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STAR-CODE

The goal of the STAR-CODE project is to create efficient communication
concepts/technologies for multiterminal nodes based on the recent advances in network information
theory and coding theory, where the network itself expresses a structure of coding schemes. Example
of applications iInclude disaster-area communication systems, universal wireless access in rural
areas, sensor networks and vehicle-to-vehicle communications. The outcomes include new algorithms,
theorems, coding schemes to improve the data throughput, reduce the power use, and increase the
reliability of star-structured network topologies.

In summary, the results are: glg new wireless network capacity bound for networks with multiple
relays and side information, (2) new decoding technique for multiple multiway relay, (3) explicit
error-floor analysis for finite-length setting, (4) induced degree distribution due to Rayleigh
fading channels, (5) optimal degree distributions.
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1. WFERM U0 R

Wireless communications have become as
important to our lives as house, car, or
computer. However, in the future there is
a need to limit the energy consumption of
the battery—-driven devices. Without new
approaches for energy savings, there is a
significant threat that in the future,
users will be searching for power outlets

rather than network access. Cooperative
communications can improve the
performance of wireless networks.

Intuitively, if the users cooperate, the

communication system can work better,

reducing computational complexity,
decreasing power consumption and
improving data rates

The theoretical limits of cooperative

networks are now being intensely studied;
however, many open questions remain,
particularly for complex wireless
networks. For example, little is known
about star—structured networks, where
users Ul, U2, ---, UK exchange information
with the help of a relay R as shown in
Fig. 1.

This project uses star—structured network
as the basic platform, where the networks
itself can be seen as the structure of
coding scheme. The goal of the STAR-CODE
project is to find information—theoretic
limits, effective coding and modulation
techniques, optimal power and rate
allocation for such networks. Furthermore
it will evaluate the performance in low—
computational complexity and minimum-—
transmission phase scenarios. A potential
application is cross—country
communications, to provide universal
access to rural areas, where the relay R
is a satellite, as shown in Fig. 2.
Another application 1is disaster—area
communications, when
unavailable, enabling emergency—response
personnel to communicate using a rapidly—
deployed relay

infrastructure 1is

In summary, the contributions of this

project are:

(1) new wireless network capacity bound
for networks with multiple relays

(2) new wireless network capacity bound
for networks exploiting side
information

(3) new decoding technique for multiple
multiway relay,

(4) explicit error-floor analysis for
finite—length setting for low latency

communications

(5) induced degree distribution due to
Rayleigh fading channels,

(6) optimal degree distributions
suitable for coded random access with
and without multiuser detections
(MUD) capability.

Fig. 1 Star-structured relaying with side
information between users. Sl,, is side
information between nodes x and y.

2. MFROHEB
The goal of the STAR-CODE project is to
create efficient communication

concepts/technologies for multiterminal
nodes based on the recent advances in
network information theory and coding
theory, where the network itself
expresses a structure of coding schemes

This project considered star—structured
network topologies with a central relay
as the platform for full information

exchange.

Based on the recent development in coding
theory for low density parity check
(LDPC) codes e.g., spatial coupling and
random access on graph, this project is
aiming to solve problems of star—
structured network as described in Fig. 2
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Fig. 2 Multiterminal networks viewed as
LDPC codes possible as solution for
wireless super-dense networks.



Fig. 2 shows an example of star-
structured relaying system with three
users. The carefully designed scheduling
of transmission (to the relay) can be seen
as a spatial coupling of the star-
structured network. Many open problems

are, e.g. (1) theoretical communications

limits, (2) multiple access detection
schemes, (3) optimal  user  power
allocation, (4) optimal transmission
scheduling.

3. WrZEDITIE

The STAR-CODE project is divided into
five work packages (WP) for a total of
three years. However, due to publication
reasons, the project was extended to 4
years 1in total. Each WP has its own
novelty, expected results, and project
workers (PW), where the project outputs
are aimed at both academia and industry

In the first year, the project focuses on
correlated sources and joint source and
channel coding for application in the
network. In the second year, the project
investigates graph-based transmission
with random access on network, where the
devices or users and time-slot can be seen
as variable nodes and check nodes of LDPC
codes, respectively

In the final year WP focuses on the global
optimizations given the results obtained
in the first and second year, especially
on the degree distribution, rate and
power allocations. Each WP is based on
unique theoretical and computer
simulation activities which result in
unique technologies but under the same
umbrella of single relay cooperative
communhications

4. BFZERR

The project provided significant results

contributing to academic and industries

to develop multiple access scheme for

wireless super—dense networks. Some most

important results are as follows:

(1) New wireless network capacity bound
for networks with multiple relays
[14], [15].

The results revealed the theoretical
limit of wireless super—dense
networks involving multiple multiway
relays as shown by Fig. 3. In Fig. 3,
it is shown the increase of
theoretical capacity limits to the

throughput at around 1.8 packets/slot
achieved by average network rate of
0.5. The details can be seen in [14]
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Fig. 3 New theoretical capacity limits
for wireless super—dense networks
involving multiple multiway relays [14].

(2) New wireless network capacity bound
for wireless networks exploiting side
information.

Surprisingly, Fig. 4 shows the
improvement of networks capacity
limit to the value of almost double
only by exploiting the side

information from the neighboring
nodes. The details can be found in
[15].
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Fig. 4 New theoretical capacity limits
for wireless super—dense networks
exploiting side information available
from neighboring nodes [15].

(3) New decoding technique for multiple
multiway relay.
The new decoding schemes are divided
into two parts, the complexity of
which is similar and low.



(D Decoding for multiple multiway
relays. This decoding scheme works by
exchanging erasure probability
between two different factor graphs
One graph from the main relay and
another graph from the additional
relays as shown in Fig. 5.

@ Decoding for networks exploiting
side information. Similar to the
above description, this decoding also
exchanges erasure probability
between two graphs. However, we found
that the number of connecting edges
is maximum half of the total edges,
due to in practices, it is rare that
all neighbors are connected
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Fig. 5 New decoding technique for
wireless networks with multiple
multiway relays [14]
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Fig. 6 New decoding technique for
wireless networks exploiting side
information from neighboring nodes [15].

(4) Explicit error—-floor analysis for
finite-length setting for low latency
communications [17]

(5) Induced degree distribution due to
Rayleigh fading channels [13], [17]

(6) Optimal degree distributions
suitable for coded random access with
and without multiuser detections
(MUD) capability [J1]
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Fig. 7 New network capacity bound [J1].

The network capacity bounds for
general multiuser detection (MUD)
with capability of K={1,2,3,4} are
shown in Fig. 8. This figure confirms
the bound and approached coding
schemes in practice. It is excellent
that the bound can also be approached
with several coding schemes in
practice with carefully designed
degree distributions. The detailed of
the design can be found in [J1]
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Fig. 8 Increase of network capacity
1000% or 10x compared with the
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conventional slotted ALOHA [J1].

In Fig. 9, we confirmed that
practically we can achieve 1000%
capacity improvement with the optimal
degree distributions obtained
EXIT chart analysis

via

From the results of this project, we
learned and reveals many things
including the analysis of super—dense
networks are even possible to be
analyzed using EXIT chart
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