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Tém tit: Bai bdo nay phan tich phdm chit mang chuyén tiép song cong hai chidu trén cing bing tAn v6i phin cing
khong 1y tudng, trong d6 nit chuyén tiép sit dung giao thiic khuéch dai-va-chuyén tiép. Xac suét ding, xdc suit 16i ky
hiéu dudc tim ra d€ danh gia phim chit hé théng. Trén cd sé d6, d€ nang cao phdm chit hé thong, ching t6i tim ra
bi€u thiic phan b3 cong suit t6i uu cho hai mit ddu cudi va niit chuyén tiép. Két qua phan tich da lam rd6 miic do anh
hudng clia 16i phan cling va nhiéu tu giao thoa dén phim chét hé théng khi so sanh v6i hé thdng ly tudng va hé thong
ban song cong truyén théng. Bén canh d6, mo phong Monte Carlo dudc thuc hién dé€ minh ching cho su ding dan ciia

két qua phan tich.
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phadn ciing khong Iy tudng.
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Performance Evaluation of In-Band Full-Duplex Two-Way Relay Networks with Hardware Impairments
In this paper, we analyse the performance of in-band full-duplex two-way relay networks using the amplify-and-forward

strategy under the impact of hardware impairments. Outage probability and symbol error probability are derived to
evaluate the system performance. Based on these values, we derive the optimal power allocation expression for terminal
nodes and relay node. Numerical results provide an insight into the impact of hardware impairments and the residual self-
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results are used to verify our analyses.
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1. DAT VAN DE

Trong giai doan cdch mang cong nghiép 4.0 hién nay, xu
thé phat trién v tri tué nhan tao (AI: Machine intelligence),
Internet két ndi van vat (IoT: Internet of things) va dit liéu
16n (Big Data) doi héi céc thiét bi vo tuyén cin dudc nang
cAp ca phan ciing 1an phin mém dé dap ting cac yéu cau dit
ra. Nhu cau dit liéu 16n trong khi phS tin han ché doi hoi
céc nha nghién citu va thiét ké mang vo tuyén tim cach ning
cao hiéu qué st dung phd tan. Trong bdi canh do6, truyén
thong song cong trén cung bing tan (IBFD: In-band full-
duplex) 1a mdt trong nhitng cdng nghé dang dudc nghién
ctiu manh bdi khi niing ting gip d6i hiéu qua st dung
phd tan [1-3]. Nhiing két qua nghién cu va thir nghiém
vé kha niing triét nhiéu tu giao thoa (SIC: Self-Interference
Cancellation) & [4—8] di chiing minh tinh kha thi ctia truyén
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thong IBFD. Nhiing nghién cifu nay da cho thiy nhiéu c6
thé dugc loai trir 1én dén 110 dB thong qua két hop cac bién
phap SIC, bao gébm khi nhiéu mién ing-ten, mién sb va
mién tuong tu. Tuy nhién, do triét nhiéu khong hoan hao,
phan nhiéu du con lai (RSI: Residual self-interference) sé&
lam gidm pham chit hé théng.

Trén co s d6, nhiéu nghién cifu da thuc hién danh gia
pham chét hé théng FD duéi su anh hudng ctia RSI khi so
sanh v6i hé théng ban song cong truyén théng (HD: Half-
duplex) nham dua ra phuong an lua chon sit dung hé thong
FD hoic HD trong cic diéu kién cu thé [9-11]. Nhiing
cong trinh nay da cho thiy rang, khi nhiéu du FD nho, hé
théng FD cho dung ludng ergodic t6t hon hé théng HD véi
cuing phim chit xic suit diing (OP: Outage probability).
Ngugc lai, khi nhiéu du FD 16n, st dung md hinh HD dé
niang cao phim chit hé théng. Dong thdi, st dung cong



suit phat thich tng cho hoat dong HD/FD sé& gidm dudc
ning lugng tidu thu, nang cao hidu quéa st dung phd tan
tic thi.

Trong cic nghién ctiu vé hé thong FD, mang chuyén
tiép (relay network) FD dang dudgc chi trong bdi khi ning
ting cudng do tin cdy, niang cao chit luong, khic phuc
hién tuong che khuét, suy hao truyén dan [1, 2]. Su két
hop gitta mang chuyén tiép hai chiéu va cong nghé FD cho
phép nang cao tdc do truyén dan va hiéu qua st dung phd
tan so véi hé thdng chuyén tiép mot chiéu hoidc hai chiéu
HD truyén théng. Nhiéu nghién ciiu gan diy da tap trung
vao viéc danh gia va nang cao phdm chit mang chuyén tiép
song cong hai chiéu trong trudng hop triét nhiéu tu giao
thoa khdéng hoan hao. Trong céc bai bao [1, 2, 12-18], cac
tdc gia da khio sat pham chit mang chuyén tiép FD hai
chiéu st dung giao thic khuéch dai va chuyén tiép (AF:
Amplify and forward). Biéu thic OP trong cdc diéu kién
khéac nhau da dugc dua ra va khdo sat & [1, 13, 16, 18].
Cic tic gia da chiing minh dugc ring, phdm chit OP dat
dén bao hoa khi ti s6 tin hiéu trén nhiéu cong véi tap am
(SINR: Signal to interferecen plus noise ratio) du 16n. Béi
khi SINR di 16n, kéo theo tu can nhiéu tai nit chuyén tiép
va hai ndt dau cubi 16n hon, 1am cho OP dat dén mic san
16i (error floor). Pong thdi, cdc bién phap nhu luya chon
cip dng-ten thu phét, udc luong kénh nhiéu tu giao thao,
va phan bd cong suit t6i vu 1am gidm dang k&€ anh hudng
ctia RSI va nang cao phidm chét hé théng [12, 14, 15]. Bén
canh chuyén tiép AF, mang gidi ma va chuyén tiép (DF:
Decode and forward) hai chiéu FD di va dang dudc nghién
ctiu rong rai [19-23]. Céc tac gia da khao sit OP trong
diéu kién CSI hoan hio va khong hoan ho, va khao sat su
4nh huéng ctia RSI dén phdm chit hé théng. Két qua cho
thdy, 4nh hudng ctia RSI 1am cho phidm chét hé théng dat
dén bdo hoa ngay ca khi CSI hoan hdo. Bén canh dé, viéc
phan bd cong suit téi wu cho nit chuyén tiép giip nang
cao dang ké pham chit hé thong.

Khao sat trén cho thdy, hau hét cic nghién citu vé hé
théng FD hai chiéu tap trung vao viéc phan tich va xem xét
4nh hudng ctia cac diéu kién vé kénh truyén va nhiéu du dén
pham chét hé thong. Tuy nhién, d€ hé théng vo tuyén hoat
dong dugc, ngoai nhiing gidi phap vé phin mém thi phan
ciing hé thdng 1a doi hoi bat budc. Vi vdy, ngoai cac bién
phép ky thuat d€ nang cao pham chat hé thong, cin xem
xét lua chon phan ciing phut hop. Trong thuc té, khi thiét bi
vo tuyén hoat dong, cic 18i ctia phan ciing khong hoan hio
(HI: Hardware impairments) sé tao ra ngudn nhiéu, lam
méo tin hiéu can truyén/nhian. Cic ky thuat bu trii dugc
ap dung d€ loai bd 16i phan cting. Diu vay, 16i phan cing
van s6t lai trong cac hé théng vo tuyén va lam giam phim
chit hé thdng. Anh hudng ctia 16i phan cting da dugc xem
xét trong cac nghién cifu [24, 25] va mot s6 tai liéu khéc.
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Két qua cho thiy riang, khi 16i phan cing ton tai trong hé
théng, pham chit hé thong sé gidm dang k&, nhat 1a dbi vé6i
cdc hé théng truyén din toc do cao. Pic biét 1a trong mang
chuyén tiép FD, 16i phan cting két hop v6i RSI s& 1am phim
chit hé thong gidm nhanh va sém dat dén bdo hoa. Piéu
nay di dugc mot sé6 nhém nghién ciiu khao sit nhu & [26]
va [27]. Trong nhiing nghién ctiu niy, mang chuyén tiép
FD-AF vé6i HI tai mit chuyén tiép FD da dudc phan tich.
Trong d6, [26] st dung nhiu dng-ten tai nit chuyén tiép
dé€ nang cao toc do truyén dan hé théng, con [27] st dung
nhiéu cip dng-ten (multipair massive MIMO) d€ nang cao
hiéu qua st dung phd tan va ning lugng. Két qua nghién
clu da chi ro anh hudng 16n cta HI va RSI tai nit chuyén
tiép dén pham chit hé théng, nhét 1a d6i véi nhiing thiét bi
gi thanh thip.

Xuét phat tif nhiing thdo luan trén, dé ddnh gid phim
chit hé théng sat véi diéu kién thuc té, trong bai bdo nay,
chiing t6i khio sat chét luong hé thdng chuyén tiép FD hai
chiéu AF duéi tac dong ctia HI va RSI & cé nit chuyén tiép
va hai nit diu cudi. Xdc suit ding, xdc suat 16i ky hiéu
va phan bd cong suit tbi uu cho hé thdng dudc st dung dé
danh gid, va d€ nang cao phim chit hé thong.

Bai bdo c6 ba déng gép chinh sau. Trudc hét, ching toi
da xay dung mo hinh mang chuyén tiép FD hai chiéu st
dung giao thic AF vé6i phin cing khong ly tudng dé khio
sat. Tiép theo, trén co s mo hinh hé théng va tin hiéu,
ching t6i dua ra biéu thiic chinh xdc clia ti s6 cong suét tin
hiéu trén nhiéu cong tap Am va méo dang (SINDR: Signal
to interference plus noise and distortion ratio) dugc dua ra,
lam co s& d€ tim ra biéu thic chinh xdc va x4p xi ctia OP,
va biéu thiic xAp xi clia xdc suit 16i ky hiéu (SEP: Symbol
error probability). Tir d6, phdm chét hé thdng dudc danh
gid toan dién, cho phép xéac dinh dugc anh hudng cia 16i
phan ciing va RSI dén phdm chét hé thdng khi so sanh véi
hé thong 1y tuéng va hé théng HD. Cubi ciing, d€ nang cao
pham chét hé théng, chiing t6i dé xuit phian bd cong suit
t6i wu cho hai nit dau cudi va nit chuyén tiép, nham lam
giam tdc dong clia 16i phan cting va RSI. Két qua cho thiy,
phuong 4n dé xuét 1am ting dang ké phim chit hé théng.

Phan con lai cia bai bdo dudc t§ chic nhu sau. Muc 1T
12 m6 hinh hé théng va tin hiéu, Muc III tap trung vao viéc
phan tich phdm chét hé théng, Muc IV dé xuét phan bd
cong suit téi uu cho hé théng, Muc V trinh bay két qua
tinh todn sb va thio luan, va cudi ciing, Muc VI riit ra céc
két luan cia bai bdo.

1. MO HINH HE THONG

Xét mot hé théng lién lac diém — di€ém v6i phan ciing
ly tuéng (goi tat 1a hé thdng 1y tudng), trong d6 mdi dau
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cudi c6 mot dng-ten dung cho thu va phat tin hiéu & ché
doé HD, tin hiéu thu c6 dang sau:

y=hs+z,

ey

trong d6 h 12 hé s6 pha dinh clia kénh truyén tir phia phat
dén phia thu, s 1a tin hiéu cin truyén di, z 12 nhiéu tring
cong tinh (AWGN: Additive white Gaussian noise) tai dau
vao mdy thu. Trong trudng hop phan cing khong 1y tudng
(goi tat 1a hé théng khong ly tudng), phia mdy phat va may
thu sé tao ra cac ngudn nhiéu lan lugt 1a n™* va ™, véi
n™ ~ CN(0,kAP), ™ ~ CN(0,k%|h|*P) [24]. Trong do,
ki va ki 1an lugt 12 cdc tham s dic trung cho 16i phan
cling & may phat va mdy thu; P 13 cong suit tin hiéu phat.
Tur d6, tin hiéu thu dudc cé dang sau:

y=h(s +n%)+n™ +z=hs + g™ +n™ + z.

@)

Tt (2), cong suét trung binh cda 16i phan cing tong hop
do ci phia phat va phia thu giy nén dudc biéu dién bing
By oy (™ + ™2} = PR|2(kE + k) = P|h|k2, v6i k* =
ktzX + k2 1a méo dang tng hop, dic trung cho mic do anh
hudng cta 16i phan cing téng hop & cd mdy phat va mdy
thu. Tt d6, (2) dugc don gian hoa thanh

3

v6i n ~ CN(0,k*P). Trén c6 s md hinh cho hé théng
diém — diém nay, ching t6i xdy dung mo hinh hé thong
chuyén tiép song cong hai chiéu v6i phan cing khong ly
tudng nhu chi ra trén Hinh 1. Trong md hinh nay, dé€ biéu
dién RSI & ché do FD, chiing toi sit dung hai ky hiéu dng-
ten bi€u dién cho hai mach thu va phat. Hé thong thuc té
c6 thé st dung mdt dng ten chung cho cd thu va phét. Dit
liéu dugc truyén tir Sy téi Sy va ngudc lai thong qua tram
chuyén tiép R. Trong d6, R sit dung giao thiic khuéch dai
va chuyén tiép.

y=h(s+n)+z

Tai thdi diém ¢, tin hiéu thu ctia niit chuyén tiép cé dang
4)

6 day s1(2) = s1(2) +m(t), s2() = s2(2) + ma(t), sr(t) =
sp(t)+1r(1), V6i 57, 52 va 5r 1an luct 1a cac tin hiéu thuc té
phat di tai Sy, S, va R; 51, 5o va sg 1an lugt 1a cac tin hiéu

yr(t) = hiRS1(2) + hor52(t) + hrrSR(1) + ZR (1),

TX th
5 }‘z'u,,-\f/g(t) - 0)

Rl

ENGER/N(

y,(t

Hinh 1. Hé théng chuyén tiép song cong hai chiéu véi phan ciing
khong ly tudng.
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mong mudn phat di tai Sy, S, vA R; n1,7, va nr 1an luot 1a
céc 16i phan cing tdng hop tai Si, S va R thda min 7y ~
CN(0, k%Pl),\Uz ~ CN(0, kng) va g ~ CN(0, k% Pg), v6i
ki, ky va kg 1an lugt 1a hé s6 méo dang téng hop tai S, Sy
va R; Py, P> va P lan lugt 1a cong suét phat trung binh tai
S1, S» va R; hir, hor va hrg tuong ung 1a hé sé pha-dinh
cia kénh truyén tif S; t6i R, tif S, t6i R va tif kénh anh
hudng mach phat t6i mach thu ctia R; zg(#) la nhiéu tring
cong tinh (AWGN) tai dau vio R, v6i zg ~ CN(0, NR).

Gia st rang, thdi gian xi 1y tin hiéu tai R bang mot chu
ky ky hiéu, tdc 1a thanh phan tin hiéu phét trén niit chuyén
tiép 5r() dudc thuc hién sau khi khuéch dai tin hiéu thu &
thoi diém truée dé yr(r — 1), két hdp véi méo do 16i phan
cing cua may thu phat. Do do ta c6

sr(t) = Gyr(t = 1) + nr(t = 1). )

Khi thong tin trang thai kénh truyén hoan hdo, hé s6 khuéch
dai G dugc dinh nghia theo biéu thic sau:

G =
p1P1(1

trong d6, p; = |hir|*> va pa = |hog|* 1an ludt 1a cac do 1gi
kénh truyén tr S; dén R va tr S, dén R; Ix = QrPr la
nhiéu lip vong con sot lai tai R sau khi 4p dung tit ca céc
ky thuat triét nhiéu tu giao thoa, vdi Qg biéu thi khi ning
triét nhiéu tai R.

Sau khi khuéch dai, R chuyén tiép tin hiéu thu dugc t6i
Si va S;. Tin hiéu thu tai S; cé dang sau:

Pr
+k3) + poPy(1 + k3) + I + N~

(6)

)

trong do, hry VA hy» 14n luct 1a hé sb pha dinh cta kénh
truyén tif R t6i Sp va tif mach phat dén mach thu ctia Sj;
72 12 nhiéu AWGN tai S,. Thé (5) vao (7) ta dugc

a(t) = hralGyw(t = 1) + 1r(t = D] + hoo$a(t) + 22(0). (8)
Sit dung (4), bi€u thiic (8) trd thanh
2(f) = hraG [th(sl(t — 1)+t - 1)) + horsa(t — 1)]
+ hpoG [thnz(t — 1) + IRRER( — 1) + 2Rt — 1)]

+ hranr(t — 1) + haa5a (1) + 22(0).

y2(t) = hraSr(1) + haoSa(r) + 2(2),

©))

St dung k¥ thuit ma héa mang [2], ta c6 thé loai bd dudc

thanh phan s,(¢ — 1) ra khoi y,(¢), dong thdi c¢6 |hga|?

|hor|? va |hgi|* = |hir|?. Do d6, ta xdc dinh dugc SINDR

tai S, theo biéu thifc

_ |hir|*|hra|* Py
|hir|?|hr2|>Prd + |hga|?|hor | Pad” + ¢1

72 (10)

hay

_ p1p2P1 PR
p1P1[p2Prd + 1adi] + p3P2Prd’ + ¢

Y2 1)



Tuong tu ta c6 SINDR tai S| nhu sau:

_ p1p2P2 PR
p2P [p1Prd’ + t1dy] + p2P1Prd + ¢3°

12)

trong d6: ¢1 = |hrol’tRdR + 12/G?, ¢2 = prPrirdr +
p2Patady + iR, ¢3 = p1PrIjdR + p1P1t1dy + titr, p1 =

|hirl* = |hril%, p2 = |hgal* = |hor|?, d = kT + k§ + kikg,
d k3 + kg + K3k, di = 1+ kf, do = 1+ 43, dr = 1+ kg,

=Q P, L =WP), Ir = QrPr, 11 = [1+N1, 1 = L +Ny,
tR = I + Ng, v6i Q) va Q, 14n lugt biéu thi kh ning triét
nhidu tai S; va So.
Chi y rang, trong trudng hop k; = kp = kg = 0, hé thong
nay tr§ thanh hé thong ly tudng.

III. PHAN TICH PHAM CHAT HE THONG
1. Xdc suit dirng hé théng

1) Biéu thiic chinh xdc xdc sudt ding:

Xdc suét diing hé théng (OP: Outage probability) dudc
dinh nghia 13 x4c suit ma ti s6 SINDR nho hon mic ngudng
yéu cau t6i thiéu hé théng dit ra, tic 1a

=Pr{y < x}, (13)

()llt

trong d6 y 1a ti s6 SINDR va x 1a mic ngudng xem xét,
véi x = 2R — 1, & day R 1a tbc do yéu ciu ti thidu cia
hé thdng c6 don vi 1a bit/s/Hz. Tir d6 xic suit diing tai S
dudc xac dinh nhu sau:

P =Priy <x}=1- / 1= Fu 0] A0y, (14)

véi X dugc xdc dinh bing

_ 2x2P2t2d1d’ X(PrirdR + Patydy)
"~ PiPr(1 —xd)? P1Pr(1 — xd)
x*trdi (PrirdR + Patrds)

XIhIR

yP1Pz(1 - xd)? yP1Pr(1 — xd)
Prd’ X3P t2d2d/
R, 20 (15)
TP —xd) " yPP2(1 - xd)?

Trong biéu thic (14), F,, (X) va f,(y) 1an lugt bi€u thi ham
phan phéi tich liy (CDF: Cumulative distribution function)
va ham mat d6 xac suét (PDF: Probability density function),

Chi ¥ ring, khi kénh truyén 1a kénh pha-dinh Rayleigh,
ham CDF c6 dang:

Fo(x)=1-¢ 8 x>01=1+2, (16)

véi Q; = E{|ly|?} 1a d0 1di trung binh ctia kénh truyén.
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T biéu thiic (14) va (15), sau mot sé6 phép bién ddi, ap
dung cong thiic (3.324) trong [28] ta x4c dinh dugc OP
nhu sau:

2

l—xd _Axx | Byx”
1-2+-=% mxd(-xa? [J,(x), < 1/d,
out(x) — 1+C2xe 2(X) X /
1, x>1/d.
(17)
trong do, v6i Q = E{p;} va Q; = E{p»}, ta c6
A 2 IRAR | (QPrdy + O Pid))
TP QPIQPy
. 2Pthd’dy
By = ———;
QP Pr
G=z———;
Qi Py
Ua(x) = VM2 (x)K, (2 Ms(x) )
R sz ngz Fx 1+ Crx
M = + ;
2(%) [(1 “xdy (I-xd? 1-xd| 1-xd
272 1
D, = Pgl‘zdld :
QP P;
E 2 td (PrIrdR + Patad)
QPP ’
A hiR
J o —
2T QPO Py

Bing phuong phap tuong tu, ta xac dinh dugc xac suit dimg
tai S; nhu sau:

Alx B x?2
l—xd' " Toxd " (_xad')2 ,
PSl(x) = 1 -2755e 0 0P Uy (x), x < 1/d,
L, x> 1/d,
(18)
trong do
A 2 Rdr 1 (Q1P1d; +QzP2d2).
TP, QPR P> ’
2P
B, & 1l‘ldd2;
QP Pr
, dQP —d’ QP
C) 2 :
QP
Ui(x) = MK (VM) ;
Dix? Ex? Fix [1+Cx
Mi(x) = + + :
1()6) [(1_)“1/)3 (l—xd’)2 1—xd’ | 1= xd’
20
D, & Pltldzd :
Q1 P, P;
E - tido(Prirdg + P1t1dy)
QlP2Q2Pl%
IR
Fe_ R
"7 QPO Pr
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Trong trudng hop phan ciing hé thdng 1a 1y tudng, biéu
thic (17) duge don gian hoéa thanh

P = 1= 26 o (2 ). a0

trong do
R H(Q Py + Qi Py)
QP QP PR
B ==Y =0,
H(Prig + Paty)
QP P;

hir .
QP LPR’

Eéd)c2 + indx.

Ald A

id a
Ey, =

Fid 2
MY (x) £

Biéu thic OP tai S; ¢6 dang tuong tu.
2) Biéu thitc xdp xi xdc sudt ding:

D& thu dugc biéu thifc dang don gidn hon ctia OP & (17)
va (18), trong phan nay, ching toi dua ra biéu thic xip xi
cho trudng hop cong suit phat 16n. Khi cong suit phat di
16n, gid tri M;(x) vd M(x) trong biéu thic (17) va (18)
rit nho, st dung biéu thiic xip xi Ki(u) ~ 1/u khi u < 1,
két hop véi ham x4p xi Taylor ¢” ~ 1 +v khi v — 0, ta
x4c dinh dudc biéu thic x4p xi trong trudng hop x < 1/d’
hodc x < 1/d nhu sau:

e @HCOX L A xeC1F 4 By x2e 4 CIX (20

7(d+C2)x

out (x) ~1-
Sa

Poét(x) ~l-e “Gx

Ze(d*CQ)X .

+ Arxe + Box 21

2. Pham chét 15i ky hiéu

Theo [2], ti 1& 16i ky hiéu trung binh dugc x4c dinh thong
qua biéu thic:

SEP:aE{Q(\//S_y)} - ‘/%/OOF(g)e_T;dt, (22)
0

trong do,

1 j *t2/2
— [ e dt,
V2n

X

gia tri y 1a SINDR ctia hé théng, o va 8 dudc xac dinh
thong qua dang diéu ché (chang han, véi diéu ché BFSK
truc giao, @ = B = 1, véi diéu ché BPSK, a = 1,8 = 2),
F(x) 1a CDF ctia SINDR va bang Poy(x) v6i Poy(x) dudc
x4c dinh tit biéu thitc (17) va (18). Pit x = 12/, ta xdc
dinh dugc SEP thong qua biéu thic

Qx) =

-Bx/2

SEP = . F(x)dx. (23)

a/\/\/zﬁﬂ‘o/e
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Do tinh phic tap cta bi€u thic OP & (17) va (18) nén
viéc dua ra biéu thic chinh xéc tir (23) 1a khong thuc hién
dugc. Do do, st dung biéu thic xip xi & (20) va (21) thay
vao biéu thic (23) dé tim biéu thiic gan ding ti 18 16i ky
hiéu. Thong qua phép bién d6i tich phan tiing phan, két hop
v6i ap dung biéu thifc (3.361.1) va (3.361.2) trong [28], ta
x4c dinh dudc biéu thic gan ding SEP tai S; va S, tuong

Uing nhu sau:
<Ep u fcﬁ +2d’
|~
2\/27 cﬁ 2

C
2A1€ 24' Al 271' orf ’
CB\/_ Zd’
'Bf2d/
B, —2(Cf} +d")e” 7
+
(P 247y Vd©
2 P —2a
+3 T erf| |~ , (24)
cf -2a 2d

B
2r Cy +2d
SEP, ~ —— erf
2\/271 { \ 8 \/ c’3 v2d )
2n . fC'B
—F€r g

7
C2

Cz
2A2e 2d
C/” Vd

_/3
&3

C‘B—Zd

2
2d
2
il erf s
- 2d

trong do, erf la ham 16i (error function) dugc xdc dinh béi
2 N
erf(x) = & [T e dr, Cf =p+2C vaCl = p+20,.
Trong trudng hop phin ciing 1a ly tudng, xac suét 16i ky
hiéu tai S, ¢6 dang don gian la

~2(CE + dye
Va3

ct-2d
2d

+ By
B
(P - 2ay

+3

(25)

id
SEP!¢ ~ &, (26)
2 ZB

va tai S; c6 dang tuong tu.

IV. TOI UU HOA PHAN BO CONG SUAT CHO
HE THONG

Déi véi truyén thong song cong trén cling bing tan, do
16n ctia nhiéu ty giao thoa con sét lai quyét dinh dén su
ton tai ctia hé théng. D€ giam anh hudng clia nhiéu tu giao
thoa, ning cao pham chit hé thdng, viéc phian bS cong suat
phat hop ly 1a diéu hét siic can thiét. Vi vay, can tinh todn
dé€ phan bd cong suit phat cho nit chuyén tiép va hai nut
dau cudi phu hop.



D€ thuan tién cho viéc tinh todn, ching toi gia st ring
Q= Qy, 51 = ﬁz, Ni = N,, ki = ko va Py = P,. Nhu vy,
mo hinh kho sét trd thanh mo hinh déi xiing (symmetric),
tic 12 mo hinh c6 hai niit dau cubi giéng hét nhau. T d6
taco:d=4d,d =dy t] = th, Ay = Ay, By = B, va
Ci = C, = 0. Chiing t6i xem xét tdng cong suét phat cda
hé théng 14 Py + P, + PR = P. it P = P, = AP, tit d6
Pr =(1-22)P.

Véi nhiing diéu kién trén, (18) dugc gian lugc thanh

_Arx _ Bx?
PO(x) ~ 1= (1 —xd)e” ™ TP = f(2),  (27)
cho trudng hop x < 1/d. Liy dao ham theo A ta c6
Qi L d —%—L’fz Aj Bjx
— — -x (1-xd
FiA) = x(1 = xd)e 1—xd  (1-xd)?]’
(28)

trong A} va B lan lugt 1a dao ham ciia A; va By theo A.
Sau mot sd phép bién ddi toan hoc, cho f/(1) = 0, ta thu
dugc phuong trinh sau:

al’> +bl+c=0, (29)

trong dé:
a = —4dr(1 = xd)(QrP + NR) + 2d1(Q, P + 2Ny),
b = 4dr(1 — xd)(Qr P + NR),
¢ = —dr(1 = xd)(QrP + NR).
Phuong trinh (29) chi ¢c6 mét nghiém duong, va nghiém dé

chinh 13 gid tri cia A d€ £(1) dat cuc tiéu. Tir dé6, gia tri
tdi uu can tim 1a

v —2dr(1 — xd)(QrP + NR) + VA
—4dr(1 — xd)(QrP + NR) + 2d,(Q1 P + 2Ny)

trong dé

(30)

A = 2d1dr(1 — xd)(QrP + NR)(Q1 P + 2N)).
Trong trudng hop ly tudng, hé s6 phan bs cong suit tdi
uu dudc xac dinh béi

d —2(QgP + Ng) + VAU
—4(6RP + NR) + 2(611) + 2N1)’

€1y

trong do

Aid = Z(QRP + NR)(E!]P + 2N1).

V. KET QUA TINH TOAN SO VA THAO LUAN

D€ kiém ching két qué phan tich, tinh todn OP, SEP va
phan b3 cong suit téi vu cho hé thdng khio sat, chiing toi
stt dung m6 phdng Monte Carlo, xem xét anh hudng cua
16i phan cing va mic d6 nhiéu du dén phim chét hé théng.
Trong d6 ti s6 SNR trung binh dudc xac dinh bang biéu thiic
SNR = Py/Ny, v6i Py = P/3 va Ny =Ny =N, =Ng = 1.

31

Tip V-1, 86 39, 11.2018

Hiéu niing hé théng dudc tip trung khao sit tai S,, két
qua tai S| dugc xdc dinh bing phuong phap tuong tu. Cac
tham s6 con lai st dung trong mo phong va danh gid nhu
sau: Ql ZQQZIVﬁﬁl =ﬁz=§R=ﬁ.

Hinh 2 minh hoa xic suét ding tai S, theo SNR trung
binh, trong d6 chét lugng hé théng v6i phan ciing khong
ly tudng dudc so sanh véi hé théng cé phan cing ly tudng
(ideal hardware). Pong thdi, phdm chit OP khi st dung
phin b3 cong suit tdi vu (1 = A*) § cic biéu thic (30)
va (31) dudc so sanh véi phan b3 cong sudt ngiu nhién
(2 = 1/10), v6i mitc ngudng khao sit cho OP la x = 1.

Trén co sé nhiing két qua phan tich, do ludng va thi
nghiém vé 16i phan cting tich hop ciing nhu kh4 ning SIC
cho hé thdng FD, chiing t6i khao sat pham chit hé thng véi
16i phan cting va RSI tuong tng 12 k; = ky = kg = k = 0,1
va Q = —30 dB. Pudng ly thuyét chinh xdc va xp xi thé
hién két qua & cdc biéu thic (17) va (21) cho truong hgp
phan cing khong ly tudng, va biéu thic (19) cho trudng
hop phéan ciing 1y tudng.

Miic dd anh huéng ctia 16i phan ciing dén OP hé thong
la 16n, dic biét & ving SNR cao (trén 30 dB). Ldi phan
ciing két hop véi nhiéu du, lam cho OP sém dat mic bao
hoa. Piéu nay thé hién 1o trong két qua tinh toin xic sut
dirng, bing cich cho cong suét phat tién dén vo han, ta
sé thu dugc biéu thiic OP 1a mot hang s6 khic 0. Trong
khi d6, v6i phan cing ly tudng, OP tiép tuc giam khi ting
SNR. Mit khac, phan bS cong suit tdi wu cho do 1gi ding
ké so v6i trudng hop ngau nhién, dic biét cho hé thong ly
tudng. Chd y ring, véi nhitng tham s& da chon, phan bd
cong suat tbi wu c6 gia tri tir 0,25 dén 0,3 cho ci hé théng
ly tudng va khong ly tudng.

Hinh 3 thé hién xdc suit diing tai S, theo hé s6 phan b3
cong suét, v6i miic nhidu du va 16i phan ciing khac nhau.

&
e
= q
& g
=] 8
E ~.'Q
S 102 - A B, 0.
g 10 O Ly tudng (mé phdng) ... R I F
SRR | PR Ly tudng (ly thuyét) “o...

O Khong Iy twdng (md phdng) Qe d

— Khong Iy tudng (Iy thuyét)
3 A Khoéng ly tudng (xdp xi)
10 T T T T 1 1 1
0 5 10 15 20 25 30 35 40

Ti 56" SNR trung binh [dB]

Hinh 2. An}l hudng ctia 16i phan ciing va hé sé phan bs cong suét
den xdc suat dung tai S,.
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Trong d6, xic suét diing dugc khao sit véi SNR = 40 dB
cho hai trudng hop: (i) k = 0,05 va Q = —-25 dB, (ii)
k=0,1va Q=-30 dB, cdc tham sd con lai st dung nhu
6 Hinh 2.

Trong trudng hop (i), phdm chit OP cho hé théng ly
tudng va khong ly tudng c6 su thay ddi 16 rét theo A. Khi
ta ting mic do 16i phan cing, tif 0,05 & truong hop (i) 1én
0,1 & truong hop (ii), OP hé thong khong ly tudng dat t6i
bdo hoa, do d6 khong c6 su khac biét khi A thay ddi. Két
qua cho thiy su diing dén ctia két qua phén tich so véi két
qua khao sat. Pong thdi khi 16i phan ciing 16n, két hop véi
cong suat phat di 16n, c6 thé st dung phan bd cong suit
c6 dinh cho hé théng d€ giam do phiic tap.

Hinh 4 khao sat OP tai S, theo mifc d6 anh hudng cua
16i phan cing, vdi SNR = 40 dB va Q = —30 dB, st dung
phan b3 cong suét toi uu va tdc dd truyén din thay ddi,
R = 1;2;3 bit/s/Hz. Chu y rang khi k| = ko = kg = k = 0,
pham chét OP ctia hé thdng khao sat trd thanh OP cho hé
théng ly tudng. Két qua cho thiy sy anh hudng 16n cla
16i phan ciing dén phim chit hé théng. Ngay c4 khi 16i rat
nhd (k = 0,01), pham chit hé théng bat diu gidm so v6i hé
théng ly tudng. Khi 16i 16n (k = 0,15) phadm chét hé théng
giam 10 1an so v6i hé thong ly tudng.

Hinh 5 minh hoa tdng quan v& x4c suit ditng dudi su anh
huéng dong thdi ctia hai yéu t6 1a 16i phan ciing va kha
ning triét nhiéu tu giao thoa v6i SNR = 40 dB va 4 = 0,3.
Trong trudng hop k = 0 va Q = 0, hé théng khéo sit trd
thanh hé thong HD vé6i phan ciing ly tudng. Ca 16i phan
cing va nhiéu tu giao thoa déu 4anh huéng 16n dén phim
chét hé théng, vi vay dé hé thdng FD hai chiéu c6 thé hoat
dong dudc, cac giai phap ky thuat vé triét nhidu ty giao
thoa va thiét ké phan ciing cin dudc tién hanh dong bo va
¢6 hiéu qua.

Hinh 6 so sdnh thong lugng hé théng xem xét (Through-
put - bit/s/Hz) v6i hé théng ly tudng véi k = 0,1;
Q = —30 dB va 1 = A*. Trong d6, thong luong hé théng
dugc xédc dinh thong qua biéu thic 7~ = R(1 — OP). Véi tbc
do truyén dan thip (R = 2), 4nh hudng cla 18i phan cing
dén thong luong khong ding ké. Nhung khi tdc do truyén
dan ting 1én (R = 3;4), hé thdng véi 16i phan ciing khong
thé dat t6i tiém cin yéu cau ngay ca khi SNR du 16n. Khi
R = 4 bit/s/Hz, hé théng khong ly tudng chi dat 7~ = 2,5
bit/s/Hz. Vi viy, cho hé théng FD truyén din tc do cao,
viéc st dung céc thiét bi phan ciing gia thanh cao dé dam
bido phdm chét hé thong 1a diéu tit yéu.

Hinh 7 minh hoa phdm chit 16i ky hiéu tai S, theo SNR
trung binh, st dung diéu ché BPSK véi k = 0,1; Q=
-30 dB va A2 = 1/3 (tic la P; = P, = Pgr). Trong do,
dudng ly thuyét thé hién két qua & biéu thiic (25) va (26).
Ta thdy rang, khi SNR thép (dusi 10 dB) su sai khac giita
phan tich 1y thuyét va két qua mo phdng 1a kha 16n. Nhung
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Hinh 4. Anh hudng cta 16i phan ciing k t6i x4c sult ding tai Sy
v6i toc do truyeén dan khac nhau.
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Hinh 5. Xdc suét dimg tai S, theo 16i phan ciing k va khd ning
triét nhiéu Q.
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Hinh 6. Thong lugng hé thong theo sy thay d6i SNR va toc do
truyén dan khac nhau.
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Hinh 7. X4c suét 16i ky hiéu tai S, theo SNR, véi P| = P, = PR.

& viing SNR cao (trén 10 dB) két qua tinh todn hoan toan
ding v6i két qua mo phong. Pong thdi, véi SNR = 40 dB,
hé thdng véi 16i phan ciing c6 SEP cao hon 10 lan so véi
hé thoéng 1y tudng.

VL. KET LUAN

Bing phuong phdp phan tich gidi tich, biéu thic chinh
X4c va gan ding ctia xdc suat diing va xdc suét 16i ky hiéu
da dudc dua ra cho hé thdng truyén din song cong hai chiéu
trong trudng hop c6 16i phan ciing. Pdng thdi, d€ nang cao
phiam chit hé thdng, ching tdi dua ra gia tri phan bs cong
suit t6i wu cho hai niit dau cubi va nit chuyén tiép. Két
qua phan tich da chiing minh su anh hudng ctia 16i phan
cling va nhiéu tu giao thoa con sét lai dén pham chit hé
théng khi so sanh v6i hé thong ly tudng, dic biét cho hé
théng truyén dan téc do cao. So v6i hé thdng ly tudng, hé
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théng c6 phan cing khong 1y tudng c6 phadm chét kém hon
nhiéu 1an, nhit 1a trong trudng hop hé s6 méo dang 16n.
Bén canh d6, so véi hé théng HD 1y tudng thi hé théng FD
khong 1y tudng c6 phdm chéit kém hon nhiéu va sém dat
t6i miic bio hoa khi cong sult phat dd 16n. Vi vay, ngoai
viéc thuc hién t6t cac ky thuat dé triét nhiéu tu giao thoa
cho truyén thong song cong trén cung bing tan, cic nha
san xuét can thuc hién t6t viéc han ché 16i phan ciing nham
lam giam tdc dong tSi phdm chat hé théng, tir d6 tao tinh
kha thi cho truyén thong song cong trén cuing bing tan.
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e nam 2011. Hién nay, tac gia dang la nghién

- cifu sinh nim thd hai tai Khoa Vo tuyén

Y dién t&, Hoc vién K§ thuat Quan su. Linh

' viic nghién ciiu cda tic gia 1a truyén thong
song cong, truyén théng hop tic.

Tran Xuin Nam nhan bé“mg Thac si tai
Pai hoc Cong nghé, Sydney, Uc, nim 1998;
nhan bing Tién si tai Pai hoc Dién tit -
Truyén thong, Tokyo, Nhat Ban, nim 2006.
Hién nay, tic gia dang la phé gido su va
cong tac tai Hoc vién Ky thudt Quan su. Tac
. gid da dugc tdng gidi thudng nha nghién

‘L ciu tré tai Nhat Ban nim 2003 va gidi
thudng bai bio xuét sic nhit tai hoi nghi ATC nam 2012. Tic
gia 1a thanh vién ctia IEEE, IEICE va Hiép hoi Vo tuyén Dién ti
Viét Nam. Linh vyc nghién ciiu cia tdc gia la ang-ten thich tng,
x 1y tin hiéu, ma héa va hé théng MIMO.




