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Abtract: In this paper, we study the problem of
improving capacity of multiuser OFDM - FDMA
cognitive radio (CR) system. We propose new
algorithms, namedly Interference Inversion Allocation
(I1A) and Quantized-Interference Inversion Allocation
(Q-11A) to allocate subcarrier to users of the multiuser
CR system. These techniques allocate subcarrier to
users inverserly proportional to its interference to
primary user (PU). In addition, we also propose to use
windowing technique, a technique being used widely
in 802.11 family(WiFi) systems, to multiuser CR
system to improve its capacity. The computer
simulation is carried out for comparison for three
cases of allocation such as IlIA, Q-11A and uniform
subcarrier allocation, both with and without
windowing. The simulation results show that new
algorithms 1A, Q-ll1A provide better system capacity
than uniform subcarrier allocation does. Among IIA
and Q-lIA algorithms, IIA brings system capacity
higher than Q-llA does. Relating windowing
technique, the multiuser CR system can achieve much
higher capacity (2.6 times)in case of using windowing
than without using it, applicable to all 1A, Q-I1A, and
uniform subcarrier allocation cases.

Keywords: Cognitive radio, subcarrier power

allocation, windowing, sidelobe suppression, OFDM,
Interference Inversion Allocation.

I. MO PAU

Trong hon hai thap ky gan day, véi sy phat trién
nhanh chéng cua cac hé théng thong tin vo tuyén, di
kém theo yéu cAu vé bang thong 16n hon, nhu ciu sir

dung phd tan sd vo tuyén ngdy cang cao, dan dén
nguon tai nguyén nay ngiy cang trd nén khan hiém va
c6 gia tri.

Trong khi d6, két qua do khao sat cho thiy nhiéu
bang tan, mic du da duoc cip phép cho cac hé thng
v tuyén, nhung tai nhiu noi cac bang tan d6 van con
it dwoc sir dung trong phan dang ké thoi gian [1]. Viéc
cac doan tan da dwoc cip phép cho ngudi dung chinh
(primary user — PU) nhung lai bj dé trong, khong duoc
st dung da dan dén khai niém vé khoang trong tan sb
(spectrum hole) hay khoang trang tan sb (white space).

V6 tuyén nhan thic (cognitive radio - CR) 1a mot
hudng di moi vé cong nghé vo tuyén nham tan dung
cac khoang trong tan sd, qua d6 ning cao hiéu qua sir
dung phd tan s6 vo tuyén dién. Vo tuyén nhan thirc c6
thé tam thoi st dung cac khoang tréng tan s6 ma
nguoi dung dugc Cép phép dang khong str dung.

Ghép kénh phan chia theo tan sé truc giao (OFDM)
1a k¥ thuat dwoc thira nhan rong rai dé dung cho CR
nho hiéu qua trong viéc truyén tin qua cac kénh truyén
pha-dinh (fading channel) [2,4].

Do CR sir dung cac khoang tan tréng, trong nhiéu
treong hop la nam canh cac doan tan dang duoc su
dung béi nguoi ding chinh, nén xuat hién nhiéu qua
lai gitta CR va PU, lam anh huong toi chat lugng cua
hai hé thong. La hé théng khéng duoc cip phép nén
CR sg& phai bao vé PU, nghia la khong duoc phép giy
cho PU mirc nhidu vuot ngudng quy dinh trudc Iy,
Nhu dugc trinh bay trong cac nghién cuu [5-12] dung
lwong cua hé théng CR phu thudc vao muc cong suat
phan chia cho tirng séng mang con cua nd va muc
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nhiéu ma PU gdy ra cho timg bing cua CR. Vé phan
minh, mtc cong sudt phan chia cho cac séng mang
con cua CR phai dam bao tong muac nhidu chung gay
ra khong vuot qua gia tri ly,. Do vay, viéc nang cao
dung luong cua hé thong trong khi dam bao diéu kién
bao vé PU vé nhidu 13 bai toan can nghién ctru va co
nhiéu nghién ctru da thyc hién lién quan toi chu dé
nay.

Giai phap nén phat xa phu (side lobe suppression)
da duoc dé xuat trong [14] nham giam muc nhiu sang
bing l4n can. Giai thuat max-min duoc cac tac gia dé
Xuit trong [15] dé phén chia cong sut, bit va kénh cho
hé thong vo tuyén nhan thirc da nguoi dung dya trén
OFDM véi két qua mo phong cho thiy chat lwong cua
hé thong CR dd duoc nang 1én so véi truong hop st
dung bing bao vé dbi véi cac hé thong PU dang hoat
dong. Trong nghién ciru [13] cac tac gia da d& xuat ap
dung ky thuat windowing cho hé théng CR duya trén
OFDM nham lam giam nhiéu tir CR sang PU.

Bén canh d6, chung ta co thé thiy nhidu do mot
song mang con cua CR giy ra cho PU phu thudc vao
muc cong suit phat cua no va khoang cach tan sé gitra
nd voi PU. Trong nghién cttu [5], hai giai phap phan
chia cong suit song mang con véi cac budc phan chia
khac nhau da dwoc dé xut. Trong nghién cru [6], cac
tac gia di dé xuit giai thuat phan chia cong suit téi vu
cho s6ng mang con nham dat duoc dung lwong duong
xudng cao nhat cho ngudi ding CR. Theo d6, phuong
thirc t6i wu cho két qua dung lugng hé théng dat két
qua cao nhat nhung ddi lai 1a d6 phuc tap tinh toan
cao, kho kha thi ddi voi hé thong cong suat han ché.
Do d6, cac tac gia da dé xuat mot s6 phuong an can toi
uu Véi tén goi Scheme A, Scheme B dua trén cach
thie tinh ty 1& nghich véi véi do nhidu do CR giy ra
cho PU. Anh huong cua viéc tit song mang con (sub-
carrier nulling) va chat lugng ciia cac giai phap truyén
thdng Vé phan chia cong suat cho song mang con (k¥
thuat water-filling, phan chia déu cong suét) ciing di
duoc nghién ctru.

Tdp V-2, S6 14 (34), thang 12/2015

Trong nghién ciru [16], cac tic gia dd dé xuat va
danh gia anh huong cua viéc ap dung ky thuat
windowing téi viéc phan chia cong suit song mang
cho séng mang conva tdi dung luong hé théng CR.
Theo d6, khi ap dung windowing, dung lwong hé
théng CR ting dang ké do muc suy giam cong suat
phat xa ngoai bang sang PU giam di nhanh chong. Bén
canh dé, cac song mang con ciia CR nam cach xa PU
c6 thé dugc phan chia mirc cong suat tdi da.

Trén co so két qua ciia nghién cau [16], cac tac gia
da d& xuat ky thuat phan chia cong suit song mang
con Full-filling trong [17,18]. Két qua mo phong cho
thiy viéc ap dung k¥ thuat full-filling dem lai dung
luong hé théng CR cao hon, trong khi d phirc tap tinh
toan giam manh.

Trong bai bao niy, trén co so két qua ftai
[16,17,18], ching t6i nghién cirtu m& rong cho truong
hop CR da nguoi dung dua trén nén ting OFDM va
phan chia theo tan s6 gitta ngudi dung. Chung toi dé
XUat giai phap méi dé phan chia song mang con cho
moi nguodi dung CR, sau d6 ap dung ky thuat
windowing dé danh gia hiéu qua dung luong hé thdng
dat dugc khi ap dung cac giai phap mai so vai truong
hop phan chia déu sé song mang. Dung luong hé
thong dat duoc trong trudng hop 4p dung ky thuat
windowing va khong ap dung ky thuat nay ciling duoc
nghién ctru, so sanh.

Phan tiép theo cua bai bao dugc bd cuc nhu sau:
Phan 11 1a mo ta vé& hé thong va bai toan, Phan III 1a
két qua mo phong va nhan xét két qua thu duoc, Phan
IV 1a mot sb két luan.

II. MO TA HE THONG VA THIET LAP BAI
TOAN
11.1. Mb ta tong quan

Trong bai bio nay, ching ta xem xét hé thong
trong d6 PU st dung L bing tan duoc cip phép. Tong
bang thong xem xét 1 B, trong d6 cac doan bang tan
B1,B,,Bs,...,.BL do PU dang st dung va c¢6 K nguoi
dung CR.
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Gia sir phan bang tan tréng ma CR chiém ding c6
do rong tuwong duong N séng mang con, mdi séng
mang con c6 do rong AfHz. Trong cac budc tiép theo,
hé thong can phan chiaN séng mang con nay cho K
nguoi dung CR duya trén ki thuat OFDM-FDMA . Hi¢n
nay, hé théng OFDM phé bién nhat 13 WiFi ciing st
dung phuong thitc FDMA cho cac AP (Access Point)
trong cung hé thong. Vi vay, hoan toan hop 1y khi hé
thng CR s& ap dung k¥ thuat nay cho ngudi dung cua
minh.

I1.2. Nhiu téi hé thong PU va CR

Nhu da dé cap toi trong [13], do ca hai hé théng
CR va PU lam viéc trong cic doan bang tan canh nhau
nén xuét hién ba loai hinh nhiéu: nhiéu tir hé théng PU
téi CR, nhiéu tir hé théng CR tdi PU va cudi cing la
nhidu gitta nguoi ding CR voi nhau. Phan tiép theo
dudi day trinh bay cach thuc tinh nhiéu gitta PU va
CR.
11.2.1. Nhiéu tir CR téi PU

Nhiéu tir song mang con thir i cia nguoi ding CR
toi bang tht | cua PU dugc tinh[6]:

|_(k>(d<k) _(k)):

(T
hisy}l)(k)r Pi(k}TSX J. (Sm(ﬂ' fT )

d%)-r2

/)
Trong do, di(‘lf) 1a khoang cach phé tan giira séng
mang con thu i cua nguoi dung thir k vao bang thu |
cua PU, hisf(k) 1a d6 loi kénh truyén giita song mang
con thar i cia nguoi dung thr k va bang thu | cua PU,
T, 1a d6 dai ky tw OFDM, P;1a cong suét phan chia cho
séng mang con thtr i ciia nguoi dung tha k.
11.2.2. Nhiéu tir CR t6i CR
Trong truong hop hai nguoi dung CR dugc phan
chia tan s6 theo FDMA, nhiéu qua lai giita song mang
con thur nctia nguoi dung CR thtr m véi song mang thir
I ciia nguoi dung CR tht k dugc xac dinh:
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dMafr2 2
M(m,k)(d(m,k) p(m)): ps(mé) : plmy ¢ J (Sm(”m)j of
2

n,i ni ''n n,i no's
xfT
4t 12 s

- p(m)Agmrk),

trong do, d;"il’k) 1a khoang cach vé pho tan tir song
mang con thir n cua nguoi dung thir m véi song mang
con thir i cia ngudi ding thir k,P, 1a cong suat cua
song mang con thur N ctia nguoi dung tha m.
11.2.3. Nhiéu tir PU téi CR

Nhiéu tir tin hiéu ciia PU thtr | t6i song mang con
th i cia nguoi dung CR thir k dwoc biéu dién nhu sau

[6]:

d®)+B2

Tx [ Efly(0)ldo @)

d*)-B2

39 (d,PL, ) = e

Trong d6, hI*1a d¢ loi kénh truyén giita méy phat PU
va may thu CR,P};, 1a cong sudt phat cua tin hiéu PU
thir |

11.3. Phéan chia song mang con

Trong truong hop CR da nguoi dung xuat hién bai
toan phan chia song mang con, hay bang théng, cho
mdi nguoi dung. Trong khudn khd bai bao nay, ching
toi xem xét 3 truong hgp phan chia sébng mang con
cho mdi ngudi dung: phan chia déu (uniform); phan
chia nghich dao véi nhiéu (I1A-interference inversion
allocation); phan chia nghich d4o véi nhiéu nhung qui
chuyén vé bang thong chuan (Q-11A, Quantized- 11A).
11.3.1. Phdn chia déu

Trong trudng hop nay, phan phd tan chiém dung s&
dugc CR chia déu cho mdi ngudi dung, twong duong
VGi s6 séng mang con:

N(k) =N/K 4)

& day N(K) 1a s6 song mang con dugc chia cho nguoi
dung tht k. N 1a téng s séng mang con ma hé thdng
CR co.
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11.3.2. Phdn chia nghich d@ao theo nhiéu-11A

Phan chia nghich dao theo nhiéu 1A 1a giai phap
trong d6 mic do gdy nhiéu cho PU cua mdi ngudi
dung CR 14 nhu nhau.

Gia sir tong mirc nhiéu ma PU chap nhan duoc tir
toan by ngudi dung CR gay ra la ly, va N song mang
con cua CR duoc phan chia cho K nhom N®. Khi do,
nhom N® duge tinh theo cong thic:

~
Zln:K ©)

neN®

Do khoang cach pho tan tir mdi ngudi dung CR téi PU
c¢6 thé khac nhau nén s6 song mang hay bing thong
phan chia cho mdi ngudi khic nhau. Phuong phap IIA
chi ap dung dé tinh toan sb séong mang con cho mdi
nguodi ding, con mirc cong suat phan chia cho mdi
song mang con lai dugc thuc hién véi thuat toan
water-filling hoic cac thuat toan can tbi vu khac.

11.3.3. Phdn chia nghich dao theo nhiéu cé quy chuyén
Vé bing théng chuan (Q-11A)

Phuong phap phan chia song mang nghich dao theo
nhidu néu trén cho ra két qua biang thong (s luong
song mang con) ma mdi ngudi ding CR duoC phan
chia dé sir dung. Bang thong nay 1a mot con sé phu
thudc vao céac diéu kién nhu Iy,

Tuy nhién, trong thuc t& moi thiét bi v6 tuyén déu
lam viéc theo nhitng tiéu chuin nhit dinh va sir dung
cac kénh tan sb c6 bang thong nhat dinh da dugc xac
dinh tir trude. Vi dy, hé thdng truyén hinh c6 do rong
kénh 8MHz, hé théng bo dam vé tuyén dung kénh co
d6 rong tidu chuan chi 1a 11,25 kHz hoic 25 kHz, hé
thong WiFi OFDM dung kénh c6 d6 rong 22 MHz, hé
théng LTE c6 do rong kénh chuan la 1,4 MHz, 5
MHz, 15 MHz, 20 MHz. Vi vay, dé dam bao tinh thuc
tién, k¥ thuat phan chia song mang con IIA s& duoc
diéu chinh, theo d6 sau khi thyuc hién phép tinh toan sb
song mang con theo IIA, thuat toan s€ phan chia song
mang con cho mdi ngudi dung sao cho phan bang tin
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ciia mdi nguoi dung 1a sb nguyén lan do rong kénh co
s¢ (nhu 10, 15 hay 20 MHz). Ky thuat nay goi 1a Q-
IHA.

Gia str do rong bang thong chuan la By, s6 song
mang con dugc cip cho ngudi ding CR thir ktheo
thuat toan ITA 1aN, thi s6 song mang con dugc gan cho
nguoi dung tha k theo thuat toan Q-11A sé 1a

NQA = ROUND(N“—XM] ©6)

0
trong d6, ROUND(*) 1a ham lam tron.
I1.3. Thiét 1ap bai toan

Bai toan dat ra 1a bo diéu phéi cua hé thong CR can
phai phan chia s6 song mang va cong suat cho ting
song mang cho mdi ngudi ding CR sao cho toc do
truyén cua toan hé thong K nguoi ding 13 cao nhat,
trong khi van phai dam bao muac nhidu ma hé thdng
giy ra cho PU la nam trong ngudng cho phép [19].
Dbi vai hé théng CR dugce coi 1a mé hoa 1y tudng, tc
do truyén dan tbi da tai song mang con thir i véi cong
Suit phat P c6 thé dugc tinh theo cong thirc Shannon

nhu sau [21]

2
Rim,hi):Aflog{u”ﬂ—f} @

v6ih, 1a d6 lgi kénh Pha-ding va O'i2 1a nhiéu tring
Gauss trén timg séng mang con. Md rong tir két qua
trén, tac gia trong [19] da dua ra téng dung luong kénh
ctia h¢ thong CR-OFDM da nguoi ding nhu sau

.ss(k)

K N0
C:rr;%x )Y Af log, | 1+——

. (m)
N P ol + Z‘Ji(,:() + zln(wzlz:; M éTYK)
k

=1 mal

“p)

(8)

véi diéu kién:
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L kK N®W 0 K N® 0
2220 (A R) <1 Y > RV <R, (9
1=1 k=1 i=1 k=1 i=1

trong do, K 1a s6 ngudi ding CR, Iy, 12 mirc do nhiéu
PU c6 thé chap nhan duoc tir toan bd nguoi sir dung
CRS; Py, 1a gigi han téng cong suit phat cia CRS;
Mr(:?’k) nhiéu qua lai giita song mang con thir n cla
nguoi dung CR thir m v4i song mang tha i ciia nguoi
dung CR thu k.

Chung ta c6 thé ching minh cong thirc xac dinh
dung lugng C. Xét ham sb Lagrange:

K N©® hss(k)2 (k)
L(P™, 4.2, )= Y Af log, | 1+
o o+ L+ Ty, Tan
Lk N® P (10)
@[ZZZH(I)(d“,Pi)— Im] _iz[zzpi(k)_ah]
Diéu kién Karush-Kuhn-Tucker (KKT) c6 dang:
L k N® |
ZZ II()( K l)_lth<0
1=1 k=1 i=1
K N®
) —p,<0
k=1 i=1
S e (11)
A P (I)K(k N _0
| = :1ZL: th
N(k)
P > _ P, |=0
| =1
,/12 0
aL(PI*U) 1112(2)
* = 0,
oP, O]

Bang cach thay nhanttr Lagrange va giai diéu
kién KKT, ta c6 thé c6 dugc két qua toi uu:

() _ 1
In2xAf x(£,Y ) K +/12)

g +Z|1 || "’Mm (12)
hiSS

111. MO PHONG TREN MAY TINH

Dé chay md phong trén may tinh, chung toi sir
dung hé théng CR v&i 3 ngudi dung, st dung khoang
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tréng tan s6 c6 do rong 30MHz nam kep giira 2 bang
tan cua ngudi dung PU (L=2) c6 d6 rong phd tan lan
lwot 14 B; = 10 MHz va B, =5 MHz. Do rong mdi song
mang con la Af = 0,3125 MHz, tuong Gng 16 song
mang con trén mdi bang thong 5 MHz, khoang trong
tan s ma CR chiém ding dugc chia tuong dwong
thanh N =96 séng mang con.

Gia sir do dai chu ky ky tu 1a T~ 4 ps. Cac kénh
truyén 1a suy hao Rayleigh c6 d¢ loi bang 0 dB, thong
tin trang thai kénh CSI (channel state information) la
biét truéc khi truyén. Ngudng nhidu ma PU chap nhan
dugc tir hé thong CR 14 1= ImW va 7 mW, cong suat
cua PU 1a Ppy = 1W

Mo phong duoc thuc hién cho cac trueong hop:

- CR da nguoi dung, phan chia séng mang cho mdi
nguoi dung CR theo cac phuong phap IIA, Q-IIA va
chia déu;

- Thuc hién cho ca hai truong hop: ¢é ap dung va
khong ap dung ky thuat windowing.

I11.1. Két qua md phong
111.1.1. Khi khong sur dung windowing

Két qua phan bd cong suét va song mang con cho
truong hop ap dung k¥ thuat IIA, khong ap dung k¥
thudt windowing, véi mic ngudng nhiéu 1an luot 14 Iy,
= 1mW, 7mW duoc thé hién tai Hinh 1.

Két qua phan bd séng mang con va cong suit
song mang con trong trudong hop Q-IIA, khoéng co
windowing, voi |y =1mW va 7 mW duoc thé hién tai
Hinh 2.

Két qua mod phong cho truong hop phéan chia déu
song mang con, khong sir dung windowing, v&i voi Iy,
=ImWva 7 mW dugc thé hién tai Hinh 3.
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Hinh 1: phdn b6 cong sudt va séng mang con trong
truong hop IIA, khong sw dung windowing, Iy,
=ImWva 7 mW.
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Hinh 2: phdn bé séng mang con va céng sudt trong trieong
hop O-NIA, lyw= ImW va 7 mW, khong s dung ky thudt

windowing.

Dung luong kenh bit/s

Hinh

So luong song mang con

Hinh 3: phin b6 cong sudt va séng mang con trong
truong hop phdn chia déu séng mang, Iy, =ImWvd
7 mW.
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Muc nhieu gioi han cho phep x 10-4

4: Toc dj dir liéu ciia CR trong cdc truong hop 1IA,

Q_lIA va phdn chia déu, khéng dp dung windowing.

Téc do dir lidu ctia ca hé théng khi s dung ba k¥
thuat 11A, Q-11A, uniform véi diéu kién khong ding
windowing dugc biéu dién tai Hinh 4. Trong truong
hop st dung thuat toan Q-lIA, khi mirc can nhiéu cho

phép
cong
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dén 65 Mbps khi mirc nhidu cho phép ting tir 0,1mW
dén 1mW. H¢ théng st dung thuat toan IIA dat tde do
cao nhit (dudng mau xanh blue, ddu x). Tiép theo la
Q-IIA va kém nhét 1a phan bd déu. Cu thé, tai mirc
nhiéu cho phép ly=1mW, thuét toan 1A cho tbe do dat
125 Mbps va Q-l1A dat 65 Mbps so vdi 52 Mbps cua
phan bb déu.

I11.1.2. Khi sir dung windowing

Trong trudong hop nay, chung téi st dung window
Tukey cho CR. Cac tham s6 khac cia CR duoc giit
nguyén nhu truong hop khong st dung window, ngoai
trir viée khao sat véi mirc nhiéu Iy, nho hon.

Két qua phan chia séng mang con, phan chia cong
sudt trong truong hop st dung ky thuit windowing
cho ITA duoc thé hién tai Hinh 5.

TX Power (W)

0.01r

10 20 30 40 50 60 70 80 90
Subcarriers Number

0.04r

TX Power (W)

10 20 30 40 50 60 70 80 90
subcarriers Number

Hinh 5: Phén chia séng mang con va céng sudt cho
triwong hop 1A, co s dung windowing, Iy, = 0.1 mW; 0,7
mw
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Véi truong hop Q-IIA, két qua mod phong phan
chia song mang con va cong suat song mang con duoc
thé hién tai Hinh 6.

Véi truong hop phan chia déu, co s dung
windowing, két qua duoc biéu hién tai Hinh 7.

0.05

TX Power (W)
©c o o9
o o o
e —

o

o

=
T

o
=
=

10 20 30 40 50 60 70 80 90
Subcarries Number

TX Power (W)

10 20 30 40 50 60 70 80 90
Subcarriers Number

Hinh 6: Phén chia séng mang con va c¢éng sudt cho
truwong hop Q IIA, co sw dung windowing, ly = 1mW
va7mw
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0.04r
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.
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T
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Hinh 7: Phén b6 song mang va céng sudt cho triong hop
uniform,ly,= ImW, c6 sir dung windowing.
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Dung luong kenh(bit/s)

Muc can nhieu gioi han x 10°

Hinh 8: Téc dé dir liéu cua CR trong cdc truong hop 114,
Q-1IA va phan chia déu khi ap dung windowing131

I11.2. Phan tich, danh gia két qua mé phéng

Két qua md phong dugc thé hién trén Hinh 1, Hinh
2, Hinh 3, Hinh 5, Hinh 6, Hinh 7 cho thiy khi muc
nhiéu ly, ma PU chip nhan duoc 16n hon thi sb luong
song mang con dugc phéan chia cong suat cao ting Ién,
cong suat trén mdi song mang con cao hon.

Khi ap dung ky thuat windowing (Hinh 5, Hinh 6,
Hinh 7) thi s6 lwong song mang con dugc phan chia
cong suat tdi da ting manh, voi 94 trén tong s6 96 cac
song mang con duoc phan chia cong suit toi da. Trong
khi d6, truong hop khong str dung windowing, céac
song mang nam gan ké cac bang tan caa PU va nim
gifta cac nguoi dung CR duoc phan chia cong suatrat
nho (Hinh 1, Hinh 2, Hinh 3).

Diéu nay duogc giai thich 13 do cic song mang cang
nam gan cac biang cia PU thi giy nhidu cang cao dbi
Vv6i PU, nén cac song mang nam lién ké PU dugc phan
chia cong suét rat thap. Két qua nay ciing phu hop véi
cac két qua da thuc hién mé phong trong trudng hop
CR don nguoi dung [16]. Trong truong hop CR don
ngudi ding, cac song mang c6 khoang cach phd xa Véi
cac bang PU, mirc d6 gay nhiu 1a khong dang ké toi
PU nén duoc phan chia cong suat toi dadé ting dung
lwong hé théng [16,17,18].

Déi véi truong hop CR da ngudi ding, ching ta
thiy cac song mang nam giira 2 ngudi ding CR, du
nim xa bang cua PU, ciing khong dugc phan chia
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cong suat (Hinh 1, Hinh 2, Hinh 3). Diéu nay duoc 1y
giai 1a do yéu té nhiéu Mf:?’k) gitta cac nguoi dung
cua hé thong CR da nguoi ding, von khong xuat hién
trong bai toan CR don ngudi dung. Dé t6i vu vé toc do
truyén, hé thdng CR da nguoi dung phai tat (khong
phan chia cong suat) cho cac song mang d6 dé han ché
nhiéu giira 2 nguoi dung CR k& nhau.

Trong truong hop st dung windowing, do
windowing lam giam phat xa phu ctia song mang con
[16], tac giam Mg?’k) gitra cac nguoi dung, nén hé
thdng CR c6 thé phan chia cong sudt cho cac song
mang con nam gitra 2 ngudi dung CR. Viéc 94 trong
t6ng s6 96 song mang hon dugc phan chia cong suat 1a
1y do dan dén dung luong hé théng CRS trong truong
hop ap dung windowing (Hinh 8) tang 1én 1én
134Mbps so vai 51 Mbps truong hop khong st dung
windowing (Hinh 4).

Trong truong hop 1A (Hinh 1), do thuét toan chi
quan tdm dén dat duoc két qua tdi da vé qua dung
luong nén bang thong cua tirng nguoi dung CR duoc
phan chia trén bai toan tdi vu ma khong theo cac kénh
tiéu chuan di duoc dinh nghia trude (vi du: 5 MHz, 10
MHz, 15 MHz, 20 MHz).

Ky thuat Q-IIA ¢6 uu diém 1a sat thuc té vi bang
thong cua mdi ngudi dung CR dwoc quy vé cac kénh
tiéu chudn, tuy nhién qua trinh quy chuan bing thong
nay lam giam tac dung téi uu hoa cua ki thuat HHA. Vi
vay, trong ca hai truong hop ap dung windowing va
khong ap dung windowing, téc do dir lieu cua hé
thdng CR sir dung Q-IIA déu thap hon truong hop 1A
(Hinh 4, Hinh 8).Trong khi do, ca hai ky thuat I1A, Q-
IIA déu cho dung lugng hé thong tét hon trong truong
hop phéan chia déu séng mang con. Su khac biét nay
dén tir khac biét mirc cong suat ma hé thong phan chia
cho truong hop 1A (Hinh 1, Hinh 4) hay Q-l1IA (Hinh
2, Hinh 6) so véi truong hop phan chia déu (uniform)
(Hinh 3, Hinh 7).
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IV. KET LUAN

Bai bao da nghién ctu viéc nang cao dung lugng
cho hé théng vo tuyén nhan thirc da ngudi dung dya
trén ky thuat OFDM-FDMA. Hai phuong phép méi vé
phan chia song mang con (bang thong) cho tirng nguoi
dung CR 1a IIA va Q-IIA di dwoc dé xuit. Bén canh
d6, k¥ thuat windowing cling duge dé xuat sir dung
cho hé thong CR da ngudi dung nham nang cao dung
lwong hé théng.

Két qua mo phong cho thiy, viéc sir dung cac giai
phap TIA, Q IIA dugc d& xuét trong bai bao da gitp
nang cao dung luong tong cua hé thong CR da nguoi
ding so voi viéc phan chia déu séng mang con. Ky
thuat ITA dem lai dung lugng cao hon so véi Q-1TA va
phan chia déuséng mang con. Tuy nhién ky thuat Q-
[1A kha thi hon khi qui bang thong nguoi ding vé cac
bang thong chuan.

Khi ap dung k§y thuat windowing cho hé théng CR
da nguoi dung thi s lugng song mang con dugc phan
chia cong sut ting cao, dan dén dung lugng téng cua
hé thong tang hon 2,6 lan so véi truong hop khong st
dung ky thuat windowing.

Cac két qua mo phong di cho thay cac ky thuat
1A, Q-IIA va windowing di gitip ning cao dang ké
dung luong tong cua hé thong CR da ngudi dung.

Tuy nhién, bai bao chua thuc hién duogc viéc ap
dung k¥ thuat Full-filling cho hé théng CR don nguoi
dung [17,18] sang bai toan da nguoi dung. Van dé nay
s& duoc chung toi tiép tuc nghién ctu trong thoi gian
toi.
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