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" ACROPOLIS overview
- Members
- Structure and purpose
- Topics and workpackages

" Some examples of recent ACROPOLIS technical work
- Along the lines of ACROPOLIS key technical interest groupings

" “Integration” and “Spreading of Excellence” efforts
- Standardisation and regulation
- Courses/tutorials
- Preparation of events/publications

B Some Future Directions
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ACROPOLIS
ACROPOLIS Structure and Purpose ~ wrmnomee e

= A “Network of Excellence” EU Research Project. Follows typical structure:
- “Integration”.
- “Collaborative Research”.
- “Spreading of Excellence”.

® Such a project aims to bring some of the best EU researchers on a particular
topic together (in this case, spectrum coexistence technologies such as CR),
in order to share ideas, “integrate” their research and make the whole more
than the sum of its parts.

- Analyses current situation and fills the gaps in terms of what is missing in
the EU research repertoire.

- Aims to maximise the impact of the research through contributions to
standards, regulators and other long-term impacts.

" Also aims to promote the prospects for the technology in question, by
educating future researchers in the area, and organising dissemination
events, etc.
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" ACROPOLIS aims to further progress in spectrum coexistence
technologies such as CR, DSA, and self-organising networks, on axes
mirroring the “cognition cycle” and foundations, such as:

- Supporting fundamentals (e.g., SDR, game theory, optimisation,
capacity analysis).

- Awareness and learning (e.g., spectrum sensing, database approaches,
device and network awareness, machine learning).

- Decision making and execution (decision making, CR PHY/MAC
considerations, interference management, post-deployment validation,
certification requirements).

- Market prospects and long-term viability, including standardization and
regulatory enhancement.

® More detail at . or email


http://www.ict-acropolis.eu/
http://www.ict-acropolis.eu/
http://www.ict-acropolis.eu/
mailto:oliver.holland@kcl.ac.uk
mailto:hamid.aghvami@kcl.ac.uk
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Project Management (WP1)

Project Integration (WPs 2,3,4)

Platform Expansion and Experimentation (WP 5)

Pillar 2:

Decision
Pillar 1: Making

Sensing and
Awareness

Pillar 3:
Execution

Foundations
(WPs 6,7,8)

Spreading of Excellence (WPs 15, 16, 17)
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SDR Design and Hardware ACROPOLIS
I m p I emen tatl on Exam p I e European NoE on Cognitive Communications

" Development of a new OpenAirinterface hardware, known as
ExpressMIMO?2, targeted specifically for experimentation in agile
spectrum usage.

" Main objectives.

- Low-cost for experimentation in networking and not only point-to-point
PHY.

- LTE-grade multi-channel RF (high quality components).

- Real-time PC-based Linux SDR with minimal HW development (i.e.
pure software radio).



ACROPOLIS
ExpressMIMO2 Curopean No on Cognte Commuricains

PClexpress (1-way or 4-way) \
Spartan 6 L{150T

4xLMSe002D RF AGCs

GPIO for external RF control 12V from ATX power supply

- RF + PCI Express baseband interface

- Four 20 MHz RF chipsets (0.35 — 3.8 GHz), extension for power/switching possible
- Fabrication run of 15 cards in January 2013

- Low cost (2800 euros)



ExpressMIMO2 RF Performance
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Radio Interface Development for ACRDPOLIS
Spectrum Sharing and Cognitive Radig® e

® Qut-of-band emissions reduction in for secondary NC-OFDM using
flexible Quasi-Systematic Precoding (QSP).
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Multi-Antenna Transmission for Overlay
Cognitive Radio with Explicit Message ACRDPDUS
Learn | N g P h ase European NoE on Cognitive Communications

® New CR channel with message learning. Considers rate loss due to message
learning. Combines DF relaying with conventional CR channel.

- Introduces model for this channel and coding strategy using techniques for
cooperative communication and classical cognitive radio channel.

- Optimizes the system to maximize the rate of communication for the secondary
users under a primary-user rate constraint and find efficient algorithms to
compute the optimal system parameters.

- Compares this strategy to an underlay cognitive radio strategy to assess their
relative merits and the cost of acquiring the primary message.

Phase l: Phase 2:

e s oy ol e £
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Multi-Antenna Transmission for Overlay
Cognitive Radio with Explicit Message ACRDPDUS
Le arn | n g P h ase European NoE on Cognitive Communications

" Advantage of the overlay strategy over the underlay strategy measured by
the ratio of average rates.

Y position
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ACROPOLIS
SpeCtrum Measurements In London European NoE on Cognitive Communications

" Further analysis of extensive spectrum measurement campaign in
London, July 2011.

" Measurements covered a wide range of spectrum bands below 3GHz
In frequency.

" Measurement locations included a busy shopping area (Oxford Street),
a touristic/night-life area (around Covent Garden/Trafalgar Square), a
residential area, a suburban area, the Wimbledon men’s final,
Heathrow Airport, a central business district area, partial coverage of a
terminus train station in the rush hour, and the roof of King’s College
London in central London for a prolonged duration of over two weeks.

" This reported work concentrates on some analysis of stationary
measurements on roof of King’s College London.

" Reported analysis has particularly concentrated on aspects such as
duty cycle and associated variation, that may be used to assess
potential for dynamic spectrum access. Other work has looked at
aspects such as spatial correlation to assist dynamic spectrum access.
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Spectrum Measurements in London
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" Spectrum Utilization for 300 MHz to 3 GHz spectrum compared
against the findings of the rest seven European cities measurement
sites. The 7 European Cities are: Aachen (A), Maastricht (M), Skopje
(S), Leuven (L), Hannover (H), Krefeld (Kr) and Constance (C).
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(b) 7 European Cities, Thursday 13.10.
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Spectrum Measurements in London s comeenmnes

CDF plots of the Duty Cycle for the GSM 1800 band compared against
the findings of the rest seven European cities measurement sites. The
7 European Cities are: Aachen (A), Maastricht (M), Skopje (S), Leuven
(L), Hannover (H), Krefeld (Kr) and Constance (C).
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(a) London, Thursday 28.07., GSM 1800 (b) 7 European Cities, Thursday 13.10., GSM 1800
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Spectrum Measurements in London s comeenmnes

" Violin plots of the duty cycle for the GSM bands each day.
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" Variation in the duty cycle from the mean each day.
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Radio Environment Mapping and ACROPOLIS
Aware N eSS European NoE on Cognitive Communications

® Working on integrated architecture aiming to unify the following techniques supporting
dynamic spectrum access, and explore the synergies amongst them.

- Source detection determines the existence of a source (or sources) above and
beyond the radio background and, as such, alerts the system to proceed with further
processing.

- Source identification looks for unique features in the detected source(s) and
classifies them accordingly.

- Source localization, which seems to position the source(s) in space and determine
exactly their radiating profile.

—» Detection —¢

= |dentification —¢

Sensing data
Storage

Opitput
= Localization =

Sensing devices Processing unit

Combination of these elements in a synergistic way in a database and processing unit.



Detection Example: Sequential ACRDPOLIS
Energy Detection o N o G G
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Detection Example: Sequential ACROPOLIS
E N e rgy D ete Ctl O N European NoE on Cognitive Communications
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Some exemplary results for the selected cases of the number of times that the
sequential process is iterated, K=2 or K=4, where Ns and Nn represents the
maximum number of signal and noise samples collected before making decision



Identification Example: Signal ACROPOLIS
Classification Artificial Neural Network e esencorecommncosens

All Confusion Matrix after Cross Validation

" Aim is to distinguish between DVB-T, W-
CDMA and (OFDM-based) 802.11

" Could (futuristically) be applied, for
example, in determining whether signal in
TV band is a secondary or primary hence
whether it is OK to transmit.

N

Output Class
w

" The confusion matrix below shows a good
performance of a simple yet efficient MLP
neural network with an overall correct
classification of over 90%.

1 2 3
= Similarity of IEEE 802.11a and DVBT Target Class
standards where misclassification rate is
higher than in the cases of differentiation
between a WCDMA based UMTS network

and the other two.

Class 1: DVB-T
Class 2: W-CDMA
Class 3: (OFDM-based) 802.11



Localisation Example — Gaussian ACROPDLIS
Mixture Model e N o0 G Carct

" Step 1: choose a direct approach (search on full 2-D plane instead of on a
grid) for a range of possible number of sources.

® Step 2: estimate the correct number of sources via either the Akaike
Information Criterion or the Minimum Description Length criterion

® Step 3: invoke a novel approximation for the measured signal strength at
each sensor, which leads to the Gaussian Mixture Model (GMM)

- GMM will be parameterized by the positions and tx powers of the sources

©)

" Step 4: employ the iterative Expectation-Maximization (EM) algorithm for
estimating this @ which defines the GMM

Fact: complexity of proposed solution grows linearly with the number of
sources



Localisation Example — Gaussian ACROPOLIS
M IXtu re M O d e I European NoE on Cognitive Communications

Topology: ten sensors, regular grid in a 25m? area of a classroom

Measurements on 3 USRP transmitters, 2.4 GHz ISM band, various on-off combos
Propagation parameters derived via Least-Squares fit, one transmitter on at a time

Active sources are USRP2-1 and USRP2-3.

Shadow fading variance ¢2=(2,4,8,12); path-loss exponent = 2; Tx power = -10dBm
Topology and localisation results, in terms of MMSE vs. Cramer-Rao Lower Bound (CRLB)
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" A structured framework within v
which ACROPOLIS is assessing / T e
the context involved in different \Enfmment
stages of the decision process e

- Aims to support information
structuring and exchange within
decision making processes

- Further work in progress

Solutions
Determination \
T Const‘{'aints —~
Objtif:tive Dec:flon \

Learning
A

Enforcement
p

Platform and Manufacturer )
System (Scenario) ] A? ¢ S
Regulation / Location ] !
Radio Environment p b Y
Performance Parameters ¢ oV ¢
Application Requirements 3
Policies v L v

CONTEXT




ACROPOLIS
POllcy Derlvatlon and Management European NoE on Cognitive Communications

" Actively working on policy derivation and management processes
- Architecture and functions as follows.

I PS/PE Policy Engine (PE)
i i - olicy Engine
po mz r:lormg Policy Server i Qterfagz\e P"cy policy
VN .
distribution (PS) \*{___-v, Reasoner reasoning
N 4N
PM/PS 4 - 4 > PE/PEP
interface ¥\,7 ~./7 interface
: . i olic
,p°|,'cy Policy Manager feedback Policy Enforcing ': Y
derivation and Point (PEP enforcing,
learning (PM) oint ) optimization
VAN I-l
PM/RE/PA 71 | N
interface 1 < )7
Lt e
radio environment or policy
policy administrator enforced
input control
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“Integration” and

. “Spreading of
Excellence” Efforts

Standardisation, regulation, events,
courses, tutorials, publications organisation
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" Actively contributing to various standards.
- |IEEE 1900.1 — Terms and definitions.

- IEEE 1900.6 — Use of 1900.6 to facilitate formation of opportunistic
cognitive radio links for energy saving, capacity improvement and other
purposes.

- |IEEE 1900.7 — General requirements, use cases, radio interface definition.

- Ongoing impacts on IEEE DySPAN-SC (IEEE 1900) groups and ETSI-RRS
through ACROPOLIS members leaderships therein.

" Continuing discussion with (proposals to) Ofcom on a variety of subjects.
- Managing of secondary-secondary coexistence.
- “Dedicated Cognitive Radio Band” and “Pluralistic Licensing”.
- Aggregated interference.
- 3D space/frequency path loss map.

" Further work on the “Pluralistic Licensing” and “ISM-Advanced” concepts (also
within the scope of COST-TERRA).



Regulation: Pluralistic Licensing

(with COST-TERRA)

ACROPOLIS

European NoE on Cognitive Communications

m “ ..the award of licenses under the assumption that opportunistic
secondary spectrum access will be allowed, and that interference may be
caused to the primary with parameters and rules that are known to the
primary at the point of obtaining the license...”

O. Holland, L. De Nardis, K. Nolan,

A. Medeisis, P. Anker, L. Minervini,

F. Velez, M. Matinmikko, J. Sydor,
"Pluralistic Licensing," IEEE DySPAN
2012, Bellevue, WA, USA, October 2012

Licensed access:

Reduced fee compared Low or zero fee; must
with conventional meet requirements for
license; accepts awareness of primary

opportunistic access users

Pluralistic
licensing

Opportunistic access:

High quality sensing
(e.g., feature detection),
for secondary politeness

Dual-priority broadband Primary broadcast; secondary

mobile broadband services

Beacon messages sent by
primary to ward off secondary

Primary registered in
geolocation database only

Low quality sensing
(e.g., energy detection)

No sensing (only refers
to geolocation database)
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Workshops, Special Issues, Tutorials,
PhD Courses Organisation, etc.

" Has been very active in organising workshops and special sessions

- IEEE PIMRC 2011; IEEE CAMAD 2011; EUSIPCO 2011; WSA 2012;
CROWNCOM 2012; WInnComm-Europe 2012 (Annual Workshop and
Industry Panel); IEEE ISWCS 2012; ICT 2013; IEEE ISWCS 2013; IEEE
PIMRC 2013

" ACROPOLIS-supported journal special issues

- Journal of Green Communications; Hindawi Journal of Electrical and
Computer Engineering; IEEE Wireless Communications Magazine;
Transactions on Emerging Telecommunications Technologies

" Organised several tutorials at IEEE DySPAN 2011 and other prominent events

" Organised ~15 PhD-level courses covering a range of topics in spectrum
sharing/coexistence

" Held five summer/winter schools on spectrum coexistence technologies thus
far
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ACROPOLIS
F O C al TO p I C S European NoE on Cognitive Communications

" Intensive work on high energy “focal topics”, recently defined within the
project.

Neighbor and network discovery

Source detection, identification and localization
Interference management and mitigation

The ACROPOLIS Decision Making Framework
Experimentation and hardware validation

" Will be the basis for intensive outputs as the project approaches its
culmination.
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" Development of common component-based architectural framework using
ACROPOLIS developed elements based on the cognition cycle and
associated appropriate components and interactions therein.

" Different instantiations and selected modular components based on the
beneficial use case. | ACROPOLIS Classified Research Activities |

Beneficial use: capacity
enhancement, coverage
provision, energy
efficiency enhancement,

etc.

N— 7
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That s all folks!

Contact: oliver.holland@kcl.ac.uk

hamid.aghvami@Kkcl.ac.uk

Web: www.ict-acropolis.eu
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This presentation has been supported by the
ICT-ACROPOLIS Network of Excellence, FP7
project number 257626,
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