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TOM TAT

Giao tiép v6i d6 tin cay cao va do tré thap (uRLLCs) 1a mot yéu td ¢t 161 trong cac
mang di dong thé hé 5G va 6G, dong vai tro then chét trong vi¢c phat trién céc ung
dung Internet van vat (IoT) nhu tu dong hdéa cong nghiép, giao thong thong minh, y
té tir xa va thuc té ao/ting cuong (VR/AR). Nhiing ing dung nay khong chi gop phan
nang cao chat luong cudc séng ma con thiic day sy phat trién bén virng cta nén kinh
té toan cau. Tuy nhién, viéc dap Gmg cac yéu cau nghiém ngat vé do tin cay va do tré
trong URLLCs dit ra khong it thach thuc trong thiét ké mang khong day, dic biét khi
cac hé théng nay can dam bao hiéu suit t6i uu trong méi truong thuc té. Cong nghé
giao tiép gbi tin ngan (SPC) duoc xem 1a mot giai phap quan trong. Do d6, Lun an
“NGHIEN CUU GIAO THUC TRUYEN GOI TIN NGAN CO PO TIN CAY
CAO VA PO TRE THAP TRONG TRUYEN THONG CONG TAC” d¢ xuit ba
mo hinh méi cho truyén goi tin ngan, nham cai thién hiéu ning mang, dap ung cac
yéu cau khat khe ciia uRLLCs, dong thoi tao tién dé cho su phat trién mang khong
day thé hé tiép theo. Cu thé:

M6 hinh 1: M hinh truyén géi tin ngin trong mang giai ma va chuyén tiép
(DF) hai chiing, trong d6, mé hinh di ap dung cac giao thirc nham nang cao do phan
tap khong gian, bao gdm lya chon an-ten phat (TAS), lua chon nit chuyén tiép mot
phan (PRS) va ti s6 két hop cuc dai (MRC). M6 hinh nay so sanh hai giao thirc chuyén
tiép SPC: giai ma va chuyén tiép co dinh (FDF) va giai ma va chuyén tiép c6 chon lua
(SDF). Két qua cho thiy riang hiéu ning cta hé théng FDF vuot tréi hon SDF ¢ moi
muirc cong suat phan bo ctia ngudn phat. Pong thdi, mo hinh cling dé xuat bai toan t6i
rru cong suat phat va vi tri nat chuyén tiép nhiam dap tng yéu cau do tin cay va do tré
cho h¢ thong uRLLCs.

M6 hinh 2: 13 mé hinh truyén géi tin ngin sir dung mit phan xa thong minh
(IRS) trong mang chuyén tiép. M6 hinh nay dé xuit phuong phap phan tich va danh

gi4 hiéu nang cua hé thong truyén géi tin ngan qua IRS, so sanh vai hé thong truyén



thdng str dung nat chuyén tiép (DF va AF). Két qua cho thay, hé théng SPC qua IRS
dat hiéu suat vuot troi so véi cac phuong phap truyén théng véi cing mirc cong suét
phat, mé ra kha nang thay thé nut chuyén tiép bang IRS. Diéu nay khong chi giup cai
thién chat luong dich vu (QoS) ma con md rong pham vi phu séng mang voi chi phi
thap hon.

M4 hinh 3: Mé hinh truyén géi tin ngin dwoc hd tro' béi mit phan xa thong
minh IRS trong mang cdng tac NOMA, trong d6, cic giao thirc dugc s dung nhim
t6i vu nang luong, nang cao do tin cay va giam do tré cho hé thong, thong qua viéc
dinh dang song tai ngudn phat, mat phan xa thong minh va khir nhiéu lién tiép (SIC)
tai ngudn nhan. Pé giam thiéu thoi gian tinh toan va do phire tap, moé hinh dé xuét
phuong phap hoc sau (DL) dya trén mang no-ron sau (DNN) dé dy doan ty 1¢ 15i bit
(BLER) va cong suit phan bd ngudn phat. Cac két qua du doan nay c6 y nghia quan
trong trong viéc phan bo tai nguyén cong suat mot cach thong minh, hiéu qua, dap
g yéu cau thoi gian thyc cta hé thong mang thé hé moi.

Nhitng dong gop cta luan an ndy mang lai gia tri thiét thuc trong viéc phat trién
mang di dong thé hé méi, gop phan tao nén tang viing chic cho cac tmg dung uRLLCs.
Pong thoi, cac phuong phap va mo hinh ma luan an dé xuat c6 thé hd tro hiéu qua

cho viéc thiét ké va trién khai mang khong day trong tuong lai.
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ABSTRACT

Ultra-reliable and low-latency communications (uURLLCs) is a core element of 5G and
6G mobile networks, playing a pivotal role in the development of Internet of Things
(IoT) applications such as industrial automation, smart transportation, remote
healthcare, and virtual/augmented reality (VR/AR). These applications not only
significantly enhance the quality of life but also drive the sustainable growth of the
global economy. However, meeting the stringent requirements for reliability and
latency in uRLLCs presents considerable challenges in the design of wireless
networks, especially when these systems need to ensure optimal performance in real-
world environments. Short packet communication (SPC) technology is considered a

crucial solution.

Therefore, the dissertation titled " RESEARCH ON SHORT PACKET
COMMUNICATION PROTOCOLS WITH ULTRA-RELIABLE AND LOW
LATENCY IN COOPERATIVE COMMUNICATIONS" proposes three novel
models for short packet transmission aimed at improving network performance,
meeting the strict demands of uRLLCs, and providing a foundation for the

development of next-generation wireless networks. Specifically:

Model 1: This model involves short-packet communications within a two-hop
decode-and-forward (DF) network. The model incorporates protocols to enhance
spatial diversity, including Transmit Antenna Selection (TAS), Partial Relay
Selection (PRS), and Maximum Ratio Combining (MRC). Furthermore, the model
concentrates on optimizing the transmit power and the position of the relay node to
efficiently meet the service requirements of uRLLCs. The performance of the system
is significantly improved in the optimized scenario compared to the non-optimized

case.

Model 2: This model involves short-packet communications using Intelligent
Reflecting Surfaces (IRS) in relay networks. It introduces a new approach to

analyze, evaluate, and compare the system performance with that of the traditional

vil



DF relay node short packet transmission models. This model achieves higher diversity
order and performance improvements when compared with the DF relay model,

despite both models using the same transmit power level.

Model 3: This model supports short-packet communications via Intelligent
Reflecting Surfaces IRS within cooperative NOMA networks. It utilizes protocols
aimed at optimizing energy, enhancing reliability, and reducing latency for the
system, by shaping the waveforms at the source, through the intelligent reflecting
surface, and with successive interference cancellation (SIC) at the receiver.
Furthermore, this third model integrates deep learning methods based on deep neural
networks (DNN) to predict performance and solve the power allocation problem,
significantly improving accuracy while simultaneously reducing computation time

and complexity compared to traditional methods.

The contributions of this dissertation provide practical value in the development of
next-generation mobile networks, laying a solid foundation for uRLLC applications.
Additionally, the methods and models proposed in this thesis can effectively support

the design and deployment of future wireless networks.
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DANH MUC CAC HAM VA CONG THU'C TOAN HQC

STT Ky hiéu Y nghia

1 arg max () Ham tim mot gid tri lam cho ham )

dat gia tri 16n nhat.

2 C(.) Dung lugng kénh Shannon

voi C(x)=log(1+x)
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MO DPAU

Bdi canh nghién ciru

Cho dén nay, cac dich vu cua Internet van vat (IoT), bao gém cong nghé tu dong hoa,
hé thdng vén tai thong minh, Internet xuc giac, ciing nhu thuc té 40 (VR) va thuc té
tang cuong (AR) dang phat trién nhanh chéng [1]. Cong nghé mang khong day thé hé
tht nam (5G) va cac phién ban tién tién hon, bao gém 5.5G va 6G, md ra canh cira
cho sy hoi nhap sau rong ctia con ngudi vao thé gidi IoT va mot xa hoi siéu két ndi
[2, 3]. Trong bdi canh cong nghé mang va truyén thong méi ndi, ba dich vu chinh s&
c6 nhitng tién bo dot pha bao gom giao tiép may voi may (mMTC), bang thong rong
di dong cai tién (eMBB), va giao tiép do tin cdy cao cung do tré thap (uRLLCs) [4,
5]. Theo tiéu chuan cong nghé ciia Vién thong Di dong Qudc té IMT-2020/5G do lién
minh Vién thong Quéc té (ITU-R) dé ra, cong ngh¢ mang 5G cam két dat duoc cac
chi tiéu vé dung luong truyén 10 — 100 Mbps/m?, toc d6 truyén dit liéu tir 10 — 20 Gbps
, mat d6 két nbi khoang 10°thiét bi/km? va do tré thap tir 1 —10ms [6]. Hién nay, viéc
phat trién dich vu uRLLCs, véi dic diém 1a do tin ciy cao va tré théip, dang tr¢ thanh
vu tién chinh trong nganh k¥ thudt va cong nghiép. Diéu nay tao nén tang viing chic
cho sy cai tién cua x4 hoi thong tin hién dai [2, 7]. Truyén thong uRLLCs yéu cau do
tin cdy cao dén 99.999% (ty 1& 156i thap hon 107°) va do tré ngan (dudi 1ms) nham

dap g cac tiéu chuan cao vé chit luong dich vu (QoS) [8].

Gan day, truyén thong géi tin ngan (SPC) da dugc nghién ciru dé cai thién dich vu
uRLLCs trong mang 5G va cac thé hé mang tuong lai, thong qua viéc giam kich thude
khung thong tin xubng con 100 don vi st dung kénh (CUs) [9]. SPC dem lai sy d6i
m&i so véi cac hé thdng mang trude day sir dung goi tin dai, v6i uu diém vé do tré co
thé duoc tinh gan ding trong mot khe thoi gian [10] va hiéu nang dugc danh gia dua

trén toc do giai ma cuc dai. Bi€u nay la do cac chi s6 hi¢u nang ctia h¢ thong truyén



thong tin truyén thdng dwa trén Iy thuyét thong tin cii, 4p dung cho truyén tin qua goi
dai. Do d6, viéc nghién ctru SPC hién nay tré nén cap thiét dé dap ung dong thoi hai
tiéu chuan quan trong ctia hé thong uRLLCs trong mang 5G, bdi phan 16n cac cong
trinh nghién ctru gan ddy chi chu trong giai quyét mot trong hai yéu cau, d6 1a do tin
cay [11, 12]. Pé hién thuc cho hé théng uRLLCs, NCS dé xuit nghién ctru cac hudng

tiém nang nhu sau:

e Daiu tién, viéc tich hop giao thitc SPC vao mang cong tac dang duoc khdm pha nhu
mot phuong phép tiém nang dé nang cao hiéu ning ciia cac hé thong mang thé hé
moéi [12], [13]. Mang cong tac da dugc kiém chung 1a phuong phap ting cuong
hiéu qua cong suat kénh truyén, do tin cdy va mo rong pham vi phu séng [14, 15].
Uu thé nay da duoc thé hién rd khong chi trong cac hé théng mang hién tai ma con
trong viéc phat trién cac mang thé hé twong lai nhu 5.5G va 6G [16-18]. Tuy nhién,
cac cong trinh nghién ciru vé SPC két hop k¥ thuat cong tac thudng chi nhdn manh
vao viéc cai thién do tin cdy so véi hé thong giao tiép qua goi tin dai. Do d, viéc
phat trién hé thong mang SPC huéng dén viéc thoa man ca tidu chi vé do tin cay
va thoi gian tré, dic biét trong bdi canh cua cac tng dung uRLLCs, 1a van dé nghién
ctru dang dugc uu tién cao hién nay.

e Thu hai, trong tdm nghién ctru hién nay la tdng cudng su phan tp cua mang. Do
rang budc vé d0 tré, viéc trién khai phan tap theo thoi gian trd nén kho khan va
khong dugc tan dung hiéu qua trong SPC. Nhu mot giai phap thay thé, viéc sir dung
phan tap tan sd va khong gian, thong qua viéc trién khai nhiéu an-ten phat va nhén,
1a cac giai phap dang cht y. Cac nghién ctru méi ddy di chi ra rang, viéc trién khai
cac giao thirc nhu ti s6 két hop cuc dai (MRC) [12], chon lya nat chuyén tiép mot
phan (PRS) [19], va hé théng mang da dau vao va da dau ra (MIMO) [20], d3 phat
huy hiéu qua trong viéc cai thién do tin cdy ving phu va d6 tré caa hé thong SPC.
Do d6, viéc wu tién phat trién phan tdp khong gian trong thiét ké hé théng SPC

nham cai thién dong thoi do tin cay va do tré 1a can thiét hién nay.



e Tht ba, viéc t6i wu phan bd ngudn tai nguyén duoc xem 1a bién phap cai thién hiéu
ning ma khong can tén chi phi cho da sé hé thong mang truyén thong nham dap
mg cé hai yéu cau co ban: biao dam tinh tin cdy va giam do tré xudng muc thap
nhit. Then chdt cua giai phap ndy 1a t6i wu phan bd cong suit [21]. Diéu nay bao
gbm viéc t6i uu cach phan phdi cong suit truyén cua cac thiét bi trong mang, véi
muc tiéu vira ddm bao hiéu suét truyén dit liéu tot nhat vira tiét kiém nang luong.
Déi véi SPC, dic biét trong bdi canh ciia hé théng uRLLCs, viéc diéu chinh ca
cong suét va vi tri tré' nén hét sirc quan trong, nham dam bao ca d tin cay va giam
thiéu do tré.

Trén cac co s¢ da noi trén, Ludn an nay dinh hudng dé xuét cac giao thirc béng cach

sir dung céc k¥ thuat tién tién & 16p vat 1y dé giai quyét ca hai yéu t6 do tin cay va do

tré d6i voi SPC, nham huéng dén dich vu uRLLCs. Dé tai cu thé cuia nghién ctu la

“Nghién ciru giao thirc truyén goi tin ngan c6 do tin cdy cao va do tré thap trong truyén

thong cong tac”.

Luan 4n nay dé cap dén hai phan chinh: i) Téi wu hiéu ning hé théng SPC dé phu hop

v6i yéu cau cta hé thong uRLLCs trong mang 5G; ii) Thiét ké cac hé thong SPC tich

hop cac ky thuat tién tién hién dai dé nang cao do tin cay va giam thiéu do tré trong

hé théng mang cong tac.

Muc tiéu nghién ciru

Trong Luén an nay, nghién ctru sinh (NCS) ch trong vao hai muc tiéu chinh duogc
xac dinh rd nhu sau:
i. Muc tiéu thir nhat tap trung vao viéc xay dung mot mé hinh SPC trong mang truyén
thong cdng tac, va thyc hién t6i wu hiéu nang cua hé théng nham dap ung céac yéu

cau cua hé théng uRLLCs trong chuin mang thé hé méi.



ii. Muc tiéu thir hai nghién ctru va ap dung cic phuong phap, k¥ thuat tién tién dé cai
thién do tin cdy va gidm thiéu do6 tré, cu thé 1a ap dung cac k¥ thuat nhu mat phan

xa thong minh, phuong phap da truy nhp phi truc giao, va cac k¥ thuat hoc sau.

Nhiém vu nghién ctru

Duya trén hai muc ti€u chinh ctia Luan an, NCS thyc hién nhitng nhiém vu nhu dé

cuong da dugc duyét dudi day:

v/ Phan tich va trinh bay nhitng khai niém chinh lién quan dén Luan 4n, bao gém truyén
tin gbi ngan, truyén thong cong tac, mit phan xa thong minh (IRS), da truy nhap phi
truc giao (NOMA)va hoc sau (DL).

v’ Dé dat dugc muc tiéu thi nhét, hai nhiém vu duoc trién khai sau day:

Nhiém vy 1: Xay dung va danh gia hiéu nang ciia mo hinh SPC trong mang chuyén
tiép hai ching.

Nhiém vu 2: Téi uu hiéu ning SPC trong mang chuyén tiép hai chiang dé dap img
yéu cau cta hé théng uRLLCs.

v' Bé thuc hién muc tiéu tht hai, hai nhiém vu 3 va nhiém vu 4 dugc xac dinh 1a:
Nhiém vu 3: Phén tich hiéu ning cta hé thong SPC st dung IRS dé nang cao do
tin cdy va giam do tré trong mang cong tac.

Nhiém vu 4: Udc luong cong suat phan bo ngudn phat cho hé thong SPC théng qua
g dung k¥ thuat DL, nham tuan thu céc tiéu chi ctia hé théng uRLLCs.

Pham vi nghién ciru

Lu4n 4n ndy, NCS chu yéu nghién ctru SPC trong truyén thong cong tac, tip
trung vao mang chuyén tiép hai ching va NOMA.
Huwéng tiép cin va phwong phap nghién ciru

% Huong tiép cin



Can ctr vao viéc phan tich cac cong trinh nghién ctru trong va ngoai nudc vé SPC
trong mang thé hé méi dén thoi diém viét Luan an, NCS d tién hanh so sanh va ddnh
gia cac két qua ciing nhu cac phwong phap tir nhitng cong trinh nay. Tir d6, NCS nhén
dinh nhitng van dé chwa duoc giai quyét va dua ra cac dé xuét cho hudng nghién ctru
tiép theo trong ctia Luan 4n cua minh.

¢ Phwong phap nghién ciru
Trong Luan an nay, NCS da 4p dung cac phuong phap nghién ctru sau day:

v Phuong phap phan tich va so sanh: NCS phan tich va so sanh tat ca nghién ciru vé
SPC trong khudn kho cua Luén an. Dya trén d6, NCS dé xuét cdc md hinh SPC
méi dé dap Gmg muc tiéu nghién ctru cy thé cua Luan 4n.

v Phuong phap phan tich thong ké bao gém phan tich tin hiéu, toan giai tich, xac
suat va toan t6i wu dé tinh toan céc chi sé danh gia hiéu ning, ciing nhu giai quyét
céc van dé lién quan dén toi vu hiéu ning cho cac hé thong duoc dé xuat.

v Phuong phap md phong Monte Carlo dugc str dung dé xac nhan va kiém tra cac
két qua phan tich 1y thuyét.

v’ Phuong phap so sanh: NCS thuc hién so sanh hiéu ning cta cdc mé hinh hé théng

deé xuat so vdi cac hé thong hién tai khac.

Y nghia khoa hoc va thue tién ciia dé tai nghién ctru

= Gia tri khoa hoc ctia Luén 4n nay chil yéu dong gop cho khoa hoc céac giai phap,

cac két qua tién tién vé SPC, nham dép tng céc tiéu chuan vé do tin cdy cao va do
tré thap trong cac mang khong day thé hé méi nhu sau:

v’ Luan an dua ra cic phuong phap dé tang cudng do tin cay va giam do tré trong

SPC trong mang chuyén tiép hai ching, bao gém i) T4n dung d6 phan tap khong

gian thong qua viéc ap dung cac ky thuat TAS, PRS va MRC; ii) T6i wu hi¢u ning

hé thong bang cach xac dinh cong suat phat va vi tri cia niit chuyén tiép, dam bao



ti 16 16i khéi (BLER) tuan thi cac tiéu chuan uRLLCs mang 5G, tic la
BLER <107,

v Luan 4n ndy dua ra giai phap st dung IRS dé thay thé cho nut chuyén tiép trong
hé théng SPC. Véi su hd trg cua IRS, hé théng SPC dat dugc hi¢u ndng cai thién
hon so véi khi str dung nut chuyén tiép DF va AF.

v/ Dong thoi, Luan an ciing lan dau tién dé xuat viéc két hop k¥ thuat dinh dang
song v6i mit IRS trong hé théng mang cong tic NOMA, nhim ting cuong do tin
cdy cho hé thong SPC. Ngoai ra, dé dap tng nhu cau vé do tré thap va thoi gian
xtr Iy nhanh trong mang tuong lai, DL duoc ap dung dé giai quyét cac thach thirc
lién quan dén du doan, bao gdm i) Cac chi sé dic trung cho hiéu ning nhu BLER,
thong lugng va do tré; ii) Cong suat phan bd ngudn phat.

= Y nghia thue tién ciia Luén an

v/ Mo hinh dau tién, chuyén vé SPC trong mang chuyén tiép hai ching, duoc thiét
1ap dac biét cho mang 5G, voi cac dac diém nhu cong suét nguén phat han ché,
ving phu séng hep, khoang cach truyén ngin va nhidu dong kénh 16n. Hon nita,
két qua mai thu duoc tir md hinh nay tao ra mét co s viing chic cho viéc nghién
ctru va thiét ké tiép theo ciia hé théng mang MIMO danh cho SPC.

v/ Cac mo hinh hd trg SPC bang mit IRS déng vai trd quan trong trong ca mang
chuyén tiép va mang cong tic NOMA. Nhiing mé hinh nay hiéu qua trong mang
5G va cac mang tuong lai, dic biét trong cac moi truong truyén kho khan nhu: 1)
Bi han ché vé dia hinh truyén song nhu d6 thi va doi nui; 2) Nang lugng ngudn
phat bi han ché va vung phu séng nho.

v Két qua tr Luan an da dugc cong bd trén céc tap chi quéc té thuoc danh muc Web
of Science (SCIE) nhu Journal of Communications and Networks (Q1) va
Institution of Engineering and Technology Communications (Q2), cling nhu tai
Hoi nghi qudc té nhu 2023 RIVF International Conference on Computing and

Communication Technologies (RIVF), 2024 International Conference on



Advanced Technologies for Communications (ATC). Ddng thoi, két qua cua
Luan an dugc xuét ban trén Tap chi qudc gia nam trong danh muc tap chi cia
HDGS nhu Tap chi Khoa hoc cong nghé Thong tin va Truyén thong (JSTICs).
Nhitng déng gop nay di cung cAp ngudn tai liéu tham khao chat luong cho cong
ddng cac nha nghién ctru, trung tdm va t6 chtrc nghién ctiru qudc té trong linh vuc

cong nghé mang khong day méi.

Cau truc cia Luin an
Cau truc cia Ludn 4n gdm phan mé dau va sau chuong chi tiét dugce t6 chirc nhu sau:

Phan mé& dau: Luan an dé cap dén bdi canh nghién clru, cac van dé chua duoc giai
quyét va nguyén nhén lya chon chu dé nghién ctru. Trong Phin ndy, muc tiéu nghién
ctru s& duoc dua ra rd rang, dan dén viée xac 1ap cac nhiém vu ¢t 16i va phuong phap
nghién ctru cu thé. Ngoai ra, d6i trong va pham vi ciia nghién ctru ciing duoc xac dinh

~

10.
Chuong 1: Tong quan

Chuong 1 nay chu yéu tap trung vao viéc tong hop, phan tich va so sanh cac nghién
ctru da duoc cong bd vé SPC trong mang cong tac trong thoi gian gan ddy. Duya trén
nhirng phan tich nay, nghién ctru sinh d xac dinh nhitng van dé con ton dong, dong
thoi xac dinh cac ndi dung co thé mo rong va dua ra cac nhiém vu cu thé cho Luan
an.

Chuwong 2: Co sé ly thuyét

Chuong 2 cung cip mot cai nhin tong quan vé SPC va co ché truyén thong cong
tac. Chuong 2 bao gdm viéc trinh bay vé cac chi s6 danh gia hiéu nang ctia SPC ciing
nhu giéi thiéu cic md hinh co ban trong truyén thong cong tac. Chuong nay ciing

phan tich wu va nhuoc diém cua SPC va truyén thong cong tac trong cac hé thong



uRLLCs. Ngoai ra, Chuong 2 con gi6i thiéu vé cac 1y thuyét co ban lién quan dén cac

k¥ thuat ci tién nhu IRS, NOMA, va DL.

Chuwong 3: Téi wu hi¢u niing h¢é thong truyén thong tin géi ngin trong mang

chuyén tiép hai ching

Chuong 3 nay phat trién mo hinh giao tiép SPC trong mang DF hai ching, dugc
thiét ké dé tich hop ngudn phat va thu da an ten, ciing nhu sy hd trg ctia nhiéu nat

chuyén tiép trung gian.

Piém ndi bat ciia mo hinh 13 viéc ap dung cac k¥ thuat phan tap khong gian nhu
TAS, PRS va MRC. Hiéu ning hé thdng duoc phan tich qua BLER (ca dang déng va
xép xi), do tré va thong lugng toan trinh. M6 hinh nay dac biét nhan manh viéc t6i uu
hiéu ning dé dap tmg cac yéu cau khat khe ctia uRLLCs, bao gdm viéc tdi uu cong
sudt va vi tri cia cac nat chuyén tiép, trong khi van tuén thi cac gidi han vé tong cong

suat va khoang cach truyén co dinh.

Nghién ctru dugc trinh bay trong Chuong 3 da gép mat trong hai bai bao khoa hoc,
cu thé 13 bai s 2 va sd 5, duoc liét ké trong danh sach cac cong trinh da cong bd cua

NCS.

Chuong 4: Phan tich hiéu ning hé thong truyén thong tin géi ngin trong mang

chuyén tiép sir dung miit phan xa thong minh

Chuong 4 d& cap dén viéc danh gia hiéu niang cua hé thong SPC trong méi trudng
mang chuyén tiép dugc hd trg boi cong nghé IRS. Phan tich hiéu nang tap trung vao
viéc danh gia BLER, dudi ca hai dang chinh xac va Xép xi, theo céc tham sd hé théng

va kénh truyén nhu SNR, sb lugng thanh phén phan xa, va d¢ dai khéi tin.

Chuong 4 nay bao gém két qua tir cong trinh khoa hoc sb 4 va s6 3, thudc danh

sach cong bo ciia NCS.



Chuwong 5: Thiét ké hé thong truyén théng tin géi ngin trong mang da truy

nhép phi true giao sir dung mat phan xa thong minh

Chuong 5 tap trung vao viéc thiét ké hé théng SPC trong mang NOMA, duoc trg
gitip théng qua mit IRS. Dic biét, ngudn da an-ten str dung k¥ thuit tao hudng song
gitip diéu huéng tin hiéu dén cac ngudi ding mong mudn. Bén canh d6, Chuong nay
cling danh gia hiéu ning cua hé théng dya trén cc yéu tb nhu BLER, d6 tré va do tin
cdy. Cudi cing ctiia Chuong gi6i thiéu viéc ap dung DL dé t6i uu viéc phan bd cong

suit trong hé thong.

Chuong 5 nay ciing chinh 14 ndi dung duogc trinh bay trong cong trinh s6 1 ciia danh
sach cac cong bd ciia NCS.

Chuwong 6: Két luin va dinh huéng nghién ciru tiép theo

Trong Chuong 6, Phan két luan s& néu bat cac thanh tyu va dong goép chinh cia
Luan an. Ngoai ra, Chuong nay ciing s& dé cap vé cac dinh hudng tiép theo trong

nghién ctru dy kién ctiia NCS.



Chuwong 1. TONG QUAN

1.1 Giéi thiéu
Chuong 1 giéi thiéu tong quan nhitng van dé c6 lién quan dén SPC trong mang
cong tac. Nhitng vin dé nay duoc danh gia va phan tich dua trén nghién ctru tir cac
cong trinh qudc té va trong nude lién quan trong nhitng nim gan day. Dya trén co
s& nay, NCS di xac dinh cac khia canh con ton tai, tiém ning phat trién va dong
thoi dé xuét nhirng nhi¢m vu cot 161 trong Ludn an. Bé cuc cua Chuong 1 bao gém
phan khao sat cac cong bd qudc té va trong nude vé SPC trong truyén thong cong
tac & Muc 1.2 va 1.3. Phan két luan cta Chuong 1 ciing duoc trinh bay chi tiét &

Muc 1.4.

1.2 Cac cong bd quoc té vé truyén thong géi tin ngin trong mang cong tac

Phan nay, NCS liét ké chi tiét cac cong bd qubc té c6 lién hé dén Luan an va tap
trung vao timg nhiém vu cy thé. Bén canh d6, NCS ciing trinh bay rd nhiing van dé
chua giai quyét, giai phap dua ra cho nhitng van dé nay, cung véi cac ddi tuong va
phuong phap nghién ctru tuong ting cho ting nhiém vu nhu sau:

o Nhiém vu 1: Xdy dung mé hinh va danh gid hi¢u ning hé théng ciia mé

hinh truyén géi tin ngdn trong mang chuyén tiép hai ching.

Ban dau, su quan tdm ciia cic nha nghién ctru d6i voi SPC trong truyén thong
cong tac duoc thé hién qua céc bai bao [11, 22]. Trong bai bao [11], cac tac gia da
dé xuat mot mo hinh, trong d6 nat ngudn truyén SPC véi nat dich qua hai phuong
thire: truc tiép (DT) va gian tiép thong qua nat chuyén tiép DF. Nut dich sir dung
ky thuat MRC dé thu tin hiéu. Hon nita, h¢ thong dugc mé ta dya trén gia dinh
rang thong tin trang thai kénh (CSI) chinh x4c tai ca nat ngudn va nut dich. Két
qua ctia [11] ching minh rang chuyén tiép DF c6 ti s6 161 khdi nho hon dang ké so
v6i truyén DT & ché do chiéu dai khéi tin ngan (FBL). M6 hinh giao tiép SPC
tuong ty nhu trong bai bao [11], da duoc trién khai trong [22]. O day, phuong phap

chuyén tiép DF da duoc ching minh 13 nang cao hi¢u sut vé thong luong va hiéu
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qua cong suit so voi phuong thire truyén truc tiép DT, dic biét trong cac tinh hudng
¢6 CSI & muc trung binh va hoan hao. Tiép theo, nhom tac gia trong [23] di phat
trién mo hinh chuyén tiép DF, b6 sung thém cac nut trung gian dé nang cao hiéu
sudt ciia kénh trong hé thdng truyén SPC, ca trong trudng hop CSI chinh x4c va
khi CSI & mirc trung binh trong mdi truong fading Rayleigh. Két qua tir [23] cho
thiy rang, voi CSI chinh xéc, thong luong cua hé théng sir dung mé hoa cho cac
khdi tin ngén FBL vuot troi so vo1 hé théng dung ma hoa cho cac khdi tin dai

(IBL).

Sau d6, nhom tac gia trong [12] tiép tuc tap trung vao kich ban chuyén tiép DF
hai ching va mé rong khai thac sy phan tap khong gian vao hé thong SPC thong
qua cac giao thirc nhur két hop Iya chon (SC) va MRC trén kénh fading Rayleigh
ban tinh. Két qua tir [12] d4 chi ra ring BLER giam dang ké theo SNR, bat dau véi
DT, tiép theo 1 SC, va cudi ciing dat dén giam thiéu t6i da véi MRC.

Tiép theo, bai bao [24] da phat trién m6 hinh tir nghién ctru trong [12] bang cach
mo rong kénh truyén fading Nakagami-m cho mé hinh cong tac DF. Két qua tir
[24] chtng t6 rang hiéu ning cta hé thdng ap dung giao thire MRC vuot troi hon
so v6i hé théng dung giao thirc SC va DT, ca vé cong suét tiéu thy 13n dap tng yéu
cau do tré trong truyén thong M2M. Cudi ciing, nhom tac gia trong [25] tién hanh
mo rong md hinh chuyén tiép nhiéu ching trong SPC, str dung hai giao thirc DF
va AF, trong méi trudng kénh fading Rayleigh ban tinh. Cac két qua phan tich va
mo phong trong [25] d cho thiy rang do tré giai ma anh huéng 16n dén thong
luong trong hé thong chuyén tiép SPC da chang. Khi do tré giai md & muc thép,
hé thdng sir dung giao thirc DF dat thong lwong cao hon so véi AF. Bdi véi cac hé
thong c6 s6 ching chuyén tiép vuot qua hai, thong lugng ciia DF noi troi hon AF
& murc do tré giai ma thap va trung binh. Tuy nhién, khi do tré giai ma ting cao,

thong luong cta ca hai DF va AF gin nhu twong dwong nhau.

Tom lai, cac nghién cuu vé SPC trong mang cong tdc chi moi budc dau khai

théc vé dg tin cdy cia hé thong. Cu thé, cac phirong phdp nhw DF va MRC dwoc
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tich hop vao SPC dé cdi thién hiéu nang cho hé thong. Cdc buéce tiép cdn bao gom
1) Xy dung mé hinh SPC va dp dung phan tich tin hiéu ciing Iy thuyét xdc sudt dé
danh gid BLER, thong lwong, va dé tré; 2) Sir dung mé phong dé kiém chimg cdc
phan tich Iy thuyét ciia mé hinh. Tuy nhién, trong boi canh cdc mang khong dady
5G va 6G, cdc tiéu chuan uRLLCs dit ra yéu cau cao vé d tré va dé tin cqy, diéu

ma hau hét cac nghién ciweu truoc day chwa dat dwoc mot cach toan dién.

Trén co so nay, Lugn dn dé xudt nhiém vu 1 véi muc tiéu déng thoi dam bao do
tin cdy va giam dg tré bang cdch khai thac sw phdn tdp vé khéng gian ciia SPC.
Cu thé, hé thong méi dé xudt tich hop cdc ky thudt cdi tién vé phén tdp khéng gian
nhuw TAS, PRS va MRC trong mang chuyén tiép DF hai ching.

v’ Nhigm vu 2: Téi wu hiéu ning ciia hé théng truyén géi tin ngdn trong mang
chuyén tiép céng tic hai ching theo yéu cau ciia hé thong uRLLCs.

T6i uu hiéu ning cua hé thong, hién nay dang trd thanh mot thir thach trong
nghién ctru vé SPC dé dap tng yéu ciu cua uRLLCs. Trong nghién ctru gan day,
O bai bao [24] nhém tac gia da chung minh sy twong quan gitta dg tin cdy va do
tré ctia SPC trong truyén thong cong tac qua kénh fading Nakagami-m. Nhom tac
gia dé xuat thuat toan diém ndi (interior point algorithm) dé t6i vu ham muc tiéu
khong tuyén tinh cta xac suat dimg (OP) dé dat dugc gia tri toi wu cho cong suat.
Két qua cta nghién ctru chimg to khi hé théng hoat dong vdi cong suit t6i uu thi
do tré giam dang ké.

Mac di, van dé t6i wu hé thong mang khéng la diéu méi la trong cdc hé thong
truyén thong truyén goi tin dai, nhung doi véi SPC, van dé ndy ngay cang quan
trong dé bdo dam théa mén hoan toan cdc tiéu chudn vé dé tin cdy va vé thoi gian
tré cho cdc hé théng mang thé hé méi. Hién tai, van dé t6i wu trong SPC van doi
mdt voi nhitng khé khén dang ké, chii yéu béi vi viéc nghién ciru SPC doi hoi phdi
thue hién cac phép tich phan phuece tap va cong thiee tinh BLER thwong khong tuan
theo hinh dang 16i 16m. Piéu nay dan dén thuc té la gan nhw khong ton tai mét

phirong phdp chung ndo dé gidi quyét cdc van dé t6i wu véi ham khéng 16i.
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Trén co so nay, Nhiém vu 2 tdp trung vao viéc cdi thién hiéu nang cho hé théng
mang DF hai ching & kénh truyén fading Rayleigh. Piéu ndy bao gom viéc toi wu
Vi tri ciia nit chuyén tiép va céng sudt cho it nguon, trong khi tudn thii cdc han
ché nhw khodng cach hodc tong cong sudt cho trude.

Nhiém vu 2 nay mang lai hai két qua chinh nhu: i) V& Iy thuyét, xac dinh duoc
khoang cach t6i wvu dé dat nut chuyén tiép va cong suat phat toi wu; va ii) Vé md
phong, kiém tra lai tinh dung din cua cac két qua 1y thuyét.

v Nhiém vu 3: Phén tich hi¢u ning hé thong truyén thong tin géi ngdn qua
mdt phdn xa théng minh nham néng cao dé tin cdy va giam dp tré cho hé thong
mang cong tdc.

Nhiém vu 3 dugc xay dung nham thyuc hién muc tiéu sb 2 trong Luan an, thong
qua viéc khao sat sau rong nhirng cong trinh bén dudi nhu sau:

e Cac nghién ciru lién quan

Gan déy, cong nghé IRS da duoc gidi thidéu nhu mot giai phap méi, hira hen mang
lai méi truong thong minh cho cic mang di dong thé hé méi 5G va 6G [26, 27].
Piém ndi bat ciia moi trudng vo tuyén thong minh so voi cic mang khong day
truyén théng 1a kha nang diéu chinh khong gian thong qua phan mém, mang lai sy

linh hoat va kiém soat cao [28].

Hién nay, cac nghién ctru da phat hién ra ring IRS mang lai nhiéu loi ich dédng ké
trong viéc truyén va diéu chinh thong tin. Thtr nhét, IRS chi phi thap va c6 thé lap
dat trén nhiéu loai bé mit khac nhau, bao g6m mat ngoai cua toa nha, cit trén cao,
pand quang céo [29]. Thi hai, IRS nang cao hiéu qua sir dung bang tan bang cach
tai cAu hinh méi trudong truyén khong dy. Cu thé, IRS gitp ting cudng sy phi
song va cai thién hi¢u suét truyén dan tin hiéu trong cac khu vuyc c6 tin hi¢u yéu
[30]. Thi ba, IRS gitip giam lugng nang lugng tiéu thu va dem lai lgi ich cho moi
treong, nho kha ning diéu chinh pha ctia cac thanh phan phan xa dé hinh thanh tin
hiéu ma khong can dung dén bo khuéch dai cong suat [31, 32]. Cudi cing, viéc
tich hop IRS vao mang khong day ting cuong tinh trong thich vé6i tiéu chuin va

phan ctng ctia hé théng mang hién hanh [33].
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Trén co s& cac loi ich cua IRS trong hé théng truyén goi tin dai & trén, gan day
IRS ciing dugc chimg minh 13 giai phap htra hen dap tng yéu cdu uRLLCs trong
céc hé thong ty dong hoa nha may. IRS ting cuong hiéu qua truyén thong trong
cac hé thdng giao tiép may voi may nhu trong bai bao [34]. Nhom tac gia cua bai
bao [34] tap trung vao viéc phan tich toc d6 dir lidu trung binh va ti 18 15i giai ma
trung binh qua cac kénh nhu fading Nakagami-m va fading Rician. Mot céch cu
thé hon, trong bai bao [35] nhom tac gi tiép tuc nghién ctru IRS hd tro trong SPC
trong hé thong mang NOMA. O day, nhom tac gia dua vao BLER trung binh va

thong luong dé do luong hiéu ning ciia cac ngudi ding trong mang NOMA.

Gan day, sw quan tam nghién cvru IRS hé tro cdc hé thong SPC da ting 1én véi
cdc két qud ddu tién ching minh hiéu quad noi bt cia IRS. Tuy nhién, hién nay
nghién citu IRS hé tro SPC trong hé thong mang céng tdc van con han ché. Trén
co 56 nay, Nhiém vu 3 nghién ciru hiéu nang cia hé thong chuyén tiép dwoc tro
gilip boi IRS trong SPC. Cdc phirong phdp dé xudt bao gom phan tich tinh hiéu,
xdc sudt thong ké dé tinh BLER va d¢ loi phdn tdp hé thong. Tiép theo, phirong
phdp mé phéng Monte Carlo ciing dwoc dp dung xdc minh lai cdc két qud ciia
phan tich Iy thuyét. Cudi ciing, nghién ciru thuwe hién danh gid va so sanh hiéu ning

giita mé hinh SPC théng qua IRS véi mé hinh SPC qua niit chuyén tiép DF.

Muc tiéu cua nhiém vu thir 3 la xac nhdn sy cdi thién hiéu nang cua IRS trong

viéc truyén SPC so véi chuyén tiép DF théng thwong.

v’ Nhigm vu 4: Ubc lwong cong suit phan bé nguon phdt cho hé théng truyén
g0i tin ngdn trong mang truyén thong cong tic bang ky thudt hoc sdu nham dip
teng yéu cau uRLLCs.

Duya vao cac nghién ctru siu rong SPC vé cac cong nghé méi chuan bi cho mang
6G, Nhiém vu 4 dugc dua ra nham thuc hién muc tiéu thi 2 trong Luan an nhu
sau:

o C(Cdc nghién cuu lién quan
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Gan day, 6G duoc dy kién sé& sé tao ra nhitng dot pha quan trong, khong chi
gi61 han & két ndi di dong ma con mé rong sang vi¢e tich hop tri tu€ nhan tao (Al)
thong qua cai tién cac giao thirc va kién trac mang. Thuyc té, Al da giup giai quyét
hau hét cac tinh hudng khé khin nhu diéu phdi luvu lwgng mang, diéu chinh két
nbi, an ninh va bao mat thong tin [36]. Khong gii han ¢ viéc nghién ctru sau rong
trong nganh khoa hoc may tinh, hién tai Al dang nhan duoc sy chu ¥ tir cong dong
nghién ctru thong tin va mang vo tuyén. bac biét, DL mdt nhanh quan trong ctua
may hoc (ML) thudc linh viuc mang no ron siu (DNN), dang dugc chii trong nham
huéng dén dap tmg yéu cau cho uRLLCs. Cu thé, mét s cong trinh ban dau da
chtng t6 wu thé ctia DL nhu bai bao [37]. Nhom tac gia dd dua ra mot thuat toan
hoc ciing cb dé téi uu lich truyén trong uRLLCs, nham cai tién QoS. Hay ¢ bai bao
[38, 39] da chimg minh ring DL khong c6 giam sat dap ung duoc QoS vé do tré
va do tin cay cho nguoi ding trong mang uRLLCs. Gan day, DL duoc chil ¥ nghién
ctru trong SPC nhu trong bai bao [40]. Cu thé & bai bao [40], nhém tac gia da dua
ra DL dé du doan sy phan b céng suit ngudn va 1ap lich truy cdp uRLLCs cho hé
théng SPC. Két qua bai bao cho thdy DL mang lai két qua khong chi cung cip du
doan chinh xac ma dap tng yéu cau vé do tré thap, pht hop véi tiéu chuan cia hé
théng 5G. DL duoc van dung giai quyét bai toan du doan ngudn cong suit phan

b6 cho hé thdng va 1ap lich truy cap hé thong.

Hién nay, nghién ciru DL hé tro trong SPC dang la vin dé mdi, cu thé sé heong
céng bé khoa hoc vé chii @é nay con khd han ché. Do dé, trong Nhiém vu 4 nay
DL két hop SPC nham gidi quyét nhitng ton tai khi sir dung cdc phieong phdp
truyén thong nhw 1) Ap dung cho moi bdi todn va bat ké do phire tap; 2) Thoi gian
mo phong nhanh, vuot troi so voi phuong phdap Monte Carlo, va phu hop voi yéu
cau thoi gian thwc thi ngan trong cdc hé thong mang tuwong lai; 3) Thie hién cho
moi bai toan, tw bai todan thudn nhw dy doan hiéu nang hé théng dén bai toan
nghich 1 t6i wu, tirc 1a dw dodn cong sudt nguon phat diea trén BLER cho tride,

théa man yéu cau uRLLCs.
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1.3 Céc cong bd trong nuwéc vé truyén thong géi tin ngin trong mang cong
tac
Hién nay, muc tiéu cai tién hiéu ning mang va tién dén ting cudng QoS dé tuan
thu cac yéu cau ctia uRLLCs dang trd thanh muc tiéu chinh ctia gan nhu tit ca hé
théng mang 5G va 6G sap toi. Nghién ctru SPC trong mang cong tac nham hién
thue uRLLCs dugc coi 1a mét phuong an trién vong dang duoc nhitng nha khoa
hoc chu trong.

X/

% Giao tiép géi tin ngin trong mang chuyén tiép cong tic

Pau tién, nhom tac gia trong bai bao [19] nghién ciru vé SPC trong hé thong mang
DF hai chdng ¢ kénh fading Rayleigh. Pac biét, phuong phap PRS dugc 4p dung
dé chon mot niit chuyén tiép tot nhat tir tap da nat chuyén tiép trung gian. Bai bao
cho thdy rang BLER giam nhanh khi tang cac yéu t& nhu ti 1¢ tin hiéu trén nhidu
(SNR), s6 luong nut chuyén tiép, va chiéu dai cua khdi tin. Tiép theo, nhom tac
gia trong cac bai bao [41, 42] d phat trién mé hinh SPC dé ap dung cho chuyén
tiép DF qua nhiéu ching trén kénh fading Rayleigh. Pic biét, bai bao [41] khang
dinh lai ring hiéu nang dugc cai tién khi tdng cong sudt phat va chiéu dai khéi tin.
Quan trong hon hét d6i véi mang DF cho SPC 1a hiéu ning hé théng giam khi s6
chang ting, va dat t6i wu v6i hai chiang. Tuy nhién, trong bai bao [42] nhoém tac
gia tan dung truyén thong cong tic ting cudng tai moi ching dé nang cao hiéu
nang trong mang da ching SPC. Cac két qua cta [42] cho thay rang, bang cach ap
dung su tdng cuong cOng tac & mdi chang, hi¢u nang cua hé théng SPC da duoc

cai thién dang ké so véi mé hinh truyén thong cong tac truyén thong.

Néi chung, cdc nhém nghién ciru trong nude da bdt dau quan tim dén SPC
trong mang cong tac. Hau hét nghién ciku tdp trung phdn tich anh hwéng ciia BLER
vao SNR, chiéu dai khéi tin, s6 chdng, va sé mit chuyén tiép. Hién nay, thach thic
van con ton tai la lam sao dé cdac hé thong SPC trong mang cong tdc tudn thii cdc
tiéu chudn ciia uRLLCs, diéu nay van la mét linh viee mé can dwoc nghién cuu va

gidi quyét thém.
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% Mat phdn xa thong minh hé tro truyén géi tin ngin trong truyén thong cong
tic
Gan day, cac nha khoa hoc trong nudc di bat dau quan tim dén IRS nham ting
cudng d tin cy trong giao tiép SPC nhu sau: 1) IRS hd trg trong cac hé thong vo
tuyén nhan thirc dang nén qua bai bao [43]; 2) IRS hd trg cho hé thong thiét bi bay
khong nguoi 1ai qua bai bao [44].

Tuy nhién, theo tim hiéu ciia NCS, nghién ciru g dung IRS dé hé tro hé thong
SPC trong truyén théng cong tac hién nay van chwa dwoc dé y dén. Do dé, dé tai
khdam pha IRS voi muc tiéu cai thién d&ng thoi do tin cdy va giam do tré cho hé

théng SPC hién tai dang la chii dé mé déi véi cong dong khoa hoc trong nirde.

% Phwong phdp hoc sdau hé tro truyén thong tin géi ngdn trong truyén thong

cong tdac

Gan day, nhom nghién ctru trong nude bat dau da chi y dén viéc tich hgp DL
vao SPC, nham dam bao vé do tré trong cac thiét bi [oT cua cac mang thé hé méi,
duogc thé hién qua cac bai bao [45, 46]. Cu thé, bai bao [45] nghién ctru mang IoT-
NOMA nhén thirc SPC d¢é cai thién hiéu qua ving phd, dong thoi giam do tré dudi
diéu kién CSI khong hoan hao va khir nhidu tuan ty (SIC). Nhom tac gia da thuc
hién: 1) Phan tich ti 1¢ 16i khéi BLER va thong luong cta cac ngudi dung trong
mang; 2) D& xuat mo hinh DL dé dy doan dong thoi BLER va thong luong cta cac
nguoi dung. Két qua ciing chtng to rang hiéu qua du doan tir DL ¢6 ti 18 16i thap
va thoi gian du doan ngdn hon cac mo hinh hoc khac. Bai bao [46], nhom tac gia
cling dé y dén mang IoT thu thap ning lugng, trong d6 cac thiét bi IoT truyén giri
6i tin ngan SPC dén nhiéu nut dich bang cach thu ning luong tir nhiu b phat
qua kénh fading Rayleigh. Pong thoi, nhom tac gia ciing phan tich BLER va thong
luong cua hé thong. Ngoai ra, nhém tac gia thiét ké mang DNN dé du doan thong
luong hé théng dudi cac cai dat kénh khac nhau. Két qua bai bao chirng minh mé
hinh DNN c6 khé nang du doan thong lugng va thoi gian thuc thi mdt cach chinh

xac, vuot trdi so voi cdc phuong phap phan tich s6 va mé phdng.

17



Nhin chung, nhém tdc gia nghién ciru tich hop DL vdo cdc hé thong SPC dd cho
thdy tiém néng ban ddu trong viéc gidi quyét van dé giam thiéu do tré ciia hé thong
mang theo chudan uRLLCs cho cdc hé thong IoT. Nhdm nghién ciru tdp trung vao
DL @é dyr dodn cdc chi sé hiéu nang nhw BLER va thong lwong mang. Tuy nhién,
cdc nhém chi gidi quyét mot chiéu vé thoi gian tré con do tin cdy cia hé thong thi
van chira tdp trung khai thac. Cu thé, van dé téi vu héa hiéu nang hé tho”'ng dua

vao DL dé cai tién do tin cqy van chua duoc giai quyét duoc.

1.4 Két luan Chuong 1

Trong Chuong 1, NCS di phan tich va so sanh chi tiét cic nghién ctru lién quan
SPC, ca trong nudc va qudc té lién quan dén cac nhiém vu cu thé trong pham vi
Luan an. Qua danh gia sdu rong ctia cac cong trinh nay, NCS di dé xuat bon nhiém
vu co ban dé thyc hién hai muc tiéu chinh ciua Luan 4n. Cu thé, Nhiém vu 1 va
Nhiém vu 2 duoc dua ra nhiam thuc hién muc tiéu thir nhat, va duogc chi tiét hoa
trong Chuong 3 véi chu dé "Ti uu hiéu nang hé thng truyén thong goi tin ngin
trong mang chuyén tiép hai chiang". Muyc tiéu thir hai duoc thyc hién qua Nhiém
vu 3 va 4. Nhiém vu thr 3 nay dugc dét trong pham vi cua Chuong 4, véi tiéu dé
"Phan tich hiéu ning hé thdng truyén gbi tin ngan trong mang chuyén tiép st dung
mit phan xa thong minh". Nhiém vu 4, v&i chu dé "Thiét ké hé thong truyén goi
tin ngin trong mang da truy nhap phi truc giao st dung mit phan xa thong minh",

duogc trinh bay trong Chuong 5.
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Chuong2. COSOLY THUYET

2.1 Truyén thong tin géi ngan
2.1.1 CAu triic goi tin ngin

Hién nay, thir thach 16n ctia hdu hét mang di dong thé hé méi 5G va thé hé
tuong lai 6G 1a truyén goi tin ngan dé dam bao yéu cau uRLLCs. Goi tin ngan dai
dién cho phuong thuc trao ddi dit liéu dién hinh, duoc sinh ra tir cac cam bién va
truyén tai trong cac hé théng giao tiép may véi may. Chi tiét cau tric cia mot goi

tin ngin dugc minh hoa nhu trong Hinh 2.1 [7].

Metadata Dir liéu

P H Data

Hinh 2.1: Cdu triic mét goi tin ngan.

Trong Hinh 2.1, ching ta c6 thé thiy cau trac ciia mot goi dit liéu ngan, thuong
bao gdm metadata va dit liéu. Céu trac ctia mot metadata gdm phan mau dau (P)
va phan dau (H). Metadata chira cac bits thong tin bo sung nham thyc hién ding
nhiém vu cta giao thirc truyén khong day. Dit liéu chira cac bit thong tin can duoc
truyén cho ngudn nhan. Khac biét so voi viée 4p dung géi tin dai trong cic mang
di dong trudc day (4G trd vé trude), phuong phap truyén dir liéu qua goi tin ngan
c¢6 nhitng vu diém va khuyét diém duoc mo ta dudi day:
< Uu diém:

— Dir lidu chira trong géi tin ngan c¢6 dung lugng nhé (khoang .100bits ./dir liéu
truyén) [47]. Do d6, qua trinh truyén goi tin ngin c6 kha ning chéng nhiéu t6t
hon khi truyén qua kénh truyén.

— Goi tin ngan, hd trg bai mang 5G va 6G, du kha nang dap ing cac yéu ciu vé

d6 tré cuc thap trong hé thng giao tiép uRLLCs.
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% Khuyét diém:

— Phan metadata trong goi dir liéu ngan c6 kich thuéc bang véi phan dit liéu nén
viéc ma hoa thong tin diéu khién khong hiéu qua sé tac dong dén hiéu ning
clia toan bd qua trinh truyén goi.

— Co s6 ly thuyét thong tin cho cic mang thong tin va di dong hién tai dugc phat
trién dura trén gia dinh st dung cho géi tin dai, do d6 phan 1én khong phu hop

cho goi tin ngan.

2.1.2 Panh gia truyén thong tin géi ngin

Cho dén nay, phan 16n cac hé thong khong day tién tién truyén dit liéu dudi
dang goi tin. Mdi goi tin duoc truyén trén kénh khong day khong chi chira thong
tin (dudi dang bit) danh cho thiét bi thu, ma con bao gom thém céc bit diéu khién
can thiét dé bao dam hoat dong chinh xac cua cac giao thic vo tuyén. Nhu trong
Hinh 2.2, m{t goi tin bao g@)m S bit dir licu, dugc tao thanh tir B bits thong tin
va f3, bit bo sung, chira thong tin diéu khién tir 16p dicu khién truy nhap mang
(MAC) va cac 16p cao hon. Thong thuong, céac bit dir liéu dugc ma hoa thanh mdt
khéi k, ky hiéu dit liéu (s6 phirc) dé ting cudong do tin cdy trong truyén dir lidu goi
tin. Cudi ciing, k, ky hiéu bo sung dugc thém vao dé kich hoat chirc ning phat
hién géi tin, d6ng bo hoa hiéu suit (thoi gian va tan s6), hoic udc luong CSL, ma
bo thu can dé bu dép cho su méo mo cua tin hiéu truyén di khi qua kénh truyén.

Do d6, chiéu dai tong cong cuia gbi tin 1a k =k, + k,. Hau hét cac hé thong khong

day hién nay thuong co S > g, va k, > k,,vivay R = % = g 1a 56 bit thong tin

trén mdi ky hiéu phure (hay s6 bit dir liéu truyén tai mdi gidy trén mdi don vi bang
thong). Gia tri nay dai dién cho tde do truyén mang va cling dugc xem la chi $6

danh gia hiéu nang trong cic hé thong lién lac.

Tiép theo, Hinh 2.3 mo hinh truyén tin co ban theo 1y thuyét thong tin.
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ﬂ. ﬁ:ﬂl-l_ﬂo N s ke k:ke+k0
i MAC » BO nAla hoa > PHY 3y
[bits] [bits] kénh [symbols] [symbols]

Hinh 2.2: So @6 khéi minh hoa cdch tao mot goi tin.

—— > Ma héa Giai ma

Hinh 2.3: M6 hinh khéi ciia mét hé thong truyén tin.

M6 hinh mot hé théng truyén tin co ban gdm bd ma hoa, bo giai ma va kénh
truyén tin nhu dugc minh hoa trong Hinh 2.3. V& mit toan hoc, bd ma hoa duoc
biéu dién du6i dang ham f; bién doi S bit thong tin 4,,..., 4, thanh chudi ky ty
X,,..., X, phat trén kénh truyén. Chiéu dai ctia chudi ky tw, &, dinh nghia chiéu

dai ctia g6i tin (hay khdi tin), chudi X,,..., X, dugc goi la tir ma. Cac ky tu dugc

A A A A A * A A 1 L e \ A A s
truyén trén kénh truyén tuan theo diéu kién — Z|X i|2 < p V61 p la cong suat gioi

i=1
han trung binh. Nhiém vu cua b¢ giai ma la doan cac bit thong tin 4,,..., 4, tr cac
daura k kénh Y,....Y, sau khi qua kénh truyén. Tuong tu, qua trinh gii ma khai

quat qua ham g, , 4nh xa tin hi¢u dau ra kénh Y,....Y, thanh chudi bit ude luong

Dinh nghia ¢ 1a x4c suat 16i cta goi tin, hay con 1 xac suat ma bo gidi ma
khong chinh xac chudi bit thong tin ban dau 4,....,4,. Mot mo hinh truyén tin 1y
tuong 1a thiét ké sao cho ¢ nho va R 16n nhét cé thé. Polyanskiy va cac dong
nghiép trong [9] d& chimg minh dugc téc d6 truyén cuc dai (hay téc d6 ma hoa tdi

da) voi chiéu dai k >100 bits va ti 1¢ 16i khdi (BLER) ¢ c6 dang nhu sau:

R*(k,g)=C—\/%Q_l(8)+0(10§k), @.1)
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logk

e k A A \ . 5 5 A \ r s 7 SR \
vol O logz bao gdm s6 hang con lai cua cua bac va cé gia tri tuy vao

kénh truyén; C 1a chi dung lugng kénh Shannon ; Q' dai dién cho ham nguoc
ctia ham Q-function [48]; 713 d6 phan tan kénh truyén [9]. Xét trudng hop kénh
truyén nhiéu tring AWGN, phuong trinh (2.1) dugc viét lai bang cach thay s6 hang

0(log ﬁj = logk
k 2k

nhu sau [49]:

R’ (k.¢)= C(y)—‘/%y)Q_l (£)+ l‘i" , (2.2)

voi C(y)=log(1+7); V(y) :[1

2

i7) J(log2 e)2 ,v6i y 1a SNR nhan dugc
+y

tai nguon thu nao d6. Tir (2.2), BLER trung binh dugc tinh xap xi theo R'va k
nhu sau [50]:

_ C(y)-R
T E{Q{—W J} 2.3)

Chung ta thdy rang dang dong cho BLER trong (2.3) kho ¢6 thé tinh dugc do ham

QEM] kha phuc tap. Do vdy, ching ta st dung xdp xi cua ham
V(r)/ k
O(.)=¥(y) nhu trong [51. CT. (14)], véi
1, 7S P
V() =5 -wk(r=0), p<r<py. (2.4)
0, Y2 Py
1

(2.5)
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6227 1, (2.6)

1
= 6 + — , 2.7

Pr 2‘}\/% (2.7)
va p, =0— ! (2.8)

t 2V\/%. .

Bang cach thay (2.4) vao (2.3), BLER trung binh duoc viét lai nhu sau:
ex[¥(r)1,(r)dy

’ (2.9)

:vx/zTFy(y)dy.

Hién nay, BLER trung binh trong phwong trinh (2.9) duoc coi 1a mét chi sé danh

gia hiéu nang quan trong cho cac hé théng SPC.

2.2 Truyén thong cdng tac

Cho dén nay, truyén thong cong tac dugc khing dinh 1a mot phuong phap tiém
nang, c6 kha ning ting cuong hiéu ning cta hé théng lién lac khong day, bang
cach t6i uu dung lugng, cai thién do phan tdp va md rong pham vi phi song, qua
su hop tac giita cac nat chuyén tiép [14, 15, 52, 53]. Hién nay, truyén thong cong
tac dang nhan dugc uu tién dac bi¢t trong viéc ap dung cho mang di dong 5G va
mang tuong lai, vi muc tiéu dap ng cic yéu cau khic khe vé su tin ciy va thoi
gian tré ciia uRLLCs [17, 54] . Y tudng chinh trong truyén thong cong tac 1a cac
dau cudi mang két hop an-ten ctia minh dé tao ra hé thong an-ten 4o [14]. Diéu nay
giip mang cong tic nang cao hiéu qua phan tap ma khong can trang bi thém nhiéu
an-ten & cac diém cubi mang. Hinh 2.4 minh hoa mdt mé hinh kénh co ban trong

truyén thong cong tac.

Trong Hinh 2.4, qua trinh truyén dit liéu tir ntat ngudn (S) dén nit dich (D) duogc
hd trg boi nut chuyén tiép (R) va dién ra qua hai giai doan: i) Giai doan quang ba,

S gtri thong tin dén R va D; ii) Giai doan truy nhap, S va R cung truyén thong tin
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nhung chi D nhan. Nho vay, nut D ¢6 kha nang thu nhan tin hi¢u tir ca S va R, lam
tang do tin cdy trong viéc giai ma tin hiéu tai D. Dong thoi, hé thong nay ciing cai
thién su phan tap khong gian do kha nang tin hi¢u tir S dén D theo nhiéu duong

khac nhau, tir d6 nang cao hiéu qua cua hé thong [15].

2 ' /
N\ N \lsbnh truyén 1 \\ 7
Phat quang ba Da truy nhap

Hinh 2.4: M6 hinh kénh ciia truyén théng cdng tdc.

Dé thuc hién vai tro truyén tin hiéu tir S dén D, nat R 4p dung ca hai phuong
phap xir Iy tin hiéu: giai ma va chuyén tiép DF [55] hodc khuéch dai va chuyén
tiép AF [56].

Pau tién, k¥ thuat DF dugc thuc hién nhu dugc minh hoa trong Hinh 2.5, ¢ day
nut R dong vai tro cia mot bo 1ap mang, giai ma tin hi¢u nhan dugc tir nat S trong
giai doan truyén dau tién. Hon nita, k§ thuat DF bao gom hai loai chuyén tiép
tuong tng v6i hai kha ning xdy ra ¢ nit R 1a chuyén tiép c6 chon lwa (SDF) va
chuyén tiép DF cé dinh (FDF). O SDF, nit R chi chuyén tiép tin hiéu dén nat D
khi R gidi ma dung tin hiéu ma nat S muén truyén dén D. Nguoc lai, trong FDF
nat R chuyén tiép tin hiéu dén D ma khong can X4c dinh tin hi€u dugc gidi ma
chinh xac hay khong. DPac biét, ca hai qué trinh chuyén tiép FD s& loai trir dugc sy

anh hudéng cua nhiéu [57, 58].

Trong k¥ thuat chuyén tiép AF, R khuéch dai tin hiéu nhan duoc tir niit S va sau

d6 chuyén tiép toan bo tin hiéu nay vé nit D, nhu trinh bay trong Hinh 2.6. So véi
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DF, k¥ thuit AF khong phai thue hién qua trinh giai diéu ché tin hiéu tai R nhung

nhuoc diém la chuyén ti€p va khuyéch dai nhiéu.

Hinh 2.5:Ky thudt chuyén tiép DF.

Pé toi wu kha ning phan tap khong gian trong hé thong truyén thong cong tac,
nit S c6 thé duoc thiét ké véi da an-ten, sir dung k¥ thuat lga chon an-ten phat
(TAS). Céc nit chuyén tiép c6 thé dugc thiét ké don an-ten va ap dung phuong
phap lua chon nut chuyén tiép, trong khi nut D str dung cac k¥ thuat phan tap két
hop nhu két hop lya chon (SC), can bang d6 loi (EGC) va ti s6 cuc dai (MRC).

+» K¥ thuat chon lya an-ten phat TAS:

Da dang an-ten 13 k¥ thuat hiéu qua dé giam suy giam kénh truyén thong khong
day, nhu hién tuong da duong va bong ram [59, 60]. Tuy nhién, mdi an-ten thém
vao s& kém theo chudi tin sb vo tuyén va ting tiéu thy niang luong, 1am ting chi
phi va d phuc tap. Viéc chon lya an-ten gitp giam chi phi va phirc tap, dong thoi
cai thién hiéu suét hé théng dang ké [4], [5]. Chon an-ten co thé thuc hién tai nguén
phat duéi dang chon lwa an-ten phat TAS. Gia sir ngudn phat co N, an-ten va
ngudn nhan c6 thong tin trang thai kénh hoan hao. Dya trén thong tin phan hdi CSI
mot phan [61] tir ngudn nhan, ngudn phat xac dinh chi sb an-ten toi wu dé toi da
SNR nhan dugc. Cudi cling, ngudn phat chi sir dung an-ten t6i wu trong s N, an-

ten dé truyén dir liéu. SNR cua an-ten dugc chon c6 thé biéu dién nhu sau:
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y™ = max . (2.10)

Hinh 2.6: Ky thudt chuyén tiép AF.

% K¥ thuét lya chon nat chuyén tiép ban phan (PRS):

Trong cac hé théng khong day hién dai nhu mang di dong va mang cam bién,
viéc trién khai thuong gip phai nhitng thach thirc do han ché kich thudc va kho
khin trong tich hop nhiéu an-ten trén cac nat khong day. Vi vay, cac nit thuong
chi dugc trang bi mot an-ten don va hoat dong & ché d6 ban song cong. Trong hé
thong truyén thong hop tac sit dung N nut chuyén tiép (Rl,Rz,...,RN), cac giao
thirc hop tac da nut dat dugc do lgi da dang N +1 [62, 63]. Viéc tang $b lugng nut
chuyén tiép gitip cai thién dang ké hiéu qua truyén dit liéu. Tuy nhién, ché d6 ban
song cong yéu cau N +1 khe thoi gian dé ngudn va cc nit chuyén tiép truy cép
kénh, 1am giam hiéu suét sir dung kénh xudng con 1/ (N + 1). Dé giai quyét van
dé nay, chién luge chon nat chuyén tiép tét nhat R, da duoc dé xuat [64]. Cong

thirc xac dinh R, nhu sau:

Rb:min(QS,Rb,be,D): max (min(j/s’Rj,y/Rj’D)), (2.11)

j=1,2,..N
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Trong d6, 75, V& 7, ,lan luot 12 SNR tirc thoi cua céc lién ket § — R, va
R, —>D. Chién luoc nay cé thé duoc thuc hién phan tan, véi mdi nat R, dat mot

C
mil'l(ys,Rj ’7/R,/’D)’

b0 dinh thoi: 7, = , v6i C 1a hang s0. Nut ¢6 b dinh thoi hét han
som nhat s& duoc chon 1am nit chuyén tiép tdi vu. Mot trong nhitng phuwong phap
don gian va hiéu qua nhat 13 lya chon niit chuyén tiép ban phan, trong d6 viéc xac
dinh nat chuyén tiép tot nhat chi dua trén thong tin trang thai CSI cua lién két giita

nguon va nut chuyén ti€p, dugc mod ta nhu sau:

Ry: Vs, = izln,lzaXN(}/S’Ri ), (2.12)

Phuong phap lya chon niit chuyén tiép ban phan c6 nhiéu vu diém ndi troi nhu

« Giam yéu cau tinh toan bang cach chi sir dung CSI cua lién két nguon - nut
chuyén tiép.
» Tang hi¢u suat sir dung kénh, giam tin hi¢u diéu khién va tranh va cham.
« Kéo dai tudi tho mang nho chon nut chuyén tiép tdi vu.
« C6 thé tmg dung cho mang thé hé méi nhu 5BG va 6G nho tinh phan tan va
yéu cau thong tin tdi thiéu.
% Tai nGt D 4p dung cic phuong phap phan tip két hop SC, can bang d6 loi
EGC, va ti s6 cuc dai MRC. Cac phuong phap phan tap nay hoat dong dua trén
nguyén tic két hop tuyén tinh cac dau ra tir bo két hop, duge minh hoa chi tiét
trong Hinh 2.7. Gia st ¢c6 M nhanh tin hi¢u ddc lap, tin hi¢u tai mdi nhanh duoc
biéu dién dudi dang phic . . v6i i =1,..,M , trong d6: . 1a bién d6 cia tin hiéu
¢ nhanh thtr i; 6, 1a pha cua tin hiéu nhanh i; x(¢) 1a tin hiéu gbc. Moi tin hiéu
nhanh sau d6 dugc nhan véi mdt trong sb phtc ¢;, dugc dinh nghia g, = e/
Diéu nay giup loai bé pha gitip loai bo pha 6., chi con lai bién do cia tin hi¢u. Sau
d6, tat ca cac tin hiéu da can pha dugc cong lai dé tao ra tin hiéu dau ra duy nhat.

Céc tin hi¢u da nhan trong s6 duge dua vao bod cong (ky hi€u ) dé tao ra tin hiéu
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dau ra duy nhét. Khi tin hiéu tir tit ca cac nhanh duge cong lai, gia tri SNR téng

hop s¢ la:
M
Ve =2 7 (2.13)
i=1
vo1 ¥, 1la SNR cua tirng nhanh tin hiéu.
i g
Tin hiéu tai
cac nhanh
6, N 4
re x(t) B
a SNR téng hop
o (N 2
e’ x(t) B> ® 2 ) 75
.
re”x(t) B ® ’
SNR nhanh thir i
Vi = riz
i N

1

Hinh 2.7: Bé két hop tuyén tinh.
= Phuong phap lya chon nhanh SC: trong diéu kién kénh Rayleigh fading va
nhiéu Gaussian tréng cong (AWGN), hé théng s€ chon nhanh c6 gia tri bién
do 16n nhat: 4, = max(4,) [65, 66]. SNR trung binh ctia dau ra bo két hop

duoc tinh bang:
_ 1
Vsc = 72;- (2.14)
i=l

Cong thtc (2.14) nay cho thay rang téng hop cang nhiéu nhanh s& cai thién SNR,
nhung loi ich s& giam dan.

= Phuong phap lira chon nhanh MRC: két hop tin hiéu tir nhiéu nhanh anten véi
cac trong s6 ti uu [67, 68]. Tin hiéu daura la téng co trong sb cua cac nhanh,

M
dugc biéu dien bang: r = Zairl..Néu moi nhanh c¢6 mat do cong suat nhiéu 1a

i=l1
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, , I N, M
% , tong mat do cong suat nhiéu dau ra la % = ZafNO /2 .XKhi d4, SNR

i=1

dau ra duoc tinh boi:

2
r

}/Z: =

tong

5]

~= 7 (2.15)

M
2
>a

i=l1

i
NO

bé tbi da Vs, ta can chon céc trong sb a.sao cho uu tién cac nhanh c6 SNR
. . r2 7"2
cao hon. Piéu nay dat dugc biang cach dit a’ oc —— . Véi cach 1am nay: a’ = ——
NO NO
, ]"2 M \
. Khi d6, SNR sau khi két hop la: yy = A = Z 7,- Vay SNR trung binh dau ra

0 i-l
cling dugc xac dinh boi:

Vure =My. (2.16)

« Phuong phap két hop can bang d6 lgi EGC: dé ap dung MRC, can biét SNR

tic thoi, diéu nay khé xac dinh. Trong k¥ thudt don gian hon EGC, trong sd

a, dugc co dinh dudi dang a, = e /% [69]. Gid sit ring mat d§ cong suat nhiéu

déu bang % & mdi nhanh, SNR cuia dau ra bd két hop duoc cho boi:

(& Y
yzzN—M[Z;;j . (2.17)

=)

Dua vao (2.14), (2.15), (2.17) ta thay duoc phwong phap MRC 1a ti vu nhét
vé mat hiéu suat SNR dau ra vi MRC tan dung tat ca cac nhanh mét cach hiéu
qua bang cach t6i da SNR cua tin hiéu tong hop. Trong khi d6, SC chi sir dung
nhanh c6 SNR tbt nhat va EGC khong can nhic trong sb theo SNR, khién cho

MRC vuot trdi hon trong mdi truong c6 nhiéu va fading.

N6i chung, truyén thong cong tac 1a duoc coi 1a mot phuong phap hira hen,
mang lai nhiéu loi ich dang ké nhu d6 phan tap khong gian cao, mé rong ving phu

song, tiét kiém ning lwong va nang cao hiéu ning, khong chi danh cho cac hé thong
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mang khong day hién tai. Diéu ndy ciing giai thich dugc rang cong dong nghién
ctru hién nay dang tap trung vao viéc tich hop SPC vao truyén thong cong tac, dé

dap tmg yéu ciu uRLLCs cho mang di dong 5G va tham chi tuong lai 6G [11, 22].

2.3 Mt phan xa thong minh

2.3.1 CAu tric IRS thu dong

CAu trac thu dong ctia mot mat phan xa IRS nhu dugc minh hoa Hinh 2.8, dugc
chia thanh ba 16p chinh va mot thiét bi diéu khién ty dong [26]. Ldp ngoai cing
gém nhiéu phﬁn tir phan xa duogc in trén mot tam dién méi, co chuc nang phan xa
tryc tiép cac tin hiéu dén. Lép giira 1a mot tam dong, dong vai trd quan trong trong
viéc giam thiéu tiéu hao nang luong trong qué trinh phan xa cta IRS. Lép trong
cung chira bang mach diéu khién, c¢6 nhiém vu kich thich cac phén tir phan xa va
diéu chinh bién do, pha phan xa theo thoi gian thuc. Lop nay dugc diéu khién boi
mot bo diéu khién thong minh, chiu trach nhiém giao tiép véi cac thanh phan khac
trong mang (nhu tram gbc/diém truy cdp va nguoi dung) théng qua mot kénh
truyén riéng (c6 thé 1a diy din hoic kénh diéu khién vo tuyén) dé ra quyét dinh

diéu chinh phu hop cac phan tir phan xa.

Tam dong
) Phan tir
Bapg mafh phan xa
diéu khién
| &

- B6 diéu khién
IRS

Hinh 2.8: Cdu triic ciia mdt phdn xa théng minh IRS [27].
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Ngoai ra, IRS con c6 thé tich hop thém cac cam bién trong 16p ngoai ciing, xen
k& v6i cac phan tir phan xa, gitip cam nhan céc tin hiéu vo tuyén xung quanh nham
hd tro bd diéu khién thong minh t8i wu hé sd phan xa.

% Cau hinh cac phan tir IRS: hién c6 ba phuong phap chinh dé cdu hinh phan t
IRS nham dat duoc phan xa mong mudn: 1) diéu khién co hoc (qua xoay va
dich chuyén co hoc); 2) sir dung vat lidu dic biét (nhu tinh thé long va
graphene); va 3) thiét bi dién tir (nhu diode PIN, transistor, hodc cong tic vi co
dién tir) [51]. Phuong phap dung thiét bi dién tir duoc ap dung rong rii nho thoi
gian phan hoi nhanh, t6n thit phan xa thap, tiéu thu ning luong va chi phi phan
cting tuwong dbi thap. Vi du, diode PIN c6 thé chuyén giita trang thai “BAT” va
“TAT” khi cdp dién ap phan cuc, cho phép tao ra sy khac biét pha 1a 7 cho tin
hi€u to1, nhu minh hoa trong Hinh 2.9. Tan sb chuyén mach cua diode PIN co
thé 1én dén 5 MHz, trong dwong thoi gian chuyén mach 0,2 ps, phu hop cho
cac ing dung di dong v6i kénh thay d6i nhanh.

LS cap

ngudn DC Diode

PIN

a) Phan tlr phan xa

- [600) L —

b) Mach twong dwong cla Diode PIN

Hinh 2.9: Piéu chinh phan tir phan xa diea trén PIN diode.
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Ngoai diéu chinh pha, kiém soét bién d6 phan xa ciia mdi phan tir IRS gilip ting

linh hoat trong viéc dinh hinh tin hiéu dé dat duoc cac muc tiéu truyén thong

khac nhau. Mot cach phd bién dé diéu chinh bién do 1a thay d6i dién tré trong

mdi phan tir phan xa [70], cho phép kiém soat ning lugng tin hiéu toi va dat dai

dong cua bién do phan xa trong khoang [0, 1].

2.3.2 M0 hinh tin hiéu va kénh qua IRS

Mo hinh hé théng thong tin co ban tir diém-dén-diém duoc minh hoa nhu trong
Hinh 2.10. TAm IRS thu dong dugc gia dinh c6 N yéu tb phan xa, hd tro truyén
thong tin tr nguon phat don an-ten dén ngudn thu don an-ten, va hé théng thong
tin 12 bang hep & mot tan s6 song mang nhét dinh. Tan sd song mang va bang thong
hé thdng lan luot duge ky hidu la f, va B theo don vi hertz (Hz), v6i B < f,. Dé
don gian, Ludn an tap trung phan tich mot dudng tin hiéu truyén tir may phat dén
may thu thong qua sy phan xa trén mot phan tir phan xa n cia IRS véi
n=12,.,.N.

Giai doan 1: ngudn phat S truyén tin hiéu dén yéu t6 phan xa thr n cia IRS.
Tin hiéu nhan duoc tai n trén IRS la:

Vina (1) = Re{a 7). (2.18)

VOl al’ne_j ‘o 1a hé s kénh truyén phtrc bang co so tur nguén phat dén phén to n,
trongdo «,, va ¢, 1an luot 1a bién d6 va do dich pha cua kénh tan s6 phang trong
hé théng bang hep clia yéu t6 phan xa n trong IRS. Pat S, €[0,1] va ¢, € [0,1 / fc]

13 d6 suy hao bién d6 va do tré thoi gian do phan tir phan xa thir 1 gy ra. Néu bo

qua nhiéu, tin hiéu phan xa béi phan tir n dugc biéu dién nhu sau:
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Vo (0)= B (1-1,) - Re{ﬂnal,nef’%(r g, )enm)
{,3 e, e ~Jin x(t)ejZﬂfc(f)},
(2.19)
voi x(1-1t,)~x(t) do t,<1/ f, <1/B, va 6, 2—j2xf.t, €[0,27) 1a sy dich
pha do phan tit phdn xa thtt n gdy ra. Ngoai ra, dit tin hiéu bang co s cua y,,, (¢)
va .. (0) 1a x,,(0)2 e, x(t) va x,,,(1)2 Be"a e x(t)e*™ ),
tuong tmg. Goc léch pha 6, €[0,27]; h, va g, lan lugt 1a hé s6 kénh truyén tir

nat S dén IRS va tir IRS dén nat D. Vay mo hinh tin hiéu phan xa (dau ra) tir
phan tir 7 cta IRS trong bing tan co s& duoc biéu dién nhu sau:

Xpun (1) = B x, (1) (2.20)
Giai doan 2: tin hiéu truyén tir yéu t6 phan xa tha n cua IRS dén may thu D.
Tuong tu nhu trén, tin hi¢u nhan duoc tai D duogc biéu dién nhu sau:

Vi (t) =Re {[al,ne_"{"” B’ az,ne_‘/gz*”x(tﬂ e’ } , (2.21)
voi az,ne”' “2+ 13 kénh truyén tan s6 phang bang hep trong duong cia ching tir IRS
dén D.Dit i, 2 a, e va g, =a, e’ , mdhinhkénh lién tiép tir nguon phat
S dén ngudn thu D qua phan tir IRS duoc cho nhu sau:

v, (l‘) = ﬁnejg"hngnx(t). (2.22)

Nhu vay, kénh truyén ndi tiép tir ngudn phat dén IRS dén ngudn thu 1a tich cta

ba thanh phan: kénh truyén tir nguon phat dén phan tir phan xa thtr n (4, ); hé sd
phan xa IRS f,e’” ; va kénh truyén tir IRS dén may thu (g, ).

M& rong phén tich v6i IRS bao gdbm N phan tir va cac phan tir phan xa

tin hi€éu mot cach doc lap. Khi doé tin hi¢u téng cong nhan duoc tai ngué)n thu D

la:

_ (ZN:hngnﬂneﬁ" jx(t). (2.23)
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Tir (2.23), ta c6 SNR tire thoi nhan duoc tai ngudn thu D nhu sau:

2

N ' 2
Yp ~ > a,,a,,B.¢ (Oréia=aal)| (2.24)
n=1

ihngnﬂne’ ‘9"
n=l1

Pé t6i wu SNR, céc pha cua tin hiéu phai dugc can chinh sao cho dong pha.
biéu nay yéu cau pha trong s6 mii phtrc phai théa mén 6, — ¢ 1w —Ga, =const (héng
sé). Do do, pha cua tin hicu tai phén tr th # cua IRS nén duoc diéu chinh [71]:

0,=61,tC,+ 9, (2.25)

v6i ¢ 1a mot hang s6 pha chung (c6 thé chon ¢ =0 dé don gian). Viéc dicu

chinh nay dam bao tat ca céc tin hiéu cong hudng cing pha, din dén SNR dat cuc
dai.

% Caché sd kénh A va g, thuong phu thudc vao suy hao duong truyén lién

quan dén khoang cach, bong che quy mé 16n va fading da duong quy mé nhé. Néu

n cua IRS du xa ca ngudn phat va ngudn thu, voi khoang cach 1an luot d,=d,

~Th
va d,, =d,nhu trong Hinh 2.10, thi |hn|2 o« ¢, [ij va
’ d

0
moi 7, trong d6 ¢, (hodc ¢,) 14 suy hao dudng truyén tai khoang cach tham chiéu
d,; n 1a h¢ s6 suy hao dudng truyén twong ing. Cong suat tin hiéu trung binh

nhan dugc thong qua phan xa boi phan tir # cua IRS nhu sau:

Jp——
dlﬂld;h

(2.26)

Tur (2.26) ta thay dugc kénh phan xa qua phan tir 7 cia IRS chiu suy hao duong
truyén kép. Do d0, thuc té thiét ké mot s6 lugng 16n cac phan tir phan xa IRS dé
bu dip cho su suy hao cong suat do suy giam kép 1a can thiét, tirc thiét ké dong
thoi bién d6 va/hodc pha phan xa ciia cac hé sé kénh dé dat dugc do loi tao chum
thu dong cao. Tuy nhién, viéc st dung bao nhiéu phﬁn tor phan xa, va viéc ti wu
pha ctia cac phan tir nay nhu thé nao thi vin dang 1 van dé mé va con tuy thudce

vao ting hé thong thong tin khac nhau [72, 73].
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% Néu mit IRS vira phan xa va truyén qua dong thdi (STAR-IRS), tirc tin hiéu
dén yéu té thir n ciia STAR-IRS duoc phan chia thanh tin hiéu truyén qua va
mot tin hiéu phan xa. Ca hai tin hiéu truyén qua qua va phan xa déu duoc mo ta

toan hoc nhu sau:
X (1) =B e x(1), (2.27)
X (1) = Be™x(1), (2.28)

v6i By, €[0.1], 6 €[0,27) va B €[0,1], 8 €[0,27)1a cac bién do va goc 1éch
pha thir 7 cta hé sé phan xa va truyén qua trong STAR-IRS, tuwong tng. Goc 1éch
pha thir n cta hé s6 phan xa va truyén qua 8/, 0. cb thé duoc chon tach biét véi
nhau. Tuy nhién, cac bién do 4/ ﬁ,f; va 4/ ,B,tl ctia hé sb phan xa va truyén qua déu

tuan tha dinh luat bao toan ning lugng. Nghia 13, d6i voi mdi yéu té thir n, tong

ning luong cia tin hiéu truyén qua va tin hiéu phan xa phai bang ning luong cua
2
5 (o) +

cua h¢ so truyén qua va phan xa ctia moi yéu to thr n nhu sau:

. , 2 2 - . .
tin higu dén, tic la X (1) =|x(¢)| - Do 6, didu kién cho do 16n bién do

B+ p =1, VneNl. (2.29)

% Hiéu nang cua hé thng vo tuyén tich hop IRS duoc cai thién dang ké khi tram
gbc (BS) va nguoi dung c6 day du thong tin trang thai kénh CSI. Tuy nhién, viéc
udc luong kénh trong hé thong nay gip nhiéu thach thirc do: 1) Sb lwong 16n phan
tir phan xa trén IRS lam ting dang ké s6 lugng hé s kénh va chudi thim do can
thiét; 2) Cac phan tir phan xa thy dong, chi phi thip khong dugc trang bi chudi tan
s6 vo tuyén (RF) dé hd tro phat tin hiéu hudn luyén. Hién nay, c6 hai phuong phap
chinh dé wdc luong kénh trong cac hé théng IRS: danh cho IRS ban thy dong (co
tich hop cam bién) va IRS thu dong hoan toan.
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Hinh 2.10: M6 hinh tin hiéu qua IRS.

Pé minh hoa rd hon quy trinh wdc luong kénh truyén cho IRS, ching tdi trinh
bay giao thtc truyén kénh uplink (tir ngudi ding dén tram gdc) véi IRS thy dong
hoan toan. Trong d6, mdi khoang thoi gian 6n dinh cta kénh duoc chia thanh ba
pha lién tiép, nhu mé ta trong Hinh 2.11. Pau tién, ngudi dung truyén cac tin hiéu
tham do truc giao (pilots) dén tram gbc BS, trong khi d6 IRS thay doi cac hé sb
phan xa cta minh theo modt mau phan xa duoc thiét ké trude. Dua trén d6, tram
gbc c6 thé wdc luong ca kénh truyén truc tiép tir ngudi dung dén BS va kénh truyén
tir nguoi dung dén BS qua IRS (nguoi dung-IRS-BS). Thtr hai, dya trén thong tin
kénh CSI da udc lugng, cac hé sb phan xa cua IRS phuc vu cho truyén dir liéu s€
duoc thiét ké tai tram géc cung vdéi viée tao chum tia thu ctia BS va sau d6 dugc
gri dén bo diéu khién IRS qua lién két backhaul. Thit ba, bd diéu khién IRS thiét
1ap cac hé sb phan xa theo céc gia tri da tinh toan nham hd tro truyén dir 11éu doc
lap tir ngudi dung dén tram gbc [74].

Udc luong kénh vé6i IRS thu dong gip thach thire 16n khi phai dong thoi thiét
ké chudi tin hiéu thim do, mau phan xa IRS va thuét todn xur 1y tin hiu tai b thu
dé u6c luong chinh xac kénh tryc tiép (ngudi dung-BS) va kénh qua IRS (ngudi
dung-IRS-BS) véi chi phi huan luyén t6i thiéu. Pay 13 van dé méi va phic tap,
khong c6 trong cac hé théng khong ddy truyén thdng. Dé khic phuc, cac phuong
phap nhu miu phan xa tit ca-ON va gom nhom phan tir IRS di duoc dé xuit. Bang

cach chia IRS thanh cdc nhoém nho dya trén tinh twong quan khong gian cua kénh,
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chi can udc luong mdt kénh dai dién cho moéi nhém, sau dé ndi suy dé xac dinh
cac kénh con lai.

Thoi gian 6n dinh ciia kénh

A

»
|

Nguwoi dung gl tin BS xac dinh hé sé phan
hiéu thim do dén IRS xa va glri t&i IRS

-t [ [ .
- - Pt |

IRS I

Giaidoan 1 Giai doan 2 Giai doan 3
[
B diéu
______ - khi'e’n
' IRS WEEE @ RS
l N T
I | BN
Lien két | aN
diéu khién |
./l a
hd,k E

(/(3 .8-8

BS Nguoi dung

Hinh 2.11: Ubc luong kénh truyén trong mé hinh IRS thu dong hoan toan (dwong
lén).

2.3.3 Uu diém ciia IRS
% V& ban chat, mit IRS thuc hién chtrc ning chuyén tiép tin hiéu tir S dén D twong
tu nhu vai tro cua mot nut chuyén tiép. Tuy nhién, kha nang hoat dong cua mat
IRS khong nhat thiét phai ¢d dinh trong cac khoang thoi gian, nhu hoat dong
cua nut chuyén tiép. Thay vao do, mat IRS co thé thich ung hoat dong trong mot
hoic nhiéu khoang thoi gian khac nhau, tiy thudc vao thiét ké dic thu va yéu
cau cua Umg dung trong hé thong truyén thong. Ngoai ra, IRS cung cap nhiing
loi ich ndi bat sau day:
— Thiét ké IRS don gian va tiéu tén ning luong thip.
— IRS hoat dong nhu mot guwong phan xa dac biét nén hau nhu it bi tac dong baoi

nhicu cOng.
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— Hiéu qua phd cua IRS cao do khong bi anh hudéng béi cac giao thirc ban hai
chiéu va nhiéu tu vong 1ap. Ngoai ra, h¢ ) phan xa cua bé mat vat liéu IRS ¢6
thé duoc thiét ké dé toi wu su lién két giira cac tin hiéu tir may phat va IRS.

% D6i voi cong nghé mang 5G va mang twong lai, IRS c6 mot vai trd rat hét sic
trong do nhiéu loi ich ctia IRS dem lai nhu sau [75]:

— D@ trién khai: IRS 1a céc thiét bi gan nhu bi dong, duoc 1am tir vat lidu dién
tir nén IRS c6 thé trién khai trén nhiéu cdu trac nhu mit tién toa nha, tudng
trong nha, bang quang cio ven dudng, cot duong cao tdc va cira sd xe hoi.

— Nang cao hiéu suat pho: IRS c6 thé tai cau triic moi truong truyén din khong
day, giam thiéu sy giam cong suit & khoang cach xa.

— Than thién véi méi trudong: IRS c6 kha niang diéu chinh tin hiéu dén qua viéc
kiém soat sy bién doi pha cia ting yéu té phan xa, thay cho viéc dung bd
khuéch dai cong suit.

— Kha ning twong thich: IRS hd tro truyén hai chiéu va sir dung toan bo bing
thong do IRS c6 kha nang phan xa cac song dién tu. Ngoai ra, IRS cai thi¢n
hiéu niang cho phan 16n cac thanh phan mang khong day, bao dam tuan thi
céc tiéu chuan qudc té va twong thich véi phan cting cia mang khong diy méi

nhét.

2.4 K¥ thuit da truy nhip phi truc giao mién cong suat (PD-NOMA)

NOMA duoc coi la k¥ thuat da truy nhap tién tién trong mang thé hé mdéi 5G. Pic
biét, mot loai co ban quan trong cia NOMA 1a ghép kénh trong mién cong sut
(PD-NOMA) dang duoc sy cha gan day. PD-NOMA cho phép phuc vu dong thoi
nhiéu nguoi dung trén cung mot kénh thoi gian, tan s, va ma, véi diéu kién 1a
phan chia cong suat bién doi tiy theo chét lugng cua kénh. Ngudi dung véi trang
thai kénh tét hon s& nhan muc tiéu hao it cong sudt hon. Ban chit cdt 16i cua PD-
NOMA 1a két hop cac tin hiéu mot cach tuyén tinh va truyén dong thoi tin hidu da
két hop nay dén dich dua vao k¥ thuat ma hoa xép chdng (SC). Tai phia ngudn

nhan, PD-NOMA téan dung su chénh I¢ch cong suit cua cac tin hiéu dé phan biét

38



cac ngudi dung, thong qua k¥ thuat loai bé nhidu mét cach tuan tu (SIC) [76]. Hai
k¥ thuat ndy dugc trinh bay ngian gon nhu sau:

s K¥ thuat SC

K¥ thuat mé hoa xép chong SC cho phép truyén dit liéu tir mot ngudn dén nhidu
ngudi nhan déng thoi. Bang cach ma héa riéng biét cho timg ngudi ding va xép
chdng cac tin hiéu 1én nhau, k¥ thuit ndy t6i wu hoa hiéu qua truyén. Trong trudng
hop hai ngudi ding, ngudn sé sir dung hai b mi hoa diém-diém, ky hiéu 1a .
f1: {O,I}PM —Crvaf2: {0,1}[2%] — C*. Mbi bd ma hoa nay s& anh xa céc
bit dau vao thanh chudi tin hiéu dau ra x, (n)va x, (n) véi chiéu dai khéi 1a & .
O day, R va R,1an luot 13 téc do truyén cuia nguoi dung 1 va ngudi dung 2, va
[] 13 toan tir 14y phan nguyén. C 1a mot thu vién ma. Cubi ciing, thiét bi tong hop

s& cung cAp mot chudi dau ra:
x(n) =, Px,(n)+a,Px,(n), (2.30)

trong d6 @, hé s6 phan bd cong suat duge phan bd cho nguoi ding i ={1,2}, véi

diéu kién: Zai =1. Trong qua trinh truyén tin hiéu, tin hiéu ctia ngudi dung 1

va ngudi dung 2 s& duoc truyén dong thoi nhung véi cong suit khac nhau. Diéu
nay giup bd thu c6 thé giai ma ting tin hiéu riéng biét nhd vay ma tin hiéu xép
chdong dugc phan tach mot cach hidu qua trong khong gian tan sd.

% K¥ thuat SIC

K¥ thuat SIC trong truyén thong khong diy hoat dong dua trén y tudng giai ma
tuan tu dé loai bo nhidu gilra cac tin hiéu chéng chéo tir nhiéu nguoi dung. Mbi
budc cua quy trinh SIC duogc thyc hién nhu sau: cac tin hiéu duoc sap xép tir manh
dén yéu, bo thu s€ gidi ma tin hi¢u manh nhat trudce va loai bé né khoi tin hiéu téng

hop dé giam nhiéu cho cac tin hiéu con lai. Tiép d06, bd thu lan lugt giai ma cac tin
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hiéu yéu hon theo thur tu, ddm bao do chinh xéac cho tung tin hiéu. V& mit toan

hoc, quy trinh SIC cho hai ngudi ding duoc mo ta cu thé nhu sau:

1) Nguoi dung 1: gidi ma tin hi¢u

Bo giai ma don gl:C" —» {O,I}VM s& gidi ma tin hiéu x,(n) bang cich xem

X, (n) 12 nhiéu.

2) Nguoi dung 2: giai ma tin hiéu tuan tu.

» Buéc 1: Giai ma tin hiéu cia nguoi dung 1, x,(n), bang cach st dung bo giai
ma don gl:C* —{0,1}*"],

« Budc 2: trir phan nhiéu cta tin hi¢u ngudi dung 1, /e, Ph,x, (n) , khoi tin hi¢u
nhén duoc Y, (n), bang phép tinh: ¥, ( Jﬁh x,(n), trong do A,
hé sb kénh phtrc tai nguoi ding 2.

» Budc 3: gidi ma tin hiéu x, (n)cua ngudi ding 2 bang cach 4p dung mot bo
giai ma don khac g2:C* —» {O,I}VRZ] trén dau vao 1a Y, (n). Quy trinh nay
gitp nguoi dung 2 loai bé tin hi€u ctia nguoi dung 1 va chi con lai tin hiéu cua
minh, gidm thiéu nhidu va cai thién do chinh x4c cta tin hiéu nhan duoc.

Tiép theo, mo hinh truyén thong co ban st dung PD-NOMA dugc minh hoa qua
Hinh 2.12. Ngudn BS mubn giri cung ltc dit liéu x;, i€ K ={1,2,...K}, dén K
nguoi dung U, , twong ung. Tat ca ngudn BS va cac nguoi ding st dung an-ten
don dé truyén va nhan tin hiéu. Pau tién, nguon BS dung k¥ thuat SC dé ghép céac
dir liéu x; nay lai cing nhau va sau dé giri dén cho moi nguoi dung U, . Tin hiéu

két hop duoc biéu dién nhu sau [77]:
K
= Ja.Px,, (2.31)
i=1

v6i cac hé so phan bd cong suat s€ dugce dat theo thu tu nhu sau:
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K K
O<o <a,<..<ay va Z(xi =1 ; tong cong suat cia nguon BS1a P = ZPl. :
i=1 i=1

Hinh 2.12: Mé hinh truyén thong sir dung PD-NOMA véi K nguoi dimg.

Tiép theo, cac ngudi ding U, dwa vao k¥ thuat SIC dé lan luot khir cac thanh
phan tin hiéu khac dé thu tin hiéu mong mudn. Cu thé, mdi nguoi dung U, s& thuc
hién qua trinh giai ma xu 1y tin hiéu tir nguoi dung yéu, tic 1a U, s& wu tién giai
ma tin hiéu cta nguoi dung U, trude voi K >i. Sau do, U sé loai bo tin hiéu ctia
U, bang cach coi tin hiéu nay nhu nhiu ndi va tiép tuc giai ma tin hiéu cua ngudi
dung U, con lai. Qua trinh nay duoc lap di lap lai cho dén khi U, giai ma tin hiéu
cua chinh minh thanh céng. Tin hiéu ma nguoi dung U, nhén dugc co thé duoc
mo ta sau day:

Yy, =hxgg +n,, (2.32)
v6i h. 14 hé s kénh truyén fading cua dudng truyén tir BS dén U, ; n. 1a nhidu
trang Gauss tai nguoi dung U, , v6i trung binh bang 0 va phuong sai ¢, twong
ung. Néu SC tai BS va SIC tai U. 13 hoan hao, ti s6 tin hiéu cong nhiéu (SINR) tai

ngudi dung U, nhu sau:
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0514P|hl.|2

Yy = , (2.33)

[~ , &
P|hl.| Zaj+0',.2
Jj=i+l

Tai U, sau khi loai bo hét cac tin hiéu khéc trude nd thanh cong, SINR duogc

tinh nhu sau:

_ 05KP|hK|2

2
Ok

Yu (2.34)

K

Hién nay, so v&1 phuong phap da truy nhép truc giao (OMA) trude day, NOMA
van duge nghién ctru tich cue nhu mot gidi phap htra hen cho 5G va céac cong nghé

mang tuong lai boi nhiéu wu thé vuot trdi nhu sau [77]:

— Hiéu qua pho va thong lugng duogc ting cudng: trong NOMA, tai nguyén thoi
gian, tan sd dugc chia sé khong truc giao gitta ngudi dung ca trong mién cong
suat va trong mién mi. Do d6, NOMA c6 kha ning dat duoc dung luong tong
t6i da va hd tro cong bang nguoi diung hon trong dudng 1én cua cac kénh
AWGN. Ngoai ra, gi61 han dung lugng cia NOMA cao hon so véi OMA trong
duong xudng ctia cac kénh AWGN.

— Pakét ndi: Phan bd tai nguyén khong truc giao trong NOMA cho thiy ring sb
ngudi dung/thiét bi c6 thé hd tro khong bi gidi han boi sd luong tai nguyén truc
giao c6 san. Do d6, NOMA ¢ tiém ning hd trg két ndi khoi luong 16m.

— Do tré truyén tin hiéu thép: Trong NOMA, viéc truyén duong 1én khong can
cap quyén do d6 giam déng ké ca do tré truyén va chi phi tin hiéu truyén.

— Phan hoi kénh giam: Yéu ciu vé phan hoi kénh s& dugc giam nhe trong NOMA
theo mién cong suét, vi thong tin phan hdi CSI chi duoc st dung cho phan bd
cong suat. Do d6, khong can thiét phai co thong tin CSI chinh xac ngay lap tirc.
Du ngudi dung 1a ¢b dinh hay di dong, viée c6 mot phan hoi kénh véi do chinh
xac han ché va do tré t6i da nhat dinh s& khong gay ta anh hudéng 16n ddi véi

hiéu ning hé thng co thé dat dugc, mién 1 kénh khong thay d6i nhanh chéng.
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2.5 K¥ thuat hoc sau

Hoc sau DL 1a m§t nhanh con cua ML thudc Al dugc md ta qua Hinh 2.13. Cu
thé, Al 1a mot md hinh tinh todn cung cip kha ning thong minh cho mdy, nham
gitip chiing hoc cach 1am viée, phan tng va hoc hoi nhu con ngudi. Nhiéu ki thuat
ciia Al bao gdm hoc may, hé théng chuyén gia va cac thuat toan tién hoa. Trong
d6, hoc may cho phép qua trinh nhan tao hap thu théng tin tir dit liéu va dua ra
quyét dinh ma khong can duoc 1ap trinh mot cach rd rang. Tap con quan trong ciia
ML, dat biét 1a DL, cling c6 kha nang thuc hién cac cong viéc nhu du doan, phan
loai hodc tién hanh ra quyét dinh dya vao dir liéu ma khong yéu cau lap trinh phtic
tap. Mot s6 thuat toan thong dung cho DL nhu hdi quy tuyén tinh, bo phan loai K-
nearest va Q-learning. M6 hinh hoc sau phd bién 1 cac mang no ron nhiéu 16p
(LMPs) duoc minh hoa nhu Hinh 2.14. Mang no ron nhiéu 16p MLPs 1a thiét ké
mang no ron nhan tao ban dau, gém it nhat ba 16p hoat dong nhu 16p dau vao, cac

16p 4n va 16p dau ra [175].

Trong mang MLPs, dir liéu ty nhién dugc dua vao hé th6ng hoc ¢ dang dir liéu
tho. Sau do, hé théng hoc sau DL ty dong trich xuit cac biéu dién phu hop cho
muc dich phéan loai hoic phat hién. Bit dau tir dit liéu tu nhién, mdi 16p rat trich
cac dac trung doc lap tur dit liéu dau vao, ting budc tang cuong cac dac trung lién
quan dén quyét dinh va giam thiéu cac dic trung khong lién quan. Mdi 16p két ndi
véi cac 16p lang giéng voi cac trong s6 khac nhau duoc gan két vao két ndi. Dé tim
gia tri cho céc trong sb, mot sd luong 16n mau duoc dua vao hé théng cho muc
dich huan luyén, c6 thé 1a hoc c6 giam sat (SL) hodc khong giam sat (UL). Trong
SL, mot vector d6 déc duge tinh toan cho mdi trong sb, chi ra luong thay doi 16i
theo bién thién cta trong s6 d6. Dua vao vec to do déc, trong sb6 duoc diéu chinh
dé giam thiéu 15i.

Nguyén 1y co ban ctia hoc sdu gdm hai qua trinh quan trong: qu4 trinh lan truyén
tién va phan hoi 16i nguoc [78]. Trong qua trinh huan luyén ludn can ca hai qua

trinh nay.
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L&p vao x Lép an Lépray

Hinh 2.14: Cdu triic ciia MLPs véi 3 16p an.

o Lan truyén tién 1a qua trinh ma qua d6 mang no ron bién dbi dir liéu dau vao
tir dang tho sang biéu dién dit liéu triru tugng. Piéu nay cai thién dang ké kha
nang cua mang trong vi¢c ra quyét dinh va du doan mot cach chinh xac va hiéu
qua. Vi dy, trong Hinh 2.15 . Goi n;; 1a no ron (nut) thit j trong 16p i, dau ra
cua nut n; xac dinh duge thong qua hai giai doan. Ban dau, tinh tong cac trong

s0 cua tat ca dau vao cua no, dugc ky hi€u la z;. Sau do, z; dugc giri dén mot

ham phi tuyén £(.) dé thu dugc daura y, clia nut n; nhu sau:
i =f(z), (2.35)

Z=> Wi, (2.36)



v6i w,; 1a trong s6 tr nat n, , dénnat n; va L, lasonit & 1op i—1; £(.)1a
ham kich hoat cia MLPs va c6 vai tro ¢t 151 trong viéc mang lai dic tinh phi tuyén
cho mo6 hinh, va gilip nang cao kha nang hoc cho mé hinh va xu 1y dugc cac dix
liéu phtrc tap. Nhitng ham kich hoat phé bién dugc st dung rong rai nhu Sigmoid,
ReLU, Tanh va Softmax [79].

o Phan héi 16i ngwoc: Py 1a phuong phap t6i uvu hoa trong sé dé giam thiéu sai
sO gilta dau ra duy doan va gia tri that. Ban dau, trong so cua cac két ndi dugc
chon ngiu nhién. Sau do, sai so giita gia tri du doan va gia tri thuc duoc tinh

todn tai l6p dau ra, vi du nhu tai nat n, dao ham cua ham mat mat E (minh
hoa qua Hinh 2.16) dugc tinh nhu sau:

SE _ SE Oy,

, (2.37)
é‘zNj 5yNj 5ZNj

E .
OF 1y va =12 L.
5)’1\/. J J

J

vOi

Pao ham nay sau d6 duoc lan truyén nguoc qua cac 16p dé diéu chinh trong so

cua cac két ndi ¢ 16p thap hon. Vi dy, dao ham tai cac no ron 16p thap hon n; duge

tinh nhu sau:

OoF _ OoF §yij (2.38)
é'zij 5yij 5Zij’
L,
VO'I—ZZ e i=1,2,.,N-1va j=L2,.,L.
} jk 52 9 &gy 9 Lyeees by
1 k= i+1,k

Hién nay, hoc sau c6 tdim quan trong rat 16n trong nhi€u nganh cong nghé¢, dac
biét trong vién thong nhim nang cao hiéu suat mang theo thoi gian. Nhiéu vu diém
noi trdi ma hoc sau mang lai nhu sau:

— Hoc sau c6 thé ruat trich cac dac trung cia dit 1iéu mac do cao, c¢6 cau truc va

mdi twong quan phire tap. Qua trinh hoc khong can duoc thiét ké bai con ngudi.
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— Hoc siu c6 thé xur 1y mét luong dir li¢u 16n gitp cho viéc phan tich va du doan
hi¢u qua hon.

— Hoc sau cung cip nhiéu phuwong phap cho phép khai thac dit liéu khong duoc
gan nhin dé hoc cac mé hinh miu hitu ich mot cach khong giam sat.

— Hoc siu c6 thé chia sé biéu dién: mang no ron sau co thé dugc chia sé trén céc
nhiém vu khac nhau, gitp giam yéu cau tinh toan va bo nhd cua hé thong di

dong khi thuc hién cac ng dung hoc nhiéu nhiém vu.

Hoc sau co thé xtr 1y dit liéu hinh hoc hi¢u qua, bao géom thong tin veé vi tri cua

nguoi ding di dong cling nhu hinh anh va video tir thiét bi di dong.

Hinh 2.15: Qtia trinh lan truyén tién ciia DL.
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Hinh 2.16: Quia trinh phan hoi 16i ngwoc ciia DL.
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Chuwong 3. TOI UU HIEU NANG HE THONG TRUYEN THONG TIN GOI
NGAN TRONG MANG CHUYEN TIEP HAI CHANG

3.1 Giéi thi¢u

Trong tam chinh cia Chuong 3 1a thuc hién muc ti€u dau tién cua Luan an, tap
trung vao viéc khai thac hiéu qua do phan tap khong gian mang va t6i uru hiéu nang
mang, qua d6 gop phan hién thue hé théng uRLLCs. Gan day, cac nghién ctru vé
SPC trong mang chuyén tiép di duoc quan tAm dang ké. Cuy thé, cong trinh [80]
nghién ctru md hinh chuyén tiép AF don gian véi ba nut, bao gdm hai nat ngudn
va mot nat chuyén tiép, v6i hai phuong an truyén qua hai khe thoi gian (2TS) va
ba khe thoi gian (3TS). Két qua cho thdy phuong an 3TS phi hop hon véi hé thong
c6 toc do truyén thong tin thip va yéu cau do tré it nghiém ngat hon so véi 2TS.
Tiép theo, nghién ciru SPC duoc mé rong cho mang da chiang chuyén tiép DF qua
cong trinh [41, 81]. Céc tac gia trong nhimng nghién ctru nay da ching minh rang
mang chuyén tiép hai chdng dat hi¢u nang tdi uu. Tiép tuc mé rong nghién ciru,
cac cong trinh SPC trong mang chuyén tiép hai ching di khai thac do phan tap
khong gian mang, tiéu biéu nhu cic cong trinh [19], [24] va [82]. Cu thé, cong
trinh [19] d¢ xuét giao thirc PRS va phan tich hiéu ning hé thdng thong qua BLER
phu thudc vao SNR, chiéu dai khdi, va bac phan tap dugc xac dinh boi s6 lugng
nuat chuyén tiép trong mang. Cong trinh [24] gidi thiéu cac giao thirc MRC va SC
ap dung cho ngudn phat va ngudn nhan tin hiéu, dong thoi ching minh rang giao
thire MRC cai thién hiéu ning dang ké so v6i SC. Cong trinh [82] két hop va m&
rong vdi hai giao thue PRS va MRC, véi phéan tich cho théiy su cai thién vé do phan
tap phu thudc vao sé nit chuyén tiép N va sb an-ten M tai ngudn nhan.

Tuy nhién, hau hét cac nghién ctru hién tai chu yéu tap trung vao viéc phén tich,
danh gia do tin cay hé théng dua trén tdc do truyén va BLER, chua c6 nghién ciru
nao danh gia toan dién hé thong ca do tin cay va do tré trong cac tinh hudng phirc

tap.
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Dua trén co s& ciia cac nghién ctru trén, Chuong 3 ctia Luin 4n ndy dé xuit mot
mo hinh khai thac d6 phéan tip khong gian bang cach két hop ba giao thiic TAS,
PRS va MRC. M6 hinh nay xac dinh d6 phan tap dat duoc 1a min(NT,M ), voi

T 1a sb an-ten phat, tir d6 dong vai tro quan trong trong thiét ké hé théng mang
thuc té. M6 hinh nay khong chi gitip giam thiéu chi phi trién khai ma con nang cao
dang ké d tin cay cua hé thong. Hon nita, dé dap Gmg cac yéu cau khat khe cia
uRLLC, Luan 4n con dé xuit mét bai toan toi wu hoa cong suit phat va vi tri cac
nut chuyén tiép, nham cai thién hiéu nang hé théng.

Chuong 3 duoc td chtre thanh cac muc chinh sau day: Muc 3.1 gidi thiéu cua
chuong. Muc 3.2 trinh bay m6 hinh nghién ctru méi, trong d6 ap dung cac giao
thirc nhu TAS, PRS va MRC cho hé thong. Muc 3.3 phan tich va tinh toan cac
tham s6 hiéu nang cuia hé théng nhu BLER, d¢ tré va thong luong qua kénh truyén
fading Rayleigh. Muc 3.4 chii trong vao viéc nang cao hiéu niang ctia hé théng bang
cach xdy dung bai toan t6i wu cong suat ngudn phat va vi tri ciia cac nat chuyén
tiép, dong thoi dé xuat phuong phap giai bai toan t6i vu dudi hai diéu kién rang
budc: cong suat phan bd ngudn cb dinh va chuan hoa khoang cach gitta nguon phat
va ngudn thu. Muc 3.5 trinh bay cac két ludn tir phan tich va mé phong Monte
Carlo, dong thoi x4c nhan rang hiéu ning trong tinh hudng dugc tdi uu dem lai cai
thién nhiéu so vé6i tinh huéng khong duoc tdi vu.

3.2 M6 hinh nghién ciru

Hinh 3.1 minh hoa mdt mé hinh SPC trong mang DF hai chang, bao g6m mot
nit ngudén (S) ¢6 S, an-ten véi t=1,2,..,T, N nut chuyén tiép (R,) voi
n=1,...,N st dung mot an-ten va nat dich (D) c6 M an-ten D, vé6i m=1,...M
. Chung ta gia dinh rang khong c6 két ndi truc tiép giita nat S va nat D. Hé thong
hoat dong dua trén co ché phan chia thoi gian cho da truy nhdp vé6i hai khe thoi
gian lién tiép qua cac nit R, . Trong khe thoi gian thir nhat, nat S s& truyén tin

higu dén cac nat R, , trong d6 hé thong st dung dong thoi cac ky thuat TAS va
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PRS. Theo nguyén tic TAS, hé théng chi chon mot an-ten phat tdi wu cua nut

nguén dé thuc hién qua trinh truyén, tirc 1a mgt an-ten c6 gia tri SNR cao nhét duoc

chon.

hin D
Sz —————— t " _:‘:_‘_'3 ((ﬁ))Rl g %
ST 1
T T
T
s 2 ha s
i ’:,::,- ’::_:\::A : am
Y o

Sr

Hinh 3.1: M6 hinh mang DF hai chang voi cac ky thudt TAS/PRS/MRC trong
SPC.

Thong qua viéc ap dung ky thuat PRS, nut S s€ lya chon ra mot nut tur tap N nut
ciia R, dua trén gia tri SNR cao nhat. Goi R, 1a nut chuyén tiép dugc chon véi
muc dich truyén va xtr 1y tin hiéu tir nat S dén nat D [83] véi gia tri b biéu thi

nhu sau:

3.1)

b = arg max
g max Vsr,,»

v6i ys, 12 SNR cualiénkét tir S, = R, . O ddy, kénh truyén giita nit S dén nat
D duoc gia dinh la kénh fading Rayleigh ban tinh [84]. Do do, 7, tuan theo

phan phdi mii va gia tri trung binh nhu sau:

=—Ei|h,

}/SRT Jn 2

_ PS{
o

1_%Qmm
- 2
o

; (3.2)

voi Py 1a cong suat cua nguon S; A, va Qg 1a cac h¢ so va d¢ lgi trung binh

cho kénh truyén tir S, > R, , twong ing. ¢ 13 cong suat nhidu Gauss AWGN tai

no

‘R, . Ham CDF cua SNR Vs, dau ra trong ching thtr nhat dugc cho nhu sau:
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N T N

Fo (=TT P (s, <7) =TT 15, () (3.3)

t=1 n=1 t=1 n=1

SN~—"

Hon nita, hé thong ciing gia dinh rang cac kénh tr S > R, va R, » D, la cac
kénh fading Rayleigh doc lap va dong dang nhau (i.i.d.). Do d6, SNR trung binh

cua tung nhanh la nhu nhau, tic 7, =7z

Béng cach sir dung phép khai trién nhi thic theo [85], ham CDF cua yg, ¢6 thé

tinh dugc bén dudi day:

F, (7)= {1 - exp[_éﬂm
:g(—l)”‘{ﬂ{l‘“p(_%ﬂ'

Tiép theo, trong khe thdi gian thi hai, R, dugc chon s€ thu nhén tin hiéu tir nat

(3.4)

S, tiép theo do, R, sé& tién hanh xtr Iy va chuyén tiép tin hiéu nay dén ntit D bang
phuong phap DF. Bé hiéu qua va do tin cdy cho viéc nhan tin hiéu, nat D trién
khai giao thirc MRC. Do do, ti 1¢ SNR dau ra tai nat D co thé duge thu dugce sau
day:

M
7/7111@:27/72%%7 (3.5)

m=1

V01 yg , la SNR nhén tai D, va gia tri trung binh SNR trong mdi nhanh 1a

Vro, =Vap = —=Qp p V6i P, 1a cong sudt cia nat R, va Q, , 1a 40 loi trung
m o b “b
binh cua kénh truyén tr R, > D, twong mg. Hon nita, do loi kénh truyén tir
2 . . A A .o RT
R, = D, , hay ‘gm‘ v6i (m=1,..,M), c6 phan bo mi. Do do, ti 1€ SNR y,

theo phan phéi Chi binh phuong véi ky vong 1a M Vr,p Vaphuongsaila 2My, ,,

[86] . Trong truong hop nay, ham CDF cua y, ,, nhan duge nhu sau:
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(7}
F}/T\’b'D (]/)ZI_CXPL_—}/ ]Z Z/IZHD—I)' ) (3.6)

3.3 Phan tich hiéu niing hé thong

Trong phan nay, chiing ta s& xem xét hiéu nang cta hé thong qua cac chi s nhu
BLER, thong luong va do tré. Dé thun tién hon trong phén tich hiéu ning, ching
ta tién hanh phan tich BLER dang xp xi & ca mirc SNR trung binh va cao. Xép xi
BLER nay chinh 1a can trén t6i da ctia BLER khi gié tri trung binh ctia SNR ting
1én dén vo6 cung. Do d6, BLER cuia hé théng s& luon nam dudi hoic bang gidi han
trén, bat ké gia tri SNR trung binh ting 1én dén muc nio.
3.3.1 Ti 1¢ 16i khoi trung binh

Gia stra hé thong c6 nut nguoén S truyén £ bit thong tin dén nit dich D trong
hai khoang thoi gian véi tong d6 dai khéi tin & . Khdi tin nay dugc chia déu cho
mdi khoang thoi gian, va tdc d6 ma hoa thong tin cho mdi khe dugc duy tri & mirc

R
k

Thay (3.4) va (3.6) vao (2.9), BLER trung binh ¢ hai ching thu duoc 1an luot sau

Eor z1+v\/%§(_1)“@T ij Lexp(—’;&j—exp(—’fﬁm. (3.7)

SR Vsr

{Y{m,f—”j—Y[m, P j} (3.8)
VR, YR,D

Tir (3.7) va (3.8), BLER toan trinh (e2e BLER) dugc xét trong hai tinh hudng giai

day:

v =
_ /4
6‘7%7) zl—v\/%zzl(mﬁfi)!

ma & cac nat chuyén ti€p sau day:
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e Tinh hudng thir nhat 13 nut R, ap dung ky thuat SDF thi e2e BLER trung binh
thu duoc sau day:

Eo=Eon, + (1= Zon, ) Er,p- (3.9)

e Tinh hudng thtr hai 12 ntit R, ap dung k¥ thuat FDF thi e2e BLER trung binh
s€ duoc tinh bén dudi nhu sau:

Eo = B, (1-8rp ) + (1= Er, ) By (3.10)

Tiép theo, nham danh gia mot cach déy du cho hi¢u nang cua hé théng, cac chi sb
nhu do tré va thong luong toan trinh cta hé théng truyén SPC dugc xem xét nhu

Sau:

a. Do tré toan trinh

Do tré toan trinh ciia hé thong bao gdm nhiéu yéu to nhur d6 tré xtr 1y tai nguén
phat va nguén thu, do tré hang doi, o tré can chinh g61 tin va do tré truyén gdi tin.
Trong d6, do tré truyén géi tin, duoc hiéu 1a khoang thoi gian can thiét dé goi tin
di chuyén tir ngudn dén dich, dic trung cha yéu cho d6 tré toan trinh cta hé thng.
Khoang thoi gian truyén tin nay phu thudc vao do dai khéi tin va thoi gian di
chuyén cua tin hiéu trong khong gian [87].

Goi L(k) la do tré giai ma mot goi tin voi do dai khdi & . Dya vao [25, CT.
(6)], d6 tré toan trinh cta hé théng (duoc do bang s CUs) dugc tinh sau day:

r=| ket L(k)(1-Egg, ) |+ [+ L (k)]
chang dau chang thu hai (3.11)

= k+L(K)(2-Zs, )

véi L(k)=ak va o 1a h¢ sb tré giai ma [88, bd d¢ 6].

Do tré tong cong trong (3.11) dugc xac dinh tir thoi diém nit R, giai ma tin
hiéu thanh cong cho dén khi thong bao dugc giri dén nut D, bat ké tin nhin nay

dugc nut D giai ma thanh cong & nat dich hay khong.
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b. Thong lwgng toan trinh

Thong lugng toan trinh dugc xac dinh 1a ti 18 giita s6 lugng bit thong tin nhan
dugc thanh cong tai nit dich va do tré truyén goi toan trinh. Do d6, théng luong

toan trinh cho hé thdng (don vi bits/ CUs) dugc suy ra nhu sau:
(3.12)

3.3.2 Ti 1¢ 16i khoi dang xap xi

Trong phan nay, chung ta xac dinh gi6i han trén ctia BLER trung binh khi SNR
trung binh ting 1én dén vo ciing thong qua viéc ap dung hai phuong phap, bao gdbm
xap xi vo cung va tich phan Riemann nhu sau:

x—0

a. Cdch xdp xi thir nhat: Ap dung xap xi vo cing cho ham 1-exp(-x) ~ x vao
(3.4), dang xap xi ctia BLER trong ching dau tién duoc tinh nhu sau:

Py NT NT+l _ _NT+l
gﬂbzvﬁj(_i} dy = vk (pH 1 J (3.13)
o\ Tor 2

 NT+1 A

O chang th hai, dua vao [85, CT. (8.352.6)], ham CDF trong (3.6) c6 thé rut

gon sau day:

Y(M,]J
F (}/)=¢. (3.14)

(M —1)!

Ap dung [85, CT. (8354.1)] cho tiém cén ctia ham gamma trong (3.14) khi

_L — 0 duoc cho bén dudi nhu sau:

VRr,D
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(3.15)

Thay (3.15) va (3.14) vao (2.9), dang xép xi ciia BLER trung binh trong ching thir

hai duogc tinh sau day:

M
. P 1 y v /k pM+1_pM+1
rwlk | —| =—| dy= | 3.16
“rp =Y p{M!(‘ J " (310

N Vrp (M +1) Vap

Mit khac, chung ta thiy duoc rang BLER trung binh trong mdi ching Esp, VA
Epp tro nén rat nho khi céng sudt phat ting 1én, diéu ndy duoc biéu thi qua
Esp,Er,p ~ 0. Do do, dang gan dung cua ti 16 16i khéi BLERtr (3.13) va (3.16) ¢6

thé viét lai nhu sau:

~SDF _ ~FDF_ ~ ~
E e R E e R Esp, T Ex - (3.17)

b. Cdch xdp xi thir hai: Ap dung tich phan Riemann.

Tir (2.7) va (2.8), gid tri ciia p,, — p, = 2704J(2** =1)/ k 1lanhé béi vi R cang

nho khi & >100 CUs [28]. Trong truong hop ndy, phép gan dung tich phan

d
Riemann dugc dé xuat s dung vai J.f(x)dx = (c—d)f(c—;dj. Bang cach ap

dung xép xi Riemann béc nhat, céc ti 1& 15i khéi BLERs & hai chang duogc xéip xi

nhu sau:

NT
) zvﬁ(_i} . (3.18)
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0 M
~ 1
MW\ 7zp

Tuong tu (3.17), BLER toan trinh dang xap xi dugc suy ra nhu sau:

~SDF _ ~FDF _ (2) ~(2)
8626~5626~ESP1,+8RDD' (3-20)

Ttr cong thie (2.9), BLER trung binh & mdi ching &y chi phu thudc vao ham
F, ( 7) .Khi £, ( 7) tré nén qué phirc tap, BLER xap xi dang tuong minh kho ¢6
thé thu dugc dya vao phuong phap xap xi dau tién. Do d6, ap dung x4p xi tich phan
Riemann lam don gian qu4 trinh tinh toan. Trong phan ndy, viéc sir dung xap xi
thtr hai khong chi nham muc dich giam thiéu do phtrc tap ma con dé xac minh do
chinh xac ciia phuong phap xap xi dau tién.

c. Bdc phan tdp ciia hé thong

Bac phan tap khong gian cua hé théng c6 thé thu dugce nhu sau [89]:

DO =—-1lim —log(é%)e) =—Ilim —log(éé_ﬁi)
7= log(7) 7= log(7) (3.21)
= min(NT,M).

(Cong thure (3.21) dwoc chung minh trong Phu luc A).

3.4 T6i wu hiéu ning hé thong

Van dé t6i wu cong suat ctia ngudn phat va vi tri nut chuyén tiép nham giam
BLER toan trinh dén muc déi da, dép Gmg yéu cau cua hé théng uRLLCs duoc
phan tich chi tiét bén dudi nhu sau:
3.4.1 T6i wu cong suit ngudn phat

Chung ta gia dinh rang hé thong dugc cap cho mot cong suat ngudn phat c6 dinh.
Mot thach thirc xuét phat 13 1am thé nao dé t6i wu phan phdi cong suit gitra nut
ngudn S va nit R, trong tinh hudng gia dinh ¢ dinh vi tri ciia ntit R, . Véan dé

toi wu cong suat dugc dat ra nhu sau:
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mPingm(P) st. Py+ P, <H, (3.22)

voi Py la téng cong suat duoc cung cép cho hé théng vaP= (PS,P& ) .

Bai toan t6i wu trong (3.22) 1a loai bai toan khong 16i vi ham muc tiéu £,.(P) la
mot ham khong 16i. Do d6, chung ta ¢ ging bién d6i (3.22) thanh mot bai toan tdi
uu 16i. Hon nita, theo yéu cau uRLLC z,,,(P)<10°[90], tuong g v6i SNR &
murc cao. TUr didu ndy, van dé t6i wu (3.22) dugc tinh x4p xi bén dudi nhu sau:

o, + Enp SLPHP, <P (3.23)

Bang cach thay (3.18) va (3.19) vao (3.23), bai toan tdi uu (3.23) tré thanh

2 17 NT 2 gn M
min| 2290 | 0d Lp ip <p (3.24)
PoPr | P P, | M! o

(cong thue (3.24) dwoc chung minh trong Phu luc B).
v6i d, va d, lan luot 1a cac khoang cach ciia cac kénh truyén gitta S > R, va
R, = D, twong ung. O day, h¢ thong don gian hoéa viéc xem xét mo hinh suy giam
tin hiéu truyén v&i do 1oi trung binh cia kénh nhu Qg =d, "vaQ ,=d,”" [86]
, trong d6 77 12 hé so suy hao tin hiéu qua kénh truyén.

Do ham muc tiéu trong (3.24) 1a 16i nén ching ta ap dung phuong phap nhan tir

Lagrange cho (3.24) nhu sau:

NT M
Oc’d! Oc’d] 1
Al(Pal//l)_( PSNT ] +[ P M_WI(PS +PRb _P())a (325)

Ry,

v6i W, 1a hing s6 nhan tir Lagrange . Bing cach 1y dao ham riéng cta A, (P,y,)

theo ting bién P, PP va ¥, chung ta nhan dugc hé phuong trinh nhu sau:
R
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2 1, NT
aAl(P,!//l) ~0 _(‘96 dli) NT_V, —0 (F)
6PS PSNT+1 1 ’ 172
M
A (PY:) _ oo | —(007d]) M (3.26)
oP, Ml -y, =0, (F), :
R BYM!
oA, (P.y,) o
oy, P+ P, —B =0, (F).

Bang cach trix (F)—(F), P_thu dugc sau day:

Iy 1M +1

(0.26;d;7) M NT+1

PRb = 7 PM (3.27)
(c6d})" MINT

Bing cach thay (3.27) vao (F;), chung ta duoc phwong trinh nhu sau:

NT+1

P+ ZPM =P, (3.28)
%/—/

=)

M 1/M+1
(0_29d;7) M NT+1
= vadit g(Ps) =P+ Z P .
(c6ay)” MINT

VOl Z =

. . Og(P
Twr (3.28),khi P, >0, Z, >0, (M,N,T)e N va gag)s)>0thi g(Ps) lamot

S

ham tang. Hon nita, vé phai cta (3.28) 1a mot hang sd.
Khi g(0)=0, g(PS ) >0va P, >0, phuong trinh (3.28) c6 mdt nghiém duy nhat.

Pé tim nghiém nay, chung ta dua vao thuat toan tim géc Newton—Raphson dugc
minh hoa qua Bang 3.1. Thuit toan tim goc Newton—Raphson nhu sau [91, CT.
(2.3D)1:

Gia str X, la gi4 tri nghiém khéi dau duge chon cia ham f(x), phép lap tim

nghiém xap xi gbc duy nhat x,,, clia f(x) duge xac dinh nhu sau:
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_ /(%)

=X —————. 3.29
xn+1 'xn 8f(xn)/8xn ( )

(cong thiec (3.29) duoc chung minh trong Phu luc C)

Luu y rang ham phi tuyén tinh (3.28) véi cac rang budc thoa man dicu kién hoi tu
cho ca phuong phdp Newton-Raphson va cac phuong phap khac (nhu Bisection,
Secant, Bairstow). Tuy nhién, Newton-Raphson co tbc do hoi tu nhanh nhat, trong
khi Bisection ¢6 téc d6 hoi tu cham nhét véi toc do myén tinh [92]. Secant va
Bairstow c6 toc d6 hoi tu s6 hoc va bac hai, 1an lugt cao hon Bisection nhung thép
hon Newton-Raphson. Vi vdy, Newton-Raphson 13 lya chon t6i vu trong truong
hop nay.

Duya vio thuat toan 1 va (F;), gia tri cong suat téi wu cua nat R, tinh dugc nhu

sau:

P, =R —F.. (3.30)
Trong trudng hop dic biét véi NT =M , phuong trinh (3.28) duoc bién d6i thanh
mot phuong trinh bac nhat nhu sau:

(1+Z)P; =B, (3.31)
Thay Z, vao (3.31) va két hop (F;), cong suét phat téi wu & nat S va nat R, nhu

sau:

{PS =7k, (3.32)

P, =(1-9)R,

1/M+1 M -
. 1 + d2 M+l
vVO1 ¢: 1+ —' d_

: 1

3.4.2 T6i wu vi tri nat chuyén tiép
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O muc ndy, chung ta s& giai quyét van dé tim vi tri tdi vu cho nat chuyén tiép
trong hé thong, tic 13 tim khoang cach tdi vu dat R, nham giam thiéu BLER toan
trinh cua hé théng, dong thoi ¢ thé dap tmg duoc yéu cu cia uRLLCs. Qud trinh
nay s& dugc thuc hién trong bdi canh tong cong sudt phat di duoc xac dinh trude
va khoang cach truyén tir ddu S dén cudi D ciing da duogc cho trudc. Hé thong
mang duoc dé xuit chii yéu hudng toi Gtng dung trong cac mang di dong 5G va
[0T, noi céac thiét bi dau cubi co thé linh hoat diéu chinh dé tuong thich véi mang
muc tiéu. Pong thoi, hé théng mang dugc nghién ctru trong khoang thoi gian rat
ngan, do d6 cac nat mang tham gia chi yéu 1 tinh. Cu thé, van dé tdi wu vi tri dugc

mo ta nhu sau:

min£,,, (d)=min &g, + & st.d,+d, = D. (3.33)

véi d =(d,,d,) va D lakhoang céch tong cong tir nit ngudn dén nit dich.

Badng 3.1: Thudt todn 1 tim nghiém goc cia (3.28).

Thuat toan 1| Phép lip tim nghiém (3.28)
DPau vao 0,N,.M, d',d, o’ ,n,T,P

12727
Dau ra P

*

Cac budrc:
Khoi tao sb lan lap toi da N, =1000 va

)
PS’O =1
2 1/M+1
) (0°0a2)" M
Tinh: Z =

(c°6d7)" MINT

3) Tao vong lap: for 0<n<N, _ do

4) NT+1
f(PS,n) :PS,n "'lesj,tzl+l _R)
or(p NT-M

5) f( S,’1):1+N+IZIPSM+1

oP; , M +1
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_ S (Ps.)
6) Fs,u=7Fs, _af(PS,n)/aPS,n .

7) Két thuc vong lip for
8) Timdugc: P =P, .

Bang cach thay thé (3.18) va (3.19) vao (3.33), van dé tdi uu co thé dugc viét lai

nhu sau:

£ F,

NT M
. (6c’d! Oc’d! | 1
mm( g lj +( o 2} — st d +d,=D.  (334)
d M
Bai toan trong (3.34) 1a mdt bai toan t6i wu 15i. Do do, tuong tu nhu phén tdi uu
cong suat, phuong phap nhén tir Lagrange dugc lya chon dé tim vi tri toi uu tong

quat d”. Ham Lagrange cho (3.34) duoc viét lai nhu sau:

NT M
Oc’d] Oc’d] 1
Az(dal//z)—( P, j +{ P M‘l//z(dﬁ'dz_D)a (3.35)

Ry

v6i w, 1a hiang s6 nhan tir Lagrange .

Bing c4ch lay dao ham riéng cta A, (d,y, )lan lugt theo cic bién d, , d, va y,,

bang khong. Hé phuong trinh thu duoc bén dudi nhu sau:

NT
oA, (d,y (60°) -
zédl 2) =0 PSNT+1 NTﬂle" 1 ~y, =0, (G);
oA, (d VY Mg
8d2 PM+1M| l//z - Y ( 2)9
R, !
M:o
8W2 dl +d2 _D:()a (g3)

Lay (G,)—(G,), chung ta c6 két qua nhu sau:
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1
(00°)” i)
A d M (3.37)
IJSNT (00_2 )M M )

nM-1 _
dl" ™ =

Thay (3.37) vao (G,), phuong trinh cia d, dugc dan ra nhu bén dudi nhu sau:

NTn-1

d +Z,d " =D, (3.38)

1/Mn-1

(0°6)" NTRY M
(0°0)" MP)"

Tuong tu nhu (3.28), phuong trinh trong (3.38) ciing ¢6 mot nghiém duy nhat d .
Chung ta 4p dung thuat toan tim géc Newton—Raphson dé tim nghiém cho (3.38),

va quy trinh tim nghiém nay dugc mo ta nhu trong Bang 3.2.
Bang cach thay gia trj tdi uu 4, tim dugc vao (G,) thu dugc d, nhu sau:
d=D-d’. (3.39)

Dbi voi truong hop dic biét voi NT =M , thay Z, vao (3.38) va két hop (G,),

cac khoang cach tbi uu dé dat R, dugc xac dinh la:

(3.40)

Bang 3.2: Thudt todn 2 tim nghiém goc ciia (3.38).

Thuit toan 2 | Phép lap tim nghiém (3.38)

DPau vao O, N M,P,,P,,c>,n,T,D
soir n

*

Pau ra d,

Cac budc:
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1) Khoi tao s6 lan lap toi da N =1000 va
d,=1
(GZQ)NT NTPYM! o
2 Tinh 2, = R
T (0%0) MR
o s
3) Tao vong lap: for 0<n<N, _ do
NT7-1
4) f(dl,n) = dl,n + szl,/\:n_1 -D
of (d _ n(NT-M)
5) f( l,n):1+NT77 IZZdlnMn_l
od,, Mn-1 ’
_ /(d,)
6) dl,n+1 - dl,n - a
f (dl,n ) / acjl,n
7) Két thuc vong lap for
8)  Timduoc d; =d,,

3.5 Mo phéng va thio luan

O day, chung ta sit dung phuwong phap mé phong Monte Carlo dé xac minh cac

n6i dung méi dugc dua ra & phan trinh bay Iy thuyét bén dudi nhu sau:
A. Panh gia hiéu ning hé thong

Trude tién, chung ta thiét 1ap cac tham s6 mo phong duogc xac dinh nhu sau: sb
bit truyén tin 1a B =256 bits[19] va chiéu dai ctia khdi tin FBL 1a & =256CUs ;
tong khoang cach truyén tin chun héa tir ddu S dén cudi D 1a D=10; khoang
cach kénh truyén lan lugt tr S >R, va R, > D la d, =0.7D va d, =0.3D . Hon

nira, hé s6 suy giam tin hiéu truyén tin tvong Gmg 1a 7 =3[93]. Chung ta cha y
rang 7 = ioz 1a SNR trung binh ctia ngudn phat voi téng cong suat duoc phan chia
o

cho hé thong P,. Bdi vi o 1a mot hang sd, viéc ting SNR ciing dong nghia voi
viéc ting cong suét cia ngudn phat. Trong hé thong ndy, chung ta gia dinh rang sy

phan chia cong suit khong dong déu cho cac niat S va R, nhu P, =0.7P, va
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B, =0.3F,. Trude hét, chiing ta tién hanh so sénh BLER toan trinh trong hai tinh
hubng: sir dung k¥ thuat FDF, va SDF. BLER toan trinh dugc nghién ciru nhu mot
ham ctia SNR trung binh », dya trén gia dinh sb nut cua R, 1la N=2 va sb an-

ten & nit D 1a M =3, nhu dugc mo ta trong Hinh 3.2..

100%

e2e BLER

—*— Ly thuyét, FDF
O M0 phéng, FDF
10 £ | = 4%— - Ly thuyét, SDF
- > Mbé phéng, SDF
............. Xép xi th&r nhét
O Xap xi thi hai
0 5 10 15 20 25 30
SNR 7 (dB)

Hinh 3.2: BLER toan trinh ciia SDF va FDF thay déi theo SNR véi N =2 va
N=2M=3.
Quan sat Hinh 3.2, BLER toan trinh ctia SDF va FDF giéng nhau ¢ ving SNR
trung binh va cao. Tuy nhién, & ving SNR thap (7 < 6dB) hiéu ning ciia FDF tt
hon so véi SDF do BLER cua FDF nho hon.

Do d6, k¥ thuat FDF duoc chon dé khao sat trong cac hinh v& ¢ phan sau. Hon
nira, sy tdc dong cua ) lugng an-ten ¢ nut nguén T vao BLER toan trinh ctia hé
thong ciing duge mé ta véi cac gia tri T=1, 2, 3. Hiéu ning duoc cai tién dang ké
khi 7 ting tir 2 dén 3 & ving SNR trung binh va thap (¥ <15dB). Tuy nhién,

khi 7 &t 16n hiéu ning hau nhu khong thay doi (BLER 1a hoan toan gidng nhau)
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ocacgiatri T=2 va T =3. Do vay, viéc chon gia tri T can phai xem xét dé thoa
mén cac yéu cau cai thién hiéu ning va han ché dugc chi phi lip dit hé thong. Tiép
theo, Hinh 3.3 xét anh hudng cia 77 vao BLER toan trinh, trongdo N =2, M =3
va y =10, 15, 20 dB. Nhu quan sat trong Hinh 3.3 BLER béo hoa khi 7 =2. Do
d6, T=2 la mét Iya chon hiéu qua dé can nhéc gitra hi€u nang va chi phi thuc
hién. Mot cach dé giam BLER cuia hé thong nhu mong mudn 1a ting céng suét

ngudn phat.

1005 T T T T T T T

e2e BLER

—— Ly thuyet

O Mo phong, ¥ = 10 dB
O Mo phong, ¥ =15 dB
1078 3 Y¢ Mo phong, ¥ = 20 dB 3

1 2 3 4 5 6 7 8 9 10
Sé anten ngudn phat T

Hinh 3.3: Sw anh huéng e2e BLER vao sé an-ten nguon phdat T véi N =2
va M =3.

Tuy nhién, cong suét phat thuong bi han ché trong thyc té, va tham chi khi c6
kha ning ting cong suat phat, diéu nay dan dén nhiéu trong cac kénh truyén khac.
Trong khi d¢, ting sb niit N va s an-ten M tai niit dich c6 thé xem xét nhu 1a
mot lya chon thay thé nham nang cao hi¢u nang cho h¢ théng, nhu minh hoa trong
Hinh 3.4. Hinh nay phén tich e2e BLER phuy thudc vao s6 nit N va sé an-ten M
& nit dich trong khong gian ba chiéu. Mdi mit phang trinh bay két qua phan tich
BLER v6i SNR trung binh 7 twong tmg v6i ba micc 7 =5,10dB va 15dB vai
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T =2. Ta thdy duoc rang dudng moé phong (dau cham) trung khop véi mat phing
két qua 1y thuyét.

Quan sat Hinh 3.4, e2e BLER giam dang ké khi 7, N va M ting. Chung ta
dé y ring ting d6 phan tap ctia hé théng phu thudc vao N, M va T va phu hop
v6i két qua trong (3.21). Do d6, diéu nay lam ndi bat tim quan trong cta viéc thiét
ké sb nut N va sb an-ten mot cach chinh xac sao cho hiéu nang duoc cai thién nhu
du kién va dong thoi chi phi 1ap dat duge giam xudng. Cu thé, e2e BLER ~10°°
6 7=15dB va T'=2, s nat chuyén tiép va sd an-ten c6 thé chon M =3 va
N =4. Do vay, ching ta cling chon gid tri M =3 va N =4 cho cdc md phong tu
Hinh 3.4 tro di.

e2e BLER

DR Ly thuyet, 7 = 5 dB

P Ly thuyet, § = 10 dB
I Ly thuyet, 5 = 15 dB
— —@ Mo phong

86 anten M 6 6

S6 nut chuyén tiép N

Hinh 3.4: e2e BLER theo sé mit Nva s6 an-ten M véi ba trieong hop
7 =10,15dB va 20dB.

Tiép dén, Hinh 3.5 bidu dién anh huéng cia k ddi voi BLER toan trinh trong
ba tinh hudng SNR nhu 7 =10,15dB va 20dB v6i 7=2, N=4 va M =3
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tuong tng. Trong Hinh 3.5, hiéu ning hé thdng duoc cai thién bang cach ting SNR
trung binh va chiéu dai khéi k . Tuy nhién, chiéu dai khdi 16n ciing gay ra do tré
toan trinh cao hon, nhu dugc mo ta trong Hinh 3.7. Do do, khi cai thién hi¢u nang
dura vao viéc ting SNR hay ting chiéu dai khéi can phai than trong. Vi dy, d6i véi
7 =20 dB, dé dam bao yéu cau vé do tin cdy theo yéu cau BLER ~107° c6 thé
chon chiéu dai khéi 450 CUs.

100 » T T T T T T

—O— Ly thuyét
% M6 phdng

¥ =10,15,20 dB

e2e BLER

100 200 300 400 500 600 700 800 900
Chiéu dai khéi k (CUs)

Hinh 3.5: e2e BLER theo d¢ dai khéi tin k véi ba truong hop 7 =10,15 dB va

20dB.

Ké tiép, Hinh 3.6 md ta sy anh huong cua gi tri e2e BLER gan diing va tiém can
vao 7 trong truong hgp T=2, N=4, M =3 va k=256,512 CUs va 1024CUs
, tuong rng.

, BLER giam khi ching ta ting 7 va k . Cac dudng cong cua két qua 1y thuyét va

duong mo phdéng hdi tu voi cac dudng tiém can ¢ vung y cao. Hon nita, dudng
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tiém can tha hai hoan toan khédp véi duong ti€ém can thir nhat va duoc coi 1a mdt

cach danh gia hiéu qua ctia dudng tiém thir nhat nhu trong (3.20).

100 E— T .,... T . T T T T
- -0
*;O: ®-e B.
B"n he o b .'\ ..B.
10" h : ]
2| B
1072 ¢ o, :
o i \&
Y
5T 8,
A 107 L S
S At o
[ &, ®
“®
104 | - i
[ |=-4—--Ly thuyet , k = 256 CUs '\
[ |—©—-Ly thuyet , k = 526 CUs .
i} —o6— Ly thuyet , k = 1024 CUs ()
107 i — Xap xi thu nhat ~g
[ O Xap xi thu hai
® Mo phong
2 4 6 8 10 12 14 16 18

SNR 7 (dB)

Hinh 3.6: Su phu thuoc e2e BLER gﬁn dung va tiem cdn vao y trong cdc truong

hop k =256,512 CUs va 1024CUs.

Cubi cung, Hinh 3.7 minh hoa su phu thudc ctia do tré toan trinh va thong luong
vao chiéu dai khéi k véi T=2, N=4, M =3, y=20dB va ¢=0.5, 1.5 va
2.5, twong tng. Pay cling 1a cac thong sé danh gid quan trong theo yéu cau
uRLLCs. Khi ting chiéu dai khéi k thi d6 tin ciy ting, tuy nhién, do tré toan trinh
tang va thong lugng ctia hé thong giam. Bén canh dé, Hinh 3.7 ciing cho thay tac
dong cua hé so tré giai ma. Cu thé, gia tri o cang ting thi d6 tré toan trinh cang
ting va thong luong cang giam. Pé ¥ ring, néu ching ta chon do dai khéi 13
k =450 CUs, hé thong sé bi tré khoang 2250 CUs tuong tng voi 6.75ms (bdi vi

thoi gian 1CUs tuong Gng voi 3us [94] ). Do tré ndy hoan toan dép tng yéu cau
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vé gidi han d6 tré thip cua uRLLC dé hd tro cic ung dung hoat dong trong moi

truong tai nha may [94].

7000

\ —-€)—-- Ly thuyet, o = 0.5
! - gh -Ly thuyet, a = 1.5
0.7F —— Ly thuyet, o = 2.5 | |
% Mo phong

—-€)—-- Ly thuyet, « = 0.5
- - Ly thuyet, a = 1.5
6000 |- | —S/— Ly thuyet, a = 2.5
% Mo phong

5000 [

4000

7 (CUs)

3000 [

2000 -

1000 -

i:: I L I L 0 I I L 1
200 400 600 800 1000 200 400 600 800 1000
k (CUs) k (CUs)

(a) (b)

Hinh 3.7: Bé tré va théng leong toan trinh theo chiéu dai khéi k ¢ ¥ =20dB véi
cac truong hop a=0.5, 1.5 va 2.5.

B. Panh gia hiéu niing trudong hop toi wu cong suat va toi wu vi tri

Trong phan nay, ching ta so sanh hiéu ning trong trudong hop khong tdi wu véi
truong hop t6i wu, dbi véi ca cong suat va vi tri nat chuyén tiép. Dé bao dam su
cong bang, chung ta 4p dung cac tham sé mé phong twong tu nhu Phan 3.5A cho
truong hop khong téi uu, chi tiét nhu sau: S =256 bits va do dai cua khéi tin
k =256CUs ; hé s6 suy giam duong truyén 7 = 3 ; tong khoang cach truyén dugc
chuan hoa véi D=10. Truong hop téng quat, cac sd liéu cu thé cua 7, N va M
dugc thiét lap nhu 7=2, N =3 va M =4. Trudong hop dat biét, cac gia tri T =1
, N =M =2 duoc chon. Hinh 3.8 so sanh hiéu ning hé thong gitta cau hinh tbi wu
va khong t6i wu cong sut trong ca hai tinh hudng tong quat va dic biét cia N va

M . Trong d6, khoang cach dugc thiét 1ap cd dinh nhu gia thuyét & Phan A véi
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d,=0.7D va d, =0.3D.Dé lam ndi bat hidu ning vuot tréi ctia cau hinh t6i wu,

ching ta xem xét cau hinh khong t6i vu vdoi cong suat bang nhau, tic la

P,=P, =0.5P,.

A I I
— — —-Ly thuyét, khéng téi wu
4 * M6 phong, khong tdi wu
Ly thuyét, t6i wu
101k .,,\ . ‘ O Mé phéng, téi wu 3
Go Nz | e X&p xi thir nhét ]
N O Xap xi thi hai
2L
10
~
.
m 10° F
® E
[5\]
]
10 E T=2
105 F
108 :
-5 0 5 10 15 20 25 30
7 (aB)

Hinh 3.8: e2e BLER theo SNR trung binh giita trwong hop téi wu va khong toi wu
cong sudt.

Hinh 3.8 cho thdy rang hiéu ning trudng hop tdi wu cong suit cao hon dang ké
so voi truong hop khong t6i wu & moi gia tri SNR cho tinh hudng téng quat va dic
biét. Nhu quan sat Hinh 3.8, v6i BLER ~10~ d6 lgi mang (doan chénh léch SNR
gitra duong toi vu va khong toi wu) dat duoc 1a 2.5dB cho tit ca trudng hop 7' =1
, N=M=2vaT=2, N=3va M=4. Tiép theo, Hinh 3.9 minh hoa hi¢u nang
hé thong trong tinh hudng t6i wu vi tri va khong tbi uu vi tri véi d, =d, = 0.5D |
Trong hinh nay, ching ta xem xét cong suat phat 1a cd dinh véi P, =0.7P, va

P, =0.3F, nhu da gia dinh trong Phéan 3.5A. Nhu quan sat Hinh 3.9, hiéu ning
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trong trudng hop t6i wu vi tri vuot tréi hon han trudng hop khong t6i wu tuwong tu
nhu & Hinh 3.8. Tuy nhién, d6 191 mang dat dugc trong Hinh 3.9 cao hon nhiéu so

v6i Hinh 3.8. Cuy thé, d6i v6i BLER ~107°, d6 loi mang thu duoc 1a 6.25dB va

9.5dB cho céc truong hop 7=1, N=M =2 va T=2, N=3 va M =4, tuong

ung.
100 E I - I - E
~ *\ — ——-Ly thuyet, khong toi wu | 7
";\iu,,” * M@ phong, khong toi vu|
el LN —— Ly thuyét, tbi vu
~E\\ O Mb phdng, téi wu
oo e Xap xi thir nhét
) he O Xépxithir hai
10° 3
~
6
203
m 10 3
Q
N
0]

10°

10

Hinh 3.9: e2e BLER theo SNR trung binh trong tinh huéng giita téi wu va khéng
161 wu vi tri.
3.6 Két luan Chuong 3
Chuong 3 da dua ra mot mo hinh mang DF hai chang méi trong SPC. M6 hinh
mang dé xuat ndy mang lai loi ich nhu sau: i) Phu hop cho hé thong can phai han
ché cong sudt ngudn phat va giam nhidu dong kénh; ii) Nang cao kha nang phéan

tap khong gian cua hé théng SPC bang cach két hop cac ki thuat TAS, PRS va

MRC tai cac thiét bi dau cudi twong tng.
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Chuong 3 ciling dé xuit cac phuwong phap cho phan tich hiéu ning cta hé thong,
cu thé 12 phan tich BLER dang chinh x4c va dang xap xi cho cac phuong phap SDF
va FDF qua kénh truyén fading Rayleigh. Tiép theo, do tré va thong luong toan
trinh ctia hé thong ciing dugc phan tich. Cudi cung, két qua mo phong da lam rd
d6 chinh xé4c cta két luan 1y thuyét, va cho thay hé théng da dat dén mirc phan tap
hoan chinh. Diém dic biét méi trong Chuwong 3 nay 1a cach tiép can tbi vu hé thong,
cu thé théng qua hai chién luoc quan trong: t6i uu cong suat ngudn phat va toi wu
vi tri ctia nat chuyén tiép. Pong thoi cac chién luge nay tuan theo cic rang budc
nhu tong cong suit phan bd cho hé thong va khoang cach khong ddi giira nit dau
cudi. Pudng mo phong (danh dau tron) da minh ching rang chién luoc ti vu vé

cong suat va vi tri déu vuot trdi hon dang ké so vdi tinh hudng khong toi uu.

Mo hinh hé théng trong chuong 3 duogc thiét ké dic biét cho mang 5G, voi1 cac
dic diém nhu cong suat ngudn phat han ché, ving phu song hep, khoang cach
truyén ngan va nhiu déng kénh 16n. Tuy nhién, mé hinh nay ciing c6 mot sé han
ché trong viéc thuc thi hé théng, nhu chi phi cao do thiét ké da an-ten & nguén
phat, nhiéu nut chuyén tiép va nhiéu an-ten thu.

Cubi cung, tat ca ndi dung ciia Chuong 3 dugc minh ching trong két qua cong
bb s6 2 ciia NCS, d6 1a: N. T. Y. Linh, T. Ngo Hoang, P. N. Son, and V. N. Q.
Bao, "Dual-hop Relaying Networks for Short-Packet URLLCs: Performance

analysis and Optimization," Journal of Communications and Networks, vol. 24,

no. 4, pp. 408-418, Aug. 2022, doi: 10.23919/JCN.2022.000020. (SCIE-Q1)
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Chuwong 4. PHAN TiCH HIEU NANG HE THONG TRUYEN THONG TIN
GOI NGAN TRONG MANG CHUYEN TIEP SU DUNG MAT PHAN XA
THONG MINH

4.1 Gi6i thi¢u

Mic du, hé thong truyén SPC trong mang DF hai ching & Chuong 3 d3a gop
phan hién thue cho giao tiép uRLLCs bing cach ning cao d6 phén tip cho hé théng
va t6i uu. Tuy nhién, sir dung nhiéu an-ten tai ngudn phat, nguoén nhan va nit trung
gian d dan dén ning luong tiéu thy 16n. Hon nita, hoat dong ctia hé thong dién ra
trong hai khoang thoi gian lién tiép nén viéc dam bao yéu cau nghiém ngit vé do
tré trd nén kho khan. Ngoai ra, cho dén thoi diém nghién clru ctia Luan an, mat
phan xa IRS da dugc xac dinh 1a mot trong nhiing giai phap toi vu nham giam
thiéu tiéu thu dién niang trong qua trinh truyén dan, déng thoi nang cao hiéu qua
sit dung pho tan trong thiét ké hé théng mang. Cau tao, nguyén tic hoat dong va
cac vu diém cua IRS d3 duoc trinh bay chi tiét trong Chuong 2 ctia Luan 4n.

Hon nita, mot s6 cong trinh nghién ciru da chi ra rang truyén thong tin qua IRS
khong chi cai thién hiéu ning hé thong ma con gitp giam cong suat phat cia ngudn
phat so voi truyén thong tin qua nat chuyén tiép [95]. Cu thé, nghién ctu trong
[96] da chirng minh rﬁng hé théng c6 su hd tro cta IRS cai thién hiéu ning so véi
hé thong chuyén tiép AF. Cang ting yéu t6 phan xa ca IRS, x4c suit dirng (OP)
ctia hé thong s& giam dang ké so v6i OP ciia hé thong chuyén tiép AF. Nghién ciru
trong [31] cho thay rang khi IRS duoc thiét ké voi nhiéu yéu t6 phan xa, hiéu qua
nang lugng va cong suat truyén s& dugc cai thién rd rét so vdi cac hé théng truyén
tin truc tiép va qua nat chuyén tiép DF. Nghién ctru trong [95] ciing chi ra ring
viéc str dung IRS giup mo rong ving phu séng va giam do tré so voi cac hé thong
chuyén tiép qua nut chuyén tiép DF va truyén truc tiép.

Tuy nhién, cic nghién ctru nay chu yéu tip trung vao viéc so sanh su cai thién
clia truyén thong tin goi tin dai qua IRS véi truyén tin géi tin dai qua nat chuyén

ti€p co ban. Theo hiéu biét cua chung t6i, chua c6 cong trinh nghién ctru nao quan
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tam dén SPC qua IRS, ciing nhu viée so sanh hiéu ning gitta hai m6 hinh SPC nay.
Do d6, dé dap ung yéu cau ciia uRLLCs trong cac mang thé hé méi, Luan an dé
xuat mo hinh SPC qua IRS, dong thoi phén tich va so sanh hé thong giao tiép nay
v6i hé thdng giao tiép SPC qua nat chuyén tiép DF va AF.

CAu trac cia Chuong 4 dugc sap xép theo trinh ty nhu sau: Muc 4.2 trinh bay
m6 hinh méi cia hé théng SPC sir dung IRS va mé hinh SPC trong mang chuyén
tiép DF va AF co ban. Sau d6, Muc 4.3 giéi thiéu cic phuong phap dé tinh cac
tham s6 hiéu nang cho ca hai hé thong qua kénh truyén fading Rayleigh nhu BLER
dang chinh xac va xap xi. Muc 4.4 di siu vao phan tich cac két ludn mo phong,
lam rd wu diém cta hé théng SPC khi dugc hd trg boi IRS. Cudi cung, Muc 4.5
trinh bay ngan gon vé két luan dat dugc va nhitng ndi dung méi ciia Chuong 4.

4.2 M hinh h¢ thong

4.2.1 Hé thong chuyén tiép sir dung mit phan xa théng minh

Hinh 4.1 1a m6 hinh h¢ théng SPC qua mit IRS, bao gdm mét niit ngudn (S), mét
nit dich (D) (déng vai tro ngudn nhén) va mot tim IRS. Tam IRS nay bao gom

L yéu té phan xa thu dong. Trong hé théng nay, S va D duoc gia dinh dung mot
an-ten dé truyén va nhan tin hiéu. Hé thong khong xét kénh truyén truc tiép giita
S va D do vit can xung quanh nhu toa nha, ciy xanh. Kénh truyén giita S va D

dugc md phong nhu 14 kénh fading Rayleigh ban tinh phang.

o pich (D)
Nguon (S ) Vat can

Hinh 4.1: M6 hinh SPC duoc tro giup cua IRS.
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Hon nira, hoat dong ctia IRS dugc mo ta nhu mot hé théng phan xa thong minh,
c6 kha nang phdi hop va trao doi CSI tir ca hai nat S va D qua bd diéu khién
khong day [97]. IRS c6 kha ning diéu chinh pha cta cac yéu té phan xa trong IRS
sao cho SNR tai nut D dat gié tri 16n nhat [27]. Do tin hi¢u bi suy giam déng ké
khi truyén trong méi trudng, nén tin hi¢u phan xa 1an dau trén IRS duoc xem xét,
trong khi cac tin hiéu phan xa tir 1an tht hai tro di dugc bo qua [98].

Hon nita, hé thong giao tiép duoc xét trong trudong gan, nghia 1a khoang cach

2
, vO1 D 1a kich thudc 16n

giita nguon hodc dich dén chinh giira IRS nho hon

nhat ctia an-ten va A 13 budc séng cta ngudn phét séng [71].

a. Mé hinh kénh truyén:

Tin hi¢u nhén tai nit D c6 dang nhu sau:

L
ypzx/; Zhl.l’;.gl. Xy +Hp, 4.1)

i=1

v6i P 1a cong suét ciia ngudn S; x,, 1a tin hidu duoc truyén tir nguén S dén D,
n, 1a nhidu Gauss tai nat D véi n, ~ CN(0,N,); 7, 1a h¢ s6 phan xa cta thanh
phén phan xa thtt i trong IRS (i =1,2,..,L) v6i . =|r.|e’* [96], trong d6 || dai dién
cho bién do ctia hé s6 phan xa thir i trong IRS (chung ta gia dinh rang IRS phan
xa hoan toan nén |r|=1) va ¢, 1a goc dich chuyén pha tuong tGng.

Céc hé s6 kénh, bao gdm % va g, 1an luot biéu thi cho cac hé sé kénh truyén tir
nat S dén thanh phan phan xa th i trong IRS va tir thanh phan thir i nay dén nat
D, tuong tng. Cac hé s6 kénh nay dugc mo ta nhu sau:

h=ae, (4.2)

g =pBe’, (4.3)
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voi a;, B, 0, va ¢, lan lugt chi cac bién d va goc dich chuyén pha cua cac hé so

kénh truyén h, va g,, twong ing. Cac bién do a; va B, la cac bién ngau nhién doc

lap (RVs), c6 phan phdi Rayleigh véi trung binh % f% va do léch chuan
1

1 . \ . .
(1 — gj_’l ; 7 1a hé so suy hao duong truyén; d, va d, 1a cic khoang cach lién két

2
tt S > IRS va tir IRS — D, tuong Gng.

Hon nita, ching ta gia sir rang tat ca hé s6 kénh truyén déu chiu anh huong cua ca
hai thanh phin fading 16n va nho, dugc mo ta tng quat nhu sau Ay = Ay iy,
trong d6 Ay, ~ CN(0,1) 1a phan fading nhd, va A, 1a phan fading 16n, phu thudc

vao khoang cach gilta cdc nut truyén X (X €{S,IRS}) va nat nhin Y (

: dy )"
Y €{IRS,D}). Tham s6 fading 16n A,, = PL, (d—’wj voi PL,dai dién cho suy

0
giam cong suét trung binh tai khoang cach tham chiéu d,; d 1y khoang cach gitra

X va).

Luu ¥ rang, hé thong dugc phén tich trong truong gan véi kénh truyén fading
Rayleigh, noi fading 16n c6 thé anh hudng dang ké, dic biét 1a trong kich ban xau
nhat. Tuy nhién, khi c¢6 IRS, tac dong cta fading 16n s& giam nho kha ning giam
suy hao tin hiéu (ddc biét khi c6 Line-of-Sight - LoS) va cai thién chit lugng tin
higu. Trong méi trudng gan, néu c6 LoS va IRS duge bd tri tdi wu, fading nho s&
it bi anh hudng hon nho tin hi¢u duoc khuéch dai qua cac phan xa tu IRS [99] . Vi
vay, nghién ctru mé rong hé thong SPC qua kénh truyén LoS s& 1a mot trong nhiing

hudng nghién ctu tiép theo ciia chiing toi.
b. Ti 5o tin higu trén nhiéu tirc thoi tai D:

Tir (4.1), SNR tic thoi tai D nhan dugc nhu sau:
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2

L .
P Zaiﬂiej(@—gi—q’i)
i=1

=—U . 4.4
Vb N, (4.4)

Dé SNR trong (4.4) dat gia tri toi wu, IRS diéu chinh goc dich chuyén pha dé dam
L

bao rang ¢ =6, + ¢,[71]. Bang cach dat A = Zai B, phuong trinh (4.4) dugc rat
i=1

gon lai sau day:

o =AY, (4.5)

._ P )
vO1 ¥y =— 1a SNR cua ngudn phat.
NO
Do cac hé so «, va f, trong (4.4) la cac RVs doc 1ap va tuan theo phan phdi
Rayleigh, nén A 1a tong ctia L RVs doc lap theo phan phbi Double Rayleigh.

Khi L du16n (tic L>>1), theo dinh 1y gidi han trung tdm, phan phdi ciia A xap
xi phan phdi Gauss [100, chuong 7]. Ngoai ra, Hinh 4.2 ching to rang khi L cang
16n (L >10) ham phan phdi ctiia A gan voi phan phdi Gauss. Do c6 dic diém gan
gidng phan phdi Gauss, phan phdi cia A duoc x4p xi chinh xac bang chudi
Laguerre. Chudi Laguerre 13 mot phuong phap hiéu qua gitp xp xi ham mat do
xéc sudt phire tap chinh xac hon. Do d6, ham PDF cia A c6 dang nhu sau [101,

CT. (2.76)] c6 dang nhu sau:

x“ X
fa(x) P (aeT) H)eXp(—gj, (4.6)
Y(a +1 xj
va FA (X): T+1§, (47)

vGi cac tham soO sau:
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a=t_y (4.8)
k2
k
p="2 4.9
k (4.9)
véi =z L (4.10)
4 \\d'd]
2
by =— | 1-Z |, (.11)
ard’\ 16

Ham CDF va PDF cua SNR ttrc thoi tai D va cong thic (4.10) va (4.11) dugc

ching minh sau day:

Tu (4.5), ham CDF cua ctia SNR ttrc thoi tai D dugce tinh nhu sau:

F, (7)=Pr(rp,<7)

:Pr(Ag\/ZJ:F ( KJ (4.12)
7] W7

Tir (4.12) va (4.7), ham CDF cua 7, thu duge nhu:

o Y[a+1,; ;J

F(a+1)

(4.13)

v6i phép rat gon (i) st dung cong thirc y(x,y)+I(x,y)=T(x) trong [85, CT.
(8356.3)].

Tiép tuc lay dao ham cua (4.13), ham PDF cia ¥, tinh duoc nhu sau:
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a-1

£, (r)= L y[zj GXp{% %j. 4.14)

1
26T (a+1)7 >

Ngodi ra, hai tham s6 k, va k, dua vao [101, CT. (2.74)], dugc tinh nhu sau:
k =E[A]. (4.15)
k, =V[A]. (4.16)

Biang cach thé A vao (4.15) két qua thu duoc nhu sau:
L
k= E{Z a, ,BI}
(a) L
= 2 B[a]<B[4]

- R (4.17)
- $[3 Mo
L [
4 \ddr
v6i (a) biéu thi phép tinh trung binh ciia hai bién a; va f.
Hon nita, ta co V[A]= E[Az} —(E[.A])2 va (4.16), k, dugc tinh nhu sau:
L 2]
k, = EKZ%@) —k;
i=1
L — L L
:ZEUanJxEJﬂiH+ZIZE[|0@|]><E[|,Bi|]xZ;EUaijEU,BjH—kz
i= i= Jj=
i
4.18)

Biing céch thay thé E[|a,.|2}=in, [|ﬂ| J:—ﬂ va (4.17) vao (4.18) (do |a[

2

b

va | ,B,|2 1a cac bién ngau nhién phan phdi mii [102] ), &, thu duoc nhu sau:
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2 2
k_L+L(L_1)11 1/1_”_L
’ d'd;} 2\ dy 2\ d} 4dd] (4.19)

——Ly thuyét L=2
o1zl s O Mo phévg L=2
Ly thuyét L=5
O M6 phéng L=5
0.1F L=5 ——Ly thuyét L=10
M6 phéng L=10
008 / —— Ly thuyét L=20
B L=10 O M6 phéng L=20
= 0.06
0.04

Hinh 4.2. Ham PDF cua A voi cac gia tri L khac nhau.
4.2.2 Hé théng chuyén tiép qua nit chuyén tiép

Mo hinh hé théng SPC thong qua nit chuyén tiép (R) duogc trinh bay chi tiét
nhu trong Hinh 4.3. Trong hé thdng truyén tin nay, ching ta gia dinh vé kénh
truyén gidng nhu mo hinh SPC qua IRS. Tuy nhién, qua trinh truyén tin tr S dén
D duoc thuc hién trong hai khoang thoi gian lién tiép duoc hd tro boi R.

O khoang thoi gian thi nhat, tin hiéu can truyén dén D s& dugc S truyén t6i
R. Sau d6, R xt Iy tin hiéu nay bang cach 4p dung k§y thuat FDF dé chuyén tiép
dén D.
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‘hr e &, .

Hinh 4.3: M6 hinh SPC théng qua chuyén tiép FDF.
SNR toan trinh cta hé thong dugc biéu dién bén dudi sau day:
Vor =m0 (Y507 ) (4.20)
VGi Ygx VA ¥pp chilan lwgt SNR cua kénh truyén tr S — R vatir R — D, tuong
ung.
Boi vi tat ca cac kénh truyén tir S - R va tir R — D duoc gia dinh 1a fading

Rayleigh hoan toan ddc 1ap nhau va c6 phan phdi ddng dang v6i nhau (i.i.d.). Do

d6, ham CDF ctia 7, dugc dan ra sau day [66]:

E, (7)=Pr(yp <7)
421
=1-exp —(_l+_ij} “2D
Vsk  VrD

P
véi ;7SR:%E[ 2]:%Qm va 7@:?@@[
0 0

0

hr

g, 2} la SNR trung binh cia

duong truyén tir S — R va tr R — D, tuong tmg. Trong d6, P, va P, chi cong
suat phat ciia S va R, tuong tmg; N, 1a cong suat nhiéu Gauss tai R va D; h,,
g, Q_ va Q chi cac hé sd kénh va do lgi kénh trung binh tr S >R va
R — D, tuong ung.

% Néu R st dung k¥ thuat AF dé truyén tin hiéu dén D, SNR toan trinh trong

truong hop nay duoc biéu dién nhu sau:

— 7/87'»’7/730
Y. tr., +1°

Y ar (4.22)

81



Dua vao [103, CT(19)], ham CDF ctia y,, dugc dan ra nhu sau:

2y y 2y
E, (y)=1-——=— exp(—(_—+_—D><K — |, (423
’ \NYsrYrp Vsr  Vrp l \NYsrV D
voi K, (.) 1a ham Bessel K béc 1.

4.3 Phan tich hiéu ning hé thong

Pé danh gia va so sanh hiéu ning gitta hé théng SPC qua IRS va hé théng SPC
qua R, ching ta trinh bay tirng budc tinh tinh BLER dang chinh x4c va dang xap
xi chung cho ca hai hé théng SPC qua IRS va qua R.

Gia sir hé thong dé xuat can truyén S bits thong tin qua k kénh sir dung (k >100
CUs) véi toc do truyén ¢ chang thar X tuong ung 13 Ry /ka Dua vao phan tich

trong (2.9), BLER trung binh & ching thit X’ duoc din ra bén duéi nhu sau:
=k j F_(y)dy, (4.24)

v6i 7, 1a SNR ¢ chang thor X.

Bang cach thay thé (4.7) vao (4.24), e2e BLER cuia hé thong SPC qua IRS thu

duoc sau day:

el =k {p,, pL- ﬁ(A(JE)—A(@))} (429)

véi A(y)=% [a+1b[J (y\fz) W[(a:z})zr[mz,byy].
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(Cong thirc (4.25) duwoc chirng minh trong Phu luc D).

Tuong ty, bang cach thé (4.21) vao (4.24) va sau d6 thuc hién 14y tich phan cta
(4.24), e2e BLER cua hé théng SPC qua R thu duoc nhu sau:

TN {m{ )| LT ) exp[ (BT )i, )ﬂ @27)

Vs TV VsrY rp

RD

Tiép theo, bang cach ap dung cong thirc trong [85, CT. (8354.1)] cho (4.7), két

qua ham CDF xap xi ciia y dugc rat gon 1a:

. 1 a+1+m
()
F( > , (4.28)

y [(a+1) = mla+1+m)
v6i m 14 s6 bac khai trién.
Thay thé (4.28) vio (4.24) va khai trién cong thirc xap xi 1—exp(—x) ~ x khi

x — 0 cho (4.26), két qua BLER dang xap xi cho hai truong hop SPC lan luot
qua IRS va qua ‘R sau day:

ol
5‘;
<
B
EMB

m a+2+m a+2+m
(=1) NI N R
m' a+1+m)(a+2+m) b\ 7 b\ 7 '

(4.29)

va

— +
£al= vk [—7 — ”’J(pH pL) (430)
7SR }/RD

Ngoai ra, dya vao xap xi tich phan Riemann, e2e BLER cho chuyén tiép qua R
st dung k¥ thuat AF duogc tinh nhu sau:
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20 0 20

_ 0
o =F, (0)=1-——— eXI{—(_—+_—BXK = | (4.30)
’ o NV srVrp Ysr Vo 1 YsrVro

4.4 M6 phong va thao luan

Trong phan nay, chiing ta tién hanh mé phong Monte Carlo st dung phin mém
Matlab [104], nhdm xéac minh lai nhiing két luan ly thuyét da duogc dan ra & muc
4.2. Bé dam bao su cong bang, cac théng sé moé phong duoc thiét 1ap gidng nhau
cho ca hai hé thong SPC sir dung IRS va R, bao gom sé bit thong tin S =256
bits; d6 dai khéi tin k£ = 200 CUs ; khoang cach truyén chuan héa gitta ngudn phat
S va ngudn nhan D 1a D=10; dong thoi phan bo khoang cach cia cac kénh
truyén tit S — IRS/R va IRS/R — D la bang nhau va ky hiéu d, va d,. Doi
v6i hé théng sir dung R xem xét ca hai ché 46 FDF va AF. Ngoai ra, cong suat
clia ngudn phat duoc phan bo dong déu cho ca hai hé théng SPC sir dung IRS va
R . Dé md phong sy suy giam duong truyén, mot md hinh suy hao don gian duoc
ap dung cho ca hai hé théng voi hé sé suy giam duong truyén 7 =3 [93],
PL, =-30dB [35, 105] 14 suy hao cong suat tai khoang cach tham chiéu d, =1 m

, va d ={d,, d,} 1a tap hop céc khoang cach ciia kénh truyén.

Pau tién, BLER trong cac mo hinh SPC qua IRS va R duoc biéu dién nhuHinh
4.4. Trong d6, BLER dugc thé hién nhu mot ham cua 7, vOi vOi su bién doi yéu
to phan xa L cualRS taicacgiatri L=2, L=6 va L=10.

Quan sat Hinh 4.4, két qua mé phong va 1y thuyét cho thiy su twong dong rd
rét. Cu thé, ba duong, tic la duong dai dién cho md phéng (cac diu chém) va
duong 1y thuyét (dudng nét 1ién) déu khép véi nhau. Hon nita, trong hé thong SPC
qua IRS, BLER giam khi gia tri 7 tang. Khi ¥ & gié tri cao, toc d6 giam ciia BLER
tr& nén nhanh hon, phi hop véi cong thuc 1y thuyét (4.25) , khi d6 ham 3 giam
manh theo y . Tuong tu, ddi voi mo hinh SPC thong qua niat R, BLER BLER

giam dan khi 7 ting, nhung téc d6 giam khong manh nhu hé thong sir dung IRS.
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Diéu nay minh chimg rang viéc tich hop IRS gitip cai thién dang ké hiéu ning
truyén thong, dic biét khi L ting tir 6 dén 10. Hinh 4.4 minh hoa rang BLER cua
hé thong qua IRS cai thién dang ké hon (giam nhanh hon) so v6i hé thong FDF va
AF, khixét L =6 va L =10. Dac biét, khi tang gia tri cia L thi BLER cang giam,
trc la hi€u nang cai thién.

Tiép theo, khao sat su tac dong ciia BLER vao yéu t6 phan xa L cua hé thong
SPC qua IRS ung véi ba trudng hop 7 twong tmg nhu ¥ =20dB, ¥ =30dB va

7 =40dB nhu trong Hinh 4.5.

BLER

Ly thuyet ]
> Mo phong-DF J

Mo phong-AF ]
#* Mo phong-IRS

5 10 15 20 25 30 35 40
7 (dB)

Hinh 4.4: BLER giita hai mé hinh SPC qua IRS va qua R véi L=2, L=6 va
L =10, twong trng.
Quan sat Hinh 4.5 chiing ta rd rang nhan thiy rang sy ting ciia ca hai tham s6
L va 7, BLER giam déng ké. Tuy nhién, khi 7 ting, cong suét cia ngudn phat
cling tang theo, din dén can nhiu ciing sé tang. Vi vay, dé cai thién hi¢u nang ciia
hé théng v6i ngudn cong sudt gitr nguyén, co thé xem xét viée ting cac phan tir

phan xa L cua IRS dé dat dugc mirc BLER nhu mong muén.
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Cudi cung, ching ta s& phan tich sy tic dong ctia d dai goi tin k 1én BLER va do
tré (7) ctia hé thong SPC str dung IRS véi céc gia tri ting cua 7 lan luot nhu

20dB , 25dB, 20dB, nhu trong Hinh 4.6. Do tré 7 duoc dinh nghia 13 thoi gian

ngudn phat truyén thanh cong tin hiéu dén ngudn nhan — 5 -

T Ce2e

—— Ly thuyet
® Mo phong ¥ =20 dB
Mo phong 7 = 30 dB
m Mo phong ¥ =40 dB

5 = 20, 30, 40 dB |

10 ¢

1

1

10 15 20 25 30 35 40 45 50
L

| |

Hinh 4.5: BLER theo s6 yéu té phan xa L trong hé thong SPC qua IRS.
Quan sat Hinh 4.6 ta théy 6 mot sy danh doi gitrta d6 tin cdy va do tré trong hé
théng SPC st dung IRS. Cu thé, k va 2 déu co tac dong tich cuc dén do tin cay,
thé hién qua viéc giam manh BLER. Tuy nhién, khi & ting d¢ tré T ciing ting ti 16
thuan voi do dai goi tin, din dén thoi gian truyén tin 16n hon. O mic 7 =30dB,
BLER giam xudng gi tri cuc thap 107" khi £ >300. Diéu nay chimg minh rang

hé théng dat dugc do6 tin cay rat cao khi cong suat tin hiéu 16n va g6i tin dai. Tuy
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nhién, viéc d6 tré ting theo & doi hoi phai can nhéc k¥ ludng trong thiét ké dé dap

ung yéu cau cu thé cua cac trng dung.

299.901 299.

200 300 400 500 600 700 800 900 1000
k (CUs)

10°

5 =20, 25,30 (dB)

14
W o10®
[a1]
-~ >~ -
10—10 I = "b I I |
200 300 400 500 600 700 800 900 1000

k (CUs)

Hinh 4.6: Sy anh huong BLER va do tré vao dé dai goi tin k trong hé théng SPC
qua IRS.

4.5 Két luan Chwong 4
Chuong 4 d trinh bay nhimng diém méi trong Luan 4n nhu sau:

= Diém thir nhat 1a thiét ké mat IRS hd trg cho hé thong truyén SPC trong mang
chuyén tiép. Tir 46, chung ta ciing dua ra phuwong phap phan tich hiéu ning mai
thong qua cac tham s6 nhu BLER dang tuong minh va dang xap xi & ving SNR
cao.

= Piém tht hai 1a d& xuat so sanh hiéu ning cia mé hinh SPC thong qua IRS véi
mo hinh SPC qua R . Chung ta da thyuc hién so sanh thong qua do loi phan tap
ctia hé théng. Két qua ching minh rang hiéu nang cia hé théng SPC duoc hd

tro cia IRS cai thién dang ké va dat do phan tap cao hon h¢ théng qua R.
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» Cubi cung, hiéu nang cua hé théng SPC duoc hd trg boi IRS cai thién hon hé

thdng DF va AF qua R, khi cong suit phat dugc phan bd nhu nhau.

M6 hinh trong Chuong 4 mang lai hi€u qua cao trong mang 5G va cac mang tuong
lai, dic biét 13 trong nhirng moi trudng truyén tin hiéu kho khin, nhu: 1) Cac khu
vuc c6 dia hinh phtre tap, chéng han nhu d6 thi va vung ddi nbi; 2) Céc tinh huéng
v6i ngudn ning luong phat séng han ché va pham vi pha séng nhé. Tuy nhién, md
hinh nay ciing d6i mit véi mot s thach thic khi trién khai thyc té, bao gdm chi
phi lap dit va bao tri cao, cling v6i yéu cau khit khe vé d6 chinh xac trong hé thong

quan 1y va diéu khién IRS.

No6i dung cua Chuong 4 dugc tom lugc trong hai bai bdo, da dugc dang trén tap

chi Khoa hoc va Cong nghé Thong tin va Truyén thong (JSTIC), chi tiét nhu sau:

1. Nguyén Thi Yén Linh, V. N. Q. Bao, Pham Ngoc Son, "Phdn Tich Do Loi
Phdn Tdp Cho Mang Chuyén Tiép Qua Mdt Phan Xa Théng Minh Va Niit
Chuyén Tiép Trong Truyén Théng Géi Tin Ngan," Journal of Science and
Technology on Information and Communications (JSTIC), vol. 01, no. 04B, pp.
56-64, Dec. 2021.

2. Nguyén Thi Yén Linh, V. N. Q. Bao, Pham Ngoc Son, "Dy Podn Cong Sudt
T6i Uu Nuit nguon Phat Ciia Hé Thong Truyén Géi Tin Ngdn Qua Mdt Phéin Xa
Théng Minh Bang Ky Thudt Hoc Sau," Journal of Science and Technology on
Information and Communications (JSTIC), vol. 1, no. 1A, pp. 11-18, Apr. 2023.
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Chuwong 5. THIET KE HE THONG TRUYEN THONG TIN GOI NGAN
TRONG MANG PA TRUY NHAP PHI TRUC GIAO SU DUNG MAT PHAN
XA THONG MINH

5.1 Giéi thi¢u

Muc tiéu chinh ciia Chuong 5 1a thyc hién muc ti€u tht hai ctia Luén an, d6 la
giai quyét cac van dé thach thic hién nay trong nghién ciru SPC, dap tng dong
thoi hai yéu ciu quan trong: do tin cdy cao va do tré cuc thap cho cac hé thong
khong day thé hé méi. Mic du mo hinh trong Chuong 4 da chi ra su cai thién hi¢u
nang khi thay thé nut chuyén tiép bang tim IRS, nhung véi yéu cau vé thoi gian
thue thi ngin trong cac hé théng da két nbi ngudi dung (dic biét 1a IoT va mang
cong nghiép), cling nhu hiéu qua ning lwong, mo hinh trong Chuong 4 van gip
mot s6 han ché dang ké.

Hon nita, trong thoi gian gan day, hoc sau da dugc ching minh 13 mot phuong
phap hiéu qua dé giai quyét van dé vé thoi gian thuc thi ngin va giam thiéu tinh
toan trong cac nghién ctru vé SPC [45, 46, 106]. Cu thé, nghién ctru trong cong
trinh [45] d4 4p dung hoc sdu dé du doan BLER trong mang NOMA két hop véi
v6 tuyén nhan thirc. Két qua cho thdy mé hinh hoc sdu mang lai sai s6 du doan
thap nhét va thoi gian dy doan ngan nhét so v6i cac mo hinh hoi quy da dau ra
khac. Cac nghién ctru tiép theo ciing dd chimg minh su cai tién vé thoi gian du
doan va do chinh xac, dién hinh nhu cong trinh [106] 4p dung hoc sau dé du doan
BLER, tong thong luong va hiéu qua ning lugng trong mang IoT véi vo tuyén
nhan thuc. Mot cong trinh khac [46], cling da sir dung hoc sau dé mo rong kha
ning du doan thong lugng cho hé théng SPC trong mang IoT nhiéu ching. Hau
hét cac cong trinh trén cho thay hiéu qua ciia hoc sau trong dy doan hiéu nang (qua

céc tham s6 nhu BLER, thong luong, do tré).

Dua trén cac két qua nay, trong Chuong 5 ctia Luan 4n, ngoai cac cai tién thiét
ké nhu sir dung da an-ten tao chum tai ngudn phat, két hgp voi NOMA va st dung
IRS, hé théng dé xuit phuong phap hoc sau dé giai quyét cac van dé sau: 1) du
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doan hiéu niang hé théng (du doan BLER); 2) du doan cong sut phan bd ngudn
phat. Cudi cting Chuong 5 duoc ciu triic nhu sau: dau tién Muc 5.2 gi6i thiéu mé
hinh SPC méi cing véi dé xuat mo hinh tinh toan cho hé théng. Tiép theo, Muc
5.3 thuc hién phan tich va xac dinh cac tham s6 nhu BLER, thong luong va do tré
trén kénh fading Rayleigh. Muc 5.4 tip trung vao viéc phat trién mang no ron sau
va dé xuét phuong phap du doan BLER va cong suit phan bd ngudn phat cho hé
théng. Cubi cung, Muc 5.5 ching minh lgi ich mang DNN trong viéc dy doan hi¢u

nang va cong suat hé thong, qua mé phong Monte Carlo.

5.2 M6 hinh h¢ thong

Hinh 5.1. 1a m6 hinh hé théng mang NOMA dugc hd tro boi IRS trong SPC. Cu
thé, mot ngudn phat (BS) gdom mot mang N an-ten, st dung k¥ thuat NOMA dé
truyén tin hiéu dong thoi v6i hai nguoi dung don an-ten nhu ¢ gan U, va o xa U, |
Mobt tim IRS bao gém L phﬁn tir phan xa thu dong, dugc sir dung dé cai thién chat
lugng truyén tin hiéu tir nguon BS dén ngudi dung ¢ xa U,. Dé t6i uu tin hiéu
truyén song dén U, , BS sir dung k¥ thuat dinh dang chum tia, tic BS c6 thé dicu
chinh mang an-ten sao cho chum btrc xa chinh nam doc theo truc cta mang.

Cu thé, mang end-fire voi goc buc xa cuc dai 0° hoic 180° dugc gid dinh trong
mo hinh dé xuat [107]. Hon nita, dudng truyén tryc tiép gitta BS va U, khong ton
tai do sy can trd clia vat can trong moi truong nhu cay cdi va toa nha. Ngoai ra,
moi kénh truyén trong hé théng déu 1a kénh fading Rayleigh khong phu thudc va
dugc phan bd twong ty nhau, v6i cing hé sb suy hao tin hiéu.

2
Theo k¥ thuat NOMA, BS s& phat tin hiéu tong hop x5 = Y \Ja,Pysx, dén U,

i=l
VOl i e {1,2} , trong do x, 1a dir liéu ma nguén BS mudn gdi dén U, E{‘xi ‘2} =1;
P, 14 cong suat phat ciia BS va a;, 13 hé s6 phan chia cong suat cho nguoi dung U,

, trong Ung.
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Hinh 5.1: M6 hinh hé thong mang NOMA-IRS.

Do chum buc xa chinh tir mang end-fire & nguén BS doc theo phwong truyén
t6i U nén cong suat phan bo theo thtt tv & U, va U, nhu o, >a, >0 véi

a, +a, =1. Do do, tin hi¢u thu dugc tai U, va U, c6 dang nhu sau:

Yy, = ‘AF(QSM, )‘hO'XBS +n, (51)
va
L
Vi, =|4F 0y, )‘(Z hmg[jxgs + 1y, (5.2)
(=1
. sin{N(Kd cosd + b)}
Vi AF(6) Y ? 1a hé s6 sap xép ciia mang N an-ten

\S)

sin{(Kd cost9+b)]

[107, CT (6.27)]; 6 € {esu] O } 1a cac goc birc xa; » d6 léch kich thich pha giita

A(N-1)

_ T . n
cac yéu to cuia mang; K = T la hé so pha; d = la khoang cach gitra

cic an-ten trong mang an ten; A 1a budc séng cua tin hiéu tin hiéu t6i; n, 1a nhiéu

cong tai U (n,co phan phdi Gauss voi gia tri trung binh 0 va phuong sai N, voi
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n, ~CN (0, N, )). Hon nita, hé s6 phan xa ctia yéu t6 phan xa thr ¢ 1a r, = ‘r/ ‘e-"””
, (=1,2,...L) v6i y, 1a pha c6 thé diéu chinh, ¥, €[0,277) va bién do || =1

[271; by =d; ’7/2Ale_j " va g, =d;"*Be™" 1a cac hé s6 kénh cua cac duong truyén
BS-IRS va IRS-U,, véi d, va d, la cic khoang cach giita BS dén IRS va IRS
dén U, ; n 1a hé s suy hao duong truyén; 4,, B, 6, va ¢, chi cac bién d va pha

g v6i cac hé so kénh A, va g,.

Bang cach sir dung phuong phap SIC, U c6 chét lugng kénh tot nén s& wu tién
giai ma tryc tiép tin hidu cia né x, , dong thoi xem xét tin hidu véi didu kién kénh
kém nhu 1a nhiéu x,. Nhu vay, ti 1€ tin hi€u cong nhiéu (SINR) tai U, dugc tinh
nhu:

o aIQOG17

- , 53
T GQo,7 +1 -3)

véi G, =|4F (0, )|

y= Nﬁ 1a SNR phét vi @, = |1, || 14 40 loi kénh & U
0

Tai U,, x, s€ duoc gidi ma dau tién, trong do x, dugc xem xét nhu la nhiéu.
Sau d6, tin hiéu x, dugc trir di trude khi 24, tién hanh qua trinh giai ma x,. SINR

tai U, cho qua trinh gidi ma x, va x, dugc dién dat twong (ng nhu sau:

2
alp‘AF(esuz )‘2 (IZ::hzgzrlJ

Yu, = 7 - . (5.4)
‘AF<08L{2) (thgz’?j a,P+N,

I=1

va

2
0‘2})“’4}7(65u2 ) 2 (IZLI:h,g,F,j

2= — : 5.5
Y, N, (5.5)
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Chung ta dit gia thuyét rang CSI 13 hoan hao. Do d6, IRS c6 thé diéu khién sy
dich pha cua tung phén tu phan xa trong IRS sao cho SINR dat cuc dai tai 24, , tic
v, = _(¢1 +, ) . Hon nita, chung ta xem xét viing trudng gan clia mang an-ten trong
do khoang cach tir BS/ U, dén chinh giira IRS nho hon A (d6 dai song cia tin hiéu)
va kich thudc téi da ciia IRS dugc ky hidu la D.

L

Bing cich it G, =|AF (0, )rva O= ZL:hl gn=>.d"d;" 4B, SINR ¢ U,
=1

=1

dugc trinh bay gon lai nhu sau:

2—
yi =497 (5.6)
2 G,a,0%7 +1
va
Vi = ,G,0. (5.7)

5.3 Phén tich hi¢u ning hé thong

5.3.1 Ham CDF cua SINR tai U/, va U,

Trong phan ndy, chung ta s& chi tiét hoa cac kién thirc co ban can thiét dé tinh
toan ham CDF cuia SINR tai U va U, . Piéu nay dua trén gia thuyét rang kénh
truyén giita nguoi dung va ngudn BS 1a fading Rayleigh. Hé s6 kénh Q, 1a RV,
va c6 phan phéi mil. Do d6, ham CDF ciia Q, duoc mb ta trong [108, CT(6.68)]:

F, (x)=1-exp(=4x), (5.8)
véi 4 1a mot tham sb cua Q, va dugc mo hinh don gian nhu A, =d, v6i hé $b

suy giam kénh truyén 7, va d,khoang cach giira BS va Uf,, twong tng.

Hon nita, dya vao [108, CT(4.1)] ham CDF cua 7;}1 thu duoc nhu sau:
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F. ()P(M]

z G Q7 +1
a
1, x>, .
2, (5.9)
FQ{ — al j, x<4
G 7 (a, —a,x) a,
Tir (5.9) va (5.8), ham CDF cua y,, thu dugc nhu sau:
1, X2 ﬂ,
a,
F,(x)=

7 ¥ o, (5.10)

l1—exp| -4y —— , X <—.

G (o, —a,x) a,
Ménh dé 1. Him CDF cua Yi, va ¥y, 6 U, dugc dién ta nhur sau:

1, x2 4

a2
F = 5.11
Ot [ o1

b\ G,7 (o, —a,x) a,

1- , X <—.
(a+1) a,
va
F{a+1,l1) / é_j
a0y

Fo(x)=1- , 5.12
7id () I'(a+1) G-12)

L 2
Trongd6 a =k / k,—1, b=k, / k, k =Tﬂ\/1/dl'7d§ va k, =L/d1’7d;7(1—71[—6j

Chitng minh Ménh dé 1:
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L L
Béng cach xem xét © =Y hgp = dy 12477 A B,, chung ta co thé nhan thiy
I=1 =1

dugc rang 4, va B, 1a nhiitng RV ¢6 phén phdi Rayleigh. Do d6, tong ® cua hai
RV phan phdi Rayleigh lién tuc voi L >1. Hon nita, theo dinh 1y giéi han trung
tam, ©® hoi tu vé bién ngiu nhién phan phdi Gaussian, tic la

2

e~ N[L%,L(l—%n(@ [30]. Dua vao [101, CT. (2.76)], ham PDF ciia c6 thé

dugc xap xi bang phuong phap chudi Laguerre nhu sau:

foo () :W;l)exp(—%j, (5.13)

Voia=k'/k,—1va b=k, /k .H¢ sO k, va k, duoc chimg minh nhu trong (4.17)
va (4.18).

Hon nita, bang cach Iy tich phan (5.13), chung ta thu duoc ham CDF ciia ® sau
day:

y(a+l,x) N F(a+l,xj
b)2Z b (5.14)

Folx)= Clasl)  T(a+1) ’

v6i y(.) va I'(.) dugc dinh nghia trong danh muc cac ham toan hoc, (i) dugc thyc
hién bang cach sir dung [85, CT. (8356-3)].

X;

Tir (5.6) va (5.7) Ching ta thay dugc © o Y4 v bang cach két hop (5.10) va

v

(5.14), ham CDF cua }/Zf}z va & U, thu dugc nhu trong (5.11) va (5.12).

5.3.2 Ti 1¢ 16i khdi
O phan nay, biéu thirc dang déng ctia BLER tai U, va U/, duoc dan ra cho hé
thdng dé xuat dudi diéu kién giao tiép gbi tin ngan. Ngudn BS dugc gia dinh rang

truyén mot gbi tin chira £ bits thong tin thong qua kénh fading ban tinh phang
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[84]. Dua vao (2.9), BLER trung binh cho qua trinh gidi ma tin hi¢u X vdi

X e{x,x,} tai U, dugc viét gon lai bén dué6i nhu sau:
Pir
_X ~
&, ~vNk [ F, (r)dy. (5.15)
Pir,

B6 dé 1. Trong trudng hop kénh truyén fading Rayleigh, BLER trung binh ¢ U cod

thé dat duoc nhu sau:

a
vl\/E(le _plL)’ a—lgpu,

_ a
&y :<V1\/E(p1H_p1L_"Z1)’ p1L£a_l<p1Hﬂ (5.16)
. .

(94
Vl\/z(le_plL_Iz)’ _12le9

vOl

0

exp( _j
G,
7, :A{(al—azpu)ﬂp( Ay ]_ A, F(O A, ﬂ

a, a,Gy ) a,Gy ’ a,Gy (o —a,p,,)

(5.17)
Va

A

0

exp( G_j .
I:#{(al_azpu)exp[ 2 j

’ Qa, azGﬂ?(al - azplL)

ﬂ‘Oal J
O[ZG]]7(0{1 - azpw)

v r[o 42 j—r(o 2 j .
0{2G1]7 OZZG177(0{1 _azpu) 0!2G177(0[1 _azpw)

- (al - azle)exp(
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(5.18)
(B6 dé 1 dwoc chirng minh trong Phu luc E).
Tiép theo, BLER trung binh tong hop tai 2, duoc trinh bay qua Ménh dé 2 bén

dudi nhu sau:

Ménh dé 2. Tir B6 dé 1 va (5.15), BLER trung binh cho qu4 trinh giai m4 tin hiéu

X, va x, tai ¢, nhan duoc nhu:
g, ~ & + &y —min{z;, 57 ], (5.19)
v6i &, va & 1a BLER trung binh cho qu4 trinh gidi ma tin hi¢u x, va x,, tuong
2 2
ung tai U, .
Churng minh Ménh dé 2 nhu sau:

Sau khi thyc hién thanh cong SIC dé giai ma x, va x,, chung ta c6 thé tinh BLER

trung binh tong hop tai 4, nhu sau:

= _ X X X
&y, —E{gu‘z +(1—5ul2)5u§}

=&, +&; - E{gigéz } (5.20)

Bang cach trién khai bat dang thirc Cauchy nhu trong [109, CT. (1.6)] cho hai gia

1
. =X =X, P SR ) P X2
tri thyc duong &, va &, , chingtacé &, ¢, < 5 (8u2 téy, )

4 A X AX 1 X X, N X
Tiép theo, Chung ta lay trung binh E{gulz &4 } < EE[‘QUIZz + c%éz] . Cha y rang &,
vag; 6 gia tri rtnho (10~ dén 107 [110]), do vay néu &, =& thi

E{gjjzgzjz } < E[ef}zz]

5.21
<E[£Z}2]. 62D

va
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E{gg;zggé}gm[g;ﬂ

5.22
< E[ezjz]. 622

Mot cach téng quat, chung ta dd chimg minh duoc két qua tuong tng véi (5.19)
dua trén (5.21) va (5.22).
B6 dé 2. Tir Ménh dé 1 va (5.15), BLER trung binh & U, cho qua trinh gidi ma tin

hi€u x, va x, twong ung, nhan dugc bén dudi nhu sau:

VZ\/Z(sz _sz): %<p2u

—x 2
gu;(x): vz\/% (sz_sz)_—Z > p2L£%<p2H9 (5.23)

vz\/% (sz _sz)_

a
1

1. > _szHﬂ
(94

va

EL)Z =V2\/E{(,02H—pZL)—ﬁ(A(\/Z)—A(\/E))}, (5.24)

—X

a+2
A(x)zl xzf[a+1, i _j_ X aebJazGﬁ
2 bya,G,y (b a2G2;7)

véi o (a+2) QF(aJrz,L_J . (5.25)

b\a,G,y

1
[b a,G,y

(B6 dé 2 dwoc chirng minh trong phu luc F).
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Trong truong hop, 7 —> 0, gid trj 3, va 3, trong (F.9) va (F.10) tién dén bang
0 . Do d6, cac tich phén trong (F.2) va (F.14) déu bang 0 . Nhu vay, BLER trung

binh tai ¢/, duoc viét gon lai sau day:

522 = Vz\/z(sz ~ P ) (5.26)
5.3.3 Ti 1¢ 16i khdi dang xap xi
Chung ta tinh todn BLER tai U vé6i sy tiép can gan dung, tirc 1a tim biéu thirc
BLER dang déng can trén khi SNR tién dén vo cung. Piéu nay c6 nghia 1a BLER
ctia hé thong ludn & gia tri thdp hon gid tri ngudng cén trén nay, du cho ti 16 SNR
tang cao dén mirc nao di nira.

Dé ¥ rang gia tri p,, — p, trong (5.15) c6 thé thu dugc nhu sau:

1

1 1

1
o — 0, =, +t————— .= = .
le plL é’l 2\}1.'\/% ( i 2\)1.'\/%} Vl.'\/;

(5.27)

Bang cach thay thé v = [27;(2”«' _1)}71/2 vao (5.27), p,, — p, rut gon nhu sau:

P =P =27 (2% =1) 1k, (5.28)
Béi vi chiéu dai khdi tin ngan véi & >100CUs nén p,, —p, ratnhé. Hon nita,
ham Fnﬁ (7) 12 ham x4c dinh trong khoang [,Ol-L, iH]. Bang cach st dung xap xi
tich phan Riemann [71], BLER dang x4p xi duoc dan ra nhu sau:

& =F (C): (5.29)

Hon nita, dya trén xap xi chudi vo han twong duong 1 — exp(_éJ T é cho (5.10)
Y v

va ké d6 thay vao (5.29), BLER xap xi ¢ U, duogc dan ra nhu sau:
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1 > —
’ J a, ’ (5.30)
A 61 ¢ < %

G17(051 — a6, ) a,

Tiép theo, bang cach ap dung [85, CT (8354.2)] cho (5.11) va (5.12), x4p xi ham

CDF cua U, dugc viét gon lai sau day:

F, (x):

va

F . (x

)
Ty

)=

a+1+m
y;,z S \/ i (5:31)
i b\ G,y (e —at,x) a
a+1 —

ml(a+1+m) a,

a+l+m
m| 1 X
-1
1 = ( ) (b 052G277j

F(a-l—l)mzz(:) m!(a+l+m)

, (5.32)

vo1 m la bac cua khai trién.

O ché do SNR cao, xap xi F, (x) va F. (x) co thé 1am gon bang cach bé qua

gia tri cao ctia m trong (5.31) va (5.32), ttc 1a chon m = 0. Tir day, bang cach két
hop (5.27) v6i(5.29), xdp xi BLER & U, c¢6 thé thu dugc bén dudi nhu sau:

g;jz = F;/le (4/2 )

] &2a
aZ
[ 1 \/ ‘) ja” (5.33)
b G277(0‘1 _azé/z) a
F(a+1)(a+1) ’ = <a_2'
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va

((1 4/2 jjaﬂ
NGy . (5.34)

R e PYTCEY)

Cudi cing, bang cach thay thé (5.33) va (5.34) vao (5.19), chiing ta thu dugc
xap xi BLER tong hop tai U, twong (mg nhu sau:

& o~ N o2 e Y]
&y, =&y t& mln{guz,gu2 } (5.35)
5.3.4 Do tré va do tin cay

Do tré trung binh twong tng khi truyén tin hiéu téi U,, do bang CUs, co thé

duogc rut ra bén dudi nhu sau theo [51, CT (18)]:

7 = . (5.36)

Tiép theo, do tin ciy trong qua trinh truyén tin hiéu tir BS d&én U, duogc mo ta
nhur x4c suat ma mot goi tin truyén tir nguon BS dén U, thanh cong. Do tin cay J,

duogc suy ra nhu sau:

5, =(1-).100%. (5.37)

5.4 Mang no ron sau

Trong phﬁn nay, cAu trac mang DNN duoc thiét ké dé du doan hiéu nang hé
thong thong qua BLER. Trong khi cac phuong phap nhu Monte Carlo va phén tich
s6 hoc doi hoi mot luong 16n thoi gian chay dé vong lip hoi tu dén két qua chinh
xéc cao, diéu nay khong phu hop véi cac tmg dung doi hoi thoi gian thyc (nhur
mang [oT). Mang DNN dua trén kha nang hoc sau nén c6 kha nang du doan hi¢u
qua, khong doi héi tinh toan phuc tap. Do d6, DNN duoc dé xuat dé udc luong

dong thoi BLER ctia U, mot cach chinh xac véi thoi gian xir Iy nhanh va d6 phuc
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tap tinh toan thip, nhdm théa man cac yéu ciu cua cac kich ban QoS khac nhau
trong cac mang khong day hién dai. Ngoai ra, ching ta cling xem xét anh hudng
clia cac yéu to nhu chiéu dai khdi tin, cac phan tir phan xa 1én BLER cuia hé thong
mang.
5.4.1 Du doan BLER

Mo hinh DNN dugc cdu thanh tir mot 16p dau vao, Z—1 céc 16p an, va mot 16p
dau ra, dugc mo ta chi tiét trong Hinh 5.2. Trong 16p du vio, ¢6 14 no ron, trong
d6 mdi no ron twong tng véi mot gia tri tham sé dau vao dugce cung cip trong
Bang 5.1. Trong Z—1 16p 4n, mdi 16p chira O no ron véi z=1,...Z —1 va sir
dung ham Sigmoid lam ham kich hoat [111].

Hinh 5.2: M6 hinh DNN cho dw dodn BLER tqi U, , i ={1,2}.

Ham kich hoat trong mang DNN rat quan trong vi gitp hd tro trong viéc hoc va
nim bit cac quan hé phi tuyén va phurc tap giita cac dau vao va ra twong tng. Ham
Sigmoid, véi tinh phé bién va dé tinh toan, duoc uu tién st dung trong mang DNN

duoc dé xuat.

L6p ra c6 hai no ron twong tng v6i BLER du doan cua U, va U, (twong tng voi
£, va &,). Hon nira, chiing ta gia dinh 16p dau ra két ndi hoan toan va khong six

dung cac ham kich hoat.

L&p déu ra, ¥ duoc tinh toan nhu [112, CT. (13)]:
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Y = g (W(z> Y 4 b(z>), (5.38)

voi g@ (x)= 1—1e_" 1a ham kich hoat Sigmoid, w' (.) va p? (.) 1a16p cua

trong so va dg léch.

Bdng 5.1: Tham s6 tinh BLER.

S thi | Tham Gia tri S6 thir Tham | Gia tri
tu i} tu SO
1 G, 1 8 k 512(CUs))
2 G, 0.1 9 n 2
3 y [0dB,20dB] 10 B, 256 bits
4 N 2 11 B, 256bits
5 o, [0.5,0.6,0.8] | 12 d :
6 a, [0.5;0.4;0.2] 13 d, 1
7 L 4 14 d, 1

Duya vao (5.38), gi tri du doan ciia £, co thé duoc trinh bay nhu sau:
£ =G(IN:Q), (5.39)
v6i G(.) 1a ham énh xa clia cac gid tri dau vao ZN va Q, tuong (ng va c6 thé
tim dugc tor qud trinh hoc thong qua mang DNN. Do d6, ching ta dat
Q= {w(z), ¥, z= 1,...,Z—1} 1a tap hop trong s6 va do léch. Tiép theo, mang

DNN duogc chia thanh hai giai doan 1a huén luyén va du doan nhu trong Hinh 5.3.

Trong giai doan huan luyén, thuit toan Levenberg—Marquardt duoc 4p dung dé

cai thién cac tham s6 cua moé hinh, dua trén bd dit li¢u qua qué trinh hoc ngoai
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tuyén. LMA nbi tiéng véi hiéu suét cao, 1a lua chon ua thich cho viéc huin luyén
mang DNN. Tuy thudc vao téc do hoc trong qua trinh lan truyén nguoc, trong sb
va do 1éch duoc cap nhat 1ap lai. Vi toan b giai doan huin luyén dugc thyc hién
ngoai tuyén, mang duoc thiét ké co thé giam thiéu do phirc tap tinh toan, chi phi
trién khai va thoi gian thyc hién [106].

Sau khi qua trinh huin luyén dugc hoan thanh, mang DNN duogc tao ra, trong
d6 cac két qua dat dugc co thé duoc st dung cho giai doan dy doan tryc tuyén bét

cu khi nao c6 dir liéu dau vao moi.

/ Tham s

(Bang5.1)

Tinh BLER & 1/, BLERs &,

Bién daura

Bién dau vao DNN model hudn luyén

huan luyén [ Pau vao,
Paura]

Giai doan huan luyén

Bién dau DNN model | BLERs dv .
vaio P (Dy doéan tir doan &
bién dau vao)
@ doan kiém tra /

Hinh 5.3: Giai doan hudn luyén va kiém tra cia mang DNN.

d. Tao tap dii liéu
bé xay dung mot bd dir liéu dé huan luyén cho mang DNN, tinh toan BLER
trung binh tai U, thong qua st dung céc tham s dugc mo ta nhu trong Bang 5.1
va 4p dung cac cong thirc trong (5.16) va (5.19). Nhitng tham s6 nay duoc trich
xudt lam cac bién dau vao, con &, 1a bién dau ra cho cac mau tuong ung. No6i

chung, trong tap dir liéu dugc tao M, mdi mau j 1a mdt vec to hang tuong tng

[Inm,Out[/.J , j=1.., M vdi In[j] va Out[j] la cac gia tri cua bién dau vao va dau
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ra, trong ung. Tu co so nay, tap M duoc tao thanh véi téng cong 2000 mau ,
chia ngau nhién thanh tap huén luyén va tap kiém tra dé mo hinh dy doan hoc va
kiém tra nhu duoc mé ta trong Hinh 5.3. Cu thé, 70% dugc phan bd cho tap huan
luyén M., , trong khi phan con lai 30% ciia M duoc chia déu cho tip danh gia
M,,, vatap kiém tra M, . Cu thé, chung ta gia dinh rang hé thong mang dé xuat
duogc dit trong khong gian phing hai chiéu. Do d6, cac khoang cach chuan héa cua

ngudon BS , IRS, U, va U, dugc x4c dinh nhu mot ham cua vi tri nhu

d,= \/(xA —x,) (v, —¥,) V6i (x,,x,) chivi tri cia nit ngudn BS , IRS, U,
va U, , twong tng. O day, toa d6 ciia cac nut duoc dat thanh (0,0), (1,0), (0,1) va
(2,0) tuong ung véi nhitng khoang cach cua d;, d, va d, dugc trinh bay nhu
trong Bang 5.1.

e. Chi sé ddnh gid

Trong phan nay, chung ta danh gia tinh hiéu qua cia mé hinh mang DNN dé
xudt dya vao hai chi s théng ké nhu sau: cin bac hai sai s6 binh phuong trung
binh (RMSE) va sai s6 tuyét d6i trung binh phan trim (MAPE). Cac chi s6 thong

ké nay dugc tinh nhu bén dudi:

L SS(=00_ a0}
RMSE = |—> (" -3"], (5.40)
es J=1
va
i Ji ‘gi(j)_ éi(j>
MAPE = _ 1 (5.41)
“/\/lles j=1 ‘5_‘1(])
véi £/va Y 1an luot 1a BLER huin luyén ban diu va BLER dugc dy dodn tir

mo hinh DNN, tuong ung.

RMSE va MAPE déu 1a nhitng phuwong phap hiéu qua dé do ludong su chénh

1&ch gitra cac gia tri du dodn va thuc té. Hon nita, chung taluuy rﬁng ca hai phuong
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phap nay déu ty 1& nghich vé6i s6 lwong mau M s » didu d6 co nghia 12 sai sb cang
nho, s6 luong M s cang lon. Noi chung, gid tri sai s6 t6t nhat cho mé hinh hoi quy
1a s6 khong. Cho dén nay, van chua c6 su dong thuin vé& mot chi s6 chung dé do
ludng hiéu qua ctia cac mo hinh hdi quy. Do d6, RMSE va MAPE dugc chon ngiu
nhién trong sb cac phuong phap hiéu qua khac cho mé hinh dé xuat. Hon nita, quan
sat (5.40) va (5.41) ching ta thdy rd MAPE cho két qua nho hon so véi RMSE
[113].

f- D¢ phirc tap tinh todan

Do phtic tap tinh toan ciia mo hinh mang DNN thiét ké duoc do bang tong s6
tham s tinh toan (Para) va s phép tinh dau phay dong trén gidy (FLOPs), tirc
tong s6 phép toan can thuc hién trong mang [114]. Cu thé, tong sé tham s va sb

FLOPs dugc tinh toan 1an lugt nhu sau:

Lyig Lyig
Para = Li” + ZLEQ” + LOW + ZL(n(eu + Laneu + Z Lneu H] + LLM )L
(=1

neu neu out?
I
tong sonoton tong dolech tong trong so

(5.42)

va

_ [+1 Lh d)

FLOP =2. { s Z L0 10 4 L} (5.43)
voi L, , L,,,va L, 1a so lugng no ron ¢ 16p dau vao, 16p dau ra va ¢ 16p an

thir ¢, trong Gng.

Téng s6 tham s6 Para va FLOP thudng duoc tdi wu tily theo yéu ciu cua ting
g dung cu thé. Déi voi cac hé théng yéu cau tinh toan nhanh va trién khai trén
cac thiét bi co tai nguyén han ché, nhu thiét bi IoT (dudi 1 triéu tham sd) hodc thiét
bi di dong (dudi 1 GFLOP), viéc giam thiéu tham s6 va FLOP 1a can thiét. Nguoc
lai, trong cac ung dung doi hdi do chinh xac cao va cé su ho tro tir ph?m cung manh
mé, mirc d6 phtrc tap ctia mo hinh c6 thé duoc gia tang dang ké dé dat hiu qua toi

uu.
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5.4.2 Du doan cong suit

Muc tiéu chinh ctia hé thong dé xuat 13 dép tng cac yéu cau QoS ctia uRLLCs,
nghia 1a BLER ctia U, phai nho hon gi4 tri gi¢i han 107 [7] va doi hoi SNR & mic
cao. Vi BLER tai U, cua hé thong kha phirc tap nén viéc tinh toan truc tiép doi hoi

nhi€u tho1 gian. Do d6, van dé to1 wu phan chia cong suat duge xem xét thong qua

st dung xap xi cua BLER va dugc mo ta nhu sau:

min , (P,)
P.
st. P +a,P,<PF, (5.44)
o +a,=1,

véi B 1a tong nguon cong suat phan bo cua hé thong.

T (5.16) va (5.19), ham muc tiéu &,(P) 1a ham khong 16i nén van dé tbi uu
trong (5.44) 1a van dé khong 16i. Piéu nay din dén van dé t6i wu trong (5.44) kho
c6 thé thuc hién bang phuong phap dao ham riéng. Dé giai quyét thir thach nay,
mo hinh DNN dugc thiét ké dé du doan cong suat phat P, ciia U, theo cac yéu cau
cua uRLLCs.

Tuong tu nhu viéc du doan BLER, trong phén nay thiét ké ctia mo hinh DNN
duogc tién hanh thong qua qué trinh hudn luyén va kiém thtr nhu duge minh hoa
trong Hinh 5.4. M6 hinh ciing bao gdom mét 16p dau vao (chira mot no ron &, ),
7" 1 16p 4n véi 0 )no ron trén m&i 16p véi =" =1,..,7 —1 va mét 16p diu ra
(chtra mét no ron dau ra ]3,.), tuong ung. Trong mo hinh nay, ham Sigmoid duogc

sir dung va thuat toan LMA nhu trong phan dy doan BLER.
Gia tri dau ra du doan cho DNN véi ham anh xa G () , cac gia tri dau vao g
va tap trong s6 va do léch Q" 2 {w(z ), b(z ), z =L..,7 —1} , trong ung, dugc

tinh toan nhu sau:

107



R=G'(:2). (5.45)

Ngoai ra, md hinh du doan sir dung céc tham sb nhu duoc mé ta trong Bang 5.1.
Trong d6, mot trong cac hé s6 phan chia cong suat, nhu 1a ¢, =0.6 va o, =0.4
dugc sir dung dé tinh BLER tai U, dwa vao (5.16) va (5.19). Tiép theo, £ <107°
duoc chon 1am bién dau vao va dau ra P dé thuc hién hai giai doan huin luyén va

du doan nhu dugc minh hoa trong Hinh 5.4. Bo dir liéu duoc tao ra M’ duge mod

ta bang cac gid tri cua vector dic trung ca dau vao va dau ra, tic la

[8(j ),P(j )], j* =1,.. M". Két qua la, c6 2000 mau dugc tao ra va cling dugc chia

*

thanh ty 16 80% cho tap huin luyén, M, 20% cua M’ chia déu cho tap danh

rain >

gia M, vatap kiém tra M, .

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
E
|
|
|
|
|
|

|
R . |
DNN mo hinh DNN md hinh| Cong suat p |
_ z. P _ (D dodn tir gia dw doan “i ||

> &, I < N
271 tri dau vao) |
| Bién dau Bign dau X :
| vao huan ra ht:an |
| luyén luyén |
| o Nhap BLERs _ |
| Tao tap dir trung binh g; I
I liéu |
: [
| (b) Giai doan huan luyén Giai doan dw doan :

Hinh 5.4: M6 hinh DNN cho dy dodn céng sudt tai U, .

5.5 M6 phong va thao luan
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Trong phan nay, hiéu ning cia hé thong dé xuit dugc xac minh thong qua mod
phong Monte Carlo. Hon nira, hi¢u qua mang DNN trong du doan BLER va dy
doan cong suét phat ciia hé thong dugc chimg minh bang cach thyc hién trén phan
mém Matlab.

5.5.1 Panh gia hi¢u ning

Dé thuén loi cho qua trinh mé phong, ching ta st dung cac tham sé mé phong
chinh trong toan bd muc nay, duoc mé ta trong Bang 5.1 chi tiét dudi day: G, =1
, G,=0.1, y=20dB, k=512CUs, n=2[86], B, =, =256bits[115], N=2,
a, =[0.50.6;0.8], L=4 , a,=[0.5;0.4;0.2], va d,=d,=d, =1. V& md phong
DNN, cac tham s6 huan luyén duoc minh hoa nhu trong Bang 5.2. Pau tién, Hinh
5.5 trinh bay anh hudng cia BLER vao SNR trung binh ¥ tai U, va U, vdi ba
kich ban cta hé sé phan chia cong suat nhu o, =a, =0.5, @, =0.6,a, =04 va
a, =0.8, a, =0.2, tuong tmg. Quan sat Hinh 5.5, chiing ta thay rang BLER cua
U, va U, giam trong khoang 7 & miic trung binh va cao theo cac hé sé phan bo
cong suat @, va «, cia U, va U,. Pac biét, BLER ¢ U, ludn thap hon BLER &

U,, tic 13 hidu nang & U, cai thién hon mic du phan bo cong suét thap hon.

Bang 5.2: Tham s6 hudn luyén DNN cho dw dodn BLER.

Tham s6 huan luyén Gia tri

S6 16p an 4 16p

S6 no ron trong cac 16p an 100 no ron
Tdc dd hoc 10~

Ham kich hoat Sigmoid
Epoch cho giai doan huan luyén 1000epochs
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Hon nita, chung ta ciing thdy rd sy 4nh huong ctia BLER ctia U, va U, khi cac
gidtri @, va @, ting hodc giam. Cu thé, BLER cua U, cang giam khi @, cang ting.

Nguoc lai dbi voi U,, BLER & U, thap nhat dat dugc khi gia tri ciia a, =0.4 .

Tuy nhién, khi @, =, =0.5 BLER cta U, giam nhung BLER cua U dat gia
tri cao nhat. Do d6, dé dam bao cung cép ning luong cho ca U, va U,, ching ta
chon hé s6 @, =0.6 va @, =0.4 cho tat ca mo phong & cac hinh trong phan sau.
Ngoai ra, ching ta quan sat thdy két qua du doan bang DNN (dudng hinh sao)
triung khop véi cac duong két qua phan tich va két qua moé phong & moi gid tri ¥
tai U, va U,. O ving ¥ cao, dudng mo phong khong tring tuyét ddi véi hai duong
két qua 1y thuyét va mo phong DNN (do duong mo phong BLER cua U, 1ay két
qua tir cong thirc dang xap xi (5.35)). Piéu nay 1a budc dau cho chung ta thay loi
ich ctia DNN, va su cai tién ctia DNN s& duoc phan tich chi tiét hon qua Hinh 5.9

va Bang 5.3.
10° g e, e, | | | |
107
1072
m L
IijJ
m Mo phong
1073 DNN, a3 = 0.5,2 = 0.5
- - - -Ly thuyet, a3 = 0.6, = 0.4
DNN, a; = 0.6, = 0.4
104 === Ly thuyet, a; = 0.8,a5 = 0.2
# DNN, a; = 0.8,a; = 0.2
............. Xap xi - U
............. Xap xi- Us
107 I I

2 4 6 8 10 12 14
7 (dB)

Hinh 5.5: Sy tdc dong ciia SNR trung binh lén BLER tai U, va U, vdi ba
triwong hop hé s6 a, =a, =05, a,=0.6,a,=04 va o, =08, a0, =0.2.
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Tiép theo, Hinh 5.6 trinh bay anh hudng cta & vao BLER trung binh tai U/, va
U, , twong tng. Nhu quan sat Hinh 5.6, BLER trung binh tai U, va U, giam khi k
tang 1én & hai trudng hop 7 12 7 =15 dB va 7 = 20dB. Ching ta dé y rang, BLER
trung binh ctia U, nho hon BLER trung binh cta U, & tat ca gia tri 7 . Piéu nay
lam ndi bat sy cai thién hiéu nang cta U, so vGi hiéu nang cua U, mac du hé sb
phan bo cong suat cia U, thip hon. Tuy nhién, ching ta ciing can xem xét dén sy
danh dbi gitra k 16n va do tré 16n qua Hinh 5.8. Vi dy, dé dam bao yéu cau dich
vu uRLLCs BLER cua U, phai dat <107 voi 7 =20 dB , chiéu dai khéi k dugc
chon 1a 600 CUs.

107
4
2
w10
(a1]
-3
10
Ly thuyet -
* Mo phong - U,
Ly thuyet - Us
¢ Mo phong - Us
10—4 |
200 300 400 500 600 700 800

k (CUs)
Hinh 5.6: Su tdc dong cua k lén BLER tai U, va U, véi a,=0.6 va a, =0.4.

Tiép theo, Hinh 5.7 md ta anh huong ciia cac thanh phan phan xa L 1én BLER
trung binh cua U, vdi ba trudong hop cua ¥ nhu 5dB, 10dB va 15dB, twong tmg.
Nhu dugc quan sat hinh v&, BLER trung binh cta U, giam déng ké khi ting gia

tri cia L va 7 . Boi vi viéc ting ¥ c6 gidi han nén ching ta co thé ting L phu
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hop dé cai thién hiéu ning cia U, .Tiép theo, Hinh 5.8 md ta sy anh hudng cua do
tré va do tin cay vao chidu dai khdi & tai U, va U, voi hai trudng hop cia 7 cu

thé 7 =15 dB va 7 =20dB, twong tng.

;~~~ —.~~~ T T T T
S o ‘-.\\ ~~.'~~
\\v\ \\1 *\\\\

[ \\\ \\\ *\ §
1072 T e i
; BN X Y )
O v
E‘S 10*4;- . “m _
E ‘\ \\\
AN R
[ \\ ]
106 L A 3

- -@- -Ly thuyet, ¥y =5 dB N
|- /- -Ly thuyet, ¥ = 10 dB S
;-V—-Ly thuyet, ¥ = 15 dB A€
10-8 IL_* Mo phong * Y
2 3 I 4 ) 6 7

Hinh 5.7: Sy tdc dong cua L lén BLER tai U, vdi ba truong hop ¥y =5dB,
y =10dB va ¥ =15dB.

Hinh 5.8 thiy rang d6 tré va do tin cdy ciia U, cai thién hon so v6i U, tat ca
truong hop cua 7 . Chung ta dé ¥ rang khi £ ting din dén d6 tré ciing ting 1én
tuong tmg & ca U, va U,. Pic biét, & k =300CUs , d6 tré cua ca hai ngudi dung
dat gid tri tot nhat va do tin cdy gan nhu bdo hoa khi k£ =400 CUs, vidu ¢ U, do
tré 7 =300CUs v6i ¥ =20dB. Piéu nay hop 1y vdi cac két qua mo phong duoc
minh hoa nhu trong Hinh 5.6 do sy giam chdm ctia BLER tir £ =400CUs . Do do,

gia str néu chiing ta chon k = 600CUs (xét trong khoang thoi gian CUs =3 us),
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hé thdng s& phai chiu do tré 1a 7 =1.8ms. Do tré nay dap tng yéu cau vé do tré
cia uRLLCs dé c6 thé phuc vu cho mang Internet cam tng [116].

Tiép theo, Quan sat Hinh 5.9, chung ta c6 thé thdy duoc rang mé hinh DNN
mang lai két qua du doan voi do tin cdy cao (RMSE va MAPE nho hon 107°). Khi
tang s6 luong miu kiém tra thi két qua cang dang tin cy. Khi s6 lugng mau kiém
tra ting, d6 chinh x4c cta dyu doan ciing duogc cai thién dang ké. Két qua nay hoan
toan phul hop voi cac cong thirc Iy thuyét (5.40 va 5.41).

(a)

900 100
--©---Ly thuyet - U;

— % -Ly thuyet- U,
* Mo phong

i 5 =15,20 dB

, —~ 70 [ lii
' = ji
i “ 60 f_,",'."i = 15,20 dB
\ ii
: 71!
v 50?!
500 ! Ii
! Il
\\‘- 40 !
1 i!
400;;-\‘ [ 30 --©--Ly thuyet - U;
R4 — %% Ly thuyet - Us
A * Mo phong
300 ' ' 20
200 400 600 800 200 400 600 800
k (CUs) k (CUs)

Hinh 5.8: Anh huéng dg tré va do tin cdy lén k tai U, va U, véi truong hop
7 =15dB va 7 =20dB.

Hon nita, nhu minh hoa trong Bang 5.3, phuong phiap DNN vuot troi vé thoi
gian thyc thi so vdi cac phuong phap truyén théng, dic biét trong cac bai toan tinh
toan phire tap. Tdc do xir Iy nhanh cua giai doan truc tuyén trong DNN 1a mot loi
thé d, vurot xa so vdi cac giai doan ngoai tuyén hoic cac phwong phép truyén thong

nhu mé phong va phén tich 1y thuyét. Diéu nay khang dinh tiém ning ng dung
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manh mé ciia DNN trong cac bai toan thuc té, va yéu clu ca do chinh xé4c cao va
thot gian xtr 1y nhanh.
Bdng 5.3: So sdnh thoi gian thuwc thi hé thong trong ba phwong phdp: phén
tich Iy thuyét, mé phéng va mang DNN tai U va U,.

Truwong hop Thoi gian thuc hién
(gidy)
Ly thuyét - U, 1.336408
Ly thuyét - U, 6.390332
Ly thuyét - U, 5.629326
M6 phong - U, 25.463482
DNN-U, 0.002797
DNN- U, 0.002962
1079 : , , . , . | 7
i —%—RMSE - ¢4, |
® —6—RMSE - U, |]
H - ©- -MAPE - U, ||
L
o
<
= 100
= i
L
9]
=
4
~o
1077+ O -o-_ .
i | | . . . . i - RPN
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
So mau M

Hinh 5.9: RMSE va MAPE so véi s6 lirong mau kiém tra.
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Cubi cung, Hinh 5.10 duoc st dung dé danh gia mutrc do tin cdy ciia mo hinh
DNN khi 4p dung trén hai kich ban kiém tra tai U, va U, vé6i dit lidu kiém tra bao
gdém ca nhitng mau ting xuat hién trong qua trinh huin luyén (thudc tip huin

luyén) va nhiing mau dugc chon ngau nhién.

100

90 -

80 |-

70 |

60 |-

50 |

Do chinh xac (%)
B0 chinh xac (%)

40 +

30 |

20 |

10 -

Kiem tra - U; Kiem tra - Us

Hinh 5.10: So sanh phan tram d¢ chinh xdc cia két qua kiém tra mé hinh DNN tai
U va U,.

tes

1L &=

Do chinh x4c cua mé hinh dugc tinh theo cong thirc nhu 100x —» =
nio Vi

, trong d6 y, 1a gia tri du doan trén tip huin luyén va yf , la gia tri du doan trén

tap kiém tra, n 1 s6 mau.

Quan sat Hinh 5.10, chung ta nhan thiy rang d6 chinh xac trén tap kiém tra
thudc tap dir liéu huan luyén ban dau dbi vi U, dat 99,6%, trong khi d6 chinh
xéc trén tap kiém tra duoc chon ngu nhién 1a 94,7% . Mtc chénh léch giira hai
gia tri nay vao khoang 4,9% . Tuwong tu, trong truong hop U,, dd chénh léch la
khoang 4,6% . Hai gia tri sai léch nay, déu duéi ngudng 5%, cho thdy mé hinh

DNN c6 kha ning tong quat hoa tuong dbi tot va co thé chap nhan duoc trong boi
canh dit liéu it bién dong va hé théng khong qua phire tap.
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Tuy nhién, néu muc tiéu cia mo hinh 14 trién khai trong méi trudng mang thuc
té, noi diéu kién hoat dong co thé thay d6i 1on va khong thé du doan trudc, thi do
chinh x4c can phai & murc cao hon, va mirc sai léch gan 5% nay 1a khong dam béo.
Trong trudng hop nay, ching ta phai huan luyén lai mé hinh DNN véi dit liéu theo

diéu kién thuc t€ nham nang cao tinh 6n dinh va d¢ tin cay cia mo hinh dy doan.

5.5.2 Dw doan cong suit

Trong phan nay, két qua du doan cong suat phan bo cho U, duge trinh bay dua
trén md hinh DNN. Céc budc tién hanh cia DNN duoc thuc hién dya trén phén
mém Matlab va céc thong s6 huan luyén duge cho twong tu nhu phan 4 ( Du dodn
BLER), ttrc 1a s6 no ron trén mdi 16p 12 100 no-ron, epoch cho giai doan huan
luyén 1a 1000 epochs , téc dd hoc 1a 10~ va ham kich hoat Sigmoid ciing duoc ap
dung nhu mo ta trong Bang 5.2. Pac biét, cac gia tri dau vao ciia BLER trung binh
cho giai doan huan luyén duoc chon <107°. Hon nita, trong trudng hop nay, tap
dit liéu duoc tao ra véi khoang 2000 mau, duoc phan chia thanh ba phan voi ti 16

80% danh cho huén luyén, 20% cho viéc kiém tra, va 20% cho danh gia.

Tiép theo, chiing ta trinh bay anh huéng cia BLER trung binh cta U, vao cong

suat phat P, voi cac 10p an khac nhau nhu trong Hinh 5.11.

Nhu di quan sat, BLER trung binh cua U, giam dang ké khi P ting d6i vai tat ca
cac 16p an. Cu the, cac két qua du doan bang mé hinh DNN hoan toan khép véi
két qua mong mudn (dudng lién) & 2 16p 4n tré 1én. Diu nay din dén sai s6 RMSE
va sai s6 MAPE thap hon trong két qua dy doan ciia cong suat P nhu trong Hinh
5.12.

Chung ta quan sat thdy rang, s6 16p an trong mé hinh DNN c6 anh huong dang
ké dén do chinh xac cua dy doan. Cu thé, khi s 16p an ting, gia tri RMSE va
MAPE cua du doan giam, ddng nghia voi viée do tin cdy ting 1én. Diéu ndy c6 thé

giai thich boi viéc cac mo6 hinh DNN véi nhiéu 16p an cé so lugng trong s6 1on
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hon, tir d6 cai thién kha nang hoc va khai quat hoa dir li€u. Trai lai, cac mo hinh
chi c6 mot 16p an thudng bi gidi han trong viéc hoc cac dic trung phuc tap tir dit

liéu da chiéu, din dén d6 chinh xac thap hon.

BLER =1075

—— Ly thuyet
H # DNN voil lop i
DNN voi 2 lop
DNN voi 4 lop
DNN voi 10 lop

1 1 1 1 1

20 22 24 26 28
P (dB)

voo

Hinh 5.11: BLER so véi cong sudt phén bé tai U, ¢ cdc 16p khdc nhau.

c‘ T T T T
[ —#— RMSE - 1 lop
107° —#—RMSE - 2 lop
i - ©- ‘RMSE - 4 lop
I ----- RMSE - 10 lop
T . |—©—MAPE-1lop |}
: —O— MAPE - 2 lop
10710 b - €~ -MAPE - 4 lop
H —-f---MAPE - 10 lop

(0]
(0]

7. )
A4

RMSE & MAPE

10_15‘%
| >

10'”**& — & s
H—
50 100

150 200 250
So mau M

Hinh 5.12: Anh hieéng RMSE va MAPE ciia DNN vao s6 I6p én va sé mau.
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Tuy nhién, viéc ting sd 16p 4n khong chi cai thién hiéu suat, ma con kéo theo
su gia ting dang ké vé do phrc tap tinh toan. Theo cong thic (5.42) va (5.43) . néu
néu mé hinh ¢6 4 16p an (L,,, =4) vé6i 100 no ron trén mdi 16p, tong s6 tham sd
Para 1a 50,600 va sd phép tinh FLOP 1a 100,000 . Trong khi d6, néu tang s6 16p
an lén 10 (L,, =10), Para s& tang 1én 111,200 va FLOP dat 220,000 . Ngoai ra,
viéc ting s 16p an cling 1am tang dang ké thoi gian thuc thi hé thong, nhu da minh
hoa trong Bang 5.4. Do do, dé dat duoc su can béng gitra hiéu sudt mo hinh va chi
phi tinh toan, ching ta lya chon s6 16p an L,,, =4 1am sb 16p an tdi uu cho mo
hinh DNN. Hon nita, tr Hinh 5.11, ching ta quan st duoc rang dbi voi
BLER ~107°, cong suat duoc phan bo khoang21dB . Piéu niy c6 nghia 1a cong

suat phat cho U, va U, lan luot 1a 8.4 dB va 12.6 dB, twong ung.

Bdng 5.4: Thoi gian thyee thi ciia mang DNN, RMSE va MAPE theo sé 16p an

khac nhau.
Trwong hop Thoi gian thue hién RMSE MAPLE
(gidy)
DNN - 1 Lép 0.007380 1.805.10° 6.033.107°
DNN -2 Lép 0.007694 1.204.107 4.389.107"°
DNN — 4 Lép 0.01024 1.204.107%° 4.389.107"
DNN - 10 Lép 0.010244 1.204.107 4.389.107"°

5.6 Két luan Chuong 5
Chuong 5 gi61 thiéu hai dong gop dang chu y sau day:

e Dong gop thu nhét 1a viéc thiét ké mot mé hinh SPC méi ¢ hd trg cuia IRS, két
hop mot sé ky thuat dinh dang bup séng tai nguon phat va tmg dung cia k§
thuat cai tién NOMA. M6 hinh hé théng nay duoc thiét ké dé dap tng nhu cu
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clia cac mang c6 gidi han vé cong suat va hidu qua sir dung phd, ddng thoi dap
mg nhu cau cia cac hé théng uRLLCs.

e Doéng gop thir hai 1a dé xuit mé hinh mang DNN nhim dap Gng yéu cau vé toc
d6 xur Iy nhanh cho cac mang khong day thé hé moi. Mang DNN dugc thiét ké
dé giai quyét hai van dé cbt 161 nhu sau: (1) Dy doan hiéu ning hé thong; (2)
Dy doan cong suit phan bd ngudn phat. Két qua nghién ctru da chirng minh rang
viéc 4p dung mang DNN khong chi giam déng ké thoi gian thyc thi ma con 1am

giam d¢ phuec tap tinh toan mdt cach hiéu qua.

Mo hinh trinh bay trong chuong 5 phit hop véi cac hé théng mang IoT va mang
thé hé tuong lai, noi yéu cau do tré thép va chat luong dich vu cao. Tuy nhién, thyc
té mo hinh nay gap mot s6 thach thire, dic biét trong viéc thiét ké hé théng da an-
ten dé tao chum tia & ngudn phat. Viéc tdi vu chum tia can phai duogc cai thién dé
dam bao hiéu qua hoat dong, vi du nhu t6i wu phan bo tin hiéu va giam nhiéu trong

cac moi truong phuec tap.

Noi dung cua Chuong 5 d3 duoc cong nhin thong qua bai bao duoc xuat ban
trong tap chi IET Communication, thuéc danh muc SCIE-Q2. Bai bdo: “N. T. Y.
Linh, P. N. Son, and V. N. Q. Bao, "Intelligent reflecting surface-assisted
beamforming-NOMA networks for short-packet communications: Performance
analysis and deep learning approach," vol. 17, no. 16, pp. 1940-1954, Aug. 2023,
doi: 10.1049/cmu2.12667”.
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Chuong 6. KET LUAN VA PINH HUONG NGHIEN CU'U TIEP THEO
6.1 Gidi thiéu

Chuong 6 tong két nhitng dong gop khoa hoc Luan an va dé xuit cic phuong
huéng nghién ctru trong tuong lai. Cu thé, Muc 6.2 trinh bay tom tit ngin gon vé
cac ndi dung da dat dugc va déng tho1 néu bat nhitng dong gop ndi bat ctia Luan
an. Tu do, Muyc 6.3 tap trung vao viéc dinh hudéng mo rong va phat trién Luén an

trong tuong lai.

6.2 Két luan cia Luin an

Luéan an da thanh cong trong vi¢c dat dugc hai muyc ti€éu khoa hoc theo dé cuong

dugc duyét la:

i) Xay dyng cac mo hinh SPC trong mang truyén thong cong tac va dé xuét
phuong phéap dé tdi vu hiéu ning cua hé théng, nham dap Gng yéu cau cua
hé théng uRLLCs.

ii) Trién khai cac k¥ thuat cai tién hiéu ning & 16p vat Iy nhu mit IRS, NOMA

va DL, dé tang cuong do tin cdy va giam thiéu do tré trong mang thé hé méi.

Vé noi dung, Luan an da dé xuit va tinh toan thanh cong cac chi s6 dic trung
cho hi¢u nang cia ba m6 hinh SPC khac nhau trong mang cong tac. Cu thé, 36 l1a
mo hinh SPC trong mang DF hai ching, mang chuyén tiép qua IRS va NOMA.
Dic biét, Luin an di tap trung vao viée giai quyét thach thirc vé do tin cdy va do
tré trong SPC dudi tiéu chuan uRLLCs cho mang 5G, théng qua cac budc: 1) Khai
thac phan tap khong gian qua cac giao thirc tiém ning nhu: TAS, PRS, MRC, IRS,
va dinh dang chiim tia; 2) Tbi wu cong suét clia ngudn phét va vi tri cia nat chuyén
tiép dé dam bao hiéu ning tot nhét cho hé thdng; 3) Dé xuit k¥ thuat hoc sau dé
thoa man cac yéu cau vé do tré thap va tinh chinh x4c cao trong hé thong mang

khong day thé hé 6G sap toi.

V& phuong phap, Ludn 4n d3 thanh cong trong van dung nhiéu phuong phap

khac nhau dé phan tich va danh gia hiéu qua ctia ba m6 hinh cu thé nhu sau: 1)
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Dau tién, Luin an d4 tién hanh so sanh, va dbi chiéu cac nghién ctru lién quan dén
SPC tur ca trong va ngoai nudc. 2) Thir hai, phuong phap toan giai tich, toan xac
suat va t6i vu duoc ap dung trong phén tich va tinh hiéu ning cho cic mé hinh.
Diéu nay hd tro xdy dung 1y thuyét co ban va cung cap cac chi sé danh gid hiéu
nang chat lwong cho timg mé hinh; 3) Cudi cing, 4p dung mé phong thong qua
phan mém Matlab d cho phép kiém ching lai cac phan tich 1y thuyét, tir d6 xac
nhan tinh chinh x4c va 6n dinh cua két qua nghién ctru, nang cao do tin cdy va sirc

thuyét phuc ciia Luan an.

Vé dong gop, Luan an da dem lai nhiing cai tién quan trong trong giai quyét hai
tiéu chi vé do tin ciy va thoi gian tré cho SPC, huéng dén dam bao yéu cau

uRLLCs nhu sau:

v Luén 4n dé xuat mo hinh SPC trong mang DF hai ching trén kénh fading Rayleigh,
mang lai cic dong gop nhu sau: Pau tién, Luan an ching minh rang hé théng FDF
cai thién hiéu ning so v6i SDF véi tat ca gia tri cong suat duoc phan bd ctia ngudn;
Thir hai, hiéu nang cua hé théng FDF cai thién khi tang s6 an-ten tai nguén va dich,
s6 nut chuyén tiép, 6 dai khéi tin va cong sudt phat. Diém ndi bat 13 hé théng cung
cAp do loi phan tap khong gian, duoc tinh bang gia tri nho nhat giita tich s6 an-ten
& ngudn va sd nat chuyén tiép véi sb an-ten & dich. Két qua nay can thiét cho thiét
ké hé thong thuc té, gitip dam bao dat dugc d6 tin cdy va giam chi phi trién khai
hé thong; Cubi cing, Ludn an ciing tim dugc gid tri cong suat ctia ngudn va vi tri
ctia ntit chuyén tiép t6i wu cho truong hop tong quat. Két qua nay mang lai loi ich
16n trong trién khai mang thuc té, vi khi hé thong dugc thiét 1ap ¢ ché do tdi uu,
hiéu ning dat duoc 13 cao nhit va hoan toan dap tng cac yéu cau vé do tin ciy va
do tré ciia dich vu uRLLCs trong hé théng mang thé hé méi.

v/ Luén 4n d¢ xuat mo hinh SPC trong mang chuyén tiép cé hd trg ctia IRS. Diém
mo rong cua hé théng nay dwa ra phuong phap dé danh gia hiéu ning, bao gém
BLER dang chinh x4c va xap xi, cing véi do tré ciia hé thong trén kénh fading
Rayleigh. Cac két qua chi ra rang khi ting cong sut ngudn phat, cac yéu t6 phan

xa va chiéu dai khdi tin s& din dén BLER giam dang ké. Dic biét, so sanh véi FDF
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va AF, hiéu ning hé théng SPC qua IRS cai thién dang ké & cung cong suit phat.
Diéu nady mang nghia quan trong trong thiét ké va trién khai mang méi, cho phép
thay thé nut chuyén tiép bang IRS dé cai thién QoS va mé rong pham vi phil song
v6i chi phi thap hon.

v Luan an da thiét ké hé théng SPC trong mang NOMA c6 hd tro cua IRS. Diém
m&i trong thiét ké ctia mé hinh nay 12 ngudn phat st dung k¥ thuat dinh dang séng
nham t6i wu hiéu ning truyén tin hiéu dén cac nguoi ding mong mudn. Hon nita,
hé thng ciing da dé xuat cac phuong phap dé tinh BLER, d6 tré va do tin cay. Pic
biét, hé théng dé xuét mang DNN dya trén DL dé dyu doéan hiéu nang va cong suét
phan b6 ngudn phat mot cach chinh xac, va don gian tinh toan so véi cac phuong
phap hién c6. Hon nita, nghién ciru ciing ching minh dugc rang DL 14 cach tiép
can hiéu qua, dap tng yéu cau vé thoi gian thuc trong mang khong day hién tai va
tuong lai. Két luan ndy c6 y nghia rat 16n trong viéc phan bo ngudn tai nguyén veé
cong suat mot cach thong minh va hi€u qua. No6i cach khéc, dua vao DL, ching ta
c6 thé tién du doan cac thong sd nhu cong suit, do tré hay thong luong cua hé
thdng, tuan tha cac han ché vé BLER theo yéu cau uRLLCs, qua d6 giam thiéu chi

phi khi thiét ké va trién khai mang thuc tién.

6.3 Huéng phat trién ciia Luin an

Luan an da dat duoc cac muc tiéu dé ra. Tuy nhién, trong bdi canh nhu cau QoS
mang ciia ngudi dung dang gia ting, cic cong nghé mang vo tuyén ngdy cang da
dang hoa va phat trién. Do d6, trong thoi gian téi NCS s& tiép tuc dé xuit cac cai
tién cho hé thong mang dam bao tiéu chuan uRLLCs va cai tién chat luong cho
cac hé thong mang trong tuong lai. Cu thé, cac nghién ciru tiép theo ctia Lun an
s& dya trén su phat trién tir cac hudng da nghién ciru cia NCS nhu sau:
= Dya vao cong trinh sd 1, d6 1a: “Intelligent Reflecting Surface-Assisted

Beamforming-NOMA  Networks  for  Short-Packet = Communications:

Performance Analysis and Deep Learning Approach”, chiing ta c¢6 co so dé xay

dung mo hinh phat theo cac dinh hudng dudi day:
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Mo rong SPC trong mang NOMA phuc vu da nguoi dung phan bd ngiu nhién.

Nghién ctru mit vira phan xa vira truyén qua STAR-IRS thay thé IRS nhim
nang cao ving phu séng, ting cuong toi da kha nang phuc vu da ngudi dung
trong hé thong mang. Két qud ciia hwdng mé réng nay la céng trinh nghién

civu 56 6 trong danh muc cong trinh nghién civu ciia NCS.

Xem xét hé théng SPC qua cac kénh truyén fading tong quat khac nhu kénh

Nakagami-m va Rician.

Nghién ciru phuong phap hoc ting cudng nham giai quyét bai toan t6i wu hidu
ning hé théng dap tmg duoc dich vu uRLLCs cai tién cho cac hé thong mang
tuong lai nhu 6G. Két qud ciia huwéng mé rong nay la cong trinh nghién ciru
s6 7 trong danh muc céng trinh nghién ciru ciia NCS.

Dua vao cong trinh s6 4, d6 13: “Phdn Tich B Loi Phan Tdp Cho Mang Chuyén
Tiép Qua Mdt Phan Xa Théng Minh Va Nut Chuyén Tiép Trong Truyén Théng
G6i Tin Ngdn” va cong trinh s6 3 1a: “Dy Podn Céng Sudt Toi Uu Nguon Phdt
Ciia Hé Thong Truyén Géi Tin Ngdan Qua Mdat Phan Xa Théng Minh Bang Ky
Thuat Hoc Sau” , mo hinh nay co thé mo rong nhu sau:

Thiét ké hé thdng SPC duogc hd trg bai hé nhidu tim IRS nhim hd tro truyén tin
hi€u & noi dia hinh khé khan nhu viung d6 thi 16n.

Xem xét giai quyét bai toan vdi diéu kién gan thuc té nhu CSI khong hoan hao
va qua kénh truyén Rician.

Giai quyét bai toan toi uu hé théng theo cic tham sé nhu goc dich pha cta hé
IRS, khoang cach va cong suat phan bd ngudn cua hé thong.

Ngoai ra, nghién ctru hé théng SPC st dung séng mili mét (mmWave) nham cai
thién vé do tré va nang cao toc do truyén dir liéu cho cic hé théng mang tuong lai.
Hon nita, NCS xem xét phuong phap da truy nhap phan chia toc 3o (RSMA) trong
SPC nhiam téi wu téc do truyén, hd tro da két ndi, giam do tré va dic biét thuc thi

hé théng mang giam phtrc tap hon phuong phap NOMA.

123



PHU LUC
A.Chirng minh cong thire (3.21)

: P
Béng cach dat %:a%:aﬂ %=(1—a)7 voi a €(0,1). T (3.17) va

(3.20), bac phan tap cua hé théng dugc biéu dién dudi dang nhu sau [89]:

S S5
gw )(a) IOg[77NT + 77’”)

lo )
DO:—thef:—hm — : (A.1)
7= log(7) 7o log(7)
va
S3 Sy
i log| 23 +-2%
log(&2) )@ g( g N M j
DO =— 1imM = lim—" " (A.2)

7= log(7) 7 log(7)

v6i (a) 1a phép rat gon bang cach dit nhu sau:

NT+1 __NT+1
. wk (" =p) ) A3

(NT +1) (Qma)NT

wk (e =p")

= - (A.4)
¢ M!(M +1) (QRbD (1_a))
QNT
3 = NT °* AS
S Qo) (A.5)
;. 0 (A6)

i MY (Qpp(1-a))

Bang cach ap dung bién doi ham logarit ciia (A.1), ching ta dugc két qua nhu

Sau:
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DO =—lim log(6i7" +6.7 NT)—log(fM”T),
7o log(j/)
| oM —NT 1 —M+NT
- lim og(:7 +o7 ) log(7 ; ) "~
e log(7) log(7)
Chung ta ¢6 3 truong hop c6 thé xdy ra cho (A.7) nhu sau:
* Truong hop NT =M
DO = ~lim log(g,7"" th”) ) 1og(7NT_*NT) |
- 10g(7/) log(;/) (A.8)
= NT.
hay
DO = —lim log(¢7" +¢,7") log(7"")
70 log(77) log(y) > (A9)

Tir (A.8) va (A.9), gia tri cia DO cia truong hop NT =M c6 thé tom gon lai 1a:
DO = min(NT,M). (A.10)
« Truong hop NT > M, bang cach tinh gidi han ¥ — oo ctia (A.7), ching ta thu
duoc DO nhu:

log(¢7" +,7"") log(7""")

DO = —lim
7> log(7) log(7)
— M +M +NT (A.11)
= NT.

* Truong hop NT <M , tuong tu cach tinh nhu trong (A.11), ching ta c6:

10g(§177M +g277NT) B 10g(77M+NT)

DO =—-1lim
70 log(7) log(7)
— _NT+M +NT (A.12)
=M.
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Bing cach tong hop cho 3 trudng hop trong (A.10), (A.11), (A.12), chung ta thu
dugc két qua nhu trong (3.21).
B. Chirng minh van dé t6i wu (3.24) 12 10i

Duya trén [117, Pinh Iy A.2], ma trdn Hessian c6 dang nhu sau:

0’2, (P) 9%,.(P)
oP; OP;0OP,
H(P)= , (B.1)
0’ (P) 0°¢,,(P)
P, OP; oP;

vO1

0%, (P) NT(NT+1)(60°d!)"

5 Pez pNT+2 >0, (B.2)
S S
02, (P) M(M+1)(60°d)" . o s
oP 2 - M|PM+2 >V, ( : )
Ry TRy
05, (R)_05.(P) 5

OPsOP, 0P, OP;

Chung ta c6 thé thiy rd rang rang cac phan tir dudong chéo ctia ma tran Hessian
trong (B.1) 1a duong, thi ma tran H(P) dwong. Do d6, ham cua £,,, (P) 1a ham
10i.

C.Chirng minh cong thire (3.29)

Dua vao dinh nghia ctia dao ham, chiing ta ¢6 dao ham ctia ham f (fc) theo bién

x nhu sau:

(C.1)
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7)) 1) .

bicu nay cling c6 nghia la - - ,
G(x) x—x

O day ky hiéu — chi sy hoi tu. Gia dinh réng x 1a mgt nghiém cua f (fc) , Chling

tacéd f(%)=0.Ti(C.2), ching ta nhan dugc két qua nhu sau:
X——————— X, (C.3)

trong d6 % 1a nghiém duy nhat hoi tu.

D.Chirng minh cong thire (4.21)
Bing cach thay thé (4.7) vao (4.24), e2e BLER cua hé thong SPC qua IRS c6 thé

thu duoc bén dudi nhu sau:

) F[a+1,b ZJ
_ g 7
B =k || 1= e dy. (D.1)

PL

Bang cach lay tich phan, (D.1) dugc viét lai nhu sau:

R ( adfr Jd 02

Tiép theo, bang cach dat y =\/; ching ta d6i bién y thanh bién y va dat

Jor
7= I yl“(a+1 \/, ly trong (D.2) nhu sau:

Zyy :V\/E(pH_pL)_Fz(V{__l _TH ( \/*Jd ) (D.3)
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Tiép tuc lay tich phan ting phan trong (D.3), ching ta dit u = F(a + I,Lj va

b7

Jon
dv = ydy, tich phan Z =uv — j vdu duoc viét lai nhu sau:
Jo
v’ ( y ij_H J‘j_ W
I==T|a+l, — | ¥ "V ay, (D.4)
2 b\/; pL (b\/»)
J
‘ A
Bang céach dat J = I y*“e bﬁdy va sau do, tich phan J dugc tinh thong qua
Jor

.
phép lay tich phan timg phan véi u = y**> va dv=e "’ ﬁdy. Tich phan J duogc

bién do1 nhu sau:

N
a2 e a+?2 Vo —2=
T A— N I yle N7 gy (D.5)

2(b7) o

)

Dé ¥ thay rang, tich phan J" trong (D.5) dya vao Mathematica c6 gia tri nhu sau:

\/E 2—a \/E
T = [ ye ”fdy (bﬁ) r[a+2,i_j (D.6)
I N7
Bang cach thay thé (D.6), (D.5) vao (D.4), Z trong (D.4) duogc tinh nhu sau:
Jon
1 y? biy (a + 2) { ]
7 =— a+1l,—= r— a+?2,
2 { 26 } (7] [IJ G
by -
(D.7)

Bang cach dit
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R (ﬂ(ﬁ)“ m W)
b\y

Biang cach thay thé (D.8) va (D.7) vao (D.3), ching ta thu dugc cong thirc nhu

trong (4.25).
E. Chirng minh Bo dé 1
Theo (5.15), BLER trung binh tai U, ¢ thé viét lai sau day:
Piu
g, ~vwk | F,(y)dr. (E.1)

71/{]
PiL

Thay thé (5.10) vao (E.1), chung ta thu duoc:

vk pifH dx, A< py,
PiL &
£, (x)= JEI+J%J T
v, \/Elz, s Pins
a,
Vo1
7 = alj_az exp(—/io al jdx, (E.3)
s G7 (e, —a,x)
va T, = T exp(—lo — jdx. (E.4)
b G7 (o —a,x)

Bang cach dat y = &, — @, x, chung ta d6i bién x sang y. Tich phan (E.3) va (E.4)

co thé duoc viét lai nhu sau:
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7 = Lexp( A _J
a, a,Gy

7, = Lexp( 0 _j
a2 aZGly a

Tiép theo, bang cach tinh toan tich phan

1~

AL
exp(—lo a‘_ de, (E.5)
0 Ga,yy
1~ %P1
exp[—/io % ]dy. (E.6)
P IH Glazj/y

trong (E.5) va (E.6) sau d6 thay thé Z, va

7, vao (E.2). Sau mot s6 thao tac bién d6i, chung ta c6 thé thu duoc B6 dé 1.

F. Chirng minh Bo dé 2

Dua vao (5.11) va (5.12) va (5.15), BLER trung binh cho giai ma tin hiéu x, va

x, tai U, duge dan ra nhu sau:

Vz\/z(pzﬂ _102L)3

_<p2L’
2
53(x) = 3Nk | (P — o1 )~ 2 7 . op, <A< (R
[22) 2 I 2H 2L r(a+1) 3_ 2L a2 2H
- , _
Vz\/z_(sz_sz)_r(a+1)I4_> Z_iZIOZH’
vOl
% 1 X
I, = k| T 1,— dx. F.2
R Y )
T, =v \/%pzfr a1t al dx. (F.3)
v o b\ G,7 (o —t,x)
va
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, F(a%rl,ll) é_j
—x s a, G,y
&, :vz\/z (sz_sz)+ I " dx

Prr

(F.4)

p r£a+l,; é_]
. 2” a
Bang cach dat Iszj o 1)2 7
a+

dx, chiing ta c6 thé tinh tryc tiép
Par

tryc tiép Z, qua phan mém Mathematica. Do d6, (F.4) duoc viét gon lai sau day:

&y zvz\/%{(pm_pu)_ﬁ<A(\/;)_A(\/E))} (F.5)

vO1

—X

a+2
A(X) = 1 xT'|a+1 a — X eNwGr
i (

b\/a2G277 b a2G277)a
+2
__(ax2) 2r[a+2,;_j. (F.6)
1 b a2G27/
b\a,Gyy

X

= . , 1 L g
Tiép theo, bang cach dat z=— \/ , chung ta c6 thé doi cén tich

G,7 (o, —a,x)
phéan trong (F.2) va (F.3) nhu sau:

2z

T, =v,\Jk OOF a+l,z dz, (F.7)
3=V 3_[ ( )Zazz (zz +Z)2
N 2z
Z,=v \/E I'a+1l,z dz, (F.8)
4 2 :.!; ( )Zazz(zz +Z>2
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vOi

~ 1 pZL
I, == — . (F.9)
b \/G27/ (0‘1 - azsz)
~ 1 IOZH
3, == — . (F.10)
b \/G v (0{ aszH)
1
=— F.11
X Za, (F.11)
Z=G,yb’. (F.12)

Hon nita, chiing ta ap dung phwong phép tich phan timg phan phan bang cach dat

2 .
u=T(a+1,z) vadv= —szz , (F.7) va (F.8) dugc phan tich chi tiét nhu sau:

4y
I'a+1,3 ozl
13{ “lzj (f2 L)—j °° . (F.13)
Za, 3, +x 52X
%/—J
Y
a |I'a+1,3 INa+1,3 e
T,= 12{ (ﬁ i L) (~ i H)}j dz. (F.14)
Za,| 3, +y R 4 2+
%/—/
\PZ
voi W, = J dz vaV, I dz.Bé“mg cach dat u = e " va ap dung tich
4y 4y

phan timg phan 1an nira, ¥, va ¥, duoc viét lai nhu sau:

1 * o0
\P — a+1 a+1 —25 FIS
: z2(1+a) ;‘[ (F.15)
1 v a+l -z ¥ a+l -z
\PZZZ(IJra) ] ze +3'[Z e 5(z)dz , (F.16)
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2
voi 5(Z)=2F](1,1+Ta;1+1;a;—z—j voi  ,F(.s5.) 1a ham  Gauss
X

hypergeometric [85, CT (9.14.2)]. Theo [118], tich phan trong (F.15) va (F.16) la

phan ky. Dé tinh céc tich phan ndy, ching ta sir dung ham int trong Matlab va tiép
theo, ap dung ham vpa dé thu duoc két qua xap xi. Tir d6, ching ta thu duoc gia
tri xap xi cia ¥, va ¥,, tuong tmg. Cudi cling, bang cach thay thé cac két qua

xap xi nay vao (F.13) va (F.14), cac két qua thu duoc nhu trong Bo dé 2.
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