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Tém tit - Trong bai bao ndy, nhom tic gia di dwa ra md hinh
truyén théng v6 tuyén voi ky thuat NOMA két hop mang anten
dé cai thién bao mat 16p vat Iy. M6 hinh dwa ra gdbm ba nut:
Ngudn, dich va nut nghe 1én. Nt ngudn 1a mét mang anten sir
dung k¥ thuat NOMA dé truyén ddng thoi hai tin hiéu x; Vva x,.
Bing cac Iy thuyét dua ra, da chimg minh dugc bao méat vat Iy ty
1& thuan véi sb luong anten & nut ngudn. Chung ta kiém chimg
béng qua trinh md phong va ching minh diéu két ludn & 1y thuyét
la dung. Ngoai ra, dé c6 mot hudéng nhin khac, nhom tac gia di
tién hanh danh gia ty 1& 15i bit (BER) dé thdy duoc mbi quan hé
giita BER va bao mat 16p vat Iy trong mang truyén thong NOMA
o két hop véi mang anten.

Tir khéa - NOMA; mang anten; bao mat 16p vat ly; xac suét
dung; BER

1. Gidi thi¢u

Ngay nay, cudc cach mang cOng nghiép 4.0 dang dlen
ra mot cach manh mé trén toan cau, trong d6 linh vuc vién
thong la dau tau cia cudc cach mang d6. Hang loat cac hé
théng vo tuyén va cac chudn giao tiép nhu Wifi, LTE,
Wimax, HSPA+... da ra doi [1], [2]. Tuy nhién, tan s 1a
tai nguyén c6 han va hiéu suat sir dung phé tan s con
thip. Mot ky thuat da truy cap ddy tiém ning va trién vong
dang dugc nghién ctru do6 1a k¥ thuat da truy cép phi truc
giao (NOMA) [3], [4]. NOMA la k¥ thuat cho phép vai
cung mot nguoi dung goi cung luc nhién tin hiéu trén
cung mot bang tan dén mot hodc nhiéu ngudi dung khac.
Diéu d6 duoc thyc hién bang cach ghép tuyén tinh cac dit
liéu lai v6i nhau rdi g06i tin hi¢u da ghép tdi cac bén nhan.
O phia thu dif liéu, chung s& dwoc giai mi theo co ché khir
nhidu tudn tuy (Successive Interference Cancellation
(SIC)) [5].

Tuy nhién, do tin hi¢u truyén tir nguon dén noi nhan
qua mdi truong vo tuyén nén dé bi tan cong hodc nghe lén.
Hién tai, cic phuong phap bao mét thuong dugc trién khai
& 16p ung dung: Cac ky thuat ma hoa, xac thyc (nhu WEP,
WPA, ...). Bén canh d6, cac phuong thirc tdn cong mang
cling thay ddi va phat trién khong ngimg [6]. Ngay nay,
mdt huéng nghién ctru méi nham tim ra cac giai phap ting
cuong kha nang bao mét cho mang vo tuyén & 16p vat Iy
[7]. Mot hé thong truyén thong khong déy c6 kha néng bao
mat néu dung luong kénh truyén hop phap 16n hon dung
luong kénh truyén nghe lén [7]. Mot trong nhitng huéng
nghién ciru vé bio mat 16p vat ly la dung ky thuat
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beamforming va mang anten [8], [9], [10], [11], [12].
Trong nghién ctru nay, cac tac gia s tap trung di vao phan
tich anh hudng ciia mang anten dén xé4c suét dimg cia bao
mat vat ly trong mang NOMA nay.

2. Mb hinh h¢ thong mang
2.1. M6 hinh nghién ciru

_ Trong nghién ctru nay, nhom tac gia dwa ra mo hinh
gom 3 nat mang nhu Hinh 1. M6 hinh nay goém nat nguon
S, nat dich D, va ntt nghe Ién E. Trong d6, nit nguon S sur
dung cong nghé NOMA d¢€ truyén dit liéu den nat dich D.
Nut nghe [én E co gang d€ nghe tin hi¢u truyén tir S dén D.
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Hinh 1. M8 hinh mang NOMA gom wit S la mang anten,
nut dich D va nut nghe lén E

Céc gia thuyét dua ra trong mé hinh nhu sau:

- Nut ngudn S ¢6 N anten, nat dich va nat nghe 1én chi
st dung 1 anten.

- Ngudn S c6 thé diéu chinh bup séng dé niit D thu dwoc
tin hiéu cuc dai cua bup song.

- Tét ca cac kénh truyén 1a kénh Rayleigh fading.
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- Tét ca cac tin hiéu nhiéu‘ tréng (AWGN) tai bd thu thu
dugc c6 gia tri trung binh bang 0 va phuong sai tin hiéu
nhiéu 1a No.

Trong mo hinh nay, nit S dat tai gbc toa d9, cac nut D
va nut E dugce gia st déu nam trén duong tron c6 tam la
goc toa d¢ va ban kinh bang 1.

2.2. Ky thugt NOMA

K§ thuat NOMA a k§ thuat ma hai tin hiéu x; va x, s¢

duoc cong tuyén tinh lai v6i nhau dudgi dang sau [13]:

Xs =P, X +4a,P, X, @)

Trong d6, x, 1a dir liéu tong hop s& dugc gui di; a; va
a, 1a hé sb phan chia céng suat phat P, cho cac tin hiéu
X, va x,. Trong d6, a, >a, va a;+a,=1, cb nghia la tin
hiéu x, s& dugc phan cong véi cong suat phat 16n hon tin
hiéu x,. Trong nghién ctu nay, hai dir liéu x; va x, la
hai dir liéu khac nhau nhung cung duoc goi dén ciing mot
ngudn dich.
2.3. Mdng anten

Mang anten 12 mot hé théng gdm nhiéu anten dat gin
nhau, cach nhau mot khoang cach, nham tao ra chim bic
xa cho mang khac nhau ¢ nhitng vi tri khac nhau [14].
Mang anten c6 nhiéu loai khac nhau hai chiéu, mét chiéu,
tuyén tinh, khong tuyén tinh. .. [14]. Trong nghién ciru nay,
mang anten duoc xem xét 1a mang tuyén tinh [14]: Khi d6,
hé sb sap xép (AF: array factor) ciia mang la:

sin[ N (kdcosg + 8)]

kdcosg + S )
— )

|AF(N,¢)| =
sin(
Trong do:

N: Sé anten caa nat ngudn S.

k=2n/A: Thira sb budc séng (véi A 1a budc song cua
tin hiéu).

d: Khoang cach gitra cac anten(d= A/2(1-1/N).

B: Heé sé pha cua dong cung cap (trong nghién ctru nay
p=-k*d).

¢: Hé s6 pha tinh theo don vi rad trén mat phang toa
do cuc.

Theo cong thue (2) gia tri |AF(N, ¢)| phu thudc vao cac
bién: ¢(0<¢<n), s lugng anten N. Nhur vy, khi N va ¢ thay
doi thi gia tri |AF(N,¢)| ctng s& thay doi theo. Hinh 2a va
Hinh 2b 1a d6 thi caa |AF(N, ¢)| v6i N=5 trén toa d cuc va
toa do cau.

Sau khi 2 tin hiéu x, va, x, dugc ghép theo cong ;htrc
(1), tin hiéu x5 nay sé dua dén mot mang anten cé hé so AF
nhu trong cong thire (2) dé truyén di, khi d6 tin hiéu ng6 ra
tai nGt S ¢6 dang nhu cong thirc (3).

Xs ar :|AF(N’¢SD)|\/‘11PSX1+\/a2PsX2 @)

V6i |AF(N, ¢)| 12 hé sb cua |AF(N,¢)| theo hudéng
nut D.

Tin hi€u xs.ar ndy s€ dugc truyén trong mdi trudng vo
tuyén dén nut D.
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Hinh 2a. D6 thi bitc xa 2 chiéu ciia mang gom 5 anten

Hinh 2b. D6 thi birc xa 3 chiéu ciia mang gom 5 anten

3. Bio mit 16p vat Iy trong mang NOMA két hop mang
anten
3.1. Ly thuyét bao mat lép vt ly trong mgng NOMA

Tin hiéu tir nguon phét (NGt S) sau khi di qua méi trudng
v tuyén s& dén bo thu. Trong nghién ctu nay, nut dich
duoc xem nhu 12 ndm & vi tri trudng viing xa cua mang
anten (khi d6 ta khong xem xét dén anh huong cua ting
anten dén tin hiéu thu duoc tai nat dich ma chi xét anh
huéng chung véi mot hé sé kénh truyén) [14]. Khi do, tin
hiéu tai nt D nhan duoc la:

Yo :‘\/a_llAF(Nl¢SD)|\/EsX1hSD
+ e |AF (N, 6o)| /P Moo X, + Ny “)

Trong d6, hgp 1a hé s6 kénh truyén fading Rayleigh
gitta S va D, |AF(N1¢5D)| la gia tri cia mang anten theo
huéng ndt D, ngp 1a nhidu cong tai D (Ia mot bién ngau
nhién ¢d phan phoi Gauss véi gia tri trung binh bang 0 va
phuong sai bang N).

Trong ky thuat NOMA, nut dich D s€ giai ma dix liéu x;
tru6c (Vi x; dugc phan b cong suat cao hon x,). Sau khi
giai mé thanh cong x,, k¥ thuat khir nhiéu tuan tu (SIC) dugc
s& duoc st dung [15] dé tach lay tin hiéu x, (nut dich s€ loai
bo thanh phan \/a_l‘AF(Nl¢SD)‘\/EsX1hSD ra khoi tin hiéu nhan
duoc). Tin hiéu con lai la dir liéu x, cong véi nhidu:

Yo _x2 =% |AF(N1¢SD)|\/EShSDX2 +Ngp (5)

Tuong ty, N0t E cling thu dugc tin hi¢u nhu sau:

Ye :‘\/Z‘AF(N’¢SE)“\/FSX1hSE
+\/Z‘AF(N’¢SE)‘\/FShSEX2+nSE (6)

Trong do, hgj 1a hé s kénh truyén fading Rayleigh gitra
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SvakE, |AF(N, ¢ Ia gid tri cia mang anten theo phuong
¢se (theo phuong nut nghe lén E), neg la nhiéu cong tai E
(lamét bien ngau nhién cé phan phoi Gauss véi gia tri trung
binh bang 0 va phuong sai bang Nj).

NUt nghe 1én E cling s¢ giai mé tin hiéu x; trudc. Sau
khi giai ma thanh cdng x,, nat E st dung k¥ thuat SIC dé
giai ma tin hiéu cua x, nhu sau:

Ve xe = J& |AF (N, ¢ )| P hee X, + e )

Cac dai lugng gsp, gse, Gsp, Gse, lan lugt dugc cho bsi
cac cong thire bén dudi.

o =’ ®)
Oee = |hee[ 9)
Gyp =|AF (N, ¢o)[° (10)

=|AF(N, )" (12)

Tir cong thae (4), (5), (8), (9), (10), (11), ta cd ty sb
SNR dat duoc tai D cia x; va x, la:
GspQa18sp

SNR _ _GspPsaigsp/No _ (12)
Dxq GspPsaz8sp/No+1  GspQazgsp+1
_ GspPsaz8sp _
SNRp ., = N, G1Qa,85p (13)

Trong cong thuc (12) va (13), Q laty s6 muc cong suat
tin hiéu tren cong suit nhidu va dugc xac dinh nhu sau:

Q= N_o (14)

Trong md hinh nay, ta xem xét trudng hop té nhat 1a nat
E 4p dung nguyén Iy SIC tét nhat. Tir cong thuc (6), (7),
(8), (9), (10), (11), taco ty s6 SNR dat duoc tai ndt nghe
1én E dé Iy x; va x, Ia:
GsgQa18sE

SNR _ _GsePsaigse/No _ (15)
Exy GsgPsaz8sg/No+1  GsgQaz8sg+1
_ GsgPsaz8sg _
SNRg, = Ny =GsgQaz8sg (16)

Xét kénh truyén trong mo hinh h¢ thong la kénh truyen
fading Rayleigh, c6 CDF va PDF cua cac d6 lgi kénh g; lan
Iuot 1a [16]:

Fp(x) =1— e™h* (17)
Voi 4, = df
fo(X) = A (18)

Trong do6, B 1a hé s6 suy hao kénh truyén, d la khoang
cach gitra diém phat va diém thu.
Dung luong kénh truyén tai nit dich va nat nghe 1én:

Cpt = log,(1+ SNRp,) (19)
C;t = logy(1+ SNRg,,) (20)
Véii=1,2.
Dung lugng kénh truyén bao mat [16]:
= [cx —cr]" (21)

Trong d6 [x]* = max{x, 0}.
3.2. Xac sudt dirng bao mdt lép vt Iy trong mgng NOMA
két hgp mdng anten

Xac suat dirg bao mat 1a xac suit ma dung luong bao

mat C; (trong cong thic (21)) nho hon ngudng toc do Ce,
cho truéc [17]. Cac bieu thirc dusi day dua ra nhdm danh gia
hiéu ning cta xéac suat diung bao mat trong mang tha cap
cling nhu danh gia kha nang nghe lén cia nit nghe 1én E.

Nhu vy, xac suat dirng bao mat I6p vat ly caa dir liéu
xq la:

Pk =Pr[C < Cyp] = Pr[(Cpt — C;*) < Cun] (22)
Thay cac cong thue (19), (20) vao (22) dugc cong thic

cho P nhu sau:

Pl = Pr[(log,(1+ SNRp,,) —log,(1 + SNRg )
< Cep]
_ 1+SNRp x, ) ]
Pr [log2 (71+SNREM < Cip

— Pr [(M) < thh] (23)
1+SNRE x,
Dit 6 = 26tn — 1, Cong thirc (23) dwoc Viét lai nhu sau:

PO):JII _ Pr|: GsprQ 05 G Qg :| (24)
GepQa, 9y +1 G Qar, 0 +1
Véi didu kién xau nhat, nat nghe 1én E c6 thé giai ma
tin hiéu x; mot cach tét nhat (ttc 1a khi d6 nat nghe 1én ¢
c6 thé loai bo duoc nhidu ddng kénh). Khi d6, xac suit
dirng tir cong thuc (24) duoc viét lai nhu sau:

G
P: =P |: Q% Ysp
GepQa, g +

gSE

<0+(0+1)

<6+(6+1) GSEQalgSE}

SD gSD

E( s0Q%Ysp +1) dx

(6+1)G

o
(6’+1)GSEQ051

Ggp X

se (GspQ,0gp +1)

Ose >

:]2 fgSD (X)Pr (9+1)

1
(60+1)GQe,
GgpX
:’J‘. t(Pr (0+1)Gg (GepQer,94p +1)
o < 4
(6+1)GQe,

dx

idx

SDgSD
(9+1)GSE( SDQaZQSD +l)
I 0
RN ey
GgpX 6
(6+1)G (GpQa, 94 +1) (6+1)GQa,
Néu a; < Oa, thi:
Pr[(a; — 0a,)xGspQ < 6] = 1va
GspYsp _ 4 ’
((9+1)G E( s0Q%,05p +1) (9+1)GSEQ0£1
GSDX 9
(0+1)Gg (GpQa, 0, +1) (¢9+1)GSEQoz1

Nen: Pyt = [ 7 foon (). 1dx + [ fog, (). 0dx
=1+0=1
Néu a; > fa,:

dx (25)

Ose >

Pr =0 (26)




10 Trwong Ngoc Ha, Nguyén Van Phuc, Dang Phudc Hai Trang, Tran Thi Quynh Nhw

W _ [ 5’
g SDgSD 9
+T f,. (0P = (9+1 Gse (GgpQ, 945 +1) (9+1) SEQal (27)
0 X > 67
(0+1)GSDQal
. 0
Véi m =
GspQ(a1—0Oaz)
Poie = 1— e7*0™ 4 [Faspe~Asp¥e~Asiddx  (28)
Vi
a, —Oa, 1

T 03,0+ 1QGs;  a2(0 + DGspQ(QGspazx + 1)
Tuong tu nhu cong thirc (22), x4c suat ding bao mat
16p vat Iy caa di lieu x, I:
P2 = Pr[Cp? — Cp* < Cyy
Thay cac cong thuc (19) va (20) vao (29), duoc:
Pat = Prl:l"'GsogsoQaz <2% (1+GSEgSEQa2)]
= Pr[GSDgSDQaz <0+(0 +l)GSEgSEQa2]

_ Pr|:g S Gsp95092, _‘9}
SE
(0+1)GsQa,

(29)

G, XQa, — 6
f._ (X)Pr —SbTx72 7 l4x
gsn( ) {gSE > (0+1)GSEQa2j|

Ot 8 Ot——3§

f,_ (X)Pr[Gs,xQa, < 6ldx

9sp

GpXQa, -6

+ fSD(x)Pr[g >-—Sb ="z
2[9 * (0+1)GsQa,

,GspXQa, > H}dx

Asp€ **Pr[G,,xQa, < Odx

ot—38

+ J' ﬂSDe’ﬁbe{gSE >
14

Qa,

GypXQa, -0 }dx
(0+1)GQa,

Agp€ 5% [1— Agp€ " ]dx

O t——38

GspXQa, -6
F (0+1Gs852Qaz gy

+.|./15De”$ﬂxe
n

e—Aspn
=1- e_ASDn +/‘{SD
Asp+

(30)

GsDASE
(0+1)Ggg

Véiin =
QGspaz

Ta biét rang, xac suat ding nam trong khoang tir 0 dén
1. Gié tri Poy cang nho (tién gan 0) thi tinh bao mat cua hé
thdng cang tot (xac suat dé xay ra (Cp* — Ca* < Cgp) nho,
tirc 1a x4c suat (C;* — Cp* > Cyp,) 16m). Nguoc lai, khi Poy
cang tién dén 1 thi tinh bao mat ciia hé thong cang kém (xac
suatdéxayra (C;* — Cp* < Cpp,) 16N, tc laxéc sudt (C5* —
Cy* > Cyp,) nho). Cong thic (28) cho thay, x4c suat nay ty
18 nghich véi hé sb a4, Ggp, Q. Nguoc lai, x4c sut dimg nay
ty 16 thuén v6i hé sb Ggz. Mit khac, hé sb Ggp ty 18 thuan voi
binh phuong sb anten trong nut S. Do d6, khi s6 anten & nut
ngudn tang 1én thi xéc sudt dimg giam di. Trong khi do, hé
s0 G phu thudc vao hai thong s0 1a vi tri cia nat nghe 1én
va s6 lugng anten ¢ nat nguén. Trong md hinh nay, khoang
cach tir nut dich dén nat ngudn ciing nhu tir nat E dén nut

ngudn déu bang 1 nén hé sb Agp bang 1, nén s& khong anh
huong dén gid tri cua xéc sudt dimg. Cong thuc (30) cho ta
thay, X4c sut dung P, 2 ty ¢ ngh1ch Véi hé s6 ay, Gsp, Q.
Hé sb Pout nay ty 16 thudn vai hé sé G

4. Két qua mé phong va danh gia

Céc két qua mo phong dugc thuc hién bang phén mém
MatLab‘ theo phwong phap Monte-Carlo v6i s6 phep thir
10000 lan. Cong thure (28) va cong thuc (30) lan luot 1a xéac
suét dirng bao mat 16p vt 1y theo 1y thuyét ctia x; va x,.
4.1. Pdnh gid theo hé sé6 anpha

Hinh 3 thé hién xac §u§t dung bao mat 16p vat 1y theo
hé s0 phan chia cong suat gitta 2 tin hiéu x; va x,.

Céc thong s6 mo phong, so anten cua S 1a N=5; anten
cua D =1, cua E =1; Q=1va 5dB; Rt=0,2; Gse=1 (hay
$se=80°); Asp=1, Ase=1.

0.7F ! f ; Xac suat bao mat tin hieu x1, ly thuyet.
0.65 | — — — Xac suat bao mat tin hieu x2, ly thuyet.
PP ~ O  Xac suat bao mat tin hieu x1, mo phong.
F =5dB
06 Q=5d %  Xac suat bao mat tin hieu x2, mo phong.
0.55 =
0.5 \
>
= 045
3 Q=1dB"
S 04t
o
[}
& 0.35
=1
o]
03
025 Q=5dB
_ k¥
E St iz —x
Q=1dBy _ % — —%
e T B — . . | |

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95

a,

Hinh 3. Xdc sudt dimg theo hé s6 phin chia cong sudt
aq voi Gse=1

Két qua trén Hinh 3 thé hién giira Iy thuyét va mé phong
va pht hop véi nhau. Véi hinh nay, khi hé sé a, ting 1én
thi x4c suat dimg ctia x; giam con cua x, ting lén.

Vi cung mot ty 1¢ phan chia cong suit a;, khi Q tang
1én x4c suét dimg cua x; tang con cua x, giam. Diéu nay
dugc giai thich rang, khi cong sut tin hién ting, nit nghe
1én nghe duoc tin hiéu tot hon dan dén xac suét dimg s&
tang (bao mat s€ kém di).

10°

Xac suat bao mat tin hieu x1, ly thuyet.

— — — Xac suat bao mat tin hieu x2, ly thuyet.
O Xac suat bao mat tin hieu x1, mo phong.
%  Xac suat bao mat tin hieu x2, mo phong. k

Outage Probility
3

10-20 5 0. ‘55 0‘6 0. ;35 0‘7 0. ‘75 0‘8 0. I85 0‘9 0.95
Hinh 4. Xdc sudt ditng theo hé s6 phan chia cong sudt a,
voi Gse=0,1

Khi hé so Gse giam xudng (Gse =0,1 hay ¢se =62°), con
céc thong s6 khac van gitr nguyén, ket qua mo phong duoc
cho nhu Hinh 4. Vi Hinh 4, x4ac suét dung cua x; Va x,
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déu giam khi a; tang (giéng Hinh 3). Khi Q ting 1én, xac
suat dung x, s€ giam (giong Hinh 3), con cua x; gidm
(khac so v6i Hinh 3).
4.2. Pdnh gid theo sé lwong anten

Hinh 5 thé hién xé4c sué’g dung cuia x; va x, khi s6 luong
anten ¢ nit S dugc thay doi. Cac théng s6 m6 phong con
lqi: Q=1dB va 5dB; Asp=1, Ase=1; SO anten cua D va E
bang 1; Rt=0,2; Gsg=0,1.

10°

O Xac suat bao mat tin hieu x1, ly thuyet
%  Xac suat bao mat tin hieu x2, ly thuyet.
Xac suat bao mat tin hieu x1, mo phong

*
% % — — — Xac suat bao mat tin hieu x2, mo phong.
Q
o

=l

Outage Probility

=)
S

So Antenna
Hinh 5. Xdc sudt dirng theo s6 lwong anten ¢ niit S

Két qua & Hinh 5 da chi ra rang, khi sd lugng anten
trong mang duoc tang 1én thi xac suit dimg ciia bao mat
16p vat Iy cua x; va X, s€ giam. Ngoai ra, khi tang h¢ )
Q_dB (v6i cung mét s6 luong anten) thi x4c suét (dimg cua
X, vVa x, s€ giam. Khi s6 lugng anten tang 1én ddng nghia
v6i nhiéu van dé s& phat sinh (nhung yéu t6 nay khong
duogc xét trong nghién ctru nay).

4.3. Pdnh gid theo hé s6 SNR (Q(dB))

Hinh 6 thé hién xé4c suit dimg cua x; VA x, khi hé sb
Q_dB (mirc cong suit tin hiéu) thay doi S dugc thay ddi.
Céc théng s6 mod phong con lai: S6 anten cua S 1a N=5; Sb
anten ctia D =1, cia E =1; Gsg=0.1(hay ¢se =62°) va 1;
Asp=1, Ase=1; Rt=0,2.
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O Xac suat bao mat tin hieu x1, ly thuyet.
%  Xac suat bao mat tin hieu x2, ly thuyet.

Xac suat bao mat tin hieu x1, mo phong.
— — — Xac suat bao mat tin hieu x2, mo phong.

L L L
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Q(dB)

Hinh 6. Xdc sudt dimg theo hé sé Q(dB)

Két qua ¢ Hinh 6 chimng t6, x4c sudt ding cua tin hiéu
x, 14 ¢6 sy phtt hop ciia Iy thuyét va mo phong. Véi tin hiéu
x,: x4c sudt dung giira 1y thuyét va mo phong cé sy khac
nhau khi Q _dB 16n hon 5dB (v6i truong hop Gse =0,1),
treong hop Gse=1 thi ¢6 sy khac nhau kha r8. Sy khac biét
nay 1a do tir cong thirc (24) xubng (25) gia st mau sb
[GseQazgse+1] duge xem gan bang 1. Gia sir nay xem la
dung khi hé s6 GseQazgse 1a nho hon 1 nhiéu. Tuy nhién,
khi Q tang hay Gse 16n thi gid st nay khong con dung nira.
Khi d6, x4c suit dimng bao mat ciia x; theo 1y thuyét s& 16n

hon theo mé phong.

Két qua tir Hinh 6 con gitip ta thdy rang, khi Gse 6n
(nt nghe lén E ¢ gan nut D) thi khi Q_dB tang nat nghe
lén cang giai ma tin hiéu tir nat S t6t hon dan dén viéc bao
mat s€ giam (xac suat dung bao mat vat 1y tang 1én).

4.4. Danh gid theo vi tri nut nghe lén E

Trong m6 phong ¢ dudi ddy, nhom tac gia s€ cho vi tri
nut E thay doi trén toan b mat phang xung quanh diém S.
Khi d6, gitt nat E, nit S va nit D tao ra mdt goc
0=¢se<180°, két qua dugc cho ¢ Hinh 7. Cac thong s6 mo
phong con lai: S6 anten ndt S =5; S6 anten cta D va E bang
1; Q=5dB; Asp=1, Ase=1; Rt=0,2.
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Vi tri nut nghe len E
Hinh 7. Xdc sudt dimg theo vi tri niit nghe 1én E (don vi dj)
Két qua & Hinh 7 ching t6 x4c sudt dimg cia x; Va

X, gilta 1y thuy€t va m6 phong 1a tuong doi phu hop nhau.
Tuy nhién, khi nat E thay doi vi tri khi Gse 16n thi ¢6 str khac
biét gilra ly thuyét va mo6 phong cutia tin hiéu x;. Khi d6, xac
suat dirng bao mat cia x; theo Iy thuyét s€ 16n hon theo mo
phong. Két qua ¢ Hinh 7 cling chi ra rang, ¢ nhimg vi tri
khac nhau ctia nat E, xac suat diung bao mat la khac nhau.
4.5. Pdnh gid ty 1¢ 16i bit BER ciia hé théng

_Trong nghién ciru nay, cdc tac gia con mo phong xac
suat 16i BER (Bit Error Ratio) cua ting tin hiéu. Trong cac
mo phong vé ty 1¢ BER dudi day, gia tri Gse=0.1, a1 =0.6.
Phuong phap Monte-Carlo duoc sir dung véi tong sb bit
dugc truyén trong mdi truong hop 1a 108 bit.

B giai ma tudn tu SIC duoc st dung dé gidi ma tin hi¢u
tai nat D va nut E. Tin hiéu x, phu thudc vao viéc giai ma
ctia tin hiéu x1. Két qua duoc cho ¢ Hinh 8 va Hinh 9.

10Y

Sl ol T S-S ﬁ—Q—
4 ?“0‘ & ~<>\<*
K O
4 ~% 9
10 % N
NN
<
2 102
i
s
w o X1 tai nutD.
& 103k —8—  X2tainutD.
=i X1 tai nutE
— & —  X2tainutE
2\
104 A1
10 " L . . ) A L L L
0 2 4 6 8 10 12 14 16 18 20

Q(dB)

Hinh 8. Xdc xudt BER ciia hé thong theo Q(dB) véi bé tach tin
hiéu ly tuong trén nut D va nut E (voi anten tai nit S=2)
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Hinh 9. Xdc xudt BER ciia hé thong theo Q(dB) véi bg tich
tin hiéu Iy tuong trén nut D va mit E (vdi anten tqi nUt S=4)
Trong cac Hinh 8 va Hinh 9, khi Q tang 1én thi BER
clia x; va x, giam (ca nut S va nut E). BER trong Hinh 9
clia x; VA x, tai nat D t&t hon so véi BER trong Hinh 8
trong khi BER tai nut E cua ca x; va x, trong hai Hinh it
thay doi. Piéu d6 chimng to rang, khi s6 anten tai nut S tang
1én tinh bao mat s& tét hon.

5. Két luan

Trong nghién ctru nay, nhom tac gia da dwa ra mo hinh
truyén thong vo tuyén voi ky thudt NOMA két hop voi
mang anten va danh gia van dé bao mat 16p vat 1y trong méo
hinh. Nhém tac gia da phan tich tir 1y thuyét di dén mot
dang cong thirc don gian hon dé thé hién moi quan hé giira
céc dai lugng. Cudi cung, tién hanh mo phong, danh gia
chc két qua dat dugc, dé tur do théy dugc sy dung dan cia
1y thuyét ciing nhu nhing van dé con chua dat dwoc khi
dua ra cac gia thuyét dé don gian trong tinh toan. Nghién
clru c6 thé 1a mot tai liéu tham khao cho nhitng hudng
nghién ctru tiép theo vé cac van dé lién quan dén bao mat
16p vét Iy va mang anten.
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