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Abstract—Broadband Wireless Network (BWN) is the promising
technology nowadays due to the increased number of smartphones.
Buffering scheme using network coding considers the reliability and
proper degree distribution in Worldwide interoperability for
Microwave Access (WiMAX) multi-hop network. Using network
coding, a secure way of transmission is performed which helps in
improving throughput and reduces the packet loss in the multicast
network. At the outset, improved network coding is proposed in
multicast wireless mesh network. Considering the problem of
performance overhead, degree distribution makes a decision while
performing buffer in the encoding / decoding process. Consequently,
BuS (Buffer Scheme) based on network coding is proposed in the
multi-hop network. Here the encoding process introduces buffer for
temporary storage to transmit packets with proper degree distribution.
The simulation results depend on the number of packets received in the
encoding/decoding with proper degree distribution using buffering
scheme.

Keywords—Encoding and decoding, buffer, network coding,
degree distribution, broadband wireless networks, multicast.

[.INTRODUCTION

ULTICAST communication supports one to many and

many to many distributions where the information is
addressed in BWN [1] i.e. WiMAX, Long Term Evolution
(LTE), etc. For simultaneous transmissions, network coding is
applied over BWN network in which the multi-radio concept
can also be considered. BWN is deployed nowadays
significantly in wireless multi-hop networks. Multipath routing
helps in increasing consistency in wireless networks while
several paths are created for source and destination nodes.
While performing routing in multipath between the nodes, more
transmission occurs which results in high redundancy in
wireless mesh networks. One to many connections offer several
paths from an individual source in multi-hop routing which
results in PMP (Point to MultiPoint) connection and mesh
network. Evaluation of PMP and mesh [2] is discussed. Here
centralized scheduling is applied and degree distribution acts as
a decision maker to allocate a resource over the buffer in a
particular time. Scheduling is an important component in
wireless mesh network while performing data transmission
from source to destination. Centralized scheduling [3] provides
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Base Station (BS) that acts as a central controller for all the
Subscriber Stations (SS) to perform data communication in a
network.

Network coding performs encoding and decoding procedure
in IEEE 802.16 network and it is provided as multicast
communication. There are several coding schemes [4] which
are applied to various networking technologies and coding
schemes such as linear network coding and random network
coding. For multicast communications, rateless codes are useful
which is similar to FEC (Forward Error Correction) to correct
errors over reliable data transmission. Several rateless codes are
applied to generate infinite streams of output data with largely
recoverable data. Error correction mechanism also helps in
increasing reliability in wireless networks. Thus network
coding with degree distribution helps in improving successful
packet delivery and network performance in wireless mesh
networks.

In this paper, a BuS (Buffer Scheme) based on network
coding is proposed in IEEE 802.16 mesh networks. Proper
degree distribution and packet distortion at the encoding /
decoding receiver is considered. Coding scheme is applied over
the intermediate nodes for both transmitter and receiver.
Buffers along with the encoding and decoding process are
represented in Fig. 1. Buffers have been structured at the
intermediate which supports the FIFO (First In First Out)
process. Mainly, degree distribution used in the encoding
process acts as the decision maker which will change the buffer
action. This action helps in reducing the packet loss at the node
and in improving the successful packet delivery in the network.
This scheme has been applied over the WiMAX network which
supports mesh network. From Fig. 2 (a), Node A multicast three
binary symbols B1, B2 and B3 to B, C and D. Then node E
encodes Bland B2 (Bl XOR B2) by multicasting B and D.
Node F receives encoded packets B1 and B2 (B1 XOR B2) and
then transmits the encoded packets to G and H. Nodes G and H
decode the received encoded packets into output packets B1 and
B2 from G and H. S1, S2, S3 and D1, D2, D3 are represented
in multi tree level structure. Centralized multi-radio network
structure is represented in Fig. 2 (b).
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Fig. 2 (a) Multicast Network Coding and (b) Centralized WiMAX Network Structure

From Fig. 1, encoding and decoding process is represented
as binary symbols which are used to recover original output
symbols from binary input from source to destination. Here, the
buffer is placed at the encoder and buffer decision switching
depends on the degree distribution in the encoder procedure.

Rest of the paper is organized as follows. Related work is
discussed in Section II. In Section III, network model with
encoding / decoding procedure is discussed. Buffering scheme
is detailed in Section IV and conclusion is given in Section VI.

IL.LRELATED WORK

There are many recent works carried out in various networks
regarding network coding for both unicast and multicast [5], [6]
transmission. Y. Wu et al. discussed the problem of information
exchange [7] in two way relay networks and multicast problems
are further discussed on various networking scenarios. A novel
QoS (Quality of Service) routing scheme is proposed [8] for
both unicast and multicast transmission through network
coding. Routing scheme helps in selecting the optimal path in

BS - Base Station
SS - Subscriber Station

[:] - Number of radic’s

(b)

multi-hop network in order to guarantee QoS. In Multi-path
routing, discussion on interference problem [9] and multi-path
route selection is proposed to maximize the throughput. The
network coding features and its applications [10] are discussed.
Packets have performed XOR operation at the intermediate
node based on encoding and decoding procedure [6] to reduce
packet loss. Number of packets received at the destination based
on the network coding can be calculated based on the QoS
parameters. Kaikai Chi et al. considered the lack of channel
capacity problem and proposed the network coding scheme
with packet buffering [11] in IEEE 802.11 networks.

To improve recovery of original packets and throughput, [7],
[12] considered the buffer scheme based on network coding for
both unicast and multicast networks. Recently, every wireless
network is moving towards the advance technologies like
WiMAX, LTE, etc for various challenges in the network.
Cheiochan S. et al. [13] considered the network coding which
helps in mixing the random packets before forwarding to the
relay nodes. Network coding is concerned with opportunistic
overhearing with interference problem related to channel
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assignment and scheduling in wireless mesh networks.
Considering the problem of degree distortion and reliability,
this paper proposes a network coding with buffers which result
in packets loss delivery in WiMAX network.

III.NETWORK MODEL

Considering WiMAX network, nodes are categorized into
BS (Base Station) and SS (Subscriber Station) in multi-relay
network. In a network, G (V, E) where V represents the node

Splits into 'm’
blocks

Original
Data

and E the edge which supports centralized scheduling. Network
coding concerning the proper degree distribution for encoding
in IEEE 802.16 wireless mesh network is discussed. Network
coding helps to optimize the flow of data to reach the
destination from source.

From Fig. 1, here A is assumed as BS that acts as a
centralized entity and remaining nodes B, C, .., K are assumed
as SS. The node sends a packet from source S1, S2 and S3 to
destination D1, D2 and D3. The packets are forwarded to relay
nodes and represented in Fig. 2.

Fig. 3 Architecture of Coding Scheme

From the Fig. 3, original data is split as X, X», X3... Xy, for
‘m’ blocks. It performs XOR operation as {(X,; XOR X3), (Xs
XOR Xg) ...} and broadcasts the coded packet to reach the next
node. Then the encoded packets are transferred to the
destination node to get decoded.

A. Encoding Procedure

In the beginning, degree ‘d’ is selected randomly using
degree distribution p(d), i.e., discrete probability density
function for calculating a degree to the probability of a selected
degree. Random ‘d’ blocks are chosen uniformly, i.e. neighbour
as distinct input symbols (Source file consists of blocks X;.
XOR all the chosen symbols), i.e. neighbor to derive the output
symbol (E> X, @Xs D...).

Here robust soliton degree distribution [14] is constructed
with the parameters, number of encoding symbols ‘k’ and
failure probability of message §, Robustas K =k + 0 (Vk *
In? ( % ) ). From Fig. 4 (a), node E (i.e. encoded node) likes to

multicast the encoded output bl and b2 with robust soliton
distribution to D1 and D2. The node S receives and starts
decoding to obtain original message. This helps in recovering
the number of symbols which is reception efficiency.

In this paper, a robust soliton distribution is constructed in
order to avoid redundant coverage of input by the encoding
symbols and only one input neighbor symbol is found in the
decoding symbol. Then robust soliton distribution p(d) is as:

LetR=c=* 1n(§)\/12 for suitable constant ¢ > 0 and § is the

failure probability. t(d) and p(k) are the two functions in the
normalization.
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Then obtain f, B = Yp-;(p(k) + t(d) from (1), (2).
Robust soliton distribution p(d) as,

p(k) + (d)
B

B. Decoding Procedure

First, a node E is found that has only Ry, as a neighbor. If no
such node is available, more packets are received until such a
node is found. Now E is recovered and set R,, = E. For another
output node Ei =Ry, @ E. All the edges between Ry, and output
nodes, i.e., E; are removed. All the original data has been
recovered, otherwise it is repeated.

u(d) = Foralld =1,....k

IV.BUFFER SCHEME

When the node AB and AC try to transmit (X, @ X3, X4) to
E and F, F receives degree distribution alteration in Fig. 1 (a).
Robust degree distribution is applied which find degree ‘d’ (‘d’
—>(di, d2)) based on the discrete probability density function
from Fig. 1 (a) based on the buffer in Fig. 2. Similar to Fig. 3,
select the degree ‘d’ which has severe distortions which affect
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the performance of the network. A buffer scheme based on
degree distribution is applied. Degree ‘d’ is selected from the
generated code in encoded process.

Buffering scheme is applied over two cases as in Fig. 4 based
on Fig. 2.

Left Buffer

Right Buffer

(b)

Fig. 4 Buffering Scheme Possible Cases (a) and (b)

Left Buffer Right Buffer
@
TABLEI
ABBREVIATIONS
By, Left buffer
Br Right buffer
Eony Encoded output where E,yy > N€0ton

d(Eony) Degree of encoded output
S Size of each buffer
E (a) a'Melement of left buffer; wherea = 0toS — 1
Er(b) b element of left buffer; whereb = 0toS- 1
P, andPy Pointer to right and left buffer

Case (a): When S1 and S2 are transmitted from S to D1
and D2.

Step 1:

Initialize

N > NULL

// Based on the least traffic demand of the link against the left and
right buffer

Then left buffer By is assigned

P is pointed as 1; otherwise 0

Element in the left buffer moved to 1 to S — 1

N=N+1

Step 2:
If (B, == True){
[True = assigned otherwise not assigned]
(Bg == True)
If(Pr) < S)
(Er(Pr)) = Eo(0)
Pp++}
else {
If(PL) <9S)
(EL(P)) = Eo(o)
PL++}

Condition
B;, == True > By == True
Br == True > B, == True

If has already been used the left buffer then changes it to right
side buffer only if degree distribution pair d (di, d») used
concurrently is avoided. The step 2 is considered for right side
buffer, otherwise the same is repeated.

From1 Fig. 4, d1 and d2 is transmitted between (S, D1) and
(S, D2), Then, Ey. (a) and Eg (b) are increased to plus 1 and the
pointer Pp and Pr are decreased by minus 1 as left and right side
buffer which are used once to transmit d1, d2. The step 2 is
repeated till the N <n. Similarly, if d1 @ d2 are transmitted
from source S to the destination d1 and d2 which is as same as
in case (a).

Case (b): When two sources S1 and S2 are transmitting d1
and d2 to single destination D.

Left side buffer and right side buffer contain element based

on,

EL(a) > at® element of left buffer; wherea = 0toS- 1
Er(b) > b'" element of Right buffer; whereb = 0toS- 1
B, 2 Transmit d1;

Bg 2 Transmit d2;

Buffer at destination D is represented as ‘B’.

If (B, == True && By == True) {
If (Pr) && (P,) < )

(Er(PR)) = Eo(o);

(E,(P) = Eo(o);

These two buffers maintain two buffers at destination ‘D’ to
generate output symbol as,

B 2 Output symbol = d1 @ d2;
Pr + +;

P, ++;

}

}

V.PERFORMANCE ANALYSIS

The aim of the proposed buffer scheme based on network
coding is to improve the performance without degrading
WiMAX network. Considering the problem of performance
based on degree distribution, proper degree distribution is used
in BuS through the centralized tree network. In Fig. 5, the
number of nodes (up to 500) with packet drop is analyzed. BuS
based on network coding has more variation when compared to
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network coding based on the number of nodes.
transmitting packets with probability successful

In Fig. 6,
density as

buffer scheme are effective as the number of packets increases.
The performances based on these parameters are analyzed.
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VI.CONCLUSION

The buffer scheme that makes decision against falsified
degree distribution and performance overhead is proposed in
WiMAX network. The proper degree distribution construction
helps in making a proper decision in the buffer and improves
the successful packet delivery in the wireless mesh network. In
the simulation analysis, network coding with BuS and network
coding without BuS based on packet drop and successful
density are compared. Based on the analysis, performance
increase is made without degrading the overall performance in
the network. In a future work, analysis can be made for both
uplink/downlink in advanced broadband networks like LTE, 5G
networks, etc. Performance can be made for some other
parameters to prove that the algorithm can be more effective.
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