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3
MO PAU

Mang truyén thong khong diy thé hé tha sau (Sixth-
Generation: 6G) s& chuyén doi cac két ndi trong 5G (Fifth-
Generation) thanh nhiing két n6i thong minh. Cac mang c6 kha ning
nhan thic gidng con ngudi bang cach cho phép nhiéu dich vu tiém
nang, chéng han nhu dinh vi va theo déi d§ chinh xac cao, ting
cuong cam giac, nhan dang ctr chi va hoat dong ctia con nguoi.
Trong khi mang 5G dang dugc trién khai trén toan thé gi6i thi truyén
thong 6G da thu hiit nhiéu sy quan tim tir c4 nganh céng nghiép va
gidi hoc thuat [1], [2].

Gén day, dé cai thién bao mat trong mang SWIPT da thu hut
duoc su quan tdm rong rai. Mot trong nhitng phuong phap hiéu qua
nhat 14 gy nhiéu cong tac (Cooperative Jamming: CJ), trong d6
mot nit mang dugc b6 sung hodc mot trong cac nut truyén thong
gay nhiéu nhan tao (Artificial Noise: AN) dé 1am suy yéu kha ning
tiép nhan thong tin ciia nhitng nat nghe 1én tiém an. Nhin chung,
nut chuyén tiép hodc may gay nhiéu hd tro AN hoat dong nhu mot
nut hd tro bo sung dé ting cudng bao mat cho hé thong SWIPT.

Khac véi cac nghién ctru duge dé cap trude d6, nghién ctru do tin
cdy va hiéu ning bao mat hé thong chuyén tiép FD dya vao SWIPT
NOMA sé& dugc tac gia thao luan va tap trung nghién ciru trong Dé an
ndy. Cu thé, tac gia s& phén tich cac biéu thirc toan hoc dang tuong minh
vé do tin cdy (OP) va bao mat (IP) tai cac ngudi ding NOMA (D va
D) va nat nghe 1én (Eavesdropper: E) trén kénh truyén pha dinh
Rayleigh. Cac biéu thiic toan hoc duoc mo phong may tinh dé kiém
chimg d6 tin cay ctia cac két qua phan tich toan hoc.

Pé an duoc céu tric bao gdbm 3 chuong véi cac ndi dung cu
thé nhu sau:
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Chuong 1: Toéng quan vé bao mat 16p vat 1y, hé thong
chuyén tiép song cong va ky thuat NOMA: Trong chuong nay, trinh
bay cac nodi dung co ban vé bao mat thong tin 16p vat 1y, hé théng
chuyén tiép song cong, k¥ thuat thu thap ning luong song vo tuyén
(SWIPT) va k¥ thuat da truy cap khong truc giao (NOMA).

Chuong 2: M6 hinh hé théng: Trong Chuong nay, tac gia
gi6i thiéu vé mo hinh kénh truyén ctia hé thong chuyén tiép song
cong SWIPT str dung k¥ thust NOMA. Phan tich Iy thuyét va mé
ta chi tiét mé hinh hé théng, cac tham sd cta dd tin cay va hiéu
ning bao mat hé thong.

Chuong 3: M6 phong va danh gia két qua: Trong Chuong
nay, tac gia cung cap cac két qua mo phong dua vao phuong phap sb
va danh gia cac két qua phan tich Iy thuyét cia mo hinh dua ra, phan
tich cac tham sb anh huong dén do tin cay va bao mat hé thong.
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CHUONG 1: TONG QUAN VE BAO MAT LOP VAT LY, HE
THONG CHUYEN TIEP SONG CONG SWIPT VA NOMA

1.1. Téng quan vé bio mit 16p vat 1y

Béo mét dang ngdy cang trd nén quan trong trong truyén thong
khong ddy vai su phét trién ctia mang 5G va cac mang di dong sau 5G,
mang dén nhiéu thach thirc méi. Viéc truyén dir liéu bao mat ludn 1a
mot van dé quan trong trén cac kénh truyén khong day. Trong cac hé
théng thong tin vo tuyén thuc té, viéc truyén dit liéu dé bj tin cong cla
nhing ké nghe 1én va mao danh, do tinh chat quang ba ty nhién cta
cac kénh khong diy va cac van dé bao mat nghiém trong phét sinh
trong cac mang v tuyén pham vi rong cting véi sy mo rong cua nhiéu
thiét bi, tmg dung va dich vu thong minh dugc két ndi.

Bao mat 16p vat Iy (Physical Layer Security - PLS) la m¢t phuong
phap tiép can thay thé, dugc trién khai trén 16p vat Iy bang cach khai
thac tinh chat ngau nhién cia cac kénh vé tuyén. PLS c6 vu diém do
d6 phirc tap tinh toan thap va don gian hon cac phuwong phap mat ma
thong thuong. Y tudng co ban ctia PLS 1a tdn dung cac dic tinh ngiu
nhién cua kénh truyén vO tuyén, nhu pha dinh, nhiéu, v.v., xem xét
khoang cach, tinh linh dong cta cac nat trong mang va nut nghe 1én,
nham tang cuong kha ning bao mat cho hé théng vé tuyén. Cac dic
tinh trén, theo quan diém truyén thdng 1a cac yéu td gy anh hudng va
lam giam chat lugng clia mang v tuyén, nhung nguoc lai theo quan
diém bao mat 16p vat Iy thi ching giup ting cuong do tin cdy, nang
cao hiéu nang bao mat, chéng lai viéc nghe 1én ctia hé théng thong tin.

1.2. Hé thong chuyén tiép song cong

Hé théng chuyén tiép song cong (Full-Duplex Relay System) la
mot kién trac truyén thong trong d6 niit chuyén tiép (relay) thyuc hién
dong thoi hai chirc nang thu va phat trén cting dai tan s6. Khac voi ché
dd ban song cong (Half-Duplex) - noi relay phai phéan chia thoi gian
hoic tan s6 dé tach biét hai hoat déng nay - relay song cong cho phép
duy tri luéng truyén lién tyc tir ngudn dén dich, qua do cai thién déng
ké hidu qua pho (spectral efficiency) va giam do tré truyén dan.
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1.2.1. Cac ky thudt khw ST

1.2.1.1. Khtr SI thu dong

Céc ky thuat nay chu yéu dua trén viéc tach dng-ten, b tri ang-
ten hodc phan cuc chéo. Chung chu yéu tan dung céc dac tinh vat ly
ctia song dién tir va moi trudng truyén dén.

1.2.1.1. Khtr SI cha dong

Phuong phap khir SI chu dong hoat dong chu yéu dua trén viéc
xtr Iy dugc thue hién bdi cac mach tuong tu cta chudi RF va cac mach
s6 sau khi chuyén doi tuong tu sang sd (Analog-to-Digital: ADC).
Chung duoc phan loai thanh khir SI twrong tw va khir SI sb.

1.2.2. So sanh HD va FD

Chung ta xem xét ca vu diém va nhugc diém ciia FD khi so sanh
v6i cong nghé HD 6 dién. FD mang lai nhiéu wu diém, mot sé duoc
liét ké cu thé nhu sau:

e Thong lugng cao hon: Viéc khai thac tai nguyén thoi gian va
tan s6 cho phép hé thong FD ting gip d6i dung luong so véi HD. Hon
nira, cac nghién ciru thuc té ciing cho thay truyén din FD c6 thé cung
cép dung lugng cao hon mién 1a chét luong triét nhidu vong lap (Loop-
Interference: LI) duogc cai thién.

« Do tré tir dau cubi dén dau cudi duoc cai thién: FD giam do tré
dau cudi trong cac mang chuyén tiép. Viéce sir dung cac niit chuyén tiép
hoat dong & ché d6 FD lam giam do tré cua tin hiéu phat vi cac nut
chuyén tiép truyén va nhan thong tin dong thoi, do d6 chiing khong phai
chd dén khoang thoi gian tiép theo dé truyén nhu ché do HD.

« Tinh linh dong ctia mang: Nho su tién b cua truyén thong FD,
c6 thé sir dung ca truyén dan FD va HD trong cac phan khac nhau cta
mang khong dong nhit.

* Téng cuong kha nang bao mat: FD tang cuong bao mét ¢ 16p vt
ly. Su xudt hién df”)ng thoi cta hai tin hi¢u & cung tan s6 khién ké nghe
1én kho giai ma thong tin. Hon nita, mét trong nhiing lgi ich quan trong
cua truyén dan FD 1a téc d6 bao mat duoc cai thién nho céc tin hiéu vo
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tuyén hon hop do hoat dong truyén va nhan dong thoi. Do d6, hiéu ning
ctia cac kénh nghe 1én b giam sit do truyén thong FD.

« Giam xung dot dit liéu: N6 ciing cung cip kha nang tranh xung
dot dir liéu vi da truy cdp cam bién song mang vdi tranh xung dot
(Carrier Sense Multiple Access/Collision Avoidance: CSMA/CA) trong
cac phuong phap HD c6 dién yéu ciu cac thiét bi cam bién méi truong
truyén dan trudc do, trong khi & ché do FD, chi thiét bi dau tién bat dau
truyén méi can cam bién chit luong kénh. Tuy nhién, khi chon ché do
hoat dong FD, viéc trién khai phai danh d6i & mot s6 khia canh tiéu cuc.
bo la:

¢ Do phirc tap phan ctig cao hon: D6 phirc tap ctia phan ctiing FD
cao hon khi so sanh voi HD. Cac yéu cau phin cimg dbi v6i khir SI
twong tu va kha ning tinh toan can thiét dbi voi khir SI sb khién viée
thiét k& hé thong vo tuyén FD trd nén kho khan.

¢ Tiéu thu ning luong 16n hon: Su gia ting d6 phirc tap phan cimg
va qua trinh xtr 1y can thiét cho khir SI 1am ting mirc tiéu thu ning lugng.

¢ Khir SI khong hoan hao: Viéc udc luong kénh SI 14 van dé quan
trong ddi véi khir SI, do d6 viéc trién khai cac k¥ thuat khir SI dang
tin cdy khong thanh cong s& dan dén hiéu ning thap trong FD.

¢ Ti 1& mét goi tin cao hon: Cac hé thdng FD phai xur 1y sb
luong goi tin 16n hon hé théng HD do phai truyén va nhan dong thoi.
Thuec té nay dan dén s6 luong goi tin bi mat cao hon.

1.3. Cong nghé thu thip ning lwong séng vo tuyén

Thu thap ning luong vo tuyén 1a ky thuat méi dugce dé xuat trong
mot s6 nam gan ddy. Y tuong chinh 1a st dung ning luong cua tin hidu
& bang tan vo tuyén nhan dugc & may thu, chuyén doi thanh ngudn dién
mot chiéu, cung cdp ning luong cho thiét bi thu/phat [31]. Vi cong
ngh¢ nay thi ning luong thu thap duoc nham gitp hé thong van duy tri
hoat dong binh thuong, ma khong hodc giam su phu thudc viéc ca‘ip
ngudn dya vao ngudn ning lwong luu trit (pin) hodc ngudn dién mang
nhur hién nay. Pay 1a mot trong nhitng muc tiéu dé cai thién higu suat hé
thong va 1a giai phap kha thi nham kéo dai thoi gian sdng cho nhimg
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thiét bi c6 nguon niang luong hitu han, hoat dong trong nhimng moi
truong khic nghiét ma viéc thay thé hoac nap lai pin 14 rit kho khan.

Dbi v6i RE-EH, ning lugng thu thap co thé duge tinh bang
phuong trinh Friis [32], phu thudc vao cong suat phat, bude song va
khoéang cach. Cong suit thu c6 thé duoc thé hién boi

2
R(d)zm

(4n) d*L’ (14

trong d6 P 1a cong suat may phat, G, 1a d6 loi dng-ten phat, G,
1a 36 1oi ang-ten thu, A 1a budc song cla tin hiéu, d va L lan luot 1a
khoéang cach tir may phat dén may thu va hé sb suy hao dudng truyén.

1.3.1. Céc giao thirc thu thiap ning lwgng séng vo tuyén

1.3.1.1. Giao thirc thu thip - sir dung (Harvest-Use Protocol: HUS)

La mot co ché van hanh trong cac hé thong truyén thong vo tuyén
thu nang lugng, trong d6 nang luong dugc thu thap trong mdt khung
thoi gian sé& duoc sir dung ngay trong cung khung thoi gian d6 dé
truyén dir liéu, thay vi dugc tich trir trong bo luwu trit nang lugng.

1.3.1.2. Giao thirc thu thdp - lwu triv - sir dung (Harvest-Store-

Use Protocol: HSU)

La mot co ché van hanh trong hé théng truyén thong thu ning
lugng, trong d6 nang lugng thu dugc tir méi truong (RF, mat troi, rung
dong,... ) trudc tién dugce luu trit vao b nhd nang luwgng (nhu si€u tu
dién hodc pin), sau d6 méi dugc st dung dé truyén hodc xur 1y dit li€u
khi can thiét.

Khac véi giao thirc HUS, HSU cho phép tach biét thoi diém thu
nang lugng va thoi diém sir dung, giup nat vo tuyén co thé tich lity
nang lugng, tir d6 6n dinh cong sudt phat va nang cao hiéu ning hé
thdng trong diéu kién kénh va ngudn ning lugng bién thién.

1.3.2. Phén loai cAc k¥ thuat thu thip ning lugng séng vé tuyén

1.3.2.1. Ky thudt thu thdp nang lwong phdn chia thoi gian
CAu trac cta TS duoc xem xét nhu trong Hinh 1.1, trudce tién tin hiéu
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thu duoc boi dng-ten chiu tac dong ctia nhidu kénh 7 4 M&i khung di
lidu (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 niang
luong. Do d6, tin hiéu nhan thu dugc dua tro lai cac thiét bi dau cudi
dé giai ma thong tin (Information Decoding: ID) va thu thap ning
luong dinh ky thong qua mot by chuyén mach thoi gian tai mdi may
thu, véi 0 < o <1 1ati 1¢ phan tram thoi gian truyén trong mdi khung

va | — a 1ati 1¢ phan tram ciia EH.

o Gidi m3 théng tin
(Information Decoding: ID)
Chuyén mach
thoi gian
nA Thu thap nang lvgng
1-« (Energy Harvesting: EH)
@ May thu

My phat
Hinh 1.1. Céu tric may thu SWIPT véi ché d6 chuyén mach phan
chia thoi gian
1.3.2.2. Ky thudt thu thap néng lwong phén chia cong suit
Jr

Giai m3 thong tin

(Information Decoding: ID)
/\/ Phan chia p
cong suat
n Thu thdp nang lvgng

4 (Energy Harvesting: EH)

@ ﬂ May thu

My phat
Hinh 1.2. Céu tric may thu SWIPT véi ché d6 chuyén mach phan
chia cong sut
Khi ché d6 PS duoc sir dung trong Hinh 1.2, trudc tién tin hiéu

nhan dugc boi dng-ten bi tic dong ctia nhiéu kénh 7. Tin hiéu sau d6
duogc dua tré lai bd phan chia cong suit, thong qua do tin hiéu dugc chia
thanh hai phan, mot phan cho giai ma thong tin (ID) va phéan con lai cho
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thu thap ning luong (EH), v6i p 1a phan cong suat thu duoc chia cho
thiét bi dau cudi gidi ma thong tin va 1- p 1a phan cong suét thu duge
chia cho thiét bi dau cudi thu thap ning lwong. Trong qua trinh thiét bi
dau cudi giai ma thong tin, nhidu » » khéc cling tadc dong vao, diéu nay
s& anh hudng dén hiéu ning giai ma cta thiét bj dau cubi ID.

1.4. K¥ thuét da truy cap khong truc giao

Nhiéu 1a mét rao can chinh déi voi viée trién khai hiéu qua céc tmg
dung cho ngudi ding cac thiét bi dau cudi trong mang vo tuyén, bao
gdm ca mang di dong thé hé thi nam (Fifth-Generation: 5G) va cac
mang sau 5G (Beyond Fifth-Generation: B5G). Céc giao thirc va tiéu
chudn cho nhiéu loai hinh truyén thong khac nhau di duoc thiét lap va
str dung trong nhitng nim qua. Tuy nhién, nhiéu van con ton tai nhimg
thach thirc chinh, ngin can ngudi dung dau cudi nhan duoc chit lugng
dich vu (Quality of Service: QoS) mong doi cho nhiéu ing dung B5G.
Nhu ciu ngay cang ting vé toc do dir liéu 16n hon va viée tiép xtic nhiéu
hon v&i thong tin da phuong tién di dan dén phuong thire da truy cap
khoéng tryc giao (Non-Orthogonal Multiple Access: NOMA), nhim muc
dich nang cao hiéu suat pho tin va lién két cac img dung bo sung bang
cach sir dung cac co ché ma hoa xép chong va khir nhidu ndi tiép.

1.4.1 NOMA dwong xudng

Cong suat

Ngudi ding 2

Thoi gian/Tan s&

4 N —

Giai ma tin hiéu cua
t] Ngudi ding 2

Nguoi dung 2
0 r-———~""7>"7>"7"7"77 |
! Khu ll'l‘{ hi¢u cua ! Giai ma tin hiéu cia
& \ Ngusi ding 2 | Ngudi ding 1
Nguoi dung 1 SIC

Tram géc

Hinh 1.3. H¢ thong NOMA dudng xudng hai nguoi ding
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Nhu thé hién trong Hinh 1.3, chiing ta xem xét mo hinh hé thong
NOMA dudng xudng hai nguoi dung, trong d6 mot tram gdc (Base
Station: BS) don ang-ten phuc vu hai nguoi dung dugc trang bi don
ang-ten. Ky hiéu cac tin hiéu dugc phat tir BS dén nguoi dung 1 va 2
lan luot la s, va s,. Ma hoa xép chéng duoc BS ap dung, va do do, tin
hiéu duoc truyén tai BS duoc cho bdi

x=.ja,Ps, +.|a,Ps,,

trong d6, P 1a tong cong suat phat tai BS. Tin hiéu nguoi dung
5, k=1, 2 1a don vi cong sudt, cu thé E{Js,['| =1, véi E{} 1a toan
tir ky vong thong ké. Hon nita, a,, k=1, 2 1a hé sb cong sut cho tin
hiéu ciia nguoi ding k, thoa man diéu kién a, +a, =1. Gia trj cu thé
cta a,, k=1, 2 duoc xac dinh boi cach thirc phan bd cong suit (Power
Allocation: PA) da ap dung.

1.4.2. NOMA dudng lén

Giai ma tin hiéu cua
Nguoi ding 1

Khtr tin hiéu cua

| |
| |
a : Nguoi ding 1 :
N | |
i | ! |
| Giai ma tin hiéu cua |
Nguoi dung 1 i | Ngudi ding 2 |
Tram goc | __
Nguoi dung 2

Hinh 1.4. Hé thing NOMA duong 1én hai nguoi ding

Hinh 1.4 miéu ta hé thong NOMA duong 1én véi hai nguoi

dung. Ky hiéu tin hiéu duogc truyén tir ngudi dung 1 va 2 lan luot Ia

§, va §,. Tin hiéu nhan duoc tai BS c6 thé dugc biéu dién nhu sau:

2
y= Z\/Ehksk +n,
=
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trong d6 P, 1a cong suét truyén ciia nguoi dung k. Tin hiéu nguoi
ding 5, 1a don vi cong sudt, cu thé Efls,[" =1, 7 1a nhidu AWGN,

v6i trung binh bang khong va phuong sai o”.
Trong NOMA dudng 1én, tit ca tin hiéu ngudi dung déu duogc giai ma
tai BS, noi quan 1y toan bd thong tin. Do d6, thir tu gidi ma co thé linh
hoat. Hon nita, mdi ngudi ding c6 rang budc cong suat riéng va khong
c6 rang budc nao dbi vai gia tri so sanh ciia cong sut phat. Tuy nhién,
X6t vé mit thuc té cua vi€éc giai ma, BS wu tién giai ma tin hi€u nguoi
dung nhan dugc manh nhét trude. Cuong d6 tin hiéu nhan duogc la tich
cua cuong do tin hiéu phat va d6 loi kénh. Cu thé, khi hai ngudi dung
phat voi cung cong suét, nguoi dung c6 d6 1gi kénh 16m hon s€ dugc
giai ma trudc.

1.5. Két luan chwong

Chuong 1 da trinh bay nhitng nhimng khai niém co ban vé bao mat
thong tin 16p vat 1y, hé thong chuyén tiép song cong, cong nghé thu thap
ning lugng séng vo tuyén, ki thudt NOMA, c6 lién quan truc tiép dén
Pé an. Dya vao nhing ndi dung duoc dé cap o trén, lam co s¢ dé tac gia
phén tich cac van dé dat ra & Chuong tiép theo.
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CHUONG 2: MO HINH HE THONG CHUYEN TIEP SONG
CONG SWIPT SU DUNG KY THUAT NOMA

2.1. M6 hinh hé théng
%

hRDl
hRR
hSR

Kénh dir liéu _
Kénh nghe 1én —
Thu thdp nang lugng — — —

Nhiéu tu giao thoa

Hinh 2.1: M6 hinh h¢ thdng chuyén tiép FD dya vao SWIPT NOMA

Mo hinh hé thdng chuyén tiép song cong (FD) hai ching sir dung
giao thire giai ma va chuyén tiép (Decode-and-Forward: DF) dua vao
truyén thong tin va ning luong dong thoi (SWIPT) NOMA, trong d6
mot nit ngudn (Source: S) truyén dit liéu dén hai nguoi dung Dy va D,
(Destination), trong su xuét hién cia mot nut nghe 1én thu dong
(Eavesdropper: E) xuat hién xung quanh D, va D,, dang ¢ ging thu
chin dit liéu tir S d@én D, va Da, nhu dugc thé hién trong Hinh 2.1. Hon
nira, gia sir khong c6 dudng truyén truc tiép tir nat ngudn dén hai nat
dich, trong @6 D, 1a ngudi dung xa va D; 1a ngudi dung gan, do khoang
cach va vat can. Vay nén, qua trinh truyén dit liéu duoc su hd trg cua
mdt nit chuyén tiép (Relay: R) va gia sir rang E chi nghe 1én dugc dix
liéu ¢ chiang thir hai. Bén canh d6 cac nut S, D; va D, E duogc trang bi
mot ang-ten, hoat dong & ché d6 ban song cong (HD), trong khi R co
hai ang-ten va hoat ddng & ché d6 FD. Hon nita, R c6 thé thu thap nang
lwong tir mot phan cua tin hiéu ngudn dé kéo dai thoi gian hoat dong
ctia pin, st dung phuong phap phan chia cong suit (PS). Cu thé,
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khoang cong sut (9PS dugc str dung cho thu thap ning lugng, trong
d6 0< 0 <1 la hé s6 phan chia cong sudt. Phan cong sudt con lai
(1 -0 ) P, duoc sir dung cho giai mé thong tin (ID).

2.2. M6 hinh kénh truyén

Gia su rang kénh truyén gitta hai nguoi dung 1a kénh pha dinh
Rayleigh khoi phang, voi d6 loi kénh truyén 1a hang s6 trong mdt khoi
va thay d6i doc lap gitra cac khoi khac nhau. Hon nita, hé s6 kénh

truyén gitta nat X va nGt Y dugc thé hién la Ay, véi

XY €{SR, RD,, RD,, RE, RR}. Ngoai ra, binh phuong bién do cua

>

2 2
> Vrp, :|hRD1|

cac d6 loi kénh truyén: yg =|hg ) Y = |hgr

2 \ ’ - A X A r A A B
, 1a cac bién ngau nhién c6 phan bo ham

2
7rp, :|hRD2 > VRE :|hRE

mil véi cic tham s dic trung kénh truyén 1an luot nhu sau:
Axy =1/E{yyy} va E{} laky vong thong ké. Ta c6 ham phan 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) =1- exp(—/lz), /s, (z) = lexp(—ﬂz),

! ZE{VSRayRRs%zDia}/RE} va //i’e{/’i'SR’/lRR’/q‘RD,’/IRE}‘

Tin hiéu nhan duoc tai R duoc thé hién la:

e :«/(I—H)JFShSR (\/le + a2x2)+\/EhRRxR +ng,

Nang lugng thu thap tai R dugc tinh la:
Ey =n0TE |hSR

2
bl

Ap dung phuwong phép PS, cong suit phat trung binh tai R duoc
cho boi:
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E,

—R —n6P|h
T norty | SR

Dua vao nguyén 1y khir nhidu néi tiép, trude tién R giai ma tin hiéu

X, trong khi xem X, la nhi€u nén. Sau d6 loai bé tin hiéu X, tir tin hi¢u

2

B =

b

nhan dugc va gidi ma tin hiéu X,. Do R thuc hién ché do chuyén tiép
ED, nén ti s tin hiéu trén nhidu va giao thoa cua tin hiéu X, va x, tai R
dugc thé hién nhu sau:
(1-0) Rhs |2 4
(1-0) B |hge|” ay + P || + N,
(1-0)R | a,

(1-8) Bhg|” a, +n0P, | [ | e | + N,

- (1 ~ g)al

T (1-0)a, +n0|hy|”
go _=OR[a _ (1-0)Rl[a _(1-0)a

—

R

2 2 2 ~ 2"
PR|hRR| +N0 779[)S|hSR| |hRR| +NO 779|hRR|
Sau khi giai m thong tin tir nat ngudn, R mé hoa lai va chuyén
tiép thong tin nay dén hai nat dich. Tin hiéu nhan dugc tai hai nat dich

R

duoc cho nhu sau:

Vo, :\/EhRDi(\/le+ a2x2)+nD’_, ie{l,2}.
Ta c6 SINR tai D la:
a, Fy ‘h’RDl ‘2 _ anOr |hSR |2 ‘hRDI ‘2

o —

D, 2 2 2
a,Fy ‘h’RDl ‘ +N, a,n0Fk |hSR| ‘hRDl ‘ +N,
_ ‘11779A|hSR|2 ‘hRDl ‘2
a1 || |, | +1
Tiép theo, ta ¢c6 SNR tai D; la:




16

2 2 2
o _aZPR‘h’RDZ‘ _a2770PS|hSR| ‘hRDZ‘

D, — -

N, N,

2
=az’76’A|hSR| |hRD2
Str dung giao thirc DF, ta ¢6 SNR tong cua hé thong la:
v =min(\11;g, \Pg,.), iell, 2.

|2

Tdc do dit lidu tirc thoi tai Dy va D; la:
Gy, =log, [1 + min(‘P‘f{ , W, )],
Gy, =log, [1 + min (‘P‘f{ , W5, )]
Tin hiéu nhan duoc tai hai nat E duogc cho boi:
Vi =\/EhRE (\/le + a2x2)+nE,
Truong hop x4u nhit: Ké nghe 1én c6 thé dé dang phat hién X,

(hodc x,) ma khong xem X, (hodc X,) la nhiéu. Do d6, SNR tai nut
nghe 1én dugc thé hién la:

oa By |hy ? andP. ? hy ?
Yy = 1 R]\|[0 E| =— S|]h\j,:| | E| :a1779A|hSR|2|hREZ:
P h. | OF, 1n [
yo _ 4 R]\|]0RE| =a277 S|}]\l;:| | RE| =Cl2779A|l R|2|l E|2.

Tdc d6 dit ligu tirc thoi caa tin hiéu X, va X, tai E la:
Cy =log, (1+W}), G =log, (1+¥7)
2.3.Phan tich dd tin ciy va hiéu niing bio mat ciia hé thong
2.3.1. Xdc sudt dirng hé théng tai D; va D;
Ta c6, xac suét dung cua hé théng tai Dy la:

OpP, = Pr(CD] <C, ) = Pr(log2 [1 + min(‘P’Q , W, )] <C, )

= Pr[min(‘PQ , W, ) <26 — 1].
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Tiép theo, xac suét dung cua hé théng tai D; la:
Op, = Pr(CDz <Cy ) = Pr{log2 [1 + mim(‘l’;;2 , Wn, )] < Cth}
=Pr[min(‘Pf§, Wi )<2% —1].
2.3.2. Xdc sudt thu chén tai E

Ta c6, x4c suat thu chin cta E d6i véi tin hidu X, la:
IP* = Pr(Cy = C,, ) =P log, (1+ ¥} ) C,, |
=Pr[ Wy >2% —1]=1- Pr[aln9A|hSR|2 | < 2 — 1].
Tuong ty, ta c6 xac suét thu chidn cua E d6i voi tin hiéu X, dugc
tinh boi:
1P =Pr(Cy > G, ) =Pr| log, (1+ ¥ )>C, |
= Pr[‘{’;z > 26 — 1] =1- Pr[aanAVzSR |2 |hRE |2 <V ]

Vi cung phuong phép tinh twong ty 1P, chiing ta dua ra nhu sau:

Isz =2 j'SRA’REyth I{1 2 ASRA’REyth .
a,nbA a,noA

2.4. Két luan chuwong 2

Chuong 2 di trinh bay mo hinh hé thong chuyén tiép
FD dua vao SWIPT NOMA. So v6i giao thirc ban song
cong, c6 mot sd yéu té anh huong dén kha ning bao mat
ctia chuyén tiép song cong. Thir nhit, giao thirc song cong
khong c6 hé s6 “1/2” trong ca dung luong kénh dir liéu va
dung lugng kénh nghe 1én. Piéu nay tuong dwong véi viéc
giam mot nira tdc do bao mat muc tiéu, dan dén kha nang
bdo mat cao hon theo dinh nghia vé kha nang bao mat.
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CHUONG 3: MO PHONG VA PANH GIA KET QUA

3.1. Tham s6 md phéng

Moi truong mo phong 1a khong gian hé truc toa do hai chiéu Oxy.
V6i nat ngudn (S) duge dit & gbe toa do (0, 0), khoang cach tir S dén R
1a dg,, khoang cach tir R dén cac nat Dy, D; la dyp, V& dy;, , khoang
cach tir R &én E 14 d,;, twong tmg. Do d6 cac tham s6 dic trung ctia
kénh truyén s& lan luot la Ase =(dse )"+ Ao, = (o )ﬁ ,
o, = (o, )' > e = (dy ). trong d6 B 14 hé s6 suy hao dudng
truyén c6 gia tri tir 2 dén 6 [41]. Trong tat ca cac mo phong, tong thoi
gian truyén tir ngudn dén dich bang 1 (T = 1) va s6 phép thir dugc thuce
hién la 5*10°.

3.2. Panh gia két qua va thao luin

O MO PHONG D, (n=0.75)
o MO PHONG D, (7=0.75)
LY THUYET D, (5=0.75)
—— LY THUYET D, (=0.75)

# MO PHONG D, (n=1)

> MO PHONG D, (n=1)
——— LY THUYET D, (=1)
LY THUYET D, (n=1)

% 102 F

L L L L L
-5 0 5 10 15 20 25
A (dB)

Hinh 3.1. OP 1 ham ctia A (dB) khi dg =0.5, d, =0.75,
dpp, =035, a,=0.7, a,=03, Az =5, =05, f=3 va
C, =0.25.
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Hinh 3.1 Khi SNR tang thi OP gidm va khi tdng 7, c6 nghia rang
hiéu sudt chuyén d6i nang luong cao hon thi do tin cay hé thng t6t hon
(OP thap hon). Hon nita, khi thyc hién phan b hé s6 cong suat co dinh
cho cac ngudi ding, cu thé ngudi ding xa (D) 1a (a, =0.7) so véi
nguoi ding gan (D2) 1a (a, =0.3), tanhan thdy rang OP tai D; 16n hon
OP tai D».

O MO PHONG D, (Age=1) e < N
g —
075 MO PHONG D, Mgg=1) N B>
—— LY THUYET D, (Agg=1) ¥

—— LY THUYET D,, (Age=1)
% MO PHONG D, (Age=3)
> M'O PHONG D, (Ag=3) \

—u THUYET D, (Age=3) .

LY THUYET D, (\e™3)| | | | \

10

-5 [ 5 10 15 20 25
A (dB)

Hinh 3.2. OP 1a ham cta A (dB) khi dg, =0.5, dy, =0.75,
dyp, =035, 4,=0.7, a,=03, n=1, 6=0.5, f=3 va C, =0.25.

Hinh 3.2 thé hién OP 1a ham ctia A (dB) va thay d6i tham sé dic
trung cta kénh truyén giao thoa 1an lugt 1a A, =1, Ay, =3, tuong ing
v6i mirc do nhidu giao thoa (SI) & ché d¢ FD. Trong hinh v& nay, luu
y rang khi A, 16n hon, tng véi mirc SI thip hon, c6 nghia ring giai
phap khir SI t6t hon, do d lgi kénh truyén 13 y,, =1/ Ay, . Khi SI ting
(Aer giam), gia tri OP ting va twong tw nhu Hinh 3.1, OP thap hon
khi SNR tang. Hon nira, khi A,; =1, OP tai D; nho hon OP tai D, va
khi Ag, =3, OP tai D; 16n hon OP tai D,, nhung khi ting cong suét
phat tai S (A > 12 dB), OP tai D, giam nhanh, nho hon OP tai D, va
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OP tai D c6 xu huéng tién dén gia tri bdo hoa. Vay nén, mirc nhiu
giao thoa c6 anh hudng rat 16n dén OP tai cac ngudi ding va khi bo
khir nhiéu giao thoa cang tét (A, 16n hon), gia tri OP tai cdc nguoi

dung cang giam.

T o MOPHONG D
o MO PHONG D

LY THUYET D, (dgg
——LY THUYET D, (dg=0.3)
% MO PHONG D, (dgz=0.5)
. [> MO PHONG D, (dgz=0.5)
R ———LY THUYET D, (dg5=0.5)
AN LY THUYET D, (d¢5=0.5)

=0.3)

1 (dSR

, (0g=03)
\

2

dg.=0.3)

S 102t —

A (@)
Hinh 3.3. OP la ham ctia A (dB) khi dy;, =0.75, dy,, =0.35,
a,=0.7,a,=03, A, =5n=1, 6=05, f=3vaC, =0.25.
Hinh 3.3, OP 12 ham caa A (dB) va thay ddi khoang cach giira
nat chuyén tiép va nit nguén nhu sau: dg, =0.3, dg, =0.5. Khi
dgz =0.3, ting SNR thi OP, gidm nhanh hon so v6i OP;, va OP,
nho hon OP,, trong truong hop A<S (dB). Nguoc lai, khi A > 5 (dB),
thi OP;, nho hon rat nhiéu so véi OP, va OP, co xu hudng dat gia
tri bao hoa. Tiép theo, khi khoang cach giita S va R 14 dg, = 0.5, ciing
twong ty nhu truong hop dg, = 0.3, chi khac 1a khi A 16n hon khoang
12 (dB), thi OP,, nh6 hon rat nhiéu so véi OP, va OP, dat gia trj

bdo hoa.
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Hinh 3.4 OP 12 ham ciia hé s6 phan chia cong suat @ va thay doi
cac tham sé dic trung cua kénh truyén giao thoa lan lugt 13
Aeg =2, gz =3. Tai mitc SI (A =2), tOn tai gid tri toi wu & dé
OP,, thap nhat 1a (6=0.5) va OP, thdp nhét tai (6=0.3). Tuy
nhién, khi tiép tyc ting @ thi gi tri cua ca OP, va OP, deu ting.
Mot cach twong tu, khi chit lwong bo khir nhidu giao thoa tét hon, c6
nghia ring (A, =3), OP, thip nhatla (0=0.6) va OP, thap nhat
tai (6=0.4) va néu tiép tyc tang & thi gié tri ciia ca OP, va OP,,
déu tang. Do do, ludn ton tai gia tri @ tdi wu dé OP cua ca hai nguoi
dung 13 thap nhat. Hon nira, chat luong khir nhidu SI ¢6 anh hudng rat
16n dén chét lugng hé thong, cu thé SI cang nho ( A, ting), gia tri OP

cang gidm.

00— = -
O MO PHONG D, (\g=2)

0 MO PHONG D, (Age=2)
LY THUYET D, (A\ge=2)
——LY THUYET D, (A\.=2)
4 MO PHONG D, (Az=3) e
[> MO PHONG D, (Age=3)
LY THUYET D, (Apg=3)
LY THUYET D,, (Age=3)

% 107

102

Hinh 3.4. OP 1a ham cta € khi A=5(dB), d; =0.5, dRD1 =0.75,
drp, =0.35, 4,=0.7, a, =03, 1= 1, =3 vaC, =0.25.

Hinh 3.5, OP 1 ham cua h¢ s phan chia cong suat @ khi thay
d6i gia tri nguong dimg khic nhau cia hé théng la: C, =0.25,
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C,, =0.5. Véi cac ngudng dimg khac nhau ludn ton tai gia trj toi uru
6 dé OP thap nhat, cu thé tai ngudng (C, =0.25), ton tai gia tri 6
dé OP, thap nhatla (0=0.6) va OP, thip nhét tai (6=0.4). Tiép
theo, khi ngudng dimg (C, =0.5), gid tri & dé OP, thap nhét I
(0=0.5) va OP, thap nhét tai (6 =0.3). Tuong ty nhu trong Hinh
3.4, khi tiép tuc ting € thi gia tri cua OP, va OP, trong ca hai
truong hop déu ting. Hon nita, OP;,  lu6n nho hon OP;, va ngudng

dung cang 16n thi OP cang tang.

© MO PHONG D, (C,,=0.25)
O MOPHONG D, (C,=0.25) [
LY THUYET D, (C,,=0.25) >
LY THUYET D, (C,,=0.25) g
% MO PHONG D, (C,,=0.5)
[> MO PHONG D, (C,,=0.5)
LY THUYET D, (C,,=0.5)
LY THUYET D, (C, =05

102
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0

Hinh 3.5. OP la ham cta € khi A =5 (dB), dg, =0.5, dyp, =0.75,
dyp, =035, a,=0.7, a, =03, Ay =5, n=1va f=3.

Hinh 3.6 IP 1a ham ctia A (dB) va thay ddi hiéu suit chuyén d6i
nang luong, cu thé 7=0.75, 7=1. Khi ting SNR thi IP ting va khi
tang 7, thi kha ndng nghe 1én t6t hon (IP cao hon). Hon nita, hé sb
phan b cong suat cd dinh cho ngudi ding xa (D) 1a (a1 = 0.7) s0 voi
ngudi dung gan (D») 1a (a2 = 0.3), ta nhan thay IP tai Dy 16n hon IP
tai D,. Tuy nhién, ta c6 thé du doan rang néu tiép tuc ting hé sb cong

suét a, cho D; thi IP tai D, s& tang, nhung IP tai D, s€ giam va khi A
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>20(dB), thi IP cua ca IP, va IP, c6 xu hudng dat gia tri bao hoa.

P

O MO PHONG IP% (5=0.75)

O MO PHONG IP*; (5=0.75)

LY THUYET IP*, (n=0.75) | ]

—LY THUYET IP% (=0.75)
MO PHONG IP%: (5=1)
> MO PHONG IP*; (=1)
— LY THUYET IP%; (5=1)
LY THUYET IP*; (5=1)

-5 0 5 10 15 20 25
A (dB)

Hinh 3.6. IP v& theo A (dB) khi dg, =0.5, dy, =2.75,
a,=0.7, a,=0.3, 0=05, f=3va C, =0.25.

O MO PHONG IP* (9=0.35)
O MO PHONG IP*: (9=0.35)
LY THUYET IP% (6=0.35)
LY THUYET IP%; (0=0.35)
= MO PHONG IP* (0=0.5)
> MO PHONG IP*; (6=0.5)
LY THUYET IP*; (#=0.5)
LY THUYET IP*2 (#=0.5)

Hinh 3.7. IP v& theo A (dB) khi dg; =0.5, d,, =2.75,
a,=0.7,a,=03, n=1, =3 va C, =0.25.
Hinh 3.7 IP 1a ham ctia A (dB) va hé sé phan chia cong suét 0,
cuthé @=0.35, € =0.5. Khi SNR ting thi IP ting va khi ting 0,

c6 nghia rang khoang cong suit str dung cho thu thap ning lugng 16n
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hon va kha nang nghe 1én cia nit E t6t hon (IP cao hon). Hon nita, khi
cong suat phat 16n hon 20 dB, thi dit liéu ngudn bi thu chin hoan toan.

10°

o O MO PHONG IP% (dge=1-5)
O MO PHONG IP%; (dpe=15)
' x -
LY THUYET IP%: (de=1.5)
——LY THUYET IP* (d . =1.5)
& MO PHONG IP%1 (dp=2.75)

[> MO PHONG IP%2 (dge=2.75)
———LY THUYET IP*; (d,.=2.75)

LY THUYET IP*; (4, =2.75)

-5 0 5 10 15 20 25
A (dB)

Hinh 3.8. IP v& theo A (dB) khi d; =0.5, a,=0.7, a, =0.3,
0=05, n=1, f=3 vaC, =0.25.

Hinh 3.8 trinh bay IP 1a ham cua A (dB) va thay d6i khoang cach
tir R dén E 1an luot nhu sau: d =1.5, dy, =2.75. Khi ting SNR, IP
tang nhanh va IP ctia E d6i véi tin hiéu X, clia ngudi ding xa Dy ludn
16n hon kha ning nghe 1én cta E ddi vai tin hiéu X, cuanguoi dung
gan D», bai vi cong sudt phat dugc phan bd cho Dy 16n hon D
(a1 >a, ) Mit khac, khi niit nghe 1én dit gan nat chuyén tiép thi kha
ning nghe Ién ciia nat E t6t hon.

Hinh 3.9, tic gia khao sat IP 1a ham ciia A (dB) va thay doi vi tri
cta nat chuyén tiép nhu sau: dg, = 0.3, d, =0.5, Khi ting SNR thi IP
tang nhanh va khi A > 20 (dB), IP hdi tu vé gid tri 1 (dit liéu gdc bi thu
chan hoan toan). Mat khac, IP déi véi tin hi¢u X, ctia nguoi ding xa D;
lu6n 16n hon IP ddi véi tin hiéu X, ctanguoi ding gan D,. Hon nita, khi

khoang cach tir R dén S cang gan nhau thi kha ning thu chan tin hiéu ciia
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E @61 v6i cd hai tin hiéu X; va X, 1én hon, c6 nghia rang hé thong c6 kha

nang mat bao mat cang cao.

10°

107"

P

TV

O MO PHONG IP*1 (dg=0.3)
O MO PHONG IP*z (dg,=0.3)
LY THUYET IP% (dg,=0.3)
———LY THUYET IP*2 (d=0.3)

£z MO PHONG IP* (dgg=0.5)

> MO PHONG IP*: (dgg=0.5)
LY THUYET IP*1 (dg,=0.5)

' x -
LY THUYET IP*; (dg,=0.5)

10 15 20
A (dB)

Hinh 3.9. IP vé& theo A (dB) khi d; =2.75, a,
0=05, =1, f=3 va C, =0.25.

25

=07, a, =0.3,

10°

a B - O MO PHONG IP* (C, =0.25)
/ O MO PHONG IP*; (C, =0.25)
/

3 / LY THUYET IP%; (C,,=0.25)
¥ LY THUYET IP*z (C,,=0.25)

/ % MO PHONG IP% (C, =0.5)

) > MO PHONG IP%; (C,,=0.5)

10 [ . 4

LY THUYET IP*: (C,, =0.5)

LY THUYET IP*; (C,, =0.5)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0

Hinh 3.10. IP v& theo @ khi A=5(dB), dg; =0.5, dy, =2.75,
a,=0.7,a,=03, p=1va f=3.
Hinh 3.10, IP 12 ham ctia hé s6 phan chia cong suat @ khi thay
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d6i cac gia tri khac nhau ciia ngudng dimg hé thong, Ta c6 thé thay
rang, khi ngudng dimg hé thdng cang nhé thi IP ting va tuong ty nhu
Hinh 3.9, IP cta ngudi ding xa ludn 16n hon IP cta ngudi ding gan.
Mit khéc, khi tang khoang cong suat € cho thu thap nang luong thi
IP tang.

10°

O MO PHONG IP* (3=3)
0O MO PHONG IP*; (3=3)

¥

LY THUYET IP%; (3=3)
—LY THUYET IP%; (4=3)
= MO PHONG IP*1 (3=5)
> MO PHONG IP%; (3=5)
—LY THUYET IP%: (4=5)
102 LY THUYET IP%; (3=5)| 1

L L L L L L L
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
[

Hinh 3.11: IP v& theo @ khi A=5(dB), d; =0.5, d,, =2.75,
a,=0.7,a,=03, n=1va C, =0.25.

Hinh 3.11 biéu dién IP dua vao ti sé phan chia cong suat @, thay
d6i hé sb suy hao duong truyén la: g =3, #=5. Khi h¢ s6 suy hao
dudng truyén cang nho, IP 16n hon. Ta c6 tham s suy hao duong truyén
pham vi rong tuong img A, = (dX,Y )'H , dodokhi g nhd thi 4, thap
hon va d6 loi kénh truyén 14 y,, =1/A,, s& 1én hon, nén IP cao hon
khi g giam. Tuong tu nhu Hinh 3.10, gia tri [P tang khi € tang.

Tir Hinh 3.1 dén Hinh 3.11, c4c biéu thirc 1y thuyét dua ra hoan
toan trung khép véi két qua mo phong, dicu nay thé hién tinh dung
dan cua ket qua phan tich dugc trinh bay trong Chuong 2.
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3.3. Két luan Chwong 3

Trong Chuong nay tac gia da thuc hién mo phong dé danh gia do
tin cdy va hiéu nang bao mat ctia hé théng chuyén tiép hai ching FD
st dung giao thitc DF dya vao SWIPT. Cu thé, tac gia dd duara biéu
thirc dang chinh x4c cua xéac suat dimg hé thong (OP) clia cac ngudi
dung Dy, D, va xac suét thu chin (IP) tai nut nghe 1én, cdc md phong
may tinh dugc thyc hién dé kiém chimg tinh chinh xac cua két qua
phan tich 1y thuyét. Cac két qua da thé hién rang, do tin cdy cia hé
thdng duoc bao dam khi ting murc cong suét phat tai ntit nguoén nhung
diéu nay ciing lam ting kha nang thu chin dir lidu tai nat nghe 1én.
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KET LUAN

= De 4n “Phan tich d tin cdy va hiéu nang bao méat cua hé thong
chuyén tiép song cong SWIPT sir dung k¥ thuat NOMA” di giai dap
dugc 1y do nghién ctru PLS trong hé thing NOMA két hop truyén song
cong st dung thu thap nang lugng. Tac gia tap trung nghién ctru cac
khai niém co ban cua nhitng cong ngh¢ nay, cling nhu 1g¢i ich cia viéc
két hop ching dé dat dugc do tin cay, hiéu suét phé tan, nang lugng
va hiéu ning bao mat trong hé théng 5G/6G. PLS trong cac hé thong
NOMA khéc nhau c6 thé dugc dam bao thong qua viéc phan bo tai
nguyén phi hop. Do dé, trong dé an nay, tic gia di tap trung danh gia
hiéu ning véi mé hinh duoc xay dung nham giai dap duoc cac Iy do
vé van dé bao mat va do tin cdy trong qua trinh truyén din:

= Xay dung md hinh hé théng chuyén tiép FD dwa vao SWIPT
NOMA.

= Pua ra biéu thirc toan hoc lién quan giita x4c sudt dimg hé
thong NOMA va xéc suat thu chdn tai nit nghe 1én.

= (Cac tham sd dic trung trén kénh pha dinh Rayleigh, kha ning
khir nhidu giao thoa (SIC), mirc do cia nhiéu giao thoa (SI) & ché do
FD lan luot dugce trinh bay.

= Két qua mo phong ciing xem xét sy anh hudng cta cac tham
s6 dén hé théng. Néu thay doi cac tham sd trong md hinh d& xuét thi
hiéu ning cta hé thng ciing bi anh huong dang ké.

Dé 4n nghién ciru trong mot thoi gian han ché nhit dinh nén

khéng tranh khoi thiéu sét, kinh mong nhan dugc ¥ kién dong gop cia

quy thdy c6 va ban doc.



