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Motivation

m Romit Roy Choudhury, et al. in [4]
declared that even though smart antenna
technology can increase the system
capacity of multi-hop WLAN, it gives birth
to new channel access problems: Hidden
Terminal Due to Asymmetry in Gain,
Hidden Terminal Due to Unheard
RTS/CTS, Shape Control of Silenced
Regions and Deafness Problem.
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Problem Statements

m Hidden Terminal Due to Asymmetry in Gain:

Antenna omni-directional gain is much smaller
than antenna directional gain. If some node
listens to the channel omni-directionally, there
will be possible loss of network control

messages and hence this node will become a
hidden node.
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Problem Statements (cont.)

m Hidden Terminal Due to Unheard RTS/CTS:

Each node equipped with smart antennas is
Insensitive to other directions when its smart
antennas is beam-forming to one direction. It
will possibly miss important network control
messages and hence become a hidden node.
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Problem Statements (cont.)

m Shape Control of Silenced Regions:

Because the shape of silenced regions affects
the overall network performance, we must
control the shape of silenced regions to
optimize the network performance. This
optimizing problem is referred as Shape
Control of Silenced Regions
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Problem Statements (cont.)

m Deafness Problem:

When some node is beam-forming to one
direction, RTS from other directions will be
unheard. Those nodes receiving no
responding CTS from this node retransmit
RTS until the retry limit has been reached. As
a result, the network throughput is degraded.
We refer to this phenomenon as Deafness
Problem.



Problem Definition



Two-ray Model

m We use two-ray model [9] as the path loss model
where transmitted signal traverses the air its

power level decreases at a rate of 40dB/decade:

hT2 . hR2
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Maximal Communication Range

m |f we rearrange the Two-ray model equation,
and let Py equal the minimal power level
required at receiver, Pr ..., we will get the
expression of the maximal communication range:

D :4\/ fr ‘h,”-h,” -4/G, -G, =K-4/G, -G,



Communication Range &
Interfering Range

m Communication Range:

D, =K-4/G, -G,
m Interfering Range:

D, =K-4G,-G, =K-,/G,




Interfering Ring

@dd

Interfering Ring




Interfering Ring (cont.)

RTS/CTS coverage of A

partial Interfering Ring of A




Dangerous Areas
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Transmitter Dangerous Area (TDA)

Receiver Dangerous Area (RDA)
RTS/CTS coverage
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Proposed Scheme



Cautioning the Hidden Nodes

m [f we rearranged maximal communication
range equation and let D_ ., and Gy equal
D,y and G, respectively, we can get the
appropriate gain to transmit RTS/CTS,

GrrsicTs:
G 2
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Limiting the Hidden Nodes

m Limitations of the hidden nodes in RDA

To forbid them to transmit any packet in the
direction of receiver.

m Limitations of the hidden nodes in TDA

To forbid them to receive any packet in the
direction of transmitter.



Limitations of RDA nodes




Limitations of TDA nodes
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Theoretical Analysis



Theoretical Analysis

m The expectation value of total throughput
loss rate of each transmitter-receiver pair

due to Hidden Terminal Due to Asymmetry
in Gain, R

Ioss

E{R

loss

} — 2 _ e_i,XTtot _ e_/l”XTtot

m When A/xT,,<<1and A/xT,<<1,
E{RIOSS} — ( A + A //) ><Ttot



Theoretical Analysis (cont.)
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Simulation Results



Simulation Results
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Simulation Results (cont.)
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Simulation Results (cont.)
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Conclusion and Future Work
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Conclusion

m In this paper, a solution to Hidden Terminal Due
to Asymmetry in Gain is given. The proposed
scheme has the following features: firstly, the
gain used to transmit RTS/CTS is different from
the gain used to transmit DATA/ACK; Secondly,
those nodes which receive RTS/CTS must obey
some limitations according to our proposed
protocol; finally, NAV timer of our MAC protocol
should be separated into two parts, Transmitting
NAV and Receiving NAV.
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Future Work

m In the future, we will study on how to resolve
other channel access problems: Hidden
Terminal Due to Unheard RTS/CTS, Shape
Control of Silenced Regions and Deafness
Problem. Besides, an efficient method to get
neighbors’ location must be provided. Further
more, a routing strategy along with our MAC
protocol must be provided, too, because an
efficient MAC protocol would not be able to
guarantee good performance, unless a proper
routing strategy is used.
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