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GIOI THIEU

1. Ly do chon dé tai:
Gan day, viéc giai quyét sy khan hiém phd tin phuc vu trong thong tin vo tuyén
ngdy cang cip bach. Mang truyén thong thir cip hoat dong & ché do nén cua vo
tuyén nhan thirc (UCRN: Underlay Cognitive Radio Networks) 1a mot giai phap
tiét kiém dai tan hiéu qua do khong can cap phat tin sé méi. Cac tram phat bi
han ché cong suat dé tranh nhidu déng kénh qua gidi han 1én mang so cap (PN:
Primary Network). Mit khac, méi trudng théng tin thay ddi lién tuc s& rat kho
khan dé duy tri mot két ndi 6n dinh, hiéu qua tir ngudn dén dich. Chinh vi véy,
mang vO tuyén da ching tha cip (MUCRN: Multi-hop Underlay Cognitive
Radio Networks) 1a mot giai phap truyén tin hiéu qua hon so vdi truyén truc
tiép. Bén canh d6, giai phap cung cdp ning lugng va truyén tin dong thoi
(SWIPT: Simultaneous Wireless Information and Power Transfer) nén duoc
trang bi nham duy tri sy két ndi, kéo dai thoi gian séng clia mang & nhing noi
khong c6 ngudn cung cip. Dé bao mat thong tin, bio mat 16p vat 1y (PLS:
Physical-layer Security) 1a mét giai phap thich hop trng dung cho cac mang c6
cac phan tir ¢6 kha nang xtr 1y thap. Vi muc dich nghién ctru nhitng giai phap
phuc vu cho nhitng yéu cau thyc tién & trén, tic gia da dé xuat dé tai “Nghién
ctru higu ning mang truyén thong voé tuyén da chiing trong trong diéu kign
céng sudt phdt han ché”.
2. Muc tiéu va ndi dung nghién ctru:

a) Nang cao hiéu suit sir dung phd tan bang cach chia sé phd tan cta
mang so cip (PN) cho mang da ching thir cip (MUCRN).

b) Dé xuit cac giai phap nang cao hiéu ning truyén théng mang da ching
muc tiéu nhim dam bao chét luong dich vu (QoS: Quality of Service).

¢) Pua ra giai phap nang cao kha ning bao mat truyén thong trong
MUCRN bang phuwong phap bao mat 16p vat 1y nham thich nghi véi cac tram

thu phat c6 kha nang xu 1i han ché.



d) Ap dung kha nang thu thap ning lugng vo tuyén & cac tram phat trong
MUCRN nham da dang hoa kha ning cung cip ngudn, nang cao hiéu qua sir
dung ning lugng, kéo dai thoi gian sdng ciia mang, ting tinh thyc tién khi trién
khai xay dung mang.

3. Nhiém vu nghién ctru: Nghién ctru vé hiéu ning, kha ning bao mat thong tin

trong cac mo hinh mang MUCRN kiéu méi trong méi trudng truyén tin ¢ cac
dac tinh chuyén biét

4. Pham vi nghién ctru: Mang MUCRN truyén thong mot chidu theo giao thuc
HD vai kénh truyén c6 dic tinh fading cham.
5. Phuong phap nghién ctru: Dya vao ly thuyet tin hiéu, 1y thuyét toan, 1y thuyét

thdng ké dong thoi sir dung md phong kiém ching dé danh gia chat lugng va
hiéu qua cua céac thuat toan, cac giai phap dé xuét.

6.‘Y nghia khoa hoc va thyc tidn dé tai.

V¢ khoa hoc: la tién dé cho nhiing cong trinh nghién ctru hiéu nang cho nhirng
mang cu thé, chuyén sau khac nhu 5G, WSNs.

Vé thyc tién: D& xuét cta luan an 1am nén tang cho cic ung dung qui hoach,
nang cip, lip dit mai cac tram thu phat.

7. Cu truc ludn an: Gém 7 chuong trong d6 tir chuong 3 dén chuong 6 phan
tich tmg mé hinh dé xuat cu thé va chuong 7 két luan toan bd luan an.

CHUONG1 TONG QUAN

1.1 Tinh hinh nghién cwu: )

Qua nghién clru céc cong trinh lién quan trudc day, mdt s6 y chinh tom luge
duoc rut ra nhu sau:

- [38-40, 44-46, 54] Han ché cong suit phat tuan theo UCR 14 giai phap kha thi
tiét kiém pho tan.

- [16, 41-42, 51-52] Dung Rayleigh fading khi cac tram thu phat khong trong
tam nhin thang NLOS. Nguoc lai, néu trong tdim LOS thi sir dung Rician
fading. Ngoai ra, sir dung mo hinh kénh khac nhau s& thu dugc két qua khac
nhau.

- [52, 53] Vi su twong quan tam nhin khac nhau ciia cac tram thu phat, c6 thé
dung dan xen mé hinh fading phu hop véi méi trudng thuce té.

- [55, 56] Can chii y dén anh hudng ciia kénh truyén tir tram phat dén tram nghe
Ién dé nang cao bao mat thong tin.



- [56-58, 67] MIMO tang hi¢u nang mang nhung viéc tinh toan kha phuec tap,
rat khong phu hop véi cac tram trung gian c6 cu hinh thap, xir 1i han ché.

- [59-65] TAS/SC, TAS/MRC giit dugc cac uu diém vé hiéu ning MIMO
nhung sir dung it théng tin CSI hon, doi hoi tinh toan thap hon.

- [58, 66] Twong quan giita cic dng ten c6 thé duoc bd qua khi phén tich hé
thdng co bac phan tap cao.

- [67-70] Cong tac chon lya relay trong mang hai ching c¢6 hiéu qua tbt. Tuy
nhién, két qua chi tng dung duoc cho mang hai ching ma khéng phat huy duoc
cho mang da chang do con phu thudc vao cac chang khac.

- [17, 93] Cong tac ngoai tuyén trong mang da ching hiéu qua hon truyén truc
tiép.

- [71-72] PLS dung Jamming hiéu qua khi nghién ciru vé bao mat thong tin
trong mang chuyén tiép, tuy nhién can dong bo chit ch& véi cac tram phat khac.
Jammer c6 thé trong cing mot hé théng dng ten, trong cling mot cum hay bén
ngoai mang.

- [55, 98] Can thiét dung giao thirc RF dé truyén tin trong mang da ching dé
dam bao bao mat.

- [73-75] Bé xuét cac giai phap chon lwa tuyén duong da ching khi c6 nhidu
tuyén cing lic c6 kha ning chuyén thong tin tir nguon dén dich. Tuy nhién cic
tram trong dé xudt van 14 cac tram thu phat don 1¢, hiéu ning thu phat khong
cao. Can dé xuit chon duong di véi cac tram thu phat da dng ten hay dang cum.
- [43-44, 76-79] dé cap dén mang hai chiang thu hoach ning luong vo tuyén dé
truyén tin (SWIPT). Thu hoach vé tuyén can tim duoc hé s6 phén chia thoi gian
t6i uru trong TSR hay phan chia cong suét t6i wru trong PSR.

- [81, 82] Thu hoach vé tuyén trong mang da ching can chii y dén dé xuat giao
thirc moi sao cho tranh thoi gian thu hoach qua dai (khong dam bao slow
fading) nhung can thu hoach cang nhiéu niang luong cang tét. C6 thé dung da
hé théng dang cum, hé théng da ang ten dé tang muc thu hoach dugc. Can tdi
wu hé s6 phan chia nhu mang hai ching.

- [43, 76] Khai thac thu hoach ning lwong trong mang dual-hop tir duy nhat
tram phat, d6 loi kénh truyén trong phat thong tin va phat ning luong 1a dong
nhat.

- [44, 77-78] Khai thac thu hoach néng luong trong mang dual-hop tir CCI (Co-
Channel Interference), do d6 can tinh toan anh hudng ciia CCI trong qua trinh
giai ma tin.



- [75, 81-84] Khai thac nang lugng tir tram phat nang lugng Beacon, do c6 sy
phan lap riéng biét thoi gian thu hoach tir Beacon va thdi gian truyén tin tir tram
phat nén khong giy CCI 1én qua trinh nhan tin. C6 thé phat trién dung cho
mang da chiang, hé théng dang cum, h¢ théng da ang ten dé ho tro truyén thong.

1.2 Mot s6 huéng dugc khai thic trong d’é tai: .

- Dung md hinh UCRN d¢ tiét kiém tan s0. Ung dung dic ta kénh truyén phu
hop véi tinh trang ciia moi trudng truyén thong.

- Dung da anten (TAS/SC) dé tang nang lugng thu hoach, cai thién hiéu nang ca
mang so cap (PN) va mang thir cap (SN).

- Dung mang cum (Cluster-based), jamming hay giao thirc chon duong di trong
mang ludi thir cAp dé ting hiéu ning mang vo tuyén da ching. Giai phap chon
dudng di co thé dugc xem nhur 1a mot hinh thirc cong tic ngoai tuyén moi.

- Dung cong tac gitia cac tram ndi bd trong cung mot tuyén da chang dé co thé
b6 qua mot sd ching, ting hiéu ning truyén thong.

CHUONG?2 COSOLY THUYET

2.1  Dic ta kénh truyén vo tuyén ‘ ,
Trinh bay déc ta toan hoc cac kénh truyén vo tuyén trong luan an.

2.2 Cac mo hinh truyén théng da ching
Trinh bay mot s0 hinh thai mang trong cac nghién ctru trudc day.

2.3 Giao thirc truyén thong mang da ching 7
Trinh bay vé giao thuc bat tay va giao thuc chuyén thong tin.

2.3.1  Giao thirc chuyén tiép thong tin 7
So lugc cac giao thuc AF, DF, RF cung v6i uu nhuoc diém.

2.3.2  Giao thaic truy nhdp kénh truyén ’ ’
So lugc giao thurc giai quyét tranh chap kénh vo tuyén véi bao hiéu
RTS/CTS theo IEEE 802.11.

2.4 Ché d9 han ché cong suat phat ‘ ,
Trinh bay vé han ché cong suat theo dang nén ctia vo tuyén nhan thirc.

25  Khiém khuyét phan ciing ’ o
Trinh bay 1y thuyét xay dung mo hinh nghién ctru khiém khuyét phan
ctg (HI: Hardware Impairment) trong hé thdng thong tin v6 tuyén.



2.6 Mang vo tuyén dang cum
Trinh bay vé mang cum va giai phap phan tap phat thu trong mang cum.

2.7 Baomatlépvatly
Trinh bay ly thuyét vé khai niém dung lugng dung, dung lugng bao mat,
xac suat dimg bao mat (SOP: Secrecy Outage Probability), xac suat nghe
Ién (IP: Intercept Probability), xac suat dung luong bao mat khac khong
(PNSC: Probability of Non-zero Secrecy Capacity).

28  Thu hoach ning lwgng V0 tuyén dé truyéntin
Trinh bay céach thirc thu hoach nang luong vo tuyén dé€ truyén tin tir tram
phét chinh (khdng c6 CCI), thu hoach thém tir tram dong kénh ngoai (co
cé CCI), tir tram phat nang lugng. Cach thirc thu hoach nang lugng va
truyén tin trong tram don anten va da anten.

CHUONG 3 MANG PA CHANG THU CAP GOM CAC TRAM THU
PHAT BO TRI THEO TAM NHIN THANG

3.1 Giéithiéu . )

Cac cong trinh trude day cua nghién ciru sinh [C2, J9] déu cho thay hiéu nang
mang da ching thir cdp (MUCRN) bi anh hu:c"rng 16n tir yéu t6 PUs ctia mang so
cap. Duya trén ket qua do, nghlen ctru sinh dé xudt giai phap trang b1 nhiéu anten
trong mang so cap v6i mong mudn nang cao hiéu ning mang so cap. Tir d6, cac
tram phat thtr cip c6 co hdi nang cao cong sudt phat, cai thién hiéu ning mang.
Do céc tram thu phat c¢6 kha ning tinh toan han ché, ky thuat phan tap TAS/SC
duoc dé xuit sir dung trong mang so cap c6 nhidu anten. Qua nghién ctru, luan
&n da dé xuat mot s giai phap dé nang cao hiéu ning mang MUCRN.

3.2 M®& hinh nghién ciu

° : @ s e o
" P

o Data link Interference link

—l >

Hinh 3.1: M6 hinh mang chuyén tiép da ching véi tam nhin thang.
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Mang PN nhiéu anten va phan tap TAS/SC (Transmit Anten Selection /
Selection Combining). Mang MUCRN c¢6 thong tin dugc truyén tir S, dén S,
qua K ching theo giao thirc HD (Half-duplex). TAm nhin tir tram tht cip dén
tram k& tiép hay tram nghe 1én la LOS. Tam nhin tir mang so cap la NLOS.
Tram nghe 1én E danh chan thong tin trén ting chang.
3.3 Phan tich hi¢u niing
3.3.1  Xac sudt ding ciia mang so’ cap ,
Xac suat dung OPpy (TAS/SC) ¢ (3.18), OPpy t0i vu ¢ (3.20). Xuyén
nhidu tbi da Ip & (3.21).
3.3.2  XA&c sudt ding ciia mang da chang thik cap
- Truong hop Rician fading:
T OPg tong quat & (3.26) va (3.27).
T Xét khi SNR cao, OP,,, trong (3.28).
- Truong hop Rayleigh fading:
T OPg tong quat & (3.29).
T Xét khi SNR cao, OP,,, trong (3.30).

3.3.3  XA&c sudt nghe Ién trong mang muc tidu
- Truong hop Rician fading:
T IP trong truong hop tong quat & (3.32).
T Xét khi SNR cao, IP trong (3.33).
- Truong hop Rayleigh fading:
T IP trong truong hop tong quat & (3.34).
T Xét khi SNR cao, IP trong (3.35).
3.4 Céc két qua dat dwoc
3.4.1 Anh hwong ciia ti sé phdt SNR so cip 1én khd néng chiu xuyén nhiéu

tai tram thu so cdp

I, tang theo ti s SNR nhu trong hinh Hinh 3.1 cua tai liéu toan vin luan an.



3.4.2  X&c sudt dieng mang thie cap
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Hinh 3.3: OP,,, vé theo A khi N; =4, N, =3, K=7.

Véi mién A du 16n, dic tuyén OP,,, s& dan hoi tu vé gi4 tri tiém can. Hinh vé
cho théy hi€u nang cai thién vuot troi khi b tri cac tram theo tAm nhin théng
LOS (K, =0) so voi NLOS (K, =0). Gia tri K, cang 16n, hi¢u nang cang
duoc cai thién.

3.4.3  XA&c sudt nghe Ién trong mang the cap
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Hinh 3.4: IP v& theo A.
Khi tram nghe 1én cang cach xa mang da ching thir cip (yg =0.4) kha nang

nghe 1én cang giam hon so véi dugc b tri gin mang muc tiéu (yz =0.3).



3.4.4  Anh hwong ciia so6 chgng thie cdp 18n higu ning hé thang

0.9

08 L

07 L

06 L

05 L

04 L

L
2 3 4 5 6 7 8

Hinh 3.5: OP,,, v& theo sb chang K khi A =20(dB), K, = 30.

Xét vé téng thé, s6 chang K = 3 1a t6i wu nhat khi dat muc tiéu xac sut dung
OP,, thip nhét. Két qua trén ciing cho thdy mang da ching (3 ching) hiéu qua
hon mang dual-hop (2 chiing) trong truong hop dang khao sat. Ngoai ra, két qua
trén ciing tuong dong vi mot cong trinh khac cua nghién ciru sinh [J3] khi dit
muc tiéu SOP t6i wu. Vi viée thay doi sd lugng anten thu phét, nghién ctru két
luan viéc trang bi nhiéu anten thu phat trong mang so cp s& cai thién dang ké
hiéu ning mang da ching (giam xéac suat dimg OP,, )

345 Anh huwéng ciia phan b dng ten phét va thu ¢ mang so cp Ién higu
ndng mang ther cap

% Sm K=2
@ Sm K=3

m  Sm K=6

1 2 3 4 5 6 7 8 9
N
T

Hinh 3.7: OP,,, theo s6 ang ten phat N, khi A =20dB, K = 30.
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Hinh 3.7 khao sat truong hop thay doi s6 lugng anten tai dau phat trong khi van
giit nguyén tong s6 anten ctia tuyén so cap 1a N; + N, =10. Két qua cho thay
chling ta c6 thé lya chon sé lugng anten phét téi wru sao cho OP,,, thap nhét.
Nghia 14 cing mot lwong anten nhung néu phéan phéi hop 1y sb lugng giira thu
va phat s€ cai thi¢n hi¢u nang tot hon.

P

Hinh 3.8: IP theo s ang ten phat N, khi A =20dB, K = 4.

Dé giam IP ma khong anh hudéng nhiéu dén hiéu ning hé théng, can thiét ké
tuyén thong tin sao cho hé sd Kg nho.

35 Kétluan caa chwong

- SNR phat chi anh huéng dén OPe2e khi c6 gia tri thap. Khi A du 16n,
hiéu niang mang khéng thay doi.

- Nhiéu anten s& cai thién OPe2e ctia mang muc tiéu nhung lam ting IP.
Tuy nhién, néu cung tdng sb anten, viéc phan phdi hop 1y anten & tram phat/thu

trong mang so cap s& dat dugc hiéu ning mang da ching tot hon.

- Tang s6 chiang K 16n s& cai thién IP nhung lam ting OPe2e. Nguoc lai,
néu K nho, ton tai mot gia tri ) chang t6i uu K~ dé OPe2e nho nhét. Két qua
md phong cho thdy mang da ching dugc tdi wu tot hon mang 2 ching vé hi¢u

ning OPe2e trong cung diéu kién truyén tin.

- OPe2e thap hon khi ting Rician K-factor giira cac tram trong mang da
ching tht cdp. Nguoc lai, IP giam néu gia tri Rician K-factor thdp hon & cac
kénh nghe Ién.
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CHUONG 4 MANG PA CHANG THU CAP GOM CAC TRAM THU
PHAT PUQC TRANG BI NHIEU ANTEN VA THU HOACH NANG
LUQNG VO TUYEN

4.1 Giéithiéu .

Trong chuong trude, luan an da nghién ctru gidi phap trang bi nhiéu anten trong
mang so cip dé ting hiéu ning mang va da dat duoc két qua tbt. Tiép tuc phat
trién mo hinh, nghién ctru sinh dé xuat nghién ciru giai phap trang bi nhiéu
anten trong mang da ching MUCRN. Két hop véi k¥ thuat SWIPT, céc anten
s& khong nhirng ning cao dugc hiéu ning truyén thong ma con ting mic thu
hoach ning lugng, gop phan cai thién hon nira hiéu ning mang. Véan dé duoc
guan tdm nghién ctru tiép theo 1a x4c sudt dirng bao mat (SOP) va x4c suit dung
luong bao mat khac khong (PNSC) trong mang da chang da anten.

4.2 MO0 hinh nghién ctu

sgingau s SR PO s e b
w < R e e
At j H&L Ant j T_ A j 31 At

T
YY - Y
E

Ne Ant

Hinh 4.1: M6 hinh mang da ching két hop thu hoach ning lwong vé tuyén
Mang thu cép MUCRN c¢6 céc tram duoc trang bi N, dam nhan truyén tin tur
S, dén S, theo giao thirc HD, str dung phan tap TAS/SC nhu chuong 3. Ngoai
ra, cac tram thir cip con thu hoach ning lugng vo tuyén dé truyén tin tir tram
phat ning luong PB (Power Beacon). Tram nghe 1én st dung SC dé nghe 1én
thong tin trong mang thir cép.

4.3  Phén tich hi¢u niing

4.3.1 Cong sudt trung binh cia tram thi cdp
E{R,} dugc tinh trong (4.15).

4.3.2  Xéc xudt dirng bdo mat ,
Xac suat dirng bao mat dugc tinh trong bon truong hop sau:

12



+Khi w, <0: w, <0: SOP(Q,)=1

+ Khi wy >0, va wy, >0: SOP, (Q,) trong cong thirc (4.22). Xét tigm cin khi
P, /N, — +oo thi SOP, (Q,) bién ddi thanh (4.24).

+ Khi w, > 0,ws, <0: SOP, (QV) & cobng thurc (4.25). Xét tiém can khi
P, /N, — +0c, SOP, (Q,) bién ddi thanh (4.26).

+ Khi w, >0,w;, =0: SOP, (Q,) rit ra trong cong thic (4.27). Xét tiém can
khi P, /N, — +oo thi bién dbi thanh (4.28).

4.3.3  Xac sudt dung lirong bdo mat khac khong

PNSC duogc trinh bay trong cong thuc (4.30).

4.4  Céc két qua dat dwoc

441 Cacyéu to anh hwéng dén cong sudt phat trung binh

9

o T,(sm

8 .,
w7, Em)
v T, (sim)

Exact

Average Transmit Power (dB)

Hinh 4.3: Cong sut phat trung binh cua tram thir cap theo vi tri PB, PU.

Cong suét tram thtr cip phu thudc nhidu vao s lugng tram thu so cip (PU),
tram phat nang lugng (PB) va vi tri twong quan cua tram phat so vdi tram PU
hay PB.

13



442 CA&cyéuté anh huwong dén xéc sudt dirng bao mat

End-to-end SOP
End-to-end SOP

Exact

o _Asym

P8 Pg @)
e ¥ S Céc Hinh 4.4, Hinh 4.5, va Hinh 4.6
8 Sy V& v6i cac thong s6 x),k2 khac nhau
kiém chimg tinh dang dén cua ba

truong hop trong biéu thire SOP trong
muc 4.3.2.

End-to-end SOP

Trong hinh 4.7, SOP ¢6 xu huéng ting khi ting gia tri hé sé phan chia thoi gian
thu hoach ning lugng vo tuyén « . Vi vay, dé xuat thiét ké hé s6 o trong ving
gi tri thap s& co hiéu ning bao mat tét hon. Ngoai ra, mirc khiém khuyét phan
cling clia kénh chinh (x73) nho hon kénh nghe 1én (x2) s& lam giam SOP. Vvé
anh huong ciia s6 anten, Hinh 4.8 cho thay sé lugng anten trang bi trong céc
tram thr cip cang nhiéu thi SOP ¢6 xu huéng giam hon mic du tram nghe 1én
cling duoc trang bi sé anten tuong dwong. Mit khac, sy cai thién hiéu ning bao
mat 1 dang ké khi sb ching 16n.

14
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Hinh 4.7: Anh huéng ciia « 18n SOP  Hinh 4.8: SOP theo K va sé anten.

4.4.3 CAacyéu té dnh hwéng dén xac sudt dung lwong bdo mdt khac khong

4 ® sim( k=2
m  Sim( K= 3)
08 | ] 08 | vy Sim( K= 4

— Exact

End-to-end PNSC
End-to-end PNSC

15 20 01 015 02 025 03, 035 04 045 05

5 0

*p (as) "
s ) Ko

Hinh 4.1: PNSC theo cong suét phat Hinh 4.2: PNSC theo K va sb anten

Hinh 4.9 v& dic tuyén PNSC theo cong suit P, v6i tuong quan mitrc khiém
khuyét phan cimg K, ke khac nhau. Khi k2 =rZ, gia tri PNSC khong phu
thuoc P,. Khi x2<r?, c6 su gia ting PNSC néu ting P,. Nguoc lai, trong
truong hop x5 > k2, PNSC gidm khi P, 16n. Quan sat PNSC mot lan nita trong
Hinh 4.10 cho thdy PNSC suy giam rat nhanh khi K5 vuot qua gid tri mde
ke =02. Diéu nay cang khing dinh dwgc tim quan trong khi thiét ké mang co
/ﬂ',é< /ﬁ}é s€ cai thién dugc thong s6 hiéu nang bao mat PNSC trong mang da

chang da anten.
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45  Kétluan cia chwong

- Gia tri SOP thap khi murc khiém khuyét phan cimg (HI) trén kénh chinh
(K3) thip. Dic biét, néu HI & tuyén chinh thip hon tuyén nghe 1én (k2) thi
hiéu nang cai thién hon trong ca SOP va PNSC.

- SOP khi Py 16n tiém céan vé hang sb. Nguoc lai, khi P nho, co thé tim
dugc cong suat phat téi vu dé SOP thap nhit trong mot s trudong hop cu thé.

- SOP tang khi tram nghe 1én ting s6 lugng anten (N.) trong khi céc
tram thu phat khac git nguyén (N,). Tuy nhién, SOP thip hon néu tram thir
cip duoc trang bi nhidu anten hon cho du tram nghe 1én ciing dugc trang bi

gidng nhu vay.

- SOP giam nhanh khi a thép, tuy nhién chwa khao sat dugc muc téi vu

a”. Ngoai ra, thiét ké K 16n nang cao hiéu ning nhd kéo giam SOP.

CHUONG 5 TRUYEN TIN CONG TAC TRONG MANG PA CHANG
THU CAP CO THU HOACH NANG LUQNG VO TUYEN

51 Giéithiéu )

Trong cac chuong trudc, ludn an da nghién ctru dén trudong hop cac tram trung
gian chuyén tiép duoc sip xép theo tuan tu lan luot tir tram ngudn dén tram
dich (ddng nghia véi thong tin s& bit budc di qua tit ca cac tram trung gian
dugc sap dat trude khi dén tram dich). Véan dé dit ra 1a néu thong tin truyén di
dugc phép bé qua mot sd tram trung gian chuyén tiép thi hiéu ning mang duoc
du doan s& tot hon thay vi phai di qua hét tit ca cic tram trung gian. Vi vay,
luan 4n da d¢ xuat nghién ciru giai phap nang cao hi¢u ning mang da ching
muc tiéu bang sy cong tac truyén tin ciia cac tram thu phat trén tuyén thong tin
MUCRN. Céc tram thu phat déu c6 kha ning thu hoach niang lugng vo tuyén
truyén tin va bi han ché cong suét phat. Tiép theo chuong 4, luan 4n di nghién
clru va tim duoc gia tri toi wu hé s6 phan chia thoi gian " ciia ky thuat SWIPT
trong ca truong hop truyén tin tuan ty thong thudng va truyén tin cong tac.
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5.2 M®d hinh nghién ciu

Hinh 5.1: M6 hinh mang da chang cdng tac c6 thu hoach nang luong vo tuyén.

Mo hinh hoat dong ctia mang don anten MUCRN tuong tu nhu nhirng chuong
trude. Diém khac biét 1 thong tin tir S, phat dén S, ,; c6 thé dugc nhan va

chuyén tiép boi S.i(i>1) thay vi S, . Ngoai ra, tat ca cc tram trong mang
MUCRN déu thu hoach ning luong vo tuyén dé truyén tin theo giao thirc HD.
5.3 Phéantich hi¢éu ning
5.3.1 Cong sudt phat trgm thir cap
5.3.2 Truyén théng diém — diém

Xac suat dung S, — S, trong (5.17).
5.3.3  Truyén thong diém — da diém

Trudng hop H # {J} : OP trong cong thirc (5.21).

Trudng hop H = {J} : OP trong cong thic (5.24).
5.3.4  Truyén thong tir nguén dén dich

5.3.4.1 Giao thic truyén thong tuan ti qua tirng chang DIRECT:
OPP'RECT trong cong thic (5.26).

5.3.4.2 Giao thic truyén thong céng tac COOP:
OP“°°" trong cong thic (5.27).

5.3.4.3 S6 chang téi da 1 nguon den dich cudi: ,
Gidi han mirc HI t6i da trong (5.29) va so chang toi da trong
cong thire (5.30).
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54

5.4.1 Anh hwéng ciia sé lwong tram phdt ndng lirong Va 6 tram so’ cap

Nhitng két qua dat dwoc

¥

o
S ¥
< 10 * DIRECT-SIM (
S @ COOPSIM( N_=4 L=1)
*  DIRECT-SIM( Ny =3 L =2)
m COOPSM( N =3 L=2
10°
% DIRECTSM(  N_=2 L =3 :
v COOP-SIM( N _ =2 L =3)
DIRECT-THEORY 4
COOP-THEORY
10 T T |
5 10 15 20 25
A (dB)
N A 3 B N A = A DIRECT ,,x COOP
Hinh 5.4: Anh huong cia Ng va L 1én ddc tuyén OP va OP

Trong céac gia tri Nyva L da v&, xac suit dimg OP ctua COOP luén thép hon
DIRECT, dic biét 1a & ving SNR 16n. Do ddc cua cac dic tuyén cho thiy do loi
phan tap cia COOP cao hon hin DIRECT. Bén canh d6, x4c suét ding cua ca
hai giao thirc déu giam khi Ng 16n hon va L nhd hon.

5.4.2 Anh hwéng ciia sé chgng trong mang thir cap

10°

35— % DIRECT-SIM( =005

A \\\ ® COOPSIM( =005
% DRECTSM( ,=01)

101 m  COOPSIM( ,=01)
X DIRECTSIM(  ,=02)

v COOPSIM( =02

10! | — DIRECT-THEORY
107 COOP-THEORY

K =2)
K =2)
K =4)
K =4
K =7)

DIRECT-SIM (
COOP-SIM
DIRECT-SIM (

E2e OP
E2e OP

COOP-SIM (
DIRECT-SIM (

<X u e X

COOP-SIM( K =7)
DIRECT-THEORY

— COOP-THEORY

A (dB)
Hinh 5.5; OPP'RECT 3 OPCO%® yi
mot sO gia tri K khéc nhau

Hinh 5.6: Anh hudéng cua K,« 1én
dic tuyén OP.
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Hinh 5.5 cho gi trj tot nhat cia OP dat duoc v6i K =4 cho ca hai giao thirc
DIRECT va COOP. Nghia I khi K =4 thi hi¢u ning mang t6t hon so v&i khi
giam K =2 hay ting 1én K = 7. Vi viy, két qua cho thay c6 tdn tai mot gia tri
s6 ching t6i vu K™ d& OP thip nhét trong ca DIRECT va COOP. Hinh 5.6 lai
cho thiy K" phu thudc vao o va khac nhau giira hai giao thirc. Hon nita, khi
K > K. thi OP =1.

m“ ~F e DRECT( 2 =001)
crro@ers COOP (.2 =001)
o DIRECT( 2 =008)
ceeofens COOP (2 =0,08)
w? wvuipens DIRECT (2 =0.07)
.. COOP ( Né =0.07)
o
[e]
ﬁ % omectsmM( K=K Y : 1
@ COOPSIM( K=K )
107 % DRECT:SM( K =2)
% omecraw( -9 !
v coopsm( k=9 ] .
0% 1 ; | | oot A : : + - . ]
o 5 10 15 20 25 K
N ~ . (d.B) \ N . « R X ., . * X
Hinh 5.7: OP vé khi o= 0.05 va so Hinh 5.9: Biéu dién gia tri o theo so
7 - * y e hén .
sanh khi K" véi K =2,K =8. chang K

Hinh 5.7 so sanh va cho théy wu diém vuot troi ctia OP khi chon s chang thiét
ké t6i vu K™ v6i hé s6 thoi gian thu hoach nang luong o = 0.05 ¢ dinh. Do
d6, dé xuat toi vu K khi khong thé thay d6i «.. Nguoc lai, Hinh 5.9 dua ra cac
gia tri t6i uu vé hé s thoi gian o tuy theo ) chang K . Dua vao s6 lidu trén,
ching ta c6 thé t6i ru hé s a khi s6 ching K trong mang khong thay doi.

r

E2e OP

% DIRECT-SIM( L =1)

B o -1

107 g 0@ @ CooPsSM( L=
v
]

DIRECTSIM( L =3)
coop-sM( L =3
DIRECT-THEORY
COOP-THEORY

Hinh 5.10: Anh huéng cta «2 1&n OP.
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Trong hinh Hinh 5.10, Xac suat ding ciia c4 hai giao thirc 1a 1 khi x2 > K max-
5.5  Két luan cia chwong

- X&c suat ding OP°%" nho hon OPP™E°T trong ciing diéu kién. Do loi
phéan tap cua giao thuc COOP cao hon DIRECT. Ngoai ra, khi Ng lon thi OP
cai thién. Nguoc lai, khi L 16n thi OP giam trong ca COOP va DIRECT.

- Véi mot gid tri o, ¢6 thé tim thay sb chang thiét ké t6i wvu K™ dé OP la
t6t nhat. Nghién ctiu cho thay K"(COOP) thuong lén hon K*(DIRECT). O
chiéu nguoc lai, voi mdi K thi gia tri toi uu o c6 xu hudng thap hon khi K
Ién hon du giao thirc DIRECT hay COOP. Tuy nhién gia tri o trong COOP
luén cao hon DIRECT trong cung diéu kién khao sét.

- Ngoai ra, mirc khiém khuyét phan cing (HI) it anh huéng dén gia tri
a” nhung HI thip s& cai thién hiéu nang t6t hon. Néu HI vuot qué gié tri gioi
han k§ ., hay K >K, . thiOP = 1.

CHUONG 6 PHUONG THUC CHON PUONG PI TRONG MANG DA
CHANG THU CAP DANG CUM

6.1 Giéithigu ) )

Céac mo hinh d¢ xuat trudc day cua luan an chi dat boi canh c6 duy nhat mot
tuyén MUCRN c¢6 thé truyén thong tin tir ngudn dén dich trong diéu kién han
ché cong suét phat. Tuy nhién, trong cdu tric mang vo tuyén Ad-hoc, WSNS,
V2V, cic nit mang (cac tram thu phat) dugc bb tri sip xép theo hinh ludi. Vi
vdy, s& c6 ddng thoi nhiéu tuyén théng tin dang MUCRN trong mang luéi co
thé thyc hién chuyén thong tin tir nguon dén dich. Van dé can nghién ctru 1a
1am thé nao dé chon dwgc mot tuyén da ching phi hop nhat dé truyén tin? Néu
c6 mot giai phap chon duoc mot tuyén MUCRN tdt nhit theo mot tiéu chi cho
trudc ciing ddng nghia voi giai phap d6 cai thién hidu ning mang. Luan an dé
xuét ba giao thirc chon dudng di 1a BEST, MAXV, va RAND, sir dung trong
mang ludi gdm nhiéu tuyén MUCRN ddng thoi so sanh wu nhugc diém cia ba
giao thuc trén.

6.2 Mo hinh nghién ciu
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Hinh 6.1: M6 hinh tdng quat M tuyén da ching.

Sm,l Sm,-? STH,Km
N1 relays N2 relays Nuk, relays

Hinh 6.2: Tuyén da ching thir m.

C6 M tuyén MUCRN trong mang luéi. Gia dinh tuyén thd m duoc chon ¢
K, +1 cum gém cum nguén (S), cum dich (D) va cac cum chuyén tiép (Spx) -
Mbi cum co N, . tram thu phat. Trong cum phat thi c0 tram phat tin goi la

T2 Trong cum thu thi ¢6 tram thu T . va tram phat jamming goi la J,

6.3  Phén tich hi¢u nang

6.3.1  Xac sudt ding mang so’ cap
OP cua mang so cap dugc dua ra & cong thirc (6.10).

6.3.2 Cdp phat cdng sudt trong mgng thee Cap
Cong suét clia jammer va tram phat thir cip dwa ra & cong thire (6.14).

6.3.3  XAc sudt dung lwrong bao mgt khac khong cria tuyén thierm
PNSC,, dugc dua ra trong cong thirc (6.16), dién giai & (6.17) va (6.18).

6.3.4  Céc gidgi phap lua chen tuyén théng tin da ching

6.3.4.1 Giao thic BEST:
PNSC,.; trinh bay trong cong thurc (6.25).

6.3.4.2 Giao thitc MAXV:
PNSC,, .y trinh bay trong cong thuc (6.26).
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6.3.4.3 Giao thizc RAND:
PNSC_ o trinh bay trong cong thirc (6.27).

6.4 Cac két qua dat dwogc

6.4.1 Anh huéng ciia cong sudt phét tram so cdp dén mirc han ché cong
sudt phat the cap

20

15 | 3
o 10| ,E
g w
x
< 5
o4
0
3
g
e s
= — ¢ Transmitter T
£
@
2 10 Transmitter T
IS —o— 11
=
Transmitter T
15 —a— 12
Transmitter T
- v 13
20 .
5 10 15 20 25

P, (B)
Hinh 6.3: Anh huéng P, dén Q¢ trén tuyén thong tin 3 chang.

Két qua cho thiy su twong quan vi tri giita cac cum trung gian S1k sovdi PR 1a
khac nhau nén mirc cong suét bi han ché 13 khac nhau

6.42 Anh hwong ciia cOng sudt phat tram so cdp 1én xac sudt bdo mgt
khac khong ¢ mang thir cap

095 | v M M
@ RAND-Sm
0.9 e’ — RAND-Ana

m  MAXV-Sim

v

MAXV-Ana

08 v BEST-Sim

BEST-Ana

PNSC

5 10 15 20 25
P
»(08)

Hinh 6.4: Anh huong P, 1&n PNSC trong céc giao thirc dé xuat.
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Nhin chung, ca ba giao thirc déu cai thién khi ting Pp. Tuy nhién, mirc d¢ cai
thién chi & ving Pp thip. Khi Pp di1 16n, PNSC it thay doi.

6.4.3 Anh hwéng cia vi tri tram nghe 1én 1én xac xudt bdo mdt khac khong
PNSC

1

09 L

[
08 |

07 |

PNSC

06 |

05 |

04 |

03 L L L L
0.4 03 02 0.1 [ 01 0.2 03 0.4

Hinh 6.5: Anh hudng cua vi tri tram nghe 1én 1én PNSC.

Murc anh hudng cua yéu td vi tri tram nghe 1én 1én hiéu ning PNSC cua cic
giao thirc duge vé trong Hinh 6.5. Gia tri thip nhat ciia PNSC trong ca ba giao
thuc déu tai (0.5,0) khi thuc hién di chuyén tram nghe I1én theo truc x; =0.5.
Do khi tram nghe 1én & diém trén s& co vi tri gin cac tram phat thir cip nhét
trén quy dao dich chuyén. Vi vdy, trong thiét ké mang can c6 giai phap phan
ludng tuyén dé thay thé cho nhiing tuyén thong tin qua gan tram nghe lén.

6.5 Kétluan caa chwong

- Cong suat phat so cip P, anh huong dén PNSC mang MUCRN khi ¢6
gi tri nhé nhung gan nhu khong thay ddi khi ¢ ving gia tri 16n.

- Giao thuc BEST dat hi¢u nang cao nhét, giao thirc MAXYV dat thur hai,
trong khi giao thirc RAND thép nhét. Tuy nhién dé sir dung giao thirc c6 hiéu
nang cang cao doi hoi muc tinh toan, udc lwong CSI cang 16n von khong thich
hop v&i céc tram ¢ ning luc xt 1y thap.

- Vi tri cia tram nghe 1én anh huéng lon dén bao mat. Vi vay, luan an dé
xuét khi thiét ké mang méi hay thuc hién dinh tuyén trong mang da ching can
c6 giai phap phan ludng tuyén hop 1y dé tranh sir dung nhiing tuyén thong tin

qué gan tram nghe 1én, khong dam bao vé hiéu ning bao mat.
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CHUONG 7 KET LUAN

7.1 Kétluan va nhiing déng gop cua luan an
Véi muc dich nang cao hiéu suat sir dung pho tan, toan bd cac md hinh nghién

ctru trong luan 4n déu déu dat gia thiét cac mang vo tuyén da ching bj han ché
cong suat phat dé giam anh huong dén cac tram thu so cdp. Nghién ctru cho
thy trong trudong hop khi tram thu phat so cip va tram thu phat thir cap dit gin
nhau, ¢ xay ra can nhidu dan xen nhau thi mirc céng suat phat tram so cip co
anh huong dén hiéu ning mang da ching th cip. Tuy nhién, mac do anh
huong chi dang ké khi cong suat nho. Khi cong suat phat dii 16n, higu ning
mang da ching khong thay d6i. (Két luan trong chuong 3 & 6). Ngoai ra, khi
cac tram phat so cAp dit cach xa, hau nhu khong can nhidu dén tram thu thu
cap, luan 4n quan tim dén muc cong suat phat cia tram thir cép c6 duoc nho
vao kha ning thu ning luong vo tuyén tir tram phat ning luong (PB) gan do.
Két qua (tir chuong 4 & 5) cho thiy cong suét tram thtr cAp phu thudc nhiéu vao
sO lugng tram thu so cap (PU) cling tram phat ning luong (PB). Ngoai ra, mirc
cong suit trén con phu thude vao vi tri twong quan cua tram phat so voi tram
PU hay PB. Qua nghién ctru, luan an két luan viéc han ché cong sudt phat dé
thuc hién truyén thong trong mang da ching ma khong can cip phat dai tin sb
mdi 14 hoan toan kha thi, gop phan ning cao hiéu suét sir dung phd tan sd.

Dé nghién ctru vé hiéu ning truyén thong ciia mang vo tuyén da ching, luan an
quan tdm dén thong s6 hiéu ning xac sut dimg (OP) cia mdét mang MUCRN
va dua ra nhidu dé xuat dé nang cao hiéu ning mang. D¢ xuat dau tién la xay
dung mang da chiang ¢ cac tram thu phat lién k& nim trong tim nhin thing
(LOS). Nghién ctru (trong chuwong 3) cho thdy OP ctua mang da ching tim nhin
thang thap hon hén so voi truong hop cac nut mang khong trong tam nhin thing
(NLOS). Hon nita, mirc do cai thién hiéu ning cang 16n khi thiét ké gia tri
Rician K-factor ctia kénh truyén thir cp cang 16n. (k2 =10 ¢6 OP = 0.17 trong
khi k2 =0c6 OP = 0.6). Dé xuét tiép theo 14 st dung k¥ thuat da anten véi
phan tap TAS/SC trong mang so cip. Két qua nghién ctru cho thiy day 1a giai
phap hiéu qua dé giam xac suat dimg cta mang da ching thir cAp néu s anten
dugc trang bi 16n. Trong trudng hop khong thé ting sb lwong anten thi viée
phan chia hop 1y s6 lugng anten dang c6 giita tram phat va tram thu so cap ciing
c6 tac dung cai thién hon hi¢u ndng mang da chiang muc tiéu. Mot dé xuat quan
trong tiép theo 14 dung ky thuét truyén thong cong tac dé nang cao hiéu ning
mang. Trong giao thirc truyén thong cong tac dugc dé xuét, thong tin c6 thé di
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tat dé vé tram dich soém hon. Két qua nghién ciru da cho thiy do loi phan tap
clia giao thirc truyén thong cong tic dugc dé xuat 16n hon nhiéu so véi giao
thire truyén tudn tu thong thuong, gop phan chimg minh dwogc hiéu qua cua giai
phap dé xuét trong viéc nang cao hiéu ning truyén théng so voi cac giai phap
trude day. Tiép dén, dé& xuat thiét ké sb ching tdi wu trong mang MUCRN sé&
giam duoc xac suat dimg. Cac kich ban nghién ctru déu cho thdy mang da
ching duoc thiét ké voi s ching téi wru co higu ning tot hon mang hai ching
trong cung diéu kién truyén tin.

Tiép tuc nghién ctru vé hiéu ning bao mat thong tin trong mang vo tuyén da
ching bang phuong phap bao mat 16p vat 1y (PLS), luan 4n tap trung danh gia
va dua ra nhiéu dé xuit dé cai thién hiéu nang bao mat. Cu thé nhu vé xac suét
nghe 1én thong tin (IP) trong mang da chang, cac giai phap ting hi¢u nang
truyén thong (bang cach ting cong sudt phat, ting sb anten phat trong mang so
cép da anten, giam s6 ching trong mang thir cip) déu dan dén IP 16n hon. Do
d6, luan 4n dé xuét can can bang giita yéu té truyén thong va yéu td bao mat
trong thiét ké mang da ching. Mot giai phap khac khong can danh d6i hiéu
ning truyén théng nhung van giam dugc mot it IP 1a thiét ké mang c6 gia tri
Rician K-factor thap & cic kénh nghe 1én (IP giam 16n nhat 6% khi xZ =15
xudng x2 =0). Tiép theo, ddi v6i mang da ching da anten, phan tip phat/thu
theo dang TAS/SC, luan an dé xuét trang bi $6 lugng anten nhiéu hon dé giam
xé4c suét dimg bao mat (SOP). Giai phap trén cai thién hiéu ning bao mat tdt
hon nita néu két hop véi ting sb chang trong mang nhiéu hon, ngay ca khi tram
nghe 1én ciing duoc trang bi s6 anten nhu tram chinh. V& xéac suit dung luong
bao mat khac khong (PNSC), ludn 4n dé xuat sir dung cong nghé c¢6 murc khiém
khuyét phan cimg thip trong mang da ching dé taing PNSC. Khi d6, SOP ciing
giam xudng thdp hon. Dya vao PNSC, ludn 4n dé xuit giai phap chon tuyén
thong tin da chang theo hi¢u nang bado mat nho ba giao thitc BEST, MAXV, va
RAND phu hop véi kha nang thu thap CSI khac nhau cua mang. Pac biét,
nghién ctru cho thay hi¢u ning bao mat phu thudc rat 1én vao vi tri tram nghe
1én, vi vay ludn an dé xudt khi thiét ké mang méi hay thyc hién dinh myén
trong mang da ching can c6 giai phap phan ludng tuyén hop ly dé tranh sir
dung nhiing tuyén thong tin qua gan tram nghe 1én, khong dam bao an toan
thdng tin.

Bén canh d6, luan an da nghién ctru anh hudng cua viéc thu thdp nang lugng vo
tuyén truyén tin (SWIPT) 1én hiéu ning mang da ching. Twong tu nhu dé xuat
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trude ddy, viée ting sb lugng anten trong tram thu phét da ching khong nhiing
giam dugc SOP ma con ting ning lugng thu hoach dugc, gop phan ting cong
suét phat & mang thir cép, cai thién hiéu nang mang. Vi vy, dé xuét thiét ké hé
sO thoi gian thu hoach (o) thap trong hé théng da anten s& cai thién hi¢u ning
bao mat. Dbi véi mang don anten, két qua nghién ctru cho thiy c6 ton tai gia tri
o tdi wu (o) dé hiéu nang t6t nhat, phii hgp voi nhiing cong trinh trude day khi
danh gia vé SOP [134] hay OP [44]. Hon nita, luan 4n da dua ra duoc mbi lién
hé cua gia tri tbi wu o v6i cac thong sb thiét k& mang khac nhu sé ching K
hay giao thic truyén tin dugc ding trong mang. Trong truong hgp mang sir
dung giao thtc c6 gid tri a khong thé thay d6i, luan an dé xuét thiét ké t6i wu sb
chang K dé dat hiéu nang truyén thong t5t nhat. Nguoc lai, khi mang c6 san va
khong thé thay ddi s6 chang K, luan an dé xuit sir dung gia tri t6i wu o twong
g d¢é ting hiéu ning truyén thong qua mang MUCRN.

Toan bd nhiing két luan trén dy cia luan an cho thiy viéc thiét ké mang truyén
thong da ching hoat dong trong diéu kién han ché cong suét phat 1a hoan toan
kha thi. Dé mang da ching hoat dong hiéu qué, nhiéu dé xuét cé gia tri da duoc
dua ra nhim dat dwoc hiéu ning truyén thong cling nhu hiéu ning bao mat
mang t6t nhat.

7.2 Huwéng phat trién cia lugn an ﬁ ,

Mic du c6 nhitng dong gop cu thé nhung ludn an chua thé nghién ctiru hét
nhitng giai phap dé dat dugc myc tiéu ban dau. Mot s6 hudng nghién ctru phat
trién mo rong trong thoi gian ti nhu sau:

- Sir dung cac dic ta kénh truyén ¢ dang tdng quat nhu Nakagami-m,
Generalized-K cho cac kénh truyén v tuyén lién quan.

- Ung dung céac k¥ thuat truyén thong méi vao mang da ching nhu NOMA,
Massive MIMO.

- Nghién ctru hiéu ning ctia mang da ching hai chiéu (two-way) hay mang da
chang song cong (full-duplex).

- Phat trién cac giao thirc mé&i hiéu qua hon trong viéc chon dudng di, giao thirc
truy nhap 16p MAC thich hgp hon trong moéi truéng mang ludi.
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