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networks over the years 

mainly evolution 
 
fixed-mobile conversion mainly built on “tight 

coupling” 
 
loads on emphasis on overcoming heterogeneity 
 
focus on bandwidth and delay, capacity and 

throughput, much less on energy efficiency 



areas 

 
software defined networking 
 
self-management 
 
energy awareness 
 
content awareness 



self-management 

autonomics 
modelling 
information processing and learning 
 



autonomics 

autonomics (control-loops) in future 
networks 

autonomic features in the instances and parts 
of networks (core and capillary) 
information and knowledge provision and 

processing 
interactions and competition 

game theory may be a solution, but… 



modelling 

operational properties and modelling of 
the autonomic networks 
operational conditions will influence/impact the 

networks 
modelling tools 

interrelations of control loops  
modelling of the knowledge plane  



information processing and 
learning 

information processing (cognition) in 
autonomic networks  

computational algorithms 
information filtering/data mining pattern recognition 

intelligence 
level of “intelligence”  

decision-making and processing of information 
in the knowledge plane 
“range based” look-up, control networks, machine 

learning, ... 



C2POWER   - it is about context… 

 
 
 

Network	  Context	  Aware	  Module



Objectives 

Design, implementation and validation of energy efficient 
network discovery mechanisms 

 

Design, implementation and validation of energy efficient 
neighbour (node) discovery mechanisms 

 

Implementation of mobile terminal-context and network-
context units for integration in WP7 



Network Discovery 

Network Discovery Algorithm 
Large geographic area covered by LTE cells 

and randomly distributed WLAN APs. 
UEs perform eNodeB selection and inter-

eNodeB handovers based on RSS 
information. 

Also perform network scanning to detect 
available APs. 

When an available AP is discovered, vertical 
handover to the WLAN for traffic 
offloading and energy-saving. 

ANDSF used as a database to record the 
network context . 

UE estimates its current location using 
mature localization techniques. 

LTE	  eNodeB

WLAN	  Access	  Point

User	  Equipment

Connection	  Link

ANDSF	  ServerANDSF	  ServerEPC



Network Discovery 

Algorithm Outline 
New UE context parameter 

− query distance: dq
Distance between the UE and the 
closest WLAN AP discovered in the 
previous ANDSF query 

§ When the UE has travelled more 
than dq since the last ANDSF query, 
it will send a new one 

ANDSF will respond with a list of 
available networks in the UE 
coverage 
UE will use this to perform network 
scanning and VHO 
If no WLAN AP is accessible, ANDSF 
will set new dq
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Simulation Results 
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ANDSF-assisted
Periodic, 1s
Periodic, 2s
Periodic, 3s
Periodic, 6s
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ANDSF-assisted
Periodic, 1s
Periodic, 2s
Periodic, 3s
Periodic, 6s

30 40 50 60 70 80 90 100 110 120
0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

0.75

0.8

Access Point Density (APs per km2), User speed 30 km/h
D

et
ec

tio
n 

R
at

e

 

 
ANDSF-assisted
Periodic, 1s
Periodic, 2s
Periodic, 3s
Periodic, 6s

Parameter	   Value	  
Maximum LTE power in the uplink	   250 mW	  
LTE cell radius	   1 km	  
Path loss model in the LTE network 	  

LTE uplink power control	   Open loop with fractional path-loss 
compensation	  

Maximum WLAN power in the uplink	   100 mW	  
WLAN cell radius	   50 m	  
Energy consumption per WLAN 
scan	   11 mW	  

Operational power	   100 mW	  
Mobility model	   Random Walk Model	  
Number of LTE cells	   7	  
Number of users	   500	  
Simulation time	   500 s	  



Context based Node Discovery 
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Representation of Willingness in Beacon 

Each MT uses 2 bits to represent its willingness to 
cooperate: 
00 → not willing to cooperate. 
01 → willing to cooperate and to be relayed. 
10 → willing to relay. 
11 → willing to cooperate both as relay and relayed. 

Each MT uses 4 bits to represent its battery: 



Simulation Results 

The C2POWER nodes 
achieve energy saving 

The C2POWER nodes 
discover a higher number of 

nodes by utilizing context 



Interactions between the C2POWER modules 

The specification of each 
interface includes:  
information on the general 

principles  
specification objectives 
capabilities  
description of functions 
a Message Sequence Chart 

(MSC) that describes the 
interface protocol 
structure. 
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Trends|content and context  

service demands/types and networks 
 
demographics 
 
technologies 



Demographics: Service Mix 

Source:  www.analysysmason.com, 2009 



Conclusions 
 
 
 
Objectives of energy efficiency  - what do you want to 

achieve?  
 
Protocols will need to react to context.  
 
 
 



Thank you! 
 

Klaus Moessner 
k.moessner@surrey.ac.uk 


