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TOM TAT

Luén 4n nay nghién ctru va dé xuat mot sd giai phap tang cuong hiéu nang truyén
thong cua giao thuc da truy cdp khong truc giao (NOMA) trong cac mang vo
tuyén chuyén tiép hop tac bi thiéu hut nang luong tai tram chuyén tiép. Cu thé,
Luén 4n nghién ctru ky thuat NOMA, giao thirc giai ma va chuyén tiép (DF), thu
thap ning luong (EH) trong cac hé thong chuyén tiép hop tac truyén cong suat
va thong tin khong day dong thoi (SWIPT). Pau tién, mot co ché NOMA ban
song cong (HD NOMA) dugc dé xuét cho hé thdng SWIPT dé phan bo cong suat
cho hai thiét bj nguoi dung (user). Mot trong hai user nay dugc ding nhu mot
tram chuyén tiép dé thyc hién ca viéc EH va DF tin hiéu thu dugc. Co ché dé
xudt sir dung kién triac bo thu chia cong suat (PS). Bo thu nay c¢6 kha ning thuc
hién EH va xir Iy thong tin (IP) tai tram chuyén tiép. Hiéu suat ciia co ché dé xuat
dugc phan tich théng qua xac suét dimg (OP), théng lwong va téc do ergodic. Cu
thé, cac biéu thirc toan hoc twdng minh duoc tinh cho OP & ca hai thiét bi ngudi
dung, trong khi cac két qua phén tich cua théng luong va toc do ergodic duge
tinh cho cac ché do truyén gii han tr& (DLT) va truyén chap nhan tré (DTT)
tuong tng. Két qua tir mo phong cho chung ta thiy rang hiéu suat dimg, thong
lwong va te do ergodic dbi v6i co ché NOMA duoc ning cao khi so sanh véi co
ché da truy cap tryc giao (OMA). Hiéu suét nang lwong (EE) dugc tinh cho hé
théng HD NOMA. Céc két qua tir md phong ciing chi ra ring NOMA dat hiéu
sudt nang luong vuot trdi hon OMA.

Thir hai, Hai giao thirc PSR/TSR trong hai ché do DLT va DTT: Céc giao thirc
PSR va TSR lan lugt duoc img dung cho SWIPT trong mang CRWPN dua vao
CRNOMA. Mang nay bao gdbm mdt tram co s va hai nit dich trong d6 mot nut
dong vai tro 1a tram chuyén tiép dé gitp truyén thong gitra tram co sé va nit xa
hon. Ngoai ra, giao thirc DF dwoc xem xét ¢ nut chuyén tiép trong hai ché do
truyén DLT va DTT.

Phén tich hiéu sudt: Cac biéu thirc toan hoc tudng minh ciia OP, thong luong, tdc
d6 ergodic va EE dugc tinh toan cho cac giao thirc PSR va TSR véi cac ché do
DLT va DTT trong mang CRWPN duwa vao CRNOMA. Tiép theo, hi¢u suit dugc
phan tich dé danh gia su tac dong cua thoi gian thyc hién EH, hiéu suat EH, ti sb



chia cong suét, tc do dit liéu ngudn va khoang cach giita cac nut. Ngoai ra, tac
dong cua cac théng sd nay dén OP va téc do ergodic cua hai user & ving SNR
cao ciing duoc danh gia. Két qua ciia md phong cho chung ta thiy rang hiéu suit
ctia CRNOMA vuot trdi so voi OMA. So sanh hiéu sut gitra hai giao thuc, giao
thirc TSR dat thong luong, toc d6 ergodic 16n hon va hiéu suit nang lwong nho
hon giao thirc PSR. Nghién ciru va danh gia hiéu suat véi cac khoang cach khéac
nhau giita tram co s& va tram chuyén tiép ciing nhu so sanh giira cac duong truyén
tryc tiép va dudng truyén qua chuyén tiép v6i cac hé sb suy hao duong truyén
(m) khong giéng nhau dugc thuc hién.

Cubi cung, cac biéu thirc dang dong cua hiéu sut, tirc 13 x4c sut dung, thong
lugng, tdc do ergodic va EE, dugc suy ra cho giao thitc PSR véi cac ché d DLT
va DTT va lién két truc tiép. Hiéu suét nay cia mo hinh hé théng véi lién két truc
tiép dugc so sanh voi hiéu suat cia C-NOMA chuyén tiép ciing nhu so sanh giita
C-NOMA va OMA. Két qua mo phong cho thay raing C-NOMA

¢6 lién két truc tiép dat duoc hiéu suét vuot trdi so véi C-NOMA chuyén tiép va
C-NOMA vuot trgi hon so voi OMA. Tac dong cia cac thong s6 néu trén dén
lién két truc tiép duoc danh gia thong qua két qua mo phong sé dé nhan ra nhirng
thay d6i ctia hiéu suat. Nhitng tac dong nay la nén tang dé lua chon cic tham s6
¢6 cac gia tri turong thich cho mo hinh hé théng, nham dat duoc su can béng gilra
céc diéu khoan vé hiéu suét cling nhu giita céc user.

Tém lai, Ludn 4n nay da tich hop cac co ché da truy cdp, cac giao thic thu thap
ning lugng PSR va TSR, DF trong mot hé thong NOMA SWIPT, c6 thé trién
khai rong rai cho cac mang vo tuyén chuyén tiép hop tac thuc hién EH, cac hé
thong mang truyén thong khong day thé hé thir nam (5G) va cac mang thé hé tiép
theo.



ABSTRACT

This thesis researches and suggests solutions to enhance the communication
performance of non-orthogonal multiple access (NOMA) for the cooperative
relay radio networks with energy shortage at the relay node. Specifically, the
thesis studies NOMA techniques, decode-and-forward protocol (DF), and energy
harvesting (EH) in simultaneous wireless information and power transfer
(SWIPT) cooperative relay systems. In the first network model, an half-duplex
NOMA (HD NOMA) scheme is suggested for a SWIPT system to allocate power
for two users, among which one is considered as a relay station to perform both
EH and DF 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 a upper EE
performance than the conventional OMA.

The second, PSR protocol in DLT mode and TSR Protocol in DTT mode:
PSR/TSR protocols are successively used for SWIPT in a CRNOMA based
cooperative relaying wireless-powered networks (CRWPNS) 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.

Performance Analyses: 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 CRWPNSs. 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. The PSR/TSR based system model in
this work obtains a better OP than the previous suggestions.

In the last model, closed-form expressions of the performance, i.e., OP,
throughput, 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.

In summary, this thesis has joined multiple access schemes, EH PSR/TSR
protocols, and DF in a NOMA SWIPT system, which can be widely applied to
perform EH in cooperative relay radio networks, the fifth generation (5G) and
next-generation wireless communication systems.



Chuong 1
TONG QUAN
1.1. Tinh cép thiét cia dé tai

Ngay nay, khi cac nganh cong nghiép dang phat trién nhanh chéng, thi trong linh
vuc cong nghiép vién thong ciing di va dang phat trién theo voi nhiéu cong nghé
dich vu méi. Thong tin di dong 12 mot trong nhimg linh vuc rat can thiét trong
doi séng ciia xa hoi loai nguoi. Khi xa hoi ngay cang phat trién thi nhu cau cia
con ngudi vé truyén thong, vé tuong tac truc tuyén ngay cang cao va thong tin di
dong lai cang khang dinh dugc tim quan trong ciia nd. Clng véi sy tién trién nay,
mang khong day véi cac cong nghé 2G, 3G, 4G, 5G va cac thé hé mang tiép theo
da, dang va sé ra doi. Tuy nhién, sy m& rong va phat trién nhanh chéng vé sb
lugng céac thiét bi truy cap, cc loai hinh mang va dich vu khac nhau da kéo theo
d6 1a su han ché vé toc do truy cap, dung luong, bing thong, ning lugng, do tré
khi truyén tin hiéu trong mang vién thong.

Nhirng han ché nay thé hién rd trong cac mang tir 1G dén 4G. Trong cac mang
nay, k¥ thuat truy cip duoc trién khai 1a da truy cap truc giao, goi tat 1a OMA.
OMA bao gém nhitng k¥ thuat nhu TDMA, CDMA, FDMA va OFDM.

NOMA 1 mét trong nhitng tmg vién tiém ning dé sir dung cho mang 5G va cac
thé hé mang tiép theo. Trong k¥ thuit nay, cac tai nguyén dugc truy cap cing
mot bang thong va cung thoi gian. K§ thuat NOMA bao gom nhiéu dang nhu
NOMA mién cong suit, NOMA mién ma va NOMA két hop.



Chuong 2
COSOLY THUYET
2.1. Pa truy cap khong truc giao
2.1.1. Gié6i thiéu

K¥ thuat NOMA dugc phat trién cho thé hé mang 5G va cac thé hé mang tiép
theo.

Mai hoa xép chong va triét nhidu ndi tiép 14 hai cong nghé cdt 16i trong ki thuat
NOMA mién cong suat. Dé gitip cac tram phat co6 thé truyén thong tin dén cac
user c6 diéu kién kénh truyén yéu, NOMA hop tac duoc khai thac trong cac mo
hinh mang nay. Trong NOMA hop tac, cac user ¢ diéu kién kénh truyén t6t s&
gitip ngudn chuyén thong tin dén user mong mudn, user c6 didu kién kénh truyén
kém hon.

Trong NOMA hop tac, vin d& cung cap ning luong cho cac user chuyén tiép 1a
van dé cbt 18i dé duy tri hoat dong cua chung. Ning luong dugc thu thap tir tin
hiéu v6 tuyén RF do ngudn phat cung cdp 1 ngudn ning lwong kha thi trong hé
théng NOMA hop téc.

2.1.2. Thu thap ning lweng trong NOMA hep tac dwong xudng véi SWIPT

Gidi ma tin
hié¢u UE2

SIC tin higéu Giai mé tin
UE2 hi¢u UE1

UE1

Hinh 2.1: M6 hinh EH va truyén thong tin dong thoi tng dung NOMA hop tac
dua vao co ché SWIPT.



Chuong 3

GIAO THUC PSR CHO XU LY THONG TIN VA THU THAP NANG
LUQNG KHONG DAY TRONG HE THONG NOMA

3.1. Tom tit

NOMA két hop véi truyén thong hop tac dugc xem 1a cac (mg vién hira hen cho
cac mang khong day 5G va duoc rat nhiéu nha khoa hoc quan tdm nghién ctru.
Tuy nhién, mdi thiét bi mang c6 mot ngudn cung cap gidi han. Chuong nay,
chung t6i trinh bay giao thiic PSR cho viéc thuc hién EH khong day va IP trong
hé théng NOMA nham kéo dai tudi tho cua cac nit bi han ché nang lugng trong
cac mang khong day. Giao thirc DF duoc sir dung & cac tram chuyén tiép, ning
lwong thu thap tir tin hiéu RF duoc khai thac dé chuyén tiép thong tin dén nut
dich. Cu thé, xac xuét dung, thong lugng, tde do ergodic va hi€u suét nang luong
ctia giao thirc PSR dugc tinh toan dé nhan biét anh hudng cta thoi gian thyc hién
EH, hiéu suét thuc hién EH, ti sb chia cong sut, toc do dit lidu nguén va khoang
cach giita cac nit. Cac két qua md phong chi ra rang cc théng sé danh gia vé
X4c suét dung, thong luong, tdc do ergodic, hiéu suét nang luong cua hé théng
NOMA déu vuot trdi hon so v6i hé thong OMA.

i) Truyén gi6i han tré DLT: Trong ché d6 nay, nat dich giai ma tin hiéu nhan
dugc theo timg khdi.

i) Truyén chdp nhan tré DTT: Trong ché d6 nay, nit dich ¢6 thé luu thong tin
nhén duoc trong bo dé€m ciia no. Do do, nod chép nhan tré do qua trinh giai ma tin
hiéu nhan duogc.

3.2. M6 hinh h¢ théng

| Phit hién tin hi¢u cia
User2

Hinh 3.1: M6 hinh hé théng.



3.2.1. Thu thap ning lwgng tai D;
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Hinh 3.2: Giao thirc PSR cuia hé thong EH.

3.3. Két qua md phéng
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hé sb chia cong suat al, a2 khéac nhau.



Chuong 4

CAC GIAO THUC CHUYEN TIEP HQP TAC DUA VAO PSR va TSR
TRUYEN CONG SUAT VA THONG TIN KHONG DAY PONG THOI
TRONG HE THONG NOMA

Ké thira van d¢ thyuc hién EH dya vao giao thirc chuyén tiép chia cong suét xu ly
thong tin va thu thap ning luong khong diy trong hé thong NOMA di duoc
nghién ciru trong chuong 3. Chuong 4 phat trién thém giao thirc thu thap ning
lugng dua vao SWIPT véi tén goi chuyén tiép chuyén mach thoi gian TSR, thuc
hién so sanh gitra hai giao thic PSR va TSR cling nhu danh gia sy anh huong
ctia cac thong sb trong giao thirc thu thap nang lugng va thong s6 dudng truyén
dén hiéu suit cia m6 hinh hé thdng NOMA hop tac. Trong chuong nay, cac cong
thtre tinh hiéu suét nhu xac xuit dung, thong luong, tde do ergodic va hiéu suét
nang lugng dugc trinh bay va dugc kiém nghiém thong qua cac két qua mo phong
Monte Carlo.

4.1. M6 hinh hé thong

l ______________ b |

|| Phat hién tin hiéu ciia Trir tin hiéu ciia I Phit hién tin
| User 2 SIC User 2 I » hiéu cia User 1
c_ _ _ _ _ _ - ___ |

1 2 User 2

User 1

»
>

Time/Frequency

Phit hién tin
hiéu ciia User 2

o @»=

Hinh 4.1: M6 hinh hé théng.
4.2. Thye hién EH va IP tai D,

4.2.1. Thyc hién EH tai D: dwa vao PSR
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Hinh 4.3: Giao thtrc TSR ctia hé théng thyuc hién EH.

4.3. Két qua mo phéng
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Hinh 4.3: Tc d6 ergodic cta hai user v6i f=a dbi v6i (a) giao thirc PSR, (b) giao

thirc TSR va (c¢) cac giao thuc PSR va TSR.
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Hinh 4.4: Hiéu suét ning luong cua hai user d6i v6i (a) giao thirc PSR, (b) giao

thirc TSR va (c¢) cac giao thuc PSR va TSR.



Chuwong 5

PHAN TICH HIEU NANG CUA GIAO THUC PSR TRONG CAC HE
THONG NOMA TRUYEN CONG SUAT VA THONG TIN KHONG DAY
PONG THOI

Chuong 4 da nghién ciru van dé EH dya vao hai giao thic PSR va TSR, EH va
IP khong day trong hé thong NOMA, thyc hién so sanh giita hai giao thirc PSR
va TSR, danh gia tac dong ciia cac thong s6 trong giao thirc thu thap ning luong
va thong sd dudng truyén dén hiéu suat cia mo hinh hé thong NOMA hop tac.
Trong chwong nay, cic cong thirc tinh hidu suat nhu xac xuét dimg, théng luong,
tdc do ergodic, hiéu suat nang lugng cua ca hai ché do truyén truc tiép va truyén
qua nat chuyén tiép hop tac, da duoc trinh bay, so sanh va duoc kiém nghiém
thong qua cac két qua mo phong Monte Carlo.

5.1. M6 hinh h¢ théng

Hinh 5.1: M6 hinh hé théng.
5.2. Cac két qua md phéng va thao luin

5.2.1. X4c suit dirng ddi véi SNR va g

Hinh 5.2: X4c suét dimg cua user ddi véi SNR truyén trong céc truong hop khong
c6 lién két truc tiép va co lién két tryuc tiép.



5.2.2. Thong lwgng va téc dd ergodic ddi véi SNR va g
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Hinh 5.4: Thong luong cta hai user d6i v6i B trong cac trudng hop khong o lién
két truc tiép va co lién két truc tiép.



Téc d6 Ergodic (BPCU)

Hinh 5.5: Téc d6 ergodic ctia hai user d6i véi f trong cac trudng hop khong co
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lién két truc tiép va co lién két truc tiép.

5.2.3. Hiéu suét ning luong

Hinh 5.6: Hiéu sudt ning luong cua hai user cho giao thirc PSR trong céc truong

Hiéu suét nang lugng
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hop khong c6 lién két truc tiép va co lién két truc tiép.



Chuong 6
KET LUAN VA HUONG PHAT TRIEN
6.1. Két luan

Trong luan 4n ndy, tac gia di trinh bay tong quan vé hudng nghién ctru, cac ki
thuat da truy cap khong truc giao v6i ndi dung trong tim 1a NOMA trong mién
cong suit va thu thap ning lugng trong NOMA duong xudng véi truyén cong
sudt va thong tin khong diy dong thoi. Giai phap EH tai cac tram thu phat gop
phan quan trong trong viéc danh gia, trién khai, quy hoach cac mang vo tuyén,
cic mang cam bién khong day, thuc hién ¢ nhitng mai truong khong thé cung
cip ning luong nhu trong co thé ngudi, sinh vat, hAm mo, tiu ngam, trén khong
trung hay trong cac truong hop ctru hd, ciru nan, canh bao Iii, canh bao sat 15,
canh bao chay rung.... Hi¢u ndng ctia cac md hinh nghién ctru st dung céc giao
thirc PSR, TSR dé EH va IP, véi cac ché do truyén qua chuyén tiép va truyén
truc tiép, v&i co ché DF trong hé théng NOMA SWIPT, déu duoc thiét lap bﬁng
cac biéu thirc toan hoc va kiém chimg sy chinh xac théng qua mo phong Monte
Carlo. Két qua thyc hién ching minh ring NOMA vuot troi hon OMA ca vé
thong luong va téc do ergodic, giao thirc PSR wu viét hon so véi giao thirc TSR.

Qua noi dung nay, cho thiy rang co ché da truy cap khong truc giao tuy con kha
m&i mé va phirc tap nhung né rat kha thi va vuot troi so véi co ché da truy cap
tryc giao thong thuong. Tir d6, ¢ thé ap dung NOMA trong mang chuyén tiép
hop téc, c6 thé duge trién khai trong nhiéu linh vuc truyén thong khong day khéac
nhau trong tuong lai.

6.2. Hwéng phat trién

Tiép tuc nghién ciru vé NOMA va EH gop phan khic phuc cac thach thirc ddi véi
mang chuyén tiép, mang hop tac khong day 14 bai toan vé thiéu hut ning luong.
Chung t6i nghién ciru cac giao thirc dé EH khong day tir cac song RF trong moi
tru:ong xung quanh va dong thoi xu ly thong tin trong hé thing NOMA d¢é kéo dai
tudi tho cua cac nat chuyen tiép bi han ché ning luong trong cic mang khong day
Phat trién cho cac hé théng da relay, da ing ten, cic mang truy cap vo tuyén
chuyén tiép hop tac thu thap ning luong, cic mang cam bién khong ddy, cic mang
truy cap vo tuyén dam may khong dong nhit (H-CRAN), cac may bay khong
nguoi lai (UAV)...



Cac cong viéc phat trién tir Luan an nay coé the la:

So sanh, danh gia cac déc tinh cia hai giao thirc PSR va TSR trong cac mang da
relay, da diém truy cap; tinh xac suét dung, thong lugng, tde do ergodic va hiéu
sudt nang lwong cua hé thong, dbi voi dudong truyén qua chuyén tiép va dudng
truyén truc tiép; tinh x4c suit dimg, thong lugng, tde d6 ergodic va hiéu suit ning
luong cuia hé thong, ddi vai hai co ché truyén ban song cong va song cong.

bénh gi4 hiéu nang trong viéc thuc hién EH va IP ciia mang H-CRAN. Cac muc
tiéu nghién ctru chi yéu 1a ting cuong hiéu suat phd, cai thién hiéu suit ning
lugng va kéo dai tudi tho cua hé théng v6i cac dic diém sau:

- EH tir cac tin hiéu RF.

- Giai quyét bai toan han ché nang luong.
- Dung céc giao thue PSR va TSR.

- Str dung giao thuc DF.

- Sir dung trong nhirng moi trudng khong thuan lgi hodc nguy hiém, canh bao I,
canh bao sat 16, canh bao chay rirng, ctru ho, clru nan, ...

- Truyén ning luong va thong tin khong diy dong thoi.

- S0 sanh, danh gia cac dic tinh ctia dudng truyén qua chuyén tiép
va duong truyén truc tiép.

- So sanh, danh gi4 cic dic tinh cta hai co ché truyén ban song cong va song
cong.
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