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Tém tit—Bai bao ndy nghién ctru mang chuyén tiép lai
ghép vé tinh-mat dét, trong d6 tram chuyén tiép mat dat 1a
mot tram thtr cip hoat dong theo phuong thirc vo tuyén
nhan thirc dang nén. Do dé, cong suét phat ciia tram chuyén
tiép mat dat bj han ché, dong thoi nhimng nit dich thir cap
cling chiu anh huéng cua can nhiéu dong kénh tir mang so
cip. Bai bao d& xuit hai md hinh chon lya anten phat va
nut dich (hay nguoi dung) t6t nhat dé nang cao dg tin cdy
cho viéc chuyén tiép dir lidu tir tram chuyen tlep thir cap
dén nut dich dugc chon. Hon nita, tram chuyén tiép co thé
sir dung k¥ thuat két hop chon lya dé giai ma dir liéu nhan
duogc tr v¢ tinh. Bai bao dua ra cac cong thire tinh chinh
xdc xdc suat dimg ciia cac mo hinh dé xuét. Cac két qua
cho thay hiéu ning xac suit dimng cta cac mo hinh dé xuat
s& tot hon khi tang s6 dnten phat va thu tai tram chuyén tiép
mat dét, ciing nhu ting sb luong nut dich.

Tir khéa— Mang chuyen tlep lai ghép vé tinh-mit dét,
v6 tuyén nhéan thie dang nén, két “hop chon lya, chon lua
anten phat, chon lya ngudi dung t6t nhit.

I. GIOITHIEU

Su phat trién ciia thong tin vé tinh [1]-[2] dem lai nhiéu
tién ich trong hau hét cac linh vyc tir du bao thoi tiét,
thwong mai, y té, gido duc, ... cho dén hang hai, quan su,
kham pha vii try. Dic biét, véi kha nang cung cp da dang
cac dich vy thdong tin di dong, thong tin v¢ tinh s€ ngay
cang gan gilii véi cac hoat dong thuong nhat ciia con nguoi
[3]. Uu diém cia thong tin vé tinh 1a kha nang két nbi
nhanh chéng va 6n dinh & khip noi vé6i tc d6 cao, & day,
céc thiét bi mat dét co thé giri dit lidu voi nhau théng qua
vé tinh. Hay noi cach khac, vé tinh dong vai tro nhu mét
ndt chuyén tiép cho céac thiét bi mat dat [4]. Hon nira, khi
nhiing thiét bi mat dit (hay ngudi dung) khong thé truc tiép
nhan dir liéu tir vé tinh (do bi che khuét), nhitng tram
chuyén tiép mat dét s& trung chuyén thong tin tir vé tinh
dén nhiing nguodi dung ndy. M6 hinh nay voi tén goi
chuyén tiép lai ghép vé tinh-mit dat (HSTRN: Hybrid
Satellite-Terrestrial Relay Network) da dugc nghién ctu
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trong nhing cong bd gan day nhu [5]-[9]. Trong cac cong
trinh [5]-[6], cac tac gia nghién ciru m6 hinh HSTRN vai
su xuit hién cua cac tram nghe 1én trén mat dét. Cac tai liéu
[6]-[7] d& xu4t md hinh chon Iya tram chuyén tiép mat dét
dé nang cao d9 tin cdy cua viéc chuyén tiép dir liéu dudi su
anh huong cia fading kénh truyén. Dé nang cao hon nita
hiéu nang cua mang HSTRN, céc tac gia trong cong trinh
[8] dua ra mo6 hinh HSTRN v&i nhiéu tram chuyén tiép mat
dat, nhiéu thiét bi thu hop phéap va nhidu nit nghe 1én. Pong
thoi, céc tac gia trong tai lidu [8] ciing dé xuat phuo’ng phap
chon lya tram chuyen tiép va nguoi dung t6i uu dé dong
thoi nang cao d6 On dinh cua sy truyen dir liéu va bao mat
théng tin. Tuong tu, cac tac gia trong tai liéu [9] cling dua
ra mo hinh nhiéu tram chuyén tiép mat dat dé nang cao hiéu
ning cho mang HSTRN. Hon nira, cic tram chuyén tiép
mat dét trong tai liéu [9] st dung k¥ thuat két hop ty 18 tdi
da (MRC: Maximal Ratio Combining) dé giai ma dir liéu
nhan duogc tur vé€ tinh.

V6 tuyén nhan thirc (Cognitive Radio) [10] dugc d& xuat
boi J. Mitola nhim giai quyét van dé khan hiém phé tan,
cling nhu nang cao hiéu qua st dung phé tin. Trong mang
v tuyén nhan thirc, ngudi dung so cap (Primary User) ¢6
thé chia s& phd tan véi ngudi ding thir cap (Secondary
User). Tuy nhién, ngudi ding thtr cap phai hiéu chinh cong
sudt phat dé khong lam anh huong dén chit luong dich vu
clia mang so cap. Cu thé, cic may phat thir cp phai giam
cong suat phat dé can nhiéu dong kénh gay 1én cdc may thu
SO cap khong vugt qua ngudng cho phép. Phu(mg phap
chia s& pho tan nay co tén goi 1a chia s& pho tan dang nén
(USS: Underlay Spectrum Sharing) [11]-[13]. Cac cbng
trinh [14]-[20] nghién ctru mang HSTRN, trong d6 cac
tram chuyén tiép mat dat hoat dong theo phuong thirc USS.
Céc tai liéu [14]-[16] dé xudt mo hinh HSTRN, trong d6 vé
tinh dong vai tro 1a mot thiét b thir cip. Trong [14], vé tinh
lién lac voi mot ngudi dung thir cip théng qua mot tram
chuyén tiép mat dat thir cap, s dung k¥ thuat giai ma va
chuyén tiép DF (Decode and Forward). Dé nang cao hiéu
nang cho mang HSTRN, trong cong trinh [15], hai tram
chuyén tiép mat dat thir cap dugc thiét 1ap dé chuyén tiép
dir liéu tir vé tinh dén mot nat dich thu cép, st dung k¥
thuat khuéch dai va chuyén tiép AF (Amplify-and-
Forward). Khac vai [14]-[16], vé tinh trong tai liéu [17] la
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mot thiét bi so cép va truyén dir liéu dén mot nhom cac
nguoi dung so cép mat dat, trong | khi d6, tram chuyén tiép
mat dat 1a mot thiét bi thir cdp, nd luc truy nhap bang tan
dé truyén dir liéu dén nut dich th cdp mong mubn. CAac
tac gia ctia cong trinh [18] dé xuat mo hinh HSTRN, trong
d6 vé tinh 14 thiét bi thtr cap sir dung ky thuat truyén da truy
nhap phi truc giao NOMA (Non-Orthogonal Multiple
Access) dé cling ltic gtri dir liéu dén hai dich tht cép khéc
nhau thong qua sy hd tro ciia mot tram chuyén tiép thu
cip. Bén canh d6, cong trinh [18] ciing nghién ctru sy Xudt
hién cua thiét bi nghe Ién xudt hién trong mang thir cap, va
khao sat sy danh d6i gitra xac suat dimg OP (Outage
Probability) va xac suit méat bio mat IP (Intercept
Probability). Tuong ty [18], cong trinh [19] dua ra m6 hinh
USS HSTRN, sir dung k¥ thuat NOMA dé nang cao toc do
dir liéu. Tuy nhién, khac voi [18], nhom tac gla trong [19]
xem x¢&t truong hop tram chuyen tiép mat dat tha cép sur
dung ky thudt AF va NOMA de chuyén tiép dir lidu tir vé
tinh dén nhiéu nat dich thir cap cung luc Cong trinh [20]
nghlen clru truong hop tram chuyén tiép mat dat thir cip c6
thé hoat dong & ché do song cong (Full-Duplex) va su dung
NOMA dé phuc vu cung lac hai ngudi dung thir cap.

Bai bao nay d& xuit mo hinh USS HSTRN, trong d6 vé
tinh mudn truyén dit lidu dén mot nhom céac nat dich. Do
bi che khuét, dit liéu tir vé tinh s& dugc chuyén tiép dén mot
trong cac nut dich thong qua mot tram chuyén tiép thi cap.
Nhimg diém méi va dong gop chinh ciia bai bao nay s&
duogc phan tich nhu sau:

- Khac V01 cac cong trinh lién quan [14]-[16], [18]- [19]
bang tin cap cho hé théng vé tinh va hé théng so cip
dudi mat dat 1a khac nhau. That vay, viéc quy hoach
nay sé tranh can nhidu dong kénh giira hai mang. Hon
nira, viéc cac thiét bi vé tinh trong cac tai liu [14]- [16]
[18]-[19] phai u6c luong kénh gitra chiing va cac thiét
bi thu so cdp, dé hiéu chinh cong suit phat, 1a qua kho
dé trién khai trong thyc té.

Khéc vai tai liéu [17], [20], bai bao nay nghién ciru mo
hinh chon lya anten phat va chon lya nguoi dung tbt
nhit. Hon nita, bai bdo nay ciing dé xuit mé hinh st
dung k¥ thuét Kkét hop chon lya SC (Selection
combining) tai tram chuyén tiép thir cdp dé giai ma dir
liéu nhan duogce tir vé tinh. Mac du k¥ thuat SC dat dugc
hiéu ning thip hon cac k¥ thuat két hop khac nhu MRC
hay EGC (Equal Gain Comblmng) nhu’ng viéc thuc
hién ky thudt nay don gian h(m rat nhidu, va phu hop
khi trién khai cho mang thi cép.

Bai bao dua ra hai phuong phap chon lya anten phat va
chon lya nguoi ding dé nang cao hiéu qua chuyén tiép
dir liéu trén mat dét, dudi sy tac dong cua fading kénh
truyén, han ché cong suit phat va nhidu dong kénh tir
mang so cap.
Bai b4o dua ra cac biéu thirc toan hoc danh gia chinh
X4c xac suét dimg OP ciia cac mo hinh dé xuét.
Phén con lai cta bai bao dugc to chirc nhu sau: Phan 11
trinh bay nguyén 1y hoat dong cia md hinh USS HSTRN
dé xuét. Phan III danh gia xac suat dimg OP cua C4c md
hinh chon lya chon lya anten phat va chon lya nguoi
dung t6t nhat. Phan IV cung cap cac két qua mo phong
va ly thuyét. Cudi cung, cac két luan duoc dua ra trong
phén V.
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ll. MO HINHHE THONG
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Hinh 1. M6 hinh HSTRN hoat déng trong mang vé tuyén
nhdn thire USS.

Trong Hinh 1, vé tinh S gui dir liéu dén cac nut dich, ky
hiéu D,, D,, ..., D, voi N lasé nut dich. Gia sir cac
dich nay khong thé nhan di liéu tryc tiép tir vé tinh do bi
che khuat. Vi vy, mot tram chuyén tiép mat dat R dwoc
dung dé chuyén tiép dir liéu gitp vé tinh S. Gia sir, tram R
la mot tram thir cap, va hoat dong theo co ché chia s& phd
tan dang nén. Do d6, tram R phai hiéu chinh cong suit phat
dé dam bao chat luong dich vu cua mang so cap khong bi
anh huong. Trong mang so cip, may phat PT (Primary
Transmitter) sir dung bang tin dé truyén dir lidu dén may
thu PR (Primary Receiver). Nhu di duoc dé cap, viéc tai s
dung tan sé chi thyuc hién tai cdc mang trén mat dat, va viéc
truyén dit lidu trén mat dat khong dugc phép sir dung bang
tan da cap cho hé théng vé tinh.

Gia st cac thiét bi S, PT,PRva D, (n=12,...,N) déu

chi c6 don anten, trong khi tram thir cap R dugc trang bi véi

K, anten phatva K, anten thu. Khi nhan di liéu tir vé tinh
S, tram R sir dung k¥ thuat két hop chon Iya (SC) [21]-[22]
dé giai ma dix liéu. Sau khi giai ma thanh cong dit liéu tir vé
tinh, tram R tién hanh ma héa lai va gui dén mot trong cac
nut dich duoc chon. P& nang cao hiéu nang cho mang thu
cap, trong diéu kién cong suit phat gii han cua tram R va
can nhiéu dong kénh tir nat phat thir cap PT, bai bao dé xuat
hai ky thuat chon lua anten phat va chon lya nat dich tot
nhét.

Ta ky hiéu P, 1a cong sut phat cua anten phat thir u
cua thiét bi phat X, hxwv
phat thir u cua thiét bj phat X va anten thu thir v cta thiét
bi thu Y, va 7,... =| ... [ ky hiéu d¢ loi kénh tuong Gng,

1a hé s6 kénh truyén giita anten

X4yY
X,Y €{S,R,PT,PR,D,} . Luuy ring néu c4c thiét bi X va
Y chi c6 01 anten thi ta s& khong str dung cac chi s6 U vav.
Ta ciing ky hi¢u 77,,, 1a nhiéu Gauss tai anten thu thir v ciia
thiét bi thu Y. Dé don gian vé mat ky higu, ta co thé gia st
rang tat ca nhiéu Gauss trong bai bao déu cé gié tri trung
binh bang 0 va phuong sai ¢ .

Xét pha truyén dir liéu ddu tién, vé tinh S gui dir liu
xuong tram mit dat R. Tin hiéu nhin duoc tai anten thu thir
V cua tram R 1a

Y =R X 770 @
vaoi v=12,...,K,, X latinhiéu cua vé tinh S.
Do d6, ty s6 SNR (Signal-to-Noise Ratio) trong cong thirc
(1) dugc tinh nhu sau:
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5 PN
SR Gg
v6i A =P,/ 67 . Nhu di dua ra trong [14]-[20] do loi kénh

Vg CO phan phdi Shadowed-Rician, va ham mat do xac

= AsysRV ’ (2)

suat (PDF: Probability Density Function) cua 7., duoc viét

nhu sau:
f(x)= i[ 2mp, jmvexp[_ij
Tere 2b,\ 2mb, +Q 2b, @
Q X
X R miL—— |,
: 1(””L2bv(2nm+gv)]

véi Q, ky hiéu cong suét trung binh caa thanh phan Line
of Sight (LOS) gitra vé tinh S va anten thu thir v cia tram
R, 2b, 1a céng suét trung binh cua thanh phan da dwong,
, la tham s dic trung Nakagami cua kénh truyén, va
FG
q Dé don gian Chq viéc trin}l bay, ciing nhu khoéng mét tinh
tong quat, ta co thé gia st rang cac do loi kénh y .. la doc

) 14 ham confluent hypergeometric [23].

lap va dong nhat (independent and identical), cu thé
Q,=Q,b,=b, m=m, vsi W=12,..,K. .

Bai vi tram R sir dung ky thuat két hop SC, ty sé SNR

dat duoc tai R duoc tinh nhu trong [21]-[22]:
SC
(DSR _V =1.2,..K, (¢SRV)' (4)

Xét pha truyén dix liéu thir hai, tram R chuyén tiép dit liéu
nhan duoc dén nat dich dwoc chon. Gia sir tram R sir dung
anten phét thir u dé gui dit liéu dén nat dich D, .

Trong vo tuyén nhan thic dang nén, cong suét phat caa
anten phat thir u cta tram thir cap R duoc thiét 1ap theo cong
thire sau (xem [24]-[25]):

|
p,=—t, )
Vrupr
véi 1, 1a ngudng giao thoa téi da ma mang so cap quy dinh
dé dam bao chit luong dich vu cia mang so cap.

Sau khi x&c 1ap cdng suat phéat, tram R gui dir liéu dén
nat dich D, . Dudi sy anh huong cua nhiu dong kénh gay
ra boi may phat so cap PT, tin hiéu nhan duoc tai nut dich
D, duoc viét nhu sau:

= Ru R o, X+ P hPTD" Xpr +1]p, - (6)

Trong cong thuc (6), «prT o, Xer 12 thanh phan giao
thoa ma PT gay Ién D, , trong d6 X, la tin hiéu ma may
phat so cap PT dang giri dén méy thu so cap PR. Do do, ty
sé SINR (Signal-to-Interference-Plus-Noise Ratio) dugc
tinh nhu trong céng thuc (7) bén dudi:

2
P _ PR“ | hR“Dn l _ (Ith/)/R“PR)}/R“Dn
ROn Por | hPTDn § +Ug Pory PTD, +0-02

_ (IP/)/R“PR)}/R“D,,
AprYerp, +1

G 2 _ 2
voi I, =1y, /05 va Ay =Ry /oy

)

SO 01 (CS.01) 2023

Ké tiép, ching t6i d& xuit hai mo hinh chon lva anten
phét va chon lya nat dich tét nhat.
Mb hinh 1 (MH1): Dya vao cong thic (7), chung t6i dé
Xuit phuong phap chon lya dnten phat va chon lya nut dich
t6i uru nhu sau:

Pren, =u:r12?.?,(|<t( =12, N(gDR ‘Dy )) ®
v6i a 1a dnten phat tot nhat duoc chon bai tram Rva D, la
ngudi dung tét nhat duoc chon. Cong thirc (8) ¢6 nghia rang
ty s6 SINR dat duoc tai dich D, khi tram R sir dung dnten
phat a s& dat giévtri cyc dai. ’

Tuy nhién, d€ thyc hién md hinh MH1, mang thur cap
phai uéc lugng chinh xac cac hé sé kénh giao thoa h.p

tuy nhién, viéc udc lugng ndy phuc tap va tén nhiéu thoi
gian dé thyc hién.

Mo hinh 2 (MH2): Tur 1ap luan trén, ching tdi xem xét
phuong phap chon lya don gian hon nhu sau:

Ve, :u:g;?i(K(( 1.2,.., N(yR “Dy )) ©

Vai ¢ 1a anten phat dugc chon boi tram R va D, 1a nguoi
duing tét nhét trong MH2. Céng thirc (9) ¢6 nghia rang MH2
chon lya dnten phat va ngudoi ding dya vao d6 lgi cua kénh
dir liéu gitra tram R va cac nt dich.

Dé thyc hién viéc chon anten phat tot nhit va ngudi ding
t6t nhat [26]-[27] trong cac md hinh MH1 va MH2, tram R
va nhitng nguoi ding D phai hop téc véi nhau. Dau tién,
tram R s& giri cac thong diép didu khién tir cac anten cia R
dén cac nguoi dung. Tir d6, cac nguoi dung D ¢6 thé ude
luong kénh truyén giira cac anten ciia R va nguoi ding thi
cép.

Trong MH2: cac ngudi dung thir cip chi gui cac thdng
tin kénh truyén gitra ching va cac anten cua R dé R chon
anten t6t nhat va nguoi dang tét nhat, nhu dwa ra trong cong
thuc (9).

Trong MH1: cac ngudi dung D con phai ude lugng kénh
giao thoa giita may phat so cap PT dén cac ngudi dung thi
cép D. Sau khi uéc lwong tat ca cac kénh truyén ké trén, cac
ngudi ding D s& guri tat ca cac thdng tin nay vé tram tha
cap. Nho do, tram R s& xac dinh duoc anten tot nhat va
ngudi ding tét nhat, nhu trong cong thic (8).

Bai vi viée udc luong chinh xéc cac hé sé kénh giao thoa
giita may phét so cap PT va cac nguoi dung D la qué phirc
tap nén viéc trién khai MH1 kho khan hon rét nhiéu, khi so
voi MH2,

Gia sir tat ca cac kénh truyén giira cac thiét bi dudi mat
dét déu 1a kénh fading Rayleigh. Vi vay, do loi kénh 7,,.,
s& ¢ phan phéi mii, voi ham mat do xac suat (PDF) va ham
phan phéi tich liy (CDF: Cummulative Distribution
Function) lan luot la:

f7 (X) = j’><“YV exp( x“YVx)’

XUy

o () =1-0x0 (=4 X).

XUy

(10)

V6i Ay bang nghich ddo gi tri trung binh cia d¢ loi kénh

Vg s Cuthé A, =1/ . Gia st céc kénh dir lidu va

XYY
giao thoa doc lap va dong nhét, ta co:

ﬂRuPR =Aeeri A, RUD ﬂRD'ﬂPTD ﬂPTD(vu'n)' (11)
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Tiép dén, ta dinh nghia x4c suét ding 12 x4c suat ma ty
s6 SNR hoic SINR tai mét thiét bi thu nho hon mot ngudng
xéc dinh trude. Nguoc lai, ta gia sir rang thiét bi thu nay cé
thé giai ma thanh cong di liéu.

Theo dinh nghia trén, xac suit ma nit dich dwoc chon
nhan dugc dir liéu thanh cdng (SP: Successful Decoding)
trong md hinh MHj(j=1,2) duoc tinh nhu sau:

SPJ- = PI’((DS?FS = Vs )X Pr (¢RED, = Ve )' (12)

VO Wsy VA Yoy la cac nguong da dugc xac dinh trudc,
eefa,c} va f e{b,d}.Cong thic (12) c6 nghia rang dich
D, nhan d& liéu thanh cong khi su truyén dir liéu trén ca
hai pha déu thanh cang. ’

Do dd, xac suat dirng tai nt dich thee cap D, trong MH;j

duoc tinh nhu sau:
OP,=1-SP,

=1-Pr(pSs 2 sy, )xPr ((pReDf > Yo ) (13)

=1- 1—Pr(ga§,§ < ‘/’s,m) x|1— Pr(gz)ReDf < l//PVth) :
on, T
Trong cong thirc (13), OP, va OPM™Y Ian luot Ia x4c suat
dirng ¢ pha truyén dir liéu tha nhat va pha truyén di liéu thi
hai trong mé hinh MHj. Hon nita, ta c6 thé quan sét rang
X4c suat ding & chang thir nhat cia MH1 va MH2 la gidng
nhau. Do d6, mé hinh MH1 dat dugc hiéu niang OP tt hon
md hinh MH2 béi vi phuong phap chon dnten phat va chon
lya nut dich t6i wu vi md hinh MH1 st dung thong tin trang
thai kénh truyén cua ca kénh di liéu va kénh giao thoa.

lIl. DANH GIA HIEU NANG HE THONG
3.1 X4c suit dirng OP,

Tu cac cong thirc (2) va (4), ta tinh dugc xac Suit dung &
pha truyén dir liéu dau tién gitra vé tinh S va tram mat dat R
nhu sau:

OP,=Pr (v:rlrgaxK (2 ) <Wsin )

-------

K

= H Pr(0g <Won)=[Pr(re < )] (1)

Kr
= |:FySRv ('stfh ):| !
V8 Psiy =Wew/As, va F, (.) 1a ham CDF cia 7, .
Dya vao mdi lién hé gitra ham CDF va ham PDF, ta c6:

Psih
FysRv (psvth ) = Jo fVSRv (t)dt' (15)
Két hop céc cong thic (3), (14) va (15), ta dat dwoc biéu
thiee tinh chinh xé&c xac suit dimng OP, nhu sau:

e
20\ 2mb +©Q 2
OR=| [ dt

e X
XlFl[m’l‘zb(zmbm)]

Ky

. (16)
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3.2 X4c sut dirng OP,""

Str dung cong thic (8), ta co thé viét lai xac suat ding
OP"™ duéi dang sau:

OPZMH]- =Pr (uzq]z?,(K, (ng]zz,i.?(,m (¢R“Dn )) <Wpm )

Ky
- HPr(n:TZaxN ((pRUDn ) <Yy, )

u=1 N

(1)

Tir cong thic (7), ta thdy rang céc bién ngau nhién ¢,
khong doc 1ap véi nhau vi ching cé thanh phan chung do 1a

Vrepr -

Do do, dé tinh x4c suat Pr( max, ((pRan ) <Wou )

ta can viét lai xac suat nay dudi dang sau:

Pr{ mox (00, ) <vin -

400 I X u
I Pr| max M <Wou f (X) dx. (18)
0 n=12,..,.N APTyPTD" +1 ' 7RUpR

A(x)

Tiép dén, xét xac suat A(x) trong (18), ta co:

/X))y,
A(X)=Pr max M <!//Pth
n=12...N APT]/PTD,, +1 Y
7/ u
Pr Ii& <WVp
X AprYero, +1

A X X
Pr[yR”Dn < PT¥pith 7PTDH+WF|"m j (19)

I -

—.

[iN

n=:

1

Pr (VRan <O 4 XYprp, + wz,lhx)

J'Oﬂc F (a)l’thxy-‘ra)z'thx) fVPTDn (y)dy’

v
7 RU.
RUDy

]
N

n
Vi

Aprly
_ Bp¥em
Oy = 1 Dy 1

IP

Ve

IP

(20)

Str dung cbng thuc (9) va (10), ta co:
FyRan (a’l,th XY + @, X) =1- 1)
exp(_//lRDwZ,th X) x eXp<_ﬁ’RDa)l,th Xy) )
Frorey (¥) = om0 €XP(~ZoroY)- (22)

Thay (21) va 9(22) vao cong thuc (19), sau khi thuc hién
cac phép bién dai, ta dat duoc:
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1- EXp (_ﬂRDwz,th X)
n=1 _XJ-OM exp (_ARDa)l,th XY) ﬂ'pTD exp (_ﬂ'PTD y) dy

I DO )

- ]T;JI.:_ APTD +ARDa)1 th p( ARDa)ZYthX)}
T ) )

‘[1 Toa s g ”“RD“’““X)} |

) ) (23)
Dé 6 thé sir dung A(x) cho cac tinh toan tiép theo, ta viét
lai (23) dudi dang sau:

N
)
A(X)= {1——@3“ :hr " exp(—/lRDa)zymx)}

Cl (@)

(wsm +x)

(24)

—1+Z

exp (_M“RDa)z,th X),

Vi

o

Aro @y

Tiép dén, thay cong thiac (24) va ham PDF
f, (X) = Ager €XP(—AgprX) Va0 cONg thic (18), ta dat

7RUpR

Dy =

duoc cdng thuc (25):
Pr( mas (q)R u0, )<1//P’m):1+

i 1)Cy N (a)3th)

r=1

J.mexp( (ﬂ“RPR+r/1RDw2th) )

(503 h T X)
+ Wy
@y 4

Pr( =12, ((/)R ‘D, )<V/P,th)=1+

Z(—l)rcﬁl Arer @3 1y eXp((ﬂRPR + T Ao @ 1, )(03,m ) (26)

(25)

dx.

Tién hanh doi bién: y: , ta co:

r=1
><J.1+w eXp(_(ﬂ“RPR + ;?RDwzyth )a)m y) dy

Hon nira, st dung dinh nghia ctia ham tich phan mii
(exponential integral function) béc n'

x)= [ 22y eXp @7)

ta dat duoc thuc tinh  chinh  xac

Pr("” N(q)R” )<'//P,th) nhu sau:
Pr(n =1.2,.., ((DR” )<l//pvth)=1+

N
Z(_l) Cl Aror @310 exp((/lRPR T Ao @, 4 )a)3,th ) (28)
r=1
E ((;)“RPR + T Ao @, 4 )0)3 th )
T (17) (18) va (28), ta c6 dugc cdng thurc tinh chinh xac
X4c suat ding ¢ chang thir 2 trong MH1 nhu sau:

cong
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OPMHI=
K,
1+z C NARPR @ 1 exp((ﬂ’RPR + T Arp 0, th)a)s th)

B, ((ﬁRPR + T A @y )a)3v‘h )

(29)
Cuobi cung, thay (16) va (29) vao (13), ta dugc cdng thac
tinh chinh xéc xéc suat dirng caa mé hinh MHL1.

3.3 Xac suét dirng OP)""

Twong tu céc cdng thuc (17) va (19), ta cd thé viét:
OPZMHZ =Pr ((pRch <Wp )

i Pr[( IP/yRCPR )yRCDd <Wen ]

AprYprp, +1
Aprly/ 4
= Pr(}/Rch <PTI—M17/R°PR]/PTDd + |Pth Ve PRJ
P P
= Pr(yRCDd < a)l,thyRCpRyPTDd +a)2,th7RCpR)

- j;wjom FVRch (a)lxlhxy—‘er,thX)fypTDd (y) f}/RCPR (x)dydx.

(30)
Sir dung cong thirc (9), ta dat dugc ham CDF F,  (x)

RDyg

nhu sau:

F}/RCDd (X)= Pr(u:rl,nzz,.i.?,(K((n =1,2,... N(}/Ru ))< X)

=[1-exp( —ARDX)] A (31)
_1+2 1)* Cl exp(—0ApX).
Thay cbng thuc (31) va cac ham PDF

f7RcPR (X) = ;LRPR exp(_ﬂ‘RPRX) va
F oy ()= om0 €XP(~ZerpY) Va0 cBng thirc (30), sau khi
tinh 16p tich phan tha nhat, ta co:
NK
OpzMH2 =l+2(_1)q CEIK(

=L

(32)
+oo (),
%], #ﬂjﬁtexp(_(%m + 0o @y 1y ) X) dx
Voi
A’PTD
@ = .
4,th qﬂRDa)l,th

Tiép tuc tinh tich phan trong cong thirc (32), ta dat duoc:

NK; q
=13 1) G

q=1

X exp ((;I’RPR +0Arp @y 1, ) Oy th )

xE ((A‘RPR +0rp @y 1, )a)4,th )
Cuébi cuing, thay (16) va (32) vao (13), ta duoc cong thic
tinh chinh xac xéc suét dimng cia md hinh MH2.

(33)
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IV. KET QUA MO PHONG VA LY THUYET

Trong phan nay, chung t6i thuc hién cac két qua mo
phong (MP) va 1y thuyét (LT) xac suat dimg OP ctia hai
moé hinh MH1 va MH2. Déi véi kénh Shadowed-Rician,
céc tham s6 kénh truyén duoc thiét lap nhu trong céc tai liéu
[5], [7]: m=10.1, b=0.126va (2=0.835. Dé don gian
trong viéc mo ta va phan tich cac xu huéng hiéu nang hé
thdng, ta co thé gia sir s6 anten phat va thu tai tram tha cp
R bang nhau va bang K (K, = K, =K ), va méi lién h¢ giira
Ag, Apr VA I, nhu sau: Ay =0.5A, 1, =0.1A, . Déi voi
céc kénh truyén Rayleigh fading giira cac thiét bi trén mat
dat, cac tham s6 kénh truyén duoc ¢ dinh gié tri nhu sau:
Aprer =1, Aprp =1 Ager =1Va Agp =0.5.

-2 4
10 ¥ MH1-MP (K=N=1) ‘\'\I\Ll_._._.

MHA-LT (K=N=1)
O MH2-MP (K=N=1)
MH2-LT (K=N=1)
B MH1-MP (K=N=2)
MHA-LT (K=N=2)
10%H ¥  MH2-MP (K=N=2)
MH2-LT (K=N=2)

-5 0 5 10 1l5 2l0 2l5 30
A (dB)
Hinh 2. OP cia MH1 va MH2 vé theo Ag (dB) véi
Vsin =Wem =0.15.

Hinh 2 v& xac suat ding OP ciia MH1 va MH2 theo A
(dB). Nhu ta c6 thé thdy, xac suét dirng cua ca hai md hinh
giam khi ting Aq. Tuy nhién, khi Ag 1én thi OP caa MH1
va MH2 s& hoi tu vé nhiing gi4 tri hing va khéng phu thudc
Aq. That vay, béi vi ta da thiét 1ap A, =0.5A, 1, =0.1A,
nén khi Ag 16n, ty s6 SINR trong cong thirc (7) sé dugc xap
Xi nhu sau:

A5:’°°(|P/7/F<“P|:z )}/R“Dn _ 0':|'7/|:2“Dn
! AprYpro, 0-57/RupR7’PTDn -
Ta c6 thé thy rang ty s6 SINR Prup, trong cong thirc

¢RU D, (34)

(34) khong phu thugc vao Ag, va day chinh la nguyén nhan
tai sao OP cia MH1 va MH2 ciing khong phu thugc vao Aq
. Tiép tuc quan sat Hinh 2, ta thdy ring khi K=N=1, OP cua
MH1 va MH2 la gidéng nhau. Ta ciing luu y ring md hinh
K=N=1 chinh 1a m6 hinh chon lya ngudi dung va anten phat
ngau nhién. Do do, khi K=N=1, hai m hinh d& xu4t c6 hi¢u
ning ding bang hiéu ning dirng cua md hinh chon lya ngau
nhién. Khi K=N=2, do c4c mé hinh dé xuat MH1 va MH2
khai thac dugc do loi phén tip cao hon nén cic mé hinh
MH]1 va MH2 dat duogc gia tri OP thip hon hian mé hinh
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chon lya ngau nhién. Hon nira, khi K=N=2, OP ciia MH1
thdp hon hin MH2. Hinh 2 ciing cho thdy céc két qua md
phong (MP) triing véi céc két qua ly thuyét (LT), diéu nay
ching to cac phan tich ly thuyét trong Phan 111 1a chinh xéc.

*  MH1-MP (K=1, N=3)
MH1-LT (K=1, N=3)
3 ® MH2-MP (K=1, N=3)
10 MH2-LT (K=1, N=3)
B MH1-MP (K=2, N=3)
MH1-LT (K=2, N=3)
Y MH2-MP (K=2, N=3)
MH2-LT (K=2, N=3)
10—4 T T T | L |
-5 0 5 10 15 20 25 30

A (dB)

Hinh 3. OP cia MH1 va MH2 v& theo Ag (dB) véi
Vsin =Wem =0.15.

Hinh 3 v& xac suat ding OP cia MH1 va MH2 theo A
(dB). Tuong tu nhu Hinh 2, ta thdy rang MH1 dat duoc gia
tri OP thap hon MH2 vi cac gié tri khac nhau cua K va N.
Nhu da trinh bay trong cong thirc s6 (8), md hinh MH1 la
mo hinh t&i wu bai vi ty s6 SINR dat dwoc la cuc dai. Trong
truong hop K=2 va N=3, ta thay rang khoang céch hiéu ning
cia MH1 va MH2 16n hon khi so véi truong hop K=1 va
N=3. Ta ciing luu ¥ rang trudng hop K=1 va N=3 tuong ting
véi md hinh chon lya anten phat ngau nhién. Do d6, cic mo
hinh d& xuit MH1 va MH2 dat dwoc hiéu ning dung t6t hon
md hinh chon lya anten phat ngau nhién.

10°
-1 o
10 v
102 i
~
o
O
107
¥ MH1-MP (K=3,N=2)
MH1-LT (K=3,N=2)
®  MH2-MP (K=3,N=2)
4 MH2-LT (K=3,N=2)
10
B MH1-MP (K=3,N=4)
MH1-LT (K=3,N=4)
¥ MH2-MP (K=3,N=4)
MH2-LT (K=3,N=4)
-5 0 5 10 15 20 25 30

Ag (dB)

Hinh 4. OP cia MH1 va MH2 v& theo Ag (dB) v6i
Vsin =Vpn =0.35.
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Hinh 4 vé& xac suat ding OP ciia MH1 va MH2 theo A

(dB). Hinh 4 cho ta thay xac suat dirng cua MH1 va MH2
nho hon trong cac Hinh 2 va Hinh 3, bi vi s6 anten tai tram
chuyén tiép va sé nut dich trong Hinh 4 16n hon cac hinh
trugc day. Hinh 4 ciing cho thay higu nang OP cua MH1 tét
hon rat nhiéu khi so sénh véi MH2. Hon nita, khi ting sb
nut dich (N) tir 2 1&n 4, OP ciia MH1 ciing giam dang ké,
trong khi OP cia MH2 chi giam nhe.

V. KET LUAN

Bai bao nghién ctru hiéu nang xac suat dimg ctia mang
chuyén tiép lai ghép v¢ tinh-mat dat hoat dong trong moi
truong vo tuyén nhéan thirc dang nén. Dudi su rang bugc
cong sudt phat va sy anh huong cua can nhidu dong kénh
tor mang so cép, bai bao da dua ra hai mo hinh chon lua
anten phat va nut dich tot nhat dé nang cao chit luong
chuyén tiép dir liéu trén mat dat. Cac két qua dat dugc cho
thay rang Xac suat dirng ctia cac mé hinh dé xuat - giam dang
ké khi ting so anten phat va thu tai tram chuyén tiép mat
datva tang ) luong nut dich. Hon nira, MH1 luén dat duoc
hiéu nang xac suét ding tbt hon MH2, va khoang cach hiéu
ning s& cang 16n khi s anten va sé niit dich tang. Nguoc
lai, viéc trién khai MH2 trong thuc té lai don gian hon
nhiéu khi so véi MH1. Cac két qua ciing cho ta thiy rang,
do sy anh huéng cta nhiéu dong kénh tir mang so cap, ca
hai m6 hinh MH1 va MH2 dé xuat déu khong dat duoc do
loi phan tap (d6 loi phan tap bang 0).

LOI CAM ON

Nghién ctru nay duogc tai trg boi Hoc Vién Cong Nghé
Buu Chinh Vién Thong Co S& Thanh Phé HS Chi Minh
véi ma s6 dé tai 06-HV-2021-RD_VT2.
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PERFORMANCE ENHANCEMENT FOR
COGNITIVE HYBRID SATELLITE-
TERRESTRIAL RELAY NETWORKS USING
TRANSMIT ANTENNA SELECTION AND USER
SELECTION

Abstract: In this paper, we study hybrid satellite-
terrestrial relay networks, where the terrestrial station is a
secondary device operating on an underlay cognitive radio
approach. As a result, transmit power of the terrestrial
station is limited, and the secondary destinations are
suffered from co-channel interference caused by the
primary transmitter. This paper proposes two joint antenna
selection and destination (user) selection methods to
enhance reliability of the data transmission between the
terrestrial station and the selected destination. In addition,
the terrestrial station can use selection-combining
technique for decoding the signals received from the
satellite. This paper derives exact expressions of outage
probability for two proposed methods. The results present
that the outage performance of the proposed methods is
better with the increasing of the number of transmit and
receive antennas at the terrestrial station as well as
increasing the number of destinations.

Keywords: hybrid satellite-terrestrial relay network,
underlay cognitive, selection-combining, transmit antenna
selection, best-user selection scheme.
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