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Abstract: In this paper, we study underlayphép cac mng o cip va mang thr cip c6 tké tién
cognitive multihop networks where both powehanh hat dong truyén phat song songév nhau.
constraints including the maximum tolerableNhugc diém aia phrong phap nay ldé dam bao diéu
interference level at primary receivers and th&ién can nhfu nhin duoc tai may thu & cap, cong
maximum transmit power at secondary transmitteisiit phat @a cac may phat thcip phai duoc diéu
are taken into account. We obtain the exact anchinh phi thudc vaodd loi kénh trugn can nhiu va
approximated closed-form expressions at high and Ickét qua 1a viing pli séng @a mang thr cip thuong b
signal-to-noise ratio (SNR) regime for the systemidi han.
outage probability. Based on the approximated pi mg rong ving ph séng, trugn thdngda ching
expressions, the optimization problem on relay mst giai phapdon gian vada dugc chip nhin sr
locations are considered. Numerical results shoat thgung trong nhdu chuin vé tuyén hién nay @ng nhr
underlay multihop networks with optimal relaychiin vo tuyén thé he méi, vi du [3-6]. Trong mang
positions  significantly  outperform  that  withyryyén théngda ching, héu ning aia toan mng €
randomized or uniform relay positions. phu thusc vao héu ning aia ching yéu nHit [7-10], do

, ) d6 bai toandi uu vi tri hay phan & cong sét cho cac
. GIOITHI EU . VTS ) !
o o nat chugn tiep cia mang therong co vai tro &t quan

VO tuyen nhan thic la cong ngh rat tiém mng  rong va cho phépat thien dang K hi¢u ning aia
cho phépan dung cac khang tin & nhan 8i ta0 ra  mang ma khongan s dung thém tai nguyén ang.
do chinh sach quy hoh tn $ tinh. Hign nay, céng
nghé vo tuyén nhin thic dang thu hat rmh ng sr
quan tam ta rit nhiéu nha khoa éc trén ti¢ gioi. Cac
ndt mang sr dung céng ngh vo tuyén nhan thic co
kha ning hat dong song song éi mang S cap
(primary networks), 1a eng c6 n quyén s dung tin
sb, v6i didu kién rang bac 1a hat dong truyén phat
dir ligu cia mang thr cap khoéng gay can néii cho
mang s cap [1].

Cho dén nay,da c6 ndt sb bai b4o xem xét bai
toan bi uu hiéu ning aia mang chuyn tiép trong moi
truong vo tuyn nhin thic, vi di [11-14]. Bai bao [11]
xem xét bai toanét uvu cdng sat cia mang truyén
théng hyp tac trong méi trong vo tuyén nhan thic S
dung phrong phap nhéaniat Lagrange @i gia sk mac
rang bc can nhiu trung binh. Bai bao [12] xem xét
bai toan phandcoéng sét t6i vu giira mang sy cip va
, ~ mang thr cip trong mdi tedng vO tugn nhin thic

Choden nay, c6 ba ptong phap chinldé thiet k¢ dang xen k. Gn day, hai bai bao [13] va [14} luot
mang vo tuen nhan tirc d6 la: underlay, overlay va yem xét bai toandt uu aia ndt chugn tiép thir cip &
interweave [2]. Trong ba plong phap néy, underlay kanh trugn fading Rayleigh va Nakagami: tuy
la phrong phap nfin dugc sr quan tam nktu dia Cac  nhign @ hai bai baatéu b quadiéu kién rang bac vé
nha nghién ¢u gan day khi mauu diém cia no la cho
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cong sdt phat 6i da aia cac nat phat thcap, lam Kt
qua cua bai toandi wu dat duoc cé phn khong thrc
té.

Trong bai bao nay, ching tdi xem xét tru vi tri
cia cac nut chudn tiép aia mang thr cip da ching
trong méi taong vo tugn nhin thirc dang rén v6i hai
diéu kién rang bac vé céng sét chiu dyng can nhiu
t6i da @i may thu & cip va cong sit phat 6i da ti
may phat tir cip. Bai toan i wu duoc dé xuit va gai
dwa vao btu thrc cang d6ng aia xac sét ding he
thong duoc xap Xi & ving ¥ 1¢ tin higu trén nhéu cao
va thip va mé hinh kénh trép suy haaton gian. Cac
két qua sb da xac nhn tinh dang din cia bi giai va
wu diém cia viéc ti wu Vi trf caa cac nat chudn tiép.

1. MO HINHH E THONG

Xem xét ¢ théng truyén théng nkn thic trongdo
mot cap thu (PU-Rx) va phéat (PU-Tx)oscip tn tai
cling \6i mot mang thr cip da ching. Qua trinh trudn
thong tin gira nat ngén thr cap (CR,)va natdich
the cip (CRy,,) Vvéi kénh trugn fading Rayleigh
dugc thyc hién trong K khe thvi gian tec giao \bi su
hd tro cuia K —1 nat chugn tiép v tuyén nhan thac,
ky hiégu CR,,..,CR,. Cac nat chu§n tiép trong
mang sr dung ky thuat giai ma va chugn tiép (DF:

Decode-and-Forward)irt la cac nut trung gian nag s

giai ma tin héu nhan dugc tir cac nat twéc no, thee
hién ma hoéadi va saudd phét tin hdu da dugc ma
héa ki t6i nat tiép theo.Uu diém cia ki thuat chuyén
tiép DF la & dang &p dng cho cac & théng cé ap
dung ma hoa.

Gia s rang nat ngén thir cip va ft ca cac ndt
chuyén tiép déu cé thong tin ting thai kénh trudn
(CSI: Channel State Informationjix tit ca cac kénh
truyén tr CR, dén PU, con gi la kénh trugn can
nhiéu. Trong thic &, cdc may phat thcap co dugc
cac thdng tin tmg thai théng tin kénh trép nay
thdng quaduong truyén tryc tiép tr PU hdic gian tép
tir bén thr ba c6 vai trd gan ly ngwn tai nguyén ph
cua hg thong.

dmV-1, $ 11 (31), thang 6/2014

lIl. PHAN TICH XAC SU AT DUNG CUA HE

THONG THU CAP

Xét ching thr k cia mang vo tuyn nhin thrc da
ching thr cip, ta @i h,, va h, lan luot 1a he sb
kénh trugn cia duong truyén tir may phat ttr cip thi
k (SU,) t6i may thu thir cip tiép theo (SU,,,) va tr
may phat tir cap thi k (SU,) t6i may thu & cip
(PU-Rx).Dé bao vé sy truyén din cia ke thong sv cap
theo plrong phap dng rén (underlay), trong dthong
xem xét, cong sit caa tin héu can nhiu tao ra ki
bit ky s truyén din ndo @a cac nat th cip déu phai
thip hon mic cobng sét can nhéu chiu dung ©i da
cia may thu s cip (PU-Rx). N6i cach khac, cac may
phét thr cip chi duoc phép & dung dii phd da dip
phép cho & théng o cip mién & n6 khéng gayinh
huéng ©i qua trinh trugn théng @a te théng sy cap,
cu thé 14 cong sht can nhéu cia mang thr cip gay ra
tai may thu & cip phii nhé hon mt mirc can nhiu
ma may thu s cip chiu dung duoc.

Dé dic trung cho kf ning chiu dyng can nhiu
toi da aia hé thong s cip, tadat |, 1a mic cong sat
can nhéu chiu dung ®i da aia may thu s cip. Do do,
ta & dang n#n thiy ring bén anh cong skt truyén
toi da P, (quydinh boi phan aing), cong sét phat P,
ciia SU, con phi bj rang bic boi 1. Biéu dién bing
biéu thrc toan hic, ta c6 cong it phat @a ching thr
k nhe sau [15]:

m? |2 m
R = | | 1)

p =, P > < >

R
Viét lai biéu thic (1) & dang rat @n, ta co:
|
R, =miny—— P, (2)
P

Goi y, la ty s tin hiéu trén nhéu tac thoi cia
duong truyén ching k , ta cé:
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W= Pk|hD,k|2/N0
=min I”2 P, |hD’k|2
|h|,k| N,

voi N, biéu thi pheong sai @a nhéu tring (AWGN)
tai may thu thr cip. Theo plrong phéap trugn rén, c
hai k¢ théng s cip va thr cip hat dong song song
v6i nhau, nén cac may thuitltip 5 nhan tin héu can
nhidu tir may phat s cip. Khi xem xét can nBu gay
ra qia may phats cip dén may thu s cp, ty o tin
hiéu trén nhéu cia ching thr k c6 cang nhr sau:

®3)

ALY
Pp|hP,k|2 + NO

Y |
: @

|

=min| P,,—= . :

Pl Rl + N
véi P, la cong sét phat @a may phats cip va h,,
la he sb kénh trugn tir may phéat s cip dén may thu
thir cap ching k. Ta & dang nén thiy ring ¢ biéu
thirc (4), ¥ s5 tin higu trén nhdu tirc thoi cia ndi
ching € phu thupc vao cong sit phat i da aia may
phat thr cip (P,), cong sét can nhtu chiu dung Bi
da aia may thu s cip (I,) va cong sit phat ca may
phat & cip (P,). Tuy nhién, trongtiéu kién ma ving
pha séng éa may phats cip I6n hon rat nhiéu so \6i
ving phi séng @a may phat thh cip, vi di chuin
IEEE 802.22 [16], ching ta cééhxem can nkiu tr
may phéat s cip dén cac nit th cip la nhéu tring
trong mang thr cip. Gi thuyét nay duoc chip nhin
trong nhéu nghién &u gin day, vi di [15,17-19], kt
qua la ta co th xap xi tin higu trén nhéu trc thoi nhu
biéu thrc (3). K& tir day, ching ta&sr dung biéu
thirc (3)dé thuc hién cac phan tichép theo.

Xét kénh trugn fading Rayleighlh,,|* va |, |
la hai bén ndiu nhién c6 phan&ham nii véi cac

tham $ twong ung & AD,k:E{|hD,k|2} va
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A= E{|hI ,k|2}’ voi E{} bidu thi toan t trung binh
ky vong thing ké. Ham rat do phan Ib xac st
(PDF) va ham phandoxac sit tich kiy (CDF) |h,,

|2

v6i ZO{D, I} c6 cing lan heot nhr sau:

1 X
() =——exg —
(%) A ex’{ /IZJ

X
F =1- -
- (x) exp{ /]ZJ

Tuong Gtng Wi biéu thic ty sb tin hiéu trén nhéu

& cong thirc (3), béu thic xac sdt ding he thong

truyén théngda ching thr cip da dwoc xac hp & [20,

Eq. (6)]. Tuy nhién, ghg aia biéu thrc OP At phic

tap, va khong th sr dung gii bai toan éi uu hiu

nang aia ke thdng. Bé giai quyét khé khin nay, trong
bai b4o nay, chang td xuit sr dung ky thuat xip xi

& ving ¥ 1¢ tin hi¢u trén nhéu thip va caot hai quan
sat quan ting nhr sau:

(5a)

(5b)

+ Trwdng hep L: khi |, > P, dindén B, = P,.

+ Trwdng hep 2: khi |, < P, dindén R, :%.
n
Do d6, bai toandi wu hiéu ning k¢ théng € duogc
chia ra hai trong hpp twong tng nhr trén. Ty 1€ tin
hiéu trén nhéu tac thoi cia ching k cua trng trong
hop < viét lai nhu sau:

E—”;|hD,k|2, TH 1 6
Ve = I_p|hD,k|2, s (6)
N, |h|’k|2

Viéc chia thanh haitong hop riéng bét (TH 1 va
TH 2) s gitp cho véc giai bai toan 6i uu s tré nén
don gian hon. Cha y &ng trong hop 1 (TH 1) la
trong ung Wi truong hyp mang truyén théng da
ching cang truyén théng, nghia 1a cong sit phat Ga
may phat tir cip ch chiu anh hréng phin lon boi gia
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tri P,. Sauday, chung t6i & danh gia hdu nang aia
hé théng theo trng trong hop.

X&c sttt ding la ndt tham $ hiéu ning quan
trong cho lat ky hé thdng vo tugn nao, cho phép
ching tadanh gia hu ning aia mjt h¢ thong vo
tuyén ma khong &n biét kiéu didu ch cu thé cua h
thong. Xac sat dirng throng dugc dinh ngha la xac
SUit ma ¥ 1é tin hiéu trén nhéu cia ke théng nko hon
mot ngudng drng cho trge, throng la mirc ty 1€ tin
hiéu trén nhéu hé thong gii didu ché dang [2].

Trong phin nay, ching ta&danh gia xac <
dirng aia k¢ théng dang xem xétis dung ky thuat giai
ma va chugn tiép. V6i he thong truyén théng da
ching chng gii ma va chugn tiép, h¢ thong dugc
xem la drng khi va ch khi ty sd tin hiéu trén nhéu
cia ching yéu nhit nhd hon mbt gia ti ngedng cho
trudc, y,, . Diéu nay trong tng Wi xac xuit ma § s
tin hiéu trén nhéu twong duong dia k¢ théng y,,. cia
K ching thap hon y,, , cu thé 1a

OpP= P'[% log (H epe K Vth} (7)

Theo [10, 21], ¥ S5 tin hiéu trén nhéu twong
dwong aia ke thdng, y,,., cO the biéu bién theo y,
nhu sau:

Veze =MiN_ gy Vi (8)

Gia s rang cac kénh tridn cia cac ching ladoc
lap v6i nhau, khidé tr cdng thirc (8) c6 tié duoc suy
ra nhr sau:

K

OoP=1- H PV > Vi)

K
=[]+ Plrsw) 9)
K
- [][+F, ()]
Dé co the xacdinh OP, ta dn xacdinh F, ()
trong (9) trongung Wi hai trrong hop 1 va 2.
Trwong hep 1: Ta viét lai biéu thic ty sb tin hiéu
trén nhéu tic thoi cua ching thr k nhur sau:

dmV-1, $ 11 (31), thang 6/2014

P
Vi :N_0|hD,k|2 (10)

O kénh trugn fading Rayleigh, ham CDRia ),
c6 chng

y

F.(»)=1-e* (12)

I:>m/‘ D,k

Voi Y, = . Thay tt¢ (11) vao (9), ta timiugc
0

biéu thrc cang dong dia xac sét dirng ke thong nhr

sau

OP=1-e ™ (12)

. i 1
Vol Y =) —
k=1 Vi
Trwong hep 2: Ciing trong tr nhe Trueong hop 1,
ta hit dau tir ty 5 tin hiéu trén nhéu aia ching thi k ,
c6 cang nhr sau:
2
1y [l
2
N, |h|‘k|
Dé tim ham CDF ga y,, ta st dung khai ném
x&c sit diéu kién, a1 thé nhur sau:

Ve = (13)

1 [ho
F =P _p "Dkl
L (V) r[ N |h|,k|2 <y]

o

T Pl <4 |1, €ix (14)
0 7P 1,k
NO
:I 1—ep—|yx 1e_mdx
0 WPAD,k H
0
Sau khi tlrc hién tich phan theo, ta c6
__ v
F = 15
W= (15)
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. I, A
v6i @, =Bk
0 Mk

cO xac sht ding aia k¢ thong trong torong hop nay
c6 chng nhr sau
ak

K
OP=1-
u }/th +ak

Két hop hai béu thac (12) va (16), xac diidirng
cua hg théng duoc viét lai nhu sau :

(16)

1-e™, TH1

oP={
-1 % TH2
_ a,

Vo T
IV. BAI TOAN T Ol UU HIEU NANG CUA HE
THONG
Do mang nghién ¢u la mang truyén théngda
ching thr cip dang rén, céng sét phat Ga cAc may
phat thr cip s bi giéi han boi P, va i mac can

(17)

nhiéu chu dung ®i da, |,. Do d6, bai toan & uu
cobng sit phat 1a khong kinthi khi ma cong sit phat,
R, cia ching thr k, pha thupc vao do lgi kénh

truyén can nhdu |h,[*. Két qui 1a B, thyc ¥ 1 mjt

hkz.Do
d6, dé cai thién hiéu ning ke thdng (giam xac sat
ding e thong), thi cach kiathi Ia thayddi do loi kénh
truyén trung binh, hay néi chinh xaomla 6i uu vi
tri cua cac nat chudn tiép.

bién ngiu nhién ph thusc bién ndiu nhién

Trong phin nay, chang téiap trung vao gc tiéu
héa xac sit dirng h thdng hing cach tim v/ tri nat
chuyén tiép tdi wu. Gu thé, cho tuéc cac tham & caa
mang truyén théngda ching thr cip sr dung ky thuat
giai ma va chugn tiép (DF) hat dong dra trén giao
thirc dang rén bao m toa do cia aia nat thu s cip,
nat ngwn thir cip, natdich thr cip va $ luong céac
ching. Van dé dat ra & xacdinh nhiing Vi tri t5i wu
cho cac nat chudn tiép sao cho xac 4 ding he
thong la nkb nhat.

. Thay ti biéu thic (15) vao (9), ta

dmV-1, $ 11 (31), thang 6/2014

PU(z,,y,)

Hinh 1. M6 hinh mang v6 tuyn nhin thic ba cling
DF chuyén tiép dang rén cling @m trén ndt duong
thang.

Dé don gian, ta xem xét mod hinh ang dugc minh
hoa nhr trong Hinh 1,6 day #it ca cac nit mng thr
cap dugc két ndi trén mdt duong thing tr nGt ngwn
dén nutdich aia mang thr cap. Ly do @a viéc chpn
md hinh nay la tinh ghdung @uoc lya chon nhiéu
trong nghién ¢u mang da ching) va tinhdon gian.
bdng thyi mé hinh nay 8 dang né rong ra cac mod
hinh phirc tap khac ma khong thagoi ban chit mo
hinh. Ta gi si ring toan b khaang cach i ngwn t5i
dich chuin hoa ling mot, cu thé

dp,+dy,+...+dy =1 (18)
voi dp, biéu thi chidu dai @ia ching thr k. Cho
truéc vi tri caa may thu s cap (x,,y,)va @ dinh
chang thr cip K, bai toan di wu duoc phéat biu ¢
dang toén loc nhr sau:

min OP s.td,, +d,,+ .+ d,, = (29)

Ta & dang nhn thiy ring cong tirc xac sat
dirng chinh xac a 8 théng, trinh bayd cong thic
(17) & dang phic tap néndé thyc hién giai quyét bai
toan i uu, ta thrc hién xap xi biéu thac (17) nhr sau:

yth(fl+-.-+_—1} TH1
n Yk

}/th(i+"'+_1j’ TH 2

a, ay

OP . (20)

V6i TH 1, ta $ dung ap xi € =1-x khi x nho,
trong khi \6i TH 2, ta s dung ap xi (1+x)™*=1-x

K K
va l(‘l(l—xk):l—ZXk V6i X va x, nho.
=1 k=1
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St dung md hinh kénh triéyn suy haadon gian,
[2], i.e., A, =d, ", voi d,, la khaing cach it ly
cua kénh trugn loai Z ching k va 7>2 biéu thi 5
mii suy haoduong truyn. n7=2 khi mdi tnrong
truyén la khéng gianu do van=5 va 6 \6i moi
truong truyén 14 vingdd thi nha caoang, bai toand
wu & cdng thirc (19) Vit lai & dang ré fon nhr sau:

K
min z - s.t.;dw =

klka

cho Trrong hop 1 va

K(d Y K
min > | 1 sty dy, =1 (22)
= d P=

Dk

(21)

cho Trong hop 2.

Trwong hop 1. Bé giai bai toan éi vu (21), khi
d,, 1a cac 6 duong va P, 1a mot tham $ quy dinh
trugc cia he thdng (khi thiét ké ché tao), ta ap dng
bat dang thrc Cauchy ntr sau

/K
K
2K (23)
Sanef1a)
DAu “=" trong (23) »y ra khi va chkhi
1_ = 1_ =...= 1_ (24)
dD,l 7 dD,2 7 dD,K 7

Két hop diéu kién rang bac o (21) wi (24), ta c6

thé tinhduoc gia ti d,, véi k=1,...,K nhue sau:

dD,lde,zz"'de,K (25)
Trwong hop 2: Véi bai toan éi wu (22), ta éng
ap ding it dang thrc Cauchy dn dén

n n
i dl,k > K d| k K
k=1 dD,k dD,k

(26)
OP aia I thdng € cuc tiéu khi diu “=" dién ra,
khi d6
& _h ..... d« (27)
dD,l dD,Z dD K

Sir dungdinh ly Pytago.d,, , c6 cing nhr sau :

dmV-1, $ 11 (31), thang 6/2014

(28)

k-1 2

Két hop (27) va (28), taluoc hé K phuong trinh

khong tugn tinh choK bién dg,,...,d, , dugc cho
nhu sau

de 4.

D,1

(Xp_dD’l)z_(xpz_i_ ypz)[(;D,zj + %:0

D,1

+d,, -1=0

D K

(29)

K-1 d 2
(Xp-Zdo,kJ-(&]” ypz)[dD'Kj +%=0

k=1 D1
Hé pheong trinh trén 1a & pheong trinh khéng
tuyén tinh c6 th giai bing cac plong phap théng
thuong, vi di Levenberg Marquardt, mhdé cap &
[22]. Trong thrc &, k¢ phrong trinh (29) c6 té giai
bing cac phn mém tinh toan thénguwhg, vi di nhr
Matlab Wi ham fsolve haic Mathematica & ham
Solve Trong tuong hyp $ ching king hai, fic |a
K =2, h¢ phrong trinh (29) c6 thrat gon wé phrong
trinh kic 4 nhr sau

dg.—2x,05,+206 + y;) dy .~ ( X+ ¥;) =0 (30)
D& dang cling minh &ng phrong trinh tic 4 ¢ (30)
[udn luén co6 ngléim trong khang [0,1]. That vay, dat
9(d,,) = dé,l_zxpdg,l"'z( )é + y,Z))dD,l_(Xf;"' ygzg)'
ta co
9(D) =1-2x, + 20+ Yp) — (G + ¥p) = Yo+ (X,—1)*>0
0(%,, Yp) V& 9(0)=-(x; +y;) <0 0(x,,Y,)
dén g(0)g1)<0. Phrong trinh Wc 4 ¢ trén co
nghiém nhr sau:

dan

le*:_'é_1 CDO+CD4+} 2CDO_CD4_L
' 2 2 2 LONE JON
(31)
Vai
D, =X,

®, =122 (x, - 1),
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®, =108}, - 108d%x %,
¢, =8x} - 16d;

1,1

o :ﬂi/ 2 +_1i/cl>2+1/c1>2—4cp1
fo3\o,+Jo,-40, 3 2

Két hop 1o giai caa hai terong hop 1 va 2, ta cé
loi giai tong quat cho bai toaituu hé thong truyén
théng da ching thr cip cho @ hai tmong hop
P,<l,va P,>1_ . Vé co ban, khi B, <1 thi ke
thong thr cip khéng b rang béc vé mic can nhiu
cua he thong sy cap nén cac nat chién tiép dat cach
déu nhau & cho héu ning mang thr cip i wu.
Nguoc lai, khi P, > |, thi k¢ théng thr cAp < t6i uu

néu cac cling c6 ¢ sb do loi kénh truygn di liu va
kénh trugn can nhiu & nhr nhau. Trong pn tiép
theo, t6i § trinh bay not b két qua sb dé chirng minh
tinh dingdan aia két qua dat duoc ding nhr vu diém
viéc t6i wu Vi tri cia cac nit chudn tiép so \6i truong
hop khong 6i uu.

V. KET QUA PHAN TiCH

Phin nay bao m hai muc tiéu. Pau tién ching
t6i cung d@p cac Kt qui mo plong dé xac nhin
phuong phap phan ticlié xuit & cac pln trén lading
dan, dong thyi chi ra ing hiéu ning aia mang (xac
Suit dirng ke thong) thr cip < cai thién khi ti vu vi
tri caa cac nat chudn tiép.

Kénh truyn sr dung trong toan & chuong trinh
mo phong 1a kénh trugn fading Rayleigh. Gisi ring
vi tri cia nGt ngdn va nidtdich aia mang thr cip lan
luot tai toa do (0,0) va (1,0)Pong thoi gia s thém
rang padd cua nut thu e cip 1a (x,,y,) Véi tat ci cac
nguoi dung dia mang thr cip ¢ \i tri cing @m trén
mot duong thing va kha@ng cach gia nat ngan va
nat dich duoc chuin héa ing mot. Bé kiém chinguu
diém ca bai toan & wu hiéu ning, phan B nuat
chuyén tiép ndiu nhién vadéu € dugc dungdé so
sanh. Khi cac nat amg chuyn tiép thir cip dugc chpn
theo phlrong phap ngu nhién ngia 1a ba do x cia
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né € dugc chpn ndiu nhién trong khang tir (0,1) va
toadd y cia nd & dinh ¢ 0. Khi c&c nat nng chugn
tiép thr cip duoc chon theo plrong phap phan &
déu, thi khaing cach gia cac natala /K .

0
10

! —+—DT
B - —-K=2
BRSO e K=3

: —— K=t

B K=5
E\“ “ O Simulation

Qutage Probability
5]

. \ \ . .
0 5 10 15 20 25 30
Average SNRs, F

Hinh 2. Xac sit ding ke thong thedP, véi 1 /N, =10
dB, 7=4, va(x,y,)=(0.51).

Trong Hinh 2, ching t6i Ko sat xac sit ding
cua he thdng khi thayddi sb lwong cac ching aia kg
thong thr cip tr 1 d&én 5. Chl y #ing teong hop
K =1 twong trng Wi truong hyp hé thong truyén tryc
tiép. Pé dam bao tinh céng Bng trong so sanh, cong
suit phat @a hé théng 1a khéngidi khi ting $ ching.
Nhu quan sét trén Hinh 2, tromtiéu kién rang béc
vé cong sét phat va can niu ¢ may thu s cip, thi
mang Wi sd chang lon hon khéng phi ludn ludn cho
hiéu ning ©t hon. So sanh eng Wi sb ching tr 1 dén
5 ta thy mang c6 $ ching king K =3 cho hgu ning
t6t nhit va mang c6 5 ching cho héu ning kém nkt.
Khi ty sb tin hiéu trén nhéu nh hon 10 dB, trugn
théng tic tiép cho héu ning ©t hon ci truong hyp
mang c6 5 cling. Cha y &ing cac Kt luan nhr trén 1a
khéng conding & viing § sd tin hiéu trén nhéu cao,
cu thé 1a trén 15 dBO ving § s tin hiéu trén nhiu
nay thi mng c6 4 ching € cho hgu ning ©t nhit, ké
tiép theo 1a mng c6 5 cling. Dodo, co the két luan
rang mbi quan k¢ gitta $ ching va héu ning aia ke
thong da ching thr cip khéng phi 1a mot ham tugn
tinh.
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Khi ¢ ving ¥ Ié tin higu trén nhéu thap, ty SO tin
hiéu trén nhéu ting thi xac sét dirng aia ke thong
ting theo, tuy nhién xac sudirng aia k¢ théng $ tro
nén kio hoa (khéngang) ¢ vung ¥ 1€ tin higu trén

dmV-1, $ 11 (31), thang 6/2014

cho bi giai téi wu & dangdéng. $ chang aia md hinh
khao séat la 3,itc la K =3. Trén Hinh 3, c6 4uwong
dugc thé hién bao @m: duong Kt qua phan tich chinh
xac (“Exact”),dudng Kt qua xap xi & viing nhéu thip

nhiéu cao. Hén tugng nay @ dang ly gii khi quan sat (“Low Approximation”) va duong két qua xip xi &
cong thic xacdinh céng sht phat @a cac may phat viing nhéu cao (“High Approximation”) va dii cling

thir cap.

Exact

-+ Low Approximation
— = = High Approximation
@ Simulation

Qutage Probability

| | | 1 |
0 5 10 15 20 25 30
Average SNRs, Pm

Hinh 3. Kiém ching cong titc (17) Wi l,/N,=10
dB, 7=4, va(x,y,) =(0.5,1).

T

—— Equal

—H8—- Optimization
Random

o

=
~m

QOutage Probability

e
=]
e
8o 660 8-B0a-8-04

Average SNRs [dB]
Hinh 4. So sanh cac plong phap phandnut chugn
tiep thir cap véi 1,/N,=10 dB, =4, va
(%, ¥,) =(0.80.4).

Trong Hinh 3, ching tdi &m tra tinhdang din
ciia cAc #p Xi cia cong tirc (17) 1a © v toan hc
quan tpng dé giai bai toan 8i wu higu ning khi ma
cong thirc chinh xac ghg dong dia xac st ding e
théng khéngd dang Hip din v mit toan toc dé co th

la duong két qua md phong (“Simulation”). Ta thy
rang duong kKt qua phan tich chinh xac vékqua md
phong la hoan toan trung nhau trong todintgt 1€ tin
hiéu trén nhiu dang xem xét. Bénanh do, duong xap
xi & ving nhéu thip va vang nkiu cao éng hi tu
trong thg Wi duong Kt qua chinh xacs vang § 18
tin hiéu trén nhdu xem xét. ¥t qua nay cho phép
chiing ta kim ching li 1an nira tinhddngdan cia ap
Xi trong cong thc (17).

Hinh 4 thrc hién so sanh cac plong phap phéan
bo nat chugn tiép cho mng c6 4 cling. Ta & dang
nhan thdy hiéu qua caa phrong phap phandtdi uu
khi gia ti ty I tin hi¢u trén nhé¢u lén hon 10 dB, la
gia tri cia | . Khi d6, xac st dirng aia hé théng cho
boi phuong phap phandtéi wu duoc dich xudng dréi
mot khaang 16n so i phuong phap phan & ngiu
nhién. Bén gnh dé, ching ta @ing thiy ring xac sét
dirng aia ke thdng sr dung phrong phap phanddéu
va phrong phap phan®tdi vu & vang ¥ 18 tin hiéu
trén nhéu nh hon 10 dB 14 nkx nhau dos phin trén
ching ta chng minhdugc rang & vang ¥ 1é tin hiéu
nho thi hiéu ning aia ke théng thr cip khdng ph
thuoc vao gia tr |, va khiddé mang thr cap < dat
hiéu ning ©t nht khi cac cling la phan & déu nhau.

Hinh 5 ti& hién anh hréng aia moi trong truyén
(théng qua B sb suy haoduong truyén) Ién xac st
dirng aia k¢ théng khi sr dung phrong phap phand
t6i wu. Khi gia ti 7 tang |&n thi thi xac it dirng aia
hé thong ting I&én vadong thyi wu diém cia phrong
phéap phan &1t6i vu cang rd nét. Ly doua viéc nay la
khi h¢ sd duong truyén tang 1én,anh hrong Ion dén do
loi kénh truyn trung binh va lam chg/tsd a, thay
doi.
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Qutage Probability
S

Average SNRs [dB]

Hinh 5. Anh hrong aia méi trong truyén Ién hiu
nang aia ¢ thong thr cap.

(xp,yp):(ﬂ 303)

(xp ‘vp):(U 6.0.6)

Qutage Probability

(xp‘vp):(o 9.09)

Equal
Optimization

0 ‘5 1‘0 ’\‘5 Zb 2‘5 20
Average SNRs [dB]

Hinh 6. Anh hréng qia Vi tri nit thu & cip1, /N, =10

dB,n=4,vaK=3.

Trong Hinh 6, chung t6i o satanh hrong aia
ndt thu & cip lén héu nang aia ke théng co6 s dung
phuong phap phandtdi uu nat chugn tiép thr cap
vaddng thi so sanh & phuong phap phanddéu. Ta
c6 th thdy rang khi \i tri caa nit & cip cang xa &
thong thr cip thi héu ning aia k¢ théng thr cip duoc
cai thién dang K. Vadong thvi do loi cho ki phuong
phap phan &t6i uvu so wi phuong phap phanddéu
& vung ¥ 1¢ tin higu trén nhéu cao c6 ¥ giam khi nat
chuyén tiép tién ra xa nang thr cap.
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VI. KET LUAN

Trong bai bao nay, ching téa phéan tich vadanh
gia ke théng truyén théng phanap da ching sr dung
ky thuat giai ma va chuyn tiép ung ding céng ngh
vd tuyén nhin thic haat dong dra trén giao thc dang
nén (underlay).bong gop é@a bai bao 1at4 gii bai
toan phan & téi uu vi tri nGt chugn tiép cia mang
thir cip cho torong hop tng quat, thich ép ca ving
ty 1& tin hiéu trén nhiu cao &n thip. Két qua mo
phong da chirng minhuu diém cia phrong phap phan
bo t6i wu hiéu qui hon so i phuong phép chiatéu
khaang cach hac chpn khaing cach ndu nhién @a
hé théng truyén théng phanip da ching tng ding
céng ngkk vod tuyén nhin thrc trongdiéu kién rang
busc mirc can nhiu va cong sit phat 6i da.
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