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Abstract of Thesis

WLAN is the most dominant wireless data communication technology of today, and its standard
IEEE 802.11 has been enhanced to support very fast and high capacity with ratification of 11n in 2009
and 1lac in 2013. Devices such as tablets and mobile PC which do not have other communication
options are increasing, and even with mobile phones it is recommended that WLAN should be used as
much as possible for traffic offload and power saving points of view. WLAN has possibility to completely
replace wired connection via Ethernet. Today infrastructure mode with access point is commonly
deployed because WLAN has been considered to be an extension of wired network infrastructure. From
now on any mobile entities such as automobile and home electronics appliances are expected to be
equipped with WLAN. Ad-hoc mode and even mesh type WLAN which allow direct communication
among terminals and do not rely on wired infrastructure will be important application.

In this movement communication control mechanism of WLAN has not been updated since it
was ratified at IEEE 802.11-1997. Therefore it is can be said that it is no longer well optimized for
recent and future usage and environment. Though WLAN is widely spread and has increasing
importance, its communication control is not completed mechanism and still it has room for
iImprovements.

It is important to develop technology to support increasing required throughput without losing
convenience of WLAN. Communication control has not caught up with the latest physical layer
advancement. By optimizing it to increase throughput and to utilize limited radio resource can be an
important research object. The object in this research is to propose appropriate communication control
mechanism for the latest physical layer development. Communication control covers broad range of
subjects, and we decided to focus on to multirate and QoS support in this research. We defined two
concrete research objects with WLAN ad-hoc mode, exposed node mitigation by multirate support and
QoS allocation based on achieved throughput. Brief summary of these research and their outcomes are
explained below.

Regarding exposed node mitigation by multirate support, assuming multirate transmission there
is substantial difference of transmission rate between data frame and control frame. This difference is
observed as difference of transmission range, therefore we can utilize transmission rate to intentionally
control transmission range. First application of this mechanism is mitigation of exposed node. We
proposed asymmetric transmission rate for RTS and CTS and named this proposed method as ARMRC.
We could confirm the effect of exposed node reduction and improvement of throughput by simulation.
With the simulated condition we observed 20 to 50% better throughput than the standard method. Also
the proposed method has effect to level throughputs among nodes. Low throughput nodes with
standard method have higher improvement ratio. We figured out simple estimation model of
throughput improvement by the proposed method, and this fits to the simulation result well and is
confirmed as effective estimation model.

Regarding QoS allocation based on achieved throughput, standard method (DCF/EDCA)

increases/decreases size of Contention Window (CW) only when collision occurs or transmission succeeds.



Our proposed method increases/decreases size of CW based on required/achieved throughput. When
traffic is saturated standard method cannot provide fairness of throughput achievement because all
nodes achieve almost the same throughput even if each node has different required throughput. Thus
the achievement ratio of each node may differ largely. =~ We had simulation and the result showed that
the proposed method improved from 0.9 to 1.0 with Jain’s Fairness Index for throughput achievement
among each node compared to standard method. Also the proposed method has several to over 10%
better entire network throughput. There is no trade-off between the better fairness of achievement ratio
and better throughput.

As an improvement of WLAN communication control, we devised mitigation or elimination of
exposed node caused by RTS/CTS focusing difference of transmission rate between data and control
frames. We utilize multirate and make transmission rate of RT'S and CTS asymmetric. We named this
method as ARMRC (Asymmetric Range by Multi-Rate Control), and conducted simulation and confirmed
its effect and validity. As another improvement, we devised QoS allocation mechanism based on
throughput achievement considering that standard QoS mechanism EDCA uses only fixed priority. We
conducted simulation and confirmed its effect and validity. Following up these outcomes, I would like to
expand simulation to cover more extensive parameters and conditions, and enhance these proposed
methods. Also I would like to devise other improvements of communication control in addition to these,

and aim to establish more comprehensive communication control mechanism.



