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Ad Hoc Networks

* Ad hoc network: mobile stations can dynamically
form network without AP

- Applications:
- "laptop” meeting in conference room, car
- interconnection of “personal” devices

- battlefield -
. TETF MANET af
(Mobile Ad hoc Networks) .y

working group




CSMA/CA

CSMA: sender

- if sense channel idle for
DISF sec.
source destination others

then transmit entire frame &

IFS

(no collision detection) —

-if sense channel busy
then binary backoff

CSMA receiver:
if received OK
return ACK after SIFS

NAV: defer access



CSMA/CA

CSMA: others
- NAV: Network Allocation

Vector L
source destination others

- 802.11 frame has DIFS
transmission time field

» others (hearing sata) defer
access for NAV time units

NAV: defer access




Basic Access Method (CSMA/CA)

Free access when medium is free longer than DIFS

\
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Select a CW size and decrement backoff as long as medium is idle
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Binary Exponential Backoff
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Congested Scenario

O The usage of backoff algorithm avoids leng access delays

hen the load is ligh}~bhecause it seletts/an initial (small)
varameter value of contention window (¢W) by assuming a
low Ie e| of conge tion in the system.
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the cost of 4 collision (bandwidth wastdge

After a sdccessful franspdission,the dize of CWis-set again
to the minimum value, without maintaihing any knowledge of
the current channel status.



Noisy Environment

O In DCF access methpd, immediate positive
neknowledgement iiforms the sepder of successful
eceptionaf each/data frame

0 In case an acknowledgement is not received, the sender will
sresume that the data frame is lost due to collision, not by
fraifiee oqmsoper approach to dealing with lost frames

0 Unésrierand, thers again.qabdiasiauickly 4% pessibier
Aighly unrellable for example, for BER= 10, the ability

of receiving a full data frame correctly is less thak 30%.
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Hidden Terminal effect

- hidden terminals: A, C cannot hear each other
- obstacles, signal attenuation
- collisions at B

- goal: avoid collisions at B

+ CSMA/CA: CSMA with Collision Avoidance




Fairness Problem (hidden)

OO}

Fig. 1. Sample network

B. Bensaou , Y. Wang , and C. C. Ko, "Fair medium access in 802.11 based wireless ad-hoc networks,”
in Proc. of the 1Ist ACM international symposium on Mobile ad hoc networking & computing,
November 20, 2000, Boston, Massachusetts.



Collision Avoidance:
RTS-CTS Mechanism

+ CSMA/CA: explicit
channel reservation cource destination

- sender: send short =
RTS: request to send SiFs

- receiver: reply with -
short CTS: clear to
send

- CTS reserves channel for STES
sender, notifying e
(possibly hidden) stations

- avoid hidden station
collisions

others

NAV: defer access




RTS-CTS Mechanism

* RTS and CTS short:

- collisions less likely, of o
Shori-rer. dur.a.i.lon source destination

DIFS

- end result similar to ~ [—E——

collision detection =
- TEEE 802.11 alows: =
- CSMA
- CSMA/CA: reservations =TFs
- polling from AP -

others

NAV: defer access



RTS/CTS Mechanism

Free access when medium is free longer than DIFS

\
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Select a CW size and decrement backoff as long as medium is idle
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RTS/CTS (4-way handshaking)




RTS/CTS (4-way handshaking)




RTS/CTS (4-way handshaking)

Keep silence




RTS/CTS (4-way handshaking)
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Why RTS-CTS 1is not your ideal wireless LAN
multiple access protocol

Jodo Lufs Sobrinho, Roland de Haan, José Manuel Brdzio
Instituto de Telecomunicacoes, IST
Lisboa, Portugal
Email: {joao.sobrinho, r.dehaan, jose.brazio}@Ix.it.pt

Abstraci— Although Request-To-Send Clear-To-Send (RTS-
CTS) has been introduced as a uniform improvement over
Carrier Sense Multiple Access (CSMA) in a wireless LAN
environment it is not. As it tries to solve the hidden-stations
problem of CSMA, it creates new problems derived from the
interaction among its control and data packets. In this paper,
we systematically identify and classify the sequences of events
where CSMA and RTS-CTS depart from an ideal behavior, and
we define a reference configuration and an analytical model on
the basis of which a comparative study of protocol performance
is made. The results show that RTS-CTS falls short of an ideal
protocol, in some cases performing even worse than CSMA. This
is especially noticeable in situations where the interaction between
control packets in RTS-CTS prevents transmissions that under
CSMA could oceur concurrently and successfully.

I. INTRODUCTION

In wireless LANs, irrespective of whether operating in
ad-hoc or infrastructure mode, the spatial structure of the
network may result in partial connectivity, where stations are
unaware of activity outside their direct neighborhood. In order
to achieve an efficient channel utilization, the choice of a
good multiple access protocol becomes essential. An ideal
multiple access protocol for wireless LANs should not prevent
successful transmissions from taking place nor should it allow

where CSMA and RTS-CTS deviate from the 1deal behavior,
and we define a reference configuration and an analytical
model on the basis of which we make a comparative study of
protocol performance. The configuration considered consists
of a wireless LAN comprising two interfering cells and subject
to several traffic scenarios. The analytical model builds on the
work of [8] and [9] and, in contrast to most existing analytical
work on RTS-CTS, accurately describes the space and time
dependencies between the transmission activity at different
stations in the network.

The paper is orgamzed as follows. In Section II, we state
the operation of an ideal protocol and closely examine the
shortcomings of CSMA and RTS-CTS. Next, in Section III, we
describe our modelling approach and the underlying analytical
model. In Section IV, we discuss the network capacity for
various traffic scenarios under CSMA and RTS-CTS, point out
the impact of their weaknesses, and contrast their performance
with that of the ideal protocol. We conclude the paper in
Section V.

II. SHORTCOMINGS OF CSMA AND RTS-CTS

An ideal protocol allows a station, that is not currently
receiving or transmitting a packet, to transmit if and only if (i)



Throughput Efficiency (multi-rate)
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Throughput Efficiency
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Exposed Terminal Problem

B is blocked by
C’s transmission

In fact, B can
simultaneously
transmit with C



Fairness Problem (exposed)
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Fairness Problem (exposed)
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Fairness Problem (Feb. 2010)

L=l IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS, VOL. 2, ND. 2, FEBRUARY 2010

Adaptive Contention Control for
Improving End-to-End Throughput Performance of
Multihop Wireless Networks

Daewon Jung, Jaeseon Hwang, Hyuk Lim, Member, IEEE, Kyung-Joon Park, Member, IEEE,
and Jennifer C. Hou, Fellow, IEEE

Abstract=—In multihop wireless networks, packets of a flow
originating from a source node are relayed by intermediate
nodes (relay nodes) and travel towards their destination along
a multihop wireless path. Since the traffic forwarding capability
of each node varies according to its level of contention, ideally,
a node should not transmit more packets to its relay node
than the corresponding relay node can forward. Instead, each
node should yield its channel access opportunity to its neighbor
nodes so that all the nodes can evenly share the channel and
have similar forwarding capabilities. In this manner, nodes can
utilize the wireless chamnel effectively, and further increase the
end-to-end throughput of a multihop path. We propose a fully
distributed contention window adaptation (CWA) mechanism,
which adjusts the channel access probability depending on the
difference between the incoming and outgoing traffic at each
node, in order to equate the traffic forwarding capabilities among
all the nodes in the path. We implement the proposed adaptive
contention algorithm on Madwifi Linux kernel driver for Wi-Fi

in multthop wireless networks, packets of a flow originating
from a source node are relayed by intermediate nodes (relay
nodes) and travel towards the destination along a multihop
wireless path.

One of the critical performance metrics in multihop wireless
networks is the network thronghput, which heavily depends
on the achievable channel capacity at each individual wire-
less link and the level of spatial reuse. Several PHY/MAC
attributes in multihop wireless networks can be used in order
to control channel access, reduce interference, and improve
netwotrk throughput, among which the transmit power, the
carrier sense threshold, and the channel access probability
have been the main research topics.

In this paper, we consider the issue of improving the
end-to-end throughput performance of IEEE 802.11 DCF-



Fairness Problem (exposed)
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Fairness Problem (exposed)
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Fig. 1. A multihop wireless path consisting of a source node, a destination node, and five relay nodes.



Slow Start Backoff Alg.

Function Slow-Start Backoff
repeat
if ACK frame received then successful transmission
if current backoff window size < 1,, then
if current backoff window size=W then
backoff window size=WV,
else
backoff window size=current backoff window size = 2

else
backoff window size=current backoff window size-11
else
if current backoff window size < W,,, then
backoff window size=current backoff window size x 2
else frame lost due to collision or interference
if backoff window size= 1V,, then
backoff window size=WV,
else
backoff window size=current backoff window size +1,
until no more frame to transmit
end



Slow-Start Backoff Alg.
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Saturation Throughput Analysis
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Geometric Distribution

Consider a sequence of Bernoulli trails with the probability of
success on being . Let r.v. X denote the number of trials up to
and including the first success

X X X X X X X X
1st 2nd 3rd xnd
\
g ' W
1-p 1-p 1-p

f(X)=1-p)*-p Xx=12...0



Geometric Distribution

Consider a sequence of Bernoulli trails with the probability of
success on being . Let r.v. X denote the number of trials up to
and including the first success

f(x)=(1@§@ l<x<o

E(X)=Yx f() =Y x- plL—p)*
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P-Persistent CSMA/CA
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Saturation Throughput Analysis
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Saturation Throughput Analysis
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Optimal CW size
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TEEE TWC (Dec. 2008)

IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS, VOL. 7, NO. 12, DECEMEER 2003

Contention Window Optimization for
IEEE 802.11 DCF Access Control

Der-Jiunn Deng, Chih-Heng Ke, Hsiao-Hwa Chen, and Yueh-Min Huang

Abstract—According to the latest version of the IEEE 802.11
standard, the backoff parameters of its collision avoidance
mechanism are far from optimal, especially in a heavy load
or error-prone WLAN environment. This strategy has a high
collision probability and channel utilization is degraded in bursty
arrivals or congested scenarios. Besides, the standard backoff
mechanism may treat noise corruption as packet collisions. In this
paper, we identify the relationship between backoff parameters,
contention level, and channel BER in order to propose a simple,
but yet well-performing distributed algorithm that allows a
station to dynamically adjust its contention window size based
on turn-around-time measurement of channel status. In addition
to theoretical analysis, simulations are conducted to evaluate its
performance. The proposed scheme works very well in providing
a substantial performance improvement in heavy loaded and
error-prone WLAN environments.

Index Terms—IEEE 802.11, wireless network, distributed co-
ordination function, backoff, bit error rate.

scenarios but also in a situation where bit error rate (BER)
increases in the wireless channel. The fundamental problem
again comes from the backoff algorithm. In the CSMA/CA
access scheme, immediate positive acknowledgement informs
the sender of successful reception of each data frame. This
is accomplished by a receiver initiating the transmission of
an acknowledgement frame after a small time interval, SIFS.
immediately following the reception of the data frame. In case
that an acknowledgement is not received, as we mentioned
earlier, the sender should automatically presume the data
frame that was lost due to collision. Consequently, when a
timer goes off, it exponentially increases backoff parameter
value and retransmits the data frame less intensively. The
idea behind this approach is to alleviate the probability of
collisions. Unfortunately, wireless transmission links are noisy
and highly unreliable. Path loss, channel noise, fading, and



Runtime Estimate Channel Status
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Average CW size
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No. of Active Stations Estimation
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BER Estimating
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Simulation Results

Normalized saturation throughput (Mbit/s)

Saturation Throughput

0.6 | | | ‘
ng BER
@ SSB
051 |
Qi
.. Qoo iy, Do, [ATERAOT)
e i L = OTITITITA Qoo [0 N
................. L TTATTIITY . Ye
AL _TITTTI s tl
04 S o _
Ty, I T Ty,
L JOTTITTTIP, ®*
03 _
0.2 7
01 _
1 1 I I I | ‘
10 15 20 23 - = " ) )

Number of stations



Simulation Results

Fairness index

Fairness Index
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