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Abstract—Wi-Fi become the more popular wireless technology
in our living environment. More than one wireless access point
to assemble a wireless distribution system is not exclusive to
the enterprise. However, current Wi-Fi protocol has no central
control mechanism and efficiency cooperation mode between
different wireless access points. In this research we proposed
a wireless distribution system with software define network
controller which provide the following properties. First, this
system separates the control plane and data plane with different
wireless interfaces. Second, different traffic flows from one access
point to another could be assigned with independent, non- mutual
interference channels if wireless resource is enough to achieve
high throughput performance for whole wireless system. Third,
the SDN controller is centralized unit and could execute the
global channel optimization rather than regional channel opti-
mization between two adjacent wireless access points. This system
facilitated current wireless infrastructure to build the control
plane. It utilizes the central Software Defined Networking (SDN)
controller to collect required information from different access
points, distribute resources to different access points and control
the traffic flows. We demonstrate how wireless system with a
central control unit could enhance the channel optimization and
improve the whole system performance. Experiment to verify
our idea is completed by Network simulation 3 (NS-3). The
result shows with reasonable channel assignment, the wireless
distribution system could optimize all wireless access points
interfaces.

I. INTRODUCTION

With continuously develop standard, Wi-Fi is getting pop-
ular for daily usage, and it quickly became the dominant
wireless communication system in enterprise, public area and
individual house. With the increasing demand for the Internet
access of end devices like smart phone, laptops and Internet
of things(IoT) devices, it is obviously that single access point
(AP) cannot satisfies those demands. In order to extend the
coverage range and serve more end devices within Wi-Fi signal
coverage area, there are some common mechanisms for Wi-
Fi to achieve this goal such as repeaters, wireless distribution
system (WDS) and wireless mesh network (WMN). However,
there are some challenges and limitation exist of those mech-
anisms and thus could not optimized the limited frequency
resource. We would discuss in the following section.
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A. No channel selection optimization

Either repeater, WDS or WMN, there is one common
characteristic for all of them, that is, they need to use one
common channel between wireless AP (nodes) for their control
plane and data plane. They use assigned channel to transfer
protocol control packages and bunch of data between nearby
nodes. However, this channel is selected when the first node
activated and broadcast its beacons through channel it selected.
Other nodes need to scan all possible channels, associate and
authenticate with the first node to form a wireless system.
Unfortunately, when more and more nodes join this wireless
system, the spatial variation become a serious issue. The
first node choose an initial channel based on its channel
quality detection which only impact by its nearby environment.
Therefore, first node select one channel which it think better
than other channels. But the following joint nodes may not
think it is a good channel to dwell because those nodes stay in
different space than the initial node. Even the initial node has
multiple interfaces, current existing mechanisms only use one
dedicated interface and has no protocol to cooperate with other
nodes to change assigned channel later. In short, we could
conclude that the initial AP only has limited regional channel
information rather than entire system information leads to this
problem.

B. Limited link layer control ability

A repeater and WDS protocol are designed to process link
layer packets. The function of repeater is quite simple, just to
receive, check the completeness of packets, and then broadcast
to the air again. All they can do is to expect other receivers
which may included its target AP receive these packages
with strong enough signal. Therefore, it only processes the
forwarding feature. The WDS protocol is a little better than a
repeater. It could allocate the corresponding MAC address then
relay package to the target receiver. However both of these two
mechanisms could not further process the incoming package.
Therefore, it could not provide more controlled ability because
it only has link layer information.
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C. Uncontrollable routing path

Repeater, WDS and WMM can’t control their per flow
routing path. First, a repeater only enlarge received signal
and broadcast to anywhere. If there is no directional antenna
or corresponding reflecting environment, it is very natural
that all the nodes which receive the broadcast packets will
continue to broadcast those packets. For WDS, it will locate
the destination MAC address. Therefore, the target node will
receive and relay the packets. However, there is no methods
to dynamic change the target MAC address. As a result, it
is impossible to change the per flow traffic. For the mesh
network, it will build the mesh topology depends on proactive
or reactive routing protocol; however, it does not have the
entire system information to decide node’s routing information
and dynamic select the optimization routing path based on per
flow condition.

D. Not fully exploited the advantages of co-located multiple
wireless network interface

For current commodity devices, access points with multiple
wireless interfaces are become popular, that means they have
ability and could establish multiple links between nearby
access points if they both have multiple interfaces. However,
even they have this potential capacities, there are few applica-
tions could optimize them. For example, users may consider
load balance or backup mechanism between two links. The
challenge to achieve this feature is that we need to design
a new protocol or enhance existing protocol to fulfill these
features. However, propose a new wireless spec take long
time. Even we have this kind of protocol, we would only
have regional information between any two nodes, and are
almost impossible to adjust a wireless system with many nodes
located in large area.

By all challenge above, we need to design a new control
mechanism which could utilize access points’ multiple inter-
faces, improve the entire wireless system’s performance and
adjust the per flow traffic by information of entire wireless
system. Therefore, we develop a new mechanism to collab-
orate software defined network(SDN) controller with current
wireless network infrastructure to accomplish the following
features.

« Optimize the control path: we separate control plane and
data plane with different wireless systems or interfaces if
they provide.

o Optimize channel utilization: we want to collect each
wireless node’ capabilities like what kind of wireless
interface it has through devoted control plane and allocate
the different channels of traffic flows to optimize the
throughput performance.

II. DESIGN

In this section, we introduce the design detail of our SDN
collaborated wireless distribution system.
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A. System architecture

The object of SDN collaborated wireless distribution system
is to distribute limited wireless resources smartly to maximum
the whole system performance. The performance index may
be the throughput, latency, number of hops of routing and
bandwidth usage. The SDN collaborated wireless system pro-
vides the two features. 1) Try to use all possible independent
wireless interfaces to eliminate inner competition between
nearby wireless devices. 2) Provide per flow assignment fea-
ture, which is defined by two access nodes transmit at the same
channel 3) Build dedicated control plane through the current
existence infrastructure for the compatibility.

B. System model

o There is a centralized SDN controller attached to the
selected access point to integrate all information from
different access points. Information includes kinds and
numbers of wireless interfaces, current dwell channel,
signal strength from peers and so on. In addition, this
SDN controller also records a flow table to indicate which
flow comes from which node and where it goes by what
channel. The SDN controller could communicate with
access points to assign, update their dwell channels for
channel optimization.

o The wireless interfaces used to transmit data could be
assigned and pair by the SDN controller. These interfaces
work as standard infrastructure or ad-hoc mode. They
accept the controller’s command to change their dwell
channel and report the packets number sent or received.
The controller will decide where and when to forward
packets to another wireless access points.

In this paper, we assume that each wireless node has more
than one wireless interface and the external SDN controller
has ability to immediately process the information and execute
algorithms.

III. EVALUATION

In this section we shows how SDN collaborated wireless
system could enhance the system performance by compar-
ing with a wireless system with one access point and two
repeaters. We conduct the experience with NS-3 by 3 nodes
and each node has 3 wireless interfaces. Therefore, all 3 nodes
could establish control plane by one dedicated channel and use
other wireless interfaces as data plane to transmit packets. In
this simulation we attach an external SDN controller to process
the information from these 3 nodes. the connection between
external controller and one of these three node is established
by wire interface.

A. Flow traffic without SDN controller to coordinate

Figure 2 is designed to simulate the general scenario as our
home environment - one main access AP and two repeaters.
Two repeaters would forward any packets they receive from
other devices to main AP. However, all three access points will
be operated on the same channel and have mutual competitive
frequency effect.
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Fig. 1. Architecture of SDN collaborated wireless distribution network

Table I shows the clean environment throughput simulation.
This is measured by one data flow goes through Node3 to
Nodel without any other flow in the system. This is the max-
imum traffic capacity of this simulation scenario. However,
when we start to run two flows in the system, they will start
to compete with each other because the shared media. It causes
the throughput for each node start to drop. Table II shows the
simulation result. We could find each flow has only about half
of the clear environment throughput because we do not assign
the different priority. However, from the whole system view,
even these three access points have multiple interfaces. They
do not use and treat as redundant resource.

TABLE I
ONLY ONE DATA FLOW IN THE SYSTEM AT 5G CHANNEL
Number Direction Throughput
Flow 1 Node 3 to Node 1 | 21.24Mbps
TABLE II
TWO DATA FLOWS IN THE SYSTEM AT 5G CHANNEL
Number Direction Throughput
Flow 1 Node 3 to Node 1 12.62Mbps
Flow 2 Node 2 to Node 1 12.00Mbps
Flow 1+2 | Node 2/Node 3 to Node 1 | 24.62Mbps

B. Flow traffic with SDN controller to coordinate

In the figure 3, we want to simulate the SDN controller
which is used to coordinate the channel for different traffic
flows. Because we leverage the existing infrastructure, we
don’t need to setup the control plane to exchange the control
message. After the system is up, Nodel, Node2, and Node3
will send messages to external SDN controller to report their
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Fig. 2. Three nearby access points stay with the same channel and have
physical overlap coverage range

abilities, which is the information about how many wireless
interfaces they have. After receive these information. The SDN
controller prepares the flow table to monitor the traffic flow.
In this situation, when the flowl was generated, controller
will assign one 5G channel for this flow by assigning the
wireless interfaces in Nodel and Node3 to transmit it. At the
same time, when flow2 was generated, the SDN controller
will check its flow table and find this system still has another
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Fig. 3. Three nearby access points with SDN collaborated

pair of wireless interfaces could be facilitated. Therefore, it
will assign interfaces on Nodel and Node2 to another un-
overlapped 5G channel to transmit flow2. Tablelll shows the
results of this simulation. We could find the total throughput
of this system is 36.44Mpbs which is better than the scenario
before.

TABLE III
5G: TWO FLOWS IN THE SYSTEM
Number Direction Throughput
Flow 1 Node 3 to Node 1 15.40Mbps
Flow 2 Node 2 to Node 1 21.04Mbps
Flow 1+2 | Node 2/Node 3 to Node 1 | 36.44Mbps

IV. RELATED WORK

Integrate a SDN controller with different kind of wireless
network can be used in varies fields. Many researchers use
SDN controller to manipulate and management the Wi-Fi
traffic, routing, and roaming[1][2][3]. For example Yap et al.
deployed the OpenRoad project in Stanford University to col-
lect the field trial data for seamless Wi-Fi roaming[4][5]. They
also further investigate how to facilitate all wireless bandwidth
within android cellphone[6]. Monin et al. also provided a
architecture to implement openflow controller with Wi-Fi for
seamless roaming challenge[7]. In order to coordinate with
different kind of AP, there are such distinguish framework
which try to define an unified control interface especially for
enterprise AP[8][9]. Amount of work focus on integrate Wi-Fi
with cellular network[10]. WASP paper promote a solution to
separate the control plane of wireless AP to 3G network[11].
Ding et al researched how to offload the cellular traffic to
Wi-Fi network for cost efficiency with a SDN controller[12].
Lee et al implemented mobile SDN extension framework
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to enhance WLAN visualization, QoS and energy efficiency
scenarios on Android platform[13].

V. CONCLUSIONS

This paper initiate a study to collaborate the SDN controller
and wireless distribution system to optimize per flow wireless
traffic with multiple wireless interfaces. In particular, we
designed the system to separate wireless control plane by
one interface for dedicated, non-competitive communication
channel to avoid interference from other busy data flows.
Channel allocation by information which comes from each
wireless AP could help throughput utilization for entire wire-
less system. The simulation result shows that assign two non-
interference channels could effectively enhance the throughput
performance compared to a wireless system without chan-
nel assignment. Compared to traditional repeater, WDS and
WMM network topology, this system could provide per traffic
flow assignment and have capability to bridge nodes with
independent, no mutual interference channels.

In the future, we will further to discover the following
problems

o Load balance with optimization channel bandwidth: In
practical, the wireless distribution system is assembles by
different kind of access points. Some nodes have multiple
interfaces but some nodes may has only one interface.
We want to develop a algorithm to find the best bridge
methodology between these diversity nodes. For example,
we could assign different control channel between differ-
ent devices. Also we want to set an performance metric to
measure the flows performance for combination of single
and multiple interfaces access points.

¢ Optimize wireless roaming: Seamless wireless roaming
between access points is always an demanding feature
from users especially for devices with multiple interfaces.
We want to develop an seamless bridge methodology for
wireless system to memorize the states and sync with all
access points. If users want to traverse to access points
which dwells in the channel not current be used, we
want the wireless distribution system could alert the users
before roaming.

Prototype implement: We want to implement this SDN

controller in Linux machines with multiple wireless cards

or smartphone with multiple wireless interfaces to acquire
the real environment parameters for further research.
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