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ABSTRACT

Femtocells as home base station for indoor coverage extension and wideband data service, have been studied with
significant interests. When femtocell is deployed, the existing cell structural of changes causes various technical problems. In
this paper, we investigate the femto-macro cell interference mitigation in OFDMA system. We propose dynamic downlink
resource management scheme which adjust the transmitted power of femtocell according to the strength of received macrocell
signal and allocates subcarrier to femtocells in a dynamic manner. In this way, the interference between the macrocell users
and femtocells is reduced. The simulation results show that proposed scheme enhances both macrocell and femtocell
throughputs.
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1. A3 3
Table 1. Simulation Parameters
Values
Parameters
Macro Femto
Number of cells 19 (two-tier) 30-180/macro
Cell coverage 580m 20m
7145 transmit powet FFR: 15, 22W Min: 5mW
POWET Wjo FFR: 20W | Max: 20mW
: -
Number of users in 180 300
one macrocell
Channel Bandwidth SMHz
FFT size 512
Number of (?ccupled 300
sub-carriers
Sub-carrier spacing 15kHz
Whi ;
ite noise power 174dBmyHz

density

Size of center zone 0.63 of macro coverage

PL =28+ 35log, (d)

outdoor
Channel model PLE door 38.5 +2010g1[)( )+Lu ralls
(Path loss, PL) L,.us =7 dB,if d in ( 0,10]
L

walls 10 dB, if d in (10,20]

Throughput of Macro Users

Throughput (Mbps)

—4— Nofemto
—©— Dynamic-PC
—+H&— Dynamic-avg.
101 —%— static-PC | ‘

—A— Static-awg. | |
95l T I

|

|

1
30 60 90 120 150

Number of Femtocells / Macrocell

9% 4. vz2a Aanle] 488
. Throughput of Macrocell Users

HENT 3PS T3t vimeAl ARgate] =
-85 wIEelA FEAe] Fulgals A
o2 ke uho] [19]ef4] A =it o] W
B =FollA= Static-’o|=2} WY stk Alg
‘Dynamic-> 3} ‘Static-’ WPHollA<] 3
g BE EES 70% 2 283
a8 4= AEAL] 5 WHARIE W, va=
A AR 888 HoJFErh ‘Dynamic- "



=</ OFDMA N EA 31764 #

A2 AelE o] 48 B4 sl AT B

AdolSo
2o ke W] Wl e B9 W
Sne gl ojmea A8AREe] e Yk
$E ST Y GFE ol F A S e
232 A ok ag|eE njasAd akgale] &
® FEES BAEPHA JEASe] B —“i—‘ﬂ‘(‘?—ﬁr
55 AXREE 5 odvk =3 Al”kehe v
& 075 SRS 2l & 4 Sk PO o‘ﬂé
HAed zizbnjic}l H2de] z7)7) ch2c) Ba] Al
by Aol ol AEAe wgd A8 AHes
= “avg.” W Hrl A2 AYHE ARSH HER
224 ARl Al A2 e A =k

a7 selME HMEAe] 1807 wHAEYS
edge 39l Q= vwlmZ=2A ARSA}EC] SINR HE
b oA sleiFth T wEEel vlstel
‘Dynamic-PC’ wrHo] 71 53t ZAE Holx
Sk Aol Sl ke AL AWHeE Aelt
Aol 7S ovlgc) wimeA Algalel 2 B
W Abgehs WEASe] Wl Weld )]
uitel] w2 AR B 7HAe] ofe] AR
3] ZFolEqdeh Wk offet AEAle] PR 2l
o2 AL oFo] AL xSl HEBE o]
# xh: uﬂ i—i/‘“ ;\]__3_;}_/] ) z]-o]]/q 7]./(4 -8 3l 74]
W spe] olf7h B 4 slek e P
el el skl Sulsial
ol ez ¥ 4 9tk

‘Dynamic-> 7|9°| ‘Static-> 7R} B> Ao
zlo]E Hol= A2 HEA ARER}e] 4884l
o= 1% eoldl Bl @ & glckh FA Yk

1
oA ALl yukgsh g wrh g 5o

FIO F'

Cumulative Distribution Functlon of Macro Users(Edge)

—&— Dynamic-PC  H

—H— Dynamic-avg.

—*— Static-PC H

—4A— Static-awg.
T T

20 25 30

SINR (dB)

= edge ododo]] 9l wimEA ARRX}S] FARE
Fig. 5. Cumulative Distribution Function of macrocell
users (edge)

RIS AR S Qlek o] b ?'5]'71] =
AL AdolSo] 7H 2 ABAdA 4SS
ol HkEILE esl7] wistelok

Al Hakea g 54 sub-band <bel|A
ARAdA Adg WA o R HkEaE ddsins
Al HakRa) e wbE o A2 Hakde

Throughput of Femto Users
T

700 —

Throughput (Mbps)

Z —&— Dynamic-PC
200k F-——— A - ————— e —— Ep—

—%— Static-PC
| —&A— Static-avg.

—&— Dynamic-awg. ||

100 L

T
30 60 920 120 150
Number of Femtocells / Macrocell

a7 6. MEA AR 88
Fig. 6. Throughput of Femto Users

= AR Hel -PC W lEAlSe] AR
o] 49 kel sl ARSAREelZlE QosE HAs)
= A AP AEsly] o] “avg.’ HPER

the 48804 T 2L A5 welEe)

v. &4

rhu

N

B el AR 97 FAQl Pk
g2k AHAle] WS Alsksideh Alkehs W
Soled viaRA ARSAe] S AR U
T EAlel AR AR AelEke Al
S vERA ARl R Alele] A
M dehe] whestal Sgelch 7 Ak
2 AEAde] ARgR kEulE 4o @
gate] wiaEAyRlEA AR AelEs S7H
ZaL, AEA Aoz Ay AolE Fomm A
7PgARel ol wla=Ad AR8ARe] QosE KA
ek Helgst AbgAl sive o] P RES 5
st At sh= whel Aee W7h skdrh ok
ATl ArAde] UErt 22 A9 welsl
WA 7k S Al 5 e ZEH A
He]ol] A3k Aol Hgsjrl

ok

B

I O <

345

180



FEAIEFE| = A *12-05 Vol.37A No.05

[1]

2]

[3]

[4]

(5]

6]

[7]

(8]

%]

[10]

[11]

346

o2t

o2

MO

H. Lei, L. Zhang, X. Zhang, and D. Yang, “A Novel
Multi-cell OFDMA System Structure Using Fractional
Frequency Reuse,” IEEE International Symposium on
Personal, Indoor and Mobile Radio Communications
(PIMRC), Sept. 2007.

M. Assaad, “Optimal Fractional Frequency Reuse
(FFR) in Multicellular OFDMA System,” IEEE
Vehicular Technology Conference (VTC), Sept. 2008.
M Rahman and H. Yanikomeroglu, “Enhancing
Cell-Edge Performance: A Downlink Dynamic
Interference Avoidance Scheme with Inter-Cell
Coordination,” IEEE  Trans. on
Communications, vol. 9, no.4, Apr. 2010.
L. Liu, D. Qu, and T. Jiang “Dynamic Fractional
Frequency Reuse based on Interference Avoidance
Request for Downlink OFDMA Cellular Networks,”
ACM Int. Conf. on Wireless Communication and
Mobile Computing TWCMC), Jun. 2010.

D. Lopez-Perez, G. Roche, A.Valcarce, A. Juttner, Jie
Zhang, “Interference Avoidance and Dynamic
Frequency Planning for WiMAX Femtocells
Networks,” IEEE Int. Conf. on Communication
Systems (ICCS), Nov. 2008.

H. Zeng, C. Zhu, and W. Chen, “System Performance
of Self-Organizing Network Algorithm in WiMAX
Femtocells,” ACM Int. Conf. on Wireless Internet
(WICON), Nov. 2008.

3GPP TR.25.820, “3G Home NodeB Study Item
Technical Report,” (Release 8), Sept. 2008.

K. Han, Y. Choi, D. Kim, M. Na, S. Choi, and K.
Han, “Optimization of femtocell network configuration
under interference constraints,” 7th International
Symposium on Modeling and Optimization in Mobile,
Ad Hoc, and Wireless Networks, Jun. 2009.

M. E. Sahin, I. Guvenc, M.-R. Jeong, and H. Arslan,
“Handling CCI and ICI in OFDMA femtocell networks
through frequency scheduling,” IEEE Trans. Consum.
Electron., vol. 55, no. 4, pp. 1936-1944, Nov. 2009.
H.-C. Lee, D.-C. Oh, and Y.-H. Lee, “Mitigation of
inter-femtocel interference with adaptive fractional

Wireless

frequency reuse,” IEEE International Conference on
Communications (ICC), pp. 1-5, May 2010.
T.Zahir, K Arshad, A.Nakata, K. Moessner,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

“Interference  Management in Femtocells,” IEEE
Communications Surveys & Tutorials, 2012 (to be
appeared).

D. Lopez-Perez, A. Valcarce, G. Roche, and J. Zhang,
“OFDMA femtocells: A roadmap on interference
avoidance,” TEEE Communications Magazine, vol. 47,
no. 9, pp.41-48, Sep. 2009.

Y. Sun, RP. Jover, and X. Wang, “Uplink Interference
Mitigation for OFDMA Femtocell Networks,” IEEE
Transactions on Wireless Communications, vol. 11, no.
2, Feb. 2012.

X. Li, L. Qian and D. Katraia, “Downlink Power
Control in Co-Channel Macrocell Femtocell Overlay,”
IEEE information Sciences and Systems Conf., March
2009.

D. I Kim, Long le and E. Hossain, “Resource
Allocation for Cognitive Radios in Dynamic Spectrum
IEEE Cognitive Radio
Oriented Wireless Neworks and Communications
Conf., May 2008.

V. Chandrasekhar, J.G Andrews, T. Muharemovic, Z.
Shen and A. Gatherer, “Power Control in Two-Tier
Femtocell Networks,” IEEE Trans. On Wireless
Commun., vol. 8, pp.4316-4328, 2009.

D. Lee, C. Xu, U. Mayekar, M. Mohile, “Frequency

reuse factor vs. pathloss exponent and sectorization,”

Access Environment,”

IEEE MIT-S Symposium on Technologies for
Wireless Applications Digest, 1997.

H. Claussen, “Performance of Macro- and Co-channel
Femtocells in a Hierarchical Cell Structure,” IEEE Int.
Sym. on Personal, Indoor and Mobile Radio
Communications (PIMRC), 2007.

T. Lee, H. Kim, J. P, and J. Shin, “ An Efficient
Resource  Allocation in OFDMA  Femtocells
Networks,” IEEE Vehicular Technology Conference

(VTC), Sept. 2010.



0| A EH (Sangtae Lee) A3

2010 29 sFedishal Ay
g3} &4

2012 24 AdttdEta Fof
Egh AA}

2012 3L ~&A] A=} o

¢

T4
<AEe HEA 7HIE,
043
ot M £= (Chunsoo Ahn) A3

2005 29 AdtFbfistal AR
FAFEH =9

200611 84 AdrIdsta A=}
A7 A5l g8t AAE

20129 34~&A) At
AR P e P e e = B e

[ ittt -~ =t ,\]_3,,]_;{3

<ol AR, FrA SAMIES R AlsE,

HEFH o] gl gelv= AJ=E

Al X| Ef (Jitae Shin) A3
- 198611 29 Aedigtal #7]%

gta} skt
1988 2 KAIST A%

gtz Aa}
2001 59 Univ. of Southern
California (USC), Dept. of
Electrical Eng. AA} 2 v}

1988'3~1991d F=AlHgAb e daby v

199111 ~19961 h=-dA A an AlSA| A Al -

2001 84~2002'd 29 ZA3|dstal ARFAA
ekl e

20081  84~2009% 8% Univ. of Toronto,
Canada B2

2002 3 ~&A At A REAIE

<Pltol "HEE ] FAYVIES S, olEFH W

71, A SAMIES R Al2E, e

347




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


