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1. Tém tit ndi dung luan an

Luan an nay di tich hop cac co ché da truy cap, cac giao thic thu thap ning luong,
chuyén tiép phan chia theo cong suat (PSR) va chuyén tiép phan chia theo thoi gian
(TSR), giai ma va chuyén tiép (DF) trong mot hé théng da truy cap khong truc giao
truyén nang lugng va thong tin khong day dong thoi (SWIPT NOMA), c6 thé trién khai
rong rii cho cac mang vo tuyén chuyén tiép hop tac thu thap ning luong (EH), cac hé
thong mang truyén thong khong day thé hé thar nam va cac mang thé hé tiép theo.

Cu thé, luan 4n nghién ctu k§ thuat NOMA, giao thire giai ma va chuyén tiép (DF),
thu thap ning luong (EH) trong cac hé théng chuyén tiép hop tic truyén ning lugng va
thong tin khong day dong thoi (SWIPT). Pau tién, mot co ché NOMA ban song cong
(HD NOMA) duogc dé xuat cho hé thong SWIPT dé phan bo cong suat cho hai thiét bi
ngudi dung. Mot trong hai thiét bi ngudi dung nay duge dung nhu mot tram chuyén tiép
dé thuc hién ca viéc EH va DF tin hiéu thu dugc. Co ché dé xuat st dung kién trac bo thu
chia cong suat (PS). B thu nay c6 kha ning thuc hién EH va xtr 1y thong tin (IP) tai tram
chuyén tiép. Hiéu suit ciia co ché dé xuat dugc phan tich thong qua xac suat ding (OP),
thong lugng va tde do trung binh. Cu thé, cac biéu thuc toan hoc tuong minh dugc tinh
cho OP & ca hai thiét bi ngudi dung, trong khi cac két qua phan tich cta thong lugng va
téc do trung binh duogc tinh cho cac phuong thirc truyén gidi han tré (DLT) va truyén
chap nhan tré (DTT) tuong Gng. Két qua tir moé phong cho ching ta thdy rang xac suét
dirng, thong luong va tdc do trung binh dbi voi co ché NOMA duoc nang cao khi so sanh
v6i co ché da truy cép truc giao (OMA). Hiéu suit ning luong (EE) duoc tinh cho hé
théng HD NOMA. Cac két qua tir mo phong ciing chi ra ring NOMA dat hiéu suét nang
luong vuot tréi hon OMA.

Tiép theo, cac giao thirc PSR va TSR lan luot duoc tng dung cho SWIPT trong cac
mang chuyén tiép hop tac truyén ning luong khong ddy (CRWPN) dua vao hé théng da
truy cap khong truc giao chuyén tiép hop tac (CRNOMA). Mang nay bao gdm mot tram
co s& va hai nat dich trong d6 mot nat déng vai tro 1a tram chuyén tiép dé gitp truyén
thong gitra tram co s& va nat xa hon. Ngoai ra, giao thirc DF duoc xem xét ¢ tram chuyén
tiép trong hai phuong thirc truyén DLT va DTT.

Trong phan tich hiéu niang hé thong, cac biéu thic toan hoc tudng minh cia OP,
thong luong, tbc do trung binh va EE duogc tinh toan cho cac giao thirc PSR va TSR véi
cac phuong thttc DLT va DTT trong mang CRWPN dua vao CRNOMA. Hi¢u ndng cua
hé thé)ng dugc phan tich dé danh gia sy tac dong cua thoi gian thuc hi¢én EH, hiéu suit
EH, ti s6 chia cong suét, toc do dit liéu nguon va khoang cach giira cac nat. Ngoai ra, tic



dong cua cac thong sb nay dén OP va tdc do trung binh cua hai thiét bi ngudi ding ¢
ving SNR cao ciing duge danh gid. Két qua cia mo phong cho chung ta thiy rang hiéu
nang cia CRNOMA vuot trdi so vd1 OMA. So sanh hiéu nang gitra hai giao thuc, giao
thire TSR dat thong luong, téc d6 trung binh 16n hon va hiéu suit ning luong nho hon
giao thitc PSR. Nghién ctru va danh gia hiéu nang mang véi cac khoang cach khac nhau
gifta tram co s& va tram chuyén tiép ciling nhu so sanh giita dudng truyén truc tiép va
duong truyén qua tram chuyén tiép vdi cac hé sé suy hao duong truyén khong giéng nhau
duoc thuc hién.

Cubi cung, cac biéu thic toan hoc tuong minh cua hi¢u nang, tic 1a xac suat dung,
thong luong, toc do trung binh va EE, duoc suy ra cho giao thic PSR véi cac phuong
thirc DLT va DTT va lién két truc tiép. Hiéu ning ctia mé hinh hé théng véi lién két truc
tiép dugc so sanh v6i hiéu niang cia C-NOMA chuyén tiép ciing nhu so sanh gitta C-
NOMA via OMA. Két qua mo phong cho thdy rang C-NOMA ¢ lién két tryc tiép dat
dugc hi¢u nang vuot troi so voi C-NOMA chuyén tiép va C-NOMA vuot trdi hon so voi
OMA. Téac dong cta cac thong sd néu trén dén lién két truc tiép duoc danh gia thong qua
két qua mo phong sé dé nhan ra nhimng thay doi ctia hiéu suat. Nhiing tic dong nay 1 nén
tang dé lua chon cac tham s ¢6 céac gia tri tuong thich cho mo6 hinh hé théng, nham dat
duoc su can bang giira cac diéu khoan vé hiéu suét cling nhu gitta cac thiét bi ngudi
dung.

2. Nhirng déng gop méi cia dé tai

Lu4n 4n trinh bay co sd 1y thuyét vé NOMA, trong d6 k¥ thust NOMA mién cong
sudt, NOMA hop tac va NOMA hop tac duong xudng dua vao cac co ché thu thap ning
luong, giai ma va chuyén tiép (DF), truyén nang luong va thong tin khong day dong thoi
(SWIPT).

Luan an dé xuit mo hinh nghién ctru gdm maot tram phat va hai thiét bi nguoi dung,
mot thiét bi nguodi dung & gan tram phat dong vai tro 14 tram chuyén tiép, mot thiét bi
nguoi dung & xa tram phat hon dong vai tro 1a nat dich.

Tram chuyén tiép thuong bi han ché vé kich thudc va nang luong. Vi vay, mot ky
thuat thu thap ning luong tir séng vo tuyén da dugc sir dung dé duy tri nang luong cho
tram chuyén tiép. Ludn an ciing dé& xuit cdc mo hinh thu thap ning luong hiéu qua tir
tram phat nang lugng duoc dat & tram chuyén tiép dé hd tro cho cac tram chuyén tiép, do
1a hai giao thirc chuyén mach phan chia theo cong suat (PSR) va chuyén mach phan chia
theo thoi gian (TSR), st dung co ché giai ma va chuyén tiép (DF) 4p dung cho cac hé
théng SWIPT NOMA.

Hi¢u ndng cua cdc mo6 hinh nghién ctru s dung cac giao thue PSR, TSR dé thuc hién
EH va IP, v6i cac phuong thirc truyén qua tram chuyén tiép va truyén truc tiép, voi co
ché DF trong hé¢ thdng SWIPT NOMA, déu dugc thiét 1ap bang cac phuong trinh toan
hoc, phan tich va danh gia hiéu ning cta hé thong qua cac thong s6 OP (& SNR thap va
SNR cao), thdng luong, tdc do trung binh va EE, kiém chimg sy chinh xac thong qua cac
két qua mdé phong Monte Carlo. Két qua thyc hién chimg minh raing NOMA vuot troi
hon OMA ca vé thong luong va toc d6 trung binh, giao thirc PSR wu viét hon so véi giao
thirc TSR.



Céc giai phap thuyc hién EH tai cac tram thu phat, gép phan quan trong trong viéc
danh gi, trién khai, quy hoach cic mang v tuyén, cic mang cam bién khong day, thuc
hién trong nhitng moi truong khong thé cung cip ning lugng nhu trong co thé ngudi,
sinh vat, trén khong trung hay trong cac truong hop ctru hg, ctru nan, canh bao i, canh
béo sat 13, canh bao chay rimg.... Hon nita, cac két qua nghién ciru ndy, cho thiy rang co
ché NOMA rit kha thi va vuot troi so voi co ché OMA thong thuong.

TOm lai, luan an nay da tich hop cac co ché truy cip, cac giao thirc thu thap ning
luong PSR va TSR, DF trong mdt hé théng SWIPT NOMA, c6 thé ap dung rong rai cho
cac mang vo tuyén chuyén tiép hop tac thu thip ning luong, cac hé thong truyén thong
khong ddy thé hé mang thir nim (5G) va cac thé hé mang tiép theo.
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1. Summary of the content of dissertation:

This thesis has combined multiple access schemes, energy harvesting (EH), power
splitting-based relaying, and time switching-based relaying (PSR/TSR) protocols, as well
as the decode-and-forward protocol (DF), in a simultaneous wireless information and
power transfer non-orthogonal multiple access (SWIPT NOMA) system. This system can
be applied widely to enable EH in cooperative relay radio networks, fifth generation, and
next-generation wireless communication systems.

Specifically, the thesis studies NOMA techniques, DF, and EH in SWIPT
cooperative relay systems. In the first network model, a half-duplex NOMA (HD
NOMA) scheme is suggested for the SWIPT system to allocate power for two users, one
of which is considered a relay station that performs both EH and DF on the received
signal. The suggested scheme makes use of a power splitting (PS) receiver architecture
which enables both information processing and EH at the relay station. The performance
of the suggested scheme is analyzed in terms of outage probability (OP), throughput and
ergodic rate. Specifically, closed-form expressions are derived for the OP at both users,
while the analytical results of the throughput and ergodic rate are obtained for DLT and
DTT modes, respectively. It is shown that, with the NOMA adaptation, an improved
outage performance is attained for a significantly increased throughput as well as ergodic
rate at what time compared to the conventional orthogonal multiple access (OMA). The
energy efficiency (EE) is derived for the suggested HD NOMA systems. Our numerical
results depict that the NOMA attains an upper EE performance than the conventional
OMA.

Second, PSR/TSR protocols are successively used for SWIPT in a CRNOMA
based cooperative relaying wireless-powered networks (CRWPNSs) containing a base
station and two destination nodes among which one plays the role as a relay station to
assist the communication between the base station and the far end nodes. Additionally,
DF is considered at the relay station over two transmission modes, i.e., DLT and DTT. In
performance analysis, closed-form expressions of OP, throughput, ergodic rate, and EE
are derived for the PSR and TSR protocols with DLT and DTT modes in the CRNOMA-
based CRWPNs. Next, the performance is analyzed to realize the impacts of EH time, EH
efficiency, PS ratio, source data rate, and the distance between the nodes. Furthermore,
the impacts of these parameters on the OP and ergodic rate of two users at high SNR
regime are also evaluated. The simulation results demonstrate that the performance for
CRNOMA outperforms that for OMA. For performance comparison between two
protocols, the TSR achieves higher throughput, ergodic rate, and EE than the PSR. The



investigation and evaluation of performance metric versus different distances between
from the base station to relay station and comparison between direct and indirect links
with different path losses are performed.

In the last model, closed-form expressions of the performance, i.e., OP, through
put, ergodic rate and EE, are derived for the PSR protocol with DLT and DTT modes,
and direct link. This performance of the system model with direct link is compared to that
for C-NOMA indirect link and OMA. The simulation results show that the C-NOMA
with direct link achieves a better performance than that for the C-NOMA indirect link
and OMA.. The impacts of above-mentioned parameters on the direct link are evaluated
via the numerical simulation results to realize the changes of the performance. These
influences are the foundation for selecting parameters with appropriate values for the
system model to strike a balance between performance and user device terms.

2. Summary of the academic contributions:

This thesis presents the theoretical basis of NOMA, which encompasses power
domain NOMA, cooperative NOMA, and downlink cooperative NOMA techniques
based on the mechanisms of EH, DF protocol, and SWIPT.

The thesis proposes a research model consisting of a transmitting base station and
two user devices. In this model, one user device near the transmitting base station acts as
a relay node, while another user device located farther away from the transmitting base
station acts as a destination node.

Relay nodes are often constrained by size and limited energy resources. Therefore,
the thesis employs a technique of energy harvesting from radio frequencies to sustain the
power of the relay nodes. Additionally, the thesis proposes efficient energy harvesting
models from the base station located at the relay node to support these relay nodes. Two
such protocols are introduced: PSR and TSR. These protocols utilize the DF mechanism
and are applicable to SWIPT NOMA systems.

The performance of the research models using the PSR, TSR to EH, and IP
protocols, with the relay station transmission and direct transmission methods, along with
the DF mechanism in the SWIPT NOMA system, is established through mathematical
equations. The system performance is analyzed and evaluated using OP parameters (at
low SNR and high SNR), throughput, average speed, and EE. The accuracy is verified
through Monte Carlo simulation results. The performance results demonstrate that
NOMA outperforms OMA in both throughput and average speed, and the PSR protocol is
superior to the TSR protocol.

EH solutions at base stations make important contributions to the assessment,
deployment, and planning of radio networks and wireless sensor networks, especially in
environments where power cannot be provided, such as within the human body, for
creatures, in the air, or in emergency scenarios like rescue operations, flood warning,
landslide warning, and forest fire warning. Moreover, the results of this study
demonstrate that the NOMA mechanism is highly feasible and superior to the
conventional OMA mechanism.

In summary, this thesis has integrated access mechanisms, EH protocols PSR and
TSR, and DF in a SWIPT NOMA system. This system can be applied widely to enable
EH in cooperative relay radio networks, fifth generation (5G), and next-generation



wireless communication systems.
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