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1 Final Publishable Summary Report 

1.1 Executive Summary 

The use of spectrum in commercial applications is typically either licensed or license-exempted. 

Cognitive radio (CR) is an alternative approach in spectrum usage. CR is traditionally thought of as a 

technology that enables non-licensed secondary users (SUs) to make use of idle spectrum without 

causing harmful interference to licensed primary users (PUs). As such, it was regarded with suspicion 

by mobile broadband operators that were reluctant to allow the use of their expensively acquired 

spectrum by any SU who claims that will respect the regulatory CR policies. From the SUs’ viewpoint, 

traditional CR was also problematic as it could only guarantee a QoS level similar (at best) to 

unlicensed access.  

In early 2011, Nokia and Qualcomm formally introduced the concept of Authorized Shared Access 

(ASA), also known as Licensed Shared Access (LSA), which is described by the EU Radio Spectrum 

Policy Group (RSPG) as “An individual licensed regime of a limited number of licensees in a frequency 

band, already allocated to one or more incumbent users, for which the additional users are allowed 

to use the spectrum (or part of the spectrum) in accordance with sharing rules included in the rights 

of use of spectrum granted to the licensees, thereby allowing all the licensees to provide a certain 

level of QoS”.  

So far, a conservative and limiting stance on LSA has been adopted by EC/CEPT which excludes 

concepts such as “opportunistic spectrum access”, “secondary use” or “secondary service” where 

the applicant has no protection from PU. Moreover, according to this view, LSA applies only when 

the incumbent user(s) and the LSA “licensees” are of different nature (e.g., governmental versus 

commercial), operate different types of applications, and are subject to different regulatory 

constraints. 

The ADEL project (funded under the FP7 ICT programme, Grant Agreement # 619647) aims to 

develop an enhanced LSA system that incorporates opportunistic spectrum access in order to 

radically improve the capacity of the system by exploiting as much unused bandwidth as possible, 

and investigate additional business cases, such as the scenario where both the incumbent and the 

LSA licensee are mobile network operators (MNOs).  Further, ADEL aims at overcoming one of the 

main challenges of such an enhanced LSA system, that is, “to make the sharing conditions 

sufficiently attractive and predictable (spectrum without unacceptable interference, enough 

spectrum availability, etc.) for enabling the LSA licensee to invest in equipment and network”. This 

work aims at demonstrating the feasibility of QoS provisioning in dynamic spectrum access under an 

enhanced LSA regime, thus setting the path for standardisation and regulatory adoption of such an 

enhanced LSA paradigm.  
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During the three years of the ADEL project, ground-breaking progress has taken place towards the 

project’s goal to develop innovative collaborative sensing techniques, resource allocation and 

flexible spectrum access protocols in the context of LSA-oriented, self-organised, hierarchical 

wireless access networks, thus paving the way for ever increased spectral efficiency, improved 

energy efficiency, and reduced deployment / operation cost in 5G mobile broadband networks. 

More specifically, significant work took place in all of the project’s main objectives and challenges, 

namely: i) in the study of the scenarios, network architectures and business models where 

collaborative sensing assisted, LSA network operation finds its non-substitutable functionality; ii) in 

the exploration of new LSA centralised and distributed resource allocation techniques; iii) in the 

identification of collaborative sensing architectures and cooperative communication techniques that 

offer unprecedented SE gains; and iv) in the demonstration of chosen winning combinations of 

network architectures / resource allocation techniques/ transmission methodologies via proof-of-

concept experiments.  

 

1.2 Summary Description of Project Context and Objectives 

Today's important and urgent challenges associated with tomorrow's mobile broadband systems are 

largely related to the requirements for spectrum efficiency increase, energy efficiency improvement 

and deployment/operation cost reduction of such systems. With the advent of mobile internet and 

the associated data-starving mobile internet devices such as smartphones, tablets and notebooks, 

the wireless capacity demand has been rising exponentially in the past few years and is expected to 

continue its abrupt increase in the years to come according to several market studies. For example, 

the future wireless capacity demand projections in a study by Cisco show that global mobile traffic is 

expected to increase approximately 13 times within only 6 years. Therefore several wireless system 

design criteria have to be fulfilled more efficiently than in currently deployed 3G and 4G mobile 

broadband systems. These include fairness among users over the whole network coverage area as 

well as support for a multitude of Quality of Service (QoS) and user experience requirements 

originating from different services. In parallel, an emerging factor in the overall design of next 

generation networks is energy efficiency which directly affects operational expenses and the 

environmental impact of the CO2 emissions. 

It is commonly accepted that satisfying the requirements on spectral efficiency, energy efficiency and 

network deployment/operation cost reduction can only be fulfilled by the synergy of multiple 

enabling factors and technological advancements, most notably increased spectrally efficient 

transmission schemes based on Multiple-Input Multiple-Output (MIMO) / cooperative 

communication techniques, auctioning of new spectrum bands for mobile broadband networks, 

more efficient and flexible spectrum sharing techniques enabled by Cognitive Radio (CR) and the 

Licensed Shared Access (LSA) (or Authorised Shared Access (ASA)) concept, traffic offloading to small 

cells and Wireless Local Area Networks (WLANs).  

CR is traditionally thought of as a technology that enables non-licensed secondary users (SUs) to 

make use of idle spectrum without causing harmful interference to licensed primary users (PUs). As 

such, it was regarded with suspicion by mobile broadband operators that were reluctant to allow the 

use of their expensively acquired spectrum by any SU who claims that will respect the regulatory CR 

policies. From the SUs’ viewpoint, traditional CR was also problematic as it could only guarantee a 



FP7 STREP Project 619647 (ADEL): PROJECT FINAL Report Public Summary 

 

5 | P a g e  

 

QoS level similar (at best) to unlicensed access. In early 2011, Nokia and Qualcomm formally 

introduced the concept of ASA, also known as Licensed Shared Access (LSA), as a means of bridging 

the gap between traditional CR-based shared access technologies and their potential commercial 

adoption and deployment. The ADEL project has been a concerted effort to explore order of 

magnitude improvement in spectral efficiency while at the same time improving energy and cost 

efficiency of mobile broadband networks by exploiting the LSA”. ADEL constitutes probably 

Europe’s first collaborative effort to advance the state-of-the-art of this highly promising and 

challenging field of licensed shared acces (LSA) while at the same time evaluating its relevance to 

realistic setups and architectures. In fact, identifying the compatibility of the LSA concept with 

established, as well emerging network architectures, is an important goal of the project. 

The concrete objectives that ADEL project has put forth in order to help realize the LSA concepts are: 

1. To identify scenarios, network architectures and business models where collaborative sensing 

assisted, LSA network operation finds its non-substitutable functionality: As with many novel 

technologies, superior technical solutions alone will not suffice for the successful commercialisation 

and widespread adoption of LSA technology. The history of CR has shown that apart from the 

technical barriers, many other factors have led to a slow and reluctant adoption of this wireless 

network paradigm. However, with the introduction of the LSA concept by major vendors and 

subsequent attracted interest by the industry and regulators, the market is now mature to consider 

alternative spectrum sharing techniques and business models. Thus, it is of major importance to 

identify and analyse the appropriate system deployment scenarios, user and operator requirements, 

business models, adoption roadmaps, regulatory framework and network architectures in order to 

make the ADEL proposed system and developed technologies relevant to the market. All the above 

issues have been addressed in ADEL. In addition performance metrics and evaluation methodologies 

have been defined so that the developed algorithms and techniques can be assessed, optimised and 

compared.  

2. The development of advanced centralised and distributed resource allocation techniques: In the 

LSA paradigm, secondary users are authorised to use a specific portion of the spectrum in a given 

location with a medium- to long-term license and under well-defined CR rules. Such licensed users 

can then use more dynamic techniques (based on spectrum sensing and / or database information) 

to dynamically access and share the available spectrum without causing adverse effects to primary 

users. Between these two high-level, long-time-scale and low-level, dynamic layers ADEL envisions 

an additional layer performing RRM for the secondary network. RRM is a key element in modern 

wireless networks which involve cross-layer consideration and to a large extent determines the 

overall network performance. Efficient RRM requires awareness of the radio environment and the 

relevant network parameters. In conventional centralized cellular systems this information is 

acquired at the base station by means of channel measurements and feedback signalling. Despite its 

large potential for improving the spectral efficiency of the network in today’s wireless 

communication systems the local interference situation at the mobile users is generally not being 

sufficiently considered due to the lack of detailed channel state information (CSI) at the transmitter. 

In addition, ADEL aims at introducing recent developments in wireless technologies such as 

Interference Alignment and CoMP to the secondary LSA network. The distributed sensing schemes 

developed under ADEL can significantly enhance centralized and distributed interference aware 

RRM provided that new techniques can be developed that fully exploit sensing information. 
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Reversely, also the study of the dynamic RRM techniques for centralized and distributed radio 

networks will define the requirements on distributed sensing algorithms and determine which 

information about the radio environment and which network parameters can facilitate efficient 

RRM. 

Centralised and distributed dynamic resource allocation schemes that take advantage of 

collaborative sensing and take into account spectrum sharing policy requirements will be developed. 

Centralised and distributed allocation techniques each provide advantages and drawbacks in terms 

of efficiency, delay, overhead and QoS guarantees. In addition, the issue of detecting protocol 

violations by selfish or malicious wireless nodes and investigate appropriate penalty / incentive 

schemes that reinforce user compliance will be addressed. Compared to traditional CR, the LSA 

concept offers the potential for effective spectrum sharing policy reinforcement by the introduction 

of rules and implementation of schemes to prevent inadequate access regulation. Requirements for 

resource allocation techniques in will be defined using information provided by WP3 (network 

architecture, scenarios and spectrum regulation framework), with a particular attention on the 

choice of metrics, which will be used further for performance evaluation and optimisation of the 

designed solutions.  

3. The development of robust collaborative sensing and cooperative communication techniques: 

The objective of this task is to enable flexible shared spectrum access based on collaborative 

sensing, spatial transmission, cooperative communications techniques and efficient medium access 

protocols. As a prerequisite to this work, signal and channel modelling will be undertaken and data 

representation schemes will be proposed and evaluated. Based on the quality and topicality of the 

directional sensing information available at different locations within the network, efficient 

collaborative communication strategies will be developed. Despite its large potential for improving 

the spectral efficiency of the network in today’s wireless communication systems the local and 

highly dynamic interference situation experienced by mobile users is generally not being sufficiently 

considered due to the lack of a detailed and actual CSI w.r.t. the individual users. The distributed 

sensing schemes developed under ADEL can significantly enhance centralised and distributed 

interference aware radio resource management and cooperative communication techniques 

provided that new techniques can be developed that fully exploit sensing information. Efficient data 

gathering, storage, processing, and communication techniques for collaborative sensing will also be 

developed. Based on these models and data representation schemes, innovative database-assisted 

collaborative sensing techniques will be developed. Centralised and distributed cooperative 

communication schemes that take advantage of collaborative sensing will also be developed and 

compared. In centralised techniques the sensing and spectrum access decision is taken at a central 

location while in distributed techniques decisions are based on local information exchange. By its 

very definition, collaborative sensing requires the communication of sensing information either to a 

central controller or among distributed wireless nodes. On the other hand, the ultimate goal of 

collaborative sensing is to optimize spectrum access in order to maximize the perceived quality of 

service under prioritized fairness constraints. MAC layer and Control Plane protocols will be 

developed that will support information exchange and coordinate medium access among wireless 

nodes.  

4. The development of system level simulator and proof-of-test demonsration of fabricated 

prototypes: The objective of task is to test the proposed algorithms and protocols through software 

and hardware, by system level simulations and testbed experimentations. The flexibility and 
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modularity which will be built in the testing tools from the design phase onwards, will allow to 

measure the performance of several systems and techniques, and to benchmark them. The main 

philosophy behind our software and hardware-based testing tools will be to work based on 

components, so that it is easy and efficient to make changes in the systems under investigation. 

Individual simulator components will be developed and integrated into the system level simulator. 

Several hierarchical layers of the architecture will be considered as well, namely femto, pico and 

macrocells, and an LSA framework will be assumed. This task will be responsible of implementing 

and testing the needed PHY and MAC layers functionalities, with the final aim of comparing 

proposed and state-of-the-art collaborative spectrum sensing and resource management 

techniques, with special attention on frequency agile resource allocation techniques. The tested 

scenarios will encompass LTE and LTE-A systems. There will be also an attempt to create some 

aspects of a joint distributed ADEL meta-testbed.  

 

These efforts in ADEL project will ultimately pave the way for the adoption of novel LSA techniques 

in practical networks. Furthermore, with the successful proof-of-concept, the invention of new 

products and services is expected to lead to the wide adoption of the LSA technology. This will in 

turn provide economic and social benefits in the day-to-day lives of citizens in Europe and improve 

the penetration of markets across the globe by European companies. We are confident that this 

project has taken a significant step forward towards the new communication paradigms and 

experimental facilities for future wireless networks, as per the topics addressed by the FET ICT 

programme. 
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1.3 Description of main S&T results/foregrounds 

In this section we highlight the major results within the ADEL project per WP, as per the DoW: 

Work Packages 

ADEL’s work plan consists of six interconnecting Work Packages (WPs) which follow a natural 

progression allowing for research and development, focusing on signal processing techniques for 

spectrum sensing, collaborative spectrum sensing, cooperative communication, interference channel 

estimation and interferer localisation, dynamic resource allocation, and policy violation detection / 

policy reinforcement.   

The high level description of the WPs follows: 

• WP1: Project Management (Leader: UEDIN) 

• WP2:  Dissemination and Exploitation Planning (Leader: AIT) 

• WP3:  Scenarios, Requirements and Network Architecture Definition (Leader: PTIN) 

• WP4:  Licensed Shared Access Resource Allocation Techniques (Leader: TCS) 

• WP5: Dynamic Spectrum Access (Leader: TUD) 

• WP6:  Platform Development and Experimental Evaluation (Leader: IMC) 

Below we summarise the results for the technical WPs, WP3-WP7 

WP3 – Scenarios, Requirements and Network Architecture Definition 

The main objective of this WP was to define LSA reference scenarios that will guide the elaboration 

of the algorithms, protocols and procedures that are the subject of WP4 and WP5. In addition, WP3 

also lists the LSA system requirements and defines the LSA system architecture that supports the 

adoption of the LSA approach in the aforementioned scenarios. 

We defined three LSA reference scenarios that illustrate the problem of dynamic resource allocation 

in a vast amount of real situations:  

• Scenario 1- LSA for backhaul support in railways communications: In this scenario, ADEL 

proposed to use LSA to support backhaul links between antennas located on top of moving 

trains and fixed base stations placed along railway tracks. Those external antennas are 

connected to indoor access points placed inside the train, in order to provide mobile 

broadband connectivity both to the to the staff’s and to the passengers’ mobile terminals 

using WiFi or 3G/4G mobile radio technologies. 



FP7 STREP Project 619647 (ADEL): PROJECT FINAL Report Public Summary 

 

9 | P a g e  

 

• Scenario 2- LSA for macro cellular mobile communications: In the second scenario, ADEL 

proposed to use LSA band to support links between macro cellular fixed base stations and 

the end-users’ terminals. These terminals maybe portable devices with antennas mounted 

on the surface of moving vehicles, handheld mobile devices, or fixed devices. 

• Scenario 3- LSA for additional capacity in small cell mobile communications: In this scenario, 

ADEL proposed the deployment of small cells in highly populated areas using LSA bands, in 

order to improve the network capacity for mobile broadband services, when and where 

needed.  

This set of scenarios allowed to study the application of LSA in situations that go from very short to 

very long allocation periods, from very confined to very wide service areas, and that are associated 

with different bandwidth requirements. We also identified the LSA system requirements and defined 

the LSA system architecture that supports the adoption of the LSA approach in the aforementioned 

scenarios. 

 

WP4 – Licensed Shared Access Resource Allocation Techniques 

In WP4 efficient centralised and distributed resource allocation algorithms for LSA were devised. 

These resource allocation algorithms optimised the dynamic allocation of multidimensional 

resources such as power, time, frequency, location, direction, codes, subcarriers, etc., taking into 

account the collaborative sensing capabilities and cooperative communication strategies developed 

in WP5. The derived algorithms were evaluated and compared with each other, in terms of 

computational efficiency, communication overhead, spectral efficiency, energy efficiency, fairness, 

and QoS provided to the end users. In addition, mechanisms that detect and discourage LSA policy 

violations by wireless nodes were addressed in this WP; 

 

The summary of the results for this task is given below:  

• Spectrum auction resource allocation in small cell/Cloud RAN  

Cloud-based massive-MIMO antennas and underutilized spectrum resources by the incumbent 

network are considered where the antennas cooperate to serve users of multiple virtual network 

operators (VNOs). Multiple VNOs share the antennas while they utilize orthogonally a pool of 

shared LSA spectrum resources. The approach in this work uses an auctioning mechanism to 

achieve the highest possible revenue while meeting minimum rate requirements that VNOs offer 

to their users.  

• Frequency agile centralized resource allocation algorithm  

A simple centralised frequency allocation scheme is proposed which uses the frequency agility 

capabilities of the LSA licensees. The performance of this centralised algorithm is determined in 

terms of i) the probability of denying LSA licensees’ allocation requests, and ii) the probability of 

the LSA licensees having to return previously allocated spectrum in case an incumbent reclaims it 



FP7 PROJECT 619647 (ADEL): PROJECT FINAL REPORT 

 

10 | P a g e  

 

afterwards. The work carried out, illustrates the benefits brought by the adoption of LSA, as well as 

the increased performance expected from the centralised algorithm.  

• Opportunistic beamforming for secondary users in Licensed Shared Access networks 

A joint opportunistic beamforming and scheduling technique is proposed for the downlink of a 

secondary (Licensee) wireless system that coexists with a primary (Incumbent) one under the ADEL 

architectural setup. It is shown that the proposed technique exploits multi-user diversity to boost 

the sum-rate performance of the coexisting systems, especially for large numbers of mobile users.  

• LSA Distributed MAC Protocol 

A small cells scenario is considered where different eNBs share one or multiple LSA channels under 

the control of a central macro base station (BS). The BS is responsible of only dictating to eNBs 

which LSA channels are available while access decisions are made in a distributed manner by eNBs. 

A distributed channel access scheme, on UE level, is then more preferable as per node based 

frequency reuse is less constrained than per cell based frequency reuse. We introduce a new 

distributed MAC protocol named Synchronized Acknowledgment Random Access MAC (SA-RA 

MAC) that solves, in its single channel version, efficiently the hidden node problem without 

introducing the masked node problem.  

• Spectrum sharing policy reinforcement algorithms 

Practical algorithms were developed to detect misbehaving wireless nodes that violate LSA 

spectrum access policies and appropriate penalty / incentive schemes that reinforce secondary 

user compliance. In addition, we worked on resource allocation algorithms that take into account 

the behaviour of the LSA players continued.  The developed misbehaviour detection method builds 

on the collaborative sensing algorithms presented in WP5, taking into account the ADEL 

architecture developed in WP3 and in particular the collaborative sensing options defined.  In 

addition, work was done on refining the policy enforcement options developed earlier in order to 

create a balanced set of incentives and deterrents to encourage LSA compliance. 

WP5 – Dynamic Spectrum Access 

In WP5, collaborative sensing and cooperative communication techniques that form the basis of 

ADEL’s technical solutions have been developed. Both centralised-based and decentralised sensing 

have been targeted and special emphasis has been given to database-assisted sensing which relies 

on the fusion of sensing measurements with other relevant data. As a prerequisite of sensing 

algorithms development, WP5 also deal with signal modelling and channel characterisation and 

efficient data representation schemes for data acquisition, processing, communication, storage and 

visualisation. Channel and signal models based on existing data sets for spectrum bands that 

European regulators plan to make available for LSA networks have been studied. In this WP, MAC 

layer and control plane protocols have been developed to support information exchange and flexible 

medium access among wireless nodes. The developed MAC layer and control plane protocols allow 

wireless nodes, centralised controllers and geolocation databases to exchange information, in order 

to perform collaborative sensing and cooperative communications, in accordance to the network 

architecture of WP3 and algorithms developed in this WP. 



FP7 STREP Project 619647 (ADEL): PROJECT FINAL Report Public Summary 

 

11 | P a g e  

 

 

The key results in this WP are given below:  

• Spectral Coexistence of Collocated MIMO Radars and Wireless Communications Systems 

In this work, we considered the problem of effective spectrum sharing between a collocated 

Multiple-Input-Multiple-Output (MIMO) radar that monitors the existence of a target and a 

wireless communications system. The investigated scenario considered the downlink of a 

communications system represented by a base station (BS) trying to reuse the spectrum allocated 

for a collocated MIMO radar in order to communicate with an assigned terminal, in the vicinity of 

the radar system. We presented an accurate model for the operation of the wireless system in the 

downlink, while the MIMO radar tries to maintain an acceptable detectability level of a target in 

the far field. The target detection problem is reformulated using a sensing approach based on 

energy detection, while the BS applies beamforming to null the interference created at the radar 

receiver. Based on the theory of Hermitian quadratic forms and with the aid of the Linearly 

Constrained Minimum Variance (LCMV) beamforming solution, the performance of target 

detection, when the MIMO radar coexists with the data transmission is quantified and numerical 

results show that spectral coexistence is feasible.  

• Full-duplex spectrum sensing system 

In this work, we developed the full-duplex spectrum sensing system to realize the simultaneous 

spectrum sensing and secondary transmission. Firstly, the generalized expressions of the key 

sensing performance metrics are derived for multiple sensing antennas. Listen-and-talk protocol is 

applied and multiple sensing/transmission antennas are considered in this part. Secondly, the 

optimal decision threshold pair is investigated in order to minimize the total error rate of the 

system. Therefore, the benefits of primary and secondary users can be considered at the same 

time. In order to consider the benefits of the PU and SUs concurrently, the total error rate of the 

system is investigated and the optimal decision threshold pairs are obtained based on a given 

missed detection probability. The total error rate of the system is presented versus the different 

decision threshold pairs under different system conditions. 

• Robust Transceiver Design in Full-Duplex MIMO Cognitive Radios 

In this work, we study a full-duplex (FD) multiple-input multiple-output (MIMO) cognitive cellular 

network, in which a secondary base-station (BS) operating in FD mode serves multiple uplink (UL) 

and downlink (DL) SUs operating in HD mode simultaneously. The spectrum is shared between 

secondary and primary networks, and thus uplink SUs and secondary BS generate interference on 

PUs. Further, the FD multi-user MIMO system suffers from both self-interference and co channel 

interference. Under the impact of channel uncertainty, we address the robust minimization of the 

sum of mean squared-errors (MSE) of all estimated symbols subject to power constraints at the 

uplink SUs and secondary BS, and interference constraints projected to each PU. After several 

mathematical manipulations, we show that this problem can be cast as a semidefinite 

programming (SDP), and joint design of transceiver matrices can be obtained through an iterative 

algorithm. However, the derived optimization problem is not jointly convex over transmit 

beamforming matrices and receiving beamforming matrices. Therefore, we will employ an iterative 

algorithm that finds the efficient solutions of these matrices in an alternating fashion until 

convergence or a pre-defined number of iterations is reached. 
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• Robust MIMO Beamforming for Cellular and Radar Coexistence 

In this work, we consider the coexistence and spectrum sharing between downlink multiple-input-

multiple-output (MIMO) communication and a MIMO radar. These two systems operate at the 

same frequency band. Based on the knowledge of the communication and interference channels, 

the communication beamforming matrix is designed to minimize the transmit power while 

guaranteeing the performance requirement of the radar and downlink communication users. We 

investigate the beamforming design for perfect Channel State Information (CSI) and the robust 

beamforming for imperfect CSI case.  We consider the transmit beamforming for spectrum sharing 

between downlink MU-MIMO communication and collocated MIMO radar, where we optimize the 

transmit power of Base Station (BS) while guaranteeing the received SINR of each user served by 

the BS and the interference level from BS to radar. The beamforming design is initially formulated 

as an optimization problem under the perfect CSI assumption. Since in practical systems the 

perfect CSI is not available, we then consider a robust optimization approach for the case, where 

both the communication channel and interference channel are subject to CSI quantization errors, 

which are modelled as norm-bounded. The proposed problems can be transformed into 

Semidefinite Program (SDP) problems. While the coexistence beamforming problem with perfect 

CSI is solved using Semidefinite Relaxation (SDR) technique, for the imperfect CSI case, the worst-

case optimization problem is solved by S-procedure. 

• Medium access and control plane protocols 

In this work, we assume a system of two partially overlapping Incumbent and Licensee operators 

and identify the capacity gain bounds from deploying Location-based LSA, according to the ADEL 

paradigm. This scenario fits the Macro cellular scenario. The incumbent operator can be a Radar, or 

a Media and Entertainment operator that holds a spectrum license, but has limited deployment of 

sites, or infrequent and highly localised use of its spectrum. This gives an LSA MNO the opportunity 

to use the Incumbent operator’s spectrum, outside the Incumbent’s exclusion zone, to increase its 

own capacity without causing harmful interference on the Incumbent operator. Our analysis 

assumes different levels of cell density for the incumbent operator. Then, we look into the Control 

Plane (signalling and radio network) delay aspects from LSA licensee’s standpoint.  

In particular, we analyse the existing LTE/LTE-A signalling mechanisms that can be reused for the 

deployment of the ADEL LSA system. Two distinct baseband architectures are considered, 

centralised and distributed, by analysing heterogeneous network topologies with collocated tiers 

of macro-cells and Low Power nodes (LPNs). LPNs may be Remote Radio Heads (RRHs) or small 

cells, representing the two baseband architectures considered. Such a scenario addresses 

reference scenario 3, as well as future deployments that will invariably include networks with 

multiple tiers and which will utilise different baseband architectures with dense deployments of 

LPNs. In addition, we review the ways in which two prominent technologies, Carrier Aggregation 

(CA) and Dual Connectivity (DC), introduced as part of LTE-A, can be utilised in employing the LSA 

spectrum. More specifically, Carrier Aggregation is applicable to the centralised baseband 

architecture, while Dual Connectivity maps to the distributed baseband architecture. Our results 

show that Carrier Aggregation outperforms Dual Connectivity, both in terms of the average 

achieved user throughput and the delay in setting up and releasing the LSA resources. 

WP6 – Platform Development and Experimental Evaluation 
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In WP6 the proposed relevant scenarios, algorithms and protocols developed in the previous WPs 

(WP3-WP5) have been integrated and evaluated using system-level simulation and testbed 

experimentation. Existing testbeds and simulator platforms used internally by several partners 

(TUDA, TCD, EUR, AIT, UEDIN, IMC) were extended to implement the techniques and protocols 

developed in ADEL. The key results in this WP are given below:  

 

• System Level Simulator Model 

A system level simulator model was described in terms of main features and design of its 

components to consider scenarios of ADEL. With respect to the LSA paradigm, an important ADEL 

component is cooperative communication between incumbent and LSA licensees, happening once 

it has been decided which systems can share the LSA band with the incumbent and under what 

circumstances. This communication will be performed through two components: LSA repository 

and LSA controller. The first one indicates the spectrum usage given a certain area and time, and 

the second one is the responsible to indicate to the MNOs when the LSA band is available and 

when it must be returned to the incumbent given a certain area and time. The system-level 

simulator obtains incumbent information stored in the LSA repository through the LSA controller. 

The system-level simulator is oriented to resource allocation (WP4). It does not implement PHY 

layer features (tasks in WP5). However, this simulator can be adapted in order to receive input 

(data) from other systems that implement PHY features to be used into the simulator (e.g. sensing 

output as spectral map, or collaborative sensing to indicate which channel is free). These data may 

be written to the database (LSA repository), and the simulator may know these data through the 

LSA controller before making decisions during the resource allocation phase. Another input to 

simulator from PHY could be realistic lab-measured channel coefficients, which can substitute 

coefficients that are computed currently by the simulator, to see how performance is affected.  

• EUR testbed for ADEL proof-of-concept demonstration 

The EUR testbed consisted of a few LSA SUs, and at least two incumbent units representing a 

cellular BS and a cellular terminal. The main focus of the EUR testbed was on cellular bands and in 

particular LTE bands that are not uniformly available for worldwide use. The original EUR testbed 

allowed up to 4x4 MIMO transmission and RF operation in any frequency band in the range 

300MHz – 6GHz. It permits spectrum aggregation with up to 4 frequency bands. It allows flexible 

application development with a software version of the application in C getting tested first on the 

emulator version of the platform before getting ported on the actual testbed hardware. 

Measurements obtained from the EUR testbed (and other testbeds in WP6) are provided as input 

to Task 5.1. In the course of the ADEL project, a Massive MIMO set-up has been added to the EUR 

testbed. 

• LSA proof of concept demo 

To demonstrate the benefits brought about by the multi-antenna dimension, allowing for 

simultaneous shared access in space, we consider simultaneous transmission from the incumbent 

and licensee BS. Various beamforming approaches are considered based on the extent of co-

operation amongst the incumbent and the licensee BSs and the corresponding Signal-to-

Interference-plus-Noise Ratio (SINR) at each UE is measured.  The demo exploits channel 

reciprocity to derive the downlink (DL) beamformer weights based on the uplink (UL) 

channel/covariance estimates. Hence, when the prototype is initialized, we perform a reciprocity 
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calibration and store the parameters in a file. Subsequently, this file is read to derive the DL CSIT 

using instantaneously estimated UL channel information. Measurements have shown that the 

calibration parameters are very stable in time, remaining constant for around a day. The 

instantaneous UL channel estimation is based on UL pilots. 

 In our demo, we assume all the useful subcarriers as pilots in the UL. The quality of the channel 

estimates are further improved by exploiting the limited time domain spread of the channel taps.  

We also consider scenarios where the channel information of the interfering links is not available.  

In this scenario, we consider estimating the channel covariance of the interfering UE to come up 

with a DL MMSE beamformer.  Indeed, to estimate the DL MMSE beamformer, the channel 

covariance of the overall receive vector at the BS from the two UEs or the channel covariance of 

the interfering UE alone at the BS can be used. We consider both these approaches to study their 

relative merits under a practical scenario.  The estimation of the covariance matrix needs 

significant averaging, particularly as the number of BS antennas increases.  In our prototype, we 

exploit the low delay spread of the environment and compute the average covariance matrix 

across all the subcarriers. This assumes tight clock synchronization across the different antennas of 

each BS. The implemented techniques allow to evaluate experimentally algorithms that have been 

developed by EUR and other partners, for the case of full coordination with joint channel 

estimation, and algorithms that are relevant for the less coordinated scenario. 
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1.4 Potential Impact 

ADEL has been successful in advancing the LSA techniques for dynamic spectrum sharing in future 

wireless networks, by solving the collaborative sensing, cooperative transmission, centralised and 

distributed resource allocation and other technical challenges involved in order to bring LSA 

techniques in wireless networks from a theoretical concept to practice. In particular, the ADEL 

consortium tackled various challenges within the framework of resource allocation management, 

collaborative sensing and cooperative communication study of wireless communication networks. 

The successful completion of the project will lead to better understanding of LSA technology and 

new opportunities for spectrum regulators and network industries. This in turn will lead to vastly 

expanded /more affordable service and capacities to users and a better standard of living and a 

better quality of life.  

 

The ADEL project’s contributions lie in the following areas: 

• Centralised and distributed resource allocation techniques- Novel centralised and distributed 

resource allocation techniques will contribute as an enabler to optimise the dynamic 

allocation of multidimensional resources to realize the potential spectral efficiency gains.  

• Collaborative sensing techniques– Energy and spectrum efficient collaborative sensing 

algorithms will be developed where sensing decisions are reached both in a centralised 

manner (using a central processing unit) and in a fully decentralised manner 

• Cooperative communication techniques – Based on the quality and topicality of the directional 

sensing information available at different locations within the network, efficient cooperative 

communication strategies will be developed.  

 

Centralised and distributed resource allocation techniques  

Efficient centralised and distributed resource allocation algorithms for LSA were devised. These 

resource allocation algorithms optimised the dynamic allocation of multidimensional resources such 

as power, time, frequency, location, direction, codes, subcarriers, etc., taking into account the 

collaborative sensing capabilities and cooperative communication strategies developed in WP5. The 

derived algorithms were evaluated and compared with each other, in terms of computational 

efficiency, communication overhead, spectral efficiency, energy efficiency, fairness, and QoS 

provided to the end users. In addition, mechanisms that detect and discourage LSA policy violations 

by wireless nodes were addressed. 

 

Collaborative sensing techniques  

Collaborative sensing and cooperative communication techniques that form the basis of ADEL’s 

technical solutions have been developed. Both centralised-based and decentralised sensing have 

been targeted and special emphasis has been given to database-assisted sensing which relies on the 

fusion of sensing measurements with other relevant data. MAC layer and control plane protocols 
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have been developed to support information exchange and flexible medium access among wireless 

nodes. The developed MAC layer and control plane protocols allow wireless nodes, centralised 

controllers and geolocation databases to exchange information, in order to perform collaborative 

sensing and cooperative communications. 

 

Cooperative communication techniques 

Novel cooperative communications techniques that target at fully exploiting the sensing information 

available from the sensing stage have been developed in ADEL. A number of algorithms and schemes 

that facilitate cooperative communication between entities belonging to a LSA network with 

reference to the investigated scenarios and use cases are developed.  

• The project’s findings promote the use of LSA techniques in a variety of communication scenarios 

such as high speed train, macrocellular networks, HetNets, small cells etc. that could provide 

invaluable help to European governments and organisations  

• The prototyping of novel LSA algorithms has led to power- and cost-efficient antenna structures for 

practical implementation  

• Novel LSA techniques have led to highly efficient spectrum utilization  

• Proof-of-concept demonstration has validated the developed LSA techniques, designs and 

implementation towards commercialisation  

• ADEL has participated in industrial events, and engaged with industry 

 

2. Dissemination and Use of Foreground 

2.1 Dissemination Activities 

Throughout ADEL’s project duration, we pursued targeted opportunities for disseminating the 

project’s core ideas and results to the scientific, engineering and regulatory communities.  

The main activities of the ADEL’s Dissemination task were: 

• Effective dissemination ADEL's scientific and technical results through publications in high-

impact international journals and conferences. 

• Showcase and advertisement of the proof-of-concept prototypes to interested parties. 

• Development of liaisons with European projects and organisations that are active in areas 

relevant to the ADEL concepts. 

• Organisation of a summer school, and a number of conference special sessions in topics 

related to ADEL concept and scientific objectives. 

• Alignment of ADEL's concepts and technologies with the ongoing parallel work in relevant 

standardization bodies. 

• Increase awareness of ADEL’s ideas and results within Ofcom regulatory body. 

As a first step, project website (http://www.fp7-adel.eu/) was established for exchange of 

information between the project members and as an interface for communication with the general 

public. It contains an overview of the project, the consortium partner universities and industry 
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partners, and the key member personnel involved in the project. The webpage also has a list of all 

papers produced by the project in widely accessible journal and conference publications. The project 

has published 16 journal and 66 conference papers and more are underway. The results have been 

published in the following prestigious journals: 

• IEEE Transactions on Wireless Communications,  

• IEEE Wireless Communications Magazine, 

• IEEE Transactions on Cognitive Communications and Networks,  

• IEEE Systems Journal  

• Elsevier Signal Processing, 

• IEEE Communications Letters, 

• IEEE Wireless Communications Letters, 

• IEEE Transactions on Signal Processing, 

• IEEE Transactions on Signal and Information Processing over Networks, 

• Journal of Communications & Networks. 

• PT Inovação Corporate Magazine  

• ZTE Communications  

 

The conference papers have been presented at internationally well renowned conferences such as: 

 

• Asilomar Conference on Signals, Systems and Computers  

• EAI Int’l Conf. on Cognitive Radio Oriented Wireless Networks (CROWNCOM)  

• European Conference on Networks and Communications (EuCNC)  

• European Signal Processing Conference (EUSIPCO)  

• European Wireless (EW)  

• IEEE COMSOC TCCN SIG CR5G Remote Workshop  

• IEEE International Symposium on Dynamic Spectrum Access Network (DySPAN)  

• IEEE Global Communications Conference (GLOBECOM)  

• IEEE Global Conference on Signal and Information Processing (GLOBALSIP)  

• IEEE Global Wireless Summit (GWS)  

• IEEE Information Theory and Applications Workshop (ITA)  

• IEEE International Conference on Acoustics, Speech and Signal Processing (ICASSP)  

• IEEE International Conference on Communications (ICC)  

• IEEE International Symposium on Information Theory (ISIT)  

• IEEE International Symposium on Personal, Indoor and Mobile Radio Communications 

(PIMRC)  

• IEEE International Symposium on Wireless Communication Systems (ISWCS)  

• IEEE International Workshop on Cognitive Cellular Systems (CCS)  
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• IEEE International Workshop on Computational Advances in Multi-Sensor Adaptive 

Processing (CAMSAP)  

• IEEE International Workshop on Signal Processing Advances in Wireless Communications 

(SPAWC)  

• IEEE Sensor Array and Multichannel Signal Processing Workshop (SAM)  

• IEEE Vehicular Technology Conference (VTC)  

• IEEE Workshop on Statistical Signal Processing (SSP)  

• International Conference on Telecommunications (ICT)  

• International ITG Conference on Systems, Communications and Coding (SCC)  

• International Symposium on Communications, Control and Signal Processing (ISCCSP)  

• Joint NEWCOM/COST Workshop on Wireless Communications (JNCW)  

• Mathematical Algorithms for Future Networks Workshop  

The details of all dissemination activities in the project are given below: 

International Conference / Special Sessions Organisation / Tutorials: 

• Valerio Frascolla (IMC) organised a joint special session of the SPEED-5G, ADEL and SOLDER 

projects on “Dynamic spectrum management, a building block for 5G networks” at EuCNC 

2016 (European Conference on Networks and Communications, Athens, Greece, 28 June 

2016. 

• T. Ratnarajah (UEDIN), D. Slock (EUR), and M. Pesavento (TUDA) organised a special session 

on “Licensed shared access” at   IEEE SPAWC 2016 (International Workshop on Signal 

Processing advances in Wireless Communications), Edinburgh, UK, July 3-6, 2016.  

• Dirk Slock (EUR) and Valerio Frascolla (IMC) co-organised with the SOLDER and SPEED5G 

projects the Workshop “SAS5G: Workshop on Spectrum Aggregation and Sharing for 5G 

Networks”, at ISWCS 2016 (International Symposium on Wireless Communication Systems), 

Poznan, Poland, Sep. 20-23, 2016.  

• Constantinos Papadias (AIT) and Dirk Slock (EUR) organised special session on 

“Communication Techniques for Licensed Shared Access” in the 6th International 

Symposium on Communications, Control, and Signal Processing (ISCCSP) 2014, held in 

Athens, Greece.  

• Dirk Slock (EUR) gave a tutorial on “MIMO Broadcast and Interference Channels towards 

5G”.at the IEEE Wireless Communications and Networking Conference (WCNC2014) in 

Istanbul, 6-9 Apr. 2014. 

• D. Slock,"MIMO broadcast and interference channels towards 5G: Feedback, performance 

and topological considerations", tutorial presented at 16th IEEE Workshop on Signal 

Processing Advances in Wireless Communications (SPAWC), June 28-July 1, 2015, Stockholm, 

Sweden. 

• D. Slock,"From network based location estimation to location aided communications", 

tutorial presented at 12th IEEE Int'l Symp. on Wireless Communication Systems (ISWCS), 25-

28 Aug. 2015, Brussels, Belgium. 
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Industrial Seminars: 

• D. Slock (EUR),"Multi-user multi-cell MIMO towards 5G", invited talk at the Mathematical 

Algorithms for Future Networks Workshop, Huawei, Jan. 22, 2015, Paris, France. 

 

Academic Seminars: 

• C. B. Papadias presented an invited talk on “Parasitic antenna arrays for single and multi-

user wireless communications,” University College London, London, UK, June 14, 2016. 

• C. B. Papadias presented an invited talk on “Low complexity antenna arrays and techniques 

for wireless communication and sensing,” University of California Irvine, Irvine, CA, USA, 7 

October 2016. 

• C. B. Papadias, "Antenna Arrays of Low Complexity: How to Use Less with less RF Chains 

than Elements in Single and Multi-User Applications," invited seminar, University of Cyprus, 

Nicosia, Cyprus, November 2015. 

• C. B. Papadias, "Antenna Arrays with less RF Chains than Elements: An Emerging Technology 

for Multi-Antenna Wireless Systems," invited talk, Southeast University, Nanjing, China, July 

2015. 

• M. Pesavento, “Multidimensional Sparse Recovery for Multidimensional Harmonic Retrieval 

in Application to Parameteric MIMO Channel Estimation” at Tsinghua University, Beijing, 

China, March 17, 2016. 

• D. Slock,"The pathwise MIMO interfering broadcast channel", invited talk at the IEEE 

Information Theory and Applications (ITA) Workshop, 2-6 Feb.2015, San Diego, CA, USA. 

• D. Slock,"Sum utility optimization in MIMO multi-user multi-cell: Centralized and distributed, 

perfect and partial CSIT, fast and slow CSIT", invited talk at the GdR Inpainting of Missing 

Audio Data meeting on "Cloud and fog based PHY communications in 5G: performance, 

feedback and complexity", Nov. 20, 2015, Paris, France. 

 

Summer School: 

• D. Slock (EUR) and V. Frascolla (IMC) co-organised with the projects SPEED-5G and SOLDER 

the Summer School on Spectrum Aggregation and Sharing for 5G Networks (SSSAS5G) in 

Sofia Antipolis, October 2016. 

Plenary Talk: 

• C. B. Papadias, "On the role of antenna arrays in collaborative spectrum sensing and 

sharing," at Joint Special Session of the SPEED-SG, ADEL and SOLDER projects on “Dynamic 

spectrum management, a building block for SG networks”, EuCNC 2016, 29 June 2016. 

• C. B. Papadias presented ADEL as part of his invited talk "Antenna Arrays with less RF Chains 

than Elements: An Emerging Technology for Multi-Antenna Wireless Systems," at 2015 SEU-

UESTC Workshop on Advances in Wireless Communications (WAWC 2015) UESTC, Chengdu, 

China, July 7, 2015. 

• C. B. Papadias, "Single-RF Transmission: An Emerging Technology for both Link and Multi-

User MIMO Systems," plenary talk, VTC-Spring 2015, Glasgow, UK, May 2015. 
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• D. Slock (EUR) gave a plenary talk at the 2nd Remote Workshop of the Special Interest 

Group (SIG) on Cognitive Radio in 5G (CR5G) of the Technical Committee on Cognitive 

Networks (TCCN) of the IEEE Communications Society.  

• D. Slock (EUR), "Licensed Shared Access and the Potential Role of Multiple Antennas for 

Context Aware Access", plenary talk, IEEE COMSOC TCCN SIG CR5G 2nd Remote Workshop, 

Nov. 4, 2014. 

Demonstrations and videos: 

• Demo on Licensed Shared Access at the European Conference on Communications on 

Networks and Communications (EUCNC 2016) 

ADEL earned the "Best Booth Award" for its demos on Licensed Shared Access at the European 

Conference on Communications on Networks and Communications (EUCNC 2016) that was held in 

Athens June 27-30, 2016. The booth contained three demos performed by the project partners AIT, 

Eurecom and Trinity College Dublin. AIT's over-the-air demo showed how an incumbent and a 

licensee operator can dynamically share the same spectrum by use of AIT's "hex-antenna" that 

allows cooperative sensing and transmission which satisfy the Quality-of-Service constraints of 

both links.  

• Demo on spectrum sharing at the IEEE Dyspan 2015 5G Spectrum Sharing Challenge  

ADEL participated in the IEEE DySPAN 2015 5G Spectrum Sharing Challenge where spectrum 

sharing was demonstrated using real equipment (including a database). This allowed the project to 

further study and improves the collaborative sensing, cooperative communication, and dynamic 

spectrum access techniques that are investigated in the ADEL project using the WARP testbed of 

the B-WiSE Lab.  

2.2 Published and Accepted Scientific Papers 

Journals 

P1. M. C. Filippou, P. D. Kerret, D. Gesbert, T. Ratnarajah, A. Pastore, G. A. Ropokis, 

"Coordinated Shared Spectrum Precoding with Distributed CSIT," IEEE Trans on Wireless 

Communications, vol. 15, no. 8, pp. 5182-5192, Aug. 2016. 

P2. E. H. G. Yousif, T. Ratnarajah and M. Sellathurai, "A Frequency Domain Approach to 

Eigenvalue-Based Detection with Diversity Reception and Spectrum Estimation", IEEE 

Trans. on Signal Processing, vol. 64, no. 1, pp.35-47, Jan. 2016. 

P3. K. L. Law, X. Wen, M. T. Vu, and M. Pesavento, “General rank multiuser downlink 

beamforming with shaping constraints using real-valued OSTBC,” IEEE Transactions on 

Signal Processing, vol. 63, no. 21, pp. 5758–5771, Nov. 2015 

P4. E. H. G. Yousif, T. Ratnarajah and M. Sellathurai, "Modeling and Performance Analysis of 

Multitaper Detection Using Phase-Type Distributions over MIMO Fading Channels", IEEE 

Trans. on Signal Processing, vol. 63, no. 22, pp. 5882-5896, Nov. 2015. 
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P5. Y. He, T. Ratnarajah, E H.G. Yousif, J. Xue, M. Sellathurai, "Performance Analysis of Multi-

antenna GLRT-Based Spectrum Sensing for Cognitive Radio," Elsevier Journal on Signal 

Processing, vol. 120, pp. 580-593, Mar. 2016. 

P6. K. Ho-Van, P. C. Sofotasios, G. C. Alexandropoulos, and S. Freear, "Bit error rate of underlay 

decode-and-forward cognitive networks with best relay selection," IEEE Journal 

of Communications and Networks, vol. 17, no. 2, pp. 162-171, Apr. 2015. 

P7. Y. Lejosne, D. Slock and Y. Yuan-Wu, "Achieving full sum DoF in the SISO interference 

channel with feedback delay", IEEE Communications Letters, vol. 18, no. 7, pp. 1202-1205, 

July 2014. 

P8. Y. Yang, G. Scutari, D. P. Palomar, and M. Pesavento, “A parallel stochastic approximation 

method for nonconvex multi-agent optimization problems,” IEEE Transactions on Signal 

Processing, vol. 64, no. 11, pp. 2949-2964, Nov. 2016.. 

P9. Y. Yang, M. Pesavento, M. Zhang and D. P. Palomar, "An Online Parallel Algorithm for 

Recursive Estimation of Sparse Signals," IEEE Transactions on Signal and Information 

Processing over Networks, vol. 2, no. 3, pp. 290-305, Sep. 2016. 

P10. A. C. Cirik, M. C. Filippou, and T. Ratnarajah, "Transceiver Design in Full-Duplex MIMO 

Cognitive Radios under Channel Uncertainties," IEEE Trans. on Cognitive Communications 

and Networks, vol. 16, no. 11, pp. 2949-2964, Nov. 2016. 

P11. A. C. Cirik, L. Zhou, and T. Ratnarajah, "Linear Transceiver Design with Per-Antenna Power 

Constraints in Full-Duplex Multi-user MIMO Systems," IEEE Wireless Communications 

Letters, vol. 5, no. 4, pp. 412-415, Apr. 2016. 

P12. A. C. Cirik, S. Biswas, S. Vuppala, and T. Ratnarajah, "Robust Transceiver Design for Full 

Duplex Multi-user MIMO Systems", IEEE Wireless Communications Letters, vol. 5, no. 3, pp. 

260-263, Mar. 2016. 

P13. M. C. Filippou, G. A. Ropokis, D. Gesbert, and T. Ratnarajah, "Joint Sensing and Reception 

Design of SIMO Hybrid Cognitive Radio Systems," IEEE Trans on Wireless Communications, 

in press. 

P14. Y. He, J. Xue, T. Ratnarajah, M. Sellathurai, and F. Khan, "On the Performance of 

Cooperative Spectrum Sensing in Random Cognitive Radio Networks," IEEE Systems 

Journal, vol. 15, no. 9, pp. 6327-6341, Sep. 2016. 

P15. I. Macaluso, H. Ahmadi, I. Gomez-Miguelez, L. Doyle, L. DaSilva, “Substitutability of 

Spectrum and Cloud-based Antennas in Virtualised Wireless Networks”, IEEE Wireless 

Communications Magazine (to appear). 

P16. N. Marchetti, “Towards 5th Generation Wireless Communication Systems”, ZTE 

Communications, vol. 13, no. 1, pp. 11-19, Mar. 2015. 

Conferences 



FP7 PROJECT 619647 (ADEL): PROJECT FINAL REPORT 

 

22 | P a g e  

 

P17. E. H. G. Yousif, F. A. Khan, T. Ratnarajah and M. Sellathurai, "On the Spectral Coexistence of 

Colocated MIMO Radars and Wireless Communications Systems," In Proc. the IEEE 

International Workshop on Signal Processing Advances in Wireless Communications, 

Edinburgh, UK, July 3-6, 2016. 

P18. E. H. G. Yousif, M. C. Filippou, F. A. Khan, T. Ratnarajah and M. Sellathurai, "New LSA-based 

Approach for Spectral Coexistence of MIMO Radars and Wireless Communications 

Systems," In Proc. the IEEE International Conference on Communications, Kuala Lumpur, 

Malaysia, May 23-27, 2016. 

P19. A.C. Cirik, S. Biswas, O. Taghizadeh, A. Liu, and T. Ratnarajah, "Robust Transceiver Design in 

Full-Duplex MIMO Cognitive Radios," In Proc. the IEEE International Conference on 

Communications, Kuala Lumpur, Malaysia, May 23-27, 2016. 

P20. H. He, J. Xue, T. Ratnarajah, F. Khan, C. B. Papadias, "On the Performance of Cloud Radio 

Access Networks Using Matern Hard-Core Point Process" In Proc. the IEEE 41th 

International Conference on Acoustics, Speech and Signal Processing, Shanghai, China, March 

20-25, 2016. 

P21. E. H. G. Yousif, T. Ratnarajah and M. Sellathurai, "Accurate Formulation of the Multitaper-

SVD detector over Fading Channels" In Proc. IEEE Global Communications Conference, San 

Diego, CA, USA, 6-10, Dec. 2015. 

P22. C. B. Papadias, “On the role of antenna arrays in collaborative spectrum sensing and 

sharing,” In Proc. 25th European Conference on Networks and Communications (EuCNC) 

2016, Athens, Greece, 27 – 30 June 2016. 

P23. K. Voulgaris, B. Gizas, and C. B. Papadias, “Realizing spectrum sharing through the use of a 

database-assisted MAC protocol,” The 17th IEEE International Workshop on Signal 

Processing Advances in Wireless Communications (SPAWC 2016), Edinburgh, UK, July 3-6, 

2016. 

P24. G. Papageorgiou, K. Voulgaris, and C. B. Papadias, “Sparse modeling methods for 

misbehavior detection in LSA Networks,” In Proc. 2016 IEEE Global Wireless Summit (GWS 

2016), Aarhus, Denmark, Nov. 27-30, 2016. 

P25. Y. Yang and M. Pesavento, "A novel iterative convex approximation method," 2015 IEEE 6th 

International Workshop on Computational Advances in Multi-Sensor Adaptive Processing 

(CAMSAP), Cancun, 2015, pp. 297-300 

P26. W. Suleiman, M. Pesavento and A. Zoubir, "Performance analysis of direction-of-arrival 

estimation using the decentralised root-MUSIC," 2015 IEEE 6th International Workshop on 

Computational Advances in Multi-Sensor Adaptive Processing (CAMSAP), Cancun, 2015, pp. 

329-332 

P27. Ganapati Hegde, Oscar Dario Ramos-Cantor, Yong Cheng, Marius Pesavento, “Optimal 

Resource Block Allocation and Muting in Heterogeneous Networks”, In the 41st IEEE 



FP7 STREP Project 619647 (ADEL): PROJECT FINAL Report Public Summary 

 

23 | P a g e  

 

International Conference on Acoustics, Speech and Signal Processing (ICASSP), 20-26, March 

2016, Shanghai, China, pp. 3581-3585 

P28. X. Wen and M. Pesavento, "Long-term general rank multiuser downlink beamforming with 

shaping constraints using QOSTBC," 2016 IEEE International Conference on Acoustics, 

Speech and Signal Processing (ICASSP), Shanghai, 2016, pp. 3561-3565 

P29. O. D. Ramos-Cantor, J. Belschner and M. Pesavento, "Improved link adaptation with 

coordinated scheduling in non-fully loaded wireless networks," 2016 IEEE 17th 

International Workshop on Signal Processing Advances in Wireless Communications 

(SPAWC), Edinburgh, 2016, pp. 1-6 

P30. W. Suleiman, M. Pesavento and A. M. Zoubir, "Decentralised cooperative detection based 

on averaging consensus," 2016 IEEE Sensor Array and Multichannel Signal Processing 

Workshop (SAM), Rio de Janerio, 2016, pp. 1-5 

P31. C. Steffens, Y. Yang and M. Pesavento, “Multidimensional Sparse Recovery for MIMO 

Channel Parameter Estimation”, In 24th European Signal Processing Conference (EUSIPCO), 

Sept., 2016. 

P32. Wassim Suleiman, Ansab Abdul Vaheed, Marius Pesavento and Abdelhak M Zoubir, 

“Decentralised Direction-of-Arrival Estimation for Arbitrary Array Geometries”, In 24th 

European Signal Processing Conference (EUSIPCO), Sept., 2016, accepted for publication 

P33. Y. Liu, G. C. Alexandropoulos, L. Li and M. Pesavento, "Artificial noise design for secure 

multi-relay networks over generalised fading channels," 2016 23rd International 

Conference on Telecommunications (ICT), Thessaloniki, 2016, pp. 1-5 

P34. W. Suleiman, M. Pesavento and A. M. Zoubir, "Performance analysis of eigenvalue based 

distributed spectrum sensing," 2016 International Symposium on Wireless Communication 

Systems (ISWCS), Poznan, 2016, pp. 481-485 

P35. Y. Yang, M. Pesavento, “A Parallel Algorithm for Energy Efficiency Maximization in Massive 

MIMO Networks”, IEEE Global Communications Conference (GLOBECOM), Dec 2016 

P36. A. Colonna Walewski, C. Steffens and M. Pesavento, “Off-Grid Parameter Estimation Based 

on Joint Sparse Regularization”, 11th International ITG Conference on Systems, 

Communications and Coding (SCC), Hamburg, Germany, Feb. 2017, accepted for publication 

P37. C. Steffens, W. Suleiman, A. Sorg, M. Pesavento, “Gridless Compressed Ssensing Under 

Shift-Invariant Sampling”, IEEE International Conference on Acoustics, Speech and Signal 

Processing (ICASSP), Mar 2017 

P38. V. Frascolla, A. J. Morgado, A. Gomes, M. Butt, N. Marchetti, K. Voulgaris, C. B. Papadias, 

“Dynamic Licensed Shared Access - A new architecture and spectrum allocation 

techniques”, In Proc. IEEE VTC2016-Fall, Montreal, CA, 18–21 September 2016. 
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P39. A. Morgado, A. Gomes, V. Frascolla, “ADEL: the next stop in the LSA Roadmap”, Special 

Session no. 7 of EuCNC’2016 on Dynamic spectrum management, a building block for 5G 

networks, Athens, Greece, 29 June, 2016. 

P40. A. Bazzi, D.T.M. Slock, L. Meilhac,"On Spatio-Frequential Smoothing for joint Angles and 

Times of Arrival Estimation of Multipaths", IEEE Int'l Conf. on Acoustics, Speech and Signal 

Processing (ICASSP), March, 2016, Shanghai, China. 

P41. A. Bazzi, D.T.M. Slock, L. Meilhac,"Detection of the Number of Superimposed Signals using 

Modified MDL Criterion: A Random Matrix Approach", IEEE Int'l Conf. on Acoustics, Speech 

and Signal Processing (ICASSP), March, 2016, Shanghai, China.  

P42. K. Gopala, D.T.M. Slock,"Location Aided Doppler Compensation and Beamforming for High 

Mobility OFDM Transmissions in Multipath", IEEE Int'l Conf. on Acoustics, Speech and Signal 

Processing (ICASSP), March, 2016, Shanghai, China. 

P43. K. Gopala, D.T.M. Slock,"Doppler Compensation and Receive Beamforming for High 

Mobility OFDM Transmissions in Multipath", 11th EAI Int’l Conf. on Cognitive Radio 

Oriented Wireless Networks (CROWNCOM), May 30–June 1, 2016, Grenoble, France. 
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