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ABSTRACT

In the case of the Primary User in a cognitive wireless network, a Secondary User must protect the primary
user by interrupting the transmission or changing the channel. Because of this feature, it is necessary to monitor
the spectrum state and judge whether or not to transmit the data. Though various methods for improving the
performance of the CR network have been proposed, they focused on SUs with saturated traffic patterns, in
which SUs always have the traffic to be transmitted. Furthermore, existing methods did not consider the number
of contending SUs, and thus have limitations in providing optimal control effects. In this paper, we propose a
method to estimate the number of contending SUs for transmission in a distributed cognitive radio environment.
The proposed method considers the practical operational environments, in which SUs generate traffic in a
non-saturated manner. Experimental results show that the proposed method accurately estimates the number of

contending SUs that vary with the activity of the PU.
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Table 1. Experimental parameters of the proposed
scheme environment

Parameter Definition Value
Data Size (G.729) + IP/UDP/RTP
Lpira Header + PLCP Header and 528 bits
Preamble
R Data Rate 1 Mbps
1 Time Sloat Size 20 ms
T ons Sensing Time 20 us
Typs SIFS Time 10 us
T, Backoff Window Time 20 us
BW, .. Minimum Backoff Window Size 31
BW, .. | Maximum Backoff Window Size 1023
Th..u Probability of Collision Threshold 0.21

www.dbpia.co.kr



Degree of TrafficSaturation (36)

10% 30% 50% T0% 90%
PU Active Rate

PU &3 v|&of u}E E7 z3lw
Traffic saturation rate by PU activity

a2 2.
Fig. 2.

23l= Aol wa} DA SU = 4 AXklE

57 SU EflE A okl ulet of2 A A4
i)

Efl zslx AgAF e ufe} £ =Fox= PU
o] =¥ ulgo] 60% 5 H= 7375 B 23} At
2 Fedsly, o] 32 Y+ 7% saturated traffic Tt
SU FAuPE, o]& ¥~ 73-%- non-saturated
trafficell gk SU 4 w8 #-88c}. sSu¢| 5
A A Mo Ax9o] z7|9f FEEHES 53
Al )} o] Akl

log(l 7BW]'“2”]+1 -‘rlog(l szz)
SO, = 3 @)
log(l 73”{,,1],+1)
P, =PX=> 2)—(”)(i)(1fi)w 3)
VA
B e A% =] FEERE A ()3 2] M
of TRl F R LRl F ) ol ol
Al AEE A wAss eSS AR
ek, 5, & Mo Aol FEo] Wshe 7
3o o] 2718 ] qulelExlt H We
= Qe 2% vehi
vz e a9 29 B4 Besel

saturation ¥} non-saturation traffic A}3H-3- -3},
o|25E SU 5 F4shz IS ksl
PU 3H5o] SU Y|E$S =2] saturation traffic2
= 38 Al (2)F ALsls 71E vhe ALes
2121} non-saturation 732 Ezfjo] HMARSIR] ok=
Tl 23t SU = FA e o] A wjie]
sl el 3 A4l
sflof gk} dre]E 12> PU E-5<] non-saturation E.

r—

dyE]= 1, ALA AA SU & 324
Algorithm. 1. Adaptlve estimation of contention number of
SU

Step 1: BVI{nln’ j-hml/’ S[]prewzst

Step 2: A & &3 P AKXt
Step 3: PU &% H|&dl| & SU 4 34

7] 7 A

if (PU(JHT‘HfF > 06)
while ( 2, = Th ;)
Al @3) &g P, A A (F A4
SU, Sielel=
endwhile
else
if ( Pwll #0 and (BI/I{uln BI/V[)‘/LL ) <0 )
while (7, = Th,;)
2l @F A4% su,, At
if (SU;M'SL'S.SL > ST, st)
SUvest
S Fst SUpTFlFQf n
else
SU;S(
SUﬁst = SU;)rmmsi + T
endif
endwhile
n=n+1
else
n=0
endif
Bmé)wl = BVVmin
S[]prm;est = S[]est
endif
Step 4: SJHlel= H £,,3h B, & 4 @] 443
747 Su AR
dee wer P dsle] SU Edge] s
BW,,; 7]l TEo] HEAIE)A] o= Ao B

min min

gdle|E ko] pw, W} 2b7| wjie] sk F7kel]

prev

i3 SU F43ke wAs) FHof vk

a8 264 PUS &d H]E°| 60%S U= HS-
E#}¥] #3157} saturation E4F 2o v E PU &3
H]8°] 60% °]3}] 7% F-24 Ssu _,_7(47]\:1 o e
gho) dare]E 19] Step 3= AR SU & 4 A
& vehd Zlelrk PU &Hgo] 60%5 23t 75

saturated-traffic?} -2 o2 dActsla 2 3)&
g3l SU 5 FAch Ate PU &50] 60%
ol3fal -4 A-83h= SU 7 A4 WS Ao
sl S= ﬂgﬂl w2 SU 4 Z7} 2 ghaFo
A WE < QL] whel] AR E AR o

A Hch ol SU 7} ZFasHAl ==
SU, s ovess — Ag3ta,  Fkhe

SU A3kt old, 5T,

prevest

—_

4o o mi

le/na

73
73
+8U,,,/n=5 =

o]

493

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

A =3k SU 445, }elic}. Non-saturated E2]Z
3ol 4] wl o _d: ¢ ko] B, W} & S &
= o] W7 ghe] sU F4A¢] eakE A e
7] wfsel] ofare|Ea} o] ARIA o AMAL 5
S7F 2 AR 44 AR wEE 1 su
FAAE AL sU L E Ve 3]l g SR
% sho] wlel ME ¢ Fe Fal)

SU A B4R SASpI 2hshs o
TE]ES AFE3199 non saturated EzF el tigk SUS
A AA R} ZAY AA] AkE= FA1E AR
Ao g Hiodels WS T8l LAE ¢ itk

Al
=

=

ook

Za
Ak S S8k AlEHCEE MATLAB%
ARt A & 139} #e] E3l=E AXkS
ul ARSRE slebrlEieh Fd3t 802.11 sﬂrﬁﬂ} =gk
el 5 ARgEte] AdE elaich
PUS] &3 B]Eol w} AR i%fﬂ
= a1 35E 7] 6714 Adfe} 3t 7
A AAl A A SU = SUQ 24 ]F A48k
Egle] 9l ket F WX 1597} 00] Heo A
ol AT == 2= ks vehle, AAl
SU H-2 SU7} Algk e &S Eaﬂ 228} 7he
7153 Aol Al EHe]Ad We] Al dlely] A
o] Fod3i= SUL £A1E 7| =5 H AlEdle|d £8
5 7159 3k ﬂ%—a— ARl 3r& debdch 4

SU g~= Aot d8]EE 58l ARSI 9= A=)

AA| SU 4= SU7ZE Hlofe] A5t o, Aok dar

=
255 53 74 SU Wate] A e de AR
AlEHeA Y] AA ASS FIAF =20 F&

o

723k gho2 Ae] Ak ke 4 ghel Batolek

9 F A= PU #-%0] non-saturate AFefo]™
SU9| E#E whAo] saturate 333} =] 531K
= SU7Z} vhAls)7] ulitel] saturate 3733} v]aspd
A SU F= A9 Jydoz Ade] JIsh=
SU = oA g5 Z=rk 2 sur| Akkel =45
SU 9] gk AAl A A Sue Bdat 97

l‘lO m\l

494

7| ®Actual Number of Average SU

5

S

Estimated Number of Average SU

O3 3. AA SU el wE A4 Ad AL 2 4 SU
4 37 (PU 5 10%)

Fig. 3. Number of actual channel access SU and
Estimated SU according to the total number of SUs (PU
activity 10%)

7| @ Actual Number of Average SU

Estimated Number of Average SU

J8 4. AA SU ol w2 AA Ad A2 2 4 SU
T 1 (PU % 30%)

Fig. 4. Number of actual channel access SU and
Estimated SU according to the total number of SUs (PU
activity 30%)

~ 9% ] HEEE Halrh

a3 59} 38 6 PU FEwH]8o] 44 50%<}
70%2] 2 43l gk APAAE RofFErl PU &
& HlEo] 1Rl et EdE AEs] S8 A
Hol| Q3= AFEAF 71 WolA Al =)o, saturation
Y EL) =9} B3k ofAkS Wl

1% 5% PU iLilﬂla*ﬂ 50%< wje] A SU 4
of whE Al A AT 2 F4% SU o Fhs
vebd Zle® T8 30)u 17 49} ©e] PU S5
o3l AEsA] gk Exgs AEs] 918 su vE
Azl AL AHE A=) soldel vt F53E
o] FolAA| HaL o]l wheh AA| Adel S A=
e k= gt sk S ]l & 4 gl o=
Qlste] 34 SU HHgke FAlel S7lshe As 2l
& 5= olrk 23] 5elx] AAl Aol AZS8k= SU 3
TR dare]EelA A% SUe| HAdghe 95% ~
99% Atole] AHEEE Zheth

I7 6 PU &5H]E0] 70% 3] AdElE vehd A
22 PU9| 5ol ofs] Hw]R] 23t Ege] F7}
&lo] SU Y| E$=2] SE31E0] saturation UEH =
o] FEEE ek AA A AT SU 5 Hdtwkd
FAE SU A AT Hagke] A% 90% ~99%

www.dbpia.co.kr



R Es} Ed R

B Actual Number of Average SU

Estimated Number of Average SU

S
S

Number of Channel Access Nades

o

5 10 15 0 5
Humber of SU Users

a2 5. AA SU ol W Al Ad A Y 34 SU
T F (PU 5 50%)

Fig. 5. Number of actual channel access SU and
Estimated SU according to the total number of SUs (PU
activity 50%)

30

£ Actual Number of Average SU

Bl Estimated Number of Average SU

Number of Channel Access Nades

o

5 10 15 0 5
Humber of SU Users

J% 6. AA SU ol w2 AA A AT 2 4 SU
& B3t (PU F 70%)

Fig. 6. Number of actual channel access SU and
Estimated SU according to the total number of SUs (PU
activity 70%)

o] Asteg nelr).

a3 3% 27 67149 A¥E Fa PU S5
w2} | E = Alel|7} saturation®} non-saturation E
g A A2 M7= CR $3lA] Algkel Hs
A SU 7 FA7He] A4E= 7S gelsislen,
SU A4 izt AA Ad A SU Fdgke] 90~
9% 2 U3z AL APS 53l Flsiich

& FA vESZAA AR 5
5 Fsk= WS ATEy, #4K] CR 373004
non-saturated E#| WA= 79 SU 75 43}
= WS AlKEIcE SU vlES =6l FHofshs SU
T8 AEsH 53 72 SU vES A 5 Ao
2 AL EEA0T 3] 93l T8 840

= [S]

k. CR 3730lA 71 41 VIEQZA Algkel AL
42} 7S By 23lw AlEHeAS 5l
PU 50| &ol wet o2 AR 4 7S A%
7Feds T & ole A Esiglon,
non-saturated 735 22 SU 4 duE|ES A

Gy ZS A43 A4 SUZF SUS =X

=
A SU S vlaste] sU 2] 34 e

galsisl o,

SU F= &Ee] W3k

non-saturated $H73ollA H-$H o2 SU & FH3}

L

L.

Aol Aot w2 S g8l PU

o] A3 SU 97} B8 e Eg 2535
W37} A7) wlifel] H-eHow 7k darg]Ee
T;]. w0

o2 Ao} o e AS 25
SECER RIS

5 A&l

SUSe] Exfe Ag o5 Add 5 ol 2 Al

of ste}elel 2 AHgE 4 glov, ol
42 QosE A48T 4 9% Aoz I

(1]

[2]

(3]

[4]

[5]

[6]

of
) =3
0]
el
=
m

References

I. F. Akyildiz, W. Lee, and K. R. Chowdhury,
“CRAHNS: Cognitive radio ad hoc networks,”
Ad Hoc Networks, vol. 7, no. 5, pp. 810-836,
Jul. 20009.

L. Akter, and C.
“Modeling and forecasting secondary user

B. Natarajan, scoglio,

activity in cognitive radio networks,” in Proc.

Int. Conf. Comput. Commun. and Netw., pp.

1-6, Aug. 2008.
W. Chen, G. Yang, M. Chang, and W. C.
Kwong, “Construction and analysis of

shift-invariant, asynchronous-symmetric
channel-hopping sequences for cognitive radio
networks,” IEEE Trans. Commun., vol. 65, no.
4, pp. 1494-1506, Apr. 2017.

S. Khodadadi, D. Qiu, and Y. R. Shayan,
“Performance analysis of secondary users in
cognitive radio networks with dynamic
spectrum allocation,” IEEE Commun. Lett.,
vol. 22, no. 8, pp. 1684-1687, Aug. 2018.
B. Kim, G. Lee, and B. Roh, “Control and
management system for VoIP service in
centralized cognitive radio networks,” in Proc.
Korea Computer Congress (KCC 2014), pp.
1071-1073, Jun. 2014.

B. Kim, G. Lee, and B. Roh, “MAC protocol
for quality-aware real time vlice delivery in
cognitive radio-enabled WSNs,” Int. J. Distrib.

Sensor Netw., vol. 2015, pp. 1-10, Dec. 2015.

495

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

[7]

[8]

[°]

[10]

[11]

[12]

[13]

496

A. Abello, D. Roque, and J. Freixe, “Blind
symbol rate estimation of faster-than-nyquist
signals based on higher-order statistics,” in
Proc. CROWNCOM 2017, pp. 200-210, Sep.
2018.

J. Wang, Y. Zhao, X. Guo, and C. Sun,
“Machine
recognition for cognitive radio networks in
millimeter-wave bands,” in Proc.
CROWNCOM 2017, pp. 49-62, Sep. 2018.
S. Gunawardena and W. Zhuang,

learning-aided radio  scenario

“Voice
capacity of cognitive radio networks for both
centralized and distributed channel access
control,” in Proc. IEEE GLOBECOM 2010,
pp- 1-5, Dec. 2010.

S. L. Castellanos-Lopez, F. A. Cruz-Perez,
and M. E. Rivero-Angeles, G. Hernandez-
Valdez, “Joint connection level and packet
level analysis of cognitive radio networks with
VolIP traffic,” IEEE J. Sel. Areas in Commun.,
vol. 32, no. 3, pp. 601-614, Mar. 2014.

N. Michelusi and U. Mitra, “Cross-layer
estimation and control for cognitive radio:
exploiting sparse network dynamics,” IEEE
Trans. Cognitive Commun. and Netw., vol. 1,
no. 1, pp. 128-145, Mar. 2015.

I. Syed and B. Roh, “Adaptive backoff
algorithm for contention window for dense
IEEE 802.11 WLANS,” Mobile Inf. Syst., vol.
2016, pp. 1-11, Jun. 2016.

IEEE Standard 802.11-2012, “Wireless LAN
Medium Access Control(MAC) and Physical
Layer(PHY) Specifications,” Mar. 2012.

0| 7 @l (Gyu-min Lee)

20141 2% o}t 5
st &4

20161 2% : olFiEta 5
Bl AAL

20161 3U~&A : ol

‘ o\h S ETSERERE NI

Au|Eg)=, ut)=xzE], A}
EjJl (SDN), sAdEsAvE

A
[ g
o)
M

e}
-

o
>
—a

o

=elEd, Pl

L ¥ 3| (Byeong-hee Roh)
: 19983 24 : KAIST HAl-3}

3} 8wk}
1989 3%~19941d 2% :KT
A7

19981 24~2000 24 : A4
b A4

20144 3%4~20154 2% : ADD
A A7

20000 34~&A : ol F T W

201811 64~ : MR-IoT43 A3 <345
A-AlE R

<FHAlEel ol FEE ol EAl, ARElEY, S
A4l 231814 (Mixed Reality), 541, =
<52 ES =, vyl (SDN/CCN), HES)
A2

2 X| ¥ (Jimyeong Oh)

199799 24 whEtw s}
et =4

1999 2% : wEthdtw Ay}
F&t MAL

2004 10%€~2009 64Y: %
2d|o]e} Aqled4]

2009y 7¥4~3A)  LIGY~Y
AT

<THRob BATE, FAOlEEA, TUAEEA,

www.dbpia.co.kr



T ul S B ARS Zs Ak A A @A AASE AR = 271

2 £ A (Do-kyung Kim)
199613 24 : )
ARFsht 4

=
ki
i

o

e da 2016\ 2% : wEdstw )
= 716739 At
>"" 2009 69~&A) : LIGH|2
X SR kina . r ST
<TA ol o] EEAl FLAEAL <TlFol EAlTE, Filo]
=%54], SDR 24 EEA IS EA

497

www.dbpia.co.kr



	비포화 트래픽 패턴을 갖는 분산형 인지 무선 환경에서 경쟁하는 부사용자 수 추정기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 배경 및 관련연구
	Ⅲ. 제안방법
	Ⅳ. 실험결과
	Ⅴ. 결론
	References


