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Error Bound of Collision Probability Estimation in Non-saturated

IEEE 802.11 WLANs*

Hyogon KIM'®, Jongwon YOON', Nonmembers, and Heejo LEE™, Member

SUMMARY  We analytically prove that the error in the channel idle
time-based collision probability estimation in face of non-saturated stations
is bounded by 2/(CW,;, + 1) in the IEEE 802.11 wireless LANs (WLANS).
This work explicitly quantifies the impact of non-saturation, and the re-
sult vindicates the use of the estimation technique in real-life IEEE 802.11
WLAN:S, in such applications as the acknowledgement-based link adapta-
tion and the throughput optimization through contention window size adap-
tation.
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1. Introduction

In the IEEE 802.11 wireless LAN (WLAN) [1], it is use-
ful to precisely determine the probability of collision P,
in a transmission failure event. For instance, we can use
the estimated value for the acknowledgement (ACK)-based
link adaptation algorithms [2], [3] or the optimal contention
window size adaptation [4]. In case of the operation under
an impaired channel, however, it is difficult to directly ob-
serve P, since transmission failures can be also caused by
the channel. A practical way to overcome this problem is
to obtain P, by way of the channel idle time ¢#; through the
assistance of the Clear Channel Assessment (CCA) in the
IEEE 802.11 physical (PHY) layer, a core functionality for
the CSMA/CA access. For instance, [4] shows how to ob-
tain P, analytically from #;. However, analysis works on the
IEEE 802.11 WLAN including [4] almost always assume
saturated stations, which means the stations are infinitely
backlogged. Although it facilitates the analysis, it is hardly
a realistic assumption. Therefore, there is a need to validate
them against the more realistic non-saturation assumption.
In this letter, we quantify the impact of non-saturation
in the P, estimation via #;. Specifically, we prove that
the estimation of P. from ¢, has a small error bound of
2/(1 + CW,,;,) for uniformly non-saturated station popu-
lation. This result vindicates the use of the technique of
using #; to estimate P, for such optimization schemes as
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the acknowledgement-based link adaptation and the optimal
contention window size determination.

2. Derivation of P, from ¢;

The probability that a slot is idle when there are n saturated
stations is given by P; = (1 — 7)", where T is the probability
that a given station attempts transmission in the slot. Notice
that

Pe=1-(l-1y"'=71=1-(1-P)m. (1)

The average idle time, #;, which is the number of idle slots,
becomes

1 1
t; = -1= —— L. ()
1-P; 1= (=P
As to n, we know from [5] that
_ log(1 - P.)
n=1+ 1 . TR s 3
og( = 2P )(W+D)%P. W(l—(ZPC)"'))

where W denotes the minimum contention window size
CW,,i» and m denotes the maximum backoff stage parame-
ters of the IEEE 802.11 medium access control (MAC) layer
standard. Combining (1) and (2) to eliminate n, we can nu-
merically obtain P, as a function of ;. Figure 1 plots P, ver-
sus #;, and we show that the numerical derivation (solid line)
closely matches the simulation performed with the 802.11b
MAC implementation in ns-2 (dotted line) [6]. The number
of stations corresponding to the idle time ranges from 1 (far
right) to 40 stations (far left) in the figure.

Now, we deal with the P, estimation in the non-
saturated stations environment. Given the idle time mea-
surement of #;, let the estimation error due to the non-
saturated stations be

e(t;)) = P.(t;) — P/(1), 4

where P! and P, are the collision probability with non-
saturated stations and saturated stations, respectively. In
Fig. 1, the marks are from non-saturated scenarios, where
each station is uniformly loaded by 0.2 Mbps traffic to
0.5 Mbps of constant bit rate (CBR) traffic carried over User
Datagram Protocol (UDP). Under different bit rates, the
number of stations that generates the given idle time differs.
The larger the bit rate, the smaller the number of stations that
yields the given idle time. For instance, the plotted range for
0.2 Mbps in the figure is 1 to 34 stations, while for 0.5 Mbps,
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Fig.1 P, versus t;.

it ranges 1 to 18 stations. The simulation shows that for the
given t;, the difference in P, from the saturated scenario is
indeed small for all #; values.

Now we analytically prove that € in (3) is bounded. Let
7 [7,] and n [n,] be per-station transmission probability in
a given slot and the station population under the saturated
[non-saturated] assumption, respectively. And let 7, = ar,
with @ < 1. The smaller the «, the less saturated the sta-
tions are. In particular, @ = 1 denotes the saturated stations
system. Under the same ¢;, and from (1) and (2), we have

SR
I-(-7)% — 1-(l-1)
=A-7)"=0-7)". &)
Thus, the difference between the collision probabilities is
_ _ (=Dt
=(1-t)" '=(l-0)" ' =X|—>F>——|, (6
€= (-1, ~(1-7) mexkﬂ ®)

where
X=(-r)" ==,

and n is the number of stations in the saturated system that
would lead to the same t; as n, generates with the given a.
Notice € is a non-positive value since @ < 1. Thus |e| de-
creases with @, and converges to 0 for « — 1. Also, Tis a
slow decreasing function of #. Thus in (6), X = (1 — 7)" as
well as the absolute value of the fractional term decreases
with n. Therefore, the error bound occurs when @ = 0 and
n = 1 with a given t; (where @ = 0 corresponds to the inac-
tivity of the terminal). But then, in (6) we have

€=-T.
We know from [7] that

2
T= .
1+ W+ PWYm 2P

(7

But since n = 1 implies P, = 0, (7) becomes

2
T= .
1+W

Therefore, e is bounded by 2. In the IEEE 802.11b
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Fig.2 |e| = |P. — P}| versus a.

MAC, for instance, |e| is bounded by 1/16 = 0.0625 since
W =CWy, = 31.

Finally, in order to see the impact of n and «, we nu-
merically compute P, from # in (3), and with these two we
derive 7 in (1). Then, with n and 7 in (6) we get €. Fig-
ure 2 plots |e| as a function of « for various n values for the
IEEE 802.11b. It clearly shows that the magnitude of the
estimation error decreases with @ and/or n. In particular, for
a = 0 and n = 1, it is indeed bounded by 0.0625, and has
smaller values for larger @ or n values, which is usually the
operating condition for real-life IEEE 802.11 WLANSs.

3. Conclusion

In this letter, we quantify the error in the collision proba-
bility estimation due to non-saturation stations to be small
and bounded. The property vindicates the use of idle
time-based collision probability estimation in real-life IEEE
802.11 WLANS, for optimization techniques such as the
acknowledgement-based link adaptation and the optimal
contention window size determination.

References

[1] IEEE, Part 11: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) Specifications, IEEE Std 802.11-1999, Aug.
1999.

[2] H. Kim, K. Choi, H. Lee, and I. Kang, “A simple congestion-resilient
link adaptation algorithm for IEEE 802.11 WLANSs,” Proc. IEEE
Globecom 2006, 2006.

[3] J. Kim, S. Kim, S. Choi, and D. Qiao, “CARA: Collision-aware rate
adaptation for IEEE 802.11 WLANSs,” Proc. IEEE Infocom 2006,
2006.

[4] M. Heusse, F. Rousseau, R. Guillier, and A. Duda, “Idle sense: An
optimal access method for high throughput and fairness in rate diverse
wireless LANSs,” Proc. ACM SIGCOMM, 2005.

[5] G. Bianchi and I. Tinnirello, “Kalman filter estimation of the num-
ber of competing terminals in an IEEE 802.11 network,” Proc. IEEE
Infocom 2003, pp.844-852, 2003.

[6] The ns-2 simulator, Available at http://www.isi.edu/nsnam/ns/

[7]1 G. Bianchi, “Performance analysis of the IEEE 802.11 distributed
coordination function,” IEEE J. Sel. Areas Commun., vol.18, no.3,
pp-535-547, March 2000.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


