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ABSTRACT

A protocol is proposed to control the rate of each subcarrier in OFDM-based wireless network systems. The proposed protocol adds an
OFDM symbol in CTS frame defined in IEEE 802.11 standard. A receiver determines the rate of its subcarrier after it receives the RTS frame.
The determined rate is added to OFDM symbol in CTS frame. In order to synchronize the rate information between the sender and the
receiver, error recovery process is proposed. The performance improvement of the proposed method is shown by numerical results.
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Table 1. Modulation of IEEE 802.11a

mode | modulation code | datarate | minimum sensitivity
rate (Mbps) (dBm)
1 BPSK 12 6 -82
2 BPSK 3/4 9 -81
3 QPSK 12 12 -79
4 QPSK 3/4 18 =71
5 16-QAM 12 24 -74
6 16-QAM 3/4 36 -70
7 64-QAM 2/3 48 -66
8 64-QAM 3/4 54 -65
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Fig. 1. Dynamic rate allocation by feedback signal

9 2 AEE S R v
ﬂ‘j/]g(throughput HolEu) Aory we o
Hahul e w, g Ae] & Bl Aok
E Mugjeo) g Algst g, U459 Hud
23} Orderedl B84 3E4HE A 5L 1w ol
W9 Z47ke] M ugfe] o)zt zﬁﬁﬂﬂoﬂ
ARSI R R, BE A B o7t 2 A

= Allel] HlsiA = 3 AeS Bl
Ordered A& 2] A4H AEES 54 MbpsZ IS
o), 874 BE Foll A 7Hg & A5 S BTk

U g
1o,

o fl
2 o2 0

o

o 1.5
o e w2
O}‘)f rO [
%, oo rE

of E 1R 2 rlo oi
Ir SL to

[

>~
-

38000

- T T T T
PN
A— A kg
36000 P\ A —x—All 4
X n —O— Ordered (54Mbps)
) N —v— Ordered (6Mbps)
Q a
— ARSNEANN \
T 34000 {1 X5, A 7
= V. X N
i v 9 X AL
=l \ 2N N
7L 32000 \ ‘g % ' i
o v - N
™ o Vg X
= VT Ry A,
30000 |- v o Xox NN B
v o Xy SN
\/ Vv o 0 X
< V. o o0 x/,,Q
28000 |- -9 o e
Veg-v. [}
1 1 1 1 A\
10 20 30 40 50

whidv) 5

g 2. BT o 2 XHele
Fig. 2. Throughput versus number of nodes

1635



k8| FA R A8 3] =77 #1234 A|9%

3 32 giy] Fo wE AEAAA
o} 29 20 A 9 whRk 7R 2 A okl W o]
HE O $A4EH AJes 2ol o
o 7 o] fi=, Al gtE W ol A 2k A BA)
ol AEES
HEE R
A5l R

=

229 5o

=
tlo
T
2

I ob rr

i
o
40 %

o

ol

rir

=

il

o d1 o

X 9 rToox v
2o ETm
ey R o A
> 9z B Hu o= AN

2
N
T
2
2
it
o
it
=2

0.015 . . . — v
N8 ol SN )
0014 1 Y Ny \O,/ 0/,><*«5/ 4

0013 |- g8

1213 (%)
<

qa
O\

o

00129/

3

K A Ak

i Z*O}g /A,,A x— All

X A/,A O— Ordered (54Mbps)
0.011 |/ —v— Ordered (6Mbps)

E
©

0.010 L L 1 1
10 20 30 40 50

W] 4

a8 3 HE| o e HEXAAZE

= -

Fig. 3. Transmission delay versus number of nodes

V.48
H j=Fof| A3 OFDM 7]4ke] B4 Y| E ¢ A 26
E A7} 7FsdMAC 2R EF
1 el A= A B o] T9=
AEES Alolst] fste] B RS HAo] 9
el =g sl = AJ7iT) o)A Y eHF =g F 48t
7] $13ke] shite] OFDM A& CTS 2o F7}at
Atk F7Hel OFDM AW 3t $417] 9} 2417] ko] A

& 57135 T A4 AuA o dSES Al

e A

(e, of

of 9 2 g5 0.2 WA 5 ek A o &7 Qi
TR FABHNA $A7)5E $207] k9] AEE §7]
812 9181A, e B o] A|SkE QiTk A Eelo] A
Ae Faho] Alokel Bo] Az A% PN
& Rk ole e A28 4% P 2 Husfelof
Bz AHo) HEEL ASFORA o] Folzirt
CTS a9 shrhe] OFDM 48 & F7bh A, o]
o 37k ewal st AA ZaQ) 279 vwetel e

1636

£

, OFF 22 Al o 2 A 225l el v X = G o) v ¢
Atk 2 AgkE AL e e A% 4
SAGETRE AR el gele] AEE AR AT
45 Fdol o Atk

D2

[1] P. Chevillat, J. Jelitto, A. N. Barreto, and H. L. Truong,
“’A dynamic link adaptation algorithm for IEEE
802.11a wireless LANs,” Proc. ICC’’03, vol. 2, pp.
1141-1145, May 2003.

[2] D. Qiao, and S. Choi, ““Goodput enhancement of IEEE
802.11a wireless LAN via link adaptation,”” Proc. IEEE
ICC°01, vol.7, pp. 1995-2000, June 2001.

[31D. Qiao, S. Choi, and K. G. Shin, ““Goodput analysis and
link adaptation for IEEE 802.11a wireless LANs,”” IEEE
Trans. Mobile Computing, vol. 1, pp. 278-291,
December 2002.

[4] R. Grunheid, E. Bolinth and H. Rohling, “A blockwise
loading algorithm for the adaptive modulation technique
in OFDM systems,” IEEE VTC 2001 FAll, Vol. 2,
pp-948-951, Oct. 2001.

[STA. G. Armada, “”A simple multiuser bit loading
algorithm for a multicarrier WLAN,”” IEEE ICC 2001,
Vol. 4, pp. 1168-1171, June 2001.

[6] A. G. Armada, ““SNR Gap Approximation for M-
PSK-Based Bit Loading,”” IEEE Transactions on
Wireless Communications, Vol. 5, No. 1, pp. 57-60,
January 2006

[7]1 D. dardari, “Ordered subcarrier selection algorithm for
OFDM-based high-speed WLANS,” IEEE Trans.
Wireless Communi. vol. 3, no. 5, September 2004.

[8]IEEE 802.11 WG, Part 11: Wireless LAN Medium
Access Control (MAC) and Physical layer (PHY)
specifications, ANSI/IEEE Std 802.11, 1999.

[91IEEE 802.11 WG, Part 11: Wireless LAN Medium
Access Control (MAC) and Physical Layer (PHY)
specifications, ANSI/IEEE Std 802.11a/b, 1999,
Supplement to ANSI/IEEE 802.11 Std 802.11, 1999
Edition.



OFDM 7|4k Fd v E9) 9] %1

& Ao 714

[10] G. Holland, N. Vaidya, and P. Bahl, “A rate-adaptive
MAC Protocol for wireless networks,” Proc. ACM
MOBICOM™’01, pp. 236-251, July 2001.

[11] B.-S. Kim, Y. Fang, T. F. Wong, and Y. Kwon,
“Throughput ~ Enhancement through  Dynamic
Fragmentation with Rate-Adaptation in Wireless
LANSs,” IEEE Transactions on Vehicular Technology,
vol. 54, no. 4, July 2005.

RN |

ZAM8 (Sung Won Kim)

19901 A&t 8kl Ao} A| -5 83
St

1992+ Aol 8l Ao} A| =5 5 3}
AL

20023 A &ohhar 7] 7 578 2 o ]

2005\ ~ @A TSkl A A B o ol

Aok A W ES] A, Rkl U ES =, iy

EA| 2]

f T

1637




<<
  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


