tim duoc 161 giai nhd vao cac cong cu hd trg. Sau do, phuong phap tim kiém hé sb dich
pha duoc dé xuat dé giai quyét bai toan khong 16i nham tim ra cac hé sb dich pha t6i wu
cua cac phan tr phan xa. Phuong phap toi wu tong théng luong cua hé théng dugce dé
XUat vuot troi hon hon han cac phuong phap khac khi xem xét tong thong luong hé thong

trong trudng hop Xau nhat.

Tha hai, luan an dé xuat mot bai toan tdi uu cho hé thong MEC, duoc dat trong mot
tram gbc MIMO (MBS) ¢& 16n, duoc hd tro bai UAV mang theo RIS c6 kha ning bay
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trong ving phu séng cia mang. D4i véi hé thdng dé xuit nay, bai toan téi wu nham muc
tiéu giam thiéu tong do tré cua hé théng duoc dé xuat, dya trén tdi wu phan bo cong suat
cua timg nguoi dung, lién két ngudi dung, cdu hinh dich pha cua cac phan tir phan xa
RIS va phan bd tai nguyén tinh toan tai MBS theo cac rang budc vé tai nguyén tinh toan
va yéu cau QoS cua MBS. Dé giai quyét bai toan nay, thuat toan lap da duoc thiét ké dé
giai quyét mot cach hiéu qua bai toan tdi wu dugce dé xuat bing cach ap dung mot sd
phuong phap x4p xi va bat ding thirc, theo duong di chuyén va phuong phép giam toa
d6 khoi (BCD). Ngoai ra, dé xac dinh quy dao bay cia UAV dya trén mat do ngudi ding
mit dat cling dugc dé xuat trong luan &n. Két qua mé phong cho thdy phuong phap dugc

dé xuat c6 hiéu qua vuot troi hon hin cac phuong phéap hién co.

Thuc vay, mat phan xa thdng minh véi nhiéu vu diém vuot troi duoc danh gia 1a mot
trong nhirng cong nghé then chét cho cac hé thong truyén théng vo tuyén 6G. Cu thé,
mang 6G haa hen mang lai nhiéu dich vy trong twong lai v6i cac chi s hiéu nang yéu
cau khac khe vé toc do truyén dix liéu rat cao 1én dén 100 Gbps, do tré thap dudi 1ms, va
mat d6 nguoi dung day dac. Mat phan xa théng minh (rng dung trong mang 6G gitip tang
cudng do tin hiéu va viing bao pha nho vao kha ning diéu chinh séng v tuyén, cai thién
dang ké chét luong két néi va giam nhiéu, bén canh d6 1a kha ning tiét kiém nang lugng
hon so véi cac giai phap truyén thong.

5.2 Huwéng phat trién

Mac du, cac noi dung nghién ctru cta luan an da tap trung phan tich va danh gia
chi tiét cac chi s6 hiéu ning ctia mang truyén théng vo tuyén c6 su hd tro ciia mat phan
xa thong minh trong cac diéu kién kich ban mé phong khac nhau. Tuy nhién, cac noi
dung trén van con nhiéu khia canh dé dinh hudéng nghién ctru va phat trién trong twong
lai.

Trong van d& nghién cru thir nhat, nghién ctru sinh chua xem xét dén truong hop

tram phat goc BS 1a da ang-ten, l0c nay bai toan dinh dang bup s6ng cha dong tai tram
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phat goc s& duoc xem xét. Hon nita, s6 lwong phan tir téi vu ciing chwa duoc giai quyét
trong bai toan dit ra. Song song do, cac bai toan vé truyén niang lwong va thong tin lién

tuc chua duoc phén tich va danh gia trong hé théng dé xuat.

Trong van dé nghién ciu thir hai, UAV-RIS duoc xem xét ang dung trong truong
hop di chuyén dén phuc vu nhom nguoi ding cu thé, véi gia sir 1a UAV-RIS ding yén.
Trong thuc té, viéc phan tich can xem xét dén van dé rung lac cua UAV do anh huang
cia moi trudng tac dong, diéu ndy anh huong Ion dén chat luong dich vu. Bac biét 1a
tang sb luong UAV nham muc tiéu hd tro cho cac dich vu véi quy mé 16n hon trong céac
kich ban van vat két ndi 1o0T. Ngoai ra, van dé quan trong 1a quy hoach sé lugng nhém
ngudi ding toi uu va qui dao bay cua cac UAV véi muc tiéu toi thiéu do tré truyén thong

va tiét kiém nang luong cho UAV.

Bén canh cac dé xuat hudng phat trién trén, viéc tng dung céc thuit toan may hoc
vao trong vién thong dang phat trién manh mé&, nghién ctru sinh dang trong qué trinh
nghién ciu tng dung hoc ting cudng va hoc sau tang cudng dé giai quyét cac bai toan
t6i wu da dé xuat trong luan an. Cac phuong phap nay c6 thé gilp hé thdng tu dong hoc
va thich nghi tét hon voi mai trudng truyén thong thay doi lién tuc, dong thoi giam do
phtic tap tinh ton so véi cac phuong phap truyén théng. Ngoai ra, viéc tich hop cac thuat
toan may hoc c6 kha ning khai thac dit liéu kénh lén dé nang cao chat lugng dy doan
thong tin trang thai kénh truyén CSI va ra quyét dinh phan bd tai nguyén hiéu qua hon,

g6p phan cai thién do tin cay va chat luong dich vu QoS cua hé thng.
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PHU LUC

Phuong phap x4p xi va bat dang thirc duoc st dung dé giai bai todn tbi uu. Mot
cach tong quat, theo phuong phap da duoc ching minh tir [82, 118]

Véi gia tri cua z > 0, ham 16-ga-rit sau f(z) = log,(1 + 1/2) la ham 16i, 6 thé
dugc minh chirng thong qua ma tran Hessian. Lic nay, bat dang thtc 16-ga-rit ludn dung

véi moi giatriciaz > 0vaz > 0 [82]:

f(z) =log,(1 + %) > f(2), (P.1)

trong do, voimoi giatriVz > 0,z > 0taco

=1 (1+1)+ : :
— 082 z] 1+z (1+2)z
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