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Abstract: In this paper, we study physical-layer
security issue of secondary networks in cognitive
radio (CR). In the considered system model, a
secondary source communicates with a secondary
destination with assistance of multiple secondary
relays in presence of multiple secondary
eavesdroppers. The secondary users operate on an
underlay mode, where they must adjust their transmit
power to satisfy interference constraints required by
primary users. Moreover, we propose three efficient
relay selection methods to improve outage
performance for the data links as well as to reduce
decoding probability (DP) of the eavesdropping links.
For performance evaluation and comparison, we
derive exact closed-form expressions of outage
probability (OP) and decoding probability (DP) over
Rayleigh fading channel under impact of imperfect
hardware transceiver. Finally, Monte Carlo
simulations are performed to verify our theoretical
derivations. The results present that with the presence
of the eavesdroppers, there always exists a trade-off
between security and reliability.
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I. GIOI THIEU

V6 tuyén nhdn thic (Cognitive Radio) dugc dé
xuit boi Joseph Mitola, 1a mot giai phap hiéu qua,
nham giai quyét van d& khan hiém phd tan trong Ccac
mang truyén thong v6 tuyén [1]. Trong vo tuyén nhan
thirc, mang so cdp (Primary network) dugc cap phép
sir dung pho tan, trong khi mang thir cap (Secondary
network) chi co thé sir dung cac bing tan tréng (cac
bang tan dang khong dugc sir dung boi mang so cap).

Thong thuong, nhitng nguodi dung thir cép
(Secondary users) phai tham do phd [2], [3] dé tim ra
céc bang tan trong va st dung chung. Tuy nhién, khi
nhitg ngudi ding so cdp (Primary users) bat du st
dung cac bang tdn nay, cac ngudi dung thi cip phai
ngay lap tirc tim kiém cac phd tan tréng khac dé truy
nhap. Hé qua 1a sy truyén dir liéu ciia mang thir cp s&
khong dugc lién tuc va hiéu nang cia mang ciing phu
thudc hoan toan vao su xuit hién cta ngudi ding so
cap. Hon thé nita, viéc tham do phd c6 thé khong
chinh xé4c, gdy nén cac hoat dong canh béo sai 1am
(miss detection va false alarm) [2], [3] lam anh hudng
nghiém trong dén chat luong dich vu (Quality of
service (QoS)) cua cé hai hé théng.

Gan day, cac nha nghién ciru dé xuat mot k¥ thuat
vO tuyén nhan thirc hiéu qua, véi tén goi vo tuyén
nhan thuc dang nén (Underlay cognitive radio) [4],
[5], [6], nhdm dam bao tinh lién tuc truyén/nhan cho
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mang thtr cip. Trong k¥ thudt nay, hai mang so cap va
thir cap co6 thé cuing luc sir dung phd tan s6. Tuy nhién,
ngudi dung thir cAp phai sir dung mirc cong sudt phat
du thap dé giao thoa giy 1én trén mang so cip khong
anh huong dén chat luong dich vu ciia mang nay [4],
[5], [6]. Véi cong suat phat giéi han, hiéu ning cua
mang thu cép bi suy gidm trAm trong, dac biét trong
moi truong kénh fading Rayleigh. Pé dat duoc hiéu
nang cao hon, cac nha nghién ctru da st dung k¥ thuat
chuyén tiép cho mang nay. Cac két qua trong [4], [5],
[6] cho thiy ring cac giao thirc chuyén tiép phan tip
nang cao do loi phén tap va giam tdc do 16i cho mang
ngudi ding thi cap.

Trong khi cac nha nghién ctru dang nd lyc tim ra
cac giai phap nhim cai thién hiéu ning cua mang thir
céap, thi viéc bao mat thong tin cho mang nay van chua
nhan dugc sy quan tdm dang muc. Béi tinh chét
quang ba cua kénh truyén vo tuyén, nhitng nguoi ding
khong hop phap c6 thé dé dang nghe trom thong tin
dugc phat di trong mang. Cho dén nay, nhing thuat
toan bao mat phd bién nhu Data Encryption Standard
(DES), Advanced Encryption Standard (AES), RSA,
v.v. déu 1a cac ky thuat kha phuc tap, va co thé kho
kha thi khi trién khai trén cac thiét bi sit dung trong
mang thir cap.

Gan day, bao mat thong tin 16p vat ly (physical-
layer security) [7], [8] d& duoc phat trién nham dat
duoc hidu qua bao mat, trong khi giam thiéu dang ké
su phuc tap trong qua trinh hién thyc. That vay, sy bao
mat nay co thé dat dugc dya vao cac tinh chit vat ly
ctia kénh truyén nhu khoang cach, thong tin trang thai
kénh truyén (Channel state information) hay bang viéc
tao nhidu nhan tao (Artifial noise) 1én céc thiét bi nghe
1én. Mot 1an nita, chuyén tiép phan tap lai trd thanh
mot giai phap hiéu qua nang cao hiéu ning bao mat
16p vat 1y cho cac hé thdng truyén thong vo tuyén.

Trong tai liéu tham khao [9], nhom céc tac gia dé
xuit mé hinh chon nut chuyén tiép cho mang chuyén
tiép cong tac, trong d6 nit chuyén tiép tdt nhat 1a nut
dat dugc dung luong bao mat cuc dai. Cac tac gia
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trong cong trinh [10] khao sat van dé bao mat thong
tin 16p vat 1y cho cac hé théng khuéch dai va chuyén
tiép v4i cac nat chuyén tiép khong tin cay.

Cac cong trinh [11], [12] nghién ctru hiéu nang bao
mat ctia mang thir cap trong moi truong vo tuyén nhan
thirc dang nén trén kénh truyén fading Rayleigh, thong
qua céc thong sb hiéu niang nhu: dung lugng bao mat
trung binh (Average secrecy capacity), xac suat dimg
bao mat (Secrecy outage probability) va xac suit dung
lugng bao méat khac khéng (Probability of non-zero
secrecy capacity). Ciing vay, cac mo hinh trong [11],
[12] cai thién dang ké hidu qua bao mét nhd vao cac
phuong phap chon lya nat chuyén tiép va nut tao
nhiéu (jammer).

Tuy nhién, hau hét cac nghién ctru vé bao mat 16p
vat 1y khong quan tdm dén kha ning giai ma tin hiéu
cua nit nghe 1én. That vay, mot khi nit nghe 1én co
thé giai ma thanh cong dir liéu nghe trom thi sy bao
mat 1a khéng con nira. Trong cong trinh [13] cac tac
gia nghién ctru kha nang giai ma dir liéu tai nit nghe
1én va xac suit dimng tai nut dich trong mang chuyén
tiép thir cAp. Cac két qua trong [13] cho thiy rang c6
mot sy danh doi gitra kha ning bao mat thong tin va
xac suat dimg ctia hé thong.

Tuy nhién, cac tac gia trong cac cong trinh [11],
[12], [13] déu gia sir rang phin cling cua cac bd
thu/phét tht cp 1a 1y twong. Tuy nhién, trong thuc té,
phan cimg ciia cac thiét bi nay 1a khong 1y tudng, xuat
phat tir sy khong tuyén tinh ctua bd khuéch dai, su
nhidu pha hay sy mat cin bang I/Q, v.v ... Su khiém
khuyét phin cimg s& 1am giam dang ké vé hiéu ning
clia cac hé thong truyén thong vo tuyén [14], [15].
Trong tai liéu tham khao [16], cac tac gia 1an dau tién
danh gia chinh x4c xac suat dung lugng bao mat khac
0 trong chuyén tiép da chang. Tuy nhién, mé hinh nay
chi khao sat su truyén dir liéu truc tiép (Direct
transmission), ma khong dua ra cac phuong phap chon
Iira nut chuyén tiép dé nang cao hiéu ning bao mat cia
hé théng.
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Trong bai bao nay, chung t6i s€ nghién ctru sy anh
huong ciia phan cimg khong 1y tudng 1én hidu ning
ctia mang thir cip trong v6 tuyén nhén thirc dang nén,
thong qua dai luong xac suat dimg (OP) tai nut dich
thir cidp va kha ning giai mid DP (Decoding
Probability) ciia nut nghe lén thir cipt. Céc két qua
trong bai bao nay duoc phét trién tir cong trinh [17]
cua ching t6i. Tuy nhién, khac véi [17], chdng toi
xem xét mo hinh tong quat voi sy xuat hién cua nhiéu
nguoi nghe 1én thir cép.

Bai b4o d¢ xuat ba phwong phap lya chon nut
chuyén tiép thir cAp nham giam gia tri OP cho hé
thong, dong thoi ciing giam chit luong kénh truyén
dén nat nghe 1én. Trong phuong phap thir nhét (dwogc
dat tén la HCG-D (Highest Channel Gain to
Destination)), nit chuyén tiép co6 do loi kénh truyén
dén nut dich 16n nhit s& duoc chon dé chuyén tiép dir
liéu. Trong phuong phéap thtr hai (voi tén goi MCG-E
(Minimum Channel Gain to Eavesdroppers)), hé thong
s& chon nut chuyén tiép, twong (mg véi do loi kénh
truyén nho nhét dén cac nit nghe 1én. Cudi cing, dé
xuat thir ba mang tén COMB (Combine) 12 md hinh
két hop gitra hai dé xuét trude d6, nham tan dung cac
wu diém va khic phuc cac nhuoc diém cua HCG-D va
MCG-E.

Hon thé nita, chung t6i dua ra cac cong thirc dang
dong chinh xac (Exact closed-form expression) cho
cac dai lugng OP va DP trén kénh truyén fading
Rayleigh, trong sy xuit hién ciia nhiéu nat nghe 1én
thir cap va nhiéu niit so cap. Ké tiép, ching t6i thuc
hién nhiing mo6 phdng may tinh, sit dung phuong phap
Monte Carlo, dé kiém tra do chinh x4c cia cac biéu
thirc toan hoc. Cac két qua cho thay rang mé hinh
COMB dat duoc hiéu nang & gitra hai m6 hinh con lai;
va cac thong sb nhu mic suy hao phan cing, s luong

! Trong tai liéu [13], cac tac gia st dung khdi niém xac sult chin
(Intercept probability) thay cho khai ni¢m kha nang gidi ma
(DP) nhu trong cong trinh nay.
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nat so cap, sé nit nghe 1én va ngudng giao thoa dinh
mirc anh hudng dang ké 1én cac gia tri OP va DP.
Phan con lai cta bai bao duge trinh bay nhu sau.
Mo hinh hé théng va cac giao thirc dé xuit dugc gidi
thiéu trong Phan II. Phan III phan tich va danh gia
hiéu ning cta cac phuong phap dé xuit. Két qua mo
phong va 1y thuyét s& dugc thé hién trong phan IV.
Cubi cung, cac bién ludn va hudng phat trién cua
nghién ctru nay s& dugc trinh bay trong Phan V.

I1. MO HINH HE THONG

Mang Thir Cédp

Mang So Cip [ E,’] n=1,2,...N

Hinh 1. M6 hinh hé thong nghién ciru

Hinh 1 md ta mo hinh hé thdng dugc khao sat
trong bai bao. Trong mang thir cap, niit ngudn thir cAp
(S) muén giri dit liéu dén nut dich thi cap (D), thong
qua su gitp d& ciia M nat chuyén tiép (Ry, Ry, ..., Ry).
Gia sir rang, ntit nguon S khong c6 duong lién két truc
tiép dén nut dich D boi khoang cach xa hay hiéu tmg
fading che khuit. Do d¢, cac nit chuyén tiép duogc sir
dung dé dua dir liéu tir nguén dén dich. Ngoai ra,
trong mang thtr cdp con xuét hién K nit nghe 1én thir
cip duoc ky hiéu 1a Ey, Ey, ..., Ex. Cac nit nay cb
ging nghe trom dir liéu dugc giri di tir cac nat chuyén
tiép. Ta ciing gia sk rang, cic nut nghe 1én nam gan
nat dich D, va vi thé cic niit nay ciing khong thé nhan
dir liéu duge truyén tir nut ngudn. Ciing trong hinh v&
nay, hé thdng so cip gém c6 N ngudi so cap duge dat
ténla Py, Py, ..., Py

Taky hiéu hy , he o, N, he o va hy ¢ 1an luot

1a hé s6 kénh truyén fading Rayleigh cua céac lién két
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S—->R,, R,—»D, S>P, R, —>P, vaR,6 >E,,
vé6i m=12,..,M, n=12,..,N va k=12,..,K. Nhu
da d& cap trong cac tai liéu [4], [5], cac do loi kénh
Ysr, =1 I 7ap A he o [P
Yeo. s o Vep =e p P V& yp g b ¢ [ sE 12

cac bién ngau nhién c6 phan phoi mii (Exponential

truyén nhu

random variable). Cu thé, ham phan phdi tich luy
(CDF) va ham mét d6 xac suit (PDF) cta cac bién

ngau nhién 7, (X,Ye{S,Rm,D,Ek,Pn}) ¢ thé lan
luot duge dua ra nhu trong biéu thuc (1):

F, (X)=1-exp(-AgX),

fyXY (X) = Axy exp(_/’tXYX)’

trong 46 A, =1/ E{yyy} v6i E{yyy} 1a gid tri trung

D)

binh cua y,, .

Dé thuan tién cho viéc trinh bay va phan tich, ta gia

str cac bién ngdu nhién 7s 17k p¥ep 1 Yrp VA Yr g,
la doc lap va dong nhit, nghia la g, =%
oo = ror Ap, = sy Arp, = AreVa Ag g =g, VOI

moi gia tri cua m, n va k. Hon nira, chung t6i cling Xin
lwu ¥ ring, cac phuwong phap phan tich va danh gia
trong bai bao nay hoan toan c6 thé dwoc ap dung trong
cac truong hop ma cac bién ngiu nhién khong dong
nhit.

Gia sir rang tat ca cac nut trong hé thong so cip va
thir cép déu duoc trang bi voi mot anten va hoat dong
duéi ché do ban song cong (Half duplex). Do dé, hoat
dong chuyén tiép dir lidu tir ngudn téi dich duoc thuc
hién trén hai khe thoi gian truc giao. Trong khe thoi
gian dau, nt ngudn S s& phat quang ba dir liéu t6i tat
ca cac nat chuyén tiép. Tuy nhién, truéc khi truyén
tin, nit ngudn phai didu chinh cong suit phat dé giao
thoa tac dong 1én cac nut so cap khong lam anh hudng
dén chét lugng dich vu cua mang so cép. Tuong tu
nhu [18, cong thuc (8)], dudi sy xuét hién cua khiém
khuyét phan ctmg va dinh murc giao thoa |, cong suét
phat t6i da ma niit ngudn c6 thé st dung duoc tinh boi:
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[ [
k= = )]

(L+x,) max (rs) (L+Ke) Xy

n=12....,

Vo1 X = n:r;nzan).(N(;/SPn) VA x, la tong mic suy hao

phan cimg bao gdm ca sy suy hao tai ngudn va tai cac
nut so cap.

Tiép theo, ty sd cong sut tin hiéu trén nhidu tirc
thoi (SNR) cua dudng truyén tir S— R, s€ duoc biéu
dién dang (3):

_ PS]/SRm _ stRm / Xmax (3)

o KDPSVSRm +o’ KDQVSRm I X e +1'

& day o’ 1a phuong sai ciia nhiéu cong (nhiéu Gauss)
tai nat chuyén tiép R, Q=1/(1+x,)/ o’ va «, 1a
tong muc suy hao phin cung trén kénh dir liéu tir S
dén R,

Nt R, dugc gia st la nhan thanh cong dir liéu tur
ngudn néu nut ty sd coéng suét tin hiu trén nhidu
Wz cao hon muc ngudng y,,. Ngugc lai, nit nay
dugc xem 1 khong thé giai ma dit liéu thanh cong va
xem nhu roi vao trang thai dung.

Sau khi nhin duogc tin hiéu tir nguén, tat ca cac nit
chuyén tiép cd ging giai ma dir liéu. Khong mat tinh
tong quat, ta c6 thé gia st rang R,,R,,...,R, la cac
nat chuyén tiép giai mi thanh cong, trong khi
R, Riz-. Ry, 1a cic nlt nhan khong thé giai ma
dugc, v6i t 1a mot s6 nguyén chay tir 0 dén M. Khi t =
0 c6 nghia 1a khong c6 nat chuyén tiép nao giai ma
duoc dit liéu ngudn, va trong trudng hop nay hé thng
s& bj ding vi nut dich khong thé nhan duogc dit lidu tir
ngudn. Ta c6 thé nhan thdy ring, t 1a mot bién ngiu
nhién va xac suat ma sd nat chuyén tiép thanh cong
bang t dugc tinh bang biéu thic (4) nhu sau:

A :C:\A P :{I:SRl 2 V- Ver, 2 Vi @
sk, <Vinrer Ysr, <V

Thay (3) vao (4), ta dugc cong thuc (5) nhu sau:
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A =CLP Ysr2Ho Kmaxr++ 1 Vsr 2o K max )
) VsRow <HoKmaxr++ 1 Vsryy, <Hp XK mex ’

voi o =7n!Ql(1-Kpyy). O day, ta gia sir ring
mtrc suy hao phan cting x, di nhd dé ma x, <1/,
Ta khong xét truong hop «, >1/y, boi vi hé thong
khao sat luon bi dung trong truong hop nay [14], [15].

Xét sy truyeén dir liéu & khe thoi gian thar hai, mot
thanh
(R,R,....,R,). Bay gid, ching toi s& lan lugt gidi

trong nhimng nGt chuyén tiép cong

thiéu cac phuwong phép lya chon nut chuyén tiép.
Trong giao thirc dé xuat dau tién véi tén goi HCG-
D, nut chuyén tiép duoc chon la nit ¢6 @6 loi kénh

truyén dén nat dich 16n nhat. That vay, su chon lya
duogc thuc hién theo thuat toan sau:

Ry Vr,p = MaX 7z 5, (6)

v=l,2,...,t
trong d6 R, la nat chuyén tiép duoc chon.

Tuong tu (2), trudc khi phat dit li¢u téi nut dich,
nat R, diéu chinh cong suit phat nhu cong thirc (7):

R, = = » (7)
R (1+ Kp)n:rlr?%N (7Rbpn ) (1+ &5 ) Yo
Vél Yb,max = n:rpzé.).(,N (7Ran ) .

ROi thi, ty sb cong sudt tin hiéu trén nhiéu tic thoi
nhan duoc tai nat dich dugc tinh bdi cong thire (8):

\II _ QbeD /Yb,max (8)
b KDQbeD /Yb,max +1.

Ta c6 nhan xét rang ty s tin hiéu trén nhidu 16n
nhat nhan dwoc tai cic nit nghe 1én s& ddc trung cho
ty s6 tin hiéu trén nhidu cua kénh nghe 1én (xem [16,
cong thirc (8)]). Ki hiu Wg ¢ 1a ty s tin hidu trén

nhiéu cua kénh nghe 1én, ta co:
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Y. . = max
RoE 12 K

QbeEk /Yb,max
KEQ7/RbEk Yy max +1 ©)

_ sz,max /Yb,max
B KEQZb,max /Yb +1’

,max

Vol k. la téng murc suy hao phan cting trén kénh nghe
lén va Z, . :k:Tf,),(,K(beEk )

Tir cac cong thie (8) va (9), xac suat dimg tai nit
dich D (OP) va kha nang giai ma tai cac nat nghe 1én
E (DP) ¢6 thé duoc dua ra nhu biéu thie (10):

OPycep = Pr(\PRbD < 7/th)v (10)

DPiceo = Pr(\PRbE 2 7th)-

Mic du giao thtc HCG-D ndng cao chit luong
duong truyén dit lidu gitra nit chuyén tiép va nut dich,
nhung k¥ thuat nay khong giam kha nang giai ma cua
cac kénh nghe 1én. Chiing ta c6 thé thdy rang, dé giam
chat lugng kénh truyén nghe 1én, hé théng phai chon
nat chuyén tiép dat duoc ty sd tin hiéu trén nhidu déi
v6i kénh nghe 1én 1a thap nhat. Do do, nut chuyén tiép
dugc chon trong giao thirc MCG-E dugc dua ra boi
cong thuc (11):

R.: max (7RCEk ) = min [kTg.).,(K(}/RVEk )} (11)

k=1,2,...K V=12,.t
v6i R, la nat chuyén tiép dugc chon.

Tuong tu, ty sb tin hiéu trén nhiéu tc thoi nhan
duogc tai nut dich va cac nat nghe 1én trong giao thic
MCG-E ¢6 thé 1an luot duoc dién dat nhu trong biéu
thire (12) bén dudi:

N Q}/RCD I max
R.D ™ '
KDQyRCD Y ax +1 (12)
N _ QZc,max /Yc,max
RE — ’
KEQZc,max /Yc,max +1
Vél Zc,max = kIP%K(yRCEk ) Vé‘ Yc,max = n=r1r,]2§.)fN (}/RCP,] ) '

Tu (12), cac gia tri OP va DP cua giao thirc MCG-
E dugc tinh bi biéu thirc (13):
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OPyicce = Pr(lPRCD < 7/th)v

(13)
DPucee = Pr(\PR E= 7’th)

Tuy nhién, giao thite MCG-E chi tdp trung lam
giam chat luong kénh nghe 1én ma khong quan tim
dén viéc nang cao chat lwong kénh dit liéu. Trong giao
thirc COMB, phuong phap chon lya nit chuyén tiép s&
duogc trinh bay cu thé nhu sau:

Xét tap cac nut chuyén tiép nhan dir liéu ngudn

thanh cong: R,,R R,, khong mét tinh téng quat,

ta gia sir rang: Trp ZVrp 22 VRp - Pau tién, hé
thdng s& chon ra mot nhom céc nit chuyén tiép nay c6
R, R,,...R_,
trong d6, L dugc xéc dinh boi: L=[t/2] voi [t/2]

1a s6 nguyén nho nhat 16n hon hodc bang t/2. Tir tap L

d06 loi kénh truyén cao nhit nhu sau:

nut chuyén tiép nay, giao thirc COMB sé& chon ra mét
nut chuyén tiép theo thuat toan dugc dién dat nhu

trong (14):
Ry :kg} ,,,,, (deEk ) - u:rlr,]zin [k =1,2,... (]/R B )} (14

Ta thiy rang, giao thitc COMB s& nang cao chat
lugng kénh dir li€u cua viéc chon nut chuyén tiép tur
tap cac nit co6 do loi kénh dén nat dich 16n. Hon thé
nita, bang viéc chon nut chuyén tiép co6 do loi kénh
thap dén cac nat E, COMB ciing lam giam chat lugng
kénh nghe 1én.

Twong tu, cic ty sb cong suit tin hiéu trén nhidu
tire thoi (SNR) tai nat nghe 1én va nut dich trong mo
hinh COMB lan luot dat duoc boi (15):

QyR D /Yd max
Fro = K, Qy, +1’
D Ry D d max (15)
de max /Yd max
Wee = .
KEQZd max d max +1

Tur déy, cic xac suit OP va DP duogc viét dudi
cong thuc (16):
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OPcoms = Pr(\PRdD < 7th)'
DPcoms = Pr(\PRdE < 7th)-

Cubi cung, chung t6i dua ra cong thirc tong quat
tinh gia tri trung binh cua OP va DP cho giao thirc
X (X e {HCG-D,MCG-E,COMBY}) duoc dua ra bang

(16)

mdt cong thirc hop nhét nhu trong (17):

M

OPx =Y AOP,,
=0 (17)

_ M
DPx = > ADP,.
t=1

I11. PANH GIA HIEU NANG HE THONG

I11.1. Chuén bj toan hoc

Pau tién, ta xét bién ngdu nhién U v6i U =
max(7;, %5, % ) VA V 1a mot sé ty nhién 16n hon
hodc bang 1. 7,,%,,...7%,, V& 7, 1a cic bién ngiu
nhién c6 phan bé mii va c6 cung tham sb dic trung
A=11E{y,}, We{l2..V}. St dung [19, cong
thirc (12)], ta viét ra ham PDF ctia U nhur:

V-1

f, (X)= D (-1)'CV Aexp[—(v+1)Ax]. (18)
v=0

Hon nira, v6i [19, cong thirc (11)], ta c6 thé dwa ra
ham CDF cua U.

1+Z )'Cy exp(—VvAx). (19)

Tiép theo, ta nghién ctru cdc ham phan bd ciia bién

ngau nhién W, W = rlT;mR rpax (7;) » 6 day 7;cling la
i=1,2,..., =12,

cac bién ngiu nhién c6 phan phbi mii va c6 cung tham
s6 dac trung 4. Ciing vy, R 1a mot sd tu nhién 16n
hon hodc bang 1. Tiép theo, ta c6 thé xay dung ham
CDF cho bién ngau nhién W béi:
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Fv (X)=Pr(W <x)
:1—{1—[1—exp(—ﬂux)]v}R
R
2.

r

-1)" ¢ [1—exp(—;tx)]rv (20)

\
(1) crey, exp(—vax).

=0

-
]l
4N

Il
UN

r V:

Xét do loi kénh truyén Yr,p trong giao thuc
COMB, chung ta thdy ring Yr,o Nhan gia tri 16n nhét
trong tip cic bién ngdu nhién {7R1D’7/R2D""’7RID}
khid=1. Khid=2thi y; p dat gid tri 16n tht hai, ...
Va Jgp cOgidtricao tht Lkhid=L.khid=1,véil=
12,..,L
(5)1, ham phan phdi tich lily cia 75 ¢6 thé dugc viét

, str dung thdng ké béc thu | [20, phuwong trinh

ra trong cong thurc (21):

t—u+l

=X (-

x_exp[—(u +V—1) AepX .

Hon nira, boi sy dong nhat cia cac bién ngau

u-1~v
7RdD C Ct u+l

(21)

nhién, x4c suét Yr,o nhan gid tri 16n thir | s& 1a:
1
Pr(d .

—1)==

111.2. Tinh gia tri A trong cong thirc (5)

(22)

Tir (5), ta co thé viét lai A duéi dang cong thirc
(23) bén duoi:

A=Cy [ [1-F. ()]
x[ FySRm(;(Dx)J M (x)dx.

Thay ham CDF cua jg_trong cong thirc (1) va

1_ F7sRm

(23)

ham PDF cua X,

thire (23) & trén; sau vai budc bién doi va tinh toan, ta

trong cong thac (18) vao cbng

dat duoc ring:

thong Tap V-1, S6 17 (37), thang 6/2017

M

¢

—t N-

H

U+V

A CuCra

=0 :O

N s
(v+1) AsHU +t)ﬂSR;(D

111.3. Tinh gia tri OP va DP cia cac giao thirc
Xét phuong phap dé xuat dau tién HCG-D, Xac
suat dimg OP,.., trong (10) c6 thé duoc dua ra dudi
dang biéu thirc (25):
)

fo ,max

c
<

(24)

Y,

b, max

OPycep = Pr(7R p < Xb

Thay ham CDF cua F,

ham PDF cua f,

(25) sau vai budc tinh toan, ta tinh dugc chinh xac
OP,,.s.p nhu trong cong thirc (26):

(25)
(x)dx.

7RbD

(#ox) nhu trong (19) va

x) nhu trong (18) vao cong thirc
g g

t

HCG D l+z

v=1l n=

—l
v+n

C/Cha

26
N =

X(n +1) Are NV Arp X .

Mot cach tuong tu, khd nang giai ma cua cac nat

nghe 1én thtr cdp trong giao thic HCG-D ciing dugc

DPiceo = Pr(7/R EZ Xe )
=[[1-F () [y, (9

voi e =7y 1Q/ (1_KE7m)- Ciling vay, trong bai bdo,

dua vé dang biéu thirc (27):
Y

b,max

(27)

ta cling chi xét truong hop x <1/y, , boi vi néu
ke 21/ y, , cac nat nghe lén s¢ khong thé giai ma
duogc dir liéu véi moi gid tri ciia cac tham sb khac.

Mot 14n nita, ta st dung ham CDF trong (19) cho
F... (xex) vaham PDF trong (18) cho f, (x), daé
tinh chinh xac P,.;, nhu trong cong thtrc (28) sau:

K N-1

2,

n=0

DPHCG-D = ( 1)k+n+lC C:l 1

k=1

(28)
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Bay gio, thay cac két qua thu duoc tir (23), (26) va
(28) vao trong (17), ta thu duoc cac biéu thirc dang
doéng chinh xac cho cac gié tri trung binh ctia OP va IP
cua giao thuc HCG-D.

Tiép dén, xét giao thirc MCG-E, xac suat dimg cta
giao thuc nay c6 thé dat duoc nhu trong (29):

OPyicce = Pr(VR o <o, max)
¥y G
e o n+1)ﬂ’RP + Aro o

Xét giad tri DP,,¢, st dung ham CDF dat dugc
trong (20) cho F,_ (x) ta co:

(29)

vK N-1

V+U+N+ VAU AN 30
(-1) 1qqu(>

Tir cac két qua dat dugce trong (23), (29) va (30), ta
d& dang tinh dugc OPwcee VA DPwcee .

Pbi voi giao thirc cudi cing (COMB), biéu thirc
cua OP.,s c6 thé dugc viét lai nhu trong cong thirc

(312):
OPcome = Pr(?’R b < Xy max)

“3Pr(d =] ()1, (10

St dung ham CDF dat dugc trong cong thuc (21)
va ham PDF dugc dua ra trong cong thire (18), sau vai

(31)

budc bién d6i va tinh toan, ta dat duoc két qua bai
biéu thirc (32):

t-u+1N-1

PP ICIE

I=1 u=1 v=0 n=0

COMB

g~y i (32)
C lCt u+1CN—1N/1RP

(n +1)2’RP (u +V_1)/1RD)(D .
Trong giao thue COMB nay, kha nang gidi ma cua
cac nut nghe 1én dugc tinh tuong ty nhu (30) va dugc
biéu dién béi cong thirc (33):

Tdp V-1, S6 17 (37), thang 6/2017

DPeove = Pr(7RdE 2 ZEYd,max)
(_1)v+u+n+1 CI\_,C\tJKC,:_l (33)

N e
(n +1) Agp +Udge

Cudi cung, voi cac Kkét qua dat dugc trong cac céng

thie (23), (32) va (33), ta d& dang tinh dugc xac suat

dimg trung binh OPcovs Va DPcome nhu duoc dua ra
trong (17).

IV. KET QUA MO PHONG

Trong phan nay, ching t6i thyc hién mé phong
Monte Carlo dé kiém ching cac két qua 1y thuyét
dugc dua ra trong Phan trude. Dé cac két qua md
phong hoi tu vé cac két qua Iy thuyét, chung t6i da
thuc hién 10° phép thir cho mdi két qua mé phong.
Hon nira, chung t6i cd dinh tit ca cac tham sb dic
trung bang 1: A =Zrp =Asp = gp = Arp =1, Va gid
tri cua nguong dung y,, cling khong thay do6i ( Vi 21)
trong cac mo phong.

Hinh 2 biéu dién gia tri xac suat dimg (OP) nhu
mot ham sé cta Q. Trong md phong nay, sé luong nut
chuyén tiép (M) bang 3 va 6, sé nit nghe 1én (K) bang
2 va sb cac nuat tha cdp N bang 3. Cac thong sb suy
hao phan cting dugc thiét 1ap nhu sau: x, =0.1 va
x, =k, =0.5. Két qua trong Hinh 2 cho thiy ring xac
sudt ding (OP) cua tit ca cac giao thuc giam khi gia
tri Q tang. Mac khéc, gia tri OP trong giao thirc HCG-
D la thap nhét béi giao thiic nay chon nut chuyén tiép
¢ d6 loi kénh truyén 16n nhat toi dich. Gia tri OP cia
mo hinh MCG-E 14 16n nhét béi mé hinh nay chi quan
tam dén viéc tdi thiéu hoa chit lugng kénh nghe 1én.
Mo hinh COMB dat dugc hiéu ning nim giita hai mo
hinh HCG-D va MCG-E. Cling quan sat trén hinh v&
nay, ta thiy rang gia tri xac suit dimg cia hai mé hinh
HCG-D va COMB giam nhanh khi ting s6 lugng nut
chuyén tiép tir 3 1én 6. Tuy nhién, dbi véi giao thirc
MCG-E, gia tri nay chi giam nhe khi thay doi s6 nut
chuyén tiép. Mot két qua dang chu ¥ nita ma ta c6 thé
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thay trén hinh vé& 1a cac két qua mé phong (MP) tring
khop vé6i cac két qua 1y thuyét (LT), diéu nay ching to
céc cong thirc dua ra trong Phan I1I 1a chinh xéc.

1 ;
I 4 HCG-D(MP,M=3) ||
08 *  MCG-E (MP, M=3)
08l % COMB (MP, M=3)
B HCG-D (MP, M=6)
0.7 1 ®  \CG-E [MP, M=6) |]
s b *  COMB (MP, M=6)
) LT
&ost
041
03t
02t
01f L4
0 ! ‘
0 5 10 15

Q
Hinh 2. Xdc sudt dirng (OP) theo Q (dB) khi N = 3,
K=2, x, =k =05 va x, =0.1

1 \_*—______
09t e
0.8 [ = =
’,/' -
0.7}
06 /
Losf
04k #  HCG-D (MP,K=1) | |
‘ ®  MCGE (MP, K=1)
oal B COMB (MP, K=1)
&  HCG-D (MP, K=3)
0.2 > MCGE(MP, K=3} | ]
& COMB (MP, K=3)
0.1}
LT
o ! I I I I I I I I
0 2 4 6 8 0 12 14 6 18 20

Q(dB)
Hinh 3. Kha nang giai mad cua cdac nut nghe lén
(DP) theo Q (dB) khiM =4, N =3, x, =« =0.5 va
x, =01

Trong Hinh 3, ching toi biéu dién kha ning giai
ma (DP) ctia cac nut nghe 1én theo gia tri cia Q. C4c
thong s6 cia hinh v& niay 14 M = 4, N = 3,
K, =k =0.5 VA x, =0.1. Quan st hinh V&, ta thay
rang gia tri DP ciia giao thic MCG-E 1a thap nhat,
trong khi gia tri DP trong giao thia COMB nam giita
hai giao thirc con lai. D6 1a vi cac mo6 hinh MCG-E va
COMB quan tam dén viéc han ché chét lugng kénh
nghe 1én. Nhin vao hinh v&, ta ciing thdy rang gi4 tri
DP cua tit ca cac giao thirc ting voi sy gia ting cua Q.

Tdp V-1, S6 17 (37), thang 6/2017

Hon thé nita, gi4 tri nay ting manh khi s luong nit
nghe 1én tang tir 1 1én 3. Mot 1an nita, cac két qua mod
phong di kiém chtng sy chinh xac cta cac biéu thic
toan hoc danh gia gia tri DP.

Hinh 4 khao sat sy bién thién cua gid tri xac suét
dirng (OP) theo s6 lugng nit so cap (N) khi Q=5 dB,
M=7, K=2, xy,=x:=02 va x,=0. Nhin vao
hinh v&, ta thay rang gi tri OP cila cac giao thirc ting
theo su gia ting cua sd lugng nut so cip. D6 1a vi khi
s6 lwong N ting s& lam giam cong sudt phat cia nit
ngudn thir cip va cic nit chuyén tiép thir cip, kéo
theo sy tang cua gia tri OP.

0.7 . . pa—
I
e
L e _
08 P
— %
/./’ ——— &
05 - . 1
”/. * -
e = e
0.4 & e
a - .
@] - A e
0.34 * e
- y ”
0.2t - 1
/,/' B HOG-D (MP)
4 g ®  MCG-E(MP)
01 - *  COMB (MP)
[ g LT
0
1 2 3 4 5 6 7 8 9 10

Hinh 4. Xdc sudt dirng (OP) theo N khi Q=5 dB,
M=7,K=2, ky =k =02va x, =0

0.7

— e
06F 1
: .
/../. [ +
0.5 //. -"---*"’“ |
: kT -
0.4 - j T
o ) T
] P T pe
0.3 > 1
P g -~
| .l/ J
//’ [ ] HCG-D (MP}
* /./ ®  MCGE (MP)
0 - *  COMB (MP)
[ g :
o L . L | I | I |
1 2 3 4 5 (<] 7 : : |
N

Hinh 5. Xac sudt dimg (OP) theo . khi Q=5dB,
M=5,K=1N=3, xk,=05va x,=0.1
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Trong Hinh 5, gia tri DP ctia cic md hinh dé xuit
dugc vé theo gia tri mirc suy hao phan cimg ke khi
Q=5dB,M=5K=1 N=3, x,=0.5 vax, =0.1.
Hinh 5 cho thiy ring gia trji DP giam manh khi ting
ke tir 0 dén 0.9. Mot 1an nira, ta c6 thé thay tir Hinh 4
va Hinh 5 réng mo hinh HCG-D dat hi€u niang OP tot
nhét, md hinh MCG-E nhén gia tri DP nhé nhét va
hiéu ning ctia mé hinh COMB nam giita hai m6 hinh
con lai.

Bdang 1. Gia tri cua Q (dB) trong Hinh 6

05 ~15 -2 25 -3
oP 10 10 10 10 10 10
Q
84 | 11.4 | 13.7 | 158 | 17.7 | 19.5
(HCG-D)
Q
104 | 15.8 | 209 | 26.0 | 31.0 | 36.0
(MCG-E)
Q
88 | 122 | 150 | 17.6 | 20.1 | 22.6
(COMB)
1 =l & —T
s ‘*-Tlﬁ..a._h_::_ Sy ]
0.95 [ ‘\\ "\,
N \\
09t \Q '\
A\
LAY
Logsst \ \'\
\\ I\\.
08 ® HCG-DMP) A
®  MCGE (MP) Ay
%*  COMB(MP) \ »
0.75 | — — — COMB (LT} \
e \
07 — : s
10 107 107 10°
oP

Hinh 6. Kha nang giai ma cua cac mit nghe lén
(DP) vé theo xdc suat dieng (OP) khi M =3, K=2,
N=3, xk, =k =05 va x,=0.1

Hinh 6 m6 ta sy danh d6i giira x4c suat ding (OP)
va xac suat giai ma (DP) ciia cic giao thirc khi M =3,
K=2, N=3, x, =« =0.5 va x, =0.1. Trong mb

Tdp V-1, S6 17 (37), thang 6/2017

phong nay, ching t6i c6 dinh céc gia tri cia OP va sir
dung cac cong thire tinh OP cua cac giao thirc dé tim
ra cac gia tri Q tuong ing (xem Bang 1). Sau do, cac
két qua mo phong va ly thuyét ciia DP va OP s& duoc
thuc hién, sir dung cac théng sd vira dugc thiét lap.
Quan st hinh v&, ta thdy rang c6 mot sy danh doi giira
hiéu ndng bdo mat va hi€u nang dung cta cidc md
hinh. Cu thé, dé dat dugc mot gia tri xac sut dung
(OP) thép thi gia trj DP lai 16n va nguoc lai. Trong
hinh v& nay, ta ciing thdy mot diéu tha vi 1a & cing gia
tri cua OP thi gid tri DP ciia m6é hinh MCG-E 1a 16n
nhat, trong khi gia tri DP trong cac mé hinh HCG-D
va COMB la gan nhu xép xi. Diéu d6 cho thiy rang
mo hinh MCG-E c¢6 hiéu ning thap hon khi so v6i hai
moO hinh con lai.

VI. KET LUAN

Trong bai bao nghién ctru bao mat 16p vat 1y trong
mang chuyén tiép vo tuyén nhan thirc dang nén nay,
Chung t6i di dé xuét ba phuong phép luya chon nit
chuyén tiép dé cai thién hiéu ning ctia mang nguoi
dung thr cAp thong qua tham s 13 xac suét dimg (OP)
va kha nang giai ma ctia cac nut nghe 1én (DP). Cac
biéu thic dang déng chinh x4c cia OP va DP da dugc
dua ra va dugc kiém ching boi cac md phong Monter
Carlo. Céc két qua cho thiy rang mé hinh HCG-D dat
dugc hiéu nang OP tdt nhat, moé hinh MCG-E dat
duogc hidu nang DP tét nhét. Tuy nhién, khi quan tdm
dén sy danh d6i giita OP va DP, hai mé hinh HCG-D
va COMB dat duogc hiéu qua tdt hon.
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Nghién ctru nay dugc tai tro boi Hoc vién Cong
nghé Buu chinh Vién thong véi dé tai ma sé X_HV-
2017-RD_DT2.
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