Ca4c cong trinh nghiénu, phat trén vaing cung CNTT-TT af V-1, $ 13 (33), thang 6/2015

Panh gié higu ning cia h¢ thong vo tuyen
nhan thwc dang nén voi dieu che thich nghi

On the Performance of Underlay Cognitive Networks wth Adaptive
Modulation

Nguyén Vin Chinh, V& Nguyén Quéc Bio

Abstract: In this paper, we study adaptive din dén ving pti séng éa mang thr cip gisi han va
modulation for cognitive underlay networks takingviéc dam bao chit luong dch w cho mang thr cap
into account the interference link from the secogpda (QoS) la ndt bai toan kho [6].

transmitter to the primary receiver. We have prambs  Tryyén din thich nghi 1a rét ky thuat don gian
the mathematical analysis framework to derive theyhung hiu qua ddi voi mang vo tuygn va kénh trugn
system performance in terms of outage probabilityading [9,10]. Trugn thich nghi cho phép cac:h
spectral efficiency and average bit error rate overhingdiéu chinh mrc diéu ché va/hdic cong sét phat
Rayleigh fading channels. Monte-Carlo simulationsphy hyp woi didu kién kénh trugn dé cai thién dung
based on Matlab have been performed to verify thgong haic hieu suit phd tan. Bén nay, trugn thich
correctness of the analysis as well as to show thgghj duoc ap ding trong Au hét cac chén vé tuyén

advantages of the proposed system.

l. GIOI THI EU

Truyén théng nhn thic 1a ndt cong ngh tiém
nang cho phép & thién hiéu st sir dung ph tan
bing cach cho phép cacang thr cip (khdng co
phép & dung tn ) hoat dong trén cung ing &n voi
mang S cap (dugc cip phép & dung tin ) véi diéu
kién 1a hat dong truyén phat @a mang thr cip khéng
gay hi cho mang v cip [1]. Trong ba lai mang vo
tuyén nhan thic: dang rén, dang dan xen va ghg
chong chip thi mang vo tugn nhan thic dang rén
nhin dugc ar quan tdm €a cac nha nghiénta khi
mang thr cip khong b giéi han bsi hoat dong aa
mang s cap [2,3].

Tuy nhién,dé tranh gay can nbii cho mng v
cap, may phét th cip cia mang vé tuyén nhin thic
dang rén phai diéu chinh céng sht phatdé cong sat
can nhéu nhin tai may thu & cip phai nhé hon mot
gia ti quy dinh tnrée, throng duoc goi la cong sét
can nhéu ti da cho phép [4-8]. Trong tic t, gia ti
cia cobng st can nhéu ti da cho phép timng nho

thé hé mai [11].

Chodén nay,da cé nét sb nghién ¢u dé& xuat ap
dung ky thuat truyén thich nghi cho mng vo tugn
nhan thic, vi du [12-20]. Bai bao [12] kip sat dung
lwong aia e thdng thr cip voi didu kien xac sat
dirng can nhu va \oi diéu kién xac sét ding ty 1¢
tin hiéu trén nhéu. Trong [13-15], tac giap ding ky
thuat diéu ché thich nghi cho & thong switch- and-
scan combining (SSC) #hcip trongdé antenduoc
chon dé phat 1a anten c&ytsh tin hiéu trén nhéu dén
may thu thr cp t6t nhit va ¥ b tin hiéu trén nhéu
dén may thu s cap nhd hon gia ti ngdng quydinh.
Bai bao [16] va [17] kho satanh hrong aia  thong
so ip lén ¢ thong thr cip sr dung k§ thuat diéu ché
thich nghio kénh trugn fading Nakagamin.

Trong bai béo [18-20], tAc gikem xét bai toanit
vu hiéu suit phd tin caa ke thdng thr cip voi gia sir
rang théng tin tong tir cia kénh trugn thir cip va
kénh trugn can nhiu 1a €in c6. S dung phrong
phap fip, bai bao cing minh &ng hiéu st tin ti vu
cia e théng la dgin bing wi hé théng st dung théng
tin kénh trugn day du. Trong cac bai baoéktrén,
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ngaai trir bai bao [12]déu diéu chinh mic diéu ché
theo ¥ O tin hiéu cia kénh trugn thir cip ma I qua
kénh trugn can nhu. Tuy nhién, trong tkc t, kénh
truyén can nhiu déng vai trd quan ting trong ¢ s
tin hiéu trén nhiu tai may thu thir cip.

Trong bai bao nay, chang téi nghiéfucap ding
ky thuat truyén thich nghi cho mng vé tuyn nhin
thirc dang rén dé cai thién hiéu ning aia k¢ théng
trong d6 xem xétdén kénh trugn can nhiu tr nat
phét thr cip dén nuat thu s cip trong § sH tin hidu
trén nhéu cia he thong thr cip. Bai baodd phan tich
hiéu ning aia ke thong bao gm xac sét caa mbi ché
do truyén, xac sét dirng, hiu suit phd tn va xac sht
13i bit trung binh é@a kg thdng & kénh trugn fading
Rayleigh.

PHhin tiép theo @a bai bao baodgn bén PHin: dé
xuat mé hinh va xay ehg md hinh toan chogtthéng
& PHn 1I; tinh todn hgu ning aia ke thdng trén kénh
truyén fading Rayleighd PHin Ill; va mé pléng
Monte Carlo ktm ching trén pAn mém Matlab &
Phan IV.

. MOHINHH E THONG

Xem xét ¢ théng vé tugn nhin thrc nhr Hinh 1
trong d6 may phét th cap (Tx) truyén tin héu dén
may thu thir cip (RX) trén cuing ing tin voi hé thong
so cip (PU-Tx va PU-Rx) & dung ky thuat truyén
dang rén.

Mang so cép

i

________________________________________

~ o

Hinh 1. M6 hinh mng vo tuyn nhin thic dang rén si
dungdiéu cke thich nghi.

af V-1, 8 13 (33), thang 6/2015

Goi h va f 1an luot 14 hé sb k&nh trugn cia kénh
truyén tir may phat thr cip dén may thu s cip va
may phat tir cip dén may thu s cip. Khi sr dung ky
thuat truyén nén, cong st phat cia may phat ti cap,
P, s diéu chinh phi thudc vaodo loi kénh trugn tirc
thoi cua kénh trugn can nhdu dé khong gay qua e
can nhéu chiu dung @i may thu & cip, |, din dén

o
P<min| —5,P. |
[Ifl ]

Vi cong nglé loai can nhéu hién tai, gia ti cua
|, thuong nk hon nhéu so Wi P, tic I3,

p max?

(1)

|, <P,,.. D0dd, dé nang cao Ku ning aia k¢ thong
thir cip, gia ti caaP thuongduoc chon nhr sau:

P=ﬁ. (2)

Ty sb tin hiéu trén nhéu thuduoc tai may thu thi
cap nhr sau:

2

1o [

No |f[°

véi N, 1a cong séit cia nhéu tring @i may thu.O

y= ®3)

day, chang ta gisir ring vung pli séng éa may phat
so cap lon hon rat nhiéu so i may phat th cip, vi
du md hinh & théng dé cap trong chén IEEE 802.22,
nén cong sit can nhtu do may phats cip gay i
may thu thr cip rit nho nén ta co6 th xem cong st
can nhéu nhr nhiu tring [21-24].

Xem xét kénh trugn fading Rayleigh|h|* va|f [
s3 c6 phan b ham nii vsi trung binh dn luot
A = E{|h|2} va A = E{| f|2} v6i E{} Ia toan &
trung binh tibng ké&. & dung xac sét cé diéu kién,

ham phan & xac sidt tich ky (Cummulative
Distribution Function - CDF)i@ y c6 th dugc tinh

nhue sau [25]
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(4)

A
VOl O =—.
f

Tu ham CDF éa y ¢ (4), ta timdugc ham nit do

phan B xac sét (Probability Density Function —

PDF) a@ia y nhu sau

_dR»)

f,(¥) dy

(5)

-_a
C(yray
Do h¢ thong thr cap sr dung diéu ché thich nghi
v6i muc dich i thién hiéu suit phd tin trong khi vin
dam bao chit lvong dch w quy ddi & mac xac sét
13i bit yéu du cho tudc, BER. . Gia sit rang h¢ thong
sir dung diéu ché thich nghiM -QAM véi K ché do
truyén, natdich thr cip < chia ¥ Ié tin higu trén
nhiéu tc thoi nhan ma né nhn duoc thanhK ving
khéng trung d4p dugc phan bt boi cac ngrong
5 K
chuyén, {er(}kzo
trong tng Wi mot ché do truyén va cac gia trnay $
duoc tinh toandé dam bao xac sat 13i bit trung binh
cia ke thbng nh hon haic bing gia ti yéu du,
BER.

véi =0 va )£ =, Mdi ving

NUt dich € so sanhit I¢ tin higu trén nhéu tiac
thoi ma né nkn duoc V6i cac ngrdng & trén, @ thé
néu < y< s v6i k21 thi ch do truyén thr k
s8 dugce ar dung. Natdich € hoi tiép thong tin @a
muc diéu ché nay & may phéat s cap sr dung duong
truyén hoi tiép woi sb bit hoi tiép i thiéu la
[log, K] vsi [.] 1a ham &y s5 nguyén trén gn nhit

af V-1, $ 13 (33), thang 6/2015

[26]. O day, & dé dangdanh gidanh hrong aia diéu
ché thich nghi 1én & théng thr cip cang rén, ching
ta gi s rang duong truyén hoi tiép 1a khong &i va
khong té. Tuy nhiénanh hrong aia 16i va té co thé
danh gia & dung phrong phapdé cip o bai bao [27,
28],

Véi xac sut 16i bit cho tuse, BER., ngrong
chuyén cia ché do thr k, )X , & duoc tinhdé dam
bao ring x&c st 13i bit tic thoi cua he théng' 5 nho
hon haic bing BER.. Khi h¢ théng sr dung diéu ché
két hop (coherent modulation), ta céthiét

akQ(W ) <BEP, (6)
Voi a, va B, la gia ti trong tng Wi méi muc diéu
ché [29]. Vi du, voi BPSK gia ti @, va B, lan luot la
a,=1va B =2 va wi QPSK gia tr a, va g, lan
luot la a, =1 va B, =1.

Tir (6), ta c6 th tinh )& nhr sau:

1 . (Ber)[
e o R

l1l. PHAN TiCH HI EU NANG CUA HE THONG
THU CAP
Trong phin nay, ching téigsphan tich Hu ning
cua k¢ thong & kénh trugn fading Rayleigh, baodm:
xac sut cia mbi ché do truyén, xac sét dirng, hiu
suit phd tin, va x&c sit 13i bit trung binh.

l1I.1. X&c suét cia mdi ché dé truy én

Vi diéu ché thich nghi M QAM K ché do, he
thdng € truyén voi K -1 muc didu ché. Xac sit xay
ra aia cté do tha k voi k=1,...,K nhr sau:

7 =Py <y< i)

we (8)
= [ f,0)dy.
W

! Tuong duong Wi xac stit 13i bit & kénh trugn nhiu
tring
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Thay tr¢ (5) vao (8) va sadd thyc hién tich phan,

ta co tit xacdinh xac sét caa cté do truyén thr k
nhu sau:

ykT+1
a
m=|——d

‘ y[ ray ”

o
y_:_<+1 +qa y—:—( +qa
Tdng xac sht cua cac ch do truyén s bing mt,

that vay, tu (9), ta co

K
-
- a a a
k=0 (10)
N
vita oy ta
Chu y &ing & vé phai ctia (10), cAc pn tir loai trir 13n
K
nhau dndén > 7, =1

k=0

(9)

111.2. X&c suét dirng aia hé théng

Trong céac ch do truyén aia ke thong, Hn tai mot
ché ¢6 ma may phat th cip € khéng trugn khi ma
khdng co nac diéu ché nao trongK ché do dam bao
dugc xAc sét 18i bit yéu du cia ¢ théng, khidé he
thong dugc xem |& @ng. Xac sét dirng aia k¢ théng
duoc tinh nhr sau:

OP= Pr(ysy%)

y_ll_
=[1,0dy (10)
K

i +a

Cha y #ing, xac st dirng hé théng ding chinh l& xac
suat cia cté do thir 0,77, , tir cong thirc (9).

[11.3. Hi ¢u suat pho tan

Vi cung ndt bang tn cho twéc, $ lugng bit
truyén |a thay ddi phu thudc vao diéu kién kénh
truyén, khidé hiéu suit phd tin — $ luong bit truyén
trung binh - éa ¢ thong thr cip sr dung diéu ché
thich nghi c6 dng nhr sau [10]

K
ASE=)" mm, (11)
k=2

af V-1, $ 13 (33), thang 6/2015
véi m =log, M,. Cha y Eng Wi ché do dau tién,
k=1, hé thong khdng trugn nénm =0.

l1l.4. X&c suét 18 bit trung binh

Trong cté do truyén thich nghi, mi mirc diéu ché
chi dugc r dung trong ndt vang ¥ 1€ tin hiéu trén
nhidu, quydinh i cac ngrdng chugn. Do d6 xac
suit 15i bit trung binh @a ke théng |a trung binhia
cac xAac sit I5i bit twong (g Wi cac cit do truyen
nhu sau [30]

K

> mBER
BEP=f=2

K

> mr,

k=2

trongd6 BEP, 1a xac st 15i bit trung binh trong ch
do thir k , dugce tinh nhr sau

(12)

"
BER = [ a,Q(VBY) T, dy.  (13)

Thay tr¢ biéu thic aia f,()) vao (10) va thc hien
tich phéan theoy, tuy nhién tich phanua BER ¢
(13) khéng &n tai dang déng (closed-form)vai dinh
nghia cang tich phéan wa ham

Q(x):\/;_jexp[ Jdu Pé giai quyét vin dé

nay, ching toiié xuit xip xi ham Q(.) theo plong
phéap Chiani [31], ¢ thé

QA=Y Lt e

3 (14)

dan dén

o1 s, m)) a
BERZVTJlakZ(?%e +e yj (y+a)2 dy
_aa|1 e 43
T4 {Ei +ay dr+ I
5 (82

voi | (i) duoc dinh nghia nhr sau

} (15)

2 Nghia ladugc biéu dién bing cac hame ban.
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=y, (16)
p (y+a)?

Sir dung két qua trong [32, Eq. (3.353%]ta viét lai
(16) nhr sau

e_y'll'(ilﬂ o . 4
=g e Eil -4 +a)u]
2

wa
—[; T He Eil -4 +a)u]}

7

o -t

voi Ei()=-| ert la ham tich phan i[33].

IV. MO PHONG VA PANH GIA K ET QUA

Trong phin nay, ching téi&trinh bay cac & qua
mo phong dé kiém ching cac Kt qua phan tichy trén.
Xem xét k¢ thong c6 6 ch do truyén bao gm: khong
truydn, BPSK, 4-QAM, 8-QAM, 16-QAM va 32-
QAM. XAc sut I8i bit mong mén cia ke thong thr
cap BER =107, Kénh trugn xem xét 1a kénh trip
fading Rayleigh %i do lgi k&nh trugn thr cip va
kénh trugn can nhiu lan hegt cho Wi A, =1 va
A, =1/3. Khi d6 gia ti a, va B, tuong tng Wi 6
ché d6 truyén dugc tinh nhr trong Bing 1.

Hinh 2 trinh bay xac dticia 6 ci¢ d6 truyén theo

| N , , r

gid ti §- [dB]. Cha y Eing bng xac sht cua tit ca
cac clé do truyen luén ludn Bng bing mt. O ving
gia tri L,—po nho, trong khang 0-7 dB, k thong throng

xuyén drng truyén vi khdngdam bao xac sat 13i bit

. ! .
theo yéu éu. Vi dy véi = 0 dB, xac sit khong

N . N |
truyén Iéndén gin 58%. Tuy nhién, khi giditry;

3 Coéng thrc [32] I. S. Gradshteyn, I. M. Ryzhik, A. Jeffreand
D. Zwillinger, Table of integrals, series and product#&h ed.
Amsterdam ; Boston: Elsevier, 2007, khéng chinh aéchiéu
mbt thanh phn & ham nii the 2.

af V-1, $ 13 (33), thang 6/2015

tang lam 1§ thong c6 xu lxéng sr dung cac ch do

Y I r
truyén cao lon. Khi gia ti N_F; I6n hon 8 dB, clé d6

truyén 32-QAM € c6 xac sht 1on nhit nghia 1a k&
thdng € dat dugc hiéu suit phd cao nlat. Mot nhén
xét khac khéng kém gh quan tong 1a Kt qua phan
tich va Kt qua mé prong hoan toan trang khit nhau,
xac nkin phrong phap phan tich ly théiydé xuat ¢
phan trén ladang.

Bangl. Gia ty cia ka cia 6 ché dp truyen.

k |Chdotruen | a, | [ 7
1 | Khéng trugn 0
2 | BPSK 1 2 4,7748
3 | 4-0AM 1 1 9,5495
4 3
4 | 8QAM 3| 7 | 235168
5 | 16-QAM 1 1
Q 5 47,7477
6 | 32-QAM 41 2| oasazs
5 | 31

Khong truyén
———-BPSK

o

o

——— 8-QAM
—%— 16-QAM
—+—32-QAM

o MA nhana

o o o

Xac suét ché do truyén
o

0 0 0 0
Ty I1é cong suét tin hiéu trén nhiéu trung binh theo ky tw [dB]

Hinh 2. XAc siit ciia cac cle dg truyen.

Tiép theo, ching toi kio sat héu ning aia he
thong khi xac st I3i bit yéu du cia ke théng thay
d6i tr BER =10% va BER =10°. Hinh 3 chi ra
rang khi xac sét 13i bit trung binh éa ¢ théng ludn
lubn nk hon xac sdt 16i bit yéu du, ngha la ludn
dam bao QoS yéu au cia k¢ thong. Tuy nhién, xac
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Suit 15i bit trung binh éa e thong dat dugc van con
nhé hon nhiéu so \6i mic yéu éu va din dén ar mat
mat trong hdu stiit phd tan.

Bén @anh do6, nhr chi ra trén Hinh 4, khi gia ir
BER. giam ding lam xac sit ding aia ¢ théng ting
cao, ngla 1a i théng € thuong i vao tang théai
khéng trugn do khongtam bao dugc QoS yéu &u.

Ngoai ra, khi gia ir BER tang ding lam héu stit
pho tan giam xudng nhr trén Hinh 5. Bén anh do,
chang ta c6 th thiy ring hiéu suit phd tin cia he
théng € tién i log,(M,,) véi M__ 1a mic diéu
ché 16n nHit ma ke thdng sr dung. Trong teong hyp
dang kho sat, hju suit phd tin S tién i
log, 32= 5.

<
£
Qo
2
‘E_ CF=_=:G-—::::O~\ 2N
h T~ ~N
= ~6 ~
a Sso ~.
@ 10 % g
b >
= N
T ~
7 -~
Q Q\
@ ~
x N
~N
10° ) ~
——BEP, =10
- - -BEP,= 10°
— © — Mo phdng
10 . . . . .
0 5 10 15 20 25 30

Ty 1& cong suét tin higu trén nhiéu trung binh theo ky tw [dB]

Hinh 3. X&c siit |61 bit trung binh @a hé thong i 6 ché
do truyen.

100 T T
Y —BEP_=10°
~. i
~ .
o R BI%P ,=10
N O M6 phdng
10t
=]
c
5
T
<&
=
"
o
@
x
10?
103 . . . .
0 5 10 15 20 30

25
Ty 18 cong suét tin hiéu trén nhiéu trung binh theo ky tw [dB]

Hinh 4. X4c siit dirng hé thong.

af V-1, $ 13 (33), thang 6/2015

ASE
®

——BEP_=107
, - - -BEP,=10°
; O Méphdng |

0.5

5 10 15 20 25 30
Ty 1€ cong suat tin hiéu trén nhiéu trung binh theo ky tw [dB]

Hinh 5. HBu suit pho tan aia hé thong \6i 6 ché do truyen.

0

— M=6 -2
———-M=8 _-
o M6 phdng 2

0 5 10 15 20 25 30
Ty Ié cong suat tin hiéu trén nhiéu trung binh theo ky tw [dB]

Hinh 6.4nh hrong aia 93 lugng ché d@g truyén Ién hiu
suat pho tan.

Tur d6 ta c6 th di dén két luan ring, khi chiang ta
ting QoS d@n dén ar danhddi vai hiéu suit phd tan
cua ke thong. Hay noi cach khac, xacasudi bit trung
binh va h¢u suit pho tan 14 haidai lugng khéng th
cungduoc i thién trong k& thong.

Trong hinh tp theo, Hinh 6, ching t6i kb séat
hiéu suit phd tan khi ting $ luong cké do truyén tr 6
lén 8. Hinh d4 ch ra fng trong cungliéu kién kénh
truyén, viéc ting $ luong cké do truyen s cai thién
dan k¢ hiéu suit pho tan, dic biét & vang tin héu trén
nhiéu cao. Tuy nhién, khi nging chugn 1a khéng
thay dbi s& din dén xa&c sét ding aia k¢ thong $
khong phi thuc vao $ lugng cké do truyén.
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V. KET LUAN

Trong bai bao nay, chung td@& nghién ¢u ky
thuat diéu ché thich nghi va apwhg cho & théng vo
tuyén nhin thic dang rén. Chang tdi ang dé xuét
phuong phépdanh gia hdu ning aia k¢ théng bao
gom: xA&c sét dirng, xac sht 15i bit trung binh, hju
SUAt pho tan va xac sét cia cac ch do truyén ¢ kénh
truyén fading Rayleigh. Riong phap nay ladhg quat
va c6 tié &p ding cho cac md hinh kénh khéac, vi d
Rician va Nakagamin. Cac Kt qua trong chuyénié
nay la nliing Kt qua co ban dé phat trén cac bai toan,
vi du: (1) Ap ding va khio sat h¢u ning aia ky thuat
truyén thich nghi vao &ithéng truyén thdng nhn thirc
dang rén, (2) &p dng va kto sat htu ning aia ky
thuat truyén thich nghi vao &ithong MIMO va (3) bi
vu hiéu suit pho tan cia ke thong truyén théng nén
thirc dang rén cé st dung truyén thich nghi.
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