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Tom tat:

MG hinh truy cdp chia sé phé tan s6 & hé thong vé tuyén nhdn thirc bao gom hai mé hinh chinh la mé
hinh I6p phit (Overlay) va mé hinh 16p 16t (Underlay). O bai bdo nay, mét kich ban phén bé cong sudt theo
mé hinh 16p phii dwoc dé xudt dia trén thudt todn IPW (Iterative Partitioned Water-filling) truyén thong.
Kich ban nay dp dung véi diéu kién bang tan dwoc bdo vé va ddat hop ly giita cac sub-channel noi ma nguoi
dung chinh PU (Primary User) va nguoi ding thir cdp SU (Secondary User) dwge dat lién ké. Kich ban nay
khong nhu"ng lam tang t6i da héa dung leong kénh ciia nguwoi dimg thir cap SU ma con lam giam sw ro ri
cong sudt ciia cdc sub-carrier ciia nguoi ding chinh PU gdy ra.

T tl"khéa: V6 tuyén nhén thirc; Ghép kénh phdn chia theo tan sé triec giao; Phdn bé cong sudt; RO ri cong

suat song mang con.

1. Gioi thiéu

Sy phat trién nhanh cua truyén thong khong
day so véi ngudn tai nguyén phd tin 12 qua chénh
léch, dan dén tinh trang khan hiém vé phé tan va
day ciing chinh 13 mét trong nhitng han ché cua
truyén thong khong day va duge vi nhu nut thit c¢b
chai cho sy phat trién trong twong lai. Tuy nhién,
viéc tai tao va st dung lai phé tan 13 hoan toan co
thé vi ddc diém cua phd tan. Cu thé, cac phép do
phd tan cho thiy ngudi dung chinh PU st dung van
con rat nhidu cac 16 hong va dé giai quyét van dé
nay, gan day nhiéu hoc gia da gi6i thiéu va dé xut
ngudi st dung thir cp SU trong cac hé théng uy
quyén hién co.

Co hdi truy cap phé tan cua PU da dat dugc
nham muc dich nang cao hiéu qua cua viéc truy cép
phé tan [1]. Xem xét viéc bao vé hiéu suit thong
tin cho ngudi dung chinh PU, sy ra doi cua SU can
phai dam bao céc tién d& truyén dan cua nd va phai
déap tmg cac han ché can nhidu cua PU. Hé théng
vO tuyén nhan thtc 1a k§ thuat chinh dé dat dwoc
chirc ning d6. Trong hé thdng vé tuyén nhén thuc,
SU duogc coi nhu la mdt moéi truong xung quanh
ctia phé tan; cac 16 hong cia phd tin duoc tim thiy
nhd cam bién, va bang cach didu chinh cac thong sb
truyén tao co hoi truy cap cho PU dam bao tinh ty
quyén va hop phap [2, 3].

K§ thuat OFDM c6 cdu trac tai phan bd va
¢6 thé diéu chinh dugc cac tham sd; cac md hinh
(modul) bién dbi Fourie nhanh (FFT, Fast Fourier
Transformation) ciing c6 thé dugc sir dung cho cam
bién phd tin. Vi nhimg wu diém va loi thé trén,
ky thuat OFDM tro thanh mét trong nhiing cong
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nghé c6 mg dung 1y tuong cho hé thong vo tuyén
cam nhan [4]. Cong nghé chii chdt 4p dung phan bd
cong suat cho hé théng nay tuong tu nhu mot hé
théng OFDM truyen thong, vOi cac nguyen tic co
ban 12 han ché cong sut truyén tai ti da hé thong
may phat dua trén thong tin trang thai kénh (CSI,
Channel State Information) giita cac sub-carriers
dé toi wru hoa kha nang lién két giita chung. Trong
cac hé thong vo tuyén nhan thirc dwa trén OFDM,
SU hoat dong & bing tan s co thé bao gdm nhiéu
bang tan cua PU duoc cip phép, mdi mot PU cap
phép dugc coi nhu mot sub-channel ctia SU. Dé bd
sung cho kich ban nay, cac dé 4n phan bo cong suit
khong nhing dap tmg cic han ché cong suit cua
may phat ma con dap tmg cac han ché can thiép cua
PU trén mdi sub-channel.

O tai liéu tham khao sé [5], thong qua phéan
tich nhiéu cua PU dbi véi sy 1o ri cong suét sub-
carriers, van dé phan bd cong sudt & hé théng vo
tuyén nhan thirc dua trén OFDM duogc xdy dung
nhu mdt bai toan tdi wu héa 16i. O bai bao nay, tac
gia chi ra rang cac d& an phan bo cong suat toi wu
nham muc tiéu t6i uvu héa cong suit sub-channel
hen két c6 thé thu duoc bang cach giai quyet cac
vén dé bang phuong phap s6, cu thé, tac gla dé xuat
hai kich ban dién hinh bing cach thay dbi cac bién
lién quan c6 tinh dén ro ri cong suat va thay doi cac
bién lién quan khong tinh dén ro ri cong suat cua
céc sub-carriers 1ién ké dya trén thuét toan IPW.

Phan con lai cua bai bao duge td chirc nhu
sau: phan 2 trinh bay m6 hinh hoa hé théng pho,
phan 3 trinh bay vé kich ban phan bd cong suat tdi
vu dya trén thuat toan IPW, phan 4 trinh bay két
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qua mo phong va thao luan, va cudi ciing 1a két luan
dugc trinh bay trong phan 5.

2. M6 hinh héa hé théng phé

Phan nay chii yéu xem xét mo hinh phé tan
s6 clia nguoi str dung & hé thong vo tuyén nhan thirc
nhu duoc biéu dién trong Hinh 1 [7]. Hinh 1, gia
dinh rang bang tan duoc cip phép cua ngudi ding
nhan thtc dugc chia thanh M channels, va mdi sub-
channels twong tng véi dai tin dwoc cép phép la
cua mdt nguoi dung chinh. Nguoi dung nhan thic
sir dung ky thuat OFDM, tong sb sub-carriers 1a N,
khoang cach gitra hai sub-carrier 1a Af, va trong khi
m,dugc dinh nghia la “nhan” cua sub-carrier dautién
trong sub-channel thu . Dong thoi, dé tao diéu kién
thuan lgi cho viéc phan tich, nhom tac gia con gia
dinh ring bang thong ctia mdi sub-channel 1a mot s6
nguyén cua khoang cach gilra cac sub-carriers va ¢
hé thdng nay, SU yéu cau phai duoc biét trudc thong
tin trang thai kénh (CSI, Channel State Information)
ctia PU chién dung thong qua cam bién phé véi muc
dich giup PU han ché can thiép clia cac sub-carriers
14n can va hiéu suét truyén cua PU trudce khi truyén.
Do vy, ddy chinh 1a tién dé dé t6i da hoa kha ning
lién két gitra SU va PU.
Eénh 1 Kénh M

Eénh 2 Eénhj

2.

Hinh 1. Phé tan ciia SU & hé thong vé tuyén nhin
thire dva trén OFDM

St dung lugc dd ma hoa ly tuong va theo
dinh 1y cta Shannon, ty 1& truyén trén sub-channel
thir j ctia ngudi sir dung thr cdp c6 thé duoc biéu
dién nhu sau:

|7, X p,
R(pj,h])_l ll+ Ny :

trong d6 A, 1a kénh phuc dat duoc trén song mang
thtr j; N, la cong suét nhidu trang (Gauss) trén moi
sub-carrier; P, biéu thi cho tong cong suat phat han
ché.

()

O hé théng v6 tuyén nhan thire, cin phai dua
ra cong suét phat ciia sub-channel vi su truyén tai
ctia ngudi dung thir cip phai dap ung su han ché
nhiéu ctia ngudi dung chinh, Hinh 2.
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Hinh 2. M6 Hinh hé thong vé tuyén cam nhin

Dé dam bao chat lugng truyén din cia nguoi
ding chinh, may phat ctia nguoi ding thir cép chi
¢6 thé phat hién sy hién dién ctia may thu cta ngudi
dung chinh trong khoang cach la d. Céng suat phat
truyén tai P cua nguorl st dung thtr cap tht i phai
dam bao rang cong suat tin hidu trong khoang d
khong 16n hon ngudng gy nhiéu tdi da cho phép
clia ngudi ding chinh. Trong tinh hudng nay, theo
[1] PU, dinh nghia Ia mét khu vuc duogc bao vé c6
ban kmh la , va doi hoi phai c6 su can thlep cong
suat & duong bién (1&) ctia khu vuc nay thap hon
mot gia trj 7, nhét dinh. Vi thé, cong suat truyen tai
ctia SU trong kénh nay phai chiu mot han ché cong
suat F ., va dugc cho boi

<n.(di—n)" @)
o day d la khoang cach glua may phéat PU, va SU
B, bidu didn cic yéu t6 tén hao trén duong truyen
Glm han da noi & tren s€ lam anh hu(mg dén cong
suat can thiép cia mdi PU, va co6 thé duorc chuyen
d01 sang SU, va lam han ché cong suét truyén trén
mdi sub- channel Sau day, gia su G, biéu thi han ché
cong suat truyén trén kénh con thir i, va kho dé tim
thay néu khoang cach giita may phat SU va PU, la
rat nho, tham chi 1a trong khu vuce bao vé cua PU;
do d6 SU trén sub-channel truyén han ché cong suat
tuong Gmg s& 1a rat nghiém ngat.

Dbi voi SU sir dung didu ché OFDM, cong
sut phan bd truyén tai thyuc t& trén mot subchannel
ctia hé théng khong chi bao gdm mdt subchannel
phu thudc vao cong sudt subcarriers ma bao gém
ca cong suét ro ri subchannel ngoai ciia subcarriers.
Vi mo ta ngén gon, nhu dinh nghia ¢ day, ma tran
J bao gdm phan tir hang i, cot thir j va duoc viét la
(J ) v, ) dai dién cho mot don vi phan bd cong suat
ciia cac subcarriers thit / /, va ctia subchannels truyén
thtr i. Theo [6], ta co:

-y sinALf(f_jAf)

J =7 df

) T . ?

A Loy y(f_JAf) 3)

1 2

P 2)A/(Si““(x —j)) d

i .

mi—%Af n(x J)
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& day: i dung biéu dién cho subchannels, i = /, 2,

.» M; m_biéu dién kénh th i; j biéu dién cho céc
subcarriers, j = I, 2, ..., N; va Af la khoang cach
gitra hai subcarriers.

Xac dinh phan bén phai ciia su bat binh déng
trong phuong tnnh (2) nhu 1a gi6i han cong suat
truyen tai thir cap ctia G, trén kénh phu tha i va c6
thé duoc biéu dién bang

G, = 1:(d;—r)’ @)

C6 thé d& dang suy luan rang néu may phat
ctia ngudi ding thtr cap nam & khoang cach nho tir
may phat nguoi dung chinh va ngay ca trong khu
vue duoc bao vé ciia ngudi ding chinh thi cong suat
truyén tai thir cip cuia ngudi dung trén sub-channels
turong (mg s& bi giéi han & mirc rat nghiém ngat.
Ngoai ra, cong sudt phat trén sub-channel thir i ¢6
thé dugc biéu dién nhu sau:

mip—1

F= X Py
i=m ()
= 1,23, M;j=1,2,3,.,N

trong do P biéu thi cong sudt duoc phan bd boi
nguoi su dung thir cip trén sub-carriers thér j, va P
=[P,P, ... PJ.

Do d6, theo cong thirc (2), dé bao vé hiéu
ning clia tit ca nguoi dung chinh, viéc phan bd cong
sut ctia nguoi stir dung thir cp can dap tmg cac han
ché vé cong suét truyén tai ciia M kénh tai cing mot
thoi diém va co thé duge biéu dién nhu sau:

F<G (6)

¢day: F=[F,F, .. ,F];G=[G,G, .., G
3. Kich ban phén b cong suit toi wu dya trén
thuat toan IPW

Muc tiéu phan bd cong suat trong cac hé
thong vo tuyén nhan thic dya trén OFDM, ngoai
han ché tong cong suét phat, dé an phén bd cong
suét phai tudn thu diéu kién han ché cua subchannel
truyen va phai thoa mén cong thac (6) Do vay, Van
dé phan bd cong suit tdi wu & hé thong vo tuyén
nhan thac dua trén OFDM, ¢6 thé duoc mo hinh

hoéa nhu sau:

N
P" = argmax El R; (7)
[P =0
N
54 T PR, ®)
F<G

P.= 0, k< {k| sb sub-carriers theo ty 18 1: 2 thudc SU
gan nhit véi PU}

trong do: P dai dién cho tong cong suat truyén tai
cua nguoi sir dung thir cap. Ngoai ra, can luu y rang
nguoi dung thir cdp trong hé thdng nay ciing s& bi
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can thi¢p bdi nhung nguorl dung chlnh va nhiing
nhiu nay co6 thé 1a nhleu Gaussian trang bd sung
boi nguoi nhan thi cap. Piéu nay khong anh huong
dén cac mo hinh toan hoc trong phan nay. Thuat
toan cai tién dugc dé xuét trong phan nay dya trén
mo hinh d3 dugc thiét 1ap nhu sau:

Khéi tao:

A={i|i=1, 2., M}, B=0, P=P,, k=1
Ceylj | sb sub-carrier thir j ctia sub-channel tht i,
JE A}

Bit diu:

(1) Thiét 1ap sub-carrier gin nhit voi
sub-channel noi ma nguoi dung chinh dugc coi
12 nguoi dung thir cap nhu sub-carrier bao vé ma
khong phan bd cong suét, va cap nhat C;

(2) Thyc hién phan bd cong suét theo thuat
toan IPW truyén théng cho cac sub-carrier con lai
thuoc C véi cong suét P, =P, , va thu dugc cong
suét P, boi cac sub-carrer tuong Ung;

(3) Véii €A, sosanh F,va G, ta nhan duoc
D={i|F>G,icA};

(4) Cap nhit A=4\D, B=BUD, P, =P,- %. G;

ieD
(5)Néu D & 0, k = k+1, quay lai budc 2;
(6) Ddi voi kénh thi i, i € D, thuc hién vige
phan b cong suat theo thuat toan IPW truyén thong
v6i cong suét G, cho cac sub-carrier tuong Ung, va
thu dugc cong suht P, tuong tng, Jc C.

4. Két qua mo phong va thio luin

O phan mé phong nay, nhom tac gia sir dung
mo hinh kénh D6 thi dién hinh (TU Model, Typical
Urban Model) bang cach tao phading chon loc tan
s0; mo hinh gdm 6 sub-channels truyén dan, trong
d6 duong kinh cia cac tham sd tré twong tng la:
[0.0, 0.2, 0.5, 1.6, 2.3 va 5.0Jus; tham sb phan bd
cong sut la: /0.189, 0.379, 0.239, 0.095, 0.061
va 0.037] twong tmg; SU c6 bang thong tan s la
5MHz va duogc chia thanh 4 sub-channels, mdi sub-
channel twong tng véi mot PU va duoc cdp phép
vé mat pho tan; tong sub-carriers 13 64, twong g
v6i mdi sub- channel la 16 sub-carriers; P, la tong
han ché cong suét truyén, N, 1a cong sudt nhleu va
trong trudng hop nay tac gid str dung céc gia tri 1a
640 va 1 cho P va N, tuong rng; han ché cong suat
truyén trén mdi sub- channel la: G, = [80, 480, 1.8
va 480]" [8].

O bai bao nay, nhom tac gia sir dung tin higu
(symbol) OFDM trén sub-channels bang cach thay
doi cac gla tri cua cac blen lién quan co tinh dén ro
ri Cong sudt dé giai quyét cac van dé téi uu hoa (5)
két qua md phong duge thé hién ¢ Hinh 3. Va dé so
sanh, dé tai ciing dua ra két qua mo phong khi thay
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dbi gia tri ctia cac bién lién quan duya trén thuat toan
IPW, tuy nhién két qua nay bo qua sy ro ri cong suat
sub-carriers, Hinh 4 tuong ting.

50 . ' . y ' v
. I ) I 1))

40 ¢

Power alloction

0 10 20 0 40 50 60 70
The subcarriers
Hinh 3. Két qud khao sdt suw ro ri cong sudt phdn bé
cua sub-carrier

C6 thé thay ¢ Hinh 3, han ché cong suat
truyén trén sub-channel thir 3 thip hon 35dB so véi
kénh 1an can, diéu nay c6 nghia 1a SU c6 thé 1a rat
gan hogc tham chi nim trong khu vuc duge bao vé
cua PU.,. Dé dap mg yéu cau gidi han cong suat
nhleu cua PU, gy ra, doi hdi phdi han ché cong
suét truyén ciia SU & sub-channel thir 3 phai rat
nghiém ngat.

45 T T T T T
) I 1/hG)2)
A0+

x

Power alloction

2 30 40 50 60 70
The subcariers

Hinh 4. Két qua phdn bé cong sudt dwa trén thudt
toan IPW khi da thay doi cac gia tri

O Hinh 4, chung ta thdy cong sudt phan bd
cho mdi sub-channel 1a it hon so v&i nhitng han ché
cong suat sub-channel truyén tuong g, nhung do
anh huong cong sudt ro ri ctia cac sub-cariers & sub-
channels lién k&, do vay ma cong suit truyén & sub-
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channel thtr 3 giam di khoang 10 lan, diéu nay lam
cho sy han ché cong suét nhiu cua PU. _ bi hu hong
nang. Nhu vay, thuat toan IPW khong ap dung trong
tnr(‘mg hop néy Vi [¢€ do, trong Hinh 3 d 4n phéan
b6 cong suit khong nhiing ti da hoa dung luorng
sub- channel ma con dap Gmg cac yéu ciu vé han ché
cong sudt phat cia tung sub channel. So sanh véi
Hinh 4, chung ta ¢ thé thay rang ngay ca mot lvong
sub-channels tot, phan b cong sut ciia cac sub-
carriers & sub-channel thir 3 lién ké ciing bi han ché
dang Kké, trong khi tai cung mot thoi gian, rat nhiéu
cong suat da dugc phan bo trén cac sub-carriers rat
xa clia sub-channel thir 3. Mat khéc, ching ta c6 thé
thy 2 dé an nay 1a gi“m nhu gidng nhau trong mot dé
an phan bd cong sudt trén sub-channel, diéu nay ch1
ra rang trong ctng mot bbi canh han ché cong suét,
va bo qua cong suat 1 ri ctia sub-carriers thi dé an
phan bo cong suét tdi wu khi thay ddi gia tri clia cac
bién lién quan dya trén thuat toan IPW 1a hi¢u qua
hon so véi dé an sd.
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I ] 1 T
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1
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4 |f----
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39 |----
38 [----
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e i i e

RN S P R S,

Dung lwgng hé thing (bps)
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3 ! L O~ Thujttein dimghammi
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Hinh 5. Méi quan hé giita dung heong hé thong va
ty s6 S/N

- ThuttoanIPW
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41
40
39
38
37
36
35

Dung lugng hé théng (bps)

B e el ot o ok

45 5 55 6 65 7
Nhifu tic déng vio ngudi diing chinh (uW)

35

Hinh 6. Méi quan hé giita dung lwong hé thong va
nhiéu tdac dong vao PUs
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Dong thoi, dung lugng hé thong ciia mot s6
phuong phap duoc dua ra nhu la mdt chiic nang
ctia su thay ddi ty s S/N va so sanh voi su thay doi
nhiu cia PU, va dugc thé hién trong Hinh 5 va
Hinh 6 tuong tmg. Mit khac, ching ta c6 thé thiy
rang hiéu suit hé thong cua cac phuong an khac
nhau ting dan 1én véi viée tang dan ty s6 S/N. Tuy
nhién, so voi thuat toan IPW, thuat toan s thi thuat
toan bao v¢ sub-carrier & mot va hai bén thuy bién
da dé xuét co dung luong hon han, diéu nay duoc
cho boi giam anh hudng cong suét ro ri ciia cac
sub-cariers & sub-channels lién ké, do vay ma hi¢u
sudt dung luong kénh duoc cai thién déng ké.

5. Két luan

O bai bao nay, nhom tac gia da chi ra rang
han ché cong suét can thiép & mdi PU 1a tién dé ciia
phuong 4n phan bd cong suat t6i wu hoa kha ning
lién két va c6 thé dat duoc bang cach giai quyét bai
toan toi uru hoa 16i. Véi thuat todn IPW va cac thuat
toan hién tai, cling nhu mot sb cac hoc gia moi chi

Tai liéu tham khao

dung lai ¢ viéc xem xét sy tdc dong va anh huong
qua lai gitta PU va SU ma chua dé cap dén cong
suét ro ri clia cac sub-carriers. Hai dé an phan bo
cong suit ¢ bai bao nay xét vé mit 1y thuyét 1a kha
tdt va co thé chap nhan dugc, tuy nhién thuét toan
bao v¢ sub-carrier & mdt va hai bén thuy bién da dé
xut c6 dung luong hon hén, diéu nay duoc cho boi
giam anh huong cong sudt ro ri clia cac sub-cariers
& sub-channels lién ké, do vay ma hi¢u suét dung
lugng kénh dugc cai thién dang Ké. Tuong lai, van
dé van tiép tuc dugc xem xét dudi tap hop cac ting
dung va c6 thé két hop cung voi thuat toan IPW
cling nhu céc thuat toan khac nham bao vé céac sub-
channels. Tuy nhién, viéc thuc hién cac dé 4n phan
bd cong sudt t6i uru phai c6 d6 phirc tap 1a vira phai.
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IMPROVEMENT OF CHANNEL CAPACITY
IN COGNITIVE RADIO SYSTEMS BASED ON OFDM

Abstract:

The spectrum-sharing access model in the cognitive radio system consists of two main models, the
Overlay model and the Underlay model. In this paper, a power overlay scenario based on the overlay model
is proposed based on the traditional Iterative Partitioned Water-filling (IPW) algorithm. This scenario
applies to protected and reasonably allocated bandwidth between sub-channels where the Primary User
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(PU) and the Secondary User (SU) are placed adjacent. This scenario not only maximizes the user capacity
of the secondary SU, but also reduces the power leakage of sub-carrier users of the PU.
Keywords: Cognitive Radio (CR); Orthogonal Frequency Division Multiplexing (OFDM); Power

Allocation; Subcarrier Side Lobe.
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