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ABSTRACT

Two folded work presentschannel allocation scheme sustaining channel orthogonality and channel
spacingtoreduce CCl (Co-Channdl I nterference) and ACI (Adjacent Channel Interference) for inter
flow of anintra-flow link.

Proposed schemeasa part of radioresour ceallocation isapplied on infrastructur e based backhaul of
wirelessmesh networ k using dir ectional antennas. Theproposed appr oach isapplied separ ately on 2.4
and 5GHzbands. I nterfer enceof connectivity graph ismodelled by strongly connected dir ected graph and
greedy algorithmsareused for channel allocation. Wehaveused OPNET M odeller suiteto simulate
networ k modelsfor thisresearch. Theproposed arrangement reducesthechannel interferenceand
increasessystem throughput. I nthisresear ch, theinfluenceof channel iscomputed in termsof network
throughput and delay.

KeyWords: Adjacent Channel Interference, Backhaul, Co-Channéd Interference, Multi-Radio,
Throughput, WirelessM esh Networks.

INTRODUCTION

e wireless network is designed to recreate the
high superiority communications that is
characteristically delivered by wired networks|[ 1-

2]. High quality communications are identified with
continuous network connections, reliable delivery of data
and high throughput in that view MRMC (Multi Radio
Multi Channel) wireless Network offers such quality,
however; interference has become one of the main
sourcesto degrade the network performance[3]. In these
networks, the interference can be controlled by two main
functions: power limitations and channel allocation [4].
This paper only considers channel alocation to reduce

interference in MRMC. Channel allocation in MRMC
network dealsto assign different channelsto interfering
links [5], which reduces the interference among parallel
transmissions. In this paper, aframework for backhaul of
MRM C mesh network isproposed to minimizeinterference
by two levels. Fig. 1 shows the steps to handle backhaul
interference; at physical level, interference areaisconfined
with directional antennas and then further controlled at
logical level by channel allocation. In the channel
allocation, partially overlapped channels are assigned to
links which maintain orthogonality to reduce CCI while
channels are appropriately spaced to control ACI.
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Proposed work isdeeming away to reduce CCl and ACI.
Fundamentally, co-channel interferenceis controlled by
maintaining orthogonality of channels and ACI is
controlled by proper channel spacing assigned to nodes.
In our work we consider both interferences and assign
channels to nodes with an attention of orthogonality and
channel space. The suggested approach is applied on
two ISM (Industrial, Scientific and Medical) bands; 2.4
and 5 GHz. Whenit was applied on 2.4 GHz band it focused
to orthogonality of channels as this band offers only 3
orthogonal channels. However, when approach was
applied on 5GHz band it focuses to channel spacing
because all available channels of band are orthogonal in
nature so thereis need to assign the channel swith proper
channel spacing.

Therest of the paper consists of six sections; Section 2
describes literature review. Proposed frame work for
channel assignment is presented in section 3; thissection
further comprises the formation of connectivity graph,
interference nodes and conflict graph. System design is
introduced in section 4 and simulation results and
discussion are presented in section 5. Finally conclusion
isdrawn in section 6.

2. RESEARCH REVIEW

Several approaches are developed to address the issue
of interference in MRMC wireless networks. Many
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FIG. 1. PROPOSED SCHEME

authors such as from [6-10] reported that systems offer
more capacity when they use partially overlapped
channels with the support of non-overlapped. Authors
propose achannel assignment technique whichisframed
jointly with network coding and broadcast link scheduling
[6]. The aim of work was to enhance throughpuit.

A joint formulation of channel assignment and end to
end flow allocation is presented in [ 7], this work shows
that mixed use of overlapping and non-overlapping
channels enhance the system throughput. The
formulation is based on number of parameters such as
transmission power, Signal t, interference and noiseratio,
path loss component and filter response of nodes. A
heuristic based channel assignment is presented in [8],
thework explorestheway to use of partially overlapped
channels in a way to increase system capacity, they
present an interference model, termed as I-Matrix and
propose a channel assignment for that. Focused work of
[9] usesSIN (Signal to Interference and Noise) model for
channel assignment of partially overlapped channels.
Their effort increases throughput with the control of total
interference. However, in [10], authors use game theory
to solve channel assignment problem, they proposed
distributed algorithm for the assignment of partially
overlapped channels.

Literature from [11-16] discussed some algorithms for
channel assignment with the consideration of control
of interference. A distributed algorithm for channel
assignment is proposed in [11], they use game theory
for channel assignment, the algorithm uses confined
information of load to get closeto ideal performance. In
thework of [12], an efficient management architectureis
presented and suggested a routing method for WMNs
which project to load balancing of traffic. The authors
attempted to maximize throughput with careful balancing
of network traffic. A centralized CA and routing algorithm
is presented in [13]. The authors proposed an ILP
(Integer Linear Programming) model which was not
related to traffic demands. The target of work was to
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maximize the throughput of network. The work of [14]
suggested a channel allocation method which is based
on radio frequency slotting. Work oriented to reduce
CCI by slotting received and transmitted packets are
split by two channels. Efficient utilization of resourceis
focused in [15] where node power and its assigned
channel are used as factors to enhance the overall
throughput of networks in terms of traffic flows.
Research presented in [16] concentrated to formulate
another combination for join work. They combined the
channel assignment with flow distribution and focus of
research was to enhance throughput and reducing
queuing delay.

3. PROPOSED FRAMEWORK

The proposed work attempt to present a frame work for
channel allocation to reduce interference among the
backhaul links: Interference is controlled by directional
antennas at fundamental level, than scheme for channel
allocation is proposed to reduce further interference
introduced by intra-flow and inter-flow links. In the
proposed framework every backhaul node connected with
2 bidirectional antenna, each node has two meaning of
interference: interference of direct nodes and the nodes
placed in the access direction of antenna.

3.1  Connectivity Graph

The WMN nodes with multiple interfaces are taking as
vertices set V, (Two for proposed work), these nodes are
connected with links known as edges and represented as
setE.

Communication between nodesv,, and v isonly possible
by link e under three conditions:

(1) Whenv,, and v, are member vertices set V
(v, V)"V &
(2) If both nodes are in transmission ranger,

V-V < %)

(3) If both employing identical channels.
Vidg = Vido ©)
(wherei_showsidentical channels)

Connectivity graph G of Fig. 2 contain nodesfromA-H

3.2 Inter ference Nodes

For proper channel allocation the connectivity graphis
modelled to identify the links in conflict which are
sourcesto generate interference. For the proposed work
theinterference range for every nodeis up to 2™ hop of
inter flow; IFu and IF(u+1) and single hop of intraflow
IFv.

For such condition the interference at node is identified
as.

IF(node) =u, u+l,v 4
Whereu, u+landv “V.

Backhaul is connected with directional antennas so that
interference links considered with flow direction of

nodes:
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IF(A) =ab, bc, ad
IF(B) =bc, ab
IF(C) =ab,bc,ce
IF(D)ad, df

IF(E) =eh, ce
IF(F) =df,fg, gh
IF(G) =fg,gh
IF(H) =eh,gh

33 Conflict Graph

Conflict graphisused to mode interference of the network.
Conflict graph G, is formed from connectivity graph G
highlighting the possible nodes and linksin conflict with
the consideration of interferences nodes. Conflict graph
contains set of conflict vertices V_ and set of conflict
edges.

A nodeissaid to bein conflict if their associated edges/
links are member of In(E). The nodes are said to be in
conflict if their associated edges are working on same
channel withininterference area.

InFig. 3, the conflict graph of conflict nodes and vertices
are identified with the flow of traffic. Identified conflict
nodes and vertices are shown in Equations (5-8).
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FIG 3. CONFLICT GRAPH

Conflict nodesin clockwise direction are:
Vc(clockl=A—-B—->C—>E—>H—->G—>F—>D (5
Conflict Nodesin anti-clockwise direction are:
Ve(anti—-dock)=D—->F—->G—->H—->E—->C—>B—-A 6)
Conflict verticesin clockwise direction are:
Ec(dock)=eb— bc— ce—»>eh—gh—>fg—-df >ad )
Conflict verticesin anti-clockwise direction are:

Ec(anti—dock) =ad— df —fg— gh—>eh—ce—hc—ab )
4, SYSTEM DESIGN

Figs. 4-5 presents the system design for 2.4 and 5 GHz,
both figuresiillustrate allocated channels for each node.
The channel allocation is done through greedy approach
to avoid interference of conflict nodes of Fig. 3whilethe
greedy algorithm is applied in two steps for every node.
1% channel swere assigned up to 2 hop for theinter-flow
links thereafter assign channel to direct connected hop
for intra-flow link. All channels must be orthogonal and
with minimum of one channel space. The processeswill
repeat for all nodes.
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FIG. 4. SYSTEM DESIGN OF 2.4 GHZ BAND
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The design phase includes three scenarios named as No
Orthogonal, Orthogonal_2.4GHz and Orthogonal_ 5GHz.
For all scenarios term orthogonality refers to the
consideration of orthogonality and channel spacing.

Scenarios involve 8 mesh nodes with three interfaces.
Proposed strategy is associated with two interfaces
reserved for backhaul while third interface uses
omnidirectional antennaunder 5GHz band and isreserved
for user access. All subscribers are clients of FTP server
with uniformly distributed traffic in this system.

First scenario shows the backhaul of 2.4GHz where
random channel allocation is done without caring of
orthogonality and channel space. In thisscenario we have
assign the static channels to backhaul links.

Second and third scenario shows the channel assignment
considering proposed idea with the attention of
orthogonality and channel space. Second scenario
highlights the significance of proposed idea when
backhaul isconfigured on 2.4 GHz. Intheview of Fig. 5it
is cleared that channels assigned up to 1% and 2™ hop of
every nodeisorthogonal and with proper channel space,
while third scenario is based on channel assignment of
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FIG. 5. SYSTEM DESIGN OF 5 GHZ BAND

static channels of 5GHz band for backhaulslinks as shown
in Fig. 5. 5GHz band have multiple orthogonal channels
so there is the main consideration of handling channel
spacing. The access points for all three scenarios are set
of following default parameters; physical characteristic
is set direct sequence, short retry limit setson 7, long
retry limit sets on 4, transmitted power is 0,005 Watt,
received power threshold -95, max. Lifetimeis0.5 seconds
and access point beacon interval is 0.02 seconds.

5. RESULTSAND DISCUSSION

This section presents our simulation results which are
evaluated from the three scenarios as discussed in our
design section.

5.1  Throughput

Fig. 6 shows the throughput comparison of FTP server
for three scenarios, the result shows that the FTP
throughput of 5GHz higher than other two; the variation
of throughput isalmost liesin between 3200-3800 K bits/
sec, where the performance is quite constant. While
variation of 2.4GHz almost liesin between 2200-3200 K bits/
sec, this shows the variation limits of 2.4GHz under
proposed ideaisdoublethan the variation limit of 5 GHz
band.
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FIG 6. FTP THROUGHPUT
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At the starting point 2.4 GHz band touchesto thelevel of
5 GHz band then it goes down. This is because 5 GHz
band has all orthogonal channels there is only need of
spaced channels (in our approach it is spaced by one
channel), while 2.4GHz band has only 3 orthogonal
channels. In Fig. 6 the lowest performanceisof 2.4 GHz
non orthogonal scenario as the system faces channel

interference which degraded its throughput.

Figs. 7-8 following the same performance pattern, Fig. 7
shows the LAN throughput and Fig. 8 displays the
average throughput.

For the clear vision in Fig. 9 the throughput comparison
of al scenarios are plotted through bar chart. Fig. 9
presentsthat for the 2.4 GHz band the orthogonal channel
arrangement enhance the throughput up to four times as
compared to non-orthogonal channel arrangement, while
under the suggested approach the throughput of 5GHz
band is amost double than 2.4GHz band.

The previous studies employ different approaches to
enhance the system throughput, their studies are mostly

dealing with orthogonality in the reference of CCI while

T altix

) - ) - = me = BRI mE e

FIG. 7. LAN THROUGHPUT

proposed effort is dealing with CCl and ACI, Thus
reducing the effect of interference at its minimum level

and enhance system throughput.

5.2  Media Access Delay

Fig. 10 showsthe mediaaccess delay. These results show
one major point to notice, that media access delay of 5
GHz band is more than 2.4GHz band for orthogonal
channel assignment, it is because 5GHz band is more
sensitive for long distance communication such as

backhaul connectivity.
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FIG. 10. MEDIA ACCESS DELAY

6. CONCLUSION

In this paper we have proposed a new channel schemeto
address the interference in mesh networks. This work
minimized the CCI and ACI with the proper selection of
channels for nodes. Selection considers orthogonal and
spaced channels for links. Through simulation work we
achieved that our proposed channel assignment enhances
the system performancein relation of network throughput
and delay for both 2.4 and 5GHz bands. In future the
proposed approach can be implemented for MIMO

networks
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