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Panh gia pham chat mang chuyén tiép song
cdng hai chiéu trén cung biing tin dwéi

tac dong ciia phan cing khéng 1y twéng

Performance Evaluation of In-Band Full-Duplex Two-Way Relay
Networks with Hardware Impairments

Tém tit

Bai bao nay phan tich phidm chit mang chuyén tiép
song cong hai chidu trén cling bang tan véi phan cing
khong 1y tudng, trong d6 nit chuyén tiép sir dung giao
thirc khuéch dai-va-chuyén tiép. Xac suét dung, xac
suat 16i ky hiéu dugc tim ra dé danh gia pham chit hé
thong. Trén co s¢ d6, dé nang cao pham chit hé thong,
chung t6i tim ra biéu thirc phan bd cong suit tdi wu
cho hai nat dau cudi va nat chuyén tiép. Két qua phan
tich da 1am rd mirc d6 anh huong ciia 151 phan cimg va
nhiéu tu giao thoa dén pham chat hé thong khi so sanh
v6i hé théng 1y tuong va hé thdng ban song cong
truyén théng. Bén canh d6, mo phong Monte Carlo
duoc thuc hién dé minh chting cho sy dung din cua
két qua phén tich.

Tir khéa: Truyén thong song cong trén ciing bang

tan, triét nhiéu tw giao thoa, khuéch dai va chuyén
tiép, xdc sudt dirng, phan cieng khong 1y tuwong.

Abstract: In this paper, we analyse the
performance of in-band full-duplex two-way relay
networks using amplify-and-forward strategy under
the impact of hardware impairments. The outage
probability, symbol errror probability are derived to
evaluate the system performance. Based on these
values, we derive the optimal power allocation
expression for the terminal and the relay nodes.
Numerical results provide an insight into the impact of
hardware impairments and the residual self-
interference on the system performance in comparison

with the ideal hardware and the half-duplex systems.
Simulation results are used to verify our analyses.

Keyword: In-band full-duplex, self-interference
cancellation, amplify-and-forward, outage
probability, hardware impairments.
|. DAT VAN DE

Trong giai doan cach mang cong nghi¢p 4.0 hién
nay, v6i xu thé phat trién vé tri tué nhan tao (AL
Machine Intelligence), Internet két ndi van vat (IoT:
Internet of Things) va dir liéu 16n (Big Data) doi hoi
céc thiét bi vo tuyén can dugc nang cdp ca phan cimg
1an phan mém dé dap tng cac yéu cau dit ra. Nhu cau
dit liéu 16n trong khi phd tin han ché doi hoi cac nha
nghién ctru va thiét ké mang v6 tuyén tim cach nang
cao hiéu qua st dung phd tan. Trong bdi canh do,
truyén thong song cong trén cung bang tan (IBFD: In-
Band Full-Duplex) 1a mot trong nhiing cong nghé
dang dugc nghién ctru manh boi kha ning ting gip
d6i hiéu qua sir dung phd tan [1-3]. Vi nhimng két qua
nghién ctru va thir nghiém vé kha ning triét nhidu ty
giao thoa (SIC: Self-Interference Cancellation) ¢ [4-8]
da chimg minh tinh kha thi cta truyén thong IBFD.
Nhitng nghién ctru nay da cho thiy nhiéu co thé duoc
loai trir 1én dén 110dB thong qua két hop cac bién
phap SIC, bao gdm khir nhiéu mién ing-ten, mién s6
va mién twong ty. Tuy nhién, do triét nhiéu khong
hoan hao, phan nhiéu du con lai (RSI: Residual Self-
Interference) s& lam giam pham chit hé thong.

Trén co s& d6, nhiéu nghién ctru da thyc hién danh
pham chat hé théng FD duéi sy anh hudng ciia RSI
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khi so sanh v&i hé thdng ban song cong truyén thong
(HD: Half -Duplex) nhim dua ra phuwong 4n lya chon
st dung hé théng FD hoac HD trong cac diéu kién cu
thé [9-11]. Nhiing cong trinh ndy da cho thdy rang, khi
nhidu du FD nho, hé théng FD cho dung lugng
Ergodic tot hon hé théng HD véi cling pham chét xac
suat dimg (OP: Outage Probability). Nguoc lai, khi
nhidu du FD 16n, st dung mé hinh HD dé ning cao
pham chat hé thong. Pong thoi, sir dung cong sut
phat thich ung cho hoat dong HD/FD sé giam duoc
ning luong tiéu thu, ning cao hiéu qua sir dung phd
tan tie thi.

Trong cac nghién ciu vé hé théng FD, mang
chuyén tiép (relay network) FD dang duoc chi trong
boi kha ning ting cudng do tin cdy, ning cao chat
luong, khéc phuc hién tuong che khuét, suy hao
truyén dan [1], [2]. Su két hop giita mang chuyén tiép
hai chiéu va cong nghé FD cho phép nang cao toc do
truyén din va hiéu qua st dung phd tin so vé&i hé
thdng chuyén tiép mot chiéu hodc hai chidu HD truyén
théng. Nhiéu nghién ctru gan day da tip trung vao viéc
danh gid va nang cao pham chit mang chuyén tiép
song cong hai chiéu trong truong hop triét nhidu tu
giao thoa khong hoan hao. Trong cac bai bao [1, 2, 12-
18], céac tac gia da khao sat pham chit mang chuyén
tiép FD hai chiéu st dung giao thirc khuéch dai va
chuyén tiép (AF: Amplify and Forward). Biéu thirc
OP trong cac didu kién khac nhau dd dugc tim ra va
khao sat ¢ [1, 13, 16, 18]. Cac tac gia da chung minh
duoc réng, phém chat OP dat dén bdo hoa khi ti s tin
hiéu trén nhidu cong voi tap am (SINR: Signal to
Interferecen plus Noise Ratio) du 16n. Boi khi SINR
du 16n, kéo theo tur can nhidu tai nut chuyén tiép va
hai nat dau cudi 16n hon, 1am cho OP dat dén muc
san 16i (error floor). Pdng thoi, cac bién phap nhu lya
chon cap ang-ten thu phat, uwéc lugng kénh nhiéu tu
giao thao, phan b cong suat toi wu lam giam dang ké
anh huong cia RSI va nang cao phim chit hé thong
[12, 14, 15]. Bén canh chuyén tiép AF, mang giai ma
va chuyén tiép (DF: Decode and Forward) hai chiéu
FD da va dang dugc nghién curu rong rai trong cac bai
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bdo [19-23]. Céc tic gia da khao sat OP trong diéu
kién CSI hoan hao va khong hoan hao, khao sat sy anh
huéng ciia RSI dén pham chét hé thdng. Két qua cho
thay, anh huong cua RSI 1am cho phdm chit hé thong
dat dén bao hoa ngay ca khi CSI hoan hao. Bén canh
do, viéc phan bo cong suat t6i wu cho nat chuyén tiép
gitip ning cao dang ké pham chét hé thong.

Qua thao luan trén, hau hét cac nghién ciru vé& hé
théng FD hai chidu tap trung vao viéc phén tich, xem
xét cac diéu kién vé kénh truyén, nhidu du dén pham
chat hé thdng. Tuy nhién, dé hé théng vo tuyén hoat
dong dugc, ngoai nhing van dé& vé& phan mém, thi
phan cimg hé thdng 1a doi hoi bit budc. Vi vdy, ngoai
cac bién phap ky thuat dé nang cao pham chéat hé
thong, can xem xét lya chon phan cimg phu hop.
Trong thyc té, khi thiét bi vo tuyén hoat dong, phan
ctig khong hoan hao s& tao ra mot ngudn nhidu, lam
méo tin hiéu can truyén/nhan. Cac ky thuat bu trir
duoc 4p dung dé loai bo 16i phan ctng. Dau vy, 16i
phan clg van sét lai trong cac hé théng vé tuyén va
lam giam phdm chit hé théng. Anh hudéng cua 15i
phan cimg d3 dugc xem xét trong cac nghién ctru [24,
25] va mot s6 tai liéu khac. Két qua cho thay rang, khi
16i phan cimg ton tai trong hé thong, phdm chat hé
théng s& giam dang k&, nhdt 1a cho cac hé théng
truyén dan toc do cao.

Xuit phat tir nhitg thao luan trén, dé danh gia
pham chat hé thong sat v6i didu kién thuc té, trong bai
bao nay, chung t6i khao sat chat lwong hé thong
chuyén tiép FD hai chiéu AF v&i phan cimg khong 1y
tuong. Xac sudt dimg, xac suit 16i ky hiéu va phan bd
cong sut tdi uu cho hé théng dugc sir dung dé danh
gia, nang cao pham chat hé thong. Pong gop cua bai
béo c6 thé tom tit nhu sau:

- Xay dung mé hinh mang chuyén tiép FD hai
chiéu sir dung giao thirc AF v6i phan cimg khong 1y
tuong dé khao sat.

- Trén co s& md hinh hé théng va tin hiéu, biéu
thirc chinh xac cua ti sb cong suat tin hidu trén nhiéu
cong tap am va méo dang (SINDR: Signal to
Interference plus Noise and Distortion Ratio) duoc
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dua ra, lam co s¢ dé tim ra biéu thirc chinh xac va xap
xi ctia OP, biéu thirc xép xi ciia xac suét 15i ky hiéu
(SEP: Symbol Error Probability). Tir d6, phdm chat
hé théng dugc danh gia toan dién, xac dinh duogc anh
hudng cua 16i phan cimg va RSI dén pham chat hé
thong khi so sanh véi hé théng 1y tuong va hé thong
HD.

- Pé nang cao pham chat hé thong, chung t6i dé
xudt phan bd cong suat t6i wu cho hai nit dau cubi va
nut chuyén tiép, nham 1am giam tac dong cua 15i phan
ctmg va RSI. Két qua cho thay, phuong 4an dé xuat lam
tang pham chit hé thong dang ké.

Phan con lai cta bai bao dugc td chitc nhu sau:
Muc 2 1a md hinh hé théng va tin hi¢u, Muyc 3 tap
trung vao vi€c phan tich phé?im chat hé théng, Muc 4
dé xuat phan bd cong suat tdi wu cho hé thdng, Muc 5
trinh bay két qua tinh toan sd va thao luan, va cudi
cung, Muc 6 rit ra cac két luan cua bai bao.

I1. MO HINH HE THONG

Xét mot hé thong lién lac diém — diém voi phan
ctmg 1y tudng (goi tit 1a hé thong 1y tuong), trong dé
mdi dau cudi co6 mot dng-ten dung cho thu va phat tin
hiéu & ché d6 HD, tin hiéu thu c6 dang sau:

=hs+z, @

& day h 1a hé sb pha dinh cua kénh truyén tir phia phat
dén phia thu, s 1a tin hi€u can truyén di, z 1a nhiéu
trang cong tinh (Additive White Gaussian Noise -
AWGN) tai ddu vao may thu. Trong truong hop phan
cimg khong 1y tuong (goi tat 1a hé thong khong 1y
tuong), phia may phat va may thu sé tao ra ngudn
nhidu lan luot 1a n™ va o™, véi 1™ ~ CN(0,K.P),
n™ ~CN(0,k | h P P) [24]. Trong &6, k_ va k_ lan
luot 1a tham sé dic trung cho 18i phan cling & may
phét va méy thu; P 1a cong suét tin hiéu phat. Tur o,
tin hi€u thu duoc cé dang:

y=hls+n")+0" +2=hs+hn” +0" +2. (2)

Tir (2), cong suét trung binh cta 16i phan cimg téng
hop do ca phia phat va phia thu giy nén dugc biéu
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dién bang B {/k"+1"[}=P[hF (2 +K)=P|hf K,

voi K =k + k> la méo dang két hop, ddc trung cho
mirc d6 anh huong cua 13i tich hop phan cing ¢ ca
may phat va may thu. Ttr d6, (2) dugc don gian thanh:

y=his+n)+z ®)
v6i n ~ CN(0,k*P). Trén co sé md hinh cho hé théng
diém — diém nay, chang t6i xdy dung mo hinh hé
thong chuyén tiép song cong hai chiéu voi phan cimg
khong 1y tudng nhu chi ra trén Hinh 1. Trong m6 hinh
nay, dé biéu dién RSI & ché d6 FD, ching t6i st dung
hai ky hiéu ang-ten biéu dién cho hai mach thu va
phat. Hé théng thuc té c6 thé st dung mét dng ten
chung cho ca thu va phat. Dit liéu duoc truyén tir S,
to1 S, va nguoc lai thong qua tram chuyén tiép R.

Trong d6, R str dung giao thirc khuéch dai va chuyén
tiép.

Tx by Ry
Tx- ]Lme

N

Hinh 1. Hé thong chuyén tiép song céng hai chiéu

)+ N

Vv6i phan cirng khéng Iy tuwong.
Tai thoi diém ¢, tin hiéu thu cta nat chuyén tiép co
dang:

Y (1) = Ry, (1) + Dy 3, (1) + 8, (1) + 2, (1), (4)
5,(8) +1,(8); 5,(8) = 5,(t) +n, (8);

(t)+mn,(t) voi 5, 3, 5, lan luot la tin hi¢u

& day: 5(t) 2

5, (t) £ EN

thuce té phat di; 5,1 8,, 8, la tin hi¢u mong mudn phat

ditai S, S, va R; n, n,, n, lAn luot 1a 161 phﬁn

cing tich hgp tai S, S va R théa man

1 2
m NCN(Oakf 1) NCN(O kP, ) UM NCN(O,ki R)

1 799
voi k, k,, k, lan luot 12 hé s6 méo dang tich hop tai

S,,S,VaR; P, P vaPp lan luot 1 cong suat phat
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h,.,h

trung binh tai S, S, va R; h,, h,, h,, twong img
1a hé sb pha-dinh cta kénh truyén tir S, t6i R, tir S,
téi R va tir kénh anh huong mach phat t6i mach thu
cua R; 2, (t) 1a nhiéu trang cong tinh (Additive White
Gaussian Noise - AWGN) tai diu vao R, véi
z, ~CON(O,N,).

Gia sir rang, thoi gian xir 1y tin hiéu tai R bang
mot chu ky ky hiéu, tic 1a thanh phan tin higu phét
trén nut chuyén tiép 5,(t) duogc thuc hién sau khi
khuéch dai tin higu thu ¢ thoi diém trude d6 y, (t —1),
két hop v6i méo do 15i phan cimg ctia may thu phat.
Do @6 ta co:

5,(t) = Gy, (t—=1) +n,(t-1). (5)

Khi thong tin trang thai kénh truyén hoan hao, hé sb
khuéch dai G duogc dinh nghia theo biéu thirc:

! (6)
pPA+E)+p,PA+k)+1 +N, '

A

trong 4o, p, =|h, [* V& p, = hy, [ lan luot 1a do loi
kénh truyéntr S, dén R va s, &én R; I, =Q P, 1a
nhiéu 1ap vong con sot lai tai R sau khi 4p dung tat ca
cac k¥ thuat triét nhiéu tu giao thoa, voi QR biéu thi
kha nang triét nhiéu tai R .

Sau khi khuéch dai, R chuyén tiép tin hiéu thu

duoc téi S, va S, . Tin hiéu thu tai S, c6 dang sau:

U, () = hy, 8, (8) + hyy3, (1) + 2,(t), )

trong d6 h lan luot 13 hé s6 pha dinh cua kénh

R27H‘_)2
truyén tir R toi S, va tir ang-ten phat dén ang-ten thu
cua S,; z, la nhiéu AWGN tai S, .
Thé (5) vao (7) ta duoc:

U, (t) = hey |Gy (t = 1) + m (8= D] + iy, (1) + 2,(8). (8)

St dung (4), biéu thirc (8) tro thanh:
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Uy (1) = by, Gy (5, (6= 1) 4 m (= 1)) + hys, (£ = 1)]
+hy G [y, (6= 1) + b8, (E = 1) + 2t =1)]  (9)
Fhy, g (= 1) + 5, () + 2,(2).

Str dung ky thuat ma hoa mang [2], ta c6 thé loai bo
dugc thanh phén s,(t —1) ra khoi y,(t), dong thdi co

| hR2 |2:| h?R |2’| th

=l h

|- Do d6, ta xac dinh dugc

SINDR tai S, theo biéu thirc:

- | 7oy I, P B (10)
2 2 )
‘ th ‘2‘ hRZ ‘2 F)ld+ ‘ hRQ ‘2‘ hZI{ | PZd/+ ‘ hRQ ‘2 tR,dR Jr tR / G2

hay
Y = (NS (1)

i plpl [pZPl{d + t2d1] + pQZPQPl{d/ + pQPl{thl{ + pZPEtZdQ + tQtR
Tuong tu ta ¢6 SINDR tai S, nhu sau:
Y = AL (12)

' /02P2 [pIPHd/ + tle] + pIZPIPRd + pIPHthR + plpltldl + tltH

r 2 2, _ 2 _ 2.

trong dO p1 :| th | :| th | ’p2 _| hRg | _| hQR ‘ ’

QLR R R d 2R R+ R

17R? 2R !

d, =1+kf;
d, =1+kd, =1+k;I, =QP:I, =Q,P; I, =Q P,
t,=I +N;t =I+Nyt, =1 +N,;06day Q,Q,
lan luot biéu thi kha nang triét nhidu tai S,S,.

Chu ¥ ring, trong truong hop k =k =k, =0,hé
thong nay tro thanh hé thdng 1y tudng.
I11. PHAN TiCH PHAM CHAT HE THONG

I11.1. Xac sudt dirng hé théng (OP: Outage
Probability)

111.1.1. Biéu thirc chinh xdc xdc sudt dirng

Xac suit ding hé thdng dugc dinh nghia 1a xac
suit ma ti s6 SINDR nhé hon muc ngudng yéu cau tdi
thiéu hé théng dat ra, tic la:

P =Pr{y<u}, (13)
trong 46 v 1a ti s SINDR va z la mirc ngudng xem
xét, voi z=2% —1, & ddy R 1a tbc d6 yéu ciu tbi
thiéu cua hé théng co don vi 1a bit/s/Hz.

Tur d6 xac suat dung tai S, dugc xdc dinh nhu sau:
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00

P =Priy, <ap=1- [[1-F (X} (dy.  (19)

0

véi X dugc xac dinh thong qua biéu thirc:

_ 2'Ptdd" a(Bt.d +Ptd)  yePd
PR-alf | PR(-m) | B(-x)

15
z| 2*PEdd (19)

2271

at,d (P t.d, + Ptd,) bt
R ‘
y|PP:(1-xd)

R'R™R 2272 2R

PPY(1-2dp  PP(1—ad)|

Trong biu thic (14), F (X), f(y) lan luot bicu thi
ham phan phdi tich ldy (CDF: Cumulative
Distribution Function) va ham mat d6 xac suat (PDF:
Probability Density Function), voi

—p, ———21 . Cha y rang, khi kénh truyén 1a
y=p, P —ed) y rang y
kénh pha-dinh Rayleigh, ham CDF c6 dang:

Fz)=1—e"220l=1=2,

, (16)
voi Q =E{|h [} 1a d0 loi trung binh cia kénh
truyén.

Tir biéu thirc (15), sau mot s6 phép bién doi, ap dung
cong thirc (3.324) trong [26] ta duoc:

Ao Bgz2
¢ T (ma} U,(z), =<1/d,

1—2d
1+C’2:L’

1-2

P (z) = 17

1 z>1/d.

)

Béng phuong phap tuong tu, ta xac dinh duogc x4c suat
dung tai S, theo biéu thurc:

Az B, 2’
1—ad 71_l~d’7 ,1 ne
1-2 e U (2), z<1/d,
PL@={""T5cq )
1, r>1/d.
Trong do:
t.d t(QPd +QPd
0, = Bl }0, = By, 4, & 204 G LG,
QZPQ QIPRQQPZ
A 2P1t1dd2 .0 2 dle1 — d,QZP2 D A Pltfd;d
1 i 1 ) 1 )
QQ'F)ZPR 92})2 QIFJQQQPRZ
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o L, (Potyd, +Btd) . bt

A 1%/, .
B o par N T apap,
15235 1R 17225 R
M, (z) 2 D,z n E 1 Fao |1+C
! 1—=zd) (1—zd')? 1—ad|1—zd’

U (2) = M, (@)K, (2\/M1 (x)) :

a bud N t,(,Pd, +Q Pd ) B 2 2Pt,d'd .

5 R R L
2 ’ 2 )
QI'F)I QL'F)IQQPR QIPIPR
o o dUB AR, BREd
2 ) 2 - 1
QR 0,PQ,F;
E é thl(PRthR +})2t2d2) . F é tZtR .
2 : y Ly ;
QIPIQZPRZ QI'F)IQ?PR
M (x)é D21:3 . E2z2 F z 1+C’2x'
: 1—=zd?’ (Q—=zd? 1—ad|1—ad’

U,(x) = M, (@)K, (2\/M2(m)) .

Trong trudng hop phan ctng hé théng 1a 1y tudng,
biéu thirc (17) duoc don gian thanh:

P2i(g) =1-2e7%" [MP (0)K, (2\/M;d (:c)) » (19)

out

b LOLR +OPR)

voi A & & ;B =C'=D"=0;

Q.8 QB0
o t, (Pt +P;t2) JEN 2 (A P MU () 2 B 4+
lelQQPR Ql]DlQZPR

Biéu thitc OP tai S ¢6 dang tuong tu.

111.1.2. Biéu thirc xdp xi xdc sudt dirng

Pé thu duoc biéu thirc dang don gian hon cia OP &
(17) va (18), trong phan nay, chung t6i dwa ra biéu
thire xdp xi cho trudng hop cong sudt phat 1on. Khi
cong sut phat du 16n, gia tri M (z) va M,(z) trong
biéu thirc (17) va (18) rat nho, sir dung biéu thirc xap
xi K (u)~1/u khi uw<1, két hop véi ham xap xi
Taylor ¢’ ~1+4v khi v— 0, ta xdc dinh dugc biéu
thirc xAp xi trong truong hop =z <1/d’ hodc z <1/d

nhu sau:
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Polu;ap(ﬂf)wlfe d+C +A.1{L’€ Cz+B d+C‘ (20)

P27ap( ) ~1— —(d+C, )z

out

+ AZ xe*(fvz.'l: + 32 :L.Qe*(frlJrC.z ).1:. (21)

I11.2. Phim chit 16i ky hi¢u (SEP: Symbol Error
Probability)

Theo [2], ti 1¢ 15i ky hiéu trung binh dugc xac dinh
thong qua biéu thirc:

{07 -

Je th (22)

ki

trong do, Q(m):—fe*" 2dt la ham @ Gaussian;
Vor %,

~v 1a SINDR cua hé thdng; gia tri cia o va 8 duoc
xé4c dinh thong qua dang diéu ché, chang han vé6i diéu
ché BFSK truc giao, a =03 =1, voi diéu ché BPSK,
a=1=2; F() la CDF cua SINDR va

F(z)=P (z), v6i P_(z) dugc xac dinh tir biéu thirc

2
(17) va (18). Dat = — %, ta xéc dinh dugc SEP thong

qua biéu thirc:

sor= 22 [

Do tinh phirc tap ctia biéu thirc OP & (17) va (18) nén
viéc dua ra biéu thie chinh xéac tir (23) 1a khong thuc
hién dugc. Do dé, sir dung biéu thirc x4p xi ¢ (20) va
(21) thay vao biéu thic (23) dé tim biéu thirc gan dung
ti 1& 16i ky hiéu. Thong qua phép bién doi tich phéan
timg phan, két hop voi ap dung biéu thirc (3.361.1) va
(3.361.2) trong [26], ta xac dinh duoc biéu thirc gan
ding SEP tai S va S, tuong tmg nhu & (24) va (25).

751/2

Fa)d (23)

Trong d6, erf la ham 16i (error function) duoc xac

f “dt .

dinh bdi erf(z

Tdp ..., S6 ..., thang .../2018
SEP. ~ 5 +20, +2d'
or B+ 20 ro2d" 2d’
B+2C,
24¢ A or | [B+2C,
TG, Br2c o202 (24)
_B+20,-2d’
N B, —2B+20, +de 27
(B+2C, —2d'y a4
5 2 il (20— 2d' |||
!
B+2C, —2d' 2d
SEP, « 2l ~ [5' +2C, +2d
~ 8+ 20 2
B+2C,
QAge > 2 B+2C,
ﬁ(ﬂﬁc) ﬂ+20 5420, 2d (25)
 B+20,-2d
N B, —2(6+2C, +de
(8+2C, —2d)° Jab
2 6+ 2C, —2d
ﬂ +2C, - 20" 2d

Trong truong hop phan cing 1a 1y tudng, xac suét 15i
ky hiéu tai S, c6 dang don gidn nhu sau (tai S cO
dang tuong tu):
SEP, ~ ad, (26)
20
IV. TOI UU HOA PHAN BO CONG SUAT CHO
HE THONG
Dbi véi truyén thong song cong trén cling bing tan,
do 16n cioa nhiéu tu giao thoa con sot lai quyét dinh
dén su ton tai cia hé thong. DPé giam anh huong cia
nhiéu ty giao thoa, ning cao pham chat hé thong, thi
viéc phan b cong suat phat hop 1y 1a diéu hét sirc can
thiét. Vi vay, can tinh toan dé phan bo cong suit phat
cho nut chuyén tiép va hai nat dau cudi phu hop. Dé
thuan tién cho viéc tinh toan, chung t6i gia sir rang:
D=0, =Q; N=N,; k ==k, P=PF.Tudo

t1:t2;A1:A2; BIZBZ;

C, = C, =0. Ching t6i xem xét tong cong suat phat

ta co: d=d'; d =d,;

cua h¢ théng 1a P+ P, + P, = P. Dit P, =P, = AP,

-6-
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tr d6 P, = (1—2)\)P. Véi nhimg diéu kién nay, biu
thirc (18) dugc don gian thanh (cho truong hop
r<1/d):

B Az B Bl.’t2

1-zd (1—zd)?
P! (z)~1—(1—ad)e =™ — f(N). (27)

Lay dao ham theo \ ta co:
B Aw Blg:z , ’
2 Bz

'\ = 2(1 — zd)e ™ O~ 4 + 1 , (28
£ = 20~ ad) St e

& day A va B/ lan luot 1a dao ham cua A va B,
theo A. Sau mot s6 phép bién ddi toan hoc, cho

f'(\) = 0, ta thu dugc phuong trinh sau:

aN +bA+c=0, (29)
Trong d6 o = —4d, (1—2d)(Q, P+ N,) +2d,(Q,P +2N,),
b=4dd,(1—2d)(Q,P+N,), c=—d,(1—2d)(Q,P+N,).

Phuong trinh (29) chi c6 mdt nghiém duong, va

nghiém d6 chinh 1a gia tri cia A d& f()\) dat cuc tiéu.

Tir d6, gié tri tdi vu can tim la:

o —2dR(1—~xd)(QRP+NR)JEJZ
—4d, (1 —2d)(Q, P + N,) +2d,(Q,P +2N,)

,(30)

voi A =2dd, (1—2d)(Q.P+N,)(QP+2N,).

Trong trudng hop 1y tudng, hé sb phan bd cong
suét tdi vu dugc x4ac dinh béng:

“2Q P+ N,) + A0, P+ N, )(QP +2N,)

- i (31)
—4(Q, P+ N,) +2(Q,P +2N,)

)\*id _

V. KET QUA TINH TOAN SO VA THAO LUAN
Dé kiém chung két qua phan tich, tinh toan OP,
SEP va phan bd cong suét t6i wu cho hé thong khao
sat, chung t6i st dung mo phong Monte Carlo, xem
xét anh huong cua 16i phan climg va mic do nhidu du
dén pham chit hé théng. Trong d6 ti sb SNR trung
binh duogc xac dinh béng biéu thuc SNR = P /N,
véi b =P/3va N =N =N,=N, =1.Céac tham
s6 con lai sit dung trong mé phong, danh gia nhu sau:
0=0=1;0=0=0

=0.

R
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Hinh 2. Xdc sudt dimg tai S, theo sy thay doi SNR.

Hinh 2 minh hoa x4c suit dung tai S, theo SNR
trung binh. Trong d6 chit lwong hé théng voi phan
cing khong 1y tuong (impairments) dugc so sanh voi
hé thong c6 phan cing 1y tuong (ideal hardwares).
Dong thoi, pham chat OP khi sir dung phan bd cong
suat toi wu (A = \") & biéu thic (30) va (31) duge so
sanh v6i phan bd cong sudt ngdu nhién (A =1/10),
v6i mirc ngudng khao sat cho OP 1a z = 1. L3i phan
cung tich hop dugc khao sat trong truong hop nay la
k =k, =k, =k=01, mic nhiéu du Q=-30dB.
Puong 1y thuyét chinh xac va xap xi thé hién két qua
& biéu thic (17) va (21) cho trudng hop phan cing
khong 1y tuong, va biéu thic (19) cho truong hop
phan cimg ly tuéng. Hinh 2 cho thidy mirc do anh
huong 16n cua 16i phﬁn cing dén OP hé théng, dac
biét & ving SNR cao (trén 30 dB). Ldi phan cung két
hop voi nhiéu du, lam cho OP sém dat murc bao hoa.
Trong khi d6, voi phan cung 1y tuong, OP tiép tuc
giam khi ting SNR . Mit khac, phan bd cong suit tbi
wu cho d6 loi dang ké so véi trudng hop ngiu nhién,
dic biét cho hé thong 1y twong. Chu ¥ ring, véi nhiing
tham sb da chon, phan b cong suat tdi wu co gia tri tir
0.25 dén 0.3 cho ca hé thong 1y tuong va khong ly
tuong.
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100 T T T

O Ly twdng (md phdng)
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O Khong Iy tuéng (mo phdng)
Khéng Iy tudng (1f thuyét)
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Xic sud't dirng (OP)

Hinh 3. Xdc sudt dung tai S, theo hé $6 .

Hinh 3 thé hién xac suét dung tai S, theo h¢ $6
phan bd cong suit, voi mirc nhiéu du va 18i phan cimg
khac nhau. Trong do, x4c suét ding dugc khao sat véi
SNR=40 dB cho hai trudong hop:
k=0.05Q=-25dB va k=0.1;Q=-30dB, cac
tham s6 con lai sir dung nhu ¢ Hinh 2. Trong truong
hop thir nhat (k = 0.05; Q = —25 dB) phdm chat OP
cho hé théng 1y tuong va khong 1y tuong co su thay
d6i 13 rét theo A. Khi ta ting mirc d6 18i phan cimg
(tr 0.05 & truong hop 1 1én 0.1 & truong hgp 2), OP
hé thdng khong 1y tudng dat t6i bao hoa, do d6 khong
¢6 sy khac biét khi A thay déi. Hinh 3 cho thay sy
dung dan cua két qua phan tich so véi két qua khao
sat. Pong thoi khi 16i phan ctng 16n, két hop voi cong
sudt phat du 16, c6 thé str dung phan bd cong suit cb
dinh cho hé théng dé giam do phirc tap.

0

10

O Khéng ly twéng (md phdng)
Khong ly tuéng (Iy thuyét)
A Khong Iy tudng (xap xi)

Xic sud't dirng (OP)

3
10
0

005 01 015
k

Hinh 4. Xdc sudt dirng tai S, theo 16i phan ciimg k .

TT-TT Tdp ..., S6 ..., thang .../2018

Hinh 4 khdo sat OP tai S, theo muc d9 anh huong

cta 16i phan cimg, véi SNR=40 dB, Q = —30 dB, st
dung phan b6 cong suit téi wu va toc do truyén dan
thay d6i,R =1,2,3 bit/s/Hz. Cha y rang khi
k =k =k, =k=0, phiam chit OP cta hé théng
khao sat tré thanh OP cho hé thng 1y twong. Hinh 4
cho thiy sy anh huong 16n cua 18i phan cing dén
phim chit hé théng. Ngay ca khi 15i rit nho
(k = 0.01),, pham chét hé thong bt dau giam so véi hé
thong 1y tuong. Khi 18i 1on (k = 0.15) pham chat h¢
théng giam 10 1an so v6i hé théng 1y tuong.

Hinh 5 minh hoa tong quan vé xac suét dimg dudi
su anh huéng dong thoi cua hai yéu t6 1a 15i phan
cimg va kha ning triét nhiéu ty giao thoa v&i
SNR=40 dB, A =0.3. Trong truong hop k=0 va
Q =0, hé thong khao sat tr¢ thanh h¢ théng HD véi
phan cimg ly tuong. Ca 16i phan cing va nhiéu tu giao
thoa déu anh huong 16n dén pham chit hé thong, vi
vay dé hé théng FD hai chiéu c6 thé hoat dong duoc,
cac giai phap ky thuat vé triét nhiéu tu giao thoa va
thiét ké phan ctng cin duoc tién hanh dong bo va co
hi¢u qua.

I =4 o
>~ o © =

Xdc sud't dirng (OP)

o
[

o

Hinh 5. Xdc sudt dimg tai S, theo 16i phan cig kva
kha ndng triét nhiéu .

Hinh 6 so sanh thong lugng hé théng xem xét
(Throughput - bit/s/Hz) voi hé thong 1y tudng véi
k=01, Q=-30 dB va A=)\". Trong do, thong
luong hé thong duoc xac dinh thong qua biéu thic

-8-
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T = R(1—OP). Véi toc dd truyén dan thip (R = 2),
anh hudng cta 18i phan cimg dén thong luong khong
dang ké. Nhung khi téc d0 truyén dan ting lén
(R = 3;4), hé thong vai 16i phan cimg khong thé dat
t6i tiém can yéu cau ngay ca khi SNR du 1én. Khi
R =4 bit/s/Hz, hé théng khong 1y tuéng chi dat
T = 2.5 bit/s/Hz. Vi vay, cho hé théng FD truyén dan
tde do cao, viéc sit dung cac thiét bj phﬁn cung gia
thanh cao dé dam bao pham chat hé thong 1a diéu tat

A
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S Ly twdng (1y thuyét) o
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52: ‘o
e &Y 8’ B
]
S
£
) o F/joe N
= S ﬂo' L p—a—a—8—88—8
) 9'"“0.

. 1.5 .
B 047 /r
) B
| w)g‘ 3 Db
] R=14
- R =S

05 H e L

R = 2\ ..40 /‘
RS &~ &P
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Ti s6 SNR trung binh [dB]
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Hinh 7. Xdc sudt I6i ky hiéu tai S, theo SNR.

Hinh 7 minh hoa pham chét 15i ky hiéu tai S, theo
SNR trung binh, sir dung diéu ché BPSK véi k = 0,1,
Q=-30dB va A=1/3 (tec la P =P =P,).

Trong d6, duong 1y thuyét thé hién két qua & biéu thirc
(25) va (26). Ta thdy rang, khi SNR thip (dudi

Tdp ..., S6 ..., thang .../2018

10 dB) su sai khéc giita phan tich 1y thuyét va két qua
mo phong la kha l6n. Nhung ¢ ving SNR cao (trén
10 dB) két qua tinh toan hoan toan ding véi két qua
mo phong. Pong thoi, véi SNR=40 dB, hé thng véi
16i phan cimg c6 SEP cao hon 10 lan so véi hé thong
ly tudng.
VI. KET LUAN

Bang phuong phap phan tich giai tich, biéu thirc
chinh xac va gan dung xac suit dimg, xac suat 18i ky
hiéu di duoc dua ra cho hé théng truyén dan song
cong hai chiéu trong trudong hop c6 15i phan cing.
Dong thoi, dé nang cao pham chét hé théng, chung toi
dua ra gia tri phan bd cong suat ti wu cho hai nut dau
cubi va nat chuyén tiép. Két qua phan tich da chimg
minh sy anh hudng cua 131 phan cing va nhidu tu giao
thoa con sot lai dén pham chat hé théng khi so sanh
v6i hé thong 1y tuong, dic biét cho hé théng truyén
dan tbc do cao. So v6i hé théng 1y tuong, hé thong co
phan cimg khong 1y twong c6 phdm chit kém hon
nhiéu 1an, nhit 13 trong trudng hop hé sé méo dang
16n. Bén canh d6, so véi hé thdng HD, 1y tuong thi hé
thong FD, khong 1y tuong co pham chit kém hon
nhidu va som dat t6i mirc bdo hoa khi cong sudt phat
du 16n. Vi vay, ngoai viéc thuc hién tét cac ky thuat dé
triét nhidu tu giao thoa cho truyén thong song cong
trén cung bang tan, cac nha san xuét can thyuc hién tdt
viéc han ché 16i phan cing nhim lam giam tac dong
t6i pham chat hé théng, tir 46 tao tinh kha thi cho
truyén thong song cong trén ciing bang tan.
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