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NANG CAO HIEU QUA BAO MAT CUA HE THONG MIMO BANG
PHUONG PHAP BEAMFORMING

Nguyén Anh Pure, Chu Tién Diing, Trdn Lwong Hung, Tran Manh Hoang™

Tém tit: Bai bdo nay dé xudt phuong thirc beamforming trong h¢ thong (MIMO:
Multiple-Input Multiple-Output), nham muc dich cdi thién hiéu qud xdc suat dirng bao mdt
cua lop vat Iy (PLS: Physical Layer Security). H¢ théng dé xudt la mang chuyén tiép hai
chang, tai moi nit hop phap dwoc trang bi nhiéu dng-ten, trong khi dé, niit nghe lén duoc
trang bi mét ang-ten. Tham s6 phan tich dé danh gia kha ndang bao mdt la xdc sudt dirng
bao mdt. Phuong thirc xir li ang-ten su dung ki thudt phat phan tdp cuc dai (MRT:
maximal ratio transmission) va thu két hop cwc dai (MRC: Maximal Ratio Combining).
Ham phdn bé tich liiy (CDF: Cumulative Distribution Function) va ham phdn bé xdc sudt
(PDF: Probability Density Function) ciia SNR déi véi hé thong MIMO dwoc xdy dung va
van dung lan dau tién trong bai bdo nay. Sit dung mé phong Monte-Carlo dé danh gid
hiéu qua ciia hé thong dé xudt va kiém chiing cdc két qud phan tich trong bai bdo.

Tur khoa: MIMO; MRT; PLS; SOP; Beamforming.
1. PAT VAN DPE

Hé thdng da dau vao da dau ra (MIMO: Multiple-Input Multiple-Output) duogc biét dén voi kha
ning cai thién dung luong trong cac mang vién thong. Do do, hién nay c6 nhiéu nghién ctru dé xuat
céc phuong phéap két hop phén tap trong MIMO dé nang cao hiéu qua bao mat & 16p vat Iy (PLS:
Physical Layer Security) [1, 2]. Tuy nhién, cac nghién ctru nay chi str dung phuong thirc lya chon
ang- ten phat (TAS: Transmit Antenna Selection) dan dén chi khai thac dwoc d6 lgi cia mang ang-
ten ma khong dat dén do loi phan tap. Hon nita, cac nghién ctru vé PLS trén hé thong MIMO chui
yéu tap trung cho cac cau hinh diém-diém, khao sat kha ning bao mat ciia mot nat phat dén mot
nat thu va c6 mét nat nghe 1én. Do d6, m6 hinh nay s& don gian trong tinh toan va m6 phong hé
thdng. Céc khao sat kha ning bao mat cho hé théng chuyen tlep thuong chi xem xét cdu hinh don
ang-ten [3, 4], tuy nhién, dy 1a nhitng nghién ctru nén tang dé mo rong cho cac hé thong da dng-
ten. Cac dé xuét tlep theo cua hé thong Chuyen tiép c6 nhiéu dng-ten va danh gia kha ning bao mat
[5, 6] tap trung dé xut cac thuat toan cai thién dung luong bao mat hé théng. Nghién ciru gan voi
mo hinh d& xuit trong bai bao nay la [7, 8], tuy nhién, trong ca hai cong trinh nay chi cau hinh
nhiéu dng-ten tai ntit chuyén tiép, tai nat nguon va nat dich chi sir dung 1 ang -ten.

Tir nhitng cong trinh da d& cép ¢ trén, bai bao cua chiing t6i d& xuit ciu hinh nhiéu dng-ten tai
mdi nut hop phép dé ting kha ning bao mat ciia hé thdng. Ngoai ra, trong bai bio nay dé xuét
phuong thirc Beamforming dé ting d¢ loi méang khi sir dung nhiéu dng-ten. Do d6, dong gop ciia
bai bao duoc tom tit nhu sau: Phén tich dugc ham phéan b6 SNR ciia h¢ thong MIMO tong quat,
day 1a biéu thirc c6 thé sir dung dé khao sat cac tham s khac ctia hé thdng MIMO, 1a cach tiép can
méi dé giai quyét nhimg khé khan vé giai tich trong khao sat pham chét h¢ théng MIMO ma nhiéu
nha nghién ctru hién nay chua giai quyét dugc. Ngoai ra, két qua cua bai bao 1a xay dlmg biéu thirc
tudng minh cua xac suét dimg bao mét, déy 1a tham s6 co ban duoc sir dung dé danh gia kha ning
bao méat ctia hé thong vé tuyén. Str dung céng cu md phong dé kiém chimg lai két qua phén tich va
danh gia pham chat bao mat ciia h¢ thong MIMO chuyén tiép. Cau tric bai bao thé hién qua cac
phﬁn nhu sau: Sau khi giéi thi¢u va dat van dé ¢ Phan 1, mo hinh hé théng dugc dé xut ¢ Phan 2;
Phén 3 thuc hién phén tich biéu thic (SOP: Secrecy Outage Probability); Phin 4 trinh bay két qua
md phong dé kiém ching hé thong; Phan 5 1a két luan va dé xuit hudng nghién ciu.

2. MO HINH HE THONG

Xem xét md hinh hé théng MIMO dé xuat nhu trong hinh 1, trong d6, nit ngudn (S: Source),
nut chuyén tiép (R: Relay) va nit dich (D: Destination) dugc trang bj nhiéu dng-ten. Nhu ki hiéu
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trén hinh N va N, l1a sb dng-ten tai nit S va D tuong ting, trong khi 46, M, va M, tuong tng 14
sO ang-ten thu phat tai R. Hoat dong ciia hé thong gia sir 1a ban song cong. Trong qué trinh
thu/phat tin hiéu ctia hé thong xuat hién nat nghe 1én (E: Eavesdropper) dugc trang bi mot dng-
ten. Kénh truyén & mdi ching gia sir co phan bd Rayleigh, tic dong boi pha dinh phang, tic 1a
bién do khong thay doi trong moi khung dir liéu, nhung s& thay d6i gitra cac khung dir lidu khac
nhau [9]. Bé giam thiéu su nghe 1én cua nut E, trong h¢ thong nay phuong thire beamforming
dugc thiét ké tai S va R. Beamforming la ky thuat bién ddi tin hiéu dé phuc vu nhicu nguoi dung
ddng thoi trong cac hé thong da dng-ten. Y tuong chinh cta ki thuat beamforming 1a thiét ké
trong s6 cac kénh tmyén véi diéu kién khir nhiéu déng kénh dya vao ddc tinh tryc giao cua cac
kénh truyén véi trong sé dugc thiét ké tai may phat.

N _ My M, Np
T y \1‘ \L R
S—T&IJ'ERE 1 Hy D

E

Hinh 1. M6 hinh hé thong.
Céc hé s kénh truyén mdi chang ki hi¢u 1a H, = [h;Jva H, =[h] 1a ma tran kénh truyén
tir S dén R va tir R dén D tuwong tng, trong 46, i e{l,---,Ng}, jefl--- M}, ke{l,---,M;}va
I e{l,---,Ny}. Ngoai ra, vector kénh nghe 1én tir S dén E va tr R dén E tuong tmg la

fo=[f, 1 I'va f, =[g,,---,9, 1 . D% loi kénh trung binh cua mdi duong két ndi tir ang-ten
phat dén ang-ten thu trén ching thir nhat va ching tha hai duoc ki hiéu tuong tmg la
Q; =TE{| hi’j 3, Q| =E{ hk,l |2}, ngoai ra do loi kénh nghe 1én tur S d#n EvaR dn E la
Q, =E{| f, '}. Cong suat nhiéu tring cong tinh tai cdc nut thu gia st c6 phan bd chuan vai trung
binh khong va phuong sai o2, tirc 14 n, ~CN(0,o2l1) . Hoat dong ciia hé thong theo co ché ban

song cong (HD: Half duplex), nut chuyén tiép thuc hién giao thirc giai ma chuyén tiép (DF:
Decode and forward), do do, moi chu ki tin hi¢u tir S dén D thong qua 2 pha thoi gian.

Trong pha thoi gian thir nhat, ntit S phat ki hiéu X =[x, %,,-, X, 1" sau khi da dugc trong sd
v6i vector phat MRT, wg =u__ (H/H,) . Tin hiéu nhan duoc tai R dwoc két hop tir mdi nhanh
ang-ten theo phuong phap MRC, tic 1a trong sd voi vector wq =Hw Al Hwdl . Do do,
phuong trinh tin hiéu bang gdc tai R dugc biéu dién la:

R :W:{yR :’\IPSHlW:;WSX—i_W;nR' 1)
Do mdi trudng truyén lan vo tuyén, nut nghe 1én E ciing thu dugc tin hiéu sau
SE = Rfiwex+ng, (2)

3] N. A. Pirc, ..., T. M. Hoang, “Néng cao hi¢u qud bdo mdt ... bt%ngphu’o‘ngphdp beamforming.”
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trong do, Psla cong suét phat cua S, N, va ngtuong tmg la AWGN tai R va E.

Tt hai phuong trinh tin hi€u trén, chung ta nhan duogc biéu thirc ti sd cong suét tin hiéu trén
cong suat tap am tai R va E clia pha truyén tha nhat 1a

sz = Ponax (H{H) 0 =PIl HIIL L Jo ©)
« =PRIl £l ? /o?, 4)
trong d6, A (HIH,), v6i(=1,2 14 gia tri riéng 16n nhat ciia vector riéng twong Gng.

Trong pha thoi gian thtr 2 nat chuyén tiép giai ma, ma héa lai va trong sb v6i vector phat
MRT tai R, w; =u, (H}H,), tin hi¢u s& dwoc phat dén nut dich D, tai D thuc hién MRC cua
mdi phan tir dng-ten véi vector trong s6 W, = H,w Al Hw.ll , cing lic d6, niit nghe 1én E nhan
duoc tin hiéu do R phat, do do, phuong trinh tin hi¢u tai D va E dugc biéu dien 1a

ip= WEyD =4 P HZWEWTX +WEnD’ ®)
RE =/ P fwrx+ng, (6)

trong do, P 1a cong sut phat cuia niit chuyén tiép, n,la AWGN tai D.
Tir (5) va (6) rut ra dugc SNR tirc thoitai R va E 1a
Fe = Panae (HIH,) 1 02 =Rl H 2 163, @)
e =Pl Tl /52, (8)
Theo giao thirc DF chung ta c6 thé mé hinh héa SNR tir S dén Dy, = Min(yeg, Vo) - NQOA

ra, tai E c6 thé nhan biét duoc tin hiéu khi SNR dwa vao SNR mdi ching, tirc 1a v6i SNR tai E
duoc mo hinh thanh y. =max(ye, Vge) -

V6i phuong thie phat MRT va thu MRC, ham phan bd tich liiy (CDF: Cumulative
Distribution Function) va ham phan bo xac suat (PDF: Probability Density Function) cua bién do
kénh truyén chuan hoa, A (H'H,)=ll H,I? theo dic tinh Rayleigh c6 dang

s (t+s—2k)k | aklk Z kZ
exp(-

F, (2)=1- 9
RS 0
s (t+s—2k)k
i, (2)= “k'( )'+1 'exp(—E . (10)
™ k =1 |I= t s Q(

trong d6, s=min(ng,n,), t=max(ny,ny) vdi ngVva n.la sb dng-ten phat va thu & mdi ching

S t
twong ing, &, =, ([ (- Jt-jHH*1vk"™.
i=1 =1

'Hai phuong trinh (9) va (10) dugc st dung dé phan tich biéu thic tuong minh tham sO xac
suat dirng bao mat SOP cua hé thong theo phuong thirc phan tdp MRT/MRC & phan sau. Thém
vao do, ham CDF va PDF cua SNR tai E khi S va R phat theo phuong thire MRT dugc tinh toan
nhu sau:

F.()=-1- exp(—7 )Y (L) (11)

/mOm Q

()=t p(—l) (12)

r(M )QM
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trong d6, chi s6 M 14 sé Ang- ten phat tai S va R.
3. PHAN TiCH HIEU NANG HE THONG
Xéc suat dimg bao mat dugc dinh nghia 1a xac suég ctia ti s6 dung luong tirc thoi cua kénh
chinh (kénh hop phap) va kénh nghe 1én C,; nho hon toc do ngudng bao mat cho trudc R,, md
hinh toan hoc SOP duoc md ta boi
SOP,,, =Pr(Cy, <R,), (13)

, 1 1
trong do, Cg, = [E log, 1+ ;) _E log, (1 + 75)]+'

Do @6, chung ta c6 thé viét SOP thanh
1+ }/D 2R0 _ o _ 0

Ty <2 )=[Prir <60+ y)-Df, (Ndy=["F, @)1, (dy, (14)
voi z=60(1+y)-1.

SOP,,, =Pr(

Pé nhan duoc biéu thuc twdng minh trong phuong trinh (14) ching ta can cb F. () va
f,_ (y) cua toan chang. Khi y, =min(ys, 7xp) » chiing ta c6 thé viét thanh
FyBART (7/) = Pr(yglRT = 7/)

:Pr(mln(}/SR'yRD) <7):1_Pr(]/SR >, 7VrD >}/)

Tir phuong trinh (9), sau mot sd bién doi don gian ching ta nhan dwoc ham CDF cua SNR tir
SdénDla

(15)

s (trs—2K)k | a, I,k’“ s (Grg-2uu g o U™

FICEEID WD) 3 s

k=1 I=t-s m:Om!(PstR)m u=l g=t-s n:On!(PRQRD)n
trong do, w =u/P,Qqy +K/PQg, s=min(Ng,My), t=max(Ng,My), s, =min(M;,N,) va
t, =max(M;,Np).

exp(-yy), (16)

Ngoai ra, khi y. =max(¥e, Ve ) » Sau mot s6 tinh toan don gidn chung ta nhan duge PDF clia
SNR tai E 1a

1 - 4 /4
f e (7) = 7 exp(- )r(M;,—£—)
7 F(NS)F(MT)(PSQSE)NS PeQqe ! PrQpe 17
1 My -1 V4 V4
+ yor o expl- y\Ng,——).
(M )T (Ng)(Pe Qe )™ ( PRQRE) (v PSQSE)

Thuc hién thay thé (16) va (17) vao biéu thirc SOP ban dau (14), va thay thé y =01+ y) —1vao
ham CDF, Fym (), sau d6 ap dung khai trién nhi thirc ctia thanh phan s6 mii sau dy thanh tong,

“nim+n . ,
tirc 1a (O(L+y) —1)™" = Z[ , j(e—l)"“”-v 0" . Sau céc bién dbi tich phan

A

1 *© +V— y Yy
Ji(y)= y exp(— —y0y)y(M;,——)dy. (18)
' T(N)T (M )(RQ )™ J ( RO, ) PRQRE)
1 ® FRVAS y y
J,(y) = yM " texp(- —y0y)y(Ng,—=—)dy. (19)
O R Fa - ( P Qe A PSQSE)

8 N. A. Pirc, ..., T. M. Hoang, “Néng cao hi¢u qud bdo mdt ... bt%ngphwo'ngphdp beamforming.”
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Cubi cting chung ta nhan duoc biéu thirc tudng minh SOP 1a

SOPL" =1-AAA(J, +J,), (20)
trong do:
s (t+s—2k)k|z al'(lkm i(tlJrle—Zu)ui
A= — A= n’
k=1 I=t-s m=0m!(PsQSR) u=l g=t;-s; n=l On (P QRD) (21)
= m+n m+n-v \
A3=Z( . ](9—1) 0" exp[-y (6 -]
1 aMTF( +M.) ) B
J, = TR # e 2F1[11M+MT1,U1+1’—1]
F(N )T (M )(PeQse)™ 4(eq + ) o+ B (22)
Nsg
J, = - M %2 r(/u2+;|1\l+SN) 2F1[1'/J2+Ns;:u2 +1; b ]
C(M)T(Ng)(PeQpe)™™ i (a, + B,) 7 a+p,
1 1 1
a, = , O, = , B = +y0, B, = +y0, 1, =N +V, 1, =M, +Vv
1 PO 2 PO, B PO w0, B, PO Wo, 1y s Hy T

Ham ,F[a, b, c,d] dugc goi 1a ham Hypergeometric Gauss. Tich phan trong (18) va (19)
dugc tinh toan dya vao cong thuc ¢ sin [10, Eq. (6. 455)]. Nhu vay, (20) 1a biéu thic tuong
minh SOP cua hé thong dugc sir dung dé danh gia SOP trén toan ching bang phuong phap
beamforming MRT tai S va R.

Ngoai ra, khi danh gia SOP ciia mdi ching, tic 1a tir S dén R hodc tir R dén D chung ta chi
viéc thay thé (9) va (12) vao (14) s& nhan dugc cong thirc SOP ciia timg ching. Do pham vi ctia
bai bao va sy don gian cia phép toan nén khong trinh bay thém & bai bao nay.

4. MO PHONG VA THAO LUAN

Trong phan nay, bai bao trinh bay két qua md phong nham kiém chirng SOP ctia hé thdng.
Ngoai ra, két qua md phong dugc trinh bay dé kiém tra lai cic phén tich & phan 3. S liéu mo
phong dugc cai dit nhu sau: s6 mau ngau nhién thyc hién 2" lan, hé sb suy hao méi truong
truyén lan 77 =3, hé s6 nay tuong ing v4i moi truong trong nha (indoor), tan s hoat dong tai 1.9
GHz. Do mé hinh héa cac kénh truyén dang small-scale Reyleigh pha dinh, c6 thé coi cac nut
hop phap 1a tinh va chuén hoa khoang cach 1a 1, toa d6 2 chiéu cta cac nat duge ciu hinh tai cac
vi tri tuong tmg S(0, 0), R(0.5, 0) D(0, 1), va E(X,y:) voi 0<x. <1,0<y. <1. DJ loi cac kénh

truyén Qg =dg7va Qg =d57, tuong ty tir 6 loi tir nat S dén E va R dén R la Q. =dy/
Qge =dgg , trong do, dg Z\/(XE = %)* +(Ye = ¥s)® VA& dge :\/(XE —%)* +(Ye —Yr)* - AWGN
duoc chuan héa of =0} =0t =o” =1.

Hinh 2 trinh bay SOP ctia hé théng véi sd luong ang-ten duogc cAu hinh tai S, R, D khac nhau.
Vi tri nat nghe 1én gia sir duge dat tai E(0.5, 1). Tir két qua trén hinh chung ta thiy ring, ting s6
luong dng-ten cta cac nat hop phap c6 thé cai thién duge SOP. Nguyén nhan 1a do do loi kénh
hop phap tang theo d6 loi mang dan dén ti s6 dung luong kénh hop phap va kénh nghe 1én 16n
hon. Ngoai ra, SOP cua moi chang nho hon SOP cua toan chéng, tirc 1a kha nang nghe lén cua
nut E cua tu’ng ching doc lap dé giai ma kho khan hon khi két hop tin hiéu ctia ca hai chang roi
thuc hién giai ma tin hi€u truong hop nay tuong duong nhu viéc m6 hinh hoéa SNR tai E,
Ve =MaX(Vse,7re) tuong Ung voéi két hop ca 2 ching dé liy ning luong giai md va
Ye =MiN(¥ge,7ee) ldy ning luong clia mot ching bat ki dé giai ma. Thém vao do6, tir két qua
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nhan xét rang, 6 thi mo phong tring véi dudng do thi 1i thuyét, thé hién rang, cac phan tich toan
hoc trong bai bao hoan toan chinh xac.

10° g ‘ ‘ ‘ . . ‘ 10° 4 4

INg, M, M. N ] = 2, 2, 2, 2], Sim
N, M. M, N = [2, 2, 3, 3], Sim
Ng: Mg, My, N 1= [3, 3, 2, 2], Sim

INg, Mg, M, Nl = 3, 3, 3, 3], Sim

onoo b

o

Ng Mo M, N = 2,2, 2, 2]

|
S
T

Ng, M, M. NJ=[3,3,3,3] R

Secrecy Outage Probability
=
Secrecy Outage Probability

) (g Y = [0.5, 1] a0 o
10 n=3
o0 SOP eZe, Sim. g vl = [0-5,1]
o  SOP hop-by-hop, Sim. n=3
Ana. -3 L L L L L L
10 - . . . - v ' 50 s 0 5 10 15 20 25
-15  -10 -5 0 5 10 15 20 25 Average SNR (dB)
Average SNR (dB) 9

Hinh 2. SOP theo sé dang-ten dwoc cau hinh cia ~ Hinh 3. SOP ciia hé thong véi sé ang-ten
2 kich ban la SOP tir S-D va ciia méi chang. dwoc cau hinh theo nhiéu kich ban.

Hinh 3 trinh bay két qua SOP ctia hé thdng theo cic ciu hinh dng-ten khac nhau. Tir két qua
trén hinh thiy rang, khi sé ang- ten cia kénh chinh 16n din dén SOP nho, c6 nghia 1a kha niang
bao mat cua hé thong tdt 1én. Diém dic biét trong két qua nay 13, khi cing mét chi phi téng sd
luong dng- ten nhu nhau nhung cau hinh tai mdi nit khac nhau s& cho két qua SOP khac nhau.
Tac la véi cau hinh  [Ng,M.,M;,N;]1=[2,2,33] c¢6 SOP xiu hon cau hinh
[N, Mg, M;,N;1=[3,3,2,2]. Diéu nay dugc li giai boi khi cac nit S, R va D ¢6 dinh va nit E
dit tai E(0.5, 1) cho d6 loi kénh tir S d&én E khéac d6 loi kénh tir R dén E, két hop véi d6 loi mang
ang- ten hai ching khac nhau dan dén SOP khac nhau.

025 T . : : . T
¢ 2x2-Sim

10" Gf—s

sz 0 2x3-8m
_ %) O 3x3-S8im
%o ¥l = [0.5,0.5) 2.l o
£ 107} N
8 ! g
3 .. vl = [1.0.5] =
& & o015}
i [N M, M NT=[3,3,3,3] g
g0 n=3 E
3 (g Vel = (0.5, 1) z |
z 5
o [a]
3 10° 2z
w o 0.05F
©
Qo
o Sim E
» Ana
10 y - - . L L L VVYyYVYVYWY
-15 -10 -5 0 5 10 15 20 25 2 4 6 8 10 12 14 16 18 21
Average SNR (dB) Output SNR
Hinh 4. SOP ciia hé thong theo vi tri khdc Hinh 5. Dac diém phdn bo SNR ciia hé thong
nhau cua nit nghe lén. MIMO véi so ang-ten khac nhau.

Hinh 4 biéu dién két qua SOP ctia h¢ thong khi cling cau hinh ang-ten tai mdi nat, va vi tri
khac nhau cta nat nghe 1én. Tir két qua trén hinh thy rang, khi nat nghe 1én dit xa cac nat hop
phéap dan dén SOP nhé, nguoc lai khi E dat g?m v6i S, R va D dan dén kha nang bao mat cia hé
théng kém di. Cu thé khi E dat gan nit R hé théng gdn nhu mét kha ning bao mat. Mot két qua
khic duoc quan tam 1a khi vi tri E(0.5, 1) két qua SOP khac hoan toan so véi vi tri E(1, 0.5).
biéu nay do Kkét qua do loi kénh cia mdi nut bién ddi theo toa do cua E, cu thé nhu bang sau:

10 N. A. Pirc, ..., T. M. Hoang, “Néng cao hi¢u qud bdo mdt ... bt%ngphu’o‘ngphdp beamforming.”
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x EyE Qg Qpe
05,1 0.7155 1
1,05 0.7155 2.8284

Co nghia la khi E(1, 0.5) mic ndng lwong nhan dugc tai E s€ 16n hon va SOP tang 1én dang
ké so voi E tai (0.5, 1).

Hinh 5 kiém chimng lai biéu thirc (10) bang két qua mo phong va 1i thuyét dé danh gia tinh
chinh xdc cua biéu thire, vi day 1a mot cong cu duoc si dung nhu 1a huéng nghién clru méi dé
gidi quyét nhiing bai toan kho khén trong viéc phén tich pham chat hé thong MIMO tu trude dén
nay. Tir két qua ¢ hinh 5 thay rang, khi tang s ang- ten tai mdi nut thu phat xac suat dé nhan
dugc SNR 16n hon, tic la pham chét cua hé théng dat tét hon. Dic diém nay twong duong nhu
viéc mé rong mau phuong sai, nham muc dich dam bao cho céc gia tri nhan trong d6 ludn sat voi
gia tri ki vong.

5. KET LUAN

Bai bao nay da trinh bay dugc cong thirc toan hoc tuong minh cho tham s SOP cua hé thdng
MIMO chuyén tiép 2 chang bang phuong phap beamforming MRT. Déc biét bai bao da xac dinh
dugc cac ham phan bd cia do loi mang véi sb dng- ten tiy ¥, ddy 13 bude tién méi co thé su
dung dé khao sat cac hé thong MIMO khac & nhimng huéng nghién ciru khac nhau. M hinh phan
tap ang- ten str dung 1a ki thuat beamforming MRT, tuy nhién, bai béo c6 thé mé rong cho cac
phuong thirc phan tap phat khac. Cac két qua trinh bay trong bai bao duoc kiém ching qua md
phong Monte-Carlo, trong diéu kién thong tin trang thai kénh 1i tuéng. M6 hinh toan hoc trinh
bay trong bai bao c6 thé 4p dung phan tich cho hé théng da truy nhap khong truc giao (NOMA:
Non-Orthogonal Multiple-Access), hé thong st dung thiét bi khong nguoi 1ai (UAV: Unmanned
Aerial Vehicle) trong nhing cong trinh tiép theo cua cac tac gia.
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Di¢n tir - Vién thong

ABSTRACT

SECRECY OUTAGE PROBABILITY ANALYSIS
OF HOP-BY-HOP BEAMFORMING MIMO RELAYING SYSTEM

In this paper, we propose and analyze the secure performance of a dual hop
beamforming MIMO system under the presence of an eavesdropper. To exploit the
multi-antenna for improving the secrecy performance, we propose a linear processing
maximal ratio transmission schemes at the transmitter and diversity combining
technique using maximal ratio combining (MRC) at the receiver. We present the
fundamental of the output SNR at legitimate users that is propagation over channel
matrices and output SNR at eavesdropper. The probability density function (PDF) of the
output SNR for arbitrary number of antenna elements configured at the transmitter and
receiver are plotted and discussed. After that apply them to derive the closed-form
expressions of secrecy performance of the proposed MIMO system for each linear
processing scheme. The closed-form of secrecy outage probability expression (SOP) are
derived in condition the channel having Rayleigh distribution. All analysis results are
validated by Monte Carlo simulations.

Keywords: MIMO; MRT; PLS; SOP; Beamforming.
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