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T6i wu héa thudt toan IPW (Iterative Partitioned Water-filling) dwoc dp dung trong viéc phin bé
cong sudt ¢ hé théng V6 tuyén nhan thirc dira trén OFDM (Orthogonal Frequency Division Multiplexing)
V6i muc dich t6i wu héa dung luo‘ng kenh (channel) cho hé thong bang cach xem xét tong han ché cong
sudt channel va han ché cong sudt & moi kénh con (sub- channel) Cong sudt 1o ri & cdc séng mang con
(sub-carriers) lién ké ddic biét dwoc quan tam khi han ché cong sudt ciia nguoi ding chinh PU (Primary
User) va viéc thiét ldp cdc bang tan bdo vé phé tan cho nguwoi ding chinh PU va phé tan ciia nguoi ding
thir cdp SU (Secondary User) la rdt nghiém ngdt. Toi wu héa thudt todn IPW dwoc thue hién lap di ldp lai
o cdc sub-channels co han ché cong suat la nghiém ngat va duoc thuc hién duoi dang bdc thang cho cac
sub-carriers. Két qua mé phong cia thudt todn da dé xudt cho thdy, né khong chi tot hon so véi két qua ciia
thudt toan IPW, ma dg phire tap vé tinh todn ciing don gian hon.

Tir khéa: Vo tuyén nhdn thire; Ghép kénh phdn chia theo tan sé truc giao; Phin bé cong sudt; Ro ri cong

suat song mang con.

1. Pit van dé

Su phat trién nhanh cta truyén thong khong
day so v6i ngudn tai nguyén phd tan 13 qué chénh
léch, dan dén tinh trang khan hiém vé phd tin va
day ciing chinh 13 mét trong nhitng han ché cua
truyén thong khong day va dugc vi nhu nut thit c¢b
chai cho sy phat trién trong tuong lai. Tuy nhién,
viée tai tao va str dung lai phd tan 14 hoan toan c6
thé V1 dic diém cua phd tan. Cu thé, cac phép do
phd tan cho thiy ngucn dung chinh PU str dung van
con rat nhidu céc 15 hong va dé giai quyét van de
nay, gan dy nhiéu hoc gia da giGi thidu va dé xut
ngudi st dung thir cp SU trong cac hé théng ty
quyén hién co.

Co hdi truy cap phé tan cua PU da dat dugc
nhiam muc dich nang cao hiéu qua cia viéc truy cap
phé tan [1]. Xem xét viéc bao vé hiéu suat thong
tin cho ngudi dung chinh PU, sy ra doi caa SU céan
phai dam bao céc tién dé truyén dan cta n6 va phai
déap umg cac han ché can nhiéu cua PU. Hé théng
vO tuyén nhan thtre 1a k¥ thuat chinh dé dat dugc
chirc nang d6. Trong hé théng vO tuyén nhan thirc,
SU duogc coi nhu la mdt moéi truong xung quanh
ctia phé tan; cac 16 hong cia phé 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 cau trac tai phan b va
c6 thé diéu chinh dugc cac tham sd; cac md hinh
(modul) bién d6i Fourie nhanh (FFT, Fast Fourier
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Transformation) ciing ¢6 thé dugc sir dung cho cam
bién phé tan. Voi nhitng vu diém va loi thé trén,
ky thuat OFDM tro thanh mét trong nhling cong
nghé c6 tmg dung 1y tuong cho hé thng vo tuyén
cam nhan [4]. Cong nghé chii chdt 4p dung phéan b
céng suat cho hé théng nay tuong tu nhu mot hé
thong OFDM truyen thong, véi cac nguyen tic co
ban 1a han ché cong suat truyén tai toi da hé thong
may phat dua trén thong tin trang thai kénh (CSI,
Channel State Information) giita cac sub-carriers
dé t6i wru hoa kha nang lién két giita chung. Trong
cac hé théng vO tuyén nhan thirc dua trén OFDM,
SU hoat dong & bang tan sd 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 an phan bo cong suét
khong nhitng dap ung 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 v6i sy 1o ri cong suét sub-
carriers, van dé phan bd cong sudt ¢ hé théng vo
tuyén nhan thirc dua trén OFDM dugc xdy dung
nhu mot bai toan t6i wu hoa 16i. O bai bao nay, tac
gia chi ra rang cac d& an phan bo cong sut tdi uu
nham muc tiéu t6i uvu héa cong suit sub-channel
hen két c6 thé thu duoc bang cach giai quyet cac
vén dé bang phucng phap s6, cu thé, tac gla dé xuat
hai kich ban dién hinh bang cach thay doi cac bién
lién quan c6 tinh dén ro ri cong suat va thay doi cac
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bién lién quan khong tinh dén ro ri cong suét cua
cac sub-carriers 1ién k& dya trén thuét toan IPW.

Phan con lai cua bai bao duge t chirc nhu
sau: phan 2 trinh bay mo hinh hé théng phd, phan
3 gidi thiéu vé han ché cong suét truyén trén kénh,
phan 4 trinh bay vé dé 4n phan bo cong sut tdi uu
dua trén thuat toan IPW, phan 5 trinh bay két qua
mo phong s6 va thao luan, va cudi cung 1a két luan
dugc trinh bay trong phén 6.

2. M6 hinh héa hé théng phé

Dé sir dung co6 hidu qua cac co hoi phd bén
trai khac nhau cua hé théng PU, mot hé théng
vO tuyén cam nhan can phai rat linh hoat déi voi
hinh dang phd tan cua tin higu truyén di. Diéu ché
OFDM la mét ing cuir vién déy htra hen cho mot
hé thong linh hoat nhur vay, vi cau hinh cta né ¢
thé tai cdu trac lai sub-carriers. Ngoai ra, cic thanh
phén FFT caa OFDM c6 thé dugc sit dung bdi cac
may do nang luong cua SU dé phat hién kénh. Nhu
trong Hinh 1, co hoi truy cép phd tan cia SU & hé
théng vO tuyén cam nhan dua trén OFDM, co hoi
tiép can phd tan cua SU (khong c6 gidy phép) duoc
chia thanh M sub-channels, mdi sub-channel twong
g voi phd ly quyén ciia mot hé thong PU. Gia sir
ring tong s6 cac sub-carriers ctia SU 1a N, khoang
cach gifta cac subcarrier 1a Af, m, biéu dién sb thu
tu cho subcarrier thur 7 cua sub- channel dau tién.
Dé don gian hoa viéc phan tich, ma khong mét tinh
tong quat, tac gia tiép tuc gia dinh rang mdi bang
thong sub-channel 1a mgt khoang cach gitra cac sub-
carriers (va 1a s nguyén), cu thé cac sub-channel

thong tin tht i chiém tir (m, - ))Af dén (m,, - DAS.
Kénh 1 Kénh2 Kénhi Kénh M

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

Trong hé thdng nay, SU yéu cau phai dugc
biét trude thong tin trang thai kénh (CSI, Channel
State Information) ciia PU chién dung théng qua
cam bién phd v6i muc dich gitip PU han ché can
thiép cua cac subcarriers l1an can va hi¢u suit truyén
ctia PU trude khi truyén. Do vay, ddy chinh 1a tién
dé dé tbi da hoa kha nang lién két giita SU va PU.

3. Giéi thi¢u vé han ché cong suit truyén trén
kénh

Pbé dam bao su can thiép va chép nhan dugc
giita PU va SU trong hé thong vo tuyén nhan thirc
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dua trén OFDM, ching ta xem xét mot vai truong
hop, cu thé:

« Péu tién, SU phat hién trang thai kénh cta
PU, dé xac dinh pho tan ton tai va co hoi truy cap
pho truge khi truyén. Cac SU duoc phep truyén trir
khi tin hi¢u cia PU, duoc xem nhu vang mat. Mot
xac suét phat hién co thé dat duoc dé giam va cham
gay ra boi 16i phat hién nhu trong Hinh 2, PU c6 thé
duoc phat hién khi dang hoat ddng va do d6 cac can
thlep gdy ra boi tin hiéu ctiia SU dé PU, nhén va c6
thé tranh duoc.

« Thir hai, ké tir khi PU, phat la xa SU, SU
khong the phat hién tin hiéu PU véi viée phat hién
xac suét can thiét, nhu trong Hinh 2.

Il sU

APUTx
W SVTx
A PURx

[] SURx

Hinh 2. M6 hinh hé thong vé tuyén nhdn thir

Trong tinh hudng nay, theo [1] PU, dinh
nghia 1a m¢t khu vuc dugc bao vé co ban kinh 1a R,
va doi hoi phai cé su can thlep cong suat & duong
bién (1&) cia khu vuc nay thap hon mot gia tri #,
nhét dinh. Vi thé, cong suat truyen tai cua SU trong
kénh nay phai chiu mot han ché cong suat F, va
duoc cho boi

F<n(d—R) (1)
o day d 1a khoang cach glua mdy phat PU, va SU;
B, bicu dién cac yéu t6 ton hao trén du’cng truyen
Gi6i han da néi ¢ tren s€ lam anh huong dén cong
suat can thiép cia mdi PU, va co thé duorc chuyen
d01 sang SU, va lam han che cong sut truyén trén
mdi sub- channel Sau day, gia su G, biéu thi han ché
ong suat truyén trén kénh con thu i, va kho dé tim
thay néu khoang cach giita may phat SU va PU, la
rat nho, tham chi 1a trong khu vuc bao vé cua PU
do d6 SU trén sub-channel truyén han ché cong sudt
tuong tng sé 1a rat nghiém ngat.

Pbi v6i SU sir dung diéu ché OFDM, cong
suét phan bo truyén tai thuc té trén mot sub-channel
ctia hé thong khong chi bao gdm mot sub-channel
phu thudc vao cong suat sub-carriers ma bao gdbm ca
cong sudt ro ri sub-channel ngoai ciia sub-carriers.
Véi mo ta ngén gon, nhu dinh nghia ¢ day, ma tran
J bao gém phﬁn to hang i, cdt the j va duoc viét

Journal of Science and Technology



la (J,-,j); ) dai dién cho mot don vi phan bd cong
suat cua cac sub-carriers thir j, va ctia sub-channels
truyén thir i. Theo [6], ta c6:

M1~ QA./ smAf(f ]Af)

J =
i A oo
e | ap(rinn) o
e 31 sin7t(x —) 2
J;= f (W) dx

m—Las

& day i ding biéu dién cho sub-channels, i=1,2,...,M;
m_ biéu dién kénh thtr i; j biéu dién cho cac sub-
carriers, j = 1,2,...,N; va Af 1a khoang cach gitra hai
sub-carriers.

Nhu vdy, cong sudt truyén tai thyc té cua
mdi sub-channel c6 thé duoc thé hién nhu

F,=JP, 3)

trong do I, = IF, F W F 5P =[P,P,. ., PJ,
P la cong suat phan bo trén sub channel thu i. Do
do dé bao vé hiéu suét cua tit ca cac PU trén M
sub-channels thi d& an phan b cong sudt cho SU
pha1 dap Lrng duoc céc rang budc vé diéu kién han
ché cong suat truyén ctia M sub-channels, va dugc
thé hién nhu sau:

JP<G, )
trong d6 G, = [~Gp GZ, - G, déu “<” chi ra phia
bén trai cua moi phan tr 1a vector khong 16n hon
so v6i bat ddng thirc & dung vi tri ctia cac phan tir
tuong ung.

4. D& an phan bd cong suit téi wu dua trén thuat
toan IPW

Trong cac hé théng OFDM théng thudng,
kha nang lién két dé toi da hoa cac dé an phan bd
cong sudt tdi wu bang thuat toan IPW. Thuat toan
IPW c6 tong cong sudt han ché phat t6i da duoc giai
quyét bang van dé t6i wu hoa 15i. Trong cac hé thong
vO tuyén nhan thirc dya trén OFDM, ngoai han ché
tong cong suat phat, d& 4n phan bd cong suét phai
tuan thu diéu kién han ché cua subchannel truyén va
pha1 thoa man cong thirc (4) Do vay, Van dé phan
bd cong suit toi vu & hé théng vo tuyén nhan thirc
dua trén OFDM, ¢6 thé duoc mé hinh héa nhu sau:

A1 P,
L 5)

[FP<P
s.t3J,; P =G

P=0
trong do h/ 1a kénh phl'rc dat du()'c trén song mang
thtr j; N, 1a cong suét nhiéu trang (Gauss) trén moi
sub-carrier; P, biéu thi cho tong cong suét phat han
che I biéu th1 cho cac vector ¢t vai tit ca cac tham
s6 1a 1. Cén luu y rang hé théng PU sé& bi SU tac

N
P == argmax X2 lg<1
Jj=1
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dong va gay nhiéu, nhirng tin hiéu gy nhiéu coa
SU c6 thé duoc coi 1a Gauss. Vi vdy, su can thiép
Gauss khac nhau trén cac sub-channels khac nhau
¢6 thé 1am cho cong sudt nhiéu trén mdi subchannel
ctia PU 1a khac nhau. Tuy nhién, ching ta c6 thé bu
dép bang cach diéu chinh bién d6 sub-channels ting
1én dé tao ra cac hiéu tmg bat binh déng, theo d6
mo hinh toan hoc da thanh 1ap trong bai bao nay s€
khong bi anh hudng.

O tai liéu tham khao s [5], md hinh téi vu
hoa duoc cac tac gia thanh 1ap bang cach bo qua tac
ddng cong sudt ro ri ctia cac sub-carriers, diéu nay
tuong duong voi viéc xem xét mdi phan tir khac
nhau cia ma tran J va thoa man:

J,,] =1,J€[m;,my, — 1],
=0, J%[mz,mZH 1].

Theo phuong trinh (2), cong suét ro ri giita
hai sub-carriers lién ké ¢ cing mot sub-channel
truyén tuong tmg c¢6 cong suat twong d6i nho, va
néu so voi cong suat phat ciia sub-channel lan can
thi cong suét 1o ri duge xem nhu 13 rat nho, do vay,
& tai lidu tham khao s6 [5] cac phép tinh xap xi la
hop 1y trong bdi canh chung. Tuy nhién, trong tinh
huéng nhét dinh, chéng han nhu mdt sub-channel
truyén bi han ché cong suat trong khi thut toan
IPW dugc cho 1a phu hop va rat chat ché dé gan
cong suit cho mot sub-channel 1an can thi viée 1o ri
cong suat & cac sub-carriers tuong ddi cao va khong
chi don gian la bo qua.

Trong khi do, theo phuong trinh (6) c6 thé
nhén thay rang sau khi xap xi nay duogc thiét 1ap,
thuc t& han ché cong sudt & M sub-channels duoc
tach roi nhau & mot s6 bién, va can cir vao dic diém
nay, ching toi da cai tién va dé xuat mot thuat toan
phan b6 cong sudt méi hiéu qua hon, ciing nhu dé
dang va thuan tién hon trong tinh todn. Tuy nhién,
khi xem xét su 1o ri cong suat tac dong giita sub-
carrier va van dé toi wu hoa theo (5) thi sy rang buoc
cong suit cua sub- channel khong con cod mot ciu
trac tach roi. May mén thay, cac van dé (5) van con
1a mot van dé t6i uu héa tuyén tinh rang budc 16i.
Vén dé nay c6 thé dugc giai quyét bang phuong
phap sb.

(6)

L’J

5. Két qua sb va thao luin

O phan md phong nay, tac gia sir dung mo
hinh kénh D6 thi dién hinh (TU Model, Typical
Urban Model) bang cach tao phading luya chon tan
s0; mo hinh gdom 6 sub-channels truyén dan, trong
d6 duong kinh cta cic tham sd tré tuong ung 1a:
[0.0, 0.2, 0.5, 1.6, 2.3 va 5.0]us; tham sb phan bd
cong sudt la: [0.189, 0.379, 0.239, 0.095, 0.061
va 0.037] tuong tmg; SU c¢6 bang thong tan s la
5MHz va duoc chia thanh 4 sub-channels, mdi sub-
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channel twong tmg véi mot PU va duge cap phép vé
mat pho tan; tong sub-carriers 1a 64, twong (g voi
mdi sub- channel la 16 sub-carriers; P la tong han
ché cong sut truyén, N, lacong suat nhleu va trong
truong hop nay tac gia s dung cac gia tri la 640 va
1 cho P va N, tuong img; han ché cong suit truyén
trén moi sub-channel 1a: G, = [80, 480, 1.8 va 480]".

I o) . G )

10 20 k1] 0 50 60 70
The subcarmers

Hinh 3. Ket qua khao sat sy ro ri cong suat phan bo
cula song mang con

O bai bao nay, tac gia s dung tin hiéu
(symbol) OFDM trén sub-channels bang cach thay
dbi cac gia tri cua cac bién lién quan c6 tinh dén ro
ri cong sudt dé giai quyét cac van dé t6i wu hoa (5),
két qua mod phong duogc thé hién & Hinh 3. Va dé
so sanh, bai bao ciing dua ra két qua mo phong khi
thay ddi gia tri ctia cac bién lién quan dwa trén thuat
toan IPW, tuy nhién két qua nay bo qua sy ro ri cong
suét sub-carriers, Hinh 4.

) 062

20 k1] 40 £0 60 70
The subcaniers

Hinh 4. Két qua phéan bé céng ;ucft dwa trén thudt
toan IPW khi da thay doi cac gia tri
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C6 thé thidy ¢ Hinh 3, han ché cong suit
truyén trén sub-channel thir 3 thip hon 35dB so véi
kénh 1an céan, diéu nay c6 nghia la SU co thé 1a rat
gan hodc tham chi nam trong khu vuc dugce bao vé
cua PU,. Dé dap tmg yéu cau gidi han cong sudt
nhiéu cua PU, gay ra, doi hoi phai han ché cong
suat truyén ctia SU & sub-channel thir 3 phai rat
nghiém ngat.

O Hinh 4, chung ta thiy cong suit phan b
cho mdi sub-channel 12 it hon so v&i nhitng han ché
cong suat sub-channel truyén tuong tng, nhung do
anh huong cong suét ro ri clia cac sub-cariers & sub-
channels lién k&, do vay ma cong suat truyén & sub-
channel thtr 3 giam di khoang 10 lan, diéu nay lam
cho su han ché cong suét nhidu cia PU . bi hu hong
nang. Nhu vay, thuat toan IPW khong ap dung trong
truong hop nay. Vi 1 do, trong Hinh 3 dé 4n phan
b6 cong suit khong nhitng téi da hoa dung lugng
sub-channel ma con dap tmg cac yéu ciu vé han ché
cong sudt phat cua tirng sub channel. So sanh véi
Hinh 4, chung ta ¢ thé thay rang ngay ca mot lvong
sub-channels tot, phan b cong sudt ciia cac sub-
carriers & sub-channel thir 3 lién ké ciing bi han ché
dang ké, trong khi tai cing mot thoi gian, rat nhiéu
cong suat da dugc phan bo trén cac sub-carriers rat
xa cua sub-channel thir 3. Mat khac, chiing ta c6 thé
thy 2 dé an nay 1a gé“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.

6. Két luan

O bai bao nay, tic gia di chi ra rang han ché
cong suat can thiép & mdi PU 1a tién dé ctia phuong
an phan b cong suat ti uu hoa kha nang lién két va
¢6 thé dat dugc bang cach giai quyét bai toan ti uu
hoa 16i. V6i thuét toan IPW va céac thuét toan hién
tai, cling nhu mot sé cac hoc gia mai chi dimg lai &
viéc xem xét sy tac dong va anh huong qua lai gitra
PU va SU ma chua dé cap d&én cong sudt ro i cia
céc sub-carriers. Hai dé 4n phan b cong suit duoc
dé xuat & bai bao nay vé mat Iy thuyét 1a kha tot va
6 thé chép nhén dugc, tuy nhién n6 doi hoi cac giai
phép sb clia mot bai toan tdi wu 16i trong viée thyc
hién c6 do phuc tap kha cao. Tuong lai, van dé van
tiép tuc duoc xem xét dudi tap hop cac ing dung va
¢6 thé két hop ciing voi thuat toan IPW nham bao
vé cac sub-channels. Tuy nhién, viéc thyc hién céac
dé 4n phan bd cong sudt toi uu phai co do phirc tap
la vira phai.
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OPTIMAL IPW ALGORITHM
IN OFDM-BASED COGNITIVE RADIO SYSTEMS

Abstract:

The optimal of Interactive Partitioned Water-filling (IPW) algorithm is applied in the power
distribution in cognitive radio systems based on orthogonal frequency division multiplexing (OFDM) with
the aim at optimizing channel capacity for systems by considering total constraints of channel power, and
capacity constraints in each subchannel. Leakage power in sub-carriers adjacent to special attention while
limiting the power of major primary user (PU) and the establishment of protection of spectrum bands
for the primary user and spectrum of secondary user (SU) is very strict. Optimizing IPW algorithm is
performed repeatedly in the sub-channels in which the capacity is limited strictly and are implemented form
of steps for the sub-carriers. The results from simulation to propose algorithm showed not only better steps
for the IPW algorithm, but also for simpler complexity of calculations.

Keywords: Cognitive Radio (CR); Orthogonal Frequency Division Multiplexing (OFDM); Power
Allocation; Subcarrier Side Lobe.
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