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CHUONG 1 TONG QUAN

1.1 Giédi thiéu
Sy phat trién tit yéu cua cong nghé truyén thong khong ddy trai qua nhiéu thé
hé khac nhau tir hé théng thong tin di dong 1G, 2G, 3G, 4G, khong dung lai ¢
d6 cong nghé 5G dang trong qua trinh hoan thién va dugc thuong mai hda &
mot s6 nude trén thé gioi. Hé thong thong tin di dong 5G 1a chia khoa dé mo ra
canh cura mang két ndi van vat IoT, dé dap ung dugc céac yéu cau khic khe vé
tbc do, bang thong va sd lugng ngudi ding rat 16n. RS rang, sd lugng ngudi
dung va thiét bi trong mang két ndi van vat tang lién tuc, theo sb liéu bao cdo
vao thang 02 nam 2019 cua Cisco thi sb luong cac thiét bi duoc két ndi vao
mang c6 thé dat 28,5 ti thiét bi vao nam 2022 [1].
Mbi truong vo tuyén duoc dinh nghia 1a mot tap hop cac ddi tuong lam thay ddi
dang ké sy lan truyén cua song dién tir giita cac thiét bi truyén thong [2]. Su
thay doi cua song dién tir lan truyén c6 thé 1a suy giam hodc tan xa nhung sy
thay ddi nay 1a khong thé tinh toan va kiém soat dugc trir nhitng trudng hop
don gian hodc duoc xem xét 1y twong. Chinh viéc khong kiém soat moi truong
truyén dan khién cho hiéu qua cua viéc truyén thong bi giam déng ké. Su suy
giam tin hiéu lam gidi han ban kinh gitta cac node trong mang, hién tugong da
duong lam anh hudng dén chat luong va cong suét cua tin hiéu nhan duoc, dic
biét su suy giam tin hiéu la vin dé dang dwoc xem xét khi trién khai truyén
thong mmWave. Chinh vi vay, viéc xem xét tac dong vao moi truong truyén
khong day dé thay ddi cac dic tinh theo huéng c6 loi cho hiéu ning cia hé
thdng 1a mot vin dé dang quan tam [3] [4].
Trong mang truyén thong vo tuyén hop tac, dé cai thién hiéu ning cac ki thuat
giai ma — chuyén tiép va k¥ thuat khuéch dai — chuyén tiép duoc sir dung dé xur
Iy tin hiéu thu. Trong do, cac bd chuyén tiép khuéch dai tin hiéu nhan dugc
trude khi truyén lai mot tin hiéu dugc khuéch dai [5]. Tuy nhién, trong k¥ thuat
AF dugc thyc hién don gian nhung qua trinh thuc hién 14 khuéch dai ludn ca
nhidu trong tin hiéu tai cac relay sau do tiép tuc truyén. Bén canh do, cac ky
thuat AF va DF xtr 1y tin hiéu mot cach chi dong nén s€ khong tranh khoi viéc
tiéu ton nang lugng khi danh gia hiéu ning cua toan hé thng.
Céc nghién ctru trong khoang thoi gian gan, cha yéu tip trung vao xem xét va
dé xuat cac giai phap khéc phuc cac van dé han ché khi trién khai thuc t& cac hé
théng. Bén canh dé, cac nghién ciru v& méi truong vo tuyén théng minh st
dung cac mat phan xa thong minh RIS hay cac bé mat phan xa cAu hinh dugc
RIS dang duoc nghién ctru nhiéu véi mé hinh duge xem xét v6i nhidu vu diém
noi bat khi so sanh v6i moi truong vo tuyén hién tai va cac ki thuat AF hay DF.



1.2 Muc tiéu nghién ciru
Muc tiéu cua luan an tap trung vao cac ndi dung nghién ctru chinh nhu sau:
= Xay dung md hinh toan cho hé thong thong tin vo tuyén ¢ sy hd tro cia
RIS va dénh gia hi€u qua cua viéc sir dung mat phan xa thong minh RIS
trong cac hé thdng truyén thong vo tuyén nhu mang di dong va hé thong
thong tin dién toan bién di dong c6 su hd trg cia UAV.
= D¢ xuét thuat toan tdi wu tong thong luong mang cia hé thong thong tin di
dong don ngd vao don ngd ra c6 su hd trg cia RIS.
= Pé xuat thuét toan t6i thiéu tong do tré va giam tai tinh toan trong hé thong
dién toan bién MEC c¢6 su hd tro cia UAV va mat phan xa thong minh RIS.
1.3 Nhiém vu nghién ciru
= Anh hudng ciia mdi truong vo tuyén trong hé thong thong tin vo tuyén va
cac mo hinh todn dang st dung phén tich, mé phong, va ung dung.
= Xem xeét, danh gia cac mét phan xa thong minh dang dugc nghién ctru.
= Xay dyng mo hinh toan cho hé théng thong tin v tuyén str dung mat phan
xa thong minh: mé hinh truyén séng, suy hao, vat Iy.
= Panh gia hiéu qua ning luong va pho cua cac hé thdng co sir dung RIS,
= Pé xuét img dung bé mit phan xa thong minh trong cac hé thong thong tin
v tuyén sir dung cac céng nghé khac nhau.
= Nghién ciru t6i uvu phan bd cong suat trong hé théng thong tin vo tuyén co
su dung RIS.
= Nghién ctru t6i wu hé sb dich pha cuia cac phan tir phan xa cta RIS,
= Nghién ctru t8i wu do tré cia hé théng MEC c6 su hd tro cia UAV va RIS.
1.4 P6i twong va pham vi nghién ciru
Mang va méi trudng vo tuyén théng minh st dung cac bé mit phan xa thong
minh, thong qua viéc dé xuat md hinh toan va danh gia hiéu ning ciia mang.
1.5 Huwdng tiép cin va phwong phap nghién ctru
Tiép can nghién clru téng quan tr cac véan dé co ban, thuc trang, sau do xem xét
dé xuat ap dung mé hinh méi thong qua cong vu méd phong toan hoc.
Nghién ciru c& s& 1y thuyét dua trén cac cong bd khoa hoc c6 lién quan dén linh
vuc nghién ctru, danh gia tinh hinh nghién ctru va cac van dé con ton tai. T do,
d@é xuat mé hinh toan phu hop cho cac hé théng trong thuc tidn va danh gia hidu
qua cua viéc ap dung mo hinh da dé xuét.
1.6 Y nghia khoa hoc va thyec tién ciia dé tai nghién ctru
Luén an tap trung nghién ciru Gng dung ctia mat phan xa thong minh trong hé
thng thong tin v6 tuyén 13 mot trong nhimg chit d& mang tinh cip thiét cao



trong nhitng nim gin day lién quan dén mang vo tuyén noi chung, va mang vo
tuyén thé hé thir 5G, va thé hé thir 6G noi riéng.
a. Vé khoa hoc
Dé xuat duge mo hinh RIS tmg dung trong cac hé thong truyén thong tuyén bao
g6m mang di dong té bao, va hé thng dién toan bién di dong MEC trong mang
vO tuyén ¢ su hd trg cua UAV.
Dé xuét va giai bai toan cuc dai tong thong lugng mang trong mang di dong té
bao c6 sy hd tro ciia RIS, va phan tich thong lwgng mang ciia ngudi dung trong
truong hop x4u nhit dya trén su rang budc cta chét luwgng dich vu QoS.
Dé xuét va giai bai todn cuc tiéu téng do tré cia mang vo tuyén ¢ su hd tro cua
UAV trong hé thong dién toan bién di dong MEC.
b. Vé thuc tién

Céc d¢ xuat dugce nghién ctru trong luan an hoan toan phu hop véi xu hudng
phat trién va trién khai thuc té cia mang truyén thong vo tuyén, dic biét 1a véi
su tang 1én khong ngling cta cac dich vy, va sb luong thiét bi két noi.
Bén canh d6, mo hinh dé xuit hoan toan phu hop véi chuong trinh trién khai
mang 5G trong giai doan hién nay ciia Bo Thong tin va Truyén thong, ciing véi
cac tap doan vién thong 16n trong nudc nhu Viettel, VNPT.
Chwong 2 CO SO LY THUYET
Noi dung chuong trinh bay vé co s& 1y thuyét lién quan dén mit phan xa thong
minh RIS, cic mo hinh kénh truyén vo tuyén c6 hd trg ctia mit phan xa thong
minh, cic tng dung mit phan xa thong trong mang théng tin vo tuyén 6G. Bén
canh d6, co s& 1y thuyét quan dén hé thong truyén théng vo tuyén co su hd trg
clia may bay khong ngudi 1ai 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 ky
thuat t&i uu hiéu ning mang thong tin vo tuyén.
Chuwong 3 TOI UU THONG LUQNG MANG DI PONG CO SU HO TRQ
CUA MAT PHAN XA THONG MINH

Noi dung chuong xem xét g dung mét phan xa thong minh trong mang di
dong té bao. Cu thé, téng thong luong mang dugc cuc dai dua trén cac rang
budc vé cong sut tiéu thu cua hé théng va chét lugng dich vu QoS.

3.1  Mb hinh hé thong mang théng tin di dong té bao cé sw hd tro

ciia mat phan xa thong minh



M6 hinh duong xudng trong

mang té bao SISO phuc vu nhiéu P 3 e
ngudi dung voi sy hd trg cia mat ~abat ST THR
g g ; 0 d RSN =

phan xa thong minh RIS dugc dé -

Xuat trong Hinh 3.1, gom mot & il L

tram goc don ang-ten phuc vu - <
M={1,..,M} nhéom nguoi sy Y —

dung, véi sO lugng ~ngu(‘n dung e — s
khac nhau trong moi nhém va - - i
phan bb ddng déu trong ving pha  Hinh 3. 1 M6 hinh mang € bao véi sy ho
song cua tram goc. trg cia bé mat phan xa thong minh RIS

3.1.1 K&énh truyén vo tuyén va thong lrong thong tin

Xem xé hé truc toa do gém tram géc BS va nguoi dung:
(%0, Yo, Ho)» (s Vim» H ), m € M (x4, Y&, 0), k € Kvoi Hy va H,, lan luot 13
chiéu cao cta tram géc va do cao dat bé mat phan xa thong minh RIS. Tur tram
gbc BS dén nguoi dung gém: kénh truyén tir tram géc BS dén RIS va kénh
truyén tir RIS dén nguoi dung. M6 hinh kénh truyén trong khong gian tu do tir
tram gdc BS dén RIS nhu sau [63], [64]:

Bom = BoRozy m=1,... M, (3.1)
Trong biéu thirc (3.1), By 1a d6 loi kénh truyén xem xét tai vi tri tham chiéu, va
Ry m 1a khoang cach tir tram gbc dén bé mit phan xa théng minh thir m.

RO,m = \/d(z),m + (HO - Hm)z'

Véi dO,m = \/(xo - xm)z + (YO - ym)z-
Puodng phan xa tir mat phan xa théng minh RIS dén nguoi dung (NLoS) [65],
suy hao duong truyén tir RIS thir m dén ngudi dung thir (m,k) nhu sau:
.Bm,k = PLm,k + YILOSP#,JIE + TINLOSPrIer,LkOS

(3.2)

3.3
= 10alog( dZ . + le,,m> + APXZ + B (3.3)

Trong d6, n°5 va nV:S lan luot I1a hé sb suy hao duong truyén LoS va NLoS,
VGi A = T]LOS _ T]NLOS vaB = 10a lOg (4'1chCRm,k) + T|NLOS
Suy hao dudng truyén theo khoang cach nhur trong biéu thirc (3.4):
4T . R i\
PLy = 10log (—f - m"‘) , (3.4)

V6i £ 1a tAn sb song mang don vi 13 Hz, ¢ 12 van toc 4nh sang tinh theo don vi
m/s, a > 2 1a hé s6 suy hao theo ham mii. X4c suét ciia LoS va NLoS [66] nhu
sau:
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Pl = .
g H .
1+ aexp [—b (arctan (dU'm) — a)] (3.5)
m,k
P = 1 Rl @9

V6i a va b 13 hing s6 méi truong.
Khi hiéu tmg dich pha cua tin hiéu trén cac phan tir phan xa cia RIS ®,, =
diag[dim Pams - » Dyml. Trong d6 dpm = Apme’mm voi oy, € [0,1] va
B,m € [0,2m](Vn = 1,2,...,N,m € M) lan luot 13 bién do va goc pha cia tin
hiéu phan xa tai phan tir phan xa tht n cia bé mit phan xa tha m. Gia st bién
d6 cua tin hiéu phan xa khong bi thay d6i bai phan tir phan xa cta RIS nén ta
dit oy, = 1 [67]. Gia sir pha-dinh trong dudng truyén tir tram gdc BS dén RIS
1a cac bién ngAu nhién doc 1ap va c6 phan phdi dong nhat (i.i.d) véi hg,, €
cNV*1lya m € C™N Trong d6, H 1a toan lién hiép Hermitan.
hom € CV*Uva bt € C™N 1an luot 1a ma tran kénh truyén gitra tram goc BS
va bé mat phan xa RIS thir m va kénh truyén giita bé mit phan xa thir m va
nhom ngudi dung thir m. Mit khac, ta c6 ma tran kénh truyén gitta tram gc BS
va nguoi dung thir (m,k) duoc phan xa qua RIS thir m [68] nhu sau:

Imk = hgz,kd)mho,m' (3-7)

Trong 3.7, ta c6 ho m = /Bomhom Va bl . = \[Brrhfl i
Xét xét ky thuadt da truy cap phan chia theo thoi gian TDMA trong mang di
dong té bao, voi tin hiéu duogc phat tir tram géc BS dén bé mit phan xa thir m va
tin hiéu dugc phan xa tir b& mat phan xa dén nhom nguoi ding thir m ta c6
dugc biéu thire tin hiéu thu tai phia ngudi dung nhu biéu thic (3.8):

Ymk = /PmrGmiSmk T Nk, (3.8)
Gia str kénh truyén c6 nhidu Gauss tring cong AWGN va tram gdc phat véi
cong sut pm,kdén nguoi dung thir (m,K) va s, ,la thong tin duoc truyén tir

tram gbc BS. ||sm,k||2 <1, n,~ CN(O, 0%)12‘1 nhidu Gauss tring cong AWGN
tai nguoi dung thir (m, k).

M . K; N -2 roe A
bat p, = [Po,m] VOi Pom = [pm»k]k; va @), = [®,,]M_,. Biéu thirc ti s6

m=1’
tin hidu trén nhidu SNR tai phia thu nhu trong biéu thirc (3.9):
2
Pmk|8mk
Ym,k(pm,k: q)m) = % (3.9
k-

3.1.2 Bai toan ti vu tong thong lwong mang
Thong lugng thong tin cua nguoi dung thir k tai nhém thir m theo bps/Hz nhu
sau:



Rm,k (pm,k: q’m) = logz (1 + Ymk (pm,kr q)m)) (3-10)
Ta c6 tong thong luong cua tat ca ngudi dung trong mang nhu trong (3.11):
M Km
Rtotal(po' d)M) = Z Z Rm,k (pm,k: d)m)- (3'11)
2 m=1 k:1 14 4 4
Muc tiéu (3.12) cuc dai tong thong luwong hé thong theo bién cong suat phat cuc
dai tai tram géc BS va hé s6 dich pha cua cac ph?m tir phan xa cua mat phan xa
thong minh. Rang budc duge xem xét trong (3.12) 1a chit luong dich vu QoS va
cong sut cuc dai.

pr:g)); Reotar o, Pum) (3.12a)
M Km
st Z Z Pmx < PI%,m € M, (3.12b)
m=1k=1
Rk (Pmjo ®m) = Tmrom € M,k €K, (3.12¢c)
0<60,n<2nr,vn=12,..,NmeM, (3.12d)

Trong (3.12b) tong cong suét tidu thu cua tit ca cac RIS khong 16n hon cong
suat phat cuc dai cta tram gdc BS (PJ*%*). Trong khi d6, (3.12c) 14 rang budc
vé chat luong dich vu tai nguoi dung thir(m, k). Va (3.12d) cho thiy bién trén
va bién dudi ciia gde dich pha tai phan tir phan xa thir n cia mat phan xa thir m.
3.2 Baitoan két hop t6i wu tong thong lwrong mang
Bai toan duoc dinh nghia trong biéu thirc (3.12) 1a cac ham khong 16i v6i cac
ham (3.12a) va (3.12b). Nén cac hé sb diéu khién cong suét ciia BS va dich pha
clia cac phin tir phan xa trén RIS duoc téi uu theo cach ding phuong phap lip.
3.2.1 Téi wu hé sé phan bd cong suit tai tram phat goc BS
Xem xét hé thong véi gia tri hé sb dich pha da cho bat ky &, Iic nay ta c6 bai
toan toi uu hé s6 diéu khién cong suat nhu biéu thirc (3.13a). Trong d6, diéu
kién rang budc duoc xem nhu da dé& xuét trong (3.12b) va (3.12c) theo cong
suét cuc dai tai tram phat va chét luong dich vu QoS:
n;?X Reotal (Po) (3.13q)

s.t.(3.12b), (3.12¢) (3.13b)
Duya trén phuong phap x4p xi va bién ddi bat dang thic logarit [69] s dung
ham 16i f(z) = log, (1 + i) > f(2) ta c6 duoc phuong trinh nhu trong (3.15):
AN 1 1 z (3.14)
1@ _log2<1+z'>+1+z' a+27
Trong do,Vz > 0,Z > 0, ta co thé viét lai biéu thuc nhu sau:
Ronje(Pmsc) = R, (D), Yk € Ky, VM € M, (3.15)
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2
o .
pm,k|gm,k|
1 1 z (3.16)
O Z - -
R (Pme) = logz (1 * Z) "1rz Q+o7
Ta c6 thé viét lai biéu thie (3.13) nhu sau:

max RO (po) (3.17a)
s.t.(3.12b) (3.17b)
RO (po) = T M € M,k €K, (3.17c)
Bang 3. 1 Thuat toan t5i wu hé s6 diéu khién cong suat
Thtlat\to.an 1: Phan bo cong suat Rﬁ'ﬁa,(po) _
Ng0 vao: o 5
(=0, @y, =107, Iy =20 Zm=a Bl R e (@mi). ‘
Lap lai: Biéu thirc (3.17) dugc giai bang giai

Giai (3.17) tim ( (l+1)) diing CVX thudt 1 trong Bang 3.1, st dung tl_l}r
vién CVX [70]. Cac gia tri dugc thiet

i=i+1 An i 3 -3 g5 13
. lap i = 0, Py, va € =10"°. S6 1
Cho dén khi hoi tu hofe (i> o o i e s
L) ap Imax = va ngo ra t la cac he
max " s0 diéu khién cong suat.
Ngo ra: p,

Thuét toan 1 dugc dé xuat nham giai bai toan t61 wu 161 (3.17), v6i muc tiéu cuc
dai hoa tong toc do thu duoc Rypeq;(po). Bai todn co sé bién téi wu va sé rang
bugc tuyén tinh lan luot vao khoang O(K) va O(K + N). Nho dic tinh 161 va
lién tuc cia ham muc tiéu, thudt toan dam bao kha ndng hdi tu nhanh dén
nghiém t6i uu toan cuc, dic biét khi gia tri khdi tao gin v&i nghiém mong
muén. Qua trinh giai dugc thuc hién béng cong cu CVX, véi diéu kién dung la
sai s6 hoi tu nhé hon & = 1073 hodc dat s6 vong lip tdi da I,,4, = 20. Véi do
phtrc tap tinh toan xap xi O (K 3)[84].
3.2.2 T6i wu hé s6 dich pha ciia cac phan tir phan xa ciia RIS
Heé s6 diéu khién cong suét p, khi xem xét & gi tri ¢ dinh, bai toan t6i wu hé
s6 dich pha cua RIS c6 thé dugc mé ta nhu (3.18), voi cac rang budc vé chit
lwong dich QoS va gi6i han goc dich pha cua cac phan tir phan xa:
max Reotar (Pm) (3.18a)
s.t.(3.12¢),(3.12d) (3.18b)
bat hz,kq)mho,m = lI—’%Xm,k V6i U = [, oo, W™ va U7, = ejenm(vn =
2,..N), Xmx = diag(h Y hom, Va ai = Po/of, X6t [Y4]? = 1 ta ¢6 biéu
thirc sau:



M Km

pmax Z Z l0g2 (1 + i WinXom kXimk W) (3.192)
m=1k=1 o

s.t Lp#le,kX&,kqjm = (Zrm’k - 1)/akr (3-19b)

WhI>=1vn=12.,N, meM (3.19c)

Tuy nhién, bai toan trén khong phai 1 bai toan 10i (convex). Ta dat Xmk =

Xm,kxgl,k va l~|Jg1Xm,k'~|"m = tr(Xm,klpmlIJ#l) = tr(Xm,klpm) trong do ¥, =
YW can phai thoa didu kién Wy, > 0 va (¥,,) = 1.

M Km
wnr{,lr?l)ém Z Z log, (1 + aktr(Xmlk‘Pm)) (3.20a)
m=1k=1 L
sit tr(XppW®m) = Tk — 1) /ay, (3.20b)
Pomn =1LVn=12..,N, meE M.. (3.20c)

v,.>0 (3.20d)
Bang 3. 2 Thuét toan ti uu hé s6 dich pha

Thuét toan 2: Tim kiém hé so dich pha  Bai toan (3.20) dwoc giai quyét

Ngd vao: dua vao thuat toan 2 trong Bang
i=0,py,e=10"3 3.2, st dung thu vién CVX. Cac
Lax = 20 théng so dau vao dugc thiét 1ap lan
Lip lai lugt 12 i =0,py, va €=1073,
for m = [1: M] Ngo ra cua giai thuat la ®y,.
Giai (3.20) tim (q:ﬁ;“)) diing CVX
end for
i=i+1
Cho dén Kkhi (hoi tu) hodc (i > I,,4,)
Ngd ra: &y

Thuat toan 2 thyuc hién qua trinh lip qua M bai toan con trong (3.20), mdi bai
toan con c6 sb bién téi wu vao khoang O(N?) va bao gom O(K,, + N) rang
budc tuyén tinh, trong d6 Ky, 1a s6 nguoi ding bi anh huong boi phan tir phan
xa tha m. B phuc tap tinh todn toan bd thuat toan udc luong vao khoang
0(20.M.N°) [84].

3.3  Két qua mé phéng va thio luin
Chuong trinh mo6 phéng dugc thyc hién dua trén phﬁn mém Matlab va c6 sy hd
trg ctia thu vién CVX dé giai bai toan t6i wu voi cac thong sé mod phong duoc
thiét 1ap nhu trong Bang 3.3.
Két qua mo phong duge thyc hién va danh gia theo cac trudng hop sau:
OOP, EOP, ORP, ERP.



Bang 3. 3 Thong sb sir dung trong mé phong

STT | Théng sb Gia tri
1, S6 anten ciia tram goc 1
2. Vi tri ciia tram géc (0,0,30) m
3/ Ban kinh ving bao phii gan 500m
4, Ban kinh vung bao phu xa 1500m
5| Mat do cong suét nhiéu tring -130dBm/Hz
6, Ngudng QoS e=10"3
7/ S6 bé mat phan xa thong RIS 1an luot | [4, 8, 12, 20]
8. S6 phan tir phan xa trén RIS [100, 150, 200, 250, 300]
9, S6 nhém ngudi dung duge xem xét [20, 30]
1( Bing thong kénh truyén 10 MHz
1] Cong suat phat tram gbc BS [43:46] dBm

3.3.1. Tong thong lwong mang cuc dai
Hinh 3.2, két qua danh gia tong thong luong ciia mang dat dugc v6i gid tri cong
sudt phat ctia tram gdc thay déi trong khoang tir 43 dBm — 46 dBm, s6 mait
phan xa thong minh RIS M = 4, s6 nhom ngudi ding K = 20 va sb phan tir phan
xa c¢b dinh N = 200. Két qua cho thiy tong théng luong dat dugc cia mang khi
c6 sy hd tro cuia mit phan xa thong Minh RIS, va co6 t6i uu vé hé sb dich pha
clia cac phan tir phan xa cho gia trj cao hon xp xi 1,5 1an so v6i trudng hop co
sir dung mit phan xa nhung khong t6i wu hé sé dich pha.

Tuong tu, trong Hinh 3.3, két qua mé phong xem xét trong trudng hop cong
sudt phat tai tram gdc va sd phan tir phan xa cta RIS duoc giit nguyén so véi
trong Hinh 3.2. S mit phan xa thong minh RIS M = 8, s6 nhém nguoi ding K
= 30. So sanh v&i truong hop ¢ Hinh 3.2, tong thong lugng mang ting khi cong
suét phat tai tram géc tang 1én. Bén canh do6, khi tang ) lugng mat phan xa tur
M =4 1én M = 8, mic du sb luong ngudi ding ciing ting 1én, nhung ta dat duoc
gi4 tri cua tong thong luong mang ting 1én dang ké

160 +
< a0 - Z
:_ ot E
= n20g. S R - =
7] & oop =
E L 2 = EOP 2
- 0¥ R} =
z - ERP i
£ 6o s z
£ Ceeae--—=-1% E
EIF ) R ey ey Bt E
: k=--- =
20 " ~ _ . 0 " " " J
13 i3 M 3 3433 46 43 435 M 445 45 455 4R
Transmit power at 185 (dlim)

Transmit power at BS (dBm)

Hinh 3. 2 Téng thong luong mang Hinh 3. 3 Tdng thong luong mang



truong hop M=4, K=20 va N=200 truong hop M=8, K=30 va N=200

300 -

+-00P e rpren
= - il b
< 10| =FOP + =4 P
B |—e-0rF 2 m| -
= —a~ ERP F -7
E 200 R 4 o e _
= IR ] - i
5 - - |
s ‘:':n. T---
L
£ Eol ]
= o — 4 . t
2 IR S - ]
g B Gl LR "
= s0ev_ - -
E T -7 T +
= -
l'-_-+-_--‘----+ 1¥

. & - " ) 45 m e 4
160 150 200 330 300 Transmit power 3t BS dm)
Number of RIS elements, N

Hinh 3.4 Tong thong lugng mang véi  Hinh 3. 5 Tong thong luong mang dat
N = [100:300], M = 8, K =30, PJ*** = dugc trong truong hop s6 luong RIS
46 dBm khac nhau M =4, M =12, M=20
Két qua trong Hinh 3.4 cho thay, khi ting s lugng phan tir phan xa trén bé mit
phan xa thong minh RIS gitip cho téng théng lwong mang ting dang ké, trong
tat ca cac truong hop. Mit khac, dudng mé phong OOP cho thiy phuwong phap
dé xuit két hop tdi wu hé s dich pha cta phan tir phan xa va toi uu phan bd
cong suit cho hiéu qua vuot troi hon so voi cac truong hop con lai.
Hinh 3.5 cho thiy tong thong lugng mang cua phuong phap dé xuét khi sb
luong RIS dugc diéu chinh, cy thé 1a M = 4, M = 12 va M = 20. Trong trudng
hop nay, tong thong lwong mang dugc ghi nhan ting rd rét khi s6 lugng RIS
tang tor M = 4 1én M = 20. Diac biét, sy chénh Iéch bang thong gitta M =4 va M
=20 duogc quan sat co sy thay doi manh mé khi cong suét phat ting tir 44 dBm
1én 46 dBm, tuong duong khoang 56 bps/Hz & cong suét phat cuc dai 46 dBm.
3.3.2. Thong lwong mang ciia ngudi ding trong didu kién xAu nhat
Xem xét thong lugng cia ngudi dung (MU) trong trudng hop xdu nht voi cac
gid tri khac nhau cua s lugng nguoi ding, s6 phan tir phan xa ctia RIS [71].
RO rang, két qua mo phong trong Hinh 3.6 cho thay su vuot trdi cia phuwong
phap dugc dé xuat OOP so véi cac phuong phap khac bao gdom OPH, EOP, va
ERP, trong trudng hop thong luong ngudi dung trong didu kién x4u nhit véi
cac gi tri duge ¢d dinh 1an lugt M = 8, K = 30 va N = 200. Cu thé, théng lugng
ngudi dung trong diéu kién x4u nhat cia OOP la 1 %khi gi tri cong suat phat
ctia tram gbc lan luogt 1a P"%* = 43 dBm, PJ“* = 44 dBm, khi cong suat
phét P4 = 45 dBm gia tri tong thong lugng tang 1én gap doi, va khi cong
suat phat PJ"** = 46 dBm gia tri tong thong luong dat gia tri dinh. Bén canh
do6, ORP dat dugc thong lugng nguoi dung 1%khi cong suét phat cia tram
gdc tang tir P9 = 43 dBm dén PJ"** = 46 dBm, trong khi d6 thong lugng
ngudi ding trong trudng hop xau nhit cia EOP tang khi cng suit truyén ting,

10



e s b s e A e reo e N
dat xap xi 2.5 % tai gia tri cong suat phat cia tram goc P§*** = 45 dBm va
Pgnax

= 46 dBm. Tuy nhién, khi khong t6i uu ERP thong lugng ngudi ding
trong truong hop didu kién x4u nhat nho hon 0.5 % vi vay khong dap ung

rang budc QoS trong (3.12c).

EcRP
=« IMORP|
. |[ESJFoP|

[ [efalg

Waorsr-case MU thronghpur (hpa/Hz )

'l':;lllh.l:}.: puwel illB; (B
Hinh 3. 6 Thong lugng trong truong
hop xau nhét véi M = 8, K =30, N =
200

-I:HP
. (EEorP
lIEEor
,(HOOP

w

Worst-case MU '.1|uu}_:h|‘.-_|'. il '..-'H
- "

=

0 200 250 303

Nurr‘h rof RIS clements, N
Hinh 3. 7 Thong lugng ngudi dung
trong truong hop xau nhat voi N =
[100:300]

Trong Hinh 3.7 cho thiy anh hudng cta sb lugng phan tir phan xa tac dong 1én
thong lugng ciia nguoi ding trong diéu kién x4u nhét. Cuy thé, v4i cac tham sb
dau vao ¢ dinh P4 = 46dBm, M = 20, va K = 30, trong khi s6 lugng phan tir
phan xa thay di tir 100 dén 300. Két qua cho thiy bing thong dat duoc tir MU
t& nhat phan 16n dap g duoc cac rang bude QoS trong (3.13c¢), véi gia tri vuot

qua 1 bps/Hz, ngoai trir trudng hop cong suat truyén tdi thiéu

PI"aX= 43dBm,

Nguoc lai, khi khong co téi uu ERP, bang théng MU cua truong hop té nhat
gan nhu bang khong, du sO luong phan tir phan xa co tang 1én.

: -M-AI [ i M
= =12
£:5|[Hm=20
£,
g‘.’:
! 35 a4 43 ®

Iransnut power at BS (dBm)

Hinh 3. 8 Thong luong nguoi dung
trong truong hop Xiu nhat véi sb
lwong RIS lan luwgt M =4,M =
12,M = 20.

3.4 Két luan chwong
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Hinh 3.8 thé hién su thay do6i cua
thong luong MU xau nhét theo sb
luong RIS (M =4, M = 12, M = 20),
trong khi sd lugng phan tir phan xa
duge gitr ¢ dinh & N = 200 va s
lugng ngudi dung trong mdi nhém 1a
K = 30. Hau hét cac truong hop, thong
luong MU ciia phuong phap dugc dé
xuat luén 16n hon 1 bps/Hz, Pac biét,
thong luong MU tai M = 20 cao hon
khoang 2.5 lan so vé6i thong lugng
MU tai M = 12.



Mot 1a, dé xuat mot md hinh mang di dong té bao co su hd tro cia bé mat phan
Xa thong minh. Trong d6, mang di dong té bao hd trg nhiéu ngudi dung dugc
chia thanh nhiéu nhom tai cac vi tri khac nhau. Hai 14, phan tich m6 hinh truyén
song cho mang vai gia thiét 1a cic nhom nguoi ding bi che khuét boi cac vat
can nhu toa nha. Ba 13, d& xuat va giai bai toan t6i vu hé s6 diéu khién cong
sudt tai tram phat dua trén phuong phép phan b cong suét, véi cac rang budc 1a
tong cong suat phat cuc dai tai tram gbc va QoS cho timg ngudi ding tai timg
nhom. Bén 1, xay dung va dé xuét bai toan t6i wu hé s dich pha cia cac phan
tir trong bé miat phan xa thong minh RIS. Trong d6, cic rang budc ciia bai toan
tdi wu dya trén cong suét phat cuc dai cua tram géc va diéu kién dich pha cua
Céc phan tir phan xa. Nam 1a, két hop bai toan tdi uu cong sudt phat ciia tram
gbc va t6i wu hé sb dich pha ciia phan tir phan xa trén cac bé mat phan xa RIS.
Chuwong 4 TOI UU PHAN BO CONG SUAT VA GIAM TAI TiNH TOAN
TRONG HE THONG MEC VOI SU HO TRQ CUA UAV-RIS
Noi dung chuong tap trung vao xem xét bai toan tmg dung bé mat phan xa
thong minh RIS vao trong hé théng MEC c¢6 su hd trg ciia UAV. Cu thé, van dé
vé t6i wu phan bd cong sudt cua tram géc MBS va giam tai tinh toan cua céac
thiét bj trong hé théng, voi cc rang budc vé tai nguyén tinh toan cua thiét bi va
chét luong dich vu QoS. Bén canh d6, bai toan tdi wu quy dao bay cho UAV
cling dugc xem xét, véi muc ti€u tim dugc duong bay ngén nhat, va tiét kiém
nang luong nhit cho UAV mang cac bé mit phan xa thong RIS.

4.1 M@ hinh h¢ théng MEC két hgp UAV-RIS

411 M6 hinh hé théng dé xuit
UAV-RIS (RIS: N phan tu
phan xa doc lap) dong vai tro

T 5y nhu mot tram géc phuc vu

L N e il mot & bao nho (small-cell).
M6 hinh c6 mt nhém nguoi
diung két ndi truc tiép voi
MBS la K, cac nhom con lai
s& nhan dugc sy hd tro tur
UAV-RIS.  Nguoi  dung
(m,k)th tuong Ung nguoi
dung kth tai nhom thu mth

B oowoms g3sen > LAV trejectory véim=1,..,Mvak € X,,.
Hinh 4. 1 M hinh dé xuat két hop UAV va

RIS trong hé théng MEC

:JS‘({(HI. D,_ 'n
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Hinh 4.1, MBS dugc trang bi mot mang nhiéu dng-ten dé truyén théng cho K
ngudi ding don dng-ten. Gia sir, tat ca ngudi ding dwoc phan chia thanh M
nhom khac nhau, dugc ky hiéu nhu sau Ky = {K, .., Ky} voi K, =
(1, Kpm=1,.. M.

Uy . dugC st dung cho truong hop xem xét c6 can thiét phai chuyén tiép dé
giam tai tac vu tinh todn cua nguoi dung thir kth tai nhom thir mth cho may chu
MEC nhu trong biéu thirc (4.1).

U e = {1 giam tai tinh to:::m 4.1)
’ 0 khac
Uy = [um,k]lk('zl vau = [u,,|M_, 1a cac lién két gitta cac nguoi dung.
4.1.2 M6 hinh kénh truyén

Gia st MBS duoc bd tri trong hé truc toa do 3 chiéu xyz, RIS va nguoi dung
lan lugt tai cac vi tri toa do: (xq,¥o, Ho), (Xmy Y, H), m € M, VA
(X1 Vi, 0), k = 1,2, ..., K. Chiéu cao dng-ten ciia MBS va ciia bé mit phan xa
théng minh RIS la H, va H,,. Cac vi tri toa do dugc xac dinh dua vao GPS va
Iuru trit tai MBS. Suy hao duong truyén gitra MBS va bé mat phan xa thong RIS
tha mth nhu sau [63]:
Bo (4.2)

Bmo = drzn,o T (Hy = H)? m=1,.., M,
Bo la do loi cong suat cua kénh truyen tai dy Va dpyo =
Vo = xm)? + 0o — ym)2.
Biéu thirc suy hao gitta ngudi dung thae (m, k)th va UAV (m =1, ..., M,k =

K,,,) nhu sau [65]:

Bmk - PLmk + r|L05Pmk + r|NLOS NLO ’ (4-3)
Trong (4.3), LoS la duong truyén truc tiép nhin thay duoc gitra MBS va RIS,
NLoS la dudng truyén bi che khuét, v&i 1,05, NLos Ian luot 1a hé sé suy hao
trung binh cua cac duong truyén LoS va NLoS. Hé sé suy hao duong truyén
theo khoang cach dugc tinh nhu sau:

ATf. Dy i\
PLyy = 101log (%) ,

£~ la tin s6 song mang (Hz), c la van toc anh sang (m/s), hé sb suy hao duong

(4.4)

truyén o > 2, Dy = /dz « + HZ, 1a khoang cach Euclid gitta UAV-RIS va

ngudi dung (m, k)th. Xac xuat caa LoS duoc tinh nhu sau [66]:
1 (4.5)

1+ aexp [—b (arctan (;I—m) - a)]
m,k
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a va b la cac hang sé phu thuc vao méi truong, va PNLoS = 1 — pLoZ. Déi voi
cac nguoi dung nhén tryc tiép tin hi¢u tr MBS, ta cc') ma tran kenh truyen tr

ngudi dung thir (0, k)th dén MBS duoc tinh nhu sau: Gy o = ’Bk,Ohk,o e ctx1,

trong do hy, o 1a cac hé sO pha dinh trong pham vi nhé (small-scale fading).

Mit khac, d6i v6i nhom nhiing nguoi ding can sy hd trg cia bé mit phan xa
thong minh RIS dé dam bao truyén thong dén MBS c6 hé sd pha dinh trong
pham vi nho, cho kénh truyén tir ngudi dung thir (m, k)th d&én UAV-RIS va tir
UAV-RIS dén MBS lan luot 1a by, € CV1va b o € CHN véi (me Mk €
K,,). Gia st cac bién ngiu nhién 13 doc 1ap va cé phan phdi gidng nhau, véi
trung binh khéng va phuong sai don vi. Ma tran kénh truyén tir nguoi dung thir
(m, k)th d&én UAV-RIS va tir UAV-RIS dén MBS lan luot 1a H,, ; € CV*! va
HY o € CPN véi Hypg = [Bmxhmy V& Hi o = /Bmohtho. Ma trdn kénh
truyén tir ngudi dung thtt (m, k)th dén MBS v6i G, . € CP! nhu sau [68]:

Gy = Hi o ®mHp e, me M, (4.6)
., =diag[dim Somy - Pym] 18 ma tran dich pha tai UAV-RIS, ¢, =
e’ ®nm, o, € [0,1] VA 0, € [0,21](Vn = 1,2,...,N,m € M) lan luot la
bién d6 va hé sé dich pha cua phan tir phan xa thtr nth. Gia st trong qué trinh
phan xa chi c6 thanh phin pha cta tin hiéu bi thay déi, do d6 a,,,,, = 1 [90].
413 M0 hinh tin hi¢u thu va thong hrong hé thf’mg
Truong hop nguoi dung thi (m, k)th trong nhom thir mth can giam tai chuyén

tiép sang MBS, tin hiéu c6 thé dugc truyén truc tiép dén MBS hoic théng qua
UAV-RIS. Tin hi¢u thu dugc tai MBS tlI nguorl dung thtr (m, k)th nhu sau:

Ymk = PrkGmjef miSmi + Z VPum Gl fimSum + o, (4.7)
1=1,l#k
intra-cell interference

Trong biéu thic (4.7), Pk la cong suit phat cua nguoi dung thir (m, k)th,
fmx € € C**1 I3 véc to dinh dang bap song caa MBS dén nguoi dung tha
(m, k)th, s;, i la thong tin giam tai duoc truyén bai nguoi dung thi (m, k)th véi

||5m,k||2 <1, vang ~ CN(0,03) la nhidu Gauss tring cong tai MBS. Dé loai
bo can nhidu trong biéu thirc 4.7, ta ap dung k¥ thuat ép vé khong ZF (Zero-
Forcing) [91]. G = [Gin1s -v) Gk, | € C¥Fm(m = 0,1, ..., M).
Dua trén cac diéu kién cua hé thbng MIMO c¢& 16n, ta ap dung ki thuat ZF cé
dugc véc to dinh dang bap séng nhu sau:

fm=Gn(GHG)™, (4.8)
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Trong 6, fm = [fm1 - Fmx,, | € CKm, €€ m=01,..,Mk€
K. Ta chuan hoa frnx = Fs/|[Fm|| VA tinh £ nhu sau:
g = \/ﬁ,’,[,,},k,m =0,1,... M,k € X,, (4.9)

Trong (4.9), Pmk 1a hé so dicu khién cong suat cua nguoi dung thu (m, k)th.
Do do, tir (4.7) ta c6 duoc:

ym,k = \/m pm,kG#l,kfm,kSm,k + Ny, (4-10)
Cac hé sb diéu khién cong suat lan luot 14 p,, = [pm_k]ll:zll, p = [pnIM_,, va
® = [®,,]%_,1a goc dich pha ctia RIS. Thong lugng dat duoc (bits/s) tai MBS
nhu sau:

(4.11)

~ 2
Pm,kpm,lefIn,kfm,k|
ol '

0

Rm,k(pm,k' q’m) = W log, (1 +

Vé6i W 1a bang thong duoc phan bd cho ngudi dung thir (m, k)th.

4.1.4 Mo hinh gidam tai tac vu
Im.p (bits) 12 Kich thudc cua tac vu dugc giam tai va F,, 4 1a sé chu ky CPU
can thiét dé tinh toan trén mdi bit cua tac vu 7,, ,. Dinh nghia do tré cuc b tai
ngudi dung thir (m, k)th va dé giam tai tac vy T, nhu sau:

4141 Tinh toan cuc bd
Cm 12 dung lugng tinh toan tai mdi nguoi dung thi (m, k)th, néu ngudi dung
nay thuc hién viéc tinh toan cuc bg, thi thoi gian tinh toan duoc xac dinh:

Thy = Tt ot 001, M,k € Ky, (4.12)
Cm,k

4.14.2 Giam tai tinh toan sang MBS
Thoi gian truyén tac vu can giam tai tir nguoi dung tha (m,k)th (m =
0,1,..,M,k € X,,) sang MBS nhu sau:
jm,/a

T (P Pm) = , 4.13
m,k( ke m) Rm,k (pm,k'q)m) ( )

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

T
TEOm ((5,) = AT o — 01, M,k € Koy, (4.14)
m,k
Vi (f,i x 1a dung lugng tinh toan cua MBS duoc phan bd dé xtr 1y tac vu cia

Km

ngudi dung thtt (m, k)th. D& don gidn hon, ta dat {,, = [55, o Va g=
[Zm]%=9 dai dién cho phan bd dung luong tinh toan cua MBS. Tir (4.12) -
(4.14) tong do tré cho viéc thuce thi tac vu ctia ngudi dung thtr (m, k)th.,
Trff,’ﬁ (pm,k' U, ke» P Zfrfk
= (1 — ump)Thk (4.15)
o e (T (P Prm) + TE(E51))
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Thoi gian dé truyén két cua tac vu di dugc thuc hién boi MBS vé nguoi ding

c6 thé duge bo qua, vi rat nho so véi tong thoi gian thye thi tac vu [79] [92].
4.1.5 Quy dao bay ciia UAV

Bang 4. 1: Puong bay ngan nhat cia UAV

Thuit toan 1: Tim quy dao ngin Gia st UAV sé& bay qua M diém dung
nhat lien két voi M nhom ngudi dung can

Yéu chu: (0,0,H,,), (X, Vm, Hp), giam tai tinh todn trén mit phang dang

dax ludi hinh chit nhat véi ¢ do cao 1a cb
Rang bugc: T dinh H,,. Thuat toan 1 thyc hién tim
Vi tri cac diém dimg cia UAV quy dao bay qua vi tri cac diém ding
for R in M ¢ dinh véi khoi tao ban dau lan luot:
Tinh khoang cach d tir UAV dén (0,0, H,,)1a toa d va d¢ cao ban dau
diém dung cudi cia UAV, (X, Ym, Hp) 1a toa d6 va
if d <d,,,, then d6 cao cia diém dimg cudi, d, . 12
T <R khoang céch téi da cho phép UAV co
dmax = d thé bay dugc, véi rang budc quy dao

end if bay ngan nhat 7.

end for

4.2 'Téi wu do tré dua trén bai toan phin bo tai nguyén va toi wu giam
tai tinh toan
Bai toan két hop tbi uu phan bd cong suit nguoi dung (p), nguoi dung lién két
(w), cau hinh dich pha cua cac phan tar RIS (®), va phan bd tai nguyén tinh
toan tai MBS (Q) véi rang buoc vé tai nguyén tinh toan va chat luong dich vu
QoS va&i muc tiéu t6i thiéu tong do tré.

M Km
prgig)l( Z Z Trgglg (pm,k»um,k' q)m' (?rfk (4.16&)
T m=0 k=1
st 0<pmx<1, (4.16b)
Rk (Pmpe ®m) =75, m=0,1,...,M,k € Ky, (4.16¢)
0<0,,<2m,¥n=12,.,NmeM, (4.16d)
Km
Z um,k(?rf,k < Zmaxr (4.166)
k=1

4.2.1 T6i wu phan bo cong suit
Vi cac gid tri ¢o dinh cua @, u, { thi biéu thirc (4.16) nhu sau:

M Km 4.17a
min " > Tiek (i)
b m=0k=1
st (4.16b), (4.16¢) 4.17b
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Bai toan trong biéu thirc (4.17) c6 thé duoc giai dua vao ham 16i sau f(x) =
log, (1 + %) voix >0

1 X 418
£ =1ogy (1+2) = f),
Véivx > 0,x > 0, ta co:
f (x) 4.19
f(x)— log, (1+ ) (x—%)
oo 2)e L
- 082 1+x (1+#)x
Tai lan lap the i — th: x = G°H — —vax=x0 = — %
Pm,kpm,k|Gm,kfm,k| Pm kP, le kfmkl

Thong luong tai MBS d truyén thong tin d&én ngudi dung (m, k)th trong (4.11)
nhu sau:

1 1 x 4.21
5 (D
R g (144) 4 LX)
k(pmk) W<Og2 + 1+x (1+4x)x
Biénr 2 {1, } (Ym € M, Vk € X) thoa diéu kién oy S Tmke

Tk (i) < Tk (k) 4.22
= (1= wpp) T ke + i (P Im + Trk)-
Luc nay, ta cé thé viét lai biéu thirc (4.17) nhu sau:

M Km 4.23a
mln Z Z T (Tmk)
m=0 k=1
s.t pmk<1 P k<Pmax 4.23b
4.23c
R(l)k(pm k) =19,
1 4.23d
—< Tmre M= 0,1, ...,M,k € jC’WU
R(l) ’
r m,k 2 r
Bang 4. 2: T6i uu phan b6 cong suat
Thuét toin 2: Phan bd céng suit tdi wu Bai toan (4.23) co
Ng& vao: u, @, {, va khoi tao p©@, e = 1073, Iy, = 20 dang bai toan t6i
form=1toM uu 101 chuén, cod
i=0 theé gidi dugc dua

vao st dung thu
vién CVX [70] nhu
trong thudt toan 2.

Lap lai:
Giai (4.23) tim p@*tD: i = i +1
Cho dén khi héitu hoac i > I,,44;

end for
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Ngd ra: p*

4.2.2 Téi wu hé s6 dich pha
V6i céc gia tri p, u, { ¢ dinh, biéu thirc (4.16) co6 thé dugc viét lai nhu sau:

M Km
min z Z Tt (@) (4.24a)
i !
m=0 k=1
st (4.16¢), (4.16d) (4.24b)

Vi véc-to dinh dang bup séng phia phat ) dinh (fmlk,‘v’n =12,..,NNme
M). Cho vy, = [k, ..., VLIH, VIl = e/Om (vn =1,2,..,N). Rang budc &
(4.16d) nhu sau |vyI2=1. DPit  Xmx = diag(H o) Hpsf mp:
HE 0@ Hp i fonk = VX Ta c6 thé ap dung x4p xi (4.20) - (4.21) nhu sau:

Rnic (@) = RY, (@), Ym € M, Vk € K, (4.25)
1 1
(l) K(Pm) = (logz (1 +:) P — _), (4.26)
\ y 1+y 1+ y));
% 5= y® %
y = > Y=y = - 5
Pm,kpm.k |V£Inxm.k| Pm,kpm,k |VZL(0Xm,k|

Dit bién 7 £ {7, .} (Ym € M,Vk € X)

TEk (Fonie) < Tk (Fnie)

— <
R (@) = 0K

4.27
= (1 - um,k)Trln,k + Uk (fm,kjm,/a + Tcom ( )
Vi vy, biéu thuc (4.24) dugc viét lai tuong duong nhu sau:
M Km
NDIPICE (4282)
m=0 k=

St VEXmkXimVm = (270 — 1)/ak,m EM, keX,, (4.28b)
VhI2=1,vn=12,..,NmeEM, (4.28c)
(l) < ok m=01,..,M, keXx, (4.28d)

mk
Rang budc & (4.28b) s& twong duong (4.16¢); ay = Py kPmi/06. Biéu thirc
(4.28) 1a dang bai toan khong 161 QCQP, khong thé giai bang cach sir dung thu
vién CVX. Ta phai bién d6i, 1an luot ddt X, = XmaXihx VA VI X v =
tr (X xvmVih) = tr(XpmxVin), v6i Viy = vy vE) phai thoa diéu kién Vi, > 0 va
rank(V,,,) = 1 [46] [49]. Do d6, biéu tht (4.28) dugc bién ddi nhu sau:

M Km
i Ttot 4.29a
min 1,
Vi, T MeM Z ( mk) ( )
m=0 k=1
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st o(XpmkVm) = Q™ —1)/a, meMKkeX,, (4.29D)
Vm(n,n) = 1! vn = 1J2J ey NJm € M; (429C)
Vi =0 (4.29d)
1
ﬁ(l) < mk» k e :]Cm (4299)
mk
Bang 4. 3: T6i wu hé s6 dich pha
Thuéit toan 3: Tim hé s6 dich pha tdi wu Voi  y= a5
0) P kPm, ktr(xm ka)

Ngo vao: u, ¢, p, va khdi tao f,,
Rang bugc:
£, £=1073, gy = 20

m
form=1toM
i=0
Lap lai:
Giai bai toan (4.29) tim @Y
frr ) =i +1

Cho dén kh| hoi tu hodc i > I,4y

end for

Ngo ra: @y

Biéu thirc (4.29) 1a bai toan 16i
SDP [46] [41], bai toan nay c6
thé duogc giai dya vao cac bd
cong cu cua CVX. Trong giai
thut, phuong phap BCD duoc
dé xuat dé giai bai toan trong
biéu thuc (4.29).

4.2.3 T6i wu giam tii qua trinh tinh toan

Véi céc gia tri p, u, ® cd dinh, biéu thirc (4.16) co6 thé dugc viét lai nhu sau:

Bang 4.4 Thuat toan tdi wu lap

(4.16¢)

(4.30a)

(4.30b)

Thuit toin 4: Thuit toin toi wu lip giai

bai toan (4.16)

Ngé vao: u, ®, {va khai tao p©@, f

m,

Z(O)

Rang bugc:

£=1073, I, =20,j=0
Lap lai:

Giai (4.23), tap kha dung pU+D
Giai (4.29), tap kha dung f(l“)
Giai (4.30), tap kha dung ¢ G+D)
j=j+1

Vi ham muc tiéu va rang buéc ¢
biéu thic (4.16e) 1a ham 19i
theo ¢, do d6 bai toan (4.30) co
thé duoc giai dya trén thu vién
CVX. Cudi cing, bai toan tdi
uu hoa lap duogc dé xuét dé xac
dinh ddng thoi phin bd cong
suét toi wu, tim kiém hé sb dich
pha va giam tai tinh toan. Trong
thuat toan 4, qua trinh thyc hién
t6i wu duge & mdi vong lap s&
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Cho dén khi hoi tu hoic j > I, la diém bt dau cho vong lap

Ngd ra: p*, fimue ¢ tiép theo.

4.3 Sy hdi tu va dj phirc tap tinh toan ciia phwong phap dé xuat
Bai toan (4.16), phuong phap toi uu luan phién theo ting bai toan con dugc ap
dung. Tai vong lap i, thuat toan lan lugt giai khdi cong suat thong qua bai toan
(4.23) voi x4p xi 16i ctia (4.18) - (4.21), khdi RIS théng qua bai toan SDP (4.29)
dugc chuyén tir QCQP (4.24) bang k¥ thuat SDP véi V,,, = vV, va khdi
MEC théng qua bai toan (4.30). Thuat toan ding khi thay d6i ham muyc tiéu nho
hon & = 1073, s6 1an lap tdi da 1,4, = 20.
Dit ham muc tiéu tong do tré 1a F(p, ®, 7), vai nghiém ti wu cia timg bai toan
con & vong lip i 1a p, ®, T, nho dic tinh cua xép xi SCA trong bai toan (4.23),
ta c6 F(p@, D, @) > Fp, ®®,7®). Tuong ty, t6i vu bai toan con cho
RIS (4.29) va bai toan con cho MEC (4.30), ta c¢o dugc F(p, @D, (®) >
F®,®,{D)>FP, ®7. Khi cap nhat gia tri (pi+D, e+ gli+Dy =
@, ®,7), ta c6 dugc F(pitD, @D g+ < F(p® @D, 1) tic 1a gi tri
ham muc tiéu giam don diéu qua cac vong lip. Do mién kha thi dong va bi chan
(do 0 < Prmi < 1, VRI% = 1, Xty sGimi < Gmax), day F(p®, @D, 1) hoi
tu va moi diém gidi han cua day (p@, ®®,7®) 1a diém tinh cua bai toan néi
long rang buoc rank(V,,) = 1 trong (4.29) [111].
V& d6 phuc tap tinh todn, véi M twong tng véi s6 nhom ngudi ding, K ngudi
dang trong mdi, N sé phan tir phan xa cia RIS. bai toan (4.23) O(MK) va do
phirc tap ciia phuong phap 1a G((MK))3. Bai toan con cho RIS (4.29) s6 an la
O(N?). Do phtic tap tinh toan 1a O(MKN®) va thuong bi chi phéi khi N 16n.
Bai toan MEC (4.30) c6 do phirc tap twong dwong O((MK)?) Do dé, chi phi
tinh toan mdi vong lap 1a O(MKN®) va téng chi phi khi thuat toan hoi tu sau I
vong lap (thuc té gidi han boi I,,,4, = 20): O(I. MKN®) [84, 112].

4.4 Két qua mod phéng ,
Md phong dugc thuc hién trén Matlab vai cong cu CVX va thong s6 mé phong
dugc thiét lap nhu trong bang 4.4. Muc tiéu két qua mé phong so sanh phuong
phap d& xuét v6i truong hop khong ap dung tdi wu theo cac tiéu chi sau:

« Kha ning giam thiéu téng d6 tré mang, duoc dinh nghia la ¥ _, nk o Tk

« Kha ning giam thiéu do tré tong té nhat, dugc dinh nghia 1a ¥M_, Jmax {Tmt}

Bang 4. 4: Céc thong s6 st dung mé phong

STT Théng so Gia tri

1 S tram géc MBS 1
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2 Ban kinh ving bao phu gan 500m

3 Bén kinh vung bao phu xa 2000m

4 | Vitri cia MBS (0,0,30)

5 D¢ cao UAV (H™1, gmax) (50,150)m

6 Tan s6 séng mang 2.4GHz

7 Bing thong kénh truyén 1 MHz

8 Cong suat phat cuc dai Pk 30 dBm

9 Ngudng QoS 7o = 1 Mbps

10 Mat d pho cong suat nhidu tring 2=-130dBm/Hz

11 | Kich thudc cua tac vu dugc giam tai [93] D,, = 100 kB

12 Do phure tap cua tac vu giam tai [93] Fp = 600 cycles/bit

13 | Tai nguyén tinh toan ti da cia MEC [93] | {nar = 30 Giga cycles/s

14 Tai nguyén tinh toan t6i da ctia UE [93] cmx = 0.5 Giga cycles/s

441 Phén tich d§ hoi tu
s o ot i o i 06 i vyt b
% 936 - ; :
z ', %t 7 % 7 toan toi vu dya trén Thuat todn 4. Cy
;hh  m.n.o@Ew théhon, khi K =80 hoge K = 100, thuat
é 7380 "23 - R tqén hcf)i tu sau 3 vong lap, trong khi
o x;.;-: can nhi¢u vong lap hon khi K = 120.
Ty T NOUYEN AN 12 do ting 56 lugng ngudi
T T dl‘mg tuong l'Ing v6i viée ting sb bién

Loorations

t6i wu hoa, diéu nay doi hoi nhidu thoi

Hinh 4. 2 Do hdi tu cuia phuong phap gian hon dé thuat toan hi tu.
dé xuét khi s6 ngu’ol ding K thay doi

4.4.2Téng d tré ciia ciia ngudi dung UE trong hé thong véi do phire tap

tinh toan F,,, 5 thay déi.

o wlpd
seu 10 5,50 210 . i
= Covenion | sehere - *+ == Comventional sehermni
T s P @ Propossd scheam - 5,588 |9 Proposed schema - T
7 564 P » z -
= - o = - 4
E . Esssn -7
;;J\: 638 " - g\q . . preg
5 - 3 5584 -
= 5636 -7 = - -
E i . Tasul .- Zd
=) - z +
b o o
:E! SE3E e £ oaax
- y
5.632 L 5578
Al = ikl [ (IS [ile il OilkS ol alll 5 [ )
Fes eveles/bit) Fow teveles fhit)
(@) N=80 (b) N =100

Hinh 4. 3: Téng d6 tr& mang voi cac md hinh phan bd tai nguyén khac nhau
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Foup VOI K = 80, {nax = 30 Giga cycles/s.

Hinh 4.3(a) va 4.3(b) so sanh tong do tré véi N = 80 va F,, » = 600, tong do
tré ciia phuong phap dé xuat 1a 5.632x10%*ms. Khi sé lugng phan tir phan xa
tang Ién, tong do tré ctia mang s& giam xudng [44].

g 020
Ll A mm e mm———-—— -+
= ﬁ:l.rl""{g'“' +
Tanunt L —— $
:‘c:: LN formmnne =T
= 3980+ N=A == Conventional seheme
% @ Proposed schems
2 3980
% s N1
= 3970 [ = e
=
R I ;
W e dpgprnmeemascrnnensasens Qunemeemermnemetn
= 39snt

K ] bl a5 al

Foi (eycles hit)
Hinh 4. 4: Téng d6 tré mang trong
truong hop xau nhat theo cac md hinh
phan bd tai nguyén khac nhau F,, 4,
voi K = 80,F,, », = 600 cycles/bit.

Trong Hinh 4.4, tong d6 tré duoc danh
gi4 trong truong hop xau nhét véi cac
gia tri khac nhau cua chu ky CPU,
Foup Tu két qua md phong cho thiy,
tong do tré trong truong hop xdu nhét
tang 1én cung v6i sé chu ky CPU can
thiét @€ tinh toan mdi bit cla téc vu,
ttc 1a d6 phirc tap cta tic vy can tinh
toan. Do d6, cac UEs can giam tai tinh
toan cuc bd cia minh dén may chu
MEC dé giam d¢ tré.

4.4.3 Téng dp tré ciia ngudi dung UE trong hé théng véi tai nguyén tinh
toan tdi da ciia may chit MEC {4,

Hinh 4.5, tong do tré ciia mang dugc so sanh voi phuong phap khac trong mot

khoang kha nang tinh toan cia MBS (Mega cycles/s), {;nq,- Nguoi dung (UEs)

va chu ky CPU dugec thiét 1ap lan luot 1a K = 80 va F,, » = 600 cycles/bit.

cho théy ting sb luong phan tir RIS va kha ning tinh toan cia MBS tong do tré

clia mang giam dang ké khi kha ning tinh toan cia MBS ting 1én.

128 s 10
K2
_ —+-Convenienal scheme|
3; 1 636*-,,_ -4 Proposed scheme
= ",
3 .
AR ",
b "
AR oy
= R
ERET S
ERt &
= i
o um
=aEIH "
- k
1616
45 4505 451 4515 45F 4525 453
Cone [ Mema cyeles/s) T
(@ N=80

" |]|
|82

=+ Conventional scheme

=
o
-
o

-8 Proposad scheme

= LEIS

The tona] lzteney (milisee)
=
e

LE1?
151 g
o

LE03
45 4505 251 4505 452 4535 455
Cwnr [ Meza ryclea/s) ot

(b) N =100

Hinh 4. 5 Téng d6 tré mang theo cdc md hinh bd tai nguyén khac nhau véi gia
tri {mayx thay d6i K = 80,F,, , = 600 cycles/bit
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3 o Conveotional soheme Mit khac, trong Hinh 4.6 nhiing
g "'f“f“:‘" echerne diém vuot trdi cﬁ’a phuong phiip dé
z Ty xuat cho hé thong MEC ho trg
; T ! UAV-RIS vé tong do tré trong
Tl truong hop xau nhit. Co thé thiy
: Net00" O *-‘--....‘ R rang, tong do tré trong truong hop
g xéu nhét giam dang ké khi kha nang

4.5 44505 451 4515 457 4523 483
s (Mega cyeles,s) <l

Hinh 4. 6 Tong do tré trong truong hop xau nhat véi K = 80,F,, , =
600 cycles/bit va gia tri {;nq, thay doi

45 Kétluan
Tom lai, két qua mo phong cua giai thuat d& xudt ti wu phan bd tai nguyén va
giam tai tinh toan cho hé théng MEC c6 su hd trg cia UAV-RIS tét hon truong
hop cong suét phat 1a nhu nhau va géc pha cua bé mit phan xa thong minh 1a
ngau nhién. Tuy nhién, két qua mo phong & cac hinh 4.2a va 4.3a khi xem xét
tong do tré cua tit ca ngudi dung trong mang so véi do phirc tap tinh toan, va
tai nguyén tinh toan toi da cia may chu chua cho thiy su vuot trdi cua giai
thuat toi wu dé xut.
Chwong 5 KET LUAN

51  Kétluin
Luén an tap trung xem xét ung dung mat phan xa thong minh trong mang
truyén thong vo tuyén 1an luot 1a mang di dong té bao va hé thong MEC c6 sur
hd tro cia UAV-RIS. Luan 4n dé hoan thanh cac muc tiéu dé ra trong dé cuong
tong quan véi cac két qua chinh nhu sau:
Pau tién, luan 4n xem xét mot mo hinh truyén thong khong day co6 sy hd tro cua
RIS, trong d6 nhiéu RIS khac nhau duoc trién khai dé hd trg duong xudng cho
cac nhom ngudi dung khac nhau. D6i voi mé hinh dé xuat nay, bai toan tdi wu
dugc xdy dung voi muc tiéu t6i da tong thong lugng mang vai cac rang budc vé
cong suat tiéu thu tai tram gdc va chét lugng dich vu (QoS). Vi bai toan dé xuét
c6 tinh chat khong 101, nén bai toan ti wu ban dau duogc phan chia thanh hai bai
toan con. Bai toan thir nhat, diéu khién cong suat voi cac gia tri hé sé dich pha
duoc cb dinh, lac nay bai toan c6 dang 161, s& d& dang tim dugc 101 giai nho vao
cac cong cu hd trg. Sau do, phuong phap tim kiém hé sé dich pha duoc d& xuat
dé giai quyét bai toan khong 16i nham tim ra cac hé s dich pha téi wu cua cac
phan tir phan xa.
Thir hai, luan an d& xuit mot bai toan tdi wu cho hé théng MEC, dat trong mot
tram géc MIMO (MBS) ¢& 16n, duoc hd trg bdi UAV mang theo RIS co6 kha

tinh toan tang 1én.
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ning bay trong ving phi séng ciia mang. Bai toan t6i wu nhim muc tiéu giam
thiéu téng do tré cua hé théng duoc dé xuét, dua trén tdi vu phéan bd cong sut
clia timg nguoi dung, lién két ngudi ding, cau hinh dich pha cta phan tir phan
xa RIS va phan bo tai nguyén tinh toan tai MBS theo cac rang budc vé tai
nguyén tinh toan va yéu cau QoS ctiia MBS. Dé giai quyét bai toan nay, thuat
toan lap da duogc thiét ké dé giai quyét mot cach hidu qua bai toan t6i wu duoc
dé xuat bang cach ap dung mot sb phuong phap xap xi va bat dang thuc, theo
duong di chuyén va phuong phap giam toa do khdi (BCD). Ngoai ra, dé xéac
dinh quy dao bay cua UAV dua trén mat d6 nguodi dung mat dat cling dugc dé
xudt trong luan 4n.
Thuc vay, RIS véi nhiéu vu diém vuot troi duoc xem la mot trong nhitng cong
nghé then chdt cho truyén thong 6G. Cu thé, mang 6G htra hen mang lai nhiéu
dich vy trong tuong lai v6i cac yéu cau khic khe vé téc do truyén dir lidu rat
cao 1én dén 100 Gbps, do tré thép duédi 1ms, va mat d6 ngudi dung day dac.
RIS tng dung trong mang 6G gitp tang cuong dd tin hiéu va ving bao phu nho
vao kha niang diéu chinh séng vo tuyén, cai thién chat lugng két nbi va giam
nhidu, tiét kiém niang lugng hon so véi cac giai phap truyén thong.

5.2  Huwéng phat trién
Trong van d& nghién ctru thir nhat, chua xem xét dén trudng hop tram phat gbc
BS 1a da dng-ten. Hon nita, sé lwong phan tir t5i wu ciing chwa dugc giai quyét.
Bai toan vé truyén ning luong va thong tin lién tuc chua dugce phan tich va
danh gia trong hé thong.
Trong vin dé nghién ctru tht hai, UAV-RIS dugc xem xét tmg dung trong
truong hop phuc vu nhom ngudi dung cu thé, véi gia st UAV-RIS ding yén.
Trong thuc té, cin xem xét dén van dé rung lic cua UAV do anh hudng cia
moi truong. Dac biét 1a tang ) lugng UAV nham muc tiéu hd tro cho cac dich
vu v6i quy mé 16n hon. Ngoai ra, vAn d& quan trong 1a quy hoach s lugng
nhom nguoi dung t6i wu va quy dao bay voi muc tiéu téi thiéu do tré va tiét
kiém nang luong cho UAV.
Bén canh d6, nghién ctru sinh dang trong qua trinh nghién ctru tmg dung hoc
tang cudng va hoc siu ting cuong dé giai quyét cac bai toan tdi wu.
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