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TOM TAT

Luan an nay da tich hop cac co ché da truy cip, cac giao thirc 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 thong da truy cap
khong tryc giao truyén ning luong va thong tin khong day dong thoi (SWIPT
NOMA), c6 thé trién khai rong rdi cho cac mang v tuyén chuyén tiép hop tac
thu thap nang luong (EH), cac hé théng mang truyén thong khong day thé hé thir
niam va cac mang thé hé tiép theo. Cu thé, luan an nghién ciru k¥ thuat NOMA,
giao thirc giai ma va chuyén tiép (DF), thu thap ning lugng (EH) trong cic hé
thong chuyén tiép hop tac truyén ning luong va thong tin khong diy dong thoi
(SWIPT). Pau tién, mot co ché NOMA ban song cong (HD NOMA) duge dé
xuit cho hé théng SWIPT dé phan bd cong sudt cho hai thiét bi ngudi ding. Mot
trong hai thiét bi nguoi ding nay dugc ding nhu mot tram chuyén tiép dé thuc
hién ca viéc EH va DF tin hiéu thu duoc. Co ché dé xuét sir dung kién triic bo
thu chia cong suét (PS). B thu nay c6 kha ning thyc hién EH va xir Iy thong tin
(IP) tai tram chuyén tiép. Hiéu sut ciia co ché dé xuat duoc phan tich thong qua
xéc suat ding (OP), thong luong va téc do trung binh. Cu thé, cac biéu thic toan
hoc tudng minh duoc tinh cho OP & c4 hai thiét bi nguoi ding, trong khi cac két
qua phan tich cua thong lugng va téc do trung binh duoc tinh cho cac phuong
thire truyén gi6i han tré (DLT) va truyén chip nhdn tré (DTT) tuong tng. Két
qua tir md phong cho chung ta thdy rang xac suit dimg, thong lugng va toc do
trung binh ddi v6i co ché NOMA duoc nang cao khi so sanh véi co ché da truy
cap truc giao (OMA). Hiéu sudt ning lugng (EE) duogc tinh cho hé thong HD
NOMA. Cac két qua tir md phong ciing chi ra ring NOMA dat higu suét ning
lwong vuot troi hon OMA. Tiép theo, cac giao thirc PSR va TSR lan luot dugc
tmg dung cho SWIP T trong cac mang chuyén tiép hop tac truyén ning luong
khong day (CR WPN) dya vao hé thdng da truy cip khong truc giao chuyén tiép
hop tac (CRNOMA). Mang ndy bao gdm mdt tram co s& va hai nut dich trong
d6 mot niit dong vai tro 1a tram chuyén tiép dé gitp truyén thong giira tram co so
va nut xa hon. Ngoai ra, giao thirc DF dugc xem xét & nat chuyén tiép trong hai
phuong thirc truyén DLT va DTT. Phén tich hiéu suét: Cac biéu thic toan hoc
tuong minh ctia OP, thong Iuong, tbc do trung binh va EE duoc tinh toan cho cac
giao thirc PSR va TSR v6i cac phuong thirc DLT va DTT trong mang CRWPN
dwa vao CRNOMA. Hiéu ning ciia hé thong dugc phan tich dé danh gia su tac
dong cua thoi gian thuc hién EH, hiéu suat EH, ti sb chia cong sut, toc do dit
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lidu ngudn va khoang cach gitra cac nat. Ngoai ra, tac dong clia cac thong sb nay
dén OP va tdc d6 trung binh cua hai thiét bi ngudi dung & ving SNR cao ciing
dugc danh gia. Két qua cia mo phong cho ching ta thiy rang hiéu suét cua
CRNOMA vuot troi so voi OMA. So sanh hiéu suat gitra hai giao thirc, giao thurc
TSR dat thong lugng, toc do trung binh 16n hon va hiéu suét ning lugng nhé hon
giao thic PSR. Nghién ctru va danh gid hi€u nang mang véi cac khoang cach
khac nhau giita tram co s& va tram chuyén tiép ciing nhu so sanh gitta duong
truyén truc tiép va dudng truyén qua tram chuyén tiép véi cac hé sb suy hao
duong truyén khong giéng nhau duoc thuc hién. Cudi cling, cc biéu thirc toan
hoc tuong minh cia hiéu ning, tirc 1 x4c suat ding, thong luong, toe do trung
binh va EE, dugc suy ra cho giao thitc PSR v6i cac phuong thiec DLT va DTT
va lién két truc tiép. Hiéu nang ctia mo hinh hé théng véi lién két truc tiép duoc
so sanh voi hiéu ning cia C-NOMA chuyén tiép ciing nhu so sanh giira C-
NOMA va OMA. Két qua md phong cho thay raing C-NOMA c6 lién két truc
tiép dat duoc hiéu ning vuot trdi so voi C-NOMA chuyén tiép va C-NOMA vuot
trdi hon so véi OMA. Tac dong cua cac thong sb néu trén dén lién két truc tiép
dugc danh gia théng qua két qua mo phong s6 dé nhan ra nhiing thay doi cua
hiéu suét. Nhirng tac dong nay 1a nén tang dé Iya chon cac tham s c6 cac gia tri
twong thich cho m6 hinh hé théng, nham dat duoc sy cin béng gitia cac diéu
khoan vé hiéu suét ciing nhu giira cac thiét bi ngudi ding.

ABSTRACT

This thesis has combined multiple access schemes, energy harvesting (EH),
power splitting-based relaying, and time switching-based relaying (P SR/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
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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
adapta tion, 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. Second,
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. 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 CR WPNs. 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 re sults 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
sim ulation 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.

Chuong 1
TONG QUAN
1.1. Tinh cép thiét ciia d@ tai

Thong tin di dong 1a mot trong nhimng linh vuc rat can thiét trong doi séng cua
xa hoi loai nguoi. Khi xa hoi ngay cang phat trién thi nhu ciu cta con ngudi vé
truyén thong, vé tuong tac truc tuyén ngay cang cao. Cting véi su tién trién nay,
mang khong diy véi cac cong nghé nG va cac thé hé mang tiép theo di, dang va
s& ra doi dé phuc vu cho nhu ciu ctia con ngudi. Sy bung nd vé sé lugng cac thiét
bi truy cép, cac loai hinh mang va dich vu khac nhau da kéo theo do 1a sy gioi
han vé toc do truy cap, dung luong, bing thong, ning luong, d6 tré khi truyén tin
hiéu trong mang vién thong. Nhing han ché nay thé hién 6 trong cac mang tir
1G dén 4G. Trong cac mang nay, k¥ thuat truy cap duoc trién khai 1a da truy cap
tryc giao (OMA). OMA bao gdm nhitng k¥ thuat nhu TDMA, CDMA, FDMA
va OFDM. D¢ tai nay tap trung vao nghién ctru van dé thu thap ning lugng tai
cac tram chuyén tiép, gop phan kéo dai thoi gian hoat dong cua cac tram chuyén
tiép trong cac hé thong da truy cap khong truc giao chuyén tiép hop tac, truyén
ning luong va théng tin khong day dong thoi, si dung céc giao thic PSR,
TSR, DF dé thu thap ning luong, giai ma va chuyén tiép thong tin tir nut ngudn
dén nat dich. NOMA gan day da dugc chimg minh 1a mot trong nhimng ky thuat
¢6 tinh kha thi cao dé trién khai cho mang 5G va cac thé hé mang tiép theo, dé
vuot qua nhiing trd ngai ciia cac cong nghé hién tai nhu EE, do tré va sy cong
bang cua cac thiét bi nguoi dung [80], [87]-[88]. Mot trong nhitng dic diém ndi
bat cta k¥ thuat NOMA 1a cho phép nhiéu thiét bi ngudi dung sir dung chung cac
tai nguyén vé thoi gian, tin s va/hoic mién ma [80]. Mot thiét bi ngudi ding
manh, ttrc 12 thiét b nguoi dung & gf?m tram co s& (NU), co diéu kién kénh truyén
t6t hon, dugc cung cip hé sb phan bd cong suét thap hon so voi thiét bi ngudi
dung yéu, tirc 1a thiét bi nguoi ding & xa tram co s& (FU), c6 diéu kién kénh
truyén kém hon, dam bao tinh coéng bang gitta cac thiét bi ngudi dung [4], [6],
[871, [89]. Hai k¥ thuét chinh duoc trién khai trong NOMA bao gém ma hoa
chdng chat [88] va loai bo nhidu lién tiép [87]-[88]. Nhu mot phién ban mé rong
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ctia NOMA, NOMA hop tac (C-NOMA) [91]-[92] khai thac thiét bi ngudi ding
v6i didu kién kénh truyén t6t hon, cu thé 1a thiét bi nguoi dung chuyén tiép, dé
hd tro chuyén tiép thong tin cho mot thiét bi nguoi ding khac ¢ diéu kién kénh
truyén kém hon. Vi vay, C-NOMA c¢6 thé ting muc do phil song ciia tram co s&
va ting cuong hiéu suat ciia hé thong NOMA.. Trén thé gidi hién nay co rat nhiéu
nhom nghién ctru vé ky thuat NOMA cho mang 5G va cac thé hé mang tiép theo,
nhom nghién ctru ¢ trudng Pai hoc Middlesex [1]-[2] quan tAm t6i van dé ning
luong cua hé thdng NOMA trong mang HCRAN, vén dé cam nhén phd trong
mang v tuyén nhan thirc. Nhom nghién ctru ¢ truong Pai hoc Manchester [3] da
va dang nghién ciru van dé NOMA hop tac, cac giai thuat chon Iya chuyén tiép
két hop vé6i thu thap ning luong (EH) trong mang tmg dung cong nghé
NOMA. Thu thap ning lugng tir cac tin s6 vo tuyén co thé giup gidi quyét bai
toan han ché nang lugng, kéo dai thoi lugng pin trong cac thiét bi dién tt, cac
cam bién khong déy ciing nhu cac tram chuyén tiép cia mang truyén thong khong
day [91]-[92]. Tai cac tram chuyén tiép, viéc thuc hién EH duoc trién khai ¢ giai
doan dau tién ctia khi thoi gian truyén tin hiéu. Nang luong thu thap duogc 1a
danh riéng cho: i) tiéu thu tai tram chuyén tiép va ii) chuyén tiép thong tin da giai
mi t6i nit dich. Su két hop gitta SWIPT va C-NOMA trong cac hé théng 5G da
chung minh EE vugt trdi va vung phu séng rdng hon so voi OMA [31], [89].
Hon nira, bang cach chuyén tiép thong tin dén thiét bi nguoi ding & xa, tram
chuyén tiép dya trén SWIPT C-NOMA c6 thé cai thién tinh nguyén ban ciing
nhu d6 tin cdy cta dit liéu dugc truyén cho nhitng thiét bi nguoi dung yéu [93].
Giao thirc PSR va giao thic TSR dugc khai thac tai cac tram chuyén tiép dua
trén SWIPT dé thuc hién EH va IP [4], [6], [29], [94]. Trong [95], tong thong
lugng ctia céc thiét bi nguoi ding trong hé théng C-NOMA dya trén SWIPT da
dugc nghién ctru. Cac biéu thirc toan hoc gan ding va cac biéu thirc toan hoc
tuong minh cua OP da dat duoc. Trong [96], hai giao thic dua trén SWIPT, do
la CNOMA SWIPT-PS vda CNOMA-SWIPT-TS, di dugc dé xut. Tinh hiéu qua
clia cac co ché dé xuat da duoc ching minh 13 vuot trdi so véi OMA va so voi
cong viéc trong [97]. Trong [90], SWIPT dya trén hé théng C-NOMA di duoc
diéu tra. Mot thiét ké chung cho cac hé sb PS va yéu t6 TS da duoc dé xuét dé
cai thién hiéu suat hé théng. Céc biéu thire phan tich cho OP cuia thiét bi nguoi
dung gin va xa ciing di duoc cung cap. Trong [98], SWIPT dura trén PSR cho C-
NOMA di duoc nghién ctru. So v6i giao thirc trong [99], giao thirc ndy c6 thé
giam dang ké OP ctia nhiing thiét bi nguoi ding manh va ting thong lugng hé
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thong. Trong [100], OP va thong luong cia giao thirc TSR dugc dé xuét vu viét
hon so v6i giao thire TSR thong thudng. C6 hai co ché chuyén tiép dit liéu cha
yéu trong C-NOMA c6 hd tro chuyén tiép, bao gdm DF va AF [87]. Hon nita,
trong chuyén tiép dua vao C-NOMA, cac thiét bi nguoi dung ¢ xa thuong nhan
dugc tin hiéu da truyén tir tram phat, dugc chuyén tiép tir cac tram chuyén tiép
[100]-[104]. Nguyén nhan 13 do c6 mdt s6 chudng ngai vat trong duong truyén
[4], [6], [105]. Tuy nhién, trong cac mo hinh hé théng khong co6 chudng ngai vat,
nhing thiét bi nguoi ding ¢ xa niy c6 thé nhan tin hiéu tir ca tram chuyén tiép
hop tac va tir tram co sd, tic 13, tram chuyén tiép dua vao C-NOMA véi cac lién
két truc tiép [53],[106]-[108]. Trong [106], mot co ché DF dong dua trén C-
NOMA cho truyén duong xudng da duoc dé xuat. Biéu thie OP cua co ché dé
xudt dugc thiét 1ap bang cach ap dung Iy thuyét xtr Iy diém. Trong [109], ba co
ché chuyén tiép hop tac di duoc dé xuat trong mot hé thdng C-NOMA dya trén
DF. Hiéu suét hé théng cho cac co ché dé xuét vuot troi so véi chuyén tiép hop
tac DF khong c6 lién két truc tiép va truyén chdng chit cac tin hiéu cho nhiéu
thiét bi ngudi dung khong qua chuyén tiép. Trong [110], mot hé théng C-NOMA
dua trén DF voi dudng lién két truc tiép giira tram phat va thiét bi nguoi dung
yéu di duoc nghién ctru. Trong [111], mot hé thdng hop tac giira thiét bj véi thiét
bi v6i NOMA trong d6 tram co s c6 thé truyén thong dong thoi voi tat ca cac
thiét bi nguoi dung di duoc xem xét. Hai chién lugc giai ma, cu thé 1a co ché giai
ma tin hiéu don va co ché giai ma két hop ty 16 t6i da (MRC), di duogc dé xuét.
Céc két qua md phong cho thay rang tong téc do trung binh ciing nhu OP dat
dugc tot hon so vdi cac co ché NOMA thong thudng. Cac tac gia ¢ [112] da dé
xudt mot giao thirc cho phép tram co s& chuyén doi mot cach mém déo giita cac
phuong thirc truc tiép va gian tiép trong hé thdng C-NOMA véi hai thiét bi nguoi
dung. Cac két qua phan tich da chirng minh dwoc ring giao thirc dugce dé xuit vu
viét hon so véi giao thic C-NOMA thong thuong. Trong [77], hidu suét ding
ctia hé thong SWIPT NOMA dura trén DF kép v6i duong lién két truc tiép da
dugc trinh bay. Viée sir dung cac tram chuyén tiép dé chuyén tiép thong tin tir
tram co s& dén nat dich va thuc hién EH tir RF da duoc nghién clru trong cac
cong ngh¢ hién tai nhu OFDMA, SWIPT/WPT [113]-[115]. Trong [113], mét co
ché lua chon chuyén tiép, cu thé 1a lya chon chuyén tiép OFDMA, da duoc dé
xudt cho cac mang hop tac da ching OFDM véi L tram chuyén tiép va M ching
(M, L > 2). Hiéu suét ding tir diu dén cudi cua phuong phap dé xuit da duoc
danh gi4 va so sanh véi hiéu suat ciia phuong phap Iyra chon chuyén tiép OFDM.
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Trong [114], mét co ché liwa chon chuyén tiép dd dwoc nghién ctru trong mang
OFDMA da thiét bi nguoi dung hd tro chuyén tiép hai ching voi K tram chuyén
tiép ¢ dinh va L thiét bi nguoi ding (2 < L < K), trong d6 cac nat cudi khai thac
co ché SWIPT dya trén k¥ thuat phan chia theo cong suét (PS). Lya chon chuyén
tiép nay 1a tdi vu hoa ty 1¢ phan chia theo cong suét ciia cac nit cudi ciing nhur
ctia chuyén tiép, song mang va phan cong cong sut sao cho toc do tong ctia hé
thong duoc t6i da hoa dudi cac gidi han vé nang luong thu duoc va cong suat
truyén. Trong [115], mot cude khao sat vé cac ky thuat thu thap ning luong duoc
hd trg boi SWIPT va WPT da duoc trinh bay. Két qua khao sat da thé hién mot
cach chi tiét vé cac cong nghé méi ndi tiém niang khac nhau cho truyén thong thé
hé thir nam (5G) voi SWIPT/WPT. Nhiing dong gop ctia nghién cuu sinh trong
luan 4n nay nhu sau: Thir nhét, viéc tmg dung céc giao thirc chuyén tiép phan bd
cong suit (PSR) va chuyén tiép chuyén mach thoi gian (TSR) trong co ché truyén
cong suat va thong tin khong day mot cach dong thoi (SWIPT) duge khai thac
trong hé théng NOMA chuyén tiép hop tac. Thir hai, cc thong s vé hiéu ning:
xé4c xut dimg (OP), thong lugng, téc d6 trung binh, hidu suét ning luong (EE)
dugc nghién ctru dé so sanh giira cac giao thirc PSR, TSR ciing nhur giitra NOMA
va OMA. Thir ba, xay dung céac biéu thirc toan hoc tudng minh cta hiéu ning hé
théng, tic 1a OP, thong lugng, tde do trung binh va EE cia hé théng, st dung
giao thitc PSR véi cac phuong thirc truyén gii han tré (DLT) va truyén chip
nhan tr& (DTT), chuyén tiép hop tac va lién két tryc tiép. Hiéu ning cia md hinh
hé thong co lién két truc tiép dugc so sanh véi hiéu nang cia C-NOMA qua
chuyén tiép hop tac ciing nhu so sanh giita C-NOMA va OMA. Cac két qua mo
phong da chi ra ring C-NOMA véi lién két truc tiép dat dugc hiéu nang vuot troi
so voi C-NOMA chuyén tiép va C-NOMA c6 hiéu ning t6t hon so voi
OMA. Cudi ciing, tac dong clia cac théng s ching han nhu thoi gian thuc hién
EH, hé sb chia cong sut, hiéu suét thuce hién EH, tde do dir liéu nguén, khoang
cach tir tram co s& dén tram chuyén tiép ciing duoc nghién ciru dé xem xét sy
anh huéng ciia chiing 1én OP, thong lugng, toc do trung binh, EE ciing nhu giita
hai giao thirc PSR va TSR. Tac dong cua cac thong sé néu trén dén lién két truc
tiép duoc danh gia dua vao cac két qua md phong s dé nhén ra nhitng thay doi
ctia hiéu suat. Nhitng tic dong nay 13 co s& dé chon lua cac tham sb c6 cac gia tri
phtl hop cho mé hinh hé théng nham dat dwoc sy can bang giita cac yéu tb vé
hiéu ning ciing nhu giita cac thiét bi ngudi dung.

Chuong 2
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CO SO LY THUYET
2.1. Pa truy cidp khong truc giao
2.1.1. Giéi thiéu

K¥ thuat NOMA dugc phat trién cho thé hé mang 5G va cac thé hé mang tiép
theo. Ma héa xép chong va triét nhidu nbi tiép 14 hai cong nghé cdt 18i trong ki
thuat NOMA mién cong suat. DBé gitip cac tram phat c6 thé truyén thong tin dén
céc user c¢6 didu kién kénh truyén yéu, NOMA hop tac dugc khai thac trong cac
mé hinh mang nay. Trong NOMA hop tac, cac user ¢6 diéu kién kénh truyén tdt
s& giip ngudn chuyén thong tin dén user mong mudn, user c6 diéu kién kénh
truyén kém hon. Trong NOMA hop tic, van dé cung cip ning luong cho cac user
chuyén tiép 1a van dé c6t 161 dé duy tri hoat dong ctia chung. Ning luong dugc
thu thap tir tin hiéu v6 tuyén RF do ngudn phét cung cap la ngudn ning lugng
kha thi trong hé thdng NOMA hop tac.

2.1.2. Thu thap ning lwgng trong NOMA hep tac dwdng xudng véi SWIPT

Tuyén ning lmrng

HHC HH J TIIVC“ thong tin

( idi ma tin hi¢u
Tuycn ning lugng
Tuyén théng tin

Tram gbc (BS) UE2
luwen clnnen nep

E_'sl( tin higu Giii mllmlmu
UE1

Hinh 2.1: M6 hinh thu thap ning luong va truyén thong tin dong thoi img dung NOMA
hop tac dwa vao co ché SWIPT.

Chuong 3
MO HINH HE THONG

Trong chuong nay, mé hinh nghién ctru dé xuat gdbm c6 mot tram gdc S va hai
thiét bi nguoi ding D1 va D; str dung k¥ thudt NOMA véi co ché SC & phia phat
va co ché SIC & tram chuyén tiép thu thap ning lugng. C6 hai truong hop duoc
dua ra nhu sau:
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3.1. Truwong hop thi nhit

N
¢ Phit hién tin
User 2 User 2 hiéu ciia User 1

(@) Cong sudit
hl/' ﬂ h User 2
User 1

Thoi gian/Tan sb

Phit hi¢n
>—> tin hiéu cia
User 2

Hinh 3.1: M6 hinh hé théng véi mot tram gbc va hai thiét bi nguoi dung co vat
can gitra S va Dy.

Trong hinh 3.1, S quang ba hai tin hiéu x1, X2 dén Dy, D1 phat hién tin hiéu x, va
Xem Xz 1 nhiéu, Dy str dung bo SIC dé loai bo x2, D1 phat hién va giai ma tin hiéu
X1 ctia chinh Dy, sau d6 D1 duoc khai thac dé giup S chuyén tiép tin hiéu da giai
ma x, dén D,. Dy st dung giao thirc DF sir dung ning luong thu thap duoc tir S.
Gia st rang mo hinh hé thong véi kénh truyén Rayleigh fading. Cac khoang cach
twong tmg tir S dén D; va tir Dy dén D, 12 di va dp. Gia sir cac do loi trong cac
lién két lién quan 1a phan b6 Rayleigh v6i ham mat d6 xac suét dugc cho boi:

fm2 (x):éexp(—é),i e{1,2}, (3.1

Trong d6, Qi biéu dién cong suét trung binh va ham phan b tich lity dugc xac
dinh béi: «
Fh.z(x):]'_EXp[_aij’l e{1,2}. (3.2)

3.1.1. Thu thép nang lwgng va xir ly thong tin tai D,

3.1.1.1. Thu thip ning lwgng tai D; dwa vao PSR

A Power
T >
Thu thip ning lwgng tai D;
P
— [i 5 Chuyén tiép dir li¢u tir
Truyén dir li¢u tir S dén D, D, dén D,
(1-B)Ps _
T2 T2 Time
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Hinh 3.2: Giao thirc PSR cua hé thng thu thap ning luong.

3.1.1.2. Thu thip ning lweng tai D; dwa vao TSR

A Power
< T P

Thu thap ning lugng tai| Truyén dirligu tir | Chuyén tiép dir liéu tir
D; trong khe thoi gian diu S dén D; trong D, dén D, trong
tien oT (1-a)T/2 (1-a)T /2 Time

>

Hinh 3.3: Giao thirc TSR ciia hé thong thu thap ning luong.

3.2. Trudong hop thir hai

Phat hién tin Trir tin hi¢u ciia | | Phat hi¢n tin hi¢u
hi¢u cua User 2 User 2 | cua User 1
SIC

((E) Cong sut
User 2

User 1
Théi gian/Tan sb
MRC

4 Phat hién
h 0 tin hi¢u
cua User 2

D.

Hinh 3.4: M6 hinh hé thdng v&i mot tram gdc va hai thiét bi ngudi dung khong c6 vat
can gitra S va D.

Gia sir rang khong co6 vat can giita S va D, nhu trong hinh 3.4. Trong hinh 3.4,
hai thiét bi nguoi dung D:1 va D, nhan dugc tin hiéu truyén tr tram géc S. Bai vi
D, & xa nat ngudn S hon Dy, vi viy D1 gitp S chuyén tiép thong tin dén D,.

Chuong 4
PHAN TICH HIEU NANG

O chuong 3, nghién ciru sinh da xay dyng cac biéu thirc cho viéc thu thap ning
luong va xir 1y thong tin tai tram chuyén tiép cho hai truong hop dé xut. Trong
chuong nay, nghién ctru sinh thiét 1ap cac cong thic tinh hiéu nang (OP, thong

12



lwong, téc d6 trung binh, EE) cta hé thdng SWIPT NOMA. Phan tich danh gia
hiéu niing cta hé théng trong cac trudng hop:

- Truyén qua tram chuyén tiép va truyén truc tiép.

- Perfect SIC (loai bo can nhidu lién tiép hoan hao) va imperfect SIC (loai bo can
nhiéu lién tiép khong hoan hao).

4.1. Phan tich hi€u nang cia trwong hop 1
4.1.1. Xc suit dirng tai D;
Xac suat dimg tai D1 cta giao thirc PSR dugc cho bai:
Pox =1=Pr(7,0, > s Y10, > Vi ) (4.
Khi y,, =2%% -1 1a gi4 tri SNR ngudng ¢ D1 dé phat hign X;, Ry 1 téc d6 muc

tiéu & Dy dé phat hién X, . T, =27 —1 la gid tri SNR ngudng ¢ D2 dé phat hién

X,Va R, 1a téc d6 muc tiéu & Dy dé phat hién X, .

Hl,X
Pox=1-€ %, (4.2)
< Y R .-
Dat Tix = ,t—hz ' Vix =—Yth|l va 01,)( = max(er 1V1,x)V01 a, > athh2 ’
Py (@ —avy,) ayyp

4.1.2. X4c suit dirng tai D,

PDZ,X = Pr(?’z,ol <7thz)+Pr(72,Dz <7, 720, >7/th2)

f;Tx K N ZXVtth 1 [;ij
— h Xyg pLl, 1
=1-e ™+ | [1—e f ]ale dx, (4.4)

71X

Xac suat dimg tai D2 d6i v6i SNR cao dugc tinh nhu sau:

\/ 2%, 2%y
D X =1-2 Xy puQ, K 2 XW?PQQZI (46)
4.1.3. Thong lwgng ddi véi phwong thire DLT

13



Tux =(1=Pox JR+(1=Pp, 5 )R,. (4.7)
4.1.4. Téc dp trung binh ddi véi phwong thire DTT

4.1.4.1. Téc do trung binh tai D,

)
—e vty -1
Ro x = Ei| — . (4.9
B 2In2 vy apty
4.1.4.2. Toc do trung binh tai D,
. w o2 ]
3| @ '//lxﬂ(araﬂ)gl + I i 1—e VP'/’?QZ e Q dy
1 & v p(a—ax) =1
= 2 dx. (4.11
22X 2In2 3 1+x (410
4.1.4.3. Téc do trung binh ciia h¢ thong
T.x =Rp x ¥ Rp - (4.14)
4.1.5. Loai b6 can nhiéu lién tiép khong hoan hio
i )
P.o =1-e %, véi g = “ﬁ (4.17)
PV, (a'1 —a,K }/thl)

4.2. Phan tich hiéu nang cia truong hop 2

4.2.1. Xac suit dirng tai D

Twong tu nhu xac suat dimg tai D; trong truong hop 1.
4.2.2. X4ac suit dirng tai D cho lién két qua chuyén tiép
Tuong tu nhu xac suit ding tai D, trong trudng hop 1.

14



Xac suét dimg tai D; dbi véi SNR cao duoc biéu thi boi:

o,
Pr=2, 4.18
ENo) (4.18)

4.2.3. Xac suit dirng tai D, cho ca lién két qua chuyén tiép va lién két truc
tiép

Yty ya, X y

D YT 1 - Xy pQ * Xy (yayp+1) Q QO
P :J‘ J‘ 1—e EPY Ec22(Yay e 1 odxdy
D, dir o Jo Q0
0= 1

_n _n _an
x € Q1+(1—e Ql}{l—e o j (4.21)

4.2.4. Thong lwgng cho phwong thirc DLT

4.2.4.1. Qua lién két chuyén tiép
Thong lwong qua lién két chuyén tiép twong tw nhu truong hop 1.

4.2.4.1. Qua ca lién két chuyén tiép va tryec tiép

T = (1= Py JR+(1=Py g ) Ro. (4.25)
4.2.5. Téc 9 trung binh ddi véi phwong thire DTT
4.2.5.1. Toc d) trung binh tai D,
Téc d6 trung binh tai D1 qua lién két chuyén tiép twong tu trudng hop 1.
4.2.5.2. Téc dd trung binh tai D, doi véi lién két qua chuyén tiép
Téc d6 trung binh tai D2 qua lién két chuyén tiép twong tu trudng hop 1.

4.2.5.3. Toc dd trung binh tai D, ddi véi cac lién két qua chuyén tiép va true
tiép

15



B X w » 72x(ya1p+1)+2ya2p y z
e vip(ay-ax)y _I J‘ 1 1—e 2pyeQ,(yap+l) e Q Qldydz

l %: 0 X ngo
R. = v1(8,-%) dx (4.27
Dot 2In2£ 14X (4.27)

Téc d6 trung binh trong biéu thirc tiém cén tai D, d6i voi ving SNR

ay B 2x B 2a, Yy

1 3 @ ypQ, WESR Yy pQ, WESR Ql
R” = dxdy. 4.29
Dz dir 2In2~([ 0 Q,(1+x) y (4.29)

4.2.5.4. Téc dp trung binh ciia hé thong doi vai lién két qua chuyén tiép

Téc d6 trung binh cia hé thong dbi voi lién két qua chuyén tiép duge xac dinh
tuong ty nhu & truong hop 1.

4.2.5.5. Toc @ trung binh ciia h¢ thong ddi véi cac lién két qua chuyén tiép
va truc tiép
=R

r +Ry, i (4.31)

r.,dir

D,
4.2.6. Hiéu suit niang luong

27¢,x B 2T¢’X

EE, , = = ,
OTR TR p(l+yQ)

(4.32)

Trong do biéu thi

T=10" =Lp=- R = fuh[ P =P, A€ (0T)

EE cua hé thng trong phu’ongothl'rc DLT va phuong thitc DTT tuong Ung.
Chuwong 5

KET QUA THUC HIEN

5.1. Két qua mé phéng va thao luin cho trudng hop 1

16



Hinh 5.1(c)-(d) v& OP ciia hai thiét bi nguoi dung dbi véi giao thire PSR va TSR
theo SNR. Thiét bi ngudi dung 2 dat OP thip hon thiét bj nguoi dung 1 trong ca
co ché HD CRNOMA va OMA. Va OP ctia hai thiét bi nguoi ding trong co ché
HD CRNOMA thap hon OP ctia hai thiét bi nguoi dung trong co ché OMA.,

Xac sut dirng

O M6 phéng:User1-Chinh xac NOMA
O Mo phong:User2-Chinh xac NOMA
—— Phan tich:User1-OMA

104 Phan tich:User2-OMA

Phan tich:User2-Chinh xac NOMA [ TSR
Phan tich:User1-Chinh x4c NOMA
= = = +Phan tich:User1-SNR Cao NOMA
—@— Phan tich:User2-SNR Cao NOMA

-10 -5 0 5 10 15 20 25 30 35 40
SNR p (dB)

Hinh 5.1c. Xéc suat dimg theo SNR di véi cac giao thirc PSR va TSR.

10°6

B=0.7,7=08,d=03,

2’1072, R =1,m=2, |
© ) -m — -m
& Q,=d"" Q,=1-d)"",
g a = 0.2, a,= 0.8.

Q103 F J

x B=0.7,7=08,d=03, >

R =1,m=2, b

— -m — -m
10k Q=40 =1-d", i

a = 0.2, a,= 0.8, [85].
O  Mb phéng:User1-Chinh xac NOMA
Phan tich:User1-Chinh xac NOMA | | |
-10 -5 0 5 10 15 20 25 30 35 40
SNR p (dB)

Hinh 5.1d. So sanh xac sut dirng gitra cong viéc thuc hién véi cong viée [85].

Hinh 5.2¢ v& OP cua hai thiét bi ngudi dung ddi voi giao thirc PSR va TSR.
17



Tir hinh, OP cua thiét bj ngudi dung 2 thap hon thiét bi ngudi ding 1 d6i vé6i ca
hai giao thirc PSR va TSR. Ngoai ra, OP cuia ca hai thiét bi nguoi dung ddi véi

giao thirc TSR thap hon giao thirc PSR.

10vvvvvav
5

PSR

Xac suét dirng
3

® M6 phong:User1-Chinh xac NOMA
O M6 phéng:User2-Chinh xac NOMA

_{ =% Phan tich:User1-OMA 1.1 SR |
Phan tich:User2-OMA 1 v
e Phan tich:User1-Chinh xac NOMA 0.9 'v/
———Phén tich:User2.Chinh xéc NOMA | | __y_—
= = +Phan tich:User1-SNR Cao NOMA |08
—@— Phan tich:User2-SNR Cao NOMA | 078~ 08 | |
0 01 02 03 04 05 06 07 08 09 1
B, a

Hinh 5.2c. OP theo cac hé s6 EH di v6i cac giao thirc PSR va TSR.

Hinh 5.3c cho thy ring thong lugng cua thiét bi ngudi ding 1 cao hon nhiéu so
v6i thong lugng cua thiét bi ngudi ding 2 trong co ché HD CRNOMA.

25

®*  Mb phéng
—@— Thiét b nguoi dung 1-Théng lugng-OMA
—6— Thiét b nguoi diing 2-Théng lveng-OMA
oL —&— Thiét bi nguoi ding 1-Thong lvgng-NOMA
—©— Thiét bj ngudi ding 2-Théng lvgng-NOMA
g * o
S 1sf OFS/ |
0.495
g’ 0.15 S
2 014 0.4 /
2 1 ~~ 0698 07 0702
e 0.13 TS
£ 0395 04 0405
SR
05
o v
—O—O—¥
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
f=a

Hinh 5.3c. Thong lugng ciia hai thiét bi nguoi dung voi B=a ddi véi cac giao thirc PSR

va TSR.

Tir hinh 5.4c, tc d6 trung binh tai thiét bi nguoi dung 1 dbi véi HD CRNOMA dat cao
nhét trong khi tbc d6 trung binh tai thiét bi nguoi diung 2 d6i voi HD OMA 1a thip nhét.
18



X sim

4 T T ~—f— Thiét bj nguoi dung 1-Ergodic-OMA M
2 Thiét bj ngudi dung 2-Ergodic-OMA
35+ PSR =B Thiét bj ngudi dung 1-Ergodic-NOMA i
. =7 Thiét b nguoi dung 2-Ergodic-NOMA
= = = - Thiét bj ngudi dung 2-Ergodic-SNR-cao-NOMA

3 i
=)
£
) 25 !
S TSR
3
o 2r 1
j=2
=
Ll
«©
o 15 b
(o]
«O
=

1 \ Y 1

0.192 7
0.19 \
05 0.188 o |
’ 0.401
oV | L I | I I | | I

Hinh 5.4c. Téc d6 trung binh cua hai thiét bi nguoi dung véi B=a ddi véi cac giao thire
PSR va TSR.

Hinh 5.5d. V& EE cuia hai thiét bi nguoi ding ddi véi giao thie PSR va TSR theo SNR
(dB), c6 thé nhan ra rang EE d6i v6i phuong thic DLT thip hon phuong thirc DTT.
NOMA vuot troi vé EE khi so sanh véi OMA trong viing SNR thép (< 10(dB)).

0.7 T T T
O M6 phdng:Théng lugng
O M6 phdng:Téc do trung binh
0.6 PSR —— Théng lvgng-OMA
. == T4 d6 trung binh-OMA
Thong lwvgng-NOMA
= Téc dd trung binh-NOMA
=2 05r 3
Q x 10
=
(2]
5
5 0.4
o
C
T
c
—- 03
@
3
[}
=}
@ 0.2
I
0.1




Hinh 5.5d. Hiéu suit ning lugng cia hai thiét bi ngudi dung ddi vi cac giao thirc PSR
va TSR.

o
c
S
°
—
“©
>
)
)
& 103
x 10 19 20 21
d=0.3,0.4,0.5
10 : 5
O  Mé phéng:Thiét bi ngwéi dung 1-Chinh xac NOMA
O M6 phdng:Thiét bj ngudi ding 2-Chinh xac NOMA
Phan tich:Thiét bj ngudi dung 1-Chinh xac NOMA
Phan tich:Thiét bi ngwoi dung 2-Chinh xac NOMA ! |

-10 -5 0 5 10 15 20 25 30 35 40
SNR p (dB)

Hinh 5.7. Xac suét dimg véi SNR va cac gia tri khac nhau cua d.

10°%

1

iéu x

oA

h

107"

in

oit

0i v

1072

A

tai D1 d

107

ung

%X Mb phdng:Thiét bj nguwoi dung 1-HD chinh xac-SIC hoan hdo-NOMA

P> M6 phéng:Thiét bi nguwoi ding 1-HD chinh xac-SIC khéng hoan hao-NOMA
WV  Mb phdng:Thiét bi ngudi dung 1-HD chinh xac-OMA

Phan tich:Thiét bj nguwoi dung 1-HD chinh xéac-SIC hoan hao-NOMA

Phan tich:Thiét bi ngwdi dung 1-HD chinh xéc-SIC khéng hoan hdo-NOMA
Phan tich:Thiét bi ngwdi dung 1-HD chinh xac-OMA

-10 -5 0 5 10 15 20 25 30 35 40
SNR p (dB)

Atd

ac sua

1074

X

Hinh 5.8. So sanh xéc suat dimg tai D1 theo SNR trong cac truong hop perfect SIC va
imperfect SIC x2 vai cac gia tri K khac nhau.
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2.5 T T

O Mo phong
—A— Thiét bi nguoi ding 1-HD-OMA
—#&— Thiét bi nguoi ding 2-HD-OMA
oL Thiét bj ngudi ding 1-HD-NOMA
Thiét bi nguoi dung 2-HD-chuyén tiép-NOMA
Thiét bi nguoi ding 2-HD-tryc tiép-NOMA

Thong luong (BPCU)

Hinh 5.11. Thong lugng cua hai thiét bi nguoi dung déi voi [} trong cac trudng hop

khong c6 lién két truc tiép va c6 lién két truc tiép.

© Mo phéng
=== Thiét bi ngwoi dung 1-HD-OMA
3.5 N +Thiét bi ngwoi dung 2-HD-OMA
Thiét bi ngudi dung 1-HD-NOMA
Thiét bi nguoi dung 2-HD-chuyén tiép-NOMA
Thiét bi ngudi dung 2-HD-truc tiép-NOMA
= = +Thiét bi ngwoi duing 2-Ergodic-SNR-cao-HD-chuyén tiép-NOMA

w
T

N
S}

Téc d6 trung binh (BPCU)
P

N

o
S}

Hinh 5.12. Té¢ d9 trung binh cua hai thiét bi nguoi ding d6i véi 3 trong céc truong hop

khong c6 lién két truc tiép va co lién két truc tiép.
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Hinh 5.13 minh hoa EE theo SNR tir -10 dén 40 dB. Hinh v& chi ra rang EE cho C-
NOMA véi lién két tryc tiép dat dugc cao hon nhiéu so véi C-NOMA khong c6 lién két
truc tiép va OMA.

1.6
O Mé phdéng
=—%F— Thong luong-HD-chuyén tiép-OMA
1.4 —8— Téc do Ergodic-HD-chuyén tiép-OMA
Théng lwgng-HD-chuyén tiép-NOMA
12 Téc d6 Ergodic-HD-chuyén tiép-NOMA
21 Thong lveng-HD-tryc tiép-NOMA
o Téc d6 Ergodic-HD-tric tiép-NOMA
=}
— 1 |- .|
(®)]
S
bl
c 08 1
-
«(T
=}
n 0.6 q
=}
@
I 04 ]
0.2

-10 -5 0 5 10 15 20 25 30 35 40
SNR (dB)

Hinh 5.13. Hiéu suit ning lwong ctia hai thiét bj ngudi ding d6i voi SNR trong cac trudng
hop khong c6 lién két tryc tiép va c6 lién két truc tiép.

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

Trong ludn 4n nay, nghién ctru sinh di d& xuat cac giai phap thu thap ning lugng
trong hé théng SWIPT NOMA véi noi dung trong tim 1a NOMA mién cong suat
va NOMA hop tac da dugc thuc hién trong cac chuyén dé nghién ciru. Cac giai
phép thu thap ning lugng tai cac tram thu phat, gép phan quan trong trong viéc
danh gia, trién khai, quy hoach cac mang vo tuyén, cic mang cam bién khong
day, thyc hién trong nhitng méi truong khong thé cung cap nang lugng nhu trong
co thé ngudi, sinh vat, trén khong trung hay trong cac truong hop ciru ho, ciru
nan, canh bao 1{i, canh bao sat 15, canh bao chay rung.... Hi€u nang ctia cac mo
hinh nghién ctru sir dung cac giao thirc PSR, TSR dé thu thap nang lugng Va xir
ly théng tin, v6i cac phuong thire truyén qua chuyén tiép va truyén truc tiép, voi
22



co ché DF trong hé théng SWIPT NOMA, déu duoc thiét 1ap bang cac biéu thic
toan hoc va kiém chung su chinh x4c théng qua cac két qua mé phong Monte
Carlo. Két qua thyc hién ching minh ring NOMA vuot troi hon OMA ca vé
thong luong va téc do trung binh, giao thire PSR wu viét hon so véi giao thirc
TSR. Qua ndi dung nay, cho thay rang co ché NOMA rét kha thi va vuot troi so
v6i co ché OMA thong thuong. Tir d6, c6 thé 4p dung NOMA trong mang chuyén
tiép hop tac, c6 thé duoc trién khai trong nhiéu linh vuc truyén thong vo tuyén
khac nhau.

6.2. Hwéng phat trién

Tiép tuc nghlen ctru vé NOMA va EH gop phan khic phuc céc thach thirc d6i véi
mang chuyén tiép, mang hop tac khong ddy 1a bai toan vé thiéu hut ning lugng.
Nghién ctru sinh nghién ctru cac giao thirc dé thu thap nang luong khong day tir
c4c song RF trong moi truong xung quanh va dong thoi xir 1y thong tin trong hé
théng NOMA dé kéo dai tudi tho cua cac tram chuyén tiép bi han ché nang lugng
trong cac mang khong day. Phat trién cho cac hé thong da relay, da ing ten, cac
mang truy cip vo tuyén chuyén tiép hop tac thu thap ning luong, cdc mang cam
bién khong day, cac mang truy cip vo tuyén dam may khong dong nhat (H-
CRAN), cac may bay khong nguoi 1ai (UAV)...

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

e So sanh, danh gia cac dac tinh cua hai giao thuc PSR va TSR trong cac
mang da relay, da diém truy cap; tinh xac suit dung, thong luong, toe do
trung binh va hiéu suat ning luong cua hé théng, d6i véi duong truyén
qua chuyén tiép va duong truyén truc tiép; tinh xac suit ding, thong
lwong, tée d6 trung binh va hiéu suit ning lwong cua hé théng, dbi voi
hai co ché truyén ban song cong va song cong.

e Danh gia hiéu nang trong viéc thu thap nang lugng va xir ly théng tin cua
mang H-CRAN. Céc muc tiéu nghién ctu cha yéu 1a ting cuong hiéu
suét pho, cai thién hiéu suit nang luong, tang thoi lugng pin cho céc thiét
bi di dong, cac hé thong truyén théng khdng day.
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