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Cognitive Radio Channel Allocation using the Proportional Fair Scheduling
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ABSTRACT

Cognitive radio technology enables us to utilize the extra spectrum which is not used by the primary users by sensing the channel condition.
To use such an extra spectrum, spectrum allocation is one of the important issues in the cognitive radio networks. The network is dynamic and
the available channels are changeable, and the opportunistic channel allocation is required to use the resource efficiently without interference
to the primary networks. In this paper, modified proportional fairness scheduling is proposed for cognitive radio networks to satisty the both
fairness and system throughput, and the modified scheduling was designed to reduce the interference to the primary users
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Table. 1 Simulation parameters

Parameter Value
cell radius 1,000m
simulation time 180,000slots
slot length 20 ms
averaging factor for PF(tc) 1,000 slots
packet length of CR user 1024 bits
Length of history function H(t) 1,000 slots
# of Channels 12
# of CR users 12

| Zlo] g dEo] HAH AR N5 E v &= e
W Alo] o gk T o 4 x|'d & = (Channel Load) &
¥ B 2EE FAMEA 22 E ) F AR A
g2 AMED F AR 2382 F AR}
Aol 2dste g YERU Y, F AREA} A =&
& FAREATE A& A 02 A S AA| o= AT
Aol o grolt), £ A B o] Hoj A= 5+ AL-E-A} AT H]
2§82 7L AR g el A F AL A BAE
SAGHER HAE FA AL EYI 2= Wzt E
FAt.

' '
| |
2260 R [ . / ]
—a— Medified PF
—e— Conventional PF /'
F 2240 : e i i ; .} 1
g /
2 o
2 i
:m n
g 2 ./ :
E
[= |
3 -
£ 2200 -,/
*
z — e
e
.__’...-—"/ ./.
21804 i g O .
e o
i

i
1E-3 0.01 o1
Variance of Channel Load

a8 3 Ef=€ZE HAb| W2 throughput 8=
Fig. 3 Throughput according to the variance of

traffic load
0,035 - T
[T A S — e
] i .““O-H.
I ~e
; <
;: 0.025 4 RS S s \\. N i . ... 4
s NG
2 0204 N §
=) i L |
8 :
1] i
o i
(i 1 T8 N N SUUS SUUSUS SO SONS SO0 5 U SO |
g :
L4 FVEUPRORPRP. SOPRRVFL JPPUPRE SR J0
—=— Modified PF ]
0.010 4] Conventional PE [ bS]
0.005

15‘-3 D;I 01
Variance of Channel Load
% 4. ERjEHZE HRO mE S8
Fig. 4 Collision rate according to the variance
of traffic load

ag3g ad4e g Ad 2 EYY 229 HAAE
S7MA A S W o] ot Al 2~ E throughput 2 & ES U



oL
<)

H &

o)
©o

=K

0.0012.2 1A

fid o) l&o] EobA7]

o~ 0 & 5
AFE FF=

Az A

il

29

of

7+ Al =¥ throughput ¥ SE§

R EE

Z

B

T o) W) go] vrolA 7 ). wheba) F ALgAj] 2t

B-7]

jor

e
A

pure

ol
°

W
ofp

I
pa—

bl

]

o]

2
e

>

0] 3
=2

3}
ol

throughput % 5&& 4d5¢] BolA = &

O

ox

4

ol
o)
o

ofp

mﬂmmmﬁﬂﬁ*aﬂ

oo B ol b T

Nﬂoﬂhéiu_ﬂw

of A RK T opo B

SR S

— oF 7 1@0;

S op g Mg T

T AT T oo

Tp=® QX o

N o N o

._7._._._._ 5.0 ‘I_EH =

R S Gl L |

- Fxowm o oF oo

o2 do H oo B T R

zTNFOEMﬂﬁoﬂﬂ_H

A of go gy i ™

Xoex =T~

CIRG L Ltﬂw_zTﬁﬁ

WX T LT gy w

A S o = o o Wl

o Ho N T W N

= & W Ur B do

L - —

4

&8 7

-....Mom T §
H v

NN

2300

2250

2200
2150
2100

(sdeindyBnoiy | sbeiaay

2050

08

08

0.4

02

0.0

oy
Jo
)
oo
o
o

Traffic Load(Erlang)

T 0

throughputd &

Z7toll i st

So|

g 5 EfjEz

Fig. 5 Throughput according to traffic load

o W

- ®

A

ﬂ —_

o mc

™

ol o
m 5~ 3 an
o a5 OH
T w23 [
|_/r_”_ ,u_m JZI m KO

>35S

N 11! oH

OW ) Mw

i

4™

o] B
o of N
" N

rem

[ —=— Modified PF

| —®— Conventicnal PF |

0.06

0.05 -

2 b= a8

0.01 4

ey uois|on sbesany

1.0

[3:]

04

02

0.0

Traffic Load(Erlang)

[1] Shin, K.G., Hyoil Kim, Min, A.W., Kumar, A,
“Cognitive radios for dynamic spectrum access: from

F Collision Rate

Zotoll Ty &

So|

a2 6 EEzZE

concept to reality”, Wireless Communications, IEEE ,

Vol. 17, Issue 6, pp.64 - 74, December 2010.

Fig. 6 Collision rate according to the traffic load

1611



S B B3] =] 4168 A8E

[2] Peng Wang, Matyjas, J., Medley, M, “Joint spectrum
allocation and scheduling in multi-radio multi-channel
cognitive radio wireless networks”, IEEE Sarnoff
Symposium, 2010.

[3] Anh Tuan Hoang, Ying-Chang Liang, Md Habibul

Islam, “Power Control and Channel Allocation in

Cognitive Radio Networks with Primary Users’

Cooperation”, IEEE Trans. on Mobile Computing, Vol.

9, No. 3, March 2010.

H. Kim and K. G. Shin, “Asymmetry-Aware Real-Time

Distributed Joint Resource Allocation in IEEE 802.22

WRANSs", Proc. IEEE INFOCOM, March 2010.

A. Jalali, R. Padovani, and P. Pankaj, “Data Throughput

of CDMA-HDR a High Efficiency-High Data Rate

Personal Communication Wireless System,” Proc. [IEEE

VTC, pp.1854-1858, May 2000.

Carlos Cordeiro, Kiran Challapali, Dagnachew Birru,

Sai Shankar N, "IEEE 802.22: An Introduction to the

First Wireless Standard based on Cognitive Radios,”

Journal of Communications, Vol. 1, No. 1, pp.38-47,

April 2006.

[7] Chowdhury, Kaushik R .,”A survey on MAC protocols
for cognitive radio networks,” Ad Hoc Networks, Vol.
7, Issue 7, pp. 1315-1329, September 2009.

[4

—_

[5

—_

[6

—_

ISR

0| 33§ (Juhyeon Lee)

2006 2€ $t=17] &S] gkl
AR71EF 5 (FAh
20109 29 St 7] & w8l
A7) A g2 (F A A
20101 349 ~ & A: 57| &l S o) Enl
7] A A A58 w} whAb A
AR OF: QA FEAF A, A2 P2

1612

854 2 (Hyung-Kun Park)

19953 29 1&g g
A ekt (88
1997 29 w28k
AA-E g3 (534 A

2000 8¢ L2 o & al ) Apg- 83 (& SHkAh
2000 9€ ~2001d 8<¥: University of Colorado at
Colorado Springs, Postdoc.
2001 9¢ ~2004'd 29 AT Al 2=, AU
2004 39 ~ E A : 3t 7| S S gl
A7 A& ok g
%P4 B0k QX T B A, USN, 449 92




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


