
Project Achievements

Green-T aimed at limiting energy con-
sumption for multi-standard mobile termi-
nals for wireless communication, to pro-
long the operational times and to avoid 
active cooling, using cognitive radio and 
cooperative strategies, while also focusing 
on preserving a proper level of security for 
the applications in an energy-efficient 
manner.

Main focus

The main focus of GREEN-T was to inves-
tigate the combination of cognitive radio 
and cooperative strategies to save energy 
of mobile terminals, while maintaining the 
required QoS of active applications. The 
following focus areas have been consid-
ered to achieve this goal:

Cognitive radios - the tools to collect 
context information about the environment 
surrounding the mobile terminal. 

Cooperation - As the density of mobile 
devices increases, it becomes more possi-
ble to establish cooperative strategies. 

Green Vertical Handover - GREEN-T 
studied different energy efficient vertical 
handovers. Mobile terminals equipped 
with multiple RAT interfaces capable of 
vertically handing over between different 
RATs. GREEN-T utilised context infor-
mation about network and mobile environ-
ment to perform green cognitive vertical 
handover. 

Green Reconfigurable Radio Transceiv-
ers - GREEN-T also investigated new 
hardware (RF, BB and Antennas) design 
for flexible multi-standard mobile devices 

with power consumption as a main metric 
for the device operation.

Security – GREEN-T has provided a solu-
tion to avoid malicious and selfish attacks, 
which are great threats in cooperative 
distributed systems. Misbehaving nodes 
will be detected and removed from the 
cooperative networks.

Approach

The project was divided into five technical 
work packages, all involving practical 
demonstrations, contributions to standard-
ization bodies and scientific publications.

WP2 identifed technical scenarios that 
serve as guidelines for research through-
out the project, to define GREEN-T sys-
tem architecture, to define methodologies 
and metrics, and to evaluate the effective-
ness of the proposed solutions.

WP3 investigated multi-standard flexible 
transceivers (RF and baseband) consider-
ing power consumption as a key metric, 
optimized RF front end/antenna matching 
for higher energy efficiency and studied 
antenna techniques to improve energy 
efficiency with limited complexity.

WP4 designed energy efficient coopera-
tive Physical (PHY), Medium Access Con-
trol (MAC) and network layers, provided 
energy efficient security mechanisms for 
cooperative schemes and evaluated ener-
gy-efficiency of developed schemes and 
algorithms.

WP5 investigated, implemented and vali-
dated energy-efficient vertical handover 
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procedures based on context infor-
mation received from both user 
environment and the network.

WP6 provided proofs of concept of 
GREEN-T technologies: 

Showcase 1: It shows how nodes 
belonging to a cluster can cooper-
ate based on advanced short 
range technologies to optimize 
their connection to the RAT in or-
der to save battery power of 
nodes. 

Showcase 2: It evaluates vertical 
handover policies to select the 
RAT, which has the lowest energy 
demand, while providing the re-
quired QoS. 

Achieved results

GREEN-T has provided innovative 
solutions for enabling power sav-
ing for multi-standard mobile termi-
nals in heterogeneous wireless 
systems. GREEN-T has also pro-
vided proof-of-concept through 
simulations and demonstrations. 
The major visible results of 
GREEN-T are:

Flexible RF and antenna tech-
nique designs, whose main goal 
is low power transceivers. The 
project proposed an improved 
Planar Inverted F-shaped Anten-
na (PIFA) on a very compact 
size (15*8*3 mm3), covering a 
wide frequency range around 
2.2GHz. 

 Innovative network and node 
discovery mechanisms built on 
top of context aware architec-
ture, to provide mobile terminals 

with all connectivity possibilities 
to select the most energy effi-
cient connection, while reducing 
the energy consumed on blind 
search

Cooperative strategies for PHY, 
MAC and Network layers to 
achieve energy efficiency and 
save battery power of mobile 
terminals, while maintaining the 
required QoS. The proposed 
solutions use network coding, 
and context aware to choose 
best relaying candidate node to 
maximize energy savings. The 
proposed algorithms achieve 
more than 50% energy savings 
compared to the most energy 
efficient algorithms in the state-of
-the-art.

Light weight security mecha-
nisms for short-range coopera-
tive strategies to avoid malicious 
and selfish security attacks. The 
project has managed to combine 
strong authentication (group 
membership) using asymmetric 
keys with strong privacy protec-
tion (not giving issuers insight in 
your whereabouts), to overcome 
the hurdles with user-key man-
agement for ubiquitous access to 
multiple radio networks.

Green vertical handover algo-
rithms which use context infor-
mation to guarantee that mobile 
terminals are always connected 
to the most energy efficient RAT. 
The project have proposed multi-
ple enhancements on handover 
between LTE and WiFi, as well 
as between LTE macro and 
femto cells, to enhance the ener-

gy efficiency of such handovers. 
The results show energy savings 
reaching up to 20%, while 
providing better Quality of Ser-
vice (QoS).

Impact

Green-T impacts can be summa-
rized in following points:

1) Significant improvements in 
overall energy efficiency and a 
decrease in the environmental 
burden, in compliance with objec-
tives of the international communi-
ty, industry, operators and con-
sumers.

2) Improvements in energy effi-
cient products and systems in the 
area of wireless communications 
in Europe and worldwide.

3) Decrease of both capital and 
operational expenditures for hybrid 
power systems. This enables the 
roll-out of mobile networks in 
emerging countries and a contribu-
tion to economic and social 
growth.

4) Introduction of advanced ‘green’ 
solutions into the standardization 
of wireless networks, and an in-
crease in worldwide scientific 
knowledge on energy efficient 
communications.




