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Abstract

Studies on Multi-Channel Medium Access Control Schemes Using Physical-Layer Properties in
Title Ad Hoc Networks

(800 words)

Multi-channel MAC (Medium Access Control) schemes in ad hoc networks are classified into three types:
FDMA (Frequency Division Multiple Access) type, CDMA (Code Division Multiple Access) type and SDMA
(Spatial Division Multiple Access) type. These MAC schemes utilize and enable simultaneous transmission of]
data packets which brings a higher throughput compared to single-channel MAC schemes. However, packet
collision and unnecessary wait time due to retransmissions cause degradation of throughput in multi-channel
MAC schemes.

In this thesis, I propose a code sense CDMA type MAC scheme and a directional monitoring MAC scheme
to solve packet collision and unnecessary wait time due to retransmissions. I also build a verification system
without constraints on conventional system specifications. The code sense CDMA type MAC scheme can
solve packet collision by selecting the appropriate spreading code using the code sense mechanism which can
detect codes used in neighborhood. Additionally, unnecessary wait time due to retransmissions is solved by
employing the extension NAV (Network Allocation Vector) set individually in each terminal. Furthermore, the
proposed scheme conducts the transmission control to mitigate the near-far problem. I compare the throughput
performance of ‘the code sense CDMA type MAC scheme with other MAC schemes through computer|
simulations. Simulation results show that the code sense CDMA type MAC scheme suppresses packet
collision and unnecessary wait time due retransmissions, thus it achieves 1.16 times higher throughput than
other MAC schemes. The directional monitoring MAC scheme can solve packet collision by monitoring the
direction toward the destination during a specified period after receiving an ACK (Acknowledgement) packet.
Additionally, the unnecessary wait time due to retransmissions is decreased by the switched backoff procedure
in which the binary exponential backoff procedure is switched to the fixed backoff procedure. After that,
Contention Window (CW) size becomes a fixed minimum value (e.g., 31 slots in IEEE 802.11b). I compare
the performance of the directional monitoring MAC scheme with other MAC schemes through computer
simulations. Simulation results show that the directional monitoring MAC scheme suppresses the packet
collision and unnecessary wait time due to retransmissions, thus it achieves 1.1 times higher throughput than
other MAC schemes. The developed verification system for directional MAC schemes consists of the software
radio platform called GNU Radio/USRP2 (Universal Software Radio Peripheral) and ESPAR antenna as a
variable directional antenna. I have designed and built the 7-element ESPAR antenna for 5.1GHz and the beam
controller so as to control the ESPAR antenna on the GNU Radio. I have implemented CSMA/CA (Carrier|
Sense Multiple Access with Collision Avoidance) scheme and a directional MAC scheme. By using the
verification system, I have conducted experimental evaluation of throughput in single hop communication and
multi-hop communication. As a result, I have validated that the spatial utilization efficiency is improved by
using directional antennas. ‘ '

It was found that ad hoc networks can achieve high throughput using proposed multi-channel MAC
schemes. Moreover, these multi-channel MAC schemes can be combined for further improvement of
throughput. In future works, researchers need to consider the functional difference of communication devices
to design MAC schemes for ad hoc networks. :




