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Outline

• 802.11 DCF principles and shortcomings

• Towards a better access method

• Idle Sense principles and properties

• Performance evaluation
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802.11 DCF in a nutshell
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Known shortcomings of 
DCF

• Under optimal throughput for N > 4

- Hosts are too aggressive ⇒ collisions

- CW too small, not enough time spent in 
contention

• Exponential backoff

- Good short term fairness for N=2, 
degrades for larger N

• Performance anomaly in rate diverse cells

- Slow host limits the throughput of faster 
hosts
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Known shortcomings of 
DCF

• Contention control in DCF

- “Bad day” effect

° If a host looses frames due to bad 
transmission conditions, it performs frequent 
exponential backoffs

° Increased CW lowers the transmission 
attempt probability

- Physical capture effect
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Physical layer capture 
effect

• The stronger signal in a collision may be 
successfully received

• It causes long term unfairness

- Farther host has a greater average 
contention window

(Kochut et al., ICNP'04)
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Towards a better access 
method 

• Keep good aspects of DCF

- No explicit information exchange

- Keep backoff procedure: random backoff

• Modifications

- No exponential backoff

° make hosts use similar values of CW ⇒ fairness

- Adapt CW to varying traffic conditions

° more hosts, bigger CW; less hosts smaller CW

° do not change CW upon frame loss
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Idle Sense

• Observe the number of idle slots

- Channel load indicator

• Control CW

- Adjust CW to the current state

- Optimal operation in all conditions

° What is the optimal CW?

° How it relates to the number of idle slots? 



Optimal CW
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Cost function: Proportion of time spent in 
collisions or contention 

Minimizing the cost ⇒ Maximizing throughput

(Calì et al., Transactions on Networking, 2000)



spent in collisions and in contention while maximizing the
time spent in transmissions. So, maximizing X(Pe) is equiv-
alent to minimizing the following cost function:

Cost(Pe) =
Tc

TSLOT
Pc + Pi

Pt
(7)

Figure 3 plots the Cost◦Pe(CW ) function for several values
of N , the number of hosts, with respect to the contention
window CW . As expected, the optimal value of CW in-
creases with N while the cost function becomes less and less
sensitive to the variations of CW , which leads to subrange
estimation of the number of competing stations [22] as an
enhancement of the proposal by Cal̀ı et al. [9]. Setting the
first derivative of the cost function to zero leads to:

1 − NP opt
e = η(1 − P opt

e )N (8)

where

η = 1 −
TSLOT

Tc

can be computed for a given variant of 802.11 from the
parameters of the MAC and PHY layers. Example val-
ues are: 802.11b (11 Mb/s bit rate): Tc

TSLOT
= 68.175 and

802.11g (54 Mb/s bit rate) : Tc

TSLOT
= 31.0.

By denoting

ζ = NP opt
e , (9)

we obtain: 1− ζ = η(1− ζ/N)N . If we consider the limit for
N → ∞, it gives:

1 − ζ = ηe−ζ (10)

We can solve this equation numerically for the value of η
corresponding to a given variant of 802.11, for example if

Tc

TSLOT
= 68.17 (802.11b), we obtain ζ = NP opt

e = 0.1622.

N CW opt n
opt
i

2 18 4.01
3 30 4.51
4 43 4.89
5 55 5.01
6 68 5.18
7 80 5.23
8 92 5.26
9 105 5.35
10 117 5.36
11 129 5.38

N CW opt n
opt
i

12 142 5.43
13 154 5.44
14 166 5.44
15 179 5.48
16 191 5.48
17 203 5.48
18 216 5.51
19 228 5.51
20 240 5.51
21 253 5.54

Table 1: Optimal values of the contention window
CW opt and the number of idle slots nopt

i (MAC and
PHY parameters for 802.11b).

Moreover, when N → ∞, Eq. 3 yields

P opt
i = (1 − ζ/N)N → e−ζ . (11)

This means that for a given ratio Tc

TSLOT
, the throughput is

optimal for the probability of an idle slot P opt
i that tends to-

wards an easily computable constant. Similarly, Eq. 4 gives
the optimal number of idle slots between two transmission
attempts when N → ∞ (it is equal to 5.68 for the 802.11b
parameters, 3.91 for 802.11g):

nopt
i∞ =

e−ζ

1 − e−ζ
. (12)

583.87 if EIFS is added
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Figure 4: Optimal values of contention window
CW opt and corresponding numbers of idle slots nopt

i .

We build our access method (Section 2.3) on this result:
we can observe the mean number of idle slots between two
transmission attempts (the name of Idle Sense comes from
this way of using Eq. 12) to see if the channel is used in an
optimal manner. If the observed value is less than nopt

i∞ , the
operating point is not optimal due to excessive collisions, we
thus need to increase CW ; conversely, if the observed value
is greater than nopt

i∞ , the operating point is not optimal due
to too much time spent waiting in idle slots, we thus need
to decrease CW .

Consider now the case of N < ∞. We can obtain CW opt

and nopt
i for a given number of competing hosts by finding

the only root of the polynomial defined by Eq. 8 that is
real and in [0, 1] (Table 1 and Figure 4 present their values).
However, note how quickly nopt

i converges to an asymptotic
value. We can thus use nopt

i∞ as the target value to control
CW (note also that the initial value of contention window
CWmin = 32 in 802.11 DCF is optimal for N between 3 and
4).

2.3 Principles of the Idle Sense access method
The idea of Idle Sense is simple: each host estimates bni,

the number of consecutive idle slots between two transmis-
sion attempts and uses it to compute its contention window
CW . By adjusting CW , a host makes ni converge to ntarget

i ,
a common value for all hosts.

Ideally, if we know the number of contending hosts N , we
can determine nopt

i (Table 1) and use it as the target value
ntarget

i . This requires knowing or estimating the number of
contending hosts N , which we want to avoid. We observe
that the number of idle slots between two transmission at-
tempts nopt

i converges quickly to the asymptotic value nopt
i∞

(Eq. 12). We can thus use a value close to it as the target
value ntarget

i for all hosts. For example, we have chosen the
value of ntarget

i to be 5.68 for 802.11b, because it gives sat-
isfactory results for a wide range of number of active hosts.
The method is not sensitive to this value, as shown in Fig-
ure 5. This figure also shows how small is the additional
cost of using a fixed ntarget

i instead of nopt
i .

Finally, we need a control algorithm to track the value of
ni and make it converge to the target value ntarget

i . As we
want to share the attempt probability Pe equally among all
hosts, a natural choice of a control mechanism is the AIMD
principle applied to the attempt probability Pe. AIMD has
the property of converging to equal values of the control
variable [10]. Our control algorithm is the following: if we
observe too many idle intervals compared to the target (large
bni), we need to increase Pe additively, which in turn will
decrease the expected number of consecutive idle slots ni,

Optimal CW

CW proportional 
to N

n̄i: average number of idle slots between 

transmission attempts

n̄i converges quickly

n̄i
target
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Idle Sense

• Hosts track n̄i and make it converge to the 

target value

- Each host estimates n̄i

- Rises/Lowers CW when n̄i too small/big 

compared to n̄i
target

- Adjusting CW is done according to AIMD

⇒  all hosts converge to a similar value of CW



Example
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Properties
• Contention control independent of frame 

loss detection

- No “bad day” effect

- Solves the physical layer capture effect

• Short term fair

• Fixes performance anomaly

- Time fairness achieved by scaling CW 
according to the transmission rate

• Hidden terminal problem: use RTS/CTS

• No hardware modification required
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Properties: 
Channel adaptation

• With Idle Sense, the collision probability Pc is 
known and bounded (after convergence)

- Frame loss probability Perr ≈ 1- Pc - Pok

° Pok can be observed

• Provides a new means for setting the right 
transmission rate

- Change rate when Perr exceeds a given 

threshold

- May be combined with SNR measurements
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Performance evaluation

• Throughput

• Fairness: Jain index

• Convergence speed

• Time fairness



Throughput
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Fairness
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Convergence speed
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Time fairness
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Conclusions

• Performance gains

• Addresses many issues in wireless LANs

- Main property: it uncouples frame loss and 
contention control

• Enables other improvements

- eg. give more weight to the access point


