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ABSTRACT

In recent year’s wireless networks has become a necessity
rather than a luxury. Wireless networks suffer in providing
high throughput for high end applications like multimedia etc.
Network coding is proposed to improve the throughput of the
network. In this paper, we apply network coding technique at
the relay in wireless environment which is based on a simple
XOR. It brings out the benefits of network coding over store
and forward technique. The results highlight that using a
simple XOR based network coding increases the normalized
stable throughput compared to traditional store and forward
routing.
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1. INTRODUCTION

A wireless network plays a significant role to meet our basic
need of providing connectivity with mobility. Current wireless
networks struggle to meet throughput and reliability demands
placed on them by today’s wireless applications. Network
Coding is proposed to be a solution to these problems. It
introduces coding of packets either at source or at
intermediate nodes to increase the throughput of the network.
The technique is considered by several researchers as an
extension of the traditional store and forward paradigm and
can effectively reduce packet density in communication
networks.

Current wireless networks are based on the principle of store
and forward (SF) technique. Using SF technique the
intermediate node simply buffers every packet and then
forwards it individually without any modification. It is a
known fact that wireless channels are noisy and also affected
by fading which can result in packet losses.

2. BACKGROUND

R. Ahlswede et al. was the first one to propose the idea of
network coding [1], a simple solution which has the potential
to overcome limitations of SF strategy in the context of
wireless networks. The basic idea of network coding is to mix
information packets either at source nodes or at intermediate
nodes thereby squeezing the information of several packets
into one coded packet. This reduces the packet density in the
network. Since the publication of these results in the year
2000, network coding has attracted considerable attention
from the communication networks research community [2-9].

Based on the level of implementation, network coding can be
categorized as analog, symbol level, and packet level. Shengli
Zhang et al. in [10], for the first time brought out the
advantages of utilizing the physical layer signal level
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interference. The physical layer network coding was further
investigated by Sachin Katti et al. in [11] and proposed a
symbol level network coding, MIXIT. Packet level network
coding, COPE is presented by Sachin Katti et al. in [12] and
[13].

COPE was the first practical implementation of network
coding architecture for networks with two user nodes with an
intermediate access point (or relay), X topology, and cross
topology. In the basic COPE model, routing was oblivious of
coding opportunities. However, Sudipta Sengupta et. al., in
[14] and [15] showed that throughput can be further increased
over that of the basic COPE by making the routing of packets
in a way that the router is aware of network coding
opportunities. Along similar lines the work by Shravan
Rayanchu et al. in [16] makes an effort to utilize the best
coding opportunities with awareness of packet losses. The
limitation of COPE is that it does not consider the packet
priority information while computing coding opportunity was
brought out by Kaikai Chi et al. in [17]. Consequently, they
proposed modifications to COPE’s queuing structure and
proposed a new packet scheduling algorithm to assign
priorities to the packets.

This paragraph contains a brief review of published literature
on network coding which have used queuing models to
evaluate various performance aspects of network coding. Yi
Ma et al. in [18] presented a delay analysis and Omer H et al.
in [19] explored the bandwidth and delay performance of
network coding. Parimal Parag et al. gave comparison of
network coding to classical routing for a butterfly network
[20]. Yalin Evren Sagduyu et. al. in [21] discussed the
throughput limitations of retransmission schemes and
evaluated the stability benefits of network coding used for
broadcasting over erasure channels. Daisuke Umehara et al.,
in [22] analyzed the throughput and packet delay of network
coding in slotted ALOHA for a two hop wireless network
with a single relay. Mohammad H. Amerimehr et al. in [23]
analyzed the throughput of WLAN consisting of one relay
node and six user nodes that implemented network coding
only at relay. However their model considers error free
transmission and hence in [24] packet loss due to link
transmission errors are incorporated in the analysis. In this
paper we present the throughput analysis with four user nodes
and single relay.

3. SYSTEM MODEL

Consider a wireless network with 4 user nodes and one relay
as shown in Fig. 1. The transmission range of any node is one
hop. Every user node can listen to the packets that are sent to
or from its neighboring node. Hence node 1 can listen to node
2 and node 4. Similarly node 3 can listen to node 2 and node
3, node 2 can listen to node 1 and node 3, and node 4 can
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listen to node 1 and node 4. Relay node is in the range of all
user nodes. The packets to be delivered from node 1 to node 3
are to be forwarded by relay node. Similarly relay has to
forward packets sent from node 3 to node 1, node 2 to node 4
and node 4 to node 2.

Using traditional store and forward technique relay the
network uses four transmissions slots to exchange one packet
from node 1 and node 3. Using network coding relay can
XOR the individual packets received from node 1 and node 3
and forward the coded (XORed) packet to both node 1 and
node 3. As node 1 knows its own packet, it can decode the
coded packet upon its error free reception. Thus network
coding here save one transmission time slot and bandwidth
equivalent to one packet increasing the throughput of the
network. Similar situation can arise when node 2 and node 4
has to exchange packets.

Each node is equivalently represented as a queue based on
FIFO policy. Packet arrivals are assumed to be symmetric
across all the user nodes in the network. The arrival rate at
each user node is A and is uniformly distributed to all the other
nodes in the network.

To proceed with the analysis, let W and W' be the MAC
contention window length at wuser and relay nodes
respectively. A given user node which has a packet for
transmission waits for a random number of time slots, which
ranges from 0 to (W-1), before it starts the transmission. Thus
the service time [ is the average time taken to transmit a
packet by a given user will be (W+1)/2 times the time slot
duration. Therefore, under the condition that a given user has
a packet ready for transmission, the probability of transmitting
that packet is R =2/(\W +1). With the utilization factor

expressed as p for the user node, the probability of the user
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Fig. 1: 4 user nodes and 1 relay node wireless network

node transmitting packets is pR} .

Similarly for the relay node, this probability will be p' P

where, p’ is the utilization factor of the relay node, service
2 1 2
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3.1 Analysis at user Node

The mode of transmission is considered to be half duplex.
MAC collisions may lead to packet losses. Every node has
two neighboring user nodes and one relay in the transmission
range. Hence a packet from node k, is successfully delivered
to its neighboring user node (node k-1 or node k+1) if and
only if the receiving node (node k-1 or node k+1) and its
neighbors except node k should not transmit any packet. To
illustrate a packet to send from node 1 to node 1 is
successfully delivered if node 2, node 3 and relay node does
not transmit any packets in the same slot as well as the packet
sent from node 1 does not suffer from errors or erasures.
Hence the probability of successful delivery of packet from a
user node to its neighboring user node P(D,) is obtained as

P(Dy) = (1-Ap)* (- Rp)(A- p) 1)

Similarly a packet sent from node 1 to node 3, must be
successfully received by relay node. In general a packet sent
from node k to its peer node (node k+2) is successfully
received by relay node if relay and all user nodes except node
1 should not transmit any packet in that transmission time slot
and the packet does not suffer any errors or erasures. Hence
the probability of successful delivery of packet from a user
node to relay node P(l) is obtained as

P()=a-Rp) " Da-Rp)1-p) 2.2)

Let cry | be the overall arrival rate of packets to be delivered

from every user node to neighboring user node including the
retransmission of lost packets. It can be shown that

A
41— Rp)2 (- Rp')(1- p)

Similarly ap, be the overall arrival rate of packets to be

a (2.3)

D1

delivered from every user node to its peer including the
retransmission of lost packets. It can be shown that

A
41-Rp)3(- Rp)(- p)

The overall arrival rate at user node =2ap; +2ap,. The

utilization factor at every node is defined as the ratio of arrival
rate to the service rate at that queue. Thus, the utilization
factor of queue at a user node is

ap; (2.4)

A 2
p= 1+ J (2.5)
4u(L-Rp)> (L~ R~ p) [ (L-Rp)

3.2 Analysis at Relay Node

Relay node is equivalently represented by a queue based on
FIFO policy. This section presents the analysis at relay node
with or without the implementation of network coding.

3.2.1 Without Network Coding at Relay Node

Relay node without the implementation of network coding has
forward packets received from all user nodes individually to
its appropriate destination user node. Again packets may be
lost due to MAC collision or due to channel errors or erasures.
A packet from relay node is delivered successfully to
appropriate destination (user node) if and only if the destined
user node and neighbors of destined user node are not
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transmitting any packet in the same time slot and the packet
does not suffer any errors or erasures. Hence the probability
of successful delivery of packets from relay node to user
nodes is given by

P(relay) = (1- Rp)3(1- p) (2.6)

From every user node there is only one such packet requires
the service of relay. The arrival rate of packets at relay is sum
of packet arrivals from all user nodes that requires relay to
forward their packets to appropriate user nodes including the
retransmission from relay node. This arrival rate at relay node
including the retransmission of lost packets is obtained as

_ A @.7)
1-rp)3a-p)

Hence utilization factor at relay node with simple store and
forward technique is arrived at

st

st = # (28)
H-Rp)3-pp)

3.2.2  With Network Coding at Relay Node

With the implementation of network coding at relay, for every
two received packets a coded packet is constructed by
computing the XOR of these two packets. This effectively
reduces the transmission of a packets at the by two. There is
every chance that coded packet is not delivered or delivered
with errors to both the destination nodes, which is to be
retransmitted. If the coded packet is delivered successfully to
only one of the two destination node, then it is subjected to
retransmission using simple store and forward technique.
With this model the ratio of overall arrival rate to service rate
at relay node with network coding is given as

o (1-92 (@R +4Rey) 20~ RoPA-p1  (20)
nc —
26/1-Rp) 31— P2 - (- Ap) 32 p)]

We define stable throughput as the maximum arrival rate at
the user nodes that the network can handle such that any
further increase in the arrival rate makes the network unstable.
That is, In other words throughput is measure of maximum
arrival rate (packets per time slot) that the network can handle
without dropping of packets at any of the network nodes. The
throughput of the network when relay uses store and forward
technique is obtained as

Ag =4 pst A-Rp)3(U-p) i pst <land p<1  (210)

and throughput of the network when relay uses store and
forward technique is obtained as with network coding

PNV Vo Wl e s Vo ) PR T
[3-2(1-Ap)3(L- p)]

where ppe <land p<1

4. RESULTS AND DISCUSSION

This section investigates the range of MAC contention
window at user node and relay for which the system remains
stable and thereby evaluates the maximum stable throughput
of the network. The throughput variation is investigated for
the packet p up to 15% .
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Selecting appropriate values for contention window, the
utilization factor at user node is solved for and used to
compute the maximum throughput of the network as shown in
figure 1 to figure 3.
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Fig 1: Normalized throughput with p=0

Figure 1 is the plot for normalized throughput when the
transmission is error free and packet loss is only due to MAC
collisions. It is seen that the throughput using network coding
is much higher than simply using store and forward technique.

Figure 2 shows the maximum stable throughput as a function
of MAC contention window with packet loss due to link
transmission errors p=0.1. It is seen that network coding out
performs store and forward technique.
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Fig 2: Normalized throughput with p=0.1
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Fig 3: Normalized throughput with fixed the contention
window W to 10.
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Finally figure 3 shows the throughput as a function of packet
loss rates due to link transmission errors. The benefits of
network coding are seen clearly from the plots. It is measured
as percentage throughput gain defined by equation (2.12) and
is as shown in figure 4. Aproximately 45% to 55% and
indicated as shown in figure 4.

(Anc — Asf )/ 2sf *100 (2.12)
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Fig 4: Percent throughput gain of network coding over
store and forward technique setting the MAC window to
10, and for the range of .packet loss due to link
transmission errors ranging 0 to 15%

5. CONCLUSION

This paper brings out the benefits of network coding in a
wireless network consisting of four user nodes and one relay.
Network coding is based on a simple XOR to combine packet
whenever packets are to be exchanged between the user
nodes. Network coding outperforms the traditional store and
forward technique. It is worth investigating benefits of
network coding with varying number of user nodes. Our
future work is to apply the model to investigate the
performance of wireless network that consist multiple user
nodes and bring out the benefits of network coding over store
and forward.
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