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MO DAU

Mang truyén théng khong day thé hé th sau (Sixth-Generation: 6G) s& chuyén
d6i cac két ndi trong 5G (Fifth-Generation) thanh nhitng két ndi thong minh. Cac
mang c6 kha nang nhan thirc giéng con ngudi bang cach cho phép nhiéu dich vu tiém
ning, chang han nhu dinh vi va theo d5i do chinh x4c cao, ting cudng cam giac, nhan
dang ctr chi va hoat dong cta con ngudi. Trong khi mang 5G dang duoc trién khai
trén toan thé gidi thi truyén thong 6G di thu hut nhiéu sy quan tAm tir ca nganh cong
nghiép va gidi hoc thuat [1], [2]. So v6i hé thong 5G thi mang 6G s& c6 dai tAn rong
hon, toc do truyén dan cao hon, hiéu suat sur dung phé tan, dung luong két ndi 1on,
d6 tré thap hon, viing phu séng rong va kha ning chdng nhiéu manh mé dé dap ung
cac yéu cau mang khac nhau [3]-[5]. Mang 6G trong tuong lai, nhiéu thiét bj khong
day di dong khac nhau s& duoc truy cap vao mang. Toc do truyén cao didn dén mirc
tiéu thu ning luong ting 1én va do d6 doi hoi tudi tho dai ciia cac thiét bi chay bang
pin. Vay nén, truyén thong tin va niang luong dong thoi (Simultaneous Wireless
Information and Power Transfer: SWIPT) 1a mdt cong ngh¢ madi déy htra hen duoc
sir dung trong mang 6G, thuc hién thu thap ning lugng thong qua tin hiéu tan sb vo
tuyén (Radio Frequency: RF) dé dap tmg yéu cau vé hiéu suat str dung ning luong
[6], [7]. Y tudng thu thip ning luong co thé xuit hién tir ndm 1969, khi Brown va
cong su [8] tién hanh mot loat thi nghiém va chirng minh rﬁng mét chiée truc thang
¢ do cao 50 feet (15,24m) hoat dong & tan s6 2,45GHz ¢6 thé cung cép nguén dién
mot chiéu khoang 270W. Ning lugng dugc thu tir tin hiéu khong ddy xung quanh
hoac tur nguén dién duge kiém soét cu thé. Nam 2008, Varshney va cdng su [9] lan
dau tién dé xuat khai niém SWIPT, cung cap thong tin va ning luong dong thoi tir
goc do 1y thuyét. Hiéu sudt dugc phan tich bang cach danh gia do tin cay tiép nhan
tin hiéu va tdc do truyén thong tin. Dé kha thi, bo thu hd trg SWIPT can trang bj mach
thu thdp ning luong (Energy Harvesting: EH) bén canh mach giai ma thong tin thong
thuong. Mach EH c6 thé duoc tao ra bé“mg cac thiét bi thu dong gia ré nhu di¢n tré va
tu dién hodc tir bd vi x1r 1y tién tién. Ngoai ra, dya vao giao thtrc duogc ap dung, can

c6 mot s6 phan ctng khac. Vi du, néu giao thirc phan chia cong suat (Power Splitting:



PS) dugc xem xét, bd chia cong suit s& dugc sir dung dé chia tin hiéu dén thanh hai
phan. Phan dau tién dugc giri dén mach EH va phan con lai dugc din dén bo thu giai
mi thong tin (Information Decoding: ID). Mit khac, néu sir dung giao thirc chuyén
mach thoi gian (Time Switching: TS), bit budc phai c6 chuyén mach dién tir dé thuc
hién giao thirc ndy nham chuyén doi dinh ky giita cac bo thu EH va ID [10]. Do ban
chét phat séng quang ba cua truyén thong khong diy, cic mang truyén thong chic
chan c6 nguy co bi nguoi ding cé y d6 xau nghe 1én [11], trong khi cic van dé bao
mit ciia mang SWIPT dang duoc quan tdm hon so vi cc mang truyén thong truyén
thng [12]. Piéu nay 12 do may phat trong mang SWIPT phai ting céng suit truyén
dé dap tmg cac yéu cau EH ctia may thu, diéu ndy c6 thé khién thong tin bi mat dé bi
thu chan. Dua trén cac két qua nghién ctru hién c6 [13], bao mat 16p vat 1y (Physical
Layer Security: PLS), nhu mot giai phéap thay thé cho cac phuong phap mat mi thong
thuong, di duoc xem xét dé giai quyét cac van dé trén mot cach hiéu qua. Y tuong
co ban cua n6 1a str dung cac dic diém ngiu nhién cia cic kénh khong day, chang
han nhu tap 4m, pha dinh va nhiéu, dé giam kha ning thong tin bi giai ma [14]. Cong
trinh nay duogc tién phong b&1 Wyner [15], trong do tinh kha thi cua viée céi thién bao
mat & 16p vat 1y dd dugc thao luan va két qua cho thdy c6 thé dam bao bao mat hoan
hao khi chat luong ctia kénh nghe 16n kém hon chét luong cta kénh hop phap.

Gan day, dé cai thién bao mat trong mang SWIPT da thu hat dugc su quan
tam rong rdi. Mot trong nhitng phuong phap hiéu qua nhat 13 gay nhiéu cong tac
(Cooperative Jamming: CJ), trong d6 mdt niit mang duoc bd sung hodc mot trong
cac nit truyén thong gay nhiéu nhan tao (Artificial Noise: AN) dé lam suy yéu kha
ning tiép nhan thong tin ctia nhitng nat nghe 1én tiém an. Nhin chung, nut chuyén
tiép hodc may gay nhiéu hd trg AN hoat dong nhu mot nut hd tro bd sung dé ting
cudng bao mat cho hé théng SWIPT. Vi duy, trong cac mang chuyén tiép hd trg
SWIPT, mot bo phat song chum tia dinh huéng hd trg AN duoc thiét ké dé giam
thiéu cong suit phat, trong d6 nat chuyén tiép sir dung giao thirc khuéch dai va
chuyén tiép (Amplify-and-Forward: AF) trong [16]. Cac tac gia trong [17] d3 t5i wu
héa ma tran dinh hudng biip séng tai niit chuyén tiép, phuong sai AN va ti s PS dé

t61 da téc d6 bao mat trong mang khong day. Doi v6i hé théng SWIPT nhiéu nut



chuyén tiép, phuong phap toi wu hoa hai 16p dd dugc dé xuat trong [18] dé giai
quyét van dé giam thiéu cong suat nat chuyén tiép trong diéu kién rang budc tdc do
bao mat va yéu cau EH. V&i nhitng wu diém cta k¥ thuat song cong hoan toan (Full-
Duplex: FD) va da dng-ten, mot nit chuyén tiép FD dya trén PS di duogc ap dung
trong mang SWIPT hai chiéu dé dua AN vao tin hiéu tin tirc nham dénh Lira nut
nghe 1én [19]. Ngoai cac nit chuyén tiép, cac may gay nhiéu than thién thuong duoc
sir dung dé nang cao bao mat ciia mang. Tram gbc dang lai ghép dugc dung lam ca
ngudn ning luong va may gay nhifu than thién cho mang khong day trong [20], dé
giam xac suat ding bao mat (Secrecy Outage Probability: SOP) va tdi da thong
lugng bao mat (Secrecy Throughput: ST), tuong ing. Tuong tu, cac tac gia cua [21]
da ap dung may gay nhiéu c6 kha ning EH dé giri tin hiéu gy nhiéu nham lam
nhiéu loan nit nghe 1én. Ngoai ra, cc tic gia trong [22] di nghién ciru su danh d6i
giita bao mat va do tin cdy trong hé thong SWIPT theo phuong thirc PS véi da truy
cap khong truc giao (Non-Orthogonal Multiple Access: NOMA) véi chuyén tiép
FD dua vao biéu thtc chinh xac cua xac suat dimg (Outage Probability: OP) va xac
suit thu chan (Intercept Probability: IP) dugc dua ra. Tuong tu, cac tic gia trong
[23] d4 dé xuat giao thirc TS hai pha cho hé thong SWIPT véi kha ning tir gay nhiéu
FD, trong d6 hé s6 TS tdi wu va cong suét phat dugc xac dinh dé tbi da hiéu qua
nang lugng bao mat. Trong [24], hi€u ndng bado mat cia mang SWIPT dya trén PS
v6i mot bo thu FD va nhiéu thiét bi nghe 1én khong két hop di duoc nghién ciru.

Khéc voi cac nghién ctru dugce dé cap trudce do, nghién cru d tin cay va hiéu
ning bao mat hé thong chuyén tiép FD dya vao SWIPT NOMA s& duoc tac gia thao
luan va tap trung nghién ctru trong D& an nay. Cu thé, tac gia s& phén tich cac biéu
thirc toan hoc dang tudng minh vé do tin cdy (OP) va bao mat (IP) tai cac ngudi
ding NOMA (D; va D») va nit nghe 1én (Eavesdropper: E) trén kénh truyén pha
dinh Rayleigh. Cac biéu thirc toan hoc dugc md phong may tinh dé kiém chimg d6
tin cdy cua cac két qua phan tich toan hoc.

Dé an dugc cau trac bao gdm 3 chuong véi cac ndi dung cu thé nhu sau:

Chuong 1: Téng quan vé bao mat 16p vat 1y, hé thong chuyén tiép song cong

va k¥ thuat NOMA: Trong chuong ndy, trinh bay cac ndi dung co ban vé bao mat



thong tin 16p vat 1y, hé thdng chuyén tiép song cong, k§ thuat thu thap ning luong
song vo tuyén (SWIPT) va k¥ thuét da truy cap khong truc giao NOMA).

Chuong 2: M6 hinh hé thdng: Trong Chuong nay, tac gia gidi thiéu vé mo
hinh kénh truyén ctia hé théng chuyén tiép song cong SWIPT sur dung k¥ thuat
NOMA. Phan tich Iy thuyét va mé ta chi tiét mo hinh hé thong, cac tham sd cua do
tin cay va hi¢u nang bao mat hé théng.

Chuong 3: M6 phong va danh gia két qua: Trong Chuong niy, tic gia cung
cap cac két qua mo phong dua vao phuong phap sb va danh gia cac két qua phan
tich 1y thuyét cia mo hinh dwa ra, phan tich cac tham sb anh huong dén do tin cdy

va bao mat hé théng.



Chwong 1: TONG QUAN VE BAO MAT LOP VAT LY, HE
THONG CHUYEN TIEP SONG CONG SWIPT VA NOMA

1.1. Tong quan vé bao mat 16p vat Iy

Bao mat dang ngay cang trd nén quan trong trong truyén thong khong day voi
su phat trién ctia mang 5G va cac mang di dong sau 5G, mang dén nhiéu thach thirc
moi. Viéc truyén dit liéu bao mat ludn 13 mot vin dé quan trong trén cac kénh truyén
khong day. Trong cac hé thdng thong tin vo tuyén thuc té, viéc truyén dit liéu dé bi
tan cong ctia nhitng ké nghe 1én va mao danh, do tinh chat quang ba tu nhién cta cac
kénh khong diy va cac van dé bao mat nghiém trong phat sinh trong cic mang vo
tuyén pham vi rong cung vdi sy mé rong cua nhiéu thiét bi, ung dung va dich vu
thong minh duoc két ndi. Cac yéu ciu bao mat co ban la dam bao ké nghe 1én khong
thé doc duoc nhiing thong tin bi mat. Theo phuong phap truyén thong, bao mat dugc
cung cip bang cach sir dung nhiing k¥ thuat & cac 16p trén bao gém trao d6i khoa bi
mat. Thong thuong, diéu nay duoc thuc hién thong qua viéc st dung cac thuat toan
ma hoa nhu DES hoac RSA.

Trong nhirg nim gan day, c6 rat nhiéu su quan tim dén bao mat 16p vat 1y
(Physical Layer Security: PLS), PLS khai thac dic tinh ngau nhién ctia méi truong
khong diy dé bao mat théng tin ma khong can dwa vao cic phuong phap mé hoa dira
trén khoa bi mat phirc tap va ton kém vé mat tinh toan [13]-[15]. Piéu nay khién PLS
tr¢ thanh tng ctr vién tiém niang dé bao mat cac hé thdng thong tin trong twong lai.
PLS 12 mot phuong phap tiép can thay thé, duoc trién khai trén 16p vat Iy bang cach
khai thac tinh chit ngiu nhién cua cac kénh vo tuyén. PLS c6 vu diém do do phirc
tap tinh toan thap va don gian hon cac phuong phap mat ma théng thudong. Y tudng
co ban ciia PLS 1a tan dung cac dic tinh ngu nhién cta kénh truyén vo tuyén, nhur
pha dinh, nhiéu, v.v., xem xét khoang cach, tinh linh dong cua cac nat trong mang va
nut nghe 1én, nham tang cudng kha ning bao mat cho hé thong vo tuyén. Cac dic tinh
trén, theo quan diém truyén thong 1a cac yéu t6 gdy anh huéng va 1am giam chat
lugng cia mang vo tuyén, nhung nguoc lai theo quan diém bao mat 16p vat 1y thi

chung gitp tdng cuong dod tin cdy, nang cao hi€u nadng bado mat, chéng lai viéc nghe



1én ctia hé thong thong tin. Ngudn gde cua nghién ctru PLS c6 thé duoc bat ngudn tir
phan tich 1y thuyét bao mat thong tin ciia Shannon [25], trong d6 dinh nghia rang mirc
do bao mat phu thudc vao lugng thong tin dugce biét bai ké nghe lén.

Bao mét 1y thuyét thong tin 1a nguyén 1y co ban ciia PLS va cha yéu dugc xay
dung dya trén khai niém bao mat hoan hao duoc dé xuit boi Shannon [25]. Sau d6
dugc phat trién boi Wyner [26], gi6i thiéu mé hinh kénh nghe 1én (wiretap channel)
nhu miéu ta trong Hinh 1.1, ddy 1a mo6 hinh don gian nhat dé nghién ctru bao mat
thong tin. Tiép theo, Csiszar va Korner [27], d3 chirng minh sy ton tai hai loai md hoa
kénh vira c6 thé chong 151, vira dam bao mirc do bao mat thong tin. Trong nhiing nim
d6, nhimg phat hién nay bi giéi han chi yéu do dung luong bao mat (Secrecy
Capacity) chi 16n hon khong khi kénh hop phap (Legimate) c6 ti s6 tin hiéu trén nhiéu
(Signal-to-Noise Ratio: SNR) 16n hon kénh nghe 1én (Eavesdropper). Nhitng nam
gan day, nhiéu nghién ctru chi ra rang c6 thé dat dugc dung lugng bao mat khac khong

khi SNR cua kénh hgp phap nhé hon SNR cua kénh nghe 1én.

Kénh chinh -

Kénh nghe Ién — —— »

Kénh truyén

Hinh 1.1: M6 hinh nghe 1én co ban trong mang vo tuyén.
Trong Hinh 1.1, Alice phat ban tin dén Bob trong khi giir thong tin bi mat dén
Eve. Ly thuyét bao mat thong tin cho phép xac dinh cac phép do bao mat trong mod
hinh ndy va miéu ta hi€u ndng bao mat hé théng dya vao dung luong bao mat, thé

hién toc do bao mat 1én nhét dé ban tin ¢6 thé duoc phat mdt cach tin cdy va bao mat.



Nhu duoc thé hién ¢ Hinh 1.1, qua trinh truyén dir liéu gitta hai nguoi ding hop phap
la Alice va Bob trén kénh chinh (Main Channel: MC) bi nghe 1én bdi nguoi dung
khong hop phéap Eve trén kénh nghe 1én (Illegitimate Channel: IC). Tin hiéu dau ra
cua kénh chinh va kénh nghe 1én s& c6 d¢ 1éch nhét dinh, do dic tinh cua kénh truyén
v6 tuyén gy ra, chii yéu 1a do suy hao va pha dinh. Trong d6, pha dinh 12 két qua cta
truyén da dudng trén kénh vo tuyén, trong khi suy hao 1a su suy giam bién d6 hay
cong suét cua tin hiéu vo tuyén khi séng vo tuyén truyén lan trong khong gian. Hé
qua cta nhirng anh hudng trén 13, néu khoang cach truyén tin ctia kénh chinh nhé hon
rat nhiéu so vi kénh nghe 1én thi co thé ky vong ré’mg tin hiéu nhan duoc tai Eve kém
hon rat nhiéu so v&i tin hiéu thu dugc tai Bob, tham chi tin hiéu xAu ma Eve khong
thé giai ma duoc. Hién tai, viéc chéng nghe 1én duoc thuc hi¢én nhd vao ma hoa bao
mét va chua tinh dén anh huodng cua cac yéu td trén. Nguoc lai, muc ti€u cua PLS 1a
tan dung nhitng dic tinh san c6 ciia kénh truyén vo tuyén dé nang cao hiéu qua bao
mat hé théng ma khong can str dung cac ky thuat ma hoa phire tap.

Gia str Alice va Bob cb ging dé truyén tin véi nhau mot ban tin w c6 do dai
k bit qua kénh chinh va Alice thyc hién ma hoa thanh tor ma x c6 do dai » bit. Tai
may thu Bob va Eve nhan dugc tin hi€u x, tuong ing 1a y,, va y;. Phép ma hoa cua
Alice st dung cin dat duoc hai tiéu chi 1a tin cdy (Reliability) va bao mat (Security).

¢ Tin cay

Mot hé théng dugc goi 1a tin cdy néu hé thdng c6 thé giai ma tin hiéu nhan
dugc ¥, thanh w v41 mdt xéac suét 13i rat nhé co thé bo qua duogc, c6 nghia ré“mg

limPr(w" # wa —0.

n—»0
¢ Bao mat
Hé théng dugc xem 1a bao mat néu y, khong co thong tin gi vé w, tirc 1a

tim L (%2)

n—»0 n

— 0, trong d6 /(w; y;) 1a lugng thong tin twong hd gilta W va yg.



¢ Dung lwong bdao mat

Dung luong bao mat 13 toc do truyén dan 16n nhat, c¢6 nghia 14 gia tri 16n nhat
cua k/ n dé thoa man déng thoi ca diéu kién 1a d6 tin cdy va bao mat hé théng.

Co=[Cy-C:], (1.1)
trong d6, [x]" =max(x,0) va dung luong cua kénh chinh va kénh nghe 1én tuong
ting 1a Cy, va C..

Tir cong thirc (1.1), ta thdy rang dung luong bao mat 1a ham cua ca kénh chinh
va kénh nghe 1én, néu dung lugng cia kénh chinh C,, 16n hon dung lugng cia kénh
nghe 1én C; thi ta ¢c6 dung lugng bao méat 16n hon khong, ngugc 1a dung lugng bao
mat bang khong, c6 nghia 1a khong c6 truyén tin bao mat gitra Alice va Bob.

Dung luong tirc thoi ciia kénh hop phap va nghe 1én 1an luot nhu sau:

Cy =log, (1+¥y,), (1.2)

C; =log, (1+¥;), (1.3)
trong d6, W, = Plhy, | /8y va Wy = P|k|’ /5, 1a SNR nhan duoc tirc thoi, P 13 cong
suat phat, &, 1a kénh hop phap, 4 1a kénh nghe 1én, &,, va &, 1a phuong sai cua tap
am tai cac may thu.

1.2. Hé thong chuyén tiép song cong

Truyén thong song cong (Full-Duplex: FD) di n6i 1én nhu mot cong nghé day
htra hen cho cac mang khong ddy trong tuong lai vi né mang lai nhitng cai tién vé hiéu
sut str dung pho tan (Spectral Efficiency: SE). Cu thé, SE cao gip d6i so véi cac hé
thdng ban song cong (Half-Duplex: HD) cb dién vi ca truyén va nhan déu dién ra dong
thoi trén cung mot tan sb. Cac van dé chinh trong FD lién quan dén ro ri cong sudt phat
sinh giita dng-ten phat va thu, hién twong nay dugc goi 1a nhiéu ty giao thoa (Self-
Interference: SI). Hinh 1.2 minh hoa hoat dong ctia ca ché 36 HD va FD. Néu qué trinh
truyén dir liéu duoc chia thanh cac khoang thoi gian, chung ta c6 thé thay cach thirc
céc thiét bi FD hoat dong. Nhu vay, mot thiét bi FD truyén va nhan thong tin moi luc

v6i su xudt hién cua cac lién két SI. Mt khac, trong HD, mdt trong hai khoang thoi



gian duoc st dung dé phat va khoang thoi gian tiép theo dé thu. Vi tt ca cac dng-ten
déu phat hoic thu ciing mét luc, HD khong phai xtr 1y SI. Cac phuong phap nham muyc
dich giam mtrc SI dugc goi 1a k¥ thuat triét SI (SI Cancellation).

hSR hRD

Nt ngudn Nut chuyén tiép Nut dich

a) Chuyén tiép HD.

hgr
h SR Y Y h RD
Nt ngudn Nt chuyén tiép Nut dich
b) Chuyén tiép FD.

Hinh 1.2: So @b minh hoa ctia hé théng chuyén tiép HD va FD.

Trong hé théng FD thuc té, cac thiét ké co thé sir dung dng-ten dung chung
hoic riéng cho ca phat va thu. Trong kién trac riéng biét, cac chudi tan sd vo tuyén
(Radio Frequency: RF) phat sir dung Ang-ten birc xa chuyén dung trong khi cac chudi
RF thu st dung dng-ten cam bién chuyén dung. Trong kién trac dung chung, cic
chudi RF phat va thu dung chung mot bo ding-ten. Viéc dung chung dng-ten doi hoi
phai sir dung céi goi 1a thiét bi din song (microwave circulator) [28]. Nhin chung,
cac hé thong vo tuyén truyén thong khong thé xtr 1y dong thoi cac hoat dong truyén
va nhan trén cing mot bang tan do vong lip nhiéu (Loop-Interference: LI) nghiém
trong xay ra tai ang-ten thu. Do do, viéc truyén va nhan tin hi¢u thong tin gitta hai
ngudn dugc chia thanh hai khe thoi gian (hay hai bang tan), duoc goi 14 truyén thong
HD. V& hiéu suét phd, cac hé théng HD chi sir dung mot nira tai nguyén vo tuyén, do

d6 50% tai nguyén san cé con lai bi lang phi chi vi truyén dan HD.
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1.2.1. Cac ky thudt khu S1

Nhu da dé cap o trén, SI c6 nghia la sy xuét hién cua tin hiéu phat trén ang-
ten thu (cao hon tin hiéu mong muén tir 60 dén 100 dB [29]), gay nhiéu cho tin hiéu
thu, do d6 gy ra sy suy giam dang ké cuia ti s tin hiéu trén nhiu va giao thoa (Signal-
to-Interference-plus-Noise Ratio: SINR). Dé khic phuc van d& nay, mot sé k¥ thuat
khtr SI da duoc dé xuét. Chung dugc nhom thanh hai loai khac nhau duoc goi la: Khur
nhiéu cha dong va khtr nhiéu thu dong [30].

1.2.1.1. Khtr SI thu dong

Céc k¥ thuat nay chu yéu dua trén viée tach ang-ten, bd tri dng-ten hoic phin
cuc chéo. Chung chii yéu tan dung cac dic tinh vat 1y ctia song dién tir va moi trudng
truyén dan.

e Tach ang-ten: Trong truong hop nay, khir SI dya vao khoang cach gitra
ang-ten phat va thu. Pay 1a phuong phap phd bién nhét cho khir SI vi tan dung duoc
suy hao duong truyén do khoang cach va cac vat thé xung quanh. Viéc str dung céac
tam chan ciing kha pho bién dé chin cac dudng truyén truc tiép gy ra suy hao bd
sung cho tin hi€u. Lo1 ich chinh cta k¥ thuat nay 14 dua vao tinh don gian va kha
nang tach biét khong gian giira cac lién két. Tuy nhién, viéc st dung cac tim chin
cling 6 thé anh huéng dén tin hiéu mong mudn. Hon nita, phuong phap nay co thé
khong phu hop véi cac thiét bi co kich thude nho. Co thé dat duoc suy hao khoang
30 dB khi sir dung phuong phap nay [30].

e Vi tri dit Ang-ten: Trong trudng hop ndy, can tdi thiéu ba dng-ten, hai ang-
ten dé phat va mot ang-ten dé thu. Nguyén 1y hoat dong rat don gian, dng-ten thu
dugc dat cach ang-ten phat mot khoang cach d va cach ang-ten con lai mot khoang
cach d + A (A biéu thi budc séng). Cach thirc nay s& gdy ra hiéu img “khong” xung
quanh vi tri cua ang-ten thu khi céc tin hi¢u s€ cong don triét tiéu. Tuy nhién, mot )
van dé can xem xét trude khi trién khai, phuong phap nay khong c6 1oi cho cac thiét
bi c6 kich thudc nhé va yéu cau diéu chinh thu cong. Vi dy, doi v6i mot thiét bi hoat
dong & tan s6 2,4 GHz, A =12.5cm, 16n hon kich thudc ciia nhidu thiét bi khong day.

Murc suy giam lén dén 30 dB c6 thé dat duoc, mic du trong nghién ctru trong [30] da
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chi ra réng cling c6 thé dat duoc 47 dB. Cac gia tri khtr SI cao hon c6 thé dat duoc
két hop véi viéce str dung cac k¥ thuat cha dong.

e Phin cuc chéo: Dya trén cac nguyén Iy truong dién tir trong 1y thuyét ang-
ten. Dé truyén ning luong tbi da giita hai Ang-ten, do phan cuc giita chung phai giéng
nhau (phan cuc ngang, doc, v.v.). Do phan cuc quyét dinh hudng cua truong dién tir
do dng-ten burc xa. Cac truong cang thing hang thi hiéu qua truyén ning luong cang
16n. Diéu nguoc lai xay ra khi c6 sy khong khdp nhau gitra cac do phan cyc. Vi du,
st dung phan cuc doc (12 mot bién thé cua phan cuc tuyén tinh cing véi phan cuc
ngang) ¢ phia may phat va phan cuc ngang & phia may thu sé gy ra su tach biét hoan
toan vé mat 1y thuyét. Ky thuat ndy c6 nhugc diém 1a moi trudng truyén co thé anh
huong dén d6 phan cuc, do d6 tao ra sy khong khép & ca phia phéat va phia thu. Uu
diém chinh 1a cac thiét bi co kich thudc nho sé& trd thanh muc tiéu phi hop cho cac
phuong phap phan cuc chéo.

Ngoai ra, tri€t ti€u thu dong dinh hudng, dam bao suy gidm cuong dg tin hi¢u
1én dén 30 dB. Mtrc do nay dat duoc béng cach tranh giao diém cua cac mau buc xa
clia ang-ten phat va thu [30]. Nhin chung, khr SI thu dong khong cung cap mirc khir
SI can thiét c6 thé thuc hién duge cho truyén thong tin, diéu nay cang tréd nén kho
khan hon véi xu huéng hién tai trong nganh cong nghiép dién tir 13 thiét ké cac thiét
bi c6 kich thudce nho. Thuc té nay khong tuong thich véi cac so d6 thy dong, von yéu
cau khoang cach ang-ten dang ké trong hau hét cac trudong hop.

1.2.1.2. Khtr SI chu dong

Phuong phap khir SI chua dong hoat dong chu yéu dua trén viéc xur ly duoc
thyc hién bodi cac mach tuong ty cua chudi RF va cac mach sb sau khi chuyén doi
tuong tu sang s6 (Analog-to-Digital: ADC). Chung dugc phan loai thanh khir SI
tuong tu va khir SI s. Viéc két hop chung 1 kha thi va gitp s& cai thién hiéu nang.
Tuy chon nay dugc goi la khir SI dang lai ghép.

e Mién twong tu: Phuong phap nay bao gom viéc loai trir mot tin hiéu du
doan nhan duoc ra khoi tin hiéu thu trude bd ADC, khi tin hiéu van con trén chudi
RF. Chung ta c6 thé thy rang dé c6 dugc tin hiéu mong mudn khi thu, chung ta chi

can trir tin hiéu phat khoi tin hiéu thu dugc, nhung trén thuc té didu nay 1a khong dé
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thyc hién. Boi vi mach ctia chudi RF phat va tat ca cac qua trinh xur ly déu tao ra céc
murc do méo tin hi€u va tap &m. Hon nira, tin hi¢u phat va cham vo1 céac vat thé xung
quanh va bi phan xa, do do¢ tai ang-ten thu, chiung ta sé c6 thanh phén tin hiéu tam
nhin thing (Line of Sight: LOS) manh (lién két SI) cong voi mot s6 ban sao bd sung
ctia tin hiéu. Cac thuat toan dong da dugc dé xuat dé uéc tinh 46 méo do cac mach
tao ra va mo hinh héa chinh xac SI. Cac phuong phap twong tu cling dugc phan chia
dua vao thich tmg hodc khong thich ing, tiy thudc vao kha niang diéu chinh cic tham
s6 ctia chung do nhiing thay d6i ciia méi truong. Cac phuong phap thich tng c6 thé
tu dong diéu chinh cc tham sb nhu d6 khuéch dai, d6 tré va pha trong qua trinh dy
doan SI, trong khi cac so d6 khong thich tng phai dua vao viéc diéu chinh thu cong
cac tham s6 d6. Cac phuong phap khtr SI twong tu duoc dé xuat, vi du nhu st dung
tin hiéu tai bd tuan hoan da duoc phan xa boi ang-ten, dé khir SI, dat t6i 40 dB khu
SI hoic b sung chudi RF dé khir nhiéu va duoc sir dung tai chudi RF thu cho khir
SI, dat t&1 48 dB cua su suy gidm. Khar SI tuong tu triét ti€u ca nhiéu va tin hiéu, dé
trién khai va bu dip cho sy lan truyén da duong. Tuy nhién, viéc udc lugng SI 1a mot
trong nhirg nhuoc diém chinh cia khtr SI tuong tu.

e Mién sb: Céc k¥ thuat sd thuong duoc sir dung sau khir SI trong tu. Sau khi
ap dung khir SI twong tu, tin hiéu SI du vAn con vi nhing cach thirc nay lam suy giam
mdt phan SI (chung khéng thé dua SI xuéng mure san nhiéu), do d6 SI du nay phai duoc
khir thém. Khir SI s duoc thyc hién sau ADC bang cac k¥ thuat xir 1y tin hiéu s6 (Digital
Signal Processing: DSP). Co thé dat duwoc muc khir 1én t6i 10 dB khi chi st dung céc
phuong phép s va 1én téi 60 dB khi két hop véi khir SI twong tu [30]. Uu diém chinh
ctia khtr SI s6 13 gop phan 1am giam SI du sau khi khtr twong tu. Su gia ting tap 4m lugng
tir ciing nhu kha ning khir nhiéu bi gi6i han 1a nhitng nhuge diém chinh.

1.2.2. So sanh HD va FD

Chung ta xem xét ca vu diém va nhuoc diém cua FD khi so sanh véi cong nghé
HD c6 dién. FD mang lai nhiéu vu diém, mot sé duge 1iét ké cu thé nhu sau:

e Thong luong cao hon: V& mit Iy thuyét, viéc khai thac tai nguyén thoi gian

va tan s6 cho phép hé théng FD ting gap do6i dung lugng so véi HD. Hon nita, cac
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nghién ctru thyc té cling cho thiy truyén dan FD c6 thé cung cap dung luong cao hon
mién la chét lugng trict nhiéu vong 1ap (Loop-Interference: L1) dugc cai thién.

« DO tré tir dau cudi dén dau cudi duge cai thién: FD giam do tré dau cubi trong
cac mang chuyén tiép. Viéc str dung cac nit chuyén tiép hoat déng & ché d6 FD lam
giam d9 tré cta tin hiéu phat vi cac nit chuyén tiép truyén va nhan thong tin dong thoi,
do d6 chiing khong phai chdr dén khoang thoi gian tiép theo dé truyén nhu ché do HD.
Vi dy, khi thyc hién truyén dan chuyén tiép mét chiéu c6 thé dugc hoan thanh trong
hai khe thoi gian dbi voi chuyén tiép HD, trong khi qua trinh truyén c6 thé dugc thuc
hién trong mot khe thoi gian ddi voi chuyén tiép FD.

* Tinh linh dong ctia mang: Nho sy tién bo cua truyén thong FD, co thé str dung
ca truyén dan FD va HD trong cac phan khac nhau ciia mang khong dong nhat. Vi dy,
cac tram géc manh mé c6 thé xir 1y cac hoat dong khir LI va hoat dong & ché do FD,
mic du viéc trién khai truyén dan FD cho tét ca cac nguén 1a rat khé khan. Mot vi du
khac 14 cac nat ngudn sir dung truyén dan HD, trong khi nat chuyén tiép hoat dong &
ché d6 FD dé hoan thanh toan bo qué trinh truyén dan trong mot khe thoi gian.

« Tang cudng kha ning bao mat: FD ting cuong bao mat ¢ 16p vat 1y. Sy xuét
hién dong thoi ctia hai tin hiéu & ciing tin sd khién ké nghe 1én khé giai ma thong tin.
Hon nita, mdt trong nhitng loi ich quan trong cta truyén dan FD 1a téc do bao mat duoc
cai thién nho cac tin hiéu vo myén hon hop do hoat dong truyén va nhan dé)ng thoi. Do
d6, hiéu ning ctia cac kénh nghe 1én bi giam sut do truyén thong FD.

« Giam xung dot dit liéu: N6 ciing cung cip kha ning tranh xung dot dir liéu vi
da truy cdp cam bién song mang voi tranh xung dot (Carrier Sense Multiple
Access/Collision Avoidance: CSMA/CA) trong cac phuong phap HD c6 dién yéu cau
cac thiét bi cam bién méi trudng truyén dan trude do, trong khi & ché o FD, chi thiét
bi dau tién bat dau truyén moi can cam bién chét lugng kénh. Tuy nhién, khi chon ché
d6 hoat dong FD, viéc trién khai phai ddnh d6i & mot s khia canh tiéu cuc. D6 1a:

¢ Do phirc tap phan cig cao hon: P9 phirc tap ciia phan cimg FD cao hon khi
so sanh v&i HD. Céc yéu cau phan cimg dbi véi khir SI tuong tur va kha ning tinh todn

can thiét d6i vai khir SI sb khién viéc thiét ké hé thong vo tuyén FD tro nén kho khan.
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¢ Tiéu thu ning lugng 1én hon: Sw gia ting d6 phirc tap phan ctng va qua trinh
xtr 1y can thiét cho khtr SI 1am ting mirc tiéu thu ning luong.

¢ Khtr SI khong hoan hao: Viéc ude luong kénh SI 1a van dé quan trong dbi
v6i khir SI, do d6 viée trién khai cac k¥ thuét khtr SI dang tin ciy khong thanh cong
s& dan dén hiéu ning thap trong FD.

¢ Ti 1é mat gbi tin cao hon: Cac hé thdng FD phai xtr 1y s6 luong géi tin 16n
hon hé théng HD do phai truyén va nhan dong thoi. Thuc té nay dan dén sb luong
g6i tin bi mat cao hon.

1.3. Cong nghé thu thip ning lwong séng vo tuyén

Cong nghé thu thap niang luong tin hiéu tan sd vo tuyén (Wireless Energy
Harvesting: WEH) d3 duoc nghién ctru gan day trong khai niém truyén ning luong va
thong tin vo tuyén dong thoi (Simultaneous Wireless Information and Power Transfer:
SWIPT). Thu thap nang luong vo tuyén 1a ky thuat méi duge dé xuat trong mot so
nam gan ddy. Y tuéng chinh 1a str dung ning luong cta tin hiéu & bang tan vo tuyén
nhan duoc & may thu, chuyén doi thanh nguon dién mot chiéu, cung cp niang luong
cho thiét bi thu/phat [31]. V&i cong nghé nay thi nang luong thu thap dugce nham giap
hé théng van duy tri hoat dong binh thudng, ma khong hoic giam su phu thudc viéc
cAp ngudn dya vao ngudn ning lwong luu trit (pin) hodc ngudn dién mang nhu hién
nay. Pay 13 mot trong nhitng muc tiéu dé cai thién hiéu suat hé thong va 1a giai phap
kha thi nham kéo dai thoi gian séng cho nhiing thiét bi c6 nguén ning lugng hitu han,
hoat dong trong nhirng méi truong khic nghiét ma viéc thay thé hodc nap lai pin la
rat kho khan. Do do, cong nghé RF-EH da thu hut duoc nhiéu su quan tam tir ca linh
vuc cong nghi€p (Industry) va hoc thuat (Academic). Trong linh vuc cong nghiép,
RF-EH c6 thé dugc str dung trong nhiéu linh vuc, nhu cac mang cam bién khong day
(Wireless Sensor Networks: WSNs), linh vuc y té, nhan dang qua tin s vo tuyén
(Radio Frequency Indentification: RFID) va cac thiét bi dién tir trong mot pham vi
rong. Thu thap ning luong vo tuyén hia hen sé thay doi cach thirc cac thiét bi dién
tir st dung ning lwong. Hién nay, da c6 nhiéu nghién ctru lién quan dén RF-EH duoc

dé xuat va dé trién khai mot nit thu thap nang lugng méi trong cic mang vo tuyén,
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cac mang truyén théng s& c6 mot sé thay doi, tao nén mot vién canh thiét ké méi trong
céc mang vo tuyén.

Déi véi RF-EH, ning luwong thu thap c6 thé duogc tinh bang phuong trinh Friis
[32], phu thudc vao cong suit phat, bude song va khoang cach. Cong suit thu co thé
dugc the hién boi:
_ PGGA
() d’L

P.(d)

(1.4)

trong do P, la cong suét may phat, G, 1a do lgi dng-ten phat, G, 1a d¢ lg1 ang-ten thu,
A 1a bude song cua tin hiéu, d va L 1an luot 13 khoang cach tir may phat dén may
thu va hé s suy hao dudng truyén.

Trong hé théng RF-EH, ¢6 hai qua trinh quan trong, d6 1a st dung cac tin hi¢u
vO tuyén thu duoc dé gidi ma tin hiéu va trich mdt phﬁn tin hiéu dé tai tao thanh nang
luong sau d6 cung cap ngudn cho hé thong. Do vay, diéu kién can c6 trong thiét ké
phan clng ciia cac md hinh may thu/phat RF-EH 1a mach dién c6 kha nang thu thap
nang lugng tir tin hiéu vo tuyén va giai ma tryc tiép song mang tin [31].

Hon nira, RF-EH ciing c6 céc tinh chat riéng biét so vé6i cac phuong phap thu
thap nang lugng khac, nhu nang lugng mat troi, ndng luong gid, nhiét va dao dong.
Cac ngudn nang lugng tai tao tir thién nhién 1a khong thé kiém soat, do d6 thu thap
nang lugng tai tao khong bao dam yéu cau chat luong dich vu (Quality of Sevice: QoS).
K¥ thuat RF-EH vuot qua cac gidi han trén va nd sir dung mot ngudn ning lugng dé
phat séng tin hiéu mang niang lugng khong doi va cong sudt phat co thé diéu khién
dugc, nén RE-EH c6 thé dugce str dung trong cic mang thong tin dé nap ngudn cho cac
thiét bi vo tuyén di dong. Do ning luong thu thap phu thudc vao khoang cach, cac may
thu nang lugng khac nhau duoc dat tai nhiéu dia diém khac nhau co su phan biét 10
rang vé ning luong thu thip. Su khac biét dang ké nhat gitra RF-EH va cac phuong
phap thu thap ning luong khéac 1a RF-EH c6 thé tao ra cong suat 6n dinh xung quanh.
Tuy nhién, cic phuong phap thu thap ning lwong khac khong kiém soét duoc, thu dong
dé tao ra nguodn dién. Do d6 RF-EH 12 rat phu hop cho cic mang truyén thong hién tai.
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C6 hai loai ngudn duoc sir dung trong RF-EH 14 ngudn chuyén dung va ngudn
xung quanh. Ngudn ning luong chuyén dung sir dung dng-ten dinh hudéng dé dap tng
yéu cau QoS trong mang v4i cong sudt phat khong doi. Bé dap ung yéu cau QoS cia
tmg dung di déng, ngudn ning luong chuyén dung 1a phwong phap phi hop béi vi nd
c6 thé duge cdu hinh day du. Ngudn xung quanh 13 tin hiéu RF da duoc phat trén
kénh vo tuyén. BO thu ning luong RF c6 thé thu thip co hoi tin hiéu RF xung quanh
dé nap ngudn cho chinh né. Mot sé tin hiéu RF xung quanh, nhu tram gbc clia mang
di dong va cdac tin hi€u quang ba tur tivi hodc dai phat thanh.

1.3.1. Cdc giao thirc thu thip ning lwong séng vé tuyén

1.3.1.1. Giao thurc thu thap - sit dung (Harvest-Use Protocol: HUS)

Trong d6 nang lugng dugc thu thap trong mot chu ky thoi gian gia st dugc su
dung hoan toan trong ciing mot chu ky. Giao thirc HUS ¢6 thé dugc 4p dung trong
cac mang WSNs v6i b luu trit pin nho [33], trong d6 nang luong thu thap nén dugc
sir dung ngay lap tic, néu khong sy ¢6 tran ning lugng pin xay ra va dan dén mat
hiéu suét truyén dan. Mt khac, viéc phan tich hiéu nang cua giao thuc HUS dya vao
WSNs thudng c6 thé dé dang thuc hién, d6 1a 1y do tai sao chiing dugc ap dung trong
nhiéu nghién ctru. Do d6, hiéu ning cua giao thire HUS dira vao WSNSs ¢6 thé duogc
xur Iy nhu mot gidi han dudi cua vi¢e dat dugce giao thuc truyén tdi wu.

1.3.1.2. Giao thtrc thu thap - luu trtt - st dung (Harvest-Store-Use
Protocol: HSU)

Trong d6 niang lugng thu thap trong mot chu ky thoi gian ¢ thé duge luu trix
cho viéc str dung trong twong lai. Bdi vi ning lwong thu thap khong can phai tiéu thu
hoan toan, nén giao thirc HSU cung cap hiéu ning truyén t6t hon so véi giao thirc HUS.
Giao thue HSU duogc ap dung boi cdc mang WSNs voi bd Iuu trit pin 16n [34]. Trong
truong hop ndy, cac niit cam bién khong can sir dung tt ca nang lugng sin co tai moi
khéi thoi gian, va do d6 co thé sir dung tét hon ning luong thu thap sin c6 va lap lich
tiéu thu nang lugng cua no dé cai thién hiéu nang truyén dan. Vé mat ly thuyét, dé dat
duogc hiéu suat tong truyén tbi wru, nat cam bién c6 thé thay doi thich (mg cong suat

phét trong mdi chu ky thoi gian phu thudc vao luu trit ning luong hién tai va do dai
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ctia hang doi dit liéu. Tuy nhién, hau hét cac mang WSNs dya trén truyén thong tin vo
tuyén (Wireless Information Transmission: WIT) 1a cac thiét bi don gian, yéu cau cac
giao thirc do phirc tap thap, khong cho phép thay d6i thich nghi cong suat phat. Do do,
giao thirc HSU duoc ap dung rong rai, 1a giao thirc dua trén ngudng, véi cong sudt phat
khong d6i trong mot chu ky thoi gian mién 1a ¢ du nang lugng dé truyén [35].
1.3.2. Phan logi cdc ky thudt thu thdp ning luwong séng vé tuyén
1.3.2.1. K¥ thuat thu thap nang luong phan chia thoi gian

& Giai ma thong tin
(Information Decoding: ID)

Chuyén mach
thoi gian

Thu thap nang lwgng
l-a (Energy Harvesting: EH)

May phat

Hinh 1.3: Cau tric may thu SWIPT véi ché do chuyén mach phan chia thoi gian
(Time-Switching: TS) [33].

Céu tric cta TS duoc xem xét nhu trong Hinh 1.3, trudce tién tin hi¢u thu duogc
bdi dng-ten chiu tac dong ctia nhidu kénh 7n,. Mdi khung dit liéu (frame) truyén dugc
chia thanh hai khe thoi gian, mot khe thoi gian dé truyén thong tin va khe thoi gian
con lai dé thu thap ning luong. Do d6, tin hiéu nhan thu dugc dua trd lai cac thiét bi
dau cudi dé giai ma thong tin (Information Decoding: ID) va thu thap ning luong
dinh ky thong qua mot bo chuyén mach thoi gian tai mdi may thu, véi 0<a <1 1ati
1¢ phan tram thoi gian truyén trong mdi khung va 1-a 1 ti 1é phan trim cia EH.
Theo nguyén tic TS, nat thu thap ning luong chuyén dbi giita nang lugng thu thap
va thong tin nhan dugc trong viéc phan bo khoang thoi gian khac nhau. Khi may thu
thyc hién thu thap nang lugng, EH co thé duoc biéu dién 1a:

2
>

EEH = 77PT |h

(1.5)

v6i 77 14 hidu suat chuyén d6i ning luong, P, 1a cong suét tai may phat va & 1a do
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loi kénh truyén gitta may phat va may thu. Khi may thu hoat dong, toc do dir liéu co
thé dugc bicu dién la:
2
R=(1—a)W10g{1+PTG|—il|J, (1.6)

v6i a 13 hé sb chuyén mach thoi gian ma ning luong nhan duoc tai may thu, trong
khi 1—-« 1a thoi gian nhan dit liéu tai may thu, W 13 bang thong va o° 1a phuong
sai ctia tap Am. Sy phan bd chuyén d6i theo thdi gian c6 thé duoc tdi wu cling véi tin
hiéu phat trong cidc mang thong tin khac nhau. Chuyén doi theo thoi gian yéu cau lap
lich chinh xac cho thong tin va nang lugng.

CAu triic chuyén mach thoi gian cho SWIPT, ca thiét bi dau cudi ID va EH
duogc trang bi tai mdi may thu, cac tin hiéu thu va nhidu cta céc thiét bi dau cubi ID
va EH trong cic khe thoi gian khac nhau theo chu ky thdng qua bo chuyén mach thoi
gian. Ngoai ra, trong cau triic ndy thi ca cac thiét bi dau cudi ID va EH duoc trang bi
tai moi may thu, da truy cap phan chia theo thoi gian (Time Division Multiple Access:
TDMA) va cac ché d6 lua chon nguodi dung ciing co thé dugc coi 1a mot loai cua
chuyén mach thoi gian. Do vy, may thu hoac hoat dong trong chirc nang EH hoac ¢
chtrc nang ID tai mot khe thoi gian nhat dinh va cac chirc ning s& dugc chuyén do6i
gifra cac nguoi dung trén cac khe thot gian khac nhau.

1.3.2.2. K§ thuat thu thap niang luong phan chia cong suat

Khi ché d6 PS duoc st dung trong Hinh 1.4, trudc tién tin hiéu nhan dugc béi
ang-ten bi tic dong cua nhiéu kénh n - Tin hiéu sau d6 duoc dua trd lai bo phan chia
cong suat, thong qua do tin hiéu dugc chia thanh hai phan, mot phan cho giai ma
thong tin (ID) va phan con lai cho thu thap ning luong (EH), v6i p 13 phan cong suit
thu dugc chia cho thiét bi dau cudi giai ma thong tin va 1— p 1a phan cong suét thu
dugc chia cho thiét bi dau cudi thu thap nang lugng. Trong qua trinh thiét bi dau cubi
giai ma thong tin, nhidu n, khac cling tac dong vao, diéu ndy sé dnh huong dén hiéu
nang giai ma cua thiét bi dau cubi ID. Trong thiét bi dau cubi EH, tin hiéu thu duogc
chuyén d6i thanh ngudn dién dé sir dung hodc Iuu trir. Luu y rang, nhiéu kénh 7,

khong dang ké khi EH dugc thuc hién va co thé bo qua trong thiét bi dau cudi EH.
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Giai m3 théng tin
(Information Decoding: ID)
/\/ Phan chia 7 g
cdng suat
\ 4 nA <§ i) Thu thap nang lvong
@ (Energy Harvesting: EH)

May phat

Hinh 1.4: Céu tric may thu SWIPT véi ché do chuyén mach phéan chia cong suit
(Power-Splitting: PS) [33].
Ning luong thu thip trong phan chia theo ngudng cong suit la:

2
o

Eyy =npP; |h

(1.7)
v6i p 1a hé sb phan chia cong suat quyét dinh ti 1¢ cua tin hiéu RF sir dung cho may
thu thuc hién thu thap ning lugng, p € [0, 1]. Do dé, toc do dit liéu dwoc thé hién la:

(1-p) BJH]
R=Wlog,|1 , 1.8
ng[ —Iro-2+(1—,o)0'2 (19

p

voi 0',2, 1a phuong sai nhiéu bd sung tic dong vao may thu. Chung ta nhan thay rang,
t6n tai mot sy danh doi gitra toc do thong tin va thu thap nang luong c6 thé dugc phan
tich bang cach t6i wu p. Cac qua trinh phan chia theo ngudng cong suat, thong tin va
nang lugng trong cung mat khe thoi gian, do d6 n6é dat dugc hiéu sudt SWIPT tirc thoi,
v6i cdu triic may thu PS thi ID va EH c6 thé thuc hién dong thoi tai mdi nguoi ding.

1.4. Ky thuat da truy cap khong truc giao

Nhiéu 12 mét rao can chinh ddi véi viée trién khai hiéu qua cac ung dung cho
nguoi ding cac thiét bi dau cudi trong mang v tuyén, bao gdm ca mang di dong thé
hé tht ndm (Fifth-Generation: 5G) va cac mang sau 5G (Beyond Fifth-Generation:
B5G). Cac giao thirc va tiéu chuan cho nhiéu loai hinh truyén théng khac nhau da duoc
thiét 1ap va sir dung trong nhiing nim qua. Tuy nhién, nhiéu van con ton tai nhiing
thach thirc chinh, ngin can ngudi dung dau cudi nhan duogc chat luong dich vu (Quality

of Service: QoS) mong dgi cho nhiéu timg dung B5G. Nhu cau ngay cang ting vé tdc
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d6 dir liéu 16n hon va viée tiép xuc nhiéu hon vdi thong tin da phuong tién dd dan dén
phuong thirc da truy cap khong truc giao (Non-Orthogonal Multiple Access: NOMA),
nham muc dich ning cao hiéu suat phd tan va lién két cac img dung bd sung bang cach
sir dung céc co ché ma hoa xép chdng va khir nhifu néi tiép. Cac nghién ctru gan day
cho thay phuong phap NOMA hoat dong tét hon khi dugc két hop véi cac cong nghé
khong day phu hop, cu thé 13 bang cach tich hop tinh ning da dng-ten, bao gom kién
tric da dau vao da dau ra c& 16n, cong béng tdc do dit liéu, hiéu qua nang lugng, chuyén
tiép hop tac, dinh huéng va can bang chum tia, md hoa mang va ma hoa khong gian-
thot gian. Vi dy, cac tac gia trong [36], da phan tach thong tin nguoi dung, NOMA st
dung phuong phéap khir nhidu ndi tiép (Successive Interference Cancellation: SIC) &
phia thu. Tuy nhién, trong qué trinh SIC, thong tin tir nhitng ngudi dung cé do loi
kénh thap hon s& duoc trich xuat boi nhitng nguoi dung c6 d6 loi kénh cao hon.
NOMA dang ndi 1én nhu mot cong nghé then chét cho cac mang khong ddy thé
hé twong lai, va do d6, nhiéu giao thirc da duoc dé xuit va nghién ciru. Nhidu ngudi
dung phat thong tin trén céc tai nguyén dugc chia sé trong cac so &0 NOMA va nhiéu
ngudi ding c6 thé stir dung ciing mot kénh vat 1y, cho phép ting dang ké dung luong.
B0 thu 4p dung phuong phéap phat hién két hop nhu SIC hodc thuit toan truyén ban tin
(Message Passing Algorithm: MPA) dé xac dinh céc tin hiéu khong truc giao. Mic du
cac ¥ tudng co ban cua tit ca cac phuong thirxt NOMA déu gidng nhau, nhung ching
dugc phan chia theo phuong phép thuc hién tinh khong truc giao. Cac giao thirc NOMA
hién c6 c6 thé duoc phan loai thanh hai 16p: NOMA mién cong suit (Power-Domain
NOMA: PD NOMA) va NOMA mién ma (Code-Domain NOMA: CD NOMA). Cu
thé, PD NOMA phuc vu nhiéu nguoi ding trong cting mot tai nguyén thoi gian-tan s6
bang cach sir dung cic mirc cong suat khac nhau [37]. Dé giam thiéu nhiéu giita cac
nguoi dung, SIC dugc ap dung & phia may thu. CD NOMA phan bd cac tai nguyén
khong tryc giao cho nguoi dung, chéng han nhu tir m3, xen k&, chudi trai phé) va ma

hoéa [38]. Trong tim chinh ctia phan nay, tac gia tap trung vao PD NOMA.
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1.4.1. NOMA dwong xuéng

Cong suit

Nguoi dung 2

Thoi gian/Tan sb

Giai ma tin hiéu cua

Nguoi dung 2
i r— 7777 |
% ! | Khitinhigucia | ! Giai ma tin higu cia
830 R R I—P °
o%g : Nguoi dung 2 | Nguoi dung 1
Nguoi dung 1 SIC

Tram goc

Hinh 1.5: Hé thong NOMA dudng xudng hai ngudi ding.

Nhu thé hién trong Hinh 1.5, chiing ta xem xét moé hinh hé thong NOMA
duong xudng hai nguoi dung, trong dé6 mot tram gdc (Base Station: BS) don adng-ten
phuc vu hai ngudi dung dugc trang bi don ang-ten. Ky hi€u cac tin hi¢u dugc phat tir
BS dén ngudi dung 1 va 2 1an lugt 1a s, va s,. Ma hoa xép chong dugc BS ap dung,
va do do, tin hiéu duoc truyén tai BS duoc cho boi:

x=,/aPs,+./a,Ps,, (1.9)
trong d6, P 14 tong cong suat phat tai BS. Tin hiéu ngudi dung s,, k=1, 2 1a don vi

cong suét, cu thé E{|sk|2} =1, v6i E{} 1a toan tr ky vong thong ké. Hon nita,

a,, k=1, 2 1a hé s6 cong suét cho tin hiéu cua nguoi dung &, thoéa man diéu kién
a,+a,=1. Gid tri cu thé cua a,, k=1, 2 dugc xac dinh b1 cach thire phan bod cong
suat (Power Allocation: PA) di 4p dung.
Tiép theo, tin hiéu nhan dugc tai nguoi dung k& dugc cho boi:
Yy =hx+n, (1.10)

trong d6 4, biéu thi d6 loi kénh truyén giita ngudi ding k va BS, trong khi n biéu
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thi nhidu Gauss tring cong (Additive White Gaussian Noise: AWGN), véi gia tri
trung binh bang khong va phuong sai .

Pé giam thiéu nhidu gitta cac ngudi ding, SIC duoc thyc hién tai ngudi ding
manh, tuc 1a nguoi dung ¢ dd 191 kénh 16n hon. Cu thé, nguoi dung manh trudce ti€n
s& giai ma tin hiéu cho ngudi dung yéu, tirc 1a ngudi dung c6 do loi kénh nhoé hon,
sau d6 loai bo tin hiéu d6 dé thu duoc tin hiéu cua chinh minh. Nguoc lai, nguoi dung
yéu s& truc tiép giai ma tin hiéu cta chinh minh, coi nhidu tir ngudi ding manh 14 tap
am. V& 1y thuyét, nguoi dung manh duoc dam bao giai ma thanh cong tin hiéu cta
nguoi ding yéu néu nguoi dung yéu cé thé giai ma thanh cong tin hiéu cua chinh
minh [39]. Ché ¥ rang két luan trén van dung voi phan bo cong suit tiy ¥. Trong thuc
té, ngudi ding yéu thuong duge phan bo nhiéu cong suat hon, do d6 viéc giai ma tin
hiéu cua nguoi dung yéu c6 thé dugc thyc hién chinh xac. Hon nira, diéu nay ciing
dan dén tinh cong bang cua hé théng tot hon.

Khong mat tinh tong quat, ching ta gia st rang ngudi dung 1 1a ngudi ding
manh, trong khi nguoi dung 2 12 nguoi ding yéu, cu thé 1a |h1|2 > |h2|2. Theo giao

thitc NOMA, toc do dit lidu dat duoc cho nguoi dung 1 va 2 dugce cho boi:

NOMA a1P|h1|2 2
R =log, [ 1+=—51 | = log, 1+ Aa [ ), (1.11)
(o2
a P|h |2 Aa |h |2
RYNMA — 1o +—212  1=]o 1+ —220 , 1.12
’ £ a,P|h,[ + 07 - A, |h|" +1 (1.12)

trong 36 A = P/o” 1a SNR phat. C6 thé thay rang toc do truyén dir liéu dat duoc cua
nguoi ding 1 khong bi anh hudng boi viée truyén tin hiéu ctia ngudi dung 2, nho hoat
dong cua SIC. Mat khac, tbc do truyén dir liéu dat dugc cua ngudi dung 2 giam theo a,.
Két qua 13, khi phan bo nhiéu cong suat hon cho nguoi dung 1, toc d6 truyén dit liéu cua
ngudi ding 1 ting 1én trong khi téc do truyén dit liéu cua ngudi ding 2 giam xudng.
Téng tdc do, cu thé 1a RINOMA + R;]OMA, da duoc ap dung rong rai dé danh gia

hiéu suit pho tan (Spectral Efficiency: SE) ctia hé théng. Tuy nhién, téc do tong
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thudng khong phan 4nh hiéu suit cia timg ngudi dung. Vay nén, ton tai sy danh ddi
giira tbc d6 ctia nhitng nguoi dung khac nhau.

Vé Iy thuyét, s6 luong ngudi ding duge phuc vu baing NOMA dudng xudng 1a
khong gidi han. Tuy nhién, trong thuc t&, NOMA dudng xudng thudng duoc 4p dung
cho mot s6 lwong nho ngudi dung, thuong véi K =2 hodc K = 3. Diéu nay 1a do khi
K 16n, su suy giam hiéu suat vé ti 18 151 bit (Bit Error Rate: BER) trd nén nghiém trong
do 16i lan truyén tir SIC khong hoan hao. Trong khi d6, can nhiéu kha ning tinh toan
hon va murc tiéu thy ning lwong cao hon dé giai ma tin hiéu cta nhing ngudi ding
khac, diéu nay lam cho n6 kém hap dan hon ddi voi cac thiét bi nguoi ding c6 tai
nguyén han ché. Khi s6 lugng nguoi dung trong hé théng 16n, can phai lap lich nguoi
dung. Nguoi dung trude tién dugc chia thanh cdc nhom khac nhau. Sau d6, nguoi dung
trong cing mot nhom duoc phuc vu bang NOMA, trong khi cac nhom khac nhau duoc
phuc vu bang da truy cép truc giao (Orthogonal Multiple Access: OMA), chang han
nhu da truy c@p phan chia thoi gian (Time Division Multiple Access: TDMA) hodc da

truy cap phan chia tan sb (Frequency Division Multiple Access: FDMA).
1.4.2. NOMA dwong lén

Giai ma tin hiéu cua
Nguoi dung 1

Khtr tin hiéu cua
Nguoi dung 1

I
:
I
I |
|
I
I

]sh Giai ma tin hiéu cta
o33 Ngu(‘wi dflIlg 1 . Nguoi dung 2
Tramgoc L - _—————————__--
Nguoi dung 2

Hinh 1.6: Hé thong NOMA dudng 1én hai ngudi dung.
Hinh 1.6 miéu ta hé thing NOMA dudng 1én voi hai ngudi dung. Ky hiéu tin
hiéu duoc truyén tr nguoi dung 1 va 2 lan luot 1a s, va s,. Tin hi¢u nhan dugc tai BS

¢ thé dugc biéu dién nhu sau:



24

y=i\/FkhkSk +n, (1.13)
k=1

trong d6 P, la cong sut truyén cua nguoi dung k. Tin hiéu ngudi ding s , 1la don vi
cong suat, cu thé E{|sk|2} =1, n la nhifu AWGN, véi trung binh bang khong va

phuong sai o”.

Trong NOMA duong 1én, tat ca tin hiéu nguoi dung déu duoc gial ma tai BS,
noi quan 1y toan bo thong tin. Do d6, thir tu giai mi co thé linh hoat. Hon nira, mdi
ngudi dung cd rang budc cong suat riéng va khong co rang budc nao ddi voi gia tri
so sanh ctia cong suat phat. Tuy nhién, xét vé mat thuc té cia viéc giai ma, BS uu
tién gidi ma tin hi€u nguoi dung nhan dugc manh nhét trudc. Cuong do tin hi¢u nhan
duogc la tich cta cuong do tin hi¢u phat va dg loi kénh. Cu thé, khi hai nguoi dung
phat véi cung cong suat, ngudi dung c6 do 1oi kénh 16n hon s& dugc giai mai trudc.
Diéu nay hoan toan nguoc lai véi dudng xudng, trong d6 tin hiéu ctia ngudi dung yéu
hon duoc giai ma trude. Dé khong mat tinh tong quat, chung ta gia dinh rang cuong
do tin hi€u cua nguoi dung 1 16n hon nguoi dung 2 tai BS. Khi do, céac tdc do dat

duoc tai cac nguodi dung dugc cho boi:

Pl
RMM* =log, 1+% , (1.14)
B || +0o?
plnl
RYOMA =1log, | 1+ 2|22| : (1.15)
o
Sau mét sd bude tinh toan, téng tdc d6 dugc thé hién nhu sau:
Plal +2h|
s g 12 FAL AL ) o
o

Ta c6 thé nhan thiy rang tong tbc d6 nhu trong (1.16) dat dugc khi nguoi ding
2 duoc giai ma trude. Pidu nay cho thiy téc do tong cia NOMA duong 1én khong
phu thudc vao thir ty giai ma. Dé so sanh gitta NOMA va OMA, c6 thé thiy rang tong
téc do dat duoc 1a nhu nhau néu OMA 4p dung phéan chia bac tu do t6i wu. Trong
truong hop nay, viéc st dung NOMA khong mang lai do loi hi€u ndng. Tuy nhién,



25

n6 cung cap mot giai phap thay thé dé dap tmg yéu cau tdc do riéng 1é cua cac ngudi
dung, diéu ma OMA c6 thé khong dép tng dugc trong mot sb truong hop. Ngoai ra,
phan chia bac ty do t6i wu thuong khong dong déu cho ca hai ngudi dung. Tuy nhién,
trén thue té, phan chia bic tw do bang nhau dugc wu tién hon [39]. Trong trudng hop
nay, NOMA van vuot trdi hon OMA.

Tiép theo, ching ta xem xét hé thdng NOMA tong quat véi K ngudi dung.
Gia st rang cac tin hiéu ngudi ding nhin c6 chi sd theo thu ty giam dan, tic 1a

B[ >...> P.|h| . Theo do, tdc do dat duoc ctia ngudi ding K duge cho boi:

A
=log,| 1+— , (1.17)
Z Pl.|hl.|2 +o’

i=k+1

NOMA
Rk

K
trong do Z P |h,~|2 duogc gia sit bang 0 v6i i = K.

i=k+1

NOMA duong 1én c6 thé hd tro nhiéu ngudi ding hon NOMA duong xudng,
vi BS thuong duoc trang bi cac khdi tinh toan manh m& hon. Do d6, NOMA dudng
1én pht hop hon véi truyén thong kiéu may moc & 16n.

1.5. Két luin Chuong 1

Chuong 1 da trinh bay nhimng khai niém co ban vé bao mat thong tin 16p vat 1y,
hé thdng chuyén tiép song cong, cong nghé thu thap ning luong song vo tuyén, k¥
thuat NOMA, c¢ lién quan tryc tiép dén Pé 4n. Dua vao nhitng ndi1 dung duoc dé cap

& trén, 1am co s¢ dé tac gia phan tich cac van dé dit ra & Chuong tiép theo.
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Chuwong 2: MO HINH HE THONG CHUYEN TIEP SONG
CONG SWIPT SU DUNG KY THUAT NOMA

2.1. M6 hinh h¢ thong

Y
hro1
h hgr
SR
ffffff SV YTt
\'
hre
Kénh dir liéu —
Kénh nghe lén _—
Thu thap nang lugng — — —

Nhiéu tu giao thoa

Hinh 2.1: M6 hinh h¢ thong chuyén tiép FD dua vao SWIPT NOMA [22].

Tac gia nghién ctru mo hinh hé thdng chuyén tiép song cong (FD) hai ching
st dung giao thirc giai ma va chuyén tiép (Decode-and-Forward: DF) dya vao truyén
thong tin va nang lugng dong thoi (SWIPT) NOMA, trong d6 mot nat ngudn (Source:
S) truyén dir liéu dén hai nguoi dung Dy va D, (Destination), trong su xuat hién cia
mot nat nghe 1én thy dong (Eavesdropper: E) xuat hién xung quanh D; va D, dang
) géng thu chin dix liéu tir S dén Dy va D,, nhu duoc thé hién trong Hinh 2.1. Hon
nita, gia sir khong c6 dudng truyén truc tiép tir nut ngudn dén hai nat dich, trong do
D, 1 ngudi ding xa va Ds 14 ngudi dung gan, do khoang cach va vat can. Vay nén,
qua trinh truyén dit liéu duoc sy hd tro cia mot nit chuyén tiép (Relay: R) va gia st
rang E chi nghe 1én duoc dit lidu & ching thir hai. Bén canh d6 cac nit S, D va Da,
E duogc trang bi mot ang-ten, hoat dong & ché do ban song cong (HD), trong khi R ¢c6
hai dng-ten va hoat dong & ché @6 FD. Hon nita, R c6 thé thu thap nang lugng tir mot

phan cua tin hiéu ngudn dé kéo dai thoi gian hoat déng cua pin, st dung phuong phap
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phan chia cong suit (PS). Cu thé, khoang cong suit OF, dugc st dung cho thu thap
ning lugng, trong 46 0 <@ <1 1a hé sé phan chia cong suit. Phan cong suét con lai
(1-0) B, dugce sir dung cho giai ma thong tin (ID).

2.2. M hinh kénh truyén

Gia st rang kénh truyén giita hai ngudi dung 1a kénh pha dinh Rayleigh khéi
phang, véi do loi kénh truyén 13 hang sb trong mot khdi va thay doi doc lap gitra cac
khdi khac nhau. Hon nita, hé sd kénh truyén gitta nut X va nit Y duoc thé hién la
hyy, V61 XY € {SR, RD,, RD,, RE, RR}. Ngoai ra, binh phuong bién do cua cac do

2
>

2
> VRrD, :‘hRDl > VRD, :‘hRDZ

) 2
:7RR:|h'RR a7RE:|hRE

la cac bién ngau nhién c6 phan bo ham mii véi cac tham s6 dac trung kénh truyén lan

loi kénh truyén: g, = | A

lugt nhu sau: A,, =1/ E{ 7XY} va E {} 1a ky vong thong ké. Ta c¢6 ham phén bd tich

lity (Cumulative Distribution Function: CDF) va ham mat d6 xac suat (Probability

Density Function: PDF) ctia bién ngiu nhién Z duoc viét ra nhu sau:
F, (Z)zl—exp(—/lz),fz (Z):ﬂexp(—/lz), (2.1)
Vi Z € { Vg Ve Voo, » Ve | VA A€ {Ass s Ay A |-

Ching ta dinh nghia A, la tham sO suy hao dudng truyén pham vi rong

(large-scale) tr nut X € {S, R} dénnat Y € {R, D, E}, i€ {1,2} nhu sau:

B
Aoy =(dxy ) (2.2)
trong d6 dy. 1a khoang cach gitra hai nit X va Y, # 1a hé sO suy hao dudng truyén

c6 gia tri trong khoang 2 dén 6.

Tin hiéu nhan duoc tai R dugc thé hién la:
Ve :1/(1—6’)\/?5hSR(\/Zx1+ a2x2)+\/EhRRxR+nR, (2.3)

trong do, \/a X, ++/a,x, 1a tin hiéu phét xép chong tai S dén hai ngudi dung Dy va D,
a, > a,, a,+a, =1 1a hé s6 phan b6 cong suat cho D va D, tuong tmg. Do dé, suy

hao duodng truyén 16n hon duoc gan cho ngudi dung xa (D) phan bd mirc cong suat
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16n hon (a,) va suy hao duong truyén nhé hon dugc gan cho ngudi ding gan (Da),
phan b6 murc cong suat nho hon (a2 ), x, lanhiéu tu giao thoa (Self-Interference: SI)
tai R khi R hoat dong & ché d6 FD, g, 1a hé s6 kénh truyén giita S va D, &, 1a kénh
nhiéu Iip (loop-back interference), 7, la nhiéu Gauss trang cong (Additive White
Gaussian Noise: AWGN), v6i trung binh bang 0 va phuong sai N,.

Nang lugng thu thap tai R duogc tinh la:

2

Ey =n0TR|hy (2.4)

trong d6 P, 1a cong suat phat ctia S, T 14 tong thoi gian truyén dan, 0<7 <1 1a hiéu
suat chuyén doi nang lugng va € 1a ti s6 phan chia cong suét.
Ap dung phuong phap PS, cong suat phat trung binh tai R dugc cho bai:

2

(2.5)

b

F R — ﬂ = 770Ps |hSR

T
Dua vao nguyén 1y khir nhiu néi tiép (Successive Interference Cancellation:
SIC), trudc tién R giai ma tin hi¢u x, trong khi xem x, 1 nhiéu nén (background noise).
Sau d6 loai bo tin hiéu x, tir tin hi€éu nhan dugc va gidi ma tin hiéu x,. Do R thuc hién
ché d6 chuyén tiép FD, nén ti s6 tin hidu trén nhiéu va giao thoa (Signal-to-Interference-

plus-Noise-Ratio: SINR) ctia tin hiéu x, va x, tai R duoc thé hién nhu sau:

P — (1_9)PS|hSR|2 q

¢ (1_0)P5|hSR|2 a, +PR |hRR|2 +N0
(1-0) B || @,
(I_Q)PS |hSR|2 a, +noK |hSR|2 |h’RR|2 +N,

(1-0)aq,
. _ (2.6)
(1-0)a, +n0|hy|
1-0)P.|h.| a 1-0)P.|h..| a 1-6
?{2:( ) s| SR| 2 _ ( ) S| SR| 2 z( )a2 2.7)

-

PR|h’RR|2 +No 77‘9Ps|hSR|2|hRR|2 +No 770|hRR

Sau khi giai ma thong tin tir nit nguon, R ma hoéa lai va chuyén tiép thong tin

nay dén hai nat dich. Tin hiéu nhan duoc tai hai ntt dich dugce cho nhu sau:
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Vp, = \/EhRD[ (\/671961 + a2x2)+nDi, ie {1,2}. (2.8)

trong d6 n;, la AWGN, vdi trung binh bang 0 va phuong sai N, cuanut dich thu i.

Ta c6 SINR tai D la:

2 2 2
N a, Fy ‘hRDl ‘ _ anOFk |hSR| ‘hRDl ‘
D, -
aZPR ‘hRD1 ‘2 + NO a27701)S |hSR |2 ‘hRDl ‘2 + NO (2 9)
_ alneAVlSR |2 ‘hRDl ‘2
a0A g [ g, | +1
v6i A=P,/N, 1a SNR phat.
Tiép theo, ta co SNR tai Dy 1a:
2 2 2
N _ a,Fy ‘hRDZ‘ _ a,n0k |hSR| ‘hRDZ‘
> NO NO
2 2
= a,70 hy | P, | (2.10)
Str dung giao thirc DF, ta c6 SNR tong ciia hé thng la:
v, :mm(\lﬂg, \Pgi), ie{l, 2). (2.11)
Tdc do dir liéu tire thoi tai Dy va D; la:
Cp, =log, [1 + min(‘l”g‘ , W, )],
Cy, = log, | 1+min(Wy, ¥ )| (2.12)

Tin hi€u nhan duoc tai hai nit E dugc cho bdi
Ve = Pl (N +fa,x, )+, (2.13)
trong do, h,, 1a hé s6 kénh truyén gitta R va E, n, 1a nhiéu Gauss tring cong, trung
binh bang 0 va phuong sai N,.
Hon nita, tic gia xem xét truong hop xdu nhat: Ké nghe 1én c6 thé d& dang
phat hién x, (hodic x,) ma khong xem x, (hodic x,) 12 nhidu. Do d6, SNR tai niit nghe

1én duoc thé hién 1a:
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—aPh anbPB |y el
P = 1 R]\|]ORE| _4 S|]\;:| | RE| :aln0A|hSR|2|hRE2’ (2.14)
a,P |hee|” anOP || s |
W= ]$| — |N| Vil _ o o i (2.15)
Tdc do dir lidu tic thoi cua tin hiéu x, va x, tai E 1a:
Cy =log, (1+¥} ), C =log, (1+¥}). (2.16)

2.3. Phan tich d9 tin cdy va hiéu ning bao mat ciia hé thong

Trong phan nay, tac gia phén tich x4c suat dimg (Outage Probability: OP) va
kha nang giai ma thanh cong tin hi¢u cua ntt nghe 1én (Intercept Probability: IP). Xac
suét dung dugc dinh nghia 1a xac suat ma D khong thé khoi phuc duogc dir ligu géc,
do SNR thép hon mdt ngudng xac dinh trude, y,, . Nguoc lai, xac suat thu chan duoc
dinh nghia 14 xac suat ma E c6 thé khoi phuc duoc dit liéu gbc, do SNR 16n hon hoic
béng mot ngudng xac dinh trudce, y, . Biéu dién vé mait toan hoc ta cé:

2.3.1. Xdc sudt dirng hé thong tai D; va D:

Ta c6, x4c suit durng cua hé théng tai Dy la:

OpP, = Pr(CDl < Cth) = Pr(log2 [1 + min(‘PE , W )} < Cth)
= Pr| min Py, W )<2% -1]. (2.17)

Pit y,, =2 —1, ta viét lai OP, nhu sau:

_ onln [ i [
O, = Prmin (1-6)q, o | sr;| | RD;\ -
(1—0)a2+776’|hRR| azU0A|hSR| ‘hRD]‘ +1
onl. ', |
=1-|Pr (1_0)a1 =2V | XPr a |Si| ‘ RDJ Z27q |- (2.18)
(1_6)a2+779|hRR| a2n6A|hSR| ‘hRDl‘ +1
L h 1 i

it X =|e" ¥ =|lg |+ Z =|lteo, |+ T=|heal s U =|is”-
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Dé tinh OP,, , trudc tién ta tinh tich phan 7, nhu sau:

(1-0)q, (1-9)a,
I, =Pr 72V [=1-Pr <7
(1-60)a; + 70 (1=6)ay +n6T
—1-Pr[(1-6)a, <(1-0)ay, +76T7, ]

=1—Pr[(1—9)(a1 _azyth) < 779T7/1h]

-fip (e

:P{T<u—ex%—%n»}zﬂ(u—ex@—%nn]

16y, n0y.,
:l—exp(—%(l_e)(al_azyth)j. (2.19)
16y,
Ta viét lai tich phan 7, nhu sau:
s :1—exp(— A (120) (@ —azm)} (2.20)
n6y.,

Ké tiép, tich phan I, dugc tinh nhu sau:

OA | [ e, [
=Pt an | sr;| ‘ RDJ >y :1—Pr( anOAXY < 7thj
a,10A |hg | ‘h’RDl‘ +1 a,nOAXY +1

=1-Pr(anOAXY < a,nOAXYy, +7, )
=1-Pr[ (&, —ay,, )nOAXY <y, |. (2.21)
T (221), ching ta nhan thdy rang, néu (at1 —azj/th) <0 thi
Pr[(a1 —a,y,, )NOAXY < ;/th] ludn luén bang 1, nén 7, =0 va do do OP, =1. Viy
nén, dé OP, <1, thi (a,—a,74,)>0, nén a, > a,y,,, dodd y, <a/a,.

Do d6, ta viét lai I, nhu sau:
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I =1-Pr| X < Yin
( — AV 77‘9AY

=1-|F
'('). X(( a27/th UQAX}/

l—l{l—exp(—(al —jj;{/f:;nﬁAxHXiRDl exp(—ﬂRDlx)dx. (2.22)

Ap dung tinh chat jexp —ax)d = l va cong thirc (3.324.1) trong [40], ta co:

exp(———yxjdx— \/7 (2.23)

Tich phan trong (2.22) dugc viét lai nhu sau:

o Bt

— 425k Y K 4/1st'1®1 Vi
o, \/j’RDl (al ) )77‘9A 1 [\/(al &V )UHA

_9 ﬂRDIASRyth K |2 ﬂSRﬂ’RDl Vi , (2.24)
(al _a27th)77'9A (al _a27th)77‘9A

trong d6 K, (.) 1a ham Bessel sita d6i bac 1 loai 2.
Két hop (2.20) va (2.24) v6i (2.18), ta c6:

e

N6y,
OP, =1-1 xI,=1- . (225

]’RDIZSR]/ th ASRARDI Vi
x2 K |2
(a,—ayry, ) nOA (a,—ayyy, ) nOA

Tiép theo, xac suét dung cua h¢ théng tai D2 la:
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Op, = Pr(CD2 < Cth) = Pr{log2 [1 Jrrnin(‘l”,;2 , Vp, )] < Cth}
= Pr| min(Wy, Wi ) <2% 1],

Pit y, =2 —1, ta viét lai OP,, nhu sau:

. (1-e
OP, = Pr{mm[(nmh )Tzz NN ‘hRDZ 2} < 7&}
RR

(1-8)a,
noér

=1-Pr > Q/th}xPr[azné’AXZ > ;/th]

=1-Pr|T < m}x Pr[a277¢9AXZ > yth]
16y,

(1-0)a,
N6y

g [(=0)a ><{1-P{X<L}}.

noy,, a,nOoNZ

N
Ji J,

=1-F, X{I—Pr[azﬂeAXZ<7/th]}

Dé tinh OP, , trudc tién ta tinh J, va J, nhu sau:

0

S

1 _|:/‘LRDZTeXp(_j,RD2x)dx—/1RDZ Texp(—% _ﬂ'Rszjdxi|

_ T 4wV
=1 —|:1—1RD2J-GXP{—W—1RDZX dx

(2.26)

(2.27)

(2.28)
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1) 4/18 ]/
=1 exp| ———Rh 2 x |dx
RDZ_([ p( 4a,70Mx RD, j

_, Pestuo K{ /ASRARDJm] (.20
a,noA a,noA

Két hop (2.28) va (2.29) vdi (2.27), ta co:

ool

OPD2 =1-J,xJ,=1~- . (2.30)
<2 A'SRARD2 Vin k|2 ASR/’LRDZ Vi
a,n6A a,noA

2.3.2. Xdc sudt thu chan tai E

Hé thong xem xét truong hop xau nhat: Nut nghe 1én c6 thé dé dang phat hién
x, (hodc x,) ma khong xem x, (hodc x,) 1a nhidu nén. Hé théng dugc xem xét sé& bi
nghe lén néu E c6 thé gidi ma thanh cong x, (hodc x,) tu R. V& mit toan hoc, IP cia
x, va x, dugc tinh nhu sau:

Ta c0, x4c suat thu chan ctua E d6i véi tin hiu x, la:

IP* =Pr(Cy 2 C, ) =Pr| log, (1+ ¥} )2 C, |
=Pr[ ¥y 22% 1]=1- Pr[a1n9A|hSR|2 e | < 26 —1]. (2.31)

Dit y,, =2 —1, ta viét lai IP* nhu sau:
IP* =1-Pr[anAXU <y, ]
—1- Pr(U<ﬁj:1 [, (a;% " (x)dx. (2.32)
1 0 1

Thay ham CDF va PDF trong (2.1) vao (2.32), ta c6:

= f A’REyth
IP" =1 —-([_1 —eXp[—m ASR exp(—ﬂSRx)dx

= _‘*3 exp(—Aw, X )dx — wex ﬂRE}/th
=1 {O@R p(~Asex)d %Rl p( pvr %Rj } (233)
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Ap dung tinh chat jexp ax)d = l va cong thic (3.324.1) trong [40], ta co:

| exp( yxja’x— \f (2.34)

Do do, tich phan trong (2.33) dugc tinh nhu sau:

X T A’RE]/th
P =1—|1-A. [e
{ . ! Xp[ Py — A

—| 1= A 4 xeY K 4Asg Are i
N\ Aganon a,n6A

9 Asp e K{ AspAre J (2.35)
\/ a,noA \/ a,noA

trong d6 K, (.) 1a ham Bessel sita d6i bac 1 loai 2.

I

Tuong ty, ta co Xac suét thu chin cua E dbi véi tin hiéu x, dugc tinh béi:
IP* =Pr(C 2 C, ) =Pr| log, (1+ ¥ )2 C, |
x C 2 2
=Pr[ Wy 22% ~1]=1 —Pr[a2n9A|}%R| e | < ;/th]. (2.36)

Ta viét lai biéu thirc IP* nhu sau:

IP* =1-Pr[a,nAXU < y, ]

T Vin
=1-Pr|U< 1- | F, x)dx
( a,no AXJ ?[ U[ a,nOAx ( )

__OO_X_/,{’REyth <01 x)dx
=1 !{1 e p[ —azneAxﬂﬂs‘*e p(—Agex ) dx. (2.37)

Véi cung phuong phap tinh twong ty IP", ching ta c6 tich phan trong (2.37)

duoc dua ra nhu sau:

P — o [t Kl[ /@Rﬂm} 239
a,n6A a,nA
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2.4. Két luan Chwong 2

Chuong 2 di trinh bay nhitng mo hinh hé thong chuyén tiép FD dua vao
SWIPT NOMA. So véi giao thirc ban song cong, c6 mot sb yéu td anh huong dén
kha niang bao mat ciia chuyén tiép song cong. Thir nhat, giao thirc song cong khong
c6 hé s6 “1/2” trong ca dung luong kénh dit liéu va dung luong kénh nghe 1én. Didu
nay twong duong voi viée giam mot nira toc d6 bao mat muc tiéu, dan dén kha ning
bao mat cao hon theo dinh nghia vé kha ning bao mat. Didu nay ngu y rang, ngoai
trir hé s6 “1/2”, kha ning nghe 1én cta hé thong FD nhé hon hé théng HD, trir khi d6
loi kénh nghe 1én R — E bang 0. Bdi vi trong phuwong phap FD, viéc truyén dong thoi
tir S va R gay nhiéu cho timg kénh tai bén nghe 1én. Yéu t6 thi hai 1a qua trinh truyén
d6ng thoi cia nit ngudn va nat chuyén tiép trong truyén song cong. Tir két qua phan
tich, chung ta thay rang viéc truyén dong thoi trong so dd FD giup cai thién dung
luong bao mat, nhung sy anh hudéng bi han ché. Anh huong 16n nhét xay ra khi cac
kénh nghe 1én c6 cung do loi, dan dén giam tdc d6 muc tiéu. Anh huong nho nhét ap
dung khi dung lugng kénh nghe 1én bang 0. Yéu t6 thit ba anh huéng dén hiéu ning
bao mat la hi¢n tugng nhiéu tu giao thoa tai ntt chuyén tiép khi truyén dan FD. Hién
tuong SI lam giam dung lugng kénh khi S — R, lam giam kha nang bao mat cua
phuong phap song cong. Tém lai, dbi voi hé thdng FD, yéu té thtr nhat va th hai cai
thién hiéu ning bao mat, con yéu té thir ba lam giam hiéu ning bao mat. Do yéu td
thr hai (truyén dong thoi) khong anh huong dang ké dén hiéu qua bao mat, nén loi
thé vé hiéu ning bao mat ciia hé théng song cong so voi hé thdng ban song cong chu
yéu dén tir hé s6 “1/2” vé dung luong, néu hién twong nhiéu tu giao thoa c6 thé duoc
triét tiéu mot cach hiéu qua nhu trong nhiéu hé théng. Hon nita trong Chuong 2, tac
gia da dua ra cac biéu thirc cuia ti s6 tin hiéu trén nhidu cho mé hinh duogc khao sat va
dua ra biéu thie dang chinh xé4c ctia do tin cdy (OP) va hiéu niang bao mat (IP) trong
hé théng xem xét. Trong chuong tiép theo, cac két qua mo phong Monte-Carlo duoc

tién hanh va phan tich dé kiém chung va so sanh két qua vai 1y thuyét da phan tich.
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Chuong 3: MO PHONG VA PANH GIA KET QUA

3.1. Tham s6 m6 phéng

Trong Chuong nay, tac gia thuc hién cac mé phong Monte-Carlo str dung phan
mém Matlab cho mé hinh nghién ctru dé kiém chimg cac phén tich 1y thuyét duogc trinh
bay Chuong 2. M6i truong mo phong 13 khong gian hé truc toa d6 hai chiéu Oxy. Vi
nut nguf)n (S) duoc dat o géc toa do (0, 0), khoang cach tur S dén R 1a dy , khoang

cach tir R dén cac nat Dy, D> 1a dyp, Va dyy, , khoang cach tir R dén E 14 d,,, tuong
tmg. Do d6 cac tham sd dic trung cia kénh truyén s& lan luot Ia
A =(d) s 2o, =(den, )+ Zuo, = (de, )+ e = (i)' » trongd 8 1ahé s suy
hao dudng truyén c6 gid tri tir 2 dén 6 [41]. Trong tt ca cic md phong, tong thoi gian
truyén tir ngudn dén dich bang 1 (T =1) va s6 phép thir dugc thuc hién 1a 5*10°.

Bang 3.1. Cac tham s6 md phéng ciia hé thong

Tham so6 Ky hiéu | Gia tri sir dung Ghi chu
SNR phat tai nguon A (0+30) dB A=10log,, (gj
Phuong sai nhiéu AWGN o’ 1 Chuén hoa
Hé s phén chia cong suit 0 0.1+0.9 Thu thap nang luong
Hiéu suit chuyén d6i ning
ltong n 0.6+0.9 Dac tinh EH
Hé s6 suy hao duong truyén B 3 Suy hao ham mi
Hé s6 suy hao kénh B 1 Chuén hoa
Hé s6 suy hao kénh Bro, 0.7+0.8 D,
Hé sb suy hao kénh Bro, 02+0.3 D,

Hé s6 suy hao kénh DBrr 1 E
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Tham s Ky hiéu | Gia tri sir dung Ghi chu
Hé s6 phan bo cong suat
a, 0.6 +0.7 Cho D,
NOMA
Hé s6 phan bo cong suat
a, 03+04 Cho D,
NOMA
Ngudng toe do dit lidu C, 0.25+0.5 QoS
Ngudng SINR Van 26 —1 Suyratue C,
Tham s dic trung nhiéu tu '
. ) Arg 1+3 Khtr SI ta1 R
giao thoa tai R
M0 hinh kénh - Rayleigh Pha dinh khéi phang
Giao thirc chuyén tiép DF - Decode-and-Forward
Ché d6 chuyén tiép FD - C6 SI
Phuong phap mo6 phong - Monte Carlo 5x10°

3.2. Panh gia két qua va thao luan

Hinh 3.1 trinh bay OP 12 ham ctia A (dB) va thay doi hiéu suat chuyén ddi ning

lwong, cu thé 7=0.75, n=1. Cac tham s khac duogc thiét 1ap nhu sau: dy =0.5,

dyp, =0.75, dypy, =035, a,=0.7, a, =03, 1 =5, 6=05, f=3 va C, =0.25.

Nhu ta c6 thé quan sat tir hinh v& nay, khi SNR ting thi OP giam va khi ting 7, c6

nghia rang hiéu sudt chuyén d6i ning lugng cao hon thi do tin cay hé thong t6t hon

(OP thép hon). Hon nira, tac gid thyc hién phan bo hé s6 cong suét ¢ dinh cho cac

ngudi dung, cu thé nguoi dung xa (Di) 1a (az1 = 0.7) s0 v6i nguoi dung gan (D2) 1a

(a2 = 0.3) , tanhan théy ré’mg OP tai Dy 16n hon OP tai D,. Tuy nhién, ta cé thé dy doan

rang néu tiép tuc ting hé sd cong suat a, cho Dy thi OP tai Dy sé giam, nhung OP tai

D> s& tang 1én. Vay nén, tiy thudc vao yéu cau chét luong dich vu tai Di va D2 ma

chung ta lya chon hé sb phan bo cong suat phu hop cho cac tin hiéu X, Va x,.
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Hinh 3.1: OP 1a ham cita A (dB) khi dg = 0.5, dy, =0.75, dyy, =0.35,
a,=0.7, a, =03, Az =5, =05, =3 va C, =0.25.

10° T T

OP

O MO PHONG D
O MO PHONG D
— LY THUYETD
— LY THUYET D,
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% MO PHONG D, (A;z=3)
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4| —LYTHUYETD,
107
-5 0 5 10 15 20 25
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Hinh 3.2: OP 1a ham cua A (dB) khi dg; =0.5, dy, =0.75, dy,, =0.35,

2
1

App=3

a,=0.7,a,=03, n=1, =05, =3 vaC, =0.25.
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Trong hé théng SWIPT sir dung giao thirc phan chia coéng suit (PS), ning
luong thu thap tai nat chuyén tiép R quyét dinh cong suat phat & ching truyén thir hai
va do d6 anh huong truc tiép dén hiéu ning cta hé thong. Nang luong thu thap dugc
phu thudc cha yéu vao hé sé phan chia cong suat 6 va hiéu suat chuyén doi ning
luong 77 .

Khi € ting, ning luong thu thip duoc va cong sudt phat tai R ting, giup cai
thién chat lugng céc lién kétR —> D1 vaR — D2, qua d6 lam giam xac suat dung OP
tai cac nit dich. Tuy nhién, viéc ting @ ciing 1am giam phan cong suat danh cho giai
ma thong tin tai R trong ching S — R, dan dén suy giam SINR va lam OP ting khi
0 vuot qua mot gia tri nhat dinh. Piéu nay cho thay ton tai su danh doi gitra thu thap
nang lugng va do tin cdy truyén thong.

Bén canh d6, khi hiéu suat chuyén do6i niang lugng 77 ting, ning luong thu
thap duoc tai R tang, giap cai thién do tin cay truyén thong, dac biét trong ving SNR
trung binh va cao. Tuy nhién, cong suat phat 16n hon tai R ciing c6 thé 1am ting cudng
d6 tin hi€u thu duoc tai nit nghe 1én E.

Hinh 3.2 thé hién OP 14 ham cua A (dB) va thay doi tham s dic trung cia
kénh truyén giao thoa lan lugt 1a Ay, =1, A, =3, twong g véi mirc d6 nhidu giao
thoa (SI) & ché d6 FD. Trong hinh v& nay, luu ¥ rang khi A, 16n hon, tmg véi mirc
SI thap hon, c6 nghia rang giai phap khtr SI tot hon, do do loi kénh truyén la
Vrr =1/ Agg - Chiling ta c6 thy rang, khi SI tang ( A, giam), gi tri OP ting va twong
tw nhu Hinh 3.1, OP thap hon khi SNR ting. Hon nita, khi A, =1, OP tai D; nho
hon OP tai D> va khi A,, =3, OP tai D1 16n hon OP tai D», nhung khi tdng cong suit
phéttai S (A > 12 dB), OP tai D gidm nhanh, nhé hon OP tai D, va OP tai D> c6 xu
hudng tién dén gia tri bdo hoa. VAy nén, murc nhiéu giao thoa c6 anh hudng rat 16n
dén OP tai cac nguoi dung va khi bo khir nhidu giao thoa cang tot (A, 16n hon), gia
tri OP tai cac ngudi dung cang giam. Ngoai ra, khi chat lugng cta bo khir nhiéu giao
thoa kém ( Ay, thap hon), SI tac dong dén ngudi dung gan Ds 14 rat tiéu cuc (OP tai

D2 16n hon so v&i OP tai Dy), do D, dugc phan b mirc cong sudt thap hon so vé6i Di.
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Hinh 3.3: OP Ia ham cta A (dB) khi dyy, =0.75, dpp =0.35, a,=0.7, a, =0.3,
A =5 1=1,0=05, f=3vaC, =0.25.
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Hinh 3.4: OP 12 ham cta @ khi A=5 (dB), dg =0.5, dp, =0.75, dy, =0.35,
a,=0.7,a,=03, n=1, f=3 va C, =0.25.
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Hinh 3.5: OP 1a ham cia 6 khi A=5 (dB), dg, =0.5, dy, =0.75, dyp, =0.35,
a,=0.7,a,=03, A, =5 n=1va f=3.
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Hinh 3.6: IP v& theo A (dB) khi dg; =0.5, dy, =2.75, a,=0.7, a,=0.3, 6=0.5,
=3 vaC, =0.25.
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Hinh 3.7: IP v& theo A (dB) khi d; =0.5, dy, =2.75, a,=0.7, a, =03, n=1,
p=3vaC, =0.25.
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Hinh 3.8: IP v& theo A (dB) khi dg, =0.5, ¢,=0.7, a,=03, =05, n=1, =3
va C,, =0.25.
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Hinh 3.9: IP v& theo A (dB) khi d,; =2.75, a,=0.7, a, =03, 6=0.5, n=1,
p=3vaC,=0.25.
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Hinh 3.10: IP v& theo € khi A=5 (dB), dy; =0.5, dp. =2.75, a,=0.7, a, =0.3,
n=1vap=3.
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Hinh 3.11: IP v& theo @ khi A=5 (dB), dg =0.5, dpz =2.75, a,=0.7, a, =0.3,
n=1vaC, =0.25.

Trong Hinh 3.3, tic gia v& OP 1a ham ciia A (dB) va thay doi khoang cach giira
nat chuyén tiép va nat ngudn nhu sau: dy =0.3, dy; =0.5, cac tham s6 khac dugc
thiét 1ap 1a: dy, =075, dy, =035, 4,=0.7, a, =03, A =5, n=1, =05,
B =3 va C, =0.25. Nhin tir hinh v&, ching ta thay rang khi d, = 0.3, ting SNR thi
OP, giam nhanh hon so voi OP, va OP, nho hon OP, trong truong hop
A<5 (dB). Nguoc lai, khi A > 5 (dB), thi OP,, nho hon rat nhiéu so voi OP, va
OP;,  c6 xu hudng dat gia tri bdo hoa. Tiép theo, khi khoang cach giita S va R 1a
dgz = 0.5, cling twong tu nhu truong hop d;, = 0.3, chi khac 1a khi A 16n hon khoang
12 (dB), thi OP, nhoé hon rat nhiéu so voi OP, va OP, dat gia tri bdo hoa. Hon
nita, OP cua c4 hai ngudi dung khi R & gan nit ngudn ludén nhoé hon (hiéu ning hé
thdng t6t hon) khi R cach xa niit ngudn. Ngoai ra, tily thudc vao murc cong suat phat

tai S va khoang cach tur S dén R, gia tri OP tai D; va D s€ thay d6i khac nhau.
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Trong Hinh 3.4, tac gia v& OP 1a ham ctia hé s6 phén chia cong suat 6 va thay
d6i cac tham sé dic trung cia kénh truyén giao thoa lan luot 1a Aer =2, Agg =3.
Chung ta c6 thfiy réng, tai murc SI (ﬂRR = 2), ton tai gia tri tdi wu 0 dé OPDl thép nhét
la (0 =0.5) va OP, thap nhit tai (6 =0.3). Tuy nhién, khi tiép tuc ting ¢ thi gia
tri cua ca OPD] va OPDz déu tang. Mot cach tuong tu, khi chét lugng bo khur nhiéu
giao thoa tét hon, c6 nghia ring (A, =3), OP, thip nhat1a (0=0.6) va OP, thip
nhit tai (6 =0.4) va néu tiép tuc ting ¢ thi gia tri ciia ca OP,, va OP, déu tang.
Do d6, 1udn ton tai gia tri @ toi wu dé OP cua ca hai nguoi dung 14 thap nhat. Hon
nita, chét lugng khir nhiéu SI ¢6 anh huong rat 16n dén chat luong hé théng, cu thé
SI cang nho (A, tang), gia tr1 OP cang giam.

Trong Hinh 3.5, tac gia tiép tuc v& OP 14 ham cua hé sb phan chia cong suét @
khi thay doi gié tri ngudng dimg khéc nhau ctia hé théng la: C,, =0.25, C,, =0.5 va
thiét 1ap cac tham so con lai nhu sau: A=5 (dB), deg =0.5, dy, =0.75, dyp, =0.35,
a,=0.7,a,=0.3, Ay =5, n=1va f#=3. Nhu chiing ta co thé thdy rang, vdi cac
ngudng dimg khac nhau ludn t6n tai gia tri tbi wu @ d& OP thip nhit, cu thé tai
ngudng (C, =0.25), tOn tai gia tri @ d& OP,, thip nhat 1a (0 =0.6) va OP, thp
nhit tai (6 =0.4). Tiép theo, khi ngudng dimg (C,, =0.5), gia tri & d¢ OP,, thip
nht 1a (6 =0.5) va OP, thap nhat tai (6 =0.3). Tuong ty nhu trong Hinh 3.4, khi
tiép tuc ting @ thi gia trj cua OP, va OP, trong ca hai truong hop déu ting. Hon
nita, OP;, 1uén nho hon OP, va ngudng dung cang lon thi OP cang tang.

Trong Hinh 3.6, tac gia thé hién IP 12 ham ctia A (dB) va thay dbi hiéu suét
chuyén d6i ning luong, cu thé 7=0.75, 7 =1. Cac tham s6 khac duoc thiét 1ap nhu
sau: dg, =0.5, dy, =2.75, a,=0.7, a,=0.3, 6=0.5, f=3 va C,, =0.25. Nhu ta
c6 thé quan sat tir hinh v& nay, khi ting SNR thi IP ting va khi ting », thi kha ning
nghe 1én t6t hon (IP cao hon). Hon nira, hé s6 phan bd cong suét c¢b dinh cho nguoi

dung xa (D1) 1a (a, =0.7) so véi nguoi dung gan (D) 1a (a, =0.3), ta nhan thay IP
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tai D1 16n hon IP tai D>. Tuy nhién, ta co thé du doan rﬁng néu tiép tuc tang hé )
cong suit a, cho D1 thi IP tai D, s€ tdng, nhung IP tai D> s€ gidm va khi A > 20 (dB),
thi IP cua ca IP, va IP;, c6 xu hudng dat gia tri bdo hoa.

Hinh 3.7 thé hién IP 1a ham ctia A (dB) va hé s6 phan chia cong suat 6, cu thé
0=0.35, 6=0.5. Cic tham sb khac dugc cai diat nhu sau: dg, =0.5, d, =2.75,
a,=0.7,a,=03, =1, f=3 va C, =0.25. Nhu ta c6 thé quan sat tir hinh v& nay,
khi SNR ting thi IP ting va khi ting 6, c6 nghia rang khoang cong suit sir dung cho
thu thap nang lugng 16n hon va kha ning nghe 1én cta nit E t6t hon (IP cao hon).
Hon nita, khi cong suat phat 16n hon 20 dB, thi dir liéu nguén bi thu chan hoan toan.

Hinh 3.8 trinh bay IP 1a ham ctia A (dB) va thay d6i khoang cach tir R dén E lan
lugt nhu sau: dy, =1.5, dp, =2.75. Cac tham sb con lai duoc thiét 1ap 1a: dg, =0.5,
a,=0.7,a,=03, =05, n=1, f=3 va C, =0.25. Quan sat tir hinh v&, chung ta
thay rang khi taing SNR, IP ting nhanh va IP ctia E d6i véi tin higu x, ctia nguoi dung
xa Di luon 16n hon kha ning nghe 1én ciia E d6i véi tin hidu x, cta ngudi ding gan
D», boi vi cong suat phat duoc phan bod cho Di 16n hon D (a1 > az). Mat khac, khi
nut nghe 1én dat gan nat chuyén tiép thi kha nang nghe 1én cia nit E t6t hon.

Trong Hinh 3.9, tac gia khao sat IP 1a ham ciia A (dB) va thay d6i vi tri cia nut
chuyén tiép nhu sau: dg, =0.3, dg, =0.5, cic tham s6 con lai dugc cai dat la:
dpe =275, 4,=0.7,a,=03, =05, n=1, f=3 va C, =0.25. Quan sat tir hinh
v&, ching ta thay khi ting SNR thi IP ting nhanh va khi A > 20 (dB), IP hoi ty vé gia tri
1 (dir liéu géc bi thu chan hoan toan). Mat khac, IP ddi véi tin hiéu X, cua nguoi dung
xa Dj lu6n 16n hon IP di voi tin hiéu x, cta ngudi dung gan Da. Hon nita, khi khoang
cach tir R dén S cang gan nhau thi kha ning thu chin tin hiéu ctia E ddi voi ca hai tin
hiéu X, va x, 16n hon, c6 nghia rang hé thong c6 kha nang mat bao mat cang cao.

Trong Hinh 3.10, tic gia trinh bay IP 1a ham cta hé sb phan chia cong suat 6
khi thay do6i cac gia tri khac nhau ciia ngudng ding hé thong, cu thé: C, =0.25,

C,, =0.5 va cb dinh cic tham s6 con lai nhu sau: A=5 (dB), dy, =0.5, dy, =2.75,
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a,=0.7,a,=0.3, p=1 va =3. Ta cé thé thay rang, khi ngudng dimg hé thong
cang nho thi IP tang va twong tu nhu Hinh 3.9, IP ctia ngudi dung xa luén 16n hon IP
ctia nguoi diung gan. Mit khac, khi ting khoang cong suat @ cho thu thip ning luong
thi IP tang.

Hinh 3.11 biéu dién IP dya vao ti s6 phan chia cong suit @, thay ddi hé sb suy
hao dudng truyén la: £ =3, f =5 vathiét 1ap cac tham s con lai nhu sau: A=5 (dB),
dg =0.5, dpy =275, a,=0.7,a,=0.3, =1 va C, =0.25. Tir hinh V&, ta thdy
rang khi hé sb suy hao duong truyén cang nho, IP 16n hon. Béi vi, xuét phat tir biéu
thire (2), ta ¢6 tham s6 suy hao dudng truyén pham vi rong twong tng Ay = (dX,Y )ﬁ ,
do d6 khi B nho thi A, thap hon va d¢ loi kénh truyén 13 yy, =1/4,, s&16n hon,
nén IP cao hon khi g giam. Tuwong tuw nhu Hinh 3.10, gi4 tr1 [P tang khi € tang.

Cudi cung, ching ta c6 thé quan sat tir Hinh 3.1 dén Hinh 3.11, c4c biéu thirc
1y thuyét dua ra hoan toan trang khdp véi két qua mo phong, diéu nay thé hién tinh
dung dan cia két qua phan tich duoc trinh bay trong Churong 2.



49

3.3. Két luan Chwong 3

Trong Chuong ndy da phén tich do tin cdy va hiéu ning bao mat ctia hé thong
chuyén tiép hai chiang FD sir dung giao thitc DF dya vao SWIPT. Cu thé, tic gia da
dua ra biéu thic dang chinh xac cta x4c suat dimg hé théng (OP) ctia cac nguoi ding
D1, D2 va xéc suit thu chin (IP) tai nut nghe 1én, cac md phong may tinh duoc thuc
hién dé kiém chtng tinh chinh x4c ctia két qua phan tich 1y thuyét. Cac két qua da thé
hién réng, do tin cay cua hé théng dugc bao dam khi tdng mirc cong suét phat tai nat
ngudn nhung didu ndy ciing 1am ting kha ning thu chin di liéu tai nat nghe 1én.
Ngoai ra, cac tham s6 dac trung cua kénh truyén, thiét ké bo khtr nhiéu tu giao thoa,
vi tri ctia nut chuyén tiép va nat nghe 1én, ngudng dimng, ti s6 phan chia cong suat clia
hé thdng c6 anh huong rat 1on dén chat lugng hé thdng va kha ning thu chin thanh
cong cua nat nghe 1én. Do d6, luén luén ton tai su danh doi gitra d0 tin cay va bao
mat ctia qué trinh truyén dan trong hé théng xem xét. Cudi cing, hiéu ning cta hé
théng xem xét ¢6 thé duoc cai thién theo nhiéu cach. Mot trong nhitng cach thic moé
rong kha thi 1a xem xét vi tri ngdu nhién cia tat ca cac nit trong mang thong qua céc
cong cu tir phan bd hinh hoc ngu nhién. Ngoai ra, viéc khtr nhidu khong hoan hao
tai nat chuyén tiép ciing c6 thé duge xem xét dé xac thuc dugc rang budc phan cimg
thue té. Ngoai ra, mo rong kha thi khac 13 cai dit thém adng-ten & ca ngudn va dich dé

cai thién hon nira d6 tin cdy va bao mat ctia hé thong.
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= D& 4n “Phan tich d6 tin ciy va hiéu ning bao mat ctia hé théng chuyén tiép
song cong SWIPT st dung k¥ thuat NOMA™ da giai dap dugc ly do nghién ctru PLS
trong hé thong NOMA két hop truyén song cong str dung thu thap ning luong. Téc
gia tap trung nghién ctru cac khai ni¢ém co ban ctia nhitng cong ngh¢ nay, cling nhu
lgi ich cua viée két hop ching dé dat duogc do tin cay, hi¢u suét phé tan, nang luong
va hiéu ning bao mat trong hé théng 5G/6G. PLS trong cac hé théng NOMA khac
nhau c6 thé dugc dam bao thong qua viéc phan bo tai nguyén phu hop. Do do, trong
dé an nay, tac gia da tap trung danh gia hiéu ning véi mo hinh duge xay dung nham
giai dap duogc cac Iy do vé van dé bao mat va do tin ciy trong qua trinh truyén dan:

= X4y dyng mé hinh hé thong chuyén tiép FD dya vao SWIPT NOMA.

= Pua ra biéu thirc toan hoc lién quan giita xac suat dimg hé thong NOMA va
x4c suit thu chan tai ntt nghe lén.

= Cac tham s6 dic trung trén kénh pha dinh Rayleigh, kha ning khtr nhiéu giao
thoa (SIC), mirc d6 ctia nhidu giao thoa (SI) & ché do FD 1an lugt duogc trinh bay.

= Két qua md phong ciing xem xét sy anh hudng ciia cac tham sb dén hé thong.
Néu thay ddi cac tham s trong mo hinh dé xuét thi hiéu nang cta hé thdng ciing bi
anh huong dang ke.

Pé an nghién ciru trong mot thoi gian han ché nhat dinh nén khong tranh khoi

thiéu sot, kinh mong nhan duoc y kién dong gop cia quy thay co va ban doc.
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