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MO DAU

Mang truyén thong khong day thé hé thir sau (Sixth-Generation: 6G) s& chuyén
dbi cac két nbi trong 5G (Fifth-Generation) thanh nhitng két ndi thong minh. Céc
mang c6 kha ning nhén thirc gidng con ngudi bing cich cho phép nhidu dich vu tiém
ning, chiang han nhu dinh vi va theo ddi d6 chinh x4c cao, ting cudng cim gidc, nhin
dang cir chi va hoat ddng cua con ngudi. Trong khi mang 5G dang dugc trién khai
trén toan thé gisi thi truyén thong 6G di thu hut nhiéu sy quan tdm tir ca nganh cong
nghiép va giéi hoc thuat [1], [2]. So véi hé théng 5G thi mang 6G s& c6 dai tin rong
hon, téc d6 truyén din cao hon, hiéu suét sir dung phé tﬁn, dung luong két ndi 16m,
do tré thip hon, vimg phu séng rong va kha ning chéng nhidu manh mé dé dép {mg
‘céc yéu ciu mang khac nhau [3]-[5]. Mang 6G trong twong lai, nhidu thiét bi khong
day di d6ng khac nhau s€ dugce truy cdp vao mang. Téc d6 truyén cao din dén murc
tiéu thy ning lugng ting 1én va do d6 doi hoi tudi tho dai cia cac thiét bi chay bing
pin. Viy nén, truyén thdng tin va ning hrong ddng thoi (Simultaneous Wireless
Information and Power Transfer: SWIPT) 13 mdot cong nghé méi diy hira hen duge
stir dung trong mang 6G, thuc hién thu thap ning luong thong qua tin hiéu tan s6 vO
tuyén (Radio Frequency: RF) dé dap mg yéu ciu vé hiéu suit sir dung ning luong
[6], [7]. Y tudng thu thip ning lrong c6 thé xuét hién tir nim 1969, khi Brown va
cong sy [8] tién hanh mot loat thi nghiém va chimg minh rang mét chiéc truc thing
& do cao 50 feet (15,24m) hoat dong & tan s 2,45GHz c6 thé cung cip ngudn dién
mot chidu khoang 270W. Ning luong duge thu tir tin hiéu khéng diy xung quanh
hoic tir ngudn dién duge kiém soat cu thé. Nam 2008, Varshney va cong su [9] lin
dAu tién dé xuét khai niém SWIPT, cung cip thong tin va ning lugng ddng thoi tir
gdc do 1y thuyét. Hiéu sudt duoc phan tich bang cich dénh gia d6 tin ciy tiép nhan
tin hiéu va tbc d6 truyén thong tin. P& kha thi, b thu hd trg SWIPT can trang bi mach
thu thap nang luong (Energy Harvesting: EH) bén canh mach gidi ma thdng tin thong
thudng. Mach EH c6 thé duoc tao ra bang céc thiét bi thu dong gia ré nhu dién trd va
tu dién hodc tir bd vi x1r ly tién tién. Ngoai ra, dua vao giao thirc dugc ap dung, cin

c6 mot s6 phin cimg khéc. Vi du, néu giao thitc phéan chia cong suit (Power Splitting:



PS) dugc xem xét, bd chia cong suit s& dugc sit dung dé chia tin hiéu dén thanh hai
phin. Phin diu tién dwoc giri dén mach EH va phén con lai duge ddn dén b thu giai
ma théng tin (Information Decoding: ID). Mit khéc, néu sir dung giao thirc chuyén
mach thdi gian (Time Switching: TS), bit budc phai c6 chuyén mach dién tir dé thye
hién giao thirc ndy nhim chuyén ddi dinh ky giita cac bd thu EH va ID [10]. Do ban
chit phat séng quang b4 cia truyén thong khéng ddy, cdc mang truyén thong chic
chén ¢6 nguy co bi ngudi ding c6 ¥ d6 x4u nghe 1én [11], trong khi cdc van d& bao
mit cia mang SWIPT dang dugc quan tim hon so véi cic mang truyén thong truyén
théng [12]. Piéu nay 1a do may phat trong mang SWIPT phai ting cong suit truyén
dé dap tmg cdc yéu ciu EH cta may thu, didu nay c6 thé khién thong tin bi mat dé bi
thu chin. Dya trén cic két qua nghién ciru hién c6 [13], bao mit 16p vat 1y (Physical
Layer Security: PLS), nhu mét giai phap thay thé cho cac phrong phap mat ma théng
thuong, di duge xem xét dé giai quyét cac van dé trén mot cach hidu qua. Y tudng
co ban cia nd 13 st dung cac dic diém ngiu nhién cla cac kénh khong déy, ching
han nhw tap 4m, pha dinh va nhidu, dé giam kha ning thong tin bi giai ma [14]. Cong
trinh nay duogc tién phong badi Wyner [15], trong dé tinh kha thi cta viée céi thién bao
mat & 16p vat 1y da dugc thao luin va két qua cho thiy c6 thé dam bao bao mat hoan
hao khi chit lugng ciia kénh nghe 1én kém hon chit hrgng ciia kénh hop phap.

Gin day, dé cai thién bao mat trong mang SWIPT di thu hit dugce su quan
tAm rong rdi. Mot trong nhitng phuong phép hiéu qua nhét 13 giy nhiéu cong tac
(Cooperative Jamming: CJ), trong d6 mét nit mang dwoc bd sung hoic mét trong
c4c nut truyén thong giy nhidu nhén tao (Artificial Noise: AN) dé 1am suy yéu kha
nang tiép nhén théng tin ciia nhitng nut nghe 1én tiém 4n. Nhin chung, nit chuyén
tiép hoic may giy nhidu hd trg AN hoat déng nhu mét nit hd trg bé sung dé ting
cudng bao mit cho hé théng SWIPT. Vi dy, trong cic mang chuyén tiép hd tro
SWIPT, mot bd phat séng chum tia dinh huéng hd trg AN duoc thiét ké ¢é giam
thiéu cong suét phat, trong d6 nit chuyén tiép sir dung giao thirc khuéch dai va
chuyén tiép (Amplify-and-Forward: AF) trong [16]. Céc tac gia trong [17] d4 téi wru
héa ma trin dinh huéng bip séng tai nut chuyén tiép, phuong sai AN va ti s6 PS dé

t8i da tdc d6 bao mat trong mang khéng diy. Péi v6i hé théng SWIPT nhiéu nut



chuyén tiép, phwong phép tbi wu héa hai 16p d3 duoc dé xuit trong [18] dé giai
quyét van d& giam thiéu cong suét nit chuyén tiép trong diéu kién rang budc tc d6
bao mat va yéu ciu EH. Véi nhitng vu diém cia k¥ thuat song céng hoan toan (Full-
Duplex: FD) va da ang-ten, mgt nut chuyén tiép FD dya trén PS di duoc 4p dung
trong mang SWIPT hai chidu d& dwa AN vao tin hiéu tin tirc nhim ddnh lira nit
nghe 1én [19]. Ngoai cdc nitt chuyén tiép, cac may gay nhiéu than thién thuong duoc
st dung dé nang cao bao mit cia mang. Tram gdc dang lai ghép dugc ding 1am ca
ngudn ning lrgng va may gy nhiéu than thién cho mang khéng diy trong [20], dé
giam x4c suit ding bao mat (Secrecy Outage Probability: SOP) va téi da thong
lrgng bao mat (Secrecy Throughput: ST), twrong Ung. Tuwong tu, cac tac gia cta [21]
d3 4p dung may giy nhidu c¢6 kha ning EH dé giri tin hiéu gay nhiu nhim lam
nhiéu loan nit nghe 1én. Ngoai ra, c4c tic gia trong [22] d3 nghién ctru sy danh abi
gitra bao mat va dé tin cdy trong hé thdng SWIPT theo phuong thitc PS véi da truy
cip khdng tryc giao (Non-Orthogonal Multiple Access: NOMA) véi chuyén tiép
FD dwa vao biéu thirc chinh x4c ctia xdc sudt dirng (Outage Probability: OP) va xac
suit thu chin (Intercept Probability: IP) duogc duwa ra. Tuong tu, cdc tac gia trong
[23] dd dé xuét giao thirc TS hai pha cho hé thong SWIPT véi kha ning tu giy nhiéu
FD, trong d6 hé sé TS t6i wu va cong suét phat dugc xdc dinh dé t6i da hiéu qua
nang lugng bao mat. Trong [24], hiéu nang bdo méat cua mang SWIPT dua trén PS
v6i mot bd thu FD va nhiéu thiét bi nghe 1én khéng két hop da duge nghién ciru.

- Khéc véi cac nghién clru dugce dé cap trudce do, nghién ciru df tin cdy va hiéu
nang bao mat hé thdng chuyén tiép FD dura vao SWIPT NOMA sé& dugc tac gia thao
ludn va tap trung nghién ctru trong P& 4n ndy. Cu thé, tic gia s& phan tich cac biéu
thic toan hoc dang turong minh vé d6 tin ciy (OP) va bao mat (IP) tai cic nguoi
ding NOMA (D, va D) va nuat nghe 1én (Eavesdropper: E) trén kénh truyén pha
dinh Rayleigh. Céc biéu thtc toan hoc duge mé phong may tinh dé kiém ching d6
tin cdy cta cac két qua phan tich toan hoc.

Pé 4n duge céu trac bao gdm 3 chuong véi cdc ndi dung cy thé nhu sau:
Chuong 1: Téng quan vé bao mét 16p vat 1y, hé théng chuyén tiép song cong

va k¥ thuat NOMA: Trong chuong ndy, trinh bay cic ndi dung co ban v& bao mat



théng tin 16p vat 1y, hé théng chuyén tiép song cdng, k§ thuat thu thip ning luong
song v tuyén (SWIPT) va k¥ thut da truy cip khong truc giao (NOMA).

Chuong 2: Md hinh hé théng: Trong Chuong nay, tic gid gi6i thidu vé mo
hinh kénh truyén cia hé théng chuyén tiép song cong SWIPT sir dung k¥ thuit
NOMA. Phan tich 1y thuyét va mé ta chi tiét mé hinh hé thdng, cic tham sb cta do
tin cdy va hiéu ning bao m4t hé thdng.

Chuong 3: M6 phong va danh gia két qua: Trong Chuong ndy, tic gia cung
cip cdc két qua moé phong dya vao phuong phap s va danh gia cac két qua phan
tich Iy thuyét cia mé hinh dwa ra, phan tich cac tham sb anh hudng dén d6 tin cdy

va bao mat hé théng.



Chuwong 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 I6p vit 1y

Béo mat dang ngdy cang tré nén quan trong trong truyén théng khong day véi
sir phat trién cia mang 5G va cAc mang di dong sau 5G, mang dén nhiéu thach thirc
méi. Viée truyén dit lidu bao mat luén 13 mét vin dé quan trong trén cic kénh truyén
khéng day. Trong cac hé thong thong tin v6 tuyén thuc té, viéc truyén dit liéu d& bi
tAn cong ctia nhimg ké nghe 1én va mao danh, do tinh chét quang b tu nhién ca céc
kénh khéng diy va cic vin d& bao mat nghiém trong phét sinh trong cic mang vo
tuyén pham vi réng cliing véi sy m& rong ciia nhiéu thiét bi, ing dung va dich vu
thong minh duoc két ndi. Cac yéu ciu bao mat co ban 1a dim bao ké nghe 1én khong
thé doc duge nhitng thong tin bi mat. Theo phuong phap truyén thdng, bao mit duoc
cung cAp bang cach sir dung nhitng k¥ thuat & cic 16p trén bao gdm trao d6i khoa bi
mat. Thong thuong, diéu nay dugc thyuc hién thong qua viée sit dung cic thuit toan
ma hoa nhu DES hodc RSA.

Trong nhimg nim gan day, c6 rat nhiu su quan tdm dén bao mat 16p vat 1y
(Physical Layer Security: PLS), PLS khai thic dic tinh ngiu nhién ctia méi trudng
khéng diy dé bao mét thong tin ma khong can dya vio cc phuong phap mi hoa dua
trén khoa bi mét phic tap va tén kém v& mit tinh todn [13]-[15]. Didu nay khién PLS
tré thanh vmg cir vién tiém ning dé bao mat céc hé théng théng tin trong trong lai.
PLS 14 mét phuong phép tiép can thay thé, dugc trién khai trén 16p vat 1y bang céch
khai théc tinh chit ngiu nhién cia céc kénh vé tuyén. PLS c6 wru diém do d phc
tap tinh toan thip va don gidn hon cic phuong phap mét ma thong thudng. Y tuéng
co ban cia PLS 13 tin dung cic dic tinh ngiu nhién cta kénh truyén vo tuyén, nhu
pha dinh, nhiéu, v.v., xem xét khoang cach, tinh linh dong cia cac nit trong mang va
nat nghe 1én, nhim ting cuong kha ning bao mat cho hé thdng v6 tuyén. Cac dic tinh
trén, theo quan diém truyén théng 1a cic yéu t6 gdy anh huéng va 1am gidm chit
lwong ctia mang vo tuyén, nhung ngugc lai theo quan diém bao mat 1dp vat 1y thi

chiing giup tang cudng dd tin ciy, ning cao hi€u ning bao mit, chong lai viéc nghe



1én cta hé thdng thong tin. Ngudn gbc ctia nghién ciru PLS ¢ thé dugc bat ngudn tir
phan tich Iy thuyét bao mét théng tin ctia Shannon [25], trong d6 dinh nghia ring mirc
d6 bao mat phu thudc vao lugng théng tin dugce biét boi ké nghe Ién.

Bao mit 1y thuyét thong tin 13 nguyén 1y co ban ctia PLS va chu yéu duge xay
dung duya trén khéi niém bao mat hoan hao duge dé xuit bdi Shannon [25]. Sau d6
dugc phét trién boi Wyner [26], gidi thiéu mé hinh kénh nghe 1én (wiretap channel)
nhu miéu ta trong Hinh 1.1, ddy 12 m6 hinh don gian nhit dé nghién ctru bao mit
thong tin. Tiép theo, Csiszar va Korner [27], da chiing minh sy tdn tai hai loai ma héa
kénh vira c6 thé chdng 181, vira dam bao mirc dd bao mat thong tin. Trong nhitng nim
d6, nhiing phat hién nay bi gidi han chu yéu do dung luong bio mit (Secrecy
Capacity) chi 16n hon khdng khi kénh hop phép (Legimate) c6 ti s6 tin hiéu trén nhiéu
(Signal-to-Noise Ratio: SNR) 16n hon kénh nghe 1én (Eavesdropper). Nhitng ndm
gin dy, nhidu nghién ctru chira rang c6 thé dat duoc dung lugng bao mét khac khong

khi SNR ciia kénh hop phap nhd hon SNR cua kénh nghe 1én.

Kénh chinh —»
Kénh nghe én — - -+

Alice

Hinh 1.1: M5 hinh nghe 1én co ban trong mang v tuyén.
Trong Hinh 1.1, Alice phét ban tin dén Bob trong khi giit théng tin bi mét dén
Eve. Ly thuyét bao mat thong tin cho phép x4c dinh cic phép do bao mat trong md
hinh nay va miéu ta hiéu nang bao mat hé théng dya vao dung luong bao mit, thé

hién tdc dd bao mat 16n nhit dé ban tin ¢6 thé duge phat mot cich tin cdy va bao mat.



Nhu duge thé hién & Hinh 1.1, qué trinh truyén dit lidu giita hai ngudi dimg hop phép
1a Alice va Bob trén kénh chinh (Main Channel: MC) bi nghe 1én b&i ngudi diung
khong hop phip Eve trén kénh nghe 1én (Illegitimate Channel: IC). Tin hiéu déu ra
cta kénh chinh va kénh nghe 1én s& c6 d6 16ch nhat dinh, do dic tinh ctia kénh truyén
v0 tuyén gay ra, chit yéu 12 do suy hao va pha dinh. Trong d6, pha dinh 13 két qua cta
truyén da dudng trén kénh vé tuyén, trong khi suy hao 13 sy suy giam bién d6 hay
cong sudt caa tin hiéu v6 tuyén khi séng v6 tuyén truyén lan trong khéng gian. Hé
qua ctia nhitng 4nh hudng trén 13, néu khoang cach truyén tin cia kénh chinh nhé hon
r4t nhiéu so v6i kénh nghe 1én thi ¢6 thé ky vong ring tin hiéu nhin duge tai Eve kém
hon it nhiu so véi tin hiéu thu dugce tai Bob, thAm chi tin hiéu x4u ma Eve khong
thé giai ma dugc. Hién tai, viéc chéng nghe Ién dugc thuc hién nhd vao ma héa bao
mét va chua tinh dén anh hudng cha cac yéu td trén. Nguoc lai, muc ti€u cua PLS 1a
tan dung nhimg dic tinh sin c6 cia kénh truyén vo tuyén dé nang cao hidu qua bao
mat hé thdng ma khong cin sir dung céc k¥ thuit ma héa phiic tap.

Gia sir Alice va Bob cb ging dé truyén tin véi nhau mét ban tin w ¢6 do dai
k bit qua kénh chinh va Alice thuc hién m3 hoéa thanh tr ma x cé d§ dai » bit. Tai
may thu Bob va Eve nhén dugc tin hiéu x, tuong tmg la y,, va y;. Phép ma hda cia
Alice sir dung cén dat duoc hai tiéu chi 14 tin cdy (Reliability) va bao mat (Security).

¢ Tin cay

Mot hé théng duoc goi 13 tin cdy néu hé théng c6 thé giai ma tin hiéu nhan

dugc y,, thinh w véi mot xac suit 16i rat nhéd co thé bdé qua duge, c¢6 nghia ring

Iim Pr(wk # wk] —-0.
n—x0
4 Bao mat

Hé théng duoc xem 13 bao mit néu Vg khong c6 thong tin gi v& w, tirc 12

I(w; : x .
lim—(w — 0, trong d6 I(w;y;) 1a lugng thong tin twong ho gitta w va yg.

n—0 n



¢ Dung lwong bao mdt

Dung hrong bao mét 1a téc d6 truyén din 16n nhét, co nghia 13 gia tri 16n nhét
cta k/n dé théa man ddng thoi ca didu kién 14 d6 tin cdy va bao mét hé thong.

Cs=[Cu-C:]' s (1.1)
trong d6, [x]|" = max(x,0) va dung lugng ciia kénh chinh va kénh nghe 1én twong
timg 1a €y, va C;.

Tir cng thire (1.1), ta thy ring dung lwrgng bdo mat 14 ham cta ca kénh chinh
va kénh nghe 1én, néu dung lwong ctia kénh chinh C,, 16n hon dung lugng ciia kénh
nghe 1én C; thi ta c¢6 dung lugng bao mait 16n hon khong, nguoc 1a dung lugng bao
mét bing khong, c6 nghia 12 khéng c6 truyén tin bao mét giita Alice va Bob.

Dung lugng tirc thoi cuia kénh hop phép va nghe 1én 14n heot nhur sau:

Cy =log, (1+¥y), (1.2)

C; =log,(1+¥;), (1.3)
trong d6, ¥, = P|hy[ /6, v ¥, = P|h.[" /5, 12 SNR nhan duoc tirc thi, P 14 cdng
suat phat, &, 13 kénh hop phap, &, 1a kénh nghe 1én, &, va &, 1a phuong sai clia tap
am tai cac may thu.

1.2. Hé thong chuyén tiép song cong

Truyén thong song cong (Full-Duplex: FD) d4 néi 1én nhur mét cong nghé ddy
hira hen cho cac mang khong ddy trong tuong lai vi né mang lai nhiing cai tién vé hiéu
suat sir dung phd tin (Spectral Efficiency: SE). Cu thé, SE cao gap dbi so vdi cac hé
thdng ban song cong (Half-Duplex: HD) ¢b dién vi ca truyén va nhan déu dién ra déng
thoi trén cong mot tin s6. Cdc vin dé chinh trong FD lién quan dén 1o 1i cong suat phat
sinh giira dng-ten phat va thu, hién trong ndy duge goi 1a nhiéu ty giao thoa (Self-
Interference: SI). Hinh 1.2 minh hoa hoat dong ctia ca ché 36 HD va FD. Néu qua trinh
truyén dit liu duoc chia thanh cic khoang thoi gian, ching ta c6 thé thdy cach thic
céc thiét bi FD hoat dong. Nhu véy, mot thiét bi FD truyén va nhan théng tin moi lac

véi sy xudt hién cia cic lién két SI. Mit khac, trong HD, mét trong hai khoang thdi



gian dugce str dung dé phat va khoang thdi gian tiép theo dé thu. Vi tit ci cac dng-ten
déu phat hoic thu cing mét lac, HD khong phai xir 1y SI. C4c phuong phap nhim muc
dich giam mirc SI dugc goi 1a ki thuét triét SI (SI Cancellation).

hRD

Nt ngudn Nt chuyén tiép Nt dich

a) Chuyén tiép HD.

Nt nguén Nut chuyén tiép Nut dich
b) Chuyén tiép FD.

Hinh 1.2: So 6 minh hoa ciia hé théng chuyén tiép HD va FD.

Trong hé théng FD thuc t, cc thiét ké c6 thé sir dung dng-ten diing chung
hoic riéng cho ca phat va thu. Trong kién tric riéng biét, cic chudi tan s6 vo tuyén
(Radio Frequency: RF) phét str dung dng-ten birc xa chuyén dung trong khi céc chudi
RF thu sir dung dng-ten cam bién chuyén dung. Trong kién triic ding chung, cac
chudi RF phét va thu dung chung mét bg dng-ten. Viéc dung chung idng-ten doi hoi
phai sir dung cai goi 13 thiét bi din sdng (microwave circulator) [28]. Nhin chung,
cac hé théng vé tuyén truyén thong khong thé xir Iy ddng thoi cac hoat dong truyén
va nhan trén cing mét bang tan do vong 1ip nhifu (Loop-Interference: LI) nghiém
trong xay ra tai dng-ten thu. Do d6, viéc truyén va nhén tin hiéu thong tin gitta hai
ngudn duoc chia thanh hai khe thdi gian (hay hai bang tan), duoc goi 13 truyén thong
HD. V2 hiéu suit ph, cac hé théng HD chi sir dung mét nira tai nguyén vo tuyén, do

d6 50% tai nguyén sin c6 cdn lai bi ldng phi chi vi truyén din HD.
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1.2.1. Cac ky thudt khu ST

Nhu d3 dé cdp & trén, SI ¢6 nghia 13 si xuét hién cta tin hiéu phat trén ing-
ten thu (cao hon tin hiéu mong mudn tir 60 dén 100 dB [29]), giy nhiéu cho tin hiéu
thu, do d6 gy ra su suy giam dang ké cta ti s6 tin hiéu trén nhifu va giao thoa (Signal-
to-Interference-plus-Noise Ratio: SINR). DPé khic phuc van d& nay, mot sb ky thuat
khir SI d3 duge d& xuét. Chung duge nhom thanh hai loai khac nhau dugc goi 1a: Khir
nhiéu chi dong va khir nhiéu thu dong [30].

1.2.1.1. Khtr SI thy dong

Céc k¥ thuat nay chil yéu dua trén viéc tich dng-ten, bd tri dng-ten hodic phan
cuc chéo. Chiing chi yéu tin dung cac dic tinh vat Iy clia séng dién tir va mdi trudng
truyén dan.

e Tach dng-ten: Trong truedng hop nay, khir SI dua vao khoang céch gita
ang-ten phat va thu. Déy 13 phirong phép phd bién nhét cho khir ST vi tin dung dugc
suy hao duong truyén do khoang cach va cac vit thé xung quanh. Viéc sir dung cic
tdm chén ciing kha phd bién dé chan cic dudng truyén truc tiép gdy ra suy hao bd
sung cho tin hiéu. Loi ich chinh cua k¥ thuit nay 1a dya vao tinh don gian va kha
ning tach biét khdng gian giita cac lién két. Tuy nhién, viéc sit dung cic tim chin
cling ¢6 thé anh hwéng dén tin hiéu mong mudn. Hon nita, phwong phap nay co thé
khong phi hop véi cac thiét b c6 kich thude nhé. Co thé dat duge suy hao khoang
30 dB khi sir dung phuwong phap nay [30].

® Vi tri dat ang-ten: Trong trudng hop nay, can tbi thidu ba dng-ten, hai ing-
ten dé phat va mot dng-ten dé thu. Nguyén 1y hoat déng rat don gian, dng-ten thu
duoc dit cach dng-ten phat mot khoang cach d va cach dng-ten con lai mét khoang
cich d+ A (A biéu thi budc song). Cach thirc nay s& giy ra hiéu ing “khoéng” xung
quanh vi tri ctia ang-ten thu khi cac tin hiéu sé cdng ddn triét tiéu. Tuy nhién, mdt sb
vén d& cin xem xét trude khi trién khai, phwong phép nay khéng c6 1¢i cho céc thiét
bi ¢6 kich thudc nhé va yéu ciu diéu chinh tha cong. Vi du, dbi véi mot thiét bi hoat
dong & tin s6 2,4 GHz, A =12.5cm, 16n hon kich thuéc ciia nhiéu thiét bi khong day.

Mirc suy giam 1én dén 30 dB c6 thé dat duge, mic du trong nghién ctru trong [30] d2
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chi ra rﬁng cling ¢c6 thé dat dugc 47 dB. Cac gi4 tri khi SI cao hon ¢cé thé dat duoc
két hop véi viée st dung cic ki thuit cha dong.

e Phin cue chéo: Dua trén cac nguyén 1y trudng dién tir trong 13 thuyét ang-
ten. D& truyén ning lrong ti da giira hai ing-ten, d6 phan cuc giita ching phai gidng
nhau (phan cuc ngang, doc, v.v.). Bd phan cuc quyét dinh hudng cua trudng dién tir
do dng-ten birc xa. Céc trudng cang thing hang thi hidu qué truyén ning lurong cang
16n. Diéu nguoc lai xay ra khi c¢6 su khéng khép nhau gita cic d6 phan cuc. Vi dy,
str dung phén cuc doc (12 mét bién thé cia phéan cyc tuyén tinh cing véi phan cuc
ngang) ¢ phia may phat va phan cuc ngang & phia may thu sé gay ra sy tach biét hoan
toan vé mit ly thuyét. K§ thuat ndy cé nhuge diém 13 méi trudng truyén c6 thé dnh
huéng dén d6 phén cuc, do d6 tao ra sur khong khép & ca phia phét va phia thu. Uu
diém chinh 13 c4c thiét bi c6 kich thudc nhé s& tré thanh muc tiéu phi hop cho céc
phuong phap phan cuc chéo.

Ngoai ra, triét tiéu thu dong dinh hudng, ddm bao suy gidm cudng dd tin hiéu
1én dén 30 dB. Mtc dd nay dat dugc béng cach tranh giao diém ca cic miu biic xa
clia Ang-ten phat va thu [30]. Nhin chung, khir SI thy déng khong cung cip mic khir
ST can thiét c6 thé thuc hién duge cho truyén théng tin, diéu niy cang tré nén kho
khin hon véi xu hudng hién tai trong nganh cong nghiép dién tir 1a thiét ké cac thiét
bi c6 kich thuée nho. Thue té nay khong twong thich véi céc so dd thu dong, vén yéu
cAu khoang céch ing-ten dang ké trong hiu hét céc truong hop.

1.2.1.2. Khtr ST cha déng

Phuong phap khir SI chu ddng hoat ddéng chu yéu dua trén viée xir ly duoc
thuc hién béi cidc mach trong tur ca chudi RF va cic mach s6 sau khi chuyén dbi
turong tu sang sé (Analog-to-Digital: ADC). Ching dugc phan loai thanh khir SI
tuong tir va khir SI sd. Viéc két hop ching 13 kha thi va gitp s& cai thién hiéu ning.
Tuy chon nay dugc goi 14 khir ST dang lai ghép.

e Mién twong tuw: Phuong phép niy bao gdm viéc loai trir mét tin hidu du
doan nhén duge ra khoi tin hiéu thu trude bd ADC, khi tin hidu vin con trén chudi
RF. Chiing ta c6 thé thiy rang dé c6 duoc tin hidu mong mudn khi thu, ching ta chi

can trir tin hiéu phat khoi tin hiéu thu dugc, nhung trén thuc té didu nay 1a khong d&
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thuc hién. Boi vi mach cua chudi RF phat va tt ca cic qud trinh xir 1y déu tao ra céc
murc 6 méo tin hiéu va tap 4m. Hon nifa, tin hiéu phat va cham véi cdc vit thé xung
quanh va bi phan xa, do d6 tai ang-ten thu, chung ta s& cé thanh phén tin hiéu tim
nhin thing (Line of Sight: LOS) manh (lién két SI) cong véi mot s6 ban sao b sung
cua tin hiéu. Cac thudt toan dong da dugc dé xuit dé ugc tinh d6 méo do cic mach
tao ra va md hinh héa chinh xac SI. Cac phuong phép trong tu ciing dugce phén chia
dua vao thich tng hodc khéng thich tng, tuy thudc vao kha ning diéu chinh cac tham
sd cia chang do nhiing thay d6i ciia méi trudng. Céc phuong phap thich Gng ¢ thé
tur dong diéu chinh cac tham s nhu d6 khuéch dai, dd tré va pha trong qua trinh dw
doan SI, trong khi cic so dd khéng thich tmg phai dya vao viéc diéu chinh thi cong
cac tham sb d6. Cac phuong phap khir SI twong tu dugc d& xudt, vi du nhu st dung
tin hiéu tai bd tudn hoan di dugc phan xa boi dng-ten, dé khir SI, dat t&i 40 dB khir
ST hoic b sung chudi RF dé khir nhiéu va dugc sir dung tai chudi RF thu cho khir
SI, dat téi 48 dB cia sy suy giam. Khir SI tuong tur triét ti€u ca nhiu va tin hiéu, dé
trién khai va ba d4p cho sir lan truyén da duong. Tuy nhiéh, viéc wdc lugng SI 1a mot
trong nhitng nhuoc diém chinh cta khir SI twong tur.

e Mién s6: Cac k¥ thuat sb thudong duoc sir dung sau khir SI tuong ty. Sau khi
ap dung khir SI trong tir, tin hiéu SI du van con vi nhitng cach thirc nay 1am suy giam
mdt phan SI (chiing khéng thé dua SI xudng mirc san nhidu), do d6 SI du niy phai dugc
khir thém. Khir SI s duoc thue hién sau ADC bing céc k§ thuat xir Iy tin hiéu s (Digital
Signal Processing: DSP). Co thé dat dwoc mirc khir 1én téi 10 dB khi chi sir dung cic
phuong phép sb va 16n t6i 60 dB khi két hop véi khir ST twong tw [30]. Uu diém chinh
cua khir SI s6 13 gop phin 1am giam SI dur sau khi khir trong t. Su gia ting tap 4m lugng
tir cling nhu kha ning khir nhiéu bi giéi han 13 nhiing nhuoc diém chinh.

1.2.2. So sanh HD va FD

Chiing ta xem xét ¢ wu diém va nhrge diém ctia FD khi so sanh v6i cong nghé
HD cb dién. FD mang lai nhiéu wu diém, mot sb duge 1iét ké cu thé nhur sau:

e Théng lwong cao hon: V& mit 1y thuyét, viéc khai thac tai nguyén thoi gian

va tan s cho phép hé théng FD ting gip d6i dung lugng so véi HD. Hon nita, céc
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nghién ctru thue té ciing cho thiy truyén din FD c6 thé cung cip dung lrong cao hon
mién 13 chit lwong triét nhidu vong lip (Loop-Interference: LI) dwgc cai thién.

« D§ tré tir dau cudi dén dau cudi duge cai thién: FD giam do tré dau cubi trong
cac mang chuyén tip. Viée st dung cac nit chuyén tiép hoat dong & ché d6 FD lam
giam d0 tré cta tin hiéu phat vi cac nit chuyén tiép truyén va nhén théng tin ddng thoi,
do d6 ching khong phai chdr dén khoang thoi gian tiép theo dé truyén nhu ché 6 HD.
Vi du, khi thwe hién truyén din chuyén tiép mot chiéu ¢6 thé dugc hoan thanh trong
hai khe thoi gian d6i véi chuyén tiép HD, trong khi qua trinh truyén c6 thé duoc thuc
hién trong mot khe thoi gian dbi véi chuyén tiép FD.

* Tinh linh déng cia mang: Nho su tién bd cta truyén thong FD, c6 thé sir dung
ca truyén din FD va HD trong cac phin khic nhau ciia mang khéng ddng nhat. Vi du,
cac tram gbc manh mé co thé xir 1y cac hoat dong khir LI va hoat dong & ché db FD,
mic du viée trién khai truyén din FD cho tit ca cic ngudn 13 rit khé khin. Mot vi du
khac 1 céc mit ngudn st dung truyén din HD, trong khi nit chuyén tiép hoat déng &
ché d6 FD dé hoan thanh toan bd qua trinh truyén dn trong mét khe thoi gian.

« Ting cudng kha ning bao mat: FD ting cudng bao mat & 16p vat 1. Su xuit
hién ddng thoi cta hai tin hidu & cing tin s6 khién ké nghe 1én khé giai ma thong tin.
Hon nita, mot trong nhitng loi ich quan trong ciia truyén dan FD 13 t6c d6 bao mat duoc
cai thién nhé céc tin hiéu v6 tuyén hdn hop do hoat dong truyén va nhan ddng thdi. Do
d6, hiéu niing cia cac kénh nghe 1én bi giam sit do truyén théng FD.

« Giam xung d6t dit liéu: N6 ciing cung cap kha ning tranh xung dot dir lidu vi
da truy cdp cam bién séng mang véi tranh xung dot (Carrier Sense Multiple
Access/Collision Avoidance: CSMA/CA) trong cac phwong phap HD cb dién yéu cau
céc thiét bi cam bién méi trudng truyén din trude d6, trong khi & ché d6 FD, chi thiét
bi dAu tién bit dau truyén méi cdn cam bién chét lugng kénh. Tuy nhién, khi chon ché
d6 hoat dong FD, viéc trién khai phai danh d6i & mét sé khia canh tiéu cuc. D6 1a:

¢ D6 phire tap phin cimg cao hon: D6 phirc tap cta phan ciing FD cao hon khi
so sanh véi HD. C4c yéu ciu phin cimg d6i véi khir SI tirong tir va kha ning tinh todn

can thiét d6i véi khir SI s khién viée thiét ké hé théng v6 tuyén FD tré nén khé khin.
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¢ Tiéu thu ning luong 16n hon: Su gia ting d6 phirc tap phan cimg va qua trinh
xtr 1y cin thiét cho khir SI 1am ting mic tiéu thy ning luong.

¢ Khtr SI khong hoan hao: Viée wée lugng kénh SI 13 van dé quan trong déi
vé6i khir SI, do d6 viéc trién khai cac k§ thuat khir SI dang tin cy khong thanh cong
s& din dén hiéu ning thip trong FD.

¢ Ti 18 mét g6i tin cao hon: Cac hé thdng FD phai xtt Iy sé luong gébi tin 16n
hon hé thdng HD do phai truyén va nhin ddng thdi. Thue t& nay din dén s hrong
06i tin bi mit cao hon.

1.3. Cong nghé thu thip ning lwong séng vo tuyén

Cong nghé thu thap ning hrong tin hidu tin s6 vo tuyén (Wireless Energy
Harvesting: WEH) da dugc nghién ctru gin day trong khéi niém truyén ning hrong va
théng tin vé tuyén dong thoi (Simultaneous Wireless Information and Power Transfer:
SWIPT). Thu thdp ning hrong v tuyén 13 ki thuit méi duge dé xuit trong mot sb
nim gin day. Y tudng chinh 13 sir dung ning hrong ciia tin hiéu & bing tin v6 tuyén
nhan duoc & may thu, chuyén déi thanh ngudn dién mét chidu, cung cap ning luong
cho thiét bj thu/phét [31]. V&i cong nghé nay thi ning hrong thu thap duge nhim gitip
hé théng van duy tri hoat dong binh thudng, ma khéng hodc giam su phu thudc viée
cAp ngudn dira vao ngudn ning hrgng hru trit (pin) hoic ngudn dién mang nhu hién
nay. Day 1a mét trong nhitng muc tiéu dé cai thién hiéu sudt hé théng va 13 giai phap
kha thi nhim kéo dai thoi gian séng cho nhitng thiét bi 6 ngudn ning lrgng hitu han,
hoat dong trong nhitng méi trudong khic nghiét ma viéc thay thé hodc nap lai pin 1a
rat kho khin. Do d6, ¢ong nghé RF-EH da thu hiit dugc nhiéu s quan tdm tir ca linh
virc ¢Ong nghiép (Industry) va hoc thuat (Academic). Trong linh vuc cdng nghiép,
RF-EH c6 thé dugc sit dung trong nhidu linh virce, nhu cic mang cam bién khong day
(Wireless Sensor Networks: WSNs), linh vuc y té, nhan dang qua tin sé v6 tuyén
(Radio Frequency Indentification: RFID) va céc thiét bi dién tir trong mot pham vi
rong. Thu thip ning luong v6 tuyén hira hen s& thay ddi cach thirc cic thiét bi dién
tir sir dung ning lwong. Hién nay, d4 c6 nhiéu nghién ciru lién quan dén RF-EH dugc

d@ xuét va dé trién khai mét nit thu thap ning lugng mdi trong cac mang vé tuyén,
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cac mang truyén théng s& cO mot sd thay ddi, tao nén maot vién canh thiét ké méi trong
cac mang v tuyén.

Pbi v6i RF-EH, ning luong thu thip c6 thé duoc tinh bang phuwong trinh Friis
[32], phu thudc vio céng sudt phat, budc séng va khoang cach. Cong sudt thu c6 thé
dugc thé hién bai:

P(d)=H9G2 (14)
(4r) d’L
trong d6 P, 1a cong sudt may phat, G, 1a d6 lgi dng-ten phat, G, 12 d0 loi dng-ten thu,
A 14 budc séng cua tin hiéu, d va L 14n luot 1a khoang cich tir may phéat dén méay
thu va hé sb suy hao dudng truyén.

Trong hé théng RF-EH, c6 hai qua trinh quan trong, d6 1a st dung céc tin hiéu
v6 tuyén thu dwoc dé giai mi tin hiéu va trich mét phan tin higu dé t4i tao thinh ning
lwong sau d6 cung cip ngudn cho hé thdng. Do viy, diéu kién can c6 trong thiét ké
phén cing ctia cac mé hinh mdy thu/phat RF-EH 12 mach dién c6 kha ning thu thap
ning lrgng tir tin hiu vo tuyén va giai ma truc tiép song mang tin [31].

Hon nita, RF-EH ciing c6 céc tinh chit riéng biét so véi cac phuong phép thu
thap ning lwgng khic, nhu ning lugng mdt trdi, nang lugng gid, nhiét va dao dong.
Cac ngudn ning luong tai tao tir thién nhién 1 khéng thé kiém soat, do d6 thu thap
nang hrong tai tao khong bdo dam yéu cau chit lwrong dich vu (Quality of Sevice: QoS).
K§ thuit RF-EH vuot qua cc gidi han trén va né sir dung mot ngudn ning lwong dé
phat séng tin hiéu mang ndng lugng khong dbi va cong suit phat ¢o thé diéu khién
duoc, nén RF-EH c6 thé duoc st dung trong cac mang thong tin dé nap ngudn cho cic
thiét bi v6 tuyén di déng. Do ning hrong thu thip phu thudc vao khodng céch, cdc may
thu nang lvong khac nhau duoc dit tai nhidu dia diém khéc nhau c6 su phén biét 1§
rang vé ning luong thu thap. Su khic biét ding ké nhét gitta RF-EH va cac phuong
phap thu thdp ning hrong khéc 1a RF-EH c6 thé tao ra cong suit on dinh xung quanh.
Tuy nhién, cac phuong phap thu thap nang lugng khac khong kiém soat duogc, thy dong
dé tao ra ngudn dién. Do d6 RF-EH 14 rét phit hop cho cic mang truyén thong hién tai.
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C6 hai loai ngudn dugc st dung trong RF-EH 13 nguén chuyén dung va ngudn
xung quanh. Ngudn ning hrong chuyén dung sir dung ang-ten dinh huéng dé dap img
yéu cau QoS trong mang véi cong sudt phat khong d6i. Dé dap tmg yéu cau QoS ciia
tmg dung di d6ng, ngudn ning lugng chuyén dung 13 phuong phap phit hop bdi vi nd
¢6 thé duge cAu hinh dly do. Ngudn xung quanh 13 tin hiéu RF da duwoc phét trén
kénh v tuyén. B thu ning lugng RF c6 thé thu thip co hdi tin hidu RF xung quanh
dé nap ngudn cho chinh né. M6t s6 tin hiéu RF xung quanh, nhu tram gbc clia mang
di ddng va céc tin hi¢u quang ba tir tivi hodc dai phat thanh.

1.3.1. Cac giao thirc thu thdp nang lugng song vo tuyén

1.3.1.1. Giao thirc thu thap - str dung (Harvest-Use Protocol: HUS)

Trong d6 nang lrgng duge thu thap trong mét chu ky thoi gian gia sir dugc s
dung hoan toan trong cung mét chu ky. Giao thue HUS c6 thé dugc 4p dung trong
cac mang WSNs véi bo Iuu trit pin nhé [33], trong d6 nang lugng thu thap nén duge
sit dung ngay l4p tirc, néu khéng s ¢b tran ning luong pin xay ra va din dén mét
hiéu suét truyén din. Mit khéc, viéc phan tich hiéu niing cia giao thirc HUS dya vio
WSNs thudong cb thé d& dang thuc hién, d6 13 1y do tai sao chiing dugc 4p dung trong
nhiéu nghién ciru. Do d6, hiéu nang cua giao thire HUS dua vao WSNs ¢6 thé duge
XUt Iy nhu mot gidi han duéi cia viée dat duge giao thie truyén tbi wu.

1.3.1.2. Giao thirc thu thip - luu trit - st dung (Harvest-Store-Use
Protocol: HSU)

Trong d6 ning lugng thu thdp trong mot chu ky thdi gian co thé duoc hru trit
cho viéc sir dung trong tuong lai. Bdi vi ndng lugng thu thdp khong can phai tiéu thu
hoén toan, nén giao thirc HSU cung cip hiéu ning truyén t6t hon so véi giao thire HUS.
Giao thirc HSU duogc 4p dung béi cdc mang WSNs véi b luu trix pin [6n [34]. Trong
trudng hop nay, cac mit cam bién khéng can sir dung tat ca ning huong sin 6 tai mdi
khéi thoi gian, va do d6 c6 thé st dung t6t hon niing lwong thu thip sin c¢6 va 1ap lich
tiéu thu nang lugng cua nod dé cai thién hiéu ning truyén dan. V& mit ly thuyét, dé dat
dwoc hiéu sudt tdng truyén tbi wu, nut cam bién co thé thay ddi thich img cong suat

phat trong mdi chu ky thoi gian phu thude vao lru trit ning lugng hién tai va do dai
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cta hang doi dit liéu. Tuy nhién, hdu hét cac mang WSNs dua trén truyén théng tin vo
tuyén (Wireless Information Transmission: WIT) 13 c4c thiét bi don gian, yéu ciu cac
giao thire d6 phie tap thip, khong cho phép thay ddi thich nghi céng suat phat. Do do,
giao thirc HSU duoc 4p dung rong rai, 1a giao thirc dya trén ngudng, véi cong sut phat
khong dbi trong mot chu ky thdi gian mién 12 ¢6 dn ning hwong dé truyén [35].
1.3.2. Phén logi cdc ky thudt thu thdp ning liwong séng vo tuyén
1.3.2.1. K¥ thuit thu thdp nang lugng phén chia thoi gian

a Giadi m3 thong tin
{(Information Decoding: ID)
Chuyén mach
thai gian
/ n, Thu thap nang.lu'g'ng
l-a (Energy Harvesting: EH)
May thu

Méy phat
Hinh 1.3: C4u tric may thu SWIPT véi ché d6 chuyén mach phan chia thoi gian
(Time-Switching: TS) [33].

Ciu tric ciia TS duwge xem xét nhu trong Hinh 1.3, truée tién tin hiéu thu dugc
béi dng-ten chiu tac dong ciia nhiéu kénh 7,. Mdi khung dit liéu (frame) truyén dugc
chia thanh hai khe thoi gian, mot khe thdi gian dé truyén thong tin va khe thdi gian
con lai dé thu thap ning hrong. Do d6, tin hiéu nhan thu dugc dua tré lai cac thiét bi
dau cudi dé giai ma thong tin (Information Decoding: ID) va thu thip niing hrong
dinh k¥ thong qua mét bd chuyén mach thoi gian tai mdi may thu, véi 0<a <1 lati
16 phén trim thoi gian truyén trong mdi khung va 1-a 1a ti 1& phan trim cta EH.
Theo nguyén tic TS, nut thu thip ning luong chuyén ddi giita ning luong thu thap
va thong tin nhén dirgc trong viéc phin bd khoang thdi gian khac nhau. Khi may thu
thwe hién thu thap ning luong, EH c6 thé duge biéu dién 1a:

Ey =nR A, (1.5)

v6i 77 12 hiéu suit chuyén d6i ning luong, P, 13 cong suit tai may phét va 4 13 do
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loi kénh truyén gilta may phat va mdy thu. Khi may thu hoat dong, tdc doé dix liéu co

thé duoc biéu dién la:
P
R=(1—a)Wlog2{1+L2|}, (1.6)
o

v6i a 13 hé sé chuyén mach thoi gian ma ning lwong nhin duoc tai may thu, trong
khi 1—a 13 thoi gian nhan dif lidu tai may thu, W 1 bing thong va o 13 phuong
sai ciia tap Am. Su phan bd chuyén ddi theo thdi gian c6 thé duoc tdi vu cing vdi tin
hiéu phat trong cic mang thong tin khac nhau. Chuyén dbi theo thoi gian yéu ciu lap
lich chinh xac cho théng tin va nang lugng.

Céu tric chuyén mach thdi gian cho SWIPT, ca thiét bi diu cudi ID va EH
duoc trang bi tai mbi may thu, cac tin hiéu thu va nhiéu ctia cac thiét bi dau cudi ID
va EH trong céc khe thdi gian khac nhau theo chu ky théng qua bd chuyén mach thoi
gian. Ngoai ra, trong cAu trac nay thi ca cac thiét bi diu cudi ID va EH duge trang bi
tai mbi may thu, da truy cip phan chia theo thai gian (Time Division Multiple Access:
TDMA) va céc ché dd lua chon nguoi dung ciling ¢o thé duoc coi 12 mdt loai cla
chuyén mach thoi gian. Do vay, may thu hodc hoat dong trong chiic nang EH hodc &
chirc ning ID tai mét khe thdi gian nhét dinh va céc chirc ning s& dugc chuyén dbi
gilta cac ngudi dung trén céc khe thoi gian khac nhau.

1.3.2.2. K§ thuat thu thip ning Ivgng phan chia cong suét

Khi ché dé PS duge str dung trong Hinh 1.4, tnrde tién tin hiéu nhan duoc bai
ing-ten bi tic dong ctia nhiéu kénh . Tin hiéu sau d6 dugc dua trd lai bo phén chia
cong suét, thong qua d6 tin hiéu dwoc chia thanh hai phin, mét phin cho giai ma
thong tin (ID) va phan con lai cho thu thip ning hrong (EH), v&i p 1 phin cong suét
thu dugc chia cho thiét bj ddu cudi gidi ma thong tin va 1— p 13 phin cong suét thu
duoc chia cho thiét bj diu cudi thu thip ning lwong. Trong quaé trinh thiét bj d4u cubi
giai ma théng tin, nhidu », khic cling tic ddng vio, diéu nay s& anh huéng dén hi¢u
ning giai ma cta thiét bi ddu cudi ID. Trong thiét bi dau cudi EH, tin hiéu thu duogc
chuyén d6i thanh ngudn dién dé st dung hodc lwu trir. Lwu ¥ ring, nhiéu kénh n,

khong d4ng ké khi EH dugc the hién va c6 thé bé qua trong thiét bi ddu cubi EH.
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Gidi ma théng tin
{Information Decoding: ID)

Phan chia
4 cong sudt
Y n

A

@ J=p Myt

May phat

Thu thdp ndng lwgng
(Energy Harvesting: EH)

Hinh 1.4: C4u triic may thu SWIPT véi ché d6 chuyén mach phan chia cong suit
(Power-Splitting: PS) [33].
Ning hrgng thu thip trong phan chia theo ngudng cong suit 1a:
Eyy =npP i , (1.7)
v6i p 13 hé sb phan chia cong suit quyét dinh ti 1é cia tin hidu RF st dung cho may
thu thye hién thu thip nang lugng, p e [O, 1]. Do d6, tbc d6 dit liéu dugc thé hién 1a:

(l—p)PT Ihlz
R=WIl 1 .
ng( +O_2+(1_p)o_2 > (1 8)

p

véi o-; 14 phurong sai nhifu b sung tac dong vao may thu. Ching ta nhan thiy rang,
tdn tai mot su danh ddi gitra tbc do thong tin va thu thdp nang luong co6 thé duoc phan
tich bing cach t6i wu p. Céc qua trinh phan chia theo ngudng cong suit, théng tin va
ning lwong trong cling mét khe thdi gian, do d6 né dat dwoc hiéu suat SWIPT tirc thoi,
v6i cAu triac may thu PS thi ID va EH c6 thé thuc hién déng thoi tai mbi ngudi dung.

1.4. Ky thuat da truy cap khong trwe giao

Nhiéu 12 mét rio can chinh déi véi viée trién khai hiéu qua céc img dung cho
ngudi dung céc thiét bi ddu cudi trong mang vo tuyén, bao gdm ca mang di dong thé
hé thir ndm (Fifth-Generation: 5G) va cdc mang sau 5G (Beyond Fifth-Generation:
B5G). Céc giao thirc va tidu chudn cho nhiéu loai hinh truyén théng khéc nhau d duoce
thiét 14p va sir dung trong nhimng nim qua. Tuy nhién, nhiéu vin con ton tai nhimng
thach thirc chinh, ngin can ngudi ding d4u cudi nhan duoc chét hrong dich vu (Quality

of Service: QoS) mong doi cho nhiéu tmg dung B5G. Nhu ciu ngay cang ting vé tdc
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d6 di liéu 16m hon va viée tiép xiic nhidu hon véi thdng tin da phuong tién d3 din dén
phuong thitc da truy cdp khong truc giao (Non-Orthogonal Multiple Access: NOMA),
nhim muc dich ning cao hiéu suit phd tin va lién két cic tmg dung b sung bang cach
str dung céc co ché mi héa xép chdng va khir nhidu ndi tiép. Cac nghién ciru gin day
cho thiy phuong phép NOMA hoat dong tét hon khi duogc két hop véi céc cong nghé
khéng day phit hop, cu thé 14 bing cach tich hop tinh ning da dng-ten, bao gém kién
tric da ddu vao da diu ra ¢& 16n, cong bing tdc d6 dit lidu, hiéu qua ning lugng, chuyén
tiép hop tc, dinh huéng va can bang chum tia, m3 héa mang va mi hoa khong gian-
thoi gian. Vi duy, céc tac gia trong [36], d4 phan tach thong tin ngudi dung, NOMA str
dung phuong phap khir nhiéu nédi tiép (Successive Interference Cancellation: SIC) &
phia thu. Tuy nhién, trong qua trinh SIC, thong tin tir nhiing ngudi ding c6 d6 lgi
kénh thap hon s& duoc trich xuit bdi nhing ngudi ding ¢ d6 lgi kénh cao hon.
NOMA dang ndi 1én nhr mét cong nghé then chét cho cic mang khéng day thé
hé tuong lai, va do d6, nhiéu giao thirc da dugc d& xuit va nghién ciru. Nhiéu ngudi
ding phat thng tin trén cac tai nguyén duoc chia sé trong cac so ¢ NOMA va nhiéu
ngudi ding c6 thé sir dung cing mot kénh vat 1y, cho phép ting déng ké dung luong.
Bo thu 4p dung phwong phép phét hién két hop nhw SIC hoc thuat toan truyén ban tin
(Message Passing Algorithm: MPA) dé x4c dinh cac tin hiéu khong truc giao. Mic du
c4c ¥ tudng co ban ciia tit c¢a cic phuong thirc NOMA déu gidng nhau, nhung chiing
dugc phén chia theo phuong phap thyuc hién tinh khéng true giao. Cac giao thirc NOMA
hién ¢6 ¢6 thé dugc phén loai thanh hai 16p: NOMA mién cong suit (Power-Domain
NOMA: PD NOMA) va NOMA mién mi (Code-Domain NOMA: CD NOMA). Cu
thé, PD NOMA phuc vu nhiéu ngudi diing trong ciing mot tai nguyén thoi gian-tin sb
béng céach sir dung cac mirc cong suét khac nhau [37]. Dé giam thiéu nhiéu giita c4c
ngudi ding, SIC duge 4p dung & phia may thu. CD NOMA phan b cic tii nguyén
khéng truc giao cho ngudi dung, ching han nhur tir ma, xen k&, chudi trai phd va ma

hoéa [38]. Trong tAm chinh ctia phin nay, tic gid tip trung vio PD NOMA.
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1.4.1. NOMA dwiong xuong

Cong suit

Ngudi dimg 2

ErEram
Nestnaing)
Thoi gian/Tan sb
\; a
( » : Giai mi tin hiéu ctia
& Ngudi ding 2
Ngudi diung 2
]
N ! | Knhotnhigucia | ! Giai ma tin hiéu ci
) g 1di ma tin hiéu cta
Gl | Ngudi diing 2 I' | Neusi ding 1
Ngudi dung 1 SIC

Tram goc

Hinh 1.5: Hé théng NOMA dudng xubng hai ngudi ding.

Nhu thé hién trong Hinh 1.5, ching ta xem xét mé hinh hé thdng NOMA
duong xudng hai ngudi ding, trong 36 mot tram gbc (Base Station: BS) don ing-ten
phuc vu hai ngudi ding duge trang bi don dng-ten. Ky hi¢u céc tin hi€u duoc phat tir
BS dén ngudi ding 1 va 2 14n luot 13 s, va s,. M3 hoa xép chdng duge BS 4p dung,
va do do, tin hiéu dugc truyén tai BS duoc cho béi:

x=.aPs +,/a,Ps,, (1.9
trong d6, P 13 tdng cong suit phat tai BS. Tin hiéu ngudi ding s,, k=1, 2 la don vi

cong suit, cu thé E{|sk|2} =1, véi E{} 1a toan tr ky vong théng ké. Hon nita,

a,, k=1, 2 1a hé s6 cong suit cho tin hi¢u cta ngudi ding k, thda min didu kién
a,+a,=1. Gi tri cu thé ca a,, k=1, 2 dugc xdc dinh bai cach thirc phan b cong
suit (Power Allocation: PA) d3 4p dung.
Tiép theo, tin hiéu nhin duogc tai ngudi dung & dugce cho boi:
Yy =hx+n, (1.10)

trong d6 A, bidu thj d6 loi kénh truyén giita ngudi ding & va BS, trong khi # biéu
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thi nhidu Gauss tring cong (Additive White Gaussian Noise: AWGN), véi gia tri
trung binh bang khéng va phuong sai o”.

Pé giam thiéu nhiéu gitra cac ngudi ding, SIC duoc thurc hién tai ngudi dung
manh, tirc 13 ngudi dung cé d6 1gi kénh 16n hon. Cu thé, ngudi ding manh tredc tién
s& giai m3 tin hiéu cho ngudi dung yéu, tirc 1a ngudi dung cb d6 lgi kénh nhd hon,
sau d6 loai bd tin hiéu d6 dé thu dugc tin hiéu cia chinh minh. Nguoc lai, ngudi ding
yéu & trirc tiép giai ma tin hiéu cta chinh minh, coi nhiéu tir ngudi ding manh 13 tap
am. V& Iy thuyét, ngudi ding manh duoc dam bao gidi méi thanh cong tin hiéu coa
ngudi ding yéu néu ngudi ding yéu c6 thé giai mi thanh coéng tin hiéu cua chinh
minh [39]. Chu ¥ rang két luén trén vin dung véi phan bd cong suét ity y. Trong thuc
té, ngudi dung yéu thudng duge phan bd nhiéu cong suit hon, do d6 viée giai ma tin
hi¢u ctia ngudi dung yéu ¢6 thé duge thyuc hién chinh xdc. Hon nita, diéu nay ciing
din dén tinh cong bing clia hé thdng tbt hon.

Khong mét tinh téng quat, ching ta gia sir ring ngudi ding 1 13 ngudi ding
manh, trong khi ngudi ding 2 13 ngudi ding yéu, cu thé 13 |A|" >|,[". Theo giao

thicce NOMA, tbc d6 dit 1iéu dat duge cho nguoi dung 1 va 2 dugc cho béi:

NOMA a1P|h1|2 2
RYM™A —og, [ 1+ 2281 =10g2(1+Aa1|hl| ) (1.11)
O
a P[h |2 Aa lh |2
RNOMA _ | 1+—2t21 ] [ E—1 - S 1.12
: °g2[ a1P|h2|2+crz} °g{ Aal|h2|2+l] (12

trong 46 A =P/c” 1a SNR phat. C6 thé thdy ring téc d6 truyén dir lidu dat duoc cia
ngudi ding 1 khong bi anh hudng béi viée truyén tin hiéu ciia ngudi ding 2, nhd hoat
déng cta SIC. Mt khéc, toc d truyén dit lidu dat duge clia ngudi ding 2 giam theo a,.
Két qua 13, khi phan b nhiéu cong sudt hon cho ngudi dung 1, the d6 truyén dit lidu cia
ngudi ding 1 ting 1én trong khi tdc d6 truyén dir liéu ctia ngudi ding 2 gidm xudng.

NOMA
Rl

Téng tbc d6, cu thé 1a +RYOM* | 43 dugc ap dung rong rii dé danh gia

hiéu suét phd tin (Spectral Efficiency: SE) ciia hé théng. Tuy nhién, tbc do tong
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thuong khéng phan 4nh hidu suit cta timg ngudi ding. Vay nén, ton tai sy d4nh déi
gitra tbc do ciia nhitng ngudi ding khéc nhau.

Ve 1y thuyét, sd lwrong ngudi ding duoc phuc vu baing NOMA dudong xudng 13
khong gi6i han. Tuy nhién, trong thuc t&, NOMA dudng xudng thudng dugc ap dung
cho mot s6 lugng nhéd ngudi dung, thudng véi X =2 hoic K = 3. Pidu nay 13 do khi
K 16n, sy suy gidam hi¢u sult vé i 18 13i bit (Bit Error Rate: BER) tré nén nghiém trong
do 13i lan truyén tir SIC khong hoan héo. Trong khi d6, cAn nhidu kha ning tinh todn
hon va mic tiéu thu ning luong cao hon dé giai mi tin hiéu ciia nhitng ngudi ding
khéc, diéu nay 1am cho né kém hip din hon dbi véi cac thiét bi ngudi ding co ti
nguyén han ché. Khi s§ luong ngudi ding trong hé théng 16n, cin phai 14p lich ngudi
dung. Nguoi dung trude tién duge chia thanh cidc nhom khac nhau. Sau d6, ngudi dung
trong cung mét nhém duge phuc vu ba"mg NOMA, trong khi cidc nhdm khac nhau duoc
phuc vu bing da truy cép truc giao (Orthogonal Multiple Access: OMA), ching han
nhu da truy cép phén chia thoi gian (Time Division Multiple Access: TDMA) hodc da

truy c4p phén chia tin sé (Frequency Division Multiple Access: FDMA).
1.4.2. NOMA duong lén

Giai md tin hi¢u caa
Ngudi dung 1

r———- 1
| i
| A s !

Khtr tin hiéu cia
: Ngudi dung 1 SIC :
, | !
L I l I
g | | Gii matin hiéu cla |
J Nguoi dung 1 ) | Ngudi ding 2 |
Tram goc | =——————————— __ 1

Ngudi dung 2

Hinh 1.6: Hé théng NOMA dudng 1én hai ngudi ding.
Hinh 1.6 miéu ta hé thing NOMA dudng 1én véi hai ngudi dung. Ky hiéu tin
hiéu dwgc truyén tir ngudi ding 1 va 2 1dn lugt 13 s, va s,. Tin hiéu nhin dugc tai BS

¢0 thé dugce biéu dién nhy sau:
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2
y=> \|Bhs, +n, (1.13)
k=1

trong d6 P, 1a cong sudt truyén ciia ngudi dung k. Tin hiéu ngudi ding s, 13 don vi
cong sudt, cu thé E{|sk|2} =1, n 1 nhidu AWGN, véi trung binh bing khéng va

phuong sai o7,

Trong NOMA dudng 1én, tat ¢4 tin hiéu ngudi ding déu dugc gidi ma tai BS,
noi quan 1y toan bd théng tin. Do do, thir ty gidi ma co thé linh hoat. Hon nita, mdi
ngudi ding ¢ rang budc cong suit riéng va khong c6 rang bude nio ddi véi gia tri
so sanh cta céng suit phat. Tuy nhién, xét vé mit thuc té cta viéc giai ma, BS uu
tién giai ma tin hi¢u ngudi dung nhén duge manh nhét trude. Cudng @6 tin hi¢u nhén
duoc 1a tich cua cwong dé tin hiéu phat va dd loi kénh. Cu thé, khi hai ngudi ding
phat véi cling cong suat, ngudi ding c6 do loi kénh 16n hon s& dugc giai mi trude.
Piéu nay hoan toan ngugc lai véi dudng xubng, trong d6 tin hiéu ctia ngudi ding yéu
hon dugc gidi mi trude. D khong mét tinh téng quat, ching ta gia dinh ring cudong
d6 tin hiéu cua ngudi dung 1 16n hon nguoi dung 2 tai BS. Khi 306, céc tbc do dat

duoc tai cac ngudi dung duge cho béi:

2
P
R =1og, 1+—1|ﬁ"|—2 (1.14)
Pz|h2| +o
pnl
RNMA = log, 1+%}, (1.15)
Sau mot sb budce tinh todn, téng tde do6 dugc thé hién nhu sau:
2 2
P + P |h
RYM —Jog, | 1+ 14 - Al J (1.16)
o

Ta c6 thé nhén thdy rang tong téc d6 nhu trong (1.16) dat dugc khi ngudi dung
2 dugc giai mi truée. Pidu nay cho thiy téc d6 téng cia NOMA dudng 1én khéng
phu thudc vao thir tir gidi ma. Dé so sanh gitta NOMA va OMA, c6 thé thiy ring tong
tdc d6 dat dugc 13 nhwr nhau néu OMA é&p dung phén chia bac tir do tdi wu. Trong
trudng hop nay, viée sit dung NOMA khéng mang lai d§ lgi hiéu ndng. Tuy nhién,
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n6 cung cip mot giai phép thay thé dé dap img yéu cau tdc d6 riéng 18 ciia cac ngudi
ding, didu ma OMA c6 thé khong dap tng dugc trong mot s6 trudng hop. Ngoai ra,
phan chia bic tu do tbi vu thudng khéng ddng déu cho ca hai ngudi dung. Tuy nhién,
trén thuc té, phan chia béc tir do bang nhau dugc wu tién hon [39]. Trong trudng hop
nay, NOMA van vuot trdi hon OMA.

Tiép theo, chiung ta xem xét hé théng NOMA téng quat véi K ngudi ding.
Gi4 st ring cdc tin hiéu ngudi ding nhén cé chi sb theo thir tw giam dén, tic 1a

P[] 2.2 P|[". Theo do, tdc dd dat duoc ciia ngudi ding K dugc cho béi:

2l
RYOM =log,| 1+— A , (1.17)

> plnf+o?

i=k+1

K
trongdé ' B|h| duoc gia sit bing 0 véi i =K.

i=k+1

NOMA dudng 18n ¢6 thé hd trg nhidu ngudi ding hon NOMA dudng xubng,
vi BS thudng dugc trang bi cac khéi tinh todn manh mé& hon. Do d6, NOMA dudng
1én phit hop hon véi truyén thong kiéu may méc & 16n.

1.5. Két lnin Chuong 1

Chuong 1 da trinh bay nhitng khai niém co ban vé& bao mat théng tin 16p vat 1y,
hé théng chuyén tiép song cong, cong nghé thu thip ning lrong séng vo tuyén, ki
thuiat NOMA, c¢6 lién quan tryc tiép dén P2 4n. Dua vao nhimg ndi dung duoc dé cap

& trén, 1am co s& dé tac gia phan tich cdc vin 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 hé thong

Kénh dir li¢u —
Kénh nghe 1én —_—
Thu thdp ning lugng — — —
Nhidu tir giao thoa ~ #~

Hinh 2.1: M6 hinh hé théng chuyén tiép FD dira vao SWIPT NOMA [22].

Tac gia nghién ciru mo hinh hé théng chuyén tiép song cong (FD) hai ching
sit dung giao thirc giai mi va chuyén tiép (Decode-and-Forward: DF) dua vio truyén
thong tin va ning lugng ddng thoi (SWIPT) NOMA, trong d6 mdt nit ngudn (Source:
S) truyén dir liéu dén hai ngudi ding D1 va D; (Destination), trong sur xuét hién ctia
mot nat nghe 1én thy dong (Eavesdropper: E) xuét hién xung quanh D; va D, dang
cb géng thu chin di¥ liéu tr S dén Dy va Ds, nhur duge thé hién trong Hinh 2.1. Hon
nita, gia sir khong c6 dudng truyén truc tiép tir nat ngudn dén hai nut dich, trong 4o
D; 12 ngudi ding xa va Da 12 nguoi dung gan, do khoang cach va vét can. Vay nén,
qua trinh truyén dit lidu duge su hd trg cia mét niit chuyén tiép (Relay: R) va gia st
ré‘mg E chi nghe 1én dugc dit li€u & ching thir hai. Bén canh d6 cic nut S, Dy va Dg,
E dugc trang bi mét Ang-ten, hoat ddng & ché d6 ban song cong (HD), trong khi R ¢
hai ang-ten va hoat dong & ché d6 FD. Hon nita, R c6 thé thu thip ning hrgng tir mét

phin caa tin hiéu ngudn dé kéo dai thdi gian hoat déng ctia pin, sir dung phuong phap
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phén chia cong suét (PS). Cu thé, khoang cong suit OF, dugc str dung cho thu thip
ning hrong, trong d6 0< @ <1 1a hé s6 phan chia cong suét. Phin cong suit con lai

(1-6) R, dugc sir dung cho giai ma thong tin (ID).

2.2. M6 hinh kénh truyén

Gi4 st ring kénh truyén gifra hai ngudi ding 13 kénh pha dinh Rayleigh khéi
phng, v6i d6 loi kénh truyén 13 hing sb trong mét khéi va thay déi doc 14p giita cac
khéi khic nhau. Hon nita, hé s kénh truyén gitta nat X va nut Y duoc thé hién 13

hyy» v6i XY € {SR, RD, RD,, RE, RR}. Ngoii ra, binh phuong bién d6 ctia cic d6

XY

2
>

2 2 2 2
’yRR=|hRR| » }/RD1=|hRD]| ’7RD2=|hRD2 >}’RE=|hRE
13 cac bién ngau nhién cé phin bo ham mii véi cac tham so dic trung kénh truyén lan

lugt nhu sau: A, =1/E{yy} va E{} 1aky vong thong ké. Ta c6 ham phan bb tich

loi kénh tﬂlyén: Y = |hSR

liiy (Cumulative Distribution Function: CDF) va ham mét d§ x4c suit (Probability

Density Function: PDF) ctia bién ngu nhién Z dugc viét ra nhu sau:
F,(z)=1-exp(-Az), f,(z) = Aexp(-Az), 2.1)
voi Z € {7SR’7RR’7RD,.’7RE} va de {zsR:lRRaA'RD,.sﬂRE}'
Ching ta dinh nghia A, 1a tham s6 suy hao duong truyén pham vi rong

(large-scale) tir nat X € {S, R} dénniut Y e{R,D,, E}, ie{1,2} nhu sau:

B
AX,Y = (dX,Y) ) (2.2)
trong d6 dy, la khoang cach gilta hai nat X va Y, B 14 hé sb suy hao dudng truyén

6 gia tri trong khoang 2 dén 6.
Tin hiéu nhin dugc tai R dugc thé hién 1a:

Yr = ,{(I-H)JFShSR (\[c;;x1 + a2x2)+\/EhRRxR +1g, (2.3)

trong d6, /4, X, ++/a,x, 14 tin hiéu phat xép chdng tai S dén hai ngudi ding D; va Dy,
a,>a,, a,+a, =1 12 hé s5 phan b cong suit cho D; va Dy, tuong tmg. Do d6, suy

hao dudng truyén 1én hon duge gan cho ngudi dung xa (D1) phin bd muc cong sudt
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16n hon (a,) va suy hao dudng truyén nho hon dugc gan cho ngudi ding gan (Dy),
phan bd mitc cong suit nhé hon (a,), x; 1a nhidu ty giao thoa (Self-Interference: SI)
tai R khi R hoat dong & ché d6 FD, A, 1a hé sb kénh truyén giita S va D, hy, 1a kénh
nhidu ldp (loop-back interference), n, 1a nhiéu Gauss trang cong (Additive White.
Gaussian Noise: AWGN), véi trung binh bing 0 va phuong sai N,.

Ning lrrgng thu thap tai R duogc tinh la:

Ey =n0TRhg[ 24)
trong d6 P, 1a cong suét phat ciia S, T 13 tdng thoi gian truyén din, 0<7 <1 1 hi¢u
suit chuyén d6i nang lugng va 6 1ati s6 phan chia céng suét.

Ap dung phuong phap PS, c6ng suét phét trung binh tai R dugc cho bai:

E
PR=’1TR=779P§|hSR

I 2.5)

>

Dua vao nguyén 1y khir nhidu ndi tiép (Successive Interference Cancellation:
SIC), trudc tién R giai ma tin hiéu x, trong khi xem x, 1 nhiéu nén (background noise).
Sau d6 loai bo tin hiéu x, tir tin hiéu nhén duge va giai ma tin hi€u x,. Do R thyc hién
ché d6 chuyén tiép FD, nén ti s6 tin hiéu trén nhiéu va giao thoa (Signal-to-Interference-
plus-Noise-Ratio: SINR) cta tin hiéu x, va x, tat R dugc thé hién nhu sau:
S L) L A
* (1-0)Blhg| @y + B i + N,
_ (1-0)R|hs[ o,
(1-0) R e[ @y + nOR e[ [t +,
~ (1-8)a,
T (1-0)a, + B[
g = (1- H)I’SthR [a, _ (1- 9)12’3 |hSR|22 a, (- 49)a22 |
Plhe| + Ny, n6R || |Pe| + Ny 16|heg]

Sau khi giai m3 thong tin tir niit ngudn, R mi héa lai va chuyén tiép thong tin

(2.6)

2.7

nay dén hai nut dich. Tin hiéu nhin duoc tai hai nit dich duge cho nhur sau:
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Vp, =~ Faro, (\/le+ a2x2)+nDi, ie{l,2}. (2.8)
trong d6 n, 14 AWGN, véi trung binh bang 0 va phuong sai N, clia nt dich thit i.

Ta c6 SINR tai Dy la:

2 2 2
Y ™ N 0 R ™

D, 2 - 2 2
a2PR|hRDl| + N, azﬂepsthRl IhRD,| +N, 2.9)
, .
_ alUBAthRF |h1u)1|
a0 | [ e, | +1
v6i A=PR/N, 1a SNR phat.
Tiép theo, ta c6 SNR tai D> 1a:
2 2 2
g ol _ a0 i
. NO NO
2 2
= a,n0A| gy [ |, | - (2.10)
Sir dung giao thirc DF, ta ¢6 SNR tng ctia hé thdng 1a:
W, =min(¥y, ¥ ), ie{l, 2}. (2.11)
Téc d6 dit lidu tirc thoi tai D1 va D; la:
C, =log, [1 +min (¥, ¥ )]
Cp, =log, | 1+min(¥y, W5 )] (2.12)

Tin hiéu nhin dugc tai hai nat E duoc cho béi
Ve = P (Jax, +Ja,x, )+ g, (2.13)
trong do6, /g, 13 hé s6 kénh truyén giita R va E, n; 14 nhiéu Gauss tring cong, trung
binh bang 0 va phuong sai N,.
Hon nitra, tac gid xem xét trudng hop x4u nhat: K& nghe 1én c6 thé d& dang
phat hién x, (hodc x,) ma khéng xem x, (hodc x,) la nhiéu. Do d6, SNR tai nat nghe

1én duge thé hién 1a:
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&Py |es|” _ 3O [ e

g = N, N, = a0A b [ | (2.14)
2 2 2
P = a2P1§\|[hRE| _ a,noF; |;’ISR| lhR.EI :azngAthRF'hREIz' (2.15)
0 0

Téc d6 dit lidu tirc thoi clia tin hidu x, va x, tai E 1a:
C2 =log, (1+¥3), Cp =log, (1+¥%). (2.16)
2.3. Phan tich d tin cdy va hiéu ning bao mit cia hé théng
Trong phin ndy, tic gia phén tich x4c suét dimg (Outage Probability: OP) va
kha ning giai ma thanh cong tin hiéu cla nut nghe 1én (Intercept Probability: IP). Xdc
sudt dimg dugc dinh nghia 12 x4c suit ma D khéng thé khéi phuc duogc dit lidu gdc,
do SNR thép hon mét ngudng xac dinh trude, y, . Nguge lai, xac suét thu chin dugc
dinh nghia 13 xdc suit ma E c6 thé khéi phuc dwoc dit lidu gbe, do SNR 16n hon hoic
bang mét ngudng xac dinh truéc, V- Biéu dién v& mit toan hoc ta c6:
2.3.1. Xdc sudét dirng hé thong tgi D1 va D;
Ta 0, x4c suit dirng cta hé thdng tai Dy la:
OP,, =Pr(C,, < C,,) = Pr(log, [ 1+min(¥3, 5 )| < Ca)
= Pr| min (¥}, ¥} ) <2% -1]. (2.17)
Dit y,, =2% —1, ta viét lai OP, nhu sau:

(1-6)a, a0y | s |
(1-0)a, +76llg a0A |hr [ Ihm |2 -

OP, =Pr{min

2
=1- Pr{ Lol >y, JX r alnHAthR|2|hRD‘| >
(1-0)a, 6l ") | a6 Jies, | +1

1 I

Yo ||- 2.18)

it X =l |, Y =|lun[ s 2=l |+ T=|leal* U =|heef -
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Dé tinh OP, , trurdc tién ta tinh tich phan I, nhu sau:

I, =Pr (1-0)a ~>y, [=1-Pr (1-6)a <Y
(1-0)a; + 0 (1=0)a +n6T

=1-Pr[(1-0)a < (1-6)ay, +n6T7,, |

=1-Pr[(1-6)(a,—ay,, ) <n6Ty, ]

=1—Pr|:(1_‘9)7§gly;azyﬂ‘) <T:|

=1—{1—Pr|:T < (1_9)752;;“2}’*)}}

_ Pr[T _(1-6)(a, —azy,h)] _F ((1—49)(a1 —a2}/ﬂl))

16y 7
1-6)(a, -
=1—exp(-’1“( G az”“‘)]. (2.19)
N6y
Ta viét lai tich phan I, nhu sau:
1— —
I =1-exp[-’1“( 0)(@ —ay “‘)J. (2.20)
176y

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

nhe, i, [
I =Pr an |hSIZI RD; >y |=1- Pr( anOAXY - J’thJ
160 hg [ e, | +1 a,7OAXY +1

=1 —Pr(alr]OAXY <anOAXYy, + }/th)

=1—Pr[(a1 —-azyth)nﬁAXY<}/th]. (2.21)

Td (221), ching ta nhin thidy ring, néu (a,—a,%,)<0 thi

Pr(a, - a,7,, )7OAXY < ,, | luén ludn bing 1, nén 7, =0 va do 46 OP, =1. Viy
nén, dé OP, <1, thi (al —azyth) >0, nén q, >a,y,, dodd y, <a/a,.

Do d6, ta viét lai I, nhu sau:
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I,=1-Pr| X < Y
[ (¢, -a,7,) nHAY}
=1—£FX(( azm n@Ax}/ (x)dx
=1—J‘{1—exp(—(a _ZS‘;}/“)‘UBAXHXJRD[ exp(—lRDIx)dx. (2.22)

Ap dung tinh chét I exp —ax)d.x = l va c¢ong thirc (3.324.1) trong [40], ta cd:

exp(—— - yx)dr \/‘ (2.23)

Tich phén trong (2.22) dugc viét lai nhur sau:

12 zl_lil_Z’RDl]gexp(_( ﬂSRyﬂlneAx]xeXp(—lRDlJC)dx]

a _aZyth)

_ T - 4RV
_ARD"EC p[ 4(a,—ayyy )nOAx ~ o, JJX

— 4 5r ¥ K 4 Ao, Ve
oo JARDI (al —az}’m)WA I(J(‘H _az}’th)UHA

_ o | Ase e Voo
= 2\/(a1 ~ )ryé’AK1 [2\/ (a,—ayyy, )70 J (2.24)

trong d6 K, (.) 1a ham Bessel sira d6i béc 1 loai 2.
Két hop (2.20) va (2.24) v6i (2.18), ta co:

,{1 _exp(_&m (1-8)(a,— a7 )H

76y
x2\/( /l’RDIASR}/th KI(Z\/( ASRARDJ’m

OP, =1-1 x1, =1~

a _az}’m)ﬂgA a _azyth)ﬂeA

1 Lo (2.25)

Tiép theo, x4c suit dimg cia hé thng tai D, 1a:
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= Pr| min(¥y, Wy ) <2% -1].

bit y, = 26 _1, ta viét lai OP;, nhir sau:

OP, =Pr min{(1 ~0)a,
170

=1-Pr

=1-Pr

=1-F,

=1-F,

(1-8)a,
nér

N6y
(1 — 9) a,

76y

(1-6)a,

N

Ji

2

, anOhlhg [ Ih‘RD2 |2] < }’m}

> ym}xPr[aﬁGAXZ > ¥

T< m}x Pr[a,nOAXZ >y, |

x{1-Pr[a,nOAXZ < 7,,]}

x{l—Pr[X <

Vi
a,nOAZ

}

)

Jy

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

N6y

RIS N5

(2.26)

(2.27)

(2.28)
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T AV
= e X
’1RD2 2.; Xp( 4a,70Mx ARD

-9 '?'SRARD K ASRA'RD (2_29)
a,noA a,noA
Két hop (2.28) va (2.29) véi (2.27), ta co:
' -0
l—exp(-—_jRR( )azJ
7797&1
OP, =1-J,xJ,=1- b (2.30)

ZSRARD 7thK ;{SRA'RDz}/th ‘
a,nA a,nbA

2.3.2. Xdc suit thu chdn tai E

Hé théng xem xét trudng hop x4u nhit: Nut nghe 1én c6 thé d& dang phat hién
x, (hodc x,) ma khong xem x, (hogc x,) 12 nhidu nén. Hg thong dugc xem xét s& bi
nghe 1én néu E c6 thé giai mi thanh coéng x, (hodc x,) tir R. V& mit todn hoc, IP cia
x, va x, dugc tinh nhu sau:

Ta ¢0, xac suat thu chan cta E doéi véi tin hiéu x, la:

IP* = Pr(Cy 2 C, ) =Pr[ log, (1+ ¥ ) > C, |

=Pr[ g >2% —1]=1-Prf a8 g [ < 2% 1], 2.31)
bat y, = 2% _1, taviét lai TP™ nhu sau:

IP* =1-Pr[anoAXU <y, |

=1- PI’(U<W7—AXJ 0 (al HMJ’[ (x (232)

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

P* =1- ]9[1 = exp( XRE;/A‘hx HAR exp(—Agex)dx

0

l—ﬁﬂmexp(—ﬂmx)dx—ﬂmgexp( fj;g;x ASR] } (233)
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Ap dung tinh chit Iexp (—ax)dx = l va cong thire (3.324.1) trong [40], ta cé:

fexr)( }b< \/7 2.34)

Do @6, tich phan trong (2.33) dugc tinh nhu sau:

IPX‘=1—|i1—/'LSR]eexp( 42115;2; A‘SR]

{ o [Pasta Kl( EYNNA
Asp @, 110A a,n6A

o |Pseteeta g | o [Psntrele (2.35)
anoA ! a,noA

trong d6 K, (.) 12 ham Bessel sita ddi béc 1 logi 2.

|

Tuong tu, ta cd xac suét thu chin cua E d6i v&i tin hidu x, dugce tinh béi:
1P =Pr(Cg 2 C,, ) =Pr[ log, (1+¥§ )= C, ]
=Pr[ Wy > 2% —1] =1-Pr| a0y el <72 | (2.36)

Ta viét lai biéu thirc IP* nhu sau:

IP* =1-Pr[a,n0AXU < y,|

Vi T
=1-PrlU =1—-\F dx
r( < aZUHAXJ J. U(aznGAx x (% )

0

-1 -!{1 - exp(— %)}@R exp(—Agp x ) dx. (2.37)

Véi cung phuong phép tinh twong ty I[P, chung ta c6 tich phén trong (2.37)

duogc dua ra nhu sau:

\f a,noA \/ a,nbA
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2.4. Két luan Chwrong 2

Chwong 2 d3 trinh bay nhirng mé hinh hé théng chuyén tiép FD dua vao
SWIPT NOMA. So véi giao thitc ban song cong, c6 mdt sd yéu t6 anh hudng dén
kha ning bao mit ciia chuyén tiép song cong. Thir nhit, giao thirc song céng khong
c6 hé sb «“1/2” trong ca dung luwgng kénh dit liéu va dung luong kénh nghe 1én. Didu
ndy tuong duong vdi viée giam mét nira tbe 46 bao mat muc tiéu, din dén kha ning
béo mét cao hon theo dinh nghia vé kha ning bao mat. Pidu ndy ngu y rang, ngoai
trir hé sb “1/2”, kha ning nghe 1én cta hé théng FD nhé hon hé théng HD, trir khi do
loi kénh nghe 1én R — E bing 0. B&i vi trong phuong phép FD, viéc truyén dong thoi
tir S va R gay nhidu cho timg kénh tai bén nghe 1én. Yéu t4 thir hai 13 qua trinh truyén
déng thoi ctia nut ngudn va nut chuyén tiép trong truyén song cong. Tir két qua phén
tich, ching ta thdy ring viéc truyén ddng thdi trong so d6 FD gitip céi thién dung
lwong bao mét, nhung sy anh hudng bi han ché. Anh huéng 16n nhit xay ra khi céc
kénh nghe 1én c6 ciing d6 loi, din dén giam tdc dd muc tiéu. Anh huéng nhd nhét ap
dung khi dung Iegng kénh nghe 1én bing 0. Yéu t6 thir ba anh hudng dén hiéu ning
bao mat 13 hién trong nhiéu tr giao thoa tai mit chuyén tiép khi truyén dan FD. Hién
tuong SI 1am gidm dung lugng kénh khi S — R, lam gidm kha nang bdo mét caa
phuong phap song cong. Tém lai, d6i véi hé thdng FD, yéu t6 thir nhat va thit hai cii
thién hiéu ning bao mat, con yéu td thir ba [am giam hiéu ning bao mat. Do yéu t5
thir hai (truyén dong thoi) khéng anh hudng déng ké dén hidu qua bao mat, nén loi
thé vé hiéu ning bdo mait cia hé thdng song cong so vdi hé thdng ban song cong chu
yéu dén tir hé s “1/2” v& dung lugng, néu hién twong nhiéu tu giao thoa c6 thé dugc
triét tiéu mot cach hiéu qua nhu trong nhiéu hé théng. Hon nita trong Churong 2, tac
gid da duara cic biéu thirc cta i sb tin hiéu trén nhiéu cho mé hinh duge khao sat va
dua ra biéu thirc dang chinh x4c cua d tin cdy (OP) va hiéu ning bio mat (IP) trong
hé théng xem xét. Trong chuong tiép theo, cic két qua mé phong Monte-Carlo duge

tién hanh va phan tich dé kiém chimg va so sanh két qua véi 1y thuyét d4 phan tich.
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Chuong 3: MO PHONG VA PANH GIA KET QUA

3.1. Tham s6 mé phéng

Trong Chuong nay, tic gia thuc hién cic mé phong Monte-Carlo sir dung phan
mém Matlab cho mé hinh nghién ctru ¢é kim chimg céc phan tich 1y thuyét duoc trinh
bay Chuong 2. Mdi trudng mé phong 13 khong gian hé truc toa d6 hai chidu Oxy. Véi
niit ngudn (S) duge dit & gbe toa dd (0, 0), khoang cich tir S dén R 13 d;, khoang
céch tir R dén cac nit D1, D2 14 dyy, VA dyy, , khoang cach tit R dén E 1 dyg, twong

tmg. Do d6 cic tham s§ dic trung cia kénh truyén s& lian luot 13
B

B B B , s 1A A
Ax =(ds )" s 2o, =(dRD]) , Ao, =(dRD2) » Ars =(dgs)" » trongdo B 1ahé s6 suy
hao dudng truyén cé gié tri tr 2 dén 6 [41]. Trong tit ca cdc mo phong, tdng thoi gian
truyén tir ngudn dén dich bang 1 (T =1) va sb phép thir duoc thuc hién 13 5*10°.

Bang 3.1. C4c tham s6 md phéng ciia hé thong

Tham s6 Ky hiéu | Gi tri sir dung Ghi chi
SNR phat tai ngudn A (0+30)dB A =10log,, (?{j
Phuong sai nhiéu AWGN o’ 1 Chuén héa
Heé sb phén chia cong suit 6 0.1+09 Thu thip ning lugng
Hiéu suit chuyén déi ning
wong n 0.6 +09 Pic tinh EH
Hé sb suy hao dudng truyén B 3 Suy hao ham mil
Heé s6 suy hao kénh Per 1 Chuin héa
Hé sb suy hao kénh Bro, 0.7+0.8 D,
Hé s6 suy hao kénh Bro, 02+0.3 D,

Heé sb suy hao kénh Bri 1 E
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Tham s6 Ky hi¢u | Gia tri sir dung Ghi chu

Heé sb phan bd cong suat

a, 0.6 +0.7 Cho D,
NOMA
Heé sb phan bd cong suit

a, 03+04 Cho D,
NOMA
Ngudng toc d6 dit liéu C, 0.25+0.5 QoS
Ngudng SINR Yin 26 -1 Suy ra tir C,
Tham sb dic trung nhiéu tir

_ ] Arr 1+3 Khir ST tai R

giao thoa tai R
Mo hinh kénh - Rayleigh Pha dinh khdi phing
Giao thirc chuyén tiép DF - Decode-and-Forward
Ché d6 chuyén tiép FD - Co SI
Phuong phap mo phdng - Monte Carlo 5x10°

3.2. Panh gia két qua va thio luin

Hinh 3.1 trinh bay OP 12 ham ctia A (dB) va thay d6i hiéu suit chuyén déi ning
lwong, cu thé 7=0.75, n=1. Cac tham s6 khac duoc thiét 1ap nhur sau: dg =0.5,
dyp, =0.75, dyp,, =0.35, 4,=0.7, a,=03, 4z =5, =05, p=3vaC, =025
Nhur ta ¢6 thé quan sat tir hinh v& nay, khi SNR ting thi OP giam va khi ting 5, c6
nghia rﬁng hiéu suit chuyén dbi nang lugng cao hon thi d¢ tin cdy hé théng t5t hon
(OP thép hon). Hon nita, tic gia thuc hién phin bd hé s cong suat c¢b dinh cho céc
ngudi ding, cy thé ngudi ding xa (D1) 1 (@, =0.7) so véi ngudi ding gin (D») 14
(a, =0.3), tanhan thiy ring OP tai D1 16n hon OP tai D,. Tuy nhién, ta c6 thé du doan
rang néu tiép tuc ting hé s6 cong sudt a, cho D thi OP tai Dy s& gidm, nhung OP tai
D, s& ting 1én. Vay nén, tiy thudc vao yéu cau chat lwong dich vu tai D1 va D, ma

chiing ta Ira chon hé sb phén b6 cong suét phu hop cho c4c tin hiéu x, va x,.
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100 T =
O MO PHONG D, (n=0.75)

o MO PHONG D, (7=0.75)
——LY THUYET D, (n=0.75)
——LY THUYET D, (1=0.75)

% MO PHONG D, (p=1)
S s ) | > MOPHONG D, (7=1)
e LY THUYET D (5=1)
........ e LY THUYET D, (7=1)

% 102
103 4
i: _J
10.4! i I i 1
5 0 5 10 15 20 25

A (dB)

Hinh 3.1: OP la ham cta A (dB) khi d; =0.5, dm)l =0.75, a’RD2 = (.35,
a =07 a,=03, ;=5 6=05, f=3vaC, =025

100 ¢ T . . T

LS

O MOPHONG D, (Age=1)

D MOPHONG D, (Ap.=1)|..

LY THUYET D, (Ao=1)

——LYTHUYET D, (Moo= [ . ..
¥ MO PHONG D, (Ap5=3)
> MOPHONG D, (Apo=3)

——LY THUYET D, (Ag5=3)

e LY THUYET D, (Age=3)

102

1072 =t . i gl
5 0 5 10 15 20 25
A (dB)

Hinh 3.2: OP 14 ham cita A (dB) khi dg, =0.5, dyp, =0.75, dyp, =0.35,
a=07,a,=03, n=1,60=05, =3 vaC, =0.25.
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Trong hé théng SWIPT sir dung giao thirc phan chia céng sudt (PS), ning
lwong thu thip tai nut chuyén tiép R quyét dinh cong sudt phat & ching truyén thir hai
va do d6 anh huéng tryc tiép dén hiéu ning ctia hé thong. Ning lrgng thu thip dugc
phu thude chit yéu vao hé sé phan chia céng suit @ va hidu suit chuyén déi ning
luong 77 .

Khi @ ting, ning lugng thu thap dugc va cong sudt phat tai R ting, giup cai
thién chét lwong céc lién két R — D1 va R — D2, qua d6 1am giam x4c suét dirng OP
tai cac nut dich. Tuy nhién, viéc ting € ciing 1am giam phan cong suét danh cho giai
mé théng tin tai R trong ching S — R, din dén suy giam SINR va lam OP ting khi
0 vuogt qua mot gia tri nhét dinh. Diu nay cho thiy tdn tai sy danh dbi gitra thu thap
ning lrong va d§ tin cdy truyén théng.

Bén canh d6, khi hiéu suit chuyén déi ning luong 7 ting, ning hrong thu
thap dugc tai R ting, gitp cai thién do tin cdy truyén théng, dic biét trong ving SNR
trung binh va cao. Tuy nhién, cong suit phat 16n hon tai R ciing ¢6 thé 1am ting cudng
d6 tin hiéu thu dugc tai nlit nghe 1én E.

Hinh 3.2 thé hién OP 13 ham cia A (dB) va thay d6i tham sé dic trung cua
kénh truyén giao thoa 1an hugt 14 A, =1, A, =3, tuong ting v6i mirc d6 nhiéu giao
thoa (SI) & ché 6 FD. Trong hinh v& nay, lwu y ring khi A, 16n hon, (g vé&i mirc
SI thip hon, c6 nghia ring giai phap khir SI tot hon, do do lgi kénh truyén 13
Yer- = 1/ Ang . Chiing ta c6 thiy ring, khi SI ting (A, gidm), gid tri OP ting va tuong
tir nhu Hinh 3.1, OP thip hon khi SNR ting. Hon nifa, khi A, =1, OP tai D; nhé
hon OP tai D, vakhi A, =3, OP tai Di I6n hon OP tai D2, nhung khi ting cong suat
phat tai S (A > 12 dB), OP tai D; gidm nhanh, nhé hon OP tai D> va OP tai D> c6 xu
huéng tién dén gia tri bio hoa. Vay nén, mirc nhiéu giao thoa c6 4nh huéng rit 16n
dén OP tai c4c ngudi dung va khi bd khir nhifu giao thoa cang tét (A, 16n hon), gid
tri OP tai cic ngudi dung cang giam. Ngoai ra, khi chét lwong ciia bd khir nhiéu giao
thoa kém ( Ay, thép hon), SI tic dong dén ngudi ding gin D; 13 rit tidu cuc (OP tai

D3 16n hon so véi OP tai D), do D> duge phén b mirc cong suét thép hon so véi1 Ds.
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10° T

O MO PHONG D, (d =0.3)
o1 MO PHONG D, (d ,=0.3)
———LY THUYET D, (d=0.3)
——LY THUYET D, (d¢=0.3)
4 MO PHONG D, (dgz=0.5)
> MO PHONG D, (dg,=0.5)
e LY THUYET D, (d,=0.5)
e LY THUYET D, (d g, =0.5)

Q. 2l
0102 —fp= 29

10° -

10

A (dB)

Hinh 3.3: OP 1a ham cta A (dB) khi dy;, =0.75, dyp, =0.35, ¢,=0.7, a, =0.3,
Ag =5,n=1,0=05, p=3 vaC, =0.25.

10° - T T T
© MOPHONG D, (Azg=2)

o MO PHONG D, (Agg=2)
——LY THUYET D, (A=2)
—— LY THUYET D,, (A\g5=2)

% MO PHONG D, (Aoo=3)

D> MO PHONG D, (Ap5=3)
——LY THUYET D, (Agg=3)
e LY THUYET D, (Ag=3)

RS

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.8

Hinh 3.4: OP 13 ham cita 8 khi A=5 (dB), dg, =0.5, dyp, =0.75, dyp,, = 0.35,
4,=0.7,a,=03, =1, B=3 va C, =0.25.
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rrrrr O MO PHONG D, (C,=0.25)
O MO PHONG D, (C, =0.25) 7

R LY THUYET D, (C,,=0.25) ; B
[ |=——LY THUYET D, (C, =0.25) e
[ ¥ MO PHONG D, (C,=0.5) AN e

[> MO PHONG D, (C,=0.5)
LY THUYET D, (C,,=0.5)
LY THUYET D, (C,,=0.5) | /.

102" i i i
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Hinh 3.5: OP Ia ham ciia 0 khi A=5 (dB), dg =0.5, dyp, =0.75, dyp, =0.35,
a,=07,a,=03, A,=5 n=1va p=3.

O MO PHONG IP% (5=0.75)
0 MO PHONG IP*; (5=0.75)
102 : ———LY THUYET IP% (5=0.75)
—LY THUYET IP*; (=0.75)

& MO PHONG IP%1 (5=1)

B MO PHONG IP%; (n=1)
e LY THUYET 1P (=1)
=LY THUYET IP*2 (n=1)

i i | . i
-5 Q 5 10 15 20 25
A (dB)

Hinh 3.6: IP v& theo A (dB) khi dg, =0.5, dyy =2.75, a,=0.7, a, =03, 6=0.5,
f=3vaC,=025.
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C MO PHONG IP% (6=0.35)
O MO PHONG IP*2 (6=0.35)
|—LY THUYET IP* (§=0.35)
| === LY THUYET IP*2 (6=0.35)
2 MO PHONG IP* (9=0.5)
> MO PHONG IP*: (9=0.5)
= LY THUYET IP*1 {6=0.5)
e | THUYET IP%2 (6=0.5)

o

10 15 20 25

A (dB)

Hinh 3.7: IP v& theo A (dB) khi d; =0.5, dpz =2.75, a,=0.7, a, =03, n=1,
p=3vacC, =025

Hinh 3.8: IP v& theo A (dB)khi d =0.5, ¢,=0.7, a,=03, 6=05, n=1, f=3

———LY THUYET IP*: (d=1.5)

D> MO PHONG IP*: (d,.=2.75)
——— LY THUYET IP* (dpe=2.75)
s LY THUYET IP*2 (dgg=275)

O MO PHONG IP* (d=1.5) |
0 MO PHONG IP%: (dge=1-5)
——LY THUYET IP* (d.=1.5)

ix MO PHONG IP* (dge=2.75)

L El
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A (dB)

va C, =0.25.
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Hinh 3.9: IP v& theo A (dB) khi dy, =2.75, @,=0.7, 2, =0.3, 8=0.5, =1,
B=3vaC, =025
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Hinh 3.10: TP v& theo @ khi A=5 (dB), dg, =0.5, dy =2.75, a,=0.7, a, =0.3,
n=1va f=3.
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ﬂ/ /" O MO PHONG IP% (8=3) |-

p O MO PHONG IP%; (9=3)
__P —LY THUYET IP* (4=3)
/ ———LY THUYET IP% (3=3)
/ X MO PHONG IP*: (8=5)
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Hinh 3.11: IP v& theo & khi A=5 (dB), di =0.5, dy; =2.75, a,=0.7, a, =0.3,
n=1vaC,=025.

Trong Hinh 3.3, tic gia v& OP 1a hiam ciia A (dB) va thay d6i khoang cach giita
nit chuyén tiép va nit ngudn nhu sau: d, =0.3, dg, =0.5, cac tham sd khac duoc
thiét 1ap 1a: dpp, =0.75, dy, =035, 4,=0.7,a,=03, Xy =5, n=1, 6=05,
B =3 va C, =0.25. Nhin tir hinh v&, chiing ta thdy rang khi dg, = 0.3, ting SNR thi
OP, gidm nhanh hon so v6i OPF, va OF, nh6 hon OP, trong truong hop
A<5 (dB). Nguge lai, khi A > 5 (dB), thi OP, nho hon rat nhiéu so véi OP, va
OP,, c6 xu hudng dat gia tri béo hoa. Tiép theo, khi khoang cach giita S va R 1a
dg =0.5, cling trong tu nhu truong hop dg, = 0.3, chi khéac lakhi A 16n hon khoédng
12 (dB), thi OP, nhé hon rét nhiéu so véi OP, va OP, dat gid tri bdo hoa. Hon
nita, OP cua ca hai ngudi ding khi R & gin nit ngudn luén nhé hon (hiéu ning hé
théng t8t hon) khi R cach xa nit ngudn. Ngoai ra, tity thude vao mirc cong sut phat

tai S va khoang cich tir S d@n R, gid tri OP tai D; va D; s& thay ddi khic nhau.
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Trong Hinh 3.4, tic gid v& OP 13 ham cta hé s6 phan chia cong suat @ va thay
déi cac tham sé dic trung cia kénh truyén giao thoa 1dn lugt 1a Ay, =2, g =3.
Chiing ta c6 thy ring, tai mic ST (A, =2), ton tai gi tri téi wu & dé OP,, thap nhat
1a (6=0.5) va OP, thp nhat tai (6 =0.3). Tuy nhién, khi tiép tuc ting & thi gia
tri ciia ¢ OP, va OP, déu ting. Mot cach tuong t, khi chét lugng bd khir nhidu
giao thoa tdt hon, ¢6 nghia ring (4, =3), OP, thipnhitla (6 =0.6) va OP, thip
nhét tai (6 =0.4) va néu tiép tyc ting 6 thi gid tri cia ca OP, va OP, déu ting.
Do d6, luén tdn tai gia tri @ t6i wu dé OP ciia c4 hai ngudi ding 14 thap nhit. Hon
nita, chit lvgng khir nhidu SI ¢6 anh hwdng rit 16n dén chit lwong hé théng, cu thé
SI cang nho (A, ting), gia tri OP cang gidm.

Trong Hinh 3.5, tc gia tiép tuc v& OP 12 ham ciia hé s6 phan chia cong suit @
khi thay dbi gi4 tri ngudng dimg khac nhau ciia hé théng 1a: C, =0.25, C, =0.5 vi
thiét 14p cac tham sé con lai nhu sau: A=5 (dB), dg, =0.5, dyp, =0.75, dyp, =0.35,
a,=0.7,a,=03, A =5, n=1va f=3. Nhu ching ta c6 thé thdy ring, vi cic
ngudng dung khac nhau luén tdn tai gid tri t6i wvu @ dé OP thip nhét, cu thé tai
ngudng (C, =0.25), ton tai gid trj & dé OP, thdp nhat 1a (6 =0.6) va OP, thap
nhét tai (6=0.4). Tiép theo, khi ngudng dimg (C,, =0.5), gid trj @ d& OP, thap
nhét1a (9 =0.5) va OP, thép nhat tai (6 =0.3). Tuong tu nhu trong Hinh 3.4, khi
tiép tuc ting & thi gid tri cia OP,, va OP, trong ca hai trudng hop déu ting. Hon
nita, OP;, 1uén nhé hon OP, va ngudng dimg cang lén thi OP cang tang.

Trong Hinh 3.6, tic gia thé hién IP 1 ham cta A (dB) va thay d6i higu sut
chuyén dbi ning hrgng, cu thé n=0.75, n=1. Cac tham sb khac duoc thiét 1ap nhu
sau: dg =0.5, dp =2.75, 4,=0.7, a,=0.3, 6=0.5, =3 va C, =0.25. Nhu ta
c6 thé quan sat tir hinh v& nay, khi ting SNR thi IP ting va khi ting 7, thi kha ning
nghe 1én tt hon (IP cao hon). Hon nita, hé s6 phan bd céng suit cb dinh cho ngudi

dung xa (D1) 12 (a, =0.7) so véi ngudi dung gan (D) 14 (a, =0.3), ta nhan thiy IP
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tai D; 16n hon IP tai Da. Tuy nhién, ta ¢ thé du doan rﬁng néu tiép tuc ting hé sb
cong suit a, cho Dy thi IP tai D; s€ tdng, nhung IP tai D; s& giam va khi A > 20 (dB),
thi IP cia cd IP, va IP;, c6 xu hudng dat gia tri bdo hoa.

Hinh 3.7 thé hién IP 12 ham ctia A (dB) va hé s6 phan chia cong suét 4, cu thé
#=0.35, #=0.5. Cac tham sb khac dugc cii dit nhu sau: dg, =0.5, dpp =2.75,
a,=0.7,a,=03, n=1, B=3 va C, =0.25. Nhu ta c6 thé quan st tir hinh v& nay,
khi SNR ting thi IP ting va khi ting 8, c6 nghia rang khoang c6ng suit sir dung cho
thu thip niang lugng 16n hon va kha nang nghe 1én cia nat E t6t hon (IP cao hon).
Hon nita, khi cdng suét phét 16n hon 20 dB, thi dif liéu ngudn bi thu chin hoan toan.

Hinh 3.8 trinh bay IP 13 ham ciia A (dB) va thay dbi khoang céch tir R d@én E lan
lugt nhu sau: dy =1.5, dy =2.75. Cac tham s con lai dugc thiét 1gp 1a: dg = 0.5,
a,=0.7,a,=03, =05 n=1, f=3 va C;, =0.25. Quan sat tir hinh v&, ching ta
thiy rang khi ting SNR, IP ting nhanh va IP ciia E di véi tin hidu x, clia ngudi ding
xa Di ludn 16n hon kha ning nghe 1én cia E dbi véi tin hiéu x, cta ngudi dung gin
D», béi vi cong suit phat dwoc phan bd cho Dy 16n hon D» (a1 > az). Mait khac, khi
nut nghe 1én dit gin ndt chuyén tiép thi kha ning nghe 1én ctia nit E t4t hon.

Trong Hinh 3.9, tac gia khao sat [P 1a ham cia A (dB) va thay dbi vi tri ctia niit
chuyén tiép nhu sauw: dg =0.3, dg, =0.5, cac tham s§ con lai dugc cai dit 1a:
de =275, a,=0.7,a,=0.3, 8=0.5, =1, =3 va Cy, =0.25. Quan sit tir hinh
v&, ching ta thiy khi ting SNR thi IP ting nhanh va khi A > 20 (dB), IP hdi tu vé gi tri
1 (dit iéu géc bi thu chan hoan toan). Mat khac, IP 461 v6i tin hiéu X, cua nguot dung
xa Di ludn 16n hon IP d6i véi tin hiéu x, cha ngudi dung gn D,. Hon nita, khi khoang
cach tir R dén S cang gin nhau thi kha niing thu chin tin hiéu ctia E ddi véi ca hai tin
hi¢u x, va x, 16n hon, c6 nghia rang hé thng c6 kha ning mAt bao mat cang cao.

Trong Hinh 3.10, tac gia trinh bay IP 1a ham cta hé s6 phén chia cong suit
khi thay ddi cdc gid tri khic nhau coa ngudng dimg hé thdng, cu thé: C, =0.25,
C,=0.5 va c¢b dinh cac tham s6 con lai nhu sau: A=5 (dB), dg =0.5, dg; =2.75,
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a,=0.7,a,=03, y=1va B=3. Ta co thé thiy ring, khi ngudng dimg hé thng
cang nh¢ thi IP ting va twong tu nhu Hinh 3.9, IP ctia ngudi dung xa ludén 16n hon IP
clia ngudi ding gin. Mt khéc, khi ting khoang cong suit @ cho thu thap ning lugng
thi IP tang.

Hinh 3.11 biéu dién IP dwa vao ti s6 phin chia c6ng suit 4, thay dbi hé sé suy
hao duwomg truyén 1a: g =3, B =35 vathiét1ap cac tham s6 con lai nhu sau: A=5 (dB),
dg =05, dp, =275, a,=0.7,a,=03, n=1 va C, =0.25. Tit hinh v&, ta thdy
rang khi hé s suy hao dudng truyén cang nhé, IP 16n hon. Béi vi, xudt phat tir biéu
thirc (2), ta ¢6 tham s6 suy hao dudng truyén pham vi réng twong ting Ay = (dX)Y )ﬂ ,
do &6 khi B nhé thi Ay, thdp hon va d6 lgi kénh truyén 1a yyy =1/A,y, s&16n hon,
nén IP cao hon khi B giam. Tuong tu nhu Hinh 3.10, gia tri [P ting khi 6 ting.

Cubi ciing, chiing ta c6 thé quan sat tir Hinh 3.1 dén Hinh 3.11, c4c biéu thic
1y thuyét dua ra hoan toan tring khép véi két qua mé phong, didu nay thé hién tinh
dang dén cta két qua phén tich dugc trinh bay trong Chuong 2.
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3.3. Két luan Chuong 3

Trong Chuong nay da phén tich d§ tin cay va hi€u nang bdo mat cia hé théng
chuyén tiép hai ching FD sir dung giao thirc DF dwa vio SWIPT. Cu thé, tac gia da
dwa ra bidu thitc dang chinh x4c cia xac suét dimg hé théng (OP) ciia cac ngudi ding
D1, D2 va xéc suit thu chin (IP) tai nit nghe 1én, cic mo phéng mdy tinh duoc thue
hién d& kiém chimg tinh chinh x4c ciia két qua phan tich 1y thuyét. Cac két qua da thé
hién ring, d6 tin cdy cta hé théng dugc bio dam khi ting mirc cong sudt phat tai nit
ngudn nhung diéu niy ciing 1am ting kha ning thu chin dit liéu tai nit nghe 1én.
Ngoai ra, cac tham sb dic trung cta kénh truyén, thiét ké bd khir nhidu tu giao thoa,
vi tri cia it chuyén tiép va nit nghe 1én, ngudng dirng, ti sb phén chia cdng suit clia
hé théng ¢ anh hudng rat 16n dén chét lwrong hé thdng va kha ning thu chin thanh
cong cua nut nghe 1én. Do do, luén ludn tdn tai su danh ddi gifra do tin cay va bao
mat cia qua trinh truyén dan trong hé théng xem xét. Cubi cung, hiéu ning cta hé
théng xem xét ¢ thé dugc cai thién theo nhiéu cach. M6t trong nhiing cach thirc mo
rong kha thi 1a xem xét vi tri ngdu nhién ctia tAt ca cac nit trong mang thong qua cic
cong cu tir phan bd hinh hoc ngiu nhién. Ngoai ra, viéc khir nhiéu khéng hoan hao
tai nit chuyén tiép ciing c6 thé dugc xem xét dé xéc thue duoc rang budc phan cimg
thyc té. Ngoai ra, m& rong kha thi khac 13 cai djt thém dng-ten & ca ngudn va dich dé

cdi thién hon nira d¢ tin cdy va bdo mit cuia hé thong.



50

KET LUAN

» P¢ 4n “Phén tich d¢ tin ciy va hiéu ning bao mit ciia hé thong chuyén tiép
song cong SWIPT sir dung k¥ thuit NOMA” d3 giai dap duoc 1y do nghién ctru PLS
trong hé thng NOMA két hop truyén song cong sir dung thu thip ning lwong. Tac
gia tip trung nghién ciru cac khai niém co ban cta nhitng c6ng nghé nay, cling nhu
lgi ich cua viéc két hop ching dé dat duoc dd tin cay, hiéu suét phé tan, nang lugng
va hiéu ning bao mat trong hé théng 5G/6G. PLS trong cic hé théng NOMA khic
nhau c6 thé duge dam bao thong qua viéc phan bd tai nguyén phi hop. Do 6, trong
dé 4n nay, tic gia da tap trung danh gia hidu ning v6i mo hinh duge x4y dung nhim
giai ddp duoc cac Iy do vé véAn d2 bao mat va do tin cy trong qua trinh truyén din:

= Xay dyng md hinh hé théng chuyén tiép FD dwa vio SWIPT NOMA.

= Pua ra biéu thirc toan hoc lién quan giita xac suit dimg hé thdng NOMA va
xé4c sudt thu chin tai nit nghe 1én.

= Cac tham sb dic trung trén kénh pha dinh Rayleigh, kha ning khir nhiéu giao
thoa (SIC), mtrc d6 ctia nhidu giao thoa (SI) & ché d6 FD 1an Iwot duoc trinh bay.

= Két qua mo phéng ciing xem xét sir znh hudng ciia cic tham s6 dén hé théng.
Néu thay ddi céc tham sé trong mé hinh d& xuét thi hiéu ning ciia hé thdng ciing bi
anh hudng dang ké.

D& 4n nghién ciru trong mot thdi gian han ché nhét dinh nén khdng tranh khéi

thiéu s6t, kinh mong nhan dugc ¥ kién déng gbép cia quy thdy ¢4 va ban doc.
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CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap~ Twdo - Hanh phic

BAN NHAN XET LUAN VAN TOT NGHIEP THAC ST
(Dimng cho nguoi phin bién)

Tén dé tai ludn van: Phén tich dj tin ciy va hiéu ning bdo mat clia hé thong
chuyén tiép song cong SWIPT sit dung k¥ thulit NOMA

Chuyén nganh: K¥ THUAT VIEN THONG

Ma chuyén nganh: 8.52.02.08

Ho va tén hoc vién: PINH NGOC TAN

Ho va tén ngudi nhan xét: Pham Xuén Nghia

Hoc ham, hoc vi: Tién si

Chuyén nganh:K§ thuét dién tir

Co quan cdng tac:Hoc vién K§ thuat Quén su

S§ dién thoai: 0989 505 717 E-mail: nghiapx@mta.edu.vn

NOI DUNG NHAN XET

I/ Co s& khoa hoc va thuc ti8n, tinh cAp thiét ciia dé tai:

Pé dép (mg nhu cAu cla thyc tién, cac mang vién thong thé hé mdi ra doi
da g1a1 quyét bai toan vé tbc do truyén tin va dd chinh xdc cao. Tuy nhién, khi
truyén tin ngdy céng déng vai trd quan trong & nhiéu linh vye trong cufc sdng,
thi viéc dam bao tinh tinh mét dbi véi thong tin truyén qua hé théng cang trd 1én
cép thiét hon. P& 4n di siu, nghlen ctru, mdt s6 gidi phap bao mét thong tin & 16p
vét ly trong khi vin dam bao tbc 46 truyén tin cao dbi v6i cac hé thong truyén

tin vO tuyén thé hé maéi véi cac k¥ thuéat hién dai nhu chuyén tiép song cong, thu

thap nang lugng, NOMA... tir déy cho thdy ¥ nghia khoa hoc va tinh thyc tién

cha dé tai.
I/ N6i dung ctia d& én, cac két qua da dat duge:
Pé 4n gbm phin m& dau, 3 chuong chinh va phén két luén véi cac ndi
dung chinh sau:
. Gi6i thidu hé théng chuyén tiép song cong SWIPT sir dung k§ thuat
NOMA véi cac ndi dung nhu md hinh hé théng, k¥ thujt kht nhiéu
ndi tiép SI, cong nghé thu thap néng luong, NOMA...



- Phén tich d6 tin ciy va hiéu nang bao mat cua hé théng qua hai tham

s6 chinh 1a x4c suét dimg ctia hé thdng (OP), x4c suét thu chin,

- M&é phong, khao séat cic tham s& OP va céc suét thu chan clia hé thong

& mot sé trudong hop khéc nhau.
111/ Nhiing vén dé can gii thich thém:

Trong dé 4n, tac gia méi xét, danh gid dén gia thiét kénh truyén tir tram
gbc dén thiét bj nghe 1én xAu hon so v6i tir tram gbc dén céc ngudi dung hop
phéap. Trén thuc té khéng phai ltc nao cling xay ra truong hop trén. Luc dé cac
cong thic tinh, két qua mé phdng trong d& 4n con chinh xac hay khéng?

- Phdn nhidu s6t lai sau khi thuc hién SI phu thudc vao nhing yéu td

nao?

Giai thich két qua mo phéng vé& su phu thude cia OP vao ty sb SNR.

v/ Két luan:

Tuy con ton tai mot s& han ché, nhung nhin chung & én dap g dugc

yéu ciu clia b GD&DPT déi véi mot dé an tdt nghiép thac s3. Pé nghi cho hoc

vién dugc bao vé trude hoi dong.
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Pham Xuin Nghia






