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Guest Editorial
Network Coding for Wireless Communication Networks
n wireless communication networks, network performance
is largely affected by various network characteristics, such
as limited channel bandwidth, unstable signal transmission,
severe power constraint, high node unreliability, and easy interception of wireless signals. Network coding has recently
emerged as a new coding paradigm that has demonstrated a
wide range of potential applications for improving network performance in wireless communication networks. The core notion
of network coding is to allow the information (or data) received
from multiple links to be mixed at intermediate network nodes
for subsequent transmissions so that the amount of data transmitted in the network is reduced and the network performance
in terms of network throughput is improved. This notion can
also be applied to the data received on a single link within a single stream or across different streams, and even to the physical
layer, where different signals can be combined for further transmission. In contrast to traditional network operations that try to
avoid collisions of data streams through resource management,
this elegant principle not only provides a new way to improve
network throughput but also brings a plethora of other surprising benefits, such as energy efficiency, network robustness, and
network security. Owing to its wide range of potential applications, network coding has recently received increasing attention
from the research community. To better exploit this promising
coding paradigm in wireless communication networks, many
technical issues remain to be studied, which has invigorated a
considerable amount of research activities in the area.
This special issue includes a collection of 19 outstanding
research papers which cover a diversity of topics on the application of network coding in wireless communication networks.
The first eight papers are on the performance analysis of
network coding in different types of wireless networks. In the
paper “Bounds on the Throughput Gain of Network Coding in
Unicast and Multicast Wireless Networks,” Liu et al. studied
bounds on the throughput gain of network coding in unicast
and multicast wireless networks. For random networks of any
dimension under either the protocol or physical communication model that was introduced by Gupta and Kumar, they
showed that network coding and broadcasting lead to at most
a constant factor improvement in per node throughput. For the
protocol model, they provided bounds on this factor. They also
established bounds on the throughput benefit of network coding and broadcasting for multiple source multicast in random
networks. For an arbitrary network deployment, they showed
that the coding benefit ratio is at most O(logn) for both the protocol and physical models. These results provide guidance on
the application of network coding, and more generally indicate
the difficulty in improving the scaling behavior of wireless
networks without modification of the physical layer.
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In “Modeling Throughput Gain of Network Coding in
Multi-Channel Multi-Radio Wireless Ad Hoc Networks,” Su
and Zhang modeled the network throughput gains of two types
of network coding (NC) schemes, including the conventional
NC and analog NC schemes, over the traditional non-NC
transmission scheduling schemes in multi-hop, multi-channel,
and multi-radio wireless ad hoc networks. They first showed
the network throughput gains of the conventional NC and analog NC, and then proposed an analytical framework for deriving the network throughput gain of the NC schemes over general network topologies. By solving the problem of maximizing the network throughput subject to the fairness requirements under the proposed analytical framework, they quantitatively analyzed the network throughput gains of these two
types of NC schemes for a variety of network topologies with
different routing strategies. In addition, they also developed a
heuristic joint link scheduling, channel assignment, and routing algorithm that aims at approaching the optimal solution to
the optimization problem under the proposed framework.
In “Cross-Layer Optimization for Wireless Multihop
Networks with Pairwise Intersession Network Coding,”
Khreishah et al. showed that with a new flow-based characterization of pairwise intersession network coding, an optimal
joint coding, scheduling, and rate-control scheme can be
devised and implemented using only the binary XOR operation. The new scheduling or rate-control scheme demonstrates
provably graceful throughput degradation with imperfect
scheduling, which facilitates the design tradeoff between the
throughput optimality and computational complexity of different scheduling schemes. The results show that pairwise intersession network coding improves the throughput of non-coding
solutions regardless of whether perfect or imperfect scheduling
is used. This work shows a striking resemblance between pairwise intersession network coding and non-coded solutions,
and thus advocates extensions of non-coding wisdoms to their
network coding counterpart.
In “Optimized Multipath Network Coding in Lossy Wireless
Networks,” Zhang and Li considered maximizing the benefits
of network coding for unicast sessions in lossy wireless environments, and proposed Optimized Multipath Network Coding
(OMNC), a rate control protocol that dramatically improves the
throughput of lossy wireless networks. OMNC employs multiple paths to push coded packets to the destination, and uses the
broadcast MAC to deliver packets between neighboring nodes.
The coding and broadcast rate is allocated to transmitters by a
distributed optimization algorithm that maximizes the advantage of network coding while avoiding congestion.
In “Is Rate Adaptation Beneficial for Inter-Session Network
Coding?” Kim and Veciana considered the interplay between rate
adaptation and inter-session network coding gains in wireless
mesh or ad hoc networks. They considered inter-session coding,
restricted to a single relay (bottleneck) node, or star network
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topology, and provided heuristics to find a suboptimal solution to
the joint optimal rate vector selection and optimal network coding
problem. Additionally, a linear programming formulation is provided for network coding when only pairwise inter-session coding
is allowed. The averaged throughput is evaluated in two different
scenarios, where relays have different access opportunities.
In “Wireless Network Coding in Slotted ALOHA with TwoHop Unbalanced Traffic,” Umehara et al. analyzed the performance of network coding on a two-hop wireless relay
access system employing the slotted ALOHA under balanced
bidirectional traffic, and provided closed-form expressions for
the throughput and packet delay for two-hop unbalanced bidirectional traffic cases both with and without network coding
from a theoretical perspective of the slotted ALOHA. The
results show that the transmission probability of the relay node
is a design parameter that is crucial to maximizing the achievable throughput of wireless network coding in the slotted
ALOHA on two-hop unbalanced traffic cases.
In “On the Improvement of Scaling Laws for Large-Scale
MANETs with Network Coding,” Zhang et al. characterized
the throughput-delay storage tradeoffs in mobile ad hoc networks (MANETs) with network coding, and compared with
the scenarios where only replication and forwarding are
allowed in each node. The schemes that effectively achieve
those tradeoffs in a decentralized manner are proposed and the
optimality of those tradeoffs is established. The scenarios in
which network coding can provide significant improvement on
network performance are identified under different node
mobility patterns (fast and slow mobility). The insights on
when and how information mixing is beneficial to MANETs
with multiple unicast and multicast sessions are provided.
In “Doped Fountain Coding for Minimum Delay Data
Collection in Circular Networks,” Kokalj-Filipovic et al. studied
decentralized, Fountain, and network-coding based strategies for
facilitating data collection in circular wireless sensor networks,
which rely on the stochastic diversity of data storage. The goal is
to allow for a reduced delay collection by a data collector which
accesses the network at a random position and at a random time.
It is shown that network coding makes data dissemination more
efficient at the expense of a larger collection delay.
Then, there are three papers on new network coding schemes
and techniques for improving the performance of different types
of wireless networks. In the paper “A Hybrid Network Coding
Technique for Single-Hop Wireless Networks,” Tran et al. investigated a hybrid network coding technique to be used at a wireless base station (BS) or access point to increase the throughput
efficiency of single-hop wireless networks. Using the proposed
network coding technique, the BS encodes the lost packets possibly from different flows together before broadcasting them to
all wireless users, thus allowing multiple wireless receivers to
recover their lost packets simultaneously with a single transmission from the BS. It is shown that when used in conjunction with
an appropriate channel coding technique under typical channel
conditions, this technique can increase the throughput efficiency
up to 3.5 times over the Automatic Repeat request (ARQ), and up
to 1.5 times over the hybrid-ARQ techniques.
In “Optimal Beamforming for Two-Way Multi-Antenna
Relay Channel with Analogue Network Coding,” Zhang et al.

studied the wireless two-way relay channel (TWRC), where two
source nodes exchange information through an assisting relay
node. Assuming that the two source nodes are each equipped
with a single antenna and the relay node with multi-antennas,
they analyzed the capacity region of an analogue network coding (ANC)-based TWRC with linear processing (beamforming)
at the relay node, and presented the optimal relay beamforming
structure as well as an efficient algorithm to compute the optimal beamforming matrix based on convex optimization techniques. Low-complexity suboptimal relay beamforming
schemes are also presented, and their achievable rates are compared against the capacity with the optimal scheme.
In “Video-Aware Opportunistic Network Coding over
Wireless Networks,” Seferoglu and Markopoulou studied
video streaming over wireless networks with network coding
capability and proposed video-aware opportunistic network
coding schemes that take into account both the decodability of
network codes by several receivers, and the importance and
deadlines of video packets. They concluded that when the
transmitted flows are video streams, network codes should be
selected such that not only the network throughput but also the
video quality is maximized.
The next three papers are on multicast communication
using network coding in different types of wireless networks.
In “Training Overhead for Decoding Random Linear Network
Codes in Wireless Networks,” Riemensberger et al. considered
multicast communications from a single source to multiple
destinations through a wireless network with unreliable links,
and presented a joint coding and training scheme in which
training bits are appended to each source packet, and the channel code is applied across both the training and data. This
scheme allows each destination to decode jointly the network
coding matrix along with the data without knowledge of the
network topology. It also balances the reliability of communicating the network coding matrices with the reliability of data
detection. The throughput for this scheme, accounting for
overhead, is characterized as a function of the packet size,
channel properties (error and erasure statistics), number of
independent messages, and field size.
In “Binary Linear Multicast Network Coding on Acyclic
Networks: Principles and Applications in Wireless Communication Networks,” Li et al. first discussed the reciprocal theorem
of the conventional linear multicast and then designed a linear
multicast on any given acyclic network with constant finite field
by extending the multicast dimension and relaxing the constraint
on the information storage. In particular, they proposed a binary
linear multicast network coding and a linear multicast with binary coefficients. With the proposed coding and multicast method,
the computational complexity for network coding at the intermediate nodes can be significantly reduced.
In “Reliable Relay Assisted Wireless Multicast Using
Network Coding,” Fan et al. discussed and analyzed the network coding based cooperative multicast scheme systematically and compare its performance in terms of throughput, delay,
and queue length with two other multicast protocols. Based on
the analysis, an optimal multicast scheme is proposed to maximize the throughput subject delay and queue length constraints.
These are followed by the three papers on physical-layer net-
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work coding in different types of wireless networks. In the paper
“On Capacity of Random Wireless Networks with PhysicalLayer Network Coding,” Lu et al. studied the theoretical
throughput capacity of a random wireless network with three different transmission schemes: traditional flow-based scheme, network coding scheme, and physical-layer network coding scheme.
This study reveals that, although physical-layer network coding
does not change the scaling law, it can improve throughput
capacity by a fixed factor. They observed that for a one-dimensional network, physical-layer network coding can eliminate the
effect of interference in some scenarios, and derived a tighter
capacity bound for a two-dimensional network. The study also
shows achievable lower bounds for random wireless networks
with network coding and physical-layer network coding.
In “Optimized Constellations for Two-Way Wireless
Relaying with Physical Network Coding,” Koike-Akino et al.
investigated the modulation schemes optimized for two-way
wireless relaying systems, where network coding is employed
at the physical layer. The network coding based on denoiseand-forward (DNF) protocol is considered, which consists of
two stages: multiple access (MA) stage, where two terminals
transmit simultaneously towards a relay, and broadcast (BC)
stage, where the relay transmits towards both terminals. For
the case of QPSK modulations at the MA stage, it is shown that
the QPSK constellation with an XOR network coding does not
always offer the best transmission for the BC stage, and that
there are several channel conditions in which the unconventional 5-ary constellations lead to a better throughput performance. Through the use of sphere packing, the constellation is
optimized for such an irregular network coding. They further
discussed the design issue of the modulation in the case when
the relay exploits diversity receptions such as multiple-antenna diversity and path diversity in frequency-selective fading.
In “Channel Coding and Decoding in a Relay System
Operated with Physical-Layer Network Coding,” Zhang and
Liew investigated link-by-link channel-coded physical-layer
network coding, in which a critical process at the relay is to
transform the superimposed channel-coded packets received
from the two end nodes (plus noise) to the network-coded
combination of the source packets. They showed that if the
Repeat Accumulate (RA) channel code is adopted at the two
end nodes, there is a compatible decoder at the relay that can
perform the transformation efficiently.
The last two papers are on other aspects in the application
of network coding in wireless communication networks. In the
paper “Network Coding-Based Protection of Many-to-One
Wireless Flows,” Al-Kofahi and Kamal studied the problem of
survivability of many-to-one flows in wireless networks, and
presented a network coding-based protection scheme, which
overcomes the deficiencies of traditional schemes, such as the
(1+1) protection scheme and the (1: N) protection scheme, and
provided protection at the speed of proactive protection but at
the cost of reactive protection.
In the paper “Improving the Multicommodity Flow Rates
with Network Codes for Two Sources,” Erez and Feder proposed a code construction scheme for constructing network
codes for two sources based on the multi-commodity flow
solution, and found a network code that improves the rate
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region of multi-commodity flows. It is shown that the construction algorithm can be combined with distributed backpressure routing algorithm for wireless ad-hoc networks. For
both the non-distributed case and the distributed case, the computational complexity of the code construction algorithm is
comparable to that of the parallel multi-commodity flow problem. They also provided non-trivial upper and lower bounds on
the performance of the proposed code construction scheme
using random coding techniques.
We thank all the authors who submitted their papers to this
special issue. We received a total of fifty-eight submissions in
response to our Call for Papers. Owing to the limitation of space,
only nineteen papers are included in the issue. We are so grateful to all the reviewers for carefully reviewing all the articles and
providing valuable review comments. We appreciate the support
and guidance of the Editor-in-Chief, Pamela Cosman, and the
Executive Editor, Laurel Greenidge, throughout the process of
bringing this special issue to fruition. We also thank the liaison
editor, Alberto Leon-Garcia, for providing valuable comments
in making the final decisions. In addition, we are thankful to Sue
Lange, the Digital Production Manager, and all other publication
staff for their support and help during the publication process.
It is our hope that the papers included in this special issue
present a good snapshot of the latest research advances in network coding for wireless communication networks and become
an important reference for researchers and practitioners in the
area. Finally, we hope that the readers of IEEE J-SAC will find
this special issue timely, informative, and stimulating.
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