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Abstract—Contention among multiple nearby WLANs in
urban areas may cause severe TCP unfairness, where some
TCP flows can achieve very high throughput at the expense
of starving others. This unfairness results from the fact that
different physical nodes conveying TCP flows at a wireless
bottleneck may have different channel observations and con-
sequently they may provide inconsistent feedbacks to the TCP
sources. Existing solutions to this problem try to synchronize
channel observations of contending nodes by exchanging control
messages among them. They rely on the assumption that
these nodes are within each other’s transmission range, which
however may not always hold. In this paper, we propose a
new approach, called Wireless Probabilistic Drop (WPD), to
improve TCP fairness without requiring direct communication
among nodes. In WPD, when a node detects congestion, it
probabilistically chooses to either drop some packets to resolve
the congestion, or aggressively spread the congestion signal to
other contending nodes. Each node makes the choice with a
probability that is proportional to its flow rate. Henceforth,
high-rate flows tend to perform rate reduction more often,
and low-rate flows are more likely to increase their flow rates.
Eventually, all flows passing the bottleneck are expected to get
a fair share of the channel bandwidth. Extensive simulations in
ns-2 demonstrate that WPD can significantly improve fairness
among TCP flows across multiple contending WLANs.

I. INTRODUCTION

IEEE 802.11 Wireless LANs (WLANs) have been densely
deployed in many urban areas [1]. A typical WLAN consists
of one access point and several wireless clients. With a lim-
ited number of non-overlapping channels in 802.11 wireless
networks, multiple overlapping WLANs will inevitably con-
tend for the same channel. TCP is the dominating transport
layer protocol used by many applications over WLANs [2],
[3]. People surf websites, chat by using instant messengers
and download files through TCP connections. However, it has
been observed that TCP may demonstrate a severe fairness
problem among contending WLANs, where TCP flows in
some WLANs may achieve very high throughput at the
expense of others in nearby WLANs [4], [5].

Based on network traffic conditions, TCP dynamically ad-
justs the source sending rate by performing AIMD (Additive
Increase Multiplicative Decrease) on its congestion window.
AIMD works well in wired networks, where a bottleneck
router detects congestion and notifies the TCP sources of the
congestion. However, it may not always work well in wireless
networks because TCP flows may pass through different
physical nodes that contend in a bottleneck channel. These
nodes may have different channel observations and different

Fig. 1. Three partially overlapping WLANs form two contention groups
g1 and g2. s1, s2 and s3 are three access points. A TCP flow from a server
on the Internet passes through an access point to a wireless client in each
WLAN. Note that only the wireless part of a flow (from an access point to
a wireless client) is drawn in the figure.

capabilities of obtaining the channel for transmissions [6],
[7]. Consequently, when only some nodes (but not all) detect
channel congestion, the TCP flows that pass those nodes
will receive congestion feedback but the flows passing other
nodes will not. For TCP to achieve fairness, congestion
feedback must be consistent across all flows that contend in
the bottleneck. Inconsistent feedback to the flow sources will
render TCP ineffective in its rate control among contending
flows.

Fig. 1 shows an example of three partially overlapping
WLANs, where s1, s2 and s3 are access points. A TCP flow
from a server on the Internet passes through an access point
to a wireless client in each WLAN. Note that we only draw
the wireless part of each TCP flow (from the access point
to the wireless client) in all figures throughout the paper.
Suppose s1 and s2 contend and they form a contention group
g1. Nodes s2 and s3 also contend, and they form another
contention group g2. But s1 and s3 do not contend; they
can transmit simultaneously. Because s2 contends with both
s1 and s3, it senses a busier channel and is less capable of
accessing the channel due to heavier contention. Hence, when
the channel is saturated, as its queue builds up and exceeds
a threshold, s2 is likely to detect the congestion first. At the
time when s2 detects congestion, s1 and s3 may still have
small queues since they are more capable of sending out their
packets due to less contention (as we observe consistently
in our ns-2 simulations). If s2 immediately drops packets
to inform the source of f2 to reduce its sending rate, the
congestion will be resolved while the flows passing s1 and
s3 are still performing additive increase. In this case, f1

and f3 will seize the channel bandwidth given up by s2.
Hence, the TCP rate adaptation actually promotes unfairness
among the rates of f1, f2 and f3 because it penalizes the
flow that experiences heavier contention (and thus performs
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multiplicative decrease more frequently).
To solve this problem, Xu et al. [4] proposed NRED

(Neighborhood Random Early Detection). The basic idea is
to make sure that all contending nodes observe the same
channel condition. For instance, in Fig. 1, s1, s2 and s3

periodically synchronize their channel observations through
exchanging control messages. Therefore, they can detect
channel congestion simultaneously and then drop packets to
notify the TCP sources to properly perform rate reduction,
which leads to enhanced fairness. However, due to the dis-
parity among transmission/interference/carrier-sensing ranges
[8], nodes that are not able to directly communicate may
still contend in the same channel. In Fig. 1, if s1, s2 and s3

are outside of each other’s transmission range, NRED will
fail because these nodes cannot synchronize their channel
observations and provide consistent feedbacks to the TCP
sources.

In this paper, we propose a new solution, WPD (Wireless
Probabilistic Drop), for improving TCP fairness without
requiring any means of direct communication among con-
tending nodes. It is a fully distributed solution that does not
require any modification to the operational protocols of TCP
and 802.11 DCF (except for certain MAC parameter changes
during congestion). We use the example in Fig. 1 to illustrate
the basic idea. Suppose s2 detects congestion first. Instead
of dropping packets immediately, our solution requires s2 to
make a probabilistic choice between two states: resolution
or signaling. In the resolution state, s2 will drop packets
to resolve the congestion. In the signaling state, s2 will not
drop packets, but instead it will signal other nodes about
the congestion by aggressively pushing more packets into
the channel. As s2 grabs more channel bandwidth, s1 and
s3 will observe that their queues build up and eventually
pass the threshold. Once they detect congestion, they will
perform similar operations. In our solution, each node that
detects congestion makes a choice between resolution and
signaling states; the probability for choosing the resolution
state is proportional to the node’s channel occupancy (i.e., the
fraction of time during which the node occupies the channel
for its transmission). Hence, if s2 has a smaller channel
occupancy, it will have a higher probability to choose the
signaling state, while s1 and s3 are more likely to choose
the other state and perform packet dropping. Consequently,
f2 will increase its sending rate more often while f1 and f3

perform rate reduction, which shrinks the gap between the
rate of f2 and the rates of other flows. Under such dynamics,
our simulations demonstrate that all contending flows receive
fair shares of the channel bandwidth over the long run in
Fig. 1 as well as in other more complex scenarios.

The rest of the paper is organized as follows. Section II
gives the network model. Section III proposes our WPD pro-
tocol. Section IV presents the simulation results. Section V
discusses the related work. Section VI draws the conclusion.

II. NETWORK MODEL

We consider a common scenario where multiple WLANs
coexist in an area. A typical WLAN consists of an access

point and multiple wireless clients. We assume IEEE 802.11
a/b/g DCF or other DCF-like protocols at the MAC layer.
Each WLAN selects one channel (a sub-band of frequency
range) for data transmissions between the access point and
clients. With only a limited number of non-overlapping
channels in 802.11 wireless networks, a WLAN may contend
in the same channel with nearby WLANs.

We consider TCP flows (or TCP connections) between
wireless clients and Internet servers. Each flow passes an
Internet wired path and a final wireless link across a WLAN.
TCP performs well for congestion on the wired path, but not
for the wireless link, which is the focus in this paper. It is well
known that packet drops due to wireless transmission failures
can interfere with TCP congestion signaling. This problem
has been studied extensively and can be largely solved by
increasing the number of retransmission attempts. This paper
investigates a less-studied issue, i.e., how inconsistent chan-
nel observations by different contending nodes will cause the
TCP rate adaptation to fail in achieving its fairness objective
(see Section I) and how to solve this problem.

The flow rate of a TCP connection is defined as the num-
ber of packets that the wireless client successfully receives
per second. The sending rate is defined as the number of
packets that the source of a TCP flow (e.g., a server on the
Internet) sends out per second. When a TCP flow crosses
a wireless link, the channel occupancy of the wireless node
that forwards the packets is defined as the fraction of time
that the node occupies the channel for its data delivery (i.e.,
DATA/ACK exchanges).

Both access points and wireless clients are referred to
as nodes. Two nodes contend if one’s data transmission
can make the other sense a busy channel or corrupt the
other’s data reception. A group of mutually contending nodes
forms a contention group. A node may participate in multiple
contention groups. We use the concept of contention group
only to simplify the presentation of the paper; the operations
in our solution do not need to know the actual contention
relationship among wireless nodes. In the discussion of a
wireless node carrying a TCP connection, we often use the
flow rate of the wireless node to refer to the flow rate of the
TCP connection that the node carries.

III. WIRELESS PROBABILISTIC DROP (WPD)

In this section, we first explain the basic idea behind our
solution WPD (Wireless Probabilistic Drop), then introduce
several rate control techniques, and finally describe how they
work together to enhance TCP fairness.

A. Basic Idea

Each wireless node monitors the size of the local MAC-
layer queue and measures its channel occupancy. A node
detects channel congestion when its queue size exceeds a
certain threshold1. If the node that detects congestion drops
packets immediately, it may cause unfairness because the
contending nodes in the same saturated channel may not yet

1The same method is used in [7], whose focus is however on MAC flows,
instead of TCP flows.
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detect congestion and hence they may not drop packets. To
solve this problem, instead of dropping packets immediately,
we make the node to transit from its normal state to either
resolution or signaling state for a period of time T (such as
1 second in our simulations).

In the resolution state, the node emulates RED (Random
Early Detection) [9] by probabilistically dropping packets to
resolve congestion. It causes the TCP source to observe triple
duplicate ACKs and consequently reduce the sending rate
by shrinking the congestion window. In the signaling state,
instead of dropping packets, the node aggressively competes
for channel access by modifying its MAC parameters, such as
reducing the minimum contention window. This is called the
aggressive mode. The past research has shown that reducing
the minimum contention window is very effective for enhanc-
ing a node’s ability to occupy the channel [10]. As this node
enters the aggressive mode for a period of time and consumes
more channel bandwidth, other contending nodes send out
fewer packets. They will observe their queues build up and
exceed the threshold. In this way, the congestion signal
is spread to these nodes without explicit communication,
causing them to transit to either resolution or signaling state.

The probability for a node to choose the resolution state
is proportional to the node’s current channel occupancy.
Hence, nodes with low channel occupancies tend to select
the signaling state and grab more channel bandwidth, while
nodes with high channel occupancies are more likely to select
the resolution state that causes the traversing TCP flows to
reduce rates, which helps achieving fairness. It may happen
that the contending nodes all choose the signaling state. In
this case, some nodes will observe queue overflows, and the
standard taildrop is performed to resolve congestion.

Below we give more detailed description for various tech-
niques that are employed by WPD.

B. Periodical Measurement of State Information

Each wireless node periodically measures its average
queue size q̄ and average channel occupancy ū to learn the
channel condition. It also measures the average rate r̄ of each
TCP flow that it carries. At the end of every measurement
period m (such as 0.1 second), the new value of q̄ is com-
puted as q̄ := (1−w)× q̄+w×q, where := is the assignment
operator, q is the current queue size, and 0 < w < 1, which
is the parameter for weighted moving average. Similarly,
ū := (1 − w) × ū + w × u, where u is the current channel
occupancy, and r̄ := (1 − w) × r̄ + w × (pks/m), where
pks is the number of packets successfully delivered by the
wireless node during the measurement period.

C. Aggressive Mode

In the 802.11 DCF, after a node successfully transmits a
packet, it randomly picks a number from [0, CWmin] as
the value of the backoff timer for its next packet. CWmin

is known as the minimum contention window, which is the
initial window size for the exponential backoff algorithm.
The default value of CWmin is 31. In WPD, a node in the
signaling state will enter the aggressive mode by temporarily

reducing CWmin to a small value (such as 3 in our simula-
tions) for a period of time. With a reduced value of CWmin,
the node is more capable of obtaining the channel than
other contending nodes. As this node aggressively occupies
the channel, less bandwidth is left for others, whose queue
lengths are then forced up. Hence, the aggressive mode is
used by a node that has detected congestion to spread the
congestion signal to other contending nodes.

D. Probabilistic Dropping

In the resolution state, a node resolves congestion by
dropping packets, which informs the TCP sources to reduce
their sending rates. We adopt a probabilistic dropping al-
gorithm that emulates the RED [9] in wired networks: A
base probability pb is first computed as pmax × ū, where
pmax is a predefined maximum packet dropping probability.
Then the node drops each arrival packet with a probability
pa := pb/(1 − count × pb), where count is the number
of packets that have been forwarded since the previous
packet drop. Hence, the dropping probability is an increasing
function of the node’s channel occupancy. A node with higher
channel occupancy will drop more packets in its resolution
state, which helps improve fairness among the contending
nodes.

E. Minimum Rate Assurance

To avoid starvation, it is desirable to ensure that each TCP
connection has a minimum rate rmin, even for one that is
carried by a wireless node under the heaviest contention.
As an optimization, when a wireless node detects that the
average flow rate r̄ is below rmin, it enters the aggressive
mode until r̄ reaches rmin. Ensuring the minimum flow rate
has a positive impact in WPD because it assures that a node in
the signaling state will have enough arrival packets to occupy
the channel in order to spread the congestion signal. Without
enough arrival packets, the node would have to inject fake
packets to occupy the channel, which wastes bandwidth.

F. Adaptive Intermittent Release

When multiple wireless nodes contend in the same chan-
nel, if all of them continuously compete for channel access,
collision can happen frequently. We design a method called
adaptive intermittent release to interrupt the pattern of contin-
uous channel access. A node stores the received packets in a
network-layer queue and releases the packets to a MAC-layer
queue for transmission. Based on the channel condition, we
control the time tips (called Inter-Packet Spacing) between
two consecutive releases. After the MAC layer transmits all
its packets, it may have to wait for the network layer to
release the next one. We observe that, at the congestion time,
such wait helps reduce collisions.

The adaptation of tips is described as follows: When
a node performs probabilistic dropping in its resolution
state, it performs multiplicative increase on tips such that
tips := (1 + α) × tips after each measurement period m
until the congestion is resolved (i.e., the average queue
length falls below the threshold), where α is the factor of
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multiplicative increase. In all other cases, the node performs
additive decrease on tips such that tips := tips − β, where
β is a constant value. If tips becomes less than 50μs, we
set it to be 50μs. The rationale behind the above adaptation
is to keep tips small unless congestion occurs. When that
happens, we increase the inter-packet spacing for nodes in
the resolution state. As we will see in the next subsection,
nodes with higher channel occupancies are more likely to be
in this state. Their larger inter-packet spacings make it easier
for other nodes with lower channel occupancies to access the
channel during congestion.

When adaptive intermittent release is used, the queue
length q̄ is measured based on the combined length of the
network-layer queue and the MAC-layer queue.

G. WPD Protocol

We now assemble the above rate control techniques to
form WPD. Each node can be in one of three states: normal,
resolution and signaling.

In the normal state, a node releases packets from the
network layer to the MAC layer through adaptive intermittent
release. After each measurement period m, the node com-
putes q̄, ū and r̄. When q̄ is below a threshold H , it additively
decreases tips. Once q̄ exceeds H , it draws a random number
rd from [0, 1]. If rd ≤ ū, the node transits to the resolution
state to perform probabilistic dropping; otherwise, if rd > ū,
it transits to the signaling state to enter the aggressive mode.
It is clear that the probability for the resolution state is
proportional to the channel occupancy.

In the resolution state, a node performs probabilistic drop-
ping to inform the TCP source to reduce its sending rate. In
the mean time, it performs multiplicative increase on tips to
give other contending nodes more chance of accessing the
channel. After a period of time T , the node transits to the
normal state.

In the signaling state, a node uses the aggressive mode
to consume more channel bandwidth in order to spread the
congestion signal to other nodes. After a period of time T ,
the node transits to the normal state. When the minimum rate
assurance is implemented, a node may also temporarily enter
the aggressive mode to bring up its flow rate if it is too low.

The pseudo code for the operations of WPD is given below.

Wireless Probabilistic Drop
1. at the end of each measurement period m
2. q̄ := (1 − w) × q̄ + w × q
3. ū := (1 − w) × ū + w × u
4. r̄ := (1 − w) × r̄ + w × (pks/m)
5. if q̄ > H then
6. rd1 := random(0, 1)
7. if rd1 > ū then
8. during a period T do
9. CWmin := 3 for aggressive mode
10. end during
11. restore CWmin to the original value
12. else
13. tips := (1 + α) × tips

14. during a period T do
15. pb := pmax × ū
16. count := 0
17. for each arrival packet do

18. count := count + 1
19. pa := pb/(1 − count × pb)
20. if pa < 0 then pa = 1
21. rd2 := random(0, 1)
22. if rd2 < pa then
23. drop the arrival packet
24. count := 0
25. end for
26. end during
27. else
28. tips := tips − β
29. if tips < 50μs then tips := 50μs
30. if r̄ < rmin then
31. CWmin := 3 for aggressive mode
32. else restore CWmin to the original value

IV. SIMULATION

We evaluate the proposed solution WPD by simulations.

A. Simulation Setup

All simulations are performed in ns-2 [11]. We use TCP
NewReno at the transport layer. The size of a TCP data packet
is 1,000 bytes. FTP is used to generate each TCP flow. We
use IEEE 802.11 DCF at the MAC layer. RTS/CTS is turned
off by default due to its high overhead, which is today’s
common practice. For the transmission range and the carrier-
sensing range, we use ns-2 default values, which are 250m
and 550m, respectively. The interference range is equal to
the length of a wireless link times 1.78, which is also the
default setting in ns-2. The transmission rate is 11Mbps. We
compare WPD with DropTail (which drops packets when the
queue is overflowed) and NRED [4], whose parameters are
chosen based on the original paper. We set the parameters
for WPD as follows: the rate measurement period m is 0.1
second, the threshold H is 5 packets, the state period T is 1
second, the minimum rate ratemin is 25 packets per second,
the maximum drop probability pmax is 0.03, the weighting
factor w is 0.20, the α is 2 and the β is 50μs. Each simulation
is executed for 150 seconds, and the average TCP rates are
reported.

B. Fairness Index

We use the theoretically-computed rates under the propor-
tional fairness model [12] as the benchmarks for comparison.
Proportional fairness strives to balance between the fairness
requirement and the overall network throughput. Besides
these benchmark flow rates, we also compute an overall
fairness index, which is the summation of a utility function,∑

f∈F ln rf , where rf is the rate of a TCP flow f and F is
the set of flows. Our computed benchmark rates maximize
this index. Among the fairness solutions under comparison,
one that achieves a higher value of the fairness index has
better performance in terms of proportional fairness.

C. Case Study: A Base Scenario

We first perform a case study on a base scenario in Fig. 1,
where three access points s1, s2 and s3 form two contention
groups even though they are placed outside of each other’s
transmission range. We observe that unfairness arises among
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TABLE I
COMPARING THE FLOW RATES (IN PACKETS/SEC) OF THE FLOWS IN THE

NETWORK OF FIG. 1 UNDER DROPTAIL, NRED AND WPD.

f1 f2 f3

DropTail 433.34 1.60 430.58

NRED 379.97 17.48 377.00

aggressive mode + probabilistic drop-
ping

379.76 35.83 378.75

aggressive mode + probabilistic drop-
ping + minimum rate assurance

339.43 74.75 343.20

aggressive mode + probabilistic drop-
ping + minimum rate assurance + adap-
tive intermittent release (WPD)

252.34 126.46 260.54

Optimal Proportional Fairness 288.67 144.33 288.67

TABLE II
COMPARING THE FAIRNESS INDEX IN TERMS OF PROPORTIONAL

FAIRNESS IN THE NETWORK OF FIG. 1 UNDER DROPTAIL, NRED AND

WPD.

DropTail NRED WPD Optimal

12.61 14.73 15.93 16.30

the three TCP flows, f1, f2 and f3. As shown in Table I,
when DropTail is used as the queue management scheme,
f1 and f3 can both obtain flow rates above 430 packets per
second, whereas f2 is almost starved. In this case, without
the ability for the access points to explicitly synchronize their
channel observations (due to being outside of each other’s
transmission range), NRED makes little improvement. For
WPD, we incrementally deploy the techniques proposed in
Section III to demonstrate their individual impact on the
performance. We first adopt the aggressive mode (Section
III-C) and probabilistic dropping (Section III-D). Table I
shows that the flow rate of f2 is increased to 35.83 packets
per second. After the minimum rate assurance (Section III-E)
is incorporated, the flow rate of f2 is increased to 74.75
packets per second, which demonstrates its positive impact
on the performance of WPD. Finally, we apply the adaptive
intermittent release (Section III-F), which further improves
fairness. The flow rate of f2 is increased to 126.46 packets
per second. The final results of WPD are close to the
theoretical flow rates under the proportional fairness model
that are shown in the last row of the table.

We compare WPD with DropTail and NRED in terms of
their fairness indices in Table II, which shows that WPD has
the highest index value, close to the optimal index value that
is achievable under the proportional fairness model.

D. Scalability Study: Three Contention Groups

Next we evaluate the performance of WPD on a scenario
with more than two contention groups. Fig. 2 has six TCP
flows belonging to three contention groups. The simulation
results in Table III show that f3 has very low throughput
values under DropTail and NRED. WPD improves it to
75.30 packets per second. It is worth noting that comparing
with DropTail and NRED, WPD also achieves better fairness
among the other five flows.

Fig. 2. Six WLANs form three contention groups and each WLAN contains
one TCP flow.

TABLE III
COMPARING THE FLOW RATES (IN PACKETS/SEC) OF THE FLOWS IN THE

NETWORK OF FIG. 2 UNDER DROPTAIL, NRED AND WPD.

flow DropTail NRED WPD

f1 221.65 203.17 153.03
f2 234.10 196.89 189.98
f3 7.50 22.29 75.30
f4 205.91 154.11 136.07
f5 205.28 154.71 135.42
f6 55.58 114.38 145.17

E. A Street Scenario

Fig. 3 shows a more complicated scenario, where twenty-
four TCP flows are carried by WLANs randomly deployed
along two crossing streets. The relative positions of the nodes
are drawn in the figure. The length of each wireless link is
150m. The contention relationship among the flows, which is
much more complicated than those in the previous scenarios,
is automatically determined by ns-2.

Table IV shows that, under DropTail, six TCP flows are
starved (less than 10 packets per second) and five TCP
flows have low flow rates (less than 40 packets per second).
NRED performs better than DropTail. But it still has three
starved TCP flows and three low-rate flows. Under WPD,
all flows can achieve decent throughput values. We believe
that this simulation demonstrates the effectiveness of WPD
in complex settings.

TABLE IV
COMPARING THE FLOW RATES (IN PACKETS/SEC) OF THE FLOWS IN THE

NETWORK OF FIG. 3 UNDER DROPTAIL, NRED AND WPD.

flow DropTail NRED WPD flow DropTail NRED WPD

f1 216.4 235.4 163.9 f13 0.8 3.5 45.6
f2 215.9 174.4 84.2 f14 191.5 181.4 162.6
f3 1.1 6.8 163.9 f15 242.3 226.7 181.1
f4 205.2 189.5 165.0 f16 0.4 0.8 52.9
f5 218.6 205.6 99.8 f17 217.4 207.3 194.5
f6 9.8 25.5 106.4 f18 214.2 209.5 167.4
f7 10.2 91.9 89.4 f19 388.9 198.9 125.9
f8 23.5 95.4 124.4 f20 17.0 117.0 168.0
f9 382.3 183.0 144.6 f21 402.9 237.4 155.1
f10 7.1 38.2 88.2 f22 4.0 26.1 84.9
f11 30.6 104.0 147.7 f23 26.2 93.6 146.7
f12 397.7 286.3 218.6 f24 403.2 301.5 217.4
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Fig. 3. Twenty four WLANs are randomly deployed along two crossing
streets and each WLAN contains one TCP flow.

V. RELATED WORK

Ergin et al. [3] verified the TCP performance degradation
by testbed traces in an unplanned deployment of WLANs.
Some work has been proposed to mitigate the interference
between two nearby WLANs by transceiver parameter opti-
mization [13], channel assignment [14] and association con-
trol [15]. However, they may cause channel underutilization
or incur long delays. Moreover, they cannot solve the TCP
fairness problem in a dense deployment.

Yang et al. [5] proposed a non-work-conserving scheduling
for improving TCP fairness among flows crossing wireless
ad hoc networks and wired networks. The basic idea is to set
a timer to control the speed of sending packets to the MAC
layer. The length of the timer is determined by the flow rate.
This approach is simple, but it significantly downgrades the
overall throughput.

Another line of research is to address TCP up-
stream/downstream fairness problem in WLANs [16], [17],
where upstream flows may gain much more channel band-
width than downstream flows. All these solutions focus on
the TCP unfairness within a single WLAN.

There is a large body of work on fairness issues over
multihop wireless networks [18], [19], [20]. However, the
TCP unfairness among nearby WLANs studied in this paper
has different emphasis. In a multihop network, a flow can
carry certain information for the nodes along its routing path
[18], [19]. Contrarily, two WLANs may contend in the same
channel but they have no means of direct communication.

VI. CONCLUSION

In this paper, we propose WPD for achieving TCP fairness
among multiple contending WLANs. It is a fully distributed
solution only based on local information. It can work seam-
lessly with current TCP and MAC standards. It implicitly
spreads congestion information to all contending flows in a

bottleneck without requiring direct communications. Exten-
sive simulations show that it can significantly improve TCP
fairness in various scenarios when other existing solutions
fail.
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