
 

Many antennas, multiple benefits

January 21 2015

  
 

  

By combining large distributions of compact antenna nodes with fast fiber optic
communication, researchers have developed a new wireless infrastructure ready
for intense future demands. Credit: A*STAR Institute for Infocomm Research

A concept that balances large-scale installations of low-cost and low-
power antennas to boost cellular coverage in difficult environments will
also provide better connectivity to more users. Developed by A*STAR,
this new architecture for wireless communications can help service
providers meet growing demands for increased network capacity and
improved energy efficiency.
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Jingon Joung, Yeow Chia and Sumei Sun from the A*STAR Institute for
Infocomm Research in Singapore sought to combine two state-of-the-art
wireless technologies into a novel type of antenna system. The first
technology, known as large-scale multiple-input multiple-output (L-
MIMO), uses numerous 'co-located' antennas to significantly reduce
relative noise levels inside devices. The second, called distributed-
antenna systems (DAS), replaces conventional high-power antennas with
strategically placed compact nodes that can split up and transmit signals
more efficiently due to improved line-of-sight pathways.

The team's strategy, known as large-scale distributed-antenna systems (L-
DAS), seeks to implement DAS with a massive installation base, as seen
with MIMO antennas (see image). To realize this goal, however,
required a way to evaluate the costs and benefits associated with this
innovative infrastructure—simply increasing the number of antenna
nodes does not automatically improve wireless network efficiency.

Using a complex computer simulator, the researchers quantified the
performances of multi-user L-DAS networks by evaluating their energy
efficiencies (that is, the number of bits decoded per joule). According to
Joung, modeling energy efficiency is challenging because L-DAS
antennas communicate in two ways—wirelessly or through fiber-optic
cables—and each channel has different and often proprietary power
requirements.

"Another challenge is implementing real-world parameters in the L-DAS
network simulator," says Joung. "Many of these parameters have a large
dynamic range, from a few quadrillionths of a watt to tens of watts,
which can cause precision issues with the computer simulation."

At first glance, the original 'naive' L-DAS setup seemed to have a greater
energy consumption than the L-MIMO system with co-located antennas.
However, the team identified four key attributes that could dramatically
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enhance the L-DAS energy efficiency: proper antenna selection,
clustering of antennas, pre-coding to improve channel quality, and
computerized power control. With these improvements, the L-DAS
network outperformed both L-MIMO and DAS technologies.

The group is now looking to the future. "Heterogeneous network
(HetNet) architectures that can seamlessly support different 2G, 3G, 4G
or WLAN networks are strong candidates for future communication
networks," says Joung. "Because L-DAS architecture can be applied to
many HetNet applications, this work can help ensure a gentle and
smooth replacement of real-life networks with HetNet."

  More information: Joung, J., Chia, Y. K. & Sun, S. Energy-efficient,
large-scale distributed-antenna system (L-DAS) for multiple users. IEEE
Journal of Selected Topics in Signal Processing 8, 954–965 (2014) 
ieeexplore.ieee.org/xpl/login. … ber=6756959&url=http
%3A%2F%2Fieeexplore.ieee.org%2Fiel7%2F4200690%2F5418892%2
F06756959.pdf%3Farnumber%3D6756959
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