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1. PROPUESTA CIENTÍFICA - ​SCIENTIFIC PROPOSAL 


1.1 Motivation, previous research and current state-of-the-art 


1.1.1 Motivation and proposal justification 


Ubiquitous broadband communications are increasingly taken for granted all over the planet.            
Moreover, as new telecommunications technologies appear (e.g. 5G), services supported by           
communications networks demand lower latency, higher reliability and massive capacity. The           
technologies needed for such demanding services are complex, since they require a            
combination of the most modern techniques for antennas, modulations, encoding, network           
architectures, protocols, etc. to maximise performance. As a side effect, more dense            
networks are required to provide the required QoS (quality of service) levels, also meaning              
that infrastructures become more expensive. 


Under these conditions, networks deployed in rural areas can not achieve the performance of              
urban networks, as operators cannot invest that much on new infrastructures in sparsely             
populated regions, where the expected revenue is very low. This reality increasingly drives to              
a digital divide, an uneven distribution in access to communications technologies between            
rural and urban contexts. Actually, there are not clear technological plans for rural 5G              
communications at present. The situation is even worse in developing countries, where            
millions of small towns and villages around the world have limited or no access to quality                
broadband communications, which in turn has a very negative impact on the achievement of              
Sustainable Development Goals. All this justifies the need for new network architectures            
based on more appropriate technologies, suitable for reducing the service gap in rural areas.              
Also, new strategies are needed to enable a wider spectrum of actors to get involved in                
deploying, operating and maintaining telecommunications networks. 


While advances in access networks have exhibited the highest visibility in the last years,              
technologies for backhaul and transport networks have also been the subject of relevant             
research and development projects. In the specific case for low-cost rural terrestrial wireless             
transport networks, WiBACK [NAK15] or TUCAN3G [MVS16][FMM19] have been the most           
promising contributions. They use mesh/tree networks, with very cheap wireless technology           
to communicate well-connected urban zones with remote rural areas, and they include            
capabilities for traffic engineering and QoS support. However, these solutions have not all the              
characteristics that modern network applications require. As 5G mobile networks are           
becoming a reality in urban access networks, services and user expectations evolve towards             
higher performance and QoS requirements. This enforces operators and communities to also            







 
provide improved communications in rural areas, possibly with the participation of different            
actors, as suggested by the ‘’shared infrastructure model’’ described in RFC7962 [SAS17].            
When looking at technological solutions that match some of the requirements of the new rural               
transport networks needed, some alternatives come from the communities themselves which           
use a telecommunication infrastructure deployed and operated by citizens to satisfy some of             
their own communication needs, known as community networks. The H2020 CONFINE           
project [CO15] has recently analysed in-depth this kind of alternatives and their potential. In              
other cases, such as the Napo Project in the Peruvian Amazon [PSM18] or those of Plan                
Ceibal in Uruguay [MCM18], public administrations have led the deployment of rural            
telecommunications infrastructure for public services (telemedicine or tele-education        
respectively). This diversity of actors involved in the rural telecommunication infrastructures           
suggests that new network architectures should be valid for all of them, and possibly they               
should allow the cooperation between actors for network management.  


Unfortunately, technologies having all the capabilities needed presently for rural          
transport/backhaul do not exist yet. Alternatives such as TUCAN3G proposals are strong in             
QoS support and have been demonstrated to be a valid alternative for operators both              
technically [FMM19] and economically [PAM20], but are too complex and rigid. Community            
networks based on distributed mesh networks are flexible and resilient, but lack QoS support.              
Other technologies, such as the mentioned WiBACK project, are self-configuring, easier to            
manage through an SDN-like approach, and have some QoS support. Still,           
controller-dependency and weak link-state control result in an unreliable solution for a            
carrier-class network. 


In this project, we aim at proposing a new network solution that satisfies most of the                
requirements that allow improved connectivity in rural areas, with advanced quality of service             
support, robustness and resilience, basic self-configuration, and easy centralised         
management. Besides, this solution will be designed to be valid for diverse actors such as               
telcos, communities or public administrations. The seed idea of the novel network            
architecture to develop in this proposal is a hybrid network that comes to life initially as a                 
self-configuring wireless mesh network, and then a hierarchy of SDN controllers takes control             
of the network resources to improve the topology, apply traffic engineering and ensure QoS              
support. The optimal cooperation between these two network management and operation           
models (distributed mesh and centralised SDN) is the central problem of the proposal, as the               
final result must be a flexible, resilient network thanks to its mesh nature, but permitting               
centralized networks optimization, high-level QoS and topology management thanks to the           
SDN part. Proposals will be validated through simulation and through the implementation of a              
testbed network in the laboratory. 


1.1.2 Background and state of the art  


Software Defined Networks (SDN) [FRZ14] is an approach to computer networking which            
decouples the system that makes forwarding/routing decisions, the control plane, from the            
underlying system that forwards/routes traffic in the switching devices, the data plane. The             
control plane is based on a centralized controller software which is responsible for carrying              
out the network management functions, and the data plane implements the forwarding in the              
switches/routers according to decisions adopted by the control plane. SDN allows more            
flexibility in the configuration, management and network operation. 


Communications between a programmable SDN controller and the network infrastructure          
devices use the OpenFlow (OF) protocol in most cases, which allows extremely granular             
control. The behaviour of each communication flow can be defined, enabling the network to              
adapt to real-time changes. The OF protocol was originally applied to Ethernet networks.             
However, it is currently being extended to multi-vendor wired and wireless network            
environments supporting more than 50 different protocols. 


This proposal focuses on rural underdeveloped regions, where wireless infrastructures are           
more appropriate than cabled alternatives. Wireless Mesh Networking (WMN) [AWW05] is an            
emerging solution to connect areas using inexpensive infrastructure, frequently based on           
IEEE 802.11 using WiFi for Long Distance (WiLD) adaptations [S08][SMR10]. WMN devices            
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are auto-managed and use distributed routing protocols to self-configure network topologies.           
However, the WMN performance is variable and often low, using network resources            
inefficiently in many cases. 


Some recent research initiatives have studied how to leverage the SDN paradigm, that             
facilitates network management, in the context of WMN scenarios. These proposals are            
known as Software Defined Wireless Mesh Network (SDWMN). This integration requires           
some adaptation between the centralized SDN paradigm and the distributed WMN           
communication model, so some authors put these initiatives under the name of Hybrid SDN.              
Some of the most critical challenges when integrating SDWMN are: 


● Managing wireless interfaces.  
● Controller fault tolerance. 
● Resource optimization and differentiated traffic classes. 
● Control-plane connection and topology discovery. 


In the following paragraphs, we will review how previous work has addressed these             
problems. An additional challenge that will be considered is how SDN solutions integrated             
with WMN can be exploited by different stakeholders for the deployment of backhaul             
networks in underserved areas. 


Managing wireless interfaces 


One of the main problems to be solved is how to delve with the wireless configuration of the                  
underlying network without interfering with the routing/forwarding function. Current research          
in this field is analyzing two alternative solutions: (i) to extend the OF protocol to contemplate                
wireless parameters of nodes, and (ii) to communicate SDN software to other wireless             
management applications (e.g. SNMP, CAPWAP or NETCONF). 


One of the first references in SDWMN is the CARMEN project [BBC08] which presents a               
network architecture to provide QoS through a heterogeneous wireless mesh. This design            
introduces some architectural decisions in this environment, but it is not entirely described             
and some aspects remain open. 


The effort to integrate SDN and WMN has led to research about how to extend the OF                 
protocol in order to allow the SDN software to configure wireless mesh nodes. [DKB11] uses               
the Optimized Link State Routing (OLSR) protocol for the network topology discovery            
function, and establishes the connections between neighbor mesh nodes. The          
Monitoring-Control Server (MCS) component obtains network information from OLSR, builds          
the network topology and communicates to SDN software. Each mesh node gets its initial              
wireless configuration from a local agent [RBA06] and receives additional configurations from            
SDN software through OF. Subsequent research [HPC15] extends this architecture by           
adding initial OF rules to the bootstrap process. 


In [NMG14] the research is focused on extending OF to be compatible with WMN through (i)                
new OF messages to configure wireless parameters, (ii) new rules in SDN tables to configure               
mesh nodes and (iii) new headers in 802.11. Hybrid Wireless Mesh Protocol (HWMP) from              
the IEEE 802.11s standard is used to forward control traffic. 


The SD-WMN architecture [HLG15] describes the use of Software Defined Radio (SDR) to             
assign resources and minimize interferences. The SDR module allows selecting frequencies           
for data and control traffic. 


The Software Defined Small Cell Radio Access Network (SOCRA) architecture [SK16] is            
based on a global centralized SDN controller which completely configures the mesh nodes,             
extending the OF protocol. The controller performs routing calculation, neighbour mapping,           
wireless configuration and statistics collection, network performance calculation and network          
reconfiguration by an orchestrator. 


Controller fault tolerance 
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Since a centralized SDN controller is a single point of failure, some proposals introduce an               
innovative architecture based on a local controller running on each mesh node, named             
wmSDN [DPS13], [DPS14]. The local controller comes into operation in emergencies such as             
network partitions in which the communications between SDN centralized controller and           
mesh nodes are interrupted.  


[MNW15] uses a hierarchical architecture where the local SDN controller is responsible for             
providing an initial configuration. When the communication between a mesh node and the             
centralized SDN controller is established, the global SDN controller obtains the complete            
network topology and synchronizes each node configuration. 
 
Renaissance [CSS18] describes an in-band and distributed control plane for SDN that            
tolerate concurrent failures of controllers, switches and links by running self-stabilizing           
algorithms that ensure that every controller can reach any switch and the rest of controllers,               
and that every switch is managed by at least one controller. 


Resource optimization and differentiated traffic classes 


For more than ten years, researchers have studied the possibility of obtaining a carrier-class              
service on top of low-cost wireless mesh networks ​[BBC08​]. The problem has been seen as a                
very complex one with many open unsolved aspects since then. 


In the last decade, our group pioneered and led the analytical study of WiLD (WiFi over Long                 
Distances) as an appropriate simple, low-cost alternative for rural wireless transport networks            
[S08][SMR10][LSR15][RSS15][SAS17][SFM19]. This analysis showed that such WiLD       
networks face the common problems for supporting QoS on mesh networks plus an extra              
one: a tight control is needed on the throughput allowed through each wireless link that is                
supposed to meet certain QoS requirements, as the QoS parameters (specially delay and             
packet-loss) can only be kept at reasonable values while the throughput doesn’t use the top               
quarter of the link capacity. Taking this into account, the TUCAN3G project [​MVS16]​,             
proposed two practical alternatives for traffic engineering and QoS support with rural wireless             
low-cost transport networks, and demonstrated and compared both. MPLS and DiffServ were            
analysed and practically tested, and it was also shown that the use of QoS-aware MAC               
layers such as EDCA might improve the result slightly, but not importantly [SMM15]. This              
project also proposed and validated distributed optimization algorithms to reallocate network           
resources among nodes and traffic classes dynamically to a certain point. 


Alternatively, the WiBACK project also proposed the use of MPLS for traffic control over a               
mesh network, managing topology and traffic engineering from a centralised SDN-like           
controller ​[NAK15]​. However, the QoS support ​[NKJ12] ​was far from being satisfactory as the              
very special behaviour of QoS parameters in WiLD links was not taken into account, and the                
centralized network control lacked robustness and high availability due to an extreme            
sensibility to controller failures. 


As far as we know, no recent contributions have entirely solved the problem of obtaining               
carrier-class QoS support and traffic control in WiLD mesh networks. 


Control-plane connection and topology discovery. 


In [FSP16], our group proposed and demonstrated a dual network mesh wireless network             
that physically separated the control plane and the data plane in two parallel networks.              
Out-of-band signalling allowed to decide the topology of the network and to switch nodes on               
and off on demand for energy-saving purposes. 


The Aeroflux architecture [SSS14] divides the SDN control plane into two levels in order to               
reduce the overloaded communication between the SDN controller and mesh nodes and to             
reduce the latency in the wireless configuration. The first level in the SDN control plane is in                 
charge of global routing decisions and the second level is in charge of local wireless               
information (modulation, codification, frequency, etc.). 
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A study of algorithms and techniques for a transition to SDN [P16] concludes in a similar                
approach to the SDWMN bootstrap process, distinguishing three steps: i) OLSR initially            
allows the communication between mesh nodes and controller, ii) SDN controller optimizes            
the route between the controller and each mesh node, iii) SDN controller configures mesh              
nodes through OF protocol. HDDP [ARM20] is a recent protocol that enhances the existing              
OpenFlow Discovery Protocol (OFDP) allowing the discovery of hybrid network topologies           
composed of both SDN and non-SDN devices.  


Hybrid SDN 


SDN advocated the separation of the control plane from the data plane of forwarding devices               
provides several benefits such as the simplification of network management and control.            
However, specific problems arise when applying these principles to wireless mesh networks.            
In recent years several proposals have tried to combine the benefits of SDN centralization              
with the distributedness of networking protocols as a possible solution in wireless backhauls             
[NBM15] and in other networking environments where a pure SDN solution is not the best               
choice. [LBF16] details a hybrid routing architecture that combines SDN and OLSR to test if               
controller-assisted routing can lead to improved performance and power. This kind of            
proposals are known as Hybrid SDN [ARS18]. Multiple factors complicate the deployment of             
pure SDN solutions in wireless networks, such as frequent network topology changes, limited             
bandwidth, characteristics of signal propagation, higher rates of transmission errors, etc.           
Some researchers have proposed that software defined radios, network virtualization and           
software defined networking should be used together to develop wireless hybrid SDN            
networks [MGV15].  


In the Hybrid SDN approach known as fibbing [TVV16], originally proposed for traditional             
link-state routing protocols, combines the flexibility in management and control gained           
through centralization with the reliability of traditional distributed routing. The forwarding           
paths of each router are centrally computed using a graph that is extended with fake nodes,                
links and routes as the mechanism to achieve the desired network properties. A challenge of               
this approach is that it needs to centrally rebuild the fake graph when the underlying network                
topology changes, and then inform the rest of real nodes with new injected fake messages.               
The existence of several control planes also poses new challenges: updating the network can              
create inconsistencies in the forwarding entries of different routers. [VVC17] proposes to            
carefully orchestrate the updating of a new network configuration. 


The effectiveness of these innovative hybrid SDN schemes for the demanding requirements            
of a wireless mesh backhaul network with strong QoS requirements is a subject open to               
further research. 


Management models 


Beyond the technical aspects, the success of telecommunication solutions for rural areas            
also depends on the paradigms used for the deployment of the backhaul infrastructure. The              
main stakeholders involved in bridging the rural-urban digital divide are operators, authorities            
and communities, and different proposals addressing this challenge differ in how each of the              
actors participates in the solution [SAS17]. 


Some initiatives apply the community network paradigm, in which users provide themselves            
with telecommunications infrastructures for internal communications and access to the          
Internet and telephony operators through common gateways. These initiatives vary in the            
technologies chosen for community-owned access networks: while some use WiFi [RSS15],           
others enable the use of standard 2G/3G terminals by using access solutions such as              
OSMOCOM [BBM16] or OpenBTS [HHA13]. In all cases, from the business model point of              
view, community-owned access networks may lower the cost of access to communications            
services and provide the community with some additional advantages. Some European           
projects, such as H2020 CONFINE, have studied this matter, and international institutions            
such as the Association for Progressive Communications (APC) are researching and           
boosting community networks. Community networks demands have lately focussed on          
technological diversification, on network freedom, and on interconnection and Internet access           


5 de 20 







 
over QoS considerations, in addition to prioritizing decentralization in network management.           
In addition, community networks seek high resilience and easy-to-implement systems that           
require less technical knowledge. Some of these requirements are met by WiBACK solution,             
which is instead deficient in QoS support at the operator level and resilience. 


On the other hand, operators, who formerly preferred to deploy their own infrastructures, start              
to consider infrastructure sharing paradigms, as in the case of Rural Mobile Infrastructure             
Operator (RMIO) in Peru [PAM20]. In the field of community networks, some work has              
already been done on shared management models [BRF15], although this type of work has              
not considered the specific needs of the operators. Research has also been done on              
blockchain-based solutions to facilitate shared management through the exchange of reliable           
information [SRA18].  


No existing network management models covers all the requirements for the diversity of             
actors involved in rural deployments. 


1.1.3 Research hypothesis 


Based on the state-of-the-art exposed in the previous subsections, this research project is             
built upon the following research hypothesis: 


It is possible to design and develop a low-cost, robust multi-hop wireless network solution              
based on a hybrid paradigm that combines software-defined networking and flexible mesh            
networking, together with high-quality traffic engineering resources for carrier-class QoS          
support, that meets all the requirements for a rural transport network that may act both as a                 
community network and as an optimal operator’s carrier-class backhaul solution for rural            
areas. 


If this hypothesis is successfully validated and supported through theoretical results and a             
proof of concept, cooperative rural transport networks, which are a challenge for reversing             
the digital divide in the 5G era, will become technologically feasible, with a potentially              
significant impact on the evolution of rural telecommunications.  


1.1.4 Previous results and contributions of this research group related to this proposal 


The Principal Investigator (PI) and most researchers in this proposal are members of the              
research group “Information and Communication Technologies for Human development –          
TIC4DH” at URJC (8 members). This group has generated theoretical and experimental            
results on wireless mesh rural transport networks for developing regions for more than twelve              
years [SMS08]. In particular, the effort was put in the last decade on learning how to                
optimally use IEEE 802.11 (Wi-Fi) for long-distance communications in such networks           
[​S08​][​SMR10​][​LSR15​]. However, the main previous results that support this proposal derive           
from the FP7 TUCAN3G project, ended in 2016 [​SMM15​] [​MVS16​], and from the Napo              
project ending in 2020. The PI was the leader of Work-Package 5 of TUCAN3G, whose               
results were on shared infrastructures for mesh rural transport networks with carrier-class            
QoS support [​SMM15​][​FMM19​] and techniques for improved energy efficiency in such           
networks [​FSP16​]. Real deployments of all this that have deeply impacted on the sector, as it                
will be explained in the “Impact” section below. 


In parallel, a collaboration agreement between the TIC4DH group and the Fraunhofer            
Institute in Germany permitted in 2018 a comparative analysis of the TUCAN3G proposal for              
multi-hop rural backhaul, a static mesh proposal with carrier-class QoS support, and            
Fraunhofer’s WiBACK solution, based on the SDN paradigm.  


On the other hand, the group has also worked on non-technical aspects of rural backhaul               
networks such as business and operation models [​PSM18​] [​PAM20​] that associates the            
structure of consortiums and the participation of different types of stakeholders with the             
probability of success and the quality of results. The group has also explored Community              
Networks through collaborations [RSS15][SAB16][SAS17], also participating in LibreRouter        
[LR19] and LibreMesh [LM19] projects. The community networks world has incorporated our            
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contributions as a new evolving paradigm, as explained in the book [JB19] published by the               
Association for Progressive Communications (APC), an institution with global leadership on           
the community networks’ process supporting this proposal. 


Several real rural transport networks implementing our research results have been deployed            
in Latin America in the context of international projects funded by the EU (EHAS-@LIS              
project in 2003-2006 and FP7 TUCAN3G in 2013-2016) and others such as development             
banks (CAF Napo Project 2017-2020). 
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1.2 Social challenges to which this proposal is related, and how this project regards to               
them 


This proposal is fundamentally aligned with: “Reto 7. Economía, sociedad y cultura digitales”             
(Challenge 7: Digital economy, society & culture) of the Spanish State Scientific & Technical              
Research Program 2017-2020.  


The main focus of this research proposal is the need of an appropriate technological solution               
for rural telecommunication transport networks, provided that existing approaches have very           
limited penetration in rural areas. As citizenship is more and more “digital”, and all aspects of                
social participation increasingly depend on the availability of modern telecommunication          
services, this Challenge 7 can not be successfully met in rural areas without important              
advances in this subject. This proposal aims to propose technology that can reduce the              
domestic digital gap, hence extending the penetration of the benefits of the digital economy,              
society and culture in rural areas. 


1.3 General & Specific Objectives 


In this section, a General Objective (GO) and four Specific Objectives (SO) are defined. 


GO​: The general objective of this research is the design, development and demonstration of              
a new low-cost, robust multi-hop wireless backhaul solution combining SDN and flexible            
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mesh networking, together with high-quality traffic engineering strategies. The particular          
requirements of diverse actors willing to enable access to advanced telecommunications           
services in rural areas such as telecommunication operators, communities or public           
administrations will be taken into account, enabling them for individual or joint initiatives             
related to rural telecommunications transport networks. 


In other words, the GO corresponds to the validation of the research hypothesis. This GO will                
be met through the satisfaction of four Specific Objectives: 


SO1. Definition of a hybrid SDN wireless backhaul network architecture that combines the             
conflicting goals of centralized control and distributed routing. 


SO2. Development of a testbed prototype for a wireless backhaul network implementing the             
architecture defined in SO1 to provide broadband access to underserved areas.  


SO3​. Design, develop and test a subsystem that collaborates with the SDN controller for              
dynamic orchestration of traffic engineering and QoS support. 


SO4​. Review of network management models that enables cooperation between multiple           
actors to deploy rural transport networks.  


SO1. Definition of a hybrid SDN wireless backhaul network architecture that combines            
the conflicting goals of centralized control and distributed mesh routing. 


SO1 aims to define a hybrid SDN architecture that provides the advantages of centralized              
control together with the reliability of distributed mesh routing protocols used in wireless             
networks. The decoupling of the control plane from the data plane of switches and routers               
that guided the design of the SDN paradigm has provided several advantages to owners of               
data center networks and cabled networks in general, such as flexibility, expressivity, and             
manageability. On the other hand, reliability, robustness and scalability previously offered by            
the now discarded distributed routing protocols, must be obtained by other means in data              
center networks, by introducing redundant controllers and an ultra-reliable control plane           
network. Many in industry and academia consider that SDN is a better alternative to              
traditional distributed routing protocols in the context of data center networking. But it is not               
so clear what role SDN should play in the context of wireless networks, especially those               
deployed in rural areas. When the control plane of wireless networks is decoupled from the               
data plane, reliability, robustness and scalability are much more difficult to obtain because             
the wireless network used to communicate the data and control planes, and to communicate              
replicated controllers, highly unreliable. 


Whether trading the advantages provided by distributed routing protocols for the increased            
manageability of a centralized control plane or not is a difficult choice. Distributed mesh              
routing has been successfully used in wireless networking to provide robust and scalable             
connectivity thanks to its decentralized control. But this decentralization of distributed mesh            
routing is precisely what makes it much more difficult, if not impossible, to provide real-time               
optimal resource allocation. This is one of the main requirements imposed by the actors              
involved in wireless backhauls to be deployed in underserved rural areas.  


SO1 seeks to provide a solution to these conflicting goals by defining a new hybrid SDN                
network architecture where the central control needed to implement powerful real-time           
dynamic optimization algorithms does not decrease the reliability, robustness and scalability           
required by a backhaul network for underserved areas. Before committing to a particular             
architecture, a range of existing techniques will be evaluated against the requirements of this              
kind of networks, ranging from a pure SDN control plane that discovers the topology and               
provides communication for the control plane in-band, to a hybrid SDN architecture where an              
out-of-band control plane uses traditional mesh routing protocols to implement the control            
plane. As a result of SO1, the proposed architecture will be tested on the Mininet-WiFi               
emulator against the traffic engineering and QoS requirements identified in SO3. 
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SO2. Development of a testbed prototype for a wireless backhaul network           
implementing the architecture defined in SO1 to provide broadband access to           
underserved areas. 


SO2 aims to build a prototype testbed that implements the architecture defined in the              
activities designed to achieve SO1. The requirements imposed by SO3 and SO4 defined by              
operators, authorities and communities will be used to choose along several design            
dimensions affecting the implementation of the testbed in order to produce as output a              
realistic testbed prototype that could be replicated to be deployed in rural areas or other labs                
as future work. The experience of members of the research team deploying networks on rural               
areas and input from multiple actors will help choose on different design dimensions, such as               
the definition of the architecture of each backhaul node, the need or not of contemplating               
moving backhaul nodes, the best way to manage the wireless configuration, fault tolerance of              
backhaul nodes, topology discovery and monitoring mechanisms, bootstrapping, etc. 


SO3. Design, develop and test a subsystem that collaborates with the SDN controller             
for dynamic orchestration of traffic engineering and QoS support. 


SO3 stands on two pillars, which are the partial achievements of FP7 TUCAN3G’s work              
package 5 results, and those of the Fraunhofer Institute’s WiBACK project, whose results             
were assessed by our research team in our laboratories during 2018 through a collaboration              
agreement with the mentioned institution. TUCAN3G’s proof of concept (two real           
demonstrative networks deployed in the Peruvian Amazon forest) showed how the use of a              
tight control of the operational status of all transport mesh network links, together with MPLS               
or Diffserv-based traffic engineering could obtain a carrier-grade behaviour in the transport            
network. Moreover, distributed optimization algorithms were developed which permitted         
reallocating the network resources dynamically as the demand changes, while QoS grants            
were still respected. On the other hand, the lack of centralized control and a high-level               
intent-based declaration of QoS rules made the system too complex and hard to manage and               
to maintain. WiBACK showed its strength in the exact points in which TUCAN3G’s proposal              
was weak, starting the network with a self-configuring topology, and ruling QoS support on              
the whole network under the strict control of a centralized manager. On the other hand, the                
real QoS support was weak and the absolute dependence on the central controller made the               
network fragile.  


This SO3 aims to propose a hybrid model in which self-configuring mesh networking has              
initially ensured the permanent access to all achievable nodes, and there on the SDN              
controller hierarchical structure rules the network. Firstly, a subset of the network graph             
eliminating unstable links is imposed, links are measured and then the throughput            
requirements are translated into virtual circuits with priorities for the different traffic classes.             
IP traffic control will be applied in ingress nodes, and MPLS will be used internally for                
switching across the mesh. 


SO4. Review of network management models that enables cooperation between          
multiple actors to deploy rural transport networks.  


The general objective of the proposal is to bring the connectivity of the telephone and Internet                
networks to people who are not reached by conventional market agents (telecommunications            
operators). To contribute to this objective, SO4 will ​review ​existing management/business           
models for the implementation of a rural communications infrastructure at the initiative of             
operators, public institutions and/or third parties. This review will aim to identify the             
technology requirements that should be considered by this project to enable different agents             
to contribute part of the infrastructure and share the use of it. Some of these requirements                
could include mechanisms for a coordinated deployment, maintenance and operation of a            
rural telecommunications infrastructure. The review should also consider the responsibilities          
and rights of each actor, which in turn will depend on the contributions made to the                
deployment and operation of the infrastructure. The reference scenario would have a large             
number of actors involved: various municipalities could offer towers to deploy the networks,             
neighbourhood associations from each population could deploy wireless links to interconnect           
rural populations, some local companies could expand the network to their centres of             
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production (such as farms), and one or several operators would provide the interconnection             
of the network and also install 5G nodes in rural populations taking advantage of the existing                
backhauling. In this scenario there would not be a single actor that had complete control of                
the network, but this responsibility would be decentralized and there would have t​o be              
mechanisms to identify the contributions and resources used by each stakeholder, and            
establish what they should receive or contribute to compensate for the imbalances and make              
the network sustainable​. 


1.4 Methodology and workplan 


1.4.1 Methodology and basic elements 


The project will have a total extension of 36 months. Methodologically, this time will be               
divided into four periods (that may have different durations and starting-ending months for the              
activities of each specific objective, as needed): 


- Initially, after a fast update of the state-of-the-art, the first research activities are of              
theoretical analysis and design. In parallel, a flexible software emulation environment           
based on the Mininet-WiFi platform will be prepared for further experimental work. 


- In the second phase, theoretical contributions and proposals will be tested in the             
emulation platform, obtaining feedback to modify or validate the theoretical          
achievements. In parallel, appropriate hardware will be identified and obtained to           
integrate a real experimental testbed with all the required characteristics and           
compatible with the Mininet-WiFi environment, so that any developments that are run            
and validated in the emulation platform can be subsequently tested in the real             
testbed. 


- In the third phase, the experimental testbed will be used to stress the proposals and               
to debug the concepts and techniques. Several scenarios will be reproduced with the             
experimental testbed to emulate typical use cases, simulating real traffic with traffic            
injectors and measuring the network behaviour. 


- Finally, the last phase will consist of processing results, obtaining final conclusions            
and generating the definitive project outcomes. 


Mininet-WiFi is a tool to emulate wireless SDN/OF scenarios allowing high-fidelity           
experiments that replicate real networking environments. Mininet-WiFi augments the         
well-known Mininet emulator with virtual wireless stations and access points while keeping            
the original SDN capabilities and the lightweight virtualization software architecture. 


Regarding the construction of the real testbed, 6 LibreMesh/LibreRouter prototypes have           
been donated to our laboratory by the Association for Progressive Communications, an            
international organisation that supports this project proposal. Other software/hardware         
alternatives will also be considered. The development of the prototypes for the real testbed              
will be based on agile methodologies. This means that strong effort will be made to achieve                
the fourth phase with each single result as soon as possible, try to minimize the time to                 
obtain a minimum viable product firstly in the emulation environment, and secondly in the real               
testbed. 


1.4.2 Workplan 


In this section, we describe the activities related to specific objectives: activity Anx is the xth                
activity in objective SOn. Also three Transversal Activities (TA) are defined.  


A1.1 ​Evaluation of existing techniques for providing a control plane for a wireless mesh              
backhaul for rural networks according to the requirements identified by activities of SO3.             
Providing control communication is fundamental in the demanding environment aimed by this            
project. In the context of SDN a wide range of solutions have been proposed to connect the                 
control and data planes: out-of-band, in-band and hybrid solutions that provide control            
communication with traditional routing either using dedicated or already existing data links.            
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The selection of the proposed architecture will be made according to the following criteria:              
scalability and cost, resilience to congestion, resilience to link failures, time required for             
bootstrapping and time to recover after controller failure. 


A1.2 Specification of the protocols required to deploy the SDN control plane for a wireless               
mesh backhaul for rural networks. According to the architecture defined in A1.1, a formal              
specification will be provided to satisfy the following requirements: fast and reliable            
bootstrapping, resiliency through redundant paths. A formal specification of the algorithms in            
TLA+ will be written, using model checking to verify it. 


A1.3 Implementation of the algorithms specified in A1.2. Once deployed in the real testbed,              
the controller will also need to provide commands to a wireless interface controller running on               
each backhaul node. The wireless interface controller is deferred to A2.2. 


A1.4 Validation of the implementation of the proposed architecture. The algorithms           
implemented in A1.3 will be experimentally validated in the Mininet-WiFi emulator to ensure             
that the needs of SO3 are met by the controller.  


A2.1 Definition of the operational requirements of the backhaul testbed implementation. This            
activity will be performed in parallel with TA1. 


A2.2 ​Implementation of the SW image of each backhaul node on top of the Free/Libre               
software platforms OpenWrt/LEDE and LibreMesh, or equivalent choice. In this activity a            
wireless interface controller running on each node will be implemented for OpenWrt. The             
wireless interface controller will receive instructions from the controller in order to reconfigure             
the wireless links. In the final phase of this activity, the controller implemented in A1.3 will be                 
tested and adapted to the backhaul node, developing the communications protocol between            
it and the wireless interface controller. 


A2.3 ​Specification and implementation of an orchestrator running above the controller to            
coordinate the reconfiguration of both, the wireless links and the injection of messages into              
the mesh routing protocol when a new backhaul configuration is requested. Reconfigurations            
can be triggered either by pre-scheduled events, by un-scheduled network operator requests,            
or fired by network applications monitoring network conditions that change the configuration            
to satisfy optimization goals. The orchestrator will carefully coordinate the reconfiguration           
operations affecting wireless links in different nodes by communicating with the wireless            
interface controller (A2.2), and the injection of messages into the mesh routing protocol. Its              
main objective is to coordinate the execution of the reconfiguration commands affecting            
multiple backhaul nodes while minimizing the disruption these reconfigurations cause to the            
service offered by the data plane. 


A2.4 Replication of the controller. The architecture defined in SO1 will be refined to increase               
the robustness of the backhaul by replicating the controller. Alternative strategies, with a             
global controller running on external servers outside the backhaul, and local controllers            
running in every node in the backhaul will be evaluated.  


A2.5 ​Validation. Several scenarios will be deployed on the testbed in order to validate the               
architecture: Installation of global network policies to satisfy diverse traffic demands during            
different times of the day; on-demand installation of new network configurations requested by             
network operators to satisfy urgent unplanned network policies; adaptation to network failures            
triggering both reconfiguration operations on the wireless network configuration and          
installation of forwarding rules to re-route traffic on the data plane. This activity will be               
realised in parallel with TA2. 


A3.1 Formal definition of the set of rules that ensure que QoS support in a multi-interface                
physical wireless mesh network supporting a number of superposed virtual networks sharing            
the capacity of links as needed. Each virtual network may have any number of predetermined               
differentiated traffic classes, with well defined rules of how are their relative priorities. This              
activity will take into account that links must never be saturated, so they must be tagged with                 
an available capacity that is always lower than the saturation capacity, and that can be               
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variable depending on the modulation and coding schemes and the environmental           
conditions. 


A3.2 Definition of a centralized optimisation algorithm that maximises the satisfaction of            
requirements in real time under variable environmental and network conditions. The           
algorithm will take as inputs the set of rules defined for the network, the network state and                 
the traffic demand, and will result in an optimal resource allocation for the different traffic               
classes of all virtual networks. 


A3.3 Implementation of traffic engineering orchestration in the network's controller hierarchy,           
using Intent-Based Networking (IBN) techniques. The decisions on the network behaviour will            
be established in a declarative fashion (“intents” declaration) at the network controller, letting             
the system compile those intents and generate the specific node configurations, taking into             
account the algorithm designed in A3.2. 


A3.4 Validation of the implemented QoS supporting system through controlled traffic injection            
in the testbed developed in SO2.  


A4.1 ​Identify the management requirements that a shared network infrastructure would have            
for the potential actors involved (operators, community networks, public institutions, etc.).           
These management requirements would cover various aspects such as distribution of costs            
and resources, security guarantees, definition of responsibilities. This activity would be based            
on both the review of cases and interviews with the different actors, and will also consider                
legal constraints. Coordinated with ​TA1​. 


A4.2 Carry out a review of the available tools to perform shared network management based               
on the previously identified requirements, such as those that already exist for the global audit               
of blockchain transactions. This activity will also analyze the feasibility of developing specific             
solutions for those needs that are not yet covered. 


A4.3 Select a decentralized and cooperative infrastructure deployment and management          
model from the review and discuss the benefits that the technologies proposed in this              
research could offer to the model. This study will include a cost analysis that will be                
compared to the models currently used by telecommunication operators. The cost analysis            
will be based on deployment costs (CAPEX) and operation and maintenance costs (OPEX)             
obtained from operators in previous research on this matter. 


Transversal activities (TA) are also planned for all specific objectives: 


TA1 Collect requirements to meet the four specific objectives from different actors, by using              
interviews to relevant people from community networks (for instance APC and GuifiNet), rural             
telecommunication carriers (for instance IpT and MayuTel), and regional public          
administrations (for instance Junta de Comunidades de Castilla - La Mancha, as a region              
with many rural areas and regional public administration of Loreto, in Perú, as a region with                
large isolated areas).  


TA2 Design of experiments to probe in a real testbed. Once a testbed which implements the                
results of SO2 and SO3 is available, experiments will be carried out to jointly validate them.  


TA3 Publication and dissemination of transversal results. In addition to the results of each              
SO, the results together will be studied to show the potential impact to realize final               
dissemination activities: international conferences, articles in scientific journals and meetings          
with the different actors. 


1.4.3 Risks, critical success factors and contingency plans 


The project, though scientifically and technically ambitious, is highly feasible as it is not only               
well supported on the last advances of the state of the art, but also supported by the group’s                  
own results in the last years. Also the methodology is also based on the tools and methods                 
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that the group is already using. However, we have examined carefully the different objectives              
and activity, and identified possible risks that must be mitigated in order to ensure the               
achievement of goals: 


- The project methodology is highly dependent on the implementation of all contributions in              
two experimental platforms: the emulation platform Mininet-WiFi, and a real testbed. Hence,            
a first risk is that any relevant contribution can not be implemented in such platforms. This is                 
not very likely to happen though, as (1) Mininet-WiFi has already been deeply tested in the                
group with an SDN controller, several nodes controlled by it and running mesh routing              
protocols in parallel, and connected to other external physical nodes. Additionally, the use of              
OpenVSwitch as a central element in both platforms ensures that anything successfully            
implemented in the first, can be easily ported to the second. However, in case any minor                
aspect of the proposals is found to be too difficult to implement in these platforms, it will be                  
clearly stated in the deliverables together with the details of the difficulties found, and the               
particular contribution will be considered only a theoretical proposal for future works. In case              
problems are found with the emulation platform, the results of the project can always be               
achieved through direct experimentation with the real testbed. In case the hardware and             
software chosen find any critical limits, alternative software or hardware pieces will be             
identified to replace the failing ones. 


- Optimization activities such as A3.2 have the risk of not achieving optimality. This goal was                
achieved previously by this group in the FP7 TUCAN3G project for static tree topologies with               
a well-defined initial resource allocation plan, but this project includes several new freedom             
degrees such as the mesh topology, the slow variability, and the generation of the initial               
resource allocation plan through declarative “intents”. In case global optimality can not be             
achieved, the goal will be reformulated to “a progressive optimality” in which optimal resource              
allocation is ensured for a reduced number of priority traffic classes tagged as “critical” once               
the initial set of resource allocation rules has been established. 


- Different activities propose the use of a declarative language for high-level intent-based             
networking. The risk exists that a set of “intents” can not be compiled to an implementable set                 
of configurations. The system will test in real-time the feasibility of the intents one by one,                
providing feedback to the operator if any condition can not be met. 


- Related to impact, there is a certain risk of finding little willingness for operators to share                 
infrastructure with other actors. This risk is mitigated by the previous experience of the              
research team in proposing and developing this type of business models in collaboration with              
companies such as Telefónica. Also, the research team is involved in forums such as the               
Telecom Infra Project that seeks precisely new business models and where different            
operators are strongly involved. 


1.5 Material resources and infrastructures 


The group has a research laboratory of 160 m2 with 10 desktop computers, 6 RF-shielded               
portable boxes, cabling and supplies & tools for assembling wireless systems. The laboratory             
has room enough for the work of all the team members foreseen. This being a good base for                  
the experimental part of the work, the following extra elements are required for this research: 


- A stackable server for development, that will contain the Mininet-WiFi platform,           
development tools and a repository of documents and software. 


- A stackable server for a principal SDN controller that will be used in the real testbed. 


- Elements to integrate 12 multi-interface wireless mesh routers: 12 high performance           
embedded computers, 36 IEEE 802.11ac interfaces, 12 portable storage devices for           
operating systems, 12 IP65 outdoor router enclosures, 12 power supplies, 50 pigtails            
and connectors, and 36 antennae. 


15 de 20 







 
- 6 laptops for research and development activities, powerful enough for development           


environments and to be used as sources/sinks in orchestrated multi-point          
performance experiments with traffic injectors. 


- 6 libreRouter/libreMesh systems. 


1.6 Table with the tasks, participants, deliverables scheduling and duration 


The team starts with a research team of 5 professors-researchers and one doctor for the               
work team, with experience in programming. For facing the load of work of all the activities in                 
the proposal in a sustainable way, two additional people need to be recruited: 


Research team: ​Francisco Javier Simó Reigadas (JSR), Pedro de las Heras Quirós (PHQ),             
Andrés Martínez Fernández (AMF), Ignacio Prieto Egido (IPE), Eva Castro Barbero (ECB),            
Alejandro de la Fuente Iglesias (AFI), Fernando Poza Saura (FPS), Eduardo Morgado Reyes             
(EMR). 


Working team: EM - Esteban Municio (University of Antwerp), ​CRM - Carlos Rey Moreno              
(APC), RP - A Recruited Person (engineer to be hired)​, ABF - Alejandro Bravo Fernández               
(URJC) 


The duration of the project is divided into 36 months (“M”). The following table states how the                 
different activities are planned, what researchers participate in each one (the researcher            
marked on bold letters is the responsible of the activity) and when Milestones (ML) and               
Deliverables (D) are produced. Acronyms: I.C. (paper submitted to an International           
Conference); E.P. (Execution Period); J. (Journal paper submitted); P. (Participating group           
members); T.M. (Task Manager). 
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A1.1 (E.P.: M1 – M3) T.M.: PHQ P.: JSR, ECB 


ML1.1 – Technical report specifying the evaluation of alternatives and the definition of             
the proposed architecture. 


 


A1.2 (E.P.: M1 – M5) T.M.: PHQ P.: ECB 


ML1.2  –  Technical report describing the algorithms specification in TLA+  


A1.3 (E.P.: M5– M8) T.M.: PHQ P.: ECB 


ML1.3 – Technical report describing the implementation of the algorithms.  


A1.4 (E.P.: M8 – M11) T.M.: PHQ P.: JSR, ECB, AMF 


D1.4  – 1 paper sent to journal with results of SO1 (M11) 1 J. 


A2.1 (E.P.: M2 – M5) T.M.: PHQ P.: ECB, JSR, AMF, RP  


ML2.1 – Technical report specifying the operational requirements of the          
backhaul testbed implementation 


 
  


A2.2 (E.P.: M6 – M13) T.M.: ECB P.: PHQ, JSR, RP  


ML2.2 – Technical report describing the implementation of the wireless          
interface controller and its interface with the controller implemented in          
A1.3 


 


 ​A2.3​ ​(E.P.: M14 – M17) T.M.: ECB P.: PHQ, JSR, RP  


ML2.3 – Technical report describing the implementation of the         
orchestrator 


 







 


 
 


 


 


 


1.7 Need to hire a technician  
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A2.4 (E.P.: M18 – M24) T.M.: ECB P.: PHQ, JSR, RP  


ML2.4 – ​Technical report describing the different replication strategies          
tested in A2.4 and detailing the implementation and verification of the           
tests 


 


A2.5 (E.P.: M25 – M36) T.M.: ECB P.: PHQ, JSR, AMF, RP  


D2.5: 1 international conference communication and 1 paper sent to a           
journal  (M30) 


1 I.C. + 1 J. 


A3.1 (E.P.: M1 – M4) T.M.: JSR P.: PHQ 


ML3.1 – Internal report with formal description of network resources and           
QoS requirements 


 


A3.2 (E.P.: M5 – M15) T.M.: JSR P.: IPE 


D3.2 – Communication sent to international conference on the optimal          
resources allocation for all traffic classes in a wireless mesh network with            
network slicing support. (M15) 


1 I.C. 


A3.3 (E.P.: M16 – M24) T.M.: JSR P.: ECB, PHQ 


ML3.3 – Technical report with concept, implementation and validation         
results of centralized IBN-based orchestrator. (M24) 


 


A3.4 (E.P.: M25 – M36) T.M.: JSR P.: ECB, AMF, IPE 


D3.4: 1-2 papers sent to journal(s) with results of SO3 (M36) 1-2 J. 


A4.1 (E.P.: M1 – M6) T.M.: IPE P.: JSR, AMF, CRM 


ML4.1 – Report detailing the requirements presented by the different actors on            
the needs of a shared infrastructure.– (M6) 


 


A4.2 (E.P.: M7 – M12) T.M.: IPE P.: JSR, AMF, CRM 


ML4.2 – Communication to international conference with the review of existing           
solutions to facilitate the sharing of network infrastructure in rural areas (M12) 


1 I.C. 


A4.3 (E.P.: M18 – M36) T.M.: IPE P.: JSR, AMF, CRM 


D4.3 – 1 paper sent to a journal with the analysis of ​the benefits that the                
technologies proposed in this research could offer to the most relevant           
management model. (M36) 


1 J. 







 
The project requests funds to hire a person (RP) with a degree and a master in                
telecommunications engineering. She/he will collaborate mainly in the activities of SO2: 1)            
Initial configuration of hardware equipment for the testbed; 2) Implementation of the            
algorithms proposed in SO1 and SO3 for its validation in the testbed; 3) Configuration of               
additional controllers with coordination mechanism to provide resilience to the network, and            
4) Creation and periodic update of the website of the project. While these tasks are critical for                 
project success, they are highly time-consuming. Having an engineer carrying out them will             
enhance the quality of the results while saving valuable research time to the rest of the team.                 
The intensity of these activities will be constant throughout the execution of the project;              
hence, funding is requested to cover the salary for 36 months. Since the engineer will work                
on tasks related to innovation and technology transfer, she/he would acquire training that,             
after the conclusion of the project, could be highly beneficial to companies in the sector. 


2. ​EXPECTED RESULTS IMPACT  


The long-term research objective of this project is the complete development of a new model               
of backhaul wireless network that makes it possible to bring carrier-class broadband            
connectivity to rural areas around the world. Therefore, the successful execution of this             
project will enable the following expected impacts: 


● From the technological point of view, with the use and development of modern             
techniques that are hot topics in the scientific literature today, we expect to make              
fundamental contributions to backhaul solutions, rural transport networks and         
community networks. Hence, this project is not only filling a gap in the knowledge, but               
also it satisfies real needs of economical & societal actors, eventually enabling            
multi-owner networks. 


● From the socio-economic point of view, this project will contribute to reducing the             
rural-urban digital divide and, therefore, the rural exodus to urban areas. In the same              
way, it will contribute to the reduction of the North-South digital divide, since the lack               
of rural connectivity is a phenomenon much more present in developing countries,            
which would benefit more from the transformative power of the results of this project. 


● The successful execution of this project will also contribute to the internationalization            
and reputation of Spanish research, not only via publications and diffusion activities,            
but also by consolidating a network of international collaborations. In this regard, in             
addition to demonstrating the project outcomes in a real testbed in a laboratory, this              
group has the possibility of testing and exposing them in our own demonstrative             
networks in rural areas in Peru. An example of this dynamics, our previous project              
has been one of the 10 projects (among 340+ proposals) shortlisted in the European              
Commission Horizon Impact Awards 2019 under the name MC4D-LA. 


Diffusion of the project results 


The following outputs and activities will be carried out: 


● Publication of at least 4 papers in JCR journals, within the first or second quartile.               
Given the number of PhD researchers, their publication history, the duration of the             
project and the interest and timeliness of the proposal, this is considered a realistic              
number of publications. These papers are intended for technical journals of relevant            
categories (such as IEEE Trans. on Comms.; IEEE Trans. on Wireless Comms.;            
Computer Networks (Elsevier); Computer Comms. (Elsevier), Ad Hoc Networks         
(Elsevier)...). However, considering the social impact achieved by the results at the            
end of the project, publication in a magazine-type journal (such as IEEE            
Communications Magazine; IEEE Wireless Communications Magazine ...), cannot be         
ruled out, thus increasing the number of published journal papers. 


● Publication of at least 3 peer-reviewed papers in international conferences (such as            
EUCNC, IEEE WOWMOM, ACM Dev, IEEE ICC, IEEE VTC, IEEE CCNC, IEEE            
WCNC, IEEE Globecom, IEEE INFOCOM, International Conference on        
Telecommunications (ICT), ICCCN, WCSP, IFIP Wireless Days, ACM ACE, ACM          
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SAC, ACM MobiCom, ICTD.and E-Society). As before, the number considers the           
proposed research and the trajectory of the group. 


● Presence in world summits or international meetings such as IETF Gaia workshop,            
Telecom Infra Project Summit, APC Community Networks Laboratories, the diverse          
continental workshops on community networks. 


● Development and maintenance of a webpage for the exchange and diffusion of the             
results of the project. It will have two parts: a private site, used for the exchange of                 
documents and management, and a public site with published papers, preprints,           
presentations, videos and codes. 


Transfer plan: 


This project aims at generating open knowledge that can be adopted by different actors with               
different institutional cultures. We will invite other actors like APC and Telefonica to             
participate in an IETF Internet Draft that could eventually evolve into a RFC. This was already                
our strategy with RFC7962 for consolidating the “shared-infrastructures model” as a global            
reference. 


After that, we intend to work in three parallel ways: 


(1) with APC to attract the interest of community networks around the world. The CN               
movement has already shown its capacity for industrializing a network concept, as already             
happened with [LR19], which already made use of our contributions in [FSP16], and [LM19].  


(2) with Telefonica’s ‘Internet para Todos’ initiative to use the OpenSDWMN solution in their              
rural deployments around the world, as they have previously done with the results of the               
TUCAN3G project.  


(3) with the Telecom Infra Project Foundation, reference in the industry for open             
telecommunications technology for developing regions. Already members of TIP we will keep            
the TIP community updated along the project, proposing a demo session in the first TIP               
Summit after having solid results implemented (Fall 2022). 


The group has a letter signed by APC Executive Director committing to collaborate with this               
group for (1), and a letter signed by the former responsible for ‘Internet para Todos’ in                
Telefónica Innovation, committing to collaborating in (2) and (3). 


3. ​TRAINING CAPACITY 


Training program: ​The PhD student will be enrolled in the Doctoral Program on Information              
and Communication Technologies of the URJC. She/he will attend doctoral courses and will             
regularly participate in short research seminars organized by the host department (one per             
month). The student will attend international conferences (at least 1 per year) and carry out at                
least one visit (2-3 months) to the University of Antwerp. Regarding the development of the               
thesis, the training will proceed into 3 main phases. First, the student will take mandatory and                
online PhD courses on basic disciplines (SDN, WMN, OpenFlow), review the literature and             
execute simple tasks. In the second phase, the PhD student will be more involved in the                
project, working closely with other members and growing her/his research skills. At this             
stage, the student will participate in the implementation of the testbed planned in SO2. The               
student will have the opportunity to test and analyze different algorithms in the testbed.              
She/he will attend conferences, presenting the results and interacting with other researchers.            
In the third phase, the student will be leading particular tasks and being responsible to write                
the first draft of her/his papers. By the end of the PhD, we expect the student to be the                   
co-author of 3-4 Q1 journals and 2-4 conference papers (at least half as the first author). The                 
thesis advisor will be the PI. The subject of the thesis will be on the problems in SO1 and                   
SO3, which will be evaluated in the testbed developed in SO2. 


Defended thesis: ​the publications per student are reported into the brackets, “JP” denotes             
journal papers and “CP” conference papers. 
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1. C. Rey-Moreno. Community Telco: An acceptable solution for providing affordable          


communications in rural areas of South Africa. ​J.Simó​, William D. Tucker. 2011/15.            
[4JP-10CP].  


2. A. Lopez Varona, Optimización del "Proceso de Gestión de Proyectos de           
Cooperación al Desarrollo" con Técnicas Industriales. ​A. Martínez. ​2011/16​. 


3. I. Prieto-Egido​. Modelos innovadores para desplegar servicios de telecomunicación         
y telemedicina en zonas rurales aisladas de países en desarrollo de América Latina.             
A. Martínez​. 2014/17. [5JP+3CP]. 


4. P.H. Crispín Milart. Ecografía portátil y cribado de sangre y orina para el control de               
gestantes en zonas rurales de países en desarrollo: estudio de caso en Guatemala.             
A. Martínez​, JA, Carcía Velasco. 2012/18. [2JP+2CP]. 


5. R.San Millán-Castillo. Characterisation and modelling of vibration handheld probes         
for building acoustics with non-parametric statistics and machine learning. R. Goya,           
E. Morgado​. 2014/2019. [2JP+8CP] 


6. F.M. Pineda López. Desarrollo y Validación de un Sistema de Registro de Actividad             
Cardiaca de Bajo Coste y Altas Prestaciones. ​A. Martínez​, M. Blanco. 2014/19.            
[2JP-5CP]. 


A total of six doctors have graduated from the national team from 2010, all of whom are                 
currently carrying out R&D activities. Four of them work in research centres: two work as               
professor in URJC (one participates in this proposal), other works as professor in a              
university of Ecuador, and the last one works in a research hospital. The other 2 work for a                  
private company (A. Lopez Varona) and for the Association for Progressive           
Communications (C. Rey Moreno, who also participates in this proposal). 


Main scientific-technical and training aspects of the team and the institution 


i. All the researchers involved in this proposal are university professors and participate in              
the master in Telecommunications Engineering and the two doctoral programs of the            
Telecommunications School of the Rey Juan Carlos University. In this line, they have             
supervised a total of 6 Ph.D thesis and 27 M.Sc thesis, and they have also participated in                 
several teaching innovation projects highly intensive in experimental implementation of last           
generation networking concepts; in fact, two of the researchers of this group were             
nominated best innovative professors in our institution in 2018 because of their training             
strategies in advanced courses on software-defined networks making use of portable           
laboratories. 


ii. URJC has modern facilities, a high growth potential and offers a broad range of courses                
for PhD students. It also has well-established mechanisms, protocols and software to track             
the progress of and support PhD students (courses taken, papers published, main            
milestones, expected results…). 


iii. The collaboration with the University of Antwerp and with the private institutions such as               
Telefonica and APD will provide the student with a broad understanding of the rural              
communications ecosystem.  


Publicizing job offers: The offer will be advertised in several job portals (CAM, EU,              
EURASIP, IEEE). Additionally, national and international members of the group will use their             
network of contacts to disseminate this information. 


4. SPECIFIC CONDITIONS FOR THE EXECUTION OF CERTAIN PROJECTS 
It does not apply. 
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1. Datos de la Entidad Solicitante


Entidad: UNIVERSIDAD REY JUAN CARLOS


Representante Legal: FRANCISCO JAVIER RAMOS  LÓPEZ


¿Es entidad pública? SI


CAMINO DEL MOLINODirección:


Código Postal:Provincia: 28943FuenlabradaMunicipio:MADRID


Correo Electrónico: SECRETARIA.RECTOR@URJC.ES


DPTO. TEORÍA DE LA SEÑAL Y COMUNICACIONES Y SISTEMAS TELEMÁTICOS Y COMPUTACIÓN


ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA DE TELECOMUNICACIÓNCentro


Departamento


CIF: Q2803011B


Datos de contacto


Luis PabloNombre


Noriega OrtegaApellidos


914889361Teléfono:


luispablo.noriega@urjc.esCorreo Electrónico:


Coord. de Convocatorias del Serv. de InvestigaciónCargo


PID2020-115420RB-I00Referencia Administrativa:
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2. Datos del Proyecto


7º/ Economía, sociedad y cultura digitalesReto Principal


Retos


Implicaciones relevantes en otro reto


A qué modalidad de proyectos concurre: Proyectos de I+D+i Retos Investigación


Tipo de proyecto: Tipo B


Áreas Temáticas


04040 - Transporte, telecomunicaciones y otras infraestructurasCódigo NABS:


Tecnologías de la información y de las comunicacionesÁrea temática principal


Tecnologías de las comunicaciones


Subárea temática


Área temática secundaria


Subárea temática principal


Código FORD: 202 - Ingeniería eléctrica, electrónica e informática


¿Se desarrolla su propuesta en el contexto de una actuación de colaboración internacional que compete al Ministerio de Ciencia
e Innovación a través de acuerdos o memorandos de entendimiento?


No


Información Proyecto


Título:


Redes mesh inalámbricas abiertas definidas por software para las comunicaciones rurales en la era 5G


Title:


Open Software-Defined Wireless Mesh Networks for rural communications in the 5G era


Acrónimo: OpenSDWMN-5G


Duración (años): 3


IndividualForma de ejecución:


Palabras clave:
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Comunicaciones rurales, infraestructuras de telecomunicación resilientes, redes definidas por software, gestión centralizada de
infraestructuras, reducción de la brecha digital, redes mesh


Key words:
Rural communications, resillient telecommunications infrastructures, software-defined networking, centralized infrastructure management,
reduction of the digital divide, mesh networks


NO
¿Considera que su proyecto tiene un marcado carácter  multidisciplinar?


NO
¿Considera que su proyecto tiene un marcado carácter interdisciplinar ?


Resumen:
Las comunicaciones ubicuas de banda ancha con baja latencia, capacidad masiva y alta confiabilidad son cada vez más necesarias para
el acceso a todo tipo de servicios y para la participación en la sociedad. Sin embargo, las tecnologías existentes que pueden satisfacer
esas demandas no son apropiadas para los contextos rurales en general, y especialmente en las regiones en desarrollo. Las
contribuciones recientes para las redes de transporte inalámbricas rurales han proporcionado avances que cumplen con los requisitos
para esto solo parcialmente. Algunas propuestas permiten el despliegue de redes distribuidas flexibles y resilientes autoconfigurables,
aunque sin garantías de QoS; otras soluciones han logrado redes inalámbricas de alta calidad y bajo costo con un fuerte soporte de QoS,
pero con un déficit de flexibilidad, y otras brindan soluciones que centralizan el control y la gestión de una red mesh a costa de una menor
resiliencia y un peor soporte de QoS. No obstante, en la era 5G, cada vez más servicios requerirán redes flexibles autoconfigurables y
resistentes con soporte centralizado de QoS de alta calidad.
En este proyecto, proponemos una arquitectura de red novedosa basada en un proceso de arranque de red de dos pasos. Las redes
cobrarían vida inicialmente como redes de malla de autoconfiguración con la filosofía de mejor esfuerzo, y luego una estructura jerárquica
de controladores SDN tomará el control de la topología de la red y luego implementará la ingeniería de tráfico y el soporte preciso de QoS
basado en las reglas expresadas en un alto -nivel a un gerente central. Definiremos la arquitectura y todos los elementos funcionales,
propondremos algoritmos de optimización y herramientas de gestión de QoS y desarrollaremos prototipos que ayudarán a demostrar la
viabilidad de la propuesta.


Ubiquitous broadband communications with low latency, massive capacity and high reliability are more and more necessary for access to
all sorts of services and for participation in society. However, existing technologies that can meet those demands are not appropriate for
rural contexts in general, and specially in developing regions. Recent contributions for rural wireless transport networks have provided
advances that meet the requirements for this only partially. Some proposals enable for the deployment of self-configuring flexible and
resilient distributed networks, though these lack QoS capabilities; others propose high-quality low-cost wireless networks with strong QoS
support, though these ones lack flexibility, and others bring solutions that centralise the management of mesh network topology and the
QoS management at the cost of lower resillience and worse QoS support. Nonetheless, in the 5G era more and more services will require
flexible self-configuring resillient networks with centralized high-quality QoS support.
In this project, we propose a novel network architecture based on a two-step network bootstrap process. Networks would come to life
initially as self-configuring mesh networks with best-effort phylosophy, and then a hierarchical structure of SDN controllers will take control
of the network topology and then implement traffic engineering and QoS accurate support based on the rules expressed at a high-level to
a central manager. We will define the architecture and all funcional elements, propose optimization algorithms and QoS management tools
and develop prototypes that will help to demonstrate the feasibility of the proposal.


Summary:


Impacto científico técnico o internacional esperable:
The long-term research objective of this project is the complete development of a new model of bakhaul wireless network that makes it
possible to bring broadband connectivity to rural areas around the world. Therefore, the successful execution of this project will enable the
following expected impacts:
     From the technological point of view, with the use and development of modern techniques that are hot topics in the scientific literature
today, we expect to make fundamental contributions to backhaul solutions, rural transport networks and community networks. Hence, this
project is not only filling a gap in the knowledge, but also it satisfies real needs of economical & societal actors, eventually enabling multi-
owner networks.
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     From the socio-economic point of view, this project will contribute to reducing the rural-urban digital divide and, therefore, the rural
exodus to urban areas. In the same way, it will contribute to the reduction of the North-South digital divide, since the lack of rural
connectivity is a phenomenon much more present in developing countries, which would benefit more from the transformative power of the
results of this project.
     The successful execution of this project will also contribute to the internationalization and reputation of Spanish research, not only via
publications and diffusion activities, but also by consolidating a network of international collaborations. In this regard, in addition to
demonstrating the project outcomes in a real testbed in laboratory, this group has the possibility of testing and exposing them in our own
demonstrative networks in rural areas in Peru. An example of this dynamics, our previous project has been one of the 10 projects (among
340+ proposals) shortlisted in the European Commission Horizon Impact Awards 2019 under the name MC4D-LA.
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3. Otros datos del proyecto


¿Planea acceder a una ICTS para la consecución de los objetivos del proyecto?


¿Contempla el proyecto el desarrollo o la aplicación de herramientas de análisis masivo (genómica, proteómica
u otras - ómicas)?


¿Tiene previsto realizar actividades en zonas protegidas (áreas marinas protegidas, red Natura)?


¿Su proyecto se va a desarrollar en las bases antárticas?


¿Estima que el proyecto de investigación que presenta puede ser susceptible de generar resultados en los que
haya que proteger la propiedad intelectual (publicaciones) o industrial (patentes)? SI


NO


NO


NO


NO


NO


NO


SI


Acepto que, si mi proyecto obtiene una evaluación favorable pero que no alcanza la prioridad necesaria para ser
financiado, se transfiera dicha evaluación a mi comunidad autónoma, cuando exista la posibilidad de
participación en las convocatorias de programación conjunta con las comunidades autónomas a las que se
refiere la convocatoria.


¿El proyecto necesita para su desarrollo datos meteorológicos, tanto observacionales como de salidas de
modelos procedentes de la Agencia Estatal de Meteorología (AEMET)?


¿La propuesta de investigación contiene una dimensión de género por su temática, resultados o aplicaciones?
NO


La propuesta busca mejorar las comunicaciones rurales en zonas que experimentan la brecha digital; sus resultados buscan el impacto
directo de una mejor inclusión social de los pobladores rurales. En la medida en que la igualdad de género cuenta con mejores soportes
en la sociedad de la información y en la sociedad urbana que en el mundo rural aislado, el impacto de género es inherente a los objetivos
de esta propuesta.


Lo expuesto anteriormente tiene implicaciones en la dimensión social y en la económica, y posibilita los medios infraestructurales para
que toda aplicación o servicio de cualquier sector (salud, educación, seguridad, etc.) con perspectiva de género pueda ponerse a
disposición de las mujeres de las poblaciones rurales que, actualmente dada la falta de alternativas de comunicaciones rurales de última
generación, quedan totalmente al margen.


En el método de trabajo se introducirá para cada objetivo un análisis específico de consideraciones metodológicas y de definición de
resultados que tenga en cuenta el impacto en género.


Resuma brevemente cómo ha contemplado la Integración del análisis de género en la investigación (IAGI) en los distintos
aspectos de la propuesta: objetivos, metodología, resultados, aplicaciones e impacto social y económico de los mismos.


En caso afirmativo indique el enlace al documento en la página web:


SI¿La entidad solicitante dispone de un Plan de Igualdad?
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https://www.urjc.es/images/EstudiarURJC/vida_universitaria/compromiso_social/Unidad_Igualdad/plan_de_igualdad.pdf


¿Está sujeto el proyecto a la normativa medioambiental (artículo 7 de la Ley 21/2013, de 9 de diciembre, de evaluación
ambiental)? NO


Si el proyecto investiga sobre seres humanos, ¿considera que el resultado del estudio tiene influencia en
asuntos relacionados con discapacidad (sujetos analizados, influencia de los resultados en la mejora del modo
de vida, avances en el desarrollo de sistemas de ayuda o capacitación, etc) ?


SI


Aunque el proyecto no investiga sobre seres humanos, indudablemente sus resultados mejoran la vida de cualquier persona con
discapacidad de cualquier clase que viva en zonas rurales en que estos resultados se implanten, ya que de se hará viable el acceso a
aplicaciones y servicios de última generación desarrollados para beneficio de estas personas.


Explique el porqué


¿Considera que el proyecto investiga en el ámbito de la economía circular? (Estrategia en la que se busca que el
valor de los productos, los materiales y los recursos se mantenga en la economía durante el mayor tiempo
posible, y en la que se reduzca al mínimo la generación de residuos)


NO


¿Considera que el proyecto investiga en el ámbito de la bioeconomía? (Conjunto de las actividades económicas
que obtienen productos y servicios y que generan valor económico utilizando como materia prima recursos de
origen biológico)


NO


Si la investigación propuesta es susceptible de experimentación con animales, ¿considera la posibilidad de
utilizar métodos alternativos? NO


¿En su proyecto se van a utilizar recursos genéticos españoles o extranjeros conforme a la definición de
utilización de recursos genéticos dada en el Real Decreto 124/2017, de 24 de febrero?


En el caso en que los recursos genéticos sean extranjeros, ¿de que país provienen?


NO


¿Considera que el proyecto investiga en el ámbito de la conservación, protección o recuperación del patrimonio
cultural e histórico?


NO
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4. Indicadores del Proyecto


PERSONAL INVOLUCRADO EN EL PROYECTO: EQUIPO DE TRABAJO


¿Hay investigadores HOMBRES en el equipo de trabajo? SI


¿Cuántos de estos están adscritos a centros extranjeros?


¿Cuántos investigadores? 2


2


¿Cuántos de estos son LICENCIADOS?


¿Cuántos de estos son DOCTORES? 2


0


¿Cuántos de estos son personal en formación?


¿Cuántos de estos son TÉCNICOS? 0


0


¿Hay investigadoras MUJERES en el equipo de trabajo? NO


¿Tiene contratos o convenios con la Administración? (relacionados con el proyecto) NO


CONTRATOS


¿Tiene contratos con empresas nacionales? (relacionados con el proyecto) NO


NO¿Tiene contratos con empresas extranjeras? (relacionados con el proyecto)


Número de empresas de base tecnológica creadas (relacionadas con el proyecto) 0


NO¿Tiene Proyectos H2020? (relacionados con el proyecto)


RESULTADOS PREVISTOS DEL PROYECTO


PUBLICACIONES DIRECTAMENTE RELACIONADAS CON EL PROYECTO


Número de publicaciones en CAPÍTULOS DE LIBRO


Número de publicaciones en Q1 de las revistas indexadas 2


2


Número de publicaciones en ACCESO ABIERTO y/o repositorios


Número de publicaciones en otras revistas


0


0Número de publicaciones en LIBROS


4Número de publicaciones en revistas indexadas


4


Número de publicaciones CONGRESOS INTERNACIONALES 3


Número de publicaciones CONGRESOS NACIONALES 0


TESIS DOCTORALES


Número de tesis doctorales a desarrollar durante la ejecución del proyecto 1


0Número de patentes licenciadas


INSTRUMENTOS DE PROTECCIÓN Y EXPLOTACIÓN DE LA PROPIEDAD


Número de patentes en explotación 0


Número de patentes 0
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5. Programas de Formación


SI¿Solicita la inclusión en el programa de ayudas para contratos predoctorales para la formación de doctores?


1Indique el número de contratos predoctorales


Sin información de buques


6. Buques


Número de acuerdos de colaboración y acuerdos de transferencia de tecnología/material 2


¿Tiene previsto tener contratos o convenios con la Administración? (relacionados con el proyecto) NO


¿Tiene previsto tener contratos con empresas nacionales? (relacionados con el proyecto) NO


Página 8 de  3210/12/2020:14:28:18Fecha de generación







MINISTERIO DE CIENCIA E INNOVACIÓN
Proyectos I+D+i 2020


SPID202000X115420IV0


Forma de ejecución: Individual


7. Investigador/a Principal


Nombre


Correo Electrónico:


Apellidos SIMÓ REIGADAS


FRANCISCO JAVIER


Datos personales


javier.simo@urjc.es


Fecha Nacimiento: 12/01/1970 Nacionalidad: ESPAÑA Sexo: Varón


Tipo de Documento: NIF Documento: 09312660Y


Teléfono: Extensión:670675414Tipo Teléfono: Móvil


Móvil de contacto:


Dirección: Calle Géminis, 52


Código Postal:MADRID MóstolesProvincia: 28938Municipio:


DPTO. TEORÍA DE LA SEÑAL Y COMUNICACIONES Y SISTEMAS TELEMÁTICOS Y


ESCUELA TÉCNICA SUPERIOR DE INGENIERÍA DE TELECOMUNICACIÓN


Departamento


Entidad del/de la investigador/a principal 1


Entidad


Centro


UNIVERSIDAD REY JUAN CARLOS


¿La entidad es un centro tecnologico o un centro de apoyo a la innovación tecnológica?


NO


Datos académicos y situación profesional actual


Grado:


Doctor Ingeniero de TelecomunicaciónTitulación académica:


Doctor


¿Alguna de las situaciones citadas en el artículo 6.4 de la convocatoria le es de aplicación?


NO


Fecha de lectura de tesis 27/02/2007


Profesor Titular Universidad


Vinculación con su entidad: Funcionario


Indefinido


Categoría profesional:


Duración de la vinculación:


Base de datos científica: WoS


Researcher ID : D-2328-2011


Código ORCID: 0000-0002-4550-0506


Resumen del CV.:
B.Sc in Telecommunications Engineering (University of Valladolid, 1991), M.Sc in Telecommunications Engineer (Polytechnic University of
Madrid, 1996) and Ph.D in Telecommunications Engineering (UPM, 2007).
I worked for a private company (Eritel) in the 1993-1994. Then, I worked for for an NGO (IEPALA) for five years (1994-1999) on the
deployment and management of a new Internet Service Provider. The next four years (1999-2003) I worked in the Republic of Benin (West
Africa), deploying rural telecommunications networks and services within the framework of development cooperation projects.


My doctoral thesis related to communication systems for rural areas of developing countries was awarded by CRUMA. Since then, and
maintaining the same objectives in my scientific production, I have produced 18 scientific publications indexed in JCR and 2 more in
SCOPUS, 3 for dissemination, 27 communications at conferences, 8 book chapters (4 research + 4 teachers) and 2 books. I have been
coordinator of an international CYTED research network (2010-2013), and of a work
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package in the FP7 TUCAN3G project (2013-2016), as well as principal investigator of national competitive projects and Art. 83 contracts,
and I have participated in more than twenty research projects.
My teaching experience is in telecommunication systems subjects, including 8 undergraduate courses and 9 official master's courses,
some specifically oriented to developing regions (these within the framework of the Official / University Master's Degree in
Telecommunication Networks for Developing Countries , of which I was co-creator and director between 2010 and 2014). Throughout my
teaching career, I have been trained in teaching methodologies and tools, and I have participated in half a dozen teaching innovation
projects, mostly as a responsible teacher.
Regarding university management positions, since 2007 I assumed functions of Director of the official master's degree, first of the Res-
Móvil and later (2010) of the COMPAD, both in the ETSIT-URJC. In September 2012 I assumed the position of Deputy Director for
Academic Planning at ETSIT, and in January 2017 I was elected Director of ETSIT.


¿Ha sido IP durante más de un año de proyectos de investigación de las modalidades de actuación descritas en el anexo V o en
modalidades equivalentes de convocatorias de planes nacionales de I+D+i anteriores o de la modalidad de "Proyectos I+D+I
para jóvenes investigadores sin vinculación o con vinculación temporal" de las convocatorias 2014 o 2015?.


Otra información a considerar


NO
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Entidad a la que pertenece


Personal de la entidad


Andrés Martínez Fernández


MIEMBRO DEL EQUIPO DE INVESTIGACIÓN:


Nombre


Correo Electrónico:


Apellidos Martínez Fernández


Andrés


Datos personales


andres.martinez@urjc.es


Fecha Nacimiento: 01/02/1970


Nacionalidad: ESPAÑASexo: Varón


Tipo de Documento: NIF Documento: 10196457M


ESPAÑA


MADRIDProvincia de residencia


País de residencia


Datos académicos y situación profesional actual


Grado:


Doctor Ingeniero de TelecomunicaciónTitulación académica:


Doctor


Profesor Titular UniversidadCategoría profesional:


Vinculación con su entidad: Funcionario


IndefinidoDuración de la vinculación:


8872560200Researcher ID :


Base de datos científica: Scopus


Código ORCID: 0000-0003-0041-1443


Professor at the Department of Signal Theory and Communications and Telematic Systems and Computing of the URJC. He has a PhD in
Telecommunications Engineering from the Polytechnic University of Madrid, where he obtained the extraordinary doctoral award in 2003.
He has been Deputy Director of Teaching Planning of the ETSIT-URJC between 2005 and 2009 and Academic Secretary of his
department since 2014. He is a member of the Ashoka and Fellow Social Entrepreneurs Network of the Lemelson Foundation since 2009.
He has directed the Master in Telecommunication Networks for Developing Countries of the URJC for several years and is currently
recognized 3 teaching five-year periods and 2 research six-years.
His main line of research is oriented towards the application of information and communication technologies to improve the quality of life of
isolated and dispersed populations in developing countries, working mainly in rural communications and telemedicine. In this field he has
directed a multitude of research projects financed by national and international entities such as the European Commission, the World
Bank, the Inter-American Development Bank, the Andean Development Corporation, AECID or USAID. He has published numerous
articles in high-impact indexed journals and edited and written several books about it. He promoted the creation and coordinated the EHAS
Foundation since its inception. He has conducted research stays at several prestigious universities, as well as at the Pan American Health
Organization in Washington DC.
Publications
1 Prieto-Egido, Ignacio et al. Small rural operators techno-economic analysis to bring mobile services to isolated communities: The case of
Peru Amazon rainforest. Telecommunications Policy, 2020, vol. 44, no 10, p. 102039.
2 Milart, P. H. C., Prieto-Egido, I., Molina, C. A. D., & Martínez-Fernández, A. (2019). Detection of high-risk pregnancies in low-resource
settings: a case study in Guatemala. Reproductive health, 16(1), 80.
3 Simó-Reigadas, J., Figuera, C., Morgado, E., Municio, E., & Martínez-Fernández, A. (2019). Assessing IEEE 802.11 and IEEE 802.16 as
backhauling technologies for 3G small cells in rural areas of developing countries. Mobile Information Systems, 2019.
4 Pineda-López, F., Martínez-Fernández, A., Rojo-Álvarez, J., García-Alberola, A., & Blanco-Velasco, M. (2018). A flexible 12-lead/holter
device with compression capabilities for low-bandwidth mobile-ECG telemedicine applications. Sensors, 18(11), 3773.


Currículum del/de la investigador/a
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5 Milart, P. H. C., Molina, C. A. D., Prieto-Egido, I., & Martínez-Fernández, A. (2016). Use of a portable system with ultrasound and blood
tests to improve prenatal controls in rural Guatemala. Reproductive health, 13(1), 110.
6 Prieto-Egido, I., González-Escalada, A., García-Giganto, V., & Martínez-Fernández, A. (2016). Design of new procedures for diagnosing
prevalent diseases using a low-cost telemicroscopy system. TELEMEDICINE and e-HEALTH, 22(11), 952-959.
7 Martínez Fernández, A., Vidal Manzano, J., Simó Reigadas, J., Prieto Egido, I., Agustín de Dios, A., Paco, J., & Rendon, A. (2016). The
TUCAN3G project: wireless technologies for isolated rural communities in developing countries based on 3G small-cell deployments. IEEE
communications magazine, 54(7), 36-43.
8 Foche-Pérez, I., Simó-Reigadas, J., Prieto-Egido, I., Morgado, E., & Martínez-Fernández, A. (2016). A dual IEEE 802.11 and IEEE
802.154 network architecture for energy-efficient communications with low-demanding applications. Ad Hoc Networks, 37, 337-353.
9 Simo-Reigadas, J., Municio, E., Morgado, E., Castro, E. M., Martinez, A., Solorzano, L. F., & Prieto-Egido, I. (2015). Sharing low-cost
wireless infrastructures with telecommunications operators to bring 3G services to rural communities. Computer Networks, 93, 245-259.
10 Neira-Carrillo, A., Vásquez-Quitral, P., Sánchez, M., Vargas-Fernández, A., & Silva, J. F. (2015). Control of calcium oxalate morphology
through electrocrystallization as an electrochemical approach for preventing pathological disease. Ionics, 21(11), 3141-3149.
11 Martínez-Fernández, A., Lobos-Medina, I., Díaz-Molina, C. A., Chen-Cruz, M. F., & Prieto-Egido, I. (2015). TulaSalud: An m-health
system for maternal and infant mortality reduction in Guatemala. Journal of telemedicine and telecare, 21(5), 283-291.
12 Simo-Reigadas, J., Municio, E., Morgado, E., Castro, E. M., & Martinez, A. (2015, June). Sharing low-cost wireless infrastructures with
telecommunications operators for backhauling 3G services in deprived rural areas. In 2015 IEEE 16th international symposium on a world
of wireless, mobile and multimedia networks (WoWMoM) (pp. 1-8). IEEE.
13 Pineda-López, F. M., Martínez-Fernández, A., Rojo-Álvarez, J. L., & Blanco-Velasco, M. (2014, September). Design and optimization of
an ECG/holter hybrid system for mobile systems based on DSPic. In Computing in Cardiology 2014 (pp. 453-456). IEEE.
14 Rey-Moreno, C., Simo-Reigadas, J., & Martinez-Fernandez, A. (2011). WiMax-an uncertain promise for bridging the digital divide. IEEE
Technology and Society Magazine, 30(4), 26-33.
15 Rey-Moreno, C., Reigadas, J. S., Villalba, E. E., Vinagre, J. J., & Fernández, A. M. (2010). A systematic review of telemedicine projects
in Colombia. Journal of telemedicine and telecare, 16(3), 114-119.
16 Reigadas, J. S., Martinez-Fernandez, A., Ramos-Lopez, J., & Seoane-Pascual, J. (2010). Modeling and optimizing IEEE 802.11 DCF
for long-distance links. IEEE Transactions on Mobile Computing, 9(6), 881-896.
Projects
1 Investigación traslacional y transferencia de un nuevo sistema de electrofisiología cardíaca no invasiva de alta resolución. TEC2016-
75161-C2-1-R  MINISTERIO DE ECONOMIA Y COMPETITIVIDAD. José Luis Rojo Álvarez y Rebeca Goya Esteban. 30/12/16-29/09/20
2 Optimización y monitorización robusta en redes de comunicaciones inteligentes. TEC2013-41604-R. MINISTERIO DE ECONOMIA Y
COMPETITIVIDAD. Antonio García Marqués. 01/01/14 -30/06/18
3 TUCAN3G Wireless technologies for isolated rural communities in developing countries based on cellular 3G femtocell deployments. Ref
601102. EUROPEAN COMMISSION. André. s Martínez Fernández. 01/02/13 - 01/06/16
4 Integración WIFI + WIMAX en Redes Rurales Extensas Multimedia (WiREM). URJC-CM-2010-CET-4765. Comunidad de Madrid -
Universidad Rey Juan Carlos. Francisco Javier Simó Reigadas. 01/01/11 - 31/03/12
5 Procesado multicomponente espacial distribuido de registros electricos cardiacos con procesado de señal e imagen. UNIVERSIDAD
REY JUAN CARLOS. José Luis Rojo Álvarez. 01/01/10 - 31/12/11
6 Localización del origen de arritmias cardiacas mediante modelado y tecnologías de la información y comunicaciones LOCMOTIC. TSI-
020100-2010-469. Ministerio de Industria, Turismo y Comercio. Antonio García Marqués. 01/01/10 - 30/06/13


Firma del/de la investigador/a :  Andrés Martínez Fernández


Consiento en participar en el proyecto y autorizo el
tratamiento automatizado y publicidad de los datos
consignados en esta solicitud con fines de gestión y
tramitación de la misma
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Rol:


Entidad a la que pertenece


Personal de la entidad


Eva Castro Barbero


MIEMBRO DEL EQUIPO DE INVESTIGACIÓN:


Nombre


Correo Electrónico:


Apellidos Castro Barbero


Eva


Datos personales


eva.castro@urjc.es


Fecha Nacimiento: 31/10/1972


Nacionalidad: ESPAÑASexo: Mujer


Tipo de Documento: NIF Documento: 02895786V


ESPAÑA


MADRIDProvincia de residencia


País de residencia


Datos académicos y situación profesional actual


Grado:


Doctor Ingeniero de TelecomunicaciónTitulación académica:


Doctor


Profesor Titular UniversidadCategoría profesional:


Vinculación con su entidad: Funcionario


InterinoDuración de la vinculación:


8572405100Researcher ID :


Base de datos científica: Scopus


Código ORCID: 0000-0003-0421-632X


Associate Professor in Telematics Engineering at the Telecom Engineering School of Rey Juan Carlos University. She received the
Telecommunication Engineering Degree and a PhD at the Technical University of Madrid, Spain, in 1997 and 2005 respectively. She was
Director of the Masters Degree in Telematic and Informatic Systems (2008-2011), Deputy Director of Students and University Extension
(2011-2015) and  Director of Degree in Audiovisual and Multimedia Systems Engineering from 2017 to the present.
She teaches subjects related to programming languages and network communications in the Degree and the Master's Degree in
Telecommunication Engineering. She has led several teaching innovation projects related to computer network teaching at university. In
2018, Pedro de las Heras and she won a teaching innovation award for their work in Software Defined Network Laboratories used in
Master's Degree course.
In 2015, she was a visiting researcher at UCLA Computer Science Department's Internet Research Lab (IRL), directed by Professor Lixia
Zhang. She was involved in the design and implementation of a synchronization communication protocol using Named Data Networking
architecture, named RoundSync. She has been involved in some European and Spanish research projects related to IPv6 protocol. She is
coauthor of IETF RFC4038: Applications Aspects of IPv6 Transition. Her research interests include computer network protocols and
architectures.
Total number of citations of publications: 210 according to Google Scholar, 36 according to Scopus, 14 according to Web of Science.
Index H: 8 according to Google Scholar, 3 according to Scopus, 2 according to Web of Science.


CONTRIBUTIONS
F. J. Simó Reigadas; E. Municio Hernández; E. Morgado Reyes; E. M. Castro Barbero; Andres Martinez; Luis F. Solorzano; I. Prieto
Egido. Sharing Low-Cost Wireless Infrastructures with Telecommunications Operators to Bring 3G Services to Rural Communities.
Computer Networks. 93/2, (Holanda): 12/2015. ISSN 1389-1286
P. de las Heras, E. M. Castro Barbero, W. Shang, Y. Yu, S. Mastorakis, A. Afanasyev, L. Zhang. The design of RoundSync


Currículum del/de la investigador/a
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protocol. Named Data Networking Technical Report (NDN-0048), 2017.
Sharing low-cost wireless infraestructures with telecommunications operators for backhauling 3G services in deprived rural areas. F. J.
Simó Reigadas; E. Municio Hernández; E. Morgado Reyes; E. M. Castro Barbero; A. Martínez Fernández. IEEE International Symposium
on a World of Wireless, Mobile and Multimedia Networks. Boston 2015.
Application of Macaroons for distributing encryption keys and providing access control in NDN applications. Named Data Networking
Seminars. Pedro de las Heras Quirós, Eva M. Castro Barbero. Los Angeles, 2015.


Firma del/de la investigador/a :  Eva Castro Barbero


Consiento en participar en el proyecto y autorizo el
tratamiento automatizado y publicidad de los datos
consignados en esta solicitud con fines de gestión y
tramitación de la misma
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Rol:


Entidad a la que pertenece


Personal de la entidad


Pedro de las Heras Quirós


MIEMBRO DEL EQUIPO DE INVESTIGACIÓN:


Nombre


Correo Electrónico:


Apellidos de las Heras Quirós


Pedro


Datos personales


pedro.delasheras@urjc.es


Fecha Nacimiento: 23/04/1969


Nacionalidad: ESPAÑASexo: Varón


Tipo de Documento: NIF Documento: 02231112C


ESPAÑA


MADRIDProvincia de residencia


País de residencia


Datos académicos y situación profesional actual


Grado:


Doctor en InformáticaTitulación académica:


Doctor


Profesor Titular UniversidadCategoría profesional:


Vinculación con su entidad: Funcionario


IndefinidoDuración de la vinculación:


6506822784Researcher ID :


Base de datos científica: Scopus


Código ORCID: 0000-0003-1451-5809


I graduated as a computer science engineer and computer science PhD from the Universidad Politécnica de Madrid (UPM, 2004), with a
thesis on partitionable distributed systems. I
am Associate Professor in Telematics Engineering at the Telecom Engineering School of Universidad Rey Juan Carlos (URJC), Spain
since 1999. I have coordinated the degree of
Telematics Engineering (2010-2015) and I am Deputy Director of Students since 2015. I have participated in European and Spanish
research projects (TIN-MEC, PROFIT-MITYC,
Avanza- MITYC, CAM, EU-FP), including projects in collaboration with international industrial partners such as Google NYC in the area of
mobile health, with impact in the industry (Google incorporated the SW developed by the team I managed in Android OS), and in
academia, with communications describing the results of this project. My research interests include distributed systems, information centric
networking and network architectures. I have directed two master thesis on the area of Software Defined Networking, and I have taught a
master course on Information Centric Networking, Software Defined Networking and other network architectures
during several years.
In 2015 I was visiting researcher of Internet Research Lab at UCLAs Computer Science Department, directed by professor Lixia Zhang.
We collaborated in the development of the
improvement of the sync protocol used in the Named Data Networking Architecture, what resulted in a new protocol named RoundSync
that was published in a Technical Report
co-authored with prof. Lixia Zhang and collaborators of her lab. The Technical Report has been cited in publications of this research area
(13 citations), and will be communicated in a
congress.
Total number of citations of publications: 295 according to Google Scholar, 26 according toScopus, 20 according to Web of Science.
Index H: 10 according to Google Scholar, 3 according to Scopus, 3 according to Web of Science.
CONTRIBUTIONS


Currículum del/de la investigador/a
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    P. de las Heras Quirós, E. M. Castro Barbero, W. Shang, Y. Yu, S. Mastorakis, A. Afanasyev, L. Zhang. The design of RoundSync
protocol. Named Data Networking Technical Report (NDN-0048), 2017.
    P. de las Heras Quirós, E. M. Castro Barbero. Application of Macaroons for distributing encryption keys and providing access control in
NDN applications. Named Data Networking Seminars.Los Angeles, 2015.
    Carot-Nemesio, Santiago; Antonio Santos-Cadenas, Jose; de-las-Heras-Quiros, Pedro; Bustos, Jorge. The OpenHealth FLOSS
implementation of the ISO/IEEE 11073-20601 standard. HEALTHINF 2010, 3rd International Conference on Heatlh Informatics,
Proceedings 2010, pp 505-511.
    Calvo Palomino, R., de las Heras Quirós, P., Santos Cadenas, JA., Román López, R., Izquierdo Cortázar, R. Outdoors monitoring of
elderly people assisted by compass, GPS and mobile social network. Lecture Notes in Computer Science (including subseries Lecture
Notes in Artificial Intelligence and Lecture Notes in Bioinformatics).


Firma del/de la investigador/a :  Pedro de las Heras Quirós


Consiento en participar en el proyecto y autorizo el
tratamiento automatizado y publicidad de los datos
consignados en esta solicitud con fines de gestión y
tramitación de la misma
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Rol:


Entidad a la que pertenece


Personal de la entidad


Alejandro de la Fuente Iglesias


MIEMBRO DEL EQUIPO DE INVESTIGACIÓN:


Nombre


Correo Electrónico:


Apellidos de la Fuente Iglesias


Alejandro


Datos personales


alejandro.fuente@urjc.es


Fecha Nacimiento: 26/05/1977


Nacionalidad: ESPAÑASexo: Varón


Tipo de Documento: NIF Documento: 02261586L


ESPAÑA


MADRIDProvincia de residencia


País de residencia


Datos académicos y situación profesional actual


Grado:


Doctor Ingeniero de TelecomunicaciónTitulación académica:


Doctor


Profesor Ayudante DoctorCategoría profesional:


Vinculación con su entidad: Personal laboral temporal


56443715300Researcher ID :


Base de datos científica: Scopus


Código ORCID: 0000-0001-5358-2348


Alejandro de la Fuente completed his studies in Telecommunications Technical Engineering, specializing in Telecommunications Systems,
1995-1998 (Polytechnic University of Madrid).
He started in Ericsson Spain in 1999 as a Telecommunications Technical Engineer. More than 12 years linked to the world of telephone
communications for enterprises with Ericsson products in the Spanish market. Initially it was integrated into technical departments with
support, maintenance and training functions in these products. Subsequently, he went on to assume the responsibilities of product
manager and engineering director in the business development and engineering departments of the main telephone solutions integrators
for Ericsson companies in the Spanish market.
During this stage, he combined his professional activity with the studies of Telecommunications Engineering, 2000- 2003, (Polytechnic
University of Madrid).
In 2011, he joined the Carlos III University of Madrid to carry out the MD and PhD studies in Multimedia and Communications. During this
training stage he was hired as a predoctoral researcher for the following projects:
- LTEEXTREME, funded by the Ministry of Economy and Competitiveness in the INNPACTO Plan.
- Enabling Technologies for Licensed and Unlicensed Shared Access Communications (ELISA), funded by the State Research Agency
and European Regional Development Fund.
Additionally, during the predoctoral stage, he makes two stays in prestigious international centers:
- Eurecom (Sophia Antipolis) as beneficiary of a mobility grant from the European Newcom program.
- Telecommunications Center of London Kings College.
During his predoctoral period, he participates teaching activities at the Carlos III University of Madrid.
In June 2017 he obtained the C1 certificate of the English language by the Official School of Languages.
In November 2017 he defended his doctoral thesis with international mention, entitled "Radio resource allocation algorithms for multicast
OFDM systems" obtaining the qualification of Outstanding Cum Laude. During the completion of the doctoral thesis he has presented 15
contributions (articles and posters) in national and international conferences and seminars. He has published 3 articles in JCR indexed
journals in Q1.
Since September 2017, he has been an Assistant Professor at the Rey Juan Carlos University, where he teaches in 6 subjects of


Currículum del/de la investigador/a
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Bachelor and Master's Degree, being coordinator in 3 subjects.
He has been the principal researcher of the project "Artificial intelligence applied to convert a radio telecommunications network into
predictive" within the Vodafone Campus Lab Program, a one-year R&D project funded through competitive private call.
Alejandro has received the "José Castillejo 2019/2020" mobility grant for young researchers to make a secondment from March to July of
2020 at the Mediterranean University of Reggio Calabria.
RELEVANT MERITS
[1] Scientific paper.  Alejandro de La Fuente, Guillem Femenias, Felip Riera-Palou and Ana García Armada. 2018.  Subband CQI
Feedback-Based Multicast Resource Allocation in MIMO-OFDMA Networks in IEEE Transactions on Broadcasting, vol. 64, no. 4, pp. 846-
864, Dec. 2018.
[2] Scientific paper. Alejandro de la Fuente, José Joaquín Escudero Garzás, Ana García Armada. 2018. Radio Resource Allocation for
Multicast Services Based on Multiple Video Layers in IEEE Transactions on Broadcasting, vol. 64, no. 3, pp. 695-708, Sep. 2018.
[3] Scientific paper.  Alejandro de la Fuente; Raquel Pérez Leal; Ana García Armada. 2016. New Technologies and Trends for Next
Generation Mobile Broadcasting Services in IEEE Communications Magazine, vol. 54, no. 11, pp. 217-223, Nov. 2016.
[4] On-line book chapter. Alejandro de la Fuente. 2020. Multiuser scheduling in Wiley 5G Ref: The  Essential 5G Reference Online, pp.
119. ISBN 781119471509. John Wiley & Sons, Ltd. DOI: https://doi.org/10.1002/9781119471509.w5GRef033.
[5] Education monograph. Alejandro de la Fuente y Borja Beloqui Jiménez. Laboratorio de comunicaciones móviles utilizando SDN para
emulación de los estándares 4G/5G. Competencia digital docente: una perspectiva de futuro en la educación superior. pp. 211 - 227.
(España): DYKINSON, 01/11/2019. ISBN 978-84-1324-430-3
5-year cited: 117 (Google Scholar) / 63 (SCOPUS)
h-index: 6 (Google Scholar) / 5 (SCOPUS)
i10-index: 3 (Google Scholar)
3 publications in JCR indexed journals Q1 (one in first decile), 1 book chapter, 1 publication in an education monograph, and 15
contributions in international and national congresses (papers and posters).
PROJECTS, CONTRACTS AND GRANTS
(1) Project: Tecnologías Habilitadoras para comunicaciones de acceso compartido licenciado y no licenciado (ELISA). Sub-project
"Massive and millimeter wave MIMO for licensed and unlicensed shared accessFunding entity: Ministerio de Economía y Competitividad
Programme: Programa Estatal de Investigación, Desarrollo e Innovación Orientada a los Retos de la Sociedad (TEC2014-59255-C3-3-R)
Date: 01/01/2015 - 30/09/2018
Total amount: 145.600 
Project entities: Universidad Carlos III de Madrid, Centre Tecnològic Telecomunicacions Catalunya and Universitat de les Illes Balears
Principal investigator: Ana García Armada
(2) Project: Optimización de Servicios Multimedia sobre LTE y LTE-Advanced (LTExtreme)
Funding entity: Ministerio de Economía y Competitividad
Programme: Subprograma INNPACTO (IPT-2012-0525-430000)
Date: 01/07/2012 - 31/12/2015
Total amount: 301.200 
Project entities: Universidad Carlos III de Madrid, Alcatel-Lucent and Universidad Politécnica de Madrid
Principal investigator: Ana García Armada
(3) Project: Conceptos Radio Generales para Comunicaciones Móviles Eficientes Energéticamente: Nivel de Sistema (GRE3NSYST)
Funding entity: Ministerio de Ciencia e Innovación
Programme: Subprograma de Proyectos de Investigación Fundamental no Orientada (TEC2011-29006-C03-03)
Date: 01/01/2012 - 30/09/2015
Total amount: 100.430 
Project entities: Universidad Carlos III de Madrid, Universitad Politècnica de Catalunya and Centre Tecnològic Telecomunicacions
Catalunya
Principal investigator: Víctor P. Gil Jiménez
(4) Contract: Inteligencia artificial aplicada para convertir una red radio de telecomunicaciones en predictiva
Funding entity: Vodafone
Programme: Vodafone Campus Lab  Ayudas a la investigación 2018
Date: 04/03/2019 - 03/03/2020
Total amount: 50.000 
Project entities: Universidad Rey Juan Carlos
Principal investigator: Alejandro de la Fuente
(5) Grant: Mobility secondments abroad José Castillejo for young doctors 2019
Project: Estrategias de asignación de recursos en transmisiones Broadcast/Multicast en 5G
Funding entity: Ministerio de Educación y Formación Profesional
Date: 01/03/2020  31/07/2020
Total amount: 15.489 
Secondment entity: Mediterranea University of Reggio Calabria
(6) Grant: EuCNC awards Travel Grants to students for EuCNC16
Total amount: 500 
(7) Grant: EuCNC awards Travel Grants to students for EuCNC15
Total amount: 500 
OTHERS
1 Master Thesis and 7 Bachelor projects directed. Currently, directing 1 Master Thesis and 3 Bachelor projects
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2 months secondment in Eurecom. April-May 2015
3 months secondment in Center for Telecommunications of London Kings College. June-August 2015
5 months secondment in Univerty Mediterranea of Reggio Calabria. March-July 2020
Participation in IEEE COMSOC SUMMER SCHOOL 2016 (Trento, June 20-23, 2016), organized by the University of Trento (Italy)
Participation in Indian Summer School on Spectrum Aggregation and Sharing for 5G Networks (SSSAS5G) EURECOM, Campus
SophiaTech, Sophia Antipolis, France, Oct. 17-19, 2016
Educational Project using SDR in teaching labs in colaboration with Universidad de la República (Uruguay)
Reviewer in journals, magazines and congresses of communications area
Contribution to the "Expert Advisory Group of European Technology Platform Networld 2020"


Firma del/de la investigador/a :  Alejandro de la Fuente Iglesias


Consiento en participar en el proyecto y autorizo el
tratamiento automatizado y publicidad de los datos
consignados en esta solicitud con fines de gestión y
tramitación de la misma


Página 19 de  3210/12/2020:14:28:18Fecha de generación







MINISTERIO DE CIENCIA E INNOVACIÓN
Proyectos I+D+i 2020


SPID202000X115420IV0


Forma de ejecución: Individual


Rol:


Entidad a la que pertenece


Personal de la entidad


Ignacio Prieto Egido


MIEMBRO DEL EQUIPO DE INVESTIGACIÓN:


Nombre


Correo Electrónico:


Apellidos Prieto Egido


Ignacio


Datos personales


ignacio.prieto@urjc.es


Fecha Nacimiento: 19/04/1982


Nacionalidad: ESPAÑASexo: Varón


Tipo de Documento: NIF Documento: 50883122S


ESPAÑA


MADRIDProvincia de residencia


País de residencia


Datos académicos y situación profesional actual


Grado:


Doctor Ingeniero de TelecomunicaciónTitulación académica:


Doctor


Profesor Ayudante DoctorCategoría profesional:


Vinculación con su entidad: Personal laboral temporal


M-9245-2014Researcher ID :


Base de datos científica: WoS


Código ORCID: 0000-0002-4410-8721


My professional activity has been developed in the area of &#8203;&#8203;Information Technology and Communication for Development
(ICT4D), focusing primarily on two lines of research: telecommunication technologies for isolated areas, and telemedicine systems for
primary care, both oriented to middle and low-income countries. I began my research in this area by studying the Official Master's Degree
in Communications Networks for Developing Countries, which led me to work since February 2012 at the Hispanic American Health Link
Foundation (EHAS). This NGO investigates telecommunication and telemedicine solutions for isolated areas of developing countries,
deploying and evaluating pilot projects. Since September 2013, I work as a professor and researcher at the Rey Juan Carlos University,
although I continue to collaborate with the research of the EHAS Foundation.
In the field of telecommunication technologies for isolated areas, I have participated in various national and international research projects
such as the European TUCAN3G project (funded by FP7). TUCAN3G investigated appropriate technologies to bring 3G telephone
services to the most isolated communities in Latin America.
In that project, I have worked as a principal investigator for the EHAS Foundation, and I have led two work packages: the WP2 (designing
the network architecture for rural environments) and the WP3 (which proposed innovative business models for 3G services in rural areas ).
Within the framework of this project, I conducted two research stays in Peru that allowed me to obtain the International Mention in my
thesis. This line of research is related to my teaching work in subjects such as Telecommunications Systems Architecture or Broadband
Communications, where I have one positive evaluation of the Docentia program.
My second line of research focuses on taking advantage of communication services deployed by projects such as TUCAN3G to improve
primary health care in isolated communities, with particular emphasis on maternal and child health. These works include the design of
telemedicine solutions, the deployment of pilot projects and the evaluation of their impact to recommend or not their scaling. Along these
lines, I have directed innovation projects financed by international entities such as the Inter-American Development Bank, USAID or the
Andean Development Corporation.
Publications
1 Scientific paper. Ignacio Prieto-Egido, et al. Small rural operators techno-economic analysis to bring mobile services to
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isolated communities: The case of Peru Amazon rainforest. Telecommunications Policy, 2020, vol. 44, no 10, p. 102039.
2 Scientific paper. Ignacio Prieto Egido; Javier Simó Reigadas; Andrés Martínez Fernández. 2018. Interdisciplinary Alliances to Deploy
Telemedicine Services in Isolated Communities: The Napo Project Case.Sustainability. MDPI. 10.
3 Scientific paper. Ignacio Prieto Egido; et al. 2016. Design of New Procedures for Diagnosing Prevalent Diseases Using a Low-Cost
Telemicroscopy System Telemedicine and e-Health. Mary Ann Liebert, Inc.. 22-11, pp.952-959.
4 Scientific paper. Patricia Hanna Crispín Milart; et al. 2016. Use of a portable system with ultrasound and blood tests to improve prenatal
controls in rural Guatemala Reproductive Health. BioMed Central. 13-110.
5 Scientific paper. Andres Martinez Fernandez; et al. 2016. The TUCAN3G project: wireless technologies for isolated rural communities in
developing countries based on 3G small cell deployments IEEE Communications Magazine. IEEE. 54-7, pp.36-43.
6 Scientific paper. Ignacio Foche Pérez; et al. 2016. A dual IEEE 802.11 and IEEE 802.154 network architecture for energy-efficient
communications with low-demanding applications
Ad Hoc Networks. Elsevier. 37, pp.337-353.
7 Scientific paper. Javier Simó Reigadas; et al. 2015. Sharing low-cost wireless infrastructures with telecommunications operators to bring
3G services to rural communities Computer Networks. Eselvier. 93, pp.245-259.
8 Scientific paper. Andrés Martínez Fernández; et al. 2015. TulaSalud: An m-health system for maternal and infant mortality reduction in
Guatemala Journal of Telemedicine and Telecare. SAGE Publications. 21-5, pp.283-291.
9 Scientific paper. Ignacio Prieto Egido; et al. 2014. Telemedicine networks of EHAS Foundation in Latin America Frontiers in Public
Health. FRONTIERS. 2.
10 Book chapter. Carlos Rey Moreno; Javie Simó Reigadas; Ignacio Prieto Egido. 2011. Las redes de telecomunicación basadas en
WiMAX (IEEE 802.16) Tecnologías de la Información y la Comunicación para zonas rurales. CYTED, RED TEMATICA 510RT0389:
MASERATTI. pp.135-147.
Projects
1 ENERGIA RENOVABLE Y TECNOLOGIAS DE INFORMACION Y COMUNICACIÓN PARA EL ECOTURISMO EN AREAS
PROTEGIDAS DE IBEROAMERICA Programa Iberoamericano de Ciencia y Tecnología para el Desarrollo. Miguel Ángel Egido Aguilera.
(Fundación Enlace Hispano Americano de Salud (EHAS)). 01/06/2013- 31/12/2017. 799.575 .
2 MEJORA DE LA CALIDAD DE LA ATENCION PRENATAL EN LA PROVINCIA LITORAL DE BATA (GUINEA ECUATORIAL) Agencia
Española de Cooperación Internacional. Ignacio Prieto Egido. (Fundación Enlace Hispano Americano de Salud). 01/12/2015-31/05/2017.
108.870 .
3 HEALTHY PREGNANCY UNITED STATES AGENCY FOR INGERNATIONAL DEVELOPMENT (USAID). Ignacio Prieto Egido.
(Fundación Enlace Hispano Americano de Salud). 04/06/2014-31/05/2017. 88.609 .
4 TUCAN3G: WIRELESS TECHNOLOGIES FOR ISOLATED RURAL COMMUNITIES IN DEVELOPING COUNTRIES BASED ON
CELLULAR 3G FEMTOCELL DEPLOYMENTS Comisión Europea. Josep Vidal Manzano. (Fundación Enlace Hispano Americano de
Salud (EHAS)). 01/02/2013-31/05/2016. 1.015.786 .
5 EMBARAZO SALUDABLE Universidad Politécnica de Madrid. Francisco del Pozo Guerrero. (Fundación Enlace Hispano Americano de
Salud). 01/06/2014-30/11/2015. 18.000 .
6 NUEVOS PROCEDIMIENTOS PARA EL DIAGNOSTICO DE ENFERMEDADES OLVIDADAS UTILIZANDO TELE-MICROSCOPIA DE
BAJO COSTE Agencia Española de Cooperación Internacional. (Fundación Enlace Hispano Americano de Salud). 16/04/2013-
15/04/2015. 85.800 .
7 MEJORA DE LA SALUD MATERNO-INFANTIL EN LA CUENCA DEL RIO NAPO A TRAVES DEL USO APROPIADO DE LAS
TECNOLOGIAS DE LA INFORMACION Y LAS COMUNICACIONES (TIC) Ayuntamiento de Madrid. Ignacio Prieto Egido. (Fundación
Enlace Hispano Americano de Salud). 15/02/2012-30/04/2013. 180.000 .
8 GENERACION DE ESCENARIOS PROBABILISTICOS DE IMPACTO Y ADAPTACION AL CAMBIO CLIMATICO EN LA
AGRICULTURA DE LA ZONA CENTRO DE LA PENINSULA.HERRAMIENTA DE SOPORTE CIENTIFICO A LA TOMA DE DECISIONES,
V. 2, PEII10-0248-5680 VICECONSEJERIA DE EDUCACION Y CIENCIA DE LA JUNTA DE COMUNIDADES DE CASTILLA-LA
MANCHA. Manuel Castro Nuñez. (UNIVERSIDAD DE CASTILLA-LA MANCHA). 01/03/2011-14/02/2012.
Contracts
1 INNOVACION SOCIAL CON CONECTIVIDAD Y SALUD: TELEFONIA CELULAR 3G Y ATENCION MATERNO-INFANTIL EN
COMUNIDADES DEL AMAZONAS Corporación Andina de Fomento. Ignacio Prieto Egido. 09/03/2016-09/03/2019. 724.157 .
2 PRE-NATAL CARE IN A BACKPACK - A SOCIAL BUSINESS MODEL FOR HEALTHY PREGNANCY IN ISOLATED COMMUNITIES IN
PERU Banco Interamericano de Desarrollo. Ignacio Prieto Egido. 01/06/2014-P1Y4M. 243.453 .


Firma del/de la investigador/a :  Ignacio Prieto Egido
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Eduardo Morgado Reyes
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Correo Electrónico:


Apellidos Morgado Reyes


Eduardo


Datos personales


eduardo.morgado@urjc.es


Fecha Nacimiento: 06/02/1978


Nacionalidad: ESPAÑASexo: Varón


Tipo de Documento: NIF Documento: 53139872M


ESPAÑA


MADRIDProvincia de residencia


País de residencia


Datos académicos y situación profesional actual


Grado:


Doctor Ingeniero de TelecomunicaciónTitulación académica:


Doctor


Profesor Contratado DoctorCategoría profesional:


Vinculación con su entidad: Personal laboral indefinido


G-2185-2016Researcher ID :


Base de datos científica: WoS


Código ORCID: 0000-0001-9243-409X


Eduardo Morgado received his degree in Telecommunications Engineering from the Carlos III University of Madrid, Madrid, Spain, in 2004.
After a few months of work experience in a company in the telecommunications sector, in December 2004 he got a predoctoral fellowship
to join the Department of Signal Theory and Communications (DTSC), King Juan Carlos University (URJC), Madrid, Spain, where he
received the doctorate degree (both degree and doctoral degree together equivalent to the B.Sc., M.Sc., and Ph.D. degrees in Electrical
Engineering) with highest honors in 2009.
In 2009, he became a faculty of the DTSC, URJC, where he currently develops his teaching and research activities as an Associate
Professor. He has taught numerous undergraduate and graduate courses in the areas of Electrical and Telecommunication Engineering,
with a particular focus on signal processing and communications systems. In addition, he participated since its inception in the
development of the Technical School of Telecommunication Engineering (ETSIT) at the URJC,  where he has served in a number of posts,
including those of: Academic Secretary of the DTSC, URJC (February 2012 - February 2014); Coordinator of the Degree in Engineering in
Telecommunications Technologies (September 2015 - October 2016); and Academic Secretary of the ETSIT (November 2016 - present).
His scientific work has been focused on signal processing for wireless communication networks, biomedical engineering and, more
recently, acoustics, areas where he has published 16 (JCR) journal papers and 17 international conference papers. He has actively
participated in more than 30 R & D & I projects, including both competitive projects (Principal Investigator in one of them) and research
contracts for the transfer of technology to the private sector (also Principal Investigator in one from them). The general quality indicators of
its scientific production are summarized in: 8 papers published in Q1 JCR journals and 5 papers in Q2 journals; 562 citations in Scholar
Google (H-index: 10) and 397 citations in Scopus (H-index: 9). His research performance has been evaluated positively by the ministry of
education ("sexenio" 2010-2015).
Regarding the description of the most relevant merits and contributions, obtained from January 1, 2009 to the present, Eduardo Morgado's
research career began focused on signal processing in communications. In this first stage the following publications can be highlighted:
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 E. Morgado, "Prestaciones de las Redes Ad Hoc inalámbricas: Teoría a través de Capas", Doctoral Thesis, July 22, 2009.
     o    Thales-URJC Chair Award for the Best Doctoral Thesis 2008-09.
     o    Extraordinary Doctorate Award for the Doctoral Thesis defended during the academic years 2007-08 and 2008-09, Department of
Signal Theory and Communications and Telematic Systems and Computing.
 E. Morgado, I. Mora-Jimenez, J.J. Vinagre, J. Ramos, A. Caamaño; "End-to-End Average BER in Multihop Wireless Networks over
Fading Channels"; IEEE Transactions on Wireless Communications, Vol. 9 (8), pp. 2478-2487, August 2010. (Q1 JCR; citations: 130
Scholar; 106 Scopus)
Based on his knowledge about signal processing and his growing interest in Machine Learning techniques, and supported by the
collaboration with DTSC colleagues, Eduardo Morgado was able to expand his research field to biomedical engineering, including analysis
of cardiac signals, where the following publications can be highlighted:
 F. Alonso-Atienza, E. Morgado, L. Martínez-Fernández, A. García-Alberola, J.L. Rojo-Álvarez; "Detection of Life-Threatening Arrhythmias
Using Feature Selection and Support Vector Machines"; IEEE Transactions on Biomedical Engineering, Vol. 61 (3), pp. 832-840, March
2014. (Q2 JCR; citations: 164 Scholar; 114 Scopus)
 E. Morgado, F. Alonso-Atienza, R. Santiago-Mozos, Ó. Barquero-Pérez, I. Silva, J. Ramos, R. Mark; "Quality Estimation of the
Electrocardiogram using Cross-Correlation among Leads"; BioMedical Engineering OnLine, Vol. 14 (59), pp. 19, June 2015. (Q3 JCR;
citations: 23 Scholar; 19 Scopus)
 C. Figuera, U. Irusta, E. Morgado, E. Aramendi, U. Ayala, L. Wik, J. Kramer-Johansen, T. Eftestøl, F. Alonso-Atienza; "Machine Learning
Techniques for the Detection of Shockable Rhythms in Automated External Defibrillators"; PLOS ONE, Vol. 11 (7), pp. 19, July 2016. (Q1
JCR; citations: 44 Scholar; 29 Scopus)
The interest in applying his Signal Processing and Machine Learning expertise to new areas led him to look at problems in the field of
acoustics, where he supervised the PhD thesis of the student Roberto San Millán Castillo ("Characterization and modeling of Building
Acoustics vibration handheld probes with non-parametric statistics and machine learning") and the following journal publications were:
 R. San Millán-Castillo, R. Goya-Esteban, E. Morgado; "A Practical Method for Vibration Frequency Response Characterization of
Handheld Probes using Bootstrap in Building Acoustics"; Applied Acoustics, Vol. 145, pp. 125-136, February 2019. (Q2 JCR)
 R. San Millán-Castillo, E. Morgado, R. Goya-Esteban; "On the use of decision tree regression for predicting vibration frequency response
of handheld probes" IEEE Sensors Journal. (Q1 JCR) (Resubmitted with minor changes, October 7, 2019)
 R. San Millán-Castillo, E. Morgado, R. Goya-Esteban; "On the use of decision tree regression for predicting vibration frequency response
of handheld probes"; IEEE Sensors Journal, V.20, n. 8, pp. 4120-4130, Abril 2020. (Q2 JCR)
Eduardo Morgado has participated in a European research project and also in national competitive research projects and other research
projects, related to the scope of the project, among which the following can be highlighted:
 "TUCAN3G Wireless technologies for isolated rural communities in developing countries based on cellular 3G femtocell deployments"
(Ref. 601102)
Financing entity: European Commision
Principal Investigator: Andrés Martínez
From February 2013 to June 2016
 "Optimización y monitorización robusta en redes de comunicaciones inteligentes" (Ref. TEC2013-41604-R)
Financing entity: Ministerio de Economía y Competitividad
Principal Investigator: Antonio G. Marqués
From January 2014 to June 2018
 Ayuda a la investigación en el marco del Programa Vodafone Campus Lab
Financing entity: Vodafone España, S.A.U. (Art. 83)
Principal Investigator: Alejandro de la Fuente Iglesias
From March 2019 to March 2020
Given Eduardo Morgado's research career, participation in the project gives him the opportunity to apply his knowledge in signal
processing and optimization to the area of state-of-the-art communication networks.


Firma del/de la investigador/a :  Eduardo Morgado Reyes
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fernando.poza@urjc.es
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Tipo de Documento: NIF Documento: 50715523V


ESPAÑA
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Datos académicos y situación profesional actual


Grado:


Doctor Ingeniero de TelecomunicaciónTitulación académica:


Doctor


Profesor Contratado DoctorCategoría profesional:


Vinculación con su entidad: Personal laboral temporal


55040192100Researcher ID :


Base de datos científica: Scopus


Código ORCID: 0000-0003-1000-7938


Mi CV se reparte en dos periodos: trabajo en la empresa privada y en la universidad.
El periodo en la empresa se desarrolla en las siguientes empresas, de más antigüedad a más modernas y describiendo los proyectos y
actividades en las que trabajé principalmente:
 Hewlett Packard, como becario en la división, ya extinta, de test y medida. Proyecto contratado la
dirección general de Telecomunicaciones consistente en el montaje de un banco de pruebas para
certificar los nuevos terminales que accedían a la red ya liberalizada.
 ISOFOTÓN. Departamento de diseño de sistemas fotovoltaicos (SSFF). Dimensionado y medida de
SSFF para suministro de electricidad en sistemas de telecomunicaciones aislados y viviendas en países
en vías de desarrollo.
 R.E.M Infográfica: proyecto de síntesis de voz para aplicaciones en el área audiovisual.
 Indra Air Trafic Management: Ingeniero software en proyecto internacional para control de tráfico para la región aérea de Alemania en
consorcio con Raytheon (EEUU)
 Compaq computer (actualmente Hewlett Packard): Ingeniero software en sistema de gestión de
alarmas de elementos de red para distintos operadores de comunicaciones en España, principalmente
Telefónica, Ono y Vodafone.
Mi experiencia en la universidad es:
 Universidad Politécnica de Madrid: proyecto de implantación de sistemas de bombeo fotovoltaico en la zona del Magreb que supuso la
base para mi tesis doctoral.
 Centro de Estudios Superiores Felipe II. Centro adscrito a la Universidad Complutense de Madrid.
Impartiendo clases en los grados Ingeniería Técnica en Informática de Sistemas y Gestión
Informática Empresarial en asignaturas de programación, sistemas operativos, comercio electrónico
principalmente
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 Universidad Rey Juan Carlos con docencia en los grados Ingeniería en sistemas audiovisuales y
multimedia en las asignaturas Estadística para sistemas audiovisuales y multimedia y Campos y
Ondas. También en asignaturas similares en los grados de Ingeniería en sistemas de
telecomunicaciones, Ingeniería en tecnologías de comunicaciones e Ingeniería en Telemática
 Durante mi etapa en la Universidad Rey Juan Carlos, contrato bajo el amparo del arículo 83 firmado
con la ONG Plan Internacional para la evaluación de proyecto de bombeo fotovoltaico en Senegal.
Publicaciones
Improvement of photovoltaic pumping systems based on standard frequency converters by means of
programable logic controllers
 Autores: José Fernández Ramos, Luis Narvarte Fernández, Fernando Poza Saura
 Año publicación 2010
 Revista: Solar Energy
A tools to widen the possibilities of PV pumping simulation
 Autores: Camilo Flores, Fernando Poza Saura, Luis Narvarte Fernández
 Año publicación: 2011
 Revista: International Journal of Sustainable Energy
Specification and testing of PV pumps for a Moroccan Project
 Autores: Luis Narvarte Fernández, Fernando Poza Saura, Eduardo Lorenzo Pigueiras
 Año publicación: 2006
 Revista: Progress in Photovoltaics: Research and Applications
Buenas prácticas en la implementación de sistemas de bombeo fotovoltaico
 Autores: 6/2
 Año publicación: 2005
 ISBN: 84-7402-329-7
 Edita: Instituto de Energía Solar, Universidad Politécnica de Madrid
Participación en proyectos de I+D+i
Implementation of a Photovoltaic Water Pumping Programme in Mediterranean Countries
 Referencia: ME8/AIDCO/2001/0132/SMAP-4.
 Comisión Europea, Programa MEDA (Mediterranean Area), convocatoria 2001
 Investigador principal: Luis Narvarte Fernández
 Universidad Politécnica de Madrid
 22/12/2001 - 22/12/2005
Integración en edificios de Generación Eléctrica mediante Nuevas Arquitecturas de Conexionado de Sistemas Fotovoltaicos
 Referencia: ENE2008-06763-C02-01/ALT
 Financiador: Ministerio de Ciencia e Innovación VI plan nacional de Investigación Científica 2008-2011
 Investigador Principal: Miguel Ángel Egido Aguilera
 Universidad Politécnica de Madrid
 1/1/2009 - 31/12/2011
Artículo 83
Revisión técnica de instalaciones fotovoltaicas convenio ATO-SAGE  Alianza por la solidaridad en Senegal, Gambia y Guinea-Bissau
 Contratado por ONG Alianza por la solidaridad
 7/9/2015 - 19/9/2015


Firma del/de la investigador/a :  Fernando Poza Saura
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 Equipo de Trabajo


¿Es entidad extranjera?


Entidad a la que pertenece


SI Entidad: ASSOCIATION FOR PROGRESSIVE COMMUNICATIONS


ESTADOS UNIDOS DE AMERICAPaís al que pertenece la entidad


Nombre


Correo Electrónico:


Apellidos Rey MorenoCarlos


Datos personales


carlos@apc.org


Fecha Nacimiento: 25/09/1984


Nacionalidad: ESPAÑASexo: Varón


Tipo de Documento: NIF Documento: 03887248H


Datos académicos y situación profesional actual


Grado: Doctor


Código ORCID:


Consiento en participar en el proyecto y autorizo el
tratamiento automatizado y publicidad de los datos
consignados en esta solicitud con fines de gestión y
tramitación de la misma


Firma del/de la investigador/a :  Carlos Rey Moreno


¿Es entidad extranjera?


Entidad a la que pertenece


SI Entidad: UNIVERSITY OF ANTWERP


BELGICAPaís al que pertenece la entidad


Nombre


Correo Electrónico:


Apellidos Municio HernándezEsteban


Datos personales


esteban.municio@uantwerpen.be


Fecha Nacimiento: 08/11/1988


Nacionalidad: ESPAÑASexo: Varón


Tipo de Documento: NIF Documento: 51469372H


Datos académicos y situación profesional actual


Grado: Doctor


0000-0002-9865-2538Código ORCID:


Consiento en participar en el proyecto y autorizo el
tratamiento automatizado y publicidad de los datos
consignados en esta solicitud con fines de gestión y
tramitación de la misma


Firma del/de la investigador/a :  Esteban Municio Hernández
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13. Gastos de Ejecución


Viajes y dietas


Coste Imputable Justificación de usoDescripción


6.000,00 € Universtity of Amberesreserach visit for 3 research team members


3.500,00 € Universtity of Amberesresearch visit for PhD student


3.600,00 €


"For claiming attention with partial results. Target
conferences are: EUCNC, IEEE WOWMOM, ACM Dev,
IEEE ICC, IEEE VTC, IEEE CCNC, IEEE WCNC, IEEE
Globecom, IEEE INFOCOM, International Conference on
Telecommunications (ICT), ICCCN, WCSP, IFIP Wireless
Days, ACM ACE, ACM SAC, ACM MobiCom, ICTD and E-
Society.
"


Travel costs for 3 international conferences


Total Viajes y dietas 13.100,00 €


Otros gastos


Coste Imputable Justificación de usoDescripción


12.000,00 €
We will try to publish results in open-access journals in order
to facilitate diseemination


Publication costs in JCR open-access journals for 4
papers


1.200,00 €
auditor's report which must be included in the economic
justification


Auditor's report


Total Otros gastos 13.200,00 €


Adquisición de inventariable


Coste Imputable Justificación de usoDescripción


3.000,00 €


The embedded computers will be used, together with other
elements, to implement the nodes of the Software Defined
Wireless Mesh Network. This nodes will be coordinated by
the Network Controller implemented in the server.


12 high performance embedded computers with 3 LAN
ports and 3 MPCI ports


12. Gastos de Personal


Perfil Coste Imputable Justificación de necesidad y tareas que realizará


Licenciado, Ingeniero, Arquitecto o
Graduado


75.000,00 €


It is necessary to have a graduate in telecommunication or telematics
engineering to support the research activities of SO1 with full-time dedication for
3 years. Specifically, that person will contribute to: the review of the latest works
in mesh and SDN networks, the configuration of the SDN network systems (both
the controller and the nodes), the programming of the protocols proposed in this
project, the design and performing validation tests, and analyzing the results
found to assess whether they meet the intended objectives. This person will also
contribute to review the latest advances in traffic management to help to select
the most suitable one for the purposes of this investigation. It will also support
the definition of laboratory validation tests for the traffic management
mechanisms proposed in this project.Validation tests should be performed first in
software simulation environments and then in laboratory models.


Total 75.000,00 €
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4.800,00 €


The laptops will be first used to make the software
simulations of the SDN networks using the tool Mininet-WiFi.
Then the results will be tested in the laboratory with real
nodes (hardware), and the laptops will be required to
configure the hardware, monitor the network and perform
traffic injection.


6 pentium 5 or above laptops with 16 GB RAM, SSD disc
with 480 GB


3.000,00 €


This server will be used to implement the controller for the
SDN network and other potential controllers required to
achieve the technical requirements identified for the
OpenSDWMN solution


1 stackable server


3.000,00 €
A stackable server for development, that will contain the
Mininet-WiFi platform, development tools and a repository of
documents and software.


1 stackable  server


Total Adquisición de inventariable 13.800,00 €


Fungible y similares


Coste Imputable Justificación de usoDescripción


420,00 €
Power supplies compatible with Power Over Ethernet to
power the embedded systems in outside or inside
deployments.


12 Power supplies (POE) compatible with the embedded
systems


600,00 €


Cases to mount the embedded systems. These cases
should have IP65 protection because some test will require
to deploy long links that will need to install the nodes
outside.


12 external cases compatible with the embedded
systems and with IP65 protection


540,00 €
coaxial cables to connect the pigtails with the antennas to
build the OpenSDWMN nodes.


36 coaxial cables compatible with pigtails and antennas


432,00 €
pigtails compatible with the WiFi radios to build the
OpenSDWMN nodes.


36 pigtails compatible with the miniPCI radio


288,00 €
antennas compatible with the WiFi radios to build the
OpenSDWMN nodes.


36 omnidirectional antennas


480,00 €
Storage devices destinated to contain the OS for the hand-
made wireless routers to be used in the experimental
testbed.


12 portable storage devices for operating systems


1.440,00 € WiFi radios to build the OpenSDWMN nodes.36 5GHz miniPCI radio 802.11AC-a/n


Total Fungible y similares 4.200,00 €
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14. Resumen del Presupuesto (Costes Marginales)


Concepto Coste ImputableTipo Coste


Gastos de Personal 75.000,00 €


Viajes y dietas 13.100,00 €


Otros gastos 13.200,00 €


Adquisición de inventariable 13.800,00 €Costes Directos


Alquiler de Inventariable 0,00 €


Mantenimiento de Inventariable 0,00 €


Fungible y similares 4.200,00 €


Total Costes Directos 119.300,00 €
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15. Implicaciones Éticas y/o de Bioseguridad


A - Investigación en humanos o utilización de muestras biológicas de origen humano NO


B - Utilización de células troncales embrionarias humanas, o líneas derivadas de ellas NO


C - Ensayos clínicos NO


D - Uso de datos personales, información genética, otros NO


E - Experimentación animal NO


F - Utilización de agentes biológicos de riesgo para la salud humana, animal o para el medioambiente NO


G - Uso confinado de organismos modificados genéticamente (OMG) NO


H - Liberación de OMG NO


I - Otros NO
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16. Documentos Adjuntos


Tipo de Documento Nombre del Documento Identificador


CV abreviado del IP 1 CV abreviado del IP 1 FRANCISCO JAVIER SIMÓ REIGADAS
88e144538262a5336aa94b0ce2c57f25


Memoria científico-técnica Memoria científico-técnica
0cf40a671dcaaba4aa28190ad6eaa44e


Firma del/de la IP1


Consiento en participar en el proyecto y autorizo el
tratamiento automatizado y publicidad de los datos
consignados en esta solicitud con fines de gestión y
tramitación de la misma


El solicitante ha verificado que los documentos que ha subido a la aplicación con el CV abreviado del/de la IP1  y del/de
la IP2 (en su caso) cumplen  con el tamaño, el formato y los demás requisitos indicados en el artículo 14 de la
resolución de convocatoria
El solicitante ha verificado que el documento con la memoria técnica que ha subido a la aplicación cumple  con el
tamaño, el formato y los demás requisitos indicados en el artículo 14 de la resolución de convocatoria.
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b) Cumple la definición y condiciones para ser organismo de investigación y de difusión de conocimientos, de acuerdo
con lo dispuesto en los puntos 1 y 2 del anexo I de la orden de bases reguladoras.


d) No se encuentra incursa en ninguna de las circunstancias recogidas en el artículo 13 de la Ley 38/2003, de 17 de
noviembre.


c) Cumple los requisitos para acceder a la condición de entidad beneficiaria, en los términos establecidos en el artículo
5, así como con las obligaciones y requisitos de las entidades beneficiarias, establecidos en el artículo 14 de la Ley
38/2003, de 17 de noviembre y en el artículo 3 de la orden de bases reguladoras.


Tal y como establece el artículo 13.9 de la convocatoria, la firma y registro electrónicos de la solicitud por parte de la
persona que ostente la representación legal de la entidad solicitante implican las siguientes declaraciones responsables
que contienen la declaración expresa de que la entidad que representa cumple con los requisitos establecidos en la
normativa vigente para obtener el reconocimiento de un derecho y reflejan además el compromiso de la entidad a
mantener el cumplimiento de los mismos durante el procedimiento de concesión y el periodo de ejecución de la ayuda y
el compromiso de comunicar las posibles alteraciones de las circunstancias recogidas en tales declaraciones en el
momento en el que éstas se produzcan a través de Facilit@:


a) Es un organismo de investigación según la definición de organismo de investigación establecida en la sección
1.3.ee) de la Comunicación de la Comisión sobre el Marco sobre Ayudas Estatales de Investigación y Desarrollo e
Innovación (2014/C 198/01), publicado en el «Diario Oficial de la Unión Europea» C 198, de 27 de junio de 2014.


f) No ha solicitado la declaración de concurso voluntario, no ha sido declarada insolvente en cualquier procedimiento,
no se halla declarada en concurso salvo que en éste haya adquirido la eficacia un convenio, no está sujeta a
intervención judicial ni ha sido inhabilitada conforme a la Ley 22/2003, de 9 de julio, Concursal, sin que haya concluido
el período de inhabilitación fijado en la sentencia de calificación del concurso.


e) No es deudora en vía ejecutiva de obligaciones por resolución en firme de procedencia de reintegro de
subvenciones.


g) No ha recibido subvenciones concurrentes, de acuerdo con lo establecido en el artículo 33 del Reglamento de
desarrollo de la Ley General de Subvenciones, o, en su caso, declara la relación exhaustiva de otras subvenciones,
ayudas, ingresos o recursos públicos o privados que pudieran afectar a la compatibilidad para las mismas actuaciones
objeto de ayuda conforme a lo establecido en su artículo 34 de la Ley 38/2003, de 17 de noviembre.


h) No está incursa en un procedimiento de recuperación de ayudas, por haber sido éstas declaradas ilegales e
incompatibles por la Comisión Europea.


i) Dispone de una contabilidad que permita distinguir los costes y financiación de su actividad económica frente a su
actividad no económica o cumple con lo establecido en el artículo 2.4 de la convocatoria.


l) Se responsabiliza de que el proyecto cumpla todos los requisitos exigidos en la convocatoria y la normativa de
aplicación en las actividades de investigación.


j) Ha comprobado la documentación presentada y certifica la veracidad de los datos consignados en la solicitud, que ha
sido firmada por el/la IP y/o los/las IP, así como por el resto de personas que componen el equipo de investigación.


k) Se compromete a la realización del proyecto y tiene capacidad administrativa, financiera y operativa suficiente para
cumplir las condiciones de la ayuda.
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