
Towards a More Accurate Carrier Sensing Model
for CSMA Wireless Networks

Cai Hong Kai, Soung Chang Liew
Department of Information Engineering

The Chinese University of Hong Kong, Hong Kong SAR
{chkai6, soung}@ie.cuhk.edu.hk

Abstract—In the majority of studies on CSMA wireless net-
works, a contention graph is used to model the carrier sensing
relationships among links. This is a 0-1 model in which two links
can either sense each other completely or not. In real experiments,
we observed that this is generally not the case: the carrier
sensing relationship between the links are often probabilistic
and can vary dynamically over time. This is the case even if
the distance between the links is fixed and there is no drastic
change in the environment. Furthermore, this “partial carrier
sensing” relationship is prevalent and occurs over a wide range
of distances between the links. This observation is not consistent
with the 0-1 contention graph and implies that many results
and conclusions drawn from previous theoretical studies need to
be re-examined. This paper establishes a more accurate carrier
sensing model with the objective of laying down a foundation for
future theoretical studies that reflect reality. Towards that end,
we set up detailed experiments to investigate the partial carrier
sensing phenomenon. We discuss the implications and the use of
our partial carrier sensing model in network analysis.

Index Terms—Contention graph, partial carrier sensing,
CSMA.

I. Introduction

This paper concerns the carrier sensing (CS) behavior in
wireless networks. Carrier sensing is an important feature
of CSMA networks (i.e., 802.11 networks) to avoid packet
collisions. A node that has packets to send must first sense
the channel. If no nearby node is transmitting, it transmits
immediately. If a nearby node is transmitting, it defers, waiting
until the end of the interfering transmission before attempting
to transmit. That is, nodes that can sense each other will not
transmit simultaneously to avoid packet collisions.

In the majority of prior studies, the carrier sensing relation-
ships among the links (a link is a transmitter-receiver pair)
are modeled by a contention graph. The links are represented
by vertices, and an edge joins two vertices if the associated
transmitters can sense each other. In other words, the carrier
sensing behavior between two links is a 0-1 relationship in
that they can either sense or not sense each other. A model in
which the CS relationship is a simple function of distance is
often assumed. If the distance between two links is shorter than
a threshold (called the Carrier Sensing Range, CSRange), they
can always sense each other; otherwise the two links will never
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hear each other. Although widely adopted in both theoretical
and simulation studies, this model has not undergone rigorous
verification in practice.

Indeed, our real-network experimental data indicated that
this 0-1 CS model is not accurate. Very often a node could
only hear another node some but not all of the time. This
phenomenon is likely to be caused by the intricate interplay
of channel fading and circuit noise, as well as co-channel
interference. Surprisingly, theoretical work to-date on CSMA
networks has largely shunned the issue of channel fading and
circuit noise when it comes to carrier sensing, although their
effects on signal interference and correct data reception have
been well studied. This calls into question the findings and
conclusions reached by the past investigations.

To build a more realistic CS model, we conducted extensive
experiments to characterize the partial carrier sensing rela-
tionship among links. We show that a probabilistic CS model
matches experimental data more closely than the prior absolute
0-1 CS model.

The main contributions of this paper are as follows: 1)
we show that there is a long range of distance between two
links over which the carrier sensing between them is partial
rather than full, and therefore one can expect partial CS to be
prevalent in a typical CSMA wireless network; 2) we show
that partial CS has a significant effect on link throughputs,
and therefore one should not simply approximate the partial
CS model with the 0-1 CS model in analysis; 3) we propose
a more realistic probabilistic partial CS model that match the
experiment results; 4) we discuss the implications and the use
of the partial CS model in analytical studies.

Related Work

Ref. [1]–[8] are some recent attempts to study the effects
of carrier sensing. Ref. [1], [2] investigated optimal choices of
carrier sensing parameters for AWGN channel. Ref. [3], [4]
studied the impacts of carrier sensing on system performance
under AWGN and slow fading channel. Ref. [1]–[4], however,
considered the less interesting all-inclusive carrier-sensing
network in which all nodes can hear each other. Ref. [5], [6]
are attempts to develop more sophisticated analytical models
for packet reception and carrier sensing. However, the intricate
details of carrier sensing have been ignored and only energy
detection is taken into account (in practical 802.11 devices,
preamble detection is often used in conjunction with energy
detection for more effective carrier sensing). A gray zone of
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3dB where carrier sensing and interference apply partially was
observed in [7] and the authors propose to use continuous
values to capture the gray zone in [8].

In this paper we show that in reality the CS relationship
is probabilistic over a long range of distance. Due to the
significant effects of partial CS on network performance, many
previous theoretical and simulation frameworks need to be
revisited. Some examples are as follows: 1) The NS2 simulator
[9] is by far the most popular simulation tool used for the
studies of 802.11 networks; however, it uses the unrealistic 0-
1 CS model. 2) With partial CS, the throughput distributions
among links in a CSMA network may be quite different from
those derived under the 0-1 CS model. In particular, many
reported problems, such as link starvation and unfairness [10]
may be alleviated under a partial CS model, i.e., a link which
is expected to be starved in the 0-1 CS model may also
obtain some throughput due to not sensing a neighbor link’s
transmission in practice. 3) Many previous studies based on
the 0-1 contention graph and their conclusions will need to be
re-examined given the existence of partial CS. For example,
the “island states” and the “phase transition” phenomenon as
reported in [10] and [11] may not be common in practice.

II. Large Transition Range of Carrier Sensing in Real
Networks

This section first gives a quick review of the carrier sensing
mechanisms as defined in the IEEE 802.11 standard [12].
After that, we show that there is a long range of distance
between two links over which partial carrier sensing occurs.
In particular, the transition from full carrier sensing to no
carrier sensing is a gradual rather than an abrupt process as
the distance varies. Also, we show that even if the distance
between the two transmitters is not changed, partial CS still
exists when the transmit power varies.

A. Carrier sensing in IEEE 802.11 standards

In 802.11 networks, physical carrier sensing (PCS) is per-
formed by the Clear Channel Assessment (CCA) function,
which monitors the channel to determine whether it is free.
The 802.11 standard defines three CCA operation modes.
The channel is declared as busy when (i) the energy de-
tected exceeds a threshold CS th (Energy Detection); (ii) a
valid 802.11 signal is detected, even if the power is below
CS th (Preamble Detection); (iii) either (i) or (ii) occurs. The
research community has largely considered only (i) in the
investigations of CSMA networks, although modes (ii) and
(iii) are often used in real 802.11 equipments.

Under (ii), in the event that a correct PLCP (Physical Layer
convergence Procedure) Header is received, the CCA signal
may be held inactive (channel busy) for the full duration of
the packet as indicated by the PLCP LENGTH field. Even if
a loss of carrier occurs in the middle of reception, the CCA
will indicate a busy medium for the intended duration of the
transmitted packet.

B. Long transition range of carrier sensing in real networks

In the static 0-1 carrier sensing model, the carrier sensing
range (CSRange) is defined to be the distance between two
transmitters within which concurrent transmissions are not
allowed. Consider the setup as shown in Fig. 1. Suppose that
the link lengths of the two links are very small (say, 1m)
compared with the separation of the links d (say, d ≥ 10
m ) so that packets, if transmitted, are most surely received
successfully. In this case, the link throughput measured at the
receiver also corresponds to the packet transmission rate at the
transmitter.

For the 0-1 CS model, within the CSRange, the two links
can sense each other with probability 1; beyond CSRange,
they do not sense each other and can transmit independently.
That is, when d < CSRange, the two links will share the
channel and each of them will get half of the medium airtime.
The normalized aggregate throughput of the two links is thus
1. Once d ≥ CSRange, the two links can transmit as if they
are isolated links. The normalized aggregate throughput jumps
to 2 immediately. As illustrated in Fig. 2(a), the aggregate
throughputs of the two links change abruptly at d = CSRange
in the 0-1 CS model.

In real networks, as illustrated in Fig.2(b), the normalized
aggregate throughput of the two links increase gradually from
1 to 2 as d increases. Fig. 3(a) shows the measured throughput
of one of the links in a real 802.11a two-links network in
which the transmit power of each link is fixed to 1mW.
Instead of an abrupt jump, the measured throughput increases
gradually with d. We are interested in the underlying causes
of this long transition range. One possibility is signal capture,
which has been reported in [13]. Another possibility is partial
carrier sensing, which we find to be the dominating factor over
the long transition range, as will be explained in Section III.

Fig. 1. Experiment setup of a two-links 802.11a network.

C. Another set of experiments for the existence of partial CS

We conduct another set of experiments in which the link
separation is fixed to d = 20 m. Instead of moving the
nodes, we alter the transmit powers of the two links. Fig.
3(b) shows the measured throughput of one of the links with

(a) under the 0-1 CS model (b) under a partial CS model
Fig. 2. Normalized aggregate throughput of the two links versus d under
different CS models.

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE ICC 2010 proceedings



10 15 20 25 30 35 40 45 50
0

10

20

30

Link seperation d (m)

T
hr

ou
gh

pu
t (

M
bp

s)

(a) Fix transmit power=1mW and alter d
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(b) Fix d = 20 m and alter transmit power
Fig. 3. Measured throughput in two sets of real experiments.

respect to different transmit powers. Note that even when the
transmit power is only 1mW, the interaction between the two
links cannot be completely isolated. The degree of partial CS
varies as the transmit power varies without the channel being
changed.

III. Experiment Setup and Results

Our experiments are based on wireless cards that use the
Atheros 802.11 chips. We want to measure the CS relationship
between two links. However, we do not have direct access
to the CCA information. We therefore design an indirect
method for measuring CS. By looking at the variations of link
throughputs, Packet Loss Ratios and the transmit attempt rates
(numbers of transmission attempts per second) with respect to
d, we demonstrate the existence of partial carrier sensing.

A. Experiment setup

We set up experiments with two pairs of DELL Latitude
D505 laptops with 1.5GHz Celeron Mobile CPU. Each laptop
had a NETGEAR WAG511v2 wireless card, and ran Fedora5
with MadWifi driver [14]. All Atheros chipset extensions were
disabled. The network setup is shown in Fig. 1. Most of our
experiments were conducted outdoor in an empty athletic field
during summer vacations to make sure that there was no drastic
change in the environment. We used the IEEE 802.11a channel
36, in which there was no other 802.11 sources. The distance
between each sender-receiver pair was set to 0.1m to remove
hidden-node effects. To make the experiment easier to control,
the transmission power of each link was set to the minimum
value allowed by the hardware (1mW). OmniPeek, a network
analysis software [15], was installed in another laptop to serve
as a “sniffer” to collect traffic traces.

Typical 802.11a parameters were used in the experiments:
(i) fixed data rate and basic rate of 54 Mbps and 6 Mbps,
respectively; (ii) packet payload of 1460 Bytes; (iii) CWmin

of 15 and mini-timeslot of 9 µs, where CW is the contention
window; (iv) basic mode of DCF. IPerf, a network testing tool
[16], was used to generate UDP data streams and measure the
throughputs. For each UDP session, the date rate was set to
30 Mbps to ensure link saturation. Each experiment lasted for
60 seconds and was repeated three times. Note that although
all the data presented in this paper were gathered in outdoor
experiments, the long transition range of carrier sensing was
also observed in indoor experiments.

B. Experiment results

We define Packet Loss Ratio (PLR) as the ratio between the
number of packets lost during transmission and the number of

packets transmitted at the transmitter. That is, PLR = (# of
packets transmitted at the transmitter - # of packets received
at the receiver)/ # of packets transmitted at the transmitter. The
retransmissions of the same packet at MAC layer is counted
as multiple transmissions in our measurements. Table I lists
the statistics of one of the links versus link separation d.

TABLE I
Throughput/PLR/Transmit attempt rate with respect to link separation d

d 0.2m 1m 3m 6m 12m 15m 20m 50m

Throughput
(Mbps)

14.6 15.6 16.1 16.2 16.3 22.7 23.7 27.8

PLR 12.9% 5.0% 1.0% 1.0% 0.7% 1.5% 1.5% 0.4%
# of transmit
attempts/sec

1412 1410 1393 1403 1404 1968 2055 2392

C. Signal capture versus Partial carrier sensing

Signal capture refers to the successful reception of the
packet with higher signal strength during a collision [13]. In
Fig. 1, when dS 2R1 � dS 1R1 , the power from S 1 to R1 is much
larger than that from S 2; hence, the packet from link 1 can be
captured when links 1 and link 2 transmit together. In 802.11a
networks the countdown time is uniformly chosen from [0,
15] timeslots, even with full carrier sensing, with probability
1/8.5 = 12% the two links could still transmit together when
they count down simultaneously to zero. Signal capture allows
link throughputs to be higher since the desired packet can be
extracted in a collision.

As d increases, partial carrier sensing may cause the two
links to transmit together more often, also giving rise to
higher link throughputs. There is the issue of whether signal
capture or partial carrier sensing is the dominant effect. Our
experimental results indicate that partial carrier sensing may
have a more significant effect.

1) Capture effect dominating range (d = 0.2 ∼ 12 m):
When d = 0.2 m, the measured PLR is 12.9% (consistent with
our computation above). That is, there is no signal capture
here. As d increases, the measured PLR decreases, indicting
that more packets can be captured due to the stronger power.
This factor, however, results in only slightly higher throughput.
As shown in Table I, as d increases from 0.2m to 12m, the
transmit attempt rate remains more or less constant, indicating
that CS is “full” over this range. In particular, the throughput
increase comes from the smaller PLR as d increases. We refer
to this range of d as the “capture effect dominating range”.
The throughput increase is not significant over this range (from
14.6 Mbps to 16.3 Mbps).

2) Partial carrier sense dominating range (d = 12 ∼ 50
m) : As shown in Table I, as d increases from 12m to
50m, the throughput increase is much larger (from 16.3 Mbps
to 27.8 Mbps). PLR over this range remains more or less
constant. The boost in throughput mainly comes from the
increase in transmit attempt rates: the ratio of throughput
to the number of transmit attempts per second is constant
throughout this range. Since the transmitters can make more
transmit attempts per second only when they cannot fully
sense each other, we conclude that in this range partial carrier
sensing kicks in. Also, as d increases, when the two links
simultaneously transmit, signal captures have a good chance
to occur. However, signal capture alone cannot explain the
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large increase in throughput without partial carrier sensing.
The experimental data in Table I indicate that there is a
large “partial carrier sense dominating range” over which the
likelihood of carrier sensing varies from 100% to 0%.

D. Theoretical computation to validate our experiments

Next we conduct some analytical computation to validate
the data shown in Table I. For an isolated link, the time
consumed by a successful packet transmission consists of
(i) PACKET duration consisting of physical-layer pream-
ble/header, MAC Header, and data payload; (ii) SIFS; (iii)
ACK; (iv) DIFS; (v) the random number of backoff countdown
timeslots. For each packet, the airtime within its carrier-
sensing range that must be exclusively dedicated to it is

Ttr= PACKET + SIFS + ACK + DIFS (1)

In addition, it also consumes a random backoff countdown
time (i.e., component (v) above). Theoretically, in our setup
the unshared time needed to transmit a packet is 340 µs (about
38 timeslots). So the theoretical throughput of an isolated link
is

1460 ∗ 8 ∗ 106/(340 + 7.5 ∗ 9) = 28.66 Mbps.

If two links fully hear each other, the average time cycle
needed to transmit a packet is the sum of the time consumed
by two packets transmission plus a random backoff countdown
time (Note that the countdown time is shared by the two links).
Hence, the throughput of each link is

1460 ∗ 8 ∗ 106/(2 ∗ 340 + 7.5 ∗ 9) = 15.63 Mbps.

With perfect signal capture, the throughput of each link is

1460 ∗ 8 ∗ 106/((1 + 7.5/8.5) ∗ 340 + 7.5 ∗ 9) = 16.51 Mbps.

Note that in our experiment setup, when d = 12 ∼ 50 m, PLR
keeps quite low so that its effects (i.e., EIFS and exponential
backoff) does not have significant impacts on throughputs.
The range of throughput between 16.51Mbps and 28.66Mbps
as computed above map roughly to the range of throughputs
between d = 12 m and d = 50 m, the partial carrier sense
dominating range. The slightly lower experimental throughputs
in Table I are attributed to the fact that our theoretical
computation above ignores the periodic beacons sent out by
APs and the random packet loss due to noise.

IV. Partical Carrier SensingModeling

This section attempts to build a more realistic carrier sensing
model based on experimental results.

A. Statistics of the measured total countdown times

Recall that in 802.11 networks when a link is counting
down during its backoff stage, the countdown process may be
frozen when it senses a neighbor link transmitting. The total
countdown time (active plus frozen countdown time) between
two successive transmissions of a link contains important
statistics on its partial carrier sensing relationships with other
links. The total countdown time can be measured by tracing the
inter-packet transmission time (i.e., the time gap between two

transmissions of the same link) at the transmitter (Note that
the total countdown time = the inter-packet transmission time
- Ttr define in (1)). Since all the packets in our experiments
are of the same length and are transmitted using the same
data rate, the inter-packet arrival time at the sniffer is equal
to the inter-packet transmission time at the transmitter plus
measurement error. Hence, we collected the inter-packet arrival
times at the sniffer using OmniPeek to get the statistics of the
total countdown times.

1) An isolated link: For an isolated link, there is no
frozen event. The total countdown time is equal to the active
countdown time, which is uniformly distributed over [0, 15]
timeslots. Fig. 4 plots the probability distributions of the
countdown time according to our analysis and according to the
experiment. As can be seen, the experimental measurements
match well with analysis with only very small deviations from
the uniform distribution.
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Fig. 4. Countdown time distributions of an isolated link.

2) Two links with full carrier sensing: When the two links
fully sense each other, once a link is frozen, it will be
frozen for the whole packet transmission time. As a result,
the total countdown time (active plus frozen countdown time)
of one link will fall into several clusters: [0, 15] timeslots
(no frozen events between two successive transmissions of
the link); or 38 + [0, 15] timeslots (frozen once between two
transmissions); or 76 + [0, 15] timeslots (frozen twice between
two transmissions), and so on. In our real-network experiments
shown in Section III, when 0m ≤ d ≤ 12m, the two links can
fully sense each other. The total countdown times measured
at the sniffer, fall into several clusters. To verify the accuracy
of our measurements, we compare the measured distribution
of the countdown time with that of theoretical computation in
Fig. 5. As can be seen, our measurements fully agree with the
theoretical result computed assuming full carrier sensing.
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Fig. 5. Countdown time distributions with full carrier sensing.

3) Two links with partial carrier sensing: As argued in
Section III, carrier sensing is partial when 12m < d < 50m.
Fig. 6 shows the distributions of countdown time (active plus
frozen) with respect to d, which we found to be quite stable
over different measurement runs. The clusters become less and
less distinct as d increases. After d > 16 m, all the packets fall
into a much wider first cluster of [0, 38] timeslots, indicating
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that the link can be frozen part of the time when the other
link is transmitting. Note from the difference between Fig. 4
(the isolated link) and Fig. 6(d) that the link in Fig. 6(d) did
get affected by the other link and did freeze from time to
time (just that never more than one packet duration). We see
that the carrier-sensing relationship may change in a short-
time order (Specifically, from timeslot to timeslots during the
backoff stage).
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Fig. 6. Countdown time (active plus frozen) distributions with partial carrier
sensing with respect to different d.

B. A more accurate carrier sensing model

We find that a partial carrier sensing model as described
in the next paragraph can match the experimental results in
Fig. 6 rather well. We emphasize that we are not proposing a
new carrier sensing mechanism or design. Rather, we explore
how a model that more accurately reflects the operation of
the existing carrier sensing mechanism can be constructed.
Our model below is consistent with the 802.11 standard
specifications shown in Section II-A.

Over each timeslot, a node in idle state tries to detect the
presence of a physical preamble with CS threshold set to -
82 dBm (receiver sensitivity required for data rate of 6 Mbps
in 11a networks). Once a detection event is triggered, CCA
will determine whether it is the start of a new 802.11 signal
by preamble detection. If not, the node only freezes for this
timeslot and gives up receiving immediately. Otherwise, it will
spend time trying to track the carrier. It will do so for at
least for 4 or 5 timeslots (time needed to receive a complete
PHY header). If the PHY header is decoded successfully, the
node will reserve the channel for the whole frame transmission
time. If it can not decode the PHY header, then it adopts
energy detection, with a threshold 20 dB above the minimum
6 Mbps sensitivity. Fig. 7 shows the procedure of physical
carrier sensing. Indeed, there are three kinds of frozen events in
real networks: 1) it freezes for the whole packet transmission
time; 2) it only freezes for one timeslot and 3) it freezes for
a period of 4 or 5 timeslots for trying to receive the physical
header. As d increases, 2) and 3) become more prevalent.

In our special case of two links, when the transmitter of
link 1 finishes a transmission and begins to count down,
link 2 is either transmitting or counting down. If link 2 has
been transmitting, obviously link 1 will not detect its PHY
header because part of the packet of link 2 has already been
transmitted. In this case, link 1 will keep sensing with CS

th

th

th

Fig. 7. Procedure of physical CS.

threshold equal to -82 dBm. Link 1 will be frozen with
probability p in each of the subsequent timeslots.

If link 2 is also counting down, over each timeslot with
probability q link 2 begins to transmit first and link 1 detects
this start of the physical preamble of link 2. Assuming the new
generated countdown time of link 1 is k, which is uniformly
distributed over [0, 15], then with probability 1− (1−q)k, link
1 will detect the beginning of the transmission of link 2. Then
link 1 spends 4-5 timeslots trying to track the carrier of link
2. We have the following two possibilities:

i) With probability r, the PHY header of link 2 can be
decoded successfully. Once the PHY header is decoded suc-
cessfully, link 1 will reserve the channel for the whole frame
transmission time and its countdown will be frozen (this case
does not occur when d > 16 m in our experiments).

ii) With probability 1 − r, link 1 can not decode the PHY
header of link 2. After that link 1 adopts energy detection,
with a threshold 20 dB above the minimum 6 Mbps sensitivity.
Since even the PHY header transmitted at 6 Mbps can not be
decoded, when using a 20dB higher threshold, it is rare to
find a busy channel to be frozen due to energy detection in
the subsequent timeslots.

Fig. 8 shows the comparison between experimental results
and countdown time distributions under the partial CS model
above when d = 26 m. Our model fits the experimental curve
very well when the parameters are set as follows: r = 0, p =
0.47, q = 0.04. Note and recall that when d > 16 m, no
packet falls into the second cluster. The link never reserves
the channel for the whole frame transmission (i.e., r = 0).
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Fig. 8. Comparison between experimental results and carrier sense model.

V. Implications and Applications of Partial Carrier Sensing

We give three concrete applications to show the necessity
of partial carrier sensing modeling.
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A. Throughput analysis and the likelihood of starvation

It is known that link throughput distributions of CSMA
networks are quite unfair and extreme under the 0-1 CS
model [10]. A link suffers from starvation, for example, when
it is sandwiched between other links that keep transmitting.
Consider the contention graph in Fig. 9. In this network, link
1 and link 3, link 1 and link 4 can transmit together. Together,
either link 1 and link 3 or link 1 and link 4 grab the access to
the channel most of the time, leaving little chance for link 2 to
actively count down and transmit. This results in a normalized
throughput distributions of [1, 0, 0.5, 0.5], where link 2 is
starved [10]. However, if we assume each pair of links only
can hear each other with probability p = 0.8, it can be shown
that the normalized throughputs are [0.80, 0.25, 0.57, 0.57]
(this computation is not presented here due to limited space).
Link 2 will not be starved any more and better fairness can
be achieved.

In a practical wireless network, due to partial carrier sens-
ing, the starved links under the 0-1 CS model may actually
obtain some throughputs. The unfairness and starvation prob-
lem may not be as bad as commonly reported in the literature.

Fig. 9. An example for starvation analysis under the partial CS model.

B. Island States, Phase Transition, and Non-locality Effect

The island-state, phase transition, and non-locality phe-
nomena are corollaries of the static contention graph model
[10], [11]. These phenomena may disappear (at least, less
distinct) due to partial carrier sensing. Because of partial
carrier sensing, the contention graph structure is not static and
may change with time. These changes may undo the island-
state, phase-transition, and non-locality phenomena, since they
are highly dependent on and specific to a static contention-
graph structure. Interesting as they are theoretically, it is not
clear that these phenomena would occur in practice. Certainly
we have not observed these effects in actual operation of Wi-
Fi networks today. The issue is an interesting topic left for
future investigation.

C. Resource Allocation

Under the 0-1 CS model, the links within a clique cannot
transmit together, and therefore their aggregate transmission
airtime cannot be larger than 1. This has been the basis for
many prior investigations on bandwidth/resource allocation
in CSMA networks. Due to partial carrier sensing, however,
things become probabilistic and more complicated. It is pos-
sible that more than two links transmit together. We believe
that in a partial carrier-sensing network with complex clique

formations, the problem of bandwidth allocation will need to
be reformulated and re-investigated.

VI. Conclusion

In this paper we show that in practice there is a long range of
distance where two links partially sense each other (i.e., they
sometimes can hear each other, and sometimes cannot). We
identify a more accurate probabilistic carrier-sensing model
based on real network measurements. Although in the paper
we only consider the basic two-links case, we believe this is
a first important step in exploring the carrier sensing behavior
in general wireless CSMA networks.

A goal of this paper is to initiate a new research direction
so as to take into account the phenomenon of “partial carrier
sensing” in future analytical work. To motivate our call for
a re-evaluation and a change in direction, we show some
examples on how a partial carrier sensing model can lead
to conclusions that are different from those obtained under
the 0-1 carrier sensing model. For example, an analytical
conclusion from the 0-1 CS model is that link starvation
and throughput unfairness can easily arise in many network
topologies. We believe that due to partial carrier sensing,
starvation and throughput unfairness are actually less common
(at least less severe) in real networks.

References

[1] B. Zhen, H. Li, S. Hara, and R. Kohno, “Clear Channel Assessment
in Integrated Medical Environment,” Hindawi Publishing Corporation
EURASIP Journal on Wireless Communications and Networking, 2008.

[2] I. Ramachandran and S. Roy, “On the impact of clear channel assessment
on MAC performance,” in IEEE Globecom, 2006.

[3] J. Chong, Y. Sung, and D. Sung, “Analysis of CSMA/CA Systems under
Carrier Sensing Error: Throughput, Delay and Sensitivity,” in IEEE
Globecom, 2008.

[4] J. Sheng and K. Vastola, “Physical Carrier Sensing Outage in Single
Hop IEEE 802.11 Ad Hoc Networks with Slowly Moving Stations,” in
IEEE WCNC, 2008.

[5] C. Reis, R. Mahajan, M. Rodrig, D. Wetherall, and J. Zahorjan,
“Measurement-based models of delivery and interference in Static
Wireless Networks,” in Proceedings of ACM SIGCOMM, 2006.

[6] L. Qiu, Y. Zhang, F. Wang, M. Han, and R. Mahajan, “An analysis of
short-term fairness in wireless media access protocols,” in Proceedings
of ACM MOBICOM, 2007.

[7] W. Kim, J. Lee, T. Kwon, S. Lee, and Y. Choi, “Quantifying the
interference gray zone in wireless networks: A measurement study,”
in Proceedings of IEEE ICC, 2007.

[8] J. Lee, S. Lee, W. Kim, D. Jo, T. Kwon, and Y. Choi, “RSS-based
carrier sensing and interference estimation in 802.11 wireless networks,”
in IEEE SECON, 2007.

[9] “NS2,” http://www.isi.edu/nsnam/ns/ .
[10] S. Liew, C. Kai, J. Leung, and B. Wong, “Back-of-the-Envelope Com-

putation of Throughput Distributions in CSMA Wireless Networks,” to
appear in IEEE Transactions on Mobile Computing.

[11] M. Durvy, O. Dousse, and P. Thiran, “Border Effects, Fairness, and
Phase Transition in Large Wireless Networks,” in IEEE INFOCOM,
2008.

[12] IEEE 802.11 Wireless LAN Medium Access Control (MAC) and Phys-
ical Layer (PHY) Specifications, IEEE 802.11-1997.

[13] A. Kochut, A. Vasan, A. Shankar, and A. Agrawala, “Sniffing out the
correct Physical Layer Capture model in 802.11b,” in Proceedings of
12th IEEE ICNP, 2004.

[14] “MadWifi,” http://madwifi-project.org/ .
[15] “OmniPeek,” http://www.wildpackets.com/ .
[16] “IPerf,” http://www.noc.ucf.edu/Tools/ Iperf/ .

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE ICC 2010 proceedings



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


