
COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  1/93 
 

 

 

 

 

 
 

 

FP7 Information & Communication Technologies (ICT) 

CONSERN 
Deliverable D1.1 

Scenarios, Use Cases, and System Requirements 

 
 

Document Number:   INFSO-ICT-257542/CONSERN /WP1/D1.1/300910 

Contractual Date of Delivery: 30/09/2010 (Project Month 4) 

Authors: M. Emmelmann (Editor), Makis Stamatelatos (Co-editor) 
Please see List of Contributors for authorship information 

Workpackage: 1 

Distribution / Type: PU 

Version:  1.00 

Total Number of Pages: 93 

Person Month: 10 

File: CONSERN_D1-1_v1.0-Final.docx 

 
Abstract  
This document describes scenarios, use cases and system requirements relevant to CONSERN. It 
hereby inherently provides the first definition of terminology, attributes, and parameters which will 
be used throughout the project. 
 
The use case descriptions as well as the resulting system requirements serve as a base line for future 
effort in other work packages which build on and further elaborate the given use cases and 
functional requirements from their specific perspective. Also, the identified parameters form a solid 
base for deriving at a later stage work-package-specific metrics used for performance evaluation. 
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Executive Summary 

This document describes the scenarios and related use cases considered in CONSERN. They are 
derived following a concise, iterative methodology assuring that all key benefits and scenarios 
included in CONCERN’s Description of Work are considered. As a result, this document  

 Defines the terminology used in CONSERN, 

 Describes sixteen (16) use cases covering all scenarios and key benefits as described in the 
Description of Work, 

 Evaluates the use cases, thereby covering the two major research directions defined by 
CONSERN, 

 Derives a minimal set of functional and non-functional system requirements. 

The concluding evaluation of use cases, system requirements, and usage of parameters per attribute 
shows that this document serves as a complete basis to be further elaborated in each work package 
under a topic specific view, identifying one or a set of use cases best suited to illustrate and evaluate 
a work package-specific key benefit. 
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1. Introduction 
The CONSERN project aims at developing a novel paradigm for dedicated, purpose-driven small-
scale wireless networks with special focus on energy-aware self-growing systems. Its goal is to 
design functionality increasing the dependability, cost and energy efficiency, as well as robustness of 
(heterogeneous) wireless networks by utilizing reconfigurable nodes and distributed cooperative 
control functions. This deliverable targets the first step of the design cycle focusing on the 
description and analysis of scenarios, use cases, and system requirements. It hereby acts as a 
baseline document for future, work package-specific activities building on and further elaborating on 
the use cases and derived system requirements. Such structured approach—starting from a project 
wide, global perspective to derive use cases and system requirements, and in a second step detailing 
topic-specific aspects such as energy awareness or the self-growing concept—ensures a common 
understanding of market-relevant and technologically challenging scenarios (across all work 
packages) allowing to produce tangible solutions for the research challenges addressed by 
CONSERN. 

In a first step, Section 2 of this deliverable elaborates on the methodology applied for deriving 
system requirements from the use cases in turn being derived from a set of scenarios. It starts by 
defining concepts and terms which are used throughout this document and concludes by describing 
the (iterative) procedure yielding the final set of system requirements while assuring consistency 
across all involved intermediate steps. The remaining sections of this deliverable address the 
outcomes of each methodology step.  

Section 3 presents attributes and parameters applied relevant to CONSERN and shows how they 
relate to each other. It concludes by summarizing scenarios addressed in CONSERN. Due to the 
iterative nature of the applied methodology, results from the use case analysis are also fed back into 
this section by an overview showing whether a particular use case references a given attribute or 
parameter. 

Those use cases are described in detail in Section 4. The section initially describes the template 
designed for describing all use cases. Using a common formality ensures that all use cases identify, 
amongst other aspects, highlighted attributes and parameters, evaluation criteria and technical 
requirements. Using the input from the use case descriptions, the section concludes with an 
evaluation of the use cases. 

Finally, Section 5 presents the functional and non-functional requirements as derived from the 
previous use case description. Section 6 provides concluding remarks on this deliverable. 
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2. Methodology 
This section will present the methodology adopted by CONSERN in order to perform a multi-
directional analysis of the proposed technical use cases. Such analysis was planned as 
multidirectional because it will enable the at-hand deliverable D1.1 to serve as a reference 
document and technical guide for the more specific work which will be carried in the different work 
packages. In this sense, the methodology will enable defining the technological benefits that will 
result from CONSERN outcomes, the enabling context, as well as corresponding evaluation criteria 
for the level of meeting such outcomes and benefits. 

2.1 Concepts and Terms 
In this subsection definitions are provided for the methodology concepts and terms; moreover, the 
interrelations between such concepts are provided. 

The presented methodology is based on a set of concepts and terms, which will be used (in the 
initial part of the scenarios and use cases analysis) in order to “break down” the key technological 
aspects related to the project’s objectives. More specifically the terms composing the CONSERN 
methodology are listed below together with their definition as included in [2]: 

 Scenario: An account or synopsis of a projected course of events or actions [2]. In this 
context, scenarios describe application examples highlighting key benefits of CONSERN by 
attributing those to the scenario, 

 Use case: A particular instantiation/snapshot of a (partial) scenario having the goal to 
elaborate on a particular attribute of the scenario under a set of given (pre- and post-) 
conditions, 

 Attribute: A kind of property which is associated with a set of real or abstract things (e.g. 
people, objects, places, events, ideas, combinations of things, etc.; here: a scenario) that is 
some characteristic of interest [2]. For example, “Self-growing” is one attribute for a 
scenario under consideration in CONSERN, 

 Enabling attribute: An attribute inherently accredited to a scenario as a result of key 
technological benefits associated with the scenario. This means that the Key Benefits which 
will be available by CONSERN will be based on the enabling attributes. For example the level 
of “Cooperativeness” between the network elements is one enabling attribute for a 
scenario under consideration in CONSERN, 

 Efficiency attribute: An attribute used to reflect the overall operation of the considered 
component, network and system, 

 Parameter: An attribute usually representing some property subject to change [2]. Examples 
for potential parameters for the “Self-growing” attribute of a network include: increase in 
size (e.g., regarding the number node within the network), increase in coverage, and 
increase in functionality offered to the user, 

 Key Benefit: An attribute illustrating the advantage in technology which is foreseen to be 
introduced by CONSERN project. The paradigm of “Self-Growing” stands for an attribute 
representing a key technological advantage which is introduced by the project, 

 Metric: A quantitative measure of the degree to which a system, component, or process 
possesses a given attribute [2]. This measure can be indicated by corresponding quantitative 
parameters which will be assigned to a metric. For example, an indication of whether a 
system is self-growing can be given by corresponding capability of discovering and 
integrating additional systems and nodes. It must be noted that Metrics will be defined at a 



COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  10/93 
 

later stage of work based on the progress of the working items and tasks within the 
technical work packages. 

The presented set of terms and concepts are depicted in Figure 2-1 together with the identified 
relations between the terms as explained in their definition 

 

Figure 2-1: Relation between Methodology Terms. 

Figure 2-1 can be traced as follows:  

 A set of Scenarios together with the proposed Use Cases outline the scope of the CONSERN 
technical scope, 

  An Attribute can be 

o A Key benefit (e.g. Self Growing) reflecting technological advantages (e.g. related to 
self-growing) which will be introduced by the CONSERN project; the key benefit is 
associated to different scenarios (e.g. highlighting self growing in the scenario 
description), 

o an Enabling attribute (e.g. Reconfigurability) which results in the Key Benefit (e.g. 
Self-Growing); an Enabling Attribute is accredited to a scenario, 

o an Efficiency attribute. 

  An Attribute (e.g. Self-growing) is represented by a set of parameters (e.g. Change in 
network purposes, change in network topology, etc.), 

  An Attribute is to evaluated by corresponding Metric(s), 

  A Metric will be indicated by (quantitative) parameters (e.g KPIs). 

2.2 The Procedure 
The employed methodology aims at coherently deriving use cases and scenarios using as basis the 
goals and the expected key benefits from the CONSERN project; the goals of the project and the 
benefits that are expected by the project have been described in the project proposal [3]. Moreover, 
the methodology aims at deriving system requirements from the identified use cases. . 
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Following this process allows for identifying use cases covering all scenarios and highlighting all key 
benefits. In addition, the employed methodology produces an enhanced set of attributes, 
parameters and, in a later stage of the project, metrics considered most relevant for CONSERN from 
the perspective of all partners focusing on specific use cases. 

This information will subsequently be fed into the various, topic specific work packages being able to 
further discuss and classify use cases, parameters and metrics from their particular perspective 
highlighting a certain key benefit (e.g. the self growing paradigm elaborated in WP 4). Figure 2-2 
visualizes the methodology and shows which sections of this deliverable cover a particular aspect of 
this methodology. 

 

Figure 2-2: Employed Methodology. 

In an initial step, the key benefits of CONSERN are summarized in accordance to [3]. Here, a key 
benefit is defined as “an attribute illustrating the advantage in technology introduced by CONSERN”. 
The key benefits considered by concern are “self growing”, “energy aware” and “situation aware”. 
These key benefits are further defined and detailed on a scientific and technological level by 
dedicated work packages of the CONSERN project to “fill” them with some technological relevance. 
For the methodology defined in this document and for the definition and analysis of use cases in 
subsequent sections, enabling attributes are defined as attributes “inherently accredited to a 
scenario as a result of key benefits associated with the scenario”. Hence, in contrast to the key 
benefits, enabling attributes are closely related to (one or more) specific scenarios (and 
subsequently also to derived use cases). Given an exhaustive set of enabling attributes (which is the 
ideal case), enabling attributes can in turn describe scenarios by highlighting those properties of a 
scenario that significantly contribute to a given key benefit. From this understanding it becomes 
clear that there exists an M by N relation between key benefits and enabling attributes, that is, a 
single key benefit requires multiple enabling attributes and a single enabling attribute contributes to 
multiple key benefits.  
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Additional Attributes are defined coming from brainstorming among the partners of the project 
based on their expertise and experience. They all form the first set of attributes used later on for 
developing a set of scenarios and use cases. A scenario is understood as a coarse, high-level synopsis 
of an application scenario within a specific environment, accounting for situations and events 
helping to highlight and illustrate the key benefits of CONSERN. In addition, scenarios are expected 
to have certain properties as they describe functionality (partially) enabling specific key benefits. For 
example, the key benefit of having ‘self-growing’ networks comes along with the property of 
network elements to act autonomously or in cooperation yielding to ‘cooperativeness’ as an 
enabling attribute. 

The second step aims at obtaining (directly measurable) properties subject to change along with a 
key benefit or enabling attribute. For example, one parameter associated with the key benefit of 
having a ‘self-growing’ network is the ‘change in number of purposes’ a network is dedicated to over 
its lifetime. As mentioned, at a later stage of work a set of metrics will map the parameters into 
quantitative measure of the degree for the procession of a given attribute. 

Further on, use cases are specified. Use cases are understood as an instantiation or snapshot of a 
(partial) scenario and have the clear goal of elaborating one or several attributes of the 
corresponding scenario under a set of given (pre- and post) conditions. Use Cases are selected to 
highlight certain key benefits which will be introduced by the project (e.g. energy awareness, self-
growing, etc.). Therefore, each use case will be able to precisely identify the parameter under 
observation and the applied metrics. To assure consistency in the process, use cases evaluation is 
performed. More specifically, all use cases are cross-checked against the existing list of attributes 
and parameters according to the following procedure: 

(1) For all use cases (in Section 4), it is checked that all the listed attributes are included in Table 
3-1 in Section 3, 

(2) For all listed parameters in the use case description, it is decided if this parameter is used to 
describe an attribute listed in the use case. If so, it is assured that this particular parameter 
is also listed in Table 3-1 in Section 3 along with the attribute it illustrates, 

(3) For each attribute listed in an use case, it is assured that Table 3-1 contains the attribute and 
that at least one parameter listed in this table for the attribute is also included in the 
parameter list of the use case description. 

Apart from assuring consistency, this procedure also allows identifying those attributes and 
parameters contained in Section 3 but not referred within the use case descriptions in Section 4. The 
origin of those “attic” entries lies on the brainstorming process performed at the beginning of this 
activity. As other work packages will further elaborate on use cases, parameters, metrics and 
attributes from their topic-specific view, those entries are not deleted but maintained and marked 
as “attic”. This preserves any information gathered in the previous process as potentially relevant 
input for future work and deliverables, and provides also a more complete scope of the project’s 
concepts. 

The final step of the methodology is the extraction of requirements. A requirement in a managed 
ecosystem is a statement that identifies a necessary attribute, capability, characteristic, or quality of 
a system in order for it to have value and utility to a user of the system. Requirements show what 
elements and functions are necessary for the particular project. 

The requirements development phase may be broken down into [7]: 

 Requirements gathering, understanding, reviewing, and articulating the needs of the 
stakeholders: this step will be based on the field “Technical Requirements” inside the Use 
Case’s template. For each Use Case a set of specific technical requirements have been 
identified highlighting the desirable system properties. In this initial step such properties (in 



COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  13/93 
 

terms of capabilities, constraints and similar) are envisaged to be supported system-wise. It 
is then the work of the technical work packages to elaborate on the provided sets of 
requirements in order to identify the detailed requirement specification. This will define for 
example 

o How critical a requirement can be; this can be reflected by the “shall”, “should”, 
“would”, in the requirement specification, 

o The mission of the requirement; whether a requirement will result to functionality, 
behavior, constraint, etc., 

o The scope of a requirement; this can be, for example, a network node, a specific 
function in the node, etc. 

 Requirements checking for consistency: this step will be described in a following section and 
will be based on the classification and unification of the technical requirements as primary 
coming from the Use Cases, towards an initial coherent set of system and functional 
requirements, 

 Requirements validation and completeness (making sure the specified requirements are 
correct): this step will be carried out in the context of each work package’s work and can 
possibly result to requirements refinement. 
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3. Scenarios and Classification 
The next subsections present the reference scenarios as well as the identified and refined attributes 
and parameters. 

3.1 Attributes, Parameters, and Metrics 
In this section the technical scope and directions of the CONSERN project are captured by a set of 
specific Attributes; in turn, each of the attributes is further specialised by a set of parameters, based 
on the presented methodology. Essentially, an attribute reflects a certain technical aspect or 
technical area, whereas a parameter captures a more specific aspect within an attribute, thus 
composing and describing an attribute in terms of more detailed technical features. 

As already described, such attributes and parameters have been defined in an iteration process: 

 The initial set has been identified by the CONSERN scenarios (as in DoW), 

 Additional attributes and parameters have been derived 

o Through brainstorming (among experts inside each participating 
entity/organisation), 

o Through the CONSERN use cases definition and refinement. 

According to the methodology, a metric is a quantitative measure of the degree to which a system, 
component, or process possesses a given attribute; in this sense, a metric counterparts an attribute 
and reflects the level of a system possessing that attribute. Metrics definition will be performed at 
later stages of the project. The defined attributes and parameters will provide a reference for the 
metrics identification: 

 The parameters are expected to be classified reflecting how crucial/important a specific 
parameter is considered to be for the corresponding work package and specific working area 
and partner, 

 For each of the (potentially refined) attribute parameters specific quantitative metric 
parameters (e.g. KPIs) will be defined in order to clearly identify corresponding 
measurements, 

 Finally, such metric parameters will be dynamically combined in order to compose the 
metrics as defined in the methodoloy; such metrics will be linked to certain attributes 
afterwards. 

In this deliverable, a set of attributes has been identified: 

 Self-Growing: A self-growing network is introduced and defined as “a novel type of network 
composed of (heterogeneous) network nodes and sub-networks that can cooperate and 
utilize their reconfiguration capacity to optimize on-demand for a dedicated (temporary) 
purpose, also augmenting capacity by associating with additional nodes, networks, services 
and functions in that”, 

 Energy Awareness: is the perception and identification of all power resources and 
characteristics gathered from discrete network components, in order to proceed to certain 
power adjustments and maximize networks’ power efficiency and lifetime. Energy 
awareness in networks comprises the examination of energy consumed throughout all 
communication levels such as modulation, transmission, etc. Energy awareness strongly 
relates to energy consumption and regulation and, therefore, constitutes a primary 
objective in the design and configuration of power-limited networks and protocols [8], [9],  
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 Situation Awareness: is the perception of environmental elements within a volume of time 
and space, the comprehension of their meaning, and the projection of their status in the 
near future. It is also a field of study concerned with perception of the environment critical 
to decision-making in complex, dynamic areas [10], [11], 

 Cooperativeness: The term cooperative communications typically refers to a system where 
users share and coordinate their resources in order to enhance the transmission quality. 
Two features differentiate cooperative transmission schemes from conventional non-
cooperative systems:  

1. The use of multiple users’ resources to transmit the data of a single source, and, 

2. A proper combination of signals from multiple cooperating users at the destination.  

 Reconfigurability: is the ability to rearrange operation and configuration setting so that it 
works in a new situation or with changed environment conditions,  

 Autonomicity: is the ability of a network node to make rational decisions in order to fulfil its 
own objectives, 

 Dependability: is the collective term used to describe the trustworthiness of a system and 
its influencing factors: reliability performance, maintainability performance and 
maintenance support performance as defined in [4], 

 Spectral Efficiency: (or spectrum efficiency) refers to the information rate that can be 
transmitted over a given bandwidth in a specific communication system. It is a measure of 
how efficiently a limited frequency spectrum is utilized by the physical layer protocol and 
sometimes by the media access control. It is defined as the average number of bits per unit 
of time (bit rate) that can be transmitted per unit of bandwidth (bits per second per Hertz) 
[12], 

 System Performance: (or Network and network node performance) is measured by means 
of coverage area, capacity, supportable throughput and other QoS parameters such as BLER, 
packet loss ratio, packet delay. System performance is a generic term that is comprised by 
relevant metrics related to the network and the network services, 

 Adaptation Efficiency: refers to schemes that aim to predict and further determine the 
necessary adjustments to optimize a network’s efficiency. Adaptation mechanisms may be 
subject to spectrum, rate, power, etc [13], [14]. The notion of adaptation efficiency includes 
also the constraints, in terms of response time required for the various steps of the 
adaptation process.    

Attributes Parameter  Use Cases OR attic 

K
ey

 B
en

ef
it

s 

Se
lf

 G
ro

w
in

g 

Change in number of purposes a network is 
dedicated to 

1 10, 11, 15, 16 

Change in number of nodes (over network 
lifetime) 

2 1, 2, 3, 4, 9, 11, 13, 14, 15, 16 

Change in network topology 3 1, 2, 5, 7, 8, 9, 10, 13, 14, 15, 
16 

Change in network configuration 4 1 

Change in set of purposes a network 
supports 

5 8, 9, 10 

Amount (and complexity) of human 
intervention needed to add a device to the 

6 1, 11, 15 
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Attributes Parameter  Use Cases OR attic 

network 

Amount (and complexity) of human 
intervention needed to add a new purpose 
to the network 

7 11 

Change in number of (network) hops 8 Attic 

Number of hops, number of cross network 
transitions  

9 8 

Number of self-growing enabling nodes per 
service area 

10 15, 16 

Node spread and location in the service area 11 16 

Change in node spatial distribution 12 5, 6, 15, 16 

User/Node distribution in the service area 13 15, 16 

Number of active/idle nodes in the network 14 1, 2, 5, 14, 15 

Set of possible routes connecting each node 
with the backbone 

15 8 

En
er

gy
 A

w
ar

en
es

s 

Energy required for deployment 16 16 

Energy required for transmission 17 1, 2, 3, 5, 6, 7, 12, 13, 14 

Energy required for reception 18 12, 13 

Energy required for processing 19 1, 12, 13, 14 

Available energy (over lifetime = battery 
power) 

20 2, 12 

Available peak power 21 Attic 

Energy consumed in idle mode 22 1, 2, 12, 13 

Change in energy consumed by each node 23 8, 9, 16 

Change in available remaining energy per 
node 

24 8, 9. 

Estimated remaining network lifetime 25 11 

Estimated remaining node lifetime 26 11 

Device energy consumption/power usage 27 2, 3, 4, 16 

Energy needed per information block 
transmitted 

28 11 

Network energy consumption/power usage 29 5 

Node energy consumption 30 5 

Node transmission output power levels 31 4 

Power vs transmitted bits 32 13 

Power vs capacity 33 2 

Power vs coverage levels 34 3 

Difference in resource 
consumption/availability by adjusting 
settings 

35 2, 13 

Power vs operator policies 36 Attic 



COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  17/93 
 

Attributes Parameter  Use Cases OR attic 

Power vs level of QoS 37 Attic 

Total instantaneous power consumption of 
all network elements or a single network 
element (depending on policy) in the 
wireless network 

38 12 
Si

tu
at

io
n

 A
w

ar
en

es
s 

Change in Network Elements status 39 14, 15, 16 

Change in the (number/type) available 
networks/systems in the area. 

40 14, 15, 16 

Data collected from sensors (e.g., motion 
detector) 

42 2, 16 

WSN measurements (energy consumption) 43 16 

Change in the channel information 44 7 

Change in the traffic load 45 4, 5, 6, 7, 15 

Change in the service parameters 46 7 

Change in network nodes 
capabilities/purposes 

47 15, 16 

Change in network nodes locations 48 10 

Change in network capacity in terms of max 
number of concurrent calls, maximum 
supportable traffic load, and spectral 
efficiency. 

49 3, 16 

Adaption to change in situation successful 
(yes/no/percentage) 

50 14 

En
ab

lin
g 

A
tt

ri
b

u
te

s 

C
o

o
p

er
at

iv
en

es
s 

Change in degree of coexistence (number of 
nodes and/or networks which are 
coexisting) 

51 1, 3, 8, 16 

Diversity of decision making (number of 
decision making entities in relation to 
number of networks) 

52 1 

Amount of control signaling (signaling 
overhead) 

53 Attic 

Amount of information exchange 54 5, 6, 7, 12 

Ability to recognize cooperative behavior 
needs 

55 14 

Establishing cooperation links between 
network elements 

56 14 

Percentage of own resources (e.g. energy, 
bandwidth,...) consumed by taking into 
account other co-located networks 

57 Attic 

Ability to jointly cooperate and share load 
with other heterogeneous Radio Access 
Technologies  

58 4 

Configuration time 59 Attic 
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Attributes Parameter  Use Cases OR attic 

Granularity of information exchange 60 12 

Cooperation initiation successful 
(yes/no/percentage) 

61 14 

Conflict resolution time 62 Attic 

Number of Conflict resolutions 63 Attic 

Number of negotiation steps prior to 
resource/task/allocation agreement 

64 Attic 

R
ec

o
n

fi
gu

ra
b

ili
ty

 

WSN routing options reconfiguration 65 Attic 

Adjust in TX Power (node level) 66 Attic 

Change in number of technologies a device 
can communicate with 

67 9, 15 

Amount of tweaking options (tuning knobs) 68 Attic 

Amount of tweakable parameters in the PHY 
and MAC layer 

69 12. 

Alternative configurations for current 
operating conditions 

70 3, 12, 13 

Node (re-)configuration ability 71 Attic 

Level of adaptability to change supported 
Radio Access Technology, to operate 
multiple Radio Access Technologies 
simultaneously  

72 4 

Node reconfiguration time 74 13 

A
u

to
n

o
m

ic
it

y 

Level of autonomicity (e.g. regarding to 
available policies) 

75 2 

Autonomic Decision Making  76 13 

Autonomic performance optimization 77 13 

Number of policies for optimal decision 
making 

78 Attic 

D
ep

en
d

ab
ili

ty
 

Frequency of failures 79 Attic 

Frequency of repairs 80 Attic 

Frequency of communication interruptions 81 2, 3 

Duration of communication interruptions 82 Attic 

Interference level experienced (victim) or 
caused (aggressor) 

83 4, 14 

Failure recovery time 84 Attic 

Link Failure 85 5 

Blocking 86 5 

Dropping 87 5 

Failure time (time the system is not 
operable) 

88 Attic 

(link) Failure time 89 5 
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Attributes Parameter  Use Cases OR attic 

Service availability (at any time on demand) 90 13 

Service initiation time 91 Attic 

Communication interruptions due handover, 
or QoS satisfaction 

92 15 

Time of proper system operation 93 Attic 

Signal to interference noise ratio (SINR) 94 5, 14, 15 

Number of handover failure 96 15 

Configuration / service set up time 97 Attic 

Number of service/purpose failures 98 Attic 

Average time before communication 
interruption 

99 2, 3 

Mean time between failures 100 5 

Hazard rates 101 Attic 

QoS  102 Attic 

Ef
fi

ci
en

cy
 A

tt
ri

b
u

te
s Sp

ec
tr

al
 e

ff
ic

ie
n

cy
 

Total spectral occupancy for the 
transmission of information 

103 Attic 

Amount of packet loss due to interference 104 11 

Reduction in max data rate because of 
interference 

105 Attic 

Change in total spectrum usage 106 11. 

Maximum supported spectrum efficiency 
per node 

107 10 

Average achieved spectrum efficiency per 
node 

108 10 

Channel occupation time 109 Attic 

Spectrum assign per node 110 Attic 

Frequency occupancy 111 10 

Change in noise level (at victim device)  
SNIR 

112 8, 10 

Interference change at victim network 
element 

113 Attic 

Sy
st

em
 P

er
fo

rm
an

ce
 

Total Network Throughput 114 5, 7 

Throughput per network node 115 4 

Throughput at cell centre 116 6 

Throughput at cell edge 117 6 

Average Network packet delay 118 5 

Service Outage (in percent) 119 5 

Packet loss ratio 120 5 

Probability of packet loss 121 4 

Block Error Rate (BLER) 122 5 

QoE for data and voice traffic 123 5 
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Attributes Parameter  Use Cases OR attic 

Network coverage 124 Attic 

Aggregated network capacity 125 4 

Max number of terminals that can be served 
from a BS/sector (BW utilization) 

126 1 

Max range where a number of terminals are 
accommodated with adequate service 
provisioning 

127 1 

Node location 128 3 

Average network capacity 129 Attic 

Number of bits for information exchange 130 Attic 

Utilization fairness of resources among 
network nodes 

131 Attic 

Link quality (in terms of instantaneous CSI) 132 6 

Change in end-to-end message delay 133 8, 9 

Actual used node capacity 134 4 

Maximum achievable node capacity 135 4 

Good-put per node 136 10 

A
d

ap
ta

ti
o

n
 e

ff
ic

ie
n

cy
 

Network response time 137 5, 7, 15 

Reconfiguration time, the time required for 
the network to move to a new configuration 
which may include distributed decision 
making, negotiations, etc. 

138 5, 6, 8 

Learning time, the time required for a 
network to learn a completely new situation 
and the best configuration for it 

139 5, 15 

Convergence time (towards an efficient 
configuration for a given situation), the time 
required to converge to an optimal 
configuration for a situation (part of learning 
time) 

140 3, 5 

Number of learned situations 141 15 

Adaptation to change in situation successful 142 Attic 

Network (re-)configuration time 143 Attic 

Table 3-1: Scenario Attributes and Parameters. 

3.2 Description of Scenarios 
As mentioned, a Scenario is an account or synopsis of a projected course of events or actions [2]. In 
this context, scenarios describe application examples highlighting key benefits of CONSERN by 
attributing those to the scenario in an aggregated way, i.e. a number of functionalities are grouped 
together in a specific real-life context in order to show how these functionalities cooperate 
beneficially within a given ecosystem. Below, an overview of the high level scenarios is presented as 
they have been defined in the project proposal and elaborated in the context of this deliverable. 
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Specifically the scenarios have been identified in relation to the different scales and areas of 
applicability of CONSERN’s key research directions (i.e. energy awareness and self-growing systems): 

 Construction Sites,  

 Embedded Incident Area Network, 

 Home and Office Environment, 

 Urban Heterogeneous Environments, 

 Campus environment, 

In the following subsections, the mentioned scenarios are described focusing on the specific 
viewpoint of network and system evolution they incorporate. These viewpoints are deliberately 
diverging, ranging from controlled single-entity outdoor (construction sites) or indoor (home and 
office environment) ecosystems to more complex, multi-stakeholder neighborhood contexts such as 
the campus scenario. This way, a high diversity of applications for CONSERN solutions can be tested.  

The use cases developed within this deliverable can be mapped onto one or more of these 
scenarios. However, their primary objective is business oriented rather than technical, since the 
scenarios allow for: 

 Grouping a number of relevant technical functionalities together into a scenario that 
represents a certain value proposition –which can then be analysed, 

 To determine the relevant stakeholders in a given scenario, and distribute business roles and 
actors over these stakeholders, so as to define the business architecture, 

 Identify business opportunities and challenges, for example by looking at different ways in 
which business relationships (information and financial flows) can develop between the 
different stakeholders, attribute costs and revenues to them etc. 

3.2.1 Scenario 1: Construction Sites 

This scenario addresses both wide-area and in-facility construction sites as well as moving work 
zones. Network evolution is achieved by deploying heterogeneous equipment and by continuously 
updating operational policies. This is an example where the network grows by cooperating, 
collaborating and integrating with neighboring networks. Network deployment and purposes can be 
planned and optimized prior to start deploying equipment. Moving work zones are considered a 
special application of this concept in that they usually rely on short-living configurations with respect 
to a given geographical area. Road, railway or inland waterway construction scenarios may apply, 
explicitly requiring the use of mobile nodes and networks. Additionally, first-responder or military 
scenarios apply where autonomous vehicles pave the way deploying sensors and communication 
repeaters on their path. 

3.2.2 Scenario 2: Embedded Incident Area Network 

This scenario addresses the deployment of a network in a limited geographical area utilizing for 
example a reconfigurable picocell and femtocell infrastructure as a pre-planned implementation of 
the self-growing network concept. In contrast to the previously discussed scenario that starts from a 
main purpose associated with wireless sensor net functionality, this scenario starts from a general 
voice and data communications serving off-the-shelf end-systems. The network then grows with 
upcoming requirements from the deployed area. In case of an exceptional event – responding to a 
management action or to a notification by sensors – on demand reconfiguration capabilities allow to 
switch to a purpose focusing on safety of life. The temporary switch of purpose then will designate 
the network, part of the network or single network nodes to implement an incident area network 
until the incident is resolved. This interruption of planned operation will leave the network in a 
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potentially undetermined state regarding, for example, battery wear level of nodes involved in 
handling the incident. This scenario thus illustrates self-adaptation on returning to pre-planned 
operation and evolution.  

3.2.3 Scenario 3: Home and Office Environment 

This scenario addresses the deployment of a heterogeneous wireless network in a limited 
geographical area, such as a home and office environment. The objective is that such a network 
guarantees the provision of voice and data communication services, but also acts as a large scale, 
distributed and cooperating system for monitoring and control, possibly incorporating Wireless 
Sensor Networks. Typically, the complexity of the network is gradually increased towards a large-
scale system by adding new components building on already deployed and installed infrastructures 
(e.g. femtocells). A particular challenge lies in the introduction of novel radio components needed to 
be included into the existing network by appropriate self-reconfiguration and self-adaptation of the 
currently deployed network environment by appropriate self-growing algorithms. The owner of such 
an environment is assumed to be a person without any technical skills and thus a fully automated 
self-growing network deployment approach needs to be applied. The utilization of a network entity 
in a home or office environment may vary a lot during a normal day, for example it may not be used 
at all when there is no one at home or in the office. The energy efficient parameterization of the 
corresponding network is a key challenge, due to both the variation in usage and the high 
percentage of households that are expected to apply the corresponding concepts in the future. 
However, this potentially great number of adopters also implies that the inherent potential for 
energy savings is huge. A further challenge lies in the efficient inter-network parameterization, 
based on methods and algorithms to support spontaneous ad-hoc cooperation between objects and 
exploiting network-centric computing paradigms with dynamic resource discovery and management. 
This includes solutions such as automated parameter negotiation with neighboring networks under 
the control of different owners and/or interest groups.  

3.2.4 Scenario 4: Urban Heterogeneous Environments 

This scenario addresses the network deployment within an urban area with offices where people are 
working and homes where people are living. The typical size of this area is 5-10 km2 and consists of 
streets and walkways with cars, trucks and pedestrians. As people, on a daily basis, move between 
offices and homes the need for network resources grows and shrinks. The main objective of the 
scenario is to find ways to support the needed communication in an energy efficient manner. 
Cooperation between network nodes paves the way to adapt the utilization of resources to the 
traffic needs of the area at any one time. 

Within the area a set of heterogeneous network nodes are deployed for voice and data 
communication services. The heterogeneity of the nodes refers to node size, radio access technology 
and transmitting capabilities, and may range from dumb single radio transceiver units positioned on 
lamp posts, relay nodes placed on buses, bus stops and other transports to full-fledged, to intelligent 
base stations supporting many radio access technologies. 

The network nodes will cooperate and decide how to configure themselves to provide good 
coverage of the area and to support the required services while minimising the network’s total 
energy consumption. As part of this cooperation nodes decide to cooperatively transmit data, relay 
data or even shut down when traffic so allows and which is expected to happen during late hours. 

3.2.5 Scenario 5: Campus Environment 

Similar to the Urban Heterogeneous Environment (section 3.2.4), the Campus Environment scenario 
can be considered an extension of the home and office environment scenario (sect. 3.2.3), in that it 
addresses a kind of evolution of a collection of independent home and office environments into a 
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larger scenario, both in terms of number of nodes, area covered, coexistence problems 
encountered, or increasing collaboration and functional enhancements opportunities. This scenario 
is interesting in three distinct perspectives stressing various aspects of a self-growing network, when 
growing from separated independent local area configurations into a collection of collocated 
wireless networks. 

1. From the technical perspective of participating local networks, coexistence issues and 
demands for sharing resources evolve that may not be efficiently addressable without 
realizing a higher degree of cooperation and collaboration between networks and 
stakeholders. For example, this could entail the introduction of some cross-site (across 
independent local areas) coexistence manager that coordinates between local areas 
(potentially associated with different stakeholders) to optimize spectrum allocation and 
usage without increasing interference. 

2. From the technical perspective of the campus network, evolving into a federation of 
otherwise independent local area networks will enhance coverage and connectivity, will 
enable mobility across collocated networks, and will enable cross-site services that can 
generate incentives for additional networks to join the federation. For example, the campus 
network might not exist as dedicated network but might be overlaid (temporarily) to 
otherwise independent local area network sites. 

3. From the business perspective, stakeholders may change and different stakeholders may 
enter, when a functional evolution takes place that enables cross-site services and 
applications in parallel to their original purpose. For example, local areas may team up to 
provide services such as campus surveillance, control of machinery or similar to third parties 
to generate incentives for these to use services of the campus or of individual participating 
networks. 

The campus environment1 is characterized by a high density of wireless access nodes forming an 
individual micro- or femto-cellular network. Each device is independently deployed (e.g., by a shop 
owner in a shopping center, or by an institute of a university) under individual performance 
constraints (e.g. to guarantee best coverage for this store / members of a specific institute). Even 
though deployment and operation of those networks is independent, it can assumed, in contrast to 
a home environment, the presence of a common single coordinating entity known to all deployed 
devices. Such entity may be maintained by the campus or department store owner to ensure —
among other features—coexisting operation among devices. In addition to providing communication 
to employees/faculty and visitors/students, the network can also be used for machine-to-machine 
interaction and controlling purposes, e.g. enabling automatic control of vehicles and robots 
providing delivery services between storage and departments. 

                                                           
1
 The campus environment scenario compares to the campus application/use case defined by IEEE 802.19.1 
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4. Use Cases 
The main focus of CONSERN is the support of energy awareness and optimization, self-growing and 
network evolution scenarios in different contexts and applications while serving a wide diversity of 
service provision aspects. These include energy optimization in the home/office but also wider 
ranges and areas scenarios, changes in network topology, and increasing capacity requirements. 
Such scenarios will exploit autonomic and cooperative capabilities and solutions together with 
networks and systems discovery and integration. Such scenarios will exploit both autonomic and 
cooperative functionality, together with system discovery and integration, network purpose 
reconfiguration, and dependable operation.” 

Below, a set of technical use cases is defined as linked to the described scenarios. It should be noted 
that every use case touches a limited sector inside the overall CONSERN scope. The combination of 
all results shall help to define a set of system requirements which again shall lead to a project-wide 
reference framework and architecture. Afterwards system components can be derived accordingly 
accompanied by their functional architectures and interfaces to better reflect the technical work 
packages activities. 

4.1 Description of Use Cases 
In software engineering use cases constitute an important part of a methodology that helps to 
design a complex system composed of smaller blocks; a use case reflects such a typical smaller block. 
In designing of the components of the envisaged framework integrating energy-aware and self-
growing capabilities it is important to extract system requirements from the use cases and then 
capture non-conventional requirements by exploiting corresponding interrelations between the 
technical use cases, correlating for example different attributes and parameters in different use 
cases. 

In order to get comparable inputs from the different project partners a template has been 
developed as guideline for a common collection of technical use cases. The collection has been 
based on the following template (Table 4-1): 

Use Case Short ID Use Case identifier 

Name Name of the use case 

Author/Contributor 
list 

DD/MM/YYYY – version – organisation  

Description Summarized description of the concept of the use case. 

Related scenario Name of scenario the use case refers to. 

Goal  Use case goal. 

Highlighted 
attribute(s) 

Attribute(s) the use case highlights wrt Table 3-1. 

Observed 
parameter(s) 

Parameter(s) observed in order to visualize impact on attribute(s). 

Applied metric Metric(s) applied to the observed parameters. 

Evaluation Criteria An ordered list of all criteria to be used for the evaluation and the 
assessment of the system behaviour (this will provide a link to the 
identified Indicators for the Project Objectives – DoW) 

Use Case objectives CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

 WP1  

 WP2  
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 WP3  

 WP4  

 WP5  

Technical 
requirements 

A list of requirements as derived by the Use case. 

Assumptions and 
Preconditions 

A description of the environment providing a context for the use case. 
Should correspond to the scenario the use case relates to. Only describe 
those components which directly relate to this specific use case. 
Assumptions and pre conditions (mutually exclusive (not contradicting) to 
each other). A list of all required system and environment conditions that 
must be true before the use case can be triggered. 

Trigger Event The name of the single event that triggers the start of the use case 

Actions The behaviour of the system after triggering the use case taking into 
account the specified assumptions, pre-conditions and a list of actions. 

Ends when The event(s) that signals that the use case has terminated. 

Actor and Roles The actors involved in the use case including role characteristic for each 
actor. This can be technical and/or business. 

Expected Benefits These are related to the identified actors. 

Table 4-1: Use Cases Template. 

In the following subsections the CONSERN Use Cases are presented using the presented template. 

4.1.1 Energy Optimization in a moving vehicle with capacity and coverage limits 

Use case short ID UC-01/OTE 

Name Energy Optimization in a moving vehicle with capacity and coverage limits.  

Author/Contributor 
list 

OTE 

Description In an environment where there is demand for increasing capacity, several 
WiMAX BTS’s are located and sensors enable controlling the network 
elements’ (NEs) operation in order to achieve energy efficiency under 
coverage constraints.  

For example, in a moving a train, by using a relay established on its top and 
WiMAX CPEs inside, capacity and coverage optimization can be achieved 
along with expandability. This enables the network operator to identify 
which is the optimum network configuration regarding users’ needs in the 
corresponding area. 

Related scenario Scenario 1: Construction Sites. 

Goals Energy optimization in a moving vehicle with capacity and coverage limits. 

Highlighted 
attribute(s) 

Energy awareness, Self Growing, Cooperativeness. 

Observed 
parameter(s) 

Energy required for transmission, 

Energy required for processing, 

Energy consumed in idle mode, 

Change in network topology,  

Change in number of nodes (over network lifetime), 
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Use case short ID UC-01/OTE 

Change in network configuration, 

Change in degree of coexistence, 

Diversity of decision making (# of decision making entities in relation to 
number of networks), 

Number of active/idle nodes in the network, 

Max number of terminals that can be served from a BS/sector (BW 
utilization), 

Max range where a number of terminals are accommodated with adequate 
service provisioning, 

Amount and Complexity of human intervention needed to add a device to 
the network. 

Evaluation Criteria Coverage area above a given threshold, 

System’s Capacity above a given threshold, 

Energy optimisation at network element level and the overall network 
level, 

Time to complete each action. 

Use Case Objectives CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

 WP1 Provision of Self growing and energy efficient use cases and 
requirements. 

Extraction of cases for impact assessment. 

 WP2 Interfaces and data structure for measurements communication 
between the Network Coordinating Entity and the Wireless 
Network. 

Methods of energy optimisation built on the dynamic operational 
mode change of a network element. These can be based for 
example on:  

 User/data traffic in the area of responsibility, 

 Network operator policies that may require the network 
element to remain inactive. 

 WP3 Techniques for wireless communication among the network nodes 
and relays. 

Methods for cooperation between network elements.  

 WP4 Provision of cases and outline of mechanisms reflecting the self-
growing paradigm which will also elaborate on the cognitive 
architecture. 

 WP5 Theoretical outcomes related to this use case. 

Technical 
requirements 

 Information exchange between the Network Coordinating Entity and 
network components, 
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Use case short ID UC-01/OTE 

Provision of measurements to the wireless network by the Network 
Coordinating Entity, 

Cooperative decision making on network elements optimal 
configuration and/or operational mode based on information 
exchange with the neighbouring elements, 

Knowledge sharing among network elements on balancing 
autonomic capabilities and cooperative operation. 

Assumptions and 
Preconditions 

An example that may be referred to is a train full of users with a relay 
station established on its roof for external communication purposes and 
WiMAX CPEs inside.   

A WiMAX base station covers a large geographical area.  

The relay is connected to WiMAX BTSs (Backhaul link) and the UEs (Access 
links). 

The Network Coordinator centrally retrieves and stores all the 
measurements obtained by the Network Elements. 

Trigger Event(s) Low signal level (SNR) / High error rate detection (BER, CRC errors). 

Actions 1. The relay placed on the train, while on the move, receives signal(s) 
from different WiMAX base stations and, through fixed infrastructure, 
transmits it (them) inside the train, where several users are located. 
While on the move, there is a specific need for continuous handover, 

2. The CONSERN module, integrated in the network element (which is 
controlling the macro-cell), collects and combines information from 
the various network elements, 

3. The CONSERN module decides on whether it is preferable from an 
energy efficiency point of view to switch to a relay station or another 
BTS. Potentially, the relays can also cooperate with the other base 
stations in order to plan their transmission power and converge to the 
most energy efficient pattern, 

4. According to the decision which is to be made, the CONSERN module 
notifies the NE, 

5. The NE initiates handover process and, consequently, UEs attached 
are transferred to another NE, 

6. The CONSERN modules communicate and collect information from 
neighbouring network elements in order to optimise the operation of 
the WiMAX BTSs and the relays (e.g. information required for the 
optimal handover so as to minimize the overall energy consumption). 

Ends when Achievement of adequate signal level (SNR) / error rate (BER, CRC errors). 

Actor and Roles Network Coordinating Entity, 

Network element, 

UE, 

User, 
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Use case short ID UC-01/OTE 

CONSERN module, 

Network Operator. 

Expected Benefits Energy efficiency, 

Coverage ensure under energy constraints, 

Enhanced capacity provision. 

Table 4-2: Use Case on Energy Optimization in a moving vehicle with capacity and coverage limit. 

4.1.2 Energy Optimization in an Office environment under coverage constraints 

ID UC-02/NKUA 

Name Energy Optimization in an Office environment under coverage constraints. 

Author/Contributor 
list 

NKUA  

Description 
In a dense environment where several Wi-Fi APs and UMTS femtocells are 
co-located, the use of sensors enables controlling the network elements’ 
operation in order to achieve energy efficiency under coverage constraints. 
This can be based for example on keeping specific network elements 
operational only when needed. This enables the network operator to 
identify which is the optimum network configuration regarding the users’ 
needs in the corresponding area. 

Related Scenario 
Scenario 3: Home and Office Environment. 

Goal 
Energy optimization in a dense office environment under coverage 
constraints. 

Highlighted 
attribute(s) 

Energy awareness, Situation awareness, Autonomicity, Self growing, 
Dependability, (the Reliability and Availability aspects only). 

Observed 
parameter(s) 

Energy required for transmission, 

Energy consumed in idle mode, 

Available Energy (over lifetime = battery power), 

Device energy consumption / power usage, 

Power vs. capacity, 

Data collected from sensors (e.g. motion detector), 

Level of autonomicity (regarding to available policies), 

Change in Network topology, 

Change in number of nodes (over network lifetime), 

Frequency of communication interruptions, 

Difference in resource consumption/availability by adjusting settings, 

Average time before communication interruption. 
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Evaluation Criteria 
Coverage area above given threshold, 

System’s Capacity above given threshold, 

Energy optimisation at network element level and the overall network 
level, 

Time to complete each action above given threshold. 

Use Case objectives CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

WP1 Provision of Self growing and energy efficient use cases and 
requirements. 

Extraction of cases for impact assessment. 

WP2 Interfaces and data structure for measurements communication 
between the WSNs and the Wireless Network in the area, 

Methods of energy optimisation built on the dynamic operational 
mode change of a network element. These can be based for 
example on:  

 User/data traffic in the area of responsibility, 

 Proactive placement of nodes in low energy mode based on 
previous knowledge (e.g. instead of waiting for a specific 
time interval), 

 Network operator policies that may require the network 
element to remain inactive. 

WP3 Methods for wireless communication between the network 
elements, 

Schemes for information representation and fusion, 

Cooperative algorithms  

WP4 Outline of mechanisms reflecting the self-growing process, 
regarding mainly the degree of co-existance between network 
elements and the required network configuration changes. 

WP5 Selected outcomes related to this use case would be experimentally 
validated and showcased. 

Technical 
requirements 

 Information exchange between the network components and 
Sensors and /or a Sensor Coordinator, 

Provision of measurements to the wireless network by the WSNs in 
the area, 

Cooperative decision making on network elements optimal 
configuration and/or operational mode based on information 
exchange with the neighbouring elements, 

Knowledge sharing among network elements on balancing 
autonomic capabilities and cooperative operation. 
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Assumptions and 
Preconditions 

Although a dense environment is assumed, a specific view of the case is 
examined where the operation takes place during night-time when the 
majority of the network elements are switched-off, 

The considered location is covered by both APs and femtocells, creating 
areas of overlapping coverage; the APs and the femtocells are inter-
connected through a fixed infrastructure (e.g. an Ethernet switch). This is 
required  because network elements operate in different frequency bands 
and have no other means of communication, 

The network elements access the measurements provided by the sensors 
either through the Sensor Coordinator or the CONSERN-enabled devices, 

A specific WSN (e.g. a motion detection WSN) is able to communicate (i.e. 
providing information) with the appropriate CONSERN modules. 

Trigger Event(s) The presence of a person(s) is sensed by the WSN in a specific room of the 
building; at the same time, user presence is also identified through a 
network event (e.g. UE is associated with a WLAN AP).  

Actions 1. The CONSERN module, integrated in the network element (which is 
controlling the macro-cell), collects and combines information from 
the WSN (e.g. motion detected in an area) and the network element 
(e.g., WLAN association), 

2. The CONSERN module decides on whether it is preferable (for 
example wrt energy constraints) to switch-on another AP or a 
femtocell (in other words a Network Element – NE) that is closer to 
the UE rather than keep serving it from the current NE, 

3. According to the decision, the CONSERN module notifies the NE which 
is closer to the UE about the decision made on the preferable change 
on the operation status, 

4. The NE that is closer to the UE evaluates the notification under its 
own context and the network operator’s policies, and, in case, 
changes its operational status, 

5. The NE that is currently serving the UE may reduce its transmission 
power upon the activation of the NE that is closer to the UE, 

6. If the UE is a CONSERN-enabled device, it is notified to handoff to the 
new NE (AP or femtocell). If it is not a CONSERN-enabled device, the 
presence of the new NE combined with the lower SNR by the serving 
NE will drive the UE to associate to the new NE that is located near 
the UE, 

7. The CONSERN modules communicate and collect information from 
neighbouring network elements to optimise the operation of the APs 
and the femtocells (e.g. information required for the proper channel 
allocation) in order to maximize the average time before 
communication interruption. 

Ends when The network elements have been reconfigured (reducing transmission 
power, or waking up). 
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Actor and Roles Sensor, 

Sensor Coordinator, 

Network element, 

UE, 

User, 

CONSERN module, 

Network Operator. 

Expected Benefits Energy efficiency, 

Coverage ensure under energy constraints, 

Enhanced capacity provision. 

Table 4-3: Use Case on Energy Optimisation in an Office environment under coverage constraints. 

4.1.3 Energy Optimization for Self-Growing Office environment under coverage and 
capacity constraints 

ID UC-03/NKUA 

Name 
Energy Optimization for Self-Growing Office environment under coverage 
and capacity constraints. 

Author/Contributor 
list 

NKUA  

Description 
In an environment where multiple Wi-Fi APs and UMTS femtocells co-exist, 
WSN indications are utilized for controlling the network elements’ 
operation in order to achieve energy efficiency under coverage and 
capacity constraints. This use case features the self-growing network 
paradigm through gradually integrating different WSNs in the area for 
serving coverage, increased capacity and power consumption demands. 
Moreover, the network operator is able to identify which is the optimum 
network configuration regarding the users’ needs in the corresponding 
area. 

Related Scenario 
Scenario 3: Home and Office Environment. 

Goals 
Energy optimization in an office environment under coverage and capacity 
constraints through the deployment of advanced self-growing 
mechanisms. 

Highlighted 
attribute(s) 

Energy awareness, Situation awareness, Cooperativeness, Self Growing, 
Reconfigurability, Dependability. 

Observed 
parameter(s) 

Energy required for transmission, 

Change in Network capacity (in terms of max number of concurrent calls, 
maximum supportable traffic load, and spectral efficiency), 

Change in number of nodes (over network lifetime),  
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Change in degree of coexistence, 

Alternative configurations for current operating conditions, 

Frequency of communication interruptions, 

Power vs. coverage levels, 

Frequency occupancy, 

Average time before communication interruption, 

Node location, 

Convergence time, 

Device energy consumption / power usage. 

Evaluation Criteria Coverage area, 

System’s Capacity, 

Congestion levels, 

Energy optimisation at network element level and the overall network 
level, 

Time to complete each action. 

Use Case objectives 
CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

WP1 Elaboration on related use cases and requirements, 

Extraction of cases for impact assessment. 

WP2 Interfaces and data structure for measurements communication 
between the WSNs and the Wireless Network in the area, 

Techniques of energy optimisation based on changes in the node as 
well as the overall network configuration. Such techniques can be 
based for example on:  

 User/data traffic in the area of responsibility, 

 Network operator policies that may require the network 
element to remain inactive. 

WP3 Techniques for wireless communication among the network nodes, 

Methods for energy-aware information representation, 

Schemes for efficient cooperation between network elements (e.g. 
low signaling overhead).  

WP4 Provision of cases and outline of mechanisms reflecting the self-
growing paradigm which will also elaborate on the cognitive 
architecture, 

Identification of new objectives for the network through the 
integration of additional/emerging WSNs which provide different 
types of sensed information. 

WP5 Selected outcomes related to this use case would be experimentally 
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validated and showcased. 

Technical 
requirements 

Information exchange between the network components and Sensors and 
/or a Sensor Coordinator, 

Provision of measurements to the wireless network by the WSNs in the 
area, 

Cooperative decision making on network elements optimal configuration 
and/or operational mode based on information exchange between the 
neighbouring elements, 

Knowledge sharing among network elements on balancing autonomic 
capabilities and cooperative operation, 

Methods for discovery of WSNs in the vicinity, 

Methods for WSN evaluation regarding the type of measurements which 
can be provided, 

Mechanisms for dynamic integration of additional WSNs in the wireless 
network. 

Assumptions and 
Preconditions 

Although a dense environment is assumed, a specific view of the case is 
examined where the operation takes place during night-time when the 
majority of the network elements are switched-off, 

A “centrally” located Wi-Fi AP covers larger geographical area (i.e., 
typically, during day time an area is covered by a number of APs), 

The area of interest is covered by a number of APs and femtocells; the APs 
and the femtocells are interconnected through a fixed infrastructure (e.g., 
an Ethernet switch). This is needed since such network elements operate 
in different frequency bands and have no other means of communication, 

Different types of network elements exist in the area: CONSERN-enabled 
devices and legacy devices not featuring CONSERN functionality, 

Different types of WSNs exist in the area featuring both Sensors and 
Sensor Coordinators, 

The Network elements access the measurements provided by the sensors 
either through the Sensor Coordinator or the CONSERN-enabled devices, 

A specific WSN (e.g. a motion detection WSN) is able to communicate (i.e. 
providing information) with the appropriate CONSERN components. 

Trigger Event(s) Congestion is monitored in an area controlled by a network element (e.g. 
WLAN AP or a femtocell). 

Actions 1. The serving network element identify/monitors (potential) congestion 
based on traffic measurements which are provided by the network 
element and the CONSERN module; load balancing needs to be 
performed under energy constraints, 

2. In order to drive the energy-aware load balancing procedure between 
the different network elements, WSN inputs (e.g. motion sensors) can 
be utilized to facilitate the estimation of user density per room/area. 
This information will allow to efficiently setting the power level of the 
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network elements so as to provide the required capacity level without 
using excessive transmission power, 

3. After performing load balancing and adjusting the transmission power 
there is not adequate coverage in a small area (not justifying a new 
increase in transmission power) so certain nodes of the WSN are 
reconfigured (e.g. adjust routing options configuration) in order to 
operate as relays between end-users and network elements for 
serving this area, 

4. In order to take legacy devices into account frequency occupancy 
measurements from an additional WSN may be utilized for deriving 
which frequency bands are crowded. Taking into account that 
different classes of network elements use different frequency bands 
(e.g. femtocells and Wi-Fi APs) the specific legacy devices that 
experience congestion can be derived and taken into consideration in 
the optimization process, 

5. In order to integrate the new WSN that provides measurements (e.g. 
related to frequency occupancy), the Sensor Coordinator notifies on 
the existence of an additional appropriate WSN in the area and 
handshaking is initiated, 

6. The identified WSN is evaluated wrt to the provided measurements in 
order to examine whether its measurements can be utilized to further 
facilitate energy optimisation, 

7. If its measurements are deemed relevant it is integrated and 
additional information is provided to the network in order to fine-
tune the configuration of the network elements, 

8. Using the additional information, congestion is avoided and the 
network elements converge to the energy optimal configuration, 
while maximizing the average time before communication 
interruption. The network has self-grown in order to better serve its 
goal.  

Ends when The network elements have been reconfigured in such a way that the WSN 
has been integrated with the network infrastructure (e.g. this may enable 
a routing configuration that will, in turn, enable/trigger certain sensors to 
act as relay nodes for UE that is located at the border of  a wireless 
network). 

Actor and Roles Sensor Coordinator,  

CONSERN module, 

Network element, 

User,  

UE,  

Legacy device. 

Expected Benefits Energy efficiency, 

Coverage ensure under energy constraints, 
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Enhanced capacity provision. 

Table 4-4: Use Case on Energy Optimization for Self-Growing Office environment under coverage and capacity 
constraints. 

4.1.4 Network reconfiguration following the introduction of new nodes 

Use Case Short ID UC-04/IFX 

Name Network reconfiguration following the introduction of new nodes. 

Author/Contributor 
list 

IFX  

Description In a dense (home/office) environment there are a multitude of various APs 
/ BSs deployed, building on various RATs. Some of those are supposed to 
be accessible (typically owned) by the concerned entity, some are 
partly/fully out if its control, e.g. those network nodes belonging to a 
neighbour, etc. In the framework of the self-growing paradigm, novel 
network nodes are constantly added. The subsequent reconfiguration of 
the network needs to be performed autonomously, i.e. without any user 
interaction. In particular, the following key steps need to be performed: i) 
identification of network congestion (e.g., which network nodes introduce 
interference by accessing to identical bands, which nodes are overloaded, 
etc.) and identification of network nodes being accessible for 
reconfiguration (including level of accessibility); ii) determination of 
optimum network configuration by reconfiguring some/all of the 
accessible nodes; iii) seamless execution of the reconfiguration, i.e. the 
user experience should remain as little impacted as possible.  

Related scenario Scenario 3: Home and Office Environment. 

Goal Energy optimization & efficient self-growing in a dense home/office 
environment under coverage, network congestion and node accessibility 
constraints. 

Highlighted 
attribute(s) 

Self Growing, Energy Awareness, Cooperativeness, Reconfigurability. 

Observed 
parameter(s) 

Change in number of nodes (over network lifetime),  

Change in traffic Load,  

Throughput per network node,  

Aggregated network capacity,  

Probability of packet loss,  

Node transmission output power levels,  

Interference level experienced (victim) or caused (aggressor), 

Device energy consumption / power usage,  

Actual used node capacity,  

Maximum achievable node capacity, 

Level of adaptability to change supported Radio Access Technology, to 
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operate multiple Radio Access Technologies simultaneously, 

Ability to jointly cooperate and share load with other heterogeneous Radio 
Access Technologies. 

Evaluation Criteria Development and optimisation of cooperative mechanisms for 
heterogeneous distributed elements in a small-scale, purpose-driven 
network, Provision of the fundamental underlying mechanisms that pave 
the way for scalable energy efficient heterogeneous self-growing network 
paradigms. 

Use Case Objective CONSERN technical objectives that are addressed by this use case (link to 
WPs): Development and optimisation of cooperative mechanisms for 
heterogeneous distributed elements in a small-scale, purpose-driven 
network, Provision of the fundamental underlying mechanisms that pave 
the way for scalable energy efficient heterogeneous self-growing network 
paradigms, etc. 

WP1 Provision of Self growing and energy efficient use cases and 
requirements, 

Identification of User role, role of neighbouring network owners, 
etc., 

Extraction of cases for impact assessment. 

WP2 Interfaces and data structure for measurements communication 
between the WSNs and the Wireless Network in the area, in 
particular for the determination of congestion/load/interference 
information, etc.  

Methods of energy optimisation built on the dynamic operational 
mode change of a network element. These can be based for 
example on:  

 Optimum node configuration (including RAT selection, 
power level determination, band selection, etc.), 

 User/data traffic in the area of responsibility, 

 Network operator policies that may require the network 
element to remain inactive. 

WP3 Techniques for wireless communication among the network nodes, 

Methods for information representation and fusion, 

Methods for cooperation between network elements.  

WP4 Provision of cases and outline of mechanisms reflecting the self-
growing paradigm which will also elaborate on the cognitive 
architecture, 

Identification of new objectives for the network through the 
integration of additional/emerging WSNs which provide different 
types of sensed information, 

Optimisation of network configuration taking a limited access to 
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some of the network nodes into account. 

WP5 Selected outcomes related to this use case would be 
experimentally validated and showcased. 

Technical 
Requirements 

Introduction of a Sensor Coordinator which orchestrates the determination 
of congestion/load/interference information every time that a new 
network node is inserted in the concerned network or in an (inaccessible) 
neighbouring network, 

Information exchange between the network components and Sensors and 
/or a Sensor Coordinator,  

Provision of measurements to the wireless network by the WSNs in the 
area, 

Cooperative decision making on network elements optimal configuration 
and/or operational mode based on information exchange with the 
neighbouring elements, 

Knowledge sharing among network elements on balancing autonomic 
capabilities and cooperative operation. 

Assumptions and 
Preconditions 

It is assumed that the concerned network is owned and controlled by a 
single entity. Neighbouring networks may be fully, partly or not at all under 
control and/or accessible by the concerned entity. The reconfiguration of 
neighbouring network elements may thus be limited, 

Although a dense environment is assumed, a specific view of the case is 
examined where the operation takes place during low traffic period (e.g. 
night-time) when the majority of the network elements are switched-off in 
order to keep the impact on the user experience as limited as possible, 

Network nodes of the concerned network are impacting the performance 
of neighbouring networks and vice versa by creating network congestion, 
interference, etc., 

The area of interest is covered by a number of APs and femtocells; the APs 
and the femtocells are inter-connected through a fixed infrastructure (e.g. 
an Ethernet switch). This is needed since such network elements operate 
in different frequency bands and have no other means of communication, 

The network elements access the measurements provided by the sensors 
either through the Sensor Coordinator or the CONSERN-enabled devices, 

Specific WSN (e.g. a motion detection WSN) is able to communicate (i.e. 
providing information) with the appropriate CONSERN. 

Trigger Event The inclusion and/or activation of new network nodes based on the Self 
growing paradigm trigger the corresponding actions. 

Actions 1. The CONSERN module detects that new network nodes have been 
added in the concerned network and/or that neighbouring networks 
are being reconfigured and/or that congestion situations occur in the 
concerned network, 

2. The CONSERN module directs sensing tasks to the various nodes, e.g. 
distant UEs are instructed to provide measurements on neighbouring 
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networks, etc., 

3. The CONSERN module, integrated in the network element (which is 
controlling the macro-cell), collects and combines information from 
the WSN (e.g. motion detected in an area) and the network element 
(e.g., WLAN association), 

4. The CONSERN module decides on whether it is preferable (for 
example wrt energy constraints) to change the parameterization of a 
node (e.g., switch to another RAT, change of output power levels, 
etc.) and/or to switch-on another AP or a femtocell (in other words a 
Network Element – NE) that is closer to the UE rather than keep 
serving it from the current NE and/or to switch off selected network 
nodes in order to resolve specific congestion situations (occurring due 
to interference, etc.), 

5. The CONSERN module reconfigures nodes of the concerned network 
as well as nodes in neighbouring networks in case that they are of 
full/limited accessibility.  

Example 1: Network reconfiguration with novel nodes being added, full 
access to all network nodes is assumed 
 

 
 
Example 2: Network reconfiguration with novel nodes being added, access 
to only a limited number of network nodes is assumed 
 

 
Ends when The network elements have been reconfigured (reducing transmission 

power, resolving congestion situations, reducing/eliminating interference, 
etc.). 

Actor and Roles Sensor, 

Due to the high level of interferences 

occuring for RAT B, RAT C and RAT 

D, the corresponding QoS is low

RAT B

RAT D
RAT C

RAT B

RAT B, RAT C, RAT D are accessing identical parts of the 

spectrum è strong interference occurs è throughput is 

limited; furthermore, those APs are working in an 

uncoordinated way and thus load distribution is poor

RAT C

RAT B

RAT D

RAT B

RAT B, RAT C, RAT D are reconfigured to non-interfering radio parameters. 

Moreover they are integrated into an home/office Network in order to 

efficiently manage load distribution (may include a Macro BS, too)

Concerned UEs are experiencing high 

QoS due to resolved congestion by 

interference elimination

Due to the high level of interferences 

occuring for RAT B, RAT C and RAT 

D, the corresponding QoS is low

RAT B

RAT D
RAT C

RAT B

RAT B, RAT C, RAT D are accessing identical parts of the 

spectrum è strong interference occurs è throughput is 

limited; furthermore, those APs are working in an 

uncoordinated way and thus load distribution is poor

RAT C

RAT B

RAT D

RAT B

Those RAT B, RAT C, RAT D which can be reconfigured are 

actually reconfigured to non-interfering radio parameters. 

Moreover they are integrated into a home/office Network in 

order to efficiently manage load distribution (may include a 

Macro BS, too)

Concerned UEs are experiencing 

high QoS due to resolved 

congestion by interference 

elimination

Those RATs which cannot be 

reconfigured (e.g. owned by different 

parties, etc.) will be excluded from the 

integrated home/office Network 
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Sensor Coordinator, 

Network element (eventually reconfigurable from one RAT to another, 
etc.), 

UE, 

User, 

CONSERN module, 

Network Operator. 

Expected Benefits Energy efficiency, 

Resolution of network congestion, 

Resolution of degradation of network performance through interference 
avoidance, 

Coverage ensure under energy constraints, 

Enhanced capacity provision. 

Table 4-5: Use Case on Network reconfiguration following the introduction of new nodes. 

4.1.5 Switch on-off of nodes for Energy Efficiency in Heterogeneous Networks 

Use Case Short ID UC-05/HWSE 

Name Switch on-off of nodes for Energy Efficiency in Heterogeneous Networks 

Author/Contributor 
list 

HWSE  

Description 
This use case corresponds to a set of (use case) scenarios where criteria and 
actions for switching on/off a subset of a radio network’s resources 
(sites/cells/sectors/carriers) or reducing the radio resource consumption is 
addressed.  

Since cellular systems are dimensioned for peak hour traffic they are over-
provisioned, by still being active, during low traffic periods. By reducing the 
number of active resources when traffic is low, significant power saving can 
be achieved.  

The decision to gradually add or remove resources (in a switch on/off 
manner) is based on cooperative decisions and joint actions between the 
mobile users and the base stations (BSs) of the network.  

Depending on the user location, distribution and topology of the network, 
switching on/off certain resources can cause the corresponding adaptation 
of parameter settings in neighbouring cells, e.g. transmit power, antenna tilt 
and radiation pattern. Such network re-configuration might be necessary in 
order to cope with QoS degradation and coverage and capacity loss. 

In order to evaluate the performance of the network configuration we will 
define a set of KPIs. The network, through its learning ability, will iteratively 
seek an optimal configuration. 
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Related scenario 
Scenario 4: Urban Heterogeneous Environments. 

Goal 
To find energy efficient solutions that ensure that necessary coverage, 
capacity and QoS can be provided. 

Sub-goals: 

 To define a set of policies to be used by the individual BSs in their 
decision to change their power mode and, 

 To define learning and cooperation methods to improve the ability of 
the network to adapt to a changing environment or purpose and, 

 To define energy metrics that can be used as part in the BSs decision 
making. 

Highlighted 
attribute(s) 

Self-growing, Situation awareness, Dependability, Autonomicity, Energy 
Awareness, Cooperativeness, Reconfigurability 

Observed 
parameter(s) 

Signal to interference plus noise ratio (SINR), 

Change in the traffic load, 

Change in nodes spatial distribution, 

Change in network topology, 

Change in number of active / idle nodes in the network, 

Energy required for transmission, 

Network energy consumption / power usage, 

Node energy consumption, 

Amount of information exchange, 

Total Network Throughput, 

Average Network packet delay, 

Service Outage (in percent), 

Packet loss ratio, 

Block Error Rate (BLER), 

Link Failure, 

Blocking, 

Dropping, 

QoE for data and voice traffic, 

(Link) Failure time, 

Mean time between failures, 

Reconfiguration time, 

Learning time, 

Network response time, 
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Convergence time. 

Evaluation Criteria Energy savings: Transmitted Power consumption, 

Performance: Throughput, Packet Delay, Outage, Package Loss / BLER, 

Dependability: Link Failure, 

Efficiency: resource, cooperation and communication. 

Use Case Objective Development and optimisation of cooperative and self-growing mechanisms 
for radio networks in a dense urban area. 

 WP1 Provision of cooperativeness and energy efficient use cases and 
requirements, 

Identification of User role, role of neighbouring network owners, 
etc. 

 WP2 Provision of policies for power mode adaptation,  

Definition of energy metrics that can be used as part in the BSs 
decision making. 

 WP3 Develop mechanisms for energy-aware networking control 
techniques for wireless elements and develop algorithms and co-
operative techniques for communication between BSs and 
mobiles. 

Study the relation/balance between autonomic capabilities and 
cooperative optimisation in order to maximize the energy gains, 

 WP4 Self-growing aspects addressed through 1) BS learning ability and 
2) switching on/off resources. 

 WP5 Input to use cases that would be validated and showcased. 

Technical 
Requirements 

Information exchange between the network elements incl. radio resource 
allocating nodes, e.g., BSs, user equipment (UE), etc, 

Provision of measurements to the radio resource allocating network 
elements in the area,  

Cooperative decision making on network elements optimal configuration 
and/or operational mode based on information exchange between the 
neighbouring elements, 

Knowledge sharing among network elements on balancing autonomic 
capabilities and cooperative operation, 

Methods for node discovery in the area. 

Assumptions and 
Preconditions 

A cellular network with partly switched on and partly switched off resources 
where the BSs are able to cooperate and learn from their behaviour in order 
to minimise the network’s total power consumption. 

This use case assumes that there exists a set of BSs which each 

 have an operator defined policy of action, and, 
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 have a learning ability to improve their actions, and, 

 are able to make decisions based on their knowledge about their 
environment, and, 

 are able to communicate their decisions, knowledge and goals to 
other BSs. 

The use case requires a set of BSs and users within a given geographical area 

 Rural case, 

 Urban case, 

 Manhattan case. 

A set of users having different QoS requirements the long term statistics, 
such as traffic load or terminal distribution. 

Trigger Event Switching on/off of individual cells will be triggered at low traffic volumes or 
at a certain time of the day based on statistical measures. 

Actions Possible node actions for reduction of energy efficiency algorithm are:  
Monitoring actions 
1. Monitoring System Indicators, e.g. network load indicator, high 

interference indicator etc., and Key Performance Indicators (KPIs), 
e.g. QoS to identify shortage or excess of system resources and to 
evaluate the system state, 

2. Monitoring impact of parameter reconfiguration (feedback 
evaluation) by evaluating system state, 

3. Collecting data from mobile measurements to prevent possible 
coverage holes during switch off periods, 

4. Collecting information about environment by means of information 
exchange, e.g. neighbour cells, neighbour cell capabilities. 

 
Configuration Actions 
5. Switching on/off resources in the network, 
6. Adapting radio parameters in order to achieve the highest possible 

value of the utility function, e.g. power setting adjustments, 
frequency reuse and antenna constellation including, omni-
directional transmission, beam-forming, tilt adjustment, 

7. Eventually, assuring coverage and QoS by hand over of users from 
switched off resources. 

 
Cooperation actions 
8. Cooperation between nodes by means of information exchange, 
9. Cooperation between nodes by means of negotiation and action 

coordination, e.g. interference coordination or agreed 
frequency/carrier allocation. 
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Use Case Short ID UC-05/HWSE 

 
 

Ends when When the network’s performance improvement rate falls below a certain 
threshold. 

Actor and Roles Network operator 

 Wants to keep users happy, and, 

 Wants to optimise revenue, and, 

 Wants to decrease BSs energy consumption. 

Base stations 

 Exchange of information for collaboration with other BSs. 

Mobile users 

 Reports to BS (mobile-assisted switch off?). 

Expected Benefits Decreased BS energy consumption. 

Increased environmental knowledge (learning) which may enhance future 
actions. 

More reliable and guaranteed QoS Increased QoS and network availability 
and reliability. 

Table 4-6: Use Case on Switch on-off of nodes for Energy Efficiency in Heterogeneous Networks. 

4.1.6 Cooperative DAS nodes configuration 

Use Case Short ID UC-06/HWSE 

Name 
Cooperative DAS nodes configuration. 

Author/Contributor 
list 

HWSE  

Description 
In a dense environment, such as within a bigger office or at a hotspot in an 
urban area, the area is covered by several independent cells. A distributed 
antenna system (DAS) cell consists of a BS and a set of antenna nodes 
which are uniformly distributed within the cell and controlled by a central 
processor. In order to provide high capacity in an energy efficient way, 
each antenna in a DAS cell is switched on or off based on long-term cell-
specific statistics and short term terminal-specific information. DAS nodes 
neighbouring each other can cooperatively negotiate on how to configure 
their antenna elements through distributed methods. 

 

 

 

 

 

  
 

 

 

 

  
 

 

  
 

 
 

How can we achieve the best solution possible by 
means of cooperation? Which solution is best?  

How can we recognise the dynamics of user 
and traffic behaviour by means of cooperation? 



COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  44/93 
 

Use Case Short ID UC-06/HWSE 

Related scenario 
Scenario 4: Urban Heterogeneous Environments. 

Goal 
Efficient and energy optimized cooperation strategies among network 
elements in a dense urban environment. 

Highlighted 
attribute(s) 

Energy Awareness, Situation awareness, Cooperativeness, 
Reconfigurability, Dependability. 

Observed 
parameter(s) 

Link quality (in terms of instantaneous CSI), 

Change in the traffic load, 

Change in nodes spatial distribution, 

Energy required for transmission, 

Throughput at cell centre, 

Throughput at cell edge, 

Amount of information exchange,  

Reconfiguration time. 

Evaluation Criteria 
Energy savings: The power consumption of DAS cell, 

Performance: The average throughput of DAS cell, 

Performance: The cell edge throughput of DAS cell. 

Use Case Objective 
Development and optimisation of cooperative mechanisms for distributed 
antenna systems in a dense wireless network. 

WP1 Provision of cooperativeness and energy efficient use cases and 
requirements, 

Identification of User role, role of neighbouring network owners, 
etc. 

WP2 Potential optimization of energy efficiency in cell-edge areas based 
on cooperative transmission as implemented by DAS. 

WP3 Introduce novel techniques for bi-directional wireless 
communication between network elements and mobile terminals, 

Develop mechanisms for energy-aware networking control 
techniques for wireless elements and introduce algorithms for 
cooperation between network elements, 

Study the relation/balance between autonomic capabilities and 
cooperative optimisation in order to maximize the energy gains. 

WP4 Self-growing aspects addressed through 1) DAS learning ability, and, 
2) switching on/off resources. 

WP5 Input to use cases that would be validated and showcased. 

Technical 
Requirements 

Each central processor in a DAS cell can 

 Collect both long term and short term statistics of the terminals 
and network, 
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 Exchange scheduling information with the central processors of 
other cells, 

 Cooperative decision making on the transmission of DAS antenna 
nodes based on the short term and long term statistics, 

 Cooperative decision making on the transmission of DAS antenna 
nodes based on the scheduling information exchanged from 
adjacent DAS cell. 

Assumptions and 
Preconditions 

Multiple simple cooperative DAS nodes are uniformly distributed within 
the coverage of a cell. These nodes are independently controlled by the 
central processor with which it connected via optical fibre. 

The terminal can measure and feedback its short term statistics, such as 
instantaneous CSI or location, to the network. 

The DAS network can collect the long term statistics, such as traffic load or 
terminal distribution. 

Trigger Event Activation/deactivation of individual antennas will be triggered depending 
on changes in traffic volumes. 

There is a mobile terminal in the DAS cell. 

Actions 
Cooperation among DAS nodes according to long term statistics: 

1. The DAS network collects the long term statistics, e.g. traffic load 
or user distribution, 

2. The DAS network activate part of cooperative DAS nodes, 

3. The DAS network transmits or receives data with the selected DAS 
nodes. 

Example 1.  

 

Cooperation among DAS nodes according to the short term statistics: 

1. The DAS network collects the short term statistics, e.g. 
instantaneous CSI or geographic location, reported from the 
terminals, 

2. The DAS network select the cooperative DAS nodes among the 
active nodes to serve the terminal, e.g. only DAS nodes close to 
terminals are on, 

3. The DAS network inform the terminal of the active cooperative 
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Use Case Short ID UC-06/HWSE 

DAS nodes, 

4. The DAS network transmits or receives data with the selected DAS 
nodes. 

Example 2. 

 

Cooperation among DAS nodes controlled by different central processor: 

1. The DAS network exchange scheduling information between 
different central processors, 

2. The DAS network adjusts the scheduling decision for adjacent DAS 
cells to avoid inter cell interference, 

3. The DAS cell decides the active DAS nodes according to the 
updated scheduling decision, 

4. The DAS network transmits or receives data with the selected DAS 
nodes. 

Example 3. 

 

Ends when The DAS network is out of service or there is no terminal in the DAS cell. 

Actor and Roles DAS network: 

 Collects long term statistics, 

 Makes decision on the active cooperative DAS nodes, 

 Transmits or receives data to/from terminals. 

Terminal:  

 Measures and feeds back short term statistics, such as 

 

 

  

 

 
 

 

 

 

 

  

 

 
 

 

 

 

 

Scheduling 

Info. Exchage. 
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Use Case Short ID UC-06/HWSE 

instantaneous CSI and geographic location, 

 Communicates with part of the cooperative DAS nodes according 
to the indication from DAS network. 

Expected Benefits The power consumption of DAS cell can be reduced. 

The throughput of DAS cell can be increased. 

Table 4-7: Use Case on Cooperative DAS nodes configuration. 

4.1.7 Cooperative relay for Energy Efficiency 

Use Case Short ID UC-07/HWSE 

Name Cooperative relay for Energy Efficiency. 

Author/Contributor 
list 

HWSE 

Description Due to the cubic channel fading between BSs and mobile terminals in Infra-
structure Networks, relay nodes reduce the distance to mobiles, which 
means relay node consumes less power compared to direct BS 
transmission in order to achieve same SNR level. Since the traffic in certain 
area may be dynamically changed, relay nodes (including relay stations and 
UE relay) can cooperate with each other to provide high data rate service 
for heavy traffic conditions, while the relay node in low traffic area can 
switch off or reduce its power to save energy. 

This use case corresponds to the urban heterogeneous environment and 
office and home environment scenarios where criteria and actions for 
cooperative relay schemes for system power consumption reduction and 
system capacity improvement are addressed. 

Relay nodes collect information and learn about the network topology, 
channel state, traffic load, service features and neighbour nodes statistics. 
Based on predefined policies and the information learned, relay nodes, 
cooperate with other nodes to make decisions on the usage of network 
coding enhanced cooperative schemes that would provide high system 
throughput and energy efficiency. Relay nodes may provide a content-
oriented traffic offloading scheme for load balancing.. 

Related scenario Scenario 3: Home and office Environment  

Scenario 4: Urban Heterogeneous Environments 

Goal To design adaptive cooperative relay solutions for energy efficiency and 
capacity improvements in a dense urban area.  

Sub-goals (in order of priority): 

 To design network coding enhanced cooperative relay scheme, 

 Distributed decision making scheme for cooperative relay for the 
changeable wireless environment and different traffic load, 

 To define the optimized cooperative relay power allocation 
algorithm for energy efficiency, 
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Use Case Short ID UC-07/HWSE 

 To find suitable content-oriented traffic offloading solution for 
load balancing. 

Highlighted 
attribute(s) 

Self-Growing, Energy Awareness, Situation awareness, Cooperativeness, 
Reconfigurability. 

Observed 
parameter(s) 

Change in network topology, 

Change in the traffic load, 

Change in the channel information,  

Change in the service parameters, 

Energy required for transmission, 

Total Network Throughput, 

Network response time, 

Amount of information exchange, 

Reconfiguration time. 

Evaluation Criteria Energy savings: Power consumption of cooperative relay system, 

Performance: Throughput (average and cell edge), 

Responsiveness: Response time when conditions change. 

Use Case Objective Development cooperative relay mechanisms and related optimisation 
algorithms for energy efficiency and capacity improvement. 

WP1 Provision of cooperativeness and energy efficient use cases and 
requirements, 

Identification of User role, role of neighbouring network owners, 
etc. 

WP2 Exploitation of the role of relay nodes in low traffic area: switch off 
or reduce its power to save energy. 

WP3 Cooperative relay schemes, 

Enablers for Energy-Aware Cooperative relay Decision and Control, 

Network coding enhanced Cooperative relay Problem Solving and 
Optimisation. 

WP4 Self-growing aspects addressed through, 

Relay nodes learning ability, 

Relay cooperation decision making. 

WP5 Input to use cases that would be validated and showcased. 

Technical 
Requirements 

Learning ability to collect the communication environment such as 
network topology, channel information, traffic load, service features and 
neighbour nodes statistics, 

Information exchange between the network elements incl. relay nodes, 
BSs, user equipment (UE), etc, 
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Use Case Short ID UC-07/HWSE 

Distributed cooperative decision making based on collected of 
communication environment, 

Cooperative decision notification among network nodes, 

Network coding enhanced cooperative scheme, 

Optimized cooperative relay power allocation algorithm for energy 
efficiency, 

Content-oriented traffic offloading scheme for load balancing. 

Assumptions and 
Preconditions 

A cellular network designed for changeable traffic where the relay nodes 
and BSs are able to use cooperative scheme for system capacity adaptation 
and power saving. 

It is assumed that a set of BSs and RNs exists which  

 Have a learning ability to catch the communication environment, 

 Are able to make distributed cooperative decisions based on their 
knowledge about their environment, 

 Are able to communicate their decisions, knowledge and goals to 
other nodes, 

 Are able to cooperate with other nodes, use network coding 
enhanced cooperative technologies  and select the suitable 
transmitting power, 

 May support content-oriented traffic offloading scheme. 

This use case required a set of BSs, relay nodes and UEs within a given 
geographical area. 

 Office park case, 

 Residential areas  case, 

 Hotspot case. 

A set of users having changeable data transmitting rate requirements. 

Trigger Event Activation/deactivation of individual RNs will be triggered depending on 
changes in coverage or deployment of new RNs. 

There is a mobile terminal in the cell. 

Actions Possible node actions for reduction of energy efficiency algorithm are:  
Monitoring/Learning actions 
1. Collecting and learning the communication environment such as 

network topology, channel information, traffic load, service 
features and neighbour nodes statistics: 

o Monitoring communication environment by nodes itself, 
o Analyzing the transmitting service parameters, 
o Collecting information by means of information exchange 

among neighbour nodes, 
o Collecting data from mobile measurements. 

 
Cooperation actions 
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Use Case Short ID UC-07/HWSE 

2. Distributed cooperative decision making based on collected of 
communication environment 

o Traffic load 
 Heavy: cooperate with other relay nodes to 

achieve throughput improvement, 
 Low: relay nodes switch off or reduce transmitting 

power. 
o Network topology: choose the suitable neighbour nodes to 

cooperate with 
o Channel information:  

 choose the suitable neighbour nodes to cooperate 
with, 

 allocate suitable transmitting power to achieve 
energy efficiency. 

o Neighbour nodes statistics: choose the suitable neighbour 
nodes to cooperate with, 

o Service features: decide whether to cooperate or not 
according to service QoS parameters. 

3. Cooperative decision notification among network nodes, 
4. Network coding enhanced cooperative scheme. 
 
Configuration Actions 
5. Content-oriented traffic offloading configuration for load balancing 

according to traffic load and service QoS requirements. 

Ends when When all RNs are removed. 

Actor and Roles Network operator: 

 Cooperative policy definition. 

Base stations and relay nodes: 

 Collect communication environment statistic, 

 Make cooperative decision and exchange knowledge with other 
nodes, 

 Network coding enhanced cooperative scheme, 

 May support content-oriented traffic offloading. 

Mobile users: 

 May act as UE relay (same roles as relay nodes when UE act as UE 
relay). 

Expected Benefits Decreased system energy consumption. 

System capacity improve, 

Load balancing, 

Good user experience. 

Table 4-8: Use Case on Cooperative relay for Energy Efficiency. 
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4.1.8 Energy-aware end-to-end delay optimization 

Use Case Short ID UC-08/Fraunhofer 

Name 
Energy-aware end-to-end delay optimization. 

Author/Contributor 
list 

Fraunhofer 

Description 
Sensor nodes are deployed in a given environment partially covered by a 
second type of network, e.g. IEEE 802.11 WLAN. During their lifetime of 
the sensor network, a change in its purpose occurs: in addition to existing 
functionality, nodes have to report on delay sensitive data to a data sink. 
For such, the sensor network has to be reconfigured: the routing of 
messages through the sensor node (multi-hop communication) and the 
sleep cycle of the sensor nodes has to be adjusted to meet the delay 
constraints. As a result, the purpose change is achieved but the network’s 
lifetime is degraded. A cognitive decision entity uses this information to 
evaluate if a potential synergy of the partially deployed WLAN network 
with the sensor network can enable the new purpose at better energy 
cost. Integrating both networks enables additional routes from the sensor 
to the data sink. Those routes may have different properties in terms of 
delay and the resulting energy consumption of involved sensor nodes for 
using them. Having this information, the cognitive engine can dynamically 
decide on a purpose-driven configuration and on the symbiotic integration 
of the two networks. 

Related scenario 
Scenario 1: Construction Site, 

Scenario 3: Home and Office Environment. 

Goal 
Show how a cognitive decision engine can exploit the self-growing ability 
of a network to dynamically adjust energy consumption and delay for a 
given purpose. 

Highlighted 
attribute(s) 

Self-Growing; Energy-Awareness; Cooperativeness. 

Observed 
parameter(s) 

Change in energy consumed by each node, 

Change in available remaining energy per node, 

Change in end-to-end message delay, 

Change of degree of coexistence, 

Change in network topology, 

Change in set of purposes a network supports, 

Change in noise level (at interference victim device), 

Set of possible routes connecting each node with the backbone, 

Number of hops, number of cross network transitions. 

Evaluation Criteria 
Comparing the situation when entering and exiting this use case, 
observable evaluation criteria include: 

 Decrease in end-to-end message delay, 



COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  52/93 
 

Use Case Short ID UC-08/Fraunhofer 

 Reduction of energy consumption, 

 Increase in network life-time, 

 Balance between above criteria, 

 Increase in number of demanded purposes provided. 

Use Case Objective 
CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

WP1 Definition of use-cases for advanced techniques in energy efficiency 
and self-growing network-based scalability management. 

WP2 Energy awareness, optimization towards a given energy 
consumption target. 

WP3 Collaboration between nodes and networks to determine end-to-
end delay options vs. energy budget. 

WP4 On-demand self-growing of network to achieve the target purpose. 

WP5 Demonstration of balancing energy budget and end-to-end delay 
constraints with a minimum of networks and nodes involved. 

Technical 
Requirements 

Functionality to detect collocated networks, capacity to exchange 
measurement data, capacity to connect to a decision making entity, 
capacity to measure/estimate energy consumption in participating 
networks, capacity to measure end-to-end delay across network 
boundaries, capacity to exchange/forward user data. 

Assumptions and 
Preconditions 

Two or more collocated networks are able to coexist and interoperate on 
the basis of exchanging messages. As a minimum requirement, at least one 
node of each participating network must be able to connect, authenticate 
and utilize at least one other network as a client. 

The cognitive decision entity obtains resulting estimates of the remaining 
node/network communication/lifetime. 

Trigger Event The end-to-end delay optimization starts with entering the purpose that 
demands for this optimization. The event causing the demand for entering 
this purpose is out of scope for this use case. 

Actions Entering the target purpose starts the optimization purpose. Multiple 
actions are carried out in parallel: 

1. Network internal path optimization targeting a given energy vs. 
delay target, 

2. Identification of collocated candidates (i.e., coexisting networks), 
attaching to these for obtaining suitable delay vs. energy 
consumption figures (i.e., for a tunnel through a coexisting 
network), 

3. Cross-network path optimization to identify most suitable 
candidates, 

4. Establishing tunnels through selected candidate networks. 

Ends when The use case ends, when the energy consumption / end-to-end delay has 
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Use Case Short ID UC-08/Fraunhofer 

been reached or the purpose is changed. 

Actor and Roles Edge nodes acting as gateways between participating networks. Cognitive 
engines providing decision making capacities for the participating 
networks. Probing nodes required to measure or estimate delay and 
energy consumption of participating networks. 

Expected Benefits Optimized energy consumption vs. end-to-end message delay behaviour, 
especially for heterogeneous participating networks (e.g., battery powered 
multi-hop wireless sensor network coexisting with a mains powered local 
area network).  

Table 4-9: Energy-aware end-to-end delay optimization. 

4.1.9 Purpose-driven network configuration during an emergency situation 

Use Case Short ID UC-09/Fraunhofer 

Name 
Purpose-driven network reconfiguration during an emergency situation. 

Author/Contributor 
list 

Fraunhofer. 

Description 
Sensor nodes forming an ad-hoc network are deployed in a given 
environment partially covered by a second type of network providing 
centralized, single-hop backbone access, e.g. IEEE 802.11 WLAN. Both 
networks had gone through the self-growing phase having resulted in an 
integrated, symbiotic network under the control of cognitive decision 
entities. Under normal operation, the sensor network provides sensing 
information (e.g. temperature in various locations of a building) at low 
duty cycles; the network is optimized for long network lifetime accepting 
higher delays in the acquisition of sensing information. 

An incident situation occurs (e.g. a fire in parts of a building). As a result, 
parts of the existing sensor node infrastructure are destroyed. Also, as a 
result of the incident situation, the metric driving the network 
configuration changes and the network has to fulfil a new purpose: an 
extremely long lifetime of the network is less important but sensing 
information has to be delivered in a timely manner. Besides, the sensor 
nodes have to additionally detect persons in the building or even track the 
movement of emergency responders. For such, coverage in specific areas 
has to be ensured. Cognitive decision engines detect this situation and 
decide on a network reconfiguration, possibly including the symbiotic 
effects of the integrated WLAN network to cope with the incident situation 
and its associated change in purpose. 

This use case may include the Energy-aware end-to-end delay optimization 
use case. 

Related scenario 
Scenario 1: Construction Site, 

Scenario 2: Home and Office Environment. 

Goal 
Show how a cognitive decision engine dynamically reconfigures a network 
using symbiotic effects of heterogeneous, integrated (self-grown) networks 
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Use Case Short ID UC-09/Fraunhofer 

to deal with a purpose change in an incident situation. 

Highlighted 
attribute(s) 

Self-Growing, Energy-Awareness, Cooperativeness, Reconfigurability. 

Observed 
parameter(s) 

Change in set of purposes a network supports, 

Change in energy consumed by each node, 

Change in available remaining energy per node, 

Change in network topology, 

Change in number of nodes (over network lifetime), 

Change in end-to-end message delay, 

Change in number of technologies a device can communicate with. 

Evaluation Criteria 
Comparing the situation when entering and exiting this use case, 
observable evaluation criteria include: 

 Increase in number of demanded purposes provided, 

 Increase Min. Network lifetime in incident situation, 

 Time required for reconfiguration is below a given threshold. 

Use Case Objective 
CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

 WP1 Definition of use-cases for advanced techniques in energy efficiency 
and self-growing network-based scalability management. 

 WP2 Energy-awareness: 

Interfaces and data structures towards measurement and control 
data for energy optimisation purposes, 

Coupling of energy optimization approaches at system level. 

 WP3 Design and development of self-learning methods, 

Bi-directional wireless communication between heterogeneous 
network objects. 

 WP4 Determination of self-growing enablers, 

Identification of a suitable cognitive architecture enabling 
participating networks to reconfigure their topologies and 
optimization goals on demand, 

Support elaborating the decision making framework. 

 WP5 Demonstration how self-growing networking enables the support of 
changing network purposes. 

Technical 
Requirements 

Capability to exchange measurement data; capability to connect (to) 
decision making entities; capability to reconfigure network elements, 

Capability to measure / estimate energy-consumption, 

Capability to detect and report presence / location of (mobile) devices, 
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Capability to measure properties of communication path (delay, PER, etc.), 

Capability to exchange user data, 

Capability to detect a change in the desired network purpose, 

Capability to control usage of links between homogeneous and 
heterogeneous nodes, 

Capability of network nodes to report on other (heterogeneous) networks 
(or network nodes) they can communicate with; capability to enforce re-
calculation of routing metric, 

Capability of nodes to detect and report information on their coverage. 

Assumptions and 
Preconditions 

The involved networks are able to coexist and interoperate on the basis of 
exchanging messages, i.e. a subset of nodes belonging to each network 
must be able to connect, authenticate and utilize nodes of the other 
network. 

This use case assumes either a user interaction (to indicate the incident 
situation) or assumes that the cognitive processes have learned how to 
detect an incident situation and the required change in the network’s 
purpose. 

Trigger Event Indication of incident situation resulting in a change of the target purpose. 
The detection of the occurrence of the incident situation is out of scope for 
this use case. 

Actions Entering the target purpose starts the reconfiguration and optimization. 
Multiple occur in parallel: 

 The cognitive decision identifies available nodes as well as 
potentially available links between nodes (of collocated networks), 

 Reconfiguration of nodes enabling the new purpose, 

 Cross-network optimization of active communication paths and 
node usage under coverage, energy and network lifetime 
constraints. 

Ends when Ends when one of the following conditions is reached: 

 The target purpose is achieved for the first time (i.e. the network 
offers the required functionality), 

 The cognitive engine decides that it is impossible to achieve the 
target purpose, 

 The target purpose changes. 

Actor and Roles Edge nodes as gateways between participating networks (each node can 
act as an edge node), cognitive engines providing decision making 
capacities for the participating network elements; nodes in the network 
forwarding data, and providing probing and reporting capabilities for 
queried parameters (e.g. energy remaining node lifetime, coverage, delay, 
etc.) 

Expected Benefits Enabling of new purpose due to an incident situation and optimization of 
network functionality and lifetime according to the new purpose. 
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Table 4-10: Purpose-driven network reconfiguration during an emergency situation. 

4.1.10 Cognitive Coexistence and self-growing for white space operation 

Use Case Short ID UC-10/Fraunhofer 

Name 
Cognitive Coexistence and self growing for white space operation 

Author/Contributor 
list 

Fraunhofer 

Description 
This use cases focuses on a locally deployed access point operating in 
white spaces in order to form a WLAN providing access to a small 
(company) network. During its lifetime, the capabilities of the device 
dynamically grow from an operation without coexistence to a fully 
coexisting operation mode with other white space devices deployed in the 
surrounding. In a second phase, the self-growing of the network, the 
purpose of the deployed network elements grows from only supporting 
nomadic mobility to additionally supporting seamless mobility for mobile 
users. 

In particular, this is achieved in various ways: A cognitive decision engine 
achieves separation in (used) spectrum by intelligently assigning valid 
spectrum portfolios to devices. Hereby, the engine learns about the 
requirements of each device and intelligently considers a dynamic 
adaptation of assigned spectrum per node/network. This allows each 
network to adapt its purpose according to users’ needs (e.g. adding low 
latency low bandwidth communication for surveillance purposes to 
existing high bandwidth but long delay services). At the same time, the 
cognitive engine learns about devices that hav coexistence issues (and, 
hence, are candidates for being in communication range of each other). 
Hence, the rules of the decision engine at each device are updated to allow 
a technology specific detection of other (heterogeneous) devices in 
communication range. Where applicable, the cognitive decision engines 
may decide to trigger a reconfiguration of devices enabling direct 
communication among existing networks. This self-growing phase enables 
additional services. First, direct (or multi-hop) wireless links among 
deployed devices allow to distribute among several low-bandwidth wired 
connections (e.g. DSL lines) the traffic going to and coming-in from the 
Internet. This enables high-throughput communication and allows fully 
exploiting the capacity of the wireless communication medium. Second, 
existing homogeneous network elements originally not in the 
communication range of each other and support nomadic mobility of the 
end-user. The self-growing process integrates several heterogeneous 
network elements into one access network providing continuous radio 
coverage to the end-user thereby enabling seamless mobile usage. 

Related scenario 
Scenario 5: Campus Environment. 

Goal 
Increasing coexistence in case of difficult wireless situations or optimizing 
energy consumption vs. wireless coverage benefit (e.g., range extension). 
Illustrate how self-growing enables additional services and allows to fully 
exploiting the capacity available via the wireless medium by growing from 
a separated heterogeneous infrastructure deployment into an integrated 
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homogeneous or interacting network. 

Highlighted 
attribute(s) 

Reconfigurability, Self-growing. 

Observed 
parameter(s) 

Change in number of purposes a network is dedicated to, 

Changes in set of purposes a network can support, 

Change in network topology, 

Change in noise level (at interference victim), 

Maximum supported spectrum efficiency per node, 

Average achieved spectrum efficiency per node, 

Good-put per node, 

Change in network node locations, 

Evaluation Criteria Comparing the situation when entering and exiting this use case, 
observable evaluation criteria include: 

 Time required to support new purpose below given threshold, 

 Min of Avg. good-put per node above given threshold, 

 Aggregated network goodput above given threshold, 

 Efficiency of network wide spectrum usage above given threshold, 

 Regional efficiency of spectrum usage above given threshold. 

Use Case Objective 
CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

 WP1 Identification and classification of requirements. 

 WP2 Interfaces and data structures towards measurement and control 
data (for energy optimization). 

 WP3 Introduction of novel techniques for bi-directional wireless 
communication between heterogeneous network objects and 
between network elements and mobile terminals, 

Design and development of self-learning methods, 

Algorithms for cooperation between network elements. 

 WP4 Identify and develop suitable cognitive architectures enabling 
participating networks to reconfigure their topologies and 
optimisation goals on demand, 

Elaboration on the decision making framework and its related 
baseline functions, 

Elaboration of distributed cooperative decision making mechanisms 
across networks and self-management and self-learning 
capabilities, 

Network reconfigurability to achieve adaptability to multiple 
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applications. 

 WP5 Showcase initial self-growing aspects. 

Technical 
Requirements 

Nodes can decide if collaboration with other (heterogeneous) nodes is 
possible, 

Nodes can report on the context (e.g. coverage or other interfering nodes) 
required by the cognitive engine to decide on the strategy for achieving 
the given purpose, 

Communication protocol between actors to exchange information and 
trigger actions, 

Capability to report efficiency of spectrum usage per node, 

Capability to report node location. 

Assumptions and 
Preconditions 

Incumbent user activity is not present; a new node has been deployed and 
activated. Discovery of involved cognitive elements not necessary (assume 
pre-configuration); communication between nodes and cognitive decision 
engine is possible. 

Trigger Event A new node/network is activated and reports to the cognitive decision 
engine 

Actions 1. The network node conducts a traditional white space / RF-seen 
analysis and reports on such in combination with its service 
requirements to the cognitive decision engine, 

2. The cognitive decision engine retrieves information if detected 
channel activity belongs to an incumbent or license-exempt user 
(algorithm out off scope in CONSERN); depending on the result, 
the cognitive engine decides on the strategy to further proceed in 
order to achieve coexistence by, e.g., applying a spectrum 
etiquette per node/network to achieve separation in frequency 
and time, 

3. The cognitive decision engine identifies sets of nodes candidates 
for collaboration and requests from members of those sets to 
decide and report if collaboration is possible, 

4. Depending on the given purpose (here: max. coverage for seamless 
mobility support, under the constraint of minimizing number of 
nodes to be reconfigures), the cognitive engine request form all 
nodes further context information and uses this to decide which 
nodes need to be reconfigured to grow into an integrated network 
achieving the given purpose. 

Ends when The given purpose is achieved (here: max. coverage for continuous 
mobility support). 

Actor and Roles Network nodes reporting on channel activity and context information for 
decision engine; cognitive decision engine controlling action of the nodes 
according to its chosen strategy to achieve coexistence and collaboration 
for a given purpose. 

Expected Benefits Enabling of coexistence in white space; enabling of new purpose via self-
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growing. 

Table 4-11: Generation and deployment of rule sets for cognitive decision engines. 

4.1.11 Energy optimization of co-located wireless networks in a home/office 
environment 

Use Case Short ID UC-11/IBBT 

Name Energy optimization of co-located wireless networks in a home/office 
environment. 

Author/Contributor 
list 

IBBT. 

Description In the future there will be a high number of networks that are active in and 
around home/office environments. Hence, the number of mobile and 
wireless devices and networks is increasing, inevitably leading to an 
increase in the density of co-located wireless devices. Today the capacity 
of wireless networks is generally increased by adding wireless 
infrastructure (more access points, more sensor networks...). More 
important is the coordination and cooperation between co-located 
wireless networks & devices, in order to avoid undesired interference. 
Today, this leads to unnecessary energy wastage and further involves a lot 
of human interventions and manual calibrations/configurations, resulting 
in high commissioning and maintenance costs. Although more and more 
networks tend to incorporate self-organizing and self-maintenance 
properties, autonomy is still limited within network boundaries. 
Autonomous solutions may even fail, because the independent co-located 
wireless networks may jeopardize each other. A setting, which is beneficial 
for one network, may turn out to have the reverse effect for other co-
located networks. Through advanced inter-network cooperation (involving 
negotiations and joint decisions for minimizing interference and energy 
consumption), this use case aims to offer autonomous solutions for 
coordinating or even merging (independent) co-located wireless networks, 
enabling more efficient service delivery and an extended reach of service 
usage. Such solutions will not only improve energy efficiency, but also user 
satisfaction. In addition deployment, commissioning and maintenance cost 
will be reduced. 

Related scenario Scenario 3: Home and Office Environment. 

Goal The joint optimization of energy consumption and interference across 
network boundaries. 

Highlighted 
attribute(s) 

Energy Awareness, Self growing, Spectral Efficiency. 

Observed 
parameter(s) 

Estimated remaining node lifetime, 

Estimated remaining network lifetime, 

Energy needed per information block transmitted, 

Change in number of purposes a network is dedicated to, 

Change in number of nodes, 
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Amount (and complexity) of human intervention needed to add a device, 
etc. to the network, 

Amount (and complexity) of human intervention needed to add a new 
purpose to the network, 

Change in total spectrum usage, 

Amount of packet loss due to interference. 

Evaluation Criteria The energy consumed is expected to drop with at least 25% compared to 
the current used interference avoidance protocol, 

The level of interference is expected to drop with at least 20% in a dense 
environment compared to current SoA. 

Use Case Objective Development and optimization of energy efficient co-located network 
techniques in dense home/office environments 

 WP1 Provision of Use Cases exploiting Energy Awareness, Self growing, 
and Spectral Efficiency. 

 WP2 Design of energy efficient network protocols for increasing the 
embedded devices’ lifetime, 

Power-aware protocol optimization. 

 WP3 Algorithms for cooperation of elements in view of joint optimization 
of energy efficiency and interference avoidance. 

 WP4 Develop mechanisms for discovering co-located networks and for 
negotiating network parameters between co-located networks. 

 WP5 Defining the suitable metrics, analyzing and documenting the test 
results, 

Validation of the inputs from other WPs. 

Technical 
Requirements 

Information exchange between the network elements, 

Cooperative decision making on network elements optimal configuration 
and/or operational mode based on information exchange between the 
neighbouring elements, 

Knowledge sharing among network elements on balancing autonomic 
capabilities and cooperative operation, 

Methods for node/network discovery in the area. 

Assumptions and 
Preconditions 

A co-located WI-FI (IEEE 802.11) and ZiGBEE (IEEE 802.15.4) network 
environment inside an office building. 

Legacy devices (not co-operating devices) are operational in the building. 

Trigger Event Installation of a co-located secondary technology network. (E.g.. 802.15.4 
where 802.11 is already active). 

Actions Possible node actions for reduction of energy efficiency algorithm are:  
Monitoring actions 
1. Interference monitoring through distributed spectral sensing, 
2. network monitoring (link quality, packet loss, packet delay, 
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3. Monitoring impact of parameter reconfiguration and activation of 
cooperative functions through incentives, 

4. Collecting information about environment by means of 
information exchange, e.g. neighbouring nodes, neighbouring 
networks (capabilities, sensing information). 

 
Configuration Actions 
1. Switching on/off co-operative network functions in the network,  
2. Adapting radio/MAC parameters in order to achieve minimal 

energy consumption and interference e.g. channel settings, CCA 
mode & level, sleep/wake setting, transmission power 
adjustments. 

 
Cooperation actions 
1. Cooperation between nodes by means of information exchange 

(distributed sensing), 
2. Cooperation between nodes by means of negotiation (e.g. 

available channels), 
3. Cooperation between nodes by joint decisions (e.g. activation of 

cooperative interference avoidance, joint routing). 

Ends when The use case never ends. 

Actor and Roles Mobile users, 

Local system administrators, 

Certificate authority (for authentication & authorization of co-operative 
actions between independent networks). 

Expected Benefits Decreased energy consumption, 

More efficient use of spectrum, 

Decreased deployment and operation costs. 

Table 4-12: Energy optimization of co-located wireless networks in a home/office environment. 

4.1.12 Self-adaptation of a reconfigurable wireless terminal 

Use Case Short ID UC-12/IMEC 

Name 
Self-adaptation of a reconfigurable wireless terminal. 

Author/Contributor 
list 

IMEC 

Description 
This use case fits in the Home/Office scenario, where a reconfigurable 
network element adapts its configuration to the network conditions in 
order to save energy.  

Traditionally, wireless systems are designed for the worst case. It is  
assumed that the highest throughput has to be delivered even under the 
worst channel conditions. Each part of the system is thus (over)designed to 
meet those constraints. Some well known examples are: 
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 Maximum output power for the PA, 

 Highest modulation and code rate for the physical layer, 

 Always on at the MAC layer. 

Next to the parameters considered above, reconfigurable network 
elements typically provide a broad range of low-level tuning knobs to adapt 
the operation of the system. Configuring those parameters at runtime, 
taking into account instantaneous operating conditions, can result in 
significant energy savings.  

This however requires a global approach, since, for example adapting the 
output power of a single network element impacts the resource allocation 
of the whole network, and even collocated networks that share the same 
spectrum.  

The self-adapting network element collects information about its 
application requirements, channel conditions, and learns about the 
collocated network in order to adapt its operating parameters to save 
energy. Depending on a predefined policy, the optimization objective of the 
self-adaptation is the local energy only or a global energy cost of the 
network or group of collocated networks. 

Related scenario 
Scenario3: Home and Office Environment. 

Goal 
Reduce the energy consumption of a wireless terminal. 

Highlighted 
attribute(s) 

Energy Awareness, Cooperativeness, Reconfigurability. 

Observed 
parameter(s) 

Energy required for transmission, 

Energy required for reception, 

Energy consumed in idle mode, 

Energy required for processing,  

Available energy (over lifetime = battery power), 

Granularity of information exchange,  

Amount of information exchange, 

Amount of tweakable parameters in the PHY and MAC layer, 

Alternative configurations for current operating conditions, 

Total instantaneous power consumption of all terminals or a single terminal 
(depending on policy) in the wireless network, 

Network energy consumption / power usage. 

Evaluation Criteria Power reduction compared to SoA and traditional terminals in a wireless 
network, 

Impact on global network performance. 
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Use Case Objective 
CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

 WP1 Provision of cooperativeness and energy efficient use cases and 
requirements. 

 WP2 Run-time calibration and self-adaptation schemes for low energy 
through network awareness and as function of predefined policy. 

Design tools targeted towards energy efficiency; Development of 
methods which allow monitoring and adapting the energy 
consumption of wireless devices radio platforms, resulting in 
considerable average power savings. 

 WP3 Study the relation/balance between autonomic capabilities and 
cooperative optimization in order to maximize the energy gains; 
study the impact of policy definition, 

Design and develop self-learning methods, including methods for 
information representation and information fusion. 

 WP4 This use case does not relate to WP-4 objectives 

 WP5 Validation of scenarios and use cases in close collaboration with all 
other WPs software components delivered by the other WPs 

Technical 
Requirements 

Access to the low level “tuning knobs” of the wireless terminal, 

Monitoring capabilities, 

Policy definition and cooperative information exchange between different 
wireless terminals, 

Reconfiguration capability at PHY and MAC layer. 

Assumptions and 
Preconditions 

One or several wireless networks operational, for example ZigBee or WLAN 
802.11a/b/g/n, ...  

Trigger Event A change in the channel conditions caused by a moving network element, a 
network element entering the network, a moving obstacle, interference by 
network elements outside the considered network, 

A change in application requirements coming from within the network 
element: higher or lower requested data rate, 

Policy change coming from within the network element (the user for 
example) or from the system (access point, ...). 

Actions 1. The network element collects information about its surrounding 
network elements. For example, the used modulation and coding 
scheme, transmission power, used data rates, channel condition, 

2. The network element gives information to the surrounding network 
elements, 

3. The network element checks the policy requirements, 

4. Based on the acquired information and the policy, the network 
element reconfigures itself (adapts transmission power, changes 
modulation and coding scheme, uses different channel estimation 
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algorithms...). 

Ends when The network element reaches a new steady state operating point, reducing 
its energy consumption. 

Actor and Roles Network element: 

 Supply information on channel condition, used transmission power 
to the surrounding network element, 

 Collect and interpret information supplied by other network 
elements, 

 Reconfigure itself. 

Expected Benefits The power consumption is reduced depending on the policy: 

 The power of the network element is reduced, 

 The global power of the wireless network is reduced.  

Table 4-13: Use Case on Self-adaptation of a reconfigurable wireless terminal. 

4.1.13 Home Monitoring Energy Optimization 

Use Case Short ID UC-13/TREL 

Name 
Home Monitoring Energy Optimization. 

Author/Contributor 
list 

TREL. 

Description 
A smart home environment has a number of sensor and actuator nodes, 
with a wide variety of functions and capabilities. It includes control of all 
smart metering, lighting and heating devices and could include in the order 
of a hundred independent nodes. A gateway central node controls the 
collection and reporting of the data. The system grows with more devices 
added and more existing devices are placed under control of the energy 
management system. For efficiency and energy consumption reasons the 
system moves from a centralized polled system into a more decentralized 
one where collected data is summarized at intermediate points, and 
control is delegated to selected devices. The system needs to make the 
transition gradually to permit centralized and decentralized systems to 
cooperate. 

Related scenario 
Scenario 3: Home and Office Environment. 

Goal 
Reconfiguration of the system to provide the same functionality at lower 
power consumption. 

Highlighted 
attribute(s) 

Energy Awareness, Reconfigurability, Self Growing, Autonomicity. 

Observed 
parameter(s) 

Energy required for transmission, 

Energy required for reception, 
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Energy required for processing, 

Energy consumed in idle mode, 

Alternative configuration for current operating conditions, 

Difference in resource consumption /availability by adjusting settings, 

Node reconfiguration time, 

Change in number of nodes (over network lifetime), 

Change in network topology, 

Autonomic Decision Making, 

Autonomic Performance Optimization, 

Power vs transmitted bits, 

Service availability (at any time on demand), 

Total Network Throughput. 

Evaluation Criteria 
Total energy consumption over the network reduced, 

Node reconfiguration time within a threshold, 

Network performance levels maintained. 

Use Case Objective 
CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

WP1 Provision of Self growing and energy efficient use cases and 
requirements. 

Extraction of cases for impact assessment. 

WP2 The use case acts as a challenging application for protocol energy 
consumption techniques. These aim to allow energy usage 
comparison of different implementations of the same protocol 
under different environments – for example an aggregation 
algorithm that may be run on a range of different node platforms. 

WP3 The use-case requires significant negotiation to occur between 
network elements, particularly in aggregator selection, so 
cooperative mechanisms are key. 

WP4 The self-growing concept is important since the use-case requires 
knowledge of when the status of the network has changed, and 
constant feedback on whether the network is meeting its 
performance objectives.   

WP5 Some of the impacts of this kind of network reconfiguration could 
be evaluated experimentally. 

Technical 
Requirements 

Network density measurement and knowledge dissemination, 

Device remote firmware update, 

Reconfiguration decision making mechanism in gateway device. 

Assumptions and A functioning sensor network, 
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Preconditions Control is handled by a central gateway device, 

Dumb sensor application reports raw data from sensor device. 

Trigger Event Network size (or possibly density/traffic load) crossing a particular 
threshold.  

(Note: the move between centralised and de-centralised needs to be 
gradual, but could initially be triggered by this event) 

Actions 1. The central node (or each one of the existing coordinators if the 
decentralised process has already begun) assign other nodes 
within their sub-network to assume the role of 
coordinators/aggregators, 

2. Network routing/topology needs to shift to accommodate new 
setup. Nodes that would have previously forwarded data to the 
central node (or coordinator) now need to send data to their local 
aggregator, 

3. Protocol reconfiguration/selection needs to occur at affected 
devices. Devices can make use of lower power transmission links, 
and processing and aggregation that would have occured at the 
central node now moves to the coordinators, 

4. Check to see that network now performs within desired 
thresholds. In particular check that the new coordinators can cope 
with the increased traffic and the processing requirements of the 
new setup. 

Ends when Network size changes stabilize (The network undergoes a change in the 
size, or density of its devices, reconfigures to cope with that and once no 
further changes take place this use-case terminates. One could imagine 
this use-case activated a number of times over the lifetime of the 
network). 

Actor and Roles Home owner, 

Device installer, 

CONSERN device, 

Legacy device. 

Expected Benefits Energy efficiency. Reduced traffic load/Potential for larger networks, 

Robustness (less reliance of single points of failure). 

Table 4-14: Use Case on Home Monitoring Energy Optimization. 

4.1.14 Cooperation Enablers in Home Gateway Environments 

Use Case Short ID UC-14/TREL 

Name 
Cooperation Enablers in Home Gateway Environments. 

Author/Contributor 
list 

TREL. 



COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  67/93 
 

Use Case Short ID UC-14/TREL 

Description 
In the home network scenario, multiple devices trying to access the same 
frequency resources is extremely common due to the explosion of 
networked devices within the home. In femtocells, even though 
communication is through licensed bands, due to the proximity of 
femtocells in dense areas, interference is still a very real problem, which 
may in particular affect subscribers of macro cells being close to femtocell-
dense areas. 

Interference within home networks comes at the cost of energy efficiency 
and reliability. Devices will try to overcome interference by increasing 
transmission power, thereby causing even more interference to its 
neighbours. An effective way of curtailing interference is to ensure that 
each device keeps its transmission power low. However, in circumstances 
where devices are far apart, this may not be possible. As a result, 
techniques such as cooperative transmission may be required to enhance 
the quality and reliability of communication between devices. 

Additionally, energy efficiency is also crucial to many mobile devices as it 
improves the battery life of the devices. In home networks, where mesh 
network is the common network topology, techniques such as physical 
layer network coding can be further applied to improve energy efficiency. 
Network coding may also be beneficial to relaying systems. 

The home gateway is also equipped with multiple access technologies such 
as mobile radio network, wireless LAN, home automation (mesh) network, 
and so on. Including this heterogeneous set-up in our considerations will 
enable further cooperation, relaying and environmental-awareness 
capabilities. 

Related scenario 
Scenario 3: Home and Office Environment. 

Goal 
A more robust service for the CONSERN and non-CONSERN network nodes; 
better cooperation capabilities; situation-awareness means. 

Highlighted 
attribute(s) 

Energy awareness, situation awareness, dependability (aspects covered: 
availability, robustness), Cooperativeness. 

Observed 
parameter(s) 

Energy required for transmission, 

Energy required for processing, 

Change in number of nodes (over network lifetime), 

Change in the (number/type) available networks/systems in the area, 

Number of active/idle nodes in the network, 

Change in Network Elements status, 

Ability to recognize cooperative behavior needs, 

Establishing cooperation links between network elements, 

Cooperation initiation successful (yes/no/percentage), 

Signal to Interference plus Noise Ratio (SINR), 

Interference level experienced (victim) or caused (aggressor), 
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Adaption to change in situation successful. 

Evaluation Criteria 
Reacting appropriately to situation awareness alerts; successfully initiated 
cooperation links and level of cooperation achieved. 

Use Case Objective 
CONSERN technical objectives that are addressed by this use case (link to 
WPs): 

 WP1 Provision of use cases and requirements. 

 WP2 Location/environment awareness. 

 WP3 Methods for cooperation between network elements, 

Network coding algorithms and medium access protocols for 
information exchange between multiple nodes, 

Interference avoidance and coordination between network 
devices, 

Location/environment-aware Home Gateways. 

 WP4 Cooperation enablers for self-growing aspects. 

 WP5 Selected results may be validated experimentally. 

Technical 
Requirements 

Home Gateway equipped with at least two heterogeneous networks; 
ability to facilitate at least one of them for cooperation initiation and 
connection with other network elements via direct or relayed link. 
Functionality to detect co-located networks. 

Assumptions and 
Preconditions 

Dense deployment of home gateways within a small geographical area. 

CONSERN-enabled devices have the ability to sense and cooperate with 
each other. 

Certain CONSERN-enabled devices may act as a relay or intermediary 
between devices to enable or enhance communication between them. 

Heterogeneous networks are assumed. 

There may be separate heterogeneous networks by multiple owners, 
where there is limited or no cooperation or different levels of cooperation 
for each access technology. 

There is no common backlink between neighbouring home gateways, thus 
cooperation must be achieved wirelessly. 

Certain CONSERN-enabled devices possess the computational power to 
process and forward messages  

Home gateways have the ability to control the network topology. 

Home gateways can act as the central server to process, control and make 
decisions affecting network operations. 

Trigger Event Insertion of new CONSERN-enabled device into the vicinity. 

Discovery of non-CONSERN enabled devices in the vicinity. 

Actions 1. The CONSERN-enabled device decides which network  resource to 
utilise so as to minimise interference, 
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2. CONSERN-enabled device will actively seek to cooperate with 
neighbouring CONSERN-enabled devices to improve the quality of 
it communications, 

3. Exchange of information between CONSERN-enabled devices to 
enable cooperation and set up communication channels between 
unconnected nodes. 

Ends when Network has reached a fully optimized and stable state, 

Cooperation has been established. 

Actor and Roles CONSERN-enabled devices, 

Home Gateway, 

Electrical Appliances, 

UEs, 

Sensor Nodes. 

Expected Benefits Energy efficiency, 

Dependability, 

Active interference avoidance through cooperation, 

Enabling cooperation. 

Table 4-15: Use Case on Cooperation Enablers in Home Gateway Environments. 

4.1.15 Dynamic Meeting Setup in Flexible Office/Building Environments 

Use Case Short ID UC-15/Fraunhofer 

Name Dynamic Meeting Setup Flexible Office/Building Environments 

Author/Contributor 
list 

Fraunhofer 

Description One company has reserved a public meeting room to hold a meeting with a 
few project partners. Some partners are from a branch office, some are 
from an external company, and some from a public authority. Thus, the 
various people in the meeting have different roles and different rights for 
using surrounding communication technologies or accessing resources of 
the other stakeholders (e.g. internal project files, public documents, source 
code etc.). Furthermore, an initial network access is provided by the owner 
of the public meeting room, but is temporary owned by the meeting 
organization company. The result is a quite complex and dynamically 
changing networking setup with several roles, rights, restrictions, and 
policies (e.g. some people use Wi-Fi, some LTE/femto, and some can 
communicate directly over Bluetooth). 

Related scenario Scenario 3: Home and Office Environment. 

Goal Integration of different types of networking technologies. 

Enabling of network partitioning based on rules, policies, and profiles. 

Allowing planning and scheduling as well as life cycle management of 
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virtual/temporary network partitions. 

Highlighted 
attribute(s) 

Self Growing, Situation Awareness, Adaptability, Autonomicity, Reliability, 
Reconfigurability. 

Observed 
parameter(s) 

Change in number of purposes a network is dedicated to, 

Change in number of nodes,  

Change in network topology,  

Change in node spatial distribution, 

Amount (and complexity) of human intervention needed to add a device or 
service to the network, 

Change in network elements status, 

Change in network capacity (in terms of max number of concurrent calls, 
maximum supportable traffic load, and spectral efficiency), 

Change in the (number/type) available networks/systems in the area, 

Number of active/idle nodes in the network, 

Change in network nodes capabilities/purpose, 

Change in network nodes location, 

Change in number of technologies a device can communicate with, 

Number of learned situations and purposes,  

Learning time, 

Number of self‐growing enabling nodes per service area, 

Network response time to changing environment conditions and purpose, 

Communication interruptions due handover, or QoS satisfaction, 

Change in the traffic load,  

Link quality,  

Signal to Interference Noise Ratio (SINR), 

Link failure,  

Number of handover failure, 

User/node distribution in the service area. 

Evaluation Criteria Packet loss, reduced bandwidth, QoS change, 

User or device role change, policy change, 

On demand partitioning of networks or rescheduling of meeting and/or 
resources being used, 

Change of availability or reliability requirements, 

Unexpected events (e.g. incoming conference call, additional people etc.). 

Use Case Objective CONSERN technical objectives that are addressed by this use case (link to 
WPs): 



COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  71/93 
 

Use Case Short ID UC-15/Fraunhofer 

WP1 Definition of the scenarios, use cases, and requirements. Should be 
also considered for business model analysis. Not that relevant for 
standardization. Good scenario for public dissemination or to 
explain some benefits of the CONSERN ideas. 

WP2 This use case does not address any WP2 objectives 

WP3 This use case does not address any WP3 objectives 

WP4 The scenario includes a lot of aspects that must be addressed by a 
general self-growing concept. Should be refined in precise (sub) use 
cases addressing detailed aspects that must be considered to 
achieve this kind of scenario. Both aspects: self-growing in terms of 
space and in terms of service must be considered. 

WP5 Can be partially considered for a demonstrator and can be 
developed with moderate effort. The possible risk is that CONSERN 
has no possible end user (office leasing company) for this kind of 
scenario. 

Technical 
Requirements 

Availability of different networking and communication technologies, 

Rule and policy definition and execution, decision making, scheduling, 

Discovery of available networking elements, resources, and services, 

Network wide collection of parameters and evaluation through metrics, 

Partitioning/aggregation of networks. 

Assumptions and 
Preconditions 

The use case is suited for building/office and (primarily) indoor 
environments. 

Several networking technologies are involved (wired, wireless, powerline). 

Several roles and stakeholders are involved. 

The use case may dynamically change in space/coverage and service. 

Precise assumptions/preconditions should be given in the relevant (WP) 
sub use cases. 

Trigger Event Several events(through a suitable interface, e.g., cognitive): 

 Start, end, or rescheduling of a meeting. Execution of a sub 
meeting. 

 Change of participants, policies, and roles. 

 Change of QoS, required bandwidth, number of devices, or others. 

 etc. 

Precise event descriptions should be given in the relevant (WP) sub use 
cases. 

Actions 1. Handover between different communication technologies, 

2. Switch to other channels or frequencies, 

3. Change of parameters like QoS, bandwidth, coverage, 
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4. Partitioning or aggregation of networks, 

5. Precise action descriptions should be given in the relevant (WP) sub 
use cases. 

Ends when The whole meeting ends (including sub meetings). 

Actor and Roles Building/Office/Facility Lessor. 

Building/Office/Facility Leaser/Renter,  

Third Parties. 

Expected Benefits Building/Office/Facility Lessor: 

 Greater flexibility for leasing facilities and granting access to the 
own networking infrastructure 

 Easy and flexible partitioning of networking infrastructures for each 
leaser 

 Precise calculation of resources or bandwidth 

Building/Office/Facility Leaser/Renter: 

 Greater flexibility for sub-leasing facilities and granting access to 
the own virtual network partition 

Third Parties: 

 Getting access to the own communication facilities by temporarily 
sub-contracting/sub-partitioning of the locally available network 
environment. 

All: 

 Rapid situation dependant network adaptation and setup 
deployment, e.g. for instant meetings or video conferences, an 
unexpected burst phase of business, or completely new business 
models that must be established urgently. 

Table 4-16: Use Case on Dynamic Meeting Setup Flexible Office/Building Environments. 

4.1.16 Collaboration of Different Technologies 

Use Case Short ID UC-16/Fraunhofer 

Name Collaboration of Different Technologies 

Author/Contributor 
list 

Fraunhofer 

Description A printing and advertising company has expanded and requires three 
additional offices and a new printing room for high end printing devices. 
Thanks to the flexible building design it is more or less simple to move some 
walls and change the furniture. The building owner that leases the rooms 
uses a powerline based metering system (e.g. digital STROM or others) to 
logically separate the power grid used by a company for calculating the 
energy costs separately. Moreover, the printing company uses additional 
own wireless metering systems (e.g. ZigBee) for the printing devices to 
exactly calculate the energy costs for each printout. Alternatively, energy 
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Use Case Short ID UC-16/Fraunhofer 

costs for the next printouts can be predicted based on the observation of 
further printings and an optimal printing time slot can be selected where 
the energy providers offer lower prices. This scenario is an example for the 
interconnection of different types of communication technologies 
(powerline, wireless sensors, IP based backbone etc.) to build a virtual, self 
growing network that allows to collectively achieving a goal. 

Related scenario Scenario 3: Home and Office Environment. 

Goal Integration of different types of communication and facility control 
technologies. 

Enabling of (simple) accounting of the resources that are being used (e.g. 
energy consumption). 

Highlighted 
attribute(s) 

Energy Awareness, Self Growing, Situation Awareness, Cooperativeness. 

Observed 
parameter(s) 

Energy required for deployment, 

Change in energy consumed by each node, 

Device energy consumption/power usage, 

Change in number of purposes a network is dedicated to, 

Change in number of nodes (over network lifetime), 

Change in network topology, 

Change in nodes spatial distribution, 

Change in the (number/type) available networks/systems in the area, 

Data collected from sensors,  

WSN measurements (energy consumption) 

Change in network nodes capabilities/purposes and location, 

Change in network elements status, 

Change in degree of coexistence (number of nodes and/or networks which 
are coexisting), 

Number of self‐growing enabling nodes per service area, 

User/node distribution in the service area, 

Node spread and location in the service area. 

Evaluation Criteria Topology or infrastructural change (company has expanded or reduced) 

Role change, policy change, 

On demand partitioning of networks dependant on the new needs (longer 
term, e.g. a company expand only once a month), 

Change of the (logical/virtual) ownership of the networking and facility 
control elements. 

Use Case Objective CONSERN technical objectives that are addressed by this use case (link to 
WPs): 
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Use Case Short ID UC-16/Fraunhofer 

WP1 Definition of the scenarios, use cases, and requirements. Should be 
also considered for business model analysis. Not that relevant for 
standardization. Good scenario for public dissemination or to 
explain some benefits of the CONSERN ideas. 

WP2 It should be distinguished between energy aware protocols and 
systems and a general scenario/application driven energy awareness 
through CONSERN techniques. Can be considered indirectly, for 
instance in terms of observing the energy consumption of a whole 
networking environment and find possible strategies for saving 
energy. Smart meters may have a similar behavior like smart 
batteries (e.g. for sensors) because they measure the same physical 
units (except of the difference between AC and DC power). 

WP3 This scenario is an example for the interconnection of different 
types of communication technologies (powerline, wireless sensors, 
IP based backbone etc.) to build a virtual, self growing network that 
allows to collectively achieving a goal. 

WP4 This scenario is an example for the interconnection of different 
types of communication technologies (powerline, wireless sensors, 
IP based backbone etc.) to build a virtual, self growing network that 
allows to collectively achieving a goal. 

WP5 Can be partially considered for a demonstrator and can be 
developed with moderate effort (except of the integration of the 
required facility control technologies, Fraunhofer could at least 
support ZigBee and digitalSTROM). The possible risk is that 
CONSERN has no partner from the facility management business. 

Technical 
Requirements 

Availability of different networking, communication, and facility control 
technologies, 

Rule and policy definition and execution, decision making, 

Discovery of available networking and facility control elements, resources, 
and services, 

Collection of energy metering parameters, 

Partitioning/aggregation of networks and facility control elements, 

Cooperation between networking and facility control elements through 
technology boundaries. 

Assumptions and 
Preconditions 

The use case is suited for indoor environments with facility control 
capabilities. 

Several communication and/or facility control technologies are involved 
(wired, wireless, powerline). 

Precise assumptions/preconditions should be given in the relevant (WP) 
sub use cases. 

Trigger Event Two events: 

 A company has expanded/reduced and the networking and facility 
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Use Case Short ID UC-16/Fraunhofer 

control infrastructure must be logically/virtually reorganized, 

 A new huge printing job is started and required precise energy 
metering observing only those devices that are involved in this 
concrete job. 

Precise event descriptions should be given in the relevant (WP) sub use 
cases. 

Actions Three actions: 

 Cooperation between different communication and facility control 
technologies, 

 Logical/virtual partitioning or aggregation of networks and facility 
control elements, 

 Start to create a new energy consumption record (including meta 
information) for the job, storing of the record in the historical long 
term data to be able to predict energy consumption. 

Precise action descriptions should be given in the relevant (WP) sub use 
cases. 

Ends when The printing job is terminated. A new company expansion/reduction event 
occurs. 

Actor and Roles Facility Lessor,  

Facility Leaser/Renter,  

Third Parties 

Expected Benefits Facility Lessor: 

 Greater flexibility for leasing facilities and granting access to the 
own networking infrastructure and facility management systems 

 Easy and flexible partitioning of networking infrastructures for each 
leaser 

 Precise accounting of resources or energy that is being used or 
consumed by leasers due to a high level of details/separation 

Facility Leaser/Renter: 

 Greater flexibility for sub-leasing facilities and granting access to 
the own facility control systems 

 Options for extending the facility management systems with own 
components on demand based on the customer and business 
needs 

Third Parties: 

 Are the (printing) service user or customers and can benefit from 
lower prices for huge printing jobs 

All: 

 Clear and precise accounting of service usage 
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Table 4-17: Use Case on Collaboration of Different Technologies. 

4.2 Evaluation of Use Cases 
The given set of 16 use cases covers all relevant scenarios as defined in Section 3.2. As expected, the 
individual background of each partner influences the focused scenarios. As a result, the Home and 
Office Environment is the most references scenario as shown in Figure 4-1. A similar situation arises 
when analyzing the frequency of parameter usage for each key benefit defined by CONSERN (see 
Figure 4-2 through Figure 4-11). 

On the whole, all use cases cover all parameters used for gauging a given key benefit, while certain 
parameters are more often referenced than others. As an example, regarding the “self growing” key 
benefit into account, the two parameters “change in number of nodes” and “change in topology” 
are the most often considered parameters. They highlight that most use cases highlight the 
interpretation of “self-growing” in terms of geographical extension of the network as well as the 
related topographical change. 

Such numerical dominance of a given parameter describing “self growing” (of which the alternative 
aspect of having a “purpose driven change and extension of the network” is only highlighted by a 
few use cases), however is not directly correlated to its relative significance. Instead, it underlines 
the need to discuss each use case within each work package in order to either find those use cases 
highlighting all aspects of a specific key benefit or to generate a new, synthetic work package specific 
use case covering all parameters for all relevant key benefits simultaneously. 

Having compiled in this deliverable an initial data set describing the relation between key benefits / 
attributes, parameters, metrics, use cases and scenarios, a statistical meta-analysis could be one 
approach to further elaborate on the significance of the parameter space within the specific 
contents of each work package. 

 

Figure 4-1: Number of references to scenario by use case. 

While the upper figure clearly highlights a trend towards the Home and Office Environment related 
Use Cases in this document, it needs to be noted that many key aspects of those scenarios can be 
straightforwardly extended to other contexts, such as Construction Sites, Embedded Incident Area 
Networks, Campus Environments, Urban Heterogeneous Environments, etc. In the framework of the 
continuation of the studies within this project, it is expected that some key features which were 
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defined in this document within a certain context, will be considered and studied in other contexts 
and tailored to other applications when this is deemed useful or required.  

The following figures present the frequency of parameters’ usage for each of the identified 
attributes, throughout the sixteen (16) CONSERN Use Cases. First, Figure 4-2 presents the frequency 
of parameters usage by use cases for the self growing attribute. Here, the two (2) most referenced 
parameters are the “Change in number of nodes”, and the “Changes in network” topology 
parameters whilst the “Number of active/idle nodes in the network”, and the “Change in number of 
purposes a network is dedicated to” follow. This clearly reflects the CONSERN focus on a small-scale 
purpose-driven working context as well as the transition to large-scale topologies. Self-growing at 
this initial stage is more related to changes in network topology and active nodes; however, the 
multiple-purpose concept has also already been captured by the Use Cases. Additional parameters 
are considered as impacting the self-growing attribute, including for example the parameters 
“Change in node spatial distribution”, “Change of purposes a network supports”, and “Amount and 
Complexity of human intervention to add a device to the network”. 

 
Figure 4-2: Frequency of parameter usage by use case: Self Growing Attribute. 

Figure 4-3 depicts the “dominant” parameters for the Energy Awareness attribute. The “Energy 
required for transmission” is the most referenced parameter reflecting the telecommunications-
oriented scope of the project. However, the “Energy required for processing” is referenced in four 
(4) Use Cases; so is the “Energy Consumed in idle mode” which is also related to the previous 
diagram regarding the referencing of the “Number of active/idle nodes in the network”. Moreover, 
the “Device energy consumption / power usage” prioritises the overall energy profile of the system 
components as a key aspect for the energy awareness and efficiency. 
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Figure 4-3: Frequency of parameter usage by use case: Energy Awareness Attribute. 

Figure 4-4 depicts the histogram for the Situation Awareness attribute. For five (5) Use Cases 
“Change in the traffic load” is the most critical parameter to describe the Situation Awareness. This 
is complemented by the “Change in Network Element status” –a rather generic parameter which will 
be further elaborated according to the WPs’ and partners’ work– as well as the “Change in the 
(number/type) of available network/systems” in the area which must be considered together with 
the parameters related to self-growing and more specifically to the parameters related to the self-
growing network’s purposes. Moreover, sensed data are envisaged to have a significant contribution 
towards situation awareness, as implied by the usage of parameters “Data collected from sensors” 
and “WSN measurements”. 
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Figure 4-4: Frequency of parameter usage by use case: Situation Awareness Attribute. 

In Figure 4-5 the Cooperativeness attribute is detailed mostly through the “Change in degree of 
coexistence” and “Amount of information exchange”. A degree of coexistence is defined as the 
difference in energy, max node density, etc. between the non-coexistence aware networks/devices 
and the coexistence aware networks/device; coexisting networks are networks that are trying to 
reduce their impact on one another. In this context, Cooperativeness, being an enabling attribute, is 
highly relied on the information and knowledge that needs to be exchanged between the 
cooperating nodes/elements.  

 
Figure 4-5: Frequency of parameter usage by use case: Cooperativeness Attribute. 

Subsequently, Figure 4-6 presents the frequency of parameter use for the Reconfigurability 
attribute, which is also considered an enabling attribute. In the context of CONSERN, 
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reconfigurability is mostly related to the “Alternative configurations for current operating 
conditions” which is a parameter with a broader scope if compared, for example, to the “Change in 
number of technologies a device can communicate with” applying to the radio capabilities of a 
device. It is foreseen that the alternative configurations will be further specialised into more specific 
reconfiguration actions and tasks. 

 
Figure 4-6: Frequency of parameter usage by use case: Reconfigurability Attribute. 

The Autonomicity attribute is described through the “Level of autonomicity”, the “Autonomic 
performance optimisation” and “Autonomic decision making” in three (3) use cases in total (Figure 
4-7). The autonomicity attribute must be coupled with cooperativeness as the CONSERN focus is to 
study the balance between the autonomic and cooperative operation; this is reflected also in 
capturing the autonomic performance optimisation parameter. 
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Figure 4-7: Frequency of parameter usage by use case: Autonomicity Attribute. 

As presented in Figure 4-8, the Dependability attribute is elaborated by a set of parameters 
capturing quality of service and failure aspects. As already mentioned, Dependability is a collective 
term used to describe the trustworthiness of a system and its influencing factors; in the context of 
CONSERN this is abstracted mainly by parameters related to interference through the parameters 
“SINR” (which is the most referenced in the use cases) and “Interference level experienced or 
caused”. Moreover, issues of interruptions in communication are reflected through the parameters 
“Frequency of communication interruptions”, “Average time before communication interruption” 
and “Communication interruptions due handover, or QoS satisfaction”. Additional quality 
parameters referenced in the use cases point to link failures, timing of failures, etc. 
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Figure 4-8: Frequency of parameter usage by use case: Dependability Attribute. 

Figure 4-9 presents the parameters usage for the Spectral Efficiency attribute, which has been 
defined as Efficiency attribute. As depicted, spectral efficiency in the CONSERN scope is detailed, at 
this initial phase of work, through parameters which are related to noise level (“Change in noise 
level“ (for victim device)), packet loss (“Amount of packet loss due to interference”), frequency and 
spectrum aspects (“Change in total spectrum usage”, “Maximum supported spectrum efficiency per 
node”, “Average achieved spectrum efficiency per node”, and “Frequency occupancy”). It is 
expected that additional parameters will be defined in the next steps in order to derive 
corresponding metrics from efficiency attributes. 
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Figure 4-9: Frequency of parameter usage by use case: Spectral Efficiency Attribute. 

The parameter usage regarding the System Performance attribute is illustrated in Figure 4-10. 
System Performance as an attribute is detailed by quite a few parameters, most of which are only 
referenced once in the use cases. This was expected, as the System Performance attribute is a very 
generic one and each use case defines different parameters for reflecting performance in its own 
scope. As in the previous case, it is foreseen that additional parameters will be defined and that the 
existing parameters can be assigned to additional use cases. As depicted in the figure, and for the 
purposes of this deliverable, System Performance captures aspects such as network throughput (at 
network, node, cell centre, and cell edge level), packet and message delay, node capacity, packet 
loss, link quality, etc. 
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Figure 4-10: Frequency of parameter usage by use case: System Performance Attribute. 

Last but not least, the Adaptation Efficiency attribute in Figure 4-11, which refers to schemes that 
aim to predict and further determine the necessary adjustments to optimize a network’s efficiency, 
is reflected by parameters estimating mainly temporal aspects: “Network response time”, 
“Reconfiguration time”, and “Convergence time”. It moreover integrates parameters that are 
related to the learning ability of the system, such as “Learning time” and “Number of learned 
situations”. 

 

Figure 4-11: Frequency of parameter usage by use case: Adaptation Efficiency Attribute. 
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5. System Requirements 
Following the elaboration of the use cases, the system requirements derived from the use cases 
should be grouped and classified as functional and non-functional requirements, in order to 
formulate a clear view about the key system aspects and constraints. Functional requirements 
capture the intended behavior of the system. This behavior may be expressed as services, tasks or 
functions the system is required to perform [5]. This should be contrasted with non-functional 
requirements, which specify overall system characteristics. Non-functional requirements are also 
often called qualities of a system. Other terms for non-functional requirements are "constraints", 
"quality attributes", and "quality of service requirements". Non-functional requirements, can be 
divided into two main categories: 

 Execution qualities, such as security and usability, which are observable at run time, 

 Evolution qualities, such as testability, maintainability, extensibility and scalability, which are 
embodied in the structure of the system [6]. 

In this sense, functional requirements are supported by non-functional requirements, which impose 
constraints on the design or implementation (such as performance, QoS, or reliability). The 
aforementioned concepts are also illustrated in Figure 5-1. 

 

 
Figure 5-1: Functional and non-Functional Requirements. 

In general, functional requirements are expressed in the form "system shall do <requirement>", 
while non-functional requirements are captured in the form "system shall be <requirement>". The 
plan for implementing functional requirements is analyzed in the system design. The plan for 
satisfying non-functional requirements is elaborated as part of the system architecture [7]. 

The requirements are derived from the usage analysis and the use cases, keeping in mind business 
requirements and constraints previously identified. In systems engineering the non-functional 
requirements are later paired with logical architectures in the logical design phase to form a 
deployment scenario. The deployment scenario is the main input to the deployment design phase. 

http://en.wikipedia.org/wiki/Non-Functional_Requirements
http://en.wikipedia.org/wiki/Non-Functional_Requirements
http://en.wikipedia.org/wiki/Software_testability
http://en.wikipedia.org/wiki/Non-Functional_Requirements
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As with business analysis, no direct method for technical requirements analysis exists that generates 
the usage analysis, use cases, and system requirements. Technical requirements analysis typically 
requires a thorough understanding of the business domain, business objectives, as well as the 
underlying system technology. 

As presented in the methodology (section 2.2) the technical requirements which have been included 
in each Use Case serve as a basis for the draft system requirements. Specifically, the whole set of the 
Use Cases technical requirements have been processed in order to form a set of concrete system 
requirements with a more generic scope and applicability, compared to the one identified per 
individual Use Cases. This is the first step of Unification; the second step of Unification is to define 
generic technical features and areas to which the requirements grouped through the first step of 
unification can be assigned. As a final step, the derived system requirements are classified as 
functional and non functional as already described.  

From the use cases elaborated in this Deliverable the following set of functional and non-functional 
requirements can be extracted. This set is the result of the classification and unification of the Use 
Cases’ technical requirements:  

 Functional Requirements 

o Monitoring and measurements: 

 Measure / estimate energy consumption in participating networks, 

 Measure end-to-end delay across network boundaries, 

 Measure properties of communication path (delay, PER, etc.), 

 Network density measurement, 

 Detect a change in the desired network purpose. 

o Information dissemination and sharing:  

 Information exchange between the Network Coordinating Entity and 
network components, 

 Information exchange between the network components and Sensors and 
/or a Sensor Coordinator, 

 Learning and Knowledge sharing among network elements. 

o Network element detection and integration: 

 Methods for node and network discovery in the area (mainly for WSN), 

 Methods for evaluation regarding the type of measurements provided by 
WSN networks, 

 Mechanisms for dynamic integration of additional network nodes, networks, 
and/or WSNs. 

o Decision Making: 

 Cooperative/ autonomic decision making on optimal configuration,  

 Cooperative relay power allocation, 

 Content-oriented traffic offloading. 

o Optimization action application: 

 Adjust number of hops,  
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 Adjust number of cross network transitions, 

 Adjust node spread and location in the service area, 

 Adjust number of network purposes provided 

 Normalize load distribution, 

 Reconfigure network elements, 

 Reconfiguration capability at PHY and MAC layer, 

 Device remote firmware update. 

 Non-functional Requirements 

o Low Power: 

 Average power consumption below threshold, 

 Low Power consumption for specific coverage levels, 

 Low Power consumption for specific capacity levels, 

 Energy needed per information block transmitted below threshold. 

o Seamless: 

 Network coding for enhanced cooperative scheme, 

 Low learning time, 

 Low convergence time, 

 Low reconfiguration time, 

 Network response time below threshold. 

o Dynamically Adjustable: 

 Highly scalable (in terms of complexity and human interaction), 

 Easily maintainable (in terms of complexity and human interaction), 

 Easily evolvable (in terms of complexity and human interaction), 

o Dependable and Efficient: 

 High average time before communication interruption, 

 High expected network lifetime, 

 High expected node-communication time, 

 High average network capacity,  

 High cell edge network capacity, 

 Low end-to-end message delay, 

 Low packet loss due to interference, 

 High signal to interference and noise ratio (SINR), 

 Low blocking/ dropping ratio. 

The above presented system requirements are expected to be specified in more detail in the context 
of the technical work packages, in order to better reflect the planned functionality. 
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6. Summary 
The sixteen (16) CONSERN use cases presented in this document were derived following a formal, 
iterative methodology. As the latter started by identifying key benefits and parameters, as well as an 
initial set of scenarios from the project’s Description of Work, the use cases describe application 
areas covering key aspects of CONSERN,  particularly providing tangible solutions for optimized 
energy and power consumption in purpose-driven networks, and mechanisms for self-evolvement of 
systems [1]. As foreseen, the process of specifying the use cases created additional attributes and 
parameters, as well as an approach to create evaluation metrics iteratively fed back to the initial set 
of the attributes and parameters. Also, the methodology produced derived system requirements 
from the use cases and classified them into functional and non-functional requirements. As a result, 
this deliverable achieved to produce: 

 A summary of all attributes, parameters, and metrics relevant to any of the specified use 
cases and hence relevant for highlighting and evaluating the key benefits of the CONERN 
project, 

 A description of use cases illustrating each specific key benefits, 

 A minimum set of functional and non-functional requirements for achieving solutions for 
CONSERN challenges. 

While the applied methodology and evaluation of use cases assured completeness in terms of 
covering all aspects of CONSERN’s major research directions, the evaluation has shown that use 
cases, attributes, parameters, and especially metrics will have to be further elaborated per work 
package under the topic specific view of each task. The main objective behind this required 
enhancement is to potentially identify one or a set of use cases per work package-specific topic 
which can be used to best illustrate that specific issue. Alternatively, each work package can decide 
to generate a synthetic use case based on the existing ones in order to cover all aspects of the 
CONSERN key benefits highlighted in the work package. 

Although this deliverable did not comprehensively complete the full cycle of analysis, leaving the 
refinement of use cases, parameters and in particular the creation and validation of suitable metrics 
to subsequent work packages’ activity, it can be considered as a baseline document and reference 
for further work. The main results of work done so far reflected in this deliverable provide a sound 
basis for both a technology based analysis, refining the methodology of creating and analyzing use 
cases and deriving functional and non-functional system requirements from these, and a business 
oriented analysis (starting from the scenarios derived from use cases) of CONSERN’s application of 
enabling technologies. Application of the methodology introduced by this deliverable will allow 
complementing technology-oriented work packages to seamlessly feed their findings back into this 
work package, providing significant input to the planned business driven analysis of scenarios and 
use cases developed by this deliverable as well as enhanced by or obtained from accompanying 
work packages. 
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8. Appendix 

8.1 Glossary 
Adaptability: Ability to change in order to be efficient and successful in new situations and for 
different purposes. Adaptability is an aspect of reconfigurability. 

Agility:  is more of a business philosophy that teaches how to respond to the challenges posed by a 
business environment dominated by change and uncertainty. Agility is an aspect of reconfigurability 

Attribute: A kind of property associated with a set of real or abstract things (people, objects, places, 
events, ideas, combinations of things, etc.; here: a scenario) that is some characteristic of interest 
[2]. For example, ‘self growing’ is one attribute for a scenario under consideration in CONSERN. 

Autonomicity: is the ability of a network node to make rational decisions in order to fullfill its own 
objectives. Relevant aspects related to autonomicity (as separately defined) are: rationality and 
learnability. 

Availability: expresses the system’s readiness for correct service and is measured by means of 
blocking/dropping, service availability (at any time on demand), and service initiation time. 
Availability is an aspect of dependability. 

Capability: the ability of a node to serving a purpose, achieving a goal, providing a service, and/or 
performing/optimising a function. Capability is strongly related to autonomicity and recofigurability.  

CONSERN Module: At this initial stage of the project, a CONSERN module is envisaged as a logical 
entity abstracting generic capabilities that are expected to enable the development of energy –
aware self-growing network and system. CONSERN enabled devices (i.e. network elements or 
sensors integrating CONSERN module) could incorporate capabilities such as situation-awareness, 
communication with network elements, discovery of network elements, decision making, and 
Decision Enforcement. It must be noted that the wireless network under consideration is composed 
of CONSERN enabled devices and legacy devices that are not capable of any enhanced functionality. 
This leads to additional issues where the CONSERN mechanisms should cater for managing the 
operation of legacy devices by indirect means (e.g. reducing the transmission power of an AP will 
force serve several terminals to move under the domain of a different AP). 

Dependability is the collective term used to describe the trustworthiness of a system and its 
influencing factors: reliability performance, maintainability performance and maintenance support 
performance. Dependability can be assessed using Qualitative or Quantitative measures. [4] defines 
the list of Dependability Attributes, (Availability, Reliability, Safety, Integrity, and Maintainability). 
Only Availability and Reliability (separately defined) are quantifiable by direct measurements whilst 
others are more subjective. For instance Safety cannot be measured directly via metrics but is a 
subjective assessment that requires judgmental information to be applied to give a level of 
confidence, whilst Reliability can be measured as failures over time. 

Efficiency: the quality of serving a purpose well and effectively without wasting resources, time and 
energy. Efficency is related to various performance metrics. 

Efficiency attribute: an attribute related to specific efficiency aspects (e.g. system performance, 
spectrum usage, etc). 

Enabling attribute: an attribute inherently accredited to a scenario as a result of key benefits 
associated with the scenario. 

Energy awareness: with parameters related to energy efficiency. 

Energy efficiency: power consumed for capacity, coverage, QoS etc. 
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Energy savings : generic term related to the evaluation of energy efficiency. 

Integrity: is defined as the absence of improper system alteration. It is an aspect of dependability. 

Key benefit: an attribute illustrating the advantage in technology introduced by CONSERN. 

Learnability: Ability to learn a situation by means of monitoring, information exchange, interactions 
with the environment etc. Learnability is an aspect related to autonomicity. 

Maintainability is the capability of the system to undergo modifications and repairs. It can be 
measured as the number of repairs/modifications over time. It is an aspect of dependability.  

Network node/element: Is a network terminal/base station or any communicating device 
with/without CONSERN enabling capabilities. 

Metric: A quantitative measure of the degree to which a system, component, or process possesses a 
given attribute [2]. 

Network Coordinating Entity: Network nodes collect system-related information and transmit it to 
the Network Coordinating Entity through wireless network. The Network Coordinating Entity is an 
“entity” (occasionally it may be an “element”/functional unit of a specific network infrastructure) 
responsible for passing the information to the context-aware CONSERN module. 

Network Response time: The time required for the network to realise its current situation. 

Parameter: An attribute usually representing some property subject to change [2]. Examples for 
potential parameters for the ‘self growing’ attribute of a network include: increase in size (e.g., 
regarding the number node within the network), increase in coverage, increase in functionality 
offered to the user. 

Rationality: is the ability to make decisions and act so as to maximize the performance measures of 
interest given available information and prior knowledge. Rationality is an aspect of autonomicity. 

Reconfigurability: the ability to rearrange operation and configuration setting so that it works in a 
new situation or with changed environment conditions. Relevant aspects of reconfigurability (as 
separately defined) are: adaptability, agility, and, eventually, resilience. 

Reliability: expresses the system’s capability for continuity of correct service and is measured e.g. by 
means of communication interruptions due HO, QoS satisfaction, failures over time, etc. Reliability is 
an aspect of dependability. 

Robustness: ability to inherently tackle problems and operate without disruption. Robustness is an 
aspect of dependability. 

Safety: it expresses the absence of catastrophic consequences from system failures on the user(s) 
and the environment. Safety is an aspect of dependability. 

Scenario: An account or synopsis of a projected course of events or actions [2]. In this context, 
scenarios describe application examples highlighting key benefits of CONSERN by attributing those 
to the scenario. 

Self-growing network: A novel type of network composed of (heterogeneous) network nodes and 
sub-networks that can cooperate and utilize their reconfiguration capacity to optimize on-demand 
for a dedicated (temporary) purpose, also augmenting capacity by associating with additional nodes, 
networks, services and functions in that.  

Sensor Coordinator: A specific type of node in a WSN that collects data from (a subset of) the 
networks, aggregates the data using a suitable aggregation function and then transmits the 
aggregated result to an upper node or to the one who generates a query. In the CONSERN context 
sensors may need to operate either autonomously or cooperatively. This may lead to a multi-level 



COoperative aNd Self growing Energy awaRe Networks – CONSERN   30/09/10 
 

 
CONSERN Deliverable D1.1  92/93 
 

architecture with different levels and types of coordinators. Since it is expected that in a WSN 
several nodes will be capable of acting as sensor coordinators, appropriate election schemes are 
needed. 

System Performance: (or Network and network node performance) is measured by means of 
coverage area, capacity, supportable throughput and other QoS parameters such as BLER, packet 
loss ratio, packet delay. System performance is a generic term that is comprised by relevant metrics 
related to the network and the network services. 

Use case: A particular instantiation/snapshot of a (partial) scenario having the goal to elaborate on a 
particular attribute of the scenario under a set of given (pre- and post-) conditions. 

User satisfaction: is measured by means of user related QoS and QoE. User satisfaction is a generic 
term that is comprised by relevant metrics related to the user. 
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8.2 List of additional Scenarios and Use Cases 
This appendix section contains scenarios and use cases that were part of the internal discussions, but have not 
been selected for further development within the CONSERN project.  

8.2.1 Major Event Communication Management 
This is more a complete outdoor scenario then a concrete use case. The scenario addresses major events with 
large numbers of people like concerts, open air shows, sport events, demonstrations etc. as well as events that 
suddenly require a large number of individuals to be present in rural or undeveloped environments, for 
example in the case of major forest fires, floods, road accidents, earthquakes etc. Such scenario can also 
contain additional incident situations where even more communication is required (remember for example 
the tragedy in Duisburg in 2010). The scenario may contain some of the following use cases: 

 Detection of overcrowded areas in a large throng by using mobile equipment of people, 

 Usage of BAN, PAN, or mobile equipment sensors to detect dangerous situations or people in trouble, 

 Cooperative alerting function triggered by certain mobile devices or users at the same area 
simultaneously (to avoid abuse of the function and check trustworthiness and plausibility of the 
alert), 

 Local alerting of emergency forces and first responders by direct linking and using multiple 
communication paths simultaneously (e.g. Wi-Fi, Bluetooth, femto, TETRA), 

 Establishment of additional communication paths using multiple technologies to support the 
increases data transfer that is required (audio, video, phone, sensor and vital data etc.) 

8.2.2 Unexpected Environmental Condition Management 
This is an indoor or outdoor scenario which describes how self growing concepts can help to handle 
unexpected or unhealthy environmental conditions that suddenly occur in a certain area. The use case was 
inspired by the ICE train air conditioning malfunctioning issues, which were caused by severe weather 
conditions and seriously affected numerous individuals in the the summer of 2010 in Germany. It can be 
assumed that the amount of similar situations will increase in the future as a direct effect of climate change. 
The scenario may contain some of the following use cases: 

 Usage of BAN, PAN, infrastructural, or mobile equipment sensors to detect unexpected 
environmental conditions, 

 Autonomous alerting based on data gathered from multiple sources and cooperation between the 
involved devices, 

 Forced scan of the whole area using all available devices in order to get a clear figure of the current 
conditions, 

 Forwarding of alerts and data to central or responsible points (in the ICE example: train personnel and 
railroad operators). 

8.2.3 Extended Usage of Home Equipment 
This is an indoor scenario or a separate use case instantiation of “Scenario 3: Home and Office Environment “. 
It is inspired by the RF4CE ZigBee RF remote control group that wants to standardize RF based remote controls 
to replace the classical infrared remote controls. The benefit here is that such a remote control includes the 
whole ZigBee networking stack and thus is able to be part of a greater mesh network or can run additional 
profiles or applications. For instance, some of the following (sub) use cases are possible: 

 Usage of the remote control for other things (switching lights, controlling the home etc.), 

 Support of elderly care applications (gathering of vital signs, fall detection, localization), 

 Support for activities of daily life (ADL) functions to detect abnormal situations with elderly people. 


